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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
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136520
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136535
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136522
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136523
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
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136526
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136527
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136528
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136529
http://www.microsemi.com/index.php?option=com_docman&amp;task=doc_download&amp;gid=136530
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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Table 8 • Maximum Overshoot During Transitions for GPIO

Overshoot Duration as % at TAC (V ) IN J = 100 C° Condition (V)

100 3.8

100 3.85

100 3.9

100 3.95

70 4

50 4.05

33 4.1

22 4.15

14 4.2

9.8 4.25

6.5 4.3

4.4 4.35

3 4.4

2 4.45

1.4 4.5

0.9 4.55

0.6 4.6

Note: Overshoot level is for V  at 3.3 V.DDI

The following table shows the maximum AC input voltage (V ) undershoot duration for GPIO.IN

Table 9 • Maximum Undershoot During Transitions for GPIO

Undershoot AC (V ) IN Duration as % at TJ = 100 °C Condition (V)

100 –0.5

100 –0.55

100 –0.6

100 –0.65

100 –0.7

100 –0.75

100 –0.8

100 –0.85

100 –0.9

100 –0.95

100 –1

100 –1.05

100 –1.1

100 –1.15

100 –1.2

69 –1.25

45 –1.3
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1.  
2.  
3.  
4.  
5.  
6.  

a.  
b.  

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

HSTL135I4 1.283 1.35 1.418  0.2
×
VDDI

0.8
×
VDDI

 V /50OL (V  – V )DDI OH

/50

HSTL135II4 1.283 1.35 1.418  0.2
×
VDDI

0.8
×
VDDI

 V /25OL (V  – V )DDI OH

/25

HSTL12I4 1.14 1.2 1.26  0.1
×
VDDI

0.9
×
VDDI

 V /50OL (V  – V )DDI OH

/50

HSTL12II4 1.14 1.2 1.26  0.1
×
VDDI

0.9
×
VDDI

 V /25OL (V  – V )DDI OH

/25

HSUL18I4 1.71 1.8 1.89  0.1
×
VDDI

0.9
×
VDDI

 V /55OL (V  – V )DDI OH

/55

HSUL18II4 1.71 1.8 1.89  0.1
×
VDDI

0.9
×
VDDI

 V /25OL (V  – V )DDI OH

/25

HSUL12I4 1.14 1.2 1.26  0.1
×
VDDI

0.9
×
VDDI

 V /40OL (V  – V )DDI OH

/40

POD12I4,5 1.14 1.2 1.26  0.5
×
VDDI

  V /48OL (V  – V )DDI OH

/48

POD12II4,5 1.14 1.2 1.26  0.5
×
VDDI

  V /34OL (V  – V )DDI OH

/34

Drive strengths per PCI specification V/I curves.
Refer to  for details on supported drive strengths.UG0686: PolarFire FPGA User I/O User Guide
For external stub-series resistance. This resistance is on-die for GPIO.
I /I  units for impedance standards in amps (not mA).OL OH

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

Note: 3.3 V and 2.5 V are only supported in GPIO banks.

6.3.2 Differential DC Input and Output Levels
The follow tables list the differential DC I/O levels.

Table 14 • Differential DC Input Levels

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)

LVDS33 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

LVDS25 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

LVDS184 GPIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6

https://www.microsemi.com/document-portal/doc_view/136535-ug0686-polarfire-fpga-user-i-o-user-guide
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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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1.  

2.  

3.  
4.  
5.  

6.  

Standard Description VL1 VH1 VID2 VICM2 VMEAS3, 4 VREF1, 5 Unit

HSTL135II Differential 
HSTL 1.35 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.675 0  V

HSTL12 Differential 
HSTL 1.2 V

V  –ICM

.125
V  +ICM

.125
0.250 0.600 0  V

HSUL18I Differential 
HSUL 1.8 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.900 0  V

HSUL18II Differential 
HSUL 1.8 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.900 0  V

HSUL12 Differential 
HSUL 1.2 V

V  –ICM

.125
V  +ICM

.125
0.250 0.600 0  V

POD12I Differential 
POD 1.2 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.600 0  V

POD12II Differential 
POD 1.2 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.600 0  V

