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Matjat Vidmar, YT3 M V (ex YU3 UMVj

TV Satellite Receive System
Part 1: Low-Noise 11 GHz Down-Converte r

The professional engineer, Matja:!' Vidmar,
who ha s become a world-wide known author
following h is weather satellite pictu re memo
ory (VHF COMMUNICATIONS 4 / 1982, 1 and
2 f 1983), describes In this series an Installa·
tion for the reception of communicatio n sat­
elllles. The com p lete installa tion Is intended
as a constructional project fo r the expert­
enced radio amateu r.

The extensi ve nature of this publication re­
cessltates its di vision into several art icles,
torming a series, wh ich wi ll take me ccnen uc ­
tlonal proceB!l righ t through to the vision and
BOlInd outputs. The article wi ll be com plete
and with no need lor " supplementaryM mod­
ules.

Al though Ihe co nstruction and alignlnent wlll
be relatively detailed, it is recommended th at
the aulh or' s art icle "Microstrlp Transvert ers
for 23 and 13 em" in VHF COMMUNICATIONS
2 and 3 f 1986 should be stud ied , Part 2, In
pa rticular, co ntains a wealth of " know how"
for con structional practice at microwave h"e­
quencles.

1.
INTRODUCTION

The freQuency band between 10.95 and 12.75
GHz is allocated as a downlink band for many

,..

different satellite services The subband t-orn
10 95 10 11.7 GHz and in parncurerme two seg­
ments nom 10.95 to 112 GHz and Irom 11.45 to
11.7 GHz are atocated as the downlink bands lor
international satellite communications including
both telephone circuits and international tete­
vision distribution. The subband between 11.7
and 12.5 GHz will probably be used by the power­
ful direct broadcast television satellites. Finally
the segment from 12.5 to 12.75 GHz. is again
bein9 used for national and internal,onal satellite
communications including telephone 'circuits,
dala transmissions and television dlslllbution.

Communications satellites are usually launched
mtc geostal ionary orbits aboul 36 000 km above
me earth 's equator. The distance from user sta­
lions, accessing the satellite, is therefore in the
40 OOQ km range. Present satellites only carry
rather weak transmitters, the output power per
Channel ranges t-orn 5 10 40 W lor communlca­
uons satellites and will reach 250 W for high­
power direct broadcast satellites. Of course,
weak.satellite signals require large receiving an­
tennas. Fortunately, satellites transmitting in the
Ku-band usually use high..gain spot beam an­
tennas 01just a few degrees lotal beamwidth 10
cover populated areas on the globe , like Western
Europe, where most user stations are located.
Television transmissions, coming from these
satellites, can be received with moderalely sized
antennas, usually parabolic dishes of less than
3 m diameter, and are being used to leed large
cable TV networks.
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Pho tograph A: BOltOm vi_ otth& pr e-amplilier and converter

In amateur conditions. an excellent noise-free
octure can be obtained with parabolic dishes 01
less than 2 mdiameter even from low-power com­
municafioos sateifites carrying 10 or 20 W trans­
millers like the INTELSAT V and VA, ECS
EUTELSAT andTELECOM 1 satellite series.

A satellite 1V receiving station includes a para­
bolic dish antenna. a suitable receiver and an
ordInary TV set o- monnor.The li rst receivedown­
convene r is equipped with a low-noise preampli­
fier and is usually installed duectly behind the an­
tenna feed to avoid lossy and expensive mere­
wave transm ission lines. The remaining compo­
nents of a satellite TV receiver are usually in­
stalled indoors am include a second tunable con­
vene r lor channel selection, a second IF ampn­
ner and FM video demodulator, a sound IF and
demodul ator, an AM modulator 10 generate a
standard TV signal and a power supply for the
complete receiver.

2.
BLOCK DIAGRAM OF THE DOWN ­
CONVERTER

The block diagram 01 Ihe Ku-band lew-noise
down-converter is shown in fig . 1 togelher with
the other outdoor component. a parabolic renee­
lor antenna wilh a SUItable teed lor operanoo in
lhe Ku - band

Mos! available Ku-band satellite TV transmis­
sions require a parabolic dish of 1.2to 1 8 m dta­
meier for noise-free reception in western Europe
depending on the particular satellite transmitter
output power, antenna pattern and transponder
mode 01 operation (hall I lull) Mosl available
dishes, either new or surplus. have a local to dia­
meter (f I 0 ) ratio of 0 .35 to 0.40 A suitable leed
for this I I 0 ratio is a CIrcular waveguide hom
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wi lh a co rrugated nange lor i~roved illumination
eff iciency. Since in lhe cractcer coostruclion and
alignment lhe feedhom is a fun cllOoa l part orme
eown-coevener. il will also be de scribed in Ih is
er ncre.

The o w-nose down-converter includes three
mod ules:

a. A low-noise amp lifier for 1095 fo 11.7 GHz
b. A block down-co nverter 10.95 10 11.7 GHz I

0.85 to 1.6 GHz
c. An IF amp lifier for 0.85 to 1 6 GHt

The two-stage low-noise amplif ier uses two
05 Jlm gate leogth ga llium arse nide FET s (CFY
18 - 23. Sieme ns) mounted on a 0.5 mm thid
Qlassflbe r-leflOfl lami nate. The block down-coo ­
verter module includes a fixed lu ned FET escee­
101 at 10.1 GHz, a sing le-e nded acl ive mixer
stage using a 1 urngate leng th gal lium arsenide
FET (CFY 19) and an IF pre amplifier stage. The
bloc k down-con ve rter modul e is also built on a
0.5 mm thick qla ssfibe r-teflon laminate.

The IF amplifier mod ule includes three amplifier
stages using silicon bipolar microwave transistors
and a + 5 VDC supply regulator for the other two
modules equi pped with Ga AsF ET s.

All the Ku-band cor oecnces are made With short
lengths of RG- 14 1, 3 .6 mm demeter semirigid
cable and SMA connectors. BNC connectors are
used in lhe IF lTequency range .

The ce-roee oowo-ccoverter requires a supply
Voltage of • 12 VDC . A practi cal solu tion is to
tead the supply voltage through the sam e coa xial
cab le leeding the IF signal to the indoor unit. The
same solution is being used with almost all co m­
mercially available low-noise down-converters.

The jew-noi se down-con verter was or iginally
designed tor the 10.95 to 11.7 GHz sate llite band
since most satel lites transmit in this frequency
laoge. Thecircui t can also be mod ified tc ccerete
in the 12.5to 12.75 GHz satellite band and Itle ne­
cessery modifica tions will be descnbed Iatel in
Ihis article A il ltle values given in the circuit dia­
g lams and the dime nsions giveo in the drawll19S,
however. appl y to the standa rd 10.95 to 11.7 GHz
version!
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3.
DESCRIPTION OF THE OUTDOOR
UNITS

3.1. Cor rug ated Horn Feed

The co rrugated horn feed. shown in f ig. 2 , is
made of a short length of circular waveguide,
whose open end acts as me horn aperture, a
wavag uide to co ax t ransit ion and an adjustable
co rrug ated flange.

To ach ieve a good il lumi nation efficiency, the feed
hom shOOld illuminate the par abolic dish sortece
as unifonn ly as possible with Iin!e spi llover. 0 1
course the beamwidlh of the feed shookl be
matched 10 the toea l aperture ang le 01the para­
boIic dish used. This angle is io lurn deter mined
by the dish jocanooerrete- ratio. Thebeamwidth
of a circular wavaguide horn feed is ffiilinly deter­
mined by the internal d iameter of the waveguide
The dimension s, sho wn in f ig . 2, are SUitable for
para bolic ref lectors having a I I 0 rat io between
0.35 and 0.40.

The cor rugated flange improves the illuminance
uni tormity and decrease s Itle soetoces of the
horn teed. The ilfumination elf iciency may exceed
75 % aod this brings an improv ement of be tween
0.5 and 1 dB in the overall anlenna gain. In the
case of space coeencncenco s. a oecrease of
the elfective antenna temperature. doe 10 the re­
oaced spillover. shoold also be rotec. A very
simpl e explanation 01the princ iple 01operation 01
a cor rugated surface (f lange) is as toucwe: Th e
corrugated surface enlorces two bou ndary con­
dit ions; The tangentia l e lectric l ie ld sho uld be
ze ro due to the conductive rims and the tangenti al
magne tic field shou ld also be zero due to the ). / 4
deep co rrugations between the rims. The com­
bined effect 01 both boundary cond itions is tha t
the field intensity must tau to zero Ofl the flange
surtece Th is produces a rotaliona lly symme trica l
tlat topped beam with ve ry low side lobes which is
ideal lo r me illumination of pa rabo lic renecrcrs

A corrugated sur1ace is also called a scalar sur­
lac e in the literature since it behaves exactly in the
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Fig . 2: Corrugated hom teee lor 10.95 to 11.7 GHl

same way for both magnetic and electric fields.
Correspondingly co rrugated hams are also called
scaier horns.

The poseon ot the cOHugated flange along the
waveguide should be adjusted for best resets.
Usua lly me distance between the open end 01the
waveguide and the surfa ce 01 the conuqated
flange ranges between zero and I, { 4,

A circular waveguide horn can receive and I or
transmit arbitra rily polariz ed waves. including
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two inde pendent orthogonally polarized waves at
the same time . The actu al po lar ization of me hom
feed therefore only depends on the waveguide
mode teurcrer used - the coax to waveqcide
trans itIon. smce most low-power satellites use
linear potenzeucrv either in a smqle plane or in
two orthogonal planes for frequency re-use pur­
poses. a linearly poranzec feed is required . A
SUitable mcce launcher is a simp le ,> I 4 probe
inserted in the waveguide wall abo ut ;.g I 4 from
the waveguide 's shorted end, where I.g is the
wavelel'lQth inside the wavegu ide . Of course, the
mcchantcet support structure must allow a
smooth and easy adjustment of the feed poranz a­
tic n plano ,

Hrqh-po we r direct broadcast sate ll ites wi ll prob ­
ab ly use Circular ooranzauon, both nqht-hand
and lett -ha nd. between 1 t. 7 GHz and 12 5 GHz.
Circular pclanznrion can simply be obtained from
a Lnearfv pola rized mode Inside a circular wave­
guide by msernnq a!c w tunlng screws at 45 ~ wnn
respect to the cotarua ucn plane of the linearly
ootarvecmode .

3.2. low· Noise Amplilier

The maIn Ioocnon a! the low-no ise RF ampl ifier
(see I lg . 3) Is to improve the overall down-con­
vener noi se hgure, Besides having a low-noise
figure. <I should also have sutncent gain to pre­
vent the overall no.se figure being deg raderJ by
thenorse genBratrd in the rouown q mixer stage.

Only gall ium arsemde FETs can provide usable
qa'n values at frequencies above 10 GHz. The
ma in parameter of 11GaAsFET that influences its
microwave performance is the gate length, 1 «m
gate It:lnglh FETs can still provide about 6 dB of
ga n at 12 GHz wIth an assoc iated noise figure of
about 4 dB 0 ,5 I'm gale lengtn FETs are much
oeuer eccottodB of ga in can be obtai ned wtn
a no'SO hqure of about 2.5 ce. 0.25 I'm gate
length FETs al e or COlJrS8 even better, but they
ale also very expensive and not yet regula/ ly
available on the market. The CFY t atransis tors,
used in this projec t. are 0.5 I'm ga te length FETs
ceceec eo In the econonucai-nuoo-x- pacKage
and are manufactured by Siemens . Other manu-
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Fig . 3: Lo w-fIOlse pre-amplifier for 10.95 to 11.7 GHz

tactorc rs <llso supply sim ilar t ransis tors with simi­
lar microwave perfo rmances and at similar prices.

The pa rasrnc reactances of a transistor pac kaqc
have a considerab le effect on fhe tran sistor per­
formance in the microwave frequency range. To
improve the performances of their products ,

Photograph B: Tubular radiator without corrugated
f lange

"

CFY te-2j

manufact urers usually Iry to use these unavoid­
able parasitics to partially com pensate the para­
sitics of the transisto r chi p at least in the frequen­
cy bands where Ihe transistor wil l most like ly be
used. It is therefore eas ier to match a packaged
GaAs trans istor in the 12 GHz trequency band
than at frequencies below 2 GHz !

Th e diffe rr;nce bctwoo c optimum noise match
and optimum ga in match is smal l at 12 GHI ~ a
CFY t 8 matched for ma ximum gain will only show
a 1dB degrada tion of its noise figure. It is inte rest­
ing to not ice that the sou rce reflection coeff icients
for op timum noise match and max imum gain
match have a similar phase, the magnitude of the
optimum noise f igure ma tch sou rce reflection co­
effici ent be ing much smaller than the m axim um

ga in source reflection coefficient. The above is
also valid for othe r simila r transistors operating in
the 12 GHz frequ ency range.

Howe ver, the spec ified transistor performance
can only be obtained if the trans istor is correct ly
installed into a sui table circuit. Almost all micro-
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wav e transistors are packaged in cases SUitable
lor installation into a nucrostnp circuit. At Ku­
band frequencies only tenon-based laminates
can be considered as substrate materials, since
alumina, quartz and other suitable materials can ­
not be handled by amateur tools.The preamplif ier
is built on a 0.5 mm thick qlassfiber-teflc n tarrs­
nate having an e, = 2.33 so that allth e circuit ere­
ments have reasonable dimensions.

It is especially important to provide good source
gro tlnd ing / decoupling if ti le specified gain IS to
be obtained and other problems are to be
avoided. Each FET has two source toads. each
being bypassed by a leadless ceramic disc ca-

u ,-SMA(m)

"

YU 3UM V

""
"T M

'" l"QP

VHF·COMMUNICATIONS 4.186

pacitor installed in a hole punched in the tetlon la­
minate (f ig. 6). Since these capac itors are made
of high >, ceramic material, they oehave pract ical­
ly as metal discs at Ku-band frequencies

The two-stage amplilie r uses a 50 Jl etched mi­
crcenc line and short capacit ive tuning stub s
made of th in copper loil to match the two FETs
The tuning is necessary since the transistors and
the lam inate have tolerances and the arnpldrer
has to be matched to a real world antenna feed
and to the following mixer stage , which are not
ideal 50 n loads, A lurther advantage of this de­
sign approach is that the same printed ci rcuit
board pattern can be used between 10 and 13

Fig. 4: Blockdown-wnv8rt8r modul8for 10.95-11.7 GHzl 0.85 -1.6 GHz
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GHz by just repositioning the tllning stubs. The
approximate positions of the tuning stubs fm the
frequency range 10.9510 11 7 GHz are indicaled
in lig _3

FI';j.5:
IF Ampillier lor 0.85 to
1.6 GHz and 5 VDC
'lI9ulllte-

l 7 BN(

1

The supply voltage is fed through f. ! 4 chokes and
is first bypassed by low-value "printed" capaci­
tors so that low-frequency resonances of the
supply network are dempeoed by 56 n resetcee.

