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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2 IGLOO2 FPGA and SmartFusion2 SoC FPGA

Microsemi’s mainstream SmartFusion®2 SoC and IGLOO®2 FPGA families integrate an industry 
standard 4-input lookup table-based (LUT) FPGA fabric with integrated math blocks, multiple embedded 
memory blocks, and high-performance SerDes communication interfaces on a single chip. Both families 
benefit from low-power flash technology and are the most secure and reliable FPGAs in the industry. 
These next generation devices offer up to 150K Logic Elements, up to 5 MBs of embedded RAM, up to 
16 SerDes lanes, and up to four PCI Express Gen 2 endpoints, as well as integrated hard DDR3 memory 
controllers with error correction.

SmartFusion2 devices integrate an entire low-power, real-time microcontroller subsystem (MSS) with a 
rich set of industry-standard peripherals including Ethernet, USB, and CAN, while IGLOO2 devices 
integrate a high-performance memory subsystem with on-chip flash, 32 Kbyte embedded SRAM, and 
multiple DMA controllers.

2.1 Device Status
The following table shows the design security densities and development status of the IGLOO2 FPGA 
and SmartFusion2 SoC FPGA devices.

The following table shows the data security densities and development status of the IGLOO2 FPGA and 
SmartFusion2 SoC FPGA devices.

Table 1 • IGLOO2 and SmartFusion2 Design Security Densities

Design Security Device Densities Status

005 Production

010, 010T Production

025, 025T Production

050, 050T Production

060, 060T Production

090, 090T Production

150, 150T Production

Table 2 • IGLOO2 and SmartFusion2 Data Security Densities

Data Security Device Densities Status

005S Production

010TS Production

025TS Production

050TS Production

060TS Production

090TS Production

150TS Production
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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
2.3.5 User I/O Characteristics
There are three types of I/Os supported in the IGLOO2 FPGA and SmartFusion2 SoC FPGA families: 
MSIO, MSIOD, and DDRIO I/O banks. The I/O standards supported by the different I/O banks is 
described in the I/Os section of the UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User 
Guide.

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

Figure 3 • Input Buffer AC Loading
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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
2.3.5.6 Single-Ended I/O Standards

2.3.5.6.1 Low Voltage Complementary Metal Oxide Semiconductor (LVCMOS)
LVCMOS is a widely used switching standard implemented in CMOS transistors. This standard is defined 
by JEDEC (JESD 8-5). The LVCMOS standards supported in IGLOO2 FPGAs and SmartFusion2 SoC 
FPGAs are: LVCMOS12, LVCMOS15, LVCMOS18, LVCMOS25, and LVCMOS33. 

2.3.5.6.2 3.3 V LVCMOS/LVTTL
LVCMOS 3.3 V or Low-Voltage Transistor-Transistor Logic (LVTTL) is a general standard for 3.3 V 
applications. 

Minimum and Maximum DC/AC Input and Output Levels Specification        

Table 29 • LVTTL/LVCMOS 3.3 V DC Recommended DC Operating Conditions 
(Applicable to MSIO I/O Bank Only)

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 3.15 3.3 3.45 V

Table 30 • LVTTL/LVCMOS 3.3 V Input Voltage Specification (Applicable to MSIO I/O 
Bank Only)

Parameter Symbol Min Max Unit

DC input logic high VIH (DC) 2.0 3.45 V

DC input logic low VIL (DC) –0.3 0.8 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 31 • LVCMOS 3.3 V DC Output Voltage Specification (Applicable to MSIO I/O Bank 
Only)

Parameter Symbol Min Max Unit

DC output logic high1

1. The VOH/VOL test points selected ensure compliance with LVCMOS 3.3 V JESD8-B 
requirements.

VOH VDDI – 0.4 V

DC output logic low1 VOL 0.4 V

Table 32 • LVTTL 3.3 V DC Output Voltage Specification (Applicable to MSIO I/O Bank Only)

Parameter Symbol Min Max Unit

DC output logic high VOH 2.4 V

DC output logic low VOL 0.4 V

Table 33 • LVTTL/LVCMOS 3.3 V AC Maximum Switching Speed (Applicable to MSIO I/O Bank 
Only)

Parameter Symbol Max Unit Conditions

Maximum data rate
(for MSIO I/O bank)

DMAX 600 Mbps AC loading: 17 pF load, maximum 
drive/slew
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
AC Switching Characteristics