MIPI25 Mobile 
Industry 
Processor 
Interface

V  – ICM

.125
V  + ICM

.125
0.250 0.200 0 V

Measurements are made at typical, minimum, and maximum V  values. Reported delays reflect REF

worst-case of these measurements. V  values listed are typical. Input waveform switches between REF

V  and V . All rise and fall times must be 1 V/ns.L H

Differential receiver standards all use 250 mV V  for timing. V  is different between different ID CM

standards.
Input voltage level from which measurement starts.
The value given is the differential input voltage.
This is an input voltage reference that bears no relation to the V /V  parameters found in IBIS REF MEAS

models or shown in .Output Delay Measurement—Single-Ended Test Setup (see page 27)
Emulated bi-directional interface.

7.1.2 Output Delay Measurement Methodology
The following section provides information about the methodology for output delay measurement.

Table 23 • Output Delay Measurement Methodology

Standard Description R  (Ω)REF C  (pF)REF V  (V)MEAS V  (V)REF

PCI PCIE 3.3 V 25 10 1.65  

LVTTL33 LVTTL 3.3 V 1M 0 1.65  

LVCMOS33 LVCMOS 3.3 V 1M 0 1.65  

LVCMOS25 LVCMOS 2.5 V 1M 0 1.25  

LVCMOS18 LVCMOS 1.8 V 1M 0 0.90  

LVCMOS15 LVCMOS 1.5 V 1M 0 0.75  

LVCMOS12 LVCMOS 1.2 V 1M 0 0.60  

SSTL25I Stub-series terminated logic
2.5 V Class I

50 0 VREF 1.25

SSTL25II SSTL 2.5 V Class II 50 0 VREF 1.25
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1.  

Standard Description R  (Ω)REF C  (pF)REF V  (V)MEAS V  (V)REF

SSTL18I SSTL 1.8 V Class I 50 0 VREF 0.9

SSTL18II SSTL 1.8 V Class II 50 0 VREF 0.9

SSTL15I SSTL 1.5 V Class I 50 0 VREF 0.75

SSTL15II SSTL 1.5 V Class II 50 0 VREF 0.75

SSTL135I SSTL 1.35 V Class I 50 0 VREF 0.675

SSTL135II SSTL 1.35 V Class II 50 0 VREF 0.675

HSTL15I High-speed transceiver logic (HSTL)
1.5 V Class I

50 0 VREF 0.75

HSTL15II HSTL 1.5 V Class II 50 0 VREF 0.75

HSTL135I HSTL 1.35 V Class I 50 0 VREF 0.675

HSTL135II HSTL 1.35 V Class II 50 0 VREF 0.675

HSTL12 HSTL 1.2 V 50 0 VREF 0.6

HSUL18I High-speed unterminated logic
1.8 V Class I

50 0 VREF 0.9

HSUL18II HSUL 1.8 V Class II 50 0 VREF 0.9

HSUL12 HSUL 1.2 V 50 0 VREF 0.6

POD12I Pseudo open drain (POD) logic
1.2 V Class I

50 0 VREF 0.84

POD12II POD 1.2 V Class II 50 0 VREF 0.84

LVDS33 LVDS 3.3 V 100 0 01 0

LVDS25 LVDS 2.5 V 100 0 01 0

LVDS18 LVDS 1.8 V 100 0 01 0

RSDS33 Reduced swing differential signaling 3.3 V 100 0 01 0

RSDS25 RSDS 2.5 V 100 0 01 0

RSDS18 RSDS 1.8 V 100 0 01 0

MINILVDS33 Mini-LVDS 3.3 V 100 0 01 0

MINILVDS25 Mini-LVDS 2.5 V 100 0 01 0

SUBLVDS33 Sub-LVDS 3.3 V 100 0 01 0

SUBLVDS25 Sub-LVDS 2.5 V 100 0 01 0

PPDS33 Point-to-point differential signaling 3.3 V 100 0 01 0

PPDS25 PPDS 2.5 V 100 0 01 0

BUSLVDSE25 Bus LVDS 100 0 01 0

MLVDSE25 Multipoint LVDS 2.5 V 100 0 01 0

LVPECLE33 Low-voltage positive emitter-coupled logic 100 0 01 0

MIPIE25 Mobile industry processor interface 2.5 V 100 0 01 0

The value given is the differential output voltage.
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1.  
2.  

