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8.1 & #E X R

8.1.1 EHH
CONSTANT &TiE -fERA .- FiAH

CONSTANT FBT : STD LOGIC VECTOR := "010110" ; --EXFHAtrEuxEE
CONSTANT DATAIN : INTEGER := 15 ; —TEM FEUR AR 15



8.1 # #E Xt &

8.1.2 &
VARIABLE TEX : EIEEA .= $i5E ;

VARIABLE a : INTEGER RANGE 0 TO 15 ; —--TEaEXA®Ey, BETVEE0~15
VARIABLE d : STD LOGIC := ‘1’; -—-ZEBEJdEXNANMEEEuEEE, MisERE 1

HirZES := &=izd

VARIABLE x, y : INTEGER RANGE 15 DOWNTO 0; --7DRIEX T Exilyh iR
VARIABLE a. b : STD LOGIC VECTOR(7 DOWNTO 0) ;

3 =UAR 3 ——EEEEE
v =2 + x ; —EREAANE, yHEENTE
g s=iFr ——blmalfE

R EAAE

a(5> DOWNTC 0) := b(7 DOWNTC 2) ;



8.1 # #E Xt &

8.1.3 5

SIGNRAL 1258/ : TEZER .= FigE ;

BFf{Z 5% <= Firzd, AFTER H[E]E; —— LFTER %17

PROCESS (a, b. c) BEGIN
v <= a + b ;
A= =id 3
Yy <= b ;

END PROCESS ;



8.1 # #E Xt &

8.1.3 55
I#E 8% <= v,, v, AFTER T,, Vv, AFTER T,,..., v, AFTER T, ;

reset<= '1', *0" gfter reset period ;

DATA <= "01", "10" AFTER 40 ns, "11" AFTER 60 ns, "00"™ AFTER 65 ns;



8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

=81 ESESEEMEERIUINEMLE

PhisRTs: {55 Signal A58 Variable
EFAE FTFEREEP RIS & T e B HR T E T
&R TS IR E (T e A HEEHERTE X ATHFEH
(BwpkEiks RS R ESHE, et RS, FoHERS

5 Verilog #fEE

TE=H E2E 0 T FPRZERE(E

T E2S N TR ER T E




8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

[5]811]
. — L EEa5Hs-130 R

ARCHITECTURE bhv OF DFF1 IS5
BEGIN
PROCESS (CLEK)
VARIABLE Q1 : STD LOGIC ;
BEGIN
IF CLEK'EVENT AND CLE='1"
THEN Q1 := D; END IF;
Q <= Q1;
END PRCCESS ;
END ;

[ 8-2]

oo ——LAEFSEI5-138 R
ARCHITECTURE bhv OF DFF2 IS5
SIGNAL Q1 - STD_LGGIC =
BEGIN
PEOCESS (CLEK)
BEGIN
IF CLK'EVENT AND CILE='1"
THEN Q1 <= D; END IF;
END PROCESS ;
Q <= Q1;
END ;



8.1 & #E X R

8.1.4 HEFTHETMESZERE

[f58-3] [ 15 8-4)
con ——RAEEBSHIS- 138 co. =LA LB SHI5- 140 A
ARCHITECTURE bhv OF DFF1l IS5 ARCHITECTURE bhv OF DFF1 IS5
SIGNAL A,B : STD LOGIC ; BEGIN
BEGIN PROCESS (CLK)
PROCESS (CLK) BEGIN VARIABLE A,B : 3TD LOGIC;
IF CLE'EVENT BAND CLE='1" THEN BEGIN
A <=0D ; IF CLEK'EVENT AND CLE='1l'"' THEN
B <= A ; A =D ;
Qg <=1B ; B :=A8 ;
END IF; Q<=8 ;
ENDD PROCESS ; END 1F;
END ; END PREOCESS ;
END ;




8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

Q-~reg0
DED>——D g0
CLKCD>———
ENA
CLR

Es1 D ESSHEEE

B

PRE
)

ENA
CLR

(Q~regl

L} -

PRE

—D QF

EMNA

CLR

A
PRE.
P>
CLKCD >
ENA
CLR
.

