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Routing Architecture

The routing structure of Fusion devices is designed to provide high performance through a flexible four-
level hierarchy of routing resources: ultra-fast local resources; efficient long-line resources; high-speed
very-long-line resources; and the high-performance VersaNet networks.

The ultra-fast local resources are dedicated lines that allow the output of each VersaTile to connect
directly to every input of the eight surrounding VersaTiles (Figure 2-8). The exception to this is that the
SET/CLR input of a VersaTile configured as a D-flip-flop is driven only by the VersaNet global network.

The efficient long-line resources provide routing for longer distances and higher-fanout connections.
These resources vary in length (spanning one, two, or four VersaTiles), run both vertically and
horizontally, and cover the entire Fusion device (Figure 2-9 on page 2-9). Each VersaTile can drive
signals onto the efficient long-line resources, which can access every input of every VersaTile. Active
buffers are inserted automatically by routing software to limit loading effects.

The high-speed very-long-line resources, which span the entire device with minimal delay, are used to
route very long or high-fanout nets: length +12 VersaTiles in the vertical direction and length +16 in the
horizontal direction from a given core VersaTile (Figure 2-10 on page 2-10). Very long lines in Fusion
devices, like those in ProASIC3 devices, have been enhanced. This provides a significant performance
boost for long-reach signals.

The high-performance VersaNet global networks are low-skew, high-fanout nets that are accessible from
external pins or from internal logic (Figure 2-11 on page 2-11). These nets are typically used to distribute
clocks, reset signals, and other high-fanout nets requiring minimum skew. The VersaNet networks are
implemented as clock trees, and signals can be introduced at any junction. These can be employed
hierarchically, with signals accessing every input on all VersaTiles.

Long Lines

A

Inputs

Ultra-Fast Local Lines

7(connects a VersaTile to the
adjacent VersaTile, I/O buffer,
or memory block)

Note: Input to the core cell for the D-flip-flop set and reset is only available via the VersaNet global
network connection.

Figure 2-8 « Ultra-Fast Local Lines Connected to the Eight Nearest Neighbors
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Clock Aggregation

Clock aggregation allows for multi-spine clock domains. A MUX tree provides the necessary flexibility to
allow long lines or 1/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 1/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 1/0 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.
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NN TN TN TN

( ( ( C ( ( C (
= Global Spine — /O Access ——mm |/O Tiles
=== Global Rib —— Internal Signal Access
O Global Driver and MUX —— Global Signal Access

® Tree Node MUX

Figure 2-14 « Clock Aggregation Tree Architecture
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PLL Macro

The PLL functionality of the clock conditioning block is supported by the PLL macro. Note that the PLL
macro reference clock uses the CLKA input of the CCC block, which is only accessible from the global
A[2:0] package pins. Refer to Figure 2-22 on page 2-25 for more information.

The PLL macro provides five derived clocks (three independent) from a single reference clock. The PLL
feedback loop can be driven either internally or externally. The PLL macro also provides power-down
input and lock output signals. During power-up, POWERDOWN should be asserted Low until V¢ is up.
See Figure 2-19 on page 2-22 for more information.

Inputs:

» CLKA: selected clock input

« POWERDOWN (active low): disables PLLs. The default state is power-down on (active low).
Outputs:

» LOCK (active high): indicates that PLL output has locked on the input reference signal

* GLA, GLB, GLC: outputs to respective global networks

* YB, YC: allows output from the CCC to be routed back to the FPGA core

As previously described, the PLL allows up to five flexible and independently configurable clock outputs.
Figure 2-23 on page 2-26 illustrates the various clock output options and delay elements.

As illustrated, the PLL supports three distinct output frequencies from a given input clock. Two of these
(GLB and GLC) can be routed to the B and C global networks, respectively, and/or routed to the device
core (YB and YC).

There are five delay elements to support phase control on all five outputs (GLA, GLB, GLC, YB, and YC).

There is also a delay element in the feedback loop that can be used to advance the clock relative to the
reference clock.

The PLL macro reference clock can be driven by an INBUF macro to create a composite macro, where
the I/O macro drives the global buffer (with programmable delay) using a hardwired connection. In this
case, the I/O must be placed in one of the dedicated global I/O locations.

The PLL macro reference clock can be driven directly from the FPGA core.

