' rf’—";,@dt\_

BAE XKITELK

EIHAN: REIRIKFR




>TSS MUNERREE
>SRN ERRZ
> BB IE RIS S




g@«fﬁﬂ»@’?

hs—h
b-—- =
&
e
T,




HF ARG SRUNEERE

FTHRIREBE BRI RS, WiEM
BA 5 5 —E X A0 & A AU HRL 3R,

.

BN G =

BT A




uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

lﬁﬂ- lﬁﬁtﬂfrﬂgig HE

THEHA—NE RS HERRX— B
Bl £ mas it (FPGA)

IBIg TS - i - — 4
Si=Ai ®Bi ®Ci-1 |
Ci=AiBi+Ci-1(Ai ®Bi) 1|

C1

VHDLX %5 :
tmp <=Ai xor Bi;
Si <=tmp xor Ci-1;

Ci <= (Aiand Bi)or (Ci-1 and tmp) ;
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Si=Ai ® Bi ® Ci-1
¥: Ci=AiBi+Ci-1(Ai®Bi) JO———mmsur
%A : Ci=AiBi+ BiCi-1 + AiCi-1

VHDL{
Si <= Al xor Bi xor Ci-1;

Ci <= (Ai and Bi) or (Bi and Ci-1) or (Ai and Ci-1) ;
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FRNBING
1. & =ZRISIAN:

ENTITY DFF IS

PORT(a,clk:in std_logic;
_ D ——1D —
y:out std_logic);
END DFF;
Clock ——{ >C1
ARCHITECTURE BEHAV OF DFF IS
BEGIN
PROCESS(clk) -
BEGIN
IF (clk’event AND clk=1") THEN
y<=a,
END IF;

END PROCESS;




FRNBING
1. & =ZRISIAN:

ENTITY DFF IS

PORT(a,clk:in std_logic;
_ D ——1D ——— i
y:out std_logic);

END DFF;

ARCHITECTURE BEHAV OF DFF IS Clock >C1

BEGIN

PROCESS(clk) -

BEGIN SiE: e kel
IF (rising_edge(clk)) THEN y<=a; ?ﬁqutd Iogic?é
END IF; ggo

END PROCESS;




FRAMSIAR &

ENTITY DFF IS

PORT(a,clk:in std_logic;
| D —1D il
y:out std_logic);
END DFF;
ARCHITECTURE BEHAV OF DFF IS Clock ——1>C"
BEGIN
PROCESS .
BEGIN EiE: WaitiBawhim
WAIT UNTIL clk’evnt ANDclk=1"; - TZEIFTERY B SRk B &6,
y<=a EH— 1M iEEPAwait

END PROCESS: BafgElBE—1 .
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il & 22ASIN

ENTITY DFF IS

;@;/fﬁ;“{'z/é’

PORT(a,clk:in std_logic; D ——1D — Q
y:out std_logic);

END DFF,;

ARCHITECTURE BEHAV OF DFF IS Clock —>C1

BEGIN

PROCESS

BEiuc\:llkff THEN e e A

- IR, H{XYclk="1"

o N s TUURAR

END PROCESS;
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1. FEAZEFRUTIA:
FHIh AT ZEFRENTENI TR AR, Lif
BRI ETER, S8RER—RINERIZE. M—TA
HESTENIfIEa).

PROCESS (clk,a,b)

BEGIN
F clk="1’ THEN R ifIERFHtTEEEs, &%
y<=a; _/|\2ﬁ1 E‘J%Eﬁiﬁﬁ%ﬁo
ELSE
y<=b;
END IF ;

END PROCESS;
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LT FRAEHEE N TE N caseiGAISINFFSRNAE

PROCESS( state, inA, inB)
BEGIN
CASE state IS
WHEN s0 =>
outA<=‘1"; -’ B outBR{E , FrloutBRIFRE
WHEN s1=>
outA<=inB;
outB<=1";
WHEN s2 =>
outB<=inA; --&EFoutAR{E , FrlloutARERE
END CASE;
END PROCESS;
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%ﬁ%%ﬂAﬁ%
2. HEFBAOSIN S

ENTITY rigister IS D— 1D — Q
PORT(a,clk:in std_logic;
y:out std _logic);
END DFF; clock— C1
ARCHITECTURE BEHAV OF rigister IS
BEGIN
PROCESS(clk,a)
BEGIN
IF clk=1" THEN
y<=a,
ELSE --VHDLBRIARFRSBHTHME, W5 & BB
END IF;
END PROCESS;




ap™”  South China University of Technology

EEENEIAGE
2. $TFEEEAITIN:

ENTITY rigister IS D— 1D — Q
PORT(a,clk:in std_logic;
y:out std_logic);
END DFF; clock— C1
ARCHITECTURE BEHAV OF rigister IS
BEGIN
PROCESS(clk,a)
BEGIN
IF clk="1" THEN
y<=a,
B ETELSER, FRDXYyEARERR, RTINS BFS
END IF;
END PROCESS;
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2. PFARAYSIA

ENTITY rigister IS D —
PORT(a,clk:in std_logic;

y:out std_logic);
END DFF; clock —

ARCHITECTURE BEHAV OF rigister IS

1D

C1

BEGIN
PROCESS(clk,a)
BEGIN
IF clk=‘0’ THEN -5 N B P28
y<=a;
END IF;
END PROCESS;
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HFRRHISIA

ENTITY rigister IS
PORT(a,b:in std_logic;

N
\_

sel:in std_logic_vector(1 downto 0); D — 1D | Q
y:out std_logic);
END DFF;
ARCHITECTURE BEHAV OF rigister IS clock— C1
BEGIN
PROCESS(sel,a,b)
BEGIN
> =
CASE sel IS CASEiE AP A TEE

WHEN “00” =>y<=a; EHIEESMSESRLSIA.

WHEN “01” => y<=a;
WHEN OTHERS => NULL;
END CASE;
END PROCESS;
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2 neerng

EETEECLRINEESMEBNES, XERBEMEFRAT.

A 2S
PROCESS(clk)
BEGIN
IF clk="1" THEN
y<=a,
END IF;
END PROCESS:;

Pifres:

PROCESS(clk,a)
BEGIN
IF clk=1" THEN

y<=a;
END IF;
END PROCESS:

Hame
-0 a
1 clk
oy 2 ¥

Hame
=0 a
-1 cll:
Iy 2 ¥

[l p= 1.2? 1us 2.5@ us 3.8% 1
11.75 ns=
1

| L
[l p= 1.2? us 2.5@ us 3.
11. 75 n=
1

]
]
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S BRSNS
3. FFEeR5IAMIEERGE)R:
N

process(clk_a , clk_Db)

begin
if (clk_a’event and clk_a=‘1’) then

a<=b:

end if;
if (clk_b’event and clk_b=‘1’) then --$&iR
c<=b;
end if;
end process;

Hix R

X HEMAXPLUS2H,
— PN HBERESIANT
— BB .
FEQUARTUSHRE A
SHXMER.




3. FFEMIIAMAERRIE™
52

process(clock)

\ll

begin
if (clock’event and clock=‘1’) then
sig<=b;
else
sig<=c; --%Hi%
end if;

end process;

xR
BHTFEEFEFSEN
ESRTERMEIZAIMIE

TELSEFHS X E.

XMBELZNEBIT
wAIREBEMES,
NIRFE. PR
KRR S Z XM
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3. FEFEMmSIARMEERICIE:
13-

process(clock)

variable edge_var, any_var : bit;
begin
if (clock’event and clock=‘1’) then
edge_signal<=x; --lkAIAFEEEFFS
edge_var :=y; - RAIBTFE SR

any var := edge var ; --f&i%
end if ;
any var :=edge_var ; ~-$81%

end process;

Hix B

NMR—IEZESHE
IFRYIZA G &5 4y
fETRERE, A
BefER—HER BE
EHRIE-

8 IRFEQUARTUS?2
& HWARNING.
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3. HEBEINRERMIEME

fil4

if not( clock’eventand clock="1")then --§i%

N
v

AR FERENIR T HRIEH.
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%qgggmﬁﬂ)yﬁﬁf

4. ABRHIIERNMALZRESIN:
ENTITY D _FFIS
PORT(d,clk,ena:in std_logic;
g:.out std _logic);
END ENTITY;
ARCHITECTURE BEHAV OF D _FF IS

BEGIN
PROCESS(clk,ena)

BEGIN
IF clk’event AND clk=‘1" AND ena=‘1" THEN
q<=d;

@g@sf?ﬁ’f’/’f

END IF; XM EEMESTEN S MAEE Ein T —15
END PROCESS;

3R, A HRIFBONATER T/EELR
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4. RBNHHITHERMAZRESIA

ENTITY D FFIS
PORT(d,clk,ena:in std_logic;
g:.out std_logic);
END ENTITY;
ARCHITECTURE BEHAV OF D _FF IS

BEGIN
PROCESS(clk,ena)

