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PREFACE

The purpose of the document is two–fold. The �rst is to �nish a
tutorial on how to debug a non–working SW–80+, SW–40+, SW–
30+, or SW–20+ transceiver from Small Wonder Labs of NH. The
second is for me to use two different LINUX graphics packages
called latexdraw and gnuplot . I need to use the programs for
another project and want to push the software to the limit.

Unfortunately, I am one of those individuals that likes to do a lot
of things and a direct consequence of that is that during the pro-
cess of one project I often get sidetracked into doing research on
a new area that is related to the project. And for that I apologize.
But, I promise to �nish this project in short order. Just maybe in
three days from May 28th, 2011. At least that is the initial goal.
“Not failure, but low aim is crime." — Alexander Pope.

I have been a fan of the Small Wonder Labs SWL-XX+ single band
transceivers ever since the days of the New England NE-4040
project from Dave Benson, K1SWL. I have used the transceivers
to complete WAS on several bands, such as 40 meters with less
than one watt of output power as measured on an old OHR watt
meter. I used 950 milliwatts as a starting power level. Not be-
cause it was a particular power level that just had to do, but
because the QRPp levels start at one watt and I wanted to be
sure that my power out had no chance of getting over one watt.
It was a personal goal and challenge. I used the SW–XX+, where
XX is 80 etc., to start a tutorial series on the old QRP-L called
Elmer101. This was to use a cheap transceiver readily avail-
able to all for teaching some building techniques for the new and
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old hands at ham radio and some theory. This all was over a
decade ago. Since that time thousands of Small Wonder Labs
transceivers have been built and operated. It is my wish that
they continue to be built and operated so that I can have some
one to talk to on the air.

As with all things that hams do, there are a large number of kits
that are still unbuilt in storage areas of sheds, garages, laborato-
ries, and other places that I have not thought of. Maybe you have
one or two or ...

This document will start with the basics and go step by step
through the process of determining if a transceiver is working.
If it is not, then steps will be taken to correct problems.

If you have a non–working transceiver, may I strongly urge you
to get off your butt and get it working this month. The reason.
Replacement parts will disappear from the face of the Earth in
short order. Part of this is due to when manufacturers cease to
manufacture a part due to lack of demand or its being replaced by
a newer and improved version that performs the same function
and the manufacturer can charge more money for. You know the
drill. Pins–through–holes (PTH) parts, such as some integrated
circuits, are being dropped by manufacturers in preference for
the new surface mount technology (SMT) components that are
about the size of a grain of Uncle Ben's rice. As we get older we
are going to �nd it harder to work with the SMT stuff, although
there are tons of how–to articles in the Interet.

You have witnessed the ridiculous rise in the price of metals lately,
especially gold, and now the cost of one pound of Kester solder
is bordering on the price of a new computer. Well, not really, but
it does make a project more expensive that it used to be.

Enough already. Let's get on with this project. I will work on this
daily and you can help by asking questions as we go along. Don't
get ahead of me because I do have a lot of your questions already
answered somewhere in my mind. Been there. Done that. Have
the tee–shirt to prove it.
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I would ask that you not copy this manual and put it on any other
Internet site. This material is copyrighted by me and Dave Ben-
son, K1SWL, and all rights are reserved. Thanks for your cooper-
ation.

Good luck and happy trails to you.

chuck, may 2011



Chapter 1

Signal Paths

What is the purpose of a transceiver? Well, simple enough it has
two functions. To receive signals from other transmitters located
around the globe and to generate an high–frequency (HF) elec-
tromagnetic wave that gets put into the Earth's atmosphere and
propagated directly to or indirectly to another antenna and ham
radio setup to be received by another person or even a computer
system for decoding.

It is important to look at the big picture, from time to time, as to
what is happening. Some one is transmitting RF energy from their
antenna to yours. We are assuming that propagation conditions
are good and that if everthing is in order you would hear them in
your headphones or from a speaker connected to the radio.

If any thing is wrong at one or more points, then nothing will be
heard from the other stations or they won't hear you if things are
reversed. The purpose of this document is to get you to think
about the process and to analyze step by step where a solution
may be found to get things working.

I am going to write this document on the assumption that I have
a non–working transceiver in front of me. I want to carefully diag-
nose as many stages of the unit as I can with as little equipment
as possible. This may or this may not get it to working. There
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Figure 1.1: Transmitter to Receiver Signal Path

are just some things that can not be done without better equip-
ment. Since I am not there to witness what you are doing, you
are going to have to be extra careful (since I can't jump up and
holler to stop you from doing something disasterous) and think
twice before you take a physical action. Always think ahead and
have a goal in mind. It makes you much better and you will learn
something.



Chapter 2

Test Equipment

Since I don't know just how much test equipment you have or
will have from time to time, I am going to start with the smallest
and cheapest items �rst and progress from there. You must pick
and chose the sections that pertain to the equipment that you
do have and can use. Hopefully problems that you need to solve
won't require a large outlay of money to get the transceiver in
working order.

2.1 Minimal Equipment Needed

The minimal list is most likely the following.

ˆ Small Screwdriver — straight blade.

ˆ Medium Screwdriver — straight blade.

ˆ Digital Voltmeter.

The small screwdriver is needed to change the power level of the
transmitter.

12
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The medium screwdriver is used later to adjust variable inductors
for tuning both the transmitter and the receiver.

The digital voltmeter is used to measure critical voltages for var-
ious stages of the transceiver.



Chapter 3

DMM Impedance and Use.

We are about to start taking some measurements. Before we do
so, just a note on DVMs.

Not all DVMs are alike. Most of us have at least one or two DVMs
from Harbor Freight. You know that ones that I'm talking about.
The ones they put on sale for $2.99 and put them at the checkout
stand. They know they have your attention and that the three-
dollars looks like a great deal and it is.

You buy a couple just in case you can use them and you put
one in the car or truck and one in the toolbox and another on
the workbench. You know the drill. :-) I know you bought three
because you pulled out a picture of Hamilton and went ahead
and got three. They did come with the batteries too... Also, while
you are at it, purchase some spare fuses for the meter. You will
accidently destroy a fuse from time to time by forgetting to switch
to voltage when measuring something and the meter position is
set for current measurement. This means a very low resistance
for the meter being connected to a large voltage and a large
current will try to �ow and the fuse will do its job to save what it
can.

I put a very small label on the back of the meter with a date
that shows the last time I put new batteries in the meter. Check

14



CHAPTER 3. DMM IMPEDANCE AND USE. 15

the batteries in all your test equipment from time to time so that
you don't try to do something and not have a working meter.
We all tend to forget about changing out dead batteries until we
need the equipment and we lose valuable time in getting the item
reworking again.

3.1 Impedance of a Voltmeter.

Question. Do you know how to measure the impedance of the
voltmeter? Before you read any further, think about it with pencil
and paper and �gure it out before I tell you how I did it.

Get a one megohm resistor out of the parts bins and we will call
its value ' � . Measure its value with the DVM for use in the calcu-
lation below for ' � .

Measure the voltage output from your power supply and write it
down. Let's call it + � for voltage from the battery or power supply.

Now put the resistor in series with the one of the test leads
from the meter and again measure the voltage across the bat-
tery. Let's call this measurement + 5•> as the voltage across the
DVM, as that is exactly what it is. The voltage across the resistor
is + ' = + � � + 5•> due to Kirchoff's Voltage Law (KVL). The sum
of the voltages across the loads in series must be equal to the
applied voltage.

Now calculate the resistance of the DVM ( ' 5•> from the formula

' 5•> = ' � �
+ 5•>

+ � � + 5•>

Plug in all the values that you measure into the formula and de-
termine what the resistance value or impedance is for the DVM
from Harbor Freight. You may want to do this for all the DVMs
that you own. Use the one with the highest resistance value for
measurements on the SW-40+. This meter will give you the best
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results for measurements that we will be making due to the re-
duced load on the circuit.
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Figure 3.1: Four DVMs Measured.