The PLL macro reference clock can also be driven from an I/O routed through the FPGA regular routing
fabric. In this case, users must instantiate a special macro, PLLINT, to differentiate it from the hardwired
1/0 connection described earlier.

The visual PLL configuration in SmartGen, available with the Libero SoC and Designer tools, will derive
the necessary internal divider ratios based on the input frequency and desired output frequencies
selected by the user. SmartGen allows the user to select the various delays and phase shift values
necessary to adjust the phases between the reference clock (CLKA) and the derived clocks (GLA, GLB,
GLC, YB, and YC). SmartGen also allows the user to select where the input clock is coming from.
SmartGen automatically instantiates the special macro, PLLINT, when needed.
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Table 2-18 « Flash Memory Block Pin Names (continued)

Interface Name

Width

Direction

Description

STATUS[1:0]

2

Out

Status of the last operation completed:
00: Successful completion
01: Read-/Unprotect-Page: single error detected and corrected

Write: operation addressed a write-protected page
Erase-Page: protection violation

Program: Page Buffer is unmodified

Protection violation

10: Read-/Unprotect-Page: two or more errors detected

11: Write: attempt to write to another page before programming
current page

Erase-Page/Program: page write count has exceeded the 10-year
retention threshold

UNPROTECTPAGE

When asserted, the page addressed is copied into the Page Buffer
and the Page Buffer is made writable.

WD[31:0]

32

Write data

WEN

1

When asserted, stores WD in the page buffer.

All flash memory block input signals are active high, except for RESET.
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The following error indications are possible for Read operations:

1. STATUS ='01" when a single-bit data error was detected and corrected within the block
addressed.

2. STATUS ="10" when a double-bit error was detected in the block addressed (note that the error is
uncorrected).

In addition to data reads, users can read the status of any page in the FB by asserting PAGESTATUS
along with REN. The format of the data returned by a page status read is shown in Table 2-22, and the
definition of the page status bits is shown in Table 2-23.

Table 2-22 « Page Status Read Data Format
31 | 8 | 7 | 4 3 2 1 0

Write Count | Reserved | Over Threshold | Read Protected | Write Protected | Overwrite Protected

Table 2-23 « Page Status Bit Definition

Page Status

Bit(s) Definition

31-8 The number of times the page addressed has been programmed/erased

-4 Reserved; read as 0

3 Over Threshold indicator (see the "Program Operation" section on page 2-46)

2 Read Protected; read protect bit for page, which is set via the JTAG interface and
only affects JTAG operations. This bit can be overridden by using the correct user
key value.

1 Write Protected; write protect bit for page, which is set via the JTAG interface and
only affects JTAG operations. This bit can be overridden by using the correct user
key value.

0 Overwrite Protected; designates that the user has set the OVERWRITEPROTECT
bit on the interface while doing a Program operation. The page cannot be written
without first performing an Unprotect Page operation.
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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 2-90 can only be
used for a first-order estimate of the switching speed of the external MOSFET.

!
dp gy VT

1 A 3 A 10 pA 30 pA

AG

High
Current |

3 uA 10 yA 30 pA

U
f

Figure 2-74 « Gate Driver Example
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For the internal temperature monitor to function, Bit O of Byte 2 for all 10 Quads must be set.

Table 2-66 « Internal Temperature Monitor Control Truth Table

Control Lines B2[0] PDTMB Chip Internal Temperature Monitor
0 0 Off
1 1 On
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Refer to Table 2-79 and Table 2-80 for SLEW and OUT_DRIVE settings. Table 2-81 on page 2-154 and
Table 2-82 on page 2-155 list the 1/0O default attributes. Table 2-83 on page 2-156 lists the voltages for
the supported 1/0 standards.

