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5.1 HTE S BEEHR]

5.1.1 855 RIEIER
[ 5-1]

LIBERARY IEEE ;

USE IEEE.STD LOGIC 1164.ALL ;

ENTITY h adder IS
PORT (A, B : IN STD LOGIC; SC,CO : OUT STD LOGIC ) ;

END ENTITY h adder ;

ARCHITECTURE fhl OF h adder IS
BEGIN --XOR 2 REZBIEER, AND £ 52 BEIER
S0 <= A ¥XOR B ; CO <= A ARND B ;

END ARCHITECTURE fhl;

TE{E HER <= FE

M Bff <= vy, v, AFTER T,, Vv, AFTER Tsy..., Vv, AFTER T, ;

regset<= 17, '0'" after reaet_peri@d ;

DATA <= "0O1", "10" AFTER 40 ns, "11" AFTER A0 ns, "00" AFTEE A5 ns;



5.1 HTE S BEEHR]

5.1.2 &M ESWMEER

WEE B bR <= FiAT, WHEN M{EEH ELSE
157, WHEN M{E%{* ELSE

FIET

[ 5-2]
ENTITY mux IS

POET{(a,b,c : IN BIT; pl,pd ¢ IN BIT ; =2 : OUT BIT };

END;
AECHITECTUEE behv OF mux IS
BEGIN
Zz <= a WHEN pl = "1" EL3E p2
b WHEN pZ2 = "1" ELZE o 0
0
c o S e 1 z
END; 7=~}
a_—>— 2~1
[ m—

Es5-1 528 BTL HERE



5.1 HTE S BEEHR]

5.1.3 &85 5 WREER]

WITH #EFEFET, SELECT
M BIRES <= F#2I, WHEN BeiE{g
#ix WHEN BEiE{H

Fi12F WHEN #EiE{H;

WITH selt SELECT
muxout <= a WHEN 0|1 , —— DEE1
b WHEN 2 TC 5 , —— 283, H48ES
i WHEN B .
ol WHEM 7 .
T2 WHEN OTHEES ;




5.1 HTE S BEEHR]

5.1.4 HuEA]

HIRS @ BLOCK [ (HRiPFEE) )
O BA
HR A
BEEGIN
AT 1EH]
END BLOCK H¥FRS ;




5.1 HTE S BEEHR]

5.1.5 JolEHItLER]

COMPONENT T{%4%E IS
GENERIC (£ERF); —— JLEE XEE
PORT (#OEFE);
END COMPOMENT L4,
.. —HEEE
#lik® : JTEE PORT MAP( —— JLiE@4EE)
[(HWOE =>] EEROS, _..) ;




5.1 HTE S BEEHR]

5.1.6 &nasxit5 54 E R Y H

[ {7 5-3]

LIBEARY TIEEE ;
I3 E IEEE.STD_LGGIC_llEﬂ.ALL;
ENTITY orZa IS

PORT f{a, b (IN 3TD LOGIC; c ¢ OUT 3TD LOGIC ) ;
END ENTITY orZa:

BEESIN
© <= a OR b ;
END AECHITECTUEE one ;




[ 5-4]
LIBRARY IEEE; --2Mn&8ME & ik
SR IEEE.STD_LOGIC_llEQ.RLL;
ENTITY f_adder I5

PORT {(ain,bin,cin : IN 3TD LOGIC;

cout,sum @ OUT 3TD LOGIC ) ;
END ENTITY f_adder;
AECHITECTUERE fdl OF f_adder 15
COMPONENT h_adder —— i F 2 Jm 82 7 BR+E 5
POET (A, B : 1IN STD LaGIC; Co, 30 @ COUT STD_LOGIC};
END COMPONENT ;
COMEONENT or2a —— B A7) 5 % 7 BEvE )
POET { a, b : IN STD LaGIC; oo OUT STD_LOGIC};
END COMPONENT;
SIGHNAL netl,netZ,net3 : STD LOGIC; —-FX 3-ESELAEIEES.
BEGIN
ul : h adder PORT MAF{A=>ain,B=>bin,CO=rnetzZ, 30=>netl};
uZ : h adder PORT MAPi{netl, cin, net3, sum);
us Oreg POET MAFP {a=>nets, b=znets, c=>Cout) ;

END ARCHITECTURE fdil;

COMPONENT h adder
PCORT ( <, d : IN 3TD LOGIC; e, £ : OUT STD_LDGICJ ;

FORT (A, B : IN 3TD LOGIC; Co,530 @ OUT 3TD LOGIC);



