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I I’It I'Od u CﬁO n (Ask a Question)

This document describes the Microchip PolarFire® wireless radio Digital Front-End (DFE) design and how to run
the demo using the PolarFire Evaluation Board, Microchip Wireless MIMO Daughter Card and a Remote Radio
Head (RRH) Tester.

The demo design features:

+ Baseband interface using the CPRI IP

+ Signal processing, Digital Up-Conversion (DUC) and Digital Down-Conversion (DDC)
* RFIC interface using the JESD204B IP

+ Mi-V soft processor and its peripheral interfaces — SPI, GPIO and UART. Microchip offers the Mi-V processor
IP core and software tool chain to support RISC-V processor based designs.

This fully integrated demo design is created using Microchip Libero® SoC PolarFire to help customers build
prototypes quickly.

The PolarFire Evaluation Board features:

+ A 300K LE FPGA (MPF300TS, FCG1152) with 12.7 Gbps transceiver interface.
+ DDR3 and DDR4 interfaces

« A high pin count FMC connector for plugging in expansion boards.

For more information, see the PolarFire Evaluation Kit page.

The wireless MIMO daughter card features:

+  Two AD9371 RFIC chips for four transmit and four receive paths. Each chip supports:
- 300 MHz to 6 GHz frequency range

- Dual transmit and Dual receive paths
- JESD204B digital interface
+ AD9528, a two stage PLL with a JESD204B sysref generator.
* A high pin count (HPC) FMC connector to connect to an FPGA base board.
The RRH tester features:
+ One-box solution including a Common Public Radio Interface (CPRI) and TX/RX paths.
+ Send and receive digital IQ data to and from the RRH using CPRI optical connection.
+ Software options for LTE FDD & TDD signal generation and analysis.

For more information, see www.keysight.com/find/E6610A.


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-70204189-A5DE-44E6-8D7E-652153909E92&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-9D0DEF91-F741-42A3-8E98-303AF53C4A1A&cover_title=PolarFire%20FPGA%20Wireless%20Radio%20Digital%20Front-End%20Design%20Application%20Note&tech_support_link=NA&revision_letter=A&source=PDF&title=Introduction&devices=
https://www.microchip.com/en-us/development-tool/mpf300-eval-kit
http://www.keysight.com/find/E6610A
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1. Design Requirements (sa auestion)
The following table lists the design requirements for running the demo.

Table 1-1. Design Requirements

Hardware and Accessories

PolarFire® Evaluation kit MPF300-EVAL-KIT
Kit Contents:

» PolarFire Evaluation Kit Board with MPF300TS-1FCG1152I
Device

* 12V Power Pack/AC Adapter
+ USB 2.0 A male to Mini-B
*  QuickStart Card
MIMO Daughter Card For details regarding MIMO Daughter Card, contact
FPGA_marketing@microchip.com.

SFP+ Transceiver modules Wavelength: 1310 nm Class 1 DFB laser
Connector: LC duplex

Max Link Length: 10 KM
Max Data Rate: 10.5 Gbps
Temperature Range: -40 °C to +85 °C

Fiber patch Cable Type: single mode fiber with yellow 2 mm jacket
Length:3 M
Connector: LC duplex

RF SMA cables PASTERNACK SMA Female to SMA Female Cables

Host PC Windows 10 OS

Serial Terminal Emulation Program PuTTY

Software

SoftConsole® v2022.2

Test Hardware and Software

Remote Radio Head Tester E6610A (700 MHz to 2.7 GHz)

E6610A User Interface v2.9.5 (2x2 LTE)
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2. PrereqUiSites (Ask a Question)
Before you start, ensure that the following components are in place:

Download the design files from: www.microchip.com/en-us/application-notes/an5616
Download and install Libero SoC Design Suite from Libero SoC Software Downloads

Download and install SoftConsole from: www.microchip.com/en-us/products/fpgas-and-plds/
fpga-and-soc-design-tools/soc-fpga/softconsole#downloads
Download and install Microchip Power Monitor from the following link:

ww1.microchip.com/downloads/aembDocuments/documents/FPGA/SOCDesignFiles/
Polarfire_Eval_Kit_Power_Monitor.zip

Download and install KEYSIGHT E6610A user interface from:
http://www.keysight.com/find/E6610A_Software
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3. Demo Design Architecture (sa aueston)

The demo design supports a 4x4 MIMO, single carrier LTE 20 MHz bandwidth in the FDD mode. The
basic system architecture consists of three main data modules— the CPRI IP, DUC and DDC blocks
and the JESD204B IP. The Mi-V soft processor is used for controlling and monitoring functions.

The following figure shows the system architecture of the demo design.

Figure 3-1. PolarFire Wireless Radio DFE Design Architecture
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The following points describe the high-level data flow in the design:

1. The transmit IQ data from the baseband module is received on the RX port of the CPRI IP and
is de-mapped to four antenna carriers. This data is time-division multiplexed in the format
required by the DUC chain.

2. The DUC block up-samples and up-converts the received data and then sends it to the JESD204B
transmit interface.

3. Similarly, the JESD204B receive interface receives the data from the RFIC module and sends it to
DDC for down-conversion and down-sampling.