Fig. 8:
In ste.llaUQn 01 the
a.A.IFElI and con.
spondlng source byp, ..
ClIp, elton..
Top: Inltlll, lion otthl
amplif ier I mil,er GaA...
FETI (T1 ,T2andT4j
Bottom: ln$t8l1ation 01the
oKitlator Qa.UFET rr 3)

20 1



If the amplifier is aligned to cover the 10.95 to
11.7 GHz band, it will provide about 22 dB of gain
at the band center and about 18 dB at the band
edges

3.3. Bloc k Down-Converter Module

Both silicon Schottky diode and GaAsFET mixers
are practical at Ku-band frequencies. The advan­
tages 01 a Schottky diode mixer are a low-noise
nqurc, 6 to 8 dB, and little local oscillator drive
power required - about 1 mW per modo GClAs­
FET mixers, using 1 v m gate lenqth fETs,
achieve a slightly higher noise figure between 10
and 12 dB and require a higher local oscillator
drive power. acoutto mW per GaAsfET. Unfor­
tunately, lhe Schottky diode mixer noise figure
also depends, 10 a I,n ge extent on the noise fig·
ure ottne IF amplfier used The excellent noise
figure specifications are usungy obtained with
narrow-band low-noise (1.5 dB) IF ampuners.
Since a satellite down.converter requires a
broad-band IF amplifier (0 85 10 1.b GHz), the
noise figure of the latter can hardly be held t otow
" dB across the whole IF bandwidth and Ihe over­
all pertonnance 01 a Schottky diode mixer ap­
preaches that ot a GaAsFET mixer. On the other

VHF-CO MMU NICATIO NS 4/86

hand, a FET mixer has a small conversion gain
and thai is sul ficient to make its noise figure a'.
most independent of the following fF amplif ier.

Packaged mixer diodes have high parasitic react­
ances that can hardly be tuned out over a wider
bandwidth On the other hand, beam lead diodes
have only small parasitic reactances but are very
di1ticult to handle due to their smau physical size.
Finally, a GaAsFET is actually cheaper and
easier to use than a set of suitahle diooes

The block down-converter module, shown in
fi g. 4, uses a Single-ended GaAsFET mixer In a
grounded source conf iguration Both RF and LO
signals are applied to the gate 01 a 1 «m gate
length FET (Iype CFY 19) and the IF signal is
taken trorn the drain. Note that the actual square
law-mixing process is actually a vertical process
inside the FET structure ,md is therefore not ue­
pendent upon the FET gale length The tatter in­
fluences only the output IF signal frequency reo
spouse .

To nnhance the mixer pertorrnance. the gate net­
work should have a low impedance jar the output
IF signal ,md the drain network should have a low
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FIg, 7:
Top : IUlIIllallon of thoI11",1IF
ampllllH Iransistor (T 5)
Mlddla: Grounding shorted
stubs
Bott om : Inalallation 01the
1.$ pF co upling cap.eilor

impedance for the input RF and LO signals. The
gate netw ork ' 5 a branching filter to couple both
LO and RF signals to the miKer ga le, The
branch ing networll uses tuned I. f 4 open stubs to
reject tee unwanted frequenc ies - the RF signal
path inclu des a LQ signal trap and the LO signal
path includes a RF eiqnet trap. The traps are lo­
cated at ,. ( 4 from the branc hing POIn1fO reduce
their Influe nce on Ihe ceseeo signal paths. Four
i.14 chokes are used to reject signals in the IF Ire­
cceocy ran ge anc croveea low. resonance-free
imped ance at the IF frequency,

Tbe rrnxe- drai., sn.b operetes .n a 3.4 , -rooe at
RF and LO frequencies to eonance the con­
ver sion efl iciency For IF frequencies II be haves
as a capacitor and builds. tog ether Witt) l 1. a low-

pass Idter arm an impedance rnalchmq network 10

decrease the miKer output Impedance

The bandwidth. OCCUpied by a Ireq uencv modu­
Idled TV signal na nsrmtted through a satellite
transponder, is usually betw een 25 and 36 MHz.
A rocewer frequency stab ility of a few MHz is
therefore reoorec and th,s can be met Simply by a
rroo ronnmg microSlnp FET OSCIllator at 10 .1
GHz , A 1 u rn gate length GaAsFE T CFY 19 can
provide both the required stabi lity and suffic ient
output power to feed the mixer stag e,

To make a GaAsFET osc illa te at frequ encies
around 10 GHz. an external feedb ack signal path
has to be provided from the dra in to the gate. Con ­
sider ing the S parameters 01a packaged trans.s -
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tor this can 00 easily achieved by isolating 1119
source leads from ground using two i, / 4 chokes
The oscillation frequ ency is mainly determined by
the gate stub which operates in the 3/4 Amode in­
elud ing the internal reactances of the transistor
chi p and its package,The drain stubs are required
to provide a stable impedance in a wide frequency
range and thus prevent cscaanoos at unwanted
frequencies

The supply vcuaqc is ted through a i. I 4 choke
and is bypassed by a "printed" capacitor as In me
low -noi se ampliller stages,

The block co wn-ccrwerter module includes an IF
amplifier stage using a BFQ 69 silicon bip<JI;:u
mic rowave transistor. The supply voltage tor the
mixer and IF amplifier stages is fed throug h, IF
Chokes L 2 and L 3, Again. low-value resistors
are being used to avo id parasitic resonances,

3.4. The 0.B5 to 1.6 GHz tF Amptilier

The IF amplifier inc lude s three stages equipped
with Silicon bipolar microwave transistors (see
fig. 5). Since lhe ga in ot bipolar transistors de­
crea ses rapid ly With increasing frequency in the
low microwave region , the broadb and IF amplifier
should contain sueabrc netwo rks to compensate
the gain rise at low frequencies. A simplo soiuno n
is to coonect the couectors ot the transistors to
inductive loads (L 4, L 5 and L 6) and couple tho
signal to the followi ng stage through a small ca ­
pacitor. In this way, the amp lihel will have a rea­
sonably flat ga in of abou t 25 dB in the band center
and lall,09 abou t 5 dB a1band edges. II mor e gain
is requi red. fOf instance 10 feed a longer cable 10
Iheindoor unit , T 7 and T 8 can be replaced by the
better BFO 69 type transistors, increasing the
ove rall ga in by about 5 dB On the other hand, at
least one stage can be deleted if the coaxial
cable to the indoor unit is very short

The IF amp lifier receives the + 12 VDC suppl y
vo ltage thfOO gh the same coa xial cable trom the
jndoof unit , decoupled by !he choke L 7 and a
feedlhrough capaci tor , The supply vollage 01
+ 5 VDC fOl tha GaAsFET eqepced staqes is (lb.
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tameo using a 7805 vonaqe reg ulator integ rated
circuit. Its input and outpu t are bypass ed by 1 ",F
multilayer ceramic capacitors to prevent un­
wanted osc illations,

The IF amplifier is not bu ilt on a printed circuit
board , the components are directly installed into
a suitablo motarcase. The 7805 vol tage regulator
IC is ins talled together with the two bypa ss ca­
pacnoes oo a sma ll piece 01unelched PCB tarru­
nate. Which also acts as accojnq lin for the 7805 .
Note that, although the current drain at 5 V is be­
low 100 mA. the use 01 a 1 A regu lator in a TO ­
220 package is recommended 10 avoid the lher­
ma l drill of the 5 V supply vcncqo ;md a" a coo­
sequence. a drift of the 10.1 GHz osc illa tor !

4.
CONSTRUCTION
OFTHEDOWN - CONVERTER

4.1. The Pr in ted Circuit Boards

The low-nois e RF ampnnsr and the block down ­
converter mod ules are ' constructed on two
double-sided printed circuit boards ma ce of 0.5
mm thic k gtassfibel-teflo n lam inate having li n
r, .. 2.33. The corresponding upper ·side drilling
plans are shown rn f ig. B The lower side
shou ld not be etched since it ac ts as a ground
plane 101 the micfOstri p tl ansmiss ion hoes. Otber
teflon laminates of thic kness between 0.5 and
0 6 mm can also be used: tbe mo st stereerc
r , '" 2.55 lamina te without any mod,ficalions.
other towe r F, tarnmates wi th just a slight re­
position ing 01the tuning stubs .

The teflon printed circuit boards have first to be
carofullv dri lled as shown in fi g. 9. Since teflon is a
very soli materi al. only sha rp (newl) drills are 10
be usee at low speed , Small 1 mm diameter holes
lOt the source bias resistors are not shown on
tig.9 . in any case, these resstors cao also be sol­
dered to the walls ot the case hOUSing Ihe Circuit
(f ig . 10). The l 00 nF bypass capacitor in the bloc k
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.,
) 2,5
2.5 YU3UMV 018

out Fig. Ii :

~
Drilling plln of

(~~ il theYU3 UMV018
PCBIScl le 1 : f )

IU15,5

0 02,5"

FIg.':
Drilling plan of
theYU 3 UMV017
PCBISeII11 :1 1

down-convenes is inslatlo:ld in the cente r ct the
strip used as a support for the - 5 V supp ly. The
other lead is 01course grounded through a 1 mm
diameter hole In tho pnr soo cirCUitboard.

The ), I 4 chok es are \j rtH.lnl.!ed thf0U9h 2 or
2.5 mm dia holes using small pieces of thin cop­
per foil curto the same widtrl as IIl e rmcrostnps to
be ground ed ;:md wrapped around the hole edge
to provide the shortest possible grounding path
Then these holes may eo tapped using small
square piec es of tinned copper foil (see fig . 7).

The teadess source bypass disc capacitors
should be pressed inlo the respective 5 mm dia

holes. Bolh the copper clilddirlQaround mese ca­
pecuors and 'h e copper loil lo be added shoUld be
well tinned to ensure good solder wen ,OQ and
therolore a low grOO(\l !<ng induc!,v,ty (see Ug. 61

The 1.5 pf coo pling capaci tors are small rec­
tangles of thin Ietlonlaminate as shown in fig . 7.
Due to the small thickness of the insulation, these
cepaotors should be immediately checked for
shorts alter insta llation.At Ku - band frequencies,
the virtual capacitive value of these capacitors is
larger duo 10resonance effects.

The remaining components can nowbe installed .
01 course the GaAsFETs will be ins1alled last.

Fig . 10:
Inllelletlon of the PCB.
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Fig,l1 :
Construction 01th•
0.85 to r.e GHII F.m­
pllfler lVU 3 UNV 019 )

GaAsFET manufacturers qenerany state that
their product may be damaged by Irrorope r han­
dling during oetaaeton due 10 etectrostatc dis­
charges through the very small area junocl ions
The handling procedu res they suggnsl are . hoW­

ever. usually not very clever nor suuscent, to
protect ne de licale microwave semicon ducto rs
Grounding cr eseu's body mighl be Iatal for an
operator if ineee is an accidenla l l,l tJlt in the elec­
trical insfallafion of me labofaloryl

Therefore I will describe hero a simple and safe
proced ure. both fOr Ihe GaAsFETs, and for fhe
ope rator:

1. Work on an ord inary wooden table silt ing on a
woode n chair. Wood is ian insulalin g ma terial.
however. its con ductiv'ty is sufficient to pre­
vent lhe bUild-up cr large erectrostatic
charges .

2. Dlsco nnec1 lhe soldef ing iron nom mains
when soldering. even II you are using a sepa­
ralion lranslormer. since eiecrrcstsuc Charges
are dilec lfy propo!liOnal to the ceoecrnes of
the cha rged bodies.

3 Before eac h soldering ope ration . touc h, with
your li nger. both the lip of the soldenng iron
and the ground plane of Ihe prin ted ci rcuit
boa rd to equalize the potentials .

L1

A ':::",:;'
tO Tr.~'"'.TI
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Fig . 12:
Const ructlor1"'''"s of l1 to
l 7 In thcI YU 3 UMV011 I Ot9
modulH. Hot. ttl.t l 1 Is aoI­
cktred.t>oul 5 mm 1.. , 4 at
t 1 GHz) 'rom the open~ 01
thcImi. ... "'.In Mub.
l 2, l hndl 7 ... 1F).14
choll... Totollwn l""'9th ­
M mm. The •••cl numbel' 01
lums (.t>ou1 10j ls not fmpol'­
lant.l 4, l 5 end l 6 .tll

str. lght lines SoOlderlld
betwHn ttw- translstor co llec ­
t or t.rmln . ls . nd thlllaed­
th rou lilh u p.chorl .
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4.2. Co mpo ne nt s for the Outdoo r Unit

4.2.1. Pre- Ampl ifier YU 3 UMV017 Componenl
lI s1

4 x 470 pF (approx.) disc caps: leadless, 5 mm
dia for punched- out hole l ittlng

4.2.2. Co nverter YU 3 UMV 016 Component

list

2211
56 n

too u
50 - 220 i t (see text)

CFY t 6 - 23 (S iemens)
ZPD 5V6 (5.6 V / 1 W)

CFY 19 (S iemens)
BFQ 69 (S ieme ns)
ZPO SV6 (5,6 V/ t Wl

T3. T 4'
T5:
Z diod e:

SMA co ax, con nec tors:
1 x plug
1 x panel soc ket

t x
2 ,
2,
R 1. R2:

rt. T2 :
Z diode:

4 x 470 pF (ap prox) crsc caps: leadless, 5 mm
dia for punched-out hole Iil t .ng

2x f .5 pF (approx .) cap s:
made Irom 2 mm x 3.5 mm x 0.13 mm tellon ­
glassfibe r PC B mat erial. double-sided

2 x 1 nF (apprcx.j feed thru caps (short form),
solder-in types

2 x 100 nF ceramic decoupling caps

All inductors are etc hed !

Carton film resistors in to-m 0204 (2 mm cna.
4 mm long)

connectors can be directly soldere d onto the met·
at cases as shown in f ig . 11.

The compo-eets of the IF amplif ier are ins talled
in a 55 mm long . 20 mm wide and 15 mm high box
made 01thin bras s shoot (see f ig .11 and fig. 12).

leu-band frequencies require SMA connectors,
SMA connectors are usually used toqemer with
short leng ths at 3.6 mm 0 semi rigid cab le. To m­
crease the mechanical strength at the assembly a
M 4 brass nut is screwed 0010 the cab le Cf1d and
then so lde red to the case, Tho internal diamotor
of the M 4 thread has to be slighHy enlarged with
the aid 01 a small round Ille to IiI the outer jacket
01the sem irigid cab le. If suitable SMA conn ectors
are available mese can also be directly sold ered
onto the case

BNC connectors are suita ble lor the IF frequency
l ange betwe en 0 85 and 1.6 GHz Female BN C

A pie ce ot absorber foam should be installed be­
low the cover to dampen tile unwanted cerasruc
resonances 01the housing

Following these simp le rules I have not yet de­
stroyed a Single GaAsF ET althougn I have so l­
dered more than twe nty Ga As transis tors during
the dev eiopeme nt ot the descnoec down-con­
verter. Many ot these have even been so lde red
several t imes as tne original prototy pes did not
work sa tis factoril y. 01 course any soldering oper­
aton shou 'd Oflly be done with the DC power
switched oil and the cir cuit disconnec ted trom
othe r circui ts and I or lest equipment. Electrical
equipment that produces Induced char ges, like
CRT displays. induced voltage or cu rrent spikes,
shou ld al so be sw ,tched off duri ng the insta llation
01GaA.'ioFETs

FollOWing tne assembly the iow-rcrse amplifier
printed cncot hoard can be Immediately installed
in a suitable metal box as shown in fig . fO The
block down-converter printn d Circuit board should
be lir st roug"lly aligned . especi ally the oscillator
frequ ency , before mstauanon in a suita ble me tal
case The walls 01 the nousing arc 22 mm Wide
strips 01 th in brass plato, Ihe co ver is made Irom
0 5 mm th ick aluminium plate and the bottom is
the same pr inted crcun boa rd Fc cdthrough ca­
pacitors arc soldered into holes made in iro walls
of th e metal case. The 5 V 6 / f W overvotteqe­
ororecnco zener diodes are Ins talled externa lly ,
Each module requ ires its own zener diodo Since
voaaqo spikes can also be inducec In the 5 V sup­
ply w iring. for example. due to acc idental short
Circuits
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1 x 1.5 pF (approx.) cap:
made from 2 mm x3.5 mm x0.13 mm
teflon-glassfiber PCB material double­

sided
2 x 1 nF ceram ic caps
2 x 1 nF (epptox.) feedthru caps. (short form),

solder-in typ es
1 x 100 nF ceramic decoupling cap .