In the above you see two of the cheap Harbor Freight DVMs in the
upper left (the red and yellow ones) along with a WEB-TRONICS
model MAS830 meter that I got from Circuit Specialists in Phoenix
AZ and a Protek D-930A that I got from Fry's Electronics in Phoenix
for ten bucks in a closeout sale. Best deal of the decade.

I did the tests and did the calulations and I get 996K and 1.00M
for the two Harbor Freight meters, 10.0M for the Protek meter. I
get 1.00M for the impedance for the WEB-TRONICS DVM.

One megohm is great for most projects around the workbench.
We want the highest resistance possible so that the measure-
ments are least effected by the addition of the voltmeter at the
time of the measurement. Those of you that insist upon using
the old meters, because you just have to have a physical nee-
dle move up the scale, will �nd that they all have low resistance
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Figure 3.2: Heat Shrink on Probes.

impedances and will effect your results a great deal.

3.2 K7QO DVM Modi�cation

I recommend that you do the following modi�cation. It is tempo-
rary and can be undone after you �nish debugging the SW-40+.
The probes have too much metal exposed for poking around in
the con�ned space of a built transceiver such as the Small Won-
der Labs rigs.

Take some heat shrink tubing and cover most of the metal of
the probe, so that when making measurements you reduce the
chance of shorting something out. Note: I said minimize. You
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must have brain in gear and not be tired or distracted and you
must take all your mental powers and concentrate on each and
every measurement. Don't even think of relaxing one bit. At the
point you do lose your concentration you will use a �ve dollar
DVM to destroy a $55 transceiver. Always be alert and remember
what you are doing.



Chapter 4

Power Supplies

The most important component of a QRP station is the power
supply. You can argue with me until you are blue in the face and
I will not budge one iota. Not one inch on this issue. So don't
bother wasting your energy. It's like teaching a pig to sing. You
will get frustrated and it irritates the pig.

I see guys post on QRP re�ectors questions about Wall Warts, a
term used for the small transformers and minor circuitry to pro-
vide power to devices like MP3 players, cassette players, and
other small low power devices. If you attempt to use a transceiver
with one of these, don't even bother talking to me. You are wast-
ing your time.

Look at a wall wart that is supposed to supply 12V DC. Read the
label. What does it say the ouput power and/or current is? A small
single band transceiver that is going to have a transmit power
level of 4 watts is going to need around 500 to 700 mA of current
at 12V to do a good job. And it must keep a constant voltage
output level under varying loads and also not generate an AC
component for the supplied voltage output or several problems
with crop up. We will run some tests on different power supplies
in this chapter and look at what can happen if the power supply
is not doing its intended job. I won't get to them all at once, just
check back from time to time until I say it's all done.
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Either get a used Heathkit power supply for the HW-7 or HW-8
and check it out thoroughly or do as I do and buy a Gel-Cell at
a hamfest. You should be going to ham fests anyway in order to
keep them alive and you do �nd great deals from time to time.

You can �nd at swap meets new or used gel-cells with ratings of 5
or 7 ampere-hours. That is plenty to power a SW-40+ for most of
a day. The used cells are pulls from alarm or medical equipment
and run about nine bucks or so and should be good for some
time to come. Get you a gel-cell charger at Harbor Freight as
it will save you time and aggravation in trying to build or �nd a
charger that won't ruin the cell.

Measure the voltage output of the power supply that you are us-
ing for the SW-40+. I'll use the SW-40+ term here and you sub-
stitute your band model. Make a note of the voltage from the
power supply in a notebook or on a piece of paper to keep track
of during these tests.

Don't power up the rig just yet. Get the power supply ready to
use. If it is something like an HW-8 power supply, check to make
sure that it outputs pure DC and doesn't have a bad AC compo-
nent that will cause you to transmit a nasty signal.

4.1 Gel–Cells and Chargers

One of the most important things about gel–cells is that you use
a proper charger. Twelve volt wall warts used for other things are
not the proper thing to use. I have found, over the years, gel–
cell chargers that look like wall warts, but they have one or more
LEDs to show their state. Here is a photo of a couple. The Rocky
charger came with a 12V gel–cell that I found on a clearance sell
at Wal*Mart. Used in an R/C controlled car. Look for these things
from time to time when you get a chance. Find out where the
clearance and toy sections are for your local Wal*Mart, no matter
what you think of them.
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Harbor Freight, from time to time, has a 12V gel–cell charger that
they have on sell. If you get one, please be sure to measure the
outside case temperature of the cell as it is charging and make
sure that it does not over heat. Also measure the voltage at the
terminals of the battery over time and make sure that it drops
to a value just over 13.5V to 14.4V in the trickle charge mode.
This keeps the battery topped off and does not cause damage
by over charging. Read the literature on the Internet about all
the urban legends of gel–cell charging. Trust only the original
manufacturers recommendations.

The second photo graph shows how much I trust even a known
charger. I used a Radio Shack current meter with the charger to
monitor the charger current. The current starts at around 300mA
when the cell is down in voltage and then drops to under 100mA
in the trickle charge state. The battery is slightly warm to the
touch. I will, at some time, measure the temperature of the cell
with an IR thermometer that I got at Harbor Freight.



CHAPTER 4. POWER SUPPLIES 23

Figure 4.1: Gel–cell charger.
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Figure 4.2: K7QO's gel–cell current montior.
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4.2 Power Connectors

First thing we have to do is make sure that the voltage provided
by the power supply gets to all the places that it is supposed to
or nothing is going to work.

Let's assume that we have a completed SWL transceiver and
there is some connector jack, usually on the back of the case.
Inspect the connector and determine if you have a plug that
matches it. This is critical. One thing that I dislike is that there
are two different barrel connectors that are popular. Different
kit manufacturers use different types so that one connector on a
power supply may or may not work on all the rigs. Wish there
was one standard, but unfortunately we are not that lucky.

Here is a picture showing a number of jacks and a number of
plugs. TBD (to be done)

4.3 First Test Measurements

OK. Get ready to make some measurements. Clear off the work
space so that metallic objects do not drop into or wind up under
the pc board and across voltages. The results will be disasterous
and ruin your day.

Here is a list of things needed.

ˆ SW-40+

ˆ Power Supply for the rig

ˆ 50 ohm dummy load

ˆ DVM

ˆ Schematic of the SW-40+
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Figure 4.3: Voltage at terminals of gel–cell.

ˆ Lab notebook to keep results in

ˆ Good clean workspace

Before connecting power supply to your SWL transceiver. If you
have a gel-cell, measure the voltage level at the two terminals at
the top (or side).

Above is the photo of the process. Had I not been taking the
photo I would have held the two probes to the voltmeter. OH.
Before you make measurements, make sure the switch is in the
voltage position and that it is at 20V full scale.
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Again we do not want to short out anything on the battery. Keep
it away from exposed wires and for the connector, keep it away
from anything that connects the two terminals to each other with
a dead short. The gel-cell is capable of being destroyed and at
the same time taking other things with it. It is full of battery acid
in a gel and you don't want it anywhere outside the case. PERIOD.
Read the label on the battery.

Now measure the voltage at the plug, again being careful. OK.
What is the purpose of the two measurements? One . To make
sure the battery is charged. We'd feel pretty stupid to be work-
ing with a dead battery. The battery may still be dead even with
this check. See details later when we connect to the transceiver.
Two . To make sure that the solder connections are good and
more importantly to make sure we do not have the terminals
hooked up incorrectly. The center conductor of the plug should
be connected to the positive terminal (usually red) of the battery.

Point of K7QO's Your
Measurement Measurement Measurement

Battery + 13.18V

Plug + 13.18V

Connect a dummy load to the RF output connector, even though
we won't be transmitting on purpose you must always have a
tuned antenna or a dummy load on the output. The PA transistor
will self-destruct instantly if you transmit into an open load (no
antenna) and it is not a cheap part. Ask Dave Benson about
replacement costs. The reason for the dummy load is just in case
you happen to short something that causes the transmitter to be
activated. Do not connect a key or keyer to the rig at this time,
please. I know you are in a hurry, but haste makes waste.

