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VersaTile Characteristics

Sample VersaTile Specifications—Combinatorial Module
The Fusion library offers all combinations of LUT-3 combinatorial functions. In this section, timing
characteristics are presented for a sample of the library (Figure 2-3). For more details, refer to the

IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide.
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Figure 2-3 » Sample of Combinatorial Cells
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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
(connects a VersaTile to the
adjacent VersaTile, 1/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.

-Il' .II' -Il' -II' .II' .II' -II'
A INLATINLA TN ATINLATINLEATNLT

( C ( C ( ( ( (
= Global Spine — 1/O Access —T—m==m |/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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RAM512X18
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Figure 2-49 - RAM512X18
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The third part of the Analog Quad is called the Gate Driver Block, and its output pin is named AG. This
section is used to drive an external FET. There are two modes available: a High Current Drive mode and
a Current Source Control mode. Both negative and positive voltage polarities are available, and in the
current source control mode, four different current levels are available.

The fourth section of the Analog Quad is called the Temperature Monitor Block, and its input pin name is
AT. This block is similar to the Voltage Monitor Block, except that it has an additional function: it can be
used to monitor the temperature of an external diode-connected transistor. It has a modified prescaler
and is limited to positive voltages only.

The Analog Quad can be configured during design time by Libero SoC; however, the ACM can be used
to change the parameters of any of these 1/Os during runtime. This type of change is referred to as a
context switch. The Analog Quad is a modular structure that is replicated to generate the analog 1/O
resources. Each Fusion device supports between 5 and 10 Analog Quads.

The analog pads are numbered to clearly identify both the type of pad (voltage, current, gate driver, or
temperature pad) and its corresponding Analog Quad (AV0, ACO, AGO, ATO, AV1, ..., AC9, AG9, and
AT9). There are three types of input pads (AVx, ACx, and ATx) and one type of analog output pad (AGx).
Since there can be up to 10 Analog Quads on a device, there can be a maximum of 30 analog input pads
and 10 analog output pads.

Off-Chip
AV AC AG AT
Pads & Voltage _x Current _x Gate m Temperature
Monitor Block Monitor Block Driver Monitor Block
On-Chip
Analog Quad
—>| Prescaler —>| Prescaler | Prescaler
Power
. - MOSFET _
- Digital Digital Gate Driver - Digital
Input Input Input
A
— Current Temperature
> Monitor/Instr > Monitor
Amplifier
\
To FPGA To FPGA From FPGA To FPGA
(DAVOUTX) v (DACOUTX) v (GDONXx) (DATOUTX) v
To Analog MUX To Analog MUX To Analog MUX

Figure 2-65 « Analog Quad
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The Fusion Analog Quad offers a robust set of voltage-monitoring capabilities unique in the FPGA
industry. The Analog Quad comprises three analog input pads— Analog Voltage (AV), Analog Current
(AC), and Analog Temperature (AT)—and a single gate driver output pad, Analog Gate (AG). There are
many common characteristics among the analog input pads. Each analog input can be configured to
connect directly to the input MUX of the ADC. When configured in this manner (Figure 2-66), there will be
no prescaling of the input signal. Care must be taken in this mode not to drive the ADC into saturation by
applying an input voltage greater than the reference voltage. The internal reference voltage of the ADC is
2.56 V. Optionally, an external reference can be supplied by the user. The external reference can be a

maximum of 3.3V DC.

Off-Chip

AV AC
Pads & Voltage Current
Monitor Block Monitor Block
On-Chip
Analog Quad
| Prescaler | Prescaler
- Digital - Digital
Input Input
- Current
$>-| Monitor / Instr
Amplifier
Y
To FPGA To FPGA
(DACOUTX)

(DAVOUTX)
Y

To Analog MUX

AG AT
_x Gate m Temperature
Driver Monitor Block
»| Prescaler
Power
MOSFET Digital
Gate Dri
ate Driver ~ Input
Temperature
. Monitor
From FPGA To FPGA
(GDONX)

