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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.
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The versatility of Embedded - FPGAs makes them
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FPGAs are used for high-speed data processing and
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support advanced driver-assistance systems (ADAS) and
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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
DS0128 Datasheet Revision 11.0 14



IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 19 • Maximum Data Rate Summary Table for Voltage-Referenced I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

LPDDR 400 Mbps

HSTL1.5 V 400 Mbps

SSTL 2.5 V 510 700 400 Mbps

SSTL 1.8 V 667 Mbps

SSTL 1.5 V 667 Mbps

Table 20 • Maximum Data Rate Summary Table for Differential I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD Unit

LVPECL (input only) 900 Mbps

LVDS 3.3 V 535 Mbps

LVDS 2.5 V 535 700 Mbps

RSDS 520 700 Mbps

BLVDS 500 Mbps

MLVDS 500 Mbps

Mini-LVDS 520 700 Mbps

Table 21 • Maximum Frequency Summary Table for Single-Ended I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

PCI 3.3 V 315 MHz

LVTTL 3.3 V 300 MHz

LVCMOS 3.3 V 300 MHz

LVCMOS 2.5 V 205 210 200 MHz

LVCMOS 1.8 V 147.5 200 200 MHz

LVCMOS 1.5 V 80 110 118 MHz

LVCMOS 1.2 V 60 80 100 MHz

LPDDR– LVCMOS 1.8 V mode 200 MHz
DS0128 Datasheet Revision 11.0 20



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

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 48 • LVCMOS 2.5 V Transmitter Characteristics for MSIOD Bank (Output and Tristate Buffers)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1 TLZ

1

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

2 mA Slow 2.206 2.596 2.678 3.15 2.64 3.106 4.935 5.805 4.74 5.576 ns

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

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

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

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

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

Table 49 • LVCMOS 1.8 V DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

LVCMOS 1.8 V DC Recommended Operating Conditions

Supply voltage VDDI 1.710 1.8 1.89 V

Table 50 • LVCMOS 1.8 V DC Input Voltage Specification

Parameter Symbol Min Max Unit

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

VIH (DC) 0.65 × VDDI 1.89 V

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

VIH (DC) 0.65 × VDDI 3.45 V

DC input logic low VIL (DC) –0.3 0.35 × VDDI V

Input current high1

1. See Table 24, page 22.

IIH (DC) –

Input current low1 IIL (DC) –

Table 51 • LVCMOS 1.8 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH VDDI – 0.45 V

DC output logic low VOL 0.45 V

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

Parameter Symbol Max Unit Conditions

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

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

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

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

Maximum data rate (for MSIOD I/O bank)1 DMAX 400 Mbps AC loading: 17 pF load, maximum drive/slew
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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
Note: For a detailed I/V curve, use the corresponding IBIS models: 
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

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

Table 77 • LVCMOS 1.2 V AC Calibrated Impedance Option 

Parameter Symbol Typ Unit

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

RODT_CAL 75, 60, 50, 40 

Table 78 • LVCMOS 1.2 V AC Test Parameter Specifications 

Parameter Symbol Typ Unit

Measuring/trip point VTRIP 0.6 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 79 • LVCMOS 1.2 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 VDDI × 0.75 VDDI × 0.25 6 6

Table 80 • LVCMOS 1.2 V Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input 
Buffers)

On-Die Termination (ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.448 2.88 2.466 2.901 ns

Table 81 • LVCMOS 1.2 V Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On-Die Termination ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 4.714 5.545 4.675 5.5 ns

50 6.668 7.845 6.579 7.74 ns

75 5.832 6.862 5.76 6.777 ns

150 5.162 6.073 5.111 6.014 ns
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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 = 3.0 V 

 2.3.6  Memory Interface and Voltage Referenced I/O Standards
This section describes High-Speed Transceiver Logic (HSTL) memory interface and voltage reference 
I/O standards.