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

Table 107 • SSTL2 AC Differential Voltage Specifications 

Parameter Symbol Min Max Unit

AC input differential voltage VDIFF (AC) 0.7 V

AC differential cross point 
voltage

Vx (AC) 0.5 × VDDI – 0.2 0.5 × VDDI + 0.2 V

Table 108 • SSTL2 Minimum and Maximum AC Switching Speeds 

Parameter Symbol Max Unit Conditions

Maximum data rate (for 
DDRIO I/O bank)

DMAX 400 Mbps AC loading: per JEDEC 
specifications

Maximum data rate (for 
MSIO I/O bank)

DMAX 575 Mbps AC loading: 17pF load

Maximum data rate (for 
MSIOD I/O bank)

DMAX 700 Mbps AC loading: 3 pF / 50  
load

510 Mbps AC loading: 17pF load

Table 109 • SSTL2 AC Impedance Specifications 

Parameter Typ Unit Conditions

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

20, 42  Reference resistor = 150 

Table 110 • DDR1/SSTL2 AC Test Parameter Specifications 

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 1.25 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 SSTL2 Class I 
(TDP)

RTT_TEST 50 

Reference resistance for data test path for SSTL2 Class II 
(TDP)

RTT_TEST 25 

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 111 • SSTL2 Receiver Characteristics for DDRIO I/O Bank (Input Buffers)

On-Die 
Termination (ODT)

TPY

Unit–1 –Std

Pseudo differential None 1.549 1.821 ns

True differential None 1.589 1.87 ns
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 1.425 V  

Table 136 • SSTL15 AC Test Parameter Specifications (for DDRIO I/O Bank Only)

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 SSTL15 Class I (TDP) RTT_TEST 50 

Reference resistance for data test path for SSTL15 Class II (TDP) RTT_TEST 25 

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 137 • DDR3/SSTL15 Receiver Characteristics for DDRIO I/O Bank – with Calibration 
Only

On-Die Termination (ODT)

TPY

Unit –1 –Std

Pseudo differential None 1.605 1.888 ns

20 1.616 1.901 ns

30 1.613 1.897 ns

40 1.611 1.895 ns

60 1.609 1.893 ns

120 1.607 1.89 ns

True differential None 1.623 1.91 ns

20 1.637 1.926 ns

30 1.63 1.918 ns

40 1.626 1.914 ns

60 1.622 1.91 ns

120 1.619 1.905 ns

Table 138 • DDR3/SSTL15 Transmitter Characteristics (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

DDR3 Reduced Drive/SSTL15 Class I (for DDRIO I/O Bank)

Single-ended 2.533 2.98 2.522 2.967 2.523 2.968 2.427 2.855 2.428 2.856 ns

Differential 2.555 3.005 3.073 3.615 3.073 3.615 2.416 2.843 2.416 2.843 ns

DDR3 Full Drive/SSTL15 Class II (for DDRIO I/O Bank)

Single-ended 2.53 2.977 2.514 2.958 2.516 2.96 2.422 2.849 2.425 2.852 ns

Differential 2.552 3.002 2.591 3.048 2.59 3.047 2.882 3.391 2.881 3.39 ns
DS0128 Datasheet Revision 11.0 50



IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.6.6 Low Power Double Data Rate (LPDDR)
LPDDR reduced and full drive low power double data rate standards are supported in IGLOO2 FPGA 
and SmartFusion2 SoC FPGA I/Os. 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 139 • LPDDR DC Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max

Supply voltage VDDI 1.71 1.8 1.89

Termination voltage VTT 0.838 0.900 0.964

Input reference voltage VREF 0.838 0.900 0.964

Table 140 • LPDDR DC Input Voltage Specification 

Parameter Symbol Min Max

DC input logic high VIH (DC) 0.7 × VDDI 1.89

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

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 141 • LPDDR DC Output Voltage Specification Reduced Drive 

Parameter Symbol Min Max

DC output logic high VOH 0.9 × VDDI

DC output logic low VOL 0.1 × VDDI

Output minimum source DC 
current

IOH at VOH 0.1

Output minimum sink current IOL at VOL –0.1

Table 142 • LPDDR DC Output Voltage Specification Full Drive1

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

Parameter Symbol Min Max

DC output logic high VOH 0.9 × VDDI

DC output logic low VOL 0.1 × VDDI

Output minimum source DC current IOH at VOH 0.1

Output minimum sink current IOL at VOL –0.1

Table 143 • LPDDR DC Differential Voltage Specification 

Parameter Symbol Min

DC input differential voltage VID (DC) 0.4 × VDDI
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
LVDS25 AC Switching Characteristics

