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Device Architecture
Figure 2-9 • Efficient Long-Line Resources
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Fusion Family of Mixed Signal FPGAs
Clock Aggregation
Clock aggregation allows for multi-spine clock domains. A MUX tree provides the necessary flexibility to
allow long lines or I/Os to access domains of one, two, or four global spines. Signal access to the clock
aggregation system is achieved through long-line resources in the central rib, and also through local
resources in the north and south ribs, allowing I/Os to feed directly into the clock system. As Figure 2-14
indicates, this access system is contiguous.

There is no break in the middle of the chip for north and south I/O VersaNet access. This is different from
the quadrant clocks, located in these ribs, which only reach the middle of the rib. Refer to the Using
Global Resources in Actel Fusion Devices application note.

Figure 2-14 • Clock Aggregation Tree Architecture
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Device Architecture
Figure 2-59 • FIFO Reset

Figure 2-60 • FIFO EMPTY Flag and AEMPTY Flag Assertion
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Device Architecture
Analog System Characteristics  

Table 2-49 • Analog Channel Specifications 
Commercial Temperature Range Conditions, TJ = 85°C (unless noted otherwise), 
Typical: VCC33A = 3.3 V, VCC = 1.5 V

Parameter Description Condition Min. Typ. Max. Units

Voltage Monitor Using Analog Pads AV, AC and AT (using prescaler)

Input Voltage 
(Prescaler)

Refer to Table 3-2 on page 3-3

VINAP Uncalibrated Gain and 
Offset Errors

Refer to Table 2-51 on 
page 2-122

Calibrated Gain and 
Offset Errors

Refer to Table 2-52 on 
page 2-123

Bandwidth1 100 KHz

Input Resistance Refer to Table 3-3 on page 3-4

Scaling Factor Prescaler modes (Table 2-57 on 
page 2-130)

Sample Time 10 µs

Current Monitor Using Analog Pads AV and AC

VRSM1 Maximum Differential 
Input Voltage

VAREF / 10 mV

Resolution Refer to "Current Monitor" 
section

Common Mode Range  – 10.5 to +12 V

CMRR Common Mode 
Rejection Ratio

DC – 1 KHz 60 dB

1 KHz - 10 KHz 50 dB

> 10 KHz 30 dB

tCMSHI Strobe High time ADC 
conv. 
time

200 µs

tCMSHI Strobe Low time 5 µs

tCMSHI Settling time 0.02 µs

Accuracy Input differential voltage > 50 mV  –2 –(0.05 x 
VRSM) to +2 + 
(0.05 x VRSM)

mV

Notes:

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

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

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

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

5. The temperature offset is a fixed positive value.

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

7. When using SmartGen Analog System Builder, CalibIP is required to obtain specified offset. For further details on
CalibIP, refer to the "Temperature, Voltage, and Current Calibration in Fusion FPGAs" chapter of the Fusion FPGA
Fabric User Guide.
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Device Architecture
Temporary overshoots are allowed according to Table 3-4 on page 3-4.

Solution 2
The board-level design must ensure that the reflected waveform at the pad does not exceed limits
provided in Table 3-4 on page 3-4. This is a long-term reliability requirement. 

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

Figure 2-103 • Solution 1 

Figure 2-104 • Solution 2
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Device Architecture
Table 2-77 • Comparison Table for 5 V–Compliant Receiver Scheme

Scheme Board Components Speed Current Limitations

1 Two resistors Low to high1 Limited by transmitter's drive strength

2 Resistor and Zener 3.3 V Medium Limited by transmitter's drive strength

3 Bus switch High N/A

4 Minimum resistor value2

R = 47  at TJ = 70°C

R = 150  at TJ = 85°C

R = 420  at TJ = 100°C

Medium Maximum diode current at 100% duty cycle, signal constantly at
'1'

52.7 mA at TJ =70°C / 10-year lifetime

16.5 mA at TJ = 85°C / 10-year lifetime

5.9 mA at TJ = 100°C / 10-year lifetime

For duty cycles other than 100%, the currents can be increased
by a factor = 1 / (duty cycle).

