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SOP Receiver Kit

The SOP is a basic “Seat Of the Pants” receiver designed by veteran
elmer Joe Everhart, N2CX, and is being kitted and sold by the NJQRP
Club. This kit is a very flexible and inexpensive direct conversion CW
receiver for 40m or 80m. Providing better quality than a single-chip
receiver, yet not as complex as a superhet, the SOP’s straightforward
design and construction is ideal for newcomers to the homebrewing
scene as well as for experienced QRP builders.

WELCOME! tion and small size.

Thanks for purchasing the SOP Receivet yses a simple direct conversion tech-
Kit from the NJQRP Club. This sectionnique and is well-suited for experimen-
of the manual provides a basic technicahtion. Though designed originally as a
overview of the design and operation, andompanion to the NJQRP Fireball-40
details the assembly required to make it gansmitter, it is a “natural” to team up

functional receiver in your shack. with any Simp|e QRP transmitter. An-

The SOP (Seat-Of-the-Pants) is intende@ther use is that of band monitoring. The
as a utility CW receiver, useful in theSOP provides an elegant way to listen to
shack to complement some of the simpl@ band wherever you might be.

transmitter projects available today (Tunarhe SOP incorporates an audio low pass
Tin 2, Fireball 40, etc.); or for use in thefilter to minimize off-frequency interfer-
field because of its low power consumpence but by design is not so selective that
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nearby signals cannot be heard. Whileeiver in the shack, as well as being a plat-
superheterodyne receivers offer betteform for you to modify and improve on
performance, the SOP’s simplicity makesas your needs and skills develop.

it easier to tune up on anywhere in thg, e process of assembling your SOP
HF spectrum for CW (or SSB) reception.4p jn modifying it to suit your particu-
An important concept to keep in mind islar needs, you will gain a better under-
that the SOP is an experimenter’s restanding of the principles of receivers,
ceiver. The building blocks used in theincluding oscillators, mixers, RF and au-
design are simple and straightforwarddio amplification, and audio filtering.
providing a ciear functiqnal representa\Ne hope you enjoy your SOP Receiver
tion of a relatively generic receiver plat-kit!

form. Thus the SOP is a perfect receiver

platform with which to try out new ideas.

The printed circuit board for the SOP isLINIESI g =0}

similarly generous in size to provide nov-Here is a brief listing of the SOP
ice fingers ample space to assemble angceiver’s specifications. See Figure 1 for
for oscilloscope probes and extra coma corresponding block diagram.

ponents to be connected. The functionai) The SOP is a “universal” HE CW
blocks of the design are arranged in gceiver:

manner to allow easy modification and_ | o\ current drain; able to operate from
substitution of components. In fact, onegy battery or 12V source:

could easily provide little “daughter _ gmg)| size enables use as custom rig or
boards” to sit directly above any particu-5 standalone portable monitor receiver;

lar module to replace or augment its func- Jumper selectable operation on 80m or
tion. For example, if a better audio filter 4o

is desired (more poles, different rolloff _ Can be set up on any other HF band

characteristics, etc), one could create a 1(”30m-10m) with few component changes:
X 1" board containing the improved filter _ g critical assembly or alignment re-
and suspend it above the stock filter onyireq:

the middle-right end of the board, t4joraple for advanced homebrewers -

jumpering the input and output signalSe, o neh space provided for experimen-
down to the original board. Great flex-4tion:

ibility is provided in the SOP in this man- _ N odd-ball crystals, variable capaci-
ner. tors or other components;

The SOP Receiver was designed for flex- Plug and play design ideal for begin-
ibility. Again, with the basic no-frills ners or advanced homebrewers;
component construction, the design can Solid repeatable design;

be easily modified for use on other bands: Open layout on PC board simplifies
Application notes will be available in the construction.

near future describing the changes N€Gy) The RF Amp

essary to put the receiver on any HF ham Provides front end gain and selectivity;
band, from 10m to 160m. - Very stable grounded gate FET design;
The SOP is not necessarily the highest- Provides adequate gain and enhances
performing receiver you can find. But for noise figure on higher HF bands;

its low cost, it will provide you many - Can be tailored to any HF band via par-
hours of quality service as a flexible re-allel inductor or capacitor (pcb space pro-
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vided). - Filters out high frequency “monkey
3) The Local Oscillator chatter”.

- Simple, trouble-free VXO design pro-7) The Audio Muting and Amplifier

vides variable tuning control; - Proven muting design quiets receiver

- Uses ceramic _resonator for 80m & 40my dio during transmit via keyline signal
operation, easily placed anywhere ORom transmitter:
band with alternate resonator/crystal; _ Bypass resistor on muting switch allows

- Tuning range is > 50 KHz on 80m, and,ea46r tg hear sidetone of the transmit-
> 100 KHz on 40m, ensuring coveraggqq signal;

of the standard QRP operating frequen: ajiows verification of transmit fre-
cies on each band; quency offset;

- Tuning range can be limited simply by_'py4en | M386 amplifier features high
changing padding resistors; frequency hiss rejection:

- Can use other crystal or resonator 0 Antj motorboat components give clean
cover any HF band on 80m to 10m; audio output;

- Output tank is shielded inductor - elimi-_" g fficient (;utput for low impedance
nates fragile trimmer capacitors; headphones or small speaker

- Output tank tailored to any HF band via '

parallel inductor or capacitor (pcb space

provided); _ BRCIRCUIT OVERVIEW
- Varactor tuning via potentiometer elimi- Fio ;i > ch olcthe SOP's schematic.

nates need for big, expensive variable
capacitor. RF Pre-Amp

The SOP RF amplifier is a single-stage
4) The LO buffer _ _ ~ common-gate FET stage that provides
- Stable, repeatable design provides highzont.end gain and selectivity for the re-
level drive to mixer stage for improved gjyer. The antenna input is link-coupled
performance; to a tuned circuit to provide impedance
- No adjustments; matching which preserves circuit Q while
- Broadband performance. efficiently coupling receive energy. Reso-

5) The Mixer nance at 7 MHz is achieved by use of a
- Single-chip, passive double balanced50 pF trimmer capacitor, allowing “on-
mixer (dbm); frequency” tuneup. The transformer

- No diode matching or toroid winding, winding instructions can be scaled to
yet all the benefits of discrete dbm perother amateur bands as well. Energy from
formance; the tank is coupled to the FET source via
- Better performance in crowded HFa two-turn tap. Not that both the input
bands than single IC mixers; link and output tap are 2 turns providing
- Simple wide-band termination on out-identical input and output matching. The
put helps reject interference. input impedance of the grounded gate
6) The Audio Stage amplifier is in the range of 50 to 100 ohms

- "Low noise bipolar amplifier provides so a reasonable match is achieved.

amplification and filtering; Source resistor R11 is used to provide a
- Integrated circuit audio filter helps with negative gate bias to stabilize FET op-
cw reception; eration with a source current of several
- Low pass filter peaked for CW tones; milliamperes. The FET would probably
- No adjustments; give more gain without the resistor, but
- No ringing or ear fatigue; bias current would vary widely with de-
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Space for Low-noise Low-cost Low-noise
optional 'R MPF-102 ADE-1 dbm. buffer/amp
switch parts RF pre-amp  More crunch-  ~20dB gain
proof than ‘602
L or | <P
1
| TR (X
"l Double
Balancedl
Mixer

Stable pot-tuned
VXO with varactor
and resonator g

=

Pre-tuned Keyline mutes
4-pole Low Key Rx audio during Tx
Pass Filter (Mute) Bypass resistor

provides sidetone

Audio amp
to drive ‘phones
or small speaker

2-stage buffer/amp
provides high
injection levels to
mixer

SA-612 based Local Osc

80m or doubled to 40m

Optional components easily
added for 30m thru 10m

-
1

:Audio Frequency Annunciation (optional)

I_ :“Freq—Mite" from Small Wonder Labs
rannounces operating frequency in Morse
i icode through receiver headphones.
1

Figure 1 - SOP Receiver Block Diagram
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vice-to-device tolerances. Gain stabilitydevice incorporates both an oscillator and
is more important than raw gain. Capacia mixer in an 8-pin package — this dual
tor C15 provides a low-impedance bypasfunctionality is used to good advantage.
across the R11 to prevent signal loss. Th€he “stock” SOP uses a 3.58 MHz ce-
common gate configuration provides aamic resonator in a voltage controlled
small voltage gain with a low noise fig- oscillator to tune a portion of the 80 meter
ure. The low noise is not too important aband. The resonator has a lower Q than
the low end of the HF spectrum but willthat of a quartz crystal so it can be tuned
aid ultimate receiver sensitivity on 20over a wider range while still being more
meters and higher. An additional advanstable than an LC circuit. The fundamen-
tage of the common gate stage is that it &l oscillator output is used for 80 meter
quite stable and repeatable, thus requieperation. However if the oscillator sig-
ing no neutralization or tricky adjust- nal is fed to the SA612 mixer section, it
ments. is doubled in frequency to 40 meters. A

Output selectivity and matching aretu_ned circuit on the SA612 output mir_1i-
achieved via a common 10.7 MHz |EMizes 80 meter feedthrough. The receiver

transformer. It is resonated on 30 meter§a" then be used on 40 meters by retun-

and below by means of an external cand the RF amplifier to that band.

pacitor. On 20m and above, an externalhis “trick” works well for 80 and 40
capacitor and inductor do the job. Linkmeters because of the inexpensive reso-
coupling steps down the high FET draimator. Unfortunately there are no standard
impedance to the 50 ohm level requiredinits available on other ham bands. How-
by the ADE-1 balanced mixer. Tuningever the SA612 can be set on other bands
adjustment is done by the variable inducby using quartz crystals in place of the
tance of the shielded transformer. Tunfesonator. Tuning range can be enhanced
ing is rather broad since the transformeby using the “super VXO” techniques of
is heavily loaded by the following doubleadding a series inductance and parallel-
balanced mixer. ing multiple crystals. Naturally the RF
Mixer amplifier must be retuned to the band of
One of the most important areas of thé'nterest. Application nptes will soon be
SOP is the mixer. A Mini-Circuits ADE- Made available showing how to effec-
1 double-balanced diode mixer is usediVe!y modify the basic 80m/40m SOP for

This device is a surface mount packageHSe on other bands.

