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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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Total RAM Bits 1869824

Number of I/O 207

Number of Gates -

Voltage - Supply 1.14V ~ 2.625V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 400-LFBGA
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Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/m2gl060ts-1vf400i

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/m2gl060ts-1vf400i-4485186
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array


DS0128 Datasheet Revision 11.0 iv

Figures

Figure 1 High Temperature Data Retention (HTR)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Figure 2 Timing Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Figure 3 Input Buffer AC Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Figure 4 Output Buffer AC Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Figure 5 Tristate Buffer for Enable Path Test Point  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Figure 6 Timing Model for Input Register  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Figure 7 I/O Register Input Timing Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Figure 8 Timing Model for Output/Enable Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Figure 9 I/O Register Output Timing Diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Figure 10 Input DDR Module  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Figure 11 Input DDR Timing Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Figure 12 Output DDR Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Figure 13 Output DDR Timing Diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Figure 14 LUT-4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Figure 15 Sequential Module  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Figure 16 Sequential Module Timing Diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Figure 17 Power-up to Functional Timing Diagram for SmartFusion2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Figure 18 Power-up to Functional Timing Diagram for IGLOO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Figure 19 DEVRST_N to Functional Timing Diagram for SmartFusion2  . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Figure 20 DEVRST_N to Functional Timing Diagram for IGLOO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Figure 21 I2C Timing Parameter Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Figure 22 SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)  . . . . . . . . . . . . . . . . . . . . . 128
Figure 23 SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)  . . . . . . . . . . . . . . . . . . . . . 131



Table 51 LVCMOS 1.8 V Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Table 52 LVCMOS 2.5 V Transmitter Characteristics for MSIOD Bank (Output and Tristate Buffers)  . . . . . 29
Table 53 LVCMOS 1.8 V Receiver Characteristics (Input Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 54 LVCMOS 1.8 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 55 LVCMOS 1.8 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 56 LVCMOS 1.8 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 57 LVCMOS 1.8 V Transmitter Characteristics for DDRIO I/O Bank with Fixed Code (Output and 

Tristate Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Table 58 LVCMOS 1.5 V DC Recommended Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 59 LVCMOS 1.5 V DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 60 LVCMOS 1.8 V Transmitter Characteristics for MSIO I/O Bank . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 61 LVCMOS 1.8 V Transmitter Characteristics for MSIOD I/O Bank  . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 62 LVCMOS 1.5 V DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 63 LVCMOS 1.5 V AC Minimum and Maximum Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 64 LVCMOS 1.5 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 65 LVCMOS 1.5 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 66 LVCMOS 1.5 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 67 LVCMOS 1.5 V Receiver Characteristics for DDRIO I/O Bank with Fixed Codes (Input Buffers)  . 34
Table 68 LVCMOS 1.5 V Receiver Characteristics for MSIO I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . 34
Table 69 LVCMOS 1.5 V Receiver Characteristics for MSIOD I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . 34
Table 70 LVCMOS 1.5 V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)  . . 34
Table 71 LVCMOS 1.5 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)  . . . 35
Table 72 LVCMOS 1.2 V DC Recommended DC Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 73 LVCMOS 1.2 V DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 74 LVCMOS 1.2 V DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 75 LVCMOS 1.2 V Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 76 LVCMOS 1.5 V Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)  . . 36
Table 77 LVCMOS 1.2 V Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input Buffers)  . . 37
Table 78 LVCMOS 1.2 V Receiver Characteristics for MSIO I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . 37
Table 79 LVCMOS 1.2 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 80 LVCMOS 1.2 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 81 LVCMOS 1.2 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 82 LVCMOS 1.2 V Receiver Characteristics for MSIOD I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . 38
Table 83 LVCMOS 1.2 V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)  . . 38
Table 84 LVCMOS 1.2 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)  . . . 38
Table 85 PCI/PCI-X DC Recommended Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 86 PCI/PCI-X DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 87 PCI/PCI-X DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 88 PCI/PCI-X Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 89 PCI/PCI-X AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 90 LVCMOS 1.2 V Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)  . . 39
Table 91 PCI/PCIX AC Switching Characteristics for Receiver for MSIO I/O Bank (Input Buffers) . . . . . . . . 40
Table 92 PCI/PCIX AC switching Characteristics for Transmitter for MSIO I/O Bank (Output and 

Tristate Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 93 HSTL Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 94 HSTL DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 95 HSTL DC Output Voltage Specification Applicable to DDRIO I/O Bank Only . . . . . . . . . . . . . . . . . 41
Table 96 HSTL DC Differential Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 97 HSTL AC Differential Voltage Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 98 HSTL Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 99 HSTL Impedance Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 100 HSTL Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input Buffers) . . . . . . . . . . 42
Table 101 HSTL Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers) . . . . . . . . . . 42
Table 102 HSTL AC Test Parameter Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Table 103 DDR1/SSTL2 DC Recommended Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 104 DDR1/SSTL2 DC Input Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 105 DDR1/SSTL2 DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 106 DDR1/SSTL2 DC Differential Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 107 SSTL2 Receiver Characteristics for DDRIO I/O Bank (Input Buffers)  . . . . . . . . . . . . . . . . . . . . . . 44
DS0128 Datasheet Revision 11.0 vi



