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Apxitektovikn (1/3) — N€o PoAdr (Iepiodog = 1 sec)

new_clk_counts<=clk_counts+1 when clk_counts<100000000 else 0;

counts_100M : process (clk, reset) is
variable clk_ticks : integer;

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 (2/3) — Tick Counter

process(clk_one_sec) is
begin

if (clk_one_sec='1") then
if (direction="'1" and sec_counts<9) then
ApXLTEKTOVLKr'] new_sec_counts<=sec_counts+1;

elsif (direction='0' and sec_counts>0) then
new_sec_counts<= sec_counts-1;

elsif (direction='0"' and sec_counts<=0) then
new_sec_counts<= "1001";

elsif (direction='1' and sec_counts>=9) then
new_sec_counts<="0000";

else
new_sec_counts<="0000";
end if;
else
new_sec_counts<=sec_counts;
end if;

end process;

THAENIKOINQNION

count_seconds: process (clk, reset) is
begin
if (reset="1") then

sec_counts<=(others=>'0');
elsif rising_edge(clk) then

sec_counts<=new_sec_counts;
end if; --reset

end process count_seconds;
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Apxitektovikn (3/3) — Output signals

led_result<=std_logic_vector(sec_counts);

counts_digit_values: process (sec_counts) begin
case sec_counts is
when X"0" => seven_segment <="0111111"; --0
APXLTEKTOVLKI) when X"1" => seven_segment <="0000110"; --1
when X"2" => seven_segment <="1011011"; --2
when X"3" => seven_segment <="1001111"; --3
when X"4" => seven_segment <="1100110"; --4
when X"5" => seven_segment <="1101101"; --5

when X"6" => seven_segment <="1111101"; --6
when X"7" => seven_segment <="0000111"; --7
when X"8" => seven_segment <="1111111"; --8
when X"9" => seven_segment <="1101111"; --9
when others => seven_segment <="0000000";

end case;

end process counts_digit_values;

digit_selection_out<=digit_selection_in;
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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}]

HEHHHEH
# On-board Slide Switches #
- HEHHHEH
Constraints set_property -dict { PACKAGE_PIN M15 IOSTANDARD LVCMOS33 } [get_ports { digit_selection_in }];
set_property -dict { PACKAGE_PIN H17 IOSTANDARD LVCMOS33 } [get_ports { reset }];
set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOQS33 } [get_ports { direction }];

HittH SRR S H
# On-board LEDS #
Hit#H T R H S

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] }];
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Constraints (1/2) — Pmod

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

?00
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Implementation — Report Utilization

Tcl Console Messages Lo Reports Design Runs DRC Methodology Powe Timing Utilization b
aQ = = 1 Summary
Hierarchy Ab
Resource Utilization Available Utilization %
« Slice Logic LUT 54 53200 011
w Slice LUTs (=1% FF 36 106400 0.03
LUT as Logic (=1% |0 16 200 2.00
~ Slice Registers (=1%
Register as Flip Flop (=1%
+ slice Logic Distribution L"'F"Z :
~ Slice (=1% 10 8%
SLICEM . — T T T T
e, w 25 50 75 100
< >
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Implementation — Timing Reports (1/4)

Menu Reports->Timing-> Report Timing Summary

4

N

Open Implemented Design->Report Timing Summary

Q

- .
- -

C H
General Information
Timer Settings

Design Timing Summary
Clock Summary (1
Methodology Summary (13
Check Timing (132
Intra-Clock Paths
Inter-Clock Paths

Other Path Groups
Userlgnored Paths
Unconstrained Paths
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Timing
4 Design Timing Summary
»
Setup Hold Pulse Width
Worst Megative Slack (WNS)Y 3913 ns Worst Hold Slack (WHS): 0,287 ns Worst Pulse Width Slack (WPWS): 4500 ns
Total Negative Slack (TNS3): 0,000 ns Total Hold Slack (TH3): 0,000 ns Total Pulse Width Megative Slack (TPWS): 0,000 ns
Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0
Total Number of Endpoints: 40 Total Number of Endpoints: 40 Total Number of Endpoints: Yy
All user specified timing constraints are met.
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Implementation — Timing Reports (2/4