4. The down-sampled data is then mapped to the four antenna carriers and sent to the TX port of
the CPRI IP.

3.1 Subsystem Components (aska question)
The following sections describe the subsystems used in the design.

3.1.1 CPRI Interface (Ask a Question)

The CPRI IP is configured as a slave at 4.9 Gbps line rate with four antenna carriers (AxC), each
carrying 20 MHz LTE bandwidth.

The following figure shows the CPRI interface.
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Figure 3-2. CPRI Interface
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The following points lists the port configurations of the CPRI IP:
+ The TX and RX AxC data plane ports are enabled

+ The Ethernet TX and RX ports are disabled

« The vendor specific data and AxC control data ports are looped back

+ Theland Q samples of each AxC are fixed at 15 bits

+ The user interface width is fixed at 32-bits. With zero appending on MSB, 15-bit wide | and Q
samples are bit-stuffed in the 32-bit user interface width as shown in the following figure.
Figure 3-3. | and Q Patterns
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The transceiver data rate is set to 4.9 Gbps. For more information about the CPRI IP, see UG0822:
CPRI' IP User Guide.
3.1.2 DUC and DDC (Ask a Question)

The DUC and DDC blocks are designed to support a single carrier LTE with 20 MHz bandwidth. These
blocks are clocked at 245.76 MHz. The following figure shows the DUC structure for two antenna
carriers. The same structure is replicated for the other two antenna carriers.
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Figure 3-4. DUC
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DUC contains a cascaded series of filters, which up-convert a 30.72 Msps sample rate to 122.88
Msps as per the following process.

1. The channel filter is a multi-channel FIR structure with 8 channels sampled at 30.72 Msps.

2. The two 4-channel half-band interpolation filters double the sample rate to 61.44 Msps.

3. The complex mixer and Direct Digital Synthesizer (DDS) are used for up-conversion.

4. The output of the complex mixer is passed to the two 2-channel half-band interpolation filters to

increase the sample rate to 122.88 Msps.

The following figure shows the DDC structure.

Figure 3-5. DDC
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The DDC contains a cascaded series of filters, which down-convert a 122.88 Msps sample rate to
30.72 Msps as per the following process:

1. The two 2-channel half-band decimation filters convert the sample rate from 122.88 Msps to

61.44 Msps.

The complex mixer and DDS blocks are used for down-conversion.
The output of the complex mixer is passed to the next two 4-channel half-band decimation

filters to reduce the sample rate to 30.72 Msps.

4. The output of the decimation filters is passed to the multi-channel FIR structure with 8 channels
sampled at 30.72 Msps.

3.1.3 JESD204B Interface (Ask a Question)

The JESD204B subclass 1 transmit and receive IPs are used at 4.9 Gbps rate. The JESD204B interface
is configured to interface with the AD9371 RFIC. The following figure shows the JESD204B blocks.

@ MICROCHIP


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-70204189-A5DE-44E6-8D7E-652153909E92&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-16A8D63F-A97F-4D8F-898C-00358A513C4A&cover_title=PolarFire%20FPGA%20Wireless%20Radio%20Digital%20Front-End%20Design%20Application%20Note&tech_support_link=NA&revision_letter=A&source=PDF&title=JESD204B%20Interface&devices=

3.14

Figure 3-6. JESD204B Interface
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For each AD9371, the design includes a pair of JESD204B TX and RX blocks. The transceiver is
configured for:

+ Two lanes at 122.88 MHz clock—each lane carries 32-bit IQ data for a mixed signal converter.
+ A 32-bit PCS interface.

For more information about the JESD204B TX and RX IPs, see CoreJESD204BTX Handbook and
CoreJESD204BRX Handbook.

Processor Subsystem (aska question)

The Mi-V soft processor operates at 111.111 MHz and executes the user application code from an
external DDR3. The following figure shows the Mi-V based processor system and its interfaces.

Figure 3-7. Mi-V Processor Subsystem
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As shown in preceding figure, the Mi-V subsystem is used to initialize and monitor the CPRI IP
through the AHB bus, and the external RFICs via the SPI interface. CoreSPI_0 is used to configure
AD9528 and one RFIC chip (AD9371). CoreSPI_1 is used to configure the other RFIC chip. The
CoreGPIO interface is used for the soft reset of the JESD204B interface. The CoreUART interface
is reserved for internal design debugging.

For more information about how to build the Mi-V subsystem, see AN4997: PolarFire FPGA Building
a Mi-V Processor Subsystem.

3.2 Clocking Structure (as«a question)
The clocking structure in the demo design is shown in the following figure.

Figure 3-8. Clocking Structure
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As shown in the preceding figure, the following points summarize the clocking structure:
+ Inthe CPRI interface, the transceiver clock settings are as follows:

- TXclock is set to Regional (TX_CLK_R) and the RX clock is set to Global (shared). As a result,
both the RX regional (RX_CLK_R) and RX global (RX_CLK_G) clocks are enabled.

- The jitter cleaner feature is enabled in the TX PLL. The jitter cleaner derives its reference
from the transceiver recovered clock to synchronize the TX_CLK clock.

