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Dagens forelasning

« Kursinformation for HT2.
 Digitaltekniska byggblock
— Introduktion av SR-vippa och register.
« Exempel pa design av digitala system.
— Sandare for asynkron seriell overforing
— Ping-pong spel.
 Introduktion till laboration 4 (miniprojekt)
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Kursinformation for HT2
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Information om HT2, 2 hp

Kurshemsida:
http://www.isy.liu.se/edu/kurs/TSEA52/

Kursmoment

« Forelasning 1-2 — losning av storre uppgifter
Lab/miniprojekt gors i par,

« Pass 1-3: 2h, anmalan

« Restpass 4h, drop-in
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https://liuonline.sharepoint.com/sites/TSEA52/TSEA52-2017HT/Sidor/default.aspx
https://liuonline.sharepoint.com/sites/TSEA52/TSEA52-2017HT/Sidor/default.aspx

Kursinformation

 Modelsim och Xilinx finns i1 salarna:
— Freja, Grinden
— Ni ska ha access till Grinden.

Logga in och kdr Modelsim och Xilinx pa ixtab med studentkonto och
Studentlosenord (Linux, Mac)

> ssh -Y LiU-ID@ixtab.edu.isy.liu.se

> module load mentor/modeltech10.4c
> vsim

> module load xilinx/14.7i

> jse

Pa Windows kan man ladda hem t ex mobaxterm for att fa en ssh-client.
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mailto:LiU-ID@ixtab.edu.isy.liu.se
mailto:LiU-ID@ixtab.edu.isy.liu.se
mailto:LiU-ID@ixtab.edu.isy.liu.se

Handledare

« Petter Kallstrom, petter.kallstrom@liu.se

« Narges Mohammadi Sarband,
narges.mohammadi.sarband @liu.se
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Digitaltekniska byggblock
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Digitaltekniska byggblock (anvand dessa)

MUX K(glmparator

—10 —f
—1 —— B
4
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w NN = O

AND/OR-grindar + inverterare
D-vippa T-vippa Enpulsare med synkronisering

—>
Clear

T Q
>

X —

clk —

ce

clr

Raknare

CE

CLR

4-bitsraknare 4

clk — >

—~<—counter

RCO

rco

x_syncl

D Q
>

clk —

D Q

>

..

| _X_sync2

x_EP

enable —

&

Komponenternas kod i pdf:en Digitaltekniska byggblock.
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SR-vippan

Funktion

e set=reset=0=>q" =
e set=1=>q" =1

e reset=1=>q"=0

process (clk) begin
if rising edge(clk) then
if (set = 'l') then

q<="'l"';

elsif (reset = 'l') then
q<="'0";

end 1if;

end if;
end process;

set q Q q
clk —I>
reset — R

Dominerande set
1 exemplet:
set > reset
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data_in

10

load LOAD 4 bitars
shift_enable — SE skiftregister
Sklft reg|5ter shift_left— L/R <—clk
left in — — right_in

signal q, data in
std logic_vector (3 downto 0);

process (clk) begin
if rising edge(clk) then
if (load = '1l') then
q <= data_in;
elsif (shift enable = 'l') then
if (shift left = 'l') then
q <= q(2 downto 0) & right in;
else
q <= left in & gq(3 downto 1);
end if;
end if;
end if;

end process;

q(3) q(2) q(1) q(0)

Dominerande

load
LOAD>SE
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Design av mindre digitala
kretsar
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Asynkron seriell kommunikation

Vid asynkron seriell 6verforing finns ingen gemensam klocka och bitarna
skickas seriellt efter varandra.

R Signal ]
Sandare Data_out : > Data_in  Mottagare
GND GND
Startbit Data(0) Data(1) Data(2) Data(3)  Stoppbit
e e e |
Signal I
-

16 Baudratepulser

Mottagaren ska sampla mitt pa bitarna.

