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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
Temperature Grade Offerings

Speed Grade and Temperature Grade Matrix

Contact your local Microsemi SoC Products Group representative for device availability:

http://www.microsemi.com/index.php?option=com_content&id=137&lang=en&view=article.

Cortex-M1, Pigeon Point, and MicroBlade Fusion Device 
Information
This datasheet provides information for all Fusion (AFS), Cortex-M1 (M1), Pigeon Point (P1), and MicroBlade (U1)
devices. The remainder of the document will only list the Fusion (AFS) devices. Please apply relevant information to
M1, P1, and U1 devices when appropriate. Please note the following:

• Cortex-M1 devices are offered in the same speed grades and packages as basic Fusion devices.

• Pigeon Point devices are only offered in –2 speed grade and FG484 and FG256 packages.

• MicroBlade devices are only offered in standard speed grade and the FG256 package.

Fusion Devices AFS090 AFS250 AFS600 AFS1500

ARM Cortex-M1 Devices M1AFS250 M1AFS600 M1AFS1500

Pigeon Point Devices P1AFS600 3 P1AFS1500 3

MicroBlade Devices U1AFS250 4 U1AFS600 4 U1AFS1500 4

QN108 5 C, I – – –

QN180 5 C, I C, I – –

PQ208 – C, I C, I –

FG256 C, I C, I C, I C, I

FG484 – – C, I C, I

FG676 – – – C, I

Notes:
1. C = Commercial Temperature Range: 0°C to 85°C Junction
2. I = Industrial Temperature Range: –40°C to 100°C Junction
3. Pigeon Point devices are only offered in FG484 and FG256.
4. MicroBlade devices are only offered in FG256.
5. Package not available.

Std.1 –1 –22

C3   

I4   

Notes:
1. MicroBlade devices are only offered in standard speed grade.
2. Pigeon Point devices are only offered in –2 speed grade.
3. C = Commercial Temperature Range: 0°C to 85°C Junction
4. I = Industrial Temperature Range: –40°C to 100°C Junction
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Fusion Device Family Overview
The FlashPoint tool in the Fusion development software solutions, Libero SoC and Designer, has
extensive support for flash memory blocks and FlashROM. One such feature is auto-generation of
sequential programming files for applications requiring a unique serial number in each part. Another
feature allows the inclusion of static data for system version control. Data for the FlashROM can be
generated quickly and easily using the Libero SoC and Designer software tools. Comprehensive
programming file support is also included to allow for easy programming of large numbers of parts with
differing FlashROM contents.

SRAM and FIFO
Fusion devices have embedded SRAM blocks along the north and south sides of the device. Each
variable-aspect-ratio SRAM block is 4,608 bits in size. Available memory configurations are 256×18,
512×9, 1k×4, 2k×2, and 4k×1 bits. The individual blocks have independent read and write ports that can
be configured with different bit widths on each port. For example, data can be written through a 4-bit port
and read as a single bitstream. The SRAM blocks can be initialized from the flash memory blocks or via
the device JTAG port (ROM emulation mode), using the UJTAG macro. 

In addition, every SRAM block has an embedded FIFO control unit. The control unit allows the SRAM
block to be configured as a synchronous FIFO without using additional core VersaTiles. The FIFO width
and depth are programmable. The FIFO also features programmable Almost Empty (AEMPTY) and
Almost Full (AFULL) flags in addition to the normal EMPTY and FULL flags. The embedded FIFO control
unit contains the counters necessary for the generation of the read and write address pointers. The
SRAM/FIFO blocks can be cascaded to create larger configurations.

Clock Resources

PLLs and Clock Conditioning Circuits (CCCs)
Fusion devices provide designers with very flexible clock conditioning capabilities. Each member of the
Fusion family contains six CCCs. In the two larger family members, two of these CCCs also include a
PLL; the smaller devices support one PLL.

The inputs of the CCC blocks are accessible from the FPGA core or from one of several inputs with
dedicated CCC block connections.

