
Overview
The VRX-1 is a simple yet versatile direct conversion 
receiver that employs some circuitry not commonly 
seen in the QRP kits currently on the market. The kit is 
shipped to be built as a VXO-tuned 40 meter receiver, 
although it can be reconfigured for different bands and 
different types of tuning with a handful of junkbox 
parts. The simplicity of the design lends itself to easy 
modification and experimentation.

Theory of Operation
The block diagram of the VRX-1 is typical of nearly any 
simple direct conversion receiver. The desired signals 
on the 40 meter band are first bandpass filtered to 
remove any strong out-of-band signals (especially in 
the AM broadcast band). A variable crystal oscillator 
(VXO) drives a single-ended mixer, which 
downconverts the desired signals directly to audio 
frequencies. The low level audio signals are then 
brought up to headphones level using two stages of 
audio amplification.

The bandpass filter in the receiver front end is a 
standard double-tuned circuit with a tapped-capacitor 
impedance transformation network on the input and 
output. This circuit provides enough filtering to remove 
the very strong out-of-band signals which can plague 
direct conversion receivers.

As in all direct conversion receivers, the desired RF 
signal is downconverted directly to audio using a single 
mixer. The mixer used in the VRX-1 is unique in that it 
uses a single 2N7000 MOSFET in a passive mode to 

perform the mixing. The local oscillator signal turns the 
MOSFET on and off, much like a CMOS IC mixer 
circuit. However, no bias is needed on the drain.

A variable crystal oscillator is provided as a simple and 
stable local oscillator. The VXO is based on a standard 
Colpitts oscillator with an emitter-follower buffer on 
the output. Tuning is performed with a polyvaricon 
capacitor, which provides approximately 5 kHz of 
tuning.

Audio amplification consists of two stages: a common-
base preamplifier followed by a TDA7052 integrated 
circuit final audio amp. This audio chain provides 
enough gain to amply drive a set of low-impedance 
headphones.

Sanity Checks
In order to maximize your success in building any radio 
of moderate or high complexity, it is best to test each 
stage of the radio as you build. These verification steps 
will be called sanity checks in this document. By 
performing these sanity checks after building each 
section, you can proceed with your build with the 
knowledge that all of your completed circuitry is 
working correctly. Not only does this build your 
confidence, but it makes it much easier to troubleshoot 
problems if they do crop up. A great example of this 
method is given in the article “Building Kits to Learn”, 
found in the November 2007 issue of QST. A copy of 
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this article (available to both members and non-
members) can be found on the ARRL website 
(http://www.arrl.org/qst/2007/11/mitchell.pdf).

Caution: Be sure to remove power from any 
circuits under test when you are finished 
making measurements, before you start 
building again!

Margins
Some of the sanity checks will have specific 
measurements to check against. While it is nice to 
confirm a measurement that is the same as the build 
document, it's rare that you will actually see this. Due 
to variations in test equipment, power supplies, build 
methods, and components, your readings will be a bit 
different from the measurements noted here. Generally 
speaking, as long as your readings are within 
approximately 5% of the measurements listed here, 
your circuit is operating correctly. In some cases, you 
might be fine with variations of up to 10% (or more). If 
you are uncertain if your measurement indicates a 
correctly operating circuit, contact an Elmer for some 
advice. You are also welcome to contact me, see my 
website (www.nt7s.com) for details.

A Documentation Note
There may be some small variation in the shape or 
appearance of the components which appear in the 
documentation/layout diagram and those which ship 
with your kit.

Specifications
• Topology: Direct Conversion

• Tuning Range: Approximately 7.028 to 7.032 
MHz

• Current Draw: ~40 mA (full volume)
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Preparation

Required Tools and Equipment
This list represents the bare minimum tools and 
equipment that you must have available in order to 
complete this project. 

 Digital Multimeter or VOM

Perhaps the single most important piece of test 
gear that a homebrewer can own. Even a cheap 
meter, such as those found on sale at Harbor 
Freight, will be good enough for our purposes.

 +12 VDC Power Supply, 100 mA minimum

Current limiting is a definite bonus when 
homebrewing projects. An alternative would be a 
12V battery (like a gel cell), although this is riskier 
since there is no overcurrent protection.

 Soldering Iron

A good quality, temperature controlled iron (20 to 
30 watt range) with a small tip is important for 
trouble-free construction of this project.

 Needle-nose Pliers

Just about any pair of small needle-nose pliers will 
do, although your life will be easier if you use a 
high-quality pair.

 Diagonal or Flush Cutters

As with the pliers, almost any cutters will do for 
type of building, but you'll never regret owning a 
high-quality tool.

 Hobby Knife

A good, sharp hobby knife (such as an X-acto) is 
necessary for scraping the enamel off of magnet 
wire, as well as for other cutting tasks.

Optional Tools and Equipment
Any tools or equipment listed below is optional for the 
construction of this project, although many will make 
your life much easier if you have to do any 
troubleshooting.

 Frequency Counter

Very useful for verifying the proper operation of 
the VXO. 

 Oscilloscope

Although this is listed as optional equipment, the 
usefulness of an oscilloscope cannot be overstated. 