Table 108 SSTL2 AC Differential Voltage Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Table 109 SSTL2 Minimum and Maximum AC Switching Speeds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Table 110 SSTL2 AC Impedance Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Table 111 DDR1/SSTL2 AC Test Parameter Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Table 112 SSTL2 Receiver Characteristics for MSIO I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . . . . . . . . 45
Table 113 DDR1/SSTL2 Receiver Characteristics for MSIOD I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . 45
Table 114 SSTL2 Class I Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)  . . . 45
Table 115 DDR1/SSTL2 Class I Transmitter Characteristics for MSIO I/O Bank (Output and Tristate 

Buffers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Table 116 DDR1/SSTL2 Class I Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate 

Buffers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Table 117 DDR1/SSTL2 Class II Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate 

Buffers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Table 118 SSTL18 DC Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Table 119 SSTL18 DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Table 120 SSTL18 DC Output Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Table 121 DDR1/SSTL2 Class II Transmitter Characteristics for MSIO I/O Bank (Output and Tristate 

Buffers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Table 122 DDR2/SSTL18 Receiver Characteristics for DDRIO I/O Bank with Fixed Code . . . . . . . . . . . . . . . 47
Table 123 SSTL18 DC Differential Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Table 124 SSTL18 AC Differential Voltage Specifications (Applicable to DDRIO Bank Only)  . . . . . . . . . . . . 47
Table 125 SSTL18 Minimum and Maximum AC Switching Speed (Applicable to DDRIO Bank Only)  . . . . . . 47
Table 126 SSTL18 AC Impedance Specifications (Applicable to DDRIO Bank Only) . . . . . . . . . . . . . . . . . . . 47
Table 127 SSTL18 AC Test Parameter Specifications (Applicable to DDRIO Bank Only)  . . . . . . . . . . . . . . . 47
Table 128 SSTL15 DC Recommended DC Operating Conditions (for DDRIO I/O Bank Only) . . . . . . . . . . . . 48
Table 129 SSTL15 DC Input Voltage Specification (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . . . . . . 48
Table 130 DDR2/SSTL18 Transmitter Characteristics (Output and Tristate Buffers)  . . . . . . . . . . . . . . . . . . . 48
Table 131 SSTL15 AC SSTL15 Minimum and Maximum AC Switching Speed (for DDRIO I/O Bank Only)  . 49
Table 132 SSTL15 Minimum and Maximum AC Switching Speed (for DDRIO I/O Bank Only)  . . . . . . . . . . . 49
Table 133 SSTL15 AC Calibrated Impedance Option (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . . . . 49
Table 134 SSTL15 DC Output Voltage Specification (for DDRIO I/O Bank Only) . . . . . . . . . . . . . . . . . . . . . . 49
Table 135 SSTL15 DC Differential Voltage Specification (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . 49
Table 136 DDR3/SSTL15 Receiver Characteristics for DDRIO I/O Bank – with Calibration Only  . . . . . . . . . 50
Table 137 DDR3/SSTL15 Transmitter Characteristics (Output and Tristate Buffers)  . . . . . . . . . . . . . . . . . . . 50
Table 138 SSTL15 AC Test Parameter Specifications (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . . . 50
Table 139 LPDDR DC Recommended DC Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Table 140 LPDDR DC Input Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Table 141 LPDDR DC Output Voltage Specification Reduced Drive  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Table 142 LPDDR DC Output Voltage Specification Full Drive  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Table 143 LPDDR DC Differential Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Table 144 LPDDR Receiver Characteristics for DDRIO I/O Bank with Fixed Codes  . . . . . . . . . . . . . . . . . . . 52
Table 145 LPDDR Reduced Drive for DDRIO I/O Bank (Output and Tristate Buffers)  . . . . . . . . . . . . . . . . . . 52
Table 146 LPDDR AC Differential Voltage Specifications (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . 52
Table 147 LPDDR AC Specifications (for DDRIO I/O Bank Only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Table 148 LPDDR AC Calibrated Impedance Option (for DDRIO I/O Bank Only)  . . . . . . . . . . . . . . . . . . . . . 52
Table 149 LPDDR AC Test Parameter Specifications (for DDRIO I/O Bank Only) . . . . . . . . . . . . . . . . . . . . . 52
Table 150 LPDDR-LVCMOS 1.8 V Mode Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . 53
Table 151 LPDDR-LVCMOS 1.8 V Mode DC Input Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Table 152 LPDDR-LVCMOS 1.8 V Mode DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Table 153 LPDDR-LVCMOS 1.8 V Minimum and Maximum AC Switching Speeds . . . . . . . . . . . . . . . . . . . . 53
Table 154 LPDDR-LVCMOS 1.8 V Calibrated Impedance Option  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Table 155 LPDDR Full Drive for DDRIO I/O Bank (Output and Tristate Buffers)  . . . . . . . . . . . . . . . . . . . . . . 53
Table 156 LPDDR-LVCMOS 1.8 V AC Test Parameter Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Table 157 LPDDR-LVCMOS 1.8 V Mode Transmitter Drive Strength Specification for DDRIO Bank  . . . . . . 54
Table 158 LPDDR-LVCMOS 1.8V AC Switching Characteristics for Receiver (for DDRIO I/O Bank with Fixed 

