Reconfigurable Architecture (10)

Nexys4 peripherals & Using the Internal logic analyzer



Agenda of this week

Working with Nexys4 peripheral devices
PWM to illuminate LEDs
12C (Inter-Integrated Circuit) to temperature sensor
SPI (Serial Peripheral Interface) to accelerometer

On-chip debug on a working FPGA



Documents (1): Board Ref. Manual

digilentinc.com — Products —
FPGA Boards — Nexys4

First of all, see the reference manual

Short descriptions about on-board devices

1300 Henley Court
Pullman, WA 99163
509.334.6306
BEYOND THEORY www.digilentinc.com

Nexys4™ FPGA Board Reference Manual

The Nexys4 board is a complete, ready-to-use digital
circuit development platform based on the latest Artix-7™
Field Programmable Gate Array (FPGA) from Xilinx. With
its large, high-capacity FPGA (Xilinx part number
XC7A100T-1CSG324C), generous external memories, and
collection of USB, Ethernet, and other ports, the Nexys4
can host designs ranging from introductory combinational
circuits to powerful embedded processors. Several built-in
peripherals, including an accelerometer, temperature
sensor, MEMs digital microphone, a speaker amplifier,
and a lot of I/O devices allow the Nexys4 to be used for a

wide range of designs without needing any other
components.

The Artix-7 FPGA is optimized for high performance logic, and offers more capacity, higher performance,
and more resources than earlier designs. Artix-7 100T features include:

e 15,850 logic slices, each with four 6-input LUTs and 8 flip-flops
e 4,860 Kbits of fast block RAM

e Six clock management tiles, each with phase-locked loop (PLL)
e 240 DSP slices

e Internal clock speeds exceeding 450MHz

e On-chip analog-to-digital converter (XADC)

The Nexys4 also offers an improved collection of ports and peripherals, including:

e 16 user switches e 16 user LEDs e Two 4-digit 7-segment displays
e USB-UART Bridge e Two tri-color LEDs e Micro SD card connector
e 12-bit VGA output e PWM audio output e PDM microphone
e 3-axis accelerometer e Temperature sensor e 10/100 Ethernet PHY
e 16Mbyte CellularRAM e Serial Flash e Four Pmod ports
e Pmod for XADC signals e Digilent USB-JTAG port for e USB HID Host for mice,
FPGA programming and keyboards and memory sticks

communication

. Copyright Digilent, Inc. All rights reserved. _
DOC#:502-274 Other product and company names mentioned may be trademarks of their respective owners. Page 10f 29




Documents (2): Master XDC

Available from the same webpage with the reference manual
All FPGA pins’ signal name + IOSTANDARD

Signals named by Digilent, along their role

Of course you can change the names

Good to avoid misconfigurations from typo



Documents (3): Device datasheets

evice part numbers on the reference manuals
Details on the Devices’ data sheets
Available from the vendor websites

Japanese translation available (sometimes)
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Nexys4 Peripherals

Switches, 7 segment LEDs, Discrete LEDs, Tri-Color LEDs

Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic
|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)



Simple on-off control

Switches, 7/ segment LEDs, Discrete LEDs, Tri-Color LEDs
Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic
|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)



Dynamic drive and PWM

Switches, 7 segment LEDs, Discrete LEDs, Tri-Color LEDs
Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic
|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)



Standard serial interfaces (spii2c)

Switches, 7 segment LEDs, Discrete LEDs, Tri-Color LEDs

Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic
|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)



PC standard serial interface

Switches, 7 segment LEDs, Discrete LEDs, Tri-Color LEDs

Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic
|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB=-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)
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Easy-to-make interfaces

Switches, 7 segment LEDs, Discrete LEDs, Tri-Color LEDs

Temperature sensor, 3-axis accelerometer, PWM audio output, PDM mic

|28Mb Pseudo-SRAM (CellularRAM: Verilog model available)

VGA (display), USB-PS/2 (Keyboard & Mouse)

USB-UART (Serial), 10/100M Ethernet (LAN)

11



Serial interface

Send or receive data bits on single wire
With or without separate clock signal line

With or without separate send/receive line

12



RS-232C

110011111001

+t—r ¢ —r ¢ —r—r—r—r —>

2 wires to send (Tx) and receive (Rx)

IDLE
START
STOP

Pre-defined period for | bit

LSB: Bit O
MSB: Bit 7

ex) for 9600bps, |bit = 1/9600sec = 104pus
High on idle

Start on a “0”, sample timing of data bits are relative to this transition to low