Table 2-79 « Fusion Advanced I/0O Standards—SLEW and OUT_DRIVE Settings

OUT_DRIVE (mA)
1/0 Standards 2 4 6 8 12 16 Slew
LVTTL/LVCMOS 3.3V 3 3 3 3 3 3 High Low
LVCMOS 2.5V 3 3 3 3 3 - High Low
LVCMOS 1.8V 3 3 3 3 - - High Low
LVCMOS 1.5V 3 3 - - - - High Low

Table 2-80 « Fusion Pro I/0 Standards—SLEW and OUT_DRIVE Settings

OUT_DRIVE (mA)

/O Standards 2 4 6 8 12 16 24 Slew
LVTTLLVCMOS 33V | 3 3 3 3 3 3 3 High | Low
LVCMOS 2.5 V 3 3 3 3 3 3 3 High | Low
LVCMOS 2.5 V/5.0 V 3 3 3 3 3 3 3 High | Low
LVCMOS 1.8V 3 3 3 3 3 3 - High | Low
LVCMOS 1.5V 3 3 3 3 3 - - High | Low
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Table 2-94 « 1/0 Output Buffer Maximum Resistances 1 (continued)

) RPULL-DO\&VN RPULL-ug

Standard Drive Strength (ohms) (ohms)
1.5V 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

Notes:

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

2. R(PULL-DOWN-MAX) = VOLspec / IOLspec
3. R(PULL-UP-MAX) = (VCClmax — VOHspec) /IOHspec

Table 2-95 « 1/0 Weak Pull-Up/Pull-Down Resistances, Minimum and Maximum Weak Pull-Up/Pull-Down
Resistance Values

R(WEAK PULL-UP) | R(WEAK PULL-DOWN) 2
(ohms) (ohms)
VCCI Min. Max. Min. Max.
3.3V 10 k 45k 10k 45k
25V 11k 55k 12 k 74 Kk
1.8V 18 k 70 k 17 k 110 k
1.5V 19 k 90 k 19k 140 k

Notes:

1. Rweak puLL-up-max) = (VCCImax — VOHspec) / liweak puLL-uP-MIN)
2. Rweak puLL-DoWN-MAX) = (VOLspec) / liweak puLL-DOWN-MIN)
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Table 2-114 - 1.8 V LVCMOS High Slew, Extended Temperature Case Conditions: T; =100°C, Worst-Case

VCC =1.425 V, Worst-Case VCCI=1.7V
Applicable to Pro I/O Banks

Drive Speed
Strength | Grade | tpoyt | top | toin | tey | teys [teour| tzu | tzn | tz | thz | tzis | tzws [Units

2mA Std. | 0.68 [12.76| 0.05 | 1.53 | 2.01 | 0.44 | 10.11 [{12.76 | 2.93 | 1.73 | 12.47[15.12| ns
-1 0.58 [10.86) 0.04 [ 1.30 | 1.71 | 0.38 | 8.60 [10.86| 2.50 | 1.47 | 10.61|12.86| ns
-2 051 | 953 [ 0.03 | 1.14 | 1.50 | 0.33 | 7.55 [ 9.53 [ 2.19 | 1.29 | 9.31 | 11.29( ns

4 mA Std. | 0.68 | 7.44 | 0.05 | 1.53 | 2.01 | 0.44 | 654 | 744 | 3.43 | 3.02 | 890 | 9.79 ns
-1 058 [ 6.33 | 004 130|171 (038|556 633|291 (257 | 757 | 833 ns
-2 051 [ 555 | 0.03 [ 1.14 | 1.50 [ 0.33 | 4.88 | 555 | 2.56 | 2.26 | 6.64 | 7.31 ns

6 mA Std. | 0.68 | 4.77 | 0.05 [ 1.53 | 2.01 | 0.44 | 471 | 4.77 | 3.76 | 3.66 | 7.07 | 713 | ns
-1 058 | 406 | 0.04 [ 1.30 | 1.71 [ 0.38 | 4.01 [ 4.06 | 3.20 | 3.11 | 6.01 | 6.06 | ns
-2 051 | 3.56 | 0.03 | 1.14 | 1.50 | 0.33 | 3.52 | 3.56 | 2.81 | 2.73 | 528 | 532 [ ns

8 mA Std. | 0.68 | 435 | 0.05 | 1.53 | 2.01 | 0.44 | 443 | 421 | 3.83 | 3.82 | 6.79 | 6.57 ns
-1 058 [ 3.70 | 0.04 [ 1.30 | 1.71 [ 0.38 | 3.77 | 3.58 | 3.26 | 3.25 | 5.77 | 5.59 ns
-2 051 [ 325] 003 (114 | 150 [ 0.33 | 3.31 | 3.14 | 2.86 | 2.85 | 5.07 | 4.91 ns

