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2.2 References

The following documents are recommended references:

. PB0121: IGLOO2 Product Brief

e DS0124: IGLOO2 Pin Descriptions

e PBO0115: SmartFusion2 SoC FPGA Product Brief
e DS0115: SmartFusion2 Pin Descriptions

All product documentation for IGLOO2 and SmartFusion2 is available at:
http://www.microsemi.com/products/fpga-soc/fpga/igloo2-fpga
http://www.microsemi.com/products/fpga-soc/soc-fpga/smartfusion2#overview

2.3 Electrical Specifications
2.3.1  Operating Conditions

The following table lists the stress limits. Stress applied above the specified limit may cause permanent
damage to the device. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Absolute maximum ratings are stress ratings only; functional operation of the device at these or any
other conditions beyond those listed under the recommended operating conditions specified in the
following table are not implied.

Table 3 « Absolute Maximum Ratings

Parameter Symbol Min Max  Unit
DC core supply voltage. Must always power this pin. Vop -0.3 132 V
Power supply for charge pumps (for normal operation Vpp -0.3 363 V
and programming). Must always power this pin.

Analog power pad for MDDR PLL MSS_MDDR_PLL_VDDA -0.3 363 V
Analog power pad for MDDR PLL HPMS_MDDR_PLL_VDDA -0.3 363 V
Analog power pad for FDDR PLL FDDR_PLL_VDDA -0.3 363 V
Analog power pad for MDDR PLL PLLO_PLL1 MSS_MDDR_VDDA -0.3 363 V
Analog power pad for MDDR PLL PLLO_PLL1 HPMS MDDR_VDDA -0.3 3.63 V
Analog power pad for PLLO-5 CCC_XX[01]_PLL_VDDA -0.3 363 V
High supply voltage for PLL SerDes[01] SERDES_[01]_PLL_VDDA -0.3 363 V
Analog power for SerDes[01] PLL lane0 to lane3. SERDES_[01] L[0123] VDDAPLL -0.3 275 V
This is a 2.5 V SerDes internal PLL supply.

TX/RX analog I/O voltage. Low voltage power for the SERDES_[01] L[0123] VDDAIO -0.3 132 V
lanes of SerDeslF0. This is a 1.2 V SerDes PMA supply.

PCle/PCS power supply SERDES_[01]_VDD -03 132 V
DC FPGA 1/O buffer supply voltage for MSIO 1/0 bank Vppix -03 363 V
DC FPGA 1/O buffer supply voltage for MSIOD/DDRIO VbDix -03 275 V
I/O banks

I/O Input voltage for MSIO 1/O bank V, -0.3 363 V
I/O Input voltage for MSIOD/DDRIO 1/O bank Vv, -03 275 V
Analog sense circuit supply of embedded nonvolatile VppnvM -03 363 V
memory (eNVM). Must be shorted to Vpp.

Storage temperature® Tsta -65 150 °C
Junction temperature T, -55 135 °C

DS0128 Datasheet Revision 11.0 5


http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=130718
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=131877
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=132041
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=132721
http://www.microsemi.com/index.php?option=com_content&view=article&id=2034&catid=1674&Itemid=2837
http://www.microsemi.com/index.php?option=com_content&view=article&id=1664&catid=1676&Itemid=2842

IGLOO2 FPGA and SmartFusion2 SoC FPGA

23121

23122

23123

2.3.1.3

& Microsemi

Power Matters.

Table 9« Package Thermal Resistance of SmartFusion2 and IGLOO2 Devices (continued)
Still Air 1.0m/s 25m/s

Device 0;a 08 0;c Unit

150

FC1152 9.08 6.81 5.87 2.56 0.38 °C/IW

FCS536  15.01 12.06 10.76 3.69 1.55 °C/IW

FCv484  16.21 13.11 11.84 6.73 0.10 °C/IW
Theta-JA

Junction-to-ambient thermal resistance (0;,) is determined under standard conditions specified by
JEDEC (JESD-51), but it has little relevance in the actual performance of the product. It must be used
with caution, but it is useful for comparing the thermal performance of one package with another.

The maximum power dissipation allowed is calculated using EQ4.

T -T
i = JWMAX)  AMAX)
Maximum power allowed = J MAxe AMAX
JA

EQ 4

The absolute maximum junction temperature is 100 °C. EQ5 shows a sample calculation of the absolute
maximum power dissipation allowed for the M2GLO50T-FG896 package at commercial temperature and
in still air, where:

0;a = 14.7 °C/W (taken from Table 9, page 10).
Tp = 85°C
. _100°C-85"°C _
Maximum power allowed = iTow - 1.088 W

EQS5

The power consumption of a device can be calculated using the Microsemi SoC Products Group power
calculator. The device's power consumption must be lower than the calculated maximum power
dissipation by the package.

