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Dr. Ing. JochenJirmann,DB1NV

Broadband YeO's using

Microstrip Techniques

Th e VCO used previously in the spec­
trum analyser over the frequency range
450 to lOOO ~1Ih: was tr icky to make
mechanically, which led me to lou k for a
simpler solut ion. From this arose a
dn'uil concept that, ,Il'l'ordi ng to the
components used, is suita ble fur the
frequency range 4lHJ to (900 )1"1. and
IIITers gua ranteed tun in~ m er sil,:nifi.
cantly more th an one octave .

T he frequencies 450 a nd 14511 MH z are
nu longer the limits and th e spectrum
analyse r can he enhanced to provide two
overlapping Frequency ranges of zero to
won MHz and 900 tn 1900 .\ l Hz. Two
fur th er var iants of the veo achieve 400
to 1250 .\1Hz and HIH. til 1900 MHz. The
oscillator module is thus suita ble for
sweep generators and similar applica­
tlons

The first va ria nt covers the 70em band
and severa l microwa ve fr eq uency-mu l­
tiplier s. T he secon d version covers the
23c01 band as well as t he Meteosat and
satellite TV frequencies.

TIle main limiting data of the three variants
arc:

* Tuning range: 450 to 1450 Ml lz
selectivel y: 400 10 1250 Mllz
ami with alter native components:

ROO to 1900 Mllz

* Tun ing voltage: I to 30V

* Operating voltage: 15V

* Output powe r: > Wm W

• Output stability: better than 6dR

I.
CONSTRUCTIO:'l BASICS

In order 10 produce a veo with a luning
range greater than one octave certain
preconditions mus t be fulfillcd.

Q The capacitive tuning range of the
hilling diode must be sufficiently
large (for one octave this call be
calculated as a capacity variation
01'1:4).
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o The oscillator circuit must be
secure ove r a wide frequency range
and ope rate with no great changes
in amplitude.

Unt il a few years ago tuning diodes out of
TV tuner s were all thai the normal am ateur
co uld usc, with a capacity variation of
f W IIl I:J to H i. On account of the
ine vitable capac itive ef fects of the cir­
cuitry, OIlC octave W;IS the maximum

h lllil1g range achievab le.

Wilh the introduction of hypcrband cab le
T V tune rs and satel lite TY tunin g diodes
have been produced with a capacity

variatio n of 1:9 up to 1:IIJ. For 'he vr 'O
presented here two types, made by Sic­
mens (2) and Valvo, were selected follow­
ing test s:

* the BD6 19 with II maximum capac ity
of J7 pF and it minimum of2 .7pF

* the RRXI I with it maxim um capacity
of \JpF and a minimu m of Ipl-,

[loth diodes are enc losed ill a dual-e nded
plastic surface mo unt devic e (S~lDl pack­
age style , wh ich exhibits the same kind of
low self- inductance (approx. 2.5n10 as the
BBti21 in m ini-M ELF glass package used
be fore . Resi stive loss is a comparable
0.55n.

Fig.I: Colpitts Osci lla tor with

Phase C orrection

Above the series resonance the inductive
component of the diode becomes more
significant, in other words it behaves like a
tuna ble inductance. Expressed another
way , sel f-resonance is tile frequenc y at
which the diode-tuned os.:i llating circuit
call prod uce the most with an external
ind uctance of close 10 zero. Practically
achievable frequencies lie below this fig­
ure since au osci llator cir cuit inductance of
zero is naturally not ach ievable in practice.

l-or the BB6 19 we lmvc, accord ing 10

capac ity, sclt- rcsonancc fr01ll520 Mil l up
10 1.9 Gl fz, and fnr the BBXI I 'h is l ies
between l.lJ(l GH/ to .l 2 Gl lz.

A maximum achievable figure of merit lQ )
for the circuit can he calculated from the
resistive loss and the capacity of the diode

(assuming zero loss in the external compo­
ncntx}. Thi s is:

Qrnax= I /( R~ . 2n:fC)

fl0 1NV

Fig.2: Colp itts Osctuator with
Variable Outp ut Ceupl lng
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With a measured frequency of 500 M H/.
we have for the BB619 a range of values
from 16 to 2 15 and for the BH811. from 64
\0 5HO. As call be seen, at maximum diode
capacity at the lower end of the tuning
range we can only count OIL a restricted
circuit performance and should expect

only average noise characte ristics from the

oscillator.

AI low frequ encies it is no problem to

ensure feedback free of osci llation over a
wide f requency range since the phase shirt
in the active element (the transistor) is

l-rc Ilene ranee 400..12511 MHL 45()..1450 Ml lz XfJO..1900 Ml lz

Dt-DJ BB6 19 IlB619 HHXll
TR3 BFG96 BFG65 BFG65
RI ioon ISO!]. IXon
L2 l S rurns W Illms lu tums

0.35 C uL 0.35 CuL 0.35CIlL
I .Snrm former lH mmformcr l .xmmformer

PCB DBINVOl 2 DBINV012 DDINV 0 13
L1 Striplinc on printed circuit boa rd

Cu L =cnamc llcd copper -wire

Table 1: Components of the VCO module which "ary accurd in~ 10 frequen cy
range
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constant at ze ro deg rees (base circu it) and
lXOdeg rees (emitter circuit). In the UHF
range this phase shift is extremely frc­
qucncy-depcndcn t und in comm on transis­
tors lies between 70 and 120 deg rees . W ith
broad tuning ranges it L~ the refore impossi­
ble to avoid the need to compensate for the
phase shift of the transistor according to
frequency.

A simple and unproblematic so lution is the
Co lpitts osci llator in the em itter circuit,
with a var iable capacitor to achieve phase
correction in the bnsc circuit of the
oscillator tran sistor. Ci rcuit principles arc
g iven in Fig. I.

In the ama teur Iucraturc this type of
oscillator was first described by YTJM V
(1) for a satell ite TV receiver and is best
suited for w ide tuning ranges . TIle circuit
has a defec t in tha t the osc illator power
increases sharpl y w ith frequency whilst at
the lower end it barel y suffices. Th is can
he rectifie d with a simple mod ification to
tho ci rcuit by using II further tunin g diode
to ma ke the output couplin g from the
collec tor of the oscillator transistor vart­
able and thus reduce the output with ris ing
f reque ncy .

TIle principle is HhoWII in Hg .2. where the
tuning diodes arc rep resented as va riable
capac itors with common tuning.

Having sorted out the oscillator, the circuit
call he enhanced with three further func­
tional clements: a resistive splitter 10
d ivide the oscillator output symmetrically
fo llowed up by two buffer amplifiers. The
single stage amplifier is for connec ting a
frequency counter or a frequency control
loop, whilst the two-stage follower pro­
vides a level around 20m W for driving the
mixeror measur ing object.

•

2.
CIRCUIT AND COMPONENT
VARIATIONS

The circuit of the VCO module valid for all
variants is sho wn in Fig.3 and the compo·
nent options in Table I . The core of the
circuit is formed by the oscillator around
TH1, a BFQ69. Tests sho wed that rrausls­
tor types like BFQ(i9 or BFRYI were best
fur this application. whilst still "bcncr"
trans istors like the low-cost Avantc k
AT4 1485 or AT421»l5 were subjec t to
interfering oscillat ions between 2 and 5
OH /..

Tile ac tual oscillator circuit comprises L I,

a striplinc inductance, and the luning
diodes D2 and 0 3; the tuning voltage of
(rum 1 to 30 vo lts is taken to the " cold "
point in the middle of L1 via an SMD
choke and a damping res istor.

TIle diode D l rep resents the vari able base
coupling or the oscillator transistor, whilst
the collector (by way of IOpF) lies at the
otherend of the rcsouaurcircuit.

Th e operating position of TR1 is set by
collector resistance and :l resistor ahead o f
the base to around ha lf the power ra il
voltage (apprux. 6 to Hvolts) .

An electro lytic capacitor shunts 3 large
pan of the base resistor for audio Ire­
qucncy. which red uces the noise sideba nds
of the oscilla tor . In Ihis connec tion the
tr imming of the coupling diode DI to the
hase potential of TR 1 instead of ground is
not ideal but was chosen to simplify rhc
circuit.

Diode D4 represen ts the variable coupling

out from the circuit. working as a combina-
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• ~5'

OBl NY
012/013

Fi~..I : C om pon en t Layout or the ;\Iic rll~tl"ip VCO I>IHl\V 012 ,HI d IIl.t
T he dilTcre nrc between the hHllic1'l in the slze uf 1.1.
Thrnlll-:h con tac ts art' mar ked 121

3.1 Parts list

.I.
COI\STIW CTIllN AI\ f)
COMMISSIO NING

Before sl,ming construction. the frequency
range 10 he covered (and hence the PC B
version) must be decided. For the two
lower frequency ranges we usc DU I t' V
11 12, for the upp.:r range il is DR INV u 13.
11K' components for the cle ments that va ry
acco rding 10 frequ ency life indicated in
Table I followi ng. The remaining. compo ­
nellis arc in the ",HISlis t.

tiou of ancnuator and res istive spliu cr, the
outpull' of which lead 10 buffer amplifiers.

TIle amplifier with TR 4 for driv ing a
counter or frequency regulation loop is
equippe d with the highly efficient amp li­
ficr AT42lJS5 already mentioned .

A combined ser ies and parallel negative
feedback stabilises the operating point and
smooths the frequency tracking. AI the

counter output (OutpuI2) a P O\\ "CI level of
around 1 milliwatt is available.

The amplif ier for the main output (Output
I) w ith TR 2 and TR 3 has a first stage
almost ide ntica l to that using TR4 bill the
second stilge has, according to variant
chos en, either a AFGoS or I3I'G9ll. '111is
prod uces ;111 outp ut power of around
20mW,

TI1 C circu itry has no specia l character istics.

TR}
T R2, TR4

D'

I.lFQ69 (Siemens )
AT420R5 (Avanrck}
BB811

(continued over leaf)
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3.1 Parts list (continued)

If the VCO m odule is to go in a case of its
own, a standa rd tinplate case (size 74 x
55.5 x 30mm) can be used. All RF
connectio ns arc made w ith m inia ture RF
jacks (type $.\ 18 Of Sr-.lC). The tuning

Also:

Tinp late housing 74 x 55.5 x Sumru

2 feed-thro ugh capacitors 2.2nl;

I feed-thro ugh capacitor 22pF

2 miniatu re connectors SMC or S!\lB

3.4 Test results

Figures 5to 7 show in each case the output

power and frequency of the three oscilla to r
varian ts vers us tuning voltage. As can be
seen, the desired resul ts mentioned at the
beginning are largely ach ieved.

At the same time the phase nois e of the
oscillator was investiga ted. In this connec­
tion the autho r is grateful to Dr Prokoph
DL5Nl' for the measurement s m ade with a

phase noise lest station type 3048A by

3.3 C ommission ing

Commissioning requires two powe r sup­
plies (l 5V and 0 - 30V) , a fre quency

counter and a power meter. The 15V

power suppl y provides the ope rating volt ­
age, the adjustable one the tuning volt age .
The counter goes on the counter output and

the power rueter on the main outpu t.

After connecting these voltage s the yeO
should be tuned over the relevant range,
checking for no gaps in the oscillation Of

abrupt cha nges in output power. The
measurement curves achieved by the au­
thor shown in the next section should serve
<IS a guide to the correc t values.

Poor tuning behaviour indicates the R~

chokes should be checked; self- resona nce
generally OCClifS because of poor cons true­
tion form s and can be corrected by
swapping the chokes for others. However,
the author has also come ac ross halt­
defective oscillator trans istors, wh ich gave
no problems DC-wise but produced w ild
oscillations in the CiHz reg ion.

$\l D tantalum
clcc tro lytic s 35V or
tantalum head.

S ~JD chokes, c.g .
SiemcnsS IMJD01,
0.47uII

All resistors :

Elccrrnlyrics:

mini-M fil.F or ch ip,
size 1206.
Res istor s ma rked with
a star arc m iniature
types withnormal lead s.

All ceramic capacitors: chip , size 080S
or 1206.

RF chokes:

3.2 Cumponcnt ass embly

Given some experience with $MD compo­
nents and the overla y diagram Fig.4, the
plac ing of compone nts on tbc l'C H shou ld
not pose any prob lems. Firs t drill holes
about O.91l11ll throug h the board at the
positions indic ate d and con nect the upper
an d lower sides w ith tinned copper wire or
prope r ho llow rivets. Tn the case of T R1
an d TR3, the emi tter vanes can be used for
through contacts. Next fix all the S'Ml)
component s, f inally the three resistor s with

leads clo se to TR2, T R3 and TR4 as well
<IS choke L2.
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- ,

I II""p::+=m+++H=IJ~soc

""

Fig.7: Fr equency Trackinl.: and O utp ut Power H'r~ lIS Tuntn g vcttagc ror ,I
NUH 10 1900 MIll. \'crsiun

He wlet t-Packard. This en tailed the lise of
ex trem ely stable noise and hum-free pow er
supplies III avoid influencing the measure­
rncn rs. T he resu lts for an operating Ire ­
llllcm::y of 57(1MHz arc shown illTable 2,

In practical applications of the veo in a
spectrum analyser it is apparent when

meas uring neighbouring channel power in
Rr synrhcsiscrs (25 kHz steps) that e x­
tended waves 65dB dow n call be detected
if the narrowest c rystal fil ter bandwidth of
circa 1 10 2 kllz is selected. Calculation in
this case gives :1 dynamic ra nge of 72 to
75dU. Tha t this is no t achieved in prac tice
is because the power supply of thc veo ill
the analys er is sti ll not cle an enough.

Ta ble 2: Phnse noise of the
broadband VC O

Frequency dis tance f rom
III

100 li z
1000 Hz

10 kl fz
25kHz

IOUkHz
I \-IH,.
5 ~ll1z

Phase noise
dll dl l7'

-10
-tiO

-YO
- 105
-115
-135
- 150

4.
CONNECTI NG Til E VCO
:lcIODULE TO TilE VCO/I'LL
GROUP

Since the new veo is significant ly la rge r
than the oscillator originally used in the
setup DBI NV L1U7, d irect substitution is
not an option . Conn ecti on can be made as
follows.

20'
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First connecr the m ain output of the veo
to the f irst mixer of the RF/I F unit OD IN V
006. The existing veo in the PLL gro up
can be disconnected by unsoldering the
suppl y and tuning voltages and tak ing
these to the new unit. Ta ke care with the
rout ing of the Wiling voltage line in order
to avoid interference: screened cable is
recommended.

The counter output of the yeO is led
through screened cable to the PLL unit,
with the inner conductor shunted to grou nd
via 47Q and taken via 470pF to pin-2 of
rcz(5DA42 11).

To ad just the frequenc y regulation loop to

the new tuning range, the time const ant of
IC(i (74LS22 1) need s to be reduced. 50 the
capacitor between pins 14 and 15 is
reduced from68pF to 47pF.

