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1)Background
This mini project will implement 3 different components on a single GAL device, those components are 3bit Count Up Counter, 3bit Comparator and Clock Disabler.
2)The Problem
User will initially enter amount of copies, the counter will count the number of copies that has been photocopied. The machine will stop once the required number of copies produced.
3)Objective
To introduce students to the development of PLD device and a simple Hardware Description Language.
4)Flowchart
                                                                                          Write and compile the codes for 2bit Comparator and 2bit Counter in WINCUPL



                                                                                   Burn the codes into GAL using Wellon Programmer


                                                                                          Implement the circuit on breadboard



                                                                                   Test the circuit by using ETS 5000 Training Kit



Repeat the step with 3-bit solutions



5)Component
Switches, Counter, Comparator and Clock Disabler
6)Materials and Software used
DTS 5000 Training Kit – to test the circuit
Breadboard – to implement the circuit with components
GAL22V10 – a PLD 
Wellon Universal Programmer & Tester – to burn the compiled JED file into PLD
WINCUPL 5.0 Software – to run and compile the codes and generate JED file 
7)Circuit Implementation
2 BITS CIRCUIT IMPLEMENTATION:
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For the 2-bits circuit implementation, we wired the circuit according to the diagram above. Firstly, the PLD Chip was powered up by connecting pin 12 to “Ground” on the breadboard and pin 24 (VCC) to a 5 volts power supply. Then, 6 input switches are connected to the PLD Chip; pin 1 is connected to the pulser switch, pin 2 to switch 0 for “RESET” function, pin 3 to switch 1 for “PRESET” function, pin 4 to switch 2 for “a0”, pin 5 to switch 3 for “a1”, and finally pin 10 to switch 4 for “START” function. Next, pin 7 (b0) is connected to pin 21 (q0) and pin 8 (b1) is connected to pin 22 (q1) for comparison between the outputs of the counters a1a0 and b1b0. Additionally, the outputs of the comparator, pin 17 and pin 18 are connected to two LEDs, specifically LED 6 for pin 17 and LED 7 for pin 18. LED 6 should be green when a1a0 and b1b0 are not equal and turn red when they are equal, while LED 7 should be red when a1a0 and b1b0 are not equal and turn green when they are equal. Lastly, the two BCD displays are connected to the PLD Chip. There are 4 connections to each BCD display, namely D, C, B, and A. For BCD display 1 (input copy), D and C are connected to GROUND because they are not needed in a 2-bits circuit, while B and A are connected to pin 5 (a1) and pin 4 (a0) respectively to display the values of a1a0. On the other hand, for BCD display 2 (output copy), D and C are also connected to GROUND, while B and A are connected to pin 22 (q1) and pin 21 (q0) to display the values of b1b0.
3-BITS CIRCUIT IMPLEMENTATION:
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For the 3-bits circuit implementation, we wired the circuit according to the diagram above. Firstly, the PLD Chip was powered up by connecting pin 12 to “Ground” on the breadboard and pin 24 (VCC) to a 5 volts power supply. Then, 7 input switches are connected to the PLD Chip; pin 1 is connected to the pulser switch, pin 2 to switch 0 for “RESET” function, pin 3 to switch 1 for “PRESET” function, pin 4 to switch 2 for “a0”, pin 5 to switch 3 for “a1”, pin 6 to switch 4 for “a2”, and finally pin 10 to switch 5 for “START” function. Next, pin 7 (b0) is connected to pin 21 (q0), pin 8 (b1) is connected to pin 22 (q1), and pin 9 (b2) is connected to pin 23 (q2) for comparison between the outputs of the counters a2a1a0 and b2b1b0. Additionally, the outputs of the comparator, pin 17 and pin 18 are connected to two LEDs, specifically LED 6 for pin 17 and LED 7 for pin 18. LED 6 should be green when a2a1a0 and b2b1b0 are not equal and turn red when they are equal, while LED 7 should be red when a2a1a0 and b2b1b0 are not equal and turn green when they are equal. Lastly, the two BCD displays are connected to the PLD Chip. There are 4 connections to each BCD display, namely D, C, B, and A. For BCD display 1 (input copy), D is connected to GROUND because it is not needed in a 2-bits circuit, while C, B and A are connected to pin 6 (a2), pin 5 (a1) and pin 4 (a0) respectively to display the values of a2a1a0. On the other hand, for BCD display 2 (output copy), D and is also connected to GROUND, while C, B and A are connected to pin 23 (q2), pin 22 (q1) and pin 21 (q0) to display the values of b2b1b0. 
PHYSICAL IMPLEMENTATION OF CIRCUIT:
2-BITS:
[image: ][image: ]

