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Understanding Embedded - FPGAs (Field
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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Fusion Family of Mixed Signal FPGAs
Product Ordering Codes

Fusion Device Status

Notes:
1. For Fusion devices, Quad Flat No Lead packages are only offered as RoHS compliant, QNG packages.
2. MicroBlade and Pigeon Point devices only support FG packages.

M1AFS600 FG_

Part Number

Fusion Devices

Speed Grade  

1

Blank = Standard
1 = 15% Faster than Standard

2 = 25% Faster than Standard

Package Type
QN = Quad Flat No Lead (0.5 mm pitch)

256 IG

Package Lead Count

Y

Security Feature

Application (junction temperature range)

Blank = Commercial (0 to +85°C)
I = Industrial (–40 to +100°C)

PP = Pre-Production
ES = Engineering Silicon (room temperature only)

90,000 System Gates  AFS090 =

250,000 System Gates  AFS250 =

ARM-Enabled Fusion Devices

600,000 System Gates  AFS600 =

1,500,000 System GatesAFS1500 =

MicroBlade Devices
250,000 System Gates  U1AFS250 =
600,000 System Gates  U1AFS600 =
1,500,000 System Gates  U1AFS1500 =

Pigeon Point Devices
600,000 System Gates  P1AFS600 =
1,500,000 System GatesP1AFS1500 =

250,000 System GatesM1AFS250 =
600,000 System GatesM1AFS600 =
1,500,000 System GatesM1AFS1500 =

PQ = Plastic Quad Flat Pack (0.5 mm pitch) 
FG = Fine Pitch Ball Grid Array (1.0 mm pitch)

Lead-Free Packaging Options
 Blank = Standard Packaging     

G = RoHS-Compliant (green) Packaging

1

2

Y = Device Includes License to Implement IP Based on
the Cryptography Research, Inc. (CRI) Patent Portfolio

Blank = Device Does Not Include License to Implement IP Based
on the Cryptography Research, Inc. (CRI) Patent Portfolio

Fusion Status Cortex-M1 Status Pigeon Point Status MicroBlade Status

AFS090 Production

AFS250 Production M1AFS250 Production U1AFS250 Production

AFS600 Production M1AFS600 Production P1AFS600 Production U1AFS600 Production

AFS1500 Production M1AFS1500 Production P1AFS1500 Production U1AFS1500 Production
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Fusion Family of Mixed Signal FPGAs
Crystal Oscillator 
The Crystal Oscillator (XTLOSC) is source that generates the clock from an external crystal. The output
of XTLOSC CLKOUT signal can be selected as an input to the PLL. Refer to the "Clock Conditioning
Circuits" section for more details. The XTLOSC can operate in normal operations and Standby mode
(RTC is running and 1.5 V is not present).

In normal operation, the internal FPGA_EN signal is '1' as long as 1.5 V is present for VCC.   As such,
the internal enable signal, XTL_EN, for Crystal Oscillator is enabled since FPGA_EN is asserted. The
XTL_MODE has the option of using MODE or RTC_MODE, depending on SELMODE.

During Standby, 1.5 V is not available, as such, and FPGA_EN is '0'. SELMODE must be asserted in
order for XTL_EN to be enabled; hence XTL_MODE relies on RTC_MODE. SELMODE and RTC_MODE
must be connected to RTCXTLSEL and RTCXTLMODE from the AB respectively for correct operation
during Standby (refer to the "Real-Time Counter System" section on page 2-31 for a detailed
description).

The Crystal Oscillator can be configured in one of four modes:

• RC network, 32 KHz to 4 MHz

• Low gain, 32 to 200 KHz

• Medium gain, 0.20 to 2.0 MHz

• High gain, 2.0 to 20.0 MHz

In RC network mode, the XTAL1 pin is connected to an RC circuit, as shown in Figure 2-16 on
page 2-18. The XTAL2 pin should be left floating. The RC value can be chosen based on Figure 2-18 for
any desired frequency between 32 KHz and 4 MHz. The RC network mode can also accommodate an
external clock source on XTAL1 instead of an RC circuit.

In Low gain, Medium gain, and High gain, an external crystal component or ceramic resonator can be
added onto XTAL1 and XTAL2, as shown in Figure 2-16 on page 2-18. In the case where the Crystal
Oscillator block is not used, the XTAL1 pin should be connected to GND and the XTAL2 pin should be left
floating.

Note: *Internal signal—does not exist in macro.