If the power consumption is higher than the device's maximum allowable power dissipation, a heat sink
may be attached to the top of the case, or the airflow inside the system must be increased.

Theta-JB

Junction-to-board thermal resistance (0;g) measures the ability of the package to dissipate heat from the
surface of the chip to the PCB. As defined by the JEDEC (JESD-51) standard, the thermal resistance
from the junction to the board uses an isothermal ring cold plate zone concept. The ring cold plate is
simply a means to generate an isothermal boundary condition at the perimeter. The cold plate is
mounted on a JEDEC standard board with a minimum distance of 5.0 mm away from the package edge.

Theta-JC

Junction-to-case thermal resistance (0;c) measures the ability of a device to dissipate heat from the
surface of the chip to the top or bottom surface of the package. It is applicable to packages used with
external heat sinks. Constant temperature is applied to the surface, which acts as a boundary condition.

This only applies to situations where all or nearly all of the heat is dissipated through the surface in
consideration.

ESD Performance
See RT0001: Microsemi Corporation - SoC Products Reliability Report for information about ESD.

DS0128 Datasheet Revision 11.0 11


http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=131371

IGLOO2 FPGA and SmartFusion2 SoC FPGA

Table 17« Timing Model Parameters (continued)

& Microsemi

Power Matters.

Index Symbol Description -1 Unit For More Information

F Top Propagation delay of an OR gate 0.179 ns See Table 223, page 76

G Top Propagation delay of an LVDS 2.136 ns See Table 169, page 57
transmitter

H Top Propagation delay of a three-input XOR  0.241 ns See Table 223, page 76
Gate

| Top Propagation delay of LVCMOS 2.5V 2.412 ns See Table 46, page 27
transmitter, drive strength of 16 mA on
the MSIO bank

J Top Propagation delay of a two-input NAND 0.179 ns See Table 223, page 76
gate

K Top Propagation delay of LVCMOS 2.5 V 2.309 ns See Table 46, page 27
transmitter, drive strength of 8 mA on
the MSIO bank

L Terko Clock-to-Q of the data register 0.108 ns See Table 224, page 77

Tsup Setup time of the data register 0.254 ns See Table 224, page 77

M Tpp Propagation delay of a two-input AND  0.179 ns See Table 223, page 76
gate

N Toclkg  Clock-to-Q of the output data register ~ 0.263 ns See Table 220, page 69

Tosubp Setup time of the output data register  0.19 ns See Table 220, page 69

O Top Propagation delay of SSTL2, Class | 2.055 ns See Table 114, page 45
transmitter on the MSIO bank

P Top Propagation delay of LVCMOS 1.5V 3.316 ns See Table 70, page 34

transmitter, drive strength of 12 mA,
fast slew on the DDRIO bank

DS0128 Datasheet Revision 11.0
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2.3.5.3 Tristate Buffer and AC Loading

The tristate path for enable path loadings is described in the respective specifications. The following
figure shows the methodology of characterization illustrated by the enable path test point.

Figure 5« Tristate Buffer for Enable Path Test Point
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2.3.5.4 1/0O Speeds

This section describes the maximum data rate summary of I/O in worst-case industrial conditions. See
the individual I/O standards for operating conditions.

Table 18« Maximum Data Rate Summary Table for Single-Ended I/O in Worst-Case
Industrial Conditions

110 MSIO MSIOD DDRIO  Unit

PCI3.3V 630 Mbps
LVTTL 3.3V 600 Mbps
LVCMOS 3.3 V 600 Mbps
LVCMOS 2.5 V 410 420 400 Mbps
LVCMOS 1.8 V 295 400 400 Mbps
LVCMOS 1.5 V 160 220 235 Mbps
LVCMOS 1.2 V 120 160 200 Mbps
LPDDR-LVCMOS 1.8 V mode 400 Mbps
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Table 24« Input Capacitance, Leakage Current, and Ramp Time

Symbol  Description

Maximum Unit  Conditions

Cin Input capacitance 10 pF
I, (dc) Input current low 400 A Vpp =25V
(Applicable to HSTL/SSTL inputs only) 500 LA Vpp = 1.8V
600 MA  Vpp=15V%
Input current low 10 HA
(Applicable to all other digital inputs)
Iy (dc) Input current high 400 HA Vpp =25V
(Applicable to HSTL/SSTL inputs only) 500 LA Vop = 1.8V
600 MA  Vpp =15Vt
Input current high 10 MA
(Applicable to all other digital inputs)
Travpin>  Input ramp time 50 ns

(Applicable to all digital inputs)

1.

2.

terminated 1/O type (LVCMOQOS, for example) on ION pad.

Voltage ramp must be monotonic.

