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Fusion Device Family Overview

Instant On

Flash-based Fusion devices are Level 0 Instant On. Instant On Fusion devices greatly simplify total
system design and reduce total system cost by eliminating the need for CPLDs. The Fusion Instant On
clocking (PLLs) replaces off-chip clocking resources. The Fusion mix of Instant On clocking and analog
resources makes these devices an excellent choice for both system supervisor and system management
functions. Instant On from a single 3.3 V source enables Fusion devices to initiate, control, and monitor
multiple voltage supplies while also providing system clocks. In addition, glitches and brownouts in
system power will not corrupt the Fusion device flash configuration. Unlike SRAM-based FPGAs, the
device will not have to be reloaded when system power is restored. This enables reduction or complete
removal of expensive voltage monitor and brownout detection devices from the PCB design.
Flash-based Fusion devices simplify total system design and reduce cost and design risk, while
increasing system reliability.

Firm Errors

Firm errors occur most commonly when high-energy neutrons, generated in the upper atmosphere, strike
a configuration cell of an SRAM FPGA. The energy of the collision can change the state of the
configuration cell and thus change the logic, routing, or /0O behavior in an unpredictable way. Another
source of radiation-induced firm errors is alpha particles. For an alpha to cause a soft or firm error, its
source must be in very close proximity to the affected circuit. The alpha source must be in the package
molding compound or in the die itself. While low-alpha molding compounds are being used increasingly,
this helps reduce but does not entirely eliminate alpha-induced firm errors.

Firm errors are impossible to prevent in SRAM FPGAs. The consequence of this type of error can be a
complete system failure. Firm errors do not occur in Fusion flash-based FPGAs. Once it is programmed,
the flash cell configuration element of Fusion FPGAs cannot be altered by high-energy neutrons and is
therefore immune to errors from them.

Recoverable (or soft) errors occur in the user data SRAMs of all FPGA devices. These can easily be
mitigated by using error detection and correction (EDAC) circuitry built into the FPGA fabric.

Low Power

Flash-based Fusion devices exhibit power characteristics similar to those of an ASIC, making them an
ideal choice for power-sensitive applications. With Fusion devices, there is no power-on current surge
and no high current transition, both of which occur on many FPGAs.

Fusion devices also have low dynamic power consumption and support both low power standby mode
and very low power sleep mode, offering further power savings.

Advanced Flash Technology

The Fusion family offers many benefits, including nonvolatility and reprogrammability through an
advanced flash-based, 130-nm LVCMOS process with seven layers of metal. Standard CMOS design
techniques are used to implement logic and control functions. The combination of fine granularity,
enhanced flexible routing resources, and abundant flash switches allows very high logic utilization (much
higher than competing SRAM technologies) without compromising device routability or performance.
Logic functions within the device are interconnected through a four-level routing hierarchy.

1-

Revision 6



&S Microsemi

Fusion Family of Mixed Signal FPGAs

Advanced Architecture

The proprietary Fusion architecture provides granularity comparable to standard-cell ASICs. The Fusion
device consists of several distinct and programmable architectural features, including the following
(Figure 1-1 on page 1-5):
+ Embedded memories
— Flash memory blocks
— FlashROM
— SRAM and FIFO
» Clocking resources
— PLLand CCC
— RC oscillator
— Crystal oscillator
— No-Glitch MUX (NGMUX)
+ Digital I/Os with advanced I/O standards
* FPGA VersaTiles
* Analog components
- ADC
— Analog I/Os supporting voltage, current, and temperature monitoring
— 1.5V on-board voltage regulator
— Real-time counter

The FPGA core consists of a sea of VersaTiles. Each VersaTile can be configured as a three-input logic
lookup table (LUT) equivalent or a D-flip-flop or latch (with or without enable) by programming the
appropriate flash switch interconnections. This versatility allows efficient use of the FPGA fabric. The
VersaTile capability is unique to the Microsemi families of flash-based FPGAs. VersaTiles and larger
functions are connected with any of the four levels of routing hierarchy. Flash switches are distributed
throughout the device to provide nonvolatile, reconfigurable interconnect programming. Maximum core
utilization is possible for virtually any design.