Finally three resistor s in the intercon nec­
tion of the un its are changed as shown in
Fig.8 10 ensure the new tuning ranges arc
properly covered. The digital voltmete r
used as freq uency indicat ion must be
rccalibru ted. This completes the alterations
to the analyser.

Verdict: The new broadband veo concept
has been proven over a year in the author's

5.
LITERATURE

( I) M. VidmarYT)MV:TVSalellilc
Receive Sys tem Parr-Z: Indoor Unit
VIIf COMMUNICATIONS I/N7.
pp.35-56

(2) Sicmcns-Datcnhuch "Tuncrhalblcirer"
1( 1)(J.

PokerWork(d Key fobs , Door signs, etc.
with your Callsignor message. Send an

SAl. fordctails to:
KKYSTYNAS CRAfTS, 5Ware Orchard,

Barby, Nr.Rugby, C'V2J BUf, U.K.
Telephone: 0138 390365 (Int: +44 WI 890365)

fax: 0738 891883 (tnt: +44 738391g8})
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Matjaz Vidmar YT3MV

A IMbyte SRAM Card for the

DSP Computer

Unfortunately ittook longer than expected
for large SRA\ b to come dow n to a
reasonable price; the first I Mhil SRAMs
did not reach the ma rke t until Iq.)ll and

prices then bcgamo drop slowly ,

The se new memo ry chips urc generally
arranged <IS 12l< cig bt-bit words and arc
otrc rcd in a variety of Jz-ptn pa.:kage
styles.

111e fol lowing list 01 produce rs known to
me of 1 Mil C:'\lOS I~AMs is bound to be

incomple te but will serve as a guide for
purchasing.

In pre vious issues of t his m;I~;lliJle (I)
" C11:1\'(' d t'Scrilu'(] a t"l llll llllll'r fur d i ~ita l

sil-:lI<l! processing - tilt, nSf' Computer ­
tnJ,:\'t ln'r with its oper.utng system. th e
lali t" " hcill~ held in per manent CMOS
11I(' 11I0 1".)'.

Oril.:irMJI} 256 kilehit st al k RA' 1s were
used "inn ' th ese were till' most widely
available memur}' chi ps. Thirty-two
such chips. spread 0\"(' r rO llr cards, gall'

I !\In of storage. allnw!n!: con ven ient
picture reception and Sil-: llal processing
lin the nspcomputer .

Sinn' th e com puter was dc!>iJ.:llcd Irom
the outset to address up In 15 .\ I8.\l l's
there is an Immediate benef it f rom
i lll'l"t'asin~ this mem Ur) capaelty.

A first step in t his difl'i:tiol1 was dou ­
blillJ.: the sto rage by means of a pig~~' .

hack a rrange me nt described by Heinl.
Kri l'J.:cblein (2 ). The second st ep is th e I
Mn~.. te ca rd descr jbcd now.
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Supplier

Sony
Asuhi Kasei
Hitach i
Mitsubishi

~ EC

IMHSRAM

CXK5XI{IIXlP
AK:'\-lfi 2K1 2!'<LP
H~Hl2R1 2ilLP

~15~t5 100XP

uPD·U lOOOCZ
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In order to usc the new 32-lcggcd 1 Mbit
SRAMs in the OSP computer it was
necessary 10 des ign a flew PCB . Th is new
memory card (YT3MV 0 12) carries eight
of these memory chips . a buffer for the
address and data buses plus the necessary
address decod ing and control logic.

Fig.I shows the circuit of thc new 1 Mlrytc
card, which is quite similar ro the old 256
kByle one, apart fromthe simpler address
decoder and buffering.

.?< -------------""''-'''''''=''''''''~\
These integrated memory modules are
available in 32-pin DlL packages and in
several d iffere nt SMD styles. In contrast to
the previous 2S6k memories (32 kE yrc.
z x-pin DII'), these have two additional
address lines and an extra chip select inpu t
(active high).

The 32-pin package ab o has one unallo­
cated pin, presumably for compatibility
with future 4 MB memory chips. The
version in DIT.. cases all have pin-to-pin
compatibility .

YT3 MV 0 12

..,---.,
Fig.2:
Track layout 011 t he
component side IIr
..en YT31\1V 012

Fi/;t..\:
Track layout 111I t he
lower side of pen
YT.'MV fl I2
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The wire links are inse rted betweenlocation 4 and the
location corres ponding 10 the address range selected .

memory, the address
range of each new card
(an d any old ones )
should form together one
cont inu ou s memory
range.

The new mem ory card
YT3~lV 012 has the
same dimensions as the
other cards in the nsp
co mpute r; 120mm x
170mm. The lay(lIll of
both sides is shown ill
figures 2 and 3. The

component overla y is given in FigA.

The new control logic is entire ly similar 10
that of tho old system (a ' 13S chip merel y
replaces a ' 125). The scheme docs, how­
ever, only cater for ICs of the 7411C (or
7411Cf) series; 74l S types should not be
used .

Chip and pin

IIC I3RQ I -pin 14
IIC 13S Q2 - pin 13
HC 138Q3 - pin 12
HC244E - pins l , 19,e tc.
HC 138 Q4 - pin 11
1-1 C 138 Q5 - pin 10
HC13XQ6 - pin I)

IIC I3S Q7 - pin 7

lOOOOOH - IFfFFFH
20000011 - 2FFFFFIl
300000 H • 3H VFFH
Return line
40tXlOOH - 4FffFFH
5(X)()OOH - 5FFfl·HI
600tXXlH ·6FFFFFII
7tXX)()()H - 7FFFFFH

1
2
3

•
5
(,

7
x

Arran gement of address ra nges a nd wire links

Location Address range

To allow the operating system of the DS!'
computer to make effe ctive usc of the

Another similarity is the programming of
the start address of the 1 MH memory
blocks with wire links; there are seven
ditfcrcm start addre sses poss ible from
1000001110 700000I L

YT3MV 012

-.-

-
I--

: ~ " : 11 I
• --h- <0,.

FHew I
".---

Fig.4: Component Layout of the 1 l\IR)"te SRA\ 1ear d YT3MV 012
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( 1) M. Vidlilar YT3 MV:Digilal Signal
Processing Techniques for Radio
Am.ucurs
P'lrt- I VHFcm,lM UN ICATIONS
2jXX, rr .76-97
Pan-2 VHF COM1IUN JCATlONS
I/}; \) , pp. 2-24
Parl-3 VI IliC m .1MUNI CAT IONS
2/S'-J , pp. 74~94
l' art -aa VI IF COfl.1MUN ICATIONS
3/X9. pp. 130- 1.J7
P,.rt·4h VI IF COMMUNle ATIONS
4/X9, pp. 21Ci -227
Update I VHF COM MLJNICAT /ONS
3N1, pp. 147-157

LITERATURE

(2) Heinz Kricgcls tcin: Simpk Doubling
of the Data Storage Capac ity otthc
DS l' Colllputcr
VIJI'" COMMUNICATIONS4f'}1,
pr- 206-2 W

with minimal modification, once these
chips become available . TIle address buff­
ers for them are already p rovided,

In conclusion I wou ld like to mention that
these new memory cards have been de­
signed 10 accommodate 4 Mbit SRAMs

(~ ----y!:~~~~~

The prototype of the new memory board
us e s e ig ht c h ip s of t he typ e
AKMo2812,sLp· 1O by Asahi Kasel: it has
worked lit a C PU speed of 12.75 li z for
more than half a year. An access lime of
120lls should therefore sutflce for CPU
speeds of 10 MHz and HXlns for 12 MII7-.

The new I MB memory card should be
tested in exact ly the same way as was
describe d for the older 256 kB card . First
usc the oper ating system comm and " w"
10 write something in a couple of memory
locations and then read it back. T heil set a
new mem ory range (operating system
command .,N " )alld finally ancmptto load

some programs from disk and run them.

Suitable loc ations for the card in the
compute r arc restricted by the bus ca rd - a
maximum of four memory cards can he
used at a time. Th is me ans rota! m~~lI](>ry

can be no more than 4 Mljytcs llsing four
of tIle new card s, less if some older one s
arc re-used. If a 1 ~m card is nor fully
populated with chips, then the highesl
addresses must he started (in pairsl ) and
rho corresponding start address givcu with
thecommand " N",
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Jeen-Pierretvtoret,HB9RKRandDr,Angel ViJaseca,HB9SLV

Doppler Radar in the

10 GHz Amateur Band

Part-2

3.
SEI.ECTION OF AN SHF
RADAR SETUP

Several choices arc open, offering varying
co mplexity and results.

3,1 The "Gunnpl exer"

This dev ice, once w ide ly used, is based
upon a circulator (Fig,. IS). Power de rived
from a Gunn oscillator reaches the antenna
via 1I circulator , w ith a small component
reaching the diode mixer as a heterodyne
signa l. Received signals reach the mixer

practicall y unhindered by the circulator.
The des ired output signal is the difference
between the re-ceived and the local oscilla­
tor (LO) signal.

III this case the less than pe rfect direction­

ality of the circulator is a des irable feature.
!iIIlCC the LO works as a transm itter and at
the sa me time makes avail able a hetero­
dyne freq uency. The reverse attenuation of
the circulator is around 20dE so that even

with several hundred mW rransnur power

the mixer diode is not tb rcarcncd. III
addition the circulator pro tects the LO
from the outside world, which is good for

stab ility.

A frequenc y drm of, for e xample, 10 M i ll:
at 10 Gil l. is just one pa n in a thousand;
this also means that any erro r in the
Doppler frequency is also on ly I in HKIO.
There iUC no othcr errors. since thc
transmit and heterodyne frequencies are
produced hy the S<l !TIeoscilla tor .

With a 40cIlI dish antenna we achieved
ranges of 2(KImet res .

aer i al

G

Flg. 18:Practical possibility using a
Circulator [l.e: G unnplexer)
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G M

G

hor n ae r ial

Fi~.2U: A 'B la~t-thrllll~h ' Mixer fur
hr uadh.md 1<'1\1 is a good
d wicc for Radar experiments

3.3 The "hlast- I hroll~h " mixer

This urrangcmcm was very popular in
ama teur mdio circles some years back
since it i.s easy to make al home and gives
good results. A GUIlIi oscillator is scJl<l ­
rated from the rest of the assembly by an
iris (a plate with a small round hole).
According 10 the diamete r of the hole and
the uuc kncss of the shee t. a greater or
smaller p art of the oscillato r output reaches
the antenna through the mixe r (Pig.21l) .
This (low) power is the outp ut signal and at
tbc same lime 11\,;: heterodyne sign:ll.

Being a non-linear d ement, the mixer
diode produces the Dopp ler signal - an
audio frequency signa l equal to the differ­
cncc between the transmit and receive
freque nc ies.

TIle method of operation is certainly very
similar 10 rbc Gunnplcxcr but the transmit
output is significantly lower ; a few IlIW
instead of 40mW! With an iris of fmun to
7mm diame ter made of l uun brass shee t
and a Gunn oscillator, the approx. 5mW
produced is not optimal hut adequate for
the mixer diode. If we make the iris larger
we certainly get more mixer current
flowing but the oscillutor also loses stabi l­
ity. Wit h h igh powered Gunn oscillators
the mixer diode call even be damage d.

especially with movement direct ly in front
of the ante nna (wh ich was what the setup
was ••leslgncd for). In our case the high
level of drift led to inaccurate Radar
measurements. Another disadvantage is
that this assembly cannot he attache d to
standard waveguide, which makes applic a­
lion witha dish antenna probtcmanc.

Using the hom antenna supplied, very
short ranges arc achieved and then without
great ,1I.;I.:\IraI.: Y.screw

ParaboIic
aer ia l

M

Iris
pl ate~

Doppler frequency
from mixe r di ode

Fig.19: Allotf! l'f alternative: a Bur glar
Alarm. The minule anten na
rules out lar).:c r ada r ranges

3.2 Burglar a la rm

TIle setup sketched in Fig. 19 was used
some years back in microwave burg lar
alarms. Usc was again made of the Guun
osc illator in the upper module. the trans­
mitter power feeding a hom antenna. A
screw in the wall of the hom radiator
reflected a small part of the transmitted
power into the lower module (the receive
mixer ). Regrettably half the receive capa­
bility was lost in the transmitter.

AI the same time, the lack of isolation
mean! that nearby environmental influ ­
ences could cause significant drifting,

210
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r.rfl

Fig.:!I: An attempt 10 increase range
by using lUI IF of .~() \IHL was
abandoned du e In frequen cy
unsuitubtlitj..

TIle transmit power will nOI excee d a few
mW with a blast-through mixer In the pOl lO I
we managed with this amount in widcband
H..'l to span 1.10km and more, from one
Swi ss mountain top to another. Yet the
range for Doppler Radar is no more than
100 to 150m, as our practicaltests demon­
strated .

Fi~.22: A Pu lsed Transmitter an d a
b rief ti me window ca n avo id
receiver lI\crload and cluti er
arising from reflec tion from
nea rby.. objects

l ioLefiing
~I inde\·j

<8------- 10 I-IS ---f:1
SlXr~ i It,or' flU! S0 IL

8cl10 f ran
target

I,
\

iKfl:RS frrn
nearbyobjoc ls

3A lIi~h er IFs

In the setups described so far the incoming
signal has bee n converted in the mixer
diode down to the audio Frequency range.

Down there is also where the strongest
phase noise effec ts of the oscillator appear,
and Gunn osci llators arc notorious for
phase noise. The phase noise intrudes 0 11

the audio signal and reduces the sensitivity
of the system .

One probable improvement would be to
use a GaAsFET osci llator stabi lised with a
dielectric resonator (5) giving lower phase
noise, whilst on the other hand it would he
irucre- tmg if introducing an IF would
increase sensitivity.

",
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Fi,g.23: Frequencies in a Fre quency­
Inverted Cont tnuous Wave
Radar based rm th e 'Hlast­
thrnu;.:h'Mht'r . A low
rreqeency is prod uced in the
Mixer niode between th e
received pll l,,('s: this is th e
floppier Frt"IU eJlC)'

When it now mov es , the audio frequency
wi ll rise in either case l ip to a maximum of
around just i'J kHz · which corresponds
already to a speed of aboll1450kmjh.

The sensit ivity of this setup should exceed
that of those descr ibed previously by a
wide margin and to give all example: a bird
l!l;11 Flew away a few score metres already
gave a very strong signal! We calculate
that the nlilge with th is setup lor a target
with a Radar crosx sect ion (ReS) of one
s4uarc me tre is several hundred met res.
YeT, as we know from our endeavours with
the Radar formula, the range can b arely
exceed Ikm - even if we had a noise-free
rece iver.

This set up us ing an IF has, however, two
serious deficiencies.

