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• Updated Table 25, page 22, Table 26, page 23, and Table 27, page 23 (SAR 74570).
• Added 060 devices in Table 277, page 107, Table 278, page 108, and Table 279, page 108 (SAR 

57898).
• Updated duty cycle parameter of crystal in Table 280, page 109 and Table 281, page 109 (SAR 
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• Added 32 KHz mode PLL acquisition time in Table 282, page 110 (SAR 68281).
• Updated Table 293, page 119 for 060 devices (SAR 57828).
• Updated Table 297, page 122 for CID value (SAR 70878).
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The following is a summary of the changes in revision 8.0 of this document.
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• Updated Table 283, page 111 (SAR 69000).

1.5 Revision 7.0
The following is a summary of the changes in revision 7.0 of this document.

• Updated Table 1, page 4(SAR 68620).

1.6 Revision 6.0
The following is a summary of the changes in revision 6.0 of this document.

• Updated Table 5, page 7 (SAR 65949).
• Updated Table 9, page 10 (SAR 62995).
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• Added SFP Transceiver Characteristics, page 120 (SAR 63105).
• Updated Table 302, page 123 and Table 309, page 129 (SAR 66314).

1.7 Revision 5.0
The following is a summary of the changes in revision 5.0 of this document.

• Updated Table 1, page 4.
• Updated Table 4, page 6 for TJ symbol information.
• Updated Table 5, page 7 (SAR 63109).
• Updated Table 9, page 10.
• Updated Table 282, page 110 (SAR 62012).
• Added Table 290, page 116 (SAR 64100).
• Added Table 306, page 128, Table 307, page 128 (SAR 50424).

1.8 Revision 4.0
The following is a summary of the changes in revision 4.0 of this document.

• Updated Table 1, page 4. Changed the Status of 090 devices to "Production" (SAR 62750).
• Updated Figure 10, page 70. Removed inverter bubble from DDR_IN latch (SAR 61418).
• Updated SerDes Electrical and Timing AC and DC Characteristics, page 121 (SAR 62836).
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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
 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
4 mA Slow 3.095 3.641 2.705 3.182 3.088 3.633 4.738 5.575 4.348 5.116 ns

Medium 2.825 3.324 2.488 2.927 2.823 3.321 4.492 5.285 4.063 4.781 ns

Medium fast 2.701 3.178 2.384 2.804 2.698 3.173 4.364 5.135 3.945 4.642 ns

Fast 2.69 3.165 2.377 2.796 2.687 3.161 4.359 5.129 3.94 4.636 ns

6 mA Slow 2.919 3.434 2.491 2.93 2.902 3.414 5.085 5.983 4.674 5.5 ns

Medium 2.65 3.118 2.279 2.681 2.642 3.108 4.845 5.701 4.375 5.148 ns

Medium fast 2.529 2.975 2.176 2.56 2.521 2.965 4.724 5.558 4.259 5.011 ns

Fast 2.516 2.96 2.168 2.551 2.508 2.95 4.717 5.55 4.251 5.002 ns

8 mA Slow 2.863 3.368 2.427 2.855 2.844 3.346 5.196 6.114 4.769 5.612 ns

Medium 2.599 3.058 2.217 2.608 2.59 3.047 4.952 5.827 4.471 5.261 ns

Medium fast 2.483 2.921 2.114 2.487 2.473 2.91 4.832 5.685 4.364 5.134 ns

Fast 2.467 2.902 2.106 2.478 2.457 2.89 4.826 5.678 4.348 5.116 ns

12 mA Slow 2.747 3.232 2.296 2.701 2.724 3.204 5.39 6.342 4.938 5.81 ns

Medium 2.493 2.934 2.102 2.473 2.483 2.921 5.166 6.078 4.65 5.471 ns

Medium fast 2.382 2.803 2.006 2.36 2.371 2.789 5.067 5.962 4.546 5.349 ns

Fast 2.369 2.787 1.999 2.352 2.357 2.773 5.063 5.958 4.538 5.339 ns

16 mA Slow 2.677 3.149 2.213 2.604 2.649 3.116 5.575 6.56 5.08 5.977 ns

Medium 2.432 2.862 2.028 2.386 2.421 2.848 5.372 6.32 4.801 5.649 ns

Medium fast 2.324 2.734 1.937 2.278 2.311 2.718 5.297 6.233 4.7 5.531 ns

Fast 2.313 2.721 1.929 2.269 2.3 2.706 5.296 6.231 4.699 5.529 ns

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

Table 47 • LVCMOS 2.5 V Transmitter Characteristics for MSIO 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 3.48 4.095 3.855 4.534 3.785 4.453 2.12 2.494 3.45 4.059 ns

