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Receiver module kit 

PCB Rev 2 

1. Introduction 

This is a high performance receiver module which mixes incoming RF directly to audio (direct conversion 

type architecture). It may be used with other QRP Labs kits, or as the front end to a Software Defined 

Radio (SDR), or in your own projects. 

The mixer is a double-balanced Quadrature Sampling Detector (QSD) which is also known as the ñTayloe 

Detectorò. The circuit is similar to that used in most Software Defined Radio front-ends. The RF input is at 

50-ohms and can be passed through the QRP Labs band pass filter kit. A local oscillator at 4x the receive 

frequency is required. The audio output is I-Q, suitable for feeding a PC stereo input sound card and SDR 

software. Optionally a polyphase network kit may be plugged in and used to cancel the unwanted 

sideband and obtain a SSB output. The audio output has 600:600-ohm audio isolation transformers to 

eliminate ground loops that can cause audio hum.  

Construction is reasonably straightforward. The board is quite compact and so a fine-tipped soldering iron 

is recommended. All except one of the components are leaded through-hole type; the only Surface Mount 

Device (SMD) is the FST3253 IC which is not available in a through-hole package. The most tricky part of 

the construction is the trifilar toroidal transformer (NOT the SMD IC) 

2. Parts List 

Resistors 
 
R26, R27        82-ohm 
R11, R15        150-ohm 
R1, R2, R3, R4, R5, R6, R7, R8, R12, R13, R17, R18  2.2K 
R9, R10, R14, R15, R19, R20, R21, R22, R23, R24, R25 10K 
 
Capacitors 
 
C1, C2, C9, C10, C11, C12     1uF ceramic 
C3, C4, C5, C6, C7, C8, C13, C14, C15, C16, C17  100nF capacitor 
 
Semiconductors 
 
IC1   FST3253 dual 1:4 multiplexer 
IC2   74AC74 dual D-type flip flop 
IC3, IC4, IC5, IC6 LM4562 dual low-noise op-amp 
Q1, Q2  BS170 transistor 
 
Miscellaneous 
 
T3         FT37-43 toroid 
TR1, TR2  600:600-ohm audio isolation transformer 
Wire   1m 0.3mm enamelled copper wire 
PCB   80 x 37mm, double sided, through-hole plated PCB 
Header  20-way right-angled pin header 
BPF   Two 4-way header sockets 
Audio   3.5mm stereo audio socket 
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3. Circuit description 

The start of the signal chain includes a QRP Labs Band Pass Filter as the receive input filter. Although the 

QSD mixer has very high dynamic range (and IP3) it is still a good idea to restrict unwanted signals from 

the input. A transmit/receive switch is made from two BS170 transistors. This disconnects the input signal 

when the ñTXò input to the module is high (5V). This allows the receiver module to be used together with a 

transmitter kit such as the Ultimate3S.  

The QSD mixer requires a quadrature Local Oscillator (LO), which means two oscillator signals with a 90-

degree phase difference. An analogue circuit is sometimes used to produce this phase difference but it is 

difficult to maintain accuracy over a wide frequency range. For this reason, in this kit the local oscillator is 

at four times the receive frequency. IC2 is a 74AC74 dual D-type flip-flop logic IC, configured to produce 

the necessary quadrature oscillator signal. The two outputs of this circuit (at pin 6 and pin 9) have the 

same frequency as the receive frequency (1/4 the LO frequency), but are offset from each other by a 90-

degree phase difference. 

IC1 is a dual 1:4 bus multiplexer which is used in this application as a 1:4 analogue switch. The IC2 

quadrature LO signals cause this switch to transition through all four outputs in every complete cycle at the 

receive frequency. The result is four baseband (audio) signals with phase shifts of 0, 90, 180 and 270 

degrees.  

Improved performance is obtained by using the trifilar toroidal transformer T3 to split the incoming RF into 

two paths, 180-degrees out of phase.  

The four phases are combined to two I-Q audio outputs using low noise LM4562 operational amplifiers 

connected as instrumentation amplifiers. This provides excellent common-mode rejection, and each of the 

four paths is presented with a consistent, high impedance load, thereby maintaining good balance 

between the paths. Each of the instrumentation difference amplifiers provides very low noise pre-

amplification gain. The ñIò output signal is derived from the difference between the 0 and 180 degree 

phases; the ñQò output is derived from the difference between the 90 and 270 degree phases. Additionally 

all four amplified outputs 0, 90, 180 and 270 are routed to sockets that connect to the optional polyphase 

network board kit if it is plugged in.  

