Microchip Technology - A2F500M3G-FGG484 Datasheet

Welcome to E-XFL.COM

Embedded - System On Chip (SoC): The
Heart of Modern Embedded Systems

Embedded - System On Chip (SoC) refers to an
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them ideal for a wide range of embedded applications.

What are Embedded - System On Chip (SoC)?

System On Chip (SoC) integrates multiple functions of a
computer or electronic system onto a single chip. Unlike
traditional multi-chin solutions. SoCs comhine a central
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&S Microsemi

SmartFusion Customizable System-on-Chip (¢SoC)

Package I/0Os: MSS + FPGA 1I/Os

Device A2F060" A2F2007 A2F500°

Package TQ144 | CS288 | FG256 | PQ208 | CS288 | FG256 | FG484 | PQ208 | CS288 | FG256 | FG484
Direct Analog Inputs 11 11 11 8 8 8 8 8 8 8 12
Shared Analog Inputs 4 4 4 16 16 16 16 16 16 16 20
Total Analog Inputs 15 15 15 24 24 24 24 24 24 24 32
Analog Outputs 1 1 1 1 2 2 2 1 2 2 3
MSS 1/0s34 215 285 26° 22 31 25 41 22 31 25 41
FPGA 1/0s 338 68 66 66 78 66 94 66° 78 66 128
Total I/Os 70 112 108 113 135 17 161 13 135 17 204
Notes:

1. There are no LVTTL capable direct inputs available on A2F060 devices.

2. These pins are shared between direct analog inputs to the ADCs and voltage/current/temperature monitors.

3. 16 MSS I/Os are multiplexed and can be used as FPGA I/0Os, if not needed for MSS. These I/Os support Schmitt triggers and
support only LVTTL and LVCMOS (1.5/ 1.8/ 2.5, 3.3 V) standards.

4. 9 MSS I/Os are primarily for 10/100 Ethernet MAC and are also multiplexed and can be used as FPGA I/Os if Ethernet MAC is
not used in a design. These I/Os support Schmitt triggers and support only LVTTL and LVCMOS (1.5 / 1.8 /2.5, 3.3V
standards.

5. 10/100 Ethernet MAC is not available on A2F060.

6. EMC is not available on the A2F500 PQ208 and A2F060 TQ144 package.

Table 1« SmartFusion cSoC Package Sizes Dimensions

Package TQ144 PQ208 CS288 FG256 FG484
Length x Width (mm\mm) 20 x 20 28 x 28 11 x 11 17 x 17 23 x 23
Nominal Area (mm?) 400 784 121 289 529
Pitch (mm) 0.5 0.5 0.5 1.0 1.0
Height (mm) 1.40 3.40 1.05 1.60 2.23

SmartFusion cSoC Device Status

Device Status

A2F060 Preliminary: CS288, FG256, TQ144
A2F200 Production: CS288, FG256, FG484, PQ208
A2F500 Production: CS288, FG256, FG484, PQ208
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SmartFusion Family Overview

ProASIC3 FPGA Fabric

The SmartFusion cSoC family, based on the proven, low power, firm-error immune ProASIC®3 flash
FPGA architecture, benefits from the advantages only flash-based devices offer:

Reduced Cost of Ownership

Advantages to the designer extend beyond low unit cost, high performance, and ease of use. Flash-
based SmartFusion cSoCs are Instant On and do not need to be loaded from an external boot PROM at
each power-up. On-board security mechanisms prevent access to the programming information and
enable secure remote updates of the FPGA logic. Designers can perform secure remote in-system
programming (ISP) to support future design iterations and critical field upgrades, with confidence that
valuable IP cannot be compromised or copied. Secure ISP can be performed using the industry standard
AES algorithm with MAC data authentication on the device.

Low Power

Flash-based SmartFusion cSoCs exhibit power characteristics similar to those of an ASIC, making them
an ideal choice for power-sensitive applications. With SmartFusion cSoCs, there is no power-on current
and no high current transition, both of which are common with SRAM-based FPGAs.

SmartFusion cSoCs also have low dynamic power consumption and support very low power time-
keeping mode, offering further power savings.

Security

As the nonvolatile, flash-based SmartFusion cSoC family requires no boot PROM, there is no vulnerable
external bitstream. SmartFusion cSoCs incorporate FlashLock®, which provides a unique combination of
reprogrammability and design security without external overhead, advantages that only a device with
nonvolatile flash programming can offer.

SmartFusion cSoCs utilize a 128-bit flash-based key lock and a separate AES key to provide security for
programmed IP and configuration data. The FlashROM data in Fusion devices can also be encrypted
prior to loading. Additionally, the flash memory blocks can be programmed during runtime using the AES-
128 block cipher encryption standard (FIPS Publication 192).

SmartFusion cSoCs with AES-based security are designed to provide protection for remote field updates
over public networks, such as the Internet, and help to ensure that valuable IP remains out of the hands
of system overbuilders, system cloners, and IP thieves. As an additional security measure, the FPGA
configuration data of a programmed Fusion device cannot be read back, although secure design
verification is possible. During design, the user controls and defines both internal and external access to
the flash memory blocks.

Security, built into the FPGA fabric, is an inherent component of the SmartFusion cSoC family. The flash
cells are located beneath seven metal layers, and many device design and layout techniques have been
used to make invasive attacks extremely difficult. SmartFusion cSoCs, with FlashLock and AES security,
are unique in being highly resistant to both invasive and noninvasive attacks. Your valuable IP is
protected with industry standard security measures, making remote ISP feasible. A SmartFusion cSoC
provides the highest security available for programmable logic designs.

Single Chip

Flash-based FPGAs store their configuration information in on-chip flash cells. Once programmed, the
configuration data is an inherent part of the FPGA structure, and no external configuration data needs to
be loaded at system power-up (unlike SRAM-based FPGAs). Therefore, flash-based SmartFusion
¢SoCs do not require system configuration components such as electrically erasable programmable
read-only memories (EEPROMSs) or microcontrollers to load device configuration data during power-up.
This reduces bill-of-materials costs and PCB area, and increases system security and reliability.

