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Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Device Architecture
The system application, Level 3, is the larger user application that utilizes one or more applets. Designing
at the highest level of abstraction supported by the Fusion technology stack, the application can be easily
created in FPGA gates by importing and configuring multiple applets.

In fact, in some cases an entire FPGA system design can be created without any HDL coding.

An optional MCU enables a combination of software and HDL-based design methodologies. The MCU
can be on-chip or off-chip as system requirements dictate. System portioning is very flexible, allowing the
MCU to reside above the applets or to absorb applets, or applets and backbone, if desired.

The Fusion technology stack enables a very flexible design environment. Users can engage in design
across a continuum of abstraction from very low to very high.

Core Architecture

VersaTile
Based upon successful ProASIC3/E logic architecture, Fusion devices provide granularity comparable to
gate arrays. The Fusion device core consists of a sea-of-VersaTiles architecture.

As illustrated in Figure 2-2, there are four inputs in a logic VersaTile cell, and each VersaTile can be
configured using the appropriate flash switch connections:

• Any 3-input logic function

• Latch with clear or set

• D-flip-flop with clear or set

• Enable D-flip-flop with clear or set (on a 4th input)

VersaTiles can flexibly map the logic and sequential gates of a design. The inputs of the VersaTile can be
inverted (allowing bubble pushing), and the output of the tile can connect to high-speed, very-long-line
routing resources. VersaTiles and larger functions are connected with any of the four levels of routing
hierarchy.

When the VersaTile is used as an enable D-flip-flop, the SET/CLR signal is supported by a fourth input,
which can only be routed to the core cell over the VersaNet (global) network.

The output of the VersaTile is F2 when the connection is to the ultra-fast local lines, or YL when the
connection is to the efficient long-line or very-long-line resources (Figure 2-2). 

Note: *This input can only be connected to the global clock distribution network.

Figure 2-2 • Fusion Core VersaTile
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Real-Time Counter System
The RTC system enables Fusion devices to support standby and sleep modes of operation to reduce
power consumption in many applications.

• Sleep mode, typical 10 µA

• Standby mode (RTC running), typical 3 mA with 20 MHz 

The RTC system is composed of five cores:

• RTC sub-block inside Analog Block (AB) 

• Voltage Regulator and Power System Monitor (VRPSM)

• Crystal oscillator (XTLOSC); refer to the "Crystal Oscillator" section in the Fusion Clock
Resources chapter of the Fusion FPGA Fabric User’s Guide for more detail.

• Crystal clock; does not require instantiation in RTL

• 1.5 V voltage regulator; does not require instantiation in RTL

All cores are powered by 3.3 V supplies, so the RTC system is operational without a 1.5 V supply during
standby mode. Figure 2-27 shows their connection.

Notes:

1. Signals are hardwired internally and do not exist in the macro core.
2. User is only required to instantiate the VRPSM macro if the user wishes to specify PUPO behavior of the voltage regulator

to be different from the default, or employ user logic to shut the voltage regulator off.

Figure 2-27 • Real-Time Counter System (not all the signals are shown for the AB macro)
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Device Architecture
Data operations are performed in widths of 1 to 4 bytes. A write to a location in a page that is not already
in the Page Buffer will cause the page to be read from the FB Array and stored in the Page Buffer. The
block that was addressed during the write will be put into the Block Buffer, and the data written by WD will
overwrite the data in the Block Buffer. After the data is written to the Block Buffer, the Block Buffer is then
written to the Page Buffer to keep both buffers in sync. Subsequent writes to the same block will
overwrite the Block Buffer and the Page Buffer. A write to another block in the page will cause the
addressed block to be loaded from the Page Buffer, and the write will be performed as described
previously.

The data width can be selected dynamically via the DATAWIDTH input bus. The truth table for the data
width settings is detailed in Table 2-20. The minimum resolvable address is one 8-bit byte. For data
widths greater than 8 bits, the corresponding address bits are ignored—when DATAWIDTH = 0 (2 bytes),
ADDR[0] is ignored, and when DATAWIDTH = '10' or '11' (4 bytes), ADDR[1:0] are ignored. Data pins are
LSB-oriented and unused WD data pins must be grounded.

