MICROCHIP AN4400

RT PolarFire® FPGA Interoperability with TI ADC12DJ3200
using JESD204B Protocol

Introduction

As the resolution and speed of converters have increased, the demand for a more efficient interface has grown.
The JESD204 interface brings this efficiency and offers several advantages over its CMOS and LVDS predecessors
in terms of speed, size, and cost. Microchip provides interfacing solutions for analog-to-digital converter (ADC) and
digital-to-analog converter (DAC) devices using the JESD204B JEDEC® standards. These interfacing solutions are
provided as Direct Core soft IPs (CoreJESD204BRX and CoreJESD204BTX) in the Libero® SoC software. These IP
cores interface with transceivers of RT PolarFire® FPGA devices.

The application note demonstrates the interoperability of RT PolarFire FPGA with 12-bit, dual-channel Texas
Instruments (TI) ADC12DJ3200 device using JESD204B protocol. The ADC12DJ3200 device supports the
JESD204B serial interface with data rates up to 12.8 Gbps with two or four lanes per ADC. In this application,
an analog signal is transmitted through the ADC12DJ3200 EVM and received at the JESD204B Rx IP output on
RT PolarFire FPGA. This application note describes the RT PolarFire FPGA design, JESD204B link parameters,
hardware test setup, and equipment used for this interoperability test.

Design Requirements
The following table lists the hardware and software requirements for this demo design.

Table 1. Design Requirements

Hardware
RT PolarFire Evaluation Kit (RTPF500TS-1CG1509M) Rev 0.1
+ 12V DC - Power supply adapter (Pre-release Version)

» External FlashPro 4 Programmer

ADC12DJ3200EVM Evaluation Board Rev A
+ 5V DC - Power supply adapter
* USB A to Mini-B cable

Function generator —

SMA cable =

Host PC or Laptop with 64-bit Windows 10 —

Software

ADC12DJ3200EVM Configuration GUI —

Libero SoC See the readme. txt file provided in the design files for

the software versions used with this reference design.

Note: Libero SmartDesign and configuration screenshots provided in this application note are for illustration purpose
only. See the provided Libero design for the latest updates.
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Prerequisites
Before you begin:
1.  Download and install Libero SoC from the following location: https://www.microsemi.com/product-directory/
design-resources/1750-libero-soc#downloads
2. For demo design files download: www.microchip.com/en-us/application-notes/AN4400

References
* CoreJESD204BRX IP Handbook
* CoreJESD204BTX IP Handbook
+ ADC12DJ3200EVM
* Identify ME User Guide
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Design Description

Design Description

The following figure shows the high-level block diagram of RT PolarFire FPGA interoperability with ADC12DJ3200.

The analog input signal is provided to ADC12DJ3200 EVM evaluation board. The ADC12DJ3200 device on the EVM
is dual channel, 12-bit ADC, capable of operating at sampling rates up to 3.2 Giga-samples per second (GSPS) in
dual channel mode or 6.4 GSPS in single channel mode. The on-board clock generator, LMK04828, generates ADC
and FPGA reference clocks for the high-speed serial interface. The ADC12DJ3200 device output data is transmitted
over a standard JESD204B high-speed serial interface. ADC JESD204B block transmits the serial data to the RT
PolarFire FPGA through FMC connectors. The serial data is received at the FPGA side where it is passed through
the XCVR block and further to the CoreJESD204BRx IP block. The digital data from CoreJESD204BRx IP block is
sent to sampling reconstruction block, which converts the digital data into analog samples needed to reconstruct the
analog signal. This can be monitored on the Identify Debugger.

Figure 1-1. High-level Block Diagram
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Design Description

Clocking Structure

In the reference design, there are two clock domains. The on-board 50 MHz crystal oscillator is connected to the
PF_CCC module, which generates 40 MHz. The 40 MHz clock is sourced to CORERESET_PF, Debounce, and
CTRL_CLK input of PF_XCVR_ERM module for Enhanced Receiver Management (ERM) logic.

125 MHz differential clock from ADC12DJ3200 EVM drives the PF_XCVR_REF_CLK where differential clock is
converted to single-ended clock. This single-ended clock is provided as a reference clock to PF_TX_PLL and

CDR in the PF_XCVR_ERM. Recovered clock LANEx_RX_CLK_R is provided to COREJESD204BRx, sample
reconstruction module, and LED debug module.

