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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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Product Status Active

Number of LABs/CLBs -

Number of Logic Elements/Cells 109000

Total RAM Bits 7782400

Number of I/O 170

Number of Gates -

Voltage - Supply 0.97V ~ 1.08V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 100°C (TJ)

Package / Case 325-LFBGA, FCBGA

Supplier Device Package 325-FCBGA (11x11)
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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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5 Silicon Status
There are three silicon status levels:

Advanced—initial estimated information based on simulations
Preliminary—information based on simulation and/or initial characterization
Production—final production silicon data

The following table shows the status of the PolarFire FPGA device.

Table 2 • PolarFire FPGA Silicon Status

Device Silicon Status

MPF100T, TL, TS, TLS Preliminary

MPF200T, TL, TS, TLS Preliminary

MPF300T, TL, TS, TLS Preliminary

MPF500T, TL, TS, TLS Preliminary
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1.  

2.  

6 DC Characteristics
This section lists the DC characteristics of the PolarFire FPGA device.

6.1 Absolute Maximum Rating
The following table lists the absolute maximum ratings for PolarFire devices.

Table 3 • Absolute Maximum Rating

Parameter Symbol Min Max Unit

FPGA core power supply VDD –0.5 1.13 V

Transceiver Tx and Rx lanes supply VDDA –0.5 1.13 V

Programming and HSIO receiver supply VDD18 –0.5 2.0 V

FPGA core and FPGA PLL high-voltage supply VDD25 –0.5 2.7 V

Transceiver PLL high-voltage supply VDDA25 –0.5 2.7 V

Transceiver reference clock supply VDD_XCVR_CLK –0.5 3.6 V

Global V  for transceiver reference clocksREF XCVRVREF –0.5 3.6 V

HSIO DC I/O supply2 VDDIx –0.5 2.0 V

GPIO DC I/O supply2 VDDIx –0.5 3.6 V

Dedicated I/O DC supply for JTAG and SPI VDDI3 –0.5 3.6 V

GPIO auxiliary power supply for I/O bank x2 VDDAUXx –0.5 3.6 V

Maximum DC input voltage on GPIO VIN –0.5 3.8 V

Maximum DC input voltage on HSIO VIN –0.5 2.2 V

Transceiver Receiver absolute input voltage Transceiver VIN –0.5 1.26 V

Transceiver Reference clock absolute input voltage Transceiver REFCLK VIN –0.5 3.6 V

Storage temperature (ambient)1 TSTG –65 150 °C

Junction temperature1 TJ –55 135 °C

Maximum soldering temperature RoHS TSOLROHS  260 °C

Maximum soldering temperature leaded TSOLPB  220 °C

See  for retention time vs. temperature. The FPGA Programming Cycles vs Retention Characteristics
total time used in calculating the device retention includes storage time and the device stored 
temperature.
The power supplies for a given I/O bank x are shown as VDDIx and VDDAUXx.

6.2 Recommended Operating Conditions
The following table lists the recommended operating conditions.

Table 4 • Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

FPGA core supply at 1.0 V mode1 VDD 0.97 1.00 1.03 V

FPGA core supply at 1.05 V mode1 VDD 1.02 1.05 1.08 V

Transceiver TX and RX lanes supply at 1.0 V mode 
(when all lane rates are 10.3125 Gbps or less)1

VDDA 0.97 1.00 1.03 V

http://documentation.microsemi.net:8090/display/POLARFIRE/DS0143+Non-Volatile+Characteristics#DS0143Non-VolatileCharacteristics-FPGAProgrammingCyclesvsRetentionCharacteristics
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1.  
2.  
3.  

a.  
b.  
c.  
d.  

4.  
5.  
6.  

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)

HCSL256 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

HCSL185 HSIO Mid (default) 0.6 1.0 1.65 0.1 0.55 1.1

Low 0.05 0.4 0.8 0.1 0.55 1.1

BUSLVDSE25 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.1 VDDIn

Low 0.05 0.4 0.8 0.05 0.1 VDDIn

MLVDSE25 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.35 2.4

Low 0.05 0.4 0.8 0.05 0.35 2.4

LVPECL33 GPIO Mid (default) 0.6 1.65 2.35 0.05 0.8 2.4

Low 0.05 0.4 0.8 0.05 0.8 2.4

LVPECLE33 GPIO Mid (default) 0.6 1.65 2.35 0.05 0.8 2.4

Low 0.05 0.4 0.8 0.05 0.8 2.4

MIPI25 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.2 0.3

Low 0.05 0.2 0.8 0.05 0.2 0.3

V  is the input common mode.ICM

V  is the input differential voltage.ID

V  rules are as follows:ICM

V  must be less than V  – 0.4 V;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

Any differential input with V  ≤0.6 V requires the low common mode setting in Libero ICM

(VICM_RANGE=LOW).
VDDI = 1.8 V, VDDAUX = 2.5 V.
HSIO receiver only.
GPIO receiver only.

