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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 256KB

RAM Size 64KB

Peripherals DDR, PCIe, SERDES

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

Speed 166MHz

Primary Attributes FPGA - 10K Logic Modules

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

Package / Case 400-LFBGA

Supplier Device Package 400-VFBGA (17x17)
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Revision History
1 Revision History

The revision history describes the changes that were implemented in the document. The changes are 
listed by revision, starting with the most current publication.

1.1 Revision 11.0
The following is a summary of the changes in revision 11.0 of this document.

• Updated Table 24, page 22 with minimum and maximum values for input current low and high (SAR 
73114 and 80314).

• Added Non-Deterministic Random Bit Generator (NRBG) Characteristics, page 106 (SAR 73114 
and 79517).

• Added 060 device in Table 282, page 110 (SAR 79860).
• Added DEVRST_N to Functional Times, page 116 (SAR 73114).
• Added Cryptographic Block Characteristics, page 106 (SAR 73114 and 79516).
• Update Table 296, page 121 with VTX-AMP details (SAR 81756).
• Update note in Table 297, page 122 (SAR 74570 and 80677).
• Update Table 298, page 122 with generic EPCS details (SAR 75307).
• Added Table 308, page 129 (SAR 50424).

1.2 Revision 10.0
The following is a summary of the changes in revision 10.0 of this document.

• The Surge Current on VDD during DEVRST_B Assertion and Surge Current on VDD during Digest 
Check using System Services tables were deleted and added reference to AC393: Board Design 
Guidelines for SmartFusion2 SoC and IGLOO2 FPGAs Application Note. (SAR 76865 and 76623).

• Added 060 device in Table 4, page 6 (SAR 76383).
• Updated Table 24, page 22 for ramp time input (SAR 72103).
• Added 060 device details in Table 284, page 112 (SAR 74927).
• Updated Table 290, page 116 for name change (SAR 74925).
• Updated Table 283, page 111 for 060 FG676 Package details (SAR 78849).
• Updated Table 305, page 126 for SmartFusion2 and Table 310, page 129 for IGLOO2 for SPI timing 

and Fmax (SAR 56645, 75331).
• Updated Table 293, page 119 for Flash*Freeze entry and exit times (SAR 75329, 75330).
• Updated Table 297, page 122 for RX-CID information (SAR 78271).
• Added Table 8, page 8 and Figure 1, page 9 (SAR 78932).
• Updated Table 223, page 76 for timing characteristics and Table 224, page 77(SAR 75998).
• Added SRAM PUF, page 105 (SAR 64406).
• Added a footnote on digest cycle in Table 5, page 7 (SAR 79812).

1.3 Revision 9.0
The following is a summary of the changes in revision 9.0 of this document.

• Added a note in Table 5, page 7 (SAR 71506).
• Added a note in Table 6, page 8 (SAR 74616).
• Added a note in Figure 3, page 17 (SAR 71506).
• Updated Quiescent Supply Current for 060 in Table 11, page 12 and Table 12, page 13 (SAR 

74483).
• Updated programming currents for 060 in Table 13, page 13, Table 14, page 13, and Table 15, 

page 14.
• Added DEVRST_B assertion tables (SAR 74708).
• Updated I/O speeds for LVDS 3.3 V in Table 18, page 19 and Table 21, page 20 (SAR 69829).
• Updated Table 24, page 22 (SAR 69418).
• Updated Table 25, page 22, Table 26, page 23, Table 27, page 23 (SAR 74570).
• Updated all AC/DC table to link to the Input Capacitance, Leakage Current, and Ramp Time, 

page 22 for reference (SAR 69418).
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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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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
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Note: For board design considerations, output slew rates extraction, detailed output buffer resistances, and I/V 
Curve, use the corresponding IBIS models located at: 
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

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

Table 43 • LVCMOS 2.5 V AC Test Parameter Specifications

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 1.2 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 44 • LVCMOS 2.5 V Transmitter Drive Strength Specifications

