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1. FPGA (Field Programmable Gate Array)
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At it:F3 (Verilog & VHDL) #7% & 0 a3kt » ¥ 14
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USE 2.0 HogtiDevice

10100 Efhernel PHYMAC

S0 Card

IrDA Transeeiver
Flash {8 Mbyte)
SDRAM (64 Mbyle)
SRAM |2 Mbyle)
7-3EG Display (8)

Expansion Headers [2)

il

| somhzs zeMhz 1 Extin |

v

Cyclone |l
FPGA
2C70

EPCS16

Conflg
Dev

Use

Blaster

24=bit Audie CODEC

ASGA 10-bil Video DAC

TV Decader (2}

User Green LEDs (4]

User Red LEDs (18]

16x2 LCD Madule

P32 & RS-232 Parts

DPDT Switches (18)

Push-Bulfon Switches(4)

il

Bl 3-2: Block diagram of the DE2-70 board.

Host computer

UsB-Blaster

k)
o

-3 @ DE2-T0 /& ¥u7 15 @]

mterface
i i Cyelone 1l
Nios Il processor JITAG Debug JITAG UART FPGA chip
o proe module mterface
Axvalon switch fabric
On-chip SRAM SDRAM Flash - Parallel 1O Serial 1O
memory interface interface meman interface interface
inter face
. . Flash Parallel Senal
bfr:-fa.'t! b[zﬁ_"' M memony V'O port VO port
P "P chip lines lines




3. Quartus II

Altera ehQuartusl] &K #ctlk E- B2 2 5 G R F
TRV ER ORI T ERIEE VA - BYART L
4 FL(SOPC)K 3+ endw & 3R B - Quartusl] #0488 ¢ 3% FPGA
e CPLD & 3+ Fffenfzd-= % o Quartusll #H« 2
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4. VHDL

VHDL &_ Very High Speed Integrated Circuit

(VHSIC)Description Language chg® » 42 & # =+ T B

AT o 8 gk 'f;fj&{— BEM* KXFAMT
Beeig % o >t CPLD,/FPGA 4v ASIC erdicis % 523k 37 3
FRZagt o VHDL 323 34 > 1983 & » 1987 # 44 2 WK
7 #84c IEEE rE 2 5 & il WMy EF 5 o @ * VHDL ivdkei
TEK 0 R F kIR VHDL 7 7 A fe A FR 0T B
AELo BW - AR ERenRE LA > f it Bor kMot 2
FaoRFNF FM(F APC 3 ivxp 7 )#-47 8 o VHDL
BFEIRTFRB VU ZLALIRBRT I A EHEST

feerpE oo VHDL B A A h@ BRI F A 5 2 2 3Mip o -

ﬁn

entity declaration > ¥ — 384 &_architecture body °

Entity declaration

Interface Declaration

Archuts cture body

Functinal Defraton

® 3-5
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S50MHZ ——
ORE A

—_—

SWQO

> CLK

| DAY _NIGHT

RESET

LIGHT_LED(7)
LIGHT_LED(6)
LIGHT_LED(5)
LIGHT_LED(4)
LIGHT_LED(3)
LIGHT_LED({2)
LIGHT_LED(1)
LIGHT_LED(O)
SEGMENT(6)
SEGMENT(S)
SEGMENT(4)
SEGMENT(3)
SEGMENT(2)
SEGMENT(1)
SEGMENT{0)
ENABLE(6)
ENABLE(S)
ENABLE(4)
ENABLE(3)
ENABLE(2)
ENABLE(1)
POINTER

ulww}wur Y 1rr1}1rl1r1r1r1rr Y

DR R R
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~ %E"\A % ﬂg

Time Base Generator

42 E R el
43 L —-—% Time EBase Generator *
.q.q R el
45 = heogin
46 |
47 = process (CLE, RESET)
a3 | begin
49 = if REZET = '0' then
50 |— DIVIDER <= "O000000000000000000000000;
51 = elzif CLE'event and CLE = 'l' then
5z DIVIDER <= DIVIDER + 1:
53 = end if:
54 o end process:;
55 SCMN CLE <= DIVIDER(15):
56 TELLOW CLE <= DIVIDER{Z3):
L CLOCE <= DIVIDER(Z5):
N “,f%t?&{i » U E_f 7 R-50MHZ 7 ® iR TR
A4 S EP 4R CLOCK ~ = & P ahps 5 YELLOW_CLK &2

