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4" EpyaoTtnpiakn Aoknon

Apxitektovikn (1/6) — N€o PoAdr (Iepiodog = 1 sec)
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Apxitektovikn (2/6) — N€o PoAdr (Iepiodog = 1 sec)

new_clk_counts<=clk_counts+1 when clk_counts<100000000 else 0;
counts_100M : process (clk, reset) is
APXLTEKTOVLKN begin
if reset ='1" then
clk_counts<=0;
elsif rising_edge(clk) then
clk_counts<=new_clk_counts;
end if; --reset

end process counts_100M;

clk_one_sec<='1" when clk_counts=100000000 else '0';
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Apxitektovikn (3/6) — Counter per second
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ApxitekTovikn (4/6) —Counter per second

process(clk_one_sec) is count_seconds: process (clk, reset) is
begin
begin
if (clk_one_sec='1") then
if (direction="'1" and sec_counts<99) then if (reset="1") then
ApXLTE KTOVLKr'] new_sec_counts<=sec_counts+1;
elsif (direction='0' and sec_counts>0) then sec_counts<=(others=>'0');
new_sec_counts<= sec_counts-1; elsif rising_edge(clk) then
elsif (direction='0"' and sec_counts<=0) then
new_sec_counts<= “1100011"; sec_counts<=new_sec_counts;
elsif (direction="1' and sec_counts>=99) then
new_sec_counts<="0000000"; end if; --reset
else
new_sec_counts<="0000000"; end process count_seconds;
end if;
else
new_sec_counts<=sec_counts;
end if;

end process;
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ApxiTekTovikn (5/6) — 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'"); A)\)\OC Tportac.
elsif rising_edge(clk) then Xpl"]GI’] variable
if clk_ticks = 500000 then
clk_ticks :=0;
digit_selection<=not digit_selection;
else

clk_ticks := clk_ticks + 1;
end if; -- clk_ticks
end if; --reset
end process digit_process;
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ApxitekTovikn (6/6) — Output signals

led_result<=std_logic_vector(sec_counts); right_digit_values: process (right_digit) begin
left_digit<=resize(sec_counts/10, left_digit'length);--Tens case right_digit is
right_digit<=resize(sec_counts mod 10, right_digit'length); --Units when X"0" => seven_segment_right <="0111111"; --0
when X"1" => seven_segment_right <="0000110"; --1
left_digit_values: process (left_digit) begin when X"2" => seven_segment_right <="1011011"; --2
case left_digit is when X"3" => seven_segment_right <="1001111"; --3
when X"0" => seven_segment_left <="0111111"; --0 when X"4" => seven_segment_right <="1100110"; --4
when X"1" => seven_segment_left <="0000110"; --1 when X"5" => seven_segment_right <="1101101"; --5
when X"2" => seven_segment_left <="1011011"; --2 when X"6" => seven_segment_right <="1111101"; --6
when X"3" => seven_segment_left <="1001111"; --3 when X"7" => seven_segment_right <="0000111"; --7
when X"4" => seven_segment_left <="1100110"; --4 when X"8" => seven_segment_right <="1111111"; --8
when X"5" => seven_segment_left <="1101101"; --5 when X"9" => seven_segment_right <="1101111"; --9
when X"6" => seven_segment_left <="1111101"; --6 when others => seven_segment_right <=“1000000";
when X"7" => seven_segment_left <="0000111"; --7 end case;
when X"8" => seven_segment_left <="1111111"; --8 end process right_digit_values;
when X"9" => seven_segment_left <="1101111"; --9
when others => seven_segment_left <=“1000000"; digit_selection_out<=digit_selection;
end case;
end process left_digit_values; seven_segment<=seven_segment_right when digit_selection='0' else

seven_segment_left when digit_selection="1' else (others=>'0");
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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 H17 IOSTANDARD LVCMOS33 } [get_ports { reset }];
set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOQS33 } [get_ports { direction }];

HEHHHH

# On-board LEDS #

HEHHHH

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 (2/2) — 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
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Implementation

=

E

IMPLEMENTED DESIGN - impl_1 | xc7z020clg484-1

Netlist

= A

Counter

v Nets (320

> clk_counts_reg (32

> clk_ticks (32
> data0 (31
~ led_result (7

led_resultio)
led_result[1]
led_result[2)
led_result[3]
led_result[4]
led_result[s)
led_result[&]

Netlist Properties

Counter

Primitive Statistics

Primitive type  Count

FLOP_LATCH 72
Statistics Properties
Q = =2

Hierarchy

Summary
~ Slice Logic

~ Slice LUTs (=1
LUT as Logic (-

~ Slice Registers

Register as Flip Flop (=

* Slice Logic Distribution

~ Slice
SL
a

<
utilization_1
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— Report Utilization