{5l 8-3 A RTL H.EEHE

—L >0



8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

[ 5] 8-5]
PROCESS (inl, in2, . . .) It #I2{E sns+50T 23 2
VARIABLE cl, . . . : STD LOGIC VECTOR (3 DOWNTO 0)
BEGIN
el <= "1010" ; e B AT
cl == "0O011"™ ; — F104T
END PROCESS: __7F Sns+2801 2| &5t
R L
E T .F'.'L r
A c=ip &



8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

[ 8-6]

LIBRARY TEEE;

USE IEEE.STD LOGIC 1164.ALL:
ENTITY mux4 IS
FORT {i0, il, iZ, i3, a, b

END mux4;
ABRCHTITECTURE body mux4 OF mux4
signal muxval
BEGIN

process {i0,1il1,i2,1i3,a,b)

mizval <= 0;

IN 5TD LOGIC; g

begin

OUI 5TD LOGIC)

I5

integer range T downto O;

if (& = '"1'}) then muxval <= maxval + 1; end if;
it (b =""1"} then muxval <= muxval + 2; end if;
case muxval is

when 0 =» g <= iD;

when 1 =» q <= il;

when £ => q <= iZ;

when 3 =» g <= i3;

when others => oull;
end case;
end process;
END body mux4;



8.1 # #E Xt &

8.1.4 HEFTHETMESZERE

USE IEEE.STD LOGIC 1164.ALL;
ENTITY mux4 IS
PORT (i0, i1, i2, i3, a, b : IN STD LOGIC: q : OUT SID LOGIC}:

ARCHITECTURE body mux4 OF mux4 IS

BEGIN
proces=2(il0,il1,i2,i3,a,b)
variable muxval : integer range T downto 0;
begin
muxval := 0;
if (a = '"1'} then mixval := muxval + 1; end if:
if (b= "'"1"}) then muzval = mxval + 2; end if:;

case muxval is
when 0 =»> g
when 1 => g
when 2 =» g <= i2;
when 3 =>» g
when others => null;
end case;
end process;
END body mux4d;



8.1 # #E Xt &

8.1.4 HEFHIESHESZRERE




5 E 4 0 P

<[ 13T
[ 8-8]

LIBRAERY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY tri s IS
port (enable : IN STD LOGIC;
datain : IN STD LOGIC VECTOR(7 DOWNTO 0) -
dataout : OUT STD LOGIC VECTOR (7 DOWNTO 0) ):
END tri s ;
ARCHITECTURE bhv OF tri_s I5
BEGIN
PROCESS (enable, datain) BEGIN
IF enable='1l'" THEN dataout <= datain ;
ELSE dataocout <="ZZ2Z2ZZ2Z" ; END IF ;
END PROCESS;

END bhwv;

oo
N
1| ]ll>
T

oA

8.2.1

4

l



8.2 & = FHAH

8.2.1 =& ¥t

=
H

LT

lenable -

ldatain[7:0] = 70 [70] LEVRL 'T dataout[7:0] _—
|~ 1

E 85 8 {u=int=H| 18K



8.2 & = FH%H A R BG I
8.2.2 M=) ¥ H BT /5 ¥

[f5189]

library iece;

use ieee.std logic 1164.all;
entity tri state is
port {control : in std logic:
inl: in std logic vector (7 downto 0);
g : inout std logic wvector(7 downto 0);
x : out std logic wector (7 downto 0) );
end tri state;
architecture body tri of tri state is
begin
process (control,q,inl) begin
if (control='0") then x<=qg; else g<=inl; x<="ZZZZZZZZ"; end if;
end process;

end body_ tri;



8.2 & = FHAH

8.2.2 X [ ¥ O Wit 5 v

=
H

N any

[ 8-10]
-— (LA LEFsr 1A 8-9)
process (control,q,inl) begin#
if (control='0") then x <= q ; q <="ZZZZZZZZI";
else q <= inl; x <="ZZZZZZZZ";
end if;
end process;

end body tri;



8.2 4 % NELARY M1 F) PR B R

8.2.2 XU I3 O 1B 7%

ll s CLi
r— [T o - IEt —1
_Fﬂ!' -_'_:_::__-. i I:_'.' Ul A 0] 7 o [ a ’ o M l:-:":l_l-;'.-':::f\'

x_1[7:0]

q[7:0]

