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Forra gangen

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
Objekttyp
entity lejonbur is STD_LOGIC
port ( STD_LOGIC_VECTOR
Gl : in STD_LOGIC; INTEGER
G2 : in STD_LOGIC;
FARA : out STD_LOGI
clock : in STD_LOGZC

)i

end lejonbur; Tilldelning av varde

architecture behav of lejon#ur is 4”””—forcongant
constant cl : STD_LOGIC := '1';

signal sl : STD_LOGIC; '\ 117 logisk 1:a

begin 1 heltalet 1

sl <= G2 and cl;
FARA <= Gl and sl1;

end behav; Tilldelning av varde

for signal
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Forra gangen
library IEEE; For att satt alla bitar till ett visst varde
use IEEE.STD_LOGIC_1164.ALL; 7 <= (others => 70’ ) ;

entity sig_vector is
port (
a : in STD_LOGIC_VECTOR (3 downto 0)
b : in STD_LOGIC_VECTOR (3 downto 0);
z : out STD_LOGIC_VECTOR (7 downto 0) Konkatenera signaler
)i
end sig_vector;

’

architecture behav of lejonbur is
signal sl, s2 : STD_LOGIC_VECTOR (3 dowfto 0);

begin
sl <= ”0010";
52 (2 downto 0) a(l downto 0) & b(l);
s2(3) <= "1";

+————= Observera skillnaden
z <= 82 & s4; 17 en bn
end behav; .
70010 flera bitar

Lunds Tekniska Hogskola | EITF65 digitalteknik | Férelasning 17 |

2019-11-16



Forra gangen

entity ex port map is
port(a, b, c : in STD_LOGIC;
z : out STD_LOGIC) ;

architecture struct of ex port map is

component and2 is
port(il, i2 : in STD_LOGIC;
y : out STD_LOGIC) ;

end component;

signal internl : STD_LOGIC;

map (

begin compl:and2 port
compl:and2 port map ( il => internl,
il => a, i2 => ¢,
i2 => b, y => z);

y => internl);

Lunds Tekniska Hogskola | EITF65 digitalteknik | Férelasning 17 |

end architecture;

Sekvensnat - Minneselement

For att konstruera sekvensnat behdvs minneselement

Utsignaler

Insignaler

+ Positivt flanktriggad D-vippa - O
» Negativt flanktriggad D-vippa
* D-vippa med synkron och asynkron

reset —_—
+ D-latch (BOR UNDVIKAS!)

D-element
o @ ?
£\
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Process - Syntax

sensitivity list

Etikett fér processen \ /

procl: process(..)
begin

end process;

and2: process(a; D) g Signalernaa och b

begin triggar processen
if a and b then
z <= '1"; a ___ |
else b
z <="'0’";
end if;
end process; Viktigt att utsignalen

alltid far ett varde
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Detektera flanker

if (clk’event and clk

/

"1’ da det skett en Signalens varde ar " 1’

féréandring i signalens

varde
Det gar aven att anvanda
rising_edge (clk)
falling edge(clk)

Ill)

/ 1l
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D-vippa

architecture arch of FF neg is Sant vid negativ flank

begin
process (clk)

begin

if (clk’ & d clk = '0’) th
if (c event and c ) en >_+_

q <= d;
end if;
end process;

end architecture;

U

_>1
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q tilldelas nytt varde

i)

architecture arch of FF pos is
begin Sant vid positiv flank
process (clk)
begin /
if(clk’event and clk = '1’) then
q <= d;

end if; \

end process; q tilldelas nytt varde
end architecture;

D-latch och D-vippa

architecture arch of latch is
begin ] D Q e
process (g) Santvid 7 1"
begin _>_+_
if(g = "1’) then
q <= d;
end if; ﬁ

end process;

end architecture;

<
—G

architecture arch of FF pos is

q tilldelas )
nytt varde begin Sant vid positiv flank
process (clk)
begin
if(clk’event and clk = ’'1’) then
q <= d;
end if;

end process;

end architecture;
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Tillstandsmaskin

i output_logic

next_state_logic

Utsignaler

i Utsignaler Insignaler

Insignaler |

Kombinatoriskt nat

state_memory

Klocksignal

Designen blir enklare att forsta och att felsoka
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Process

» Beskriva beteendet av en digital krets pa hogre abstraktionsniva
* LIKNAR traditionell sekventiell programmering

¢ |F-ELSE och CASE satser kan anvandas

architecture behav of systeml is §
i Utsignaler

Insignaler |
begin . architecture Kombinatoriskt néit
procl: process(..)
begin Y 4
B proc1 ;
. ,- |
end process 1 g e 3
G /
proc2: process(..)
begi
egin proc2 | 4
end process;
end architecture; .
Alla processer utfors
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Egendefinierade typer

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity lejonbur is

port (
inp : in STD_LOGIC; D_eklaratlon avny
o : out STD_LOGL signaltyp
end lejonbur;
architecture behav of lafOnbur is
type my type is |(on, off);
signal sl : my_ type;
begin
if inp = "1/ Maijliga varden for
sl <= on; 4——2 typen
else
sl <= off;
end if; Anvéndbart vid

beskrivning av FSM
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Kombinatorisk del

Genererar utsignaler —h output_logic
och nésta tillstand
Insignaler i‘
“_i; next_state_logic ;
Processen ska triggas av | I— ;
* Insignaler
* Nuvarande tillstand Nuvararke ' """""""""""""
tillstand !

state_memory

sensitivity list Klocksignal

komb: process (#insignaler#, #nuvarande till
komb: process(..) begin

begin <ndsta tillstand> <= ..

