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RobertE. Lena, Ol.JWR

PUFF - A CAD Program for

Microwave Stripline Circuits.

Back I t the begi nni ng o f 1990 the auth ors
Riche rd Co mpeon (Corne ll Univers i:y),
Scott W. Wedge (Hughes Aircraft Com­
pany) and David Rutl edge (C.liromil,
University o f tech nology) brought out
verston 1.5 of • remarkable vCr!lllile
software package. Named ene r Purr, the
mag ic: dragon in the Peter, Paul and Miry
song. the so ftwa re WI! co nceived espe­
cia lly for ed uca tiona l use . It Wa! first used
on mic rowave engi neering ce ursea I I Cal·
tech I nd II Los Angel es universi ty ; Ille r it
spu". d 10 min)' othe r univers ities ae d
colleges and was abo put 10 practical usc
by engineers end scie ntists . Mor e than
6,000 copies were se nt oul worldwide of
the finn version ;':10:0:0:. ...,

66

PUFF represents an interactive c ircuit design
environment for producing stripline and
microslripl ine circuitry. Wrill~ in Turbo­
PASCAL, it is fa!ot. eas y 10 learn and simple 10

use. Componen LS are placed on the screen
with cursor-key movements. followed by
ana lyses in the time or frrqucncy domain at
the (ouch of a key. The results of the
simulalion can be seen as a plot . in a Smith
diagram or in U1bular form . Fig.1 shows the
PUFFworking screen wuha simple eumple:

Top lt'ft is a square circuit board with fou r
connections. AI port I we have a an anglro
piece of 50-()hm !olripline , next a quarter­
wavd~gth piece with Z-87 ohms, and finall y
I 4mm -long 15O-ohm resistor, connected 10

ground lithe far end.

Below this we have (in this case) leuers a 10 f
~pre.<;en linB components at ou r d ispma l (tline
• tran!omiu ion line; device • a FET on this
occasion; cline. • cou ples lines ). The des ign
impedance is indicated (,SOohms hrre) and (he
des ign frrqu rn cy (5GHl lhis time).
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Pig.1 Screen shot of the Program in use

Al rep centre .....e have me commands al our
immediate disposal. These vary according to
whether we are working on a layou t (f1),
carrying our 11 simulation (1'2) or arranging
components(f)).

Top right we see me plotted results of Ibe
simulation ·frequm cy response, impulse
results or behaviour over lime . Below ~ the
Smilhdiagramfor the S parametersselected.

Righ t in the: middle is the time taken for the
Ia!>l calcu lation, below this the legend for
scaling the Smith diagram. the design fre­
quency and the measured value al the deiign
frequ~ncy (which is nOlreedeble on the plO( in
the example).

After playing with th~ examples supplied and
maslering the method of operation, you are
ready to enter some valucs of your own. The
printed circuit board can be altered acco rding
10 material (thickness and Er) , dimensions.
number and loca tion of pons; the resulting
so lution can be re-worked 10 suit components
already to hand or a particu lar frequency
required. PUFF ca lculates .11 dimensions and
avoilb croMinp of tracks or drawing ou tside
the edge of the board.

Slriplines or mkrosuipfines (they should not
be confused! ) can be characte rised by im­
pederce and elec tricallength.

Concentrated components are SMD -rc\ i\ tnrs ,
-capecnors or -inductcrs. They a re entered
with thei r ....lue and mechanicallength. PUFF
undenlAnds four uni ts for impedance or
admittance: ohms, Siettk"ns, Z and Y. Reac­
tance values require. " j " prefi x or :mffix,
with the unit for an impedan ce followin g; f\lr
example 2~johms and O.~jZ spec ify a reac­
lance of 2~ ohms II the design frequency fd.

Devices are components with Sl:veral ports .
deflned by 5 ptlratnl"len . In the eunlple we
have an FSCIO FET from Fuji tsu, wuh S
parameters from 0 to 12GHz.

If you are happy with the results of your
simulation, you can prinl out the en larged
layout. photograph and print n to the right
se. le and produce the PCB by photo-chemica l
methods.

At Caltech students have a two-hour practice
sess ion where they use PUFF to produce lhe
fo llowing: so lutions to a des ign exercise,
producing film and PCBs, checking PCA
track widths with . microscope, inlroducing

.7
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nnec, while on fll\ ter models the emulation
built into the so ftware works fasl enou gh.

The finer <klaUsof the program are 100 varied

to men tion all o f them here : with the '.2'"
360k noppy you grot a neatly printed hand ­
book with 36 pages and many iIIlL\lra l ion~ .

Fig's.l and 2 in th is anic le came from Ihis
handboo k. The handbook i5 remarkably
clear ly wnnen and easy to unde rstand. Study­
ing it is just as much a pl~asure IS wOTking

with PUFF is . The manual also con ta ins a
short tutorial with fonnulas and diagrams on
dimension ing striplines , together with com.
prehenswe references and keyword index. 11 is
clear that extremely experienced college
tutors have worked on PUFF and iLS manual!

Even if PUFF is no subsnnne for advanced
(and expensive) microwave des ign programs.
il is no playth ing e ither and clea rly morethan
"just" ed ucational so ftware . In the USA the

software and manua l C06tjust S IO! Ordering
information (mention size of di'lk rcquirtd)
from:

PUFF Distribution, EIt'Ctrica l Engin~ring

MiS 116-81, California Instlnne of Techno ­
logy, Pasadena, CA 9112', USA .

J would like 10 offer sincere thanks to Ca rl G .

Lcdstroem. SM6MOMfW6 . Carl aro used my
appe tite for th is so ftware, obta ined il for me
and also supplied a disk full o f " devices" - a
whole host of trans istors by liP and Motorola!

VHFCOMMVNICA TIONS Au pl.r..nllwI
on*r 0; iht' PUFFsoRlul'r JVCLr~,~
}'t'f 10k Inl1OlU1('rY/ For liJnJ1.rr inJiJmMlion
on l~il.thililJ' Indpricr.spIr.l.Q" <nt114Cf KAt
PlJblicllion.f dirrcf I f tJNo MI/rss .~U" (111

t!Jt' insirk !ivnf COWfo/"mitm".':.m"nt-.

.oo

.A,
/"10 1
•

o

...
F~/GHI

Fig.2 Compenson of calculated and
aClua lly measured valu es

.K)

·'0

·30
200

\~ ---''''''-''''""'''"'''''''''''''''-''l!.!
concentrated components and "devices",
cheding circuitryon I lest srauon. and finally
comparing simalarion and actual results,
which usually lum en very good.

The exerctses are : a coupler. I low-pus filler,
a band-pass filter, a low-noise FET amplifier
and a FET oscillator. Fig.2 shows the com­
parison of • lew-pass ti ller c.lculal~ by
PUFF (so lid end pecked lines) and the valUe!
measured (dots and crosse's ).

PUFF does nOI contain an automatic optimisa­
tion procedure. The authors have, however.
devoted a I(l( o f effort into mak ing it as fast u
poss ible fo r use rs to chec k their circu its
manually .

A ll measurements are given in mm, frequen­
cies in GHz. and characte ristics in the forrn of
S parameters. <CTRL",P is the command for
printing I layou l. en larged to • (selectable)
scale "p", on an IBM Proprinter. Nalurally
on ly jhe tlines and clines are printed. and
bends are aUlomatically chamfered (co mpen­
sated ).

Hardware requ irements are IBM PC. XT. AT
or compatible with EGA graphics. Slow
computers shou ld have a mnth~ co-processor

68
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Peter V~!, DitRO

A 6cm Transverter using Stripline

Technology.

Part-2 (conclucion)
As presentedat the 1990 VHF-UHFconference inMunich

6.

FINAL STAGE DURQ 66 1

6 .1. Descri ptio n

At the inpul of the final suge module CFig.6.1)
we find a further stripline filter, which
suppresses all unwanted frequencies to below'
the 60dB level. My own prepanuory tests
indicate the filler' s I Uenualion in through­
pass mode10 be approx.2.SdR.

I
'.S

+---it-o~
lOpo 5760"11:

)J / tw 22~

FS)(S2Wf

fi g.6.1 Circui t of lhe final amplifier DLI RQ 661

69
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Fig .6.2 pcn layou l of final am plifier OLi RQ MI

108 " 34mm : malerill: RT·Ou roid 0 -5870; O.439mm

DL1RQ661

ZD5.2 zou

Fig.6.3 Co mponeni layoul DLI RQ MI

Fig.6.4 Comp leted module OLi RQ 661 in lin plate enclosure.

Lid measureme nts 37 " III x 13mm

'" " o. ,

"

,
l

as

I I

'M'
"l

2
~»-H-

' Me

l; ig.6.,5 End pille and Connector derails OLI RQM I

'0



VHF CO MMUNICATIO NS q'91

32mW
=Pin

0
B r>.0

/ \
0

/ \
/ -,

0
/ <,

0 , /0 -

°.,
-2
-J
-4

.2
d
. 1

45 5.0 55GHz so b.5

IDL1RO bbl 080 190

Fig.6.6 Frequency respons eof the finllimplifier DlJRQ 661

0

0

0

0

°
j , i , i , i , i , , i , I , I , I I

- 4

o
dB

· 10

-2

.J

-5

-b

If,,: 5160 MHz 16f= 100 MHz IPo= 1500 m....' I
'-""''''''-__1....1""'d"'b""Om"'A_ IL...__-'- 1 05/0 5 I

IDU RO bbl

I 08 0190

Fig.6.7 Output Spectrum of the li nl llmr lilie r DlIRQ 661

71



VHF COMMUNICATIONS 2/91

6.3 Ali gn menl infonnali on and les t
resul ts

The quiescen t currents of the transistors
should bese t as follows:

Driver stage FSX52WF: epprox. 7OmA, cor­
respondi ng 10 105mV on the 1.5 ohm drain
resister.

used to mill out two oval slots for the
transistors in the Tenon mate rial. The milling
must cease at the depth when the coppe r of the
heatsink is visible . After the PCB treat ed in
this way has been so ldered "wsrer-tlghr" in
the enclos ure all components up 10 the
transistors are put in place. The last-men­
tioned are finally fastened in the slots with
appropriat e screws. The trans istors were sol­
dered in by the author with a lew-temperature
iron (140 degrees) under close ly controlled
tempe rature conditions.

If the copper surface is venical this should
suffice in opera tion for cooling. If, however,
the module is fixed nat onto a chassis, the gap
between it and a matching copper plate must
be filled with heeuink compound to make up
the difference. In no circumstances should the
heatsink plate rouch againsl a cover.

3S
dBm

30

Pout
2S

20 _-1 ~---l-~"'-+--I--+----1
I '0'

.: I
'S -,'--"/. =--!---i--+---"

(f< ---"!!tJ<~"""''''_''''".....''''

Following the filter is a two-stage power
amplilir r. The medium power GaAsFET
FSXS.2WF by Fujitsu is used for the driver
stage. The final stage- is Fujitsu 's power
GaAsFET FLCI03WG.

The module achieves 11.SdR gain, filter
auenuarion included . Achi evabl e output
power is a maximum of 1.6Watts.

6.2. Constructiona l inform ation

When mounting the power transistors on lil t
PCB (Fig 's .6.2 and 6.3) two points should be
noted in particular:

a) as ideal as possible RF transfer from the
groundplane of the PCB to the source flange
ofthc transistors;

b) as ideal as poss ible conduction path for the
heal produced.

The author found the followin g construct ion
convenient. The PCB is soldered with its
groundplane onto a O.S or 1mm thick pieceof
copper. Good tinning in advance and plenty of
pressure during the soldering operation are
necessary to avo id ai r bubbles.

After soldering together /I 2.Smm milling bit is

,O +--4--__i--~-....;...-__i-___'

-S 0 I 10 1S 20 2SdBm
--G- - Pin1 5760MHz! -eo- Pinl435MHzJ

Fi g.6 .8 Linearity bc hav iourofthe fina l amp lifiet module DL IRQ661 (pecked line)

and the complete t ransverte r from 435Mllz 10 5760Mllz (solid line)
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Final stage FLC I0 3WG: approx. 240mA.
corresponding to 360mV on the 1.5 ohm drain
resistor .

Fig·s .6.6. 6.7 and 6.8 are measurement charts
or tesr prototypes.

7.
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BemdNeubig,OKIAG

A Modem, Professional look at the

Design of Stable, Crystal Oscillators

Working at High Frequencies

Part-2 (conclusion)

2.
CRYSTAl, OSCIl.LATOR CIRCUITS
FOR VIfF AM) UHF (CONT.)

2.5 IIUlh-Kut'hnJLC·Colplth Spulal
cir cuit

A circuit not to be recommended, which
despite its problems shows no signs of dying
out, is. shown in figure 9. II was criticised
already in 1979 on account of its unreliable
epetanon, AI this stage I can only recommend
reading the an k le in VHF Communications
(2)again.

2.6 nU',l:IIF crystal o-.clllilion with
:\t:\f1C~

Monolilhic microwave ICs (MMICs) are the
s imple equivalem of universal OpAm ps for
higher frequencies with jus t four connections
(input. output, volts and ground): they Ife also
very allractively priced now (Mini Circuits,

Avantek, Q-Rit CIII.). For low phase noise the
amplifien should not be driven to self ­
limiting, since their Iff noise suns to Increase
. 101 close10 the (ldR) compression poinl (8),
whereby the carrier-near noise (JOdn per
decade) or lhe oscillalor becomes very bad.
An example circuil Ior around 80MHz is
indicaled in Fig.l O.

t
' UJ

R,
,f-<>c..

r-il- --...,
H~ <, +Cc ..

Q.,
" C,

F1g.9 Overtone o'o('lIIalor t1r('ull
(not rt'('omm("nded)
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RF
PIJ1
em

.15V ~

h "
r~d

l'TP, 11 TP2 r 01101 ..~
'" <, l3

'"~

h ~~7n ~
R2 R3 R4 l 4 C,~, !.--,., 1SO '"' 011" ~ '"-

DK1 AG .J.

R'
"

.1&.10 M~IIC oscillator circu li accordlna: 10 (8)

. 'IK.II I'h ll\(' nolse of tht' ci rculi In
. '1&.10

The cryiltal operates with CO ccmpeesauon in
series resonance as a longitudi nal elemect in a
resistcr-Pl elemen t made up of R2 and R3,
The (very bigb) ou tput powe r is coupled

througb a zero-degree power splitter (VI). At
the output of the: amplifier (in this case Q-Rit
QBH- I~O or QBH-374) lies the resonant
circ uit U, C2 for se lecting the: overtone. With
L3 and lj ihe nOi ideal phase: shi ft o f the
MMIC can be corrected by a lotal of 360
degrees. Resiston RI and R4 serve:for correct
tennination of the: power splille:r and MMIC.
Am plitude: limitation is defmably pre-setwnh
the Imi-panlle:l diodes.

