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 DIRECT GONVERSION.

Why dlrect conversion?

Short wave listening can be an interesting and absorb-
ing pastime. High performance SSB/CW short wave
receivers do however tend to be very complex and
rather expensive; it is unfortunate that the com-
plexity of a receiver which has all the desirable
features can be somewhat daunting to anyone but
the most expenenced constructor.

The basic receiver described here covers the popu-
lar 20m (14MHz) amateur band. This band offers a
considerable long distance (DX) potential: This pro-
ject is equally suitable for the beginner who requires

a -simple yet effective design, and :the .experienced .
~-short ~wave ‘listener ‘who requires a second,- lnghly;

portahle receiver. The unit may-also be used in:con-
;junction with a 2m converter having an intermediat:

er the bottomend:of the 2 metre band (144-0°t
44 4MHz) “inwhich ' there ‘is"a" great ‘deal -of VHF

age of the other amateur bands between 3-5MHz-an

tion. Furthexmore the direct “CONVErsion techmqu
mals, such as’ 1mage channel mterference, 7whxch

low mtefmedxate frequenqy
#1'The " receiver ‘uses *a ‘minimum number of ’semi:

»or a second receiver.: b

ER N

~The :vast ‘majority -of amateur activity in the HF
bands is either smgle sideband (SSB) or morse (CW).
Conventional receiver designs fall into two main

. categories. These are tuned radio frequency ('I'RF)
-and supersonic heterodyne (superhet). TRF receivers

are relatively insensitive and unselective and thus
-some form of regeneration is needed. A TRF receiver
cannot receive SSB or CW signals unless the regenera-

tion is increased to a level which allows the receiver .
to- oscillate continuously. . This - arrangement lacks

frequency stability. The level of regeneration must
" .also be frequently varied- accordmg to the strength

.of the incoming s1gna1

Superhet receivers, although selectlve and sensx- '

tive, tend to be complex and difficult to align. Further-
652 '

fmquency (IF): ‘of 14 to 16MHz. The receiver will then"

signal sideband (SSB) activity: Comporent ‘changes’
and circuit modifications are 'also provided for cover-

‘ensures -that: ﬁae receiver -is less prone’ to ‘spurious :

~conductor devices and is assembled . usinga single"
_.printed circuit board. The receiver may be built for-a .
_modestoutlay of around -£10 to:£13 and alignment : .
can readily ‘be tm'ned out usmg a signal generator T

. 'When SSB sxgnals'are to be received, the local -oscil

lator :is tuned to exactly coincide with ‘the: incoming
carrier ‘frequency. The result-is correctly “demodu-
lated audio regardless of whether upper or lower side-
band is being used. When a CW signal :is to ‘be ‘re-"
ceived, the local oscillator is tuned to a very: shghﬂy,. :
different. freqnenq from that of the mcommg carrier. -

Mixer b pags 7| v Audior =
- {or product femade ‘frequency
detector) armplitier -
Cfin=fosc Afosc . ..

r. LOCCI|'L1 e ',".f REE O
os¢iliator < |

Fig. 1: Block diagram 6{ slm'plest‘ direct conversion receiver. -
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' advanced receivers, a-frequency reference:is-derived
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Balanced: mixer

Radio frequency | - & -+ m
" |- product detector

¢ amplitier- L

Auqio trequency
o pré-umpliﬁer’ o

Audio trequency
power amplitier.

