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Nacrtovanje digitalnih sistemov

* delovanje digitalnega sistema postopoma razdelimo na podrobneje
dolocene naloge: od zgoraj navzdol (top-down)

* vezje razdelimo na bloke (komponente), ki so vnaprej pripravljene ali
pa jih nacrtamo, ko imamo dolocene njihove naloge

* (pod)bloke modeliramo in preizkusamo s simulacijo

* top-down je uporaben postopek za realne sisteme
* zahteva znanje in izkusnje

* bottom-up: iz gradnikov sestavljamo vezje ali sistem
e obicajno v procesu ucenja



Nacrtovanje od zgoraj navzdol

POTEK RAZDELITEV

1. specifikacija glavna komponenta
sistem

@

2. arhitektura
algoritem

</

3. implementacija
RTL, logika

IP komponenta

podblok 1 podblok 2

gradnik 1 gradnik 2

METODE

model sistema
(programski, matematicni)

registrske operacije, FSM
podatkovna pot in krmilnik
strojno-opisna koda (HDL)
sintetizirana vezja (HLS, Al)

logika, Stevci, registri



Primer: digitalni sintetizator
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Vezja s Stevci

e Stevec po modulu je lahko delilnik frekvence

Primer: stevec po modulu 250 steje od 0 do 249, if div=249 then
ob prelivu stevca negiramo signal na izhodu flip-flopa, div <=
ki ima 500x niZjo frekvenco (50 MHz -> 100 kHz) elgikl ¢= not clid
div <= div +
end

e pri sinhronih vezjih (ena sama ura) uporabimo stevec za omogocanje
dogodkov z nizjo frekvenco

if div=° then

div <= o UUUUUUUUUUUUU U UL U UL
else div of1f2]3fa|s]e[7]a]ofof1]|2]3]a]s]|s]7]a]ofof1]2]a]als]s]7]a]ofo]1

div <= div + en | M M M
end
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en = when div=0 else



Nacrtovanje VHDL z umetno inteligenco (Al)

e podamo ¢im bolj natancno zahtevo

> Design VHDL model of a modulo 10 counter with clock input and overflow output.

¥ Specifications architecture Behavioral of Modulol@ Counter is
) signal cnt : unsigned(3 downto ©) := (others => '0');
* Clodkinput: (1K signal oflow _reg : STD LOGIC := '0';
Synchronous counting begin
Counts 0109 - wraps to 0 process(clk)
Overflow output: overflow goes high only when counter wraps from 9 to 0 beglr'l L.
if rising_edge(clk) then
Mo reset if cnt = 9 then
cnt <= (others => '0");
library IEEE; elseo-Flow_r‘eg =1
use IEEE.STD LOGIC_1164.ALL; nt e ont 4+ 1
use IEEE.NUMERIC_STD.ALL; o ?
oflow_reg <= '0°;
entity Modulol® Counter is ?m.j 15
Port ( end if;
clk : in STD_LOGIC; end process;
count : out STD_LOGIC_VECTOR(3 downto H .
overflow : out STD LOGIC ( ) count <= std_logic_vector(cnt);
Y ’ - overflow <= oflow reg;
b
end Modulol@ Counter; end Behavioral;




Numericno krmiljen oscilator

 NCO: N-bitni Stevec, ki se povecCuje za FCW
* frekvenco doloca perioda obracanja Stevca,

eV eoe

Primerjava delilnika in NCO

Vhod: 50 Hz, izhod: 4 Hz (razmerje 12.5)
 delilnik: 12 =>4.16 Hz ali 13 => 3.84 Hz
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https://en.wikipedia.org/wiki/Numerically_controlled_oscillator

* NCO: 6-bit, FCW=5 => 3.906 Hz
10-bit, FCW=82 => 4.004 Hz
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Nacrtovanje NCO z Al

> Design in VHDL an NCO with 8-bit sine LUT, 32 samples, and 24-bit phase counter.

@ How It Works: architecture Behavioral of NCO is
signal phase_acc : unsigned(23 downto 9) := (others => '0');
1. A 24-bit phase accumulator adds a phase increment every clock cyde. signal addr : integer range 0 to 1= 03

2. The upper 5 bits of the accumulator select the address in a 32-entry sine lookup table (LUT).

type sine lut_type is array (© to 31) of STD LOGIC_VECTOR(7 downto 0);

3. The LUT retumns the comresponding 8-bit sine value. constant sine_lut : sine_lut_type := (
-- 8-bit unsigned sine values (© to 255), centered at 128