Figure 2-17 • XTLOSC Macro
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Device Architecture
Real-Time Counter (part of AB macro)
The RTC is a 40-bit loadable counter and used as the primary timekeeping element (Figure 2-29). The
clock source, RTCCLK, must come from the CLKOUT signal of the crystal oscillator. The RTC can be
configured to reset itself when a count value reaches the match value set in the Match Register.

The RTC is part of the Analog Block (AB) macro. The RTC is configured by the analog configuration
MUX (ACM). Each address contains one byte of data. The circuitry in the RTC is powered by VCC33A,
so the RTC can be used in standby mode when the 1.5 V supply is not present.

The 40-bit counter can be preloaded with an initial value as a starting point by the Counter Register. The
count from the 40-bit counter can be read through the same set of address space. The count comes from
a Read-Hold Register to avoid data changing during read. When the counter value equals the Match
Register value, all Match Bits Register values will be 0xFFFFFFFFFF. The RTCMATCH and
RTCPSMMATCH signals will assert. The 40-bit counter can be configured to automatically reset to
0x0000000000 when the counter value equals the Match Register value. The automatic reset does not
apply if the Match Register value is 0x0000000000. The RTCCLK has a prescaler to divide the clock by
128 before it is used for the 40-bit counter. Below is an example of how to calculate the OFF time.

Figure 2-29 • RTC Block Diagram

Table 2-14 • RTC Signal Description

Signal Name Width Direction Function

RTCCLK 1 In Must come from CLKOUT of XTLOSC.

RTCXTLMODE[1:0] 2 Out Controlled by xt_mode in CTRL_STAT. Signal must connect to the
RTC_MODE signal in XTLOSC, as shown in Figure 2-27.

RTCXTLSEL 1 Out Controlled by xtal_en from CTRL_STAT register. Signal must connect to
RTC_MODE signal in XTLOSC in Figure 2-27.

RTCMATCH 1 Out Match signal for FPGA

0 – Counter value does not equal the Match Register value.

1 – Counter value equals the Match Register value.

RTCPSMMATCH 1 Out Same signal as RTCMATCH. Signal must connect to RTCPSMMATCH in
VRPSM, as shown in Figure 2-27.

xt_mode[1:0]

RTCMATCH

RTCPSMMATCH

RTCCLK

ACM
Registers 

1.5 V to
3.3 V
Level
Shifter

Control Status

40-Bit Counter

Match Reg

MatchBits Reg

Counter Reg

Counter
Read-Hold Reg 

Real-Time Counter

Crystal Prescaler
FRTCCLK Divide by 128

xtal_en
RTCXTLSEL

RTCXTLMODE[1:0]
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Fusion Family of Mixed Signal FPGAs
FlashROM Characteristics

Figure 2-45 • FlashROM Architecture
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Figure 2-46 • FlashROM Timing Diagram

tSU

tHOLD
Address

A0

tCK2Q

D0 D0

A1

tSU

tHOLD

tCK2Q

D1

tSU

tHOLD

tCK2Q

Table 2-26 • FlashROM Access Time
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter  Description –2 –1 Std.  Units

tSU Address Setup Time 0.53 0.61 0.71  ns

tHOLD Address Hold Time 0.00 0.00 0.00  ns

tCK2Q Clock to Out 21.42 24.40 28.68  ns

FMAX Maximum Clock frequency 15.00 15.00 15.00 MHz
Revision 6 2-54



Device Architecture
Figure 2-64 • Analog Block Macro
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Device Architecture
Intra-Conversion

Injected Conversion

Note: *tCONV represents the conversion time of the second conversion. See EQ 23 on page 2-109 for calculation of the
conversion time, tCONV.

Figure 2-92 • Intra-Conversion Timing Diagram
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Note: *See EQ 23 on page 2-109 for calculation on the conversion time, tCONV.

