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JIOJIATKH

Homatox A

3aranpHa CTPYKTypa CTBOPEHOTO HEHPOIIPOIIECOPHOTO €JIEMEHTa
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R3 IIPOrpam.
V4 Perictp, npu3HaueHi a1 THUMYacOBOTr0 30€peKeHHs pe3yabTaTy BUKOHAHHS MEBHOL
ornepatlii apuMeTHKO-TOTTYHIUM IIPUCTPOEM.
Y Perictp ans TumMyacoBoro 36epexeHHs onepany, skuil norpio6Ho oopodutu B AJIII.
IR Instruction register — PericTp, B sskoMy 30epiraeTbcsi KO MAIIMHHOT KOMaH/IH.
Arithmetical-logical unit -
ALU oY .
Apudmeruko-noriunuii npuctpiit, AJII1
PC Program counter — JIiunIsHUK KOMaHT
MAR Memory address register — Perictp aapec mam’sri
MDR Memory data register — Perictp nanux mam’sTi
PSW Program status word — Perictp crany




Jonatok b

3aranpHUN aNTOpPUTM POOOTH JIOTIYHOTO HEUPOTPOIECopa
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Homarox B
CxeMa eneKTpuvHa MPUHITAIIOBA IMITYJIbCHOTO TIEPETBOPIOBAYA sl KEPYBAHHS

CICKTPOIIPHUBOAOM




Honatok I'

Cxema eeKTpryYHa MPUHIIUIIOBA MIKPOIIPOIIECOPHOTO KOHTPOJIepa
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Homarox /]

Cxema eneKkTpryHa IPUHLIUIIOBA MOIYJIS KJaBlaTypu
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Honatok E

Cxewma enextpuyna npuniunoa LCD nucrnnes
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Jlonatok K
3BITH CHHTE3Y MPOEKTY JOTTYHOTO HEepompoIiecopa Jijisi BAKOHAHHS JIOTIYHUX

onepauiit Ha [IJIIC XC3S200-4-FT256 1 XC7K160T — 3-FBG484

- Synthesis Optians Scrmary

==== Zouggs Parazeteza

Input File Hame *fir filtr.prl”

E
Inpur Formar v omiwed
Ignore Synthesis Constraint File Hl-
==== Targe: Parametlezs
Cutput File Hame 4 'Iir_tiltr'
futput Formac v ONGE

Target Device xcinz00-4-£2284d

Advanced HDL Syncheaia Reporc

Macro Stacisciecs

§ FaMe

I5Exlf=bit dual=post block BARM
|z&s.ar.z-:|-:b11: mingle-port block RAM
r Haleipliaza

20x18-bic mulciplies

¥ ASders/Subtrastorn

S=blir sebrraccar

¢ Counters

2=bir down counter

¢ Accumalators

40-Bit ©p accumalands

# Regilaters

Flip-Fleépa

e

T S IS IS Sl (S [

s a an w oas s s s oim asfeoas e

Final Regiscer ReportT

Hacra Scatistics
¥ Regiacers
Flip-Flops

1og
b

Device utilization summary:

Selected Device : Ja2002:2236-4

liumber of Slices:
Number of Siice Flip Ficps:
Bumber of § Zgput LUTa:
Humber of I0s:
Numbar of bondad ICRs:

I08 Flip Flepa:
Numbar of BRAMa:
Humber of MULTISX18s:
Humber of GCIiXa:
Tiwipg Summary:

Speed Grade: -4

out of 1920 4%
out of 3240 %
gut of 3840 3%

.
oo
LT

out of 173 23%

[ RO )

i v o o

out of 12 163
out of 12 léx
out of e 2%

Minimum pesicd: 6.119ns (Maximum Frequency! 163.4258MM2)
Minimus input arrival time befere clock: 5.06ins
Maximun oUSpuUt reqQuired time after clock: 7.165n»
Maximum combinaticnal pacth delay: No path found

w Syathesia Oprions Susmarxy

wssw Jouzce Parameters
Input File Name ! "fir filcr.pr)”

Ignoze Synthesis Constraint File + NO

-=== Targe: Paraxeters

Cutput File Name ! "fir_filcr®
Ousput Formas : NGC

Target Device ! Xc7klé60t-3~-fbgis4
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~dvanced HDOL Synthesis Repors

Maczo 3Staziatics
& RaMs

256xi8~bit dual-port bDlock RAM
256x20-bit single-pors blcck Read Only RAM

4 Malciplierzs

20xi8-bic maleiplior
§ Adders/Subtractors
410-bit adder

g8-bit scbtractor
$# Registers

Flip-Flopa
¢ Multiplexers

1<bit 2-%o-1 multiplexer
18-bit 2-to-1 mualtiplexer
g8=biz 2-go=1 muluiplexer

be e ae be ab be ws sn s as sa e sa e
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Finsl Regiaser Repost

