RT PolarFire SoC FPGA Packaging and Pin Descriptions @
A8\ MicrocHIP

I I’It I'Od u CﬁO n (Ask a Question)

This guide provides pin and packaging information (such as, bank assignments and mechanical information) for
Radiation-Tolerant (RT) PolarFire® System-on-Chip (SoC) Field Programmable Gate Arrays (FPGASs).

RT PolarFire SoC FPGAs feature a flexible I/0 structure that supports a range of mixed voltages through
bank selection. The High Speed Input/Output (HSIO), General-Purpose Input/Output (GPIO) and MSSIO are
configured as differential I/0s or two single-ended I/Os. For more information about HSIO, GPIO, MSSIO and
supported I/0 standards, see PolarFire Family /0 User Guide.

Important: Some of the protocol standard uses the terminology Master and Slave.
The equivalent Microchip terminology used in this document is Initiator and Target,
respectively.


https://www.microchip.com/askaquestion?pub_guid=GUID-5604683E-2122-4AB2-8079-898FC94CCE28&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-54624C5D-9662-4403-98DE-880ED03D58CC&cover_title=RT%20PolarFire%20SoC%20FPGA%20Packaging%20and%20Pin%20Descriptions&tech_support_link=NA&revision_letter=A&source=PDF&title=Introduction
https://ww1.microchip.com/downloads/aemdocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_PolarFire_FPGA_and_PolarFire_SoC_FPGA_User_IO_User_Guide_VC.pdf
https://microchip.com
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1. Packaging Overview (s question)

RT PolarFire® SoC FPGAs are available in different variations of a hermetically sealed ceramic and
plastic ball grid array packages utilizing flip chip interconnect.

The following table lists the RT PolarFire SoC FPGA variant, with user I/0 and XCVR lanes.

Table 1-1. RT PolarFire® SoC FPGA Product Family

FPGA Fabric

Microprocessor Subsystem
(MSS)

High-Speed I/0

Total FPGA I/0
Total MSS I/0
MSS DDR DB
Packaging

K Logic Elements (4 LUT +
DFF)

Math Blocks (18 x 18 MACC)

LSRAM Blocks (20 Kb)
USRAM Blocks (64 x 12)
Total RAM (Mb)
HUPROM (Kb)

User DLLs/PLLs
Boot/Monitor Core
Application Cores

L2 Cache

Data Security

Ethernet
MAC
CAN
QSPI

SPI

12C
UART
usB

250 Mbps to 12.7 Gbps
SerDes Lanes

PCle® Gen2 End Points/
Root Ports

HSIO + GPIO

MSS 170

MSS DDR Data Bus
Type/Size/Pitch

FCV(G)784 (23 x 23, 0.8
mm)

FC(G)1509 (40 x 40, 1.0 mm) —
CG1509 (40 x 40, 1.0 mm)

161
498 1420
520 1460
1494 4260
113 31.6
415 553
8 8

1 x E51 core: RISC-V® RV64IMAC, 625 MHz
4 x U54 cores; RISC-V RV64GC, 625 MHz

2 MB; configurable as cache, Loosely Integrated Memory (LIM)
or Scratchpad

DPA-resistant Athena TeraFire® crypto coprocessor available in
devices with the suffix "S"

Yes; 2 x Gigabit Ethernet MAC

Yes; MMC 5.1

Yes; 2 x CAN

Yes; 1 x QSPI

Yes; 2 x SPI

Yes; 2 x I12C

Yes; 5 x UART

Yes; 1 x USB 2.0 OTG

8 20

312 516

136 136

32 32

Total User 1/0: MSS-10/HSIO/GPIO/XCVRs
136, 144, 168, 8 =

136, 180, 336, 20
= 136, 180, 336, 20

The following table lists the packages and its application types.

Table 1-2. Package Product Family Table

FCV784  Plastic Flip Chip Ball Grid Array Package with
Eutectic Tin-Lead Solder Balls

@ MICROCHIP

23mmx23mm 0.8 mm Vv Flight

Prototyping


https://www.microchip.com/askaquestion?pub_guid=GUID-5604683E-2122-4AB2-8079-898FC94CCE28&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-61B555CC-AD54-4177-9861-02C17C676169&cover_title=RT%20PolarFire%20SoC%20FPGA%20Packaging%20and%20Pin%20Descriptions&tech_support_link=NA&revision_letter=A&source=PDF&title=Packaging%20Overview

Table 1-2. Package Product Family Table (continued)

FCVG784 Plastic Flip Chip Ball Grid Array Package with 23mmx23mm 0.8 mm Vv Flight
Lead-Free Solder Balls Prototyping

CG1509 Hermetically Sealed Ceramic Column Grid Array 40 mmx 40 mm 1.0 mm — v Flight
Package Prototyping

LG1509 Hermetically Sealed Ceramic Land Grid Array 40 mmx40mm 1.0 mm — v Flight
Package Prototyping

