The D.C. 80-10 Receiver

BY DOUG DEMAW,* WICER

HE D.C. 80-10 should appeal to those ama-
Tlr*'n'r who are interested in building practical

solid-state equipment., This receiver Uper-
ates from 12 volts d.e, and draws only 40 ma.
These modest power requirements suggest that
it eould be operated for long periods from n
f1:l*~||l|i.‘.]l1-|'i'1| I‘.‘l1|"J'\' ||;|f'kI an ||||Fn-|r|_-|;|1 =
sideration during portable and emergency
operntions,

A 0.3-pv. c.w. signnl can be detected easily on
:l“ 1||- I'!H' ham Il:nhl— |'n\"i-|'|:'li h_'. 1|14- Ireceiver,
Ample sudiv output is available to drive high-
impedance phones to a comfortable listening
level, on wenk signals. Sinee there is no WArIN=-t11p
drift after approximately 10 seconds, good stahil-

ity can be expected. A 2.5-kHz. wroidal audio
Tl e “':-‘."I-ui.-- siilable selectivity [or Gupying
a.m. and s.5.b. signonls, even when the bands are

crowded. Thou
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“ontboard by who desire a
pras=band

By using the direct-gonversion approach in
this design' complexity is greatly minimized.
A prodiuet detector is used as the lirst stage of Lhe
the
stage of a tunable-i.f when the
of Fig. 2 are used for receiving
The detector is used in
which

recoiver for S-meter reception, amd serves as
Linpaent réecelver
“!l.}_f-m onverters
the four higher bands
combination with a b.f.o tunes the same
range covered by the detector 3.5 to 4 MHz.

Vudio output from the detector is passed through

the 2.5-kHz toroidal flter, then is amplified
Ly ll-.-.-v||l||.-JIEr' level by a single andio shnge

|'|||'||]|.||';1||||- L) I'_|_|| 0f i .,|-|“;-|'hu-|

i which the

Performenee is
exeept that single-signal receplion
audio image is eliminated) is not possible, nor is
there any automatic gain control. Becanse of the
simplicity of the eiredit, snd because there are
only two operating controls, beginners should
have no problems in building and using this
receiver. The b.f.o. is always in operation, but
a.m. signals (if they are stable) ean he copied ns
1':|«|J_". ns 'hr'_\' are on A standard 5.5.b, receiver,

* Assistant Technical Editor. Q87

FHayward and Bingham “Ihreat  Conversion — A
Negleeted Teohnigque.” QS8 T, Novembwr 1068,

Front view of the direct conversion receiver. The panel is
finished in machine gray spray paint. The two controls are
main funing ond audio gain.

A quick price analysis showed that the main
gection of the receiver eosts approximately 326,
ratnus the eircuit board, if all components are
purchused brand new. The eonverters eost np-
proximately $12 l*:n'l‘l, less aireunt 1'!-I‘|.l'|l, when
new parts are purchased. Naturally, the work-
shop " goodie " trove shold provide many of the
parts required, thus greatly reducing the total
cost,

Circuit Information

Though the cireuit of Fig. 1 may APPELT SO1e-
what involved, it isn't. There are only three
the Muin receiver section ar  in-
tegrated-cireuit deteetor, lt'-|, a JFET b.f.o.. and
a bipolar-transistor audio amplifier. The input

slages In

tuned cirenit, consisting of La with €4, ' and
Cin, covers the range 3.5 to 4 MHz» lazht
coupling is used between the tuned pireuit and

the detector input to minimize SPUTIOUS Fesponses
from strong out-of-band signanls, especially those
if  ecommercial (Hewvier
coupling eaused cross modulation to oceur when
thie receiver was tsed in the vie illi1l\ of some loeal

broadesst transmit Lers. )

broadeast  stations

the
detector, and the two stages are gang-tuned !:_\,'
means of €3 The bfo. signal from Qs beits

The h.i.o. operates over the same range as

excellent stability and sensitivity.

Here is a direct-conversion receiver that is easy to build, uses semiconductors
throughout, and provides ham-band.only reception from 3.5 to 29.5 MHz. with
Circuit-board consiruction assures neatness
and helps to minimize mechanical and electrical instability.
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Fig. 1 —Schematic diagrom of the main portion of the D.C. 80-10.
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Capacitors with polarity marking are electrolytic,

Other fixed capacitors are disk ceramic unless marked 5.M, [silver mica). Co, Cin, and Ci1 ore dipped polyester types.