The following figure shows the clocking structure.

Figure 1-2. Clocking Structure
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Design Description

Reset Structure

In this reference design, CORERESET_PF module generates reset signal to the COREJESD204BRx, sampling
reconstruction module, and LED debug module. INIT_DONE input to CORERESET_PF is provided from
PF_INIT_MONITOR module whereas EXT_RST_N input is NOT output of the Debounce logic. Input to Debounce
logic is connected to the user reset on the RT PolarFire Evaluation kit. XCVR_INIT_DONE output from
PF_INIT_MONITOR provides reset to CTRL_ARST_N, LANEx_PMA_ARST_N inputs of PF_XCVR_ERM module.
RX_RESET N output from COREJESD204BRXx provides reset to LANEx PCS_ARST_N inputs of PF_XCVR_ERM

module.

The following figure shows the reset structure.

Figure 1-3. Reset Structure
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Design Description

Design Implementation

This section describes the Libero deisgn implementation, describes IPs used and their configurations. This section
also describes the ADC12DJ3200 EVM GUI configuration.

The following figure shows the design implementation in Libero SoC software.

Figure 1-4. JESD204BRXx Interface Design
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The following IPs are used in this SmartDesign:

1.

PF_INIT_MONITOR: Indicates the completion of device boot, design and memory initialization by the System
Controller. The device initialization includes Fabric, PCle, Transceiver, SRAM initialization from uPROM/
sNVM/SPI Flash. DEVICE_INIT_DONE is used as a reset to COREJESD204BRx IP and other Fabric
modules. XCVR_INIT_DONE is used as a reset to XCVR IP.

2. CORERESET_PF: Generates a Reset, which is asserted asynchronously and negates synchronously to a
specified clock.

3. PF_CCC: Macro to access PolarFire CCC block. It is used to synthesize 40 MHz clock frequency from the
CCC with an on-board 50 MHz reference clock.

4. PF_XCVR_REF_CLK: The Transceiver Reference Clock Configurator is used to build the correct reference
clock input to the transceiver and to the Tx PLL. The user can pick the input type and various input options
from the GUI.

5. PF_TX_PLL: Generates the TXPLL/TxPLL_SSC based on the input provided to the GUI. PF_TX_PLL
generates BIT_CLK for the transceiver.

6. PF_XCVR_ERM: This is a hard IP block that supports high-speed data rates ranging from 250 Mbps to 12.5
Gbps. In this design, the transceiver block (PF_XCVR) is configured in 8b10b mode with a CDR reference
clock of 125 MHz to support 5 Gbps data rate. XCVR configuration settings are as follows:

— Number of Lanes: 4
— Enhanced receiver management: Enabled
— Receiver calibration: None (CDR)
— Transceiver data rate: 5 Gbps
— TX clock division factor: 1
— TXPPLL base data rate: 5 Gbps
— TXPLL bit lock frequency: 2.5 Gbps
© 2022 Microchip Technology Inc. Application Note DS00004400A-page 7
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Design Description

CDR Lock Mode: Lock to data

CDR Reference Clock Source: Dedicated
CDR Reference Clock Frequency: 125 MHz
PCS-Fabric interface width: 32-bit

8b/10b Encoding/Decoding: Enabled

FPGA interface frequency: 125 MHz

7. CoreJESD204BRX: This is the receiver interface of the JEDEC JESD204B standards. The core configuration
of this IP core is as follows:

Decoder: Removed

Data Width: 32

Serdes Mode: 1

Scrambling: Enabled

Device Subclass Version: Subclass 0
JESD204 version: JESD204B

No. of Lanes (L+1): 4

Checksum calculation type: Octet
Frame Alignment Correction: Enabled
Link Configuration Error: Enabled
RAM Implementation: In LSRAM

No. of Octets per Frame: 8

No. of Frames per Multi-frame: 4

No. of Multi-frames in ILA sequence:4

Note: For information about CoreJESD204BRX Core Link configuration parameters, see Table 2-1.

Debounce logic RTL block is implemented to remove the switch bounces and generates a single pulse to the
design when the user reset push button is pressed on the board. Sample reconstruction module is implemented to
concatenate two 32-bit JESD output data and frame into 64-bit output. This is done to reconstruct the analog input
from the ADC12DJ3200 EVM. The LED_DEBUG_BLK block is used to debug the JESD and XCVR signal status.

