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Extended Temperature Fusion Family of Mixed Signal FPGAs
Speed Grade and Temperature Grade Matrix

Summary of Differences Between Extended Temperature and 
Commercial/Industrial Grade Devices

Software Considerations for Extended Temperature Fusion
When designing with Libero® System-on-Chip (SoC) software, select the K package (example: 256 FBGA K) in the Device
Selection Wizard. This enables the option of selecting the EXT temperature range under operating conditions.

Device Availability
Contact your local Microsemi SoC Products Group representative for device availability:
(http://www.microsemi.com/soc/contact/offices/index.html).

Std –1 –2

K AFS600

AFS1500

M1AFS600

M1AFS1500

AFS600

AFS1500

M1AFS600

M1AFS1500

NA

Note: K = Extended Temperature Range: –55°C to 100°C Junction

Table 2 • Summary of Differences

Feature* Extended Temperature
Commercial/Industrial 

Temperature

Temperature (junction) –55°C to 100°C 0°C to 85°C / –40°C to 100°C

AV (negative voltage input) Not supported between –40°C to –55°C Supported across all temperatures

AC (positive voltage input) Not supported between –40°C to –55°C Supported across all temperatures

Sleep mode Not supported between –40°C to –55°C Supported across all temperatures

Pigeon Point ATCA IP support (P1) Not Supported Supported across all temperatures

MicroBlade Advanced Mezzanine Card support 
(U1)

Not Supported Supported across all temperatures

Remainder of features Supported across all temperatures Supported across all temperatures

Note: *This table lists only the differences in features. For additional details, refer to the "Device Architecture" section on page 2-1
and the "DC and Power Characteristics" section on page 3-1.
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Fusion Device Family Overview
The I/Os are organized into banks, with four or five banks per device. The configuration of these banks
determines the I/O standards supported. The banks along the east and west sides of the device support
the full range of I/O standards (single-ended and differential). The south bank supports the Analog Quads
(analog I/O). This family of devices, the north bank supports multiple single-ended digital I/O standards.
In the family’s larger devices, the north bank is divided into two banks of digital Pro I/Os, supporting a
wide variety of single-ended, differential, and voltage-referenced I/O standards.

Each I/O module contains several input, output, and enable registers. These registers allow the
implementation of the following applications:

• Single-Data-Rate (SDR) applications 

• Double-Data-Rate (DDR) applications—DDR LVDS I/O for chip-to-chip communications

• Fusion banks support LVPECL, LVDS, B-LVDS, and M-LVDS with 20 multi-drop points.

VersaTiles
The Fusion core consists of VersaTiles, which are also used in the successful ProASIC3 family. The
Fusion VersaTile supports the following:

• All 3-input logic functions—LUT-3 equivalent 

• Latch with clear or set

• D-flip-flop with clear or set and optional enable

Refer to Figure 1-2 for the VersaTile configuration arrangement.

Specifying I/O States During Programming
You can modify the I/O states during programming in FlashPro. In FlashPro, this feature is supported for
PDB files generated from Designer v8.5 or greater. See the FlashPro User’s Guide for more information.

Note: PDB files generated from Designer v8.1 to Designer v8.4 (including all service packs) have
limited display of Pin Numbers only.

The I/Os are controlled by the JTAG Boundary Scan register during programming, except for the analog
pins (AC, AT and AV). The Boundary Scan register of the AG pin can be used to enable/disable the gate
driver in software v9.0. 

1. Load a PDB from the FlashPro GUI. You must have a PDB loaded to modify the I/O states during
programming.

2. From the FlashPro GUI, click PDB Configuration. A FlashPoint – Programming File Generator
window appears.

3. Click the Specify I/O States During Programming button to display the Specify I/O States
During Programming dialog box.

4. Sort the pins as desired by clicking any of the column headers to sort the entries by that header.
Select the I/Os you wish to modify (Figure 1-3 on page 1-9).

