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3" EpyaoTtnplakn Aoknon

Anplouvpynote pia ALU tou va pooBetel SUo pn mpoonuacopévouc aplBuoucg (a+b) R va
Suthaoldlel Evav pn mpoonpacpevo aplBuo (a). Ot apBuot a,b sivat Twv 3 bit evw to
amoTEAEOHA KOl TwV SU0 mpdéewv amodnkevetal oto orpa Result twv 4 bit. Eudaviote to
amnotéAeopa t1oco ota LED 600 kat oto Pmod. lNa tnv eicodo twv apBuwv a,b 600 kal yla
TNV emdoyn ¢ mpaéng Ba xpnotpomnotnoste ta SW tng kaptag.
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VHDL — 7 segment led

d
> , .
£ b Avarnapaoctoon pe 7-bit
& MSB->g - LSB->a
(D
eU d U ¢ g-f-e-d-c-b-a
>
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VHDL — 7 segment led

— Tunpata: (g, f e, d,c, b, a)
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/ segment led - Pmod

EHie

Pinout Description Table

Header J1
Pin Signal Description
1 AA Segment A
Segment B
3 AC Segment C
- AD Segment D
A 5 GND Power Supply Ground

6 VO Positive Power Supply

Pmod: Peripheral Module interface

Pin

Signal
AE
AF

AG

GND

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

Positive Power Supply

5600
¥
p1 A AAAA
5 P2 RE AN
8 P3 ig ARAA J
& Pa L AA1 I AA2
= GND a1 || aB2—
v act || acz
Vee L ap1 ™' aAD2
AEA AE2—
AF1 [T AF2
o1 [AE — AGH Il AG2——
5 P2 AT AMA —c1 c2—
8 p3 [AG AAAN
£ py|C
[
[ ]
& GNp|GND )
Vo
. E.

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

Pmod illgnﬂl Zynq pin Pl Signal Name Zynq pin
dame

JAT Y11 JB1 W12
JA2 AA11 JB2 W11
JA3 Y10 JB3 V10
JA4 AA9 JB4 W38

A A7 AB11 Eh JB7 V12
JA8 AB10 JB8 W10
JA9 AB9 JBY V9
JA10 AA8 JB10 V8

Oa Bpeite oe nota Signal tng FPGA avtiotolyouv ta signal tou Pmod.
Katomv Ba Bpeite o mota pin tng FPGA avtiotolyouv ta signal tou Pmod.
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[MPOXQPHXTE 2THN A2KHZH
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APXITEKTOVIKN
result_temp<=unsigned('0'&a)+ unsigned('0'&b) when ctr='1' else
unsigned(a&'0') when ctr='0' else
(others=>'0");
result<=std_logic_vector(result_temp);
APXLTEKTOVLKN

with result_temp select

seven_segment<="0111111" when "0000", --0
"0000110" when "0001", --1
"1011011" when "0010", --2
"1001111" when "0011", --3
"1100110" when "0100", --4
"1101101" when "0101", --5
"1111101" when "0110", --6
"0000111" when "0111", --7
"1111111" when "1000", --8
"1101111" when "1001", --9
"1000000" when others;

digit_selection_out<=digit_selection_in;
. TMHMA , , , .
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Constraints (1/2) — Switches + Leds

# ZedBoard Pin Assignments
HEHHH
# On-board Slide Switches #
HEHHH

_ set_property -dict { PACKAGE_PIN M15 |IOSTANDARD LVCMOS33 } [get_ports { digit_selection_in }];
Constraints set_property -dict { PACKAGE_PIN H19 IOSTANDARD LVCMOS33 } [get_ports { ctr }];
set_property -dict { PACKAGE_PIN F21 |OSTANDARD LVCMOS33 } [get_ports { b[1] }];
set_property -dict { PACKAGE_PIN H22 |IOSTANDARD LVCMOS33 } [get_ports { b[0] }];
set_property -dict { PACKAGE_PIN G22 |IOSTANDARD LVCMOS33 } [get_ports { a[1] }];
set_property -dict { PACKAGE_PIN F22 |IOSTANDARD LVCMOS33 } [get_ports { a[0] }];

