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IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.5.7 2.5 V LVCMOS 
LVCMOS 2.5 V is a general standard for 2.5 V applications and is supported in IGLOO2 FPGA and 
SmartFusion2 SoC FPGAs that are in compliance with the JEDEC specification JESD8-5A.

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 38 • LVCMOS 2.5 V DC Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Table 39 • LVCMOS 2.5 V DC Input Voltage Specification

Parameter Symbol Min Max Unit

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

VIH (DC) 1.7 2.625 V

DC input logic high (for MSIO I/O 
bank)

VIH (DC) 1.7 3.45 V

DC input logic low VIL (DC) –0.3 0.7 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 40 • LVCMOS 2.5 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH
1

1. The VOH/VOL test points selected ensure compliance with LVCMOS 2.5 V JEDEC8-5A requirements.

VDDI – 0.4 – V

DC output logic low VOL
2 0.4 V

Table 41 • LVCMOS 2.5 V AC Minimum and Maximum Switching Speed

Parameter Symbol Max Unit Conditions

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

Maximum data rate (for MSIO I/O bank) DMAX 410 Mbps AC loading: 17 pF load, 
maximum drive/slew

Maximum data rate (for MSIOD I/O bank) DMAX 420 Mbps AC loading: 17 pF load, 
maximum drive/slew

Table 42 • LVCMOS 2.5 V AC Calibrated Impedance Option

Parameter Symbol Typ Unit

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

Rodt_cal 75, 60, 50, 33, 
25, 20

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

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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 82 • LVCMOS 1.2 V Receiver Characteristics for MSIOD I/O Bank (Input Buffers)

On-Die Termination (ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 4.154 4.887 4.114 4.84 ns

50 6.918 8.139 6.806 8.008 ns

75 5.613 6.603 5.533 6.509 ns

150 4.716 5.549 4.657 5.479 ns

Table 83 • LVCMOS 1.2 V Transmitter Characteristics for DDRIO I/O 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 6.713 7.897 5.362 6.308 6.723 7.909 7.233 8.51 6.375 7.499 ns

Medium 5.912 6.955 4.616 5.43 5.915 6.959 6.887 8.102 6.009 7.069 ns

Medium 
fast

5.5 6.469 4.231 4.978 5.5 6.471 6.672 7.849 5.835 6.865 ns

Fast 5.462 6.426 4.194 4.935 5.463 6.427 6.646 7.819 5.828 6.857 ns

4 mA Slow 6.109 7.186 4.708 5.539 6.098 7.174 8.005 9.418 7.033 8.274 ns

Medium 5.355 6.299 4.034 4.746 5.338 6.28 7.637 8.985 6.672 7.849 ns

Medium 
fast

4.953 5.826 3.685 4.336 4.932 5.802 7.44 8.752 6.499 7.646 ns

Fast 4.911 5.777 3.658 4.303 4.89 5.754 7.427 8.737 6.488 7.632 ns

6 mA Slow 5.89 6.929 4.506 5.301 5.874 6.911 8.337 9.808 7.315 8.605 ns

Medium 5.176 6.089 3.862 4.543 5.155 6.065 7.986 9.394 6.943 8.168 ns

Medium 
fast

4.792 5.637 3.523 4.145 4.765 5.606 7.808 9.186 6.775 7.97 ns

Fast 4.754 5.593 3.486 4.101 4.728 5.563 7.777 9.149 6.769 7.963 ns

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

Table 84 • LVCMOS 1.2 V Transmitter Characteristics for MSIO I/O 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 6.746 7.937 7.458 8.774 8.172 9.614 9.867 11.608 8.393 9.874 ns

4 mA Slow 7.068 8.315 6.678 7.857 7.474 8.793 10.986 12.924 9.043 10.638 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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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
 2.3.6.5 Stub-Series Terminated Logic 1.5 V (SSTL15)
SSTL15 Class I and Class II are supported in IGLOO2 FPGAs and SmartFusion2 SoC FPGAs, and also 
comply with the reduced and full drive double data rate (DDR3) standard. IGLOO2 FPGA and 
SmartFusion2 SoC FPGA I/Os supports 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

The following table lists the SSTL15 DC voltage specifications for DDRIO bank.    