In addition, extensive on-chip programming circuitry allows for rapid (3.3 V) single-voltage programming
of Fusion devices via an IEEE 1532 JTAG interface.

Unprecedented Integration

Integrated Analog Blocks and Analog I/Os

Fusion devices offer robust and flexible analog mixed signal capability in addition to the high-
performance flash FPGA fabric and flash memory block. The many built-in analog peripherals include a
configurable 32:1 input analog MUX, up to 10 independent MOSFET gate driver outputs, and a
configurable ADC. The ADC supports 8-, 10-, and 12-bit modes of operation with a cumulative sample
rate up to 600 k samples per second (Ksps), differential nonlinearity (DNL) < 1.0 LSB, and Total
Unadjusted Error (TUE) of 0.72 LSB in 10-bit mode. The TUE is used for characterization of the
conversion error and includes errors from all sources, such as offset and linearity. Internal bandgap
circuitry offers 1% voltage reference accuracy with the flexibility of utilizing an external reference voltage.
The ADC channel sampling sequence and sampling rate are programmable and implemented in the
FPGA logic using Designer and Libero SoC software tool support.

Two channels of the 32-channel ADCMUX are dedicated. Channel 0 is connected internally to VCC and
can be used to monitor core power supply. Channel 31 is connected to an internal temperature diode
which can be used to monitor device temperature. The 30 remaining channels can be connected to
external analog signals. The exact number of I/Os available for external connection signals is device-
dependent (refer to the "Fusion Family" table on page | for details).
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Fusion Family of Mixed Signal FPGAs

The system application, Level 3, is the larger user application that utilizes one or more applets. Designing
at the highest level of abstraction supported by the Fusion technology stack, the application can be easily
created in FPGA gates by importing and configuring multiple applets.

In fact, in some cases an entire FPGA system design can be created without any HDL coding.

An optional MCU enables a combination of software and HDL-based design methodologies. The MCU
can be on-chip or off-chip as system requirements dictate. System portioning is very flexible, allowing the
MCU to reside above the applets or to absorb applets, or applets and backbone, if desired.

The Fusion technology stack enables a very flexible design environment. Users can engage in design
across a continuum of abstraction from very low to very high.

Core Architecture

VersaTile
Based upon successful ProASIC3/E logic architecture, Fusion devices provide granularity comparable to
gate arrays. The Fusion device core consists of a sea-of-VersaTiles architecture.

As illustrated in Figure 2-2, there are four inputs in a logic VersaTile cell, and each VersaTile can be
configured using the appropriate flash switch connections:

* Any 3-input logic function

* Latch with clear or set

+ D-flip-flop with clear or set

» Enable D-flip-flop with clear or set (on a 4th input)

VersaTiles can flexibly map the logic and sequential gates of a design. The inputs of the VersaTile can be
inverted (allowing bubble pushing), and the output of the tile can connect to high-speed, very-long-line
routing resources. VersaTiles and larger functions are connected with any of the four levels of routing
hierarchy.

When the VersaTile is used as an enable D-flip-flop, the SET/CLR signal is supported by a fourth input,
which can only be routed to the core cell over the VersaNet (global) network.

The output of the VersaTile is F2 when the connection is to the ultra-fast local lines, or YL when the
connection is to the efficient long-line or very-long-line resources (Figure 2-2).
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Legend: —+— Via (hard connection) (Switch (flash connection) —é— Ground

Note: *This input can only be connected to the global clock distribution network.

Figure 2-2 »

Fusion Core VersaTile
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Device Architecture

Clock Source

INBUF* Macro

PADIZI [: Y

Input LVDS/LVPECL Macro
PADN Y
PADP

— CLK GL —

— DLYGL[4:0]

Clock Conditioning

Output
GLA

or
GLB
or

GLC

Figure 2-21 « Fusion CCC Options: Global Buffers with Programmable Delay

Global Input Selections

Each global buffer, as well as the PLL reference clock, can be driven from one of the following (Figure 2-

22):

» 3 dedicated single-ended I/Os using a hardwired connection
» 2 dedicated differential 1/Os using a hardwired connection

* The FPGA core

Each shaded box represents an
input buffer called out by the
appropriate name: INBUF or
INBUF_LVDS/LVPECL.