5.1 FFATAE SR

5.1.7 HERER]

[$78: ] FOR {REFTFE IN EN{EFF GENERATE
1. BF
BEGIN
HATHEH]
END GENERATE [#F2] ;

[¥£S: ] IF %{% GEMERATE
1.AH
Begin
FA7 84
END GENERATE [f:5] ;

FiEE To  FiEI —— HEHFA, 11l TOo 5
FIEE DOWNTO FiED ; - AR, M5 DOWNTO 1



5.1 HTE S BEEHR]

5.1.7 H£KiER]

[{7] 5-5]
COMPONENT Comp
FORT (=% : IN STD LOGIC;
vy oo OUT 3TD LOGIC b
END COMPOMNENT ;
A IGNAL a :STD_LGGIC_HECTDR{D T T
SIGHNAL b :STD_LDGIC_UECTDR{D T T);

gen : FOR 1 IN a’RANGE GENERATE

ul: comp PORT MA {(x=xa (i), v=xb{i));

END GENEEATE Jen;

COMP

INPUT  OUTPUT

COMP
INPUT  OUTPUT

COMP

INPUT  OUTPUT

B 5-2 4B ET AR
& A [F B B 1R

I 1]




5.1 HTE S BEEHR]

5.1.7 H£KiER]

[ 7] 5-6]
LTBEARY TEER;
JEE IEEE.STD_LDGIC_llEQ.ALL;
ENTITY d_ff IS
POET ( d, clk_S o IN STD_LGGIC; g, ng : OUT STD_LGGIC};
END ENTITY d_ff;
ARCHITECTURE a rs ff CF d ff Is5
BEGIN
PRGCESS{CLK_S} BEGIN
IF clk_5='1' AND clk_S'EvENT THEN g<=d; ng<=NOT d; END IF;
END PEOCESS;
END AECHITECTUER a_rs_ff;




[ {7 5-71
LIBEARY TIEEE:;
J5E IEEE.STD_LDGIC_llEQ.RLL;
ENTITY cnt bin n is
GENERIC (n : INTEGEE := &) ;

FPORT (g : ©UT ATD LOGIC VECTOR (0 TO n-1); in_l : IN STD_LQGIC};
END ENTITY cnt bin n;
ARCHITECTURE behv OF cnt_bin_n 15
COMPONENT d_ff
POET (d, Clk_S o IN STD LOoGIC; o, N @ OUT STD_LDGIC};
END COMPOMNENT d_ff;
SIGNAL 5 STD_LQGIC_UECTQR{D T ny o
BEGIN
s(0) <= 1in_1;
q_l : FOR 1 IN 0 TO n-1 GENERATE
dff : d ff PORT MAP (s{i+l), s{I), gi{i}, = (i1+1l})};
END GENEEATE;

END ARCHITECTURE behv; i=g 9 =1 O j=n-1 0
0 Qo 0 Qo ven 0 Qo
g =Lk =k o—+= Cll
J_LH_ Sl: FD 11 F :| FD14 : FD14
Aty - 3
5| g

B 53 6 fr Z#HsoddEEEE



5.1.8 GENERICZH LG 1E ) & HAF H 5k
[ 5-3]

LIERARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL ;
USE IEEE.STD LOGIC UNSIGNED.ALL ;
USE IEEE.STD LOGIC ARTTH.ALL ;
ENTITY MULT4E IS
GENERIC [ 5 : INTEGER := 4); --TESEH g HEEEAR, AT 4.

PORT [ R : OUT STD LOGIC VECTOR(Z*S DOWNTO 1) ;

A, B : IN STD LOGIC VECTOR (S DCWNTO 1));

END ENTITY MULT4E;
ARCHITECTURE ONE OF MULT4E IS

SIGNAL A0 : STD LOGIC VECTOR(Z*S DOWNTO 1);
BEGIN

A0 <= CONV_STD LOGIC VECTOR(O,S) & A;--#& s=4, NIAE: "oo00"&a
PROCESS (A, B)

VARIABLE R1 : STD LOGIC VECTOR(Z*S DOWNTO 1) ;

EEGIN
Rl := [others = '0'}; --#& s=4, MEAFHF r1:="00000000"
FOR i IN 1 To S LOOFE
IF (B(i) = '1') THEN
Rl := Rl + To STDLOGICVECTOR(TO BEITVECTOR (AOD) SLL (i-1));
END IF;
END LOOFE; A 34 7 4 u oy 15 ¥ 3 4 T N 1
R <= R1; O G i - G i