CB1509 Hermetically Sealed Ceramic Ball Grid Array 40 mmx 40 mm 1.0mm — v Prototyping
Package

FC1509 Plastic Flip Chip Ball Grid Array Package with 40 mmx 40 mm 1.0mm — v Flight
Eutectic Tin-Lead Solder Balls

FCG1509 Plastic Flip Chip Ball Grid Array Package with 40 mmx 40 mm 1.0mm — v Flight

Lead-Free Solder Balls

Note: For more information on the package design, see cross-section drawings for the CG, LG, CB
and FC packages in the Mechanical Drawings section.
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Bank Locations

2. Bank Locations s auestion
RT PolarFire® SoC FPGA I/Os are grouped based on /0 voltage standards and I/0 capabilities. Each
I/0 bank has dedicated /0 supplies and ground voltages. Because of these dedicated supplies, only
I/0 with compatible standards are assigned to the same I/0 voltage bank.
The following illustrations show the bank locations for the RTPFS160ZT and RTPFS460ZT devices
with available package combinations.

9 Important: This figure shows the top-view of the package. See the package
orientation accordingly when interpreting pin positions or dimensions.

Figure 2-1. RTPFS460ZT-CG1509/FC1509/FCG1509 I/O Bank Locations

Bank-3
JTAG/DEDIO

[ ] -rc/Fiedio [ ] -wssio
-GPIO I xow

User Guide DS50003943A -5
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https://www.microchip.com/askaquestion?pub_guid=GUID-5604683E-2122-4AB2-8079-898FC94CCE28&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-75303268-6F4B-457C-80C0-053B9992BD31&cover_title=RT%20PolarFire%20SoC%20FPGA%20Packaging%20and%20Pin%20Descriptions&tech_support_link=NA&revision_letter=A&source=PDF&title=Bank%20Locations

Important: This figure shows the top-view of the package. See the package

orientation accordingly when interpreting pin positions or dimensions.

Figure 2-2. RTPFS160ZT-FCV784/FCVG784 1/0 Bank Locations
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GPIO
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JTAG/DEDIO

Bank-1
GPIO
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GPIO
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GPIO
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Important: RTPFS160ZT in FCV784/FCVG784 is pin compatible with commercial

w0 [ ]

—JTAG/Fixed 10

-GPIO - —XCVR

part MPFS160T in FCVG784.

[ ] -wssio

The following table lists the organization of the I/0 banks in RT PolarFire SoC FPGAs. Each XCVR
supports four lanes in every package. In all the packages, PCle® is supported only in XCVRO.

Table 2-1. Organization of /O Banks

Bank Number

Bank 0
Bank 1
Bank 2
Bank 3
Bank 4

Bank 5 (MSS SGMII BANK)
Bank 6 (MSS DDR BANK)

Bank 7

@ MICROCHIP

HSIO

GPIO

MSSIO
JTAG/DEDIO
MSSIO
MSSIO
MSSIO
GPIO

HSIO
GPIO
MSSIO

JTAG/DEDIO

MSSIO
MSSIO
MSSIO
GPIO

FCV784/FCVG784 CG1509/FC1509/FCG1509
RTPFS160ZT RTPFS460ZT



Table 2-1. Organization of 1/O Banks (continued)

Bank Number FCV784/FCVG784 CG1509/FC1509/FCG1509
RTPFS160ZT RTPFS460ZT

Bank 8 HSIO HSIO

Bank 9 GPIO GPIO

XCVRO Included Included
XCVR 1 Included Included
XCVR 2 — Included
XCVR 3 — Included
XCVR 4 — Included
XCVR 5 — Included

Each 1/0 bank supports multiple DDR lanes. If CDR/SGMII interface is connected to the I/0 bank, the
Tx and Rx signal must be within the same DDR Lane. Only one CDR/SGMII is allowed per DDR lane.
For more information about the DDR lanes for each package, see Package Pin Assignment Table
(PPAT) and Product Family Product Overview.

@ MICROCHIP


https://www.microchip.com/en-us/products/fpgas-and-plds/radiation-tolerant-fpgas/rt-polarfire-soc#Documentation
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3. Package Pin Assignment (asa question)

The Package Pin Assignment Table (PPAT) information is available in the Packaging section for
RTPFS460 PPAT and RTPFS160 PPAT. PPAT contains information about recommended DDR pin-outs,
PCl Express capability for XCVR-0, DDR Lane information for I/0 CDR and generic 10D interface pin
placement.

@ MICROCHIP
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4. Pin Descriptions (saauestion)

RT PolarFire® SoC device has user 1/0 (GPIO/HSIO) pins, dedicated 1/0 bank pins, memory interface,
XCVR interface, clocking pins and supply pins.

4.1. User I/O (Ask a Question)

RT PolarFire® SoC FPGA 1/Os are paired up to meet the differential I/0 standards and grouped into
lanes of 12 buffers with a lane controller for memory interfaces. For more information about the
memory controller, see PolarFire Family Memory Controller User Guide.

