
Microchip Technology - M2S150T-1FC1152 Datasheet

Welcome to E-XFL.COM

Embedded - System On Chip (SoC): The
Heart of Modern Embedded Systems

Embedded - System On Chip (SoC) refers to an
integrated circuit that consolidates all the essential
components of a computer system into a single chip. This
includes a microprocessor, memory, and other peripherals,
all packed into one compact and efficient package. SoCs
are designed to provide a complete computing solution,
optimizing both space and power consumption, making
them ideal for a wide range of embedded applications.

What are Embedded - System On Chip (SoC)?

System On Chip (SoC) integrates multiple functions of a
computer or electronic system onto a single chip. Unlike
traditional multi-chip solutions, SoCs combine a central
processing unit (CPU), memory, input/output (I/O)
interfaces, and other essential components into a single
silicon die. This integration enhances performance,
reduces power consumption, and minimizes the physical
footprint of the system. SoCs are fundamental in
embedded systems where space, efficiency, and cost are
critical.

Applications of Embedded - System On Chip
(SoC)

SoCs are pivotal in a variety of applications due to their
compact design and high integration. In consumer
electronics, SoCs power smartphones, tablets, and
smartwatches, offering robust performance and extended
battery life. Automotive industries leverage SoCs for
advanced driver-assistance systems (ADAS), infotainment,
and vehicle-to-everything (V2X) communication. In
industrial automation, SoCs drive sophisticated
machinery control systems, data acquisition, and real-time
monitoring. Additionally, medical devices use SoCs for
portable diagnostic tools, imaging systems, and patient
monitoring equipment, where space and power efficiency
are crucial.

Common Subcategories of Embedded -
System On Chip (SoC)

System On Chip (SoC) products can be categorized into
several subtypes based on their applications and
functionalities. General-purpose SoCs are designed for a
wide range of applications, offering versatile processing
capabilities. Application-specific SoCs are tailored for
particular uses, such as multimedia processing or
automotive control, incorporating specialized features to
meet the demands of specific tasks. Real-time SoCs focus
on handling tasks with stringent timing requirements,
suitable for applications like robotics and industrial control.

Types of Embedded - System On Chip (SoC)

Details

Product Status Active

Architecture MCU, FPGA

Core Processor ARM® Cortex®-M3

Flash Size 512KB

RAM Size 64KB

Peripherals DDR, PCIe, SERDES

Connectivity CANbus, Ethernet, I²C, SPI, UART/USART, USB

Speed 166MHz

Primary Attributes FPGA - 150K Logic Modules

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 1152-BBGA, FCBGA

Supplier Device Package 1152-FCBGA (35x35)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/m2s150t-1fc1152

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/m2s150t-1fc1152-4514430
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc
https://www.e-xfl.com/product/filter/embedded-system-on-chip-soc


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 273 eNVM Page Programming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Table 274 SRAM PUF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Table 275 Non-Deterministic Random Bit Generator (NRBG) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Table 276 Cryptographic Block Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Table 277 Electrical Characteristics of the Crystal Oscillator – High Gain Mode (20 MHz) . . . . . . . . . . . . . . 107
Table 278 Electrical Characteristics of the Crystal Oscillator – Medium Gain Mode (2 MHz) . . . . . . . . . . . . 108
Table 279 Electrical Characteristics of the Crystal Oscillator – Low Gain Mode (32 kHz) . . . . . . . . . . . . . . . 108
Table 280 Electrical Characteristics of the 50 MHz RC Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Table 281 Electrical Characteristics of the 1 MHz RC Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Table 282 IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Specification  . . . . . . . . . . . . . . . . . . . . . . . . 110
Table 283 IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Jitter Specifications . . . . . . . . . . . . . . . . . . . 111
Table 284 JTAG 1532 for 005, 010, 025, and 050 Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Table 285 JTAG 1532 for 060, 090, and 150 Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Table 286 System Controller SPI Characteristics for All Devices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
Table 287 Supported I/O Configurations for System Controller SPI (for MSIO Bank Only)  . . . . . . . . . . . . . 113
Table 288 Power-up to Functional Times for SmartFusion2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Table 289 Power-up to Functional Times for IGLOO2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Table 290 DEVRST_N Characteristics for All Devices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Table 291 DEVRST_N to Functional Times for SmartFusion2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Table 292 DEVRST_N to Functional Times for IGLOO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Table 293 Flash*Freeze Entry and Exit Times  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Table 294 DDR Memory Interface Characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
Table 295 SFP Transceiver Electrical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
Table 296 Transmitter Parameters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Table 297 Receiver Parameters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
Table 298 SerDes Protocol Compliance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
Table 299 SerDes Reference Clock AC Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Table 300 HCSL Minimum and Maximum DC Input Levels (Applicable to SerDes REFCLK Only)  . . . . . . . 123
Table 301 HCSL Minimum and Maximum AC Switching Speeds (Applicable to SerDes REFCLK Only) . . . 123
Table 302 Maximum Frequency for MSS Main Clock  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Table 303 I2C Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
Table 304 I2C Switching Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Table 305 SPI Characteristics for All Devices   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
Table 306 CAN Controller Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Table 307 USB Characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Table 308 MMUART Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Table 309 Maximum Frequency for HPMS Main Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Table 310 SPI Characteristics for All Devices   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
DS0128 Datasheet Revision 11.0 x