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

MSIO I/O 
Bank

MSIOD I/O 
Bank

DDRIO I/O Bank 
(With Software Default 
Fixed Code) Min Max

2 mA 2 mA 2 mA VDDI – 0.4 0.4 2 2

4 mA 4 mA 4 mA VDDI – 0.4 0.4 4 4

6 mA 6 mA 6 mA VDDI – 0.4 0.4 6 6

8 mA 8 mA 8 mA VDDI – 0.4 0.4 8 8

12 mA 12 mA 12 mA VDDI – 0.4 0.4 12 12

16 mA 16 mA VDDI – 0.4 0.4 16 16

Table 45 • LVCMOS 2.5 V Receiver Characteristics (Input Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

LVCMOS 2.5 V (for DDRIO I/O bank) None 1.823 2.145 1.932 2.274 ns

LVCMOS 2.5 V (for MSIO I/O bank) None 2.486 2.925 2.495 2.935 ns

LVCMOS 2.5 V (for MSIOD I/O bank) None 2.29 2.694 2.305 2.712 ns

Table 46 • LVCMOS 2.5 V Transmitter Characteristics for DDRIO 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 3.657 4.302 3.393 3.991 3.675 4.323 3.894 4.582 3.552 4.18 ns

Medium 3.374 3.97 3.139 3.693 3.396 3.995 3.635 4.277 3.253 3.828 ns

Medium fast 3.239 3.811 3.036 3.572 3.261 3.836 3.519 4.141 3.128 3.681 ns

Fast 3.224 3.793 3.029 3.563 3.246 3.818 3.512 4.132 3.119 3.67 ns
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AC Switching Characteristics

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

 2.3.6.2 Stub-Series Terminated Logic
Stub-Series Terminated Logic (SSTL) for 2.5 V (SSTL2), 1.8 V (SSTL18), and 1.5 V (SSTL15) is 
supported in IGLOO2 and SmartFusion2 SoC FPGAs. SSTL2 is defined by JEDEC standard JESD8-9B 
and SSTL18 is defined by JEDEC standard JESD8-15. IGLOO2 SSTL I/O configurations are designed to 
meet double data rate standards DDR/2/3 for general purpose memory buses. Double data rate 
standards are designed to meet their JEDEC specifications as defined by JEDEC standard JESD79F for 
DDR, JEDEC standard JESD79-2F for DDR, JEDEC standard JESD79-3D for DDR3, and JEDEC 
standard JESD209A for LPDDR. 

Table 100 • HSTL AC Test Parameter Specification

Parameter Symbol Typ Unit

Measuring/trip point for data path 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

Reference resistance for data test path for HSTL15 
Class I (TDP)

RTT_TEST 50 

Reference resistance for data test path for HSTL15 
Class II (TDP)

RTT_TEST 25 

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 101 • HSTL Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input Buffers)

On-Die Termination (ODT)

TPY

Unit –1 –Std

Pseudo differential None 1.605 1.888 ns

47.8 1.614 1.898 ns

True differential None 1.622 1.909 ns

47.8 1.628 1.916 ns

Table 102 • HSTL Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

HSTL Class I 

Single-ended 2.6 3.059 2.514 2.958 2.514 2.958 2.431 2.86 2.431 2.86 ns

Differential 2.621 3.083 2.648 3.115 2.647 3.113 2.925 3.442 2.923 3.44 ns

HSTL Class II 

Single-ended 2.511 2.954 2.488 2.927 2.49 2.93 2.409 2.833 2.411 2.836 ns

Differential 2.528 2.974 2.552 3.003 2.551 3.001 2.897 3.409 2.896 3.408 ns
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AC Switching Characteristics

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

Table 144 • LPDDR AC Differential Voltage Specifications (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit

AC input differential voltage VDIFF 0.6 × VDDI V

AC differential cross point 
voltage

Vx 0.4 × VDDI 0.6 × VDDI V

Table 145 • LPDDR AC Specifications (for DDRIO I/O Bank Only)

Parameter Symbol Max Unit Conditions

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

Table 146 • LPDDR AC Calibrated Impedance Option (for DDRIO I/O Bank Only)

Parameter Symbol Typ Unit Conditions

Supported output driver calibrated impedance RREF 20, 42  Reference resistor = 150 

Effective impedance value (ODT) RTT 50, 70, 150  Reference resistor = 150 

Table 147 • LPDDR AC Test Parameter Specifications (for DDRIO I/O Bank Only)