Flash Memory Block Protection
Page Loss Protection
When the PAGELOSSPROTECT pin is set to logic 1, it prevents writes to any page other than the
current page in the Page Buffer until the page is either discarded or programmed.

A write to another page while the current page is Page Loss Protected will return a STATUS of '11'.

Overwrite Protection
Any page that is Overwrite Protected will result in the STATUS being set to '01' when an attempt is made
to either write, program, or erase it. To set the Overwrite Protection state for a page, set the
OVERWRITEPROTECT pin when a Program operation is undertaken. To clear the Overwrite Protect
state for a given page, an Unprotect Page operation must be performed on the page, and then the page
must be programmed with the OVERWRITEPROTECT pin cleared to save the new page.

LOCKREQUEST
The LOCKREQUEST signal is used to give the user interface control over simultaneous access of the FB
from both the User and JTAG interfaces. When LOCKREQUEST is asserted, the JTAG interface will hold
off any access attempts until LOCKREQUEST is deasserted.

Flash Memory Block Operations
FB Operation Priority 
The FB provides for priority of operations when multiple actions are requested simultaneously.
Table 2-21 shows the priority order (priority 0 is the highest). 

Table 2-20 • Data Width Settings

DATAWIDTH[1:0] Data Width

00 1 byte [7:0]

01 2 byte [15:0]

10, 11 4 bytes [31:0]

Table 2-21 • FB Operation Priority

Operation Priority

System Initialization 0

FB Reset 1

Read 2

Write 3

Erase Page 4

Program 5

Unprotect Page 6

Discard Page 7
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Device Architecture
FIFO4K18 Description

Figure 2-55 • FIFO4KX18
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Device Architecture
ADC Terminology

Conversion Time

Conversion time is the interval between the release of the hold state (imposed by the input circuitry of a
track-and-hold) and the instant at which the voltage on the sampling capacitor settles to within one LSB
of a new input value.

DNL – Differential Non-Linearity 

For an ideal ADC, the analog-input levels that trigger any two successive output codes should differ by
one LSB (DNL = 0). Any deviation from one LSB in defined as DNL (Figure 2-82).

ENOB – Effective Number of Bits

ENOB specifies the dynamic performance of an ADC at a specific input frequency and sampling rate. An
ideal ADC’s error consists only of quantization of noise. As the input frequency increases, the overall
noise (particularly in the distortion components) also increases, thereby reducing the ENOB and SINAD
(also see the "SINAD – Signal-to-Noise and Distortion" section on page 2-103). ENOB for a full-scale,
sinusoidal input waveform is computed using EQ 12.

EQ 12

FS Error – Full-Scale Error

Full-scale error is the difference between the actual value that triggers that transition to full-scale and the
ideal analog full-scale transition value. Full-scale error equals offset error plus gain error.

Figure 2-82 • Differential Non-Linearity (DNL)
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Device Architecture
Analog Configuration MUX
The ACM is the interface between the FPGA, the Analog Block configurations, and the real-time counter.
Libero SoC will generate IP that will load and configure the Analog Block via the ACM. However, users
are not limited to using the Libero SoC IP. This section provides a detailed description of the ACM's
register map, truth tables for proper configuration of the Analog Block and RTC, as well as timing
waveforms so users can access and control the ACM directly from their designs. 

The Analog Block contains four 8-bit latches per Analog Quad that are initialized through the ACM.
These latches act as configuration bits for Analog Quads. The ACM block runs from the core voltage
supply (1.5 V).

Access to the ACM is achieved via 8-bit address and data busses with enables. The pin list is provided in
Table 2-35 on page 2-78. The ACM clock speed is limited to a maximum of 10 MHz, more than sufficient
to handle the low-bandwidth requirements of configuring the Analog Block and the RTC (sub-block of the
Analog Block).

Table 2-54 decodes the ACM address space and maps it to the corresponding Analog Quad and
configuration byte for that quad.