To Analog MUX

(DATOUTX)
Y

To Analog MUX

Figure 2-66 + Analog Quad Direct Connect

The Analog Quad offers a wide variety of prescaling options to enable the ADC to resolve the input
signals. Figure 2-67 shows the path through the Analog Quad for a signal that is to be prescaled prior to
conversion. The ADC internal reference voltage and the prescaler factors were selected to make both
prescaling and postscaling of the signals easy binary calculations (refer to Table 2-57 on page 2-130 for
details). When an analog input pad is configured with a prescaler, there will be a 1 MQ resistor to ground.
This occurs even when the device is in power-down mode. In low power standby or sleep mode (VCC is
OFF, VCC33A is ON, VCCI is ON) or when the resource is not used, analog inputs are pulled down to
ground through a 1 MQ resistor. The gate driver output is floating (or tristated), and there is no extra
current on VCC33A.

These scaling factors hold true whether the particular pad is configured to accept a positive or negative
voltage. Note that whereas the AV and AC pads support the same prescaling factors, the AT pad
supports a reduced set of prescaling factors and supports positive voltages only.

Revision 6

2-82



& Microsemi

Fusion Family of Mixed Signal FPGAs

Table 2-40 - Analog MUX Channels (continued)

Analog MUX Channel Signal Analog Quad Number
16 AV5

17 AC5 Analog Quad 5
18 AT5

19 AV6

20 AC6 Analog Quad 6
21 AT6

22 AV7

23 AC7 Analog Quad 7
24 AT7

25 AV8

26 AC8 Analog Quad 8
27 AT8

28 AV9

29 AC9 Analog Quad 9
30 AT9

31 Internal temperature monitor

The ADC can be powered down independently of the FPGA core, as an additional control or for power-
saving considerations, via the PWRDWN pin of the Analog Block. The PWRDWN pin controls only the
comparators in the ADC.

ADC Modes
The Fusion ADC can be configured to operate in 8-, 10-, or 12-bit modes, power-down after conversion,
and dynamic calibration. This is controlled by MODE[3:0], as defined in Table 2-41 on page 2-106.

The output of the ADC is the RESULT[11:0] signal. In 8-bit mode, the Most Significant 8 Bits
RESULT[11:4] are used as the ADC value and the Least Significant 4 Bits RESULT[3:0] are logical '0's.
In 10-bit mode, RESULT[11:2] are used the ADC value and RESULT[1:0] are logical Os.

Table 2-41 « Mode Bits Function

Name | Bits Function

MODE 3 |0 - Internal calibration after every conversion; two ADCCLK cycles are used after the conversion.
1 — No calibration after every conversion

MODE 2 0 — Power-down after conversion
1 — No Power-down after conversion

MODE | 1:0 |00 — 10-bit

01 — 12-bit
10 — 8-bit
11 — Unused
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Table 2-61 details the settings available to either power down or enable the prescaler associated with the
analog inputs AV, AC, and AT.

Table 2-61 * Prescaler Op Amp Power-Down Truth Table—AV (x = 0), AC (x = 1), and AT (x = 3)

Control Lines Bx[7]

Prescaler Op Amp

0

Power-down

1

Operational

Table 2-62 details the settings available to enable the Current Monitor Block associated with the AC pin.

Table 2-62 » Current Monitor Input Switch Control Truth Table—AV (x = 0)

Control Lines B0[4]

Current Monitor Input Switch

0

Off

1

On

Table 2-63 details the settings available to configure the drive strength of the gate drive when not in high-

drive mode.

Table 2-63 » Low-Drive Gate Driver Current Truth Table (AG)

Control Lines B2[3] Control Lines B2[2] Current (uA)
0 0 1
0 1 3
1 0 10
1 1 30

Table 2-64 details the settings available to set the polarity of the gate driver (either p-channel- or

n-channel-type devices).

Table 2-64 - Gate Driver Polarity Truth Table (AG)

Control Lines B2[6]

Gate Driver Polarity

0

Positive

1

Negative

Table 2-65 details the settings available to turn on the Gate Driver and set whether high-drive mode is on

or off.