Table 128 • DDR2/SSTL18 Transmitter Characteristics (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

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

SSTL18 Class I (for DDRIO I/O Bank)

Single-ended 2.383 2.804 2.23 2.623 2.229 2.622 2.202 2.591 2.201 2.59 ns

Differential 2.413 2.84 2.797 3.29 2.797 3.29 2.282 2.685 2.282 2.685 ns

SSTL18 Class II (for DDRIO I/O Bank)

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

Differential 2.315 2.724 2.698 3.173 2.698 3.173 2.242 2.639 2.242 2.639 ns

Table 129 • SSTL15 DC Recommended DC Operating Conditions (for DDRIO I/O Bank Only)

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 1.425 1.5 1.575 V

Termination voltage VTT 0.698 0.750 0.803 V

Input reference voltage VREF 0.698 0.750 0.803 V

Table 130 • SSTL15 DC Input Voltage Specification (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit

DC input logic high VIH(DC) VREF + 0.1 1.575 V

DC input logic low VIL(DC) –0.3 VREF – 0.1 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Note: To meet JEDEC electrical compliance, use DDR3 full drive transmitter.   

Table 131 • SSTL15 DC Output Voltage Specification (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit

DDR3/SSTL15 Class I (DDR3 Reduced Drive)

DC output logic high VOH 0.8 × VDDI V

DC output logic low VOL 0.2 × VDDI V

Output minimum source DC 
current

IOH at VOH 6.5 mA

Output minimum sink current IOL at VOL –6.5 mA

DDR3/SSTL15 Class II (DDR3 Full Drive)

DC output logic high VOH 0.8 × VDDI V

DC output logic low VOL 0.2 × VDDI V

Output minimum source DC 
current

IOH at VOH 7.6 mA

Output minimum sink current IOL at VOL –7.6 mA

Table 132 • SSTL15 DC Differential Voltage Specification (for DDRIO I/O Bank Only)

Parameter Symbol Min Unit

DC input differential voltage VID 0.2 V

Table 133 • SSTL15 AC SSTL15 Minimum and Maximum AC Switching Speed (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit

AC input differential voltage VDIFF (AC) 0.3 V

AC differential cross point voltage Vx (AC) 0.5 × VDDI – 0.150 0.5 × VDDI + 0.150 V

Table 134 • SSTL15 Minimum and Maximum AC Switching Speed (for DDRIO I/O Bank Only)

Parameter Symbol Max Unit Conditions

Maximum data rate DMAX 667 Mbps AC loading: per JEDEC specifications

Table 135 • SSTL15 AC Calibrated Impedance Option (for DDRIO I/O Bank Only)

Parameter Symbol Typ Unit Conditions

Supported output driver calibrated impedance RREF 34, 40  Reference resistor = 240 

Effective impedance value (ODT) RTT 20, 30, 40, 60, 120  Reference resistor = 240 
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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
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Table 156 • LPDDR-LVCMOS 1.8 V AC Test Parameter Specifications

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 0.9 V

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

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

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 157 • LPDDR-LVCMOS 1.8 V Mode Transmitter Drive Strength Specification for DDRIO Bank

Output Drive Selection
VOH (V)
Min

VOL (V)
Max IOH (at VOH) mA IOL (at VOL) mA

2 mA VDDI – 0.45 0.45 2 2

4 mA VDDI – 0.45 0.45 4 4

6 mA VDDI – 0.45 0.45 6 6

8 mA VDDI – 0.45 0.45 8 8

10 mA VDDI – 0.45 0.45 10 10

12 mA VDDI – 0.45 0.45 12 12

16 mA1 VDDI – 0.45 0.45 16 16

1. 16 mA Drive Strengths, All Slews, meet LPDDR JEDEC electrical compliance.

Table 158 • LPDDR-LVCMOS 1.8V AC Switching Characteristics for Receiver (for DDRIO 
I/O Bank with Fixed Code - Input Buffers)

ODT (On Die 
Termination) –1 –Std –1 –Std Unit

None 1.968 2.315 2.099 2.47 ns

Table 159 • LPDDR-LVCMOS 1.8 V AC Switching Characteristics for Transmitter for DDRIO I/O 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 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
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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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Figure 9 • I/O Register Output Timing Diagram

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

Table 220 • Output/Enable Data Register Propagation Delays 

Parameter Symbol

Measuring 
Nodes
(from, to)1

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

–1 –Std Unit

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

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

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

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

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

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

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

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

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

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

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

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

Asynchronous load minimum pulse width for the output/enable 
register

TOWALN C, C 0.304 0.357
ns

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

Clock minimum pulse width low for the output/enable register TOCKMPWL E, E 0.159 0.187 ns
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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 × 8 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