Table 2-54 • ACM Address Decode Table for Analog Quad

ACMADDR [7:0] 
in Decimal Name Description

Associated 
Peripheral

0 – – Analog Quad

1 AQ0 Byte 0 Analog Quad

2 AQ0 Byte 1 Analog Quad

3 AQ0 Byte 2 Analog Quad

4 AQ0 Byte 3 Analog Quad

5 AQ1 Byte 0 Analog Quad

… … … Analog Quad

36 AQ8 Byte 3 Analog Quad

37 AQ9 Byte 0 Analog Quad

38 AQ9 Byte 1 Analog Quad

39 AQ9 Byte 2 Analog Quad

40 AQ9 Byte 3 Analog Quad

41 Undefined Analog Quad

… … Undefined Analog Quad

63 Undefined RTC

64 COUNTER0 Counter bits 7:0 RTC

65 COUNTER1 Counter bits 15:8 RTC

66 COUNTER2 Counter bits 23:16 RTC

67 COUNTER3 Counter bits 31:24 RTC

68 COUNTER4 Counter bits 39:32 RTC

72 MATCHREG0 Match register bits 7:0 RTC

73 MATCHREG1 Match register bits 15:8 RTC

74 MATCHREG2 Match register bits 23:16 RTC

75 MATCHREG3 Match register bits 31:24 RTC

76 MATCHREG4 Match register bits 39:32 RTC

80 MATCHBITS0 Individual match bits 7:0 RTC
2-126 Revision 2



Extended Temperature Fusion Family of Mixed Signal FPGAs
Analog Quad ACM Description
Table 2-56 maps out the ACM space associated with configuration of the Analog Quads within the
Analog Block. Table 2-56 shows the byte assignment within each quad and the function of each bit within
each byte. Subsequent tables will explain each bit setting and how it corresponds to a particular
configuration. After 3.3 V and 1.5 V are applied to Fusion, Analog Quad configuration registers are
loaded with default settings until the initialization and configuration state machine changes them to user-
defined settings.

Table 2-56 • Analog Quad ACM Byte Assignment

Byte Bit Signal (Bx) Function Default Setting 

Byte 0 

(AV)

0 B0[0] Scaling factor control – prescaler Highest voltage range

1 B0[1] 

2 B0[2] 

3 B0[3] Analog MUX select Prescaler 

4 B0[4] Current monitor switch Off 

5 B0[5] Direct analog input switch Off 

6 B0[6] Selects V-pad polarity Positive 

7 B0[7] Prescaler op amp mode Power-down 

Byte 1 

(AC)

0 B1[0] Scaling factor control – prescaler Highest voltage range

1 B1[1] 

2 B1[2] 

3 B1[3] Analog MUX select Prescaler 

4 B1[4] 

5 B1[5] Direct analog input switch Off 

6 B1[6] Selects C-pad polarity Positive 

7 B1[7] Prescaler op amp mode Power-down 

Byte 2 

(AG)

0 B2[0] Internal chip temperature monitor* Off 

1 B2[1] Spare –

2 B2[2] Current drive control Lowest current 

3 B2[3] 

4 B2[4] Spare –

5 B2[5] Spare –

6 B2[6] Selects G-pad polarity Positive 

7 B2[7] Selects low/high drive Low drive 

Byte 3 

(AT)

0 B3[0] Scaling factor control – prescaler Highest voltage range 

1 B3[1] 

2 B3[2] 

3 B3[3] Analog MUX select Prescaler 

4 B3[4] 

5 B3[5] Direct analog input switch Off 

6 B3[6] – –

7 B3[7] Prescaler op amp mode Power-down 

Note: *For the internal temperature monitor to function, Bit 0 of Byte 2 for all 10 Quads must be set.
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Device Architecture
Table 2-71 • Fusion Advanced I/O Features
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Device Architecture
User I/O Characteristics

Timing Model

Figure 2-113 • Timing Model
Operating Conditions: –2 Speed, Extended Temperature Range (TJ = 100°C), 
Worst-Case VCC = 1.425 V
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Device Architecture
Table 2-92 • Summary of I/O Timing Characteristics – Software Default Settings, Extended Temperature Case 
Conditions: TJ = 100°C, Worst Case VCC = 1.425 V, Worst Case VCCI as Per Configuration
Applicable to Advanced I/O banks
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3.3 V LVTTL/
3.3 V LVCMOS