Sample Pin Names

To Core

GAAQ' |E

\Y4

eaat’ [

Source for CCC
(CLKA or CLKB or CLKC)

GAA2' &

Routed Clock
(from FPGA core)

)

GAA[0:2]: GA represents global in the northwest corner
of the device. A[0:2]: designates specific A clock source.

Notes:

1. Represents the global input pins. Globals have direct access to the clock conditioning block and are not routed via the

FPGA fabric. Refer to the "User I/O Naming Convention" section on page 2-158 for more information.
2. Instantiate the routed clock source input as follows:

a) Connect the output of a logic element to the clock input of the PLL, CLKDLY, or CLKINT macro.

b) Do not place a clock source I/O (INBUF or INBUF_LVPECL/LVDS) in a relevant global pin location.

3. LVDS-based clock sources are available in the east and west banks on all Fusion devices.

Figure 2-22 + Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT
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Fusion Family of Mixed Signal FPGAs

Program Operation

A Program operation is initiated by asserting the PROGRAM signal on the interface. Program operations
save the contents of the Page Buffer to the FB Array. Due to the technologies inherent in the FB, the total
programming (including erase) time per page of the eNVM is 6.8 ms. While the FB is writing the data to
the array, the BUSY signal will be asserted.

During a Program operation, the sector and page addresses on ADDR are compared with the stored
address for the page (and sector) in the Page Buffer. If there is a mismatch between the two addresses,
the Program operation will be aborted and an error will be reported on the STATUS output.

It is possible to write the Page Buffer to a different page in memory. When asserting the PROGRAM pin,
if OVERWRITEPAGE is asserted as well, the FB will write the contents of the Page Buffer to the sector
and page designated on the ADDR inputs if the destination page is not Overwrite Protected.

A Program operation can be utilized to either modify the contents of the page in the flash memory block or
change the protections for the page. Setting the OVERWRITEPROTECT bit on the interface while
asserting the PROGRAM pin will put the page addressed into Overwrite Protect Mode. Overwrite Protect
Mode safeguards a page from being inadvertently overwritten during subsequent Program or Erase
operations.

Program operations that result in a STATUS value of '01' do not modify the addressed page. For all other
values of STATUS, the addressed page is modified. Program errors include the following:

1. Attempting to program a page that is Overwrite Protected (STATUS ='01")

2. Attempting to program a page that is not in the Page Buffer when the Page Buffer has entered
Page Loss Protection Mode (STATUS ='01")

3. Attempting to perform a program with OVERWRITEPAGE set when the page addressed has
been Overwrite Protected (STATUS ='01")

4. The Write Count of the page programmed exceeding the Write Threshold defined in the part
specification (STATUS ="11")

5. The ECC Logic determining that there is an uncorrectable error within the programmed page
(STATUS ='10")

6. Attempting to program a page that is not in the Page Buffer when OVERWRITEPAGE is not set
and the page in the Page Buffer is modified (STATUS ='01")

7. Attempting to program the page in the Page Buffer when the Page Buffer is not modified
The waveform for a Program operation is shown in Figure 2-36.
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Figure 2-36 « FB Program Waveform

Note: OVERWRITEPAGE is only sampled when the PROGRAM or ERASEPAGE pins are asserted.
OVERWRITEPAGE is ignored in all other operations.
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Device Architecture

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 2-23, and the
definition of the page status bits is shown in Table 2-24.

Table 2-23 « 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 2-24 « Page Status Bit Definition

Page Status Bit(s) Definition

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

7-4 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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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.
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Figure 2-42 » FB Unprotected Page Waveform

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. Ifthe 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.