Fixed resistors ore /2-walt composition unless noted otherwise.

Compaonent numbers not listed below are for identification

purposes on the circuit board.

Ci—3-30-pf. compression trimmer.

Ca—Split-stator varioble, 50 pf. per section (see text],

Cy-C1y, inc.—Dipped polyester, 100 wvolts [Cornell-
Dubilier type DMF suitable).

Cig—7-35-pf. ceramic trimmer [Centralab type 827-D
or similar).

CRy—Zener, 6.2 volts, |-watt (Motorola HEP 103),

CR:—Silicon top-hat rectifier, 50 p.r.v., 100 ma. or higher
[Motorola HEP-141 suitable).

CR3, CRy—Small-signal silicon switching diode [IN465A
or similar).

41—50-239-type chossis connector; phono jack also suit-
able.

J2—4-pin tube socket.

J3—Single-circuit phone jock.

J;—Maole two-terminal chassis connector (Switcheraft
3501 MP or similar).

Li—é turm MNo. 24 enom. wound over Lz to occupy

Lz, Ls—36-inch length of No. 24 enam. on Amidon*®
T-6B-2 toroid core; 45 turns total.
Ly. Li—B8-mh. toroid (see QST Hom Ads for suppliers),
Ls —14 turns No. 24 enam. wound over L: to occupy entire
circumference of core. Observe polarify.
Pi—Base from discarded 4-pin tube, or jumper made
from twe bonana plugs.

Q;—Low-noise o.f. preamplifier tramistor, n-p-n silicon,
high beta roting.

Q2—MN-channel JFET, 30-MHz. rating or greater (Motorola
MPF105 or HEP 801).

R,—1000-chm linear-taper carbon control,

RFCi—1.mh. r.f. choke (Millen J300-1000 or similar).

T,—12,000-chm primary to 1000-ohm secondary driver
(LafayeHe Rodio 99T4124; use V4 of secondary).

U;—RCA CAJ028A integrated circuit.

* Amidon Associates, 12033 Owego St., North Holly-

1 of core. wood, Calif, 91607
Converter Coil—Capacitor Table
| [ ]

Band | Owe. L+ | Lg Miller [ Cag Lo Miller Cag Cag
(MHz.) i (MHz.) fTurm;)| (ph.) No. [ (pf) | * (uh.) No. (pf.) | (pf.)
7-7.5 I 11.0 r 75 | !1'.4-|H.7| 42A155CBI 33 1.7-2.7 4503 220 150
14-145 | 105 3 | 3685 | 42A65CBI | 25 | 17-27 | 4503 | 220 | 150
21215 | 17.5 3 212410 42A336CB1 | 15 | 1.7-27 | 4503 | 100 | 100
28.5-29 | 25 I 3 1.3-2.7 ‘ 424226081 i 15 ! 0.44-0.76 4501 | 100 I ll)[l_

| =y N N = | e
Capacitors ('35 and (s should be silver mica for best stability. Miller parts can be ordered from J. W.
Miller Co., 5917 SBouth Main 8t., Los Angeles, California $NN3, or from authorized J. W. Miller dis-
tributors. L7 is close-wound over ground end of Ly using No. 24 enam, wire.




SEnansEL the meoming signal to furnish a beat note
for e.w. reception and to provide a carrier for
copying s.s.b. signals. Zener-diode voltage regula-
tion is used in the drain supply to Qs to enhance
the stability of the receiver,

Audio ontput from the detector is passed
through a 2.5-kHz. bandpass filter which uses
two telephone-type surplus 88-mh.  toroids.?
Output from the filter is routed to the Zain con-
tral, iy, which terminates the Glter in its har-
acteristic Im[}:'-funr'u v lllp lar transistor, €,
auplifies the audio signal to headphone level.
The af. amplifier is designed for use with high-
impadance phones, 1000 ohms or greater. A
polarity-guarding diode, C R, prevents damage to
the circuit componen + event the power
supply is connected for the wrong polarity. [t will
eonduet when positive voltage is applied to its
anode, noneonducting with negative
\"H]!:nu:l'