For korrekt mottagning maste mottagaren
» Identifiera nar startbiten borjar (fallande flank)
« Kanna till datatakten pa meddelandet (baudraten)
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Sandare

Bygg en sandare som far N | Busy
information om fyra bitar fran ett Reset —»
tangentbord och sander ut detta CPLD —®pwou
seriellt.
Formatet ska vara Startbit, kb

. . Strobe Data In
databitar samt en stoppbit.

4 +

Tangentbord

Pagaende sandning ska ej avbrytas
och indikeras med LED (Busy).

Startbit  Data(0)  Data(l) Data(2)  Data(3) Stoppbit
P T — = T == = T = = — 7 I

Data Out | I | | |

U U |

-
16 Baudratepulser
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Insighaler

Insignaler

Strobe

14

LJ L

Data in

Baudrate |
Reset

strobe EP
baudrate EP

Utsignaler
Busy

Data out

Strobe — Synk+enpuls
not_busy — enable

Clk —

— strobe_EP

Baudrate — Synk+enpuls | baudrate_EP

Clk —

Startbit

Reset asynkron clear

v

4
Data_in -+
strobe EP —
Clk =

Register
LOAD

4
- data
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Sandning/tillstand

Data(0)

Data Out

g
0-15
16-31
32-47
48-63
64-79
80-95
96

Startbit

Data_out Busy q.959,959,9:9

Startbit
Data(0)
Data(1)
Data(2)
Data(3)
Stoppbit
1

1

O R R R R R

I

-
16 Baudratepulser

Styr sandningen med en raknare som raknar antalet Baudratepulser q.

000
001
010
011
100
101
110

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
0000

15

Data(1) Data(2) Data(3) Stoppbit
i afel i nl i el .

—— L L

Reset asynkron load 96
v

baudrate_ EP = CE 7-bitsraknare
strobe_EP -> CLR q:0->96

Clk = LOAD 96

7 tq ]_
not_busy

96— ~

Prioritet: Asynkon LOAD > CLR > LOAD > CE
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Utsignaler

q

16-31
32-47
48-63
64-79

80-95 Stoppbit=1
1

96

Data_out Busy q,9:9,059,9:9,
0-15 Startbit=0

data(0)
data(1)
data(2)
data(3)

1

O R R R R R

Busy=not(not_busy)

000
001
010
011
100
101
110

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
0000

16

Reset asynkron load 96

v

baudrate EP = CE
strobe EP = CLR

Clk =

0->
data(0)->|
data(1)->|
data(2)->|
data(3) >
0 ->
1>

7-bitsraknare
g: 0->96
LOAD 96

= lnot_busy

—> Data_out
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Analys

Insignaler
Strobe
Data_in
Baudrate
Reset
strobe EP
baudrate EP
Utsignaler
Busy

Data out
Tillstand

q
data

LJ L

96

96

Star

thi

39¢

96

17
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Blockschema

18

Reset asynkron load 96

Strobe —
not_busy —
Clk —

Synk+enpuls
enable

baudrate_EP =>
strobe EP ->»
Clk =

— strobe EP

Baudrate —
Clk —

Synk+enpuls

— baudrate EP

Reset asynkron clear

v

mux_address = (q,,q5,9,)

4
Data_in -+
strobe EP —
Clk —

Register
LOAD

4
0->
- data data(0)->

data(1)->

data(2) >
data(3) >
0 >
1>

¥
CE 7-bitsraknare
CLR g:0->96
LOAD 96
.
96— = not_busy

AOUIWNEO

—> Data_out

Busy=not(not_busy)
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Oversatt blockschema till VHDL-kod

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.NUMERIC_STD.ALL; Baudrate — ——=& Busy
Reset —m

entity transmitter is CPLD —=( Data Out

Port (Clk, Baudrate, Reset, Strobe : in std_logic;
Data_in : in std_logic_vector(3 downto 0);