Project Summary
o Overview | Dashboard
A
DRC Violations Timing Setup | Hold | Pulse Width
Summary: 1 warmning Worst Negative Slack (WNS): 437ns
Implemented DRC Report Total Negative Slack (TNS): ons
MNumber of Failing Endpoints: 0
Total Number of Endpoints: 79
Implemented Timing Report
Utilization Post-Synthesi= | Postimplementation Power Summary | On-Chip
Graph | Table Total On-Chip Power: 0.108 W
Junction Temperature: 26,2°C
v Resource Utilization Available Utilization %
Thermal Margin: 58,8°C(49W)
LuT 132 53200 025
Effective JA: 11,5 °CMW
FF 72 106400 007
Power supplied to off-chip devices: 0W
o Lo} 18 200 9.00 Ee D
d
~ BUFG 4 2 313 Confidence level Medium
Implemented Power Report
»
]
Utilization
o
A
Resource Utilization Available Utilization %
LuT 132 53200 025
FF 72 106400 0.07
[} 13 200 9.00
LUT] 1%
FFy 1%
Le] %
25 50 75 100
v

| Wilizatinn (00
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Implementation — Timing Reports (1/4)

Menu Reports->Timing-> Report Timing Summary

N
Open Implemented Design->Report Timing Summary

Timing
o = s C H 4 Design Timing Summary
»
General Information
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Megative Slack (WNS) 4 370ns Worst Hold Slack (WHS): 0254 ns Worst Pulse Width Slack (\WPWS): 4 500 ns
Clock Summary (1 Total Megative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Megative Slack (TPWS). 0,000 ns
Methodology Summary (17 Mumber of Failing Endpoints: 0 Number of Failing Endpoints: 0 Mumber of Failing Endpoints: 0
’ Check Timing (1 Total Mumber of Endpoints: 78 Total Mumber of Endpoints: 79 Total Mumber of Endpoints: 73

» [ Intra-Clock Paths
Inter-Clock Paths
Other Path Groups
User lgnored Paths

All user specified timing constraints are met.

> = Unconstrained Paths

Timing Summary - impl_1 (saved) Timing Summary - timing_1
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Implementation — Timing Reports (2/4

- Setup

IMPLEMENTED DESIGN - impl_1 | xc7z020cIg484-1 ? X
Sources Netlist  x ?_00 Project Summary x | Device x | counter.vhd x | counter.xdc % | Schematic x | Schematic (2) »%  Schematic (3) x 200
= H -] Q 6 H um 9 + = C 254Cels 18VOPorts 320 Neis o

clk_counts_reg[0L_i_1(CARRY4) ~
clk_counts_reg[0]_i_2 (CARRY4)
clk_counts_reg[0] i_7 (CARRY4)
cli_counts_reg[0_i_14 (CARRY4)
clk_counts_reg[1] (FOCE
clk_counts_reg[2] (FOCE
clk_counts_reg[3] (FOCE EE
clk_counts_reg[4] (FOCE
clk_counts_reg[4]_i_1(CARRY4) ] 1 ”
clk_counts_reg[s] (FOCE b— 2 =
cli_counts_reg(6] (FOCE 1 ‘ =
clk_counts_reg(7] (FOCE ]
clk_counts_reg[8] (FDCE) ~
Path Properties ? 00 X —
Path 1 - o rk
~ Summary ~
Name Path 1
Slack 4.370ns

[< =
General Properties Report Cells Neis N
Tcl Console Messages Log Reports Design Runs DRC Methodology Power  Timing x Utilization ?2 00
O T &2 C H 40 = H @ 1 Intra-Clock Paths - CLK - Setup

General Information "b Name Slack 1 Levels HighFanout From To Total Delay LogicDelay MNetDelay Requirement Source Clock Destination Clock  Exception  Clock Uncertainty
Timer Settings Path 1 4370 12 33 clk_counts_reg[8JC  clk_counts_reg[29)D 5.680 2964 2718 10.000 CLK CLK 0.035 [

Design Timing Summary Path 2 4378 12 33 clk_counts_reg[8WC  clk_counts_reg[31)D 5.672 2956 2716 10.000 CLK CLK 0.035

Clack Summary (1) Path 3 4454 12 33 clk_counts_reg[8VC  clk_counts_reg[30VD 5.596 2880 2716 10.000 CLK CLK 0.035

Methodology Summary (17 Path 4 4474 12 33 clk_counts_reg[8VC  cli_counts_reg[28)D 5576 2860 2716 10.000 CLK CLK 0.035

» ls Check Timing (17 Path 5 4.487 11 33 clk_counts_reg[8JC  clk_counts_reg[25)D 5563 2847 2716 10.000 CLK CLK 0.035