For S0-meter operation a jumper plug, Py, is
inserted into Ja, the converter socket, Py eom-
plejes the antenna eireuit by shorting terminals
3 and 4 of Ja, and the receiver operates straight
through. Plug-in converters are attached to the
i0-, 20-, 15-, and 10-meter
4 double-eonversion

but is

receiver at Ja for
operation. This results in
arrangement, the main portion of the receiver
being a tunable L.f system. Diodes CR; and CR,
conduet at approximately 0.6 volt to offer biurn-
out protection to Uy during 80-meter reception.
When oparating the four higher bands the diodes
protect the mixer FET in the converter baing
used. This precaution is necessary when the
receiver 1s to be used near or in combination with
a Lransmitter,

The cireait for the converters is shown in Fig. 2.
Euch consists of an FET mixer, Iy, and a fixed-

! Unensed  8S-mhi, telephone-type toroids are usially
listedd in QST Ham-Ads, Many surplus houses handle them

Ly,

Locking at the top of
the chassis, the plug-in
converter [its cover re-
maved) is installed at
one corner of the chas-
sis. The main circuit
board is located near
the front panel and is
mounted over a chossis
cutout. Unused space
remains for the addition
of circuit refinements
later on,

tuned FET oseillator, Q. A crystal-controlled
oscillator was eonsidered, but in the interests of
economy a self-exciled oscillator was used. It is
very stable and is easy to adjust, Though Zener-
diode regulation j= not nsed on the drain-supply
line to the eonverter, it could be added if desired.
This would entuil the addition of a 100-0hm
L-watt resistor and a 9.1-volt Zener diode. The
Zener diode and dropping resistor would be
connected to the circuit in o like manner to that
used at ¢y in the main receiver. The two comme
ponents could be econuceted to the eonverter
socket, Ja, under the main chassis, at pin 2,

Construction Notes

A hand-made aluminum chassis and panel are
used ad a foundation for the receiver, Sinee the
chassis i3 2 inches high, 11 inches wide, and 7
inches deep, a Bud ACH0T can be substituted.
The panel is 11 inches long and 4! 4 inches high,
The chassis is larger than necessary, but the
unused areas provide space for additional cir-
that may eventuually be added, such as
an audio amplifier board for speaker aperation,
If the builder wishes to make the receiver smaller
in size, it should be & simple matter 1o FeArrAnge
the components accordingly

Though etched-cireuit construction? is shown
hl‘l'f'. there 1= no regsaorn Wil}' uuun-!u—];nllll Wi
cannot be used, (Examples of both wiring meth-
ods are shown in |‘”Ig 3. The circuits are the
same, one converter heing built for 40 meters
and the other for operation in the 20-meter band. )
The integrated cireuit, U7y, is mounted on the foil
side of the cireuit board by means of a 10-pin
i’l“.’!.".i':l'l'l[-I'Il'l'illl sockel (Motareln HEP ka3l ).

Cus

* Ready-made cireuit hoords for this receiver esn be
obtainid from Stufford Elestronies, 427 3. Benbow Hid,
Greenshoro, N. C, Also, Foto-Eteh Co., 1760 Santa Muaria

Drive, Concard, Calif, 94520, Seale templates are available
from ARRL for 25 cents.
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Fig. 2—5chematic diagram of the plug-in cawerters. These units can be used with any communications receiver that
covers the BO.meter bond. Capocitors are disk ceramic unless marked S.M. [silver mica). Numbered
components not listed below are for circuit-booard layout identification.

Coz, Cas, Con—See coil table.
Lz, Ls, Lin—See coil table.
Ly—120 to 190-uh. variable inductor [J. W. Miller 45112].

The pins of the socket are bent out at right
angles from the base, then are soldered to the
foil elements of the board. The 1C can be soldered
directly to the board if desired, but the use of a
socket is recommended to prevent damage from
heating during installation.

Toroidal inductors L; and Ly are attached to
the main eireuit board by means of 6-32 X 1-inch

¢

P:—4-prong plug mounted on converter box [Amphenol
B4&-CP4 or equiv.).

Qa, @;—M-chonnel JFET, 30-MHz. rating or higher.
{Motorola MPFI0S5 or HEP-BO1.)

