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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.

Details

Product Status Obsolete

Number of LABs/CLBs -

Number of Logic Elements/Cells 99512

Total RAM Bits 3637248

Number of I/O 574

Number of Gates -

Voltage - Supply 1.14V ~ 2.625V

Mounting Type Surface Mount

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

Package / Case 1152-BBGA, FCBGA

Supplier Device Package 1152-FCBGA (35x35)

Purchase URL https://www.e-xfl.com/product-detail/microsemi/m2gl100t-1fcg1152i

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/m2gl100t-1fcg1152i-4495170
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array


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



Table 214 LVPECL Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Table 215 LVPECL Receiver Characteristics for MSIO I/O Bank  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Table 216 LVPECL DC Input Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Table 217 LVPECL DC Differential Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Table 218 LVPECL Minimum and Maximum AC Switching Speeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Table 219 Input Data Register Propagation Delays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Table 220 Output/Enable Data Register Propagation Delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Table 221 Input DDR Propagation Delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Table 222 Output DDR Propagation Delays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
Table 223 Combinatorial Cell Propagation Delays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Table 224 Register Delays  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Table 225 150 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Table 226 090 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Table 227 050 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Table 228 025 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Table 229 010 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Table 230 005 Device Global Resource  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Table 231 RAM1K18 – Dual-Port Mode for Depth × Width Configuration 1K × 18 . . . . . . . . . . . . . . . . . . . . . 79
Table 232 RAM1K18 – Dual-Port Mode for Depth × Width Configuration 2K × 9 . . . . . . . . . . . . . . . . . . . . . . 80
Table 233 RAM1K18 – Dual-Port Mode for Depth × Width Configuration 4K × 4 . . . . . . . . . . . . . . . . . . . . . . 81
Table 234 RAM1K18 – Dual-Port Mode for Depth × Width Configuration 8K × 2 . . . . . . . . . . . . . . . . . . . . . . 83
Table 235 RAM1K18 – Dual-Port Mode for Depth × Width Configuration 16K × 1 . . . . . . . . . . . . . . . . . . . . . 84
Table 236 RAM1K18 – Two-Port Mode for Depth × Width Configuration 512 × 36  . . . . . . . . . . . . . . . . . . . . 85
Table 237 µSRAM (RAM64x18) in 64 × 18 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Table 238 µSRAM (RAM64x16) in 64 × 16 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Table 239 µSRAM (RAM128x9) in 128 × 9 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Table 240 µSRAM (RAM128x8) in 128 × 8 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Table 241 µSRAM (RAM256x4) in 256 × 4 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Table 242 µSRAM (RAM512x2) in 512 × 2 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Table 243 µSRAM (RAM1024x1) in 1024 × 1 Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Table 244 JTAG Programming (Fabric Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Table 245 JTAG Programming (eNVM Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Table 246 JTAG Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Table 247 2 Step IAP Programming (Fabric Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Table 248 2 Step IAP Programming (eNVM Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Table 249 2 Step IAP Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Table 250 SmartFusion2 Cortex-M3 ISP Programming (Fabric Only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Table 251 SmartFusion2 Cortex-M3 ISP Programming (eNVM Only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Table 252 SmartFusion2 Cortex-M3 ISP Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . . 97
Table 253 Programming Times with 100 kHz, 25 MHz, and 12.5 MHz SPI Clock Rates (Fabric Only)  . . . . . 97
Table 254 Programming Times with 100 kHz, 25 MHz, and 12.5 MHz SPI Clock Rates (eNVM Only)  . . . . . 97
Table 255 Programming Times with 100 kHz, 25 MHz, and 12.5 MHz SPI Clock Rates (Fabric and eNVM) . 98
Table 256 JTAG Programming (Fabric Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Table 257 JTAG Programming (eNVM Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Table 258 JTAG Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Table 259 2 Step IAP Programming (Fabric Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Table 260 2 Step IAP Programming (eNVM Only)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Table 261 2 Step IAP Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Table 262 SmartFusion2 Cortex-M3 ISP Programming (Fabric Only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Table 263 SmartFusion2 Cortex-M3 ISP Programming (eNVM Only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Table 264 SmartFusion2 Cortex-M3 ISP Programming (Fabric and eNVM) . . . . . . . . . . . . . . . . . . . . . . . . . 101
Table 265 Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (Fabric Only)  . . . . 102
Table 266 Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (eNVM Only)  . . . . 102
Table 267 Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (Fabric and eNVM) 102
Table 268 Math Blocks with all Registers Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Table 269 Math Block with Input Bypassed and Output Registers Used  . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Table 270 Math Block with Input Register Used and Output in Bypass Mode . . . . . . . . . . . . . . . . . . . . . . . . 104
Table 271 Math Block with Input and Output in Bypass Mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Table 272 eNVM Read Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
DS0128 Datasheet Revision 11.0 ix



