T FPGA ) PS2 A& D it Ak RHENH

F/NBF 2007, 4. 10
FHif: 13510618289 HEFE: wang. x_m@163. com

[ 2 FAIBUA ] giReZ 8 FPGA HMUb 2 PS/2 #2111 BUARIAE R, JEH] VGA
VRt e, s i BAIR S S
[Scial 1 Bl i i@ ds1F, FPGA, PS/2, RZSHL.

1. 518

AFTIARGEEAR O] T Z N, (HAE SN R R AN 1 22 R AL/ A 1
VER SCASR BT, H P R AME . AR A FIFPGA S BN PS/2 6 1 bR 456, JF
TELAVGATE Ayt t & 50 f B R G LD SEIL DAL T ST 7 %6 B BUAIR. &%
AR A, BAT BRI SE I

FPGA 337 4w F50 1451 (Field Programmable Gate Array) & 20 140 80 4EAL 3 HI I
) L AT . FPGA KT R G T R U7 FEER I BB BOR o A ) EDA
FeAR, i G BT L ORSHS BRI B2 H: (IR OEoResl.
Fe A ELAERANT-Be,  (EDh RERLUANIN PP 07 BLRE W L BOR G, 4l — R VAL He, K AZ
. el FPGA RIS, DLSEOLE AR BBk . ABETTILEH] Altera 23 w]HfEHE
Cyclonell &% [#] EP2C5T144C8 Iy vl gt [ TR W1 PS/2 H2 11, ARBA/DN, AISEMESE

F

oo
2. PS/2 B FIBMX
2. 1. #EORYEEME

PS/2 #OHTVF 2 AR RURFISEAL, T B Mugch PR MG . W3 LPs/2 #:1
AP R85 BIDIN 6 S AMINT—DIN. [ 1 5/ BRI B g (10 51 e X
fERIH, N+ 5 VRS AR, BRI R R R AL U L.

HEEE(TL) i Sk FH) SEIFDIN 63 ¥ mini-DIN
1 B8k (CLOCK) FrHE (DATA)
5 HE & 2 | i (DATA) FAHL. {28
DIN [\Sgabd 3 | #%W. BE 5 5HL (GND)
. iy 4 | #HiFHb (GND) i +5V (VCC)
oty |(5 0% S| 5 Temwow T
mini-DIN [\ & & X 6 KEM. B

B 1 PS/2 B ERERT | e X


http://www.ednchina.com/word/138766.aspx
http://www.ednchina.com/word/138769.aspx
http://www.ednchina.com/word/138767.aspx

2.2, EAHIURE

PS/2 FRbRE R P [R5 AT Up e RIBRALE I BRER 1& —ANkoh,  sltfe £l £k
RGE TG . AEMEAR T, ENAIH R AT VAT EUAE AT AR IR ) B i
KK TP — B AR, BARBANGE > AR B (S A IR A o AE AT 1) A
H, IS S AOE R, B NS AR A S T

W AR IEE, e A I BRAR P A NS o iV R s AL S N R Bk
10 0ps MERESE, REH FREIRL, BFRBUNBE . XN bR
AEME T AR B IX AN PR, SAE 1 0 m s W EINBIME S ik 3 (A
JFBL. ENURIEbRZ I8, AR EER i i 2 . 3 Bis.

2 OB OB N OB % % % % B @
woOW OB O®OE OE OE E OB R I
mof B o oM & B & &
o 1 2 3 4 5 &6 7
B 2 BAr3 BN ERmF
N e (A) =) (B) :
= mrgp L[ :
;w L UL
B 2 % % % % ow % % #og 7
w B OE B B E E E E ® O U
gofof oo o fofom kO
0 1 2 3 4 5 6 7 fir i

Bl 3 EHLBRAT I L P

2.3. PS/2 BARIK TAEREKA Pl Hdle st =X
2.3. 1. PS/2 RARKIDUFH AR

PS/2 ARHIPUA TARRIAUZ: Reset £, 24 flbR L HLER AU S fir & (0xFF) 45 & N
BEANIXAIRE; Stream B BUARIOERAREE, 2 Wbs s A58 )n,  F SRR
A BAREEA ERIHEIACTAE: Remote BisX, FUATETLHIAIE 1A E v & (0xFO) =
PR A BEA XA Wrap #5,  XMREUUH] T-I0 BbR 55 A LE R 5 A -
232. BURELEH