Firstly there is breakthrough from the
power oscillator G I through the circulator
into the receiver and, sma ll though it is, it
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exceeds the receive power by several
orders of magnitude. Th is leads to what we
have come to know in YHJ-i co ntests ­
dcscn sc . TIle idea of using II totally
separate transmitter with its own antenna
does 1I0t help eit her beca use reflec tions
from nearby objects and/or side- lobes of
the antenna will still cause sufficient
coupling ( If transmit power back into the
receive rthat blocking effects arise .

Secondly there is the the rma l drift o f the
Gunn oscillator. The calculation of the
Doppler frequen cy depends on ,J precise 30

MHl difference between transmitter and
receiver . Th is, however, is difficult if not

impossible 10 main tain . Jusl breathing on
one of these osc illators will CilUSC it

Frequency change of a co uple of kllz!

It is possible that the introduction of
dielectric resona tors (5) ;md/or l'LL cir­
cnits co uld bring the required stabilit y. II"
on ly we ("OlIlJ gd the two oscillators to
drift ut the same rare, the Doppler error
could he reduced to ne gligible proportions ,
as we saw in the Gu nnplcxcr .

.l 5 lUan killl! the transmlucr usin~

window techniques

A furthe r possibility for improving Ihings
lies in keying. the transmitter Oil and off
andope rating the recei ver when we expect
all echo from the target (I;ig.22 l. "1111."
receiver would then maintain a defined
window. During this window period the
transmitte r would be turned off and the
nca r-target echoe s would alrea dy be dy ing
away.

Il ow will the Gunn oscill ator react to

having its power supply keyed 011 and off!
The frequency will presumably have to

stabilise each time after switching on and
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1 1 1 11HII I I~

coonte-
enable

,--'----l

delllY'melisuri na
circui t for range
lIle03sur i na

Fig.2li: Distance vteasurcmcnu Ihe
Cuuntcr is started with the
nrsr Pulsed Transmitted and
stop ped at t he hegi nning of the
Received Pul se

30 ttIz .. fd

11111111111111 1111 111

out f dopp er
F ig.25: Hlnrk lrlauram ul' a C W Kadar

with Frequency In ver sion
based on th e 'Hlnst-uirough'
1\1 lxer

would nOI be constant throughout the
pulse. However , this will 1I0t do for
Doppler measurements.

A I'LL will not 10000'k in within the space of
a couple of microseconds.

If we achieve the keying of the ua nsnuucr
with a PI~ diode its reverse atte nuation
becomes a critical factor. If we attempt
mechanical keying, for example with a

to IF

~9~
- 23- I>

M

a.
, I, --i::::?""""J".,~

DC
Gunn
supply

Side view of II Frequency
modulat ed GIIIIII Osd llatur
Dime nsions in mm.

pul ses fed to
JL Var i cap
V
G

Fig:.24a : Another way uf avoid ing
Rx over load b~' the '1' \ pulse
L~ Pcrludic Frequency
In Vl'I..shm, which would a llow
all IF ut' J II ;\1Hz. which
woutdlncrea se s l' n ~ i t i \' i t),

F ig.24t::

r -j i 1 lY': ~" ,; ,

;3ie,G)cG2~'o-"
" <:.J t.. ~--i:'

..lJr:n I' ;) Vo:.ric oJr
di::de- ' -; d'ode

-- - -171

Top view of th e sa me
oscillator as in Fig.24h
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Fi~ ,27 : Timill~ J)iagralll from r' ig.26

prope ller. the rapidly rotat ing rotor blades
would bring about some "Interesting'
doppler effects.

Fig.2X: Pu lses fur the Capacity-Diode
must h ave st eep ed ges 10 enable the
:\-ficn ma vc Freq uency to be switc hed
bet ween th e t wn vafu cs ;I S l'lIp id l)' as
possible

a var icap diodc . Th is also avoids overload­
ing the receiver while listening to echoes
(Fig,23).

We carried these thoughts across to the
blas t-through mixer by eq uipping it with a
var fcap diode (Fig' s.24a, b and c) supplied
with keyed d irect current. Aftc r this we arc
still left with no more than an oscillator
and tbc problems of differential dr ift of the
two oscillato rs remain.

i !

I '

CounterJ L
enabIe 12 seconaSI

I~ .<8

Burs t s ~ I I H I I H I IH III-

FiJ,:.29: To Increase accuracy th e
Counter can be enabled rur several
bursts

With the knowledge that c = 300 m in I
microsecond , we "n ow that our sig nal
needs 2 microseconds to reach and rerum
from a target 300 m away . So in the lime
interval I we will switch a 2UV impulse of
I microseco nd duration onto the varicap
diode of the Gunn oscillator This shifts the
freque ncy of the oscillator hy, fo r example.
30 Mi ll. upwards, for one microsecond.
then it reve rts III its or igina l f reque ncy. Wc
assume a mark-space ratio of 25 per cent.

Thus. we sec IUl ue lf side of the rece ive
mixcr a series of burst s w ith the Frequency
30 Mllz + doppler frequency. TIle per iod
of the burst takes 2 microseconds which
corresponds 10 a pulse repetition frcqucnc y
( I'I{ F) of 5()( )kI I't..

l~=

~'s" .".':U
,r-;./ '

\~Vv\liVWN,fiVvV

W~r..,'V:./vv\WVv\V

''' ', ,:

n.., ~ ,

i,_ , ~~

.1'-'_("
j< ~ , ..~

.~ " 0 '
j."" 0'

'." " '·0"
c ~ , . .. ..

. "'. " ",' ''' " ,.~

.......,....".

3.6 Frequency k e}'ing

A better scheme would do ubtless he 10
leave the transmitter G I runnin g all the
time, but shiH its frequency. It then
transmits on ly short pulses with the fre­
qucncy f and for the rest of the cycle is
cctuncd by severalscore MH z by means of
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aperi odi c anp

Schni tt
tri gger

Fi~.311: A Counter replaces the IIF
Receiver fur sp eed measure ment

3.7 Concepts fur measuring distance
~and speed

With the setu p described above distan ce
measurement can be carried out by cvalu­
aung the lime between the pulse 10 tnc
varicap diode and the reception of ec hoes.
The principle is shown in J-:ig.26.

W ith the leading edge of the pulse that
keys the varicap diode a coumer is s tarted;
it is Slopped again by the leading ed ge of
the pulse from the EXOR gale (Pig.27 ).

With the knowledge that the distance
r = I *1.12 it can he calculated thai a
measured time period of. say, 2 microsec ­
onds implies a dis tance of 3(Khn. To get a
figure-perfect display we let the counter

d i vi~: ieee
counter
enab le

Thi s signal is now amplified in a low-noise

30 MH z amplifier. passed through a
narrow-band 30 Ml-lz filler and cleaned up
in this way. is passed to the I [J-: recei ver. It
is still 30 MHz + the doppler frequency
wi th a residua l 500 k l-lz A M, whose level
depends on reflection s in the fi lter and its
bandwidth. Af ter mixing with the RFO

,,,,

Fi~.31a: The Gunn Oscillator in 3-))
Filt.31b: Dimensio ns of th e Oscillator

and Mixer

f = . 1"'II~c

:'I1J = I\1clal or Nylon SH ew. lIIal chin~ t he
!It'arinl: nu ls

(; = (; unn F:lc'II1I'1I1 with ;\15 nul and boll
for adjm4mt'u t

P = 1\1((<011bolt (copper 'II" brass)
In' = InsulatinRWasher, mner and uulff

tp"l'n:j
SC = w aveguide Shurl-Ci n:uil
T '" Solder Tilg
1'12", Sittl Screw, 1\1 2
~tWE :'Iletal Washc'r
S '" Short Ctrcutt (nn t he plait.' snldered

0 11 t he end o r the waveguide
N = ~ylnn Screw, J to emm in diaml' ler
I .. Iris Plate (bra....... Jmm lhkk with

(unm hole in the «- nlre)
Jill '" IS2J Mixer Diude
:'lIS ", Matchinl: Screws (brass, .~ 1TI 111 dlam]

(0

IG~ u··1 IN i I I

~ \ ' 111jl 1

1P j ';i tV.

t ~
r j, I~iliN

I ~ (0 1<9 11

MJ-LJlam

s
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Fil-:.3I c: IVlount ill j,\ det a ils of IIH' Gunn
Klement

WI ; ", W<lH' !=.uidc (i n., idt)
111\ = ll('ar; Jl ~ S ui (!lo IS, Nl....-I j ",,,ldcrcd In the

\\ a\~i d l'

(; .. f; UUFl 1-:I"lIwn l.hlrj:tr n .. n~t· grounded

lA' = "l ll ! (1\15, '''It...·1)
M!' '' Supp" r! Pl'J;: (1\15. ~ l t",' l ) 1" .n 'd ;n i ~ lI ,.

fur the en d " r th e (;"" 11 Element
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Fig.31f: IMail uf Ihe \fh er Diode
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I' .. H:nund P('~ \If bra !>", Ill' copper. Length
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II\J aJly and ta pped \12

I I
17'J
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Fi~.3 1~ :

Ou r SItF unit

count the pulses of a 150 1\ IHl crysta l
oscillator: in 2 microseconds wc gel 3111

pu lses mean ing that we can calibrate the
counter display di rec tly in metres.

If everything functi oned perfectly . .....hich
of COUniC it won' t dn . we could usc Ihis

r : iter '
&

I ~, 2 ] [

Fi,g.32a : Block pr inciples of Doppler
Radar system

Aeria l ",tKEA Ili ,h .. ilh Pen n" Feed
l :"i '" \ Ii\ er , ron nected In Anll'fma and

1>'IoI.;lIalol" b,. Wa\ elll idl'
G G unn Uinde
Pream p '" M't t iR_~ ll>

Display " Moe f igJ5

Fi/.: ..12b: Ci rcuit of t he I\ udin
Frequency Prcampluier, The
1:\ 23 is \er.\ !'ocnsilhe 10 sialic
d et'tri cit), and j., prot ected h}
the S""itchinJ.: Ihod t'.
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setup to measure distances from zero up to
500 metres. A lower pulse repetition
freque ncy would probably give no addi­
tional range, eve n with a boner 30 MHz IF
unit barely more than 500 metres could be
expected.

Wha t we need to investigate now is how
fas t we can ach ieve frequency switching at
10 GHz. The l OY, l microscc ond pulse for
the varicap diode must have an inte rnal
resistance as low <IS possible in order thnt
the pulse edges arc as steep as possible
(Fi g.2H).

We hope then Ihal the 10 GHz oscillation
(nun's still !O,O()O oscillations in OIlC

microsecond ) follow on directly Irorn the
change in capaci ty. so that bursts as clean
as possible arc scnr. During reception.
when the signal is mixed down to 30 MHz,
we shall only be counting 30 oscillations in
l mic rosccond ; 30 is not ma ny.

TIle amplifier and filler circuit must be
optmuscd with care if accurate results arc

Fig.33b/c: Pr inted Circuit Board and Component Layout (or Counter Dlsptay
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I'·i ~ .3~a: Processor /Counter IJispla)'

30.000000 and 30 .OlXDOO GIll we can

omit 11K: Three left-hand posulons of the
disp lay. Our display, which only has to

cove r the five remaining digits. doesn't
even have 10 he preset any more.

b ) As we have seen thai the dopp ler
frequency and speed arc directly propor­
tiona! In C;I(;!l othe r, we can count the
number of periods Juring all imcntionally
chose n time window and ruuhiply the
result hy it constant, so as 10 produce the
speed in the desired unit of meas urement.
The constant is:

1.403 • 10-2 for a speed in metres/second
or:

5.2(1(j ,., 10-2 jf km/h arc desired.

If the counting period now measures 2
seconds we get the frc411CIlI: Y in HL and
this gives the simplificatjon th'lt we can
multiply this 2 seco nds by one of the
factors mentioned above. We count:

21' '"5.266 '" 10-2= O.1lI5.loS

and the display gives us the result directly
in km/h! Durin g this short period the car
driVing at IOOkm/h has only moved 2.9
metres. and this is quite accept able .

If we wanted the disp lay in metres per
second. the counter would need a gating
time of:

2s '" 1.463 '" 10.2= 0.0296 26 seconds.
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F'ig.34h/c: PCB and Component Layou t lor Counter and Display

t!l
-c.:(- .:

Fig.34d: Doppl er rada r processor and
IJispla.\'

4.
CAI.CUI.ATlNG SPE ED

The dot-matrix LCD used (Fig.34a)
needs 10 be driven by ASCII com­
munds such as CLEAR, cursor pos t­
lion and others. For the calculating
tasks we lise an Intel R751 microproc­
essor, which works with x-bit words.
With X hits we can count lip 10 255
(decimal), meaning that a doppler
frequency of, say, 2tUJ Hz would be

Fig.35a1bic: The simple PSt: I'or Fi~.34a and overleaf the PCB and Layout
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Fig.J6 : I!P and O/P signals uf the
Schmill T..i~g{"r

Fi~~'Sc

of9.4 Gl lz,(w itholll doppler shift) the gale
period is 15.94701.'1 i f we req uire speed in
metres per second. If we lise a different
transmit frequency. the program must be
modified for the ncw gate times.

TIle timer in the prm:essor must be loaded
with the compleme nt of the gate time to
05536 (=216). 111<11 means, lak ing an
example of gate time = 57 40lJus, 11I<lt the
counte r must he loaded with 65 53(i · 57409
= M127. II then counts during 5740\)ns
from XI27 10 65536. When it reaches this
value the processor produces ;111 interrupt
whic h is used to stop the co unting of the
doppler impulses.

,
~

., .
"~" ,I'.... . , .....'" " " . ;

.,. _.",,"-..'"'' ~,.

sv l -100 0 , ~JO~M : .L S ~'

-_._. .. _.- _. .- --
I ,~ f--'- f--
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-=~,l :"" ._ ! 1~""7 .
/ . I ,\ ~f -r - H-]Iv , \ :~~.-

l<' ig.3Sh
"n OH , .... . , .. ...',.. ., ,, "".

Calculated value
(m/s)

To increase accuracy, eight measurements
arc taken and trurnthcsc the mean va lue is
calculated and displayed. The maximum
value s of all measurements carried out arc
stored ;JIId recall ed if the time is insuffi­
cient for eight measurements. Wc ass ume
that the higllesl value is thc best and
disp lay this.

Display
(m!s)

Calcula ted value
(kill/h)

Display
(kIn/h)

too large. Fortuna tely, how ever. the timer
embedded in the microprocessor uses
In-bit words.

'111C sc iccrcd algor ithm counts the incom­
ing doppler pulses over a predetermined

frc-lime sp:m. With a Rada r transmit
qucncy

Rinput
(liz)

10
50

100
500

1000
5000

10000

1I
2
5

25
51/52
259
5lX

0.52
2.59
5.1X

25.9
51.8

259.1
51X.2

1I
1I
1
7

14
71(72

143/144

0.14
0.72
1.44
7.20

14.40
7 1.97

143.Y5

Table 2
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UgWI.. ~.dH 10 .< ~w ,

~.. . 1 . < h/~

1Z-oec- 91
11 : 53 : 15

Mal" Menu
'p oc lT"~ frT
C, , ~ n Wl/OI,.

