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Embedded - System On Chip (SoC) refers to an
integrated circuit that consolidates all the essential
components of a computer system into a single chip. This
includes a microprocessor, memory, and other peripherals,
all packed into one compact and efficient package. SoCs
are designed to provide a complete computing solution,
optimizing both space and power consumption, making
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-chip solutions, SoCs combine a central
processing unit (CPU), memory, input/output (I/O)
interfaces, and other essential components into a single
silicon die. This integration enhances performance,
reduces power consumption, and minimizes the physical
footprint of the system. SoCs are fundamental in
embedded systems where space, efficiency, and cost are
critical.

Applications of Embedded - System On Chip
(SoC)

SoCs are pivotal in a variety of applications due to their
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electronics, SoCs power smartphones, tablets, and
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battery life. Automotive industries leverage SoCs for
advanced driver-assistance systems (ADAS), infotainment,
and vehicle-to-everything (V2X) communication. In
industrial automation, SoCs drive sophisticated
machinery control systems, data acquisition, and real-time
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portable diagnostic tools, imaging systems, and patient
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System On Chip (SoC)
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capabilities. Application-specific SoCs are tailored for
particular uses, such as multimedia processing or
automotive control, incorporating specialized features to
meet the demands of specific tasks. Real-time SoCs focus
on handling tasks with stringent timing requirements,
suitable for applications like robotics and industrial control.
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SmartFusion Customizable System-on-Chip (cSoC)
1 – SmartFusion Family Overview

Introduction
The SmartFusion® family of cSoCs builds on the technology first introduced with the Fusion mixed signal
FPGAs. SmartFusion cSoCs are made possible by integrating FPGA technology with programmable
high-performance analog and hardened ARM Cortex-M3 microcontroller blocks on a flash semiconductor
process. The SmartFusion cSoC takes its name from the fact that these three discrete technologies are
integrated on a single chip, enabling the lowest cost of ownership and smallest footprint solution to you. 

General Description

Microcontroller Subsystem (MSS)
The MSS is composed of a 100 MHz Cortex-M3 processor and integrated peripherals, which are
interconnected via a multi-layer AHB bus matrix (ABM). This matrix allows the Cortex-M3 processor,
FPGA fabric master, Ethernet media access controller (MAC), when available, and peripheral DMA
(PDMA) controller to act as masters to the integrated peripherals, FPGA fabric, embedded nonvolatile
memory (eNVM), embedded synchronous RAM (eSRAM), external memory controller (EMC), and
analog compute engine (ACE) blocks.

SmartFusion cSoCs of different densities offer various sets of integrated peripherals. Available
peripherals include SPI, I2C, and UART serial ports, embedded FlashROM (EFROM), 10/100 Ethernet
MAC, timers, phase-locked loops (PLLs), oscillators, real-time counters (RTC), and peripheral DMA
controller (PDMA).

Programmable Analog

Analog Front-End (AFE)
SmartFusion cSoCs offer an enhanced analog front-end compared to Fusion devices. The successive
approximation register analog-to-digital converters (SAR ADC) are similar to those found on Fusion
devices. SmartFusion cSoC also adds first order sigma-delta digital-to-analog converters (SDD DAC). 

SmartFusion cSoCs can handle multiple analog signals simultaneously with its signal conditioning blocks
(SCBs). SCBs are made of a combination of active bipolar prescalers (ABPS), comparators, current
monitors and temperature monitors. ABPS modules allow larger bipolar voltages to be fed to the ADC.
Current monitors take the voltage across an external sense resistor and convert it to a voltage suitable
for the ADC input range. Similarly, the temperature monitor reads the current through an external PN-
junction (diode or transistor) and converts it internally for the ADC. The SCB also includes comparators
to monitor fast signal thresholds without using the ADC. The output of the comparators can be fed to the
analog compute engine or the ADC.

Analog Compute Engine (ACE)
The mixed signal blocks found in SmartFusion cSoCs are controlled and connected to the rest of the
system via a dedicated processor called the analog compute engine (ACE). The role of the ACE is to
offload control of the analog blocks from the Cortex-M3, thus offering faster throughput or better power
consumption compared to a system where the main processor is in charge of monitoring the analog
resources. The ACE is built to handle sampling, sequencing, and post-processing of the ADCs, DACs,
and SCBs. 
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SmartFusion Family Overview
6. Click OK to return to the FlashPoint – Programming File Generator window.

Note: I/O States During programming are saved to the ADB and resulting programming files after
completing programming file generation.

Figure 1-1 • I/O States During Programming Window
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SmartFusion Customizable System-on-Chip (cSoC)
2 – SmartFusion DC and Switching Characteristics

General Specifications

Operating Conditions
Stresses beyond the operating conditions listed in Table 2-1 may cause permanent damage to the
device.

Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
Absolute Maximum Ratings are stress ratings only; functional operation of the device at these or any
other conditions beyond those listed under the Recommended Operating Conditions specified in
Table 2-3 on page 2-3 is not implied.

