PS/2
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1.1

Hardware Description Language HDL

VerilogHDL VHDL VHDL V  (Very High Speed
Integrated Circuit )
VHDL
PeakVHDL&FPGA VHDL
MAX+plusll FPGA( Field Programmable Gate Array )
97
FLEX10K EP10K100GC503-4 FPGA 2
SRAM DRAM PC
VHDL
PC
PC
FPGA PC
VGA
VGA Altera University

Program Board ( UP1 ) FPGA



1.2

PS/2

1.3

PS/2

PS/2

MAX+Plusll

PS/2

(LED, VGA

PeakVHDL&FPGA

)



2.1 PS/2
2.1 PS/2
2.2
2.1 PS/2
PS/2 MOUSE ONLY
- +5V
—t
14
OSC.DR
wk ¥ T " 1 ”

— oscour x:”— L ¥ == Iyl
; 4] EMS4501A 0
CLK o LK "
DATA F DATA | I |

M " . .
u] (D
—
GROUND P 81 g 5 o
- -
R [V -l

22 PS/2




2.2 10~13 12 13

X Y
2.3
\
_ e
( 0
2.3
2.2 7 9
CKL DATA
2.2
2.2.1
4
1) Reset Mode:
ON
1 AA ID 00 2.4
2
100report/s

non-autospeed
stream mode



2dot/count
disable

2.4

i11) Stream Mode:

1ii) Remote Mode:
(read data)
Iv) Wrap Mode:
Reset wrap mode (16 EC)

2.2.2 PS/2

i) Stream mode

AAO00

Reset (16

FF)




2.1

Byte Bit Description
1 0 1=
1 1=
2 1=
3 (reserve)
4 X 1= negative
5 Y 1= negative
6 X overflow 1= overflow
7 Y overflow 1= overflow
2 0~7 X (DO~D7)
3 0~7 Y (DO~D7)
2.2.3 PS/2
)
i)
inactive active

1ii)  Data transmission Frame :

2.2 Data transmission Frame

2~9 DO0~D7




1v) Data Output ( )

low
high ow
update
high
CLK ! i
DATA __.oo====-===2l]]
~ ' A g N _ )

No trasmission  Data update Transmission ready

15 2nd T 11th
('J.:{ (1K CLK CLE
(1K 1 L L L s
1 ¥ 1F
w1 Tsirg i
1FAF i
Tsde Tacd ,/
R G RO S A S~
Shart | Rt i | Pty | H“,'” I
il itk =Ril7 it Rit
2.6
V) Data Input ( )
10 override
inactive 10
override
100pum inactive
(0) active
11 11
active low
1
high
resend

10



CLK =775 !
DATA TTomzsenezzill
“ AL AL o
~ ~ ~
< 100pm data transmission
| lul_lh_il .I-..1. jljt! ':'I|I. fl_'ll-l,lll '.I|I'.
CLK |
1 1€ 4 kK
mici Tmei
1 I

lllll

én Biel) -Bit7 Ril Bit 1 ¢omp
Bt
2.6
2.2.4 PS/2
. Resend
(FE)
ii) 2 (FO)
iii) Resend
iv) Resend (FE)
v)  Stream mode 3

Resend (FE)

Vi)
25ms

11



2.2.5 PS/2

16
16 XX
2.3 PS/2
Hex code | Command Mouse echo code
FF Reset FA,AA,00
FE Resent XX, (XX, XX)
F6 Set Default FA
F5 Disable FA
F4 Enable FA
F3,XX Set Sampling Rate FAFA
F2 Read Device Type FA,00
FO Set Remote Mode FA
EE Set Wrap Mode FA
EC Reset Wrap Mode FA
EB Read Data FA,XX, XX, XX
EA Set Stream Mode FA
E9 Status Request FA, XX, XX, XX
E8,XX Set Resolution FA FA
E7 Set Autospeed FA
E6 Reset Autospeed FA
1) Reset (FF):
)
) FA,AA,00
1)
100report/s
non-autospeed
stream mode
2dot/count
disable
2) Resend(FE):
1) Resend

12




3)

4)

5)

6)

7

i) Resend

Resend
I11) Stream mode
3

Set Default (F6) :

Disable (F5) :
Stream mode

Enable (F4) :
Stream mode

Set Sampling Rate (F3,XX) :
Stream mode

Second byte XX
0A
14
28
3C
50
64
C8

Read Device Type (F2) :

8) Set Remote Mode (FO):

Read Data

9) Set Wrap Mode (F2) :

Resend

Resend

Sample Rate
10/sec
20/sec
40/sec
60/sec
80/sec
100/sec
200/sec

FA,00

13



Reset(FF) Reset Wrap Mode(EC)

Wrap mode
10) Reset Wrap Mode (EC) :

11) Read Data (EB) :

