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I I’It I'Od u CﬁO n (Ask a Question)

Common Public Radio Interface (CPRI) is an industry standard which defines the publicly available specification
for the key internal interface of radio base stations between Radio Equipment Control (REC) and Radio

Equipment (RE). Microchip provides the CPRI slave IP core that implements the transmitter and receiver
interfaces of the CPRI standard.

Important: The protocol standard uses the terminology “Master” and “Slave”. The equivalent
Microchip terminology used in this document is Initiator and Target, respectively.
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1. Common Public Radio Interface Demo (s auestion)

CPRIIP cores are easy to integrate with CPRI-based data converters to develop high-bandwidth
applications. Microchip® CPRI IP supports from Line Rate 1 (614.4 Mbps) to Line Rate 7 (9830.4
Mbps). The transceiver supports link rate from 250 Mbps to 12.5 Gbps per lane. The transceiver
supports up to Line Rate 9 for CPRI protocol. The transceiver (PF_XCVR) module integrates several

functional blocks to support multiple high-speed serial protocols within the FPGA.

Figure 1-1. Radio Base Station System

This demo design is created using the PolarFire® high-speed transceiver blocks and CPRI Slave IP
core. The design operates in the loopback mode by sending the CPRI Master data to the CPRI Slave
IP core through the transceiver lanes, which are looped back on the board. This loopback setup
facilitates a stand-alone CPRI interface demo that does not require CPRI testers and other devices to
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The demo design shows CPRI loopback using transceiver on the evaluation board. The CPRI Slave IP

is configured with the following settings:

+ Line Rate 5:4.9152 Gbps
«  Number of Antenna carriers: 4

+ The transceiver is configured in 8b10b mode running at 4.9152 Gbps data-rate
+ 32-bit PCS fabric interface using a 122.88 MHz reference clock
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2. Design Requirements (sa auestion)
The following table lists the hardware and software requirements for running the demo.

Table 2-1. Design Requirements

Requirement Version

Operating system Windows® 10

Hardware

PolarFire® Evaluation Kit (MPF300-EVAL- Rev D or later

KIT)

Software

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

FlashPro Express used with this reference design.

Important: Libero® SmartDesign and configuration screen shots shown in this guide are
for illustration purpose only. Open the Libero design to see the latest updates.
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3. Prerequisites (s auestion)
Before you begin, perform the following steps:
1. Download the demo design files from: www.microchip.com/en-us/application-notes/AN4949,

2. Download the Libero SoC (as indicated in the website for this design) from Libero SoC
Documentation and install it on the host PC.

3. Download and install the SoftConsole on the host PC.
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4. Demo Design s« auestion)

The PolarFire CPRI Loopback demo design is developed for demonstrating CPRI IP in Slave mode.
The pattern generator in this demo design generates CPRI protocol data such as 1Q data, VSS data,
Ethernet data, and Antenna carrier control data which is provided to the CPRI master module. The
CPRI master module frames the data according to the CPRI protocol. The generated frames from
the CPRI master are loopbacked to CPRI slave IP using the XCVR. The CPRI slave IP unpacks the
incoming data into |Q data, VSS data, Ethernet data, and Antenna carrier control data. This data

is then loopbacked from CPRI slave IP to CPRI master module, therefore demonstrates Full duplex
transmission of CPRI IP in Slave mode.

The following figure shows the top-level block diagram of the CPRI demo design.

Figure 4-1. CPRI Demo Design Block Diagram
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The following steps describe the data flow in the demo design:
1. The Mi_V_module configures the registers of the CPRI Master module and CPRI slave IP blocks.

2. The reference design uses a transceiver interface (PF_XCVR_ERM) configured in 8b10b mode
running at 4.9152 Gbps data rate, 32-bit PCS fabric interface, and 122.88 MHz reference clock.

3. The CPRI master module and CPRI IP are configured at Line Rate 5: 4.9152 Gbps with four
Antenna carriers.

4. The CPRI master module receives the IQ data from the TX IQ Data Generator and control
information such as Ethernet data, Vendor specific data, and Antenna carrier control from the
respective pattern generators.

5. CPRI master module then frames the incoming data and transmits a 32-bit CPRI frame to the
transceiver.

6. The differential serial data of TX and RX is looped back using an on-board loopback.
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7. The CPRI slave IP receives the incoming frames and segregates the incoming data according to
the CPRI protocol.

8. The segregated IQ data, Vendor specific data, Ethernet data, and Antenna carrier control
information are written to the respective loop back FIFO's.

9. CPRIslave IP then reads the data from loopback FIFO's frames the data and transmits the a
32-bit CPRI frame to CPRI master module through the transceiver.

10. The CPRI master module receives the incoming frames, segregates and sends the incoming data
to respective pattern checkers.

11. Incoming control information is compared with the control data for Vendor specific, Fast
Ethernet, IQ data, and Antenna carrier control data. When the data is matched, the respective
lock signals are asserted.

12. The IQ data and control information such as Ethernet, Vendor specific, and Antenna carrier
control lock signals from CPRI slave IP and master module along with transceiver RX_Valid and
RX_ready for both the lanes are sent to the UART _interface block.

13. The UART _interface block forwards these status signal and locks information on its TX interface
to the GUI for display.
4.1 Design Implementation (asa question)

Each CPRI link connects two ports that have asymmetrical functions and roles: a master and a slave.
The CPRI Demo design shows the CPRI point to point link between CPRI REC Master and CPRI RE
Slave.

The top-level design includes the following SmartDesign components:
+ CPRI Master Subsystem

+ CPRI Slave Subsystem

« Transceiver Subsystem

*  Mi-V Subsystem

+ Test Interface

4.1.1 CPRI Master Subsystem (ask a question)
This sections gives the brief description about the CPRI REC Master.

The CPRI REC Master subsystem consists of the following modules:

* CPRI Master
+ Pattern data generator
* Pattern checker modules

The following figure shows the implementation of CPRI master subsystem SmartDesign.
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Figure 4-2. CPRI Master Subsystem SmartDesign
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4.1.1.1 CPRI Master (Ask a Question)

CPRI_master

i cata[3n:0]

When the CPRI master is configured, it receives IQ data, Vendor specific data, Antenna carrier

control data, and Ethernet data from the respective pattern generator blocks. It then frames

incoming data into the CPRI frame format at the rate of 4.9152 Gbps and transmits it to the serial
lines through the XCVR interface.