Revision History
• Added Table 244, page 94 and Table 256, page 99 (SAR 73971).
• Updated the SerDes Electrical and Timing AC and DC Characteristics, page 121 (SAR 71171).
• Added the DEVRST_N Characteristics, page 116 (SAR 64100, 72103).
• Added Table 298, page 122 (SAR 71897).
• Updated Table 25, page 22, Table 26, page 23, and Table 27, page 23 (SAR 74570).
• Added 060 devices in Table 277, page 107, Table 278, page 108, and Table 279, page 108 (SAR 

57898).
• Updated duty cycle parameter of crystal in Table 280, page 109 and Table 281, page 109 (SAR 

57898).
• Added 32 KHz mode PLL acquisition time in Table 282, page 110 (SAR 68281).
• Updated Table 293, page 119 for 060 devices (SAR 57828).
• Updated Table 297, page 122 for CID value (SAR 70878).

1.4 Revision 8.0
The following is a summary of the changes in revision 8.0 of this document.

• Updated Table 11, page 12 (SAR 69218).
• Updated Table 12, page 13 (SAR 69218).
• Updated Table 283, page 111 (SAR 69000).

1.5 Revision 7.0
The following is a summary of the changes in revision 7.0 of this document.

• Updated Table 1, page 4(SAR 68620).

1.6 Revision 6.0
The following is a summary of the changes in revision 6.0 of this document.

• Updated Table 5, page 7 (SAR 65949).
• Updated Table 9, page 10 (SAR 62995).
• Updated Table 123, page 47 and Table 133, page 49 (SAR 67210).
• Added Embedded NVM (eNVM) Characteristics, page 104 (SAR 52509).
• Updated Table 277, page 107 (SAR 64855).
• Updated Table 282, page 110 (SAR 65958 and SAR 56666).
• Added DDR Memory Interface Characteristics, page 120 (SAR 66223).
• Added SFP Transceiver Characteristics, page 120 (SAR 63105).
• Updated Table 302, page 123 and Table 309, page 129 (SAR 66314).

1.7 Revision 5.0
The following is a summary of the changes in revision 5.0 of this document.

• Updated Table 1, page 4.
• Updated Table 4, page 6 for TJ symbol information.
• Updated Table 5, page 7 (SAR 63109).
• Updated Table 9, page 10.
• Updated Table 282, page 110 (SAR 62012).
• Added Table 290, page 116 (SAR 64100).
• Added Table 306, page 128, Table 307, page 128 (SAR 50424).

1.8 Revision 4.0
The following is a summary of the changes in revision 4.0 of this document.

• Updated Table 1, page 4. Changed the Status of 090 devices to "Production" (SAR 62750).
• Updated Figure 10, page 70. Removed inverter bubble from DDR_IN latch (SAR 61418).
• Updated SerDes Electrical and Timing AC and DC Characteristics, page 121 (SAR 62836).
DS0128 Datasheet Revision 11.0 2



IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.1.2.1 Theta-JA
Junction-to-ambient thermal resistance (JA) is determined under standard conditions specified by 
JEDEC (JESD-51), but it has little relevance in the actual performance of the product. It must be used 
with caution, but it is useful for comparing the thermal performance of one package with another.

The maximum power dissipation allowed is calculated using EQ4.

EQ 4

The absolute maximum junction temperature is 100 °C. EQ5 shows a sample calculation of the absolute 
maximum power dissipation allowed for the M2GL050T-FG896 package at commercial temperature and 
in still air, where:  

EQ 5

The power consumption of a device can be calculated using the Microsemi SoC Products Group power 
calculator. The device's power consumption must be lower than the calculated maximum power 
dissipation by the package. 