Macro 3Statistics
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Flip-Tlcps
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g
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Device utilization sumnmary:s

Jelected Device 3 TkI€0LIB4te-d

S1ice Logie Utzilizaciea:
Nusher of Slice Registers: b
Nusker of Slice LUTYa: 1

Nomber used as Logice 139

202800
101400
101400

eae of
cac of
out of

Slice Logic Distribuvicn:

Wunker of IUT Tiip Ticp pairs uased:
Wurker with an snsged Fiip Ticpi
Numker with en wnwaed LUT:

Suskes of fully psed IUT-TY pasza:

NusRes &f unique control sets:

i
9
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oet of
o=t ef
et of
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Number of bonded IC8s:
I0B Fiip Flcps/Lacches:

Specific Feature Uziliszazies:
Nusber of Block RAM/FIFO:
Nusber using Block RAM only:
Number of BUFG/BUFGCTRLa:
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Timing Samary:

Speed Grade; -3
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HomaTok 3

Tom-daitn VHDL Mozeni moriunoro Helpomnporecopa

library IEEE;

use IEEE. STD LOGIC 1164. ALL;

use IEEE. STD LOGIC ARITH. ALL;

use IEEE. STD LOGIC UNSIGNED. ALL;

SPIM top module

One cycle MIPS TM.

Xilinx WebPack 9.11i

Submodules: IF chip, ID chip, EX chip, MEM chip, CTL chip
entity A SPIM is

port (clock: in std logic;

reset: in std logic;

PC: out std logic vector (7 downto 0));

end A SPIM;

architecture spim structure of A SPIM is
component ID chip

port (clock: in std logic;

reset: in std logic;

Instruction: in std logic vector (31 downto 0);
write data: in std logic vector (7 downto 0);
RegWrite: in std logic;

RegDst: in std logic;

Immediate: out std logic vector (7 downto 0);
Rs: out std logic vector (7 downto 0);

Rt: out std logic vector (7 downto 0);
Opcode: out std logic vector (5 downto 0));
end component;

component IF chip

port (clock: in std logic;

reset: in std logic;

Branch Address: 1in std logic vector (7 downto 0);
PCsrc: in std logic;

Instruction: out std logic vector (31 downto 0);
NPC: out std logic vector (7 downto 0);
PCview: out std logic vector (7 downto 0));
end component;

component EX chip

port (Branch: in std logic;

ALUSrc: in std logic;

NPC: in std logic vector (7 downto 0);

Rs: in std logic vector (7 downto 0);

Rt: in std logic vector (7 downto 0);
Immediate: in std logic vector (7 downto 0);
ALUResult: out std logic vector (7 downto 0);
Branch Address: out std logic vector (7 downto 0);
PCsrc: out std logic);

end component;

component CTL chip

port (Op: in std logic _vector (5 downto 0);
RegDst: out std logic;

ALUSrc: out std logic;

MemtoReg: out std logic;
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RegWrite: out std logic;

MemWrite: out std logic;

Branch: out std logic);

end component;

component MEM chip

port (clock: in std logic;

reset: in std logic;

Memwrite: in std logic;

MemtoReg: in std logic;

address: in std logic vector (7 downto 0);

write data: in std logic vector (7 downto 0);
writeback data: out std logic vector (7 downto 0));
end component;

signal NPC bus: std logic vector (7 downto 0);
signal Rs bus: std logic vector (7 downto 0);
signal Rt bus: std logic vector (7 downto 0);
signal OpCode bus: std logic vector (5 downto 0);
signal Imm bus: std logic vector (7 downto 0);
signal BrAddress bus: std logic vector (7 downto 0);
signal ALUresult bus: std logic vector (7 downto 0);
signal write back bus: std logic vector (7 downto 0);
signal Instruction bus: std logic vector (31 downto 0);
signal Branch wire: std logic;

signal PCsrc wire: std logic;

signal RegWrite wire: std logic;

signal MemtoReg wire: std logic;

signal ALUSrc wire: std logic;

signal MemWrite wire: std logic;

signal RegDst wire: std logic;

begin

U IF: IF chip port map (

clock => clock,

reset => reset,

Branch Address => BrAddress bus,

PCsrc => PCsrc wire,

Instruction => Instruction bus,

NPC => NPC bus,

PCview => PC);

U ID: ID chip port map (

clock => clock,

reset => reset,

instruction => Instruction bus,

write data => write back bus,

RegWrite => RegWrite wire,

RegDst => RegDst wire,

Rs => Rs bus,

Rt => Rt bus,

OpCode => OpCode bus,

Immediate => Imm bus);