Table 2-65 » Gate Driver Control Truth Table (AG)

Control Lines B2[7] GDON Gate Driver
0 0 Off
0 1 Low drive on
1 0 Off
1 1 High drive on

Table 2-66 details the settings available to turn on and off the chip internal temperature monitor.
Note: 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

2-131
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Table 2-71 « Fusion Standard and Advanced I/O Features

1/0 Bank Voltage (typical)
Minibank Voltage (typical)
LVTTL/LVCMOS 3.3V
LVCMOS 2.5V

LVCMOS 1.8V

LVCMOS 1.5V

3.3V PCI/PCIX
GTL+(3.3V)

GTL+(2.5V)

GTL (3.3V)

GTL (2.5V)

HSTL Class I and Il (1.5 V)
SSTL2 Class | and Il (2.5 V)
SSTL3 Class | and 11 (3.3 V)
LVDS (2.5 V * 5%)

LVPECL (3.3 V)

w
w
<

25V

1.8V
15V

Note: White box: Allowable I/O standard combinations
Gray box: lllegal I/O standard combinations
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Features Supported on Pro I/Os

Table 2-72 lists all features supported by transmitter/receiver for single-ended and differential 1/Os.

Table 2-72  Fusion Pro 1/O Features

Feature Description

Single-ended and  voltage-|+ Hot insertion in every mode except PCl or 5V input tolerant (these modes use
referenced transmitter clamp diodes and do not allow hot insertion)

features

Activation of hot insertion (disabling the clamp diode) is selectable by I/Os.

Weak pull-up and pull-down

Two slew rates

Skew between output buffer enable/disable time: 2 ns delay (rising edge) and
0 ns delay (faling edge); see "Selectable Skew between Output Buffer
Enable/Disable Time" on page 2-149 for more information

Five drive strengths

5 V-tolerant receiver ("5 V Input Tolerance" section on page 2-144)

LVTTL/LVCMOS 3.3 V outputs compatible with 5V TTL inputs ("5 V Output
Tolerance" section on page 2-148)

High performance (Table 2-76 on page 2-143)

Single-ended receiver features

Schmitt trigger option

ESD protection

Programmable delay: 0 ns if bypassed, 0.625 ns with '000' setting, 6.575 ns
with '111' setting, 0.85-ns intermediate delay increments (at 25°C, 1.5 V)

High performance (Table 2-76 on page 2-143)

Separate ground planes, GND/GNDQ, for input buffers only to avoid output-
induced noise in the input circuitry

Voltage-referenced differential

Programmable Delay: 0 ns if bypassed, 0.625 ns with '000' setting, 6.575 ns

receiver features with '111' setting, 0.85-ns intermediate delay increments (at 25°C, 1.5 V)
« High performance (Table 2-76 on page 2-143)
» Separate ground planes, GND/GNDQ, for input buffers only to avoid output-
induced noise in the input circuitry
CMOS-style LVDS, BLVDS,|+ Two I/Os and external resistors are used to provide a CMOS-style LVDS,
M-LVDS, or LVPECL BLVDS, M-LVDS, or LVPECL transmitter solution.
transmitter » Activation of hot insertion (disabling the clamp diode) is selectable by I/Os.
*  Weak pull-up and pull-down
* Fastslew rate
LVDS/LVPECL differential « ESD protection

receiver features

High performance (Table 2-76 on page 2-143)

Programmable delay: 0.625 ns with '000" setting, 6.575 ns with 111" setting,
0.85-ns intermediate delay increments (at 25°C, 1.5 V)

Separate input buffer ground and power planes to avoid output-induced noise
in the input circuitry
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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

