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3Figure 1 – Default Keyboard Layout
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1. Introduction

Communicating with the keyboard is an essential part to any working computer system. The keyboard is a time tested interface device that allows the user to enter in any letter as well as numerous other functions. This laboratory assignment will teach the designer how to interface with a PS/2 keyboard. Each key has an associated “make” and “break” code. These codes are shown below with the corresponding key.
[image: image1.emf]
Figure 1 – Default Keyboard Layout
The following table is a list of the make and break codes for each key.

	KEY 
	MAKE 
	BREAK 
	KEY 
	MAKE 
	BREAK 
	KEY 
	MAKE 
	BREAK 

	A 
	1C 
	F0,1C 
	9 
	46 
	F0,46 
	[ 
	54 
	FO,54 

	B 
	32 
	F0,32 
	` 
	0E 
	F0,0E 
	INSERT 
	E0,70 
	E0,F0,70 

	C 
	21 
	F0,21 
	-
	4E 
	F0,4E 
	HOME 
	E0,6C 
	E0,F0,6C 

	D 
	23 
	F0,23 
	= 
	55 
	FO,55 
	PG UP 
	E0,7D 
	E0,F0,7D 

	E 
	24 
	F0,24 
	\ 
	5D 
	F0,5D 
	DELETE 
	E0,71 
	E0,F0,71 

	F 
	2B 
	F0,2B 
	BKSP 
	66 
	F0,66 
	END 
	E0,69 
	E0,F0,69 

	G 
	34 
	F0,34 
	SPACE 
	29 
	F0,29 
	PG DN 
	E0,7A 
	E0,F0,7A 

	H 
	33 
	F0,33 
	TAB 
	0D 
	F0,0D 
	↑ 
	E0,75 
	E0,F0,75 

	I 
	43 
	F0,43 
	CAPS 
	58 
	F0,58 
	← 
	E0,6B 
	E0,F0,6B 

	J 
	3B 
	F0,3B 
	L SHFT 
	12 
	FO,12 
	↓ 
	E0,72 
	E0,F0,72 

	K 
	42 
	F0,42 
	L CTRL 
	14 
	FO,14 
	→ 
	E0,74 
	E0,F0,74 

	L 
	4B 
	F0,4B 
	L GUI 
	E0,1F 
	E0,F0,1F 
	NUM 
	77 
	F0,77 

	M 
	3A 
	F0,3A 
	L ALT 
	11 
	F0,11 
	KP / 
	E0,4A 
	E0,F0,4A 

	N 
	31 
	F0,31 
	R SHFT 
	59 
	F0,59 
	KP * 
	7C 
	F0,7C 

	O 
	44 
	F0,44 
	R CTRL 
	E0,14 
	E0,F0,14 
	KP -
	7B 
	F0,7B 

	P 
	4D 
	F0,4D 
	R GUI 
	E0,27 
	E0,F0,27 
	KP + 
	79 
	F0,79 

	Q 
	15 
	F0,15 
	R ALT 
	E0,11 
	E0,F0,11 
	KP EN 
	E0,5A 
	E0,F0,5A 

	R 
	2D 
	F0,2D 
	APPS 
	E0,2F 
	E0,F0,2F 
	KP . 
	71 
	F0,71 

	S 
	1B 
	F0,1B 
	ENTER 
	5A 
	F0,5A 
	KP 0 
	70 
	F0,70 

	T 
	2C 
	F0,2C 
	ESC 
	76 
	F0,76 
	KP 1 
	69 
	F0,69 

	U 
	3C 
	F0,3C 
	F1 
	05 
	F0,05 
	KP 2 
	72 
	F0,72 

	V 
	2A 
	F0,2A 
	F2 
	06 
	F0,06 
	KP 3 
	7A 
	F0,7A 

	W 
	1D 
	F0,1D 
	F3 
	04 
	F0,04 
	KP 4 
	6B 
	F0,6B 

	X 
	22 
	F0,22 
	F4 
	0C 
	F0,0C 
	KP 5 
	73 
	F0,73 

	Y 
	35 
	F0,35 
	F5 
	03 
	F0,03 
	KP 6 
	74 
	F0,74 

	Z 
	1A 
	F0,1A 
	F6 
	0B 
	F0,0B 
	KP 7 
	6C 
	F0,6C 

	0 
	45 
	F0,45 
	F7 
	83 
	F0,83 
	KP 8 
	75 
	F0,75 

	1 
	16 
	F0,16 
	F8 
	0A 
	F0,0A 
	KP 9 
	7D 
	F0,7D 

	2 
	1E 
	F0,1E 
	F9 
	01 
	F0,01 
	] 
	5B 
	F0,5B 

	3 
	26 
	F0,26 
	F10 
	09 
	F0,09 
	; 
	4C 
	F0,4C 

	4 
	25 
	F0,25 
	F11 
	78 
	F0,78 
	' 
	52 
	F0,52 

	5 
	2E 
	F0,2E 
	F12 
	07 
	F0,07 
	, 
	41 
	F0,41 

	6 7 
	36 3D 
	F0,36 F0,3D 
	PRNT SCRN SCROLL 
	E0,12, E0,7C 7E 
	E0,F0, 7C,E0, F0,12 F0,7E 
	. / 
	49 4A 
	F0,49 F0,4A 

	8 
	3E 
	F0,3E 
	PAUSE 
	E1,14,77, 
	-NONE-
	
	
	

