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SEG.DECvhd D
library IEEE; Al
use IEEE.STD_LOGIC_L164.ALL;
use IEEE.STD_LOGIC_ARTTH. ALL:
use IEEE.STD_LOGIC UNSIGHED.ALL:

=gl

entity SEG_DEC is
port ( D_IN : in std_logic wector( 3 downto 0 );
D_OUT : out std logic_wector( 6 dowmto O ) );
end SEG_DEC:

architecture RTL of SEG_DEC is
begin
procesz( D_IN ) begin
case D_IN is

when 00007 =» D_OUT <= "10000007; -- 0
when "000L" => D OUT <= "1111001"; -- 1
when "00L0" == D_OUT <= "0100100"; -- &
when "0011" =»> D_OUT <= "01100007; -- 3
when "0L00" == D_OUT <= "0011001"; -- 4
when "0101" =» D_OUT <= "00100107; -- 5§
when "OLL0" == D OUT <= "00000107; -- &
when "0LL1" == D_OUT <= "1111000"; == 7
when "1000" == D OUT <= "00000007; -- &
when "100L™ == D_OUT <= "00100007; -- @
when others == D_OUT <= "XOCCOET: -- ElSEl
end case;
end process;
end RTL: =
411 H
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SHETHRBTDHENRHYET. I GUL Y — LT E
TR I OWTHRICEHBALET.

SEG.DEG. #&IRL, H7Uv7LEd. [y —A] &
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WDIHNT 073510 ETDINZEHZLET. 102 AN
L72EEOHINFEAEME X) 12725133 CF.
Time [ns)

ID_mpE0] | g
ID_0UTE0] = | | | | | | | ! |

fi Ed[Save WaveformlZ 4L, IRDX ATl Rys
ANFRENET . KEISHIZRKEBOT —F00, fifihA
INVERHNETDINATILET. Z2TIE, DIN @ 110)
NS 3 AT NELTREET.

Move end of testbench

The test bench ends befare the last assignment in the wavefarm.

End the test bench E £ cycles after the last assignment
Enore | Help: |

ZNT, TAMUFOKBITERTT.

6.5 Fa—4%® VHDL TR FEER
HDL Bencher TIERK L7, I EFIUH D% S 76 Croil
LCAHET. FFRICLT, Fifly—2&ZIRLET.

V—2Z A7 1% [VHDL Test Bench]Z#RL, 77 A /L
413 Ttb_SEG.DEC) &L FE4.
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User Document Fri it
WHOL Module
GCoregen [P |ib SEG_DEC
Schematic
Ahd Library FrlaHg
WHDL Package
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Test Bench Waveform
BMM File
Etate Diagram

v F03 1AIE0A

e [[wews | sat | ad |

(52 71 99L&, VHDL 7 AR~ F ORI ER S
FT. LTI, fkanaA NCHENZIBICT—
RZBmLEd.

—“=wk# Tear Bench — Uger Defired Section *++
th : PROCE3S

BEGIN
D_IN <= "0000"; --10
wait £or 100 ns;
D_IN <= "0001"; --1
wait for 100 ns;
D_IN <= "00l0"; -- 2
wait for 100 ns;
D_IN <= "00Ll1l"; -- 3
wait for 100 ns;
D_IN <= "01l00"; =-- 4
wait for 100 ns;
D_IN <= "0101"; -- 4
wait £or 100 ns;
D_IN <= "0110"; -- &
wait for 100 ns;
D_IN <= "0111"; -- 7
wait for 100 ns;
D_IN <= "1000%"; -- &
wait for 100 ns;
D_IN <= "1001"; -- 9

wait for 100 ns;
D _IN <= "l0l0": -- 10
wait; -- will wait forewver
END» FROCESS;
==iwEd EndiTest Behich = Tser- Defined’ Sectign wes

HE CERSNIZT AN F OO T 4T 44
1%, [testbench]&7e->TUWNET .

ENTITY testbench I3
END' testhench;

ARCHITECTURE behavior OF testbench I3

V=R AR T [tb . SEG.DEC), 7B EAUA LRI T,

[Simulate Behavioral VHDL Module | Z3&IRL, 7 37
AZAT T % FeR L TLIZEV, Design Unit Name 1%, 7
AR F DT T 4T 440 LRICICLTLZS W, FHz,
Simulation Run Time 1% (1100 ns| &L F7.

x|
Simulation Praperties | Display Properties |
FJORF1E i 3
Tiiztom Do Fie T
Use Automatic Do File v
Simulation Run Time 1100ns
Dasien Lint Mame tastbanch
3 ] | ®et Fo4b DY AT

6.6 FTaA—HFDIIaL—L 3 ET
HDL Bencher TYEREKLT=T AR FZIRIRL, 7t
A2 A RO [Simulate Behavioral VHDL Module] 4~

N2V 7 U ET . ModelSim ZE1T795L, OV AR
UMEEILET

FO¥ OO —
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i | by

[ b SEG DEGvhd

S ol view [ g Snapshet View | IL) Library View |
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vioral WHDL Model
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Generate Expected Simulation Results
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Simulate Pozt-hMap WHDL Model

Simulate Post-Place & Route WHOL Model

B~ | Aesthenchid in
@ | Mesthenchid out

o Data- DO0__[{i1700 00700

VHDL CREiRL7=T AR FH[EREIZL T, ModelSim
PERBILET. >3 —al WA E45120%, A
VUARY ORI EE LB LET.