Table 2-1 • Absolute Maximum Ratings 

Symbol Parameter Limits Units

VCC DC core supply voltage –0.3 to 1.65 V

VJTAG JTAG DC voltage –0.3 to 3.75 V

VPP Programming voltage –0.3 to 3.75 V

VCCPLLx Analog power supply (PLL) –0.3 to 1.65 V

VCCFPGAIOBx DC FPGA I/O buffer supply voltage –0.3 to 3.75 V

VCCMSSIOBx DC MSS I/O buffer supply voltage –0.3 to 3.75 V

VI I/O input voltage –0.3 V to 3.6 V

(when I/O hot insertion mode is enabled)
–0.3 V to (VCCxxxxIOBx + 1 V) or 3.6 V,
whichever voltage is lower (when I/O hot-
insertion mode is disabled)

V

VCC33A Analog clean 3.3 V supply to the analog
circuitry

 –0.3 to 3.75 V

VCC33ADCx Analog 3.3 V supply to ADC  –0.3 to 3.75 V

VCC33AP Analog clean 3.3 V supply to the charge pump  –0.3 to 3.75 V

VCC33SDDx Analog 3.3 V supply to the sigma-delta DAC  –0.3 to 3.75 V

VAREFx Voltage reference for ADC  1.0 to 3.75 V

VCCRCOSC Analog supply to the integrated RC oscillator  –0.3 to 3.75 V

VDDBAT External battery supply  –0.3 to 3.75 V

VCCMAINXTAL Analog supply to the main crystal oscillator  –0.3 to 3.75 V

VCCLPXTAL Analog supply to the low power 32 kHz crystal
oscillator

 –0.3 to 3.75 V

VCCENVM Embedded nonvolatile memory supply  –0.3 to 1.65 V

VCCESRAM Embedded SRAM supply –0.3 to 1.65 V

 VCC15A Analog 1.5 V supply to the analog circuitry  –0.3 to 1.65 V

 VCC15ADCx Analog 1.5 V supply to the ADC  –0.3 to 1.65 V

TSTG
1 Storage temperature –65 to +150 °C

TJ
1 Junction temperature 125 °C

Notes:

1. For flash programming and retention maximum limits, refer to Table 2-4 on page 2-4. For recommended operating
conditions, refer to Table 2-3 on page 2-3.

2. The device should be operated within the limits specified by the datasheet. During transitions, the input signal may
undershoot or overshoot according to the limits shown in Table 2-5 on page 2-4.
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SmartFusion Customizable System-on-Chip (cSoC)
Table 2-3 • Recommended Operating Conditions5,6

Symbol Parameter1 Commercial Industrial Units

TJ Junction temperature  0 to +85  –40 to +100  °C 

VCC 2 1.5 V DC core supply voltage  1.425 to 1.575  1.425 to 1.575 V

VJTAG JTAG DC voltage  1.425 to 3.6  1.425 to 3.6 V

VPP Programming voltage Programming mode3  3.15 to 3.45  3.15 to 3.45 V

Operation4  0 to 3.6  0 to 3.6 V

VCCPLLx  Analog power supply (PLL)  1.425 to 1.575  1.425 to 1.575 V

VCCFPGAIOBx/
VCCMSSIOBx5

1.5 V DC supply voltage  1.425 to 1.575  1.425 to 1.575 V

1.8 V DC supply voltage  1.7 to 1.9  1.7 to 1.9 V

2.5 V DC supply voltage  2.3 to 2.7  2.3 to 2.7 V

3.3 V DC supply voltage  3.0 to 3.6  3.0 to 3.6 V

LVDS differential I/O  2.375 to 2.625  2.375 to 2.625 V

LVPECL differential I/O  3.0 to 3.6  3.0 to 3.6 V

VCC33A6 Analog clean 3.3 V supply to the analog circuitry  3.15 to 3.45  3.15 to 3.45 V

VCC33ADCx6 Analog 3.3 V supply to ADC  3.15 to 3.45  3.15 to 3.45 V

VCC33AP6 Analog clean 3.3 V supply to the charge pump  3.15 to 3.45  3.15 to 3.45 V

VCC33SDDx6 Analog 3.3 V supply to sigma-delta DAC  3.15 to 3.45  3.15 to 3.45 V

VAREFx  Voltage reference for ADC 2.527 to 3.3  2.527 to 3.3 V

VCCRCOSC Analog supply to the integrated RC oscillator 3.15 to 3.45 3.15 to 3.45 V

VDDBAT External battery supply  2.7 to 3.63  2.7 to 3.63 V

VCCMAINXTAL6 Analog supply to the main crystal oscillator  3.15 to 3.45  3.15 to 3.45 V

VCCLPXTAL6 Analog supply to the low power 32 KHz crystal
oscillator

 3.15 to 3.45  3.15 to 3.45 V

VCCENVM Embedded nonvolatile memory supply  1.425 to 1.575  1.425 to 1.575 V

VCCESRAM Embedded SRAM supply 1.425 to 1.575 1.425 to 1.575 V

VCC15A2 Analog 1.5 V supply to the analog circuitry  1.425 to 1.575  1.425 to 1.575 V

VCC15ADCx2 Analog 1.5 V supply to the ADC  1.425 to 1.575  1.425 to 1.575 V

Notes:

1. All parameters representing voltages are measured with respect to GND unless otherwise specified.
2. The following 1.5 V supplies should be connected together while following proper noise filtering practices: VCC,

VCC15A, and VCC15ADCx.