A bandwidth of 20 MHz is probably the minimum 
for accurate voltage measurement, but even a 10 
MHz scope will provide very useful qualitative 
information.

 RF Probe

This is not necessary if you have an oscilloscope, 
but it's still nice to have for quick measurements of 
RF power. If you don't currently have a RF probe, 
you can easily build one using instructions found at 
the end of the documentation.

 General Coverage HF Receiver

A rig with digital frequency indication to 10 Hz 
resolution can be used as a crude alternative to a 
frequency counter.

 Signal Generator

A signal generator capable of providing a sine wave 
output in the HF spectrum is handy for injecting 
signals into the receiver for tasks such as checking 
the receiver signal path and sweeping filters.

 Audio Oscillator

An audio oscillator of some kind is handy for 
checking the correct operation of audio amplifier 
and mute stages. Even if you don't have a 
commercial model, you can build a simple Twin-T 
sidetone oscillator for use in verification and 
troubleshooting. See the Mods and Extensions 
section for more details.

 Noise Generator

A broadband noise generator can be useful for 
quickly checking that a receiver is operating 
correctly, as well as for measuring filter shapes if 
you have the correct test equipment.

Parts Inventory
Please do yourself a favor and take a few moments to 
inventory the parts in your kit before you get started. 
This will help you to organize the parts when it's time 
to build, as well as let you know if you are missing 
anything. If anything is missing or incorrect, please 
contact 4SQRP for an immediate replacement. 

Component Identification
Consult the Bill of Materials for the markings to use to 
assist you in identifying the correct components.
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Manhattan Construction Methods
In Manhattan construction, pads of punched or cut out 
copper clad material are used as circuit nodes and as 
mechanical anchors for the components. The pads are 
glued to the copper clad substrate with a cyanoacrylate 
glue (known as Superglue or Krazy Glue to most folks). 
I like to buy 3-packs of the gel-type Superglue from the 
local dollar store for my circuit construction.

Builders use various shapes and sizes of pads based on 
their personal preferences and the needs of the circuit. 
The build instructions for this receiver uses 3/16” 
square pads throughout the entire rig. Usually, one pad 
will be sufficient for a circuit node, but there are times 
when too many connections need to be made to a single 
node to fit on one pad. In these cases, you will find that 
another pad is glued nearby and is jumpered to the 
other pad with a small piece of excess component lead.

You can use various methods for locating and placing 
the pads based on your familiarity with Manhattan 
construction and your preferences. I have found that it 
works well to print out a copy of circuit layout diagram 
to use as a pad layout template. When printed without 
any scaling, you should have a 1:1 scale diagram of the 
circuit. See the section on preparing the copper clad for 
full instructions on how to place the pads.

There is a bit of wiggle room when building a 
Manhattan circuit, so don't worry too much about 
getting the measurements exactly right. If you feel that 
you don't quite have the room that you need to locate a 
pad, you have a few different options. First of all, don't 
be afraid to locate a pad a little closer to others if 
necessary, as long as they aren't physically touching 
each other to create a short. You probably won't get a 
perfect match to the layout diagram, but you should be 
able to place things fairly close. Sometimes you can also 
leave extra lead length or shorten the lead length on 
components to get them to fit it tight spaces. The large 
pads used give you quite a bit of margin of error in 
placing the components. If it looks like you really can't 
fit a pad into the area it's supposed to go into, you can 
always use a smaller pad. It may be easiest to just cut 
the pad in half using some cutters. In most cases, you 
can still place components to a smaller pad just fine, 
unless you have a node with many connections. If all 
else fails, you can also unsolder some components and 
remove the pads you've placed in the circuit section. If 
you have to resort to this, I recommend that you grasp 
the pad with needle-nose pliers and twist the pad to 
break the bond with the copper clad. The truth is that 
there is no “correct” way to wire a Manhattan circuit, as 
long as it is electrically sound. Use your judgment and a 
little creativity, and all will be well.

Resistors
To begin forming resistors for installation, first put a 
90° bend in one of the leads.

Next, place another 90° bend in the same lead just a 
little bit further away from the body, so that the lead 
bends back in the direction of the other lead.

Now bend the other lead 90° away from the first lead.

Put one more 90° bend in the first lead, so that the 
remaining length is aligned with the second lead, 
pointing 180° away. If this component has one terminal 
which connects to ground, then leave one lead slightly 
higher than the other to allow for the difference in 
height between the pad and the ground plane.
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Trim the excess lead length from both leads.

Capacitors
Capacitors are easy to prepare for installation. If you 
are installing monolithic 10 nF or 100 nF capacitors, 
you may have to straighten the leads before doing 
anything else. Many of the ceramic capacitors already 
have straight leads.

Place a 90° bend in each of the leads, pointing away 
from the body of the capacitor.

Clip the excess lead length to complete the preparation.

Diodes
Diodes are formed in a similar fashion to resistors, but 
with one important difference. Since they are polarized, 
you need to take care to differentiate the two terminals 
of the device. Follow the layout diagram to determine 
where the anode and cathode terminals go in each 
instance.

First, bend the anode lead (the one on the end which 
does not have the black stripe) so that it wraps around 
180° as shown.

