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NIOS Il — A specific Avalon Peripherals
Counter as exercise

* We want to realize a specific counter with few
features only:
» Reset by command
» Count on 32 bits
» Start and stop counting by command

» For an Avalon bus slave interface

» This simple design could be used as starting point for
more complex timer units
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

32 bits counter
Avalon Bus Slave Interface, 32 bits data

Command, 3 separate Write access:
» RzCount

» StartCounter

» StopCounter

Read Counter Value on 32 bits

Status:
> Run
Interrupt (option)
» Enable Interrupt: Command

» EOT (EndOfTime (Counter->0)): Status
» ClearEQOT: Status
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

« Command, don't care of data

just use the Write address :
» RzCount
» StartCounter
» StopCounter

« Command register
» Enable Interrupt Command, 1 bit

e Status:
» Run
» EOT (EndOfTime (Counter->0)): Status
» To Clear EOT, write a'1' to Status bit EOT
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

« Address mapping:

Internal
i%%' Name R/W | Size | Function

O |Counter R 32 |Counter value

1 |Rz W O |Reset Counter

2 | Start W 0 |Start Counting

3 |Stop W 0 |Stop Counting

4 |Command |[W/R| 8 |General Command
5 | Status W/R| 8 |General Status
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

« Command register:

Command 7 6 5 4 3 2 1 0
Functions - | -1 -1 -1-1-1-1IRQEn
@Reset ol o0o|o0o]|]o]o0o|oO0]oO 0

« Status register:

Status 4 6 5 4 3 2 1 0

Functions R ) ) ) ) ) - |Run EOT
W CIrEOT

@Reset olo|lolo]olo] o 0
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NIOS Il — A specific Avalon Peripherals
Counter as exercice

* More details on Avalon Bus Module:
» Slave
» 32 bits counter
» Read and write Access on 32 bits bus
» 0 wait Write access
» 1 wait Read access
» Synchronous to Clk
» Reset_n to initialize the module
» IRQ for interrupt Request
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

Bloc diagram of the interface

Ck — >

Counter

Reset n

CS
Addr[2..0]
Wr
Rd
IR

—>
>
—>
WrData[31..0] [
—>
RdData[31] 0]
Qe

Avalon Slave Interface
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Base, a 32 bits counter

Clk

En
Rz

>

Counter[31..0]
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Avalon interface for Read and basic commands

Clk

En

Addr[2..0]

>
CcS

WrData[x..0]

Wr

Rd

-

_Rz

>
Counter[31..0]

Reset n
iy

Avalon Slave Interface

RdCounter \\/

RdData[31..0]
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: IRQ complement

Clk
_ >
Addr[2..0] n Counter[31..0]
E— | Rz
cs |
WrData(x..0] CIrEOT
? WrCom _O SetEOT
— _ EOT
Rd IRQ
Addr[2.0] == N —
Reset_n. 12.0] N CIrEOT Lo }
WrData[0] IRQEN
\ / WrCom B

RdData[31..0]

Note: Read Status not represented
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Library

library ieee;
use ieee.std logic 1ll64.all;

use ieee.numeric_std.all;

Or t obsolete !11)
use leee.s logic arith.all;

use leee.std logi nsigned.all;
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Entity

ENTITY Counter IS

PORT (
-- Avalon interfaces signals
Clk : IN std logic;
nReset : IN std logic;
Address : IN std logic vector (2 DOWNTO O0);
ChipSelect : IN std logic;
Read : IN std logic;
Write : IN std logic;
ReadData : OUT std logic vector (31 DOWNTO O0);
WriteData : IN std logic vector (31 DOWNTO O0) ;

-- Interruptions
IRQ : OUT std logic
)

End Counter;

15 (P

::E_:DL[ PFOLYTECHMICQLIES
‘EDERALE DE LAUSAMME]



NIOS Il — A specific Avalon Peripherals
Counter as exercise: Architecture: Internal signals

-- signals for register access

iCounter : unsigned (31 DOWNTO O0) ;

iEn : std logic;
iRz : std logic;
iEOT : std logic;
iClrEOT : std logic;
1iIRQEN : std logic;
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NIOS Il — A specific Avalon Peripherals

Counter as exercise: Counter Architecture, Counter

ARCHITECTURE comp OF Counter IS
... SIGNAL ...
BEGIN

-- Counter process,
enabled

pCounter:

process (Clk)

begin

if rising_edge(Clk) then

'l' then

iCounter <= (others =>
elsif iEn = 'l' then

iCounter <= iCounter+l;

if iRz=
|0l);

end if;
end if;
end process pCounter;
END comp;

synchronous Reset by command and count if

-- Reset Counter =2 0

—-—- increment
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NIOS Il — A specific Avalon Peripherals

Counter as exercise: Counter Architecture, registers access

PRegWr: -- Process Write to registers
process (Clk, nReset)
begin
if nReset = '0' then -- asynchronous Reset
iEn <= '0'; -- No Count by default
iRz <= '0';
iIRQEn <= '0'; -—- No IRQ Enable by default
elsif rising edge(Clk) then
iRz <= '0"'; -—- No Reset, as it's just a command
iClrEOT <= '0' ;
if ChipSelect = 'l' and Write = 'l' then -- Write cycle

case Address (2 downto 0) is
when "000" => null ;

when "001" => iRz <= '1'; -- Reset Counter (pulse)
when "01l0" => iEn <= '1l'; -— Start Run
when "011" => iEn <= '0'; -- Stop Run

when "100" => iIRQEn <= WriteData (O0) ;
when "101" => iClrEOT <= WriteData (0) ;
when others => null;
end case;
end if;
end if;
end process pRegWr;
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Counter Architecture, registers access

-- Read registers Process nead 1 WaitCycle on Avalon

pRegRd:
process (Clk)
begin
if rising edge (Clk) then
ReadData <= (others => '0'); -- default wvalue
if ChipSelect = 'l' and Read = 'l' then -- Read cycle

case Address (2 downto 0) is
when "000" => ReadData <= std logic_vector (iCounter) ;
-- cast and Read Counter
when "100" => ReadData(0) <= iIRQEn;

when "101" => ReadData(0) <= iEOT; -- EOT
ReadData(l) <= iEn; -- Run
when others => null;
end case;
end if;

end if;
end process pRegRd;
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NIOS Il — A specific Avalon Peripherals
Counter as exercise: Counter Architecture, Interrupt

-- Interrupt Process , End Of Time activated when counter is (@0, reste by a

command from pRegWr
pInterrupt:
process (Clk)
begin
if rising _edge(Clk) then

If iCounter = X"0000_0000" then
-- Flag End Of Time - 'l' when counter =0

iEOT <= '1"';
Elsif iClrEOT = 'l' then

iEOT <= '0'; -— Cleared on access by WrStatus (0)
End if;

end if;
end process pInterrupt;

-- IRQ actiwvation
IRQ <= 'l' when iEOT ='l' and iIRQEn = 'l' and iEn =

|0';

‘1’ else
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NIOS Il — A specific Avalon Peripherals
Counter as exercise

* From this description and code, It Iis very
easy to add others features as:

* Output Compare function
* Interrupt at specific time
* Reload counter

» Efc...
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