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Fusion Family of Mixed Signal FPGAs
Figure 2-12 • Global Network Architecture

Table 2-4 • Globals/Spines/Rows by Device

AFS090 AFS250 AFS600 AFS1500

Global VersaNets (trees)* 9 9 9 9

VersaNet Spines/Tree 4 8 12 20

Total Spines 36 72 108 180

VersaTiles in Each Top or Bottom Spine 384 768 1,152 1,920

Total VersaTiles 2,304 6,144 13,824 38,400

Note: *There are six chip (main) globals and three globals per quadrant. 
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Device Architecture
Embedded Memories
Fusion devices include four types of embedded memory: flash block, FlashROM, SRAM, and FIFO.

Flash Memory Block
Fusion is the first FPGA that offers a flash memory block (FB). Each FB block stores 2 Mbits of data. The
flash memory block macro is illustrated in Figure 2-32. The port pin name and descriptions are detailed
on Table 2-19 on page 2-40. All flash memory block signals are active high, except for CLK and active
low RESET. All flash memory operations are synchronous to the rising edge of CLK.

Figure 2-32 • Flash Memory Block
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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
Flash Memory Block Characteristics

Figure 2-44 • Reset Timing Diagram

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

 Parameter  Description –2 –1 Std. 
 

Units 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

CLK

RESET
Active Low, Asynchronous

 BUSY
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Device Architecture
Timing Characteristics

Table 2-35 • FIFO
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter Description –2 –1 Std. Units

tENS REN, WEN Setup time 1.34 1.52 1.79 ns

tENH REN, WEN Hold time 0.00 0.00 0.00 ns

tBKS BLK Setup time 0.19 0.22 0.26 ns

tBKH BLK Hold time 0.00 0.00 0.00 ns

tDS Input data (WD) Setup time 0.18 0.21 0.25 ns

tDH Input data (WD) Hold time 0.00 0.00 0.00 ns

tCKQ1 Clock High to New Data Valid on RD (flow-through) 2.17 2.47 2.90 ns

tCKQ2 Clock High to New Data Valid on RD (pipelined) 0.94 1.07 1.26 ns

tRCKEF RCLK High to Empty Flag Valid 1.72 1.96 2.30 ns

tWCKFF WCLK High to Full Flag Valid 1.63 1.86 2.18 ns

tCKAF Clock High to Almost Empty/Full Flag Valid 6.19 7.05 8.29 ns

tRSTFG RESET Low to Empty/Full Flag Valid 1.69 1.93 2.27 ns

tRSTAF RESET Low to Almost-Empty/Full Flag Valid 6.13 6.98 8.20 ns

tRSTBQ

RESET Low to Data out Low on RD (flow-through) 0.92 1.05 1.23 ns

RESET Low to Data out Low on RD (pipelined) 0.92 1.05 1.23 ns

tREMRSTB RESET Removal 0.29 0.33 0.38 ns

tRECRSTB RESET Recovery 1.50 1.71 2.01 ns

tMPWRSTB RESET Minimum Pulse Width 0.21 0.24 0.29 ns

tCYC Clock Cycle time 3.23 3.68 4.32 ns

FMAX Maximum Frequency for FIFO 310 272 231 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
Analog Quad
With the Fusion family, Microsemi introduces the Analog Quad, shown in Figure 2-65 on page 2-81, as
the basic analog I/O structure. The Analog Quad is a four-channel system used to precondition a set of
analog signals before sending it to the ADC for conversion into a digital signal. To maximize the
usefulness of the Analog Quad, the analog input signals can also be configured as LVTTL digital input
signals. The Analog Quad is divided into four sections. 

The first section is called the Voltage Monitor Block, and its input pin is named AV. It contains a two-
channel analog multiplexer that allows an incoming analog signal to be routed directly to the ADC or
allows the signal to be routed to a prescaler circuit before being sent to the ADC. The prescaler can be
configured to accept analog signals between –12 V and 0 or between 0 and +12 V. The prescaler circuit
scales the voltage applied to the ADC input pad such that it is compatible with the ADC input voltage
range. The AV pin can also be used as a digital input pin. 

