The Pong Game

The classic Ping-Pong game also a good demonstration of a FPGA design
involving VGA interface and Keyboard (PS2) interface as well.
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The PS2 interface (1)

o cnl
o S ek ed LK.
=[] pong_top (pong_top.sch) e PR e Lo
[ vga_inst-viga_int- hehavioral (vga_intertace vhe) o Read_PS2_VH DL <o 3—————RESET-
) :ntr\_mst—cmrl—statlc_d\sp\gy (pong_cmrl.vhd). clk_icd ik orve serve SERVE
[ V(3T - vgacors - hehavioral (vgacore_multivhd) Lol S R IO D
LLlps2e L R L Lo Lo |f_.d|r{110) N PR
CGENW -testram - behawvioral (testram.vhd) B P82 _Clk - - Left _dir(1:0) —— —=—————+F—lefl _dir(1:0)
[ tle_inst- game_title (game:_til v) Clps2d L S Cr_dir(1:0) g
‘ B Ri 10y == = = = ight di
= [ U1 -Read_PS2_VHOL - Behevioral (Read_ P52 VHDL ) P52 Data Right (1 0) ——— ] st i
o 03 Reset @52 Codelt o) 0D
5 pang_top ucf (pang_top u) 47 S
= [ tead_ps? (read_ps2v) ~
pse_cotl-P52_CTRL (psé_cntrlv) \
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entity psZ ctrl VHDL is

~ \ps2_ctrl_VHDL
}IK

e { Reset

Scan_ready | a

= PS2_Clk Scan_Code(7:0) ——

Port { Clk : in  8TD LOGIC; ters [t
Reset in 3TD LOGIC; o DoRead Trigger ——=
P52 _Clk in  5TD _LOGIC; :
P82 Data : in  8TD LOGIC;
dcan Code : out STD LOGIC VECTOR {7 downto 0);
dcan_ready @ out STD LOGIC;
Trigger : inout &TD LOGIC;
DoRead : in 8TD LOGIC);

end psZ ctrl VHDL;

This Process Synchronize Data exchange:
process( Clk)
Variable Clear reg:
begin
if rising edge{ clk) then
if Reset="1" then

Scan_code <= "00000000";
scan Ready <= '07;
Clear reg := "00";

else

if {trigger="1") and (DoRead="1") then
dcan Code <= § req;

--dcan Code gets the

3TD _LOGIC VECTOR (1 downto 0);

shifted in value of P3Z Data

Clear reg := "00";
scan ready <= '1'; -- New scan code has been received
else
clear reg := clear reg + 1; -- wait two clock cycles before clearing scan ready
if (clear reg »= "10"} then
Clear reg := "00";
scan ready <= '07;
end if;
end if;
end if;
end if;

end process This Process Synchronize Data exchange;
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The PS2 interface (2)

19 architecture Behavioral of psZ ctrl VHDL is
20 signal § reg: STD LOGIC VECTOR (7 downto 0);
21 -- After start hit = 1 0 0 0 0 0 0 O
22 -- After Data it 0=d0 1 0 0 0 0 0 O
23 -- After Data bit 1=d1d0 1 0 0 0 0 O
24 -- After Data bit 6 = d6 d5 d4 d3 d2 d1 d0 1 <- This 1 bit indicates data almost ready
25 -- hfter Data bit 7 = d7 d6 d5 d4 d3 d2 d1 d0 Time to change state to Parity check
26 begin
21
Idle -
ce (VUL
—Keyboard
Idle
Data  [set| 0]1(2(13|4 |56 7P st Fost
L I e T
49 - start b0 8 Data-bits b7 parity stop
30 -- P52_Data = ------- ----========s=ssssssse oo PPPPPPP S55585 ----
51 -- P52 Clk = ===-----mm- e e mmmmmee e
52 --
93 | e e e
54 This_Process Recieve Data from the P52:
Sl process { P52 Clk, Reset)
56 type States 1s (Start bit, Data bits, Parity bit, Stop bit});
37 variable Read state: States;
58 begin
59 if Reset="1" then
60 Read State := Start Bit;
61 5_Reg <= "l10000000"; -- The 1-bit acts as a "Counter"
62 elsif falling edge( PSZ_Clk) then
63 Trigger <= '07;
64 case Read State is
65
66 when Start bit =>
67 if P52 _Data='0" then
68 S_Reg <= "10000000";
69 Read State := Data Bits;
70 end if;
71
12 when Data_bits =>
13 if 5 Reg(0)="1" then -- Change state after 8 data bits
14 Read State := Parity bit;
15 end if;
16 3 _Reg <= P32 Data & 5_reg(7 downto 1); -- Next data-bit
11
78 when Parity bit => -- not used or checked
79 Read State := Stop_bit;
80
81 when Stop bit => -- not checked
82 Trigger <= "'1"; -- Indicates data ready now
83 Read State := Start bit; -- One more time
84 end case;
85 end if;
86 end process This_Process Recieve Data from the PSZ;

PONG game




g

)
10
11
12
13
14
15
1la
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

The Key Encoder (1)

entity Read PSZ VHDL is

Port { Clk in  8TD LOGTC;
P52z Clk in  5TD LOGIC;
PSZ Data : in STD LOGIC;
Feset in S§TD_LOGIC;
P3Z_Code inout STD _LOGIC WECTOR (7 downto 0);
Left dir inout STD LOGIC VECTOR {1 downto 0);
Right dir :inout &TD LOGIC VECTCOR (1 downto 0);
Serve inout STD LOGIC);
end Read P3Z VHDL; ent
L ARRARA P
architecture Behavioral of Read P52 VHDL is - Read PS2 ‘VVHDL: spgainiinad
signal read: std logic; e serva b
signal Data Ready: std logic; . ps2c b G Lo i) W) o
signal stopkey: std_logic; oped Psz.'_nara .qu_«;m 0= SRS 110 : rvn.I_mmcf
signal trigger: std logic; SRS L s e b o 0 IR
R _
COMPONENT pSZ_Ctrl_VHDL ~

