BB 7 —x 7 FviFim (5)

OSana@eee.u-ryukyu.ac.jp



mailto:osana@eee.u-ryukyu.ac.jp

AIEIDEE: TAMRYF

TARNXNYF
“timescale, initial, always #

$ TIEUEXRSATLTARY

TARTREI 2 —INICTAMYFTCERUEESZANT S

|A{A IR VAL IETE TEVWEBEDESHSHBTES




AIEID{EE: Vivado

FPGA DBIFEZEEL /O Y b Z1ES

=X 7 7AILIEEI 7 AT ICLTEWLIE DD &K L
RTL (& “Design Source” T,

T A MXYFIE “Simulation Source”



AIE]D{EE: Vivado Simulator

Vivado Simulator OE AR ZR{E LN

Simulation settings T runtime %Z O [C

= U e (FEsH 3 P 7ol |

RZRIBDESEZTELLES KIY—XO—KEZZTELES |

Y —XA—KH Web [CHD FT:

http://mux.eee.u-ryukyu.ac.jp/lecture.html.ja



SHODFE

J—I)LIFIR—RKZHHT T &

LED < %< % > 77Xk LED &ML 1L

RTLZEZEWT, YT a2L—Y3> 07T, wmEESEIELCR

VZIal—YgavIKFE LW &EHH D parameter DJEH

FENMEFT

aOll



Implementation Flow

S e = A

/A% vEVT

s & AOiR

£y N R U — LR

UL IFEZ T



BFIIRE

IEE A - ICERERRU T, EYv A KNY—LZ5ERE FPGA [CELK X T

) —RX 7 71)LIiE Web TBE

EHRDRATA KICHTLKBY—XXO—RKF#FnNICEEFNLTWET



= EDBIE

AMNYT oA Y FEIEDEXEL &£

TYw a2 A4y FETET X NLEDD#EH[O] 2

10 EHQH TV Y

SEFESY—RD—RENMD OBHRATE BT



A1YF

F YD) TR

CDEDTIFHUSIERUICT D EFHHHNICESHNHET

TANADEIRKIFRIFE ECHRICEENTWVWDITE. TETEZW)

FORTAESBZEEHZARUL LD




72X MLED

I_I I_l I_l I_l I_I I_I I_I I_I
=1 =1 =11l l_l. l_l. I_l.l_l.

7/_|\\\:|:E\/ R

CA CB CC CD CE CF CG DP CA CB CC CD CE CF CG DP

Eight-digit Seven
Segment Display

BATUIEWTD 7/ —RK%Z L.

Figure 18. Common anode circuit node

RATUTCWE D DAY — %2 L TRAT

7/ —ReIDBEZRBDSEBRTENTZRR (F1F =3

VAIA:

Common anode

i
AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO | > 1(
= A B

N

X AVZ

[

1><|

G |) e
EYe . |¥ |oP
J =P >

D/ §

Individual cathodes

LLmlt
\TLLITY
S—



AR EEBFEED YA LAT—I

O]k iE TOOMHz T&I< (7 E AR LY

LED A 100MHz THEHIK ERBZAGWDT, WOV Z ANTEL T3

OoHz &5 224=16M X T Z L IE L L)

VIalL—YDREET 16M XTEWNTDDE---? (o (XD )

VI L= EREBERTHOIDE Y NIEZEL L)

11



LED< 5<% BU

module led kurukuru
( input wire CLK, RST,
output reg [15:0] LED );

reg [23:0] CNT;

/jJ\—_F@ é: = 5 %/JJ\)L L/ 7‘—: L) wire STROBE = &CNT;

always @ (posedge CLK) begin
if (RST) begin

fcE ZIE2EY N x5 CNT <= 0;

LED <= 16'b1000_0000_0000_0000;

BB TBEBLWHIT SN ONT o ChTan

if (STROBE)
LED <= {LED[@], LED[15:1]}
end
end
endmodu Le
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Parameter -7

module led kurukuru

O AHIEI=D ( input wire CLK, RST,
output reg [15:0] LED );
Sy _ =T — = parameter CounterBits = 24;
t>a )I/@SEALET— = reg [(CounterBits-1):0] CNT;
(LUMREIXX)

/_I_{)_ I\_H@ﬁﬁ(!: #() T\'._IH module led kurukuru #

( parameter CounterBits = 24 )
( input CLK, RST,

é:“t_s EJ%E)%EZE'TI_ﬁ{LZ\"" output reg [15:@0] LED );
reg [(CounterBits-1):0] CNT;
(LT REIX)
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A2 RY \/X_ L ’”‘% ] led_kurukuru

kurul(.CLK(CLK), .RST(RST), .LED());

led kurukuru # ( .CounterBits(2) )

kuruZ —6\612 K\\\\/ |\73'7\/9 kuru2(.CLK(CLK), .RST(RST), .LED());
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module segment_driver
( input wire [3:0] VAL,
output wire [6:0] CATHODE );

assign CATHODE =

(VAL==4"hQ) ? 7'b000_0001 :
(VAL==4"h1) ? 7'b100 1111 :
(VAL==4"'h2) ? 7'b001_0010 -:
(VAL==4"h3) ? 7'b000_0110 :
(VAL==4'h4) ? 7'b100 1100 :
(VAL==4'h5) ? 7'b010_0100 -:
(VAL==4"h6) ? 7'b010_0000 :
(VAL==4'h7) ? 7'b000 1111 :
(VAL==4'h8) ? 7'b000_0000 -:
(VAL==4'h9) ? 7'b000 1100 : 7'h0O;
endmodu le
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Y —RA771)l

