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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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2 Overview
This datasheet describes PolarFire® FPGA device characteristics with industrial temperature range
(–40 °C to 100 °C T ) and extended commercial temperature range (0 °C to 100 °C T ). The devices are J J

provided with a standard speed grade (STD) and a –1 speed grade with higher performance. The FPGA 
core supply V  can operate at 1.0 V for lower-power or 1.05 V for higher performance. Similarly, the DD

transceiver core supply V  can also operate at 1.0 V or 1.05 V. Users select the core operating voltage DDA

while creating the Libero project.
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3 References
The following documents are recommended references. For more information about PolarFire static and 
dynamic power data, see the .PolarFire Power Estimator Spreadsheet

PO0137: PolarFire FPGA Product Overview
ER0217: PolarFire FPGA Pre-Production Device Errata
UG0722: PolarFire FPGA Packaging and Pin Descriptions Users Guide
UG0726: PolarFire FPGA Board Design User Guide
UG0686: PolarFire FPGA User I/O User Guide
UG0680: PolarFire FPGA Fabric User Guide
UG0714: PolarFire FPGA Programming User Guide
UG0684: PolarFire FPGA Clocking Resources User Guide
UG0687: PolarFire FPGA 1G Ethernet Solutions User Guide
UG0727: PolarFire FPGA 10G Ethernet Solutions User Guide
UG0748: PolarFire FPGA Low Power User Guide
UG0676: PolarFire FPGA DDR Memory Controller User Guide
UG0743: PolarFire FPGA Debugging User Guide
UG0725: PolarFire FPGA Device Power-Up and Resets User Guide
UG0677: PolarFire FPGA Transceiver User Guide
UG0685: PolarFire FPGA PCI Express User Guide
UG0753: PolarFire FPGA Security User Guide
UG0752: PolarFire FPGA Power Estimator User Guide

http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136554
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136518
https://www.microsemi.com/document-portal/doc_download/1243433-er0217-polarfire-fpga-pre-production-devices-errata
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136521
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http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136524
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136525
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http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136531
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136532
https://www.microsemi.com/document-portal/doc_download/136534-ug0753-polarfire-fpga-security-user-guide
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136536
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1.  

2.  

3.  

4.  

Parameter Symbol Min Typ Max Unit

Transceiver TX and RX lanes supply at 1.05 V mode 
(when any lane rate is greater than 10.3125 Gbps)1

VDDA 1.02 1.05 1.08 V

Programming and HSIO receiver supply VDD18 1.71 1.80 1.89 V

FPGA core and FPGA PLL high-voltage supply VDD25 2.425 2.50 2.575 V

Transceiver PLL high-voltage supply VDDA25 2.425 2.50 2.575 V

Transceiver reference clock supply –3.3 V nominal VDD_XCVR_CLK 3.135 3.3 3.465 V

Transceiver reference clock supply –2.5 V nominal VDD_XCVR_CLK 2.375 2.5 2.625 V

Global V  for transceiver reference clocksREF 3 XCVRVREF Ground  VDD_XCVR_ CLK V

HSIO DC I/O supply. Allowed nominal options: 1.2 V, 
1.35 V, 1.5 V, and 1.8 V4

VDDIx 1.14 Various 1.89 V

GPIO DC I/O supply. Allowed nominal options: 1.2 V, 
1.5 V, 1.8 V, 2.5 V, and 3.3 V2,4

VDDIx 1.14 Various 3.465 V

Dedicated I/O DC supply for JTAG and SPI (GPIO Bank 
3). Allowed nominal options: 1.8 V, 2.5 V, and 3.3 V

VDDI3 1.71 Various 3.465 V

GPIO auxiliary supply for I/O bank x with V  = 3.3 V DDIx

nominal2,4

VDDAUXx 3.135 3.3 3.465 V

GPIO auxiliary supply for I/O bank x with V  = 2.5 V DDIx

nominal or lower2,4

VDDAUXx 2.375 2.5 2.625 V

Extended commercial temperature range TJ 0  100 °C

Industrial temperature range TJ –40  100 °C

Extended commercial programming temperature
range

TPRG 0  100 °C

Industrial programming temperature range TPRG –40  100 °C

V  and V  can independently operate at 1.0 V or 1.05 V nominal. These supplies are not DD DDA

dynamically adjustable.
For GPIO buffers where I/O bank is designated as bank number, if V  is 2.5 V nominal or 3.3 V DDIx

nominal, V  must be connected to the V  supply for that bank. If V  for a given GPIO bank is DDAUXx DDIx DDIx

<2.5 V nominal, V  per I/O bank must be powered at 2.5 V nominal.DDAUXx

XCVR  globally sets the reference voltage of the transceiver's single-ended reference clock input VREF

buffers. It is typically near V _ /2 V but is allowed in the specified range.DD XCVR_CLK

The power supplies for a given I/O bank x are shown as VDDIx and VDDAUXx.
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1.  

2.  