DISCARDPAGE / \

A N ) D S N

BUSY / \

Figure 2-43 « FB Discard Page Waveform
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Voltage Monitor

&S Microsemi

Fusion Family of Mixed Signal FPGAs

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.
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Fusion Family of Mixed Signal FPGAs

Temperature Monitor

The final pin in the Analog Quad is the Analog Temperature (AT) pin. The AT pin is used to implement an
accurate temperature monitor in conjunction with an external diode-connected bipolar transistor
(Figure 2-76). For improved temperature measurement accuracy, it is important to use the ATRTN pin for
the return path of the current sourced by the AT pin. Each ATRTN pin is shared between two adjacent
Analog Quads. Additionally, if not used for temperature monitoring, the AT pin can provide functionality
similar to that of the AV pad. However, in this mode only positive voltages can be applied to the AT pin,
and only two prescaler factors are available (16 V and 4 V ranges—refer to Table 2-57 on page 2-130).

Discrete
Bipolar
Transistor
Off-Chip
AV AC AG AT ATRTN |
Pads Voltage Current Gate 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 (GDONX) (DATOUTX)
To Analog MUX To Analog MUX To Analog MUX

Figure 2-76 « Temperature Monitor Quad
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Table 2-50 « ADC Characteristics in Direct Input Mode
Commercial Temperature Range Conditions, T; = 85°C (unless noted otherwise),
Typical: VCC33A=3.3V,VCC=15V

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Parameter Description Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Units

Direct Input using Analog Pad AV, AC, AT

VINADC Input Voltage (Direct Input) |Refer to Table 3-2 on
page 3-3

CINADC Input Capacitance Channel not selected pF
Channel selected but not pF
sampling
Channel selected and 18 pF
sampling

ZINADC Input Impedance 8-bit mode 2 kQ
10-bit mode kQ
12-bit mode 2 kQ

Analog Reference Voltage VAREF

VAREF Accuracy T,=25°C 2537 | 2.56 2.583 V

Temperature Drift of 65 ppm /°C
Internal Reference
External Reference 2.527 VCC33A + 0.05 \%

ADC Accuracy (using external reference) 12

DC Accuracy ‘ ‘

TUE Total Unadjusted Error 8-bit mode 0.29 LSB
10-bit mode 0.72 LSB
12-bit mode 1.8 LSB

INL Integral Non-Linearity 8-bit mode 0.20 0.25 LSB
10-bit mode 0.32 0.43 LSB
12-bit mode 1.71 1.80 LSB

DNL Differential Non-Linearity 8-bit mode 0.20 0.24 LSB

(no missing code)
10-bit mode 0.60 0.65 LSB
12-bit mode 2.40 2.48 LSB
Offset Error 8-bit mode 0.01 0.17 LSB
10-bit mode 0.05 0.20 LSB
12-bit mode 0.20 0.40 LSB
Gain Error 8-bit mode 0.0004 0.003 LSB
10-bit mode 0.002 0.011 LSB
12-bit mode 0.007 0.044 LSB
Gain Error (with internal | All modes 2 % FSR
reference)

Notes:

1. Accuracy of the external reference is 2.56 V + 4.6 mV.

2. Data is based on characterization.

3. The sample rate is time-shared among active analog inputs.
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Fusion Family of Mixed Signal FPGAs

Solution 3

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

This scheme will also work for a 3.3 V PCI/PCIX configuration, but the internal diode should not be used

for clamping, and the voltage must be limited by the bus switch, as shown in Figure 2-105. Relying on the
diode clamping would create an excessive pad DC voltage of 3.3V + 0.7V =4 V.

Solution 3

Fusion 1/O Input

Off-Chip : On-Chip
3.3V
Bus
Switch
IDTQS32X23 |—0|
55V LI

i

55V

ol

Requires a bus switch on the board,
LVTTL/LVCMOS 3.3 V I/Os.

Figure 2-105 « Solution 3

Solution 4

Solution 4

Fusion I/O Input

Off-Chip | On-Chip
CIamp
Tl Diode
—[1 — |—4
1 VWA
J Rext1

Requires one board resistor.
Available for LVCMOS 2.5V /5.0 V.

Figure 2-106 * Solution 4
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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 2-134 « 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. lIL 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.

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.

