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PS/2 Keyboard/Mouse

ps2_keyboard

ps!
ow ps2

ps2_clk

ps2_data | start [ dg [ dy [ dy [ ds [ dy [ ds [ dg [ dy [parity[ stop
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ps2_keyboard.v

‘timescale 1ns/1ns

module ps2_keyboard (clk,clrn,ps2_clk,ps2_data,rdn,data,ready,overflow);

input clk, clrn;

input ps2_clk, ps2_data;
input rdn;

output [7:0] data;

output ready;

output reg overflow;

reg [9:0] buffer;

reg [7:0] fifol[7:01;
reg [3:0] count;

reg [2:0] w_ptr,r_ptr;
reg [3:0] ps2_clk_sync;
always @ (posedge clk)

ps2_clk_sync <= {ps2_clk_sync[2:0],ps2_clk};

wire sampling = ps2_clk_sync[3] &
ps2_clk_sync[2] &
~ps2_clk_sync[1] &
~ps2_clk_sync[@];

always @ (posedge clk) begin
if (!clrn) begin

count <= 0Q;
w_ptr <= 0;
r_ptr <= 0;
overflow <= 0;

50 MHz

ps2 clock, ps2 data
read, active low
8-bit code

code ready

fifo overflow
ps2_data bits
circular fifo

count ps2_data bits
fifo w/r pointers
for detecting falling edge

shift ps2_clk left

1

1

Q

0: had a falling edge

on reset

clear count
clear w_ptr
clear r_ptr
clear overflow

AV a— KL
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ps2_keyboard.v

end else if (sampling) begin
if (count == 4’d10) begin

if ((w_ptr + 3’b1) != r_ptr) begin
fifolw_ptr] <= buffer[8:11];
w_ptr <= w_ptr + 3’b1;
end else begin
overflow <= 1;
end
end
count <= 0;
end else begin
buffer[count] <= ps2_data;
count <= count + 4’b1;
end
end
if (!rdn && ready) begin
r_ptr <= r_ptr + 3’b1;
overflow <= 0;
end
end

assign ready
assign data
endmodule

(w_ptr != r_ptr);
fifolr_ptr];

//
//

//
//

//
//
//
//

//
//
//

//
//

if sampling
if got one frame

if ((buffer[@] == @) && (ps2_data) && (*buffer[9:1]1)) begin

w_ptr++

overflow

for next frame
else

store ps2_data
count++

on cpu read
r_ptr++
clear overflow

fifo is not empty
code byte

AR S R
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ready

..:I-;'t,:, start| 1 1 0 1 0 0 1 0 p stdp
l:::)::::::::l"l

start d0 dl stop

/A
7

0x4b redeived F
4b i

N

The keyboard sends Scan Code to the keyboard
controller
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@ The Scan Code consists of Make Code and Break
Code

@ For example, if you pressed a key ‘L’ and release it
immediately, the keyboard controller will give you a
scan code of three bytes: 0x4b 0xf0 0x4b.

@ Ifyou pressed a key ‘Left Shift’, then ‘L’, and release
‘L’ and then ‘Left Shift’, the keyboard controller will
give you the scan codes of six bytes: 0x12 0x4b 0xf0
0x4b 0xf0 0x12. That is,

Ox4b 0xfo 0x4b : “1' (ASCII 0x6c)
0x12 Ox4b 0xfo Ox4b 0xfo 0x12 : L' (ASCII 0x4c)
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Some Keys’ Scan Codes

Key MakeCode BreakCode
[1 1] 16 ... 16 f0 16
[2 "] le ... le f0 le
[ 3 #] 26 . 26 fo 26
(4 $] 25 ... 25 fo 25
[5 %] 2e ... 2e fo 2e
[6 &]] 36 ... 36 fo 36
[7 '] 3d ... 3d fo 3d
[8 (] 3e . 3e fo 3e
[9 )] 46 ... 46 fo 46
[0 ] 45 ... 45 fQ 45
[A ] 1c ... 1c fo 1c
B ] 32 ... 32 fo 32
[C ] 21 ... 21 fo 21
[D 23 . 23 fo 23
[E ] 24 . 24 fo 24
[F ] 2b ... 2b fo 2b
[G ] 34 . 34 fo 34
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Some Keys’ Scan Codes

[H ] 33 33 fo 33
(I ] 43 43 fo 43
[T ] 3b 3b fo 3b
(K] 42 42 fo 42
(L] 4b 4b O 4b
(M ] 3a 3a 0 3a
N ] 31 31 fo 31
[0 ] 44 44 fQ 44
[P 4d 4d fo 4d
[Q ] 15 15 fo 15
R ] 2d 2d fo 2d
[S ] 1b 1b fo 1b
[T ] 2¢C 2c fo 2c
(U ] 3c 3c fO 3c
[V ] 2a 2a 0O 2a
W] 1d 1d fo 1d
[X ] 22 22 fo 22
[Y ] 35 35 fo 35
[Z ] 1a 1la fo 1a
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Some Keys’ Scan Codes