<utsignaler> <= ..

end process; end process;
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Utsignaler

Nésta
tillstand

stand#)
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Nasta tillstand

komb: process (current_state,
begin
case current_state is
when statel =>
if(inl = ’1’) then
next state <= state2;
else
next state <= statel;
end if;
when state2 =>
if(inl = ’1’) then
next state <= state2;
else

in1="0' in1="1"

inl)

state2
o1="1"

state1
01="0"

rst="1"

Viktigt att processens
utsignaler ALLTID far ett

varde!
next_state <= statel;
end if;
end case;
end process;
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5 E Utsignaler
. R P output_logic t
Generera nuvarande tillstand i ;
Insignaler 5 §
) i next_state_logic T
Processen ska triggas av S )
* Klocksignal S R
- Resetsignal Nuvarande | i Nasta
tillstand § tillstand

mem: process (#Klocksignal#,
begin

if rising_edge (<clock_signal>) then

E
;
— | state_memory v
;
|
)
]

Klocksignal

#reset#) Endast klock- &
\ resetsignal andrar

innehallet i minnet

<current_state> <= <next_state>;

end if;

end process;

Lunds Tekniska Hogskola | EITF65 digitalteknik | Férelasning 17 |

2019-11-16



TillstAindsuppdatering

mem: process(clk, rst)
begin

if rising_edge(clk) then av minnet

if (rst='1") then mem——
current_state <= statel;
else
current_state <= next_state;
end if;
end if;

end process;
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Nollstallning

Om mdjligt anvand en klocksignal for att
uppdatera alla minnen i designen

Om maojligt uppdateras minnen pa samma
klockflank

Resetsignal

Viktigt att kretsen startar i ett kant tillstand

Aktiv h6g asynkron reset

process (rst, clk)
begin
if(rst = ’1’) then
current_state <= res_state;
elsif rising_edge(clk) then
current_state <= next_state;
end if;

end process;

Aktiv hdg synkron reset

process (clk)
begin
if rising_edge(clk) then
if(rst = ’1’) then
current_state <= res_state;
else
current_state <= next_state;
end if;
end if;
end process;

Aktiv hog reset da minnen nollstalls nar rst="1"
Aktiv 1ag reset da minnen nollstalls nar rst="0"
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Oavsiktliga latchar

komb: process(current_state, inl)
begin
case current_state is
when statel =>
if(inl = ’1’) then
next_state <= state2;
else
next_state <= statel;
end if;
when state2 =>
if(inl = ’1’) then
next_state <= state2;
end if;
if(inl = ’0’) then
next_state <= statel;
end if;
end case;

end process;

Lunds Tekniska Hogskola | EITF65 digitaltekni

in1="0’ in1="1"

rst="1"

Om in1 ar av typen STD_LOGIC kan

den anta 7 andra varden

= next_state farinte alltid ett
varde

= Signalen next state blir ett
minneselement

—:"r Synthesis [ vwarning)

i 1 [5ynth &-327] inferring latch for variable 'next_state_reg’

Problem som kan uppsta med latchar

next_state_i__0

1] next_state_| ‘

in1=0' in1="1’

state1
01="0"

10

state2
o1="1"

rst="1" ﬂ
T o
rst[ >
next_state_reg current_state_reg
RST
(d < — D 8
RTL_LATCH RTL_REG_SYNC ‘
k[ >— A
v [
ﬂ o ﬂ o G | Q state1| O
0 1 Do state2| 1
1 D

Vilken andras forst, G eller D?

Lunds Tekniska Hogskola | EITF65 digitalteknik | Férelasning 17 |

G andras forst 2 Q=1
D andras forst=2> Q=0
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Unvika latchar

komb: process(current_state, inl)

begin
Se till att kombinatoriska signaler alltid next_state <= current_state;
far ett varde ol <= 10";

02 <= (others => '0");

Om inget annat anges stanna case current state is
kvar i tidigare tillstand when statel =>
if(inl = "1’) then
next state <= state2;
end if;
Om inget annat vhen Sfa?e? -
ol <= "1";
anges 02 <= ”100011100";
if (inl = ’0’) then
next_ state <= statel;
end if;
end case;

end process;
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Latch istillet for D-vippa

mem: process(clk, rst) clk’event and clk = ’1’
begin

if (clk='1’) then
if (rst='1’) then

Kombinatoriskt nat

current_state <= statel;

else @
current_state <= next_state;

end if;

end if;

A4

D Q

1—G

D Q Kombinatoriskt aterkopplat nat!
Synthesis (1 warning)