Firstly, the PLD Chip was programmed with the 2-bit Xerox machine code by using a Wellon Programmer and the WinCUPL 5.0 Software. Then, the PLD Chip was placed onto the breadboard firmly. After that, some jumper wires were used to allow the flow of GROUND and VCC (5 volts) in the bottom two rows of the breadboard. Moving on, the PLD Chip is powered up by connecting pin 12 and pin 24 to GROUND and VCC (5 Volts) respectively. After that, the remaining pins were wired according to the description above. Lastly, the circuit was tested. For 2-bits, the maximum copies that can be made is  which is equal to 4 copies. Firstly, the RESET switch is flipped to HIGH and back to LOW to set a1a0 and b1b0 to 0. Then, a value of a1a0 less than or equal to 4 is set using switch 3 and switch 2. After that, the START switch is flipped to HIGH and the pulser switch is pressed to activate the counter b1b0. When b1b0 is equal to a1a0, LED 6 would turn from green to red while LED 7 would turn from red to green to indicate that the comparator detected the changes in equality between a1a0 and b1b0.




3-BITS:
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Firstly, the PLD Chip was programmed with the 3-bit Xerox machine code, which was modified from the 2-bit code by using a Wellon Programmer and the WinCUPL 5.0 Software. Then, the PLD Chip was placed onto the breadboard firmly. After that, some jumper wires were used to allow the flow of GROUND and VCC (5 volts) in the bottom two rows of the breadboard. Moving on, the PLD Chip is powered up by connecting pin 12 and pin 24 to GROUND and VCC (5 Volts) respectively. After that, the remaining pins were wired according to the description above. Lastly, the circuit was tested. For 3-bits, the maximum copies that can be made is  which is equal to 8 copies. Firstly, the RESET switch is flipped to HIGH and back to LOW to set a2a1a0 and b2b1b0 to 0. Then, a value of a2a1a0 less than or equal to 8 is set using switch 4, switch 3 and switch 2. After that, the START switch is flipped to HIGH and the pulser switch is pressed to activate the counter b2b1b0. When b2b1b0 is equal to a2a1a0, LED 6 would turn from green to red while LED 7 would turn from red to green to indicate that the comparator detected the changes in equality between a2a1a0 and b2b1b0.
8)DISCUSSION
	The objectives of this lab session are to introduce us to the development of a Programmable Logic Device (PLD) and also to expose us to a simple Hardware Description Language. It was without a doubt that the objectives were all properly conveyed by the end of this lab session. Each group of students were able to learn about the development of a PLD by having hands-on experience when partaking in the whole process. Students were also able to learn something about the Hardware Description Language when they had to modify the 2-bit code into a 3-bit code by studying and understanding the 2-bit code provided by the lecturer. Both of us had achieved something amazing together and also individually, which includes learning about how to properly wipe and reprogram a PLD chip, how to wire a circuit containing a PLD properly according to its schematics, and most importantly how to work together as a team by communicating and trusting each other in order to get the circuits ready and working. It had really been an amazing learning experience for both of us. 
However, there were some problems that we faced along the session. The first major problems that we faced is that we did not program our PLD properly for the 2-bit circuit implementation. There might have been some steps that we missed while burning the code into the PLD, which caused it to still be unprogrammed when we started to do our wiring according to the schematics. As a result, much time had been wasted because we rewired the whole circuit 3 times and it still would not function properly. It was only when our lecturer Mr. Firoz checked the PLD that we realize that our PLD had not been programmed the whole time. Then, we quickly programmed the PLD again and split our tasks so that one of use went ahead to start with wiring the 3-bit circuit. There were no problems for the 2-bits circuit after we reprogrammed the PLD Chip and wired the circuit again. On the other hand, the 3-bits circuit was nearly perfect apart from one minor problem, where LED 7 did not light up even after we plugged it into pin 18, which was supposed to turn from red to green when a2a1a0 is equal to b2b1b0. This problem might be caused either by some errors in the 3-bits code or by wiring the circuit wrongly somewhere. Unfortunately, time ran out and we were unable to fix this last issue with LED 7.