Example: 20% duty cycle at 70°C

Maximum current = (1 / 0.2) * 52.7 mA = 5 * 52.7 mA = 263.5 mA

Notes:

1. Speed and current consumption increase as the board resistance values decrease.
2. Resistor values ensure I/O diode long-term reliability.
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Fusion Family of Mixed Signal FPGAs
At the system level, the skew circuit can be used in applications where transmission activities on
bidirectional data lines need to be coordinated. This circuit, when selected, provides a timing margin that
can prevent bus contention and subsequent data loss or transmitter overstress due to transmitter-to-
transmitter current shorts. Figure 2-110 presents an example of the skew circuit implementation in a
bidirectional communication system. Figure 2-111 shows how bus contention is created, and Figure 2-
112 on page 2-151 shows how it can be avoided with the skew circuit.

Figure 2-110 • Example of Implementation of Skew Circuits in Bidirectional Transmission Systems Using 
Fusion Devices

Figure 2-111 • Timing Diagram (bypasses skew circuit)
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Device Architecture
Detailed I/O DC Characteristics

Table 2-95 • Input Capacitance

Symbol Definition Conditions Min. Max. Units

CIN Input capacitance VIN = 0, f = 1.0 MHz 8 pF

CINCLK Input capacitance on the clock pin VIN = 0, f = 1.0 MHz 8 pF

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

Standard Drive Strength
RPULL-DOWN

(ohms) 2
RPULL-UP
(ohms) 3

Applicable to Pro I/O Banks

3.3 V LVTTL / 3.3 V LVCMOS 4 mA 100 300

8 mA 50 150

12 mA 25 75

16 mA 17 50

24 mA 11 33

2.5 V LVCMOS 4 mA 100 200

8 mA 50 100

12 mA 25 50

16 mA 20 40

24 mA 11 22

1.8 V LVCMOS 2 mA 200 225

4 mA 100 112

6 mA 50 56

8 mA 50 56

12 mA 20 22

16 mA 20 22

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

3.3 V GTL 20 mA 11 –

2.5 V GTL 20 mA 14 –

3.3 V GTL+ 35 mA 12 –

2.5 V GTL+ 33 mA 15 –

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:
http://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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Device Architecture
The length of time an I/O can withstand IOSH/IOSL events depends on the junction temperature. The
reliability data below is based on a 3.3 V, 36 mA I/O setting, which is the worst case for this type of
analysis.

For example, at 100°C, the short current condition would have to be sustained for more than six months
to cause a reliability concern. The I/O design does not contain any short circuit protection, but such
protection would only be needed in extremely prolonged stress conditions.

2.5 V LVCMOS 2 mA 16 18

4 mA 16 18

6 mA 32 37

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

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

103 109

Applicable to Standard 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

2.5 V LVCMOS 2 mA 16 18

4 mA 16 18

6 mA 32 37

8 mA 32 37

1.8 V LVCMOS 2 mA 9 11

4 mA 17 22

1.5 V LVCMOS 2 mA 13 16

Table 2-98 • I/O Short Currents IOSH/IOSL (continued)

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

Note: *TJ = 100°C
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Device Architecture
Table 2-121 • 1.8 V LVCMOS High Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 1.7 V
Applicable to Pro I/Os

Drive 
Strength

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

 
Units

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 –2 0.49 2.83 0.03 1.08 1.42 0.32 2.89 2.31 2.79 3.16 4.56 3.98  ns 

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Fusion Family of Mixed Signal FPGAs
Timing Characteristics  

Table 2-136 • 3.3 V PCI/PCI-X
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V
Applicable to Pro I/Os

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

 Std. 0.66 2.81 0.04 1.05 1.67 0.43 2.86 2.00 3.28 3.61 5.09 4.23 ns

 –1 0.56 2.39 0.04 0.89 1.42 0.36 2.43 1.70 2.79 3.07 4.33 3.60 ns

 –2 0.49 2.09 0.03 0.78 1.25 0.32 2.13 1.49 2.45 2.70 3.80 3.16 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.