L 1 s ee lig. 12: app rox. 5mm p../ 4 at
11 GHz} so ldered away from
the open end of the mixer
dra in stub

L 2, L 3 seelig. 12: con length = 65 mm, {}./ 4
at IF) 10 turns (approx.),
uncritical

Carbon film res istors in miniature form (0204):

VHF·COMMUNICATIONS 4186

Carbo n film resistors in form 0204:

270 !l
56k

BNC panel sockets

5.
ALIGNMENT AND TESTING OF THE
DOWN-CONVERTER

4.2.3. IF Amplifier YU 3 UMV 019 Component
List

T 6:
T7, T 8:
1

Ceramic disc caps ..

4 ,

L4, L 5, L 6:

L 7:

208

56n
100 n
220n
270n

1 k8
56 k

SMA cable connector
BNC panel socket

BFQ 69 (Siemens)
BFR 34 A (Siemens)
7805 (5 V regula tor)

"2 ,222,
1 I-'F f 16 V tantalum elec ­

trolytic
1 nF [appro x.] teeomru

caps. (short form ), so lder-in
types
stra ight , silvered wire, 1 mm
ora. soldered according
Ilg. 12 between collector
connector and feethru cap.
fotal lengt h = 65 mm (as L 2
and L 3)

There are many different possible alignment pro­
cedures depe nding on th e instru ment at ion avail­
able. Since most amateu rs only have litt le micro­
wave instrumentation available, an alignment
procedure that requ ires a minimum amount of
profess ional instruments will be show n. us ing
simple home-made instruments such as a wide­
band no ise generator and equipme nt an amat eur
may be expected to have , such as a 1296 MHz
converter and a receiver with a disconnected
AGC for no ise figure I gain measurements.

The three-stage IF amp lifier does not requ ire any
adjustment. Reason able values of DC currents
(around 15 mA l flowing through the transistors
T 6. T 7 and T 8 already ensure that the amplif ier is
operating correctty . The - 5 VDC voltage repute­
tor should also be chec ked befor e connecting the
two modules with GaAs transistors.

The block down-conve rter modu le should now be
con nected Th e ope rat ion 01 the 10 1 GHz FET
oscillator sho uld be checked and the frequ ency
aligned to the des ired value When T 3 is osc il­
lat ing correc tly , its cur rent drain should be
around 15 mA (to be measured as a voltage tal l
on the source bias resistor) . Touching the drain
and gate stubs at the same time with your f inger
shouid stop it osci llating and the current drain
shou ld fall to abou t 10 mA If similar va lues are not
obta ined (tolerances of ± 20 % are allowed) then
the value of the nominally 100 n source bias re­
sistor shou ld be modifi ed . Note th at a wide spread
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Phologreph 0 :
Th. conHnef
YU3 UMV018

01 the transfer Cllrv8 I.. 1 (U".I is llOfmat lOt
GaAs transistors.

The frequency 01the OSCillator canbe adjus ted by
the T 3 gale stub leng!h. As etched on the tef lon
printed circun conrc. this stub is slighl ty too long
and the oscaatoo Irequency is genera lly 300 to
400 MHz too low. Th., ground ing strip shouk! be
carelully removed and the gale stub shortened
using a smalllile prodUCing a 3 mm WIOO cut in the
lammate. Since lhe gate 01 the FET is not 001'1·
eectec du ring this ope ranoo. observe all the han­
dling precautions taken when soldering the
GaAsFE T s. The pete stub should be shortened
by aboul1 10 1.5 mm 10 obtain 10.1 GHz. Fino no­
quency co rrections can be made by a small ca­
pecmve tun ing slub - a small piece of thirtcop per
foil soldered aboul in Ihe cemer 01the gate stub .

Unlorlunalely. it is nol easy 10 measure the fre­
quency 01the loca l OSCillator wllh amateurinstru-

menls. The ideal solulKlr'l is a spect rum ana tyzer
or a sensfu....e microw ave frequency counter con­
necled 10 /he mput of lhe mod ule. lI the SIgnal is
nol sutficient, then the LO trap resonator has lo be
temporarily oeneec.but this Will also shit! ihe os­
cilla tor lreque ncy by aooot ± 50 MHz.. Altemall'l9­
Iy, a Schouky-gunn module, wel l know n rrom the
early amateur microwave acI i....lly , can be used 10
down-eonvert Ihe FET oscilla lor signal 10 !he
VHF 1 low UHF range where it can be monitored
easily . Even the famous l eche r Wires, althoug h
spaced by 1 em, are st lll vory accurate at 10 GHz ,
but a cheap and sensl tive detector is not readi ly
a....ailable. Absorption resonators are also accu­
rate, but they too , need a sonsit ive detector.

Actually , it is sufficien l to bring the osc illato r fre­
quency to within ± 50 MHz, l lne adjustments can
be done later _The block dow n-converter primed
cirCUit can now be installed in a SUitable cas e 8S
shown in fig. 10 The vo hage on the sou rce of T 4
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(mixer transistor) should now be checked on the
mixer test point. With the LO drive signal app lied ,
the cur rent through T 4 should be within 7 and
;0 mA to obtain the best mixer noise figure. Dis­
ab ling the oscillator, as described earl ier, the T 4
source voltage shou ld tall by about 500 mv. The
source voltage increase in an act ive FET mixer ,
when applying the LO drive signa l, has precisely
the same mean ing as the rectified curre ntot diode
mixers: it does provide an insight into the non­
linear mixer operation and an est imate of the
mixer eff iciency.

The mixer and the low-no ise amp lifier should now
be aligned for the maximum available ga in in the
desired freq uency band between 10.95 and 11,7
GHz . A simple noise gene ratorcan be used as the
signal source An inversely po larized B - E junc­
t ion 01a BFQ 69transislo r is asimple and efficien t
nois e source ; at 12 GHz it can supply over 30 dB
ENR with a zener current 01 about 5 rnA. Since
many suitable des igns were already publ ished in
VHF Communications , and in othe r magaz ines,
the construct ion of a no ise source will not be dis­
cuss ed here.

If a noise generator is being used as the signal
source, a sens itive receiv er is required to detect
Ihe signal atme IF output of the block down-con­
verter module . A suitable IF is 1296 MHz since it
fa lls atrnost in Ihe cente r of Ihe IF passband 085
10 1.6 GHz and converters are readily avai lable
for this frequency The 1296 MHz converter
should be connected 10 a (possibly wideband) re­
ce iver, equipped with a linear detector and with
the AGC disconnected. A noise i igure measure ­
mont receiver is ideal for this purpose. Of cou rse,
the rece iver should be equipped with a manual
gain control (attenuaton to adjust the signal leve l
to obtain a suitable outp ut indication on Ihe S

meier.

If a wide band noise gene rator is used as a signa l
generalor, care shou ld be taken not to tune Ihe
low -nois e amplii ier and the block down-converter
to Ihe image frequency. A tool-proof solutio n is 10
build two horn feeds (see fig, 2, the corrugaled
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flanges are not yel necessary). One horn is con­
nected to the Input ot the low-noise amp lifier or
block down-con verter to be aligned and the other
is con nected 10the output 01 the noise generalor.
The lowest cutoff f requency of the waveguide
(mode TEn ) is around 9.75 GHz lor the
given interna l diameter 01 the horn . This is, of
course, below the wanted frequency range 10.95
to 11.7 GHz but above the image frequency range
8,5 10 9 .25 GHz. Therefore the horn feed is a
simple and very eff icient image reject ion filter.

The noise genera tor signa l level can easily be eo­
justed by the distance between the Iwo horn aper­
tures. The low-noise preamplifier can be tuned to
the actual horn feed impedance Since the overall
syste m noise figu re is the only important para­
meter.

Firsl of all , the adjustm ent of the block down­
converter module alone should be completed . If
su itable instrumentation is available, the LO sig­
naltrap should be tuned for minimum La leakage
atthe input conneclor. Otherwise, il should not be
touched since il has already been etch ed very
close 10the required dimens ions. Then, the noise
gene rator signal should be fed to the input, as de­
scr ibed above , and tne pos ition of the tuning stub
should be found. The lu ning stub is a small piece
of coppor ton about 2 x 3 mrn", and is tobe moved
along and across Ihe 50 n micros trip using a thin
rod of insulal ing mate rial and finally soldered in
the pos ition that gives the maximum conversion
gain. This operation may shill both Ihe osc illato r
frequency by a iew tens oi MHz and slightly in­
crease Ihe voltage at the mixer test potot. How­
ever, both Ihese effects have almost no influence
on the pe rformance 01the converter.

Now the low-noise amplif ier can be inserted be ­
tween the horn feed and the block down -con­
verter mod ule, The source bias resistors sho uld
be adjus ted to obtain a drain current of abou t
15 mA , Wilhoul any tuning . again of 12 to 14 dB
can be expected trom the S pa rameters of the
transistors. Firstly, the interstape match should
be opl imized for maximum gain. The n the output
match shou ld also be opt imized for max imum
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gain . Finally, the position and length of the input
luning stubs for the ma ximum gain should be
loond , The inpul lu ning stubs are, howeve r, nol
yet soldered in this posi l ion , since we actually re­
Quire the optimum noise match. This can simply
be obtain ed by leaving the tuning stubs in the
sam e posi tion but short en ing them to get 1to 2dB
less gain , Alternat ively, the effect of a tuni ng stub
can bedecreased by bending up the ope n end of
the copper roil

The CFY 1etransistors are selected by the manu­
factur er acco rding to the noise figu re indicated by
two numbers. The CFY1B- 23 selection is speci ­
l ied to have a 2,3 dB noise ligure e i e GHz. Con ­
sideflng the COIllri bulion o1 lhe lallow ing stages, a
3 dB noise ligure is lhe ueoreuca t minimum .
Various lo sses between the hom teed and tho first
transistor will increase the no iso figu re to about
4 dB in the band center and a few decibe ls more at
band edges,The above estimate was lo und to be
in good agreem ent with pract ical car rier to noise
ralio measureme nls on saleliite signa ls. taking
inlo accounl the sateute EIAP, lhe free space
insertion loss and the rece iving antenna gain.

A tuned low -noise amplifier has some selectivity
This is usetcl to prevenl lhe noise figure de­
gradal lon dll8lo ampl ilier noise in the image Ire­
quency range,since the mixer input ne lwork is oor
very selective. On the other hand, sometimes it
may be necessary to opt imize the alignment later
to cover the whole 10.95 to 11.7 GHz band better .

Of cou rse, the waveguide horn feed provides a
very high image rejec tion if me waveguide is no l
100 sho rt . Although the length of the waveg uide
horn is not critica l, 70 to 80 mm is a practical
value

5.1. Modlfi catlons

Although the described low-noise down-con­
verter was designed for the 10 95 to 11.7 GHz.
segment, it can be tuned for almost any Ku-band
setenne downlin lo:: segment The IF freqooncy
band can hard ly be chang ed, the choice 0.65 to

16 GHz representing th e best compromise con ­
sidering avai lable semicollductors, reasonably
priced cables, connectors and sla ndardized in­
door units . Tile oscillato r freq uency has 10 be
funed 10 the requ ired value first (by adjlJsting the
gate stub length). The drain stubs sholJld not be
shortened by more than 1 mm each otherwise
the re is danger of parasitic osc illations in the 8 to
9 GHz ran ge. Now 100 LD sig nal trap sho uld be
adjusted.lhen lhe AF signal trep and finally, after
poSitioning the tuning stcb. the shor1 compensa­
lion sn e should be corrected . The low -noise
amplifier can be adjusted in the same way as ex ­
plained earner , however, the pos it ions . of tho
tuning stubs wil l be qu ite differe nt t rom those in­
dicated in f ig. 3.

As a prac tica l expe riment, I have tun od a proto­
type for tho 12.5 to 12.75 GHl frequency band to
receive the two French TEL ECOM t A and 1 B
satellitos Bes ides a s1 ighlly lower ga in, dueto lh e
higher Irequoncy 0 1oceraeon, no other pro blems
we re noted , 0 1cou rse, lhe hom reed had 10 be ru­
omcosooeo - a 16 mm inner diameter llJbe was
used . the probe le ngth was reduced to -1.7 mm
while the spacing from a le shorted waveguide
end remained 12 mm (see fig , 2),

ft num ber of maou tacture rs actua lly supply
suitable GaAsFETs. both 0.5 I ,m gale leng th
and 1 I'-m qate length types witll similar S para­
meters as the CFY 18 and CFY 19 types AI­
Ihough moso were not yet pm ctically tried, no
major prob lems shou ld be expected except for
the obvious reposihoning of l he l uning stubs Of
course.ue FETs should be packaged in suitable
microwave packages. Ceramic pac kages sti ll ol­
te r a cotter pe rfor mance to price rat io then p rastc
packages. which are also more sensit ive to im­
proper handling and high temperatures encoun­
tered during the soldering oper ations.

5.2. Conclusi on

Ku-band down-converters lo r sma ll sa tellite tele­
vision receive statio ns are already a sland ard
product on tho professiona l eQuipmenl mercer
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Photograph E;
TheIF empllflet
YU 3 UMV 019

These down-converters USl.l<1lly use the same IF
band, generally belwoco 900 and 1700 MHz
(+ /- 100 MHz) The input connector at Ku-band
frequencies is a waveguide flal'"ll}e and a suitable
horn feed is usually supplied seoarerety. To jn­

crease the enect 01 the feed mismatch on the
noise figure of tho low-noise preamplifier, a low­
loss circulator with one port terminated with a
matched load (tsotaton is usually inserted be­
tween the wavoguide to mrcrosmp transit ion and
the first amplifier stage . A circulato r is a orucun
to get and an expensive Item but fortunately. ill
amateur condit ions, each converter can be indi­
vidually aligned and a small degrad Cltion of its per­
formances wi ll only be ncncec at band edqes.

protessonat Ku-band down-converters also use
osoua tors stabilized with dielectrical resonators.
These are some ordorsof magn itude more stable
than tho free running osci llator shown in this ar­
te e . seen a high stabil ity is rcqUlred In cable tele­
vision headcod stations, where a number of re­
ceivers musl opera le unanended reliably lor
monlhs. An amaleur ICC61ver is usually hand­
luned and any down-converter cnn can immedi­
ately be ccoecieo. In pmcl ical use ~ was dilficult
to notice tr us inslabillty, since it follows the ambi­
ent day I night temperature cycle while the re­
ceiver was usually tuned from one channel to an-
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other much more frequenlly The receiver was
"01cqui~ with an AFC Clrcuitl

All the Ku-band cowo-cooveners have a fixed­
tuned local osci llator and convert at mo same l imo
the whole Ku-band segment down to the rela­
tively wide IF frequency band . A tunable dow n­
converter would be a better technical sotuno n lor
single chanoel reception. however, it seems that
suitable compo nents. to build KU-band VCOs,
are not re adily available .

Although the antenna gain anc tho down-con­
verier noise figure are considered the most lm­
portant parameters of a satellite receiving station.
Ihe pertomence of the IF circuits, and in par­
ticular the wideband FM demodu lator. is equally
importa nt. Amateurs usually only have small an­
tennas. RC9ardless of the size of tho available
antenna , fhere will always be some signals at the
margin of the system sens itivity_Since e e satel­
lite widcband FM video signal con tains a lot 01
redundancy, it is possible to exteed the threshold
of a FM demodu lator even beyond tho theoretical
values. Thetetore a suitable IF tuner { demodu­
lalor, usually referred as the indoor un~ . will also
be described in a lulure article , including a thresh­
old extension demodulator adaptable to differ ent
siqnal-to-nolse ratios. a tunable ecce IF to re-
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Jochen Jirmann, DB 1 NV

Voltage - Controlled Tuned Wideband
Oscillators

For many measurements frequently under­
taken in amateur practice, such as the tuning
of filters or antennas, a s ignal source is re­
quired which is capable of being t uned to the
limits of the amateur band concerned and be­
yond it. If a commercial sweep generator is
not available, a suitable sweep osc ill ato r can
be made withou t too much difficulty . This
article should help to dispel the myth of a
black art surround ing this type of circuit by
expl aining the techniques involved and also
assis t in its const ruct ion.

