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Uktady reprogramowalne i SoC 2
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Specjalizowane moduty uktadoéw Spartan 3

» Oprocz uktadow CLB, pozwalajgcych na
Implementacje uktaddw logicznych ogolnego
przeznaczenia, rodzina uktadow Spartan 3
zawiera rowniez zasoby specjalizowane:

— Digital Clock Managers (DCMs)
— Block RAM
— Uktady mnozace 18x18 bit

* Pozwalajg one na implementacje wybranych
funkcji w bardziej wydajny sposob, niz za
pomocg CLB
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Sygnaty zegarowe i ich dystrybucja
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Uktady reprogramowalne i SoC 4

Drzewo zegarowe

Flip-flops
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{8 Digital Clock Manager

* Moduty DCM pozwalajg na:

— Eliminacje przesuniec¢ fazowych zegara (clock
Skew), wewnatrz uktadu FPGA lub w stosunku do
elementow zewnetrznych

— Przesuniecie fazowe zegara o ustalong lub
regulowang czesc okresu

— Generacje zegara o czestotliwosci pomnozonej
przez iloraz dwoch liczb

— Generacje zegara o wspotczynniku wypetnienia
50% na podstawie zegara nie spetniajgcego tego
warunku

Projekt wspoétfinansowany przez Uni¢ Europejska
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego
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P@L Digital Clock Manager

Uktady reprogramowalne i SoC

« DCM sktada sie z czterech
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Synthesizer (DFS)

— Phase Shift (PS)
— Status Logic

____________ 4
DCM I
PSINCDEC —— Phase |
PSEN —— ] Shift -
PSCLK —| er |
I |
! v |
| — Y M
CLKIN ——-{~ Tt~
| E» 8 gt
|8 S
CLKFB | ] 5 é :
L= el o
|| = —
I |
' prs [
: DLL —:—*
I Status -
RST —r-—l Logic |8

PSDONE

Clock
Distribution
Delay

CLKO

CLK80
CLK180
CLKZ270
CLK2X
CLK2X180
CLKDV

CLKFX
CLKFX180

LOCKED
STATUS [7:0]

i KAPITAL LUDZKI
HABODOWA STRATEGE, SPOIROAL

Projekt wspoétfinansowany przez Uni¢ Europejska
w ramach Europejskiego Funduszu Spotecznego

UNIA EUROPEJSKA

* *
EUROPEJSKI * *

FUNDUSZ SPOLECZNY




Uktady reprogramowalne i SoC 9
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Uktady reprogramowalne i SoC 1 0
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Uktady reprogramowalne i SoC 1 1
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Pamieci w FPGA
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%’L Typy pamieci
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%’L Typy pamieci

Memory
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Distributed RAM/ROM

15
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# xilinx Multipurpose LUT

16-bit SR

16 x 1 RAM

4-input LUT

vV v VY

17

Projekt wspotfinansowany przez Unig Europejska
KAPITAL LUDZK| w ramach Europejskiego Funduszu Spotecznego

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY
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LB Distributed RAM
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Block RAM/ROM

19
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Uktady reprogramowalne i SoC 20

* Najefektywniejsza implementacja pamieci
— Wykorzystuje specjalizowane bloki FPGA

 |dealne dla wiekszosci zastosowan

— 3 do 126 blokow pamieci

18 kbits = 18,432 bits per block (16 k bez bitow
parzystosci)

— Wieksze pamieci uzywajg wielu blokow
 Single i dual-port RAMs
* Synchroniczny zapis | odczyt (inaczej niz w
pamieci rozproszonej)

—@

Projekt wspoétfinansowany przez Uni¢ Europejska
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego




Uktady reprogramowalne i SoC

Bloki RAM i mnozarki w strukturze FPGA
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L Block RAM w rodzinie ukladéw Spartan 3A