Two types of I/0 buffers are available—HSIO and GPIO. HSIO is optimized for 1.2 Gbps (DDR4)
operation with operating supplies between 1.1V and 1.8V. GPIO buffers support a wider range of
170 interfaces with speeds of up to 1066 Mbps when using single-ended standards and 1.25 Gbps
when using differential standards. GPIO supports multiple standards with an integrated Clock Data
Recovery (CDR) to high-speed serial interfaces such as 1 GbE.

Each RT PolarFire SoC FPGA user I/0 uses an |0xyBz naming convention, where:
+ 10 =Type of I/0
+ x=1/0 pair number in bank z

+ y =P (positive) or N (negative). In Single-ended mode, the I/0 pair operates as two separate
I/0—P and N. Differential mode is implemented with a fixed I/O pair and cannot be split with an
adjacent I/0.

+ B =Bank (For more information, see note in Supported I/O Features)
+ z=Bank number

GPIOxyBz and HSIOxyBz are bidirectional user I/0O pins that are capable of differential signaling.
4.1.1. Supported I/0 Features (aska question)
The following table lists the 1/0 features supported on HSIO and GPIO.

Table 4-1. Supported I/O Features

1/0 Feature HSIO | GPIO [Additional Information

Programmable ON/OFF clamp

Hot-plug — Yes —

Cold sparing Yes Yes —

True differential output driver — Yes —

Programmable ON/OFF 100Q2 differential termination — Yes —

PVT-compensated output drive Yes Yes —

Programmable slew control — Yes —

PVT compensated slew control Yes — —

Programmable input hysteresis Yes Yes —

Mobile Industry Processor Interface (MIPI) (input) — Yes High-speed and low-power
MIPI (output) — Yes High-speed

Note: HSIO is pseudo-cold spare, that is, it requires the spare device to have its HSIO VDDI banks
powered up to prevent I/0 leakage through the ESD diodes.
4.2. Supp|y PinS (Ask a Question)

The following table lists multiple power supply pins required for proper device operation. For more
information about unused conditions and power sequence, see RT PolarFire SoC FPGA Board Design
User Guide.

@ MICROCHIP
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https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/RT_PolarFire_SoC_Board_Design_User_Guide.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/RT_PolarFire_SoC_Board_Design_User_Guide.pdf

Table 4-2. Supply Pins

Voltage reference for transceiver

XCVR_VREF
VDD_XCVR_CLK
VDDA25

VDDA

VSS

VDD

VDDI5

VDDI2

vDDI4

VDDI6

VDDIx

VDDIx (GPIO Banks)
VDDIx (HSIO Banks)
VDD25

vVDD18

VDDAUXx

Provides common power to all transceiver reference clock buffers

Transceiver PLL power

Power for transceiver Tx and Rx lanes 0, 1, 2 and 3

Core digital ground
Device core digital supply

VDDI5 power for MSS SGMII banks and MSS dedicated clocks
VDDI2 power for MSS peripheral banks
Power for MSS peripheral banks

Power for MSS DDR banks

Supply for JTAG, SPI and DEVRST_N pins
Supply for I/0 circuits in a bank
Supply for 1/0 circuits in a bank

Power for corner PLLs and PNVM
Power for programming and HSIO receiver. HSIO auxiliary power supply

Aucxiliary supply for I/0 circuits. Auxiliary supply voltage must be set to 2.5V
or 3.3V and must be always equal to or higher than VDDIx of GPIO banks
VDDAUX = 2.5V for bank voltages 1.2V/1.5V/1.8V and 2.5V VDDAUX = 3.3V

for bank voltage 3.3V

Important:
« SSTL25 (stub series terminated logic) I/0 standard for 1.25V Vggf, SSTL18 1/0

standard for 0.9V and HSUL18 I/0 standard for 0.9V.

0.9v/1.25V
2.5V/3.3V
2.5V

1.05V
1.0V/1.05V

1.8V/2.5V/3.3V
1.2V/1.5V/1.8V/2.5V/3.3V
1.2V/1.3V/1.5V/1.8V

2.5V

1.8V

Greater than or equal to
VDDI

« Designers must be familiar with the latest Single Event Latch-Up radiation test

data before choosing GPIO supply voltages.

4.2.1.

Packaging Decoupling Capacitors (aska question)

The following table lists the packaging decoupling capacitors contained in the RTPF460T/ZT-CG1509
package. These are decoupling capacitors inside the package for different power lines. For board
level decoupling capacitor requirements, see RT PolarFire SoC Board Design User Guide.