If the power consumption is higher than the device's maximum allowable power dissipation, a heat sink 
may be attached to the top of the case, or the airflow inside the system must be increased.

2.3.1.2.2 Theta-JB
Junction-to-board thermal resistance (JB) measures the ability of the package to dissipate heat from the 
surface of the chip to the PCB. As defined by the JEDEC (JESD-51) standard, the thermal resistance 
from the junction to the board uses an isothermal ring cold plate zone concept. The ring cold plate is 
simply a means to generate an isothermal boundary condition at the perimeter. The cold plate is 
mounted on a JEDEC standard board with a minimum distance of 5.0 mm away from the package edge.

2.3.1.2.3 Theta-JC
Junction-to-case thermal resistance (JC) measures the ability of a device to dissipate heat from the 
surface of the chip to the top or bottom surface of the package. It is applicable to packages used with 
external heat sinks. Constant temperature is applied to the surface, which acts as a boundary condition. 

This only applies to situations where all or nearly all of the heat is dissipated through the surface in 
consideration. 

2.3.1.3 ESD Performance
See RT0001: Microsemi Corporation - SoC Products Reliability Report for information about ESD.

150

FC1152 9.08 6.81 5.87 2.56 0.38 °C/W

FCS536 15.01 12.06 10.76 3.69 1.55 °C/W

FCV484 16.21 13.11 11.84 6.73 0.10 °C/W

JA = 14.7 °C/W (taken from Table 9, page 10). 

TA = 85 °C 

Table 9 • Package Thermal Resistance of SmartFusion2 and IGLOO2 Devices (continued)

Device

Still Air 1.0 m/s 2.5 m/s

JB JC UnitJA

Maximum power allowed
TJ(MAX) TA(MAX)–

JA
---------------------------------------------=

Maximum power allowed
100 °C 85 °C–

14.7 °C/W
---------------------------------------- 1.088 W= =
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.2.2 Programming Currents
The following tables represent programming, verify and Inrush currents for SmartFusion2 SoC and 
IGLOO2 FPGA devices.  

IDC2 Flash*Freeze 1.4 2.6 3.7 5.1 5.0 5.1 8.9 mA Typical
(TJ = 25 °C)

12.0 20.0 26.6 35.3 35.4 35.7 57.8 mA Commercial
(TJ = 85 °C)

18.5 30.8 41.0 54.5 54.5 55.0 89.0 mA Industrial
(TJ = 100 °C)

Table 12 • SmartFusion2 and IGLOO2 Quiescent Supply Current (VDD = 1.26 V) – Worst-Case Process

Symbol Modes 005 010 025 050 060 090 150 Unit Conditions

IDC1 Non-
Flash*Freeze

43.8 57.0 84.6 132.3 161.4 163.0 242.5 mA Commercial 
(TJ= 85 °C)

65.3 85.7 127.8 200.9 245.4 247.8 369.0 mA Industrial 
(TJ = 100 °C)

IDC2 Flash*Freeze 29.1 45.6 51.7 62.7 69.3 70.0 84.8 mA Commercial 
(TJ = 85 °C)

44.9 70.3 79.7 96.5 106.8 107.8 130.6 mA Industrial
(TJ = 100 °C)

Table 13 • Currents During Program Cycle, 0 °C < = TJ <= 85 °C – Typical Process

Power Supplies Voltage (V) 005 010 025 050 060 090 1501

1. VPP and VPPNVM are internally shorted.

Unit

VDD 1.26 46 53 55 58 30 42 52 mA

VPP 3.46 8 11 6 10 9 12 12 mA

VPPNVM 3.46 1 2 2 3 3 3 mA

VDDI 2.62 31 16 17 1 12 12 81 mA

3.46 62 31 36 1 12 17 84 mA

Number of banks 7 8 8 10 10 9 19

Table 14 • Currents During Verify Cycle, 0 °C <= TJ <= 85 °C – Typical Process

Power Supplies Voltage (V) 005 010 025 050 060 090 1501

1. VPP and VPPNVM are internally shorted.

Unit

VDD 1.26 44 53 55 58 33 41 51 mA

VPP 3.46 6 5 3 15 8 11 12 mA

VPPNVM 3.46 1 0 0 1 1 1 mA

VDDI 2.62 31 16 17 1 12 11 81 mA

3.46 61 32 36 1 12 17 84 mA

Number of banks 7 8 8 10 10 9 19

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
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
4 mA Slow 3.095 3.641 2.705 3.182 3.088 3.633 4.738 5.575 4.348 5.116 ns

