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* Added Table 244, page 94 and Table 256, page 99 (SAR 73971).

* Updated the SerDes Electrical and Timing AC and DC Characteristics, page 121 (SAR 71171).

* Added the DEVRST_N Characteristics, page 116 (SAR 64100, 72103).

* Added Table 298, page 122 (SAR 71897).

+ Updated Table 25, page 22, Table 26, page 23, and Table 27, page 23 (SAR 74570).

* Added 060 devices in Table 277, page 107, Table 278, page 108, and Table 279, page 108 (SAR
57898).

»  Updated duty cycle parameter of crystal in Table 280, page 109 and Table 281, page 109 (SAR
57898).

* Added 32 KHz mode PLL acquisition time in Table 282, page 110 (SAR 68281).

*  Updated Table 293, page 119 for 060 devices (SAR 57828).

*  Updated Table 297, page 122 for CID value (SAR 70878).

14 Revision 8.0

The following is a summary of the changes in revision 8.0 of this document.

* Updated Table 11, page 12 (SAR 69218).
* Updated Table 12, page 13 (SAR 69218).
+ Updated Table 283, page 111 (SAR 69000).

15 Revision 7.0

The following is a summary of the changes in revision 7.0 of this document.

» Updated Table 1, page 4(SAR 68620).

1.6 Revision 6.0

The following is a summary of the changes in revision 6.0 of this document.

+  Updated Table 5, page 7 (SAR 65949).

*  Updated Table 9, page 10 (SAR 62995).

* Updated Table 123, page 47 and Table 133, page 49 (SAR 67210).

* Added Embedded NVM (eNVM) Characteristics, page 104 (SAR 52509).
* Updated Table 277, page 107 (SAR 64855).

+  Updated Table 282, page 110 (SAR 65958 and SAR 56666).

*  Added DDR Memory Interface Characteristics, page 120 (SAR 66223).

*  Added SFP Transceiver Characteristics, page 120 (SAR 63105).

» Updated Table 302, page 123 and Table 309, page 129 (SAR 66314).

1.7 Revision 5.0

The following is a summary of the changes in revision 5.0 of this document.

* Updated Table 1, page 4.

+  Updated Table 4, page 6 for T; symbol information.

*  Updated Table 5, page 7 (SAR 63109).

* Updated Table 9, page 10.

* Updated Table 282, page 110 (SAR 62012).

* Added Table 290, page 116 (SAR 64100).

*  Added Table 306, page 128, Table 307, page 128 (SAR 50424).

1.8 Revision 4.0

The following is a summary of the changes in revision 4.0 of this document.

+ Updated Table 1, page 4. Changed the Status of 090 devices to "Production" (SAR 62750).
+  Updated Figure 10, page 70. Removed inverter bubble from DDR_IN latch (SAR 61418).
* Updated SerDes Electrical and Timing AC and DC Characteristics, page 121 (SAR 62836).
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1.  For flash programming and retention maximum limits, see Table 5, page 7. For recommended operating conditions, see Table 4,

page 6.

Table 4 « Recommended Operating Conditions

Parameter Symbol Min Typ Max  Unit  Conditions

Operating junction temperature T, 0 25 85 °C Commercial
—40 25 100 °C Industrial

Programming junction temperatures1 T, 0 25 85 °C Commercial
—40 25 100 °C Industrial

DC core supply voltage. Vbp 1.14 1.2 126 V

Must always power this pin.

Power supply for charge pumps Vpp 2375 2.5 2.625 V 2.5V range

e e o1, w5 95 e v a3V

025, 050, 060 devices

Power supply for charge pumps (for  Vpp 3.15 3.3 345 V 3.3 Vrange

normal operation and programming)

for the 090 and 150 devices

Analog power pad for MDDR PLL MSS_MDDR_PLL_VDDA 2375 25 2625 V 2.5Vrange
3.15 33 345 V 3.3 Vrange

Analog power pad for MDDR PLL HPMS MDDR PLL VDDA 2375 2.5 2.625 V 2.5V range
3.15 3.3 345 V 3.3 Vrange

Analog power pad for FDDR PLL FDDR_PLL_VDDA 2375 25 2625 V 2.5Vrange
3.15 3.3 345 V 3.3 Vrange