PS/2 BARAE TAFREH, o AU FPIRSEE Ak g AL Ak s g

R 1R


http://www.ednchina.com/word/138768.aspx

=1 miFAEREE R

| eitr | mits | mits | et | eita | Btz | B | B0 |
Byt | ¥ overflow | X oberflow | X sipr bit | X sign bit | Aways 1] Middle Btn | RightBtn | LeftBtn |
Elg-'tez| X Movernent |
Ely193| T Movernent |
Ely'tea1| Z Movement |

Byte 1 1) Bit0. Bitl. Bit2 735l&ac/e Ay HREFPRE, RESME 0 okl 1%
7% . Byte2 A Byte3 7073 s XHATY By [ (AR B iE i, e BEHIFMY(. Byted
MR DU R IR A B R AR, o2 eI R, mVUA A AT S A . XA
I PR BE (1 =B =2 b A R AR B I =B Blbw, P /BB B Byted HR 1
.

3. VGA G5

Kl 4 Pt 5l VGA (640%X480, 60Hz) KGR HME S FERE, A sh
DCLK Jj 25. 175MHz, 40k 59. 94Hz. K, Vsync WIglAPAE S, &8 Tvsync
16. 683ms, BEHH 52517, b 480 1T HAHBERIT, 45 T AN BRPES Vs
FEHAT — K oR, AZ KPR O 55 twy 4 63 ws (2 47). 371 Bl e 53 [R5 I 1] twy
BRI tHY (13 47). il FaJEJE tVH (30 17), JL 4517, 4783 THSYNC 4 31. 78
us, FERIRATEEE 800 i, L 640 SUNARUEIR, 160 SUMATIHE (AERRXD. AT
AAES Hs BHATAH kb, Z ket C- P56 5 tWH 24 3. 81us (B 96 4~ DCLK): 17
W B IEAT R tWH, 47T tHC (19 A DCLK) FATEGJE tCH (45 A
DCLK), 3t 160 >l . SEHEE S 2ITHBE S M RE S EH Yy, EA8%E

Y PR E 1 U R T SR SR o | ER TN e 0 (A A

Twayms L,
Vayne iJ ” “1 1 ol o S
e T T T TTIT Y TTIT T T T AT 111y “TT1
: 123 as0 2
i T T JTT#
BLAN 7 123 pillE: T i 23 480 =
< Ty T e, -
Wiy _I_” T L
Ly Lo -I
ur U i
Hisyms 3 —Iim LI
| .
BLANK — LI 1
1 e
et Tivsa . N __5
Huavn " 1 :
I [ ! | G0 S ) 2R TN | Epar
m—— i - — L
L I
BLANK Tex
—_ fasd
et N W N gl i g N Ny By Ny Ay Ny Ny Ny N
3 FAD G800

Bl 4 VGA B/RIKBhEFF



4. WITEI
4.1. SEIITHEE
1. Jil FPGA SZ8 PS/2 flbni% .
2. BUbRACHERE T T BURR B S ep )y BSCR S, A R I Sk R S
3. Reset %8: MEAL.
4.2. ®ilR#E
FHUEALG, W5 RARREMGA @A (0xf4). YRS 7Rl — N
FAT (Oxfado UM B 25 -5 SR J0 W AR A2 A5 IE AN o 5 T A DO AT B R A
P, SR JE BRI 0 R 4 3RS RO IR ASHAR, IR 4 SO, SoRisre
CRT _E SRt 4 i SRR S FAL . A0, 5 b Ab Bl e 5

THGR/E AL

y
i) PS/2 KiEMI i 2 0XF4

v

ik ACK ik, A B bR [P 4

X

\ 4

15 1Ak 3
> FllcHs
¥ 7 VGA LR
MREER ARAT ) ‘IJS AR > Y NTAZN
AL BE FRBRA B ACIR S 4 R R OE

Bl 5 ZATHE
WK 6, RSN m2 state ZALES, BIHEA m2 reset JRZ, FF4E— clk FMEHEA
m2_hold clk 1IR#, 4 ps2 clk hi z (HfEh2k) B K HOREF 400us S5t A m2 data low 1
RS, BRI bR RIS IGAIAT d[0]. d[1] (d[0]=d[1]=0). 5&/§&J5HEA m2 data high 1 IR
A, RiEd[2] (d[2]=1) FEHEA m2 data low 2 RZ, MR AR A% d[3147 (d[3]=0), 5%
RIEBEN m2 data high 2 4RZ, AR A% d[4],d[5],d[6],d[7] (d[4]=d[5]=d[6]=d[7]=1),