1.
INTRODUCTION

The usual practice in amateur equipment is to
try and limit the tuning range of the voltage - con­
trolled oscillator (VCO) of the synthesizer as
much as possible, in order to mitigate the un­
avoidable effects at the high oscillator noise ped­
estal and the not negligible effects of the tuning
voltage noise. Suitable circuits have appeared in
various publications and the work of DJ 7 VY is
well known in this area. In amateur test practice.
oscillators are required which can be tuned over
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a large bandwidth, whether it be to determine the
impedance at wideband antennas, the tuning at
harmonic filters etc. or as a local oscillator in a
superhet receiver . This article will introduce a
tew circuits which may be employed as wideband
veos and which will substitute tor many of the
purposes for which a commercial sweep gene ra­
tor is used.

The author would like, in particular. to encour­
age the reader to make some experiments as the
test equipment required is held to reasonable
limits. Two 12 V DC power supplies are required
together with a 0 - 30 V variab le supply. An RF
power meter (or at least a power indicator) and a
frequency counter should complete me list of
equipment necessary, It a UHF counter is not
available, an EeL prescaler such as those found
in TV tuners, costing about DM 20, may be added
to the counte r thus extending its range from 1(J or
20 MHz into the region of 1 GHz. Suitable types
are e. g , The Telefunken U 2641 U 664 (divide by
64), the U 666 (divide by 256) or the Siemens
SDA 2211 (divide by 64) The re are many circuits
in amateur publications which deal with the way in
which the decimal point may be inserted at the
correct point on the indicator read-out following
the addition of the prescaler. If the exact tuning
voltage lor a particular frequency is desired to be
known, then a digital voltmeter will also be ne­
cessary.
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In order to keep the paras itic reactances to as low
an order as poss ible, the convent iona l printed
circuit boa rd techniques must be dispensed with .
Instead c oupling and blocking disc capa cito rs.
using co mponents without wire coonecncos. the
circuits a re soldered directly to the ground plane
cr cnccn tracks of the PCB. They al e also used as
support tags IOf other componen ts. The photo­
graphs of fig . :3 show that crsc ceramics can be
soldered d irectly to the walls of tin-p late screening
boxes as well as on PCB copper, In order to en­
sure a hig h a in tuned circuits . it will always be
preferable to employ groond areas made from
copper or s!....er coated cop per. A suitable prep­
eranon should also be used to counle r the eitects
of copper oxidation and solder " UK conoson

2.
COMPONENTS

ProfessiOnal wideb and tech niques mostly em ­
ploy YIG oscuatcrswhose frequency determining
ele ment co nsists of a chip ot vttnurn.rron-qamst.
The intr in sic frequency of the YIG chip can be
varied ove r a few frequency octaves by th e appli­
cation ot an external magnetic field.

When such components bec ame too expensive
tor amateur purposes. a sccsnuae had to be
found . The basic requirements tor the fam;ly of
oscillato rs described here ar as follows : -

Frequen cy range of interest from 100 MHz to
1 GH z
Each oscillator must tune over a band of 0.5
to 1 octave
Outpul power ol grea ler than 1 mW
Tuning voltage 0 to 30 V
Output power variatIon over luning range;
less than 6 dB
Harmonc content : less than 20 dB
Where possible a butler stage should be in­
corpo rated

Narrow- band osci llators may be readily use
barrier FEls 10 del,ver particularly noise-free

signals. FETs have, however, the disadvantage
that they possess a relative ly large input cap aci­
tance (5 pF) which lies direct ly acro ss the tre­
quency determining resonant circuil , etlect ively
limiting the luning range. The nenscoocucraoce
of FETs, in relation to bipolar devices. is relativ ely
sma ll and the refore the effects of this inpu t ca­
pac itance cannot be red uced by looser coupling
to the tank ci rcuit

Bipolar transistors, on the other hand, have an
output capac itance of Under 1 pF and are, in spite
of their worse noise characterist ics. more suitab le
lor wideband osc illato rs l han FETs. Experiments
have shown, moreov er, that a traoseror haVIng a
higher Iransit Irequency performs no be net. in this
apotcaton, lhan one which on ly JlJsl meets the
frequency specncenco. In gene ral, it is sutsceot
to choose a transistor wh ich has a transit Jre­
quen cy of 1.sto 2 times the intended worki ng fre­
quency of the ci rcuit In television tuners, working
below 1 GHz , the preferred PNP oscmatotransts­
stars are as usually usoso such as the SF 970, and
BF 979 Above 1 GHz the jew-cost BFW 92 and
the BFR 90 have proved well suitable. In any
case , suitable transistors may be found by ex­
perimentation and it is surpr ising that many are to
be found in the ranks of "general purpose transis­
tors".

In all w;deband oscillators, a careful control of
parasitic osci llations , arising in coupling and tank
circuits . musl be undertaken as these lead to un­
predictable tuning charac leristics. The cont rol of
parasitic oscillations is always more difficull as
the lTequency increases . All ci rcuits are therefore
designed so that the tuned circu it is grounded on
one side and the oscillator supply voltag e can be
directed via this to the act ive device. Th is avoids
the use of the critical rad io frequency choke
(RFC) in the collector and r oo-oncar res istors
may be employed bol h to sel l he transistor work­
ing po int and for deco upling purposes. PNP tran­
sistors allow a partIcularly simple form of con ­
strucnon using a positive SlIppfy voltage .

In the frequency range 500 to 1000 MHz, normal
UHF tuner diodes, such as th e BB 105, BB 505
or similar, may be used. They offer a tuning ca­
pacitor rat io of abo ut 5 which ensures an octa ve
coverage prov iding that tbe resonato r luned cir­
cuit capaotarce is kepi low.
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AI lower IreQueocies. the hype rabrupt type s used
in cab le TV luners, such as the BB 609 , are sou­
ab le. The se have a cepectarce ranc01 13 which
allows a luning range of a.sio t to be possible. As
the Q of these diodes is quite low in the UHF
reg ion. they should not be employed higher than
300 MHz.

The UHF diodes around 1 GHz and accve.which
have plastic or glass encapsulation, are hardly
usable owing to a series inductance of some 3 nH,
The selt-rescnance of a BB 105 lies, according
10 lhe bamec vollage, between 750 MHz and
2 GH z. Surprisingly, lhey have boon employed in
lhe latest UHF luners in lhe form of MiniMElF
diodes lor surface mounting . The Intermetall
BB 621, owing to its cons truction and low series
inductance, has a very good Q at frequencies
over 1 GHz. The following examples of circuits
will show that this coonmay be employed in cir­
cuits up to 2 GHz.

3.
BA SIC CIRCUITS

The choice of suitable oscillator ci rcuits which,
with very lilli e alternation, are able to be used on
the various frequencies of interest, is all that re-

Fig. 1: A FET Ote lllator in an inductive tllr_lellTll­
nal circUlI.
Frequency range: 150 to 300 MHz
L: 3 turna (lengl ll 7 mm approx.) inl. dla ..,..
lap: 'h lu m trom ground end
Outpul COl.lpling: loop aboul 'I. lu rn trom
ground end
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mains. There are two bas ic osci llator princ iples
which com e into consideration. the two- term inal
and the lour-lerminal oscillator circu its , The lour­
terminal cscnatoruses the transistor as an ampli­
fier and connects input and output together via a
tuned ci rcuit. The two-terminal osc illator uses the
transistor as a negative resistance which coun­
ters the losses in the tuned circuit. Th is type of
ci rcuit works as well at very high frequencies be ­
cause the tran sistor' s internal capacitance is
used as part of the feed back mechanism .

Now lhat the basic Iypes have been explained. a
few exa mples of circuits lor vaooos frequency
ranges witl be introduced.

4.
PRACTICAL CIRCUITS

4.1. A FET Oscillator lor Frequencies up to
JOOMHz

The circu it of lig.1 shows a tapped inductor circuit
wilh the SF 256 FET connected in a drain driven
manner. As the input capacitance of the FET is in
the region of 5 pF, a tuning range ct only one cc ­
lave is possible despite the use of a hyperabrupt
vencap diode .

An important ci rcui t detail is the capacitor phase
snrner C 1connected be tween the source and ue
DC blocking and as the FET opera tes as a source
follower the input voltage althe gate and the out­
put vouaqe sho uld be in phase. At the frequency
under consideration i. e above 100 MHz. this
assumpl ion is no longer valid and the source '1011­
age ph ase shift must be compensated by us ing a
(tao) small coupling capacitor , Owing to the large
range to be covered , the value of this capacitor
must be on ly a com promise chosen on the bas is
of the output pow er remaining reasonably con ­
stant over the tuning range It is possible to em­
ploy another varicap here In order thai the feed­
back phase shift comp ensat ion may vary with
frequency. This idea was not persuad in the inter­
ests of developing a CirC1J~ which would be
readily reproducible,

This ci rcuit is on ly intended lo r applications where

•
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a really noise-tree signal is required and where
the h.!nlng range need not be 100 large. The csca­
lalOl" 01 f ig. 2 was dimen sion ed lor a lreqlltlncy
range 01150 to300 MHz.

The tollowing bipolar cscnatoeis intended tor uni ­
versal appIieatoo at treoaeeees between 60 and
1000 MHz Ifl t1vee bands. With a CtJr131lmem. in
perlonnance it may be made 10 operate al Ire­
qoenoes up 101.3 GH z

Fig. 2:
An 80101000MHzbipol ;lr
osc;OIlcotOl'", co mponeonll"
in tab le 1

12

4.2. A Bipolar Oscillato r 10r 80 to 1000 MHz

The oscillator shown in f ig . 2 represents a capac­
l ive three-poin1 Clrcuil whict1 does not requi re a
tap ping OIl the osciliatOfy luned cirwil ifl order 10

sustain OSCInatlon. Tile lIansislor. a PNP BF 979
01" SF 4 79 . works in a commonbase CirCUit with lt1e
coll ector be ing eflecbvely at ground po tential witn
the tuned Circuit

Frequency Iinge ., . 2 C l C2 L l L 2

8010 200 MHz 390 3. 68 p 47p 7.S lums, 4 mm 0 <ho ke
F 100 - core 33.H
tapped rear
grou nd end

200 10 500 MHz 390 120 22p 47 p a.sturre. 4 mm 0 choke
lenglh apptox. 22 JlH
8 mm, lapped
neat grOOM end

s0010 1000 MHz 220 22 6" 2p2 slnp 15 x3 and ctoxe
3 mm above 4 ,7 J.<H
grou nd, lapped
3 mm lrom ground
end

Tablot' 1
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Fig. 3: The author' $ prototype const ructio ns

The capacitive divid er forming the feedback cir­
cu it is composed of two vancap diodes toqemer
with the coupling capacitor C 1. The latter also
com pensates for the phase shift through the tran­

sistor.

The freq uency de termining circu it has an air­
cored co il indu cto r for the frequency ranges 80 to
200 MHz and 200 to 500 MHz and a conduct ive
strip induct or supported above the PCB plane for
the range 500 to 1000 MHz. The tapping on lhe
tuned circuit inductor controls the degree 01
coupling to the buffer stage wnich. in tum , attects
the degree 10 which the oscillator frequency is
pulled by HF output load variations. Th e tapping
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point also anece the ba ndwidth, the a and there­
fore the harm onic content as well as the output
level. If a low harmonic con tent is requ ired, the
coupl ing must be kept very low i. e . the tapping
poinl near the earthy end ot the inductor in ord er
that the bull er stage is not driven too hard

The important characteristics ot the OSCillator are
summarized in tab le 1 and the photograph of
fig . 3 shows the prototy pes con structed by the
author for the bands 80 to 200, 200 to 500, 500 to
1000 and 1000 to 1350 MHz , The last oscillator
will no t be menncned further here beca use it reo
presents the highest frequency possiblle wit h this
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type of circuit. The OSCillator cou ld be dimen­
Sil:Ined for the range 30 to 80 MHz by merely in­
creasing the size of me air-<:ored inductor. The
lu ning capacitance and sen-cececaeoce should,
however, be held to low levels in order th at th e
varicap Is able 10 cover Ihe desired sweep range.
The frequenc y can be further reduced by using
medium·.....ave type varicaps (C - 20 10 500 pF) .
The constructor should note thallha various re­
sistanc e and capacitance values are changed
according 10 the frequency range 01 Interest. In
particular, the high frequency example 500 ­
1000 MH z should be cons!TUcted with lIle short­
est possible RF leads and Ihe layout. shoWn in
Ihe pholograph, closely followed,

4.3. c scmatcrs tor t he Ran ge 1 to 1.5 GHz

In order to construct VCOs for uecuercies higher
Ihan 1 GHz, a few dec isive circoilatterauore were
necessary. Firstly, the varicap dIOdes were re­
placed by a better type (BB 62 1). The inductive
pa rt 01the tuned circu its was 100 small. physically.
10 be constructed from Strip line Il, < 10 mmj and
had 10be made from ;. /2 lesonators. this doubles
the length tnus making II more manageable The
one end of the resonator tine has a varicap diode
tuning and the other end has a trimrner 10 set the
lower limit 01 lhe trecucrcv range luning. The
uppe r frequency hrmt is deter mined by the resid­
ual capaci ty ctme vancap ocee . The ove rall fre­
quency range of th is oscilla tor is not as great as
the other versions oescnoeoearlier. hav ing only
a hall octave span.

Older reeoera will , perhaps. be aquainled with thtl
tank c reon of \t1efif!>t rube UHF power amplif iers
The tranSistor has an earthed coll ector and driven
al HF to a floating emiller. Owing 10 lf1e IranSIS­
' or' s inte rnal feedback via the base-em itter ca­
pac itance, it ha s at the base, as tar as HF is con­
cerned. an inpuI resistance having a negative real
componenl which decreases the loading across
the la nk Circu it.

USing a small caoecnarce. of a fraction 01a pico­
farad at the emitter, this feedback ca ll be opli­
meed. The capacitor can lake Il'1e form 01a 0.5 10
1 em wif e bont to a SI.lllable poSlliQfl aocve
grOUnd.

The HF is coupled c ut from tile base d rcuu by
means of a trimmer A bulter stag e wa s not used
owing to its dillicu ll destgn and the fact ' hal ns
e1lee! is r ot pal1icu lar1ygood due 10 Ihe isoIalion
' rom ouipur sc Inpul of a 1 GHz. simple transistOi
stago being very small. Th e use of a circu lator
was not contemplated on grounds 01cost

The 1 to t .5 GHz osc illalor of fig . 4 is shown . ,n
prototype coosmcrco. in ttle photograph of
fig. 5. An expcnmenlally built OSCi llalor. covoring
1.7 to 2 .4 GHz , diSplayed a large output pow er
l lucluatior1 when tuned over the range together
wi th poor tUlling characteristics and freq uoncy
lumps. Th iS. evidently. is Ihe frequency I'mlt lor
osci llators buill with standard compo nents. Ex­
pansive glass tubular trimmers are not absolute ly
necessary lor Irequencies und er accct 1.5 GHz,
lhe cheaper tello n-loil (MSky" ) l rimmers may be

DB1NV

I

t '"'
0,
"Fe

M u v

Fig. 4 :
A 1 to 1.5 GHz
ollC lI~tor
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substituted. Further attempts to increase the fre­
quency of this type of oscillator to 3 GHz, by reo
ducing the tank circuit to 5 rnrn.was not encourag ­
ing. Besides the output power varying over the
tuning range from 0.1 to 10 mW, there was a
tendency to mode-jump. hysleres is et tects and
similar mislortunes.