Thus the CW signal is converted to-a beat note within

““the audio frequency range.. . :

- ~The-basic form of direct conversion'receiver is
shown -in” Fig, 1. This: incorporates’a“separate local
oscillator: stage. A, worthwhile improvement. in: sen: . -
sitivity .can be achieved: by: the addition: of a-radio '
frequency - amplifier stage. This" offers ' the further

advantage of providing a dégree of isplatic
the local oscillator stage and the aerial, th
to: minimise ‘the amount’ of local’ oscillato

from the signal by means of a threshold gate and PLL

but this is not necessary for reception of single.side- .

band and CW signals.. Furthermore, provided that the
-detector exhibits a high degree of linearity, the selec-
tivity- of "the receiver is determined solely by the
frequency response of the audio stages. This
eliminates IF filters which are found in superhet
receivers. - . : . Lo

—>t
D1

Rs ) TMC443

Cret

F"Ig. 3: Balanced detec_tof c:l'n..'uit. :

. The simplified . circuit of the balanced detectoi' is
shown in Fig. 8. It:should be noted. that, in practice,
‘the reference provides a. much greater voltage than

- that of the signal applied to the detector. D1 and D2"

are effectively. alternately . switched “on™: and. “off”

IS -

. when. a- double : sideband . signal: is- demodulated. -In--

Circuit description -
-, A-dual gate FET is‘used as:the RF.amplifier. The

" - gain of the stage is made variable by adjusting the:

. inpnt- tuned. circuit; L1/Cl,: is: damped- by ‘means- of

N B N e bk A

Fig..2: Block diagram of circuit used in this receiver.

at F-li':he' fréqﬁeli'cyﬁ »_bf -the reference ~=.o‘scillator.,_ D2 con-

- ~ducts. on positive going. half. cycles and D1 on.nega-
_tive half - cycles. K. represents. the = source .im- -

 pedance of .the reference oscillator circuit amounting -
2.to- a few hundred. ohms. T; provides signal voltages :

" whichi: are supplied; to- DI and D2 in antiphase..C;. is;
_chosen' so that .it 1

Fig. 4: The upper trace shows SSB signal 100% modulated by a square
wave. Note the phase reversals. Without the reference carrler inserted
by the receiver local oscillator (middle trace) speech would be received
at double the natural frequency and hopelessly distorted. Square wave
modulated SSB signals would not be resolved in any form. The lower
trace depicts the recovered modulation from the upper trace.

‘When - the signal and. reference voltages are in
phase; the balance of the detector is preserved and
the output voltage after the low pass filter is zero.
When a constant phase error exists between the
signal and reference voltages the detector no longer
remains balanced and a constant DC output voltage
is produced. This may be positive or negative depend-
ing on the relative phase. When the phase error is
not constant but changing, a corresponding alter-
nating output voltage will be produced. Finally, if
the signal and reference voltages differ by a constant
frequency, say 1kHz, an audio-signal is produced at
this frequency. Fig. 4 shows a 100% modulated SSB
signal applied to the detector; .- Dol e

Tt e

bias voltage applied to gate-2 of.the. transistor, The
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" ‘R4, ‘Adjustment of the balance of the detector stage

“The local oscillator uses ‘a junction gate ﬁeldeffect
transistor. Silicon diode, D3, provides automatic nega:
tive bias for the gate ‘of the transistor. The ‘supp:

the zener-diode, D4. The complete circuit diagram i
shown in Fig. 5. The oscillator frequency is varied.b

coreof L2. - Aol

The demodulated audio signal ‘is passed to the AF '
pre-amplifier. RFC2 and Cl1 operate as a low pass .
filter, C12 and Cl13 are used to define the operating . -
frequency range of the pre-amplifier stage, Tr3. The
audio power amplifier stage is straightforward and |
uses an LM380. It produces ample output from a 6V

supply._ ;

| Cons{rUction andiiayouf L )

* With the exception of the controls, VR1, VR2, VC
and S1, the battery holder and sockets SKI1, all com-
ponents are mounted on a printed circuit board. The
component layout is fairly important and the use of
a printed circuit board is highly recommended. Other
forms of construction (matrix board, Veroboard or
point-to-point wiring) may give rise to poor per-
formance or instability unless great care is taken.
Where a printed circuit board is not used, a good
- common earth connection to all parts of the circuit is

essential.
The jnput circuit, comprising L1 and associated
654

Fig.5: Cir‘buit diagram. - ... - _ _
‘R13 to broadly tune to the 14MHz band. Its *“Q”.is ;| -. components, ust’be :screened ;from the -rest of :the
however kept sufficiently high in order to reduce- . i

strong out of band signals. The RF.stage is followed.