R = 25 S Rto VCClI for tpp (F)

R=1k R to VCCl fort, ,/t, /t
R to GND for tpp (R) Lz’ tzL’ *ZLS

Test Point Test Point Rto GND for tyyz / tz14/ tzns
Data Path Enable Path 10 pF for tyy / tyus / t7 / t71 s
T 10 pF for t-/ t, 7

Figure 2-123 + AC Loading

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

Table 2-135 « AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) CLoap (PF)

0 33 0.285 * VCCI for top(r) _ 10
0.615 * VCCI for tDP(F)

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
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Voltage Referenced I/O Characteristics
33VGTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier

input buffer and an open-drain output buffer. The VCCI pin should be connected to 3.3 V.
Table 2-138 « Minimum and Maximum DC Input and Output Levels

3.3VGTL VIL VIH VOL | VOH [IOL|IOH| I0SL | IOSH | L' [ nH?
Drive Min. Max. Min. Max. Max. Min. Max. | Max.

Strength v v ', v v V |mA|mA| mA3 | mA3 |pA?|pA?
20 mA3 -0.3 |VREF - 0.05|VREF +0.05| 3.6 0.4 - |20(20| 181 | 268 | 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. llH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI.
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.

Input current is

VTT

GTL 25

T 10 pF

Test Point

Figure 2-124 + AC Loading

Table 2-139 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | VREF (typ.) (V) | VTT (typ.) (V) | CLoap (PF)
VREF - 0.05 VREF + 0.05 0.8 0.8 1.2 10
Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
Timing Characteristics
Table 2-140 « 3.3 V GTL
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425 V,
Worst-Case VCCI=3.0V, VREF =0.8V
Speed
Grade toout tpp tom | tey | teour | tzL tzy tiz | tuz | tzs | tzus | Units
Std. 0.66 2.08 0.04 | 293 0.43 2.04 2.08 427 | 4.31 ns
-1 0.56 1.77 0.04 | 2.50 0.36 1.73 1.77 3.63 | 3.67 ns
-2 0.49 1.55 0.03 | 219 0.32 1.52 1.55 3.19 | 3.22 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
2-199 Revision 6



&S Microsemi

Device Architecture

IEEE 1532 Characteristics

JTAG timing delays do not include JTAG I/Os. To obtain complete JTAG timing, add I/O buffer delays to
the corresponding standard selected; refer to the I/O timing characteristics in the "User 1/0s" section on
page 2-132 for more details.

Timing Characteristics

Table 2-186 « JTAG 1532
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V

Parameter Description -2 -1 Std. Units
toisu Test Data Input Setup Time 0.50 0.57 0.67 ns
tDIHD Test Data Input Hold Time 1.00 1.13 1.33 ns
trmssu Test Mode Select Setup Time 0.50 0.57 0.67 ns
tTMDHD Test Mode Select Hold Time 1.00 1.13 1.33 ns
trekeq Clock to Q (data out) 6.00 6.80 8.00 ns
trRsTB2Q Reset to Q (data out) 20.00 22.67 26.67 ns
Frckmax TCK Maximum Frequency 25.00 22.00 19.00 MHz
tTRSTREM ResetB Removal Time 0.00 0.00 0.00 ns
tTRSTREC ResetB Recovery Time 0.20 0.23 0.27 ns
trRSTMPW ResetB Minimum Pulse TBD TBD TBD 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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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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Fusion Family of Mixed Signal FPGAs
Calculating Power Dissipation

Quiescent Supply Current
Table 3-8 « AFS1500 Quiescent Supply Current Characteristics

Parameter Description Conditions Temp. Min. | Typ. | Max. | Unit
Icc’ 1.5 V quiescent current |Operational standby4, T,=25°C 20 40 mA
Vee=1.575V T,=85°C 32 | 65 | mA
T,=100°C 59 | 120 | mA
Standby mode® or Sleep mode?, 0 0 MA
VCC=0V
ICC332 3.3V analog supplies  |Operational standby?, T,=25°C 98 | 13 | mA
current VCC33=3.63V T,=85°C 1071 12 | mA
T,=100°C 108 | 15 | mA
Operational standby, only Analog T,=25°C 0.31 2 mA
ngiglds_.gf\y output ON, T,=85°C 035 2 |mA
T,=100°C 045 | 2 mA
Standby mode®, VCC33 = 3.63 V T,=25°C 29 | 36 | mA
T,=85°C 2.9 4 mA
T,=100°C 3.3 6 mA
Sleep mode®, VCC33 =3.63V T,=25°C 17 19 HA
T,=85°C 18 20 HA
T,=100°C 24 25 MA
Iccl® I/O quiescent current  |Operational standby?, ] T,=25°C 417 | 649 | pA
\S/téagtlj:); ;&d\e;, and Sleep Mode®, T,=85°C 217 | 649 A
T,=100°C 417 | 649 | pA

