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Introduction

The PIC-EL is a companion board for the “Elmer 160” project, an Internet on-line course taught by John McDonough, WB8RCR, that teaches people how to program PIC microcontrollers from Microchip and how to use them in ham applications.

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.

Goals

The following goals were set as the project started: 

1. Make a companion board for Elmer 160 project which would demonstrate how to use various components that are “interesting” to hams.

2. Design the programmer to program 18-pin Flash/EEPROM PIC microcontrollers  (16F84, 16F84a and 16F628).

3. Make a PIC Programmer with interface that would satisfy most users' needs. 

4. Demonstrate PIC functionality by showing how various components could be connected.

5. Make it easy to use.

6. Keep the cost low.

7. Make the board 4” x 4.5” so that it can be mounted in a specific plastic case.

Springboard for other PIC-based Projects

While the PIC-EL demonstrates how to use the various components and as such is a stand-alone project, it was not necessarily meant to be final packaging for projects that are being demonstrated.  Hopefully it will whet the appetites of many people, as they understand how to program PIC microcontrollers and how to connect the various hardware components to do these things.  If we are successful, this should result in many new PIC-based projects being created.  

I particular, here are some reasons why you may want to make a stand-alone board for your project after you learn to use the PIC-EL board: 

· You my want to use an LCD display that has more than 8 characters

· You may not need all components on every project. (e.g. a keyer)  

· You may need more specialized components. (e.g. a higher frequency response) 

· You may want to use another type of PIC microcontroller.

· You may have several applications that you want to use simultaneously. 

PIC-EL Components

Figure 1 shows the schematic diagram of the PIC-EL.
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Figure 1

Programmer (RS232 serial port)

The PIC-EL board interfaces to the computer via a 9-pin RS232 (serial port) connection.  Why was a serial port selected?  Because it is the most commonly available computer port on virtually all computers until very recently.  Computers used serial ports for connections to modems and other peripheral devices, so they were standard equipment on every PC. 

Serial ports are not as popular on new computers these days, being replaced by the Universal Serial Bus (USB).  While the lack of a serial port may be a problem for some people, there are some alternatives (discussed later) for them too.  For most people, however, computers with serial ports are readily available so the single type of interface to the PIC-EL  is not a big hindrance. 

The PIC-EL board could have been designed to include a parallel port and/or USB interfaces in addition the RS232 serial interface.   These options were discussed at the beginning of the design phase, but because of development time and cost constraints, we decided to limit this project to a serial port only.

Many people have wondered about why the 16F84A PIC was selected, instead of, for example, the 16F628.  The simple answer is the simplicity of the PIC architecture. 

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  

The PIC-EL was designed to demonstrate the usage of components that are of interest to hams.  Starting with the very simple and getting more complex, each of the components has a unique reason for being used in a ham’s projects.  However, the intent is that the principles learned in the Elmer 160 course and demonstrated in the PIC-EL board will stimulate experimenters to build follow-on projects.  With this in mind, as we look at the various components of the PIC-EL we will discuss how the principles can be used to a stand-alone project.

1. Pushbuttons

A pushbutton is one of the most useful and easy to understand components to use in a PIC project.  Nearly every PIC project will use some type of “user interface”, and a pushbutton is one of the most basic.  Once a pushbutton usage is understood, the concept is very easily expandable to keypad. 

The PIC-EL has four normally-open SPST pushbuttons.  Three (PB1, PB2 and PB3) are used as “general purpose” pushbuttons while one (PB4) is used as the PIC Master Reset. 

A pushbuttons can be directly connected to a PIC I/O pin without a pull-up resistor as illustrated in Figure 2.   In some cases, the PICs internal “weak pull-ups” can be enabled via software.  
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Figure 2

However, it is generally advisable to use a pull-up resistor for each pushbutton, as shown in Figure 3.  This insures the voltage on the I/O pin goes to its logical high level (+5v) when the pushbutton is released. 
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Figure 3

Figure 4 shows the suggested method for using a pushbutton for a PIC Master Reset.  The resistor is required in this case so the power supply is not shorted to ground when the switch is closed to perform the reset.  The MCLR pin needs +5v for normal operation. A momentary low level on the MCLR pin causes the PIC program to start from the beginning. 
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Figure 4

PIC code to determine whether or not a pushbutton is being pressed can be done with a single instruction in the PIC code.  Additional code may be used to check for “bounce” (switch noise) .