12 mA Std. | 0.68 | 4.00 | 0.05 | 1.53 | 2.01 | 0.44 | 3.80 | 3.21 | 3.90 | 4.30 | 6.15 | 5.57 ns
—1 0.58 | 341 | 0.04 | 1.30 [ 1.71 | 0.38 | 3.23 | 2.73 | 3.32 | 3.66 | 5.23 | 4.73 ns
—2 051 | 299 | 0.03 | 1.14 [ 1.50 | 0.33 | 2.83 | 240 | 291 | 3.21 | 460 | 416 | ns

16 mA Std. | 0.68 | 4.00 |0.035( 1.53 | 2.01 | 0.44 | 3.80 | 3.21 [ 3.90 | 4.30 | 6.15 | 557 ns
-1 058 | 341004 [ 130 | 1.71 [ 0.38 | 3.23 | 2.73 | 3.32 | 3.66 | 5.23 | 4.73 ns
-2 051 [ 299 | 003 114 | 150 [ 0.33 | 2.83 | 240 | 291 | 3.21 | 460 | 416 | ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-10.
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Table 2-120 - 1.5 V LVCMOS High Slew, Extended Temperature Case Conditions: T; = 100°C, Worst-Case
VCC =1.425 V, Worst-Case VCCI =14V
Applicable to Pro I/O Banks

Drive Speed teou
Strength | Grade |tpour | top | toin | tey [teys | T | tzu | tzn | tz | thz | tzus | tzus | Units
2 mA Std. 068 [ 882 | 005|152 | 226 044|720 | 882 | 3.57 | 292 ] 9.55 |11.18| ns

-1 0.58 [ 7.50 [ 0.04 | 1.29 [ 192 | 0.38 | 6.12 | 7.50 | 3.04 | 2.48 | 8.13 | 9.51 ns

-2 051 [6.59 [ 0.03 | 1.13 | 169 | 0.33 | 637 | 6.59 | 2.67 | 218 | 7.13 | 8.35 ns

4 mA Std. 0.68 | 560 | 0.05 | 1.52 | 2.26 | 0.44 | 5.11 | 560 | 3.94 [ 3.59 | 7.47 | 7.96 ns

-1 058 | 4.77 | 0.04 | 1.29 | 192 | 0.38 | 435 | 4.77 | 3.36 | 3.05 | 6.36 | 6.77 ns

-2 0.51 [ 4.18 [ 0.03 | 1.13 [ 169 | 0.33 | 3.82 | 418 | 295 | 268 | 558 | 595 [ ns

6 mA Std. 0.68 | 5.07 [ 0.05 | 1.52 | 226 | 0.44 | 480 | 492 | 403 | 3.76 | 715 | 7.28 | ns

-1 058 [4.31 (004|129 192|038 |4.08 | 419 | 3.43 |3.20 | 6.09 | 6.19 [ ns

-2 051 [ 3.78 (003 | 113 [ 169 | 0.33 | 3.58 | 3.68 | 3.01 | 281 | 534 | 544 [ ns

8 mA Std. 0.68 | 466 | 0.05 | 1.52 | 226 | 0.44 | 438 | 3.77 | 416 [ 443 | 6.74 | 6.13 ns

-1 058 | 396|004 | 129|192 |038]|3.73| 321|354 |377|573]|5.21 ns

-2 0.51 [ 348 [ 0.03 | 1.13 [ 169 | 0.33 | 3.27 | 2.82 | 3.11 | 3.31 | 5.03 | 4.58 ns

12 mA Std. 0.68 [ 4.30 [ 0.05 | 1.52 | 2.26 | 0.44 | 4.38 | 3.77 | 416 | 443 | 6.74 | 6.13 | ns

—1 0.58 | 3.66 [ 0.04 | 1.29 | 1.92 | 0.38 | 3.73 | 3.21 | 3.54 | 3.77 | 5.73 | 5.21 ns

-2 0.51 | 321|003 | 113 | 169 | 0.33 | 3.27 | 282 | 3.11 [ 3.31 | 5.03 | 458 | ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-10.
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3.3 VPCI, 3.3V PCI-X

The Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCI
Bus applications.