 2.3.6.1 High-Speed Transceiver Logic (HSTL)
The HSTL standard is a general purpose high-speed bus standard sponsored by IBM (EIA/JESD8-6). 
IGLOO2 FPGA and SmartFusion2 SoC FPGA devices support two classes of the 1.5 V HSTL. These 
differential versions of the standard require a differential amplifier input buffer and a push-pull output 
buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification (Applicable to DDRIO Bank 
Only)        

Table 91 • PCI/PCIX AC Switching Characteristics for Receiver for MSIO I/O Bank 
(Input Buffers)

On-Die Termination (ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.229 2.623 2.238 2.633 ns

Table 92 • PCI/PCIX 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

2.146 2.525 2.043 2.404 2.084 2.452 6.095 7.171 5.558 6.539 ns

Table 93 • HSTL Recommended DC Operating Conditions 

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 94 • HSTL DC Input Voltage Specification 

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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Table 112 • SSTL2 Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On-Die 
Termination (ODT)

TPY

Unit–1 –Std

Pseudo differential None 2.798 3.293 ns

True differential None 2.733 3.215 ns

Table 113 • DDR1/SSTL2 Receiver Characteristics for MSIOD I/O Bank (Input Buffers)

On-Die 
Termination (ODT)

TPY

Unit–1 –Std

Pseudo differential None 2.476 2.913 ns

True differential None 2.475 2.911 ns

Table 114 • SSTL2 Class I 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

Single-ended 2.26 2.66 1.99 2.341 1.985 2.335 2.135 2.512 2.13 2.505 ns

Differential 2.26 2.658 2.202 2.591 2.201 2.589 2.393 2.815 2.392 2.814 ns

Table 115 • DDR1/SSTL2 Class I 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 2.055 2.417 2.037 2.396 2.03 2.388 2.068 2.433 2.061 2.425 ns

Differential 2.192 2.58 2.434 2.864 2.425 2.852 2.164 2.545 2.156 2.536 ns

Table 116 • DDR1/SSTL2 Class I 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

Single-ended 1.512 1.779 1.462 1.72 1.462 1.72 1.676 1.972 1.676 1.971 ns

Differential 1.676 1.971 1.774 2.087 1.766 2.077 1.854 2.181 1.845 2.171 ns

Table 117 • DDR1/SSTL2 Class II 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

Single-ended 2.122 2.497 1.906 2.243 1.902 2.237 2.061 2.424 2.056 2.418 ns

Differential 2.127 2.501 2.042 2.402 2.043 2.403 2.363 2.78 2.365 2.781 ns
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 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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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.  

 2.3.7.6 LVPECL
Low-Voltage Positive Emitter-Coupled Logic (LVPECL) is another differential I/O standard. It requires 
that one data bit be carried through two signal lines. Similar to LVDS, two pins are needed. It also 
requires external resistor termination. IGLOO2 and SmartFusion2 SoC FPGAs support only LVPECL 
receivers and do not support LVPECL transmitters.

Minimum and Maximum Input and Output Levels (Applicable to MSIO I/O Bank Only)   

Table 210 • RSDS AC Switching Characteristics for Receiver (for MSIO I/O Bank - 
Input Buffers) 

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.855 3.359 ns

100 2.85 3.353 ns

Table 211 • RSDS AC Switching Characteristics for Receiver (for MSIOD I/O Bank - 
Input Buffers) 

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.602 3.061 ns

100 2.597 3.055 ns

Table 212 • RSDS 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

2.097 2.467 2.303 2.709 2.291 2.695 1.961 2.307 1.947 2.29 ns

Table 213 • RSDS AC Switching Characteristics for Transmitter (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 1.614 1.899 1.559 1.834 1.55 1.823 1.59 1.87 1.575 1.852 ns

Min pre-emphasis 1.604 1.887 1.742 2.05 1.728 2.032 1.889 2.222 1.858 2.185 ns

Med pre-emphasis 1.521 1.79 1.753 2.062 1.737 2.043 1.9 2.235 1.868 2.197 ns

Max pre-emphasis 1.492 1.754 1.762 2.073 1.745 2.052 1.91 2.247 1.876 2.206 ns

Table 214 • LVPECL Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 3.15 3.3 3.45 V
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 2.3.8.2 Output/Enable Register
Figure 8 • Timing Model for Output/Enable Register
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2.3.11 Global Resource Characteristics
The IGLOO2 and SmartFusion2 SoC FPGA devices offer a powerful, low skew global routing network 
which provides an effective clock distribution throughout the FPGA fabric. See UG0445: IGLOO2 FPGA 
and SmartFusion2 SoC FPGA Fabric User Guide for the positions of various global routing resources.