5. Set the I/O Output State. You can set Basic I/O settings if you want to use the default I/O settings
for your pins, or use Custom I/O settings to customize the settings for each pin. Basic I/O state
settings: 

1 – I/O is set to drive out logic High

0 – I/O is set to drive out logic Low

Figure 1-2 • VersaTile Configurations
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Extended Temperature Fusion Family of Mixed Signal FPGAs
No-Glitch MUX (NGMUX) 
Positioned downstream from the PLL/CCC blocks, the NGMUX provides a special switching sequence
between two asynchronous clock domains that prevents generating any unwanted narrow clock pulses.
The NGMUX is used to switch the source of a global between three different clock sources. Allowable
inputs are either two PLL/CCC outputs or a PLL/CCC output and a regular net, as shown in Figure 2-24.
The GLMUXCFG[1:0] configuration bits determine the source of the CLK inputs (i.e., internal signal or
GLC). These are set by SmartGen during design but can also be changed by dynamically reconfiguring
the PLL. The GLMUXSEL[1:0] bits control which clock source is passed through the NGMUX to the global
network (GL). See Table 2-12.  

Figure 2-24 • NGMUX

Table 2-12 • NGMUX Configuration and Selection Table

GLMUXCFG[1:0] GLMUXSEL[1:0]
Selected Input 

Signal MUX Type

00 X 0 GLA 2-to-1 GLMUX

X 1 GLC

01 X 0 GLA 2-to-1 GLMUX

X 1 GLINT

Crystal Oscillator

RC Oscillator

W I/O Ring

CCC/PLL

Clock I/Os

From FPGA Core

PLL/
CCC

GLINT

GLA

GLC
NGMUX

GLMUXCFG[1:0]

PWR UP

GLMUXSEL[1:0]

GL

To Clock Rib Driver
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Device Architecture
FlashROM
Fusion devices have 1 kbit of on-chip nonvolatile flash memory that can be read from the FPGA core
fabric. The FlashROM is arranged in eight banks of 128 bits during programming. The 128 bits in each
bank are addressable as 16 bytes during the read-back of the FlashROM from the FPGA core (Figure 2-
45). 

The FlashROM can only be programmed via the IEEE 1532 JTAG port. It cannot be programmed directly
from the FPGA core. When programming, each of the eight 128-bit banks can be selectively
reprogrammed. The FlashROM can only be reprogrammed on a bank boundary. Programming involves
an automatic, on-chip bank erase prior to reprogramming the bank. The FlashROM supports a
synchronous read and can be read on byte boundaries. The upper three bits of the FlashROM address
from the FPGA core define the bank that is being accessed. The lower four bits of the FlashROM
address from the FPGA core define which of the 16 bytes in the bank is being accessed.

The maximum FlashROM access clock is given in Table 2-25 on page 2-55. Figure 2-46 on page 2-55
shows the timing behavior of the FlashROM access cycle—the address has to be set up on the rising
edge of the clock for DOUT to be valid on the next falling edge of the clock.

If the address is unchanged for two cycles:

If the address is unchanged for two cycles:

• D0 becomes invalid tCK2Q ns after the second rising edge of the clock.

• D0 becomes valid again tCK2Q ns after the second falling edge.

If the address unchanged for three cycles:

• D0 becomes invalid tCK2Q ns after the second rising edge of the clock.

• D0 becomes valid again tCK2Q ns after the second falling edge.

• D0 becomes invalid tCK2Q ns after the third rising edge of the clock.

• D0 becomes valid again tCK2Q ns after the third falling edge. 

Figure 2-45 • FlashROM Architecture
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Device Architecture
FIFO4K18 Description

Figure 2-55 • FIFO4KX18
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Extended Temperature Fusion Family of Mixed Signal FPGAs
connected between the VAREF and ADCGNDREF pins. The VAREFSEL control pin is used to select the
reference voltage. 

ADC Clock
The speed of the ADC depends on its internal clock, ADCCLK, which is not accessible to users. The
ADCCLK is derived from SYSCLK. Input signal TVC[7:0], Time Divider Control, determines the speed of
the ADCCLK in relationship to SYSCLK, based on EQ 15.

EQ 15

TVC: Time Divider Control (0–255)

tADCCLK is the period of ADCCLK, and must be between 0.5 MHz and 10 MHz

tSYSCLK is the period of SYSCLK

The frequency of ADCCLK, fADCCLK, must be within 0.5 Hz to 10 MHz.

The inputs to the ADC are synchronized to SYSCLK. A conversion is initiated by asserting the
ADCSTART signal on a rising edge of SYSCLK. Figure 2-89 on page 2-111 and Figure 2-90 on
page 2-112 show the timing diagram for the ADC.