,.. , ...._,. , ".. , ...

~..

The originator of lh is circuil reports on the:
exceljent va lues of phal>e no ise achieved

(Fig.! I), a sa ti!>fying fina le: and high point for
hls expenmenu!

3.

SO~IE I:\WOKTAJ'II'T VIEWI'OISTS
0:; CO:;STRUCTI:;G STAlltE A:;O
LO\\'-~OISE CKYSTAI.
OSCIL.LATOKS

J, l lI and lina sub-resonance

Since the crystal's sub-resonances lie: close 10

the main resonant frequ l·ncy. false operation
of the: osc illator cannot be prevented by
additi onal co il c ircuits . If you are conrendtng
with on ly moderately suppressed subs id iary
osc illation • particular ly with frequencies
above IOOMHz · then take note tha t:

• the: amplification in reserve is as little as
possible. This means that feedbeck is strong
tnough on ly 10 ensure SlI ti\factory~i l l a l ion.

• the: optimal point of operation of the
resonant ci rcuit is when the osctlletor works III
the nominal frequency with the crysta l by­
passed. The circ uit shou ld be dctu ned from
this position only very sl ighlly , If this is nol

75
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Th is method is nO( withou t peoblems all the
sa me, since on the one hand il is not easy 10

keep the regula lion "gentle' and on the other,
it is possible for addi tional pha'§e noise 10
appear from Ihe ft'gulalion.

The simplest alternative is 10 employ ampli­
rude limillltion with anli -parallel Schonky
diodes, which (with capecitlve cou pling) are
connected direct 10 the resonant circuit o r a
tap-off. You can also use one diode atone and
bias this with a variable DC voltage , thereby
achieving good control oyer the desired RF
level. A suitable circuit is given in Fig.I ) .

(i'---------------'-""-"~="""'=-'''-'
enough 10 move Ihe crystal on to !he desired
frequency, then correction shouldbe made by
a lillie inductance or capachence in series .....nh
the combination of crystal and parallel coil.

• the parallel coil serves only &$ CO compen­
sation . il should not be (mi5-)used to bring
things on to frequency but left I I us optimal
value.

• the crystal loading. that is power IO!>I in the
crystal, should no!be too great. Upper limit I

few hundred microweus. at mu imum ImW
(aooUl 2mA to bOlA). The crysta l load ing is
lowered for exa mple by reducing the collec­
tor-emitter voltage or by reducing the (ted­
back; the laller, however. only when there is
suffieit'nt reserve! For determining the crystal
loading see section3.3.

• for checking whether the osc illator is
"bcdgeproor ", you should lest il best by
switching the power on andoff several times ,.,

." voc

F1a.1J AdJu\la hle amplilude IImllallon
wllh a Sc hollk)' diode

The eas iest way is 10 measure
the cryslal current with . cur­
rent probe (e .g. Tektronix CT­
10), which is placed directly on
one It'g of the crys tal to allow
reading off the RF amplitude 011

an osc illoscope (lyr ical scale
faclor ImV/rnA). Th is method
is naturally only feasible in a
well-equipped RF laborat ory.
You co uld make a current

1k n 2N2222 f-'-~~ 5K
POT

I----' ''c
AOJ

303 Mea..url nKthe cr)'sla l loadlnK-

The power dissiplll ied in the crysta l or the
cu rrent Ilcwing in il can be determined

relatively simply in most c lr­
cults.

"ia.1l Ampliludt' rcaulatilln In II Colpilh o<;clIIlIlor

•

..• .. .

.r- .•
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l- f- .. . !.
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) ,2 Amp litude regulatlon and limiting

For good long-term stabi lity the crysta l shoul d
be driven with a loading of appro x. I to 20
mlcroweus (O!oCi llato r current of approx.
o.SmA). This cannot be eet dependably with a
self· limiting oscillator. For this you need RF
amplitude regulation, which involves control­
ling the DC cperaring poinl of the transistor
by ITClifying the ou tpul s igna l of the osctua­
tor. A circ uit example is given in Fig.12.
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3.4 Low-nolse cr,~1a l o'tClllaton

This theme has already been treated by me
utensively in vur COMMUNICATIONS
(see (2) and (6» . Suppletne'nting these still
current dC!oigns I should Iike to add the
following. The more the o:.cillator frequency
is multiplied, or the more the final frequency
is dividedback ina PLL 10 a referencecrystal,
so the higher are the demands imposed on the
phase noise close to the carrier of the crystal
oscillator signal. Phase noise close to the
carrier is determined in the first instance by:

• the openuing quality of the crystal in the
circuit. Reference (6) has already gone into
this thoroughly.

• the Ilf ph~ noise of the active stage
(transistor, MMIC) whkh without fttdback
increases by 10dD per decade and with
feedback makrs il5C'lf felt in the osctttator
phase noise with30dBperdecade.

• the innuenc~ of noise carried on the power
supply. Here you are cautioned about the
modem three-leg CMOS voltage regulators,
which contributesignificantly 10 phase noise.

VHF COMMUNICATIONS 2/91

probe out of a circular core and coupling coil,
but then you would have the problem of
calibration.

Measuremem of the cryStal loading can also
be accomplished with an RFmillivchmeter cr
with an oscilloscope of adequate upper fre­
quency limits. Dependent on the panicular
oscillator clrcuh there are a number of
methodsavailable (3):

Ii) Colpitts and ClaPl>-Guriet oscillator

The only precondition is thaI the resonant
resistor RI of the crystal is known. Using a
probe of the lowest possible capacity, measure
the RF voltage UHMerr between base and
ground. Using an oscilloscope, the effective
value isderived fromthe peak-to-peakvalue:

UBMdr - UBMm(2 • \'2)

o UBMpp/2 .82 (16)

Fromthis the voltage UW is calculated thus:

UW o

UBM· cos(arctan( c.+Cb)J(oO"R I"c."Cb»
(17)

from which the crystal loading PQ is derived:

PQ-UW2/RI (18)

Correspondingly the crystal current is:

IQ - UW/R I 1191

In the Clapp-Guriel (overtone) circuit Cb
should be replaced by Cbeff according to
equation (81.

b) Clapp (groundL'd base) oscillator and LC
Colpittscircuit

In this situation the two connections 10 the
crystal are " hoc" from In RF viewpoint. so
the measurement of the crystal loading must
follow a different course. The preciseresonant
frequency fs (fr), as well IS the resonant
resistance RI (or Rr) musl be known. The LC
circuit is adjw.tc'd so that the circuit is
mcillating exactly on the resonant frequency.
Then the crysu l should be replaced with an
ohmic resistance of exactly the same value IS

IQ- UR/RefS (21)
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Crysta l load ing. which sho uld be fairly high
(seve ral hundred rmcrowaus , that is 2 10 SmA
curren t for AT-cut), gene rally makes itsel ( fe lt
00 the no ise Ooor 10kHz and more from the
carrier. Here the much praised bu t very
expens ive SC<ut offers definite advlJlta ges
(Fig. IS), which for most appli clliions I re
o ffset by the much higher price and addi liona l
circ uitry required.

J.5 Temperature stabill'illUon (cr)' loIll
oven, OCXO)

For the highest stab ility il is necl'-5.\Ilry 10

provide a thl'rmos t. t for the crys tal or be tte r,
for all frequency-detennining co mpone nts. If
poss ible the crys tal should be o pera ted euctly
al its invrrsion poin l: for the AT-cur this is the

min imum of the freq uenc y-temperature
curve , which shou ld lie al leaM 5K and
better 10K above the highest expected
environmental temperature . A !oli ll higher
inve rsion point temperature will ra i\e
c urren t ccnsum prion unnecessarily
through helling. Standa rd tolerance of the
invt'nion poin t in crysta l ma nufact ure is
plus or minus 5K.

A suitable circ u il for therma l reg ulation is
proposed by C. fl . Schuebbe DI6JJ in (7) .
To achie ve a stable even temperature
which is in practice bener than 0. 1K il is
also necessa ty .10 kerr the temperature of

--
•••

t'lR. lS l>ifTrr~nc~ In ph a noi w (or
cry..ta l, ~ llh AT a nd SC euts

..•

• the depend ence of the osc illator frequen cy
on the operating voltage, which can modulate
external noise from the power supply Ind
other sources. The voltage-sensi tivity can be
reduced by the use of • more robus t crystal,
for instance with. higher overtone, Capaci­
tive diodes for drawing off or modulating
should be dimensioned for minimal draw
sensulvity.

Next to the careful sr lcclion of suitable
components and I low-noi se regul ator (e.g.
type REF-OJ from PM I or equiva lent types
from Linea r T~hnology), good use shou ld be
mad e of devices for block ing lo w frequ encies
before and behin d the regu lator together with
additional filt!'ring elemenu . The influenceof
filtering is indicated in FiJ .14 (lak~ from
(9» .

..•

..•
"- ..•
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the OpAmp in the heat regulation circuit at as
constant a temperature as poss ible. Otherwise
the tempera ture drift of the offset voltage
falsifies the regulalion. Addi tiona lly you
would place as close as possible together the
temperature sensor. the hea t source (power
transistor) and the crystal. Ideally the crystal
should not lie on the heat perh between the
heat source and sink. A particular danger
occurs with small hea tsinks when the therma l
regulator can oscillate, noticed by " pump­
ing" of the heating currern.

When placing the crysta l in circuit bear in
mind thaI the connection wires of the crystal
fonn a direct thermal path to the queru disc.
The elec trical connection to the "cold" world
outside would no( be too won (oppos ite of
RF requiremcntal) and should be have poor
thermal conductivity (use thin wire).

With cryslal ovens you shou ld also observe

••
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Or. Ing. .JodJen.lJrmann, DBfNV

Enhancements to the Spectrum Analyser

Three yean hue pu.-.ed between fint
pub lica l ion of the spectrum ana lyse r
design Il R IN V 006-009 and now , end I

few problem areas have sho wn up . At the
same time furth er development' on the
modu les side has made possible some new
variant.!on the c ircuit.

In particular the seco nd overlay osc illa tor
showed up as being relalive ly en -repro­
ducib le: the nom iul frequency could
o fte n be obtained only Iflct several
c hanges o f co mpone nts si nce th e
tolerances of small ca paci tors are o flen
qui te significant. So we now present an
interesting alte rnative using I ceramic
re....ona loJ.

In addition the init ial alignment orthe fi nt
IF al 460MIh: cne n seemed to cause
problems on account of SC&l1cring in the
helical fihen, mak ing it d irricult to line up
the centre freq uency with lIle pau curve. A
so lution ls to employ surface ecousnc
wave (SAW) fill en. from ca r teleph ones .
The unevenn ess in the pu s region is
ce rtainly nol co mpa rable with an opli ­
mally aligned heli cal filler but it is rep ro­
ducible almost wi thout need for alignment.

'0

Also, lIle orten -uue red wish for a d igital
framestorc hu not gone unheard, but
beca use of the broad range of the descrip­
lion it is given in a se parate article. Th e
sc reen !Iho ts presented here were produced
willi this frame store and a graphics plotter
usin g co lou red Inks.

1.

SECON D OSCILLATOR USING
CERAMIC RESONATORS

When coaxial ceramic resonators became of
internt to radio amateurs around 1988 there
was initially only one type with I relative
dielectric figure of 38 IVli lable. which ~t the
lower frequency limit I t around 900MUl
(with sensible dimmsions). In the meentime
ceramics with . dielectric figure of 80 have
become ....ailable. allowing the manufacture
of 450MHz resonators. The primary applica­
tion area is oscillators and ante-nna couplers in
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1I · 4 .5 turns. 0 .63 mm va rni s hed coppe r. 301 m inne r dia mete r

..

mobile telephones(Netl C and NMT 4050), )'el
their frequency cbaractensncs also allow

them 10 be used at 70cm and for the seco nd
osc illator of the frequency ana lyser.

Since ure principles of const ructing an oscllle­
lor with coax ial ce ramic resonators has bee n
desc ribed in issue 2/191:19 (German edit ion),
Fig . l should suffice for illustrat ing me func­
lion s . As one sees, the collector cireuil of Ute

..
Fig .2

calNV

, ,. " ,'. . ... ~..-
Al ignmen t cbaeaceensuc curves
o f the oscilla to r

T rian g le · c ha rc te ris l ic c urve al
osci lla to r in pul

C ircle· chareceerisuc c urve a l
equaliser input (test
pt . 2 1) o f DUI NV 009

osci llato r transistor BF 970 is subst ituted by a
resonator (Sieme ns 869500-T572J·F4Ss,
nom inal frequency 455MH z). Th e feedba ck
path leads via II ca paci tive d ivid('r Ip F/6 .8pF
to me emitter, so it 's a case once mo re of a
Colpi tis oscilla tor.

Coupling from the mixer is done' indu ctively

(in orde r to suppress harmonics) via LI (5
turns 0 .70101 varnished copper, 301m inside
diameter) . An aue nua ling element improves
decou pling between miserand osc illator.

For fine tun ing a tuner diode R8 IOS is

connected through 3.3pF, First tes ts ind icated
I centre frequency or a bil mo re than 4S0M ll z
and a luning range of mo re tha n 5Mllz. Th e
oscillator power at lhe mixer inpul is ldeal at
SmW. Unfonunately the chara ctl'ri\lic curve
is decidedly crocked. as Fig .2 sho ws: the
tuning gradient ehers ove r the luning rang e by
a factor of 3. linearb a lion of the alignment
characteristic curve is therefore necessary.

The clearest solution, providi ng the second
csctuaror with • frettuency con tro l loop ,

would demand too much effort . So two other
techn iques were tried out and found to
produce the desired results withou t too much
effort. One can either pre -d istort the lun ing
voltage with a diode-reebtcr network or else

.,
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Fig .3 Equa lising Nf'lwOrk in modul e DRINV 009

make the coupling of the luning diode so
frequency-dependent thaI it product's a linear
frequency track.