Applicable when 1/O pair is programmed with an HSTL/SSTL I/O type on IOP and an un-

Power Matters.

The following table lists the minimum and maximum 1/O weak pull-up/pull-down resistance values of
DDRIO 1/O bank at Von/Vo Level.

Table 25 «

I/O Weak Pull-up/Pull-down Resistances for DDRIO I/O Bank

R(WEAK PULL-UP) at Vg (Q)

R(WEAK PULL-DOWN) at Vg, (Q)

Vpp Domain  Min Max Min Max
25Vvh?2 10K 17.8K 9.98K 18K
1.8vh?2 10.3K 19.1K 10.3K 19.5K
1.5vh?2 10.6K 20.2K 10.6K 21.1K
1.2vh?2 11.1K 22.7K 11.2K 24.6K

1.
2.

DS0128 Datasheet Revision 11.0

R(WEAK PULL-DOWN) = (VOLspec)/l(WEAK PULL-DOWN MAX).
R(WEAK PULL-UP) = (VDDImax — VOHspec)/I(WEAK PULL-UP MIN).
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The following table lists the minimum and maximum 1/O weak pull-up/pull-down resistance values of
MSIO I/O bank at Vou/Vo, Level.

Table 26 «

I/0 Weak Pull-Up/Pull-Down Resistances for MSIO I/O Bank

R(WEAK PULL-UP) at Vo () R(WEAK PULL-DOWN) at Vg, (Q)

Vpp; Domain  Min Max Min Max

33V 9.9K 17.1K 9.98K 17.5K
25Vvh?2 10K 17.6K 10.1K 18.4K
1.8vh?2 10.4K 19.1K 10.4K 20.4K
1.5vh?2 10.7K 20.4K 10.8K 22.2K
1.2vh?2 11.3K 23.2K 11.5K 26.7K

1. R(WEAK PULL-DOWN) = (VOLspec)/I(WEAK PULL-DOWN MAX).
2. R(WEAK PULL-UP) = (VDDImax — VOHspec)/I(WEAK PULL-UP MIN).

The following table lists the minimum and maximum 1/O weak pull-up/pull-down resistance values of
MSIOD 1I/O bank at Vou/Vo, Level.

Table 27 »

/10 Weak Pull-up/Pull-down Resistances for MSIOD 1/O Bank

R(WEAK PULL-UP) at Voy (Q) R(WEAK PULL-DOWN) at Vg, (Q)

Vpp; Domain Min Max Min Max

25Vvh?2 9.6K 16.6K 9.5K 16.4K
1.8vh?2 9.7K 17.3K 9.7K 17.1K
1.5vh?2 9.9K 18K 9.8K 17.6K
1.2vh?2 10.3K 19.6K 10K 19.1K

1. R(WEAK PULL-DOWN) = (VOLspec)/I(WEAK PULL-DOWN MAX).
2. R(WEAK PULL-UP) = (VDDImax — VOHspec)/((WEAK PULL-UP MIN).

The following table lists the hysteresis voltage value for schmitt trigger mode input buffers.

Table 28 «  Schmitt Trigger Input Hysteresis

Input Buffer Configuration

Hysteresis Value (Typical, unless otherwise noted)

3.3V LVTTL/LVCMOS/

0.05 x Vpp, (worst-case)

PCI/PCI-X

2.5V LVCMOS 0.05 x Vpp, (worst-case)
1.8V LVCMOS 0.1 x Vpp, (worst-case)
1.5V LVCMOS 60 mV

1.2V LVCMOS 20 mv
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Table 34+ LVTTL/LVCMOS 3.3 V AC Test Parameter Specifications (Applicable to MSIO I/O
Bank Only)

Parameter Symbol  Typ Unit

Measuring/trip point for data path Virip 14 V

Resistance for enable path (Tzn, Tz, Thz, TL2) Rent 2K Q

Capacitive loading for enable path (Tzy, Tz, Tz, TL2) Cent 5 pF

Capacitive loading for data path (Tpp) CLoaD 5 pF

Table 35« LVTTL/LVCMOS 3.3 V Transmitter Drive Strength Specifications for MSIO I/O Bank
Von VoL IOH (at Vo)  IOL (at Vo)

Output Drive Selection (V) V) mA mA

2mA Vppi—0.4 0.4 2 2

4 mA Vpp —04 0.4 4 4

8 mA Vpp—0.4 0.4 8 8

12 mA Vppi —0.4 0.4 12 12

16 mA Vpp —04 0.4 16 16

20 mA Vpp —04 0.4 20 20

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: T; =85 °C, Vpp =1.14V, Vpp =3.0V

Table 36« LVTTL/LVCMOS 3.3 V Receiver Characteristics for MSIO I/0O Bank (Input
Buffers)