Figure 2-93 • Injected Conversion Timing Diagram
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Fusion Family of Mixed Signal FPGAs
Table 2-50 • ADC Characteristics in Direct Input Mode 
Commercial Temperature Range Conditions, TJ = 85°C (unless noted otherwise),
Typical: VCC33A = 3.3 V, VCC = 1.5 V

Parameter Description Condition Min. Typ. Max. Units

Direct Input using Analog Pad AV, AC, AT

VINADC Input Voltage (Direct Input) Refer to Table 3-2 on
page 3-3

CINADC Input Capacitance Channel not selected 7 pF

Channel selected but not
sampling

8 pF

Channel selected and
sampling

18 pF

ZINADC Input Impedance 8-bit mode 2 k

10-bit mode 2 k

12-bit mode 2 k

Analog Reference Voltage VAREF

VAREF Accuracy TJ = 25°C 2.537 2.56 2.583 V

Temperature Drift of
Internal Reference

65 ppm / °C

External Reference 2.527 VCC33A + 0.05 V

ADC Accuracy (using external reference) 1,2

DC Accuracy

TUE Total Unadjusted Error 8-bit mode 0.29 LSB

10-bit mode 0.72 LSB

12-bit mode 1.8 LSB

INL Integral Non-Linearity 8-bit mode 0.20 0.25 LSB

10-bit mode 0.32 0.43 LSB

12-bit mode 1.71 1.80 LSB

DNL Differential Non-Linearity
(no missing code)

8-bit mode 0.20 0.24 LSB

10-bit mode 0.60 0.65 LSB

12-bit mode 2.40 2.48 LSB

Offset Error 8-bit mode 0.01 0.17 LSB

10-bit mode 0.05 0.20 LSB

12-bit mode 0.20 0.40 LSB

Gain Error 8-bit mode 0.0004 0.003 LSB

10-bit mode 0.002 0.011 LSB

12-bit mode 0.007 0.044 LSB

Gain Error (with internal
reference)

All modes 2 % FSR

Notes:

1. Accuracy of the external reference is 2.56 V ± 4.6 mV.
2. Data is based on characterization.

3. The sample rate is time-shared among active analog inputs.
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Fusion Family of Mixed Signal FPGAs
User I/Os

Introduction
Fusion devices feature a flexible I/O structure, supporting a range of mixed voltages (1.5 V, 1.8 V, 2.5 V,
and 3.3 V) through a bank-selectable voltage. Table 2-68, Table 2-69, Table 2-70, and Table 2-71 on
page 2-135 show the voltages and the compatible I/O standards. I/Os provide programmable slew rates,
drive strengths, weak pull-up, and weak pull-down circuits. 3.3 V PCI and 3.3 V PCI-X are 5 V–tolerant.
See the "5 V Input Tolerance" section on page 2-144 for possible implementations of 5 V tolerance. 

All I/Os are in a known state during power-up, and any power-up sequence is allowed without current
impact. Refer to the "I/O Power-Up and Supply Voltage Thresholds for Power-On Reset (Commercial
and Industrial)" section on page 3-5 for more information. In low power standby or sleep mode (VCC is
OFF, VCC33A is ON, VCCI is ON) or when the resource is not used, digital inputs are tristated, digital
outputs are tristated, and digital bibufs (input/output) are tristated.

I/O Tile

The Fusion I/O tile provides a flexible, programmable structure for implementing a large number of I/O
standards. In addition, the registers available in the I/O tile in selected I/O banks can be used to support
high-performance register inputs and outputs, with register enable if desired (Figure 2-99 on
page 2-133). The registers can also be used to support the JESD-79C DDR standard within the I/O
structure (see the "Double Data Rate (DDR) Support" section on page 2-139 for more information).

As depicted in Figure 2-100 on page 2-138, all I/O registers share one CLR port. The output register and
output enable register share one CLK port. Refer to the "I/O Registers" section on page 2-138 for more
information.

I/O Banks and I/O Standards Compatibility
The digital I/Os are grouped into I/O voltage banks. There are three digital I/O banks on the AFS090 and
AFS250 devices and four digital I/O banks on the AFS600 and AFS1500 devices. Figure 2-113 on
page 2-158 and Figure 2-114 on page 2-159 show the bank configuration by device. The north side of
the I/O in the AFS600 and AFS1500 devices comprises two banks of Pro I/Os. The Pro I/Os support a
wide number of voltage-referenced I/O standards in addition to the multitude of single-ended and
differential I/O standards common throughout all Microsemi digital I/Os. Each I/O voltage bank has
dedicated I/O supply and ground voltages (VCCI/GNDQ for input buffers and VCCI/GND for output
buffers). Because of these dedicated supplies, only I/Os with compatible standards can be assigned to
the same I/O voltage bank. Table 2-69 and Table 2-70 on page 2-134 show the required voltage
compatibility values for each of these voltages.

For more information about I/O and global assignments to I/O banks, refer to the specific pin table of the
device in the "Package Pin Assignments" on page 4-1 and the "User I/O Naming Convention" section on
page 2-158.