Code - Input Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Table 159 LPDDR-LVCMOS 1.8 V AC Switching Characteristics for Transmitter for DDRIO I/O Bank (Output 

and Tristate Buffers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Table 160 LVDS Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
DS0128 Datasheet Revision 11.0 vii



IGLOO2 FPGA and SmartFusion2 SoC FPGA
where  

JA
= Junction-to-air thermal resistance

JB
= Junction-to-board thermal resistance

JC
= Junction-to-case thermal resistance

TJ
= Junction temperature

TA
= Ambient temperature

TB
= Board temperature (measured 1.0 mm away from the package edge)

TC
= Case temperature

P = Total power dissipated by the device

Table 9 • Package Thermal Resistance of SmartFusion2 and IGLOO2 Devices

Device

Still Air 1.0 m/s 2.5 m/s

JB JC UnitJA

005

FG484 19.36 15.81 14.63 9.74 5.27 °C/W

VF256 41.30 38.16 35.30 28.41 3.94 °C/W

VF400 20.19 16.94 15.41 8.86 4.95 °C/W

TQ144 42.80 36.80 34.50 37.20 10.80 °C/W

010 

FG484 18.22 14.83 13.62 8.83 4.92 °C/W

VF256 37.36 34.26 31.45 24.84 7.89 °C/W

VF400 19.40 15.75 14.22 8.11 4.22 °C/W

TQ144 38.60 32.60 30.30 31.80 8.60 °C/W

025

FG484 17.03 13.66 12.45 7.66 4.18 °C/W

VF256 33.85 30.59 27.85 21.63 6.13 °C/W

VF400 18.36 14.89 13.36 7.12 3.41 °C/W

FCS325 29.17 24.87 23.12 14.44 2.31 °C/W

050

FG484 15.29 12.19 10.99 6.27 3.24 °C/W

FG896 14.70 12.50 10.90 7.20 4.90 °C/W

VF400 17.53 14.17 12.63 6.32 2.81 °C/W

FCS325 27.38 23.18 21.41 12.47 1.59 °C/W

060

FG484 15.40 12.06 10.85 6.14 3.15 °C/W

FG676 15.49 12.21 11.06 7.07 3.87 °C/W

VF400 17.45 14.01 12.47 6.22 2.69 °C/W

FCS325 27.03 22.91 21.25 12.33 1.54 °C/W

090

FG484 14.64 11.37 10.16 5.43 2.77 °C/W

FG676 14.52 11.19 10.37 6.17 3.24 °C/W

FCS325 26.63 22.26 20.13 14.24 2.50 °C/W
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2.3.2 Power Consumption
The following sections describe the power consumptions of the devices.

2.3.2.1 Quiescent Supply Current    

Table 10 • Quiescent Supply Current Characteristics

Power Supplies/Blocks

Modes and Configurations

Non-Flash*Freeze Flash*Freeze

FPGA Core On Off

VDD/SERDES_[01]_VDD1

1. SERDES_[01]_VDD Power Supply is shorted to VDD.

On On

VPP/VPPNVM On On

HPMS_MDDR_PLL_VDDA/FDDR_PLL_VDDA/ 
CCC_XX[01]_PLL_VDDA/PLL0_PLL1_HPMS_MDDR_VDD
A

0 V 0 V

SERDES_[01]_PLL_VDDA2

2. SerDes and DDR blocks to be unused.

0 V 0 V

SERDES_[01]_L[0123]_VDDAPLL/VDD_2V52 On On

SERDES_[01]_L[0123]_VDDAIIO2 On On

VDDIx
3, 4

3. VDDIx has been set to ON for test conditions as described. Banks on the east side should always be powered with 
the appropriate VDDI bank supplies. For details on bank power supplies, see “Recommendation for Unused Bank 
Supplies” table in the AC393: SmartFusion2 and IGLOO2 Board Design Guidelines Application Note.