Table 2-123 « Minimum and Maximum DC Input and Output Levels

3.3 VPCI/PCI-X VIL VIH VoL VOH | IOL | I0H | 10SL |10SH | L' | nH?
Min. Max. Min. Max. Max. Min. Max. | Max.

Drive Strength v v v v v v mA | mA | mA® | mA3 | pa% | pAt

Per PCI Per PCI curves 10 | 10

specification

Notes:

1. Iy is the input leakage current per I/O pin over recommended operation conditions where —0.3 V < VIN < VIL.
2. Iy 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.

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Microsemi loadings for enable
path characterization are described in Figure 2-121.

R=25 E to VCCI for tpp (F) R=1k> RtoVCClfort ,/ty Ity s
Test Point to GND for tpp (R) Test Point Rto GND for tyyz / tz14/ tzns
Data Path Enable Path 10 pF for tyy / tyus !ty / o1 s
T 10 pF for t 7/t 7

Figure 2-121 + AC Loading

AC loadings are defined per PCI/PCI-X specifications for the data path; Microsemi loading for tristate is
described in Table 2-124.

Table 2-124 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) CLoap (PF)
0 3.3 0.285 * VCC, for tppR) - 10
0.615 * VCClI for tpp(F)
Note: *Measuring point = Vy;,. See Table 2-89 on page 2-166 for a complete table of trip points.
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SSTL2 Class Il

Stub-Speed Terminated Logic for 2.5 V memory bus standard (JESD8-9). Fusion devices support Class
1. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 2-148 « Minimum and Maximum DC Input and Output Levels

SSTL2 Class Il VIL VIH VoL VOH IOL [IOH | 10SL | lggy | NLT | 1IH2
Min. Max. Min. Max. [ Max. Min. Max | Max.

Drive Strength | V Y, ', ' ' ' mA | mA | mA3 | mA3 | pA% | pat

21 mA -0.3 |VREF-0.2|VREF +0.2| 3.6 | 0.35 [VCCI-043|21 |21 | 124 | 169 | 15 | 15

Notes:

1.
2.

larger when operating outside recommended ranges.

3.

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

1), is the input leakage current per I/O pin over recommended operation conditions where —0.3 V < VIN < VIL.
1,y is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is

VTT

SSTL2
Class Il

Test Point
25

25

T 30 pF

Figure 2-129 + AC Loading
SSTL2 Class Il
Table 2-149 « AC Waveforms, Measuring Points, and Capacitive Loads

CLOAD
Input Low (V) Input High (V) Measuring Point* (V) | VREF (typ.) (V)| VTT (typ.) (V) (pF)
VREF - 0.2 VREF + 0.2 1.25 1.25 1.25 30

Note: *Measuring point = Vy;,. See Table 2-80 on page 2-153 for a complete table of trip points.

Timing Characteristics

Table 2-150 « SSTL 2 Class I

Extended Temperature Case Conditions: T; = 100°C, Worst Case VCC = 1.425 V, Worst Case
VCCI=23V,VREF=1.25V

Speed

Grade toour | tor | toin | tey | teout | ta tzn tz thz | tzs | tzus | Units
Std. 0.68 2.29 0.05 1.41 0.44 2.33 1.87 4.69 4.22 ns
-1 0.58 1.94 0.04 1.20 0.38 1.98 1.59 3.99 3.59 ns
-2 0.51 1.71 0.03 1.05 0.33 1.74 1.39 3.50 3.15 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-10.
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Table 2-166 » Parameter Definitions and Measuring Nodes