The CCC block has the following key features:

• Wide input frequency range (fIN_CCC) = 1.5 MHz to 350 MHz

• Output frequency range (fOUT_CCC) = 0.75 MHz to 350 MHz

• Clock phase adjustment via programmable and fixed delays from –6.275 ns to +8.75 ns

• Clock skew minimization (PLL)

• Clock frequency synthesis (PLL)

• On-chip analog clocking resources usable as inputs:

– 100 MHz on-chip RC oscillator

– Crystal oscillator

Additional CCC specifications:

• Internal phase shift = 0°, 90°, 180°, and 270° 

• Output duty cycle = 50% ± 1.5%

• Low output jitter. Samples of peak-to-peak period jitter when a single global network is used:

– 70 ps at 350 MHz

– 90 ps at 100 MHz

– 180 ps at 24 MHz

– Worst case < 2.5% × clock period

• Maximum acquisition time = 150 µs 

• Low power consumption of 5 mW
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Device Architecture
Global Resource Characteristics
AFS600 VersaNet Topology
Clock delays are device-specific. Figure 2-15 is an example of a global tree used for clock routing. The
global tree presented in Figure 2-15 is driven by a CCC located on the west side of the AFS600 device. It
is used to drive all D-flip-flops in the device. 

Figure 2-15 • Example of Global Tree Use in an AFS600 Device for Clock Routing

Central
Global Rib

VersaTile
Rows

Global Spine

CCC
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Fusion Family of Mixed Signal FPGAs
1.5 V Voltage Regulator
The 1.5 V voltage regulator uses an external pass transistor to generate 1.5 V from a 3.3 V supply. The
base of the pass transistor is tied to PTBASE, the collector is tied to 3.3 V, and an emitter is tied to
PTBASE and the 1.5 V supplies of the Fusion device. Figure 2-27 on page 2-31 shows the hook-up of
the 1.5 V voltage regulator to an external pass transistor.

Microsemi recommends using a PN2222A or 2N2222A transistor. The gain of such a transistor is
approximately 25, with a maximum base current of 20 mA. The maximum current that can be supported
is 0.5 A. Transistors with different gain can also be used for different current requirements.

Table 2-18 • Electrical Characteristics
VCC33A = 3.3 V

Symbol Parameter Condition Min Typical Max Units

VOUT Output Voltage Tj = 25ºC 1.425 1.5 1.575 V

ICC33A Operation Current Tj = 25ºC ILOAD = 1 mA

ILOAD = 100 mA

ILOAD = 0.5 A

 11

11

30

mA

mA

mA

VOUT Load Regulation Tj = 25ºC ILOAD = 1 mA to 0.5 A 90 mV

VOUT 

Line Regulation Tj = 25ºC VCC33A = 2.97 V to 3.63 V

ILOAD = 1 mA

VCC33A = 2.97 V to 3.63 V

ILOAD = 100 mA

VCC33A = 2.97 V to 3.63 V

ILOAD = 500 mA

10.6

12.1

10.6

mV/V

mV/V

mV/V

Dropout Voltage* Tj = 25ºC ILOAD = 1 mA

ILOAD = 100 mA

ILOAD = 0.5 A

0.63

0.84

1.35

V

V

V

IPTBASE PTBase Current Tj = 25ºC ILOAD = 1 mA

ILOAD = 100 mA

ILOAD = 0.5 A

 48

736

12 20

µA

µA

mA

Note: *Data collected with 2N2222A.
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Device Architecture
All flash memory block input signals are active high, except for RESET.

STATUS[1:0] 2 Out Status of the last operation completed:

00: Successful completion

01: Read-/Unprotect-Page: single error detected and corrected

Write: operation addressed a write-protected page
Erase-Page: protection violation
Program: Page Buffer is unmodified
Protection violation

10: Read-/Unprotect-Page: two or more errors detected

11: Write: attempt to write to another page before programming
current page

Erase-Page/Program: page write count has exceeded the 10-year
retention threshold

UNPROTECTPAGE 1 In When asserted, the page addressed is copied into the Page Buffer
and the Page Buffer is made writable.