Busy, Data_out : out std_logic); Cle —=1> Stobe  Dataln
end entity transmitter; i *
architecture Behavioral of transmitter is Tangentbord
signal ...
begin

end architecture Behavioral;
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Insighaler

signal baudrate_syncl, baudrate_sync2, baudrate_EP : std_logic;
signal strobe_syncl, strobe_sync2, strobe_EP : std_logic;

process(Clk) begin

if rising_edge(Clk) then Strobe — Synk+enpuls

not_busy — enable — strobe_EP

baudrate_syncl <= Baudrate; Clk —

baudrate_sync2 <= baudrate_syncl;

strobe_syncl <= Strobe; Baudrate — Synk+enpuls

strobe_sync2 <= strobe_syncl; Clk — baudrate_EP
end if;

end process;
baudrate_EP <= baudrate_syncl and (not baudrate_sync2);
strobe_EP <= strobe_syncl and (not strobe_sync2) and not_busy;

LINKOPINGS
Il.u UNIVERSITET



Indata

signal data : std_logic_vector(3 downto 0);

process(Clk,Reset) begin
if (Reset ='1') then
data <= "0000";
elsif rising_edge(Clk) then
if (strobe_EP ="1") then
data <= Data_in;
end if;
end if;
end process;

21

Reset asynkron clear

4 v
Data_in ++ Register
strobe_EP — LOAD
Clk —

4
- data
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Raknare

signal q : unsigned(6 downto 0);

signal not_busy : std_logic; Reset asynkron load 96
v
process(Clk,Reset) begin baudrate_ EP = CE 7-bitsraknare
if (Reset = '1') then strobe_EP = CLR q:0->96
g <= "1100000"; Clic = LOAD 96
elsif rising_edge(Clk) then 7 tq l
i (strobe_EP ="1') then -- CLR 5o = P not_busy
g <= "0000000";
elsif (not_busy ='1') then -- LOAD 96
g <="1100000"; -- to_unsigned(96,7)
elsif (baudrate_EP ='1") then -- CE
q<=q+1;
end if;
end if; Prioritet: Asynkon LOAD > CLR > LOAD > CE

end process;
not_busy <="'1" when (q = 96) else '0';
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Utsignaler

signal mux_address : std_logic_vector(2 downto 0); mux_address =(q,qs,9,)
3
mux_address <= std_logic_vector(q(6 downto 4));
with mux_address select data(g): (i)
Data_out<='0" when "000", --Startbit data(1)->| 2
data(0) when "001", -- DatabitO data(2)=> 3 —> Data_out
data(l) when "010", -- Databit 1 data(3)> 4
data(2) when "011", -- Databit 2 1 ->6/

data(3) when "100", -- Databit 3
'1' when "101", -- Stoppbit .
'1' when others; --Idle (not busy) Busy=not(not_busy)

Busy <= not (not_busy);
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Alternativ med skiftregister

Strobe —
not_busy —
Clk —

Synk+enpuls
enable

— strobe EP

Baudrate —
Clk —

Synk+enpuls

Reset asynkron load 1

v

7
data -~

strobe EP —
next —

Clk —

Register
LOAD

Shift right (SR)
data(0)

data(6 downto0) =1 & 1 & Data_in & 0;

— baudrate EP

—> Data_out

Reset asynkron clear

24

> next

v
baudrate EP - CE 4-bitsraknare
not_busy ={ CLR
— CI¥<—> counter  peq
Reset asynkron load 6
v
next - CE 3-bitsraknare
strobe EP ={ CLR
Clk =>

LOAD 6

bit_counter tB

Busy=not(not_busy)

6 =

= lnot_busy
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Ping-pong spel

LINKOPINGS
Il.u UNIVERSITET



Ping-pong spel

En ”"Boll”, markerad med en tand
lysdiod, ska forflyttas fram och
tillbaka over en spelplan bestaende
av en rad lysdioder.

Spelet fortgar sa lange de bagge
spelarna trycker ned sin knapp
exakt da bollen befinner sig i
respektive andlage.