Acquisition Time or Sample Time Control
Acquisition time (tSAMPLE) specifies how long an analog input signal has to charge the internal capacitor
array. Figure 2-87 shows a simplified internal input sampling mechanism of a SAR ADC. 

The internal impedance (ZINAD), external source resistance (RSOURCE), and sample capacitor (CINAD)
form a simple RC network. As a result, the accuracy of the ADC can be affected if the ADC is given
insufficient time to charge the capacitor. To resolve this problem, you can either reduce the source
resistance or increase the sampling time by changing the acquisition time using the STC signal.

EQ 16 through EQ 18 can be used to calculate the acquisition time required for a given input. The STC
signal gives the number of sample periods in ADCCLK for the acquisition time of the desired signal. If the
actual acquisition time is higher than the STC value, the settling time error can affect the accuracy of the
ADC, because the sampling capacitor is only partially charged within the given sampling cycle. Example
acquisition times are given in Table 2-43 and Table 2-44. When controlling the sample time for the ADC

Table 2-41 • VAREF Bit Function

Name Bit Function

VAREF 0 Reference voltage selection

0 – Internal voltage reference selected. VAREF pin outputs 2.56 V.

1 – Input external voltage reference from VAREF and ADCGNDREF

Table 2-42 • TVC Bits Function

Name Bits Function

TVC [7:0] SYSCLK divider control

Figure 2-87 • Simplified Sample and Hold Circuitry

tADCCLK 4 1 TVC+  tSYSCLK=
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Sample time is computed based on the period of ADCCLK.

Distribution Phase
The second phase is called the distribution phase. During distribution phase, the ADC computes the
equivalent digital value from the value stored in the input capacitor. In this phase, the output signal
SAMPLE goes back to '0', indicating the sample is completed; but the BUSY signal remains '1', indicating
the ADC is still busy for distribution. The distribution time depends strictly on the number of bits. If the
ADC is configured as a 10-bit ADC, then 10 ADCCLK cycles are needed. EQ 8 describes the distribution
time. 

EQ 21

N: Number of bits

Post-Calibration Phase
The last phase is the post-calibration phase. This is an optional phase. The post-calibration phase takes
two ADCCLK cycles. The output BUSY signal will remain '1' until the post-calibration phase is completed.
If the post-calibration phase is skipped, then the BUSY signal goes to '0' after distribution phase. As soon
as BUSY signal goes to '0', the DATAVALID signal goes to '1', indicating the digital result is available on
the RESULT output signals. DATAVAILD will remain '1' until the next ADCSTART is asserted. Microsemi
recommends enabling post-calibration to compensate for drift and temperature-dependent effects. This
ensures that the ADC remains consistent over time and with temperature. The post-calibration phase is
enabled by bit 3 of the Mode register. EQ 9 describes the post-calibration time.

EQ 22

MODE[3]: Bit 3 of the Mode register, described in Table 2-40.

The calculation for the conversion time for the ADC is summarized in EQ 23.

tconv = tsync_read + tsample + tdistrib + tpost-cal + tsync_write

EQ 23

tconv: conversion time

tsync_read: maximum time for a signal to synchronize with SYSCLK. For calculation purposes, the
worst case is a period of SYSCLK, tSYSCLK.

tsample: Sample time

tdistrib: Distribution time

tpost-cal: Post-calibration time

tsync_write: Maximum time for a signal to synchronize with SYSCLK. For calculation purposes, the
worst case is a period of SYSCLK, tSYSCLK.

Intra-Conversion
Performing a conversion during power-up calibration is possible but should be avoided, since the
performance is not guaranteed, as shown in Table 2-49 on page 2-117. This is described as intra-
conversion. Figure 2-91 on page 2-112 shows intra-conversion (conversion that starts during power-up
calibration).

Injected Conversion
A conversion can be interrupted by another conversion. Before the current conversion is finished, a
second conversion can be started by issuing a pulse on signal ADCSTART. When a second conversion
is issued before the current conversion is completed, the current conversion would be dropped and the
ADC would start the second conversion on the rising edge of the SYSCLK. This is known as injected
conversion. Since the ADC is synchronous, the minimum time to issue a second conversion is two clock
cycles of SYSCLK after the previous one. Figure 2-92 on page 2-113 shows injected conversion

Table 2-45 • STC Bits Function

Name Bits Function

STC [7:0] Sample time control

tdistrib N tADCCLK=

tpost-cal MODE 3  2 tADCCLK =
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Timing Diagrams

Note: *Refer to EQ 15 on page 2-107 for the calculation on the period of ADCCLK, tADCCLK.