Hit#HH RS H
# On-board Leds #
Hit#HHHHHH T

set_property -dict { PACKAGE_PIN T22 IOSTANDARD LVCMOS33 } [get_ports { result[0] }];
set_property -dict { PACKAGE_PIN T21 IOSTANDARD LVCMOS33 } [get_ports { result[1] }];
set_property -dict { PACKAGE_PIN U22 IOSTANDARD LVCMOS33 } [get_ports { result[2] }];

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

THAENIKOINONION




3" EpyaoTtnplakn Aoknon

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 }];
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Pmod Manual

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

result_temp i

s=1b1  10[3:0] \ O[30)

seven_segment i

L ... S=defautt  11[3:0]

< T RTL_MUX

ctr [ >

digit_selection_in [ >

A[3:0] O[6:0]

RTL_ROM

[ > seven_segment[6:0]

[ > result[3:0]

THAENIKOINONION
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RTL Design — ROM Module/ROM Values

Sources Netlist  x ? 00 P » | Schematic x aluZpmod.vhe x | alu2zpmod_tb.vhe X 200
= 4 o o @ e X M o & = (' 3Cells 20IDPorts 24 Nets o
aluzpmod
b MNets (24
hd Leaf Cells (4
GND (GND
result_temp0_i (RTL_ADD
result_temp_i (RTL_MUX
seven_segment_i (RTL_ROM)
Cell P rti 2? _ 4 X a[2:0 I ) | seven_segment_i
SR ToHE [2:0] ots result_temp0_i result_temp_i Scomen
seven_segment_i - o M(\ 0[3:0] s=rb1  10[3:0] A[3:0] O[6:0] -—D seven_segment[6:0]
2 @0 [+ 0[3:0]
INIT Value bl2:0] [ _/ \ .. S=defautt_ 11[3:0] | RTL_ROM
INIT_DEFAULT 761000000 RTL_ADD -
- 5T RTL_MUX [ result[3:0]
INIT_0O 70111111 =
INIT_1 750000110 cr [_»
INIT_2 71011011 =
- digit_selection_in > digit_selection_out
INIT_3 71001111 9t - D git_ ]
INIT_4 7'p1100110
INIT_5 7'p1101101
INIT_G 71111101
INIT_7 7'p0000111
INIT_8 7p1111111
INIT_S 71101111
General Froperties Mets CellFins  ROM values
- TMHMA s s , ,
d I E NAHPO®OPIKHE 4 Epyaotriplo Aoy 2xedlaong 2023-24 A.BactAomoulog
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Synthesis/Implementation — Schematic

Qe I W O C  32Cells 20D Ports 40 Nets
o '5" j. 1 T

THAENIKOINONION
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Implementation — Report Utilization (1/3)

Qe I I @ C  32Cells  2010Ports 40 Nets
14 .
Kat aro Project Summary
14 14 14 I . -
Awyotepa LUT amo ooa deiyvel to shematic -
14 I . 14 ]
Kamola cuyxwvevovtal (paired), kamotla &
14
napapevouy (placed)
Report DRC b SaaCOUFBLra J =
TclConsole | Messages | Log | Reports | Design Runs | Utilization P
- e T |
Report Utilization 3 ¥ ——— :l_ —
Hierarchy ~ ,!h':"" Fle= E:
REpUILCowWer Resource Utilization Available Utilization % v T
"A schematic ~ glice Logic LuT 10 17600 0.06 = T — | o
~ Slice LUTs (1% 0 20 54 3704 t:---u-.- i_l i, CHiE
« IMPLEMENTATION LUT as Logic (<1% =
> . Memary L |
Run Implementation . Dsp LL“ICT) " o I S
» OpenImplemented Design |0 and GT Specific . ! % | | | w
Bonded I0B (37% 0 25 50 75 100  ——
v PROGRAM AND DEBUG Clocking Utilization (%) e
¥% Generate Bitstream Specific Feature o F
- = {= {=
TMHMA , , , ,
E NMAHPO®OPIKHI + Epyaotiplo Aoyikng Zxediaong 2023-24 A.BaclAomoulog
THAEMIKOINQNION