Some improvements can still be made to the system that we have done to further improve its performance in a future project. Firstly, we can add a small speaker to the circuit by connecting it to pin 18 so that a sound can be heard whenever a2a1a0 is equal to b2b1b0. This can slightly improve the system’s performance because it notifies the user clearly when the amount of copies is reached. Next, instead of connecting pin 1 to a pulser switch, we can connect it to a clock pulse that is activated whenever we flip the START switch to HIGH and deactivated when the required number of copies is reached. This will allow the system to automatically start the count up process as soon as we flip the START switch to high and we would not need to press the pulser switch ourselves in order to increase the value of the counter. Lastly, with the improvement of the automatic clock, we can further improve the system by adding a “CANCEL” function, which would instantly deactivate the clock and stop the count up process when the CANCEL switch is flipped to HIGH. In short, these suggestions will definitely help improve the system greatly in future projects.
9)CONCLUSION
	In conclusion, this mini project had greatly improved our knowledge and soft skills according to the objectives stated. Throughout this project, we were able to expose ourselves to the development process of a PLD which starts from writing a code using a Hardware Description Language, burning the program into the PLD using a Wellon Programmer, and then implementing our system by completing the wiring of the circuit on a breadboard. These were all great hands-on experiences for us and had undoubtedly enabled us to greatly improve our knowledge. Apart from technical knowledge, we were also able to learn and improve on our soft skills. This is because we had to have a great communication between each other and also have a strong sense of trust towards one another in order to successfully get this project completed. The soft skills that we have learned includes being patient and communicating clearly with each other to solve problems, helping out each other whenever they need help, and also mutual teaching and learning between each other where we exchange our understandings about a particular part of the circuit to come up with a best solution.
	After thorough discussion, both of us have realized that the Digital Logic Course is very important for our studies in the future as Computer Science students. This is because the Computer Science Course relies heavily on logical expressions and implementations, all of which are the basis of Digital Logic. Besides, it is important for us because knowing how to write a program is only half of the process. In order to completely implement a system by ourselves, we also need to have at least some fundamental knowledge on the electronic components and how to wire them properly according to their schematics. By learning Digital Logic, we have gained this basic knowledge of physical implementation of a circuit and we are now one step closer to being able to develop our own systems from start to finish all by ourselves. Those are the importance of learning Digital Logic in our opinion.
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11)APPENDIX:
2-Bits Xerox Code.pld:
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3-Bits Xerox Code.pld:
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/4 sascissiiasiis INDUT DINS #444ssssssssssssssins)

e el /* clock */
p1n reset ; /* reses +/
2 preset /* preset */

p1n a0

/* Comparator A */

i s = a1 ; 70

e 7 = b0 5 /* Comparator B */
e 8 = b1 ; 7

[pIN 10 = scarepee ; /% Start Printing */

/4 crascrnsiisniis QUTBUT PINS #44stisssssssssssssss

[PIN 17 = diffcmp /* XOR (A B not equal HIGH) */
[PIN 18 = sameCmp ; /* XNOR (A B equal HIGH) */
[P1N 21 = q0 ; /* output counter */

eI 22 = q1 & /* output counter */

/++4++ Funcrion Comparatorssssssrssssrrsssirrsases/|
sameCmp = ! (a03b0)&! (alsbl);

/4444 Function Clock Enabler *++4sssisssssssssssss)
clkEn=startbre & diffCmp;