Place 90° bends in each of the two leads so that they 
point away from each other.

Finally, clip the ends of the leads so that the diode can 
be placed on the copper clad.
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Toroidal Inductors
The first step in preparing a toroid for installation is to 
cut some magnet wire to the length specified in the 
build instructions. If you really want to play it safe 
(such as if you've never wound toroids before), you 
might want to cut off an extra inch or two to give 
yourself a safety margin. It's a bit more painful to 
unwind the toroid when you run out of wire than it is to 
clip off some excess.

Put the first turn on the toroid by inserting the wire 
through the center of the core. Leave about 1 inch of 
wire on one side of the core, then form the wire so that 
it wraps firmly around the outside of the core. Take the 
long end of the wire and place it again through the 
center of the core, in the same direction as the first 
turn. Pull the wire through the core and snug it up 
against the toroid body. Be careful when snugging the 
wire that you don't scrape off the wire enamel, which 
could give you an unexpected short.

Continue wrapping the wire in this way until you get 
the desired number of turns. Do not cross the wire over 
itself during the winding. Remember that each passing 
of the wire through the center of the core counts as one 
turn, so the initial placement of the wire is counted as 
your first turn. Trim off any excess wire length so that 
both leads are around an inch long. Ideally, there 
should be about 30° of the toroid not wrapped with 
wire, so you may need to expand or compress the turns 
to get the desired coverage of the core. The picture 
below shows the amount of wire coverage you want on 
a core. 

Using your hobby knife, carefully scrape the enamel 
from the ends of the two toroid leads. Be very careful 
not to nick the magnet wire when doing this, as this will 
weaken the wire and could lead to a future wire break. 
Place a 90° bend in each of the two leads so that they 
point away from each other. Trim off the excess lead 
length so that only about 1/8” remains after the bend. 
Finally, tin the leads using a blob of solder on your 
soldering tip. You may need to hold the lead in the 
solder blob for a while to burn off any excess enamel 
which might remain on the wire.

Although it is not strictly necessary, you may prefer to 

secure the toroids so that they are not free-standing. 
You can do this using a glob of hot-melt glue of by 
melting some wax over the base of the toroid nearest to 
the copper clad.

Transistors
Begin by forming a 90° bend in one of the outside 
leads, so that it points away from the other leads.

Form a 90° bend in the other outside lead, in the 
opposite direction from the first bend.

The middle lead will have to be bent near the package 
at a 45° angle, either towards or away from the flat side 
of the device. Check the layout diagram to see which 
way each particular device is configured. Place another 
45° bend in the same lead at the same level as the other 
two bends so that it will sit flat as shown below.
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Finally, clip the excess lead length.

Crystals
Bend the leads 90° away from the body in the way 
shown below. If you are unsure of the way the leads are 
formed, consult the layout diagram.

Trim off the excess lead length.

Integrated Circuits
The legs of the 8-pin DIP IC need to be given small 
“feet” that will sit flat on the IC pad. To do this, grip all 
four legs on one side of the IC with your needle-nose 
pliers. Try to ensure that your pliers are aligned so that 
the bend point is at the same spot on each leg.

Give the legs a 90° bend, then do the same thing to the 
other side of the IC. When this is done, the IC should 
sit relatively flat on the feet you just created. If there 
are some legs that don't quite sit flush, readjust those 
legs using the pliers.

To install the IC, first melt a glob of solder on one 
corner pad. Then, line up the IC over the pad. Once you 
are satisfied with the alignment, melt the solder and 
tack the IC down. Double-check the alignment, then 
tack the opposite corner pin down. One you are certain 
that the IC is well aligned, solder the remaining legs of 
the IC to the pads.
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Polyvaricon Capacitor
Start off by bending all of the leads so that they stick 
out from the body of the capacitor at a 90° angle.

The side with five leads is where you will find the rotor 
terminals of the capacitors. Cut a piece of hookup wire 
approximately 4 inches long and solder an end to one 
of the rotor terminals.

Cut another 4 inch piece of hookup wire and solder it to 
the stator terminal, which is the middle lead on the 
opposite side from the rotor terminals.

Now you may clip all of the leads down close to the 
capacitor body to make the installation tidier.

When installing C7, the lead on the rotor terminals is 
connected to L1, while the lead on the stator terminal is 
soldered to ground.
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Pre-Build Procedures

Preparing Potentiometers and Jacks
Included in the kit is a length of ribbon cable which will 
be used as leads for the potentiometers and jacks used 
in the kit. Take your hobby knife and trim the number 
of conductors needed from the ribbon cable.

Split off about 1” of the individual conductors on each 
end of the cable using the hobby knife.

Strip and tin the individual leads, then solder one end 
of your cable to the device.

The leads are labeled for reference during the 

installation. Please note that your potentiometer will 
very likely look different than the illustration, but the 
basic layout of the terminals should be similar.

Your stereo phones jack will have three terminals: tip, 
ring, and sleeve. Since we have a mono output, but 
want to hear the audio in both sides of the phones, you 
will need to tie together the tip and ring terminals with 
some hookup wire or a small piece of clipped 
component lead. Pin 5 of U1 is then wired to the 
tip/ring terminals, while pin 8 is wired to the sleeve 
terminal.

