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1 – Fusion Device Family Overview

Introduction
The Fusion mixed signal FPGA satisfies the demand from system architects for a device that simplifies
design and unleashes their creativity. As the world’s first mixed signal programmable logic family, Fusion
integrates mixed signal analog, flash memory, and FPGA fabric in a monolithic device. Fusion devices
enable designers to quickly move from concept to completed design and then deliver feature-rich
systems to market. This new technology takes advantage of the unique properties of Microsemi 
flash-based FPGAs, including a high-isolation, triple-well process and the ability to support high-voltage
transistors to meet the demanding requirements of mixed signal system design. 

Fusion mixed signal FPGAs bring the benefits of programmable logic to many application areas,
including power management, smart battery charging, clock generation and management, and motor
control. Until now, these applications have only been implemented with costly and space-consuming
discrete analog components or mixed signal ASIC solutions. Fusion mixed signal FPGAs present new
capabilities for system development by allowing designers to integrate a wide range of functionality into a
single device, while at the same time offering the flexibility of upgrades late in the manufacturing process
or after the device is in the field. Fusion devices provide an excellent alternative to costly and 
time-consuming mixed signal ASIC designs. In addition, when used in conjunction with the ARM
Cortex-M1 processor, Fusion technology represents the definitive mixed signal FPGA platform.

Flash-based Fusion devices are Instant On. As soon as system power is applied and within normal
operating specifications, Fusion devices are working. Fusion devices have a 128-bit flash-based lock and
industry-leading AES decryption, used to secure programmed intellectual property (IP) and configuration
data. Fusion devices are the most comprehensive single-chip analog and digital programmable logic
solution available today.

To support this new ground-breaking technology, Microsemi has developed a series of major tool
innovations to help maximize designer productivity. Implemented as extensions to the popular Microsemi
Libero® System-on-Chip (SoC) software, these new tools allow designers to easily instantiate and
configure peripherals within a design, establish links between peripherals, create or import building
blocks or reference designs, and perform hardware verification. This tool suite will also add
comprehensive hardware/software debug capability as well as a suite of utilities to simplify development
of embedded soft-processor-based solutions.

General Description
The Fusion family, based on the highly successful ProASIC®3 and ProASIC3E flash FPGA architecture,
has been designed as a high-performance, programmable, mixed signal platform. By combining an
advanced flash FPGA core with flash memory blocks and analog peripherals, Fusion devices
dramatically simplify system design and, as a result, dramatically reduce overall system cost and board
space.

The state-of-the-art flash memory technology offers high-density integrated flash memory blocks,
enabling savings in cost, power, and board area relative to external flash solutions, while providing
increased flexibility and performance. The flash memory blocks and integrated analog peripherals enable
true mixed-mode programmable logic designs. Two examples are using an on-chip soft processor to
implement a fully functional flash MCU and using high-speed FPGA logic to offer system and power
supervisory capabilities. Instant On, and capable of operating from a single 3.3 V supply, the Fusion
family is ideally suited for system management and control applications.

The devices in the Fusion family are categorized by FPGA core density. Each family member contains
many peripherals, including flash memory blocks, an analog-to-digital-converter (ADC), high-drive
outputs, both RC and crystal oscillators, and a real-time counter (RTC). This provides the user with a
high level of flexibility and integration to support a wide variety of mixed signal applications. The flash
memory block capacity ranges from 2 Mbits to 8 Mbits. The integrated 12-bit ADC supports up to 30
independently configurable input channels. 
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Fusion Family of Mixed Signal FPGAs
CCC and PLL Characteristics
Timing Characteristics

Table 2-12 • Fusion CCC/PLL Specification

Parameter Min. Typ. Max. Unit

Clock Conditioning Circuitry Input Frequency fIN_CCC 1.5 350 MHz

Clock Conditioning Circuitry Output Frequency fOUT_CCC 0.75 350 MHz

Delay Increments in Programmable Delay Blocks1, 2 1603 ps

Number of Programmable Values in Each Programmable
Delay Block

32

Input Period Jitter 1.5 ns

CCC Output Peak-to-Peak Period Jitter FCCC_OUT Max Peak-to-Peak Period Jitter

1 Global 
Network 

Used

3 Global 
Networks 

Used

0.75 MHz to 24 MHz 1.00% 1.00%

24 MHz to 100 MHz 1.50% 1.50%

100 MHz to 250 MHz 2.25% 2.25%

250 MHz to 350 MHz 3.50% 3.50%

Acquisition Time LockControl = 0 300 µs

LockControl = 1 6.0 ms

Tracking Jitter4 LockControl = 0 1.6 ns

LockControl = 1 0.8 ns

Output Duty Cycle 48.5 51.5 %

Delay Range in Block: Programmable Delay 1 1, 2 0.6 5.56 ns

Delay Range in Block: Programmable Delay 2 1, 2 0.025 5.56 ns

Delay Range in Block: Fixed Delay 1, 2 2.2 ns

Notes:

1. This delay is a function of voltage and temperature. See Table 3-7 on page 3-9 for deratings.
2. TJ = 25°C, VCC = 1.5 V

3. When the CCC/PLL core is generated by Microsemi core generator software, not all delay values of the specified delay
increments are available. Refer to the Libero SoC Online Help associated with the core for more information.

4. Tracking jitter is defined as the variation in clock edge position of PLL outputs with reference to PLL input clock edge.
Tracking jitter does not measure the variation in PLL output period, which is covered by period jitter parameter.
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Fusion Family of Mixed Signal FPGAs
Modes of Operation

Standby Mode
Standby mode allows periodic power-up and power-down of the FPGA fabric. In standby mode, the real-
time counter and crystal block are ON. The FPGA is not powered by disabling the 1.5 V voltage
regulator. The 1.5 V voltage regulator can be enabled when the preset count is matched. Refer to the
"Real-Time Counter (part of AB macro)" section for details. To enter standby mode, the RTC must be first
configured and enabled. Then VRPSM is shut off by deasserting the VRPU signal. The 1.5 V voltage
regulator is then disabled, and shuts off the 1.5 V output.

Sleep Mode
In sleep mode, the real-time counter and crystal blocks are OFF. The 1.5 V voltage regulator inside the
VRPSM can only be enabled by the PUB or TRST pin. Refer to the "Voltage Regulator and Power
System Monitor (VRPSM)" section on page 2-36 for details on power-up and power-down of the 1.5 V
voltage regulator.

Standby and Sleep Mode Circuit Implementation
For extra power savings, VJTAG and VPUMP should be at the same voltage as VCC, floated or ground,
during standby and sleep modes. Note that when VJTAG is not powered, the 1.5 V voltage regulator
cannot be enabled through TRST. 

VPUMP and VJTAG can be controlled through an external switch. Microsemi recommends ADG839,
ADG849, or ADG841 as possible switches. Figure 2-28 shows the implementation for controlling
VPUMP. The IN signal of the switch can be connected to PTBASE of the Fusion device. VJTAG can be
controlled in same manner.

Figure 2-28 • Implementation to Control VPUMP
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Fusion Family of Mixed Signal FPGAs
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, the total
programming (including erase) time per page of the eNVM is 6.8 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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Device Architecture
Unprotect Page Operation
An Unprotect Page operation will clear the protection for a page addressed on the ADDR input. It is
initiated by setting the UNPROTECTPAGE signal on the interface along with the page address on
ADDR. 

If the page is not in the Page Buffer, the Unprotect Page operation will copy the page into the Page
Buffer. The Copy Page operation occurs only if the current page in the Page Buffer is not Page Loss
Protected.

The waveform for an Unprotect Page operation is shown in Figure 2-42.

The Unprotect Page operation can incur the following error conditions:

1. If the copy of the page to the Page Buffer determines that the page has a single-bit correctable
error in the data, it will report a STATUS = '01'.

2. If the address on ADDR does not match the address of the Page Buffer, PAGELOSSPROTECT is
asserted, and the Page Buffer has been modified, then STATUS = '11' and the addressed page is
not loaded into the Page Buffer.

3. If the copy of the page to the Page Buffer determines that at least one block in the page has a
double-bit uncorrectable error, STATUS = '10' and the Page Buffer will contain the corrupted data.

Discard Page Operation
If the contents of the modified Page Buffer have to be discarded, the DISCARDPAGE signal should be
asserted. This command results in the Page Buffer being marked as unmodified.

The timing for the operation is shown in Figure 2-43. The BUSY signal will remain asserted until the
operation has completed.