© 2022 Microchip Technology Inc. Application Note DS00004400A-page 8
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The following figure shows the ADC12DJ3200 EVM GUI that is used to program the ADC and clocks.

Figure 1-5. ADC12DJ3200 GUI - EVM Tab
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User input configuration settings in ADC12DJ3200 GUI for this design is as follows:

1. Clock Source: Select On-board where LMK04828 is used to generate clock for the ADC and reference clock
for the FPGA.

2. On-board Fs Selection: Select Fs = 1250 Msps, where Fs is device clock which is calculated by dividing
the JESD204B line rate with the R factor. R is chosen from Table-19 of ADC12DJ3200 Datasheet as per the

JMODE used.
3. Decimation and Serial Data Mode: Select JMODE2 as per the JESD Rx lane configuration and its other
parameters.
© 2022 Microchip Technology Inc. Application Note DS00004400A-page 9
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Interoperability Test Setup

The interoperability test is performed on the RT PolarFire Evaluation Kit board with the RTPF500TS-1CG1509M
device and TI ADC12DJ3200 EVM. The design for the test is developed using the Libero SoC software by
instantiating the CoreJESD204BRX IP and other required IP cores in the SmartDesign. The design is tested for

5 Gbps data rate with four lanes configuration per ADC device. The register configuration of ADC12DJ3200 is
done using ADC12DJ3200 GUI by Texas instruments. ADC12DJ3200 EVM is used to evaluate ADC12DJ3200. It is
connected to the FPGA Mezzanine Card High Pin Count (FMC HPC) connector of the RT PolarFire Evaluation Kit.

The following figure shows the ADC12DJ3200EVM evaluation kit board.
Figure 2-1. ADC12DJ3200EVM
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The following figure shows the hardware setup for interoperability tests.

Figure 2-2. Hardware Setup for Interoperability Testing with ADC12DJ3200EVM
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Interoperability Test Settings
CoreJESD204BRX and ADC12DJ3200 are configured, as listed in the following table.

Table 2-1. Configuring CoreJESD204BRX and ADC12DJ3200

Scramble enable/disable

L 4 4 Lanes
(per link)
8 8 Octets per frame
K 4 4 Frames per multi-frame
M 4 4 Converters
(per link)
CS 0 0 Control bits per sample
N 12 12 Sample resolution
N' 12 12 Sample envelope
S 5 5 Samples per converter per frame
HD 0 0 High density mode
CF 0 0 Control bits per frame
SUBCLASSV 0 0 0

ADC12DJ3200EVM Interoperability Tests
The following interoperability tests were performed on RT PolarFire FPGA and ADC12DJ3200.

» Test 1: Data Link Layer—Code Group Synchronization

» Test 2: Data Link Layer—Initial Lane Alignment Sequence
» Test 3: Receiver Transport Layer

* Test 4: Descrambling

For more information about the preceding interoperability tests, see TR0066: Microsemi PolarFire FPGA
CoreJESD204BRX Interoperability for ADC12DJ3200 Test Report.

© 2022 Microchip Technology Inc. Application Note DSOOOO4400A-page 12
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Running the Demo

This section describes the steps to program the RT PolarFire FPGA device with the RTPF JESD design and detailed
procedure to test the interoperability of RT PolarFire FPGA with ADC12DJ3200 device using JESD204B protocol.
Before programming the RT PolarFire device, ensure the following settings on the RT PolarFire Evaluation kit:

1. Ensure the jumper settings on the board are set to the default except the following:
— J18—Short pin 5 and 6
— J22—Short pin 1 and 2
— J31—Open (when programming through External FlashPro programmer)
2. Connect the host PC to the J3 connector using External FlashPro Programmer.
3. Connect the power supply to the J19 connector and switch ON the power supply switch, SW7.

On the ADC12DJ3200 EVM, all the jumpers settings are set to default. Ensure the following settings on
ADC12DJ3200 EVM:

» Connect 5V DC power supply to J37 connector.

* Connect one end of USB cable to J31 connector on the ADC12DJ3200 EVM while another end is connected to
the host PC.

» Connect SMA cable to VINA SMA port on the ADC12DJ3200 EVM to provide single-ended analog input from
the function generator.