™ ps2_ctrl_VHDL

Reset

PS2_Clk Scan_Code(7:0) -

FORT{ Clk : IN std logic;
Reset IN std logic;
F3Z Clk IN =td logic;
F3Z Data : IN std logic:
DoRead @ IN std logic:
Trigger INCUT std logic;

PS2_Data

DoRead

Scan_Code

Scan_ready :

END COMPCONENT;
begin

Inst psZ ctrl VHD

OUT std logic vector ({7 downto uj;
OUT std logic };

L: ps2 ctrl VHDL PORT MAP {

clk =>» clk

Feset = Eeset,

P3z Clk => P32 _Clk,
P52 Data => P52 Data,
Scan Code =» P52 Code,
Scan ready =» Data Ready,
Trigger => Trigger,
DoRead ==> Read) ;

The keyboard sends data to the host in 11-bit words that contain a ‘0" start bit, followed by 8-bits of
scan code (LSB first), followed by an odd parity bit and terminated with a ‘1’ stop bit. The keyboard
generates 11 clock transitions (at around 20 - 30KHz) when the data is sent, and data is valid on the

falling edge of the clock.

Figure 11. Keyboard scan codes
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This_process_recieves_and_decodes_scan_codes_from_the_keyboard:

process | Clk)
type Key states is (Not Presse
variable Key state: Key states;
begin

if rising edge(
if Reset="1"
right dir
left dir
serve <=
read <=
stopkey <=
Key state :=

Clk) then

then

<= "go";

<: I'IDDI'I';

!1\';

Tll’;

!Dl’;

Not Pressed;

elsif (Data Ready="1") or (Read
case Key state is

when Not Pressed =>

if Stopkey="0" then
case (psZ_code) is
when 011101017
P right dir
"0111o0010"
éright_dir
"Ogoolilolr
left dir
"OoooliolLr
left dir
"ool01oo1"
serve <=
"11110000"
stopkey <=
. gerve <=
when others ==
end case;
Key =state :=
else

stopkey <= '07;
case (psZ code} is
when "011101017

when

Fresse

right dir
end if;

when "01110010"

end if;
when "00011101"
left dir
end if;
when "00011011"
left dir
end if;
"1llooooon

when
@heh "oololooL-

when others =»

end case;
Key state :=
end if;
read <=

LA

When Pressed =>

if {(Trigger='0") then
. read <= '17;
.~ Key state :=
end if;

end case;

end if;

end if;

if (right dir =
- right dir <=

if (left dir =

if (left dir =

stopkey <=

 serve <=

stopkey <=

d, Pressed);

-- Mo right paddle movement

-- No left paddle movement

-- §tart with ball being served

-- Ready to receive scan code

-- 8top key code has not been read

="0"} then

=
<: I'I'Dll'l';
=

<= "107;
=>
<= "01";
=
<= "10";
=5

Yl!;
=>

Yl';
TD";

-- up arrow key

-- right up

-- down arrow key
-- right down

-- w key

-- left up

-- = key

-- left down

-- space bar key
-- serve ball

-- A key haz been released
-- get stopkey bit

-- end of case (psZ code) statement

d;

-- new data is telling which key was just released

=>

if (right dir = "01"} then

<= "go";

=
"10")
I'I'DDI'I';

then

=>»
"Dl";l
<= "go";

then

N4

"10") then

<= "go";

=3
Tl";
=3

TDI’;

T

Pressed;

Not Pressed;

-— up arrow key

-— stop right paddle up motion
-- down arrow key

-— stop right paddle down motion
-— w key

-- stop left paddle up motion

-- 3 key

-— ztop left paddle down motion
-- Extended code key

-— Check next psZ entry for stop

-—- zspace bar key
-- stop serve ball

-- end of case (psZ code} statement

resets read bit to enable P5Z Ctrl inp

end process This process recieves and decodes scan codes from the keyboard;
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Fin 1-Red  Pin 5 GND

Pin2 Gm  Pin & Red GND
PFin 3 Blue  Pin T: G GND
Fin 13 HS  Pin B: Blu GND
Pin 14: WS Pin 10: Sync GND

The VGAcore (1)

Anode (entire screen)

Cathode ray tube REpo KO

. ) s’;',‘b“““ ;BIREm K
Deflection coils g7 REDZ 5100
Grig  Electron guns g5 GRG0
(Red, Blue, Green) 5q omIKO ] HD-DB15
5p| CRN2 5o | "
f 44 BLUED
=_'L =\ ) 43| BLUEr 5100
| ‘ R,G,B signals
| (to guns) 19
L i ?;,/) 35
9) \\‘1" I
&} ’ % m” VEA Figure 13. VGA pin definitions and Basys circuit
' /' / /" cable

High voltage  deflection grid gun o
supply (>20kV)  control  control  control = [ela pong_top (pong_top.sch)
wiya_inst - vga_int- behavioral (vga_interface.vhd)
=g Entrl_inst - entrl - static_display (pong_cntrl.wvhd)