On the receive side, the CPRI master receives the data from the serial lines through the XCVR

interface in the CPRI frame format, it then unpacks the data and sends the received IQ, VSS,
and Ethernet data to the respective pattern checker block. For more information about register

configuration, see 6. Register Configuration.

4.1.1.2

Pattern Data Generator (aska uestion)

The pattern generator generates the following data:

« 32-bit Ethernet data: The16-bit of MSB is constant and 16-bit of LSB is incremental data.

Figure 4-3. Ethernet Data Pattern
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« 32-bit VSS data: The 16-bit of MSB is constant and the16-bit of LSB is incremental data.
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Figure 4-4. VSS Data Pattern
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« 32-bit Antenna Carrier Control data: The 16-bit of MSB is constant and the 16-bit of LSB is
incremental data.

Figure 4-5. Antenna Carrier Data Pattern
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+ In this demo four Antenna carriers are used, each antenna generates 32-bit data. The IQ data
samples of each Antenna carrier control are fixed at 15-bit. The user-interface width is fixed at
32-bit, with zero appending on MSB. 15-bit IQ data samples are bit-stuffed in the 32-bit user
interface for each Antenna carrier.

Figure 4-6. 1Q Data Pattern
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4.1.1.3 Pattern Checker (askaquestion)
The pattern checker has individual pattern checker modules for VSS, Ethernet, Antenna carrier
control, and 1Q data, which checks for incremental, data and if the received data is matched, then
the respective lock signals are asserted.

4.1.2 CPRI Slave Subsystem (ask a question)
The CPRI RE slave subsystem consists of the following modules:

+ CPRISlave
+ Loopback FIFO

The following figure shows the CPRI Slave Subsystem SmartDesign implements CPRI Slave IP
interface along with Ethernet, VSS, Antenna carrier control, and IQ data Loopback FIFO's.
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Figure 4-7. CPRI Slave System
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4.1.2.1 CPRI Slave (Ask a Question)

CPRI slave IP receives the data from the serial lines through the XCVR interface in the CPRI frame
format. It then unpacks the data and sends the received 1Q, VSS, Antenna carrier control, and
Ethernet data to the respective Loopback FIFO's. On the transmit side, CPRI slave IP receives IQ,
VSS, Antenna carrier control, and Ethernet data from the respective Loopback FIFO's, and then
frames incoming data into the CPRI frame format at the rate of 4.9152 Gbps and transmits it to the
serial lines through transceiver interface. For more information on CPRI register configuration, see
6. Register Configuration.

For more information about CPRI IP, see Libero Catalog > Solution-Wireless > Microchip CPRI
User Guide.

4.1.2.2 LOOpbaCk FIFO (Ask a Question)

The Loopback FIFO module consists of individual loopback FIFO modules for VSS, Ethernet, Antenna
carrier control, and 1Q data, which loopback's the deframed data from the RX interface of CPRI IP to
TX interface of CPRI IP.

4.1.3 Transceiver Subsystem (aska uestion)
The transceiver is configured for the following characteristics:
+ Two lanes at 122.88 MHz clock, each lane carries 32-bit IQ data
+ 32-bit PCSinterface
+ Data rate of 4.9152 Gbps
+ Lane 0 is configured for Master and Lane 1 is configured for Slave

@ MICROCHIP


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-DB16C9BD-236F-41D3-AD68-343225149463&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-B96FBDAA-776A-430D-A2E2-5D6AFC7B2C34&cover_title=PolarFire%20FPGA%20CPRI&tech_support_link=NA&revision_letter=A&source=PDF&title=CPRI%20Slave
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-DB16C9BD-236F-41D3-AD68-343225149463&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-9BEA88E1-6E14-4D42-B446-4D4C34FA8150&cover_title=PolarFire%20FPGA%20CPRI&tech_support_link=NA&revision_letter=A&source=PDF&title=Loopback%20FIFO
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-DB16C9BD-236F-41D3-AD68-343225149463&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-2CA46A68-2C85-40A6-9685-F9C302476DFC&cover_title=PolarFire%20FPGA%20CPRI&tech_support_link=NA&revision_letter=A&source=PDF&title=Transceiver%20Subsystem

Figure 4-8. Transceiver Subsystem
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4.1.4

Mi-V Su bsystem (Ask a Question)

The Mi_V_Subsystem SmartDesign operates at 100 MHz. It implements an AHB interface and GPIO
interface. The following figure shows how the AHB interface is used to access the CPRI configuration
registers, and the GPIO interface is used to indicate configuration status.

Figure 4-9. Mi-V Subsystem
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For more information about how to build the Mi-V subsystem, see TUO775 Tutorial PolarFire FPGA:
Building a Mi-V Processor Subsystem.

The following table lists the address map of Mi-V processor.

Table 4-1. System Memory Map

This bus interface is used to access the GPIO's through APB interface.

CoreGPIO

CPRI Slave IP

0x60051000
0x60060000

CPRI Master module 0x60070000

@ MICROCHIP

This bus interface is used to access CPRI slave IP configuration registers through the

AHB interface.

This bus interface is used to access CPRI master configuration registers through the

AHB interface.
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4.1.5 Test Interface (askaquestion)
The test interface system contains the UART interface and Inject error module.

The following figure shows the test interface SmartDesign implementations.

Figure 4-10. Test Interface SmartDesign
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4.1.5.1 UART Interface (Ask a Question)
The UART _Interface SmartDesign interfaces Fabric UART logic with the GUI, which displays the lock

signal.

4.1.5.2 Inject Error (askaquestion)

13h003s)

BAUD_VvAL[12:0]

ah2

_IN[7:0)
[BAUD_VAL_FRACTION[2:0]

X

T

-

DATA_OUT(7:0]

UART_CORE

The Inject error module induces an error in the CPRI frame that propagates through the serial

interface. The presence of an error is validated using a pattern checker module.
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5- Port Description (Ask a Question)
The following table lists the input and output ports of the design.