Each Pro I/O bank is divided into minibanks. Any user I/O in a VREF minibank (a minibank is the region
of scope of a VREF pin) can be configured as a VREF pin (Figure 2-99 on page 2-133). Only one VREF
pin is needed to control the entire VREF minibank. The location and scope of the VREF minibanks can
be determined by the I/O name. For details, see the "User I/O Naming Convention" section on
page 2-158.

Table 2-70 on page 2-134 shows the I/O standards supported by Fusion devices and the corresponding
voltage levels.

I/O standards are compatible if the following are true:

• Their VCCI values are identical.

• If both of the standards need a VREF, their VREF values must be identical (Pro I/O only).
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Fusion Family of Mixed Signal FPGAs
Solution 3
The board-level design must ensure that the reflected waveform at the pad does not exceed limits
provided in Table 3-4 on page 3-4. This is a long-term reliability requirement. 

This scheme will also work for a 3.3 V PCI/PCIX configuration, but the internal diode should not be used
for clamping, and the voltage must be limited by the bus switch, as shown in Figure 2-105. Relying on the
diode clamping would create an excessive pad DC voltage of 3.3 V + 0.7 V = 4 V.

Solution 4

Figure 2-105 • Solution 3

Figure 2-106 • Solution 4
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LVTTL/LVCMOS 3.3 V I/Os.
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IDTQS32X23

On-ChipOff-Chip

Solution 4

2.5 V On-Chip
Clamp
Diode

Requires one board resistor.
Available for LVCMOS 2.5 V / 5.0 V.

On-ChipOff-Chip

5.5 V 2.5 V

Fusion I/O Input

Rext1
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Device Architecture
Voltage Referenced I/O Characteristics
3.3 V GTL
Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier
input buffer and an open-drain output buffer. The VCCI pin should be connected to 3.3 V.  

Timing Characteristics  

Table 2-138 • Minimum and Maximum DC Input and Output Levels

3.3 V GTL VIL VIH VOL VOH IOL IOH IOSL IOSH IIL1 IIH2

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

20 mA3 –0.3 VREF – 0.05 VREF + 0.05 3.6 0.4 – 20 20 181 268 10 10

Notes:

1. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.
2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is

larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.

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

Figure 2-124 • AC Loading

Table 2-139 • AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) VTT (typ.) (V) CLOAD (pF)

VREF – 0.05 VREF + 0.05 0.8 0.8 1.2 10

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.

Test Point

10 pF

25GTL

VTT

Table 2-140 • 3.3 V GTL
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V, VREF = 0.8 V

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

 Std. 0.66 2.08 0.04 2.93 0.43 2.04 2.08 4.27 4.31 ns

 –1 0.56 1.77 0.04 2.50 0.36 1.73 1.77 3.63 3.67 ns

 –2 0.49 1.55 0.03 2.19 0.32 1.52 1.55 3.19 3.22 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Device Architecture
HSTL Class I
High-Speed Transceiver Logic is a general-purpose high-speed 1.5 V bus standard (EIA/JESD8-6).
Fusion devices support Class I. This provides a differential amplifier input buffer and a push-pull output
buffer.    

Timing Characteristics

Table 2-150 • Minimum and Maximum DC Input and Output Levels

HSTL 
Class I VIL VIH VOL VOH IOL IOH IOSL IOSH IIL1 IIH2

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

8 mA –0.3 VREF – 0.1 VREF + 0.1 3.6 0.4 VCCI – 0.4 8 8 39 32 10 10

Notes:

1. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.
2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is

larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.

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

Figure 2-128 • AC Loading

Table 2-151 • AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) VTT (typ.) (V) CLOAD (pF)

VREF – 0.1 VREF + 0.1 0.75 0.75 0.75 20

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.

Test Point
20 pF

50
HSTL
Class I

VTT

Table 2-152 • HSTL Class I
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 1.4 V, VREF = 0.75 V

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

 Std. 0.66 3.18 0.04 2.12 0.43 3.24 3.14 5.47 5.38 ns

 –1 0.56 2.70 0.04 1.81 0.36 2.75 2.67 4.66 4.58 ns

 –2 0.49 2.37 0.03 1.59 0.32 2.42 2.35 4.09 4.02 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Device Architecture
SSTL3 Class I
Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). Fusion devices support Class
I. This provides a differential amplifier input buffer and a push-pull output buffer.   

