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Extended Temperature Fusion Family of Mixed Signal FPGAs
diode. In addition to the external temperature monitor diode(s), a Fusion device can monitor an internal
temperature diode using dedicated channel 31 of the ADC MUX. 

Figure 1-1 on page 1-5 illustrates a typical use of the Analog Quad I/O structure. The Analog Quad
shown is configured to monitor and control an external power supply. The AV pad measures the source
of the power supply. The AC pad measures the voltage drop across an external sense resistor to
calculate current. The AG MOSFET gate driver pad turns the external MOSFET on and off. The AT pad
measures the load-side voltage level. 

Embedded Memories

Flash Memory Blocks

The flash memory available in each Fusion device is composed of two to four flash blocks, each 2 Mbits
in density. Each block operates independently with a dedicated flash controller and interface. Fusion
flash memory blocks combine fast access times (60 ns random access and 10 ns access in Read-Ahead
mode) with a configurable 8-, 16-, or 32-bit datapath, enabling high-speed flash operation without wait
states. The memory block is organized in pages and sectors. Each page has 128 bytes, with 33 pages
comprising one sector and 64 sectors per block. The flash block can support multiple partitions. The only
constraint on size is that partition boundaries must coincide with page boundaries. The flexibility and
granularity enable many use models and allow added granularity in programming updates. 

Fusion devices support two methods of external access to the flash memory blocks. The first method is a
serial interface that features a built-in JTAG-compliant port, which allows in-system programmability
during user or monitor/test modes. This serial interface supports programming of an AES-encrypted
stream. Secure data can be passed through the JTAG interface, decrypted, and then programmed in the
flash block. The second method is a soft parallel interface. 

Figure 1-1 • Analog Quad
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Fusion Device Family Overview
FPGA logic or an on-chip soft microprocessor can access flash memory through the parallel interface.
Since the flash parallel interface is implemented in the FPGA fabric, it can potentially be customized to
meet special user requirements. For more information, refer to the CoreCFI Handbook. The flash
memory parallel interface provides configurable byte-wide (×8), word-wide (×16), or dual-word-wide
(×32) data port options. Through the programmable flash parallel interface, the on-chip and off-chip
memories can be cascaded for wider or deeper configurations. 

The flash memory has built-in security. The user can configure either the entire flash block or the small
blocks to prevent unintentional or intrusive attempts to change or destroy the storage contents. Each on-
chip flash memory block has a dedicated controller, enabling each block to operate independently.

The flash block logic consists of the following sub-blocks:

• Flash block – Contains all stored data. The flash block contains 64 sectors and each sector
contains 33 pages of data.

• Page Buffer – Contains the contents of the current page being modified. A page contains 8 blocks
of data.

• Block Buffer – Contains the contents of the last block accessed. A block contains 128 data bits.

• ECC Logic – The flash memory stores error correction information with each block to perform
single-bit error correction and double-bit error detection on all data blocks.

User Nonvolatile FlashROM
In addition to the flash blocks, Fusion devices have 1 Kbit of user-accessible, nonvolatile FlashROM on-
chip. The FlashROM is organized as 8×128-bit pages. The FlashROM can be used in diverse system
applications:

• Internet protocol addressing (wireless or fixed)

• System calibration settings

• Device serialization and/or inventory control

• Subscription-based business models (for example, set-top boxes)

• Secure key storage for secure communications algorithms

• Asset management/tracking

• Date stamping

• Version management

The FlashROM is written using the standard IEEE 1532 JTAG programming interface. Pages can be
individually programmed (erased and written). On-chip AES decryption can be used selectively over
public networks to securely load data such as security keys stored in the FlashROM for a user design. 

The FlashROM can be programmed (erased and written) via the JTAG programming interface, and its
contents can be read back either through the JTAG programming interface or via direct FPGA core
addressing.