13



PS/2

Clock
2 wires for clock and data Data 110011 1]0|0]
Clock remains high while idle - - £ 5
O < o m 8 F
. .. P
D m o
’ :

Data signal is bidirectional
Just ignore parity for receive-only applications

Clock period is as long as 60-100us

IDLE



PS/2 Keyboard, Mouse

34
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Each key has its own scan code
On press down, scan code is transmitted

On release, FO (Key-up) + scan code are transmitted

IJ | JL ) C

Mice emits multiple bytes on move and button press/release




I2C and SPI: Low-speed peripheral |/O

12C: 2 signal lines: SCL (clock), SDA (Data + Address)
Address to select device, up to about 400kbps
SPI: 4 signal lines: SCK (ciock), MISO+MOSI (Data), SS (Slave Select)

An SS line corresponds to a device, faster than 12C as SMbps

Parallel version with multiple MISO/MOSI signals (Dual SPI / Quad SPI)

16



12C and SPI

Each device has multiple devices
Registers have their own address and specific features
Write sensor settings, or read sensor values

In 12C, device has address to select; use SS signal instead in SPI

17



|2C Protocol (Read)

Step 1:

Write register address

Start

Step 2
WA WAV O 6 B 5D 4D O GV
Read data = Bus Address: 7bit § §g£ Data from Register ’ §§
D o -

18



|2C Protocol

* Bus (device) address must be given every time




I2C example: ADT7420

| 6bit temperature sensor
Positive celcius: (16bit value) / 128
Negative celcius: (| 6bit value - 65536) / 128
Default register address is the temperature register
No need to set the register address (Step 2 is sufficient)

The register is |16bit, so receive twice after transmitting bus address

20



SPI protocol

4 wires
SS (CS ), SCLK, MOSI (from FPGA), MISO (to FPGA)
Continuous CS and SCLK without Ack will be continuous access

SPl example: ADXL362

Please refer to the datasheet ...

21



Final Assighment

Make something fun with Nexys4 peripherals
Following sample code is available on the web, see the top.v for instruction

Controllers for PS/2, Temperature sensor, Accelerometer and Microphone

PWM controller for LED

22



Post synthesis/implement simulation

Generate HDL model from synthesized/implemented netlist
Functional simulation: without delay model to check the correctness
Timing simulation: with delay model to check the timing

Using RTL testbench is possible and sufficient for most cases

23



Synthesis and module hierarchy

RTL has module hierarchy
In synthesis, it’s flattened for optimization
Optimization beyond the module border gives better result

But hard to read synthesized gate-level HDL

24



Rebuilding Hierarc

* Project Settings — Synthesis —

Flatten Hierarchy

* Full: Fully flatten, don’t rebuild

* None: No flattening

* Rebuilt; Flatten then rebuild

* Same performance with “full”

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings
Project
IP Defaults
Source File
Display
WebTalk
Help
> Text Editor
3rd Party Simulators
> Colors
Selection Rules
Shortcuts
> Strategies
> Remote Hosts
> Window Behavior

Synthesis

N\ Settings

Specify various settings associated to Synthesis ‘
Constraints
Default constraint set: | & constrs_1 (active v
Report Options
Strateqgy: A Vivado Synthesis Default Reports (Vivado Synthesis 2017) v
Options
Strateqy: A Vivado Synthesis Defaults (Vivado Synthesis 2017) -
Description: Vivado Synthesis Defaults
v Synth Design {vivado)
tcl.pre -]
tcl.post -]
flatten_hierarchy rebuilt
-gated_clock_conversion full
buf none
U9 rebuilt
fanout_limit 10,000
-directive Default v
-retiming
-fsm_extraction auto v
-keep_equivalent_registers
-resource sharing auto v v
-flatten_hierarchy
Flatten hierarchy during LUT mapping.
“ Cancel Apply Restore...

