1. Implement key board using the left-hand-side keyboard (inside the black
blocks).

1.1 Press 0/1/2/3/4/5/6/7/8/9 and show them in the seven-segment display.
When a new number is pressed, the previous number is refreshed and
overwritten.

1.2 Press a/s/m (addition/subtraction/multiplication) and show them in the
seven-segment display as your own defined A/S/M pattern. When you press

“Enter”, refresh (turn off) the seven-segment display.

1. Specification
module LAB9 1 top(

output [7:0] cathode, // seven segment display
inout PS2_DATA, // (PIC24) USB HID Host
inout PS2_CLK, // (PIC24) USB HID Host
input rst n, // active low reset
input clk // 100MHz global clock

) ;

2. Block Diagram
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3. Finite state machine

4t

VARYY

4. Implement

ANRAE R PV MR 0 BRI A RS L - InE
Bty KeyboardDecoder.v » 2EFE AT DA{E A E output last_change A H e 2 —
(B aAE - RRE — BT T 2 1% - last_change HY(E LS SRR E
T FHRAY scan-code > AT DA 6 last_change #2E(—{[ scan-code 8 SSD HYfi#HE



SRHITE] o FE-E LABY_1_TOPv HJNZ °

15 KeyboardDecocder KeyboardDecoder (

16 .key_down,

17 -last_change,

18 .key_valid,

19 .PS2 DATA,

20 .PS2 CLK,

21 .rst(~rst n),

22 .clk

23 )i

24

25 ps2 ssd decode ps2 ssd decode (
26 .ssd (cathode) ,

27 .ps2(last_change[7:0])
28 );
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5. Conclusion
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2. Implement a single digit decimal adder using the left-hand-side keyboard
(inside the black blocks). Use the key board as the input and display the results
on the 7-segment display (The first two digits are the addend/augend, and the

last two digits are the sum).

1. Specification
module LAB9 2 top(

output [7:0] cathode, // seven segment display
output [3:0] anode, // seven segment display
inout PSZ_DATA, // (PIC24) USB HID Host
inout PSZ_CLK, // (PIC24) USB HID Host
input rst n, // active low reset
input clk // 100MHz global clock
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2. Block Diagram
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3. Finite state machine
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56 reg [1:0] state; // {addend or augeng, key pressed}
57

58 always @(posedge key_valid or negedge rst_n)

59 if (~rst _n) state <= 'b0;

60 else state <= state - 'bl;
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65 always @(negedge key valid or negedge rst n) begin

66 if (~rst n) begin

67 addend <= 'b0;

68 augend <= 'b0;

69 end else begin

70 case (state[l])

71 1'bl: begin

72 addend <= last change bcd;
73 augend <= augend;

74 end

73 1'b0: begin

76 addend <= addend;

77 augend <= last change bcd;
78 end

79 default: begin

80 addend <= 'b0;

81 augend <= 'b0;

82 end

83 endcase

84 end

85 end



4. Implement
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87 ssd_ctrl ssd_ctrl(

88 .cathode,

89 .anode,

90 .becd0 ( (addend + augend) % 5'dl0),
91 .bcdl ((addend + augend) / 5'dl0),
92 .bcd2 (augend) ,

93 .bcd3 (addend) ,

94 .clk,

o) .rst_n

96 );
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5. Conclusion
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3. Implement a two-digit decimal adder/subtractor/multiplier using the right-
hand-side keyboard (inside the red block). You don’t need to show all inputs and
outputs at the same time in the 7-segment display. You just need to show inputs

when they are pressed and show the results after “Enter” is pressed.

1. Specification

[F]56 -

2. Block Diagram
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3. Finite state machine
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90 reg [3:0] keyinl;

91 reg [3:0] keyin2;

92 reg [3:0] keyin3;
93 reg [3:0] operator;
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reg [3:0] display0;
reg [3:0] displayl;
reg [3:0] display2;
reg [3:0] display3;
wire [6:0] numberh;
wire [6:0] numberB;
wire [6:0] answer;

assign numberA = keyin0 * 10 + keyinl:;

assign numberB = keyin2 * 10 + keyin3;

assign answer = (operator == ADDITION)
(operator == SUBTRACTION)

? (numberiA + numberB) :
? (numberA - numberB) :

(operator == MULTIPLICATION) ? (numberZ * numberB) : ('b0):
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79 reg [3:0] state;

80

81 always @(posedge key_valid or negedge rst_n) begin
82 if (~rst_n) state <= 'b0;

83 else state <= (state < 4'hB)

84 ? (state + 1'bl)

85 : ('b0);