Analog power pad for MDDR PLL PLLO_PLL1_MSS_MDDR_V 2.375 2.5 2625 V 2.5V range

DDA 3.15 3.3 345 V 3.3 Vrange
Analog power pad for MDDR PLL PLLO PLL1 HPMS MDDR_ 2.375 2.5 2.625 V 2.5V range
VDDA 315 33 345 V 33 Vrange

Analog power pad for PLLO to PLL5 CCC_XX[01]_PLL_VDDA 2375 2.5 2625 V 2.5V range
3.15 3.3 345 V 3.3 Vrange

High supply voltage for PLL SERDES_[01]_PLL_VDDA 2375 2.5 2625 V 2.5V range

SerDes[01] 315 33 345 V  33Vrange

Analog power for SerDes[01] PLL SERDES_[01]_L[0123]_VD 2.375 25 2625 V

Lane O to Lane 3. Thisisa2.5V DAPLL

SerDes internal PLL supply.

TX/RX analog /O voltage. Low SERDES _[01]_L[0123]_ VD 1.14 1.2 126 V

voltage power for the lanes of DAIO

SerDesIFO0. This is a 1.2 V SerDes

PMA supply.

PCle/PCS power supply SERDES_[01]_VDD 114 1.2 126 V

1.2 V DC supply voltage VDpDix 1.14 1.2 126 V

1.5V DC supply voltage VoDpix 1425 1.5 1575 V

1.8 V DC supply voltage VbDIx 1.71 1.8 189 V

2.5V DC supply voltage Vppix 2375 25 2625 V

DS0128 Datasheet Revision 11.0
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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 Tpp Propagation delay of an LVDS 2.136 ns See Table 169, page 57
transmitter

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

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

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

L TcLka 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 Tocikq ~ 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

0] 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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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 118 « DDR1/SSTL2 Class Il Transmitter Characteristics for MSIO I/0O Bank (Output and Tristate Buffers)

Top Tz Tzn Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std Unit
Single-ended 2.29 2.693 1988 2338 1978 2326 1989 234 1.979 2328 ns
Differential 2418 2846 2304 2711 2297 2702 2131 2506 2124 2499 ns

2.3.6.4 Stub-Series Terminated Logic 1.8 V (SSTL18)

SSTL18 Class | and Class Il are supported in IGLOO2 and SmartFusion2 SoC FPGAs, and also comply
with the reduced and full drive double date rate (DDR2) standard. IGLOO2 and SmartFusion2 SoC
FPGA 1/Os support both standards for single-ended signaling and differential signaling for SSTL18. This
standard requires a differential amplifier input buffer and a push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification

Table 119« SSTL18 DC Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vppi 1.71 1.8 1.89 \%
Termination voltage Vi 0.838 0900 0964 V
Input reference voltage  VRrgp 0.838 0.900 0964 V

Table 120« SSTL18 DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input logic high V4 (DC) VRrer + 0.125 1.89 \Y
DC input logic low V) (DC) -0.3 Vgep—0.125 V
Input current high1 liy (DC)

Input current low’ I, (DC)

1. See Table 24, page 22.

Table 121 « SSTL18 DC Output Voltage Specification

Parameter Symbol Min Max Unit
SSTL18 Class | (DDR2 Reduced Drive)

DC output logic high Vou Vi1 +0.603 \Y

DC output logic low VoL V—0.603 V

Output minimum source DC current (DDRIO I/O bank  lgyatVoy 6.5 mA

only)

Output minimum sink current (DDRIO 1/O bank only) loatVo. 6.5 mA

SSTL18 Class Il (DDR2 Full Drive)t

DC output logic high Vou V17 +0.603 \

DC output logic low VoL V—0.603 V

Output minimum source DC current (DDRIO I/0 bank  lpyatVpoy 13.4 mA

only)

Output minimum sink current (DDRIO I/O bank only) loratVo. 134 mA

1.  To meet JEDEC Electrical Compliance, use DDR2 Full Drive Transmitter.
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2.3.6.6 Low Power Double Data Rate (LPDDR)
LPDDR reduced and full drive low power double data rate standards are supported in IGLOO2 FPGA
and SmartFusion2 SoC FPGA 1/Os. This standard requires a differential amplifier input buffer and a
push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification

Table 139 « LPDDR DC Recommended DC Operating Conditions

Parameter Symbol Min Typ Max
Supply voltage Vool 1.71 1.8 1.89
Termination voltage Vi 0.838 0.900 0.964
Input reference voltage VREF 0.838 0.900 0.964