Figure 2-88 • Power-Up Calibration Status Signal Timing Diagram

Figure 2-89 • Input Setup Time
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Device Architecture
Table 2-51 • Uncalibrated Analog Channel Accuracy*
Worst-Case Extended Temperature Conditions, TJ = 100°C

Total Channel 
Error (LSB)

Channel Input Offset 
Error (LSB)

Channel Input Offset 
Error (mV)

Channel Gain Error 
(%FSR)

Analog 
Pad

Prescaler 
Range (V)

Neg. 
Max. Med.

Pos. 
Max.

Neg 
Max Med.

Pos. 
Max.

Neg. 
Max. Med.

Pos. 
Max. Min. Typ. Max.

Positive Range ADC in 10-Bit Mode

AV, AC 16 –22 –2 12 –11 –2 14 –169 –32 224 3 0 –3

8 –40 –5 17 –11 –5 21 –87 –40 166 2 0 –4

4 –45 –9 24 –16 –11 36 –63 –43 144 2 0 –4

2 –70 –19 33 –33 –20 66 –66 –39 131 2 0 –4

1 –25 –7 5 –11 –3 26 –11 –3 26 3 –1 –3

0.5 –41 –12 8 –12 –7 38 –6 –4 19 3 –1 –3

0.25 –53 –14 19 –20 –14 40 –5 –3 10 5 0 –4

0.125 –89 –29 24 –40 –28 88 –5 –4 11 7 0 –5

AT 16 –3 9 15 –4 0 4 –64 5 64 1 0 –1

4 –10 2 15 –11 –2 11 –44 –8 44 1 0 –1

Negative Range ADC in 10-Bit Mode

AV, AC 16 –35 –10 9 –24 –6 9 –383 –96 148 5 –1 –6

8 –65 –19 12 –34 –12 9 –268 –99 75 5 –1 –5

4 –86 –28 21 –64 –24 19 –254 –96 76 5 –1 –6

2 –136 –53 37 –115 –42 39 –230 –83 78 6 –2 –7

1 –98 –35 8 –39 –8 15 –39 –8 15 10 –3 –10

0.5 –121 –46 7 –54 –14 18 –27 –7 9 10 –4 –11

0.25 –149 –49 19 –72 –16 40 –18 –4 10 14 –4 –12

0.125 –188 –67 38 –112 –27 56 –14 –3 7 16 –5 –14

Note: *Channel Accuracy includes prescaler and ADC accuracies. For 12-bit mode, multiply the LSB count by 4. For
8-bit mode, divide the LSB count by 4. Gain remains the same.
2-122 Revision 2



Extended Temperature Fusion Family of Mixed Signal FPGAs
ACM Characteristics1

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.

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.

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

ACMADDR [7:0] 
in Decimal Name Description

Associated 
Peripheral

Figure 2-96 • ACM Write Waveform

Figure 2-97 • ACM Read Waveform
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Device Architecture
User I/O Characteristics

Timing Model

Figure 2-113 • Timing Model
Operating Conditions: –2 Speed, Extended Temperature Range (TJ = 100°C), 
Worst-Case VCC = 1.425 V
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Extended Temperature Fusion Family of Mixed Signal FPGAs
1.5 V LVCMOS 2 mA 200 224

4 mA 100 112

6 mA 67 75

8 mA 33 37

12 mA 33 37

3.3 V PCI/PCI-X Per PCI/PCI-X specification 25 75

Table 2-95 • I/O Weak Pull-Up/Pull-Down Resistances, Minimum and Maximum Weak Pull-Up/Pull-Down 
Resistance Values 

VCCI

R(WEAK PULL-UP) 
1

(ohms)
R(WEAK PULL-DOWN) 

2

(ohms)

Min. Max. Min. Max.

