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Figure 11. Nios II Application and BSP from Template Settings

2 () Nios Il Application and BSP from Template <@pg-iccf0497> —— ® @ )

Nios Il Software Examples

Create a new application and board support package based on a software example template

Target hardware information

|SOPC Information File name: \/data/klyap/AN??T/phylltedmos.sopcmfo| \_\ I-—) Step 4

CPU name: \W\

-Application project

|P"°1“-‘Ct UETALS [your—desired-project-nameJ JI'—* Step 5

[ Use default location

Project location: |/ klyaj | twa ur-d

Project template

Templates Template description
’ Hello World prints 'Hello from Nios II' to

Float2 Functionality STDOUT.

Float2 GCC
Float2 Performance

This example runs with or without the [
= |MicroC/OS-Il RTOS and requires an STDOUT Step 6
device in your system's hardware.

Hello Freestanding
Hello MicroC/OS-II

LW_ For details, click Finish to create the project
- i ~J and refer to the readme.txt file in the
(i@ —TT— )] nroaiect directon: 12]
Step 7
@ ach ‘ Next > ‘ | Cancel

8. Replace the following files from <pr oj ect direct ory>/ sof t war e reference
design with the files located in your new software directory.

e hello_world.c
e phylite_dynamic_reconfiguration.c
e phylite_dynamic_reconfiguration.h

9. In the Nios II - Eclipse window, press F5 to refresh the window and reload the new
files into the project.

10. Click Project O Build Project.

11. Make sure the <pr oj ect _nane>. el f file is generated in the new <pr oj ect
di rect ory>/ sof t war e/ <pr oj ect _nane>/ directory.

1.6 Running the Hardware Reference Design

These steps are guidelines to run the dynamic calibration and begin the data transfer
for the reference design.

Remove all other connected device in the programming device list during JTAG
connection setup in Linux operating system.

1. Open two Nios II Command Shell prompts on your host machine:

a. In Windows operating system, go to Start O Programs O Altera 0 Nios II
EDS and click on Nios II Command Shell (command prompt A).
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1.7 Results

b. In Linux operating system, go to <Quartus software installation
di rectory>\1inux64\ ni os2ed directory and run
ni os2_comand_shel | . sh to launch command prompt A.

c. Repeat the above step to launch second command prompt (command prompt
B).

Command prompt A is to display the dynamic calibration result. Command prompt
B is used to run Nios II commands.

In the command prompt A , use the following command to run the Nios II terminal
application for result printouts.

ni os2-termnal
In command prompt B, go to the project top directory.
cd <project directory>

Run the issp.tcl script once to reset the system and clean up the instruction
memory in the Nios II soft processor.

quartus_stp -t issp.tcl top.gpf 1 0

In command prompt B, download the executable (<pr oj ect _name>. el f) file
into the FPGA and start the dynamic calibration process with the following
command:

ni os2-downl oad -r -g software/ <project_nane>/ <projct_nane>. el f

You may observe the passing dynamic calibration result displayed in command
prompt A.

When the Nios II instruction memory is cleaned and calibration is done, run the
following command in command prompt B to reset the system, start the random
data transfer and capture internal signals.

gquartus_stp -t issp.tcl top.gpf 1 11

Note: You will see sent and received data displayed in command prompt B after
running the command.

The hardware reference design provides:

Dynamic calibration result

Random data transfer result

1.7.1 Random Data Transfer Result

Synopsis:

The result log from the random data transfer process displays the following:

The number of words being transferred
The sent data value

The expected data value

The received data value

The passing/failing status of the test
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Figure 12.

1.7.2 Dynamic Calibration Result
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Example of Random Data Transfer Result Log
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The following screen capture shows the dynamic calibration result of the hardware
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Figure 13. Example

of Dynamic Calibration Result Log

The screen capture includes:

e Sent and received data.

e Indication of dynamic calibration has passed.

Indication that the configuration is done.
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1.8 Reference Design Architecture

Figure 14. Reference Design Block Diagram

{ ATSO_DYN_CFG_CTRL
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< <
<
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"""""""""""""" ?""" core_clki out

h 4

h 4

|, core_clk_out
hal

Avalon Bus

Data Write | dut.ouTPUT Data ) dut INpUT
N (Intel FPGA PHYLite (Intel FPGA PHYLite
ref_clk | for Parallel Interfaces Strobe for Parallel Interfaces

