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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Figure 1 • High Temperature Data Retention (HTR) 

2.3.1.1 Overshoot/Undershoot Limits
For AC signals, the input signal may undershoot during transitions to –1.0 V for no longer than 10% of 
the period. The current during the transition must not exceed 100 mA.

For AC signals, the input signal may overshoot during transitions to VCCI + 1.0 V for no longer than 10% 
of the period. The current during the transition must not exceed 100 mA.

Note: The above specifications do not apply to the PCI standard. The IGLOO2 and SmartFusion2 PCI I/Os are 
compliant with the PCI standard including the PCI overshoot/undershoot specifications.

2.3.1.2 Thermal Characteristics
The temperature variable in the Microsemi SoC Products Group Designer software refers to the junction 
temperature, not the ambient, case, or board temperatures. This is an important distinction because 
dynamic and static power consumption causes the chip's junction temperature to be higher than the 
ambient, case, or board temperatures. 

EQ1 through EQ3 give the relationship between thermal resistance, temperature gradient, and power.
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EQ 3
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.5 User I/O Characteristics
There are three types of I/Os supported in the IGLOO2 FPGA and SmartFusion2 SoC FPGA families: 
MSIO, MSIOD, and DDRIO I/O banks. The I/O standards supported by the different I/O banks is 
described in the I/Os section of the UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User 
Guide.

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

Figure 3 • Input Buffer AC Loading
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 22 • Maximum Frequency Summary Table for Voltage-Referenced I/O in Worst-
Case Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

LPDDR 200 MHz

HSTL1.5 V 200 MHz

SSTL 2.5 V 255 350 200 MHz

SSTL 1.8 V 334 MHz

SSTL 1.5 V 334 MHz

Table 23 • Maximum Frequency Summary Table for Differential I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD Unit

LVPECL (input only) 450 MHz

LVDS 3.3 V 267.5 MHz

LVDS 2.5 V 267.5 350 MHz

RSDS 260 350 MHz

BLVDS 250 MHz

MLVDS 250 MHz

Mini-LVDS 260 350 MHz
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 1.71 V   

Table 53 • LVCMOS 1.8 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



Table 54 • 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 55 • LVCMOS 1.8 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 – 0.45 0.45 2 2

4 mA 4 mA 4 mA VDDI – 0.45 0.45 4 4

6 mA 6 mA 6 mA VDDI – 0.45 0.45 6 6

8 mA 8 mA 8 mA VDDI – 0.45 0.45 8 8

10 mA 10 mA 10 mA VDDI – 0.45 0.45 10 10

12 mA 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, meets LPDDR JEDEC electrical compliance.

Table 56 • LVCMOS 1.8 V Receiver Characteristics (Input Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

LVCMOS 1.8 V
(for DDRIO I/O bank 
with Fixed Codes)

None 1.968 2.315 2.099 2.47 ns

LVCMOS 1.8 V
(for MSIO I/O bank) 

None 2.898 3.411 2.883 3.393 ns

50 3.05 3.59 3.044 3.583 ns

75 2.999 3.53 2.987 3.516 ns

150 2.947 3.469 2.933 3.452 ns

LVCMOS 1.8 V
(for MSIOD I/O bank) 

None 2.611 3.071 2.598 3.057 ns

50 2.775 3.264 2.775 3.265 ns

75 2.72 3.2 2.712 3.19 ns

150 2.666 3.137 2.655 3.123 ns
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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
 2.3.6.3 Stub-Series Terminated Logic 2.5 V (SSTL2)
SSTL2 Class I and Class II are supported in IGLOO2 and SmartFusion2 SoC FPGAs and also comply 
with reduced and full drive of double data rate (DDR) standards. IGLOO2 and SmartFusion2 SoC FPGA 
I/Os supports both standards for single-ended signaling and differential signaling for SSTL2. This 
standard requires a differential amplifier input buffer and a push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification      

Table 103 • DDR1/SSTL2 DC Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Termination voltage VTT 1.164 1.250 1.339 V

Input reference voltage VREF 1.164 1.250 1.339 V

Table 104 • DDR1/SSTL2 DC Input Voltage Specification 

Parameter Symbol Min Max Unit

DC input logic high VIH (DC) VREF + 0.15 2.625 V

DC input logic low VIL (DC) –0.3 VREF – 0.15 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 105 • DDR1/SSTL2 DC Output Voltage Specification 

Parameter Symbol Min Max Unit

SSTL2 Class I (DDR Reduced Drive)

DC output logic high VOH VTT + 0.608 V

DC output logic low VOL VTT – 0.608 V

Output minimum source DC current IOH at VOH 8.1 mA

Output minimum sink current IOL at VOL –8.1 mA

SSTL2 Class II (DDR Full Drive) – Applicable to MSIO and DDRIO I/O Bank Only

DC output logic high VOH VTT + 0.81 V

DC output logic low VOL VTT – 0.81 V

Output minimum source DC current IOH at VOH 16.2 mA

Output minimum sink current IOL at VOL –16.2 mA

Table 106 • DDR1/SSTL2 DC Differential Voltage Specification 

Parameter Symbol Min Unit

DC input differential voltage VID (DC) 0.3 V
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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
 2.3.6.6 Low Power Double Data Rate (LPDDR)
LPDDR reduced and full drive low power double data rate standards are supported in IGLOO2 FPGA 
and SmartFusion2 SoC FPGA I/Os. This standard requires a differential amplifier input buffer and a 
push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification       