12 mA  High  35 – 0.51 2.78 0.03 0.95 0.33 2.83 2.22 2.53 2.82 4.59 3.99 ns

2.5 V LVCMOS 12 mA  High  35 – 0.51 2.80 0.03 1.03 0.33 2.86 2.70 2.60 2.71 4.62 4.46 ns

1.8 V LVCMOS 12 mA  High  35 – 0.51 2.99 0.03 1.14 0.33 2.83 2.40 2.91 3.21 4.60 4.16 ns

1.5 V LVCMOS 12 mA  High  35 – 0.51 3.48 0.03 1.45 0.33 3.27 2.82 3.11 3.31 5.03 4.58 ns

3.3 V PCI  Per 
PCI 
spec 

High 10 25 2 0.51 2.11 0.03 0.68 0.33 2.15 1.54 2.53 2.82 3.91 3.30 ns

3.3 V PCI-X  Per 
PCI-X 
spec 

High 10 25 2 0.51 2.11 0.03 0.66 0.33 2.15 1.54 2.53 2.82 3.91 3.30 ns

LVDS 24 mA High – – 0.51 1.48 0.03 1.31 – – – – – – – ns

LVPECL 24 mA High – – 0.51 1.42 0.00 0.00 – – – – – – – ns

1. For specific junction temperature and voltage-supply levels, refer to Table 3-7 on page 3-10 for derating values.
2. Resistance is used to measure I/O propagation delays as defined in PCI specifications. See Figure 2-121 on page 2-195

for connectivity. This resistor is not required during normal operation.
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Table 2-103 • 3.3 V LVTTL / 3.3 V LVCMOS High Slew, Extended Temperature Case Conditions: TJ =100°C, 
Worst-Case VCC = 1.425 V, Worst-Case VCCI = 3.0 V
Applicable to Pro I/O Banks

Drive 
Strength

 
Speed 
Grade tDOUT tDP tDIN tPY tPYS tEOUT tZL tZH tLZ tHZ tZLS tZHS

 
Units

4 mA  Std. 0.68 8.31 0.05 1.27 1.65 0.44 8.47 7.07 2.84 2.73 10.82 9.43 ns

 –1 0.58 7.07 0.04 1.08 1.40 0.38 7.20 6.01 2.41 2.32 9.21 8.02 ns

–2 0.51 6.21 0.03 0.95 1.23 0.33 6.32 5.28 2.12 2.04 8.08 7.04 s

8 mA  Std. 0.68 5.35 0.05 1.27 1.65 0.44 5.45 4.37 3.21 3.39 7.81 6.73 ns

 –1 0.58 4.55 0.04 1.08 1.40 0.38 4.64 3.72 2.73 2.88 6.64 5.72 ns

–2 0.51 4.00 0.03 0.95 1.23 0.33 4.07 3.26 2.40 2.53 5.83 5.02 ns

12 mA  Std. 0.68 3.87 0.05 1.27 1.65 0.44 3.94 3.03 3.45 3.81 6.30 5.38 ns

 –1 0.58 3.29 0.04 1.08 1.40 0.38 3.35 2.57 2.94 3.24 5.36 4.58 ns

–2 0.51 2.89 0.03 0.95 1.23 0.33 2.94 2.26 2.58 2.85 4.70 4.02 ns

16 mA  Std. 0.68 3.65 0.05 1.27 1.65 0.44 3.72 2.75 3.51 3.93 6.08 5.11 ns

 –1 0.58 3.11 0.04 1.08 1.40 0.38 3.16 2.34 2.99 3.34 5.17 4.34 ns

–2 0.51 2.73 0.03 0.95 1.23 0.33 2.78 2.05 2.62 2.93 4.54 3.81 ns

24 mA  Std. 0.68 3.38 0.05 1.27 1.65 0.44 3.44 2.27 3.57 4.35 5.80 4.63 ns

 –1 0.58 2.88 0.04 1.08 1.40 0.38 2.93 1.93 3.04 3.70 4.94 3.94 ns

–2 0.51 2.53 0.03 0.95 1.23 0.33 2.57 1.70 2.67 3.25 4.33 3.46 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-10.
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Table 2-105 • 3.3 V LVTTL / 3.3 V LVCMOS High Slew, Extended Temperature Case Conditions: TJ = 100°C, 
Worst-Case VCC = 1.425 V, Worst-Case VCCI = 3.0 V
Applicable to Advanced I/O Banks

