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3" EpyaoTtnplakn Aoknon

Metatpete €vav Sduadkd aplOud otov avrtiotolyo BCD kwdika Kol epdaviote Tto
anotéAeopa o€ Eva 7-segment display (pmod tou gpyaoctnpiou), evaAldcoovtag to Pnodio
Tou pmod oto omoio epudaviletal.
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VHDL — 7 segment led
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3" EpyaoTtnplakn Aoknon

VHDL — 7 segment led

* Kwodwac BCD: Avadika kwdikomotnuevol dekad kol
— Kwdkac 4 bit yia ta Sekadkd wndia

0: 0000 | 1: 0001 | 2: 0010 | 3: 0011 | 4: 0100
5: 0101 | 6: 0110 | 7: 0111 | 8: 1000 | 9: 1001

Yriapyouv kot AAAEG SUVATEG AVATIAPOOTAOELG;

Yridpxel TAEOVOOUOC OTN XPrion Twv bit;
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VHDL — 7 segment led
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/ segment led - Pmod

I
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Pinout Description Table

— Header J1
Pin Signal Description
B
1 AA Segment A
AB Segment B
3 AC Segment C
c
- AD Segment D
- 5 GND Power Supply Ground
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6 Vee Pasitive Power Supply

Pmod: Peripheral Module interface

Pmod

Pin

Signal
AE
AF

AG

GND

Header J2
Description
SegmentE
Segment F
Segment G
Digit Selection pin
Power Supply Ground

Positive Power Supply
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Seven-Segment Display Connection Diagram

MONO TO'ENA AMNO TA 2 LED MMNOPEI NA EINAI ANAMENO ZE KAGE XPONIKH ZTIFTMH

Ewkoveg amnd 1o https://reference.digilentinc.com/reference/pmod/pmodssd/reference-manual
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/ segment led - Pmod

Table 16 - Pmod Connections

FIL S':;ag;ael Zynq pin Hies Signal Name Zynq pin
JA1 Y11 JB1 W12
JAZ2 AA11 JB2 W11
JA3 Y10 JB3 V10
JA4 AA9 JB4 W38
S A A ennnn PosSne e ng T Bt nnas RS T+t it v i

JAS AB10 JB8 W10
JA9 AB9 JBY V9

JA10 AAS8 JB10 V8

Oa Bpeite o€ nowa Signal tng FPGA avtiotolyouv ta signal tou Pmod.
Katomnwv Ba Bpeite o mota pin tng FPGA avtiotolyouv ta signal tou Pmod.
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MPOXQPHXTE 2THN A2KH2H
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ApxiTekTovikr Dataflow

with bcd select
ApPXLTEKTOVLKN seven_segment<="0111111" when "0000",
"0000110" when "0001",
"1011011" when "0010",
"1001111" when "0011",
"1100110" when "0100",
"1101101" when "0101",
"1111101" when "0110",
"0000111" when "0111",
"1111111" when "1000",
"1101111" when "1001",
"0000000" when others;

digit_selection_out <=digit_selection_in;
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ApxITEKTOVIKN Behavioral

bcd_values: process is

APXLTEKTOVLKN) begin

case bcd is
when X"0" => seven_segment <="0111111"; --0
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 <=“1000000"; -- -

end case;

end process bcd_values;
digit_selection_out <=digit_selection_in;
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APXITEKTOVIKN

# On-board Slide Switches #

HUHAHHH R R

set_property -dict { PACKAGE_PIN F21 |OSTANDARD LVCMOS33 } [get_ports { bcd[3] }];
set_property -dict { PACKAGE_PIN H22 |OSTANDARD LVCMOS33 } [get_ports { bcd[2] }];
set_property -dict { PACKAGE_PIN G22 IOSTANDARD LVCMOS33 } [get_ports { bcd[1] }];
set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOS33 } [get_ports { bcd[0] }];
set_property -dict { PACKAGE_PIN H19 |IOSTANDARD LVCMOS33 } [get_ports { digit_selection_in }];

Constraints

# On-board led #

HUHHBH AR H

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 LVCMOQS33 } [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] }];

set_property -dict { PACKAGE_PIN W8 IOSTANDARD LVCMOQS33 } [get_ports { digit_selection_out }];
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Pmod Manual