BEGIN
IF clk’event AND clk=‘1" THEN
IF ena=‘1" THEN

@g@sf?ﬁ’f’/’f

S uMEEH RN, TSR,
END IF;

END PROCESS;
.
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5. EIZENM/ENMINEESIN:

process(clk)
begin
if clk’eventand clk=1’then
if set="1" then

y<=13
EE, BN ‘1 (Ftrue) FRESINEHERITHREE
else
y<=aandDb;
endif;
end if;

end process;
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6. REEL/BENINRESIN:
process(clk , reset , set)
begin
if reset="1"then
y<='0’; --WAR—IPEEEOAESINEHE LT
elsif set="1then
y<='1’; --WMR—IPEEELIFESINEHELNT
elsif rising_edge(clk) then

y<=aandb;
end if;
end process; Bt EMNRERILEMNS, X2

T LR B LAY .
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TR FEHREDS TTE M caseiBaA) 74

process ( present_state, inA, inB)
begin
case present_state is
when s0 =>
outA<='1";  --BEBEXIfoutBMK{E, FrloutB&R#FRIE
when s1=>
outA<=inB;
outB<="1’;
when s2 =>
outB<=inA; - B SoutARK{E, FrLloutARIFIR{E
end case;
end process;
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BRI ANFTVENSHFS

BAEI7-16: FEFIHI—i %IJ#%&%%E(JMJE’E&&&

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
entity exmp is
port ( clock, reset : in std_logic;
and_b, or_b, xor_b : out std_logic) ;
end exmp;
architecture rtl of exmpis

begin




BEIINFLENTES

process

variable count: std_logic_vector(2 downto 0);
begin
wait until clock’event and clock="1’;

if reset="1"then

count :=“000";
else count :=count+1;
end if;

and_b<=count(2) and count(1) and count(0);

or_b<=count(2) or count(1) or count(0);

xor_b<=count(2) xor count(1) xor count(0);
end process;

end rtl;
.
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Be ARLPENEESE

BEA, SIANTADMARR. HESL=/HHRKBiT

countfi#{E, BBTFcountfERBINEE, SEBEFEINEE,
M HMHTEREVEFRIINETESSMEMR. H517-1689(9]

AT R MR EERBE T R— 1T RAwatiFa REtH.

ATBRXERE, URSIANDZHEFRFR, ARHX3T

R E B ME S I —NgBwaitifiFai#EESR. TH
BG7- 17 BENiHE, —PMHIEEFWatiEa, BF~=%E

BEE&HEFSME

'

AT ERR, H— TR EmDEER.
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architecture rtl of exmp is E
signal count : std_logic_vector(2downto 0);  --countje 3 Asign ag@ﬂ,
begin P T HA RIS S A
process
begin
wait until clock’event and clock='1";
if (reset='1’) then
count<=“0007;
else count<=count+1;
end if;
end process;
process(count)
begin
and_b<=count(2) and count(1) and count(0);
or_b<=count(2) or count(1) or count(0);
xor_b<=count(2) xor count(1) xor count(0);
end process;
end rtl;
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BEYRN¥LIIT:
pulse:process(rst_n,pulse)
begin
if(rst=0’) then
counter <= (others=>’0’);
elsif(pulse ‘event and pulse = ‘1’)
counter <= counter + 1,
endif;
endprocess;
cs:process(rst_n,cs_n)
begin
if(rst='0’) then
dout <= 0;
elsif(cs_n ‘event and cs_n =°0’)
dout <= counter;
endif;
endprocss;
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VHDL{X. 75 :

enl:process(clk,rst_n,pulse)
begin
if(rst_n="10’) then
preg1 <= ‘1’; preg2 <= ‘1’;
elsif(clk ‘eventand clk=*1")
pregl <= pulse; preg2 <= pregl,;
endif;
pos_en <=NOT preg2 AND preqg1,;
endprocess;
enl:process(clk,rst_n,cs_n)
begin
if(rst_n="+0’) then
preg1CS <= ‘1’; preg2CS<=‘1’;
elsif(clk ‘eventand clk=*1’)
preglCS <= pulse; preg2CS <= pregl;
endif;
PosCS en <= NOT preglCSAND preg2CS;
endprocess;
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Figure 1. Metastability lllustrated as a Ball Dropped on a Hill

Old data New data Old data New data Old data

value value value value value
Signal transition occurs after Signal transition meets Signal violates register tg; or t,;
dock edge and minimum t,;: register tg, and t,; Ball balances at top of hill or takes too
Ball lands on the old data side. Ball lands on the new data side. ~  long to reach the bottom. Output is

metastable and violates t.
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