-- Values scaled from sin(2mn/32) * 127 + 128

library IEEE; X"80", x"98", x"AF", x"C3", x"D3", x"DF", x"E7", X"EA",
use IEEE.STD_LOGIC_1164.ALL; x"E7", X"DF", x"D3", x"C3", x"AF", x"98", x"80", x"67",
use IEEE.NUMERIC_STD.ALL; x"50", x"3C", x"2C", x"20", x"18", x"15", x"18", x"20",
x"2C", x"3C", x"50", x"67", x"80", x"98", x"AF", x"C3"
entity NCO is );
Port ( begin
clk : in STD_LOGIC;
reset : in STD_LOGIC; process(clk, reset)
phase_inc : in STD _LOGIC_VECTOR(23 downto ©); -- Tuning word begin
sine_out : out STD _LOGIC _VECTOR(7 downto 0) if reset = '"1' then
) phase_acc <= (others => '0');
end NCO; elsif rising_edge(clk) then
phase_acc <= phase_acc + unsigned(phase_inc);
end if;

end process;
-- Use upper 5 bits to index 32-sample LUT
addr <= to_integer(phase_acc(23 downto 19));

sine_out <= sine_lut(addr);

end Behavioral;




Digitalno-analogna pretvorba

* NCO izhod posljemo na paralelni D/A pretvornik, npr:
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 ker deluje FPGA na dosti visjih frekvencah, kot je frekvenca zvoka,
uporabimo 1-bitni pretvornik

e pulzno-Sirinsko moduliran signal (PWM) posljemo skozi RC sito na zvocnik
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Nacrtovanje PWM z Al

> Design a VHDL PWM for the NCO
with an 8-bit signed data and
without reset input.

E Key Requirements

Input: sine_in — 8-bit signed (range: -128 to +127, std logic_wector )
Output: pwm_out — 1-bit PWM signal

Mo reset input

Uses an internal 8-bit unsigned counter {0~255) as PWM ramp

Maps signed sine input to unsigned threshold for PWM companson

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

entity PWM_Signed is
Port (
clk : in STD_LOGIC;
sine_in : in STD_LOGIC_VECTOR(7 downto ©); -- signed input (-128 to +127)
pwm_out : out STD_LOGIC
)s
end PWM_Signed;

architecture Behavioral of PWM_Signed is
signal counter : unsigned(7 downto @) := (others => '0');
signal sine_val : signed(7 downto ©);
signal threshold : unsigned(7 downto 9);

begin

-- Cast input to signed
sine_val <= signed(sine_in);

-- Map signed range (-128 to +127) to unsigned (@ to 255)
threshold <= unsigned(sine_val + )

process(clk)
begin
if rising_edge(clk) then
counter <= counter + 1;
end if;
end process;

-- Generate PWM signal
pwm_out <= '1' when counter < threshold else '0';

end Behavioral;




lzvedba PWM v projektu sint25

e uporabimo stevec za deljenje ure
* namesto +128 naredimo xor 128

-- deljenje sistemske ure 50 MHz na 100 kHz (clkl)

process(clk)

begin

if rising_edge(clk) then
if div = then

div <= (others=>'0");
clkl <= not clkil;

-- premakni zvok v pozitivne vrednosti

zvokn <= unsigned(zvok xor "10000000");
else

div <= div +
end if;
end if;
end process;

.
3

-- generiraj PWM izhod
pwm <= '1"' when div < zvokn else '0';



https://lniv.fe.uni-lj.si/courses/des/sint25.zip

Prikazovanje slike na monitorju VGA

skeniranje vrstice (horizontala)

------- horizontalno vracanje zarka
(zatemnitev)
vertikalno vradanje Zarka
(zatemnitev)

horizontalni Stevec

»1039

SVGA 800 x 600 vidnih tock @72 Hz | |
 standard doloca ¢asovni potek

sinhronizacije: hs, vs *
* slika: 7-10°ciklov (14 ms) eV 599
clk
W5
hs -| ] " " "

rgb 00000000 SIS NSNS NN aEEENEE




VGA krmilnik

* z dvema Stevcema dolo¢amo koordinati trenutne toCke in generiramo sinhronizacijska
impulza

 casovni potek doloca standard, npr. http://tinyvga.com/vga-timing/800x600@72Hz

entity vga ura horizontala start HETEYS veritikala | start trajanje
X,y: out ull; -- koordinati (MHz) | (period) hsync hsync (period) vsync vsync
50 856 120 666 637 6

hs,vs: out ul; -- sinhronizacija 1040
begin
if x<1039 then
X<=X+1
else
X<=0
if y<665 then
y<=y+1
else
y<=0
end
end
hs
VS
end

1 when x>»=856 and x<976 else ©
1 when y>=637 and y<643 else 0


http://tinyvga.com/vga-timing/800x600@72Hz

Prikaz slike iz na monitorju

* VGA prikljucek ima 3 analogne signale za barvo
* na vezju so trije 2-bitni uporovni D/A pretvorniki
 dodamo logiko, ki nastavlja barvo tock (rgb) na
doloCenih koordinatah v vidnem delu slike

* kadar smo izven vidnega dela, posljemo O

rgb <= "000011" when (x> and x< ) and (y> and y< ) else
"910101" when (x< and y<600) else
"000000" ;
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Rotacijski inkrementalni kodirnik

e kodirnik ima dva izhoda,
ki ob vrtenju generirata

impulze ,xg

T/

vrtenje v smeri ure vrtenje v nasprotni smeri
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B 1L _ I LI LI 1




Sekvencno vezje za detekcijo vrtenja

vhl — I Of—smerl
vh2 — 1 Of— smer2
clk —pI
avtomat
clk »
vhl » [ |
vh2 » I I
smerl < [ 1]
smer2 4

stanje  mir )sl1 Ximp1Y cakaj1 Xmir




Prototipna klaviatura

* 12 tipk povezanih na dva 8-bitna pomikalna registra

JP _
PMGD SER OHpF—»1 SER QH —I ‘:Q PMGDJ
our < 74HC165D 74HC165D out
SHIFT SHIFT
oL ] f [
VCC ‘ ‘ VCC

O
O Q) ---

e Kako narediti krmilnik za branje pomikalnega registra?