SEMURIEVEAN m2_data_low_3 ARA, Il AR RIEA RIS AT, SRJGEEAN m2_data_high 3 R
A, BEARLRR, SAFRARREINEE S . 45 PS2 WEME S R USRI, Bk
FTHLT, WHEA m2_error_no_ack IRA, BRINETRIK, REKELREE m2_error_no_ack IRA
I F— XN, FHEA m2_await_response RN Z T, BSERIEN m2_verify
B, ARJEHEA m2 use IRZS, BiAFfH AR, RN m2_wait IRZS, SRR,
AP B R B JE HE m2_gather ARFS, BEATHC PR B AL, Bl e g N m2_verify
WES, SEI T B T B B G 2R

@ m2 data low_1

m2_data high 2 m2_data low 2 m2_data high 1

ps2_data='1"
m2_data low 3 m2_data_high 3 fall='1"
ps2_data='0" ! m2_error no_ack
y

m2_await_response

14 clk &t bitcount=TOTAL

B A IS fall="1"

K 6 REHL
4.3. PS/2 FRFYERG

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE. STD LOGIC UNSIGNED. ALL;

entity mouse is



Port (

clk : in std logic;
reset : in std logic;
ps2 clk : inout std logic;
ps2 data : inout std logic;
left button : out std logic;
right button : out std logic;
mousex: buffer std logic vector (9 downto 0):
mousey: buffer std logic vector (9 downto 0):
data ready : out std logic;—— rx read o
error no ack : out std logic

)

end mouse;
architecture Behavioral of mouse is
constant TOTAL BITS : integer :=33; —— 3dRHufrE

constant WATCHDOG : integer :=320; —— 400usec FT sys_clk Bky%k
—constant DEBOUNCE TIMER : integer := 2;

—type mlstatetype is ( ml clk h, ml falling edge, ml falling wait

— ml clk 1, ml rising edge, ml rising wait);

type m2statetype is (m2 reset, m2 wait, m2 gather, m2 verify, m2 use, m2 hold clk 1,
m2 data low 1, m2 data high 1, m2 data low 2, m2 data high 2, m2 data low 3,

m2 data high 3, m2 error no ack, m2 await response) ;

——signal ml state,ml next state : mlstatetype;

signal m2 state,m2 next state : m2statetype;

——signal m3 state,m3 next state : std logic;

signal watchdog timer done : std_logic;—fir A ALHiHE B Frd
signal q : std_logic_vector (TOTAL BITS-1 downto 0);—{7 /¥4l
signal bitcount : std logic vector (5 downto 0);——1vit%#s

signal watchdog timer count : std logic vector (8 downto 0); ——ZE£FI[A]
——signal debounce timer count : std logic vector (1 downto 0);

signal ps2 clk hi z : std logic;

signal ps2 data hi z : std logic;

signal fallsig, risesig : std logic vector (2 downto 0);

signal clean clk : std logic; — M ml ERRE ps2_clk Jla) % ik
signal rise,n rise : std logic; — ml AN BdE

signal fall,n fall : std logic; — ml RAMLE H EdE

signal output strobe : std logic; — BRI R AR
signal packet good : std logic; — KA AT

——signal x increment : std logic vector(8 downto 0);
——signal y increment : std logic vector (7 downto 0);
signal mouseyy : std logic vector (9 downto 0):

begin

ps2 clk <=0 when ps2 clk hi z=" 0 else 7 ;
ps2 data <=’ 0" when ps2 data hi z="0" else 'Z ;

——1 I ps2clk FFHVEFIN BV

detect ps2clkfall : process(clk, reset, ps2 clk)
begin
if reset="0" then
fallsig <= 7000”;
elsif clk’event and clk="1" then



fallsig(0) <= ps2 clk;
fallsig(l) <= fallsig(0);
fallsig(2) <= fallsig(l);
end if;
end process;

fall <=1 when fallsig="110" else '0;

detect_ps2clkrise : process(clk, reset, ps2_clk)
begin
if reset="0" then
risesig <= 7000”;
elsif clk’ event and clk="1" then
risesig(0) <= ps2 clk;
risesig(l) <= risesig(0);
risesig(2) <= risesig(l);
end if;
end process;

rise <= ’1" when risesig="001" else 0" ;

m2 R
m2statech: process (reset, clk)
begin
if (reset="0") then
m2 state <= m2 reset;
elsif (clk’ event and clk="1") then
m2 state <= m2 next state;
end if;
end process;