E_ImL

Figure 14. CRT deflection system

CGEMNT -testram - behawvioral (testram wvhd)
title_inst- game_title (game_title.v)

Z3 entity vgacore is Port =-[i U1 - Read_PS2_vHDL - Behavioral (Read_PSz_vHDLvhd)

24 CLE : in  std logic; [l Inst_ps2_ctrl_HDL - ps2_ctl_vHDL - Behawvioral {(ps2_ctrl_vHDLvhd)
25 RESET: in  std logic; ['ql pong_tap.ucf (pang_tap.uch)

Za HIYNCH: out =std logic; R R R T T R e R R

z7 VIYNCH:  out std_logic; cntrl vga_int

Z5 HBLANE: out std logic; —fax ] S e e YO,
29 LINE: out std logic vector (S downto 0); —{RESET " oen | MBS T | conc | BLUE[— vaabued
30 PIXEL: out std logie vestor (6 downto 0)); —ySERVE .1l vigne - | Greanl - Vg8 _greed0
31 end wvgacore; =] ton_dut1.0) vs\"N.U‘ : _- . ‘TMHU_{ :‘svr!r_n outf L
32 § :...gn:_u-rﬁﬁ"omm"—'—" COLORD Ly cn_ouT | vga hs
33 architecture behavioral of wvgacore is ! REEHR TR

34 signal TEMF_PIXEL: std logic wector( 9 downto 0);

35 signal TEMP_ILINE: std logic wector( 8 downto 0);

36

37 zignal HCOUNTEER integer range 1023 downto 0 := 0O;

38 signal COUNTER_RESET: std logic;

339 signal VCLE: std_logic;

40

41 gignal VCOUNTER : integer range 1023 downto 0 := 0O;

42 signal VERTICAL COUNTER RESET: std logic;

43  bhegin

44

4 mm oo

44 -- ZState Machine Counter Process

47 -- These counters are to be used as resources for state machine control

48 o

49 hDrizc\ntal_counter: process ( CLE )

50 begin

51 1f CLE="1" and CLE"event then

52 . if COUNTER_RESET = "1 then

53 © | HCOUNTER <= 0;

24 el=e

55 © | HCOUNTER <= HCOUNTER + 1;

56 . end if;

57 end 1f;

58 end process;

59

al vertical counter: process ( VCLE )

&1 hegin

B2 if WCLK = "1' and VCLK'event then

63 © if VERTICAL COUNTER RESET = '17 then

a4 .| VCOUNTER <= 0;

55 else

66 .| VCOUNTER <= VCOUNTER + 1;

&7 i end if;

&8 end if;

62 end process;
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The VGAcore - Timing of the VGA

(F—~pixel 0,0 pixel 0,639~

RN

640 pixels are displayed each
time the beam traverses the screen

VGA Display
Retrace: No
Current ] ) information
through the [~ Pixel 479,0 pixel 479,639 —. is displayed
horizontal . ' during
deflection : ' this time
coil :
l ‘ Stable current ramp: Information is
: displayed during this time

O

Total horizontal time

_ , : Horizontal display time . retrace time .
time : .

[— "front porch”
HS _|_| L]

Horizontal sync signal L "back porch"
sets the retrace frequency

I_ "front porch"

UG3230_c5_02_021706

Figure 6-2: CRT Display Timing Example

Table 6-2: 640x480 Mode VGA Timing

Vertical Sync Horizontal Sync
Symbol Parameter
Time Clocks Lines Time Clocks
Ts Syne pulse time 16.7 ms 416,800 521 32 ps 800
Toisp Display time 15.36 ms 384,000 480 25.6 ps 640
Tpw Pulse width 64 s 1,600 2 3.84 us 96
Tep Front porch 320 us 8,000 10 640 ns 16
Tgp Back porch 028 s 23,200 29 1.92pus 48
| Ts |
| |
| | | T
| — — T
| | Tdisp | | P
| I | |
[ [ l I T
| 1 |
|
. T
e pr bp

UGEa0_c6_0a_021 708

Figure 6-3: VGA Control Timing
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Horizontal: process ( CLE, RESET )
type HETATE is { HREIET,
FRONT_FEORCH,
SYNCH, -— 95 pixels {(2lk-pulse=) wide
BACK FPORCH,
LEFT_EBORDEER,