Manual LED (Pmod)
https://reference.digilentinc.com/reference/pmod/pmodssd/reference-manual
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RTL Design

Netlist
= H
bod2sevenseg
> Mets (12

v Leaf Cells (1
seven_segment_i (RTL_ROM)

- ROM Module/ROM Values

Schematic

& - @ e o M O O = C  1Cel 13U0Pors 12 Mets

digit_selection_in > I » digit_selection_out

Cell Properties
severn_segment_i - o saven_segment |
INIT Value
INIT_DEFAULT ~ 7'01000000
bed[3:0] A[3:0] 0[6:0] seven_segment[6:0]

INIT_O 70111111
IMNIT_1 700000110
INIT_2 701011011 RTL_ROM
INIT_3 71001111
INIT_4 701100110
INIT_S 71101101
INIT_6 7To1111101
INIT_7 700000111
INIT_8& 7ot 1111
INIT_8 71101111
General Properties Mets CellPins  ROM values
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Synthesis/Implementation — Schematic

| SYNTHESIZED DESIGN - xc7z020clg484-1 ?
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Implementation — Report Utilization (1/3)

Kat amd Project Summary
Awadopetika Lut oto report armod to Design

(4 avti yla 7). Kamola cuvevwvovtal

OTO TEALKO QMOTEAECUA oXNHaTil{ovTag

(evyn.

Repart Clock Netwarks

Report Clock Interaction

Report Methodology

Report DRC

Report Noise

Report Utilization
% Report Power

"4 Schematic

* PROGRAM AND DEBUG

i Generate Bitstream

E

Q = <
Hierarchy
v Slice Logic
~ Slice LUTs (=1%
LUT as Logic (<1%
~ Slice Logic Distribution
~ Slice (=1%
SLICEM
~ LUT as Logic (<1%
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using 05 and O8<=LUT as Logic
using 06 output only==LUT as Lo
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Implementation — Report Utilization (2/3

" — - — - —

IMPLEMENTED DESIGN - xc7z020clg484-1

Sources | Netlist  x ? 00
A bl
seven_segment_OBUF[1]_inst (OELIF ~
seven_segment_OBUF[1]_inst_i_1 (LUT4
seven_segment_OBUF[2]_inst (OELIF
seven_segment_OBUF[2]_inst_i_1 (LUT4
seven_segment_OBUF[3]_inst (OELIF
TO Lut 6La.[r] pE(.TaL seven_segment_oEIUF[3]_inst_i_1 LUT4
seven_segment_OBUF[4]_inst (OELF
seven_segment_OBUF[4]_inst_i_1 (LUT4
seven_segment_OBUF[S]_inst (OELIF
seven_segment_OBUF[E]_inst_i_1 (LUT4
seven_segment_OBUF[E]_inst (OELIF
seven_segment_OBUF[E]_inst_i_1 (LUT4) w
Cell Properties ? 00X
seven_segment_OBUF[G]_inst_i_1 -ﬂ-
|+ 0
LEAF ~
others
PRIMITIVE_ LUT.others LUT4
REF_MAME LUT4
REUSE_STATUS
SLR_INDEX
STATUS PLACED o
General Properties FPower Mets Cell Pins
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Project Summary ¥ | Device ¥ | bcd2sevensgm.vhd ¥ | bcd2sevensgm_tb.vhd »  Schematic *
L% ) L] I " i aE
Q X I o 1 = ' 20Cels 13IDPorts 25 Nets
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] seven_segment_OBUF[0]_ns:
[~ 2
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o seven_segment_OBUF[4]_ns:
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;_..ﬂ-t
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] 1 o 1~
BUF ‘A: ceuE
b BUR 1] ins T
smven_sagment, OBUFE] inst_i_1
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1 - [
Dcd_OB.J"{Z]_ln: o =
2 OBUF
BUF 3
o
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1 [ [ 1
digit_selection_n > 1~ 1~ ™ digit_selecion_ou
bedfaa] O Dcd_oﬂd"(ii_mf BUF OBUF
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Implementation — Report Utilization (3/3

IMPLEMENTED DESIGN - xc7z020clg484-1

Netlist

H4
Fhd

seven_segment_OBUF[0]_inst_i_1(LUT4
seven_segment_OBUF[1]_inst (CBLIF 1a
seven_segment_OBUF[]_inst_i_1 (LUT4)

