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9.1 5Z /&

9.1.1 SEAKERIEEH

ENTITY SE{FEZ 1S
[GENERIC ( Z#(%: HIEER ) ;]
[PORT ( ¥HZFE ;]

END ENTITY E{F2:



9.1 & &

9.1.2 ZHLH U IHESR]

GENERIC ([ ®w&2 : #IWRE [ : wEH ]
[ PR  FOEERE [ - wEE ] ) s



[ 9-1]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY andn IS

GENERIC ( n : INTEGER ): --ENEBEZENRHIUERE
PORT {a : IN STD LOGIC VECTOR(n-1 DOWNTO 0);--FAZXEZERFEEKE
c : OUT STD LOGIC);
END;
ARCHITECTURE behav OF andn IS
BEGIN

PROCESS (a)
VARIABLE int : STD LOGIC:

BEGIN
int 1= '1";
FOR i1 IN a'LENGTH - 1 DOWNTO O LOCP --fREfEH]
IF a(i)="0" THEN int := '0'; END IF;
END LOOF;

¢ <=1int ;
BEMD FROCESS:
BEND;



L5 9-21
LIBRARY IEEE:
USE IEEE.STD LOGIC 1164.ALL;
ENTITY exn IS
PORT (d1,d2,d3,d4,d5,d6,d7 : IN STD LOGIC;
ql,q2 : OUT STD LOGIC):

END;
ARCHITECTURE exn behav OF exn IS
COMPONENT andn --1R A F 9-1 {T A EA 75 9
GENERIC ( n : INTEGER):
PORT (a : IN STD LOGIC VECTOR (n-1 DOWNTO 0O);
C : OUT STD LOGIC);
END COMPONENT 7
EEGIN

ul: andn GENERIC MAF (n=>2) --S¥{EHMHETENEETE, n HEN2
PORT MAP (a(0)=>dl,a(l)=>d2,c=>ql);
u2: andn GENERIC MAP (n=>5) -- ENXEETE, nBWEH G
PORT MAP (a(0)=>d3,a(l)=>d4,a(2)=>d5,
a(3)=>d6,a(d4)=>d7, c=>q2);

BEMND;



9.1 3£ 14k

9.1.3 SHUEEBIEH]
fFil{te2 : JuH% GENERIC MAP (ERER)
[ 9-3]

LIBRARY IEEE; -~ R0 Tt
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC arith.ALL;
USE IEEE.STD LOGIC unsigned.ALL:?
ENTITY addern IS
PORT f(a, b: IN 5TD LOGIC VECTOR:
result: out 5TD LOGIC VECTOR):
ENMD addern:
ARCHITECTURE kehawve OF addern IS
BEGIN
result <= a + b;
EMD;



[ 7] 9-4]
LIBRARY IEEE; --MEwf
(83 IEEE.STD_LGGIQ_llEQ.RLL;
USE IEEE.STD_LGGIQ_arith.RLL;
J3E IEEE.STD_LDGIQ_UHSigned.ALL;
ENTITY adders I3
GENERIC (msb_operand: INTEGER := 13; msb sum: INTEGER :=13});
PORT{b: IN 3TD LOGIC VECTOR (msb operand DOWNTO 0O ;
result: OUT 3TD LOGIC VECTOR (msb sum DOWNTS O) ) ;
END adders;
ARCHITECTURE behave OF adders IS
COMPONENT addern
FORT a, b: IN 3TD LOGIC VECTOR;
result: OUT 3TD LOGIC VECTOR) ;
END COMPONENT;
SIGMAL a: 5TD LOGIC WECTOR {me_Sum F2 DOWNTD 0 ;
SIGNAL Twoa: 3TD LOGIC VECTOR (msh operand DOWNTS 0O);
BEGIN
Twoa <= a & a;
ul: addern PORT MAP {a =» twoa, b =» b, result =» result);:
uZ: addern PORT MAF (a=»b(msb operand downto msb operand/Z +1),
b=}b{m5b_operandf2 downto 0}, result => a);
END bhehave;



b[15..0]

9.1 5E

(8

9.1.3 ZEALFIEMITTER]

addern:uz

v |a[15..8]

b{7..0]

result[7..0]

et ™ 2SI 15 0]

A 9-1

addern:u1
_._D—- al15.0]
result[15..0]
l—- B[15..0]
{5 9-4 £ RTL .28 A



9.1 3£ 14k

9.1.4 ¥ O ViBHEA]

PORT { WH% : ImwOiE, FEER ;
[ WO : WmOER HEEER



0.2 45 ) 4K

1. SRR —BE S

ARCHITECTURE #ZEMMEZ OF LR IS
[HARE ] ]

BEGIN
[ THEER IR

END ARCHITECTURE ZMMEZLZ .

2. SR BATE A



0.2 &4 14 4K

3. TR IR TER) 451

@ HFEER]

® 55 {EER
® iR HTER]
® i plIiER]



9.3 F+ B JF
0.3.1 K

FUNCTION H#(4 (F4(K)RETURN HiERE -y
FUNCTION K#(42 (2#(E)RETURN #HERAE 15 —— R
[ tREAEEAT ]
BEGIN
MF&Es
END FUNCTION H#Z;



[ 9-5]
LIBRARY IEEE;
USE IEEE.STD LOGIC_1164.ALL;

PACKAGE packexp IS --E X 2FA
FUNCTION max( a,b : IN STD LOGIC VECTOR) --ENEEE
RETURN STD LOGIC VECTOR ;
FUNCTION funcl ( a,b,c : REAL ) —-TEMNEREE
RETURN REAL ;
FUNCTION ™#" { a ,b : INTEGER | ——ENMHHE
RETURN INTEGER ;
FUNCTION as2 (SIGNAL inl ,in2 : REAL ) --EXHHEY
RETURN REAL ;
END ;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) --3EXHEE
RETURN STD LOGIC VECTOR IS
BEEGIN
IF a > b THEN RETURN a;
ELSE RETURN b;
T

END IF;



LW
END FUNCTION max; -- 3 FUNCTION &5

END; - -5 PACKAGE EBODY i&4)
LIBRARY IEEE; -- &AL
USE IEEE.STD LOGIC 1164.ALL;
USE WORK.packexp.ALL ;
ENTITY axamp I3
PORT (datl,dat2 : IN STD LOGIC VECTOR(3 DOWNTO 0O ;
dat3,dat4 : IN STD LOGIC VECTOR(3 DOWNTO 0) ;
outl,out2 : OUT STD LOGIC VECTCR(3 DOWNTO Q));
END;
ARCHITECTURE bhv OF azamp IS
BEGIN
outl <= max(datl,dat2):; --FTEREERPHFITEICHAET
PROCESS (dat3,datd)
BEGIN
out? <= max (dat3,datd); — — [l oFr 44 18 H 8 =)
END PROCESS;
END;



9.3 * &

)

9.3.1 K%
datd[3:0] >k -
data[30] >t
max.out2

dat?[3:0

D—ruan[azu] 2

max.out

out1[3:0]