Table 140 « LPDDR DC Input Voltage Specification

Parameter Symbol Min Max

DC input logic high Vi (DC) 0.7 xVpp,  1.89

DC input logic low V,_(DC) -0.3 0.3 x Vppy
Input current high1 i (DC)

Input current low’ l,L (DC)

1. See Table 24, page 22.

Table 141 « LPDDR DC Output Voltage Specification Reduced Drive

Parameter Symbol Min Max
DC output logic high VoH 0.9 x Vpp,
DC output logic low VoL 0.1 x Vpp,

Output minimum source DC  lpy atVgoy 0.1
current

Output minimum sink current lg atVgo. —0.1

Table 142 « LPDDR DC Output Voltage Specification Full Drivel

Parameter Symbol Min Max
DC output logic high VoH 0.9 x Vpp,
DC output logic low VoL 0.1 x Vpp

Output minimum source DC current  lgy at Vop 0.1

Output minimum sink current loL at VoL —0.1

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

Table 143 « LPDDR DC Differential Voltage Specification

Parameter Symbol Min
DC input differential voltage Vp (DC) 0.4 x Vpp,
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Table 150 « LPDDR Full 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 2.281 2.683 2196 2584 2195 2.583 2.171 2,555 217 2.554 ns

Differential ~ 2.298 2.703 2288 2692 2288 2692 2.593 3.051 2593 3.051 ns

Minimum and Maximum DC/AC Input and Output Levels Specification using LPDDR-LVCMOS 1.8
V Mode

Table 151« LPDDR-LVCMOS 1.8 V Mode Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vpp) 1.710 1.8 1.89 \Y,

Table 152 « LPDDR-LVCMOS 1.8 V Mode DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input logic high (for MSIOD and DDRIO V4 (DC)  0.65 x Vpp, 1.89 \
I/O banks)

DC input logic high (for MSIO I/O bank) Vi (DC) 0.65xVpp 3.45 \Y
DC input logic low V. (bC) 03 0.35xVpp V
Input current high1 iy (DC)

Input current low” IiL (DC)

1. See Table 24, page 22.

Table 153« LPDDR-LVCMOS 1.8 V Mode DC Output Voltage Specification

Parameter Symbol Min Max Unit
DC output logic high VoH Vpp; — 0.45 \Y
DC output logic low VoL 0.45 \Y

Table 154 « LPDDR-LVCMOS 1.8 V Minimum and Maximum AC Switching Speeds

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO 1/O bank) Dpax 400 Mbps AC loading: 17pf load, 8 ma
drive and above/all slew

Table 155+« LPDDR-LVCMOS 1.8 V Calibrated Impedance Option

Parameter Symbol Typ Unit

Supported output driver calibrated RODT_CAL 75, 60, 50, 33,25,20 Q
impedance (for DDRIO 1/O bank)
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Table 159 « LPDDR-LVCMOS 1.8 V AC Switching Characteristics for Transmitter for DDRIO 1/0 Bank (Output
and Tristate Buffers) (continued)
medium 3.246 3.819 2.686 3.16 3.236 3.807 5542 6.52 4936 5.807 ns
medium_fast 3.066 3.607 2.525 2971 3.054 3.593 5405 6.359 4.811 566 ns
fast 3.046 3.584 2513 2957 3.034 357 5401 6.353 4.803 5.651 ns
10 mA slow 3498 4.115 2.878 3.386 3.481 4.096 6.046 7.113 5444 6.404 ns
medium 3.138 3.692 2569 3.023 3.126 3.678 5782 6.803 5129 6.034 ns
medium_fast 2.966 3.489 2414 2841 2951 3472 5.666 6.665 5.013 5.897 ns
fast 2945 3.464 2401 2.826 293 3.448 5659 6.658 5.003 5.886 ns
12 mA slow 3417 4.02 2.807 3.303 3.401 4.002 6.083 7.156 5.464 6.428 ns
medium 3.076 3.618 2.519 2964 3.063 3.604 5828 6.856 5.176 6.089 ns
medium_fast 2.913 3.427 2376 2795 2898 341 5725 6.736 5.072 5.966 ns
fast 2.894 3405 2362 2.78 2.879 3.388 5715 6.724 5.064 5.957 ns
16 mA slow 3.366 3.96 2.751 3.237 3.348 3939 6.226 7.324 5576 6.56 ns
medium 3.03 3.565 2.47 2906 3.017 355 5981 7.036 5282 6.214 ns
medium_fast 2.87 3.377 2328 2739 2.854 3.358 5.895 6.935 518 6.094 ns
fast 2.853 3.357 2.314 2.723 2.837 3.338 5.889 6.929 5177 6.09 ns

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

management).