U EX: EX chip port map (

Branch => Branch wire,

ALUSrc => ALUSrc wire,

NPC => NPC bus,

Rs => Rs bus,



and

Rt => Rt bus,
Immediate => Imm bus,
PCsrc => PCsrc wire,

Branch Address => BrAddress bus,

ALUResult => ALUResult bus);
U CTL: CTL chip port map (
Op => OpCode bus,

RegDst => RegDst wire,
ALUSrc => ALUSrc wire,
MemtoReg => MemtoReg wire,
RegWrite => RegWrite wire,
MemWrite => MemWrite wire,
Branch => Branch wire);

U MEM: MEM chip port map (
clock => clock,

reset => reset,

MemWrite => MemWrite wire,
MemtoReg => MemtoReg wire,

writeback data => write back bus,

address => ALUResult bus,
write data => Rt bus);
end spim structure;

Monyns kepyBanHs (CTL)

—ctrl chip
library IEEE;

use IEEE. STD LOGIC 1164. all;
use IEEE. STD LOGIC ARITH. all;

entity ctrl chip is
port (

Op: in STD LOGIC VECTOR (5 downto 0);

RegDst: out STD LOGIC;
ALUSrc: out STD LOGIC;
MemWrite: out STD LOGIC;
MemtoReg: out STD LOGIC;
RegWrite: out STD LOGIC;
Branch: out STD LOGIC

);

end ctrl chip;

-}} End of automatically maintained section
architecture behav of ctl chip is
signal R format, lw, sw, beq: std logic;

begin
R format <= ( (not Op (5))

(not Op (2)) and (not Op (1))
1w <= (Op (5)) and (not Op (4))
(not Op (2)) and (Op (1)) and
sw <= (Op (5)) and (not Op (4))
(not Op (2)) and (Op (1)) and
begq <= (not Op (5)) and (not Op
(Op (2)) and (not Op (1)) and

RegDst <= R format;

131

(3))
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ALUSrc <= 1w or sw;
MemtoReg <= 1w;

RegWrite <= R format or 1lw;
MemWrite <= sw;

Branch <= beqg;

end behav;

Monyns Bukonanss onepariiiii (EXE)

EX-chip

library IEEE;

use IEEE. STD LOGIC 1164. ALL;

use IEEE. STD LOGIC ARITH. ALL;

use IEEE. STD LOGIC UNSIGNED. ALL;

entity ex chip is

port (Branch: in std logic;

ALUSrc: in std logic;

NPC: in std logic vector (7 downto 0);

Rs: in std logic vector (7 downto 0);

Rt: in std logic vector (7 downto 0);

Immediate: in std logic vector (7 downto 0);
ALUResult: out std logic vector (7 downto 0);
Branch Address: out std logic vector (7 downto 0);
PCsrc: out std logic);

end ex chip;

architecture behav of ex chip is

signal Branch Address tmp: std logic vector (8 downto 0);
signal Zero: std logic;

begin

ALUresult <= (Rs + Rt) when (ALUsrc = '0') else (Rs +
Immediate) ;

Branch Address tmp <= ('0' & NPC) + (Immediate (6 downto O0)
&'O'&'O');

Branch Address <= Branch Address tmp (7 downto 0);
Zero <= '1l' when (Rs = Rt) else '0';

PCsrc <= Branch and Zero;

end behav;

Monyns nexoayBanHs iHCTpyKLii (ID)

ID chip

library IEEE;

use IEEE. STD LOGIC 1164. ALL;

use IEEE. STD LOGIC ARITH. ALL;

use IEEE. STD LOGIC UNSIGNED. ALL;

entity ID chip is

port (clock: in std logic;

reset: in std logic;

RegWrite: in std logic;

RegDst: in std logic;

instruction: in std logic vector (31 downto 0);
write data: in std logic vector (7 downto 0);
Immediate: out std logic vector (7 downto 0);



std logic vector
signal regltmp,

Rs: out std logic vector (7 downto 0);
Rt: out std logic vector (7 downto 0);

OpCode: out std logic vector

end ID chip;
architecture behav of ID chip is
regl, regz, reg3, regi4,

signa

regbt

signal reglwr,

1

mp,

regbwr, r

signal rd addrl,

regb6tmp,

reg/tmp:

(7 downto O0);
reg2tmp, reg3tmp, regdtmp,

std logic vector (7 downto 0);
regZ2wr, reg3wr, regdwr,

egowr, reg/wr: std logic;

rd addr2:

signal wr addr ALUop, wr addr LWop,

wr addr:

begin

std logic vector (4 downto 0)