23—l ANEEGE

2 ] 4 =100 %]
File Edit Design Wi Options  Wirndow  Help
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= hibeha 3 1 Loading work.testbench{behavior]
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[Now: 1,100 rs  Delta: 0 lsim:/testbench #

F72, 2~ 2R T lrun xx ns] EASJTHZEHTEET.
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6. 7 VHDL [Ck59RAEERDER

18.432MHz D7 a7 &3 LT, 1R A2 AR [0l
R FFLUET. 4 HiE CLKDIV SLE .

library IEEE;

use |EEE.STD_LOGIC_1164. ALL;

use |EEE. STD_LOGIC_ARITH. ALL;
use |EEE. STD_LOGIC_UNSIGNED. ALL;

entity CLKDIV is
—WV 1/18432000 A7 %4

-—  EwMEIX 25
generic ( WIDTH : integer := 25;
N : integer := 18432000 );

—Vv AR —R
port (CLK : in std_logic;

RST : in std_logic:

SEGC  : out std_logic );

end CLKDIV;

architecture RTL of CLKDIV is

— W HIEME/ EAT S WIDTH 2520 B

signal CNT : std_logic_vector ( WIDTH - 1 downto
0);

begin
-~V CLK, RST 2 {b%& 7%
process ( CLK, RST ) begin
if(RST ="1") then
CNT <= (others=>'0");
SEC <="0";
-V CLK ®3rH EAs ClEhfE
elsif( CLK event and CLK = "1') then
—V 18432000 | %2
if(ONT =N - 1) then
CNT <= (others=>'0");

SEC <= "1";
else
CNT <= CNT + " 1";
SEC <='0";
end if;
end if;
end process;
end RTL;

CNT 78 18432000 (2725 E T, 22l —a 5D
RERDT, 3ol —varfOa—REBIMLET.

-V AHAR—F

port (CLK : in std_logic;
RST : in std_logic:
LOAD : in std_logic; —i&hn

SEC  : out std_logic );

—WV 18432000 |22
if(ONT =N - 1) then
CNT <= (others=>'0");
SEC <="1";
elsif( LOAD = '1") then ——3&JN
CNT <= “10001100100111111111111117;
else
CNT <= CNT + " 1";

SEC <='0";

6. 8 HEAMEIBDTAMMUFEHMEER

CLKDIV_wave &L T, HDLBench Zffi L C, AR
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FIVROEET TOK] L ET.
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Tnputs ars assigned af input setup time' and Tifuts st mesiened oltpiits st decode then shssked
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Clock low time 50 ns
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SR i Cancel | Help |

IR R ERTAT-DI, LLTFOLSICRST #MTH I
LET. SEC O L& T H7-DIZFER L7~ LOAD %
THJIZL, 77 AV E R fE L ET.

TEW - HOL Bencher (tm}

Eile  Edit Miew Options  Help

Bl 2|l &8
o | T il || Zoemin | Zeomou

6.9 #HEED VHDL TR FEER

HDLBench TYERL7=F A F % VHDL TitikL7-
Ba, WEOIOTRDET.

CLK <= not CLK; LEliRkL7=lX WA ERSINT
WARWEREMERDETOT, HELTLIEEN., TRk
RUFDOINFELN IR O LI SCEEEZ SR
.
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COMPONENT clkdiv

PORT( CLK : IN std_logic;
RST : IN std_logic:
LOAD : IN std_logic;
SEC : OUT std_logic )

END COMPONENT;

—VOHEZEERT S
SIGNAL CLK std_logic = '0";

SIGNAL RST : std_logic;
SIGNAL LOAD : std_logic;
SIGNAL SEC : std_logic;

BEGIN

uut: clkdiv PORT MAP(
CLK => CLK,
RST => RST,
LOAD => LOAD,
SEC => SEC ) ;

— sk Test Bench — User Defined Section sk
tb : PROCESS
BEGIN
RST <= "1"; LOAD <= "0 ;
—Wv100ns 52
wait for 100 ns;
RST <=0 ;
wait for 500 ns;
LOAD <= "1";
wait for 100 ns;
LOAD <="0";
wait; — will wait forever
END PROCESS:;

—VoOvIEEET D
process begin
—V 50ns ZEIZREET D
wait for 50 ns;
CLK <= not CLK;
end process;

— x%x% End Test Bench - User Defined Section sk
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BHEITUTIEEW, AEIRDZEFHLET.

Fosrhbmy -2 |
----- B Gount
L—_| EE xc2s100-51q144-H5T VHDL
=B- @ top_gch {to
(£35S A ekdiv (CLKDNVhd)
B[ sez dec (SEG_DEGyhd)

R bl iew | i Srapshot view | I Library iew |

FERLEY-ADIER B
Cl-§F  Desien Entry Utilities
: E--§#  User Constraints
PSS C it [inplementation Constraints File
G Edit Implementation Constraints (Constra

€3 Create Schematic Symbal
= [RENRTEPN b MadalTie Siaalabae

ITORIEI W BT DEaA ML e ET.

NET “CLK” LOC = "P88”;
NET “SG<0>” LOC = "P44”;
NET “SG<1>” LOC = "P43";
NET “SG<2>” LOC = "P42”;
NET “SG<3>” LOC = "P417;
NET “SG<4>” LOC = "P40”;
NET “SG<5>” LOC = “P317;
NET “SG<6>” LOC = "P307;
#VSGDITEH L2V DT A
#NET “SG<7>” LOC = "P29”;
#VW 727 AR

NET “SAQ0” LOC = “P46";
#NET “SA1” LOC = "P477;
#NET “SA2” LOC = "P48”;
#NET “SA3” LOC = "P49”;

6. 14 MEBERDOERT

B— iy N BRI T D top_sch AN ET. 7
A7 AR D [Synthesize] Z% 7 V7V 7L E1.
IEIRLEY =207 R

B &F  Desien Entry Utilities

. Synthesize

E ----- O Implement Design

-~ G Gererate Programming File

ZOVEHIZE T, RTL @ HDL ZCibkH 5, FRPRat By
FEDEIE D AE R SAVET . BIRIZA—7 DB 28
FETDHOT, Fa~v—7 (V—=27) BoxFE7. KK
MO >TNADT, ZOEEMEBELET.