25



v SIMULATION

Run Simulation

o o ® - | '
Run Behavioral Simulation
o S S n e S I S s I m u a I o n v AR Run Post-Synthesis Functional Simulation
> Open Elak

Try with this source: LED flashing

Run Post-Synthesis Timing Simulation

v SYNTHESIS
P Run Svntheses

module led kurukuru
( input CLK, RST, output reg [7:0] LED );
parameter CounterBits = 24,

reg [(CounterBits-1):0] CNT;
wire STROBE = &CNT;

always @ (posedge CLK) begin
if (RST) begin
CNT <= 0;
LED <= 8'b1000 _0000;
end else begin
CNT <= CNT+1:
if (STROBE)
LED <= {LED[@Q], LED[7:1]};
end
end
endmodule // led_kurukuru

26



Post-synthesis simulation

Same to RTL sim at first sight

Some signal names may be
changed

Signals come with delay
(in timing simulation)

File  Edit Flow Tools Window
GJ ’A
Flow Navigator = 0 ? _

v PROJECT MANAGER
£+ Settings
Add Sources

Langquage Templates

¥ IP Catalog

v |IP INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

v SYNTHESIS
» Run Synthesis

v Open Synthesized Design
Constraints Wizard

Edit Timing Constraints

[ ]

Set Up Debug

® Report Timing Summary
Report Clock Networks
Report Clock Interaction

[F] Report Methodology

Report DRC

Report Utilization

& Report Power

Display the Language Templates window

A

v

project_1

Layout View Run Help

b O 2 i« » »,

10 us

[/home/osana/work/reconf-class/1031/project_1/project_1.xpr]

v = C

SIMULATION - Post-Synthesis Simulation - Timing - sim_1 - led_kurukuru test

Scope
Q = = o
Name Block T... Design ...
d le... Verilog... led_ kur...
& ... Verilog... led kur...
2 ... Verilog... led kur..

2 glbl  Verilog... glbl

Tcl Console
Q = = |

#

# run 1000ns

INFO: [USF-XSim-96] XSim
INFO: [USF-XSim-97] XSim

B =

Objects

Q

Name Value
) CLK 1
1 RST 0
% LED[15:0] 8000
2§ CNT[23:0] 000062

@ STROBE 0

& CounterBi... 24

& CLK
& RST
™ LED1[15:0]

™ LED2[15:0]
e |STEP

Untitled 3

completed. Design snapshot 'led _kurukuru_test time_synth' loaded.

simulation ran for 1000ns

Implementation Complete «/

29 Default Layout

Sim Time: 1 us

27



Off-chip signal probing

* Observing Off-chip signals from FPGA

* Unused I/O pins may be used for debug

* Standard 2.54mm pin headers, or some special high-density debug connectors

.....

2 { 1.4 %1
.-. 3 E
! ,3 rlgﬂagggrz Power
-21
JP12 2-3143.3

" 1:%:12
http://ppg.teldevice.co .2JpPc

------------ R L e e e g iy A iy

N 15
1

TP TP38
° ar@cm(zb
SNy

B 5 % % % 5 8 8 8 8 8 8 A N N B R AR R N N oNsel,

48
‘=-\.r——\-l—l
£ FaE X S a2 WY )

2.54mm sqguare pin headers Mictor connector

:.:’_,, € 3 @i |
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Using oscilloscopes!?

Basically for periodic waveforms ... Jov\

Edge triggered

Small # of channels, continuous voltage levels

But large # of channels are required in digital debug

No requirement for continuous voltage levels




Logic analyzer

* Digital signal acquisition for many channels

* Trigger once on specified condition

U |
IIIIII_{IIIIIIIIII!IIII il lyl”"
: i

* Observe waveform before and after the trigger ~

* Stand-alone logic analyzer, Integrated logic analyzer with ''_
oscilloscope, or on-chip ILA

30



Logic probes

Much simpler than oscilloscopes’
with various |IC clips and attachments

Pin-header attachments, Mictor attachments, etc.

31



Design considerations in off-chip debug

Pulling out on-chip signals to outside by simply “assign” affects much on delay
Signal behavior may be changed
Placing an output register for off-chip signal can relax this problem
|OB has input/output register, used if no logic before/after input/output

Especially for clock output, DDR register is useful (ask google for details...)