The following table lists the 150 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

The following table lists the 090 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.   

The following table lists the 050 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

The following table lists the 025 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.  

Table 225 • 150 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.83 0.911 0.831 0.913  ns 

Input high delay for global clock TRCKH 1.457 1.588 1.715 1.869  ns 

Maximum skew for global clock TRCKSW 0.131 0.154  ns 

Table 226 • 090 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.835 0.888 0.833 0.886 ns 

Input high delay for global clock TRCKH 1.405 1.489 1.654 1.752 ns 

Maximum skew for global clock TRCKSW 0.084 0.098 ns 

Table 227 • 050 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.827 0.897 0.826 0.896 ns 

Input high delay for global clock TRCKH 1.419 1.53 1.671 1.8 ns 

Maximum skew for global clock TRCKSW 0.111 0.129 ns 

Table 228 • 025 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.747 0.799 0.745 0.797 ns 

Input high delay for global clock TRCKH 1.294 1.378 1.522 1.621 ns 

Maximum skew for global clock TRCKSW 0.084 0.099 ns 
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The following table lists the RAM1K18 – two-port mode for depth × width configuration 512 × 36 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V. 

Table 236 • RAM1K18 – Two-Port Mode for Depth × Width Configuration 512 × 36

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Clock period TCY 2.5 2.941 ns

Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns

Clock minimum pulse width low TCLKMPWL 1.125 1.323 ns

Pipelined clock period TPLCY 2.5 2.941 ns

Pipelined clock minimum pulse width high TPLCLKMPWH 1.125 1.323 ns

Pipelined clock minimum pulse width low TPLCLKMPWL 1.125 1.323 ns

Read access time with pipeline register
TCLK2Q 

0.334 0.393 ns

Read access time without pipeline register 2.25 2.647 ns

Address setup time TADDRSU 0.313 0.368 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.337 0.396 ns

Data hold time TDHD 0.111 0.13 ns

Block select setup time TBLKSU 0.207 0.244 ns

Block select hold time TBLKHD 0.201 0.237 ns

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

TBLK2Q 2.25 2.647 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.449 0.528 ns

Read enable hold time TRDEHD 0.167 0.197 ns

Pipelined read enable setup time (A_DOUT_EN, B_DOUT_EN) TRDPLESU 0.248 0.291 ns

Pipelined read enable hold time (A_DOUT_EN, B_DOUT_EN) TRDPLEHD 0.102 0.12 ns

Asynchronous reset to output propagation delay TR2Q 1.506 1.772 ns

Asynchronous reset removal time TRSTREM 0.506 0.595 ns

Asynchronous reset recovery time TRSTREC 0.004 0.005 ns

Asynchronous reset minimum pulse width TRSTMPW 0.301 0.354 ns

Pipelined register asynchronous reset removal time TPLRSTREM –0.279 –0.328 ns

Pipelined register asynchronous reset recovery time TPLRSTREC 0.327 0.385 ns

Pipelined register asynchronous reset minimum pulse width TPLRSTMPW 0.282 0.332 ns

Synchronous reset setup time TSRSTSU 0.226 0.265 ns

Synchronous reset hold time TSRSTHD 0.036 0.043 ns

Write enable setup time TWESU 0.39 0.458 ns

Write enable hold time TWEHD 0.242 0.285 ns

Maximum frequency FMAX 400 340 MHz
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Table 265 • Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (Fabric 
Only)

M2S/M2GL Device

Auto Programming Auto Update Programming Recovery

Unit 100 kHz 25 MHz 12.5 MHz

005 69 49 50 Sec

010 99 57 57 Sec

025 150 64 63 Sec

050 551 Not Supported Not Supported Sec

060 313 105 104 Sec

090 449 131 130 Sec

150 730 179 183 Sec

1. Auto programming in 050 device is done through SC_SPI, and SPI CLK is set to 6.25 MHz.

Table 266 • Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (eNVM 
Only)

