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Revision 3.0

In revision 3.0 of this document, the Theta B/C columns and FCS325 package was updated. For more
information, see Table 9, page 10 (SAR 62002).

Revision 2.0

The following is a summary of the changes in revision 2.0 of this document.

Table 1, page 4 was updated (SAR 59056).

Table 7, page 8 temperature and data retention information was updated SAR (61363).

Storage Operating Table was updated and split into three tables — Table 5, page 7, Table 7, page 8
(SAR 58725).

Updated Theta B/C columns and FCS325 package in Table 9, page 10 (SAR 62002).

Added 090-FCS325 thermal resistance to Table 9, page 10 (SAR 59384).

TQ144 package was added to Table 9, page 10 (SAR 57708).

Added PLL jitter data for the VF400 package (SAR 53162).

Added Additional Worst Case IDD to Table 11, page 12 and Table 12, page 13 (SAR 59077).
Table 13, page 13, Table 14, page 13, and Table 15, page 14 were added to verify Inrush currents
(SAR 56348).

Table 18, page 19 and Table 21, page 20 — I/O speeds were replaced.

Max speed was changed in Table 41, page 26 (SAR 57221) and in Table 52, page 29 (SAR 57113).
Minimum and Maximum DC/AC Input and Output Levels Specification, page 29 and

Table 49, page 29-Table 57, page 31 were added.

Added Cload to Table 89, page 39 (SAR 56238).

Removed "Rs" information in DDR Timing Measurement Table 123, page 47, Table 133, page 49,
and Table 144, page 52.

Updated drive programming for M/B-LVDS outputs (SAR 58154).

Added an inverter bubble to DDR_IN latch in Figure 10, page 70 (SAR 61418).

QF waveform in Figure 11, page 71 was updated (SAR 59816).

uSRAM Write Clock minimum values were updated in Table 237, page 86—Table 243, page 93 (SAR
55236).

Fixed typo in the 32 kHz Crystal (XTAL) oscillator accuracy data section (SAR 59669).

The "On-Chip Oscillator" section was split, and the Embedded NVM (eNVM) Characteristics,
page 104 was added. Table 277, page 107—Table 281, page 109 were revised.(SARs 57898 and
59669).

PLL VCP Frequency and conditions were added to Table 282, page 110 (SAR 57416).

Fixed typo for PLL jitter data in the 100-400 MHz range (SAR 60727).

Updated FCCC information in Table 282, page 110 and Table 283, page 111 (SAR 60799).
Device 025 specifications were added to Table 283, page 111 (SAR 51625).

JTAG Table 284, page 112 was replaced (SAR 51188).

Flash*Freeze Table 293, page 119 was replaced (SAR 57828).

Added support for HCSL 1/O Standard for SERDES reference clocks in Table 300, page 123 and
Table 301, page 123 (SAR 50748).

Tir and Tif parameters were added to Table 303, page 124 (SAR 52203).

Speed grade consistency was fixed in tables throughout the datasheet (SAR 50722).

Added jitter attenuation information (SAR 59405).

Revision 1.0

The following is a summary of the changes in revision 1.0 of this document.

The IGLOO2 v2 and the SmartFusion2 v5 datasheets are combined into this single product family
datasheet.
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Power Matters.

IGLOO2 FPGA and SmartFusion2 SoC FPGA

Microsemi’s mainstream SmartFusion®2 SoC and IGLOO®2 FPGA families integrate an industry
standard 4-input lookup table-based (LUT) FPGA fabric with integrated math blocks, multiple embedded
memory blocks, and high-performance SerDes communication interfaces on a single chip. Both families
benefit from low-power flash technology and are the most secure and reliable FPGAs in the industry.
These next generation devices offer up to 150K Logic Elements, up to 5 MBs of embedded RAM, up to
16 SerDes lanes, and up to four PCI Express Gen 2 endpoints, as well as integrated hard DDR3 memory
controllers with error correction.

SmartFusion2 devices integrate an entire low-power, real-time microcontroller subsystem (MSS) with a
rich set of industry-standard peripherals including Ethernet, USB, and CAN, while IGLOO2 devices
integrate a high-performance memory subsystem with on-chip flash, 32 Kbyte embedded SRAM, and
multiple DMA controllers.

Device Status

The following table shows the design security densities and development status of the IGLOO2 FPGA
and SmartFusion2 SoC FPGA devices.

