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where

0ja = Junction-to-air thermal resistance

6,8 T Junction-to-board thermal resistance

6)c T Junction-to-case thermal resistance

T, = Junction temperature

Ta = Ambient temperature

Tg = Board temperature (measured 1.0 mm away from the package edge)
Tc = Case temperature

P = Total power dissipated by the device
Table 9« Package Thermal Resistance of SmartFusion2 and IGLOO2 Devices

Still Air 1.0m/s 25m/s

Device 0;3a 038 03¢ Unit
005

FG484 19.36 15.81 14.63 9.74 5.27 °C/W
VF256 41.30 38.16 35.30 28.41 3.94 °C/W
VF400 20.19 16.94 15.41 8.86 4.95 °C/W
TQ144 42.80 36.80 34.50 37.20 10.80 °C/W
010

FG484 18.22 14.83 13.62 8.83 4.92 °C/W
VF256 37.36 34.26 31.45 24.84 7.89 °C/W
VF400 19.40 15.75 14.22 8.1 4.22 °C/W
TQ144 38.60 32.60 30.30 31.80 8.60 °C/W
025

FG484 17.03 13.66 12.45 7.66 4.18 °C/W
VF256 33.85 30.59 27.85 21.63 6.13 °C/W
VF400 18.36 14.89 13.36 7.12 3.41 °C/W
FCS325  29.17 24.87 23.12 14.44 2.31 °C/W
050

FG484 15.29 12.19 10.99 6.27 3.24 °C/W
FG896 14.70 12.50 10.90 7.20 4.90 °C/W
VF400 17.53 1417 12.63 6.32 2.81 °C/W
FCS325 27.38 23.18 21.41 12.47 1.59 °C/W
060

FG484 15.40 12.06 10.85 6.14 3.15 °C/W
FG676 15.49 12.21 11.06 7.07 3.87 °C/W
VF400 17.45 14.01 12.47 6.22 2.69 °C/W
FCS325  27.03 22.91 21.25 12.33 1.54 °C/W
090

FG484 14.64 11.37 10.16 5.43 2.77 °C/W
FG676 14.52 11.19 10.37 6.17 3.24 °C/W
FCS325  26.63 22.26 20.13 14.24 2.50 °C/W
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2.3.4  Timing Model
This section describes timing model and timing parameters.
Figure 2+ Timing Model
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The following table lists the timing model parameters in worst commercial-case conditions when
T,=85°C,Vpp=1.14 V.
Table 17« Timing Model Parameters
Index Symbol Description -1 Unit For More Information
A Tpy Propagation delay of DDR3 receiver 1.605 ns See Table 137, page 50
B TicLka Clock-to-Q of the input data register 0.16 ns See Table 221, page 71
Tisub Setup time of the input data register 0.357 ns See Table 221, page 71
Cc TrcKkH Input high delay for global clock 1.53 ns See Table 227, page 78
TrekL Input low delay for global clock 0.897 ns See Table 227, page 78
D Tpy Input propagation delay of LVDS 2.774 ns See Table 167, page 56
receiver
E Tpop Propagation delay of a three-input AND 0.198 ns See Table 223, page 76

gate
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2.3.5.2 Output Buffer and AC Loading
The following figure shows the output buffer and AC loading.

Figure 4« Output Buffer AC Loading
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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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Maximum Frequency Summary Table for Voltage-Referenced 1/0 in Worst-
Case Industrial Conditions

1/0 MSIO  MSIOD DDRIO Unit
LPDDR 200 MHz
HSTL1.5V 200 MHz
SSTL25V 255 350 200 MHz
SSTL1.8V 334 MHz
SSTL1.5V 334 MHz
Table 23+ Maximum Frequency Summary Table for Differential 1/0 in Worst-Case
Industrial Conditions