& 9-2 {7 9-5 K iFE B EE




[ 9-6]
LIBRARY IEEE;:
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY func IS
PORT (a : IN STD LOGIC VECTOR (0 to 2);
m : OUT STD LOGIC VECTOR (0 to 2));
END ENTITY func :
ARCHITECTURE demo OF func IS
FUNCTION sam(x ,v ,z : STD LOGIC)RETURN STD LOGIC IS
BEGIMN

RETURN (x AND v)OR v i
END FUNCTION sam ;

EEGIN
PROCESS (a) EEGIN
mi{Od)<= gam(a(0), a(ly, a(21);
mi{l)<= sami{a(2), all), a(l)):
mi{z)<= gsami{a(l), alz2), a(0));

END FPROCESS ¢
FND ARCHITECTURE demo ;



9.3 F+ B F

9.3.2 EH KR
[ 7 9-7]

LIERARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL :

PACKAGE packexp IS --7E X AZ2FF AL

FUNCTION max( a,b : IN STD LOGIC VECTOR) --EMEHE
RETURN STD LOGIC VECTOR ;

FUNCTION max( a,b : IN BIT VECTOR) --ENEHEE
RETURN BIT VECTOR ;

FUNCTION max( a,b : IN INTEGER )} --EXREY
RETURN INTEGER ;

END;

PACKAGE BODY packexp IS

FUNCTION max( a,b : IN STD LOGIC VECTOR)  --E M EF{F

RETURN STD LOGIC VECTOR IS
- - 2N



.93 + B F

BEGIN
IF a » b THEN RETURN a;
ELSE RETURN b END IF:

END FUNCTION max;
FUNCTION max( a,b : IN TINTEGER)

EETUEN INTEGER IS

BEGIN
IF a » b THEWN RETURN a;
ELSE RETURN l; EWD IF:

END FUNCTION max:
FUNCTION max{ a,b : IN BIT VECTOR)
FETURN BIT VECTOR IS
BEGIN
IF a » b THEN RETURN a;
EL:E RETURN b:
END FUNCTION max;
END;

END IF:

— £ FUNCTION &4a)
——E MR EUE

—-25 7 FUNCTION &H)
--E M ER#

e

—- & FUNCTION &)
—— S PACKAGE BODY &5



& W

-- DT R EHFE nax B2
LIBERARY IEEERE :
USE IEEE.STD LOGIC 1164.ALL ;
USE WORK.packexp.ALL;
ENTITY axamp IS
FORT (al,bl : IN STD LOGIC VECTOR(3 DOWNTO 0O);
az,pbz : IN BIT VECTOR(4 DOWNTO 0);:
a3i,b3 : IN INTEGER RANGE 0 TO 1bh;
cl ¢ OUT STD LOGIC VECTOR(3 DOWNTO 0O):
cZ2 ¢ OUT BIT VECTOR (4 DOWNTO 0O);:
c3 : OUT INTEGER RANGE O TO 15);
END;
ARCHITECTURE bhv OF axzamp IS
EEGIN
cl <= max(al,bl); --¥HE# max(a,b : IN STD LOGIC VECTOR) HjifH
c2 <= max(az,b2); --XH& max(a,b : IN BIT VECTOR)HjiHH
c3 <= max(a3,b3); --XF# maxia,b : IN INTEGER) F}i8H
END;



[ 9-81

LIBRARY IEEE ; -- 12
USE IEEE.=td logic 1164d.all :
USE IEEE.std logic arith.all :
PACKAGE STD LOGIC UNSIGMNED 1s
function "+" (L : STD LOGIC VECTOR ; R : INTEGER)
return STD LOGIC VECTOR ;
function "+" (L : INTEGER: R : STD LOGIC VECTOR)
return =TD LOGIC VECTOR ;
function "+" (L : STD LOGIC VECTOR ; R : STD LOGIC )
return STD LOGIC VECTOR ;
function SHR (ARG : STD LOGIC VECTOR ;
COUNT : STD LOGIC WECTOR )return STD LOGIC VECTOR ;
end STD LOGIC UNSIGNED ;
-- AT EREFER
LIBRARY IEEE ;
use IEEE.std logic 1164.all : R

use IEEE.std logic arith.all :



7B
package body STD LOGIC UNSIGNED 1=

function maximum (L, B : INTEGER)return
begin
1f L = R then return L;
elze return R;
end 1f;
end:;

function "+ (L : STD LOGIC VECTOR ; R
return STD LOGIC VECTOR 1=

INTEGER 1=

INTEGER)

WVariable result @ STD LOGIC VECTOR (L’ range):

Begin
result 1= UNSIGNED (L1+ R
return std logic wvector(result):

encl

end STD LOGIC UNSIGNED ;



9.3 F+ B F

0.3.3 #HH R
[ 5] 9-9]

LIBRARY IEEE;
USE IEEE. =std logic 1164.ALL:
ENTITY exg IS

FORT (a,b : in bit wvector(3 downto 0);:

q : out std logic vector (3 downto 0));

end ;
architecture rtl of exg 1=
begin

<= to_stdlogicvector(a and b);-—HRKELERLRBGEEZEMRELE

end;

FUNCTICON conv std logic wvector({a: integer, integer size)
RETURN std logic wvector ;
FUNCTION conv integer{a: std logic wvector) RETURN integer ;



9.3 F+ B F

0.3.3 #HH R
[ 5 9-10]

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC ARITH.ALL; -—FEEMA T HZFA

ENTITY axamp IS5
PORT (a,b,c : IN integer range 0 to 15 :

q : OUT std logic vector {3 downto 0) )
END;
ARCHITECTURE bhwv OF asxanmp IS
BEEGIN

q <= conv _std logic wvector(a,4) when conv integer(c)=3 else
conv_std logic wvectorib,4) ;

END;



9.3 F+ B F

# 9-1 |EEE FEXBFREEE

BRI I B
FRTEA2FEEL: STD LOGIC 1164
to_stdlogicvector(A) H bit_vector S8EI¥H#: 29 std_logic_vector
to bitvector(A) B std logic vector 30 3 bit vector
to_stdlogic (A) B bit ¥ # A% std logic
to_bit(A) H std logic ZEEIEEH AR bit 285

FR7EFZ/F 8L STD LOGIC ARITH

conv_std_logic_vector(A, <) | 1 mteger $5#fk std_logic_vector 2881, A ZEE

conv_integer(A) 1% std logic vector ¥t A% integer
conv_unsigned( A, {715) 1 unsigned, signed, nteger AV B TF MR unsigned 257
conv_signed(A, {7 1) 1 unsigned. signed, integer 2EAVEE HIETE LK signed 257

Fr{EF2/% 8, STD _LOGIC UNSIGNED

conv_integer(A) HH std logic_vector ¥ A% integer




[ 5 9-11]
LIEBRARY IEEERE:
J=H IEEE.STD_LDGIC_llGd.RLL;

PACKAGE n pack IS

SUBTYFE nat IS Integer range 0 to 255; --EX— Integer HjTEH
TYPE Bit8 IS array (7 downto 0) OF std logic: —-ENX—#iEEH

FUNCTIOWN nat to Bit8 (s: nat) RETURN Bit&:

End n pack:
PACKAGE BODY n pack IS
FUNCTION nat to Bit8 (s: nat) RETURN Bit8 IS

VARTAELE Din: Integer range 2bb downto 0;
VARIABLE Rut: Bitg:
VARIABLE Rig: Integer :1=2*%*7;
BEGIN
Din := =7
FOR I in 7 downto 0O LOOP
IF Din/Rig > 1 THEN Rutii) := '1'; Din := Din-Rig:;
ELSE Rut (i):= '0'; END IF;:
Rig := Rig / 2:

END LOOF; BT



9.3 F+ B F

0.3.3 ¥R

RETUEN Rut:
END nat to Bits8;
END n pack;
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE WORK.n pack.ALL :

ENTITY axzamp 15
FORT (dat : IN nat:

ou ¢ OUT Bit8);
END;
ARCHITECTURE kbhv OF axamp IS
EEGIN
cu <= nat to Bit8({dat):
EMND;

- = AP SRR AU SR A

--{E R REHIE X
- {E R HE SRR E L
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93 * ¥ FF
03.4 WWFEH
el BRI 424, TR TVHDL I 2 e (5 B4 2 IR 8
RF, WEEE IS .

HLENWIEERFE N A EFIR, HHHA—DESERE
FERERS SR HIE S .

RETER BN — 2 —R R, Z7WENERIE S EAHRIARR e
A,

LMESWENIR, HAF S 1EH BRI AR R E 4 T Ak R 2R HE

PRI R B0 A R IR BRI R R —(E 5 1H, TRl s 5 1E.



9.3 F+ B JF
9.3.5 iIfE

PROCEDURE 124 (8#F)

PROCEDURE X124 (ZB4(F) 15
[ 15 BA &R ]
BIGIN
i & =) ;
END PROCEDURE i1#24;

- iR



9.3 F+ B F

0.3.5 IE
FPEOCEDURR prol ( VARTABRLE = Lo INOUT REAL) ;
PEOCEDURR proz (COWNSTANT al = IN INTHEGEERE -

VARIAELE bl @ OUT INTEGER )7
PROCEDURE pro3 (SIGNAL sig : INOUT BIT):



93 ¥ ¥ ¥

0.3.5 T

PROCEDURE prol

PROCEDURE prod (CONSTANT

VARIABLE bl
(SIGNAL sig

PROCEDURE pro3

[#]9-121
PROCEDURE prgl (VARIABLE wvalue:
BEGIN
CASE value I3
WHEN "0000"™ => walue: "0101"
WHEN "0101"™ => walue: "0000"
WHEN OTHERS => wvalue: "1111"

END CASE
END PROCEDURE prgl ;

[ VARIAELE a, b

TNOUT REAL) ;

IN INTEGER ;

oUT INTEGER
INOUT BIT) ;

al
I

INOUT BIT VECTOR(O To 7)) 3115



9.3 F+ B F

9.3.5 iIE
[ 9-13]

PROCEDURE comp ( a, v @ IN REAL;
m : IN INTEGER ;
v1l, vZi OUT REAL)IS
VARIABELE cnt : INTEGER ¢

BEEGIN
vl 1= 1.6 * a : v2 1= 1.0 ; -— BAIIEE
0l : FOR cnt IN 1 TO m LOOP
Vi oi= w2 F oyl o;

EXIT ¢l WHEN vZ > vl -— Hvixvl, BEHTEIF Loop

END LOOP Q1
ZSSERT (vZ < vl )
REPORT "OUT OF RANGE" -- WHERIES
SEVERITY ERROR i
END PROCEDURE comp



[# 9-14]

LTERARY TEEE;
USE IEEE.STD LOGIC 1164.ALL;
DACKAGE axamp IS IR B EX
PROCEDURE nandda (SIGNAL a,b,c,d : IN §TD LOGIC ;
SIGNAL vy : OUT §TD LOGIC ) ;
END axamp:
DACKAGE BODY axamp IS R ETEN
PROCEDURE nandda (SIGNAL a, b,c,d : IN STD LOGIC ;
SIGNAL y : OUT §TD LOGIC ) IS
BEGIN
v<= NOT (a AND b AND ¢ AND d);
RETURN;
END axamp;
LIERARY IEEE; ——FIEF
USE IEEE.STD LOGIC 1164.ALL;
UZE WORE. axamp.ALL;
ENTITY EX IS
FORT { e,f,g,h : IN STD LOGIC ;

® @ OUT BTD LOGETIC )

END;
ARCHITECTURE bhv OF EX IS
BEGTN
nandda (e, £, g, h, ®) ; ——F1TIR AiiE

END ;



93 ¥ ¥ ¥

9.3.6 EHIIE

[{5]9-15]
PROCEDURE calcu ( wl, w2
STIGNAL cutl
PROCEDURE calcu { wl, w2
STIGNAL cutl
calcu (20.15, 1.42, signl);:
calcu (23, 320, sign2 );

IN REAL ;

INOUT INTEGER) ;
IN INTEGER ;
INOUT REARL) ;

-— FAE— 1 EFH T calcu
—— WHE_|I-EFH LR calcu



9.4 VHDLJE

9.4.1 FERIFRR
1. |EEEFE std_logic_1164 Numeric_Bit
Numeric_Std  Math _Real Math _Complex
2. STDJF LIBRARY STD ;
USE STD.STANDARD.ALL
3. WORKJE

4. VITALFE



9.4 VHDLJE

9.4.2 FEWIHE

USE EL.EFALE. MBS .
UsSE ELE.EFEE.ALL

LIBRARY IREEE ;
USE IEEE.STD LOGIC 11¢4.5TD ULOGIC :
USE IEEE.STD LOGIC 1164.RISING EDGE ;

USE WORK.STD LOGIC 11e4d4.ALL;



—a

9.5 VHDLFE R

[@r

PACKAGE FEFE4EL Is -- EFAF
EragiHfsss

END FEFEE:

PRCKAGE BODY FFEEL IS -- EFaE

2 A HEia U R Bas R E

END EFE%4:



[
[@r

9.5 VHDLFE R

[ 9-161]

PACKAGE pacl IS -- BFaEHs
TYPE byte IS RANGE 0 TO 255 ; -— FXHIEED byte
SUETYPE nibble IS byte RANGE 0 TO 15 ; -- FXFHEH nibble

COMSTANT byte ff : byte := 255 ; -- EMFH byte ff

STGHAL addend : nibble ; —— EMfE% addend

COMPONENT byte adder -— SESTH

PORT{ a, b : IN byte ;
c @ OUT byte ;
overflow : OUT BOOLEAN ):
END COMEPONENT :
FUNCTION my function (a : IN byte)Return byte ; -- FEXEH
END pacl ; -- BFEEER



[#)9-17])

PACKAGE sewven I3
SUBTYPE segments 1s BIT VECTOR({D TO 6);
TYPE bcd IS RANGE 0 To 9

END seven

UJ3E WoORE.seven ALL ;
ENTITY decoder IS

PORT {input: bcd; drive

END decoder

ARCHITECTURE simple OF decoder IS

BREIN

.
L

WITH input SELECT
drive <= B"1111110"

END =simple ;

prolioooo’
B"1101101"
B"1111001"
B"0110011"
B"1011011"
B"1011111"
B"l11i0000"
BE"1111111"
BE"1111011"
prooooooo’

WMHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

WHEN OTHEES

0
1
2
3
4
5
a]
-
=
5

f

f

f

f

L

- - WORK FEERTAZ$T R,

out segments) ;
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9.5 VHDLFE R

[@r

(1) STD LOGIC 1164F&FH.,

(2) STD LOGIC ARITHEFH.