T L ! ! AA seven_segment_OBUF[2_inst (OBUF U
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REUSE_STATUS
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STATUS
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Implementation — Timing Reports (1/2

IMPLEMENTED DESIGN - xc72020cIg484-1 ? x
Sources | Netlist ?2_0OK |P x x | bed2sevensgmvhd  x | bed2sevensgm thvhd x| Schematic  x 200
= M4 & q K © 4+ = C 20cels 13UCPors 25Nets o

digit_selection_in_IBUF _inst (IBUF
digit_selection_out_OBUF_inst (OBUF e —

seven_segment_OBUFI0L inst (OBLUF s s,
seven_segment_OBUF[0]_inst_i_1 (LUT4 |

g G

i T e e Menu Reports->Timing->Report Timing

seven_segment_OBUF[1]_inst (OBUF,

" |
seven_segment_OBUF[]_inst_i_1 (LUT4 >—i I
seven_segment_OBUF[2]_inst (OBUF) vk ST |

[E————
o

seven canment ORLIFIZ] inst i 100 11T4Y & '—!_I . Set u p Ti m e :

e B . Avadepetal oTig apyeg SLadPOUES
Name Path 9 bt D .—i_l o s, B

- — | E= S S— (kaBuotepnon dtadoaong)
Destination {0 seven_segment[2] (output port

{ i > e
General Properties Report  Cells  MNeis N
TciConsole | Messages | Log | Reports | Design Runs Powe Timing ? _00G
aQ ¥ 2 Cc 10 = £ 0= H ¢ MU Timing Checks - Setup
General Information ' Name Slack ' Levels Routes HighFanout From To Total Delay LogicDelay MNetDelay Logic% Met% Requirement Source Clock Destination Clock  Exception S
Settings v Unconstrained Paths (1
~ Timing Checks (16 v (none) (8
Setup (8) @ 3 2 7 bea) seven_segmentiz] 14.432 5.453 8979 378 622 @ Nput port clock
Hold (& Patn 10 « 3 2 7 bed3] sever_segment[s] 14.246 5540 8706 89 611 @ input port clock
Path 11 £ 3 2 7 bcd[3] seven_segment]3] 14157 5208 §.952 36.8 63.2 «  input port clock
Path 12 o 3 2 7 bed[0] seven_segment{0] 14110 5449 8.861 388 61.4 e input port clock
Path 13 o 3 2 7 bed[3] seven_segment]1] 14.018 5244 8.775 374 B62.6 e input port clock
Path 14 £ 3 2 7 bed[0] seven_segment]4] 13724 5337 8.387 389 61.1 e input port clock
Path 15 £ 3 2 7 bed[3] seven_segment]] 13194 5182 8.012 393 60.7 e input port clock
Path 18 © 2 1 1 digit_selection_in  digit_selection_out 11422 5071 6.350 444 55.6 e  input port clock
< ?
Timing Summary -impl_1 (saved) % Report Timing - timing_1 x
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Implementation — Timing Reports (2/2