The second section of the Analog Quad is called the Current Monitor Block. Its input pin is named AC.
The Current Monitor Block contains all the same functions as the Voltage Monitor Block with one
addition, which is a current monitoring function. A small external current sensing resistor (typically less
than 1 ) is connected between the AV and AC pins and is in series with a power source. The Current
Monitor Block contains a current monitor circuit that converts the current through the external resistor to
a voltage that can then be read using the ADC. 

AG6 1 Output Analog Quad

AT6 1 Input Analog Quad

ATRETURN67 1 Input Temperature monitor return shared by
Analog Quads 6 and 7

Analog Quad

AV7 1 Input Analog Quad 7 Analog Quad

AC7 1 Input Analog Quad

AG7 1 Output Analog Quad

AT7 1 Input Analog Quad

AV8 1 Input Analog Quad 8 Analog Quad

AC8 1 Input Analog Quad

AG8 1 Output Analog Quad

AT8 1 Input Analog Quad

ATRETURN89 1 Input Temperature monitor return shared by
Analog Quads 8 and 9

Analog Quad

AV9 1 Input Analog Quad 9 Analog Quad

AC9 1 Input Analog Quad

AG9 1 Output Analog Quad

AT9 1 Input Analog Quad

RTCMATCH 1 Output MATCH RTC

RTCPSMMATCH 1 Output MATCH connected to VRPSM RTC

RTCXTLMODE[1:0] 2 Output Drives XTLOSC RTCMODE[1:0] pins RTC

RTCXTLSEL 1 Output Drives XTLOSC MODESEL pin RTC

RTCCLK 1 Input RTC clock input RTC

Table 2-36 • Analog Block Pin Description (continued)

Signal Name
Number 
of Bits Direction Function

Location of 
Details
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Device Architecture
Direct Digital Input
The AV, AC, and AT pads can also be configured as high-voltage digital inputs (Figure 2-69). As these
pads are 12 V–tolerant, the digital input can also be up to 12 V. However, the frequency at which these
pads can operate is limited to 10 MHz.

To enable one of these analog input pads to operate as a digital input, its corresponding Digital Input
Enable (DENAxy) pin on the Analog Block must be pulled High, where x is either V, C, or T (for AV, AC,
or AT pads, respectively) and y is in the range 0 to 9, corresponding to the appropriate Analog Quad.

When the pad is configured as a digital input, the signal will come out of the Analog Block macro on the
appropriate DAxOUTy pin, where x represents the pad type (V for AV pad, C for AC pad, or T for AT pad)
and y represents the appropriate Analog Quad number. Example: If the AT pad in Analog Quad 5 is
configured as a digital input, it will come out on the DATOUT5 pin of the Analog Block macro.

Figure 2-69 • Analog Quad Direct Digital Input Configuration
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Device Architecture
The rate at which the gate voltage of the external MOSFET slews is determined by the current, Ig,
sourced or sunk by the AG pin and the gate-to-source capacitance, CGS, of the external MOSFET. As an
approximation, the slew rate is given by EQ 6.

dv/dt = Ig / CGS 

EQ 6

CGS is not a fixed capacitance but, depending on the circuitry connected to its drain terminal, can vary
significantly during the course of a turn-on or turn-off transient. Thus, EQ 6 on page 2-91 can only be
used for a first-order estimate of the switching speed of the external MOSFET.

Figure 2-75 • Gate Driver Example
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Fusion Family of Mixed Signal FPGAs
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 2-92 on page 2-113 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 2-93 on page 2-113 shows injected conversion,
(conversion that starts before a previously started conversion is finished). The total time for calibration
still remains 3,840 ADCCLK cycles.

ADC Example
This example shows how to choose the correct settings to achieve the fastest sample time in 10-bit mode
for a system that runs at 66 MHz. Assume the acquisition times defined in Table 2-44 on page 2-108 for
10-bit mode, which gives 0.549 µs as a minimum hold time.

The period of SYSCLK: tSYSCLK = 1/66 MHz = 0.015 µs

Choosing TVC between 1 and 33 will meet the maximum and minimum period for the ADCCLK
requirement. A higher TVC leads to a higher ADCCLK period. 