RFCz— 1 -mh. choke [Millen J-300-1000 or equiv.).

machine serews and hex nuts. A small =quare of
insulating board 15 used on each toroid as a
retainer. Spaghetti tubing is slipped over each
mounting serew so that the serew threads cannot
damage the eoil windings. Similarly, the r.f.
toroids, Ls and Ly, are mounted on an under-
chassis aluminum bracket, but each coil has two
squares (top and bottom) of insulating board

Looking into the bottom
half of the chassis, the
integrated circuit, U, is
at the center of the
main circuit board, An
aluminum brackel and
divider holds toroidal
coils L: ond Ls. The coil
leads connect to termi-
nal strips which are
mounted in front of the
brocket. Twisted-pair
hookup wire connects
the antenna lug on the
converter socket to in-
put link L;, Diode CR:
is mounted on a termi-
nal strip near the 12-
volt input jack (i) near
the rear apren of the
chassis (center]). Diodes
CR: and CR4 should be
mounted directly at J,
(not shown herel.




Fig. 3—Phote of 1wo of
the plug-in converters
showing how point-to-
paint wiring compaores
ta  etched-circuit con-
struction, The converters
are built in 3% X 134
» 2% -inch Miniboxes,
The thiese slug-tuned
coils mount on the ends
of the boxei In the
circuil-board  wersion,
the coils are below the
board,

to hold it in place. The bricket (see photo) is
made of aluminum sheet, 3 inches wide and
1 44 inehes high. A 1-immech wide aluminum divider
helps isolate the oscillator eoil, L, from the
deteetor cotl, Le. Though the torotdal induetors
e -..-l1---\.hi|'|||.illg, the divider was added to hr'lil
rec e t'.1|1:|='ili\t' r-n|1[r|iI||.'_.

A trusistor sockel s used for Qe it was
installed to pernul various Lypes of FETs to be
tried in the eivenit, @y is soldered direetly Lo the
virenit board, but a socket ean be put there if
b "PII.I[l‘iI‘1 \\i-llr':—- Lip 1S e,

Trimmer '”| 15 mointed on the frame of “'.'\
It ween the rotor lug and the stator rod. Though
i B F, Johnson 167-52 18 used for '3 in this
model almost any miniature S0-pf. split-stator
capaeiior ean be used, A less expensive and more
compact tuning eapacitor would be the Hammar-
lund HEFD-30, or the James Millen 2105010M,
Ihe primary requirement, as in any good re-
ceiver, 1= that the shaft of the |','||p_-gr'iln|' Lirn
freely and smoothly, and that the rotor bearings
puke posilive contact with their conmecting logs.

[n this model nn imported tuning dial provides
the wernier action for the Htll.i:ng capacitor.
Though low in cost, the dial mechanism works
wiell, Some hacklash was noted l‘.|lrl,'|”_\.'l # Lthe
unit wns taken apart and inspected, and i
turneid out that the simple remedy was to flow
soldler over buth sides ol ench of the three brass
pivots on which the dial-drive wheels are
mounted. Bach has o peened roller shaft for its
bearing, and some slnek was noted at each point
rl‘]lv :ul-li'i:lm of the solder secured the [I|r|-q_'
bearings, thus correcting the backlash., A 100-
wilt iron will be needed. Some other dials of the
same manufacture were tried and showed no
backlash, If you get a good one, fine, If not, the
cure is o simple one, A good substitute dial drive
wotild be one of the precision verniers taken from

a war-surplus TU-GB-series tuning unit — avail-
:||:l|i' Promg ey —-lll[l]"- hurl.--'- i-rr 44 Iucillill:tl
price ‘

There is room under the chassis to mound eight
size-C flashlight cells by means of an aluminum
bracket. Series connected, the batteries will
provide the reguired 12 volis d.e. for the reeeiver,
If this is done, an on-off switch ean be added to
the gnin control, fis,

Preliminary Testing

It is always wise to inspect any etched-cireuit
board used in a new project before applying
operating voltages. Make eertain that there are
mor eold-solder Juil|l_—= 1|:-!|I'q'| the board for un-
wanted solder bridges between the various
copper elements. The next check ean be made by
connecting an ohmmeter between the efreudt
side of “Illl._' and chassis ground. With n vt V. I
the d.e. resistance in this model 5 170 ohms
With the test prods reversed o reading of S0
ohms wis noted, The ohmmeter tests should be
made with one of the converters pligeed in, amd
with all semiconductors in their sockets, Any
significant departure from these reading= will
indicate o bud component or a wiring ereor