WD[31:0] 32 In Write data

WEN 1 In When asserted, stores WD in the page buffer.

Table 2-19 • Flash Memory Block Pin Names  (continued)

Interface Name Width Direction Description
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Fusion Family of Mixed Signal FPGAs
Flash Memory Block Characteristics

Figure 2-44 • Reset Timing Diagram

Table 2-25 • Flash Memory Block Timing
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

 Parameter  Description –2 –1 Std. 
 

Units 

 tCLK2RD
Clock-to-Q in 5-cycle read mode of the Read Data 7.99 9.10 10.70  ns 

Clock-to-Q in 6-cycle read mode of the Read Data 5.03 5.73 6.74  ns 

 tCLK2BUSY 
Clock-to-Q in 5-cycle read mode of BUSY 4.95 5.63 6.62  ns 

Clock-to-Q in 6-cycle read mode of BUSY 4.45 5.07 5.96  ns 

tCLK2STATUS
Clock-to-Status in 5-cycle read mode 11.24 12.81 15.06  ns 

Clock-to-Status in 6-cycle read mode 4.48 5.10 6.00  ns 

 tDSUNVM Data Input Setup time for the Control Logic 1.92 2.19 2.57  ns 

 tDHNVM Data Input Hold time for the Control Logic 0.00 0.00 0.00  ns 

 tASUNVM Address Input Setup time for the Control Logic 2.76 3.14 3.69  ns 

 tAHNVM Address Input Hold time for the Control Logic 0.00 0.00 0.00  ns 

 tSUDWNVM Data Width Setup time for the Control Logic 1.85 2.11 2.48  ns 

 tHDDWNVM Data Width Hold time for the Control Logic 0.00 0.00 0.00  ns 

tSURENNVM Read Enable Setup time for the Control Logic 3.85 4.39 5.16  ns 

tHDRENNVM Read Enable Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUWENNVM Write Enable Setup time for the Control Logic 2.37 2.69 3.17  ns 

tHDWENNVM Write Enable Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUPROGNVM Program Setup time for the Control Logic 2.16 2.46 2.89  ns 

tHDPROGNVM Program Hold time for the Control Logic 0.00 0.00 0.00  ns 

tSUSPAREPAGE SparePage Setup time for the Control Logic 3.74 4.26 5.01  ns 

tHDSPAREPAGE SparePage Hold time for the Control Logic 0.00 0.00 0.00  ns 

tSUAUXBLK Auxiliary Block Setup Time for the Control Logic 3.74 4.26 5.00  ns 

tHDAUXBLK Auxiliary Block Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSURDNEXT ReadNext Setup Time for the Control Logic 2.17 2.47 2.90  ns 

tHDRDNEXT ReadNext Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUERASEPG Erase Page Setup Time for the Control Logic 3.76 4.28 5.03  ns 

tHDERASEPG Erase Page Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUUNPROTECTPG Unprotect Page Setup Time for the Control Logic 2.01 2.29 2.69  ns 

tHDUNPROTECTPG Unprotect Page Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUDISCARDPG Discard Page Setup Time for the Control Logic 1.88 2.14 2.52  ns 

tHDDISCARDPG Discard Page Hold Time for the Control Logic 0.00 0.00 0.00  ns 

tSUOVERWRPRO Overwrite Protect Setup Time for the Control Logic 1.64 1.86 2.19  ns 

tHDOVERWRPRO Overwrite Protect Hold Time for the Control Logic 0.00 0.00 0.00  ns 

CLK

RESET
Active Low, Asynchronous

 BUSY
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Fusion Family of Mixed Signal FPGAs
There are several popular ADC architectures, each with advantages and limitations. 
The analog-to-digital converter in Fusion devices is a switched-capacitor Successive Approximation
Register (SAR) ADC. It supports 8-, 10-, and 12-bit modes of operation with a cumulative sample rate up
to 600 k samples per second (ksps). Built-in bandgap circuitry offers 1% internal voltage reference
accuracy or an external reference voltage can be used.