&

Uktady reprogramowalne i SoC
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Family Device RAM Columns RAM Blocks Per Total RAM TotaI_RAM Total RAM
Column Blocks Bits Kbits
Extended Spartan-3A FPGAs
XC3SD1800A 4 20-22 84 1,548,288 1,512K
XC3SD3400A 5 24-26 126 2,322,432 2,268K
XC3S50A/AN 1 3 3 55,296 54K
XC3S200A/AN 2 8 16 294,912 288K
XC3S400A/AN 2 10 20 368,640 360K
XC3S700A/AN 2 10 20 368,640 360K
XC3S1400A/AN 2 16 32 589,824 576K

i KAPITAEL LUDZKI
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LB onfiguracie pamieci Block RAM
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Uktady reprogramowalne i SoC 23
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712 Konfiguracje pamieci Block RAM

Uktady reprogramowalne i SoC
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No. of Block RAM
DI/DO Bus Width DIP/DOP Total Data Path ADDR Bus Addressable Capacity
(w = p bits) Bus Width (p bits) Width (w bits) Width (r bits) Locations (n) (bits)
1 0 1 14 16,384 16,384
2 0 2 13 8,192 16,384
4 0 4 12 4,096 16,384
8 1 9 11 2,048 18,432
16 2 18 10 1,024 18,432
32 4 36 9 512 18,432

Projekt wspoétfinansowany przez Uni¢ Europejska
w ramach Europejskiego Funduszu Spotecznego
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Uktady reprogramowalne i SoC
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P%*# Dual-Port Block RAM
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Uktady reprogramowalne i SoC 2 7

* Istniejg dwie metody umieszczenia pamieci
RAM:

— Wywnioskowane przez syntezer (inferred)
* Przenosny kod
— Jawnie umieszczone przez projektanta
(instantiated)

« Najbardziej efektywne wykorzystanie zasobow w danej
technologii

» Wspiera wszystkie rodzaje pamieci RAM

Projekt wspoétfinansowany przez Uni¢ Europejska
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego
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& Distributed RAM

LIBRARY ieee;

USE ieee.std logic_1164.all;
USE ieee.std logic_arith.all;
USE ieee.std logic_unsigned.all;

entity raminfr is
generic ( bits : integer := 32;
-- number of bits per RAM word
addr bits : integer := 8);
-- 2”%addr_bits = number of words in RAM
port (clk : in std logic;

we : in std logic;

a : in std logic_vector (addr _bits-1 downto 0);
di : in std logic_vector (bits-1 downto 0);

do : out std logic_vector (bits-1 downto 0));

end raminfr;

architecture behavioral of raminfr is
type ram_type is array (2**addr bits-1 downto 0)
of std logic_vector (bits-1 downto 0);

signal RAM : ram type; Logic Utilization:
begin Number of 4 input LUTs: 656 out of 11,776 5%
process (clk) Logic Distribution:
begin Number of occupied Slices: 332 out of 5,888 5%
if (clk'event and clk = 'l') then Number of Slices containing only related logic: 332 out of 332 100%
if (we = '1l') then Number of Slices containing unrelated logic: 0 out of 332 0%
RAM (conv_integer (unsigned(a))) <= di; *See NOTES below for an explanation of the effects of unrelated logic.
end if; Total Number of 4 input LUTs: 656 out of 11,776 5%
end if; Number used as logic: 144
end process; Number used for 32xl1 RAMs: 512
do <= RAM(conv_integer (unsigned(a))) ; (Two LUTs used per 32x1 RAM)
end behavioral; Number of bonded IOBs: 74 out of 372 19%
Number of BUFGMUXs : 1 out of 24 4%

Projekt wspotfinansowany przez Unig Europejska uniaeuroresska [TREEER
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spotecznego Evropess1 -
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9 Block RAM - wersja 1

LIBRARY ieee;

USE ieee.std logic_1164.all;

USE ieee.std logic_arith.all;
USE ieee.std logic_unsigned.all;

entity raminfr is

generic ( bits : integer := 32;
-- number of bits per RAM word
addr _bits : integer := 8);