OpCode <= Instruction (31 downto 26);
rd addrl <= Instruction (25 downto 21)
rd addr2 <= Instruction (20 downto 16)

wr addr ALUop <= Instruction
wr addr LWop <= Instruction

Immediate <= Instruction (7 downto 0);

with rd addrl

(4 downto 0) select

Rs <= x «00» when «00000»,

regl
reg?2
reg3
reg4
regb
reg6
reg’/

x'"FF» when others;
with rd addr2

when
when
when
when
when
when
when

«00001»,
«00010»,
«00011»,
«00100»,
«00101»,
«00110»,
«00111»,

(4 downto 0) select

Rt <= x «00» when «00000»,

regl
reg?
reg3
reg4
regb
regb6
reg’/

x’'FF» when others;

when
when
when
when
when
when
when

«00001»,
«00010»,
«00011»,
«00100»,
«00101»,
«00110»,
«00111»,

.
4

4

.
14

(5 downto 0));

regb, rego,

std logic vector (4 downto 0);

(15 downto 11);
(20 downto 16);
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reg’:

wr addr <= wr_ addr ALUop when RegDst='l' else wr addr LWop;
reglwr<='1l' when

reg2wr<='1l' when

reg3wr<='1l' when

regdwr<='1l' when

regbwr<='1l' when

regowr<='1l' when

(

(

(wr_addr=«00001»)
(wr_addr=«00010»)
(wr_addr=«00011»)
(wr_addr=«00100»)
(wr_addr=«00101»)

(wr_addr=«00110»)

and

and

and

and

and

and

(RegWrite="'1"))
(RegWrite="1"))
(RegWrite="1"))
(RegWrite="'1"))
(RegWrite="1"))

(RegWrite="1"))

else

else

else

else

else

else
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reg/wr<='1l' when ( (wr_addr=«00111») and (RegWrite='1l")) else

regltmp <= write data when reglwr='l' else regl;
reg2tmp <= write data when reg2wr='l' else reg2;
reg3tmp <= write data when reg3wr='l' else reg3;
reg4tmp <= write data when regdwr='l' else reg4;
regbtmp <= write data when regbwr='l' else reg5;
regotmp <= write data when regowr='l' else regb;
reg7tmp <= write data when reg7wr='l' else reg’;
process

begin

wait until clock’event and clock='1l";

if reset='l' then

regl <= x'Al»;

reg2 <= x"A2»;

reg3 <= x"A3»;

regd <= x'Ad»;

regb <= x’'Ab»;

reg6 <= x"A6»;

reg’7 <= x'"AT»;

else

regl <= regltmp;

reg2 <= reg2tmp;

reg3 <= reg3tmp;

regd4d <= regdtmp;

regb <= regbtmp;

reg6 <= regbtmp;

reg’7 <= regltmp;

end if;

end process;

end behav;

Monayis [F

IF chip

library IEEE;

use IEEE. STD LOGIC 1164. ALL;

use IEEE. STD LOGIC ARITH. ALL;

use IEEE. STD LOGIC UNSIGNED. ALL;

entity IF chip is

port (clock: in std logic;

reset: in std logic;

PCsrc: in std logic;

Branch Address: in std logic vector (7 downto 0);
PCview: out std logic vector (7 downto 0);
Instruction: out std logic vector (31 downto 0);
NPC: out std logic vector (7 downto 0));

end IF chip;

architecture behav of IF chip is

signal PC: std logic vector (7 downto 0);

signal Input PC: std logic vector (7 downto 0);
signal NPC temp: std logic vector (7 downto 0);
Test Program

constant rom0O: std logic vector (31 downto 0): =x

«8c040000»;



lw $4, 0 ($0)
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constant roml: std logic vector (31 downto 0): b4
«8c050001»;

lw $5, 1 (S0)

constant rom?2: std logic vector (31 downto 0): X
«00852020»;

add $4, $4, $5

constant rom3: std logic vector (31 downto 0): = x"ac040000»;

sw $4, 0 ($0)

constant rom4: std logic vector (31 downto 0): X
«1080fffb»;

beg $4, $0, - 20

constant romb5: std logic vector (31 downto 0): X
«1084ffff»;

beg $4, $4, - 4

constant romoé: std logic vector (31 downto 0): X
«00000025%»;

or $0, $0, $O

constant rom7: std logic vector (31 downto 0): =x «00000025»;

or $0, S0, sO

begin

PCview <= PC;

NPC temp (7 downto 2) <= PC (7 downto 2) + 1;

NPC temp (1 downto 0) <= b «00»;

NPC <= NPC temp;