+ The global RX clock serves as the reference to all the data modules in the system

* The CPRI interface uses the RX_CLK_R and TX_CLK_R (122.88 MHz) clocks

+ The DUC and DDC blocks use the 245.76 MHz clock generated from the CCCO_1

+ (CCCO_1 also generates a 30.72 MHz fabric clock that is used as the reference clock by AD9528

« Using the 30.72 MHz reference clock, AD9528 generates the 122.88 MHz reference clock for
JESD204B

+  The Mi-V subsystem uses the 111.111 MHz clock generated from CCC0_0

+ Using 111.111 MHz as the reference, the CCCO_2 block generates 666.666 MHz and 166.666 MHz
clocks for the DDR3 block.

The following table lists all of the clocks used in the design, their source, frequency and purpose.
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Table 3-1. Clocks

Mi-V_CLK CCco.0 111.111 MHz Mi-V processor clock

DDR3-CLK CCC0_2 666.666 MHz DDR3 clocks
166.666 MHz

RX_CLK_G Transceiver RX recovered clock 122.88 MHz CPRIRX

TX_CLK_G Transceiver TX PLL 122.88 MHz CPRI TX

RX_CLK_R Transceiver RX recovered clock 122.88 MHz CPRIRX

CLK1 CCCO_1 245.76 MHz DUC and DDC

REF_CLK CCCO0_1 30.72 MHz Reference clock to the MIMO card

RX_CLK_LO_R Transceiver RX recovered clock (Lane Q) 122.88 MHz JESD204B RX

RX_CLK_L1_R Transceiver RX recovered clock (Lane 1) 122.88 MHz JESD204B RX

TX_CLK_LO_R Transceiver TX PLL (Lane 0) 122.88 MHz JESD204B TX

TX_CLK_L1_R  Transceiver TX PLL (Lane 1) 122.88 MHz JESD204B TX

3-3 Reset Structu re (Ask a Question)

The reset structure in the demo design is shown in the following figure.

Figure 3-9. Reset Structure
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As shown in the preceding figure, the following points summarize the reset structure of the design:

+ The reset signal from the RISC-V top module drives the reset of all the other modules in the
design

+ The onboard push button reset, device initialization init_done and the PLL lock signals generate
the reset signal (Reset) for all the components of the Mi-V subsystem.

+ TX_PLL and transceiver RX_Ready signals in CPRI are ANDed with the Mi-V Reset to generate the
reset signal (Cpri_ready) for all of the components of the CPRI top module.

+ The Mi-V reset signal also resets the CPRI transceiver
« Cpri_ready and PLL lock signals generate the reset signal for the DDCDUC_TOP module
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3.4

3.5

+  Mi-Vreset, PLL lock and soft reset signals generate the reset for all the components in the
JESD_TOP module.

RESOU rce Uﬁlizaﬁon (Ask a Question)

The following table lists the resource utilization of the design on the MPF300TS device (FCG1152,

speed grade -1).

Table 3-2. Resource Utilization

4LUT 79298 299544 26.47
DFF 73655 299544 24.59
HSRAM 1315 2772 47.44
LSRAM 116 952 12.18
Math 326 924 35.28
PLL 3 8 37.5

Transceiver Lanes 5 16 31.25

Timing Closure in Libero (aska question)

In Libero® SoC PolarFire, the timing constraints are derived for the top module of the design from
Design Flow > Constraint Manager. The generated SDC file includes clock definitions based on the
PLLs used in the design and constraints specific to IP cores. Timing issues can be analyzed and
cross-probed using SmartTime and ChipPlanner. These applications are integrated in Libero SoC
PolarFire.

To close the timing of the wireless radio DFE design at 245 MHz, the following options and
guidelines were followed:

+ The input and output data registers of hard blocks such as MACC and RAM were enabled in the
RTL. Also, used dedicated CDIN and CDOUT lines for the MACC blocks.

+ The syn_preserve directive was used in the RTL of repetitive modules inside DUC and DDC
subsystems. This directive avoids the usage of shared nets across modules and duplicates nets
for each module to give better timing.

+ Asynchronous resets were used in the design

« The required synchronizer circuitry was used for clock domain crossings. And then, all of the
asynchronous clock groups were defined (set_clock_groups) in an SDC file for faster place and
route cycles.

+ Using SmartTime results, the maximum fanout limit was set on individual nets instead of setting
the fanout for the overall design.

Important: The Place and Route configuration options, High Effort Layout and
Repair Minimum Delay Violations must be enabled only when the timing paths
have a lower negative slack with respect to the clock timing constraint. The smart
time analysis must be done with these options disabled during initial runs.
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4. Hardwa I'e Data FIOW (Ask a Question)
The following figure shows the high-level data flow between the RRH tester, MIMO card and the
PolarFire evaluation board.