(3) STD_LOGIC_UNSIGNEDHISTD _LOGIC_SIGNED /7.,

(4) STANDARDMITEXTIORFEAS,.



96 . E

CONFIGURATION I ER OF ZL{FE IS
Bo & i B
END BCE &



9.7 VHDL L]

9.7.1 =+

L 5, 678, 0, 156EZ (=15600) , 45 234 287 (=45234287)

Qgﬁ 1.335, 88 670 551,455 S09i(=88670551.4535909), 1.0, 44.99E-2(=0.4439)

SIGHNAL d1,d2,d3,d4,d5, : INTEGER RANGE 0 TO 255;--£EiE ¥ 4B KA

dl <= 10#170# ; -—- (THFHIERR, FT 170)

d2 <= 164FE# ; -- (TNE#FHIFRR, T 254)

d3 <= 2#1111 1110%; - (ZTHHFER, BT 254)—-th 2 EEEAN
dd <= 8#376# ; -- (NIE#FIFRR, T 254)

d5 <= 16#A4E3 ; - (TAHEARR, FT 16#R0004#)

G == conv_std logic vector(16#A#E3, 16); --{Fix G BjZ2EE & std logic vector

60s (60 F), 100w (100 3#), k (FERE), 1772 (177 &)



9.7 VHDL L]

datal
dataZ
datal
datad
datab
dataé&
dataé

9.7.2 FfFH

II']:{'II . II'a.'lI . T+ . II'Z'II

TYPE STD ULOGIC IS |

. II"[_]"II . II'|:|'II . 'I"l‘l'l' . r_" . 'I'L'I'

TUT: T}{T: TDT: T'lT: TWT: TLT: THT: r_ " )

"ERRORT™ ., "Both 5 and Q@ equal to 17 , TXT , TBESCCT

“B”\ HO” N HX”

<= B"1 1101 11107

<= Q"15"

<= X"ADO"

<= B"101 010 101 010"
<= "101 010 101 010"
<= "101010101010"

<= "OADO"

-— ZTHHEEH, MRAEKEER 9
- N HIEEE, MREEKER6
—— TAHHIEEE, PREEHKER 12
—— TSRS, MREEKER 12
--RIEHIR, B

--RIEETH. REALEE X B, HAR TR
--FRIEHEIR, 6



9.7 VHDL 3CZF3E )
9.7.3 FRIRAFF A HFTIRHN]

Decoder 1 , FFT , Sig N , HNot Ack , Statel , Idle

_Decoder 1 -- HIgAIFELFE

7415164 -- B AT

Sig #N -— Ff5 “#7 A BERK VR IR R AX
Not-Ack - ff5 “-" ABERR VR R AR
RyY RST -- RATRIERE AR T Xl “ 7
data_BUS -- R P A BEE T X &

return - = f’%ﬁlﬁj



9.7 VHDL L]

9.7.4 T4
FRIRFT (FREI)

SIGHNAL a, b ¢ BIT VECTOR (0O TO 3);

SIGNAL m  : INTEGER RANGE 0 TO 3 ;
SIGNAL v, z : BIT ;
¥y <= aim); -- AAHEETHET

z <= bi(3); -- HAwEHTERER



0.8 Z 5 K A

® FrEZHI(Scalar Type): HIHLESSAY, BHRA, M
Zit SN F1 i N

® 5 &J5AI(Composite Type): A AH/PRISIERBE ST
B, WA HEFERE A M. EE5RE FEFHAR (Array)f
ik E (Record).

® 7FHZRAI(Access Type): A% ERIHIEREIHIHIEXT R
RAFECT R

® CHFKA(Files Type): FATFHRGLEAFRAAL.



0.8 # 4 R &Y

9.8.1 VHDL¥E X #HE2A

1. A /RKEY
TYPE BOQOLEAN IS (FALSE, TRUE):

2. P EEREY
TYPE BIT IS ("0', "1");

3. ML RERE

TYPE BIT VECTOR IS ARRAY (Natural Range <> JOF BIT ;

SIGHNAL a : BIT VECTOR(7 TO O);:



0.8 & 5 R HY

9.8.1 VHDL¥E X #HE2A

4, FRFREY

5. BHRA — 2147483647~ +2147483647

6. SEHRAY
1.0 TR HFE S
0.0 TR FF A
65971.333333 TR HFE AT
65 971.333 3333 5 F—4T%Mm
S#43. 6#etd JNHEHTE SA

43.6E— 4 T HIFE S



0.8 # 4 R &Y

9.8.1 VHDL¥E X #HE2A

7. FRIERA
VARIABLE string wvar : STRING (1 TO 7 );

string var = "a b c d”
8. M [A]RAY
TYPE time IS RANGE —214748353647 TO 21474835647
unilts

fs ; -— K&, vHDL #f &N B fE
ps = 1000 fs ; —-— [EF

ng = 1000 ps —-— #ip

us = 1000 ns ; --

ms = 1000 us ; -- E¥

sec = 1000 ms ; -— ¥

min = &0 sec ; -— 4

hr = 60 min —— A

end units



0.8 # 4 R &Y

9.8.1 VHDL¥E X #HE2A
9. X HRA

PROCEDUER Readline (F: IN TEXT; L: OUT LINE);
PROCEDUER Writeline (F: OUT TEXT; L: IN LINE):
FROCEDUER Read { L: INOUT LINE; Value: OUT std logic:
Good: OUT BOOLEAN) ;
PROCEDUER Read (L: INOUT LINE; Value: OUT =td logic):
FROCEDUER Read (L: INOUT LINE:; Value: OUT std logic wector:
Good: ©OUT BOOLEAN) ;
FPROCEDUER Read (L: INOUT LINE:; WValue: OUT std logic wvector;
PROCEDUER Write (L: INOUT LINE; Value: IN =std logic;
Justiaied: IN SIDE :=Right;field; IN WIDTH :=0):;
PROCEDUER Write (L: INOUT LINE; %Walue: IN =td logic vector,

Justiaied: IN SIDE :=Right;field; IN WIDTH :=0);



9.8 1 ¥

g

K Rl

9.8.2 |IEEETE X B EN ERE
1. FrtEZ B A FE R E

2. tRHEZ R R EHIERE

TYPE 5TD LOGIC VECTOR IS ARBAY

[ NATURAL RANGE <>

JOF STD LOGIC :



0.8 # 4 R &Y

9.8.3 HAMME XArHERHERTEY

LIBRARY IEEE ;
UsE IEEE.STD LOIGC ARITH.ALL »