¢ Connect HPC FMC+ connector of the ADC12DJ3200 EVM with J38 FMC1 connector on the RT PolarFire
Evaluation kit.

Analog input can be ramp, sine, square wave, and so on. In this demo, ramp and sine wave inputs are transmitted
and received successfully at the RT PolarFire FPGA JESD204B output.

Programming the Device using Libero SoC
To program the device, follow these steps:

1. Open the design in Libero SoC software. The Libero Design Flow window appears.

2. Double-click Run PROGRAM Action. After programming the device successfully programmed, a green tick
appears on Run PROGRAM Action.

Note: To program the device using FlashPro Express, see Appendix: Programming the Device using FlashPro
Express.

© 2022 Microchip Technology Inc. Application Note DSOOOO44OOA-page 13
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3.2 Running the Design

After programming the device, debug LEDs glow as per the status of the JESD and XCVR signals. Follow these
steps to test the interoperability of RT PolarFire FPGA with the ADC12DJ3200 EVM:

1. Install the ADC12DJ3200 application (setup . exe) from the following design files folder:

rtpf jesd df\GUI\Volume

2. Launch the ADC12DJ3200 application.
3. Inthe EVM tab, select:
— Clock Source: On-board
— On-board Fs selection: 1250 Msps
— Decimation and Serial Data Mode: JMODE2
Figure 3-1. ADC12DJ3200 GUI - EVM Tab
I ADC12D33200 GUI = x
File Debug Settings Help
ADC12DJxx00 GUI Selectthe device ADC120)3200 =
- . G 5 =
EVM Control ~ JESD204B  MCO Configuration  Tnm  LMKO4828  LMX2582 Low Level View stans @ & Reconnect?
1. User Inputs START HERE!
BE. Dl0ck SOtk This tab is used to control the EVM to program the clocks, basic mode of the ADC, and read the temperature. Once the EVM is
On-poard = programmed, the other tabs allow the user to configure the ADC
#23. On-board Fs Selection 1. User Inputs - How 10 program the EVM clocks and ADC
Fs = 1250 Msps o | 1. Clock Source - the DEVCLE fo the ADC may be supplied by the on-board PLLVCO or externally by the user, if the on-board clock
. T is selected, choose the Fs at 82a. ifihe exemal cock is selected. enter the Fs al W2,
Fs Sel ¥2a. On-board Fs Selection - The PLLVCO will be programmed 1o provide any of the svailable sampling cock regquencies to the
MHz DEWCLK, a5 well a8 provide the cock for disinibulion via the LMKO4828 for the JESD2048 clocks
#1D all d Saril Dats Mode w2b. External F3 Selection - Thié user must enter the extemal Fs supplied (in MHZL The PLLVCO will be powered down, ses the
BENTEOS DI AIC.S 0121 i Users Guide for detalls regarding external clocks required
JMODE2 | | #3 Decimation and Serial Data Mode - Choose the decimation mode and serial data mode for the ADC
#4. Program Clocks and ADC - once all modes have been selected, press this bullon to write selections 1o the PLLAVCO, LMKD4828,
and ADC
Program Clocks ang ADC I
2. Temp Sensor - the temperature for e device and ambien (D03rg) may be read
2. Temp Sensor
ADC Temp
[t} degrees C
LM55233 Local Temp
1} degeees C
Upsdste Temperstures. I
e "HARDWARE CONNECTED | i3 TExas INSTRUMENTS
4. Click Program Clocks and ADC.
5.

Go to JESD204B tab and ensure the parameters are set as shown in the following figure.
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Figure 3-2. ADC12DJ3200 GUI - JESD204B Tab
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6. Go to LMKO04828 tab and ensure the device clock divider is set as shown in the following figure.
Figure 3-3. ADC12DJ3200 GUI - LMK04828 Tab
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sDCLKou PO [] SDCLKsut_POBF SOCLKeut_PO[] SDCLKsut PO ] SDCLKou P[] sDCLKsut_Po ] SOCLKeut PO ]
DCLKout_BOLY_POEF DCLKout_DOLY_FO A DCLKout_0OLY_POEA DCLKout_BOLY_PO A DCLKout_BOLY_POEA DCLKou_DOLY_POEA DéLKout_BOLY_PO LA
DCLKowt_HSg_PD A DCLKout_HSg_Fo (A DCLKeut_HSg_POEA DCLKoul_HSg_PD A DCLKout_HSg_PO A DCLKout_HSg_PD EA DCLKeut_tsg_PD
DCLKoul_ADLYQ PORA  DCLMout ADLYg PORA  DCLKout ADLYG PORA  DOLKowi ADUYg PDRA  DOCLKow ADLYg PORA  DELKoul ADLYg PORA  DCLKout ADLYg POLF
DCLKout_ADLY_POE]  DCLKowt_ADLY_FOEA  OCLKou_ADLY POEA  DCLKout ADLY PO  DCLKout ADLY POE]  DCLKowi ADLY_FOEA  DCLKow_aDLY_POEA
ds | HARDWARE CONNECTED | %4 Texas INSTRUMENTS
7. Inthe Low Level View tab, select Block as ADC12DJxx00 with Address 0x208 and click Read Register to