4.4. A GaAs-FET Oscil lato r fo r 1 10 1.6 GHz

After the GaAs·FET, such as the CFY i 3, be­
came cheaply available to the radio amateur, it
has becom e possible to use them in the construe­
tion of broadband vcos. As fig . 6 shows, this
circtJil is very Simi lar 10 that of the preceding bi­
poIaf oscilla tor but the resonator is tcreo at both
ends wilh vancap diodes. This is tacnatec be­
cause of the very low load on the resonator im­
posed by lhe FET. The HF coopling is carried out
by means of a small loop located near a current
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Flg. S:
T.... 110 1.5 GH;r oselltetor
prototy~

antinode in the tank circuit. The additional feed­
back coupling. using the 1pF capacitor, improves
the oscillator starting characteristics at the low
end of the frequency range. The drain resistor
damps any tendency to parasitic Oscillation in the
SHF range. The power output of 1 to 2 mW over
the range from 1 to 1.6 GHz was achieved wilh
Ihis circuit.

5.
OBSERVATIONS

In all probab ility, the firsl e~perimenlaJ osci1lalor
will 1"101 behave quite as well as expected. The
following information notes should help to sort out
a few possible sources of error: -
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00'

Ue=8-XW

Flg. 8:
A 1 to 1.6 GHz GaAs-FET
osell illt or, Choke: 3 turn .
0.3 Cul. 1.5 mm dia

Oscillator retuses to oscillate:
Load coupling too tight, feedback coupling in­
correct ly chosen, varicap diode wrongly con­
nected or a transistor defect ive - the author
has cnen found eanstsrors which leslad good
under DC cond itiOns but failed at the working
frequency.
Unstable frequency :
Tuning voltage power supply poor ly regulated
Sharp drop in output power at band ends :
Optimize both lhe load coupl ing and the phase
of the fee dback.
OUtput gaps in the luning range with freque ncy
jumping :
Parasitic resonances in the ci rcuit caused by
long RF leads or unsuitable componen ts tor the
frequency under consideration - the author
thought he was being very good by using, for
the 1 - 1.5 GHz cscnetor. a 100 pF chip capa­
cilor lor the DC blocking to the transistor base

because it was exactly the same width as the
stripline . The result was a reverse tuning with a
hysteresis point around 1.15 GHz - the sen­
resona nt frequency of the chip capacitor. The
problem was solved by replacing me chip ca­
oacnorwith a simple disc capaci1or.

6.
CONCLUSION

With eese few examples, relal ively little oullay
and using standard com ponents from the tele­
vision technology , tunabl e test oscillators may be
made to cover the range 100 MHz to 2 GHz. Be­
sides the ir appl ication lor the test ing and align­
men t 01anten nas and !liter networks. they can be
used as the basis for a simple spectrum ana lyzer
or a sweep generator .

E
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We only require the order against your
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Dieter Schwarzenau and Bernhard Koko t

Home - Constructed Frequency Counter
Part 1

The measurement of frequency, fo r the rad io
amateur, Is probably Ihe most important
measurement of all. In the days of the tube, the
grid dip-meter or an absorpt ion weveme te r
Ind icated the frequency whereas now adays It
is possible, w ith linle effort . 10 bui ld a high ly
accurate dlglt allrequern::y cou nter, There are
constru cti on arti cle s In profusion wh ich hillve
been published.

The fo llowing descr ipti on of a frequency
co unter with design ation DL 0 HV was evolved
with the object of building an inexpensive,
small frequency counter which would pos ­
sess 8 high res olu tion In the higher frequency
reg ions. The Inclusi on 01 other special func­
tions such as event counting. freq uency
ratios , time inl ervals was deliberately omitted.

JU1J1~OU (cJ~ t-e r
L "''Tl

Ag. 1; Principia of a d illital lrequency measurement
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1.
PRINCIPLE

The word "trequencv" is used in the connotation
of perIOdICally reoccurring events. e.g electncat
oscillations. It may be defined as the number 01
lhese events which OCCur in a stated Interval 01

time, The Simplest method of determining the fre­
quency, is to count the number of the events
occurring during a known time, The diagram of
fig . 1 shows that two functions are required, the
counter and a gate, which, in Ihe simplest case,
consists of a switch.

Assuming that lhe counter is set to zero and Ihe
gate is opened tor a period of one second. then
the train of input pulses would be directed to the
counter and tor each pulse the counter would in­
crease by 1 during this period. Altha end of the
open gate period the number 01counted pulses
can be given the unit "Hertz".

For the next meas urement. the counter must be
reset back to zero and the gate again opened lor
another second. In order thai this process be
continually repeated, the block diagram indicating
this principle would have to look like fig . 2.

After every measurement cycle, the count is
passed to a store which has the job 01holding the
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Photo A: The completed lnl trumenttogether wllh plug-in un it

comeots steady . bo th during the coont and unl il
suff iclenltime has elapsed fOI !he Indicalor (read­
out) to be read. The control uoil resets the coun­
ter , closes the gate al ter a pre-dete rmined time,
clears the store and also re-eeabiee it.

1,1. Accuracy and Aesolutlon

For a gate time 01 one second the result may
be read out, on the display, directly in Hertz.

control

II lhe gale time is longer or shorler than ils
pre--selecled period then the read-out will be
inaccurate. A pre-requisite lor the coeect
measurement is, meretore. that the gate
period must be as exact as possible,

Another source 01 error arises because the
counter recognizes the input pulses by either
the rising flank or by the falling flank and
counts accordingly. II the gate closes short ly
before an input pulse has been completed, it
may I"lOI be counted even lhough it Is almost
completely inclooe<l in lhe given time frame
(flg.3). By the same loken,.an input pulse Rank
may OCCUI shortly alter !he gale has cceoee . In
this case, the counter indicates one pulse too
many.

This unavoroabje inaccuracy is known as dig i­
ta lization error and in the case out lined above it
amounts to ± 1 Its in!luence is dependent upon
the frequency to be measured and the gate lime
chosen to effect the measurement. For example,
if a frequency of two Hertz (2 Hz) were to be
measured , using a gate penoo of one seco nd, lhe
octccme would be a read-out 01 1 Hz, 2 Hz or
3 HZ,l.e. an error ol 100 % . The gate l ime period
must therefole be long enough to embrace as
many input pulses as poss ible but thiS, of course,
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Fig.3: Eumple showing how digitalization errors
arise

entail s a long wait for the indicated result. The in­
put lr equency under measurement may also,
during th is time , suffer sudden shills which wou ld
not be registered. In practice, the usual gate
periods used in a frequency counter are se­
lectable in the range 0 1 to 10 seconds.

Another criterion tor the quality of a frequency
counter is its upper frequency limit. 11 it is lower
than the frequency 10 be measured, then a digital
pre-scaler can be employed to divide the Ire­
quency prior to its introduction tothe counter.This
has, however, the disadvantage 01 decreasing
the resolution by the same factor as the scale­
down. This means, for example, thai if a fre­
quency ot 1 GHz is to be measured using a coun­
ter of only 10 MHz capability, a pre-scaling tactor
of 100 would be required. If the resolution re­
quired was 1 Hz, the gate t ime wouid have to be
100 seconds. If the basic counter had an upper
lr equency limit 01100 MHz then only a 10 second
gate time would be required with a division 01 10
in the scaler.

l _ gate mand for an upper irequency limit which was as
high as possible.

Frequencies in the two metre band should be
capab le 01 being counted directly. This auto­
matically precludes the use of TTL logic for the
nrstcounter stages. Instead , ECl logic elements
were chosen with a frequency scecacencn of
150 MHz. Constructional experience has since
shown that many examples work up to 200 MHz.
For sti ll higher frequencies, the counter is pro­
vided with a pre-scaler. The scale-down factor
should be as low as possible in order not to
compromise the resolution unduly. As there are
economical ECl pre-scalers on the market wilh
a division factor of 4 the only thing to do was to
prepare a suitable gate period 10 give a direct
read-out.

Gale periods of C.1, 1 and 10 seconds were
chosen, which, with the provision of the pre­
scaler, would have to be shortened by Q factor of
2.5 automatically.This means that up to 150 MHz
a resolut ion of 0.1 Hz is achieved, above mat.one
Hertz . The accuracy is always expresse d at the
highesl frequency and is 6 6 x 10 '" If this accu­
racy is to be realized then the accuracy of the
time-base (gate) should not be any lower The ut­
most poss ible accuracy has already been
achieved with little effort .

The crystal oscillator, used for the time-base ref­
erence frequen cy, must be thermally stabi lized
and optimized for a long-term stability. The re­
quirement for a suitable temperature-trimmed
crystal is unavoidable.

The counter was housed in a small module con­
tainer from the firm Bicc-Vero. It is compact and
ali modules have easy access. in juxtaposition to
the counter unit there are provisions for two plug­
in units, pre-amplfier or pre-scaler, which can be
quickly changed as the need arises

count,-'201

2.
DESIGN PRINCIPLES

One of the guiding principles in the deve lopment
of the Dl 0 HV frequency counter was the de­

224

2.1. Modules

The frequency counter comprises the following
six modules: -

1. Crystal osci llator
2. Counter conl rol
3. Digital counter unit
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4. DiSplay and oper ating unit
5. Pre-amplitier I pre-scaler
6, Power supply

Each of these six modu les is constructed on its
own ded icated printed circuit board, Modu les 1 to
4 form the bas ic counter and are located be hind a
common Iront pane l. The connecto ne betwee n
them are made by open resistors and pllJ9-in con ­
nectors.

At the moment there are three plug -in modules to
chose trom : -

1. A pre-amplifier 30 Hz - 30 MHz, 1 0 130 pF
Sensitivity : 2 mV ; 100 V mall, input

2. A pre-amplifier 1 MHz - 200 MHz, 50 11
Sensi t i....ity : 10 rnV, 5 V mall. input

3, A pre-amp lifier with a pre-scaler
50 MHz - 800 MHz , 50 n
SenSitivity: 5 mV, 5 V ma ll , input

The hou sing offers the possibili ty to l it two ol
these plug-ins. A se lector swi tch on the Iront
panel allows the desired sig nal from the plug-in to
be connected to the basic counter unit. The trans­
mission of the input signals is carried out, at ECl
le ....el, by cables routed ....ia the back wall of the
housing, Th e power supply unit is bUjl t in a box
spec ially pro....ided and mounted behind the bac k
wallwinng,

2.1_1. The Clystsl Oscil1atOf

The circuit diagram of the crystal osci llator is re­
produced in fig . 4 The acti....e element used for
the oscillator itself is the sci pow er drlver MC
10116 (1403). The crystal is drlven in series reso­
nance and Its freq uency may be fine ly trimmed
using capaci tors C 405 to C 408 . A further power
driver is used as a buffer amplifie r and the third
portion of this ch ip remains unu sed .

The enclos 1.U9 bounded by the dotted lines and
cont aining components T 401, R 419 andQ4() l ,
indicates that thes e elements should aU be

VHF·CQMMUNICATIONS 4i86

mo unted in close II1ermaIcontact with each other .
'rte cecon of 1401 is a temperemre control lor the
crystal oven heale r. The healer element is a tran­
sistor T 401 wh ich is con tro lled by a bridge circuit
balanced by a temperature sensor R 4 19 with re­
sisto rs R 401 to R 403, Potentiometer P 401 is
used to adjust to the required temperature. The
LED, 0401 indicales mereg ulation condit ion and
may be moun ted 00 the Iront panel . It is ex­
t inguished when the reQuired te mperature has
been acneeed

Both lhe oscillato r and the regulation Circtlil pos­
sess the ir own vo ltage stab il,zing circuits I 401
and 1404. As the gate timing control mus t be sup­
plied at TTl, a Ie....e l change is necessary. Thi s is
carried out by the SN 75140 (1405). This IC con­
ta ins two power recept ors each with two differen­
t ial inputs and a TTL output. One power receptor
is fed by the oscillator signal and the othe r serves
as an inpu t for an HF refere nce signal. A minimum
inpu t ampl itude of 100 mV Is required for this input
signal. The refe rence signal is limited by diodes
0402 and 0 403 . The other two inputs 01 the dil ·
le 'entia! pair are con nected 10 lhe relerence
'IOIlage output 01the Ee l tC. The voltage at Ih is
outpul ties exacny between the two possible ECl
levels. In orde r to save a cha nge-aver switch be­
tween internal and exter nal reference oscillators ,
the external refe rence coming via 1405 is fed to a
retr iggerable mononopwhich effects the chanqe­
over automat ically vte I 407 when an external ref­
erence is conn ected .

Th e supply to the osci llator mod ule is a stabi lized
5 V arc an unstabi llZed 12 V (apprOll .) fo r the
healin g and the two Ofl"board vonage reg ulators.

2.1.2. The Counter Control

The cou nter control pul ses are derived from the
bas ic coun ter 10 MHz referen ce frequency os­
cil lator by mean s of thi s unit (f ig. 5). These pulses
con trol the counter gate time s, the deli....ery of dis­
play contents and lhe coun ter reset.

The simp lest way 10derive !he ga le-lime period is
to divide the 10 MHz re ference trequency down
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unti l the des ired gate period is achieved and use
that to drive the gate directly That would mean
that the IntefVal loliowing evety count cycl e would
be as long as the coun t ilse ll. For example. a se­
tecteo gate peri od 01 10 seconds wou ld email a
walt 0120 seconds before the result is displayed .
In orde r that this situation is avoided, the cou nter
cont rol is so arranged that the counting pause is
independent 01the selected gate period and lasts
only 7 ms This concept requires carel ul aner aon
to the ditleri ng gale ec raton limes at venooe sig­
nal path s as the me asureme nl accuracy depends
upo n an exact adhere nce to me gate pulse
pe riod.

As in the case of the direct division concepl , a
dividel cha in is leq uiled. bUl in this case c0m­

pe ses two paths. The hrst path consists of t 109
and 1108 . Every second output of the dec ade di­
vider is lead to the input of I 106, an 6 to 1 multl­
plexer . Depending upon the level at input s A, B
and C. one of the 8 inputs are connected 10 the
oUlput Y. Ahoget her eight frequencies corte­
sponding to eight gale periods can be selected.

The second part o f the divider chain con sists of
l ive lurther decade counters which may be all set
to "9" via input S 9.The period ol the signal at tha
end olthis divide r chain is thaI 01the sele<:1ed gate
period. It is led via two NAN D gates to a further
decade coun ter which controls me sequence of
operations. It is con nected to a acu -to-oeclm et
decoder (I 102) in order that for every counter oe­
playa ded icated output circ uit is avai lab le.Output
9 ope rates the gat e. As the outputs of the de­
coders al e all ~Iow~ when activated , an inverter
(N 4) is necessary . A moootlop , also driven al lhe
sam e time as the gale , causes an LED to extin ­
guish every time the gate closes.