4 mA Slow 2.583 3.039 3.042 3.579 3.138 3.691 4.143 4.874 4.687 5.513 ns

6 mA Slow 2.392 2.815 2.669 3.139 2.82 3.317 4.909 5.775 5.083 5.98 ns

8 mA Slow 2.309 2.717 2.565 3.017 2.74 3.223 5.812 6.837 5.523 6.497 ns

12 mA Slow 2.333 2.745 2.437 2.867 2.626 3.089 6.131 7.213 5.712 6.72 ns

16 mA Slow 2.412 2.838 2.335 2.747 2.533 2.979 6.54 7.694 6.007 7.067 ns

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

Table 46 • LVCMOS 2.5 V Transmitter Characteristics for DDRIO Bank (Output and Tristate Buffers) 
(continued)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1 TLZ

1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 95 • HSTL DC Output Voltage Specification Applicable to DDRIO I/O Bank Only

Parameter Symbol Min Max Unit

HSTL Class I 

DC output logic high VOH VDDI – 0.4 V

DC output logic low VOL 0.4 V

Output minimum source DC 
current (MSIO and DDRIO I/O 
banks)

IOH at VOH –8.0 mA

Output minimum sink current 
(MSIO and DDRIO I/O banks)

IOL at VOL 8.0 mA

HSTL Class II 

DC output logic high VOH VDDI – 0.4 V

DC output logic low VOL 0.4 V

Output minimum source DC 
current

IOH at VOH –16.0 mA

Output minimum sink current IOL at VOL 16.0 mA

Table 96 • HSTL DC Differential Voltage Specification

Parameter Symbol Min Unit

DC input differential voltage VID (DC) 0.2 V

Table 97 • HSTL AC Differential Voltage Specifications

Parameter Symbol Min Max Unit

AC input differential voltage VDIFF 0.4 V

AC differential cross point voltage Vx 0.68 0.9 V

Table 98 • HSTL Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit Conditions

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

Table 99 • HSTL Impedance Specification

Parameter Symbol Typ Unit Conditions

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

RREF 25.5, 47.8  Reference resistance = 
191 

Effective impedance value (ODT for 
DDRIO I/O bank only)

RTT 47.8  Reference resistance = 
191 
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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.  

 2.3.7.3 M-LVDS
M-LVDS specifications extend the existing LVDS standard to high-performance multipoint bus 
applications. Multidrop and multipoint bus configurations may contain any combination of drivers, 
receivers, and transceivers.

Minimum and Maximum Input and Output Levels     

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

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.738 3.221 ns

100 2.735 3.218 ns

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

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.495 2.934 ns

100 2.495 2.935 ns

Table 182 • B-LVDS AC Switching Characteristics for Transmitter (for MSIO I/O Bank - Output and 
Tristate Buffers)

TDP TZL TZH THZ TLZ

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

2.258 2.656 2.343 2.756 2.329 2.74 2.12 2.494 2.123 2.497 ns

Table 183 • M-LVDS Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage1

1. Only M-LVDS TYPE I is supported.

VDDI 2.375 2.5 2.625 V

Table 184 • M-LVDS DC Input Voltage Specification 

Parameter Symbol Min Max Unit

DC input voltage VI 0 2.925 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low2 IIL (DC)
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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 185 • M-LVDS DC Voltage Specification Output Voltage Specification (for MSIO 
I/O Bank Only)

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 186 • M-LVDS Differential Voltage Specification 