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

Reference resistance for data test path for LPDDR (TDP) RTT_TEST 50 

Capacitive loading for data path (TDP) CLOAD 5 

Table 148 • LPDDR Receiver Characteristics for DDRIO I/O Bank with Fixed Codes

On-Die Termination (ODT)

TPY

Unit–1 –Std

Pseudo differential None 1.568 1.845 ns

True differential None 1.588 1.869 ns

Table 149 • LPDDR Reduced 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 2.383 2.804 2.23 2.623 2.229 2.622 2.202 2.591 2.201 2.59 ns

Differential 2.396 2.819 2.764 3.252 2.764 3.252 2.255 2.653 2.255 2.653 ns
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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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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.  

 2.3.7.3 M-LVDS
M-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 Input and Output Levels     

Table 180 • B-LVDS AC Switching Characteristics for Receiver for MSIO I/O 
Bank (Input Buffers)

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.738 3.221 ns

100 2.735 3.218 ns

Table 181 • B-LVDS AC Switching Characteristics for Receiver for MSIOD I/O 
Bank (Input Buffers)

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.495 2.934 ns

100 2.495 2.935 ns

Table 182 • B-LVDS AC Switching Characteristics for Transmitter (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

2.258 2.656 2.343 2.756 2.329 2.74 2.12 2.494 2.123 2.497 ns

Table 183 • M-LVDS Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage1

1. Only M-LVDS TYPE I is supported.

VDDI 2.375 2.5 2.625 V

Table 184 • M-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 low2 IIL (DC)
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 2.3.8.2 Output/Enable Register
Figure 8 • Timing Model for Output/Enable Register

SLE

D

EN

ALn

ADn

SLn

SD

LAT

CLK

Q

SLE

D

EN

ALn

ADn

SLn

SD

LAT

CLK

Q

Output/Enable Registers

EN

ALn

ADn

SLn

SD

LAT

CLK

D G
A

B

C

D

E

F

IH

Output I/O Buffer
with Enable Control

D2 J
DS0128 Datasheet Revision 11.0 68



IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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2.3.12.2 FPGA Fabric Micro SRAM (µSRAM)
The following table lists the µSRAM in 64 × 18 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 237 • µSRAM (RAM64x18) in 64 × 18 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

Read asynchronous reset removal time (pipelined clock) 

TRSTREM

–0.023 –0.027 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 0.839 0.987 ns

Read synchronous reset setup time TSRSTSU 0.271 0.319 ns

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
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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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Table 262 • SmartFusion2 Cortex-M3 ISP Programming (Fabric Only)

M2S/M2GL 
Device

Image size
Bytes Authenticate Program Verify Unit

005 302672 6 41 8 Sec

010 568784 10 48 14 Sec

025 1223504 21 61 29 Sec

050 2424832 39 82 50 Sec

060 2418896 44 87 54 Sec

090 3645968 66 112 79 Sec

150 6139184 108 162 128 Sec

Table 263 • SmartFusion2 Cortex-M3 ISP Programming (eNVM Only)

M2S/M2GL 
Device

Image size
Bytes Authenticate Program Verify Unit

005 137536 3 64 4 Sec

010 274816 4 104 7 Sec

025 274816 4 104 8 Sec

050 2,78,528 4 102 8 Sec

060 268480 6 102 8 Sec

090 544496 10 179 15 Sec

150 544496 10 180 15 Sec

Table 264 • SmartFusion2 Cortex-M3 ISP Programming (Fabric and eNVM)

M2S/M2GL 
Device

Image size
Bytes Authenticate Program Verify Unit

005 439296 9 83 11 Sec

010 842688 15 129 21 Sec

025 1497408 26 143 35 Sec

050 2695168 43 163 55 Sec

060 2686464 48 165 60 Sec

090 4190208 75 266 91 Sec

150 6682768 117 318 141 Sec
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2.3.19 Crystal Oscillator
The following table describes the electrical characteristics of the crystal oscillator in the IGLOO2 FPGA 
and SmartFusion2 SoC FPGAs.   