During the counting pha se the con trol cccoter is
in condilioo "9~ and me OtJlp ul 9 01the decoder is
~tow~. Thenext fa iling edge 01the pulse delivered
from the diVlder ch ain is fed to the clock inpul of
the control counter and sets it to ze ro. This shi fts
Ihedecoderoutput9 to "high" and closes the gat e
via N 4. At the same time, the gate formed by N 3
opens and it passes 1 kHz poises !rom the first
part 01divider ch ain N 2 to the clock input ot the

228

VHF·COMMUNlCATlONS 4166

contro l counte r. This starts counting in qu ick sue­
cession . At the counter con dition c t "2", the tran­
sition line ~STORE" is sel la " low" and the fre·
quency 10 be displayed is passed into the display
memory. The output 5 01 the decoder operates
Ihe "RESET" line 01the frequency counter. When
the con trol counter reaches condit ion "7" . ali the
divider counters in the second ha l! of the div ider
chain are rese t to "9" via transistor T 102 . Simu l­
tanecusly. the input of gat e N 1 is pulsed in order
that il s output remains on "high". By l his means.
the ne xt 1 kHz impulse may be fed via N 2 and N 3
to me con tro l counter input driving the counter up
to "8" Th e output o f N 1 return s 10 " low" and N 2
blocks the rest of the 1 kHz pu lse tra in. As the S 9
meets are now again free the counters at the
se cond divider chain are set 10 zero by Ihe next
trailing edge of Ihe multiplexer signal. This neqa­
l ive-going flank is also led via N 1 and N 2 to the
input of the control counte r which again receives
the condit ion "9 " and via its decoder output cpens
Ihe gat e. First be-ore the gate is opened , the di ·
vide r chain is in the same condition as it was
shortly before the gate was closed . The pulse
flanks which switch the gate have identical
pe riod s.

The counter cycle can be int errupted , at any l ime,
by means of the input "R EAUN" . The control
counter is set to zero via Iransistor T 101 and
theleby pl lming the circ uit lo r a new counting
cycle. This op tion is uselullor counts using long
ga te per iods.

Th e eigh t pos sible gale periods are divided into
two groups 01 lour. Th e choice 01 any oj the lour
gate pe riods is enecteo via the input s A and B 01
the multiple xer, Their lengths are 0 ,0 1 s, 0.1 s. 1 s
or 10 s. also 0,004 s. 0.04 S, 0 ,4 Sor 4 s.Tn e /lrst
four of these gate period s are lor use with decade
pre-scalers and also direct inputs to th e basic
coun ter . The other gale peri od s allow the use of
the economcet x 4 pre-seaters. The selection of
the sets is eeecreo via input C 01the multi plexer
wh ich is switch ed eit her to grOtJnd or onto the
control line DIVIDER by jumper p ins. Th e secon d
jumper se rve s to se lect the decimal po int logic
control and connects line C with line " input I\iB"
when a pre-sca ler has been l ill ed into input e ,
Otherwise ·C · is directly con nected to ground .
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2.1.3. The Dig ital Cou nter Unit

The coume unil llg. 6 has two symmetrical ECl
Inputs to which the pre-amplifiers or pre-selectors
may be connected. Owing to the employment of a
special line receiver (I 201) and the 330 n termi­
nation resistance an interference-tree operation
is assured even OIl high frequencies

The gate is connected to either of the two inputs
by means of "input AlB" . The selection and con­
trol is effected by three ANDiNAN D gates {I 202).
As ECL outputs represent an open emitter. they
may be connected together wilhout any troUble ,
The fourth NAND gale serves as the gate. the line
receiver at the gate input is used as a monitor
output butler stage ,The signalto be counted may
be observed at this poinl by means 01 an cscno­
scope This facility is partiCularly useful when
distorted input test signals are to be measured
which give different counts according to the post­
tion of the trigger level,

Behincl the gate lies the first counter stage 1203.
This is a BCD counter.using ECL, which can work
from zero upto a frequency of 150 MHz,Matching
the ECL level to the TTL indicator store (I 206) is
accomplished by connecling ali loor BCD outputs
wit1la comparator. The necessary reference von­
age is available at the pin of the line receiver. The
coupl ing resistor of 10 kH avoids loading the cot­
puts too much during the counting process, With
I 207, a sc o -tc-eeveo-sec rr eot decoder, the
cooteets ol the indicator store may be seen via the
lowest pcs r ton01the read-out.

The second counter stage uses TTL logic and
thus requires a level change. A comparator can­
no1be used here because the conversion process
must operate at a frequency ot over 15 MHz (due
to the asymmetrical duty cycle). Therefore , a
special line receiver (I 204) for symmetrical trans­
fer, has been used. As the ECl counter module
also has its 0 output inverted, both inputs maybe
connected directly.

The TTL counter stage uses a simple BCD coon­
ter which drives the ioocator store with a seven
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segment decoder (I 210. I 211) in exact ly the
same way as the ECL stage.

The following counter stages use an lSI (1212)
which, besides having seven BCD counters,
contain all the necessary indicator stores, a multi­
plexer and display drivers. The drivers. using only
5 V, are not in the pesuon to compote with the
statically driven seven-segment decoders and
there/ore, all multiplex outputs are fitted with ex­
ternal driver transistors (T 201 to T 214).

The limiting frequency of this integrated counter
circuit is about 6 MHz for a 5 V supply voltage,

With a signal frequency to be counted ot 150
MHz, the TTL counter stage delivers an output
signal at a frequency of 1,5 MHz. This output sig­
nal has, however, a 1 to 4 duty cycle as the period
belongs to a frequency which lies higher by a
teccrct a.s Although this frequency is well under
the specified limits. in c-ecuce difficulties were
encountered. The duty cycle was mererore con­
verted to 1 by means Of two NOR gates used as
an OR gate and a second output of the TTL coun­
ter,

The control of the unit count is made via the inputs
"gate", "RESET" and "STORE" When the
"store " line is low, the display store accepts the
contents a! the counter stages. When the
"RE SEt- is act ivated,all counter stages are reset
to zero. As the TTL crcone and the ECl counter
require opposite polarity signals, two gates of
1208are used as inverters. The level change TTL
to ECL is made by the two 1 kl l resistors. One lies
in lhe connecting line and the other serves on the
ECl side as a pull-up resistor.

2.1.4. Display and Oper ating Unit

Besides the display and operating portions,
this module also contains the logic for the decimal
point control (f ig. 7), In order to simplify this, every
third decimal posilion from the 1 Hz display, is
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controlled . This means a maximum Ofthree deci­
mal point positions , in a nine indicator display, all
on at lhe same time and represenl ing 1 kHz ,
1 MHzand 1 GHz. Thefe are then three groups of
decimal poi nts one 01which musl always be on,

The control is effected by three transistors (T 30 1
to T 303). These. again, are addressed by three
AND gates (1302) whose inputs are connected to
a 3 to 8 binary decoder (I 301). The level at in­
puts A and Bof this binary decodercontas- the in­
tc rmaton concerning the selected counter gate
lime. Input C is flOfmally low and is only ad­
dressed when the input unit In use has a dIvision
laclol' 01 10. In this case , the decImal point is
shilled one position to the right

Another LED (D301} also forms part of the seven­
segment numer ical display inasmuch, that during
the process of counting il illumina tes during the
gale period. By means ot nus ccoe.ue startot a
counlong penod may be recog nIzed when a long
count duration is being employed.

Two rotary switches form the service controls:
one is a three--position switch and selects the
gate period. lhe other gal e period 0 .Q1 s or
0.004 s. supplied by the counter contro l,being un­
used. The other switch delermines which of the
two plug-Ins will be connected to the counter.

2.1.5. The Counter Input Plug- In Units

It was mentioned in the introduction that the
quality of a counler is dependent upon the
aCQ.Iracy 01 the time base and the resolution
offered by the counter . In the HF measure­
ment area, the characteristics of the input
condilioning circuit must also be considered.
They are there to match the signal to be meas­
ured to me required logic level of the digital
counter. In order to obtain as much versatility
as possible, the lol lowing demands are
placed upon this unit:
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1. A large as possible pass band
2. A high sensitivity (in the order 01 a few

mV)
3. OvEllload-withstanding inpu ts (al least

0.5 W)
4 . EIther a cons tant 50 n input impedance or

a high imped ance with very low capaci tance

2.1.5.1. High Imp edance Input Unil

In many cases it is desirable that the Item-under­
test should be as lightly loaded as possible by the
test instrument. Accordingly ,an input unit was de­
veloped which has an input impedance com­
prising 1 M{I ataopF (f ig. B).1t has six selectable
voltage ranges , The parallel switched capacitors
COOl to 603 prevent that the division reuos are
not rendered trequency dependent by parasite
cececneoces across the divider Chain resistors
R 60 1 to R 603 and the wIring etc. The signal­
under-test is lead to an N FET via a protection re­
sistor R 604. This FET is connected as a source
follower. The two anti-paralle l connected diodes
o 601 and 0 602 limit the gate voltage during
over-voltage conditions. II caoacncrs C 601 to
C 604are sufficiently voltage-rated,evonapphce­
tioo ollho mains voltage will not cause damage.

The capac itor C 606 acts as a compensation ca­
pacitor and prevents the fall-off in amplified volt­
age with frequency via the drain gate capaci­
lance. The source resistance is formed into a
lurther voltaqe dividerchain ,Together with the in­
put divider, a six-range division is accom plished

AS sccrce rouoeers have a relatively high out­
put resistance . a further imped ance conv erter
T 602 is employed. Immed iately lollowing the
coupling capacitors C 607 and C 608 , there is a
simple low-pass filter having a cut·off frequency
01 16 MHz. The limitation of the frequency re­
sponse is necessary as the high-impedance input
CilCu ~ is very susceptible to interference, Owing
to lhe use of ECL circuit drive rs as amplifiers.
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there if! a very large pass band achieved together
with a high total amp lificat ion factor.

The DC level for the ECl drivers Is produced via
R 610 10R 615 Prne nticmeter P 601 prov ides a
limited adjustment to the input Irigger level. This
ccwerbecomesm portantwnenmeasu ring high­
ly distorted signals ,

Following two simple amplification stages. giving
some 20 dB. are drivers which arc coupled by re­
sistors . Capacitors C 613 and C 614 result in a
hysteresis which serves to mitigate the effects of
noise on lhe measurement,

OI lhe two final Ee l drivers. one is for the gale
and the other is used as a mu lt,v,brator .The multi ­
ve-arorcoetro s an LED which is useful to assess
the trigger adjustment If it is too low. the l EO re­
mains unlit and when it is too high it stays on con­
tinucusly. If. however, thoro are input pulses , the
l EO starts to blink. Frequency-delermining ele­
ments are C 616 and R 629,

This plug ·in unil is suilable tor lrequencies in the
range 20 Hz to 30 MHz and exhibi ts a sensil ivily

VHF-eoM MUN1CATIONS 4186

under 15 MHz of 2 to 6 mV. The influence of the
low-pass utter becomes mor e evident at higher
frequen cies (t ig.9), without n. the sensitivity does
not drop drastica lly unti l about 100 MHz.

2.1.6.2. 50 n Plug-in Unit for 1 ·200 MHz

It IS not reaHy meaningful to make a high·im ped·
area input amplifier for frequ enc ies above 30
MHz, With this module (f ig. 10). it Is possible to
wo rk wi th frequencies trom about' MHz 10 the
limning Irequency of the lirsl counter steq e. The
input slag e is prolecte d from overload vol:age s by
a sell -regul ating PIN diode a"ellualor which
works withou t an external cootrol ling voltage.
Th is lies in paralle l wit h a rectifi er circuit which
contro ls a comparator w ith the rectif ied DC, the
pur pose of which, is to provide an lEO overload
indicator. The tr igger level is adjusted by preset
P 70 1. Both comparato r inputs are symmetrically
wired in croe r that the adjustments ale nol ef­
fected by tempe rature.

~- I+__ DL ~ HV

I - ---
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An ECl limiting amplifier (I 701) follows the PIN
diode anen uator. Inductor L 701 serves as
matching fo r the module's balanced input.

input frequency, at all times , to above 1 MHz as
the PIN diode alters its characteristics below this
frequency,

The output is delivered by two ECl line drivers,
the third one (I 702) in the chip being unused,

Between the first and second amplifier stages is
placed a further rectifier stage which is con­
structed in exactly the same manner as the first
one. The accompanying comparator lights an
LED (D 710). when a signal, whose amplitude is
sutncent to trigger the digital section, is present
at the input. The trigger level is controlled by pre­
set P 702.

This pre-amplifier plug-in exhibits a sensitivity
of less than 20 mV (1Ig_ 11) Through Ihe PIN
diode il is capabteot withstanding an input of
0.5 W. A still greater input would result in the de­
struction of R 721 Experience has shown that
other components do not share the same fate,
This is also the case when the unit supplyv ollage
is not switched on. In order to ensure that this
protection is maintained, it is as well to keep the

2.1.5.3_50 11 Plug-in Un it for 50 - 800 MHz

In order to be able 10 measure the frequency of
signals above that of the basic counter unit, the
50 U plug-in was modified in order to inc lude a
pre-scale r (fig .12). As aiready mentioned, the
higher resolution is obtained with the low est di­
viding factor necessary for the input frequency to
be measured. The divis ion factor used in this
scaler is 4 and uses a ow-cosuc (about DM 12,-).
As the gate-period control has alreadybeen pre­
pared Iorttus division factor. noturthercalculation
is necessary to obtain the correct result - the
display reads directly

Apart from the transformer Tr 801, thecircuit both
in trent of the pre-scaler and behindit, is identical
with the previously descr ibed straight 50 n pre­
amplifier plug-in. Tr 801 serves as anunba lanced

,

DL ~ HV
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i I i,
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I I L--+ ,
• /J, ,,,

i-, i /
o -, /!« -- - .__.-
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Fig. 11: Sensitivity characteristics of 50 (1 plug-in
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Fig. 13:
Sensit ivity 01 pre­
amplif ier with pr. ll<':aler
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to balanced transtc rmer to match the input of
amplifie r I 602, The original circuit used a coil but
this resulted in an unbalance and thereby to
losse s and hence lower sensitivity. The circuit
using the transtormer, however, has a maximum
sensitivity of 3 mV at 300 MHz (f ig . 13). Never­
moess. it is dil!ic ult to fabricate an extremely
wideband transformer and the frequency range
is thereby limited to a lower boundary of SO MHz.
Measuromcnrs do wn to t MHz, r owever.are st ill
poss ible albeit at a greall y reduced sensitivity.
Under mar frequency, there is tho problem of !he
efficacy of the PIN diode prolecbon circut being
comp romised.

2.1.6. Th e Power Su pply Un it

Two power supp lies are necessary for tho whole
counter including pluq-ins :5 V stabili zed and 12 V
unstabihzed. Th e unslabilized voltage is used for
lhe crystal osc illalor and the plug-in un its as lhey
are both fined with on-board regulalOf'S, The 5 V
stabilized supply is used for the dfg ital counter
section. The unit must sup ply some 15 W of
power.

In orde r that the count er may be supplied by an
externa l baltCf)', the stabileed voltage IS ob­
tained direct ly from the unstabilized supply_
Otherwise, the pow er supply circuit (t ig . 14) is

_ __ (o nf ?,~?
l '>O l

(503 C~ (J.\

r- -O

p:.:n
- c:::::J--.--

:...
F'>02 1«»

""""

T"'" T~~:.

C5(l1 com

51502
, ,,• • • 1 » _

DL iJ HV 012

1
Fig . 14; Powef supply sdlemeli c
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•

Photo 8 : Basic .... it showing the IhertnO&l ..t in the Iontground

quite slJaight-fo(ward. The voltage regulators use
a simple three-pin Ie which most. on account 01
the high heat loss, be wei cooled.