Standard STD –1 Unit

LVCMOS18 (12 mA) 500 500 Mbps

LVCMOS15 (10 mA) 500 500 Mbps

LVCMOS12 (8 mA) 300 300 Mbps

MIPI25/MIPI33 800 800 Mbps

All SSTLD/HSTLD/HSULD/LVSTLD/POD type receivers use the LVDS differential receiver.
Performance is achieved with V  ≥200 mV.ID

7.1.4 Output Buffer Speed

Table 26 • HSIO Maximum Output Buffer Speed

Standard STD –1 Unit

SSTL18I 800 1066 Mbps

SSTL18II 800 1066 Mbps

SSTL18I (differential) 800 1066 Mbps

SSTL18II (differential) 800 1066 Mbps

SSTL15I 1066 1333 Mbps

SSTL15II 1066 1333 Mbps

SSTL15I (differential) 1066 1333 Mbps

SSTL15II (differential) 1066 1333 Mbps

SSTL135I 1066 1333 Mbps

SSTL135II 1066 1333 Mbps

SSTL135I (differential) 1066 1333 Mbps

SSTL135II (differential) 1066 1333 Mbps

HSTL15I 900 1100 Mbps

HSTL15II 900 1100 Mbps

HSTL15I (differential) 900 1100 Mbps

HSTL15II (differential) 900 1100 Mbps

HSTL135I 1066 1066 Mbps

HSTL135II 1066 1066 Mbps

HSTL135I (differential) 1066 1066 Mbps

HSTL135II (differential) 1066 1066 Mbps

HSUL18I 400 400 Mbps

HSUL18II 400 400 Mbps

HSUL18II (differential) 400 400 Mbps

HSUL12 1066 1333 Mbps

HSUL12I (differential) 1066 1333 Mbps

HSTL12 1066 1266 Mbps

HSTL12I (differential) 1066 1266 Mbps

POD12I 1333 1600 Mbps

POD12II 1333 1600 Mbps

LVCMOS18 (12 mA) 500 500 Mbps

LVCMOS15 (10 mA) 500 500 Mbps
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1.  

2.  

Parameter Symbol  V DD = 
 STD1.0 V

 V DD =
 –11.0 V

 V DD = 
 STD1.05 V

 V DD = 
 –11.05 V

Unit Condition

Regional clock 
duty cycle 
distortion

TDCDR 120 120 120 120 ps At
250 MHz

The following table provides clocking specifications from –40 °C to 100 °C.

Table 36 • High-Speed I/O 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

High-speed
I/O clock
FMAX

FMAXB 1000 1250 1000 1250 MHz HSIO and GPIO

High-speed
I/O clock
skew1

FSKEWB 30 20 30 20 ps HSIO without bridging

FSKEWB 600 500 600 500 ps HSIO with bridging

FSKEWB 45 35 45 35 ps GPIO without bridging

FSKEWB 75 60 75 60 ps GPIO with bridging

High-speed
I/O clock
duty cycle
distortion2

TDCB 90 90 90 90 ps HSIO without bridging

TDCB 115 115 115 115 ps HSIO with bridging

TDCB 90 90 90 90 ps GPIO without bridging

TDCB 115 115 115 115 ps GPIO with bridging

F  is the worst-case clock-tree skew observable between sequential I/O elements. Clock-tree SKEWB

skew is significantly smaller at I/O registers close to each other and fed by the same or adjacent 
clock-tree branches. Use the Microsemi Timing Analyzer tool to evaluate clock skew specific to the 
design.
Parameters listed in this table correspond to the worst-case duty cycle distortion observable at the
I/O flip flops. IBIS should be used to calculate any additional duty cycle distortion that might be 
caused by asymmetrical rise/fall times for any I/O standard.