Table 4-3. Packaging Decoupling Capacitors—RTPFS460T-CG1509 (1 mm)
Multi-Layer Ceramic Capacitor (MLCC)

- = 10 4 —

VDD

VDDA

VDD18

VDD25

VDDA25

VDDI2 (MSSIO)
VDDI3 (JTAG)
VDDI4 (MSSIO)
VDDI5 (MSS SGMII)
VDDI6 (MSS DDR)
VDDAUX1
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1
1
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https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/RT_PolarFire_SoC_Board_Design_User_Guide.pdf

Table 4-3. Packaging Decoupling Capacitors—RTPFS460T-CG1509 (1 mm) (continued)

VDDAUX2 — — 1 — _ _ 2 _ _

VDDAUX4 — — 1
VDDAUX7 — — 1 — — —
VDDAUX9 — — 1

VDDI1 (GPIO Bank) 1 — — — — —
VDDI7 (GPIO Bank) 1

VDDI9 (GPIO Bank)
VDDIO (HSIO Bank) 1 1 — — — 1 _ _
VDDI8 (HSIO Bank) 1 1 — — — 1 — —
VDD_XCVR_CLK — — — — — _ 3 _ _ _
XCVR_VREF — — — — — — 1 — — —

- N NN

-
—_
_ A . a a a a aa

The following table lists the packaging decoupling capacitors contained in the RTPFS160T-FCV784
packages.

Table 4-4. Packaging Decoupling Capacitors— RTPF160T-FCV784 (1 mm)

o [Multtayer oramic capagornice T i)
N K 7 Y 2 TS P Y P Y EE
VDD — — 10 4 — — — 1 3

VDD18 — — — — —
vVDD25 — — — — —
VDDA 2 2 = =
VDDA25

VDDI2
(MSSIO)

VDDI3  — — — — — — 3 — — —
(TAG)

vDDI4 2 — — — — — — — 1 —
(MSSIO)

VvDDI5 2 — — — — — — — 1 —
(MSS
SGMII)

VvDDI6 1 = = = = = 2 = 1 =
(MSS
DDR)

VDDAUX1 — — 1 — — —
VDDAUX2 — — 1 — — —
VDDAUX4 — — 1 — — —
VDDAUX7 — = 1 = = =
VDDAUX9 — — 1 — — —

VDDI1 1 — — — — —
(GPIO
Bank)

VDDI7 1 — — — — — 1 — 1 —
(GPIO
Bank)

VDDI9 1 — — — — — 1 — 1 —
(GPIO
Bank)

— — 2 —
— — 1 —

— — 1 —

N W W NN

NONN
|
-
|
|

- N N NN NN
|
N
I
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4.3.

4.4.

4.5.

Table 4-4. Packaging Decoupling Capacitors— RTPF160T-FCV784 (1 mm) (continued)
Multi-Layer Ceramic Capacitor (MLCC)

b JiorJaror JwoorJaror Jorwr Jarr Jiow Jorr Joor Lour |
VDDIO 1 1 — — — 1 — — 1 _

(HSIO
Bank)

VDDI8 1 1 — — — 1 — — 1 —
(HSIO
Bank)

VDD_XCV — — — — — — 3 — — —
R_CLK

XCVR_VRE — — — — — — 1 — — —
F

Memory Interface (askaquestion)

Valid locations for DDR memory interfaces are shown in PPAT, see RT PolarFire SoC Packaging Pin
Assignment Table webpage. By using the Libero® SoC configurator, all individual DDR interface pins
are identified from the macro. For more information about the memory interface, see PolarFire
Family Memory Controller User Guide.

The following table lists the reference receiver modes of I/0 standards.

Table 4-5. Reference Receiver Modes

1/0 Standard VDDIx VREF On-Die Termination (ODT) (in Q) Bank Type Application

SSTL18 1.8V 0.9v 40/50/60/80/120/240 GPIO, HSIO RLDRAM2
SSTL15 1.5V 0.75V  40/50/60/80/120/240 GPIO, HSIO DDR3
SSTL135 1.35V 0.68V  20/30/40/60/120 HSIO DDR3L
HSTL15 1.5V 0.75V  40/50/60/80/120/240 GPIO, HSIO QDRI+
HSTL135 1.35v 0.68v  20/30/40/60/120 HSIO RLDRAM3
HSUL12 1.2V 0.6V 60/120/40 HSIO LPDDR3
HSTL12 1.2V 0.6V 60/120/240 HSIO QDRI+
POD12 1.2V 0.6V 20/30/40/60/120 HSIO DDR4

D D R I nte rfa ce (Ask a Question)

Then DDR subsystems are hardened ASIC blocks for interfacing the LPDDR3, DDR3 and DDR4
memories. It supports 16-bit, 32-bit and 64-bit data bus width modes with ECC support. The DDRIO
uses fixed impedance calibration for different drive strengths. These values are programmed using
Libero® SoC software for the selected 1/0 standard. The values are fed to the pull-up or pull-down
reference network to match the impedance with an external resistor. For more information about
DDR signals, see PolarFire Family Memory Controller User Guide.