Instant On

Flash-based SmartFusion cSoCs are Instant On. Instant On SmartFusion cSoCs greatly simplify total
system design and reduce total system cost by eliminating the need for complex programmable logic
devices (CPLDs). SmartFusion Instant On clocking (PLLs) replace off-chip clocking resources. In
addition, glitches and brownouts in system power will not corrupt the SmartFusion flash configuration.
Unlike SRAM-based FPGAs, the device will not have to be reloaded when system power is restored.

1-
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SmartFusion Customizable System-on-Chip (cSoC)

p_ lu-Ta_100°C-70°C _

1.76 W
0, 17.00 W

EQ6

The 1.76 W power is less than the required 3.00 W. The design therefore requires a heat sink, or the
airflow where the device is mounted should be increased. The design's total junction-to-air thermal
resistance requirement can be estimated by EQ 7:

T,-Ta _ 100°C-70°C _

GJA(tota,) = 5 300W 10.00°C/W
EQ7
Determining the heat sink's thermal performance proceeds as follows:
0,acoTaL) = Oyt Ocs T Osa
EQ8
where
GJA = 0.37°C/W
= Thermal resistance of the interface material between
the case and the heat sink, usually provided by the
thermal interface manufacturer
6sa = Thermal resistance of the heat sink in °C/W
0sa = OacroraL) —9yc—Ocs
EQ9

Ogp = 13.33°C/W —8.28°C/W - 0.37°C/W = 5.01°C/W

A heat sink with a thermal resistance of 5.01°C/W or better should be used. Thermal resistance of heat
sinks is a function of airflow. The heat sink performance can be significantly improved with increased
airflow.

Carefully estimating thermal resistance is important in the long-term reliability of an FPGA. Design
engineers should always correlate the power consumption of the device with the maximum allowable
power dissipation of the package selected for that device.

Note: The junction-to-air and junction-to-board thermal resistances are based on JEDEC standard
(JESD-51) and assumptions made in building the model. It may not be realized in actual
application and therefore should be used with a degree of caution. Junction-to-case thermal
resistance assumes that all power is dissipated through the case.

Temperature and Voltage Derating Factors

Table 2-7 « Temperature and Voltage Derating Factors for Timing Delays
(normalized to T; = 85°C, worst-case VCC = 1.425 V)

Array Junction Temperature (°C)

VoltageVCC

(V) —-40°C 0°C 25°C 70°C 85°C 100°C
1.425 0.86 0.91 0.93 0.98 1.00 1.02
1.500 0.81 0.86 0.88 0.93 0.95 0.96
1.575 0.78 0.83 0.85 0.90 0.91 0.93

Revision 13 2-9



Overview of I/0 Performance

&S Microsemi

SmartFusion Customizable System-on-Chip (cSoC)

Summary of I/0 DC Input and Output Levels — Default I/O Software
Settings

Table 2-19 « Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial
Conditions—Software Default Settings
Applicable to FPGA 1/0 Banks

VIL VIH VoL VOH lo." [lon”
Drive |Slew|Min. Max. Min. Max. Max. Min.
/0 Standard |Strgth.[Rate| V \' \'% \'% \") \") mA | mA
3.3VLVTTL/ |12mA|High|-0.3 0.8 2 3.6 0.4 2.4 12 ] 12
3.3V LVCMOS
2.5V LVCMOS| 12 mA| High| -0.3 0.7 1.7 3.6 0.7 1.7 12| 12
1.8 VLVCMOS|12 mA | High|-0.3 0.35* 0.65* 3.6 0.45 VCCxxxxIOBx | 12 | 12
VCCxxxxIOBx | VCCxxxxIOBx -045
1.5V LVCMOS| 12 mA | High| -0.3 0.35* 0.65* 3.6 0.25* 0.75* 12 1 12
VCCxxxxIOBx | VCCxxxxIOBx VCCxxxxIOBx | VCCxxxxIOBx
3.3V PCI Per PCI specifications
3.3V PCI-X Per PCI-X specifications
Notes:
1. Currents are measured at 85°C junction temperature.
2. Output slew rate can be extracted by the IBIS Models.
Table 2-20 » Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial
Conditions—Software Default Settings
Applicable to MSS I/0O Banks
VIL VIH voL VOH lo" [lon’
Drive |Slew |Min. Max. Min. Max. Max. Min.
/0 Standard |Strgth.|Rate | V v v \' v \' mA [ mA
3.3VLVTTL/ | 8 mA | High|-0.3 0.8 2 3.6 0.4 2.4 8 8
3.3V LVCMOS
2.5V LVCMOS| 8 mA | High [-0.3 0.7 1.7 3.6 0.7 1.7 8 8
1.8 V LVCMOS| 4 mA | High|-0.3 0.35* 0.65* 3.6 0.45 VCCxxxxIOBx| 4 4
VCCxxxxIOBx | VCCxxxxIOBx -0.45
1.5V LVCMOS| 2 mA | High|-0.3 0.35* 0.65* 3.6 0.25* 0.75* 2 2
VCCxxxxIOBx | VCCxxxxIOBx VCCxxxxIOBx | VCCxxxxIOBx
Notes:
1. Currents are measured at 85°C junction temperature.
2. Output slew rate can be extracted by the IBIS Models.
Revision 13 2-23
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SmartFusion DC and Switching Characteristics

Single-Ended I/O Characteristics

3.3VLVTTL/3.3VLVCMOS

Low-Voltage Transistor—Transistor Logic (LVTTL) is a general-purpose standard (EIA/JESD) for 3.3 V
applications. It uses an LVTTL input buffer and push-pull output buffer.