Drive 
Strength

 Speed 
Grade tDOUT tDP tDIN tPY tEOUT tZL tZH tLZ tHZ tZLS tZHS  Units 

4 mA  Std. 0.68 8.07 0.05 1.27 0.44 8.22 6.95 2.79 2.76 10.58 9.31  ns 

 –1 0.58 6.87 0.04 1.08 0.38 6.99 5.91 2.38 2.34 9.00 7.92  ns 

–2 0.51 6.03 0.03 0.95 0.33 6.14 5.19 2.09 2.06 7.90 6.95 ns

8 mA  Std. 0.68 5.17 0.05 1.27 0.44 5.27 4.29 3.15 3.38 7.63 6.65  ns 

 –1 0.58 4.40 0.04 1.08 0.38 4.48 3.65 2.68 2.87 6.49 5.66  ns 

–2 0.51 3.86 0.03 0.95 0.33 3.94 3.20 2.35 2.52 5.70 4.97 ns

12 mA Std. 0.68 3.73 0.05 1.27 0.44 3.79 2.98 3.39 3.78 6.15 5.34  ns 

 –1 0.58 3.17 0.04 1.08 0.38 3.23 2.53 2.88 3.21 5.23 4.54  ns 

–2 0.51 2.78 0.03 0.95 0.33 2.83 2.22 2.53 2.82 4.59 3.99 ns

16 mA  Std. 0.68 3.51 0.05 1.27 0.44 3.58 2.70 3.44 3.88 5.94 5.06  ns 

 –1 0.58 2.99 0.04 1.08 0.38 3.04 2.30 2.93 3.30 5.05 4.31  ns 

–2 0.51 2.62 0.03 0.95 0.33 2.67 2.02 2.57 2.90 4.43 3.78 ns

24 mA  Std. 0.68 3.24 0.05 1.27 0.44 3.30 2.23 3.51 4.28 5.66 4.59  ns 

 –1 0.58 2.76 0.04 1.08 0.38 2.81 1.90 2.98 3.64 4.82 3.91  ns 

–2 0.51 2.42 0.03 0.95 0.33 2.47 1.67 2.62 3.20 4.23 3.43 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-10.
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Refer to the "User I/O Naming Convention" section on page 2-159 for a description of naming of global
pins.

JTAG Pins
Fusion devices have a separate bank for the dedicated JTAG pins. The JTAG pins can be run at any
voltage from 1.5 V to 3.3 V (nominal). VCC must also be powered for the JTAG state machine to operate,
even if the device is in bypass mode; VJTAG alone is insufficient. Both VJTAG and VCC to the Fusion
part must be supplied to allow JTAG signals to transition the Fusion device.

Isolating the JTAG power supply in a separate I/O bank gives greater flexibility with supply selection and
simplifies power supply and PCB design. If the JTAG interface is neither used nor planned to be used,
the VJTAG pin together with the TRST pin could be tied to GND.

TCK Test Clock

Test clock input for JTAG boundary scan, ISP, and UJTAG. The TCK pin does not have an internal pull-
up/-down resistor. If JTAG is not used, Microsemi recommends tying off TCK to GND or VJTAG through
a resistor placed close to the FPGA pin. This prevents JTAG operation in case TMS enters an undesired
state.

Note that to operate at all VJTAG voltages, 500  to 1 k will satisfy the requirements. Refer to
Table 2-174 for more information. TDITest Data Input

Serial input for JTAG boundary scan, ISP, and UJTAG usage. There is an internal weak pull-up resistor
on the TDI pin.

TDO Test Data Output

Serial output for JTAG boundary scan, ISP, and UJTAG usage. 

