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Introduction

The PIC-EL board was designed to accomplish two major functions:

1. To program 18-pin Flash/EEPROM PIC microcontrollers  

(The focus is on the 16F84, 16F84a and 16F628 microcontrollers, but the PIC-EL also provides the ability to program other PIC microcontrollers in an external user’s circuit.)

2. To demonstrate how a PIC microcontroller can be programmed to use components to accomplish tasks that are particularly interesting and beneficial to a radio amateur  

The PIC programmer portion of the board has a 9-pin RS232 (DB9F) serial port connector.  No provision is made at this time for connecting to a USB port or a parallel port to the programmer.  External USB or parallel port programmers can be attached to the PIC-EL board via HDR1. 

The project / demonstration portion of the PIC-EL board was specifically designed with the radio amateur in mind.   It allows the experimenter to understand how a PIC microcontroller can be used in a variety of applications.  It allows the person to progress from controlling very basic components to more advanced components and projects.  

General Board Description

An external power supply is required.  It must supply 12 - 14v to the board via a 2.1 mm power jack. 

Most of the PIC-EL board runs on 5v power. The exceptions are the DDS Daughtercard, the PIC high voltage programming signal line, and the speaker amplifier, which run on 12v power. An LM7805 voltage regulator converts the 12v input power to 5v. Since the Daughtercard requires 12v power, the another line is routed directly from the 12v input jack to the DDS Daughtercard connector (J6).   A TO-220 style 5v regulator was selected so that power consumption limits would never be a problem. 

Input power is filtered with a 4.7uf tantalum and .01uf ceramic capacitor on both sides of the regulator.

A 9-pin RS232 (DB9F) connector is used for the serial port connection.

Two modes of operation are selectable via the DPDT slide switch S1.   One position is for Program (PGM) mode, and the other is RUN mode.   LED4 is illuminated when the switch selects PGM mode.  

Here is a chart of the total current draw of the board in various conditions:

     PGM mode – without Daughtercard              -     13 ma

     PGM mode – with Daughtercard attached    -     88 ma 

     RUN mode – without Daughtercard              -     13 ma 

     RUN mode – with Daughtercard active  (running SIGGEN3 code)      -   138 ma

     RUN mode – without Daughtercard but speaker active at 4000 Hz     -     65 ma 

     RUN mode – with speaker active and Daughtercard powered but not initialized  -   185 ma

The board’s two major sections are divided by a 2 x 6 CONFIG header (HDR1).   The user can use this header to chose between the following options:

1. Use the PIC-EL serial port programmer and the PIC-EL project board PIC and associated components.  Program and use the on-board PIC (U1) in socket J5. 

In this case, the user connects a jumper block on HDR1 which shorts the six IN pins (pins 1, 3, 5, 7, 9 and 11) to the six OUT pins (pins 2, 4, 6, 8, 10 and 12). 

2. Use an external programmer (e.g. USB or parallel port) and connect it to header HDR1.   The external programmer may draw 12v and/or 5v power from the IN side of HDR1, pins 4 and 5 respectively.  Whether or not the external programmer draws power from the IN side, it must always pass 12v and 5v power to the OUT side of HDR1, pins 8 and 10 respectively.  Simply shorting from the IN side power connections to the OUT side is fine.  The external programmer is then used to program the on-board PIC (U1) in socket J5.   

In this case, the user connects the external programmer to HDR1.  The programmer supplies Clock, Data Out, and Vpgm to output pins 2, 4 and 6 of HDR1.  Data In is passed from the PIC microcontroller to the external programmer via the same data line (HDR1, pin 4).   

3. Use the internal programmer and connect to a foreign project board containing a PIC microcontroller.  Any type of PIC microcontroller can be programmed in this manner. 

In this case, the user connects the external project board to HDR1.  The external board draws 5v and possibly 12v power from the IN side of HDR1.  The external project board receives Clock, Data Out and Vpgm on pins 1, 3, and 5 of HDR1.

PIC Programmer Description

The PIC programmer has an RS232 (DB9F) serial port connection. Pin assignments are as follows:

Data Out is on RS232 pin 4 (DTR)

Clock is on RS232 pin 7 (RTS)

Data In is on RS232 pin 8 (CTS)

MCLR is on RS232 pin 3 (TD)

The RS232 lines representing Data Out and Clock are inverted and converted to PIC signal levels via NPN (2N2222A) transistor switches (Q1 and Q2) before going to the PIC microcontroller.  Thus, for these two computer output signals passed via the serial port’s DTR and RTS lines, low serial port signal levels (–12v) get converted to high PIC signal levels (+5v) and high serial port signal levels (+12v) get converted to low PIC signal levels (0v).

