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Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 4.3. Thermal Characteristics

 4.3.1  Introduction
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 will cause the chip's junction temperature to be higher than the ambient, case, or board temperatures. 

EQ 1 through EQ 3 give the relationship between thermal resistance, temperature gradient, and power.

EQ 1

EQ 2

EQ 3

where

 

JA = Junction-to-air thermal resistance

JB = Junction-to-board thermal resistance

JC = Junction-to-case thermal resistance

TJ = Junction temperature

TA = Ambient temperature

TB = Board temperature (measured 1.0 mm away from the package edge)

TC = Case temperature

P = Total power dissipated by the device

Table 7 • Package Thermal Resistance

Product 
M2GL/M2S

JA

JB JC UnitsStill Air 1.0 m/s 2.5 m/s

010

FG484 18.22 14.83 13.62 8.83 4.92 °C/W

025

FG484 17.03 13.66 12.45 7.66 4.18 °C/W

050

FG484 15.29 12.19 10.99 6.27 3.24 °C/W

060

FG484 15.40 12.06 10.85 6.14 3.15 °C/W

090

FG484 14.64 11.37 10.16 5.43 2.77 °C/W

150

FC1152 9.08 6.81 5.87 2.56 0.38 °C/W

JA

TJ TA–

P
-------------------=

JB

TJ TB–

P
-------------------=

JC

TJ TC–

P
-------------------=
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Table 15 • Timing Model Parameters

Index Parameter Description

Speed 
Grade 

–1 Units Notes

A tPY Propagation Delay of DDR3 Receiver 1.672 ns
Refer to page 52 for more
information

B

tICLKQ Clock-to-Q of the Input Data Register 0.165 ns
Refer to page 67 for more
information

tISUD Setup Time of the Input Data Register 0.369 ns
Refer to page 67 for more
information

C

tRCKH Input High Delay for Global Clock 1.55 ns
Refer to page 78 for more
information

tRCKL Input Low Delay for Global Clock 0.861 ns
Refer to page 78 for more
information

D tPY
Input Propagation Delay of LVDS
Receiver

3.061 ns
Refer to page 58 for more
information

E tDP
Propagation Delay of a three input AND
Gate

0.217 ns
Refer to page 76 for more
information

F tDP Propagation Delay of a OR Gate 0.17 ns
Refer to page 76 for more
information

G tDP Propagation Delay of a LVDS Transmitter 2.299 ns
Refer to page 58 for more
information

H tDP
Propagation Delay of a three input XOR
Gate

0.236 ns
Refer to page 76 for more
information

I tDP

Propagation Delay of LVCMOS 2.5 V
Transmitter, Drive strength of 16mA on
the MSIO Bank

2.717 ns
Refer to page 31 for more
information

J tDP
Propagation Delay of a two input NAND
Gate

0.17 ns
Refer to page 76 for more
information

K tDP

Propagation Delay of LVCMOS 2.5 V
Transmitter, Drive strength of 8mA on the
MSIO Bank

2.594 ns
Refer to page 31 for more
information

L

tCLKQ Clock-to-Q of the Data Register 0.112 ns
Refer to page 67 for more
information

tSUD Setup Time of the Data Register 0.262 ns
Refer to page 67 for more
information

M tDP
Propagation Delay of a two input AND
gate

0.17 ns
Refer to page 76 for more
information

N

tOCLKQ Clock-to-Q of the Output Data Register 0.272 ns
Refer to page 69 for more
information

tOSUD Setup Time of the Output Data Register 0.196 ns
Refer to page 69 for more
information
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 8.4  I/O Speeds