The two op-amps in IC6 are used to provide stable mid-rail bias voltages to the QSD circuit and the 

instrumentation amplifiers respectively. Separate mid-rail biases are provided in case the op-amps and the 

QSD are powered from different voltages. DC isolation between the two sections is provided by 1uF 

capacitors C9, C10, C11 and C12. The 74AC74 and FST3253 must be operated at 5V supply (actually the 

rated maximum is 6V). The operational amplifiers can also be powered from the same 5V supply. However 

a small performance improvement can be obtained by powering the op-amps from a higher supply voltage 

such as 12V. The power supply may be up to 35V. For this reason, separate + supply pads are provided 

on the board, one +5V for the 74AC74 and mixer, and one for the op-amps.  

The final stage of the receiver module is a pair of 600:600-ohm audio isolation transformers. These 

provide DC-isolation of the audio output to the PC soundcard, and are important in many cases to reduce 

hum caused by ground loops. 

  



4  

4. Assembly instructions 

Assembly of this kit is quite straightforward. The usual kit-building recommendations apply: work in a well-

lit area, with peace and quiet to concentrate. The ICs (chips) in the kit are sensitive to static discharge. 

Therefore observe Electrostatic discharge (ESD) precautions. And FOLLOW THE INSTRUCTIONS!!  

If you have some ñBlu Tackò then this can help keep the SMD IC in position while you solder it. A jewellerôs 

loupe is really useful for inspecting small components and soldered joints. Youôll need a fine-tipped 

soldering iron too.  

It is good to get into the habit of inspecting every joint with the magnifying glass or jewellerôs loupe, right 

after soldering. This way you can easily identify any dry joints or solder bridges, before they become a 

problem later on when you are trying to test the project. 

      

 

Please refer to the layout diagram and PCB tracks diagrams below, and follow the steps carefully. 
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4.1 Inventory parts 

Refer to the parts list and this picture. Identify each component, so you are ready for the construction! 

NOTE: The FST3253 is small and loose in the bag. Be careful not to lose it when you open the bag! 
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4.2 IC1, FST3253 

It is often best to start with any components which are small or low profile, so that it is not difficult to reach 

them later when other larger components have been installed. This is particularly the case with any SMD, 

since these are soldered to the top of the PCB.  

So letôs begin with IC1, the FST3253 IC. This is the only 

SMD in the whole kit. It is quite easy to solder, with a little 

care, because it is not a really tiny device. The pin spacing 

is 0.05-inch (1.27mm) which is half the pin spacing of a 

conventional DIP chip. With a fine-tipped soldering iron it 

will not cause any trouble. 

A small piece of blu-tack helps to hold the IC in place 

while you solder the first few pins. Only a tiny pin-head 

sized piece of blu-tack is needed! Stick it in the middle of 

the pads on the PCB. 

Check the pins of the FST3253 and if any are bent, straighten them carefully and very gently. Place the IC 

on the PCB with the small dimple aligned with the mark on the PCB. It is very important to orientate this IC 

correctly. You can check the alignment of each pin against its PCB pad using a jewellerôs loupe or 

magnifying glass. (below left). 

 

First solder two pins at diagonal opposites on the IC 

(above right). Then you can check to make sure that 

the chip is still nicely positioned on the PCB, and 

make any necessary corrections. When you are 

happy with the chip position, you can proceed to 

soldering the other pins. Pay particular attention to pin 

8, which is connected to ground. Although the pad is 

connected to the groundplane with thin thermal 

traces, it will still tend to dissipate heat away from the 

joint, which can make it harder to get a good joint. 

When complete, check carefully that every pin is 

properly soldered to its pad, and check for any solder 

bridges or whiskers between adjacent pins. If 
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necessary, you can remove solder bridges with desoldering braid.  

Iôm maybe not the best advert for expert soldering but this magnified picture is how my FST3253 

installation ended up. 

 

4.3 IC2, 74AC74.  

All remaining soldering will be on the bottom side of 

the board, because all the remaining components are 

through-hole leaded components.  

Again, align the dimple at one end of the IC with the 

dimple drawn on the PCB silkscreen. The pins of ICs 

are always spread too wide. It is normal to have to 

squeeze the two rows of pins gently slightly together 

to fit them in the PCB. Again solder two pins at 

opposite diagonal ends of the chip. Then you can check that the chip is nicely seated on the board before 

soldering all the other pins. It is easy to make adjustments when only two pins are soldered, by re-heating 

the joints. But you cannot do that when you have 16 pins soldered! When youôre happy with the position of 

the IC, solder all the other pins. 

 

4.4 IC3, IC4, IC5 and IC6, four LM4562 op-amps.  

Ensure correct orientation of the IC dimples and the 

drawing on the PCB silkscreen! Follow the same 

procedure as for the 74AC74 (IC2) above.  

 

 

4.5 3.5mm stereo audio output socket 

This socket has five pins. Again I recommend first 

soldering only two of the pins, on opposite sides. 

Then you can make sure that the socket is properly 

seated on the PCB, before continuing to solder the 

other pins. 

 

 