equivalent of two small toroid transform- The Local Oscillator is tuned by provid-
ers surrounding a ring of four diodes. Iting a variable DC voltage to a varactor
provides good sensitivity while giving diode. The TUNE potentiometer provides
much less audio rectification than thea portion of the regulated 6V DC level
more common NE602 Gilbert cell mixer coming from the 3-terminal voltage regu-
used in other direct-conversion receiverdator U2. C16 and R10 bypass the DC
(The NE602 has been recently been sweontrol signal to keep RF from getting
perseded by the SA612 so from here omto the tuning components. When
out we will use the latter part number.)varactor diode D3 sees a range of DC bias
R12 and C18 provide a wide-band termivoltage applied, its characteristic capaci-
nation to the ADE-1 mixer. tance changes and adds to the total ca-
The Local Oscillator pacitance in the Y1 resonator circuit. This

The SOP uses an SA612 to provide th¥arying capacitance “bends” the effective
local oscillator signal for the mixer. This freduency of the oscillator, providing the
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range of frequencies under control of theectified in the audio amplifier! Again,
operator. DC power to the audio amp is carefully

The TUNE potentiometer is padded by iiléered by R19 and C34 to minimize feed-
resistor on each end. R7 and R8 can be ck from other stages.

jumper wire (i.e., zero ohms) to provideLow Pass Filter

the widest swing of DC control voltage, A low-Q low pass filter is peaked in the
and thus the widest swing of frequencie§00-800 Hz area to give some audio se-
from the oscillator. However this might lectivity but mainly to filter out off-fre-
be too course an adjustment for some, sguency signals. This design originated
a smaller tuning range can be forced byith Wes Hayward some years ago and
placing actual in position at R7 and R8has been detailed in a number of publica-
thus providing a smaller range of controltions and articles. Probably the most com-
voltage for the same 300-degree turn afmon reference is the ARRL “Solid State
the pot. This will have the effect of pro-Design for the Radio Amateur” by Hay-
viding “bandspread-like” operation andward and DeMaw.

give the operator finer tuning control, ryiq nity gain amplifier and filter is di-
malgng it easier to tune Closely'Space‘#ect-coupled—the same voltage appears
stations. at R15/R16 junction, and at the op amp
LO Buffer output pins 1 and 7. C22 and C25 are
The Local Oscillator Buffer is comprised NPO-type capacitors for good frequency
of the Q1 and Q2 stages immediately folstability of the filter. C23 and C25 are
lowing the LO. Transistor Q1 is config- also important for frequency stability, but
ured as an emitter follower to serve as Aere we use mylar capacitors for a cost
high impedance buffer to minimize load-effective solution.

ing of th.e LO. Trgnsistqr Q2 i; a Com'Muting

mon emitter amplifier with a wide-band vy ing of the receiver is required during

transformer to provide a low impedancez‘key down” times in order to keep the

output (50-ohms) to drive the mixer Stagevery strong signal from blasting out the
By constructing T1 as a trifilar-wound

X audio amp output stage when the local
toroid t.ransformer,.we have an easy Wayansmitter is keyed. This clever muting
to achieve the wide-band impedance.c,it horrowed from Hayward and

transformation. R30, _C_:lO and C:37Lewellan, uses the key line signal from a
decouple the buffer amplifier from the restCompanion transmitter to switch off an

of the circuits on the +V power line andpe1y requce audio levels during trans-
thus reduce the chance for feedback tﬂﬂssion. However when the key line is

and from the power bus. (Direct-conver-,seq and the FET is turned off (its gate

sion receivers are very sensitive to Crossyill pe negative with respect to its

coupling through common power busqq rce) some audio signal is still pro-
connections.) vided through R23 to produce a ready-
Audio Gain made sidetone for the operator.

The ADE-1 audio output is boosted by 3y dio Amp

low-noise 2N3565 transistor amplifier. The SOP uses the ubiquitous LM386 in

As in all direct conversion receivers mostthe audio output stage. This device has
of the gain is produced at audio frequeng, ticient drive for headphones: a loud-

cies. The mixer output is carefully filteredspeaker can also be used in a quiet room
by C36 to prevent RF feed-through. If you 1o, receiving strong signals.

don’t do this, strong AM signals will be
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R13 and R25 keep the FregMite audidoldering tools:A fine-tipped, low-watt-
annunciator from being affected by theage soldering iron will be important to
setting of the AUDIO LEVEL potenti- have available. Ideally, a temperature-
ometer. controlled solder station has been found

R26 and C29 serve to decouple the an‘hO be of great k_ser\_llice to rpany
plifier from the power bus. This preventsnomebrewers and kit builders. I've found
the strong output signals of the LM386that setting the tip temperature to about

from getting back to other component220-degrees works best. Use of a wet pad
in the receive chain. or rag for wiping the tip just before sol-

dering a component lead keeps the tip
C30 sets the amplifier to the maximumglean and free of oxidation and carbon
available gain. C31 provides low imped-cryd. A supply of standard 60/40 solder
ance DC decoupling. R27 and C32 prof,om Radio Shack (p/n 64-009) will work
vide feedback to lessen high frequencyst fine. And finally, to clean up the in-
hiss in the audio output. R28 and C3%yjtaple solder shorts, many builders have
dampen the output of the amplifier tohaq great success using Solderwick, a
minimize high frequency oscillation and praided wire to help soak up the solder
instability. bridges when heated.

The basic toolsneeded in putting to-

gether a kit such as this include fine-point

. ~ needle nose pliers, wire (side) cutters, a
Here are the steps to follow in puttingsmga||-plade screwdriver for adjusting the
your SOP Receiver Kit together. Refeng yransformer cans, and an Exacto blade
to the Parts List on the next page for qor general probing around and scraping
description of each partin the kit. off the insulation from the magnet wires
1. Parts Inventory when making the transformers. Other,
Check out the contents of your kit to endnore elaborate tools can be useful but are
sure that all parts are present. As youot required. These might include twee-
identify each component, put a littlezers for holding very small parts, “third
checkmark next to that line item, or writehand” device for holding the board at

the number of components you count uparious angles, and a lighted magnifying
for the lines containing multiple parts ofglass .

the same value. Connecting wire:About 5” of thin gauge
The most of integrated circuits (ICs) and100k up wire will be needed for the single
transistors will be found pushed into anjumper on the board. And you'll need
anti-static foam pad. some additional wire to connect your fa-
vorite controls and jacks to the board. In-
dividual wires, strips of ribbon cable, and
thin RG-174 coax are examples of such

contained in a little 1/4” x 1/4” square hookup wire that vou probably have this
plastic container with a clear plastic cover, P youp y hav
laying around your workbench or in the

We’'ll describe how to mount this when.
the time comes, but don’t worry about itJunk drawer.

right now ... it's a piece of cake! Off-board components:In order to com-
2. Other Things Needed plete the SOP Receiver kit, you'll need

You'll need some common tools andto supply the two potentiometers for the

things normally found on the workbench. front panel controls“(Tune and”Audlo
Level) and the four “rear panel” jacks

The mixer integrated circuit (U3) is a
“surface mount device”, or SMD. It is
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SOP RECEIVER PARTS LIST

De signator Qty Value ﬂ)escription

c2 1 22pF Disc |capacitor, orange, "22"

Cl4 1 47pF NPO (capacitor, orange, "47"

c7 1 100pF Disc |capacitor, orange, "101"

C4,5 2 220pF Disc |capacitor, orange, "221"

C22, 24 2 680pF NPO |capacitor, orange, "681"

C23, 25 2 0.1uF Mylar |capacitor, larger, dark red, "104"

Cc20 1 5-100pF [capacitor, trimmer, w hite, 3-pins

Cs8, 15, 27, 32 4 .01uF Mono |capacitor, blue, "103"

15, 16, 18, 20, 28, 33, 36 15 0.1uF capacitor, orange, axial lead, "M074"

C19, 21 2 2.2uF Elec. |capacitor, blue, radial lead

C30, 34 2 10uF Elec. |capacitor, blue, radial lead

C29, 37 2 47uF Elec. |capacitor, blue, radial lead

C31 1 100uF Elec. |capacitor, blue, radial lead

R5 1 4.7 resistor, yellow -violet-black

R26, 28 2 10 resistor, brow n-black-black

R12 1 47 resistor, yellow -violet-black

R4, 30 2 100 resistor, brow n-black-brow n

R11 1 220 resistor, red-red-brow n

R3, 19 2 1K resistor, brow n-black-red

R31 1 2.2K resistor, red-red-red

R25 1 4.7K resistor, yellow -violet-red

R1, 2, 6, 11, 13, 15, 16, 27 8 10K resistor, brow n-black-orange

R14 1 220K resistor, red-red-yellow

R22, 23 2 M resistor, brow n-black-green

T1 1 T37-2 red "donut" core

L1, T2 2 455KHz IF |5-lead "can", 42IF124 (Mouser)

ul 1 SA612AN ([8-pin, integrated circuit, DIP

u3 1 ADE-1 8-pin surface mount IC, tan

U4 1 LM358N 8-pin, integrated circuit, DIP

us 1 LM386-1 |8-pin, integrated circuit, DIP

Q1,2 2 PN2222A  |3-pin transistor, 2N2222A, TO92 case

Q3,5 2 2N5485 3-pin transistor, 2N5485, TO92 case

Q4 1 2N3565 3-pin transistor, 2N3565, TO92 case

D1 1 MVAM108 (2-pin varactor TO92 case, "V149"

D2 1 1N4148 glass diode, band = cathode end

VR1 1 LM78L06 |3-pin 6V regulator, TO92 case

Y1 1 3.58MHz |ceramic resonator, 2-lead, "3.58G"

Magnet Wire 30" toroid wire |red, enamel-coated magnet wire

PC Board 3"x 4" pc board |green, ground plane bottom side
10 SOP Receiver Assembly Manual, rev B



(Ant, Keyline, Phones, +V). It's up to theworking with RF circuits is an antenna

builder as to what kind of jacks are usedanalyzer, like the RF-1 Analyst or the

but the controls must be the correct valu®FJ-259 series. These serve well at in-
(10K-ohm) shown in the schematic. Thergecting RF signals to receiver front ends,
is an optional controls and hardwareletecting RF output, and (with simple

“add-on kit” available from the NJQRP adaptors) measuring the values of induc-
Club that conveniently provides theseors and capacitors.

components at a nominal price. Sectioq:
4 of this manual overviews assembly o t hand, now would be a good time to

this add-on kit. make a quick trip over to your local Ra-
IC Sockets:The only other “nicety” that dio Shack to stock up on these wires,
would be reassuring to novice buildergools, solder and other standard items
would be to use sockets for integratedised in electronic kit assembly.