4. No Differential (that is to say, LVDS) I/Os or ODT attributes to be used.

On On

VREFx On On

MSSDDR CLK 32 kHz 32 kHz

RAM On Sleep state

System controller 50 MHz 50 MHz

50 MHz oscillator (enable/disable) Enable Disabled

1 MHz oscillator (enable/disable) Disabled Disabled

Crystal oscillator (enable/disable) Disabled Disabled

Table 11 • SmartFusion2 and IGLOO2 Quiescent Supply Current (VDD = 1.2 V) – Typical Process

Symbol Modes 005 010 025 050 060 090 150 Unit Conditions

IDC1 Non-
Flash*Freeze

6.2 6.9 8.9 13.1 15.3 15.4 27.5 mA Typical 
(TJ = 25 °C)

24.0 28.4 40.6 67.8 80.6 81.4 144.7 mA Commercial 
(TJ = 85 °C)

35.2 41.9 60.5 102.1 121.4 122.6 219.1 mA Industrial 
(TJ = 100 °C)
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2.3.3 Average Fabric Temperature and Voltage Derating Factors
The following table lists the average temperature and voltage derating factors for fabric timing delays 
normalized to TJ = 85 °C, in worst-case VDD = 1.14 V.

Table 15 • Inrush Currents at Power up, –40 °C <= TJ <= 100 °C – Typical Process

Power Supplies Voltage (V) 005 010 025 050 060 090 150 Unit

VDD 1.26 25 32 38 48 45 77 109 mA

VPP 3.46 33 49 36 180 13 36 51 mA

VDDI 2.62 134 141 161 187 93 272 388 mA

Number of banks 7 8 8 10 10 9 19

Table 16 • Average Junction Temperature and Voltage Derating Factors for Fabric Timing Delays

Array Voltage VDD (V) –40 °C 0 °C 25 °C 70 °C 85 °C 100 °C

1.14 0.83 0.89 0.92 0.98 1.00 1.02

1.2 0.75 0.80 0.83 0.89 0.91 0.93

1.26 0.69 0.73 0.76 0.81 0.83 0.85
DS0128 Datasheet Revision 11.0 14



IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.4 Timing Model
This section describes timing model and timing parameters.

Figure 2 • Timing Model 

The following table lists the timing model parameters in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 17 • Timing Model Parameters 

Index Symbol Description –1 Unit For More Information

A TPY Propagation delay of DDR3 receiver 1.605 ns See Table 137, page 50 

B TICLKQ Clock-to-Q of the input data register 0.16 ns See Table 221, page 71 

TISUD Setup time of the input data register 0.357 ns See Table 221, page 71 

C TRCKH Input high delay for global clock 1.53 ns See Table 227, page 78 

TRCKL Input low delay for global clock 0.897 ns See Table 227, page 78 

D TPY Input propagation delay of LVDS 
receiver

2.774 ns See Table 167, page 56 

E TDP Propagation delay of a three-input AND 
gate

0.198 ns See Table 223, page 76 
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2.3.5 User I/O Characteristics
There are three types of I/Os supported in the IGLOO2 FPGA and SmartFusion2 SoC FPGA families: 
MSIO, MSIOD, and DDRIO I/O banks. The I/O standards supported by the different I/O banks is 
described in the I/Os section of the UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User 
Guide.

2.3.5.1 Input Buffer and AC Loading
The following figure shows the input buffer and AC loading.

Figure 3 • Input Buffer AC Loading

TPY
(R)

IN

Y

GND TPY
(F)

TPYS
(R)

TPYS
(F)

50%50%

PAD
Y

TPY

VIH

VCCA

VTRIPVTRIP
VIL

TPYS

TPY = MAX(TPY(R), TPY(F))

IN

TPYS = MAX(TPYS(R), TPYS(F))

Note: TPYS = Schmitt Trigger Input
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Note: For a detailed I/V curve, use the corresponding IBIS models: 
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 3.0 V

Table 34 • LVTTL/LVCMOS 3.3 V AC Test Parameter Specifications (Applicable to MSIO I/O 
Bank Only)

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 1.4 V

Resistance for enable path (TZH, TZL, THZ, TLZ) RENT 2K 

Capacitive loading for enable path (TZH, TZL, THZ, TLZ) CENT 5 pF

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 35 • LVTTL/LVCMOS 3.3 V Transmitter Drive Strength Specifications for MSIO I/O Bank

Output Drive Selection
VOH 
(V)

VOL 
(V)

IOH (at VOH) 
mA

IOL (at VOL) 
mA

2 mA VDDI – 0.4 0.4 2 2

4 mA VDDI – 0.4 0.4 4 4

8 mA VDDI – 0.4 0.4 8 8

12 mA VDDI – 0.4 0.4 12 12

16 mA VDDI – 0.4 0.4 16 16

20 mA VDDI – 0.4 0.4 20 20

Table 36 • LVTTL/LVCMOS 3.3 V Receiver Characteristics for MSIO I/O Bank (Input 
Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.262 2.663 2.289 2.695 ns

Table 37 • LVTTL/LVCMOS 3.3 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1

1. Delay increases with drive strength are inherent to built-in slew control circuitry for simultaneous switching output (SSO) 
management.