As shown in Figure 2-81, a SAR ADC contains N capacitors with binary-weighted values.

To begin a conversion, all of the capacitors are quickly discharged. Then VIN is applied to all the
capacitors for a period of time (acquisition time) during which the capacitors are charged to a value very
close to VIN. Then all of the capacitors are switched to ground, and thus –VIN is applied across the
comparator. Now the conversion process begins. First, C is switched to VREF. Because of the binary
weighting of the capacitors, the voltage at the input of the comparator is then shown by EQ 11.

Voltage at input of comparator = –VIN + VREF / 2

EQ 11

If VIN is greater than VREF / 2, the output of the comparator is 1; otherwise, the comparator output is 0.
A register is clocked to retain this value as the MSB of the result. Next, if the MSB is 0, C is switched
back to ground; otherwise, it remains connected to VREF, and C / 2 is connected to VREF. The result at
the comparator input is now either –VIN + VREF / 4 or –VIN + 3 VREF / 4 (depending on the state of the
MSB), and the comparator output now indicates the value of the next most significant bit. This bit is
likewise registered, and the process continues for each subsequent bit until a conversion is completed.
The conversion process requires some acquisition time plus N + 1 ADC clock cycles to complete.

Figure 2-81 • Example SAR ADC Architecture

Comparator

C C / 2 C / 4 C / 2N–2 C / 2N–1

VREFVIN
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Fusion Family of Mixed Signal FPGAs
Temperature Monitor Using Analog Pad AT

External
Temperature
Monitor 
(external diode
2N3904, 
TJ = 25°C)4

Resolution 8-bit ADC 4 °C

10-bit ADC 1 °C

12-bit ADC 0.25 °C

Systematic Offset5 AFS090, AFS250, AFS600, 
AFS1500, uncalibrated7

5 °C

AFS090, AFS250, AFS600, 
AFS1500, calibrated7

±5 °C

Accuracy ±3 ±5 °C

External Sensor Source 
Current

High level, TMSTBx = 0 10 µA

Low level, TMSTBx = 1 100 µA

Max Capacitance on AT 
pad

1.3 nF

Internal
Temperature
Monitor

Resolution 8-bit ADC 4 °C

10-bit ADC 1 °C

12-bit ADC 0.25 °C

Systematic Offset5 AFS0907 5 °C

AFS250, AFS600, AFS15007 11 °C

Accuracy ±3 ±5 °C

tTMSHI Strobe High time 10 105 µs

tTMSLO Strobe Low time 5 µs

tTMSSET Settling time 5 µs

Table 2-49 • Analog Channel Specifications  (continued)
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

Notes:

1. VRSM is the maximum voltage drop across the current sense resistor.
2. Analog inputs used as digital inputs can tolerate the same voltage limits as the corresponding analog pad. There is no

reliability concern on digital inputs as long as VIND does not exceed these limits.

3. VIND is limited to VCC33A + 0.2 to allow reaching 10 MHz input frequency.

4. An averaging of 1,024 samples (LPF setting in Analog System Builder) is required and the maximum capacitance
allowed across the AT pins is 500 pF.

5. The temperature offset is a fixed positive value.

6. The high current mode has a maximum power limit of 20 mW. Appropriate current limit resistors must be used, based on
voltage on the pad.

7. When using SmartGen Analog System Builder, CalibIP is required to obtain specified offset. For further details on
CalibIP, refer to the "Temperature, Voltage, and Current Calibration in Fusion FPGAs" chapter of the Fusion FPGA
Fabric User Guide.
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Device Architecture
Similarly,

Min. Output Voltage = (Max. Negative input offset) + (Input Voltage x Max. Negative Channel Gain)

= (–88 mV) + (5 V x 0.96) = 4.712 V

Calculating Accuracy for a Calibrated Analog Channel

Formula

For a given prescaler range, EQ 31 gives the output voltage.