I IMPLEMENTED DESIGN - xc7z020clg484-1 ? X
Sources | Netlist  x 7003 Pi X X | bed2sevensgm.yic x 2sevensgm_| x| Schematic  x EREINE
= | & @ 6 M M O 4+ = O 20cCels 13W0Pors 25Nets -3
bed_IBUF[1Linst (IBUF) a e [E———
bed_IBUF[Z) inst (IBUF %"
bed_IBUFI3L inst (IBUF e s ¢
digit_selection_in_IBUF_inst (IBUF '_{:'—'%
digit_selection_out_OBUF_inst (OBUF {
seven_segment_OBUF[0]_inst (OBLF """"“ i s B
seven_segment_OBUF[OL inst_i_1 (LUT4 —{_‘
seven_segment_OBUF[1]_inst (OBLUF e SAPDLE 3 R
caven saamant NRIIFAT inst i 110 1174 v ;1 = H |d T_ .
Path Properties ?_00OX st et | e e o I m e *
Palh 1 - -] ﬂ% ! L !
y ey ) e AvodEPETAL OTLC YPNYOPES OLOOPOUEQ
Name Patn 1 S =
Slack (Hold cang bt Bt e 7 ’ A
T (kaBuotEpnon poAuvaong)
Destination {1 seven_segment[5]
[ & b n L
< 3 = PR
General Properties Report  Cells  Nets N
sole Messages Log Design Runs DRC Timing  x  Utilizalic ? 00
Q = £ C H 4«40 = £ |1 H @, I Timing Checks - Hold
General Information g Name Slack ™' Levels Routes HighFanout From To Total Delay LogicDelay NetDelay Logic% Net% Requirement Source Clock Destination Clock  Exception  Ske|
Settings e Unconstrained Paths (1
~ Timing Checks (16 hd (none;
Setup (8 o 3 2 7 bed] seven_segments] 2918 1537 2382 92 608 o input port clack
Hold (8) Path 2 o 2 1 1 digit_selection_in  digit_selection_out 3959 1539 2419 389 611 -e  input port clock
Path 3 o 3 2 7 bed[l] seven_segment[1] 4217 1598 2619 379 621 -co input port clock
Path 4 o 3 2 7 bed[l] seven_segment[4] 4223 1708 2516 40.4 598 -co input port clock
Path 5 @ 3 2 7 bed[1] seven_segment[3] 4259 1.560 2699 36.6 634 -co input port clock
Path & @ 3 2 7 bed[l] seven_segment[5] 4285 1714 2571 40.0 60.0 -co input port clock
Path 7 @ 3 2 7 bed] seven_segment[0] 4.300 1.651 2649 384 616 -co input port clock
Path & « 3 2 7 bcd] seven_segment[2] 4336 1.642 2694 379 621 -2 input port clock
< b
| Timing Summary - impl_1(saved) * Report Timing - timing_1  »
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Implementation — Path Analysis

IMPLEMENTED DESIGN - xc7z020clg484-1 ? X
Sources Netlist X ?_00C ummary X % | bcd2sevensgm.vhd % | bcd2sevensgm_th.vhd x| Schematic » | Path 9 -timing_1 X 00
B o ~ Summary

= Name Path 9
i Ul
bed_IBUF[1_inst (IBUF Slack wns
bed_IBUF[2] inst (IBUF
- = Source D bedi3] (input port;
bed_IBUFL3L inst (IBUF)
Destination <] seven_segment[2] (outputport;
digit_selection_in_IBUF_inst ((EUF
Path Group (none)
digit_selection_out_OBUF_inst (OEUF
seven_segment_ OBUFO] inst (ORUF Path Type Max at Slow Process Comer
seven_segment_OBUF[0]_inst_i_1(LUT4 Requirsment sns
seven_segment_OBUF[1]_inst (OBUF DalaP..Delay  14.432ns (log
seven_segment_OBUF[1Linst_i_1 (LUT4 LogicLevels 3 (IBUF=1LUT4=1 0BUF=1
seven_segment_OBUF[2]_inst (OBUF) [ Data Path
Delay Type Incr (ns Path (ns)  Location Netlist Resource(s:
seven_segment_OBUF2L inst_I_1 (LUT4) JLLL oz fuc) &
seven seament ORLIFIL inst (ORI IF ~ ®0.000 0.000 | Site-F21 £ boap3]
net (fo=0 0.000 0.000 A" bed[3]
Path Properties 200X Site: F21 [ bed_IBUF[3]_inst1
IBUF (Prap ibuf | O} - i |
Path 9 - o IBUF (Prop ibuf | O (f) 1.504 1.504 Site: F21 {1 bed_IBUF[3L_instO
net (fo=7, routed 6.896 8.401 " bed_|IBUF[3)
~ Summary ~
Name Path 9 Site: 5._X0v42 [ seven_segment_OBUF[2]_inst_i_1/0
LUT4 (Pro.t4 10 0) - L ¢ i
Slack cons LUT4 (Pro..t4 10 O (r)0.150 8.551 Site'S._X0v42 4] seven_segment OBUF[2Z] inst_i_1/0
Source [ bed(3] (input port net (fo=1, routed 2083 10.634 7 seven_segment_OBUF[2]
Destination < seven_segment[2] (output port Site: Y10 [ seven_segment_OBUF[2] inst
§ ¥ L L
Path Group tnone) OBUF (Pr.buf | O (2799 14432 Site: Y10 {0 seven_segment_OBUF[2]_instiO
Path Type Max at Slow Process Corner net (fo=0 0.000 14.432 /" seven_segment2]
[ R ~ Site: ¥10 {J seven_segment|2]