read the JESD status register. The JESD status register bits must be set as shown in the following figure.
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Figure 3-4. ADC12DJ3200 GUI - Low Level View Tab

B ADC1203200 GUI - X
File Debug Settings Help
ADC12DJxx00 GUI Selectthe device ADC12DJ3200 ~
i Low Level View UsB =
EVM  Control  JESD204B  NCO Configuration ~ Trim  LMK04828  LMX2582 staws '@ | © Reconnect?
RegisterMap K B T E G B Update Mode|Immediate |V] | Fiogview
Register Name Address | Default | Mode | Size | Value [15[14[13[12[11]10[ 98 |8
ADC12DJ00 PLL_LOCKED | 1
CONFIG_A o0 | meo | Rw | 8 | o0
DEVICE_CONFIG ox02 | ox00 | RW | 8 | ox00 ALIGNED o
CHIP_TYPE 03 [ w03 | R 8 | ox03 REALIGNED |0
CHIP_ID_0 004 [ 020 | R 8 | o0
CHIP_ID_1 w5 [ oo | R 8 | oxo0 SNCoETARS 1
CHIP_VER 0x06 01 R 8 | oxo1 LINK_UP 1
VENDOR_ID_0 ooc | o5l | R 8 | ox51 RESERVED 1
VENDOR_ID_1 00D | x04 | R 8 | oxo4
USRO 010 | 0x00 | RW | 8 | 0x00
AC_CTRL1 023 | o0 | RW | 8 | ox00
CLK_CTRLO 029 [ omo0 |RW | 8 | 0x00
CLK_CTRL1 02A [ 000 |RW | 8 | 0x00
SYSREF_P0S_0 mec | 00 | R 8 | ox00
SYSREF_POS_1 o2 | moo | R 8 | oxo0
SYSREF_POS_2 02E | 00 | R 8 | ox00
FS_RANGE_A_0 030 [ xc4 |RW | 8 | 0xC4
FS_RANGE_A_1 031 | oad | RW | 8 | Oxad
FS_RANGE_B_0 0x32 0xC4 RW 8 0xC4
| FS_RANGE_B_1 033 | Oxd | RW | 8 | OxMd v
[E4 >
Register Description
RESERVED[1:0] ~ Block ddress Write Data Read Data_Generic
Reserved == 5
PLL_LOCKED[2:2] ADC120kx00 v | |x x x
When high, indicates that the PLL is locked .
AUGNED[3:3] v Write Register Read Register
Idle HARDWARE CONNECTED. | ¥/ TExAS INSTRUMENTS

8. When the JESD link is up and SYNC Signal status goes HIGH, go to Libero SoC, and invoke Identify

Debugger as shown in the following figure.
Figure 3-5. Identify Debug Design

Top Module(root): ADC_RTPF_JESD_4anes

Active Synthesis Implementation: synthesis_1

Tool

=}- » Program 5Pl Flash Image
i3 Generate 5PI Flash Image
4“3 Run PROGRAM_SPI_IMAGE Action
=+ » Debug Design
+L| Generate SmartDebug FPGA Array Data
SmartDebug Design
IJEA Identify Debug Design I

—+ » Handoff Design for Production

& Configure Permanent Locks for Production

-@ Export Bitstream

-@ Export FlashPro Express Job

-@ Export Job Manager Data

-@ Export 5PI Flash Image

+L| Export Pin Report

+L| Export BSDL

+Ll Export [BIS Model

+L| Export Design Initialization Data and Memory Report
=t # Handoff Design for Debugging

&) Export SmartDebug Data

Design Flow | Design Hierarchy J Stimulus Hierarchy I Catalog ] Components I FilesJ

9. When the Identify Debugger opens, ensure the SYNC signal in the JESD204BRX module is set for a trigger
on 0 to 1 transition. Right-click on the SYNC signal and select Triggering > Trigger 0->1, as shown in the

following figure.