Output Voltage = Channel Error in V + Input Voltage

EQ 31

where

Channel Error in V = Total Channel Error in LSBs x Equivalent voltage per LSB

Example

Input Voltage = 5 V

Chosen Prescaler range = 8 V range

Refer to Table 2-52 on page 2-123.

Max. Output Voltage = Max. Positive Channel Error in V + Input Voltage

Max. Positive Channel Error in V = (6 LSB) × (8 mV per LSB in 10-bit mode) = 48 mV

Max. Output Voltage = 48 mV + 5 V = 5.048 V

Similarly,

Min. Output Voltage = Max. Negative Channel Error in V + Input Voltage = (–48 mV) + 5 V = 4.952 V

Calculating LSBs from a Given Error Budget

Formula

For a given prescaler range,

LSB count = ± (Input Voltage × Required % error) / (Equivalent voltage per LSB)

Example

Input Voltage = 3.3 V

Required error margin= 1%

Refer to Table 2-52 on page 2-123.

Equivalent voltage per LSB = 16 mV for a 16V prescaler, with ADC in 10-bit mode

LSB Count = ± (5.0 V × 1%) / (0.016)

LSB Count = ± 3.125

Equivalent voltage per LSB = 8 mV for an 8 V prescaler, with ADC in 10-bit mode

LSB Count = ± (5.0 V × 1%) / (0.008)

LSB Count = ± 6.25

The 8 V prescaler satisfies the calculated LSB count accuracy requirement (see Table 2-52 on
page 2-123).
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Device Architecture
ACM Characteristics1

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

81 MATCHBITS1 Individual match bits 15:8 RTC

82 MATCHBITS2 Individual match bits 23:16 RTC

83 MATCHBITS3 Individual match bits 31:24 RTC

84 MATCHBITS4 Individual match bits 39:32 RTC

88 CTRL_STAT Control (write) / Status (read) register bits 
7:0

RTC

Note: ACMADDR bytes 1 to 40 pertain to the Analog Quads; bytes 64 to 89 pertain to the RTC.

Table 2-54 • ACM Address Decode Table for Analog Quad (continued)

ACMADDR [7:0] in 
Decimal Name Description

Associated 
Peripheral

1. When addressing the RTC addresses (i.e., ACMADDR 64 to 89), there is no timing generator, and the rc_osc, byte_en, and
aq_wen signals have no impact.

Figure 2-97 • ACM Write Waveform

Figure 2-98 • ACM Read Waveform

D1

A1

tSUEACM tHEACM

tSUDACM tHDACM

tSUAACM tHAACM

A0

D0

ACMCLK

ACMWEN

ACMWDATA

ACMADDRESS

A0 A1

RD0 RD1

tMPWCLKACM

tCLKQACM

ACMCLK

ACMADDRESS

ACMRDATA
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Device Architecture
Selectable Skew between Output Buffer Enable/Disable Time
The configurable skew block is used to delay the output buffer assertion (enable) without affecting
deassertion (disable) time.

Figure 2-107 • Block Diagram of Output Enable Path

Figure 2-108 • Timing Diagram (option1: bypasses skew circuit)

Figure 2-109 • Timing Diagram (option 2: enables skew circuit)

 ENABLE (OUT)

Skew Circuit

Output Enable
(from FPGA core) 

I/O Output
Buffers 

ENABLE (IN)

 MUX

 Skew Select

ENABLE (IN)

ENABLE (OUT)

Less than
0.1 ns 

Less than
0.1 ns 

ENABLE (IN)

ENABLE (OUT)

1.2 ns
(typical)

Less than
0.1 ns 
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Device Architecture
Table 2-81 • Fusion Pro I/O Default Attributes