Input PC <= Branch Address when PCsrc = 'l' else NPC temp;

process

begin

wait until (clock’event) and (clock='1l");
If reset='1l' then

PC <= x «00»;

else

PC <= Input PC;

end if;

end process;

process (PC)

begin

case PC (7 downto 2) 1is

when «000000» => instruction <= rom0;

when «000001» => instruction <= roml;

when «000010» => instruction <= rom2;

when «000011» => instruction <= rom3;

when «000100» => instruction <= rom4;

when «000101» => instruction <= romb5;

when «000110» => instruction <= romb6;

when «000111» => instruction <= rom7;

when others => instruction <= x «00000000»;
end case;

end process;
end behav;

Mopynb nam’sti (MEM)

MEM-chip
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library IEEE;

use IEEE. STD LOGIC 1164. ALL;

use IEEE. STD LOGIC ARITH. ALL;

use IEEE. STD LOGIC UNSIGNED. ALL;

entity MEM chip is

port (clock: in std logic;

reset: in std logic;

MemWrite: in std logic;

MemToReg: in std logic;

address: in std logic vector (7 downto 0);

write data: in std logic vector (7 downto 0);
writeback data: out std logic vector (7 downto 0));
end MEM chip;

architecture behav of MEM chip is

signal read data: std logic vector (7 downto 0);
signal cell0O, celll: std logic vector (7 downto 0);
signal tmpO, tmpl: std logic vector (7 downto 0);
signal wr0O, wrl: std logic;

begin

read data <= cellO when address=x «00» else

celll when address=x «01» else

x"FE»;

writeback data <= address when MemtoReg='0' else read data;
wr0 <= '1l' when MemWrite = '1' and address (0) = '0' else
wrl <= 'l' when MemWrite = 'l' and address (0) = 'l' else
tmpO0 <= write data when wr0 ='1l' else cellO;

tmpl <= write data when wrl ='l' else celll;

process

begin

wait until clock’event and clock='1l";

if (reset = '1') then

cell) <= x «02»;
celll <= x'FE»;
else

celll0 <= tmpO0;
celll <= tmpl;
end if;

end process;

end behav;

ApTtomaTtuuHo 3reHepoBanuit Qaiin (Test Bench)

LIBRARY ieee;

USE ieee. std logic 1164. ALL;

USE ieee. std logic unsigned. all;

USE ieee. numeric std. ALL;

ENTITY tb vhd IS

END tb vhd;

ARCHITECTURE behavior OF tb vhd IS

Component Declaration for the Unit Under Test (UUT)
COMPONENT A SPIM

PORT (
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clock: IN std logic;

reset: IN std logic;

PC: OUT std logic vector (7 downto 0)
)

END COMPONENT;

-Inputs

SIGNAL clock: std logic: = '0';

SIGNAL reset: std logic: = 'l1';

—Outputs

SIGNAL PC: std logic vector (7 downto 0);
BEGIN

Instantiate the Unit Under Test (UUT)
uut: A SPIM PORT MAP (

clock => clock,

reset => reset,

PC => PC

) ;

clock <= not clock after 50ns;

reset <= 'Q' after 180ns;

tb: PROCESS

BEGIN

Wait 100 ns for global reset to finish
wait for 100 ns;

Place stimulus here

wait; - will wait forever

END PROCESS;

END;
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Jonatox 1

[Iporpama kepyBaHHS MiKpPOIIPOIIECOPHOTO KOHTpOJepa

LD% I0.0.0 ANDN% M4 S% MO BLK% TMO LD% MO IN OUT BLK LD Q S%

M1 END BLK BLK% TM1 LD% M1 IN OUT BLK LD Q R% MO R% M1 END BLK LD%

Q0.0.1 OR% Q00.0.2 OR% Q0.0.3 OR% Q0.0.4 S% M4 LD% I0.0.1 R% M4 LD%

M4 S% M5 BLK$ TM2 LD$ M5 IN OUT BLK LD Q S% M? END BLK BLKS TM1
LD$ M* IN OUT BLK

LD Q R M5 R% M? END BLK LD% Ml OR% M?* ST% M® LD% I0.0.0

SMW1:=%MW100] LD% I0.0.0 [SMW2:=%MW101] LD% I0.0.0 [BMW3:=%MW102]

D I0.0.0 [SMW4:=%MW103] LD% 1I0.0.0 [3MW5:=%MW1] ©LD% TI0.0.0
%MW6 =SMW1-3$MW3] LD% I0.0.0 [SMW7/ : =3MW2+3MW4 ] LD% I0.0.0
SMWE : =sMW2-3¥MW4] LD [$IWO0.1.0> SMW5] ST% M6 LD [3IW0.1.0< SMW6]
T% M7 LD% I0.0.0 [SMWO :=%IW0.1.2 / 10] LD% I0.0.0
M =%IW0.1.0+ 0.2% IW0.1.3] [SMWO :=%IW0.1.1 - 3MWO ] LD