Table 5-1. Port Description

RESETN

REF_CLK_PAD_P and
REF_CLK_PAD_N

LANEO_RXD_P and LANEO_RXD_N
LANE1_RXD_P and LANE1_RXD_N
RX
LANEO_TXD_P and LANEO_TXD_N
LANE1_TXD_P and LANE1_TXD_N
Config_done

VSS_lock
Ethernet_lock
AxC_Control_lock
AxC_Data_lock
X
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Input
Input

Input
Input
Input
Output
Output
Output

Output
Output
Output
Output
Output

External reset

This is the differential reference clock generated from the on-board 122.88
MHz oscillator

Transceiver Receiver differential input of Lane0

Transceiver Receiver differential input of Lane1

This is the input signal received by the UART interface from the GUI
Transceiver Receiver differential output of Lane0

Transceiver Receiver differential output of Lane1

Indicates CPRI master and slave register configuration is completed by Mi-V
processor

Indicates the Received Vendor specific data is correct

Indicates the Received Ethernet data is correct

Indicates the received Antenna Control data is correct

Indicates the received Antenna IQ data is correct

This is the output data received by the GUI from the UART interface
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6. Register Configuration . question)

The CPRI master module and CPRI slave IP are connected to the Mi-V processor using an AHB
interface. The base address of CPRI master is 0x60070000 and the base address of CPRI slave IP is
0x60060000.

Tip: Itis recommended to follow the register configuration order as described in the
following table.

The following table lists the register configuration and these registers are configured in the
SoftConsole project: mpf an4949 v2022p3 df\SoftConsole\CPRI config\main.c.

Table 6-1. Register Configuration

0x04 Ox1F TX Interface Sequence Number Register
Line Rate 5: TX_SEQ_NUM: 0x1f

0x08 Ox1F RX Interface Sequence Number Register
Line Rate 5: RX_SEQ_NUM: 0x1f

0x0C 0xBC TX Framer K character Register
TX_Z_0_0_SYNC: 0xBC which is K28.5 character

0x10 0xBC RX Framer K character Register
RX_Z_0_0_SYNC: 0xBC which is K28.5 character

0x14 0x50 TX Framer D character Register
TX_Z_0_1_SYNC: 0x50 which is D16.2 character

0x18 0x50 RX Framer D character Register
RX_Z_0_1_SYNC: 0x50 which is D16.2 character

0x1C 0x50 TX Framer D character Register
TX_Z_0_Y_SYNC: 0x50 which is D16.2 character

0x20 0x50 RX Framer D character Register
RX_Z_0_Y_SYNC: 0x50 which is D16.2 character

0x2C 0x14 TX Fast Ethernet pointer register
TX_Z_194_0: 0x14

The Fast Ethernet data to be written from this location.

0x24 0x01 TX Protocol Version Register
TX_Z_2_0_SYNC: 0x01

The current version of the IP supports only protocol version 1.

0x30 0x14 RX Fast Ethernet pointer register
RX_Z_194_0: 0x14

The Fast Ethernet data to be written from this location.

0x100 OxF4240  Start Timer Register
Time out value for L1 Sync state machine

0x104  Ox1FFF HFN Sync Counter Register
Line 5: HFN_COUNT: 1FFF

This value indicates the duration of one CPRI Hyperframe for the selected Line rate.

0x00 OxF CPRI Control Register
Enables IQ mapper, demapper, and L1 sync state machine and CPRI IP functionality.
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7- CIOCking Structure (Ask a Question)

In this demo design, there are two clock domains. The on-board 122.88 MHz crystal oscillator drives
the XCVR reference clock in 8b10b mode. This generates Lane0/1 RX clock and Lane0/1 TX clock.
CPRI master system, CPRI slave Subsystem, and HDL modules use TX and RX clock (122.88 MHz).

The on-chip 160 MHz RC oscillator drives the CCC which generates 100 MHz clock. The
UART_Interface, Mi-V system, and the AHB interface of the CPRI master subsystem and CPRI slave
subsystem use 100 MHz clock. The clock divider generates 40 MHz clock for the XCVR_ERM.

The following figure shows the clocking structure in the reference design.

Figure 7-1. Clocking Structure
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The following table lists the clocks used in the demo design.

Table 7-1. Clocks

Mi-V Clock CCC.0 100 MHz
RX_CLK_LO_R Transceiver RX recovered clock (Lane0) 122.88 MHz
RX_CLK_L1_R Transceiver RX recovered clock (Lane1) 122.88 MHz
TX_CLK_LO_R Transceiver TX PLL clock (Lane0) 122.88 MHz
TX_CLK_L1_R Transceiver TX PLL clock (Lane1) 122.88 MHz
CTRL_CLK CLK Divider 40 MHz
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8- Reset Structu re (Ask a Question)

In the demo design, the reset signal is generated using the Reset_Block module. CoreReset_FF
(CoreReset_PF) module releases active-low reset signal of TEST_INTERFACE, Mi-V subsystem, CPRI
master, and slave subsystem when PLL_lock output from PF_CCC block, RESETN (External active-low
signal), and DEVICE_INIT_DONE signal from INIT_MONITOR block are asserted.

The CoreReset_LO_TX (CoreReset_PF) module releases an active-low reset signal of the CPRI master
subsystem and Test Interface when the RESETN (External active-low signal) and DEVICE_INIT_DONE
signals from the INIT_MONITOR block are asserted.

The CoreReset_LO_RX (CoreReset_PF) module releases an active-low reset signals of the CPRI master
subsystem when RESETN (External active-low signal) and DEVICE_INIT_DONE signals from the
INIT_MONITOR block are asserted.

The CoreReset_L1_TX (CoreReset_PF) module releases an active-low reset signal of the CPRI slave
subsystem when the RESETN (External active-low signal) and DEVICE_INIT_DONE signals from the
INIT_MONITOR block are asserted.

The CoreReset_L1_RX (CoreReset_PF) module releases an active-low reset signal of the CPRI slave
subsystem when the RESETN (External active-low signal) and DEVICE_INIT_DONE signals from the
INIT_MONITOR block is asserted.

The INIT_MONITOR releases the active-low signal of XCVR_subsystem reset signals (PMA_ARST_N
and PCS_ARST_N) when the XCVR_INIT_DONE signal from the INIT_MONITOR block is asserted.