On-Die Termination Tey Teys

(ODT) -1 -Std -1 —Std Unit

None 2.262 2.663 2.289 2.695 ns
Table 37« LVTTL/LVCMOS 3.3V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)
Output Tpp Tz Tzn Thz' T
Drive Slew
Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2mA Slow 3.192 3755 347 4083 2969 3.494 1.856 2183 3.337 3.926 ns
4 mA Slow 2331 2742 2673 3.145 2526 2973 3.034 3569 4451 5236 ns
8 mA Slow 2135 2511 233 2741 2297 2703 4532 5331 4.825 5676 ns
12 mA Slow 2.052 2414 2107 2479 2162 2544 575 6.764 5445 6.406 ns
16 mA Slow 2.062 2425 2072 2438 2145 2525 5993 7.05 5625 6.618 ns
20 mA Slow 2148 2527 1999 2353 2088 2458 6.262 7.367 5.876 6.913 ns

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

management.

DS0128 Datasheet Revision 11.0
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Table 58 « LVCMOS 1.8 V Transmitter Characteristics for MSIO I/O Bank

Output Drive  Slew Top Tz Tz Thz' Tz

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit

2 mA Slow 3.441 4.047 4.165 49 4413 5192 4.891 5.755 5.138 6.044 ns

4 mA Slow 3.218 3.786 3.642 4.284 3941 4.636 5.665 6.665 5568 6.551 ns

6 mA Slow 3.141 3.694 3.501 4.118 3.823 4.498 6.587 7.75 6.032 7.096 ns

8 mA Slow 3.165 3.723 3.319 3.904 3.654 4.298 6.898 8.115 6.216 7.313 ns

10 mA Slow 3.202 3.767 3.278 3.857 3.616 4.254 7.25 8.529 6435 7.571 ns

12 mA Slow 3.277 3.855 3.175 3.736 3.519 4.139 7.392 8.697 6.538 7.692 ns

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

Table59« LVCMOS 1.8V Transmitter Characteristics for MSIOD 1/O Bank

1 1

Output Drive Slew Top Tz Tz Thz Tz

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2 mA Slow 2725 3.206 3.316 3.901 3.484 4.099 5.204 6.123 4997 5.88 ns
4 mA Slow 2.242 2.638 2.777 3.267 2.947 3.466 5.729 6.74 5.448 6.41 ns

6 mA Slow 1.995 2347 2466 2901 2.63 3.094 6.372 7.496 5.987 7.043 ns
8 mA Slow 2.001 2.354 244 287 2.6 3.058 6.633 7.804 6.193 7.286 ns
10 mA Slow 2.025 2382 2312 2719 247 2906 6.94 8.165 6.412 7.544 ns

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

2.3.5.915VLVCMOS

LVCMOS 1.5 is a general standard for 1.5 V applications and is supported in IGLOO2 FPGAs and
SmartFusion2 SoC FPGAs in compliance to the JEDEC specification JESD8-11A.

Minimum and Maximum DC/AC Input and Output Levels Specification

Table 60« LVCMOS 1.5V DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vpp) 1.425 15 1.575 \%

Table 61+ LVCMOS 1.5V DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input logic high for (MSIOD and DDRIO V|4 (DC) 0.65 % Vpp, 1.575 \%
I/O banks)

DC input logic high (for MSIO 1/O bank) Vi (DC) 0.65xVpp 3.45 \%
DC input logic low VvV, (bC) 03 0.35xVpp V
Input current high? iy (DC) -
Input current low?! l,L (DC -

1. See Table 24, page 22.
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Table 95+ HSTL DC Output Voltage Specification Applicable to DDRIO I/O Bank Only
Parameter Symbol Min Max Unit
HSTL Class |
DC output logic high VoH Vpp,— 0.4 \%
DC output logic low VoL 0.4 \Y
Output minimum source DC  IgyatVoy -8.0 mA
current (MSIO and DDRIO I/O
banks)
Output minimum sink current  Ig, atVgo, 8.0 mA
(MSIO and DDRIO /O banks)
HSTL Class I
DC output logic high Vou Vpp,— 0.4 \%
DC output logic low VoL 0.4 \Y
Output minimum source DC  Igy atVoy  —16.0 mA
current
Output minimum sink current  Ig atVo,.  16.0 mA
Table 96 «+ HSTL DC Differential Voltage Specification
Parameter Symbol Min Unit
DC input differential voltage V|p (DC) 0.2 \Y,
Table 97« HSTL AC Differential Voltage Specifications
Parameter Symbol Min Max  Unit
AC input differential voltage Vpirr 0.4 \Y
AC differential cross point voltage Vy 0.68 0.9 \Y

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 RRrer 255,478 Q Reference resistance =
impedance (for DDRIO I/O bank) 191 Q
Effective impedance value (ODT for Ryt 47.8 Q Reference resistance =