Remote mode Stream mode

12) Set Stream Mode (EA) :
Stream Mode

13) Status Request (E9) :

14) Set Resolution ( E8,XX) :
2 XX

Read data

Second Byte XX

15) Set Autospeed (E7) :
Stream mode

00
01
02
03

Input  Output

Input

0

A W DN B

2.1

Resolution
8 dot/count
4 dot/count
2 dot/count
1 dot/count

Output

o Wk

X Y
count

14



16) Reset Autospeed (E6) :

N(>=6)

2*N

15



3.1
VHDL
FPGA
( Field Programmable Gate Array )
VHDL ( Hardware Description Language,
HDL ) 1 “
” C
Pascal
VerilogHDL VHDL VHDL V  (Very High
Speed Integrated Circuit)
VHDL
FPGA( Field Programmable Gate Array )
and or not
RAM
RAM FPGA
FPGA
FPGA
3.2
HDL LSI 3.1
HDL HDL
HDL
HDL
EDIF(Electronic Design Interchange Format )
EDIF
EDIF

TTF Tabular Text File

16



FPGA
FPGA
HDL

VHDL
<

VHDL I
N

Y

{ i)
1

—_—

Y - ~ ~ ~
Peak VHDL&FPGA Max+plusll
3.1LSI
Altera University Program Board
(UP1 ) FPGA
faleka Wind¥c:¥ho¥fpga¥upl¥count3¥
UNIX ~cuong¥fpga¥upl¥count3¥ foleled

17



3.3

3.3.1 PeakVHDL&FPGA

PeakVHDL&FPGA Accolade Design Automation
VHDL VHDL
PeakVHDL&FPGA
[
® VHDL
® VHDL
[ VHDL
PeakFPGA  PeakVHDL VHDL
3.3.1.1 VHDL
o

= |NeWProject

B Accolade Peaky

| Eile Edit VWiew

Cpen Project.

= |Save Project As |

° VHDL

= |New Module |

1. |Module Wizard |
VHDL

VHDL

3.2

18



2. |Test Bench Wizard

VHDL
= P row modile 1o projech] @l
Module Wizard |
Toet Bench Wizard |
Create Blank Modle | Cancel |
3.2 New Module
3. |Create Blank Wizard
VHDL
® VHDL
Create Blank Wizard
VHDL
3.4 VHDL
VHDL VHDL
*xk 6.1.2 count3.HDL *xk
s 3| | @ |

| E MODULE TESTVHD

3.4 VHDL

19



PeakVVHDL ver5.0 soft

File
|New Project |

v

|Save Project |

|New module |

|Add module to project |

\

|Make the source file |

3.5 VHDL
3.3.1.2 VHDL
PeakVHDL FPGA VHDL
° 35 [
1 I |
] [ MODULE ... VHD ]
VHDL

TEMP ACC

; ﬁ| 'l=r-| 1&?'. = |
=[5

MODULE TEMPWHD
= [E ENTITY MOUSEA [TEMPAHD]
ARCHITECTURE RTL [TEMPWVHD]

3.6

20



[ ) COHPILE

Transcript

Campile |I=ink I Simulate | Syrthesize | Sys;eml

Compiling architecture BTL of entity moused, _ﬂ
C:¥Ho¥Fpoa¥ UP1 ¥mouseS8¥MOUSES. WYHD( 333 Error CO048 : Syntax error

Expecting [process] skipping input up to []
C¥Ho¥Fpoay UP1 ¥mouseS¥MOUSES WHDO 342 Errar CO048 : Syntax error

Expecting [] skipping input up to [EMD OF FILE]L

2 erraris)
There were errors during compilation.

N a line with a numbered error r Il Jump to Line or Error

Jump to Line | Error Summaryl Close

;

3.7 Transcript

Transcript
3.6 2 ()

Jump to line |

|Jump to line

3.3.1.3 PeakVHDL

VHDL

VHDL (file name.VHD)

21



|New module ... | New module

New module |Test Bench Wizard

3.8

— Entity namea

¥ Use IEEE 1164 standard logic
[MOUSEA

[ Generate synthesizakie module template
—Architecture name

F’ [HEerate et be ek teftlate

!Eie hawior

—Port name hode Tupe

I |in j |std_|0 gic LI Add Part

—Port declarations

—— Unable to parse the port list. Please remove this comment text and enter vour port list here. Tip: if v
—— copied your port list 1o the Windows clipboard from an editing window, you can paste the port list intc
—— window by pressing CTRL-Y. When entering or pasting vour part list, make sure the ports are separat
—— semicolons, and do not place a semicolon after the final port in the list. Here is a sample port list:

Clk in std_logic;
Reset: in std_logic;

rry_inputd © in std logic_vector (7 downto OJ; v
4 | |

j

Please enter the name, direction, and type for each port of your circuit. You will be able to
modify these declarations at any tirme. After entering the port information, click Create to
oenerate the synthesizable module or test kench template.