The minimum TVC is chosen so that tdistrib and tpost-cal can be run faster. The period of ADCCLK with a
TVC of 1 can be computed by EQ 24.

EQ 24

The STC value can now be computed by using the minimum sample/hold time from Table 2-44 on
page 2-108, as shown in EQ 25. 

EQ 25

You must round up to 3 to accommodate the minimum sample time requirement. The actual sample time,
tsample, with an STC of 3, is now equal to 0.6 µs, as shown in EQ 26

EQ 26

Microsemi recommends post-calibration for temperature drift over time, so post-calibration is enabled.

The post-calibration time, tpost-cal, can be computed by EQ 27. The post-calibration time is 0.24 µs.

EQ 27

The distribution time, tdistrib, is equal to 1.2 µs and can be computed as shown in EQ 28 (N is number of
bits, referring back to EQ 8 on page 2-94).

EQ 28

The total conversion time can now be summated, as shown in EQ 29 (referring to EQ 23 on page 2-109).

tsync_read + tsample + tdistrib + tpost-cal + tsync_write = (0.015 + 0.60 + 1.2 + 0.24 + 0.015) µs = 2.07 µs

EQ 29

tADCCLK 4 1 TVC+  tSYSCLK 4 1 1+  0.015 µs 0.12 µs= = =

STC
tsample

tADCCLK
-------------------- 2–

0.549 µs
0.12 µs
----------------------- 2– 4.575 2– 2.575= = = =

tsample 2 STC+  tADCCLK 2 3+  tADCCLK 5 0.12 µs 0.6 µs= = = =

tpost-cal 2 tADCCLK 0.24 µs= =

tdistrib N tADCCLK 10 0.12 1.2 µs= = =
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Device Architecture
Hot-Swap Support
Hot-swapping (also called hot plugging) is the operation of hot insertion or hot removal of a card in (or
from) a powered-up system. The levels of hot-swap support and examples of related applications are
described in Table 2-74. The I/Os also need to be configured in hot insertion mode if hot plugging
compliance is required. 

Table 2-74 • Levels of Hot-Swap Support

Hot
Swapping
Level Description

Power
Applied

to Device Bus State

Card
Ground

Connection

Device
Circuitry

Connected
to Bus Pins

Example of
Application with

Cards that Contain
Fusion Devices

Compliance of
Fusion Devices

1 Cold-swap No – – – System and card with 
Microsemi FPGA chip 
are powered down, 
then card gets 
plugged into system, 
then power supplies 
are turned on for 
system but not for 
FPGA on card. 

Compliant I/Os 
can but do not 
have to be set to 
hot insertion 
mode.

2 Hot-swap 
while reset

Yes Held in 
reset state

Must be made 
and 
maintained for 
1 ms before, 
during, and 
after insertion/ 
removal

– In PCI hot plug 
specification, reset 
control circuitry 
isolates the card 
busses until the card 
supplies are at their 
nominal operating 
levels and stable. 

Compliant I/Os 
can but do not 
have to be set to 
hot insertion 
mode.

3 Hot-swap 
while bus 

idle

Yes Held idle 
(no ongoing 
I/O 
processes 
during 
insertion/re
moval)

Same as 
Level 2

Must remain 
glitch-free 
during 
power-up or 
power-down

Board bus shared 
with card bus is 
"frozen," and there is 
no toggling activity on 
bus. It is critical that 
the logic states set on 
the bus signal do not 
get disturbed during 
card 
insertion/removal.

Compliant with 
cards with two 
levels of staging. 
I/Os have to be 
set to hot 
insertion mode.

4 Hot-swap on 
an active 

bus

Yes Bus may 
have active 
I/O 
processes 
ongoing, 
but device 
being 
inserted or 
removed 
must be 
idle.

Same as 
Level 2

Same as 
Level 3

There is activity on 
the system bus, and it 
is critical that the logic 
states set on the bus 
signal do not get 
disturbed during card 
insertion/removal.