I/O
Standard

VDDI

Min (V)
VDDI

Typ (V)
VDDI

Max (V)
VIL

Min (V)
VIL

Max (V)
VIH

Min (V)
VIH1

Max (V)

SSTL135I 1.283 1.35 1.418 –0.3 VREF

–
0.09

VREF

+
0.09

1.418

SSTL135II 1.283 1.35 1.418 –0.3 VREF

–
0.09

VREF

+
0.09

1.418

HSTL15I 1.425 1.5 1.575 –0.3 VREF

–
0.1

VREF

+
0.1

1.575

HSTL15II 1.425 1.5 1.575 –0.3 VREF

–
0.1

VREF

+
0.1

1.575

HSTL135I 1.283 1.35 1.418 –0.3 VREF

–
0.09

VREF

+
0.09

1.418

HSTL135II 1.283 1.35 1.418 –0.3 VREF

–
0.09

VREF

+
0.09

1.418

HSTL12I 1.14 1.2 1.26 –0.3 VREF

–
0.1

VREF

+
0.1

1.26

HSTL12II 1.14 1.2 1.26 –0.3 VREF

–
0.1

VREF

+
0.1

1.26

HSUL18I 1.71 1.8 1.89 –0.3 0.3
×
VDDI

0.7
×
VDDI

1.89

HSUL18II 1.71 1.8 1.89 –0.3 0.3
×
VDDI

0.7
×
VDDI

1.89

HSUL12I 1.14 1.2 1.26 –0.3 VREF

–
0.1

VREF

+
0.1

1.26

POD12I 1.14 1.2 1.26 –0.3 VREF

–
0.08

VREF

+
0.08

1.26

POD12II 1.14 1.2 1.26 –0.3 VREF

–
0.08

VREF

+
0.08

1.26

GPIO V  max is 3.45 V with PCI clamp diode turned off regardless of mode, that is, over-voltage IH

tolerant.
For external stub-series resistance. This resistance is on-die for GPIO.

Note: 3.3 V and 2.5 V are only supported in GPIO banks.
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Table 13 • DC Output Levels

I/O
Standard

VDDI

Min (V)
VDDI

Typ (V)
VDDI

Max (V)
VOL

Min (V)
VOL

Max (V)
VOH

Min (V)
VOH

Max (V)
IOL2,6

mA
IOH2,6

mA

PCI1 3.15 3.3 3.45  0.1
×
VDDI

0.9
×
VDDI

 1.5 0.5

LVTTL 3.15 3.3 3.45  0.4 2.4    

LVCMOS33 3.15 3.3 3.45  0.4 VDDI

–
0.4

   

LVCMOS25 2.375 2.5 2.625  0.4 VDDI

–
0.4

   

LVCMOS18 1.71 1.8 1.89  0.45 VDDI

–
0.45

   

LVCMOS15 1.425 1.5 1.575  0.25
×
VDDI

0.75
×
VDDI

   

LVCMOS12 1.14 1.2 1.26  0.25
×
VDDI

0.75
×
VDDI

   

SSTL25I3 2.375 2.5 2.625  VTT

–
0.608

VTT

+
0.608

 8.1 8.1

SSTL25II3 2.375 2.5 2.625  VTT

–
0.810

VTT

+
0.810

 16.2 16.2

SSTL18I3 1.71 1.8 1.89  VTT

–
0.603

VTT

+
0.603

 6.7 6.7

SSTL18II3 1.71 1.8 1.89  VTT

–
0.603

VTT

+
0.603

 13.4 13.4

SSTL15I4 1.425 1.5 1.575  0.2
×
VDDI

0.8
×
VDDI

 V /40OL (V  – V )DDI OH

/40

SSTL15II4 1.425 1.5 1.575  0.2
×
VDDI

0.8
×
VDDI

 V /34OL (V  – V )DDI OH

/34

SSTL135I4 1.283 1.35 1.418  0.2
×
VDDI

0.8
×
VDDI

 V /40OL (V  – V )DDI OH

/40

SSTL135II4 1.283 1.35 1.418  0.2
×
VDDI

0.8
×
VDDI

 V /34OL (V  – V )DDI OH

/34

HSTL15I 1.425 1.5 1.575  0.4 VDDI

–
0.4

 8 8

HSTL15II 1.425 1.5 1.575  0.4 VDDI

–
0.4

 16 16
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I/O 
Standard

Bank
Type

VICM_RANGE
Libero Setting

VICM1,3

Min (V)
VICM1,3

Typ (V)
VICM1,3

Max (V) 

VID2

Min (V)
VID

Typ (V)
VID

Max (V)

Low 0.05 0.4 0.8 0.1 0.35 0.6

LVDS18 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6

Low 0.05 0.4 0.8 0.1 0.35 0.6

LCMDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6

Low 0.05 0.4 0.8 0.1 0.35 0.6

LCMDS18 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6

Low 0.05 0.4 0.8 0.1 0.35 0.6

LCMDS25 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6

Low 0.05 0.4 0.8 0.1 0.35 0.6

RSDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

RSDS25 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

RSDS185 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

MINILVDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.3 0.6

Low 0.05 0.4 0.8 0.1 0.3 0.6

MINILVDS25 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.3 0.6

Low 0.05 0.4 0.8 0.1 0.3 0.6

MINILVDS185 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.3 0.6

Low 0.05 0.4 0.8 0.1 0.3 0.6

SUBLVDS33 GPIO Mid (default) 0.6 0.9 2.35 0.1 0.15 0.3

Low 0.05 0.4 0.8 0.1 0.15 0.3

SUBLVDS25 GPIO Mid (default) 0.6 0.9 2.35 0.1 0.15 0.3

Low 0.05 0.4 0.8 0.1 0.15 0.3

SUBLVDS185 HSIO Mid (default) 0.6 0.9 1.65 0.1 0.15 0.3

Low 0.05 0.4 0.8 0.1 0.15 0.3

PPDS33 GPIO Mid (default) 0.6 0.8 2.35 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

PPDS25 GPIO Mid (default) 0.6 0.8 2.35 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

PPDS185 HSIO Mid (default) 0.6 0.8 1.65 0.1 0.2 0.6

Low 0.05 0.4 0.8 0.1 0.2 0.6

SLVS336 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.3

Low 0.05 0.2 0.8 0.1 0.2 0.3

SLVS256 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.3

Low 0.05 0.2 0.8 0.1 0.2 0.3

SLVS185 HSIO Mid (default) 0.6 1.00 1.65 0.1 0.2 0.3

Low 0.05 0.4 0.8 0.1 0.2 0.3

HCSL336 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.55 1.1

Low 0.05 0.35 0.8 0.1 0.55 1.1
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1.  
2.  
3.  