Cancel |

3.8

® Entity name: VHDL

® Architecture name
® Port name, Mode, Type:

® Port declaration :



**k*

**k*

Transcript

TEST_COUNTS3.VHD

3.9

—Available ohipcts

DUT.CLE_ SAMP
DUT.CNT
DUT.CNT1
DUT.CNT2
DUT.DATAIN_BUF
DUT.DCLK
DUT.DCLK1
DuT.

LED

LEDZ

32

Add >

T
[ Berove |
Femowe AL
_o | oown)|
e
Lasd Obieote|
=
_ GCloe |

Add All >

Remawve <

Remove All <<

Up | Down

Save Obects
Load Ohkcts

Help.

j Close

— Ohbcts to display

CLK

31

MOUSE CLOCK
MOUSE DATA
DUT.SETZERD
DUT.START
DUT.MOUSE WAIT
DUTWE
DUT.COMMAND BUF

d in lakeled pro

3.9

23



3.10

_”g’g 3.11

[E] Be yew Simubton roow  Help

oLk~
= 1=
b0IEE_CLOCH=
BOLISE [T
T BET 2E o
DT START=

1

S H B e . ﬁ:-Ehl,@vl-:Eb =T oL vel

il

L00l: library IEEE:

0O0Z: use TEEE.std logic 1164.a311:
O003: use IEEE.std logic arith.all:
L004;: use IEEE.std logic unoianed.alls

3.10

Fun b ke Step Hrre Tirma urit
= fo =
- Wector displsy forrst AsESitan e s I slgnsl o athe
[pinary = fjaerms =S Signak |
™ Camtrand windaw ™ Bhow VITAL intarnaks

'F_' Srnal_l toolb=r

2as made to these optiore will not take affect until the wawalorm is refreshed

3.11

Lol I Dl

3.12

24



3.9

] Fle View Simulation Window Help

|8 B R ¢ & 5 Fhl S @ [TFST MOLISE vl
25.7us 26 Bus 25.9us 2Bus 26.7us

CLK="0'
S 1="1"
MOUSE_CLOCK="1" M | | | | | | I | | L
MOUSE_DATA="1" N
DUT.SETZERO="0"
DUT.START="1"
DUT MOUSE_WAIT="0"
DUTWE=01 i
DUT.COMMAND_BUF="1" ]
KRl 3| KN

0001: librarv IEEE:

0002: use IEEE.std logic 1164.all;

0003: use IEEE.=std logic arith.all:

0004: use IEEE.std logic unsianed.all:

0005+

3.12

2 e

|New module |

o

|Test Bench Wizard |

v
v
v
v
v

25



3.3.14
synthesize
VHDL  wait float

VHDL

VHDL

PeakVHDL&FPGA VHDL
EDIF Electronic Design Interchange Format EDIF
EDIF
EDIF
Synthesize
3.13

i Compile | Link | Simulate Synthesize |Sys§em| Registration'

—Synthesis order —Synthesis options
 Belected file anly Bevise ol [~ Analyze only
; ; [Alters, all devices {EDIF) =]
@ Bottom—up to selected

—Synthesis configuration
~Tomlewvel entitv/ configuration

~Top-level architecture

— Library mapping - ——————————— Opt lewvel—
| e mapping I’S—v‘

™ Include IEEE numeric_std librany

V Generate implicit modules for LPM, XBLOX or Logict

W Include Svrnopsys librany

axPlus library mapping

ak Fpz TR A

3.12

26



® Library Mapping VHDL :

® Device Family :

MAX+pluslI EDIF
devices (EDIF)
® Analyze only: VHDL
Device Family Altera,all devices (EDIF)

o |

Metamor.log
|Synthesize| |View Synthesis Log

VHDL

Altera,all

27



3.6.2 MAX+plusll

MAX+plusll Altera FPGA
MAX+plusll
o
EDIF Altera FPGA
o
VerilogHDL VHDL
o FPGA
PeakVHDL EDIF
TTF Tabular Text File
FPGA
MAX+plusll
3.6.2.1
PeakVHDL EDIF
EDIF FPGA TTF
TTF
° MAX+plusl|I =
3.14 EIDF
|Set Project to Current file | EIDF
**x Wind¥c:¥ho¥fpga¥upl¥count3¥ UNIX