CIOCking PinS (Ask a Question)

Clock Conditioning Circuit (CCC) blocks, located at each corner of the RT PolarFire® SoC FPGAs,
contain two PLLs and two DLLs that provide flexible on-chip and off-chip clock management and
synthesis capabilities. CCCs are labeled according to their locations in the core. For example, the
CCC located in the northeast corner is labeled as CCC_NE. For more information about clocking pins,
see PolarFire Family Clocking Resources User Guide. Preferred clock inputs (CLKIN) are located on
three sides of the device, with eight preferred clock inputs on the west side, twelve on the north
side, and either 12 or 16 inputs on the south side, depending on the package.

The following table lists the clocking pin names and descriptions. For more information about CCC
pin voltage, see Table 4-2.
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https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/PolarFire_FPGA_PolarFire_SoC_FPGA_Memory_Controller_User_Guide_VB.pdf
https://www.microchip.com/askaquestion?pub_guid=GUID-5604683E-2122-4AB2-8079-898FC94CCE28&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0F5994C5-3DE3-4398-AD12-268B1C73C389&cover_title=RT%20PolarFire%20SoC%20FPGA%20Packaging%20and%20Pin%20Descriptions&tech_support_link=NA&revision_letter=A&source=PDF&title=DDR%20Interface
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/PolarFire_FPGA_PolarFire_SoC_FPGA_Memory_Controller_User_Guide_VB.pdf
https://www.microchip.com/askaquestion?pub_guid=GUID-5604683E-2122-4AB2-8079-898FC94CCE28&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3B0BF675-1715-426F-A8FC-303E20BA92BB&cover_title=RT%20PolarFire%20SoC%20FPGA%20Packaging%20and%20Pin%20Descriptions&tech_support_link=NA&revision_letter=A&source=PDF&title=Clocking%20Pins
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_PolarFire_FPGA_and_PolarFire_SoC_FPGA_Clocking_Resources_User_Guide_VB.pdf

4.6.

Table 4-6. Clocking Pins

Description When
Unused

CCC_NW_PLLO_OUT[0:1] Dedicated PLL output clock pins used to drive high-performance clocks in DDR3 and Do not
CCC_NW_PLL1_OUT[0:1] DDR4 applications located in the corners of RT PolarFire® SoC device to route the connect

clocks to and from the PLLs and DLLs. (DNQ)
CCC_NE_PLLO_OUT[O:1]

CCC_NE_PLL1_OUTI[0:1]
CCC_SE_PLLO_OUTI[0:1]
CCC_SE_PLL1_OUTI[0:1]
CCC_SW_PLLO_OUTI[0:1]
CCC_SW_PLL1_OUT[0:1]

CCC_SE_CLKIN_S_[8:15] Preferred clock inputs that connect external clock signals to the CCCs and the global DNC
CCC_SW_CLKIN_S_[0:3] clock network through low-latency paths. It is recommended to use these preferred

clock inputs for connecting external clocks to the clock inputs of PLLs, DLLs and
CCC_SW_CLKIN_W_[0:3] fabric logic.

CCC_NW_CLKIN_W_[4:7]

CCC_NW_CLKIN_N_[0:3]

CCC_NE_CLKIN_N_[8:11]

CLKIN_S_[4:7] Preferred clock inputs directly routed to internal global buffers through MUXes. DNC
CLKIN_N_[4:7]

Note: Some of the preferred clock inputs have connections to feedback clock input of the PLL/DLL
present in the CCC. It is required to choose a preferred clock input which has connection to the
PLL reference clock input for clock frequency synthesis. For preferred clock inputs connectivity to
PLLs/DLLs and global clock network, see PolarFire Family Clocking Resources User Guide.

Dedicated 1/O Bank Pins (asa question)

JTAG, SPI and DEVRST_N signals share the same bank 3 supply and are not directly available to

the fabric. SPI'1/0 are, however, dynamically switched over to be used by the fabric whenever the
RT PolarFire® SoC controller is not using them. Dedicated 1/0 bank supplies must be powered up
above their operational threshold and enabled before the RT PolarFire SoC controller negates the
main power-on reset to the FPGA fabric. The following tables list the JTAG, SPI and DEVRST_N pin
names and descriptions. Libero configures unused user I/0 as input buffer disabled, output buffer
tri-stated with weak pull-up. For more information about unused conditions, see RT PolarFire SoC
FPGA Board Design User Guide.

The JTAG bank voltage can be set to operate at 1.8V, 2.5V or 3.3V. The following table lists the JTAG
pins.

Table 4-7. JTAG Pins

T™MS DNC

Input JTAG test mode select
TRSTB Input Must be connected to VDDI3 through a 1 kQ JTAG test reset. Must be held low during device
resistor. operation.
TDI Input DNC JTAG test data in
TCK Input Must be connected to VSS through a 10 kQ JTAG test clock
resistor
TDO Output  DNC JTAG test data out

Note: If FPGA is in System Controller Suspend Mode and TRSTB is unused, either an external 1 kQ
pull-down resistor must be connected to TRSTB to override the weak internal pull-up, or TRSTB must
be driven low from the external source.