Measuring Nodes
Parameter Name Parameter Definition (from, to)*
tocLkaQ Clock-to-Q of the Output Data Register HH, DOUT
tosup Data Setup Time for the Output Data Register FF, HH
toHD Data Hold Time for the Output Data Register FF, HH
tosue Enable Setup Time for the Output Data Register GG, HH
toHE Enable Hold Time for the Output Data Register GG, HH
tocLr2qQ Asynchronous Clear-to-Q of the Output Data Register LL, DOUT
tOREMCLR Asynchronous Clear Removal Time for the Output Data Register LL, HH
torRECCLR Asynchronous Clear Recovery Time for the Output Data Register LL, HH
toecLka Clock-to-Q of the Output Enable Register HH, EOUT
toEsup Data Setup Time for the Output Enable Register JJ, HH
toEHD Data Hold Time for the Output Enable Register JJ, HH
toEsUE Enable Setup Time for the Output Enable Register KK, HH
toEHE Enable Hold Time for the Output Enable Register KK, HH
toecLr2Q Asynchronous Clear-to-Q of the Output Enable Register Il, EOUT
toEREMCLR Asynchronous Clear Removal Time for the Output Enable Register I, HH
toERECCLR Asynchronous Clear Recovery Time for the Output Enable Register I, HH
ticLka Clock-to-Q of the Input Data Register AA EE
tisup Data Setup Time for the Input Data Register CC, AA
tiHD Data Hold Time for the Input Data Register CC, AA
tisue Enable Setup Time for the Input Data Register BB, AA
tiHE Enable Hold Time for the Input Data Register BB, AA
ticLr2Q Asynchronous Clear-to-Q of the Input Data Register DD, EE
Y REMCLR Asynchronous Clear Removal Time for the Input Data Register DD, AA
YiRECCLR Asynchronous Clear Recovery Time for the Input Data Register DD, AA
Note: *See Figure 2-136 on page 2-213 for more information.
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DDR Module Specifications

FF2

Out_QF
(to core)

Out_QR

(to core)

Input DDR Module
.................. Pt DR e,
Dmaqu{:> :
INBUF |
SN >
CLK-RH > 2
CLKBUF |
>
iC

CLRRH >

INBUF

e

DDR_IN

Figure 2-140 * Input DDR Timing Model

Table 2-170 « Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (from, to)
tpoRrRICLKQ1 Clock-to-Out Out_QR B, D
tDDRICLKQ2 Clock-to-Out Out_QF B, E
tbDRISUD Data Setup Time of DDR Input A, B
{DDRIHD Data Hold Time of DDR Input AB
tDDRICLR2Q1 Clear-to-Out Out_QR C,D
tDDRICLR2Q2 Clear-to-Out Out_QF C E
{DDRIREMCLR Clear Removal C,B
tDDRIRECCLR Clear Recovery C,B
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because SAMPLE is defined in the IEEE1532 specification as a noninvasive instruction. If the input
buffers were to be enabled by SAMPLE temporarily turning on the I/Os, then it would not truly be a
noninvasive instruction. Refer to the standard or the "In-System Programming (ISP) of Microsemi's Low
Power Flash Devices Using FlashPro4/3/3X" chapter of the Fusion FPGA Fabric User’s Guide for more
details.

Boundary Scan

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

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

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

VJTAG Tie-Off Resistance*
VJTAG at 3.3V 200 Q to 1 kQ
VJTAG at 2.5V 200 Q to 1 kQ
VJTAG at 1.8V 500 Q to 1 kQ
VJTAG at 1.5V 500 Q to 1 kQ

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

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

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

The serial pins are used to serially connect all the boundary scan register cells in a device into a
boundary scan register chain, which starts at the TDI pin and ends at the TDO pin. The parallel ports are
connected to the internal core logic I/O tile and the input, output, and control ports of an I/O buffer to
capture and load data into the register to control or observe the logic state of each 1/0.
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Figure 2-144 « Boundary Scan Chain in Fusion
Table 2-176 » Boundary Scan Opcodes
Hex Opcode
EXTEST 00
HIGHZ 07
USERCODE OE
SAMPLE/PRELOAD 01
IDCODE OF
CLAMP 05
BYPASS FF
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Table 3-3 * Input Resistance of Analog Pads

Input Resistance to

Pads Pad Configuration Prescaler Range Ground

AV Analog Input (direct input to ADC) - 2 kQ (typical)
- > 10 MQ

Analog Input (positive prescaler) +16 Vo +2V 1 MQ (typical)
+1Vito +0.125V > 10 MQ

Analog Input (negative prescaler) -16Vto-2V 1 MQ (typical)
-1Vto-0.125V >10 MQ

Digital input +16 Vto +2V 1 MQ (typical)

Current monitor +16 Vio +2V 1 MQ (typical)

-16Vto-2V 1 MQ (typical)

AT Analog Input (direct input to ADC) - 1 MQ (typical)

Analog Input (positive prescaler) +16V, +4 'V 1 MQ (typical)