~cuong¥fpga¥upl¥count3¥ COUNT3.EDF

**k*

28



AX+plus [T Eile Assign Options Help

D& E] 2 EE 2] e SR 228 E3EE B

File Mame: [count3 edf

Directory is:  chho'fpgaiuplcounter3
Files: Directories:

count3.act :I = oy

countld.cnf
COUNTIEDE g
count3 fit = fpga

count3.hex
count3.hif

== |
countd.mmf
ropntd ndb o
4 i I » Diriwes:
[=- [

— Show in Files List

Ok
" Graphic Editor files “gof =
~ Suwnkel Editar filac e Cancel I
3.14 EDIF
|Assign | = |Device | 3.15
FPGA

faleka UP1 FPGA FLEX10
EPF10K20RC240-4 foleka

Edit Chips >>

Top of Hierarchy: ¢, \counter3count3.edf oK |
Device Family:  |[ISN=Sal4 Cancel |
Devices: .
EFF10KZ0RC240-4 Auto Device. . |
il Device Options... |
EFPF10K20RC240-3 o

EFF10KZ20RI240-4 — _
EFF10KI0RC208-4 j Migration Device... |

[” Show Only Fastest Speed Grades
¥ Maintain Current Synthesis Begardless of Device ot Speed Grade Changes

3.15

MAX+plusll] =
3.16




TTF TTF

&3 Promot complation was suooassil
"0 armoE
0 warring=s

[ Wessage ¥] - = |
T e

3.16
3.6.2.2 FPGA
TTF
FPGA
° |MAX+pIusII|: |Programmer |
3.17
e M|
Examine  Program \erify
= Security |
e I\/ ulti—Device JTAG Chain
Bz (1 Programming File)
Henk=Ehes
Configure |
Test |
el GlasnEoR
3.17
° JTAG| = |Multi — Device JTAG Chain Setup ...
3.18

30



3.18
Programming File Names:

|Select Programming File |

Add IDetect JTAG Chain Info

**x Wind¥c:¥ho¥fpga¥upl¥count3¥ UNIX
~cuong¥fpga¥upl¥count3¥  count3.sof

**k*

Multi-Device JTAG Chain Setup

Dewvice Name: Programming File Name: oK |
EFF10KZ0 :J IC.\hD\fpga\um Yoounterdycount3.sof —
Cancel |
JTAG Device Attributes.. | Select Programming File.. |
: : : Add |
Dewvice MNames: Frogramming File Mames:
1 EPF10K20 cihhofpgahuplcounter3l count3. s of Delete
Delete All |
— QDrder
< | Bl

List contains 1 devices with total instruction register length of 10

~ Use Hardware — JTAG Chain File —

Hardware has not been used to detect JTAG chain information
Save JCF.. |
Detect JTAG Chain Info Eestore JCF .. |

3.18

3.17

31



4.1

2.3

4 16
11
4.1 4.1
4.1 Data transmission Frame
1
2~9 D0O~D7
10
11 1
ON
4.1 AAO00 221
2.2.1

Start bit

4.1

AAOC

Stream mode

43

enable Command (F4) 4.2

3

32




IRTARR M | || JHUU

|llllllll rl'HlIHIILI l||||l| '

4.3 3 2.1
4.2
DATA 100um high
Low
4.4

[

L
100um <




o Buffer

Buffer VHDL
vector Buffer

signal DATA_IN_BUF : std_logic_vector(33 downto 0) ;

1 <=0;
if falling_edge( MOUSE_CLOCK ) then

DATA_IN_BUF(I) <= MOUSE_DATA:

I<=1+1;
end if;
Buffer
(]
Buffer Command
signal COMMAND_BUF : std_logic ;
constant COMMAND : std_logic_vector(0 to 9):="1001011101";
1 <=0;
if falling_edge( MOUSE_CLOCK ) then
COMMAND_BUF <= COMMAND(I);
I<=1+1;
if 1 =9 then
| <=0;
4.3
4.3.1
2.6
DATA 100pum high

34



Low
4.4

constant COMMAND  : std_logic_vector(0 to 8):= "010111101";
MOUSE_DATA <= '1' when WE = "00" else COMMAND_BUF when WE =
"01" else 'Z' when WE ="10" else '0";

CHECK_DATA <= '1' when WE = "00" else COMMAND_BUF when WE =
"01" else '1' when WE = "10" else '0";

elsif falling_edge( MOUSE_CLOCK ) then
SETZERO <='0%
if WE ="01" then
COMMAND_BUF <= COMMAND(I);

I<=1+1;

if | =9 then
|<=0;
START <="0" -

end if;

DATA

4.5

35



45 \—— 100um CLK  Low DATA High

DATA  Low
4
4.3.2
4.3.1
constant COMMAND . std_logic_vector(0 to 8):=
"010111101"; 16 2.3
1
4.3.3
Buffer
ON
100report/s non-autospeed stream mode 2dot/count
disable Enable( F4 )
4.6
(RRRAARAR ~ [LARAARRARR ~ (LAAMARARRA
|
Hlliltlll1___-THI|HIILI LLLULEELEL
4.6 2.1
Buffer
signal DATA_IN_BUF : std_logic_vector(33 downto 0) ;
Buffer