Serve

Speed ) Reset

S

26

Clk —»

Player L —»

-t

CPLD

<—  Player R

0
0
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Clk —

Player L —» «—  Player R

Spelregler

]
A
_*_
o0

1. Den vanstra spelaren borjar att serva vid spelets start.

2. Serve markeras med stillastdende boll pa den servandes sida, samt
med en LED (Serve).

3. Bollen borjar att rora sig da knappen trycks ned.

Om en spelare trycker ner knappen exakt nar bollen ar i andlaget
borjar bollen rora sig i andra riktningen och det blir den andra
spelarens tur.

5. Om en spelare trycker for tidigt eller om bollen gar ut, vinner den
andre bollen.

6. Den som vinner en boll far ett poang och far serva.
7. Knapptryckningar av spelaren som inte ar i tur ska ignoreras.

8. Insignalen Speed ska bestamma hur fort bollen ror sig.
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Clk —
Insignaler ~ CPLD
Lat dir_L vara ett tillstand sa att: H Bl = H
dir_L = 1: bollen gar at vanster, vanster spelares tur | |

dir_L = 0: bollen gar at hoger, hoger spelares tur

Player_L — Synk+enpuls |
dir L — enable player_L_EP
Clk —
Player R —| Synk+enpuls |
not(dir_L)— enable player_R_EP
Clk —
Speed — Synk+enpuls _ speed EP
not(serve_local) — enable -
Clk —
Reset D Q|—reset_sync
Clk —

&
X
®
9
®

o
®

Player L ska bara kunna paverka spelet
nar det ar dennes tur, dvs da dir_L =1.

Player_ R ska bara kunna paverka spelet
nar det ar dennes tur, dvs da dir_L =0.

speed_EP styr nar bollen ska flytta ett steg
Bollen ror sig bara nar det inte ar serve.
Lat serve_local vara en intern signal = Serve.
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Tillstand

set_serve L = CE 4-bitsriknare | 4 * Nar en spelare vinner en boll far
reset_sync 3 CLR | s |ocal —> Score_L den serven och en poing. Lat
Clk > set_serve_L/R initiera serve.
set_serve_R = CE  4-bitsrédknare | 4 ) !nfqr en signal rove som
reset_sync = CLR R S |ocal /> Score_R initierar en bollforflyttning.
Clk => -
”01000000” ”00000010”
8$ 8$ set dir L—S Qf—=dir L
set_serve_L ->| LOAD LOAD € set_serve_R _Clk_
move = SE set_dlr_R— R
dir L | L/R 8-bitars skiftregister, q
Clk = set_serve—S Q}—serve local
47 d¢ 05 4493 Q; d; Jo Clk —

é é éé é é LED set_not_serve —R
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2018-11-16

Speed Boll flyttar

—>
Problem: speed_EP M ] 1 1
player L_EP [
player L_EP [
&

Bollen hoppar vidare olika snabbt beroende pa nar knappen trycks ner i
forhallande till nar speed EP-pulserna kommer.

Losning: Rakna 16 speedpulser innan forflyttning.

le >
speed EP _JUN NN NN NN NN NNAANNDN

player L _EP __1|

player L EP [

speed_counter 1 2 3 4 5 6 7 8 9 1011121314190
€ -El

Nu hoppar bollen vidare i princip lika fort.

30
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Speed counter
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speed_EP - CE 4-bitsraknare RCO > speed_RCO
move > CLR sneed counter
Clk =
oo
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speed_EP - CE 4-bitsrdknare RCO [—> speed_RCO
. move > CLR speed counter
Styrsighaler ve 2 CLR speed_
set serve L = CE 4-bitsraknare 4 set_dir_L—S Q|—dir_L
reset_sync = CLR | s |ocal —/-> Score_L Clk —
Clk - - - set_dir R—R
set_serve_R = CE  4-bitsrdknare | 4 set_serve—S Q|—serve_local
reset_sync | CLR R 5 |ocal —> Score_R Clk —
Clk > o set_not_serve —{R
”01000000” ”00000010” Styrsignaler:
8$ Si set_serve_L
set_serve_L - LOAD LOAD [& set_serve R set_serve_R
move =2 SE ) ] _ set_serve
dir L | L/R 8-bitars skiftregister, q set_not_serve
Clk = move
97 d¢ Qs 4495 9, 41 Qo ,
set_dir L
é é éé é é LED set_dir_ R
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Flodesdiagram

Nar det finns for manga scenarion for att rita tidsdiagram kan
flodesdiagram vara ett alternativ.