E 86 Al 8-9 HIEREEER

lcomtral = 5
.EU m_—' n - | J'l_: 7 F

finT[7=0] _=="5—F% | e e L
q b 5[70 x_1[7:0]

e L
E 87 il 8- 10 S ER



8.2 i FH. 4 i B FL B L T

8.2.3 =X ELHIE T

[f811]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;
ENTITY tristateZ IS

port [ imput3d; dnput?, inputl; inputd
IN S5TD LOGIC VECTOR (7 DOWNTO 0);
enable : TN S5TD LOGIC VECTOR (1 DOWNT aj;
output : OUT STD LOGIC VECTOR (7 DOWNTD 0) );
END tristateZ ;
LRCHITECTURE multiple drivers OF tristateiZ IS
BEGIN
PROCESS (enakle, input3, inputld, inputl, inputd )} BEGIN
IF enable = "00" THEMN cutput <= input3 ;
ELSE cutput <=(OTHERS =»'Z'); END IF ;
IF enable = "01" THEMN ocutput <— inputld ;
ELSE output <=(OTHERS =»"Z'); END IF ;
IF enable = "10" THEMN ocutput <= inputl ;
ELSE cutput «=(0OTHERS =>'Z'); END IF ;
IF enable = "11" THEMN ocutput <= inputl ;
ELSE ocutput <=(OTHERS =»'Z'); END IF ;
END PROCESS;

END multiple drivers;



8.2 i FH. 4 i B FL B L T

8.2.3 =& KBHEEIT

.
L]
e i D O 2 I L2 oy ) et
un7_enable — outpu[ 7 0] =

Joutput_1[7:0]

E 8- Bl 811 sm=REF S SR




8.2 4 % RELARY L Pl B A

8.2.3 =X ELHIE T

[ 8-12]

library ieee;

use ieece.=std logici 1164.ali;

entity tri2 is
port {ctl : /in

datainl,

in std logic wvector(7 downto

end triZ;

architecture body tri

begin

g «— datainl

g <= datainl

g <— datain3

q <= datainé
end body tri;

wWhen
When
wWwhen

when

dataind, datain3,

of triZ is

ct1="00"" elae
ct1="01" else
gE1="10" else
ct1="11" else

std logic wector(l downto 0);
dataind

0} ;
g : out std legic wector(7 downto 0)

[others
([others
(others

([cthers

);

=>'2")
=>'2")
=>'Z")
=>'2")



8.3 JiFriEm] AN

8.3.1 FHEIEAHER

HfEfr=: ] ProcEss [ (BIEESZEHIFE) 1 [1s]
HFEIREASE ]
BEGTM

I P iAEa)

END PROCESS [HIEITES]:



8.3 JiFriEm] AN

8.3.2 HIELEMAR

E5REIER]
R EREER
PR R BiE A

TREFRAMIER
R 7 i3 VB )
FERE R 5 )



8.3 Wy iE) AN
8.3.3 HEER

1. PROCESS A—LIRIEHiEH]
2. SRR R FER) A BB RRE AT XE

3. [EEWURSNERERRIIEE LK

4. —/MEEF R R N T A 8ME S RIE PR FiEE



8.4 FATHE BRI

datal <= a AND b :

datal < ¢ :
[ 5 8-13]
SIGHMAL select : INTEGER RANGE 15 DOWNTO O;
Select <= 0 WHEN s0="0'" ZAND s1="0" ELSE

=3

WHEN =0='1l' AND s1="0"' ELSE
WHEN =0='0"' AND sl1="1"' ELSE

H <= WHEN select=0 ELSE
WHEM select=1 ELSE

WHEN select=Z ELSE

(o PR T & W S PR %



8.5 IFiERIfLiR

IF %49 Then ——268 (1) IF {40 Then ——2KH (20
[[l=at=y=) [=AE=y=)
END IF ; ELSE
[il=3e=y=)
END IF ;
1F %f8 Then ——2ER (3) IF %8 Then ——2ER (1)
1F %) Then IR B E)-
FLSIF 3{¥@ Then
END IF =)
END 1F eisE
Il FFET)

EHD IF



8.5

IFiE =) iR

[ 8-14]