Parameter Symbol Min Max Unit

Differential output voltage swing (for MSIO I/O bank only) VOD 300 650  mV

Output common mode voltage (for MSIO I/O bank only) VOCM 0.3 2.1  V 

Input common mode voltage VICM 0.3 1.2  V 

Input differential voltage VID 50 2400  mV 

Table 187 • M-LVDS Minimum and Maximum AC Switching Speed for MSIO I/O Bank

Parameter Symbol Max Unit Conditions

Maximum data rate DMAX 500 Mbps AC loading: 2 pF / 100  differential load

Table 188 • M-LVDS AC Impedance Specifications

Parameter Symbol Typ Unit

Termination resistance RT 50 

Table 189 • M-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 190 • M-LVDS AC Switching Characteristics for Receiver (for MSIO I/O Bank - 
Input Buffers)

On-Die Termination (ODT) 

TPY

Unit –1 –Std

None 2.738 3.221 ns

100 2.735 3.218 ns
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.7.4 Mini-LVDS
Mini-LVDS is an unidirectional interface from the timing controller to the column drivers and is designed 
to the Texas Instruments Standard SLDA007A.

Mini-LVDS Minimum and Maximum Input and Output Levels      

Table 191 • M-LVDS AC Switching Characteristics for Receiver (for MSIOD I/O Bank - 
Input Buffers)

On-Die Termination (ODT) 

TPY

Unit –1 –Std

None 2.495 2.934 ns

100 2.495 2.935 ns

Table 192 • M-LVDS AC Switching Characteristics for Transmitter (for MSIO I/O Bank - Output and 
Tristate Buffers)

TDP TZL TZH THZ TLZ

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

2.258 2.656 2.348 2.762 2.334 2.746 2.123 2.497 2.125 2.5 ns

Table 193 • Mini-LVDS Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Table 194 • Mini-LVDS DC Input Voltage Specification 

Parameter Symbol Min Max Unit

DC Input voltage VI 0 2.925 V

Table 195 • Mini-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 196 • Mini-LVDS DC Differential Voltage Specification 

Parameter Symbol Min Max Unit

Differential output voltage swing VOD 300 600  mV

Output common mode voltage VOCM 1 1.4  V 

Input common mode voltage VICM 0.3 1.2  V 

Input differential voltage VID 100 600  mV 

Table 197 • Mini-LVDS Minimum and Maximum AC Switching Speed 

Parameter Symbol Max Unit Conditions

Maximum data rate (for MSIO I/O bank) DMAX 520 Mbps AC loading: 2 pF / 100  differential load

Maximum data rate (for MSIOD I/O bank) DMAX 700 Mbps AC loading: 2 pF / 100  differential load
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.10 Logic Element Specifications

2.3.10.1 4-input LUT (LUT-4)
The IGLOO2 and SmartFusion2 SoC FPGAs offer a fully permutable 4-input LUT. In this section, timing 
characteristics are presented for a sample of the library. For more details, see SmartFusion2 and 
IGLOO2 Macro Library Guide.

Figure 14 • LUT-4

TDDROWAL Asynchronous load minimum pulse width for output 
DDR

C, C 0.304 0.357 ns

TDDROCKMPWH Clock minimum pulse width high for the output DDR E, E 0.075 0.088 ns

TDDROCKMPWL Clock minimum pulse width low for the output DDR E, E 0.159 0.187 ns

Table 222 • Output DDR Propagation Delays (continued)

Symbol Description
Measuring Nodes 
(from, to) –1 –Std Unit

TPD

PAD A

B
Y

PAD
PAD

PAD
D/S (where
applicable)

AND4 OR
Any 
Combinational
Logic 

PAD

C

TPD TPD

VDD

VDD

VDD
TPD

TPD

(RR)

A, B, C, D, S

OUT

50%

GND
(FF)

50%

50%50%

GND

(RF)

50%

TPD = Max(tPD(RR), TPD(RF), TPD(FF), TPD(FR))
where edges are applicable for the particular
combinatorial cell 

(FR) 50%
OUT

GND
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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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IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the RAM1K18 – dual-port mode for depth × width configuration 16K × 1 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