END PROCESS;
END ARCHITECTURE ©ONE;

E 54 {5 5.8 FEiESBHNFEREER




5.1 HTE S BEEHR]

5.1.8 GENERICSHufL i B vE 1) S HAF H 7%
Fl{tE . THE cENErRIc MaAp(ERFE)

[# 5-9]
LIERARY TEEE;

USE IEEE.3TD LOGIC 1164.ALL;
ENTITY MULTEE I=

PORT(D1,DZ : IN STD LOGIC VECTOR(V DOWNTO O);

@ : OUT STD LOGIC VECTOR(1S DOWNTO 0} §;
END;
ARCHITECTURE BHV OF MULTSE IS
COMPONENT MULT4E --MULT4E Ei ) 1EHFRA
GENERIC [ % : integer);--HB¥ munT4e RiFERETEE “H0O7 5 H3FR
FORT [ R OUT std logic wvector (E+*3 DOWNTO 1) ;
A, B : IN std logic wvector (S DOWNTO 1)) ;
END COMPONENT ;

BE=IN
ul: MULT4E GENERIC MAP([S5=>8)

PORT MAP (R =>0Q, A=3D1, EBE=>DZ);
END;



5.1 HTE S BEEHR]

5.1.9 KA e iER)
1. PR PEEH B EHE A e L

TYPE ¥¢E 2 Ts ARRAY (HATEE oF BEAMEAR |

TYPE stbh I3 ARRAY (7 DOWNTO 0)of 3TD LOGIC ;

TYPE TD I3 ARRAY (7 DOWNTC O, 3 TO 0)of 3TD LOGIC ;

TYPE MATREIX I3 ARRAY (127 DOWNTO 0)of 3TD LOGIC VECTOR(T DOWNTO 0



5.1 HTE S BEEHR]

5.1.9 KA e iER)
2. EPR E AR BIER A E X

TYPE ¥#H:E I ARRAY (¥4 FHEE RRNGE <) OF #iE28d |

Type bit 1z (07, 717);

Type bit vector 1s arrayi{natural rang<>) of bit;




5.1 HTE S BEEHR]

5.1.9 KA e iER)

TYPE BOOLEAN I3 (FALSE, TRUE) ;

TYPE my logic IS { "1'" ,'z" ,"U" ,'0" )
SIGHNAL s1 : my logic ;
sl <= TET ;

TYPE ¥iEEAIE 18 HiELATE ¥ E ik

TYPE weel IS (sun,mon,tue,wed, thu, fri,=zat) ;

TYPE % 1s (low, high);
TYPE data_bus I5 AREARY (0 TO T, x)of BIT ;

TYPE m state IS ( stl,stl,sti,st3,std,=td )
SIGNAL present state,next state @ m state ;



5.1 HTE S BEEHR]

5.1.9 KA e iER)
4. BB FRBIBIRRT 2 XL

SUBTYPE T#AEZ 15 EFHIELER RANGE LYHER[H;

SUBTYPE digits I3 INTEGER RANGE 0 to 8 ;




5.1.10 VHDLFIfEfE2s 4k
[{5] 5-10]

LIERARY IEEE ;

USE IEEE.STD LOGIC 1164.ALL ;

USE IEEE.STD LOGIC ARITH.ALL ; —-ItHEFEESH#EEE conv INTEGER (A)
USE IEEE.STD LOGIC UNSIGNED.ALL ; --MEEFEESHERFESNEH

ENTITY RAM7S IS
PORT (CLK,WREN : IN §TD LOGIC ; ——EXEHPFIS iz

A : IN STD LOGIC VECTOR(6 DOWNTO 0) ; ——7ESL RAMMY 7 frtrhbs hmE
DIN : IN STD LOGIC VECTOR(7 DOWNTO 0) ; ——ES RaMBY 8 fr¥dEss im0
Q : OUT STD LOGIC VECTOR(7 DOWNTO 0)); -—E5L RaM A 8 fr$idEe Him D

END ;
ARCHITECTURE bhv OF RAM78 IS
TYPE G _ARRAY IS ARRAY (0 TO 127) OF STD LOGIC VECTOR (7 DOWNTO 0} ;
SIGMAL MEM : G_ARRAY; --iESUES MEN REIEZERER FFTESLAVER ¢ arRRay
BEGIN
PROCESS (CLK) BEGIN
IF RISING EDGE (CLK) THEN
—- 8] IFREPE LEEE, BEFRENSET, N ran #FiEOMNEART S A8 E LR T
IF WREN="1' THEN MEM (CONV INTEGER (A) )<= DIN; EMND IF;
END IF;
IF (FALLING EDGE(CLK)) THEN Q<=MEM(CONV INTEGER (A)) ;-—1EHFEsEAEIE
END IF;
END PROCESS ;