3.3 V 10 k 45 k 10 k 45 k

2.5 V 11 k 55 k 12 k 74 k

1.8 V 18 k 70 k 17 k 110 k

1.5 V 19 k 90 k 19 k 140 k

Notes:

1. R(WEAK PULL-UP-MAX) = (VCCImax – VOHspec) / I(WEAK PULL-UP-MIN)
2. R(WEAK PULL-DOWN-MAX) = (VOLspec) / I(WEAK PULL-DOWN-MIN)

Table 2-94 • I/O Output Buffer Maximum Resistances 1  (continued)

Standard Drive Strength
RPULL-DOWN

(ohms) 2
RPULL-UP
(ohms) 3

Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend 
on VCC, drive strength selection, temperature, and process. For board design considerations and detailed output buffer 
resistances, use the corresponding IBIS models located on the Microsemi SoC Products Group website: 
www.microsemi.com/soc/techdocs/models/ibis.html.

2. R(PULL-DOWN-MAX) = VOLspec / IOLspec

3. R(PULL-UP-MAX) = (VCCImax – VOHspec) / IOHspec  
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Single-Ended I/O Characteristics
3.3 V LVTTL / 3.3 V LVCMOS
Low-Voltage Transistor–Transistor Logic is a general-purpose standard (EIA/JESD) for 3.3 V
applications. It uses an LVTTL input buffer and push-pull output buffer. The 3.3 V LVCMOS standard is
supported as part of the 3.3 V LVTTL support.

Table 2-100 • Minimum and Maximum DC Input and Output Levels
Applicable to Pro I/O banks

3.3 V LVTTL / 
3.3 V LVCMOS VIL VIH VOL VOH IOL IOH IOSH IOSL IIL1 IIH2

Drive Strength
Min.

V
Max.

V
Min.

V
Max.

V
Max.

V
Min.

V mA mA
Max.
mA3

Max
mA3 µA4 µA4

Applicable to Pro I/O Banks

4 mA –0.3 0.8 2 3.6 0.4 2.4 4 4 27 25 15 15

8 mA –0.3 0.8 2 3.6 0.4 2.4 8 8 54 51 15 15

12 mA –0.3 0.8 2 3.6 0.4 2.4 12 12 109 103 15 15

16 mA –0.3 0.8 2 3.6 0.4 2.4 16 16 127 132 15 15

24 mA –0.3 0.8 2 3.6 0.4 2.4 24 24 181 268 15 15

Applicable to Advanced I/O Banks

2 mA –0.3 0.8 2 3.6 0.4 2.4 2 2 27 25 15 15

4 mA –0.3 0.8 2 3.6 0.4 2.4 4 4 27 25 15 15

6 mA –0.3 0.8 2 3.6 0.4 2.4 6 6 54 51 15 15

8 mA –0.3 0.8 2 3.6 0.4 2.4 8 8 54 51 15 15

12 mA –0.3 0.8 2 3.6 0.4 2.4 12 12 109 103 15 15

16 mA –0.3 0.8 2 3.6 0.4 2.4 16 16 127 132 15 15

24 mA –0.3 0.8 2 3.6 0.4 2.4 24 24 181 268 15 15

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.

5. Software default selection highlighted in gray.

Figure 2-117 • AC Loading

Table 2-101 • AC Waveforms, Measuring Points, and Capacitive Loads

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

0 3.3 1.4 – 35

Note: *Measuring point = Vtrip. See Table 2-89 on page 2-166 for a complete table of trip points.

Test Point
Test Point

Enable PathData Path 35 pF

R = 1 k R to VCCI for tLZ / tZL / tZLS
R to GND for tHZ / tZH / tZHS

35 pF for tZH / tZHS / tZL / tZLS
35 pF for tHZ / tLZ
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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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Extended Temperature Fusion Family of Mixed Signal FPGAs
3.3 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 3.3 V.  

Timing Characteristics 

Table 2-133 • Minimum and Maximum DC Input and Output Levels

3.3 V GTL+ VIL VIH VOL VOH IOL IOH IOSL IOSH IIL3 IIH4

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA2 µA2

35 mA –0.3 VREF – 0.1 VREF + 0.1 3.6 0.6 – 35 35 181 268 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. IIL is the input leakage current per I/O pin over recommended operation conditions where –0.3 V < VIN < VIL.