15



" EpyaoTtnpiakn Aoknon

Implementation — Report Utilization (2/3

IMPLEMENTED DESIGN - xc7z010iclg225-1L

Sources Netlist b ? 00 Project Summary % | Device » | alu2pmod.vhd » | alu2zpmod_tb.vhd »  Schematic b
= H & @ e H k O T = C 32Cels 20UOPoris 40 Nets
seven_segment_OBUF[2]_inst_i_1 (LUTA) 2 e I
seven_segment_OBUF[3_inst (OEUF) t> : o
seven_segment_OBUF[3]_inst_i_1 (LUTE) et
seven_segment_OBUF[4]_inst (OBUF) ] it
seven_segment_OBUF[4]_inst_i_1 (LUTE) -
seven_segment_OBUF[S]_inst (OBLUF) g CRF i1
seven_segment_OBUFSL_inst_i_1 (LUTH) S ————
seven_segment_OBUF[E]_inst (OBUF)
seven_segment_OBUF[B]_inst_i_1(LUTE) “ T R
=
all Properties ? _0O0O X L [
@ L] =
Q .{: + o %‘ | BRI e — greand_COLIFE| e i_1
< L a— e Lt e
OUP LuT . = T
PRIMITIVE_LEVE LEAF L i_l s COUCK |1 I
PRIMITIVE_SUBGRGUP others =
PRIMITIVE_TYPE LUT.others LUT3 —
REF_NANE LUT3 i
REUSE_STATUS =
SLR_INDEX 0 ——
STATUS FLACED ol ot i S —— e .
General  Properties = Power = ——

TMHMA
l MAHPO®OFIKHE 4 Epyaotnplo Aoyikig 2xebiaong 2023-24 A.BaclAGTIOUAOG
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Implementation — Report Utilization (3/3

IMPLEMENTED DESIGN - xc7z010iclg225-1L

Sources | Netlist e I ] Project Summary x| Device x| alu2pmodvhd x| alu2pmod_tb.whd x| Schematic x 200

= 4 -] @ 0 M n o L =  32Cells 20U0Ports 40 Nets -]

~ [ROS————

result_OBUF[2]_inst (DBELIF}

result_OBUF[2]_inst_i_1 (LUTS)
result_OBUF[3Linst (OBUF) )
result_OBUF[3Linst_i_1 (LUT4) ki
result_OBUF[3Linst_i_2 (LLIT4)
seven_segment_OBUF[0]_inst (OBLIF) g, CUFL e
seven_segment_OBUF[0]_inst_i_1 (LUTE)
seven_segment_OBUF[1]_inst (OELIF)

sar aagrrd_RUFEY

W

sy g L et

Wi

seven_segment_COBUF[1]_inst_i_1 (LLITE) w [P p—
[
1l Properties ? _ 00X ey I =l
result_OBUF[2]_inst_i_1 - .3 D_ o L t=
o — [——
Q o 0 4 | o ,_.j S ———
-~ [ _ElEf: =
LA .o S s caiL
PRIMITIVE_SUBBROUP others s L] [p——
{> seen s e pa
PRIMITIVE_TYPE LUT.athers. LUTS {>
REF_MAME LUTS
REUSE_STATUS :Dﬁ
SLR_INDEX 0 ——
SOFT_HLUTNM soft_lutpaird o
STATUS —=C o st st e T
General Properties Power MNets Cell Pins = '“.:H

TMHMA
l NAHPO®OPIKHE Epyaotnplo Aoyikig 2xebiaong 2023-24 A.BaclAGTIOUAOG 17
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Implementation — Timing Reports (1/2

IMPLEMENTED DESIGN - xc7z010iclg225-1L

Timing Summary - impl_1 (saved)

»*  Report Timing - timing_1

Menu Reports->Timing-Timing Reports

Setup Time:
AvadeEpetal oTig apyEC SLAOPOUEC
(kaBuotEpnon dtadoong)