Table 16 • Maximum Data Rate Summary for Worst-Case Military Conditions

Single-Ended I/O MSIO MSIOD DDRIO Units

PCI 3.3 V 560 – – Mbps

LVTTL 3.3 V 540 – – Mbps

LVCMOS 3.3 V 540 – – Mbps

LVCMOS 2.5 V 360 370 360 Mbps

LVCMOS 1.8 V 260 360 360 Mbps

LVCMOS 1.5 V 140 190 210 Mbps

LVCMOS 1.2 V 100 140 180 Mbps

LPDDR – LVCMOS 1.8 V Mode – – 360 Mbps

Voltage-Referenced I/O MSIO MSIOD DDRIO Units

LPDDR – – 360 Mbps

HSTL1.5 V – – 360 Mbps

SSTL 2.5 V 450 480 360 Mbps

SSTL 1.8 V – – 600 Mbps

Voltage-Referenced I/O MSIO MSIOD DDRIO Units

SSTL 1.5 V – – 600 Mbps

Differential I/O MSIO MSIOD DDRIO Units

LVPECL (input only) 810 – – Mbps

LVDS 3.3 V 480 480 – Mbps

LVDS 2.5 V 480 480 – Mbps

RSDS 460 480 – Mbps

BLVDS 450 – – Mbps

MLVDS 450 – – Mbps

Mini-LVDS 460 480 – Mbps
Revision 4 25



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 8.6.3.2 AC Switching Characteristics

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 30 • LVCMOS 2.5 V Transmitter Drive Strength Specifications

Output Drive Selection

VOH (V)
Min

VOL (V)
Max

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)

2 mA 2 mA 2 mA 1.7 0.7 2 2

4 mA 4 mA 4 mA 1.7 0.7 4 4

6 mA 6 mA 6 mA 1.7 0.7 6 6

8 mA 8 mA 8 mA 1.7 0.7 8 8

12 mA 12 mA 12 mA 1.7 0.7 12 12

16 mA N/A 16 mA 1.7 0.7 16 16

Note: For board design considerations, output slew rates extraction, detailed output buffer resistances and I/V Curve
use the corresponding IBIS models located at:
http://www.microsemi.com/products/fpga-soc/design-resources/ibis-models.

Table 31 • LVCMOS 2.5 V AC Switching Characteristics for Receiver (Input Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V

On-Die Termination 
(ODT)

Speed Grade
–1

UnitstPY tPYS

LVCMOS 2.5 V (for DDRIO I/O Bank) None 1.903 2.021 ns

LVCMOS 2.5 V (for MSIO I/O Bank) None 2.689 2.698 ns

LVCMOS 2.5 V (for MSIOD I/O Bank) None 2.447 2.46 ns

Table 32 • LVCMOS 2.5 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V 

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LVCMOS 2.5 V (for DDRIO I/O Bank with Fixed Code)

2 mA

slow 3.967 3.664 3.986 4.172 3.811 ns

medium 3.625 3.38 3.647 3.882 3.458 ns

medium_fast 3.485 3.259 3.507 3.747 3.327 ns

fast 3.458 3.253 3.48 3.74 3.31 ns

4 mA

slow 3.371 2.942 3.362 5.148 4.71 ns

medium 3.063 2.701 3.059 4.874 4.381 ns

medium_fast 2.925 2.566 2.92 4.686 4.248 ns

fast 2.91 2.559 2.905 4.683 4.238 ns
Revision 4 31

http://www.microsemi.com/index.php?option=com_content&view=article&id=1671&catid=1643&Itemid=2815


Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 36 • LVCMOS 1.8 V Transmitter Drive Strength Specifications

Output Drive 
Selection VOH (V) VOL (V)

IOH (at VOH) mA IOL (at VOL) mA NotesDDRIO Bank* Min Max

2 mA VDDI – 0.45 0.45 2 2 –

4 mA VDDI – 0.45 0.45 4 4 –

6 mA VDDI – 0.45 0.45 6 6 **

8 mA VDDI – 0.45 0.45 6 6 **

10 mA VDDI – 0.45 0.45 8 8 –

12 mA VDDI – 0.45 0.45 10 10 –

16 mA VDDI – 0.45 0.45 12 12 –

Notes:

* Software Configurator GUI will display the Commercial/Industrial numeric values. The actual drive capability at
temperature is defined by Table 36.

** DDRIO has two 6mA drive strength settings. The setting that corresponds to Output Drive Selection value of 8mA
has a shorter propagation delay.