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
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2 – Device Architecture

Fusion Stack Architecture
To manage the unprecedented level of integration in Fusion devices, Microsemi developed the Fusion
technology stack (Figure 2-1). This layered model offers a flexible design environment, enabling design
at very high and very low levels of abstraction. Fusion peripherals include hard analog IP and hard and
soft digital IP. Peripherals communicate across the FPGA fabric via a layer of soft gates—the Fusion
backbone. Much more than a common bus interface, this Fusion backbone integrates a micro-sequencer
within the FPGA fabric and configures the individual peripherals and supports low-level processing of
peripheral data. Fusion applets are application building blocks that can control and respond to
peripherals and other system signals. Applets can be rapidly combined to create large applications. The
technology is scalable across devices, families, design types, and user expertise, and supports a well-
defined interface for external IP and tool integration.

At the lowest level, Level 0, are Fusion peripherals. These are configurable functional blocks that can be
hardwired structures such as a PLL or analog input channel, or soft (FPGA gate) blocks such as a UART
or two-wire serial interface. The Fusion peripherals are configurable and support a standard interface to
facilitate communication and implementation.

Connecting and controlling access to the peripherals is the Fusion backbone, Level 1. The backbone is a
soft-gate structure, scalable to any number of peripherals. The backbone is a bus and much more; it
manages peripheral configuration to ensure proper operation. Leveraging the common peripheral
interface and a low-level state machine, the backbone efficiently offloads peripheral management from
the system design. The backbone can set and clear flags based upon peripheral behavior and can define
performance criteria. The flexibility of the stack enables a designer to configure the silicon, directly
bypassing the backbone if that level of control is desired.

One step up from the backbone is the Fusion applet, Level 2. The applet is an application building block
that implements a specific function in FPGA gates. It can react to stimuli and board-level events coming
through the backbone or from other sources, and responds to these stimuli by accessing and
manipulating peripherals via the backbone or initiating some other action. An applet controls or responds
to the peripheral(s). Applets can be easily imported or exported from the design environment. The applet
structure is open and well-defined, enabling users to import applets from Microsemi, system developers,
third parties, and user groups.

Note: Levels 1, 2, and 3 are implemented in FPGA logic gates.

Figure 2-1 • Fusion Architecture Stack
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Timing Characteristics

Sample VersaTile Specifications—Sequential Module
The Fusion library offers a wide variety of sequential cells, including flip-flops and latches. Each has a
data input and optional enable, clear, or preset. In this section, timing characteristics are presented for a
representative sample from the library (Figure 2-5). For more details, refer to the IGLOO, ProASIC3,
SmartFusion, and Fusion Macro Library Guide.

Table 2-1 • Combinatorial Cell Propagation Delays
Extended Temperature Range Conditions: TJ = 100°C, Worst-Case VCC = 1.425 V

Combinatorial Cell Equation Parameter –2 –1 Std. Units

INV Y = !A tPD 0.41 0.47 0.55 ns

AND2 Y = A · B tPD 0.49 0.55 0.65 ns

NAND2 Y = !(A · B) tPD 0.49 0.55 0.65 ns

OR2 Y = A + B tPD 0.50 0.57 0.67 ns

NOR2 Y = !(A + B) tPD 0.50 0.57 0.67 ns

XOR2 Y = A B tPD 0.76 0.87 1.02 ns

MAJ3 Y = MAJ(A, B, C) tPD 0.72 0.82 0.96 ns

XOR3 Y = A  B C tPD 0.90 1.03 1.21 ns

MUX2 Y = A !S + B S tPD 0.52 0.60 0.70 ns

AND3 Y = A · B · C tPD 0.58 0.66 0.77 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to
Table 3-7 on page 3-10.

Figure 2-5 • Sample of Sequential Cells
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Global Resources (VersaNets)
Fusion devices offer powerful and flexible control of circuit timing through the use of analog circuitry.
Each chip has six CCCs. The west CCC also contains a PLL core. In the AFS600 and AFS1500, the
west and the east CCCs each contain a PLL. The PLLs include delay lines, a phase shifter (0°, 90°, 180°,
270°), and clock multipliers/dividers. Each CCC has all the circuitry needed for the selection and
interconnection of inputs to the VersaNet global network. The east and west CCCs each have access to
three VersaNet global lines on each side of the chip (six lines total). The CCCs at the four corners each
have access to three quadrant global lines on each quadrant of the chip.