1.  
2.  
3.  

a.  
b.  
c.  

I/O 
Standard

Bank
Type

VOCM1

Min (V)
VOCM

Typ (V)
VOCM

Max (V)
VOD2

Min (V)
VOD2

Typ (V)
VOD2

Max (V)

MLVDSE253 GPIO  1.25  0.396 0.442 0.453

LVPECLE333 GPIO  1.65  0.664 0.722 0.755

MIPIE253 GPIO  0.25 0.1 0.22 0.3

V  is the output common mode voltage.OCM

V  is the output differential voltage.OD

Emulated output only.

6.3.3 Complementary Differential DC Input and Output Levels
The following tables list the complementary differential DC I/O levels.

Table 16 • Complementary Differential DC Input Levels

I/O 
Standard

VDDI

Min (V)
VDDI

Typ (V)
VDDI

Max (V)
VICM1,3

Min (V)
VICM1,3

Typ (V)
VICM1,3

Max (V)
VID2

Min (V)
VID

Max (V)

SSTL25I 2.375 2.5 2.625 1.164 1.250 1.339 0.1  

SSTL25II 2.375 2.5 2.625 1.164 1.250 1.339 0.1  

SSTL18I 1.71 1.8 1.89 0.838 0.900 0.964 0.1  

SSTL18II 1.71 1.8 1.89 0.838 0.900 0.964 0.1  

SSTL15I 1.425 1.5 1.575 0.698 0.750 0.803 0.1  

SSTL15II 1.425 1.5 1.575 0.698 0.750 0.803 0.1  

SSTL135I 1.283 1.35 1.418 0.629 0.675 0.723 0.1  

SSTL135II 1.283 1.35 1.418 0.629 0.675 0.723 0.1  

HSTL15I 1.425 1.5 1.575 0.698 0.750 0.803 0.1  

HSTL15II 1.425 1.5 1.575 0.698 0.750 0.803 0.1  

HSTL135I 1.283 1.35 1.418 0.629 0.675 0.723 0.1  

HSTL135II 1.283 1.35 1.418 0.629 0.675 0.723 0.1  

HSTL12I 1.14 1.2 1.26 0.559 0.600 0.643 0.1  

HSUL18I 1.71 1.8 1.89 0.838 0.900 0.964 0.1  

HSUL18II 1.71 1.8 1.89 0.838 0.900 0.964 0.1  

HSUL12I 1.14 1.2 1.26 0.559 0.600 0.643 0.1  

POD12I 1.14 1.2 1.26 0.787 0.840 0.895 0.1  

POD12II 1.14 1.2 1.26 0.787 0.840 0.895 0.1  

V  is the input common mode voltage.ICM

V  is the input differential voltage.ID

V  rules are as follows:ICM

V  must be less than V  -0.4V;ICM DDI

V  + V /2 must be <V  + 0.4 V;ICM ID DDI

V  – V /2 must be >VSS – 0.3 V.ICM ID
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1.  
2.  

a.  
b.  

3.  
4.  

Table 17 • Complementary Differential DC Output Levels

I/O 
Standard

VDDI

Min (V)
VDDI

Typ (V)
VDDI

Max (V)
VOL

Min (V)
VOL

Max (V)
VOH1,3

Min (V)
IOL2

Min (mA)
IOH2

Min (mA)

SSTL25I 2.375 2.5 2.625  V  – TT

0.608
V  + TT

0.608
8.1 8.1

SSTL25II 2.375 2.5 2.625  V  – TT

0.810
V  + TT

0.810
16.2 16.2

SSTL18I 1.71 1.8 1.89  V  – TT

0.603
V  + TT

0.603
6.7 6.7

SSTL18II 1.71 1.8 1.89  V  – TT

0.603
V  + TT

0.603
13.4 13.4

SSTL15I4 1.425 1.5 1.575  0.2 × VDDI 0.8 × VDDI V /40OL (V  – V )/40DDI OH

SSTL15II4 1.425 1.5 1.575  0.2 × VDDI 0.8 × VDDI V /34OL (V  – V )/34DDI OH

SSTL135I4 1.283 1.35 1.418  0.2 × VDDI 0.8 × VDDI V /40OL (V  – V )/40DDI OH

SSTL135II4 1.283 1.35 1.418  0.2 × VDDI 0.8 × VDDI V /34OL (V  – V )/34DDI OH

HSTL15I 1.425 1.5 1.575  0.4 V  – 0.4DDI 8 8

HSTL15II 1.425 1.5 1.575  0.4 V  – 0.4DDI 16 16

HSTL135I4 1.283 1.35 1.418  0.2 × VDDI 0.8 × VDDI V /50OL (V  – V )/50DDI OH

HSTL135II4 1.283 1.35 1.418  0.2 × VDDI 0.8 × VDDI V /25OL (V  – V )/25DDI OH

HSTL12I4 1.14 1.2 1.26  0.1 × VDDI 0.9 × VDDI V /50OL (V  – V )/50DDI OH

HSUL18I4 1.71 1.8 1.89  0.1 × VDDI 0.9 × VDDI V /55OL (V  – V )/55DDI OH

HSUL18II4 1.71 1.8 1.89  0.1 × VDDI 0.9 × VDDI V /25OL (V  – V )/25DDI OH

HSUL12I4 1.14 1.2 1.26  0.1 × VDDI 0.9 × VDDI V /40OL (V  – V )/40DDI OH

POD12I3,4 1.14 1.2 1.26  0.5 × VDDI  V /48OL (V  – V )/48DDI OH

POD12II3,4 1.14 1.2 1.26  0.5 × VDDI  V /34OL (V  – V )/34DDI OH

V  is the single-ended high-output voltage.OH

The total DC sink/source current of all IOs within a lane is limited as follows:
HSIO lane: 120 mA per 12 IO buffers.
GPIO lane: 160 mA per 12 IO buffers