= B Ao a4 FF A SCAN_CLK » & % B A4cB] 5-1 -

> CLK

DIVIDER(15) —>= SCAN_CLK

DIVIDER(23) —>=YELLOW_CLK

DIVIDER(25) f=———= CLOCK
oA RESET

#] 5-1

12



2. Green Lightl Down Counter And Auto Reload

59 E o ol ol el ol el el ol e ol ol el o

(18] —=% Green Lightl Down Counter And Auto Beload (30 Second)] +

61 B o ol e e ol e i e e

62

63 = process (CLOCKE, RESET, G1 _ENABLE)

62 | begin

65 = if RESET = '0' then

531 |> Gl _COUNT <= "Oooooooor:

57 = el=sif 1 ENAELE = '1' then

65 = if CLOCKE'event and CLOCE = '1' then

=] = if 1 COUNT = "00000000"™ or G1 COUNT OUT = M"111111117 then
wa |— Gl COUNT <= "Qooooooor:

71 B else

72 B if Gl _COUNT (3 downto 0O) = "0OO00" then

] Gl COUNT (3 downto 0} <= "1001"%;

e - Gl COUNT (7 downto ) <= Gl COUNT(7 downto 4)- 1;
75 = el=se

TG Gl COUNT(3 downto 0) <= Gl COUNT(3 downto 0) -1;
77 - end if:

=] = if ¢l COUNT (7 downto 4) = "1001" then

el Gl COUNT (7 downto 4) <= "0011";

S0 - end if;

51 - end if:

852 - end if:

83 - end if;

54 end process;

P BT R EE O s | S EE TR MW 5-2

>CLOCK
8
G1_COUNT(?) e
I \\ /)
G1_COUNT(®)
Gl_ENABLE
———— | RESET

13



3. Green Light2 Down Counter And Auto Reload

86 E i o e

57 ——%* Green Lightz Down Counter And Auto Reload (30 Second) *

88 i o e

89

S0 = process (CLOCK, RESET, G2_ENAELE)

s1 | hegin

92 =l if RESET = '0O' then

93 |— G2 _COUNT <= "00000000";

94 =l elsif G2 EMABLE = '1' then

95 = if CLOCK'ewent and CLOCE = '1' then

96 =| if GZ_COUNT = "00000000% or G2 COUNT OUT = "11111111" then
97 |— Gz COUNT <= "ooii0o0or;

ag = =lse

99 =] if GZ COUNT (3 downto 0O} = "0000" then

100 Gz COUNT (3 downto 0) <= "1001";

101 - Gz COUNT (7 downto 4) <= GZ_COUNT(Y downto 4)- 1;
10z = zlse

103 Gz COUNT (3 downto 0) <= GZ_COUNT(3 downto 0] -1;
104 - end if;

105 =| if GZ2_COUNT (7 downto 4) = "1001" then

10a GZ_COUNT (7 downto 4) <= "0O0O11";

107 - end if;

105 - end if:

1a0= - end if:

110 - end if;

111 end process;

P- BTSN SR 2 PR H TR Mo ] 5-2

> CLOCK

G2_COUNT(?)
| Xy

G2_COUNT(0)

-1 G2_ENABLE
_ﬂ RESET

] 5-2
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4. Traffic Light Control

113
114
115
116
117
115
115
120
121
1z22
123
124
125
126
127
1=5
129
130
131
132
133
154
135
1368
137
138
139
140
141
14z
143
144
145
146
147
145
149
150
151

152
153
154
155
154
157
1558
159
160
161
la2
163
164
165
166
167
168
159
170
171
17va
173
174
175
176
177

=

mmm

i

P o o o ol o

—=* Traffic Light Control *
e i e e e e ol

process | TELLOW CLE, RESET, DAY NIGHT)

begin
if RE3IET = '0' then
LIGHT <= "11011011°;
MODE <= fOOo0":
FELLOW COUNT <= "1111";
G1 EWNAELE <= '0O';
Gz ENAELE <= '0O';
elsif DAY NIGHT = '1' then
if YELLOW CLE'ewvent and YELLCOW CLE = '1' then
case MODE is
when "OooOOf" ==
LIGHT <= "1101i011";
G1 ENAELE <= '1';:

if G1 _COUNT = "000001017 then
MODE <= MCODE + 1:
end if;
when "O01" =>
if G1_COUNT = "000000007 then

MODE <= MODE + 1:;
1 EMNAELE <= '0':
end if;
when "O10" ==
LIGHT <= "™10111011°";
if YELLOW_COUNT = "0O000" then
TELLOW COMNT <= m™1111":
MODE <= MODE + 1:
else
TELLOW COUNT <= YELLOW COUNT - 1:
end if;
when "O11" ==
LIGHT <= ™0O1111110°";
GZ ENAELE <= '1';
if G2 COUNT = "000001017 then