Table 235 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 16K × 1

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 

0.32 0.377 ns

Read access time without pipeline register 2.269 2.669 ns

Access time with feed-through write timing 1.51 1.777 ns

Address setup time TADDRSU 0.626 0.737 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.322 0.378 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 1.51 1.777 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.53 0.624 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 1.547 1.82 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 0.454 0.534 ns

Write enable hold time TWEHD 0.048 0.057 ns

Maximum frequency FMAX 400 340 MHz
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150 161 161 161 Sec

Table 255 • 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

Unit100 kHz 25 MHz 12.5 MHz

005 47 27 28 Sec

010 77 35 35 Sec

025 150 42 41 Sec

050 331 Not Supported Not Supported Sec

060 291 83 82 Sec

090 427 109 108 Sec

150 708 157 160 Sec

005 41 48 49 Sec

010 86 87 87 Sec

025 87 85 86 Sec

050 85 Not Supported Not Supported Sec

060 78 86 86 Sec

090 154 162 162 Sec

150 161 161 161 Sec

005 87 67 66 Sec

010 161 113 113 Sec

025 229 120 121 Sec

050 112 Not Supported Not Supported Sec

060 368 161 158 Sec

090 582 261 260 Sec

150 867 309 310 Sec

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

Table 254 • Programming Times with 100 kHz, 25 MHz, and 12.5 MHz SPI Clock Rates 
(eNVM Only) (continued)

M2S/M2GL
Device

Auto 
Programming Auto Update

Programming 
Recovery

Unit 100 kHz 25 MHz 12.5 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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2.3.16 SRAM PUF
For more details on static random-access memory (SRAM) physical unclonable functions (PUF) 
services, see AC434: Using SRAM PUF System Service in SmartFusion2 Application Note. 

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

Table 274 • SRAM PUF 

Service

PUF Off PUF On

UnitTyp Max Typ Max

Create activation code 709.1 746.4 754.4 762.5 ms

Delete activation code 1329.3 1399.3 1414.1 1429.3 ms

Create intrinsic keycode 656.6 691.1 698.5 706.0 ms

Create extrinsic keycode 656.6 691.1 698.5 706.0 ms

Get number of keys 1.3 1.4 1.4 1.4 ms

Export (Kc0, Kc1) 998.0 1050.5 1061.7 1073.1 ms

Export 2 keycodes 2020.2 2126.5 2149.2 2172.3 ms

Export 4 keycodes 3065.7 3227.0 3261.3 3296.4 ms

Export 8 keycodes 5101.0 5369.5 5426.6 5485.0 ms

Export 16 keycodes 9212.1 9697.0 9800.1 9905.5 ms

Import (Kc0, Kc1) 39.7 41.8 42.2 42.7 ms

Import 2 keycodes 50.1 52.7 53.3 53.9 ms

Import 4 keycodes 60.6 63.8 64.5 65.2 ms

Import 8 keycodes 80.9 85.1 86.1 87.0 ms

Import 16 keycodes 123.8 130.4 131.7 133.2 ms

Delete keycode 552.5 581.6 587.8 594.1 ms

Fetch key 31.4 33.0 33.4 33.7 ms

Fetch ecc key 20.0 21.1 21.3 21.5 ms

Get seed 2.0 2.1 2.2 2.2 ms
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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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2.3.20 On-Chip Oscillator
The following tables describe the electrical characteristics of the available on-chip oscillators in the 
IGLOO2 FPGAs and SmartFusion2 SoC FPGAs.  

Table 280 • Electrical Characteristics of the 50 MHz RC Oscillator 

Parameter Symbol Typ Max Unit Condition

Operating frequency F50RC 50  MHz 

Accuracy ACC50RC 1 4 % 050 devices

1 5 % 005, 025, and 060 devices

1 6.3 % 090 devices

1 7.1 % 010 and 150 devices

Output duty cycle CYC50RC 49–51 46.5–53.5 % 

Output jitter (peak to peak) JIT50RC Period Jitter

200 300  ps 005, 010, 050, and 060 devices

200 400 ps 150 devices

300 500 ps 025 and 090 devices

Cycle-to-Cycle Jitter

200 300 ps 005 and 050 devices

320 420 ps 010, 060, and 150 devices

320 850 ps 025 and 090 devices

Operating current IDYN50RC 6.5  mA

Table 281 • Electrical Characteristics of the 1 MHz RC Oscillator 

Parameter Symbol Typ Max Unit Condition

Operating frequency F1RC 1  MHz 

Accuracy ACC1RC 1 3 % 005, 010, 025, and 050 devices 

1 4.5 % 060, and 150 devices

1 5.6 % 090 devices

Output duty cycle CYC1RC 49–51 46.5–53.5 % 005, 010, 025, 050, 090 and 150 devices