© 2022 Microchip Technology Inc. Application Note

and its subsidiaries

DS00004400A-page 16



AN4400

Running the Demo

Figure 3-6. Identify Debugger Window

S Identify (R) Debugger R-2021.03M-5P1 - [Debugger C:\Microchip_projects\ADC_RTPF_JESD_4 lanes_Corereset_debounce_2021.3\synthesis\ADC_RTPF_JESD_dlanes_syn.prj [instrumentation synthesis_] - STOPPED]
£} File Edit View Debugger Options Window Help
B KD eI

FOBESE ¢ &Ml IIMMImm

Current |ICE Cycle
L
0 [—
simple triggering
S h RTL (CoreJESD204BRX_CO.
Run | Searcl == ( _COv) Watchpaints Breakpoints Sampled Swgna\,[lz]
B § ROOT (ADC_RTPF_JESD_dlanes) 84 & SOF_04'b0000,
@r=s S % CoreJESD204BRX_C0_0 (CoreJESD204BRX_( 85 @S0 14'bonn,
Status [* = * CORERESET_PF_CO_0 (CORERESET PF_Cl gg
& debounce_0 (debounce) s
Object [~ ~| & sample_rec_top_O (sample_rec_top) 89
Neme * &
Root  /CoreJESD2048BRX_C0_0 g§
Depth | 65535 = g‘; Vi
y
[¥] Group  Increment | 500 el Triggering ULFTEE
g; Change signal radix Trigger hi
( |‘ ! ! Copy Trigger don't care:
Trigger 01
8 Debugger [STOPPED] Trigger 1->0
Information (iomiire. | @
IICE 'IICE' configured, waiting for trigger ... =
IICE 'IICE' Trigger detected, downloading samples...
trigger_addr: (3794)
depth: 3096 taddr m: 1748 m_rcrigger_position: 2050
write ved {C:/Microchip_projects/ADC_RTPF_JESD_4_lanes_Corereset_debounce 2021.3/synthesis/synthesis 1/IICE.ved} -iice IICE -gtkwave —comment {Writtem by QT debugger}
waveform show =
604 -
E E
TCL Seript
I I Stonnad (=
10. Run the Identify Debugger. The console window shows that the Identify is waiting for the trigger. Press
SW_URST switch on the board.
Figure 3-7. Run the Identify Debugger
<> Identify (R} Debugger R-2021.03M-5P1 - [Debugger C:A\Microchip_projects\ADC_RTPF_JESD_4_lanes_Corereset_debaunce_2021.3\synthesis\ADC_RTPF_JESD_4lanes_syn.prj [instrumentation synthesis_{] - RUNMING] - X
i File Edit View Debugger Options Window Help =) %
# & DeEd
SO EEBES ¢ & @ IDIMMmMm
Current IICE Cycle
icE[v]Fpea menary )
Simple o0 e 5
RUNNING S
S h
Run carc ‘Bmwser Watchpeints Ereakpoints Sampled S\gna\[lg
- & ROOT (ADC_RTPF_JESD_4lanes) =]
Griox Llecinst & CoreJESD204BRX_C0_0 (CoreJ ESD204BRX
Status |* - % CURERESE|_PF_CU_U (CURERESET_PF_CI
& debounce_0 (debounce)
Object [* | & sampls_rec_top_0 (sample_rec_top) D
Name *
Ront [Core |FSNZN4RRX_CO_0
Depth 65535 =

(/] Group  Increment | 500

|

# Debugger [ RUNNING]

Information

Physical Device ID IICEs Signature
Partition
reuulas dev_0 MPFS00 IICE  0x594c074de

IICE 'IICE' configured, waiting for trigger ...