Table 2-35 « Minimum and Maximum DC Input and Output Levels
Applicable to FPGA 1/0 Banks

3.3VLVTTL/
3.3V LVCMOS VIL VIH VOL VOH |lg.|lon losL losH e | H

Min. Max. Min. Max. Max. Min. Max. Max.
Drive Strength ', ', ', ', Y, V |mA|mA| mA! mA!  |uAZ|pA2
2 mA -0.3 0.8 2 3.6 0.4 24 2|2 27 25 15| 15
4 mA -0.3 0.8 2 3.6 0.4 24 4| 4 27 25 151 15
6 mA -0.3 0.8 2 3.6 0.4 2.4 6|6 54 51 15[ 15
8 mA -0.3 0.8 2 3.6 0.4 24 8] 8 54 51 15115
12 mA -0.3 0.8 2 3.6 0.4 24 121 12 109 103 15| 15
16 mA -0.3 0.8 2 3.6 0.4 24 16| 16 127 132 151 15
24 mA -0.3 0.8 2 3.6 0.4 24 2424 181 268 10| 10
Notes:
1. Currents are measured at 100°C junction temperature and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.
Table 2-36 * Minimum and Maximum DC Input and Output Levels

Applicable to MSS 1/0 Banks

3.3VLVTTL/
3.3V LVCMOS VIL VIH VOL VOH |lg. |lon losL losH he | H

Min. Max. Min. Max. Max. Min. Max. Max.
Drive Strength ', ', ', ', Y, V |mA|mA| mA! mA!  |uAZ|pA2
8 mA -0.3 0.8 2 3.6 0.4 24 8|8 54 51 15| 15
Notes:
1. Currents are measured at 100°C junction temperature and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R to VCCxxxxIOBx for t, ,/ t, / t; o
Test Point R=1K R 10 GND for t.,/ ty,,/ ty
Test Point
Datapath 35 pF Enable Path 35 pFfort,, /tus/t Ity g
T T 35pFfort,,/t,

Figure 2-6 » AC Loading
Table 2-37 « AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (typ.) (V) CrLoap (pF)
0 3.3 1.4 - 35

Note: *Measuring point = Vy;, See Table 2-22 on page 2-24 for a complete table of trip points.
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SmartFusion DC and Switching Characteristics

Timing Characteristics

Table 2-56 1.5 V LVCMOS High Slew
Worst Commercial-Case Conditions: T; = 85°C, Worst-Case VCC =1.425 V,
Worst-Case VCCxxxxlOBx = 1.425 V
Applicable to FPGA 1/0 Banks, /0 Assigned to EMC /O Pins

Drive Speed
Strength | Grade | tpoyr | top | toin | tey [teout | tz | tzn | tz | thz | tzis | tzus | Units
2m Std. 060 | 779 | 0.04 | 1.34 | 039 (643 | 7.79 [ 319 | 259 | 849 | 9.85 ns
-1 050 | 649 | 003|112 032 [ 536 | 6.49 | 266 | 2.16 | 7.08 | 8.21 ns
4 mA Std. 060 | 495 | 0.04 | 1.34 | 039 | 461 (| 496 | 3.53 | 3.19 | 6.67 | 7.02 ns
-1 050 | 413 | 0.03 [ 112 | 032 | 385 413 [ 294 | 266 | 556 | 5.85 ns
6 mA Std. 0.60 | 436 | 0.04 | 1.34 | 0.39 | 434 | 436 | 3.60 | 3.34 | 6.40 | 6.42 ns
-1 050 | 364 | 0.03 112 032 | 362 | 364 | 3.00 | 2.78 | 533 | 5.35 ns
8 mA Std. 0.60 | 3.89 | 0.04 | 1.34 | 039 | 3.96 | 3.34 | 3.72 | 3.92 | 6.02 | 540 ns
-1 050 | 3.24 | 003|112 | 0.32 | 3.30 | 279 | 3.10 | 3.27 | 5.02 | 4.50 ns
12 mA Std. 0.60 | 3.89 [ 0.04 [ 1.34 | 0.39 | 3.96 | 3.34 | 3.72 | 3.92 | 6.02 | 5.40 ns
-1 0.50 | 3.24 (003 | 112 | 032 | 3.30 | 2.79 | 3.10 | 3.27 | 5.02 | 4.50 ns
Notes:
1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage supply levels, refer to Table 2-7 on page 2-9 for derating values.
Table 2-57 1.5V LVCMOS Low Slew
Worst Commercial-Case Conditions: T, = 85°C, Worst-Case VCC =1.425V,
Worst-Case VCCxxxxlOBx = 1.4 V
Applicable to FPGA 1/0 Banks, 1/0 Assigned to EMC /O Pins
Drive Speed
Strength Grade | tpoyr | tor | toin | tey [teout | tzL | tzn | tz | thz | tzis | tzws | Units
2mA Std. 060 | 11.96 | 0.04 | 1.34 | 0.39 | 1218 (11.70| 3.20 | 2.47 | 14.24 [ 13.76 [ ns
-1 0.50 9.96 | 0.03 (112 0.32 [10.15| 9.75 | 2.67 | 2.06 | 11.86 | 11.46 ns
4 mA Std. 0.60 951 | 0.04 (134 | 039 | 968 | 8.76 | 3.54 | 3.07 | 11.74 | 10.82 | ns
-1 0.50 792 1003|112 | 032 | 807 | 7.30 | 295 | 2.56 | 9.79 | 9.02 ns
6 mA Std. 0.60 8.86 | 0.04 (134 | 0.39 | 9.03 | 817 | 3.61 | 3.22 | 11.08 | 10.23 [ ns
-1 0.50 739 1003 (112| 032 [ 752 | 6.81 | 3.01 | 2.68 | 9.24 | 8.52 ns
8 mA Std. 0.60 8.44 |10.04 (134 | 039 | 860 | 8.18 | 3.73 | 3.78 | 10.66 | 10.24 [ ns
-1 0.50 704 1003 (112| 032 | 717 | 6.82 | 3.11 | 3.15 | 8.88 | 8.53 ns
12 mA Std. 0.60 8.44 |10.04 (134 | 039 | 860 | 8.18 | 3.73 | 3.78 | 10.66 | 10.24 [ ns
-1 0.50 704 1003 (112| 032 | 717 | 6.82 | 3.11 | 3.15 | 8.88 | 8.53 ns
Note: For specific junction temperature and voltage supply levels, refer to Table 2-7 on page 2-9 for derating values.