Tolkning

Om vi ar i tillstand g=0 och signalen Tillstand: g = 0

x blir 1 sa blir signalenu =11i Signal som styr bverging: x
samma klockintervall och i nésta (vealy utsignal: u

Klockintervall blir q=1 v

Nasta tillstand: q =1

Om x = 0 f0lj den vanstra pilen om
x=1 folj den hogra pilen. i
N/
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Programflode och styrsignaluttryck
reset_syne

2

set_serve_L: set_serve_R:
—>»\ set_dir_L, set_serve, load qg, CE Score_L set_dir_R, set_serve, load q,, CE Score_R

v v

dir_L=1, serve_local = 1, g (—(CLR Score_L, CLR Score_R) dir_L=0, serve_local =1, q,
* player L EP player R_EP *
( set_dir_R, set_not_serve) ( set_dir_L, set_not_serve )

7 4

dir_L=0, serve_local=0 dir L=1 serve local =0

* set_not_serve_delayed set_not_serve_delayed ¢

(move: CLR speed_counter move: CLR speed_counteD
\l' speed_RCO speed_RCO ‘l!

g, dir_L=0 l( > q,dir_L=1
T do i player_R_EP pIayer_L_EPi t d,
< =t <Gy =1 >(set_dir_L ) =1 Q =0 —
set_serve_L = reset_sync or q,or (player_R_EP and (not q,)) set_serve_R = q,or (player_L_EP and (not qg))
set_serve = set_serve_L or set_serve R set_not_serve =serve_local and (player_L_EP or player_R_EP)
move = set_not_serve_delayed or speed_RCO
set_dir_L = set_serve_L or player R_EP set_not _serve — D Q }— set_not_serve_delayed
set_dir_R =set_serve R or player L _EP Clk =
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Insighaler

process(Clk) begin
if rising_edge(Clk) then
player_L syncl <= Player_L;
player L sync2 <= player_L _syncl;
player_R_syncl <= Player_R;
player R _sync2 <= player_R_syncl;
speed_syncl <= Speed;
speed_sync2 <= speed_syncl;
reset_sync <= Reset;
end if;
end process;

35

Player L =] Synk+enpuls |
dir_L=- enable player_L_EP
Clk=
Player_R— Synk+enpu|s | player R EP
not(dir_L)=1 enable -
Clk=
Speed ={ Synk+enpuls | speed_EP
not(serve_local) =] enable
Clk=
Reset= DQ = reset_sync
Clk=

player L _EP <= player_L_syncl and (not player_L_sync2) and dir_L;
player R_EP <= player_R_syncl and (not player_R_sync2) and not(dir_L);
speed_EP <=speed _syncl and (not speed_sync2) and (not serve_local);
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Speed counter

i d_EP | CE 4-bitsraknare RCO = speed_RCO
rocess(Clk) begin speed_
. (Clk) beg move ¥ CLR speed counter

if rising_edge(Clk) then Clk
if (move ='1') then
speed_counter <= "0000";
elsif (speed _EP ='1") then
speed_counter <= speed_counter + 1;
end if;
end if;
end process;
speed_RCO <='1"'when ((speed _EP ="'1') and (speed_counter = 15))
else '0';
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”01000000” ”00000010”

Skiftregistret g 2

set_serve_L = LOAD LOAD |€ set_serve R
: move 2 SE : : :
prf)ce-s.s(CIk) begin dir L3 /R 8-bitars skiftregister, q
if rising_edge(Clk) then Clk >