Notes:

1. ICC is the 1.5 V power supplies, ICC and ICC15A.

2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.
3. ICClincludes all ICCI0, ICCI1, ICCI2, and ICCI4.
4

Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

XTAL is configured as high gain, VCC = VUTAG = VPUMP =0 V.
Sleep Mode, VCC = VUTAG = VPUMP =0 V.

o O
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Package Pin Assignments

QN180 QN180
Pin Number| AFS090 Function | AFS250 Function Pin Number| AFS090 Function | AFS250 Function
C21 AG2 AG2 D1 NC NC
C22 NC NC D2 NC NC
C23 NC NC D3 NC NC
C24 NC NC D4 NC NC
C25 NC AT5
C26 GNDAQ GNDAQ
c27 NC NC
Cc28 NC NC
C29 NC NC
C30 NC NC
C31 GND GND
C32 NC NC
C33 NC NC
C34 NC NC
C35 GND GND
C36 GDBO0/IO39NPB1V0 | GDAO/IO54NPB1V0
Cc37 GDA1/I037NSB1V0 | GDC0/I052NSB1V0
C38 GCAO0/I036NDB1V0 | GCA0/I049NDB1V0
C39 GCB1/I035PPB1V0 | GCB1/1048PPB1V0
C40 GND GND
C41 GCAZ2/I032NPB1V0 I041NPB1V0
C42 GBB2/I031NDB1V0 I040NDB1V0
C43 NC NC
C44 NC GBA1/I039RSB0OV0
C45 NC GBBO0/IO36RSB0OV0
C46 GND GND
C47 NC IO30RSBOVO
C48 I022RSB0OVO 1027RSB0OVO
C49 GND GND
C50 I013RSBOVO I016RSB0OVO
C51 IO09RSBOVO I012RSB0OVO
C52 IO06RSBOVO IO09RSBOVO
C53 GND GND
C54 NC GAB1/I003RSB0OV0
C55 NC GAAO0/IO00RSB0OVO
C56 NC NC
4-6 Revision 6
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Package Pin Assignments