ACTIVE VIDEC, —-- &40 pixels
EIZHT BORDER ) ;
wvariakhle Horizontal State : HITATE := HREIET;
wvariable PIXEL_COUNE 1 integer := 0;
hegin
if { RESET = "1" ) then
Horizontal State := HREZET;
COUNTEER. RESET <= "17;
HEYNCH <= T1r;
VOLE <= T0";
HELANE = T1T;
elsif ( CLE = "1'" and CLETEVENT ) then
YOLE <= TOT;
HELANE = T1T;
PIZEL == [ others == T07 };
COUNTEER_RESET == T07;
HEYNCH <= T1T;
case ( Horizontal State 1 is
when HRESET =»
Horizontal State := LEFT EBORDER;
COUNTER_RESET <= "07;
HEYNCH = T1T;
——————————————————————————— 5 pixels-—-—--- Want Left Border
whern LEFT EORDER ==
it (HCEUNTER = 43 then
Horizontal_state 1= ACTIVE VIDEO;
COUNTEFR _RESET <= *1";
end if; -
————————————————————————————————————— Want &40 Actiwve Pixels
when ACTIVE VIDEOQ ==
HELANE == T07;
TEMF_FIXEL <= CONV_ STD LOSIC VECTOR (HCOUNTER, 10} ;
PIZEL({ & downto 0 )} <= TEMP_ PIXEL({ 2 downto 3 };:
1if (HCOOUNTER = &329) then
Horizontal_state := RIGHT_ BORDER;
COUNTER_RESET == *i"';
end 1if;
—————————————————————————————— 5 ——--- Want Right Border Pixels
when RTIEHT EORDER =>
if (HCOUNTER = &) then
Horizontal_state = FRONT_FORCH;
COUNTEFR. RESET <= T17;
end 1if;
———————————————————————————— 7+9=14 -- Want Front porch Pixels
when FRONT PORCH =>
if (HCOUNTER = 8) then
Horizontal State := SYNCH;
COUNTEFR. RESET <= T17;
VZLE €<= T17: -- Generate & VCLE _ ---
end if;
———————————————————————————————— 96 pixels -- Wanted Synch puls
when IYNCH ==
HSYNCH <= "0°7;
if (HCOUNTER = 25) then
Hnriznntal_state = BACK FPORCH;
COUNTER_RESET <= T17;
end 1if;
————————————————————————————— 47 pixels ----- Wanted Eack Forch
-- This walue will move the sceen image wertically
when BACEK PORCH ==
if (HCOUNTEE = 471 then
Horizontal_state = LEFT_EOCRDER;
COUNTER._RESET <= T17;
end if;
when others =»
Horizontal #tate := HRESET;
COUNTER_RESET <= T17;
HavNCH = T17;
end case;
end 1f;

end process;
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153
154
153
156
157
158
152
1&0
1al
162
163
1la4
1&3
laa
167
168
1&3
170
171
172
173
174
1735
176
177
178
1732
180
181
182
183
124
185
lga
1a7
188
183
130
131
132
133
134
135
136
137
138
133
z00
201
z0z
z03
z04
203
z0a
zZ07
208
=09
zZ10
z11
Z12
213
214
zZ15
zZle
217
z18
z12
ZZ0
zZz21
ZZE
zZZ23
ZZ4
ZZ5
ZZ&
227
ZZ8

VYertical: process ( YCLE, RESET )
type VSTATE is ( VRESET,
FRONT_PORCH,
SYNCH, -- Z lines
BACK PORCH,
TOF_EORDER,

ACTIVE VIDEO, -— 480 lines
BOTTOM _BORDER ) ;
variable Vertical 3tate : VITATE := VREZET;
wariable LINE COUNT : integer := 0;
begin
if (REZET = 1" 1 then
Vertical State 1= VYREZET;
YERTICAL COUNTER RE3IET “«= T17;
VEYNCH == "1":

glzif ( VOLE = "1" and VCLE'EVENT 1 then
VERTICAL COUNTEER RESET == T0T:
VEYNCH == T1T;
LINE == { others == 0" };

case { Vertical State ) is
when VRESET =&
Uertical_state 1= ToF_EBORDER;
YERTICAL COUNTER REJIET <= 1t
VEYNCH <= '1°';
———————————————————— G+2=8 lines-- Want a Vertical Front
when FRONT_PORCH ==
if (VCOUNTER = 1) then

Vertical #tate := HY¥YNCH;
VERTICAL COUNTER_ RESET == T1T;
end if;
————————————————————————————— Z lines--- Want a Vertical

when SYNCH =>
VEYNCH <= "0°7;
if (VCOUWNTER = 1) then

Uertical_state t= BACK_FORCH;
UERTICAL_COUNTER_RESET == T17:
end 1f;
——————————————————————————— Z4-=-—=- Want a Vertical EBack

when BACK PORCH =>
if (YCOUWNTER = 232 then

porsh

Aynch

FPorah

Vertical State = TOP BORDER;
VERTICAL COUNTER RESET <= "1°;
end 1f; - -
————————————————————— 24+5=2%9 lines-- Want a Wertical Top border
when TOF_EBORDER ==
if (VCOUNTER = 4) then
Uertical_state 1= ACTIVE VIDEOD;
VERTICAL COUNTER RESET <= T1T;
end 1if;

————————————————————————————————————————————— Want 430 lines

when ACTIVE VIDECQ ==
TEMP LINE <= CONV STD LOGIC VECTOR(WCCOUNTER, 2) ;
LINE <= TEMP_LINE(S downto 3);
if (VCOOUNTER = 479) then
Uertical_state = BOTTCOM BORDER;
VERTICAL COUNTER_RESET <= "17;
end 1if;

——————————————————————————————— E-—----- Want a WVertical horder

when BOTTOM EBORDER =3>
if (VCOUNTER = 5) then

Uertical_state = FRONT PORCH;
VERTICAL COUNTER REZET == 1T
end 1if;
when others ==
Vertical State := VREIET;

VERTICAL COUNTER_REZET <= it
VIYNCH «= T17;
end case;
end 1f;
end process;

end behavioral;
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The Digit ROM

= [¢]% pong_top (pong_top.sch)

= [ crtrl_inst - entrl - static_display (pong_cntrl vhd)
WGAT -wgacore - behavioral fvgacore_multivhd)

title_inst- game_title (game_titlew)

woa_inst-woga_int- behavioral fvga_interface whd)

-y UT - Read_P32_WHDL - Behawvioral (Read_FZ2_vHDLwhd)

1z
19
20
21
22
23
24
25
Z6
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
45
47
42
49
30
51
32
53
34
55
36
57
38
59
&0
a1l
G2
63

65
66
67
68
69
70
71
72
73
74
1)