The following table lists the device reset pin.
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4.7.

Table 4-8. Device Reset Pins

DEVRST_N Input 22 kQ Device reset (asserted low).
The following table lists the SPI interface pins.

Table 4-9. SPI Interface Pins

Bidirectional Connect to VSS througha 10 kQ  SPI clock

resistor
SS Bidirectional Connect to VSS through a 10 kQ  SPI slave select
resistor
SDI Input Connect to VDDI3 through a 10 kQ SDI input !
resistor
SDO Output DNC SDO output '
SPI_EN Input Connect to VSS througha 10 kQ  SPl enable
resistor 0: SPI output tri-stated
1: Enabled
Pulled up or down through a resistor or driven dynamically
from an external source to enable or tri-state the SPI 1/0.
IO_CFG_INTF Input Connect to VSS through a 10 kQ SPI 170 configuration
resistor 0: SPI slave interface

1: SPI master interface

Pulled up or down through a resistor or driven dynamically
from an external source to indicate whether the shared SPI
is a master or slave.

Note:

1. The SCK, SS, SDI, and SDO pins are shared between the system controller and the FPGA fabric.
When the system controller’s SPI is enabled and configured as a master, the system controller
hands over the control of the SPI to the fabric (after device power-up).

The following table lists the special pins.

Table 4-10. Special Pins

No connect pin. This pin indicates that it is not connected within the circuitry. —
NC pins can be driven by any voltage or can be left floating with no effect on
the operation of the device.

DNC — Do not connect pin. DNC pins must not be connected to any signals on the —
PCB, and they must be left unconnected.
LPRB_A Output  Specifies an internal signal for probing (oscilloscope-like feature). The two live  Libero-defined
probe 1/0 cells function as either a Live probe or User 1/0 (GPIO). DNC
LPRB_B Output Libero-defined
DNC

FF_EXIT_N Input Reserved —

Shield Signal Output  Shield signal is required for each DDR data byte signal. It must be driven with ~ Only when DDR
maximum drive strength to improve the signal integrity. controller is in use

XCVR Inte rfa ce (Ask a Question)

The transceiver 1/0 available in the RT PolarFire® SoC device is dedicated for high-speed serial
communication protocols. Libero Defined DNC pins are pulled up internally when not used in the
Libero design. The following table lists the XCVR interface pins.
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Table 4-11. XCVR Interface Pins

XCVR_xy_REFCLK_P
XCVR_xy_REFCLK_N

XCVR_X_TXy_P
XCVR_X_TXy_N

XCVR_x_RXy_P
XCVR_x_RXy_N

@ MICROCHIP

Input

Output

Input

Differential serial reference clock xy - location DNC
x- transceiver number (0, 1, 2 and 3)

y- lane number (0, 1, 2 and 3)

Differential serial transmit pins. Libero-defined DNC

X - transceiver number (0, 1, 2 and 3)

y- lane number (0, 1, 2 and 3)

Differential serial receive pins. Libero-defined DNC, see PolarFire Family
X- transceiver number (0, 1, 2 and 3) Transceiver User Guide.

y- lane number (0, 1, 2 and 3)


https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/PolarFire_FPGA_and_PolarFire_SoC_FPGA_Transceiver_User_Guide_VB.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/PolarFire_FPGA_and_PolarFire_SoC_FPGA_Transceiver_User_Guide_VB.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/PolarFire_FPGA_and_PolarFire_SoC_FPGA_Transceiver_User_Guide_VB.pdf

5. Package Pin-outs and Pin Compatibility (. auestion

The following table lists the packaging pin-outs of the RT PolarFire® SoC device. Detailed PPAT
is available for download, and it contains revision history, device specification, power supplies,
pin-outs and BGA graphic. For more information about PPAT, see RT PolarFire SoC FPGA Pin Package

Assignment Table.
The following table lists the pin compatible packages of RT PolarFire SoC devices.

Table 5-1. Pin Compatible Packages

RTPFS460ZT CG1509
LG1509
CB1509
FC1509
FCG1509

RTPFS160ZT FCV784
FCVG784

Notes:

+ FCVG784 is pin compatible between RTPFS160ZT and MPFS160T.

+ Pin compatibility does not ensure footprint compatibility. While a single land pad array may
be used for prototyping, each package configuration should have their own land pad layout

to ensure optimized board level system reliability. Plastic flip chip BGA packages and ceramic
column grid packages should not have the same layout for flight modules.
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Mechanical Drawings s auestion)

The following illustrations show the top-, bottom- and side-views and dimensions of the RT

PolarFire® SoC FPGAs.

Figure 6-1. RTPFS460ZT-CG1509 Package Top-View and Side-View
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Figure 6-3. RTPFS460ZT-LG1509 Package Top-View and Side-View
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Figure 6-5. RTPFS460ZT-CB1509 Package Top-View and Side-View
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To be updated.
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Figure 6-8. RTPFS460ZT-FC1509/FCG1509 Package Bottom-View

To be updated.