[- =] ... 4e ... 4e O 4e
[~ ~] ... 55 ... 55 f@ 55
[\ ] ... 6a ... 6a f0 6a
(@ ~] ... 54 ... 54 f0o 54
[ {1 ... 50 ... 5b f@ 5b
[; +1 ... 4c ... 4c fO 4c
[: x] ... 52 ... 52 fo 52
[1 3] ... 5d ... 5d f@ 5d
[, <] ... 41 ... 41 fo 41
[. >] ... 49 ... 49 fo 49
[/ ?] ... 4a ... 4a f0 4a
[\ 1 ... 51 ... 51 fo 51
[Tab] . od ... od fo ed
[Enter] ... 5a ... 5a f0 5a
[Space] ... 29 ... 29 fo 29
[Back space] ... 66 ... 66 f@ 66
Esc] . 76 ... 76 fo 76

Shlft] 12 ... 12 fo 12
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Some Keys’ Scan Codes

[R Shift] ... 59 ... 59 fo 59

[L Ctrl] ... 14 ... 14 fo 14

[L Alt] ... 11 ... 11 fo 11

[R Ctrl] ... ed 14 ... ed 14 e0 f0 14
[R Alt] ... ed 11 ... ed 11 e0 f0 11
[L Arrow] ... ed 6b ... e@ 6b e0 fO 6b
[R Arrow] ... ed 74 ... eQ 74 e0 fo 74
[U Arrow] ... ed 75 ... e@ 75 e0d f0 75
[D Arrow] ... ed 72 ... e 72 €0 f0 72
[L Windows] ... ed 1f ... ed 1f e0 fO 1f
[R Windows] ... e 27 ... e0 27 e0 fo 27
[Insert] ... ed 70 ... e0 70 e0 f0O 70
[Delete] ... ed 71 ... ed 71 e0 f0O 71
[Home] ... ed 6¢c ... ed 6¢c ed fO 6¢C
[End] ... ed 69 ... e 69 e0 fO 69
[PageUp] ... ed 7d ... e0 7d e0 fo 7d
[PageDown] .. ed 7a ed 7a ed fo 7a
[Pause] el 14 77 el fo 14 fo 77
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VGA

VGA: Video Graphics Array (Standard VGA: 640 X 480)

Display I:I
B

)/ Horizontal Vertical

synchronization synchronization

I:l
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VGA Timing

96 48 640 16

= e 58 53

, : g ]
80 640 x 480

10

>
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VGA Timing

| 96 |48I

640 I 16 |

One line (640 pixels) |

480 /|10|

o .

One frame (480 lines) |

TRBOR R 21
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VGA Connector

VGA controller DAC (_\

O
=
=

_addr[9:0]

VGA_B

o006 656

0 0 0 O
0O 0 0 0 O

w
—
w

VGA_VS
VGA_HS

RGB: 24 bits, true color (b w )L —71 7 —)
2% =16,777,216 i (#1677 /i fh)
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‘timescale 1ns/1ns

module vgac (vga_clk,clrn,d_in,row_addr,col_addr,rdn,r,g,b,hs,vs); // vgac
input [23:0] d_in; // rrrrrrrr_gggggggg_bbbbbbbb, pixel
input vga_clk; // 25MHz
input clrn;

output reg [8:0] row_addr; // pixel ram row address, 480 (512) lines
output reg [9:0] col_addr; // pixel ram col address, 640 (1024) pixels

output reg [7:0] r,g,b; // red, green, blue colors, 8-bit for each
output reg rdn; // read pixel RAM (active low)
output reg hs,vs; // horizontal and vertical synchronization

// h_count: vga horizontal counter (0-799 pixels)
reg [9:0] h_count;
always @ (posedge vga_clk or negedge clrn) begin
if (!clrn) begin
h_count <= 10’ho;
end else if (h_count == 10’d799) begin
h_count <= 10’ho;
end else begin
h_count <= h_count + 10’h1;
end
end
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// v_count: vga vertical counter (0-524 lines)
reg [9:0] v_count;
always @ (posedge vga_clk or negedge clrn) begin
if (!clrn) begin
v_count <= 10’ho;
end else if (h_count == 10’d799) begin
if (v_count == 10’d524) begin
v_count <= 10’ho;
end else begin
v_count <= v_count + 10’h1;
end
end
end
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// signals, will be latched for outputs

wire [9:0] row = v_count - 10’d35; // pixel ram row address
wire [9:0] col = h_count - 10’d143; // pixel ram col address
wire h_sync = (h_count > 10’d95); // 96 -> 799
wire v_sync = (v_count > 10’d1); // 2 -> 524
wire read = (h_count > 10’d142) && // 143 -> 782 =
(h_count < 10’d783) && // 640 pixels
(v_count > 10°d34) && // 35 -> 514 =
(v_count < 10’d515); // 480 lines