——m2 R
m2statetr: process (m2 state, q, fall,rise,watchdog timer done, bitcount, ps2 data, packet good)
begin

— FHE S A (A

ps2 clk hi z <="1";

ps2 data hi z <=1

error_no_ack <=0 ;

output_strobe <=0 ;

case m2_ state is
when m2 reset => - KAJE 7] AR A A A
m2_next state <= m2 _hold clk 1;
when m2 wait =>
if (fall="1") then
m2 next state <= m2 gather;
else
m2 next state <= m2 wait;
end if;
when m2 gather =>
if ((watchdog timer done="1") and (bitcount=TOTAL BITS))then
m2 next state <= m2 verify;
else
m2 next state <= m2 gather;
end if;
when m2 verify =>
—if (bitcount < TOTAL BITS) then - ” packet good="1
——m2 next state <= m2 wait;
—else
mZ2 next state <= m2 use;
—end if;
when m2 use =>
output_strobe <=1

”



m2_next state <= m2 wait;

- FPIRESHUY 9 MRS LT & AL 5, AT RARZEN " streaming”#x,
— IR AR IE AN 2
when m2 hold clk 1 =>
ps2 clk hi z <=70"; — JAEIH!
if (watchdog timer done="1") then
m2 next state <= m2 data low 1;

else
m2 next state <= m2 hold clk 1;
end if;
when m2 data low 1 =>
ps2 data hi_z <=’0"; — Hdifs FFHfL, d[0] and d[1]

if (fall="1" and (bitcount = 2)) then
m2 next state <= m2 data high 1;

else
m2 next state <= m2 data low 1;
end if;
when m2 data high 1 =>
ps2 data hi z <=1 ; — Fdafr d[2]

if (fall="1" and (bitcount = 3)) then
m2 next state <= m2 data low 2;

else
m2 next state <= m2 data high 1;
end if;
when m2 data low 2 =>
ps2 data hi z <=0 ; — ¥z d[3]

if (fall="1 and (bitcount = 4)) then
m2 next state <= m2 data high 2;

else
m2 _next state <= m2 data low 2;
end if;
when m2 data high 2 =>
ps2_data_hi_z <="1; — #dlfs d[4],d[5], d[6],d[7]

if (fall="1" and (bitcount = 8)) then
m2 next state <= m2 data low 3;

else
m2 next state <= m2 data high 2;
end if;
when m2 data low 3 =>
ps2 data hi_z <=0 ; — &KL

if (fall="1") then
m2_next state <= m2 data high 3;

else
m2 next state <= m2 data low 3;
end if;
when m2 data high 3 =>
ps2 data hi z <=’"1"; —— SOVFRFFHSACH (ACK ki)

if (fall='1" and (ps2 data="1")) then
m2 next state <= m2 error no ack;
elsif (fall="1" and (ps2 data="0’)) then
m2 next state <= m2 await response;
else
m2 next state <= m2 data high 3;
end if;
when m2 error no ack =>
error_no ack <=1 ;
m2 next state <= m2 error no ack;

— T BARIEREEN " streaming B3, SRR AEEAF L 0K 1 I 1],
—= DR EURR E AN 2 0xFA.
when m2 await response =>

—if (bitcount = 22) then



mZ2_next state <= m2 verify;
——else
—— m2 next state <= m2 await response;
——end if;
when others => m2 next state <= m2 wait;

end case;
end process; m2 IRALER
AT
bitcoun: process (reset, clk)
begin
if (reset="0") then
bitcount <= (others=>"0"): -— normal reset

elsif (clk’ event and clk="1") then
if (fall="1") then
bitcount <= bitcount + 1;
elsif (watchdog timer done="1") then
bitcount <= (others=>"0"): —— rx watchdog timer reset
end if;
end if;
end process;

— R A AT
dataseq: process (reset, clk)
begin

if (reset="0") then
q <= (others=>"0");

elsif (clk’ event and clk="1") then
if (fall="1’) then

q <= ps2 data & q(TOTAL BITS-1 downto 1);

end if;

end if;

end process;

— FI IR A g
watchcount: process (reset,rise, fall, clk)
begin
if ((reset="0") or (rise="1") or (fall="1")) then
watchdog timer count <= (others=>"0");
elsif (clk’ event and clk="1") then
if (watchdog timer done="0’) then
watchdog timer count <= watchdog timer count + 1;
end if;
end if;
end process;

watchdog timer done <=1 when (watchdog timer count=WATCHDOG-1) else ’0;