TLZ
1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2 mA Slow 3.192 3.755 3.47 4.083 2.969 3.494 1.856 2.183 3.337 3.926 ns

4 mA Slow 2.331 2.742 2.673 3.145 2.526 2.973 3.034 3.569 4.451 5.236 ns

8 mA Slow 2.135 2.511 2.33 2.741 2.297 2.703 4.532 5.331 4.825 5.676 ns

12 mA Slow 2.052 2.414 2.107 2.479 2.162 2.544 5.75 6.764 5.445 6.406 ns

16 mA Slow 2.062 2.425 2.072 2.438 2.145 2.525 5.993 7.05 5.625 6.618 ns

20 mA Slow 2.148 2.527 1.999 2.353 2.088 2.458 6.262 7.367 5.876 6.913 ns
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Table 57 • LVCMOS 1.8 V Transmitter Characteristics for DDRIO I/O Bank with Fixed Code (Output and 
Tristate Buffers)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1 TLZ

1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2 mA Slow 4.234 4.981 3.646 4.29 4.245 4.995 4.908 5.774 4.434 5.216 ns

Medium 3.824 4.498 3.282 3.861 3.834 4.511 4.625 5.441 4.116 4.843 ns

Medium fast 3.627 4.267 3.111 3.66 3.637 4.279 4.481 5.272 3.984 4.687 ns

Fast 3.605 4.241 3.097 3.644 3.615 4.253 4.472 5.262 3.973 4.674 ns

4 mA Slow 3.923 4.615 3.314 3.9 3.918 4.61 5.403 6.356 4.894 5.757 ns

Medium 3.518 4.138 2.961 3.484 3.515 4.135 5.121 6.025 4.561 5.366 ns

Medium fast 3.321 3.907 2.783 3.275 3.317 3.903 4.966 5.843 4.426 5.206 ns

Fast 3.301 3.883 2.77 3.259 3.296 3.878 4.957 5.831 4.417 5.196 ns

6 mA Slow 3.71 4.364 3.104 3.652 3.702 4.355 5.62 6.612 5.08 5.977 ns

Medium 3.333 3.921 2.779 3.27 3.325 3.913 5.346 6.289 4.777 5.62 ns

Medium fast 3.155 3.712 2.62 3.083 3.146 3.702 5.21 6.13 4.657 5.479 ns

Fast 3.134 3.688 2.608 3.068 3.125 3.677 5.202 6.12 4.648 5.468 ns

8 mA Slow 3.619 4.258 3.007 3.538 3.607 4.244 5.815 6.841 5.249 6.175 ns

Medium 3.246 3.819 2.686 3.16 3.236 3.807 5.542 6.52 4.936 5.807 ns

Medium fast 3.066 3.607 2.525 2.971 3.054 3.593 5.405 6.359 4.811 5.66 ns

Fast 3.046 3.584 2.513 2.957 3.034 3.57 5.401 6.353 4.803 5.651 ns

10 mA Slow 3.498 4.115 2.878 3.386 3.481 4.096 6.046 7.113 5.444 6.404 ns

Medium 3.138 3.692 2.569 3.023 3.126 3.678 5.782 6.803 5.129 6.034 ns

Medium fast 2.966 3.489 2.414 2.841 2.951 3.472 5.666 6.665 5.013 5.897 ns

Fast 2.945 3.464 2.401 2.826 2.93 3.448 5.659 6.658 5.003 5.886 ns

12 mA Slow 3.417 4.02 2.807 3.303 3.401 4.002 6.083 7.156 5.464 6.428 ns

Medium 3.076 3.618 2.519 2.964 3.063 3.604 5.828 6.856 5.176 6.089 ns

Medium fast 2.913 3.427 2.376 2.795 2.898 3.41 5.725 6.736 5.072 5.966 ns

Fast 2.894 3.405 2.362 2.78 2.879 3.388 5.715 6.724 5.064 5.957 ns

16 mA Slow 3.366 3.96 2.751 3.237 3.348 3.939 6.226 7.324 5.576 6.56 ns

Medium 3.03 3.565 2.47 2.906 3.017 3.55 5.981 7.036 5.282 6.214 ns

Medium fast 2.87 3.377 2.328 2.739 2.854 3.358 5.895 6.935 5.18 6.094 ns

Fast 2.853 3.357 2.314 2.723 2.837 3.338 5.889 6.929 5.177 6.09 ns

1. Delay increases with drive strength are inherent to built-in slew control circuitry for simultaneous switching output (SSO) 
management.
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Minimum and Maximum DC/AC Input and Output Levels Specification using LPDDR-LVCMOS 1.8 
V Mode         