Inst_ps2_ctrl_%HDL - ps2_ctrl_WHOL - Behawvioral (ps2_cirl _VHDLwhd)
[ pang_top.uct (pong_top.uch)

library IEEE;

use IEEE.STD LOGTC 1164.ALL;
use IEEE.3TD_ LosIC ARITH.ALL;

use IEEE.3TD LosTc UNSTENED.ALL;

entity testram is Port |
address: in std logic wvector (& downto 0);
data: out std_lngic_vector(S downto 0)

¥

end testram;

architecture behavioral of testram is

type mem array is array (0 to 73]
Etd_logic_vector(B downto 0);

constant characters:

-- 0

TooooT,
L B s
Tiooir,
Tiooir,
Tiooir,
Tiooir,
Tiooir,
L B s

-- 1

TooooT,
"oooir,
"oooiT,
"oooir,
"oooiT,
"oooir,
"oooiT,
"oooir,

-— 2

Toooar,
r111i1r-,
"oooir,
Toaoitt,
L e s
riaoar,
Tiooaor,
r111i1r-,
-= 3

"oooo™,
"1111",
"ooaoi",
"ogooai'r,
"1111",
"oooir,
"ogooir,
"1111",

- 1

mem Array

ot

(

PONG game

73
=
77
78
73
a0
21
8z
g3
84
85
26
87
==
g3
S0
91
Sz
23
54
25
Sa
97
58
93
100
101
102
103

104
105
10&
107
108
109
110
111
112
113
114
115
1llea
117
118
119
120
121
122
123
124
125
1zZ&
127
128
129
130
131
132
133
134
135
13a
137
138
139
140
141
142
143
144

-- 4

raooor,
rigoir,
riooir,
rigoir,
ri11iin,
ragolr,
roooir,
ragolr,

-- 5

ragog T,
ri11iin,
rigogr,
riooon,
riiiir,
roooir,
ragolr,
ri11iin,

-—- B

ragog T,
ri11iin,
rigogr,
riooon,
riiiir,
riooir,
rigoir,
ri11iin,

-— 7

ragog T,
ri11iin,
ragolr,
roooir,
ragolr,
roooir,
ragolr,
roooir,

-- g

ragog T,
ri11iin,
rigoir,
riooir,
riiiir,
riooir,
rigoir,
ri11iin,

-- 9
"ogoor,
1111,
rigolr,
rigoLn,
n1111",
rooaLle,
rogaoLlr,
roooL"
1

begin

process (address )
begin
data <= characters(
conv_integer(address));
end process;

end behavioral;
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The VGA Int

0 voaredD
e SR -

1 viga blueg
R —

- vga_green0:
e S ~ |

Dl daE oo S e o e S b o

e bibhidg g
— .QFDB%}]ESWJGH_.DUTA__E..

23 entity wvga int is Port |

z4 CLE : in std logic;

25 COLOR: in std logic wvector ( 1 downto 0 );

24 VEYNCH_IN: in  std logiec;

27 HIYNCH IN: in  std logiec;

zZ8 RED: out std logic;

29 BELUE: out std logic;

30 GREEMN: out std logic;

31 VAYNCH OUT: out std logic;

3z HEYNCH_OUT: out std logic);

33  end wvga_ int;

34

35 architecture behavioral of wga int is

34 signal VEYNCH_PIPE: std logic;

37 signal H3YNCH PIPE: std logic;

38

39 signal RGE: dtd logie veotor({ 2 downto O0);

40 constant xBLACEK: gtd logic wvectori( £ downto 03 := "0007;
41 constant xRED: Std_lagic_vectnr( Z2 downto 0) = "ipgo'r;
4z constant xXGREEN: gtd logic wvectori( £ downto 03 := "0107;
473 constant XxBELUE: Std_lagic_vectnr( Z2 downto 0) = "ooi';
44 constant XWHITE: gtd logic wvectori( £ downto 03 := "1117;
45 constant XMAGENTA: Std_lagic_vectnr( Z2 downto 0) = "i01'";
4a constant xCYAN: gtd logic wvectori( £ downto 03 := "0O117;
47 constant XYELLOW: Std_lagic_vectnr( Z2 downto 0) = "110";
48 bhegin

49 PIPELINE: process (CLE)

50 begin

51 if ( CLE = "1" and CLE'ewvent ) then

a2 -= WVEYNCH ouT <= WIYNCH PIFPE; HIYNCH_oOUT <= H3YNCH FIFPE;
53 - HEYNCH PTPE == H3YNCH THN; VEYNCH PTPE == WV3YNCH TH;
a4 VEYNCH ouT <= WIYNCH IN;

55 HEYNCH oUT <= H3IYNCH THN;

1= end 1if;

a7 end process;

58

59 COLOR LUT: process (CLE)

50 begin

61 if ( CLE = "1" and CLE'ewvent ) then

G2 REE <= xBLACE;

63 caze COLOR 1=

ad when "007 == -— Black {only 777)

(5] RGE <= =BLACE;

13 when "01" ==

[ RZE <= xREL;

58 when "10" ==

69 RGE <= xMAGENTA;

70 when "11" ==

71 BGE <= xCVAN;

T2 when others =» NULL;

73 end case;

74 end 1if;

75 end process;

76

77 RED <= RGE(Z);:

75 GREEN <= RGE(1l);

79 BLUE <= RGE(0);

20 end kehavioral;

