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Introduction and 3 topics

ÅIntroduction to the QCX transceiver

ÅThree topics:
Å1. Improving QRP radio architecture
Å2. Modern oscillators
Å3. Microcontrollers in QRP rigs



Introduction to QCX transceiver

Å2013. The Tokyo hamfairwith G0BBL, M0PUB

ÅKN-Q7A Chinese SSB tcvr, and CW version



YOTA 2017 SummercampBuildathon



QCX: QRP Labs CW Xcvr(transceiver) - $49
ÅEasy to build, single-board design, 10 x 8cm, all controls 

are board-mounted

ÅProfessional quality double-sided, through-hole plated, 
silk-screen printed PCB

ÅChoice of single band, 80, 60, 40, 30, 20 or 17m

ÅApproximately 3-5W CW output (depending on supply 
voltage)

Å7-16V recommended supply voltage

Å/ƭŀǎǎ 9 ǇƻǿŜǊ ŀƳǇƭƛŦƛŜǊΣ ǘǊŀƴǎƛǎǘƻǊǎ Ǌǳƴ ŎƻƻƭΧ ŜǾŜƴ ǿƛǘƘ 
no heatsinks

Å7-element Low Pass Filter ensures regulatory compliance

ÅCW envelope shaping to remove key clicks

ÅHigh performance receiver with at least 50dB of 
unwanted sideband cancellation

Å200Hz CW filter with no ringing

ÅSi5351A Synthesized VFO with rotary encoder tuning

Å16 x 2 blue backlight LCD screen

Å Iambic keyeror straight key option included in the 
firmware

ÅSimple Digital Signal Processing assisted CW decoder, 
displayed real-time on-screen

ÅOn-screen S-meter

ÅFull or semi QSK operation using fast solid-state 
transmit/receive switching

ÅFrequency presets, VFO A/B Split operation, RIT, 
configurable CW Offset

ÅConfigurable sidetonefrequency and volume

ÅConnectors: Power, 3.5mm keyerjack, 3.5mm stereo 
earphone jack, BNC RF output

ÅOnboard microswitch can be used as a simple straight 
Morse key

ÅBuilt-in test signal generator and alignment tools to 
complete simple set-up adjustments

ÅBuilt-in test equipment: voltmeter, RF power meter, 
frequency counter, signal generator

ÅBeacon mode, supporting automatic CW or WSPR 
operation

ÅGPS interface for reference frequency calibration and 
time-keeping (for WSPR beacon)



Who remembers these two?



Or these?



SigneticsNE602 chip

ÅAlso known as NE612, SA602, SA612

Å1985? (old Signeticsdatabook)

ÅSignetics-> Philips -> NXP

ÅContains oscillator and Gilbert-cell mixer, and 
about 17dB of gain

ÅFor cellular applications at 45MHz IF

ÅQuickly discovered by radio amateurs!



The Cold War sandwich

ÅTwo slices of SA602 and a crystal 
filter filling please

ÅRick K1BQT Ham Radio June 1987

Superhetarchitecture



²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘŜ {!слнΚ
ÅLow dynamic range

ÅThird order intercept -13dBm

ÅStrong signal intermodulation

ÅExample: my 2003 homebrew spectrum analyzer



Direct Conversion receiver

ÅCleaner sound than a superhet

ÅAvoids superhetalignment issues

ÅNo unwanted mixing products 
άōƛǊŘƛŜǎέ

ÅMain disadvantage: hears both 
sidebands at the same time!

ÅAll the gain is at audio, so they can 
suffer microphonicsand power line 
hum issues



Phasing method Direct Conversion

Å90-degree phase shift 
applied at RF, and at AF

ÅRF shift easiest at the VFO

ÅSome mathematics later:
ÅOne sideband reinforced

ÅOther sideband magically 
disappears!

ÅIdeal in the digital world 
(SDR)

ÅNow used everywhere!



Quadrature Sampling Detector (Tayloe)

ÅPopularized and 
patented by Dan Tayloe
N7VE

Å1:4 Multiplexer

ÅVery low loss, 1dB

ÅHigh dynamic range

ÅHigh IP3 e.g. +26dBm

ÅConvenient modern 
components like 
FST3253 bus switch



IP3 dynamic range comparisons with 
other radios

ÅCǊƻƳ 5ŀƴ bт±9Ωǎ b/нлол 
transceiver presentation, 2004

ÅNC2030 outperforms famous 
radios from famous 
manufacturers, by a wide 
margin!



Double-balanced Quadrature Sampling
Detector  (QCX implementation)



Audio phase shift: active all-pass network

Å90-degree phase shift network from the NC2030 transceiver, also 
used in the QCX



Audio phase shift: passive polyphase network

ÅResistor-capacitor network used in QRP Labs Receiver module kit



The oscillator problem

ÅWe need a VFO that is:
ÅTunableover a reasonable range

ÅStable (no drift)

ÅAnd tells us the frequency (a digital 
frequency readout or a mechanical dial)