1. BfF 5 HE R

UNSIGNED' ("1000™)]

VARTABLE wvar @ UNSIGHNED (O TO 10);
S IGNAL 21g  UNSIGHNED(S TO 0);



0.8 # 4 R &
0.8.3 HAbHsE LARAERR A

2. A S HImRE

SIGNED' ("0101™") 483F% +5, &
STGNED' ("1011™) £« -5

VARIABLE wvar . SIGNED (O TO 10);



0.8 H ¥ R A

9.8.4 HiERA L H R
[ 9-18]

LIBERARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
UsE IEEE.STD LOGIC UNSIGNED.ALL:

ENTITY amp Is
PORT | al, a2 : IN BIT VECTOR ({3 DOWNTO O);

cl, cZ,c3 ¢ IN STD LOGIC VECTOR (3 DOWNTO 0O);
bl, bZ, b3 : INTEGER RANGE 0O TO 15;

dl,d2,d3,d4 : OUT STD LOGIC VECTOR (3 DOWNTO () ) ;
END amp;
dl <= TO STDLOGICVECTOR(al AND a2); —— {1}
d2 < = CONV_STD LOGIC VECTOR(bl,d4)WHEN CONV_ INTEGER (b2)=%

else CONV STD LOGIC VECTOR(b3,4); — (2
cl WHEN CONV INTEGER (c2)= 8 ELSE c3; ~ (3
cl WHEN <2 8 else c3; - (4

d3 <
dd <

b

)

)

)
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9.8.4 FHERAVFE 1
[ 5] 9-19]

LIBERARY IEEE:;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL:?
ENTITY decoder3tod IS
PORT { 1input: IN STD LOGIC VECTOR (Z DOWNTO O);:
output: OUT STD LOGIC VECTOR (7 DOWNTO 0)):
END decoder3tod;
ARCHITECTURE bhehave OF decoder3tod8 IS
BEEGIN
PROCESS (input) EEGIN
output <= (OTHERS => '0");
output (CONV_ INTEGER (input) )<= "17;
END PROCESS?
END behave;



[ 9-20]

FUNCTICN To bit { 5 : std ulegic; wmap : BIT:='0" JRETURN BIT

FUNCTION To bitvector { s : std logilc vector ;
¥map : BIT = "07 JRETURN EIT WVECTOR

FUNCTICN To bitvector { 5 : std ulogic wvector ;
¥map : BIT = "0' JRETURN EIT_UECTQR

TH =R To bitvector AR Z4%

FUNCTION To bitvector {( 5 : std logic vector ;
¥map : BIT = "07 )
EETUERN BIT VECTOR Iz
ALTARS =sv o Std_logic_rectmr{a*LENGTH—l DOWWNTS O YIS s
VARIARLE result : BIT VECTOR({s'LENGTH-1 DOWNTO O ;7
BEGIN
FOER 1 IN result'RANGE LOOP
CASE svi(i) I3

WHEWN "0O7|'L"™ =>» result{i):= T0T;
WHEN "17|'H'" => resulti{i):= "1T;
WHEN OTHERS =»> result{i):= xmap;
END CASE |
END LOOE ;

EETURN result ;
END ;

r
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9.8.4 FHERAVFE 1
T O-2 TESRRIEEED T

AR &R & B LR U B
bit, bit  vector 7,0
std logic, std logic  vector G | I i
boolean fiue false
natural 0-2 147 483 647
imteger -2 147 483 647~+2 147 483 647
signed -2 147 483 647~+2 147 483 647
unsigned 0-2 147 483 647
ArEEXRD AAEEXASTE
HeHER Carray) CIESS=g &t BVl DERS,
nFHER (record) e HEA T EdAE
FH (subtype) B RIF)F£
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9.8.4 FHERAVFE 1

[ 9-21]

LIBRARY IERE;

UsE IEEE.STD
UsE IEEE.STD
UsE IEEE.STD
UsE IEEE.STD

ENTITY CHNT10
PORT (A,B
C,D
RAE
RCD
RU, RS
END ;
ARCHITECTURE
EEGIN

LOGIC 1164.ALL ¢
LOGIC ARTITH.ALL -
LOGIC UNSIGNED.ALL ;
LOGIC SIGHNED.ALL »
Is

IN UNSIGNED(3 downto 0);

I SIGNED (2 downto 0);

OUT UNSIGNED (3 downto 0);

QT SIGNED (3 downto 0);
ouUT BOOLEAN) ;

rtl of CNT10 is

RAB<= A+E ; RCD<= C+D ; RU<= (A>=BR) !

END;

R5<=

(C=D)

n
r



0.8 % 4

% 7

9.8.4 FHERAVFE 1

RU

RCD

o110 Y 1110 Y o1l ¥ o011 Y 1010 Y 1111 Y 1000 X 0000

1100 ¥ 1001 X 0100 ¥ 1101 ¥ 1001 ¥ o001 ¥ 1010 ¥ 1111

o010 f o111 ¥ 1011 ¥ oooo § ooin ¥ oooo f o010 § 1111

| I | |

0110 ¥ 1110 X 0111 ¥ 0011 ) 1010 ) 1111 ¥ 1000 X 0000

1100 3 1001 X 0100 A 1101 ¥ 1001 X 0001 X 1010 X 1111

o010 ¥ o111} 1011 ¥ oooo ¥ ootr ¥ oooo Y o010 ¥ 1111
| I [

& 0-3 {5 0-21 FI{FELE R




9.9 VHDLEAESRT

9.9.1 BEBIERF
P EAVERF (Logical Operator)
R AR EBVERF(Relational Operator)
HAREVERF(Arithmetic Operator)
5 #EFRF(Sign Operator)
HEHEAVERF (Overloading Operator).

& and B and T and D =114 (A or Bi'xor C



0.9 VHDLEAEL

0.9.1 ZHEEIER

3% 0-3 VHDL 2 fE5%|+=

£ A B E W I gE 1R EE R R
+ il Fsy
— it FEsy
& HE —HERiH
* £ LT ERTE R
! R BT ERE S
MOD ERfE by

REM il B

(=l recicys SLL BIEEE BIT 2k /Rl —2fE4iaR
SEL BEATE BIT 2kp /F 8 —2fEi
SLA BEAERE BIT 2hAp /R B —Lfedi4a
SRA =l e BIT Zhfn/F B —2E4i i
ROL ZEEH LR BIT 2hfp R Bl —4h A
EOR BEEITNLTE BIT shap /R Bl —EfsdiH
o A Fsy
ABS BYAEHE BEEL




0.9 VHDLEAEL

0.9.1 ZHEEIER

= BT SR

= T SR
] - T PO SHNCET, PR R

ARIMER = *F SRS BRER, R
= IFET BOESENCET, Pl Rf) R
= TFET OESEEET, Pl )R
AMD 5 EIT, BOOLEAN, 5TD LOGIC
OR ot BIT, BOOLEAN, STD_LOGIC
MAND S3E BIT, BOOLEAN, STD LOGIC