LIBRARY TEEE;

USE IEEE.S5TD LOGIC 1164 .ALL;

EMTITY coder IS
din : IM ETD_;DGIC_VECTDR(U T 77

THEMN
THEN
THEN
THEN
THEN
THEMN
THEN

output
output
output
output
output
ocutput

PORT |
output

END coder;

ARCHITECTURE kehav OF coder IS

BEGIHN
FROCESS (din) BEGTH

IF (din(7)="0")

ELSIF {din(&)="0")
ELSIF (din(3)="0")
ELSIF (din(4)="0")
ELSIF (din(3)="0")
ELSIF (din{2)="0")
ELSIF (din(l)="0")

END FROCESS ;

END behavwv;

ELSE

output
output

==

OUT STD LOGIC VECTOR (0 TO 2)

"000" ;
"100" ;
"010" ;
g
"OOL™:
wintT
2 E
o 65 L

);

END IF

"
r



8.5 IFiERIfLiR

£8-2 S3IBLMAMBBHEMER (FHl “x” HEE, %l VADL £ “— &)

WA T
din0 dinl din2 din3 din4 din5 din6 din7 output0 outputl output2
X X X X X X X 0 0 0 0
X X X X X X 0 1 1 0 0
X X X X X 0 1 1 0 1 0
X X X X 0 1 1 1 1 1 0
X X X 0 1 1 1 1 0 0 1
X X 0 1 1 1 1 1 1 0 1
X 0 1 1 1 1 1 1 0 1 1
0 1 1 1 1 1 1 1 1 1 1




8.6 {ii B iE Bt

8.6.1 [&EA &R

B <= A AFTER 20 ns : ——EBEEER., FE, T 205 ns A EZETH!



8.6 15 & %t Bt

8.6.2 fEEIERT

B <= TRANSPORT A AFTER 20 ns: —— {EEILATE R

—

A
B B - \
0 10 20 30 40ns 0 10 20 30 40ns

Bl 8-9  [EA AL B3 A a0 L E E 8-10 {E%3E AFEE A a0 R T

8.6.3 1iE &



8.7 VHDLHER X A%

8.7.1 RTLIH®&R
8.7.2 1T NHHIR
8.7.3 FiEWM MR

8.7.4 ZEHHHIR



8.8 VHDL Test Benchf{i &

8.8.1 VHDL{FEMIE

Sz /VHDL Test Bench
Barel AT
iT :'I"J 45y ModelSim HiF
VHDLEF
RTLEZR = Y
ME?,F$ RE R g
| 12k ¥
. VHDL{j K
N
(B FRE T 2)) v
EZER
MR (MBREE) |
8-11 HDL % E s-12 VHDL (A EiHiZ

R THIEER



8.8 VHDL Test Bench{i E

8.8.2 VHDL Test Benchfj E

VHDL Test BenchFi ¥ W S Pt A £
5 U TR R S R

#5594k F Test Bench T :
01 s g BT VHDL i h#5 :
T et T K| ol B >

E 8-13 VHDL Test Bench &%



[l 8-15] Test Bench [ f$2£: ONT10 TB.vhd a
LIERARY IEEE;
USE IEEE_STD LOGIC 1164 ALL;
USE IEEE.STD LOGIC UNSIGHED.ALL;
ENTITY CNT10 TB I3
END CNT10 TB;
ARCHITECTURE ONE OF CNT10 TB IS
COMPONENT CWT10
PORT (CLEK,RIT,EN,LOAD : IN STD LOGIC;
DATA : IN STD LOGIC VECTOR (3 DOWNTO 0} ;
DOUT : OUT SID LOGIC VECTOR (2 DOWNIO 0} ;
COUT : OUT STD LOGIC);
END COMPONENT;
JIGNAL CLE1 : STD _LOGIC -='0"; —-fEECNT108 &3 s ES
SIGHAL RST1 : 5TD LOGIC -='1'; ——E{ECNT108 3 MR TES
SIGNAL EN1 : STD LOGIC :='0'; -—F ECNT106 S FE5E O pifseEs
SIGWAL LOAD1 : STD_LOGIC :='1'; --ENE#cwricioseiEs
JIGHAL DATAl : ITD LOGIC VECICR([3 DOWNIO 0);
SIGHAL DOUT1 : STD LOGIC VECICR (3 DOWNIO 0} ;
SIGWAL COUT1 : 3TD LOGIC;
CONS3TANT CLE P - TIME = 250 nas;
- A B EHEEHECLE =150 na, T 250 Snalf T EE T