END EHV:



5.1 HTE S BEEHR]

5.1.10 VHDLKIfEf2s 4k

MEM
WREN _»———&
. Q[7..0]-regl
CLE] o (] —
DINT..0 e I TAINLT 1] DRTACUTIT. 03 o Q >»0[7..0]
LN — pARDDRE 1] —=
:ﬂ.ﬁﬂfﬂ[ﬁ 0] ERda
SYMC_RAM CLE

E5-5 ] 5-10 B RAMTS B RTL B



5.1 HTE S BEEHR]

5111 FSEtARMERE
B E & B IR

1. 5 5EEM

NoTi(cloclk” STABLE AND clock =71T7)
{clock! EVENT AND cloclk ="1")

2. ByEX ERE M

SIGNAL rangel : IN 3TD LOGIC VECTOR (0 TO 7 ;

FOE 1 IN rangel'RANGE LOOP



5.1 HTE S BEEHR]

5.1.11 55 BHELEERE
3. BEREM

PROCESS {(clock, a, bl

TYPE ohj IS ARRAY (0 TO 15) OF BIT ;

STGENAL elel, ele’d, elel, =led : INTEGEE

BEGIN

elel <= obj’RIGHT ; --flIB#HIELER ob] FIE AN EE 15 fiF
ele? <= obj’LEFT ; --MIEHELM b KEENEEE 01
ele3 <= ob]'HIGH ; --fI8#ELER ob] MERTEE 15
eled <= obj‘Low ; --MIBHEELR b FIFRENEE O




5.1 HTE S BEEHR]

[ 5-11]
LIBEARY IEEE:;
TR IEEE.STD_LQGIC_llEQ.HLL;
ENTITY parity IS
GENERIC {bus_aize : INTEGEE := 8 ) ;
PCRT (input bus : IN 5TD LOGIC VECTOR({bus size-1 DOWNTC 0) ;
even numbits, odd numbits : OUT 3TD LOGIC } ;
END parity ;
ARCHITECTURE behave OF parity IS
BEGIN
PROCESS {input bus)
WARIABLE Temp: 3TD LOGIC;

BEG=IHN

tenp = "07;

FOR 1 IN input bus'LOW TO input bus "HIGH LOOP
temp := temp XOR input bus (i} ;

END LOOP

odd numbits <= temp ; even numbits <= NOT temp;

END PEOCESS:
END behave;




5.1 HTE S BEEHR]

5.1.11 s RMELAEERE

4. FAREH' LENGTH TYPE arryl ARRAY (0 TO 7) OF BIT ;
VARIABLE wthl : INTEGER;

wthl: =arryl’ LENGTH; -- wthl = B

5. F P et

ATTRIBUTE BiFE : #iE2LEAd,
ATTRIBUTE B E OF #EHFE : »HHER 15 H;

LIBRARY svnplify;
U3E synplicity.attributes.all;



5.2 VHDLIZ B #/ER

5.2.1 ZHEEVERF

PHEEER (Logical Operator)

R AZBIESRF(Relational Operator)

HARBVERF(Arithmetic Operator)

55 #1VEFF(Sign Operator)

BEHEV/ER(Overloading Operator)



# 5-1 VHDL #fEfoE

#H 4 tw fE i3 o R [ fed & i 25 4
+ n B
- e B
& HE —HEg
" fi2) EHE O ER o5
! K BEHOEHMEER oD
LoD A, B
FEM i i)
W SLL BTREH BIT o4 @ — 5150
fRL HREE BIT a4 — WA
SLA WEES BIT a4 — WA
SR WE LS BIT a4 — WA
ROL EETFEL BIT w3 — 58
EOR wERHE BIT £ 3 —H8EE
Hak B B
AES i B FE B
= BT HH 35 4
= FgF T 2
. = I F HESEREL, FHER—%EE
RERER = *F HEsEmEy, pHEn—%E8E
== T FRF HESEREL, FHER—%EE
== XFHRF HEsEmEy, pHEn—%E8E
AHD & EIT. EOOLE&H, STD_LOGIC
OR = EIT. EOOLE&H, STD_LOGIC
HAND SF 3 EIT. EOOLE&H, STD_LOGIC
R 5 1 HOR i ik EIT. BEOOLE&H, STD LOGIC
MOR =8 EIT. EOOLE&H, STD_LOGIC
MHOR Bk EIT. BEOOLE&H, STD LOGIC
HaT £ EIT. BEOOLE&H, STD LOGIC
. + E B
i1 5w fE 13 — i o




