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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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Revision History
1.9 Revision 3.0
In revision 3.0 of this document, the Theta B/C columns and FCS325 package was updated. For more 
information, see Table 9, page 10 (SAR 62002).

1.10 Revision 2.0
The following is a summary of the changes in revision 2.0 of this document.

• Table 1, page 4 was updated (SAR 59056).
• Table 7, page 8 temperature and data retention information was updated SAR (61363).
• Storage Operating Table was updated and split into three tables – Table 5, page 7, Table 7, page 8 

(SAR 58725).
• Updated Theta B/C columns and FCS325 package in Table 9, page 10 (SAR 62002). 
• Added 090-FCS325 thermal resistance to Table 9, page 10 (SAR 59384).
• TQ144 package was added to Table 9, page 10 (SAR 57708).
• Added PLL jitter data for the VF400 package (SAR 53162).
• Added Additional Worst Case IDD to Table 11, page 12 and Table 12, page 13 (SAR 59077).
• Table 13, page 13, Table 14, page 13, and Table 15, page 14 were added to verify Inrush currents 

(SAR 56348).
• Table 18, page 19 and Table 21, page 20 – I/O speeds were replaced.
• Max speed was changed in Table 41, page 26 (SAR 57221) and in Table 52, page 29 (SAR 57113).
• Minimum and Maximum DC/AC Input and Output Levels Specification, page 29 and 

Table 49, page 29–Table 57, page 31 were added.
• Added Cload to Table 89, page 39 (SAR 56238).
• Removed "Rs" information in DDR Timing Measurement Table 123, page 47, Table 133, page 49, 

and Table 144, page 52.
• Updated drive programming for M/B-LVDS outputs (SAR 58154).
• Added an inverter bubble to DDR_IN latch in Figure 10, page 70 (SAR 61418).
• QF waveform in Figure 11, page 71 was updated (SAR 59816).
• uSRAM Write Clock minimum values were updated in Table 237, page 86–Table 243, page 93 (SAR 

55236).
• Fixed typo in the 32 kHz Crystal (XTAL) oscillator accuracy data section (SAR 59669).
• The "On-Chip Oscillator" section was split, and the Embedded NVM (eNVM) Characteristics, 

page 104 was added. Table 277, page 107–Table 281, page 109 were revised.(SARs 57898 and 
59669).

• PLL VCP Frequency and conditions were added to Table 282, page 110 (SAR 57416).
• Fixed typo for PLL jitter data in the 100-400 MHz range (SAR 60727).
• Updated FCCC information in Table 282, page 110 and Table 283, page 111 (SAR 60799).
• Device 025 specifications were added to Table 283, page 111 (SAR 51625).
• JTAG Table 284, page 112 was replaced (SAR 51188).
• Flash*Freeze Table 293, page 119 was replaced (SAR 57828).
• Added support for HCSL I/O Standard for SERDES reference clocks in Table 300, page 123 and 

Table 301, page 123 (SAR 50748).
• Tir and Tif parameters were added to Table 303, page 124 (SAR 52203).
• Speed grade consistency was fixed in tables throughout the datasheet (SAR 50722).
• Added jitter attenuation information (SAR 59405).

1.11 Revision 1.0
The following is a summary of the changes in revision 1.0 of this document.

• The IGLOO2 v2 and the SmartFusion2 v5 datasheets are combined into this single product family 
datasheet.
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the CCC/PLL jitter specifications in worst-case industrial conditions when 
TJ = 100 °C, V DD = 1.14 V.

1. The minimum output clock frequency is limited by the PLL. For more information, see UG0449: SmartFusion2 and IGLOO2 
Clocking Resources User Guide.

2. The PLL is used in conjunction with the Clock Conditioning Circuitry. Performance is limited by the CCC output frequency.

Table 283 � IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Jitter Specifications

CCC Output Maximum Peak -to-Peak Period Jitter F OUT_CCC

Parameter Conditions/Package Combinations Unit 

10 FG484, 050 
FG896/FG484/FCS325 
Packages 1

SSO = 0 0 < SSO <= 2 SSO <= 4 SSO <=  8 SSO <= 16

20 MHz to 100 MHz Max(110, – 1% x 
(1/FOUT_CCC))

Max(150, – 1% x (1/FOUT_CCC)) ps

100 MHz to 400 MHz Max(120, – 1% x 
(1/FOUT_CCC))

Max(150, – 1% x (1/FOUT_CCC)) Max(170, – 1% x 
(1/FOUT_CCC))

ps

025 FG484/FCS325 
Package 1

0 < SSO <=16

20 MHz to 74 MHz – 1% x (1/FOUT_CCC)) ps

74 MHz to 400 MHz 210 ps

005 FG484 Package 1 0 < SSO <=16

20 MHz to 53 MHz – 1% x (1/FOUT_CCC)) ps

53 MHz to 400 MHz 270 ps

090 FG676 and FC325 
Package 1

0 < SSO <=16

20 MHz to 100 MHz – 1% x (1/FOUT_CCC)) ps

100 MHz to 400 MHz 150 ps

060 FG676 Package 1

1. SSO data is based on LVCMOS 2.5 V MSIO and/or MSIOD bank I/Os.

0 < SSO <=16

20 MHz to 100 MHz – 1% x (1/FOUT_CCC) ps

100 MHz to 400 MHz 150

150 FC1152 Package 1 0 < SSO <=16

20 MHz to 100 MHz – 1% x (1/FOUT_CCC)) ps

100 MHz to 400 MHz 120 ps
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Figure 17 � Power-up to Functional Timing Diagram for SmartFusion2

The following table lists the IGLOO2 power-up to functional times in worst-case industrial conditions 
when TJ = 100 °C, V DD = 1.14 V. 