Table 1« IGLOO2 and SmartFusion2 Design Security Densities

Design Security Device Densities Status

005 Production
010, 010T Production
025, 025T Production
050, 050T Production
060, 060T Production
090, 090T Production
150, 150T Production

The following table shows the data security densities and development status of the IGLOO2 FPGA and
SmartFusion2 SoC FPGA devices.

Table 2 « IGLOO2 and SmartFusion2 Data Security Densities

Data Security Device Densities Status

005S Production
010TS Production
025TS Production
050TS Production
060TS Production
090TS Production
150TS Production

DS0128 Datasheet Revision 11.0 4












IGLOO2 FPGA and SmartFusion2 SoC FPGA

& Microsemi

Power Matters.

Table 19 Maximum Data Rate Summary Table for Voltage-Referenced I/O in Worst-Case
Industrial Conditions

110 MSIO  MSIOD DDRIO Unit

LPDDR 400 Mbps
HSTL1.5V 400 Mbps
SSTL25V 510 700 400 Mbps
SSTL1.8V 667 Mbps
SSTL1.5V 667 Mbps

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

110 MSIO MSIOD Unit

LVPECL (input only) 900 Mbps
LVDS 3.3V 535 Mbps
LvDS 2.5V 535 700 Mbps
RSDS 520 700 Mbps
BLVDS 500 Mbps
MLVDS 500 Mbps
Mini-LVDS 520 700 Mbps

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

110 MSIO MSIOD DDRIO  Unit
PCI3.3V 315 MHz
LVTTL 3.3V 300 MHz
LVCMOS 3.3V 300 MHz
LVCMOS 2.5V 205 210 200 MHz
LVCMOS 1.8 V 147.5 200 200 MHz
LVCMOS 1.5V 80 110 118 MHz
LVCMOS 1.2V 60 80 100 MHz
LPDDR- LVCMOS 1.8 V mode 200 MHz

DS0128 Datasheet Revision 11.0
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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 Von/Vg, 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, (:

Vpp; Domain  Min Max Min Max

33V 9.9K 17.1K 9.98K 17.5K
25Vh?2 10K 17.6K 10.1K 18.4K
1.8V"2 10.4K 19.1K 10.4K 20.4K
15V12 10.7K 20.4K 10.8K 22.2K
1.2Vvh2 11.3K 23.2K 11.5K 26.7K

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

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

Table 27 »

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

R(WEAK PULL-UP) at Voy (1) R(WEAK PULL-DOWN) at Vg, ()

Vpp; Domain Min Max Min Max

25V"?2 9.6K 16.6K 9.5K 16.4K
1.8V"2 9.7K 17.3K 9.7K 17.1K
15V 2 9.9K 18K 9.8K 17.6K
1.2Vh?2 10.3K 19.6K 10K 19.1K

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

3.3 V LVTTL/LVCMOS/

0.05 x Vpp, (worst-case)

PCI/PCI-X

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

1.2 VLVCMOS 20 mV

DS0128 Datasheet Revision 11.0
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Table 62+ LVCMOS 1.5V DC Output Voltage Specification

Parameter Symbol Min Max Unit
DC output logic high  VOH Vpp| * 0.75 \
DC output logic low  VOL Vpp X025 V

Table 63« LVCMOS 1.5V AC Minimum and Maximum Switching Speed

Parameter Symbol  Max Unit Conditions

Maximum data rate (for DDRIO 1/O bank) Dmax 235 Mbps  AC loading: 17 pF load, maximum
drive/slew

Maximum data rate (for MSIO 1/O bank) Dpax 160 Mbps  AC loading: 17 pF load, maximum
drive/slew

Maximum data rate (for MSIOD /O bank) Dmax 220 Mbps  AC loading: 17 pF load, maximum
drive/slew

Table 64+ LVCMOS 1.5V AC Calibrated Impedance Option

Parameter Symbol Typ Unit
Supported output driver calibrated RODT_CA 75, 60,
impedance (for DDRIO I/O bank) L 50, 40

Table 65+ LVCMOS 1.5V AC Test Parameter Specifications

Parameter Symbol  Typ Unit
Measuring/trip point V1RriP 0.75 \Y
Resistance for enable path (Tzy, Tz, Thz, Ti2) RenT 2K
Capacitive loading for enable path (Tzy, Tz, Thz, TLz)  Cent 5 pF
Capacitive loading for data path (Tpp) CLoaD 5 pF