~ {8 Inka-Clock Paths Path 6 4.495 11 33 olk_counts_regl8)C  clk_counts_reglz7yD 5.555 2839 2716 10000 CLK CLK 0.035

Vi CLK Path 7 4571 11 33 clk_counts_reg[8liC  clk_counts_reg[26)D 5479 2763 2716 10.000 CLK CLK 0.035

SE ) Path 8 4591 11 33 clk_counts_regl8liC  clk_counts_req[24)D 5.450 2743 2716 10000 CLK cLK 0035

Hold 0,254 ns (10 Path 9 4604 10 33 clk_counts_reg[8VC  clk_counts_reg[21JD 5446 2730 2716 10.000 CLK CLK 0.035

Pulse Width 4,500 ns

Timing Summary - impl_1 (sa

»  Timing Summary - timing_1

x

reglgl

reg[23)r
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Implementation — Timing Reports (3/4) - Hold

IMPLEMENTED DESIGN - impl_1 | xc7z020clg484-1 ? X
Sources Netlist x ?2_00 Project Summary x | Device x | counter.vhd x| counter.xdc x | Schematic x| Schematic (2) »  Schematic (3) X 200
P | & @ 0 H u O 4+ = C 254cels 1810Ports 320 Nets o

digit_process.clk_ticks[28]_i_1 (LUT5) ~
digit_process.clk_ticks[29]_i_1 (LUT5)
digit_process.clk_ticks[30]_i_1 (LU
digit_process.clk_ticks[31]_i_1 (LU
digit_process.clk_ticks[31_i_2 (LU
digit_process.clk_ticks[31]_i_3 (LU —
digit_process.clk_ticks[31]_i_4 (LU
digit_process.clk_ticks[311i_& (LU =
X 0
digit_process.clk_ticks[31]_i_7 (LU
digit_process.clk_ticks[31]_i_8 (LUT4 | —
digit_process.clk_ticks[31]_i_9 (LUT4) =
digit_process.clk_ticks[31_i_10 (LUT4 ‘ ||
digit_process.clk_ticks_reg[0] (FDCE) - 0
I |
——
Path Properties 2 =] B R
Path 11 - & r]
~ Summary -~
Name Path 11
Slack (Hold 0.254ns
General  Properties Report Cells Nets N H]
ole | Messages | Log | Reports | DesignRuns | DRC | Methodol Power |Timing x Utilization ? 00
Q = £ C MW «Q =4 €, m Intra-Clock Paths - CLK - Hold
3
General Information “  Name Slack ™' Levels HighFanout From To Total Delay LogicDelay MNetDelay Requirement Source Clock Destination Clock Exception €
Timer Settings Path 11 0.254 1 34 digit_process.clk_ticks_reg[0FC  digit_process.clk_ticks_reg[28)D 0.346 0.188 0.160 0.000 CLK CLK Iy
Design Timing Summary Path 12 0.271 1 34 digit_process clk_ticks_reg[0JC  digit_process.clk_licks_reg[30)D 0378 0183 0195 0000 CLK CLK
Clock Summary (1) Path 13 0274 1 29  sec_counts_reg[2)C sec_counts_reg[2)yD 0.365 0.186 0179 0.000 CLK CLK
Methodalogy Summary (17 Path 14 0.281 1 34 digit_process.clk_ticks_regl0VC  digit_process.clk_ticks_req[25VD 0.388 0186 0.202 0.000 CLK CLK
» ['s Check Timing (17 Path 15 0.286 1 34 digit_process.clk_ticks_reg[0JC  digit_process.clk_ticks_reg[29)D 0.378 0.186 0.192 0.000 CLK CLK
v Intra-Clock Paths Path 16 0286 1 34 digit_process.clk_ticks_reg[0JC  digit_process.clk_ticks_reg[31/D 0.378 0.188 0182 0.000 CLK CLK
V= CK Path 17 0.287 2 2 clk_counts_reg[7}C cli_counts_reg[7JD 0.421 0.273 0.148 0.000 CLK CLK
Setup 4370 ns (10 Path 13 0288 2 4 clk_counts_regl27yC clk_counts_reg[27)D 0422 0.273 014 0000 CLK oLk
Hold 0,254 ns (10) Path 19 0.288 2 2 clk_counts_reg[3lic clk_counts_reg[3)/D 0.422 0.273 0.149 0.000 CLK CLK
Timing Summary-impl_1(saved) Timing Summary - timing_1
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Implementation — Timing Reports (4/4)

TCL Console>report _timing_summary —datasheet
(FULL REPORT)

Eupaviletat otn TCL console
(kottaéte ta combinational delays)
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