Also, if you did not build the transceiver, do not plug in the head-
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phones or earphones/ear buds at this time. We need to check
to make sure there is no DC voltage at the phones that could
destroy them.

Turn the drive adjustment, R24, to its lowest value. See SW-40+
manual on how to do this. Using a small screwdriver turn the
R24 adjustment fully counter clock wise (CCW) using very light
pressure so as not to break the pot. This is not a physical contest
to see who is the strongest. The pot should be easily adjustable.

Now plug in the battery to the DC input terminal. If you have an
LED setup, check to see if it lights. Otherwise you need the DVM
to run the following checks.

On the following page is the schematic with the power lines col-
ored, red for the +12V line and blue for the 8V voltage output
from the 78L08 voltage regulator. These are the voltages we will
be measuring in the following steps.
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ˆ Measure the voltage at the DC connector in the back of
the rig. Is it equal to the battery or power supply voltage.
Double check cables and make absolutely sure there are no
shorts. You should have about 12V or so applied to the rig.
Dave says +12V to +15V. I personally don't want more than
14V. I have heard of guys going 15V and above to get more
power out. This is not a good idea. The design parameters
and operating point was not designed for operation above
15V. If you want more than 2W out, then get another rig.
Don't risk destroying this one. Please.

Point of K7QO's Your
Measurement Measurement Measurement

Connector + 13.13V

ˆ Measure the voltages at the tuning variable resistor. One
end terminal should be 0V and the other around +8V or so.
It doesn't have to be exactly 8V. There is some variance in
78L08 parts. See if the wiper connection (the center connec-
tion of the pot) voltage varies as you vary the knob on the
front. This voltage should vary from 0V to the voltage at the
end terminal of the pot that is obtained from U2. This means
that the rig should be tuning from its lowest frequency to its
upper frequency range. We'll measure the frequencies later.

Also. Please note that single turn variable resistors and
multi-turn variable resistors follow a different convention on
what consists of the end points of the internal resistor and
what terminal is the internal wiper blade or moving point.

Point of K7QO's Your
Measurement Measurement Measurement

8V + 8.01V
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ˆ Measure the voltage on pin 8 of U1 and pin 8 of U3. These
are the two NE612A/NE602A mixer ICs. These should be
around 6 to 7V. Make sure you don't short something out
with the probe tips.

Point of K7QO's Your
Measurement Measurement Measurement

U1-8 7.19V

U3-8 7.19V

D2 7.19V

D1 13.05V

ˆ Measure the voltage on pin 8 of U4, the dual op amp IC. This
will be over 10V.

Point of K7QO's Your
Measurement Measurement Measurement

U4-3 5.09V

ˆ Plug in headphones/earphones into the earphone connector
with the gain control at a minimum (fully CCW on the front
panel if you have the pot wired correctly). Slowly turn the
gain control in the CW direction to see if the audio hiss in-
creases. This indicates the receiver may be working prop-
erly. Now reset the volume to a minimum and unplug the
headphones.
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4.4 Heathkit and Astron Power Supplies

I'll come back shortly and write this section. I wanted to discuss
the Heathkit HW-8 and HW-9 power supplies that you'll �nd used
at swapmeets or you may already own a few gathered over the
years.

Also the Astron power supplies because they are popular and in
good supply. They are also big and heavy because of their power
handling capability.

Stay tuned.

Let me know what you have, if it is not listed here. Of course
there are some home brew supplies around and the switching
supplies like MFJ and others have.
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Receiver Block Diagram

Let's look at a block diagram of the SWL receiver. Remember
that the signal is received by the antenna and the RF energy
generates a current and voltage at the input of the receiver. In
fact, there are a large number of frequencies from both ham ra-
dio, TV, commercial broadcast, police and aircraft transmissions,
and shortwave broadcast stations. Add on top of this noise at
all frequencies generated by the atmosphere and maybe even a
thunderstorm thrown in for dif�culty. So you can see that the re-
ceiver has a lot to do to get to the signal that you are interested
in.

Here is a summary of the signal path through the receiver in block
diagram form.
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Let's look at the signal path. The signal refers to the other radio
transmitter that we want to listen to in the headphones.

ANT Obviously the antenna. Hopefully we have an excellent an-
tenna system that is tuned to the band we are using.

LPF Low pass �lter that allows RF energy below the cutoff fre-
quency to pass through and get to the rest of the receiver.

RCR PRO This is a series of diodes and an inductor that atten-
uates any very large signals. Its function is to reduce our
transmitter signal when we start transmitting so as not to
overload the receiver front end and to prevent the destruc-
tion of the �rst mixer.

RF GAIN As our simple single band transceiver has no audio gain
adjustment, we simply reduce the RF energy into the signal
path and in effect reduce the �nal volume of the signal in
the headphones.

BPF Band pass �lter to narrow the range of allowed signals into
the receiver and also act as an impedance tranformer for
the difference between the gain circuit and the impedance
of the NE602/NE612 mixer IC input.

MIXER Using the RF signal and the local oscillator (VFO) we mix
the two frequencies to get an output frequency signal at the
IF crystal frequency.

IF XTL The intermediate frequency (IF) crystal �lter to further
reduce the bandwidth of the signal frequencies that we allow
through.

MIXER The input of the RF energies are mixed with a local os-
cillator, the builtin crystal oscillator, to amplify and output a
range of audio frequencies.

MUTE W7EL muting circuit to cutoff the audio as much as pos-
sible when the transmitter is activated. Otherwise you will
most likely cause damage to your ears.
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AMP Audio ampli�er to produce enough audio energy to drive
the headphones. I am not a fan of speakers. That is another
reason I can do high speed CW.

The combination of the receiver protection scheme and the W7EL
muting circuit allows us to do QSK. I have been a serious fan
of QSK since 1960. My senior year of high school found me in
Midland TX with only 1 credit to go in order to graduate. So I took
physics, trig, english (the one course I needed to graduate), and
ICT. ICT was industrial cooperative training where I only went to
school until noon and then worked in a radio TV repair shop until
5pm. That was back in the days where we could repair TVs and
radios when they failed. Not too many people do that any more.
We just send the failed device to the land�ll and buy another.

When I got home I had very little homework to do and what I
did get I did in rapid order. I and my dad, W5NNB, belonged to
the Midland Radio Amateur Club and at the �rst meeting I found
they had a Heathkit Apache transmitter that had the AM audio
section fried by another club member. I volunteered to repair it
in exchange for getting to use it for 9 months. Deal.

I had a National NC-300 receiver at the time and with the Heathkit
Apache transmitter I was on the air with a 40m inverted vee and
running about 50W, so at the time I was QRP. Check the QRP
ARCI history books. I needed a way to have both the receiver
and the transmitter hooked up to the antenna and not have the
transmitter blow out the front end of the receiver and my ears.

So I came up with idea of using a bud box with three connec-
tors. One for the antenna, the second for the transmitter and a
third connector for the antenna. All PL-259 connectors. I wired
the transmitter direct to the antenna through the box. The re-
ceiver, in the box, had two back to back 1N34A ceramic germa-
nium diodes across the receiver input. In series to the antenna
connector was a 15W 115V light bulb. This bulb acted both as a
small dummy load and inductance in series with the diodes. Thus,
when the transmitter was activated the RF voltage across the re-
ceiver was minimal and I had full QSK with NO moving parts. No
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way in hell was I going to listen to a clicking relay.

I was able, using headphones, to sit at a small card table at the
end of my bed, since I shared the room with one of my three
brothers, and work 40m late at night and not keep him and the
rest of the family awake. With the bright lights of the NC-300 I
did not need any other lighting to keep the log and write down
the QSOs. Went through 9 ARRL logbooks on 40m with one Q per
line. I loved that time in my life. Lots of friends at the time.

It was also the time during which we played “burnout”. You would
speed up and I would speed up until one of us holler “uncle”. It
is one of the reasons why there were a lot of good CW ops back
then.