The MCLR signal is another PC output signal and it is sent to the programmer via the serial port’s TD line.  This signal is generated by the PC programming software in order to put the PIC in high-voltage programming mode.   In this case, the PIC needs the two levels to be zero and approximately +12v.  Transistor Q3 operates in a manner that is very similar to Q1 and Q2, except its collector voltage is higher.   As before, it inverts the serial port signal levels but this time the low level (–12v) results in a MCLR signal of approximately 12.5v (depending on the power supply voltage) and the serial port high level (+12v) results in a MCLR signal of  approximately zero volts.  

One 2N2907 (PNP) transistor switch (Q4) is used in the programmer.  It brings the Data In signal from the PIC microcontroller to the serial port connector.  Again, its high and low levels are inverted.  There is some additional circuitry associated with this signal to change the PIC levels to RS232 levels.  

Project/demonstration Board Description

In RUN mode, PIC experimenters have an opportunity to use and understand the following hardware functions: 

1. A 18-pin PIC microcontroller  (16F84, 16F84A or 16F628)

· Includes 4 MHz crystal

2. A dedicated pushbutton  (PB4) for Master Clear (Reset) of PIC microcontroller

3. A 1x8 LCD (one line, eight characters)

4. A rotary encoder (ENC)

5. Three stand-alone pushbuttons (PB1 through PB3)

6. Three LEDs (LED1 through LED3)

7. A speaker (SPKR) with transistor driver (Q5).

8. All connections necessary to drive the NJQRP DDS Daughtercard from the PIC

9. A stereo jack (J3) for a CW paddle connection.

· Ready for a PIC keyer implementation

10. A stereo jack (J8) with transistor driver for transmitter keying

11. A transistor “conditioner”  (Q6) to convert small signals to levels required for PIC input

12. A multi-purpose BNC connector

· Selectable via a jumper at header HDR2

· Allow DDS output to be routed to the BNC 

· Allow DDS output to be routed to a “conditioner” and then to a PIC input pin

· Allow an outside signal source to be brought in to the “conditioner” and then to the PIC input pin

13. A 2x6 pin Header block (CONFIG)

· Allows attachment of a “foreign programmer” to this PIC project board

· Allows attachment of this programmer to a “foreign project board”

PIC PROGRAMMER DESIGN DETAILS

PIC Programmer Design Details

The design of the serial port programmer is an adaptation of the classic programmer by David Tait.  See Tait’s PIC-related home page on the internet at:  http://people.man.ac.uk/~mbhstdj/piclinks.html 
The serial port programmer uses transistor buffers for each input and output signal.  These buffers are particularly important in a serial port programmer because the serial port output signal levels are incompatible with the PIC’s input voltage requirements.  The serial port signal levels are nominally –12v and +12v.  The buffer converts these (inverted) to +5v and zero volts.  

The Data In signal requires a little more circuitry to function properly.  Since the PIC generates

nominal voltage levels of +5v (high level) and 0v (low level) and the serial port expects to see voltages which are in the range of +4v to +12v (high) and –4v to –12v (low),  a PNP transistor (Q4), two resistors (R7 and R8), a diode (D4), and a negative voltage (TD), are used to adjust the levels.  When the PIC generates a low level (0v), the voltage at the base of Q4 will be about 5v, as supplied by the 5v regulator. 

The voltage at RS232 pin 4 (TD) is –12v when in active programming mode. This gets inverted by transistor Q2 to produce +12.5v as Vpgm to the header and then to PIC pin 4 (MCLR).  This meets the PIC requirement for high-voltage programming.  High voltage programming requires the programmer to quickly raise the voltage on the MCLR pin from zero to at least 4.5v higher than the PIC’s run voltage (Vdd) of 5v. 

At the present time it is not possible to use the PIC-EL board from a PC parallel port.  The only major difficulty is getting the Data In signal to work properly.  The parallel port’s voltages are 0v for a low level and +5v for a high level.  Since the TD signal never goes negative the circuitry that was used to pull the Q4 collector below zero for a low level does not work.  In fact, the low level only goes down to approximately 3.2v when TD is asserted (0v).  Additional circuitry could be added, but it is not included in this PIC-EL board. 