2. LEDs

LEDs are also very easy to implement and are very useful.  LEDs have typically been used as power indicators.  In the PIC-EL, LED4 is used to indicate whether switch S1 is in the Programming (PGM) or in Run position.  However, when an LED is connected to a PIC I/O pin, it can be used as an indicator that some event took place.   LED1, LED2 and LED3 in the PIC-EL are general purpose indicators. 

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

Figure 5 shows two ways in which an LED can be connected to PIC I/O pins.  
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Figure 5

In Method 1, shown on the left side, the LED is activated by putting a high signal (5v) on the PIC pin.   The specs say that an LED can handle up to 20 ma or but most will light adequately with about 1 ma.   My  experiments with the PIC-EL prototypes indicated that the LEDs being used in the PIC-EL were bright enough with a 2.2k series resistor.  With the 2.2k resistor, as shown, the PIC “sources”  approximately 1.5 ma.  (The LED drops approximately 1.8v, so the voltage drop across the 2.2k resistor is approximately 3.2v. This means the current is 1.5 ma.)  

In Method 2, on the right side, the LED is activated by putting a low signal (zero) on the PIC pin.  When the PIC pin is driven high (5v) the LED is goes out.   Once again, when the LED is lit, approximately 1.5 ma of current flows through the LED.  However, this time the current flows from the power supply to the PIC.  

Method 2 was used in the PIC‑EL.   However, either method will work if you are careful about the total amount of current flow.  In the 16F84, the total current that all pins of Port A can source is 50 ma, while Port A can “sink”  80 ma.  Port B can source 100 ma but can sink 150 ma.  Obviously we are nowhere near these limits in the PIC-El design, but it is a factor to keep in mind when you design your projects.

3. 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.  Figure 6 illustrates how the speaker is connected to the PIC.

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 tone 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.   The frequency response of this speaker is approximately 500 Hz to 3000 Hz. 
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Figure 6

4. CW Paddles (CW Keyer)

The CW paddles  are connected to the PIC-EL via a 1/8” stereo jack, J3.  The two paddle connections are considered exactly the same as pushbuttons by the PIC code.  

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. The two paddle inputs are connected to the same PIC pins that PB1 and PB2 are connected to.   This means that you can use PB1 (“Dit”) and PB2 (“Dah”) for sending CW instead of using paddles.  (Probably not a good idea for serious contesting!)

Note that the two pins of HDR3 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. 

5. Transmitter Keying

To key a transmitter with the output of the demonstration keyer (see Figure 7), 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 (by putting a logical high on RB7), the transistor driver changes the voltage at the tip from approximately 5v down to “near 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. 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.  Some older style transmitters (tube style in particular) used negative keying.  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.   The keying circuit shown here is for positive keying only, but if your radio requires a negative keying scheme, it can be done by adding a few extra components.
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Figure 7

6. 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 (Figure 8) that it minimizes interaction with other functions of the PIC-EL.  In particular, the PIC programmer (using RB6 and RB7) still works properly when the LCD is connected in this manner.  (Other LCD connection configurations were found to interfere with PIC programming. )
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Figure 8

The values of the voltage divider resistors (4.3k and 330 ohms) were selected to put the proper voltage on the LCD’s contrast pin (pin 3). These values were determined experimentally for the LCD used in the PIC-EL kit.  Other LCDs may require different resistor values. (For many LCDs, pin 3 may be grounded, eliminating the need for the second resistor.)

7. Shaft Encoder

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.

The encoder’s shaft also has a normally-open SPST pushbutton (PB-4) which is connected to a PIC pin. 

A shaft encoder is useful for many projects that the ham may want to build. It may be the method of tuning a VFO, or it may be the method of selecting the speed in a keyer, or countless other examples.

The simple shaft encoder that we use in the PIC-EL project is a mechanical encoder.  This is much cheaper than the typical optical encoders and illustrates the principles.  Each of the mechanical encoder’s signal lines produce 15 pulses per revolution, so a total of 60 transitions per revolution can be detected by the PIC microcontroller.  If more pulses per revolution are needed, you may need an optical encoder.

