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[bookmark: _Toc28526459]BACKGROUND
In this mini-project we are tasked with recreating this invention (XEROX machine) using the knowledge that we have gained from learning Digital Logic throughout semester 1.
This mini-project implement 3 different component on a single GAL device. Those components are:
· 3-bit count up counter
· 3-bit comparator
· Clock disabler

[bookmark: _Toc28526460]PROBLEM
	The main problem in this project is to gain the understanding of how a Xerox machine works. We were required to use our skill and knowledge in Digital Logic to form the basic function of a Xerox machine. To do that, the user will initially enter the amount of copies, the counter will counter the number of copies that has been photocopied. The machine will stop once the required number of copies is produced.
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The objective of this laboratory are to introduce the students:
· The development of a PLD device.
· A simple Hardware Description Language
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	· Switches	
	to set the required number of copies

	· Synchronous counters
	to count the number of copies that had been made

	· Comparator
	to compare the number of copies required and     number of copies produced


	· Clock enabler
	to start the operation of the counter.
 If copies produced < required copies, counter will count up, else counter will stop counting
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	PLD
	A programming logic device (PLD) is an electronic component used to build reconfigurable digital circuit. In this project, it is used to test out the programming file of the project. 


	
	ATMEL also known as Atmel Corporation design and manufacture semiconductors and many more. They make a lot of products and one of them is the microcontrollers being the biggest factor in sales. In this project, their PLD is used in this 


	Breadboard

	A breadboard is a solderless device for temporary prototype with electronics and test circuit designs

	GAL 22V10

	· The GAL22V10 has 12 input pins, and 10 pins that can be configured as either inputs or outputs. The GAL22V10 is a series of programmable-logic devices, implemented as CMOS-based generic array logic ICs.


	ETS-5000 Digital Training Kit

	The ETS-5000 Advanced Digital Training System is designed for the beginners to enhance the comprehension of advance digital theory

	Wellon Universal Programmer & Tester

	A software used to burn the coding into a Programmable Logic Device (PLD).


	WinCUPL 5.0 Software

	A software used to do coding which will be used to program a PLD.






[bookmark: _Toc28526465]CIRCUIT IMPLEMENTATION 

[image: ]

The figure above is a block diagram of the components used to build the Xerox machine. The counter, comparator and clock enabler are the important parts in this machine. The counter is used to calculate the number of copies that has finished copying while the comparator is used to check whether the number of copies is sufficient or not. 
Next, the clock enabler functions to start the machine when the number of copies that are copied match the number of copies asked. Finally, the machine will display the required number of copies and the number of copies printed.
Other than that, a 3-bit switch is used, so that users can enter number of copies from 0 to 7. To compare the copies required and printed, 3-bit comparator is used because it is compatible with 3-bit switch. The machine will continue to function and only will cease function only when the required number of copies matches with number of copies printed. The machine will only function only when the user on the switch.
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First and foremost we done the coding of PLD programming and wiring the IC on ETS5000 training kit. For that  overwrite the generated code in WinCUPL. Then we compiled it and brought the XXXJED file to the lab and programmed  the code into GAL22V10 IC. After programming the IC, we tested our circuit as we wiring the IC on ETS5000 training kit. Secondly , we created our own Xerox machine on DEEDS program with the components provided in the lab .
  	In the making of this project we learnt to communicate  and carry out the project as a team .  We did the mistake when we forgot to program the XXXJED file to the IC and so the 7-segment display nothing . Thus by communicating with the team member we abled to identify the mistake and rectify it to make sure our functionality of our project . 
We able to create our own working PLD device by writing the code in WinCUPL and program the IC in Wellon and we see this as our biggest achievement in this project that stood as the the core of the project . Apart from that , we also able to learn and implement  a simple Hardware Description Languages to code our logic function for our mini project, which is Xerox machine.
Finally , we conclude here that our project is a success since we are abled to create our own XEROX and able to run it . We suggest that , we should be more careful in programming the code needed for the project and also be more careful while wiring . 
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From this project, we learned a lot of new things . We learnt how to use the Wellon Universal Programmer and how to open a file in PLD . We learnt to do wrk as a team and communicate with team member to do the work . We learnt how to program the logic gate and we also learnt some important coding for that purpose . We understand that Digital Logic is one of the main subject that offer us countless knowledge regarding the computer science field.
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Name XeroxMachine2BIT ;
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Revision 01 ;
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PIN 1 = clk /* clock */
PIN 2 = /* reset +/

PIN 3 = /* preset */

PIN 4 = /* Comparator A */
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PIN 7 = /* Comparator B */

PIN & = Fig s

PIN 5 =

PIN 10 = startPre ; /* Start Printing */
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PIN 17 = diffCmp ; /* XOR (A B not equal HIGH) */
PIN 18 = sameCmp ; /* XNOR (A B equal HIGH) */
PIN 21 = q0 ; /* output counter */

PIN 22 = ql ; /* output counter */

PIN 23 = q2 ;

/+++++ Function Comparator*t+++itististssssvsstars/
sameCmp = !(a03b0)&! (al$bl)&! (a23b2);
dif£Cmp = |sameCrmp

/*+++ Function Clock Enabler *+4+ssisssssssissssss)
clkEn=startPrt & diffCmp;

/*+* Function Counter 2 Bit UP +++
field count =(q2..0];

sdefine 50 'b' 000

sdefine s1 'b' 001

sdefine 52 'b' 010

tdefine s3 'b' 011

sdefine s4 'b' 100

tdefine s5 'b' 101

sdefine s€ 'b' 110

tdefine s7 'b' 111

drraasaanay

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

sequence count {
e i s R
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[PIN 1 = clk ; /* clock */

PIN 2 = reset ; /* reset */
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p1N 4 = a0 ; /* Comparator A */

[PIN 5 = al iy

p1N 7 = bO ; /* Comparator B */

[PIN 8 = b1 ; -y

PIN 10 = starcPre ; /* Start Printing */

/4 sasssssssssssss QUIDUT DINS +4sesssssssssssssssssy

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

p1N 22 = q1 ; /* output counter */

/+++++ Function Comparatorts+sssssissasssssssasunsy
sameCmp = ! (a0$b0)&! (al3bl);

diffCmp = |sameCmp

/4444 Function Clock Enabler ++++sssisssssssssssss/

clkEn=startPre & diffCmp;

/444 Function Counter 2 Bit UP +4sssssssssssssssss/

field count =[ql..0];
sdesine 50 'b' 00
[sdefine s1 'b* 01
sdefine 52 'b’ 10
sdefine s3 'b’ 11

count . ar=reset;
count . sp=preset;

e
e

sequence count{
present s0 if clkin
default next
present sl if clkin
default next
present s2 if clkin
default next
present s3 if clkin
default next

connect
connect

next
s0;
next
s1;
next
s2;
next
s3;

reg AR to reset (Asyn Mode)
reg AR to preset (Syn Mode)
s1;
s2;
s3;

s3;

*
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