Medium 2.825 3.324 2.488 2.927 2.823 3.321 4.492 5.285 4.063 4.781 ns

Medium fast 2.701 3.178 2.384 2.804 2.698 3.173 4.364 5.135 3.945 4.642 ns

Fast 2.69 3.165 2.377 2.796 2.687 3.161 4.359 5.129 3.94 4.636 ns

6 mA Slow 2.919 3.434 2.491 2.93 2.902 3.414 5.085 5.983 4.674 5.5 ns

Medium 2.65 3.118 2.279 2.681 2.642 3.108 4.845 5.701 4.375 5.148 ns

Medium fast 2.529 2.975 2.176 2.56 2.521 2.965 4.724 5.558 4.259 5.011 ns

Fast 2.516 2.96 2.168 2.551 2.508 2.95 4.717 5.55 4.251 5.002 ns

8 mA Slow 2.863 3.368 2.427 2.855 2.844 3.346 5.196 6.114 4.769 5.612 ns

Medium 2.599 3.058 2.217 2.608 2.59 3.047 4.952 5.827 4.471 5.261 ns

Medium fast 2.483 2.921 2.114 2.487 2.473 2.91 4.832 5.685 4.364 5.134 ns

Fast 2.467 2.902 2.106 2.478 2.457 2.89 4.826 5.678 4.348 5.116 ns

12 mA Slow 2.747 3.232 2.296 2.701 2.724 3.204 5.39 6.342 4.938 5.81 ns

Medium 2.493 2.934 2.102 2.473 2.483 2.921 5.166 6.078 4.65 5.471 ns

Medium fast 2.382 2.803 2.006 2.36 2.371 2.789 5.067 5.962 4.546 5.349 ns

Fast 2.369 2.787 1.999 2.352 2.357 2.773 5.063 5.958 4.538 5.339 ns

16 mA Slow 2.677 3.149 2.213 2.604 2.649 3.116 5.575 6.56 5.08 5.977 ns

Medium 2.432 2.862 2.028 2.386 2.421 2.848 5.372 6.32 4.801 5.649 ns

Medium fast 2.324 2.734 1.937 2.278 2.311 2.718 5.297 6.233 4.7 5.531 ns

Fast 2.313 2.721 1.929 2.269 2.3 2.706 5.296 6.231 4.699 5.529 ns

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

Table 47 • LVCMOS 2.5 V Transmitter Characteristics for MSIO Bank (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 3.48 4.095 3.855 4.534 3.785 4.453 2.12 2.494 3.45 4.059 ns

4 mA Slow 2.583 3.039 3.042 3.579 3.138 3.691 4.143 4.874 4.687 5.513 ns

6 mA Slow 2.392 2.815 2.669 3.139 2.82 3.317 4.909 5.775 5.083 5.98 ns

8 mA Slow 2.309 2.717 2.565 3.017 2.74 3.223 5.812 6.837 5.523 6.497 ns

12 mA Slow 2.333 2.745 2.437 2.867 2.626 3.089 6.131 7.213 5.712 6.72 ns

16 mA Slow 2.412 2.838 2.335 2.747 2.533 2.979 6.54 7.694 6.007 7.067 ns

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

Table 46 • LVCMOS 2.5 V Transmitter Characteristics for DDRIO Bank (Output and Tristate Buffers) 
(continued)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1 TLZ

1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.5.8 1.8 V LVCMOS
LVCMOS 1.8 is a general standard for 1.8 V applications and is supported in IGLOO2 FPGAs and 
SmartFusion2 SoC FPGAs in compliance to the JEDEC specification JESD8-7A.