M w9>on7] ST$ M8 LD [%$MWO<$MW8] ST$ M9 LD$ I0.0.0 [PID 0] LD%
0.0.0 [PID 1] LD% I10.0.0 [SMW12 :=%MW10*% KW1l] LD% I0.0.0
SMW13:=%MW11*% KW1l] LD [$MW12>=0] AND% M6 ST$ M12 BLKS TM4 LD% M6
IN OUT BLK LD Q ST$% M10 END BLK LD% M10 AND% M*® ST$ M11 LD$ MI12
ANDN% M11 S% M13 LD$ M7 R% M13 LD% M13 AND% M6 AND% M1l ANDNS
I0.0.2

ST$ Q0.0.1 LD [%$MW12<=0] AND% M7 ST% M16 BLK% TM5 LD$ M7 IN
OUT BLK LD Q ST$% M14 END BLK LD% M14 AND% M?® ST$ M15 LD% M16 ANDN%
M15 S% M17 LD% M6 R% M17 LD$ M17 AND% M7 AND% M15 ANDNS I0.0.2 STS
00.0.2 BLK%$ TM6 LD% M8 IN OUT BLK LD Q ST$ M18 END BLK LD$ MI18
AND$ M3 ST$ M19 LD [$MW13>=0] AND% M8 ST$ M20 LD% M20

ANDN% M19 S% M21 LD% M9 R% M21 LD% M21 AND% M8 AND% M19 ANDNS
70.0.2 ST$ Q0.0.3 BLK% TM7 LD% M9 IN OUT BLK LD Q ST$ M22 END BLK
LD% M22 AND$ M3 ST$ M23 LD [%$MW13<=0] AND$ M9 ST$ M24 LD% M24
ANDN% M23 S% M25 LD$ M8 R% M25 LD% M25 AND% M23 AND% M9 ANDNS
I0.0.2 ST% 00.0.4 1LD% I0.0.2 ST% Q0.0.5 LD% M* ST% Q0.0.6 END

[
L
[
[
S
[
[
I
[



;********* OHPE'HEJTEHME [IEPEMEHHHEX RR i b A d dh dh Ib Sb b b b b 4 2 dh dh \gb \Ib Ib b b b 4

cnt0, cntl, cnt2
3aIePXKN

key tmp, scan

cnt body0O, cnt bodyl

cnt adc

flags

cod0, codl, cod2,

tmp snd, tmp sndl

cntl0

endc
razr equ O
sost equ 1

R e e A g AR g I b b b i i b d I G SR S S b b b i S d d I S A S b b b i e e J I IR S I b b b i i i d I g d S b b b b S i i 4

E TIAMATV EE R I R A AR I b b b b S S S dh dh db  Sb I b b o

3AKP

Jlictuar nporpamu MikpokonTtposiepa PIC16F84-041 / p

Honatok K
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,-************************************************************

w_temp EQU 0x0C; variable used for context saving

status temp EQU 0x0D; variable used for context saving

cblock 0xO0OE

4

;X xKKkxxkokkx PACIIPEIEJIEHN

addr cod

equ

0

addr razr equ 0x10

;*******PACHPEHEJ‘[EHME HOPTOB Ak hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkkx*%
equ PORTA ;

psnd

snd
prele
rele0
relel
padc

adc

tris adc
pkey
clop

1lineO
linel
line?2
line3
otkl0
otkll
otkl2

;*********************************************************

* ok kok ok ok ok kok ok TIONTMTPOTPAMMA OBPABOTKM TTPEPEBAHNIL % % % % % o % o * %

;*********************************************************

equ

equ
equ
equ
equ
equ

4

.
’

.
14

CUETUVIKN

nJIs NpoTrpPaMMUPyeMOM

OJId XPaHEeHMA KOIa HaxaTolM KJiaBUIIM

; CUETUMKM UYMCJla IIPpOXOIOOoB

cCueTuMK ms3MepeHmsa Al

.
14

cod3

’
R IR d A b b b b b S S 2 S dh db Ib b b b b S 2h S AR Sh Sb b b b b S S Jh SR db Sh db b b b S S S S dh db Ib b b b b S g 4

.
14

4

.
14

14

BHYTPEHHNME

4

biarm (CcM HMXe)

XPaHeHre IpMu3HakKa TOHAa

dnar flags
COCTOSHUE

(1-3aKpHT)

