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Main Characteristics

The YooFab RFLEGO Diode Ring Mixer, once correctly built, will provide a highly 

sensitive three port frequency mixer module that operates across all HF bands.

• This module does not need power connectors, as it is a passive circuit.

• The circuit is a hybrid mixer design which owes some characteristics to a single 

balanced mixer while other characteristics are derived from a typical double 

balanced mixer topology.

• The circuit functions as a double balanced mixer.

• The style of PCB supplied is popular with RF design engineers.
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Bill Of Materials (Components List)

The colour / style of some hardware components such as bolts or connectors may vary 

from time to time. Note: The PCB shown in the photo has not been etched.

Name Value Quantity Notes
C1 C2 10pF 2 disk ceramic capacitor
C3, C5, C6 100nF 3 disk ceramic capacitor
C4 10nF 1 disk ceramic capacitor
D1, D2, D3, D4 BAT42 4 Schottky diodes
4T:10T Transformer FT37-43 1 https://www.micrometals.com
Trimmer Potentiometer 200Ω 1 POT
Copper wire 33SWG 40cm in length    
Printed Circuit Board 1 Vinyl protected copper
35 mm stand-off 4 Black plastic  
M3 bolt 4 Black plastic  
 RCA connector 
(Phono)

3 Gold Plated  

Decal 1 To be placed on top of the PCB
Polystyrene piece 1 To organize your components while building
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Circuit Diagram

Circuit Operation

This circuit takes the shape of a ring of Schottky diodes; hence the 'name' Diode Ring 

Mixer. The circuit is drawn similarly to a bridge rectifier, except that instead of the diodes

being alternately connected cathode to cathode then anode to anode, the diodes are all 

connected anode to cathode.

In this design, the Local Oscillator (LO) is fed into a 200 Ω (200R) potentiometer (POT). 

This is a preset type POT as it only needs setting once. The LO signal, which after 

passing through the 100nF capacitor, alternates between positive and negative current. 

This causes one pair of diodes to conduct, while the other pair are reverse-biased.
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The two ends of the POT are decoupled with 10pF capacitors and the upper and lower 

current paths are connected to the 4 turn end of the impedance transformer. Therefore, 

the diodes see a DC path, through one winding of the transformer, on both the upper 

and lower rails of the diode ring. This is fundamental to this circuit's operation. 

Note that the LO port is not intended to be bidirectional, yet inevitably signals will

try to exit at this port. However, this is not normally a problem.

The Audio in/ out port is the junction of the 100nF capacitor and the 10nF capacitor that 

goes to ground from the diode ring. When used within a receiver configuration, audio 

appears at this port, which may be fed into the YooFab headphone amplifier or other 

sensitive amplifier.

Three Ports

1. Local oscillator  :   Optimally, the signal level of the LO may be anywhere between

447mV (p-p) and 1.736 V (p-p). However, a 3V (p-p) LO signal also provides 

good results, except that a cascode LNA buffer amplifier is then advisable 

when used within a receiver, in order to minimise the LO appearing at the 

antenna. When used for radio reception, the voltage level at the LO port does 

provide some scope for adjustment in the reception of weak and strong signals. A

good starting place is 1V (p-p).

Note that this mixer is very robust and will not be damaged when fed with 

anything up to 20 Volts! Having said this, it will not function correctly at 

higher voltages; indeed the mixer functions best at the lowest voltage that 

will assure the diodes are in commutation.

2. RF in/ out (bidirectional): The blue coloured glass Schottky diodes used, permit

this mixer to detect low signals when used as a receiver. It is possible to connect 

an antenna directly to the RF in/ out port. Using an audio amplifier such as the 

YooFab Headphone amp, SSB, Morse and AM may be heard at the Audio in/ out 

port.
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3. Audio input / output (bidirectional): This port allows the input or output of 

audio frequency waves. When used as a receiver, this port will output audio from 

the SSB CW or AM signals that appear on the RF input / output port. You can 

also inject audio signal into this port. Through this port, it is possible to listen to 

SSB, Morse and AM using an audio amplifier such as the YooFab™ headphone 

amplifier.