Timing Characteristics

Table 2-162 • Minimum and Maximum DC Input and Output Levels

SSTL3 Class I VIL VIH VOL VOH IOL IOH IOSL IOSH IIL1 IIH2

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

14 mA –0.3 VREF – 0.2 VREF + 0.2 3.6 0.7 VCCI – 1.1 14 14 54 51 10 10

Notes:

1. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.
2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is

larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.

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

Figure 2-132 • AC Loading

Table 2-163 • AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) VTT (typ.) (V) CLOAD (pF)

VREF – 0.2 VREF + 0.2 1.5 1.5 1.485 30

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.

Test Point

30 pF

50

25

SSTL3
Class I

VTT

Table 2-164 • SSTL3 Class I
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V, VREF = 1.5 V

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

 Std. 0.66 2.31 0.04 1.25 0.43 2.35 1.84 4.59 4.07 ns

 –1 0.56 1.96 0.04 1.06 0.36 2.00 1.56 3.90 3.46 ns

 –2 0.49 1.72 0.03 0.93 0.32 1.75 1.37 3.42 3.04 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Device Architecture
LVPECL
Low-Voltage Positive Emitter-Coupled Logic (LVPECL) is another differential I/O standard. It requires
that one data bit be carried through two signal lines. Like LVDS, two pins are needed. It also requires
external resistor termination. 

The full implementation of the LVDS transmitter and receiver is shown in an example in Figure 2-136.
The building blocks of the LVPECL transmitter–receiver are one transmitter macro, one receiver macro,
three board resistors at the transmitter end, and one resistor at the receiver end. The values for the three
driver resistors are different from those used in the LVDS implementation because the output standard
specifications are different.   

Timing Characteristics 

Figure 2-136 • LVPECL Circuit Diagram and Board-Level Implementation

Table 2-171 • Minimum and Maximum DC Input and Output Levels

DC Parameter Description Min. Max. Min. Max. Min. Max. Units

VCCI Supply Voltage 3.0  3.3  3.6 V

VOL Output Low Voltage  0.96  1.27  1.06  1.43  1.30  1.57 V

VOH Output High Voltage  1.8  2.11  1.92  2.28  2.13  2.41 V

VIL, VIH Input Low, Input High Voltages  0  3.6  0  3.6  0  3.6 V

VODIFF Differential Output Voltage  0.625  0.97  0.625  0.97  0.625  0.97 V

VOCM Output Common Mode Voltage  1.762  1.98  1.762  1.98  1.762  1.98 V

VICM Input Common Mode Voltage  1.01  2.57  1.01  2.57  1.01  2.57 V

VIDIFF Input Differential Voltage  300   300   300  mV

Table 2-172 • AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V)

1.64 1.94 Cross point –

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
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ZO = 50 
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100 

100 

+
–
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P

N

INBUF_LVPECL

OUTBUF_LVPECL
FPGA FPGA

Bourns Part Number: CAT16-PC4F12 

Table 2-173 • LVPECL
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V
Applicable to Pro I/Os

Speed Grade tDOUT tDP tDIN tPY Units

 Std. 0.66 2.14 0.04 1.63 ns

 –1 0.56 1.82 0.04 1.39 ns

 –2 0.49 1.60 0.03 1.22 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Device Architecture
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 2-183 and must satisfy the parallel resistance value requirement. The values in
Table 2-183 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.

Special Function Pins

NC No Connect

This pin is not connected to circuitry within the device. These pins can be driven to any voltage or can be
left floating with no effect on the operation of the device.

DC Don't Connect

This pin should not be connected to any signals on the PCB. These pins should be left unconnected.

NCAP Negative Capacitor

Negative Capacitor is where the negative terminal of the charge pump capacitor is connected. A
capacitor, with a 2.2 µF recommended value, is required to connect between PCAP and NCAP.

PCAP Positive Capacitor

Positive Capacitor is where the positive terminal of the charge pump capacitor is connected. A capacitor,
with a 2.2 µF recommended value, is required to connect between PCAP and NCAP.

PUB Push Button

Push button is the connection for the external momentary switch used to turn on the 1.5 V voltage
regulator and can be floating if not used.

PTBASE Pass Transistor Base

Pass Transistor Base is the control signal of the voltage regulator. This pin should be connected to the
base of the external pass transistor used with the 1.5 V internal voltage regulator and can be floating if
not used.

PTEM Pass Transistor Emitter

Pass Transistor Emitter is the feedback input of the voltage regulator.

This pin should be connected to the emitter of the external pass transistor used with the 1.5 V internal
voltage regulator and can be floating if not used.