Sources Netlist x ?_00 Project Summary x | Device x | counter.vhd ¥ | counter_tb.vhd »  Schematic x ?20cC
= H E-] @ @9 X M o 4+ = C  13cCels 6UOPors 173 Nets L]
clk_counts_reg[0]_i_1 (CARRY4) |
clk_counts_reg[0]_i_2 (CARRY4)
clk_counts_reg[0]_i_7 (CARRY4)
clk_counts_reg[0]_i_14 (CARRY4)
clk_counts_reg[1] (FOCE
clk_counts_reg[2] (FOCE
clk_counts_reg[3] (FOCE
clk_counts_reg[4] (FOCE
clk_counts_reg[4]_i_1 (CARRY4)
clk_counts_req[s] (FDCE I S t T' me:
clik_counts_regl] (FOCE [ - etu p I e:
clk_counts_reg[7] (FOCE :ul o i I 6 6 14
clk_counts_req[8] (FDCE! =
e J i — = AvadEpeTal oTLG apyEG OLAOPOLEC
pllie=tSlE= =
Path Properties ? -00OX i = T 1 - e L4 6 4 6
H liRE=—
i = kaBuotépnon dtadoong
Path 1 - o H
~ Summary -~ M I H
MName Path 1 _E]
T
Slack 3.913ns HE—
General Properties Report = Cells  Nets N =
Tcl Console Messages Log Reports Design Runs DRC Methodology Power  Timing x Utilization ?2_0TC
Q T 2 C H 10 = M @, Intra-Clock Paths - CLK - Setup
3
General Information “~ Name Slack “*' Levels HighFanout From To Total Delay LogicDelay MetDelay Requirement Source Clock Destination Clock  Exception  Clock Uncertainty
Timer Settings Path 1 3.913 13 33 clk_counts_reg[8)C  clk_counts_reg[29)D 6.137 3.084 3.053 10.000 CLK CLK 0.035
Design Timing Summary Path 2 3.921 13 33  clk_counts_reg[8)C  clk_counts_reg[31)D 6.129 2076 3.0582 10,000 CLK CLK 0.035
Clock Summary (1 Path 3 3.997 13 33 clk_counts_reg[8YC  clk_counts_reg[30)D 6.053 3.000 3.053 10000 CLK CLK 0.035
Methodology Summary ( Path 4 4017 13 33 clk_counts_reg[aUC  clk_counts_reg[28)D £.033 2.980 3.053 10000 CLK CLK 0.035
> s Check Timing (12) Path 5 4.030 12 33  clk_counts_reg[8UC  clk_counts_reg[25)D 6.020 2,967 3.053 10,000 CLK CLK 0.035
~ & Inira-Clock Pals Path & 4038 12 33 clk_counts_reggliC  clk_counts_reg[27)D 6.012 2.959 3.053 10.000 CLK CLK 0.035
v aK Path 7 4114 12 33 clk_counts_reg[8YC  clk_counts_reg[26)D 5.936 2883 3.053 10000 CLK CLK 0.035
SEID & 35D Path & 4134 12 33 clk_counts_reglBliC  clk_counts_regl24yD 5916 2863 3053 10000 CLK CLK 0.035
Hold 0,287 ns (10) Path g 4147 1 33 clk_counts_regl8lC  clk_counts_reg21)D 5902 2850 3083 10000 CLK CLK 0038
Pulse Width 4,500
uee Mdh =50 ns Yo LPaman SRR 1933 ok conls ealBUC_ __clk. counts. reo@AN . 5AAA ... 2847, ... 3083 10000 CIK ... Lo S no3/._.
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Implementation — Timing Reports (3/4

Sources Netlist X ?_00 Project Summary x | Device x | counter.vhd x | counter_tb.vhd »  Schematic X 00
= & - @ a X & O 4+ = C  136Cels 16UOPofs  173MNets o
clk_counts_reg[0_i_1 (CARRY4 A F:‘u ‘ dk,u‘-:rsllzu,ﬂ E
clk_counts_reg[0]_i_2 (CARRY4) = 1 Ltz qu
clk_counts_reg[0]_i_7 (CARRY4) b coures_regl#) k_couresig) |4 k_coures(12] |5
c " o oo}
clk_counts_reg[0]_i_14 (CARRY4) —e " ],
an [ [
clk_counts_reg[1] (FOCE e m— .:D& Py
clk_counts_reg[2] (FOCE P ™ W:m!jhz -—':u—o‘ I
clk_counts_reg[3] (FOCE wiz dkiaminvqﬂl\li\
e T
clk_counts_regf4] (FDCE an® PR I
I o O]
clk_counts_reg[4]_i_1 (CARRY4) = ]
| !