. 47 0 Os 4403 9, 91 Go
if (set_serve_L="1") then & & §§ & &
g <= "01000000"; LED
elsif (set_serve_R ="1") then
g <= "00000010";
elsif (move ='1') then
if (dir_L="1") then
g <= (6 downto 0) & '0’;
else
g<="'0"& q(7 downto 1);
end if;
end if;
end if;
end process;
LED <= q(6 downto 1);
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Serve

38

serve_local Serve

process(Clk) begin set_serve—S Q ®
if rising_edge(Clk) then Clk —
if (set_serve ='1") then set_not_serve —{R
serve_local <="1";
elsif (set_not_serve ='1') then
serve_local <="'0";
end if;
end if;
end process;
Serve <= serve_local;
set_not_serve — D Q}—set_not_serve_delayed

process(Clk) begin Clk —

if rising_edge(Clk) then
set_not_serve_delayed <= set_not_serve;
end if;
end process;
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Direction

process(Clk) begin
if rising_edge(Clk) then
if (set_dir_L="1") then

dir L<="1"
elsif (set_dir_R="1") then
dir L<="0"
end if;
end if;

end process;

set_dir L —
Clk —
set_dir_R—

S Q

—dir_L

39
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Score

set_serve_L = CE
reset_sync = CLR
Clk >

4-bitsraknare

4
L S local #> Score_L

process(Clk) begin
if rising_edge(Clk) then
if (reset_sync ="1") then
L S local <="0000";
elsif (set_serve_L ="1") then
L S local <=L_S local + 1;
end if;
end if;
end process;
Score_L <=std _logic_vector(L_S_local);

40

set_serve_R = CE
reset_sync = CLR
Clk >

4-bitsraknare

4
R S local #> Score_R

process(Clk) begin
if rising_edge(Clk) then
if (reset_sync ="'1") then
R_S_local <="0000";
elsif (set_serve_R ="'1") then
R_S local <=R_S local + 1;
end if;
end if;
end process;
Score_R <=std logic_vector(R_S_local);
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set_serve_L = reset_sync or q,or (player_R_EP and (not q,))
set_serve_R = q,or (player_L_EP and (not q¢))

Styrsighaler

set_serve = set_serve_L or set_serve_R
set_not_serve = serve_local and (player_L_EP or player_R_EP)

move = set_not_serve_delayed or speed_RCO

set_dir_L =set_serve_L or player_R_EP
set_dir_R =set_serve_R or player_L_EP

set_serve L <=reset_sync or gq(0) or (player _R_EP and (not q(1)));
set_serve R <=q(7) or (player_L _EP and (not q(6)));

set_serve <=set_serve_L or set_serve_R;
set_not_serve <= serve_local and (player_R_EP or player_L_EP);

move <= set_not_serve_delayed or speed RCO;

set_dir_L <=player_R_EP or set_serve_L;
set_dir_R <=player L _EP or set_serve_R;
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Lab 4/miniprojekt
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Lab 4

« Bland annat konstruera ett digitalt tidtagarur.

 Olika klockor
— Systemklocka 8 MHz

— Klocka som styr uppdateringsfrekvens pa display
(variabel frekvens)

— Klocka som styr tidrakning 100 Hz

« Synkronisera klockpulser med systemklockan:

— synkronisering + enpulsning
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Examination

* Vid examination ska logiskt blockschema, VHDL-kod samt
korrekt fungerande krets uppvisas.

» Logiskt blockschema med block enligt dokumentet
digitaltekniska byggblock och enklare logiska uttryck.

— Egendesignade sekvenskretsar forutom krets ocksa
dokumenteras med tillstandsdiagram.

 VHDL-kod

— Varje block ska motsvara ett kodavsnitt, t ex en process-
sats/sekvenskrets

— Overensstimmande signalnamn i blockschema och kod.
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Lycka till med den avslutande laborationen!
Digitalteknik
Mattias Krysander
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