TMS Test Mode Select

The TMS pin controls the use of the IEEE1532 boundary scan pins (TCK, TDI, TDO, TRST). There is an
internal weak pull-up resistor on the TMS pin. 

TRST Boundary Scan Reset Pin

The TRST pin functions as an active low input to asynchronously initialize (or reset) the boundary scan
circuitry. There is an internal weak pull-up resistor on the TRST pin. If JTAG is not used, an external pull-
down resistor could be included to ensure the TAP is held in reset mode. The resistor values must be
chosen from Table 2-174 and must satisfy the parallel resistance value requirement. The values in
Table 2-174 correspond to the resistor recommended when a single device is used and to the equivalent
parallel resistor when multiple devices are connected via a JTAG chain.

In critical applications, an upset in the JTAG circuit could allow entering an undesired JTAG state. In such
cases, Microsemi recommends tying off TRST to GND through a resistor placed close to the FPGA pin.

Note that to operate at all VJTAG voltages, 500  to 1 k will satisfy the requirements.

Table 2-174 • Recommended Tie-Off Values for the TCK and TRST Pins

VJTAG Tie-Off Resistance2, 3

VJTAG at 3.3 V 200  to 1 k 

VJTAG at 2.5 V 200  to 1 k

VJTAG at 1.8 V 500  to 1 k

VJTAG at 1.5 V 500  to 1 k

Notes:

1. Equivalent parallel resistance if more than one device is on JTAG chain.
2. The TCK pin can be pulled up/down.

3. The TRST pin can only be pulled down.
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3 – DC and Power Characteristics

General Specifications

Operating Conditions
Stresses beyond those listed in Table 3-1 may cause permanent damage to the device.

Exposure to absolute maximum rated conditions for extended periods may affect device reliability.
Devices should not be operated outside the recommended operating ranges specified in Table 3-2 on
page 3-3.

Table 3-1 • Absolute Maximum Ratings 

Symbol Parameter Limit Units

VCC DC core supply voltage –0.3 to 1.65 V

VJTAG JTAG DC voltage –0.3 to 3.75 V

VPUMP Programming voltage –0.3 to 3.75 V

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

VCCI DC I/O output buffer supply voltage –0.3 to 3.75 V

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

V

VCC33A +3.3 V power supply –0.3 to 3.75 2 V

VCC33PMP +3.3 V power supply –0.3 to 3.75 2 V

VAREF Voltage reference for ADC –0.3 to 3.75 V

VCC15A Digital power supply for the analog system –0.3 to 1.65 V

VCCNVM Embedded flash power supply –0.3 to 1.65 V

VCCOSC Oscillator power supply –0.3 to 3.75 V

Notes:

1. 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 3-4 on page 3-5.

2. Analog data not valid beyond 3.65 V.

3. The high current mode has a maximum power limit of 15 mW. Appropriate current limit resistors must be used, based on
voltage on the pad.

4. For flash programming and retention maximum limits, refer to Table 3-5 on page 3-5. For recommended operating limits
refer to Table 3-2 on page 3-3.

5. Negative input is not supported between –40°C and –55°C.

6. Positive input is not supported between –40°C and –55°C.
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DC and Power Characteristics
I/O Power-Up and Supply Voltage Thresholds for Power-On Reset 
Sophisticated power-up management circuitry is designed into every Fusion device. These circuits
ensure easy transition from the powered off state to the powered up state of the device. The many
different supplies can power up in any sequence with minimized current spikes or surges. In addition, the
I/O will be in a known state through the power-up sequence. The basic principle is shown in Figure 3-1
on page 3-7. 

There are five regions to consider during power-up. 

Fusion I/Os are activated only if ALL of the following three conditions are met:

1. VCC and VCCI are above the minimum specified trip points (Figure 3-1). 

2. VCCI > VCC – 0.75 V (typical). 

3. Chip is in the operating mode.

VCCI Trip Point: 

Ramping up: 0.6 V < trip_point_up < 1.2 V

Ramping down: 0.5 V < trip_point_down < 1.1 V 

VCC Trip Point: 

Ramping up: 0.6 V < trip_point_up < 1.1 V

Ramping down: 0.5 V < trip_point_down < 1 V 

VCC and VCCI ramp-up trip points are about 100 mV higher than ramp-down trip points. This specifically
built-in hysteresis prevents undesirable power-up oscillations and current surges. Note the following:

• During programming, I/Os become tristated and weakly pulled up to VCCI.

