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Apxitektovikn (1/4) — Count 1 sec ([Nepiodog = 1 sec)

constant TICKS: positive := 1024;
constant ONESEC: positive :=100000000;

signal sum: unsigned(6 downto 0); new_clk_ticks<=clk_ticks+1 when clk_ticks<ONESEC else 1;
signal new_sum: unsigned(6 downto 0);

signal right_digit: unsigned(3 downto 0); count_ticks : process (clk, reset) is

signal left_digit: unsigned(3 downto 0); begin

signal seven_segment_left: std_logic_vector(6 downto if reset ='1' then

0); clk_ticks <=0;

signal seven_segment_right: std_logic_vector(6 downto elsif rising_edge(clk) then

0); clk_ticks <= new_clk_ticks;

signal digit_selection: std_logic; end if; --reset

signal new_digit_selection: std_logic; end process count_ticks;

signal clk_ticks : integer range 0 to ONESEC:=0;
signal new_clk_ticks : integer range 0 to ONESEC:=0;
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ApxitekTovikn (2/4) — Tick Counter per second

count_sec: process(clk_ticks) is
begin
if clk_ticks=100000000 then
if direction="1' then
if sum<99 then
new_sum<=sum+1;
else
new_sum<=(others=>'0');
end if; -- sum<99
else
if sum>0 then
new_sum<=sum-1;
else
new_sum<="1100011";
end if; -- sum>0
end if; --direction
else
new_sum<=sum;
end if;
end process count_sec;
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Register count: process (clk, reset) is

begin

if (reset="1") then
sum<=(others=>'0');

elsif rising_edge(clk) then
sum<=new_sum;

YToAOYLopOG L0060V end if; —-reset
Register end process count;
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Apxitektovikn (3/4) — Switch every TICKS*10 ns to each digit

new_digit_selection<= not digit_selection when (clk_ticks mod TICKS)=0 else
digit_selection ;

select_digit: process (clk, reset) is

begin

if (reset="1") then
digit_selection<='0";

elsif rising_edge(clk) then
digit_selection<=new_digit_selection;

end if; --reset

end process select_digit;

digit_selection_out<=digit_selection;
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ApxitekTovikn (4/4) — Rest of Output signals

led_result<=std_logic_vector(sum);

left_digit<=resize(sum/10, left_digit'length);
right_digit<=resize(sum mod 10, right_digit'length);

right_digit_values: process (right_digit) begin

case right_digit is
when X"0" => seven_segment_right <="0111111";
when X"1" => seven_segment_right <="0000110";
when X"2" => seven_segment_right <="1011011";
when X"3" => seven_segment_right <="1001111";
when X"4" => seven_segment_right <="1100110";
when X"5" => seven_segment_right <="1101101";
when X"6" => seven_segment_right <="1111101";
when X"7" => seven_segment_right <="0000111";
when X"8" => seven_segment_right <="1111111";
when X"9" => seven_segment_right <="1101111";
when others => seven_segment_right <="1000000";

end case;

end process right_digit_values;
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left_digit_values: process (left_digit) begin

case left_digit 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 left_digit_values;

seven_segment<=seven_segment_right when digit_selection='0' else
even_segment_left when digit_selection="'1" else

"1000000";
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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

EiE

Project Summary x| Device x| Simplervhd x| Schematic x| Schematic{2} x
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Implementation — Report Utilization

Tcl Console Messages Log Reports Design Runs Utilization b

Q = = 1 Summary
Hierarchy ’“h
Resource Utilization Available Litilization %
~ Slice Logic LUT 76 53200 0.14
» Slice LUTs (=1%] FF 35 106400 0.03
LUT as Logic (=71%) 10 18 200 9.00

« Slice Registers (=1%)
Reqgister as Flip Flop (=1%)

F7 Muxes (=1%) LUT 1%
FF 1%
Memaory o -
CsSP I I e
0 25 50 75 100

~ |0 and GT Specific
~ Bonded I0B (9%

utilization_1

Kat ano Project Summary
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Implementation — Timing Reports (1/4)