Table 2-58 « 1.5 V LVCMOS High Slew
Worst Commercial-Case Conditions: T, = 85°C, Worst-Case VCC = 1.425V,
Worst-Case VCCxxxxIOBx = 3.0 V
Applicable to MSS I/0O Banks

Drive Speed

Strength Grade | tpoyr | tor | toin | tey | tpys | teour | tzL | tzn | tz | tuz [Units

2 mA Std. 0.22 324 | 0.09 | 1.28 | 1.86 0.22 3.30 | 3.20 | 2.24 | 2.21 ns
-1 0.18 2.70 | 0.07 | 1.07 | 1.55 0.18 275 | 267 | 1.87 | 1.85 | ns

Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage supply levels, refer to Table 2-7 on page 2-9 for derating values.
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Table 2-63 « LVDS Minimum and Maximum DC Input and Output Levels

&S Microsemi

SmartFusion Customizable System-on-Chip (cSoC)

DC Parameter Description Min. Typ. Max. Units
VCCFPGAIOBXx Supply voltage 2.375 25 2.625 \%
VOL Output low voltage 0.9 1.075 1.25 \%
VOH Output high voltage 1.25 1.425 1.6 \%
IOL1 Output lower current 0.65 0.91 1.16 mA
IOH1 Output high current 0.65 0.91 1.16 mA
VI Input voltage 0 2.925 \%
I|H2 Input high leakage current 15 MA
I||_2 Input low leakage current 15 MA
VobIFr Differential output voltage 250 350 450 mV
Vocm Output common mode voltage 1.125 1.25 1.375 \
Viem Input common mode voltage 0.05 1.25 2.35 Vv
V\DIFF Input differential voltage 100 350 mV
Notes:

1. loy/loy defined by Vop,rr/(resistor network).

2. Currents are measured at 85°C junction temperature.

Table 2-64 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V)

Input High (V)

Measuring Point* (V)

VRer (typ.) (V)

1.075

1.325

Cross point

* Measuring point = Vy;, See Table 2-22 on page 2-24 for a complete table of trip points.

Timing Characteristics

Table 2-65 « LVDS
Worst Commercial-Case Conditions: T, = 85°C, Worst-Case VCC = 1.425V,
Worst-Case VCCFPGAIOBx =2.3V
Applicable to FPGA 1/0 Banks, 1/0 Assigned to EMC /O Pins

Speed Grade tDOUT tDP tDlN tPY Units
Std. 0.60 1.83 0.04 1.87 ns
-1 0.50 1.53 0.03 1.55 ns

Notes:

1. For the derating values at specific junction temperature and voltage supply levels, refer to Table 2-7 on page 2-9 for

derating values.
2. The above mentioned timing parameters correspond to 24mA drive strength.
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SmartFusion Customizable System-on-Chip (cSoC)

Table 2-70 « Parameter Definition and Measuring Nodes

Measuring Nodes

Parameter Name Parameter Definition (from, to)*
tocLka Clock-to-Q of the Output Data Register HH, DOUT
tosup Data Setup Time for the Output Data Register FF, HH
toHD Data Hold Time for the Output Data Register FF, HH
tosue Enable Setup Time for the Output Data Register GG, HH
toHE Enable Hold Time for the Output Data Register GG, HH
tocLr2qQ Asynchronous Clear-to-Q of the Output Data Register LL, DOUT
tOREMCLR Asynchronous Clear Removal Time for the Output Data Register LL, HH
torRECCLR Asynchronous Clear Recovery Time for the Output Data Register LL, HH
toecLka Clock-to-Q of the Output Enable Register HH, EOUT
toesup Data Setup Time for the Output Enable Register JJ, HH
toEHD Data Hold Time for the Output Enable Register JJ, HH
toEsUE Enable Setup Time for the Output Enable Register KK, HH
toEHE Enable Hold Time for the Output Enable Register KK, HH
toecLr2Q Asynchronous Clear-to-Q of the Output Enable Register Il, EOUT
tOEREMCLR Asynchronous Clear Removal Time for the Output Enable Register I, HH
toERECCLR Asynchronous Clear Recovery Time for the Output Enable Register II, HH
ticLka Clock-to-Q of the Input Data Register AA, EE
tisup Data Setup Time for the Input Data Register CC, AA
tiHD Data Hold Time for the Input Data Register CC, AA
tisue Enable Setup Time for the Input Data Register BB, AA
tiHE Enable Hold Time for the Input Data Register BB, AA
ticLr2Q Asynchronous Clear-to-Q of the Input Data Register DD, EE
Y REMCLR Asynchronous Clear Removal Time for the Input Data Register DD, AA
YRECCLR Asynchronous Clear Recovery Time for the Input Data Register DD, AA
* See Figure 2-15 on page 2-46 for more information.
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SmartFusion DC and Switching Characteristics

CKMPWH; tckmPwL

thp

—»tSUD<—>
Data 50% 0 50% X
EN
50% _twere otRECPRE —
T e 50% 50% 50%
PRE tsue )
twelr |<+|tRECCLR =1 ~trRemcLr
CLR 50%/. %50% / 50%
trre2Q
O "’tCLRZQ
50% 50% 50%
Out
telka [

Figure 2-26 « Timing Model and Waveforms
Timing Characteristics

Table 2-79 * Register Delays
Worst Commercial-Case Conditions: T, = 85°C, Worst-Case VCC =1.425 V

Parameter Description -1 Std. | Units
teLka Clock-to-Q of the Core Register 0.56 | 0.67 ns
tsup Data Setup Time for the Core Register 0.44 | 0.52 ns
thp Data Hold Time for the Core Register 0.00 | 0.00 ns
tsue Enable Setup Time for the Core Register 0.46 | 0.55 ns
the Enable Hold Time for the Core Register 0.00 | 0.00 ns
tcLr2a Asynchronous Clear-to-Q of the Core Register 0.41 0.49 ns
tPrE2Q Asynchronous Preset-to-Q of the Core Register 0.41 0.49 ns
tREMCLR Asynchronous Clear Removal Time for the Core Register 0.00 | 0.00 ns
tRECCLR Asynchronous Clear Recovery Time for the Core Register 0.23 | 0.27 ns
tREMPRE Asynchronous Preset Removal Time for the Core Register 0.00 | 0.00 ns
tRECPRE Asynchronous Preset Recovery Time for the Core Register 0.23 | 0.27 ns
tweLr Asynchronous Clear Minimum Pulse Width for the Core Register 0.22 | 0.22 ns
tWPRE Asynchronous Preset Minimum Pulse Width for the Core Register 0.22 | 0.22 ns
tckMPWH Clock Minimum Pulse Width High for the Core Register 0.32 | 0.32 ns
tekmPwL Clock Minimum Pulse Width Low for the Core Register 0.36 | 0.36 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-7 on page 2-9 for derating values.
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SmartFusion DC and Switching Characteristics