5.2 VHDLIZ & #/ER

5.2.1 ZHEEVERF

52 VHDL BIEFOEER

=85 i & &
NOT, ABS, ** EEALD
* , / , MOD, REM .
HIES): —(RS)
+ . — &

sLL. #BLA, BEL. 5RA. ROL, ROE

= = = == g =

AWD, 0OE. HNAND, HNOR, X0OR, ZNOR b oy R4 5]




5.2 VHDLIZ & #/ER

5.2.1 ZHEEVERF

[ 5-12]
SIGNAL a , b, ¢ : STD LOGIC VECTOR (3 DOWNTO 0);
SIGNAL d, e, f, g : STD LOGIC VECTOR (1 DOWNTO 0);
SIGNAL h, I, j, k : STD LOGIC ;
SIENAL 1, m. 1, o, p : BOOJOLEAN ;
a<=b AND c; —~b. c THSEM alE{E, a. b. cEIEERNRRE « NN RE
d<=e OR f OR g ; —— P MR{ERN or R, AFR/S
h<=(i NAND j)NAND k ; —— NAND PJ§ LA =FERHH—F, L4AES
1<=(m XOR n)AND (o XOR p); —- IREMNIRE, LNES
h<=i AND j OR k : —— FTRERAE, FNES, FEE=
a<=b AND e ; — BE# b 5§ « IR EES—F, JAE=

he=i oR 1 ; --iAVEEEERE ot LocIc, M1 AEHEERIER TR, FTAfE



5.2 VHDLIZE¥AER

5.2.2 RABAERF

TlT — TlT; "1['1" — "j_l:lj_"; "1" :\} "Dll"; "1['1" {: Hlll:I";



5.2 VHDLIZE¥AER

5.2.3 HARBAIERF

£53 BRRBERHAR

x Al HARIER
1 SEFNFRTERF ( Adding Operator ) + (), — &), & (HE)
2 | FIRIEFRF (Multiplying Cperator) * . f, MOD , REM
3| TFIRIERF (Sign Operator) + (E), - (8D
4 (RS ERT (Miscellaneous Dperator:' ** , ABS
5 FEATFRIERT (Shift Operator) sLL, SEL, 5LA, SEA, ROL, EOR




b

5.2 VHDLIZE¥/ER

1. SRFEBRAER

[#] 5-13]

PACEAGE example arithmetic IS
TYPE =mall INt IS RANGE 0O TO 7 ;
END example arithmetic ;
USE WORK. example arithmetic.ALL ;
ENTITY arithmetic IS
PORT f(a, k : IN SMALL INT ; c ¢ OUT SMALL INT) ;
END arithmetic ;
ARCHITECTUREE example OF arithmetic IS

EEE=TN
o <= a+ b ;
END example ;



b

5.2 VHDLIZE¥/ER

1. SRFERVER
[ 5-14]

LIBEARY TEEE ;
USE IEEE. 3TD LOGIC 1lad4.ALL ;

USE IEEE.STD LOGIC UNSIGNED.ALL ;--UEFrelfalSEAIRERNES®EE
ENTITY ADDERGE I&
PORT (A, B : 1IN §TD LOGIC VECTOR(7 DOWNTO 0} ;
CIN : 1IN STD LOGIC: COUT : OUT STD LOGIC;
DOUT : OUT STD LOGIC VECTOR(7 DOWNTO 0) );
END ENTITY ADDERSE ;
ARCHITECTURE BHY OF ADDERSE IS
SIGNAL DATA : STD LOGIC VECTOR (8 DOWNTO 0) ;

BECTH
DATA <= ("0'& A) + ('0'& EB) 4+ ("00O0OOOOOQO™&CIN) ;
COUT <= DATA () ; DOUT <= DATA (7 DOWNTO 0) ;

END ARCHITECTURE EBHYW;



5.2 VHDLIZHE#1E

Vo TR

1

b

1. SRFEBRAER

A 4 OG-0 D O D 4
B 4 T8 ) 4 FZ Y &C
co |

COUT | 1

DOUT fT OA  4f” oc K 16y i1 ¥ @2 i

B 56 8= {imim

uT
UT7..0]