DEVICE_INIT_DONE and XCVR_INIT_DONE signals are asserted when the device initialization is
complete. For more information about device initialization, see PolarFire Family Power-Up and
Resets User Guide.

For more information on CoreReset_PF IP core, see CoreReset_PF from the Libero catalog.

The following figure shows the reset structure in the demo design.

Figure 8-1. Reset Structure
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9. Libero Design FIOW (s question)
This section describes the Libero design flow, which involves the following processes:
+ Synthesis
+ Place and Route
+ Verify Timing
+ Design and Memory Initialization
+ Generate Bitstream
* Run Program Action

Important: To initialize TCM in PolarFire using system controller, a local parameter,
|_cfg_hard_tcmO_en, inthemiv rv32 opsrv cfg pkg.v file must be changed to 1'b1
prior to synthesis. See, MIV_RV32,

The following figure shows these options in the Design Flow window.
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Figure 9-1. Libero® Design Flow Options
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To synthesis the design, perform the following steps:

1. On the Design Flow window, double-click Synthesize.

2. When the synthesis is successful, a green tick mark appears next to Synthesize. See Figure 9-1.

The following table lists the resource utilization of the CPRI loopback design. These values vary
slightly for different Libero runs, settings, and seed values.

Table 9-1. Resource Utilization—Synthesis

4LUT

DFF

1/0 Register

User VO
Single-ended 1/0
Differential I/0 Pairs
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26007 299544
15993 299544
0 1536
11 512

11 512

0 256

8.68
5.34
0
2.15
2.15
0
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........... continued

12

USRAM 2772 0.43
LSRAM 75 952 7.88
Math 0 924 0
H-Chip Global 10 48 2083
Local Global 4 1008 0.4
PLL 1 8 12.5
DLL 0 8 0
BANKEN 1 7 14.29
CRN INT 1 24 417
UJTAG 1 1 100
INIT 1 1 100
OSC RC160MHZ 1 1 100
Transceiver Lanes 2 16 12.5
Transceiver PCle 0 2 0
TXPLL 1 1 9.09
XCVR REF CLK 1 11 9.09
ICB CLKDIV 1 24 4.17
ICB CLKINT 4 72 5.56
ICB INT 1 12 8.33

9.2 Place and Route (aska question)

To place and route the design, TX_PLL, XCVR_REF_CLK, and PF_XCVR must be configured using the
I/0 Editor. For On-board transceiver loopback, the following figure shows how the Lane 2 and Lane 3
of Quard 2 are used.

Figure 9-2. 1/0 Editor Option—XCVR View

On the Design Flow window, double-click Place and Route. When place and route is successful, a
green tick mark appears.
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Figure 9-3. Place and Route

Tool

4 b Create Design
B Create SmartDesign
Create HDL
Q Create SrartDesign Testbench
Create HDL Testhench
4 p Verify Pre-Synthesized Design
. Simulate
4 } Constraints
5“ Manage Constraints
V' <4 » Implement Design
B Netlist Viewer
T S Synthesize
v ¥ Place and Route
4 Venty Post Layout Implementation
4 Verify Timing
&]. Open SmartTime
o} Verify Power

The following table lists the resource utilization after place and route.

Table 9-2. Resource Utilization—Place and Route

4 LUT 26471 299544 8.84
DEF 16099 299544 5.37
1/0 Register 0 510 0
Logic Element 31843 299544 10.63

9.3 Verify Timing (Ask a Question)
To verify timing, perform the following steps:

1. On the Design Flow window, double-click Verify Timing. When the design meets the timing
requirements, a green tick mark appears next to Verify Timing.

2. Right-click Verify Timing and select View Report to view the verify timing report and log files in
the Reports tab.
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Figure 9-4. Verify Timing
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9.4 Design and Memory Initialization (aska auestion)

The Configure Design Initialization Data and Memories option generates the LSRAM initialization
client and adds it to sSNVM, pgPROM, or an external SPI Flash, based on the type of nonvolatile
memory selected. In this demo, the LSRAM initialization client is stored in the SNVM.

This process requires the user application executable file (hex file) to initialize the

LSRAM blocks on device power-up. The hex file (CPRI config.hex)is available in the
DesignFiles Directory\mpf an4949 v2022p3 df\Libero Project folder. When the hex file
is imported, a memory initialization client is generated for LSRAM blocks.

To initialize the memory, perform the following steps:

1. On the Design Flow window, double-click Configure Design Initialization Data and Memories.

The Design and Memory Initialization window opens.
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Figure 9-5. Design and Memory Initialization Window
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v --«[] Generate Design Initialization Data
£ Configure I/O States During JTAG Programming

Design Initisization | wprom | v | serrimh | pabric Rams

= = =

In design initialization, user design blocks such as LSRAM, USRAM, transceivers, and PCIe can be initialized as an option using data stored in the nen-volatile storage memory.
The initialization data can be stored in PROM, sNVM, or an external SP1 Flash.

Follow the below steps to program the initialization data:
1. Set up your fabric RAMs initialization data, if any, using the 'Fabric RAMS' tab
2. Define the storage location of the initialization data

3. Generate the initialization clients

4. Generate or export the bitstream

5. Program the device

— Design initialization specification

First stage (sNVM)

’7 1n the first stage, the initialization sequence de-asserts FABRIC_POR_N.

 Sacond stage (sNVM)

In the second stage, the initialization sequence initializes the PCle and XCVR blocks present in the design.

ox |00000000

‘Start adiress for second stage infiaization cient: SNVM start pager 0

- Thidsiage

In the third stage, the initialization sequence initializes the Fabric RAMs present in the design.
To save the

instructions in y I/SPI-Flash, please use "Fabric RAMS' tab to make your selection for each RAM dlient.

ox (00000000
ox (00000000
ox (00000400

[SP1-Fiash - No-binding Plaintad:

7 Start address for sNVM cliens: SNVM start page: 0
™ start address for uPROM dlients:

™ Start address for SPI-Flash clients:

SPI-Fissh Binding!

[V Brosdcast instructions to nislze RAM' to zero's

Time Out (s): 128

3000

Custom configuraion fie: |

Auto Caibration Time Out (ms):

In the Fabric RAMs tab, select the LSRAM client from the list, and then click Edit.