The first variant calls for now control
(DR1NV 009). Looking I I Fig.3, the circuitry
of the operauonal amphfler 12 is changed at
pins I, 2 and 3 so tha I il product's amplitude­
dependent negative feedback. With rising
output voltage from the opamp the diode
circuit rWuC6 the negative feedba ck in two
stages and thus increases the amplificationfor
higher luning vohages . The small number of
components enables this circuit 10 be added
ea..ily 10 the PCB; it holds the grlldit'nt of
characteristic curve constant within plus or
minus 10 per cent. which is adequate for the
present application.

A more ela borate linea riser can certainly
reduce the e rror but the add itional effort is not
worth it. The result o f Iineari5ing is seen as the
second curve in Fig.2. which plots frequency
agalnst the tuning voltage at test point 21 of
DB 1NY 009 (input fine tuning).

The seco nd method of linl'a ri!> ing. frequen cy­
dependent cou pling for the ca pacitor-diode . is
crrta inly more tricky but uses the minimum of
componrnL'\ . One flClS."ibilit y is to add induc­
tance to the capacitor-diode and make it •

resona nt circ uit, coupled to the osc illator.

Normally th is kind of circuit is wishful
thinking for osc illator cons tructors as it ends
10 develop feedba ck or 10 sla p osc illating. for
example because of the self-Inductance of RF
chokes. All the sa me, with careful construc­
tion it is poss ible to achieve an almos t Iinr!H
tuning curve ove r restricted frequency rangl"s .
1111' ettracnon of this technique harks back to
the valve days whrn strictly·linru tuning
YFOs wrre called for (one need only think of
the Collin s receivers with mechanical digital
displa ys) . There was l iso c nen an addi tional
demand for electronic luning 10 I few kill..
e.g. for sideband tweaking or for achieving
RIT indepe ndent of the main tuning.

Anyone interested can refer to ( I). Reading
11100$1fcrgouen circuit principles may also be
worthwhile.

With • ca pacitor-diode the barri er layer
clpacity drops with the root of the tuning
voltage, in c iher words the frequen cy gain
becomes ever Ilauer with rising tuning vol ­
tage. For an oscillator with a linear charac­
tr rist ic curve we need diode co upling tha t
becomes rnon:! pronounctd with falling capa­
c ity end rising Irequeecy: FigA shows a
possfbilhy coupling I diode (shown sy mbol]-
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FigA Subsmute circuil for a lig nme nl
with a pull -in circuit

cally asvariable capacilor C2) via a high-pess
circuil LIICI (the ceramic resonato r)_

The functional methodof this network can be

illustrated with Smith diagrams but most
readmi will find a more descriptive elplana .
tion serves them better. With diode ClJ*ity
C2 large and oscilla tor frequency Sow, the
impedance of the J»ralld circu it C2IU is
ClJ»ci live and $mall in comJ»rUon with the
react ive impedanc e of C3. The voltage on the
diode is $mall and the influence of the diode
on the resonanl circu it $Iight.

If C2 is now reduced . U begins 10 compen ­
$Ale a growing J»n of C2. which means the
effective capac ilYof the J»ra lld circuit L21C2
drops more: than prcpomonately. Then the
voltage division is reduced with C3 and the

~ 70 2n2
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Fig.S Th e Iineansed osc illalor



frequency movement over the luning range of
theVFO.

The primary purpose of ahenng the oscillator
was to improve reproducibility. During tests it
was found thai both new variants improved
the phase noise characteristics of the analyser.

VHF COMMUNICATlON.~?l[!

The improvement is not cncllr large because
the noise content is main ly determined by the
(poor) flrst oscillator bUI it elm become
relevant if development of a low-noise and
10w-(05I synthesiser for me first oscillator
bears fruit.

The result is 10 be seen in Fig.7 which shows
the 60MHz calibration oscillator with 10kHz!
div and 70dB dynamic range. Here the
spectrum analyser was driven with an external
low-noise oscillator (l-IP 8640).

With the old oscillator circuit noise sidebands
were still visible, but with the new circuit
(variant I) they are gone. The horizontal scale
is incidentally not exactly equal. which should
be considered duringevaluation.

The illustrations were turned into hardcopy
with an HP Thinkjet from the digital frames­
tore mentioned.

A method of arranging the second oscillator
using the ceramic resonator on PCB DBINV
006 is shown in Fig.8.

•

•

•
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Fig.6 Alignment charac te ris tic curves
for various values of L2
Circl e - L2 to infinity
Tria ngle .. L2 4.S turns, Jm m

diameter
Squar e " L2 3.4 turns,

diameter

,.

.•

Fig.7a (left)
l'i g.7b(righl)

Noise sidebands or the original second osc illator
Reduced noise sidebands with Ceramic Resonator
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Fig .S The new second osc illa to r on PCB DBIINV 006

2.

FIRST IF WITH SAW FILTERS

In lIle firsl article on jhe subject of spectrum
analysers already indicated lIlat SAW filters
would in princ iple have applicalion as a
means of improving selectivity in the first IF.
At that time the on ly filters readi ly available

were for sa tel lite TV tuners. Their bandwidth
of 27MHz at 479.5MH z and through-pass
attenua tion of aro und 20dB for se lectivity of
40dB held no attraction for usc: in the analyser.

Meanwhi le. however. new types of filler have
appeared on the market which suit our
requ irements almost perfectly. Centre fre­
que ncy lies at 455r-.lHl with 4.5MHz band­
width . the attenuation is less than 4dB and th...
wide-range selectivity is aro und 40dB . Input
and out put are fixed at 50 ohms. Thei r primary
applicat ion is transmit filters in mobile tele -

phones . for insta nce in Netz C and NMT 450.
Whereas the transmiuer and receive r in car
telephones were previous ly se parate. each
with thei r own sy nthes ise r, s pace and current
considerations have now brought abo ut the
return of the transceiver concept (as on Nell A
phones such as the Tekade 8 95. still widely
used in amateur circ les. Betw een the transmit
mixer and the final amplifier SAW fillers are

usedfor adequate suppressi on of harmonics .

Since adjusting hel ical filters in the IF has
required a "magic scre wdrive r" and a lot of
patience (centre frequency and filer curve
both had 10 be spot 011), the usc: o f virtua lly
fixed -tuned filters has see med most desirable,
espec ia lly for the less skilled constructor .

As basis of the experiments the Siemens filter
type 84510 was se lected, as it is ob ta inab le
and compares favourably with the price of
helical filters usc:dup to now. A glance al the
data shee t (2) revea ls the negati ve s ide: in the



If VHF COM MUNICATIONS~

... 8"S'0 ...
" " "" I

I
SllA 210 '''90
~U 7 • .,. L1 1 , ,

OB1 NV
'"

." .., ... 11 ,. '90

"
B£SlCI

"
US lO 1[ · 500

s , " ,
l 2 1 1 " II 1 II II l4 1 , ,

f1iS .9 The rartial ci rcuit of the modllie DRINV 006 with three cascaded SAW
fill~n

•
•

. ,-,' .
•

fi&. IO The UIIP secttoa of the module D81NV 006 with the three SAW filleR and
(he malchinl coi ls

••



VHF COMM UNICATI ONS 2191

---
II

-

•

,
Fig .11 Co nductor Irack side of DBIINV 006 wilh Ihe band -mad e SOohm stri plmes

nonnal case the filler has a ripple of more than
StiR, which can be reduced 10 less than 2dB
using auxiliary malching coils on the input
and outpn. Unfortunal ely this malching
reduces the wide and narrow range selectivity
10 around 10dR , the ls rgest resonance peals
reach -3OdB.The deep ly serrated response of
the filler curve is incidentally typical of SAW
filters, as cen befound oul from (3).

For adequate selectivity of 80dB al the image
frequency of 43J .6MHl (second IF of
1O.7MHz) three cascaded filters were inuodu­
ced 10 besafe and sure, although. single filler
demonstrates a select ivity of 4SdB. It would
be interC!oling to fmd oul if secondary
resonances vary much due 10 manufacturing
tolerances. If there is no danger of the suong
subsidiary resonance at 440MH z straying inlo
the image area, then IwO fillers would be
adequate.

The prototype was buill on PCB DBINV 006
and had also the IF preamplifier from (Oer­
man) issue 4{1989. As the partial c trcuu in
Fig.9 shows. the IF preamp has been made
with AVllnlek trans istors AT4 148S this lime.
Avemek recommends this transistor as an
improved replacement for jhe BFQ69; the
smaller, lower inductance Micro-X ocrhn e
with 2.Smm diameter and higher na nsu
frequency of at least 7GHz allow use up 10

above 23cm. The price of around DM4 makes
this type internting for other UHF app lic.·
lions as well.

Following the preamplifier the flrsr SAW
Iilter is inductively matched with LI. The
second amplilier uses a RFR90 as pt"l.'v iously
s ince an AT4148S would raise the ampl ilica.
tion 10 an "unheehh y" 3OdB. Two further
SAW flfters lie between the second amplifier
and the second mixer (IE·SOO). Here the coils
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All in all, it can be stated tha tlhe implemen ­
tenon of the SAW filters described produces a
practically zero-alignment first IF amplifier.
which ought to make construction easier
panicularly for tess skilled builders. This is
bought at the cost of less accurate measure­
mern due to the greater rippleof the filters.

(/'-------------"-"-'=-"""""""''''''''"....,,''''
L2, L3 and L4 serve as matching elements. All
matching coils are made with O.Smm wire on
a 2.Smm former (shank Of lwis l drill ). LI and
L2 have I.S rums, L3 and L4 2.5 turns. These
coi ls are so lde red as close as possible above
the PCB surface and placed to minimise
feed back.

The completed UHFsection of DBINV 006 is
vis ible in Fig.IO. with a little skill the rebui ld
can be fitted on a standard PCB and the onl y
ex ira work is to mill some 3mm wide SG-ohm
lines (Fig.I I).

The prototype construction achieved an IF
bandwidth of 4MHz al 4SSMlfz centre Ire­
quency,lhe ripple in the pass region W85 3dB,
albeit wilh the chaot ic attenuation curve
typical of SAW filters . Stray reception in lIle
dynamic range of the analyser could not be
detected .

- - ---
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GerhardSc/1mi/t. aJ5AP

Improved Air Cooling For

2C39 Power Amplifiers

Many peo ple const ruc t ing po wer I mpli .
flers for the amate ur bi nds stan ing
144MII1. and up s till go (or tbe 2C39 tube
and its equivllents . While a ir cooling nf
the 2C39 types presen ts no problems on 2
metres and ' Oem, lhe operl t ing conduions
become more cri tica l I I 23cm and the
problem of ensuring adequate venl illt ion
more difficu lt , Here , then, is I suggest ion
for I new method o f cooling.

I.

THE PROBLEM

The valve dala indicates an anode dtssipaucn
of 100 wens with maximum venrilauon. This
limiting value is exceeded by mostu~n; in the
amate ur field, sometimes conside rably. Vari ·
ous euurors have sought sa lvalion: reference
(1) describes oil cool ing and (2) uses distilled
water. In (3) DJ3EP demonstrates an impro­
ved s)'1>tem using alumin ium hea tstnks.

The disadvantage of the schemes mentioned.
apan from !he technica l demands of ( I) and
(2), lies (in the author 's opinion) in !he
difficulty of changing tubes . Using the cool­
ing system of (3), the addi lional healSink mU1>t
be linked mechanically rigid to the PA unit,
otherwise it can occur durin g installat ion after
trensportauonthat ihe tubes break in two.

2.
MY SOLUTION

The modification proposed here for tJle
cooling surface of the 2C39 is (in the author's
opinion) a good compromise between effort
involved and !he noise level of improved
cooling.

Conslderauon of 2CJ9 and YDI270 tubes
snows that thry differ on ly in their heat s inks
(fig. I ). The YDI270 offers an anode di..... ipa­
lion of 200 watls according 10 the datil and us
disslparlng surface is cortes pondmgty large r.

••
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Fig.! For co mpa riw n: left a 2C39RA. right a YDl 270

Fig .2 A 2C39nA with the co upler (author 's photo)

So we can remove the normal heatsinlc. of a
2C39 and sub$titute the sign iflCanlly larger
one from a YO 1270 · only it doesa ' t fit! Since
the inner thread of a 2C)9 heats ink hll5 I

smaller thread than the YD1270, a corres­
ponding coupling piece or adapter must be
made up.

This coupler, which for best heat conductivity
should be made from copper, must be turned
on a lathe (Fig.) . If no YDl 270 pens are
avai lable but the necessa ry mechanical facili·
ties are, a complete single-assembly heatsink

so

with 12 • I inner thread can be made from
scratch from copper or aluminium. This can
either malch or exceed the size of thai of the
YDI2 70!

The heatsmk of the YD1170 normally
removes qu ite ell~i ly but the 2C39 may
present more difficulty, according to its Ige
and condition.

Before allaCking and possibly ruining I good
2C39, it is wonh practising on • de fective or
well-used one. Under no circumstances
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Fig.Ja Coupler for improved (:ooling
of 2CJ9 amplifiers with the
rms from a YDI 270 lube

should !belube be placed in a vice and have its
healSink removed with Creakl' or lesserforce ;
Uulead use IwO pipe wrenches and strips of
lea!her. one grippin, !he fian,e of the anode
and theother heauink. Thm cardull)' ease the
beauinkofT.

The Tddunkeo yenia:! of the 209 has DO

sc~w !hread bul Uulead a uud or 8mm
diameler eetc ....hich !he heauink is pressed
with two Sort screws. These k~WI mtil be
rd eu ed fi~ before the heatsink can be
removed.

II is worth r.mearin, the thread wi!h wbile
bealSink (:Ompound prior to scrt'WinC 011 the
ccupler.

J.

CLOSING CONS IDERATIONS

The deKribed modiftealion mabks the heal
diisipating surface of • 2CJ9 10 be mlarged
more than fourfold <Fig.4). For half-humane
operalion of !he lube . rdllivt'l)' ~mall blo.....et
willsufftee; 10 reduct' the noi§oe durin, receive
periods a resislor can be connected IlCnM il.

A readef inclined tow.nh this KheRlt' of
things W:Ju1d nonethdrM be c1C'1f of one
thing: ~gardleu of the heauinling mt'lhods

Fie ." A I k m PA with. modified 2CJ91lA
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employed, a PA will denme itself if certain
DC inputs and/or RF drive limits are
exceeded. The causeof this dCluning between
the changeover from transmitting 10 receiving
has tess to do with over-heating of the anode
and more with the relative movement of lilt
electrodes within the tube (cathode to grid.
grid to anode) , In this manner the cathode
circuit and to a greeter extent. the anode
circuit are capacitively uetuned . Th is effect
has a lso been described by othe r authors and it
seems thai the amateur must live with it. A
degree of improvement can be achieved by
not letting me lube cool down completely
during receive periods.
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CaIfG. lOdStroen1, SM6MOAt1~

Measurement Arrangements for

Complex Impedances

..