Think of a shaft encoder as two SPST switches that open and close many times during a single revolution of the shaft.  The two switches are connected to two PIC pins.  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.

How does the PIC code determine whether the rotation is “UP” or “DOWN”?  Here is a simplified explanation.  The two encoder lines go to PIC pins RA0 and RA1.  The two bits, A and B are "gray code" - 90 degrees out of phase (quadrature) .

Here (Figure 9) is an illustration of the two encoder signals, A and B:       
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Figure 8

At the various times shown above, the voltage levels for lines A and B are as follows:

              A  B

Time a:  0  0

Time b:  1  0

Time c:  1  1

Time d:  0  1

Going UP (turning clockwise), the sequence is a,b,c,d,a,b,c,d, etc., so the signal sequence is:         

     00, 10, 11, 01, 00, 10, 11, 01, etc.                                    

Going DOWN (turning counterclockwise), the sequence is d,c,b,a,d,c,b,a, etc., so the signal sequence is:       

     01, 11, 10, 00, 01, 11, 10, 00, etc.                                    

To determine if the sequence is UP or DOWN, follow this algorithm:

1. Take the "Right-Bit" of any pair.                                      

2. XOR (Exclusive- OR) it with the "Left-Bit" of the next pair in the sequence.           

3. If the result is 1 it is UP.

4. If the result is 0 it is DOWN                                          

That’s it!  You simply write a few lines of code to implement this algorithm and now you can tell if the encoder is turning clockwise (UP) or counterclockwise (DOWN).  

If your application needs more than 60 transitions per revolution, to get less “backlash”, for example, you may need an optical encoder instead of a mechanical encoder.  Connections are very similar, although you need to supply 5v to the encoder as well.  An optical encoder does not need the “debounce” capacitors.  Optical encoders that give 512 transitions per revolution are quite common.  They are more expensive.

8. Signal "Conditioner"

A signal “conditioner” shown in Figure 9 is provided to increase small amplitude signals to levels which are appropriate as an input into a PIC pin.  This “conditioner” is good up to about 7 MHz. 

The output amplitude of the NJQRP DDS Daughtercard is about 600 mv.  This is too low to be fed directly back into a PIC pin for the frequency counting demonstration.   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.   
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Figure 9

9. Frequency Counter

To demonstrate how a frequency counter can be implemented, the PIC-EL uses the output of the signal “conditioner” and feeds it 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. 

Remember that the frequency response of the “conditioner” is limited to approximately 7 MHz.  To measure higher frequencies you need to use a different kind of signal conditioner.

Note that the two pins of HDR3 must be shorted together when using the frequency counter.  

10. NJQRP Daughtercard connection

The NJQRP DDS Daughtercard is a small, 1” x 2” board that contains the essential elements to make a fully functional DDS signal generator.  It contains an Analog Devices AD9850 DDS chip, a 100 MHz clock oscillator, a 5th order elliptic filter, and a MMIC RF amplifier.  The three control lines, power supply inputs, and the output signal are available on a pin header at the board edge.  
The NJQRP DDS Daughtercard can be plugged into the PIC-EL board by way of a socket (J6).

Appropriate PIC connections are made 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.

See my Web site for the latest version of my signal generator code, PICELgen, that drives the NJQRP Daughtercard on the PIC-EL. This code is a modification of the popular SIGGEN3a code that many amateurs have found useful in the past.

Handy Debugging Hints

LEDs come in very handy when you are trying to debug PIC code.  Sometimes you will want to know if you are ever executing a certain set of instruction in your code.  It is often very helpful to temporarily commandeer a “spare” LED for this purpose.  With just a couple of instructions in the code in question, you can set up and light the LED.  Then, it is advisable to force a delay for at least a second or two before going on.  Sometimes you may want to just “hang” after lighting the LED. 

Similarly, a pushbutton may be used to “trigger” a particular event in your code.   Once again, you can set up to check for a pushbutton with just a couple of instructions.  You can check for the pushbutton being pushed in your “main path” and if it is, you have it jump into a particular piece of code that you want to exercise. Very handy.