2.3.7 Differential 1/0O Standards

Configuration of the I1/0 modules as a differential pair is handled by Microsemi SoC Products Group
Libero 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).
2.3.7.1LVDS

Low-Voltage Differential Signaling (ANSI/TIA/EIA-644) is a high-speed, differential /0O standard.

Minimum and Maximum Input and Output Levels

Table 160+ LVDS Recommended DC Operating Conditions

Parameter Symbol Min Typ  Max Unit Conditions
Supply voltage  Vpp, 2375 25 2625 V 2.5V range
Supply voltage  Vpp, 315 33 345 V 3.3 Vrange
Table 161« LVDS DC Input Voltage Specification
Parameter Symbol Min Max Unit  Conditions
DC Input voltage V, 0 2925 V 2.5V range
DC input voltage V, 0 3.45 \Y, 3.3 Vrange
Input current high' Iiy (DC)
Input current low’ IiL (DC)

1. See Table 24, page 22.
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Table 168 « LVDS25 Receiver Characteristics for MSIOD I/O Bank (Input Buffers)
Tpy

On-Die Termination (ODT) -1 —Std Unit

None 2.554 3.004 ns

100 2.549 2.999 ns
Table 169 « LVDS25 Transmitter Characteristics for MSIO I/0 Bank (Output and Tristate Buffers)

Top Tz Tzn Thz Tz

-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit

2136 2513 2416 2842 2402 2825 2423 285 2409 2833 ns

Table 170« LVDS25 Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)

Top Tz Tzn Thz Tz

-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
No pre-emphasis 1.61 1.893 1.749 2.058 1.735 2.041 1.897 2.231 1.866 2.195 ns
Min pre-emphasis 1.527 1.796 1.757 2.067 1.744 2.052 1905 2241 1.876 2.207 ns

Med pre-emphasis 1496 1.76 1.765 2.077 1.751 2.06 1.914 2252 1.884 2216 ns

LVDS33 AC Switching Characteristics

Table 171 « LVDS33 Receiver Characteristics for MSIO I/0 Bank (Input Buffers)

Tpy
On Die Termination (ODT) -1 —-Std Unit
None 2572 3.025 ns
100 2569 3.023 ns
Table 172 « LVDS33 Transmitter Characteristics for MSIO 1/O Bank (Output and Tristate
Buffers)
Top Ta Tzn Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit

1942 2284 198 233 1.97 2318 1.953 2298 1.96 2.307 ns
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AC Switching Characteristics
Worst commercial-case conditions: T; =85 °C, Vpp = 1.14 V, Vpp, = 2.375 V.

Table 180« B-LVDS AC Switching Characteristics for Receiver for MSIO I/O
Bank (Input Buffers)

Tpy
On-Die Termination (ODT) -1 -Std Unit
None 2.738 3.221 ns
100 2735 3.218 ns

Table 181« B-LVDS AC Switching Characteristics for Receiver for MSIOD 1/O
Bank (Input Buffers)

Tpy
On-Die Termination (ODT) -1 —-Std Unit
None 2.495 2.934 ns
100 2495 2935 ns

Table 182 « B-LVDS AC Switching Characteristics for Transmitter (for MSIO I/O Bank - Output and
Tristate Buffers)

Top Tz Tzn Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std Unit
2.258 2656 2.343 2.756 2.329 2.74 2.12 2494 2123 2497 ns

2.3.7.3 M-LVDS

M-LVDS specifications extend the existing LVDS standard to high-performance multipoint bus
applications. Multidrop and multipoint bus configurations may contain any combination of drivers,
receivers, and transceivers.