FG256

Pin Number AFS090 Function AFS250 Function AFS600 Function AFS1500 Function
Cc7 IO09RSBOVO I012RSB0OVO IO06NDBOVO IO09NDBOV1
C8 I014RSB0OVO 1022RSB0OV0O 1016PDB1V0 1023PDB1V0
C9 I015RSB0OVO I023RSB0OVO I016NDB1V0 I023NDB1V0
c10 I022RSB0OV0 IO30RSBOVO I025NDB1V1 I031NDB1V1
c1 I020RSBOVO I031RSBOVO 1025PDB1V1 1031PDB1V1
C12 VCCIBO VCCIBO VCCIB1 VCCIB1
C13 GBB1/1028RSB0OV0 GBC1/I035RSB0OV0 GBC1/1026PPB1V1 GBC1/1040PPB1V2
C14 VCCIB1 VCCIB1 VCCIB2 VCCIB2
C15 GND GND GND GND
C16 VCCIB1 VCCIB1 VCCIB2 VCCIB2
D1 GFC2/I050NPB3V0 I075NDB3V0 I084NDB4V0 10124NDB4V0
D2 GFA2/1051NDB3V0 GAB2/I075PDB3V0 GAB2/1084PDB4V0 | GAB2/I0124PDB4V0
D3 GAC2/I051PDB3V0 I076NDB3V0 I085NDB4V0 10125NDB4V0
D4 GAA2/1052PDB3V0 GAA2/I076PDB3V0 GAA2/1085PDB4V0 | GAA2/I0125PDB4V0
D5 GAB2/I052NDB3V0 GABO0/IO02RSB0OV0 GABO0/IO02NPBOVO GABO/IO02NPB0OVO
D6 GACO0/I004RSB0OVO GACO0/I004RSB0OV0O GACO0/IO03NDBOVO GACO0/IO03NDBOVO
D7 IO08RSBOVO 1013RSB0OVO 1006PDB0OVO I009PDBOV1
D8 NC I020RSB0OVO 1014NDBOV1 I015NDB0OV2
D9 NC 1021RSB0OVO 1014PDB0OV1 1015PDB0OV2
D10 I021RSBOVO 1028RSB0OVO 1023PDB1V1 1037PDB1V2
D11 I023RSB0OVO GBB0/I036RSB0OV0 GBB0/I027NDB1V1 GBB0/I041NDB1V2
D12 NC NC VCCIB1 VCCIB1
D13 GBA2/1031PDB1V0 GBAZ2/1040PDB1V0 GBA2/I030PDB2V0 GBA2/1044PDB2V0
D14 GBB2/I031NDB1V0 I040NDB1V0 I030NDB2V0 I044NDB2V0
D15 GBC2/I032PDB1V0 GBB2/1041PDB1V0 GBB2/I031PDB2V0 GBB2/1045PDB2V0
D16 GCA2/I032NDB1V0 1041NDB1V0 I031NDB2V0 I045NDB2V0
E1 GND GND GND GND
E2 GFBO0/I048NPB3V0 IO73NDB3V0 IO81NDB4V0 10118NDB4V0
E3 GFB2/I050PPB3V0 I073PDB3V0 I081PDB4V0 10118PDB4V0
E4 VCCIB3 VCCIB3 VCCIB4 VCCIB4
E5 NC I074NPB3V0 IO83NPB4V0 I0123NPB4V0
E6 NC I008RSBOVO IO04NPBOVO IO05NPBOV1
E7 GND GND GND GND
E8 NC 1018RSB0OVO 1008PDBOV1 I011PDBO0OV1
E9 NC NC I020NDB1V0 I027NDB1V1
E10 GND GND GND GND
E11 I024RSB0OV0 GBB1/I037RSB0OV0 GBB1/1027PDB1V1 GBB1/1041PDB1V2
E12 NC I050PPB1V0 I033PSB2V0 1048PSB2V0
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5 — Datasheet Information

List of Changes

The following table lists critical changes that were made in each revision of the Fusion datasheet.

Revision

Changes

Page

Revision 6
(March 2014)

Note added for the discontinuance of QN108 and QN180 packages to the "Package
I/Os: Single-/Double-Ended (Analog)" table and the "Temperature Grade Offerings"
table (SAR 55113, PDN 1306).

Iland IV

Updated details about page programming time in the "Program Operation" section
(SAR 49291).

2-46

ADC_START changed to ADCSTART in the "ADC Operation" section (SAR 44104).

2-104

Revision 5
(January 2014)

Calibrated offset values (AFS090, AFS250) of the external temperature monitor in
Table 2-49 - Analog Channel Specifications have been updated (SAR 51464).

2-117

Specifications for the internal temperature monitor in
Table 2-49 + Analog Channel Specifications have been updated (SAR 50870).

2-117

Revision 4
(January 2013)

The "Product Ordering Codes" section has been updated to mention "Y" as "Blank"
mentioning "Device Does Not Include License to Implement IP Based on the
Cryptography Research, Inc. (CRI) Patent Portfolio" (SAR 43177).

The note in Table 2-12 « Fusion CCC/PLL Specification referring the reader to
SmartGen was revised to refer instead to the online help associated with the core
(SAR 42563).

2-28

Table 2-49 « Analog Channel Specifications was modified to update the uncalibrated
offset values (AFS250) of the external and internal temperature monitors (SAR
43134).

2-117

In Table 2-57 « Prescaler Control Truth Table—AV (x = 0), AC (x = 1), and AT (x = 3),
changed the column heading from 'Full-Scale Voltage' to 'Full Scale Voltage in 10-Bit
Mode', and added and updated Notes as required (SAR 20812).