by a balanced detector ‘arrangement using two .ger-:

manium "diodes, D1 ‘and D2. Coupling from ;ithe RF.

amplifier stage to “the “detector -is via"a-broadband

transformer arrangement with damping provided by °

of 20 SWG ‘tinplate cut-out -and: beat :as shown.in
Fig. ‘6., The printed -circuit board : (cop

voltage for the oscillator is stabilised by means:of:

""" neans -of VC1. The initial..adjustment of operating'
- frequency is carried out by meax_:s;of the ferrite:dust‘ |

" VR2,.should be screened. The loudspeaker is mounted

circuit This ‘is ‘accomplished :by dsing a-small :piece

¥ '
lay is shown in Fig. 8. bl v
" Care‘should be taken to keep all the mtemalcoT
necting leads short. The leads to the volume:control,

on the lid -of the case-and, when ‘the'lid is-in:place,
care should be taken mot to.trail the loudspeaker

leads across the circuit board, The aerial and -con- i

~verter input socket, SKI, is ‘mounted on the .rear.
.panel of the chassis. The tuning capacitor, VCI, ‘is*:

mounted on a small ‘aluminium bracket. The'bracket. = -
" is secured to the front panel of the receiver by means .. '

of the same two .screws ‘and ‘nuts ‘which retain-a”

vernier drive mechanism. The “live” connection from

VCl to L2 on the printed circuit board should be

made using stff wire, preferably 18 or 20 SWG; this

helps improve the frequency stability. The earth tag

of VC1 is returned to the common rail on the printed -

circuit board by means of ‘a short length of copper
braid. The outer conductor removed from a short -
length of 50 ohm or 75 ohm coaxial cable is’ideal for
this purpose. The lid of the case should also be
earthed to the common rail. This prevents hand
capacitance effects. i -

_In the prototype, the printed circuit board is held in
place by means of four 25mm spacers which are.
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Fig. 7: The printed : circuit' board
shown copper side. People - are
strongly recommended to use this
board layout having been developed
" and checked with: several proto-
" lypes. Boards -may be- obtained
- from the Readers’ PCB Service
(p 658) if required; quoting Ref.
D043. The pricels £1-85+ 15p p& p

UPDUIG e oo o

Fig. 8: The PCB overlay showing component locations.

. i .
secured to the bottom of the chassis by counterSt:mk -
screws. The- battery holder is made from suitably - ;
bent aluminium-and then lined with a strip of foam Aerial i :  Aeridl winding
rubber. The battery holder fastens to the back| of erial et Eﬂ%ﬁﬁwﬁéﬁn;’"
the case by two nuts and bolts. ’

Main tuned winding
(top end) to

Earth

Coil winding details | ghertrt - Fig. 9: Coil
Both coils, L1 and L2, are wound on 7mm diameter (@) 'j’ ‘ ‘ :w}l/lding df;
coil formers fitted with dust cores. L1 comprises a » . ' . v 2 .s,,,ﬁ_rg;
i main tuned winding of 20 turns of 26 SWG enamelled . . - L o
3 copper wire closewound with an aerial winding of 4 R %———' oL
turns 30 SWG enamelled copper wire as in Fig. 9a, A ~ . .. = Single winding * - '
-thin layer of PVC tape is used to hold ‘the main tuned, ORISR g Slosewound: .