DDRIO /O bank only)

191 ©

DS0128 Datasheet Revision 11.0
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Table 122 « SSTL18 DC Differential Voltage Specification

Parameter Symbol Min Unit
DC input differential voltage Vp (DC) 0.3 \

Table 123« SSTL18 AC Differential Voltage Specifications (Applicable to DDRIO Bank Only)

Parameter Symbol Min Max Unit
AC input differential Vpiee (AC) 0.5 \Y
voltage

AC differential cross Vy (AC) 0.5%xVpp —0.175 0.5%xVpp +0.175 V
point voltage

Table 124 « SSTL18 Minimum and Maximum AC Switching Speed (Applicable to DDRIO Bank
Only)

Parameter Symbol Max  Unit Conditions

Maximum data rate Dpax 667 Mbps  AC loading: per JEDEC specification
(for DDRIO /O bank)

Table 125+ SSTL18 AC Impedance Specifications (Applicable to DDRIO Bank Only)

Parameter Symbol Typ Unit  Conditions

Supported output driver calibrated RRrer 20, 42 Q Reference resistor = 150 Q
impedance (for DDRIO I/O bank)

Effective impedance value (ODT) Rt 50,775,150 Q Reference resistor = 150 Q

Table 126 « SSTL18 AC Test Parameter Specifications (Applicable to DDRIO Bank Only)

Parameter Symbol Typ Unit
Measuring/trip point for data path Virip 0.9 \Y
Resistance for enable path (Tzn, Tz, Thz, TL2) Rent 2K Q
Capacitive loading for enable path (Tzy, Tz, Tz, Ti2) CenT 5 pF
Reference resistance for data test path for SSTL18 Class | (Tpp) RTT_TEST 50 Q
Reference resistance for data test path for SSTL18 Class Il (Tpp) RTT_TEST 25 Q
Capacitive loading for data path (Tpp) CLoaD 5 pF

AC Switching Characteristics

Worst commercial-case conditions: T; =85 °C, Vpp = 1.14V, Vpp, = 1.71 V

Table 127 « DDR2/SSTL18 Receiver Characteristics for DDRIO I/O Bank with Fixed Code

T
On-Die Termination (ODT) -1 —Std Unit
Pseudo differential None 1567 1.844 ns
True differential None 1588 1.869 ns
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Table 144 « LPDDR AC Differential Voltage Specifications (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit
AC input differential voltage Vpirr 0.6 x Vpp, \
AC differential cross point Vy 0.4%xVpp 06xVpp V
voltage

Table 145 « LPDDR AC Specifications (for DDRIO 1/O Bank Only)

Parameter Symbol Max Unit  Conditions

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

Table 146 « LPDDR AC Calibrated Impedance Option (for DDRIO I/O Bank Only)

Parameter Symbol Typ Unit  Conditions
Supported output driver calibrated impedance  Rrgr 20, 42 Q Reference resistor = 150 Q
Effective impedance value (ODT) Rt 50,70,150 Q Reference resistor = 150 Q

Table 147 « LPDDR AC Test Parameter Specifications (for DDRIO I/O Bank Only)

Parameter Symbol Typ Unit
Measuring/trip point for data path V1riP 0.9 \Y,
Resistance for enable path (Tzy, Tz, Thz, Ti2) RenT 2K Q
Capacitive loading for enable path (Tzy, Tz, Thz, Ti2) CenT 5 pF
Reference resistance for data test path for LPDDR (Tpp) RTT_TEST 50 Q
Capacitive loading for data path (Tpp) CLoaD 5 Q

AC Switching Characteristics

Worst-case commercial conditions: T; = 85 °C, Vpp = 1.14 V, worst-case Vpp,.

Table 148 « LPDDR Receiver Characteristics for DDRIO I/O Bank with Fixed Codes

v
On-Die Termination (ODT) -1 —Std Unit
Pseudo differential None 1568 1.845 ns
True differential None 1588 1869 ns

Table 149 « LPDDR Reduced Drive for DDRIO I/O Bank (Output and Tristate Buffers)

Top TenzL TenzH TenHZ TenLZ
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std Unit
Single-ended 2.383 2.804 2.23 2.623 2.229 2.622 2.202 2.591 2.201 2.59 ns

Differential 2.396 2.819 2.764 3.252 2.764 3.252 2.255 2.653 2255 2.653 ns
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Measuring Nodes

Symbol Description (from, to) -1 —Std Unit
ToproOwAL Asynchronous load minimum pulse width for output C, C 0.304 0.357 ns
DDR
TobrockmpwH  Clock minimum pulse width high for the output DDR E, E 0.075 0.088 ns
Topbrockmpwe — Clock minimum pulse width low for the output DDR E, E 0.159 0.187 ns
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