Table 37 • LVCMOS 1.8 V AC Test Parameters and Driver Impedance Specifications

LVCMOS 1.8 V AC Calibrated Impedance Option

Symbols Parameters Min Typ Max Units

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

–
75, 60, 50, 
33, 25, 20

– 

LVCMOS 1.8 V AC Test Parameters Specifications

Vtrip Measuring/trip point for data path – 0.9 – V

Rent Resistance for enable path (tZH, tZL, tHZ, tLZ) – 2k – 

Cent Capacitive loading for enable path (tZH, tZL, tHZ, tLZ) – 5 – pF

Cload Capacitive loading for data path (tDP) – 5 – pF
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 8.6.6.2. AC Switching Characteristics

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 50 • LVCMOS 1.2 V AC Switching Characteristics for Receiver (Input Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI= 1.14 V 

ODT (On Die Termination)

Speed Grade
 –1

UnitstPY tPYS

LVCMOS 1.2 V (for DDRIO I/O Bank
with Fixed Codes) none 2.539 2.556 ns

LVCMOS 1.2 V (for MSIO I/O Bank)

none 4.888 4.845 ns

50 6.683 6.605 ns

75 5.923 5.847 ns

150 5.29 5.235 ns

LVCMOS 1.2 V (for MSIOD I/O Bank)

none 4.281 4.235 ns

50 6.806 6.721 ns

75 5.643 5.564 ns

150 4.813 4.753 ns

Table 51 • LVCMOS 1.2 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI= 1.14 V 

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LVCMOS 1.2 V (for DDRIO I/O Bank with Fixed Code)

2 mA

slow 6.938 5.599 6.948 7.568 6.612 ns

medium 6.11 4.814 6.114 7.201 6.234 ns

medium_fast 5.675 4.409 5.676 6.971 6.048 ns

fast 5.633 4.379 5.634 6.958 6.037 ns

4 mA

slow 6.328 4.892 6.316 8.339 7.306 ns

medium 5.538 4.192 5.521 7.961 6.923 ns

medium_fast 5.119 3.832 5.097 7.76 6.741 ns

fast 5.072 3.085 5.051 7.752 6.725 ns

6 mA

slow 6.092 4.681 6.075 8.685 7.589 ns

medium 5.342 4.016 5.32 8.33 7.19 ns

medium_fast 4.949 3.66 4.922 8.139 7.022 ns

fast 4.903 3.622 4.876 8.107 7.006 ns

LVCMOS 1.2 V (for MSIO I/O Bank)

2 mA slow 7.051 7.856 8.541 10.387 8.768 ns

4 mA slow 7.385 7.027 7.815 11.547 9.444 ns
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 8.8. Differential I/O Standards
Configuration of the I/O modules as a differential pair is handled by Microsemi SoC Products Group Libero® System-
on-Chip (SoC) software when the user instantiates a differential I/O macro in the design. Differential I/Os can also be
used in conjunction with the embedded Input register (InReg), Output register (OutReg), Enable register (EnReg), and
Double Data Rate registers (DDR).

 8.8.1  LVDS
Low-Voltage Differential Signaling (ANSI/TIA/EIA-644) is a high-speed, differential I/O standard. 

 8.8.1.1 Minimum and Maximum Input and Output Levels

Table 83 • LVDS DC Voltage Specification

Symbols Parameters Conditions Min Typ Max Units

LVDS Recommended DC Operating Conditions

VDDI Supply voltage 2.5 V range 2.375 2.5 2.625 V

VDDI Supply voltage 3.3 V range 3.15 3.3 3.45 V

LVDS DC Input Voltage Specification

VI DC Input voltage 2.5 V range 0 – 2.925 V

VI DC input voltage 3.3 V range 0 – 3.45 V

IIH (DC) Input current High – – 10 µA

IIL (DC) Input current Low – – 10 µA

LVDS DC Output Voltage Specification

VOH DC output logic High 1.25 1.425 1.6 V

VOL DC output logic Low 0.9 1.075 1.25 V

LVDS Differential Voltage Specification

VOD Differential output voltage swing 250 350 450  mV

VOCM Output common mode voltage 1.125 1.25 1.375  V

VICM Input common mode voltage 0.05 1.25 2.35  V 

VID Input differential voltage 100 350 600  mV 

Table 84 • LVDS AC Specifications  

Symbols Parameters Conditions Min Typ Max Units

LVDS Maximum AC Switching Speed

Dmax
Maximum data rate 
(for MSIO I/O Bank)