4. 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 2-124 • AC Loading

Table 2-134 • 3.3 V 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 – 0.1 VREF + 0.1 1.0 1.0 1.5 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 2-135 • 3.3 V GTL+
Extended Temperature Case Conditions: TJ = 100°C, Worst Case VCC = 1.425 V, Worst Case 
VCCI = 3.0 V, VREF = 1.0 V 

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

Std. 0.68 2.17 0.05 1.68 0.44 2.21 2.17 4.57 4.53 ns

–1 0.58 1.84 0.04 1.43 0.38 1.88 1.84 3.88 3.85 ns

–2 0.51 1.62 0.03 1.25 0.33 1.65 1.62 3.41 3.38 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-10.
Revision 2 2-199



because SAMPLE is defined in the IEEE1532 specification as a noninvasive instruction. If the input
buffers were to be enabled by SAMPLE temporarily turning on the I/Os, then it would not truly be a
noninvasive instruction. Refer to the standard or the "In-System Programming (ISP) of Microsemi's Low
Power Flash Devices Using FlashPro4/3/3X" chapter of the Fusion FPGA Fabric User’s Guide for more
details.

Boundary Scan
Fusion devices are compatible with IEEE Standard 1149.1, which defines a hardware architecture and
the set of mechanisms for boundary scan testing. The basic Fusion boundary scan logic circuit is
composed of the test access port (TAP) controller, test data registers, and instruction register (Figure 2-
144 on page 2-229). This circuit supports all mandatory IEEE 1149.1 instructions (EXTEST,
SAMPLE/PRELOAD, and BYPASS) and the optional IDCODE instruction (Table 2-176 on page 2-229).

Each test section is accessed through the TAP, which has five associated pins: TCK (test clock input),
TDI, TDO (test data input and output), TMS (test mode selector), and TRST (test reset input). TMS, TDI,
and TRST are equipped with pull-up resistors to ensure proper operation when no input data is supplied
to them. These pins are dedicated for boundary scan test usage. Refer to the "JTAG Pins" section on
page 2-225 for pull-up/-down recommendations for TDO and TCK pins. The TAP controller is a 4-bit state
machine (16 states) that operates as shown in Figure 2-144 on page 2-229. The 1s and 0s represent the
values that must be present on TMS at a rising edge of TCK for the given state transition to occur. IR and
DR indicate that the instruction register or the data register is operating in that state.

The TAP controller receives two control inputs (TMS and TCK) and generates control and clock signals
for the rest of the test logic architecture. On power-up, the TAP controller enters the Test-Logic-Reset
state. To guarantee a reset of the controller from any of the possible states, TMS must remain High for
five TCK cycles. The TRST pin can also be used to asynchronously place the TAP controller in the Test-
Logic-Reset state.

Fusion devices support three types of test data registers: bypass, device identification, and boundary
scan. The bypass register is selected when no other register needs to be accessed in a device. This
speeds up test data transfer to other devices in a test data path. The 32-bit device identification register
is a shift register with four fields (LSB, ID number, part number, and version). The boundary scan register
observes and controls the state of each I/O pin. Each I/O cell has three boundary scan register cells,
each with a serial-in, serial-out, parallel-in, and parallel-out pin.

The serial pins are used to serially connect all the boundary scan register cells in a device into a
boundary scan register chain, which starts at the TDI pin and ends at the TDO pin. The parallel ports are
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.

Table 2-175 • TRST and TCK Pull-Down Recommendations

VJTAG Tie-Off Resistance*

VJTAG at 3.3 V 200  to 1 k 

VJTAG at 2.5 V 200  to 1 k

VJTAG at 1.8 V 500  to 1 k

VJTAG at 1.5 V 500  to 1 k

Note: *Equivalent parallel resistance if more than one device is on JTAG chain.

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


Extended Temperature Fusion Family of Mixed Signal FPGAs
Power per I/O Pin

Table 3-10 • Summary of I/O Input Buffer Power (per pin)—Default I/O Software Settings 