How about a USB to serial converter?   Yes, there are ways.  I will describe one method to do this in a separate document. 

Project / Demonstration Board Design Details

PIC system clock (crystal)

The system clock is generated by a 4 MHz crystal with two 22 pf capacitors.   A simple RC oscillator could have been implemented instead, but since we are going to be experimenting with several timing-sensitive projects, an accurate clock is required.

LEDs

There are two direct ways to light an LED from a PIC microcontroller.  The first is to connect a PIC output pin to a resistor and then to the anode of the LED with the cathode grounded.  To light 

the PIC, the program needs to assert a logical high (+5v nominal) on the output PIC pin.  The PIC “sources” the current to light the LED.  

The other way is to connect a PIC output pin to a resistor and then to the cathode of  the LED with the anode connected to +5v.  In this case, to illuminate an LED from the PIC, the PIC pin needs to be brought to a low level.  The PIC is a current “sink”.  One minor drawback of this method is that the PIC programmer must remember that the logic is reversed; i.e., the LED is illuminated when the PIC pin is set to a logical low, and it is dark when the PIC pin is logical high. 

The second method is used in the PIC-EL board because it is easier to “sink” current with a PIC than to “source” current.  

Ideally, to illuminate an LED, the current flow through it should be between 5 ma and 20 ma.  In this design the current flow is determined by the size of the series resistors.  The series resistors (R16, R17, and R18) are each 2.2k ohms.  These values were selected in order to keep the circuit loading to a minimum, since the PIC pins to which they are connected are used for multiple functions.  Since the voltage drop across each LED is about 1.8v, the voltage drop across the 2.2k resistors is about 3.2v.  This means the current through the resistors and these LEDs is about 1.4 ma.  This amount of current illuminates the LEDs sufficiently. 

Pushbuttons

Three stand-alone normally-open SPST pushbuttons (PB1, PB2 and PB3) are connected directly to PIC pins.  They can be used for any type of control functions that the programmer wants to use them for. One other normally-open SPST pushbutton (PB4) is connected to the PIC’s Master Clear pin and is used to Reset the PIC programmer. 

The three of the PIC pins that have pushbuttons attached (PB1, PB2 and PB3) also have pull-up resistors attached to Vdd (+5v).  In general, using pull-up resistors is a good design principle and provides a good “stiff” pull-up.  Certain PIC pins can have internal weak pull-ups activated. (This is done by executing a PIC instruction which clears bit 7 of the PIC’s OPTION register.)  In this mode, the PIC in effect puts a 50k ohm resistor between each of these pins and +5v.  This means the PIC is able to source .1 ma on each of those pins.  However, to be safe, each PIC-EL pushbutton has an external pullup resistor. 

The PIC’s Master Clear pin (pin 4) also has a 10k ohm pull-up resistor (R30) to +5v and is switched via a normally-open SPST pushbutton (PB-5) to “near” ground.   The pull-up resistor is essential here, since the PIC needs +5v on MCLR for normal PIC operation.  The 10k resistor is sufficient here, since the Master Clear pin draws very little current. The pushbutton has 100 ohm resistor in series to prevent voltages transients from locking up the PIC. 

LCD

The LCD used in the PIC-EL demonstration board is has a single row of eight characters.  It is a standard 5x10 dot matrix LCD that has a standard Hitachi 44780 controller.   It is attached in such a way that it minimizes interaction with other functions of the PIC-EL.  In particular, the PIC programmer (using PIC pins 12 and 13 - RB6 and RB7) still works properly when the LCD is connected in this manner. 

The values of the voltage divider resistors (R14, R15) were selected to put the proper voltage on the LCD’s contrast pin (pin 3). 

Rotary Encoder

A mechanical encoder is attached to two PIC pins. Each of the encoder’s signal lines produce 15 pulses per revolution, so a total of 60 transitions per revolution can be detected by the PIC microcontroller.  Since the pulses of the two data lines overlap (gray code), the PIC program can also determine which direction the shaft is being turned.  

Both of the encoder’s data lines use pull-up resistors as well as series resistors.  The capacitors attached to the data lines prevent excessive switch noise (bounce).  Try it without the capacitors and see the difference.