Figure 4-1. Data
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5.1

Setting Up the DemO (Ask a Question)

This section describes steps to successfully program the FPGA, its Non-volatile memory (sNVM), and
run scripts to configure Jitter attenuator PLLs. Setting up the demo involves the following steps:

+ Setting up the Hardware
+ Programming the PolarFire Device
+ Enabling Jitter Cleaner on CPRI TX PLL

Setting up the Hardware (aska auestion)

This section describes how to connect all of the components required to run the demo. To setup the
hardware, perform the following steps:

1. Connect the USB cable from the Host PC to J5 (FTDI port) on the evaluation board.

2. Connect the Host PC and the RRH tester to the same LAN using RJ45 cables.
On the evaluation board, DS15, DS24, DS23, DS25 and DS26 LEDs glow.

3. Plugin one SFP module into the SFP1 port of the RRH tester and the other SFP module into J35
(SFP case) on the evaluation board. Connect both these SFP modules using the fiber patch.

Connect the MIMO card to the evaluation board using the J34 FMC connector.
5. Connect the two RRH RF TX ports to the 4 RF RX ports of the MIMO using power splitters as listed
in the following table.

Table 5-1. RRH RF TX to MIMO RF RX Connections

RRH TX Port MIMO Card RX Port

X1 J500 (RX1 of U12) and J522 (RX1 of U15)

™2 J501 (RX2 of U12), J519 (RX2 of U15)

6. Connect the two RF TX ports of the MIMO card to the two RX ports of the RRH tester as listed in
the following table.

Table 5-2. MIMO RF TX to RRH RF RX Connections

MIMO Card TX Port RRH RX Port

TX1 (J508) of U12 RX1
TX2 (J509) of U12 RX2

Important: To see the RF output from the TX1 and TX2 ports U15 of the
MIMO card, connect TX1 (J524) and TX2 (J526) to RX1 and RX2 ports.
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The following shows the complete SMA connections.

Figure 5-1. SMA Connections

7. Ensure that the following jumper settings listed are made on the evaluation board.

Table 5-3. Jumper Settings

J39 Short 1 and 2 for enabling the TX port of the SFP
146 Open 1 and 2 for enabling the 122.88 MHz oscillator
147 Open 1 and 2

J12 short 5 and 6 for 1.8V

8. Connect the power supply cable to the J9 connector on the evaluation board.
9. Connect the RRH tester to the power supply using the power adapter.
10. Power-up the evaluation board using the SW3 slide switch.

On the evaluation board, the power regulator LEDs (DS3 - DS14) glow. And, LEDs DS4 and DS8 on
the MIMO card also glow.

11. Power-up the RRH tester using the POWER switch at the back chassis.

After the RRH tester initialization, LEDs SYS PLL, AxC TX and RX glow, RF TX and RX glow and STS
blinks.
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The complete setup is shown in the following figure.

Figure 5-2. Hardware Setup

5.2 Programming the PolarFire Device (asa question)
After setting up the hardware, you must program the device.

To program the device, perform the following steps:

1. Once the design is created through TCL scripts as mentioned in Appendix A: Running the TCL
Script, open the design in the Libero SoC software.

2. Double-click Run PROGRAM Action option from the Libero Design Flow, as shown in the

following figure. The following message appears after the device is successfully programmed.
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Figure 5-3. Design Flow

Design Flow (]

Top Module(root): Radiodx4_20BW E

Tool a

B3 Create SmartDesign B
Create HDL
A Create SmartDesign Testbench
Create HOL Testbench
> # Verify Pre-Synthesized Design
4 b Constraints
_]]. Manage Constraints
v 4 F Implement Design
Q Open Metlist Viewer
174 S Synthesize
4 ¢ Verify Post-Synthesized Design
+L| Generate Simulation File
B Simulate
?1,3 Place and Route
4 ¢ Verify Post Layout Implementation
By Verify Timing
l':h Open SmartTime
v o} Verify Power
£*% Open 55N Analyzer
> F Configure Hardware

m

< <

4 F Program Design
+[| Generate FPGA Array Data
+| Configure Design Initialization Data and Memories

<

<

+L| Generate Design Initialization Data g
ig Configure I/0 States During JTAG Pragrarmming
;,, Configure Programming Qptions

@ Configure Security

@ Configure Permanent Locks (OTP)

5 Generate Bitstream

% Run PROGRAM Action |

LED 10 glows and LED 11 blinks after the device is successfully programmed.

é Important:
Keep Libero SoC PolarFire open to enable jitter cleaner as described in the
following section.

5-3 Enabling Jitter CIeaner on CPRI TX PLL (Ask a Question)

The design files includes a TCL script file, which enables jitter cleaner on CPRI TX PLL. The script
must be executed using SmartDebug.

To execute the script, perform the following steps:
1. From the Libero design flow, double-click the SmartDebug Design option.
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Figure 5-4. Starting SmartDebug

4 b} Debug Design
- *L| Generate SmartDebug FPGA Array Data
| € SmartDebug Design ]
«Q Identify Debug Design

2. Select FileExecute Script as shown in the following figure.
Figure 5-5. Execute Script

-@ SmartDebug

File View Help
Execute Script..  Ctrl+U

Export Script File...
Exit Ctrl+Q

JES) -

ID code read from device: 2F8131CF

View Device Status...