Ta povonartia (path) pe toug

? X
Sources  Netlist  x ?_00C Project Summary X % | aluzpmodvhd x| aluzpmod_tbwhd x| Schematic  x 00
= H & Q Q N u © 4+ = C 32cCels 20U0Pors 40 MNets o
a_IBUF[1]_inst (IBUF) N
a_IBUF[2]_inst (IEUF
b_IBUFOL_inst (IEUF
b_IBUF[1L_inst (IEUF .
b_IBUF[2L inst (IEUF H
ctr_IBUF_inst (EUF
digit_selection_in_IBUF_inst (IEUF £
digit_selection_out_OBUF_inst (OBUF m|
result_OBUF[0]_inst (OBLUF v .
Path Properties ? 00X =
Path 11 - -3 £
~ Summary ~ ‘ T
MName Path 11 o e
Slack wns it
Source D a[1] (input port]
Destination {0 seven_segment[B] (oulputport ul L
Path Group (none)
Path Type Max at Slow Process Comer
Requirement ELE
Data P..Delay 9.472ns
‘ S
General Properties Report  Cells  Nets N
Tc nsole Messages Log Design Runs DRC Power Timing X 2 _00
Q T £ C H 40 T &£ 4 = H € m Timing Checks - Setup
»
General Information Name Slack ™' Levels Routes HighFanout From To Total Delay LogicDelay MNetDelay Logic% Net% Requirement Source Clock Destination Clock  Exception Skew  Cloc
Settings v Unconstrained Paths (1 by
 Timing Checks (20 « = (none) (10 P
4
Setup (10) Path 11 © 5 4 % a[l]  seven_segment] 9472 4203 5269 444 558 input port clock
Hold (10 Path 12 @ 5 4 a8 a] seven_segment(4] 9311 4191 5120 450 55.0 e input port clock
Path 13 @ 5 4 8 all Seven_segment(s] 9.083 4185 4898 46.1 53.9 e Inputport clock
Path 14 o 5 4 5 al]  seven_segment3] 9.009 4198 4811 466 534 s input port clock
Path 15 @ 5 4 8 all seven segment2] 8.989 4181 4309 46.5 535 o input port clock |
< b

=&

TMHMA
NAHPO®OPIKHI 4
THAEMIKOINONION
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Implementation — Timing Reports (2/2

IMPLEMENTED DESIGN - xc7z010iclg225-1L ?
Sources Netlist x ? 00 Project Summal x | Device x | aluZpmeod. x | aluZzpmo »  Schematic x 200
= 4 - @ @ N u © 4+ = C  32Cels 20U0Pots  40Nets o
a_IBUF[1Linst (IBUF ~
a_IBUF[ZL_inst (IBUF
B_IBUF[OL_inst (IEUF
b_IBUF[1Linst (IBUF
b_IBUF[ZL_inst (IBUF
cir_IBUF_inst (IEUF
digit_selection_in_IBUF _inst (IBUF)
digit_selection_out_OBUF_inst (OBUF)
result_OBUF[0]_inst (OBUF -
Path Properties » O C X 20 B
Path 1 - -3
~ Summary ~ @
Name Path 1
Slack (Hol @ns
Source [ digit_selection_in (input port
Destination {0 digit_selection_out {output pori
Path Group (none)
Path Type Min at Fast Process Comner
Reguirement  -cons
DataP._Delay  1812ns (logic 137 72035 route
. . . &
(4 > '
General Properties Report  Cells Neis N
TclConsole | Messages | Log | Reports | Design Runs wer | Timing > _ O
Q = £ C W 140 = £ 40 =4 ¢ M Timing Checks - Hold
3
General Information Name Slack 7 Levels Routes HighFanout From To Total Delay  LogicDelay NetDelay Logic% Met% Requirement Source Clock  Destination Clock  Exception
settings ~ [ Uncenstrained Paths (1 “
~ Timing Checks (20 v (none) (1
Setup (1 Path 1 @ 2 1 1 digit_selection_in  digit_selection_out 1.912 1377 0.535 720 28.0 -co input port clock
Hold (10) Path 2 @ 3 2 10 b[0] seven_segment(2] 2254 13290 0.864 617 383 -0 input port clock
Path 3 o 3 2 10 blo] seven_segment[3] 2975 1.407 0.863 618 382 o input port clock
Path 4 o 3 2 Mo seven_segment[0] 2298 1487 0.812 647 353 - input port clock
Path 5 L) 3 2 11 dr seven seqment]1] 2302 1.486 0817 64.5 355 -0 input port clack |
< 2
Timing Summary -impl_1(saved) » Report Timing - timing_1  x

=

TMHMA
NAHPO®OPIKHI 4
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(kaBuotEpnon poAuvonc)

Ta povonartia (path) pe toug
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Implementation — Path Analysis