PAD %I
PAD >B_I_
PAD
PAD >C_\_
D/SI_gwglere
PAD g_ applicable
VbD Tpp = Max(tpp(RR), Tpp(RF), Tpp(FF), Tpp(FR))

combinatorial cell

A.B.C.D, S 50% 50%
GND

50% S50%
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Table 232« RAM1K18 — Dual-Port Mode for Depth x Width Configuration 2K x 9 (continued)

-1 -Std
Parameter Symbol Min Max Min Max  Unit
Address setup time TADDRSU 0.475 0.559 ns
Address hold time TADDRHD 0.274 0.322 ns
Data setup time Tpsu 0.336 0.395 ns
Data hold time TbHD 0.082 0.096 ns
Block select setup time TeLKSU 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 TBLK2Q 1.529 1.799 ns
disabled)
Block select minimum pulse width TBLKMPW 0.186 0.219 ns
Read enable setup time TrRDESU 0.485 0.57 ns
Read enable hold time TRDEHD 0.071 0.083 ns
Pipelined read enable setup time (A_DOUT_EN, TrRDPLESU 0.248 0.291 ns
B_DOUT_EN)
Pipelined read enable hold time (A_DOUT_EN, TRDPLEHD 0.102 0.12 ns
B_DOUT_EN)
Asynchronous reset to output propagation delay Tr20 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 TrRsTMPW 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 ~ Tp rsTmpw  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 TwEesu 0.415 0.488 ns
Write enable hold time TwEHD 0.048 0.057 ns
Maximum frequency Fmax 400 340 MHz

The following table lists the RAM1K18 — dual-port mode for depth x width configuration 4K x 4 in worst
commercial-case conditions when T; =85 °C, Vpp = 1.14 V.

Table 233« RAM1K18 — Dual-Port Mode for Depth x Width Configuration 4K x 4

-1 —Std
Parameter Symbol Min Max Min Max Unit
Clock period Tey 25 2.941 ns
Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns
Clock minimum pulse width low TeLkmPwL 1.125 1.323 ns
Pipelined clock period TpLcy 25 2.941 ns
Pipelined clock minimum pulse width high TeicikmpwH  1.125 1.323 ns
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Table 233+ RAM1K18 — Dual-Port Mode for Depth x Width Configuration 4K x 4 (continued)

& Microsemi

Power Matters.

-1 —Std

Parameter Symbol Min Max Min Max Unit
Pipelined clock minimum pulse width low Tercikmpwe  1.125 1.323 ns
Read access time with pipeline register 0.323 0.38 ns
Read access time without pipeline register Tcik2g 2.273 2.673 ns
Access time with feed-through write timing 1511 1.778 ns
Address setup time TADDRSU 0.543 0.638 ns
Address hold time TADDRHD 0.274 0.322 ns
Data setup time Tpsu 0.334 0.393 ns
Data hold time TbHD 0.082 0.096 ns
Block select setup time TeLKksU 0.207 0.244 ns
Block select hold time TBLKHD 0.216 0.254 ns
Block select to out disable time (when pipelined TBLK2Q 1511 1.778 ns
register is disabled)
Block select minimum pulse width TeLKMPW 0.186 0.219 ns
Read enable setup time TrDESU 0.516 0.607 ns
Read enable hold time TRDEHD 0.071 0.083 ns
Pipelined read enable setup time (A_DOUT_EN, TrRDPLESU 0.248 0.291 ns
B_DOUT_EN)
Pipelined read enable hold time (A_DOUT_EN, TRDPLEHD 0.102 0.12 ns
B_DOUT_EN)
Asynchronous reset to output propagation delay Tr20 1.507 1.773 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 TrRsTMPW 0.301 0.354 ns
Pipelined register asynchronous reset removal time  Tp| RsTREM -0.279 —-0.328 ns
Pipelined register asynchronous reset recovery time  Tp| RsTREC 0.327 0.385 ns
Pipelined register asynchronous reset minimum pulse Tp| rsTMPW 0.282 0.332 ns
width
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 0.458 0.539 ns
Write enable hold time TWEHD 0.048 0.057 ns
Maximum frequency Fmax 400 340 MHz
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2.3.12.2 FPGA Fabric Micro SRAM (USRAM)

The following table lists the pSRAM in 64 x 18 mode in worst commercial-case conditions when

TJ =85 OC, VDD =1.14 V.

Table 237 « uUSRAM (RAM64x18) in 64 x 18 Mode

& Microsemi

Power Matters.