I/O Standards
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LVTTL/LVCMO
S 3.3 V

Refer to the following 
tables for more 
information:

Table 2-78 on page 2-152

Table 2-79 on page 2-152

Table 2-80 on page 2-152 

Refer to the following 
tables for more 
information:

Table 2-78 on page 2-152

Table 2-79 on page 2-152

Table 2-80 on page 2-152 

Off None 35 pF – Off 0 Off

LVCMOS 2.5 V Off None 35 pF – Off 0 Off

LVCMOS
2.5/5.0 V

Off None 35 pF – Off 0 Off

LVCMOS 1.8 V Off None 35 pF – Off 0 Off

LVCMOS 1.5 V Off None 35 pF – Off 0 Off

PCI (3.3 V) Off None 10 pF – Off 0 Off

PCI-X (3.3 V) Off None 10 pF – Off 0 Off

GTL+ (3.3 V) Off None 10 pF – Off 0 Off

GTL+ (2.5 V) Off None 10 pF – Off 0 Off

GTL (3.3 V) Off None 10 pF – Off 0 Off

GTL (2.5 V) Off None 10 pF – Off 0 Off

HSTL Class I Off None 20 pF – Off 0 Off

HSTL Class II Off None 20 pF – Off 0 Off

SSTL2
Class I and II

Off None 30 pF – Off 0 Off

SSTL3
Class I and II

Off None 30 pF – Off 0 Off

LVDS, BLVDS,
M-LVDS

Off None 0 pF – Off 0 Off

LVPECL Off None 0 pF – Off 0 Off
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Device Architecture
Table 2-121 • 1.8 V LVCMOS High Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 1.7 V
Applicable to Pro I/Os

Drive 
Strength

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

 
Units

2 mA  Std. 0.66 12.10 0.04 1.45 1.91 0.43 9.59 12.10 2.78 1.64 11.83 14.34  ns 

 –1 0.56 10.30 0.04 1.23 1.62 0.36 8.16 10.30 2.37 1.39 10.06 12.20  ns 

 –2 0.49 9.04 0.03 1.08 1.42 0.32 7.16 9.04 2.08 1.22 8.83 10.71  ns 

4 mA  Std. 0.66 7.05 0.04 1.45 1.91 0.43 6.20 7.05 3.25 2.86 8.44 9.29  ns 

 –1 0.56 6.00 0.04 1.23 1.62 0.36 5.28 6.00 2.76 2.44 7.18 7.90  ns 

 –2 0.49 5.27 0.03 1.08 1.42 0.32 4.63 5.27 2.43 2.14 6.30 6.94  ns 

8 mA  Std. 0.66 4.52 0.04 1.45 1.91 0.43 4.47 4.52 3.57 3.47 6.70 6.76  ns 

 –1 0.56 3.85 0.04 1.23 1.62 0.36 3.80 3.85 3.04 2.95 5.70 5.75  ns 

 –2 0.49 3.38 0.03 1.08 1.42 0.32 3.33 3.38 2.66 2.59 5.00 5.05  ns 

12 mA  Std. 0.66 4.12 0.04 1.45 1.91 0.43 4.20 3.99 3.63 3.62 6.43 6.23  ns 

 –1 0.56 3.51 0.04 1.23 1.62 0.36 3.57 3.40 3.09 3.08 5.47 5.30  ns 

 –2 0.49 3.08 0.03 1.08 1.42 0.32 3.14 2.98 2.71 2.71 4.81 4.65  ns 

16 mA  Std. 0.66 3.80 0.04 1.45 1.91 0.43 3.87 3.09 3.73 4.24 6.10 5.32  ns 

 –1 0.56 3.23 0.04 1.23 1.62 0.36 3.29 2.63 3.18 3.60 5.19 4.53  ns 

 –2 0.49 2.83 0.03 1.08 1.42 0.32 2.89 2.31 2.79 3.16 4.56 3.98  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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Fusion Family of Mixed Signal FPGAs
2.5 V GTL+
Gunning Transceiver Logic Plus 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 2.5 V.  