3. Click the Import button to import the TCL file, as shown in the following figure.

Figure 5-6. Import Button

€D Execute Script ? x
Script file: | I_II
Arguments: |

¥ Show script report

Help | Run Cancel |

4. Double-click the CPRI_JA Enable.tcl file from the following location
mpf an5616 df\HW\src\cfg, and click Run.
After the successful execution of the script, the log window shows the following report.
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Figure 5-7. Execution Report

5. Close SmartDebug.

Important: Run the script every time the evaluation board is power cycled.

@- Script Execution Report ? X
| [Z] Messages ‘ & Errors (0) | b Warnings (0) | @ mformation (0) ‘
Save | & Print | Settings... |

Register Address: 01110028, Value: Ox1ddebes
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x111002¢, Value: 0x1=0007
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x1110030, Value: 0x73b6clc
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x1110034, Value: (1000000
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x1110038, Value: 0x28
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x111003c, Value: 00
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x1110040, Value: 0x0
The ‘sch_wirit=_register’ command succesded.

Register Address: 0x102058, Valus: 0xB0c
The ‘sch_wirit=_register’ command succesded.

Register Address: (102068, Value: (d

The 'sch_virite_register’ command succesded.
The Execute Script command succesded.

Help

[~ |

[
Close |

@ MICROCHIP

18



6. Running the Demo (asa question)

This section describes steps to successfully run the demo and observe the 64 QAM constellation of a
2x2 20 MHz MIMO system.

Running the demo involves the following steps:
+ Configuring and Monitoring the RRH Tester

« Executing the User Application

* Monitoring the P
6.1

erformance

Configuring and Monitoring the RRH Tester (aska question)

AN5616

Running the Demo

The E6610A user interface is used to configure the carrier technology and bandwidth, CPRI
parameters like line rate, bit width and 1Q mapping, and to configure the RF parameters like
frequency, waveform and power levels (for TX and RX). The user interface is also used to monitor the
RRH tester. Monitoring the tester involves observing the analog and digital data at RF RX and CPRI

RX respectively.

This section is divided into the following steps:
« Configuring the Tester

* Monitoring the T

ester

+ Enabling Multicast on CPRI

6.1.1

Configuring the Tester (aska question)
To configure the RRH tester, perform the following steps:

1. From the host PC desktop, start the E6610A user interface.

The main window of the user interface is displayed as shown in the following figure.

Figure 6-1. User Interface

Bl 66104 Remote Radio Head Tester

File Instrument New Window Help

a

X

EE BB som [
e

|| Configi CPRI | RFRX | RFTX

RAT Config
RAT Bandwidth

CPRI Fiber Config
Bit Width

10 Mapping
Scrambling Seed
CPRI Line Rate

] Connect || [ Committo Ea610A | Trigger |Continuous 1| B> |

Disconnec cted

Stopped

Continuous 0

2. Click Search to detect the RRH tester connected to the LAN.
The IP address of the RRH tester and the following message is displayed as shown in the

following figure.

REF: Unknown
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Running the Demo
Figure 6-2. Instrument Detected

. E6610A Remote Radio Head Tester

File Instrument Mew Window Help

BB & B || serch 106013842 (GB55470119) v| Connect ||| |
m
|| Config | CPRI | RFRX | RFTX | || Search Complete!

RAT Config

RAT Bandwidth o Instrument search complete

[NONE  [v|[5MHz v

9 Important: The IP address of the RRH tester varies from one LAN to the
other.

3. Click Connect to connect to the RRH tester. The following message is displayed after a successful
connection.
Figure 6-3. Connection Established

. E66104A Remote Radio Head Tester

File Instrument MNew Window Help

B B | B B || search [ 1060.138.42 (GB55470119) +| Disconnect || [
1 x
|| Config | CPRI | RFRX | RFTX Info: Success
RAT Config
RAT Banduidth o Connected to E66104: 10.60.138.42

[NONE v [sMHz v

4. Configure the carrier technology, bandwidth and CPRI parameters as shown in the following
figure.
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Figure 6-4. Config Window
Settings o %
| Config | CPRI  RFRX | RFTX

RAT Config
RAT Bandwidth

|LTEFDD |i| |E'I} MHz |:|

CPRI Fiber Config

Bit Width

I Mapping

| Consecutive |i|

Scrambling Seed

CI S

CPRI Line Rate
| 4915.2 Mbps v

| Re-sync | |Diagnustic|

5. Configure the CPRI TX and RX parameters as shown in the following figure.
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Figure 6-5. CPRI TX and RX Config Screen

Seftings ox
Config | CPRI | RFRX | RFTX

CPRI1 TX CPRI 2 TX

* ¥

Level (dBFS) Level (dBFS)

|-13.m |E| |-13.m |E|

Waveform Waveform
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Trigger (ms) Trigger (ms)

[oow |5 [oom ]
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¥* K

Length (rms) Length (rms)

|11.4}m E |11.4m E

Trigger (ms) Trigger (ms)

[-os0 [ [-oso0 ]

[ Input [ Input

6. Configure the RF RX parameters as shown in the following figure.
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Figure 6-6. RF RX Config Screen