-1 —Std

Parameter Symbol Min Max  Min Max  Unit
Read clock period Tey 4 4 ns
Read clock minimum pulse width high TeLKMPWH 18 1.8 ns
Read clock minimum pulse width low TeLKMPWL 1.8 1.8 ns
Read pipeline clock period TpLcy 4 4 ns
Read pipeline clock minimum pulse width high TercikmpwH 1.8 1.8 ns
Read pipeline clock minimum pulse width low TeicLkmpwL 1.8 1.8 ns
Read access time with pipeline register - 0.266 0.313 ns
Read access time without pipeline register cLkzQ 1.677 1.973 ns
Read address setup time in synchronous mode - 0.301 0.354 ns
Read address setup time in asynchronous mode ADDRSU 1.856 2.184 ns
Read address hold time in synchronous mode - 0.091 0.107 ns
Read address hold time in asynchronous mode ADDRHD -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 TBLK2Q 2.036 2.396 ns
register is disabled)
Read asynchronous reset removal time (pipelined clock) -0.023 -0.027 ns
Read asynchronous reset removal time (hon-pipelined TRsTREM 0.046 0.054 ns
clock)
Read asynchronous reset recovery time (pipelined clock) 0.507 0.597 ns
Read asynchronous reset recovery time (non-pipelined TrsTREC 0.236 0.278 ns
clock)
Read asynchronous reset to output propagation delay Tr20 0.839 0.987 ns
(with pipelined register enabled)
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 Teey 4 4 ns
Write clock minimum pulse width high TcokmpwHn 1.8 1.8 ns
Write clock minimum pulse width low Tecckmpwe 1.8 1.8 ns
Write block setup time TeLKCSU 0.404 0.476 ns
Write block hold time TBLKCHD 0.007 0.008 ns
Write input data setup time Tpincsu 0.115 0.135 ns
Write input data hold time TDINCHD 0.15 0.177 ns
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Table 251« SmartFusion2 Cortex-M3 ISP Programming (eNVM Only) (continued)

M2S/M2GL  Image size
Device Bytes Authenticate  Program Verify Unit

150 544496 10 158 15 Sec

Table 252 « SmartFusion2 Cortex-M3 ISP Programming (Fabric and eNVM)

M2S/M2GL  Image size

Device Bytes Authenticate  Program Verify Unit
005 439296 9 61 11 Sec
010 842688 15 107 21 Sec
025 1497408 26 121 35 Sec
050 2695168 43 141 55 Sec
060 2686464 48 143 60 Sec
090 4190208 75 244 91 Sec
150 6682768 117 296 141 Sec

Table 253 « Programming Times with 100 kHz, 25 MHz, and 12.5 MHz SPI Clock Rates
(Fabric Only)

Auto Programming

M2S/M2GL Programming  Auto Update Recovery

Device 100 kHz 25 MHz 12.5 MHz Unit
005 47 27 28 Sec
010 77 35 35 Sec
025 150 42 41 Sec
050 33! Not Supported Not Supported Sec
060 291 83 82 Sec
090 427 109 108 Sec
150 708 157 160 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)

Auto Programming
M2S/M2GL Programming  Auto Update Recovery
Device 100 kHz 25 MHz 12.5 MHz Unit
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
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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 IDYN5ORC 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 ACCI1RC 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 46.5-535 % 005, 010, 025, 050, 090 and 150 devices
49-51 46.0-54.0 % 060 devices
Output jitter (peak to peak) JITIRC 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 IDYNIRC 0.1 mA
Startup time SUIRC 17 us 050, 090, and 150 devices
18 us 005, 010, and 025 devices
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Table 293 « Flash*Freeze Entry and Exit Times (continued)
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Power Matters.

Entry/Exit

Entry/Exit Timing Timing

FCLK = 100MHz FCLK =3 MHz

005, 010, 025,

060, 090, and
Parameter Symbol 150 050 All Devices Unit  Conditions
Exit time with ~ TFF_EXIT 15 1.5 15 ms eNVM and MSS/HPMS PLL =
respect to the ON during F*F

; 1
fabric PLL lock 15 15 15 eNVM and MSS/HPMS PLL =
ms OFF during F*F and both are
turned back on at exit

Exit time with  TFF_EXIT 21 15 21 S eNVM and MSS/HPMS PLL =
respect to the M ON during F*F
faﬁ”ctb“ﬁer 65 55 65 eNVM and MSS/HPMS PLL =
outpu MS OFF during F*F and both are

turned back on at exit

1. PLL Lock Delay set to 1024 cycles (default).

2.3.28 DDR Memory Interface Characteristics

The following table lists the DDR memory interface characteristics in worst-case industrial conditions

when Ty =100 °C, Vpp = 1.14 V.

Table 294 « DDR Memory Interface Characteristics

Supported Data Rate

Standard Min Max Unit

DDR3 667 667 Mbps
DDR2 667 667 Mbps
LPDDR 50 400 Mbps

2.3.29 SFP Transceiver Characteristics

IGLOO2 and SmartFusion2 SerDes complies with small form-factor pluggable (SFP) requirements as
specified in SFP INF-80741. The following table provides the electrical characteristics.