VMV (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 – 16.34

3.3 V LVTTL/LVCMOS – Schmitt trigger  3.3 – 24.49

2.5 V LVCMOS  2.5 – 4.71

2.5 V LVCMOS – Schmitt trigger  2.5 – 6.13

1.8 V LVCMOS  1.8 – 1.66

1.8 V LVCMOS – Schmitt trigger  1.8 – 1.78

1.5 V LVCMOS (JESD8-11)  1.5 – 0.98

1.5 V LVCMOS (JESD8-11) – Schmitt trigger  1.5 – 0.97

3.3 V PCI  3.3 – 17.76

3.3 V PCI – Schmitt trigger  3.3 – 19.10

3.3 V PCI-X  3.3 – 17.76

3.3 V PCI-X – Schmitt trigger  3.3 – 19.10

Voltage-Referenced 

3.3 V GTL 3.3 2.90 36.11

2.5 V GTL 2.5 2.13 24.87

3.3 V GTL+ 3.3 2.81 31.02

2.5 V GTL+ 2.5 2.57 28.30

HSTL (I) 1.5 0.17 2.50

HSTL (II) 1.5 0.17 2.50

SSTL2 (I) 2.5 1.38 17.05

SSTL2 (II) 2.5 1.38 17.05

SSTL3 (I) 3.3 3.21 40.09

SSTL3 (II) 3.3 3.21 40.09

Differential

LVDS 2.5 2.26 1.05

LVPECL 3.3 5.71 118.08

Notes:

1. PDC7 is the static power (where applicable) measured on VMV.
2. PAC9 is the total dynamic power measured on VCC and VMV.
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Extended Temperature Fusion Family of Mixed Signal FPGAs
Standby Mode and Sleep Mode

PS-CELL = 0 W

PC-CELL = 0 W

PNET = 0 W

PLOGIC = 0 W

I/O Input and Output Buffer Contribution—PI/O
This example uses LVTTL 3.3 V I/O cells. The output buffers are 12 mA–capable, configured with high
output slew and driving a 35 pF output load.

FCLK = 50 MHz

Number of input pins used: NINPUTS = 30

Number of output pins used: NOUTPUTS = 40

Estimated I/O buffer toggle rate: 2 = 0.1 (10%)

Estimated IO buffer enable rate: 1 = 1 (100%)

Operating Mode

PINPUTS = NINPUTS * (2 / 2) * PAC9 * FCLK

PINPUTS = 30 * (0.1 / 2) * 0.01739 * 50

PINPUTS = 1.30 mW

POUTPUTS = NOUTPUTS * (2 / 2) * 1 * PAC10 * FCLK

POUTPUTS = 40 * (0.1 / 2) * 1 * 0.4747 * 50

POUTPUTS = 47.47 mW

PI/O = PINPUTS + POUTPUTS

PI/O = 1.30 mW + 47.47 mW

PI/O = 48.77 mW

Standby Mode and Sleep Mode

PINPUTS = 0 W

POUTPUTS = 0 W

PI/O = 0 W

RAM Contribution—PMEMORY
Frequency of Read Clock: FREAD-CLOCK = 10 MHz

Frequency of Write Clock: FWRITE-CLOCK = 10 MHz

Number of RAM blocks: NBLOCKS = 20

Estimated RAM Read Enable Rate: 2 = 0.125 (12.5%)

Estimated RAM Write Enable Rate: 3 = 0.125 (12.5%)

Operating Mode

PMEMORY = (NBLOCKS * PAC11 * 2 * FREAD-CLOCK) + (NBLOCKS * PAC12 * 3 * FWRITE-CLOCK)

PMEMORY = (20 * 0.025 * 0.125 * 10) + (20 * 0.030 * 0.125 * 10)

PMEMORY = 1.38 mW

Standby Mode and Sleep Mode

PMEMORY = 0 W
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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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Datasheet Information
Revision 1
(continued)

An incomplete, duplicate sentence was removed from the end of the "GNDAQ Ground
(analog quiet)" pin description (SAR 38706).

2-222

Information about configuration of unused I/Os was added to the "User Pins" section
(SAR 34903).

2-224

The following information was added to the pin description for "XTAL1 Crystal Oscillator
Circuit Input" and "XTAL2 Crystal Oscillator Circuit Input" (SAR 34900):

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.

2-226

The input resistance to ground value in Table 3-3 • Input Resistance of Analog Pads for
Analog Input (direct input to ADC), was corrected from 1 M (typical) to 2 k (typical)
(SAR 38707). 

3-5

The reference to guidelines for global spines and VersaTile rows, given in the "Global
Clock Dynamic Contribution—PCLOCK" section, was corrected to the "Spine
Architecture" section of the Global Resources chapter in the Fusion FPGA Fabric User's
Guide (SAR 34740).

3-20

Package names used in the "Pin Assignments" section were revised to match standards
given in Package Mechanical Drawings (SAR 38711).

4-1
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