.'., .
"
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'Y i. /. ,...~-o"
SM6 ~.oM/W6 L..- ..II--L .J;!

FiZ;.1 With two pairs o( forwlnb-eutTCflt
d iodes on an RF line, two

.mplifiC'rs . nd . n RF ge nera lo r
(.ppro ... . ImW) ecmple... refl ec tion
coe fficient" c.n be represe nted and
measured . Because o f the
necessl ry Klh ·wavelength
di stances, tho (requl" ney range of
th is arTlnge:ment is res trict ed :
aboul one oc tave (or . nte nna
. Iignme nt : aboul ./·5 10 lOS
around the desilo frequency Ic r
most measureme nts . Precision
meuurcmenll can be Cl rried OUI

only II the design Irequency .

Thi s art icle proposes and desc ribes a
scheme (or measurin g reOecl ion coeffi·
cienls o f any load . They ar e indic. ted
di rec tly as a poi nt on a Smith dil l rl m,
In pr inciple one co uld tl ke the vllues
given by the measurement sy'le m I nd
dra w them directly on I Smilb dilgrlm
u~ingln X-Y plotter.

The mel~ured voh.ages cou ld liso be u ken
II) the X Ind Y input" (equll sen,it ivity) of
an csctlloscope and reprexnt the 10c.Jlions
o f Ibe reflectioa ccerrlcteeu in realt ime,
Addi tionally one co uld fh a trln' parent
Smi th diagra m (or an enlarge d sec tion of
one) over she 'scope's CRT.

I have llIid loca tions in the plural as it is
po,,~ihlc to sweep the frequ ency • or vary
the load , so that a lin e: is drawn in ~tead o f
jUllt a point. Th is is an Cl trr mdy capa ble
too l for aligning ci rcu itry . Fig.1 shows
the: cverall scheme, which is co mposed in
prin ciple of I n RF line with (our detectors
fi xed .t ei ghth ·wudC'ns:1b di lInecs.
Fis:.2 sb ows a lypieal measur('m('nt rl"lull .
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been the means by which RF engin«f1,
illustrated com plex res istances and achieved
grnphica l solutions of matching problems. in
othe r words an enhancement for the slide ru le .
These days the same problems (with many
figu res behind the deci mal point) are more
eas ily Cllc ulatN with a co mputer and it can
also represem the results on the screen in the
form of a Sm ith diagram . which com pletes the
circ le.

Yet the computer is of little help with an
" actual" problem ! There on the bench sits a

filter which needs aligning, there is an an tenna
that needs matching, how good is this
anenua tcr or that load ? If o"e co uld see thei r
reflection coe fficients on a Smith chan then
one cou ld tell how good or bad they were and
what needed doing!

That is the applicencn for Ih i ~ innovation.

Ideas for this came from my exce llent tutor
Ingvar S Vel1'li.SOl1 at the Ens in«ring Aca<kmy
in Goe tt'borg; he treated this theme Oike a ll
the Olhen ) I!I a figmen l of fantasy, as did
Magnu!! Koch, an enginee r with whom I was
happy 10 collaborate several yea rs ago. He is a
measuremenr spec ia list and once s.a id " If you
can measure il with a bridge. do so."! I have
merely combined the thoughts of these two
men !

An RFgenerator G is con nected 10 one end of
an RF line lind a load Z to the othrr, the length
of the line being al Ira st one wavelength
(Fig.I) . If the load is eq ual to the surge
impedance of the line ZO there is no reflecuon
I t the load; 111 power is absorbed in the load
and convened to heat. At every pos ition along
the line one can measure the sa me RF voltage,
ass uming (as we do h('rt) thai losses in the
measurement line are ove rlooked.

'~'o·"'~ Hark,.
l j,(lI'lHl

1)6 l't4 1 ' ~OHH I

,

· ,

Q
'· .

, '
, ... ~.

·
Fig .2 An IIB9CV anlenna , swe pt fro m

136 to 1S0Mll z. Resonance lies at
146Mlh; (whi te spot I ' centre o f
screen and centre of Smith
dia gram). Th e mark er on the outer
righ t indicates 140Mll z: the
antenna is not good al this fIO int.

(~ ---'!.!!t..!<""""""'''''''''''''-'''''

I.

PRF.·IIISTORY

Much has .1~ady been written about the
Smith chart bet the fundamental work is · nOI
surprisingly . by Mr Philip II. Smith ( I). The
measuremen t instrument used here was ca ll­
brared by me in 1986 al • Design Cont~1 and
published in (2).

Later at ihe Foothill neamarkct in San Mateo,
California I found a UHF admittance meter
made by General Rad io: with a rece iver as
detec tor it functions superbly. Doub tless there
musl be literature which ' ha...t' nOI found yer
for Ihis device.

Finally there was me "Z·g Diagraph" hom
Rohde & Schwarz which shOWN some
similari ty and its desc ript ion (3) can be read
profitably in thi ~ connec tion.

In previous Issues of VHF COMMUNICA·
TlON S the function and construction of
direc tiona l cou plers (4, S) and diode detectors
(6) have been desc ribed (references are to the
German edi tion); these publ ications give a lot
of prac tica l info rmation.

For some decades now the Smith diagram has
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Fig .3 The UHF Admitu nce meter by
Genera l Radio

If the load is not equal 10 ZO pan of the power
is reflected at the load. If lhe genera tor is also
not properly matched then pan of the reflected
power is reflected again by we generator and
the n-Iationships become quite complicated.
We shan bSume that the generator is correctly
matched.

The so-called mismatch can arise s imply from
a SO ohm line being terminated in a 40 ohm
res istor. Equally the termina tion might have
too high a value or combine resistance with
some inductance or capaci ty, t ither in series
o r in parallel. The re are countless posslblhues
with mismatches.

Some forms of mi5match produce total renee­
tion, ctna inly all those which have no
resistive component: shon circuit, open cir­
cuit, capacity, inductance and combinations of
these.

If the load is not equal to the impedance of the
line , the voltage will not be the same
eve rywhere: instead il will vary periodica lly,
giving us a " stand ing wave" . Its fonn repeats
itselfevery half wavelength a loog the line.

With a shon circuit (or a load smalle r than ZO)
a voltage minimum and curren t maximum
appears thaI the load end of the line. With an
open circuit the opposite applies . Capacilive
and inductive components lie in between .

\"o ll u&t' 0 1

c u rre u t

>'/2

PO~ lt l u li .0101111: h I'"

Fig .4 Voltage or current function a long a
line with a badly matched load

When the reflection is pronounced • close to
tota l re flection -the minima are sharp and drop
near ly to ze ro volts . In sign ificllnt cases of
mismatch ing . as with 3 sllllld ing weve rano
(SWR) of 2 - tht' vo llagt' variation along lhe
line loo ks almost like a sine wave (figA ).
With a perfect match there art, as mentioned,
no periodic variations and at most a drop in
porenna l if the measurement line has suffi ­
cient attenuation ,

If one now measures the voltage on the RF
line at four points each spaced an eighth­
wavelength (45 degrees) apan, the four
vohages should relate 10 one anOlhl:'r in a
sine/cosine f~ioo if mere is a standing 1Io'3\'e
preseru. The four voltages are summed in
pe. iB -wnhocr amplifica lion 10 I r~ islor or at
the ou tput of a differentia l amplifi ror - and
taken to the X and Y mpcrs of a plotter or
osc illoscope.

If you now cons ider some e_Ut'me cases of
lerminations lind work through the voltage
rebuoes resulting from jhem (Fig.I). you will
quickly undeMiland the artangemeru and how
you can use u.
We shall lake a resonam circuit which at
resonance gi ve:> rise to lota l retlecnon (Fig.5 ) .
The coi l should be small and the (va riable)
capacilor sc reened. so tllal lill ie rad iation

95
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If we tune me resonmce (variab le capaci tor).
the measurement point will wander around the
periphery of the Smith diagra m. The area
around the short circuit (outer ld t) will rema in
clear with I pUI Ile! circuit as will the I rea
aro und infin ity (outer right) for I series
circuit.

In rea lity we have not I circ le but a sq uare
with rounded comers stand ing on oneof these
come rs. This is because the voltages which
determine the measured poin ts do nol have a
sine wave form but pronounced minima.

However. the beuer the match. the closer the
shape is to I circ le because the voltage
responseis nearer I sine wi ve (fig.6).

Ir we now place I 3dB anenuator in fron l of
the resonant circuit and tune it once more, the
measured point now shows as I concen tric ,

near ly round c ircle for 6dB return loss , With a
6dB anenuaror we gt"t a ci rcle for 12dB return
loss attenuation and with a IOdnone we have
the circle for 20dR

With an ane nuator of. say, IOdn permanently
on the output of the RF line the detector
amm gt"ffi('nt "sees" • return loss of at It''a~1

20dR. regard l~, of whatever is ccenecred
afterward.. 10 be measured This detracts from
the Ippearance of sharp vohege minima and
the diagram produced in this way will always
be nice and round . If absolute sens itivity is
requ ired for specl flc measu rements the
altcnuator should be taken ou t and you will
have a 20dB enhanced measure ment range. If
the item being measured has a good match the
diagram produced will he round in any case.

2.1 Operalion

When we described the funclion of the
de tector I rungt"ment prtviousl y we a lready
ment ioned the importance of ca libration with
the help of resonem circ uits and auenuators.
Practical use for the measurement of unknown
impedances is nO( far removed from this.

Fi rst there must he a genetaror and measure -

•

'"

••

Fig .6 Three different termin at ions: A, n,
C and the resulling indicati ons ·
here for I measur ed frequency of
14SMIh:

Fig.5 How calibration is ca rried out

occurs and as much power as possible is
reflected. A (variable) II l1enualor ahead of the
resonant circuitdeliverscalibration values.

A perfectly matched load (SOohm insuumen­
ration lennination or attenua tor of at least
3OdR) gives the same vonege on each of the
four diodes. everything is symmetrical and on
the display we gel a point in the centre of the
Smith d iagram.

With a reso nant circun al resonance used as
1o;,d we gel max imum asymtnl"u)' o f the
voltages of eac h pair and the point mdcared
moves OUI 10 the right (fllu al1d circuit,
infin ity) or out 10 the left (M"riI'S circuit. shon
circuit) .
~
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3.

CONSTRUCTION

Fig.1 C irc u it o f the mea ,"urtmrnl bridge
(second a mplifier not drawn); in
the Ifrangt'ment "ho wn the upper
I m pli fit' r delive rs the mt'. "urrd
voltage of the ac lua l componen t ,
the low er tha t o f the imlginlry
com ponent . Com pa re with Fig . 1

The meas urement appafllius is mad e up
fundamen lally fro m a piece of RF lint , fo ur
detectorsand In indicl ling unit. My stan da rd
circ uil is she....l1 in Fig .1. According to
frequ mcy ra.nge and ma ttrills IVlilahle,
many wKiely-differi ng versions can be mvisa ·
grd. Comtruction mu-\Z follow good RF

..-G

r- w~1-. ",.1 l)-.~
S I'T 6 I'TOM/ W6 "~ ~.\>O

Given the opponunity we ca n also mea~re

the IUmuation of the reecercable. If the roof
end of the cable is open, toul ITnt'CIion
occurs. Connecting the RF linewe now have a

signal tl'lwll ina the lenath of the I nlmna
cable twice andthen bein, di\r1lytd (sli,hlly)
smaller as I IOtII ~f1ection . fl y adjusting Ihe
ca libralion ae-contin, 10 Fig5 to , ive the UIl1e

indical ton we k a m the aUtnuatton of jh e

cable. Th is is di R'CIly f'qu iVlI('f\t to the
I ltmUition read off, as in this CI.\e the wive
else travels twice through the cllit'tra.tion
SotI ·up.

The measUl'!'fJlmt arranVmenl is u ln:'mdy
sensinve 50 that n'm vny Ionl RF caMes
with fn('ASUl'lble attenualion (whic h wou ld

Olherwi~ have to be avo idtd) can be used
withoul probkm_ l.d usule fot eumple a 30
metre length of RG- 58 and rMawfl' il I I
145Mlh. The cable is 14.5 wavt'lengths long
• thai is 29 ha lf-wavelm gths . Ry vlryin, the
f~u('fIcy by half o f 1129th of 145Mlb (plus
or minus 2.~~lHl) we find out that the
measurement po ints indicated desc ribe I
completecirc le on the Smith d iagram!

In th is way it is possible to measure a remote
object. for instance an antmna on the roof.
Th is Isthe way il is done;

The anlenna cab le is first sepanllN from the
feed-point o f the anlenna and left ope n-c ircuit.
Then we add lengths bir by bit II the
accessibk end of the ceble unli l the dis pby on
the oscilloscope is out to the nght. as for ..
pilll'llkl circuit in resonance. Instead of len, ·

thmin, the cebleonecan also pDCCr5e a small
amounl of fttqumCJ nr1.a tion. as descnbN Ln
a In\ iousS«Iion. Now .... e dimb on the roof
cece more and cceoect up the antenna to be
mea5ured. Back downstaiB we can we the
complex renection cOC'fficienlS of the antenna
and reflec t on .....ha t is10 be done (if anything
at all is to be done) . Or we can jU-\t sil and
watch the 'scope display. noting when vul­
tures co me in and land on the anlt nna ...

In orde r 10 determine Ihe amoun l o f mis­
matching we use me arrangemtnt in Fia .5.
The value of the anenua ror is vaned unt il the
amount (Ihat is, the distance indicated from
the cent re of the Jisplay) is as grel l IS thai
caused by the Inlmnl. Then ....·e double the
vafue of IllmuJtion engraved on the Illtnua­
lor and thai is the n'1um lou ofour an tmnl!

rT'Il"nt set -up for the freqtK'ncy in qUalion . 'I'M
ectual measun:'rT'Il"nt invo lves comr-rin, the
dispby Cteatt'd by the uem undt'r euminalion
with those given by the resorant circuit and
allm~lon_
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Fig .S On e o( my firsl designs (or fhe 2 metre ban d : d iodes
elec trical ly connec ted and connected in enu- phese. On the
rigbt -hend s ide Hth·wave len gch pieces of 5em\.rig id cable
next to one another

practice appro priate for the band in qurslion
of COUBe and, in order 10 obtain repealable
nw:-tiUremenLS, ilm~ be mechan ically mble.