Table66« LVCMOS 1.5V Transmitter Drive Strength Specifications

Output Drive Selection Von (V) VoL (V) IOH (at Vo) 1OL (at Vo)
MSIO I/O Bank MSIOD I/O Bank DDRIO I/O Bank Min Max mA mA
2mA 2 mA 2 mA Vpp X 0.75  Vpp x025 2 2
4 mA 4 mA 4 mA Vppi*x0.75  Vpp; x0.25 4 4
6 mA 6 mA 6 mA Vppi X0.75  Vpp; x025 6 6
8 mA 8 mA Vpp x0.75  Vpp x025 8 8
10 mA Vppi X0.75  Vpp; x0.25 10 10
12 mA Vppi X0.75  Vpp; x0.25 12 12

Note: For a detailed I/V curve, use the corresponding IBIS models:
www.microsemi.com/soc/download/ibis/default.aspx.
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Table 70 LVCMOS 1.5V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)
(continued)

1 1

Output Top Tz TznH Thz Tz

Drive Slew

Selection Control -1 -Std -1 -Std -1 —-Std -1 -Std -1 -Std  Unit
6 mA Slow 4244 4993 3465 4.076 4.233 4979 6.39 7518 5.736 6.748 ns

Medium 3.774 444 3.05 3587 3762 4426 6114 7193 5397 635 ns
Medium 3544 417 2839 3.339 3529 4152 5978 7.083 527 6.2 ns

fast
Fast 3.519 414 282 3317 3504 4122 5965 7.017 5.259 6.187 ns
8 mA Slow 4,099 4.823 3.311 3.894 4087 4807 6.584 7.746 5.854 6.888 ns

Medium 3.656 4.301 2927 3443 3.642 4.284 6311 7.425 5553 6.533 ns
Medium 3437 4.044 2731 3.213 3.42 4.023 6.182 7.273 5435 6.394 ns

fast
Fast 3.41 4012 2715 3.193 3.393 3991 6.178 7.269 5425 6.383 ns
10 mA Slow 4,029 4.74 3.238 3.809 4.015 4723 6.732 7.921 5965 7.018 ns

Medium 3.601 4237 2867 3372 3586 4218 6.473 7.615 5669 6.669 ns
Medium 3.384 3981 2672 3.143 3365 3.958 6.351 7.471 555 6.529 ns

fast
Fast 3.357 3.949 2655 3.123 3.338 3927 6.345 7.464 554 6.518 ns
12 mA Slow 3974 4675 3196 3.759 3.958 4656 6.842 8.049 6.068 7.139 ns

Medium 3.55 4176 2.827 3.326 3.534 4.157 ©6.584 7.746 5.751 6.766 ns

Medium 3.345 3935 2638 3103 3.325 3911 6.488 7.633 5.641 6.637 ns
fast

Fast 3316 3.902 2621 3.083 3.297 3878 6486 7.63 5626 6.619 ns

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

Table 71« LVCMOS 1.5V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

1 1

Output Tpp Tz TzH Thz Tz

Drive Slew

Selection Control -1 —Std -1 -Std -1 —Std -1 -Std -1 -Std  Unit
2 mA Slow 4423 5203 5397 6.35 5686 6.69 5609 6.599 5561 6.542 ns
4 mA Slow 4.05 4765 4503 5.298 4.92 5788 7.358 8.657 6.525 7.677 ns
6 mA Slow 4,081 4.801 4.259 5012 4699 5528 7.659 9.011 6.709 7.893 ns
8 mA Slow 4234 4,98 4.068 4.786 4.521 5319 8.218 9.668 7.05 8.294 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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Table 85« LVCMOS 1.2 V Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)

Output Top Tz Tzn Thz' Tzt

Drive Slew

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std Unit
2mA Slow 3.883 4568 4.868 5.726 5.329 6.269 7.994 9.404 7527 8.855 ns
4 mA Slow 3774 444 4188 4926 4613 5426 8.972 10555 8.315 9.782 ns

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

2.3.5.11 3.3 V PCI/PCIX

Peripheral Component Interface (PCI) for 3.3 V standards specify support for 33 MHz and 66 MHz PCI
bus applications.

