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IGLOO2 FPGA and SmartFusion2 SoC FPGA Q - -
> Microsemi

2.1

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

2.3.55

Detailed I1/0O Characteristics

Table 24 «

& Microsemi

Input Capacitance, Leakage Current, and Ramp Time

Symbol  Description

Maximum Unit  Conditions

CiN Input capacitance 10 pF
I (dc) Input current low 400 MA Vpp =25V
(Applicable to HSTL/SSTL inputs only) 500 uA Vpp = 1.8V
600 WA Vpp =15V
Input current low 10 MA
(Applicable to all other digital inputs)
Iy (dc) Input current high 400 HA Vppi =25V
(Applicable to HSTL/SSTL inputs only) 500 uA Vop = 1.8V
600 MA  Vpp =15V
Input current high 10 MA
(Applicable to all other digital inputs)
TRAMP|N2 Input ramp time 50 ns

(Applicable to all digital inputs)

1.

2.

Applicable when 1/O pair is programmed with an HSTL/SSTL 1/O type on IOP and an un-
terminated 1/0 type (LVCMOS, for example) on ION pad.
Voltage ramp must be monotonic.

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 Vou/VoL 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
25Vh?2 10K 17.8K 9.98K 18K
1.8V"2 10.3K 19.1K 10.3K 19.5K
15V 2 10.6K 20.2K 10.6K 21.1K
1.2Vvh2 11.1K 22.7K 11.2K 24.6K

1.
2.

R(WEAK PULL-DOWN) = (VOLspec)/I((WEAK PULL-DOWN MAX).

R(WEAK PULL-UP) = (VDDImax — VOHspec)/((WEAK PULL-UP MIN).

DS0128 Datasheet Revision 11.0
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Power Matters.

2.3.5.6  Single-Ended I/O Standards

2.3.5.6.1 Low Voltage Complementary Metal Oxide Semiconductor (LVCMOQOS)
LVCMOS is a widely used switching standard implemented in CMOS transistors. This standard is defined
by JEDEC (JESD 8-5). The LVCMOS standards supported in IGLOO2 FPGAs and SmartFusion2 SoC
FPGAs are: LVCMOS12, LVCMOS15, LVCMOS18, LVCMOS25, and LVCMOS33.

2.3.5.6.2 3.3VLVCMOS/LVTTL

LVCMOS 3.3 V or Low-Voltage Transistor-Transistor Logic (LVTTL) is a general standard for 3.3 V
applications.

Minimum and Maximum DC/AC Input and Output Levels Specification

Table29+ LVTTL/LVCMOS 3.3V DC Recommended DC Operating Conditions
(Applicable to MSIO I/O Bank Only)
Parameter Symbol Min Typ Max Unit
Supply voltage Vppi 3.15 3.3 345 \%
Table 30« LVTTL/LVCMOS 3.3V Input Voltage Specification (Applicable to MSIO I/O
Bank Only)
Parameter Symbol Min Max Unit
DC input logic high V|4 (DC) 2.0 3.45 \Y
DC input logic low V,_(DC) -0.3 0.8 \Y,
Input current high1 Iy (DC)
Input current low’ IiL (DC)

1. See Table 24, page 22.

Table 31+ LVCMOS 3.3V DC Output Voltage Specification (Applicable to MSIO I/O Bank
Only)

Parameter Symbol Min Max Unit

DC output logic high' Vou Vpp) — 0.4 %

DC output logic low" VoL 0.4 %

1. The Vou/VoL test points selected ensure compliance with LVCMOS 3.3 V JESD8-B
requirements.

Table 32« LVTTL 3.3V DC Output Voltage Specification (Applicable to MSIO I/O Bank Only)
Parameter Symbol Min Max Unit

DC output logic high VoH 24 \Y,

DC output logic low VoL 0.4 \Y

Table 33+« LVTTL/LVCMOS 3.3V AC Maximum Switching Speed (Applicable to MSIO I/O Bank
Only)

Parameter Symbol Max Unit Conditions

Maximum data rate ~ Dyax 600 Mbps AC loading: 17 pF load, maximum

(for MSIO I/0 bank) drive/slew

DS0128 Datasheet Revision 11.0
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Power Matters.