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

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

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

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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The following table lists the µSRAM in 256 × 4 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 241 • µSRAM (RAM256x4) in 256 × 4 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 1.75 2.06 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.931 2.272 ns

Read address hold time in synchronous mode 
TADDRHD

0.121 0.142 ns

Read address hold time in asynchronous mode –0.65 –0.76 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 2.09 2.46 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

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
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2.3.17 Non-Deterministic Random Bit Generator (NRBG) 
Characteristics
For more information about NRBG, see AC407: Using NRBG Services in SmartFusion2 and IGLOO2 
Devices Application Note. The following table lists the NRBG in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V. 

2.3.18 Cryptographic Block Characteristics
For more information about cryptographic block and associated services, see AC410: Using AES System 
Services in SmartFusion2 and IGLOO2 Devices Application Note and AC432: Using SHA-256 System 
Services in SmartFusion2 and IGLOO2 Devices Application Note. 

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

Table 275 • Non-Deterministic Random Bit Generator (NRBG)

Service Timing Unit

Conditions

Prediction 
Resistance

Additional 
Input

Instantiate 85 ms OFF X

Generate
(after Instantiate)1

1. If PUF_OFF, generate will incur additional PUF delay time for consecutive service calls.

4.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

6.0 ms + (6.25 us/byte x No. of Bytes) OFF 64

7.0 ms + (6.25 us/byte x No. of Bytes) OFF 128

Generate
(after Instantiate)

47 ms ON X

Generate
(subsequent)1

0.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

2.0 ms + (6.25 us/byte x No. of Bytes) OFF 64

3.0 ms + (6.25 us/byte x No. of Bytes) OFF 128

Generate
(subsequent)

43 ms ON X

Reseed 40 ms

Uninstantiate 0.16 ms

Reset 0.10 ms

Self test 20 ms First time after power-up

6 ms Subsequent

Table 276 • Cryptographic Block Characteristics

Service Conditions Timing Unit

Any service First certificate check penalty at boot 11.5 ms

AES128/256
(encoding / decoding)1

100 blocks up to 64k blocks 700 kbps
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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 IGLOO2 DEVRST_N to functional times in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V. 

Table 292 • DEVRST_N to Functional Times for IGLOO2

Symbol From To Description

Maximum Power-up to Functional Time for IGLOO2 
(uS)

005 010 025 050 060 090 150

TPOR2OUT POWER_ON
_RESET_N

Output 
available at 
I/O

Fabric to
output

114 116 113 113 115 115 114

TDEVRST2OUT DEVRST_N Output 
available at 
I/O

VDD at its 
minimum 
threshold 
level to 
output

314 353 314 307 343 341 341

TDEVRST2POR DEVRST_N POWER_O
N_RESET_
N

VDD at its 
minimum 
threshold 
level to
fabric

200 238 201 195 230 229 227

TDEVRST2WPU DEVRST_N DDRIO 
Inbuf weak 
pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215

DEVRST_N MSIO Inbuf 
weak pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215

DEVRST_N MSIOD 
Inbuf weak 
pull

DEVRST_N 
to Inbuf weak 
pull

208 202 197 193 216 215 215
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2.3.30 SerDes Electrical and Timing AC and DC Characteristics
PCIe is a high-speed, packet-based, point-to-point, low-pin-count, serial interconnect bus. The IGLOO2 
and SmartFusion2 SoC FPGAs has up to four hard high-speed serial interface blocks. Each SerDes 
block contains a PCIe system block. The PCIe system is connected to the SerDes block.