Advantages of the VersaNet Approach
One of the architectural benefits of Fusion is the set of powerful and low-delay VersaNet global networks.
Fusion offers six chip (main) global networks that are distributed from the center of the FPGA array
(Figure 2-11). In addition, Fusion devices have three regional globals (quadrant globals) in each of the
four chip quadrants. Each core VersaTile has access to nine global network resources: three quadrant
and six chip (main) global networks. There are a total of 18 global networks on the device. Each of these
networks contains spines and ribs that reach all VersaTiles in all quadrants (Figure 2-12 on page 2-12).
This flexible VersaNet global network architecture allows users to map up to 180 different
internal/external clocks in a Fusion device. Details on the VersaNet networks are given in Table 2-4 on
page 2-12. The flexibility of the Fusion VersaNet global network allows the designer to address several
design requirements. User applications that are clock-resource-intensive can easily route external or
gated internal clocks using VersaNet global routing networks. Designers can also drastically reduce
delay penalties and minimize resource usage by mapping critical, high-fanout nets to the VersaNet global
network.

Figure 2-11 • Overview of Fusion VersaNet Global Network 
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Device Architecture
Example: Calculation for Match Count
To put the Fusion device on standby for one hour using an external crystal of 32.768 KHz:

The period of the crystal oscillator is Tcrystal:

Tcrystal = 1 / 32.768 KHz = 30.518 µs

The period of the counter is Tcounter:

Tcounter = 30.518 us X 128 = 3.90625 ms

The Match Count for 1 hour is tmatch:

tmatch / Tcounter = (1 hr X 60 min/hr X 60 sec/min) / 3.90625 ms = 921600 or 0xE1000

Using a 32.768 KHz crystal, the maximum standby time of the 40-bit counter is 4,294,967,296 seconds,
which is 136 years.

Table 2-14 • Memory Map for RTC in ACM Register and Description

ACMADDR Register Name Description Use
Default 
Value

0x40 COUNTER0 Counter bits 7:0 Used to preload the counter to
a specified start point.

0x00

0x41 COUNTER1 Counter bits 15:8 0x00

0x42 COUNTER2 Counter bits 23:16 0x00

0x43 COUNTER3 Counter bits 31:24 0x00

0x44 COUNTER4 Counter bits 39:32 0x00

0x48 MATCHREG0 Match register bits 7:0 The RTC comparison bits 0x00

0x49 MATCHREG1 Match register bits 15:8 0x00

0x4A MATCHREG2 Match register bits 23:16 0x00

0x4B MATCHREG3 Match register bits 31:24 0x00

0x4C MATCHREG4 Match register bits 39:32 0x00

0x50 MATCHBIT0 Individual match bits 7:0 The output of the XNOR gates

0 – Not matched

1 – Matched

0x00

0x51 MATCHBIT1 Individual match bits 15:8 0x00

0x52 MATCHBIT2 Individual match bits 23:16 0x00

0x53 MATCHBIT3 Individual match bits 31:24 0x00

0x54 MATCHBIT4 Individual match bits 29:32 0x00

0x58 CTRL_STAT Control (write/read) / Status
(read only) register bits

Refer to Table 2-15 on 
page 2-35 for details.

0x00
2-34 Revision 2



Device Architecture
Program Operation
A Program operation is initiated by asserting the PROGRAM signal on the interface. Program operations
save the contents of the Page Buffer to the FB Array. Due to the technologies inherent in the FB, a
program operation is a time consuming operation (~8 ms). While the FB is writing the data to the array,
the BUSY signal will be asserted. 

During a Program operation, the sector and page addresses on ADDR are compared with the stored
address for the page (and sector) in the Page Buffer. If there is a mismatch between the two addresses,
the Program operation will be aborted and an error will be reported on the STATUS output.

It is possible to write the Page Buffer to a different page in memory. When asserting the PROGRAM pin,
if OVERWRITEPAGE is asserted as well, the FB will write the contents of the Page Buffer to the sector
and page designated on the ADDR inputs if the destination page is not Overwrite Protected.

A Program operation can be utilized to either modify the contents of the page in the flash memory block or
change the protections for the page. Setting the OVERWRITEPROTECT bit on the interface while
asserting the PROGRAM pin will put the page addressed into Overwrite Protect Mode. Overwrite Protect
Mode safeguards a page from being inadvertently overwritten during subsequent Program or Erase
operations. 