Figure 6-9. RTPFS160ZT-FCV784/FCVG784 Package Top-View and Side-View
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7. Package Material Information (asa question)
The following table lists the RT PolarFire® SoC package material information.

RTPFS160ZT RTPFS460ZT
FCV784 FCVG784 | CG1509 LG1509 CB1509 FC1509 FCG1509

Package Pitch 0.8 mm 0.8 mm 1 mm 1 mm 1 mm 1 mm 1 mm

Substrate Organic Organic Alumina (ceramic) Alumina Alumina Organic Organic

Material Substrate Substrate (ceramic) (ceramic) Substrate Substrate

Solder Ball, Sn63/Pb37  Sn96.5/ Sn20/ Gold-Plated  Sn20/Pb80  Sn63/Pb37  Sn96.5/

Solder Column, Ag3.0/Cu0.5 Pb80columns Land Pads Ag3.0/Cu0.5

or Land Pad with spiral

Composition copper foil

Solder Bump Sn98.2/Ag1.8 Sn98.2/Ag1.8 Sn98.2/Ag1.8 Sn98.2/Ag1.8 Sn98.2/ Sn98.2/Ag1.8 Sn98.2/Ag1.8

Composition Ag1.8

Lid AISiC 4-Post  AISiC 4-Post  Kovar Lid with Kovar Lid Kovar Lid AISiC 12-Post  AISiC 12-Post
Heat Heat etched areas with etched  with etched Heat Heat
Spreader Spreader areas areas Spreader Spreader
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8. Thermal Specifications (s auestion

The following table lists the thermal resistances of the RT PolarFire® SoC package device. For
information about thermal management, TIM and heat sink removal procedure, see Thermal
Management in Space Applications document.

Table 8-1. RT PolarFire® SoC Package Thermal Resistance

Package Environment | Theta-JA ThetajB ThetaJC PS|JB PS|JT Unit
g

RTPFS460ZT-CG1509 Still Air °C/W
RTPFS460ZT-FC1509/FCG1509 Still Air TBD TBD TBD TBD TBD °C/W
RTPFS160ZT-FCV784/FCVG784 Still Air 10.55°C/W  3.66 °C/W  0.359°C/W 3.50°C/W 0.103°C/W  °C/W
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9- PaCkage MaSS (Ask a Question)
The following table lists the package mass information.

Table 9-1. Package Mass Information

RTPFS460ZT CG1509 TBD
LG1509 29.57¢g
CB1509 TBD
FC1509/FCG1509 TBD

RTPFS160ZT FCV784/FCVG784 3.26¢g
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10. Package Marking saauestion

Microchip marks the full ordering part number on the top of each device. The following figures
provide details for each character code present on Microchip’s RT PolarFire® SoC FPGA device.

Figure 10-1. RT PolarFire® SoC LG1509/CG1509 Package Marking Format

RT PolarFire LG1509/CG1509 Marking Format

(Use RTPF500-CG1509 as marking sample)

Orientation ID of the lid
Ink dot as Pin 1 identifier

Microchip logo

Device logo: “RT PolarFire” in text 12 RT PolarFire

RTPF500 T, TL, TS, or TLS: Device -##: Bin Speed I RTPF500-## CG
1509: Column count Z: Product Grade. Such as B, V.
Wafer lot #

USA: Country Origin

Figure 10-2. RT PolarFire® SoC FCV784/FCVG784 Package Marking Format (M flow)

| EsD symbal (Triangle), applied to

CG: Package Type
YYWW: Date Code
AA: Step Mark, 1 or 2 digits

SNXX: Serial Number

Ve A
ﬁ\ MicrocHP |
ra ¥Y: Year
B RT PolarFire® SoC fIRiSCV 5 WW: Work Week
Device Part Mumber: e
‘ RTPFS160FT = > RTPFS1 GOZT ’
. FCVGT784 YYWW I
‘ FOVG = RaHS solder ball - WAFERLOT# XX
FCV [no "G"); Snih soide;
bl
784 = ball count
Wafier Lot it
00 Country of Origin |
& _ L : e !.I)aclcaging Assembly Location):
Temperature Grade Code M i 1 Lo S e N COO | xor
speed Grade Code Low Power Code Diata Security Code
Blank: Standavd Blank: Stanaard Static Power Blank: Design Secy

L: Lower Pawer Desian Proguct 5: Design Sec

y and Data Security
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Figure 10-3. RT PolarFire® SoC FCV784/FCVG784 Package Marking Format (Non-M flows)

( 1 O will e adided after
| S0 Symbol [Iriangle), applicd to Proto B, E, Y, and ¥ | certification