IP Core) IP Core)

ref_clk T

v

core_clk_out

A

Traffic Generator

Data Read

The reference design contains:

e dut_INPUT module

e dut_ OUTPUT module

¢ PLL module

e Avalon controller

e ATSO_DYN_CFG_CTRL module with Nios II processor
e Traffic generator

Related Links
Altera PHYLite for Parallel Interfaces IP Core User Guide

1.8.1 Functional Description

PLL module

This module takes the input from Si570 Programmable Oscillator and provides
reference clock to the internal PLL modules in each of the Intel FPGA PHYLite for
Parallel Interfaces IP cores.

dut_OUTPUT Module

This Intel FPGA PHYLite for Parallel Interfaces IP core transfers data from
ATSO_DYN_CFG_CTRL or traffic generator module to dut_INPUT module. During
configuration and calibration mode, this module takes data from
ATSO_DYN_CFG_CTRL module and send to dut_INPUT module. In normal operating
mode, this module takes data from traffic generator and sends to dut_INPUT module.

AN 777: Data Word Alignment Calibration With Multiple Intel FPGA PHYLite for Parallel Interfaces IP Cores
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dut_INPUT Module

This Intel FPGA PHYLite for Parallel Interfaces IP core receives data from dut_OUTPUT
module. This module sends the received data to ATSO_DYN_CFG_CTRL module during
configuration and calibration mode, and to traffic generator during normal operating
mode for data verification.

Avalon Controller

The Avalon controller is responsible to perform address translation to retrieve the
physical address of the strobe and data pins and sends reconfiguration commands to
dut_OUTPUT module.

ATSO_DYN_CFG_CTRL with Nios II Processor Module

This module consist of Nios II processor and five parallel I/O modules. This is a
centralized controller to perform and manage dut_OUTPUT configuration. It also issues
control signals to the Avalon controller and verify data from dut_INPUT during
calibration mode.

Table 1. Parallel I/0 Modules - Function and Address Map
Parallel I/0 Module Address Map Description

phy_write_data 0x20 Sends calibration test data to
dut_OUTPUT module.

phy_wite_ctrl 0x30 Asserts r dat a_en signal during
calibration mode.

phy_read_dat a 0x40 Receives data from dut_INPUT module
for comparison against test data.

phy_read_st at us 0x50 Receives r dat a_val i d signal from
dut_INPUT module.

cal _node 0x60 Asserts cf g_done signal to exit
calibration mode and activates traffic
generator module for data transfer for
normal operating mode.

Traffic Generator Module

Traffic Generator module is responsible for transmitting data to dut_OUTPUT and
receiving data from dut_INPUT during normal operating mode. The module uses
Linear Feedback Shift Register (LFSR) to generate random data for transmission.
Traffic generator performs data comparison to the received data to ensure the strobe
enable delay setting is configured correctly.

Related Links
e Altera PHYLite for Parallel Interfaces IP Core User Guide

e How do I compensate for the jitter of PLL cascading or non-dedicated clock path
for Arria 10 PLL reference clock?

AN 777: Data Word Alignment Calibration With Multiple Intel FPGA PHYLite for Parallel Interfaces IP Cores
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1.8.2 Data Word Alignment Algorithm

Figure 15. Data Word Alignment Algorithm

Start

Nios Il set minimum
strobe enable delay and
read valid enable delay

h 4

Nios Il sends data to
dut_OUTPUT module

A 4

dut_INPUT receives data
from dut_OUTPUT
and sends the
received data to Nios II.

Transmit data
=receive data?

Strobe enable delay
and

read valid delay

=maximum?

Nios Il increases
strobe enable delay
and read valid enable delay

The data word alignment algorithm starts by Nios II processor setting the strobe
enable delay and read valid enable delay of the dut_INPUT to the minimum read
latency based on the FPGA core clock rate and the VCO frequency multiplier factor.

Next, Nios II processor asserts oe_f rom cor e signal to initiate data transmission to
dut_ OUTPUT and sends a set of test data to the dut_ OUTPUT.
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The dut_OUTPUT transmit the test data to the dut_INPUT. The

rcfg_data from core signals show the data value transmitted from dut_OUTPUT.

intel.

Next, the dut_INPUT sends the test data to Nios II processor for data verification. Nios
II asserts r ecf g_r dat a_en signal to dut_INPUT to capture the data transmitted from
dut_OUTPUT. The dut_INPUT module asserts recf g _rdat a_val i d signal to indicates

the received data in the dut_INPUT read FIFO is valid. If the received test data does

not match the expected data, Nios II processor increases the strobe enable delay and

read valid enable delay of the dut_INPUT module, and repeats the process of sending

test data to dut_ OUTPUT and verify the received data from dut_INPUT.

Figure 16.
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The algorithm stops when the received data matches the transmitted data or if the
strobe enable delay and read valid enable delay reach the maximum values. Nios II
asserts cf g_done signal to indicate reconfiguration completed and allow traffic

generator to start sending data.