Program operations that result in a STATUS value of '01' do not modify the addressed page. For all other
values of STATUS, the addressed page is modified.

Program errors include the following:

1. Attempting to program a page that is Overwrite Protected (STATUS = '01')

2. Attempting to program a page that is not in the Page Buffer when the Page Buffer has entered
Page Loss Protection Mode (STATUS = '01')

3. Attempting to perform a program with OVERWRITEPAGE set when the page addressed has
been Overwrite Protected (STATUS = '01')

4. The Write Count of the page programmed exceeding the Write Threshold defined in the part
specification (STATUS = '11')

5. The ECC Logic determining that there is an uncorrectable error within the programmed page
(STATUS = '10')

6. Attempting to program a page that is not in the Page Buffer when OVERWRITEPAGE is not set
and the page in the Page Buffer is modified (STATUS = '01')

7. Attempting to program the page in the Page Buffer when the Page Buffer is not modified

The waveform for a Program operation is shown in Figure 2-36.

Note: OVERWRITEPAGE is only sampled when the PROGRAM or ERASEPAGE pins are asserted.
OVERWRITEPAGE is ignored in all other operations.

Figure 2-36 • FB Program Waveform
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Extended Temperature Fusion Family of Mixed Signal FPGAs
To initiate a current measurement, the appropriate Current Monitor Strobe (CMSTB) signal on the AB
macro must be asserted low for at least tCMSLO in order to discharge the previous measurement. Then
CMSTB must be asserted high for at least tCMSET prior to asserting the ADCSTART signal. The CMSTB
must remain high until after the SAMPLE signal is deasserted by the AB macro. Note that the minimum
sample time cannot be less than tCMSHI. Figure 2-70 shows the timing diagram of CMSTB in relationship
with the ADC control signals.  

Figure 2-71 on page 2-88 illustrates positive current monitor operation. The differential voltage between
AV and AC goes into the 10× amplifier and is then converted by the ADC. For example, a current of 1.5 A
is drawn from a 10 V supply and is measured by the voltage drop across a 0.050  sense resistor, The
voltage drop is amplified by ten times by the amplifier and then measured by the ADC. The 1.5 A current
creates a differential voltage across the sense resistor of 75 mV. This becomes 750 mV after
amplification. Thus, the ADC measures a current of 1.5 A as 750 mV. Using an ADC with 8-bit resolution
and VAREF of 2.56 V, the ADC result is decimal 75. EQ 3 shows how to compute the current from the
ADC result.

EQ 3

where

I is the current flowing through the sense resistor

ADC is the result from the ADC

VAREF is the Reference voltage

N is the number of bits

Rsense is the resistance of the sense resistor

Figure 2-70 • Timing Diagram for Current Monitor Strobe
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Device Architecture
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 2-80, 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 2-80 • Example SAR ADC Architecture
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Device Architecture
TUE – Total Unadjusted Error

TUE is a comprehensive specification that includes linearity errors, gain error, and offset error. It is the
worst-case deviation from the ideal device performance. TUE is a static specification (Figure 2-86).

ADC Operation
Once the ADC has powered up and been released from reset, ADCRESET, the ADC will initiate a
calibration routine designed to provide optimal ADC performance. The Fusion ADC offers a robust
calibration scheme to reduce integrated offset and linearity errors. The offset and linearity errors of the
main capacitor array are compensated for with an 8-bit calibration capacitor array. The offset/linearity
error calibration is carried out in two ways. First, a power-up calibration is carried out when the ADC
comes out of reset. This is initiated by the CALIBRATE output of the Analog Block macro and is a fixed
number of ADC_CLK cycles (3,840 cycles), as shown in Figure 2-88 on page 2-111. In this mode, the
linearity and offset errors of the capacitors are calibrated. 

To further compensate for drift and temperature-dependent effects, every conversion is followed by post-
calibration of either the offset or a bit of the main capacitor array. The post-calibration ensures that, over
time and with temperature, the ADC remains consistent. 