7.2.2 PLL
The following table provides information about PLL.

Table 37 • PLL Electrical Characteristics

Parameter Symbol Min Typ Max Unit

Input clock frequency 
(integer mode)

FINI 1  1250 MHz

Input clock frequency 
(fractional mode)

FINF 10  1250 MHz

Minimum reference or 
feedback pulse width1

FINPULSE 200   ps

Frequency at the Frequency 
Phase Detector (PFD) 
(integer mode)

FPHDETI 1  312 MHz

Frequency at the PFD 
(fractional mode)

FPHDETF 10 50 125 MHz

Allowable input duty cycle FINDUTY 25  75 %
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7.3 Fabric Specifications
The following section describes specifications for the fabric.

7.3.1 Math Blocks
The following tables describe math block performance.

Table 41 • Math Block Performance Extended Commercial Range (0 °C to 100 °C)

Parameter Symbol Modes V  = DD

  STD1.0 V –
V  = DD

 – 11.0 V
V  = DD

  STD1.05 V –
V  = DD

 – 11.05 V
Unit

Maximum 
operating 
frequency

FMAX 18 × 18
multiplication

370 470 440 500 MHz

18 × 18
multiplication
summed with
48-bit input

370 470 440 500 MHz

18 × 19
multiplier
pre-adder
ROM mode

365 465 435 500 MHz

Two 9 × 9
multiplication

370 470 440 500 MHz

9 × 9 dot
product
(DOTP)

370 470 440 500 MHz

Complex
18 × 19
multiplication

360 455 430 500 MHz

Table 42 • Math Block Performance Industrial Range (–40 °C to 100 °C)

Parameter Symbol Modes V  = DD

  STD1.0 V –
V  = DD

 – 11.0 V
V  = DD

  STD1.05 V –
V  = DD

 – 11.05 V
Unit

Maximum 
operating 
frequency

FMAX 18 × 18
multiplication

365 465 435 500 MHz

18 × 18
multiplication
summed with
48-bit input

365 465 435 500 MHz

18 × 19
multiplier
pre-adder
ROM mode

355 460 430 500 MHz

Two 9 × 9
multiplication

365 465 435 500 MHz

9 × 9 DOTP 365 465 435 500 MHz

Complex
18 × 19
multiplication

350 450 425 500 MHz
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Parameter Symbol  STD
Min

STD
Typ

 STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit

Reference clock input 
rate1, 2, 3

FXCVRREFCLKMAX

CASCADE

20  156 20  156 MHz

Reference clock rate at 
the PFD4

FTXREFCLKPFD 20  156 20  156 MHz

Reference clock rate 
recommended at the 
PFD for Tx rates 10 Gbps 
and above4

FTXREFCLKPFD10G 75  156 75  156 MHz

Tx reference clock 
phase noise 
requirements to meet 
jitter specifications (156 
MHz clock at reference 
clock input)5

FTXREFPN –110 –110 dBc
/Hz

Phase noise at 10 KHz FTXREFPN   –110   –110 dBc
/Hz

Phase noise at 100 KHz FTXREFPN   –115   –115 dBc
/Hz

Phase noise at 1 MHz FTXREFPN   –135   –135 dBc
/Hz

Reference clock input 
rise time (10%–90%)

TREFRISE  200 500  200 500 ps

Reference clock input 
fall time (90%–10%)

TREFFALL  200 500  200 500 ps

Reference clock duty 
cycle

TREFDUTY 40  60 40  60 %

Spread spectrum 
modulation spread6

Mod_Spread 0.1  3.1 0.1  3.1 %

Spread spectrum 
modulation frequency7

Mod_Freq TxREF
CLKPFD/
(128)

32 TxREF
CLKPFD/
(128*63)

TxREF
CLKPFD/
(128)

32 TxREF
CLKPFD/
(128*63)

KHz

See the maximum reference clock rate allowed per input buffer standard.
The minimum value applies to this clock when used as an XCVR reference clock. It does not apply 
when used as a non-XCVR input buffer (DC input allowed).
Cascaded reference clock.
After reference clock input divider.
Required maximum phase noise is scaled based on actual F  value by 20 × log10 (TxRefClkPFDTxRefClkPFD

/156 MHz). It is assumed that the reference clock divider of 4 is used for these calculations to always 
meet the maximum PFD frequency specification.
Programmable capability for depth of down-spread or center-spread modulation.
Programmable modulation rate based on the modulation divider setting (1 to 63).

