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Input Ports

> We have mapped some registers as outputs
» Inputs?
» Specific instructions to interact with the world.

> IN Rd,A
> OUT ARr



Documentation of AVR instructions : IN

>
>

vVvyvyVvVvyypy

IN - Load an 1/O Location to Register
Description:

» Loads data from the |/O Space (Ports, Timers, Configuration
Registers etc.) into register Rd in the Register File.

Rd « I/O(A)

Syntax: IN Rd,A

Operands: 0 <d <31,0<A<63
Program Counter: PC <+ PC + 1
16-bit Opcode: 1011 0AAd dddd AAAA

Status Register (SREG) and Boolean Formula:
ITHSVNZC



Documentation of AVR instructions : OUT

>
>

vVvyvyVvVvyypy

OUT - Store Register to |/O Location
Description:

» Stores data from register Rr in the Register File to |/O Space
(Ports, Timers, Configuration Registers etc.).

[/O(A) < Rr

Syntax: OUT A,Rr

Operands: 0 <r <31,0<A<63
Program Counter: PC < PC + 1
16-bit Opcode: 1011 1AAr rrrr AAAA

Status Register (SREG) and Boolean Formula:
ITHSVNZC



Schematic: IN
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VHDL implementation. IN
case pr_op (15 downto 12) is

when IN_OUT =>

if pr_op(11)=’1’ then -- OUT
else -- IN
out_mux <= mux_in_out;
d_reg <= pr_op(7 downto 4); --Destination register
reg_we <= ’17;
case pr_op(l downto 0) is --Decode IN address
when "OO" => in_data <= synchAO;
when "O1" => in_data <= synchAl;
when "10" => in_data <= timer_state;

when others => null;
end case;
end if;

MUX: process(out_mux, alu_out, k, in_data) --Out MUX
begin
case out_mux is

when mux_in_out => nx_reg <= in_data;
when others => nx_reg <= (others => ’-7);
end case;

end process;



VHDL implementation. IN (synchronizer)

process (clk,reset) --Synchronous elements
begin
if reset=’1’ then

elsif (rising_edge(clk)) then

-- synchronizer for inputs ports
presynchAO0 <= port_AO;

synchAO <= presynchAO;

presynchAl <= port_A1l;

synchA1l <= presynchAl;
end if;

end process;



Sample code

NOP ; program waits until r17=x01
LDI r16,x01

IN rl7,x0 5 S====

EOR 1r17,r16 8

BRNE -3 § ooooo

NOP

NOP

RJMP -1 ; HALT

Signals Waves

Time i

clk=
port_a0[7:0] =
ris[7:0] =
ri7[7:0] =
reset=
pr_pcl7:0] =
presynchaol[7:0] =
synchao[7:0] =
in_data[7:0] =



Schematic: OUT
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VHDL implementation. OUT

-- add new default (port_we,...)
case pr_op (15 downto 12) is

when IN_QOUT =>
if pr_op(11)=’1’ then -- OUT
port_we <= ’17;
port_adr <= pr_op(3 downto 0);
r_reg <= pr_op(7 downto 4);
else -- IN
end if;



VHDL implementation. OUT

PortW: process(clk)
begin

if rising_edge (clk) then
if port_we = ’1°
case port_adr is

when "1000"
port_AS8i
when "1001"
port_A9i
when "1010"

=>
=>
<=

timer_limit <=

when others
end case;
end if;
end if;
end process PortW;

=>

then

regs(to_integer (unsigned(r_reg)));
regs (to_integer (unsigned (r_reg)));

regs(to_integer (unsigned (r_reg)));
null;



Implementing a Timer

ﬂ
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Prescaler limit : hard coded
» Each prescaler terminal count
enables the timer counter
Counter limit : timer_limit
mapped to port 10 1010

Counter keeps counting until
reaching the limit

This is signaled through
timer_state mapped to port 2 0010



VHDL implementation of timer

timer_state <= x"00" when timer_count = timer_limit
else x"O01"; -- 1:counting O:finished
presc_tc <= ’1’ when presc_count=presc_count_limit--constant

else ’07;
process (clk)
begin
if rising_edge (clk) then
if port_we=’1’ and port_adr="1010"then--reset counter

timer_count <= (others => ’0’); --when writing
presc_count <= (others => ’07°); --new timer_limit
else

if timer_state /= x"00" and presc_tc=’1’ then
timer_count <=
std_logic_vector (unsigned(timer_count)+1);
end if;
if presc_tc=’1’ then
presc_count <= (others => ’0’);
else
presc_count <=
std_logic_vector (unsigned(presc_count)+1);
end if;
end if;
end if;
end process;



Sample code with Timer

NOP

LDI ri16,x01
IN rl17 ,x0
EOR ri17,ri16
BRNE -3

0UT 8,r16
EOR r16,r16
LDI ri18,xOF
0UT 10,r18
IN ri17,2

OR ri17,ri16
BRNE -3

RIJMP -1

>

i

3

program waits until r17=x01

E====

clear ri16

value of timer_limit

set timer_limit

read timer_state <-----------------
r16 is zero, this tests for zero



Sample code with Timer. Starting

Simulation with presc_count_1imit = 4, meaning 5 system clocks per
terminal count

Time
reset=0

clk=1

pr_pcl7:
pr_op[15:
port_a@[7:
presyncha@[7
syncha@

timer_limit
timer count
timer_state




Sample code with Timer. Begin Timer

Simulation with presc_count_1imit = 4, meaning 5 system clocks per
terminal count.

Time
reset=0

pr_pcl7:
pr_op[15:
port_a@[7:
presyncha@[7
syncha@

timer_limit
timer count
timer_state



Sample code with Timer. Timer End

Time

pr_pc[7:
pr_op[15:
port ad[7:
presynchae

port a8[7
regs[2]1[7
timer limit[7:
timer count[7
timer state[7




Sample code with Timer. Whole View

[~ —l ( ) rom: 1sons To:| 1000/ns (& Marker B+750ns  Base 175ns

Time

pr_pc[7:
pr_op[15:
port_a@[7:
presyncha®[7:
syncha®[7:
dris[7:
dr17[7:
alu_in a[7:

1
alu_in b[7: |y e ey ey
alu_out[7:

port_a8[7:
regs[2][7:
timer limit[7:
timer count[7:
timer_state[7:

Timer is counting during 750 = 15 x 5 x 10 ns.