IGLOO2 FPGA and SmartFusion2 SoC FPGA
1. For flash programming and retention maximum limits, see Table 5, page 7. For recommended operating conditions, see Table 4, 
page 6.

Table 4 • Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit Conditions

Operating junction temperature TJ 0 25 85 °C Commercial

–40 25 100 °C Industrial

Programming junction temperatures1 TJ 0 25 85 °C Commercial

–40 25 100 °C Industrial

DC core supply voltage. 
Must always power this pin.

VDD 1.14 1.2 1.26 V

Power supply for charge pumps 
(for normal operation and 
programming) for the 005, 010, 
025, 050, 060 devices

VPP 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Power supply for charge pumps (for 
normal operation and programming) 
for the 090 and 150 devices

VPP 3.15 3.3 3.45 V 3.3 V range

Analog power pad for MDDR PLL MSS_MDDR_PLL_VDDA 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power pad for MDDR PLL HPMS_MDDR_PLL_VDDA 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power pad for FDDR PLL FDDR_PLL_VDDA 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power pad for MDDR PLL PLL0_PLL1_MSS_MDDR_V
DDA

2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power pad for MDDR PLL PLL0_PLL1_HPMS_MDDR_
VDDA

2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power pad for PLL0 to PLL5 CCC_XX[01]_PLL_VDDA 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

High supply voltage for PLL 
SerDes[01]

SERDES_[01]_PLL_VDDA 2.375 2.5 2.625 V 2.5 V range

3.15 3.3 3.45 V 3.3 V range

Analog power for SerDes[01] PLL 
Lane 0 to Lane 3. This is a 2.5 V 
SerDes internal PLL supply.

SERDES_[01]_L[0123]_VD
DAPLL

2.375 2.5 2.625 V

TX/RX analog I/O voltage. Low 
voltage power for the lanes of 
SerDesIF0. This is a 1.2 V SerDes 
PMA supply.

SERDES_[01]_L[0123]_VD
DAIO

1.14 1.2 1.26 V

PCIe/PCS power supply SERDES_[01]_VDD 1.14 1.2 1.26 V

1.2 V DC supply voltage VDDIx 1.14 1.2 1.26 V

1.5 V DC supply voltage VDDIx 1.425 1.5 1.575 V

1.8 V DC supply voltage VDDIx 1.71 1.8 1.89 V

2.5 V DC supply voltage VDDIx 2.375 2.5 2.625 V
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Figure 1 • High Temperature Data Retention (HTR) 

2.3.1.1 Overshoot/Undershoot Limits
For AC signals, the input signal may undershoot during transitions to –1.0 V for no longer than 10% of 
the period. The current during the transition must not exceed 100 mA.

For AC signals, the input signal may overshoot during transitions to VCCI + 1.0 V for no longer than 10% 
of the period. The current during the transition must not exceed 100 mA.

Note: The above specifications do not apply to the PCI standard. The IGLOO2 and SmartFusion2 PCI I/Os are 
compliant with the PCI standard including the PCI overshoot/undershoot specifications.