7.4.3 Transceiver Reference Clock I/O Standards
The following table describes the differential I/O standards supported as transceiver reference clocks.
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Table 52 • PolarFire Transceiver Transmitter Characteristics

Parameter Symbol Min Typ Max Unit Condition

Differential 
termination

VOTERM  85  Ω  

VOTERM  100  Ω  

VOTERM  150  Ω  

Common mode 
voltage1

VOCM 0.44 × VDDA 0.525 × VDDA 0.59 × VDDA V DC coupled 50% setting

VOCM 0.52 × VDDA 0.6 × VDDA 0.66 × VDDA V DC coupled 60% setting

VOCM 0.61 × VDDA 0.7 × VDDA 0.75 × VDDA V DC coupled 70% setting

VOCM 0.63 × VDDA 0.8 × VDDA 0.83 × VDDA V DC coupled 80% setting

Rise time2 TTxRF 41  70 ps 20% to 80%

Fall time2 41  70 ps 80% to 20%

Differential peak-to-
peak amplitude

VODPP  1040  mV 1000 mV setting

VODPP  840  mV 800 mV setting

VODPP  630  mV 600 mV setting

VODPP  620  mV 500 mV setting

VODPP  530  mV 400 mV setting

VODPP  360  mV 300 mV setting

VODPP  240  mV 200 mV setting

VODPP  160  mV 100 mV setting

Transmit lane P to N 
skew3

TOSKEW  8 15 ps  

Lane to lane transmit 
skew4

TLLSKEW   75 ps Single PLL

   ps Multiple PLL

Electrical idle 
transition entry time7

TTxEITrE
ntry

   ns  

Electrical idle 
transition exit time7

TTxEITrE
xit

   ns  

Electrical idle 
amplitude

VTxEIpp    mV  

TXPLL lock time TTXLock   1600 PFD cycles  

Digital PLL lock time8 TDPLLLock    REFCLK UIs  

Total jitter  5,6

Deterministic jitter5,6

T  J
TDJ

  UI 
UI

Data rate ≥8.5 Gbps to 12.7 Gbps  9

(Tx V  rate 4.25 GHz to 6.35 GHz)CO

Total jitter5,6

Deterministic jitter5,6

TJ

TDJ

  0.28
0.07

UI
UI

Data rate ≥3.2 Gbps to 8.5 Gbps
(Tx V  rate 2.5 GHz to 5.0 GHz)CO

Total jitter5,6

Deterministic jitter5,6

TJ

TDJ

  0.28
0.07

UI
UI

Data rate ≥1.6 Gbps to 3.2 Gbps
(Tx V  rate 2.5 GHz to 5.0 GHz)CO

Total jitter5,6

Deterministic jitter5,6

TJ

TDJ

  0.13
0.02

UI
UI

Data rate ≥ 800 Mbps to 1.6 Gbps
(Tx V  rate 2.5 GHz to 5.0 GHz)CO

Total jitter5,6

Deterministic jitter5,6

TJ

TDJ

  0.06
0.01

UI
UI

Data rate = 250 Mbps to 800 Mbps
(Tx V  rate 2.5 GHz to 5.0 GHz)CO

Increased DC common mode settings above 50% reduce allowed V  output swing capabilities.OD

Adjustable through transmit emphasis.
With estimated package differences.
Single PLL applies to all four lanes in the same quad location with the same TxPLL.

Improved jitter characteristics for a specific industry standard are possible in many cases due to 



PolarFire

DS0141 Datasheet Revision 1.3 51

1.  

1.  