The TDA7052 audio amplifier needs to drive 
a floating load (the phones jack sleeve must 
not be grounded), so be certain that if you 
are mounting the VRX-1 in a conductive 

enclosure that you isolate the phones jack from the 
ground plane completely.

Cutting Pads
The circuit node pads are shipped in the kit as uncut 
3/16” wide strips. You will need to cut your pads from 
the strips to 3/16” lengths. The copper clad material is 
thin enough that you can use scissors to cut it, although 
tin snips also work very well if you have them.

Preparing Copper Clad
When building a Manhattan circuit, you'll want to trim 
the copper clad substrate to the correct size before you 
start building. The copper clad provided with the kit 
will already be cut to size, so you may not need to worry 
about this step. If you do need to cut your copper clad, 
there are many different options. The ultimate way is to 
use a shear, but many of us don't have access to a metal 
shop. I've found that a good substitute is to use a pair of 
aviation tin snips. Just use a combination square and 
Sharpie to mark your cuts, and the tin snips will cut the 
copper clad with no problems. They may warp the 
material a bit, but it is easily bent back into shape.

Next you will want to clean and prepare the surface. 
Use a Scotch Brite pad and water to scrub both sides of 
the copper clad so that it is clean and free of oxidation. 
Be sure to handle the board by the edges so that you 
don't get greasy fingerprints on the board while you are 
cleaning or when you are done. Even better, use a pair 
of nitrile or latex gloves when handling the untreated 
board to prevent you skin oils from staining the copper 
clad. Dry off the board with some paper towels when 
you have finished cleaning.

Finally, the board will need to be protected from 
further oxidation and contamination. I like to use 
acrylic lacquer in a spray can for this purpose. Apply a 
few coats of the lacquer to one side of the board in a 
well ventilated area and allow it to dry for about an 
hour. You can then spray the other side of the board as 

VRX-1 Receiver Rev 2 — 15 Jul 2009 Page 9



you did the first side. It's best to allow the lacquer a 
good 12 hours or so to dry before working on the board, 
but I have been known to get impatient and start 
working on the board after a few hours. Be aware that if 
you do this, you might have some melting lacquer on 
your hands and workbench after you start applying the 
soldering iron!

Once the clear coat has dried, then it's time to place the 
pads on the substrate. Print out a copy of the layout 
diagram with no scaling so that a 1:1 image of the 
layout is produced. Cut out the board outline and tape 
the layout diagram over the copper clad.

Using a sharp tool such as a punch, awl, or nail, make 
an indentation on the copper clad in the center of each 
pad on the layout diagram.

Mark the corners of the large pad for the IC.

Once all of the pads are marked, remove the layout 
diagram from the copper clad. To place a pad, use a 
small drop of CA glue on a dimple produced in the last 
step. Place the pad in the center of this glue drop and 
press down on the pad for a few seconds to fix it into 

place. Use a small drop of CA glue at each of the four 
corners of the large IC pad to secure it to the board.

When all of the pads have been placed and the glue has 
been given some time to dry (at least 30 minutes or so), 
then the board is ready for construction.

Don't feel that you have to line up the pads perfectly. 
Just get the placement close, and you will find that you 
have a lot of leeway when installing the components.
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Build Sequence

Audio Amplifier

 Step 1 – Install U1

Install the TDA7052 audio amplifier IC as 
described in the Manhattan Construction Methods 
section. Notice that there are wire jumpers 
installed from pins 3 and 6 to ground, as well as a 
wire jumper from pins 1 and 2 to the adjacent pads. 
Use solid hookup wire or some clipped component 
leads to make these connections. Solder the pins 3 
and 6 jumpers directly to the copper clad substrate.

 Step 2 – Install C22, C23

The fit of the components is tight in this area. Use 
a fine soldering iron tip and take extra care when 
installing these components.

 Step 3 – Install R17

 Step 4 – Install C24

C24 is a polarized capacitor, be certain to install it 
so that the negative lead (indicated with a white 
stripe on the body) connects to the ground plane.

The fit of the components is tight in this area. Use 
a fine soldering iron tip and take extra care when 
installing these components.

 Step 5 – Install J2

J2 is a 1/8” stereo phones jack. The TDA7052 uses 
a Bridge-Tied-Load output circuit, which means 
that the phones jack needs to be floating. The ring 
and tip connectors of J2 need to be connected in 
parallel to one output pin (pin 5), while the sleeve 
connector has to be connected to the other output 
pin (pin 8).

 Step 6 – Install R16

The three terminals of volume control R16 need to 
be installed to the proper nodes in order for the 

control to function as expected. Terminal “a” 
connects to the source of Q7. Terminal “b” (the 
wiper) is wired to the pad connected to U1 pin 2. 
Terminal “c” is soldered to the ground plane.

 Step 7 – Sanity Check

We'll perform a simple check to make sure that the 
TDA7052 amplifier is working correctly. Connect a 
set of stereo headphones to J2, but do not wear 
them yet. Using clip leads or some other 
convenient method, connect the circuit to a power 
supply of between 9 to 15 V. The positive rail can 
connect to free lead of R17, while you can clip the 
ground lead to anywhere on the ground plane. Set 
R16 to mid range.