XTAL1 Crystal Oscillator Circuit Input

Input to crystal oscillator circuit. Pin for connecting external crystal, ceramic resonator, RC network, or
external clock input. When using an external crystal or ceramic oscillator, external capacitors are also
recommended (Please refer to the crystal oscillator manufacturer for proper capacitor value).

If using external RC network or clock input, XTAL1 should be used and XTAL2 left unconnected. In the
case where the Crystal Oscillator block is not used, the XTAL1 pin should be connected to GND and the
XTAL2 pin should be left floating.
2-227 Revision 6



Fusion Family of Mixed Signal FPGAs
connected to the internal core logic I/O tile and the input, output, and control ports of an I/O buffer to
capture and load data into the register to control or observe the logic state of each I/O.

Figure 2-146 • Boundary Scan Chain in Fusion

Table 2-185 • Boundary Scan Opcodes

Hex Opcode

EXTEST 00

HIGHZ 07

USERCODE 0E

SAMPLE/PRELOAD 01

IDCODE 0F

CLAMP 05

BYPASS FF
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Instruction
Register

TAP
Controller

Test Data
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DC and Power Characteristics
Static Power Consumption of Various Internal Resources 

Power Calculation Methodology
This section describes a simplified method to estimate power consumption of an application. For more
accurate and detailed power estimations, use the SmartPower tool in the Libero SoC software.

The power calculation methodology described below uses the following variables:

• The number of PLLs as well as the number and the frequency of each output clock generated

• The number of combinatorial and sequential cells used in the design

• The internal clock frequencies

• The number and the standard of I/O pins used in the design

• The number of RAM blocks used in the design

• The number of NVM blocks used in the design

• The number of Analog Quads used in the design

• Toggle rates of I/O pins as well as VersaTiles—guidelines are provided in Table 3-16 on
page 3-27.

• Enable rates of output buffers—guidelines are provided for typical applications in Table 3-17 on
page 3-27.

• Read rate and write rate to the RAM—guidelines are provided for typical applications in
Table 3-17 on page 3-27. 

• Read rate to the NVM blocks

The calculation should be repeated for each clock domain defined in the design.

Table 3-15 • Different Components Contributing to the Static Power Consumption in Fusion Devices

Parameter Definition
Power 
Supply

Device-Specific Static Contributions

UnitsAFS1500 AFS600 AFS250 AFS090

PDC1 Core static power contribution in
operating mode

VCC 1.5 V 18 7.5 4.50 3.00 mW

PDC2 Device static power contribution in
standby mode

VCC33A 3.3 V 0.66 mW

PDC3 Device static power contribution in
sleep mode

VCC33A 3.3 V 0.03 mW

PDC4 NVM static power contribution VCC 1.5 V 1.19 mW

PDC5 Analog Block static power
contribution of ADC

VCC33A 3.3 V 8.25 mW

PDC6 Analog Block static power
contribution per Quad

VCC33A 3.3 V 3.3 mW

PDC7 Static contribution per input pin –
standard dependent contribution

VCCI See Table 3-12 on page 3-18

PDC8 Static contribution per input pin –
standard dependent contribution

VCCI See Table 3-13 on page 3-20

PDC9 Static contribution for PLL VCC 1.5 V 2.55 mW
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Package Pin Assignments
FG484

Note
For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.microsemi.com/soc/products/solutions/package/default.aspx.
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Fusion Family of Mixed Signal FPGAs
Revision 3
(continued)

The "RC Oscillator" section was revised to correct a sentence that did not
differentiate accuracy for commercial and industrial temperature ranges, which is
given in Table 2-9 • Electrical Characteristics of RC Oscillator (SAR 33722).

2-19

Figure 2-57 • FIFO Read and Figure 2-58 • FIFO Write are new (SAR 34840). 2-72

The first paragraph of the "Offset" section was removed; it was intended to be
replaced by the paragraph following it (SAR 22647).

2-95

IOL and IOH values for 3.3 V GTL+ and 2.5 V GTL+ were corrected in Table 2-86 •
Summary of Maximum and Minimum DC Input and Output Levels Applicable to
Commercial and Industrial Conditions (SAR 39813).