7. Configure the RF TX parameters as shown in the following figure.

Settings o x

| Config | CPRI | RFRX | RFTX

RF RX 1 RF R 2
n{(( n{((
Freq (MHz) Freq (MHz)

|1'.-'3-D.'I]I |E |1'.-'31].'I]I |E|

Length (rms) Length (rms)

|11.{m |E| |11.1m |E|

Trigger (rms) Trigger (rns)

[osw |3 [osm ]

Level (dBm) Level (dBm)

ECHCEENE

Ext Attn (dBE) Ext Attn (dBE)

ECN SR ETE S

[ Input [ Input
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Figure 6-7. RF TX Config Screen

Settings o x
| Config | CPRI | RFRX | RFTX

RFTX1 RETX2
n))) n)))
Freq (MHz) Freq (MHz)
|z14ﬂ.ﬂ |E| |z14ﬂ.ﬂ |E|
Waveform Waveform
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Trigger (ms) Trigger (ms)

(oo ] [omo ]

Level (dBm) Level (dBm)

ECENE
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o0 i 3000 [

Cutput Cutput

8. To commit the configuration, click Commit to E6610A.

Figure 6-8. Commit Configuration

. E6G10A Remote Radio Head Tester
File Instrument NewWindow Help

BB | B B || search [1050.13842(GB55470119) ~| Disconnect || | CommittoEc6108 ||
o L

6.1.2  Monitoring the Tester (aska question)

The time domain, frequency domain, and the EVM constellation plots of the data received at the
CPRI RX and RF RX ports must be observed. These windows must be opened to view the various
plots.

Follow these steps:

1. Select New Window > CPRI 1 > Time Domain IQ, as shown in the following figure.
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Figure 6-9. CPRI 1 RX Plot Window

n E6R10A Remote Radio Head Tester

File = Mew Window Window Help Select Measurement Configuration [

1- CPRI 1 window > Tirne Domain 1Q

2 - CPRI 2 window > Tirme Domain Log Mag
3 - R T window ¥ Spectrum Occupied BW
4 - Rx 2 window » CCDF

EVM Constellation
EVM ws. Sub-carrier
EWVM vs. Time

2. Similarly, open the CPRI 1 RX frequency domain, and EVM constellation plot windows.
3. Similarly, open the CPRI 2 RX time and frequency domain, and EVM constellation plot windows
4. Select New Window > RX 1 > Time Domain IQ, as shown in the following figure.

Figure 6-10. RF RX Plot Window

Bl E6610A Remote Radio Head Tester

File Mew Window Window Help Select Measurement Configuration [

1 - CPRI 1 window >

2 - CPRI 2 window >

3 - Rx 1 window > Time Domain 1Q

4 - Rx 2 window » Time Domain Log Mag

Spectrum Cccupied BW
Carrier Power ACLR
Spectral Emissions Mask
CCDF

EVM Constellation

EVM ws. Sub-carrier
EVM ws, Time

5. Similarly, open the RF RX1 frequency domain, and EVM constellation plot windows.
6. Similarly, open the RF RX2 time and frequency domain, and EVM constellation plot windows.
7. Select New Window > CPRI Diagnostics to monitor the CPRI link.

6.1.3  Enabling Multicast on CPRI (aska question)

The RRH tester supports Multicast in the down link. The multicast feature creates copies of the CPRI
1 and CPRI 2 IQ data streams and places them in the additional antenna containers that the RRH can
use to map to other antenna ports. Multicast is used in the demo to get the CPRI 1 and 2 I1Q data on
the other 2 antennas.

From the host PC, PUTTY must be used to connect to the tester. After connecting, multicast must be
enabled on CPRI. To enable multicast, perform the following steps:

1. From the host PC desktop, start PuTTY.

2. Enter the hostname, port number and select the Connection Type as shown in the following
figure.
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Figure 6-11. PuTTY Connection Config

&2 PUTTY Configuration ? *

Category:
= S_ession Basic options for your PUTTY session

T B Lloglging Specify the destination you want to connect ta
= Termina )
. Keyboard Host Name (or IP address) Port
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= Windaw @Haw: (O Telnet (O Rlogn () 55H () Seral
}-“.ppearance Load, save or delete a stored session
- Behaviour
... Tranelation Saved Sessions
- Selection | |
CDID_L"G Default Settings Load
=] Connection
- Data Save
- Proxy
- Telnet Delete
- Blogin
+- 55H
""" Sefial Close window on exit:
(O fways () Never (@) Only on clean exit
About Help Open Cancel

3. Type the commands shown in the following figure and click Enter to connect to the Tester. After
connecting, the return code 1 is displayed as shown in the following figure.