Timing Characteristics 

Table 2-147 • Minimum and Maximum DC Input and Output Levels

2.5 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

33 mA –0.3 VREF – 0.1 VREF + 0.1 3.6 0.6 – 33 33 124 169 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 2-127 • AC Loading

Table 2-148 • 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 1.0 1.0 1.5 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 2-149 • 2.5 V GTL+
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V,
Worst-Case VCCI = 2.3 V, VREF = 1.0 V

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

 Std. 0.66 2.21 0.04 1.51 0.43 2.25 2.10 4.48 4.34 ns

 –1 0.56 1.88 0.04 1.29 0.36 1.91 1.79 3.81 3.69 ns

 –2 0.49 1.65 0.03 1.13 0.32 1.68 1.57 3.35 4.34 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
DDR Module Specifications
Input DDR Module

Figure 2-142 • Input DDR Timing Model

Table 2-179 • Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (from, to)

tDDRICLKQ1 Clock-to-Out Out_QR B, D

tDDRICLKQ2 Clock-to-Out Out_QF B, E

tDDRISUD Data Setup Time of DDR Input A, B

tDDRIHD Data Hold Time of DDR Input A, B

tDDRICLR2Q1 Clear-to-Out Out_QR C, D

tDDRICLR2Q2 Clear-to-Out Out_QF C, E

tDDRIREMCLR Clear Removal C, B

tDDRIRECCLR Clear Recovery C, B

Input DDR

Data

CLK

CLKBUF

INBUF

Out_QF
(to core)

FF2

FF1

INBUF

CLR

DDR_IN

E

A

B

C

D

Out_QR
(to core)
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DC and Power Characteristics
I/O Power-Up and Supply Voltage Thresholds for Power-On Reset 
(Commercial and Industrial)
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 3-6. 

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 3-6
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.  

Table 3-5 • FPGA Programming, Storage, and Operating Limits

Product 
Grade

Storage 
Temperature Element

Grade Programming 
Cycles Retention

Commercial Min. TJ = 0°C FPGA/FlashROM 500 20 years

Max. TJ = 85°C Embedded Flash < 1,000 20 years

< 10,000 10 years

< 15,000 5 years

Industrial Min. TJ = –40°C FPGA/FlashROM 500 20 years

Max. TJ = 100°C Embedded Flash < 1,000 20 years

< 10,000 10 years

< 15,000 5 years
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Fusion Family of Mixed Signal FPGAs
Power per I/O Pin

Table 3-12 • Summary of I/O Input Buffer Power (per pin)—Default I/O Software Settings 

VCCI (V) 
Static Power
PDC7 (mW)1 

Dynamic Power
PAC9 (µW/MHz)2

Applicable to Pro I/O Banks

Single-Ended 

3.3 V LVTTL/LVCMOS  3.3 – 17.39

3.3 V LVTTL/LVCMOS – Schmitt trigger  3.3 – 25.51 

2.5 V LVCMOS  2.5 – 5.76

2.5 V LVCMOS – Schmitt trigger  2.5 – 7.16

1.8 V LVCMOS  1.8 – 2.72

1.8 V LVCMOS – Schmitt trigger  1.8 – 2.80

1.5 V LVCMOS (JESD8-11)  1.5 – 2.08

1.5 V LVCMOS (JESD8-11) – Schmitt trigger  1.5 – 2.00

3.3 V PCI  3.3 – 18.82

3.3 V PCI – Schmitt trigger  3.3 – 20.12

3.3 V PCI-X  3.3 – 18.82

3.3 V PCI-X – Schmitt trigger  3.3 – 20.12

Voltage-Referenced 

3.3 V GTL 3.3 2.90 8.23

2.5 V GTL 2.5 2.13 4.78

3.3 V GTL+ 3.3 2.81 4.14

2.5 V GTL+ 2.5 2.57 3.71

HSTL (I) 1.5 0.17 2.03

HSTL (II) 1.5 0.17 2.03

SSTL2 (I) 2.5 1.38 4.48

SSTL2 (II) 2.5 1.38 4.48

SSTL3 (I) 3.3 3.21 9.26

SSTL3 (II) 3.3 3.21 9.26

Differential

LVDS 2.5 2.26 1.50

LVPECL 3.3 5.71 2.17

Notes:

1. PDC7 is the static power (where applicable) measured on VCCI.
2. PAC9 is the total dynamic power measured on VCC and VCCI.
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Fusion Family of Mixed Signal FPGAs
P21 IO51PDB2V0 IO73PDB2V0

P22 IO49NDB2V0 IO71NDB2V0

R1 IO69PDB4V0 IO102PDB4V0

R2 IO69NDB4V0 IO102NDB4V0

R3 VCCIB4 VCCIB4

R4 IO64PDB4V0 IO91PDB4V0

R5 IO64NDB4V0 IO91NDB4V0

R6 NC IO92PDB4V0

R7 GND GND

R8 GND GND

R9 VCC33A VCC33A

R10 GNDA GNDA

R11 VCC33A VCC33A

R12 GNDA GNDA

R13 VCC33A VCC33A

R14 GNDA GNDA

R15 VCC VCC

R16 GND GND

R17 NC IO74NDB2V0

R18 GDA0/IO54NDB2V0 GDA0/IO81NDB2V0

R19 GDB0/IO53NDB2V0 GDB0/IO80NDB2V0

R20 VCCIB2 VCCIB2

R21 IO50NDB2V0 IO75NDB2V0

R22 IO50PDB2V0 IO75PDB2V0

T1 NC IO100PPB4V0

T2 GND GND

T3 IO66PDB4V0 IO95PDB4V0

T4 IO66NDB4V0 IO95NDB4V0

T5 VCCIB4 VCCIB4

T6 NC IO92NDB4V0

T7 GNDNVM GNDNVM

T8 GNDA GNDA

T9 NC NC

T10 AV4 AV4

T11 NC NC

FG484

Pin 
Number AFS600 Function AFS1500 Function

T12 AV5 AV5

T13 AC5 AC5

T14 NC NC

T15 GNDA GNDA

T16 NC IO77PPB2V0

T17 NC IO74PDB2V0

T18 VCCIB2 VCCIB2

T19 IO55NDB2V0 IO82NDB2V0

T20 GDA2/IO55PDB2V0 GDA2/IO82PDB2V0

T21 GND GND

T22 GDC1/IO52PDB2V0 GDC1/IO79PDB2V0

U1 IO67PDB4V0 IO98PDB4V0

U2 IO67NDB4V0 IO98NDB4V0

U3 GEC1/IO63PDB4V0 GEC1/IO90PDB4V0

U4 GEC0/IO63NDB4V0 GEC0/IO90NDB4V0

U5 GND GND

U6 VCCNVM VCCNVM

U7 VCCIB4 VCCIB4

U8 VCC15A VCC15A

U9 GNDA GNDA

U10 AC4 AC4

U11 VCC33A VCC33A

U12 GNDA GNDA

U13 AG5 AG5

U14 GNDA GNDA

U15 PUB PUB

U16 VCCIB2 VCCIB2

U17 TDI TDI

U18 GND GND

U19 IO57NDB2V0 IO84NDB2V0

U20 GDC2/IO57PDB2V0 GDC2/IO84PDB2V0

U21 NC IO77NPB2V0

U22 GDC0/IO52NDB2V0 GDC0/IO79NDB2V0

V1 GEB1/IO62PDB4V0 GEB1/IO89PDB4V0

V2 GEB0/IO62NDB4V0 GEB0/IO89NDB4V0

FG484

Pin 
Number AFS600 Function AFS1500 Function
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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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