• JTAG supply, PLL power supplies, and charge pump VPUMP supply have no influence on I/O
behavior.

Internal Power-Up Activation Sequence
1. Core

2. Input buffers 

3. Output buffers, after 200 ns delay from input buffer activation

PLL Behavior at Brownout Condition
Microsemi recommends using monotonic power supplies or voltage regulators to ensure proper power-
up behavior. Power ramp-up should be monotonic at least until VCC and VCCPLX exceed brownout
activation levels. The VCC activation level is specified as 1.1 V worst-case (see Figure 3-1 on page 3-7
for more details).

When PLL power supply voltage and/or VCC levels drop below the VCC brownout levels
(0.75 V ± 0.25 V), the PLL output lock signal goes low and/or the output clock is lost.  
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DC and Power Characteristics
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:

EQ 7

Determining the heat sink's thermal performance proceeds as follows:

EQ 8

where

EQ 9

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 a Microsemi 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 

JA = 0.37°C/W

= Thermal resistance of the interface material between
the case and the heat sink, usually provided by the
thermal interface manufacturer

SA = Thermal resistance of the heat sink in °C/W

ja(total)

TJ TA–

P
------------------- 100°C 70°C–

3.00 W
------------------------------------ 10.00°C/W= = =

JA(TOTAL) JC CS SA+ +=

SA JA(TOTAL) JC– CS–=

SA 13.33°C/W 8.28°C/W– 0.37°C/W– 5.01°C/W= =

Table 3-7 • Temperature and Voltage Derating Factors for Timing Delays
(Normalized to TJ = 100°C, Worst-Case VCC = 1.425 V)

Array Voltage 
VCC (V)

Junction Temperature (°C)

–55°C –40°C 0°C 25°C 70°C 85°C 100°C

1.425  0.83 0.85 0.89 0.92 0.97 0.98 1.00

1.500 0.78 0.80 0.85 0.87 0.91 0.93 0.95

1.575 0.76 0.77 0.82 0.84 0.88 0.90 0.91
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Table 3-9 • AFS600 Quiescent Supply Current Characteristics

Parameter Description Conditions Temp. Min Typ Max Unit

ICC1 1.5 V quiescent current Operational standby4, 
VCC = 1.575 V

TJ = 25°C 13 25 mA

TJ = 85°C 20 45 mA

TJ=100°C 25 75 mA

Standby mode5 or Sleep
mode6, VCC = 0 V

0 0 µA

ICC332 3.3 V analog supplies
current

Operational standby4, 
VCC33 = 3.63 V

TJ = 25°C 9.8 13 mA

TJ = 85°C 10.7 14 mA

TJ = 100°C 10.8 15 mA

Operational standby, 
only Analog Quad and –3.3 V
output ON, VCC33 = 3.63 V

TJ = 25°C 0.31 2 mA

TJ = 85°C 0.35 2 mA

TJ = 100°C 0.45 2 mA

Standby mode5,
VCC33 = 3.63 V

TJ = 25°C 2.8 3.6 mA

TJ = 85°C 2.9 4 mA

TJ = 100°C 3.5 6 mA

Sleep mode6, VCC33 = 3.63 V TJ = 25°C 17 19 µA

TJ = 85°C 18 20 µA

TJ = 100°C 24 25 µA

ICCI3 I/O quiescent current Operational standby,4 
VCCIx = 3.63 V

TJ = 25°C 417 648 µA

TJ = 85°C 417 648 µA

TJ = 100°C 417 649 µA

IJTAG JTAG I/O quiescent current Operational standby,4 
VJTAG = 3.63 V

TJ = 25°C 80 100 µA

TJ = 85°C 80 100 µA

TJ = 100°C 80 100 µA

Standby mode5 or Sleep
mode6, VJTAG = 0 V

0 0 µA

Notes:

1. ICC is the 1.5 V power supplies, ICC and ICC15A.
2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.

3. ICCI includes all ICCI0, ICCI1, ICCI2, and ICCI4.

4. Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

5. XTAL is configured as high gain, VCC = VJTAG = VPUMP = 0 V.

6. Sleep Mode, VCC = VJTAG = VPUMP = 0 V. Sleep mode is not supported between –40°C and –55°C.
Revision 2 3-13



DC and Power Characteristics
IPP Programming supply
current

Non-programming mode, 
VPUMP = 3.63 V

TJ = 25°C 36 80 µA

TJ = 85°C 36 80 µA

TJ = 100°C 36 80 µA

Standby mode5 or Sleep
mode6, VPUMP = 0 V

0 0 µA

ICCNVM Embedded NVM current Reset asserted, 
VCCNVM = 1.575 V

TJ = 25°C 22 80 µA

TJ = 85°C 24 80 µA

TJ = 100°C 25 80 µA

ICCPLL 1.5 V PLL quiescent current Operational standby, 
VCCPLL = 1.575 V 

TJ = 25°C 130 200 µA

TJ = 85°C 130 200 µA

TJ = 100°C 130 200 µA

Table 3-9 • AFS600 Quiescent Supply Current Characteristics (continued)

Parameter Description Conditions Temp. Min Typ Max Unit

Notes:

1. ICC is the 1.5 V power supplies, ICC and ICC15A.
2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.

3. ICCI includes all ICCI0, ICCI1, ICCI2, and ICCI4.

4. Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

5. XTAL is configured as high gain, VCC = VJTAG = VPUMP = 0 V.

6. Sleep Mode, VCC = VJTAG = VPUMP = 0 V. Sleep mode is not supported between –40°C and –55°C.
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DC and Power Characteristics
Dynamic Power Consumption of Various Internal Resources

Table 3-12 • Different Components Contributing to the Dynamic Power Consumption in Fusion 
Devices

Parameter Definition

Power Supply

Device-Specific 
Dynamic 

Contributions

UnitsName Setting AFS1500 AFS600

PAC1 Clock contribution of a Global Rib VCC 1.5 V 14.5 12.8 µW/MHz

PAC2 Clock contribution of a Global Spine VCC 1.5 V 2.5 1.9 µW/MHz

PAC3 Clock contribution of a VersaTile row VCC 1.5 V 0.81 µW/MHz

PAC4 Clock contribution of a VersaTile used
as a sequential module

VCC 1.5 V 0.11 µW/MHz

PAC5 First contribution of a VersaTile used as
a sequential module

VCC 1.5 V 0.07 µW/MHz

PAC6 Second contribution of a VersaTile used
as a sequential module

VCC 1.5 V 0.29 µW/MHz

PAC7 Contribution of a VersaTile used as a
combinatorial module

VCC 1.5 V 0.29 µW/MHz

PAC8 Average contribution of a routing net VCC 1.5 V 0.70 µW/MHz

PAC9 Contribution of an I/O input pin
(standard dependent)

VCCI See Table 3-10 on page 3-15

PAC10 Contribution of an I/O output pin
(standard dependent)

VCCI See Table 3-11 on page 3-17

PAC11 Average contribution of a RAM block
during a read operation

VCC 1.5 V 25 µW/MHz

PAC12 Average contribution of a RAM block
during a write operation

VCC 1.5 V 30 µW/MHz

PAC13 Dynamic Contribution for PLL VCC 1.5 V 2.6 µW/MHz

PAC15 Contribution of NVM block during a read
operation (F < 33MHz)

VCC 1.5 V 358 µW/MHz

PAC16 1st contribution of NVM block during a
read operation (F > 33 MHz)

VCC 1.5 V 12.88 mW

PAC17 2nd contribution of NVM block during a
read operation (F > 33 MHz)

VCC 1.5 V 4.8 µW/MHz

PAC18 Crystal Oscillator contribution VCC33A 3.3 V 0.63 mW

PAC19 RC Oscillator contribution VCC33A 3.3 V 3.3 mW

PAC20 Analog Block dynamic power
contribution of ADC

VCC 1.5 V 3 mW
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