36



1 <=0;
if falling_edge( MOUSE_CLOCK ) then

DATA_IN_BUF(I) <= MOUSE_DATA:
l<=1+1;

end if;

Buffer

37



4.4
4.4.1
® UPI1
Altera 20000 FPGA
LED Mouse Connector ,VGA Commector
UP1 4.5
UP1
MAX+Plusll
LB EEEEEEE BREEEEEE GG
45 UP1
()
4.6 10000 FPGA LED

Mouse Connector

38



4.4.2

al GND
f1 <o OSC CLOCK
gl bt c1 SW. 1
MOUSE DATA SW_2
MOUSE CLOCK — = D X §
el cl vee ,7 LED2 -
i [
a1 0 pointt 757677787980818283841 23 45 67 8 9 1011
| 7 A 12 (—a
13 p—bl
X GND - ;i 14 —cl
le |b2 {70 - ﬂ
92 —1] 69 17 b—et
- =k s
o | - o
int2 S—11° 21 f—a2
z 9™ — FLEX | (=
23 |
—| 62 EH:10K10LC84"4 24 F—n02
3 25 [—
| ©° % — a2
59 27 b—e2
—] 58 28 |— 12
GND M—1 57 29 vce
— 56 2
55 GND
31 |—02
54 32 |—p2
53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 353433  [——
| Lt rrrrA2A 1Tt i 11 ]
\‘ vce
GND
4
V | Gc|c|c|c|c|c B[B[B|B|B|B AlA[A|A|A
clinlilzlzlzlele CCCCCCCCll1lllBBBBBBBBBB11 111 A[A|A|A|A[A[A[AIA[A
c I blslalalz|1]o]o|8]7[8[5]4[3|2|2[0|s|a|3]2|1|o]|8]7]6]5]4|3|2|1|0]5|a| a|2| 1| o|0|8|7|6|5]4|3|2|2|0
4.7
4.2.2.1
4.1
FBGA FLEX EPF10K10LC84-4
CLOCK
A B C 16 VCC GND
50pin
X2 LED x2

39




42.2.1

ISA BUS 16bit 1/0O Card

B15
4.2 Pin
Co DATAO
C1 CLK
c2 NCONFIG
B14 | nSTATUS
B15 | CONF _DONE
A (AO-A15) B
(C3,C4)

CO C1 C2 B14

(B0~B13) C

40



4.2.3

Mouse CLK Mouse DATA 2
active 5v V/dir 5v

Mouse CLK Mouse DATA
CLK

2V
Mouse CL 200um time/dir ~ 200um

CKL

DATA

41



4.4.4

4.7

41 42 43

42
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6.1

6.1.1 FLEX8000

- 20 (FLEX8000)

-- Wind¥c:¥ho¥fpga¥counter¥count
library IEEE;
use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

library metamor;

use metamor.attributes.all;

entity countup3 is

port (
SW_1,SW_2,CLK:in std_logic;
CARRY : out std_logic;
LED : out std_logic_vector(7 downto 0)
);

attribute pinnum of LED  : signal is
attribute pinnum of SW_1 :signal is
attribute pinnum of SW_2 :signal is
attribute pinnum of CLK  : signal is

attribute pinnum of CARRY : signal is

end countups3;

architecture RTL of countup3 is

"15,16,18,46,35,37,39,40",
2T,
"19",
"50",
"45",

signal CLK_2 . std_logic_vector(20 downto 0); --

signal CLK_3 . std_logic;

45



signal DCLK . std_logic;

signal CNT . std_logic_vector(3 downto 0);
signal CNT_1 : std_logic_vector(3 downto 0);
signal CNT_2 : std_logic_vector(3 downto 0);

signal SW_STATE : std_logic_vector(1 downto 0);

signal CRY . std_logic;

signal N . std_logic_vector(3 downto 0); --
signal ST . std_logic;

begin

process begin
wait until CLK'event and CLK ='1"; --
CLK 2<=CLK_2 +'1"

end process;

process ( N, CLK_2) begin

case N is
when "0000" => DCLK <= CLK 2(8);
when "0001" => DCLK <= CLK_2(9);
when "0010" => DCLK <= CLK_2(10);
when "0011" => DCLK <= CLK_2(11);
when "0100" => DCLK <= CLK_2(12);
when "0101" => DCLK <= CLK_2(13);
when "0110" => DCLK <= CLK_2(14);
when "0111" => DCLK <= CLK_2(15);
when "1000" => DCLK <= CLK_2(16);
when "1001" => DCLK <= CLK_2(17);
when others => DCLK <="X";

end case;

end process;

CLK_3 <= CLK_2(15); -
SW STATE <=SW 1 & SW 2, -

46



process begin

wait until DCLK'event and DCLK ="'1";
case SW_STATE is

when "00" =>

- SW_1,SW_2 OFF
CNT_1 <= "0000";