In the twenty–�rst century, the only time we play burnout is dur-
ing contests. But I digress and I apologize. Just another war story.

So the Small Wonder Labs transceiver reminds of the old days
when I had QSK. QSK is very common in this day and age with all
the QRP CW transceivers and it is done without relays. I have a
TenTec Corsair II and I have disabled the linear ampli�er switching
relay in it. But alas, it sits in the closet for now.



Chapter 6

Debugging Audio First

In the debugging process of any non–working device, you must
come up with a plan of attack. For the SWL transceiver it's not
too dif�cult.

We'll start with the last stage in the receiver; the audio ampli�er.
The reasons are fairly simple. Any signals will be audible to the
human ear. Debugging can be done with only a DVM and some
simple measurements.

Familiarize yourself with the schematic section for the audio amp.
Here it is expanded for visibilty and ease of use.
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Figure 6.1: Audio section of the schematic.
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So here is the setup.

ˆ Put a dummy load on your RF connector. Make sure that R24
is fully CCW.

ˆ Leave headphones unplugged to the receiver.

ˆ Connect power supply.

ˆ User your handy dandy DVM to make the following measure-
ments.

ˆ Decreasing in the chart means that the voltage will start out
a some value and decrease as long as the meter is con-
nected to the point being measured. This is caused by a
capacitor being discharged through the meter. The higher
the resistance of the meter the slower the voltage change
will occur. It's an RC time constant thingy.

ˆ The K1SWL measurements are taken from his schematic in
the SWL assembly manual. This is to show you some vari-
ances that are not that important. It's also why some people
get delayed in building or moving on when they think they
have an error in the building process. This is not rocket sci-
ence. Really.

ˆ J1-1 means J1 connector pin number 1.

ˆ N/A means not available or unknown.
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Point of K7QO's K1SWL's Your
Measurement Measurement Measurement Measurement

J1-1 0.00V N/A
J1-2 Decreasing N/A
J1-3 12.58V N/A

D3 7.70V 8.0V
D4 7.84V 8.0V
D5 12.57V 12-14V

R7 3.93V N/A
R8 3.93V 8.0V
R2 7.62V 8.0V
R3 5.06V N/A
R9 7.83V 8.0V

R10 7.83V 8.0V
R12 3.81V N/A
R13 6.35V 8.0V
R14 Decreasing

U4-1 7.84V 8.0V
U4-2 7.69V 8.0V
U4-3 5.09V 8.0V
U4-4 0.00V 0.0V
U4-5 3.79V 8.0V
U4-6 6.34V 8.0V
U4-7 7.90V 8.0V
U4-8 12.87V N/A



CHAPTER 6. DEBUGGING AUDIO FIRST 42

6.1 Take A Listen

If the voltage measurements seem to be correct or in the ball
park, now is the time to plug in the headphones. I never ever
plug in a set of headphones or turn on a radio with the ear buds
or headphones anywhere near my ears. The reason is simple
enough. You never know what you are going to get. There could
be a problem and a loud high pitched tone could be emitted by
the headphones due to an audio problem. You could have the
radio tuned to a frequency where you next door neighbor has
�red up a kilowatt to the exact frequency you have your reciever
tuned. Or any number of scenarios that are not good for your
ears. Protect them at all times.

Now put the headphones near or on you head and take a listen.
You should hear a hiss from the audio section. Tune the RF gain
to see if the noise increases. If it sounds good, then so far we
have been successful in debugging the transceiver.

Nothing is guaranteed, but at least we think we have a starting
point.

6.2 Nothing Heard

If the voltage tests fail and/or we don't hear anything in the
headphones, make sure the headphones are plugged in correctly.
Check the wiring from J1 on the circuit board to the connector.
Check for shorts and for bad solder joints. Especially if you did
not build it.

Go back and look at the schematic. What is connected to pin 8
of U4, an op amp used as an audio amp? Yes? The power lead.
What do you think would happen if you or the previous owner for
a used rig plugged in a power source that has the positive and
negative leads reversed? You guessed it. The 5532 IC is most
likely fried internally. Get another one and plug it in and see if
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that solves the problem. I have several spares in my parts bin
just in case.

Another test is to touch one of the input pins, U4-2 or U4-3, to
the preamp with a screwdriver and making sure that you touch
only one pin and one pin only without shorting to another pin. In
the headphones you should hear a pop. It may be quite loud, so
have the headphones away from the ear a bit just in case.

I �nd that if I have my �nger touching the metal portion of a very
small screwdriver and touch pins 2 or 3 of U4, I can hear an A/C
hum in the headphones. One buzz will be at a slightly different
pitch than the other. Write this down in your notebook if you hear
it. It is a good sign that the combo of preamp, mute and �nal
audio amp are working correctly.

6.3 Yet Another Experiment

Here is a photo of another piece of very special test equipment.
They are very cheap tweezers, but they can become very very
expensive if dropped into a working rig. That should stir up the
juices thinking about it.

Take the tweezers, with the radio powered up. Touch the tip of
the tweezers to the top leads of R2 and R3. This are connected
to the input of the preamp of the receiver. You should hear the
noise level increase. One leg will sound louder than the other.
Which one? Write this down in your lab book.
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Figure 6.2: Tweezers.
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6.4 Audio Generator

If you have a low level audio tone generator, then you can care-
fully connect the output to top lead of R2 and the ground side of
the output to the ground of the rig. It has got to be a very very
low level signal. Maybe an iPod with the volume turned as low as
it can go.

Be careful if you try this experiment.



Chapter 7

Second Receiver Mixer

The NE602/NE612 at U3 is used as a mixer to change signals in
the 4.0MHz range from the IF Crystal Filter to audio frequencies
that are then ampli�ed in later stages to output sounds to the
headphones.

Without using sophisticed equipment we can check to see if it is
working. Take the tweezers that we used before, or just a screw-
driver, and touch the top of resistor R1. You should hear a large
increase in the noise coming out of the headphones. This shows
that the mixer is working. It ampli�es the input and since we put
an untuned noise source at the input we are hearing a lot more
noise that we would otherwise.

We need more sophisticated equipment to check for other things.
If you have the equipment in the following experiments, the go
ahead and do them.
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Figure 7.1: Second Mixer Section.
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7.1 Crystal Oscillator of Mixer

The NE602/NE612A mixer takes two input signals and mixes them
and also ampli�es the “products” and outputs them. The second
signal can be an external oscillator, like we will see in the �rst
receiver mixer using the VFO as the second input or in the case
of the second mixer we use a crystal, Y4, to create the second
signal. The Y4 and the caps connected to it and the two pins U3-
8 and U3-7 make up a crystal oscillator circuit using some logic
in the inside of the IC. We need a frequency meter and/or an
oscilloscope to test the operation of the circuit.

Here are the voltage measurements made at the pins of U3, the
NE602/NE612A mixer IC.

Point of K7QO's K1SWL's Your
Measurement Measurement Measurement Measurement

U3-1 1.42V 1.4V
U3-2 1.42V 1.4V
U3-3 0.00V 0.0V
U3-4 5.98V 6-7V
U3-5 5.98V 6-7V
U3-6 7.00V 7.0V
U3-7 6.53V 6.3V
U3-8 7.20V 7.3V

R1 1.42V 1.4V

7.2 Signal Generator Check

If you own a signal generator that is capable of generating 4.000MHz,
then you can perform the following check. The mixer/detector cir-
cuit uses a 4.000MHz crystal as one of the input frequencies. If
you feed the circuit a signal near 4.000MHz, you should hear the
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Figure 7.2: VE3DNL Marker Generator.

“beat note”, the frequency difference in the headphones. Now
the signal generator must not have a large signal output. Just a
mW or so of power is all that is needed.

The VE3DNL marker generator is a good source of signals at reg-
ularly spaced frequencies. This is a kit that has been made by a
large number of clubs across the US of A. Here is an early version
of same. You can make one yourself by ordering the PCB from
Far Circuits (Google for them) for $4.50 at the least time I looked.
Look in the frequency section. The problem is �nding a 5.120MHz
crystal. Check DigiKey and Mouser, I think one of them does have
it from time to time.