Device Example of
Hot Power Card Circuitry Application with
Swapping Applied Ground Connected | Cards that Contain | Compliance of
Level Description|to Device | Bus State | Connection |to Bus Pins| Fusion Devices Fusion Devices
1 Cold-swap No — — — System and card with [Compliant 1/Os
Microsemi FPGA chip |can but do not
are powered down, |have to be set to
then card gets hot insertion
plugged into system, |[mode.
then power supplies
are turned on for
system but not for
FPGA on card.
2 Hot-swap Yes Held in Must be made |- In PCI hot plug Compliant 1/0s
while reset reset state |and specification, reset can but do not
maintained for control circuitry have to be set to
1 ms before, isolates the card hot insertion
during, and busses until the card |mode.
after insertion/ supplies are at their
removal nominal operating
levels and stable.
3 Hot-swap Yes Held idle Same as Mustremain |Board bus shared Compliant with
while bus (no ongoing |Level 2 glitch-free  |with card bus is cards with two
idle 110 during "frozen," and there is |levels of staging.
processes power-up or [no toggling activity on |I/Os have to be
during power-down |bus. It is critical that |set to hot
insertion/re the logic states set on |insertion mode.
moval) the bus signal do not
get disturbed during
card
insertion/removal.
4 Hot-swap on Yes Bus may Same as Same as There is activity on Compliant with
an active have active |Level 2 Level 3 the system bus, and it |cards with two
bus 110 is critical that the logic [levels of staging.
processes states set on the bus |I/Os have to be
ongoing, signal do not get set to hot
but device disturbed during card |insertion mode.
being insertion/removal.
inserted or
removed
must be
idle.
2-141 Revision 6
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Table 2-123 + 1.8 V LVCMOS High Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=1.7V
Applicable to Advanced I/0s

Drive Speed
Strength | Grade | tpour | top | toin | tey [teouT| tzL | tzn | tz | thz | tzis | tzus | Units
2 mA Std. 066 | 1186 | 0.04 [ 122 | 043 | 914 | 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

-2 049 | 886 | 0.03 | 091 | 0.32 | 6.82 | 886 | 2.07 | 1.24 | 8.49 | 10.53 ns

4 mA Std. 066 | 6.91 | 0.04 [ 122 | 043 | 586 | 6.91 | 3.22 | 2.84 | 8.10 | 9.15 ns

-1 0.56 | 588 | 0.04 | 1.04 | 0.36 | 499 | 588 | 274 | 241 | 6.89 | 7.78 ns

-2 049 | 516 | 0.03 | 091 | 0.32 | 438 | 516 | 241 | 212 | 6.05 | 6.83 ns

8 mA Std. 0.66 | 445 | 0.04 | 1.22 | 043 | 418 | 445 | 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

-2 049 | 3.32 | 0.03 | 091 | 0.32 | 3.12 | 3.32 | 2.64 | 253 | 4.79 | 4.99 ns

12 mA Std. 066 | 392 | 0.04 [ 122 | 043 | 3.93 | 3.92 | 3.60 | 3.52 | 6.16 | 6.16 ns

-1 056 | 3.34 | 0.04 | 1.04 | 0.36 | 3.34 | 3.34 | 3.06 | 3.00 | 524 | 524 ns

-2 049 | 293 | 0.03 | 091 | 032 | 293 | 293 | 2.69 | 263 | 4.60 | 4.60 ns

16 mA Std. 0.66 | 3.53 | 0.04 [ 1.22 | 043 | 3.60 | 3.04 | 3.70 | 4.08 | 584 | 528 ns

-1 0.56 | 3.01 | 0.04 | 1.04 | 0.36 | 3.06 | 259 | 3.15 | 3.47 | 496 | 4.49 ns

-2 049 | 264 | 0.03 | 091 | 032 | 269 | 227 | 276 | 3.05 | 436 | 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: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=1.7V
Applicable to Standard 1/Os

Drive Speed

Strength Grade toouT tpp toin tpy teouT tzL tzn t 2 thz Units

2mA 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 0.32 713 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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HSTL Class |

High-Speed Transceiver Logic is a general-purpose high-speed 1.5V bus standard (EIA/JESD8-6).

Fusion devices support Class |. This provides a differential amplifier input buffer and a push-pull output
buffer.

Table 2-150 « Minimum and Maximum DC Input and Output Levels

giTsls-;l VIL VIH VoL VOH IOL |IOH | IOSL | I0SH | LT | 1H?
Drive Min. Max. Min. Max. | Max. Min. Max. | Max.