Menu Reports->Timing-> Report Timing Summary

N
Open Implemented Design->Report Timing Summary

Q

= =/ C H
General Information
Timer Settings
Design Timing Summary
Clock Summary (1
Methodology Summary
Check Timing (17
Intra-Clock Paths
Inter-Clock Paths
Other Path Groups
UserIgnored Paths
Unconstrained Paths
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Timing
4 Design Timing Summary
>
Setup Hold Pulse Width
Worst Megative Slack (WNS). 5130 ns Worst Hold Slack (WHS): 0178 ns Waorst Pulse Width Slack (WPWS3):
Total Neqgative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Megative Slack (TPWS3S):
Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 MNumber of Failing Endpoints:
Total Mumber of Endpoints: 42 Total Mumber of Endpoints: 42 Total Number of Endpoints:

All user specified timing constraints are met.
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Implementation — Timing Reports (2/4

- Setup
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Sources Netlist X ?_00 Project Summary x | Device x | Simpler.vhd x | Schematic x | Schematic (2) x | Timing Constraints »  Schematic (3) X 200
P | & @ @ X . ¢ 4+ = C 142Cels 18UOPors 193 Nets .1
clic_ticks_reg[10] (FOCE -
cli_ticks_reg[11] (FOCE
clk_ticks_reg[12] (FOCE
clic_ticks_reg[12]_i_1(CARRY4)
clic_ticks_reg[13] (FOCE
clk_ticks_reg[14] (FOCE
clk_ticks_reg[15] (FOCE
clic_ticks_reg[18] (FOCE = 1
clk_ticks_reg[16]_i_1 (CARRY4) L |
clk_ticks_reg[17] (FOCE |
clic_ticks_reg[18] (FOCE
clk_ticks_reg[19] (FOCE } ol J
clk_ticks_reg|20] (FDCE) ~
Path Properties ? 00O X — ﬁ% EZ
Path 2 - & = i 14 =il
~  Summary A~ T
|_| Name Path 2
v
<.
General Properties Report Cells MNet Segme =
TclConsole | Messages |Log |Reports | DesignRuns | Timing x Utilization ?2_00
Q T 2 C H 40 = 4 @, Intra-Clock Paths - CLK - Setup
General Infarmation ’“’ Name Slack ' Levels HighFanout From To Total Delay LogicDelay NetDelay Requirement Source Clock Destination Clock  Exception  Clock Uncertainty
Timer Settings Path 1 5130 10 27 clk_ticks_reg[20JC  clk_ticks_reg[25)D 4766 2511 2255 10000 CLK CLK 0.035
Design Timing Summary Paih 2 5211 10 27 clk_ticks_reg[20/C  clk_ticks_reg[26)D 4685 2430 2255 10000 CLK CLK 0.035
Clock Summary (1 Path 3 5.235 10 27 clk_ficks_reg[20)/C  clk_ticks_reg[241D 4.661 2.406 2255 10000 CLK CLK 0.035
Methodology Summary Path 4 5.247 9 27 clk_ficks_reg[20)/C  clk_ticks_reg[211D 4.649 2.304 2255 10000 CLK CLK 0.035
> [ Check Timing (17 Path 5 5.253 9 27 clk_ficks_reg[20JC  clk_ticks_regl[23)D 4643 2.388 2.255 10.000 CLK CLK 0.035
= Intra-Clock Paths Path 6 5328 9 27 clk_ticks_reg[20JC  cli_ticks_reg[22)D 4568 2313 2255 10000 CLK CLK 0.035
veax Path 7 5352 9 27 cli_ticks_reg[20JC  clk_ticks_reg[20/D 4544 2.289 2255 10000 CLK CLK 0.035
Setup 5,130 (10) Path 8 5364 8 27 clk ficks_req[20/G  lk_ticks_reg[17)D 4532 2277 2255 10000 GLK LK 0035
Hold 0,178 ns (10 Path 9 5.370 8 27 clk_ficks_reg[20)/C  clk_ticks_reg[191D 4526 227 2255 10000 CLK CLK 0.035
Pulse Width 4,500 ns Path 10 5.445 8 27 olk_ticks_regl20JC  elk_ticks _reg[181D 4451 2198 2285 10000 CLK LK 0.035
Inter-Clock Paths “
Timing Summary - timing_1
TMHMA