3. The Programming temperature range supported is Tambient = 0°C to 85°C.

4. VPP can be left floating during operation (not programming mode).

5. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O
standard are given in Table 2-19 on page 2-23. VCCxxxxIOBx should be at the same voltage within a given I/O bank.

6. The following 3.3 V supplies should be connected together while following proper noise filtering practices: VCC33A,
VCC33ADCx, VCC33AP, VCC33SDDx, VCCMAINXTAL, and VCCLPXTAL.
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SmartFusion DC and Switching Characteristics
Theta-JA
Junction-to-ambient thermal resistance (JA) is determined under standard conditions specified by
JEDEC (JESD-51), but it has little relevance in actual performance of the product. It should be used with
caution but is useful for comparing the thermal performance of one package to another.

A sample calculation showing the maximum power dissipation allowed for the A2F200-FG484 package
under forced convection of 1.0 m/s and 75°C ambient temperature is as follows:

EQ 4

where  

EQ 5

The power consumption of a device can be calculated using the Microsemi SoC Products Group power
calculator. The device's power consumption must be lower than the calculated maximum power
dissipation by the package. If the power consumption is higher than the device's maximum allowable
power dissipation, a heat sink can be attached on top of the case, or the airflow inside the system must
be increased.

Theta-JB
Junction-to-board thermal resistance (JB) measures the ability of the package to dissipate heat from the
surface of the chip to the PCB. As defined by the JEDEC (JESD-51) standard, the thermal resistance
from junction to board uses an isothermal ring cold plate zone concept. The ring cold plate is simply a
means to generate an isothermal boundary condition at the perimeter. The cold plate is mounted on a
JEDEC standard board with a minimum distance of 5.0 mm away from the package edge.

Theta-JC
Junction-to-case thermal resistance (JC) measures the ability of a device to dissipate heat from the
surface of the chip to the top or bottom surface of the package. It is applicable for packages used with
external heat sinks. Constant temperature is applied to the surface in consideration and acts as a
boundary condition. This only applies to situations where all or nearly all of the heat is dissipated through
the surface in consideration. 

Calculation for Heat Sink 
For example, in a design implemented in an A2F200-FG484 package with 2.5 m/s airflow, the power
consumption value using the power calculator is 3.00 W. The user-dependent Ta and Tj are given as
follows:

From the datasheet:  

JA = 19.00°C/W (taken from Table 2-6 on page 2-7). 

TA = 75.00°C 

TJ = 100.00°C

TA = 70.00°C

JA = 17.00°C/W

JC = 8.28°C/W

Maximum Power Allowed
TJ(MAX) TA(MAX)–

JA
---------------------------------------------=

Maximum Power Allowed 100.00°C 75.00°C–
19.00°C/W

---------------------------------------------------- 1.3 W= =
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SmartFusion Customizable System-on-Chip (cSoC)
Output Register

Timing Characteristics

Figure 2-17 • Output Register Timing Diagram
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Table 2-72 • Output Data Register Propagation Delays
Worst Commercial-Case Conditions: TJ = 85°C, Worst-Case VCC = 1.425 V

Parameter Description –1 Std. Units

tOCLKQ Clock-to-Q of the Output Data Register 0.60 0.72 ns

tOSUD Data Setup Time for the Output Data Register 0.32 0.38 ns

tOHD Data Hold Time for the Output Data Register 0.00 0.00 ns

tOSUE Enable Setup Time for the Output Data Register 0.44 0.53 ns

tOHE Enable Hold Time for the Output Data Register 0.00 0.00 ns

tOCLR2Q Asynchronous Clear-to-Q of the Output Data Register 0.82 0.98 ns

tOPRE2Q Asynchronous Preset-to-Q of the Output Data Register 0.82 0.98 ns

tOREMCLR Asynchronous Clear Removal Time for the Output Data Register 0.00 0.00 ns

tORECCLR Asynchronous Clear Recovery Time for the Output Data Register 0.23 0.27 ns

tOREMPRE Asynchronous Preset Removal Time for the Output Data Register 0.00 0.00 ns

tORECPRE Asynchronous Preset Recovery Time for the Output Data Register 0.23 0.27 ns

tOWCLR Asynchronous Clear Minimum Pulse Width for the Output Data Register 0.22 0.22 ns

tOWPRE Asynchronous Preset Minimum Pulse Width for the Output Data Register 0.22 0.22 ns

tOCKMPWH Clock Minimum Pulse Width High for the Output Data Register 0.36 0.36 ns

tOCKMPWL Clock Minimum Pulse Width Low for the Output Data Register 0.32 0.32 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 2-7 on
page 2-9 for derating values.
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SmartFusion Customizable System-on-Chip (cSoC)
Timing Characteristics