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

Table 162 • LVDS DC Output Voltage Specification

Parameter Symbol Min Typ Max Unit

DC output logic high VOH 1.25 1.425 1.6 V

DC output logic low VOL 0.9 1.075 1.25 V

Table 163 • LVDS DC Differential Voltage Specification

Parameter Symbol Min Typ Max Unit

Differential output voltage swing VOD 250 350 450  mV

Output common mode voltage VOCM 1.125 1.25 1.375  V

Input common mode voltage VICM 0.05 1.25 2.35  V 

Input differential voltage VID 100 350 600  mV 

Table 164 • LVDS Minimum and Maximum AC Switching Speed 

Parameter Symbol Max Unit Conditions

Maximum data rate (for MSIO I/O bank) DMAX 535 Mbps AC loading: 12 pF / 100  differential load

Maximum data rate (for MSIOD I/O bank) no 
pre-emphasis

DMAX 620 Mbps AC loading: 10 pF / 100  differential load

700 Mbps AC loading: 2 pF / 100  differential load

Table 165 • LVDS AC Impedance Specifications 

Parameter Symbol Typ Max Unit

Termination resistance RT 100 

Table 166 • LVDS AC Test Parameter Specifications 

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP Cross point V

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

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

Table 167 • LVDS25 Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On-Die Termination (ODT)

TPY

Unit –1 –Std

None 2.774 3.263 ns

100 2.775 3.264 ns
DS0128 Datasheet Revision 11.0 56



IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the RAM1K18 – dual-port mode for depth × width configuration 4K × 4 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

Address setup time TADDRSU 0.475 0.559 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.336 0.395 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 1.529 1.799 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.485 0.57 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 1.514 1.781 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 0.415 0.488 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

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

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

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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The following table lists the µSRAM in 64 × 16 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

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 238 • µSRAM (RAM64x16) in 64 × 16 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 0.835 0.983 ns

Read synchronous reset setup time TSRSTSU 0.271 0.319 ns

Table 237 • µSRAM (RAM64x18) in 64 × 18 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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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 0.835 0.982 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

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 240 • µSRAM (RAM128x8) in 128 × 8 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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The following table lists the µSRAM in 1024 × 1 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

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 0.101 0.118 ns

Write input data hold time TDINCHD 0.137 0.161 ns

Write address setup time TADDRCSU 0.088 0.104 ns

Write address hold time TADDRCHD 0.247 0.29 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 243 • µSRAM (RAM1024x1) in 1024 × 1 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 1.78 2.1 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.978 2.327 ns

Read address hold time in synchronous mode 
TADDRHD

0.137 0.161 ns

Read address hold time in asynchronous mode –0.6 –0.71 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 2.16 2.54 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

Table 242 • µSRAM (RAM512x2) in 512 × 2 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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The following table lists the programming times in worst-case conditions when TJ = 100 °C, VDD = 1.14 V. 
External SPI flash part# AT25DF641-s3H is used during this measurement.            

Table 256 • JTAG Programming (Fabric Only)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 302672 44 10 Sec

010 568784 50 18 Sec

025 1223504 73 26 Sec

050 2424832 88 54 Sec

060 2418896 99 54 Sec

090 3645968 135 126 Sec

150 6139184 177 193 Sec

Table 257 • JTAG Programming (eNVM Only)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 137536 61 4 Sec

010 274816 100 9 Sec

025 274816 100 9 Sec

050 2,78,528 106 8 Sec

060 268480 98 8 Sec

090 544496 176 15 Sec

150 544496 177 15 Sec

Table 258 • JTAG Programming (Fabric and eNVM)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 439296 71 11 Sec

010 842688 129 20 Sec

025 1497408 142 35 Sec

050 2695168 184 59 Sec

060 2686464 180 70 Sec

090 4190208 288 147 Sec

150 6682768 338 231 Sec
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2.3.22 JTAG  

2.3.23 System Controller SPI Characteristics

Table 284 • JTAG 1532 for 005, 010, 025, and 050 Devices

Parameter Symbol

005 010 025 050 Unit

–1 –Std –1 –Std –1 –Std –1 –Std

Clock to Q 
(data out)