// vga signals
always @ (posedge vga_clk) begin

row_addr <= row[8:0]; // pixel ram row address
col_addr <= col; // pixel ram col address
rdn <= ~read; // read pixel (active low)
hs <= h_sync; // horizontal synch
Vs <= v_sync; // vertical  synch
r <= rdn ? 8h0 : d_in[23:16]; // 8-bit red
g <= rdn ? 8’h0 : d_in[15:087; // 8-bit green
b <= rdn ? 8’h0 : d_in[07:00]; // 8-bit blue
end
endmodule
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Simulation (First Pixel)

Ficaunt =0 J140 J141 fi42 Y143

J144

195 N4 147 J145  J149

col addr no19 1020 f1021 1022 1073

=

I3

5

hs

h_count =144

v_counk 35

v_count 35

row_addr 0

vga pixel |<row,col> F# <0,0>

W

/

rdn

read vram

55zaff| pixel 0x55aaff

aa

J55 red 0x55

ag

Jaa grleen Oxaa

aa

JFF blue Oxff

Mo

bt N

> TEBUK AL

IV a— kR L #EE (12)

o6 00 ns
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Simulation (One Frame)

h_count (705

7oe 797 7o 799

L 3 B

ol addr 551

652 J553 oS4 JBoS

St Jool  Jooe  JAaes  jood  Joas

hs

h_cpunt + 0

v_counk 524

v_count T

row_addr 459

477

W

rdn

do not read vram

red = 0

green = 0

blue =

> TEBUK AL

3 400, 000 ns

IV a— kR L #EE (12)

3 400, 100 ns

2024 4£ 12 A 19 H (K) 39/50



Graphics Mode and Text Mode of VGA

ps2_keyboard CPU video_ram vgac

Keyboard

font_table

(a) Graphics mode (store pixels to RAM)

ps2_keyboard  CPU char_ram vgac

Keyboard
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ASCII Font Example

0 1 2 3 4 5] 6 7 8 9 a b © d e &
00 00 00 00 00 00 o 000 00 00 00 1
00 00 00 00 00 000000 00 OO0 00 00 00 00 00 00 00 00 00
00 o o 00000 00 0 O 00 00 00
20 00 00 00 000000 00 000 00 00 00 0000000 000000 000000 00
000 00 000 00 00
00 00 O 000000 00 00 00 00 00 o0 00 00 00 00
00 00 00 O 00 00 O 00 00 o
o
0000 00 00000 00000 00 00 000000 0000 000000 0000 0000 00 00 0000
00 00 00 00 00 00 OO 00 00 00 0 00 00 00 00 00 00 00
00 000 000 00 00 00 00 00 00 00 00 0o 00 00 000000 0o 00
30 000 00 00 0000 0000 000000 00000 ‘00000 00 00000 00 00 00 000
00 00 00 00 00 00 00 00 00 0o 000000 00 0
00 00 00 00 00 00 00 00 00 00 00 00 00 00
0000 0000 00000 00000 00 00000 0000 00 0000 0000 00 00 00 00
o
O 00000 0000 00000 000000 000000 00 00 00 0000 00000 0O 00 00 00 00 0000
00 00 00 00 00 00 00 0 00 00 00 00 O 00 00 00 00 00 000 000 00 00 00 00
00 000 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0000000 000 00 00 00
40 00 O O 000000 00000 00 00 00 00000 00000 00 000 000000 00 00 000 00 00 O 00 000000 00 00
00 00« 00 00 00 00 00 00 00 00 00 0 00 00 00 00 O 00 00 00 000 00 0O
00 00 00 00 OO0 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 00 00 OO0
00000 00 0O 00000 0000 00000 000000 00 0000 00 00 0000 000 00 00 000000 00 00 00 OO0 0000
0000 00000 00000 000000 00 00 00 00 00 00 00 00 00 00 000000 0000 o 0000 o
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 O 0 00 000
00 00 00 00 00 00 00 00 00 00 00 00 00 O 00 0000 00 00 00 00 0o 00 00 00
50 00000 00 00 00000 0000 00 00 00 00 00 00 O OO0 0000 00
00 000 00 00 00 00 00 00 )00 0000000 000 00 00 00 00
00 00 00 00 0O 00 00 00 0000 000 000 00 00 00 00 00
00 00000 00 OO0 00000 00 0000 00 o o 00 00 (o2 000000 0000 o 0000
00000000
00 00 00 00 0o 0o 00 00
00 0o 00 0o 00 00
00 0000 00000 0000 00000 0000 00 00000 00000 00 00 00 00 00 00 00 00000 0000
60 00 00 00 00 OO OO 00 00 OO0 00000 00 00 00 00 00 00 00 00 00 0000000 00 OO0 00 00
00000 00 00 00 00 00000 00 00 O 00 00 00 00 0000 00 00 0 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00000 00 00 00 00 o0 00 00 00 00 00 00
000 O 00000 0000 0o 08 00 00 0o 0080 000 00 00 00 0000
00 000 00 000
00 00 00 00 00 ©
00000 00000 00 00 00000 0000 00 00 00 00 00 00 00 00 00 00 000000 00 00 00 o oo
70 00 00 00 OO 000 00 00 00 00 00 00 00 O OO 0000 00 00 00 00 00 00
00 00 00 OO 00 0000 00 00 00 00 OO0 00 O OO 00 00 00 00 00
00000 00000 00 00 0o 00 0o 0000 00000 0000 00000 00 00 00 00
% gg 0o 00000 0o 0000 0o oo 00 o0 wwgo 000000 000 00 000
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Character Address and Font Address