Table 2-89 • FIFO 
Worst Commercial-Case Conditions: TJ = 85°C, VCC = 1.425 V

Parameter Description –1 Std. Units

tENS REN, WEN Setup Time 1.40 1.68 ns

tENH REN, WEN Hold Time 0.02 0.02 ns

tBKS BLK Setup Time 0.19 0.19 ns

tBKH BLK Hold Time 0.00 0.00 ns

tDS Input Data (WD) Setup Time 0.19 0.22 ns

tDH Input Data (WD) Hold Time 0.00 0.00 ns

tCKQ1 Clock High to New Data Valid on RD (flow-through) 2.39 2.87 ns

tCKQ2 Clock High to New Data Valid on RD (pipelined) 0.91 1.09 ns

tRCKEF RCLK High to Empty Flag Valid 1.74 2.09 ns

tWCKFF WCLK High to Full Flag Valid 1.66 1.99 ns

tCKAF Clock HIGH to Almost Empty/Full Flag Valid 6.29 7.54 ns

tRSTFG RESET Low to Empty/Full Flag Valid 1.72 2.06 ns

tRSTAF RESET Low to Almost Empty/Full Flag Valid 6.22 7.47 ns

tRSTBQ RESET Low to Data Out Low on RD (flow-through) 0.94 1.12 ns

RESET Low to Data Out Low on RD (pipelined) 0.94 1.12 ns

tREMRSTB RESET Removal 0.29 0.35 ns

tRECRSTB RESET Recovery 1.52 1.83 ns

tMPWRSTB RESET Minimum Pulse Width 0.22 0.22 ns

tCYC Clock Cycle Time 3.28 3.28 ns

FMAX Maximum Frequency for FIFO 305 305 MHz

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
Embedded Nonvolatile Memory Block (eNVM)

Electrical Characteristics
Table 2-90 describes the eNVM maximum performance. 

Embedded FlashROM (eFROM)

Electrical Characteristics
Table 2-91 describes the eFROM maximum performance

JTAG 1532 Characteristics
JTAG timing delays do not include JTAG I/Os. To obtain complete JTAG timing, add I/O buffer delays to
the corresponding standard selected; refer to the I/O timing characteristics in the "User I/O
Characteristics" section on page 2-19 for more details.

Timing Characteristics

Table 2-90 • eNVM Block Timing, Worst Commercial Case Conditions: TJ = 85°C, VCC = 1.425 V

Parameter Description

A2F060 A2F200 A2F500

Units–1 Std. –1 Std. –1 Std.

tFMAXCLKeNVM Maximum frequency for clock for the control logic – 5
cycles (5:1:1:1*) 

50 50 50 50 50 50 MHz

tFMAXCLKeNVM Maximum frequency for clock for the control logic – 6
cycles (6:1:1:1*) 

100 80 100 80 100 80 MHz

Note: *6:1:1:1 indicates 6 cycles for the first access and 1 each for the next three accesses. 5:1:1:1 indicates 5 cycles
for the first access and 1 each for the next three accesses.

Note: *Moving from 5:1:1:1 mode to 6:1:1:1 mode results in throughput change that is dependent on the system
functionality. When the Cortex-M3 code is executed from eNVM - with sequential firmware (sequential address
reads), the throughput reduction can be around 10%. 

Table 2-91 • FlashROM Access Time, Worse Commercial Case Conditions: TJ = 85°C, VCC = 1.425 V

 Parameter  Description –1 Std.  Units

tCK2Q Clock to out per configuration* 28.68 32.98  ns

Fmax Maximum Clock frequency 15.00 15.00 MHz

Table 2-92 • JTAG 1532
Worst Commercial-Case Conditions: TJ = 85°C, Worst-Case VCC = 1.425 V

Parameter Description –1 Std. Units

tDISU Test Data Input Setup Time 0.67 0.77 ns

tDIHD Test Data Input Hold Time 1.33 1.53 ns

tTMSSU Test Mode Select Setup Time 0.67 0.77 ns

tTMDHD Test Mode Select Hold Time 1.33 1.53 ns

tTCK2Q Clock to Q (data out) 8.00 9.20 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
Sigma-delta DAC power supply current
requirements (not including VAREFx)

Input = 0, EN = 1
(operational mode)

VCC33SDDx 30 35 µA

VCC15A 3 5 µA

Input = Half scale, EN = 1
(operational mode)

VCC33SDDx 160 165 µA

VCC15A 33 35 µA

Input = Full scale, EN = 1
(operational mode)

VCC33SDDx 280 285 µA

VCC15A 70 75 µA

Figure 2-44 • Sigma-Delta DAC Setting Time

Table 2-98 • Analog Sigma-Delta DAC  (continued)

Specification Test Conditions Min. Typ. Max. Units

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.
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SmartFusion Programming
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SmartFusion Customizable System-on-Chip (cSoC)
5 – Pin Descriptions

Supply Pins

Name Type Description

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

GND15ADC0 Ground Quiet analog ground to the 1.5 V circuitry of the first analog-to-digital converter (ADC)

GND15ADC1 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

GND33ADC0 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

GNDSDD0 Ground Analog ground to the first sigma-delta DAC

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

GNDTM0 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 1.5 V 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.
Revision 13 5-1

http://www.microsemi.com/soc/documents/A2F_AC359_AN.pdf
http://www.microsemi.com/soc/documents/A2F_AC359_AN.pdf


Pin Descriptions
VCC15A Supply Clean analog 1.5 V supply to the analog circuitry. Always power this pin.

VCC15ADC0 Supply Analog 1.5 V supply to the first ADC. Always power this pin.

VCC15ADC1 Supply Analog 1.5 V supply to the second ADC. Always power this pin.