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 vV
Resistance for enable path (Tzy, Tz, THz, Ti2) Rent 2K Q
Capacitive loading for enable path (Tzp, Tz, THz, 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

2 mA Vpp—04 04 2 2

4 mA Vppi—04 04 4 4

8 mA Vpp—04 04 8 8

12 mA Vpp—04 04 12 12

16 mA Vppi—04 04 16 16

20 mA Vpp—04 04 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 =1.14 V, Vpp=3.0 V

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

Buffers)
On-Die Termination Tpy 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 Top Ta Tzn Thz' T

Drive Slew

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2mA Slow 3.192 3.755 347 4083 2969 3494 1856 2183 3.337 3926 ns
4 mA Slow 2331 2742 2673 3.145 2526 2973 3.034 3569 4.451 5236 ns
8 mA Slow 2135 2511 233 2741 2297 2703 4.532 5331 4825 5676 ns
12 mA Slow 2.052 2414 2107 2479 2162 2544 575 6.764 5445 6406 ns
16 mA Slow 2.062 2425 2072 2438 2145 2525 5993 7.05 5625 6.618 ns
20 mA Slow 2148 2527 1.999 2353 2.088 2458 6.262 7.367 5876 6.913 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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Power Matters.

Table 43« LVCMOS 2.5V AC Test Parameter Specifications
Parameter Symbol Typ Unit
Measuring/trip point for data path Virip 1.2 \Y
Resistance for enable path (Tzy, Tz, Thz, Ti2) Rent 2K Qo
Capacitive loading for enable path (Tzy, Tz, Tz, TL2) Cent 5 pF
Capacitive loading for data path (Tpp) CLoaD 5 pF

Table 44+ LVCMOS 2.5V Transmitter Drive Strength Specifications

Output Drive Selection VOH (V) VOL (V) IOH (at VOH) mA IOL (at VOL) mA

DDRIO I/0 Bank

MSIO I/O  MSIOD I/O (With Software Default

Bank Bank Fixed Code) Min Max

2 mA 2mA 2mA Vpp— 0.4 0.4 2 2

4 mA 4 mA 4 mA Vpp; — 0.4 0.4 4 4

6 mA 6 mA 6 mA Vpp - 0.4 0.4 6 6

8 mA 8 mA 8 mA Vpp;— 0.4 0.4 8 8

12 mA 12 mA 12 mA Vpp; — 0.4 0.4 12 1

16 mA 16 mA Vpp)— 0.4 0.4 16 1

Note: For board design considerations, output slew rates extraction, detailed output buffer resistances, and I/'V

Curve, use the corresponding IBIS models located at:
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

Worst commercial-case conditions: T; =85 °C, Vpp = 1.14 V, Vpp, = 2.375 V

Table 45« LVCMOS 2.5V Receiver Characteristics (Input Buffers)
On-Die Termination Tey Tpys
(ODT) -1 —-Std -1 —Std Unit
LVCMOS 2.5V (for DDRIO /O bank) None 1.823 2145 1932 2274 ns
LVCMOS 2.5 V (for MSIO 1/O bank) None 2486 2925 2495 2935 ns
LVCMOS 2.5V (for MSIOD I/O bank) None 2.29 2.694 2305 2712 ns
Table 46 «+ LVCMOS 2.5V Transmitter Characteristics for DDRIO Bank (Output and Tristate Buffers)
Output Top Ta Tzn Thz" T
Drive Slew
Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2 mA Slow 3.657 4302 3.393 3991 3.675 4323 3.894 4582 3552 418 ns
Medium 3374 397 3139 3693 3.396 3995 3.635 4.277 3253 3.828 ns
Medium fast 3.239 3.811 3.036 3.572 3.261 3.836 3.519 4.141 3128 3.681 ns
Fast 3.224 3793 3.029 3563 3.246 3.818 3512 4132 3.119 367 ns
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Power Matters.