Figure 6-12. Connection Established
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4. Copy multicast commands as shown in the following figure and paste it on PuTTY.
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Figure 6-13. Multicast Commands

The following figure shows the status and return codes displayed after multicast is successfully

enabled.
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SOURce:PLAYback:STATe OFF
CONFigure:RAT:TYPE LTE
CONFigure:RAT:MODE FDD
CONFigure:RAT:BW 20,consecutive
CONFigure:CPRI:BITWidth 15
SOURCe:CPRI:MODe Consecutiwve
SOURCe:CPRI:ARB:MULTiCast ON
SOURCel :RADIO:ARB: TMODe]l TM31
SOURcel :RADT0:MODe modulated
SOURcCel :RADTO:ARB:STATe ON
CONFigure:SEMask CATBOPT2

SOURcel :RAD70:ARE:TRIGger -0.000000
SOURCel :RADT0:CORRection 30.000000
SOURcel :RAD70:FREQuency 2140000
SOURCel :RADTO:POWer -55.000000
CONFigure:TXspuriousl:RBW 1
SENSel:RADI0:FREQuUency 1730000
SENSel :RADiO:CORRection 50.000000
SENSel :rADio:LEVel 39000000
SENSel:RADio:CAPTUre:DEPTth 11. 000000
SENSel:RADIo:CAPTUre:TRIGger -0.500000
SENSel :RADIO:CAPTUre:TMODEL TM31
SOURcCel :CPRI:ARB:IQLEVe] -21. 000000
SOURCel :CPRI:ARB:TRIGger 0.000000
SOURcCel :CPRI:ARE:TMODe]l TM31
SOURCEL :CPRI:ARB:STATe ON

SENSel :CPRI:CAPTuUre:DEPTh 11. 000000
SENSel:CPRI:CAPTuUre:TRIGger -0.500000
SENSel :RADIO:CONversionfactor?
SOURCeZ :RADTO:ARBE:TMODe]l TM3I1
SOURcCe2:RADT0:MODe modulated
SOURCe2:RADTO:ARB:STATe ON
CONFigure:SEMask CATBOPT2

S0URcCe2 :RAD70:ARB:TRIGger -0.000000
SOURCe2:RADTO:CORRection 30.000000
SOURce2 :RAD70:FREQuency 2140000
SOURCe2:RADTO:POWer -55.000000
CONFigure:TXSpurious2:RBwW 1

SENSe2 :RADTO:FREQUency 1730000
SENSeZ :RADi0:CORRection 50.000000
SENSe2 :RADio:LEVel 39000000

SENSeZ :RADiO:CAPTUre:DEPth 11. 000000
SENSe2 :RADT0:CAPTUre:TRIGger -0.500000
SENSeZ :RADIO :CAPTUre:TMODEL TM31
SOURCe2:CPRI:ARB:IQLEVe] -21.000000
SOURCeZ2 :CPRI:ARB:TRIGger 0.000000
SOURcCe2 :CPRI:ARE:TMODEL TM31
SOURCE2:CPRI:ARE:STATe ON

SENSe2 :CPRI:CAPTure:DEPth 11. 000000
SENSe2 :CPRI:CAPTuUre:TRIGger -0.500000
SENSeZ :RADIO:CONversionfactor?
TRIGQer :SYNC:IN:STATe OFF

TRIGQer :SYNC:QUT:STATe OFF
TRIGQer :REF :SOURCe AUTO
SOURCe:PLAYback:STATE ON
SENSel:CPRI:CAPTure:sSTATe ON

SENSe2 :CPRI:CAPTUre:STATe ON
SENSel:RADio:CAPTUre:STATe ON
SENSe2 :RADIO:CAPTUre:STATE ON
SOURcCel :RADTO:STATE ON
SOURCE2:RADTO:STATE ON
SENSel:RADIO:STATe ON

SENSe2 :RADIO:STATe ON

SYSTem:ERROr :COUNT?

SOURCe:CPRI:ARB :MULTicCast?
SOURCe2:CPRI:ARB:IQLEVe]?
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Figure 6-14. Multicast Enabled

BB HYD-LABSOL!.microsemi.net - PuTTY - ] X

5. To start the CPRI and RF traffic from the tester, click Run icon as shown in the following figure.

Figure 6-15. Start Tester Traffic

| Disconnect Commit to EBB10A Trigger | Continuous v~ I | I

6.2 Executing the User Application (asa question)

Using SoftConsole, the user application must be launched in the debug mode. CPRI registers and
devices on the MIMO card are initialized after the debugger executes the main function. The main
function also monitors the CPRI link.

To execute the user application, perform the following steps:
1. From the host PC desktop, start SoftConsole v2022.2.

2. Inthe workspace launch window, enter the following location and click Launch.
mpf an5616 df\FW\softconsole

3. The user application is launched in the debug mode.
Click the debug option, as shown in the following figure.

Figure 6-16. Launch Debugger

File Edit Source Refactor MNavigate Search Project Run Window Help
milg TR RI@iBin G-& -G -t-0-%-%-O5

5 Project Explorer 52 = B 8 headiesse 32
8 lobal state counter.

2

(% MV WirelessRadiof

prin RADIO CONFIG - AD9371 - JESD **
printf("\ maeT)s

GPTO_init(&g_gpio_out, COREGPIO_OUT_BASE_ADDR, GPIG APB_32 BITS BUS);

GPI0_config( &g_gpio_out, GPIO_2, GPIO_OUTPUT_MODE );
6PI0_config( &g gpio_out, GPIO 3, GPIO_OUTPUT_MODE );
GPTO_config( &g gpio_out, GPIO 4, GPTO_GUTPUT_MODE );

i D

5. In the debug window, click the Resume icon to execute the main function as shown in the
following figure.
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Figure 6-17. Resume Application Execution

File Edit Source Refactor Mavigate Search Proje

Nl | @~ Bix[m]n mze

The application is executed and LED 4, 5, 6, 7, 8 and 9 on the evaluation board glow. On the
MIMO card LEDs, DS6 and DS7 glow. This indicates that the wireless radio DFE design is up and
running.