2-130

The values for the Speed Grade (-1 and Std.) for FDDRIMAX (Table 2-180 - Input
DDR Propagation Delays) and values for the Speed Grade (-2 and Std.) for
FDDOMAX (Table 2-182 « Output DDR Propagation Delays) had been inadvertently
interchanged. This has been rectified (SAR 38514).

2-220,
2-222

Added description about what happens if a user connects VAREF to an external 3.3
V on their board to the "VAREF Analog Reference Voltage" section (SAR 35188).

2-225

Added a note to Table 3-2 « Recommended Operating Conditions1 (SAR 43429):
The programming temperature range supported is Tympient = 0°C to 85°C.

Added the Package Thermal details for AFS600-PQ208 and AFS250-PQ208 to
Table 3-6 » Package Thermal Resistance (SAR 37816). Deleted the Die Size column
from the table (SAR 43503).

3-7

Libero Integrated Design Environment (IDE) was changed to Libero System-on-Chip
(SoC) throughout the document (SAR 42495).

Live at Power-Up (LAPU) has been replaced with ’Instant On’.

NA

Revision 3
(August 2012)

Microblade UTAFS250 and U1AFS1500 devices were added to the product tables.

(Y

A sentence pertaining to the analog 1/Os was added to the "Specifying I/O States
During Programming" section (SAR 34831).

1-9
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the drain.

Revision Changes Page
Advance v0.8 The voltage range in the "VPUMP Programming Supply Voltage" section was| 2-225
(continued) updated. The parenthetical reference to "pulled up" was removed from the
statement, "VPUMP can be left floating or can be tied (pulled up) to any voltage
between O V and 3.6 V."
The "ATRTNx Temperature Monitor Return" section was updated with information| 2-226
about grounding and floating the pin.
The following text was deleted from the "VREF |/O Voltage Reference" section: (all| 2-225
digital 1/0).
The "NCAP Negative Capacitor" section and "PCAP Positive Capacitor" section| 2-228
were updated to include information about the type of capacitor that is required to
connect the two.
1 yF was changed to 100 pF in the "XTAL1 Crystal Oscillator Circuit Input". 2-228
The "Programming" section was updated to include information about Vcosc- 2-229
The VMV pins have now been tied internally with the V¢ pins. N/A
The AFS090"108-Pin QFN" table was updated. 3-2
The AFS090 and AFS250 devices were updated in the "108-Pin QFN" table. 3-2
The AFS250 device was updated in the "208-Pin PQFP" table. 3-8
The AFS600 device was updated in the "208-Pin PQFP" table. 3-8
The AFS090, AFS250, AFS600, and AFS1500 devices were updated in the "256-Pin 3-12
FBGA" table.
The AFS600 and AFS1500 devices were updated in the "484-Pin FBGA" table. 3-20
Advance v0.7 The AFS600 device was updated in the "676-Pin FBGA" table. 3-28
(January 2007) Iy " AFS1500 digital 1/0 count was updated in the "Fusion Family" table. |
The AFS1500 digital I/O count was updated in the "Package 1/Os: Single-/Double- I
Ended (Analog)" table.
Advance v0.6 The second paragraph of the "PLL Macro" section was updated to include 2-30
(October 2006) information about POWERDOWN.
The description for bit 0 was updated in Table 2-17 - RTC Control/Status Register. 2-38
3.9 was changed to 7.8 in the "Crystal Oscillator (Xtal Osc)" section. 2-40.
All function descriptions in Table 2-18 - Signals for VRPSM Macro. 2-42
In Table 2-19 < Flash Memory Block Pin Names, the RD[31:0] description was 2-43
updated.
The "RESET" section was updated. 2-61
The "RESET" section was updated. 2-64
Table 2-35 « FIFO was updated. 2-79
The VAREF function description was updated in Table 2-36 * Analog Block Pin 2-82
Description.
The "Voltage Monitor" section was updated to include information about low power 2-86
mode and sleep mode.
The text in the "Current Monitor" section was changed from 2 mV to 1 mV. 2-90
The "Gate Driver" section was updated to include information about forcing 1 V on 2-94
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