CRY <='0"

when "01" =>

--SW_1 ON ,SW_2 OFF
if (CNT_1 ="1001") then

CNT_1 <= "0000"
CRY <= not CRY,

else

CNT_1<=CNT_1 +"0001";
end if;

when others => null;

end case;

end process;

process begin

wait until CLK_3'event and CLK_3 ="'1"; --
case SW_STATE is

when "00" => --SW_1,SW_2 OFF

N <="0000",
CNT_2 <="0000"

when "10" => --SW_1 OFF, SW_2 ON
if N ="1001" then
N <= "0000";
CNT_2 <="0000";
else
N <=N +'1"
CNT 2<=CNT_2+'1}

X -

47



end if;

when others => null;
end case;

end process;

process (SW_1, SW_2) begin

if (SW_1="0") then
ST <='0"

elsif (SW_2 ='0") then
ST <="'1"

end if;

end process;

- SW_1ON

- SW_2 ON

CNT <=CNT_1when ST ='0"else --SW_1 ON

CNT_2; --SW_2 ON
- LED
process ( CNT ) begin
case CNT is

when "0000" => LED <="11111110"; --"0"
when "0001" => LED <= "00110000"; --"1"
when "0010" => LED <="11101101"; --"2"
when "0011" => LED <= "01111001"; --"3™"
when "0100" => LED <="10110011"; --"4"
when "0101" => LED <="01011011"; --"5"
when "0110" => LED <="11011111"; --"6"
when "0111" => LED <= "01110000"; --"7"
when "1000" => LED <="11111111"; --"8"
when "1001" => LED <="01110011"; --"9"

when others => LED <= "XXXXXXXX"; -

end case;

end process;

CARRY <='0"when ST ="'1" else CRY,

end RTL;

- SW_1 ON

CNT_1
CNT 2

LED
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6.1.2 UP1

-- Wind¥c:¥ho¥fpga¥upl¥count3¥UP1COUNT3.VHD

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

library metamor;

use metamor.attributes.all;

entity count3 is
port (SW_1,SW_2,CLK: in std_logic;
-- CARRY : out std_logic;
LEDL1 : out std_logic_vector(7 downto 0);
LED2 : out std_logic_vector(7 downto 0)

);

attribute pinnum of LED2  :signalis "6,7,8,9,11,12,13,14";
attribute pinnum of LED1  :signalis "17,18,19,20,21,23,24,25";
attribute pinnum of SW_1 :signalis "28";

attribute pinnum of SW_2 :signalis "29";

attribute pinnum of CLK  :signal is "91";

--attribute pinnum of CARRY : signal is "45";

end count3;

architecture RTL of count3 is

signal CLK_2 . std_logic_vector(22 downto 0); --

signal DCLK . std_logic; -
signal CNT1 . std_logic_vector(3 downto 0);  --
signal CNT2 . std_logic_vector(3 downto 0);  --

signal SW_STATE : std_logic_vector(1 downto 0); -
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begin

process begin
wait until CLK'event and CLK ='1";  --
CLK 2<=CLK_ 2 +'1%
SW_STATE <=SW_1 & SW _2;
if SW_STATE = "11" then
CLK_2 <="00000000000000000000000"; - -
end if;
end process;
DCLK <= CLK_2(22);

process begin
wait until DCLK'event and DCLK ="'1";
case SW_STATE is
when "00" => --SW_1,SW_2ON
CNT1 <= "0000"; -- -
CNT2 <= "0000"; --

when "01" => --SW_1 ON ,SW_2 OFF
-- count up
CNT1 <= CNT1 + "0001";
if (CNT1 ="1001")then
CNT1 <="0000";
CNT2 <= CNT2 + "0001";

end if;
if (CNT2 ="1001")then
CNT2 <= "0000";
end if;
when "10" => --SW_1 OFF, SW_2 ON
-- count down

CNT1 <= CNT1 - "0001";
if (CNT1 = "0000")then
CNT1 <= "1001";
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CNT2 <= CNT2 - "0001";
end if;
if (CNT2 ="0000")then
CNT2 <="1001";

end if;

-- others => null; -
end case;
end process;
-- The count processing for first LED

process (CNTL1 ) begin

case CNT1is
when "0000" => LED1 <="00000010"; --"0" Out put
when "0001" => LED1 <="10011110"; --"1"
when "0010" => LED1 <="00100100"; --"2"
when "0011" => LED1 <= "00001100"; --"3"
when "0100" => LED1 <="10011000"; --"4"
when "0101" => LED1 <="01001000"; --"5"
when "0110" => LED1 <= "01000000"; --"6"
when "0111" => LED1 <= "00011110"; --"7"
when "1000" => LED1 <= "00000000"; --"8"
when "1001" => LED1 <="00011000"; --"9"
when others => LED1 <= "XXXXXXXX"; -- Not thing
end case;

end process;