After both calibration and the setting of the appropriate configurations, as explained above, the ADC is
ready for operation. Setting the ADCSTART signal high for one clock period will initiate the sample and
conversion of the analog signal on the channel as configured by CHNUMBER[4:0]. The status signals
SAMPLE and BUSY will show when the ADC is sampling and converting (Figure 2-90 on page 2-112).
Both SAMPLE and BUSY will initially go high. After the ADC has sampled and held the analog signal,
SAMPLE will go low. After the entire operation has completed and the analog signal is converted, BUSY
will go low and DATAVALID will go high. This indicates that the digital result is available on the
RESULT[11:0] pins.

DATAVALID will remain high until a subsequent ADC_START is issued. The DATAVALID goes low on the
rising edge of SYSCLK, as shown in Figure 2-89 on page 2-111. The RESULT signals will be kept
constant until the ADC finishes the subsequent sample. The next sampled RESULT will be available
when DATAVALID goes high again. It is ideal to read the RESULT when DATAVALID is '1'. The RESULT
is latched and remains unchanged until the next DATAVLAID rising edge.

Figure 2-86 • Total Unadjusted Error (TUE)

A
D

C
 O

u
tp

u
t 

C
o

d
e

Input Voltage to Prescaler

IDEAL OUTPUT

TUE = ±0.5 LSB
2-104 Revision 2



Extended Temperature Fusion Family of Mixed Signal FPGAs
Injected Conversion

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

Figure 2-92 • Injected-Conversion Timing Diagram
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Device Architecture
Timing Characteristics     

Table 2-113 • 1.8 V LVCMOS Low Slew, Extended Temperature Case Conditions: TJ = 100°C, Worst-Case 
VCC = 1.425 V, Worst-Case VCCI = 1.7 V
Applicable to Pro I/O Banks

Drive 
Strength

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

 
Units

2 mA  Std. 0.68 16.70 0.05 1.53 2.01 0.44 16.50 16.70 2.93 1.67 18.86 19.06  ns 

 –1 0.58 14.21 0.04 1.30 1.71 0.38 14.04 14.21 2.50 1.42 16.05 16.21  ns 

–2 0.51 12.47 0.03 1.14 1.50 0.33 12.32 12.47 2.19 1.25 14.09 14.23 ns

4 mA  Std. 0.68 12.01 0.05 1.53 2.01 0.44 12.24 11.34 3.43 2.92 14.59 13.70  ns 

 –1 0.58 10.22 0.04 1.30 1.71 0.38 10.41 9.65 2.92 2.49 12.41 11.66  ns 

–2 0.51 8.97 0.03 1.14 1.50 0.33 9.14 8.47 2.56 2.18 10.90 10.23 ns

6 mA  Std. 0.68 9.46 0.05 1.53 2.01 0.44 9.54 8.54 3.76 3.54 11.99 10.90  ns 

 –1 0.58 8.05 0.04 1.30 1.71 0.38 8.20 7.26 3.20 3.01 10.20 9.27  ns 

–2 0.51 7.06 0.03 1.14 1.50 0.33 7.20 6.38 2.81 2.64 8.96 8.14 ns

8 mA  Std. 0.68 8.81 0.05 1.53 2.01 0.44 8.97 8.00 3.84 3.71 11.33 10.36  ns 

 –1 0.58 7.49 0.04 1.30 1.71 0.38 7.63 6.80 3.27 3.16 9.64 8.81  ns 

–2 0.51 6.58 0.03 1.14 1.50 0.33 6.70 5.97 2.87 2.77 8.46 7.73 ns

12 mA  Std. 0.68 8.37 0.05 1.53 2.01 0.44 8.53 7.97 3.95 4.33‘ 10.89 10.33  ns 

 –1 0.58 7.12 0.04 1.30 1.71 0.38 7.25 6.78 3.36 3.68 9.26 8.79  ns 

–2 0.51 6.25 0.03 1.14 1.50 0.33 6.37 5.95 2.85 3.23 8.13 7.71 ns

16 mA  Std. 0.68 8.37 0.05 1.53 2.01 0.44 8.53 7.97 3.95 4.33 10.89 10.33 ns

 –1 0.58 7.12 0.04 1.30 1.71 0.38 7.25 6.78 3.36 3.68 9.26 8.79 ns

–2 0.51 6.25 0.03 1.14 1.50 0.33 6.37 5.95 2.95 3.23 8.13 7.71 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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Device Architecture
Table 2-115 • 1.8 V LVCMOS Low Slew, Extended Temperature Case Conditions: TJ = 100°C, Worst-Case 
VCC = 1.425 V, Worst-Case VCCI = 1.7 V
Applicable to Advanced I/O Banks