Dual Zoom

'"
4 opp l .. o i qn o l

~I I ... /~;v.

0 , J ,.p " I" , ,Ig .

• U '''1 0 1, .

FrfKJ 1.6550 kit,

ICC H "I, .

0i2 -0 .12V OC
_.r-L

IXFFT C2 1
1 .1694V

lxChcn 2, - -

Chao '

D-11 . 1 V :'~

CH2 .2 V ill ~

Tldlv 2O ",s

"'i~_'H: !.ower cu rve snows I)upplt'r :l' i~n ;l l uf a car at H6knt/h . Si~n;l l

vnrlat ions are dearly \lisihle. Above Ihis is represen ted ext ract Hi th e
s i!:llal is deviati ng rrum a sln e wa n ' fnr mal. TIle u pper di..p lay shows
Fast Fourier T ra nsfllrm with a muin frequency of 1.6550 kil l.

5.
PRACTI CAL COI"STRUCTION

For our practica l trials we wanted In usc
something simpler. An unkcycd blast­
through mixer, very similar 10 the broad­
band I;M Gunn transceiver we already had,
AImed OUf 10 begood enough for a range of
up 10 100 metres.

Figures 3 1a to 31f show sufficient me­
chanica l details for radio amateurs with
some experience of these techniques to sec
what we have in mind.

The bas is is a piece of R100 waveguide

with internal measurements 22.K61l1l1l x
llj.Ixmm. The GUlm ele ment employed in
the oscillator is a CXYI IC. Adjoining this
hIll separated by all iris w indow is the
receive mixer witha IN2J C (Fig.J lg).

TIle dish antenna used is by Sivers Lab and
has a diameter of 36cm. Th is should give
all antenna gain of 25dfl li t 9.5 GH7..

Fig's.32a 10 32c show loc entire electric al
arrangements and the low-noise audio
f reque ncy preamp in circuit and layout . An
LM II CNis used here.

Fig' Il .33a to 33c show ibc fo llowing
stages: filter and ampli fier. aga in in circuit
and layout. Aflcr adequ ate ampl ificat ion
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T he LEn is illuminated each time
the micro is reset.

VHF CO MMUNICATIO NS 4192

Switch 1: toggling the display
between km/h and m/s.

Switch 2: toggling be tween dis­
playing doppler frequenc y and
spee d. When frequency is displayed
switch 1has no effect.

Switc h 3: switches in a correc tion
that lakes into acco unt the 33.6
degrees imgle bet ween the roa d and
the Radar direction. If this is angle
is nei ther zero or 3.16 degrees, then
the softwa re mus t he modified.

Switch 4: pUIS the highest value of
the series onthe display .

Switch 5: resets the mfcroproccs­
SOL

On the laboratory bench we were feeding
in known frequencies directly into the
low-frequency evaluation circuitry and
obtained the speed resu lts indicated in
Table 2. As we can see. the accuracy of the
coumc r is with in plus or min us Ikill/h .

6.1 Sensith'it)"

Table 3 shows the minimum input voltage
needed <It the preamplifier to produce a
stable signal at the OUlpUI of the Schmitt
Trigger (Fig.3(j).

As can be see n, our direct convers ion
receiver is fairly dean Of course higher
receiver sens itivity would increase the
range of our Radar • this has been
discussed already.

6.
PRACTI CAl. TESTS

Amplitude
(mV, )

1.4

2.0
3.0

10
1(J()

111(J()

FiJ.:.3X: Doppler slJ.: nal Of :1 train
20311 Hz /I05,2 klll /h
Th e hiJ.:h Radar cross-section value produces a
steep (9nUlllV/d h 'isio ll) and low-noise Doppler
siJ.:n;l!; th e pulses Irum the Schmitt Tri~t'r arc
correspondingly clean

the signal is transfor med into a rectangular
form in ,I Schmitt Trigger. Finally this
s ignal is passed to pin 15 of an Intel
microp rocessor which carries out the
counting and calculation (Fig's.34a 10
34dl. The circuitry for the stabilised power
su pply is show n in Fig 's .35a to 35e.

Freq uency
(H z)

5.1 Exte rnal con nec tions

Five switches and OIlC LED provide the
user interface . They have the following
operat ions :

.1200
7000
..no

11000
14000
20000

Table 3
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7.
I.ITERATURE

i

"'i:,:.39 : Free space test a nd
C a librat ion setup

The screen shots (Fig's.37 and 38) show
how the syste m works in prac tice. In
addit ion the doppler signals produced by
tra ins and cards are recorded at audio level
on tape and later shown on an osciuoscopc
in the labo ratory. It is particularly interest­
ing 10 note here thai real doppler signals
arc not as d ea n as the ones produced
artificially in the lab, but on the other hand,
they arc not spur ious readings.

Practical checking of accuracy and range
was achieved as in Fig.39. When a train
comes ope rator 1 signals the exact time the
locomotive passe s and operators 1 and 2
start their watches. When the locomotive
passes ope rator 2, he gfves a signal and

they both stop their watches. The average
ofthe two limes is taken and operator three
read s off the Radar display .

In three tests with varying speeds we found
inaccuracies of from 4 til 6 per cent, the
variations in the slopped time included.
The maximum distance at which we coul d
measure the train was around 100 metres.
Possible improvements have already been
discu ssed. If there is no Radar signal on the
input , amplif ier noise reaches the trigger
stage and the display shows spuri ous
read ings. Th is spur ious display could of
course be suppressed with further software
develop ment.

( I) Evanszl cssop: The VITFlUllrMalllm l,
RSGB, London.

(2) D. Richardson: Electronic Warfare
Sa lamander Books, London.

(3) NN, Science cr V ie magazine Issue
3/XH,pp.M-75;
Excelsior Public ations SA, Paris.

(4) J .Reilhofer DL6MII: A Transceiv er
for the W Gllz Band
VIIFCommunications 4{79,
pp . 20X-2 I5

(5) J.Ji rmann OUINV: The Dielectric
Resonator
VIIFComm unications 4/X3,
pp. 194-20 1

(6) Reference Data for Engineers. 7t h
edition, chapter 36
Howa rd Sams & Co, Indianapolis,
USA .

(7) M.W.Dixon G3I' FR: Microwave
IIandbook,
RSGO, London.

(8) D.R.I 'acholok KA9BYI: A Microwave
O ven 10 Am ateurT v T ransmitter
Conversion
RF Transmitter magazinc, Illinois.
USA.
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Dr. lng. JochenJirmann, DB1NV

Active Antennas for the Frequency

Range from 10kHz to 50 MHz

Act ive receive antennas permit broad­
band rec eption from Illng waves IIIth e 6
metre huml and ure widely USI.-d in lhe
commerc ia l field (e.g. ab oard ships). In
a mateur circles, however , t hey have
acquired a rcputat lou as " intcrmod
generators" and their advantages arc
not rcc ogn tscc .

T he aim nf th is ar ticle is to spread
knuwled ge of some basics (Ill th e t heme
" acti ve antennas" and stimulate people
t n cond uct th eir own experim ents, wh ile
keeping circ uitry wUhin limits.

For a long time tile author has been
invcsligaling broadband receiving antcu­
nas for the long to short wave hands and
first considered a damped vertical antenna
of the type made commercially by Tel­
efunken and described in ( 1).

Stimulated by an exe rcise in CQ-DL (2),
some trials were made of active antennas,
the results of which are described now.

I.
RADIO PROPAGATION AND
INTERFERENCE LEV.:LS IN
TilE REGION BELOW 30 Mllz

In amateur radio practice it is custo ma ry to
lise the same antenna for transmitting and
receiving. since we have all leaned that " a
good antenna is the best R~ amplifie r"! In
[he case of rrausmating this is unreserv­
edly correc t; field strength at the receiving
location increases by orders of magnitude
with a correctly set lip antenna with a
corresponding directional diagram . On the
receiving side maue rs look differcnt and
need to be considered front anothe r JX: r~

spcctivc.

in the frequency range above, say. 100
Mll z the quality of reception (i.e . signal­
to-noise separat ion) is determined chiefly
by internal disturbances (noise figure of
the first RF stage) and antenna downlcad
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Diagram 1:
Average values uf the
various :"loi..e Intensities
and Temperature compared
with Frequency

A '" Ahml!opher ic Noise
(minimUIIl . 'ai ll t )

B " Atmospheric I\·ui.~c

(minimum ~ahlt'l

( I", Ind ustria t ;<rrIui.\('

(rll ral r«riH' 1'011(')
C2 = Induslria t Nui.\C

(nrhan tucat iun)
n '" Ga latl ic Nniw
..: ", Quin Sun
... " NuiM' fru m II J drugcn and

(hn:t~n

G '" Cusmic bacsground Noise
a t 2.7K

attenuation. Under these circumstances a
good antenna , which couples plenty of
energy from thc wave field, doc s make a
real improveme nt in sens itivity. In addi­
tion, in dividual sources of Interference can
hemilled 011 1with a directional antenna.

At frequencies below )()II MHI. the re is a
steep rise in the interfere nce level with
falling frequency, as shown in diagram I
from (3). Inthis the interfering components
atmosphe ric noise, man-made noise and
galactic noi se (from outer space) <I re
co mpared with frequency. As can be seen ,
the noise figure from external factors lies
well abov e the internal noise of a rece iver.

Since these so urces of inte rf erence come in
from no single preferred direction, they
cannot be nulled out with directional
antennas. With good antennas it is often
the case that the combined level of wanted
and interfering signals is too high for the
receiver and the user must insert an
attcnuator ahead of the receiver input.

2.
TIlE OPTIMAL RECEIVE
ANTENNA

At frequencies below 100 Mllzthc task of
a receiving ante nna is thus not the produc­
tion of a large signal hUI o f a signal with
the greatest possible separation from inter­
terence .

A transmitting an tcnna that is Fi xed 011 the

r oof of a house in a good spo t for radi ating
almost always pulls in interference from
the electricity mains. Th is leads to spec ific
results in rece ption. I f we recognise the
fact that the interference field strength ill
the near field of a source of interference
falls otf with the square of the distance .
thcn a remote receive antenna in the garden
will certain ly prod uce a lower level of
signal but better separation from interfer­
ence . With common shortwave rece ive rs
having a noise figur e of lOdH, a whip
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A s Fig.2 shows, the antenna capacity is
first tuned with a load ing coil to series
resonance and the resulting real resistance
transformed to sonwith the hel p of a
transform ation cle ment (low-pass hal f­

ele me nt]. In practice the two induc tances
in series arc included in the same coi l. It is
dear that this network ope rates on ly in a
na rrow hand arou nd the resonant fre ­
ljllency and must be changed each time the
freq uency is altere d. TIle matchi ng net­
work is also suitable for transmitting lise .

compansou to the wavelength has an mpu t
impedan ce which call he described as a
capac ity (in the order of magnitude tupF)
with a rad iatin g. resistance of some m illie­

hms to ohms, as shown in the eq uiv alent
circuit (Fig, I). For matchmg this to the
cable and receiv er inpu t impedance of son
a ma tchmg netw ork is necessary. Follow­
ing the rule s of conventional RF techn ol­
ogy, one wou ld first make the antenn a
imped ance real and then transform it to

son.

"
3.

RV (A
THE CONSTRUCTION OF AN

R (' c e i~ et ACTIVE ANTENNA
RS High hp.

An antenna clement that IS short '":A= Antcnua Capacity

ae ria l abou t one met re long has so much
rccei vc effic iency thai it willuvcrcnmc the
extern al interference level. A whip of this

kind is easy and incons picuous 10 erect .

Against far- fie ld interference from terres­
trial or atmospheric sources lhal kind of
antenna is certainly no bette r than other
design s, bur a s ignifi cant propo rtion of
utrno sphcric disturbance arises from dis­
charges fro m the air onto exposed antenna
par ts. In this respect a small antenna
mo unted low down is advan tageous.

with z., = 3770

Fig. l : Equivalent Ctrcutt ur a Short
Antenna

,
R. = I.uss resistanc e nl the Antenn a
R. = Radia ti ll~ Rcsistann '; th is rau be
approximated fur an Anh,"IlI1U (If Lcnjlth I lu:

IZ = 5:lH)

I

l '
- D------lf----o- - - .,; ---0- - - .,;- - ,- - --<_ --1 x..".,! ~., r

RV : A ' 11 ' ~ 2

's

An t enna
Leng then i ng Co t l
a a ke s ia pe da ne n r na l
( Load tn s. Coi l )

~ a t ch i n g Nn tw o r k
to 50 Ohm" DB 1 NV

Fi~.2: :\Iatching a Short Antenna

228



VHF COMMUNICATIONS 4192

2tJSl611

t , a .JO-SOlnA

"

OB 1NV

I d 1ato r H ~'''VOul 100,,<1
H I''--!-----,---,

"" --:.HJ1 0.lJ
! 15 p ~~ ;~~ f--i1:J

9
' N

'&6
, 5XV Oll\\- r1f- 9--Q-,_' OF1'" [II -c 11 c... """7 k PR OC2 . 6'1 _ ----l L'-- "1" " 't""-LH~ - -11

~"ua 1"'1 0 10(" 41(1:.; l)lIi U J 47(1 10 0\' 47
I l V> AI - An o '6 1. . 5.5'1

~ 1 ~-1I--6·-- -11 -.3,<;'1 'Bn ( ",nil, O ~ l ~
2k2 m 1~

1
F i~.3 : Circui t uf an Active Antenna fur VLF to VIII"

(* onl)' required for remote "ullage feed vla coaxial ca h le)

The alternati ve is \(I lake the no-load
voltage of the whip antenna in a high
impe dance, low capa city fashion with an
impedance changer and undertake the
impedance transformation ill a broadband
manner using active components. The
advan tage is thai OIl C can mak e a receive
antenna in this way that works broadband­
cdly from the longest waves to the lower
end of the VHP region without tuning
etcmcr ns.

Since thc impedance chan ger is working
with signals across the whole frequency
spectrum, it must operate extremely lin­
early 10 avoid producing uncnuodularion
within the antenna. Thi s is also no justifi­
cation for the poor reputation thai active
antennas have in amateur circles. Most of
the active antennas fo rced on amateurs
have too small a dynamic range and
include a preamplifier with 10 to 2lldB
gain fo llowing the impedance changer,
which has to operate with the full signal
spectrum and further decreases the dy­
namic range. In this there are d ose
parallclls with preamplifiers in the VHF/

uur region, where their effectiveness is
judged hy how far they hring up the
S-mc tcr and not how much they improve
thesignal-to-noise ratio.