6. 15 EEBERHDEST

[Implemant Design] %7 V27U 7LFET .

JEIRLEY- DI OER
----- &F  Desien Entry Utilities
-3 ¥ Synthesize
S 2NN [rpl=ment Desien
~t_a  Generate Programming File

Ty = 7 bOFHNERIR I ZIEIR L 72 FPGA [Z8 T
FoiE R RSN E T . clkdiv <° seg_dec ZIRINL T, LS
/BB AR A LW IDIC L TIZEW. 2054, BIY
DEIFEPERSNETA.
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F--fg#  Desien Entry Ltilities
Ei ----- Y Synthesize
Ei ----- 37 Implement Design
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W T T UL, e/ v/ Kol
Done: completed successfully.
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[ETE =2 = o = |

6. 17 EDX-001 ~D&Hoa—K

EDX-001 ’% EEN TS FPGA Do 747 L—3g
UEATHTZDIT, FE COM AR—RRFA % 4 PC I2A
VAR LU TKIESVAESR).

ay T4 7L —arOHFIEICONWTE, 5EESZELT
&N, T4 7L —2ar M58 T 9%5E, DONE-LED
MEITL, T BT ACNLED B 0O0G 9 FTHV T v
LW HER TEET .

Bl /a7 —2% FPGA |24 7 m—R4 51213, INIT X
A FEMLT, PIHELTZE .




7 FAFIVIRLT

BIETIL 7 B2 A F LED % 1 DDA WA
LELZ. KRIETIIERD LED 2RSS H1E
WZOWTHLET.

FAF Iy BIT ORI T OLIZRDET.

* seg_decoder : T oseg ‘sG
= — e
= —
: - seg_decoder ; e ’
—— DATA C(E:D
D_E‘DJN(E ) 0_OUTED) \\_ - (ﬁ') 5 En
DATA D(E0)
- seg_decoder - = '
T L.

T pUb T4

seg_cnt -

CLK STB(10) oSy

LLOBEAYLS

n—( RST

SA0 725 SA3 D95, 1 9% 0 (Low) (2L, FLIsbE
INAAE—F AL ET. SA D0 (Low) DEEXD T &

TANEZTDFRENET. 20 SAIZEDLET, KHiD

SG (BZ AT —4) b IS EET.

ZOEEASL kHz TEMES T REBFERS, RAT

LCWAI R A ET.
ZI TN R LS A

SG
STO SA1 SA2 SA3 \8

A
0]
)

0| | V| || =
IO || | =] | =

7.1 T AFa—4

ZOFEY 2 — VTHTATHALZ VHDL Y —AL[FLUT
7.

7.2 ®LYERAHIUE

HUMANDATA

SEL <= CNT;

process( CLK, RST ) begin
if( RST ='1") then
CNT <= "00";
elsif( CLK' event and CLK ='1") then
=V 225kHz Z LT T
if( CE = '1") then
ifl CNT = MAX_SEG - 1) then
CNT <= "00";
else
CNT <= CNT + 1}
end if;
end if;
end if;
end process;

=V Iy I AR—T )WEERT D
process( CLK, RST ) begin
if( RST ='1") then
DIVCNT <= (others=>'0");
elsif( CLK'event and CLK = '1") then
if DIVCNT = MAX_DIVCNT ) then
DIVCNT <= (others=>'0");
CE<="1,
else
DIVCNT <= DIVCNT +'1’;
CE <=0,
end if:
end if:
end process;

end RTL;

WA T4 AI21Z, generic ( MAX_SEG : integer = 4 ); %

N7 DB ATITEELTESW, “OHAITIE, SEL A
“00—01—10—11-00" AT ET Y7 LES. “370DY;
AT, SEL 23900—01—10—007 &720 E .

7.3 T AUMELYA

VL IZRABTZH 00—01—10—11 (252 4F ] H

LT, B/ AT a—2 5B LET.

VWSEG_CNT
library IEEE; SEL (AJ)) | SAO~3 (H177) | SGO~6 ({Hi7])
use IEEE.STD_LOGIC_ARITH.ALL; =
use IEEE.STD_LOGIC_UNSIGNED.ALL; 01 2022 DATA B
10 2202 DATAC
entity SEG_CNT is 11 72770 DATAD
—VERRS T ARTE 0~4
generic ( MAX_SEG : integer == 4 ); VSEG_MUX

port (CLK :in std_logic;
RST :in std_logic;
SEL : out std_logic_vector( 1 downto 0 ) );
end SEG_CNT;

architecture RTL of SEG_CNT is
—=VCLK 7% 18.432MHz D &E CE 1% 2.25kHz D/ VAL D
constant MAX_DIVCNT : integer := 4095;

signal CNT  : std_logic_vector( 1 downto O );
signal DIVCNT : std_logic_vector(11 downto 0 );
signal CE

: std_logic;

—TATTVDE S ITEME
entity SEG_MUX is

port ( DATA_A,

DATA_B,

DATA_GC,

DATAD : in std_logic_vector ( 6 downto 0 );