57 BALANERS Quartus RS2 RTL B



5.2 VHDLIz B e

2. RIRBARFT

3. T S HARRT

4. BEBAERT

*(3F)
I(ER)
MOD (B )
RED(ELR)



b

5.2 VHDLIZE¥/ER

5. BT BERT

RS BERES BiEE —4a 101100017 SRL 3, #5F2"00010110"

[#)] 5-15]

LIERARY IEEE;
USE IEEE. STD LoOGIC 1164.ALL:
USE IEEE. STD LOGIC UNSIGNED.ALL;
ENTITY DC3tof IS
port DIN : IN 8TD LOGIC VECTOR (2 DOWNTO 0) ;
pouT @ OUT BIT VECTOR (7 DCWNTO 0)):

END DC3tod;

ARCHITECTURE behave OF DC3tol IS

BEGIN

DOUT <= "00000001" SLL CONV INTEGER (DIN); --fEfEIT-E2%E

END bshave:



5.2 VHDLIZ & #/ER

5.2.4 BB IRAEERAERT

A IEMAL dl : 2TD LOGIC WVECTOR (4 DOWNTO 0O);
WARTABLE al : S8TD LOGIC WECTOR (15 DOWNTO 0 ;

dl <= [(OTHEES=>"1"); al := [(OTHEERE=>T0") ;

dl <= (1=k>e(3),3=>=(5), OTHERS=>e(l) )

dl <= e({l) & ei(5) & (1) & (3) & (1) ;

[7 5-16 ]
... ——HEFERRP 5-15
PROCESS (DIN) BEETHM
DOUT<=(0OTHERS =="07) ; DDUT(CDNE_INTEGER(DINJJ{='1';

END PEOCESS:
END behave;



L-D

5.3 keepJ&@ v

[ 5-17]

ARCHITECTURE f£dl OF f adder IS

SIGNAL netl,netZ, net3 : STD LOGIC;
attribute keep : boolean; ——E‘El:f "t rue ”E"ﬂ%ﬂ%ﬂ?ﬁ%ﬂ booclean
attribute kesp of netl @ =ignal i= true;
EEGIN

15,725 sa | Momed [* | Fier [DesgnErey =) Cutteme. | [ Lt | -K 4
J_t— Lk irc [I_adkdl =[] T inchide subentiies ain | |
. l_ Hodes Found L hi_n ﬂ
. 4~ | Axsrmen ! e l Crastr - Cil _|—|_
bostmponocd |1 sn Lo gt Liser arnened E
St :::: EE by Umll:l;l'dd g U i ke :mt m—
:::: = cin Lnad-sgrasd kgt Userertered =
o col U Olistpud Lter ertaned F S _| | J | | l
o rectl LUinagsigred Combinational User ertered netl I—I I—I
& tum Unetagred Dldpast Llger aribened

5.8 S EBENE SEMREFANMES netl B 5o ERITBRET



5.4 SignalProbe s F 751

1. 355 R BURE 52 B e v 0 AR A

2. W &SignalProbe Pins

Feserve pire sz SignalPiobe pins and enables SignalProbe outing. SignalPiobe pan informastion can be

viewed n the Change Manager,

Mu., | Hame | Soures | Era.. | Skstus | Cloek | Re
H17 o

Cz2 O

21 il
) 1_nl i
B21 i

= it o
€ >
Signaliobe pin sadting:
. ] . Prpome.  |TEST_nl - _ G|

3. wiESignalProbe Pinsil e[ o | =

A5 B IF T EER ¥ SoraPte et e
Clock: | J Diisable AN
Bogater: |0

Sportne El 10 sandaed: |33V LVTTL =]
\y BCO Fitling was succeszful (4 warnings) 5.10 E Signa]Pmbe Rﬁiﬁﬁi&ﬁﬁmu%—% netl

B 5-11 ECO {4RIEAE
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i

diffr

i J: sub_out

X X diff X diff
h_suber h_suder
Y— 5_out B y s_out
sub_in

B 5-12 Zidizs
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5-1. S iNiEeS ¥ iTsSEE

5-2 R IEAF BRI AR LT




[475-15]

library ieee;

use leee,std logic 1164.all;

use leee,std logic unsigned.all;
entity DIV1E is

port (CLE : in std logic; AB @ in std logic vector (15 downte 0);