- winding. in place while- the aerial winding is’ com- | ol
b plaed_ ';:,t PR ." B v ,A;" “ , '_:“‘,- . ‘”‘ ’ e , "’
“L2 consists of a‘single tuned winding of- 24 turns of-
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26 SWG enamelled coppér wire closewound as‘:in‘

Fig. 9b. After winding, both coils are liberally coated ™
with:a. qmck setting epoxy resin adhesive. This. seals
the winding in place and prov1des a very effective pro-
tectwe coatmg v _J‘_

Drain winding
Drain winding

Mixer winding
{b) Dust core

(a) Ferrite ring TMC4LT

Mixer winding
Fig. 10: Details of detector transformer (see text).

The interstage coupling transformer is wound
according to Fig. 10. The transformer is wound on a
miniature ferrite ring of approximate diameter
12mm. The drain winding (primary) consists of 10
turns 30 SWG enamelled copper wire. .The mixer
winding (secondary) consists of -5 turns 30 SWG
enamelled copper wire. The transformer is similarly

sealed with quick setting epoxy resin adhesive. If a -
ferrite ring is not available, the transformer may be .

wound using ,al'l»m)uvrx 8mm diameter dust core. The

1—p20am0 "
| D4 BZYes Cave -

—VR3 5k preset‘fit

'thread ‘on” thecorefadlxtatesagmdemwhldl the"'

. transformer ‘may -be wound. The drain winding (pri-

mary) consists of 12 turns 26 SWG enamelled copper -

wire. The mixer (secondary) consists of 6 turns of

30 SWG overwound in the centre of the core. The

transformer should be sealed with qmck settmg epoxy
adhesive. The performance of the receiver is slightly
better when a ferrite ring is used for the mterstage
transformer .

* compdnents

Resistors -
—R1 10kQ2
—R2 33kQ
_~R3 3300
—R4 2:2kQ2°
_—RS 4700
—R6 47kQ2
~__R7T 3300
—rR8 10kQ2
—R9 1MQ
~R10 3:3kQ

_—R11 1kQ
Z=R12 22k0

—~D31N4148 . -

tentiometers
VR1_10kQ fin
_VR2 5k o

Miscellaneous - -

-.s8witch. RFC1, RFC2 1mH RF chokes. T1 minlature ferrite
. ringor dust core,-two coil formers 7mm diameter fitted
" with .. dust  cores, -vernier - dia, ‘50mm, loudspeaker
© '50mm 8Q }W. Case 127Tmm X 152mm X 89mm, 14 pin
“low_profile dual-in-line IC socket, battery -holder for
4 X HP7 1-5V cells plug snap connector to suit. Knobs.
‘Mounting pillars. Double sided push -fit pins. Coax
socket for aerial and jack socket for "phones.

v -

VC1 15pF Jackson type 6804 S1 SPDT mlniature toggle N
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‘«+'7.adjust L1 for maximum output from the loudspeaker.
* If necessary, reduce the RF gain control accordingly.
VR3 should be set to mid-position, but if break-

_ Practical Wireless, Janubry 1978

;lni,tikal checks and alignment

“ % After completing the wiring and assembly of the
" .receiver, a' careful visual check should be made for
any-faults. A 6V battery-(4 -x HP7) should be con-.
‘. nected and the current consumption measured. If the
' receiver ' is working ' correctly, the supply current
- should- be approximately.12mA. ‘A slight variation

.should ‘be noticed when the RF Gain control, VRI, is
djustEd. o T . . o
~Alignment: of

set for an unmodulated output at 14MHz. The tuning
«apacitor, .VCI,. should be.set to. maximum  capa-

