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4" EpyaoTtnpiakn Aoknon

Apxitektovikn (1/4) — N€o PoAdr (Iepiodog = 1 sec)

One_sec_clk : process (clk, reset) is
variable clk_ticks : integer;

signal clk_100MHz: std_logic; begin

signal sum: unsigned(6 downto 0); if reset ='1' then

signal becd_rd: unsigned(3 downto 0); clk_100MHz<='0";

signal bcd_Id: unsigned(3 downto 0); clk ticks :=0;

signal seven_segment_left: std_logic_vector(6 downto 0); elsifFising edge(clk) then

signal seven_segment_right: std_logic_vector(6 downto 0); _if clk ticks = 99999999 then

signal digit selection: std logic; .
' ‘Bt ! 08! clk_ticks :=0;

clk_100MHz<='1';
else
clk_ticks := clk_ticks + 1;
clk_100MHz <="0";
end if; -- clk_ticks
end if; --reset
end process One_sec_clk;
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ApxitekTovikn (2/4) — Tick Counter per second

count: process (clk_100MHz, reset) is
begin
if (reset="1") then
counts<=(others=>'0");
elsif rising_edge(clk_100MHz) then
ApXLTEKTOVLKr'] if c'ifirectiig;';ll"] then
if sum en
sum<=sum+1;
else
sum<=(others=>'0");
end if; -- sum<99
else
if sum>0 then
sum<=sum-1;
else
sum<="1100011";
end if; -- sum>0
end if; --direction
end if; --reset
end process count;
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ApxitekTovikn (3/4) — Switch every 0.05 sec to each digit

digit_process: process (clk, reset) is
variable clk_ticks : integer;

begin
if reset ='1' then
clk_ticks :=0;
, digit_selection<='0";
ApXLTEKTOVLKn seven_segment<=(others=>'0');

elsif rising_edge(clk) then
if clk_ticks = 500000 then
clk_ticks :=0;
if digit_selection='0' then
digit_selection<='1’;
seven_segment<=seven_segment_left;

else
digit_selection<='0";
seven_segment<=seven_segment_right;
end if;
else

clk_ticks := clk_ticks + 1;
end if; -- clk_ticks
end if; --reset
A end process digit_process;
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ApxitekTovikn (4/4) — Output signals

led_result<=std_logic_vector(counts);
bcd_ld<=resize(sum/10, bcd_Id'length);
bcd rd<=resize(sum mod 10, bcd_rd'length);

bcd_right_digit_values: process (bcd_rd) begin

case bcd_rd is
when X"0" => seven_segment <="0111111";
when X"1" => seven_segment <="0000110";
when X"2" => seven_segment <="1011011";
when X"3" => seven_segment <="1001111";
when X"4" => seven_segment <="1100110";
when X"5" => seven_segment <="1101101";
when X"6" => seven_segment <="1111101";
when X"7" => seven_segment <="0000111";
when X"8" => seven_segment <="1111111";
when X"9" => seven_segment <="1101111";
when others => seven_segment <="0000000";

end case;

end process bcd_right_digit_values;
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--Tens
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bcd_left_digit_values: process (bcd_Id) begin

case bed _Id is
when X"0" => seven_segment_left <="0111111";
when X"1" => seven_segment_left <="0000110";
when X"2" => seven_segment_left <="1011011";
when X"3" => seven_segment_left <="1001111";
when X"4" => seven_segment_left <="1100110";
when X"5" => seven_segment_left <="1101101";
when X"6" => seven_segment_left <="1111101";
when X"7" => seven_segment_left <="0000111";
when X"8" => seven_segment_left <="1111111";
when X"9" => seven_segment_left <="1101111";
when others => seven_segment_left <="0000000";

end case;

end process bcd_left_digit_values;

digit_selection_out<=digit_selection;
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Constraints (1/2) — CLK + Switches + Leds

