ENGR 172 Intermediate Microcontrollers

Name: _______________________
Lesson 6

20 of 110 total points

In this lesson you will design and build a microcontroller-based circuit on a printed circuit board (PCB) of your own design and construction.  You will be using a new microcontroller, the 12F629, so we will start with a quick overview of that device.  Then you will learn the PCB design software, called ExpressPCB.  Then you will transfer the design to a copper clad board and chemically etch your circuit onto it.  Next you will drill holes where the components go.  Finally you will populate the PCB with components, and solder them into position.  If all goes according to plan, you will have a working circuit.  If it doesn’t go according to plan, you will have the opportunity to learn about “board repair”.
The circuit can be as simple or as complex as you like, but it must fit onto a 3.75” by 2.5” PCB.  You may use any components that we have or anything you buy yourself, except that if your design needs an LCD you will either (a) have to buy it for $27.00 (yes, that’s how much they cost), or (b) include a 3-pin header to which we will connect an LCD long enough to demonstrate the circuit works.  You will start by testing the design using a solderless breadboard.  Then you will design and fabricate the PCB, “stuff” it with the components, and do the final test.  The documentation must include 1) a brief written description of what the circuit does, 2) schematics and 3) source code.  Of course you must also demonstrate operation.  

The circuit you build does not have to be complicated, nor does it have to be an original concept.  You are welcome to reconstruct any of the circuits from this course or from ENGR 170 if you choose.  On the other hand, you are welcome to be as creative as you want.
Activity 1 The 12F629
The 12F629 is an 8-pin microcontroller with internal 4 MHz clock.  It is much less expensive than a 16F84A.  Having an internal clock simplifies the connections to the outside world.  Basically all you need are power and ground, leaving 6 pins for I/O (Figure 1a).  I should actually say up to 6 pins for I/O, because with only 8 pins on the device, each of them does double or even triple duty.  For example GP3 also serves as the reset input 
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 (in fact, this is the default setting with the melabs programmer).  See the data sheet at www.microchip.com for a complete list of what each pin can do.  
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Figure 1.  a. Basic connections to the outside world

b. LED connected to pin 0 for basic test

1. Connect the 12F629 as shown in Figure 1a.  These are the basic connections the device should always have.  Note that for simplicity we have not included a reset button.  However it is easy to reset the chip.  Simply touch a ground wire to the chip’s pin 4 if you want to reset it.
2. Add an LED circuit (Figure 1b).

3. Try running the following simple program to convince yourself the chip is working.

SYMBOL  trisio = $85 

'tri-state enable register for general purpose I/O
SYMBOL  gpio = $5   

 'Register location of I/O port

        
POKE trisio, %111110    'defines GP0 as output, all others as input 

start:  
POKE gpio, %000001      'Turns on LED connected to pin 0
        
PAUSE 500

        
POKE gpio, %000000      'Turns off the LED
        
PAUSE 500

        
GOTO start
4. Notice:  The 12F629 does not have an A port and a B port.  Instead it has a General Purpose (GP) port, located at memory location 5.  The tri-state enabler register is at hex location 85.  This port “kind of” works like the B port in the 16F84A, but not entirely.  For example, if you tell it HIGH 0, then in the next line HIGH 1, it turns off pin 0 as it turns on pin 1.  Weird!  On the other hand, it reads input pins very well as in IF pin4 = 1 THEN label.  Moral of the story: test your program with the solderless breadboard before printing your circuit board.
Activity 2.  Printed Circuit Design using ExpressPCB  

We will use a nice program called ExpressPCB to design our board layouts.  Look for it on the P: drive under Engineering.  Either that or download it for free from www.expresspcb.com.  ExpressPCB is provided free in the hopes that you will email the company your design, and they will make the board for you.  Actually the deal they offer is a good one: Three double-sided 3.8” x 2.5” boards for $51, shipped the next day.  Once you’ve made a board yourself, you’ll see what a great deal this is.  