TTCK2Q 7.47 8.79 7.73 9.09 7.75 9.12 7.89 9.28 ns

Reset to Q 
(data out)

TRSTB2Q 7.65 9 6.43 7.56 6.13 7.21 7.40 8.70 ns

Test data input 
setup time

TDISU –1.05 –0.89 –0.69 –0.59 –0.67 –0.57 –0.30 –0.25 ns

Test data input 
hold time

TDIHD 2.38 2.8 2.38 2.8 2.42 2.85 2.09 2.45 ns

Test mode 
select setup 
time

TTMSSU
–0.73 –0.62 –1.03 –1.21 –1.1 –0.94 0.28 0.33 ns

Test mode 
select hold 
time

TTMDHD
1.36 1.6 1.43 1.68 1.93 2.27 0.16 0.19 ns

ResetB 
removal time

TTRSTREM 
–0.77 –0.65 –1.08 –0.92 –1.33 –1.13 –0.45 –0.38 ns

ResetB 
recovery time

TTRSTREC –0.76 –0.65 –1.07 –0.91 –1.34 –1.14 –0.45 –0.38 ns

TCK 
maximum 
frequency

FTCKMAX
25 21.25 25 21.25 25 21.25 25.00 21.25 MHz

Table 285 • JTAG 1532 for 060, 090, and 150 Devices

Parameter Symbol

060 090 150

Unit–1 –Std –1 –Std –1 –Std

Clock to Q (data out) TTCK2Q 8.38 9.86 8.96 10.54 8.66 10.19 ns

Reset to Q (data out) TRSTB2Q 8.54 10.04 7.75 9.12 8.79 10.34 ns

Test data input setup 
time

TDISU –1.18 –1 –1.31 –1.11 –0.96 –0.82
ns

Test data input hold 
time

TDIHD 2.52 2.97 2.68 3.15 2.57 3.02
ns

Test mode select setup 
time

TTMSSU –0.97 –0.83 –1.02 –0.87 –0.53 –0.45
ns

Test mode select hold 
time

TTMDHD 1.7 2 1.67 1.96 1.02 1.2
ns

ResetB removal time TTRSTREM –1.21 –1.03 –0.76 –0.65 –1.03 –0.88 ns

ResetB recovery time TTRSTREC –1.21 –1.03 –0.77 –0.65 –1.03 –0.88 ns

TCK maximum 
frequency

FTCKMAX 25 21.25 25 21.25 25 21.25
MHz
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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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The following table lists the receiver pa in worst-case industrial conditions when TJ = 100 °C, 
VDD = 1.14 V.  

Table 297 • Receiver Parameters

Symbol Description Min Typ Max Unit

VRX-IN-PP-CC Differential input peak-to-peak sensitivity 
(2.5 Gbps)

0.238 1.2 V

Differential input peak-to-peak sensitivity 
(2.5 Gbps, de-emphasized)

0.219 1.2 V

Differential input peak-to-peak sensitivity 
(5.0 Gbps)

0.300 1.2 V

Differential input peak-to-peak sensitivity 
(5.0 Gbps, de-emphasized)

0.300 1.2 V

VRX-CM-AC-P Input common mode range (AC coupled) 150 mV

ZRX-DIFF-DC Differential input termination 80 100 120 

REXT External calibration resistor 1,188 1,200 1,212 

CDR-LOCK-RST CDR relock time from reset 15 µs

RLRX-DIFF Return loss differential mode (2.5 Gbps) –10 dB

Return loss differential mode (5.0 Gbps)

0.05 GHz to 1.25 GHz –10 dB

1.25 GHz to 2.5 GHz –8 dB

RLRX-CM Return loss common mode (2.5 Gbps, 
5.0 Gbps)

–6 dB

RX-CID1

1. AC-coupled, BER = e-12, using synchronous clock.

CID limit PCIe Gen1/2 200 UI

VRX-IDLE-DET-DIFF-PP Signal detect limit 65 175 mV

Table 298 • SerDes Protocol Compliance

Protocol Maximum Data Rate (Gbps) –1 –Std

PCIe Gen 1 2.5 Yes Yes

PCIe Gen 2 5.0 Yes

XAUI 3.125 Yes

Generic EPCS 3.2 Yes

Generic EPCS 2.5 Yes Yes
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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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