oy mg

BEGIN
Ul: CNWT10 PORT MAP(CLF=>CLE1, R3T=>RST1, EN=>EN1, LOAD=>LOAD1,
DATA=>DATALl, DOUT=>DOUT1, COUI=»CO0T1); —F{EENEEE
PROCES3 BEGIN ——-FERHEISHERE. EF&2 TSRS BRESRAS BSIEHNERE
CLE1<="0"; WAIT FOR CLE_P; —CLEIE ¥ E0. 250n=E8#
CLE1<="1"; WAIT FOR CLE F; ——EiT250n=FiEE.
END FROCESS;
REST1 <= "1", '0" AFTER €10 n=, '"1' AFTER BB0 n=; ——RIT1FIEF&EHE
EN1 <= "0', "1" AFTER 2300 ns=; —EN1E=FH 5|
LOAD1 <= '1', "0" AFTER 3000 n=, "1" AFTER 3300 n=,'0"' AFTER BOOO n=,
"1' AFTER B3&0 n= ;
DATAL <= "0100%, "0111" AFTER 8€0 n=, 1000 AFTER 5500 n=,
="(100" AFTER S000 ns;

END OME;



8.8 VHDL Test Benchff &

8.8.3 VHDL Test Bench/}j E L4

1. ZHEModelSim

2. ATest Bench{i E&ES¥



8.8 VHDL Test Benchf{i &

-

" Settings - CNT10

CARSGOry:

General
Fites
Librares
4 QOperating Settings: and Conditions
Voltage
Temperabure
4 Compdation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Dptimizations
4 EQA Tool Settings
Design Entry/Synihesis
Simulation
Formal Verification
Board-Level
4 Analysic & Synthesis Settings
VHDL Input
Veriog HOL Input
D Faudt Parameters
Fitter Settings
TimeQuest Timing Analyaer
Assembler
Desgn Assstant
SignalTap I Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settngs
S5N Anslyer

Simuilation

Specify cpbons for generating cutput files for use with other EDA tools.

Tool name: | ModelSm-Altera - |
| fun gatadevel simulaton autcmatically after complation

B0 Netist Writer sattings

Format for output netist: 'u'l-l.'.l. v Tine scaes: | 100 us

E]l

Output directory:  D:/VHDL_TESTBanch/
| Map Begal HOL characters [ Enable ghitch fitering
Options for Power EStimation

| Generate Value Change Dump (VCD) fle saipt | Soript Settings.

s e RS e 8 By
= il ILE TS

|More EDA Netist Writer Settings....
Mathvelink settings
Hone

@ Compie testbench: |CNT10_TB * | [TestBenches...

F 8-14 IRIFME T BAtrtnin L MziE =S




——

8.8 VHDL Test Benchff E

s Edit Test Bench Settings

Edit test bench settings for the selected test bench.

Test bench name: CNT10 TB
Top level module in test bench:  CNT10_TB
| Use test bench to perform VHDL timing simulation
Design instance name in test bench: L1
Simulation period
Run simutation untll all vector stimuli are used

@ End simulation at: 15 lus ':

Test bench and simulation files

Fle name: CNT10_TB.vhd ) Adid

_ Fie Name Library HOL Version [ R Emove J
EI:Hrm_Tﬂ.vhd Default B

B 8-15 5 Test Bench {HEF BE&E0

3. B3)Test Bench{i &
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8.8 VHDL Test Benchf{i E

8.8.3 VHDL Test Bench{}j B 524

4. S ¥iTest Bench{fiE4EE

Tof MusdelSom ALTERA STARTER EDITION 10014

8-16 BN ERTHL A ModelSim FH (B FFHIEHIEEANE 8-17 o)