Turn on the power and listen for a very slight hiss 
in the headphones. Now, place your finger on R16a 
pad and you should hear 60 Hz hum fairly loudly 
in the phones.

If you have that increase in hum, your amplifier is 
working correctly.

Alternately if you have an audio signal generator, 
you can inject an audio tone into R16a to check that 
the audio amplifier is functioning.

Mute Circuit

 Step 8 – Jumper R15 to R17

Jumper the two pads closest to each other using a 
small piece of clipped lead.

 Step 9 – Install D1 and D2

Be sure to observe the correct polarity of these 
diodes. The cathodes (banded ends) need to 
connect to the Mute pad.
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Circuit Description

The final audio amplifier consists of the TDA7052 
integrated circuit. This IC provides a fixed voltage gain of  
40 dB into a low-impedance headphones load. The 
TDA7052 is a bit different from your typical LM386 audio 
amplifier, in that the output circuit is a bridge-tied load 
amplifier. This means that essentially two amplifiers are 
driving the two headphones terminals, so that the phones 
are floating. Contrast this with a typical amplifier, where 
one terminal of the load is connected to ground.

Circuit Description

Muting is performed by a pair of 2N7000 MOSFETs 
inserted into the audio path to act as a series switch and a  
shunt switch. Voltage is applied to the gate of Q7 through 
R12 to bias the MOSFET on during normal operation. This  
allows the audio signal to flow from the preamp (Q4) to  
the audio amplifier. When the Mute line is grounded, the 
gate of Q7 is brought to 0.7 V, which turns off the  
MOSFET and prevents any signal from flowing from 
drain to source. This also turns on Q6, which supplies 12 V 
to the gate of Q5, also turning it on. Shunt switch Q5 
provides an necessary amount of additional isolation 
between the preamp and the audio amplifier by shunting 
the audio signal to ground.



 Step 10 – Install C21

C21 is a polarized capacitor, be certain to install it 
so that the negative lead (indicated with a white 
stripe on the body) connects to the ground plane.

 Step 11 – Install R12, R13, R14, R15

The fit of the components is tight in this area. Use 
a fine soldering iron tip and take extra care when 
installing these components.

 Step 12 – Install Q6

 Step 13 – Install Q5 and Q7

Q5 and Q7 are ESD-sensitive. Be sure that you take 
the proper ESD precautions and that you handle 
these MOSFETs carefully. These precautions 
include properly grounding yourself and your 
workstation using appropriate ESD gear (such as a 
wrist strap, bench mat, etc.), and using a grounded 
soldering iron. Please consult a qualified source of 
ESD information if you are not familiar with these 
precautions.

 Step 14 – Install C19

C19 is a polarized capacitor, be certain to install it 
with the correct orientation.

 Step 15 – Wire Q6 collector to +12 V

Use solid hookup wire to make the connection 
from the Q6 collector to the free end of R17, as 
indicated in red on the layout diagram.

 Step 16 – Sanity Check

Reconnect power and headphones to the circuit as 
described in Step 7. Make sure that R16 is set to 
mid level. Connect one end of an additional clip 
lead to the ground plane to use to activate the mute 
circuit (clip to a solder blob on the ground plane to 
ensure a good ground connection).

Confirm that you hear 60 Hz hum when your finger 
is placed on the positive terminal of C19 (the upper 
terminal on the layout diagram). Now, while 
keeping a finger there, take the free end of the 
additional clip lead and connect it to the Mute line 
terminal (the node where D1 and D2 connect). If 
the mute circuit is working correctly, the amount of 
hum will be dramatically reduced, leaving just a 
small amount of hiss in the phone. Now remove the 
clip lead and make sure that the hum returns. If 
you have an audio oscillator, you can also inject an 
audio signal into C19 to make this check a bit 
easier.

If the circuit passes these checks, then the mute 
circuit is functioning correctly.

Audio Preamplifier

 Step 17 – Install R10, R11

 Step 18 – Install C20

C20 is a polarized capacitor, be certain to install it 
with the correct orientation.

 Step 19– Install Q4

 Step 20 – Install R9, R7, R8

 Step 21 – Install C18, C17

C17 and C18 are polarized capacitors, be certain to 
install them with the correct orientation.

 Step 22 – Wire +12V to R10

Using a piece of solid hookup wire, connect the pad 
on the left-hand side of R10 to the pad which forms 
the junction of R12 and R14.

 Step 23 – Sanity Check

Now we will make sure that the entire audio 
amplifier chain is working correctly. Reconnect 
power and headphones to the circuit as described 
in Step 7. Make sure that R16 is set to mid level.

Apply power to the circuit and place a finger on the 
open terminal of C17. You should hear a drastic 
increase in 60 Hz hum, just as you did in the 
previous sanity checks. You may also use an audio 
amplifier for this check if you have one, just make 
sure that you use a very low-level input signal.