The following table lists the SFP transceiver electrical characteristics in worst-case industrial conditions

when T; = 100 °C, Vpp = 1.14 V.

Table 295 ¢« SFP Transceiver Electrical Characteristics

Differential Peak-Peak Voltage
Pin Direction Min Max Unit
RD+-1  Output 1600 2400 mv
TD+/-2 Input 350 2400 mv

1. Based on default SerDes transmitter settings for PCle Genl. Lower amplitudes are

available through programming changes to TX_AMP setting.

2. Based on Input Voltage Common-Mode (VICM) = 0 V. Requires AC Coupling.
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2.3.30 SerDes Electrical and Timing AC and DC Characteristics

PCle is a high-speed, packet-based, point-to-point, low-pin-count, serial interconnect bus. The IGLOO2

and SmartFusion2 SoC FPGAs has up to four hard high-speed serial interface blocks. Each SerDes
block contains a PCle system block. The PCle system is connected to the SerDes block.

The following table lists the transmitter parameters in worst-case industrial conditions when T; = 100 °C,

VDD =1.14 V.

Table 296 « Transmitter Parameters

Symbol Description Min Max Unit
VTX-DIFF-PP Differential swing (2.5 Gbps, 5.0 Gbps) 0.8 1.2 \%
VTX-CM-AC-P  Output common mode voltage (2.5 Gbps) 20 mV
VTX-CM-AC-PP Output common mode voltage (5.0 Gbps) 100 mV
VTX-RISE-FALL Rise and fall time (20% to 80%, 2.5 Gbps) 0.125 ul
Rise and fall time (20% to 80%, 5.0 Gbps) 0.15 ul
ZTX-DIFF-DC  Output impedance—differential 80 120 Q
LTX-SKEW Lane-to-lane TX skew within a SerDes block (2.5 500 ps+2 Ul ps
Gbps)
Lane-to-lane TX skew within a SerDes block (5.0 500 ps+4 Ul ps
Gbps)
RLTX-DIFF Return loss differential mode (2.5 Gbps) -10 dB
Return loss differential mode (5.0 Gbps)
0.05 GHz to 1.25 GHz -10 dB
1.25 GHz to 2.5 GHz -8 dB
RLTX-CM Return loss common mode (2.5 Gbps, 5.0 Gbps) -6 dB
TX-LOCK-RST Transmit PLL lock time from reset 10 ps
VTX-AMP 100 mV setting 90 150 mV
400 mV setting 320 480 mV
800 mV setting 660 940 mV
1200 mV setting 950 1400 mVvV
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2.3.31.2 SmartFusion2 Inter-Integrated Circuit (I2C) Characteristics

This section describes the DC and switching of the I2C 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 1°C characteristics in worst-case industrial conditions when T = 100 °C,

VDD =1.14V
Table 303 ¢ 12C Characteristics

Parameter Symbol Min Typ Max Unit Conditions

Input low voltage VL -0.3 0.8 \Y See Single-Ended 1/0 Standards,
page 24 for more information. 1/0
standard used for illustration: MSIO
bank—LVTTL 8 mA low drive.

Input high voltage \m 2 345 V See Single-Ended I/0 Standards,
page 24 for more information. 1/0
standard used for illustration: MSIO
bank—LVTTL 8 mA low drive.

Hysteresis of schmitt Vhys 0.05 x Vpp, \Y, See Table 28, page 23 for more

triggered inputs for Vpp, > information.

2V

Input current high m 10 A See Single-Ended I/0O Standards,
page 24 for more information.

Input current low IH 10 HA See Single-Ended I/0 Standards,
page 24 for more information.

Input rise time Ty 1000 ns Standard mode

300 ns Fast mode

Input fall time Ti 300 ns Standard mode

300 ns Fast mode

Maximum output voltage Vg 0.4 \% See Single-Ended I/0 Standards,

low (open drain) at 3 mA page 24 for more information. /0

sink current for Vpp, > 2 V 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 tOFl 21.04 ns Vi4min 10 Vi max,» CLOAD = 400 pF

; 1

VIHMin to ViLMax 5.556 NS Vigmin 10 Vivax, CLOAD = 100 pF

Output rise time from tor ! 19.887 NS Vi max 10 Vigmin, CLOAD = 400 pF

VILM VIHMin?

axto 5.218 NS Vi_max 0 Vinmin, CLOAD = 100 pF

Output buffer maximum  Rpyp.yp>> 50 Q

pull-down resistance? 3

Output buffer maximum  Rpyp.gown" 131.25 Q

pull-up resistance® 4
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