2-164

The drive strength, IOL, and IOH for 3.3 V GTL and 2.5 V GTL were changed from
25 mA to 20 mA in the following tables (SAR 37373):

Table 2-86 • Summary of Maximum and Minimum DC Input and Output Levels
Applicable to Commercial and Industrial Conditions, 

Table 2-92 • Summary of I/O Timing Characteristics – Software Default Settings

Table 2-96 • I/O Output Buffer Maximum Resistances 1

Table 2-138 • Minimum and Maximum DC Input and Output Levels

Table 2-141 • Minimum and Maximum DC Input and Output Levels

2-164

2-167

2-169

2-199

2-200

The following sentence was deleted from the "2.5 V LVCMOS" section (SAR 34800):
"It uses a 5 V–tolerant input buffer and push-pull output buffer."

2-181

Corrected the inadvertent error in maximum values for LVPECL VIH and VIL and
revised them to "3.6" in Table 2-171 • Minimum and Maximum DC Input and Output
Levels, making these consistent with Table 3-1 • Absolute Maximum Ratings, and
Table 3-4 • Overshoot and Undershoot Limits 1 (SAR 37687).

2-211

The maximum frequency for global clock parameter was removed from Table 2-5 •
AFS1500 Global Resource Timing through Table 2-8 • AFS090 Global Resource
Timing because a frequency on the global is only an indication of what the global
network can do. There are other limiters such as the SRAM, I/Os, and PLL.
SmartTime software should be used to determine the design frequency (SAR
36955).

2-16 to 
2-17

Revision 2
(March 2012)

The phrase "without debug" was removed from the "Soft ARM Cortex-M1 Fusion
Devices (M1)" section (SAR 21390).

I

The "In-System Programming (ISP) and Security" section, "Security" section, "Flash
Advantages" section, and "Security" section were revised to clarify that although no
existing security measures can give an absolute guarantee, Microsemi FPGAs
implement the best security available in the industry (SAR 34679).

I, 1-2, 
2-228

The Y security option and Licensed DPA Logo was added to the "Product Ordering
Codes" section. The trademarked Licensed DPA Logo identifies that a product is
covered by a DPA counter-measures license from Cryptography Research (SAR
34721).

III

The "Specifying I/O States During Programming" section is new (SAR 34693). 1-9

The following information was added before Figure 2-17 • XTLOSC Macro:

In the case where the Crystal Oscillator block is not used, the XTAL1 pin should be
connected to GND and the XTAL2 pin should be left floating (SAR 24119).

2-20

Table 2-12 • Fusion CCC/PLL Specification was updated. A note was added
indicating that when the CCC/PLL core is generated by Microsemi core generator
software, not all delay values of the specified delay increments are available (SAR
34814).

2-28
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Fusion Family of Mixed Signal FPGAs
v2.0, Revision 1
(continued)

The data in the 2.5 V LCMOS and LVCMOS 2.5 V / 5.0 V rows were updated in
Table 2-75 • Fusion Standard and Advanced I/O – Hot-Swap and 5 V Input Tolerance
Capabilities. 

2-143

In Table 2-78 • Fusion Standard I/O Standards—OUT_DRIVE Settings, LVCMOS
1.5 V, for OUT_DRIVE 2, was changed from a dash to a check mark.

2-152

The "VCC15A Analog Power Supply (1.5 V)" definition was changed from "A 1.5 V
analog power supply input should be used to provide this input" to "1.5 V clean
analog power supply input for use by the 1.5 V portion of the analog circuitry."

2-223

In the "VCC33PMP Analog Power Supply (3.3 V)" pin description, the following text
was changed from "VCC33PMP should be powered up before or simultaneously
with VCC33A" to "VCC33PMP should be powered up simultaneously with or after
VCC33A."

2-223

The "VCCOSC Oscillator Power Supply (3.3 V)" section was updated to include
information about when to power the pin.

2-223

In the "128-Bit AES Decryption" section, FIPS-192 was incorrect and changed to
FIPS-197.

2-228

The note in Table 2-84 • Fusion Standard and Advanced I/O Attributes vs. I/O
Standard Applications was updated.

2-156

For 1.5 V LVCMOS, the VIL and VIH parameters, 0.30 * VCCI was changed to 0.35 *
VCCI and 0.70 * VCCI was changed to 0.65 * VCCI in Table 2-86 • Summary of
Maximum and Minimum DC Input and Output Levels Applicable to Commercial and
Industrial Conditions, Table 2-87 • Summary of Maximum and Minimum DC Input
and Output Levels Applicable to Commercial and Industrial Conditions, and
Table 2-88 • Summary of Maximum and Minimum DC Input and Output Levels
Applicable to Commercial and Industrial Conditions. 