In this example we will build a circuit with 3 LEDs for output and 2 pushbuttons for input (Figure 2).  Notice that in this design I have removed the 0.1 F capacitor between pin 1 and ground.  This is a filtering capacitor, and should be used, but the 100 F capacitor on the voltage regulator output should serve the same function.  
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Figure 2.  Schematic of demonstration project

1. Install and run ExpressPCB
2. Insert components (Figure 3a)

a. The voltage regulator uses Semiconductor TO-220
b. The 2 electrolytic capacitors associated with the power supply use Cap - Radial electrolytic - Lead spacing  0.1 inch  (2.5mm)
c. For the resistors use Resistor - 0.25 watt  (lead spacing  0.4 inch)
d. For the microcontroller use Dip -  8 pin
e. For the LEDs use LED - T 1
f. For the switches, use Dip -  6 pin
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Figure 3.  a. Component side of the board


b. Solder side of the board

3. Add traces on the bottom copper layer (sometimes called the solder side) of the board (Figure 3b)

4. You will probably want to thicken the traces and increase the size of the component pads.  In Figure 4 I have increased the thickness of all traces to 0.050”, and changed the pads to 0.090” diameter with 0.020” central holes.  This reduces the chances of losing thin traces in the etching process, and also gives larger pads to solder to.
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Figure 4. Solder side with 0.050” traces and 0.090” pads with 0.020” holes

5. When you are happy with your design, print or photocopy your design on thin glossy paper (the type you find in magazines).  If you print rather than photocopy, you MUST use a laser printer.  An ink jet printer will just smear the ink.  If you photocopy, turn up the gain to make the traces as black as possible.  
Activity 3.  Produce the board

1. Scrub clean the copper.  Use scotch-brite or the abrasive back of a 3M sponge.
2. Iron your design onto the PCB.  Use a clothes iron on the hottest setting.  Do not let the design slip as you iron.  Iron thoroughly and for at least 2 minutes.  
3. When you are confident the design is on, let the board cool, then wash it gently in water to remove the paper.  The ironed-on design should appear on the copper.  You can afford a few breaks in the pattern, but if you have too many, you should scrub off the design and repeat.  If you only have a few breaks, these can be repaired with a Sharpy permanent marker.  Go over the break several times with the marker to make the repair as black as possible.  The design you have ironed on is called the resist, because it resists chemical attack .  Any copper under the design will not be attacked by the ferric chloride.  All copper not protected by the resist will be attacked..
4. Immerse the PCB in a ferric chloride solution.  Do this in one of the small disposable containers I have provided and USE GLOVES and EYE PROTECTION.  Use just enough solution to cover the PCB (in other words, not much).  Rock the container gently to let the solution flow back and forth over the board.  This process will take between 15 and 30 minutes.  The process is sped up by warming the FeCl solution to about 115°F (45°C).  It’s even faster at yet higher temperature, but don’t do it – at temperatures higher than 115°F you start to produce vapors you don’t want).
5. Periodically check the board to see if the copper is gone.  When it has been etched away, remove the board from the solution USING GLOVES, TONGS, OR TWEEZERS, and rinse it off with water.  Keep your solution in the container until you are sure you’re through with it. 
6. Scrub off the resist.  Do this gently with scotch-brite until the shiny copper pattern is exposed.  Do not overscrub.
7. Drill holes for the components.  Use a #65 bit (.035” diag).  Do this carefully in the center of each pad.  It really helps to use a drill press for this.
Activity 4. Populate the board

Solder the components into the board.  If you have never soldered before, practice on the practice boards provided by the instructor.  Do not solder the microcontroller directly into the board.  Instead, use an 8-pin socket.  Be careful to orient the 8-pin socket so the little mark that indicates pin 1 is oriented correctly.
Activity 5. Test the circuit

Naturally it will work the first time, but just in case it doesn’t, be ready to troubleshoot, and possibly unsolder components, and possibly jumper past broken traces.  
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