VCC15ADC2 Supply Analog 1.5 V supply to the third ADC. Always power this pin.

VCC33A Supply Clean 3.3 V analog supply to the analog circuitry. VCC33A is also used to feed the
1.5 V voltage regulator for designs that do not provide an external supply to VCC. Refer
to the Voltage Regulator (VR), Power Supply Monitor (PSM), and Power Modes section
in the SmartFusion Microcontroller Subsystem User’s Guide for more information.

VCC33ADC0 Supply Analog 3.3 V supply to the first ADC. If unused, Microsemi recommends connecting this
pin to a 3.3 V supply.1

VCC33ADC1 Supply Analog 3.3 V supply to the second ADC. If unused, Microsemi recommends connecting
this pin to a 3.3 V supply.1

VCC33ADC2 Supply Analog 3.3 V supply to the third ADC. If unused, Microsemi recommends connecting
this pin to a 3.3 V supply.1

VCC33AP Supply Analog clean 3.3 V supply to the charge pump. To avoid high current draw, VCC33AP
should be powered up simultaneously with or after VCC33A. Can be pulled down if
unused.1

VCC33N Supply –3.3 V output from the voltage converter. A 2.2 µF capacitor must be connected from
this pin to GND. Analog charge pump capacitors are not needed if none of the analog
SCB features are used and none of the SDDs are used. In that case it should be left
unconnected.

VCC33SDD0 Supply Analog 3.3 V supply to the first sigma-delta DAC

VCC33SDD1 Supply Common analog 3.3 V supply to the second and third sigma-delta DACs

VCCENVM Supply Digital 1.5 V power supply to the embedded nonvolatile memory blocks. To avoid high
current draw, VCC should be powered up before or simultaneously with VCCENVM.

VCCESRAM Supply Digital 1.5 V power supply to the embedded SRAM blocks. Available only on the
208PQFP package. It should be connected to VCC (in other packages, it is internally
connected to VCC).

VCCFPGAIOB0 Supply Digital supply to the FPGA fabric I/O bank 0 (north FPGA I/O bank) for the output
buffers and I/O logic. 

Each bank can have a separate VCCFPGAIO connection. All I/Os in a bank will run off
the same VCCFPGAIO supply. VCCFPGAIO can be 1.5 V, 1.8 V, 2.5 V, or 3.3 V,
nominal voltage. Unused I/O banks should have their corresponding VCCFPGAIO pins
tied to GND.

VCCFPGAIOB1 Supply Digital supply to the FPGA fabric I/O bank 1 (east FPGA I/O bank) for the output buffers
and I/O logic. 

Each bank can have a separate VCCFPGAIO connection. All I/Os in a bank will run off
the same VCCFPGAIO supply. VCCFPGAIO can be 1.5 V, 1.8 V, 2.5 V, or 3.3 V,
nominal voltage. Unused I/O banks should have their corresponding VCCFPGAIO pins
tied to GND.

Name Type Description

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 1.5 V 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 Descriptions
Pin 
No.