Figure 2-42 • FB Unprotected Page Waveform
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Fusion Family of Mixed Signal FPGAs
FIFO4K18 Description

Figure 2-56 • FIFO4KX18
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Fusion Family of Mixed Signal FPGAs
Current Monitor
The Fusion Analog Quad is an excellent element for voltage- and current-monitoring applications. In
addition to supporting the same functionality offered by the AV pad, the AC pad can be configured to
monitor current across an external sense resistor (Figure 2-70). To support this current monitor function,
a differential amplifier with 10x gain passes the amplified voltage drop between the AV and AC pads to
the ADC. The amplifier enables the user to use very small resistor values, thereby limiting any impact on
the circuit. This function of the AC pad does not limit AV pad operation. The AV pad can still be
configured for use as a direct voltage input or scaled through the AV prescaler independently of it’s use
as an input to the AC pad’s differential amplifier. 

Figure 2-70 • Analog Quad Current Monitor Configuration
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Fusion Family of Mixed Signal FPGAs
ADC Terminology
Conversion Time
Conversion time is the interval between the release of the hold state (imposed by the input circuitry of a
track-and-hold) and the instant at which the voltage on the sampling capacitor settles to within one LSB
of a new input value.

DNL – Differential Non-Linearity 
For an ideal ADC, the analog-input levels that trigger any two successive output codes should differ by
one LSB (DNL = 0). Any deviation from one LSB in defined as DNL (Figure 2-83).

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

EQ 12

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

Figure 2-83 • Differential Non-Linearity (DNL)
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Device Architecture
Typical Performance Characteristics

Figure 2-94 • Temperature Error

Figure 2-95 • Effect of External Sensor Capacitance
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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
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Device Architecture
Table 2-81 • Fusion Pro I/O Default Attributes
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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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Fusion Family of Mixed Signal FPGAs
Table 2-98 • I/O Short Currents IOSH/IOSL

Drive Strength IOSH (mA)* IOSL (mA)*

Applicable to Pro I/O Banks

3.3 V LVTTL / 3.3 V LVCMOS 4 mA 25 27

8 mA 51 54

12 mA 103 109

16 mA 132 127

24 mA 268 181

2.5 V LVCMOS 4 mA 16 18

8 mA 32 37

12 mA 65 74

16 mA 83 87

24 mA 169 124

1.8 V LVCMOS 2 mA 9 11

4 mA 17 22

6 mA 35 44

8 mA 45 51

12 mA 91 74

16 mA 91 74

1.5 V LVCMOS 2 mA 13 16

4 mA 25 33

6 mA 32 39

8 mA 66 55

12 mA 66 55

Applicable to Advanced I/O Banks

3.3 V LVTTL / 3.3 V LVCMOS 2 mA 25 27

4 mA 25 27

6 mA 51 54

8 mA 51 54

12 mA 103 109

16 mA 132 127

24 mA 268 181

3.3 V LVCMOS 2 mA 25 27

4 mA 25 27

6 mA 51 54

8 mA 51 54

12 mA 103 109

16 mA 132 127

24 mA 268 181

Note: *TJ = 100°C
Revision 6 2-172



Device Architecture
Table 2-113 • 2.5 V LVCMOS High Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 2.3 V
Applicable to Pro I/Os