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

1 1

Output Top Tz TzH Thz Tz

Drive Slew

Selection Control -1 -Std -1 —Std -1 —-Std -1 -Std -1 -Std  Unit
4 mA Slow 3.095 3641 2705 3.182 3.088 3.633 4.738 5575 4348 5116 ns

Medium 2.825 3324 2488 2927 2823 3321 4492 5285 4.063 4.781 ns
Medium fast 2.701 3.178 2.384 2.804 2.698 3.173 4.364 5135 3.945 4642 ns
Fast 2.69 3.166 2377 2796 2687 3.161 4.359 5.129 3.94 4636 ns
6 mA Slow 2919 3434 2491 293 2902 3414 5.085 5983 4.674 55 ns
Medium 2.65 3.118 2279 2681 2642 3.108 4.845 5701 4375 5148 ns
Medium fast 2.529 2975 2176 2.56 2521 2965 4.724 5558 4259 5.011 ns
Fast 2516 296 2168 2551 2508 2.95 4.717 5.55 4251 5.002 ns
8 mA Slow 2.863 3.368 2427 2.855 2844 3346 5196 6.114 4769 5612 ns
Medium 2599 3.058 2217 2.608 2.59 3.047 4952 5.827 4.471 5261 ns
Medium fast 2.483 2.921 2114 2487 2473 291 4832 5.685 4364 5134 ns
Fast 2467 2902 2106 2478 2457 2.89 4826 5.678 4348 5116 ns
12 mA Slow 2747 3232 2296 2701 2724 3.204 539 6.342 4.938 5.81 ns
Medium 2493 2934 2102 2473 2483 2921 5166 6.078 4.65 5471 ns
Medium fast 2.382 2.803 2.006 2.36 2371 2789 5.067 5962 4546 5349 ns
Fast 2369 2787 1999 2352 2357 2773 5.063 5958 4.538 5339 ns
16 mA Slow 2677 3149 2213 2604 2649 3.116 5575 6.56 5.08 5977 ns
Medium 2432 2862 2028 2386 2421 2848 5372 6.32 4801 5.649 ns
Medium fast 2.324 2.734 1.937 2278 2.311 2718 5297 6.233 4.7 5531 ns
Fast 2313 2721 1929 2269 23 2706 5296 6.231 4.699 5529 ns

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

Table 47+ LVCMOS 2.5V Transmitter Characteristics for MSIO Bank (Output and Tristate Buffers)

1 1

Output Top Ta Tzn Thz Tz

Drive Slew

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2 mA Slow 3.48 4.095 3.855 4534 3.785 4453 212 2494 345 4.059 ns
4 mA Slow 2583 3.039 3.042 3579 3.138 3.691 4.143 4.874 4687 5513 ns
6 mA Slow 2392 2815 2669 3.139 2.82 3.317 4909 5.775 5.083 5.98 ns
8 mA Slow 2309 2717 2565 3.017 274 3.223 5812 6.837 5.523 6.497 ns
12 mA Slow 2333 2745 2437 2867 2626 3.089 6.131 7.213 5712 6.72 ns
16 mA Slow 2412 2.838 2335 2747 2533 2979 6.54 7.694 6.007 7.067 ns

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

Worst commercial-case conditions: T; =85 °C, Vpp =1.14 V, Vpp, = 1425V

Table 67« LVCMOS 1.5V Receiver Characteristics for DDRIO I/O Bank with Fixed
Codes (Input Buffers)
On-Die Termination Tey Tevs
(ODT) -1 —-Std -1 —-Std Unit
None 2.051 2413 2086 2455 ns
Table 68+ LVCMOS 1.5V Receiver Characteristics for MSIO I/O Bank (Input
Buffers)
On-Die Termination Tey Teys
(ODT) -1 —-Std -1 —Std Unit
None 3.311 3896 3285 3.865 ns
50 3.654 4299 3.623 4.263 ns
75 3.533 4156 3501 4119 ns
150 3415 4018 3.388 3986 ns
Table 69+ LVCMOS 1.5V Receiver Characteristics for MSIOD 1/O Bank (Input
Buffers)
On-Die Termination Tey Teys
(ODT) -1 -Std -1 -Std  Unit
None 2959 3.481 293 3.447 ns
50 3.298 3.88 3.268 3.845 ns
75 3.162 3.719 3.128 3.68 ns
150 3.053 3.592 3.021 3.554 ns
Table 70 LVCMOS 1.5V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)
Output Top T Tzn Thz' T
Drive Slew
Selection Control -1 -Std -1 -Std -1 —-Std -1 -Std -1 -Std  Unit
2 mA Slow 5122 6.026 4.31 507 5145 6.052 5258 6.186 4.672 5496 ns
Medium 4.58 5389 386 454 46 5411 4977 5.855 4357 5126 ns
Medium 4323 5086 3.629 4.269 4341 5107 4.804 5652 4228 4.974 ns
fast
Fast 4296 5.054 3609 4.245 4314 5075 4791 5636 4.219 4.963 ns
4 mA Slow 4449 5235 3707 4.361 4.443 5227 6.058 7.127 5458 6.421 ns
Medium 3.961 466 3.264 3.839 3954 4651 5778 6.797 5116 6.018 ns
Medium 3.729 4387 3.043 3579 3.72 4376 5.63 6.624 4981 586 ns
fast
Fast 3.704 4358 3.027 356 3.695 4347 5624 6.617 4973 5851 ns
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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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AC Switching Characteristics
Worst commercial-case conditions: T; =85 °C, Vpp =1.14V, Vpp, =3.0V

