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

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

begin
APXLTEKTOVLKN if reset = '1' then
clk_100MHz<='0";
clk_ticks :=0;
elsif rising_edge(clk) then
if clk_ticks = 99999999 then

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;
Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog
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Apxitektovikn (2/3) — Tick Counter

count: process (clk_100MHz, reset) is
begin
if (reset="1") then
counts<=(others=>'0");
elsif rising_edge(clk_100MHz) then
ApXLTEKTOVLKr'] if direction='1' then
if counts<9 then
counts<=counts+1;

else
counts<=(others=>'0’); -- -- count<="0000";
end if; -- counts<9
else

if counts>0 then
counts<=counts-1;
else
counts<="1001";
end if; -- counts>0
end if; --direction
end if; --reset
end process count;
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Apxitektovikn (3/3) — Output signals

led_result<=std_logic_vector(counts);

counts_digit_values: process (counts) begin
case 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

. TMHMA , , , ,
I E NAHPO®OPIKHE 4 Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog

IIIIIIIIIIIIIII




4" EpyaoTtnpiakn Aoknon

RTL Design

Project Summary x| Schematic x countervhd x| counterxdc x| Counter_tbwhd x

- a a X & O C  s0Cells 16U0Ports 139 Nets

Aoywkn veou clk

200

1 cigh_selection cut

AOYLKA ETTOUEVNC
Kataotaong (counts)

o resufao)

seen_someno]
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Synthesis/Implementation — Schematic

Project Summary ¥ | Device ¥ | counter.vhd ¥ | counter.xdc » | counter_th.whd ¥ | Schematic »  Schematic (2) * ?2 00
] @ Q 2 W O C  114Cells 1610 Ports 150 Nets o
%j =1
I , 5olppaslim
: ; = =g ir=1y %ﬂj_tf 1+ - H
% éj_ e H 3‘]_ | a:'_:3]_ E%]—Lﬁ:l— Ej—:é:l_ )
e mEHAH L E S ThpHH R
ERini iEH B Hr=HNE o = =i =
S O e i e ! =01 o =0
il‘L_ED Ealig] i ] t %}Léj— =1 ———
T -E]—Lﬂ % H:l_ | ﬂ]—l ke 1 H—]
e mat ETE gﬁﬁ — .
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Implementation — Report Utilization

EiE

Tcl Console Messages Log Reports Design Runs Utilization ::-c
Q = = 4 Summary
Hierarchy A}
Summary Resource Utilization Available Litilization %
~ Slice Logic LUT 46 53200 0.09
~ Slice LUTs (=1%] FF a7 106400 0.03
LUT as Logic (=1%) T 16 2010 200
w Slice Registers (=1%)
Register as Flip Flop (=1%)
Memaory Ll;l_- :ﬁ:
DSF 10 8%
~ |Orand GT Specific T —— T i
~ Bonded 0B (5% 28 20 s 100
OB Master Pads Utilization (%)
I0B Slave Pads Ko arté Project Summary
~ Clocking
______ FUECCTRL U300
utilization_1
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Q

Implementation — Timing Reports (1/4)

- -~
s -

C W
General Information
Timer Settings

Design Timing Summary
Clock Summary (1
Check Timing (25
Intra-Clock Paths
Inter-Clock Paths

Other Path Groups
Userlgnored Paths

Unconstrained Paths

. TMHMA
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Menu Reports->Timing-> Report Timing Summary

4

N

Open Implemented Design->Report Timing Summary

4 Design Timing Summary

[
Setup Hold
Worst Megative Slack (WNS). 6101 ns Worst Hold Slack (WHS): 0,263 ns
Total Megative Slack (THS) 0,000 ns Total Hold Slack (THS): 0,000 ns

Mumber of Failing Endpoints: 0 Mumber of Failing Endpoaints: 0

Total Mumber of Endpoints: KX Total Mumber of Endpoints: 33

All user specified timing constraints are met.