2.2. Conslruction

Through the use 01a sub-rack syslem to house
tho oquipment, all modules and cards are readily
accessible and the plug-ins, pre-amplifiers or pre­
scalers can be changed at any time. The lall er
point is parncutany emphasized as only two plug­
ins can be fitted into the basic unit but there is a
choice of three. It should not be forgotten that the
choice of such an equipment enclosure has also
certain disadvantages. The large basic unit to­
gether with the wide d ig ita l display does not lend
itseltleadily for splitting into modules each with a
Iron! panel. Also, a stable reference oscillator
should adually have a secure, screened enclo­
sere

2.2.1. Basic Unit Con st ruction

The basic umt nos betund a front panel and takes
some 517lh 01the available cabinet width. The os­
cillator and the oonTroI umt are fixed right and Ieh
as norma l plug-in cards. The couorer unit and the
display and service card are l ixed by the plug -in
connector between lhem

The disp lay unit (fig. 15) and Ihe counter unit
(1ig. 16) should be consnu cteo first The circuit for
the decimal point control should not be Iorqctte n
on the counter card . Tho position of the com­
ponents departs a little from that shown in the cir­
cuit diagram. Because The printed circuit boards
are double- sided , but without being ibrooqh-coo­
fleeted , il is more convenient and aporonnate 10
solder in the res directly. Only the LSI chips
should be lil ted inlo Ie holders. The resistor
arrays are not symmetrica l and care must be
laken to gel them the righl way round - meee's a

239
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14x430

Fig. 15: Display board compon. nt plan

spot on the housing to mark the common lead.
I 202 also, is fitted the opposite way around to
ail ihe other chips!

A holder lor the display characters was used
which may be soldered without difliculties, from
above. The gap belw een the froot panel and the
display card is SUCh thai the display characters.
hUed 10 the disptay nocers. III tlush wilh the rear
surface of the lront panel . The rotary switch
spindles should be cut to a length of some 12 mm
before mount ing them on to the trent pane l.

The display segme nt LEO limiting resistors are
wired free ly suspended between the two cards
and serve as a contact interlace l()( them , They
shOtJId just be mocntec and soldered into the
holes provided , in-line on the two boa rds, for
them . The length of !he wee-en ds, between re­
sistor body and PCB surface , should be about

240

Bmm (each Side). Make all the connections to the
counter card first and then, With the aid of a PCB
holder or third hand, solder the ends into the dis­
play card, Then turn the two boa rds and at the
same time the resistor connecting leads. unt il
they am at righl·angles with each other.

The BNC panel sockets. reset switch and the two
control oorentometers are then fitted to appro­
priate holes in the front pan el (llg. 17).

Ned , the counter control and crystal oscillator
PCBs are loaded with components according to
the layout plans of Il gs. 1Band 19 , Again, the ICs
are directly soldered on to me beards.

The counter contro l cards connector covers some
01 the tracks on the lop side of the boa rd which
cannot be th rough-eonladed il lhe connector has
already been fitted. Should through-eontacts rot
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10; 15
Fig . 16 : Covn ter boa rd componen t pi....

Fig. 17:
Ba. 1e: unit front Pl'nel
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Fig. 18: Counte. cOfltrol companenl plan

be available, thin copper wire may be used, The
wire is scoereo to the top track, then lead through
the board into the component connector and
soldered on the underside.

The connector on the oscill ator board must be
hMd to the track Side and soldered to the compo­
nent side ol the card, The crystal, the heater tran­
sistor and the temperature sensor should be
mounted in very close contact with one-another,
This is achieved by means ct an aluminium stnp
12 I( 24 I( 2 mm which is h ad to lhe uansetor with
an M 3 1( 12 mm screw. The crystal and the sensor
are simply adhered to this strip using two-compo­
nent glue, The length of screw allows it to be
secured through a hole in the PCB. In order to en-

2"

sure that the heat is uniformly distributed along
me strip. a SUitable piece 01 expended poly­
styrene should be fabricated which is wrapped
around the aluminium strip assembly together
with the neighbouring two capacitors.

The two leading edges of these boardS al e then
l ilted With a piece 01right-angle plastic strip which
will support the boards when screwed on to the
front panel, The oscillator is fitted to tho right of
me counter/display board and the control board to
the lalt After ligh tening all the screws. securing
lhe plastic angle SUlp and frool pane l, all the
boards are held tightly togeth er , The BNC panel
connectors and reset button can now be con­
nected. The display cut-out in the jront panel is
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FiljJ. 19 : O$eiILIIlor boatel component INn
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R g . 20 : High-Impedance plug-in main board component plan

o;~"'~' _0 . , i ~.

o
P601

244

Fig. 21:
HiglHmpedllnc:.
plug- in PCB
component pllln

fitl ed wilh a suitable piec e of red ac ryrqtass and
secured with gluo by its edges . Finally lhe knobs
for the potentiometer are fitted .

2.2.2. HiglHmpedaoce Plug- in Construction

The high·impedanoo plug-in is construct ed USing
two circu it boards (figs. 20 an d 21 ), The smal ler
of the two is fitted in paralle l to the plane 01 the
trent pan el (f ig . 22 ) and serves as the mounting
for the rotary switch and the potentiometer. II is
con nected via twelve small wires wil h the main
board , The shaft s of me two control elements
must be sawn off 10 a le flg lh ct 15 mm before l it­
ting 10 the unit .

When mo um ing the resistors lor the lirst voltage
divid er ch ain. abou t 1 mm clearance should be
given between the resistor body alld the surfa ce



17 J~$r 64 15--...,
Fig , 22:H1g~~ p lug-<n tront"'"_.

of the PCB. This pl'ecautlOl'llll kllessen!he nskof
voj tac}e breakdown ac:curir1g d.onr'lg twgh-Yoltage
inputs. For 1tle same reason, !he parallel con­
neered capacitors should have an high as Pfllcti­
cal vor.age rat ing . The vol tage regulator can be
screwed directly 0fI to the pl inlad CIrcuit board.
As the IrOflt Pl!nel is OIlly f i ~ ed with pla st ic angle
stod<., an earth COI1noc tioo must be fAbricated.
Thi s is the best plovidtt!j by 8 soldering lag sweat­
ad to the top sur1ace al the PCB and which is di·
recUyconnected to t!'le 00dy tag althe IrorItp<neI
BNGCOI"nedOr.
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Jochen Jirmann. DB 1NVand Fn'edrich Krug, OJ 3 RV

Microcomputer System
Part 3: The Termina l Card

The fi rst two cards of Ih e microcomputer
sy stem _e Introduced In (4) and they Ihem­
sel ve s consti tu te a complete CP ! M computer
in CMOS technology. Only the Interlace to the
user, th e terminal, Is m issi ng .

Instead 01 the usual home computer technique
01using a portion of the main memory together
.....ith suitable logic as a picture store . a separate
terminai offers the following advantages:

The picture and graphic memories can co as
large as desired without encroaching upon
program memory capability.
Computer aod lermina l can be physic ally sep­
arated , tile serial connection between them
can be quite large [> 100 m) and because 01
the low data rate, easily protected from etec­
trical disturbances and radiation.
Eventual processes 01 a longer nature. such
as sofIscroll, wil l not block the computer.

The procurement 01 a terminal otte rs a few possi­
bilities :

Eithe r purchase it on the uea - market and risk a
few nasty surprises such as unsuitable interlaces,
missing symbols etc., buy a new low-cost terminal
- they cost about 1000 OM - or build the alpha­
numerical terminal card described here. Only the
addition 01a keyboard with a parallel output and a
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mcotor are requi red to make the system opera­
tiona l. Shou ld a keyboard having a serial output
be available, it can be connected direc tly with the
compu ter and drives the terminal card only as a
data receiver.

1.
DEVELOPMENT AIMS

Anyone who has spent a few hours look ing at a
bad mon itor screen will appreciate the value of a
good character repre sentation , Therefore, one of
our chief aims was to achieve a goo d represen­
tation of characters. We have only implemented
the most necessary tacumes, as regards terminal
functioo , as many "belts and wi1istles· tram tt1e
user softwa re have nol been utilized,

The representation 01 a cneracter as a 7 x 12
matrix in a 9 x 14 dot field was decided upon as
opposed to many terminals which have letters
wil h only 5)( 7 dais .This high character resolution
requires that with the usual repre sentation of 24
lines, each of 60 characters, an 16 kHz line ire­
quency monitor would have to be used. It has



VHF·COM MUNICAnONS 4/86

' OL ''"'"
r-r-' """'"') L;00 po·-"" ,L I " d oL

r-r-
<J d d o ", f-lo J .' 2' J' q,,, ,, '" (00)0 ' '''

I 'eO, , , ' J-" ~ ,,, 1
'. He

,,.

I
Co,, '"' I ""X - , ;<h,,, """" ,

' , He 151 ., ,j"

t ' eeOC '", ,' ,""" '0<
1;0< ,,',,''Or;"r ~ ' ''f''. ,," I'." ,." ,'" , e<' C f) , n 0_ ", 'It c t ,

" c "
, Ie, PIC 1,'e OS i " "m, ".,"""~

" ",hr','" or ,",;",

I ! L
';,,, ,,,

' r ' '"''" ",,, _,t;oo e" W I , OJ 1 RV" ' "'.' ''' '' "y'",,,,
" i n .' ", ' " '0' " '"<0., . ' " ' '' Te" l " 013

1" " 011. 1 , " " ;01 " ",," , B" eo" '",
V" .

Fig. 1: Circuit diagram ot the terminal card

been seen that most TV standard monitors will
handle the higher line frequency following an ad­
justment of toe horizontal frequency, The con­
dition is, of course, fhat the monitor's video ampli­
f ier has a bandwidth of at least 20 MHz otherwise
all fhe characters will appear blurred,

If an exisfing televis ion is required to be utilized,
the terminal can switch over to a television stand­
ard format with 16 x 64 or 16 x 40 characters. A
good monitor with a BAS inpuf and 20 - 25 MHz
video bandwidth is, in any case, the best solution.
Those who work long hours in front of a monitor
screen should have a slightly persistent screen
(phosphorous lype P 39, GR screen). The re­
production with such a screen, is flicker -tree but
a quickly changing screen conlenl can cause
short - duration ghost Images and trails.

When reading long text, the operation of scrolling
(i. e. causing the lines to disappear at the top and
appear at the bottom of the screen) can become
very trying. We have therefore used a technique
called "soft scrolling".This makes the picture text,
line by line, in a period of 300 ms (selectable) shift

automatically upwards thus making reading the
text cons iderably easier

In order to facili tate the compatibility of proprietary
software such as, for example, text processor
programs, the majority of the commands have
been formulated in such a way that they may be
accessed by popular terminals e. g. Televiden
920 I 950. Special funct ions in a text processor
program. such as the deletion and insert ion of a
line, are also available.

A receiver buffer has been intentionally omitted .

This facility serves to enable slow terminals to
have a high baud rate transmission possibility
without having a handshake line. This technique,
without using addit ional design sophist ication,
can result in a serious disadvantage on the moni­
lor screen. If the computer output is inhibited by
depressing the ..... S key, the transmission stops
and the terminal empties the content of the re­
ceive buffer, which can contain a few hundred
characters and the most interesting portion of the
text disappears into the top of the screen.

24 7



1.1. Short Form Data Summary of the Ter minal
Card

Computer interfaces serial at 9600 baud
with nanosnaee lines
Keyboard connections 8 bit parallel with
strobing pulse

- System synchron ization 16 MHz either
controlled by internal oscillator or optional
central synchronizer
Picture reproduc tion 24 x 80,16 x 64 and
16 x 40 lines. sonscron

- Video output BAS signal 1 Vpp

ASCII and German character set
- Construction in CMOS technology,

options are also Standard NMOS and
LSTTL compon ents

2.
CIRCUIT DESCRIPTION

A!> shown in the diagram of l ig. 1 the terminal card
employs a CMOS Z 80 A as the central module.
As only a serial line pair is necessary for the com­
puter, an 82 C 51 was used as a serial interface.
Th is contains only a serial interface (as oppose d
to the Z 80 SIO of the CPU card) but needs only a
28 pin housing.

The keyboard is connected via a Z 80 PtO
(CMOS). The second B bit port of the PIO upon
being switched on, interrogates a matrix which
allows a programming of various term inal data
(such as transmissi on format) ,

The comp lete sequen ce controt of the screen dis­
play is included in the MB 89322. This modu le re­
presents a development to. and an almost pin­
compatib le CMOS version of , the Motoro la video
controller chip MC 6845. In the normal case, the
MB 89322 supplies, at its address output, the ad­
dress for the HM 6264 picture store The ASCll
characters which are stored there are then pas­
sed on to the character generator, an EPROM
2732, and converted into a serial dot procession
in a shiftregister. Following the addition of the
sync . and blank ing signals, the completed BAS
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video signal is ready for use. An additional logic
serves to invert either individual characters or the
comp lete monitor screen or to switch over to an­
other degree of brilliance

With the appropriate keyboa rd signa l, the strobe
triggers a processor interrupt via the PIO which
causes the imme diate trans mission of characters
to the computer. The receive funct ion then runs
normally.

If it is requ ired to write a received character into
the moni tor memory, the add ress and data bus of
the pictu re memory is connected to the computer
and the video signal meanwhi le, is being bianked
off, Only the top 4 K from the video controller will
be read into the picture memory and displayed on
the monitor screen . A proportion of the lower 4 K
is used by the processor as a working memory,
the rest being free for expansion , The working
program is stored in an EPRO M 2732.

3.
EXPANSION POSSIBILITIES

As there is 8 K EPRO M avai lable on the card and
also sufficient free RAM, a complete RTIY pro­
gram or eventually also a packet radio decoder
may be incorpo rated . The card would then be
suitable as an autonomous unit for the purposes
of digital transm ission. Who of our read ers will
undertake the deve lopment of suitable softwa re?

In conclusion a few lines about the graph ic display
of compu ter results :

Following the subsequent ava ilability of static
CMOS 32 kByte memor ies, we have decided that
the forme rconcept of extending the alphanumeric
termi nal card should be abandoned and are now
des igning a colour grap hic card with a resolut ion
of 768 x 340 dots, using CMOS, of course . In­
stead of a colour display, requiring as it does, a
very good colour monitor, the th ree outputs can
be combined to deliver a composite signa l having
eight grey levels - suffic ient for simple disp lay re­
presentat ions.
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As this project, in spite of the already completed
ground work, represents a huge amou nt of effo rt ,
we wou ld request a litt le pat ience !
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SF ~65 i" X-PI,,, housingBRIEFLY
SPEAKING...

New dual·gate MOS-FET
tetrocea SF 965 and BF 997
with suppress ed parasit ic
oscill at ion tendenc ies - , ••.<,-'

l' ~

0,,-,,-
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Parasitic oscillat ions frequenily
occur in VHF proampuners.
which lie much higher than the
signal frequency. These un­
desired oscillations occur
owing to parasitic tuned cir­
cuits setup in the constructional
geometry of the circuit in the
environment of the transistor.
Assuming that the Q of these
tuned circuits is sufficiently
high then the parasmcs are
evident in the range t to 2 GHz.
The usual practice is to damp
these parasitic tunedcircu its by
means of ferrite beads slipped
over G 2 or drain leads of the
MQS tetrcde. This pracncc
causes extra cost torthe beads
as well as a somewhat increa­
sed space requirement.

Siemens has now integrated
a network into the MOS tetro­
des BF964 S I BF 994 Swhich
has no effect in the working
frequency range to 500 MHz
but above 1 GHz it damps the
gain and thereby ersccure­
ges undes irable oscillations.

The newly developed SF 965
in an x-prast housing is inter­
changeable with the BF 964 S
requiring no circuit alterations.
The electrical specifications
and characteristics of a pre­
amplifier so modified do not
change with respect to those
with the SF 964 S.