Table 91+ PCI/PCIX AC Switching Characteristics for Receiver for MSIO 1/O Bank
(Input Buffers)

Tpy Teys
On-Die Termination (ODT) -1 -Std -1 —Std Unit
None 2229 2623 2238 2.633 ns

Table 92« PCI/PCIX AC switching Characteristics for Transmitter for MSIO 1/0 Bank (Output
and Tristate Buffers)

Top Tz TzH Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2.146 2525 2.043 2404 2.084 2.452 6.095 7.171 5.558 6.539 ns

2.3.6 Memory Interface and Voltage Referenced I/0O Standards
This section describes High-Speed Transceiver Logic (HSTL) memory interface and voltage reference
1/0O standards.

2.3.6.1 High-Speed Transceiver Logic (HSTL)
The HSTL standard is a general purpose high-speed bus standard sponsored by IBM (EIA/JESD8-6).
IGLOO2 FPGA and SmartFusion2 SoC FPGA devices support two classes of the 1.5V HSTL. These
differential versions of the standard require a differential amplifier input buffer and a push-pull output
buffer.

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

Table 93« HSTL Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vppi 1.425 1.5 1.575 \Y
Termination voltage Vit 0.698 0.750 0.803 \Y
Input reference voltage VREF 0.698 0.750 0.803 \Y

Table 94+ HSTL DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input logic high V|4 (DC) Vger + 0.1 1.575 \Y,
DC input logic low VL (DC) -0.3 Vger — 0.1 \Y
Input current high' Iy (DC)

Input current low’ IiL (DC)

1. See Table 24, page 22.
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Table 156 «+ LPDDR-LVCMOS 1.8 V AC Test Parameter Specifications
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Power Matters.

Parameter Symbol Typ Unit
Measuring/trip point for data path Virip 0.9 \Y
Resistance for enable path (Tzn, Tz, Thz, Ti2) Rent 2K Q
Capacitive loading for enable path (Tzy, Tz, THz, TL2) Cent 5 pF
Capacitive loading for data path (Tpp) CLoaD 5 pF

Table 157 « LPDDR-LVCMOS 1.8 V Mode Transmitter Drive Strength Specification for DDRIO Bank

Vor (V) VoL (V)

Output Drive Selection Min Max lon (at Vo) mA loL (at Vo) mA
2mA Vpp—0.45 045 2 2

4 mA Vpp—0.45 045 4 4

6 mA Vpp— 045 045 6 6

8 mA Vpp—0.45 045 8 8

10 mA Vpp—0.45 045 10 10

12 mA Vpp— 045 045 12 12

16 mA' Vpp —0.45  0.45 16 16

1. 16 mA Drive Strengths, All Slews, meet LPDDR JEDEC electrical compliance.

Table 158 « LPDDR-LVCMOS 1.8V AC Switching Characteristics for Receiver (for DDRIO
1/0 Bank with Fixed Code - Input Buffers)

ODT (On Die
Termination) -1 —Std -1 —Std Unit
None 1.968 2.315 2.099 2.47 ns

and Tristate Buffers)

LPDDR-LVCMOS 1.8 V AC Switching Characteristics for Transmitter for DDRIO I/O Bank (Output