QU, RE : out std logic vector (15 downto 0));
end DIV1GE;
architecture rtl of DIV1E 1=
beglin

process (CLE)

variable AT, BT,P,Q: std logic wvector (15 downto 0);

beglin

if rising edge (CLE) then AT:=A; BT:=B;
E:="0000ooooooooooooT; :="000ooooaooooooon®;

for 1 in QU'range loop

p = P({l4 downto 0) & AT (15); AT:=AT(14 downto 0)&T0T;

1t P{15)="1" then Q{1):="07; P:=P+4ET ; el=se Q(1):=T1";

end loop; end if ;

QU <= ; RE <= P ;

end procesz;

end rtl ;

B:=P-BT:

end 1f;



LI 5 BT

5-3 B ATAASA TR f TR B Wit

(REGET |
i
1

ka0 [+ —— |
} CLR
O,
i Q15
nell (=4
TR : ADOERIET )
P ! | . 7.0
I N B R e ; o S| ——
it g T 8 [ e DL : o oot
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o — — “rEmEiee " e -
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A
K I 0
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LI 5 BT

5-4 FFVHDLAUS BB B 7t

B ) 0 b G ) o

—— =

CLE ok RST_CNT—— CLR pout

CONT_ENl—3 EnagL  COUNTER3ZB

Fin

5-15 SRZETTER AEHER

5-16 SRZRITNSATEHIES FTCTRL M3 R



[ 5-19]

LIERARY IEEE; — -T2 o PR
USE IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGMED.ALL;

ENTITY FTCTRL I8

PORT (CLEK : IN STD LOGIC; —— 1Hz
CNT EN, RST CNT : OUT STD LOGIC; -- JTEiEsBtibfigEfnitEesis &
Load : OUT STD LOGIC ) ; —- wHfiFES
END FTCTRL;

ARCHITECTURE behav OF FTCTRL IS
SIGNAL DivZCLE : STD LOGIC;
BEGIN
PROCESS ( CLKE ) BEGIN
IF CLEK'EVENT AND CLEK='1" THEN DivZ2CLE<=NOT DivZ2CLK;--1Hz B 2 m8f

END TIF;:
ENDY PROCESS ;
PROCESS (CLEE, DivZCLE) BEGIN

IF CLEK='"0" AND DivZCLE='0' THEN RST CNT<='1";-- FEEII#8EERES
ELSE RST CNT <= '0'; END IF;

END PROCEES;
Load <= NOT DivZCLEK; CNT _EN <= DivZCLEK;

EMD behav;



k5 it

5-5 VGAR &M 5 B g vt

o ke ) M Bl W T TAER
I I
H3
*”/::LTa g ool Td LA
el 1 Ts b
!:= L [ } Tg i }!
| (N (|
| 11 1
RGB thikR, | N B W) Wk X T—oE#
Vs ' i T
/DJ-Ta—_ J'H:TC Td TE:H"[_ !
FEE ] M Tf M-
!_{ ni Te (| =!

B 517 VoA T8, e RER



LI 5 BT

5-5 VGAR &M 5 B g vt

X o4 ITHIEFER: (B %%, Bint—1185% Pixel BYBT @) EIRS)

EE S TR 1T FEIHA
W TF Ta Th Te Td Te Tso
B8] (Pizels) g 96 40 g &40 g 500

& 5-5 HPREIFEERRK: @X: 1T, BMiE—1T Line RB8)IE) FR)

fTEH% TTEIE (R Wiltis
e T Ta i Tc Td Te Tg

B7]8] (Lines) g 2 o5 g 430 g 525




Sk 5t

5-5 VGAR &M 5 B g vt

HS [T =T —[ |

Vs TI| € T4 SemB
5-12 H330 VS E}ﬂﬁﬂ'r%_

O s}
i -
g = o O 12
a ]
[ ] | B i’ s o 13 HS
= - D
= i | ol 14vs
] [ -
|# E 15
lloooQ015 | T o O

looo00sS e

519 VCABEO®BEE, ZEAMNHFTE

o 60000010 p T =
| L



Sk 5t

5-5 VGAR &M 5 B g vt

7= 56 ERBIRIY.