PONG game



23 entity cntrl is Feort

24 CLE : in Std_ngic; g @a%pgng_tgp(pgng_tgp_sch)

23 RESET: = in std logic; [k vga_inst-vga_int-behavioral (vos_interface vhd)
zZ6 lett dir: in =std logic wvector(l downto O0); P — "
27 righE_dir: in std:lngic:vector(l downto 07 ; S cn ni i :
og SERVE: in std_logie; VGA1-vgacure-behavloral(\fgacore_multi.vhd)
23 HEYNCH: out std_logic; [l CGEN1 -tastram - behavioral (testram vhd)
30 VEYNCH:  out Std—l‘:‘g%c" [ tille_inst- game_iitle (game_title.v]
> COLOR: — out std_logie vestor( 1 downto 0 )37 R -Read P52 VHOL-Behavioral (Pead_PS2 VHDL vhd)

end cntrl;

33 ) pong_top.ucf (pong_tap.uc)

34 architecture static display of entrl is

35

36 component YGAcore is Port

37 E CLE : in std logic;

38 g RESET: in =std logic;

39 E HaYNCH: out std logie;

40 é VEYNCH:  out std logic;

41 : HELANK: out =std logic;

4z é LINE: out std_logic_vectnr(S downtao 0);

43 E PIXEL: out std logic wvector(d downto 0));

44 end component;

45

45 component testram is Port

47 : address: in std logic wector{ & downto 0 };

48 é data: out std_logic_vectnr( 3 downto 0O 3);

49 end component;

aa

51 signal number _data: std logic wector({ 3 downto 0 );

52 signal number address: std logic vector({ & downto 0O j;

53 signal enable: std logic;

54

55 signal LIMNE: std logic wector{ 5 downto 0O );

56 signal PIZEL: std logic wvector({ & downto 0 );

57 signal HELANK: std logic;

a8

59 signal next HIYNCH: std logic;

&0 signal next VEYNCH: std_logie;

61 signal VCLE: std logic;

a2 signal next COLOR: std logic wvector({ 1 downto 0 );

a3

64 constant ball height: integer = 1;

65 constant kball width: integer = Z;

=]

a7 constant paddle height: integer := 8;

33 constant paddle _heighta: integer := 4; -- defines top 174 of paddle

53 constant paddle _heighth: integer := &; -- defines middle 1/2Z of paddle
70 constant paddle heighte: integer := 8; -- defines hottom 1754 of paddle
71 constant paddle width: integer := Z; -- defines width of paddle

TE

73 constant wall height: integer := 1;

74 constant wall top: integer := 3;

73 constant wall hottom: integer := 58;

Ta constant right wall: integer := 77;

7T constant left wall: integer := Z;

78

79 constant right score_x: integer := &4;

20 constant right_score_y: integer := 4;

81 constant left score x: integer := 16;

8z constant left score y: integer := 4;

23 constant score_width: integer := 4;

24 constant score_height: integer := 4;

25

86 constant right x: integer := 7Z;

87 constant left x: integer := 8;

g8

29 signal ball wxdir, ball ydir: std logic;

20 signal ball x: integer range 0 to 20;

91 signal ball y: integer range 0 to &0 := 30;

92 signal ball yrate: integer range 0 to 3;

93

94 signal left vy: std logic wector (S downto 0);

35 signal right y: std logic wector(d downto 0);

96 signal nextleft v: std logic wector (S downto 0);

97 signal nextright y: std logic wvector (S downto 0);

S8

99 -— Delay wector is used to slow down the speed of the hall
100 signal delay: std logic wvector (2 downto 0);
101 zignal lscore, rscore: integer range 0 to 3 := 0;

102 hkegin

PONG game 12



102
10z
104
105
106
107
108
105
110
111
112
11z
114
115
116
117
118
115
1z0
121
122
123
124
125
1z6
127
1z8
125
130
131
132
132
134
135
136
137
138
1359
140
141
142
143
144
145
146

147
148
142
130
151
132
153
1354
155
138
157
138
152
1&0
161
1la2
163
1la4d
165

begin

-- VG4 CORE Instantiation

VEAl: wvgacore port map
CLE => CLE,
RESET => RESZET,
HEYNCH => next HIYNCH,
VEYNCH => next V3YNCH,
HELAMNE => HELANE,
LINE == LINE,
PIXEL => PIEZEL
1i

-- Character generator memory instantiation
CGENl: testram port map

address => number address ,

data =¥ number data

)i

-- Pipeline the control signals to account for Gawme Delay
pipeline: process { clk, pixel, line)
begin
if { 2¢lk = "1" and <lk'ewvent) then
VEYNCH <= next V3YNCH;
VCLE <= next VIYNCH;
HEYNCH == next HIYNCH;
if ( HELANE = 1" ) then
colar == "OO";
else
color <= next COLCR;
end 1f;
end 1if;
end process;

-- Code to display the ball and paddles
display: process (<lk, lines, pixel, left y, right ¥,
ball =, ball y, lscore, number data, rscore)
begin
number_address{Z downto 0} <= line(Z downto 0};
——————————————————————————————— Display Background Color ———----—--—----—
next COLOR <= "O0";
——————————————————————————————— Display the playing field top bar ------
if { line = wall top ) then
next COLOR <= "11";
end 1if;

——————————————————————————————— Display the playing field bottom bar ----
if { line = wall hottom } then

next COLOR <= "11";
end 1if;

——————————————————————————————— Display the left Paddle --—--------------
if {{ pixel = left x -1} ) then
if { (line »*= left v ) and {(line <= {left_y + paddle_height)) ) then
next COLOR <= "11";
end 1f;
end 1if;

—————————————————————————————— Display the right Paddle -——------------—-
if { pixel = right x + 1 ) then
if { {line »>= right ¥) and (line <= (right y + paddle height)) ) then
next COLOR <= "11";
end 1f;
end 1if;