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

Table 296 • Transmitter Parameters

Symbol Description Min Max Unit

VTX-DIFF-PP  Differential swing (2.5 Gbps, 5.0 Gbps) 0.8 1.2 V

VTX-CM-AC-P Output common mode voltage (2.5 Gbps) 20 mV

VTX-CM-AC-PP Output common mode voltage (5.0 Gbps) 100 mV

VTX-RISE-FALL Rise and fall time (20% to 80%, 2.5 Gbps) 0.125 UI

Rise and fall time (20% to 80%, 5.0 Gbps) 0.15 UI

ZTX-DIFF-DC Output impedance–differential 80 120 

LTX-SKEW Lane-to-lane TX skew within a SerDes block (2.5 
Gbps)

500 ps + 2 UI ps

Lane-to-lane TX skew within a SerDes block (5.0 
Gbps)

500 ps + 4 UI ps

RLTX-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

RLTX-CM Return loss common mode (2.5 Gbps, 5.0 Gbps) –6 dB

TX-LOCK-RST Transmit PLL lock time from reset 10 µs

VTX-AMP 100 mV setting 90 150 mV

400 mV setting 320 480 mV

800 mV setting 660 940 mV

1200 mV setting 950 1400 mV
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The following table lists the SerDes reference clock AC specifications in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V.  

2.3.31 SmartFusion2 Specifications

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

Table 299 • SerDes Reference Clock AC Specifications

Parameter Symbol Min Max Unit

Reference clock frequency FREFCLK 100 160 MHz

Reference clock rise time TRISE 0.6  4 V/ns

Reference clock fall time TFALL  0.6  4 V/ns

Reference clock duty cycle TCYC  40  60 %

Reference clock mismatch MMREFCLK  –300  300 ppm

Reference spread spectrum clock SSCref  0 5000 ppm

Table 300 • HCSL Minimum and Maximum DC Input Levels (Applicable to SerDes REFCLK Only)

Parameter Symbol Min Typ Max Unit

Recommended DC Operating Conditions

Supply voltage VDDI 2.375 2.5 2.625 V

HCSL DC Input Voltage Specification

DC Input voltage VI 0 2.625 V

HCSL Differential Voltage Specification

Input common mode voltage VICM 0.05 2.4  V 

Input differential voltage VIDIFF 100 1100  mV 

Table 301 • HCSL Minimum and Maximum AC Switching Speeds (Applicable to SerDes REFCLK 
Only)

Parameter Symbol Min Typ Max Unit

HCSL AC Specifications

Maximum data rate (for MSIO I/O bank) FMAX 350 Mbps

HCSL Impedance Specifications

Termination resistance Rt 100 

Table 302 • Maximum Frequency for MSS Main Clock 

Symbol Description –1 –Std Unit

M3_CLK Maximum frequency for the MSS main clock 166 142 MHz
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2.3.31.2 SmartFusion2 Inter-Integrated Circuit (I2C) Characteristics
This section describes the DC and switching of the IC interface. Unless otherwise noted, all output 
characteristics given are for a 100 pF load on the pins. For timing parameter definitions, see Figure 21, 
page 125.

The following table lists the I2C characteristics in worst-case industrial conditions when TJ = 100 °C, 
VDD = 1.14 V

Table 303 • I2C Characteristics

Parameter Symbol Min Typ Max Unit Conditions

Input low voltage VIL –0.3 0.8 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank–LVTTL 8 mA low drive.

Input high voltage VIH 2 3.45 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank–LVTTL 8 mA low drive.

Hysteresis of schmitt 
triggered inputs for VDDI > 
2 V

VHYS 0.05 × VDDI V See Table 28, page 23 for more 
information.

Input current high IIL 10 µA See Single-Ended I/O Standards, 
page 24 for more information.

Input current low IIH 10 µA See Single-Ended I/O Standards, 
page 24 for more information.

Input rise time Tir 1000 ns Standard mode

300 ns Fast mode

Input fall time Tif 300 ns Standard mode

300 ns Fast mode

Maximum output voltage 
low (open drain) at 3 mA 
sink current for VDDI > 2 V

VOL 0.4 V See Single-Ended I/O Standards, 
page 24 for more information. I/O 
standard used for illustration: MSIO 
bank–LVTTL 8 mA low drive.

Pin capacitance Cin 10 pF VIN = 0, f = 1.0 MHz

Output fall time from 
VIHMin to VILMax1

tOF
1 21.04 ns VIHmin to VILMax, CLOAD = 400 pF

5.556 ns VIHmin to VILMax, CLOAD = 100 pF

Output rise time from 
VILMax to VIHMin1

tOR 
1 19.887 ns VILMax to VIHmin, CLOAD = 400 pF

5.218 ns VILMax to VIHmin, CLOAD = 100 pF

Output buffer maximum 
pull-down resistance2, 3

Rpull-up
2,3 50 

Output buffer maximum 
pull-up resistance2, 4 

Rpull-down
2,4 131.25 
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