Drive 
Strength

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

 
Units

4 mA  Std. 0.60 8.82 0.04 1.51 1.66 0.43 8.13 8.82 2.72 2.29 10.37 11.05  ns

 –1 0.51 7.50 0.04 1.29 1.41 0.36 6.92 7.50 2.31 1.95 8.82 9.40  ns 

 –2 0.45 6.58 0.03 1.13 1.24 0.32 6.07 6.58 2.03 1.71 7.74 8.25  ns 

8 mA  Std. 0.60 5.27 0.04 1.51 1.66 0.43 5.27 5.27 3.10 3.03 7.50 7.51  ns 

 –1 0.51 4.48 0.04 1.29 1.41 0.36 4.48 4.48 2.64 2.58 6.38 6.38  ns 

 –2 0.45 3.94 0.03 1.13 1.24 0.32 3.93 3.94 2.32 2.26 5.60 5.61  ns 

12 mA  Std. 0.66 3.74 0.04 1.51 1.66 0.43 3.81 3.49 3.37 3.49 6.05 5.73  ns 

 –1 0.56 3.18 0.04 1.29 1.41 0.36 3.24 2.97 2.86 2.97 5.15 4.87  ns 

 –2 0.49 2.80 0.03 1.13 1.24 0.32 2.85 2.61 2.51 2.61 4.52 4.28  ns 

16 mA  Std. 0.66 3.53 0.04 1.51 1.66 0.43 3.59 3.12 3.42 3.62 5.83 5.35  ns 

 –1 0.56 3.00 0.04 1.29 1.41 0.36 3.06 2.65 2.91 3.08 4.96 4.55  ns 

 –2 0.49 2.63 0.03 1.13 1.24 0.32 2.68 2.33 2.56 2.71 4.35 4.00  ns 

24 mA  Std. 0.66 3.26 0.04 1.51 1.66 0.43 3.32 2.48 3.49 4.11 5.56 4.72  ns 

 –1 0.56 2.77 0.04 1.29 1.41 0.36 2.83 2.11 2.97 3.49 4.73 4.01  ns 

 –2 0.49 2.44 0.03 1.13 1.24 0.32 2.48 1.85 2.61 3.07 4.15 3.52  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 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 2-141 • Minimum and Maximum DC Input and Output Levels

2.5 GTL VIL VIH VOL VOH IOL IOH IOSL IOSH IIL1 IIH2

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

20 mA3 –0.3 VREF – 0.05 VREF + 0.05 3.6 0.4 – 20 20 124 169 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 2-125 • AC Loading

Table 2-142 • AC Waveforms, Measuring Points, and Capacitive Loads

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

VREF – 0.05 VREF + 0.05 0.8 0.8 1.2 10

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

Test Point

10 pF

25GTL

VTT

Table 2-143 • 2.5 V GTL
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V, VREF = 0.8 V

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

 Std. 0.66 2.13 0.04 2.46 0.43 2.16 2.13 4.40 4.36 ns

 –1 0.56 1.81 0.04 2.09 0.36 1.84 1.81 3.74 3.71 ns

 –2 0.49 1.59 0.03 1.83 0.32 1.61 1.59 3.28 3.26 ns

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

Timing Characteristics

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

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

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

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

Notes:

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

larger when operating outside recommended ranges.

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

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

Figure 2-132 • AC Loading

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

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

VREF – 0.2 VREF + 0.2 1.5 1.5 1.485 30

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

Test Point

30 pF

50

25

SSTL3
Class I

VTT

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

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

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

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

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

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Device Architecture
Differential I/O Characteristics
Configuration of the I/O modules as a differential pair is handled by the Microsemi Designer
software when the user instantiates a differential I/O macro in the design.

Differential I/Os can also be used in conjunction with the embedded Input Register (InReg), Output
Register (OutReg), Enable Register (EnReg), and Double Data Rate (DDR). However, there is no
support for bidirectional I/Os or tristates with these standards.

LVDS
Low-Voltage Differential Signal (ANSI/TIA/EIA-644) is a high-speed differential I/O standard. It requires
that one data bit be carried through two signal lines, so two pins are needed. It also requires external
resistor termination. 

The full implementation of the LVDS transmitter and receiver is shown in an example in Figure 2-134.
The building blocks of the LVDS transmitter–receiver are one transmitter macro, one receiver macro,
three board resistors at the transmitter end, and one resistor at the receiver end. The values for the three
driver resistors are different from those used in the LVPECL implementation because the output standard
specifications are different.    

Figure 2-134 • LVDS Circuit Diagram and Board-Level Implementation

Table 2-168 • Minimum and Maximum DC Input and Output Levels

DC Parameter Description Min. Typ. Max. Units

VCCI Supply Voltage 2.375  2.5  2.625 V

VOL Output Low Voltage  0.9  1.075  1.25 V

VOH Input High Voltage  1.25  1.425  1.6 V

IOL 1 Output Low Voltage 0.65 0.91 1.16 mA

IOH 1 Output High Voltage 0.65 0.91 1.16 mA

VI Input Voltage  0   2.925 V

IIL 2,3 Input Low Voltage 10 A

IIH 2,4 Input High Voltage 10 A

VODIFF Differential Output Voltage  250  350  450 mV

VOCM Output Common Mode Voltage  1.125  1.25  1.375 V

VICM Input Common Mode Voltage  0.05  1.25  2.35 V

VIDIFF Input Differential Voltage  100  350  mV

Notes:

1. IOL/IOH defined by VODIFF/(Resistor Network)
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.

140  100 

ZO = 50 

ZO = 50 

165 

165 

+
–

P

N

P

N

INBUF_LVDS

OUTBUF_LVDS
FPGA FPGA

Bourns Part Number: CAT16-LV4F12  
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Fusion Family of Mixed Signal FPGAs
Timing Characteristics

Figure 2-143 • Input DDR Timing Diagram

tDDRICLR2Q2

tDDRIREMCLR

tDDRIRECCLR

tDDRICLR2Q1

1 2 3 4 5 6 7 8 9

CLK

Data

CLR

Out_QR

Out_QF

tDDRICLKQ1

2 4 6

3 5 7

tDDRIHD
tDDRISUD

tDDRICLKQ2

Table 2-180 • Input DDR Propagation Delays
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter Description –2 –1 Std. Units

tDDRICLKQ1 Clock-to-Out Out_QR for Input DDR 0.39 0.44 0.52 ns

tDDRICLKQ2 Clock-to-Out Out_QF for Input DDR 0.27 0.31 0.37 ns

tDDRISUD Data Setup for Input DDR 0.28 0.32 0.38 ns

tDDRIHD Data Hold for Input DDR 0.00 0.00 0.00 ns

tDDRICLR2Q1 Asynchronous Clear-to-Out Out_QR for Input DDR 0.57 0.65 0.76 ns

tDDRICLR2Q2 Asynchronous Clear-to-Out Out_QF for Input DDR 0.46 0.53 0.62 ns

tDDRIREMCLR Asynchronous Clear Removal Time for Input DDR 0.00 0.00 0.00 ns

tDDRIRECCLR Asynchronous Clear Recovery Time for Input DDR 0.22 0.25 0.30 ns

tDDRIWCLR Asynchronous Clear Minimum Pulse Width for Input DDR 0.22 0.25 0.30 ns

tDDRICKMPWH Clock Minimum Pulse Width High for Input DDR 0.36 0.41 0.48 ns

tDDRICKMPWL Clock Minimum Pulse Width Low for Input DDR 0.32 0.37 0.43 ns

FDDRIMAX Maximum Frequency for Input DDR 1404 1232 1048 MHz

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
ATRTNx Temperature Monitor Return

AT returns are the returns for the temperature sensors. The cathode terminal of the external diodes
should be connected to these pins. There is one analog return pin for every two Analog Quads. The x in
the ATRTNx designator indicates the quad pairing (x = 0 for AQ1 and AQ2, x = 1 for AQ2 and AQ3, ...,
x = 4 for AQ8 and AQ9). The signals that drive these pins are called out as ATRETURNxy in the software
(where x and y refer to the quads that share the return signal). ATRTN is internally connected to ground.
It can be left floating when it is unused. The maximum capacitance allowed across the AT pins is 500 pF.

GL Globals

GL I/Os have access to certain clock conditioning circuitry (and the PLL) and/or have direct access to the
global network (spines). Additionally, the global I/Os can be used as Pro I/Os since they have identical
capabilities. Unused GL pins are configured as inputs with pull-up resistors. See more detailed
descriptions of global I/O connectivity in the "Clock Conditioning Circuits" section on page 2-22.

Refer to the "User I/O Naming Convention" section on page 2-158 for a description of naming of global
pins.

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

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

TCK Test Clock

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

Note that to operate at all VJTAG voltages, 500  to 1 k will satisfy the requirements. Refer to
Table 2-183 for more information.

TDI Test Data Input

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

TDO Test Data Output

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

Table 2-183 • Recommended Tie-Off Values for the TCK and TRST Pins

VJTAG Tie-Off Resistance2, 3

VJTAG at 3.3 V 200  to 1 k 

VJTAG at 2.5 V 200  to 1 k

VJTAG at 1.8 V 500  to 1 k

VJTAG at 1.5 V 500  to 1 k

Notes:

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

3. The TRST pin can only be pulled down.
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Fusion Family of Mixed Signal FPGAs
G13 IO22NDB1V0