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 48 • LVCMOS 2.5 V Transmitter Characteristics for MSIOD Bank (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 2.206 2.596 2.678 3.15 2.64 3.106 4.935 5.805 4.74 5.576 ns

4 mA Slow 1.835 2.159 2.242 2.637 2.256 2.654 5.413 6.368 5.15 6.059 ns

6 mA Slow 1.709 2.01 2.132 2.508 2.167 2.549 5.813 6.838 5.499 6.469 ns

8 mA Slow 1.63 1.918 1.958 2.303 2.012 2.367 6.226 7.324 5.816 6.842 ns

12 mA Slow 1.648 1.939 1.86 2.187 1.921 2.259 6.519 7.669 6.027 7.09 ns

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

Table 49 • LVCMOS 1.8 V DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

LVCMOS 1.8 V DC Recommended Operating Conditions

Supply voltage VDDI 1.710 1.8 1.89 V

Table 50 • LVCMOS 1.8 V 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 51 • LVCMOS 1.8 V 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 52 • LVCMOS 1.8 V Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank)1

1. Maximum Data Rate applies for Drive Strength 8 mA and above, All Slews.

DMAX 400 Mbps AC loading: 17 pF load, maximum drive/slew

Maximum data rate (for MSIO I/O bank) DMAX 295 Mbps AC loading: 17 pF load, maximum drive/slew

Maximum data rate (for MSIOD I/O bank)1 DMAX 400 Mbps AC loading: 17 pF load, maximum drive/slew
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AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 1.71 V   

Table 53 • LVCMOS 1.8 V AC 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



Table 54 • LVCMOS 1.8 V AC Test Parameter Specifications

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 0.9 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 55 • LVCMOS 1.8 V Transmitter Drive Strength Specifications

Output Drive Selection VOH (V) VOL (V)
IOH (at VOH) 
mA

IOL (at VOL) 
mAMSIO I/O Bank MSIOD I/O Bank DDRIO I/O Bank Min Max

2 mA 2 mA 2 mA VDDI – 0.45 0.45 2 2

4 mA 4 mA 4 mA VDDI – 0.45 0.45 4 4

6 mA 6 mA 6 mA VDDI – 0.45 0.45 6 6

8 mA 8 mA 8 mA VDDI – 0.45 0.45 8 8

10 mA 10 mA 10 mA VDDI – 0.45 0.45 10 10

12 mA 12 mA VDDI – 0.45 0.45 12 12

16 mA1 VDDI – 0.45 0.45 16 16

1. 16 mA drive strengths, all slews, meets LPDDR JEDEC electrical compliance.

Table 56 • LVCMOS 1.8 V Receiver Characteristics (Input Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

LVCMOS 1.8 V
(for DDRIO I/O bank 
with Fixed Codes)

None 1.968 2.315 2.099 2.47 ns

LVCMOS 1.8 V
(for MSIO I/O bank) 

None 2.898 3.411 2.883 3.393 ns

50 3.05 3.59 3.044 3.583 ns

75 2.999 3.53 2.987 3.516 ns

150 2.947 3.469 2.933 3.452 ns

LVCMOS 1.8 V
(for MSIOD I/O bank) 

None 2.611 3.071 2.598 3.057 ns

50 2.775 3.264 2.775 3.265 ns

75 2.72 3.2 2.712 3.19 ns

150 2.666 3.137 2.655 3.123 ns
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Table 95 • HSTL DC Output Voltage Specification Applicable to DDRIO I/O Bank Only

Parameter Symbol Min Max Unit

HSTL Class I 

DC output logic high VOH VDDI – 0.4 V

DC output logic low VOL 0.4 V

Output minimum source DC 
current (MSIO and DDRIO I/O 
banks)

IOH at VOH –8.0 mA

Output minimum sink current 
(MSIO and DDRIO I/O banks)