86 end
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136 always @(negedge key valid or negedge rst n) begin
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137 if (~rst_n) begin
138 keyin0 <= 'b0;
n2)E) keyinl <= 'b0;
140 keyin2 <= 'b0;
141 keyin3 <= 'b0;
142 operator <= 'po;
143 display0 <= 4'hF;
144 displayl <= 4'hF;
145 display2 <= 4'hr;
146 display3 <= 4'hF;
147 end else begin

FE PR——FIHATA state BEEVENE o JefRFFRIEHZHY input £ ABINEHEY
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147 end else begin
148 case (state)
149 4'hl: begin
150 keyinO <= last_change_bcd;
157! display0 <= last_change_bcd;
152 displayl <= 4'hF;
153 end
154 4'h3: begin
155 keyinl <= last_change_bcd;
156 display0 <= last_change_bcd;
157 displayl <= display0;
158 end

v .
PR R F&HY input 7 A operator > 41T e
L 4'h5: begin
160 operator <= last_change_bcd;
161 display0 <= last change bcd;
162 displayl <= 4'h¥;
163 end

/
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164 4'h7: begin
165 keyin2 <= last_change bcd;
166 display0 <= last_change bcd;
167 displayl <= 4'h¥i;
168 end
169 4'h%: begin
170 keyin3 <= last_change bcd;
171 display0 <= last_change_bcd;
157/ displayl <= display0;
173 end

EHGIRREER T HRHE FHEHY inpue 7 ABIIBEDIEEY A Bk (E i Bz 51 > [FE
i BCD {F A display0 ~ display3 - DAB[JHRF 52 (s I & HO S A BEDR 28 L © fg
I enter i > JIRE Bl R EREIREURNBUREGS E > A0F -

173 end

174 4'hB: begin

175 display0 <= answer % 10;
176 displayl <= answer / 10;
177 end
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178 default: begin

179 keyinQ <= keyin0;
180 keyinl <= keyinl;
181 keyin2 <= keyin2;
182 keyin3 <= keyin3;
183 operator <= operator;
184 display0 <= display0:;
185 displayl <= displayl;
186 display2 <= display2;
187 display3 <= display3;
188 end

189 endcase

190 end

191 end

4. Implement
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34 reg [8:0] last_change_bcd;

g5 localparam ADDITION = 4'hA;
36 localparam SUBTRACTION = 4'hB;
i localparam MULTIPLICATION = 4'hC
38 localparam ENTER = 4'h

last_change_bcd

65 8'h = ADDITION;

66 8'h last_change_bcd = SUBTRACTION;

67 8'h last_change_bcd = MULTIPLICATION;
68 / enter

69 8"h5A: last chanae bcd = ENTER;
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5. Conclusion
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4. Implement the “Caps” control in the keyboard. When you press A-Z and a-z in
the keyboard, the ASCII code of the pressed key (letter) is shown on 7-bit LEDs.
4.1 Press “Caps Lock” key to change the status of capital/lower case on the
keyboard. Use a led to indicate the status of capital/lowercase in the keyboard
and show the ASSCII code of the pressed key on 7-bit LEDs.

4.2 Implement the combinational keys. When you press “Shift” and the letter keys
at the same time, 7-bit LEDs will show the ASCII code of the uppetcase /
lowercase of the pressed letter when the “Caps Lock” is at the lowercase /

uppercase status.

1. Specification
module LAB9 4 top(

output caps, // capital/lowercase
output reg [6:0] ascii, // pressed key

inout PSZ_DATA, // (PIC24) USB HID Host
inout PSZ_CLK, // (PIC24) USB HID Host
input rst n, // active low reset
input clk // 100MHz global clock

) ;

2. Block Diagram
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4. Implement
PBEET KeyboardDecoder.v o 788 H 85 B A H o111y key_down ( FHZRHET capslock
Eil shift ) ~ B last_change ( FHZRHNETE PRV SCFREE a ~ 2 FHIIE—{E) -

12 wire [511:0] key down;
13 wire [8:0] last_change;

14 wire key valid;
15

16 KeyboardDecoder KeyboardDecoder (
17 .key down,

18 .last_change,

19 .key valid,

20 .PS2_DATA,

21 .PS2 CLK,

22 .rst(~rst_n),

28 .clk

24 );
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26 reg caps_lock;

21

28 always @(negedge key down[9'h0O 58] or negedge rst _n) begin

29 if (~rst_n) caps_lock <= 0;

30 else caps_lock <= ~caps_lock;

318 end

32

33 assign caps = caps_lock ~ (key down[9'hO 12] | key down[9'hO 59]);
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5. Conclusion
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