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

Table 86 « PCI/PCI-X DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vpp) 3.15 3.3 3.45 V

Table 87« PCI/PCI-X DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input voltage V| 0 3.45 \Y,
Input current high1 |H(DC)

Input current low’ 1,L(DC)

1. See Table 24, page 22.

Table 88« PCI/PCI-X DC Output Voltage Specification

Parameter Symbol Min Typ Max Unit
DC output logic high  Vou Per PCI specification \Y,
DC output logic low VoL Per PCI specification \Y,

Table 89+ PCI/PCI-X Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit  Conditions

Maximum data rate (MSIO I/O bank) Dpax 630 Mbps AC Loading: per JEDEC specifications

Table 90« PCI/PCI-X AC Test Parameter Specifications

Parameter Symbol Typ Unit
Measuring/trip point for data path (falling edge) Virip 0.615 x Vpp, \Y,
Measuring/trip point for data path (rising edge) V1riP 0.285 x Vpp, \Y,
Resistance for data test path RTT_TEST 25

Resistance for enable path (Tzy, Tz, Thz, Tiz) RenT 2K

Capacitive loading for enable path (Tzy, Tz, THz, TLz) CenT 5 pF
Capacitive loading for data path (Tpp) CLoAD 10 pF
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-1 —-Std

Parameter Symbol Min Max  Min Max  Unit
Read asynchronous reset removal time (pipelined clock) -0.023 —-0.027 ns
Read asynchronous reset removal time (non-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 (with Troq 0.835 0.982 ns
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 Tceikmpwn 1.8 1.8 ns
Write clock minimum pulse width low Tecekmewe 1.8 1.8 ns
Write block setup time TgLkcsu 0.404 0.476 ns
Write block hold time TeLKCHD 0.007 0.008 ns
Write input data setup time ToiNnesu 0.115 0.135 ns
Write input data hold time TpiNcHD 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

The following table lists the uSRAM in 128 x 8 mode in worst commercial-case conditions when

T,=85°C,Vpp=1.14 V.
Table 240 « PSRAM (RAM128x8) in 128 x 8 Mode

-1 —-Std

Parameter Symbol Min Max  Min Max  Unit
Read clock period Tey 4 4 ns
Read clock minimum pulse width high TeLKMPWH 1.8 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 TeLcikmpwe 1.8 1.8 ns
Read pipeline clock minimum pulse width low TeLcikmewe 1.8 1.8 ns
Read access time with pipeline register Teikon 0.266 0.313 ns
Read access time without pipeline register 1.677 1973 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
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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 1 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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Table 259 « 2 Step IAP Programming (Fabric Only)

Image size
M2S/M2GL Device Bytes Authenticate Program Verify Unit
005 302672 4 39 6 Sec
010 568784 7 45 12 Sec
025 1223504 14 55 23 Sec
050 2424832 29 74 40 Sec
060 2418896 39 83 50 Sec
090 3645968 60 106 73 Sec
150 6139184 100 154 120 Sec

Table 260 « 2 Step IAP Programming (eNVM Only)

Image size
M2S/M2GL Device Bytes Authenticate Program Verify Unit
005 137536 2 59 5 Sec
010 274816 4 98 11 Sec
025 274816 4 100 10 Sec
050 2,78,528 3 107 9 Sec
060 268480 5 98 22 Sec
090 544496 10 174 43 Sec
150 544496 10 175 44 Sec

Table 261« 2 Step IAP Programming (Fabric and eNVM)

Image size
M2S/M2GL Device Bytes Authenticate Program Verify Unit
005 439296 6 78 1 Sec
010 842688 11 122 21 Sec
025 1497408 19 135 32 Sec
050 2695168 32 158 48 Sec
060 2686464 43 159 70 Sec
090 4190208 68 258 115  Sec
150 6682768 109 308 162  Sec
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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

T,=100°C, Vpp = 1.14 V.

Table 275« Non-Deterministic Random Bit Generator (NRBG)

Conditions

Prediction Additional

Service Timing Unit Resistance Input

Instantiate 85 ms OFF X

Generate 4.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

(after Instantiate)1 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 47 ms ON X

(after Instantiate)

Generate 0.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

(subsequent)’ % 5 "5 58 sibyte x No. of Bytes) OFF 64
3.0 ms + (6.25 us/byte x No. of Bytes) OFF 128

Generate 43 ms ON X

(subsequent)

Reseed 40 ms

Uninstantiate 0.16 ms

Reset 0.10 ms

Self test 20 ms First time after power-up
6 ms Subsequent

1. If PUF_OFF, generate will incur additional PUF delay time for consecutive service calls.

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

T,=100°C, Vpp = 1.14 V.

Table 276 « Cryptographic Block Characteristics

Service Conditions Timing Unit
Any service First certificate check penalty at boot 11.5 ms
AES128/256 100 blocks up to 64k blocks 700 kbps

(encoding-/—decoding)1
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