7.5.7 CPRI
The following table describes CPRI.

Table 66 • CPRI

 Data Rate Min Max Unit

Total transmit jitter 0.6144 Gbps   UI

1.2288 Gbps   UI

2.4576 Gbps   UI

3.0720 Gbps   UI

4.9152 Gbps   UI

6.1440 Gbps   UI

9.8304 Gbps   UI

10.1376 Gbps   UI

12.16512 Gbps 1   UI

Receive jitter tolerance 0.6144 Gbps   UI

1.2288 Gbps   UI

2.4576 Gbps   UI

3.0720 Gbps   UI

4.9152 Gbps   UI

6.1440 Gbps   UI

9.8304 Gbps   UI

10.1376 Gbps   UI

12.16512 Gbps 1   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)

7.5.8 JESD204B
The following table describes JESD204B.

Table 67 • JESD204B

Parameter Data Rate Min Max Unit

Total transmit jitter 3.125 Gbps  0.35 UI

6.25 Gbps  0.3 UI

12.5 Gbps1   UI

Receive jitter tolerance 3.125 Gbps 0.56  UI

6.25 Gbps 0.6  UI

12.5 Gbps1   UI

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

7.6 Non-Volatile Characteristics
The following section describes non-volatile characteristics.
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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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Table 75 • FPGA Programming Cycles Lifetime Factor

Programming T  J Programming Cycles LF

–40 °C to 100 °C 500 1

–40 °C to 85 °C 1000 0.8

–40 °C to 55 °C 2000 0.6

Notes:

The maximum number of device digest cycles is 100K.
Digests are operational only over the –40 °C to 100 °C temperature range.
After a program cycle, an additional N digests cycles are allowed with the resultant retention 
characteristics for the total operating and storage temperature shown.
Retention is specified for total device storage and operating temperature.
All temperatures are junction temperatures (T ).J

Example 1—500 digests cycles are performed between programming cycles. N = 500. The operating 
conditions are –40 °C to 85 °C T . 501 programming cycles have occurred. The retention under these J

operating conditions is 20 × LF = 20 × .8 = 16 years.
Example 2—one programming cycle has occurred, N = 1500 digest cycles have occurred. 
Temperature range is –40 °C to 100 °C. The resultant retention is 10 × LF or 10 years over the 
industrial temperature range.

7.6.5 Digest Time
The following table describes digest time.

Table 76 • Digest Times

Parameter Devices Typ Max Unit

Setup time All 2  μs

Fabric digest run time MPF100T, TL, TS, TLS   ms

MPF200T, TL, TS, TLS 1005 1072 ms

MPF300T, TL, TS, TLS 1503.9 1582 ms

MPF500T, TL, TS, TLS   ms

UFS CC digest run time MPF100T, TL, TS, TLS   μs

MPF200T, TL, TS, TLS 33.2 35 μs

MPF300T, TL, TS, TLS 33.2 35 μs

MPF500T, TL, TS, TLS   μs

sNVM digest run time1 MPF100T, TL, TS, TLS   ms

MPF200T, TL, TS, TLS 4.4 4.8 ms

MPF300T, TL, TS, TLS 4.4 4.8 ms

MPF500T, TL, TS, TLS   ms

UFS UL digest run time MPF100T, TL, TS, TLS   μs

MPF200T, TL, TS, TLS 46.6 48.8 μs

MPF300T, TL, TS, TLS 46.6 48.8 μs

MPF500T, TL, TS, TLS   μs

User key digest run time2 MPF100T, TL, TS, TLS   μs

MPF200T, TL, TS, TLS 525.4 543.3 μs

MPF300T, TL, TS, TLS 525.4 543.3 μs

MPF500T, TL, TS, TLS   μs
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Figure 4 • USPI Switching Characteristics

7.8.4 Tamper Detectors
The following section describes tamper detectors.

Table 91 • ADC Conversion Rate

Parameter Description Min Typ1 Max

TCONV1 Time from enable changing from zero to non-zero value to 
first conversion completes. Minimum value applies when 
POWEROFF = 0.

420 μs  470 μs

TCONVN Time between subsequent channel conversions.  480 μs  

TSETUP Data channel and output to valid asserted. Data is held until 
next conversion completes, that is >480 μs.

0 ns   

TVALID2 Width of the valid pulse. 1.625 μs  2 μs

TRATE Time from start of first set of conversions to the start of the 
next set. Can be considered as the conversion rate. Is set by 
the conversion rate parameter.

480 μs Rate × 32 μs 8128 μs

Min, typ, and max refer to variation due to functional configuration and the raw TVS value. The 
actual internal correction time will vary based on the raw TVS value.
The pulse width varies depending on the time taken to complete the internal calibration 
multiplication, this can be up to 375 ns.