For each of the elemenu mentiontd I will
pI"O\'ide:.orne information.

3.1 RF Line.

The RF line can be coaxial Of take che foon of
~riplme Of micro-uriphne, it un be panllel
linn or "' I\'eptde.lt only bas to wit ~~
en\islgtd for it andbe mechan ically m ble.

In fnO'C c..'Ift conWUCton will CO for cOlJ.ial
cable, and for che VHF, UHF and SHFbands a
semi-rigi d copper-sheathed cable represen u I
v~ry good choice. The technique is nor
rt':r.uiclt-d 10 50 ohms: for television we can
tale 75 ohm cable and for specialiS('(J mea­
sc rement S)'MtnlS wlth an impedance of 25,
16.6 or 12.5 ohms for example we can U~

two, three or four l{'fIgths of 50 ohm cable in
parallel. The detectors are chm connected to
onl)' oeecf tbe cables .

For frequencies below 3OMHl. RG·5S or
RO-His fme: for 7MHz. an e ighch,wlvrle ngch

g.

is 3.5 metres lone, ...hich is sull more or less
ttWlJgeable.

The pi«e$ of cable can be Laid beside one
another IS in Fia .B. fat 145MHl. as an
eumple chedghch ,wlveleneth pieces Ire 170
10 224mm lone, accon1ine to the cable
dielectric . Two of the detectors Ire each above
and below: the itllIlI bump' caused b)' them
are cancelled OUI becalAf: the)' affect the four
quadranl$ of the Smith diaJflm to an equal
extent. I alwlYS choo.e the blockina capKi­
ton 50 that ~y are in W'r1es resonance al tht
frequency mrasured: for eumple II IWO
meun ISOpFwith 1510 20rnm lead length .

A more tleeanl mechod is to co il (semi-rieid)
cable, IS shown in FiS.9. Each tum is an
dghch.wavelrngth long, 50 thet V:F7 all four
diodes lie alongsi de ooe another. While the
diodes cannot be made oe tjn ure picture, you
can see the bll ck bloclinS capeciters. The
measured voltlgrs are ltd to a DIN connector.
In I separate case !h('re are IwO multi-lum
lrimpots for hlLandne and summing; thei r
wipers are coenecred 10 two op-amps of the
type l.MJ5J.
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Fig.9(lefl) A subsequent vers ion (for 14.5Mlh) .... ith co iled co pper-sheathed cable,
8!h·.... . vele nth per tum,.l1 four diod es on one side . A 50Up tin
completes the . ".ngement mech.nically

Fig . lO(righl) A version for . nlennl meesuremenrs in the 91.5Mllz region; al higher
powers used .... ithoul amplifier , E. ch of the two tum a is • quarter ­
w.velength

[
Iud ue t rve Direct

Fig.! I Three ..... . ys of coupling the detector diodc to Ihe RI-- line
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3.3 lndicauon of measured ....lues

For displaying the test resuns the re is ag. in •
range of poss ibilititt. One can use two l ('!ol

instruments hav ing a cent re zero posiucn : o ne

shows the rea l component, 1I1e other the
ima ginary co mponent of the rerlecucn coetrl ­
cler u.

One can etsc take an instnlment with two

mo"'emenlS and crossed -needles displ . y, in

VHF COMMUNICATIONS 2/91

the sa me time you can balan ce the diode pl il"5 .

In this way I h....e . chie ved goodmulls up 10
1300 MHz: abcve this !he HP2800 'WC'lI"5t o
f.1I off rapidl y.

For the wm·w. ...e and VftF ban<b ,er·
man ium diodes (e.,. AA118, INJ4) . wi!houl

bias - are no t»d choice. For the middle and
uppn microw. ...e regKxa,one the (Ilher hand,
one must resort to the upeMive and in . 11
respects sens iti ...e low-barrier Sc ho ll ky
diodes, wh ich . lso ~uire no biassin g . Th e
o ld silicoo point <Ontact diodes of tht IN21
and IN23 tIC. series are . bo qu ite JOOd. but
they musl be handled like M QS ~i«s. For
IJUltehing them befOfdwKi. they Wioukl be
lil"5t shorHilCUited, then clamped to the
measuring line, then tht short<ircuit remo­
ved, Ddaikd information on det«tor diodes.

will be found in (6).

lnitially I had the d iodes in pa.in connected
bead-l(Hail, to read the diffrrmtial voltage

direct. At med ium andhigh RF power leve ls il
is then easy to coenect them dirt'CI to the X
and Y inputs of • plouer Of osci lloscope or
even to me1en. Bul then the .rrangement
shown in Fig.7 tumN out 10 be easy to co py
andsensitiveaswell.

Fundamentall y it is • good idea to pa.ir !he
dioJe$. You can use • con...ention. 1 di, ital

mulrimeter: in the 200~-ohms range there is
generally 10IlA nowin , ; one reeds the ",olt. , e
drop in the direction of current now and
selects the diodes which are most si milar.

(f' ------------'""'-"""'-'~~~~
Fig .IO UlOWS • vef\ ion fur 9 1SMfl z. An
tighth.w.vtlenglh here is on ly hair I turn, 10
!.he diodes have to be mounted on opposite
sides racin g each other. The second lurn and
me two other diodesare 01.11of sighl belowthe
screen p.nt' l (!oh«t bn.u or printed cirt"Uil
boa rd maleril lJ, which ma kes I good ground
ptene. As an RF conn«tor the SMA is
particularly suita ble; the measured vOILlges
ere once more mt'asumJ in IWO mulli-twn
polS and summed. then liken via sc reened
cable and I DIN con nector 10 the it'pIfale
amplifier box .

Nalurally you can .lso use striphnc Of

micllHtriphne. In this form il is puticuLuly
easy 10 u.ilor the WIl e imptdance 10 the
IWlicllion. In partkular if you )eave off the
connectors and UIIC'gralC' the metillltmeni
let -up into one unit. you hive some inlC'rQling
pouibililtn. AI lower fm,umdes the lengths
invol\'edcould peeseudifflcullies..

3.2 Detectors

Either Ihe elec tric.1 lield can be cou pled off
the line wilh • capacitor or the magndic field
\·u I coupling loo p; as Fig.! I indicates , I '

VCr)' low 1C'\'C'b one can else make I direct
electrical coenecnoe 10 the line . On the oth er

hand, II very high RF POW" leve1s it is OII ly
necessary to place the diodes in the ...icinity of
the RFline .

In my fin>1 resea rch set -ups I solde red the
diodes direct 10 the centre conducto r of the
line, bUI th is w. s nOl • ,ood ide• . for the
rectified current urere must . Iw.ys be • DC
ret urn path so mew here , and with the IC·202 I
had prcbj ems willI uie direct CUfT('fIt OIl the
antenna input. II is beuer to co nnec t the diod es
to ground on one side lind co nnec t 1I1e othe r
end loosel y 10 the line ... ia • ce pecho r. as
shewn in Fig.7.

Fig.7 also Ulowt. how to pro vide coe...entiOll.1
Schottky diodes (e.,. ftP2800) with bias
curre nt for .chie\ 'ing RlI"imum St'lUili\'ity. At

.~
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which case lhe cross-over point will lndtcete .
somewhat coarsely of course - the location of
the reflecuon coefficient on the Smith chart.
One could bring into use I mirror galvan­
ometer or servo mcKOB with I mirror to CASt I
bright spot onto I large Smith chart on the
win (perhaps with HeNe laser for classroom
use?). And rmally you have the XV plouer or
oscilloscope in XV mode liready mentioned
several limes. Both CIII be very sensitive and
offer adequate adjustlTln1l range for calibrat­
ing the display field.

3.4 Conclud ing remarks

For I breed range of I pplicl tions and fre­
quency band! il will be neces.5lry to COMtrucl
I series of menuring set-ups of various
di~ions. It is not neces.s.ary, however, 10
equip each one with I mplifieB and displl Y
components.

The USC'r will do well to equip each detector
unit with I Iocr-core screened cable fOt
coonectioe tc the amplifier module. For this I
use nonnal audio plugs and sockets. All
diodes can then be connected individually to
one of the four pins; one resistoreach of I few
Kohms together with the caplcity of the cable
acts as a low·pass filter to stop RF inter­
ference from reaching the I mplifier. The bias
resistors Ind trimmer potenucmerers are
found in the amplifier unit. The full sensiti­
vity will probably be seldom required ­
possibly for matching measurements II the
inputs of receivers or when one wants to
employ the motion detector scheme described.

For matching sen!'.ilivity to the measurement
task you have III your disposal not only the
output level of the generator but also the
extent to which the diodes are coupled and the
gain of the opt'rational amplifiers. Expensive
tnstrum emauon amplifien (e.g. AD524) can
easily be pre-set 10 gain values of I, 10, 100or
1000.

(Text adapted by Robert E.lentz, Dl3WR.)
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.Ilin roan. GOFNH

IOGHz ATV The Easy Way

Part-2

Con tinui ng along from pan-l in the lut
issue of VHF Communicatton l I will aow
describe the receive KCtklo of lhe sYllem.

2.

TIlE RECEIVER

The circuit diagramof the receiver is~OVo1l in
FigA. with the PC1J IaYOUI in Fig-S and the
component overlay in Fig.6. Once the PCB
has been loaded.checked forshon circuits and
mis-placed components, the Gunn diode bias
~upply is checked as explained earlie r for the
transmu modulator PCB. Afte r confirming
that the vollage swing IVl iI. ble is comet
reset lhe JO-tum porenucmeter 10 give I bias
of 'I'prollimaldy 7 volts. The Solfan head
should be course adjU!i.led to 1O.2SOGHl as
explained eadier for the transmithel d unit.

The PCB should Iglin be mounted inside •
small die-cast bo" mounted directly onto lIle
Gunndiodeheed

As staled earliC't I prefer to ~ • head unit

...ilbout an in-nne mile'r diode . The Gunn
Wodt head (the w i oscillator) is D"IOWIltd
onto one pon o( a crou<oupkr, with th~

OJlPOI'ite pon tenninalbJ with a small w...e­
guide load. The dWl or bom ~ria l is filled 10
cee o( th~ ports or the crcss-cccpled arm and a
diode dc'totlor fined to ihe Of'J'IO'i t~ pert .

Cross<oupkn art not difficull to manu(ac­
rure and several designs are (~alurtd in th~

RSGB VHF/UHF Manual 4m edItion. AIlt'r ­
nanvely m~y can oflm be obta ined II n il ies
(or l round £2 to £4 each, Similarly. diode­
detectors are ~l5i l y obtained I t tallie'S. Once
Igain do noc (orget to add me 470-ohm
resi!>tor and the 0.Q1 uF capacilor across the
Gunn diadt-, and on the diode-detector add I

10K resisror across the diode (see Fig.I I).

2.1 IF Preamplifier

Now w~ come to me pr~ · .mplifit'r,m~ circuit
o( which is shown in Fig.7. th~ PCB layout in
Fig.S and the componen t overlay in Fig.9.
This unit must be cons~tat using double-
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Fig. IO Modlficauons 10 the nATC FM-Oemooulalor

sided PCB mall:'rill l and fitted inside a small
die-cast box. The unil should u ien be mounted
as dose as possible 10 the mixer diode in the
diode-detector. The IF output from the pre­
amp is taken via a coaxiallead to we BATe
FMATV demodulator PCB.The demodulator
PCB is built according to the instructions
supplied with if from BATe Member's
Services. and then modified as shewn in
Fig.IO.

Sening up the receiver is accomplished as
follows: after ensuring thai the local oscillator
head is running at around IO.2SOGfh switch
off the AFC and tune in me best possible
picture from the transmitter by adjusting the
brass luning screw on tcp of the Sclfen head.

NOTE : Ensure that I1lC~ transmjtler Is some
distance away from the receiver otherwise the
receiver willbeswampedand incorrect tuning

.. "..... ClI e o(

may occur. Also, it may be necessary to
readjust the video deviation on the transmitter
10 achieve good resulu. Once the best
possible picture has been tuned in using the
brasstuningscrews fine: tuning is achieved by
adjusting the IO-tum potenuomerer on the
receiver Gunn diode bias supply. Now switch
the AFC on and select High or Low as
appropriate and !.hal's it! Witha lillie practice:
yousoonget thehangof tuningsignals in.

Audiocanbeadded to thei yuem, but this has
been covered many times in other 3CM
projKl5, and there are many ideas around
showing how this can be accomplished (sec:

CQ.n' J3{¥137/141 or the BATC An'
Compendium for funher information). Fig.12
showshow I mounted the transmit and receive
units into theirrespective die-cast boxes.

That completes this simple. but effective.
IOGlIzAn' stalion. VerysoonSolfen Heads.
cress-couplers, waveguide, plumbing etc will
probably be old hat · but I enjoy itt See you
on the band.

'0.
J.
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Wemer8mtJatntN; 0l6 A1DA

RF Sweeping with the PC

Tbert!' . no 5uch thin l as I Iree lunch Ind
thi ! Ipplies with equal validily 10 usable
test results II radio frequencies. All the
sa me, there ' . no Deed 10 s pend Ihe price of
I luxury limousin e on In I nllyser if In you
are doinl i"Wfl('pinll VIIF pre-Imp. Th e
followinl descripl.ton diKu!.~ thi s topic
impartiall y and COIUes up wi lh 15ubsl ilule
fo r I spectru m Inllyser wilh In 80dR
dynlmic rl nge.

I.

CONCEPT

forward -to-make PC plug -in cardcontaining I

D-Io-A and A-to-D convener. The card K
lhert'rOR vny s imple, as it is mainl y digi ta l
Ind needs virtually no alignment.

All the ymt', it does need an el tr ml l
oscillalor. You can euher use I rt'ady.made
module, pc-maps one you already hive, or I
circui t JllIblished rnviour,ly in VIIF COM·
MUNICATIONS or else the univl"MI O!iC il1a·
IOfusinl an MC I648 to be described now.

I would like 10 point outlhat the idtl for tbi s
article came from the article " Diotle det ectors
in SQ-ohm broadband techniq ue" by Ca r!>!!'n

Viela nd (I).

•• ,
[...:'!.!;

"'_f~ ~
...J.~-: .... J "'..

l l ll ll ll il

FiB.1 Ove rv iew o r 5W« p 5<'t up

For checking the I mplitutk rrtquency res­
ponse of pass ive or active circuits propt'r1y a
spectrum analyser is really indir,pt'nsable. A
descriplion of one, by DRINV, has apJlt',u N!
in VIIF COMMUNICATIONS_The &msnd.\
are considerable, !.hough, and certainly con­
fined10 a !omallnumbt-r of amslCUrl.