IOL at VOL 8.0 mA

HSTL Class II 

DC output logic high VOH VDDI – 0.4 V

DC output logic low VOL 0.4 V

Output minimum source DC 
current

IOH at VOH –16.0 mA

Output minimum sink current IOL at VOL 16.0 mA

Table 96 • HSTL DC Differential Voltage Specification

Parameter Symbol Min Unit

DC input differential voltage VID (DC) 0.2 V

Table 97 • HSTL AC Differential Voltage Specifications

Parameter Symbol Min Max Unit

AC input differential voltage VDIFF 0.4 V

AC differential cross point voltage Vx 0.68 0.9 V

Table 98 • HSTL Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate DMAX 400 Mbps AC loading: per JEDEC 
specifications

Table 99 • HSTL Impedance Specification

Parameter Symbol Typ Unit Conditions

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

RREF 25.5, 47.8  Reference resistance = 
191 

Effective impedance value (ODT for 
DDRIO I/O bank only)

RTT 47.8  Reference resistance = 
191 
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 2.3.9  DDR Module Specification
This section describes input and output DDR module and timing specifications.

 2.3.9.1 Input DDR Module
Figure 10 • Input DDR Module
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The following table lists the RAM1K18 – dual-port mode for depth × width configuration 2K × 9 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

Block select hold time TBLKHD 0.216 0.254 ns

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

TBLK2Q 1.529 1.799 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

Table 232 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 2K × 9

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 2.273 2.674 ns

Access time with feed-through write timing 1.529 1.799 ns

Table 231 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 1K × 18 (continued)

Parameter Symbol

 –1 –Std

UnitMin Max Min Max
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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 µSRAM in 128 × 9 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Read synchronous reset hold time TSRSTHD 0.061 0.071 ns

Write clock period TCCY 4 4 ns

Write clock minimum pulse width high TCCLKMPWH 1.8 1.8 ns

Write clock minimum pulse width low TCCLKMPWL 1.8 1.8 ns

Write block setup time TBLKCSU 0.404 0.476 ns

Write block hold time TBLKCHD 0.007 0.008 ns

Write input data setup time TDINCSU 0.115 0.135 ns

Write input data hold time TDINCHD 0.15 0.177 ns

Write address setup time TADDRCSU 0.088 0.104 ns

Write address hold time TADDRCHD 0.128 0.15 ns

Write enable setup time TWECSU 0.397 0.467 ns

Write enable hold time TWECHD –0.026 –0.03 ns

Maximum frequency FMAX 250 250 MHz

Table 239 • µSRAM (RAM128x9) in 128 × 9 Mode

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Read clock period TCY 4 4 ns

Read clock minimum pulse width high TCLKMPWH 1.8 1.8 ns

Read clock minimum pulse width low TCLKMPWL 1.8 1.8 ns

Read pipeline clock period TPLCY 4 4 ns

Read pipeline clock minimum pulse width high TPLCLKMPWH 1.8 1.8 ns

Read pipeline clock minimum pulse width low TPLCLKMPWL 1.8 1.8 ns

Read access time with pipeline register 
TCLK2Q

0.266 0.313 ns

Read access time without pipeline register 1.677 1.973 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.856 2.184 ns

Read address hold time in synchronous mode 
TADDRHD

0.091 0.107 ns

Read address hold time in asynchronous mode –0.778 –0.915 ns

Read enable setup time TRDENSU 0.278 0.327 ns

Read enable hold time TRDENHD 0.057 0.067 ns

Read block select setup time TBLKSU 1.839 2.163 ns

Read block select hold time TBLKHD –0.65 –0.765 ns

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

TBLK2Q 2.036 2.396 ns

Table 238 • µSRAM (RAM64x16) in 64 × 16 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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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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The following table lists the IGLOO2 DEVRST_N to functional times in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V. 

Table 292 • DEVRST_N 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

114 116 113 113 115 115 114

TDEVRST2OUT DEVRST_N Output 
available at 
I/O

VDD at its 
minimum 
threshold 
level to 
output

314 353 314 307 343 341 341

TDEVRST2POR DEVRST_N POWER_O
N_RESET_
N

VDD at its 
minimum 
threshold 
level to
fabric

200 238 201 195 230 229 227

TDEVRST2WPU DEVRST_N DDRIO 
Inbuf weak 
pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215

DEVRST_N MSIO Inbuf 
weak pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215

DEVRST_N MSIOD 
Inbuf weak 
pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215
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2.3.28 DDR Memory Interface Characteristics
The following table lists the DDR memory interface characteristics in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V.