V  based on external pull-up termination (pseudo-open drain).OH_MAX

I /I  units for impedance standards in amps (not mA).OL OH

6.3.4 HSIO On-Die Termination
The following tables lists the on-die termination calibration accuracy specifications for HSIO bank.

Table 18 • Single-Ended Thevenin Termination (Internal Parallel Thevenin Termination)

Min (%) Typ Max (%) Unit Condition

–40 50 20 Ω V  = 1.8 V/1.5 V/1.35 V/1.2 VDDI

–40 75 20 Ω V  = 1.8 VDDI

–40 150 20 Ω V  = 1.8 VDDI

–20 20 20 Ω V  = 1.5 V/1.35 VDDI

–20 30 20 Ω V  = 1.5 V/1.35 VDDI

–20 40 20 Ω V  = 1.5 V/1.35 VDDI

–20 60 20 Ω V  = 1.5 V/1.35 VDDI

–20 120 20 Ω V  = 1.5 V/1.35 VDDI
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Standard STD –1 Unit

HSTL15I 900 1100 Mbps

HSTL15II 900 1100 Mbps

HSTL135I 1066 1066 Mbps

HSTL135II 1066 1066 Mbps

HSUL18I 400 400 Mbps

HSUL18II 400 400 Mbps

HSUL12 1066 1333 Mbps

HSTL12 1066 1266 Mbps

POD12I 1333 1600 Mbps

POD12II 1333 1600 Mbps

LVCMOS18 (12 mA) 500 500 Mbps

LVCMOS15 (10 mA) 500 500 Mbps

LVCMOS12 (8 mA) 300 300 Mbps

Performance is achieved with V  ≥200 mV.ID

Table 25 • GPIO Maximum Input Buffer Speed

Standard STD –1 Unit

LVDS25/LVDS33/LCMDS25/LCMDS33 1250 1600 Mbps

RSDS25/RSDS33 800 800 Mbps

MINILVDS25/MINILVDS33 800 800 Mbps

SUBLVDS25/SUBLVDS33 800 800 Mbps

PPDS25/PPDS33 800 800 Mbps

SLVS25/SLVS33 800 800 Mbps

SLVSE15 800 800 Mbps

HCSL25/HCSL33 800 800 Mbps

BUSLVDSE25 800 800 Mbps

MLVDSE25 800 800 Mbps

LVPECL33 800 800 Mbps

SSTL25I 800 800 Mbps

SSTL25II 800 800 Mbps

SSTL18I 800 800 Mbps

SSTL18II 800 800 Mbps

SSTL15I 800 1066 Mbps

SSTL15II 800 1066 Mbps

HSTL15I 800 900 Mbps

HSTL15II 800 900 Mbps

HSUL18I 400 400 Mbps

HSUL18II 400 400 Mbps

PCI 500 500 Mbps

LVTTL33 (20 mA) 500 500 Mbps

LVCMOS33 (20 mA) 500 500 Mbps

LVCMOS25 (16 mA) 500 500 Mbps
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Parameter Interface 
Name

Topology STD 
Min

STD
Typ

STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit Forwarded 
Clock-to-
Data Skew

Output 
F  2:1MAX

TX_DDRX_B_C Tx DDR 
digital 
mode

MHz From a 
HS_IO_CLK 
clock source, 
centered 
with PLL

Output 
F  4:1MAX

TX_DDRX_B_C Tx DDR 
digital 
mode

MHz From a 
HS_IO_CLK 
clock source, 
centered 
with PLL

Output 
F  8:1MAX

TX_DDRX_B_C Tx DDR 
digital 
mode

MHz From a 
HS_IO_CLK 
clock source, 
centered 
with PLL

In delay, 
out delay,
DLL delay 
step sizes

  12.7 30 35 12.7 25 29.5 ps  

Table 34 • I/O CDR Switching Characteristics

Parameter Min Max Unit

Data rate 266 1250 Mbps

Receiver Sinusoidal jitter tolerance1 0.2  UI

Jitter values based on bit error ratio (BER) of 10–12, 80 MHz sinusoidal jitter injected to Rx data.
Note: See the LVDS output buffer specifications for transmit characteristics.

7.2 Clocking Specifications
This section describes the PLL and DLL clocking and oscillator specifications.

7.2.1 Clocking
The following table provides clocking specifications.

Table 35 • Global and Regional Clock Characteristics (–40 °C to 100 °C)

Parameter Symbol  V DD = 
 STD1.0 V

 V DD =
 –11.0 V

 V DD = 
 STD1.05 V

 V DD = 
 –11.05 V

Unit Condition

Global clock
FMAX

FMAXG 500 500 500 500 MHz  

Regional
clock
FMAX

FMAXR 375 375 375 375 MHz Transceiver 
interfaces 
only

FMAXR 250 250 250 250 MHz All other 
interfaces

Global clock 
duty cycle 
distortion

TDCDG 190 190 190 190 ps At
500 MHz
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2.  
3.  
4.  
5.  