I/0 MSIO MSIOD Unit
LVPECL (input only) 450 MHz
LVDS 3.3V 267.5 MHz
LvDS 2.5V 267.5 350 MHz
RSDS 260 350 MHz
BLVDS 250 MHz
MLVDS 250 MHz
Mini-LVDS 260 350 MHz
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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 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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Table 48+ LVCMOS 2.5V Transmitter Characteristics for MSIOD Bank (Output and Tristate Buffers)

Output Top Tz Tzn Thz" T

Drive Slew

Selection Control -1 -Std -1 -Std -1 -Std -1 -Std -1 -Std Unit
2 mA Slow 2206 2596 2678 3.15 2.64 3.106 4.935 5.805 4.74 5,576 ns
4 mA Slow 1.835 2.159 2242 2637 2256 2.654 5413 6.368 5.15 6.059 ns
6 mA Slow 1.709 2.01 2132 2508 2167 2549 5813 6.838 5499 6.469 ns
8 mA Slow 1.63 1.918 1958 2303 2.012 2367 6.226 7.324 5.816 6.842 ns
12 mA Slow 1648 1.939 1.86 2.187 1.921 2259 6.519 7.669 6.027 7.09 ns

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

2.3.5.8 1.8 VLVCMOS

LVCMOS 1.8 is a general standard for 1.8 V applications and is supported in IGLOO2 FPGAs and
SmartFusion2 SoC FPGAs in compliance to the JEDEC specification JESD8-7A.

Minimum and Maximum DC/AC Input and Output Levels Specification

Table 49+ LVCMOS 1.8V DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
LVCMOS 1.8 V DC Recommended Operating Conditions
Supply voltage Vppi 1.710 1.8 1.89 \%

Table 50+ LVCMOS 1.8V DC Input Voltage Specification

Parameter Symbol Min Max Unit
DC input logic high (for MSIOD V|4 (DC) 0.65xVpp, 1.89 \Y
and DDRIO I/O banks)

DC input logic high (for MSIO V| (DC) 0.65xVpp, 3.45 \%
1/0 bank)

DC input logic low Vi (DC) —0.3 0.35xVpp V
Input current high' ;4 (DC) -
Input current low’ l,L (DC) -

1. See Table 24, page 22.

Table51+ LVCMOS 1.8V 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 52+ LVCMOS 1.8 V Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO 1/O bank)1 Dmax 400 Mbps AC loading: 17 pF load, maximum drive/slew
Maximum data rate (for MSIO /O bank) Dmax 295 Mbps AC loading: 17 pF load, maximum drive/slew
Maximum data rate (for MSIOD I/O bank)1 Dmax 400 Mbps AC loading: 17 pF load, maximum drive/slew

1. Maximum Data Rate applies for Drive Strength 8 mA and above, All Slews.
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Table 57+ LVCMOS 1.8V Transmitter Characteristics for DDRIO I/O Bank with Fixed Code (Output and
Tristate Buffers)

Output Top Tz Tzn Thz' T

Drive Slew

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

2 mA Slow 4234 4981 3.646 429 4245 4995 4908 5774 4434 5216 ns
Medium 3.824 4498 3.282 3861 3.834 4511 4.625 5441 4116 4.843 ns
Medium fast 3.627 4.267 3.111 3.66 3.637 4.279 4481 5272 3.984 4687 ns
Fast 3.605 4.241 3.097 3.644 3.615 4.253 4472 5262 3973 4674 ns

4 mA Slow 3.923 4615 3.314 3.9 3918 461 5403 6.356 4.894 5757 ns
Medium 3.518 4.138 2961 3484 3515 4.135 5.121 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 4426 5206 ns
Fast 3.301 3.883 277 3259 3.296 3.878 4.957 5831 4417 5196 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 3.913 5346 6.289 4777 562 ns
Medium fast 3.155 3.712 2.62 3.083 3.146 3.702 521 6.13 4.657 5479 ns
Fast 3.134 3.688 2608 3.068 3.125 3.677 5.202 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
Medium 3.246 3.819 2686 3.16 3.236 3.807 5542 6.52 4936 5.807 ns
Medium fast 3.066 3.607 2.525 2.971 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 2878 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 5.782 6.803 5.129 6.034 ns
Medium fast 2.966 3.489 2414 2841 2951 3472 5666 6.665 5.013 5897 ns
Fast 2945 3464 2401 2826 293 3448 5659 6.658 5.003 5.886 ns