) —XlE srcl/ ICADTWEXT
Constraint: led_kurukuru.xdc
Design Source: led_kurukuru.v

Simulation Source: led kurukuru test.v
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USB XEUHMS C:/Users/userQ1/ LLTIC7 ALY & DE—
lab1/vivado & LT7OY 7 b %Z1ER
Device: XC/ATO0T-1CSG324
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Implementation Flow

Synthesis: FEIE &

Implementation: 77/ 03Ny 7 & EERCHR
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(ED 5 TAIREICY B)

Flow MNawviga
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Project Manag
5 Project Setting
¥ Add Sources
Language Templ

4 RTL Analysis

4 Synthesis

4 |mplementation

4 Program and Debug

@Y Open Elaborated Design

5 synthesis Settings
& Run Synthesis
@Y Open Synthesized Desigr

9&; Implementation Settings
[» Run Implementation
@Y Open Implemented Desi

F@j Bitstream Settings
%] Generate Bitstrearm |
a” Open Hardware ManaaeJ
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Implementation
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[» Run Implementation
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Implementation: Timing

Implementation NET 95 EHD

Implemented Design %

7

LT Window — Timing

“All user specified timing constraints are met” H7Zx LV & 5 X

Timing - Timing Summary - impl_1 — 0O 2 ¥

B

S | ?
3

e
i

) Thisis a saved report

—General Information
—Timer Settings

—Clock Summany (1
@=-Check Timing (17
@=Intra-Clock Paths
—Inter-Clock Paths
—Qther Path Groups
—IJser Ignored Paths

—Desigh Timing Summanry

Timing Summary - impl_1 X

2 Tcl Console

Messages

Design Timing Summanry

| Setup Hold Pulse Width
lil Worst Negative Slack {(WNS): 6.027 ns Worst Hold Slack (WHS): 0.236 ns Waorst Pulse Width Slack (WPWS):
Total Negative Slack {TNS): 0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS):
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints:
Total Number of Endpaoints: 56 Total Number of Endpaoints: 56 Total Number of Endpoints:
—
£2 B _
O] [«] >

=l Log 2 Reports 3 Design Runs & Timing [ 170 Ports
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Implementation: 1/0 Ports

Implemented Design Z W T Window — |/O Ports

EERDIN—

H
||

N AY “Fixed” T\

%) é: EZ/LJ @i'%/ﬁ\/ {\_

/O Standard A 1IEU W & & fEER

NOMENEXT

IfO Ports — 0O > X
Q Name Direction | Neg Diff Pair Site /O St cco | ¥ref| Drive Strength | Slew Type |
@l All ports (18) E|
“‘ QJ LED (1¢) ouT LVCMOS33™ 300 12 v SLOW  «
= —< LED[15] ouT P2 LYCMOS33™ 300 12 - SLOwW -
Bk —<J LED[14] ouT R2 LYCMOS33™ 300 12 > SLOwW  «
<7 LED[13] ouT Ul LYCMOS33™ 200 12 v SLOW  «
Lap —= LED[12] ouT PS LVCMOS33™ 300 12 v SLOW =
v —< LED[11] ouT R1 LYCMOSZ23™ 300 12 > SLOW o«
é] —<J LED[10] ouT W1 LYCMOS33™ 300 12 v SLOW =
- —< LED[9] ouT 3 LYCMOS33™ 300 12 - SLOwW -
v —< LED[8] ouT W4 LVCMOS3 3™ 300 12 v SLow o« [
—< LED[7] ouT e LYCMOS33™ 300 12 v SLow o« |
—<J LED[®&] ouT 7z LVCMOS33™ 300 12 - SLOow  « |
—<J LED[5] ouT T4 LYCMOSZ23™ 300 12 v SLOW  w 5_
|T| Lo L Enral LT TS [Z1 IV ChMNOSZ 2 20N 12 - SO r_lll
2 Tcl Console Messages L=l Log 9 Reports 3 Design Runs & Timing [ 1/ 0 Ports
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4 Program and Debug

5 Bitstream Settings
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Hardware Manager

h— R E g 5.

EIFE on LTHK

Open Target T FPGA %
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Program device
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N

TJ77A4ILEZENIFICIEEULERLS TKUL

Hardware Manager - unconnected

i’ No hardware target is open. Open target

Hardware Manager - macpro-linux/xilinx_tcf/Digilentf210274593047 A

i) There are no debug cores. Program device Refresh device

Hardware — 0O 2 X Debug Probes
Q X S=(E QA X 2|E
Name | Sta
@ B macpro-linux (1 Connec
@-@e xilinx_tcf/Digilent/210274593047A (1) Open
@@ xc7alo0t_0 (] Prograr
3 }ADC Monitar

Hardware Manager - macpro-linux/fxilinx_tcf/Digilentf2 10274593047 A

i) There are no debug cores. Program device Refresh device

Hardware & xc7al00t_0 Debug Probes
= o [ =2 oo [B=]
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ZD XX File = New Project
) —X & lab2/src
push_counter_test.v: 7 X MR F, 7seg.xdc: #l#Y
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driver
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sloll
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push_counter

37



MYy VDEIDHT

/£ (BTNL) : ADV
AT Y7ESNPT
R (BTNC): RST

SR cAVE S



Parameter (&.:3:.7c>

LED ottt h & Z (ColumnCounterBits)

10bit 12 >% =1/100ms (B &> EERIT b )

Fr AU VITBRED D >VH (ButtonFilterCount)

20x106 = 1 /bsec
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