Parameter  1 Symbol Min Typ Max Unit

Secondary output clock frequency2 FOUTSF 33.3  800 MHz

Input clock cycle-to-cycle jitter FINJ   200 ps

Output clock period cycle-to-cycle
jitter (w/clean input)

TOUTJITTERP   300 ps

Output clock-to-clock skew between
two outputs with the same phase settings

TSKEW   ±200 ps

DLL lock time TLOCK 16  16K Reference clock cycles

Minimum reset pulse width TMRPW 3   ns

Minimum input pulse width3 TMIPW 20   ns

Minimum input clock pulse width high TMPWH 400   ps

Minimum input clock pulse width low TMPWL 400   ps

Delay step size TDEL 12.7 30 35 ps

Maximum delay block delay4 TDELMAX 1.8  4.8 ns

Output clock duty cycle (with 50% duty cycle input)5 TDUTY 40  60 %

Output clock duty cycle (in phase reference mode)5 TDUTY50 45  55 %

For all DLL modes.
Secondary output clock divided by four option.
On load, direction, move, hold, and update input signals.
128 delay taps in one delay block.
Without duty cycle correction enabled.

7.2.4 RC Oscillators
The following tables provide internal RC clock resources for user designs and additional information 
about designing systems with RF front end information about emitters generated on-chip to support 
programming operations.

Table 39 • 2 MHz RC Oscillator Electrical Characteristics

Parameter Symbol Min Typ Max Unit

Operating frequency RC2FREQ  2  MHz

Accuracy RC2FACC –4  4 %

Duty cycle RC2DC 46  54 %

Peak-to-peak output period jitter RC2PJIT  5 10 ns

Peak-to-peak output cycle-to-cycle jitter RC2CJIT  5 10 ns

Operating current (V )DD25 RC2IVPPA   60 µA

Operating current (V )DD RC2IVDD   2.6 µA

Table 40 • 160 MHz RC Oscillator Electrical Characteristics

Parameter Symbol Min Typ Max Unit

Operating frequency RCSCFREQ  160  MHz

Accuracy RCSCFACC –4  4 %

Duty cycle RCSCDC 47  52 %

Peak-to-peak output period jitter RCSCPJIT   600 ps

Peak-to-peak output cycle-to-cycle jitter RCSCCJIT   172 ps

Operating current (V )DD25 RCSCVPPA   599 µA
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Table 48 • Transceiver Differential Reference Clock I/O Standards

I/O Standard Comment

LVDS25 For DC input levels, se e table .Differential DC Input and Output Levels

HCSL25 (for PCIe)

Note: The transceiver reference clock differential receiver supports V  common mode.CM

7.4.4 Transceiver Interface Performance
The following table describes the single-ended I/O standards supported as transceiver reference clocks.

Table 49 • Transceiver Single-Ended Reference Clock I/O Standards

I/O Standard Comment

LVCMOS25 For DC input levels, see table .DC Input and Output Levels

7.4.5 Transmitter Performance
The following tables describe performance of the transmitter.

Table 50 • Transceiver Reference Clock Input Termination

Parameter Symbol Min Typ Max Unit

Single-ended termination RefTerm  50  Ω

Single-ended termination RefTerm  75  Ω

Single-ended termination RefTerm  150  Ω

Differential termination RefDiffTerm  1151  Ω

Power-up termination   >50K  Ω

Measured at VCM= 1.2 V and VID= 350 mV.
Note: All pull-ups are disabled at power-up to allow hot plug capability.

Table 51 • PolarFire Transceiver User Interface Clocks

Parameter Modes 1 STD
Min

STD
Max

 –1
Min

 –1
Max

Unit

Transceiver TX_CLK 
range (non-
deterministic PCS mode 
with global or regional 
fabric clocks)

8-bit, max data rate = 1.6 Gbps  200  200 MHz

10-bit, max data rate = 1.6 Gbps  160  160 MHz

16-bit, max data rate = 4.8 Gbps  300  300 MHz

20-bit, max data rate = 6.0 Gbps  300  300 MHz

32-bit, max data rate = 
10.3125 Gbps (–STD) / 12.7 Gbps (–1)1

 325  325 MHz

40-bit, max data rate = 
10.3125 Gbps (–STD) / 12.7 Gbps (–1)1

 260  320 MHz

64-bit, max data rate = 
10.3125 Gbps (–STD) / 12.7 Gbps (–1)1

 165  160 MHz

80-bit, max data rate = 
10.3125 Gbps(–STD) / 12.7 Gbps (–1)1

 130  130 MHz

Fabric pipe mode 32-bit, max data rate = 6.0 Gbps  150  150 MHz

8-bit, max data rate = 1.6 Gbps  200  200 MHz

http://documentation.microsemi.net:8090/display/POLARFIRE/DS0143+Input+and+Output#DS0143InputandOutput-DifferentialDCInputandOutputLevels
http://documentation.microsemi.net:8090/display/POLARFIRE/DS0143+Input+and+Output#DS0143InputandOutput-DCInputandOutputLevels
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5.  

6.  

7.  