B,

22}

[ ® [ & 5 | % | & | & z
E W] W] 0 0 1 1 1 1
3 W] W] 1 1 W] W] 1 1
E W] 1 0 1 W] 1 W] 1
%57 BEESEEE s HRETER,
| | BRE 1. CEERGIEE | 2. ERAGHERR
2 | BOF 1. CEERGAIEE | 2. BRGHERR
3| Hat 1. BRI 1 | 2. RAmEER, 2




L7 5-20
LIBRARY TEEE; —- VGA ITes B hY9s
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY COLOR Ig

PORT CLK, MD : IN STD LOGIC;
HS, V8, R, G, B : OUT STD LOGIC J: -- TTHREERLT, &, =354
END COLOR;
ARCHITECTURE behav OF COLOR IS
SIGMAL HE1l, V81, FCLE, CCLK : STD LOGIC;
SIGNAL MMD : STD LOGIC VECTOR (1 DOWNTO 0);-- JIRJAFF
SIGNAL FS : STD LOGIC VECTOR (3 DOWNTO III]I;
SIGNAL CC : STD LOGIC VECTOR(4 DOWNTO 0); -- TR/ BREEnk
SIGNAL LL : STD LOGIC VECTOR(BS DOWNTO 0); —-- HREE/ERHEER
SIGNAL GREX : STD LOGIC VECTOR(3 DOWNTO 1);-- X{BRi%F
SIGNAL GREY : STD LOGIC VECTOR (3 DOWNTO 1);-—— v S5
SIGNAL GREP : STD LOGIC VECTOR (3 DOWNTO 1);
SIGNAL GRE : STD LOGIC VECTOR (3 DOWNTO 1);
BEGIN

=RB (<) <= (GRBP(Z) XHOR MD) AND HE1l AND W31;
=RE (3} <= (GRBP(3) XHOR MD) AND HE1 AND WS1;
=RE (1) <= (GREP(1) HOE MD] AND HS1 AND W31;

FROCESS ([ MD ) BE=IN
IF MD'EWVENT AND MD = "O' THEN
IF MMD = "10" THEN MMD <= "00";

ELSE MMD <= MMD + 1; END IF; —— =R,



END IF;
END PREOCZESE;

PROCESS ( MMD )  BEGIN
IF MMD = "00" THEN GREE <= GREX; —— EERE
ELSIF MMD = "01" THEN GREP <= GRBEY; - EEERE
ELSIF MMD = "10" THEN GRBD <= GREX XOR GRBY; —-- FEfHEE

ELSE GREP <= "000%; END IF:
END PEOCEZS ;

PROCESS ( CLE ) BEGIN
IF CLE'EVENT AND CLK = '"1" THEN —-- 13MHz 1350
IF F§ = 13 THEN Fg <= "0000"; ELSE FS <= (FS + 1):; END IF;
END IF;

END PEOCZESS ;
FCLE <= F3(3); CCLE <= CZCi{4):
PROCESS [ FCLE ) BEGTN
IF FCLETEVENT AND FCLE = T1" THEN
IF CCc = 2% THEN CC <= "0OO0OOO"; ELSE CC<=CC+1; END TF;
EMND TIF;
END PEOCEZS ;
PROCESS [ CCLE ) BEGIN
IF CCLETEVENT AND CCLE = T0T THEN

IF LIL=451 THEWN LL<="000000000%; ELSE LL<=LL+1; END IF;:
EMND TIF;



END PROCESS;
PROCESS [ CC,LL BEGIN
IF ¢C > 23 THEN HS1l <= '0'; --iTREF
ELSE HS1 <= '1'; END IF;
IF LL > 479 THEN w3l <= '0'; --HEHF
ELSE V31 < '1'; END IF;
END PROCESS;

PROCESS (CC, LL) BEGIN
IF CC < 3 THEN GREX <= "111"; -- #@Fs
ELSIF ¢C < 6 THEN GRBX <= "110";

<
EL3IF CC <« 9 THEN GREX <= "101";
EL3IF CC < 13 THEN GREBX <= '"100";
<
<

ELSIF CC < 15 THEN GRBX <= "011";

ELSIF CC < 18 THEN GREX <= "010";

ELSIF CC < 21 THEN GREX <= "001";

ELSE GREX <= "000"; END IF;

IF LL < 60 THEN GRBY -« "111"; -- $Efz

ELSIF LL < 130 THEN GRBY <= "110";
ELSIF LL < 180 THEN GRBY <= "101";
ELSIF LL < Z40 THEN GRBY <= "100";
ELSIF LL < 300 THEN GREY <= "011";
ELSIF LL < 360 THEN GREY <= "010";
ELSIF LL < 420 THEN GRBY <= "001";

EL3ZE GREY «= "0O0O0O™; END IF;
END PREOCESS;
H3<=HS1 ; VS<=V3l ;R<=GRE(2) ;3<=GRE(3) ; B<=GRE(1l);
END kehavw;