Minimum and Maximum Input and Output Levels

Table 183« M-LVDS Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage1 Vppi 2.375 2.5 2.625 \%

1. Only M-LVDS TYPE | is supported.

Table 184 « M-LVDS DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input voltage V, 0 2925 V
Input current high’ i (DC)

Input current low? I (DC)

1. See Table 24, page 22.

DS0128 Datasheet Revision 11.0 59



IGLOO2 FPGA and SmartFusion2 SoC FPGA Q - -
> Microsemi

Power Matters.

Table 191 « M-LVDS AC Switching Characteristics for Receiver (for MSIOD 1/O Bank -
Input Buffers)

Tpy
On-Die Termination (ODT) -1 —Std Unit
None 2.495 2.934 ns
100 2.495 2,935 ns

Table 192 « M-LVDS AC Switching Characteristics for Transmitter (for MSIO 1/O Bank - Output and
Tristate Buffers)

Top Tz TzhH Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 -Std  Unit
2.258 2.656 2.348 2.762 2.334 2.746 2.123 2497 2.125 2.5 ns

2.3.7.4 Mini-LVDS
Mini-LVDS is an unidirectional interface from the timing controller to the column drivers and is designed
to the Texas Instruments Standard SLDAOO7A.

Mini-LVDS Minimum and Maximum Input and Output Levels

Table 193 ¢« Mini-LVDS Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vbpi 2.375 25 2625 V

Table 194 « Mini-LVDS DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC Input voltage V, 0 2925 V

Table 195« Mini-LVDS DC Output Voltage Specification

Parameter Symbol Min Typ Max Unit
DC output logic high Vo 1.25 1425 1.6 \Y,
DC output logic low VoL 0.9 1.075 1256 V

Table 196 « Mini-LVDS DC Differential Voltage Specification

Parameter Symbol Min Max Unit

Differential output voltage swing Vgop 300 600 mV

Output common mode voltage Vocm 1 1.4 Vv
Input common mode voltage Viem 0.3 1.2 V
Input differential voltage Vip 100 600 mV

Table 197 « Mini-LVDS Minimum and Maximum AC Switching Speed

Parameter Symbol Max  Unit Conditions
Maximum data rate (for MSIO I/O bank) Dmax 520 Mbps  AC loading: 2 pF / 100 Q differential load
Maximum data rate (for MSIOD 1/O bank)  Dyax 700 Mbps  AC loading: 2 pF / 100 Q differential load
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2.3.8.2 Output/Enable Register
Figure 8« Timing Model for Output/Enable Register
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The following table lists the RAM1K18 — dual-port mode for depth x width configuration 8K x 2 in worst
commercial-case conditions when T =85 °C, Vpp = 1.14 V.

Table 234 « RAM1K18 — Dual-Port Mode for Depth x Width Configuration 8K x 2

-1 —-Std
Parameter Symbol Min Max Min Max  Unit
Clock period Tey 25 2.941 ns
Clock minimum pulse width high TeLkMPWH 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 Tpickmpwn  1.125 1.323 ns
Pipelined clock minimum pulse width low ThLcLKMPWL 1.125 1.323 ns
Read access time with pipeline register 0.32 0.377 ns
Read access time without pipeline register TeLkea 2.272 2.673 ns
Access time with feed-through write timing 1.511 1.778 ns
Address setup time TADDRSU 0.612 0.72 ns
Address hold time TADDRHD 0.274 0.322 ns
Data setup time Tosu 0.33 0.388 ns
Data hold time ToHD 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 TeLk2Q 1.511 1.778 ns
disabled)
Block select minimum pulse width TeLKMPW 0.186 0.219 ns
Read enable setup time TRDESU 0.529 0.622 ns
Read enable hold time TRDEHD 0.071 0.083 ns
Pipelined read enable setup time (A_DOUT_EN, TrDPLESU 0.248 0.291 ns
B_DOUT_EN)
Pipelined read enable hold time (A_DOUT_EN, B_DOUT_EN) TrppLeHD 0.102 0.12 ns
Asynchronous reset to output propagation delay TroqQ 1.528 1.797 ns
Asynchronous reset removal time TRSTREM 0.506 0.595 ns
Asynchronous reset recovery time TRsTREC 0.004 0.005 ns
Asynchronous reset minimum pulse width TrsTMPW 0.301 0.354 ns
Pipelined register asynchronous reset removal time TPLRSTREM -0.279 -0.328 ns
Pipelined register asynchronous reset recovery time TpLRSTREC 0.327 0.385 ns
Pipelined register asynchronous reset minimum pulse width  Tp| rgTMPW 0.282 0.332 ns
Synchronous reset setup time TsrsTsu 0.226 0.265 ns
Synchronous reset hold time TSRSTHD 0.036 0.043 ns
Write enable setup time Twesu 0.488 0.574 ns
Write enable hold time TwEHD 0.048 0.057 ns
Maximum frequency Fumax 400 340 MHz
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2.3.12.2 FPGA Fabric Micro SRAM (USRAM)