Compliant with 
cards with two 
levels of staging. 
I/Os have to be 
set to hot 
insertion mode.
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Device Architecture
Figure 2-114 • Naming Conventions of Fusion Devices with Four I/O Banks
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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 2-123 • 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 Advanced I/Os

Drive 
Strength

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

2 mA  Std. 0.66 11.86 0.04 1.22 0.43 9.14 11.86 2.77 1.66 11.37 14.10  ns 

 –1 0.56 10.09 0.04 1.04 0.36 7.77 10.09 2.36 1.41 9.67 11.99  ns 

 –2 0.49 8.86 0.03 0.91 0.32 6.82 8.86 2.07 1.24 8.49 10.53  ns 

4 mA  Std. 0.66 6.91 0.04 1.22 0.43 5.86 6.91 3.22 2.84 8.10 9.15  ns 

 –1 0.56 5.88 0.04 1.04 0.36 4.99 5.88 2.74 2.41 6.89 7.78  ns 

 –2 0.49 5.16 0.03 0.91 0.32 4.38 5.16 2.41 2.12 6.05 6.83  ns 

8 mA  Std. 0.66 4.45 0.04 1.22 0.43 4.18 4.45 3.53 3.38 6.42 6.68  ns 

 –1 0.56 3.78 0.04 1.04 0.36 3.56 3.78 3.00 2.88 5.46 5.69  ns 

 –2 0.49 3.32 0.03 0.91 0.32 3.12 3.32 2.64 2.53 4.79 4.99  ns 

12 mA  Std. 0.66 3.92 0.04 1.22 0.43 3.93 3.92 3.60 3.52 6.16 6.16  ns 

 –1 0.56 3.34 0.04 1.04 0.36 3.34 3.34 3.06 3.00 5.24 5.24  ns 

 –2 0.49 2.93 0.03 0.91 0.32 2.93 2.93 2.69 2.63 4.60 4.60  ns 

16 mA  Std. 0.66 3.53 0.04 1.22 0.43 3.60 3.04 3.70 4.08 5.84 5.28  ns 

 –1 0.56 3.01 0.04 1.04 0.36 3.06 2.59 3.15 3.47 4.96 4.49  ns 

 –2 0.49 2.64 0.03 0.91 0.32 2.69 2.27 2.76 3.05 4.36 3.94  ns 

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

Table 2-124 • 1.8 V LVCMOS Low Slew
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V,
Worst-Case VCCI = 1.7 V
Applicable to Standard I/Os

Drive 
Strength

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

2 mA  Std. 0.66 15.01 0.04 1.20 0.43 13.15 15.01 1.99 1.99  ns 

 –1 0.56 12.77 0.04 1.02 0.36 11.19 12.77 1.70 1.70  ns 

 –2 0.49 11.21 0.03 0.90 0.32 9.82 11.21 1.49 1.49  ns 

4 mA  Std. 0.66 10.10 0.04 1.20 0.43 9.55 10.10 2.41 2.37  ns 

 –1 0.56 8.59 0.04 1.02 0.36 8.13 8.59 2.05 2.02  ns 

 –2 0.49 7.54 0.03 0.90 0.32 7.13 7.54 1.80 1.77  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
3.3 V PCI, 3.3 V PCI-X
The Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCI
Bus applications.  

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Microsemi loadings for enable
path characterization are described in Figure 2-123. 

AC loadings are defined per PCI/PCI-X specifications for the data path; Microsemi loading for tristate is
described in Table 2-135.

Table 2-134 • Minimum and Maximum DC Input and Output Levels

3.3 V PCI/PCI-X 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

Per PCI
specification

Per PCI curves 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 2-123 • AC Loading

Test Point
Enable Path

R = 1 k

Test Point
Data Path

R = 25 R to VCCI for tDP (F)
R to GND for tDP (R)

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

10 pF for tZH / tZHS / tZL / tZLS
10 pF for tHZ / tLZ

Table 2-135 • AC Waveforms, Measuring Points, and Capacitive Loads

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

0 3.3 0.285 * VCCI for tDP(R)

0.615 * VCCI for tDP(F)

– 10

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
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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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Figure 2-145 • Output DDR Timing Diagram
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tDDROCLR2Q