4,
A S I~lI'LE ACTI VE ANTENNA

In order 10 gain an impression ofll ll~ powe r
capabilities of active antennas, rho author
developed some simple antenna electron­
ics that consisted of just a harrier-layer
FET and a push-pull emitter follower as
cable dr iver. The ci rcuit is shown in f-ig.3.
111c antenna clement used is a piece of
1/4 " diameter brass pipe about a metre
long. hut these dimensions arc not cr itical.
A 10 megohm resistor conducts away
weak sialic build-ups . With heavy o ver­
load. for instance with a thunderstorm
close by, a gas discharge lightning arrestor,
wired in shunt, will strike: this is a
so-called burton spark-gap which conducts
at 230 votts. Gas discharge arrestors arc
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Since testing antennas in true fa r-field
conditions exceeds amateur test capabili­
tie-s, the following substitute measure­
ments were undertaken .

5.
TEST RESULTS AND
)'RACfICAL EXI'E RIENCE

111e source follower supplies a push-pull
emitter follower made up of complemen­
tary transistors 2N38M and 2N5160. Th e
qUK:scc:nt current of the emitter follower
lies in the region of 30 to 5OmA, so
commo n or garden small slgnaf trans isrors
would be overta xed here. A SOil source
impedance was dispensed with. since the
input of the receiver connect ed afterwards
would norma lly provide this. Comp leting
the circuitry arc a remote power feed
splitter and some ccmpoocr us for smooth­
ing thepower supply to the two stages.

In view of the low component counr,
construction of the active antenna can be
made 0 11 a scrap of experime nter's primed
circuit hoard having a continuous ground
plane. The only thing 10 watch is a
low-capacity path for the Gale of the
BF247A. since any cap acity at this po int
crea tes a voltage divider between the
capacitance of the antenna and the input
capacitance of the source follower, reduc­
ing the voltage available. Tbc alltlK~

enclosed his prototype in a round plastic
containe r 4()mm in diameter and 5<hnm
long, that happened to be available; 11

fixing for the aeria l whip and the coax
socket was also provided. To make the
whole arrangeruem waterproof, the com­
plete assembly was placed inside a length
of 5(hnm diamdCI cold water piping.

(~------------'-'-"-"""====
significantl y lower in capaci ty than
eq uivalent transient protecti on diodes and
therefore load the antenna 10 a lesser
degree. The arrestor type used on the
prototype (Al ·A230 by Siemen s) is n OT­

ma lly used in telephone systems a.s an
over-voltage protection device and should
therefore be simple 10 find . [Trans lator's
note: a similar component is used inside
telephone master sockets in Britain for
high-voltage surge protection; Astralux of
Horsham is a supplier.] As regards the
effectiveness and nece ssity of this prorcc­
t lOl 1measure the autho r has not ye t reached
any conc lusions.

111e RP passes via a 15pr coupling
cap acito r [0 the gale of a harrier layer FET
BP247A or PX002 wired as a SQUn.'C

follower. By varying the coupling capaci­
lor it is possible 10 influence the signal
level whhin SI\ lIIe limits. This coupling
capacitor must be able to withlit3nJ al least
suo volts so that during voltage surges the
arrestor C<1n strike before the capacitor
breaks down. TIle operating point of rnc
source follower i.s tightly determ ined by
DC feedback to around 20mA drain
current; a bootstrap circuit achieves a high
i nput resistance without the lise of high­
value resi stors.

A protection diode guards against negative
surges 0 11 lhc input mar would drive the
Gate to Source path info breakdown; with
positive surges the Gate to Source path
cond uc ts und sulf-limil s the over-voltage.
T his circuitry is copied from oscilloscope
preamplifie rs, where it is commonly used.

In this con nectio n it' s worth recalling that
a MOSFET offers no advantages in this
situation since MOSFETs are significant ly
•' noisier" in the audio and low IfF regions
than barrier layer FETs.
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-+ TIu.: frequency range of the active
sectio n was determined by con­

nec ting a test generator directly to
its 50n inptll; this showed a lower
frequency limit of 7 kl lz at -3dB
and an upper freque ncy limit of 40
l\.1I11: al -3dU.

-+ Signa l limiting SCi in at an output
vohagc of 5 volt s peak-eo-peak,
co rresponding to an output JXlwcr
of around WillW.

-+ Outpul power for harrnoCl tc sup­
pression of 6Ot.IB was ect crmire d
at HI MH z as I(ImW .

-+ 11K.: outpcr power for flOdR intcr­
modulation suppression at lest frc­
qucn cics of IU MHz and 12 Mll z
was determined as "'5Jllm.

TIle two last mea surements shou ld be
treated with caution since these tests were
proba bly more of the harmon ic and/or
inrcrmodutanon supprcs.(ion of the two rc..t

generators.

After connccun g the a ntenna 10 lhe au­
thor 's Kenwood R2(10U, thc following rests

were made 10 check the correct dimension­
ing of the antenna.

The whip was removed and with the
rece ive r swuchcd on, power was fed 10 the
active anten na. Th is shou ld give rise to a
slight rise in noise level . Thi s is a sign of

COlTC(;t fun ctioning of the pream plificr and
adequate sens itivity of the recei ver. Wi th
olde r, less sens it ive receivers a (selective)
preamplificr call be called in 10 lift the
antenna signa l above that of the internal
noise of the rec eive r.

111e sec ond stage was to re-connect the
whip and here too , a slight increase of
no ise sho uld be aud ible on a clear Ire­
I.jllcn ey. Th is ind ica tes, as described

above, tha t external interference is

stronger than inte rna l noise. If this doe sn't
occur, che ck all the voltages agains t those

shown on the circuit diagram .

Since the antenna is desig ned for remote
powering via the feeder co-ax, il is
possible that unde sirable interference from
the power supp ly feeding thc co-ax could
be cou pled into the antenna inptlt; this
would be detected by noIicing a high noise
threeshold when rhe PSU is 0 11 but the
active antenna is d isconnec ted. In most
cases (the R2fI X) included). an inte rnal
power source of 10 to 15V with in tbc
receive r -can be used for-this fMullO"C,be illA
led via a ImH choke 10 the antenna
connector. You should, however. chec k
firs t wh ethe r there is DC OIL the antenna
cable and if so, fi t a bkll.:king capacuor in

lhcRFpath.

For commissioning, tlK.: arucnna was
placed on the roo f peak of the ga rage,
eboct III metres from ,he nearest house. In
practical tests 011 the HF am ateur h;.IIIU S

this antenna gave rcsuhs pracuc atty i..Jemi­
cal 10 normal pa ssive antennas, ev en if

pure S-me tcr readin gs were more decisive.

This antenna LSalso suitable fo r long wave
to short wave broadcast reception, which
was noticeably less sub ject 10 inte rference
than a long wire s trun g up in the vicinity o f
the house.

Even rece ption of various ume signal and

navigation beacons in the long wave
region (such as DCF, LORAN-C and
DECCA ) come in at s igna l levels of some
millivolts. A n eF or LORAN-C standar d
freq uency device co uld be dr iven hy OIK.: (If
these antennas .

The auth or hope s this arti cle will stimulate
readers to experiment fo r the mselves and

wo uld beplea sed 10hear of thei r m ulls.
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Dellel Burchard,Box 14426. Nairobi,Kenya

MES -FETishism II

T he duat-aat c J\lES-FETs have the ad­
va n l ;l~C m'er Ga As trtod cs of very litt le
feedbac k (alt hou gh th is canner he ne­
greeted totally), we nnw present SOlli e

a mpltrters which mak e usc uf lhe special
quautt cs ur \1 ES-FETs: 1101j ust reduced
feed back hu t a lso low capacitance. h i~h

inpu t and outpu t Impedan ce, hil:h limit­
ing freque ncy of tran sconductance and
low noise in t he ra nge I MIll, to 1 G H/..

Using the example of a preamplifier . it will
be shown how the feedba ck effect can be

reduced even further. All circuit exa mples
\.ISC the selection of operating points
described in the first part of this artic le
series. W ith the addition of ;1 few passive
components other operat ing points can be
chosen. if (for example) it i , necessary 10

reduce current.

1.
NON·AMPLIFIERS

makes tbc input and output termination
arrangements shown in !;ig. I. then it is jus t
0.5 (·6dH). Even so, an amplifie r of this
kind still has some utility. h can for
instance be used 10 shield the input of a
circuit from any interfe ring voltages at the
output of the previous stage.

The usc of this kind of isolation stage arc
well known . Dccoupling of oscillators
from load variati ons and digital signals,
input suppression of radiation from inte r-

• 12V111.:l'A

Il.Burcncrd

~~
no

\1
(F 3JO 1011.

50..'1 I F
~~

lOOn

1'oon)91
When forward transconductance is not
signifk:ant ly larger [han 2OmS, amplifica­
tion in 50n systems is at best unity. If one
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( I)

te rence voltages recei ved from an antenna,
dccoupling of two signal generators bein g
used in intcrmodulatlo n tests and so Oil .

\IES-fETs arc called ill when syste ms arc
working close to the limit, often the upper
frequency limit. In a circuit such as Fig.1
these qualitie s can generally he determined
without the need fur network analyscrs or

computer programs. The predom inant de­
tcrtuining factor with M".:S+cTs is the
capacitance between input and output
(Cam). on the input (em s) and on the

output (Cns ), as well as the frequenc y
track ing of the fo rward conductance. 1('
CGlS is Iplt, then the upper frequen cy limit
of the input is 3.2 Gil L. That of the output
is so mewhat higher because Cns is (I.fIr F.
The feed back capacity COIl> is so sma ll at
30pF that the apparent res istance due to
capacity is only detectable above 1 0 Hz.
Even there il is only a hund redth of the
sys tem resistance. Wi th amplification fuc­
tors below I the Miller effect plays 110 part
either.

ln reverse th ings look different. TIK'll lite
feedback capacity ( ;HlSCS iI reduction in
isolation with increasing freq ue ncy. W ith
the previous figures we can reckon on an
attenuatio n of 41MB <It 1 GHz, in othe r
words a reverse amplification of -40dB.
An oscillator dccouplcd with an isolation

stage like this would he decoup lcd from
the load 34dB better than using a 6dB
auc nuatcr . assuming The same pn wc r
availab le to drive it. TI le isolat ion defined
in th is way is thus

son
a:=
I

z

l----!\--------D--.1 'lV/1411 r;
leOr I no

' 0 II,
~er· lg ­

drcssetn

- Q

Fi~.2 : RF Current Source (a) and RF
head (b) toget her with th eir ad aptton
ttl z-po!e and -t-polc measurement (c)

Fertlgdrossem = r eady-made (h ukcl'

At low frequencies the figures are even
more impressive: Isol ;::: 54dB at 100 Mll z
and 74dB at 10 M ll z.

Silicon dual-gate MOSFETs have sim i­

larly low Ci: j !D' even among bipolar
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high value resistance objects, are con­
nected and properly matched with custom­
ary 50n measurement devices ahead of
and behind the m.

With the current source it wou ld be
possible, for instance, to stimulate a crys tal
with noise in order to discover aU irs
resonances; the RF probe head maps out
test voltages in the oscillating circuits . The
combination of both (c) makes possible
impedance measure ments over a wide
range. With a crystal. for example, both
series and parallel resonance can be
determined. Measurements on filters with
abnormal and varying terminating res ist­
anccs become possible , while these te rmi­
nations are simply made connected parallel
to the current source and RF probe . By
using neat, careful construction arrange­
r ncnts it is possible to measure and swee p
up to several hundreds of Mi ll . Relatively
low impedance objects, too, such as SAW
filters can be investigated up to I GH z.

A high-quality RF probe with limes 1
amplification, negligible input capaci ty
and very high bandwidthis shown in Fig.3.
Th is gives suff icient spare amplification
for effective inverse feedback. TIle Souree
and Gate 2 are connected in such a way

(2)IM 3 =P. ltln + 15dB

for S-shapcd characteristic curves, we can
expect its third order intercept point (1M 3
point) to he +I IJdBm on the input.

Further applications are shown in figure 2.
An RF CUITCnt source (a) and an RF probe
head (b). which facilitate mea surements on

TIle amplifier in figure I operates linearly
(l dll comp ression) with IV peak-to-peak
i np u t v o lta ge , e q uiv a le nt to
O.36Veff =+ 4dBm. A ccording to the rule
of thumb,

(~------------"-"-=====
transistors one can find types designed
specially for common base circuits, with a
few lens of pr. And with "steam radio"
valves. these values were far lower, for
instance less than 7pF with an EF80. What
do we gain then? The significant improve­
men! lies in the much higher limiting
frequencies of conductance: 50 MHz for
the EFHO, over 500 MHz with bipolar
trans istors and over 2 Gl lz for MES-rETs.

A gate circuit with MES-FETs. on the
other hand. is not to be recommended as an
isolating amplifier. This is because Cos
then becomes significant as feedback
capacity and the isolation would drop by
ahout25dB.

S6

+12V/55mA, Fi~.3:

A top-q uality Head
with very small input
capacnance. together
wit h a n Antenn a for
precise Fteiu -Srrength
measurements in th e
HI<' a nd VH ~' region

D.Burchard36
lOOn

H I-t- --,

[ F300

•
2bzv.20cm¢

l3 150 A nlm nll:
Diam eter 2-2Ocm
Length ltk m-Im
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F i~.4 : v eutratbanon Brid~e for
MES-f ET Am plifier

Ei ll ~an l:. =liP; '\ 11."1.:.;111 1:, = O!P

that the ir capacities on Gate I become
ineffe ctive. With the transis tors indicated,

miniature component s and " dead bug"
construc tion techniques a flat Frequenc y
curve cun be ach ie ved lip to ove r
5tHI Mi l,.. U:-ing sur face-mount cumpo­
nears ( lISC the CF930 and B f<193) over
I Gl lz (;<1J1 be achieved. Th is is agains t a
dec lining rese rve of amplification.

A piece of wire Iflem long with lop-­
loadi ng capacity at the input of tile RF
probe . ;lS sketched in f-ig3 . prod uces ;UI

active antenna for the VHf- region a nd
more, which can be pUI into serv ice for

field stre ngth measurements on account of
its consta nt conversion factor. For the UF

region (3 10 30 Ml lz) the wire can be J
metre long. which will give tenfold sensi­
tivity.

2.
PREAMPLIFIER FOR TilE
TWO METRE BAND

TIle quality fact or of low noise mentioned
al the outset has not been men tioned again
up 10 now. We gCI low noise figures with
MES-F h'Ts. even in non 50n sys tems,

because ill' equ ivalent noise res istance lies
around several hundreds of otuns. Connor
(2) gives a rule of thumb for the smallest
noise fig ure achievable with common
source circ uits:

(3)

For the type CI-!3(J() we gel aston ishing

figures:

F, , f

O.Oldl3 10 MHz
ll.U7dll IOUMHz
O. 14dH 2(J(l MI17:
03 4dH 51H) Mil l:
OJ i6t1 11 I Gi ll.
1.23dB 2 G1 h
3.0Xdll 5 Glil.