Output Signal

T T

period_max period_min

Note: Peak-to-peak jitter measurements are defined by Tpeak-to-peak = T}

period_max — 7—period min-
Figure 2-28 + Peak-to-Peak Jitter Definition
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SmartFusion Customizable System-on-Chip (cSoC)

<—tCYC —_—
< tckn tokL =
CLK J /—L//—L
tas | tan
o0 KK A NN A XN
teks
{_' l«—— tBKH #
BLK
tens tenH
WEN t :
tos | toH
DINJWD X Dig XXX KKK KK XXX

DOUTIRD D, XXXXK D,

Figure 2-32 « RAM Write, Output Retained. Applicable to both RAM4K9 and RAM512x18.

<—tCYC E——

~—lckH tokL—>
CLK /l /L/—L
tas | tan

teks
BLK N <—tBKH—?ﬁ
tens
WEN t

tbs | toH
o XX o XXX
DOUT Bi 5
(pass-through) - 0 ]
DOUT — S
(pipelined) Dn XXX Blg XX X> Dl4

Figure 2-33 « RAM Write, Output as Write Data (WMODE = 1). Applicable to RAM4K9 only.
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SmartFusion DC and Switching Characteristics

Comparator

Unless otherwise specified, performance is specified at 25°C with nominal power supply voltages.

Table 2-97 - Comparator Performance Specifications

Specification Test Conditions Min. | Typ. | Max. | Units
Input voltage range Minimum 0 \%
Maximum 2.56 \Y
Input offset voltage HYS[1:0] = 00 +1 +3 mV
(no hysteresis)
Input bias current Comparator 1, 3, 5, 7, 9 (measured at 2.56 V) 40 100 nA
Comparator 0, 2, 4, 6, 8 (measured at 2.56 V) 150 300 nA
Input resistance 10 MQ
Power supply rejection ratio [DC (0 — 10 KHz) 50 60 dB
Propagation delay 100 mV overdrive
HYS[1:0] = 00
(no hysteresis) 15 18 ns

100 mV overdrive

HYS[1:0] = 10
(with hysteresis) 25 30 ns
Hysteresis HYS[1:0] = 00 | Typical (25°C) 0 0 15 mV
iri:rnghe;lsd tsh:’fitssi??e:géjczﬁvlgry% Across all corners (—40°C to +100°C) 0 5 | mV
HYS[1:0] = 01 | Typical (25°C) +3 +16 | £30 | mV
Across all corners (—40°C to +100°C) 0 +36 | mV
HYS[1:0] = 10 | Typical (25°C) 19 | £31 | #48 | mV
Across all corners (—40°C to +100°C) 12 54 | mV
HYS[1:0] = 11 | Typical (25°C) +80 | +£105(£190 [ mV
Across all corners (—40°C to +100°C) +80 194 | mV
Comparator current VCC33A = 3.3 V (operational mode); COMP_EN = 1
Egg‘r“crgmsgﬁzt on) VCC33A 150 | 165 | WA
VCC33AP 140 | 165 | pA
VCC15A 1 3 MA
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Table 2-98 * Analog Sigma-Delta DAC (continued)

Specification Test Conditions Min. Typ. Max. | Units
Sigma-delta DAC power supply current|Iinput =0, EN =1
requirements (not including VAREFx) |(operational mode)
VCC33SDDx 30 35 MA
VCC15A 3 5 MA
Input = Half scale, EN =1
(operational mode)
VCC33SDDx 160 165 MA
VCC15A 33 35 MA
Input = Full scale, EN =1
(operational mode)
VCC33SDDx 280 285 MA
VCC15A 70 75 MA

Note: *FS is full-scale error, defined as the difference between the actual value that triggers the transition to full-scale
and the ideal analog full-scale transition value. Full-scale error equals offset error plus gain error. Refer to the
Analog-to-Digital Converter chapter of the SmartFusion Programmable Analog User’s Guide for more

information.

Sigma Delta DAC Settling Time
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Figure 2-44 + Sigma-Delta DAC Setting Time
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Serial Peripheral Interface (SPI) Characteristics

This section describes the DC and switching of the SPI interface. Unless otherwise noted, all output
characteristics given for a 35 pF load on the pins and all sequential timing characteristics are related to
SPI_x_CLK. For timing parameter definitions, refer to Figure 2-47 on page 2-90.

Table 2-100 « SPI Characteristics
Commercial Case Conditions: T; = 85°C, VDD = 1.425 V, -1 Speed Grade