SEL ©in std_logic_vector ( 1 downto 0 );

DATA_OUT : out std_logic_vector ( 6 downto 0 );

SA : out std_logic_vector ( 3 downto 0 ) );
end SEG_MUX;
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] HUMA NDATA

architecture RTL of SEG_MUX is
begin
-~ VSG ZE
DATA_OUT <= DATA_A when SEL = “00” else
DATA_B when SEL = “01” else
DATA_GC when SEL = “10” else DATA_D;
—VSAZESR

SA <= "0ZZ7" when SEL = “00” else
“70Z7” when SEL = “01” else
“770Z" when SEL = “10” else
“7770” when SEL = “11” else “7777";

end RTL;

MG DOERIEEZOEEHHELTNDLOT, BRY
— LS TINP—RDELERCTEF . 7B Ak LED
ROTERBLCNVERAN, D-FF Z4F AT c&
S

8 FYCIM)YIRTARATLADALT

Ry h<h 7 AT 4 A7 L A(PD4435)IT 5% FonSH
HFENBIZOWCERIILE . 3e7oit 5 8 E v DT
AX—a—P) EERSEHILENTEET.

BIZIE, “A”ThL, 0x41 & DISP.DO~7 I[ZH L F
7.

CPLD ; ‘ FPGA
1 = =
@ a
é o o~
o= Lrsg
Eod =z 2223
aaa o Oa'n'n
RN R 35S
oo B ooo
CH|H[H
E YVY A YVN
a4 - |= o NN
REE |2 Eesg
.
o —
CEO
Fyb2Th)yIRTFLRTLA GND

DISP_A & DISP_WR LIS ifil4#1{E 51 CPLD NI T
1(High)iIZEEL THYET DT, fHEICHIETAZENT
&¥9. Uty ME S THD, DISP.RST IZIERE T

FPGA Tl fl4-251Z 5% DISP_A, DISP.WR DA T,
Uty ME 5 CTdhD DISP.RST IRy =R v/ AT 4 A7 L
A FHLROVEAEEEBLT, CPLD IZA2 I\ —X %1
ALTHDHOT, EIFHARHIRERER0ET

HAI T DA A= NIIRD I FET .

HIDIE / BiReELT
pispAz0

FAE—a—K“a"#51E 0x61
DISPD 70—

DISP_WR T

DISP_AO & A1 {34 DDHTDH B EDHTIZFK REE D7)
FEELEJ. DISP A2 [T S-S OfRELET.

DISP_WR & 25°CHF|{Z 70ns LA E% Low ELET. JVEE
LWEAILTNET —H— e B R TLIZE.

V¥ TRLRIEE

Address Contents

A2 A1l Al

0 X X Control Word

1 0 Digit O (rightmost)
1 0 1 Digit 1

1 1 0 Digit 2

1 1 1 Digit 3 {leftmost)

ERROT = —b 0, Auig SIS TSI A2 2 H
EL, AT L A0 % L ELTLEEL,

A\ A=PaN=EyiRyENN IS

D7 (D6 |D5 |D4 |D3 |D2 |D1 |DO |Operation

0 |0 [X [X |X |X |0 |0 |Blank

0 0 X X [X [|X |0 1 25% brightness
0 0 X XX X 1 0 50% brightnass
0 0 X X [X X 1 1 Full brightness
¥=don't care

DISP_A2, 1,0 % 0, X, X LL7zIF(Z, DISP.D7~0 % |-
FEDINTHRETIUS, sIREPTAET

8.1 RRFIE

KRR FEFERSEDL PRI OV TR LET.
“x 7 THRRBLALL, DS TALTFTOT AXF—a—R%
FREED VHDL B a— L2 ERS L ET.

Ry h=h I AT A ATV AR L TDH IR FA A—
IIRD IS ET .

3 4
A A
avkE—LT—R E i

1 2
= 3

1 ] 1 1
DISP_A 2---0— 0XX X 111 X 110 X 101 X 100 »—

DISP.D 7-+-0—( I X T X2 X8 X4 )>—

DISP_WR

I I O N S R O

kAL T, B L b — LT — R 54T Full
brightness )&t RLE 9. ZDLXD DISP.A2:--0 (T
1L "OXX” ZHH /L, DISP_D7-+-0 [Z“00XXXX11” ZH
JILET.

USB 2>b0HII4HZ &L, USB.DAT &, DY —KA
F—7 E5 USB.RE Z# A J1ELET.

DISP_WR % Low (Z 70ns (23 AWM T9A3, 7y 7N
18.432MHz DIGEITIT, 1 JEHIAK] b4ns ZRDT, BT
A A= £ ST At AN
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8.2 REREYa—I