The concepl proposed here lotS down a
diffcrmt route (Fi• .I ).The core is a !olraight-

107
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VHF COMMUNICATION~

2.

TIl E SWEEP OSCILLATOR

When measuring the frequency-amplitude
response of a filler or amplifier you lir.>t need
a variable frequency generator with an im­
pedance of SO ohms. 11 is possible to set jhe
frequency manually and by diode rectifica­
tion, nee the voltage value. This can also be

done more d egantly and much quicJ«or with
the help of a PC and the plug-in card
described . M~t frequency genereors possess
an inputwhich enables us 10 control the output
frequency, in other words the voltage-control­
led oscillator input (YCO inpul). An example
is the Function Generator 3J IOB by Hewlett
Packard,variable from0 to SMHl .

Most amateun have higher aspirations (in
frequt'ncy). Up to 200MHl the circuit using
the Motorola IC MCI648 is vel")' suitable
(Fig.2). It is extremely easy 10 hook up and
vel")' affordable. Data for this IC is collated in
Table I (overleal).

By simply ailering the inductance the oscilla­
tor can be matched to the frequency band
required. The RF circuitry is best made in an
RF-tighl enclosure, s ilver plated, and pro­
vided with a BNC connector for the RF
OUlput. Unfortunately thco effective OUlput of
the csctueror is just 100rnV or so inco SO
ohms. but it does have a very lineer amplitude
response. This is the most significant criterion

(~~--:------::---::-:====~~~~~
Why do we need I cornpcter IS well now?
Mainly because II1OlOt people already hi ve
them. Wilh . computeryou can exploit several
of its impo rtan t properties :

• Keyboard: lhis makes potentiometers. vert­
able capacitors. ere. superfluous;

• Screen: tJlis makes readouts, 'scope dis­
plays.ere. unnecessary;

• Printer: subsurute for screen shots

1.1 Whi ch co mpu ter 10 use ?

The desc ription thai follows is based around
an lBf\h:ompat ible XT or AT fitted with a
eGA colour graphics card (640 x 200 poinl
resolution). All EGA and VGA cards can
emulate this e GA mode. People using
Hercules cards can use. eGA -simulator.

The big advantage of using this graphic mode
is the buill-in function in DOS 10 produce I

screen dump by prtM ing <SHIFT> and
<PRINT SCREEN> logelher (assuming I

dot-matrix printer is connected). The only
other requirement is to load the DOS GRA­
PIIICS.COM program before using the sweep
program (unfortunately not possible with
Hercules graphics}, All the curves reprodu ­
ced here were printedout in this manner.

1.2 Which progllmming language to
u~7

The program presented
here was written in Turbo-
PA SCA L 4. Even died-in­
the-wool hardware fans
will overcome their objec­
tion to software when they
see how l:' legantly they can
depict. say, the frequency
response of their two metre
preamp.

The program can t'asHy be
re -written in BA SIC .

l OR
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with sweep grnr ralors for II1C'Aliur('lI1C'nt pur­
poses.

If you intend handling higher frequencies in
broadband fa..hion the oscillators in (2) are
recommended. DBINV describes oscillators
upto 1.5G1 lzlhcre.

TARl.E I : Technical data for MCI 648

Case: Dual -in-lint ,14 pins
Input capacity: lypically 6pF
Dissipalion: 150mW at +5V
Max.output Ireq.: 225t\.fllz

Coil inductance required:
for 1· IOMHz JOOuH
for 1().6OMlIl 2.3ull
for 60· J OO~lHz O.l5 ull
for >IOOMllz <0. I5u1l.

frequency counter in advance and made to
correspond with the screen-display value.TIle
author chose the second method .

So we produced the frequency-vonege
characrer isuc curve manually (see Tllh l~' 2).
With lhe veo used here 20 measurement
points in 1Mil l steps wereadequate.

If we are u...ing only 600 points of the ones
availab lt along the absc is.u, the X valut or the
Line command or the computer can be
calculated simply with the line (round (Volt ) •
60). Of course this will have to be repeated 21
limes to reach the 20 divisions.

The block repea t commands available in
Turbo-PASCAL are very handy forthi...

TARLE 2: Frequency-volt age
chaflc lerb,tic curve of the VCO using
MCI648 end varlcap HDIOS

Frequency Tuning voltage
Mllz Volts

2.1 Component lisl (or the VHF veo
I Motorola MCI 648
I ...oltage regulator 7805
I VaricapBB I05
I trimmercapacitor JOpF
2 InF
I 1000F
I JOkohm
I IMohm
I 47R
I RNe connec tor
I cctt. zrcms cn IOmmformr r

2.2
Calibration

2.2.1 Calibrating the frequency u is

A problem arises from the uSC' or a varicap
diode as the frequency determinmg element of
the yeo. The non-linear characltriJ;.l ic curve
of Ihis component must ehher be liken cere o(
in software or else thl." frequency response of

tht oscillator must be measured with a

130
13 1
132
133
13'
13'
13"
137
13'
13.
140
141
142
143
144

14'
14"
147

14'
14.

"0

0.06
0.30
0.50
0.77
1.05
1.39
1.71
2.08
2.48
2.91
J..IJ
3.93
4.52
5.14
5.79
6.47
7.14
7.81
8.48
9.14
9.8]



VHF COMMUNICATIONS 2/91

FigA Meuured voltage o ver frequ ency
for : I) AAZ1S; 2) OAlJO; 3) OA '
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IJig.3 The diode measuremen t head
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Fig.' The A-D/D -A ca rd

RitO it0 .•. Direction from PortC (lower); ' -in, O-ou l

Bit I it I .- Direction from Port B; l ooin, O-out

Bit2 il2 Select mode ofoperation 0 or I

Bit 3 it J . - Direction from Pan C (higher); l win, O-out

Bit 4 it 4 ••• Direction from Port A; l -sin, O"OUI

Bit ' it' ·- Select mode of operation: . ,Bit 6 . ... ~ _ .~. n, _ ., -
Bit 7 il 7 ••• Operaling mode identifier: t-acuve

f ig .7Conl roll ing the pon modul e H2S,

n n
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A·O convener CA3162E. It offers a display
range of -99 10 +999 millivolts. withoverflow
indication, and has I high tem peratu re-stabi ­
Iity for its internalvoltage reference.

The nlt'asuremt'tll output for the three digits Is
produced in multiplex f~ion with 96 mea­
surements per second. Since a three-digit
measurement output covert. a range of 2' 10 •
1024. we can jusuflably call n I 10 bit
convener. II has a dynamic range of
20· log(1024)· 60.2dB.

On the other hand, the reverse direction. the
D-A conversion Ul>ing the ZN426E, is St't out
only for 8 bits wide. Consequently il is
unequally faster. Conversion speeds of 2
micrcseccnds, corresponding 10 SOOUIz, I re
theorelically possible although the compuler
is scarcely capable of producing ihese. In Ilny
case, lhe D-A convener does 1'101 need to be
faster than the A-D convener. al least not in
ourapplication.

Via Port B the frequency can be determined
by the computer. By way of the object to be
measured, which must be terminated accord­
ing 10 its impedance. the measured voltage Is
rectified and passed to the A·D convener al
Port A. Fig.7 demonstrates how the operating
modes of the portmodule 82SSarecontrolled.

Graphical representation and the results on the
printer are now purely for the software to
determine .

I must make clea r here that the veo is driven
by an analogue signal which has been
quanused into 8 bits. in other words in 2S6
steps. This means that over vel')' large sweep
ranges, e.g. lOOMUz in this exampje, the
measuredfrequency is 1'101 entirelycontinuous
and there will be gap5 (at IOOMlh./2S6 •
O.39Mllzsleps).

For someapplications this will be too great. A
"slurring" of the steps and thus a continuous
signalcan beobtained withan R-C element on
the O·A output. Fig's.8 and 9 show finally the
component layout of jhe card and a prot oty pe

construction.

,t--------------"""-""= """'''''''''''-''-'­
2.2.2 Calibrating the amplitude u ia

It is recommended you establish the charac­
teristic curve of the measurementdiode OA90
(AAI 12) manually. To do this we need •
switcbable anenuaror 10 30dB following an
RFgeneratorofat least I volt effectiveoulput.
If any aberrations arc established, you can
easilychange these in the procedure sequence
Line(X I . YI . X2. Y2) In the program listing.

Fig.S shows the block diagram of the
A-D/D-Acard.and Fig.6 thecompletecircuit.

TIle kernel of the half-length card for the lAM
PC/AT is the affordable and easily sourced

2.3 Sel ection of measu rement diodes

Since the author is only concerned with
frequencies below 200Mllz, a simplemeasur­
ing he-ad (Fig.3) with gennanium diodes is
used.

If you are interested in higher frequencies you
should definitely look at OJ·m c 's ankle (I).
According to this the limit of reliability of a
normal germaniu m point-diode is reached at
around -SOdIlm. It can be used up 10

measurements of SOOMHz or so. A sensitivity
check can be made by connecting the oscilla­
tor output direcl withoul sample object to the
measurernem head input. A comparison of
several diodes of ihesame type gave ISlonish­
ingly small difference in ampluude charac­
reri ..tic, mainly ICM than IdB. On the other
hand, with different types variations were
noticed throughout. Thus with the OAS there
was around 3dR more voltage than with the
diodes AAZI Sand OA90(Fig.4).The popular
SIIF diode IN21 gllye values similar to the
OA90.

3.

TilE A-DjD ·A PLUG-IN CARD
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Fig .8 Co mpone nt layout for the A-D/D -A ca rd DL6MDA 00 1
-------

3.1 Co mpone nt lis t for the A· D/D ·A
ca rd DL6MDA 001

I CA3 162E
I 14l S138
I 74l S00
I 74l S08
I 74LS02
I 741
I N246E
1 8255
8 7kohm
I 3k90hm
I IOOR
I IMohm
I Ikohm
I 3300hm
I O.27uF
I 6.8nF
S 1000F
I IOOuF electrolytic
I 25kohm.IOtumpol.
I IOkohm.lO tumpol.
I IOOkohm pot.
I DIP switch. 8·po le
1 D-sub connector, IS pins

4.

DESCRIPTION OF TIlE SOFTWARE

The program listing in Fig.IO, written in
Turbo-PASCAL 4.0, is intended only as an
example and shows the principle of measure­
ment. Fir!>! of all the graphics are initial ised, in
this case to produce the eGA mode with 640 ~

200 pi~e ls.

Arter that a llleld 'lrement scale is drawn,
corresponding .0 t:le frequency generator in
use. In this case the abscissa is for the
logarithmic characteristic curve of the varicap
HBIOS.

Following this comes the most impon ant part
of the program, the "reading in" procedure.
First the control word is loaded into the
control register of the Port Module 8255. The
PUT'pO!>C of this is to determine the data flow
direction of the three pons PA, PH and Pc.
These pons can only be addressed one after
another.
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Pig.9 Prog~m list ing (continued overleaf)...
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Fig.9 ProJram lisliaJ continued (conlinued overle.O
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Fig.9 Program lisling, continued

With the control word used 144d (d stands for
decimal), Port A is switched to input (A-D
convener), Port B to output (D -A convener)
and Pert C again as an OUlpul. Port C is nOl

used again here. Now the measured value is
read in. To aid untkrstanding it should be
mentioned that the A·O converter CAl l62
has its own built-in liming generator, which
cannot be influenced bythe PC.

This timing generator now sets out the urree
digits of the test resull in order of hundreds.
units and tens. BCD<odcd on four output
lines. TIle values must be fetched by lhe
computer one ener the other and then com­
bined. Since the speedof this isdetermined by
the timing generator of the CA3l62. a filii AT
is of no greeter value than the slowest
4.77MHz PC. The maximum conversion
speed of 96 measurements a second is thus a
kind of unbreakable sound barrier. To tell the
PCwhichof the three digits is beingpresented
the three SELECT lines of the CA3162 are
passed to the Pon A line. By means of •
logical concurrence. the measured value and
digitcountcan beseparated again.

The complete result is combined in the
variable "Messwen" (measuredvalue) and is
then ready to be represented graphically as

long as the limiting values 0 and 999mV are
notexceededeither way.

The powerful capabilities of the CA3162 to
measure small negative voltages as well are
also preventedfrombeingtaken fmc account.

Following this, the O·A convener is
addressed. 11.5 OUlpul value is raised in such.
way that its highest value o( 255 is achieved
when the graph has traversed 640 pixels on
the abscbse. The 741 cp-amp following the
D-A converter is aligned so that it thcn
delivers 10 volts oulput. This same value is
what the oscillator connected needs as maxi­
mumsweep voltage.

If the abscissa has nol yel drawn 640 pixels,
then the measurement process is repeated,
otherwise the measurements art halted and
pauseduntil. key (anykey)is pressed .

The whole measurement process 1Ikc$ 640
measurements/96measurements per second>
6.6 seconds. a thoroughly Icctplab le result.
Sweeping should nOl be carried out too (ast.
otherwise the inlegraling capacitor following
me OA90 diode may not be (ully charged
(panicularly at low test frequencies). Sweep­
ing too slowly should also be avoided for fear
ofgtlting ripplein ihe lest results.
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5.

ADDR ESSING TIlE A-D/D·A CARD,
WITH PROTOTYPE ADDRESSES
FOR TIlE PC

To make possi ble the add ress ing of additiona l
card, the PC is provided with 32 posuions in
the address range 768 to 998 (dec imal) . The
8255 i.c. on the A-D/V-A ca rd itself requires
four add ress pos itions, following consecu­
lively. Here the lowest address is used to
add ress Port A, the nexl higher for Port B,
then the next for Port C and the fourth add ress
is for rece iving the con trol word . Th is shou ld

be out put firM from the PC 10 the A-DJD-A
ca rd, so as to pre pare the u uee ports as inpulS
or ou tpets , as desc ribed.

An 8-pole DIP switch is providedon the card,
enabling any choice o f start address to be
se lected in a bloc k of fou rs. In the example
program the lowest addreM is 768 decim al,
Table-) below makes the con nection clear.

Any block can be chasm, Lest of all the first

one . It may be tha t other cards are alfl'ady
occ upyi ng this address, and if so one shou ld
study the han dbook 10 select another. Finally
set the corres pond ing DIP switch 10 ON, the

rest OFF.