Nacrtovanje krmilnika

SIL_ (1) » SRG 8
. cK INH—18)L C1 [LOAD]
* ob shld=0 dobimo MSB (sdata = H) @ | 21 pcr—

] [
s1—{10) f5p

p—12) _1p
o (13)
o (14)
F—3) |

()

* shld=1 in 7x clkl1, pomikanje bitov G-A na sdata

* ob padajoci fronti clkl pomikamo register r
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H—6) |4p G-

tipka 00000000 i 01100000

r 00000000 | 00000001 | 00000011 | 00000110 | 00001100 | 00011000 | 00110000 | 01100000 | 11000000 | 10000000 |




Krmilnik v SHDL

e kako narediti krmilnik za
branje dveh 741657

entity vmes
sdata: in ul;
clkl,shld: out ul;
tipka: out u8;
del: u2;
nbit: u3;
r: u8;
begin
del<=del+ -- deljenje ure s 4
if del=3 then
clkl <= not clkl -- ura za 74165
if clkl=1 then -- stej bite in pomikaj
nbit <= nbit +
r <= r(6 downto 9) & sdata
if shld=0 then -- prepis na izhod

tipka <= r
end
end
end
shld = © when nbit=0 else

end



Krmilnik z Al

> Design VHDL model to control shift register 74165 and read serial data.

74L.S165 Pin Summary (Relevant Pins):
* PL (Parallel Load): Active LOW, loads data from input pins.

* CP (Clock): Shifts bits on rising edge.
* CE (Clock Enable): Active LOW.

* QH: Serial output (connected to FPGA/microcontroller).

* DO-D7: Parallel data inputs.

VHDL Overview:
The VHDL code wall:

. Load data using the pL signal.

. Pulse the cp signal 8 times (or however many bits you want to read).

. Sample the gu pin on each clock cycle.

mse IEEE.STD LOGIC 1164

mse IEEE.NUMERIC STD.AL

entity shift 74165 ctrl

Fort |

clk i in
startc t in
QH in :in
FL 1 ont
CF 1 ont
CE 1 ont
data out 1 ont
done 1 ont

1
end shift 74165 ctrl;

architecture Behavioral
type state type is
signal state

gignal bit count
signal shifr_reg
signal cp pulse
Pegin

is

L I O Ry I
]

w

TUECTOAD

VECTOR ({7 downto O}

L

[ I I I I I I |

L e e o e o e

w

of shift 74165 ctrl is
(IDLE, LCAD, SHIFT, DCHE);

! state_type = IDLE;

i integer range to H

! 5TD _LOGIC VECTOE(7 downto O) := (others => '0"}:
: 5TD LOGIC := '0';

when LOAD =>

PL <= '0'; -- load parallel data
CE = 'l';y -- keep clock disabled
CFP <= '0';

bBit count <=
state <= SHIFT:

when SHIFT =>

PL <= '1'; -- PL imactiwve
CE <= '0'; -- enakle clock
—-— create one pulse on CP per cycle
if cp pulse = '0' then
CP <= '1l";
cp_pulse <= '1";
else
CP <= '0"';

cp_pulse <= '0°;
shift_reg <= shift_reg(c downto O)
bit count <= bit count +

if kit _count = then
state <= DONE;
end if;
end if;

when DONE =>
CE <= "1'y —— disakle clock
CP <= "0"';
data out <= shift reg;

& QH in;
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Mikrosekvencnik

Npr. izhod: 100, 110, 001, 001, 010
>
2 najvisji bit mikroukaza je reset
g programski . reset / load
- mikroukaz | -
pomnilnik " prog. naslov mikroukaz
Stevec 000 0100
clk > 001 0110
> izhod 010 0 001
011 0001
Programski stevec dolocCa zaporedje 100 1010
v 101 X XXX
e reset za skok na zacetek
111 X XXX

* load za skok na poljubno mesto (vejitev)



Generator zaporedja z mikrosekvencnikom

* Npr. ob start oddaj Morsejevo kodo — ...

entity morseB

start: in ul;

izh: out ul;

en: ul

rom: =l 1, 1,0,1,0,1,0,1,25

data: u2; c ROM . reset
N ud 16 % 2 mikroukaz |
begin prog.
data=rom(n) -- branje iz ROM Stevec
izh=data(@) -- LSB je izhod

clk
if start=1 then -- start in stop
en<=1; n<= > |

elsif data(l) then
en<=

end
if en then -- naslov pomnilnika ck | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

n<=nt+ start |

end

end izh | ] | | | [ 1
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