Table 150 • LPDDR Full Drive for DDRIO I/O Bank (Output and Tristate Buffers)

TDP TENZL TENZH TENHZ TENLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

Single-ended 2.281 2.683 2.196 2.584 2.195 2.583 2.171 2.555 2.17 2.554 ns

Differential 2.298 2.703 2.288 2.692 2.288 2.692 2.593 3.051 2.593 3.051 ns

Table 151 • LPDDR-LVCMOS 1.8 V Mode Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 1.710 1.8 1.89 V

Table 152 • LPDDR-LVCMOS 1.8 V Mode DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input logic high (for MSIOD and DDRIO 
I/O banks)

VIH (DC) 0.65 × VDDI 1.89 V

DC input logic high (for MSIO I/O bank) VIH (DC) 0.65 × VDDI 3.45 V

DC input logic low VIL (DC) –0.3 0.35 × VDDI V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 153 • LPDDR-LVCMOS 1.8 V Mode DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH VDDI – 0.45 V

DC output logic low VOL 0.45 V

Table 154 • LPDDR-LVCMOS 1.8 V Minimum and Maximum AC Switching Speeds

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank) DMAX 400 Mbps AC loading: 17pf load, 8 ma 
drive and above/all slew

Table 155 • LPDDR-LVCMOS 1.8 V Calibrated Impedance Option

Parameter Symbol Typ Unit

Supported output driver calibrated 
impedance (for DDRIO I/O bank)

RODT_CAL 75, 60, 50, 33, 25, 20 
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 2.3.7.2 B-LVDS
Bus LVDS (B-LVDS) specifications extend the existing LVDS standard to high-performance multipoint 
bus applications. Multidrop and multipoint bus configurations may contain any combination of drivers, 
receivers, and transceivers. 

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 173 • B-LVDS Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Table 174 • B-LVDS DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input voltage VI 0 2.925 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC) 

Table 175 • B-LVDS DC Output Voltage Specification (for MSIO I/O Bank Only)

Parameter Symbol Min Typ Max Unit

DC output logic high VOH 1.25 1.425 1.6 V

DC output logic low VOL 0.9 1.075 1.25 V

Table 176 • B-LVDS DC Differential Voltage Specification

Parameter Symbol Min Max Unit

Differential output voltage swing (for MSIO I/O bank only) VOD 65 460  mV

Output common mode voltage (for MSIO I/O bank only) VOCM 1.1 1.5  V 

Input common mode voltage VICM 0.05 2.4 V

Input differential voltage VID 0.1 VDDI  V 

Table 177 • B-LVDS Minimum and Maximum AC Switching Speed 

Parameter Symbol Max Unit Conditions

Maximum data rate (for MSIO I/O bank) DMAX 500 Mbps AC loading: 2 pF / 100  differential load

Table 178 • B-LVDS AC Impedance Specifications 

Parameter Symbol Typ Unit

Termination resistance RT 27 

Table 179 • B-LVDS AC Test Parameter Specifications 

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP Cross point V

Resistance for enable path (TZH, TZL, THZ, TLZ) RENT 2K 

Capacitive loading for enable path (TZH, TZL, THZ, TLZ) CENT 5 pF
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Figure 7 • I/O Register Input Timing Diagram 
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Figure 9 • I/O Register Output Timing Diagram

The following table lists the output/enable propagation delays in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 220 • Output/Enable Data Register Propagation Delays 

Parameter Symbol

Measuring 
Nodes
(from, to)1

1. For the derating values at specific junction temperature and voltage supply levels, see Table 16, page 14 for derating values.

–1 –Std Unit

Bypass delay of the output/enable register TOBYP F, G or H, I 0.353 0.415 ns

Clock-to-Q of the output/enable register TOCLKQ E, G or E, I 0.263 0.309 ns

Data setup time for the output/enable register TOSUD A, E or J, E 0.19 0.223 ns

Data hold time for the output/enable register TOHD A, E or J, E 0 0 ns

Enable setup time for the output/enable register TOSUE B, E 0.419 0.493 ns

Enable hold time for the output/enable register TOHE B, E 0 0 ns

Synchronous load setup time for the output/enable register TOSUSL D, E 0.196 0.231 ns

Synchronous load hold time for the output/enable register TOHSL D, E 0 0 ns

Asynchronous clear-to-q of the output/enable register (ADn = 1) TOALN2Q C, G or C, I 0.505 0.594 ns

Asynchronous preset-to-q of the output/enable register (ADn = 0) C, G or C, I 0.528 0.621 ns