Options

USB Interface To PIC-EL

Do you want to use the PIC‑EL board but only have a USB port on your computer? The PIC‑EL has only a RS232 port for use with a serial (COM) port on the computer, but there still is a way, albeit not quite as convenient to use. This method is to use a “foreign” programmer which has a USB port, and to bring the pertinent signals into the PIC‑EL via a cable connected to the PIC‑EL’s configuration header (HDR1). 

One example of a USB programmer that works well is K149 from DIY Electronics of Hong Kong   ( www.kitsrus.com ).  The DIY kits are available from several US distributors listed on the KITSRUS web page.  I got mine from Carl’s Electronics  ( www.electronickits.com ).  It has a serial port as well as a USB port.   Cost was reasonable - about $35 for the programmer and an additional $10 for an 18-volt power supply. 

How does the K149 programmer differ from a simple USB to RS232 cable adapter?  It has some special components and circuitry.  

Hardware


The instructions say that the K149 programmer requires an 18 volt power supply input.  The power supply is not supplied with the kit but is available for $10 with the kit. It is a fairly large “wall wart” with a slide switch to select the output voltages -  6, 9, 12, 15, 18 or 20v at 500 ma.  The output cable has alligator clips as well as a connector into which you insert one of the 6 removable tips.  The largest tip in the set (note – it is larger than 2.5 mm ID) works with the jack supplied for the programmer.  The jack is standard size, so it could easily be replaced with a more standard 5.5 / 2.1 or 5.5 / 2.5 jack.


The board has a 8-v (78L08) regulator and a 5-v (7805) regulator. The 5v regulator has a big heat sink screwed on to it.  To get the “programming voltage”, Vpgm,  they stack the two together to get approximately 13v. 

Question - why do they say they require a 18v power supply?  I don't know!  According to the PIC specification sheets, to program a PIC with the high voltage method, the voltage applied to MCLR (Pin 4 in a 16F84,. 16F84A or 16F628) needs to be suddenly brought from zero up to 4v higher than Vdd (5v).  Usually 12v is recommended as a safety factor, but approximately 9v will work.  

I measured the voltage at Pin 4 (MCLR)  to measure Vpgm with various input power supply voltages and found these results:

	Power Supply Voltage
	Pin 4  (Vpgm)
	Pin 14 (Vdd)

	18
	13.0
	4.95

	15
	12.8
	4.95

	12
	9.5
	4.95


This indicates (and I confirm) that a common 12 – 13 volt power supply will work.  

To solve PIC programmer timing issues, DIY Electronics has a 16F628 PIC on the board.  The FTDI chip interprets the USB signals or RS232 signals and supplies inputs to the 16F628 which generates the appropriate Clock and Data for the PIC being programmed.

To support the RS232 connection, the board uses an ICL232 transceiver chip. Signals come directly from the RS232 connector to the ICL232 and from there to a 16F628 PIC. This PIC contains a lot of control logic.  The programmer's data and clock are generated by an output from this PIC controller.

The board feeds it's USB connector into an FT232BM FTDI chip.  This chip requires its own 6 MHz crystal. The output of the FTDI chip goes to the same 16F628 PIC controller, which again generates the DATA and CLOCK signals for the programmer.

a 78LS06 hex inverter chip in used on the board as well as a number of discrete transistors for signals. It uses several BC558's (PNP's) and one BC547 (NPN) in the logic that generates the programming voltage for MCLR.
 

The 16F628 control PIC supplied with the board copy protected.  They say they removed the protection because it caused too many problems, but you cannot Read or Write the 16F628 PIC with another PIC programmer, so it IS copy protected.  However, they do supply a HEX file which contains the code if you want to program another PIC.  (They supply updates this way.)  There is no source code for this PIC, of course.  

The programmer has provisions to mount an optional 40-pin ZIF socket, so it can program all sizes and varieties of PICs. This is a good idea. It is a bit tricky to find ways to insert various size PICs in the 40-pin socket to make it work, but they all do work.


Software


The K149 kit comes with its own software package. Actually, it just has a 2-page flyer with it pointing to the web page for all software as well as the 18 page manual (PDF format).

To drive the programmer board, you need to use special computer software.  Actually it is a pretty slick package, but you MUST use this one to talk to the K149.  In fact, the software "recognizes" the K149 programmer and "connects" with it.  