You can use just about any DDS signal generator or a crystal
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checker with a 4.000MHz crystal.

Just get the signal output of your source NEAR the receiver sec-
tion. DO NOT connect any signal generator directly to any part of
the receiver. PERIOD. NEVER. Please.

7.3 Frequency Counter Check

There are a large number of frequency counters. Some good ones
and some bad ones. Let us hope you have a good one.

Here is the NorCal FCC-1 frequency counter. I have it mounted on
some extruded aluminum that I purchased at Home Depot and I
have a BNC connector to easily connect an input signal to be
measured to the counter.

I use an oscilloscope probe to make frequency measurements in
close quaters. The probe has two possible cominations of input
using a resistor divider. The X1 and X10 scales for times one and
times 10. The times 10 factor has a higher impedance for the
circuit being tested, but at the same time it is 10 times less sensi-
tive. This to reduce a possible overload condition on the counter.
You have to experiment between the two scales to measure the
frequency. The X1 setting may cause the oscillator in the NE612A
to cease functioning. So to the newbie, this will make one think
that the circuit is defective, when in fact it is not. Experience will
help in determining which is happening.

I also like the oscilloscope probe because it has a small point on
the probe that allows me to work in close quarters in making mea-
surements. I may sound like a broken record or that I have OCD,
but always be careful in making measurements inside working
equipment. Mistakes can be expensive.

The photo of the NorCal FCC-1 frequency counter mounted onto
an aluminum base with a BNC connector. Here the counter is
connected to a Rubidium Frequency Standard that is one of the
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Figure 7.3: NorCal QRP Club FCC-1 Frequency Counter.
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three top frequency standards that you can own. I obtained this
one on ebay at a bargain and I am glad I did. I use it to calibrate
a lot of stuff in the lab.

Be very careful with the scope probe. The tip is close to a metal
ring that is GROUND. Short something out with it and you have a
problem Houston.

Here are the measurements made at U3-6 and U3-7 of the mixer
IC. The measurements were made with the tip of the probe at the
pins and the ground clip on the probe clipped to the chassis.

Point of K7QO's Your Probe Factor
Measurement Measurement Measurement

U3-6 4,000,859 Hz X10
U3-7 288,xxx Hz X10

U3-6 0,000 Hz X1
U3-7 4,000,922 Hz X1

Let's take a quick look at why the differences. With X10 on the
probe, the impedance is high across the tip and ground, but the
signal to the frequency counter is reduced by a factor of 10. This
means that across U3-6 the signal is large and the counter is
capable of measuring the oscillation. A U3-7, the signal is a tad
too small and the frequency readout changes value and is not
counting every cycle of the signal.

With X1, the impedance of the scope probe is low and the sig-
nal to the counter is not reduced in amplitude. At U3-6, the
impedance across Y4 and C16 is lowered and the intenal oscil-
lator of U3 stops functioning during the measurement. But, at
U3-6, we are across C18 and we are isolated from the crystal, so
the oscillator oscillates.

The difference between the U3-6X10 and U3-7X1 measurements
is due to the stray capacitance of the probe and counter when
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Figure 7.4: NorCal QRP Club FCC-1 Frequency Counter.
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Figure 7.5: Scope Probe Tip.



CHAPTER 7. SECOND RECEIVER MIXER 55

the measurements are made at different places in the circuit.
And I'll tell you a secret. Neither measurement is correct with the
oscillation frequency of Y4 when we are not probing the circuit.
The local oscillator of U3 will be oscillating at a slightly higher
frequency. Guaranteed. Try this with a general coverage (GC)
receiver if you know how. You should hear the frequency of os-
cillation shift when you make a measurement. If you don't know
what I'm talking out, try to �gure it out on your own. You'll be
better off for having done it.



Chapter 8

Intermediate Frequency
Crystal Filter

The IF frequency �lter, consisting of three crystals (Y2, Y3 and
Y4) and several capacitors, functions as a narrow bandpass �lter
to remove unwanted RF energy sources that are near the desired
signal frequency. A wide �lter may be good for listening to single–
sideband signals, but the SWL transceiver is for CW transmission
and reception, thus we want a bandwidth of the order of 500Hz
or so. We'll determine just what the specs are later.

In Dave Benson's assembly instructions there is a point at which
you connect a bare wire to ground and to the cases of the crystal
�lter. I had not done mine. I have a personal bias against heating
a crystal in any way that might damage it. After we make a �rst
pass measurement of the crystal �lter, I will come back and add
the grounding wire and we'll examine just how much it makes a
difference to the �lter characteristics.

Since the �lter is made up of passive devices with no voltage
applied, we can not make measurements with a DVM that would
help at all. So, we must be satis�ed with a visual inspection,
where possible, to make sure that there are no shorts. There are
several modes of failure for a crystal that we will point out later.
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If you have a 4.000MHz signal of around 5uV or so, that may be
applied to the �rst crystal input after the �rst receiver mixer at
RFC1, the 22 ž H molded inductor.

There were several sources for an S9 signal generator, one being
the NorCal club http://norcalqrp.org/s1s9generator.htm . There
is another source at http://www.elecraft.com/ for their XG2
signal generator.

I am going to use a homebrew signal generator to look at the
crystal �lter in more detail after we get the receiver completely
working.



Chapter 9

Receiver First Mixer

The �rst mixer has two signal inputs. The �rst is RF energy
picked up by the connected antenna and the second signal is
from the VFO or local oscillator (LO). Since the signals are so
small here, we'll just measure the voltages at each of the pins
of U1 (NE602/NE612A). Here are my measurements. Dave shows
no measurements that I can �nd in his manual. If you get close
to these value, we will assume that the �rst mixer is working cor-
rectly.

Point of K7QO's Your
Measurement Measurement Measurement

U1-1 1.41V
U1-2 1.41V
U1-3 0.00V
U1-4 6.01V
U1-5 6.01V
U1-6 7.02V
U1-7 6.35V
U1-8 7.19V
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There is one thing that we can determine from our measurements
above. If the voltage levels measured at U1-1 and U1-2 are dif-
ferent then the transformer secondary winding of T1 is open. The
transformer winding connected to pins 1 and 2 will act as a short
and thus there should be no potential difference between the two
points. A resistance measurement, with the rig turned off, should
show almost 0.0 ohms between the two pins 1 and 2.
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The VFO

If there is one portion of the complete circuit for a transceiver
that can be called the heart of the rig, it would be the variable
frequency oscillator (VFO) or the local oscillator (LO) as it is often
called in the technical literature.

The circuit is an oscillator, but instead of being at one �xed fre-
quency, we can vary the frequency by varying a voltage con-
trolled capacitor or varicap. This is D1 in the circuit diagram
shown below.

Point of K7QO's Your
Measurement Measurement Measurement

R15 2.16V
R16 2.16V
R17 2.64V
R18 0.00V — 3.95V

The voltage measurement on R18, which is the point at which
R18 connects to D1, are from a setup where the tuning dial tunes
up in frequency in a clockwise direction on a single turn pot. If
you like to tune down in frequency in a clockwise direction, then
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Figure 10.1: VFO Section.
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your voltage measurements will start high and go down as the
dial is turned in a clockwise direction.

In order to do more sophisticated tests, you will need a frequency
counter and an oscilloscope. The next sections will be using both,
so if you do not own either, now is a good time to consider buying
both. Look around on the Internet for good deals or ask your local
radio amateurs for information. Surely there is a used piece of
equipment that will �t your needs and your budget. I know times
are tough with todays economy.

10.1 Frequency Measurements with a
Counter

Here again a NorCal FCC-1 is a handy tool to have. If you do
not already have one, then look at the NorCalqrp.org web site
and send email requesting that they bring back the FCC-1 kit.
Hopefully, with enough emails they will get to work on supplying
the needs of the many.

my favorite place to measure the oscillating frequency of the VFO
is R17.