circuits U1, U4 and U5. Each of these ICS; g4t with the PC Board

is an 8-pin DIP package, and use of ﬁ)kay,
good-quality, low-profile, machined-pin ;... ¢ board, or “pcb”. If you orient the

socket would allow you to remove/replacepcb with the green side up, you'll see that
the I.C during _tr_oub_leshooting and Whileit contains a majority of the traces and
making modifications further down- component designators for this project.
S”e?‘m- These IC sockets can be found Al components will be inserted from this
Radio Shack. top side of the board shown with the des-
Test & measurement equipment:The ignators and traces on it.

basics needed here include a VOM (V°|tYou might need to hold it at just the right
ohmmeter) to measure DC voltage levanyie for the light to clearly show the

els, check resistor component values, CO%’omponent designators (e.g., R1, C21

tinuity, etc. An RF probe adaptor for yourg v and vou might even need a magni-
VOM is very useful in measuring RF ) y g g

fying glass to see it clearly. Again, not to

voltages and AC signals at various pomtﬁ/orry because the PCB Layout figure on
in the circuit. We've included plans in age should be big enough for any-
Appendix A for a simple RF probe if you o0 15°see things! This diagram will be

don't already have one. Similarly, many, our roadman for placing the components
builders find it quite helpful to be able to)énto the boarr)d. P g P

inject audio tones into their projects at

various points to help determine if the cir{The next revision of the board will have
cuits are working. We provide plans in? “S|_Ik screen” of componeqt outlines and
Appendix B for a simple audio oscilla- designators. Although this makes the
tor. Other more specialized (and expenPoard a bit more expensive to manufac-
sive) pieces of equipment may also be efure, it makes it even easier to populate
fectively used. The first, and most versathe board.)

tile, is an oscilloscope (20 MHz or higherPlace the pcb so you can re&é Rx REV

is preferable). Many guys find that an in8 N2APB (COMP. SIDE)” along the top
ductance-capacitance meter is invaluabledge. All input and output wires and
in assuring correct component selectiogables will be soldered to the board at
and toroid inductances ... the LC Meter pads along the four edges of the board.
Il from AADE is just fabulous and rela- Starting at the top left corner and proceed-
tively inexpensive. Another extremelying counter-clockwise, you'll see pads la-
useful piece of equipment to have whemeled: ANT, TUNE, SPOT, PHONES,

you don’t have the basic items readily

let's get acquainted with the printed
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AUDIO, KEY, and+V. Most of these in- lytic capacitors is indicated on the PCB
put/output pads have ground pads (lakayout diagram, shown with a “+” sym-
beled GND) close by to provide you with bol near one of the two capacitor pads.

a convenient way to use shielded wire ogg g6 1 check the full-page SOP Sche-
twisted pair wire and have the ground lin€y,3yic i the center of this manual to help
of the wire connected to the board grounq‘nSWer any questions you might have
plane right at the signal pad. about proper positioning of components
Mounting holes are provided in each cor-during assembly or connection of the off-
ner of the board to allow use of standoffdoard controls and jacks.

to hold the board in your favorite enclo-yyoa going to assemble the SOP Re-
sure. These holes are connected 10 the,i e in stages, and test each stage as we
board ground plane, so if you are a purg, a0ng. This will give you the best shot

ist, you might want to be careful to ISO- At having an operational receiver when
late the board from a metal enclosure (i ssembly is complete

used) so as to help eliminate the possibil- ]

ity of ground loops in your receiver "sys- With our cumulative years and years of
tem”. If you purchased the SOP EncloXitbuilding experience in the NJQRP
sure option, nylon spacers are provide§!UP, we offersome advice to make
for this purpose, thus isolating the board/our kit construction a most pleasur-
ground plane from the chassis ground. able experienceTake your time during

ina the board il noti assembly. Read through all the descrip-
Turning the board over you will notice ayjq, in each section before starting to sol-

pervasive amount of tinned copper SeNVyar anything. As you accomplish each
ing as the_ ground plane. This groundstep within a section, put a little
plane encircles most component pads,ocimark in the little box provided at
providing a good shield for the low-level y,o giart of each operation in order to help
signals in the circuit. You'll be soldering you keep track of what's been done and
almost all of the component leads {0 thg, 4vs remaining. Take a short break and
respective pads on this bottom side of thﬁive yourself a reward (coffee, chocolate,
pcb, so you'll need to be careful not tog quick QSO on 40m, etc) in between
accidentally bridge solder from the COM-4ach section built up. And when you're
ponent pad being soldered over ontop thgy 4one and the receiver is working as
encircling ground plane. You should care-expected, do the Happy Dance through-
fully inspect each soldered connection Ut the home and neighborhood to let
check for these solder shorts and Corre(@veryone know of your wondrous accom-
them right away. plishment!

4. Installing the Components LOCAL OSCILLATOR (LO)
You are now ready to install and solder

the parts onto the printed circuit card. Be/V€'ll start the ball rolling by building up
sure to ear mark (or paper clip) the pagetfe Local Oscillator. This is a sensible
containing the Parts List and the PCBPlace to start in that this portion of the
Layout, as you'll often be referencing circuit requires no other signals for it to
them. You'll also notice that outlines of Work. You build it and it works! ... Well,
the component packages is indicated oW hope it works; and if it doesn’t, we'll
the PCB Layout diagram. This will hop in to_ find the problem right away.
greatly assist in properly positioning thel-€t's begin!

components onto the board before soldem  |nstall mixer IC “U1” -- If you are
ing. For example, polarity of the electro-using IC sockets (recommended) orient
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the socket in the holes for U1 such thatlescriptions in the Parts List, locate the
the pin 1 corner of the socket is in thespecified capacitors and install them at
hole with the small square pad. If a sockethe designated positions. As you put each
is not being used, place the IC in thes& place, slightly bend each component
holes directly, ensuring that pin 1 goedead outward so as to hold it in place while

into the square pad. (Pinl is located jusfou put the others in. When all of these

to the left of the detent-marking on thecaps are in, turn the board over and care-
top side of IC package.) You might needully solder each to its pad. Using side

to gently push the rows of pins closer tocutters, snip off the excess lead length
gether for them to fit into the rows of close to the solder joint. Check for solder

holes in the board. Holding the socket (obridges and correct if necessary.

IC) in place, turn the board over and g9eny  |nstall resistor “R10™-- Locate

the part stays in place. Then, with a5 ef,ly inspect the color coding on the

warmed and tinned soldering iron, solyegistor hody to ensure you have the right

der each of the 8 pins in place. 'nSpe%ne.Abrightlight and a magnifying glass
the pads when done to ensure that no sqkignt he helpful. Sometimes resistors lie

der bridges exist to ground. (Note that pify a4ainst the board, but in this kit the
3 will be connected to ground by smallyegistors will be mounted in an upright

traces.) position, as shown below.
Q Install IF Transformer “L1"-- Lo-
cate one of the IF transformer cans and
align it in position just above and to the
right of UL. Insert it into the holes - three

on one side and two on the other, withonce again, solder and snip the excess

the tabs of the can extending down intqead length. Check for solder bridges and
the larger holes. IMPORTANT: Make ¢qrrect if necessary.

sure the can is sitting just a hair (approx I iode “D1”
1/16’) above the board so the metal cam Insta Vargctor Diode "D1" --
will not contact the trace running under--0cate the 2-wire varactor component

neath the part. When soldered, this caﬁn_d notice the flat side of the_ package.
will be “ground” and would short out the ©Orent the package as shown in the PCB
oscillator. Carefully turn the board overl‘a?/olJt q;]aghrary, af?g insert Idmﬁ Its pa(?
and solder the 5 transformer can leads, J9!€S With the flat side toward the top o

well as the larger tabs. Check for soldep;e lt:))oard. C%refquI);]spbreaddthehle%d_s on
bridges and correct if necessary. the bottom side of the board to hold itin

place, then solder the pads and snip the

Q Install Crystal Resonator “Y1"--  gxcess lead lengths. Check for solder
Locate the little dark orange resonatorbridges and correct if necessary.

marked as 3.58MG, and insert at the lo- o
cation for Y1, just to the left of U1. Hold- 0 Install Voltage Regulator "VR1 .
ing it in place, turn the board over and_ Locate the VR1 component and orient
carefully solder its leads. Using side cutlt @ Shown in the Layout diagram, with
ters, snip off the excess lead length closl® flat side toward the bottom, and insert
to the solder joint. Check for SOlderltlnthe three pad holes. C_arefully spread
bridges and correct if necessary. the leads on the bottom side of the board
to hold it in place, then solder the pads

Q Install Capacitors C13, C16, C2, and snip the excess lead lengths. Check
C3, C4, C5, C6 and C7 -- Using the

'm'
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for solder bridges and correct if necesld  Check for RF OSCILLATION --
sary. Using the RF Probe (from Section 5, or

. equivalent) attached to your VOM, mea-
o Install R7 and R8 “jumpers” - gyre the RF voltage on U1 pin 7. You
Using short pieces of component leadshould see some millivolt reading to
(snipped off in prior steps), bend eachndicates that the circuit is oscillating.
over into tight “U” shapes and insert intolf you do not see a reading on the VOM,
the positions for R7 and R8 on the boardearefully check all components for
Spread the leads on the bottom of thBOPEr orientation, and for solder
board and solder in place. Snip off ex>N0rs: An oscilloscope would indicate

that the circuit is oscillating at approxi-

cess lead length and check_for SOIdelrnately 3.58 MHz without jumper C in
bridges. These “zero-ohm resistors” camjace.
be later changed to rgal value resistors gqgsert a jumper between pads C-C just
u;ed to pad _the tunlng control R9. T_h|§0 the left of U1 (in a manner similar as
will be described later in greater detail. yhe sero-ohm resistors R7 and R8), and

0O Install tuning potentiometer “R9” ~ measure the oscillgtoroutput onU1 pin
Obtain the potentiometer you wish to usé- I You were using an oscilloscope,
for the TUNE control (from your junk you woulq detect oscillation occurring

. . at approximately 7.1 MHz, because of
box, Radio Shagk' or from the Op'['Onalthe “doubling” effect of Ul. A small
SOP Controls Kit). Using short lengthsieaging should also be seen on this pin
of hookup wire, connect the pot as showRvith the RF Probe and VOM. The sig-
in the PCB Layout diagram. You'll prob- nal would “peak” at some point as you
ably later use longer, shielded wire toadjust the slug inside the IF can L1, in-
connect this pot when installed in an endicating that the L1-C7 tank circuit is

closure.
Testing the Local Oscillator

It's time to test what you've done thus
far. Carefully inspect all your work to
make sure you didn’t miss anything,
that traces are not shorted, and that
everything is soldered properly.