Figure 9-6. Fabric RAM

e T
e e Logical Instance Name "ORL’,‘ ?R;Em Memory Content| Starage Type | Memory Source|
e = T
23 | CPRLSLAVE SubSystem_0/CPRI_Slava_0/MSC_j_52/MSC_i_83/MSC_i_TO/MSC_i_76/MSCi_77 ram_black[31:0] 51230 512630 No contant SNVM Synthasis
24| CPRLSLAVE SubSystem O/CPRI_Slave O/MSC j_S2/MSC i 69/MSC i TO/MSC_i_78/MSC i_80/ram block[31:0] 51230 51230 No contant hVM Synthesis
25 | CPRLSLAVE SubSystem_0/CPRI_Slave O/MSC_j_S2/MSC3_63/MSC i TO/MSCi_E1/MSC i_82/ram black[31:0] 5120 5120 No content MM Synthesis
26| CPRI_SLAVE_SubSystem_0/CPRI_Slave_0/MSC._i_52/MSC_i_85/MSC_i_BE/MSC J_BT/MSC_J_Ba/ram_block[310] 512330 512430 No contant SNVM Synthasis
27| CPRLSLAVE SubSystem O/CPRI_Slave O/MSC j_S2/MSC i_85/MSC_i_86/MSC_i_01/MSC i_92/ram block[31:0] 51230 51230 No content NVM Synthesis
O o 28 | CPRLSLAVE SubSystem_0/CPRI_Slava_0/MSC_j_52/MSC_i_B5/MSC_i_BE/MSC_i_S3/MSC_j_Sd/ram_black[31:0] 51230 512630 No contant SNVM Synthasis
u e 29| CPRLSLAVE SubSystem O/CPRI_Slave O/MSC j_S2/MSC i_85/MSC_i_86/MSC_i_95/MSC i_96/ram block[31:0] 51230 51230 No contant hVM Synthesis
e 30| CPRISLAVE_SubSystem_0/CPRI_Slave_0/MSC_j_52/MSC_i_B5/MSC_53/cpr_aligned_iata_in_reg3[31:0] 432 432 No contan: SNVM Synthesis
Astobie Memon(Bytes) TrEn 31| CPRLSLAVE SubSystem_0/Fabric_Loopback Subsystem_0/AxC_CTRL Joopback 0/u_buff Ipbk/BUFFER LPECK 0 1024132 102432 Na contant 2NVM Configurator
e T o 32 | €PRI_SLAVE_SubSystem_0/Fabric_Loopback_Subsystem,_0)/AxC_DATA Joopback_0igenbiki[Z1u_buf? Ipbk/BUFFER_LPECK 0 102432 102432 No content SNVM Configurator
Frms Verany(Byes) 254950
33 | CPRI_SLAVE_SubSystem_)/Fabric_Loopback_Subsystem_0/AxC_DATA Joopback_0/gentik1[1]u_buffIpbik/3UFFER LPBCK_0 1024132 1024132 No contant SNVM Configurator
34| CPRLSLAVE SubSystem_0/Fabric_Loopback Subsystem_0/AxC_DATA Joopback 0/genbiki[21u_buff Ipbk/BUFFER_LPECK 0 102432 102432 NVM Configurator
35 | CPAI_SLAVE_SubSystem_)/Fabric_Loophack_Subsystem_0/AxC_DATA Joophack_0/genbik 131 u_buffIpbi/3UFFER_LPBCK_0 1024132 1024132 SNVM Configurator
36 | CPRLSLAVE SubSystem_0/Fabric_Loopback Subsystem_0/Ethernet loopback_0/u_buff Ipbk/BUFFER_LPBCK D 1024132 1024132 hVM Configurator
37 | CPRISLAVE Subsiystem_0)/Fabric_Loopback, Subsystem 0/VS5 Joopback 0/u_buff Ipbk/BUFFER_LPBCK.D 1024132 102432 SNVM Configurator
39 | MIV_SubSystem_0/MIV_Rv32.€0_ O/MIV_RV32_C0_0/u_opsrv_0)u_core_0/u_=xpipe_0/gen_gpr.ram.u_gpr.0/gen_gpr.u_gpr_amay 0/mem[310] | 32:32 3232 Ey Synthesis
u Us=d spece 40| MIV_SubSystem_0/MIV_RV32_£0_0/MN_RV32_C0_u_opsrv._0/u_core,_{/u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpeu_opr_amay_/mam_1[310] | 32332 3232 SNVM Synthasis
= = 41| TEST_INTERFACE_0/CDC_Master_FIFQ_0/CDC_ Master_FIFO_0/genbik24.Ul_ram_wrapper_1/L1_asymcnanpips 102449 102449 SNVM Configurator

3. Inthe Edit Fabric RAM Initialization Client dialog box, select the

Content from file option, and locate the CPRI_config.hex file from
DesignFiles directory\mpf an4949 v2022p3 df\Libero Project folder, and then click

OK.
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Figure 9-7. Edit Fabric RAM Initialization Client

@ Edit Fabric RAM Initialization Client ? >

Client name: I MiV_SubSystem_0/LSRAM_exe_0

Fhysical Name: l’I_EXE_F“F_TF"SRAM_AHB_H}(I_D_F‘F_TPSRAM_RZ‘%CD;’INST_RAMIKED_IP
— RAM Initialization Options

" TInitialized Content from Synthesis

' Content from file: |CPRI_config.hex

ﬁ Imported Memory file location : CPRI_config.hex

" Content filled with 0s

" No content (client is a placeholder and will not be programmed)