%
TCL Script

I Burmmine 8Ly

11. Click Waveform viewer icon as highlighted in the following figure. GTTKWave window appears.

© 2022 Microchip Technology Inc. Application Note

and its subsidiaries

DS00004400A-page 17



AN4400

Running the Demo

Figure 3-8. Waverform Viewer

S Identify (R) Debugger R-2021.03M-5P1 - [Debugger CAMicrochip_projects\ADC_RTPF_JESD_4_lanes_Corereset_debounce_2021.3\synthesis\ADC_RTPF_JESD_Zlanes_syn.prj [instrumentation synthesis_1] - STOPPED] - X

#5 File Edit View Debugger Options Window Help

B D e @

FOBBE R & ¢ NI]]]I]]]D]]
P (Y ST
lICE ~| FPGA Memory

o [I—
STOPPED Simple triggering
Run | Search E RTL (ADC_RTPF_JESD_dlanes.v) Watchpaints Breakpoints Sampled Sig |+
rowser
© & ROQT (ADC_RTPF_JESD_dlanes) =]
| Auto root o = o -
@rss & CoreJESD204BRX_CO_O (CoreJESD204BRX_(
Status [ - & CORERESET_PF_CD_0 (CORERESET_PF_C
& debounce 0 (debounce)
Object [* ~| & sample_rec_top_0 (sample_rec_top)
Name *~
Reot |/
Depth | 65535 =

[¥ Group Increment | 500

I T T =
I £

48 Debugger [STOPPED]
Information @

regular dev_0_MPF500 IICE  0Ox94cO744e [

IICE 'IICE' cenfigured, waiting for trigger ...
IICE 'IICE' Trigger detected, downloading samples...

trigger_addr: (44)

depth: 4096 taddr_m: 2094 m rcrigger_position: 2050

write wed {C:/Microchip projects/ADC RTPF JESD 4 lanes Corersset debounce 2021.3/synthesis/synthesis 1/IICE.vcd} -iice IICE -gtkwave -comment {Written by QT debugger}

COEDRT

%
TCL Script

12. Right-click 64-bit final_out_x_A output from each lanes and select data format as Analog > Interpolated as
shown in the figure.
Figure 3-9. GTKWave Window - Data Format

Bl GTKWave - IICEvcd
File Edit Search Time Markers View Help

e DG & QO 9 ke @ = | Fromfosec To:[102400 ns &2 | marker: 51100 ns | Cursor: 100 ns

- ST Signals Waves

D}

ADC_RTPF_IESD_4lanes | ||Time

identify_cycle=|
identify_sampleclock=|
RX_STATE_0[1:0] =|
RX_STATE_1[1:0] =|
RX_STATE_2[1:0] =|
RX_STATE_3[1:0] |
CGS_ERR[3:0] =
TCC_ERR[3:0] =|

LINK_CD ERR[3:0] =

e e SOF_0[3:0]

SOMF 0

Data Format

50F_
SOMF Color Format Decimal
S Insert Analog Height Extension SrvzllbzEm=)
Binary
RE Insert Blank octal
gpcs s g  Ineert Comment ASCIT
£pcs 1§ Alias Highlighted Trace BitsToReal
EFCS 0 Remove Highlighted Aliases RealToBits
EPCS 2 H  Cut Right Justify
out Copy Tnvert
out Paste Reverse Bits
out Translate Filter File
e ohorlcops Translate Filter Process

out
PLL_LOCK =| Transaction Filter Pracess

FABRIC RESET N=| Analog
EXT_RST N=| Range Fill
Filter: - Gray Filters
Popent
Append| Insert [ Replace 5 3l

Step

Interpolated

Tnterpolated Annotated
| Resizing rE

vyvywvlldvvrvvvyvw

Ll

(KT

13. When ramp signal is provided as an input signal to ADC12DJ3200 EVM, the ramp signal is successfully
reconstructed in the RT PolarFire FPGA device as shown in the following figure.
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Figure 3-10. GTKWave Window
Bl GTkWave - ICEved - ®
File Edt Search Time Markers View Help \

e Q6 & QA 4 kassll | 42 & [ Fromo sec To:[204800 ns & | Marker: 104900 ns | Cursor: 134790 ns ‘

Signals Waves

Time

identify cycle=52

Type | Signals

int  identify_cycle
req identify_sampleclock

Fihr:’i £inal out_4 A[63:0] =0000C
Append| Insert Replacel . I T
14. When Sinusoidal signal is provided as an input signal to ADC12DJ3200 EVM, the sinusoidal signal is
successfully reconstructed in the RT PolarFire FPGA device as shown in the following figure.
Figure 3-11. GTKWave Window

I — O]

@ GTkWave - ICEved - b4

File Edit Search Time Markers View Help

s DO E &G § las]| @ & | Fromosec To:[204800 ns & | Marker: 32400 ns | Cursor: 117100 ns

ADC_RTPF_JESD_dlanes
CORERESET_PF_C0_0
CoreJESD204BRX_CO_
debounce_0
sample_rec_top_0

Signals

Waves

Time

identify samplecl
RX_STATE
RX_STATE

RX_STATE

RX_STATE

SOMF,
S0F.