When your circuit passes this test, then you have a 
complete working audio amplifier chain. 
Congratulations!
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Circuit Description

An initial stage of audio amplification is provided by a 
common-base transistor amplifier (Q4) with a gain of  
approximately 30 dB. Resistors R7, R8, R9, and R11 all  
provide bias for the amplifier. C18 acts to bypass any 
audio signals to ground so that they do not interfere with  
the biasing. R10 and C20 also work in conjunction to  
bypass signals so that there is a clean bias on the  
amplifier.



MOSFET Mixer and VXO

 Step 24 – Install Q3

Q3 is ESD-sensitive. Be sure that you take the 
proper ESD precautions and that you handle Q5 
carefully. See Step 9 for details.

 Step 25 – Wind and Install L4

L4 is a 122 μH inductor wound on a FT37-43 ferrite 
core (shiny gray color). Wind 20 turns on the core 
(using approximately 13 inches of magnet wire) 
and prepare the leads as specified in the Manhattan 
Construction Methods.

 Step 26 – Install C16

 Step 27 – Install R6

 Step 28 – Install C15

 Step 29 – Install R5

 Step 30 – Install Q2

 Step 31 – Install R4, R3

 Step 32 – Jumper Q1 & Q2 Collectors

Using a small bit of clipped component lead, install 
a jumper from the pads where the collectors of Q1 
and Q2 are connected.

 Step 33 – Wire +12V to R3

Using a piece of solid hookup wire, connect the pad 
on the left-hand side of R10 to the pad on the 
bottom side of R3.

 Step 34 – Install C3, C9, C8

C3 is a polarized capacitor, be certain to install it 
with the correct orientation.

 Step 35 – Install Q1

 Step 36 – Install R1, R2

 Step 37 – Install C6

 Step 38 – Install X1

If you would like to use a crystal socket as 
described in the Mods and Extensions section, 
install it first, then plug in X1.

 Step 39 – Wind and Install L1

L1 is a 10 μH inductor wound on a FT37-61 ferrite 
core (dull gray color). Wind 14 turns on the core 
(using approximately 10 inches of magnet wire) 
and prepare the leads as specified in the Manhattan 
Construction Methods.

 Step 40 – Install C7

Following the illustration in the Manhattan 
Construction Methods section, install C7

 Step 41 – Sanity Check

Connect power to the circuit using clip leads as you 
did in Step 7. If you have an oscilloscope, connect it 
to the Q3 gate/R6 node. Otherwise, connect a clip 
lead to this node to act as a small antenna.

Apply power to the circuit to check that the VXO is 
oscillating correctly. If you do not have an 
oscilloscope, use a nearby receiver to listen for the 
oscillator signal somewhere in the area of 7.030 
MHz. Once you have the signal tuned in, adjust C7 
to the extremes of its tuning range and re-tune 
your nearby receiver, noting the frequency 
extremes of VXO. As mentioned in the 
specifications, it should tune from approximately 
7.028 to 7.032 MHz.

Bandpass Filter

 Step 42 – Install C14, C13, C11, C12

 Step 43 – Wind and Install L3
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Circuit Description

Front end filtering is provided by a double-tuned circuit.  
Two different tank circuits (C4, C5, and L2 form one,  
while C11, C12, and L3 form the second) are coupled 
together lightly with a single capacitor (C10). Tapped-
capacitor impedance transformation networks are on the 
input and output of the filter to provide a 50Ω termination 
for the antenna and mixer.

Circuit Description

Q3 is the unique mixer in the VRX-1. It essentially  
functions as a switch, with the local oscillator signal  
alternately switching the drain-source junction of Q3 on 
and off. This mechanism is non-linear and provides  
mixing in much the same way as a single diode mixer.  
Consult a text such as Experimental Methods in RF Design 
for the details on how a mixer such as this works.

The local oscillator which drives the mixer is a variable  
crystal oscillator (VXO), built on a Colpitts configuration.  
Q1 is the active device in the oscillator, which is biased by 
R1, R2, and R4. C8 and C9 form a capacitive voltage 
divider, which provides the necessary positive signal  
feedback to maintain oscillation. Frequency control  
comes from crystal X1, while  C7 and L1 provide tuning 
for the VXO. R3, C3, and C6 provide good signal  
decoupling for the DC power supply.

Buffering for the VXO is provided by Q2 and R5. This  
transistor acts as a emitter-follower, and provides a layer 
of isolation between the oscillator and mixer, so that 
variations in the antenna load will not pull the VXO.



L3 is a 2.1 μH inductor wound on a T37-2 iron core 
(red color). Wind 23 turns on the core (using 
approximately 15 inches of magnet wire) and 
prepare the leads as specified in the Manhattan 
Construction Methods.

 Step 44 – Install C10, C5

 Step 45 – Wind and Install L2

L2 is a 2.1 μH inductor wound on a T37-2 iron core 
(red color). Wind 23 turns on the core (using 
approximately 15 inches of magnet wire) and 
prepare the leads as specified in the Manhattan 
Construction Methods.

 Step 46 – Install C4, C1, C2

 Step 47 – Install J1

The exact method of installing J1 will vary 
depending on what kind of jack you use and how 
you will mount it. Be sure that the center conductor 
of J1 connects to the C1/C2 junction and that the 
shell is connected to the copper clad ground plane.