-- 2”%addr_bits = number of words in RAM
port (clk : in std logic;

we : in std logic;
a : in std logic_vector (addr_bits-1 downto 0);
di : in std logic_vector (bits-1 downto 0);

do : out std logic_vector(bits-1 downto 0));
end raminfr;

architecture behavioral of raminfr is
type ram type is array (2**addr_bits-1 downto 0)
of std logic_vector (bits-1 downto 0);
signal RAM : ram type;

begin
process (clk)
begin
if (clk'event and clk = 'l') then
if (we = '1l') then
RAM (conv_integer (unsigned(a))) <= di; Logic Utilization:
end if; Logic Distribution:
do <= RAM(conv_integer (unsigned(a))); Number of Slices containing only related logic: 0 out of 0 0%
end if; Number of Slices containing unrelated logic: 0 out of 0 0%
end process; *See NOTES below for an explanation of the effects of unrelated logic.
Number of bonded IOBs: 74 out of 372 19%
S eiieatil ) Number of BUFGMUXs: 1 out of 24 4%
Number of RAMB16BWES: 1 out of 20 5%

Projekt wspotfinansowany przez Unig Europejska uniaeuroresska [TREEER
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L= Block RAM - wersja 2

LIBRARY ieee;

USE ieee.std logic_1164.all;

USE ieee.std logic_arith.all;
USE ieee.std logic_unsigned.all;

entity raminfr is

generic ( bits : integer := 32;
-- number of bits per RAM word
addr _bits : integer := 8);

-- 2”%addr_bits = number of words in RAM
port (clk : in std_logic;
we : in std logic;
a : in std logic_vector (addr_bits-1 downto 0);
di : in std_logic_vector(bits-1 downto 0);
do : out std logic_vector(bits-1 downto 0));
end raminfr;

architecture behavioral of raminfr is
type ram type is array (2**addr bits-1 downto 0) of std logic vector (bits-1 downto 0);
signal RAM : ram type;
signal read a : std logic vector(addr_bits-1 downto 0);

begin
process (clk)
begin
if (clk'event and clk = 'l') then

if (we = '1l') then Logic Utilizati :
RAM (conv_integer (unsigned(a))) <= di; ogfc _1 1?a 1?n.
end if: - Logic Distribution:
read a <L a: Number of Slices containing only related logic: 0 out of 0 0%
end-zf' ’ Number of Slices containing unrelated logic: 0 out of 0 0%
’ *See NOTES below for an explanation of the effects of unrelated logic.
end process; Number of bonded IOBs: 74 out of 372 19%
do <= RAM(conv_integer (unsigned(read a))); :
. - - Number of BUFGMUXs: 1 out of 24 4%
end behavioral;
Number of RAMB16BWES: 1 out of 20 5%

Projekt wspotfinansowany przez Unig Europejska uniaeuroresska [TREEER
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= Dyal Port RAM - distributed

library ieee;

use ieee.std logic_1164.all;

use ieee.std logic_unsigned.all;
use ieee.std logic_arith.all;

entity raminfr is

generic ( bits : integer := 32;
-- number of bits per RAM word
addr _bits : integer := 8);
-- 2”%addr_bits = number of words in RAM
port (clk : in std logic;
we : in std logic;
a : in std logic_vector(addr_bits-1 downto 0);
dpra : in std _logic_vector (addr_bits-1 downto 0);
di : in std _logic_vector(bits-1 downto 0);
spo : out std logic_vector(bits-1 downto 0);
dpo : out std logic_vector (bits-1 downto 0)) ;

end raminfr;

architecture syn of raminfr is
type ram type is array (2**addr bits-1 downto 0) of std logic vector (bits-1 downto 0);

s%gnal RAM : ram_type; Logic Utilization:
eI Number of 4 input LUTs: 1,584 out of 11,776 13%
pro?ess (=) Logic Distribution:
ISP Number of occupied Slices: 800 out of 5,888 13%
if_(CIk'event el clhs =k e Number of Slices containing only related logic: 800 out of 800 100%
s (= 'lj) i . . Number of Slices containing unrelated logic: 0 out of 800 0%
RAg(conv_lnteger(un51gned(a))) Sl *See NOTES below for an explanation of the effects of unrelated logic.
s Total Number of 4 input LUTs: 1,584 out of 11,776 13%
e ke Number used as logic: 560
end process; Number used for Dual Port RAMs: 1,024
spo <= RAM(conv_integer (unsigned(a))); (Two LUTs used per Dual Port RAM)
CP® <= RERIEE_ a0 08 (ki CEl ety Dy 4 Number of bonded IOBs: 114 out of 372 30%
end syn; Number of BUFGMUXs: 1 out of 24 4%