--The count processing for second LED

process (CNT2 ) begin

case CNT2 is
when "0000" => LED2 <="00000010"; --"0" Out put
when "0001" => LED2 <="10011110"; --"1"
when "0010" => LED2 <="00100100"; --"2"
when "0011" => LED2 <= "00001100"; --"3"
when "0100" => LED2 <="10011000"; --"4"
when "0101" => LED2 <="01001000"; --"5"
when "0110" => LED2 <= "01000000"; --"6"
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when "0111" => LED2 <= "00011110"; --"7"

when "1000" => LED2 <= "00000000"; --"8"

when "1001" => LED2 <= "00011000"; --"9"

when others => LED2 <= "XXXXXXXX"; -- Not thing
end case;

end process;

end RTL;

6.2

6.2.1 UP1 VHDL

-- Wind¥c:¥ho¥fpga¥upl¥mouse¥Mouse7¥mouse7.VHD
--Mouse oparation VHDL source file

-- file name "mouse7.vhd"

library IEEE;

use |IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

library metamor;

use metamor.attributes.all;

entity mouseA is
port (MOUSE_DATA,MOUSE_CLOCK,CHECK_DATA : inout std_logic;
SW_1,SW_2,CLK:in std_logic;
LEDL1 : out std_logic_vector(7 downto 0);
LED2 : out std_logic_vector(7 downto 0)
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attribute pinnum of MOUSE_DATA :signalis "120";
attribute pinnum of MOUSE_CLOCK :signalis "109";
attribute pinnum of CHECK_DATA :signalis "129";

attribute pinnum of SW_1  :signalis "28";

attribute pinnum of SW_2  :signalis "29";

attribute pinnum of CLK :signal is  "91";

attribute pinnum of LED1  :signalis "6,7,8,9,11,12,13,14";
attribute pinnum of LED2  :signalis "17,18,19,20,21,23,24,25";

end mouseA;

architecture RTL of mouseA is

signal DCLK . std_logic_vector(31 downto 0);
signal CLK_SAMP : std_logic;

signal CNT1 : std_logic_vector(3 downto 0);

signal CNT2 : std_logic_vector(3 downto 0);

signal WE : std_logic_vector(1 downto 0);

signal START . std_logic;

signal SETZERO : std_logic;

signal | . integer range 0 to 30;

signal CNT . integer range 0 to 2518;

-- constant COMMAND  : std_logic_vector(0 to 9):="1111111111"; --
constant COMMAND  : std_logic_vector(0 to 8):= "010111101";
0010 1111 11 '4F")"Enable”

-- constant COMMAND  : std_logic_vector(0 to 9):="1001011101";
1001 0111 01)"Status Request

--constant COMMAND . std_logic_vector(0  to
“100101110110010111011001011101";

signal MOUSE_WAIT : std_logic ;

signal COMMAND_BUF : std_logic ;

~"F4"( 0

~"E9"( 0

29) =
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signal DATA_IN_BUF : std_logic_vector(33 downto 0) ;

signal DCLK1 . integer range 0 to 5035;

begin

MOUSE_DATA <= '1' when WE = "00" else COMMAND_BUF when WE =
"01" else 'Z' when WE = "10" else '0";
CHECK_DATA <= "1' when WE = "00" else COMMAND_BUF when WE =
"01" else '1' when WE = "10" else '0";

MOUSE_CLOCK <="'0"when WE = "00" else 'Z',

process (SW_1, CNT, START) begin

if SW_1="0"then
MOUSE_WAIT <=1

elsif CNT = 2517 then  -- wait 100 us
MOUSE_WAIT <="'0'

end if;

end process;

process ( SW_1, CNT, CLK)) begin

if SW_1="0"or CNT = 2518 then
CNT <=0;
elsif rising_edge( CLK ) then
if MOUSE_WAIT ="'1"then
CNT <=CNT +1;
end if;
end if;

end process;

process (SW_1, MOUSE_WAIT, MOUSE_CLOCK, WE, 1) begin
if SW_1="0"then
for J in O to 33 loop
DATA_IN_BUF(J) <=0,
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end loop;
COMMAND_BUF <="0"
| <=0;

START <="1"
SETZERO <="14;

elsif falling_edge( MOUSE_CLOCK ) then
SETZERO <="0"
if WE ="01" then
COMMAND_BUF <= COMMAND();

I <=1+1,

if 1 =9 then
1<=0;
START <="0" -

end if;

elsif WE = "10" then

DATA_IN_BUF(I) <= MOUSE_DATA;
l<=1+1;
if | =33 then

START <="1"

1<=0;

end if;

end if;
end if;

end process;
process (SW_1,MOUSE_WAIT,START,SETZERO) begin
if SW_1="1"then

CNT1 <="0010"