Strength v v v v v v mA |mA | mA3 | mA3 | uA% | pA?
8 mA -0.3 |VREF-0.1|VREF+0.1| 36 | 04 |vCcCl-04| 8 | 8 | 39 | 32 | 10 | 10
Notes:

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

2. llIH 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.

VTT
HSTL
Class | 50
Test Point

T 20 pF

Table 2-151 « AC Waveforms, Measuring Points, and Capacitive Loads

Figure 2-128 + AC Loading

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) | VTT (typ.) (V) | CLoap (PF)
VREF - 0.1 VREF + 0.1 0.75 0.75 0.75 20

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

Timing Characteristics

Table 2-152 « HSTL Class |

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI=1.4V, VREF =0.75V

Speed

Grade | tpour | tpp toin tey | teout | tzL tzn tz tuz | tzs | tzus | Units
Std. 0.66 3.18 0.04 2.12 0.43 3.24 3.14 547 5.38 ns
-1 0.56 2.70 0.04 1.81 0.36 2.75 2.67 4.66 4.58 ns
-2 0.49 2.37 0.03 1.59 0.32 242 2.35 4.09 4.02 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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Table 2-175 « 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 2-138 on page 2-214 for more information.
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Device Architecture

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 2-142 « Input DDR Timing Model

Table 2-179 « 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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Table 3-2 «+ Recommended Operating Conditions’

Symbol Parameter” Commercial Industrial Units
T, Junction temperature 0to +85 —40 to +100 °C
VCC 1.5V DC core supply voltage 1.425t0 1.575 1.425t0 1.575 \%
VJTAG JTAG DC voltage 1.41t03.6 1.4t0 3.6 \Y
VPUMP Programming voltage Programming mode> 3.15t03.45 3.15t03.45 \%
Operation® 0to 3.6 0t03.6 v
VCCPLL Analog power supply (PLL) 1.425 to 1.575 1.425t0 1.575 \Y,
VCCI 1.5V DC supply voltage 1.425t0 1.575 1.425t0 1.575 \%
1.8 V DC supply voltage 1.7t01.9 1.7t01.9 \%
2.5V DC supply voltage 23t027 231027 \%
3.3 V DC supply voltage 3.0t0 3.6 3.0t0 3.6 \%
LVDS differential 1/0 2.375t0 2.625 2.37510 2.625 \Y,
LVPECL differential 1/0 3.0t0 3.6 3.0t0 3.6 \Y
VCC33A +3.3 V power supply 2.97 to 3.63 2.97 to 3.63 \%
VCC33PMP |+3.3 V power supply 2.97 to 3.63 2.97 to 3.63 \Y,
VAREF Voltage reference for ADC 2.527 t0 2.593 2.527 t0 2.593 \Y,
VCC15A ° Digital power supply for the analog system 1.425t0 1.575 1.425 to 1.575 \%
VCCNVM Embedded flash power supply 1.425 to 1.575 1.425t0 1.575 V
VCCOSC Oscillator power supply 2.97 to0 3.63 2.97 to 3.63 \%
AV, AC® Unpowered, ADC reset asserted or unconfigured -10.5t012.0 -10.5t0 11.6 \%
Analog input (+16 V to +2 V prescaler range) -0.3t012.0 -0.3t0 11.6 \Y,
Analog input (+1 V to + 0.125 V prescaler range) -0.3t0 3.6 -0.31t0 3.6 \%
Analog input (-16 V to -2 V prescaler range) -10.5t0 0.3 -10.5t0 0.3 \Y,
Analog input (=1 V to —0.125 V prescaler range) -3.6100.3 -3.6100.3 \%
Analog input (direct input to ADC) -0.3t03.6 -0.3t03.6 \Y,
Digital input -0.3t0 12.0 -0.3t0 11.6 V
AG® Unpowered, ADC reset asserted or unconfigured -10.51t012.0 -10.5t0 11.6 \%
Low Current Mode (1 pA, 3 pA, 10 pA, 30 pA) -0.3t012.0 -0.3t0 11.6 \Y,
Low Current Mode (—1 pA, =3 pA, =10 pA, =30 pA) -10.5t0 0.3 -10.5t00.3 \Y,
High Current Mode ! -10.5t0 12.0 -10.5t0 11.6 \Y,
AT® Unpowered, ADC reset asserted or unconfigured -0.3t0 15.5 -0.3t0 14.5 V
Analog input (+16 V, +4 V prescaler range) -0.3t0 155 -0.3t0 145 \%
Analog input (direct input to ADC) -0.3t03.6 -0.3t03.6 \Y,
Digital input -0.3t0 15.5 -0.3t0 14.5 \Y
Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O
standard are given in Table 2-85 on page 2-157.