G14 IO22PDB1V0

G15 GND

G16 IO32PPB1V1

G17 IO36NPB1V2

G18 VCCIB1

G19 GND

G20 IO47NPB2V0

G21 IO49PDB2V0

G22 VCCIB2

G23 IO46NDB2V0

G24 GBC2/IO46PDB2V0

G25 IO48NPB2V0

G26 NC

H1 GND

H2 NC

H3 IO118NDB4V0

H4 IO118PDB4V0

H5 IO119NPB4V0

H6 IO124NDB4V0

H7 GND

H8 VCOMPLA

H9 VCCPLA

H10 VCCIB0

H11 IO12NDB0V1

H12 IO12PDB0V1

H13 VCCIB0

H14 VCCIB1

H15 IO30NDB1V1

H16 IO30PDB1V1

H17 VCCIB1

H18 IO36PPB1V2

H19 IO38NPB1V2

H20 GND

H21 IO49NDB2V0

H22 IO50PDB2V0

FG676

Pin Number AFS1500 Function

H23 IO50NDB2V0

H24 IO51PDB2V0

H25 NC

H26 GND

J1 NC

J2 VCCIB4

J3 IO115PDB4V0

J4 GND

J5 IO116NDB4V0

J6 IO116PDB4V0

J7 VCCIB4

J8 IO117PDB4V0

J9 VCCIB4

J10 GND

J11 IO06NDB0V1

J12 IO06PDB0V1

J13 IO16NDB0V2

J14 IO16PDB0V2

J15 IO28NDB1V1

J16 IO28PDB1V1

J17 GND

J18 IO38PPB1V2

J19 IO53PDB2V0

J20 VCCIB2

J21 IO52PDB2V0

J22 IO52NDB2V0

J23 GND

J24 IO51NDB2V0

J25 VCCIB2

J26 NC

K1 NC

K2 NC

K3 IO115NDB4V0

K4 IO113PDB4V0

K5 VCCIB4

K6 IO114NDB4V0

FG676

Pin Number AFS1500 Function

K7 IO114PDB4V0

K8 IO117NDB4V0

K9 GND

K10 VCC

K11 VCCIB0

K12 GND

K13 VCCIB0

K14 VCCIB1

K15 GND

K16 VCCIB1

K17 GND

K18 GND

K19 IO53NDB2V0

K20 IO57PDB2V0

K21 GCA2/IO59PDB2V0

K22 VCCIB2

K23 IO54NDB2V0

K24 IO54PDB2V0

K25 NC

K26 NC

L1 GND

L2 NC

L3 IO112PPB4V0

L4 IO113NDB4V0

L5 GFB2/IO109PDB4V0

L6 GFA2/IO110PDB4V0

L7 IO112NPB4V0

L8 IO104PDB4V0

L9 IO111PDB4V0

L10 VCCIB4

L11 GND

L12 VCC

L13 GND

L14 VCC

L15 GND

L16 VCC

FG676

Pin Number AFS1500 Function
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Datasheet Information
Datasheet Categories

Categories
In order to provide the latest information to designers, some datasheet parameters are published before
data has been fully characterized from silicon devices. The data provided for a given device, as
highlighted in the "Fusion Device Status" table, is designated as either "Product Brief," "Advance,"
"Preliminary," or "Production." The definitions of these categories are as follows:

Product Brief
The product brief is a summarized version of a datasheet (advance or production) and contains general
product information. This document gives an overview of specific device and family information.

Advance
This version contains initial estimated information based on simulation, other products, devices, or speed
grades. This information can be used as estimates, but not for production. This label only applies to the
DC and Switching Characteristics chapter of the datasheet and will only be used when the data has not
been fully characterized.

Preliminary
The datasheet contains information based on simulation and/or initial characterization. The information is
believed to be correct, but changes are possible.

Production
This version contains information that is considered to be final.

Export Administration Regulations (EAR) 
The products described in this document are subject to the Export Administration Regulations (EAR).
They could require an approved export license prior to export from the United States. An export includes
release of product or disclosure of technology to a foreign national inside or outside the United States.

Safety Critical, Life Support, and High-Reliability Applications 
Policy

The products described in this advance status document may not have completed the Microsemi
qualification process. Products may be amended or enhanced during the product introduction and
qualification process, resulting in changes in device functionality or performance. It is the responsibility of
each customer to ensure the fitness of any product (but especially a new product) for a particular
purpose, including appropriateness for safety-critical, life-support, and other high-reliability applications.
Consult the Microsemi SoC Products Group Terms and Conditions for specific liability exclusions relating
to life-support applications. A reliability report covering all of the SoC Products Group’s products is
available at http://www.microsemi.com/soc/documents/ORT_Report.pdf. Microsemi also offers a variety
of enhanced qualification and lot acceptance screening procedures. Contact your local sales office for
additional reliability information.
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