M2S/M2GL Device

Auto Programming Auto Update Programming Recovery

Unit 100 kHz 25 MHz 12.5 MHz

005 63 70 71 Sec

010 108 109 109 Sec

025 109 107 108 Sec

050 107 Not Supported Not Supported Sec

060 100 108 108 Sec

090 176 184 184 Sec

150 183 183 183 Sec

Table 267 • Programming Times with 100 kHz, 25 MHz. and 12.5 MHz SPI Clock Rates (Fabric and 
eNVM)

M2S/M2GL Device

Auto Programming Auto Update Programming Recovery

Unit 100 kHz 25 MHz 12.5 MHz

005 109 89 88 Sec

010 183 135 135 Sec

025 251 142 143 Sec

050 134 Not Supported Not Supported Sec

060 390 183 180 Sec

090 604 283 282 Sec

150 889 331 332 Sec
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2.3.14 Math Block Timing Characteristics
The fundamental building block in any digital signal processing algorithm is the multiply-accumulate 
function. Each IGLOO2 and SmartFusion2 SoC math block supports 18×18 signed multiplication, dot 
product, and built-in addition, subtraction, and accumulation units to combine multiplication results 
efficiently. The following table lists the math blocks with all registers used in worst commercial-case 
conditions when TJ = 85 °C, VDD = 1.14 V.

The following table lists the math blocks with input bypassed and output registers used in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

Table 268 • Math Blocks with all Registers Used

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Input, control register setup time TMISU 0.149 0.176 ns

Input, control register hold time TMIHD 1.68 1.976 ns

CDIN input setup time TMOCDINSU 0.185 0.218 ns

CDIN input hold time TMOCDINHD 0.08 0.094 ns

Synchronous reset/enable setup time TMSRSTENSU –0.419 –0.493 ns

Synchronous reset/enable hold time TMSRSTENHD 0.011 0.013 ns

Asynchronous reset removal time TMARSTREM 0 0 ns

Asynchronous reset recovery time TMARSTREC 0.088 0.104 ns

Output register clock to out delay TMOCQ 0.232 0.273 ns

CLK minimum period TMCLKMP 2.245 2.641 ns

Table 269 • Math Block with Input Bypassed and Output Registers Used

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Output register setup time TMOSU 2.294 2.699 ns

Output register hold time TMOHD 1.68 1.976 ns

CDIN input setup time TMOCDINSU 0.115 0.136 ns

CDIN input hold time TMOCDINHD –0.444 –0.522 ns

Synchronous reset/enable setup time TMSRSTENSU –0.419 –0.493 ns

Synchronous reset/enable hold time TMSRSTENHD 0.011 0.013 ns

Asynchronous reset removal time TMARSTREM 0 0 ns

Asynchronous reset recovery time TMARSTREC 0.014 0.017 ns

Output register clock to out delay TMOCQ 0.232 0.273 ns

CLK minimum period TMCLKMP 2.179 2.563 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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Figure 18 • Power-up to Functional Timing Diagram for IGLOO2

2.3.25 DEVRST_N Characteristics

2.3.26 DEVRST_N to Functional Times
The following table lists the SmartFusion2 DEVRST_N to functional times in worst-case industrial 
conditions when TJ = 100 °C, VDD = 1.14 V. 

Table 290 • DEVRST_N Characteristics for All Devices

Parameter Symbol Max Unit

DEVRST_N ramp rate TRAMPDEVRSTN 1 us

DEVRST_N cycling rate FMAXPDEVRSTN 100 kHz

Table 291 • DEVRST_N to Functional Times for SmartFusion2

Symbol From To Description

Maximum Power-up to Functional Time for 
SmartFusion2 (uS)

005 010 025 050 060 090 150

TPOR2OUT POWER_ON
_RESET_N

Output 
available at 
I/O

Fabric to
output

518 501 527 521 422 419 694

TPOR2MSSRST POWER_ON
_RESET_N

MSS_RESE
T_N_M2F

Fabric to 
MSS

515 497 524 518 417 414 689

TMSSRST2OUT MSS_RESET
_N_M2F

Output 
available at 
I/O

MSS to
output

3.5 3.5 3.5 3.3 4.8 4.8 4.8

TDEVRST2OUT DEVRST_N Output 
available at 
I/O

VDD at its 
minimum 
threshold 
level to
output

706 768 715 691 641 635 871
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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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