All parameters representing voltages are measured with respect to GND unless otherwise specified.
The programming temperature range supported is Typpient = 0°C to 85°C.
VPUMP can be left floating during normal operation (not programming mode).

SIS

Violating the Vc154 recommended voltage supply during an embedded flash program cycle can corrupt the page being
programmed.

6. The input voltage may overshoot by up to 500 mV above the Recommended Maximum (150 mV in Direct mode),
provided the duration of the overshoot is less than 50% of the operating lifetime of the device.

7. The AG pad should also conform to the limits as specified in Table 2-48 on page 2-114.
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VCC

VCC=1575V —

VCC=1425V —p

Activation trip point:

V,=085V+0.25V
Deactivation trip point: ~>

Vg=075V£025V

4

A

VCC = VCCI + VT
Where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

\

\

Region 4: 1/0
Region 1: I/0 Buffers are OFF colon

buffers are ON.
1/Os are functional
(except differential inputs)
but slower because VCCl is
below specification. For the
same reason, input buffers do not
meet VIH / VIL levels, and output
buffers do not meet VOH / VOL levels.

Region 5: I/0 buffers are ON
and power supplies are within
specification.

1/0Os meet the entire datasheet
and timer specifications for
speed, VIH / VIL, VOH VOL, etc.

Region 2: /O buffers are ON.

1/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.

Region 3: 1/0 buffers are ON.
1/Os are functional; 1/0 DC
specifications are met,

but I/Os are slower because
the VCC is below specification

Region 1: 1/O buffers are OFF

Deactivation trip point:

!

Activation trip point:
Vga=09V03V

Vq=08V+03V

Min VCCI datasheet specification
voltage at a selected /O
standard; i.e., 1.425Vor 1.7V
or2.3Vor3.0V

VCCI

Figure 3-1 «

1/0 State as a Function of VCCI and VCC Voltage Levels
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DC and Power Characteristics

Thermal Characteristics

Introduction
The temperature variable in the Microsemi Designer software refers to the junction temperature, not the
ambient, case, or board temperatures. This is an important distinction because dynamic and static power
consumption will cause the chip's junction temperature to be higher than the ambient, case, or board
temperatures. EQ 1 through EQ 3 give the relationship between thermal resistance, temperature
gradient, and power.

T)-64
Oa = —p
EQ1
T,-Tg
% = —p
EQ2
T,-Tc
Sc = —p
EQ3
where
6,a = Junction-to-air thermal resistance
6,8 = Junction-to-board thermal resistance
6,c = Junction-to-case thermal resistance
T, = Junction temperature
Ta = Ambient temperature
Tg = Board temperature (measured 1.0 mm away from the
package edge)
Tc = Case temperature
P = Total power dissipated by the device
Table 3-6 « Package Thermal Resistance
SATY
Product Still Air 1.0 m/s 2.5m/s 0yc 048 Units
AFS090-QN108 34.5 30.0 27.7 8.1 16.7 °C/W
AFS090-QN180 33.3 27.6 257 9.2 21.2 °C/IW
AFS250-QN180 32.2 26.5 247 5.7 15.0 °C/W
AFS250-PQ208 421 38.4 37 20.5 36.3 °C/W
AFS600-PQ208 23.9 213 20.48 6.1 16.5 °C/W
AFS090-FG256 37.7 33.9 32.2 1.5 29.7 °C/IW
AFS250-FG256 33.7 30.0 28.3 9.3 248 °C/W
AFS600-FG256 28.9 25.2 235 6.8 19.9 °C/IW
AFS1500-FG256 23.3 19.6 18.0 43 14.2 °C/W
AFS600-FG484 21.8 18.2 16.7 7.7 16.8 °C/W
AFS1500-FG484 21.6 16.8 15.2 5.6 14.9 °C/W
AFS1500-FG676 TBD TBD TBD TBD TBD °C/W
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Package Pin Assignments