CNT2 <="0010",

WE <= ||00||;
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end if;

if SW_1="0' then
WE <= "00";

CNT1 <="1001"
CNT2 <="1001";
elsif MOUSE_WAIT ="1"'then
WE <="00";
elsif MOUSE_WAIT ='0" then
if SETZERO ="0' then
if START ="1' then

WE <="01";
else
WE <="10";
end if;
else
WE <="11";
end if;
else
end if;

end process;

-- The count processing for first LED
process (CNTL1 ) begin
case CNT1is
when "0000" => LED1 <= "00000010";
when "0001" => LED1 <="10011110";
when "0010" => LED1 <= "00100100";
when "0011" => LED1 <= "00001100"; --
when "0100" => LED1 <="10011000";
when "0101" => LED1 <= "01001000";

"0 " Out put

-1

mom
3"

~—mqn
-"gn
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when "0110" => LED1 <="01000000"; --"6"

when "0111" => LED1 <= "00011110"; --"7"

when "1000" => LED1 <= "00000000"; --"8"

when "1001" => LED1 <="00011000"; --"9"

when others => LED1 <= "XXXXXXXX"; -- Not thing
end case;

end process;

--The count processing for second LED

process ( CNT2 ) begin

case CNT2 is
when "0000" => LED2 <="00000010"; --"0" Out put
when "0001" => LED2 <="10011110"; --"1"
when "0010" => LED2 <="00100100"; --"2"
when "0011" => LED2 <= "00001100"; --"3"
when "0100" => LED2 <="10011000"; --"4"
when "0101" => LED2 <="01001000"; --"5"
when "0110" => LED2 <= "01000000"; --"6"
when "0111" => LED2 <= "00011110"; --"7"
when "1000" => LED2 <= "00000000"; --"8"
when "1001" => LED2 <="00011000"; --"9"
when others => LED2 <= "XXXXXXXX"; -- Not thing
end case;

end process;

end RTL;

6.2.2

-- Wind¥c:¥ho¥fpga¥upl¥mouse¥Mouse7¥MOUSE7-TEST.VHD
library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;



use IEEE.std_logic_unsigned.all;

use work.all;

entity testMouse is --testMouse is the file name ( can change )

end testMouse;

architecture RTL of testMouse is
--architecture TESTBENCH of testMouse is

component mouseA is -- [MouseA] is the filename of simulation
port ( MOUSE_DATA,MOUSE_CLOCK : inout std_logic; -- same

the port of source file

SW_1,SW _2,CLK:in std_logic;
-- CARRY : out std_logic;

LEDL1 : out std_logic_vector(7 downto 0);

LED2 : out std_logic_vector(7 downto 0)
);

end component;

--signal MOUSE : std_logic;

signal MOUSE_DATA :std_logic;

sighal MOUSE_CLOCK : std_logic;

signal SW_1 : std_logic;

signal SW_2 : std_logic;

signal CLK : std_logic;

signal LEDL1 : std_logic_vector(7 downto 0);
signal LED2 : std_logic_vector(7 downto 0);

begin

DUT : mouseA port map ( MOUSE_DATA, MOUSE_CLOCK, SW_1, SW_2,
CLK, LED1, LED2); --in () write all signal name

process begin
CLK <="0"

58



wait for 5 ns;
CLK <="1"%
wait for 5 ns;

end process;

process begin

wait for 100ns;
SW_1<='04

wait for 100ns;
SW_1<="'1%
MOUSE_CLOCK <="Z%;
MOUSE_DATA <="Z';
wait for 25155 ns;
--MOUSE_DATA <="Z};
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
wait for 50ns;
MOUSE_CLOCK <='0%
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
wait for 50ns;
MOUSE_CLOCK <='0%
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <='0%;
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
wait for 50ns;
MOUSE_CLOCK <='0"

wait for 50ns;
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MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <='0%;
for 1'in O to 10 loop
wait for 50ns;
MOUSE_CLOCK <='0%
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <='0%;
wait for 50ns;
MOUSE_CLOCK <='0%
wait for 50ns;
MOUSE_CLOCK <="1%
--MOUSE_DATA <="'1%;
end loop;

wait for 22194 ns;
SW_2<='0%

for 1'in O to 15 loop
wait for 50ns;
MOUSE_CLOCK <='0%
wait for 50ns;
MOUSE_CLOCK <="1%
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%

wait for 50ns;
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MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%

end loop;

wait for 25194 ns;
SW_2<="1%

for 1'in O to 21 loop
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
MOUSE_DATA <= "0
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;

wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="'1%
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
wait for 50ns;
MOUSE_CLOCK <='0"
wait for 50ns;
MOUSE_CLOCK <="1%
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MOUSE_CLOCK <=1,
MOUSE_DATA <="1",

end loop;

wait;

end process;

end RTL;

--end TESTBENCH,;
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