Drive 
Strength
(mA)

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

2 mA  Std. 0.68 16.70 0.05 1.38 0.44 14.88 16.38 2.93 1.69 17.24 18.73  ns 

 –1 0.58 14.21 0.04 1.18 0.38 12.66 13.93 2.49 1.44 14.67 15.94  ns 

–2 0.51 12.47 0.03 1.03 0.33 11.11 12.23 2.19 1.26 12.87 13.99 ns

4 mA  Std. 0.68 12.01 0.05 1.38 0.44 10.98 11.05 3.40 2.88 13.34 13.41  ns 

 –1 0.58 10.22 0.04 1.18 0.38 9.34 9.40 2.90 2.45 11.34 11.40  ns 

–2 0.51 8.97 0.03 1.03 0.33 8.20 8.25 2.54 2.15 9.96 10.01 ns

6 mA  Std. 0.68 9.46 0.05 1.38 0.44 8.65 8.27 3.73 3.45 11.00 10.63 ns

 –1 0.58 8.05 004 1.18 0.38 7.35 7.03 3.17 2.94 9.36 9.04 ns

–2 0.51 7.06 0.03 1.03 0.33 6.46 6.17 2.78 2.58 8.22 7.94 ns

8 mA  Std. 0.68 7.91 0.05 1.38 0.44 8.06 7.70 3.80 3.60 10.42 10.05  ns 

 –1 0.58 6.73 0.04 1.18 0.38 6.85 6.55 3.23 3.06 8.86 8.55  ns 

–2 0.51 5.91 0.03 1.03 0.33 6.02 5.75 2.84 2.69 7.78 7.51 ns

12 mA  Std. 0.68 7.69 0.05 1.38 0.44 7.63 7.69 3.91 4.17 9.99 10.05  ns 

 –1 0.58 6.54 0.04 1.18 0.38 6.49 6.54 3.32 3.54 8.50 8.55  ns 

–2 0.51 5.74 0.03 1.03 0.33 5.70 5.74 2.92 3.11 7.46 7.50 ns

16 mA  Std. 0.68 7.69 0.05 1.38 0.44 7.63 7.69 3.91 4.17 9.99 10.05  ns 

 –1 0.58 6.54 0.04 1.18 0.38 6.49 6.54 3.32 3.54 8.50 8.55  ns 

–2 0.51 5.74 0.03 1.03 0.33 5.70 5.74 2.92 3.11 7.46 7.50 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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Device Architecture
2.5 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 2.5 V.   

Timing Characteristics  

Table 2-130 • Minimum and Maximum DC Input and Output Levels

2.5 GTL VIL VIH VOL VOH IOL IOH IOSL IOSH IIL4 IIH5

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA1

Max.
mA1 µA2 µA2

20 mA3 –0.3 VREF – 0.05 VREF + 0.05 3.6 0.4 – 20 20 124 169 15 15

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage. 
2. Currents are measured at 85°C junction temperature. 

3. Output drive strength is below JEDEC specification. 

4. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.

5. 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.

Figure 2-123 • AC Loading

Table 2-131 • 2.5 GTL 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 2-80 on page 2-153 for a complete table of trip points.

Test Point

10 pF

25GTL

VTT

Table 2-132 • 2.5 V GTL
Extended Temperature Case Conditions: TJ = 100°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. 0.68 2.24 0.05 2.59 0.44 2.28 2.24 4.64 4.60 ns

–1 0.58 1.91 0.04 2.20 0.38 1.94 1.91 3.95 3.91 ns

–2 0.51 1.68 0.03 1.93 0.33 1.70 1.68 3.46 3.44 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 3-3 • Input Resistance of Analog Pads

Pads Pad Configuration Prescaler Range
Input Resistance to 

Ground

AV Analog Input (direct input to ADC) – 2 k (typical)

– > 10 M

Analog Input (positive prescaler) +16 V to +2 V 1 M (typical)