PONG game
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lea
1e7
168
1le5
170
171
17z
173
174
173
176
177
173
175
180
1581
132
183
134
185
13&
187
138
152
150
121
152
123
154
125
15%&
127
158
1232
zZ00
z01
Z0E
203
zZ04
z05
z0e
=207
z08
z02
z10
211
z1z
213
z14
z2153
zZla
Z17
z18
zZ15
zZZzZ0
ZZ1
ZZZ
ZZ3

ZZ4
s

if { (pixel = bhall x) ; then

.~ if { line = ball ¥ ) then
. next COLOR <= "0O1";

: end 1if;

end 1f;

-- Display the Left Zcore { Using 8td Logic Vectors instead of integers |

if ( =lk = "1" and <lk"ewvent) then

élsé
i j number address(é downto 3) <= "00O01";
end 1if;

end 1f;

————————————————————————————————— Display the Left Score

if ((pixel == "O0OO01000" ) and { pixel <= "OOO01011" }) and

5 : {(({line »>= "000000" 3 and {(line <= "000111" 33 then

! : i number address (6 downto 3) <= CONV_2TD LOGIC VECTOR(lscore,4);

elsif ((pixel >= "01000000" ) and ( pixel <= "01000011" 33 and

: : {{line »= "QO00OO0OO" % and {(line <= "0OO111" 33 then
number_address(6 downto 3) <= CONV_3TD LOSTIC VECTOR(rscore, 4);

if ((pixel == "O0001000") and (pixel <= "O001011" })) and

end 1f;

—————————————————————————— Display the Right Score ---note alternative wversion

({line == "000000") and {(line <= "0O0O111"™ ) 3 then
case pixel{ 1 downto 0 ) is

when "007 ==
if { number data(3) = "1 )} then
| next COLOR <= "10";
end 1f;

when "O01" ==
if { number data(Z) = "1 )} then
| next COLOR <= "10";
end 1f;

when "107 ==
if { number data(l} = "1 } then
| next COLOR <= "10";
end 1f;

when "117 ==
if { number data(0) = "1 } then
| next COLOR <= "10";
end 1f;

when others => NULL;

end case;

;f {{pixel == "01000000%") and (pixel == "O1000011" 3) and
H ({line >= "O00000") and (line <= "0001117)) then
if nwaber data{ 3-conv integer({ pixel(l downto 0)))="1" then

H next COLOR <= "10";
H : end if;r
end 1f;

end process;

———————————————————————————— Game play logila ——————-———--— - ——

moving_ paddles: process (VCLE, reset)

begin
1if (reset = "1") then
. left vy == "001001";
IR PO s= rANAAN .

PONG game
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Game play logic

The code below will define the logic of the game. Would it be possible
to implement "World of warcraft” this way?

220 @ —-mmmmmm e Fame play loglo —————————————————————————~————~—~—\——
2Z1 moving paddles: process (VCLK, reset)

222  begin

223 if (reset = "1") then

224 left v <= "Oooioo1it;

22T right ¥ <= "001001";

226 nextleft y <= "O0LO00L1";

227 nextright y <= "0010017;

z28 glsif (VCLKE = "1' and VCLE'event) then

229

230 if {left_dir = "10"} then

231 nextleft v <= nextleft v + 1; -- move up

232 elsif (left_dir = "01") then

233 nextlett v <= nextleft v - 1; -- move down

Z34 else

233 nextleft v <= nextleft v; -- don™t move

236 end if;

237

238 if {(right dir = "10") then

239 nextright y <= nextright_y + 1; -- move up

240 elsif (right dir = "01") then

241 nextright y <= nextright vy - 1; -- move down

z4z else

243 nextright y <= nextright_v; -- don"t move

244 end if;

B4

244 if (nextleft y < %) then

=247 left v <= "O0oioo1i"; -— stop at top of screen
248 nextleft y <= "0010017;

249 elsifinextleft_y = 50} then

z50 leftt v <= "110010"; -— stop at hottom of screen
251 nextleft vy <= "110010";

252 else

253 left v <= nextleft v;

254 end if;

235

Z56 if { nextright y < 9 ) then

257 right_y == "0010017; -— stop at top of screen
z58 nextright y <= "0010017;

259 elsifi nextright y > 50 ) then

zel right y == "110010%; -— stop at hottom of screen
261 nextright y <= "1100107;

ZeZ else

263 right y <= nextright_y;

264 end if;

265 end 1if;

ze6  end process;

287

268 moving ball: process (VCLK, ball xdir, ball ydir, ball x, ball ¥y, reset)
269 begin

270 1if (reset = "1") then

271 ball x <= left wall;

272 ball v == 3Z;

273 ball yrate <= 1;

274 lscore == 0;

275 racore <= 0;

27a enable == '07;

277 delay == "000";

=78 glsif (VCLE = "1" and VCOLE"event) then

274 PF fAalaw = PIONMY +lam ——Mki = wralira wawr ke dmersazad A Adasrsszad Fa

PONG game
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268
Zeo
270
271
272
273
274
273
276
277
278
275
280
z231
282
283
284
283
286
287
288
zZ35
250
251
292
253
254
253
296
257
258
Z55
300
201
302
203
304
203
306
207
308
205
310
211
312
213
314
315
31e
317
318
315
320
321
322
3E23
324
3E5
328
3ET
328
3E8
330
331
332
333
334
335
338
337
338
339
340
341
342

moving bhall: process (VOLE, ball xdir, hall ydir, ball x, ball v,

begin

1if (reset = "1") then
ball x <= left wall;
ball v <= 3Z;
ball yrate <= 1;
lscore == 0;
rscore <= 0;
enabhle <= "07;
delay <= "0O00";

glsif (VOLE = "1" and VOLE"event) then

if (delay »= "100") then
-- adjust the speed of the ball
delay <= "0007;
if (SERVE = "1") then
if {(enakhle = 0" ) then
ball yrate <= 0;
ball vy <= 1&;
end 1if;
ball v <=
enahle <=
end 1f;