12 mA Slow 3417 4.02 2807 3.303 3.401 4.002 6.083 7.156 5464 6.428 ns
Medium 3.076 3.618 2519 2964 3.063 3.604 5.828 6.856 5.176 6.089 ns
Medium fast 2.913 3.427 2376 2795 2.898 341 5725 6.736 5.072 5966 ns
Fast 2.894 3405 2362 278 2879 3.388 5.715 6.724 5064 5957 ns

16 mA Slow 3.366 3.96 2751 3.237 3.348 3.939 6.226 7.324 5576 6.56 ns
Medium 3.03 3565 247 2906 3.017 355 5981 7.036 5282 6.214 ns
Medium fast 2.87 3.377 2.328 2.739 2.854 3358 5895 6935 518 6.094 ns
Fast 2.853 3.357 2314 2723 2.837 3.338 5889 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.
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Table 77« LVCMOS 1.2 V AC Calibrated Impedance Option

Parameter Symbol Typ Unit

Supported output driver calibrated RODT_CAL 75, 60, 50, 40 Q
impedance (for DDRIO I/O bank)

Table 78« LVCMOS 1.2 V AC Test Parameter Specifications

Parameter Symbol Typ Unit
Measuring/trip point ViRriP 0.6 \Y
Resistance for enable path (Tzy, Tz, Thz, Tiz) RenT 2K Q
Capacitive loading for enable path (Tzy, Tz, Thz, TLz)  Cent 5 pF
Capacitive loading for data path (Tpp) CLoAD 5 pF

Table 79« LVCMOS 1.2 V Transmitter Drive Strength Specifications

Output Drive Selection Von (V) VoL (V) IOH (at Vo) IOL (at Vo)
MSIO I/O Bank MSIOD I/O Bank DDRIO I/O Bank  Min Max mA mA
2mA 2 mA 2mA Vpp1 X 0.75 Vpp x0.25 2 2
4 mA 4 mA 4 mA Vpp; X 0.75 Vpp; x0.25 4 4
6 mA Vpp; X 0.75 Vpp x025 6 6

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,=1.14 V

Table 80+ LVCMOS 1.2 V Receiver Characteristics for DDRIO I/0 Bank with Fixed Code (Input
Buffers)

Tpy Tpys
On-Die Termination (ODT) -1 -Std -1 -Std Unit
None 2.448 2.88 2.466 2.901 ns

Table 81+ LVCMOS 1.2 V Receiver Characteristics for MSIO I/0 Bank (Input Buffers)

Tpy Tpeys
On-Die Termination ODT) -1 -Std -1 —Std Unit
None 4.714 5.545 4.675 55 ns
50 6.668 7.845 6.579 7.74 ns
75 5.832 6.862 5.76 6.777 ns
150 5.162 6.073 5.111 6.014 ns

DS0128 Datasheet Revision 11.0 37
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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 128 «+ DDR2/SSTL18 Transmitter Characteristics (Output and Tristate Buffers)

Top T Tzn Thz Tz
-1 -Std -1 -Std -1 -Std -1 -Std -1 —Std Unit

SSTL18 Class | (for DDRIO I/O Bank)
Single-ended 2383 2804 223 2.623 2229 2622 2202 2591 2201 259 ns
Differential 2413 284 2797 329 2797 3.29 2282 2685 2282 2685 ns

SSTL18 Class Il (for DDRIO I/O Bank)
Single-ended 2281 2683 2196 2584 2195 2583 2171 2555 217 2554 ns
Differential 2315 2724 2698 3.173 2698 3.173 2242 2639 2242 2639 ns

2.3.6.5 Stub-Series Terminated Logic 1.5V (SSTL15)

SSTL15 Class | and Class Il are supported in IGLOO2 FPGAs and SmartFusion2 SoC FPGAs, and also
comply with the reduced and full drive double data rate (DDR3) standard. IGLOO2 FPGA and
SmartFusion2 SoC FPGA 1/Os supports 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
The following table lists the SSTL15 DC voltage specifications for DDRIO bank.