Table 139 • LPDDR DC Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max

Supply voltage VDDI 1.71 1.8 1.89

Termination voltage VTT 0.838 0.900 0.964

Input reference voltage VREF 0.838 0.900 0.964

Table 140 • LPDDR DC Input Voltage Specification 

Parameter Symbol Min Max

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

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

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 141 • LPDDR DC Output Voltage Specification Reduced Drive 

Parameter Symbol Min Max

DC output logic high VOH 0.9 × VDDI

DC output logic low VOL 0.1 × VDDI

Output minimum source DC 
current

IOH at VOH 0.1

Output minimum sink current IOL at VOL –0.1

Table 142 • LPDDR DC Output Voltage Specification Full Drive1

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

Parameter Symbol Min Max

DC output logic high VOH 0.9 × VDDI

DC output logic low VOL 0.1 × VDDI

Output minimum source DC current IOH at VOH 0.1

Output minimum sink current IOL at VOL –0.1

Table 143 • LPDDR DC Differential Voltage Specification 

Parameter Symbol Min

DC input differential voltage VID (DC) 0.4 × VDDI
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the input data register propagation delays in worst commercial-case conditions 
when TJ = 85 °C, VDD = 1.14 V.

Table 219 • Input 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 input register TIBYP F, G 0.353 0.415 ns

Clock-to-Q of the input register TICLKQ E, G 0.16 0.188 ns

Data setup time for the input register TISUD A, E 0.357 0.421 ns

Data hold time for the input register TIHD A, E 0 0 ns

Enable setup time for the input register TISUE B, E 0.46 0.542 ns

Enable hold time for the input register TIHE B, E 0 0 ns

Synchronous load setup time for the input register TISUSL D, E 0.46 0.542 ns

Synchronous load hold time for the input register TIHSL D, E 0 0 ns

Asynchronous clear-to-Q of the input register (ADn=1) TIALN2Q C, G 0.625 0.735 ns

Asynchronous preset-to-Q of the input register (ADn=0) C, G 0.587 0.69 ns

Asynchronous load removal time for the input register TIREMALN C, E 0 0 ns

Asynchronous load recovery time for the input register TIRECALN C, E 0.074 0.087 ns

Asynchronous load minimum pulse width for the input register TIWALN C, C 0.304 0.357 ns

Clock minimum pulse width high for the input register TICKMPWH E, E 0.075 0.088 ns

Clock minimum pulse width low for the input register TICKMPWL E, E 0.159 0.187 ns
DS0128 Datasheet Revision 11.0 67



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 2K × 9 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

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 0.449 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

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

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 2.273 2.674 ns

Access time with feed-through write timing 1.529 1.799 ns

Table 231 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 1K × 18 (continued)

Parameter Symbol

 –1 –Std

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

Address setup time TADDRSU 0.475 0.559 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.336 0.395 ns

Data hold time TDHD 0.082 0.096 ns

Block select setup time TBLKSU 0.207 0.244 ns

Block select hold time TBLKHD 0.216 0.254 ns

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

TBLK2Q 1.529 1.799 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.485 0.57 ns

Read enable hold time TRDEHD 0.071 0.083 ns

Pipelined read enable setup time (A_DOUT_EN, 
B_DOUT_EN)

TRDPLESU 0.248 0.291 ns

Pipelined read enable hold time (A_DOUT_EN, 
B_DOUT_EN)

TRDPLEHD 0.102 0.12 ns

Asynchronous reset to output propagation delay TR2Q 1.514 1.781 ns

Asynchronous reset removal time TRSTREM 0.506 0.595 ns

Asynchronous reset recovery time TRSTREC 0.004 0.005 ns

Asynchronous reset minimum pulse width TRSTMPW 0.301 0.354 ns

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

Pipelined register asynchronous reset recovery time TPLRSTREC 0.327 0.385 ns

Pipelined register asynchronous reset minimum pulse width TPLRSTMPW 0.282 0.332 ns

Synchronous reset setup time TSRSTSU 0.226 0.265 ns

Synchronous reset hold time TSRSTHD 0.036 0.043 ns

Write enable setup time TWESU 0.415 0.488 ns

Write enable hold time TWEHD 0.048 0.057 ns

Maximum frequency FMAX 400 340 MHz

Table 233 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 4K × 4

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Clock period TCY 2.5 2.941 ns

Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns

Clock minimum pulse width low TCLKMPWL 1.125 1.323 ns

Pipelined clock period TPLCY 2.5 2.941 ns

Pipelined clock minimum pulse width high TPLCLKMPWH 1.125 1.323 ns

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

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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The following table lists the RAM1K18 – dual-port mode for depth × width configuration 8K × 2 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V. 