MODE <= MODE + 1;

end if;
when "100" ==
if G& COUNT = "00000000" then

MODE <= MODE + 1;
G2 EMABLE <= '0O';

end if;

when others =

LIGHT <= ™oi1iii1i;o1i™;

if YELLOW COUNT = "0000" then
YELLOW COUNT <= "1111';
MODE <= "OO0":

else
TELLOW COUNT <= YELLOW COUNT - 1;
end if;
end case;
end 1f;
else
LIGHT <= '1' & CLOCE &£ "™1111" & CLOCKE & '1';:
end if:
end process;
Gl _LIGHT <= YELLOW CLE when MODE = "001" else LIGHT(5):
Gz LIGHT <= YELLOW CLE when MODE = "100" else LIGHT(O):
Gl _COUNT_OUT <= G1_COUNT when DAY NIGHT = '1' else "11111111";
Gz COUNT _OUT <= Gz COUNT when DAY NIGHT = '1' else "11111111";
LIGHT LED <= LIGHT{7Y downto &) & G1_LIGHT & LIGHT (4 downto 1)& GZ_LIGHT:

15



] 5-3

Pe 3+ i icst MODE 9

120~125 = : % #4834 7 £ & RESET » I

(1) FEIZ5E2A A7 R o

b
(ﬂ}
4
o
“gh’(
NS

(2) 0007 , r2 i £ 27 B 43t 17 o

(3) 3 %F BH 7 ElH B 7 11117 o0 L1 o e

(4) ® %% 1 2 %% 2 57 G1_ENABLE-G2_ENABLE 5~ 07 -

BBt pEE L pE o

126 i7 2| %7 DAY_NIGHT=" 17 ~ &9 % » FP AT H {7 o
128~169 {7 i MODE ehp % 34 7 o S 17 » BB 2 BB 3d)

TR fh h B MODE » 5 7 )k /4o ™ B

MODE 3 #kiE tr 4% % EPBE T R R
000 FE1 R IR
001 BEIPE®R F2R
010 TElIR ZE2R
011 CEL R BEZ2R
100 A I e /ARG s
100 EEIRCFE2R

16



LN
-
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173 51 _LIGHT <= YELLOW CLE when MODE = "0O01" else LIGHT(S):

174 GZ2_LIGHT <= YELLOW_CLE when MODE = "100" else LIGHT(O):

175 G1 COUNT oUT <= Gl _COUNT when DAY NIGHT = '1' else "11111111'";

176 GZ_COUNT_OUT <= GZ_COUNT when DAY NIGHT = '1' else "11111111'";

177 LIGHT LED <= LIGHT (7 downto &) & Gl LIGHT & LIGHT(4 downto 1)& GZ_LIGHT:
£ — £ - Y

173 F~% 11675 51 % -

(1) 173 FehR B> e R 54

YELLOW_CLK

LIGHT(5) GLLIGHT P=y— ~

MODE

ﬁ“\\

] 54
% MODE=" 001" p* > %% 1 m@?l 2 G1_LIGHT 3
5. = YELLOW CLK- F]pt S8 1 34 17 % MODE
pEA T 0017 pE SE ] ey &1 G1_LIGHT 32 5 e
& e E 1 LIGHT(5) &g 5L -

(2) 174 FR & T RITHEF M 173 17 > T B> B4oB) 5-5

——— YELLOW_CLK

—————{LIGHT(0) G2 LIGHT Py =

3

| MODE

B 5-2

17



L

(3) % 17547 » % DAY NIGHT & =37 17 & 49 % »
S ] enip it B’fﬁi%] $ G1_COUNT_OUT % & % %% 1

7| gt pF % G1_COUNT > % DAY_NIGHT & =57 07
Zap b oo FlptE 1 e GlL_COUNT &7 11111117 (=

BRTBY 2 R) > TR HACE 56

g
——>{ G1_COUNT
g g
——= "M e ouT TS
~| DAY_NIGHT
@ 5-6

(4) 176 A 7 TRIZE % 175 7 H T 8> B4R 5-7

g
——>{ G2_COUNT
g g
— = " 6 {onT ouT S
~| DAY_NIGHT

B 5-7

(5) & 177 {7 Pl #-do B e B o 4 5 LED 2 &g -

—

18



6. Decide Seven Segment Display Position

POSITION
POSITION
POSITION
POSITION
POSITION

&3

6
——\_—>ENABLE

'1' then
m111101'%;
"101111°";
"o11111°";
r111110f;
mi111110f;