 Step 48 – Install Power Connector

No power connector is supplied with the kit, so you 
will need to provide your own favorite connector. 
Whichever connector that you decide to use, you 
will need to connect the positive connection to a 
+12V node on the layout diagram, while the 
negative connection can be soldered to any 
convenient point on the ground plane.

Alignment and Final Checkout
 Step 49 – Bandpass Filter Alignment

Connect power to the receiver and hook up 
headphones to J2.

A source of noise is needed for the filter alignment. 
The most convenient source is probably your own 
station antenna, although you can use a simple 
noise source circuit if you have one (see the Test 
Circuits section for an example circuit). Connect 
your noise source to J1 and set R13 to mid range.

Apply power and you should hear a bit of 
background hiss in the receiver. Readjust R13 for a 
comfortable level, although you don't want to set it 
too high, as your signal level will get louder as the 
bandpass filter is aligned.

Using a small tweaker screwdriver (non-metallic 
strongly preferred), adjust C5 for the loudest 
amount of background hiss. Then adjust C11 in the 
same way. Check C5 and C11 alternately a few more 
times to ensure that you have the loudest signal 
level in the phones.

 Step 50 – Enjoy your new receiver

The receiver is completed and ready for use! 
Connect an antenna to J1 enjoy the first sounds of 
CW coming through your newly built receiver.
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Using the Receiver
Since the VRX-1 is a direct conversion receiver, there 
will always be two images of the signal present as you 
tune across zero beat. This means that, as you tune 
across a band, you will hear a signal tone go from high 
to low, hit zero beat, then go from low to high.

When using the VRX-1 with a transmitter, you may 
need to be able to find your transmitter signal in order 
to tune the VRX-1 to the right frequency. Hopefully, 
your transmitter will have a separate “Spot” switch for 
this function, although you can also transmit into a 
dummy load to accomplish the same thing.

Mods and Extensions

Crystal Socket
If you have multiple crystals for the same band which 
you would like to use in the VRX-1, it's a simple matter 
to install a crystal socket. Assuming that you have 
access to the circuit board (your VRX-1 is not in an 
enclosure), then you can use a piece of a machined IC 
socket in the place where you would solder X1. Clip off 
a single row of pins that is three pins in length. Snip off 
the lead of the middle pin so that you only have the two 
remaining leads on the ends of the row. Bend these 
leads at a 90° angle and solder the pins to the nodes 
where X1 was connected.

If your VRX-1 in installed in an enclosure, you can use 
a similar method, although you will need to attach the 
socket securely to the enclosure and run the leads to 
the X1 nodes on the circuit board.

Optional Mute
When using the VRX-1 in conjunction with a 
transmitter, you will probably want to mute the 
receiver audio while you are transmitting. All you will 
need to do is find a way to ground the “Mute” node 
while transmitting. This can be accomplished with a 
single SPST switch that you can manually throw, or by 
wiring the “Mute” node to one pole of a multi-pole 
switch that also controls the other transmit functions.

Optional Sidetone
There are plenty of sidetone circuits out there which 
would be suitable for use with the VRX-1. One 
particular circuit which sounds very nice but isn't 
commonly used is shown in the Test Circuits section. 
The Twin-T generates a very pleasant sinusoidal signal, 
as opposed to the near-square wave signals that most 

sidetone circuits generate. 

Regardless of the type of sidetone circuit you choose, 
you will most likely need to attenuate that signal before 
it is connected to the “Sidetone” node indicated on the 
schematic. You can use a fixed resistive voltage divider 
to do this (you'll probably want a total resistance of 
approximately 10 kΩ) or use a trim pot to give you an 
adjustable control.

Band Changes
The simple design of the VRX-1 gives it the flexibility to 
be easily modified to work on any of the MF/HF ham 
bands. In order to modify the receiver for an alternate 
band, there are three circuit blocks that will need 
component changes: the bandpass filter, the mixer, and 
the VXO.

First, let's examine the bandpass filter changes. The 
following tables were designed for the CW portions of 
the indicated bands. The bandwidths of the filters for 
the lower bands (160 and 80 meters) are 100 kHz, so 
tuning will be a bit sharp. The bandwidths increase as 
the frequencies increase (in order to keep the insertion 
loss to about 1 dB in each filter). The values given for 
trimmer capacitors C5 and C11 are the maximum value.

Don't feel that you have to stick to these values. The 
component values below were determined with the 
DTC program in the LADPAC2002 software package 
included with Experimental Methods in RF Design. 
Feel free to use this program (or another) to design a 
bandpass filter to meet your needs.

Band C1/C13 C2/C14 C4/C12 C5/C11 C10 L2/L3

160 820 2000 2200 200 120 2.4u (T37-2 24T)

80 120 150 680 200 18 2.1u (T37-2 23T)

40 56 220 150 65 6.8 2.1u (T37-2 23T)

30 56 220 68 65 6.8 1.6u (T37-6 23T)

20 33 68 100 65 4.7 800n (T37-6 16T)

17 56 270 10 65 4.7 650n (T37-6 15T)

15 27 33 47 65 4.7 480n (T37-6 13T)

12 33 100 47 65 4.7 370n (T37-6 11T)

10 33 100 68 65 4.7 260n (T37-6 9T)

Table 1: Band Changes—Bandpass Filter

Next, we will look at the mixer. C16 and L4 form a 
simple diplexer circuit which presents a 50Ω 
impedance at the crossover frequency between the RF 
and IF frequencies. Since this is a direct conversion 
receiver, I used a 600 Hz IF frequency for the following 
calculations. The crossover frequency is

F c=600Hz⋅F o
Using a bit of basic algebra, the values of C16 and L4 
can then be determined.
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C16= 1
100 F c

L4= 25
F c

Note that these values are not very critical, and you 
have quite a bit of wiggle room for substitution.