Symbol Description and Condition A2F060 | A2F200 | A2F500 Unit
sp1 SPI_x_CLK minimum period
SPI_x_CLK = PCLK/2 20 NA 20 ns
SPI_x_CLK = PCLK/4 40 40 40 ns
SPI_x_CLK = PCLK/8 80 80 80 ns
SPI_x_CLK = PCLK/16 0.16 0.16 0.16 us
SPI_x_CLK = PCLK/32 0.32 0.32 0.32 us
SPI_x_CLK = PCLK/64 0.64 0.64 0.64 us
SPI_x_CLK = PCLK/128 1.28 1.28 1.28 ys
SPI_x_CLK = PCLK/256 2.56 2.56 2.56 [V
sp2 SPI_x_CLK minimum pulse width high
SPI_x_CLK = PCLK/2 10 NA 10 ns
SPI_x_CLK = PCLK/4 20 20 20 ns
SPI_x_CLK = PCLK/8 40 40 40 ns
SPI_x_CLK = PCLK/16 0.08 0.08 0.08 V]
SPI_x_CLK = PCLK/32 0.16 0.16 0.16 us
SPI_x_CLK = PCLK/64 0.32 0.32 0.32 us
SPI_x_CLK = PCLK/128 0.64 0.64 0.64 ps
SPI_x_CLK = PCLK/256 1.28 1.28 1.28 us
sp3 SPI_x_CLK minimum pulse width low
SPI_x_CLK = PCLK/2 10 NA 10 ns
SPI_x_CLK = PCLK/4 20 20 20 ns
SPI_x_CLK = PCLK/8 40 40 40 ns
SPI_x_CLK = PCLK/16 0.08 0.08 0.08 us
SPI_x_CLK = PCLK/32 0.16 0.16 0.16 us
SPI_x_CLK = PCLK/64 0.32 0.32 0.32 V]
SPI_x_CLK = PCLK/128 0.64 0.64 0.64 ps
SPI_x_CLK = PCLK/256 1.28 1.28 1.28 [V
sp4 SPI_x_CLK, SPI_x_DO, SPI_x_SS rise time (10%-90%) 1 4.7 4.7 4.7 ns
sp5 SPI_x_CLK, SPI_x_DO, SPI_x_SS fall time (10%-90%) ' 34 3.4 34 ns
Notes:

1. These values are provided for a load of 35 pF. For 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/index.php ?option=com_microsemi&ltemid=489&lang=en&view=salescontact.

2. For allowable pclk configurations, refer to the Serial Peripheral Interface Controller section in the SmartFusion
Microcontroller Subsystem User’s Guide.
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5 — Pin Descriptions

Supply Pins

Name Type Description

GND Ground | Digital ground to the FPGA fabric, microcontroller subsystem and GPIOs

GND15ADCO Ground | Quiet analog ground to the 1.5 V circuitry of the first analog-to-digital converter (ADC)

GND15ADCH1 Ground | Quiet analog ground to the 1.5 V circuitry of the second ADC

GND15ADC2 Ground | Quite analog ground to the 1.5 V circuitry of the third ADC

GND33ADCO Ground | Quiet analog ground to the 3.3 V circuitry of the first ADC

GND33ADC1 Ground | Quiet analog ground to the 3.3 V circuitry of the second ADC

GND33ADC2 Ground | Quiet analog ground to the 3.3 V circuitry of the third ADC

GNDA Ground | Quiet analog ground to the analog front-end

GNDAQ Ground | Quiet analog ground to the analog I/O of SmartFusion cSoCs

GNDENVM Ground | Digital ground to the embedded nonvolatile memory (eNVM)

GNDLPXTAL Ground | Analog ground to the low power 32 KHz crystal oscillator circuitry

GNDMAINXTAL | Ground [Analog ground to the main crystal oscillator circuitry

GNDQ Ground | Quiet digital ground supply voltage to input buffers of I/O banks. Within the package, the
GNDQ plane is decoupled from the simultaneous switching noise originated from the
output buffer ground domain. This minimizes the noise transfer within the package and
improves input signal integrity. GNDQ needs to always be connected on the board to
GND.

GNDRCOSC Ground | Analog ground to the integrated RC oscillator circuit

GNDSDDO Ground | Analog ground to the first sigma-delta DAC

GNDSDD1 Ground | Common analog ground to the second and third sigma-delta DACs

GNDTMO Ground | Analog temperature monitor common ground for signal conditioning blocks SCB 0 and
SCB 1 (see information for pins "TM0" and "TM1" in the "Analog Front-End (AFE)"
section on page 5-14).

GNDTM1 Ground |Analog temperature monitor common ground for signal conditioning block SCB 2 and
SBCB 3 (see information for pins "TM2" and "TM3" in the "Analog Front-End (AFE)"
section on page 5-14).

GNDTM2 Ground | Analog temperature monitor common ground for signal conditioning block SCB4

GNDVAREF Ground |Analog ground reference used by the ADC. This pad should be connected to a quiet
analog ground.

VCC Supply |Digital supply to the FPGA fabric and MSS, nominally 1.5 V. VCC is also required for
powering the JTAG state machine, in addition to VJTAG. Even when a SmartFusion
¢cSoC is in bypass mode in a JTAG chain of interconnected devices, both VCC and
VJTAG must remain powered to allow JTAG signals to pass through the SmartFusion
cSoC.

Notes:

1. The following 3.3 V supplies should be connected together while following proper noise filtering practices: VCC33A,
VCC33ADCx, VCC33AP, VCC33SDDx, VCCMAINXTAL, and VCCLPXTAL.

2. The following 1.5V supplies should be connected together while following proper noise filtering practices: VCC,
VCC15A, and VCC15ADCx.