Improved jitter characteristics for a specific industry standard are possible in many cases due to 
improved reference clock or higher V  rate used.CO

Tx jitter is specified with all transmitters on the device enabled, a 10–12-bit error rate (BER) and Tx 
data pattern of PRBS7.
From the PMA mode, the TX_ELEC_IDLE port to the XVCR TXP/N pins. 
FTxRefClk = 75 MHz with typical settings. 
For data rates greater than 10.3125 Gbps, VDDA must be set to 1.05 V mode. See supply tolerance 
in the section .Recommended Operating Conditions (see page 6)  (see page 6)

7.4.6 Receiver Performance
The following table describes performance of the receiver.

Table 53 • PolarFire Transceiver Receiver Characteristics

Parameter Symbol Min Typ Max Unit Condition

Input voltage range VIN 0  V  + 0.3DDA V  

Differential peak-to-peak 
amplitude

VIDPP 140  1250 mV  

Differential termination VITERM  85  Ω  

VITERM  100  Ω  

VITERM  150  Ω  

Common mode voltage V  ICMDC 1 0.7 × VDDA  0.9 × VDDA V DC coupled

Exit electrical idle detection time TEIDET  50 100 ns  

Run length of consecutive 
identical digits (CID)

CID   200 UI  

CDR PPM tolerance2 CDRPPM   1.15 % UI  

CDR lock-to-data time TLTD    CDRREFCLK

UI
 

CDR lock-to-ref time TLTF    CDRREFCLK

UI
 

Loss-of-signal detect (Peak 
Detect Range setting = high)9

VDETLHIGH    mV Setting = 1

VDETLHIGH    mV Setting = 2

VDETLHIGH    mV Setting = 3

VDETLHIGH    mV Setting = 4

VDETLHIGH    mV Setting = 5

VDETLHIGH    mV Setting = 6

VDETLHIGH    mV Setting = 7

Loss-of-signal detect (Peak 
Detect Range setting = low)9

VDETLOW 65  175 mV Setting = PCIe3,7

VDETLOW 95  190 mV Setting = SATA4,8

VDETLOW 75  170 mV Setting = 1

VDETLOW 95  185 mV Setting = 2

VDETLOW 100  190 mV Setting = 3

VDETLOW 140  210 mV Setting = 4

VDETLOW 155  240 mV Setting = 5

VDETLOW 165  245 mV Setting = 6

VDETLOW 170  250 mV Setting = 7

Sinusoidal jitter tolerance TSJTOL    UI >8.5 Gbps – 
12.7 Gbps 5, 10 
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Table 55 • PCI Express Gen2

Parameter Data Rate Min Max Unit

Total transmit jitter 5.0 Gbps  0.35 UI

Receiver jitter tolerance 5.0 Gbps 0.4  UI

: With add-in card as specified in PCI Express CEM Rev 2.0.Note

7.5.2 Interlaken
The following table describes Interlaken.

Table 56 • Interlaken

Parameter Data Rate Min Max Unit

Total transmit jitter 6.375 Gbps  0.3 UI

10.3125 Gbps  0.3 UI

12.7 Gbps1   UI

Receiver jitter tolerance 6.375 Gbps 0.6  UI

10.3125 Gbps 0.65  UI

12.7 Gbps1   UI

For data rates greater than 10.3125 Gbps, VDDA must be set to 1.05 V mode. See supply tolerance 
. in the section Recommended Operating Conditions (see page 6)

7.5.3 10GbE (10GBASE-R, and 10GBASE-KR)
The following table describes 10GbE (10GBASE-R).

Table 57 • 10GbE (10GBASE-R)

Parameter Data Rate Min Max Unit

Total transmit jitter 10.3125 Gbps  0.28 UI

Receiver jitter tolerance 10.3125 Gbps 0.7  UI

The following table describes 10GbE (10GBASE-KR).

Table 58 • 10GbE (10GBASE-KR)

Parameter Data Rate Min Max Unit

Total transmit jitter 10.3125 Gbps   UI

Receiver jitter tolerance 10.3125 Gbps   UI

The following table describes 10GbE (XAUI).

Table 59 • 10GbE (XAUI)

Parameter Data Rate Min Max Unit

Total transmit jitter (near end) 3.125 Gbps  0.35 UI

Total transmit jitter (far end)   0.55 UI

Receiver jitter tolerance 3.125 Gbps 0.65  UI

The following table describes 10GbE (RXAUI).
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7.6.3 FPGA Bitstream Sizes
The following table describes FPGA bitstream sizes.

Table 72 • Initialization Client Sizes

Device Plaintext Ciphertext

MPF100T, TL, TS, TLS   

MPF200T, TL, TS, TLS 2916 KB 3006 KB

MPF300T, TL, TS, TLS 4265 KB 4403 KB

MPF500T, TL, TS, TLS   

Note: Worst case initializing all fabric LSRAM, USRAM, and UPROM.

Table 73 • Bitstream Sizes

File Devices FPGA Security SNVM
(all pages)

FPGA+
SNVM

FPGA+
Sec

SNVM+
Sec

FPGA+
SNVM+
Sec

SPI MPF100T, TL, TS, TLS        

DAT MPF100T, TL, TS, TLS        

SPI MPF200T, TL, TS, TLS 5.9 MB 3.4 KB 59.7 KB 5.9 MB 5.9 MB 62.2 KB 6.0 MB

DAT MPF200T, TL, TS, TLS 5.9 MB 7.3 KB 61.2 KB 6.0 MB 5.9 MB 66.3 KB 6.0 MB

SPI MPF300T, TL, TS, TLS 9.3 MB 3.5 KB 59.7 KB 9.6 MB 9.5 MB 62.2 KB 9.6 MB

DAT MPF300T, TL, TS, TLS 9.3 MB 7.6 KB 61.2 KB 9.6 MB 9.5 MB 66.3 KB 9.6 MB

SPI MPF500T, TL, TS, TLS        

DAT MPF500T, TL, TS, TLS        

7.6.4 Digest Cycles
Digests verify the integrity of the programmed non-volatile data. Digests are a cryptographic hash of 
various data areas. Any digest that reports back an error raises the digest tamper flag.