font_col

char_col
col_addr EED!IID [mum ﬁ
B v
AR
s +1 char_row .
[ C D\
row_addr gg\ \
: ' : ascii
O o0,
m 2 ;

VGA Character RAM Font table
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CPU+ F*—AHR—R+TFT1A71A

ps2_keyboard

Keyboard

clrn
clk50m

color,ascii

inst_mem

add -«
data

clk25m

font_table

char_addr

ascii

Display

Yy

font_addr dress

1t_dot
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display_scan_codes.s

.text
main:
lui  s2, 0xc0000 # vram space: c0000000 - dfffffff
read_kbd:
csrr ad, 0x800 # read kbd: {0,ready,byte}
andi al, a@, 0x100 # check if ready
beqz al, read_kbd # if no key pressed, wait
#
#

++

code segment

andi al, a0, Ooxff ready, get data
srli ao, al, 4 first digit
call to_ascii

call display

andi a@, al, oxf # second digit
call to_ascii

call display

1i a0, 0x20 # third [Space]
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display_scan_codes.s

call display

j read_kbd # check next
to_ascii:

addi t2, a0, -9

bgtz t2, abcdef

addi a@, a0, 0x30 # to ascii [0-9]

ret
abcdef':
addi a@, a0, 0x37 # to ascii [a-f]
ret # a0: ASCII
display: # a0: ASCII
Sw a0, 0(s2) # to vram
addi s2, s2, 4 # vram address++
ret # a0: void

.end
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Display Scan Codes

"91sF?o"ﬂs"?s’!nqiszai'gfozasslslstgasas'Sssgu‘gss?EFgust.'gsF!.‘SE;‘ e re 1€

Mello. RISC-v cPU!
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Key’s Scan Code Examples

[Tab]...
[Enter]...
[Space]...

[Back space]...

[Esc]...

[L Shift]...
[R Shift]...
[L Ctrl]...

[L Alt]...

[R Ctrl]...

[R Alt]...

[L Arrow]...
[R Arrow]...
[U Arrow]...
[D Arrow]...
[L Windows]...
[R Windows]...
[Insert]...
[Delete]...
[Home]. ..
[End]...
[PageUp]...
[PageDown]. . .
[Pause]
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// Extended Keys (plus e®@)

// no break code, no repeat
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AfEE XII (100 £ + 100 £X)

@ The Operating System may check to see whether

) &

multiple keys are being pressed at the same time.
Write all possible sequences of scancodes received by
the keyboard controller when three keys ‘Ctrl’, ‘Alt’,
and ‘Delete’ are pressed at the same time without
releasing. Note that the ‘Ctrl” and ‘Alt’ keys are
pressed firstly in any order, and the ‘Delete’ key is
pressed lastly. Also note that there are two ‘Ctrl’ keys
and two ‘Alt’ keys. Among them, which sequences do
the function in your PC?

Explain the interrupt and DMA and why the interrupt
and DMA are required in modern computers.
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AfEE XII (100 £ + 100 £X)

@ Option (+100 5X) : Design an RISC-V computer
system that can show the keyboard’s scan codes on a
display monitor (see P46 and refer to
https://yamin.cis.k.hosei.ac.jp/rivasm/ ).
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