Speaker

A miniature speaker (SPKR) is attached to a PIC pin by way of a simple transistor (Q5) driver.  The transistor driver gives more “punch” to the speaker than could be attained by directly attaching it to the PIC pin to the speaker.

Note that a speaker is different than a piezo element which is often used in PIC projects. The difference is that a piezo element makes a “buzz” sound at a set frequency when a DC voltage is applied.  On the other hand, the speaker in the PIC-EL responds to pulses generated by the PIC microcontroller, so the frequency is determined by the frequency of the waveform. 

Signal generation with the NJQRP DDS Daughtercard

The NJQRP DDS Daughtercard can be plugged into the PIC-EL board by way of a socket (J6).

Appropriate PIC connections are made to the PIC and the required +12v is also supplied to the socket for the Daughtercard.  Details of how the Daughtercard operates can be found on the NJQRP web page at  http://www.njqrp.org/dds/index.html

The output of the Daughtercard is supplied back to the socket (J6) at pin 6.  The PIC microcontroller can drive the DDS Daughtercard to produce an amplitude is approximately 600 mv with a frequency within the range of zero to 30 MHz.   

Signal “conditioner”

A signal “conditioner” is provided to increase small amplitude signals to levels which are appropriate as an input into a PIC pin.

The output amplitude of the DDS Daughtercard is about 600 mv.  This is too low to be fed directly back into a PIC pin for the demonstration of frequency counting.   To make this work, the amplitude is increased by the signal “conditioner” circuitry.  Notice that this is different than an amplifier in that it does not attempt to keep the sine-wave output. For purposes of frequency measurement, a square wave would be just as good as a sine wave. 

Note that a Header (HDR2) is used to select the source of the signal which goes into the “conditioner”.  In one position, the output of the DDS Daughtercard is fed into the “conditioner”.  In another configuration a signal from an external source can be brought into the PIC-EL board via the BNC connector (J7) and routed through the “conditioner” before going to the PIC.   

CW paddle input via a stereo jack

A CW keyer will be implemented as part of the PIC Elmer course.  The CW paddles are attached to the PIC by way of a 1/8” stereo jack.  The jack connects one of the paddle connections to the tip and the other to the ring.   Both pins have pull-up resistors (R21 and R22) attached to +5v.

Note that the two pins of HDR-3 must not be shorted together when using the paddle inputs to the PIC.   If the pins are shorted together, the frequency counter “conditioner” circuitry puts a load on the pins such that a logical high cannot be achieved with the pull-up resistor R22. 

Transmitter keying via a stereo jack

To key a transmitter with the output of the demonstration keyer, another 1/8” stereo jack is provided.  The output of a PIC pin goes to a transistor driver which then goes to the tip connection of the stereo jack.  When “keyed”, the transistor driver drives the voltage at the tip connection from approximately 5v to ground potential.  When the PIC pin is “not keyed” the tip-to-ground connection looks like an open circuit so the tip remains at approximately 5v.  This keying mechanism will work for most modern rigs because they are positive-keyed transmitters.  Some older style transmitters (tube style in particular) used negative keying.  Positive keying means that the radio has approximately +3 to 5 volts on the tip connection and the radio is keyed when this pin is shorted to ground.  Negative keying transmitters often had something on the order of –30v on the tip connection and are keyed when this connection is shorted to ground.   This keying circuit is for positive keying only, but if your radio requires a negative keying scheme, it can be done by adding a few extra components.

Frequency counter

To demonstrate how a frequency counter can be implemented, the PIC-EL has a special signal path which feeds into PIC pin 3 (RA4/T0CKI). This PIC pin may be used as a general purpose input/output pin but also has the unique characteristic of being able to bring a signal in for the PIC’s TMR0 counter.  This counter is used by the frequency counter. 

The frequency counter signal comes from the “conditioner” circuitry (Q6 etc) as discussed in another section.

Note that the two pins of HDR3 must be shorted together when using the frequency counter.  The pins should not be shorted for normal operation. 

CONCLUSION

PIC microcontrollers are powerful components that can be used for a wide variety of applications.  The radio amateur can benefit from being able to understand and use them.  While this PIC-EL demonstration board has allowed the experimenter to build and understand several useful amateur radio projects, these applications are just the beginning.  The rest is up to you and your imagination.  