32



Plan B: Boundary Scan

Want to see all pins on all LSIs on a board
Not possible to probe all pins...
Make it possible with less cost (with some limitations)
Place FFs on all pins of LSIs (and modules inside them ), make a long long daisy-chain

Read bit-by-bit by shifting them on a clock signal

33



JTAG (Joint Test Action Group)

IEEE 1149.1-1990 Standard Test Access Port and Boundary-Scan Architecture
4-wire daisy chaining of LSls
Monitor or control (!) pin status
Many recent LSIs have JTAG interfaces for test purpose

JTAG is the name of working group, but used as the standard’s name

34



JTAG interface

Controllers are usually a USB
device

=
jooop R
L Lo g

—
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Boundary Scan and FPGA

Already using for FPGA configuration
Writing all LUTs and configuration FFs
Writing serially bit-by-bit requires less # of wires for configuration
But this is too slow, usually FPGAs come with parallel faster config modes

Good example of using |TAG interface for non-test purpose

36



Internal Logic Analyzer

On-FPGA debug tool

Trigger state machine by FPGA logic cells
Block RAM as waveform memory, | TAG access from PC
No instruments, only PC + JTAG cable is sufficient

Hands-on later

37



Direct probing is not a perfect solution

RTL must be changed to use instruments or |LA

For ILA, some workaround to attach without RTL change is possible but at
least the design must re-synthesized

Always with limitations in waveform length
Observing in longer time scale is difficult

Add|t|0na| Signa|S (i,e,, counters or some ‘“‘OK” signals) are UserI W|th ILAS

38



ILA hands-on

“timescale 1ns / 1ps

module top( input CLK, input RST, input BTN,
output reg LED );

reg [7:0] CNT;

* Just a button and counter always @ [posedge CLK) begin




Generate ILA

* Open IP catalog

0@
File  Edit

B « » B B X P ¥

Flow Tools Window

|X| project_1 - [fhome/osana/work/reconf-class/lab-ila/project_1/project_1.xpr] - Vivado 2017.3

Layout View Help l Q- Quick Access Synthesis and Implementation Out-of-date details £

v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

¥ IP Catalog

v IP INTEGRATOR

Create Block Design

Open Block Design

Generate Block Design -

v SIMULATION

Run Simulation

RTL ANALYSIS
> Open Elaborated Design

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

e X ¥ o ¥ 85 Default Layout v
Flow Navigator -2 B 8 PROJECT MANAGER - project_1 ? X
Sources ? 00X Project Summary x| IP Catalog x top.v x 200
Q T 2 4+ @A ©o o ] Cores | Interfaces
v . Design Sources (1) AN Y 2P-AE- q Q- ’ O
> @& top (top.v) (1) - 1
v = Constraints (1) S : i A4 Ske
G 1 A
v = constrs_1 (1) ? Basic £ e.mer.1ts -
top.xdc > = Communlcatl.o.n &-Networklng
> = Simulation Sources (1) v & Dstug & Veslcation
v = Debug
iF Debug Bridge Prc
....................................................... I 4F ILA (Integrated Logic Analyzer) AXl4, AXI4-Stream  Prc
: iF System ILA AX|4, AXI4-Stream  Prc
IP Properties ?-00X 4 VIO (Virtual Input/Output) Prc
¥ ILA (Integrated Logic Analyzer) 4 Simulation Clock Generator
X = =
Version: 6.2 (Rev. 4)
Interfaces:  AXI4, AXI4-Stream Details
Description: The Integrated Logic Analyzer (ILA) Name: ILA (Integrated Logic Analyzer)
core is a customizable logic analyzer _
core that can be used to monitor any Version: 6.2 (Rev. 4)
interr)al signal of your design. The ILA Interfaces:  AXI4, AXI4-Stream
core includes many advanced features
of modern logic analyzers, including Description: The Integrated Logic Analyzer (ILA) core is a customizable logic analyzer core that can
Boolean trigger equations, v be used to monitor any internal signal of your design. The ILA core includes many

IMPLEMENTATION

P Run Implementation

> Open Implemented Design

PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

Tcl Console | Messages ‘ Log ‘ Reports ‘ Design Runs

IP Status ? 00

© Report is out of date because the status of one or more IPs have changed. Rerun
Q = & C

Source File | IP Status
& ila 0 | IP major version change Upgrade IP

Hide All

/ Major Change (1)

License Curre
Included xc7al

Recommended Version
6.2 (Rev. 4)

Current Version
5.0 (Rev. 1)

IP Name
ILA (Integrated Logic Analyzer)

Change Log
More info

~1 Recommendation

Upgrade Selected J




ILA configuration (1)

Keep this off (or very hard to see the diagram)

@00 Customize IP

ILA (Integrated Logic Analyzer) (6. ‘\
© Documentation ' IP Location itch to Defaults
' | Show disabled ports Component Name ’ila_o Q‘

[ To configure more than 64 probe ports use Vivado Tcl Console |

* Probe configurations

Monitor Type

(e Native () AXI

Number of Probes 1 ) [1..1024]

Sample Data Depth | 1024

 of probes

V' Same Number of Comparators for All Probe Ports

Number of Comparators 1 v

| Trigger Out Port

.| Trigger In Port

Input Pipe Stages

Trigger And Storage Settings

| Capture Control

.| Advanced Trigger

GUI configuration mode is limited to 64 probe ports.