Table 2-137 • 3.3 V PCI/PCI-X
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 3.0 V
Applicable to Advanced I/Os

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

 Std. 0.66 2.68 0.04 0.86 0.43 2.73 1.95 3.21 3.58 4.97 4.19 0.66 ns

 –1 0.56 2.28 0.04 0.73 0.36 2.32 1.66 2.73 3.05 4.22 3.56 0.56 ns

 –2 0.49 2.00 0.03 0.65 0.32 2.04 1.46 2.40 2.68 3.71 3.13 0.49 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Fusion Family of Mixed Signal FPGAs
2.5 V GTL+
Gunning Transceiver Logic Plus is a high-speed bus standard (JESD8-3). It provides a differential
amplifier input buffer and an open-drain output buffer. The VCCI pin should be connected to 2.5 V.  

Timing Characteristics 

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

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

Drive 
Strength

Min.
V

Max.
V

Min.
V

Max.
V

Max.
V

Min.
V mA mA

Max.
mA3

Max.
mA3 µA4 µA4

33 mA –0.3 VREF – 0.1 VREF + 0.1 3.6 0.6 – 33 33 124 169 10 10

Notes:

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

larger when operating outside recommended ranges.

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

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

Figure 2-127 • AC Loading

Table 2-148 • AC Waveforms, Measuring Points, and Capacitive Loads

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

VREF – 0.1 VREF + 0.1 1.0 1.0 1.5 10

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

Test Point

10 pF

25GTL+

VTT

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

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

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

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

 –2 0.49 1.65 0.03 1.13 0.32 1.68 1.57 3.35 4.34 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Fusion Family of Mixed Signal FPGAs
Timing Characteristics 

BLVDS/M-LVDS
Bus LVDS (BLVDS) and Multipoint LVDS (M-LVDS) specifications extend the existing LVDS standard to
high-performance multipoint bus applications. Multidrop and multipoint bus configurations can contain
any combination of drivers, receivers, and transceivers. Microsemi LVDS drivers provide the higher drive
current required by BLVDS and M-LVDS to accommodate the loading. The driver requires series
terminations for better signal quality and to control voltage swing. Termination is also required at both
ends of the bus, since the driver can be located anywhere on the bus. These configurations can be
implemented using TRIBUF_LVDS and BIBUF_LVDS macros along with appropriate terminations.
Multipoint designs using Microsemi LVDS macros can achieve up to 200 MHz with a maximum of 20
loads. A sample application is given in Figure 2-135. The input and output buffer delays are available in
the LVDS section in Table 2-171.

Example: For a bus consisting of 20 equidistant loads, the following terminations provide the required
differential voltage, in worst-case industrial operating conditions at the farthest receiver: RS = 60  and
RT = 70 , given Z0 = 50  (2") and Zstub = 50  (~1.5").

Table 2-169 • AC Waveforms, Measuring Points, and Capacitive Loads

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

1.075 1.325 Cross point –

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

Table 2-170 • LVDS
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V, 
Worst-Case VCCI = 2.3 V
Applicable to Pro I/Os

Speed Grade tDOUT tDP tDIN tPY Units

 Std. 0.66 2.10 0.04 1.82 ns

 –1 0.56 1.79 0.04 1.55 ns

 –2 0.49 1.57 0.03 1.36 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.

Figure 2-135 • BLVDS/M-LVDS Multipoint Application Using LVDS I/O Buffers
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Device Architecture
Table 2-174 • Parameter Definitions and Measuring Nodes