FG256

Pin Number AFS090 Function AFS250 Function AFS600 Function AFS1500 Function
H3 XTAL2 XTAL2 XTAL2 XTAL2
H4 XTAL1 XTAL1 XTAL1 XTAL1
H5 GNDOSC GNDOSC GNDOSC GNDOSC
H6 VCCOSC VCCOSC VCCOSC VCCOSC
H7 VCC VCC VCC VCC
H8 GND GND GND GND
H9 VCC VCC VCC VCC
H10 GND GND GND GND
H11 GDCO0/I038NDB1V0 I051NDB1V0 1047NDB2V0 I069NDB2V0
H12 GDC1/1038PDB1V0 1051PDB1V0 1047PDB2V0 I069PDB2V0
H13 GDB1/I039PDB1V0 GCA1/1049PDB1V0 GCA1/1045PDB2V0 GCA1/1064PDB2V0
H14 GDBO0/IO39NDB1V0 GCAO0/I049NDB1V0 GCAO0/I045NDB2V0 GCAO0/I064NDB2V0
H15 GCAO0/I036NDB1V0 GCB0/I048NDB1V0 GCB0/1044NDB2V0 GCBO0/IO63NDB2V0
H16 GCA1/1036PDB1V0 GCB1/1048PDB1V0 GCB1/1044PDB2V0 GCB1/1063PDB2V0
J1 GEA0/I044NDB3V0 GFA0/I066NDB3V0 GFAO0/IO70NDB4V0 | GFA0/IO105NDB4V0
J2 GEA1/1044PDB3V0 GFA1/1066PDB3V0 GFA1/1070PDB4V0 GFA1/10105PDB4V0
J3 I043NDB3V0 GFB0/IO67NDB3V0 GFBO0/IO71NDB4V0 | GFB0/IO106NDB4V0
J4 GEC2/I1043PDB3V0 GFB1/I067PDB3V0 GFB1/I071PDB4V0 | GFB1/10106PDB4V0
J5 NC GFC0/I068NDB3V0 GFCO0/I0O72NDB4V0 | GFCO0/I0107NDB4V0
J6 NC GFC1/1068PDB3V0 GFC1/I072PDB4V0 | GFC1/I0107PDB4V0
J7 GND GND GND GND
J8 VCC VCC VCC VCC
J9 GND GND GND GND
J10 VCC VCC VCC VCC
J1 GDC2/1041NPB1V0 I056NPB1V0 IO56NPB2V0 I083NPB2V0
J12 NC GDBO0/IO53NPB1V0 GDBO0/I053NPB2V0 GDB0/IO80NPB2V0
J13 NC GDA1/I054PDB1V0 GDA1/I054PDB2V0 GDA1/I081PDB2V0
J14 GDA0/I040PDB1V0 GDC1/1052PPB1V0 GDC1/1052PPB2V0 GDC1/1079PPB2V0
J15 NC I0O50NPB1V0 I051NSB2V0 I077NSB2V0
J16 GDA2/I040NDB1V0 GDCO0/I052NPB1V0 GDCO0/I052NPB2V0 GDCO0/IO79NPB2V0
K1 NC I065NPB3V0 1067NPB4V0 I092NPB4V0
K2 VCCIB3 VCCIB3 VCCIB4 VCCIB4
K3 NC I065PPB3V0 I067PPB4V0 1092PPB4V0
K4 NC 1064PDB3V0 1065PDB4V0 1096PDB4V0
K5 GND GND GND GND
K6 NC |064NDB3V0 I065NDB4V0 I096NDB4V0
K7 VCC VCC VCC VCC
K8 GND GND GND GND
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