- R AT R

packet good <=1

— Y HoR
outdata: process (reset, clk)
begin
if (reset="0") then
left button <=0 ;
right button <=0 ;
——x_increment <= (others=>"0");
—vy_increment <= (others=>"0");
elsif (clk’ event and clk="1") then
if (output_strobe="1") then



left_button <= q(1);
right button <= q(2);
——x_increment <= "0 & q(19 downto 12);
mouseyy <= not (q(6) & q(6) & q(30 downto 23)) + "17;
end if;
end if;
end process;

cordinatex: process (reset, clk)
begin
if (reset="0") then
mousex <= 70110010000”; -- 400
elsif (clk’ event and clk="1") then
if (output_strobe="1") then
if ((mousex >= 797 and q(5)="0") or (mousex <= 2 and q(5)="1")) then
mousex <= mousex;
else
mousex <= mousex + (q(5) & q(5) & q(19 downto 12));——q(5) :xsign q(6) :ysign
end if;
end if;
end if;
end process;

cordinatey: process (reset, clk)
begin
if (reset="0") then
mousey <= 70100101100”; —— 300
elsif (clk’ event and clk="1") then
if (output strobe="1") then
if ((mousey >= 597 and q(6)="1") or (mousey <= 2 and q(6)="0")) then
mousey <= mousey;
else
mousey <= mousey + mouseyy; —(q(6) & q(6) & q(30 downto 23));
end if;
end if;
end if;
end process;
—mousey <= ”1001010101”-mouseyy;

data ready <= output strobe;
end Behavioral;

4.4, VGA Y55

library IEEE;
use IEEE. std logic 1164.all;
use IEEE. std logic unsigned. all;

entity vgacore is

port

(
reset : in std logic; — reset
clock : in std logic; —— VGA dot clock
hsyncb : buffer std logic; - horizontal (line) sync
vsyncb : buffer std logic; —— vertical (frame) sync

model : in std logic vector (2 downto 0); ——background color select.

rgb : buffer std logic vector(2 downto 0);—— red, green, blue colors
read data : in std logic; ——— the flag show data is ready to be read

lbutton : in std_logic;

rbutton : in std logic;

mousex : in std_logic_vector (9 downto 0);

mousey : in std_logic_vector (9 downto 0) —————— mouse data



end vgacore;

architecture vgacore arch of vgacore is

signal hent: std logic vector (10 downto 0); —— horizontal pixel counter

signal vent: std logic vector(9 downto 0); — vertical line counter

——signal pixrg: std logic vector (2 downto 0); —— byte—wide register for 4 pixels
——signal blank: std logic; — video blanking signal

signal pblank: std logic; —— pipelined video blanking signal
—signal div clk: std logic vector(4 downto 0);

——signal hrgb: std logic vector (2 downto 0); —— red, green, blue h colors

signal vrgb, hrgb, frame: std logic vector(2 downto 0);—— red, green, blue v colors
signal mousehcnt: std logic vector (9 downto 0); —— horizontal pixel counter
signal mousevcnt: std logic vector (9 downto 0); —— vertical line counter

signal bangcolor: std logic vector (2 downto 0);
——signal bang: std logic;

——signal mouse clk: std logic;

——signal flash clk: std logic;

begin

A: process(clock, reset)
begin
—— reset asynchronously clears pixel counter
if reset="0" then
hent <= 700000000000”;
—— horiz. pixel counter increments on rising edge of dot clock
elsif (clock’ event and clock="1") then
—— horiz. pixel counter rolls—over after 381 pixels
if hent<1040 then
hent <= hent + 1;
else
hent <= 700000000000” ;
end if;
end if;
end process;

B: process (hsynch, reset)
begin
—— reset asynchronously clears line counter
if reset="0" then
vent <= 70000000000 ;
—— vert. line counter increments after every horiz. line
elsif (hsyncb event and hsyncb="1") then
—— vert. line counter rolls—over after 528 lines
if vent<666 then
vent <= vent + 1;

else
vent <= 70000000000”;
end if;
end if;

end process;

C: process(clock, reset)
begin
—— reset asynchronously sets horizontal sync to inactive
if reset="0" then
hsyncb <= "1";
— horizontal sync is recomputed on the rising edge of every dot clock
elsif (clock’ event and clock="1") then
—— horiz. sync is low in this interval to signal start of a new line
if (hent>=856 and hent<=976) then —— and hcnt<=800) then
hsynchb <=1’
else



hsyncb <=0 ;
end if;
end if;
end process;