Output Drive Slew Top Tz Tz Thz' Tz
Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 —Std  Unit
2mA slow 4234 4981 3646 429 4245 4995 4908 5774 4434 5216 ns
medium 3.824 4498 3.282 3.861 3.834 4511 4625 5441 4116 4.843 ns
medium_fast 3.627 4.267 3.111 3.66 3.637 4.279 4481 5272 3.984 4.687 ns
fast 3.605 4.241 3.097 3.644 3.615 4.253 4472 5262 3973 4.674 ns
4 mA slow 3.923 4615 3.314 39 3918 461 5403 6.356 4.894 5757 ns
medium 3,518 4.138 2961 3.484 3515 4.135 5121 6.025 4.561 5.366 ns
medium_fast 3.321 3.907 2.783 3.275 3.317 3.903 4.966 5.843 4.426 5.206 ns
fast 3.301 3.883 2.77 3.259 3.296 3.878 4.957 5831 4.417 5.196 ns
6 mA slow 3.71 4364 3.104 3.652 3.702 4.355 562 6.612 508 5977 ns
medium 3.333 3.921 2779 327 3.325 3913 5346 6.289 4.777 562 ns
medium_fast 3.155 3.712 2.62 3.083 3.146 3.702 5.21 6.13 4.657 5479 ns
fast 3.134 3.688 2.608 3.068 3.125 3.677 5202 6.12 4.648 5468 ns
8 mA slow 3.619 4.258 3.007 3.538 3.607 4.244 5815 6.841 5249 6.175 ns
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The following table lists the input data register propagation delays in worst commercial-case conditions
when T; =85 °C, Vpp = 1.14 V.

Table 219 « Input Data Register Propagation Delays

Measuring

Nodes
Parameter Symbol (from, to)l -1 -Std  Unit
Bypass delay of the input register TigYP F,G 0.353 0415 ns
Clock-to-Q of the input register TicLka E,G 0.16 0.188 ns
Data setup time for the input register Tisup 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 0.587 069 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 Tickmpws EE 0.075 0.088 ns
Clock minimum pulse width low for the input register Tickmpwe E E 0.159 0.187 ns

1. For the derating values at specific junction temperature and voltage supply levels, see Table 16, page 14 for derating values.
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Table 221 « Input DDR Propagation Delays (continued)

Measuring Nodes

Symbol Description (from, to) -1 -Std  Unit

TopRIWAL Asynchronous load minimum pulse width for input F F 0.304 0.357 ns
DDR

ToprickmpwH  Clock minimum pulse width high for input DDR B, B 0.075 0.088 ns

ToorickmpwL  Clock minimum pulse width low for input DDR B,B 0.159 0.187 ns
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Table 222 « Output DDR Propagation Delays (continued)

Measuring Nodes

Symbol Description (from, to) -1 —Std Unit

ToprROWAL Asynchronous load minimum pulse width for output C, C 0.304 0.357 ns
DDR

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

Toporockmpwe  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
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2.3.10.2 Timing Characteristics

The following table lists the combinatorial cell propagation delays in worst commercial-case conditions
when TJ =85 OC, VDD =1.14 V.

2.3.10.3

Figure 15«

Table 223« Combinatorial Cell Propagation Delays

& Microsemi

Combinatorial Cell Equation Symbol -1 —Std Unit
INV Y=1A Tep 0.1 0.118 ns
AND2 Y=A'B Tep 0.164 0.193 ns
NAND2 Y=I!(A"B) Tep 0.147 0.173 ns
OR2 Y=A+B Tep 0.164 0.193 ns
NOR2 Y=I(A+B) Tep 0.147 0.173 ns
XOR2 Y=A®B Tep 0.164 0.193 ns
XOR3 Y=ADB®D®C Tpp 0.225 0.265 ns
AND3 Y=A-B-C Tep 0.209 0.246 ns
AND4 Y=A-B-C:-D Tpp 0.287 0.338 ns

Sequential Module

Power Matters.

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).

Sequential Module

— ALn
— ADn
— SLn
—SD

— LAT
—1 CLK

SLE
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Figure 16 «

CLK

& Microsemi

Power Matters.

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

Sequential Module Timing Diagram

[«—{CKMPWH-

CKMPWL—#

—

SD

ADn
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tHSL

SL

ALn

2.3.10.3.1 Timing Characteristics
The following table lists the register delays in worst commercial-case conditions when T = 85 °C,

tRECALn

% ’\ /| 50%

tREMALn
i

Vpp =1.14 V.