# CLK - Zedboard 100MHz oscillator
set_property -dict { PACKAGE_PIN Y9 IOSTANDARD LVCMOQS33 } [get_ports {clk}]

HtHH BB
# On-board Slide Switches #
- HtHH TR ]
Constraints set_property -dict { PACKAGE_PIN M15 IOSTANDARD LVCMOS33 } [get_ports { reset }];
set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOQS33 } [get_ports { direction }];

HEHHH

# On-board LEDS #

HEHHH

set_property -dict { PACKAGE_PIN T22 IOSTANDARD LVCMOS33 } [get_ports { led_result[0] }];

set_property -dict { PACKAGE_PIN T21 IOSTANDARD LVCMOS33 } [get_ports { led_result[1] }];

set_property -dict { PACKAGE_PIN U22 IOSTANDARD LVCMOS33 } [get_ports { led_result[2] }];
set_property -dict { PACKAGE_PIN U21 IOSTANDARD LVCMOS33 } [get_ports { led_result[3] }];
set_property -dict { PACKAGE_PIN V22 IOSTANDARD LVCMOS33 } [get_ports { led_result[4] }];

set_property -dict { PACKAGE_PIN W22 IOSTANDARD LVCMOS33 } [get_ports { led_result[5] }];
set_property -dict { PACKAGE_PIN U19 IOSTANDARD LVCMOS33 } [get_ports { led_result[6] }];
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Constraints (1/2) — Pmod + CLK

HHHHHHHHHH
# PmodSSO #
HHHHHHHHHH

set_property -dict { PACKAGE_PIN Y11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[0] }];
set_property -dict { PACKAGE_PIN AA11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[1] }];
set_property -dict { PACKAGE_PIN Y10 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[2] }];
set_property -dict { PACKAGE_PIN AA9 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[3] }];
set_property -dict { PACKAGE_PIN W12 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[4] }];
set_property -dict { PACKAGE_PIN W11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[5] }];
set_property -dict { PACKAGE_PIN V10 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[6] }];

Constraints

set_property -dict { PACKAGE_PIN W8 IOSTANDARD LVCMOS33 } [get_ports { digit_selection_out }];

HHHHHHH
##ZedBoard Timing Constraints

HHHHHHH

# define clock and period

create_clock -period 10 -name CLK -waveform {0.000 5.000} [get_ports {clk}]
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Pmod Manual

Manual Pmod
https://reference.digilentinc.com/reference/pmod/pmodssd/reference-manual
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Synthesis/Implementation — Schematic

Project Summary x| Device x| countervhd x| counterxdc x| Schematic x
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Implementation — Report Utilization

Tcl Console
Q = =
. -

Hierarchy

~ Slice Logic
~ Slice LUTs (=1%
LUT as Logic (=1%
F7 Muxes (=1%

Messages Log

w Slice Registers (=1%
Register as Flip Flop (=1%
~ Slice Logic Distribution
w Slice (1%
SLICEM

21 El

£
utilization 1

. TMHMA
d | E MAHPO®OPIKHE 4
THAEMIKOINQNION

Reports

Fad

Design Runs DRC Methodology Power Timing Utilization 4
4 Summary
»
Resource Ltilization Available Ltilization %
LUT 121 53200 0.23
FF 20 106400 0.08
e 18 200 9.00
LUTH 1%
FF 1%
0 9%
] 256 a0 e 100

Ltilization (%)
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Q

Implementation — Timing Reports (1/4)

- e
il -

C W
General Information
Timer Settings

Design Timing Summary

Clock Summary (1

Methodology Summary (16

Check Timing (28
Intra-Clock Paths
Inter-Clock Paths
Other Path Groups
User lgnored Paths

Unconstrained Paths
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Menu Reports->Timing-> Report Timing Summary

Open Implemented Design->Report Timing Summary

4 Design Timing Summary
>

Setup

Waorst Megative Slack (WHNS):
Total Megative Slack (THNS):
Mumber of Failing Endpoints:

Total Mumber of Endpoints:

4

N

Timing
Hold
5,598 ns Worst Hold Slack (WHS): 0,220 ns
0,000 ns Total Hold Slack (THS): 0,000 ns
0 Mumber of Failing Endpoints: 0
a0 Total Number of Endpoints: 80

All user specified timing constraints are met.
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Pulse Width

Waorst Pulse Width Slack (WPWS): 4 500 ns
Total Pulse Width Megative Slack (TPWS). 0,000 ns
Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 74



4" EpyaoTtnpiakn Aoknon

Implementation — Timing Reports (2/4) - Setup

IMPLEMENTED DESIGN - xc7z020clg484-1 ? X

Netlist ? 00 Summary x| Device x nter.vhd X | counter.xdc » Schematic x 00
b~ | -3 Q, W O 4 = C 241Cells 1810Ports 306 Nets 3
digit_process clk_ticks[28]_i_1 (LUTS &
digit_process.clk_ticks[29]_i_1 (LUTS
digit_process.clk_ticks[30]_i_1 (LUTS)
digit_process.clk_ticks[31_i_1 (LUTS
digit_process.clk_ticks[31_i_2 (LUTS
digit_process clk_ticks[31]_i_3 (LUTS
digit_process.clk_ticks[31]_i_4 (LUTE
digit_process.clk_ticks[31_i_6 (LUT4
digit_process.clk_ticks[31_i_7 (LUT4
digit_process.clk_ticks[31]_i_8 (LUT4
digit_process clk_ticks[31]_i_9 (LUT4
digit_process.clk_ticks[31_i_10 (LUT4 o S et u p Ti m e .
digit_process.clk_ticks_reg[0] (FDCE) - =] .
Path Propert ? 00O X % AV - '[ L Tl. - L -
i e adpEPETAL OTLC APYEC OLOOPOLEC
Path 1 o
~ Summary ~ 14 I
§ (kaBuotepnon dtadoonc)
< >
General  Properties Report Cells  Nets N =
TclConsole | Messages |Log | Rey DesignRuns | DRC | Methodol r Timing 2_00
Q T &2 C MW 10 =4 ©‘ mum IntraClock Paths - CLK - Setup
General Information "’ Name Slack ' Levels Routes HighFanout From To TotalDelay LogicDelay MNetDelay Requirement Source Clock Destination Clock Exce
Timer Settings Path 1 5.598 9 2 35 digit_process.cli_ticks_reg[0yC digit_process.clk_ficks_reg[30)D 4485 2441 2044 10.0 CLK CLK
Design Timing Summary Path 2 5.617 3 3 32 One_sec_clk.clk_ticks_reg[4)/C One_sec_clk.clk_ticks_reg[29)D 4319 0.828 349 10.0 CLK CLK
Clock Summary (1 Path 3 5707 3 4 34 digit_process clk_ticks_req[14JC  seven_segment_reg[0JCE 3988 0.880 3.098 100 CLK CLK
Methodology Summary (16 Path 4 5740 3 4 34 digit_process.clk_ticks_reg[14JC  seven_segment_reg[1JiCE 3.901 0.890 3101 10.0 CLK CLK
> s Check Timing (32 Path 5 5.740 3 4 34 digit_process.cli_ticks_reg[14JC  seven_segment_reg[4JCE 3.991 0.590 3.101 100 GCLK CLK
= Intra-Clock Paths Path & 5752 3 3 34 digit_process.clk_licks_reg[23JC  digil_process.clk_ficks_reg[4)D 4227 0.890 3.337 100 CLK CLK
V= ek Path 7 5813 3 4 34 digit_process.clk_ticks_reg[14yC  seven_segment_reg[3}CE 3917 0.880 3027 10.0 CLK CLK
ErEE i) Path 5848 3 4 34 digit_process.clk_ticks_reg[14JC  seven_segment_reg[2JiCE 3848 0.890 2058 100 GLK CLK
Hola0220ns (10) Fath 9 5.848 3 4 34 diot_process.clk_ticks_reg14UC  seven_segment_reolSJCE 3.848 0.890 2.958 100 GLK CLK
Pulse Widih 4,500 ns (30 Path 10 5.848 3 4 24 digit_process.cli_licks_reg[14JC  seven_segment_reg[§JCE 1848 0.890 2958 100 CLK CLK
Inter-Clock Paths v X >
Timing Summary - timing_1
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Implementation — Timing Reports (3/4) - Hold