when S3 =>
library IEEE; if( USB_RE="1") then
use |EEE.STD_LOGIC_1164. ALL; —VUSB A D DEEEHA
use |EEE. STD_LOGIC_ARITH. ALL; DISP DAT <= USB DAT; —13X=*H
use |EEE. STD_LOGIC_UNSIGNED. ALL; DISP ADR <= “111”:
DISPWR.N <="1";
entity PD_LED is STATE <= $4;
Port ( CLK : in std_logic; else
RST : in std_logic; STATE <= S3;
USB_DAT : in std_logic_vector ( 7 downto 0 ); end if:
USB_.RE : in std_logic:; when $4 =>
DISP_WR_N : out std_logic; DISP WR N <="'0";
DISP_ADR : out std_logic_vector ( 2 downto 0 ); STATE <= S5:
DISP_DAT : out std_logic_vector( 7 downto 0 )); when S5 =>
end PD_LED; DISP_WR.N <="1";
STATE <= S6;
architecture RTL of PD_LED is when S6 =>
if( USB_RE="1") then
signal STATE : std_logic_vector ( 3 downto 0 ); DISP_DAT <= USB_DAT; —2 X=H
DISP_ADR <= “1107;
—VRAT— FEBREDGEIET TR DISP.WR.N <="1";
constant SO : std_logic_vector := “0000”; STATE <= ST:
constant S1 : std_logic_vector := “00017; else
constant S2 : std_logic_vector := “0010”; STATE <= $6:
constant S3 : std_logic_vector := “00117; end if;
constant S4 : std_logic_vector := “0100”; when S7 =>
constant S5 : std_logic_vector := “01017; DISPWRN <= 0 ;
constant S6 : std_logic_vector := “0110”; STATE <= S8:
constant S7 : std_logic_vector := “01117; when S8 =>
constant S8 : std_logic_vector := “1000”; DISPWR N <= ' 1’
constant S9 : std_logic_vector := “10017; STATE <= S9:
constant S10: std_logic_vector := “10107; when S9 =>
constant S11: std_logic_vector := “10117; if( USB_LRE="1") then
constant S12: std_logic_vector := “1100”; DISP_DAT <= USB_DAT; —3X=*H
constant S13: std_logic_vector := “1101”; DISP ADR <= “101";
constant S14: std_logic_vector := “11107; DISPWRN <= '1";
constant S15: std_logic_vector := “11117; STATE <= $10:
else
—V' ¥ [FF7RF—O—F  0x2A STATE <= S9;
constant AST: std_logic_vector := “00101010”; end if:
when S10 =>
begin DISP_WRN <="0";
process ( CLK, RST ) begin STATE <= S11;
if (RST ="1") then when S11 =>
DISP_DAT <= "00000000"; DISP WR N <= '1":
DISP_ADR <= “000”; STATE <= S12;
DISPWRN <="1"; when $12 =>
STATE <= S0; if( USB_RE="1") then
elsif( CLK event and CLK="1") then DISP DAT <= USB DAT; ——4 X=FH
case STATE is DISP_ADR <= “100”;
when SO => DISP._WR.N <="1";
—VUSB A5 DIEFH ¥ STATE <= S13;
if( USB_RE="1" and USB_DAT=AST ) then olse
—VFull brightness &3 3% STATE <= $12;
DISP_DAT <= “00XXXX11"; end if:
DISP_ADR <= “0XX”; when S13 =>
DISP_WRN <="1"; DISP_WR.N <="0";
STATE <= S1; STATE <= S14;
else when S14 =>
STATE <= S0; DISP.WR.N <="1";
end if; STATE <= S15;
when S1 => when others => STATE <= S0;
DISP.WR.N <="0"; end case;
STATE <= S2; end if:
when §2 => end process;
DISP.WR.N <="1"; end RTL:
STATE <= S3;
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9O USBE{E%ER

EDX-001 C USB #F|H 3572 D, FAEREIEEIZOWNT
AL ET

\ ZA=374
FPGA ISR
o TG_RD
RD¥ |
FT2458M THEE USB SAfsEE .
USB FIFQ WE, e A S I St
USE DATAD]] |USE DATA[L:T]

9.1 YV—FHAHIILDEAZVT Fr—bk

V—RY-A27)LTIAH, PC A5 USB-001 (2307414
5& FIFO(FT245BM)ICT — ZHE#HS AL, RXF#IL Low (T72
Uk

RD#% TUF, 3B EMBVTFIFO 115D F — X235 %
NIZZEEHVET. 22T, FIFO OFFEN, 22 THIIE,
RXF#i3 HIGH OIRREZ AL £9.

D0.D7 ZHTeZ A7 1% RDED T 230135 T3(30ns),
RD#7532 5 A3 T4(10ns) DA I L 720 F9.

—>
RXF# /—//—\;

—> T3<4— —» T4
D0..D7
< valid data

Time | Description Min Ma
X

T1 RD Active Pulse Width 50

T2 RD to RD Pre—Change Time 50+T6

T3 RD Active to Valid Data 30

T4 Valid Data Hold Time from RD inactive 10

T5 RD inactive to RXF# 5 25

T6 RXF inactive after RD cycle 80

(BT i ns)
9.2 SAMYFAIVILDEALZIVYT Fr—t

WIZ, TANPATNDEAIL 7 TEH, TXERDS Low
DLX, FIFO(FT245BM)IZT —2& 4 2 TcaEd.
WRODIL FYT, TXE#AS T12(80ns)LA i3 High (2720,
FIFO |27 — X DMEANESAVET . FIFO OF —H Vi ¢
HAUZE, TXE#Z High DEETT.
T —XX WR OSL T VRN T9(20ns), 57 FVH%IT
T1I0(10nsHEH T T AU ERIERDET. 112

«— »
—»T11e—
TXE# /—\;

T7 T8

—

»
»

WR

— TI0 <—
— T9 <

D0..D7
< valid data >

HUMANDATA

Time | Description Min Max
T7 WR Active Pulse Width 50
T8 WR to WR Pre—Change Time 50
T9 Data Setup Time before WR inactive 20
T10 Data Hold Time from WR inactive 10
T11 WR inactive to TXE# 5 25
T12 TXE inactive after RD cycle 80
(BT i ns)

KEELIL FTDI AL T — 4 — e T T,

9. 3 HREEROKEEBE

HAX T T —bED, V=RV ANV ETANF AT LD
IREEER X AAERR L ET. /BT HDIX FPGA WD
USB D&l T .