Asynchronous load removal time for the output/enable register TOREMALN C, E 0 0 ns

Asynchronous load recovery time for the output/enable register TORECALN C, E 0.034 0.04 ns

Asynchronous load minimum pulse width for the output/enable 
register

TOWALN C, C 0.304 0.357
ns

Clock minimum pulse width high for the output/enable register TOCKMPWH E, E 0.075 0.088 ns

Clock minimum pulse width low for the output/enable register TOCKMPWL E, E 0.159 0.187 ns
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TDDRIWAL Asynchronous load minimum pulse width for input 
DDR

F, F 0.304 0.357 ns

TDDRICKMPWH Clock minimum pulse width high for input DDR B, B 0.075 0.088 ns

TDDRICKMPWL Clock minimum pulse width low for input DDR B, B 0.159 0.187 ns

Table 221 • Input DDR Propagation Delays  (continued)

Symbol Description
Measuring Nodes 
(from, to) –1 –Std Unit
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Pipelined clock minimum pulse width low TPLCLKMPWL 1.125 1.323 ns

Read access time with pipeline register

TCLK2Q 

0.323 0.38 ns

Read access time without pipeline register 2.273 2.673 ns

Access time with feed-through write timing 1.511 1.778 ns

Address setup time TADDRSU 0.543 0.638 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.334 0.393 ns

Data hold time TDHD 0.082 0.096 ns

Block select setup time TBLKSU 0.207 0.244 ns

Block select hold time TBLKHD 0.216 0.254 ns

Block select to out disable time (when pipelined 
register is disabled)

TBLK2Q 1.511 1.778 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.516 0.607 ns

Read enable hold time TRDEHD 0.071 0.083 ns

Pipelined read enable setup time (A_DOUT_EN, 
B_DOUT_EN)

TRDPLESU 0.248 0.291 ns

Pipelined read enable hold time (A_DOUT_EN, 
B_DOUT_EN)

TRDPLEHD 0.102 0.12 ns

Asynchronous reset to output propagation delay TR2Q 1.507 1.773 ns

Asynchronous reset removal time TRSTREM 0.506 0.595 ns

Asynchronous reset recovery time TRSTREC 0.004 0.005 ns

Asynchronous reset minimum pulse width TRSTMPW 0.301 0.354 ns

Pipelined register asynchronous reset removal time TPLRSTREM –0.279 –0.328 ns

Pipelined register asynchronous reset recovery time TPLRSTREC 0.327 0.385 ns

Pipelined register asynchronous reset minimum pulse 
width

TPLRSTMPW 0.282 0.332 ns

Synchronous reset setup time TSRSTSU 0.226 0.265 ns

Synchronous reset hold time TSRSTHD 0.036 0.043 ns

Write enable setup time TWESU 0.458 0.539 ns

Write enable hold time TWEHD 0.048 0.057 ns

Maximum frequency FMAX 400 340 MHz

Table 233 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 4K × 4 (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
DS0128 Datasheet Revision 11.0 82



IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the RAM1K18 – two-port mode for depth × width configuration 512 × 36 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V. 

Table 236 • RAM1K18 – Two-Port Mode for Depth × Width Configuration 512 × 36

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Clock period TCY 2.5 2.941 ns

Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns

Clock minimum pulse width low TCLKMPWL 1.125 1.323 ns

Pipelined clock period TPLCY 2.5 2.941 ns

Pipelined clock minimum pulse width high TPLCLKMPWH 1.125 1.323 ns

Pipelined clock minimum pulse width low TPLCLKMPWL 1.125 1.323 ns

Read access time with pipeline register
TCLK2Q 

0.334 0.393 ns

Read access time without pipeline register 2.25 2.647 ns

Address setup time TADDRSU 0.313 0.368 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.337 0.396 ns

Data hold time TDHD 0.111 0.13 ns

Block select setup time TBLKSU 0.207 0.244 ns

Block select hold time TBLKHD 0.201 0.237 ns

Block select to out disable time (when pipelined register is 
disabled)

TBLK2Q 2.25 2.647 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.449 0.528 ns

Read enable hold time TRDEHD 0.167 0.197 ns

Pipelined read enable setup time (A_DOUT_EN, B_DOUT_EN) TRDPLESU 0.248 0.291 ns

Pipelined read enable hold time (A_DOUT_EN, B_DOUT_EN) TRDPLEHD 0.102 0.12 ns

Asynchronous reset to output propagation delay TR2Q 1.506 1.772 ns

Asynchronous reset removal time TRSTREM 0.506 0.595 ns

Asynchronous reset recovery time TRSTREC 0.004 0.005 ns

Asynchronous reset minimum pulse width TRSTMPW 0.301 0.354 ns

Pipelined register asynchronous reset removal time TPLRSTREM –0.279 –0.328 ns

Pipelined register asynchronous reset recovery time TPLRSTREC 0.327 0.385 ns

Pipelined register asynchronous reset minimum pulse width TPLRSTMPW 0.282 0.332 ns