/444 Function Counter 2 Bit UB +4sstsssssisiiiiiis,
field count =(ql..01;

sdefine 50 'b* 00

sdefine sl 'b’ 01

sdefine s2 'b' 10

sdefine s3 'b’ 11

count _ar=reset; /* connect reg AR to reset (Asyn Mode)
count . sp=preset; /* connect reg AR to preset (Syn Mode)

sequence count{

present s0 if clkEn next sl;
default next s0;

present sl if clkEn next s2;
default next sl;

present s2 if clkEn next s3;
default next s2;

present s3 if clkEn next s3;
default next s3;

*
*
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Name XeromMachine3BIT ;

Partio 00 ;

Date 07/12/2017 ;

Revisicn 01 ;

Designer Engineer ;

Company UTM ;
Assembly None
Locaticn ;
Device G22V10

/4 REAAEEAAREAAEEs INDUT PINS A4+44atbdssbsssisssins)

PIN 1 = clk ; /* clock */
PIN 2 = reset ; /* zeset +/

PIN 3 = preset ; /* preset */

PIN 4 = a0 ; /* Comparator A */
PIN § = al

PIN € = a2 ; o

PIN 7 = bO 7+ Comparator B +/
PIN 8 = bl ;

PIN 5 = b2 ; o

PIN 10 = startPre ; /* Start Printing */

/4 REAAREEAREEAREs QUTPUT PINS +44astdsssbsssssssiss)

PIN 17 = diffCmp /* XOR (A B not equal HIGH) */
PIN 18 = sameCmp ; /* XNOR (A B equal HIGH) */
PIN 21 = g0 /* output counter */

PIN 22
PIN 23

al; /+ output counter */

(a03b0) &1 (alshl) &!(a23b2);
diffCmp = !sameCmp ;

/4444 Function Clock Snabler 44ssssssssssssisssis,
clkEn=startPrt & diffCmp;

/+++ Function Counter 2 Bit UP *4sssisssissssssss,
field count =[q2..0];

sdefine sO 'b' 000

sdefine sl 'b' 001

sdefine s2 'b' 010

sdefine s3 'B' 011

sdefine s4 'b' 100

sdefine s§ 'b' 101

sdefine s€ 'b' 110

sdefine s7 'B' 111

count.ar=reset; /* connect reg AR to reset (Asyn Mode) ¢/
count . sp=preset; /* connect reg AR to preset (Syn Mode) */

sequence count{
presant_«0 if c1¥En nexr sl
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/* Comparator B */

e
; /* Start Printing */

/4 caasirssiissiis QUTBUT PINS ¢44stssssssssssssssss,
[PIN 17 = qiffcmp /* XOR (A B not equal HIGH) */
[PIN 18 = sameCmp /* XNOR (A B equal HIGH) */
[p1N 21 = q0 /* output counter */

[p1n 22 = q1 /* output counter */

[p1i 23 = g2

/#4444 Function Comparatorts+ssssissssssssssssins,
|sameCmp = 1 (a03b0) &! (al3bl) &!(a25b2);
a1 ££Cmp ameCmp ;.

/4444 Function Clock Enabler *444sssssssssssssssss)
[clkEn=startere & diffCmp;

/+++ Function Counter 2 Bit UP +4#sisssisssssssss)
field count =[g2..0];

sdefine s0 'b' 000

sdefine s1 'b' 001

sdefine s2 'b' 010

sdefine 53 'b' 011

sdefine s4 'b' 100

sdefine 55 'b' 101

sdefine s€ 'b' 110

sdefine 57 'b' 111

count . ar=reset; /* connect reg AR to reset (Asyn Mode) ¢/
count . sp=preset; /* connect reg AR to preset (Syn Mode) */

sequence count{
present s0 if clkIn next sl;
default next s0;
present sl if clkIn next s2;
default nexs sl;
present s2 if clkIn next s3;
default nexs s2;
present s3 if clkIn next sé;
default nexs s3;
present s4 if clkIn next sS;
default next sd;
present s5 if clkIn next sé;
default next sS;
present s€ if clkin next s7;
default next s€;
present s7 if clkin next s7;
default nexs s7;





image1.png
. UTM SCHOOL OF COMPUTING
'UNVERSIT| TEKNOLOGI MALAYSIA FHCUIW of Engineering




image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