Note: For more information about power-up times, see UG0448: IGLOO2 FPGA High Performance Memory 
Subsystem User Guide.

Table 289 � Power-up to Functional Times for IGLOO2

Symbol From To Description

Maximum Power-up to Functional Time for IGLOO2 
(uS)

005 010 025 050 060 090 150

TPOR2OUT POWER_ON
_RESET_N

Output 
available at 
I/O

Fabric to
output

114 114 114 113 114 114 114

TVDD2OUT VDD Output 
available at 
I/O

VDD at its 
minimum 
threshold level 
to output

2587 2600 2607 2558 2591 2600 2699

TVDD2POR VDD POWER_ON_
RESET_N

VDD at its 
minimum 
threshold level 
to fabric

2474 2486 2493 2445 2477 2486 2585

TVDD2WPU DEVRST_N DDRIO Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2500 2487 2509 2475 2507 2519 2617

DEVRST_N MSIO Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2504 2491 2510 2478 2517 2525 2620

DEVRST_N MSIOD Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2479 2468 2493 2458 2486 2499 2595
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.31.2 SmartFusion2 Inte r-Integrated Circuit (I 2C) Characteristics
This section describes the DC and switching of the IC interface. Unless otherwise noted, all output 
characteristics given are for a 100 pF load on the pins. For timing parameter definitions, see Figure 21, 
page 125.

The following table lists the I2C characteristics in worst-case industrial conditions when TJ = 100 °C, 
VDD = 1.14 V

Table 303 � I2C Characteristics

Parameter Symbol Min Typ Max Unit Conditions

Input low voltage VIL �0.3 0.8 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank�LVTTL 8 mA low drive.

Input high voltage VIH 2 3.45 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank�LVTTL 8 mA low drive.

Hysteresis of schmitt 
triggered inputs for VDDI > 
2 V

VHYS 0.05 × V DDI V See Table 28, page 23 for more 
information.

Input current high IIL 10 µA See Single-Ended I/O Standards, 
page 24 for more information.

Input current low IIH 10 µA See Single-Ended I/O Standards, 
page 24 for more information.

Input rise time Tir 1000 ns Standard mode

300 ns Fast mode

Input fall time Tif 300 ns Standard mode

300 ns Fast mode

Maximum output voltage 
low (open drain) at 3 mA 
sink current for VDDI > 2 V

VOL 0.4 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank�LVTTL 8 mA low drive.

Pin capacitance Cin 10 pF VIN = 0, f = 1.0 MHz

Output fall time from 
VIHMin to VILMax1

tOF
1 21.04 ns VIHmin to VILMax, CLOAD = 400 pF

5.556 ns VIHmin to VILMax, CLOAD = 100 pF

Output rise time from 
VILMax to VIHMin1

tOR 
1 19.887 ns VILMax to VIHmin, CLOAD = 400 pF

5.218 ns VILMax to VIHmin, CLOAD = 100 pF

Output buffer maximum 
pull-down resistance2, 3

Rpull-up
2,3 50 

Output buffer maximum 
pull-up resistance2, 4 

Rpull-down
2,4 131.25 
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
sp5 SPI_[0|1]_CLK, SPI_[0|1]_DO, 
SPI_[0|1]_SS fall time (10%�
90%)1

2.906 ns IO Configuration: 
LVCMOS 2.5 V-8 mA
AC Loading: 35 pF
Test Conditions: 
Typical Voltage, 
25 °C

SPI master configuration (applicable for 005, 010, 025, and 050 devices)

sp6m SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) � 8.0 ns

sp7m SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) � 2.5 ns

sp8m SPI_[0|1]_DI setup time2 12 ns

sp9m SPI_[0|1]_DI hold time2 2.5 ns

SPI slave configuration (applicable for 005, 010, 025, and 050 devices)

sp6s SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) � 
17.0

ns

sp7s SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) + 3.0 ns

sp8s SPI_[0|1]_DI setup time2 2 ns

sp9s SPI_[0|1]_DI hold time2 7 ns

SPI master configuration (applicable for 060, 090, and 150 devices)

sp6m SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) � 7.0 ns

sp7m SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) � 9.5 ns

sp8m SPI_[0|1]_DI setup time2 15 ns

sp9m SPI_[0|1]_DI hold time2 -�2.5 ns

SPI slave configuration (applicable for 060, 090, and 150 devices)

sp6s SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) � 
16.0

ns

sp7s SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) - 3.5 ns

sp8s SPI_[0|1]_DI setup time2 3 ns

sp9s SPI_[0|1]_DI hold time2 2.5 ns

1. For specific Rise/Fall Times board design considerations and detailed output buffer resistances, use the corresponding IBIS 
models located on the Microsemi SoC Products Group website: http://www.microsemi.com/soc/download/ibis/default.aspx.

2. For allowable pclk configurations, see Serial Peripheral Interface Controller section in the UG0331: SmartFusion2 Microcontroller 
Subsystem User Guide.

Table 305 � SPI Characteristics for All Devices  (continued)

Symbol Description Min Typ Max Unit Conditions
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