3Z;
'l';

————————————————————————————— SR EEEEEEEEE ()RR

-- Horizontal Movement ( 1 =

if (ball =dir "1™y then
if (enakle = "1") then
ball x <= ball x + 1;
end 1if;

check for hit on upper 154 of right paddle

reset)

--This wvalue may bhe increased or decreased to

Eall going Right

right

if {(ball _x = right_x} and { ball ¥y >= right_y - ball_height } and
{ball ¥ < right ¥ + paddle heighta] )} then
ball xdir == '07;

- if bhall is going down
if { ball _ydir = 07 )} then
if { ball yrate = 0 )} then
ball yrate <= ball yrate - 1;
else
ball yrate == 1;
ball ydir == *17;
end 1if;

-- if ball is going up
else
if { ball yrate < 2 )} then
ball yrate <= hall yrate + 1;
else
ball yrate <= Z;
end 1f;
end 1if;
glsif ((ball x = right )
thall v < right v + paddle_heighth)}
ball =dir == '07;

7 then

-- check for hit on lower half of right paddle
elaif
{ball ¥ <= right ¥ + paddle heightc)
ball xdir == '07;
if ball iz going down
fhall wydir = '07) then
if (ball yrate < Z) then
ball yrate <= ball yrate + 1;
else
ball yrate <= Z;
end 1f;
-— if ball is going
else
if (ball yrate = 0) then
ball yrate <= ball yrate - 1;
else
ball wdir == "07;
ball yrate <= 1;
end 1f;
end 1if;

1 then

if

up

PONG game

and { ball ¥ »*= right ¥ + paddle heighta)

({ball x = right =) and { ball ¥y »*= right_y + paddle_heighth)

and

and
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343
244
345
246
347
248
349
230
351
332
353
234
355
236
337
358
335
360
26l
362
263
364
263
366
267
368
265
370
3271
372
373
374
373
376
377
378
375
380
281
382
283
384
385
386
387
388
385
350
351
392
353
3594
355
396
397
398
3595
400
401
402
4032
404
405
406
407
408

—-— dcore for left team
elsze
if (ball x = right wall} then
ball x=dir == '07;
if (enakle = "1") then
if (lscore = 2) then
lscore == 0;

else
lscore <= lscore + 1;
end 1f;
end 1if;
enable == '07;
end 1f;
end 1if;
————————————————————————————— B )
=2lze

-- in middle of playing field

if { enakle = "1" ) then
ball x <= ball x - 1;

end 1if;

if { ball x = left x ) then
-— upper portion of paddle

Ball going left

if ({ ball ¥ >= left y } and { ball y < left y + paddle heighta }) then

ball xdir == "17;
-— if ball is going down
if { ball ydir = 707 )} then
if { ball yrate > 0 ) then
ball yrate <= ball yrate - 1;
else
ball ydir == "17;
ball yrate <= 1;
end 1f;
-— if ball is going up
else
if { ball yrate < Z ) then
ball yrate <= ball yrate + 1;
else
ball yrate <= Z;
end 1f;
end 1if;

-- lower portion of paddle

elsif ( { ball y >= left vy + paddle heighth) and
{ ball v <= left_y + paddle_heighte) )} then

ball =dir == T17;
-- 1f ball is going down
if { ball ydir = 07 )} then
if { ball _yrate < Z )} then
ball yrate <= ball yrate + 1;
else
ball yrate <= Z;
end 1f;
-— if ball is going up
else
if { ball yrate > 0 ) then
ball yrate <= ball yrate - 1;
else
ball wdir == "07;
ball yrate <= 1;
end 1f;
end 1if;
elsif {{ ball_y >= left_y + paddle heighta) and

{ ball v = left y + paddle heighth}) then

ball xdir == "17;
end 1f;

PONG game
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402
410
411
412
413
414
415
418
417
418
4192
4z0
4z1
4z2
423
4zZ4
4z5
4Z8
4z7
4zZ8
4z9
430
431
432
433
434
435
438
437
438
435
440
441
44z
443
444
445
446
447
443
449
450
431

-- 8core for right team
=2lze
if { ball x = left_wall } then
ball xdir == *17;
if { enable = "1" ) then
if { rscore = 2 ) then
rscore <= 0;
el=e
rscore <= rscore + 1;
end 1if;
end 1f;
enahle == "07;
end 1if;
end 1f;
end 1if;
-- Vertical Movement { 1 = up )
if { ball ydir = "17 )} then
if (ball_y <= wall_ top) then
ball ydir == '07;
else
ball v <= ball v - hall yrate;
end 1f;
el=e
if (ball_y *= wall_bottom) then
ball ydir == T1°7;

=2lze

else
ball v <= ball v + ball yrate;
end 1f;
end 1if;
delay <= delay + "17;
ball v <= hall ¥y;
ball yrate <= ball yrate;
ball =x= <= hall =;

ball ydir <= hall ydir;
ball xdir <= ball xdir;

end 1if;
end 1f;
end process;

end static_display;

PONG game
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