SHA256 512 bits 540 kbps

1024 bits 780 kbps

2048 bits 950 kbps

24 kbits 1140 kbps

HMAC 512 bytes 820 kbps

1024 bytes 890 kbps

2048 bytes 930 kbps

24 kbytes 980 kbps

KeyTree 1.8 ms

Challenge-response PUF = OFF 25 ms

PUF = ON 7 ms

ECC point multiplication 590 ms

ECC point addition 8 ms

1. Using cypher block chaining (CBC) mode.

Table 277 • Electrical Characteristics of the Crystal Oscillator – High Gain Mode (20 MHz) 

Parameter Symbol Min Typ Max Unit Condition

Operating frequency FXTAL 20 MHz

Accuracy ACCXTAL 0.0047 % 005, 010, 025, 050, 060, 
and 090 devices

0.0058 % 150 devices

Output duty cycle CYCXTAL 49–51 47–53 % 

Output period jitter (peak to 
peak)

JITPERXTAL 200 300 ps 

Output cycle to cycle jitter (peak 
to peak)

JITCYCXTAL 200 300 ps 010, 025, 050, and 060 
devices

250 410 ps 150 devices

250 550 ps 005 and 090 devices

Operating current IDYNXTAL 1.5  mA 010, 050, and 060 
devices

1.65 mA 005, 025, 090, and 150 
devices

Input logic level high VIHXTAL 0.9 VPP  V

Input logic level low VILXTAL 0.1 VPP  V

Table 276 • Cryptographic Block Characteristics (continued)

Service Conditions Timing Unit
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The following table lists the CCC/PLL jitter specifications in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

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

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

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

CCC Output Maximum Peak-to-Peak Period Jitter FOUT_CCC

Parameter Conditions/Package Combinations Unit 

10 FG484, 050 
FG896/FG484/FCS325 
Packages1

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

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

Max(150, ± 1% x (1/FOUT_CCC)) ps

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

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

ps

025 FG484/FCS325 
Package1

0 < SSO <=16

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

74 MHz to 400 MHz 210 ps

005 FG484 Package1 0 < SSO <=16

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

53 MHz to 400 MHz 270 ps

090 FG676 and FC325 
Package1

0 < SSO <=16

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

100 MHz to 400 MHz 150 ps

060 FG676 Package1

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

0 < SSO <=16

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

100 MHz to 400 MHz 150

150 FC1152 Package1 0 < SSO <=16

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

100 MHz to 400 MHz 120 ps
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2.3.31.2 SmartFusion2 Inter-Integrated Circuit (I2C) Characteristics
This section describes the DC and switching of the IC 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 
DS0128 Datasheet Revision 11.0 124



IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.31.3 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_x_CLK. For timing parameter definitions, see Figure 22, page 128.

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

Table 305 • 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

sp2 SPI_[0|1]_CLK minimum pulse width high 

SPI_[0|1]_CLK = PCLK/2 6 ns

SPI_[0|1]_CLK = PCLK/4 12.05 ns

SPI_[0|1]_CLK = PCLK/8 24.1 ns

SPI_[0|1]_CLK = PCLK/16 0.05 µs

SPI_[0|1]_CLK = PCLK/32 0.095 µs

SPI_[0|1]_CLK = PCLK/64 0.195 µs

SPI_[0|1]_CLK = PCLK/128 0.385 µs

sp3 SPI_[0|1]_CLK minimum pulse width low 

SPI_[0|1]_CLK = PCLK/2 6 ns

SPI_[0|1]_CLK = PCLK/4 12.05 ns

SPI_[0|1]_CLK = PCLK/8 24.1 ns

SPI_[0|1]_CLK = PCLK/16 0.05 µs

SPI_[0|1]_CLK = PCLK/32 0.095 µs

SPI_[0|1]_CLK = PCLK/64 0.195 µs

SPI_[0|1]_CLK = PCLK/128 0.385 µs

sp4 SPI_[0|1]_CLK, SPI_[0|1]_DO, 
SPI_[0|1]_SS rise time (10%–
90%)1

2.77 ns I/O Configuration: 
LVCMOS 2.5 V–
8 mA
AC loading: 35 pF
Test conditions: 
Typical voltage, 
25 °C
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