Parameter 
Name Parameter Definition

Measuring Nodes 
(from, to)*

tOCLKQ Clock-to-Q of the Output Data Register H, DOUT

tOSUD Data Setup Time for the Output Data Register F, H

tOHD Data Hold Time for the Output Data Register F, H

tOSUE Enable Setup Time for the Output Data Register G, H

tOHE Enable Hold Time for the Output Data Register G, H

tOPRE2Q Asynchronous Preset-to-Q of the Output Data Register L,DOUT

tOREMPRE Asynchronous Preset Removal Time for the Output Data Register L, H

tORECPRE Asynchronous Preset Recovery Time for the Output Data Register L, H

tOECLKQ Clock-to-Q of the Output Enable Register H, EOUT

tOESUD Data Setup Time for the Output Enable Register J, H

tOEHD Data Hold Time for the Output Enable Register J, H

tOESUE Enable Setup Time for the Output Enable Register K, H

tOEHE Enable Hold Time for the Output Enable Register K, H

tOEPRE2Q Asynchronous Preset-to-Q of the Output Enable Register I, EOUT

tOEREMPRE Asynchronous Preset Removal Time for the Output Enable Register I, H

tOERECPRE Asynchronous Preset Recovery Time for the Output Enable Register I, H

tICLKQ Clock-to-Q of the Input Data Register A, E

tISUD Data Setup Time for the Input Data Register C, A

tIHD Data Hold Time for the Input Data Register C, A

tISUE Enable Setup Time for the Input Data Register B, A

tIHE Enable Hold Time for the Input Data Register B, A

tIPRE2Q Asynchronous Preset-to-Q of the Input Data Register D, E

tIREMPRE Asynchronous Preset Removal Time for the Input Data Register D, A

tIRECPRE Asynchronous Preset Recovery Time for the Input Data Register D, A

Note: *See Figure 2-137 on page 2-212 for more information.
2-213 Revision 6



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

Figure 2-146 • Boundary Scan Chain in Fusion

Table 2-185 • Boundary Scan Opcodes

Hex Opcode

EXTEST 00

HIGHZ 07

USERCODE 0E

SAMPLE/PRELOAD 01

IDCODE 0F

CLAMP 05

BYPASS FF

Device
Logic

T
D

I
T

C
K

T
M

S
T

R
S

T
T

D
O

I/OI/OI/O I/OI/O

I/OI/OI/O I/OI/O

I/O
I/O

I/O
I/O

Bypass Register

Instruction
Register

TAP
Controller

Test Data
Registers
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Fusion Family of Mixed Signal FPGAs
Figure 3-1 • I/O State as a Function of VCCI and VCC Voltage Levels

Region 1: I/O buffers are OFF

Region 2: I/O buffers are ON.
I/Os are functional (except differential inputs)
but slower because VCCI / VCC are below
specification. For the same reason, input 
buffers do not meet VIH / VIL levels, and 
  output buffers do not meet VOH / VOL levels.

Min VCCI datasheet specification
voltage at a selected I/O

standard; i.e., 1.425 V or 1.7 V
or 2.3 V or 3.0 V 

VCC

VCC = 1.425 V

Region 1: I/O Buffers are OFF

Activation trip point:
Va = 0.85 V ± 0.25 V

Deactivation trip point:
Vd = 0.75 V ± 0.25 V

Activation trip point:
Va = 0.9 V ±0.3 V

Deactivation trip point:
Vd = 0.8 V ± 0.3 V

VCC = 1.575 V

Region 5: I/O buffers are ON
and power supplies are within
specification.

I/Os meet the entire datasheet 
and timer specifications for 
speed, VIH / VIL, VOH VOL, etc.   

Region 4: I/O
buffers are ON.

I/Os are functional
(except differential inputs) 

 but slower because VCCI is
below specification. For the 

same reason, input buffers do not 
 meet VIH / VIL levels, and output

buffers do not meet VOH / VOL levels.    

Where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

VCC = VCCI + VT 

VCCI

Region 3: I/O buffers are ON.
I/Os are functional; I/O DC 
specifications are met, 
but I/Os are slower because 
the VCC is below specification
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DC and Power Characteristics
RC Oscillator Dynamic Contribution—PRC-OSC

Operating Mode

PRC-OSC = PAC19

Standby Mode and Sleep Mode

PRC-OSC = 0 W

Analog System Dynamic Contribution—PAB

Operating Mode

PAB = PAC20

Standby Mode and Sleep Mode

PAB = 0 W

Guidelines
Toggle Rate Definition
A toggle rate defines the frequency of a net or logic element relative to a clock. It is a percentage. If the
toggle rate of a net is 100%, this means that the net switches at half the clock frequency. Below are some
examples:

• The average toggle rate of a shift register is 100%, as all flip-flop outputs toggle at half of the clock
frequency.