CS288

A2F060 Function A2F200 Function A2F500 Function

A1 VCCFPGAIOB0 VCCFPGAIOB0 VCCFPGAIOB0

A2 GNDQ GNDQ GNDQ

A3 EMC_CLK/IO00NDB0V0 EMC_CLK/GAA0/IO00NDB0V0 EMC_CLK/GAA0/IO02NDB0V0

A4 EMC_RW_N/IO00PDB0V0 EMC_RW_N/GAA1/IO00PDB0V0 EMC_RW_N/GAA1/IO02PDB0V0

A5 GND GND GND

A6 EMC_CS1_N/IO01PDB0V0 EMC_CS1_N/GAB1/IO01PDB0V0 EMC_CS1_N/GAB1/IO05PDB0V0

A7 EMC_CS0_N/IO01NDB0V0 EMC_CS0_N/GAB0/IO01NDB0V0 EMC_CS0_N/GAB0/IO05NDB0V0

A8 EMC_AB[0]/IO04NPB0V0 EMC_AB[0]/IO04NPB0V0 EMC_AB[0]/IO06NPB0V0

A9 VCCFPGAIOB0 VCCFPGAIOB0 VCCFPGAIOB0

A10 EMC_AB[4]/IO06NDB0V0 EMC_AB[4]/IO06NDB0V0 EMC_AB[4]/IO10NDB0V0

A11 EMC_AB[8]/IO08NPB0V0 EMC_AB[8]/IO08NPB0V0 EMC_AB[8]/IO13NPB0V0

A12 EMC_AB[14]/IO11NPB0V0 EMC_AB[14]/IO11NPB0V0 EMC_AB[14]/IO15NPB0V0

A13 GND GND GND

A14 EMC_AB[18]/IO13NDB0V0 EMC_AB[18]/IO13NDB0V0 EMC_AB[18]/IO18NDB0V0

A15 EMC_AB[24]/IO16NDB0V0 EMC_AB[24]/IO16NDB0V0 EMC_AB[24]/IO20NDB0V0

A16 EMC_AB[25]/IO16PDB0V0 EMC_AB[25]/IO16PDB0V0 EMC_AB[25]/IO20PDB0V0

A17 VCCFPGAIOB0 VCCFPGAIOB0 VCCFPGAIOB0

A18 EMC_AB[20]/IO14NDB0V0 EMC_AB[20]/IO14NDB0V0 EMC_AB[20]/IO21NDB0V0

A19 EMC_AB[21]/IO14PDB0V0 EMC_AB[21]/IO14PDB0V0 EMC_AB[21]/IO21PDB0V0

A20 GNDQ GNDQ GNDQ

A21 GND GND GND

AA1 ADC1 ABPS1 ABPS1

AA2 GNDAQ GNDAQ GNDAQ

AA3 GNDA GNDA GNDA

AA4 VCC33N VCC33N VCC33N

AA5 SDD0 SDD0 SDD0

AA6 ADC0 ABPS0 ABPS0

AA7 NC GNDTM0 GNDTM0

AA8 NC ABPS2 ABPS2

AA9 NC VAREF0 VAREF0

AA10 NC GND15ADC0 GND15ADC0

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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SmartFusion Customizable System-on-Chip (cSoC)
P19 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

P21 GND GND GND

R1 GPIO_2/IO31RSB4V0 MAC_MDIO/IO49RSB4V0 MAC_MDIO/IO58RSB4V0

R3 GPIO_1/IO32RSB4V0 MAC_TXEN/IO52RSB4V0 MAC_TXEN/IO61RSB4V0

R5 GPIO_3/IO30RSB4V0 MAC_TXD[0]/IO56RSB4V0 MAC_TXD[0]/IO65RSB4V0

R6 GPIO_10/IO35RSB4V0 MAC_CRSDV/IO51RSB4V0 MAC_CRSDV/IO60RSB4V0

R9 GNDA GNDA GNDA

R13 GNDA GNDA GNDA

R16 UART_1_RXD/GPIO_29 UART_1_RXD/GPIO_29 UART_1_RXD/GPIO_29

R17 UART_1_TXD/GPIO_28 UART_1_TXD/GPIO_28 UART_1_TXD/GPIO_28

R19 I2C_0_SDA/GPIO_22 I2C_0_SDA/GPIO_22 I2C_0_SDA/GPIO_22

R21 I2C_1_SDA/GPIO_30 I2C_1_SDA/GPIO_30 I2C_1_SDA/GPIO_30

T1 GND GND GND

T3 NC MAC_TXD[1]/IO55RSB4V0 MAC_TXD[1]/IO64RSB4V0

T5 NC MAC_RXD[1]/IO53RSB4V0 MAC_RXD[1]/IO62RSB4V0

T6 GPIO_11/IO34RSB4V0 MAC_RXER/IO50RSB4V0 MAC_RXER/IO59RSB4V0

T7 NC CM1 CM1

T8 NC ADC1 ADC1

T9 NC GND33ADC0 GND33ADC0

T10 NC VCC15ADC0 VCC15ADC0

T11 GND33ADC0 GND33ADC1 GND33ADC1

T12 VAREF0 VAREF1 VAREF1

T13 ADC7 ADC4 ADC4

T14 TM0 TM3 TM3

T15 SPI_1_SS/GPIO_27 SPI_1_SS/GPIO_27 SPI_1_SS/GPIO_27

T16 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

T17 UART_0_RXD/GPIO_21 UART_0_RXD/GPIO_21 UART_0_RXD/GPIO_21

T19 UART_0_TXD/GPIO_20 UART_0_TXD/GPIO_20 UART_0_TXD/GPIO_20

T21 I2C_1_SCL/GPIO_31 I2C_1_SCL/GPIO_31 I2C_1_SCL/GPIO_31

U1 NC MAC_RXD[0]/IO54RSB4V0 MAC_RXD[0]/IO63RSB4V0

U3 VCCMSSIOB4 VCCMSSIOB4 VCCMSSIOB4

Pin 
No.

CS288

A2F060 Function A2F200 Function A2F500 Function

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 Descriptions
U5 VCC33SDD0 VCC33SDD0 VCC33SDD0

U6 VCC15A VCC15A VCC15A

U7 NC ABPS3 ABPS3

U8 NC ADC2 ADC2

U9 NC VCC33ADC0 VCC33ADC0

U10 GND15ADC0 GND15ADC1 GND15ADC1

U11 VCC33ADC0 VCC33ADC1 VCC33ADC1

U12 ADC10 ADC7 ADC7

U13 ABPS0 ABPS6 ABPS6

U14 GNDTM0 GNDTM1 GNDTM1

U15 SPI_1_CLK/GPIO_26 SPI_1_CLK/GPIO_26 SPI_1_CLK/GPIO_26

U16 SPI_0_CLK/GPIO_18 SPI_0_CLK/GPIO_18 SPI_0_CLK/GPIO_18

U17 SPI_0_SS/GPIO_19 SPI_0_SS/GPIO_19 SPI_0_SS/GPIO_19

U19 GND GND GND

U21 SPI_1_DO/GPIO_24 SPI_1_DO/GPIO_24 SPI_1_DO/GPIO_24

V1 NC MAC_CLK MAC_CLK

V3 GNDSDD0 GNDSDD0 GNDSDD0

V19 SPI_1_DI/GPIO_25 SPI_1_DI/GPIO_25 SPI_1_DI/GPIO_25

V21 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

W1 PCAP PCAP PCAP

W3 NCAP NCAP NCAP

W4 ADC2 CM0 CM0

W5 ADC3 TM0 TM0

W6 ADC4 TM1 TM1

W7 NC ADC0 ADC0

W8 NC ADC3 ADC3

W9 NC GND33ADC0 GND33ADC0

W10 VCC15ADC0 VCC15ADC1 VCC15ADC1

W11 GND33ADC0 GND33ADC1 GND33ADC1

W12 ADC8 ADC5 ADC5

W13 CM0 CM3 CM3

Pin 
No.