The Local Oscillator (LO) peak to peak (p-p) voltage range needed by this mixer

Signals At The Mixer's RF In/ Out Port

Here we look at signals that may be produced at the RF output port of this mixer.

In both pictures below, the Orange coloured trace is the signal at the RF in/ out port, 

whereas the Green coloured trace is the signal at the Audio in/ out port.
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Both the Audio and the RF ports are bidirectional, such that signals may be produced or

injected in or out of these ports

The DSB-RC Waveform

• The output has a characteristic slanted modulated waveform.

• The waveform shows that both the negative and positive going parts of the Audio

input appear as separate modulation envelopes.

Double Side band Reduced Carrier DSB-RC
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Compare This With The AM Waveform

• This mixer may also be used to produce a simple amplitude modulation (AM) 

waveform. The picture below shows this.

• Compare the above DSB-RC waveform with the picture below, where we see 

that negative going Audio produces a 'narrowing' of the amplitude, whereas 

positive going Audio produces a 'widening' of the amplitude.

• Note that the use of a diode ring mixer, is probably not the best or easiest 

way to produce simple Amplitude Modulation. (AM)

The diode ring mixer set to produce AM
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Common Instructions For All YooFab RFLEGO Kits

What is an electronic kit?

Generally, kits are composed of electronic components, a circuit diagram (schematic), 

assembly instructions and often a printed circuit board (PCB) or another type of 

prototyping board.

YooFabTM  Electronic Kits:

• Easy to build

• Serve a use that is market driven

• Provide valuable hands-on experience in electronics

• Feature well-written instruction books 

• Feature a full description of how the circuit works

• All YooFabTM  kits require soldering skills

• The PDF instructions document describes the steps necessary to completely 

build the kit.

How to build your kit

1. Read the instructions twice, even if you have a lot of electronic experience.

2. Verify the contents of the kit, use a piece of polystyrene to place the components.

3. Prepare your work area, keep it clean and organized.

4. Follow the instructions in the written sequence.

5. Visually check the finished kit. Check that the welds are bright and that there are 

no obvious errors.

6. Continuity check. Using a digital voltmeter, check the entire circuit.

7. In case the kit does not work, take photos and send us an email.
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About YooFabTM electronic kits PCBs

• Your printed circuit board is produced using a high quality method. The copper is 

protected by a layer of vinyl that prevents oxidation which protects the copper 

surface until it is ready to solder.

• Remove all vinyl, as if it were a sticker. Please do not scratch or polish the 

surface.

• Optionally, and before starting to solder you can apply a few layers of lacquer, for

example, hairspray, on top of the copper surface. Apply a coat of lacquer about 

25 cm away from the board and let dry for about 10 minutes. Apply a second coat

following the same procedure. And a third. This lacquer will protect the copper 

from fingerprint stains, during the construction process, and it will also protect it 

from future oxidation. This lacquer will vaporize with the heat from the soldering 

iron.
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• When component soldering is complete, the module's front panel is the non-

copper side of the board. For this reason, there is a decal sticker that must 

be attached to the side without copper just before soldering the connectors

and any other through-hole element on the board. You should cut some 

crosses using a knife in the indicated places. For ease of assembly, cut  all 

excess pieces as shown below with a side cutter. Carefully affix the decal to the 

non-copper side of the PCB. Take care to align the drilled holes with those of the 

decal sticker. Proceed to place the connectors and other through-hole elements 

through both the board and decal and finally proceed with the assembly.
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About RFLEGO

1. All RFLEGO modules are compatible with each other and make use of standard 

banana connectors for power (except where specified), while signal lines use 

RCA connectors.

2. YooFab RCA patch leads may be used directly to connect RFLEGO modules 

together.

3. Adaptors are available to convert RCA to BNC, SMA or PL-259 SO-239.

4. High quality components are sourced from trusted suppliers. All components are 

mounted on a single sided, predrilled printed circuit board. The board is supplied 

with a vinyl protection, and with no legend, nor solder resist or other markings. 

For this reason you must pay attention to the instructions.

5. The PCB style used is popular among RF design engineers.

6. RFLEGO is a term used to convey the modular and connective nature of an 

educational and functional system that is the intellectual property of YooFab™.