Connect up a 9V battery (or equivalent)
to the +V and GND pads along the right
side of the board. We're using a bat-
tery here to reduce problems in case
of inadvertent shorts on the board ...
the battery is self-current-limiting and

doesn't supply tons of current like a

regulated power supply when there are
problems.

O Check for +6V -- The first thing to
do is to check to see that VR1 is work-
ing. Using your VOM, ensure that there
is +6V on U1 pin 8. If you don't see this,
stop right away and determine the
cause. Is VR1 getting hot? (If so a
shorted output line might be present.)

Is the +V supply voltage making it to

the VR1 input pin?

properly adjusted for 40m operation.

LOCAL OSCILLATOR BUFFER

We'll next assemble and test the two-tran-
sistor buffer amplifier for the LO.

Q Install transistors “Q1” and “Q2”
Locate the two 2N2222A transistors and
put them each into their 3-hole positions
on the board with their flat sides facing
toward the right. Slightly spread the com-
ponent leads on the bottom side to hole
them in place, and carefully solder the
leads. Trim the excess lead length and
inspect the pads for solder bridges.

Q Install resistors R2, R3, R4 and
R30 --Locate these resistors by carefully
studying the color bands, per the Parts
List line descriptions. Install them in the
“upright” manner previously described
for R10. Gently spread the leads on the
bottom of the board and solder them to
the pads. Clip off excess lead length and
inspect for solder bridges.
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O Install capacitors C8,C9and C12 O Winding and installing T1 -- This
These caps are all the same. Install thems a fun part of the project that some
through their respective pads on the pclhomebrewers worry about. There’s actu-
spread their leads slighty on the bottonally nothing very hard in winding a few
side of the board, and solder each ontirns of wire through the toroid core, and
carefully. Snip off excess lead length andve’ll take you through it in a step-by-step
inspect for solder bridges. manner.

Q Install capacitor C10 -- This ca- T1is a “bifilar-wound” inductor on a tor-
pacitor actually does not have a pair obid core, meaning that you'll be combin-
holes on the board (a slight oversight oring two magnet wires together and wind-
this version of the pcb), so you'll install ing them at the same time. Measure off
in on the bottom side of the board. Caretwo 7-inch pieces of red magnet wire.
fully locate the pad for R30 and its corre-These wires should be twisted together
sponding trace going over to T1. You'll as illustrated below.

solder one side of the 0.1uF C10 to this

trace, and the other side of the cap toa; SO0 O:Q — a
ground. See the diagram below for ref- b b

erence. . .
(Just twist the wires loosely together by

hand ... they don’t have to be very tightly
wound at all.)

You will then wind the combined, twisted
wire pair around a black FT37-43 toroid
core. See the diagram below for proper
connection of the four leads:

ap

Q Install C37 electrolytic cap --This
capacitor also has something screwy
about it ... it goes into the holes marked

C14. But curiously, there are two Cldyq || next need to strip off the red
positions marked on the board (anothegame| coating from the transformer
minor error in the peb) ... our 47uF Cl4ie44s The heat strippable magnetic wire
el_ectrolytlc goes into t_he position markedbeing used requires no scraping to clear
with & round symbol in the Parts Layoule req insulation off the leads being sol-
diagram. Make sure the positive side ofigreq to the PCB pads. Once the wires of
the cap goes into the hole marked with @4¢h inductor are trimmed to the right
+ symbol. (The posm_ve lead is the Iongeqength (approximately 3/8" extending
one on the sidapposite the lead marked 1 hast the bottom of the core), tin the
with the " symbol on the side of the gng of the wires by doing the following.

cap.) , o
Using a good hot soldering iron, place

+ ( ) the tip under the end of the wire to be
- [=— | tinned and add a little solder so that there

is a small pool of molten solder and flux

on top of the iron with the wire in the
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pool. After several seconds, the insulaThis is just to the right of IF can L1. This
tion will melt away and the wire will be jumper will select the 40m signal from
tinned where it is in contact with the iron.the LO.

Continue moving the iron slowly toward Testing the LO Buffer

the toroid core adding solder as you gonow it's time to test the LO Buffer you

until the wire is tinned within 1/16 inch just installed. Apply power again and

or so of the core. Repeat the proceduresing your RF Probe and VOM, mea-

for the other 3 leads and brush off anyure some signal on the emitter of Q1

carbon residue from the ends of the wiredthe lowest of the 3 transistor pads).
Next measure some significantly
You'll next connect two of the leads tO-greater voltage on the top end of ca-

gether to form the center tap of the transpacitor C12 at the Buffer output.

former.. When two wires of the same color you do not see signal readings at

are twisted and wound together on a tofthese locations, go back and check for

oid, it's difficult to know which ends to solder bridges and proper component

connect together to form the center tapplacement. Your receiver will not oper-

You will need to use an ohmmeter to deate without sufficient “LO injection” to

termine proper ends. As indicated in théhe mixer stage.

diagram on the previous page, one of the RF PRE-AMP STAGE

wires, a is the start and a’ is the end. On | |

the other wire, b is the start and b’ is théNe Il next assemble and test the RF front

end. You should twist wires a’ and b

together to form the center tap. Q Install trimmer cap C20 -- Locate

Insert T1 into position on the circuit board!Ms trimmer cap ... it's a larger, 3-termi-

as shown below. The centertap is in begﬁltizr?gsng?itemt; ﬁ]stfétgdh?)?éisé;ntigt

tween the two end leads. pcb such that its third “extended” tab is
in the bottom-left pad. See below.

Q Install IF can T2 -- In a manner
similar to what was done for the L1 IF
. can, install another at position T2. Again,
Trim the leads to the correct length, Pr'€he sure not to have T1 sitting flat on the
pare the ends with the soldering iron, .
again, and solder them into their respe
tive pads on the pcb.

f 4 {

b ... you must solder it in place such
that it sits about 1/6” above the board
surface.

We've found that over 90% of most kit |stall EET Q3 - You'll need to

as;embly pr(_)blz_ams come abqut becau%parefully swap the right two legs of this
OT Improper tinning and soldering of tor- g sistor when inserting it to the pads on
oid inductor leads, so please be sure th e board. (There is a routing error on the

you carefully followed the instructions in )54 y Reference the following diagram.
this section.

Q Install jumper J2 -- Solder a short
length of a discarded component lead in
place between pads 1 and 2 at jumper B.
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Testing the RF PRE-AMP

Connect a temporary wire from the out-
put of the LO Buffer (top side of C12)
to the ANT pad at the input of the RF

front end. This jumper will supply a
Q Install C15 and R11 --Locate these known-good frequency that we can use

two components and install them in po+o test the front end.

sition below trimmer cap C20. Apply power to the board and using the

O Construct and install T1 -- Okay, RF Probe measure the signal on the T1
it's time to make yourself another trans-Sécondary winding, located at the left
former! This one is also pretty easy tooa¢ °f R11. While watching the VOM
do. Measure off about 20" of red magnefc24"9: adjuj.t the trimmer cap for
wire and wind 36 turns around the red o coondS:

; Move the RF Probe over to the second-
toroi re. But at th nd turn ex-
oroid core. But at the second wrm e ry of T3 (can be probed on pad 3 of

tend a little extra past the core body an@3). Again while watching the VOM
twist it together to form a tap. Continuereadingsy peak the IF can T2 using a
winding the rest of the 36 turns. This will gmal screwdriver.

be the secondary winding of the trans-

f you did not see noticeable signals at
former. Measure off another length of req o5 points, or if the circuits did not

magnet wire, this time only about 3” andpeak as described, go back and check

put 2 turns aroupd .the core over!appingor proper components and solder
the lower two windings of the primary, bridges. Be especially careful in

right up to the tap you created. double-checking the construction job
on T1.
Remove the temporary jumper from the
LO Buffer.
MIXER STAGE
s We'll next put the mixer chip U3 in posi-
s’ tion.
R : .
P p Q Install mixer U3 -- This integrated

circuit is a “surface mount chip”, but it's

Tin the leads as done before and insef} ratf:gr Ialrge orc/(\e/ and relatlyelyt3|mple
ot th bosrd at posiion TL The g 2011 P, We e gong b -
(short winding) primary ends will go into part p .
but found it to be so straightforward that
the two pads on the left, and the three sec- . . .
we felt most kit builders could easily ac-
ondary leads (two ends and the centertaé)om lish it
in the middle) will go into the pads on P '
the right side of the component. SoldefFirsttin pad 6 of U3 on the board. This is
all 5 leads in place, ensuring that no enanthe top right pad in the array of 6 pads
eled wire is in the solder junctions. for U3. By tinning this pad, you are de-
positing a small ball of solder to the pad
that will be re-heated with the IC in place,
thus holding it down while you solder the
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other pins. this as a signal injection point during test

Next, locate the IC in the black plastic™" @ few moments.) _
case with the clear top. Carefully peef:| Install transistor Q4 -- Note this
back the top cellophane membrane anBa(:kage orientation on the Parts Layout

the IC will fall out onto the table. diagram.

Pick up the IC with your fingers or with
your needle nose pliers and place overthe LOW PASS FILTER STAGE

pads on the board with pin 1 in the 0Py, | hext assemble the Low Pass Fil-
left corner. (Pin 1 is denoted by a small[er stage

dot in the tan plastic package.) )
Q Install resistors R15, R16, R17,

Making sure that the pins of the IC areR18 R20. R21 ~Nothing tricky here
properly positioned over their respective ~ ' i

pads, carefully touch pad 6 with the tip2 Install capacitors C22, C23, C24,

of the soldering iron and “reflow” the €25 --Nothing tricky here either except
solder while gently pushing the IC downt0 ensure that you grab the correct caps
onto the pad. With only a small amountor €23 and C25. These are the dark
of luck, the IC will be held firmly in place Prown mylar .01uF caps.

by that one pin, with the other 5 pinsQ Install integrated circuit U4 -- This
clearly oriented over their pads. (If not,is pretty straightforward, as long as you
reheat pad 6 and adjust the IC to be coensure you get pin 1 in the square pad.
rectly positioned.) Again, you might want to use a socket to

Go to the each remaining pin and soldeelp with later debug or modifications.
it to the pad beneath it. The pins have
about the standard 0.1” lead separation, MUTING STAGE
so this operation should be a piece of

cake. Carefully inspect the pads for shortsYou'll next assemble the Muting stag:

Q5.