Projekt wspotfinansowany przez Unig Europejska uniaeuroresska [TREEER
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2 Dual Port RAM - Block - wersja 1

library ieee;

use ieee.std logic_1164.all;
use ieee.std logic_unsigned.all;
use ieee.std logic_arith.all;

entity raminfr is

generic ( bits : integer := 32;
-- number of bits per RAM word
addr_bits : integer := 8);

-- 2”%addr_bits = number of words in RAM
port (clk : in std logic;

we : in std_logic;

a : in std _logic_vector(addr_bits-1 downto 0);
dpra : in std_logic_vector (addr_bits-1 downto 0);
di : in std_logic_vector(bits-1 downto 0);

spo : out std logic_vector(bits-1 downto 0);
dpo : out std logic_vector (bits-1 downto 0));

end raminfr;

architecture syn of raminfr is
type ram type is array (2**addr bits-1 downto 0) of std logic vector (bits-1 downto 0);
signal RAM : ram type;

begin
process (clk)
begin
if (clk'event and clk = 'l') then Logic Utilization:
if (we = '1') then Logic Distribution:
RAM(conv_integer (unsigned(a))) <= di; Number of Slices containing only related logic: 0 out of 0 0%
end if; Number of Slices containing unrelated logic: 0 out of 0 0%
spo <= RAM(conv_integer (unsigned(a))); *See NOTES below for an explanation of the effects of unrelated logic.
dpo <= RAM(conv_integer (unsigned(dpra))) ; Number of bonded IOBs: 114 out of 372 30%
end if; Number of BUFGMUXs: 1 out of 24 4%
end process; Number of RAMBI1G6BWES: 1 out of 20 5%

end syn; \
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i Dual Port RAM - Block - wersja 2

library ieee;

use ieee.std logic_1164.all;

use ieee.std logic_unsigned.all;
use ieee.std logic_arith.all;

entity raminfr is

generic ( bits integer := 32;
-- number of bits per RAM word
addr bits integer := 8);
-- 2”%addr_bits = number of words in RAM
port (clk in std_logic;
we in std_logic;
a : in std_logic_vector (addr_bits-1 downto 0);
dpra : in std _logic_vector (addr_bits-1 downto 0);
di : in std_logic_vector(bits-1 downto 0);
spo out std logic_vector (bits-1 downto 0);
dpo out std logic_vector (bits-1 downto 0)) ;

end raminfr;

architecture syn of raminfr is

type ram type is array (2**addr bits-1 downto 0) of std logic_vector (bits-1 downto 0);

signal RAM : ram_ type;
signal read a, read dpra: std logic_vector (addr bits-1 downto 0);

33

begin
process (clk)
begin
if (clk'event and clk = 'l') then
if (we = 'l') then - - -
RAM (conv integer (unsigned(a))) <= di; Logic Utilization:
end if; - Logic Distribution:

read a <= a;
read dpra <= dpra;
end if;
end process;
spo <= RAM(conv_integer (unsigned(read a)));
dpo <= RAM(conv_integer (unsigned(read _dpra)))

Number of bonded IOBs:
Number of BUFGMUXs:
Number of RAMBl6BWES:

Number of Slices containing only related logic:
Number of Slices containing unrelated logic:
*See NOTES below for an explanation of the effects of unrelated logic.