KT I T |

Type |Signals

SOMF,

final_out_1_A[

final out_2 A[€3:0

final_out_4_A[63:0

nal ou Al63:0
leter:’i final out 3 A[€3
Append| Insert | Replace v

This concludes running the demo.

Note: When the Identify Debugger is in RUN state, the design is already up and running. When reset is asserted,
re-initialization and re-alignment happens as seen in the waveforms.

Note: LIND_CD_ERR = 1 indicates configuration parameters of link configuration data do not match with the
configuration parameters of the JESD204BRX core. In the preceding waveforms, LINK_CD_ERR is equal to 1
because ADC12DJ3200 is using JMODE2 which configures the ADC for dual channel, eight lanes configuration while
JESD204BRX IP is only configured for four lanes in the design. Only four lanes of ADC device are used with the
JESD204BRX device resulting in design working successfully.
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Appendix: Programming the Device using FlashPro Express

This section describes how to program the RT PolarFire device with the . job programming file using FlashPro
Express. The . job file is available at the following design files folder location: <download_folder>\Programming_Job

To program the device, complete the following steps:

1.
2.
3.

7.

On the host PC, launch the FlashPro Express software.
Click New or select New Job Project from Project menu to create a new job project.
Enter the following in the Create New Job Project dialog box:

— Programming job file: Click Browse and navigate to the location where the . job file is located and
select the file. The default location is: <download_folder>\Programming_Job

— FlashPro Express job project location: Click Browse and navigate to the location where you want to
save the project.

Click OK. The required programming file is selected and ready to be programmed in the device.

The FlashPro Express window appears. Confirm that a programmer number appears in the Programmer
field. If it does not, confirm the board connections and click Refresh/Rescan Programmers.

Click RUN to program the device. When the device is programmed successfully, a PROGRAMMER(S)
PASSED status is displayed.

Close FlashPro Express, Project > Exit.

See 3. Running the Demo section to run the demo.
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Appendix: Running the TCL Script

TCL scripts are provided in the design files folder under the directory TCL_Scripts. If required, the design flow can
be reproduced from Design Implementation before the job file is generated.

To run TCL, follow these steps:

w N~

4.

Launch the Libero software

Select Project > Execute Script....

Click Browse and select script.tcl from the downloaded TCL_Scripts directory.
Click Run.

Note: To use the scripts provided along with the design, add the identify instrumentor in the design manually and
then rerun the complete flow.

After successful execution of the TCL script, the Libero project is created within the TCL_Scripts directory.

For more information about TCL scripts, see <design_name>/TCL_Scripts/readme.txt.

See Libero® SoC TCL Command Reference Guide for more information about TCL commands. Contact Technical
Support for any queries about running the TCL script.
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Revision History
The revision history table describes the changes that were implemented in the document. The changes are listed by
revision, starting with the most current publication.

Table 6-1. Revision History

Roison—ome——ossrpien

A 01/2022 Initial document.
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA Device
Part number, select appropriate case category, and upload design files while creating a technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

¢ From North America, call 800.262.1060

*  From the rest of the world, call 650.318.4460

* Fax, from anywhere in the world, 650.318.8044

The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

« Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

*  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.
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» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded

by updates. It is your responsibility to ensure that your application meets with your specifications. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE,
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the buyer agrees
to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights
unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity,
SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TimeSource, tinyAVR, UNI/O, Vectron,
and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed
Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC
Plus, ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, TrueTime, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the
U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, GridTime,
IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connecitivity,
JitterBlocker, Knob-on-Display, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, NVM Express, NVMe, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-1.S., storClad, SQI, SuperSwitcher,
SuperSwitcher I, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY,
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ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, Symmcom, and Trusted Time are registered
trademarks of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2022, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN: 978-1-5224-9644-1

Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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