Table 129 « SSTL15 DC Recommended DC Operating Conditions (for DDRIO I/O Bank Only)

Parameter Symbol Min Typ Max Unit
Supply voltage Vpp) 1.425 1.5 1.575 \Y
Termination voltage Vit 0.698 0.750 0.803 \Y
Input reference voltage ~ Vgrgr 0.698 0.750 0.803 \

Table 130« SSTL15 DC Input Voltage Specification (for DDRIO I/O Bank Only)

Parameter Symbol Min Max Unit
DC input logic high V|x(DC) Vgeg + 0.1 1.575 \Y
DC input logic low V,.(DC) -0.3 VRreg — 0.1 \Y
Input current high' iy (DC)

Input current low’ IiL (DC)

1. See Table 24, page 22.
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Table 136 «+ SSTL15 AC Test Parameter Specifications (for DDRIO I/O Bank Only)

Parameter Symbol Typ Unit
Measuring/trip point for data path V1riP 0.75 \
Resistance for enable path (Tzy, Tz, Thz, Ti2) RenT 2K Q
Capacitive loading for enable path (Tzy, Tz, Thz, TL2) Cent 5 pF
Reference resistance for data test path for SSTL15 Class | (Tpp) RTT_TEST 50 Q
Reference resistance for data test path for SSTL15 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 = 1.14 V, Vpp, = 1.425 V

Table 137 « DDR3/SSTL15 Receiver Characteristics for DDRIO I/0O Bank — with Calibration

Only
Tpy
On-Die Termination (ODT) -1 —Std Unit
Pseudo differential None 1.605 1.888 ns
20 1.616 1.901 ns
30 1.613 1.897 ns
40 1.611 1.895 ns
60 1.609 1.893 ns
120 1.607 1.89 ns
True differential None 1.623 1.91 ns
20 1.637 1.926 ns
30 1.63 1.918 ns
40 1.626 1.914 ns
60 1.622 1.91 ns
120 1.619 1.905 ns

Table 138 « DDR3/SSTL15 Transmitter Characteristics (Output and Tristate Buffers)

Top Tz Tzn Thz Tiz
-1 —Std -1 —Std -1 —-Std -1 —Std -1 -Std  Unit

DDR3 Reduced Drive/SSTL15 Class | (for DDRIO I/0 Bank)
Single-ended 2533 298 2522 2967 2523 2968 2427 2855 2428 2856 ns
Differential 2555 3.005 3.073 3615 3.073 3.615 2416 2843 2416 2.843 ns

DDR3 Full Drive/SSTL15 Class Il (for DDRIO I/0 Bank)

Single-ended 2.53 2977 2514 2958 2516 2.96 2422 2849 2425 2852 ns
Differential 2552 3.002 2591 3.048 259 3.047 2882 3.391 2881 3.39 ns
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Table 198 « Mini-LVDS AC Impedance Specifications

Power Matters.