2.3.29 SFP Transceiver Characteristics
IGLOO2 and SmartFusion2 SerDes complies with small form-factor pluggable (SFP) requirements as 
specified in SFP INF-80741. The following table provides the electrical characteristics.

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

Exit time with 
respect to the 
fabric PLL lock1

TFF_EXIT 1.5 1.5 1.5
ms

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

1.5 1.5 1.5
ms

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

Exit time with 
respect to the 
fabric buffer 
output

TFF_EXIT 21 15 21
μs

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

65 55 65
μs

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

1. PLL Lock Delay set to 1024 cycles (default).

Table 294 • DDR Memory Interface Characteristics

Standard

Supported Data Rate

UnitMin Max

DDR3 667 667 Mbps

DDR2 667 667 Mbps

LPDDR 50 400 Mbps

Table 295 • SFP Transceiver Electrical Characteristics

Pin Direction

Differential Peak-Peak Voltage

UnitMin Max

RD+/-1

1. Based on default SerDes transmitter settings for PCIe Gen1. Lower amplitudes are 
available through programming changes to TX_AMP setting.

Output 1600 2400 mV

TD+/-2

2. Based on Input Voltage Common-Mode (VICM) = 0 V. Requires AC Coupling.

Input 350 2400 mV

Table 293 • Flash*Freeze Entry and Exit Times (continued)

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
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2.3.31.2 SmartFusion2 Inter-Integrated Circuit (I2C) 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 × VDDI 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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2.3.34 MMUART Characteristics
The following table lists the MMUART characteristics in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

2.3.35 IGLOO2 Specifications

2.3.35.1 HPMS Clock Frequency
The following table lists the maximum frequency for HPMS main clock in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V.

2.3.35.2 IGLOO2 Serial Peripheral Interface (SPI) Characteristics
This section describes the DC and switching of the SPI interface. Unless otherwise noted, all output 
characteristics given are for a 35 pF load on the pins and all sequential timing characteristics are related 
to SPI_0_CLK. For timing parameter definitions, see Figure 23, page 131.

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

Table 308 • MMUART Characteristics

Parameter Description –1 –Std Unit

FMMUART_REF_CLK Internally sourced MMUART 
reference clock frequency.

166 142 MHz

BAUDMMUARTTx Maximum transmit baud rate 10.375 8.875 Mbps

BAUDMMUARTRx Maximum receive baud rate 10.375 8.875 Mbps

Table 309 • Maximum Frequency for HPMS Main Clock

Symbol Description –1 –Std Unit

HPMS_CLK Maximum frequency for the HPMS main clock 166 142 MHz

Table 310 • SPI Characteristics for All Devices

Symbol Description Min Typ Max Unit Conditions

SPIFMAX Maximum operating 
frequency of SPI interface

20 MHz

sp1 SPI_[0|1]_CLK minimum period 

SPI_[0|1]_CLK = PCLK/2 12 ns

SPI_[0|1]_CLK = PCLK/4 24.1 ns

SPI_[0|1]_CLK = PCLK/8 48.2 ns

SPI_[0|1]_CLK = PCLK/16 0.1 µs

SPI_[0|1]_CLK = PCLK/32 0.19 µs

SPI_[0|1]_CLK = PCLK/64 0.39 µs

SPI_[0|1]_CLK = PCLK/128 0.77 µs
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Figure 23 • SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)

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 the Serial Peripheral Interface Controller section in the UG0331: SmartFusion2 
Microcontroller Subsystem User Guide.

Table 310 • SPI Characteristics for All Devices (continued)

Symbol Description Min Typ Max Unit Conditions

SPI_0_CLK
SPO = 0

SPI_0_DO

SP6 SP7

50%50% MSB

50% 50% 50%

SP2

SP1

90%

10% 10%

SP4 SP5

SP8 SP9

50%50% MSBSPI_0_DI

10%

90%

SP5

90%

10%

SP4

90%

10%10%

SP4SP5

90%

SPI_0_SS

SPI_0_CLK
SPO = 1

SP3
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