There’s nothing to easily test at this point, _
so we'll go on to add the audio filter andd  Install resistors R22, R23 -Noth-
amplifier stages next. ing tricky here.

Q Install capacitors C27, C28 --
AUDIO GAIN STAGE Nothing tricky here either.
You'll next assemble the Audio gain O Install diode D2 -- Just be sure to
stage: Q4. (You'll actually assemble allyrignt this glass-packaged part with its
four stages of the audio chain before we 0 qe (banded end) into the lower of
test them.) the two pads.

Q Install resistors R14, R31, R19 - 3 |ngtall FET Q5 - Here again you'll
Note that R31 is installed at position Rzgneed to carefully swap a couple of the
alont? tge tog gf the board. (A small typoje g (this time the left two) of this tran-
on the board designator.) sistor when inserting it to the pads on the
Q Install capacitors C19, C36, C21, o504 (There is a routing error on the

C34 --Be careful to observe polarity of ;)44 ) Reference the following diagram:
the electrolytic capacitors. The positive

pad is indicated with a ‘+’ on the board.
Leave the left end of C19 up in the air,
unconnected to the left pad. (We'll use
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Q

coaxial dc power jack to the +V and GND
pads.

Q Connect R9 to TUNE--Using your

ﬁ x selected hookup wire or cables, wire the
remaining pot to the tuning pads TUNE.

Install pot R24 -- Here’s the first O Connect J2 to ANT-- Using your

instance that you'll have to install an off-selected hookup wire or cables, wire the
board component. Make sure that yolRCA phono jack to the antenna input at

select the right pot (i.e., the one with thgpads ANT.

extra two tabs on it) and wire it as shown

in the Parts Layout diagram.

You'll now install the final stage of the ~ Testing and Troubleshooting the
receiver: the Audio Amp. Audio Chain

O Install resistors R13, R25, R26, | n€ figure on the next page repre-

R27, R28 --Nothing tricky here. sents a higher-level view of the
g y SOP audio section. Debugging pro-

Q Install capacitors C29, C30, C31, (ess starts at its output then pro-
C32, C33 --Nothing tricky here either ceeds backward toward the input.
except to ensure that you are careful &oing at it this way lets you hear
install the electrolytics with the properwnat's going. In the interest of
polarity/orientation. brevity (and saving trees) we'll
O |Installintegrated circuit U5 -- This ~ show the debug steps and results
is pretty straightforward, as long as youn summary form.

ensure you get pin 1 in the square pad.) Connect power - no smoke! Use
Again, you might want to use a socket tqy g yolt alkaline battery to minimize
help with later debug or modifications. damage if something was not right

in the circuit.

OTHER OFF_BOARD PARTS 2) Check pin 6 of U5- should be

For the final installation of parts, you'll about 1/2 supply voltage.

need to connect up the remaining off3) Using an audio signal source
board controls and jacks. This will en-(like the one in Section 5), apply au-
able you to fully test, and then later operdio to top of volume control. A
ate the receiver. Refer to the Parts Laytone should be audible in the
out diagram in the center of this manuappeaker or headphones.

for graphic detail. 4) Apply audio to input of the mute
0 Connect J3 to PHONES--Using switch. You should hear a weak
your selected hookup wire or cables, wirdone.

the 3.5mm audio output jack to thes) check the dc bias on the output
PHONES pads. of low pass filter (U4 pin 7). Should
O Connect J1 to KEY-- Using your be 1/2 supply voltage.

selected hookup wire or cables, wire thg)) Check bias divider on the low
RCA phono jack to the keyline input atpass filter input.  Should be 1/2
pads KEY. supply voltage.

O Connect J4 to +V--Using your se- 7) Apply the audio source to the
lected hookup wire or cables, wire thepnpyt of the low pass filter (junc-
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tion of R15 and R16). Should hear 9) Connect the audio signal source

tone in loudspeaker and volume to the input of the entire audio
control should work normally. chain (i.e., at the lifted end of C19
8) Ground the KEY input pad with " the Audio Gain stage). You

should hear a very loud signal, and

a clip lead. The tone should disap-
peaf. P it can still be adjusted using the

R24 level control.

+OV 2N5485 LM386 AUDIO
' MUTE AMP

AUDI_{ LOW
T il

18

MUTE

FINAL ASSEMBLY

The only assembly operation needed at
this point is connection of the Mixer stage
output to the Audio Gain stage input.

Q Connect left side of C19 to its pad

THE SOP KIT IS COMPLETE! ... NOW WHAT???

CONNECT AN ANTENNA! accordingly would be real useful when it
When you connect a proper antenna tgomes time to operate the receiver.

the ANT input pads (or the J1 jack), youOf course, if you have purchased and in-

should hear a significant amount of ac- . )
tivity as you tune through the SOP’s fre-Sta”ed the AFA option, you “. hear the
xact frequency of operation come

ggsr;?drg;gs f:%?]%?t?:r:r;? on the time 0Eounding out at you in Morse code from

the on-board frequency counting circuit
of the PIC.

WHERE THE HECK ARE YOU?

Now would be a good time to find a
known-frequency signal on the band, o Ut-tr'?'\ltﬁ TSI—|OEPSrOP QNr8(r)1N8|0m is el
use another, calibrated receiver in ordef Uting the ecelver o IS refa-

to determine the specific frequency cov-'['Vely easy. You'll need to add a few com-

erage of your SOP Receiver. Finding thgonents, and change a couple of jumper

band edges and marking your front paneﬁettings on the board, but there’s nothing
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major. Just follow the notations on thelF YOU HAVE PROBLEMS ...

schematic. These minor mods are primaFhat is, if you have problems in getting

rily in the Local Oscillator stage and theyour SOP to operate, feel free to contact

RF Pre-Amp stage. us by email or US Mail and we’ll do what
we can to help.

GETTING A WIDER SWING For a nominal, flat fee, we will provide a

You'll notice that the TUNE pot is con- repair service that will guarantee you get-

nected to the regulated 6 volt regulatoriind Pack aworking SOP (as long as there

This was done to provide a nice, clean'/as N0 major component or pch damage).
stable signal for the voltage presented tSiorltac’[ us for details on this last resort
the varicap tuning element. Without suctPPtion:

regulation, the set frequency would drift

when the power source (e.g., batteryi-HANK YOU!

drooped, dipped, glitched, sagged or othrp s & whole bunch for buying the
erwise varied due to being weak. SOP Receiver Kit and experiencing the
If one were to instead provide the highefun of homebrewing your own rig with
+V unregulated voltage to the top of theus. The NJQRP Club put in a tremendous
TUNE pot (and its padding resistors),number of hours designing and putting
while at the same time providestable this kitting project together for QRPers
+V source, a wider swing in frequenciesall over the world, and we sure hope you
would be achievable. are pleased with the experience.

Like we said up front, the SOP ReceiveiAs we stated up front, the SOP is an

is an ideal experimenter’s platform! experimenter’s platform for learning
about basic receiver operation, straight-
forward homebrew kit building, and

FUTURE MODIFICATIONS when all complete it's a flexible little re-
There are many mods coming down th@ejyer for portable use. And if you've
pike for this project. come this far in the manual, you surely

- taking the SOP to other HF bands have gained a whole lot of this good ex-

i 1
- improving the gain and sensitivity perience along the way!

- using alternate designs for some stages

- provide multi-band operation with 72173,
“daughter boards” —-George Heron, N2APB
n2apb@amsat.org

- providing a wider range in the LO
and

-- Joe Everhart, N2CX
n2cx@voicenet.ccom

- etc.

There will be some “application notes”
published and distributed to the SOP
owners, allowing you to have some
greater visibility into the fun times ahead.aond pe sure to visit the SOP Receiver
Lots of plans! web page at the NJQRP Club website:

http://www.njgrp.org/sop
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Section 2:
Audio Frequency

Annunciator (“AFA”)

Option

We were able to design in a great feature, in cooperation with Dave
Benson, NN1G, to provide the Small Wonder Labs “Freg-Mite” audio
frequency annunciator PIC chip and associated components as an
optionally-purchased add-on to the SOP Receiver. This option pro-
vides an incredibly useful feature of an “audio frequency dial” that de-
livers the operating frequency of the receiver in Morse code through
the audio chain of the receiver. With this option installed on the base
PC board, the operator merely presses a front panel “spot” button to
hear the operating frequency delivered in Morse code through the head-
phones or speaker. It's always accurate and there’s no front panel
space necessary to know where you are in the band. NN1G was very
pleased to be able to contribute his Freg-Mite functionality at a very
attractive price to those purchasing SOP Kkits.

Circuit Description ing the SPOT pushbutton, an output bit
This circuit from Small Wonder Labs isis wiggled at approximately 600 Hertz,

really quite simple, yet clever. Referringand then modulated on-and-off to send
to the schematic in Figure 2, a PIC16C621he Morse code equivalent of the mea-
microcontroller is programmed as a fresured frequency through capacitor C43
quency counter. and on into the audio amplifier.

Transistor Q6 buffers, amplifies and con-Resistor R43 is used to reduce the ampli-
ditions the signal coming from the Localtude somewhat so the Morse frequency
Oscillator and presents it to an input portloesn’t wake the next door neighbors.
of the PIC. The PIC then counts the num¢This is a high-value resistor, and you
ber of low-to-high transitions of the sig-may need to adjust it up or down to suite
nal during a specified period of time, andyour particular needs. Just substitute a
voila, the frequency is known. higher or lower valued resistor if desired.)

But wait, that's only half the beauty of Because this high-speed digital circuit is
this circuit. The other purpose of the PIGCsitting pretty close to low-level RF cir-

is to output the computed frequency incuitry, we took some special precautions
Morse code! to reduce electrical noise and cross-cou-

When commanded by the operator pres§-"ng-
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AFA SCHEMATIC

+V
R40
470
.01 ’
— Value to suite desired
- output level: 2.7M-t0-3.9M
4| 14
MCLR Vdd %413 ;g;
RA4 18 y : LM386
RAL I WY — Audio
Input
Local usé
oo = pic RAnJ1217,13,1211,7
16c621 RBn
5
— Vss
SPOT 5 lrBO/INT
Pushbutton 4
Oscl Osc2

16 15
Y2
4.096 MHz
c4a1 C40

ZZI__ JZ_ 22

The circuit is operated at the lower endining the perimeter of the microcontroller
of its voltage range, as determined by theircuit, allowing for a small pch-cage to
4.3 volt zener diode. This lower operatbe soldered in place to further isolate digi-
ing voltage produces significantly lesstal RF coupling. But we found that this
energy in its digital waveforms and thusprecaution was unnecessary and it was
minimizes interferences to the receiver.not included in rev B of the pcb.