Table 15 • Differential DC Output Levels

I/O 
Standard

Bank
Type

VOCM1

Min (V)
VOCM

Typ (V)
VOCM

Max (V)
VOD2

Min (V)
VOD2

Typ (V)
VOD2

Max (V)

LVDS33 GPIO  1.2  0.25 0.35 0.45

LVDS25 GPIO  1.2  0.25 0.35 0.45

LCMDS33 GPIO  0.6  0.25 0.35 0.45

LCMDS25 GPIO  0.6  0.25 0.35 0.45

RSDS33 GPIO  1.2  0.17 0.2 0.23

RSDS25 GPIO  1.2  0.17 0.2 0.23

MINILVDS33 GPIO  1.2  0.3 0.4 0.6

MINILVDS25 GPIO  1.2  0.3 0.4 0.6

SUBLVDS33 GPIO  0.9  0.1 0.15 0.3

SUBLVDS25 GPIO  0.9  0.1 0.15 0.3

PPDS33 GPIO  0.8  0.17 0.2 0.23

PPDS25 GPIO  0.8  0.17 0.2 0.23

SLVSE153 GPIO, 
HSIO

 0.2  0.12 0.135 0.15

BUSLVDSE253 GPIO  1.25  0.24 0.262 0.272
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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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Standard Description VL1 VH1 VID2 VICM2 VMEAS3, 4 VREF1, 5 Unit

SLVS25 SLVS 2.5 V V  –ICM

.125
V  +ICM

.125
0.250 0.200 0  V

SLVS18 SLVS 1.8 V V  –ICM

.125
V  +ICM

.125
0.250 0.200 0  V

HCSL33 High-speed 
current 
steering logic 
(HCSL) 3.3 V

V  –ICM

.125
V  +ICM

.125
0.250 0.350 0  V

HCSL25 HCSL 2.5 V V  –ICM

.125
V  +ICM

.125
0.250 0.350 0  V

HCSL18 HCSL 1.8 V V  –ICM

.125
V  +ICM

.125
0.250 0.350 0  V

BLVDSE256 Bus LVDS
2.5 V

V  –ICM

.125
V  +ICM

.125
0.250 1.250 0  V

MLVDSE256 Multipoint 
LVDS 2.5 V

V  –ICM

.125
V  +ICM

.125
0.250 1.250 0  V

LVPECL33 Low-voltage 
positive 
emitter 
coupled logic

V  –ICM

.125
V  +ICM

.125
0.250 1.650 0  V

LVPECLE336 Low-voltage 
positive 
emitter 
coupled logic

V  –ICM

.125
V  +ICM

.125
0.250 1.650 0  V

SSTL25I Differential 
SSTL 2.5 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 1.250 0  V

SSTL25II Differential 
SSTL 2.5 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 1.250 0  V

SSTL18I Differential 
SSTL 1.8 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.900 0  V

SSTL18II Differential 
SSTL 1.8 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.900 0  V

SSTL15 Differential 
SSTL 1.5 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.750 0  V

SSTL135 Differential 
SSTL 1.5 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.750 0  V

HSTL15I Differential 
HSTL 1.5 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.750 0  V

HSTL15II Differential 
HSTL 1.5 V 
Class II

V  –ICM

.125
V  +ICM

.125
0.250 0.750 0  V

HSTL135I Differential 
HSTL 1.35 V 
Class I

V  –ICM

.125
V  +ICM

.125
0.250 0.675 0  V
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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.  

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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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.  

1.  

7.1.5 Maximum PHY Rate for Memory Interface IP
The following tables provide information about the maximum PHY rate for memory interface IP.