Pulse Width

Worst Pulse Width Slack (WPW3):
Total Pulse Width Megative Slack (TPWS3): 0,000 ns

4500 ns

Mumber of Failing Endpoints: 0
Total Mumber of Endpoints: 34

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BacAomoulog
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Implementation — Timing Reports (2/4

Sources | Netlist 7 _00 ject Summary x| Device x| countervhd x| Schematic x| Schematic(2) x 200
= 4 L -] Q M m o 4+ = C 114Cells 16UOPorts 150 Nets -]
~

One_sec_clkclk_ticks_reg[23] (FDCE)
One_sec_clk.clk_ticks_reg[24] (FOCE)
One_sec_clicclk_ticks_reg[24] i_2 (CARRY4
One_sec_clk.clk_ticks_reg[25] (FOCE)
One_sec_clikclk_ticks_reg[28] (FDCE
One_sec_clk.clk_ticks_reg[27] (FOCE)
One_sec_clikclk_ticks_reg[28] (FDCE

One_sec_clk.clk_ticks_reg[28]_i_2 (CARRY4 H‘L
One_sec_dkclk_ticks_reg[29] (FOCE) N %
.
Path Properties ? 00X S t T .
etu Ime:
Path 1 - o
14 14 14
~ Summary ~ 6 6
3 AvadEpetal oTLC apyEC SLAOPOUEC
>
General  Properties Report | Cells HNets N H e 14 6 4 6
(kaBuotepnon dtadoonc)
Tcl Console Messages Log Reports Design Runs DRC Methodology ower  Timing x ?_00
aQ T 2 C W 40 = M ©‘ 1} Intra-Clock Paths - CLK - Setup
»
General Information Name Slack ™' Levels Routes High Fanout From To Total Delay LogicDelay MNetDelay Requirement Source Clock Destination Clock  Excep
Timer Settings Path 1 6.027 3 3 32  One_sec_clkclk_ficks_reg[29)/C  One_sec_clk.clk_ticks_reg[3)D 3939 0.828 3111 100 CLK CLK
Design Timing Summary Path 2 6.033 3 3 32  One_sec_clkclk_ficks_reg[29/C  One_sec_clk.clk_ticks_reg[6)D 3932 0.328 3104 100 CLK CLK
Clock Summary (1 Path 3 6.117 3 3 32 One_sec_clklk_ticks_reg[29VC  One_sec_clk.clk_ticks_reg[12)D 3.848 0.828 2.020 100 CLK CLK
Methodology Summary (5 Path 4 6,162 9 2 2 One_sec_clkclk_ticks_reg[2)C One_sec_clk.clk_ticks_reg[31)D 3.816 2.355 1.461 10,0 CLK CLK
> [ Check Timing (25 Path 5 6.183 3 3 32 One_sec_clkclk_ticks_regS)C  One_sec_clk.clk_ticks_reg[27)D 3.795 0.828 2.967 100 CLK CLK
~ 8 k- Clock Palirs Path 6 6.186 3 3 32 One_sec_clkolk_ticks_regl20)C  One_sec_clk clk_ticks_regl8JD 3781 0.828 2953 100 CLK CLK
v CLK Path 7 6260 3 3 32 One_sec_clkclk_ficks_reg[29)/C  One_sec_clk clk_ticks_reg[7)D 3707 0828 2879 100 CLK CLK
Setup 6,027 ns (10) Path 8 6321 8 2 2 One_sec_diclk ficks regl2lC  One_sec_clkclk_ticks_rag25)D 3656 2212 1444 100 CLK clk
Hold 8,263 ns (10) Paih 9 £330 7 2 2 One_sec_dkdlk_ticks_regl2JC  One_ssc_clk clk_icks_reg[24]/D 3648 2203 1445 100 CLK CLK
Pulse Width 4,500 ns (20}
Path 10 6.358 8 2 2 One_sec_clkclk_ticks_reg[2)/C One_sec_clk.cli_ticks_reg[28)/D 3621 2320 1.301 100 CLK CLK
Inter-Clock Paths
Other Path Groups
User lgnored Paths
» = Unconstrained Paths
< b
Timing Summary - impl_1 (saved) »  Timing Summary - timing_1 x
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Implementation — Timing Reports (3/4