Y, —f

8.8 VHDL Test Benchi{f &

8.8.3 VHDL Test Bench{}j B 524
4. 3 #¥rTest Benchii E4 R

fent10_th/CLK1
fent10_thRST1

fent10_th/EN1
hltﬂ_'ﬂlﬂ.ﬂlni

cnt 10 _th/DATAL

m_m:r:
m_umm

— 3
il e
x o101 21153 Ml A2l )3 Jalls el s jmldp Nl 13133 Is( 6 1718 IS

[ 8-17 Test Bench % T M EiEH1FE




[l 8-16]

LIBRARY IEEE;

T3E ieee_std logic 11€3.311;

LIBRARY lpan;

T3E 1pm.all;

ENTITY CWI4B 13

BORT (CLE, EW, CLE, LOAD, TD : IN 3TD LOGIC ;

DATA - IN STD LOGIC VECTOR (3 DOWNTO O] ;
COUT - OUT STD LOGIC ;

DOUT : OUT STD LOGIC VECTOR (32 DOWNTO 0O} };
END CHT4E:

ARCHITECTITRE 3¥W OF CWT4E I3

FIGHAL =sub wire(0 : 3TD LOGEIC ;

JIGHAL sub wirel : 3TD LOEIC VECTOR (3 DOWNIO O} ;

COMPONENT 1pm counter

GENERIC (1lpm direction,lpm port updown lpm type - JTRING;
lpm modulus, lpm width : HATTORAL } ;

FORT (=load, clk en, aclr, clock, updown : IN 3TD LGEIC ;
cout : OUL 3TD LOEIC ;

g - OUL 3TD LOEIC VECIOR (2 DOWHIO 0} ;

data : IN 3TD LOE=IC VECTCR (3 DOWHTIO 0) );

END COMEBONENT ;

BEZIN

OO0 <= =subk wirel; DOUL <= =ub wirel (3 DOWNTOD O ;

T1 : 1pm counter GENERIC MAREP [

lpm direction = "THO3ED", lpm modulus =3 12,
lpm port updown => "PFORT T3ED™, lpm type =» "LEM COOOWTER™,
lpm width => 4]

BORT MAE [glk en=3>EM, aclr=3LH, clock=>{1E , =lgad=>L0O&D,

data=>*DATA, npdown=>0U0, cout=>sub wirel,g =¥ sub wirel];
EHD 3%H;



[#18-17]
LIEEARY IEEE;
T3E IEEE.3TD LO=IC 11&4_ALL;
T3IE IEEE.3TD LOEIC THSIGHED. ALL;
ENTITY CWIL4E TEB I3
END THT49B TE;
ARCHITECITOERE CHWE OF CWT10 TB I
CDOMEONENT CTHIT4E
EORT ([LE,CLE,.EN,LDAD,.TD - IN 3TD LOEIC;
DATAE - IN 3TD LOGEIC VECTOR (3 DOWRID O) ;
OoOT - OO0 3TD LOEIC VECTOR (2 DOWNTD 0] ;
OO0T - OUOL 9TD LEIC) |
END COMEBONENT ;
SIENAL clkl I3TD LOEIC -="0"
JIEHAL clrl : 3TD LOEIC -="0"
JIENAL e=nl : 9TD LOEIC -="0O"
JIEHAL udl : 9TID L=IC -=
JIEHAL loadl : 3TD LOEIC -="0°;
SIGHAL datal - 3TD LOEIC VECTICOR (2 DOWNTIO O]
S3IGHAL doutl : 3TD LOEIC VECICOR (2 DOWRHTD O]
JIGHAL coutl - 3TD LOGEIC;
COM3ITANT CLE P - TIME = 410 ns=;
EEZIN
Tl: CHT4BR PBFORT MAP(CLE—>clkl, CLR=>clrl, EN—>enl, LOAT—>1loadl.,
To—rudl, DATA=>datal, DOUT=>doutl, COUI=rcoutl] ;

= R oy my

1
i
[

=y =g

PROCESS BEGIN
clkle="0"; WAIT FOR CLE P
clkle="1"; WAIT FOR CLE P
END PROCES33;
clrl <= "0", "1' AFTER Z000 n=, "0' AFTER 2500 ns=;
udl <= "1°, '0" AFTER 15000 n= ;
enl <= "0", "1' AFTER 1800 n=;
loadl «= "0°, "1' AFTER 5300 n=, "0"' AFTER €600 n=,
"1'" AFTER 12000 n=,'0" AFTER 12400 ns=,
"1' AFTER 23000 n=,'0" AFTER Z3400 n= ;
datal «= "i1000", "0111" AFTER B000 n=,"0100" AFTER 1€000 n=,
=1001™ AFTER 25000 n=;

r
r

ERD ONE:



8.8 VHDL Test Benchfj;.

8.8.3 VHDL Test Bench{}j B 524
4. 3 #¥rTest Benchii E4 R

B 8-18 Test Bench 44 8110 B
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[fiE-18]

LIERARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;
ENTITY F CODE 13

BORT ([ INX : IN ETD_L-L‘-EI-!:_‘:"E.‘;TGP. (3 DOWKNTO 0} ;
CODE = OUT El'ID_I.-:}GI-E_‘.TE’:I-E-P. (3 DOWNIO 0} ;
H : OOT ETD_I.-:-GIE;
O - QUL ETD_LC-GI-E_T.TEL'I-DR [10 DOWHTOS 0% )

ERD;

ARTCHITECTTUERE one OF F_'C{}IIE I3

EEGIN

Search : PROCESS [INX) BEGIN
CASE INX IS — HISERE. HEEFI. EREERTEES
WHENW "0000" =»> TO«<="111131133311313" ; CODE—="0000";
WHEN "0001° => TO=="01100000101" ; CODE<="0001";
WHEN =0010% =»> TO<="01110010000% ; OODE<="0010";
WHEW "0011" => TO<="10000001100% ; CODE<="0011";
WHEN "0101" => TO«<="10010101101" ; CODE<="0101";
WHEW "0110*" =» TO<="10100001010" ; CODE<—="0110";
WHEN "0111" =»> TO=="10101011100" ; CODE~—="0111";
WHEW "1000" => TO«="10110000010% ; CODE<—="0001%;
WHENW "i001" => TO<="10111001000% ; CODE<="0010%;
WHEWM "i0i0*" => TO«="110000001310% ; CODE<—"0011";
WHENW "1i00% =»> TO«="110010101310" ; CODE<—="0101";
WHEN "1101*® => TO<="11010000100% ; CODE-="0110";
WHEW "1111" => TQ=="11011000000% ; CODE<="0001"%;
WHEW OTHER3 => TO«="1111311313311313" ; OODE<="0000";
EWD CASE;

END FROTE3S;
END;

T

[—

_?

it

He='0";-— 2047
He='0";-- 773;
He='0";-— 912;
He='0";--103¢&;
H<='0";-—1197;
He='0";--1290;
He='0";--1372;
He='1";--1410;
He='1';--1480;
He='1";--1542;
He='1';--1622;
He='1";--16€8;
He='1";--1728;
He='0';—- 2047;
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[ {51 8-20]

library ieee;
use ieee.std logic 1l64.all;
use ieee.std logic arith.all;
use ieee.std logic unsigned.all;
entity ps2 PIANO is
port (clk,psiclk, psidata : in std logic;
keycode : out std logic vector (7 downto 0);
keydown, keyup, dataerror : out std logic);
end psZ PIANO;
architecture behave of psi PIANO is+
signal shiftdata, kbcodereg: std logic vector{7 downto 0);
aignal datacoming, kbclkfall, kbclkreg, parity, isfo : std logic;
signal cnt : std logic vector{3 downto 0);
begin
precess(clk) begin
if rising edge({clk) then kbclkreg<—psiclk;
kbclkfall«<=kbclkreq and (net psiclk); end if;
end process;
precess(clk) begin
if rising edge {clk) then
if kbclkfall='1l'"' and datacoming='0"' and psZ2data="0"' then
datacoming<="1"; cnt<="0000"; parity—="0";



elsif kbclkfall='1l"' and datacoming="l"'" then
if cnt=9 then
if pgidata='l"'" then datacoming<='0"'; dataerrcr<='0"';
else dataerror<='1"; end if;
cnt<=cnt+l;
elaif cnt=E8 then
if paldata=parity then dataerror<="'0";
else dataerror<='1l"; end if;
cnt<=cnt+l;
else shiftdata<=pszdata & shiftdata(7 downto 1);:
parity<=parity xor p3Zdata; cnt<=cnt+l; end if;

end if;
end if;
end process;
proce3sa{clk) begin

if rising edge(clk) then
if cnt=10 then
if shiftdata="11110000" then isfo<="1";
elaif shiftdata /= ™11100000™ then
if igfo="1"'" then keyup<='l"; keycode<=shiftdata;
elae keydown<='l"; keycode<=shiftdata; end if;
end if;
else keyup<="0"; keydown<="0"; end if;
end if;
end process;
end behave;