Digital input +16 'V, +4 'V 1 MQ (typical)
Temperature monitor +16 'V, +4 'V >10 MQ

Table 3-4 « Overshoot and Undershoot Limits (as measured on quiet I/0s)’

Average VCCI-GND Overshoot or
Undershoot Duration as a Percentage of Maximum Overshoot/

vccl Clock Cycle? Undershoot?
2.7Vorless 10% 1.4V

5% 149V
3.0V 10% 1.1V

5% 1.19V
3.3V 10% 0.79V

5% 0.88V
36V 10% 045V

5% 0.54 VvV
Notes:

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

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

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

Product Storage Grade Programming
Grade Temperature Element Cycles Retention
Extended Min. T; =-55°C FPGA/FlashROM 500 20 years
(T;;“perat“re Min. T, = 100°C | Embedded flash <1,000 20 years
< 10,000 10 years
< 15,000 5 years
Revision 2 3-5
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Pin Assignments

FG484

222120191817 161514131211109 8 7 6 5 4 3 2 1

A1 Ball Pad come7

J

N

0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
OC0O0O000O00O00OOOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0C00O000O0O00O0OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
O000000O0OO0O0O0OOOOOOOOOOO
O000O0O0O0OOO0O0OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0C00O000O0O00O0OOOOOOOOOOOO
OC0O0O000O0O0O0O0OOOOOOOOOOOOO
O00O0O0O00OOO0O0OOOOOOOOOOOO
O000000O0OO0OO00OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
0000000000 OOOOOOOOOOOO
OC0O0O000O0O00O0OOOOOOOOOOOOO

%;<§<C—|W'UZ§|_X‘—IO'HITIUOW>

Note

For Package Manufacturing and Environmental information, visit the Resource Center at

www.microsemi.com/soc/products/solutions/package/default.aspx.
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FG484 FG484
Pin Pin
Number | AFS600 Function AFS1500 Function Number | AFS600 Function AFS1500 Function

V3 VCCIB4 VCCIB4 W16 GNDA GNDA

V4 GEA1/1061PDB4V0 | GEA1/I088PDB4V0 w17 AV9 AV9

V5 GEAO/IO61NDB4V0 | GEA0/IO88NDB4V0 W18 VCCIB2 VCCIB2
V6 GND GND W19 NC I068PPB2V0
V7 VCC33PMP VCC33PMP W20 TCK TCK

V8 NC NC W21 GND GND

V9 VCC33A VCC33A w22 NC I076PPB2V0
V10 AG4 AG4 Y1 GEC2/I060PDB4V0 | GEC2/1087PDB4V0
V11 AT4 AT4 Y2 IO60NDB4V0 I087NDB4V0
V12 ATRTN2 ATRTN2 Y3 GEAZ2/I058PDB4V0 | GEA2/I085PDB4V0
V13 AT5 AT5 Y4 IO58NDB4V0 I085NDB4V0
V14 VCC33A VCC33A Y5 NCAP NCAP
V15 NC NC Y6 ACO ACO

V16 VCC33A VCC33A Y7 VCC33A VCC33A
V17 GND GND Y8 AC1 AC1

V18 TMS TMS Y9 AC2 AC2

V19 VJTAG VJTAG Y10 VCC33A VCC33A
V20 VCCIB2 VCCIB2 Y11 AC3 AC3

V21 TRST TRST Y12 AC6 AC6

V22 TDO TDO Y13 VCC33A VCC33A
W1 NC I093PDB4V0 Y14 AC7 AC7

W2 GND GND Y15 ACS8 AC8

W3 NC IO93NDB4V0 Y16 VCC33A VCC33A
W4 GEB2/I059PDB4V0 | GEB2/I086PDB4V0 Y17 AC9 AC9

W5 I059NDB4V0 I0O86NDB4V0 Y18 ADCGNDREF ADCGNDREF
W6 AVO AVO Y19 PTBASE PTBASE
w7 GNDA GNDA Y20 GNDNVM GNDNVM
w8 AV1 AV1 Y21 VCCNVM VCCNVM
W9 AV2 AV2 Y22 VPUMP VPUMP
W10 GNDA GNDA
W11 AV3 AV3
W12 AV6 AV6
W13 GNDA GNDA
W14 AV7 AV7
W15 AV8 AV8
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