Note: Once the TVS block is active, the enable signal is sampled 25 ns before the falling edge of valid. 
The next enabled channel in the sequence 0-1-2-3 is started; that is, if channel 0 has just completed and 
only channels 0 and 3 are enabled, the next channel will be 3. When all the enabled channels in the 
sequence 0-1-2-3 are completed, the TVS waits for the conversion rate timer to expire. The enable signal 
may be changed at any time if it changes to 4’b0000 while valid is asserted (and 25 ns before valid is de-
asserted), then no further conversions will be started.

Table 92 • Temperature and Voltage Sensor Electrical Characteristics

Parameter Min Typ Max Unit Condition

Temperature sensing range –40  125 °C  

Temperature sensing accuracy –10  10 °C  
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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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Table 107 • SPI Master Mode (PolarFire Master) During Device Initialization

Parameter Symbol Min Typ Max Unit Condition

SCK frequency FMSCK   40 MHz  

Table 108 • SPI Slave Mode (PolarFire Slave)

Parameter Symbol Min Typ Max Unit Condition

SCK frequency FSSCK   80 MHz  

7.10.3 SmartDebug Probe Switching Characteristics
The following table describes characteristics of SmartDebug probe switching.

Table 109 • SmartDebug Probe Performance Characteristics

Parameter Symbol V  = DD

 STD1.0 V
V  = DD

 – 11.0 V
V  = DD

 STD1.05 V
V  = DD

 – 11.05 V
Unit

Maximum frequency
of probe signal

FMAX 100 100 100 100 MHz

Minimum delay
of probe signal

TMin_delay 13 12 13 12 ns

Maximum delay
of probe signal

TMax_delay 13 12 13 12 ns

7.10.4 DEVRST_N Switching Characteristics
The following table describes characteristics of DEVRST_N switching.

Table 110 • DEVRST_N Electrical Characteristics

Parameter Symbol Min Typ Max Unit Condition

DEVRST_N ramp rate DRRAMP  10  μs It must be a normal clean digital signal,
with typical rise and fall times

DEVRST_N
assert time

DRASSERT 1   μs The minimum time for DEVRST_N assertion
to be recognized

DEVRST_N
de-assert time

DRDEASSERT 2.75   ms The minimum time DEVRST_N needs
to be de-asserted before assertion

7.10.5 FF_EXIT Switching Characteristics
The following table describes characteristics of FF_EXIT switching.

Table 111 • FF_EXIT Electrical Characteristics

Parameter Symbol Min Typ Max Unit Condition

FF_EXIT_N ramp rate FFRAMP  10  µs  

Minimum FF_EXIT_N assert 
time

FFASSERT 1   µs The minimum time for FF_EXIT_N to be 
recognized

Minimum FF_EXIT_N de-
assert time

FF
DEASSERT

170   µs The minimum time FF_EXIT_N needs to be 
de-asserted before assertion
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SigVer, DSA-2048/SHA-256 1024 9810527 10884

8K 9597000 10719

Key Agreement (KAS), DH-3072 (p=3072,
security=256)

 4920705 9338

Key Agreement (KAS), DH-3072 (p=3072,
security=256)1

 78914533 9083

With DPA counter measures.

Table 122 • NRBG

Modes Message 
Size (bits)

Athena TeraFire Crypto 
Core Clock-Cycles

CAL Delay In CPU 
Clock-Cycles

Instantiate: strength, s=256, 384-bit nonce, 384-bit 
personalization string

 18221 2841

Reseed: no additional input, s=256  13585 1180

Reseed: 384-bit additional input, s=256  15922 1342

Generate: (no additional input), prediction 
resistance enabled, s= 256

128 15262 1755

8K 27169 8223

Generate: (no additional input), prediction 
resistance disabled, s= 256

128 2138 1167

8K 14045 8223

Generate: (384-bit additional input), prediction 
resistance enabled, s= 256

128 21299 1944

8K 33206 8949

Generate: (384-bit additional input), prediction 
resistance disabled, s= 256

128 11657 1894

8K 23564 8950

Un-instantiate  761 666

With DPA counter measures.