The PIC circuitry is tucked into a cornerFor those who have previously used the
of the pcb where its effect would be leasBmall Wonder Labs’ FreqMite, you'll
noticeable and where cross-couplingnow that an “offset” can be set into the
would be minimized. PIC’s computation, thus yielding an adder
And finally, the ground plane for this cir- to _the base frequency_ being measured.
cuit on the bottom of the board is iso-1NiS allows the FreqMite to be used to
lated, except for one joining point, thusMeasure signals in multi-mixing stage
preventing digital return paths from flow- superhet designs where the VFO fre-

ing past or through the RF or audio cirduency is not the actual “displayed” fre-
cuits guency. But here in the direct-conversion

) SOP, the Local Oscillator signés the
In earlier prototypes of the SOP, we hagnerating frequency and the PIC is con-
wide ground traces on top the board deﬁgured through pins 1, 2, 17, 13, 12 11
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AFA PARTS LIST

Designator | QTY Value DESCRIPTION
C40,41 2 22pF 220J

c42 1 0.01 brown, 103
Cc43 1 0.1 brow n, 104
ca4 1 0.0022 222
D4 1 4.3V zener diode glass, band at cathode
Q6 1 2N4401 3-pin TO92 case
R40 1 470 yellow -violet-brow n
R41 1 1.5K red-green-red
R42 1 100K brow n-black-yellow
R43 1 3.9M orange-w hite-green
u6 1 PIC 18-pin DIPIC
Y2 1 4,096 MHz crystal 2-w ire metal case

and 7 to provide a Morse readout of th@lace in the pcb at Y2. Do not have it sit-

actual frequency being measured. Thusing flat on the pcb surface ... you should

when the LO is tuned to 7.040 MHz, thesolder it in place such that it is raised about
AFA will output “7040” to the phones/ 1/6” above the board, ensuring that its

speaker in Morse code when the SPOfhetal case is not touching the traces be-
pushbutton is depressed. neath it.

PARTS INVENTORY Q Install zener diode D3 -- Locate
Once again, the first thing to do is to checkhis glass diode and insert it in an upright
the contents of the separate bag contaipesition (like you do for the resistors) at
ing the AFA parts. (This bag has a labgbosition D3. Be sure to orient the diode
in it indicating that it's the AFA parts such that the cathode (i.e., the banded end)
bag.) This accessory only contains thé the end connecting to R4. It would be
parts required for the AFA feature, andest to have this cathode end be the one
the components will be placed on thesticking up with its lead folded over. This
main SOP pcbh. way you'll more easily be able to probe

O Install PIC uC U6 -- Locate the the circuit later for proper voltages.

integrated circuit in the black antistatic@ Install C43 and R43 -- You'll be
pad and insert it in the holes for U6 orputting these two components into “the
the pcb. Be very careful to ensure thatame” location on the pcb. The left leg of
pin 1 of the IC (at the left side of the endC43 will be inserted in position just be-
with a detent in the plastic body) goes intdtow Q6, and its other leg will be pointing
the square pad. (The rest of the pads efraight up. Thus the component will be
the IC are round.) It would be a good thindeaning to the left. R43 should be inserted
to solder in an 18-pin socket first, insteado the right hole of C43 on the pcb, and
of soldering the IC directly in place. Thisthe other end which is also sticking
would allow you to remove/replace/re-usestraight up should be soldered to the up-
the PIC in other design should you neegointed leg of C43. Thus, these two com-
to later on. ponents will be in series. See the figure

Q Install crystal Y2 -- Locate the low- on the next page for reference.

profile 4.096 MHz crystal and put it in
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OPERATION

Upon power-up, the PIC sends an ‘'S ?’ if
you press the SPOT pushbutton switch
within about two seconds, the chip
switches to a higher speed (26 WPM)
readout rate. It acknowledges this entry

with an ‘R’. If you do nothing the chip
C40, C41, C42, C44, R40, R41, R42, maintains its default 13 WPM readout

and Q6. speed.
Q Clip leads & inspects for solder 1ANKS

bridges -- As always, trim all leads down Many thanks are due to Dave Benson,

after soldgring and carefully inspect thq\lN:LG and Small Wonder Labs for al-
bottom side of the board for solderjq ing yse of his FreqMite circuit, for
bridges. providing us the pre-programmed PIC
Q Install Jumper A-A -- The last microcontrollers at an attractive discount,
thing you'll need to do is to install a and for advising us on implementation of
jumper wire from pad ‘A’ at the middle- the design into the SOP Receiver. Dave
top of the board (just above U3) to theis an active contributor to NJQRP design
other pad ‘A’ just above pin 1 on U6. Forand project teams.

neatness, you could install this jumper on

the bottom side of the board - it doesn’t

matter. This jumper brings the LO signal

down to the PIC.

5

Q Install remaining components:

e
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Section 3;

SOP Enclosure Option

This optionally-purchase Enclosure Kit is the ideal homebrew case for
your SOP Receiver. Consisting of 8 precision-cut double-sided cop-
per clad boards and assorted hardware, this kit can be assembled in less
than 30 minutes and can be finished to the builder’s liking or used vathritstural
copper look.
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The SOP Enclosurds ahomebrevone it easy to make a very attractive case. No
- one that you will assemble from its mosdrilling, sawing or punching is necessary;
basic pieces. Don't worry though, youonly a little soldering is needed, and per-
won't have to go through the hassles ohaps some touchup with a file. In fact,
scribing, bending and cutting metal;once you built it you may even be inspired
we've already done all that work for you!to make your own pc board case for the

This do-it-yourself case is a little differ- next homebrew project you have lined up.

ent than most that you may be familiatCases made of pc board stock have lots
with. Itis not made of aluminum or steelof advantages over other material. The
or even plastic. It's fabricated from cop-raw material is relatively common and
per-clad glass-epoxy printed circuit boardeasy to machine. Itis lightweight and, in
material. Being homebrew, it is a fitting Small cases, quite strong. The copper sur-
companion to the SOP Receiver kit andace provides a good continuous electri-
adds to the enjoyment of your project. Allcal shield for electronic circuits inside
you need to do is carefully follow the di-while presenting an outer skin that can
rections in this manual and you will find be left “natural” or painted in any color
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you want.

If you want a short treatise on this con?

struction method check out Joe’s Quicki
No. 34 in the Information Exchange col-4

Parts list -- Bag 2

3/8”" Nylon standoffs

e10 #4 x 1/4” sheet metal screws

Self-adhesive rubber feet

umn in the April 2000 issue of the QRPGeneral Guidelines

Quarterly.
The SOP Enclosure Kit consists of eigh

Before we start construction, let's start
pff with a couple of tips in case you are

pieces of printed circuit stock which will 2Sembling a pc board enclosure for the

be soldered to form the top and bottonﬁi

rst time.

of a cabinet. (Skip ahead to Figure 2 torou will need only a couple of small tools
see a set of diagrams depicting all supand supplies that are probably already at
plied parts.) The case top is an open “Uhand. They will be discussed in the text

which sits over another open “U” formedbut here is a sample list:

by the case bottom. The bottom also has
internal side rails which lend strength to-
the front and rear panels, and to which
the top is connected via sheet metal
screws. -

Also provided with the kit are the mount-~
ing hardware, knobs and jacks needed for
the SOP Receiver. Clear acetate sheét

Soldering iron

Non-acid solder

Scotchbrite or other soap-free non-
abrasive pad

Flat file

Alcohol or other non-water-based sol-
vent

Clear adhesive to attach panel labels

Mechanic's square (optional)

Rosin core flux (optional)

Paint (optional but an excellent choice
for durability is Rustoleum)

Clear spray (optional though Krylon

clear protects copper from corrosion)

overlays are even supplied to be used as
attractive labels for the front and rear pan-
els. )

PACKAGE CONTENTS .
It's a good idea first off to identify the kit

parts and make sure that they are all . . )
present. The following list details them | NiS Process has a lot in common with
and identifies the cabinet parts by letter25S€mbly using surface mount compo-
Match them to Figure 2 on the next pag@ents' While ordinarily solder joints

and check them off in the list as you idenShould not be relied on for mechanical

tify the contents of the parts bags. strength, good joints are the only source
of strength for surface mounting and for

pc-board cases. So every effort must be
made to produce good joints.

Parts list -- Bag 1

a Top cover panel

b, c Two top cover side pieces

d Bottom plate

e Front panel

f Rear panel

g, hTwo side rails

1 front panel clear acetate label

1 rear panel clear acetate label

1 right angle alignment gauge
(approx. 1 inch square)

High quality solder connections begin
with clean surfaces. While the copper-
clad board pieces in this kit are shipped
in good condition, the copper will form
an oxide film over time and normal han-
dling can contaminate the surfaces with
finger oils and slight corrosion. A good
practice to follow is vigorous scrubbing
with a gentle abrasive such as a
Scotchbrite pad followed by cleaning
with rubbing alcohol or other non-aque-
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ous solvent. Once cleaned this way thexact corner so that it will fit flush against
copper should stay clean enough for sewa corner of your box after soldering to
eral days so long as you keep it dry andnsure “squareness” in the finished prod-
don’t handle it any more than necessaryct. This will also let you know at as
during assembly. glance which is the best corner! Using
As with any soldering operation, thethe gauge will be described in the detailed

proper iron and amount of heatshould 2SS€Mbly steps so that the enclosure
be used. Generally any soldering iron sui?ieces can easily be aligned the correct
able for electronics use with a 35 to 503

watt rating is fine. 600-deg to 800-deg Frinally, you need aood clean unclut-
should do the trick if you are using a temtered work surface! That should be ob-
perature-controlled solder station. Ironwious, but it is important. When working
with less wattage will not have enoughwith the pc board material, a fairly be-
heat capacity to produce good joints whileign surface is necessary to keep the cop-
higher-wattage ones can overheat the ager on the pc board material clean and
hesive that holds the copper onto thecratch-free. A soft cloth or towel laid out
printed board base layer causing delamin the table surface is best but in a pinch
nation. A flat chisel tip is preferred overyou can use cardboard or newspaper. A
a cylindrical or conical one so that enouglside benefit of using an overlay on you
heat can be transferred to the solder asweork bench is that you will help protect
running seam is made. that surface as well as that of the project
A good qualityrosin core solderis fine you are working on. Eliminating clutter
though some of the more modern “noN€IPS you keep track of all the parts.