Parameter Symbol Typ Unit

Termination resistance Rt 100 Q
Table 199 « Mini-LVDS AC Test Parameter Specifications
Parameter Symbol Typ Unit
Measuring/trip point for data path Virip Cross point  V
Resistance for enable path (Tzy, Tz, Thz T 2) RenT 2K Q
Capacitive loading for enable path (Tzy, Tz, Tyz, TL2) Cent 5 pF

AC Switching Characteristics

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

Table 200 « Mini-LVDS AC Switching Characteristics for Receiver (for MSIO 1/O
Bank - Input Buffers)

Tey
On-Die Termination (ODT) -1 —Std Unit
None 2.855 3.359 ns
100 2.85 3.353 ns
None 2.602 3.061 ns
100 2597  3.055 ns
Table 201« Mini-LVDS AC Switching Characteristics for Transmitter for MSIO I/O Bank (Output
and Tristate Buffers)
Top Tz Tzn Thz Tz Unit
-1 -Std -1 -Std -1 -Std -1 -Std -1 —-Std
2.097 2467 2308 2.715 2296 2.701 1964 231 1949 2293 ns

Table 202 « Mini-LVDS AC Switching Characteristics for Transmitter (for MSIOD 1/O Bank - Output and

Tristate Buffers)

Top Tz Tzn Thz Unit
-1 -Std -1 -Std -1 -Std -1 -Std -1 —Std
No pre-emphasis 1614 1.899 1562 1.837 1553 1.826 1.593 1.874 1578 1.856 ns
Min pre-emphasis 1.604 1.887 1.745 2.053 1.731 2.036 1.892 2.225 1.861 2.189 ns
Med pre-emphasis 1.521 1.79 1.753 2.062 1.737 2.043 1.9 2.235 1.868 2.197 ns
Max pre-emphasis 1492 1.754 1762 2.073 1.745 2.052 1.91 2.247 1.876 2.206 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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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

DS0128 Datasheet Revision 11.0

86



IGLOO2 FPGA and SmartFusion2 SoC FPGA

Table 245+ JTAG Programming (eNVM Only)

& Microsemi

M2S/M2GL

Device Image size Bytes Program Verify Unit
005 137536 39 4 Sec
010 274816 78 9 Sec
025 274816 78 9 Sec
050 278528 84 8 Sec
060 268480 76 8 Sec
090 544496 154 1 Sec
150 544496 155 1 Sec
Table 246 « JTAG Programming (Fabric and eNVM)
M2S/M2GL

Device Image size Bytes Program  Verify Unit
005 439296 59 1 Sec
010 842688 107 20 Sec
025 1497408 120 35 Sec
050 2695168 162 59 Sec
060 2686464 158 70 Sec
090 4190208 266 147 Sec
150 6682768 316 231 Sec

Table 247 « 2 Step IAP Programming (Fabric Only)

M2S/M2GL

Device Image size Bytes Authenticate Program Verify  Unit
005 302672 4 17 6 Sec
010 568784 7 23 12 Sec
025 1223504 14 33 23 Sec
050 2424832 29 52 40 Sec
060 2418896 39 61 50 Sec
090 3645968 60 84 73 Sec
150 6139184 100 132 120 Sec
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1. The minimum output clock frequency is limited by the PLL. For more information, see UG0449: SmartFusion2 and IGLOO2
Clocking Resources User Guide.
2.  The PLL is used in conjunction with the Clock Conditioning Circuitry. Performance is limited by the CCC output frequency.

The following table lists the CCC/PLL jitter specifications in worst-case industrial conditions when
T,=100°C, Vpp = 1.14 V.

Table 283« IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Jitter Specifications

CCC Output Maximum Peak-to-Peak Period Jitter Foyt ccc

Parameter Conditions/Package Combinations Unit
10 FG484, 050 SSO=0 0<SSO<=2 SSO<=4 SSO<=8 SSO<=16
FG896/FG484/FCS325

Packages?