clk_counts_reg[5] (FOCE h_oourts,_feg

clk_counts_regl6] (FOCE e _I “_ﬁu ‘ H 0] I d Ti me:

clk_counts_reg[7] (FDCE) T w2

——— : e ey g 171 Avadepetal otig ypnyopeg SLadpopeg
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Path 11 - . I I - w&:f.gu s :d-; Kae U Oté 0 éAU VO
o ol ( pnon W ne)

. copsi
Path Properties. 2 _ 00 X% L@ W J}_—-»..u eno;

‘Hl—ﬂ

O

»_Summary My - | sz 3
[ L
Name Path 11 T
dk_counts{16] _4 'wu
Slack (Hold 0.287ns ol
L ‘- oozl 4
— s rost0] | 2 ey o
T :la L ] “'—I ~
General  Properties Cells  MNets N (c'"” opa = = Lot 5
Tcl Console Messages Log Reports Design Runs DRC Methodology Power  Timing x  Utilization ? 00O
Q T £ C H 40 = Hd @ 1 Intra-Clock Paths - CLK - Hold
3
General Information “ Name Slack ' Levels HighFanout From To Total Delay LogicDelay MNetDelay Requirement Source Clock Destination Clock  Exception  Clock Uncertainty
Timer Settings Path 11 0287 2 2 clk_counts_reg[7JC clk_counts_reg[7VD 0421 0273 0148 0000 CLK CLK 0.000 4
Design Timing Summary Path 12 0.288 2 2 clk_counts_reg[3)C clk_counts_reg[3JD 0.422 0.273 0.149 0.000 CLK CLK 0.000
Clock Summary (1 Path 13 0.288 2 3 clk_counts_reg[11¥/C  clk_counts_reg[11)/D 0.422 0.273 0.149 0.000 CLK CLK 0.000
Wethodology Summary (13 Path 14 0288 2 4 clk_counts_reg[19¥C  clk_counts_reg[19)D 0.422 0273 0149 0000 CLK CLK 0.000
» % Check Timing (13, Path 15 0.300 2 4 clk_counts_reg[23VC  clk_counts_reg[23)D 0434 0.273 0.161 0.000 CLK CLK 0.000
I Infra-ClockPafs Path 16 0.200 2 4 clk_counts_regl27)C  clk_counts_reg[27)D 0434 0.273 0.161 0.000  CLK CLK 0.000
v = oLk Path 17 0.300 2 4 clk_counts_reg[15)C  clk_counts_reg[15)D 0.434 0273 0161 0000 CLK CLK 0.000
Setup 3,913 ns (10 Path 18 0300 2 4 clk_counts_reg[31UC ok caunts_reg{31VD 0434 0273 0161 0000 CLK clKk 0.000
FEN ST D) Path 19 0.312 1 12 sec_counts_reg[1)C sec_counts_reg[1)D 0.419 0230 0189 0.000 CLK CLK 0.000
Pulse Width 4,500 ns
oAl A2 sen rounts realTUC . _sec caunfs. eal3D. .. 04z 0731 oa8n. nooo. . ClK_ oo CLK nooo.._ .o A
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Implementation — Timing Reports (4/4)

TCL Console>report _timing_summary —datasheet

Tcl Console » Messages Log Reports Design Runs JIRC Methodology Powe Timing Utilization
- . i

Q = $ I B E m
Combinational Delays
——————————————————— et s et
From | To | Max | Process | Min | Process |
Port | Port | Delay({ns) | Corner | Delay{ns) | Corner |
——————————————————— +-—-— 4+
digit_selection_in | digit_selection_out | 10.817 | SLOW | 3.770 | FAST |
——————————————————— e TR mmm o ——m— 4
Setup between Clocks
4
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