+1 V to +0.125 V > 10 M

Analog Input (negative prescaler) –16 V to –2 V 1 M (typical)

–1 V to –0.125 V > 10 M

Digital input +16 V to +2 V 1 M (typical)

Current monitor +16 V to +2 V 1 M (typical)

–16 V to –2 V 1 M (typical)

AT Analog Input (direct input to ADC) – 1 M (typical)

Analog Input (positive prescaler) +16 V, +4 V 1 M (typical)

Digital input +16 V, +4 V 1 M (typical)

Temperature monitor +16 V, +4 V > 10 M

Table 3-4 • Overshoot and Undershoot Limits (as measured on quiet I/Os)1

VCCI 

Average VCCI–GND Overshoot or 
Undershoot Duration as a Percentage of 

Clock Cycle2
Maximum Overshoot/ 

Undershoot2

 2.7 V or less 10% 1.4 V

5% 1.49 V

 3.0 V 10% 1.1 V

5% 1.19 V

 3.3 V 10% 0.79 V

5% 0.88 V

 3.6 V 10% 0.45 V

5% 0.54 V

Notes:

1. Based on reliability requirements at a junction temperature of 85°C.
2. The duration is allowed at one cycle out of six clock cycle. If the overshoot/undershoot occurs at one out

of two cycles, the maximum overshoot/undershoot has to be reduced by 0.15 V.

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

Product 
Grade

Storage 
Temperature Element

Grade Programming 
Cycles Retention

Extended
Temperature
(K)

Min. TJ = –55°C FPGA/FlashROM 500 20 years

Min. TJ = 100°C Embedded flash < 1,000 20 years

< 10,000 10 years

< 15,000 5 years
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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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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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DC and Power Characteristics
PLL/CCC Contribution—PPLL
PLL is not used in this application.

PPLL = 0 W

Nonvolatile Memory—PNVM
Nonvolatile memory is not used in this application.

PNVM = 0 W

Crystal Oscillator—PXTL-OSC
The application utilizes standby mode. The crystal oscillator is assumed to be active.

Operating Mode

PXTL-OSC = PAC18

PXTL-OSC = 0.63 mW

Standby Mode

PXTL-OSC = PAC18

PXTL-OSC = 0.63 mW

Sleep Mode

PXTL-OSC = 0 W

RC Oscillator—PRC-OSC

Operating Mode

PRC-OSC = PAC19

PRC-OSC = 3.30 mW

Standby Mode and Sleep Mode

PRC-OSC = 0 W

Analog System—PAB
Number of Quads used: NQUADS = 4

Operating Mode

PAB = PAC20

PAB = 3.00 mW

Standby Mode and Sleep Mode

PAB = 0 W

Total Dynamic Power Consumption—PDYN

Operating Mode

PDYN = PCLOCK + PS-CELL + PC-CELL + PNET + PINPUTS + POUTPUTS + PMEMORY + PPLL + PNVM+ 
PXTL-OSC + PRC-OSC + PAB

PDYN = 41.28  mW + 21.1 mW + 4.35 mW + 19.25 mW + 1.30 mW + 47.47 mW + 1.38 mW + 0 + 0 + 
0.63 mW + 3.30 mW + 3.00 mW

PDYN = 143.06 mW

Standby Mode

PDYN = PXTL-OSC

PDYN = 0.63 mW

Sleep Mode

PDYN = 0 W
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Power Consumption
Table 3-16 • Power Consumption 

Parameter Description Condition Min. Typ Max. Units

Crystal Oscillator

ISTBXTAL Standby Current of Crystal Oscillator 10 µA

IDYNXTAL Operating Current RC 0.6 mA

0.032–0.2 0.6 mA

0.2–2.0 0.6 mA

2.0–20.0 0.6 mA

RC Oscillator

IDYNRC Operating Current 1 mA

ACM

Operating Current (fixed clock) 200 µA/MHz

Operating Current (user clock) 30 µA

NVM System

NVM Array Operating Power Idle 795 µA

Read 
operation 

See
Table 3-11 on 

page 3-17.

 See
Table 3-11 on 

page 3-17.

Erase 900 µA

Write 900 µA

PNVMCTRL NVM Controller Operating Power 20 µW/MHz



Pin Assignments
FG484

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