CS288

A2F060 Function A2F200 Function A2F500 Function

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 Descriptions
B16 GNDQ GNDQ GNDQ

C1 EMC_DB[14]/IO45NDB5V0 EMC_DB[14]/GAB2/IO71NDB5V0 EMC_DB[14]/GAB2/IO88NDB5V0

C2 VCCPLL0 VCCPLL VCCPLL0

C3 EMC_BYTEN[0]/IO02NDB0V0 EMC_BYTEN[0]/GAC0/IO02NDB0V0 EMC_BYTEN[0]/GAC0/IO07NDB0V0

C4 VCCFPGAIOB0 VCCFPGAIOB0 VCCFPGAIOB0

C5 EMC_CS0_N/IO01NDB0V0 EMC_CS0_N/GAB0/IO01NDB0V0 EMC_CS0_N/GAB0/IO05NDB0V0

C6 EMC_CS1_N/IO01PDB0V0 EMC_CS1_N/GAB1/IO01PDB0V0 EMC_CS1_N/GAB1/IO05PDB0V0

C7 GND GND GND

C8 EMC_AB[8]/IO08NDB0V0 EMC_AB[8]/IO08NDB0V0 EMC_AB[8]/IO13NDB0V0

C9 EMC_AB[11]/IO09PDB0V0 EMC_AB[11]/IO09PDB0V0 EMC_AB[11]/IO11PDB0V0

C10 VCCFPGAIOB0 VCCFPGAIOB0 VCCFPGAIOB0

C11 EMC_AB[17]/IO12PDB0V0 EMC_AB[17]/IO12PDB0V0 EMC_AB[17]/IO17PDB0V0

C12 EMC_AB[19]/IO13PDB0V0 EMC_AB[19]/IO13PDB0V0 EMC_AB[19]/IO18PDB0V0

C13 GND GND GND

C14 GCC0/IO18NPB0V0 GBA2/IO20PPB1V0 GBA2/IO27PPB1V0

C15 GCB0/IO19NDB0V0 GCA2/IO23PDB1V0 GCA2/IO28PDB1V0 *

C16 GCB1/IO19PDB0V0 IO23NDB1V0 IO28NDB1V0

D1 VCCFPGAIOB5 VCCFPGAIOB5 VCCFPGAIOB5

D2 VCOMPLA0 VCOMPLA VCOMPLA0

D3 GND GND GND

D4 GNDQ GNDQ GNDQ

D5 EMC_CLK/IO00NDB0V0 EMC_CLK/GAA0/IO00NDB0V0 EMC_CLK/GAA0/IO02NDB0V0

D6 EMC_RW_N/IO00PDB0V0 EMC_RW_N/GAA1/IO00PDB0V0 EMC_RW_N/GAA1/IO02PDB0V0

D7 EMC_AB[6]/IO07NDB0V0 EMC_AB[6]/IO07NDB0V0 EMC_AB[6]/IO12NDB0V0

D8 EMC_AB[7]/IO07PDB0V0 EMC_AB[7]/IO07PDB0V0 EMC_AB[7]/IO12PDB0V0

D9 EMC_AB[10]/IO09NDB0V0 EMC_AB[10]/IO09NDB0V0 EMC_AB[10]/IO11NDB0V0

D10 EMC_AB[22]/IO15NDB0V0 EMC_AB[22]/IO15NDB0V0 EMC_AB[22]/IO19NDB0V0

D11 EMC_AB[23]/IO15PDB0V0 EMC_AB[23]/IO15PDB0V0 EMC_AB[23]/IO19PDB0V0

D12 GNDQ GNDQ GNDQ

D13 GCC1/IO18PPB0V0 GBB2/IO20NPB1V0 GBB2/IO27NPB1V0

D14 GCA0/IO20NDB0V0 GCB2/IO24PDB1V0 GCB2/IO33PDB1V0

Pin 
No.