7. The PCBs are hand crafted at the YooFab™ workshop.
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Notes On Soldering Single Sided Surface Mount Boards

1. Surface mount construction method construction method is favoured by many RF

design engineers.

2. This Printed Circuit Board is designed with care using RF design principals and 

should permit somebody with soldering skills to successfully complete the board.

3. You are strongly advised to use a high quality, low voltage temperature controlled

iron. This will help ensure success by allowing you to select the correct 

temperature for the job.

4. You are also strongly advised to use 60/40 solder and not Silver solder, 

which requires more heat.

5. This style of design is related to both 'messy or ugly' styles and to 'dead-bug' 

style. However, unlike the aforementioned prototyping methods, this is a Printed 

Circuit Board with ample ground plane and wide tracks.

6. The layout of this PCB permits assembly of a great-looking finished circuit with a 

high build quality, where the guess-work is removed and which is durable.

7. When compared to a through-hole board with vias and tented thermals, soldering

is somewhat easier, as nothing is hidden. However, we need to be aware that 

components will only tolerate heat for a short time. Indeed, time is probably more

significant here than is temperature, up to a point.

8. We will solder component leads directly onto the copper tracks and ground plane

of the printed circuit board.

9. 60/40 solder melts at 188 C. This is a plastic state and makes a poor 

connection, dull in appearance. This is often referred to as a 'cold joint'. We must 

use a temperature above 188 C.  
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10.60/40 liquefies at 260 C. This is the ideal soldering state, which allows the 

solder to flow to the component and copper substrate layer. This state leaves a 

smooth, shiny connection.  

11. 60/40 flux vaporizes at about 370 C. This is also to be avoided as it will leave a 

dull looking and uneven connection.

12.  Use a hot iron. In order to solder surface-mounted boards such as this, we 

need a hot iron, where the temperature is below 370 C. We want to make sure 

that there is enough heat to heat an area within the large copper tracks, or 

ground plane, while also liquefying the solder rapidly. We do not want to apply 

heat to the component lead for more than 3 seconds. So, we do want to heat 

up the copper track and component lead rapidly and then apply the solder 

to the point in the track where we want the joint.

13.  A temperature setting between 260 C and 350 C is optimal assuming that 

you are using either a chisel (2) or a bevel (3) bit.

This picture shows 1 Conical (pencil) bit, 2 Chisel bit, 3 Bevel bit
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14.  Make sure that your soldering iron bit is new, tinned and is kept clean by 

wiping it with a wet sponge before and after each joint.

15.  Cut the excess component lead at each step. Unlike a through-hole board, 

we will be cutting away the excess component lead after each joint is made. We 

do this because the components are mounted only on the copper side of the 

board and the excess component lead will get in the way of working on the 

board. On this board, only the connectors pass through drilled holes to the other 

side.

16.  Inspect soldered joints and leads. Make sure that component leads or wires 

do not touch the board in any place other than the designated positions marked 

in the illustrations.
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Step By Step

We are going to build this kit, using a step by step method, which irrespective of 

your skill, you are strongly advised to follow.

We will start by soldering components on the copper side of the board. However, when 

completed, the module's front panel is the non copper side of the board. 

Where possible, an illustration and a photograph are shown. The photographs show a 

prototype board with the same design.

In most cases, the photographs in the instructions below show soldering by a 

novice at the YooFab Lab. Despite this, the modules worked perfectly first time.
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Board

Step 1

Inspect the Printed Circuit Board. Make sure that the copper side looks like the 

illustration below.

• Note that the illustration shows a difference between the tracks and the ground 

plane. In reality, there should be no difference in the appearance of the copper 

tracks and that of the ground plane.
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Diodes D1 - D4

Step 2

• Solder diode 1 into position.

• This diode is soldered from the ground plane (Anode) to the pad (Cathode) at the

top right as shown in the illustration.

• The diodes are supplied with long through hole leads. However, this is a surface 

mount board, so the component leads will not pass through the board. Rather, 

each lead will be soldered directly onto the copper substrate.