USB 15 B3I M7 DT, U—RETARERIRFIZITOZ
LixTEFEHA. F=, USB FIFO X —7 v DEY 20—
IR FRIC T —Z & 2672V ST 572912, Busy
EERLEEEB LK UIRVETA.

VU —FHA 7L RREER X

FxF# =1
#FIFO HREE

53
RD# <=1

B-HybADU —FIE5

52
RD# <=0
USE ha T — 2D AR

S0 DT, AEH RXF#=1 O ED, PC I S(E 2415
SNTVRNZEEEMLEY . USB FIFO (325 Cd. 22
T, RXF#=0 &724UE, USB FIFO (2300505 80 V) ik
T, S11TBY, TOROIRRER RD#=0 LT 22T
1Z USB NHDT —HEBUAEE A XA T F ¥ —RNT
AU, T3(B0ns)E72 > TNDHH T .

S S2 ITRBEILE7. S2 T, RDHI RIS 7-%%
T, USB 60T —HEBUAET.

S3 T, RD¥=1 IZRLET. 22T, ¥~ vMIU—FE
FEMLET. 2, =7 Y hOEFEY 22— /UIHLT,
USB DT —X DB ZHHEH(E 5 TT.
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HUMANDATA

| constant S3 : std_logic_vector := “117;

VAN A2V RO AEER Y

SqFESICEELL begin
S VUSB 7—H2 DAMTY. BHEIENAA VE—F U RIZ
iz LTHEEET.
/ WL B0 HES USB_DATA <= USB_DATA_REG when( DIR = '1") else
a I N, ‘i
4 :.v;é{ “’?E‘" i THERT
» / HFIFO TR VIDED a—/Lh0EBhTHNIEL, BUSYIES % High
e e [SLET. RF— TINS5 A h&U— IS IDLE
(DR=1) REETHNIE, BUSY (X Low TT.
BUS_BUSY <= "0" when( WR_STATE="00" and
RD_STATE="00" ) else "1";
S0 DT, H—4 B DTANER(TG WR=1)23%
UL, STIZEVET. S1 DEX, X—F Y IhbDT —H
BLUAZITHERMILET . VEDz®H, DFFEANTEEET. SDEE, RXFHE
TXEAZ= EMENSERBICEZXFET. D-FFEANAGLCT
TXE#=1 THZE, FIFO 287 /L720DC, USB FIFO |Z +LEELET.
TR EEDHTLITTEEE A M08 TXE#=0 THI process ( CLK, RST ) begin
IE, IREE S2 ICBLET. 20L&, F—H/3IA X FPGA if (RST ="1") then
BRI TIMAIELE . T —FBRONBF 720D T, RXF_REG <= '0";
FFANTIFEBRLTTRE. TXE_REG <= "0 ;
elsif( CLK event and CLK="1") then
S3 DEE, WR=0 [ZLFT. T —H A0 Azl RXF_REG <= not RXF_N;
T, S1 CLURKITHAN 72T — 2% HILET. WR D TXE_REG <= not TXE_N;
N7 YT USB FIFO 137 —# % BUAAE T else
NULL;
end if;
9. 4 USB HfEHE VHDL EZa—)L end progess:
|ibrary |EEE; V)—FRSGALOILDRT—FrT
use |EEE. STD_LOGIC_1164. ALL; process ( CLK, RST ) begin
use |EEE. STD_LOGIC_ARITH. ALL; V)ty hEoIal—TarvEBIcyfiEERATS
use |EEE. STD_LOGIC_UNSIGNED. ALL; HTEHYET.
if (RST =1") then
entity USB_ARBITER is TG_DO <= "XXXXXXXX";
Port (CLK : in std_logic; TG_RD <= "0";
RST @ in std_logic; RDN<="1";
RXF_N : in std_logic; RD_STATE <= S0;
TXE_N : in std_logic; elsif( CLK event and CLK="1") then
RD_N : out std_logic; case RD_STATE is
WR © out std_logic; when SO =>
BUS_BUSY : out std_logic; VTG_READY & (&2 —47y FDFEAERY EfFEMNOK E
TG_READY : in std_logic; WI3EBKRTY. T4 MM UIILEELRLTENKESIC
USB_DATA : inout std_logic_vector ( 7 downto WR_STATE="00"& L TLVET .
0); if( RXF_REG="1" and
TG_DO . out std_logic_vector ( 7 downto 0 ); TG_READY="1" and
TG_DI © in std_logic_vector ( 7 downto 0 ); WR_STATE="00") then
TG_RD © out std_logic;
TG_WR ©in std_logic ); VZDIREXSIBEHEDRDNTY. DFEY, ROKEHF
end USB_ARBITER; L TWET.
RDN<="0";
architecture RTL of USB_ARBITER is RD_STATE <= S1;
else
signal RXF_REG : std_logic; RD_STATE <= SO;
signal TXE_REG . std_logic; end if;
signal USB_DATA_REG : std_logic_vector ( 7 downto when S1 =>
0); TG_DO <= USB_DATA;
RD_STATE <= S2;
signal DIR : std_logic; when S2 =>
RDN<="1";
signal RD_STATE : std_logic_vector ( 1 downto 0 ); TGRD <= "1";
signal WR_STATE : std_logic_vector ( 1 downto 0 ); RD_STATE <= S3;
when S3 =>
constant SO : std_logic_vector := “007; TGRD <="0";
constant S1 : std_logic_vector := "017; RD_STATE <= S0O;
constant S2 : std_logic_vector := “10”; when others => RD_STATE <= S0;
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VoOOX
end case;
end if;

end process;