FG256

A2F060 Function A2F200 Function A2F500 Function

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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SmartFusion Customizable System-on-Chip (cSoC)
H13 TDO TDO TDO

H14 TDI TDI TDI

H15 JTAGSEL JTAGSEL JTAGSEL

H16 GND GND GND

J1 EMC_DB[4]/IO38NPB5V0 EMC_DB[4]/GEA0/IO61NPB5V0 EMC_DB[4]/GEA0/IO78NPB5V0

J2 EMC_DB[3]/IO37PDB5V0 EMC_DB[3]/GEC2/IO60PDB5V0 EMC_DB[3]/GEC2/IO77PDB5V0

J3 EMC_DB[2]/IO37NDB5V0 EMC_DB[2]/IO60NDB5V0 EMC_DB[2]/IO77NDB5V0

J4 GNDRCOSC GNDRCOSC GNDRCOSC

J5 NC GNDQ GNDQ

J6 GND GND GND

J7 VCC VCC VCC

J8 GND GND GND

J9 VCC VCC VCC

J10 GND GND GND

J11 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

J12 I2C_0_SCL/GPIO_23 I2C_0_SCL/GPIO_23 I2C_0_SCL/GPIO_23

J13 I2C_0_SDA/GPIO_22 I2C_0_SDA/GPIO_22 I2C_0_SDA/GPIO_22

J14 I2C_1_SCL/GPIO_31 I2C_1_SCL/GPIO_31 I2C_1_SCL/GPIO_31

J15 VCCMSSIOB2 VCCMSSIOB2 VCCMSSIOB2

J16 I2C_1_SDA/GPIO_30 I2C_1_SDA/GPIO_30 I2C_1_SDA/GPIO_30

K1 GPIO_1/IO32RSB4V0 MAC_MDIO/IO49RSB4V0 MAC_MDIO/IO58RSB4V0

K2 GPIO_0/IO33RSB4V0 MAC_MDC/IO48RSB4V0 MAC_MDC/IO57RSB4V0

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 VCC VCC VCC

K11 GND GND GND

Pin 
No.

FG256

A2F060 Function A2F200 Function A2F500 Function

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 Descriptions
FG484

Note
For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.microsemi.com/soc/products/solutions/package/docs.aspx. 

A

B
C
D
E
F
G
H
J
K
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M
N
P
R
T
U
V
W
Y
AA
AB

12345678910111213141516171819202122

A1 Ball Pad Corner
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Pin Descriptions
AA13 NC ADC10

AA14 NC ADC9

AA15 NC GND15ADC2

AA16 MAINXIN MAINXIN

AA17 MAINXOUT MAINXOUT

AA18 LPXIN LPXIN

AA19 LPXOUT LPXOUT

AA20 NC NC

AA21 NC NC

AA22 SPI_1_CLK/GPIO_26 SPI_1_CLK/GPIO_26

AB1 GND GND

AB2 GPIO_13/IO36RSB4V0 GPIO_13/IO45RSB4V0

AB3 GPIO_14/IO35RSB4V0 GPIO_14/IO44RSB4V0

AB4 GND GND

AB5 PCAP PCAP

AB6 NCAP NCAP

AB7 ABPS3 ABPS3

AB8 ADC3 ADC3

AB9 GND15ADC0 GND15ADC0

AB10 VCC33ADC1 VCC33ADC1

AB11 VAREF1 VAREF1

AB12 TM2 TM2

AB13 CM2 CM2

AB14 ABPS4 ABPS4

AB15 GNDAQ GNDAQ

AB16 GNDMAINXTAL GNDMAINXTAL

AB17 GNDLPXTAL GNDLPXTAL

AB18 VCCLPXTAL VCCLPXTAL

AB19 VDDBAT VDDBAT

AB20 PTBASE PTBASE

AB21 NC NC

AB22 GND GND

B1 EMC_DB[15]/GAA2/IO71PDB5V0 EMC_DB[15]/GAA2/IO88PDB5V0

B2 GND GND

Pin Number

FG484

A2F200 Function A2F500 Function

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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Datasheet Categories

Categories
In order to provide the latest information to designers, some datasheet parameters are published before
data has been fully characterized from silicon devices. The data provided for a given device, as
highlighted in the "SmartFusion cSoC Device Status" table on page III, is designated as either "Product
Brief," "Advance," "Preliminary," or "Production." The definitions of these categories are as follows:

Product Brief
The product brief is a summarized version of a datasheet (advance or production) and contains general
product information. This document gives an overview of specific device and family information.

Advance
This version contains initial estimated information based on simulation, other products, devices, or speed
grades. This information can be used as estimates, but not for production. This label only applies to the
DC and Switching Characteristics chapter of the datasheet and will only be used when the data has not
been fully characterized.

Preliminary
The datasheet contains information based on simulation and/or initial characterization. The information is
believed to be correct, but changes are possible.

Production
This version contains information that is considered to be final.

Export Administration Regulations (EAR) 
The products described in this document are subject to the Export Administration Regulations (EAR).
They could require an approved export license prior to export from the United States. An export includes
release of product or disclosure of technology to a foreign national inside or outside the United States.

Microsemi SoC Products Group Safety Critical, Life Support, 
and High-Reliability Applications Policy

The SoC Products Group products described in this advance status document may not have completed 
the SoC Products Group’s qualification process. Products may be amended or enhanced during the 
product introduction and qualification process, resulting in changes in device functionality or 
performance. It is the responsibility of each customer to ensure the fitness of any product (but especially 
a new product) for a particular purpose, including appropriateness for safety-critical, life-support, and 
other high-reliability applications. Consult the SoC Products Group’s Terms and Conditions for specific 
liability exclusions relating to life-support applications. A reliability report covering all of the SoC Products 
Group’s products is available on the SoC Products Group website at: 
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=131372. 
Microsemi SoC Products Group also offers a variety of enhanced qualification and lot acceptance 
screening procedures. Contact your local SoC Products Group sales office for additional reliability 
information.
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