2.3.1.2 Thermal Characteristics
The temperature variable in the Microsemi SoC Products Group Designer software refers to the junction 
temperature, not the ambient, case, or board temperatures. This is an important distinction because 
dynamic and static power consumption causes the chip's junction temperature to be higher than the 
ambient, case, or board temperatures. 

EQ1 through EQ3 give the relationship between thermal resistance, temperature gradient, and power.

EQ 1

EQ 2

EQ 3

JA

TJ TA–

P
-------------------=

JB

TJ TB–

P
-------------------=

JC

TJ TC–

P
-------------------=
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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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
F TDP Propagation delay of an OR gate 0.179 ns See Table 223, page 76 

G TDP Propagation delay of an LVDS 
transmitter

2.136 ns See Table 169, page 57 

H TDP Propagation delay of a three-input XOR 
Gate

0.241 ns See Table 223, page 76 

I TDP Propagation delay of LVCMOS 2.5 V 
transmitter, drive strength of 16 mA on 
the MSIO bank

2.412 ns See Table 46, page 27 

J TDP Propagation delay of a two-input NAND 
gate

0.179 ns See Table 223, page 76 

K TDP Propagation delay of LVCMOS 2.5 V 
transmitter, drive strength of 8 mA on 
the MSIO bank

2.309 ns See Table 46, page 27 

L TCLKQ Clock-to-Q of the data register 0.108 ns See Table 224, page 77 

TSUD Setup time of the data register 0.254 ns See Table 224, page 77 

M TDP Propagation delay of a two-input AND 
gate

0.179 ns See Table 223, page 76 

N TOCLKQ Clock-to-Q of the output data register 0.263 ns See Table 220, page 69 

TOSUD Setup time of the output data register 0.19 ns See Table 220, page 69 

O TDP Propagation delay of SSTL2, Class I 
transmitter on the MSIO bank

2.055 ns See Table 114, page 45 

P TDP Propagation delay of LVCMOS 1.5 V 
transmitter, drive strength of 12 mA, 
fast slew on the DDRIO bank

3.316 ns See Table 70, page 34 

Table 17 • Timing Model Parameters  (continued)

Index Symbol Description –1 Unit For More Information
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 22 • Maximum Frequency Summary Table for Voltage-Referenced I/O in Worst-
Case Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

LPDDR 200 MHz

HSTL1.5 V 200 MHz

SSTL 2.5 V 255 350 200 MHz

SSTL 1.8 V 334 MHz

SSTL 1.5 V 334 MHz

Table 23 • Maximum Frequency Summary Table for Differential I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD Unit

LVPECL (input only) 450 MHz

LVDS 3.3 V 267.5 MHz

LVDS 2.5 V 267.5 350 MHz

RSDS 260 350 MHz

BLVDS 250 MHz

MLVDS 250 MHz

Mini-LVDS 260 350 MHz
DS0128 Datasheet Revision 11.0 21



IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.5.5 Detailed I/O Characteristics

The following table lists the minimum and maximum I/O weak pull-up/pull-down resistance values of 
DDRIO I/O bank at VOH/VOL Level.

Table 24 • Input Capacitance, Leakage Current, and Ramp Time

Symbol Description Maximum Unit Conditions

CIN Input capacitance 10 pF

IIL (dc) Input current low
(Applicable to HSTL/SSTL inputs only)

400 µA VDDI = 2.5 V

500 µA VDDI = 1.8 V

600 µA VDDI = 1.5 V1

1. Applicable when I/O pair is programmed with an HSTL/SSTL I/O type on IOP and an un-
terminated I/O type (LVCMOS, for example) on ION pad.