< >
General Properties Report  Cells  Nets N
Tcl Console Messages Log Reports Design Runs DRC Power  Timing x Utilization ?2_00
o =2 Cc W 40 T = 2@ =M ©‘ m Timing Checks - Setup

3
General Information Name Slack ™' Levels Routes HighFanout From To Total Delay LogicDelay MNetDelay Logic% MNet% Requirement Source Clock Destination Clock  Exception
Settings v Unconstrained Paths (1 &
~ Timing Checks (16 v (nonej (&
Setup (8) Path 9 P 3 2 7 bedp] seven_segment[?] 14432 5.453 8.979 378 622 @ input port clock
Hold (2 Path 10 « 3 2 7 bed(3) seven_segment[5] 14246 5540 8.706 389 61.1 e input port clock
Path 11 © 3 2 7 bed3) seven_segment[3) 14157 5206 8952 368 632 e input port clock
Path 12 L 3 2 7 bcd(0) seven_segment[0] 14.110 5449 8.661 386 614 o« input port clock i
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Simulation

LIBRARY ieee; USE ieee.std_logic_1164.ALL; USE ieee.numeric_std.ALL;

entity bcd2sevenseg_tb IS
end bcd2sevenseg_tb;

architecture behavior of bcd2sevenseg_tb IS
-- Component Declaration for the Unit Under Test (UUT)

component bcd2sevenseg

port (
digit_selection_in :instd_logic;
bcd :in std_logic_vector(3 downto 0);
seven_segment : out std_logic_vector(6 downto 0);

digit_selection_out : out std_logic
);

end component;

signal bcd : std_logic_vector(3 downto 0) := (others =>'X');
signal digit_selection_in  :std_logic;
signal seven_segment : std_logic_vector(6 downto 0);

signal digit_selection_out :std_logic;
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begin

uut: bcd2sevenseg PORT MAP (digit_selection_in => digit_selection_in,
bcd => bed,
seven_segment => seven_segment,
digit_selection_out => digit_selection_out);

test_proc: process is
begin

bcd<="0001"; digit_selection_in<='1";wait for 20ns;
bcd<="0100";wait for 20ns;
bcd<="1001"; digit_selection_in<=‘0";wait for 20ns;
bcd<="1011";wait for 20ns;

end process test_proc;

end architecture behavior;
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Simulation - Behavioral

I SIMULATION - Behavioral Simulation - Functional - sim_1 - bcd2sevenseg_to

5

Scope Objects bcd2sevenseg_tb_behav.wcfg
Q = = # Q # | W @ a ;¥ o« I« T =
Name Design Unit Block T Name Value Data Ty ™
~ I bcd2sevens bod2sevenseg tb(be VHDLE > B bed[3:0] 9 Array
& uut bcd2sevenseg(Beha VHDLE & digit_selection_ 0 Logic ==
» B seven_segmen 6f Array —
4 digit_selection_in
14 digit_selection_ 0 Logic e ————
> W seven_segment]5:0] / 1101111 1101111
o digit_selection_out
< v 4 3w
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Simulation — Post Synthesis Timing Simulation

SIMULATION Behavioral Simulation - Functional - sim_1 - bcd2sevenseg_tb | Post-Synthesis Simulation - Timing - sim_1 - bcd2sevenseq_tb \
Scope Objects bcd2sevenseg_tb_behav.wcig*
Q = = & Q o O W @ @ X ¥ # 4 = = [ T« -T >
Name Design Unit Block T* Name Value Data Ty ™
~ 1 becd2sevens bocd2sevenseg_tb(be VHDLE > B bed[3:0] 9 Array 150,000 ns
T uut bcd2sevenseg Verilog ¢ digit_selection_ 0 Logic —
> W bed[3:0] { oo 1001 0100 1001 0001
& gibl glbl Verilog > B seven_segmen 66 Array k —
12 digit_selection_ 1 Logic

Delays (KaBuotepnoeig dtadoong)
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