ILA configuration (2)

Q.00

[\ Customize IP

ILA (Integrated Logic Analyzer) (6.2)

© Documentation ' IP Location C Switch to Defaults

| Show disabled ports

= probe0[0:0]

mmm probel[0:0]

\.

Component Name ila_0

Q|

[To configure more than 64 probe ports use Vivado Tcl Console

General Options Probe Ports(0..7)

Monitor Type

(e Native () AXI

Number of Probes |2 9 [1..1024]

Sample Data Depth 1024

| Same Number of Comparators for All Probe Ports

Number of Comparators 1 v

| Trigger Out Port

| Trigger In Port

Input Pipe Stages

Trigger And Storage Settings

.| Capture Control

.| Advanced Trigger

GUI configuration mode is limited to 64 probe ports.

Cancel




ILA configuration (3)

| JONG)

Customize IP

ILA (Integrated Logic Analyzer) (6.2)

© Documentation ' IP Location C' Switch to Defaults

| Show disabled ports

* Probe settings in “Probe ports”

mm probe0[7:0]

mm probel[0:0]

.

Component Name |i|a_0

|

[ To configure more than 64 probe ports use Vivado Tcl Console

General Options | Probe_Ports(0..7)

Probe Port Probe Width [1..4096] Nurnber of Comparators Probe Trigger or Data
PROBEOQ l8 @l 1 DATA AND TRIGGER
PROBE1 1 Q1 DATA AND TRIGGER




Check interface

* Sources — |IP Sources

00 |X| project_1 - [flhome/osana/work/reconf-class/lab-ila/project_1/project_1.xpr] - Vivado 2017.3
File Edit Flow Tools Window Layout View Help | Q. Quick Access Synthesis and Implementation Qut-of-date Cancel
= « ~ B & X p» B & X ¥ o ¥ 25 Default Layout v
Flow Navigator T & 8 PROJECT MANAGER - project_1 ? X
v PROJECT MANAGER
Sources ? 00X Project Summary x| IP Catalog x| top.v x’ ila_0O.veo x 200
£¥ Settings
Q = £ <+ o /home/osanafwork/reconf-class/lab-ila/project_1/project_l.srcs/sources_l/ipfila_0_l/ila_0.veo X
Add Sources
Language Templates i — Q W « ~» X B W /7 B Q Read-only &
v = Instantiation Template (1) 46 | /7 ~
F IP Catalog M ila_0.veo 47+ /7 DO NOT MODIFY THIS FILE.
48 |
49 .

v IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

RTL ANALYSIS
> Open Elaborated Design

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

> . Simulation (1)
> . Change Log (1)
2 ila_0.dcp
2 ila_0_sim_netlist.vhdl

__________ o e >

Source File Properties

[ ila_0.veo

v'| Enabled

2,3

Libraries Compilet 4 » =

1 ? 00X

- o L

A

52 . // (in parentheses) to your own signal names.

: ila_@ your_instance_name (|
.clk{clk}, // input wire clk

.probed(probel®), // input wil [7@0] probed
.probel{probel) // Input wird

L // INST_TAG_END ------

S0 | // The following must be inserted into your Verilog file for this
Sl . // core to be instantiated. Change the instance name and port connections

54 1 ff-eeennnnn-- Begin Cut here for INSTANTIATION Template ---// INST_TAG

Location:

fhome/osana/work/reconf-class/lab-ila/pr l

Verilog Template

fF You must compile the wrapper file ila_0 when simulating
ff the core, ila_0. When compiling the wrapper file, be sure to
o ff reference the Verilog simulation library.

