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HF PA kit with built-in standalone raised cosine controller 

 

1. Introduction 

The standard QRP Labs HF PA kit has an 8-bit shift register (74HC595) whose outputs control an 8-

bit Digital-to-Analogue converter (DAC). This DAC controls a discrete-component power modulator 

with foldback current limiting. A microcontroller can load a sequence of values into the shift register in 

such a way that a raised cosine shape is applied to the RF envelope. The assembly document for 

the PA kit is ESSENTIAL reading, prior to this application note! 

In your own homebrew applications you may wish to use the HF PA kit without having to worry about 

programming a microcontroller to generate the raised cosine sequence and load it into the DAC. For 

these applications, QRP Labs can supply a 14-pin ATtiny84 microcontroller which contains all of the 

logic and sequence of numbers, to generate a precise raised cosine keying envelope. The PA kit 

PCB was designed to be able to support this microcontroller plugged into the IC1 socket instead of 

the 74HC595 shift register.  

This application note explains how to use the QRP Labs HF PA kit in this way, with an application 

circuit described for a single-band CW transmitter.  

 

2. Modified PA circuit 

The circuit diagram on the following page shows the effective new circuit diagram of the HF PA kit. 

The main change is that the 74HC595 IC has been replaced by the ATtiny84 microcontroller. The 

jumpers have been omitted from this diagram for clarity. The PCB of the HF PA kit was carefully 

designed such that when the jumpers are correctly configured, and an ATtiny84 microcontroller is 

inserted correctly in the IC1 socket, eight of its Input/Output (I/O) pins drive the 8-bit R-2R ladder 

network Digital to Analogue Converter (DAC).  

The three shift register control inputs (SCK, RCK, D) are now re-purposed as follows: 

¶ Key IN: An active-low keying signal 

¶ Key OUT: An active-high output signal whose leading edge is synchronous with the keying IN 

signal, but whose trailing edge ñover-hangsò, or ñlagsò the keying signal, while the raised 

cosine shaping occurs 

¶ Speed: an analogue input which allows the operator to configure the duration of the raised 

cosine shaping at key down and key up, from 2 to 113 milliseconds. Alternatively the signal 

may be simply connected to +5V which will fix the shaping at 5 milliseconds by default.  
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The following oscilloscope screenshots show the microcontroller keying input (active low) as the 

lower (BROWN) trace; the RF output is the upper (BLUE) trace. The PA kit is set up according to the 

CW Transmitter application circuit discussed in section 4 below. The screenshots all show a single 

12wpm CW ñditò, which has a duration of 100ms, and various speed settings for the rise/fall times of 

the RF envelope. 90ms will sound terrible. Practically, 5 to 10ms is most commonly used. 
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The rise/fall speed is determined by the voltage at the Speed input connection (the pad labelled ñDò 

on the PCB silkscreen). If you simply connect this input to the +5V supply (specifically, any voltage 

higher than 4.375V) then the rise/fall speed is set to the default 5ms. For any voltage lower than 

4.375V, the keying envelope rise/fall speed is proportional to the input voltage. An input voltage of 

0..4.375V varies the rise/fall speed from 2..113ms. 

Note that the rise/fall speed must never be more than the symbol rate! Otherwise the keying will miss 

key-down events because it will still be processing the falling edge of the raised cosine envelope 

shape! 

The óscope screenshot (right) shows the active-low 

ñKey INò signal (BROWN, bottom trace), and the 

corresponding ñKey OUTò signal (BLUE, top trace). 

The horizontal timebase is 10ms/division. The 

rise/fall time here is set to 20ms. It can be seen that 

the ñKey OUTò signal rising edge occurs on the key-

down event, but the falling edge of ñKey OUTò is 

delayed from the key-up event. This delay is for the 

duration of the rasied-cosine envelope shape decay 

that the microcontroller manages. The intention is 

to use this ñKey OUTò signal perhaps to key a driver 

stage, so that the oscillator may be kept running 

and there is no issue with leakage during key-up. 

 

3. Step by step changes to the HF PA kit assembly 

In the following sections please refer to this layout diagram. 