• As shown in the illustration, the diode leads are soldered onto the copper, with 

the solder joint at least one diode-length away from the body of the glass 

diode. This helps make sure that the heat from the soldering does not damage 

the diode, while providing enough component lead to make the job easy.

• After soldering this diode into position, we then cut the excess component lead 

off.

• Observe! The diodes must be oriented correctly. The diode's Cathode is marked 

on the glass body at one end as a line. The Anode is the opposite end. In the 

case of diode 1, the Anode is soldered to the ground plane. 

Note: all the diodes in the ring mixer are soldered such that the Cathode always 

connects to the next diode's Anode, which includes the last diode, where the 

Cathode goes to ground to join the Anode of the first diode.
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Step 3

• Solder diode 2 into position.

• This diode goes from the same pad as diode 1, to a pad which is below and to 

the left.

• Try to solder the diode into position such that the leads of the two diodes are atop

or right next each other.
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Step 4

• Solder diode 3 into position.
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Step 5

• Solder diode 4 into position.
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Resistors

Step 6

• Solder the preset potentiometer into position. We must bend the legs of this 

component, such that they appear as an L. This should be done using straight 

nose pliers.
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Capacitors

Step 7

• Solder C1 & C2 into position.
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Step 8

• Solder C3 into position.
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Step 9

• Solder C4 into position.
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RCA Sockets And The 'Front Panel'

Step 10

• A Decal is used on the non-copper side of the PCB. This is the front 'panel' of 

the module. Please take care not to scratch or mark this while working with the 

PCB. 

• Fit the 3 RCA sockets, such that the solder posts appear on the copper side of 

the PCB. These sockets are supplied with a solder tag and a nut. The solder tag 

should rest against the copper ground plane, and then the nut is tightened onto 

the thread of the socket.

• 3 RCA sockets will form a '3 legged table', which we shall make use of. When the

board is placed copper side up, we can continue soldering the board, as the 

three RCA sockets make a stable platform to work on.
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Step 11

• Connect the pad at the lower side of C3 to the post of the adjacent RCA 

socket using a small piece of wire or component lead that has been cut off.

• Solder C3 from the small pad in the middle to the longer pad adjacent to 

the RCA socket. 
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Step 12

• Solder C5 into position as shown.

• Note that one side of C5 is soldered to the RCA centre post, while the other 

side is soldered to the pad as shown.
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Step 13

• Solder C6 into position as shown.

• Again one side of C6 is soldered to an RCA post, while the other end is 

soldered to the pad as shown.

• Note that this pad has 4 solder connections. This is not a problem. However, try 

to keep the soldering as neat as you can, with enough heat applied from the 

soldering iron bit to ensure bright high quality joints.

Do not worry if four solder joints on this pad results in the appearance of one big solder 

joint, but try to avoid making a mountain of solder. Remember, the component leads 

should always touch the metal of the pads or posts. The best solder joint is one 

where two pieces of metal are heated until solder can flow into and around a 

metal to metal joint, such that the solder itself is not the only conductor between 

two surfaces. 
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Toroidal Transformer

Step 14

WINDING THE 4:10 TRANSFORMER

The transformer is wound on the black FT37-43 core. The 'main' winding has 10 

turns of the 33 SWG (solderable) wire; hereafter referred to as 'gold wire'. There is 

guide as to how to wind this transformer below. Remember, each time the wire passes 

through the hole of the core counts as one turn. The 10 turns should be laid side by side

and then be spaced-out to occupy about three quarters of the circumference of the core.

The other winding is 4 turns of the gold wire, which is wound over the centre top of 

the main winding. Placement of the 4 turn winding is not critical – just guess the centre 

position.

GUIDE TO WINDING THE TRANSFORMER

1. Winding toroidal coils is easy. It just requires patience and care. The 4:10 

Transformer uses a black core with the gold wire for both windings. The 10 turn 

winding requires 18 cm of wire. However, we need to make sure that there is 

sufficient wire for connecting and soldering to the printed circuit board. For this 

reason we cut 20 cm of the gold wire.

2. Each pass of the gold wire through the hole (including the first) counts as 

ONE turn.