• The average toggle rate of an 8-bit counter is 25%:

– Bit 0 (LSB) = 100%

– Bit 1 = 50%

– Bit 2 = 25%

– …

– Bit 7 (MSB) = 0.78125%

– Average toggle rate = (100% + 50% + 25% + 12.5% + . . . 0.78125%) / 8.

Enable Rate Definition
Output enable rate is the average percentage of time during which tristate outputs are enabled. When
non-tristate output buffers are used, the enable rate should be 100%.

Table 3-16 • Toggle Rate Guidelines Recommended for Power Calculation

Component Definition Guideline 

1 Toggle rate of VersaTile outputs 10% 

2 I/O buffer toggle rate 10% 

Table 3-17 • Enable Rate Guidelines Recommended for Power Calculation

Component Definition Guideline 

1 I/O output buffer enable rate 100% 

2 RAM enable rate for read operations 12.5% 

3 RAM enable rate for write operations 12.5% 

4 NVM enable rate for read operations 0% 
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Package Pin Assignments
W25 NC

W26 GND

Y1 NC

Y2 NC

Y3 GEB1/IO89PDB4V0

Y4 GEB0/IO89NDB4V0

Y5 VCCIB4

Y6 GEA1/IO88PDB4V0

Y7 GEA0/IO88NDB4V0

Y8 GND

Y9 VCC33PMP

Y10 NC

Y11 VCC33A

Y12 AG4

Y13 AT4

Y14 ATRTN2

Y15 AT5

Y16 VCC33A

Y17 NC

Y18 VCC33A

Y19 GND

Y20 TMS

Y21 VJTAG

Y22 VCCIB2

Y23 TRST

Y24 TDO

Y25 NC

Y26 NC

FG676

Pin Number AFS1500 Function
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Datasheet Information
Advance v1.0
(continued)

This change table states that in the "208-Pin PQFP" table listed under the Advance
v0.8 changes, the AFS090 device had a pin change. That is incorrect. Pin 102 was
updated for AFS250 and AFS600. The function name changed from VCC33ACAP to
VCC33A.

3-8

Advance v0.9
(October 2007)

In the "Package I/Os: Single-/Double-Ended (Analog)" table, the
AFS1500/M7AFS1500 I/O counts were updated for the following devices:

FG484: 223/109

FG676: 252/126

II

In the "108-Pin QFN" table, the function changed from VCC33ACAP to VCC33A for the
following pin:

B25

3-2

In the "180-Pin QFN" table, the function changed from VCC33ACAP to VCC33A for the
following pins:

AFS090: B29

AFS250: B29

3-4

In the "208-Pin PQFP" table, the function changed from VCC33ACAP to VCC33A for the
following pins:

AFS090: 102

AFS250: 102

3-8

In the "256-Pin FBGA" table, the function changed from VCC33ACAP to VCC33A for the
following pins:

AFS090: T14

AFS250: T14

AFS600: T14

AFS1500: T14

3-12

Advance v0.9
(continued)

In the "484-Pin FBGA" table, the function changed from VCC33ACAP to VCC33A for the
following pins:

AFS600: AB18

AFS1500: AB18

3-20

In the "676-Pin FBGA" table, the function changed from VCC33ACAP to VCC33A for the
following pins:

AFS1500: AD20

3-28

Advance v0.8
(June 2007)

Figure 2-16 • Fusion Clocking Options and the "RC Oscillator" section were updated
to change GND_OSC and VCC_OSC to GNDOSC and VCCOSC.

2-20, 2-21

Figure 2-19 • Fusion CCC Options: Global Buffers with the PLL Macro was updated
to change the positions of OADIVRST and OADIVHALF, and a note was added.

2-25

The "Crystal Oscillator" section was updated to include information about controlling
and enabling/disabling the crystal oscillator.

2-22

Table 2-11 · Electrical Characteristics of the Crystal Oscillator was updated to
change the typical value of IDYNXTAL for 0.032–0.2 MHz to 0.19.

2-24

The "1.5 V Voltage Regulator" section was updated to add "or floating" in the
paragraph stating that an external pull-down is required on TRST to power down the
VR.

2-41

The "1.5 V Voltage Regulator" section was updated to include information on
powering down with the VR.

2-41
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