3. For more details on VCCPLLx capacitor recommendations, refer to the application note AC359, SmartFusion cSoC
Board Design Guidelines, the "PLL Power Supply Decoupling Scheme" section.
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Pin FG256
No. A2F060 Function A2F200 Function A2F500 Function
A1 GND GND GND
A2 VCCFPGAIOBO VCCFPGAIOBO VCCFPGAIOBO
A3 EMC_ABJ[0]/IO04NDB0OV0O EMC_ABJ[0]/IO04NDB0OV0O EMC_AB[0]/IO06NDBOVO
A4 EMC_AB[1]/1004PDB0OV0 EMC_AB[1]/I004PDB0OV0 EMC_AB[1]/IO06PDB0V0
A5 GND GND GND
A6 EMC_AB[3]/I005PDB0OV0 EMC_AB[3])/I005PDB0OVO0 EMC_AB[3]/I009PDB0OVO
A7 EMC_AB[5]/I006PDB0OV0O EMC_AB[5])/I006PDB0OVO0 EMC_AB[5]/I010PDB0OVO
A8 VCCFPGAIOBO VCCFPGAIOBO VCCFPGAIOBO
A9 GND GND GND
A10 EMC_AB[14])/I011NDBOVO EMC_AB[14]/I011NDBOVO EMC_AB[14]/I015NDB0OVO
A1 EMC_AB[15]/I011PDB0OVO EMC_AB[15]/I011PDB0OVO0 EMC_AB[15]/I015PDB0OVO
A12 GND GND GND
A13 EMC_AB[20]/I014NDB0OV0O EMC_ABJ[20]/I014NDB0V0O EMC_AB[20]/I021NDB0OVO
A14 EMC_AB[24])/I016NDBOVO EMC_AB[24]/I016NDBOVO EMC_AB[24]/I020NDBOVO
A15 VCCFPGAIOBO VCCFPGAIOBO VCCFPGAIOBO
A16 GND GND GND
B1 EMC_DBJ[15]/I045PDB5V0 EMC_DB[15]/GAA2/I071PDB5V0 EMC_DB[15]/GAA2/I088PDB5V0
B2 GND GND GND
B3 | EMC_BYTEN[1]/I002PDB0OV0O (EMC_BYTEN[1]/GAC1/1002PDB0OVO|(EMC_BYTEN[1]/GAC1/I007PDB0OVO
B4 EMC_OENO_N/IO03NDBOVO EMC_OENO_N/IO03NDBOVO EMC_OENO_N/IO08NDBOVO
B5 EMC_OEN1_N/IO03PDB0OV0O EMC_OEN1_N/IO03PDB0OV0O EMC_OEN1_N/IO08PDB0OV0O
B6 EMC_ABJ[2]/IO05SNDB0OV0 EMC_ABI[2]/IO05NDB0OV0 EMC_AB[2]/IO0SNDBOVO
B7 EMC_ABI[4]/IO06NDBOVO EMC_ABI[4]/IO06NDBOVO EMC_AB[4]/IO10NDBOVO
B8 EMC_ABI[9]/I008PDB0OV0O EMC_AB[9]/I008PDB0OVO EMC_AB[9]/I013PDB0OVO
B9 EMC_AB[12]/I010NDB0OV0O EMC_AB[12])/I0O10NDB0OV0O EMC_AB[12])/I014NDB0OVO
B10 EMC_AB[13)/I0O10PDBOVO EMC_AB[13)/I010PDB0OVO EMC_AB[13]/I014PDBOVO
B11 EMC_AB[16])/I012NDB0OVO0 EMC_AB[16])/I012NDBOVO0 EMC_AB[16]/1017NDBOVO
B12 EMC_AB[18)/I013NDB0OVO EMC_AB[18])/I013NDBOVO EMC_AB[18]/I018NDBOVO
B13 EMC_AB|[21]/1014PDB0OVO EMC_ABJ[21]/1014PDB0OVO EMC_AB[21]/1021PDB0OVO
B14 EMC_AB[25]/I016PDB0OVO EMC_AB|[25]/I016PDB0OVO EMC_AB[25]/1020PDB0OV0O
B15 GND GND GND
Notes:

1. Shading denotes pins that do not have completely identical functions from density to density. For example, the bank
assignment can be different for an I/O, or the function might be available only on a larger density device.

2. *: Indicates that the signal assigned to the pins as a CLKBUF/CLKBUF_LVPECL/CLKBUF_LVDS goes through a
glitchless mux. In order for the glitchless mux to operate correctly, the signal must be a free-running clock signal. Refer to
the 'Glitchless MUX’ section in the SmartFusion Microcontroller Subsystem User’s Guide for more details.
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Pin FG256

No. A2F060 Function A2F200 Function A2F500 Function
H13 TDO TDO TDO

H14 TDI TDI TDI

H15 JTAGSEL JTAGSEL JTAGSEL

H16 GND GND GND

J1 EMC_DB[4]/IO38NPB5V0 EMC_DB[4]/GEAOQ/IO61NPB5V0 EMC_DB[4]/GEA0/IO78NPB5V0
J2 EMC_DB[3]/I037PDB5V0 EMC_DB[3]/GEC2/I060PDB5V0 EMC_DB[3]/GEC2/I077PDB5V0
J3 EMC_DB[2]/I0O37NDB5V0 EMC_DB[2]/IO60NDB5V0 EMC_DBJ[2]/I077NDB5V0
J4 GNDRCOSC GNDRCOSC GNDRCOSC

J5 NC GNDQ GNDQ

J6 GND GND GND

J7 vVCC VCC VCC

J8 GND GND GND

J9 vVcC VCC VCC

J10 GND GND GND

J1 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

J12 12C_0_SCL/GPIO_23 12C_0_SCL/GPIO_23 I2C_0_SCL/GPIO_23
J13 12C_0_SDA/GPIO_22 12C_0_SDA/GPIO_22 I2C_0_SDA/GPIO_22
J14 12C_1_SCL/GPIO_31 12C_1_SCL/GPIO_31 12C_1_SCL/GPIO_31
J15 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

J16 12C_1_SDA/GPIO_30 12C_1_SDA/GPIO_30 12C_1_SDA/GPIO_30
K1 GPIO_1/1032RSB4V0 MAC_MDIO/IO49RSB4V0 MAC_MDIO/IO58RSB4V0
K2 GPIO_0/I033RSB4V0 MAC_MDC/I048RSB4V0 MAC_MDC/I0O57RSB4V0
K3 VCCMSSIOB4 VCCMSSIOB4 VCCMSSIOB4

K4 MSS_RESET_N MSS_RESET_N MSS_RESET_N

K5 VCCRCOSC VCCRCOSC VCCRCOSC

K6 VCCMSSIOB4 VCCMSSIOB4 VCCMSSIOB4

K7 GND GND GND

K8 VCC VCC VCC

K9 GND GND GND
K10 vVCcC VCC VCC

K11 GND GND GND

Notes:

1. Shading denotes pins that do not have completely identical functions from density to density. For example, the bank
assignment can be different for an I/O, or the function might be available only on a larger density device.