Input current low
(Applicable to all other digital inputs)

10 µA

IIH (dc) Input current high
(Applicable to HSTL/SSTL inputs only)

400 µA VDDI = 2.5 V

500 µA VDDI = 1.8 V

600 µA VDDI = 1.5 V1

Input current high
(Applicable to all other digital inputs)

10 µA

TRAMPIN
2

2. Voltage ramp must be monotonic.

Input ramp time
(Applicable to all digital inputs)

50 ns

Table 25 • I/O Weak Pull-up/Pull-down Resistances for DDRIO I/O Bank

VDDI Domain

R(WEAK PULL-UP) at VOH () R(WEAK PULL-DOWN) at VOL (

Min Max Min Max

2.5 V1, 2

1. R(WEAK PULL-DOWN) = (VOLspec)/I(WEAK PULL-DOWN MAX).
2. R(WEAK PULL-UP) = (VDDImax – VOHspec)/I(WEAK PULL-UP MIN).

10K 17.8K 9.98K 18K

1.8 V1, 2 10.3K 19.1K 10.3K 19.5K

1.5 V1, 2 10.6K 20.2K 10.6K 21.1K

1.2 V1, 2 11.1K 22.7K 11.2K 24.6K
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the minimum and maximum I/O weak pull-up/pull-down resistance values of 
MSIO I/O bank at VOH/VOL Level.

The following table lists the minimum and maximum I/O weak pull-up/pull-down resistance values of 
MSIOD I/O bank at VOH/VOL Level.

The following table lists the hysteresis voltage value for schmitt trigger mode input buffers.

Table 26 • I/O Weak Pull-Up/Pull-Down Resistances for MSIO I/O Bank

VDDI Domain

R(WEAK PULL-UP) at VOH ( R(WEAK PULL-DOWN) at VOL (

Min Max Min Max

3.3 V 9.9K 17.1K 9.98K 17.5K

2.5 V1, 2 

1. R(WEAK PULL-DOWN) = (VOLspec)/I(WEAK PULL-DOWN MAX).
2. R(WEAK PULL-UP) = (VDDImax – VOHspec)/I(WEAK PULL-UP MIN).

10K 17.6K 10.1K 18.4K

1.8 V1, 2 10.4K 19.1K 10.4K 20.4K

1.5 V1, 2 10.7K 20.4K 10.8K 22.2K

1.2 V1, 2 11.3K 23.2K 11.5K 26.7K

Table 27 • I/O Weak Pull-up/Pull-down Resistances for MSIOD I/O Bank

VDDI Domain

R(WEAK PULL-UP) at VOH () R(WEAK PULL-DOWN) at VOL ()

Min Max Min Max

2.5 V1, 2 

1. R(WEAK PULL-DOWN) = (VOLspec)/I(WEAK PULL-DOWN MAX).
2. R(WEAK PULL-UP) = (VDDImax – VOHspec)/I(WEAK PULL-UP MIN).

9.6K 16.6K 9.5K 16.4K

1.8 V1, 2 9.7K 17.3K 9.7K 17.1K

1.5 V1, 2 9.9K 18K 9.8K 17.6K

1.2 V1, 2 10.3K 19.6K 10K 19.1K

Table 28 • Schmitt Trigger Input Hysteresis

Input Buffer Configuration Hysteresis Value (Typical, unless otherwise noted)

3.3 V LVTTL/LVCMOS/
PCI/PCI-X 

0.05 × VDDI (worst-case)

2.5 V LVCMOS 0.05 × VDDI (worst-case)

1.8 V LVCMOS 0.1 × VDDI (worst-case)

1.5 V LVCMOS 60 mV

1.2 V LVCMOS 20 mV
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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Note: For a detailed I/V curve, use the corresponding IBIS models: 
www.microsemi.com/soc/download/ibis/default.aspx.

Table 62 • LVCMOS 1.5 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH VDDI × 0.75 V

DC output logic low VOL VDDI × 0.25 V

Table 63 • LVCMOS 1.5 V AC Minimum and Maximum Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank) DMAX 235 Mbps AC loading: 17 pF load, maximum 
drive/slew

Maximum data rate (for MSIO I/O bank) DMAX 160 Mbps AC loading: 17 pF load, maximum 
drive/slew

Maximum data rate (for MSIOD I/O bank) DMAX 220 Mbps AC loading: 17 pF load, maximum 
drive/slew

Table 64 • LVCMOS 1.5 V AC Calibrated Impedance Option 

Parameter Symbol Typ Unit

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

RODT_CA
L

75, 60, 
50, 40



Table 65 • LVCMOS 1.5 V AC Test Parameter Specifications

Parameter Symbol Typ Unit

Measuring/trip point VTRIP 0.75 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 66 • LVCMOS 1.5 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 × 0.75 VDDI × 0.25 2 2