Table 224 « Register Delays

Parameter Symbol -1 —-Std Unit
Clock-to-Q of the core register TcLka 0.108 0.127 ns
Data setup time for the core register Tsub 0.254 0.298 ns
Data hold time for the core register Thp 0 0 ns
Enable setup time for the core register Tsue 0.335 0.394 ns
Enable hold time for the core register The 0 0 ns
Synchronous load setup time for the core register TsusL 0.335 0.394 ns
Synchronous load hold time for the core register ThsL 0 0 ns
Asynchronous Clear-to-Q of the core register (ADn = 1) Tainza 0.473 0.556 ns
Asynchronous preset-to-Q of the core register (ADn = 0) 0.451 0.531 ns
Asynchronous load removal time for the core register TREMALN 0 0 ns
Asynchronous load recovery time for the core register TRECALN 0.353 0.415 ns
Asynchronous load minimum pulse width for the core register ~ Tyyan 0.266 0.313 ns
Clock minimum pulse width high for the core register TckMPWH 0.065 0.077 ns
Clock minimum pulse width low for the core register TekMPWL 0.139 0.164 ns
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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 Toup 0.082 0.096 ns
Block select setup time TeLKSU 0.207 0.244 ns
Block select hold time TeLKHD 0.216 0.254 ns
Block select to out disable time (when pipelined register is TsLk2Q 1.529 1.799 ns
disabled)
Block select minimum pulse width TeLKMPW 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, TRDPLESU 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 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  Tp rsTvpw  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

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 2.5 2.941 ns
Pipelined clock minimum pulse width high TeLcikmpwH  1.125 1.323 ns
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The following table lists the SerDes reference clock AC specifications in worst-case industrial conditions
when T; =100 °C, Vpp = 1.14 V.

Table 299 « SerDes Reference Clock AC Specifications

Parameter Symbol Min Max Unit
Reference clock frequency FrEFCLK 100 160 MHz
Reference clock rise time TrisE 0.6 4 Vins
Reference clock fall time TeaLL 0.6 4 Vins
Reference clock duty cycle Teyve 40 60 %

Reference clock mismatch MMREFCLK -300 300 ppm
Reference spread spectrum clock SSCref 0 5000 ppm

Table 300« HCSL Minimum and Maximum DC Input Levels (Applicable to SerDes REFCLK Only)

Parameter Symbol Min Typ Max  Unit
Recommended DC Operating Conditions
Supply voltage Vpp) 2375 25 2625 V
HCSL DC Input Voltage Specification
DC Input voltage V, 0 2625 V
HCSL Differential Voltage Specification
Input common mode voltage Viem 0.05 24 \Y
Input differential voltage ViDIFF 100 1100 mV
Table 301« HCSL Minimum and Maximum AC Switching Speeds (Applicable to SerDes REFCLK
Only)
Parameter Symbol Min Typ Max Unit
HCSL AC Specifications
Maximum data rate (for MSIO I/O bank) Fmax 350 Mbps
HCSL Impedance Specifications
Termination resistance Rt 100 Q

2.3.31 SmartFusion2 Specifications
2.3.31.1 MSS Clock Frequency

The following table lists the maximum frequency for MSS main clock in worst-case industrial conditions
when T; =100 °C, Vpp = 1.14 V.

Table 302 « Maximum Frequency for MSS Main Clock

Symbol Description -1 —Std Unit

M3 _CLK Maximum frequency for the MSS main clock 166 142 MHz
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2.3.31.3 Serial Peripheral Interface (SPI) Characteristics

This section describes the DC and switching of the SPI interface. Unless otherwise noted, all output
characteristics given are for a 35 pF load on the pins and all sequential timing characteristics are related
to SPI_x_CLK. For timing parameter definitions, see Figure 22, page 128.

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

Table 305 ¢« SPI Characteristics for All Devices

Symbol  Description Min Typ Max Unit Conditions

SPIFMAX Maximum operating frequency 20 MHz
of SPI interface

sp1 SPI_[0]1]_CLK minimum period
SPI_[0]1]_CLK = PCLK/2 12 ns
SPI_[0|1]_CLK = PCLK/4 241 ns
SPI_[0]1]_CLK = PCLK/8 48.2 ns
SPI_[0]1]_CLK = PCLK/16 0.1 us
SPI_[0|1]_CLK = PCLK/32 0.19 V]
SPI_[0|1]_CLK = PCLK/64 0.39 us
SPI_[0]1]_CLK = PCLK/128 0.77 ps