wash” type mixes are good too. DETAILED DIRECTIONS

use acid core solder as it will destroy you©k, the preliminaries are out of the way
soldering iron tip and eventually lead toso let’s get started! Heat up your iron kick
severe corrosion of the copper surface dhe kids and pets out of your workshop
the enclosure you are building. and turn on your rig so that you can be

Since you want the top and bottom of youp©0thed by the sound of cw on 7040 as
enclosure to fit snugly without unsightly YU Work.

gaps or seamslignment of the pieces If you have already inventoried the parts,
while you are soldering is quite impor-great If not please go back to ttack-
tant. Copper clad board boxes have theage Contentssection on page 3 and do
individual sides joined together at rightso. Select pieces b andc to build the
angles. Accuracy in aligning each piecease top first.

accurately is what makes the enclots,urplease refer to “Figure 3: Top Half As-
go together properly and look attraCt'Vesembly“drawing on the next page. Note

A simple alignment gaugeis included from the end view that the two side pieces
with the enclosure kit to help you makeb andc will be assembled to thieside of
good right-angle joints. It is accuratelytop cover paneh rather than alongside
cut on at least one corner for perpendicut. If the sides are soldered alongside the
larity (love those big words!). Itis a goodcover, the cover will not fit on the bot-
idea to check all four corners against &om properly. Also observe that the top
machinists or carpenter’s square to seeover is longer than it is wide so that the
which one is best. You may also care ttonger side of pieced and c will be
use a file to “knock off” 1/8 or so on the against the long dimensionafBe aware
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Figure 3: Top Half Assembly
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FIG 5: Completed Top Half
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Figure 4. Use of Alignment Gauge

«
-

that the side view is shown upside-downin the middle of the seam between the side
When the case is finally assembled thand top pieces to hold it in place. Now
“overhang” will be at the top of the en-add a couple more tack joints about %2
closure front panel. All right, that's inch or so from the front and back edges
enough visualization. while holding the pieces together with the

Lay piecea on the workbench and setone"’llignment gauge. When complete, the

of the side pieces (either one) on top of i?ide and top covers should be accurately

along one side. Line the side piece u@t right angles. Check along the seam

flush with the edge of the top cover usirom front-to-back and carefully redo the

ing the alignment gauge to ensure thatthE?,Ck joints as needed to get the proper
two pieces are lined up at right angles‘?‘l'gnment'

The photo in Figure 4 demonstrates howbdnce you are sure of correct alignment
this is done.[Note: The one photo we you cancomplete the solder seanyou
have of using the alignment gauge techhave two choices here. If you are cau-
nique actually shows its use in solderingious and don’t want extra bother, don’t
the side rails to the base (described irfun the seam all the way out to the front
the next pages); but the technique is thand rear edges of the cover. That s, keep
same as used in soldering the top halthem back about 5/16 inch from the front
sides.]it may seem awkward at first sinceface of the side pieces and about 1/8 inch
you have only two hands but you have tdrom the rear face. If you are adventur-
do it with only one hand since you will ous, run the seam all the way out. This
need the other for soldering! will require a little filing on the bottom
|cover later, but will give you a somewhat

Carefully load some solder on your so .
,stronger box. To make the continuous

dering iron top and place a solder “tack
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Figure 6: Bottom Half Assembly
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seam, start at the back end of the seam

and slowly add solder to the joint as yotand H to the base plat@ért d). By plac-
move the soldering iron along the seaming the smaller, less-critical side rails in
Take care not to disturb the right-angley|ace first, the later step of soldering the
that the cover and side piece make Wwitlyont and rear panels in place will be made
each other. much easier.

Now that you are an accomplished extJsing the alignment gauge exactly as
pert, repeat the above process with thehown previously in figure 4, solder one
other side piece. You now have a comsjde rail in place using theack-first,
pleted top cover! It should look like the seam-solder secotethnique already de-
photo in Figure 5. scribed. The side rails are identical and
Bottom Half Assembly can be used interchangeably. Make sure

Next you will assemble the bottom coverthe edges of the side rail are even with
Begin by identifying bottom covelfront  the front and rear edges of the base plate,
paneff and rear pan. You can tell the as this flush right angle edge will be the
front and rear covers apart by noting thafhounting datum for the front and rear

the front panel has three holes while therBanels. Don’'t worry if the side rail is not
are four on the rear. exactly even with the base plate, as you'll

. . have a chance to “square things up” with

Examine F'Q“re 6,_the Bottom Half AS'the flat file before putting the front/rear

semblydrawing, as illustrated on the next .
anels in place.

page. It shows that the front and rear par{2 ) o

els mount on the outside edges of the bol¥ext, solder the second side rail in place

tom cover and the side rails go betweeH! theé same manner as you did for the

the end panels inside the whole shebang.rSt one. Now is the time to file the edges
] ) ] o ensure flush perpendicularity.
We'll first solder both side railgpérts g
You nextsolder the front panel(part f)
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onto the bottom platepért d). Ensure off the sharp corers on the front and rear
that the front panel is aligned square anganels so to clear the top-cover bead. See
flush with the base/rail assembly. Hold itFigure 8. You only have to “knock off”

in place with the claw grasp of one handbout 1/16 inch so don’t get carried away!

as you tack solder several points alonQVhen you are sure that the covers nest
the joint. Use the same solder-tack tech[-

. . h ogether properly, put in the two sheet
nique as you did for the top cover thefy, o gorews that hold the top and bot-

run a.contlnuous ].O'm in the seam afteliom halves together. The first time that
ensuring proper alignment. you screw one of the screws into place, it
Repeat the same processsiolder the will be a hard turn on the screwdriver.

rear panel e to the bottom platel.

You're coming along nicely now! Your

completed bottom assembly should look [ |
something like that shown in Figure 7. Top
It's a good idea at this pointfiothe top & cover

cover over the bottom to be sure that Front /Fear Panel
everything fits. It should be a snug fit but
not so tight that you will stress the top
cover when it is installed. If you ran the
solder bead all the way out on the top = k=
cover you will find that it interferes with F|gure 8:

the edges of the front and rear panels. :.,:
Never fear — we’ll take care of that next. Flttmg TOp Cover

If you have continuous solder beads out
to the front and rear panels on your top
cover it is now necessary to perform a
small amount of cosmetic surgery. File

:-.
v,
& o

x el A niY
e 5
it o
TS

Figure 7. Completed Bottom Half
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This is because you are cutting threadBINIS HING

into the pcb material on the side rails. Buit this point you have a completed en-
once you have these threads in place, iclosure! All that remains is to do some
sertion and removal of the screws shouldinal finishing as you see fit and to install
be much easier to do. the SOP Receiver and associated hard-

Do not overtighten these screws! If youVa'e:

are careful in tightening they will last for Paintingis a personal thing. While some
many on and off cycles. If you inadvert-care to leave a “natural” copper finish,
ently strip one out by over-tightening, others want to personalize their projects
drill out the top cover screw holes and gdy painting them outrageous colors or
to the next larger size sheet metal screwhatch them to other equipment they may
flave. The whole process is beyond the
ope of this manual but here are a couple
tips.

The pc board edges and corners of th
assembled enclosure are sharp and rat
abrasive. You may care to bevel them t@
protect your fingers and keep the boxl) If you are going to paint your enclo-
from damaging tabletops and anythingsure be sure that all soldering is finished.
else it comes in contact with. A coupleThe heat from soldering inside the case
of swipes with a flat file will do the trick. will conduct through the wall and dam-
Early samples of case like this had a nastgge your nicely painted surface.

tendency to pokg hoIe; n bags and kna% Surface preparation is very important

sacks before being refined this way! to ensure that the paint adheres properly.

Figure 9 below is a photo of the bottomUse a Scotchbrite pad to remove surface

of a complete enclosure with the sideoughness and clean the metal immedi-

screws in place. Note the flush and eveately prior to painting with acetone, work-

nature of all pc board edges. ing in a well-ventilated area so that you
don't suffer respiratory distress.

Figure 9: Completed Enclosure -
Bottom View
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Figure 10: Rear Panel with Labels

3) For a well-preserved “natural” copper

finish that will not tarnish use a clearIf you choose fo use the acetate labels

) provided in this kit, merely cut each one

acrylic spray such as Krylon ™ clear .

spray out carefu]ly along the outS|d§ of the rec.t-
’ angle defining the panel perimeter. This

4) Other spray-on acrylic colors will work will allow the rectangle to be present on
okay for the short-term but may have ghe panel when complete.

tendency to chip or get scratched in tim . .
An oil-based paint like Rustoleum ad?NeXt’ spray adhesive or apply alight coat

. e ing of rubber cement on the panel and
heres well and gives a tough finish. carefully position the acetate label sheet

5) Chose a light color if you are going toover the panel and press into place. In a
use the acetate overlays provided with thgsy minutes, the adhesive will be dry and
kit. The lettering on them is black, butyou can delicately cut out the holes in the
may not have much contrast against acetate over the control/jack holes of the
dark surface. panel. (Trick: Let the panels dry thor-
FRONT & REAR PANEL LABELS oughly, or even wait overnight, and the
Acetate labels are provided in your Enfloles will be easier to cut.)

cIosure_Kit to help you create a neat angt's a good practice to lightly spray the
professional-looking project case. Thesgront of the acetate label with clear acrylic
clear overlays are pre-printed but do nofike Krylon. This will protect the black

have holes cut in them for panel-mountegoner (comprising the actual labels) from
controls and connectors. Once in placghadvertent scraping.

on the panels, a sharp hobby knife suc
as an Xacto knife will cut holes in the
appropriate control/jack locations quite
nicely. A good treatise on labels is
“Homebrew Chassis and Panel Labels
by Ed Roswell, K2MGM. It appeared in See Figure 14 at the end of this section
the Winter 2000 issue of the QRPfor actual-size graphics used to create the
Homebrewer. acetate labels. If you need to make an-

gee Figure 10 above showing the rear
panel with labels applied. The front panel
labels are shown in the photo on the cover
of this manual.
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other set of labels, you can run that pagattach a nylon spacer to the bottom side
through a copier using transparency maef the board at each of the four holes on
terial instead of paper in the copier. the SOP board. The screw will be inserted
FINAL STEPS from the top side and protrude down and
into the nylon spacer on the bottom of
the board. You'll be cutting threads into
the spacer, and it will be a tight turn of
Rubber Feet- Carefully peel off the he screwdriver. Hold the spacer tightly
black rubber feet supplied in the_strip angyith your pliers and turn the each screw
apply one each to the bottom side of thgown into its respective spacer until the
enclosure. Make sure they are aligne@)oard is tightly contained between the

orthogonal and uniformly for maximum gcrew and spacer on each end of the
esthetics. (That is, put them neatly inyg5¢q's rear edge.

place!) If the surface of the pc board ma-
terial is clean, the rubber feet should sta
in place for a long while.