UJl IO lIOWfig urcs like these have not been
achieved ill practice and at the lower
frcqncm.-ics with MES· I'ETs. Nor is it
worth auc mpring frequency records he re .
The calculated value for I GJ-I ,. seems 10
he not too far removed from the actual one .
TIle discrepancy becomes larger w ith

decreasing frequency. AI leas t below
2fHI Mflz a sub- ldB noise figure is not
generally necessary. It app:ars 10 be very
di ffi cult at low frequencies 10ach ieve good
input matching for Fmin• The manufact ur­
crs of MES-FETs are somewhat reticent
abou t further figures. so there's a broad
field for individual rese arch both with and
without a computer.

Successful designs, by Angle (1) and VI IF
Commu nications editors (3), are 1101 con­

sidered why they arc proportioned an d
exactly how . Here 1shall first broach som e
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aspects important to me, then ex plain as
wel l why the selected circu it came about.
And naturall y the les t res ults achieved will

be documented and discussed.

In tod ay's rad io landscape a preamplifier is
alway s a large signal amplifier as well. Th e
narro wer the bandw idth of the input

circuit. the more it is burdened with strong.
out-of-band signals. So bandwid th needs
10 he balanced against noise figure . Strong
interfe ring signals inside the band can only
be tame d by good sig nal handl ing (high
1M3 point). We need to select a circuit and
all operating point that can handle a high
level of overload. MES-f ETs tum out to
be worse here than V-t\.10 Str iodes with an
operat ing po im at In = 0.5/\ (m abie up to
around 201 ) MII7.), because of the ir typical
drain current of j W:I 10 10 20mA. In the
third part of this series power amplifiers
will be discussed and this aspect will be
examined further.

Noise and power tu ning of the input
circuit do not generally coincide. This is
almost always a sign that feedback from
the output is influencing the input. The
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small feedback capacity (I f t\.1ES-FETs is
noticeable if one has In usc ;1 high deg ree
of input trausformanon for good noise
matching. Neutralisation creates a remedy.
This has already bee n used hy Laufs (4 )
and was the slate of tile art in the valve era.
With MES-FETs self-neutralisa tion sets in
as shown in Fig.a whenever the following
is valid:

Fig.6: Tornidu l Cores TTl (upper )
and 1. 1 (lnwer} woun d a nd unwound
for t he cir cuit uf Fil.:.5,
Ll '" Tcfhm rinl.: 9.5 11 h.S 11 JlUm, t +20 I lInl~

Tr l '" Rjn~ (ore h 11 2 11 21l1m made uf Ff SIll

3+3 turns U. lmm CuI. , drflled non-Inductive
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W,
W,

20 (4)

f orward measurements are made with two
differe nt resoluuons on rho frequency axis.
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producing a VSWR of 1.6. The reverse
amplification is close to -5Od8 . alrea dy

above the upper limits of the test set-up.
Without se lf-neutralisation the figure
would be -20 to -30d13 .

Noise and power match ing also seldom
coincide. People have therefore discovered
the reciprocal rule of ma tching: instead of
the correct matching of an amcnn a cable, a
correct source impedance is supplied.
Standing waves in the cable and the
additional losses caused by them arc still
present of cour se but at least energy is no
longer moving back. and forth in the cable;
the reflected energy is re-radiate d by the
antenna. During meas urements the amp li­
fier, connected to the signa l generator,
behaves as if it was connected 10 an
antenna .

With a substinuc antenna. having a baud­
width narrower than the input ci rcuit, the
ampl ifier bel-aves completely unprcd icl­
ably! The remedy is an inter -base circuit,
wh irl! ill its design agrees completely with
FigA . although in general it demands a
diffe ren t w2/w, behaviour. By means of
add itional capacitors parallel to Co w or
D DS simultaneous neutralisation ,IUd coin­
cidcncc of noise and power marching call
be achieved.

For an after-a mplifier the same reciprocal
matching rules should hold good. In the
simples t case we give the pream plifier an
ohmic Drain resistance of 50n If the
degree of amplification t urns out too small
a broadba nd transformer is necessary. For
frequ encies up to 500 MHL this call be
made from ferrite ring cores and windings
drilled through them, giving whole-figure
step -lip ratios. If this ratio is 2: 1, then the
Drain resistance is 200Q (use IRO or 220)

and the amplifi cation is doubled. If the
ratio is J: I, then the Drain resista nce has to
be 450 (430, 470) Q and the amplification

I + P
VSWR= - ­

I - P
(5)
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Fi~.7 : Output reflectkm Factor and
Reverse Am pli liclliioll

VI .. Kr ncd i'Kl 1' actnr, p . 0 is
h i~h l i~hlcd. P = 1 is J .5 dlv's hi):ht·r

Y2 = Kncrse AlIIlllifk ali un , reference line
.!iOdU is hi):hli ~h led. $db per dh isioD

.. = 511 to 2$0 ~ 1II /.• mar5..l'fli OI l !i ll Mill

f i/!.Ha gives the forwa rd amplification at
the middle of the band as 19dO. the JdB
bandwidth as 4 MHz aud p less than 0.45
within the IdB hand width., i.c. VSWR
equalto or less than 2.n. The best value of
p (value of VSWR) at the centre of the
band is 0 .17 (1.4). 111e values appear 10 be

satisfactory and no funhcr cffon was made
10 improve power matching. According 10
Fig.Hb, amplification dwin dles monoto­
nously fast, though less steeply. at the
uppe r freq uency end due 10 the capacitive
inward coupling. 11lC peaks visib le at 50 ,

75, 120 and ISO MII7. arise fro m the
ha rmonic s and sub-ha rmonics of the
broadband sweep generator used.

Finally noise measurement was invcsn­
gated.using II laboratory receiver wuh 7d B
noise figure and an active AM dcmodula­
tor connec ted behind the preamplif ier, TIIC
res ult C,1lI he see n in Fig.l). From the
relationship of the noise voltages me asured
(2 .0 : 1.95 div ) we can c alc ulate
FM • 1 '" !.IdB and for the pream plifie r
alone FI""aml' '" O.9dB. Th at is still nor
astonishing ly low but 1101 a bold result
consi de ring at the same time fhe isohulon
achie ved of nearly 70dB according 10
equation ( I ) and the insensitivity 10 virtu­
ally any mismatching on the input or
output.

TIle total amplification is given by the
transformation in the input circuitry and

Fi~_H : In put Rell et:l ion Factor and For ward Am plification

VI '" Rr-nectioo •·..d fOf", is 0 j, hil:hligh ltd. " I j~ .\.5 d i . jMfOn.~ hil:hn"
Y2 " . 'or \\" ilrd Arnplirkation, 5dK per divilOion . rererence lillC' equals Input \' olllll:C'
X " {ii ' 140 10 160 Mllz, ma rk ers ncr,. 10 ' 1I1l; (b) .5tn 150 Mil l, markers C\ Cf) .50 Mil l
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S.RIl.l/ii together. Since the second leon is
close to I , the fi rst must be approaching Y.
The po int for Id B compression therefore
lies around 35mV input voltage ( -16dBm),
as would be expected from its linear
controllability. The 1M3 value is recorded
as -xdll m at the input, which represe nts a
noticeab le variation from equation (2) .
Roth meas ured values, r .1dB and 1M3, are
dependent all each example constructed
and 0 11 the operating point chosen. A

trimpo t resistor in the Source line might
make optimisation easier.

3.
OSCILLATORS

Considering their low capac itance and
high upper frequency limit, one might
expect MES-FET:ito heexceptionally well
suucd to building osci llators for the GH7,
region.

Sadly this is nor the case. Tw o cha ractc r is­
tlcs of MES-FETs stand in the way: their
SIring scintillation noise and the significant
dependence of capacitances on the volt­
ages. T he scinrillurion noise (also known
as III' noise) sets in already below J Mill
and in the audio frequency ranges reaches
vaIlles around ten times higher than bar­
rier-layer FETs and bipolar transistors,

Unwanted phase deviation arising from
modulation phenomena in the oscillator
achieves corre spondingly high values.

Admittedly a CF300 has been used in an
osc illator by Rcuschlc and Shah (S) but
without any indicat ion on the se lection of
the of device or how the problems just
mentione d were overcome. My own meas­
urements gave for example at 1.5 GHz an

Fi~,9 : Noise measur ement with Nuisc
SUlIlTCOdH I~N H. with uftra-Hnear DC
re ct ificati"n and low-pass Ii llt' r i n~ with
r" = I k Hz

VI = U.2V IKf di\' i~ i on , r rrtifier 1,\'f"U IlIlint
is hi~hl j g h t ed

Y2 5V per division , logic swilrhing sigmd
lIf t he li lli !\(' .' ''U f f (" L 5 ON, II a OFF

X = lih us pt..,. dhisilln

interference frequency dcvintlcn (de-ern­
phasis SOjIS, CC!RMiS values) of many
ki ll, wh ilst bipolar devices produced a few
hundred hert z.

There are, however, applications where
this interfering de viati on is 110 1 a proble m
or can be el iminated (TV and intcrcarric r
techniques).

The voltage dependency or capacitance is
clearly connected with the small geometric
structure of the MES-FET 'llid the forma­
lion of Gates as Schot tky diodes, Wc need
10 stabilise therefore the operating volta ges
and ideally the operating points as well <i s
possible by using high positioned G a le s

and long Sou rce resistors, as I have
previously recommended here , when
building oscillators.

Since test circuits have proved themselves
to be mo re temperature-sensitive than
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s.
LITE RATURE

(~ ---:----:-:--:--~--====='=====~===
equivalent bipolar set-ups, I have not
carried 011 this work, so no tested examples
can be demonstrated here.

4.
CONCLUSION

There is a range of applications where
using MES-fETs gives better results,
extending the frequency reg ion upwards
by an oct ave or more.

At low frequencies. [0 0 , they show advau­
tagcs where very low input and output
capacitance is called for. MES -FETs have
theo retically very low noise ligures. which

in the centre frequency ranges lire not
achieved in practice. The strong l/f noise
ma kes their lise difficult at lo w frequencies

and in oscilla tors.

( I) 0 1. Angle(19X6): GaAsFET
!' rc,tmplifier for 70cm
The ]9K6 ARRL Handbook, pp.
32 .3-32.4; American Radio Relay
League , Newington

(2) FR. Connor ( 19'1'.2): Noise, 2nd ed ition
E. Arno ld , London

(3) Usillg t!tc D ual -(1alc(iaAsFETS 3030
ill it Low-Noise prea mplifier for

144 Mill
VUF Commun icat iOlls 2f'1,2, pp.77-XO

(4) G. Laufs: 2m-Hand Konvcrrcr nut

Doppcl-G atc MOSFET Mischsnnc
UKW- I~ ER I CHTE 2/6X, pp_ItHl-10?

(5) R. Rcuschlc and II. Shah ( 19X9):

Applikarion en fucr S ale llilcn Rece ive r

Funkschau 21/'1'.9, pp. n1-65,
Frall/-i s-Ve rla g, Mucuc hcn

Very low noise aerial amplifier fo r the
L·b,1Iu1 as per the YT3MV article 011 page
90 of VHF Communications 2/92.
Kit complete with housing An No. 6358
DM 69. Orders to KM Publications at the
address shown on the inside cover , or t

UKW-Hcrichte direct.
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WolfgangSchneider,DJ8ES

SSB Transceiver for 50 MHz using

50n Modules

Part-I

(Revised version ofthe presentation given at the 1991

Weinhcim VHf Convention)

calion to the frequency determining par ts
(c.g. filrcrsj.uc transcei ver can be put into
service nil all HF b ands and also 011 tW11
metres.

This artic le docs nor [:0 intu all the
minutiae of constructicu. rathe r it tries to
prcxcru the keen amate ur w ith a viublc
route to homcbrcw ccnst rucnon. Apnrt

AnWIIl.:: th e vartous popular uperatin~

IIwd cs ill amateu r r adio, SSB·nX is (Jil l'

or tilt' Focal pui n.s. 0 11 th e Frequen cies
avallatile from l.H M ilT. lip 10 well into
th e G Ill. rt'gioll this mod e ill particular
otters mall)' opportunit ies fu r home­
brew cous tructinn.

Based em j,tnud result s using SII!! mod­
Illes, ti lt' author has r ea lised a n old
dream . T his 5U \HI:!: transcd vcl· has
bee n carT il'd through unaided from
ptanninu. all the way thruugh cou cept u­
ansauon. til reansaucn ; it therefore
earns with justifica tion th e lill t' "borne­
made" ,

"'"="~~'i,,() MllI

, ---

OJ8[S

I'AiPl<>Arrpl
- . :.0 1,117 !

;:, J""~V'rt.."" 114-1t.lI lz

A numbe r of relationships determined the
author 's development work. Thus the
transceiver was nor going to serve only on
the 50 Mi l l.band but also to drive existing
transvc ncrs to 144, 432 and 12Y6 MIl L.
111e concept diagram (Fig. I) should illus­

Irate this point.

On account of its universal conception
(that is, using broadband 50n. mod ules),
the transceiver desc ribed is designed not
just fo r 50 Ml lz. With appropriate modifi- F i;,:. I:Co l\cept uf th e Author's Destgn
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from " few special components, <I ll other
parts should already be in the junk box

SOI1Il'wOCrc.

I.
TIl E CIRCUIT CONCElyr

In Ihc block diagram (Fig.2) the imcm~'litlil

o f the individual clements can he seen.

TIt!: received sigllill arriving from lhe
antenna atthe RX input is amplified in lhe
RX mixer. passed through a filler and then
transposed 10 the IF level (9 fooIH l ). Forthat
the modu le requires an oscill ator siglllil
tunable betwee n 41 and 42 MHz. In this
way the runge 51 to 52 MJII.ix covered,

111Coscillat or signal needed is provide dby
the VFO unit. The tunable osc illator wor ks
in the region from 5 to 6 Ml lz. 111c
amplifie r fo llowing operates as a buffe r
and at the same time dccouples the
freq uency counte r and VFO mixe r from
one another. Mixed with a 36 M ltz crystal

oscillator. it produces the desired output
frequency of ~ I to 42 \-IIIL

Th e digital frequency display is e xecuted
in eight dig us. so Ilk: I.lsI dig it sho .... s
hundred li z units. Thi s coumcr evaluates
the VfO signal directly. To achie ve a
frequency-accura te display IhI:: d ifference
f rom the warned frequency u.c. ~:'i.OI K I

t\1111:) musl he programmed.

The received signal IIOW reaches the IF
amplifier. Here the crystal filler limits Ihe
bandwidth 10 lhe 23 l.Hl necessary for
SS H,

Per the field-strength display IS· mcter) thc
received signal fromihc Ar,('/A LC mod­
ule is evaluated, At the same tun c (h is is
used 10 set the regulator voltage for
controlling the IP amplifier.

For demodulation the 55H exciter is
employed. ln this pHl>:CSS, by ac tivating
the correspo nding crys tal oscilla tor. the
desi red sideb and is selec ted. At the output
of the ring demodulator the audio achieved
in this way is passed 10 a lo..... -pass filter
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Fi~'] : Harlley Oscluarer wilh l ""u-!>Ia~e HuITer Am plifier

and .1 two-stage amplifier. TIle power
amplification needed for loudspeaker cp­
cration Colli he undertaken in a separate
module .