3. Hold the black core firmly with one hand (normally your left hand) such that the 

toroid ring has a hole facing upwards. Now mark this side/ face of the black toroid

with a colour that can be seen later!

4. Your first pass through the hole should be made with a short (2.5 CM) length of 

wire passing from below the toroid, to the upper face that has been marked. This 

wire should then be held with your (left) thumb and finger. 
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It is important to wind both of the two windings the same way around, so we must

pay attention to these instructions!

5. While holding the first pass which will be a connection, we then pass the other 

(free and long) end of the gold wire down and through the toroid

6. All subsequent passes through the toroid will be made from the length of gold 

wire that is not being held and each pass is counted when the end of the wire 

passes down through the torrid.

7. Continue to wind the rest of turns by threading the gold wire down and through 

the toroid and back up around the outside.

8. Lay the windings side by side. Tighten the wire a little, after each turn.

9. Complete the 4 turn winding: 

Now we complete the transformer with the 4 turn winding. 

We use the rest of the gold wire that was cut off the wire supplied to do this. 

Using the same method and with the toroid face marked showing upward, now 

wind 4 turns at the top and in the middle of the 10 turn winding. 

The first pass should be as before, with approximately 2.5 cm of gold wire 

passed from below up through the hole in the toroid. 

The rest of the 4 turns are now made by passing the free end of the gold wire 

down through the hole in the toroid.

10.  Tin the ends: 

When both the 10 turn and the 4 turn windings have been made, trim the 4 ends 

of the wires to about 2 cm. 

This wire is coated with enamel insulation. 

Approximately 5mm of each wire should be tinned with solder prior to making the

connections. 

The enamel coating on the wire supplied is designed to melt when the heat from 

the soldering iron is applied. 

This does require a reasonable amount of heat. 
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One method is: Form a blob of solder on the soldering iron bit. 

Apply the bit to the end of the wire and wait until the enamel melts and the solder

flows onto the copper wire. (This can take up to 20 seconds.) 

Then, move the wire through the blob until 5 mm of wire is tinned. 

Note: It’s best not to breathe-in the smoke given-off during this process. Despite 

this wire being solderable, it may be easier to remove the lacquer using fine 

sandpaper and then tin the wire. This is because the wire is very fine and the 

lacquer requires a fair amount of heat to burn it off. 

11. This is a 4:10 Turn Transformer with 4 wires that must be soldered into position 

correctly, with the 4 Turn winding connected to the long pads top and bottom, 

while the 10 Turn winding is connected with one end to ground and the other 

going to the small pad near the trimmer POT.
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Stand-off posts

Step 15

• Fit the stand-off posts to the board.

• The black plastic posts are fitted to the copper side of the board, whereas the 

small plastic screws are fitted to the DECAL side of the board.

• Tighten the screws but do not over-tighten them, as this will damage the thread 

on the screw.

Check

Step 16

• Visual check - Check that all joints look bright, that there are no obvious errors.
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• Continuity check - Using a Digital Volt Meter set to continuity, check the circuit 

through. Note that the transformer will create a DC path across both of it's 

windings.

• Set the Preset Potentiometer - For now, we will just set the Potentiometer so 

the wiper is at the middle position.

Congratulations!

Congratulations, you have now completed the build of your kit.
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Adjustment

The following assumes you have an oscilloscope and a signal generator. If you 

do not have these instruments, then there is another method you can follow. This

alternative method may be found below under the heading: Alternative method of 

adjustment

We now need to adjust the preset potentiometer (POT).  This is needed to null out 

the LO, by ensuring that there is an equal amount of this signal on both sides of 

the mixer. 
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Connect up

We must now connect a signal generator to the LO input of the mixer and an 

oscilloscope to the RF port of the mixer.

Appreciation of how a diode ring works, tells us that with a 500mV (p-p) 1 MHz square 

wave signal (Half a Volt Peak to Peak) applied at the LO input of the mixer AND with no 

signal at the audio port, there should be nothing appearing at the RF output port. This 

is in an ideal situation, but we do not expect no signal as this is not a perfect 

mixer!