Synchronous reset setup time TSRSTSU 0.226 0.265 ns

Synchronous reset hold time TSRSTHD 0.036 0.043 ns

Write enable setup time TWESU 0.39 0.458 ns

Write enable hold time TWEHD 0.242 0.285 ns

Maximum frequency FMAX 400 340 MHz
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The following table lists the system controller characteristics in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

Table 286 • System Controller SPI Characteristics for All Devices

Symbol Description Conditions Min Typ Unit

sp1 SC_SPI_SCK minimum period 20 ns

sp2 SC_SPI_SCK minimum pulse width high 10 ns

sp3 SC_SPI_SCK minimum pulse width low 10 ns

sp41

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. Use 
the supported I/O Configurations for the System Controller SPI in the following table.

SC_SPI_SCK, SC_SPI_SDO, 
SC_SPI_SS rise time 
(10%–90%) 1

I/O configuration: LVTTL 3.3 V–
20 mA
AC loading: 35 pF
Test conditions: Typical voltage, 
25 °C

1.239 ns

sp51 SC_SPI_SCK, SC_SPI_SDO, 
SC_SPI_SS fall time 
(10%–90%) 1

I/O configuration: LVTTL 3.3 V–
20 mA
AC loading: 35 pF
Test conditions: Typical voltage, 
25 °C

1.245 ns

sp6 Data from master (SC_SPI_SDO) setup 
time 

160 ns

sp7 Data from master (SC_SPI_SDO) hold 
time 

160 ns

sp8 SC_SPI_SDI setup time 20 ns

sp9 SC_SPI_SDI hold time 20 ns

Table 287 • Supported I/O Configurations for System Controller SPI (for MSIO Bank 
Only)

Voltage Supply I/O Drive Configuration Unit

3.3 V 20 mA

2.5 V 16 mA

1.8 V 12 mA

1.5 V 8 mA

1.2 V 4 mA
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Figure 18 • Power-up to Functional Timing Diagram for IGLOO2

2.3.25 DEVRST_N Characteristics

2.3.26 DEVRST_N to Functional Times
The following table lists the SmartFusion2 DEVRST_N to functional times in worst-case industrial 
conditions when TJ = 100 °C, VDD = 1.14 V. 

Table 290 • DEVRST_N Characteristics for All Devices

Parameter Symbol Max Unit

DEVRST_N ramp rate TRAMPDEVRSTN 1 us

DEVRST_N cycling rate FMAXPDEVRSTN 100 kHz

Table 291 • DEVRST_N to Functional Times for SmartFusion2

Symbol From To Description

Maximum Power-up to Functional Time for 
SmartFusion2 (uS)

005 010 025 050 060 090 150

TPOR2OUT POWER_ON
_RESET_N

Output 
available at 
I/O

Fabric to
output

518 501 527 521 422 419 694

TPOR2MSSRST POWER_ON
_RESET_N

MSS_RESE
T_N_M2F

Fabric to 
MSS

515 497 524 518 417 414 689

TMSSRST2OUT MSS_RESET
_N_M2F

Output 
available at 
I/O

MSS to
output

3.5 3.5 3.5 3.3 4.8 4.8 4.8

TDEVRST2OUT DEVRST_N Output 
available at 
I/O

VDD at its 
minimum 
threshold 
level to
output

706 768 715 691 641 635 871
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Figure 20 • DEVRST_N to Functional Timing Diagram for IGLOO2

2.3.27 Flash*Freeze Timing Characteristics
The following table lists the Flash*Freeze entry and exit times in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

Table 293 • Flash*Freeze Entry and Exit Times

Parameter Symbol

Entry/Exit Timing
FCLK = 100MHz

Entry/Exit 
Timing
FCLK = 3 MHz

Unit Conditions

005, 010, 025, 
060, 090, and 
150 050 All Devices

Entry time TFF_ENTRY 160 150 320
μs

eNVM and MSS/HPMS PLL = 
ON 

215 200 430
μs

eNVM and MSS/HPMS PLL= 
OFF 

Exit time with 
respect to the 
MSS PLL Lock

TFF_EXIT 100 100 140
μs

eNVM and MSS/HPMS PLL = 
ON during F*F

136 120 190

μs

eNVM = ON and MSS/HPMS 
PLL = OFF during F*F and 
MSS/HPMS PLL turned back 
on at exit

200 200 285
μs

eNVM and MSS/HPMS PLL = 
OFF during F*F and both are 
turned back on at exit

200 200 285
μs

eNVM = OFF and MSS/HPMS 
PLL = ON during F*F and 
eNVM turned back on at exit
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