7 104

Table 2-182 • Output DDR Propagation Delays
Commercial Temperature Range Conditions: TJ = 70°C, Worst-Case VCC = 1.425 V

Parameter Description –2 –1 Std. Units

tDDROCLKQ Clock-to-Out of DDR for Output DDR 0.70 0.80 0.94 ns

tDDROSUD1 Data_F Data Setup for Output DDR 0.38 0.43 0.51 ns

tDDROSUD2 Data_R Data Setup for Output DDR 0.38 0.43 0.51 ns

tDDROHD1 Data_F Data Hold for Output DDR 0.00 0.00 0.00 ns

tDDROHD2 Data_R Data Hold for Output DDR 0.00 0.00 0.00 ns

tDDROCLR2Q Asynchronous Clear-to-Out for Output DDR 0.80 0.91 1.07 ns

tDDROREMCLR Asynchronous Clear Removal Time for Output DDR 0.00 0.00 0.00 ns

tDDRORECCLR Asynchronous Clear Recovery Time for Output DDR 0.22 0.25 0.30 ns

tDDROWCLR1 Asynchronous Clear Minimum Pulse Width for Output DDR 0.22 0.25 0.30 ns

tDDROCKMPWH Clock Minimum Pulse Width High for the Output DDR 0.36 0.41 0.48 ns

tDDROCKMPWL Clock Minimum Pulse Width Low for the Output DDR 0.32 0.37 0.43 ns

FDDOMAX Maximum Frequency for the Output 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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Device Architecture
TMS Test Mode Select

The TMS pin controls the use of the IEEE1532 boundary scan pins (TCK, TDI, TDO, TRST). There is an
internal weak pull-up resistor on the TMS pin. 

TRST Boundary Scan Reset Pin

The TRST pin functions as an active low input to asynchronously initialize (or reset) the boundary scan
circuitry. There is an internal weak pull-up resistor on the TRST pin. If JTAG is not used, an external pull-
down resistor could be included to ensure the TAP is held in reset mode. The resistor values must be
chosen from Table 2-183 and must satisfy the parallel resistance value requirement. The values in
Table 2-183 correspond to the resistor recommended when a single device is used and to the equivalent
parallel resistor when multiple devices are connected via a JTAG chain.

In critical applications, an upset in the JTAG circuit could allow entering an undesired JTAG state. In such
cases, Microsemi recommends tying off TRST to GND through a resistor placed close to the FPGA pin.

Note that to operate at all VJTAG voltages, 500  to 1 k will satisfy the requirements.

Special Function Pins

NC No Connect

This pin is not connected to circuitry within the device. These pins can be driven to any voltage or can be
left floating with no effect on the operation of the device.

DC Don't Connect

This pin should not be connected to any signals on the PCB. These pins should be left unconnected.

NCAP Negative Capacitor

Negative Capacitor is where the negative terminal of the charge pump capacitor is connected. A
capacitor, with a 2.2 µF recommended value, is required to connect between PCAP and NCAP.

PCAP Positive Capacitor

Positive Capacitor is where the positive terminal of the charge pump capacitor is connected. A capacitor,
with a 2.2 µF recommended value, is required to connect between PCAP and NCAP.

PUB Push Button

Push button is the connection for the external momentary switch used to turn on the 1.5 V voltage
regulator and can be floating if not used.

PTBASE Pass Transistor Base

Pass Transistor Base is the control signal of the voltage regulator. This pin should be connected to the
base of the external pass transistor used with the 1.5 V internal voltage regulator and can be floating if
not used.

PTEM Pass Transistor Emitter

Pass Transistor Emitter is the feedback input of the voltage regulator.

This pin should be connected to the emitter of the external pass transistor used with the 1.5 V internal
voltage regulator and can be floating if not used.

XTAL1 Crystal Oscillator Circuit Input

Input to crystal oscillator circuit. Pin for connecting external crystal, ceramic resonator, RC network, or
external clock input. When using an external crystal or ceramic oscillator, external capacitors are also
recommended (Please refer to the crystal oscillator manufacturer for proper capacitor value).