Table 28 • Maximum PHY Rate for Memory Interfaces IP for HSIO Banks

Memory 
Standard

Gearing 
Ratio

VDDAUX VDDI STD
(Mbps)

–1
(Mbps)

Fabric 
STD 
(MHz)

–1 Fabric 
(MHz)

DDR4 8:1 1.8 V 1.2 V 1333 1600 167 200

DDR3 8:1 1.8 V 1.5 V 1067 1333 133 167

DDR3L 8:1 1.8 V 1.35 V 1067 1333 133 167

LPDDR3 8:1 1.8 V 1.2 V 1067 1333 133 167

QDRII+ 8:1 1.8 V 1.5 V 900 1100 112.5 137.5

RLDRAM31 8:1 1.8 V 1.35 V 1067 1067 133 133

RLDRAM31 4:1 1.8 V 1.35 V 667 800 167 200

RLDRAM31 2:1 1.8 V 1.35 V 333 400 167 200

RLDRAM21 8:1 1.8 V 1.8 V 800 1067 100 133

RLDRAM21 4:1 1.8 V 1.8 V 667 800 167 200

RLDRAM21 2:1 1.8 V 1.8 V 333 400 167 200

RLDRAM2 and RLDRAM3 are not supported with a soft IP controller currently.

Table 29 • Maximum PHY Rate for Memory Interfaces IP for GPIO Banks

Memory 
Standard

Gearing 
Ratio

VDDAUX VDDI STD
(Mbps)

–1
(Mbps)

Fabric 
STD 
(MHz)

Fabric –1 
(MHz)

DDR3 8:1 2.5 V 1.5 V 800 1067 100 133

QDRII+ 8:1 2.5 V 1.5 V 900 900 113 113

RLDRAM21 4:1 2.5 V 1.8 V 800 800 200 200

RLDRAM21 2:1 2.5 V 1.8 V 400 400 200 200

RLDRAM2 is currently not supported with a soft IP controller.
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Parameter Interface Name Topology STD 
Min

STD
Typ

STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit Clock-to-
Data 
Condition

F  4:1MAX RX_DDRX_B_A Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
aligned

F  8:1MAX RX_DDRX_B_A Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
aligned 

F  2:1MAX RX_DDRX_B_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered

F  4:1MAX RX_DDRX_B_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered

F  8:1MAX RX_DDRX_B_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered

F  2:1MAX RX_DDRX_BL_A Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
aligned

F  4:1MAX RX_DDRX_BL_A Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
aligned

F  8:1MAX RX_DDRX_BL_A Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
aligned

F  2:1MAX RX_DDRX_BL_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered

F  4:1MAX RX_DDRX_BL_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered
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1.  

Parameter Interface Name Topology STD 
Min

STD
Typ

STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit Clock-to-
Data 
Condition

F  8:1MAX RX_DDRX_BL_C Rx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock 
source, 
centered

Table 32 • I/O Digital Transmit Single-Data Rate Switching Characteristics

Parameter Interface 
Name

Topology STD 
Min

STD
Typ

STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit Forwarded 
Clock-to-Data 
Skew

Output 
FMAX

TX_SDR_G_A Tx SDR       MHz From a global 
clock source, 
aligned1

TX_SDR_G_C Tx SDR       MHz From a global 
clock source, 
centered1

A centered clock-to-data interface can be created with a negedge launch of the data.

Table 33 • I/O Digital Transmit Double-Data Rate Switching Characteristics

Parameter Interface 
Name

Topology STD 
Min

STD
Typ

STD
Max

 –1
Min

 –1
Typ

 –1
Max

Unit Forwarded 
Clock-to-
Data Skew

Output 
F  MAX

TX_DDR_G_A Tx DDR   335   335 MHz From a 
global clock 
source, 
aligned

TX_DDR_G_C Tx DDR   335   335 MHz From a 
global clock 
source, 
centered

TX_DDR_L_A Tx DDR   250   250 MHz From a lane 
clock source, 
aligned

TX_DDR_L_C Tx DDR   250   250 MHz From a lane 
clock source, 
centered

Output 
F  2:1MAX

TX_DDRX_B_A Tx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock source, 
aligned

Output 
F  4:1MAX

TX_DDRX_B_A Tx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock source, 
aligned

Output 
F  8:1MAX

TX_DDRX_B_A Tx DDR 
digital 
mode

      MHz From a 
HS_IO_CLK 
clock source, 
aligned
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1.  

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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1.  
2.  
3.  

4.  
5.  

6.  
7.  
8.  
9.  