B ERIR NOR ik BIT, BOOLEAN, STD_LOGIC
HOE. ﬁﬂ BIT, BOOLEAN, STD LOGIC
JTOR 2ahiE EIT, BOOLEAN, STD LOGIC
NOT 3E BIT, BOOLEAN, STD LOGIC

R IR - E iﬁ




0.9 VHDLEAEL

0.9.1 ZHEEIER

¥+ 9-4 VHDL {2{EFFA%E

iz § ff

it 7 2%

OT, ARG, **

* ./, MOD, EEM

HIES ), —(R%)

+ L - L] &'

-LL, =LA, SEL, SRA, EOL, ROR

= -'ll=s {:s {:zs :}s w=

AND, OF, NAND, INOR, XOE, XNOR

B il e
A

=i b




9.9 VHDL#AERT

[ 5] 9-22]
STGNAL a , b, o = s TD LOGIC VECTOR (3 DOWNTO 0
SIGNAL d, e, £, g = STD LOGIC VECTOR (1 DOWNTO O+
STGNAL h, I, j,. |- sTD LOGIC ;
SIGNAL 1, m:. n, o, p : BOOLEAN ;

a<=b AND c: ~—-b. c fHEEMaBE, a. b. c FIHIERVERE 4 VEKEVEE

d<=e OR f OR g : —— FANEEM oRHHE, AFEHES

h<=(i NAND J)NAND k ; -— NAND NE LA =WEMFFE—, WiAmES
l<={m XOR n)BND(o XOR p); -- REMFAE, BiAmES

h<=i AND j AND k ; -~ BMEETFEE 2uD, AU MES

h<=i AND j OR k : -- B TRIEAAR, RMEES, FEHE=R

a<=h AND e ; - BfEH b 5§ e U RKES—FH, EEriEi=
h<=1i OR 1 : -— 1 MEERTE sTD LOGIC, T 1 FYAERRE

-- firgE, BEMAREEER, RiEEE



9.9 VHDL#AERT

9.9.2 RARBIER

=" (). "= (RET). " > kT
‘<MY = RTFETR <= (M TFET)

Tl! — TlT; 111[:]111 — ”1[.:]1”; lI'I:'I-'I'I } 11[:]1111; 111[:]111 { 1111[:]11;



0.9 VHDLEAEL

9.9.2 RARBIER

[F9-23]
ENTITY relational ops 1 IS
PORT { &, b ¢ IN BIT_ VECTOR (0 TO 3);
m : OUT BOOLEAN);
END relational ops 1 »
ARCHITECTURE example OF relational ops 1 IS
BEGIN
output <= {a = b);
END example ;



0.9 VHDLEAEL

9.9.2 RARBIER

[ 9-24]
ENTITY relatiocnal ops 2 IS
PORT (&, b : IN INTEGER RANGE 0O ToO 3 ;
m : OUT BOOLERN);
END relational ops 2 ;
ARCHITECTURE example OF relaticonal ops 2 IS
BEEGIN
output <= (a »>= bj:

END example ;



9.9 VHDL#AERT

0.9.3 BEAREIERF

#z 95 BERIEETFTHER
3 Al HARIErF 73R
1 HKANFRIEST (Adding Operator) + (o, — (FD, & (FE)
2 KAFIEFESF (Multiplying Operator ) *, [/, MOD , REM
3 FS1R{ESF (Sign Operator) + (E), — (61
4 BESIEfESF (Miscellaneous Operator) | ** , ABS
5 WA IR 4ESF (Shift Operator) SLL, SRL, SLA, SRA, ROL, ROR




0.9 VHDLEAEL

9.9.3 BEARBIERF
1. SKAERAERT

[ 5] 9-25]

VARTARLE a, b, ¢ ,d, e ,f : INTEGER RANGE 0 TO Z5b ;

a = b + c ; d 1= e - £

n
r

[ 9-26]

PROCEDURE adding e (& : IN INTEGER ; b : INOUT INTEGER IS

b == a + b



0.9 VHDLEAEL

1. SRINBAERT PACKAGE example arithmetic Is
TYPE small INT IS FANGE 0 TO 7 ;

END example arithmetic ;
USE WORK.example arithmetic.ALL ;
ENTITY arithmetic IS

PORT {(a, b « IN SMALL INT ;

c : OUT SMALL INT);:

END arithmetic ;
ARCHITECTURE example OF arithmetic IS
BEEGIN

C <= a + b ;

END example ;



0.9 VHDLEAEL

0.9.3 BEAREIERF

2. R BRAIERF
*3F). /(BR). MODMEHUE) . REDHR)

3. ?{F%ﬁé,{/ﬁ?{"ﬁ Wy l]u _n
Z 1= Xk [Ty

4 REBMEE 0 “ABS’

[ #]9-28]
SIGNAL a, b : INTEGER RANGE —&8 to 7 7
SIGNAL ¢ : INTEGER RANGE 0O to 15 ;
SIGNAL d : INTEGER BEANGE 0 to 3 ;
a <= ABS(b);
o <= 2 % g



0.9 VHDLEAEL

9.9.3 BEARBIERF
5. BATEAERT

SLL. SRL. SLA. SRA., ROL . ROR
5] 9-29] WIRf BARIET BV

LIBRARY TEERE;

USE IEEE.STD LOGIC 1164.ALL:;

UE IEEE.5TD LOGIC UNSIGNED.ALL:

ENTITY decoderitog IS

port | input: IN sTD LOGIC WVECTOR (2 DOWNTC 0O):
output: OUT EIT VECTOR (7 DOWNTC 0));

END decoder3tod;

ARCHITECTURE behave OF decoder3tolg IS

BEGIN

output <= "00000001" SLL CONV INTEGER({input); --#BNEHIREH!

END behave:
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0-1 VtHASER. Wi RIS

9-2 Z%45| i B GENERIC )i B ER) f1IGENERICHR S 1E 7] 5 7 FH Ab .

9-3 i O INOUTHIBUFFERA i 7 [A] &,

9-4 HHAREL? EFRREHMALL?

9-5 ZESTRING. TIME. REAL. BIT¥#ERKAId, VHDLLES 2237 HHk

LU HY ?

9-6 TFE40 Ui B519-29H i vEA]1E F AR SEIL I T BE

0-7 FiEAC<=A + B, A. BFCHIEIEREIHE

STD_LOGIC_VECTOR, REREEBZEMATINEIZH? Ui i R KAk

ik

9-8 VHDLHHM=FEIEXNS? U eI ThaeRr s LA AR

%, HBUIHEIREN S EBIERERR R,

g’%% %ﬂff%ﬁ—ﬂiﬁ%ﬂ%@ﬁ—éﬁ%ﬁ%%ﬁ%ﬁ%mﬁ{aﬂ%? R EE,
0
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9-10 AW FFIVHDLIRRFF R~ &5, WRARNUEHRA:
16#0FA#, 10#12F#, 8#789#, 8#356#, 2#
0101010#

74HC245, \74HC574\, CLR/RESET, \IN 4/SCLK\, D100%

0-11 HIEKAIBIT. INTEGERFIBOOLEANS; R 5E X AEMEANEEH 2
L e AR E R 2 ] LA 2

9-12 W ELREN I EIIRERFAXH? HH EAMAAaXH?