S it

2 AT B TS B T

#0803 PREEEESHUBEMESE

Key A B3 C D E F G H I 1 K L M N O
Data IC 32 21 23 24 2B 34 33 43 iR 42 4B 3A 31 44
Key P 0} R 5 T U kY W X b § Z 0 l 2 3
Data 40 15 20 B 2C 3C 24 1 22 335 1A 45 & 1E 26
Key 4 5 6 7 g 9 - = \ |
Data 23 ZE 36 3D 3E i DE 4E 55 Ll b iB 4C 52 41 49

i 1 4 1. u: A 8 s '3 = RS 4
Key / [ Fl F2 | F3 Fd Fs F6 | F7 | F& Fo | FI0 | Fi1 F12 | KPO
Data aa | 54 05 06 | 04 0c | 03 0B | 83 | 0A | 0 (o 78 07 70
Key KFl | KP2Z | KP3 | KPS | KPS | KM | KP7 | KPE | KM | KP KP- | KP+ | KPFF | KP* END
Data a9 72 TA 6B 73 74 6 75 | T 7B 79 44 C 69
Key BESP | SPACE TAB CAPS LSHFT| LCTRL [ LCLUI LALT | RSHFT | RCTRL | KCUI
Dara By 29 0 58 12 14 IF I 59 14 27
Koy RALT APPS ENTER EsC INSERT | HOME PGUP [ DELETE| PG DN NLUM
Daza I 2F 5A 76 70 & D 71 TA 77
key UARROW | LARROW | DARROW | RARROW | KPEN | SCROLL | PRNT SCRNM PALISE
Data 75 (i 72 74 5A TE 12 c 14




‘eﬁ \LA » »
8-4 Eﬁ EE;*)-LQ«ZR (= “;)\““%/:%\'g}ﬁ)&il

el

D LG T S L B

B TLEDA, LEDB 4 a4t

[TF CTRL

p——

S

PATE T T N

i l‘gcmmn T LOCKB -
. ! i
CLK1 CNT EM —-—~| —{CLK  47.0) - 7.0 QF.o
LOCK = =1 jenb COUT |1 LK
CLR —1— LR i
. !

| instd
TRPRIFERE

et

SEEE

| stitmam

I'chTee

S R

_|inclkd ol fraquency: 20.000 MHE

Oipesr sty Mods. Mormal

CLH

LE ]

Feali

Ph (tig)

DC (%)

[=1]

16ITE1 25

1.2

5000

&1

114

0.00

S0.00

el

DOUTT. 0]

CURHRRERRT

S— Y VT

L

HEHLHL

PWMBK ML

i THER

SRAER

crg |
%

7. 0]

2OMHz iR A H

LS N

K&

B §-24

CLK  KOUT
K

CLK  DOUT3.0]

| jnanig {

s AR AR

nE2s

RREITE T

ADRT .M

QT

i nst10

A006H 4346 458 H 243 S i

L L

A[3.0)

LEDTSIE. 0]

BB R AR TR

=_‘E_: e R

g e e R L

| nstig i

S LA

(e LS
T A s



SPIA 3
SEIS 51t
8-4 EiMHEMILZEENIERAE BT

[15] 8-211]
LIBRARY TKEE;
USE IEEE.STD LOGIC 1164.ATLL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY SQU1L IS
PORT ( CIN,ADR : IN STD LOGIC VECTOR (7 DOWNTO 0);
OT : OUT STD LOGIC );
END SQUI;
ARCHITECTURE BHV OF SQU1 IS
BEREGIN
PROCESS (CIN) BEGIN
ITF (ADR<CIN) THEN OT<='0"' ; ELSE OT<='1"' ; END IF;
END PROCESS;
END BHV ;
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