49-51 46.0-54.0 % 060 devices

Output jitter (peak to peak) JIT1RC Period Jitter

10 20 ns 005, 010, 025, and 050 devices

10 28 ns 060, 090 and 150 devices

Cycle-to-Cycle Jitter

10 20 ns 005, 010, and 050 devices

10 35 ns 025, 060, and 150 devices

10 45 ns 090 devices

Operating current IDYN1RC 0.1  mA

Startup time SU1RC 17 µs 050, 090, and 150 devices

18 µs 005, 010, and 025 devices
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Figure 20 • DEVRST_N to Functional Timing Diagram for IGLOO2

2.3.27 Flash*Freeze Timing Characteristics
The following table lists the Flash*Freeze entry and exit times in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

Table 293 • Flash*Freeze Entry and Exit Times

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

Entry time TFF_ENTRY 160 150 320
μs

eNVM and MSS/HPMS PLL = 
ON 

215 200 430
μs

eNVM and MSS/HPMS PLL= 
OFF 

Exit time with 
respect to the 
MSS PLL Lock

TFF_EXIT 100 100 140
μs

eNVM and MSS/HPMS PLL = 
ON during F*F

136 120 190

μs

eNVM = ON and MSS/HPMS 
PLL = OFF during F*F and 
MSS/HPMS PLL turned back 
on at exit

200 200 285
μs

eNVM and MSS/HPMS PLL = 
OFF during F*F and both are 
turned back on at exit

200 200 285
μs

eNVM = OFF and MSS/HPMS 
PLL = ON during F*F and 
eNVM turned back on at exit
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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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sp5 SPI_[0|1]_CLK, SPI_[0|1]_DO, 
SPI_[0|1]_SS fall time (10%–
90%)1

2.906 ns IO Configuration: 
LVCMOS 2.5 V-8 mA
AC Loading: 35 pF
Test Conditions: 
Typical Voltage, 
25 °C

SPI master configuration (applicable for 005, 010, 025, and 050 devices)

sp6m SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 8.0 ns

sp7m SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) – 2.5 ns

sp8m SPI_[0|1]_DI setup time2 12 ns

sp9m SPI_[0|1]_DI hold time2 2.5 ns

SPI slave configuration (applicable for 005, 010, 025, and 050 devices)

sp6s SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 
17.0

ns

sp7s SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) + 3.0 ns

sp8s SPI_[0|1]_DI setup time2 2 ns

sp9s SPI_[0|1]_DI hold time2 7 ns

SPI master configuration (applicable for 060, 090, and 150 devices)

sp6m SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 7.0 ns

sp7m SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) – 9.5 ns

sp8m SPI_[0|1]_DI setup time2 15 ns

sp9m SPI_[0|1]_DI hold time2 -–2.5 ns

SPI slave configuration (applicable for 060, 090, and 150 devices)

sp6s SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 
16.0

ns

sp7s SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) - 3.5 ns

sp8s SPI_[0|1]_DI setup time2 3 ns

sp9s SPI_[0|1]_DI hold time2 2.5 ns

1. For specific Rise/Fall Times board design considerations and detailed output buffer resistances, use the corresponding IBIS 
models located on the Microsemi SoC Products Group website: http://www.microsemi.com/soc/download/ibis/default.aspx.

2. For allowable pclk configurations, see Serial Peripheral Interface Controller section in the UG0331: SmartFusion2 Microcontroller 
Subsystem User Guide.

Table 305 • SPI Characteristics for All Devices (continued)

Symbol Description Min Typ Max Unit Conditions
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