AC loading: 12 pF / 100 
differential load

– – 480 Mbps

Dmax
Maximum data rate 
(for MSIOD I/O Bank) 

AC loading: 10 pF / 100 
differential load

– – 480 Mbps

LVDS Impedance Specification

Rt Termination resistance – – 100 – 

LVDS AC Test Parameters Specifications

Vtrip Measuring/trip point for data path – Cross point – V

Rent Resistance for enable path (tZH, tZL, tHZ, tLZ) – 2k – 

Cent Capacitive loading for enable path (tZH, tZL, tHZ, tLZ) – 5 – pF
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 8.8.1.2 LVDS25 AC Switching Characteristics

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.8.1.3 LVDS33 AC Switching Characteristics

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 85 • LVDS25 Receiver Characteristics 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V

On-Die Termination (ODT)

Speed Grade
–1

UnitstPY

LVDS (for MSIO I/O Bank) 

None 3.061 ns

100 3.057 ns

LVDS (for MSIOD I/O Bank) 

None 2.792 ns

100 2.787 ns

Table 86 • LVDS25 Transmitter Characteristics 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LVDS (for MSIO I/O Bank) 2.299 2.602 2.589 2.305 2.32 ns

LVDS (for MSIOD I/O Bank)

No pre-emphasis 1.656 1.845 1.838 1.992 1.969 ns

Min pre-emphasis 1.583 1.868 1.866 2.018 1.998 ns

Med pre-emphasis 1.559 1.893 1.886 2.045 2.021 ns

Table 87 • LVDS33 Receiver Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

On Die Termination (ODT)

Speed Grade
–1

UnitstPY

LVDS33 (for MSIO I/O Bank) 

None 2.763 ns

100 2.76 ns

Table 88 • LVDS33 Transmitter Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LVDS33 (for MSIO I/O Bank) 2.069 2.112 2.106 2.078 2.09 ns
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 8.8.4  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.

 8.8.4.1 Mini-LVDS Minimum and Maximum Input and Output Levels

Table 97 • Mini-LVDS DC Voltage Specification 

Symbols Parameters Conditions Min Typ Max Units

Recommended DC Operating Conditions

VDDI Supply voltage 2.375 2.5 2.625 V

Mini-LVDS DC Input Voltage Specification

VI DC Input voltage 0  – 2.925 V

Mini-LVDS DC Output Voltage Specification

VOH DC output logic High 1.25 1.425 1.6 V

VOL DC output logic Low 0.9 1.075 1.25 V

Mini-LVDS Differential Voltage Specification

VOD Differential output voltage swing 300  – 600  mV

VOCM Output common mode voltage 1  – 1.4  V 

VICM Input common mode voltage 0.3  – 1.2  V 

VID Input differential voltage 100  – 600  mV 

Table 98 • Mini-LVDS AC Specifications 

Symbols Parameters Conditions Min Typ Max Units

Mini-LVDS Maximum AC Switching Speed

Dmax Maximum data rate (MSIO I/O Bank)
AC loading: 2 pF / 100 
differential load

 –  – 460 Mbps

Dmax
Maximum data rate (MSIOD I/O
Bank)

AC loading: 10 pF / 100 
differential load

 –  – 480 Mbps

Mini-LVDS Impedance Specification

Rt Termination resistance – 100 – 

Mini-LVDS AC Test Parameters Specifications

VTrip Measuring/trip point for data path  –
Cross 
point

 – V

Rent Resistance for enable path (tZH, tZL, tHZ, tLZ)  – 2k  – 

Cent Capacitive loading for enable path (tZH, tZL, tHZ, tLZ)  – 5  – pF
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 8.8.4.2 AC Switching Characteristics 
AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 99 • Mini-LVDS AC Switching Characteristics for Receiver (Input Buffers)
Worst-case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI= 2.375 V

On-Die Termination (ODT)

Speed Grade
–1

UnitstPY

Mini-LVDS (for MSIO I/O Bank) 

None 3.112 ns

100 2.995 ns

Mini-LVDS (for MSIOD I/O Bank) 