4 mA 4 mA 4 mA VDDI × 0.75 VDDI × 0.25 4 4

6 mA 6 mA 6 mA VDDI × 0.75 VDDI × 0.25 6 6

8 mA 8 mA VDDI × 0.75 VDDI × 0.25 8 8

10 mA VDDI × 0.75 VDDI × 0.25 10 10

12 mA VDDI × 0.75 VDDI × 0.25 12 12
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 2.3.6.4 Stub-Series Terminated Logic 1.8 V (SSTL18)
SSTL18 Class I and Class II are supported in IGLOO2 and SmartFusion2 SoC FPGAs, and also comply 
with the reduced and full drive double date rate (DDR2) standard. IGLOO2 and SmartFusion2 SoC 
FPGA I/Os support both standards for single-ended signaling and differential signaling for SSTL18. This 
standard requires a differential amplifier input buffer and a push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification       

Table 118 • DDR1/SSTL2 Class II Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

Single-ended 2.29 2.693 1.988 2.338 1.978 2.326 1.989 2.34 1.979 2.328 ns

Differential 2.418 2.846 2.304 2.711 2.297 2.702 2.131 2.506 2.124 2.499 ns

Table 119 • SSTL18 DC Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 1.71 1.8 1.89 V

Termination voltage VTT 0.838 0.900 0.964 V

Input reference voltage VREF 0.838 0.900 0.964 V

Table 120 • SSTL18 DC Input Voltage Specification 

Parameter Symbol Min Max Unit

DC input logic high VIH (DC) VREF + 0.125 1.89 V

DC input logic low VIL (DC) –0.3 VREF – 0.125 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 121 • SSTL18 DC Output Voltage Specification 

Parameter Symbol Min Max Unit

SSTL18 Class I (DDR2 Reduced Drive)

DC output logic high VOH VTT + 0.603 V

DC output logic low VOL VTT– 0.603 V

Output minimum source DC current (DDRIO I/O bank 
only)

IOH at VOH 6.5 mA

Output minimum sink current (DDRIO I/O bank only) IOL at VOL –6.5 mA

SSTL18 Class II (DDR2 Full Drive)1 

1. To meet JEDEC Electrical Compliance, use DDR2 Full Drive Transmitter.

DC output logic high VOH VTT + 0.603 V

DC output logic low VOL VTT– 0.603 V

Output minimum source DC current (DDRIO I/O bank 
only)

IOH at VOH 13.4 mA

Output minimum sink current (DDRIO I/O bank only) IOL at VOL –13.4 mA
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LVDS33 AC Switching Characteristics

Table 168 • LVDS25 Receiver Characteristics for MSIOD I/O Bank (Input Buffers)

On-Die Termination (ODT)

TPY

Unit –1 –Std

None 2.554 3.004 ns

100 2.549 2.999 ns

Table 169 • LVDS25 Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

2.136 2.513 2.416 2.842 2.402 2.825 2.423 2.85 2.409 2.833 ns

Table 170 • LVDS25 Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

No pre-emphasis 1.61 1.893 1.749 2.058 1.735 2.041 1.897 2.231 1.866 2.195 ns

Min pre-emphasis 1.527 1.796 1.757 2.067 1.744 2.052 1.905 2.241 1.876 2.207 ns

Med pre-emphasis 1.496 1.76 1.765 2.077 1.751 2.06 1.914 2.252 1.884 2.216 ns

Table 171 • LVDS33 Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On Die Termination (ODT)

TPY

Unit–1 –Std

None 2.572 3.025 ns

100 2.569 3.023 ns

Table 172 • LVDS33 Transmitter Characteristics for MSIO I/O Bank (Output and Tristate 
Buffers)

TDP TZL TZH THZ TLZ

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

1.942 2.284 1.98 2.33 1.97 2.318 1.953 2.298 1.96 2.307 ns
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AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 2.375 V.