2. *: Indicates that the signal assigned to the pins as a CLKBUF/CLKBUF_LVPECL/CLKBUF_LVDS goes through a
glitchless mux. In order for the glitchless mux to operate correctly, the signal must be a free-running clock signal. Refer to
the 'Glitchless MUX’ section in the SmartFusion Microcontroller Subsystem User’s Guide for more details.
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FG4384
Pin Number A2F200 Function A2F500 Function

L9 VCC VCC

L10 GND GND

L11 VCC VCC

L12 GND GND

L13 VCC VCC

L14 GND GND

L15 VCC VCC

L16 GND GND

L17 GNDQ GNDQ

L18 GDAZ2/I033NDB1V0 GDA2/1042NDB1V0
L19 VCCFPGAIOB1 VCCFPGAIOB1
L20 GDB1/I030PDB1V0 GDB1/I039PDB1V0
L21 GDBO0/IO30NDB1V0 GDBO0/IO39NDB1V0
L22 GDC2/I032PDB1V0 GDC2/I041PDB1V0
M1 NC I071PDB5V0
M2 NC I071NDB5V0
M3 VCCFPGAIOB5 VCCFPGAIOB5
M4 NC I072NPB5V0O
M5 GNDQ GNDQ

M6 NC I068PDB5V0
M7 GND GND

M8 VCC VCC

M9 GND GND
M10 VCC VCC
M11 GND GND
M12 VCC VCC
M13 GND GND
M14 VCC VCC
M15 GND GND
M16 VCCFPGAIOB1 VCCFPGAIOB1
M17 NC NC
M18 GDB2/1033PDB1V0 GDB2/1042PDB1V0
M19 VJTAG VJTAG
M20 GND GND

Notes:

1.

2.

Shading denotes pins that do not have completely identical functions from density to density. For example, the bank
assignment can be different for an I/0O, or the function might be available only on a larger density device.

*: Indicates that the signal assigned to the pins as a CLKBUF/CLKBUF_LVPECL/CLKBUF _LVDS goes through a
glitchless mux. In order for the glitchless mux to operate correctly, the signal must be a free-running clock signal. Refer
to the 'Glitchless MUX’ section in the SmartFusion Microcontroller Subsystem User’s Guide for more details.
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FG4384
Pin Number A2F200 Function A2F500 Function
M21 VPP VPP
M22 I032NDB1V0 I041NDB1V0
N1 GND GND
N2 NC I070PDB5V0
N3 NC I070NDB5V0
N4 VCCRCOSC VCCRCOSC
N5 VCCFPGAIOB5 VCCFPGAIOBS
N6 NC I068NDB5V0
N7 VCCFPGAIOB5 VCCFPGAIOBS5
N8 GND GND
N9 VCC VCC
N10 GND GND
N11 VCC VCC
N12 GND GND
N13 VCC VCC
N14 GND GND
N15 VCC VCC
N16 NC GND
N17 NC NC
N18 VCCFPGAIOB1 VCCFPGAIOB1
N19 VCCENVM VCCENVM
N20 GNDENVM GNDENVM
N21 NC NC
N22 GND GND
P1 NC I0O69NDB5V0
P2 NC I069PDB5V0
P3 GNDRCOSC GNDRCOSC
P4 GND GND
P5 NC NC
P6 NC NC
P7 GND GND
P8 VCC VCC
P9 GND GND
P10 VCC VCC
Notes:

1. Shading denotes pins that do not have completely identical functions from density to density. For example, the bank
assignment can be different for an I/0O, or the function might be available only on a larger density device.

2. *: Indicates that the signal assigned to the pins as a CLKBUF/CLKBUF _LVPECL/CLKBUF_LVDS goes through a
glitchless mux. In order for the glitchless mux to operate correctly, the signal must be a free-running clock signal. Refer
to the 'Glitchless MUX’ section in the SmartFusion Microcontroller Subsystem User’s Guide for more details.
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Datasheet Information

Revision Changes Page
The A2F060 device was added to product information tables. N/A
The "Product Ordering Codes" table was updated to removed Std. speed and add \i
speed grade 1. Pre-production was removed from the application ordering code
category.

The "SmartFusion cSoC Block Diagram" was revised. \Y

The "Datasheet Categories" section was updated, referencing the "SmartFusion| 1-4, 1V

¢cSoC Block Diagram" table, which is new.

The "VCCI" parameter was renamed to "VCCxxxxIOBx." N/A

"Advanced I/Os" were renamed to "FPGA 1/Os."

Generic pin names that represent multiple pins were standardized with a lower case x

as a placeholder. For example, VAREFx designates VAREFO, VAREF1, and VAREF2.

Modes were renamed as follows:

Operating mode was renamed to SoC mode.

32KHz Active mode was renamed to Standby mode.

Battery mode was renamed to Time Keeping mode.

Table entries have been filled with values as data has become available.

Table 2-1 « Absolute Maximum Ratings, Table 2-2 « Analog Maximum Ratings, and 2-1

Table 2-3 «+ Recommended Operating Conditions®® were revised extensively. through
2-3

Device names were updated in Table 2-6 « Package Thermal Resistance. 2-7

Table 2-8 « Power Supplies Configuration was revised extensively. 2-10

Table 2-11 « Summary of 1/0 Input Buffer Power (per pin) — Default 1/0 Software 2-11

Settings was revised extensively.

Removed "Example of Power Calculation." N/A

Table 2-14 - Different Components Contributing to Dynamic Power Consumption in 2-12

SmartFusion cSoCs was revised extensively.

Table 2-15 - Different Components Contributing to the Static Power Consumption in 2-13

SmartFusion cSoCs was revised extensively.

The "Power Calculation Methodology" section was revised. 2-14

Table 2-83 - Electrical Characteristics of the RC Oscillator was revised extensively. 2-61

Table 2-85 < Electrical Characteristics of the Low Power Oscillator was revised 2-62

extensively.

The parameter trgtgq Was changed to Teocwry in Table 2-87 « RAM4KO. 2-69

The 12-bit mode row for integral non-linearity was removed from Table 2-95 « ADC 2-81

Specifications. The typical value for 10-bit mode was revised. The table note was

punctuated correctly to make it clear.

Figure 37-34 - Write Access after Write onto Same Address, Figure 37-34 « Read N/A

Access after Write onto Same Address, and Figure 37-34 « Write Access after Read

onto Same Address were deleted.

Table 2-99 - Voltage Regulator was revised extensively. 2-87

The "Serial Peripheral Interface (SPI) Characteristics" section and "Inter-Integrated | 2-89,

Circuit (IZC) Characteristics" section are new. 2-91
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