If using external RC network or clock input, XTAL1 should be used and XTAL2 left unconnected. 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.
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RAM Dynamic Contribution—PMEMORY

Operating Mode

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

NBLOCKS is the number of RAM blocks used in the design.

FREAD-CLOCK is the memory read clock frequency.

2 is the RAM enable rate for read operations—guidelines are provided in Table 3-17 on
page 3-27.

3 the RAM enable rate for write operations—guidelines are provided in Table 3-17 on page 3-27.

FWRITE-CLOCK is the memory write clock frequency.

Standby Mode and Sleep Mode

PMEMORY = 0 W

PLL/CCC Dynamic Contribution—PPLL

Operating Mode

PPLL = PAC13 * FCLKOUT

FCLKIN is the input clock frequency.

FCLKOUT is the output clock frequency.1

Standby Mode and Sleep Mode

PPLL = 0 W

Nonvolatile Memory Dynamic Contribution—PNVM

Operating Mode

The NVM dynamic power consumption is a piecewise linear function of frequency.

PNVM = NNVM-BLOCKS * 4 * PAC15 * FREAD-NVM when FREAD-NVM 33 MHz,

PNVM = NNVM-BLOCKS * 4 *(PAC16 + PAC17 * FREAD-NVM when FREAD-NVM > 33 MHz

NNVM-BLOCKS is the number of NVM blocks used in the design (2 inAFS600).

4 is the NVM enable rate for read operations. Default is 0 (NVM mainly in idle state).

FREAD-NVM is the NVM read clock frequency.

Standby Mode and Sleep Mode

PNVM = 0 W

Crystal Oscillator Dynamic Contribution—PXTL-OSC

Operating Mode

PXTL-OSC = PAC18

Standby Mode

PXTL-OSC = PAC18

Sleep Mode

PXTL-OSC = 0 W

1. The PLL dynamic contribution depends on the input clock frequency, the number of output clock signals generated by the
PLL, and the frequency of each output clock. If a PLL is used to generate more than one output clock, include each output
clock in the formula output clock by adding its corresponding contribution (PAC14 * FCLKOUT product) to the total PLL
contribution.
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K9 VCC VCC VCC VCC