VoA A IIIBEDRAT—FTIY
process ( CLK, RST ) begin
if(CRST ="1") then
WR<="1;
WR_STATE <= SO;
DIR <="0";
elsif( CLK event and CLK="1") then
case WR_STATE is
when SO =>
VA=Y k6D T A FEXRK
if( TG_WR="1") then
USB_DATA_REG <= TG_DI;
WR_STATE <= S1;
else
WR_STATE <= SO;
end if;

VFIFO [CZA#HA[EE HD
J—RHA D IILEER SR
if( TXE_LREG="1" and RD_STATE="00") then
WR <=1,
DIR <="1";
WR_STATE <= S2;
else
WR_STATE <= S1;
end if;
when S2 =>
WR<='0;
DIR<="1";
WR_STATE <= S3;
when S3 =>
WR<="1";
DIR<="0";
WR_STATE <= SO;
when others => WR_STATE <= SO;
end case;
end if;
end process;
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10 EDX-001 > 7)LEEE

ZNFETICHBALZ R AL LI, IS EEE RO
WU ER L TUVET. ZTEHLEEV.

10. 1 Yo J)LEK1

727 AN LED DX AFIv7 SUTERIFL, — &
(29007 H35 59 E T, AT RT YT T HIEIE T

- - N2 -
000, |0 0 090
e 2| 2.

EDXSPL1_TOP | hy7EV2—1

CLK60 10 FoMTE 1 BT D%
CLKDIV TR A Bk

SEG_CTL LT DEY 2— V% H
SEG_CNT L IE I B
SEG_.DECODER | B/ AL Fa—&
SEG_MUX BT AL IH

CLKDIV.vhd (—®JEHI D7 %) IZOWTEALE.
L, —BEAERT DD 1/18432000 72T

Z SEC % CLK60 Dy /A 3x—T7 WG 5L U CHEAL
TWET.

entity CLKDIV is
¥ 18432000 |25k
generic ( WIDTH : integer := 25;
N : integer := 18432000 );
port ( CLK : in std_logic;
RST : in std_logic:
SEC : out std_logic );
end CLKDIV;

10. 2 o7 )LEEE2

YT NVEIB AR T T 4 F DIHNIE DR EEE
Mz, VeybRZTOIZRAEEETT.

ZITE, WLARZ 2 T20TC, FHITRE
5N ESNT 100Hz TH T UL FLUET .

o—tzuh
Wrcﬁ)—ij/za N

o ele | e e
e 030 —> e e
EDXSPL2_TOP ry T ED2—)L
GLKEO 10 Btz 1 Moo 212f%
1EEWHME DR E I A 72 D
ANTJ/RFGA—=ZIEHIZLY
CLKDIV I 1Hz &9 100Hz %A A%
CHATTERING Fx B 7 B
e L e
STATE MAGHINE ii.it LB D2 o DR EEE
JE %
SEG_CTL B ERE

HUMANDATA

STATE_MACHINE .vhd ( A7 —h=32 ) [TOW TR
LET. 2T, RFEMIT /T CAT— 3 g0
bHINLET.

RE UERY
/ STOP_SW = 1

RE U #EKRT
STOP.SW=0-~__

REUERT
STOP.SW=0

e EHRT
STOP_SW =1

CLK
STOP_SW
STATE_OUT §

« BfEh —p

10. 3 4> 7)LEIK3

USB gfifs [l i 2 F i Lizoa—[a 9. 9 ek
L7z TSI 2R O JONTHERR 37U, 85 LI 3CFh
ZOFEEPC ICma—ShE .

LEFOEZZEATOIL, FEOY Ty 7N el i
F50>, Windows {1 JE D/ NA/N—H—IF)L7e L D@y
T ZHIHLIEE .

MFEREIE Y, USB OFRfERIEE, —a— HICkERRL
Frh P a— L DITT,

VAERRE

18, 432 Hz m— CLE RD_N e ———— >R
RaT YR p————————T—> IR
BUSY
TE_DD
TE_RD

REF# — _
THEf o THE N

— 2R _DATA

o]

EDEIKRKE VHDL (2 TRl 4258, IRD IR0
Er

Vhy7FEY2—)V

|ibrary IEEE;

use |EEE. STD_LOGIC_1164. ALL;

use |EEE. STD_LOGIC_ARITH. ALL;
use |EEE. STD_LOGIC_UNSIGNED. ALL ;
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vOoOE

entity EDXSPL3_TOP is

Port (CLK : in std_logic: — SYSTEM CLOCK
PSW3 : in std_logic; — SYSTEM RESET
RXF_N : in std_logic;
TXE_N : in std_logic;
RD_N : out std_logic;
WR © out std_logic;

USB_DATA : inout std_logic_vector (7 downto 0));

end EDXSPL3_TOP;
architecture RTL of EDXSPL3_TOP is

component USB_ARBITER is

Port (CLK : in std_logic;
RST : in std_logic;
RXF_N : in std_logic:
TXE_N : in std_logic;
RD_N : out std_logic;
WR : out std_logic;
BUS_BUSY : out std_logic;
TG_READY : in std_logic;

USB_DATA : inout std_logic_vector (7 downto 0);