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

TJ=85 °C, 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 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 Teicikmpwy 1.8 1.8 ns
Read pipeline clock minimum pulse width low TeLcikmpwe 1.8 1.8 ns
Read access time with pipeline register Tewg 0.266 0.313 ns
Read access time without pipeline register 1.677 1.973 ns
Read address setup time in synchronous mode TADDRSL 0.301 0.354 ns
Read address setup time in asynchronous mode 1.856 2.184 ns
Read address hold time in synchronous mode 0.091 0.107 ns
Read address hold time in asynchronous mode TADDRHD -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 TeLKSU 1.839 2.163 ns
Read block select hold time TeLkHD —0.65 —0.765 ns
Read block select to out disable time (when pipelined TeLk2a 2.036 2396 ns
register is disabled)
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 Troq 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 Tcey 4 4 ns
Write clock minimum pulse width high TcekmpwH 1.8 1.8 ns
Write clock minimum pulse width low Tecokmpwe 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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The following table lists the programming times in worst-case conditions when T ;=100 °C, Vpp = 1.14 V.
External SPI flash part# AT25DF641-s3H is used during this measurement.

Table 256 « JTAG Programming (Fabric Only)

Image size
M2S/M2GL Device Bytes Program Verify Unit
005 302672 44 10 Sec
010 568784 50 18 Sec
025 1223504 73 26 Sec
050 2424832 88 54 Sec
060 2418896 99 54 Sec
090 3645968 135 126 Sec
150 6139184 177 193 Sec
Table 257 « JTAG Programming (eNVM Only)
Image size
M2S/M2GL Device Bytes Program Verify Unit
005 137536 61 4 Sec
010 274816 100 9 Sec
025 274816 100 9 Sec
050 2,78,528 106 8 Sec
060 268480 98 8 Sec
090 544496 176 15 Sec
150 544496 177 15 Sec
Table 258 « JTAG Programming (Fabric and eNVM)
Image size

M2S/M2GL Device Bytes Program Verify Unit
005 439296 71 1 Sec
010 842688 129 20 Sec
025 1497408 142 35 Sec
050 2695168 184 59 Sec
060 2686464 180 70 Sec
090 4190208 288 147 Sec

150 6682768 338 231 Sec
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2.3.16

SRAM PUF

For more details on static random-access memory (SRAM) physical unclonable functions (PUF)
services, see AC434: Using SRAM PUF System Service in SmartFusion2 Application Note.

Table 274« SRAM PUF

& Microsemi

PUF Off PUF On
Service Typ Max Typ Max Unit
Create activation code 709.1 746.4 754.4 762.5 ms
Delete activation code 1329.3 1399.3 14141 14293 ms
Create intrinsic keycode 656.6 691.1 698.5 706.0 ms
Create extrinsic keycode 656.6 691.1 698.5 706.0 ms
Get number of keys 1.3 1.4 1.4 1.4 ms
Export (Kc0, Kc1) 998.0 1050.5 1061.7 1073.1 ms
Export 2 keycodes 2020.2 21265 21492 21723 ms
Export 4 keycodes 3065.7 3227.0 32613 32964 ms
Export 8 keycodes 5101.0 5369.5 5426.6 54850 ms
Export 16 keycodes 92121 9697.0 9800.1 99055 ms
Import (Kc0, Kc1) 39.7 41.8 42.2 42.7 ms
Import 2 keycodes 50.1 52.7 53.3 53.9 ms
Import 4 keycodes 60.6 63.8 64.5 65.2 ms
Import 8 keycodes 80.9 85.1 86.1 87.0 ms
Import 16 keycodes 123.8 130.4 131.7 133.2 ms
Delete keycode 552.5 581.6 587.8 594.1 ms
Fetch key 31.4 33.0 334 33.7 ms
Fetch ecc key 20.0 211 21.3 21.5 ms
Get seed 2.0 21 2.2 2.2 ms
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The following table lists the SRAM PUF in worst-case industrial conditions when T = 100 °C,
VDD =1.14 V.
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Table 276 « Cryptographic Block Characteristics (continued)
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Power Matters.