None 2.612 ns

100 2.612 ns

Table 100 • Mini-LVDS AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI= 2.375 V

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

Mini-LVDS (for MSIO I/O Bank) 2.3 2.602 2.59 2.306 2.32 ns

Mini-LVDS (for MSIOD I/O Bank)

No pre-emphasis 1.652 1.84 1.833 1.988 1.965 ns

Min pre-emphasis 1.652 1.84 1.833 1.988 1.965 ns

Med pre-emphasis 1.577 1.868 1.86 2.02 1.994 ns

Max pre-emphasis 1.555 1.894 1.883 2.048 2.019 ns
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 8.8.5.2. AC Switching Characteristics 
AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.8.6  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.

 8.8.6.1 Minimum and Maximum Input and Output Levels

Table 103 • RSDS AC Switching Characteristics for Receiver (Input Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V

On-Die Termination (ODT)

Speed Grade
–1

UnitstPY

RSDS (for MSIO I/O Bank) 

None 3.112 ns

100 3.108 ns

RSDS (for MSIOD I/O Bank) 

None 2.832 ns

100 2.821 ns

Table 104 • RSDS AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V

Speed Grade
–1

Units

tDP tZL tZH tHZ tLZ

RSDS (for MSIO I/O Bank) 2.256 2.484 2.472 2.111 2.096 ns

RSDS (for MSIOD I/O Bank)

No pre-emphasis 1.661 1.648 1.645 1.675 1.665 ns

Min pre-emphasis 1.651 1.84 1.833 1.988 1.964 ns

Med pre-emphasis 1.577 1.868 1.859 2.019 1.993 ns

Max pre-emphasis 1.555 1.894 1.883 2.047 2.018 ns

Table 105 • LVPECL DC Voltage Specification (Applicable to MSIO I/O Banks Only) 

Symbols Parameters Conditions Min Typ Max Units

Recommended DC Operating Conditions

VDDI Supply voltage 3.15 3.3 3.45 V

LVPECL DC Input Voltage Specification

VI DC input voltage 0 – 3.45 V

LVPECL Differential Voltage Specification

VICM Input common mode voltage 0.3 2.8  V 

VIDIFF Input differential voltage 100 300 1,000  mV 
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Figure 12 • Output DDR Timing Diagram
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 8.10.5  Timing Characteristics

Table 111 • Output DDR Propagation Delays
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description
Measuring Nodes 

(from, to)
Speed Grade

–1 Units

tDDROCLKQ Clock-to-Out of DDR for Output DDR E,G 0.272 ns

tDDROSUDF DF Data Setup for Output DDR F,E 0.148 ns

tDDROSUDR DR Data Setup for Output DDR A,E 0.196 ns

tDDROHDF DF Data Hold for Output DDR F,E 0 ns

tDDROHDR DR Data Hold for Output DDR A,E 0 ns

tDDROSUE Enable Setup for Output DDR B,E 0.433 ns

tDDROHE Enable Hold for Output DDR B,E 0 ns

tDDROSUSLn Synchronous Load Setup for Output DDR D,E 0.203 ns

tDDROHSLn Synchronous Load Hold for Output DDR D,E 0 ns

tDDROAL2Q Asynchronous Load-to-Out for Output DDR C,G 0.545 ns

tDDROREMAL
Asynchronous Load Removal time for Output
DDR

C,E 0 ns

tDDRORECAL
Asynchronous Load Recovery time for Output
DDR

C,E 0.035 ns

tDDROWAL
Asynchronous Load Minimum Pulse Width for
Output DDR

C,C 0.266 ns

tDDROCKMPWH
Clock Minimum Pulse Width High for the
Output DDR

E,E 0.065 ns

tDDROCKMPWL
Clock Minimum Pulse Width Low for the Output
DDR

E,E 0.139 ns
Revision 4 75



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 9.2  Sequential Module
IGLOO2 and SmartFusion2 SoC FPGAs offer a separate flip-flop which can be used independently from the LUT. The
flip-flop can be configured as a register or a latch and has a data input and optional enable, synchronous load (clear or
preset), and asynchronous load (clear or preset).

Figure 15 shows a configuration with SD = 0 (synchronous clear) and ADn = 1 (asynchronous clear) for a flip-flop
(LAT = 0).