During tran smit ting, speec h from the mi­
crophone is ampljfied and mixed in the
ssn exciter with the desired sideband
oscillator. At the output we gCI a double
silk-hand (DSB) signal. The swuchable IF
amplifier is used ill the transmit path. The
crys tal filler selects the desired sideband.
By using an AGe/ALe circu it we can
avo id over-driving the following stages .

TIle transmit mixer transposes Ihe 55"
sign,11 already produced up 10 ; 0 Mllz,
Like the receive mixer , this contains filter s
and amplifier stages. At the output of the
T X mix er we have around \(JlhnW avail­
ublc 0 11 the desired frequency.

2.
TilE OSCILLATOR UNIT

2.1 T he lu nable oscilla tor (VFO)

In the transcei ver desc ribed here an osc il­
late r from a Collins receiver is used. VI--"OS
of this kind or similar ones can be found at
radio ra llies and boot sales .

The VFO oper ates with the Hartley c ircuit;
this ensu res good stability. The oscillat or
gets reverse feedback from a t3P loca ted
about 10 to 25 percent away from fhc
ea rthy end of Ihe co il.

The higher the slope of the FEr used . the
less feedback is needed . This should only
beenough 10 ensure foolproof operation of
the oscilla tor. To much feedback leads 10
instability.

The oscillator is tuned using the core ofthe
coil; this makes it a so-called PTO
(permcability-turc doscitle tor) . TIl( luning
range tsaooul5 to 6 Ml fz.

fo·i~.4 : The com plete VFO with
encapsulated coil for Resonant Circuit
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Broadband Amplifier

Mi!;(1ln" = MiU"r
U('~tr = Tran Srll....lIer
Wal"h Jo:r = Counter

RX/T X­
Mischer

liih ler
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H'- - r - o +12V
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1 1 k ~ BFR<JG .!.. I 1

VFO
(In)

.,
l

:N t H _ IOn
DJBES OOB

To decouple the following stages 11 two­
stage push-pull amplifier is used (flig.J ).
111i;; buffer ~lagc ensures feedback-free
operation of the VFO.

2.1.1 Cnllslrm:litlll hint s and
Cl lll l ll i iss ioll illl:

As the photo shows, the complete osciila­
tor and buffer stage arc buill up " in
mid-air" , The fcc dthroughcapacirors used
for R~ dccoupling also serve as solder
["p. As far as poss ible. the m e of specia l
components was avoided here and in other
parts of the circuit; this applies particularly
to semiconductors. '111c low-cost BFXX9
gave repeatable results in the buffer.

Using the components indicated. the mod­
ule delivers an output power of O.SmW
into SOn . With <I supp ly voltage of l2V
the current drawn is around 20mA.

2.2 The VFO Amplirier with Pow er
Divid er

Following the VFO is a single stage
broadband amplifier. in the frequency
range arou nd 5 MHz (FVFO) this delivers
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an arnplificarinn of about 200B. At the
output the VFO sigual is split in a
Wilkinson divider for the frequency coun­
rcr and the VFO mixcr.There is a signal of
around 101lIW at the disposal of each o f
these units.

Th e broa dband amp lifier (Fig.5) wi ll wo rk ,
tip III ~(X) Ml -l z with the components
indicated . Notable ill the cir cui t arc the
inverse feedback and a transformer wound
non-inductively. In the sccnon on VFO
mixers we descr ibe rhc winding and
connection of these transforme rs

T he circuit is stable across the whole
frequency range. Input and output both
exhibit a true sun impedance. These
values result from the 4.nl and 5(,0.0.
feedback resistors and the a.Itransformer.
Details 0 11 exact dimens ioning can be
found in items (2) and (5) of the literature
sources (sec next issue] .

The Wilkinson divider <It the outp ut of the
module divides the signal equally bet ween
the two outputs. It needs to be dimensioned
for the VFO frequency. With a coupler of
this kind we get good dccoupling automat i­
cally (more than 30dB) between the two
outputs,
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Componen t l. i1l oul
" ith Ihe Surface­
mount pa ris on tbe
IracL side or Ihcl"CU

Th e complete counter module is controlled
by a driver unit (IC~17207A ) . A~ well as
the control signals for Ihe two ccoracr unil ~

it provides Ihe siglMI for the }.lilting rime
clement. made from ;1 741S 9lJ. 'JlJC Jed ­
mal counter is preceded by a transistor
stage for changing the signal lcvcJ. The l} : I
transformer converts the 5012 input to the
high impedance required by the transistor.

2.3 The Uil-:ital Frl'4IUl' tH';y I)isplay

The frequency coumcr is an l"ighl-digirOIl\:
and is made from two four-digit counter
modules of the type ICM7217A by lntcrsil
(Fig.7). These ICs are designed for seven­
segment displays with a common cathode.
The units <i re programmable for producing
a frequency-accurate display; we shall
need to IISC this feature here to add 45 MIlL
to the amount.

Con uecttons Iur the ICM 72t7A

......
so; ,..'
V( ,,,,

""Il'

."....
-~­
"'""o.
ss

<C
I'-

[ ..... J
C\l
I'-

:E
C,,)-

.,,..
L~

<-:"'11"""""

Lo ... co-~---oii'

••-
Fig.7:

2.2.1 Constr uction h ints

The circuit is constructed on double-sided
epoxy primed circuit board material with
the dimensions 34 x 72mrn (Fig.6). In
gene ral all the PCHs have been designed
so t!lilt they can fit into commercially
available tinplate cases. All of these used
have a height 'lf JOmm.

For HI-' the individual units arc connected
using thin CO;IX cable (c.g. R(i 174). To
save space and cost, plug connectors are
not used , The amplifier i..powered thwugh
a teflon fccdthrough.

2.2.2 Com ponent l i _~t

I x HFRIJn (Sicmens) or similar

2 x ~('OsiJ ready-ma de fillers. l uH
llV504~ tycnow.green)

Resistors and capacitors arc surface -mount

types.

2.2..' Commlsslon lng

The current requirement of the amplifier
stage at 12V ls around 45mA, Two volts
arc dropped in the 47n resistor. Any wide
deviat ion from these values mean you
should check the transistor used and the
winding of the transfo rmer.

There 's plenty of scope for making errors
here!
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Sample prog ramming
arrangement

.,.
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o 0 4 5 MHz
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DJ8ES 009
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" . ,
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" 74LS290

Fig.9: Circuit of the programmable Counter Group; l.lcbcrtragcr = Transformer
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lUiUlflUll
! . ~ .. . -.
~1' A ·· · f " ICM7217At ; A

Fi:,:. IlI; Comp onent Layou t or th e
Counter ~Iodll le, Surface-mount
components arc ptaced 011 the track
side of th e PCB

2.3.1 Censtrucuon hint s

The digital frequency d isplay is spread
over two PCBs. As well as the actual
couruing logic, the eigfu-digit display is
buill up separately. 111is makes it easier for
constructors to add additional functions at
a later stage. Both PCRs are made from
1.5mm thick double sided epoxy material.

The frequency shift, in our case 45 MHz, is
programmed with standard diodes, c.g.
IN4148. Provision is made on the PCR for
the co rresponding connec tions. Fig .K
shows an example Dr this progra mming.
This will be useful ill particular when used
with rransvcrtcrs as the constructor C,HI

always obtain a display which is cor rect for
the frequency.

2.3.2 Components

I x 74LSYOI x ICM72tl7AII' D(Intcrsil)
I x ICM7217 AIPI(lurcrxil]
Xx 7-scgment displays, c .g: SL1110K
2 x UClmm or simila r
Capacitors and Resistors are surface­
mount types
1 x trimmer40pF ( HIlUm sp acing, grey)

Fi~. I I :

Completed Counter
Lo~ic with Displa y
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After applying the operating voltage of 5V
lhe display will show the Ircqococy pro­
grammcd. in this case 45.lX1lJ.O M!Iz.

It' a defined frequency is fcd into the input.
this pills 45 ~lI h: should hi: displayed. Fine
adjustment of the cotnucr unit can be
undertaken w ith the 4OpI: trimmer next to
the ICM7207A.

2.4 T il t" VFO mixer

ln thc SSB transceiver 1i.1T 50 MIIJ: J VFO
signal in the range 4 1 10 42 Mi ll is
required. Taking into conside ration the 9
MHl IF used, this will enable cove rage of
the six metre band from 50 10 51 ,..1H7.

One possibility of producin g this signal is a
supcr-VftO. The signal from a v l-O
wor king normally around 5 Mll z is mixed
with a fixed frequ ency and is (hen ready

24.

for usc in tbc desired frequenc y range. The
crystal oscilla tor is el.juiJlll'J with a U31U.
Thi s well proven circuit gua rantees a
stable, low-noise signal. On 3(, Ml lz it
gives approx. IOmW atthering mixer. The
mixer is made up from transformers. TIle
diOlk..,. used are 1:\4141( which work just
as well as the spec ial VHf- n uxcr diodcs.Jn
both Inc TX and RX mixer stages this
opinion was backed lip by tbe test results.

Following the two-st••g.e broadband band­
pass filler, the mixer si~n'l l is amplified
further. At the output we thus have around
20mW, tunable in the r'1I1gc 4 1 to 42 Ml fz.

2.4.1 Construction hints

Broadband transformers in a number of
varieties arc used in this circuit winding
and connecting this kind of transformer
requires particular care andancnuon.



i"iJ.t.14: Component layout or the
Mher PC8 (groundplan c side)
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In the broad band amplifiers the trans­
former comprises a bifilar (two-wire, non­
inductive) wind ing (6 turns on a Srnm
ferrite bead). The bifilar windi ng is lest
made as follows. Take two equal lengt h
pieces of O.2mm diamete r varnished cop­
per wire A and U and twis t the m carefully
around each ether using a hand drill. The
necessary number of turns of this doub le
w ire is threaded onto the core and con­
nccted according to the direc tions given in
Fig.13. III the ring mixers the transformer
consists of a trifilar (thre e-wi re) winding.
Construction and connection is just like the
bifilar winding. The PCB for the VFO
mixer has the dimensions :H.5 x 72m m. A
normalunplarc case is used .

Fig.13: Sample Bifilar (non-inductive]
and Tr ifilar Transfor mers

, e c

III
I

A' " ,

, e

li•. l l,~ .
" B'e
(~

"

2.4.2 Comp onent s

1 x U3 lO (Silc onix )
1 x BF R96 (Sicmens jor similar
I x zcncr diode 9V 1 (surface-moun t)

4x l N414H
1 x Neosid ready-made filter O.13ul l,
BV5063 (blue. orange)
1 x Neos id ready-made filtcr O.3uH.
BV5049 (ye llow, while)
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Fi~.l5 : Con st r uct ed test sample of the VFO Mixer

2.4.2 Components (COIlt.)

2 x plastic foi l trumncrs 70pI-' (ye llow).
IUmm spacing.
I x crystal 36 Mll z, ser ies resonant.

Holder Il e-ISU or HC-25U
Capacitors end resistors surface-mount
types

2.4.3 Cummiss inn in~

Afte r applying the operating voltage
(+12V) a current of around 55mA should
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now. A corresponding voltage dro p across
rhe 220n (osc illalOr stage) and 47H
(ampli fier stage) resistors indicates they
arc working properly. The values arc
shown III the circuit diagram.

The oscillato r should he adjusted to the
nominalfrequency using the rcson.un coil.

Whcn driven by the VFO signa l ill the
region of 5 to 6 MII7. an output power of
approx . IOmW should be achieved . After
th is the twin filler shou ld he tune d for
maximum.
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LECTRDrt/CS
21 Goldtngs Ctose , Haver hill
Suffolk, CH9 OEQ. England
Tel: 0440 (,2779 Fax: 11440 7 14147

T XV4000 24<.:m Low cost Video transmitte r, excelle nt mini alU re VI'O design, 400mW o utput.
12V rx; input, Ready assembled and cased transmitter .

r x V4001 24<,.'111 Two channel PLL video u ansmiercr module. 41.MImWoutput, 26 MH7.
bandwidth . 12VDC inpu t, complete built and tested surfA<,.\: mOUIII assemb ly.

"AIIHJI 24.:m Power amplifier mod ule (0 compliment TXV4O(MIscr ic~ tran smitters , 2.5
Walt output, 11V DC input.

1,I IA2UO! 21cI11 Pscudor uorpbic HHMT ultra low noise( jaAsFf<:T preamp. outxtandlng
performance \I,i llg O.l5J B noisefigure I'HF.\-IT ! Supphedin wcathcrpmof IPt,:,;
enclosure with N connectors.

CV700 1 24cm Down Convener. 4UMHl IF output. 27dIl Gain, IdB .'l l,lise Figure. Complete
built and tesled surface mount assembly.

:\11900 1 Ph ase Lock Loo p mod ule based onPlcssey SP5U6(J Ie. n 'l1lplete syntbesiser 1111 a
single PCB, includ es regula tor and loop filter compo nents .

Vl nEO I ~' Canuech's complete video IF ca rd demod ulator, IF at41lMHl with IiMllz sound
demodulato r all 0 ' \ a sirlgle Euro card I'CII.

AS(; +\'()GAD Imercamcr sound modulator board for TXV41JO(Jscries uau-mine rs. enables youto
transmit sound wilh your video pictures.

Specialist 24cm "TV suppliers, RF, Telecoms and 1\1icmwaH' desi/.:fl c onsultant s
+ PCB CAD and prototype/smau volume mauufactur ing scrvlce.

BRITISH AMATEUR TV CLUB
Ti lE Cl,UB FOR ANYONE INTER I::S'n m IN AMATEURTELEVISIO N

PAST SCA N, SI.OW SCAN, STUDIOWOR K, ETC. 2500 MEMBERS WORLDWIDE

QUARTERLYJO URNAL. CQ-TV. WIIICHfEATURE..,\CONSTRUCTION

PROJECTS ,ATV NEWS, REGULAR FEA'I'URESAND PCB & COMPO NENT
OFfERS TO MEMBERS . ANNUALMEM HERSIIIPONI. Y£9.00

BATC, GRENEllURST,PINEWOODROAD, BIGII WYCOMBE, l iP12 4DD, UK
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im.-.q<>t; to I,,· rcc ciwd In 111,..,..<.Iil",· CLlrltv. Il i~'\·rs . Llk M . r"olU ,'''ins, <:i l;"" ,10<1 .'",-,,, "1l~ , 11 lowl''' Cd" 0.'
:<O~'n 01' 'Jon,f dd~," . l'kt l('m"~ l will " I'p lc ciod l" tl... irlc-M'>l'tl ,,·.;ohIf;O" of ...." "" r",,, Il·mro' kllUl<'<; .