Finally, you will have to change X1 and you may have to 
adjust the values of capacitive voltage divider C8 and 
C9. The values listed in the table are suggestions; you 
may have to experiment with these values to get your 
VXO oscillating, depending on your particular crystal.

Band C16 L4 C8 C9

160 100n 238u (FT37-43 28T) 220 220

80 68n 172u (FT37-43 24T) 220 220

40 47n 122u (FT37-43 20T) 100 100

30 39n 102u (FT37-43 18T) 68 68

20 33n 86u (FT37-43 17T) 47 47

17 27n 76u (FT37-43 16T) 47 47

15 27n 71u (FT37-43 15T) 33 33

12 27n 71u (FT37-43 15T) 33 33

10 22n 61u (FT37-43 14T) 22 22

Table 2: Band Changes—VXO and Mixer

Other Stuff to Try
There is enough extra space on the circuit board to 
allow you to experiment with some different types of 
circuits. For example, you could replace the VXO with a 
VFO design. There are plenty of circuits to try, 
including those in the ARRL Handbook,  Experimental 
Methods in RF Design, and the innumerable designs 
found on the Internet.
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Test Circuits

RF Probe
This probe is a simple diode detector circuit which 
plugs into a digital multimeter via banana plugs. It will 
provide a DC voltage based on the the level of RF 
energy at the probe tip. The probe is most accurate with 
sinusoidal signals. Other types of signals will give less 
accurate measurements. It is assumed that the DMM 
has a ~10 MΩ input impedance, which nearly all of 
them do. A sewing needle (or something similar) can be 
used as a probe tip. Keep the lead lengths from the 
probe tip to D1 very short.

Twin-T Audio Oscillator
A Twin-T sidetone oscillator can be built out of a 
handful of common discrete components. When it is 
wired correctly, the circuit is nearly foolproof, produces 
a very clean sinusoidal waveform, and provides plenty 
of signal level for testing the audio chain. Since the 
input impedance of the TDA7052 is very high, the 
loading on the oscillator will be minimal. Therefore, it 
would probably be wise to add a potentiometer gain 
control on the output. The transistor type is not 
important; any old general purpose NPN transistor 
such as 2N3904, PN2222A, or 2N4401 will do.

Broadband Noise Generator
A broadband noise source based on a zener diode is 
very easy and cheap to make, and is invaluable for 
testing. The following schematic shows a noise 
generator that was derived from a noise bridge. A large 
supply of surplus 1N751A zeners were on hand, so the 
circuit was modified to use these. If you have a different 
type, feel free to substitute it, just be sure to change R1 
to the appropriate value. Also, Q1 and Q2 are not 
critical types; any general purpose NPN bipolar 
transistor should work fine in this circuit.

Legal
Text, schematic, and layout diagram copyright 2009 
Jason Milldrum.

Changelog
Rev 2 (15 Jul 2009)

• Expanded instructions on ESD protection

• Expanded information on handling copper clad

• Changed instructions for improved mute 
circuit

Rev 1 (18 Apr 2009)
• Initial Revision
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Bill of Materials
Capacitors (all minimum 25 WVDC)

C1, C13 56 (marked 56)

C2, C14 220 (marked 221)

C3 100u

C4, C12 150 (marked 151)

C5, C11 65 (trimmer)

C6, C15, C22, C23 100n (marked 104)

C7 270 (polyvaricon)

C8, C9 100 NP0 (marked 101)

C10 6.8 (marked 6.8)

C16 47n (marked 473)

C17, C18 10u

C19, C21 1u

C20 22u

C22 2.2n (marked 222)

C24 220u

Misc

J1 BNC

J2 Phones (1/8" stereo)

Approx. 60” magnet wire

Inductors

L1 10u (FT37-61 14T, dull gray core)

L2, L3 2.1u (T37-2 23T, red core)

L4 122u (FT37-43 20T, shiny gray core)

Transistors

Q1, Q2, Q4 2N4401

Q3, Q5, Q7 2N7000

Q6 2N4403

Resistors (All 1/4 W)

R1, R2, R6, R9, R14 10k (brown-black-orange)

R3, R17 100 (brown-black-brown)

R4 1k (brown-black-red)

R5 220 (red-red-brown)

R7 3.3k (orange-orange-red)

R8, R13 2.2k (red-red-red)

R10 470 (yellow-violet-brown)

R11 4.7k (yellow-violet-red)

R12, R15 100k (brown-black-yellow)

R16 10k potentiometer

Diodes

D1, D2 1N4148

ICs

U1 TDA7052

Crystals

X1 7.030 MHz
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