-heard.’ Carefully adjust L2 for zero beat (je: the
‘apparently dead spot- at''the centre of the two
ranges in whichan: audible beat is heard). Note that

tor directly coupled ‘o’ the receiver for this purpose.
Stray, coupling, using a short throw-out- aerial, should
‘be: suffi ; oduce: a: strong: beat: signal:. Af:

ut:leave the settingof  VC1-at; lum
‘{do not-search.for: a-beat note).:A: tone
eard’ in the receiver’s

r. accordingly.- Note"that the
‘frequency as VCI.is adjuste

be repeated once again after-which the cores of L1

~~and L2 should be sealed.- An antenna may then. be

- connected to the receiver and its “on-air” perform-
ance can be checked. ; R
" Where a signal generator is not available, | the
frequency of the local oscillator can be set using a
calibrated receiver. The receiver should be set to
14.-0MHz and VC1 adjusted to maximum capacitance.
L2is then adjusted until a strongsignal is heard in the
main receiver, this will of course appear as an| un-
modulated carrier. The two receivers ‘should be in
fairly close proximity for this purpose and, if neces-
sary, a short length of wire can be used to link|the
two aerial sockets so that sufficient coupling of |the
local oscillator signal is obtained. If more than 'one
signal is heard -on the main receiver (corresponding
to two different positions of the core of L2) make sure-
that the stronger of the two’ is selected. This
phenomenon is due to the image channel of the main
receiver. Re-set VC1 to minimum capacitance and
find the new local oscillator frequency by re-tuning
the main receiver:. This should be above 14-35MHz.

- Next connect an aerial to the unit and adjust VC1 to

- a signal which is fairly strong and continuous. A tele-

printer: signal is: ideal for this- purpose. Carefully

e
Ten N
&y

citance. L2 should then be varied until a beat note is

-should not be necessary. to have the signal genera-

ter-
nding. to ’
- ¥ wired directly” betw
-cuit holder and

loudspeaker; If:this

‘not:the case, increase t* e ottput level of the signal » ‘; _jack socket, SK4: However,:

| , all ‘the tone out ~ Using the receive
almost ‘completely. The -alignment procedure ‘should "~ -y . -

through from strong amplitude modulated broadcast
signals on adjacent frequencies is subsequently .ex-
perienced, the pre-set should be adjusted for a null
to minimise the effect. - e et o
.- If the local oscillator frequency coverage is found -
to be too low even after adjustment of L2, C5 should -
be replaced by a 33pF silver mica capacitor. If the
local oscillator frequency coverage is found to be too

- .~ high, C5 should be similarly replaced by .a 68pF silver: .
L e s G sy ., .mica. capacitor or alternatively a.15pF silver’ mica.
- e receiver can be carried out by -

. ~using-either an RF signal generator or an existing
- :/short wave receiver.. The signal generator -should be

capacitor can be wired directly in parallel with VCI.
. If adequate screening is not used between the oscil-

. lator and RF dircuits, a form of RF instability: may.

occur. This is due to local oscillator radiation entering -
the RF amplifier and may- only manifest itself when .
the RF gain control is turned fully up. Detuning: L1
will usually cure this problem; however, the:best

-solution is to ensure that a screen is. fitted -and that™

the  lid of- the ‘case. is adequately earthed (this is:

not using a printed

‘ring): wired-directly between the,
loudspeaker output on the PCB and. the headphone
few: problems.should

g ,,] - < o L]

experienced;if the;reco

ircuit board is used.

' The performance of ‘any short wave: receiver de-
pends greatly on the quality -of ‘the aerial system
with which it is to be used and. on the expertise of the
user. This design gives acceptable results with a
short “throw-out” aerial (15ft of flexible wirg is ideal
for this purpose). A good earth may improve per-
formance further. If a dipole is available (this should
be approximately 33ft in length and fed in the centre)
results should be excellent. ‘

Tuning an SSB receiver often presents difficulties
to the uninitiated. The newcomer to short wave listen-
ing will however find that his ability to resolve SSB
signals will improve considerably with practice. The.