IMPLEMENTED DE SIGN - xc7z010iclg225-1L ?
Sources Netlist ?_00 % | Device * | aluZzpmod. x | aluZp % | Schematic x| Schem »  Path 11 - timing_1 X 00
= H o Slack cns i

a_|BUF[1_inst (IBUF) ~ Source O ar1] (input port
a_|BUF[2]_inst (IBUF Destination {] seven_segment[6] (output port;
b_IBUF[O]_inst (IBUF Path Group (none)
b_IBUF[1L_inst (IBLIF Path Type Max at Slow Process Corner
b_IBUF[2]_inst (IEUF Reguirement cons
cr_IBUF_inst (IBUF DataP..Delay  9.472ns 203ns 3%) rout {
digit_selection_in_IBUF_inst (IELIF Logic Lavelsy 5 (IBUF=1 LUT4=2 LUT6=1 OBUF=1 AE&L KALK OTO Path Kal.
digit_selection_out_OBUF_inst (OBUF ~ Data Path
result_OBUF[0]_inst (OBUF L Delay Type Incrins)  Path(ns) Location Metlist Resource(s) Vi eW Pa t h Re p O rt
result_OBUF[0]_inst_i_1 (LUT2 (r) 0.000 0.000 Site: P10 [ al1)
result_OBUF[1]inst (OBUF < net (fo=0 0.000 0.000 Al
Site: P10 [ a_IBUF[1]_instl
DRI 7 = (2] [ 5 IBUF (Prop ibuf | O} (r) 0.968 0.966 Site: P10 <0 a_IBUF[1_insti0
Path 11 - -] net (fo=3 ited 1.589 2.556 A a_IBUF[1]
~ Summary ~ Site: SLICE_X423Y7 [ result_OBUF[3]_inst_i_2/1
L Name Path 11 LUT4 (Pro.t4 11 O) (r)0.124 2680 Site: SLICE_X43Y7 {0 result_OBUF[3] inst_i_2/0
Slack @ns net (fo=2, rou 0.433 3112 /" result_OBUF[3]_inst_i_2_n_0
Source B al1] (input port] Site: SLICE_¥42Y7 [ result_ OBUF[2]_inst_i_1A1
Destination <] seven_segment[8] (output port LUT4 (Pro.t4 11 O) (r) 0.150 3.262  Site: SLICE_X43Y7 {0 result_OBUF[3]_inst_i_1/0
Path Group (none) net (fo=8 1.575 4.837 /" result_OBUF[3]
Path Type Max at Slow Process Corner Site: SL..E_X43v14 [ seven_segmeni_OBUF[S]_inst_i_1/10
Requirement «ns LUTE (Pro.16 10 O) (r) 0.326 5163 Site: SL.E_X43¥14 I seven_segment_OBUF[6]_inst_i_1/0
DataP._Delay 9.472ns (o route 5 net (fo=1, routed 1672 6.836 7 seven_segment_OBUF]G)
Logic Levels 5 (IBUF=1LUT4=2 LUT OBUF=1 Site: R13 [ seven_segment_OBUF[G]_inst!
) Data Path OBUF (Pr.buf | D) (1) 2637 9.472  Site: R13 41 seven_segment_OBUFIGL_instO
Delav Tvoe Incrins)  Path.. Location & net (fo=0 0.000 9.472 " seven_segment[s]
General  Properties Report | Cells Nets N Site: R13 < seven_segment[s] ~
Tcl Console | Messag Log Reports | Design Runs Powe! Timing % > 0O
Q T 2 C H 40 T =2 @i = 4 @, m Timing Checks - Setup
General Information "> MName Slack ™7 Levels Routes HighFanout From To Total Delay LogicDelay MNetDelay Logic% MNet% Requirement Source Clock Destination Clock  Exception Skew  Cloc
Settings v Unconstrained Paths (1 2
~ Timing Checks (2 e (none) (10
Setup (10) Path 11 @ 5 4 8 a] seven_segment[8] 9.472 4.203 5.269 444 55.6 input port clock ~
e [P .
TMHMA

NAHPO®OPIKHI 4
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Implementation — Simulation

test_1: process is
begin
ctr_tb<= not ctr_tb;
foriin 0 to 3 loop
a_tb<=std logic_vector(to_unsigned(i,a_tb'length));
forjin 0 to 3 loop
b_tb<=std logic_vector(to_unsigned(j,a_tb'length));
wait for 10ns;
end loop;
end loop;
end process test_1;
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