Optimize for: ¢ High Speed * Low power

Storage Type ISN‘I.I’M vI
Help | OK Close

4. Click Apply.

Figure 9-8. Design Initialization

et | 0t | s |sm.m
T o |

e
B — | |
Load fesign configaration it | Initaize o8 chents from: [ Initaize o1 Cients from shvM -
suvslatie Memory{Bytes). 2437120
Us=) Mamary(Byles) 192000 I~ Fiter out Inferred RAMs
Fres Mamary(Btes) : 2es120
. PORTA PORTE |
Logical Instance Name Depth - Width| Dept - Wigtn | Memory Content| Storage Type| Memory Source
23| CPRLSLAVE SubSystem 0/CPRI_Slava_ O/MSC_J_S2/MSC_3_B3/MSC i TO/MSC J_T6MSC I_77/ram_black[31:0] £12a0 £12a0 No contan: NN Synthesis
24| CPRLSLAVE SubSystem_O/CPRI_Slava O/MSC j_S2/MSC i 68/MSC i TO/MSC_i_78/MSC i_B0/ram block[31:0] 51230 51230 Na contant 2NVM Synthesis
25 | CPRLSLAVE SubSystem 0/CPRI_Slave_ O/MSC_j_S2/MSC_3_B3/MSE i TO/MSC J_E1/MSC5_B2/ram_block[31:0] 5120 5120 No content MM Synthesis
26 | CPRLSLAVE Subystem_O/CPRI_Slave_O/MSC_j_S2/MSC_i_B5/MSC_i_BE/MSC_i_BT/MSC i_B8fram block[31:0] 51260 51260 N contan: B Synthesis
27| CPRLSLAVE SubSystem O/CPRI_Slave O/MSC j_S2/MSC i_85/MSC_i_86/MSC_i_01/MSC i_92/ram block[31:0] 51230 51230 No content NVM Synthesis
O 28 | CPRLSLAVE SubSystem_0/CPRI_Slava_0/MSC_j_52/MSC_i_B5/MSC_i_BE/MSC_i_S3/MSC_j_Sd/ram_black[31:0] 51230 51230 No contant B Synthesis
U=t zpece
u === 29| CPRLSLAVE SubSystem O/CPRI_Slave O/MSC j_S2/MSC i_85/MSC_i_86/MSC_i_95/MSC i_96/ram block[31:0] 51230 51230 No contant hVM Synthesis
. 30| CPRLSLAVE SubSystem 0/CPRI_Slava_0/MSC_J_S2/MSC_i_BS/MSC_i_89/cpri_aligned_data_in_reg3[310] 432 432 No contan: NN Synthesis
Astobie Memon(Bytes) TrEn 31| CPRLSLAVE SubSystem_0/Fabric_Loopback Subsystem_0/AxC_CTRL Joopback 0/u_buff Ipbk/BUFFER LPECK 0 102432 102432 Na contant 2NVM Configurator
e T o 32 | €PRI_SLAVE_SubSystem_0/Fabric_Loopback_Subsystem,_0)/AxC_DATA Joopback_0igenbiki[Z1u_buf? Ipbk/BUFFER_LPECK 0 102432 102432 No content SNVM Configurator
Free Memary(Bytes) 254350
33 | CPRLSLAVE Subystem_(/Fabric_Loopback Subsystem_(y/Axt_DATA Joopback 0/genbli [} _buft Ipbk/BUFFER_LPECK 0 1024132 1024132 N contan: B Configurator
34| CPRLSLAVE SubSystem 0/Fabric_Loopback Subsystem_0/AxC_DATA Joopback 0/genbik[Z1u_buff Ipbk/BUFFER_LPBCK 0 1024132 1024132 No contant hVM Configurator
35 | CPRLSLAVE SubSystem 0)Fabric_Loopback Subsystem_0/AxC_DATA Joopback 0/gznbll[31u_buf Ipbk/BUFFER_LPECK 0 102432 102432 No contan: NN Configurator
36 | CPRLSLAVE SubSystem_0/Fabric_Loopback Subsystem_0/Ethernat loopback_0/u_buff Ipbk/BUFFER_LPBCK D 102432 102432 Na contant 2NVM Configurator
DRI_SLAVE SubSystem_0)/Fabric_Loopback Subsystem_/VES_loopback 0/ buff_Ipbk/BUFFER_LPBCK.0 102432 1024132 No content B Configurator
fV_SubSystem_0/MIV_R¥32_C0 O/MIV_RV32 CO 0/ ops 'u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpru_gpr_array_0/mem[31:0] Synthesis
™ Usmd spece 40| MIV_SubSystem_0/MIV_RV32_£0_0/MN_RV32_C0_u_opsrv._0/u_core,_{/u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpeu_opr_amay_/mam_1[310] | 32332 3232 No contant SNVM Synthasis
[} s
41| TEST_INTERFACE_0/CDC_Master_FIFQ_0/CDC_ Master_FIFO_0/genbik24.Ul_ram_wrapper_1/L1_asymcnanpips 102449 102449 No contant hVM Configurator
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5. To generate design initialization data, click Generate Initialization Data on the Design Flow
window. After successful generation of the Initialization data, a green tick mark appears next to
Generate Initialization Data option. See Figure 9-8.
9.5 Generate Bitstream (asca question)
To generate bitstream, perform the following steps:

1. On the Design Flow window, double-click Generate Bitstream. When the bitstream is
successfully generated, a green tick mark appears next to Generate Bitstream. See Figure 9-1.

2. Right-click Generate Bitstream and select View Report to view the corresponding log file in the
Reports tab.
9.6 Run Program Action (aska question)
To program the PolarFire device, perform the following steps:
1. Ensure that the jumper settings on the board are as listed in the following table.

Table 9-3. PolarFire® Evaluation Board Jumper Settings

J18,]19,)20,J21,and  Short pin 2 and 3 for programming the PolarFire® FPGA through FTDI

J22

J28 Short the pin 2 and 3 for programming through the on-board FlashPro5

14 Short pin 1 and 2 for manual power switching using SW3

112 Short pin 3 and 4 for 2.5V

146 Short pin 1 and 2 for routing 125 MHz differential clock oscillator output to the side. Open pin 1 and

2 for routing 122.88 MHz differential clock oscillator to the line side.
2. Connect the power supply cable to the J9 connector.
Connect the USB cable from the host PC to the J5 (FTDI port).

4. Power ON the board using the SW3 slide switch.
The following figure shows the board setup.

Figure 9-9. PolarFire® Evaluation Board Setup

RERRARERL

5. On the Design Flow window, double-click Run PROGRAM Action.

25
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The device is successfully programmed and a green tick mark appears next to Run PROGRAM
Action, see Figure 9-1. LED 4 is asserted once the device is programmed.
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10.