The co mputer can now hav e access to the four
addresses o f th is block, tha t is to the three

6.

ALIGN MENT

The A-DfD -A ca rd is programmed to add ress
768. ARer ~rting the ca rd we load T urbo­
PASCAL4.0 and type in the program in Fig .9.
At the ou tpul of the ca rd (pin I) of the Sub -D
connecter ) a sa wtoo th should aJlpta r, with a

maximum amplitude of IOV, Th is is adju 'iled
with po!l'ntiomel er PI (Fig .6).

For selling up the analogue/digital pIlrt o f the
card we apply ehe ma te fy vohagee of 1V and
OV 10 the input (pin 5 of the Sub-D
con nector) . With OV on the inpul pot l'nli­

ereter P2 (zero adj lL'lI) is used to align the
resulting measurement line with the · ) 5dR
mark on the dia gram. With IV on the input
potl'fllioml' ter P) (gain) is used to set the
resulting meas uremen t line 10 match the OdB
mark on the d iagram. Each measure ment run
is sta rted anew by pres.o; ing any key. You ca n
break o ut o f the progra m by hill ing
<ESCAPE>.

TAnLE 3; Programmable b lock addrcs.'ea (decima l)

1st block:

2nd block :

J rd bloc k:

4th b lock:

5th b lock :

6th bloc k;

7th bloc k:

81hblock:

768 (769 , 770,771)

772 (773, 774, 775)

776(177,778,779)

780 (1&. 1, 782 , 7g3)

784 (185 , 786 , 787)

788 (189, 790, 79 1)

792(793 ,794,795)

796 (197 ,798,799)

co rresponding to Port A, B, C and th~ Con trol wo rd

correspond ing 10 Port A, B, C and the Con trol wo rd

correspond ing to Port A, B, C and the Co ntrol word

correspondin g to Port A, B, C and the Con tro l word

corresponding 10 Port A, B, C and the Con tro l word

co rrespon ding 10 Port A, R, Cand the Con tro l word

corresponding to Port A, B, C and tht'Con tro l wor d

corresponding 10 Port A, R, C and tht'Cont rol word
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1.

EXAMPLES OF MEASUREMENTS

Fig. IO shows lhe curveobtainedwilh I simple
LC circuit. It is el sy to see the approK. 3 to
4dB through euenuauc n and lhe rt lative Oat
fall-off of the flanks.

Fig.I I shows the lining up process of • two
metre preamplifier wilh four stages, The
abilily 10 draw IS many curves IS desired over
each other makes alignment simple.

Fig.12 shows the alignedpreamplifier. Donot
forgetto produce arete rence line by rt moving
the test object andsubstituting I BNC coupler.
Then it is possible to read off the ampltflcs­
tlond lrect in dB, here about ISdB.

8.
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.JOI1nBarker

A Home Built Satellite Dish

Steering System

Rath er than fork out £600 plus for •
multi-satellite system, John Barker built
his own motorised polar mount (rom a few
bits and pieces.

I.

INTROD UCT ION

Alth ou gh multi-satellite sys eerns cost £600
and more, the)' are little more than Aslna
systems with I motorised d ish and
controll ing posi tione r. With lhis in
mind the temptation was strong for me
10 convert my cliMing AmI system to
track the Clarke bell of satellites
myself.

It look some work, ~I for an outlay of
only £50. J now have a steerable dish,
controlled fromthe annehair.

I wanted the motor controllable from
indoors, and rather than attempt 10 build
a comro l system mYloelf. I made use of
an aerial rotator. These are readily
. ~

availabledevices doigned 10 tum TV or radio
aerials. They CO$! abou t £4Q.£SO com plete
with the controlkr box. (rom the likes of
Tandyor MAPlIN ELECTRONICS,

The rota tor motor unit is mean t to dri ve a
vern ca l moun ting pole. Th is manl l da pting
the syst em to driv e I u le llile polu mount •
not IS simple IS it lim IWC'lred. Th e seem. I
5000 found out . is to moun t the rcetc r uJl&ide
down and reverse the braeket on the bilek of

thedish.
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The results were surpri!l'
ingly good , ach ieving
vir tua lly "sparltlie ­
Iree" pictures on KAI
Uno, C\'A; SU{'f'" GUll'

11('1 .llId Disc-o.·t'r)',
which was the one chan.
nel l really thought I was
miss ing OUI on.

Most other channels,
although sufft' ring from
"sr-rkJit'$", are qui te
watchable . All the A~r.II

channds Ire of course
perfect .

The accuracy of thl: roca·
tol' is else surprisingly
quite good .

Vinually any di~ can be converted if it
damps onto a pcle, although it may need
altering so th~ elevationwill go lower. In mosI

cases, this will involve dri lling a new pivot
hole. If the back brackt1 can be reversed then
so much the beuer.,

Amstra d owners can obtain a conven ing
bracke t to enable th~ i r dish to clamp 10 1 pole.

A 60cm dish will not give good results - you
will find other utellitts, bUI they will be
"sparklie" .

I chose an 80cm offse t dish, which is
relatively cheap, eas ily available, and had the
elevation adjus ted by • sc rew thread, which
suited my purpose fer experimenting.

The LNB is • I,' (ID unit with a Ierrite
polariser. Th is dish comes with a se lection of
damps 10 take vinually any LNB, including
th~ popular Marconi. The fact lIlat the rear
bracke t could be turned upside down wasj uSl
plain luck, and in hind...ighl makes it th~

perfect choice.

2.

CONSTRUCnON

Construction speaks for itself, but where I
used welding I nut and bolt wou ld have done
jus t as well. The diagram in Fig.1 shows how
mark two would look, which is more s imple
and bener than the experimental model.

The whole thing needs to d amp onto a
vertkal pole, which can be a role euacbed to
base, II pole clamped to a gvo J "".~jJ b-ac ke, or
j u.q a pole sunk into th~ IlI.oVII . In fact, the
particular dish I used comes with a wall
bracket which would do the j ob Jl("rfectly,

Setting up ~uil"".' a little plI.l i ('n c~ and some
understanding of what the objec t of a polar
mount is. If you intend to wejl-moum iI, I
suggesl you have a practice on the ground
first.

Hrsr, set your sate llite receive r up with a

...
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Pos'n Ollnnel

noc in the same league as a proper multi­
satellite system when it comes to coo­
venience. You have 10 tune the receiver and
thenadjust the dish positionwith I dial, rather
than the single push buuon most commercial
sy5lemsoffer.

However, this is a small price 10 pay
comparedto the savingsmade, and the rotator
system, at the very lust, gives you the
opportunity to by out I muhi-satellue system
for verylittle C(lSI before plumping for the ~al

thing.

23.' E 3SAT 11.S98 Venical

19.0E SCREENSPORT 11.214 Horizontal

13.0 E SUPER CH'NL 11.674 Ven ital

10.0 E RAI DUE 11.640 Horizontal

1.0 W TV NORGE 11 .016 Horizontal

27.' W DISCOVERY 11.1 7' Horizontal

(/'--------------'''''-''''''''"''''''''''''''''''-'''''
portable TV in the garden nCAI 10 jhe diViand
refer to channel information- frequencies and
soon. A signal meter willnotbe required.

By turning the rotator controller, ~I the diVi
exactly central to the rotato r (measure each
side from lilt edge of the diYi to the hinge).
Nowadjust angleA byadjustmentof nutsA.

Adj~t angleB usingwe elevationadjustment
on the dish. Swing the whole assembly about
the mounting pole 10 rand I channel on I
degree West. If it canoOC be found, adjust
angle n, When you have found I degree West
lighten the cla mps 10 the mounti ng pole. Do
not loosen or movethisagain

Nowtune your receiver (or a channel on each
satellite along its arc. Tum the rotator
controller 10 lind if the arc is correct. When a
new satellite is found manually, push !he dish
up or do....'n 10 see if the signal improves, and
therefore whethe r your ate fi ls the arc of the
satellite . Fine tune the adjus tments acco rd­
ingly ,

3.

CONCLUSIONS

One very useful pieceof information which 1
wish Ihad had the linl time
is a "marker" for each
satellite. That is, one chan­
nel on each satellite which
is a strong signal, in PAL,
not scrambled, and in the
normal frequency band,
with on-screen identity and
broadcast 24 hours, or
showing a test card when
off. Table 1gives six chan­
nels I have found suitable
for this purpose which can
be used 10 ~t up this (or
any other) polarmount .

The end result is, of course.

122
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READERSFORUM

RADIO ASTRONOMY

lI ans Schlueter, MD, DJ7G K

The idea of detecting 1 trans it of the moon
with my satellite TV set-up arose from 1

conversation with DKRCI. the author of
"First Resu lts of the Garchinger Radio
Astronomy Observat ory" (VHF COMMUNI·
CATIONS 411990).

In the IF of my slllellite TV receive r I checked
for a siage which definitely had no limiting
and fed 001 the noise voltage. E four-digit
d igital vohmeler indicated the vohage after
reclification and fillering with C-luF.

My parabo lic di~o has a diameter of 1.2
metres and the LNC according to tht' datil
conu tns a UEMT with F- O,84dB. On II
starlight d ('ar night with full moon I directed
the antenna so that the shadow of the LNC fell

on the centre of the dish (with offset Ieedr.. this
H~cbiou.\ly won 't work - editor).

The indicated voltage climbed reproduc ibly
from 140.0 10 140.8mV, A calculation by
DK8C I proves that the rise in noise level
comes very d ose to the value calculated
theoretically.

Morll ~ even with very ~ imple set-ups
ulrrmely int('resling lr:r.ts can he carried out.

It i-'l possibl e Ihal amat eur EME si",r.ah can
1 !:>\.1 be detected in this fa~hion .

F~1 DEMODULATlON fOR
METEOSAT

II lns Sd,luetcr, MD , 0 17G K.

In VIIF COMMUN ICAT IONS 1/ 1990
nF9DA published details of a "Compact FM
Receiver for Wrath er xate tlires". The coincl.
o-nce lk'modu laltlr u~ in this h,H pros and

' 23



VHF COMMUNI CATIONS 2/91

dampeddown selectiveamplifiers withohmic
resistance unlil they become stable. At Ihat
slAge of course the gain drops Ihrough the
floor jmc the basement below. Here it
amounts between gale anddnin 10 21The facl
Ihal this is nevenhe jess a useful. indeed
superior I mplifier relates more to its combine­

tionofother favourable characteristics.

• 4. The still remaining reaction causes Ihe
trensmisaicn characteristic to be asymmetri­
cal, even if Ihis has no significln t effect on
gainand noise.

• S. The gain comes allOO$l exclusively from
transformation inthe inpul circuit.

• 6. There are GaAs tetrodes with signifi­
cantly lower reaclion (O.02SpF). II would be
interesting to learn if we aulhor can make the
CF300condemned in UKW BERIO ITE 3187
into In excellent input transistor,

. 7. A resistive transformation of 200:S0
ohms with remretransformers with a VSWR
<I.S at frequenciesup 10 higher wan SOOMHz
isstate-of-the-art electronics.

/ WlwmtkdIJisc"sr-. t!JM.".'."I

\(>----- - ------='-""= """""""'-"-"
cons : its advantage is the very high audio
signal-to-noise ratio with goodRF SIN values.
On meother hand, in the lower signal slrenglh
regions the PLL demodulator • as in the
DC3NT003 WEFAX receiver- has deflnitely
got advantages.

A just 60cm long loop yagi with a PLL
demodulator still gives good METEOSAT
pictures whereas wesignal with . coincidence
demodulator (here a CA3189) has already
sunk well into the noise!

This old rece iver {rom the 19705 is not yel
scrap me tal then, even if the PLL i.c. (4046)
could only be made thennally stable with
special cooling.

READER FEDDBAC K ON
"UNCONDITIONALL Y STABLe
LOW·NOl se GaAsFET
PREAMPLIFIER" BY YUIAW IN
VHF CO MMUN ICATIONS 3/90

Detlef 8un;hard, &x 144 26, Nairobi,
Kenya.

The 6k8 resistor connected to pin-RA of the
lIEF47S0 should in Iect be a 68k .

CIRCU IT DIAGRAM ERR OR
"A SHORT WAVe RECEIVER PLL"
VUP CO MMU NICAT IONS 4/90

" b=t• ,. I..
" • •· -.... ""• ...~

·! •
I •..

•..

-.~, -,,, .... ....

This contribution is noteworthy as it provides
a simple solution for U1 l cule problem. There
are still some ncnsenses in ii, on which I
wouldlike10 make someobservations.

• I, When an amplifying circuit is potentially
unstable, then there must be some feedback
from ourput to input.

• 2. With GaAs triodes this feedback cannot
be ignored, even if a SO ohm network Inalyser
cannot measure it es SI2 below IGHz. There
are other RF measurement methods (e.g
bridgecircuits) which can do it. Onediscovers
with a CFYI9 (operating poinl B V/IOrnA) a
reactioncapacityofO.lSpFl

• 3. We have I II It one lime or another .,__::=-__,::==~~...
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A recmtly introduced product in OUt range. the RPA·7006 l.6Glh nanowband masthead
Antenna P1u.mplifler is provinl ideal (Of rettp600 of Inmarsat Sltellile siJNIb.. Tlte full
specifICation o( the unit is liven bt~. A pcwer supply module cP-9(28) is abo IvailabLe (or

providinl the necessary DC aupply (Of the preamplifw:r viathe (eedtt cable.

_ The RPA ·7006 Intenna preamplifier is
specifteally desiptd (Of optimum pnformanct'
jusl beLow the 1.6Glh (requmcy, tht1rll y
IN tchinl the receive requil't'mtnlS from the
IMMARSATsalellite.

The RPA·7006 is llso sp«ifici lly designtd to
provide an extl't'mely low input V.S.W.R.• less
thin 1.2:1 ovt'r I 20Mltz bandwidth end U :I
over a 60MHz bandwidth. coupled logt'tht'r with
I low input noise Ilgure.

The amplifier hu • ,ain of 30dA and is
unconditionally stable with .ny input or OUlpul
loadconditions.

... . .. ... ~. ... .. .... . 1 . • _. _ . .. ...