D: process (hsynch, reset)
begin
—— reset asynchronously sets vertical sync to inactive
if reset="0" then
vsyncb <="1";
—— vertical sync is recomputed at the end of every line of pixels
elsif (hsyncb event and hsyncb="1") then
— vert. sync is low in this interval to signal start of a new frame
if (vent>=637 and vent<=643) then

vsynch <=1
else
vsyncb <=0 ;
end if;
end if;

end process;

—E: blank <=1 when ((hcnt<=16 and hcnt>=640) or (vent<=5 and vcnt>=480)) else ‘0 ;
—E: blank <= (hsyncb or vsynch);

F: process(clock, reset)
begin
if reset="0" then
pblank <=0 ;
elsif (clock’ event and clock="1") then
if (hent>799 or vent>599) then

pblank<="1";
else
pblank <=0 ;
end if;
end if;

end process;

K: process (pblank, clock, hent, vent)
begin
if (clock’ event and clock="1") then
if pblank="0" then
case hent (7 downto 5) is

when 7000” =>  hrgb <= 7100”; —— red
when 70017 => hrgb <= ”7010”; —— green
when 70107 =>  hrgb <= “001”; —— blue
when 70117 =>  hrgb <= 7110”7; —— red
when 7100” =>  hrgb <= 7011”7; —— red
when 1017 => hrgb <= ”“101”; — green
when “110” =>  hrgb <= 7000”; —— blue
when 7111”7 = hrgb <= ”"1117; —— red
when others => hrgb <= 7000”; —— white
end case;
case vent (7 downto 5) is
when 7000” =>  vrgh <= 7100”; —— red
when 7001”7 => vrgb <= 7010”; — green
when 70107 =>  vrgb <= “001”; —— blue
when 70117 => vrgbh <= ”"110”; —— red
when 71007 =>  vrgh <= 70117; —— red
when 101”7 => vrgb <= ”“101”; — green
when 7110”7 =>  vrgb <= 7000”; —— blue
when “1117 =>  vrgh <= ”"1117; — red
when others =>  vrgb <= 7000”; —— white

end case;



else
vrgb <= 70007;
hrgb <= 7000”;
end if;
end if;
end process;

XX: process (pblank, clock, hent, vent)
begin
if (clock’ event and clock="1") then
if pblank="0" then
if ((hent>=0 and hent<=9) or (hcnt>=790 and hcent<=799) or
(vent>=0 and vent<=9) or (vent>=590 and vcent<=599)) then
frame <= ”100”;
else
frame <= 7000”;
end if;
end if;
end if;
end process;

L: process (model, clock)
begin
if (clock’ event and clock="1") then
if
((hent>=(mousehent—12) ) and (hent<=mousehcnt+12) and (vent>=mousevent-2) and (vent<{=mousevcnt+2))
or

((vent>=(mousevent—12) ) and (vent<=mousevcnt+12) and (hcnt>=mousehcnt-2) and (hecnt<{=mousehcnt+2) )
then
rgb <= ”111” xor bangcolor;

else
case model (2 downto 0) is

when 7000” => rgb <= ”"100” xor frame; —— red
when 7001”7 => rgb <= 7010” xor frame; —— green
when 70107 => rgb <= “001” xor frame; ——blue
when 70117 => rgb <= (hrgb or vrgb) xor frame; ——yellow
when “100” => rgb <= (hrgb and vrgb) xor frame; —— teal
when 71017 = rgb <= (hrgb xor vrgb) xor frame; ——grid
when “110” => rgb <= hrgb xor frame; —h bar
when “1117 => rgb <= vrgb xor frame; ——v bar
when others => rgbh <=7000";

end case;

end if;

end if;

end process;

MM: process(clock, reset) —— press flash button then background color flashing.
begin
if (clock’ event and clock="1") then
if reset="0" then
mousehcnt <= “0110010000”; —— 400
mousevcnt <= “0100101100”; — 300
else
mousehent <= mousex;
mousevent <= mousey;
end if;
end if;
end process;

P: process(clock, reset) —— chang ball color;
begin



if (reset="0") then
bangcolor <= 7000”;
elsif (clock’ event and clock="1") then
—if (read data="1") then
bangcolor <= lbutton & rbutton & ' 1’
—else
——bangcolor <= “000”;
——end if;
end if;
end process;
end vgacore arch;
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