11l1,MJ'! proc<:'SSiJ)lj . ind ' Kli' "J v"ri.,N.-dJIll hi..tow" m (,," 1MSI "'lI",h"'tion COll ,lo" 'Ld ....11h full colo."
,.. l,ling . ~1Vl'S ti,e iw,1 1',.>:;Sihk' rl' ....,h from ,my 1m.·1~"' . C'~()lll .~ >J 'dnc"mo... l1 " II"",,, ,,<,,1 ",rf"",e
h'llIj",r"rur" dIlCI Lmrld..l"il, 1<> "1;"'<.1 u ut in hkjh (unlr,,~1 An I}IIuml..." 0/ t:ukKJ' po,1.-n ,'S Cdll be ""W<l
to r lUI"''' Uld.!, The -.opl';"lic"lro nlQ....-.e-rlnwn -.ofI......,,· ;,Im.,. <ill fiw I:I....Kl" wi", ...,1Il'(! <lfId di,pIa~d

011 r"'<I~'" VGII ."Vlll S VG/\ c....<h right up to 101 4 I'ixl'k , 768 lin<>s and 2~, oo!o'xllS

l o om lu 9,e"l ...,. th"'l pb.d 1t......,1 i~ ilvildilble Irum ~h il 1l1UU!o<' d"wlllOum l>ol< Ul u.,j,~ a fOdmil '!t
mom 1I...t "Ilco<k-sT"'" tim" rlYIl""lic p3nning

S.'<·liull~ of the ilTh"'H" n ldY"" "' 1""-'<1 dl ld conwrtro Iu G IF ilTk'lges fOT ""'V.>xd...,,!\,,
l..ltltu,1,' dlld IongiTl.•Je 9. 1<10:111'19 cOfldJinf'd WIth d lIl'x ,.... pointer n' " OOut uf fo 'l11po'h 'lul e wiU b<' ilVdil"l>l<>
l" te in }')'1!.

Trlld\lr~J til<' SilleDi'" is "iI'IY " ' Mllun! MdrnJdl lrockinoJ b .....r:.'srmp'" '" tho> Pd~~" "boul 15 minul<'.
kJO<} A trocking systom is unoc" dc>wIoPfT1"T11aoo M<~I<>d by th.. end of 1'J"H A " fOOl Jish ,,1'(/ gootl
r"OhSlnphfi<'f ..,., r~omlfln """' . The Tlffie'ltep R<'I;O!ivPf is loo>ll-contained in 41\ ( ' XI<'\nal Cd'" and
f<,,,lur~ mulli-<:h.am1(-fopl" dllon /1,-.1"moving 0011 S """' ... lot preti5e-5iqf1dl ~.omgth "-..r'm,,nl.llnd
IriIdIinQ 1he da la CarolS " Tltnl'->h:p dP5ignnWl! undP. hcPf1(1! Irom John DuBoi. """j UI MlIf~hi,z

Complt'le sySlems i"" o1V.1ilo1ble. ull or w'riIe for" con n brochure .

USA Am.lou, [),>"l..... ::'p<><lmm h""""'b" nal. PH Ho>:. tOM. C,.",,<ll<i. M"',,-.J ....m 01742. rd ~ 26.1 2115

TIMESTEP WEATH ER SYSTEM S
Wk-khambrook N.....-m".kel C8 8 8QA Engkll1d lei, (0440) 820040 fax: (0440) 820281
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VGASAT IV & MegaNOAA APT Systems
1024 x 768 x 256 Resolution a nd 3 0

'Ill(," T:n :<'~h'p S.""II,I(' $ysl"'''' C~n n>('IW : m,~ fw m ~!eleosat , GO~.s. GMS, NOM, Meteor, OkedIl
drl<! F" n!l 'run. l ; ' lnq an IB ~I PC corq""lhl" com ",ut",r enahk>s ! t-w d' s~!i 01up 10 1024 pil<cls. 7(>8
!il K'S d l,, 1 2:)(, simu:1cl noous co lour. or ~C<"ll sh<.J.: s ',kl-",nd in'l on tho.. grlllJhic ca rd Iitt."'<!. We dCti",,'"
" ippor'! 1"l(>,' I[.,,' ,1:1knmHl VGA ,lnd SVC'JI\ Cdld, Exl<!",ive irr""l" proce,..il ~l ind lld.-·, , ('"Iisti< :ID
r ml" CI" n ,

100 Frame Automatic Animation
A::im,tion of :lp t" 100 fu:! ,U ee" fla l1l", trom GOLS and Md co , ;,Tis Will in , W.. r,, 11 this ', l"rLd alorw
" ll i:ni1Ii" n ' a' it a ' ilo lr"-~ ica l :y ,en'iv,,,; i m,lq~ . , . tOle> them ,md cemtinuc>U,ly lii' pk,Y" tfl"m . O ld iIILd<J'"
~ re " " loma1jeil,)\,; C,,,,I " led " "d "lxl"ti'd \w h r a-w irrl<;l'.le , . Tf", ,moolh <1nilllllh!'\i ifni,,!'>' ,me cumpletely
tI:ckr' r l ~r,·, Once w t in ul",r"l~ '" "i:fl ,l <iTl<jl.. "" H.I><! dic K. 1h~ plOlJ,..rn WIll illoNdYSo;hOll.' Ih" !dIe"
~ n'lT:il'10n <eqllp'II;" ";:h,,,,1a:l~' hm hN "f"·''':<'>' ",tilm.

NOAA Gridd ing a nd Temperature Ca lib ra t io n
TI""1!ll\o\" d JiW M.'gaI\OAA. p:ugram w:lI I,ll«> the ",~101,, I"''' ot an Ofl>il ing SOl idi!,,, ilnd ' to r" tI""
cornl'''' l~ rl.' l11, A~10"l<;Il ic g:idd irl<j 1Ind " 'you ill!' fr",,,' funcrioo Ill>lp irnd<j<!· im.-.rpw l,llion on cluudy
"int~r davs. .sp.-.cldCtikn co loler i, hllIll in 10, Sti""y sum",e" docs. s.-n..,,,libmllrl<j l"mrw"'alur", ,,, .-.doni
l'Tl " h:~s tho> '"'lOtiSO' pointer to ,hov.,·lon~ LltJd,' . I ,liilude awl l" mpo>ldluru ~lm llt ."'''O<I<Jy.

Eq uip me nt
~('I I',,~"tiGoes

., I UMdish .Hllenn'l IUK onlyl :J 'id'.li dOl(" II\"
:I l' rt'd!lll' lifwf " 2UM Ill;UOWdVe ,,,hie
:1 M"t,'o<.ll t/ GO ES fCCt':V'"
, VCoII."/\T IV Cdpl"' " cad
, C ) !">1',ore ( ",d/,t'ce i\·", c,~hle

, D,~ teed kJii"e lin 1~T-"-' )

Pol" r/ NOAA
J Cros..-.ddtpolean:"" ""
:-1Qu,'ldriliL1' He!ix "ntenna (I"", 199 1)" Prealllp'ili" ,
" 2 r h.l nncl ~OAA rece ,w, :"1 PROSCiln t('(.-jllt',
" C)pll l,e l'dnl/,c:"C,,;v~ , cilbk>

(-<III or u:me I"'" [urthcr iHlormal ion
USA F.dIJ("h" [hun IlSC.'" S::i<nt:;;", F-<'.I,.,.."" .><i,, 1\ 1.'k 'k ';'
D"~"'J" , 4q Lll .....' ~M()\:ne 5 troo:, Chic,'S ,'>. II '-,i>I>" l
T,,: I ·Rn0 6Z1 1·16'.1

US" 1\"."0'" IX.,)", Spoe" un" [ntem...I"~·; ol, P U. !lox l IJM".
(' .... ,Co.>«! , 'l••_l-",;",,,Ot74~ Tel· 5(lS 2bJ 2115-

TIMUTEP WEATHER SYSTEMS
Wlo:kh..mb yook ~......'tna rket CB88QA England Tel: (0 4 40) 820040

•
•I

~::! .

fax : (04401820281
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MATERIAL PRICE LIST OF EQUIPMENT
de scribe d in VHF COMMUNICATIONS

ORINV

PCB
Components

Digital [mage-Store for the Spectrum Analyser

DB1NVOlO
Processor P80C31; 12 Ies; 1 Reg. ic , Transistor;
Zener Diodes; Silico n Diodes; Chokes; RAM;
EPROMDRI NYOlO; 4 x 2k Trimpots; Crystal

Art. No.

6477

6478

Ed. 4/1991

DM 44.00

DM 276 .00

»G INV

PC B

Track ing Oenerator ror the Spect rum Analyser

J)B IN VO II

Art. x«,
6479

Ed. 111992

DM 3 1.00

F61LR
F@XC

l' ClI

A Digital Slow- Sca n Television
'rransmtt Coder

SSTVCODE 1 (KMPublications)

Art. :\"0.

SSTVI

EO. 3/1992

£ 28.50

DRINV Broadband YeO's using Microstrip Tcchin iques Art. :\"0. Ed . 4/1992

PCB DB1NV012 6480 DM 33.00
PCB DHlNVO l3 6481 DM 33.00
Components 400- 1250MII7.

3xBB619; 1 xBB81 1; 1 x BI'G96; 2 x A1'42085;
I x BFQ69; 2 x 2.2nl' & I J( 27pFFeed-through Cap.:
SMCConnectors; 2 J( 0.4711 SMD Clloke; I J( housing
74x55xjOmm; I PCHDHINVOl2 6482 OM 8 1.00

Components 450 -1450MHz
as abovebut: 1x BrGGSinstead of BJ-iG96 6483 DM 81.00

Components 800- 1900 MHz
as abovebut 4 x BB81 1instead of BB619 and
PCBDB INV013 instead of012 6484 DM 85.00

The above itemsare all suppliedby, andobtained from, UKW-Berichtein Germany.

To obtain supplies please contact your country representative for details of local prices and
availability. Alternatively, you may order direct from UKW-Berichteor via KM Publications,
whose addresses maybe foundon the inside front cover of this magazine.
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Plastic Binders for

VHF COMMUNICATIONS

• Ama~1i\' e plastic covered in VHr blue

• Accep ts up to 12 editions (three volumes)

• Allows any required copy to be fo und easily

• Keeps the XYL happy and contented

• W ill be lICnl anywhere in the wor ld fo r
OMS.OO+ post and pad,ing

Please order your binder via the national
representative or directly from UKW-BERICIITF.,
Terry Billall 0 00 (see below)

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

)
SUbscription Volume Individual copy
VHF COMMUNIcATIONS1993 each DM40.00 each DM 11.00

VHF COMMU NICATIONS 1992 each DM~\8.00 each DMIO.OO

VHF COMMUNICATIONS1991 each DM35.00 each DMlO.OO

VHF CO MM UNICATIONS 1990 each DM27.00 each DM 7.50

VIW COMM UNICATIONS l988 10 1989 each DM 25.00 each OM 7.50

VHF COMMUNICATIONS1986 10 1987 each DM24.00 each OM 7.00

VHP CO MMUNICA TIONS 1985 each DM 20.00 each DM 6.00

VHF COMMUNIC ATIONS 1980 10 1984 each OM16.00 each IJM 4.50

(Edi tion 3/1982 no longer available)

Indi vidual copies out of cider, inco mplete volumes, as long as stock lasts :

1, 2,4/1972" 2, 4/1973" 1, 3/1974 * 1, 2, 3, 4/197.5

3,4/1976 " 1,4/1977" I, 1J1978 " 1, 2, 3/1979

Plastic binder for 3 volumes

Post andpacking minimum charges

each O M 2.00

eac h DM 2.00

each OM 8.00

OM 14.00

1

k iiA Rtberichte T. Bill a" OHG . Jahnslr. 14 . Postfach 80 . 0 -8523 Baiersd orf
Tel: 09133--47-0· Telefax 09133-4747 • Postgiro Niimburg 30455-858 code 760 100 85



·Runl on PC/XT/AT etc.
with Hercules, CGA,
EGA at VGA ({I, pl.y
. nd many DOS
. mulfllionl.

I Des lgn Sch emlllici
Single . nd Double
l ided . nIl Munil. yer
boWell includ ing
SurI.ce Mou nt .

• SlI ndarel output
Inc ludes Dot Mlltrill /
Uler I Jnkjet Print er,
Pen Plotter,
Pholo.-plotter and N.C.
Drill.

. EJtremely power1uJ.

. Very easy 10 use .

EASY-PC

Technical support
is free, lor life!

Over 13,000 Inslallationsln 70 Countries Worldwide!

Optlons:-soo piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

DIGITAL
SIMULATION £195

ANALOGUE
SIMULATION £195

SMITH CHART CAD
£195

!9j!a~

" .~~:~ I lJ':;:;;;;;:;;;::;:;~;:::;'~
, AI IIIIJ A IUllle alured Digits l

Circ:uitSlmul.lo r lor less Iha n
1:10001

• PULSAR . DOWI you 10 les l your
del ignl without Ihe need for
'llper1t l..- tesl equipment.

• Cl lch 'iI ~lches do _lo . pico
second per weeki

I lnc:lud.. 4000 Series CMOS
I nd 74lS U bfwie,. 14HCJHCT
libf.rles only [ 43.00 ea ch.

. Runs on PC/XT/AT/2861386/486
wltll EGA or VGA.

,NEW powerful ANALYSER III1111
lull gra phic:al output.

. Hand les R'I ,L'I, C'I, Bipolar
Tranllstors. FErl, OP-Imp'l ,
Tlpped .nd Unta pped
Tra nl for~, 'OO Microllrlp
. nd Co-txill Tran s mrst ion Un...

I P IotI Input f Outpul IR'lpedallcI ,
G. ln, Phlse & o.-o up Delfly.

• Coven O.oo f Hz 10 > f OGHz
I For PCIXT/AT!286/386/486 wnh

EGA or VGA.
• Very last co mputation.

. Z-MATCH II simplifies RF
m. lching . nd Includes m.ny
mor e INlurel Ihln Ih' I t l nd.reI
Smitll CII. rI.

IHindies trtlnlmis.Ton li~

tra...forrners, II IbI. di~l'

compo !'leflll, S Pa.-meters et c •
I SUpplied with INIny work"

lX. mples.
I Superbly IIsy to learn . nd u...
I Runl on IBM PC/XT/ATf386,1486,

CGA,EGA,VGA.
. Ideli lor EdU~lion I nd Ind Ustry

For full InformI t lon, Write, Pho ne or FI~ : . ,TECHNICAL SUPPO RT FREE FOR lIFEI

1 . PROGRAMS NOT COPYPROTECTED.
Number One Syst ems Ltd. . SPE CIAL PRICES FOR EDUCATION.

REF: VHFCOM, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PEf7 4WR,
Tl lephone : 0480 61n8 17 tines) Fu : 0480 494042
tnt.,nl iional: +44 -48().61n8, Fa.: + 44--48().494042 ACCESS , AMEX, MASTERCARD, VISA W' k:ome_


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068