A review. For the 40m version of the SWL series, the IF frequency
is 4.000MHz. So, if you want to tune from 7.025MHz and up then
what is the lowest frequency you want to see from the VFO. Well,
my math tells me 3.025MHz, since the listening frequency and
the transmit frequencies will be

$%�'�)Š#� �'�&*�#� . = +�$ �'�&*�#�. + � � ��� "9K

or the general equations for conversions are:

$%�'�)Š#� �'�&*�#�. = +�$ �'�&*�#�. + Š� �'�&*�#�.
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$%�'�)Š#� �'�&*�#�. = +�$ �'�&*�#�. � Š� �'�&*�#�.

The sign change is due to whether we are “down” or “up” con-
verting the input RF energy into the receiver to get the IF fre-
quency. You can determine the IF frequency easily for any SWL
xcvr by looking at the frequency marked on either Y4 or Y5. Look
at the schematic. These two crystals are connected to the second
mixer in the receiver and the �rst mixer in the transmitter. And
the crystal �lter Y's are at the same frequency. If they are not,
then some one really screwed up in building the xcvr. No wonder
it doesn't work if they are different. They can be made by dif-
ferent manufacturers, but they all must be marked at the same
frequency. Technically they are most likely all slightly different by
several tens or hundreds of Hz.

10.2 Frequency Counter Measurements

Again, as previously, power up the rig making sure you have the
dummy load attached and all conducting material away from the
PCB and the rig, so that nothing shorts out.

Hook up the frequency counter to R17. You may want to use some
small connecting wire that uses the small clip leads like shown in
the photo graph. Now, this is not rocket science. When you con-
nect anything to R17 you will effect on the actual operating fre-
quency of the VFO, but we are just testing here. Turn the tuning
pot to its most counter clock wise (CCW) position. Measure the
frequency on the counter. Tune the VFO control fully clock wise
(CW) and measure the frequency. If you are not getting anything
on the readout, try another frequency counter. The counter may
be loading down the circuit and getting it to stop oscillating.

Here are my values:



CHAPTER 10. THE VFO 64

Point of Tuning Dial K7QO's Your
Measurement Position Measurement Measurement

R17 CCW 2,993.2KHz
R17 CW 3,028.8KHz

The tuning range of the receiver is determined by the highest
frequency minus the lowest frequency from the previous mea-
surements.

You will note that I am not concerned that the frequencies shown
here on the low end would be out of the 40 meter ham band.
When I put something next to L1 and connected across R17, I
signi�cantly lower the operating frequency. Without the mea-
surement the VFO does indeed operate within the 40 meter ham
band.

Another political note. I see guys and girls ask on QRP re�ectors
(qrp-tech@yahoogroups.com is one that I moderate for technical
discussions) how to increase the tuning range. There are mods
for doing this and I refuse to repeat them. It is hard enough to
tune with the 35-40KHz range. If you do not tune slowly, it is pos-
sible to miss a station that is calling CQ or a QSO in progress. If
you really really want to extend the range, then you MUST spend
the $20–30 and buy a ten–turn pot for tuning and then you have
to take a while to get from the low end to the high end. There are
always tradeoffs.

Hi Freq Low Freq My Tuning Range Your Range

3,028.8KHz 2,993.2KHz 35.6KHz
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Figure 10.2: VFO Measurement — Low End.
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Figure 10.3: VFO Measurement — High End.
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Figure 10.4: VFO Measurement — Low End.
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Figure 10.5: VFO Measurement — High End.
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Figure 10.6: Different Test Clips.
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VFO Drift Measurements

There are a number of ways to measure the drift of an oscilla-
tor, whether it be variable or �xed. The active way is to directly
couple a frequency counter to R17. Power up the rig and start
measurements using a digital timer. But you �rst have to make
sure you frequency itself is not drifting.

Here is the way I did it and I call this method “passive drift mea-
surement”. By passive, I did nothing to the rig itself. I put the
cover on the case and using two screws attached the cover. Just
like I would if it was going on a trip or to be used daily at the
operating position on a desk.

I �rst used a temerature controlled crystal oscillator at 10MHz to
make sure my frequency counter, a NorCal FCC-1, which seems
to be out of production for a long long time. I don't know how
many the NorCal club put together, but I guarantee you that the
counter is the best deal around. I have two of them and I will not
part with them.

Satis�ed that the NorCal FCC-1 does not drift from a cold start I
then used it to check a FCC-1 and FCC-2 combination of signal
generator and counter to also make sure the DDS did not drift
from cold start.

So I have a variable constant output RF signal generator in the
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FCC-1 and FCC-2 combination. If you have any RF generator that
you know for SURE that it doesn't drift, then you can use the
following technique to measure drift.

Also, any of the S-9 generators for 40m, such as the one from
Elecraft will do. They are crystal controlled and only output a
signal level of 50 ž V, which corresponds to the S9 signal level for
a receiver at 50 ohms impedance.

The other thing that you will need is a computer of some type
that you can connect the audio out of the SWL–40+ to the line or
microphone input of the computer. Then some audio spectrum
display to measure the frequency of the received signal.

I �rst �red up the SWL–40+ and tuned in the signal source to have
it create a tone around 1000Hz. Then unplug the earphones and
plug in the cord to the computer.

Set the volume of both the rig and the computer input to give a
nice clean signal with no harmonics on the display. You have to
learn to do this and it is a good chance to. Then turn off the SWL
transceiver and let it sit at room temperature for 30 minutes or
so. An hour if you can stand it.

OK. Get ready. Get set. Go. Turn on the signal generator and the
computer and have them all set up. You should not have touched
a thing since you set it up as above. You need a digital timer also.

Turn on the SWL transceiver and start the clock. Using the com-
puter display measure and record the frequency of the tone ev-
ery 30 seconds for the �rst 5 minutes and then on the 5 minute
intervals thereafter. I did this for 30 minutes.

Adjust the data by subtracting the �rst frequency from the fre-
quency measured on all the data points. Thus at time 0.0 min-
utes, the frequency will be 0 Hz. Now my transceiver had a nega-
tive drift in frequency, which causes the tone at the headphones
to increase. Remember the RF signal is constant and we are hear-
ing the difference between the VFO–mixer combination and the
signal. I assume we are listening to the USB side. Doesn't make a
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difference. We are just interested in the absolute numbers here.

Here is my data.

0.0 0
0.5 3
1.0 8
2.0 8
3.0 13
4.0 14
5.0 20
6.0 20
7.0 24
8.0 28
9.0 31
10.0 32
11.0 35
12.0 36
15.0 41
20.0 49
25.0 50
30.0 51

From this exercise we can see that the drift is only 50Hz from
a cold start in thirty minutes, so it will not be noticeable at all
except by the OCD among us. I could have done better on getting
the frequencies by using a different program. I may (I stress MAY)
come back and use the techniques that the FMT-NUTS group on
the Internet use. If you have some time (and �gure half–a–day),
go and search the Internet for FMT-Nuts and see what you get.
Those guys and girls are dead serious by measuring down to a
milli–Hertz at frequencies above 10.000000MHz. Geeez.

OH. These measurements were made at 7.030MHz from the sig-
nal source.
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Figure 11.1: Drift of SWL-40+.
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I assure you that I did nothing to fudge the data and I did noth-
ing to change parts or in any way modify the transceiver. The
measurements were done with an atomic clock with digital ther-
mometer sitting on top readin 77.7 degrees F. I didn't use clear
�ngernail polish on the toroid either. But I just might later if I can
�nd a rig that drifts more just to see how it does. Now don't take
apart your experiment here, just yet. One more thing to do, if
you are interested. See next chapter.

Here is the source �le that generates a graph using gnuplot . It is
free and available on the Internet. The data above was put into a
separate �le called 001.data .

set terminal postscript enhanced
set output "vfo _drift _k7qo _40swl.ps"
set size ratio 1.2
set xrange [0.0:30.0]
set yrange [0.0:100.0]
set xlabel "time (minutes)"
set ylabel "Frequency (Hz)"
plot [0.0:30.0] "001.data" with lines



Chapter 12

Measure the IF Crystal
Filter Response Curve

Hey, I thought of this a long time ago, but here it is in all its gory
details. Using the current setup, let's measure the IF crystal �lter.
Using the computer graphics to display the audio level and if we
are using a DDS signal generator, we can easily get a look at the
crystal �lter.