] A QML' ' | Date code
¥¥: Vear

| ML s applied for ohass Y
\_only
MICROCHIP g

ok | RTPOFie’ SO BRSSY | [ wmmr s |
atbsioat 1 N B .
| -FCVGT84 YYWW © - s
| - WAFERLOT# S | [mcrteootet et cnm e
& lewrfree sutder pal i A1 ! i L is apylled for cinss ¥ only
\ e pateoene  » S _5952-9096503MMM E"' E

Y | O code contalns Serial |
Wiater Lot ¥ ¢ :  Serial f: 5 digitel number, 00000 to 99592

- E _— SNKXX [Serial #) : & digital mumnber, UTEN Eo 99454
‘Temperature Grade Code hates SNXXX - L |

N "-\|B -1 |L 8 &l COQ |- com Country of Origin )
| E i . v L L U “-  [Packaging Assembly Location):

Er= - e E —_Lusa

Y1 - g = ~ -
| PR=F Grade Speed Grade code Lows Powrer cote Dats Securily code
) Blank: Stodard Blank: Stardivd Static Poveer silank: Cesign Secrity

= ? -1: -1 ipeed Grode L Lower Poawer Design Product S: Design Serurity and Doty Security
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11.

Packing and Shipping s« aueston

The RT PolarFire® SoC device is packed in jewel boxes or trays, which are used to pack most of the
Microchip surface-mount devices. Trays provide excellent protection from mechanical damage. In
addition, they are manufactured using the anti-static material to provide limited protection against
Electrostatic Discharge (ESD) damage. The Moisture Sensitivity Level (MSL) of each of these packages
is MSL 4.

For more information on how to pack and ship ceramic column grid array packages, see "Section 3,
4 and 5" of Ceramic Column Grid Array.

The following table lists the maximum number of devices packed in a jewel box.

Table 11-1. Maximum Device Counts per Jewel Box

Maximum Number of Devices per Jewel Box

CG1509 1
LG1509 1
CB1509 1

The following table lists the maximum number of devices packed in a tray.

Table 11-2. Maximum Device Counts per Tray

Maximum Number of Devices per Tray

FC1509 12
FCG1509 12
FCV784 60
FCVG784 60
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12. Thermal Management (s« question)

Microchip RT PolarFire® SoC FPGA is available in a lidded Flip-Chip BGA (FCBGA) package. Lidded
FCBGA features a controlled bond-line Thermal Interface Material (TIM) thickness that reduces the
thermal resistance (Theta-JC) between the junction and the externally applied thermal solution. The
lid or heat spreader also spreads the heat away from the die to the package perimeter and to the
printed circuit board. Heat is also dissipated through the bottom of the package through the solder
balls. The thermal resistance for this is Theta-|B.

For more information on thermal management for both ceramic and plastic packages, see Thermal
Management and Mounting Methods for RTG4™ and RT PolarFire® FPGAs in Space Applications.

The following figures show the RT PolarFire SoC ceramic and plastic package cross-section.
Figure 12-1. RT PolarFire® SoC Ceramic Package Cross-Section

Kovar Lid Thermal Interface Material silicon Die Underfill Ceramic
Package Body

Solder Columns Solder Bumps Package Capacitors

Figure 12-2. RT PolarFire® SoC Plastic Package Cross-Section

Heat Spreader
i Silicon Die Thermal Interface Material

Adhesive

—

Package Substrate Underfill Solder Bumps Solder Balls Package Capacitors
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13.

PCB DESign (Ask a Question)

When designing the land pad layout for FC/FCG and CG/CGG packages, it is recommended to have
the dimensions as listed in the following table.

The following figure shows the RT PolarFire® SoC package land pad layout for both single trace
breakout and dual trace breakout.

Figure 13-1. RT PolarFire® SoC Package Land Pad Layout (Single Trace Breakout and Dual Trace Breakout)

Table 13-1. RT PolarFire® SoC Plastic Flip-Chip BGA and Ceramic Column Grid Array Package Land Pad Layout
Dimensions

FC1509/FCG1509 CG1509 FCV784/FCVG784

Solder Column/Ball Pitch Tmm Tmm 0.8 mm

PCB Pad Diameter (SL) 0.50 mm 0.70 mm 0.40 mm

PCB Solder Mask Opening Diameter (SM)  0.60 mm 0.80 mm 0.50 mm

Trace Width (Single and Dual Trace Determined by the manufacturer based on the application and the design needs
Breakout) (TW)

Note: The package layout drawings and dimensions are provided for non-solder mask defined BGA
pads which are recommended for the devices.

It is not recommended to have a single land pad layout to accommodate both FC/FCG and CG/CGG
packages. While a single land pad array might be used for prototyping, each package configuration
must have their own land pad layout to ensure optimized board level system reliability. Plastic
flip-chip BGA packages and ceramic column grid packages must not have the same layout for flight
modules.

For more information about PCB design rules for BGA and CCGA packages, see AN5672: PolarFire
FPGA Package Fanout Application Note and AN5557: Ceramic Column Grid Array Application Note.
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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 09/2025 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: 979-8-3371-2069-0

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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