Figure 14 • Sequential Module

Figure 15 • Sequential Module Timing Diagram
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 12.   Embedded NVM (eNVM) Characteristics
Table 132 • eNVM Read Performance
Worst-Case Conditions: VDD = 1.14 V, VPPNVM = VPP = 2.375 V

Symbol Description Operating Temperature Range Unit

Tj Junction Temperature Range -55°C to 125°C -40°C to 100°C 0°C to 85°C °C

Speed grade -1 Std -1 Std -1 Std –

FMAXREAD eNVM  Maximum Read Frequency 25 25 25 25 25 25 MHz

Table 133 • eNVM Page Programming
Worst-Case Conditions: VDD = 1.14 V, VPPNVM = VPP = 2.375 V

Symbol Description Operating Temperature Range Unit

Tj Junction Temperature Range -55°C to 125°C -40°C to 100°C 0°C to 85°C °C

Speed grade -1 Std -1 Std -1 Std –

tPAGEPGM eNVM Page Programming Time 40 40 40 40 40 40 ms
Revision 4 97



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 13.   Crystal Oscillator
Table 134 describes the electrical characteristics of the crystal oscillator in the IGLOO2 FPGA and SmartFusion2 SoC
FPGAs.   

Table 134 • Electrical Characteristics of the Crystal Oscillator – High Gain Mode (20 MHz)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V 

Parameter  Description  Min  Typ  Max  Units 

FXTAL Operating frequency – 20 – MHz

ACCXTAL Accuracy – – 0.006 %

CYCXTAL Output duty cycle – 49-51 47-53 % 

JITPERXTAL Output Period Jitter (peak to peak) – 200 300 ps 

JITCYCXTAL
Output Cycle to Cycle Jitter (peak to
peak)

– 200 550 ps

IDYNXTAL Operating current – 1.5 –  mA

VIHXTAL Input logic level High 0.9 × VPP – –  V

VILXTAL Input logic level Low – – 0.1 × VPP  V

SUXTAL
Startup time (with regard to stable
oscillator output)

– – 1 ms

Table 135 • Electrical Characteristics of the Crystal Oscillator – Medium Gain Mode (2 MHz)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter  Description  Min  Typ  Max  Units 

FXTAL Operating frequency – 2 – MHz

ACCXTAL Accuracy – – 0.003 %

CYCXTAL Output duty cycle – 49–51 47–53 % 

JITPERXTAL Output Period Jitter (peak to peak) – 1 5 ns

JITCYCXTAL
Output Cycle to Cycle Jitter (peak to
peak)

– 1 5 ns

IDYNXTAL Operating current – 0.3 –  mA

VIHXTAL Input logic level High 0.9 × VPP – –  V

VILXTAL Input logic level Low – – 0.1 × VPP  V

SUXTAL
Startup time (with regard to stable
oscillator output)

– – 4.5 ms

Table 136 • Electrical Characteristics of the Crystal Oscillator – Low Gain Mode (32 kHz)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter  Description  Min  Typ  Max  Units 

FXTAL Operating frequency – 32 – kHz

ACCXTAL Accuracy – – 0.006 %

CYCXTAL Output duty cycle – 49–51 45.5–54.5 % 

JITPERXTAL Output Period Jitter (peak to peak) – 150 300 ns 

JITCYCXTAL Output Cycle to Cycle Jitter (peak to peak) – 150 300 ns
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 20.   Flash*Freeze Timing Characteristics

Table 147 • Mathblock With Input Register Used and Output in Bypass Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Mathblock With Input Register Used and Output in Bypass Mode
Speed Grade

–1

UnitsParameter Description Min Max

TMISU Input Register Setup time 0.149 – ns

TMIHD Input Register Hold time 0.08 – ns

TMSRSTENSU Synchronous Reset/Enable Setup time 0.185 – ns

TMSRSTENHD Synchronous Reset/Enable Hold time -0.012 – ns

TMARSTREM Asynchronous Reset Removal time -0.005 – ns

TMARSTREC Asynchronous Reset Recovery time 0.088 – ns

TMICQ Input Register Clock to Output delay – 2.52 ns

TMCDIN2Q CDIN to Output delay – 1.951 ns

Table 148 • Mathblock With Input and Output in Bypass Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Mathblock With Input and Output in Bypass Mode
Speed Grade