Table 234 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 8K × 2

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 2.272 2.673 ns

Access time with feed-through write timing 1.511 1.778 ns

Address setup time TADDRSU 0.612 0.72 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.33 0.388 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 1.511 1.778 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.529 0.622 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 1.528 1.797 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 0.488 0.574 ns

Write enable hold time TWEHD 0.048 0.057 ns

Maximum frequency FMAX 400 340 MHz
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The following table lists the µSRAM in 128 × 9 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Read synchronous reset hold time TSRSTHD 0.061 0.071 ns

Write clock period TCCY 4 4 ns

Write clock minimum pulse width high TCCLKMPWH 1.8 1.8 ns

Write clock minimum pulse width low TCCLKMPWL 1.8 1.8 ns

Write block setup time TBLKCSU 0.404 0.476 ns

Write block hold time TBLKCHD 0.007 0.008 ns

Write input data setup time TDINCSU 0.115 0.135 ns

Write input data hold time TDINCHD 0.15 0.177 ns

Write address setup time TADDRCSU 0.088 0.104 ns

Write address hold time TADDRCHD 0.128 0.15 ns

Write enable setup time TWECSU 0.397 0.467 ns

Write enable hold time TWECHD –0.026 –0.03 ns

Maximum frequency FMAX 250 250 MHz

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

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Read clock period TCY 4 4 ns

Read clock minimum pulse width high TCLKMPWH 1.8 1.8 ns

Read clock minimum pulse width low TCLKMPWL 1.8 1.8 ns

Read pipeline clock period TPLCY 4 4 ns

Read pipeline clock minimum pulse width high TPLCLKMPWH 1.8 1.8 ns

Read pipeline clock minimum pulse width low TPLCLKMPWL 1.8 1.8 ns

Read access time with pipeline register 
TCLK2Q

0.266 0.313 ns

Read access time without pipeline register 1.677 1.973 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.856 2.184 ns

Read address hold time in synchronous mode 
TADDRHD

0.091 0.107 ns

Read address hold time in asynchronous mode –0.778 –0.915 ns

Read enable setup time TRDENSU 0.278 0.327 ns

Read enable hold time TRDENHD 0.057 0.067 ns

Read block select setup time TBLKSU 1.839 2.163 ns

Read block select hold time TBLKHD –0.65 –0.765 ns

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

TBLK2Q 2.036 2.396 ns

Table 238 • µSRAM (RAM64x16) in 64 × 16 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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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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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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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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2.3.31.2 SmartFusion2 Inter-Integrated Circuit (I2C) Characteristics
This section describes the DC and switching of the IC interface. Unless otherwise noted, all output 
characteristics given are for a 100 pF load on the pins. For timing parameter definitions, see Figure 21, 
page 125.

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

Table 303 • I2C Characteristics

Parameter Symbol Min Typ Max Unit Conditions

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

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

Hysteresis of schmitt 
triggered inputs for VDDI > 
2 V

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

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

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

Input rise time Tir 1000 ns Standard mode

300 ns Fast mode

Input fall time Tif 300 ns Standard mode

300 ns Fast mode

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

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

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

Output fall time from 
VIHMin to VILMax1

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

5.556 ns VIHmin to VILMax, CLOAD = 100 pF

Output rise time from 
VILMax to VIHMin1

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

5.218 ns VILMax to VIHmin, CLOAD = 100 pF

Output buffer maximum 
pull-down resistance2, 3

Rpull-up
2,3 50 

Output buffer maximum 
pull-up resistance2, 4 

Rpull-down
2,4 131.25 
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Figure 22 • SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)

2.3.32 CAN Controller Characteristics
The following table lists the CAN controller characteristics in worst-case industrial conditions when TJ = 
100 °C, VDD = 1.14 V.

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

Table 306 • CAN Controller Characteristics 

Parameter Description –1 –Std Unit

FCANREFCLK1

1. PCLK to CAN controller must be a multiple of 8 MHz.

Internally sourced CAN reference 
clock frequency

160 136 MHz

BAUDCANMAX Maximum CAN performance baud 
rate

1 1 Mbps

BAUDCANMIN Minimum CAN performance baud 
rate

0.05 0.05 Mbps

Table 307 • USB Characteristics 

Parameter Description –1 –Std Unit

FUSBREFCLK Internally sourced USB reference clock 
frequency

166 142 MHz

TUSBCLK USB clock period 16.66 16.66 ns

TUSBPD Clock to USB data propagation delay 9.0 9.0 ns

TUSBSU Setup time for USB data 6.0 6.0 ns

TUSBHD Hold time for USB data 0 0 ns

SPI_0_CLK
SPO = 0

SPI_0_DO

SP6 SP7

50%50% MSB

50% 50% 50%

SP2

SP1

90%

10% 10%

SP4 SP5

SP8 SP9

50%50% MSBSPI_0_DI

10%

90%

SP5

90%

10%

SP4

90%

10%10%

SP4SP5

90%

SPI_0_SS

SPI_0_CLK
SPO = 1

SP3
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