The audio program that I use is baudline and it is available only
for Linux and Mac O/S. It has a signal strength scale in dB, so I'll
plot the data in dB also.

Set the RF signal source so that the tone out is around 200Hz. If
you can get it exact, all the more power to you. Then using the
digital display on the DDS generator move 100Hz and record the
data on the computer screen. Don't forget the 200Hz data point.

Here is what I get.

As you can see, I need more data points to get a smooth curve.
Also, don't worry about the peak being at –40dB. That is just the
audio level that is the maximum. This occurs at the 800Hz point,
which is about the range that I like to copy. I prefer a higher tone
that most people. Works for me.
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Figure 12.1: IF Crystal Filter Response Curve of the SWL-40+.
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Since we have a signal input and a graphical display, adjust T1
for maximum audio output with the 7.030MHz signal. This is the
only adjustment for the receiver on this rig. Keeps you out of
trouble as I will explain in the advanced section of this document.



Chapter 13

Calibration of Front Dial

While you have a variable frequency soure all set up, let's cali-
brate the front dial. If you are lucky enough to have a SWL case,
which is no longer available unfortunately, or have some case
with markings on the front then here is what I do.

I set the front dial to the left most dot on the dial. I then start
the signal generator at 7.000MHz or maybe just a little lower and
move up until I hear it in the headphones. I write down the fre-
quency and label it as the �rst dot. I then move the dial to the
second dot and once again move the RF generator until I get the
tone that I want and write down the frequency.

Repeat this until you have a frequency associated with each dot.
I put the list on a small index card and tape it to the top of the
rig. That way I don't mess up the face and if I want to change the
range of frequencies, I can do so at will and redo the chart. Just
the way I'd do it. To each his own.
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Receiving With An Antenna

Now that we have been through the receiver, now connect it to
a 40 meter antenna. In order to get maximum reception the an-
tenna must be tuned for the 40m radio amateur band and prefer-
ably for the lower CW portion.

Listen around and see what you can hear. There should be some
signals on the band at any time all year. My favorite test is to
tune to 7.040MHz in the winter months and listen for the Single–
Letter Russian beacons. You may hear the letters C, M, N, O or
others late at night and possibly during the day dependent upon
where you live. Again, the Internet has a ton of information just
by looking for the keywords “single letter russian beacons”.

Now we �nally get around to the transmitter secion starting with
the next chapter. Joy oh joy.
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Chapter 15

Dummy Loads

In most of the remaining chapters we are about to venture into
the realm of actually generating RF energy using the Small Won-
der Laboratories (SWL) transceiver. Everything we do from now
on has to be doubly checked before physically doing anything.
We are generating energy at levels that can physically cause
damage to the transceiver and possibly to any equipment at-
tached to it.

The �nal power transistor for the transmitter is a 2SC2166. It is a
silicon NPN epitaxial planer type transistor designed for RF power
ampli�ers on HF band mobile radio applications. The data sheets
give the collector–base breakdown voltage and the collector–emitter
breakdown voltage values at 75V. This is pretty good, but with
high SWR values on the antenna it is possible to generate higher
voltage levels. So. Never ever power up the transceiver with-
out a dummy load or a tuned antenna attached to the antenna
connector. No exceptions to this rule, ever.

AND, the spec sheet gives the emitter–base breakdown voltage
at 5V. This is an easy voltage level to generate in a rig that has a
12V supply voltage. So care is the watch word of the day.

The power levels for the 2SC2166 is about 6W or so and rated
for 27MHz, so this PA transistor is used in a large number of CB
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radios. Go ahead and buy some spares as you most likely will be
needing them over the years and they may disappear from the
shelves like all good things. Ooops. June 5th, 2011. Quick check
on the Mouser web site and the 2SC2166 is no longer in stock.
But I do have a replacement suggestion in a later chapter. Stay
tuned.

15.1 Fifty Ohm Dummy Loads

The dummy load to be used with the SWL–40+ or other band
rigs should be able to easily hand 5W. Unless you have made
some Nobel award winning discovery, you should never be able
to generate that much output. Typical values are 2.5W or so.

Another important requirement for the 50–ohm dummy load is
that it have neither an inductive or capacitive reactance compo-
nent. Tons of literature exists on the dummy load requirements.
See your favorite year of the ARRL Radio Amateurs Handbook.
It is priceless and a must read. If in doubt about the quality of
a dummy load then use an antenna HF/VFH SWR analyzer such
as the MFJ model MFJ-259B. They are not cheap, but I have one
that I use quite frequently. A must have at some point and time,
especially for tuning and checking antenna systems.

Here is a photo of a few dummy loads that I have found at ham
swap meets. The very small ones are used as dummy loads or
line terminators for computer local area networks (LANs) that
consist of 50–ohm or 75–ohm coaxial cable systems. And for that
reason you must measure them to test them for 50 or 75 ohms.
These are all 50 ohms and they have very low power disappa-
tion capabilities. We'll run a test on them to just see how well
they do. This AFTER we get the rig running. Remember the rig
currently being worked on here is one of mine and I don't know
why it doesn't run and I don't know how it got to that condition.
I never loan a rig to any one, so I know it is something that I
did. Most likely an electrostatic discharge (ESD). I live in the high
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Figure 15.1: Dummy Load Collection from Many Years

desert above 1600 meters, so I have a lot of problems with static
electricity almost all year round.

If you don't have a dummy load, then by all means get one. I
recommend the kit from http://qrpkits.com for �fteen–bucks.
Tell Doug Hendricks that I sent you when you order one. I want
to see just how many of you are paying attention.

As you can see the larger of the very small dummy loads has
a 1.0:1 SWR even at 80MHz, so these are good to go for this
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Figure 15.2: Antenna Analyzer Measurement
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experiment. I'll test just how hot it gets at various power levels
up to 2W. I don't want to destroy it, for if I do I will most likely
take out the �nal PA transistor. Bummer if it does happen, but I'll
take one for the team if I have to.



Chapter 16

Transmitter Block Diagram
and Schematic

First thing to do is refresh your memory on just what a transmitter
is made of. Here is the block diagram.
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Chapter 17

Keying Circuit Diagnosis

In the following discussion, we will check for proper operation of
the keying circuit. Remember to have a dummy load attached to
the transceiver at all times.

The schematic shows the portion of the transceiver involved with
keying the transmitter. We will ignore the components that mute
the receiver in this discussion, just in case you want to get nitty–
gritty on me.

Make sure that R24, the power level adjustment pot, if turned
(gently) fully CCW with a small screwdriver. Go ahead and con-
nect the dummy load, the headphones, and the power supply.
You should not hear anything in the headphones but a slight hiss
from thermal noise in the receiver chain. Do not connect a key or
keyer just yet. Patience is the key word.

Measure the voltage at the key jack. Also measure the voltage at
pin 8 of the transmitter mixer NE602/NE612A (U5). Here are my
values.
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Figure 17.1: Keying circuit for the SWL Transceiver.
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Point of K7QO's Your
Measurement Measurement Measurement

Key Jack 12.54V
U5-2 0,00V

What we are checking with the above measurements is that there
is voltage applied to the keying circuit and Q3, the keying tran-
sistor. With a reading of over 12V at the J3-3 junction, which is
connected to the key jack (if wired correctly), then the 2N3906 is
not conducting or switched “off” and no power is applied to the
mixer, U5 or Q4 or Q5.

17.1 Key Down Condition and Check

Now is the time to see just how much of the transmitter circuitry
is working. Double check to make sure that the drive adjustment
pot, R24, is fully CCW. We just don't want to generate power out
of the �nal PA at this time. Ready?