–1

UnitsParameter Description Min Max

TMIQ Input to Output delay – 2.568 ns

TMCDIN2Q CDIN to Output delay – 1.951 ns

Table 149 • Flash*Freeze Entry and Exit Times
Military Worst-Case conditions: TJ = 125°C, VDD = 1.14 V

Symbols Parameters Conditions
Entry/Exit 

Timing Units Notes

TFF_ENTRY Entry time
eNVM and MSS/HPMS PLL = ON 160 μs 1

eNVM and MSS/HPMS PLL = OFF 215 μs 1
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VHYS
Hysteresis of Schmitt
triggered inputs for
VDDI > 2 V

Refer to Table 20 on page 27 for more
information.

0.05 x 
VDDI

– – V –

IIL Input current high
Refer to the "Single-Ended I/O Standards"
section on page 27 for more information.

– – 10 µA –

IIH Input current low
Refer to the "Single-Ended I/O Standards"
section on page 27 for more information.

– – 10 µA –

Tir Input rise time Standard Mode – – 1000 ns –

– – Fast Mode – – 300 ns –

Tif Input fall time Standard Mode – – 300 ns –

– – Fast Mode – – 300 ns –

VOL

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

Refer to the "Single-Ended I/O Standards"
section on page 27 for more information. I/O
standard used for illustration: 
MSIO bank – LVTTL 8 mA low drive.

– – 0.4 V –

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

tOF 
Output fall time from
VIHMin to VILMax

VIHmin to VILMax, Cload = 400 pF – 21.04 – ns 1

VIHmin to VILMax, Cload = 100 pF – 5.556 – ns

tOR 
Output rise time from
VILMax to VIHMin

VILMax to VIHmin, Cload = 400pF – 19.887 – ns 1

VILMax to VIHmin, Cload = 100pF – 5.218 – ns

Rpull-up
Output buffer
maximum pull-down
resistance 

– – – 50  2, 3

Rpull-
down

Output buffer
maximum pull-up
resistance 

– – – 131.25  2, 4

Dmax Maximum data rate
Fast mode – – 400 Kbps –

Standard mode – – 100 Kbps –

tFILT

Pulse width of spikes
which must be
suppressed by the
input filter

Fast mode – 50 – ns –

Notes:

1. These values are provided for MSIO Bank - LVTTL 8 mA Low Drive at 25°C, typical conditions. For Board Design
considerations and detailed output buffer resistances, use the corresponding IBIS models located on the SoC Products
Group website: http://www.microsemi.com/products/fpga-soc/design-resources/ibis-models.

2. These maximum values are provided for information only. Minimum output buffer resistance values depend on VDDIx,
drive strength selection, temperature, and process. For board design considerations and detailed output buffer
resistances, use the corresponding IBIS models located on the SoC Products Group website:
http://www.microsemi.com/products/fpga-soc/design-resources/ibis-models.

3. R(PULL-DOWN-MAX) = (VOLspec) / IOLspec

4. R(PULL-UP-MAX) = (VDDImax – VOHspec) / IOHspec

Table 158 • I2C Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Definition Conditions Min Typ Max Units Notes
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 25.   CAN Controller Characteristics
Table 161 • CAN Controller Characteristics 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description Min Typ Max Units Notes

FCANREFCLK Internally Sourced CAN Reference Clock Frequency – – 128 MHz *

BAUDCAN  CAN Performance Baud Rate 0.05 – 1 Mbps –

Note: PCLK to CAN controller must be a multiple of 8 MHz.
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 26.   USB Characteristics
Table 162 • USB Characteristics 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description Min Typ Max Units

FUSBREFCLK Internally Sourced USB Reference Clock Frequency – – 133 MHz

TUSBCLK USB Clock Period – – 16.66 ns

TUSBPD Clock to USB Data Propagation Delay – – 9.0 ns

TUSBSU Setup Time for USB Data – – 6.0 ns

TUSBHD Hold Time for USB Data 0 – – ns
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