0 out of
0 out of

114 out of 372 30%
1 out of 24 4%
1 out of 20 5%

0
0

0%
0%

end syn;
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Uktady reprogramowalne i SoC

LIBRARY ieee;

USE ieee.std logic_1164.all;

USE ieee.std logic_arith.all;
USE ieee.std logic_unsigned.all;

entity rominfr is

generic ( bits integer := 10;
-- number of bits per ROM word
addr bits integer := 3);

-- 2”addr _bits =
port (a
do

end rominfr;

architecture behavioral of rominfr is

type rom type is array (2**addr bits-1 downto 0)

of std logic_vector (bits-1 downto 0);
constant ROM : rom type :=
("0o00110001",

"0100110100",
"0100110110",
"0110110000",
"0000111100",

"0l11i1i1o0101",

"0100110100",

"1111100111") ;

begin
do <= ROM(conv_integer (unsigned(a))) ;
end behavioral;

number of words in ROM
in std _logic_vector(addr_bits-1 downto 0);
out std logic_vector (bits-1 downto 0));

34

Logic Utilization:

Number of 4 input LUTs: 9 out of
Logic Distribution:
Number of occupied Slices: 5 out of

Number of Slices containing unrelated logic:

Total Number of 4 input LUTs:
Number of bonded IOBs:

9 out of
13 out of

Number of Slices containing only related logic:

*See NOTES below for an explanation of the effects of unrelated logic.

11,776 1%
5,888 1%
5 out of 5 100%
0 out of 5 0%
11,776 1%
372 3%
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9 Distributed RAM - instantiation

library IEEE;
use IEEE.STD LOGIC_1164.all;

library UNISIM;
use UNISIM.vcomponents.all;

entity RAM_16X8_DISTRIBUTED is
port (
CLK : in STD_LOGIC;
WE : in STD_LOGIC;
ADDR : in STD_LOGIC_VECTOR(3 downto 0) ;
DATA 1IN : in STD_LOGIC_VECTOR(7 downto 0) ;
DATA OUT : out STD_LOGIC_VECTOR(7 downto 0)
);
end RAM_16X8_PISTRIBUTED;

architecture RAM 16X8 DISTRIBUTED STRUCTURAL of RAM 16X8 DISTRIBUTED is
begin

GENERATE_MEMORY :
for I in 0 to 7 generate
RAM 16x1 S 1: ramléxls
generic map (INIT => X"0000")
port map
(O => DATA OUT(I),
AQ0 => ADDR(O0),
Al => ADDR(1),
A2 => ADDR(2),
A3 => ADDR(3),
D => DATA IN(I),
WCLK => CIK,
WE => WE
)

end generate;

end RAM 16X8 DISTRIBUTED STRUCTURAL;

Projekt wspotfinansowany przez Unig Europejska uniaeuroresska [TREEER
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|

| | | |
WE | a : N\
| | | |

DI . GRS ¢4y - XXXX
| | | | | |

ADDR ) ¢ ! aa -, X ! bb (] X ! e [/ X ! dd7
| | | |
DO 0000 veMaa) | X w11t | M S22z T M MEM(d)

| | | |
| | | |
EN _/ | | | |

DISABLED : READ : WRITE : WRITE : READ

MEM(bb)=1111 MEM(cc)=2222

DS099-2_14_020403
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| | | |
| | | |
| | I |
WE . / | N\
| | | |
DI | xxxx X 1111 X == X | XXXX

| | | |
| | | |

ADDR X | aa — X | bb—, X l CC — X | dd—
| | | |

| | | | /

DO 0000 | MEM(aa) | old MEM(bb) old MEM(cc)l Xl\rMEM(dd}
i i i i
| | | |
EN / | | | |
| | | |
DISABLED | READ | WRITE | WRITE | READ

| | | |

MEM(bb)=1111 MEM(cc)=2222

DS099-2_15_030403

37

i KAPITAEL LUDZKI

Projekt wspotfinansowany przez Unig Europejska
w ramach Europejskiego Funduszu Spotecznego

UNIA EUROPEJSKA
EUROPEJSKI
FUNDUSZ SPOLECZNY




Uktady reprogramowalne i SoC

DISABLED

READ

WRITE WRITE

READ

cLi | | | |
| | | |
WE | / | | \ |
| | | |
DI : XXXX X : 1111 X : 2002 X : XXXX
| | | |
ADDR x : aa —, X : bb X : co X : dd_,'|
| | | .
DO 0000 | MEM(aa) | : o X euEMdd)
| | | |
| | | |
eN _/ | | | |
| | | |
! l l !

MEM(bb)=1111 MEM(cc)=2222

DS099-2_16_030403
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