Service Conditions Timing Unit
SHA256 512 bits 540 kbps
1024 bits 780 kbps
2048 bits 950 kbps
24 kbits 1140 kbps
HMAC 512 bytes 820 kbps
1024 bytes 890 kbps
2048 bytes 930 kbps
24 kbytes 980 kbps
KeyTree 1.8 ms
Challenge-response PUF = OFF 25 ms
PUF = ON 7 ms
ECC point multiplication 590 ms
ECC point addition 8 ms

1. Using cypher block chaining (CBC) mode.

2.3.19 Crystal Oscillator

The following table describes the electrical characteristics of the crystal oscillator in the IGLOO2 FPGA
and SmartFusion2 SoC FPGAs.

Table 277 « Electrical Characteristics of the Crystal Oscillator — High Gain Mode (20 MHz)

Parameter Symbol Min Typ Max Unit  Condition
Operating frequency FXTAL 20 MHz
Accuracy ACCXTAL 0.0047 % 005, 010, 025, 050, 060,
and 090 devices
0.0058 % 150 devices
Output duty cycle CYCXTAL 49-51 47-53 %
Output period jitter (peak to JITPERXTAL 200 300 ps
peak)
Output cycle to cycle jitter (peak JITCYCXTAL 200 300 ps 010, 025, 050, and 060
to peak) devices
250 410 ps 150 devices
250 550 ps 005 and 090 devices
Operating current IDYNXTAL 1.5 mA 010, 050, and 060
devices
1.65 mA 005, 025, 090, and 150
devices
Input logic level high VIHXTAL 0.9 Vpp Vv
Input logic level low VILXTAL 0.1 Vpp \Y,
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The following table lists the IGLOO2 DEVRST_N to functional times in worst-case industrial conditions
when T; =100 °C, Vpp = 1.14 V.

Table 292 « DEVRST_N to Functional Times for IGLOO2

Maximum Power-up to Functional Time for IGLOO2

(us)
Symbol From To Description 005 010 025 050 060 090 150
Tror20UT POWER_ON Output Fabric to 114 116 113 113 115 115 114
_RESET_N available at output
I/0
TDEVRST2OUT DEVRST_N OUtpUt VDD atits 314 353 314 307 343 341 341
available at  minimum
I/0 threshold
level to
output

TpevrsT2por  DEVRST_N  POWER_O Vpp atits 200 238 201 195 230 229 227
N_RESET_ minimum
N threshold
level to
fabric

Toevrstz2wpu DEVRST_N  DDRIO DEVRST_N 208 202 197 193 216 215 215
Inbuf weak to Inbuf weak

pull pull
DEVRST_N MSIO Inbuf DEVRST_N 208 202 197 193 216 215 215
weak pull to Inbuf weak
pull

DEVRST_N MSIOD DEVRST_N 208 202 197 193 216 215 215
Inbuf weak to Inbuf weak
pull pull
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Power Matters.

Parameter Symbol Min Typ Max Unit Conditions
Maximum data rate Duax 400 Kbps Fast mode

100 Kbps Standard mode
Pulse width of spikes Tewr 50 ns Fast mode

which must be
suppressed by the input
filter

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/soc/download/ibis/default.aspx.

2. These maximum values are provided for information only. Minimum output buffer resistance values depend on Vpp,, 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/soc/download/ibis/default.aspx.

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

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

The following table lists the 1°C switching characteristics in worst-case industrial conditions when

T,=100°C, Vpp = 1.14 V

Table 304 « 12C Switching Characteristics

-1 Std

Parameter Symbol Min Min Unit

Low period of 12C_x_SCL T ow 1 1 PCLK cycles
High period of I2C_x_SCL  ThigH 1 1 PCLK cycles
START hold time Thp:sTA 1 1 PCLK cycles
START setup time Tsu:sTA 1 1 PCLK cycles
DATA hold time THD:DAT 1 1 PCLK cycles
DATA setup time Tsu:.paT 1 1 PCLK cycles
STOP setup time Tsu:sTO 1 1 PCLK cycles

Figure 21« I2C Timing Parameter Definition
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