20 MHz to 100 MHz Max(110, £ 1% x
(1/Fout_cce))

100 MHz to 400 MHz ~ Max(120, £ 1% x

Max(150, + 1% x (1/Fout_coc)) ps

Max(150, + 1% x (1/Fout_ccc)) Max(170, £ 1% x ps

(1/Fout_cce))

(1/Fout_cce))

025 FG484/FCS325 0 <SSO <=16
Package?
20 MHz to 74 MHz £ 1% x (1/Fout _ccc)) ps
74 MHz to 400 MHz 210 ps
005 FG484 Package! 0 <SSO <=16
20 MHz to 53 MHz £ 1% x (1/Fout _ccc)) ps
53 MHz to 400 MHz 270 ps
090 FG676 and FC325 0 <SSO <=16
Package?
20 MHz to 100 MHz + 1% x (1/Fout _ccc)) ps
100 MHz to 400 MHz 150 ps
060 FG676 Package! 0 <SSO <=16
20 MHz to 100 MHz £ 1% x (1/Fout ccc) ps
100 MHz to 400 MHz 150
150 FC1152 Package! 0 <SSO <=16
20 MHz to 100 MHz + 1% x (1/Fout _ccc)) ps
100 MHz to 400 MHz 120 ps
1. SSO data is based on LVCMOS 2.5 V MSIO and/or MSIOD bank I/Os.
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2.3.22 JTAG
Table 284+ JTAG 1532 for 005, 010, 025, and 050 Devices

005 010 025 050 Unit
Parameter Symbol -1 -Std -1 -Std -1 -Std -1 —Std
ClocktoQ  Trekeq 747 879 773 909 775 912 7.89 928 ns
(data out)
Resetto Q  TrsTa2q 7.65 9 6.43 756 613  7.21 7.40 870 ns
(data out)
Testdatainput Tpisy 105 -089 -069 -059 -067 -057 -030 -025 ns
setup time
Testdatainput Tpinp 238 28 2.38 2.8 242 285 2.09 245 ns
hold time
Test mode TTMSSU
select setup -0.73 -062 -1.03 -1.21 -1.1 -0.94 0.28 0.33 ns
time
Test mode TTMDHD
select hold 136 1.6 1.43 168 193 227 0.16 019 ns
time
ResetB TTRSTREM 077 -065 -1.08 -092 -133 -113 -045 -038 ns
removal time
ReseB TrrsTReC 076 -065 -107 -091 -134 -114 -045 -038 ns
recovery time
TCK Frckmax
maximum 25 2125 25 2125 25 2125 2500 2125 MHz
frequency

Table 285« JTAG 1532 for 060, 090, and 150 Devices

060 090 150
Parameter Symbol -1 —Std -1 —-Std -1 —-Std Unit
Clock to Q (data out)  Tyckoq 8.38 9.86 8.96 10.54 8.66 10.19 ns
Reset to Q (data out) Trst20 8.54 10.04 7.75 9.12 8.79 10.34 ns
Test data input setup  Tpsy -1.18 —1 -1.31 -1.11 -096  -0.82 ns
time
Test data input hold ToHD 2.52 297 2.68 3.15 2.57 3.02 ns
time
Test mode select setup Tryssu -0.97 —0.83 -1.02 —0.87 -053 045 ns
time
Test mode select hold  TtvpHD 1.7 2 1.67 1.96 1.02 1.2 ns
time
ResetB removal time ~ Trrstrem  —1.21 -1.03 —0.76 —0.65 -1.03 -0.88 ns
ResetB recovery time TyrstrRec  —1.21 -1.03 -0.77 -0.65 -1.03 -0.88 ns
TCK maximum Frckmax 25 21.25 25 21.25 25 21.25 MHz
frequency

2.3.23 System Controller SPI Characteristics

DS0128 Datasheet Revision 11.0 112



IGLOO2 FPGA and SmartFusion2 SoC FPGA

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 1.5 15 1.5 ms eNVM and MSS/HPMS PLL =
respect to the ; ON during F*F
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
fat;r'ctb“ffer 65 55 65 eNVM and MSS/HPMS PLL =
outpu V& 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 T = 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 mvV
TD+/-2 Input 350 2400 mvV

1. Based on default SerDes transmitter settings for PCle Gen1. 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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