‘ sxgnal needs . to: be" slowly tuned through until- the .
spesch -appears . normal. _Anincorrectly tuned :signal -~
-will ‘make ‘you think that. you are hstemng ‘to Donald: -
Dnd( This is, of course, due to a shift in the frequen-
cies-of the speech’ components. With a little practice,
“the correct -tuning point will easily be found. When .
incoming signals are very strong, the RF gam control
should .be- backed off. This will assist in resolving
signals. '

In the first few days of use, and w1th a very modest
aerial, over twenty countries were logged with the
receiver. These included DK, EA; EI, F, G, GW, HB, I,
K, OF, ON, PA, SM, UA, UB, VE, W, YU Propagatlon
conchtlons on 20 metres vary con51derably during
the day and night. Seasonal variations are also notice-
able. Thus do not expect instant long distance (DX)
reception! A few days listening will soon. tell construc-
tors when and where to listen.

This simple receiver was developed: with low cost
and portability in mind. It will not outperform a
complex communications receiver. However, when
used with an efficient aerial system, 1t gives an

; extremely good account of itself. = . AR

| OSCILLATOR TUNED CIRCUIT

’s’v(/G‘ ver | ies

- 3-5-3-8 MHz *

30 *see note 30 | 100pF | 220pF.
7:0-7-1 MHz | .22 *see note 26 . j 15pF. .| 100pF
21+0-21-5 MHz - 15pF - | 47pF.
28 -0-:30-0 MHz' “15pF 47pF

*Note' Use modlﬁed circuit.for. oscxllator shown in Fig. 11 i
Also increase the primary turns on T1 to 20 (30
swg) and secondary to 15 turns (30 swg). The use of
a ferrite ring as the core of T1 is strongly recom-

I deapatch by sea or air mail- -as required.

mended for the 3-:5 MHz and 7 MHz bands.

SERVICE
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o:- READERS PCB SERVICES LTD, l
PO BOX 11, WORKSOP, NOTTS

Please supply PCB/s as indicated by tlckls in boxfes...... ...... l
I Issue  Project Ref ‘Price P/P I
Dec 75 Sound-To-Light Display DNO798 1:15+12 [
Dec 75 Disco System, Amp. (2req’d) each AM0421 4-40+22 [
Dec 75 Disco System, Light Modulator  AM0423 3-50+22 [} I
Mar 76 CMOS Crystal Calibrator CAMO0438 1-19+12 [J
Apr76 Wobbulator AMO443 1-08+12 OO -
Apr 76 Auto. Slide Synchroniser AMO0441 2-33+15 O I ,
June 76 'Dig. Freq. Meter (set of 5) A015 and 4x A004 3-174+15 [J
July 76 Transistor Tester A002 3-08+18 [] | .
July 76 Disco Preamplifier . AD03 :0-65+12 (1§ e
l Aug 76 Cassette Player Power Supply A001 0-65412.
Sep 76 Capacitance Meter ° A009 2-59+14 l -
Oct 76  Digital Car Clock (set) A011/012/013 - 2-58+412

Interwipe
.2 Video-Writer (set)

Oct 76

"“Aug‘T7_Morse Code Tutor Cards (SRBP)
“'Sept 77.: dubilée Electronic Organ ="~ ** N
" SeptT7. " Electronic Car Voltage Regulator
Oct 77 “Audid Level Indlcator =~

“OctTT- . Sine-Square Wave Generator 5
“Nov77  Laboratory Power Supply - " A039 ‘3-50+12
Jan 78 . Proportional Power Controller - DN9JM .0-78+12

. Post and packing is for one board or set of boards. Prices include
- -VAT. Remittances with overseas orders must be suﬂ]cient to cover :

D037 ‘1-25+412 "
- -D039 0-984-12
- D040 2-35+15

O
Qo
n
O

" A038 19:00+75 [T
0.
a
]
0
]

ACCE§S welcome

No............. Sendcardnumberonly.
l for £:.0ivennns made payable to READERS PCB SERVICES LTD

NAME

l enctose Postal OrderlCheque E

srsrenens

Any correspondence concerning this service must be addressed
to READERS PCB SERVICES and not to the Editorial offices. -
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