The CPRI diagnostics window shows the link up status as shown in the following figure.

Figure 6-18. CPRI Diagnostics
[ | [= | = | =]
CPRI SFP

Link Status

Status: |{OPERATIONAL

Mode: MASTER
Actual Rate: 4915.2 Mbps
Preferred Rate: 4915.2 Mbps
Current Ethernet Pointer: 20

Preferred Ethernet Pointer: 20

EBE10A Local Alarms
Loss Of Signal: [ Inactive

Loss Of Frame: [ Inactive
Clockss [ Locked

Radic Remote Alarms
Remote Loss Of Signal: [ Inactive
Remote Loss Of Frame: [ Inactive
Remote Alarm Indication: [ Inactive

SAP Defect Indication: [ Inactive

Link Reset

6.3 Monitoring the Performance (asa question)

After the wireless design is up and running, the RF and baseband plot windows display the data as
shown in the following figures.

The plots show the 20 MHz occupied bandwidth data correctly decoded for the 64 QAM
constellation on LTE TM3.1.
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Figure 6-19. CPRI 1 and 2 Windows
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7. Power Measurements s«aauestion)
This section describes how to monitor the real-time power consumption of the wireless radio DFE
design using PowerMonitor.

PolarFire Evaluation Board comes with a power monitoring solution implemented using the
on-board SmartFusion A2F 200 device and the PowerMonitor application. The PowerMonitor
application connects to the power monitoring program running on the A2F 200 device to measure
power.

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

Follow these steps:
1. On the host PC desktop, click Start and select PowerMonitor.

2. Inthe COMPort SetUp dialog box, select the highest COM port from the drop-down and click
Connect.

The PowerMonitor application successfully connects to the board and starts displaying the Core
Fabric (VDD) power, Fabric PLL (VDD25) power, Transceiver Core (VDDA) power and Transceiver
PLL (VDDA25) power as shown in the following figure.

Figure 7-1. Power Consumption of the DFE Wireless Radio

PolarFire EvalKit - Power Monitor

Power up is successful. System is running a g 1 qﬁ
| Show Log Power ) COM Status
Graph  pie
CurrentMonitor
| Current Rail Current(A) | Power (W) 2
; Core (VDD_REG) 2,144 2.150 2-
|| Transceiver Core (VDDA_REG) 0.129 0.134 E 1.5-
Transceiver PLLs (VDDA25)  0.038 0.094 g -
Fabric PLLs (VDD25_DUT) 0.012 0.029 3
Total Device Power 2.407 *0.5-
| (not induding I/0) 0- __ mm_ [ S
VDD VDDA  VDDA2S WDD25  Total
|
| VoltageMonitor 12V-DC Voltage Rail
| - — 13
I R [ e
12pov 11.741 11.867 11.734
SPOV 4.966 4.966 4.572
3P3V 3.298 3.299 3.276
VDD_REG 1.004 1.004 0.997
1P5V_REG 1.504 1.504 1.491 =
OP75V_VTT_DDR3 | 0.744 0.744 0.739 5
1P2V_REG 1.202 1.203 1.192 £ 127
OPeV_VTT_DDR4 | 0.603 0.6e03 0.598 g
1pav 1.790 1.790 1.781
1POV_PHY 0.997 0.998 0.992
VDDA_REG 1.046 1.046 1.025
VDDAUX_GPIO 2.518 2.520 2.506
VDD25 2.495 2.495 2451
VCCIO_HPC VAD] |1.792 1.795 1.777
VDDALYS 2518 2.520 2.506 e P vl B vty 5 |

As shown in the preceding figure, the power consumed by a 2x2 20 MHz MIMO application
running on a PolarFire device is only 2.407 W.
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7.1 ConCIUSion (Ask a Question)

This demo shows that PolarFire FPGA designs can be successfully used in wireless communication
applications such as small cell and RRH. The demo also demonstrates the low power advantages of
using PolarFire FPGAs in such applications.

@ MICROCHIP
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8. Appendix: Running the TCL Script (s auestion

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

To run the TCL, perform the following steps:

1. Launch the Libero® software.

2. Select Project > Execute Script.....

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

4. Click Run.

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

For more information about TCL scripts, see mpf an5616 df/HW/TCL Script readme.txt. For
more information on TCL commands, see Tcl Commands Reference Guide. Contact Microchip
Technical Support for any queries encountered, while running the TCL script.

@ MICROCHIP
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9. Revision History (saauestion)

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

A 12/2024 The following is the list of changes in revision A of the document:
* The document was migrated to Microchip template.

+ The document ID was updated to AN5616 from DG0839.

1.0 07/2018 Initial Revision
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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

Microchip Information

Trademarks

The “Microchip” name and logo, the “M” logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-0332-7

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.
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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.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are 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.
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