1—G
i A I [Synth 8-327] inferring latch for variable 'next_state_req'
Vilket varde har Q efter att G>0? B Ew 7] g _state_reg
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end process;
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Moore och Mealy

in1="0" in1="1" in1="0" in1="17

state2
o1="1"

state1
01="0"

rst="1"

Insignaler

next_state_logic
:

Klocksignal Klocksignal

Moore Mealy
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Insignaler }
next_state_logic T

state_memory

|
. | Utsignaler i1 Utsignaler
output_logic i output_logic e

Utsignaler vid Moore

output_logi c_moore: process (current_state)

begin

in1="0' in1="1"

case current_state is
when statel =>
ol <= "'0";
when state2 =>
ol <= "1";
end case;
end process;

Utsignaler beror endast pa nuvarande tillstand
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Utsignaler vid Mealy

output_logic mealy: process (current_state, inl)

begin

case current state is
when statel =>
ol <= '0";
if (inl = ’1’) then
ol <= "1";
end if;
when state2 =>
ol <= "1";
if (inl = ’'0’) then
ol <= "0";
end if;
end case;

end process;
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in1="1
o1=1"

rst="1'

in1="1/
o1="1"

Utsignaler beror pa nuvarande tillstdnd och insignaler

Generera testsignaler

library ieee;
use ieee.STD_LOGIC 1164.all;

entity system TB is
end entity;

signal gen:process

architecture arch of gystemiTB is begin
component system is S
port(a, b : in STD logic; a,TB <= ’
£ : out STD LOGIC); b TB <= '0"';
end component; W;it for ns;
- Al .
signal a TB, b TB, £ TB : STD LOGIC, a—?B <= 4
begin - - - - wait for ns;
DUT:system port map ( b TB<="'";
a =>a_TB, wait for ns;
b = Db TB,
£ => 7 TB end process;

)

I
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end architecture;

500.000 ns
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Generera klocksignal

library ieee;
use ieee.STD_LOGIC_1164.all;

entity system_TB is
end entity;

architecture arch of system TB is

signal clk_100MHz : STD_LOGIC;
constant clk_period [IME :=
begin
clk_gen:process
begin
clk_100MHz <= '1';
wait for clk period/”;
clk_100MHz <= '0';
wait for clk period/”;
end process;
end architecture;

Value
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Icke ideala kretsar

W)
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Nar ar insignalen 1

sV Veo sV Vee AnaloQ
o [ o, Digital
35 Vi
Analog
33V Ve
24 Vou 25 B v 24 Vou 23N Vee
23 Vou 18V Voo
20 ™ 20 '™
- J 17 iy
Odefinierat sl 15 B Vi 15 bty
= 12 B v,
varde '
0.8 Vg 08 Vi 07 Ve
05 Vo
04 |/ 0.4 v 045 v,
= = 02 l Vo -
] GND ] 6ND [] GND ] GHD [} GND
5-VTIL 5-V CMOS 3.3-VLVTIL 2.5-V CMOS 1.8-V CMOS
Standard TTL: ABT, Rail-to-Rail 5V LVT, LVIT, Lv4T, AUG, AUP, AVC, AUC, AUP, AVC,
AHCT, HCT, ACT, HC, AHC, AC, LV-A, LVC, ALVC, AUP, ALVC, LVC, ALVT, ALVC, LVC,
bipolar, LVIT, LVAT V1T, LvAT LV-A, ALVT LV1T, LvaT LVAT, LvAT
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Metastability
/
/

clk

Q

/ N\

T setup T hold
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Asynkrona signaler

Sekvensnit
Metastability 1 under flera klockperoioder
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Synkronisering
—_— eT™MET K2
MTBF = ——————
_« K1 - feuk * foata
—
TveT
Asynkrona  MTBF (ar) MTBF (ar)
insignaler 1 D-vippa 2 D-vippor —D Q D Q—
2 5189 38340
4 2594 19170 >4 > 4
8 1297 9585 M
Fler vippor 6kar MTBF
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Knappavkodning

Flank
detektor

W L0

U Uuuuu

fo‘o =P Synkronisering =— Sekvensnat
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Gastforelasning

Den 25 november

8-9 : Fortsattningskurser
EITF35 - Introduction to Structured VLSI Design
ETINZ20 - Digital IC-design

9-10 : Advenica
Cybersecurity solutions
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Fortsattningskurser
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EITF65
Design of Digital Circuits - A
Systems Approach
(Digi i
EITF35
Introduction to Structured ke Sl "
VLS! Design Digital IC design
(Digitala Strukturer pd Kisel) (Digital IC-konstruktion)
ETIN35 ETINAS
IC-Project 1 DSP-design
(IC-Projekt 1) (DSP-design)
ETING 'I.'.he -picmre {.Ines noi ner.essa.ri!y.gwc a cnmpletle
view of (presumed) prerequisites for each course,
lC-Pm!act 2 Check the corresponding course plans for such
(IC-Projekt 2) information.

Sammanfattning

* Beskrivning av minneselement
— Klocksignal
— Resetsignal
— Mealy & Moore
— anvandardefinierade typer
* Problem med latchar
* Metastability
— Synkronisering
» Testbench
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