Instead, we do expect some feed-through of the LO, and our quest here is to 

adjust the POT so that this feed-through signal is as low as possible. 
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Turn the POT to the far left.

We now turn the wiper of the POT to the far left. This should take the mixer out of kilter. 

(unbalance it!)
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Check the oscilloscope

We now take a look at the oscilloscope.

The oscilloscope shows Vpp = 39mV

Our input signal is 500mV, so this represents approximately 22dB less voltage (with 

respect to the input voltage of 500mV) appearing at the RF Port. This is not so good, 

and for this reason we should adjust the POT.

Note: the oscilloscope shows that much of the voltage seen here is composed of sharp 

spikes, part of which could be attenuated by adjustment of the capacitor values on each

of the balanced rails attached to the diode ring. However, in practice these sharp peaks 

do not seem to affect the mixer’s ability on receive. 

Indeed, this gets us into a whole vortex-world of argument about what is real and 

what is measured, so we will totally avoid discussion on this here at this time.
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Adjust the POT for minimum voltage at the RF port

We bring the POT wiper toward the middle until a minimum voltage is found. 

This is a process of adjustment of the POT wiper toward the right (clockwise) until we 

see the point at which the voltage appears to increase again. In between these two 

points is a point of minimum and it is this which we must find, for we are on a 

quest for balance. 
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The point of minimum

The point of minimum voltage is found here to be 3mV

Again, this is not a precise measurement as much of this voltage shows as sharp 

peaks.

Conclusion

1. Input voltage = 500 mV (p-p)

2. Minimum voltage seen at RF port = 3 mV (p-p)

3. Difference in decibels = -44.44 dB

Note: At 500 mV (p-p) our Schottky Diodes are commutating, which means the mixer is 

functioning properly. In practice, we may wish to drive our mixer with anything up to 3V 

and this is fine, although 1V(p-p) is probably a good starting place.
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DSB-RC Double Side Band-Reduced Carrier

This is a DSB-RC waveform. (Double Side-band-Reduced Carrier) with a 400 kHz 

1V (p-p) signal injected into the audio port.

Note: This is hated by some extremely knowledgable & notable RF design engineers, 

as when broadcast, the signal uses two side-bands (just as in normal AM), thus using 

twice the bandwidth.

You could argue that DSB-RC is more efficient than is AM, as DSB-RC does not 

contain very much of the centre carrier wave (when seen as a bode plot). However, 

purists and vigilant guardians of logic may say that this mode is to be avoided as it 

cannot be received using a Direct Conversion (DC) receiver that employs the same 

mixer that is used to generate the signal. Thus two operators with DSB-RC 

transceivers cannot talk to each other! This situation is, admittedly, somewhat 

absurd! While this is a compelling argument, luckily it is not illegal or actually 

banned and your HAM radio licence does permit transmission this type of signal, 

should you so desire.
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Alternative method of adjustment

The alternative method to the above is easy to achieve and uses a radio receiver and 

your ears in place of an oscilloscope.

Requirements:

1. Consumer style, or a better short-wave receiver with SSB capability. Note: 

do not use a DSB-RC receiver. However, a home-brew regenerative receiver

may work well enough.

2. A signal source of at least 1V (p-p) at a frequency that the above radio can 

receive. If you do not have a signal generator, visit the www.yoofab.com 

website and enter simple crystal oscillator in the search box.  

If you do not have an oscilloscope, you can use a general purpose radio receiver that 

can receive single side-band (SSB). Such a receiver may have USB, LSB and a beat 

frequency oscillator. (BFO)

Essentially the method is very similar to the steps illustrated above, except that you use 

a radio and your ears to find the deepest null point.

With a signal of known frequency applied to the LO mixer port, and nothing applied at

the Audio mixer port, tune the radio to the LO frequency. Tune the radio slightly off-

frequency (adjust the BFO if needed) until you hear the carrier note. Now, slowly adjust 

the balance trimpot near centre position for minimum signal or quietest level of carrier 

note.

Great work!

Using your radio, a signal source and your ears has worked! Your mixer is now 

setup for receive and transmit. 

Enjoy – G.D.COWNE - MØOOZ
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