Setup Time:

AvadeEpetal oTIC apyEC SLadPOUEC
(kaBuotépnon dtadoonc)
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Impl

ementation — Timing Reports (3/4) - Hold

Sources Netlist X ? 00 Project Summary x | Device x | Simpler.vhd x | Schematic x| Schematic (2) x | Timing Constraints »  Schematic (3) X 00
= A - @ a X N O 4+ = C 142Cels 18UOPors 193 Nets o
clk_ticks_reg[16] (FOCE A
clk_ticks_reg[16]_i_1 (CARRY4)
clk_ticks_reg[17] (FOCE
clk_ticks_reg[18] (FOCE
clk_ticks_reg[19] (FOCE
clk_ticks_reg[20] (FDCE
clk_ticks_reg[20]_i_1 (CARRY4)
clk_ticks_reg[21] (FOCE i 1
clk_ticks_reg[22] (FOCE S [
clk_ticks_reg[23] (FOCE
clk_ticks_reg[24] (FOCE = ‘ ; o ==
clk_ticks_reg[241_i_1 (CARRY4) i iﬂﬁ‘
clk_ticks_reg[25] (FDCE) v
i o o
Path Properties ?2 00X W I & | e
Path 11 - o Lo JH E L=3a] b
~  Summary ~ o — : L
Name Path 11
Slank (L1 NA470n~ A
General Properties eport  Cells Met Segme =
TclConsole | Messages | Log | Reporis | DesignRuns | Timing x Utilization 2 00
Q T =2 C MW 140 = 4 @, 1 Intra-Clock Paths - CLK - Hold
General Information ’“’ Name Slack “*' Levels HighFanout From To Total Delay  LogicDelay MetDelay Requirement Source Clock Destination Clock  Exception  Clock Uncertainty
Timer Settings Path 11 0.178 2 29 clk_ticks_reg[25)C cli_ticks_reg[25)/D 0.436 0.258 0.178 0000 CLK CLK 0.000
Design Timing Summary Path 12 0.216 1 9 digit_selection_reg/C  digit_selection_reg/D 0.460 0.245 0.215 0000 CLK CLK 0.000
Clock Summary (1) Path 13 0.224 1 19 sum_reg[0yC sum_reg[0)D 0.468 0.245 0.223 0.000 CLK CLK 0.000
Methodology Summary Path 14 0.226 2 2 clk_ticks_reg[15)/C clk_ticks_reg[15)D 0.424 0.256 0.228 0.000 CLK CLK 0.000
> [ Check Timing (17) Path 15 0.226 2 2 clk_ticks_regl23UC  clk_ticks_reg[23)D 0.484 0.256 0.228 0.000 CLK CLK 0.000
b ka-Clock Palies Path 16 0.226 2 2 clk_ticks_reg[3yC clk_ticks_req[3JD 0.484 0.256 0.228 0.000 CLK CLK 0.000
vEakK Path 17 0.228 2 29 clk_ticks_reg[26)/C clk_ticks_reg[26)/D 0.486 0.257 0.229 0.000 CLK CLK 0.000
Setup 5,130 ns (10 Path 18 0229 2 3 clkficks_reqMIC  clk _ticks_reg[11)D 0487 0256 0231 0000 CLK LK 0000
FEEOTEEEE) Path 19 0229 2 3 clk_ticks_reg[19)/C clk_ticks_reg[19)/D 0.487 0.256 0231 0.000 CLK CLK 0.000
Pulse Width 4,500 n Path 20 0.229 2 3 clk_ticks_reg[7JC clk_ticks_reg[7JD 0.487 0.256 0.231 0000 CLK CLK 0.000
Inter-Clock Paths ~
Timing Summary - timin,
TMHMA
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Implementation — Timing Reports (4/4)

EiE
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TCL Console>report _timing_summary —datasheet
(FULL REPORT)

Eupaviletat otn TCL console
(kottaéte ta combinational delays)
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