In Table 2-87 • Summary of Maximum and Minimum DC Input and Output Levels
Applicable to Commercial and Industrial Conditions, the VIH max column was
updated.

2-164 to 
2-165 

Table 2-89 • Summary of Maximum and Minimum DC Input Levels Applicable to
Commercial and Industrial Conditions was updated to include notes 3 and 4. The
temperature ranges were also updated in notes 1 and 2.

2-165

The titles in Table 2-92 • Summary of I/O Timing Characteristics – Software Default
Settings to Table 2-94 • Summary of I/O Timing Characteristics – Software Default
Settings were updated to "VCCI = I/O Standard Dependent."

2-167 to 
2-168

Below Table 2-98 • I/O Short Currents IOSH/IOSL, the paragraph was updated to
change 110°C to 100°C and three months was changed to six months.

2-172

Table 2-99 • Short Current Event Duration before Failure was updated to remove
110°C data. 

2-174

In Table 2-101 • I/O Input Rise Time, Fall Time, and Related I/O Reliability,
LVTTL/LVCMOS rows were changed from 110°C to 100°C.

2-174

VCC33PMP was added to Table 3-1 • Absolute Maximum Ratings. In addition,
conditions for AV, AC, AG, and AT were also updated.

3-1

VCC33PMP was added to Table 3-2 • Recommended Operating Conditions1. In
addition, conditions for AV, AC, AG, and AT were also updated.

3-3

Table 3-5 • FPGA Programming, Storage, and Operating Limits was updated to
include new data and the temperature ranges were changed. The notes were
removed from the table.

3-5
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Datasheet Information
Advance v1.0
(January 2008)

All Timing Characteristics tables were updated. For the Differential I/O Standards,
the Standard I/O support tables are new.

N/A

Table 2-3 • Array Coordinates was updated to change the max x and y values 2-9

Table 2-12 • Fusion CCC/PLL Specification was updated. 2-31

A note was added to Table 2-16 · RTC ACM Memory Map. 2-37

A reference to the Peripheral’s User’s Guide was added to the "Voltage Regulator
Power Supply Monitor (VRPSM)" section.

2-42

In Table 2-25 • Flash Memory Block Timing, the commercial conditions were
updated.

2-55

In Table 2-26 • FlashROM Access Time, the commercial conditions were missing
and have been added below the title of the table.

2-58

In Table 2-36 • Analog Block Pin Description, the function description was updated
for the ADCRESET.

2-82

In the "Voltage Monitor" section, the following sentence originally had ± 10% and it
was changed to +10%.

The Analog Quad inputs are tolerant up to 12 V + 10%. 

In addition, this statement was deleted from the datasheet:

Each I/O will draw power when connected to power (3 mA at 3 V).

2-86

The "Terminology" section is new. 2-88

The "Current Monitor" section was significantly updated. Figure 2-72 • Timing
Diagram for Current Monitor Strobe to Figure 2-74 • Negative Current Monitor and
Table 2-37 • Recommended Resistor for Different Current Range Measurement are
new.

2-90

The "ADC Description" section was updated to add the "Terminology" section. 2-93

In the "Gate Driver" section, 25 mA was changed to 20 mA and 1.5 MHz was
changed to 1.3 MHz. In addition, the following sentence was deleted:

The maximum AG pad switching frequency is 1.25 MHz.

2-94

The "Temperature Monitor" section was updated to rewrite most of the text and add
Figure 2-78, Figure 2-79, and Table 2-38 • Temperature Data Format. 

2-96

In Table 2-38 • Temperature Data Format, the temperature K column was changed
for 85°C from 538 to 358.

2-98

In Table 2-45 • ADC Interface Timing, "Typical-Case" was changed to "Worst-Case." 2-110

The "ADC Interface Timing" section is new. 2-110

Table 2-46 • Analog Channel Specifications was updated. 2-118

The "VCC15A Analog Power Supply (1.5 V)" section was updated. 2-224

The "VCCPLA/B PLL Supply Voltage" section is new. 2-225

In "VCCNVM Flash Memory Block Power Supply (1.5 V)" section, supply was
changed to supply input.

2-224

The "VCCPLA/B PLL Supply Voltage" pin description was updated to include the
following statement:

Actel recommends tying VCCPLX to VCC and using proper filtering circuits to
decouple VCC noise from PLL.

2-225

The "VCOMPLA/B Ground for West and East PLL" section was updated. 2-225

Revision Changes Page
5-9 Revision 6