Parameter Symbol Min Typ Max Unit

Maximum input period clock 
jitter (reference and 
feedback clocks)2

FMAXINJ  120 1000 ps

PLL VCO frequency FVCO 800  5000 MHz

Loop bandwidth (Int)3 FBW F /55PHDET F /44PHDET F /30PHDET MHz

Loop bandwidth (FRAC)3 FBW F /91PHDET F /77PHDET F /56PHDET MHz

Static phase offset of the 
PLL outputs4

TSPO   Max (±60 ps, 
±0.5 degrees)

ps

TOUTJITTER    ps

PLL output duty cycle 
precision

TOUTDUTY 48  54 %

PLL lock time5 TLOCK   Max (6.0 μs, 
625 PFD cycles)

μs

PLL unlock time6 TUNLOCK 2  8 PFD 
cycles

PLL output frequency FOUT 0.050  1250 MHz

Minimum reset pulse width TMRPW    μs

Maximum delay in the 
feedback path7

FMAXDFB   1.5 PFD 
cycles

Spread spectrum 
modulation spread8

Mod_Spread 0.1  3.1 %

Spread spectrum 
modulation frequency9

Mod_Freq F /(128x63)PHDETF 32 F /(128)PHDETF KHz

Minimum time for high or low pulse width.
Maximum jitter the PLL can tolerate without losing lock.
Default bandwidth setting of BW_PROP_CTRL = "01" for Integer and Fraction modes leads to the 
typical estimated bandwidth. This bandwidth can be lowered by setting BW_PROP_CTRL = "00" and 
can be increased if BW_PROP_CTRL = "10" and will be at the highest value if BW_PROP_CTRL = "11".
Maximum (±3-Sigma) phase error between any two outputs with nominally aligned phases.
Input clock cycle is REFDIV/F . For example, F  = 25 MHz, REFDIV = 1, lock time = 10.0 (assumes REF REF

LOCKCOUNTSEL setting = 4'd8 (256 cycles)).
Unlock occurs if two cycle slip within LOCKCOUNT/4 PFD cycles.
Maximum propagation delay of external feedback path in deskew mode.
Programmable capability for depth of down spread or center spread modulation.
Programmable modulation rate based on the modulation divider setting (1 to 63).

Note: In order to meet all data sheet specifications, the PLL must be programmed such that the PLL Loop 
Bandwidth < (0.0017 * VCO Frequency) – 0.4863 MHz. The Libero PLL configuration tool will enforce this 
rule when creating PLL configurations.

7.2.3 DLL
The following table provides information about DLL.

Table 38 • DLL Electrical Characteristics

Parameter  1 Symbol Min Typ Max Unit

Input reference clock frequency FINF 133  800 MHz

Input feedback clock frequency FINFDBF 133  800 MHz

Primary output clock frequency FOUTPF 133  800 MHz
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Parameter Symbol Min Typ Max Unit

Operating current (V )DD18 RCSCVPP   0.1 µA

Operating current (V )DD RCSCVDD   60.7 µA
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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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1.  

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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Devices IAP FlashPro4 FlashPro5 BP Silicon Sculptor Units

MPF500T, TL, TS, TLS       

Notes:

FlashPro4 4 MHz TCK.
FlashPro5 10 MHz TCK.
PC configuration: Intel i7 at 3.6 GHz, 32 GB RAM, Windows 10.

Table 83 • Verify System Services

Parameter Symbol ServiceID Devices Typ Max Unit

In application verify by index TIAP_Ver_Index 44H MPF100T, TL, TS, TLS   s

MPF200T, TL, TS, TLS 8.2 9 s

MPF300T, TL, TS, TLS 12.4 13 s

MPF500T, TL, TS, TLS s

In application verify by SPI address TIAP_Ver_Addr 45H MPF100T, TL, TS, TLS s

MPF200T, TL, TS, TLS 8.2 9 s

MPF300T, TL, TS, TLS 12.4 13 s

MPF500T, TL, TS, TLS   s

7.6.8 Authentication Time
The following tables describe authentication system service time.

Table 84 • Authentication Services

Parameter Symbol ServiceID Devices Typ Max Unit

Bitstream Authentication TBIT_AUTH 22H MPF100T, TL, TS, TLS   s

MPF200T, TL, TS, TLS 3.3 3.7 s

MPF300T, TL, TS, TLS 4.9 5.4 s

MPF500T, TL, TS, TLS s

IAP Image Authentication TIAP_AUTH 23H MPF100T, TL, TS, TLS s

MPF200T, TL, TS, TLS 3.3 3.7 s

MPF300T, TL, TS, TLS 4.9 5.4 s

MPF500T, TL, TS, TLS    

7.6.9 Secure NVM Performance
The following table describes secure NVM performance.

Table 85 • sNVM Read/Write Characteristics

Parameter Symbol Min Typ Max Unit Conditions

Plain text programming  7.0 7.2 7.9 ms  

Authenticated text programming  7.2 7.4 9.4 ms  

Authenticated and encrypted text programming  7.2 7.4 9.4 ms  

Authentication R/W 1st access from power-up 
overhead

TPUF_OVHD  100 111 ms From
TFAB_READY

Plain text read  7.67 7.79 8.2 μs  
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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