TG_DO : out std_logic_vector ( 7 downto 0 );
TG_DI o in std_logic_vector ( 7 downto 0 );
TG_RD : out std_logic;
TG_WR : in std_logic );

end component;

signal RST : std_logic:
signal DATA : std_logic_vector ( 7 downto 0 );
signal ENB : std_logic;
signal READY : std_logic;
signal BUSY : std_logic:

begin
VIHLARZ2 V& BTELICELIDOTEE
RST <= not PSW3;

READY <= not BUSY;

UO : USB_ARBITER port map

( CLK => CLK
RST => RST
RXF_N => RXF_N,
TXE_N => TXE_N,
RD_.N => RD_N
WR = WR,

BUS_BUSY => BUSY,
TG_READY => READY
USB_DATA => USB_DATA

TG.DO  => DATA, — USBALD{ELT—4%
TG_DI => DATA, — ZTDFEFHNTD
TGRD =>ENB, — #—%5 v rD'Y—FENB(E

TG_WR =>ENB); — ZTDFEFEZA LENB L2 5
end RTL;

HUMANDATA

10. 4 Y2 7)LEIK4E

USB o7 —4aR0ELC, Rybh~h v I RT (27
LAZRRTDRIEETT. 8 ECHBLE * CoA/ZLT
ZEHE( pd led.vhd Y- F VAR 3Z A S E T,
1EV 7B DT AX —a—REFRSEET.

P T IVEIEK 3Dy T EY 22—/ pd_led DI IR—
FNEEEMZ, LTFTOXEMAZET. Kyh<w N yr A
FUARAT VAR B80T, Vv hoimBicEEL T
72&\VN. DISP.RST IZIEGRE T

U1 : PD_LED port map

( CLK => CLK
RST => RST,
USB_DAT => DATA, —USB 26057 —%4
USBRE => ENB, — L-O7—#73a%h&0 0 ENBIES

VD TFDOEFIRNY IRy 7 A~DH )
DISP_WR_N => DISP_WR_N
DISP_ADR => DISP_ADR
DISP_DAT => DISP_DAT );

VLAY AL T w49 LRy <R w7 A
TAAT LA 'Y DDDD

DISP_RST <= not PSW3;
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11 {3/& CD-ROM ORE

f+/& CD-ROM |T1%, A~=a 7 L CHALI-BEY T
K ED Term oW 7Vl 72 & INGK L CTOET .
BT HNZNE, OIS THET .

[BitFilses]
P T IVEE A~4 DAL T4 T L — g T —H

[DataSheet]
PD4435(K v b= N7 AT 4 AT L A),
FT245BM(FTDI #: USB FIFO)DF — & —h

[ FtdiDrivers]
{8 COM IR—KRFA1(VepDriver),

[1SEpri]
ISE DYV alx/h1~4

[ISE101PRJ]
ISE10.1 DoV vrmar=sh 1~4

[EDterm]
WfEY7HMED Term Oy Ty 7774/ E VB V—R

[Document]

1—H4—Xv=a7IILEEKRE

12 F5TL Q&A

WERIL T4 —2a D ERNT T MAZHONT,
UK &2 DRSOV TR L £

— PC & EDX-001 DE#EE, TR TOHBMNTELEI
3

< VU DBREILE ST, TAASARRBREINSETIOR
PLEDD DA RHET.

= FINARIR—=Dv[ZRTESNEL

sk EDX-001 DS REEGOIRBETIXT A A~ 3R
— Ul TIFFERENEE AL ZHUT, Plug&Play HEREIZ L
HHLOTY .

- aVI4TL—2arvTELRLN D
Start-Up Clock % JTAG Clock &9 5%, 27471 —

N N =S = . >
Lar TEERA. TI7HAMDEEICCLK] L T/ZX0.
Pro ropertiss N |

General Options | Gonfiguration options Startup options | Readback optians |

FORTAE [

Start-Up Clock CCLK. -

Enable Internal Done Fipe |—

Done (Dutput Events) Default (47

Enable Dutputs (Dutput Events) Default (57

Relesse Set/Reset (Qutput Events) Default (6]

Felease Write Ensble (Output Events] Default (67

Feleaze DL (Dutput Events] Default (oWait]

Drive Done Fin.High |mi

ok | xebl | st | L Az |

HUMANDATA

- AV T L—23vTELL @

{48 COM IR —FR A NP IEFITA LV AR —/LER T
RVBEERHVET. A BEBEIILT, T/ AYFR—
V¥ ETEHEN TOEHERL T RS,

- V74T —avTELG Q)
FIHUEANIT)AA » F 2 A&7, CPLD (X USB {575
AP CEER A, USB ICTEESNIca T4 7L —
227 —#1% USB FIFO ITHHANS IS, TlFRE720Ed.

RIS, INIT Ay FEFIL TS,

INIT(#)#A1E)
RAIF

DONE(5ET)
LED

INIT® DONE™

— JEVIFR—EBHELAL

WEY TN ETR— DA —7 L LIZIRET, USB /7
—TNEINTE, BV —T NV EERL T, REEIR
D, R—baili LW GEnHET. USB r—7 L%
SAFERICIE, MTR—MEIR—X L TZE0.

- BR#HELAF+5

/—RPCRERELICELY, EIRMIE DA +-03 L2086 0
HOET. B AC TE T HZEFIHL T TS,

13 EDX-001 EEZ&HIZDL\T

SENIE PRt =y Y SVNSIY (Wt re =

[H D R—b2—2]
http://www.hdl.co.jp/support_c.html

T —H&T v —RT 5280V -LET, 77 A1D
YEART-2Y “exe” DEEX, HOMEZ 7 A1 TY,

ISAY —RZROLNTZEE T thanks” & A ) LT/
FHIUEBT £,
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