0-13 [A|ZFH BITHIBOOLEANEHE KA K] o) 35K .
(1) fEBEBITHIBOOLEANZERIHIX B,

(2) WTFEZHEERIENAT AR ?

(3) RARBIER SR AMMARAL?

(4) IFEAMERRIE AR R ?
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9-14 EHMFEHRFCEFERAHERREY, UERBAHEENEHERE. T
A H— M RBIERBAGE, HH FHAHERRBC L.

function CONV_INTEGER(ARG: AGE)return INTEGER;
TIRAZETRRG], MHERERS N+ BEMNAESRE, XF THREHE:
SIGNAL a, c: AGE;

c <=a+ 20;

9-15 MM AERIISAI LSS, RPN MR I8 EL
A=[A7..A0)F1B=[B7..B0], #ii/Z D. E. F. HA=BID=1; HA>BIE=1;
HA<BEF=1. BRI T EEEMH LB RIS, WEEAHKREE
AT wTEs BB AR T ERFIHBIESR e, B EiEE AR KR
5 G5 SR AP LEEBME R RN o PR AP TH T SRR BURFE IS L4t
9-16 F|HIEIFEAIMBALRAERT SCILBALAR N7 B 2840 & Fo B 847 TV 4% X
e



9-1 i Mhsftye 2= L BE et
(1) £ HB:
(2) SEH R,

itk

dHz

FCNTIZT

H— CLK  CNTB[7.0|

WSS CO=IMHz C1=2KHz

 CLIAOMRE £

1ﬂ+ﬁmﬁﬁﬁﬁﬁﬂﬁﬁﬁ

COEE# R EF M

inclkil

PLL20

i st

TarzEwREERE

iristd

inclidd frequency: 20.000 hHz
Oiperation Mode: Mormal

Clk

Ratio_|Ph (dg) | DC (%)

=1}

120 | 000

S0.00

ci

170000 0.00

£0.00

E‘r{HzEdeﬁ' ﬁﬁﬁﬂ-

Cyelone I

‘ﬁ%ﬂ. ﬂE ﬁ’iﬁﬁﬂm

'F_CODE

music N3.0]  CODE[3.0]
address[7_0] 1 :
inclock L N Rl

................................................................

© inst15 :

i'EI ﬁ i ﬂ:m‘
LE‘D[ﬁ D]

EEPKER

CLK SPKS

! inst

SRS R R E
El o4 SRfiiEE BHETLE

Wit

TN[10..0]

| inst13
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SPPel
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91 99
0c'sip
66'69€
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9-1 K A= R Bk ot

(3) SERANEL:

(4) SEBRHNE2:

(5) SLBHNAS:

(6) LN EKA:

(7) SERANZS:

(8) LR NA6:

(9) SEBANAT:

(10) SEWIRE: SE+RGEHIER L
IKX_7C5EE+/EXPERIMENTS/EXP4_ Music/.



[ 5 9-30]

WIDTH = 4 ; // “BR7 FHiEZHE

DEPTH = 256 ; //LRFIEE 139

ADDRESS RADIX = DEC ; //HIHF#3EZE R F#E]

DATA RADIX = DEC ; / /%0 AT AR B SR B 1

CONTENT BEGIN JIERLRAXHRERFUTHE, §—4H5—97

00: 3 7 01: 3 ; 02: 3 ; 03: 57 04: 57 05: 57 06: 5y 07: &y 0B: 57 09: 57
10: ©o » 11: % ; 12Z2: & ; 132 gr 14: 5 15: 5r 1e:ilZ; 17: 12;:19: 12:19:15;
20:13 ; 21:12 ; 22:10 ;7 23:1zf z4: 9; 25: 9; Zbr 9; 271 57 28 97 2590 97
30: 9 ; 31: 0 ; 320 9 7 330 97 341 9y 35:10; 306 T 37 T7r 381 by 39: by
40: 5 ; 41: 5 ;42 b o; 43: oy 44 gy  45: g; dor 9p 47 5p 49 37 490 37
50: &8 ;7 51: &8 ; 521 6 » B3: by 54 oy BB: 8r be: by 570 Ly BB by L5 B
60: 5 ; el: b ; g2 5 » 631 5y 641107 65:10; 610y 71127 8B 7 651 T;
TJ0: 5 ; Tl 5 o U2y o6 o 730 o8p 74y by 75 5r Yo by P70 Ly olgr by Thi by
80: 3 » 8l: 5 ; BZ: 3 ; ©B3r 3r Bd:r 5y 85: &; Bo:i 7 871 97 gg:l by B9 &7
90: & ;7 91: & ; 921 b ¢ 530 by 940 5y 95 67 S0 5y 2870 gy 9@ B 950 97
100:12;101:12 ;1l02:12 ;103:107104: 37 105: S:106:10;107: 2;108: 8;10%: g7
110: o;111: 5 ;112: 3 ;113: Z27114: 3; 115: 3;11e: g;117: g;118: g8;119: g7
120: o;121: 8 ;l22: o ;1230 bhplzd: 3; 125: brlier 67127 87128 5r129: 57
130: 5;131: 5 ;13Z: 5 »133: 57134: 57 135: 5:136: 0;137: 0;138: 07

END ;
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O-1 I HiAE (1 2= raBR BE T

(3) SERANEL:
(4) SEBAA2:
(5) SLBHNAS:
(6) LN EKA:
(7) SERANZS:
(8) LR NA6:
(9) SLBANRT:
(10) SEWIRE: SE+RGEHIER L

IKX_7C5EE+/EXPERIMENTS/EXP4_Music/.

Index | Instance ID | Status | widih | Depth | Type | Mode |

o om2  MNotwwing 4 2% RAMROM__Resd/wie | e LTI E|| MesE
Device: | @1: EPIC10/5 (0+020F10DD) | Scan Chan
w0 rome:
000000 3 3 3 3555686896855 CCCFDCACY 999999099 9A77666555688993386860§5
000036 68 55555555AAAC?779968555655535335679666666568889CCCASIASI
00006C B B 6533338888 68653568G55565565000000000000000000000000¢0070
0000A2 0000000000000 00000000000000000000000000000000000000000
0000DE 0000000000000 O0000000000000000000000C0000




[ 9311
LIBRLRY IEEE;

USE IEEE.STD LooIC 1164, ALL:

ENTITY F CODE I3

IN STD LoGIC VECTOR (3 DOWNTO O);
OUT STD LOGIC VECTOR

OUT 5TD LOGIC:

OUT STD LOGIC VECTOR

ARCHITECTURE one OF F CODE I3

FORT [ INX
CODE
H
TO
END;
EEGIN
Search
BEEGIN
CALZE INX IS
WHEN ffoooor =
WHEN "oooir =:»
WHEN "OOi10f™ =:>
WHEN "™oOO011"™ =>
WHEN "oio01l™ =:x
WHEN "oOiiom™ =
WHEN "O11i1" =>
WHEN ™i00o0fm™ =
WHEN fiooir =
WHEN "i010" =:>
WHEN 'iio00m™ =>
WHEN "iio01l"™ =>
WHEN "™1111" =:>
WHEN OTHERS =>
END CASE:

END PROCESS:
END;

PROCESS | INX)

Tox=r1111111131111"
To==r"01100000101"
To=="01110010000""
Toe=r10000001100
To==r10010101101"
Toe=r10100001010"
Tox=r10101011100
Tox=r10110000010"
Tox=r10111001000"
Tox==m"11000000110"
To=r11001010110"
Toe=r11010000100
Toxe=r11011000000°
Tox=m"11111111111"

CODE<=r0000'r;

CODE<="0001";
CODE<="0010";
CODE<="0011";
CODE<="0101";
CODE<="0110";
CODE<="0111";
CODE<="0001";
CODE<=r0010'";
CODE<="0011";
CODE<="0101";
CODE<="0110";
rooo1't:
CODE<="0000'r;

CODE-<=

(3 DOWNTO 0 ;

(10 DOWNTO 0))

—— L R, Eﬁ?ﬁ‘t ekl R R TR 4

He='0";
H<='0"
H<='0"
H<='0"
H<='0"
H<='0"
H<='0"
He='1'
He='1'
He='1!
He='1'
He='1'
He='1'
H<='0"

P —— 2047
p—— 773:
p—— 912
;—-1036;
;—-1197;
r—-1290;
1--1372;
r—-1410;
r—-1480;
;—-1542;
}--1622;
}--1668;
P--1728;
r—— 2047;
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9-2 FFREAW AT SRR

(1) SEIAE451:

R FSE+ RS EABEHERREIZ: IKX_7C5EE+
EXPERIMENTS/EXP13_COLOR_LCD/

(2) SEIfES2:

(3) SEIAF553:

(4) SEAT554.

(5) SEIRAFS5:

(6) SEI{E556:

R Hl: /KX _7C5EE+/DEMOS/EXPL9 _Super_Mario?2/,fl
IDEMOS/EXP7_LCD_light GAME/.



Sk 5 Wit

9-3 GPSMN H Bl ME BT

LIRSS

S #GPSIEHF I SCF: /KX _7C5EE+GPSIC . # FHIGPSHEH ZUARTHE
B T LA PIA T s E GP S HL A ) £z -

1. mAHFR. TLUIRIESLK6-8, HHFPGAT 8051 5GPSHE s, ¥
I VR i s HE ok s

2. WA, EIAEREMCPU. v DURHESZR: 7-61 R S tFUAR TR 4%
PERRER, REXGPSEREIEHE, HFESTEEESRR SR L. ERd):
/KX_7C5EE+/EXPERIMENTS/EXP16_KX8051 FTEST RS232/F!
JEXP17_KX8051_GPS_FTEST/,



Sk 5 Wit

9-3 GPSHH {5 L BR X 1T

LIS

HaARH: /KX _7C5EE+/EXPERIMENTS/EXP16_KX8051 FTEST RS232/fl
JEXP17_KX8051 GPS FTEST/,

9-4 VGAZ)HE B il Bkt

LIRSS

HRERRGIE: RAREHIRVGA BRIk

/KX_7C5EE+/DEMOs/ EXPL12_PS2Mouse VGA_GAME/; &4
TRk :

IKX_7C5EE+/DEMOS/EXPL1_VGA_ GAME_ARK/; F1/
EXPL2_VGA_GAME_pong/;

32frfE BLCPUiRt: /KX _7C5EE+/DEMOs/
EXPL16_MIPS_COMPUTER_VGA/.



PLLZ0

inclkD

incid frequency: 20 000 MHz
Creer alion iccke: Monmal

k| Ratio |[Ph (dg) |0 (%)

e |17

0.00 | 80000

0.00 | 5000

S 5 B

9-5 PS2BEA P HIAR R FiL 1B FL B i vt
(1) LR,

RESET pe2DOUT(T.0)
CLK

PEILK

instl

| ingt
i

PEIDATA

BRI CO=1MHz C1=3MHz

[FIN_38 | PS20ATA

I L — 5

PIN_

114

PIN

113

PIN

119

PIN

115

b insta
PRSI E —HPIREE

F_CODE

‘ e C

Hﬁjﬁlﬁﬁﬁ

MNH[20] CODER.M .
H T

i
! inst3
U S ——

: ol ]
TR R T

A3.0] LEDTS[G 0] e

FIM

120

FIN

121

FIi

124

Pli

125

FIN 58

FIN_55

PIN_54

PIN_53

PIN_52

.........................................

Elo-7 PSS HEREFEHEN

e =1 SPKS —7 |
Tt 0.10] ———: T™H10.0) . 1

PIN_51

PIN 50
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' Key

A B

Diata

33

Key 4 5 6 7 8 9 - = \ ]
Data 25 |28 |3 |3D |3E |46 |oE |48 |55 |sD |[sB |4c |52 |41 |40

I Key ’ [ Fl |F2 |F3 |F4 |F5s |F6 |F7 |Fs |Fo |Fio | F1l |F12 | KPO
Data 4A |54 |os |06 |04 [oc |03 |[oB |83 |oa |01 |00 [78 |07 |70

' Key KPl | KP2 | KP3 | KP4 | KP5 | KP6 | KP7 | KPS | KP9 | KP. | KP- | KP+ | KP/ | KP# | END
Data 60 |72 |7A |6B |73 |74 |6c |75 |7D |71 | 7B |79 4A | 7¢ | @
Key BKSP | SPACE | TAB | CAPS | LSHFT| LCTRL| LCUI | LALT | R SHFT| R CTRL} R CUI
Data 66 20 | oD 58 12 14 IF 11 50 14 27
Key RALT | APPS | ENTER | ESC INSERT | HOME | PGUP |DELETE | PGDN | NUM
Data 11 2F 5A 76 70 6C 7D 71 7A 77

' Key UARROW [ LARROW | DARROW | RARROW | KPEN | SCROLL | PRNT SCRN | PAUSE

Data 75 6B 72 74 5A 7E 12 7C 77
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(2) S

WL B FSE+ R BB
/KX_7C5EE+/DEMOS/EXPL12_PS2Mouse VGA GAME/. PS/2B¥rB:5E+
R L HRIPS/28:0, BHEVGAERS, HEBKSEAL; B3R R ZEVGA
L BR BRI



S8 5

9-6 e EBRIFAK A E T
(1) SER N A1

AR IKX_7C5EE+/DEMOS/EXPL15 PINPANG GAME/PINPANG.
(2) SERAE2:

9-7 ETCPLDWIFPGA PSHER 2% FRlc B 4 B % 1t
(1) SEIHW:

(2) SELJRPH.

(3) 2SR5

(4) SERAES2:

NP RN 7~ B Y A«

/IKX_ 7C5EE+/DEMOS/EXPL17 FPGA PS CONFIG/
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9-8 T MOK RAMELLPMES i % 17 28 Bt it

9-9 REFFT245BMFUSBIEE I % it
SEIG TS5

NI SEAE B N s B S TR -

/KX _7C5EE+/EXPERIMENTS/EXP38 _USB_FT245/
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