Connect 12 valts to J galter e g jllllliu'i'
plug 17y into Ja. Tune in the sigual from Qs on
the S0-meter band of a ham receiver. (1t may be
necessury Lo connect g short wire to the antenng
post of Che monitor receiver, plieing its Free end
LITEITN | !‘J'_- m order Lo |li|'L up t b signiil. ) .\|1j|;-|
*yu 80 that the signal is heard st 3.5 MHz, when
Cy s fully meshed, Wigh the plates of €y fully
unmeshed the signal from €y should be heard ot
4 MHz. Actually, there should be some overlap
at each end of the band, providing a tuning range
of approximately 3495 kHz to 4005 kHz If

Availuble from Fair Radio Sales, Lima, Ohio, Catalog
gives gomplete listing of availalile tuning unjta,




@2 does not oscillate, check Lo make sure that
Ly and Ly wre phased correctly as shown by
the two black dots in Fig. 1. Both windings must
be put on the core the same way: that is, both
can be wound either clockwise or eounter-
clockwise, but not in opposite sense to one
another,

After aligning the b.f.0., connect an antenng
to Jy amd tune in o signal near the center of the
Sh-meter band. Adjust €y for peak signal strength.
This will permit the detector and b.f.o. tuned
cireiiits o trnck across the entire tuning range,
Sinee there is no a.gc. cireuit in this receiver
strong signals will overdrive the andio ampliner,
(h, if the gain control, 12y, 15 set too high, Backing
it off slightly will correet the problem, should it
oeenr,

A plug-in converter cun now be substituted
for Py at Ja. Lts oseillator signal can be moni-
tored on u general-coverage receiver during
alignment. When this is done Ly, Fig 2, is
adjusted until the required oseillator frequeney
is heard (see eoil table), With an antenna con-
neeted at Jy, tane inoa signal near the center of
the band covered by the converter, Adjust the
slugs in Ly and Ly for maximam signal response.
The receiver should now be ready to use,

O 40 meters the band will tune ** backwards,”
e, 7000 kM2 will tune inat 4 M2 on the main
dinl, and 7500 kHz will fall av 3.5 MHz The
other bands will tune conventionally, their low
ends falling at 3.5 MHz A calibration chart
can be made up to show where the 10-kHzx.
points of exch band fall on the tuning dial, A dial
chart for the SO0-meter band is pasted on Lhe
panel of this receiver, and ealibeation for the
other four bands s earried out by means of
mental gymunastics. Note; Other 500-kHz. seg-
menis of the 10-meter band can be turned by
setting Lye for the proper (requeney. Use the same
10-meter constants given in the eoil table,

Performance

The operator of this direct-conversion re-
ceiver will be hard pressed to tell this equipment
from a conventional superhet as he seans the
bands. With only two controls to operate there
is little to confuse a beginner. Sideband signals
are tuned in the same way as with an s.s.b.
receiver. The sideband being transmitted — up-
per or lower — will determine at which side of
the signal the main dial must be set. A little
practice will make this a simple proeedure. A.m.
signals must be tuned in at exact zero beat as is
customary on an s.4.b, receiver, Cow. signals can
be wuned in on either side of zero beat. The
apziator can select whichever side that has the
least QILM on it.

SBensitivity is about the same on 80 meters
a3 it is on the four higher bands, Stability is
comparable to that of most top-quality com-
muneations receivers, Hand-capueitanee effect s
are minimal, eliminating the need for a shield
arovtied the main tuning eapacitor.

Radiation from the 3.5 MHz, oseillator i< low
because of the low power level at which Qs
operates — 6.1 volts at 4 ma. Uy offers additional
isolation between the antenna and . The
oscillator signal should be heard ouly in the
immediate neighborhood of the operator's home.
Eneclosing the receiver in a metal cabinet should
further reduce radintion,

The total current drawn by the receiver, con-
verter installed, is only 40 ma. This means that
many hours of operation ean be expected from
a fnshlight battery pack connected to give 12
volts, Penlight cells are not recommended beesuse
of their low eapacity., This reeviver is suitable
for any elass of ham station, and should not be
overlooked as part of a homemade portable or
emergency station, especially if battery operation
is & prime consideration. os¥—
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