IMPLEMENTED DESIGH - xc7z020clg484-1 ?3
ces Netlist X ? 00 x | Device x| X | counter.xdc x| co x | Schematic »  Schematic (2) * 200
b~ | -] - ® 6 i I < 4+ = C 114Cells 161OPorts 150 Nets -]
clk_ticks[311i_2 (LUTS ~ L I } 0 cik_tcks_regs] | 2 ~
clk_ticks[31)_i_3 (LUTS, I g ® T ok \ccﬁ regfé] iw copg)
clk_ticks[31]_i_4 (LUTS e I , l: OpO  CRg) [
" | - g tam— ar @ =]
clk_ticks[31]_i_5 (LUTS LTS G l CARRYA
clk_ticks[31]_I_7 (LUT4 deedion > oeE hl
clk_ticks[31L_i_8 (LUT4 . LB ‘ﬁ'éu’ i
clk_ticks[311i_9 (LUT4 IBUF BUFG T l
clk_ticks[341_i_10 (LUT4 ot | Lo A s e i 2 .
clic_ticks_reg[0] (FDCE) v omT  cop H | d T rT] *
)
f——= D] o O I e .
S
Path Properties ? 00X FOCE ?}ARRV‘I ’ ’ ’
" AvodEPETAL OTLC YPNYOPES OLOOPOUEQ
~ Summary ~
Name Pain 1 e L ! A
Sackio) || 025308 (K(I voteEPNON MOALVON (;)
Source [+ clk_ticks_reg[0yC (1
Destination [+ clk_ticks_reg[0¥D (risi
Path Group CLK
Path Tvoe Hold (Min at Fast Pro &5
< >
General Properties Report Cells HNets N < 5 =
Messa Log Runs DRC Timing  x ?2_00
Q = 2 C H 10 = £ | = H & M Timing Checks - Hold
General Information Mame Slack 7 Levels Routes HighFanout From To Total Delay LogicDelay MNetDelay Logic% Met% Reguirement Source Clock Destination Clock  Exception ¢
Settings ~ Constrained Paths (1 4
* Timing Checks (20 v CLK (10
Setup (10 Path 1 0.262 1 1 3 dk_ficks_reg[0)C clk_ticks_reg[0)D 0.354 0.186 0.168 525 475 0.000 CLK CLK
Hold (10) Path 2 0381 2 2 32 clk_ticks_reg[25)C  clk_ticks_reg[27)D 0473 0231 0.242 488 512 0000 CLK CLK
Path 3 0.400 2 2 32 cli_ticks_reg[25§C  clk_ticks_reg[28)D 0.505 0.231 0.274 457 543 0.000 CLK CLK
Path 4 0.400 2 2 32 clk_ticks_reg[11JC  clk_ticks_reg[13)D 0.506 0.231 0.275 456 54.4 0.000 CLK CLK
Path & 0.402 2 2 32 clk_ticks_reg[1}C clk_ticks_reg[2/D 0.495 0.231 0.264 467 533 0.000 CLK CLK
Path & 0.441 2 2 32 clk_ticks_reg[11JC  clk_ticks_reg[10)D 0533 0.231 0.302 433 56.7 0.000 CLK CLK
Path 7 0.442 2 2 32 clk_ticks_reg[1J/C clk_ticks_reg[6/D 0.548 0231 0.317 422 578 0000 CLK CLK
Path & n 447 2 2 32 ok ficks reol18UC  clic ticks reaf0un 0539 0231 0308 429 571 0000 ClK ClK ~
< ?
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Implementation — Timing Reports (4/4

TCL Console>report _timing_summary —datasheet

Sources Netlist x ?_0O0C Project Summary x | Device X | counter.vhd x| Schematic »  Schematic (2) X 00
=" ] @ Q ¥ & O + = C 114Cells 16U0Ports 150 Mets &
digit_selection_in 2l
digit_selection_out
[ digit_selection_out_OBUF E —g:
. direction =,
[ direction_IBUF H g:
| One_sec_clkclk_ticks[31]_i_2_n_0 N
~sec ek el ]2 0. , o i)
| One_sec_clkclk_ticks[31]_i_3_n_0 2| =g:
) ) o= =g = I
| One_sec_clkclk_ticks[31]_i_4_n_0
One_sec_clkclk_ticks[311_i_5_n_0 » . ISR =] ‘E:
ﬁﬁgﬂ#‘ =y i
Net Properties ? 00 X
digit_selection_in - o
”~
MName digit_selection_in

TclConsole  x Messages Log Reports Design Runs DRC Methodology Power Timing 2 _00C

Q2N E®EH® m ﬂpOGOXI"I

Combinational Delays

| From | To | Max | Process | Min | Process |
+ Port | Port | Delay{ns) | Corner | Delay(ns) | Corner |
E digit_selection in | digit_selection out | 10.817 | SJOR

| Setup between Clocks
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