BBEIXOII 3BYKOBOI'O CHMI'HaAJla

equ PORTA ;

equ
equ

0
1

PORTA

2

TRISA
PORTB

5

equ
equ
equ
equ
equ
equ
equ

oY U W IN B O

ORG 0x000;
goto main;

.
4

.
4

rncesnoAlll

[IOPT KJIaBMaTYPH
KHOIIKA Ha BHYTpeHHel cTopoHe OTKP /

4

; JIMHUA
; JIMHUA
; JIMHUA
; JIMHUA
; JIMHUA
; JIMHUA
; JIMHUA

CKaHMPOBAHUSA
CKaHUPOBaAHUSA
CKaHMPOBAHUSA
CKaHUPOBaAHUSA
orkyuka 0
oTKJIMKa 1
OTKJIMKA 2

processor reset vector
go to beginning of program

w NP O
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ORG 0x004; interrupt vector location
movwf w temp; save off current W register contents
movf STATUS, w; move status register into W register
movwit status temp; save off contents of STATUS
register
; 1sr code can go here or be located as a call subroutine
elsewhere

movi status temp, w; retrieve copy of STATUS
register

movwf STATUS; restore pre-isr STATUS register
contents

swapf w_temp, £

swapf w temp, w; restore pre-isr W register contents

retfie; return from interrupt

;*********************************************************

K KKK KK KKK KKK XK XX KMECTO PACIOJIOKEHNA TIOIITPOTPAMM * % % % % % % % % %

LR b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b g b b I b b b b i b b i b i b b b g
’

; T/ I NPOTPAMMMPYEMOW 3AIEPXKY ————————————————————
; 3amepxkKa B MMJIMCEKYHIOax BO Wreg

; Bxonuwele: WREG — 3amepxka B IOeCATKaJ MUJIIMCEKYHI
; 1 Bo WREG coorBeTcTrByeT 10 MC
delay
movwf cntO
delayl movliw. 12
movwf cntl
delay3 movlw. 207
movwf cnt?2
delay?2 clrwdt

decfsz cnt2, £
goto delay?2
decfsz cntl, £
goto delay3
decfsz cnt0, f
goto delayl
return

; 3BYKOBOJ IMCK ————————————————
; CHUTHaJl XUTPOY OGQOPMEI OJAMTeJIbHOCThI nopsanka 0,15 cexkyHOH
; WREG - mnapameTp WuW3MeHeHuMd TOHa. J[JlojrkeH OBTH B IIpenejyax:

; 1000 Tu => 500 mMxc + 500 mMxc
; 3a 0.15 cexynnel npomunet 150 nepmonos

pisk
movwf tmp snd ; COXpaHuUM
bcf STATUS, C
rlf tmp snd, £ ; YMHOXMM Ha 2

movf tmp snd, w

movwf tmp sndl

movlw. 100

movwf cnt?2 ;  IOJia OoIpelejieHMsa OIUTEJIbHOCTU
VIMITYJIbCa
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movliw. 100 ; onpenejieHue OJINTEeJIbHOCTHU
curHalia

movwf cntO ; I[IEPBAA TpeThr cureHala
pisk?2

snd_on

call pisks

snd off

call pisks

movfi tmp snd, £ ; TnpoBepka Ha 0

btfsc STATUS, 7

goto pisk3

decf tmp snd, £

incf cnt2, f
pisk3 decfsz cnt0, f

goto pisk?2

movlw. 50
movwf cntO
pisk4
snd_on
call pisks
snd off
call pisks
movf tmp sndl, f ; mnpoBepka Ha 0
btfsc STATUS, 7
goto piskb
decf tmp sndl
decf cnt2, £
piskb decfsz cnt0, £
goto pisk4
return

pisks ; I/ T 3amepxku
movf cnt2, w
movwf cntl
pisksl clrwdt
nop
decfsz cntl, £
goto pisksl
return

;********************************************************

;X xxFkkkxxx HAUAJIO OCHOBHOT'O KOJA TTPOT'PAMMEL * % % % % % % % % % % %
;********************************************************
main
; MHMLMaIMs3auus nopra A
; 1 — BxOX
PORTA NAPR EQU B'00001000"
PORTB NAPR EQU B'11110000"
BANKSEL PORTA
CLRFEF PORTA
BANKSEL TRISA
MOVLW PORTA NAPR
MOVWE TRISA