General

Properties

IMPLEMENTATION

Tcl Console |Messages ‘Log ‘Reports Design Runs | IP Status X

P Run Implementation _
© Report is out of date because the status of one or more IPs have changed. Rerun

Q = = C

Source File | IP Status
& ila_0

> Open Implemented Design

/| Major Change (1) Hide All

Current Version Recommended Version License Curre
6.2 (Rev. 4) Included xc7al

»~ 1 Recommendation Change Log IP Name
ILA (Integrated Logic Analyzer) 5.0 (Rev. 1)

PROGRAM AND DEBUG

| IP major version change Upgrade IP More info

J5i Generate Bitstream

> Open Hardware Manager

Upgrade Selected J
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Hardware Manager

[ NON '\ project_1 - [f/home/osana/work/reconf-class/1215/project_1/project_1.xpr] - Vivado 2014.4
File Edit Flow Tools Window Layout Yiew Help [Q~ Search commands |
Pl | 7 W NN P | » D ‘ B % | 2. |54 |23 Default Layout i & BN ‘ & write_bitstream Complete Mmore info
° Flow Nawvigator K Hardware Manager - macpro-linux/xilinx_tcf/Digilentf2 10274523187 A X |
* I L/ \ fou nd aUtOI I Iatlcal Iy = = o |!Deb.. — O 2 X || @topv X H3top.xdc X ®ILA - hwiila.l X B hw_ila_data_lwcfg X F L X
4| g = = (B #[]  Trigger Capture Status A0
4 Project Manager % -~ ‘*’h:’“ 20| Trigger Cap -
5 Project Settings £ o BTN_IBUF | == Corestatus: | ldle | Pre-Trigger | Waiting for Trigger | Post-Trigger | Full
&% Add Sources L} s CNTI7:01 1l &5 Window 1 of 1 Window sample 0 of 1024 Total sample O of 1024
S R d o o I ", | Capture status: | Idlle | | Idle | | Icile |
Language Templates
+ Set trigger condition = wwerwes | >
LF IP Catalog 4 D
1}
4 |P Integrator g’ 2
4% Create Block Design ] 2a
*.® ° o ¥ Open Block Design e
* Position is important  © z

Simulation
ﬁ Simulation Settings
() Run Simulation

RTL Analysis Basic Trigger Setup

> @¥ Open Elaborated Design @, __MName |  Compare value |
e BTN_IBUF == [B] X v

Synthesis i ig CNT[7:0] == [H] 0O v
ﬁ Synthesis Settings :D‘
# Run Synthesis

> [@¥ Open Synthesized Desigr

Implementation

ﬁ Implementation Settings
Run Implementation
. el |= ©]% @

o N - - f——.




Observe waveform

CNT =0 at
Position = 100

O \ project_1 - [/home/osana/work/reconf-class/1215/project_1/project_1.xpr] - Vivado 2014.4

File Edit Flow Tools Window Layout Yiew Help !

< [T D | R AR ‘ Default Layout " N | & write_bitstream Complete Mmore info
Flow Navigator & Hardware Manager - macpro-linux/xilinx_tcf/Digilentf2 10274532187 A
QX = o |[Deb.. — O 12 X v top.y X top.xdc X & LA - hw_ila_l X B hw_ila_data_l.wcdfg X B X
4 Project Manager R
S @2 hwiila_1l )
i3 Project Settings L= 1e BTN_IBUF
\ ts CNT[7:0
oY Add Sources — - S N © M CNT([7:0]
Language Templates . % BTN_IBUF
Ik & Kom
1F IP Catalog 2 N
e 1] 1
Q I\
4 |P Integrator 2
‘ : = 14
¥ Create Block Design
bl
=
4 Simulation E,
5 Simulation Settings
() Run Simulation r

4 RTL Analysis

@ Open Elaborated Design 3
4 Synthesis

5 Synthesis Settings

> Run Synthesis
@7 Open Synthesized Desigr

4 |mplementation

9‘ Implementation Settings
, : i (~]
> Run Implementation 8 Tcl Console %, @
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Things to do

Wite RTL: on slide #39, Generate ILA core too
Without ILA core, CNT will be removed because it has no output load
Add “output [7:0] LED_O” and “assign LED O = CNT;" (but this may not necessary)
Write a testbench: CLK, RST, BTN are sufficient (Running CLK is essential; do as you like for other signals)
Try RTL simulation, then synthesize the design and run Post-synthesis timing simulation
There will be a slight delay from clock edge to counter increment, while there’s no delay in RTL simulation
Create an XDC file, locate all signals: Clock on E3 pin, see the board for button and LEDs
Run implementation, check all pin assignment and program the FPGA: ILA will appear inVivado’s hardware manager
Trigger Setup: set BTN _IBUF = |, then arm the trigger. Pressing down the button will trigger the ILA.

Set Trigger position in Window to 900: then you'll see more clock cycles before the trigger
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