Table 74 • Maximum Number of Digest Cycles

 Retention Since Programmed (N = Number Digests During that Time)1

Digest 
TJ

Storage and 
Operating TJ

N 
≤300

N = 
500

N = 
1000

N = 
1500

N = 
2000

N = 
4000

N = 
6000

Unit Retention

–40 to 
100

–40 to 100 20 × 
LF

17 × 
LF

12 × 
LF

10 × 
LF

8 × 
LF

4 × 
LF

2 × 
LF

°C Years

–40 to 
100

0 to 100 20 × 
LF

17 × 
LF

12 × 
LF

10 × 
LF

8 × 
LF

4 × 
LF

2 × 
LF

°C Years

–40 to 
85

–40 to 85 20 × 
LF

20 × 
LF

20 × 
LF

20 × 
LF

16 × 
LF

8 × 
LF

4 × 
LF

°C Years

–40 to 
55

–40 to 55 20 × 
LF

20 × 
LF

20 × 
LF

20 × 
LF

20 × 
LF

20 × 
LF

20 × 
LF

°C Years

LF = Lifetime factor as defined by the number of programming cycles the device has seen under the 
conditions listed in the following table.
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Parameter Min Typ Max Unit Condition

Voltage sensing range 0.9  2.8 V  

Voltage sensing accuracy –1.5  1.5 %  

Table 93 • Tamper Macro Timing Characteristics—Flags and Clearing

Parameter Symbol Typ Max Unit

From event detection to flag generation TJTAG_ACTIVE1, 2 45 52 ns

TMESH_ERR2 1.8 2.2 μs

TCLK_GLITCH1, 2 ns

TCLK_FREQ1, 2  μs

TLOW_1P052 70 108 μs

THIGH_1P82 85 120 μs

THIGH_2P52 130 520 μs

TGLITCH_1P052  μs

TSECDEC1, 2  μs

TDRI_ERR2 14 18 μs

TWDOG1, 2   μs

TLOCK_ERR2   μs

Time from system controller instruction 
execution to flag generation

TINST_BUF_ACCESS2, 3 4 5 μs

TINST_DEBUG2, 3 3.3 4 μs

TINST_CHK_DIGEST2, 3 1.8 3 μs

TINST_EC_SETUP2, 3 1.8 2 μs

TINST_FACT_PRIV2, 3 3.8 5 μs

TINST_KEY_VAL2, 3 2.5 3.1 μs

TINST_MISC2, 3 1.5 2 μs

TINST_PASSCODE_MATCH2, 3 2.5 3 μs

TINST_PASSCODE_SETUP2, 3 4.2 5 μs

TINST_PROG2, 3 3.8 4.1 μs

TINST_PUB_INFO2, 3 4 4.5 μs

TINST_ZERO_RECO2, 3 2.5 3 μs

TINST_PASSCODE_FAIL2, 3 170 180 μs

TINST_KEY_VAL_FAIL2, 3 92 110 μs

TINST_UNUSED2, 3 4 5 μs

Time from sending the CLEAR to deassertion on 
FLAG

TCLEAR_FLAG 17 23 ns

Not available during Flash*Freeze.
The timing does not impact the user design, but it is useful for security analysis.
System service requests from the fabric will interrupt the system controller delaying the generation 
of the flag.

Table 94 • Tamper Macro Response Timing Characteristics

Parameter Symbol Typ Max Unit

Time from triggering the response to all I/Os disabled TIO_DISABLE 40 50 ns
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7.9.4 Design Dependence of T PUFT and T WRFT
Some phases of the device initialization are user design-dependent, as the device automatically 
initializes certain resources to user-specified configurations if those resources are used in the design. It 
is necessary to compute the overall power-up to functional time by referencing the following tables and 
adding the relevant phases, according to the design configuration. The following equation refers to 
timing parameters specified in the above timing diagrams. Please note T , T , T  and T  can PCIE XCVR LSRAM, USRAM

be found in the PolarFire FPGA device power-up and resets user guide UG0725.

T  = T  + max((T  + T  + T  + T ), T )PUFT FAB_READY(cold) PCIE XCVR LSRAM USRAM CALIB

T  = T  + max((T  + T  + T  + T ), T )WRFT FAB_READY(warm) PCIE XCVR LSRAM USRAM CALIB

Note: T , T , T , T , and T are common to both cold and warm reset scenarios.PCIE XCVR LSRAM USRAM CALIB 

Auto-initialization of FPGA (if required) occurs in parallel with I/O calibration. The device may be 
considered fully functional only when the later of these two activities has finished, which may be either 
one, depending on the configuration, as may be calculated from the following tables. Note that I/O 
calibration may extend beyond T  (as I/O calibration process is independent of main device power-on PUFT

and is instead dependent on I/O bank supply relative power-on time and ramp times). The previous 
timing diagram for power-on initialization shows the earliest that I/Os could be enabled, if the I/O 
power supplies are powered on before or at the same time as the main supplies.

7.9.5 Cold Reset to Fabric and I/Os (Low Speed) Functional
The following table specifies the minimum, typical, and maximum times from the power supplies 
reaching the above trip point levels until the FPGA fabric is operational and the FPGA IOs are functional 
for low-speed (sub 400 MHz) operation.