The serial interface can be used with no additional drivers in the computer.  However, before you can use the USB interface, you must load TWO drivers.  They both come from FTDI, which means they are kept very current.  Drivers are available for Windows 98 as well as Windows 2000 / Windows XP.  The first USB driver maps the USB to an unused COM port. Then it also installs a port driver. 


Interface Cable To PIC-EL

You need to make an interface cable that connects the K149 programmer to the configuration header (HDR1) of the PIC-El.  The cable is a length of 5-conductor cable with an 18-pin DIP socket (such as a Digkey WM403AE-ND) on one end and a 6-pin header (e.g. DigiKey WM4004‑ND) on the other end.  Figure 1 shows the connections required. 

A machine pin socket is preferable, since you need to solder wires to it. Insert each of the wires into the sockets (as if inserting a component) and apply a bit of solder to hold them in.  

On the header side, simply wrap each wire around the appropriate header pin and solder. 

How does this interface work? The signals required at the header of the PIC-EL are all available within the 18-pins of the interface socket when inserted in the K149 PIC socket.  The 6-pin header is inserted in the right side of the PIC-EL Header (HDR1). This means they connect to HDR1 pins 2, 4, 6, 8, 10 and 12.

Proper alignment of an 18-pin socket in the K149’s 40-pin PIC programmer socket has Pin 1 of the 18-pin socket inserted in Pin 2 of the 40 pin socket.  See the K149 instruction sheet.

K149 Interface socket pin 12 supplies the CLOCK signal to PIC-EL header (HDR1) Pin 2

K149 Interface socket pin 13 supplies the DATA signal to PIC-EL header (HDR1) Pin 4 

K149 Interface socket pin 4 (MCLR) supplies 12v to PIC-EL header (HDR1) Pins 6 and 8

K149 Interface socket pin 14 supplies the Vdd (5v)  to PIC-EL header (HDR1) Pin 10 

K149 Interface socket pin 5 (GND) supplies the ground to PIC-EL header (HDR1) Pin 12

You may wonder why the 12v is connected to Pin 6 as well as Pin 8.  Only Pin 6 is really required, since it supplies Vpgm to the PIC.  However, if you have the NJQRP DDS daughtercard installed on your PIC-EL board, it needs to be powered up with 12v in order for the programming to work. The daughtercard puts a load on RB7, since it is dual-usage between the daughtercard load signal and the programming CLOCK signal,   and prevents the programming function from working if the daughtercard is not powered up.  Of course, if you don’t have a daughtercard connected, the jumper to pin 6 is not required. 
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Figure 10

K149 to PIC-EL Cable and Connections
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Figure 2

K149 to PIC-EL cable

Operational Considerations

To run the PIC-EL via a USB-connected K149, you must use the MicroPro software that is supplied with K149.   Note that there is a switch on the board in which you select which interface (RS232 or USB) you will use.  Similarly, in MicroPro you select the port that you will use.  You select either the serial (COM) port that you are using or, if you are using the USB,  you select the COM port that has been mapped to the USB port by the driver software installation. 

With the interface cable connected properly, the MicroPro software operates exactly like the PIC being programmed is in the K149 board.  

You can run the program in the PIC-EL with the power supply connected to the K149 and the interface cable supplying power to the PIC-EL.   However, please note that in order to run the PIC-EL in this manner, you need to shut down the MicroPro software or disconnect the USB cable from the computer to the K149.  (The 5v signal is held at zero when MicroPro is active and the USB cable is connected.)  When the MicroPro is shut down, the 5v power is again supplied via the cable. Of course, after you are through programming the PIC in the PIC-EL, you can disconnect the interface cable, replace the header with HDR1 jumpers,  and use the power supply connected to the PIC-EL.

Summary

The PIC-EL is meant to be a learning tool.  Hopefully we have accomplished our goals of introducing people to the world of PIC programming.  PIC microcontrollers are powerful devices, but yet they can be used in simple as well as complex applications.

The next step is up to you.  Try it and then tell us all about it.   As  we have seen in the past, one good idea tends to spur on another, and yours may be just the spark that someone else needs.  We will all learn together as we proceed with these fun applications.   























































































































































































































































































































































































































