Glin Vt'BUS Frequ t'ncy .. I ' •• .- - -,
FREQUENCYRANGE 1.4TOI.6GHz _ ' ~ \.----~ ... -':;.illJ
GAIN 30dB '.. I' .
)dBBANOWIDll{ 200MHz J',~ .. ~",-~,',,. ... , '.'
~~p'lJTSEFvIGSUw·E. 2dB~ f ... "':: <, .'~,_.:.
.. ~ .. , . <I ....v.lnom rq I ......" .::::11.
OUTPUT V.S.W.R. <1.50:1 I "

n URD ORDERI NTERCEPT +l oMAm " ~~~':'1:(~'
SUPPLY (VIA COAX) 12 to l4 VDC .. ...~~. ,'~ .' ._~

\ ~~ '(, . ~

CURRE.''T SOmA '.' " ......~#~',-
SIZE " 76.l29X38mm / '., ,~ •.~ ... ..,'__ •__ -'l'~
\\o"ElGHT 200gms ,
INPUT CONNECfOR N plUI •
OUTPUTCONSECfOR N soclttt ••••• , _ .- - - ••••••t._ --
FIXING SYSTEM · BASEPLATE" HOLES Input Match Smith Chin
• N connectors extmd Imgth from 76mm to 12Omm. The fhinl baseplate is within this Imgt h
(97mm). TIl E AMPLIFIER IS NOT WATERPRQOF IN TIiI S PACKAGING.

Also availablt' are preamplifit'n for more general microwave use•• range of Wgh Quality
Microwave Television Transmiltt'rs. matching Mlcrow....e Power Amplifit'rs to 20 Walts.
Microwavt' Tt'levision Receivers and a varielY o( sp«ialiSi equipmt1lt for Microwave surveillance
ttlt'vision and secure ttlev ision links.

For prict'land furtht'r informationplease coeract:

MuT EClI , 9~ LONDON ROAD, 1I0RNDEAN, IIAMPSIII KE, ro8 onp, U.K.

TEL: 070~ ~9304 3 (International t 44 70S 5933B). PAX: 0705 59872 1
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TIMESTEP
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HRPT System
Notw h ~ltaI .iRPT tTlIlmfTIIMlOOI lrom NOAA. ......th" gl'CUlll .nc:*IllOn of jut! I Ikm. oIoow
I~ to bt r« t1\«Iln n;ted!bIe d amy RIWn . Iakn. mounlall1l. ( llift and~ IlNII lovmt un be
""" on~ dIr,rI r1.twrnwn WIll bpp"«IoI~ the lIlC,u wd rf'tOlutlOn of loCI _ '''''1 lli'lTlpn.luror.

I~ procnung. Includmg YaNbIlrand hulog ram contrail ~1MliOn cornblnlld WIth 1111 colula'
.dIlmg. g..... ttwbnl P'J'&IbIe ronult, lrom ...... ifnoIIIle Coku enNrw;1Im«I1~ ......1...
l"'"P"'a1~.and land detalIIlo Itand out If'l high con trail AT., r'IUn'Ib.r of colaw pMlln can bt sawd
1Ql' lul~' 1M Tlw~lCal«l~..m..rn Il)/l1oWI, . dowI .. ,.... twldt ID be wwd andd1~
on rw.trly" VGA and SVGA GIro.I'llhI up to 1024 pta .... 768 Ilnn and 256 colow,

Zoom to g'••I.., thon p'J<v1 MIlt ov4'14b1. from boIh . rIlOUlC-d.rlWn lOOITl 00'" or ~J'll • ' o.IlTl'"'J
loom 1h.t1 1l1lowt ,"aI nme dynamll;: p.lllnlllll

Sec;llOll' of Itw 'mage m-v be wwd and conwrll1d 1o GIF llTl69ft lor eaty li'J«:hanwe.

.... 1Il1dl and Ionglludor"rlddlng tomblrwd WIth . IT10IIM JlOI"III'f l.oIdoul oI ltmpel'.I~ WID tw _iWJIf
IIttln 1991

T...... lhe w'"'' It easy and hn' M.an..III I'.Iung .. Wf)I wnpIe.ttw paMIIMloul IS moAn
long A II. kIng"J'I"" If,~~I and "P«Iel! by dw end 01 199 1 A 4 1001 dash ¥'dvood

r.
"~lIrf '" r«OITVTWtldIcI nwTImnlt'p R«_ II MIl conW/1lld In oItl _","l'1li c_ ard

..,.lur ,nUIl<h.nne! opITluon and IITlllW'lI ,oil 5 ITW~ 101' pl'lKlwllinai .c'lfllI1h rroIlturmwn! and
I.ackinll Thvdotla c"rd It " Tlrnftlf'P dnlgn~ undf'r bc.-nt. fTom John DuBob and Ed Muraahw

Compltl. 'Y""" .r.~. cal or ""!l.for . colour brod....

U!ofOo-...o..-.s.--~ PO .. 1084 e....-.l "'--_01142 ttl !>OIlt>J21.~

TIMllnp WL"THla SYSTIMS
Wk .....mb.ooa.,~r...e CU8 8QA Englend h i: 10HO) 820040 Fe.: 10HOI 82028 1



M.IltCMal .··GoC',
, I OMdiN! Ant.-nno (UK onM C'l Y$gl /InlPnna
, Pr"lImphf~, :"J 20M mkrnwaw C/lbk'
:"l M"t olOllltlGO ES •.-c<'lllli"t
:"l V('oASAT IV cepture card
" Cap(u'" cardlrecollllli'" cabW
Cl DIN! f-t (colIN un 1ypIL')

Po lar /NOM
::1 CrOl'f'd dipole anlt nna
, Qu&dnlllf,r Htl lx lIntcmfWI (lat" 199 II , Preampllflf'T
:1 2 chllnrwl NOAA •.-c_, n PRo.c:an ,,,,,<'lVli"
Cl CafMut" card/r«"iwr cablt

Call 0 ' w rl /.. fo r fur/he. mformollon
USA£.du<.,_ n._ F...... SclOOOJoc Fdu<.olOONl toW. .....
t-. 4<)() l w ~M'¥'O s,_ CN<_ It bOb~1
To! IllOOl>:1411>9
UYI ........ _ DNln~......~ PO 800 1Q114
C<>ncotd , ",-,,-.0\742 To! SOlI U] 214~

VGASAT IV & MegaNOAA APT Systems
1024 x 768 x 256 Resolution and 3 D

The TIITlftI..p 5.llrilll! Sytlml can reUM! lrnagn from M..lt'ONl. GOES. G MS. NO AA , Mel POl, Okedn
and r eng Vun U,mg an IBM PC -comP<ll1b1e campul" mobln I"" d.,pI.w 01 up to 1024 ph"". 768
hnn Gnd 256 'lmultalWOUl coloun Of g.t'Y~ dl>pomdlng on the graphic card hued WI' ecu....ty
.....ppcn rwarty all known VGA and SVGA ca rd, u.t..n.iw lma.g<! proc l/'uing indudn ..." h, lle :m
p.Ojl'( tloo

100 Frame Aut omatic Anlmallo n
AnllTk\tlon 01 up to 100 lullte r",," fl"'~ f,om GOI.5 and Ml!l<'!OSllt ~ buill In We (aU th~ .. "nd 1Ilorw
lIn llTlllllOn ' II' 11 &Ulomallcally IK e ....., 1:n'Iagn. , lornt~ lind Conll~ da,pjay,tN>m Old~
I". lUlorn.tllC.a!Iy doolttro lindupdalfd WIth rww 1m89" The vnooIh Ilnlmlllt'd Irnotgn /In! compl..1ely
fhcker free Onc:.101.'1 In operation WIth IIsinglf rnouM c1K:k. tlw prog rllm WIll /I~ayt $how llw I"tftl
animat ion NqUfT'lC"e IWllhotJl llrly fUrllwr operator actIOn

NOAA Grlddlng and Temperature Ca libra tio n
TIw InnOV/ltlw MegaNOI"A prog•.,m willl ak" the whoko pa•• 0 1 lin orbitIng !I'I,,'lhte and ,l or " th..
camplel. da til Aulomal k grlddlng a nd is 'you ,,,It he., function tw lp lmagit- Inl....p'ltta tlon on cloudy
wlnt". daY' 5p«IMula' colow Is built In fo, wnny 1llfTl1Tle , dayt Stlf~alibratlllg Icm perahu lt r<:'adout
mabln lhit mot1M' poerter 10 Iohow Ionglh.dit. Io1tll..dfo and lorrnpe,alurlt toimuharwously

Equipment

TIMlin,. WlATHI R n STIMI
Wlrkluomh, onlo N.....",,,.lort eM 8QA Engl"nd Trl , (04401820040 F... , 10440 1 11202!11
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MATERIAL PRICE LIST OF EQUIPM ENT

described in VHFCOMMUNICATIONS

DJ8ES FM ATV Receiver (o r the 2Jcm Band An .No. Ed . 1/1 991

Conven er

PCB DISES 001 double-sided 6347 OM 22.00
Components OISES 001 6348 OM 179.00
Kit OISES 001 compl«< 6349 OM 194.00

Digital Frcqueocy Iedieetcr

PCB OISES 002 double-sided mo OM 19.80
Componmts DJ8ES 002 63" OM 94.00
Kit Ol8ES 002 complete 6352 OM 110.00

IF Amplifi e r

PCB DJ8ES (0) double-sided 6m OM 15.00
Components OISES 003 6354 OM 105.00
Kit OISES 003 complete 635S OM 115.00

Demodulator

PCB DJ8ES ooa double-sided 6356 OM 19.00
Components OISES 004 6351 OM 136.00
Kit DISES 004 complete 6362 OM 150.00

Dl6MDA AD{DA Card An.Na. Ed. 2,'1991

PCB DL6MDA 001 lhougb-coru. single 6366 OM 38.00

Kit DL6MDA 001 complete 6367 OM 11 0.00

Floppydi.\k. with .EXEprogramme on 3S' noppy 63611 OM 20.00

PUFF - A CAD·software for Mi<: rown e Suiplinc Circuits Art .No. Ed. 2/ 1991

PUFF incl.Handbook I noppy (360kB) 3407 OM 28.00

S-Parameler MOTOROLA 2 noppies (360kB) 340. OM 20.00

,s·Pa rameter SIEMENS 1 noppy (1.2MB) 3409 OM 15.00

s -Peremerer PHILIPS 23S'noppy 3411 OM 30.00

Pest and packing minimum cha rges OM 6.50

The above items are a ll supplied by, and obtained from, UKW-Benchte in Germa ny.

To obtain supplies please contact your country repeesenuuve for detai ls of local prices and
availability. Ah emative1y, you may order direct from UKW-BerichtC' or via KM Publica. iam,
whose addresses may be found on the inside fronl cover of thismagazine .
".



Plastic Binders for

VHF COMMUNICATIONS

• Antactive pl.~lc covered In VHF blue

• ACC'C'plA up 10 12 M'IlOll~ (lhtff volumt!l)

• AlloWll any rrquirt'd copy to be- found t;losHy

• Keep" the XYL happy and contented

• Will be IImI anywhC'fe tn the world fOT

DMS.OO · JlOiit and packtnl

r lu se ordt r your bindt"l via the national
It'pr~lIl i YC or dlrmly from UKW-UERIO ITE.
Terry RilUm OHO (II« belo....)

The following editions of VHF COMMUNICATIONS
are still obtainable for reduced prices from the
publishers of UKW-Berichte.

Subscri tion Volume Individual co
VHF COMMUNICATIONS 1991 each DM3S.00 tllch DMI O.OO

VIfF COMMUNICATIONS 1990 each DM27.00 each DM 7.50

VHF COMMUN ICATIONS 198810 1989 each DM2S.00 each OM 7.50

VHF COMMUNICATIONS 198610 1987 each DM24.00 each OM 7.00

VHF COMMUN ICATIONS 1985 each DM20.00 each OM 6.00

VHF COMMUNICATIONS 198010 1984 each OMI 6.00 each OM 4.50

(Edilion )/1982 no longrr Ivana Me)

Ind ividual copies OUI of tlder, incomplt'h! volumes , L'i long as stock lasts :

2/1971 • I. 2. -1/1972· 2. -1/ 1973· 1. 3/191-1· 1, 2. 3. -1/1975 f'aeh DM 2.00

2.3, 411976 · 1,2, -1/1977· 1,211978 · 1. 2, 3/1979 each DM 2.00

Plastic binder for 3 volumt'$

When ordering 3 complete volumes, a free binder is included!

Post and packing minimum charg~

('aeh DM 8.00

OM 6.50

:';~7.,,,I"': ' ~::" :.;'t~te T. GillanOHO · Jahnslr. 14 · Poslfach 80 ·0-8523 Baiersdorl
Tel: 09 133-47-0· Telefax 09 133-4747 · Pcstglrc Nilmburg 30455-858 code 760 100 85



EASY-PC, SCHEMATIC and PCB CAD

Options:
1000 piece Symbol Library £38, Gerber Import facility £98

DIGITAL SIMULATION SMITH CHART CAD
PULSAR £195 Z-MATCH II £195
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. Z-MATCH IIl1implifie. FlF !Nk hlng.nd Includ..
INny 1nOI" INI_ ....n the .lancl..-d SmII" ChItl

. ...nd... tr.n.ml..~ line ItIln,t_ • • Iub.,
di.c;qtl component., S P.ramel.... MC.MC..

. Suppl led willi mIIn, -"ed .umple• .
, SuPfibl, "" 10 Ie" n .nd 10111.
.Ru ro . on IBM PClXT/AT!31lL1.... CG A,EGA,VGA.
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, NOll copy protect• .
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Over 7500 Installations
In 50 Countries Worldwldel=--......

, AI llI,tl A lullMlutld Olg",-l Circuli S imullllcw lOt
.... UIIon t1000l

, PuIWl' .no.. ),ou 10 ,..t.,._ d• • lgnl wfl.houC lhe
nHd lor '.Pfilal... ,..I ~ulpmenl.

• elleh lillie"'" down 10. pleo I.cOnd p« _k'
• Su~bt.,. ....,. to ...," I nc! uti.
_ Run, on PC!XTIAT{211l131"'" wllh EGA Of VOA.

.:""l:"'C'.... _ ..

for lul l Inlormallon, Wrill. Phoneor fu:·

Numbe. One Sy.tem. Ltd. 1 The CAD Specialists
REf: VHf , HARDING WAY,ST.lnS, HUNTINGDON, CAMBS , ENGLAND. PE lf 4WR.
T.lephone: OUO 'In. (J Ilne.) fll : 0410 4.4042
11ll...N1I\ofW1I: +" ..4fMln.. l'fll: +......4fQ-414042 ACCESS, AMEX, MASTERCARD, VISA W,lcome.
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