Sources Netlist = ?_00Q Project Summary x | Device % | counter.vhd x | counter.xde »  Schematic  x 200
= H -3 Q 3 M o 4+ = C 241Cells 1BUCPorts 306 Nets o
digit_process clk_ticks_reg[24]_i_2 (CARRY4 &y
digit_process.clk_ticks_reg[25] (FDCE
digit_process clk_ticks_reg[26] (FDCE
digit_process.clk_ticks_reg[27] (FDCE
digit_process clk_ticks_reg[28] (FDCE
digit_process.clk_ticks_reg[28]_i_2 (CARRY4
digit_process.clk_ticks_reg[29] (FDCE
digit_process.clk_ticks_reg[30] (FDCE
digit_process.clk_ticks_reg[31] (FDCE
digit_process.clk_ticks_reg[31]_i_5 (CARRY4
digit_selection_i_1 (LUTS
digit_selection_out_OBUF_inst (OBUF)
digit_selection_reg (FDCE) v
Path Properties ? 00X
Path 11 - -]
~  Summary ~
L hame Path 11
B N——
General Properties Report Cells Mets N
Tel Console Messages Log Reports Design Runs DRC Methodaology Power | Timing e ?_00
Q T 2 W 10 =43 € M’ Intra-Clock Paths - CLK - Hold
General Information "’ Name Slack “' Levels Routes HighFanout From To Total Delay LogicDelay MetDelay Requirement Source Clock Destination Clock  Exce
Timer Settings Path 11 0.220 1 1 9 digit_selection_regiC seven_segment_reg[1yD 0.376 0.186 0.190 0.0 CLK CLK
Design Timing Summary Path 12 0276 1 1 9 digit_selection_regiC digit_selection_reg/D 0.387 0.186 0.181 0.0 CLK CLK
Clock Summary (1 Path 13 0.292 1 1 35 digit_process.clk_ticks_reg[0yC digit_process.clk_ticks_reg[25)/D 0.448 0.209 0.239 0.0 CLK CLK
Wethodology Summary (15) Path 14 0.293 2 2 32 One_sec_clkclk_ticks_reg[26)C  One_sec_clk.clk_licks_reg[27)/D 0.430 0221 0.199 0.0 CLK CLK
» ['a Check Timing (32 Path 15 0.295 1 1 36  digit_process.clk_ficks_reg[0JC  digit_process.cli_ticks_reg[26)D 0.452 0.209 0.243 0.0 CLK CLK
8 ltra-Clock Patns Path 16 0.205 1 1 9 digit_selection_regiC seven_segment_reg[4JD 0.452 0.186 0.266 0.0 CLK cLK
V= CLK Path 17 0.320 1 1 35 digit_process.clk_ticks_reg[0yC digit_process.clk_ticks_reg[19)/D 0.456 0.209 0.247 0.0 CLK CLK
Setup 5,598 ns (10) Path 12 0223 1 1 35 digi_process.dlic_ticks_reglJC  digit_process clk_licks _reg[301D 0.454 0.207 0.247 00 CLK CcLK
A EZRIEE ) Path 19 0331 1 1 3  One_sec_clk.clk_ticks_reg[0)C One_sec_clk.clk_ticks_reg[0yD 0423 0.186 0.237 0.0 CLK CLK
Pulse Widh 4,500 ns Path 20 0235 1 1 35 digil_process.dlic_ticks_reg[JC  digit_process clk_licks _reg[21/D 0.458 0.200 0.247 00 CLK CcLK
_____ D e Y e
Timinn Summans timina 4
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Implementation — Timing Reports (4/4)

TCL Console>report _timing_summary —datasheet
(FULL REPORT)

Eupaviletat otn TCL console
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