10.1

Running the DemO (Ask a Question)

This section describes how to install and use the CPRI Demo application Graphic User Interface
(GUI). The PolarFire CPRI demo application is a simple GUI that runs on the host PC to communicate
with the PolarFire Device.

Installing CPRI Demo Application aska auestion)

To install CPRI demo application, perform the following step:

1. Install the GUI (setup.exe) from the following design files folder mpf an4949 v2022p3 df/
GUI.

The following steps describes how to install and use the GUI to run the CPRI Loopback demo. The
following procedure assumes that the PolarFire evaluation board is connected and programmed
with the CPRI Loopback design.

To run the CPRI Loopback demo, perform the following steps:
1. Extract the contents of the mpf an4949 v2022p3 df.zip file.

2. Fromthempf an4949 v2022p3 df\GUI\GUI Installer folder, double-click the setup.exe
file.

Follow the instructions displayed on the installation window.
After successful installation, CPRI_GUI appears on the Start menu of the host PC desktop.
From the Start menu, click CPRI_GUI to launch the application.

o v kAW

The GUI detects the COM port number and automatically connects to the board. The following
figure shows COM port number and connection status. COM Port numbers may vary.

Figure 10-1. Selecting COM Port and Connecting Status

< CPRI_Demo_V2.2 - X

& Microsemi CPRI Demo

Master
v/ Serial Link K Ethernet Status
v/ RxValid x AxC Control Status

K vss status @ 9 P P AxC Data Status

7. Click Start. The data is generated and framed using the CPRI master module and sent over the
serial transmit link. It is then received by the receiver, and CPRI slave IP unpacks the data and
loopbacks the data to the CPRI master module. The checker in the master system checks the
incoming data for any errors. The status is monitored using the status signals on the GUI at any
time. The following are the status signals:

- Serial Link: Indicates transceiver link status

@ MICROCHIP
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- RxValid: Indicates if the transmitter and receiver data are locked

- VSS status: Indicates the received VSS data is valid.

- Ethernet status: Indicates the received Ethernet data is valid.

- AXxC Control status: Indicates the received Antenna carrier control data is valid.

- AxC Data Status: Indicates the received Antenna carrier data is valid.
The following figure shows the status signals. The LED 4, LED 5, LED 6, LED 7, LED 8, LED 9, LED
10, and LED 11 are asserted at the same time.

Figure 10-2. Master Checker Status—Pass

L CPRI_Demo_V2.2 - X

& Microsemi  CPRI Demo

Master
v Serial Link Q/ Ethernet Status
't/ Rx Valid 'Q/ AxC Control Status
V VSS Status J o o ) AxC Data Status

Payload Error EEEL LD

8. Click Payload Error to induce error in VSS data, Ethernet data, Antenna carrier control data, and

Antenna carrier data. Observe the error status of Master tab. See the following figure. The LED
5, LED 6, LED 7, LED 8, LED 9, LED 10, and LED 11 are deasserted at the same time.

Figure 10-3. Payload Error Enabled—Master

L CPRI_Demo_V2.2 - X

& Microsemi CPRI Demo

Master
v/ Serial Link K Ethernet Status
v/ RxValid x AxC Control Status
K vss status @ @ @ P AxC Data Status

Payload Error
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Disable Payload Error to stop generating an error and observe that the Serial Link, Rx Valid, and
all the status signals of Master turn green. See the following figure. When the error is cleared,

the LED 5 to LED 11 is asserted at the same time.

Figure 10-4. Payload Error Disabled—Master

< CPRI_Demo_v2.2 - XK

& Microsemi CPRI Demo

o o I

Master
v/ Serial Link v/ Ethernet Status
v RxValid % AxC Control Status
v/ VSS Status J U J U AxC Data Status

Payload Error e EELLD

The CPRI demo is successfully run.
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11. Appendix 1: Programming the Device Using FlashPro Express (s aueston)

This chapter describes how to program the PolarFire device with the Job programming
file using a FlashPro programmer. The default location of the . stp file is
mpf an4949 v2022p3 df\Programming Job.

To program the PolarFire device using FlashPro Express, perform the following steps:
1. Ensure that the jumper settings on the board are the same as listed in Table 9-3.

Tip: The power supply switch must be switched OFF while making the jumper
connections.

Connect the power supply cable to the J9 connector on the board.
Connect the USB cable from the Host PC to the J5 (FTDI port) on the board.
Power on the board using the SW3 slide switch.

On the host PC, launch the FlashPro Express software.

o v A WD

Click New or select New Job Project from FlashPro Express Job from Project menu to create a
new job project. See the following figure.

Figure 11-1. FlashPro Express Job Project

E FlashPro Express

Project Edit View Programmer Help [ FlashPro Express

Project | Edit View Programmer Help

Job Projects - -

New Job Project from FlashPro Express Job Ctrl+N & h

=] -
New. .. = Open Job Project Ctrl+O
Open... X Close Job Project
I Save Job Project Ctrl+Shift+A

Recent Projects or

Set Log File

Export Log File

Preferences...

Execute Script Ctrl+U

Export Script File...

Recent Projects L4

Exit Ctrl+Q

7. Enter the following in the New Job Project from FlashPro Express Job 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>\mpf an4949 v2022p3 df\Programming Job.

- FlashPro Express job project location: Click Browse and navigate to the location where
you want to save the project.
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Figure 11-2. New Job Project from FlashPro Express Job

[Z3 Create New Job Project X

Create a new job project by importing FlashPro Express job file.
Switch to developer mode to reload programming files and enable additional features.
To switch to developer mode go to Project, Preferences, FlashPro Express Mode.

(& Import FlashPro Express job file

})itbucket\mpf_an4949_v2022p3_df\Programming_]ob\top.]ob Browse...

If there is no FlashPro Express job file available, switch to developer mode
to construct chain automatically and load programming files.
To switch to developer mode go to Project, Preferences, FlashPro Express Mode.

€ Construct automatically (developer mode)

Connected programmers: ;I Refresh

Programming interface:  JTAG

FlashPro Express job project name: top

FlashPro Express job project location: Epf_an4949_v2022p3_df
Help oK Cancel

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

9. 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.