 2.3.8  I/O Register Specifications
This section describes input and output register specifications.

 2.3.8.1 Input Register
Figure 6 • Timing Model for Input Register

Table 215 • LVPECL DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input voltage VI 0 3.45 V

Table 216 • LVPECL DC Differential Voltage Specification

Parameter Symbol Min Typ Max Unit

Input common mode voltage VICM 0.3 2.8  V 

Input differential voltage VIDIFF 100 300 1,000  mV 

Table 217 • LVPECL Minimum and Maximum AC Switching Speeds 

Parameter Symbol Max Unit

Maximum data rate DMAX 900 Mbps

Table 218 • LVPECL Receiver Characteristics for MSIO I/O Bank

On-Die Termination (ODT)

TPY

Unit –1 –Std

None 2.572 3.025 ns

100 2.569 3.023 ns
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2.3.10.2 Timing Characteristics
The following table lists the combinatorial cell propagation delays in worst commercial-case conditions 
when TJ = 85 °C, VDD = 1.14 V.

2.3.10.3 Sequential Module
IGLOO2 and SmartFusion2 SoC FPGAs offer a separate flip-flop which can be used independently from 
the LUT. The flip-flop can be configured as a register or a latch and has a data input and optional enable, 
synchronous load (clear or preset), and asynchronous load (clear or preset).

Figure 15 • Sequential Module

Table 223 • Combinatorial Cell Propagation Delays

Combinatorial Cell Equation Symbol –1 –Std Unit

INV Y = !A TPD 0.1 0.118 ns

AND2 Y = A · B TPD 0.164 0.193 ns

NAND2 Y = !(A · B) TPD 0.147 0.173 ns

OR2 Y = A + B TPD 0.164 0.193 ns

NOR2 Y = !(A + B) TPD 0.147 0.173 ns

XOR2 Y = A  B TPD 0.164 0.193 ns

XOR3 Y = A  B  C TPD 0.225 0.265 ns

AND3 Y = A · B · C TPD 0.209 0.246 ns

AND4 Y = A · B · C · D TPD 0.287 0.338 ns
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EN

ALn

ADn

SLn

SD
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CLK
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The following table lists the 010 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

The following table lists the 005 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

2.3.12 FPGA Fabric SRAM
See UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User Guide for more information.

2.3.12.1 FPGA Fabric Large SRAM (LSRAM)
The following table lists the RAM1K18 – dual-port mode for depth × width configuration 1K × 18 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.  

Table 229 • 010 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.626 0.669 0.627 0.668 ns 

Input high delay for global clock TRCKH 1.112 1.182 1.308 1.393 ns 

Maximum skew for global clock TRCKSW 0.07 0.085 ns 

Table 230 • 005 Device Global Resource

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.625 0.66 0.628 0.66 ns 

Input high delay for global clock TRCKH 1.126 1.187 1.325 1.397 ns 

Maximum skew for global clock TRCKSW 0.061 0.072 ns 

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

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

Address setup time TADDRSU 0.441 0.519 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.341 0.401 ns

Data hold time TDHD 0.107 0.126 ns

Block select setup time TBLKSU 0.207 0.244 ns
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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
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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 µSRAM in 512 × 2 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Write address hold time TADDRCHD 0.245 0.288 ns

Write enable setup time TWECSU 0.397 0.467 ns

Write enable hold time TWECHD –0.03 –0.03 ns

Maximum frequency FMAX 250 250 MHz

Table 242 • µSRAM (RAM512x2) in 512 × 2 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

0.27 0.31 ns

Read access time without pipeline register 1.76 2.08 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.96 2.306 ns

Read address hold time in synchronous mode 
TADDRHD

0.137 0.161 ns

Read address hold time in asynchronous mode –0.58 –0.68 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 –0.77 ns

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

TBLK2Q 2.14 2.52 ns

Read asynchronous reset removal time (pipelined clock) 

TRSTREM

–0.02 –0.03 ns

Read asynchronous reset removal time (non-pipelined 
clock) 

0.046 0.054 ns

Read asynchronous reset recovery time (pipelined clock) 

TRSTREC

0.507 0.597 ns

Read asynchronous reset recovery time (non-pipelined 
clock) 

0.236 0.278 ns

Read asynchronous reset to output propagation delay (with 
pipelined register enabled) 

TR2Q 0.83 0.98 ns

Read synchronous reset setup time TSRSTSU 0.271 0.319 ns

Read synchronous reset hold time TSRSTHD 0.061 0.071 ns

Table 241 • µSRAM (RAM256x4) in 256 × 4 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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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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