K10 GND GND GND GND

K11 NC GDC2/IO57PPB1V0 GDC2/IO57PPB2V0 GDC2/IO84PPB2V0

K12 GND GND GND GND

K13 NC GDA0/IO54NDB1V0 GDA0/IO54NDB2V0 GDA0/IO81NDB2V0

K14 NC GDA2/IO55PPB1V0 GDA2/IO55PPB2V0 GDA2/IO82PPB2V0

K15 VCCIB1 VCCIB1 VCCIB2 VCCIB2

K16 NC GDB1/IO53PPB1V0 GDB1/IO53PPB2V0 GDB1/IO80PPB2V0

L1 NC GEC1/IO63PDB3V0 GEC1/IO63PDB4V0 GEC1/IO90PDB4V0

L2 NC GEC0/IO63NDB3V0 GEC0/IO63NDB4V0 GEC0/IO90NDB4V0

L3 NC GEB1/IO62PDB3V0 GEB1/IO62PDB4V0 GEB1/IO89PDB4V0

L4 NC GEB0/IO62NDB3V0 GEB0/IO62NDB4V0 GEB0/IO89NDB4V0

L5 NC IO60NDB3V0 IO60NDB4V0 IO87NDB4V0

L6 NC GEC2/IO60PDB3V0 GEC2/IO60PDB4V0 GEC2/IO87PDB4V0

L7 GNDA GNDA GNDA GNDA

L8 AC0 AC0 AC2 AC2

L9 AV2 AV2 AV4 AV4

L10 AC3 AC3 AC5 AC5

L11 PTEM PTEM PTEM PTEM

L12 TDO TDO TDO TDO

L13 VJTAG VJTAG VJTAG VJTAG

L14 NC IO57NPB1V0 IO57NPB2V0 IO84NPB2V0

L15 GDB2/IO41PPB1V0 GDB2/IO56PPB1V0 GDB2/IO56PPB2V0 GDB2/IO83PPB2V0

L16 NC IO55NPB1V0 IO55NPB2V0 IO82NPB2V0

M1 GND GND GND GND

M2 NC GEA1/IO61PDB3V0 GEA1/IO61PDB4V0 GEA1/IO88PDB4V0

M3 NC GEA0/IO61NDB3V0 GEA0/IO61NDB4V0 GEA0/IO88NDB4V0

M4 VCCIB3 VCCIB3 VCCIB4 VCCIB4

M5 NC IO58NPB3V0 IO58NPB4V0 IO85NPB4V0

M6 NC NC AV0 AV0

M7 NC NC AC1 AC1

M8 AG1 AG1 AG3 AG3

M9 AC2 AC2 AC4 AC4

M10 AC4 AC4 AC6 AC6

M11 NC AG5 AG7 AG7

M12 VPUMP VPUMP VPUMP VPUMP

M13 VCCIB1 VCCIB1 VCCIB2 VCCIB2

M14 TMS TMS TMS TMS

FG256

Pin Number AFS090 Function AFS250 Function AFS600 Function AFS1500 Function
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R21 IO72NDB2V0

R22 IO72PDB2V0

R23 GND

R24 IO71PDB2V0

R25 VCCIB2

R26 IO67NDB2V0

T1 GND

T2 NC

T3 GFA1/IO105PDB4V0

T4 GFA0/IO105NDB4V0

T5 IO101NDB4V0

T6 IO96PDB4V0

T7 IO96NDB4V0

T8 IO99NDB4V0

T9 IO97NDB4V0

T10 VCCIB4

T11 VCC

T12 GND

T13 VCC

T14 GND

T15 VCC

T16 GND

T17 VCCIB2

T18 IO83NDB2V0

T19 IO78NDB2V0

T20 GDA1/IO81PDB2V0

T21 GDB1/IO80PDB2V0

T22 IO73NDB2V0

T23 IO73PDB2V0

T24 IO71NDB2V0

T25 NC

T26 GND

U1 NC

U2 NC

U3 IO102PDB4V0

U4 IO102NDB4V0

FG676

Pin Number AFS1500 Function

U5 VCCIB4

U6 IO91PDB4V0

U7 IO91NDB4V0

U8 IO92PDB4V0

U9 GND

U10 GND

U11 VCC33A

U12 GNDA

U13 VCC33A

U14 GNDA

U15 VCC33A

U16 GNDA

U17 VCC

U18 GND

U19 IO74NDB2V0

U20 GDA0/IO81NDB2V0

U21 GDB0/IO80NDB2V0

U22 VCCIB2

U23 IO75NDB2V0

U24 IO75PDB2V0

U25 NC

U26 NC

V1 NC

V2 VCCIB4

V3 IO100PPB4V0

V4 GND

V5 IO95PDB4V0

V6 IO95NDB4V0

V7 VCCIB4

V8 IO92NDB4V0

V9 GNDNVM

V10 GNDA

V11 NC

V12 AV4

V13 NC

V14 AV5

FG676

Pin Number AFS1500 Function

V15 AC5

V16 NC

V17 GNDA

V18 IO77PPB2V0

V19 IO74PDB2V0

V20 VCCIB2

V21 IO82NDB2V0

V22 GDA2/IO82PDB2V0

V23 GND

V24 GDC1/IO79PDB2V0

V25 VCCIB2

V26 NC

W1 GND

W2 IO94PPB4V0

W3 IO98PDB4V0

W4 IO98NDB4V0

W5 GEC1/IO90PDB4V0

W6 GEC0/IO90NDB4V0

W7 GND

W8 VCCNVM

W9 VCCIB4

W10 VCC15A

W11 GNDA

W12 AC4

W13 VCC33A

W14 GNDA

W15 AG5

W16 GNDA

W17 PUB

W18 VCCIB2

W19 TDI

W20 GND

W21 IO84NDB2V0

W22 GDC2/IO84PDB2V0

W23 IO77NPB2V0

W24 GDC0/IO79NDB2V0

FG676

Pin Number AFS1500 Function
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