	
	
	
	
	E1,F0,14, 
	
	
	
	

	
	
	
	
	F0,77 Table 1 
	
	
	
	


The keyboard interfaces with the system in a rather interesting way. The keyboard will only be allowed to send data when the clock and the data line are high. This prevents miscommunication when data is being sent to the system but the system is not ready to receive the data. This assignment is the first one to use a bi-directional communication port. As you will see later, there are lines that are both inputs and outputs. 

[image: image2.emf]
Figure 2 - Keyboard Communication
2. Pre-Lab


There was no defined pre-lab assignment for this lab. Although there was no written assignment it was valuable to read the assignment before hand and plan a strategy for each of the modules that this laboratory assignment will require.

3. Experiment and Results

3.1. Description 
This laboratory assignment has various objectives throughout but the goal is to create a system that will read the information coming from the keyboard and then display it for a 3 second period on the seven segment display. Completing this will require the reuse of blocks that were previously developed in prior labs. 
3.2. Keyboard Clock Manager
This module will be used to control the clock signals that will be used in other components of this system. The input to the system is the clock signal from the keyboard. This block uses a bi-directional input so that both the keyboard and the FPGA can communicate. This module was created using the schematic below. After that the test bench waveform for this module was used to verify its functionality. 
[image: image3.emf]
Figure 3 - Keyboard Clock Manager
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Figure 4 - Keyboard Clock Manager Testbench

As you can see from this waveform the module only works when CE is pulled high. This will allow for complete control of the communication.
[image: image5.emf]
Figure 5 - Test Circuit for Keyboard Clock Manager

[image: image6.emf]
Figure 6 - Constraints File for Keyboard Clock Manager

What I did with this circuit was to first start the program with the SW0 switch off. I then tried to type something on the keyboard and noticed that nothing seemed to happen. Once I put the SW0 switch to be on the LED closest to the switch began to blink. Using the oscilloscope I was able to view the direction and orientation of the data coming from the keyboard. It would have been a good idea to take a screen shot of the data at the time but unfortunately the oscilloscope required a flash drive to save the screen and I lacked that at the time. 
3.3. Parity Unit 
This module is a verification tool that will allow the system to detect errors in the communication process. The process is called a parity check. This unit counts the number of ones that are present in the bit stream. It will result in a 1 if the number is even and a zero if the number is odd. If this parity bit does not match with the signal then this creates a parity error. The schematic for the parity unit is shown below in Figure 8.
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Figure 7 - Parity Circuit
3.4. Keyboard Control Unit
The control unit called for a state machine similar to Figure 8. This machine will remain idle unit the Din input goes low. Once this occurs every subsequent low on the Din line will further the state machine until it receives all the data. The falling edge flip flops were used because the data from the keyboard is sent in a reverse order. The resulting schematic is shown below in Figure 9.
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Figure 8 - Keyboard Control Unit State Machine
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Figure 9 - Keyboard Control Unit Schematic

3.5. Keyboard Data Path
The next module to be created was the data path for the keyboard information. To accomplish this I used a 16bit falling edge shift register as well as an 8bit rising edge register. I used two parts that were present in the Xilinx system the sr16ce_1 and the sr8cle respectively. The block diagram is shown below.
[image: image10.emf]
Figure 10 - Keyboard Datapath
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Figure 11 - Keyboard Data Path Schematic

After this I connected all the modules that had been created so far. The block diagram for these connections is shown below. 

3.6. Process Data Unit
The final module that was to be built was the process data unit. This module will allow the queue in the keyboard to control the information coming into the system. This module was also a state machine although a much simpler one. This will display the code for the key that was pressed on the seven segment display for a period of 3 seconds. After the 3 seconds it will then reset it self and allow the next code to be displayed. The state machine is described below followed by the schematic.
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Figure 12 - Process State Machine
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Figure 13 - Process Data Schematic
With this complete I was able to hook up the entire system as shown below.
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Figure 14 - Full Keyboard Schematic

The constraints file used for this schematic is as follows.
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Figure 15 - Constraints File

4. Conclusion 
This lab was very intense. There were many parts that drew on different aspects that we have learned in this class. In the end I was unable to full accomplish the lab. It seemed that any key with a LSB of 1 would have the LSB read as a 0. This created situations where the space key for example would display 28 instead of 29. Due to time constraints I wasn’t fully able to debug this portion. 
This lab taught me how the keyboard works and how to interface with it. 
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