Table 99 • Cold Boot

Power-On (Cold) Reset to Fabric and I/O Operational Min Typ Max Unit

Time when input pins start working – TIN_ACTIVE(cold) 1.17 4.51 7.84 ms

Time when weak pull-ups are enabled – TPU_PD_ACTIVE(cold) 1.17 4.51 7.84 ms

Time when fabric is operational – TFAB_READY(cold) 1.20 4.54 7.87 ms

Time when output pins start driving – TOUT_ACTIVE(cold) 1.22 4.56 7.89 ms

7.9.6 Warm Reset to Fabric and I/Os (Low Speed) Functional
The following table specifies the minimum, typical, and maximum times from the negation of the warm 
reset event until the FPGA fabric is operational and the FPGA IOs are functional for low-speed
(sub 400 MHz) operation.

Table 100 • Warm Boot

Warm Reset to Fabric and I/O Operational Min Typ Max Unit

Time when input pins start working – TIN_ACTIVE(warm) 0.91 1.76 2.62 ms

Time when weak pull-ups/pull-downs are enabled – TPU_PD_ACTIVE(warm) 0.91 1.76 2.62 ms

Time when fabric is operational – TFAB_READY(warm) 0.94 1.79 2.65 ms

Time when output pins start driving – TOUT_ACTIVE(warm) 0.96 1.81 2.67 ms

7.9.7 Miscellaneous Initialization Parameters
In the following table, T  refers to either T  or T  as specified in the previous FAB_READY FAB_READY(cold) FAB_READY(warm)

tables, depending on whether the initialization is occurring as a result of a cold or warm reset, 
respectively.
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Table 104 • Flash*Freeze

Parameter Symbol Min Typ Max Unit Condition

The time from Flash*Freeze entry
command to the Flash*Freeze state

TFF_ENTRY  59  μs  

The time from Flash*Freeze exit pin
assertion to fabric operational state

TFF_FABRIC_UP  133  μs  

The time from Flash*Freeze exit pin
assertion to I/Os operational

TFF_IO_ACTIVE  143  μs  

7.10 Dedicated Pins
The following section describes the dedicated pins.

7.10.1 JTAG Switching Characteristics
The following table describes characteristics of JTAG switching.

Table 105 • JTAG Electrical Characteristics

Symbol Description Min Typ Max Unit Condition

TDISU TDI input setup time 0.0   ns  

TDIHD TDI input hold time 2.0   ns  

TTMSSU TMS input setup time 1.5   ns  

TTMSHD TMS input hold time 1.5   ns  

FTCK TCK frequency   25 MHz  

TTCKDC TCK duty cycle 40  60 %  

TTDOCQ TDO clock to Q out   8.4 ns C  = 40 pfLOAD

TRSTBCQ TRSTB clock to Q out   23.5 ns C  = 40 pfLOAD

TRSTBPW TRSTB min pulse width 50   ns  

TRSTBREM TRSTB removal time 0.0   ns  

TRSTBREC TRSTB recovery time 12.0   ns  

CINTDI TDI input pin capacitance   5.3 pf  

CINTMS TMS input pin capacitance   5.3 pf  

CINTCK TCK input pin capacitance   5.3 pf  

CINTRSTB TRSTB input pin capacitance   5.3 pf  

7.10.2 SPI Switching Characteristics
The following tables describe characteristics of SPI switching.

Table 106 • SPI Master Mode (PolarFire Master) During Programming

Parameter Symbol Min Typ Max Unit Condition

SCK frequency FMSCK   20 MHz  
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1.  

1.  

ECDSA SigVer,
P-384/SHA-384

1024 6421841 5759

8K 6273510 5759

Key Agreement (KAS), P-
384

 5039125 6514

Point Multiply, P-2561  5176923 4482

Point Multiply, P-3841  12043199 5319

Point Multiply, P-5211  26887187 6698

Point Addition, P-384  3018067 5779

KeyGen (PKG), P-384  12055368 6908

Point Verification, P-384  5091 3049

With DPA counter measures.

Table 120 • IFC (RSA)

Modes Message Size 
(bits)

Athena TeraFire Crypto Core 
Clock-Cycles

CAL Delay In CPU Clock-
Cycles

Encrypt, RSA-2048, e=65537 2048 436972 8,972

Encrypt, RSA-3072, e=65537 3072 962162 12,583

Decrypt, RSA-2048 , CRT1 2048 26862392 15900

Decrypt, RSA-3072 , CRT1 3072 75153782 22015

Decrypt, RSA-4096, CRT 4096 89235615 23710

Decrypt, RSA-3072, CRT 3072 37880180 18638

SigGen, RSA-3072/SHA-384 ,CRT, PKCS #1 1 

V 1 1.5
1024 75197644 20032

8K 75213653 19303

SigGen, RSA-3072/SHA-384, PKCS #1, V 
1.5

1024 148090970 14642

8K 148102576 13936

SigVer, RSA-3072/SHA-384, e = 65537, 
PKCS #1 V 1.5

1024 970991 12000

8K 982011 11769

SigVer, RSA-2048/SHA-256, e = 65537, 
PKCS #1 V 1.5

1024 443493 8436

8K 453007 8436

SigGen, RSA-3072/SHA-384, ANSI X9.31 1024 147138254 13945

8K 147155896 13523

SigVer, RSA-3072/SHA-384, e = 65537, 
ANSI X9.31

1024 973269 11313

8K 983255 11146

With DPA counter measures.

Table 121 • FFC (DH)

Modes Message Size 
(bits)

Athena TeraFire Crypto Core 
Clock-Cycles

CAL Delay In CPU Clock-
Cycles

SigGen, DSA-3072/SHA-3841 1024 27932907 13969

8K 27942415 13501

SigGen, DSA-3072/SHA-384 1024 12086356 13602

SigVer, DSA-3072/SHA-384 1024 24597916 15662

8K 24229420 15133