SF 997 ;n SOT _14J hous ing

- .n ,,,", - _ _ \1"'", _
__ ',' '' ' ~ _o ", .,~_

(~~l [\-Jtq , ,
.j ._ . -~,-~~_ ~ ;~ r'"

J . . , ., " ..."
o ,~;.'! , _ _ 2:;'" ~ , - -

- -, . ]-e' '- _

di mr o' ,ons in 111 m

- - ,- ---

SMDTuner

This latest innovation is parti­
cularly important with regard
to the SMD tuner now being
developed and housed with
the components in the SOT·
143 packaging _In this type of
housing, ferrite beads are not
used. An extensive external
parasitic suppressor must be
provided which has some in­
fluence on the circuit charac­
teristics of the amplifier. These
design efforts, together with the
extra cost of the suppression
components , may be avoided
by the employment of the MQS
teecce BF 997 in the SOT·1 43
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Sho rt data of
SF 965 1BF 997

dra in source voltage
Vos <20 V

packaging. This has all tt1e
same characteristics posses­
sed by me SF 965 but with lu ll
suppression properties. It is
naturally. fully interchangeable
with me BF 994 S.

nse ume
(V;)S = 15 V, 10 = 10 rnA,

Vws = 4 V, I = I kHz)
g, '" l 8 mS

Power gain (Vos = 15 V,
'0 =1 0 mA, t = 200MHz

G"" = 25dS
G" = 2 mS, G, '" 0.5 mS)

noise figure
[same conditions as above)

F .. 1 dB

two further l ilters In metal TOB
housings (6 527 /526)

The centre lrequency 01 the
newly introduced li tters lies
uniformly abou1479.5 MHz. At
the 3 dB poinis the bandwidth
ot the filter is 27 MHz (DIP 10 I
Y 6950 and TO 8 / B 527). the
second metal type (6 526) has
a 3 dB bandwidth of 36 MHz.
The group delay is 12 ns (DIP
10) and 8 ns (TO 8) peak-to­
pea k The typical insertion loss
is from 17.5 to 24,4 dB. The
amplitude response is given as
0.20 I 0.15 and 0.40 dB.

The plastic type Y 6950 is
intended for indoor equip­
ment where as the metal TO8 ­
housed tilters (B 527 / 526) are
suilab le lor use in open-air
environments in the immediate
vicin ity ctme antenna.

Siemens Press-Inlo

Because of the many en­
Quiries, the publ ishers have
decided to make the wner UT­
068 available, II can be sup­
plied as long as sto ck la sts.
Order No.: 6006
Price : DM 175.00

For TV-Sa t :
Three new surf ace wave
l ilters

The German Federal Post
Office (DBP) has now declared
a standard 01479.5 MHz lor the
second IF of satellite antenna­
head rece iving down-conver­
ters Previously tile choice lay
between eiltler 70, 134 and 612
MHz. The new frequency has
been the subject ot a new
Siemens surtece wave tilte r in
a DIP 10 housing (Y6950) and

1,, :o: 30 mA
(Tu "' -'-60 ' Q
P,,, :"S 200mW

drain current

dissipation

Siemens Components
23 (1985) ed .2

Salel1lle tune r UT-068
(Sanshin)

Tuning range epprox. 900­
1500 MHz
This unit was mentioned in Ihe
article MSDA 3202 - New PLL
IC up 10 1.5 GHzM by Guenter
Sattler, DJ 4 LB, in VHF Com­
munications 1/86. P. 18 - 22
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spec lacular achievement and
with it, for the first time, the
cap ability of writing the con­
tents of a complete A 4 page in­
to a single silicon chip . The
number of transis tors per
square mil limeter climbed from
400 (1 k) ove r 500 (4 k) to over
1500 (16 k). The re were 36 000
components altogether on a

. OUT.....t tUM! .. , 13,7mm
2

area. The next times-
5£ 1 lour leap brought the 64 k sto-e

with 180 000 components or
80 000 trans istors on a chip
area 01only 22 mm2.

Since then, the dynamic wor ld
markel has specified the 256 k
RAM. TheHYB 41256 f 57isfor
Page- and Nibble-mode func­
tion and possesses 320 000
transistors and 260 000 other
components integrated all one
chip. The 256 k RAM can store
the contents ct 16 sides a/type­
writer pages.

I output

bandwidth: 300 MHz
supply voltage : 2 - 15 V

GA'" SO • "

.. }~ !
rt,·,

• • ,., r-----r ,.,
,

" II I,, -
' 00

"" ., 00 -,"" ..
C-..,. ,

•, ..
,

,,"....

,fi g ' SL560 circuit diagrBm

Un iversal low - noi se, wide
band am pl if ier SL 560

,.." .n
(CO"M~~ ( " ,TIl
CO" ' IC;URA1,O..

''' ~U l
ICQ>" " O ~ ~ .~ l I
co~r ' ~~ R.'I I;l" ,

,,,Pl/l
/!>lIn u pt ,t."","SI

This 8 pole Ie enables VaflOUS

amplil iers 10 be consmcieo
whose uses rango trom low­
noise Input staqes to power
outpu t stages. video butters
and on to oscnator crcets. The
gain of the amplifier IS comror­
lable by means of an el(temal
PIN diode. The internal circuit
diagram of the 'c SL 560 is re­
produced in fig. 1. The entire
gain of the device is produced
in TR 1 which guarantees a well
def ined. low output impedance.
The emitter followers TR 2 and
TR 3 decouple the collec tor
lrom TR 1 and are also respon­
sible lor melow output imped ­
ance .

Typical data of the Sl 560 is:

- amplificatioo : to 40 dB
- noise figure: less than 2 dB
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DG 3 CAN

Further ill /ormation obtainable
from Plessey ltd.

Fromlk t0 256k
Dynamk: RAMs

The ftrst semiconductor stores
tor 10 24 (1 k) bits, able 10 both
rece ive information and to give
informatiOll (read f write),
appeared on the market 10
years ago . They were dubbed
"random access memo ries"
RAM tor short . Siemens con­
centrated, from the beqmn­
i1l9, OIl the dynami c storage
elements, whose ill /ormation
stored as capacit ive charges,
had to be per iodically regen&­
raled bul they offered the cepa ­
bilrty oj a high-densily inlegra·
non in the senes 01MOS chips .

Following the 4 k store ca me
the 16 k (16 384 bit ) chip as a

Siemens Press-Info
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KDI HF Resistors

KDI. lamous lor a wide rartge
01 passive HF components
have interesting variants of
resistors and resist ive net­
works.

Cylindrical resistors from 10
to 500 ohms at powers of 0.1
Wall to 50 Wall are offered.
These resistors are free of
indoctance aod are particul arly
suitable tor terminations
(dummy loads) ere.
There are also disc-Iormed
resislors in the rartge 1 - 225
ohms and powers 2 - 6 Watts
with connecting points at the
middle and at the edge s, which
are suitable for very short ter­
minations,

KDI introduce a network which
is composed of the above
typas of component in the form
of 50 ohm T-peds. They have
attenuatons of 1 40 ohms
and powers 01 2 - 7 Walts .
They are emInently suilable lor
incorporatIon inlo coaxi al
plugs . In Ihis applicalion the
rirtg connection of lhe disc­
resistor cornecis ground
(outer) and the Iree end of the
cylindrical element is connec­
ted to the middle plug contact .

All the described resistors
cover the frequency range
!rom DC to 18 GHz with a 1 %
tolerance ,

MICROSCAN, Ismaning,
W· Germany

4-Digit In lemgenl Malrlll
Display PO 3435

Besides its LEOmatrix displa ys
comple te With control logic,

Siemens now presents this dis­
play which allows the bright­
ness, MUX rete . display test
and blanking all to be pro­
grammed . The new product ion
series PO 3435 is also or­
gan ized lollowing the 5 )[ 7
lonnal, ,he cneracto r height
being 7 rnm. The new malnx
display is tor me 96 eocrae arc
characters cune ASCII code.

As opposed to the previOl.lsly

T·PAD ATTENUATORS

L._ _ ~:." ''' '\ I T
r- 4t~~ ; ..::Jl~ ' .

'~i'lm~j' ,", . -.- I

offered matrix displays. the PO
3435 has four digits and up to
seven such orsptays which may
be connected in a row without
additional circui try . 't re coroors
available ale : c ranqe (PO
3435) and sreeo (PO 3437), An
earl y app lication lor this dol
matrix was for na vet-ncket von­
dOl machines

Siemens Press Photo
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MATERIAL PRICE LIST OF EQUIPMENT
described in edit ion 4 11986 01 VHF COMMUN ICATIONS

YU3UMV TV Satell ite Receive System. Part 1 Art.Hr. Ed. 4 '1986
YUJUMV 017 Pre-ampliflet'
PCB YU3UMV 017 RT I duroid, drilled. silvered 6973 OM 36,-
Components YU3UMV 017 2 GaAsFET. 1 Z diode. 4 disc caps .,

2 teeomru. caps. 4 caps.•
7 0204 resistors, 1 each SMA plug
and socket 6974 DM211.-

Kit YU3UMV 017 complete 6975 OM 247.-

YU3UMV018 Converter
PCB YU3UMV 01a AT I ouroio. drilled, silvered 6976 OM 46.-
Components YU3UMV 018 2 GaAsFET, 1 transistor, 1 Z diode

4 disc caps.. 4 caos., 2 teedthru. caps.,
wire, 7 resistors 0204, BNC socket,
1 SMA cable connector 6977 DM 127.-

Kit YU3UMV 018 complete 6978 OM 173.-

YU3UMV 019 IF Ampl if ier (with ou t PCBI
3 transistors. 1 regulator IC. 5 caps.
4 teedthru. caps., 2 tantalums, wire
6 resistors. 2 BNC panel sockets.
semirigid cable

Kit YU3UMV 019 com plete 6979 OM 54.-

Kits YU3UMV 017 to 019 (outdoor urutl 6981 OM 465.-

DJ3RViOB1NV Mk:rocomputer System, Part 2.
The CPU and Floppy Disc Conlroller Ed. 3/1986

PCB DJ3AVOl l Microcomp. CPU 6982 OM 65.-
PCB OJ3RV 012 Floppy Disc Controller 6983 OM 85.-
32kEPROM With mor ato- program 6984 OM 39. -

k ~\'"berichte Te" ., D. B<ttan · Jah",". 14 . Postlach 80 · 0 ·6523 Ba'e""""
Tel. West Germany 9133 47·0. For Representatives see COYer page 2
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In-Channel-Select

res The FM Power Receiver

Recaption Improvements through the employment of a
super fast electronic tracking ICS fill er.

'* 6 dB sensitivity improvement
• 20 dB improvement in selectivity
• AutomatiCor manu al bandwidth control
• Channel step switchable 25 kHz co er 12.5 kHz
• LED signal indicator
• Adjustable AF output level 10match station receiver I T R
• Sensitivebuilt·in noise mute
• Socket on front pane l tor remote control
• Connection cable to station receiver suppl ied
1r Robust, black lacquer. alum inium housing

Technical Data res

Supply voltage 10 - 16 V from station RX I TR
Supply consumption 100 mA (approx.) at 12 V
IF input impedance 30 kU / 10 pF
Bandwidth of ICS filter 1.8 kHz (approx.)
Sensitivity improvement up to 6 dB
Adjacent channel tnterterence reduction up to 20 dB
Dimensions (mm) 180 x90 x 32
Weight 600 9 (approx.)

Art.-N r. 321 6 Complete : Price : OM 495,-

Art.·Nr. 3217 Heady-to-operate module: Price: OM395,-

k l:W;'!lberichte TO'" D. Bitl" .J,hos" . 14 . Po,"ooh 80 · D·8523 Ba;e"dorl
Tel West Germany 9133 47 -0 . For Representatives see cover page 2
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Weather Satellite
Receive Systems
f or priva te or professional use

NEW 10 image memories display NEW
NEW - in colour , if des ired - NEW
NEW tstor cqe capacity 4MB;t) NEW

VHF-COMMUNICAl iONS 4'86

UKWalpha
UKW beta
UKWgamma
UKW delta

Th is new Compact Syste m offers ...

•

..
~ i · .,

•.

,. .

Complete System

UKW alpha

from DM 4,950.-

including: cntenm.ccover ter
receiver, 1image memory.

monitor, interconn.ccble

256

• modu la r design,allowing extension

• movie display wi th the aid of 10(!) image memor ies

• pr ogrammable automatic reception

• brill iant colour images 1ii~C;: ::;""''''''r· ·''',"="''
• l ooming

• digi tal datu output (optional)

More informat ion available at;

'>"~.METE05AT.lmage C 02

Terry am en Vertriebs-GmbH Tel (09 133) 47·0
P,O. Box 80 • Jan nsna ee 14
o . 8523 Baietsdort (W . Germany) Telex 629887



New . New . New . Now available ex stock

J

Interface "slave 10"
101 the sere-ne rotator systems
KR S£OO and KR 5600

Stock· Nr.l00l OM 590.-
(incl. connection cable)

") .
-~-.2'.- ~

• l ully-automat ic antenna track ing sys tem l or satellite communlcallons
• connectio n to any computer po ssible via RS 232
• resol ution of the dua l-channel A ! 0 convert er amounts 10 10 bits
• OSCAR 10 soft ware lor the C 64 availa b le
• conneclion to e~i sl ing rotato r sys tems possibl e

Tab le 01commands:

... . v........__ la ~)

rm' ~~:a09lSI

ell CA"ll'lIAGr ~TUI~

System's
block

diagram

Hor V.,. t
Ilotor Robr

~I±l
1 I

'«aII(lllC~

<ol.. li<", aNn"" c<>c. w....
~~oo

rol."'on ct_ ,
al rol,t1O<1 SIOIl
rot ...... ~""'-n_-------~ ........:~~'--

H CR
, Q'

u "o CI'
S ca
II C II

, "
G CR
t .~ Cf't

, ", ca
U CR

" "S ", "
I t c R
C. .... ,....... :fl

, "- '--'="-=----"--

Baud'alo

Flowe, supply'

:>-wit(> ol:;Y""dV OfI. fuII !Jl4*.!.
1~~1 and O\lb..Il ne<).lTrve ()(

""""".
' 5~ bl l

8 data bits
2 s'cp tsts

12008 .' 5

To;. V lirlS'.olb . viii contrOlbol.
KR 5400 or K~ 5000

w. h . :1 = HiO. no. 130 '1""Tl

tmfrot boll
KR 540015600

I
Interface
SLAVE 10

I
ICOMPU TER I

SPlit i• • accessories:

Sotl ... ·' 01" disk,," .. b C 64 Art nr. 1100 OM 48._

Satel li te rotator lIystems,

" seoo
'RS600

Art. N . 101;]
Ar:. nt , l014

OM 909.­
OM 1070-



You should know
what's behind our sign

We are the only European
manufacturers of these
Miniature TCXO's
ceo 102, ceo 103,
ceo 104, ceo 152
modnlable table

higher stabi lity th an a
quartz crystal:
less than ± 3 ppm over
tho temperature ldnge
- 30 to +GO"c. (typ os B)
low ageing rare:
loss than 1ppm per
ye ar.
wide troque ncy ra n g E):
10 MHz to 80 Mliz
low s up ply voltaqe:
+5 V
low C11lTPnl consumption:
3 lIlA max, (sonos ceo 1O?,)
small outlines : ceo 104 ~ 2,0 em",ceo 1O?J I5? - 3,3 em",

ceo 103 ~ 1,0 ern e
widespread applications e.g. oS channel el em en ts or r efer enc e

oscillatora in UIIF radios (450 and 900 MHz ranqo)

Our R+D engineers are
cons tantly working with
new technology to
develop new products,
We can offer technical
advic e for vour new
projects or manufaoturn
aqainst your specification.

Quartz crystal units in
the frequency range
from SOO kHz to 360
MHz Microprocessor
oscillators (TCXO's,
VCXO's, OCXO's)
crystal components
according to c us tomer's
specifications
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... Your precise and reliable source
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