All that needs to be done now is the fin
ishing touches.

ext, carefully insert the board assem-

ly into the enclosure and position it over
the four holes in the base plate. Using the
Put the top half of the enclosure on thggme technique as above, screw four #4
bottom half and secure it using the tWosheet metals screws (supplied) through
previously-used screws. the bottom of the case and up into the
INSTALLING THE SOP BOARD four nylon standoffs on the board. If the
Now that your enclosure is all assembledjoles do not perfectly line up, try loosen-
painted and labeled, all that needs to big the top side screws and let the nylon
done is to install the SOP circuit boardwasher float into the correct position
and control hardware. when screwing the bottom screw in place.

The SOP Receiver board will be Sup_\Norst-case, if the holes cannot be made

ported by four nylon standoffs, securec{)0 line up, just use 2 or 3. screws on the
by small #4 sheet metal screws ottom, and the board will still be held

securely in place.
Using small sheet metal screw (supplied),
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QUESTIONS he’s also fabricating an entire, modular,
This method of homebrewing project en-multi-board inner structure out of the cop-
closures is bound to be growing in theper clad boards. Homebrewing bound-
future. Opportunities for modifications aries have officially been extended to the
and personal customizations are limitedhorizon!

only by your imagination. One of our ¢ yq; have any questions or problems
members of the NJQRP Club has a projedt, the enclosure aspects of this project,
in progress wherein he is making the eng 0,46 fee| free to contact us by email or
closure for his 2N2/40 Transceiver COM1yy, yS ground mail. We'll do our best to

pletely out of pc board material, just Iikehe| ou fully eniov all aspects of vour
with this basic SOP design. In addition’horgeybrew e)r/mIonu);e P y
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A view of the Rear Panel Jacks

A View of the Front Panel Controls
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Section 4:

SOP Controls Option

This optionally-purchased Controls & Hardware Kit is another “ideal
companion” to the basic SOP Receiver. All of the front panel controls
and rear panel jacks are provided to enable the homebrewer to quickly
and easily bring his SOP Receiver to a working state. These controls
mate perfectly with the Enclosure Kit (another optional purchase) to
form the completely operational receiver.

This will be an easy accessory kit to deahe side, and the signal terminal is the
with. What you'll do is wire the controls larger one on the opposite side.
and jacks to the board as shown in thg4 coaxial DC power jack

. --The ground
figure on the next page.

terminal is middle one, and the +V ter-
Parts Inventory minal is the one on the left. (The right
The first thing to do is to compare theterminal is unused.) Wire the +V termi-
contents of the little plastic bag contain-nal over to the switch on the Audio po-
ing the controls and jacks to the Parts Lisientiometer. (See that section below.)
shown on the next page. Make sure ew/ire the ground terminal directly to the
erything is present before you begin. pcb pad for GND, next to the +V pad.

Carefully remove the nuts and washerd1, J2 phono jacks --The ground termi-
from the two 1/8” jacks, the coaxial DCnal of these is the tabbed washer (bend it
power jack, and from the RCA phonoslightly up and away from the case in or-
jacks. Install each into its respective loder to solder the ground wire to it.) The
cation on the front and rear panels of yousignal wire should be attached to the cen-
favorite enclosure. If you haven’t yet seter terminal of the phono jack. Wire one
lected or prepared your enclosure, yowf the phono jacks to the KEYLINE pad,
may of course just wire these parts diwith its corresponding ground wire go-
rectly to the board and leave them hangdng to the GND pad next to the KEYLINE
ing in “free space” off the end of the con-pad. Wire the other phone jack to the
necting wire ANT pad on the pcb, with its correspond-
Using short insulated hookup wire, thining@ ground wire (or shield of the thin coax
RG174 coax cable, shielded audio cablé!S€d) t0 the GND pad next to the ANT
or whatever other wire you might havePad-

handy in your junk box, connect theR24 Audio Potentiometer -- This pot
ground and signal/power wires of eaclalso contains the power switch, so wire
component to the respective pads alonghe 2-tabbed side of this control between
the edge of the circuit board. the power jack and the +V pad of the pcb.
J3 3.5mm jack -- The ground terminal Wire th(_e 3-term_inal pot tabs to the pcb as
on this PHONES jack is the little one Onshown in the diagram.
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CONTROLS & HARDWARE PARTS LIST

Designator [QTY Pescription

J1, J2 2 |RCA Phono jack, nickel plated, ground, black insulator

J4 1 |DC pow er jack, 2.1mm, molded, economy, with NC switch
Knobs 2 |Black plastic knob w /blue top, .25" shaft

P4 1 |DC pow er plug, 2.2mmx 5.5mm x 9.5mm black locking, barrel
P1, P2 2 |RCA phono plug, black plastic insulator, hollow center pin
R24 1 |Audio pot, 10K-ohm miniature potentiometer w/sw itch

R9 1 |Tune pot, 50K-ohm miniature potentiometer

PB1 1 |Pushbutton switch, normally open, momentary contact

J3 1 |3.5mm jack, black, panel mount

R9 Tune Potentiometer --This pot is PB1 pushbutton -This little red-topped
just a pot. Wire its 3-terminal tabs to thepushbutton is used as the SPOT switch
pcb as shown in the diagram. for the Audio Frequency Annunciator
. option. When pressed, it triggers the
Elr;gé nge?/llzﬂegrs “;Jr?ilgl? zigca:gxattr]eFreinte microcontroller to sound the
P y un: current frequency through the PHONES
set screw from each knob until they are )
. ack. (We figured that most people would
able to be slipped onto the shafts of the . . L
otentiometer controls. [The following . € mtere_sted In the AFA optlon,_but even
potentio ) .if not, this pushbutton would nicely fill
applies if the pots are already mounted e front panel hole!)
a front panel.] With each pot shaft turneaI P ’
completely counterclockwise, rotate theExtra Plugs --In a further attempt to ease
knob (which is still loose on the shaft)t_he job of getting your SOP K_lt opera-
such that its indicator is pointing to thetional, we've included the mating plugs
seven o’clock position and tighten the seto some of the jacks on the rear panel.
screw. This will give the pot and knob Two phono plugs (P1, P2), and a coax dc
normal relative indications during opera-Power plug (P4) are included to allow you
tion. to wire up the mating cable for the an-

tenna, keyline and dc power.
PC BOARD LAYOUT

W R BDF WA DA I
ey
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Section 5:
Test & Measurement

Circuits
|

Here are two simple circuits that can be effectively used to get your
SOP Receiver into tip-top shape. The first is a great little audio oscil-
lator contributed by Joe Everhart, N2CX. With this useful gem you'll
be able to inject low-level signals into your audio chain and trace them
through to the speaker. The other circuit is a standard-but-nifty RF
Probe, contributed by Chuck Adams, K7QO as part of his series of
articles concerning “Manhattan-style construction techniques”, pub-
lished in QRP Homebrewer. With the RF Probe you'll be able to mea-
sure the signal coming from your local oscillator, the LO buffer and
other RF signal sources. Very handy indeed!

Twin-Tee Audio Oscillator

by Joe Everhart, N2CX isolation. Check the original article for a
This circuit is an old favorite of mine. It table of resistor attenuator, which set the
was the very first Joe’s Quickie in theoutput levels.
QRP Quarterly’s Information Exchange
column and is still a favorite on the N2CX
workbench. Though very simple, this cir-
cuit is an excellent signal source for deéwitch; to turn it on | simply clip a 9-

bugging and troubleshooting. volt battery onto the power connector.

Power is supplied by a 9-volt battery (aAnd there’s no fancy output connector,

carbon-zinc “cheapie” is fine) and theeither. An output and ground lead are
output is a 1 KHz sine wave. A simplewrapped over the edge of the board for
resistive divider from the transistor col-access to a clip lead or soldered-on wires.
lector reduces the output to about 1 m +gy/

while the 0.47 uF capacitor provides Do

It's a pretty non-critical circuit that can
be built ugly or beautiful. I built mine on
a scrap of perf board. There is no power
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Building an RF Probe is soldered to the center pad and the other

by Chuck Adams, K7QO lead soldered to the ground plane. With
The first thing to build is an RF probe. 'O”Qef leads youcan mount the Qiodes in
Go to the ARRL Handbook to page 26.97 Vertical position. The probe will work
and look at figure 26.9(C) for a voltagethe same with either configuration.
doubler circuit. Don’t use the entire cir- | have a Ballantine RF probe that | pur-
cuit. Allyou need is C1, C2, D1, and D2.chased for $10 at a Livermore Swapmeet
The AC input will be the RF signal and on a trip to CA when | was working. This
the point at which D1 and C2 meet will probe came sealed in an aluminum pouch
be the +DC output. Eliminate R1 and R2with all kinds of military part numbers,
from the circuit. The values here are noetc. Probably cost the tax payers a few
too critical and you can experiment withhundred dollars. | compared my readings
this. Use something like 0.1uF or smallemwith the RF probe builMlanhattan-style
for C1 and something like 0.47uF orand the Ballantine probe and got the same
larger for C2. For D1 and D2, use eitherresults to over 40MHz. The one here
germanium or silicon diodes. | used somg@robably cost me about a quarter. The
surplus printed circuit board leaded di-commercial probe is nice, but not every-
odes that | got surplus somewhere and adne can find such a great deal. Besides,
type 1N4148 or 1N914 silicon diodes. inthe building of homebrew gear you can
take extra pride in using something that

| won'’t go into the nitty-gritty details here, . .
g ty-gritty u personally built and can repair.

but you need three pads and just a smaff’
segment of printed circuit board. Becausé&'our VOM should be set for DC volts,
the leads were short | mounted the diodeand your reading will then be RMS volts,
horizontally. D1 is between two pads. D2or Vrms = Vpeak * 0.707.

VOM
+

To circuit €
being
meas ured <—

42 SOP Receiver Assembly Manual, rev B



SOP Receiver Assembly Manual, rev B

43



44

SOP Receiver Assembly Manual, rev B