sp2 SPI_[0]1]_CLK minimum pulse width high
SPI_[0|1]_CLK = PCLK/2 6 ns
SPI_[0]1]_CLK = PCLK/4 12.05 ns
SPI_[0|1]_CLK = PCLK/8 241 ns
SPI_[0|1]_CLK = PCLK/16 0.05 us
SPI_[0]1]_CLK = PCLK/32 0.095 VE
SPI_[0|1]_CLK = PCLK/64 0.195 V]
SPI_[0]1]_CLK = PCLK/128 0.385 V]

sp3 SPI_[0]|1]_CLK minimum pulse width low
SPI_[0|1]_CLK = PCLK/2 6 ns
SPI_[0]1]_CLK = PCLK/4 12.05 ns
SPI_[0]1]_CLK = PCLK/8 241 ns
SPI_[0|1]_CLK = PCLK/16 0.05 us
SPI_[0|1]_CLK = PCLK/32 0.095 us
SPI_[0]1]_CLK = PCLK/64 0.195 V]
SPI_[0|1]_CLK = PCLK/128 0.385 V]

sp4 SPI_[0[1]_CLK, SPI_[0|1]_DO, 2.77 ns /O Configuration:
SPI_[0|1]_SS rise time (10%— LVCMOS 2.5 V-
90%)" 8 mA

AC loading: 35 pF
Test conditions:
Typical voltage,
25°C
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Table 305« SPI Characteristics for All Devices (continued)

Symbol  Description Min Typ Max Unit Conditions

sp5 SPI_[0[1]_CLK, SPI_[0|1]_DO, 2.906 ns 10 Configuration:
SPI_[0]1]_SS fall time (10%— LVCMOS 2.5 V-8 mA
90%)" AC Loading: 35 pF

Test Conditions:
Typical Voltage,

25°C
SPI master configuration (applicable for 005, 010, 025, and 050 devices)
sp6ém SPI_[0]|1]_DO setup time? (SPI_x_CLK_period/2) — 8.0 ns
sp7m SPI_[0]1]_DO hold time? (SPI_x_CLK_period/2) - 2.5 ns
sp8m SPI_[0]1]_DI setup time? 12 ns
sp9m SPI_[0|1]_DlI hold time? 25 ns
SPI slave configuration (applicable for 005, 010, 025, and 050 devices)
sp6s SPI_[0[|1]_DO setup time? (SPI_x_CLK_period/2) — ns
17.0
sp7s SPI_[0|1]_DO hold time?2 (SPI_x_CLK_period/2) + 3.0 ns
sp8s SPI_[0|1]_DlI setup time? 2 ns
sp9s SPI_[0|1]_DlI hold time? 7 ns
SPI master configuration (applicable for 060, 090, and 150 devices)
sp6ém SPI_[0]|1]_DO setup time? (SPI_x_CLK_period/2)-7.0 ns
sp7m SPI_[0|1]_DO hold time? (SPI_x_CLK_period/2) — 9.5 ns
sp8m SPI_[0]1]_DI setup time? 15 ns
sp9m SPI_[0|1]_DlI hold time? —2.5 ns
SPI slave configuration (applicable for 060, 090, and 150 devices)
sp6s SPI_[0]|1]_DO setup time? (SPI_x_CLK_period/2) — ns
16.0
sp7s SPI_[0]1]_DO hold time? (SPI_x_CLK_period/2) - 3.5 ns
sp8s SPI_[0|1]_DI setup time?2 3 ns
sp9s SPI_[0]1]_DI hold time? 25 ns

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

2. Forallowable pclk configurations, see Serial Peripheral Interface Controller section in the UG0331: SmartFusion2 Microcontroller
Subsystem User Guide.
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Figure 22 « SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)
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2.3.32 CAN Controller Characteristics

The following table lists the CAN controller characteristics in worst-case industrial conditions when T =
100 0C, VDD =114 V.

Table 306 « CAN Controller Characteristics

Parameter Description -1 —Std Unit

FCANREFCLK' Internally sourced CAN reference 160 136 MHz
clock frequency

BAUDCANMAX Maximum CAN performance baud 1 1 Mbps
rate

BAUDCANMIN Minimum CAN performance baud 0.05 0.05 Mbps
rate

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

2.3.33 USB Characteristics

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

Table 307 « USB Characteristics

Parameter Description -1 —Std Unit

FUSBREFCLK Internally sourced USB reference clock 166 142 MHz
frequency

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
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