B T B BuAc @] 5-8

1'?9 E ol e
180 ——% Decide Zewven Segment Display Position *
181 e e
182
183 = process (SCAN CLE, RESET)
154
1585 begin
186 = if REZET = '0' then
187 f POSITICN <= ™1i111i1io™;
188 = elsif 3CAN CLE'ewent and SCAN CLE
183 g case POSITICH is
130 when 111110 =
191 when 111101 =>
19z when 10131311 =>
193 when 01131311 =>
194 when others =
195 r end case;
196 F end if;
197 - end process;
198 ENALELE <= POSITICN:
Y - g4 — = [ T = /. q
:i - - -F)s,nﬁ/‘ %E’W,m/ :_%Lﬁ#l']
SCAN_CLK
— RESET

i) 5-8

7. Decide Seven Segment Display Data

£00
201
202
203 -
204
Z205
206
207
208
209
210
£211
212
213 -
214

=l

hegin

case POIITION is

when
when
when
when
when

riii1iior ==
111101t ==
Tio1iilrt ==
"o11i1i1"™ ==
others =

end case;

end process:

=z -
L -

&

=

7

N

=y

g o

19
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—-—% Decide Sewven Segment Display Data ¥
g B e el ol

Elprocess (FOSITION, G1_COUNT OUT, G2 COUNT OUT)

DECODE BCD <= <1 COUNT_OUT(3 downto
DECODE BCD <= &1 COUNT OUT(7 downto
DECODE _BCD <= G2 COUNT _OUT(3 downto
DECODE BCD <= G2 COUNT _OUT(7 downto
null:

B AR R BB TR

an
1) ;
ar;
3 ;



HE LR HARE O

:i::;(H_OOUNTJDUT 4
: DECODE_BCD [——>
—5—G2_COUNT_OUT
POSITION
-

) 5-9

8. BCD To Seven Segment Decoder

216 E R o i i e el e e e e

217 ——% BCD To 3ewven Segment Decoder *

218 o e e e e e e e

219 =

220 with DECODE BCD select

221 SEGMENT <= "1000000% when "OO0O0O07, —-0
222 "1111001" when "OO0O01%, —--1
223 "O0100100% when "O0010%, --2
224 "O0110000% when "O0011%, --3
225 "O0011001" when *"0O100%, —-4
226 "O0010010" when "O0101%*, --5
227 "O000o0o010" when "O0110%, —--o
228 "13111000% when "O0111*, --7
229 "O0Qooooo®™ when *il000%, —--5
230 "O0i0000" when *1001%*, --9
231 11111117 when others;

- BOD - Bl Benf2ag Tk 0 # R A 5-10

—_—

——\—)|DECODE BCD  SEGMENT =

® 5-10
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9. # * Quartus II #-p* 425 %:¥Fen % > o] b-11

Flow Skatus Successful - Fri Jan 07 12:45:14 2011
Cuarkus IT Yersion 10.1 Build 153 11/29/2010 51 Web Edition
Revision Mare TRAFFIC _LIGHT _CONTROL
Top-level Enkity Mame TRAFFIC_LIGHT _COMNTROL
Farnily Cyvclone IT
Device EP2CFOFE0RCT
Timing Models Final
4 Total logic elements 148 /68,416 ¢ <1 9% )

Tokal combinational fFunctions 143 [ 68,416 0( = 1% )

Dedicated logic registers 60/ 68,416¢ <1 %)
Tatal reqisters a0
Taotal pins 251 6E22 (4 %)
Total virtual pins 0
Taokal memory biks 071,152,000 (0%
Embedded Mulkiplier 9-bit elements 0F30000%)
Total PLLs Of4(0%)

&, Cartuz [1
jr) Full Compilation was successful (44 warnings)

B 5o—11

$U T B Bude Bl 5-12

Libraries:

-2 Project
22 c:falteraf10.1)quartus/libr aries|

RAFFIC_LIGHT_CONTROL

CLK LIGHT_LED[..0]
RESET ENABLE[S. 1]
DAY_NIGHT SEGMENT[S. 0]

POINTER

1

Marne:

| TRAFFIC_LIGHT_COMTROL

[7] Repeat-insert mode
[ 1nsert symbol as block

Launch Megawizard Plug-In

I Mega'wizard Plug-In Manager...

K ] I Cancel

) 5-12
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