Figure 11-3. Programming the Device

Project Edit View Programmer Help

Refresh/Rescan Programmers I

E FlashPro Express D:\mpf_dg0843_df\CPRI_Line_Rate_S\CPRI_Line_Rate_3.pro - JTAG Programming Interface

j @ ¥ [ez003c80,

Programmer

® weecors &

% T0O ™ S

IDLE

IDLE

[E] Messages @ Errors

i Warnings @ Info

Exported log file D:\mpf_dg0843_df\CPRI_Line_Rate_S\CPRI_Line_Rate_5.log.
Software Version: 12.600.0.14

PPD file 'D:\mpf_dg0843_df\CPRI_Line_Rate_S\top.ppd' has been loaded successfully.
DESIGN : top; CHECESUM : 03R8; PDB_VERSION : 1.0

Embedded FlashProS programmer detected.

programmer 'E2003GSCV0’ : FlashPro5

Opened 'D:\mpf_dg0843_df\CPRI_Line_Rate_ S\CPRI_Line_Rate_5.pro’

10. Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed.
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Figure 11-4. FlashPro Express—RUN PASSED

FlashPro Express D:\mpf_dg0843_df\CPRI_Line_Rate 5\CPRI_Line_Rate_5.pro - JTAG Programming Interface — (] X

Project Edit View Programmer Help
Refresh/Rescan Programmers

Programmer

O wros &

@ ToO ™ &

Jovim___

[ProcrRam =]
an o LPROGRAMMERG)PASSED

Log 8 x
[E] Messages @ Errors & Warnings @ Info
programmer 'E2003G9CVO' : device 'MPF300TS' : EXPORT EOB component bitstream digest[256] = ﬂ
fa93e4608£80£7dda77546be0b47a29£07b02823ab3447£305ca52a4874b3.595
programmer 'E2003GSCVO' : device 'MPF300T3"
programmer "E2003G5CVO' : device 'MPF300TS' : EXPORT DSN[128] = 6B82d36eldclae24a494d€3flbeded0d3
programmer 'B2003GSCVO' : device 'MPF300TS"
programmer 'E2003GSCVO' : device 'MPF300T3' : Finished: Tue Oct 22 13:46:41 2019 (Elapsed time 00:01:45)
programmer 'E2003G9CVO' : device 'MPF300TS' : Executing action PROGRAM PASSED.
programmer 'E2003GSCVO' : Chain programming PASSED.
Chain Programming Finished: Tue Oct 22 13:46:41 2015 (Elapsed time 00:01:45)
s-eo-o-0-0-o0
-

11. Close FlashPro Express or in the Project tab, click Exit.
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12. Appendix 2: Running the TCL Script (as«a auestion)

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

Following are the steps to run the TCL:

1. Launch the Libero software

2. Select Project > Execute Script

3. Click Browse and select script.tcl from the downloaded TCL Scripts directory.

4. Click Run.

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

For more information about TCL scripts, see mpf an4949 v2022p3 df/TCL Scripts/
readme. txt.

For more details on TCL commands, see Tcl Commands Reference Guide. Contact Technical Support
for any queries encountered when running the TCL script.
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13. Appendix 3: References (sa queston)

This section lists the documents that provide more information about the concepts and features
covered in this demo guide.

For more information about PolarFire transceiver blocks, see PolarFire Family Transceiver User
Guide.

For more information about Libero, ModelSim, and Synplify, see Libero SoC v12.0 and later.

For more information about CPRI IP, see Libero Catalog > Solution-Wireless > Microchip CPRI
User Guide.

For more information about PolarFire Evaluation kit, see UG0747: PolarFire FPGA Evaluation Kit
User Guide.

For more information about Power-Up and Reset, see PolarFire Family Power-Up and Resets User
Guide.

For more information about the CoreJTAGDEBUG IP core, see CoreJTAGDebug from Libero >
Catalog.

For more information about the MIV_RV32 IP core, see MIV_RV32 from the Libero SoC Catalog.
For more information about the CoreUARTapb IP core, see CoreUARTapb.

For more information about the CoreAHBLite IP core, see CoreAHBLite.

For more information about the CoreAPB3 IP core, see CoreAPB3.

For more information about the CoreGPIO IP core, see CoreGPIO.
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https://www.microchip.com/en-us/products/fpgas-and-plds/ip-core-tools/coreuartapb
https://www.microchip.com/en-us/products/fpgas-and-plds/ip-core-tools/coreahblite
https://www.microchip.com/en-us/products/fpgas-and-plds/ip-core-tools/coreapb3
https://www.microchip.com/en-us/products/fpgas-and-plds/ip-core-tools/coregpio

14. Revision History s aueston

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 14-1. Revision History

A 05/2023 The following is a summary of the changes made in this revision A.

* The document was migrated to the Microchip template. The document
number was updated to DS00004949 from 50200843.

* The document ID was updated to AN4949 from DG0843.
+ Updated the document for Libero® v2022.3.
+ Updated design filepath and . job throughout the document.

4.0 — Added 12. Appendix 2: Running the TCL Script.
3.0 — The following is a summary of the changes made in this revision.
+ Updated the document for Libero SoC v12.2.

* Removed the references to Libero version numbers.

2.0 — Updated the document for Libero SoC v12.0.
1.0 — The first publication of this document.
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Microchip FPGA Support (s auestion)

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

Microchip Information (s auestion)

The Microchip Website (aska question)

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 (askaauestion)

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 (Ask a Question)
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 (asaquestion)
Note the following details of the code protection feature on Microchip products:
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« 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.

+ 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 (Ask a Question)

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.

Tra de ma I’kS (Ask a Question)

The Microchip name and logo, the Microchip logo, Adaptec, 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, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium,
TimeHub, TimePictra, TimeProvider, TrueTime, 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, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic
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Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, GridTime, IdealBridge, In-Circuit Serial
Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip Connectivity, JitterBlocker,
Knob-on-Display, KoD, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net,
PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-

ICE, Serial Quad /0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-L.S., storClad, SQI,
SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC,
USBCheck, VariSense, VectorBlox, VeriPHY, 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, and Symmcom are registered
trademarks of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
© 2023, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN: 978-1-6683-2477-6

Quality Management System (aska question)

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