I use a wire with alligator clips at both ends for this, but you
can connect a straight key to the key jack. Hands off the key or
keyer and with power applied and headphones on. You should
again hear a hiss in the headphones. Turn the volume all the way
down. Now depress the key. You should hear the hiss disappear.
Good news. The keying circuit is working properly and the muting
using Q1 is also working properly.

If the hiss does not disappear, �rst check to see if the voltage at
the key jack goes to zero with the key depressed. On my work-
bench I connect one alligator clip to the case, which is the ground
of the transceiver, and using the other end of the wire and other
alligator clip I touch the key connector center conductor. This
grounds R21 and raises the potential of the base of Q3 and turns
it on.
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Also check to see that D5, the 1N4148 connected to R8 is in-
stalled properly. Sometimes the band is reversed. Also Q1 instal-
lation should be checked. If either component is defective, then
they will have to be replaced. A spare parts bin is nice to have.

Can you hear a tone in the headphones? With the key down turn
up the volume and see if you can hear a tone. Hopefully you can.
Great job!!

17.2 Double Check

Another thing to check for the key down condition is, with care
and an extra few hands, see if you can measure the voltage on
U5-8 with the key down. You should get around 7.5V. I get 7.16V
with the keydown. This voltage is determined by D11, a 7.5V
zener diode. There is some variance here, so don't worry about
it. Especially if you hear a tone.

One of things that I just thought of here. If, like in my case, the
voltage is below the 7.5V by more than 0.5V, then you may want
to experiment with replacing D11 with another 7.5V zener to get
higher output from the �nal PA. But no more than a 7.5V zener as
anything above 8V will destroy the NE612A mixer, U5.

17.3 Transmitter Band Pass Filter Ad-
justment

With the tone being heard in the headphones, we are pretty much
assured that the keying and muting circuits are working properly,
the transmit mixer is working and the buffer ampli�er is working.
With the transmitter keyed and while listening in the headphones,
adjust T2 and T3 with a small screwdriver for the loudest tone.
Start with both cores of the transformers one turn from the top,
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CCW. Then by adjusting T2 and T3 a little bit at a time, making
sure we don't go fully clock wise to get the core(s) all the way
down, we can get the tone heard a little louder. We'll come back
and readjust when we can see a result in using a power meter.

After you have adjusted T2 and T3. Make sure that you again
have a dummy load. Turn R24 about a 1/4 turn to 1/2 turn clock
wise. You should hear a change in the tone level. Yes? That
means that the buffer is working correctly.

Double check the parts on the board for their correct values and
make sure the Q4 transistor is of the right value and the orien-
tation is correct. Mistakes can and are made from time to time
and especially late at night or when one is tired and should have
stopped assembly and come back a day later to �nish up.

17.4 Driver and Final PA Sections

The signal output from the buffer is fed to the base of Q5, the
driver. This is simply an ampli�er used to get the signal level
high enough to drive the �nal PA to output the desired power out
to the antenna.

I told you that this transceiver that I have been working on for
this tutorial has a problem. It does not have any output to the
antenna on transmit. I have veri�ed this with a 15 year old OHR
WM-2 QRP Wattmeter in the 100 mW power level position.

I have veri�ed that the wattmeter is working correctly and the
battery is good my measuring the battery voltage and using an-
other SWL transceiver, a SWL-30+, I have veri�ed that the meter
registers 2.0W output when the rig is keyed.

So I have a problem with the SWL-40+. Now we get down to
where the tires meet the road.
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17.5 Driver Debugging

The �rst thing to check is Q5 and the associated components for
the driver. A quick check at R25 (2.2K resistor) shows that I get
a voltage of 0.0V in receive. This is to be expected as there is no
voltage applied to R25 until a keydown condition exists.

With the key down, I get a reading of 2.2V on the top lead of R25.
This tells me that I am measuring the voltage at the junction of
R25, R28, C34 and the base of Q5. Assuming 12.5V applied from
the keying circuit and using the fact that R25 and R28 is a voltage
divider, then we should measure

+ > =
' ��

' �� + ' ��
� �� � � +

+ > =
���

� � ��� + ���
� �� � � +

+ > = � � � +

Now I assure you that I am not making this stuff up. This is what
happened and the calculations match the measurements. So,
the biasing voltage to Q5 is correct. So how do I know if Q5 is
working?

I have two choices. Just yank the PCB out of the case and re-
place Q5 and try again. This is what I'd do if I had no other test
equipment. But I'm lucky. I have an oscilloscope. So I'm going to
measure the signal as it goes through the transmitter.
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Figure 17.2: Calibration Signal at 1 KHz and 2.0V P-P.

17.6 Measurements at the Buffer and
Driver

Before I do anything with the DSO-2150 digital o'scope there is
an output on the back for calibrating using a 1 KHz square wave
with a peak-to-peak voltage level 2.0V.

I'll measure the signal at the junction of R23 and R22, the input
to the buffer. Then I'll measure the signal level at the junction
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of R25 and R28 to make sure that the buffer is working properly.
I'll adjust R24 to see that it properly increases or decreases the
signal level at the base of Q5, the driver.
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Figure 17.3: Signal at R23.

Above is the signal level at R23 as measured from the top lead.
If you get no signal at this point, check to make sure the resistor
is installed in the same orientation as the silkscreen image at the
top of the printed circuit board.

If you think you have things hooked up correctly, your o'scope is
working and the probe is connected to the channel 1 input and all
the others that need to be checked and you are still not getting
a signal and you don't hear it then check for input to the driver
transistor and check the output pin on the transmit mixer.
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U5-4 and U5-5 are the output pins of the NE602/NE612A mixer
IC. If you get a signal here, but not a U22, then you have a short
in the BP �lter or in soldering the transformers T2 and T3 in you
broke or desoldered an internal wire. Bummer if you did this.

Sorry about the save screen popup menu in the middle. I'll come
back and redo it. I hate Win 7 with a passion. I really do. I'll also
give you the o'scope settings. The raggdy sine wave is due to
when the sampling on the A/D converter in the scope happens. It
is something that you live with when using a digital scope at some
sample rates compared to the signal wave form and frequency
components.

At this point I also retuned the BP �lter with T2 and T3 adjust-
ments. Works better than listening to the tone in the head-
phones.
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Figure 17.4: Signal at R25.

Here is the signal at the top lead of R25. This is the signal from
the buffer that is input to the driver transistor Q5. Adjust R24
to increase the signal a LITTLE. You should see the waveform in-
crease amplitude on the o'scope screen. Make sure you don't go
too far and overdrive the PA and fry something at this point.
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Figure 17.5: Signal at R29.

Here is the signal at R29, the 51 ohm resistor connected to the
base of the �nal PA transistor, Q6. You should see a signal here. If
not, then there is something wrong with T4, C35 or the diode D6
shorted. Look for discoloration markings that indicate it has been
over heated and destroyed in some manner. You can unplug the
power and using a DVM measure the resistance to ground across
D6. Do this by reversing the polarity of the leads of the DVM
(switch probe points) to see if there is a 51 ohm or so reading.

Again, with key down slightly adjust R24 and see if there is a
change in signal level.
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At his point on my little rig all the steps are working up to here.
Still no output. Bummer. So I've got a problem with D12 (it's not
installed and had been removed, so I must have �red it at some
time) or the most expensive part, of course, Q6. See next section
for the �nal answer, if I do �nd it. Otherwise you'll never hear
from me again.

17.7 Final PA Diagnosis

OK. You heard from me, so I must have found the problem. Yep.
Replaced D12 and Q6, the �nal PA and got over 2W output. The
replacement was not a 2SC2166 as supplied by Dave Benson,
K1SWL, but the one that I used gives just a little less output, but
I'm not a power hog.

I'll come back and start cleaning up through this document and
add some more photos. Heck. I thought I'd be through in a few
days, but not such luck. Writing isn't easy and I wanted to get all
the bases covered. I'll add a Q and A chapter to be added to as
material comes in.

Please respect the intellectual property rights and do not copy
this document to your site or others. You will not like the results.
Promise.

dit dit

chuck adams, k7qo