BANKSEL PORTA
CLRE PORTA

; MHMUMAaJIM3aluusa nopTa B

; obmue

1:128

BKJIOYEHEL

CLREF PORTB
BANKSEL TRISB
MOVLW PORTB NAPR
MOVWE TRISB
BANKSEL PORTB
CLREF PORTB

CLRWDT

BANKSEL OPTION REG
MOVLW B'01011111"
MOVWE OPTION REG

BANKSEL TMRO
clrf TMRO

; HadYaJIbHBEIE YCTaHOBKMU

clrf cnt body0
clrf cnt bodyl
clrf flags

snd off

rele off

adc off

clrf EEADR
movlw OxFF
movwf pkey

; HauyaJIbHBEIM I[IMCK

movlw. 10
call pisk
movlw. 25
call delay
movlw. 5
call pisk
movlw. 25
call delay
movlw 1
call pisk
movlw 1
call pisk
movlw 1
call pisk

.
4
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npennenurenb nepen WDT ¢ ko2

IogT4arvepampimme

PE3UCTOPE

;**********************************************************

;*****************TEHO PABOUETO HMKHA T A A A db b b b b i i S dh db S g b i o
;**********************************************************

body

banksel cnt body0
incfsz cnt body0,
goto bodyl

.
4

bl

CUEeTUMK KOJIMYeCTBa IIPpOoXOoOgoB

CUeTUMK IBYXOalMTHEIM



bodyl
3aIaHHOTO

body?2

body3

KHOIIKM

KJIaBMATYyPH

BHYTPEHHEN

body5

body4

KHOIIKM

body6

incf cnt bodyl, £

btfss cnt bodyl, 5

goto body3

clrf cnt body0
clrf cnt bodyl
btfss flags, razr
goto body2
movliw. 3 ;
call pisk
movliw. 25

call delay
movlw. 3

call pisk

goto body3

clrf pkey ;
bcf INTCON, RBIF
bcf INTCON, GIE

bsf INTCON, RBIF
sleep

nop

btfsc flags, sost

goto body4
call keyboard

movwf key tmp
incfsz key tmp, f

goto bodyb
btfsc pkey, clop
KHOIIKM

goto bodylO
call close

bsf flags, sost

movlw. 30

call delay

goto bodyl0

btfss pkey, clop

goto bodyl8

movliw. 40
movwf cntl0

call keyboard
addlw 1
btfss STATUS, 7%
goto body7
decfsz cntl0, £
goto bodyb6

.
14

.
14

.
4

.
4

14

MHTEpPBAaJla BPEMEHU
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; [IpoBepka Ha IJOCTMXEHUE

(bit3)

BBYKOBOﬁ CHIT'HaJl

IIOOI'OTOBKa KO CHY

IpoBepKa IOeNCTBMUA IIPU HaxXaTu

[IpOBEPKA HaxaTud OCHOBHOUI

; npoBepKa HaxaTusg

HUUTO HEe HaXaTo
; mpolenypa 3aKphBaHUA

; IpoBEpPKa BHYTPEHHEN

CUeTUMK CPeMeHM OIIpoca
; nepBas uudpa kKoIa



body8

body7

body?9

bodyll

bodyl3

bodyl12

bodyl5

bodyl4
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movlw 1
call pisk ; OTKa3 OT JaJjlbHeMumero BBOIA
movlw. 15
call delay
movlw 6
call pisk ; OTKa3 OT »aJjlbHeyumero BBOIOa
movlw. 15
call delay
movliw 1
call pisk ; OTka3 OT IajlbHeMlleIo BBOIA
movlw. 15
call delay
goto bodylO
movfi key tmp, w
movwf codO
movlw. 40
movwf cntlO
call keyboard ; BTOpas uubppa
addlw 1
btfss STATUS, 7
goto bodyll
decfsz cntl0, £
goto body9
goto body8
movfi key tmp, w
movwf codl
movlw. 40
movwf cntlO
call keyboard ; TpeTbsa Ludpa
addlw 1
btfss STATUS, 7
goto bodyl2
decfsz cntl0, £
goto bodyl3
goto body8
movf key tmp, w
movwf cod?2
movlw. 40
movwf cntlO
call keyboard ; deTBepTasd nudpa
addlw 1
btfss STATUS, 7
goto bodyl4
decfsz cntl0, £
goto bodylb
goto body8
movf key tmp, w
movwf cod3

movliw. 4 ; HNpoBepka Ha kon B EE
movwf cntl0

movlw codO

movwf FSR

movlw addr cod
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movwf EEADR
bodyl6
call read ee
movf INDF, w
subwf EEDATA, w
btfss STATUS, Z
goto bodyl7 ; Iepexon K IMNpOBEPKE Ha IOpyron
KOI .
incf FSR, £
incf EEADR, f
decfsz cntl0, £
goto bodyl®6

bodyl8
movlw. 5
call pisk
movlw. 5
call pisk
movliw. 5
call pisk
call open; npouenypa OTKPHBAHIA
bcf flags, sost
movlw. 30
call delay
goto bodylO0