Figure 17.
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Related Links
Altera PHYLite for Parallel Interfaces IP Core User Guide

1.8.3 Timing Analysis Guidelines
The reference design uses the following timing analysis flow to obtain the accurate
value for Input Strobe Setup Delay, Input Strobe Hold Delay Constraint,
Output Strobe Setup Delay Constraint,, and Output Strobe Hold Delay
Constraint to perform timing closure for both output and input interfaces.

Figure 19. Timing Analysis Flow

Set Output Strobe Setup Delay Constraint = 0 ns
Set Output Strobe Hold Delay Constraint =0 ns

Set Input Strobe Setup Delay Constraint = 0 ns

Set Input Strobe Hold Delay Constraint =0 ns

v

Compile design to calculate TcoMax and TcoMin
for dut_INPUT module input delay constraints

v

Add TcoMax and TcoMin to dut_INPUT module
input delay through parameter editor

v

Compile design and perform timing analysis for
individual Altera PHYLite instances
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Figure 20.

It is crucial to set the Input Strobe Setup Delay, Input Strobe Hold Delay
Constraint, Output Strobe Setup Delay Constraint, and Output Strobe Hold
Delay Constraint for both dut_INPUT and dut_ OUTPUT module to 0 initially to
eliminate unnecessary interface constraints. The

phylite_interface _constraints.tcl scriptthen automatically calculates the
TcoMax and TcoMin values for input interface delay constraints and Tsu and Th values
for output interface delay constraints.

The TimeQuest Analyzer generates a report based on the calculations performed by
the script.

PHYLite Interface Constraints Report

= Compilation Report - top x

Table of Contents (R @
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. F# Output Setup Constraints
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- FH Input Setup Constraints
B Estimated Frequency (After Calibration)
- B Estimated Frequency (Before Calibration)
- B Input Hold Constraints

Input Interface Delay Constraints

Use the TcoMax value to calculate the Input Strobe Setup Delay Constraint and
TcoMin value to calculate the Input Strobe Hold Delay Constraint. The input
interface delay constraints must include board skew to perform accurate timing
analysis.

Input Strobe Setup Delay Constraint = TcoMax + board skew

Input Strobe Hold Delay Constraint = TcoMin + board skew
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Input Setup Constraints
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Update the new Input Strobe Setup Delay Constraint and Input Strobe Hold
Delay Constraint values to the dut_INPUT module and re-compile the design.

Calculated Input Interface Delay Constraints

Name Value

1 Path Name group_0_data_out[0]
2 Worst Slack for Setup 0.182

3 Latch Clock group_0_strobe_out
4 Arrival Time 4371

5 Required Time 4553

6 Internal Uncertainty 0.096

7 oExt 0.296

8 TcoMax 0.21

9 Input Strobe Setup Delay Constraint  0.21 + board skew

Name Value

'1 Path Name group_0_data_out[1]
‘2 Worst Slack for Hold 1.328

3 Latch Clock group_0_strobe_out
4 Arrival Time 2.128

'5 Required Time 10.800

6 Internal Uncertainty 0.096

|7 |oExt -0.260

8 TcoMin 1.164

9 Input Strobe Hold Delay Constraint |0.086 + board skew

Output Interface Delay Constraints

Use the Tsu value to calcuate the Output Strobe Setup Delay Constraint and Th
value to calculate Output Strobe Hold Delay Constraint. The output interface delay
constraints must include board skew to perform accurate timing analysis.

Output Strobe Setup Delay Constraint = Tsu + board skew
Output Strobe Hold Delay Constraint = Th - board skew

Update the new Output Strobe Setup Delay Constraint and Output Strobe Hold
Delay Constraint values to the dut_OUTPUT module and re-compile the design.
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Figure 22. Calculated Output Interface Delay Constraints

Output Setup Constraints

-

Name

‘1 Path Name
2 Worst Slack for Setup
'3 Latch Clock
4 Arrival Time

Value
‘group_0_data_in[1]
10,182
‘group_0_strobe_in_IN
10,966

5 Required Time 11.148

6 Internal Uncertainty 0.102

7 iExt 10.312

'8 Tsu -0.392 _

9 Output Strobe Setup Delay Constraint  -0.392 + board skew _
Name Value

1 Path Name ‘group_0_data_in[1]

2 Worst Slack for Hold 10.270

3 Latch Clock ‘group_0_strobe_in_IN

4 Arrival Time 10.434

5 Required Time 10.164

6 Internal Uncertainty 0.102

7 iExt -0.188

8 Th -0.356

9 Output Strobe Hold Delay Constraint  -0.356 - board skew
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