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1 Revision History

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the most current publication.

1.1 Revision 6.0

The following is a summary of the changes in revision 6.0 of this document.

+  Updated chapter Introduction, page 2.
. Libero SoC software license information was updated from Gold to Silver. For more information, see
Software Installation, page 3.
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2 Introduction

This guide provides the information required to easily evaluate Fusion devices.
Figure 1+ The Fusion Evaluation Board
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2.1 Kit Contents

The following table lists the contents of the Fusion Starter Kit.

Table 1« Kit Contents

Item Quantity
Evaluation board with an AFS600-FG256 Fusion device 1
FlashPro4 programmer 1
9 V power supply with International adapters 1
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3 Installation and Settings

This section provides information about software and hardware settings required to run the
pre-programmed demo design in the Fusion Evaluation Board.

3.1 Software Installation

Download and install the latest release of Microsemi Libero® SoC v11.5 or later, from the Microsemi
website and register for your free Silver license. For instructions on how to install Libero SoC and
SoftConsole, see the Libero Software Installation and Licensing Guide.

3.2 Hardware Installation

FlashPro v4.1 or later is required to use the Fusion Starter Kit. For software and hardware installation
instructions, see the FlashPro for Software User Guide.

3.3 Testing the Evaluation Board

Refer to Test Procedures for Board Testing, page 64.

3.4 Programming the Test File

To retest the evaluation board at any time, use the test program to reprogram the board. Use the
TOP_AFS. stp file with an AFS600-FG256 fitted on the board.

This design is currently implemented for the AFS600 die size. For a device of a different size, it is
possible to recompile the design into other device sizes. For information about retargeting the device,
see the Libero IDE User Guide. The design files are available under
https://www.microsemi.com/products/fpga-soc/design-resources/dev-kits/fusion/fusion-starter-
kit#documents.

For instructions on programming the device using FlashPro v4.1, see the FlashPro for Software User
Guide.

UG0065 User Guide Revision 6.0 3
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Hardware Components

This chapter describes the hardware components of the Fusion Evaluation Board.

Fusion Evaluation Board

The Fusion Evaluation Board consists of the following:

«  Wall-mount power supply connector, with switch and LED indicator

* Jumpers to select either 1.5V or 3.3 V for /0 BankO or Bank1

*  10-pin 0.1"-pitch programming connector compatible with Altera connections

* 40 MHz oscillator and two independent manual clock options for global reset and pulse

+ Eight LEDs (driven by outputs from the device)

*  Jumpers (allow disconnection of all external circuitry from the FPGA)

«  Two monostable pulse generator switches (“global” and “reset”)

*  Four switches (provide input to the device)

»  Potentiometer for variable analog input

» Large alphanumeric LCD to facilitate detailed message outputs from the FPGA application
*  Multicolor LED for illustrating PWM fan control and temperature measurement

+ 1.5V and 3.3 V MOSFET-driven fan control circuits with shrouded headers for external fans

For further information, refer to the following appendices:

+  Appendix: FG256 Package Connections for AFS600 Devices, page 67
+  Appendix: Board Schematics, page 78

Board Description and Usage

The Fusion Evaluation Board has various advanced features that are covered in later sections of this
chapter. The Fusion architecture provides access to a one-chip flash FPGA solution containing both
analog and digital components, including a built-in flash drive.

Note that the AFS600-FG256 Microsemi FPGA is soldered directly to the board. The Fusion Starter Kit
board is available only in a directly soldered configuration. Socketed configurations are not available.

Full schematics are available on the Starter Kit at: https://www.microsemi.com/products/fpga-soc/design-
resources/dev-kits/fusion/fusion-starter-kit#documents. The electronic schematics can be enlarged on
screen to show more detail than will be shown when this manual is printed.

Power Supplies

A9V power supply is provided with the kit. There are two power supply components on the board to
provide 1.5V and 3.3 V to the Fusion FPGA. An additional +5 V voltage bank is provided for use by the
LCD module and in illustrating an analog voltage input to the analog aspects of the Fusion Evaluation
Board.

The external +9 V positive-center power supply provided to the board via connector J18 goes to a
voltage regulator chip, U11. This regulator has been protected against application of a reverse supply
voltage by a reverse polarity protection diode. As soon as the external voltage is connected to the board,
the red “power applied” LED (D19, the only red LED on the board) illuminates to indicate that an external
supply has been connected to the board. As soon as switch SW11 is moved to the ON position (to the
right, as labeled on the board “OFF/ON”), the disabling ground signal is removed from pin 7 of U11, and
the regulator begins to provide power at its output.

The U11 switching voltage regulator provides a dedicated 3.3 V supply at its output. The board's 3.3 V
supply feeds a separate regulator that delivers 1.5 V via U15. Although all Fusion FPGAs can also
support 1.8 V and 2.5 V I/O standards, these voltages are not provided on the Fusion Evaluation Board.
The 1.5 V supply is required for the core voltage of the Fusion family, and the 3.3 V supply is required for
extended I/O bank capability, such as for LVTTL. The presence of these voltages is indicated by two
yellow LEDs (D13 for 1.5V and D11 for 3.3 V) located at the top right of the board. Each LED is labeled
with the voltage it represents and its component identifier. Both voltages are selectable on 1/O banks 0
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and 1 (the two northernmost banks on a Fusion device). Note that only the larger Fusion devices
(AFS600 and AFS1500) have five 1/0 banks.

The 3.3 V supply can also be used to provide the VPUMP programming voltage. This VPUMP voltage
may be provided to the chip during programming by connecting a FlashPro3 programmer to the J1
interface and selecting VPUMP from the FlashPro v4.1 (or later) programming software, and may also be
provided directly to the chip from the board. The user simply leaves the JP54 jumper in place to apply the
3.3 V supply to the VPUMP pin (M12) of the FG256-packaged FPGA. If both FlashPro3 and the board
are selected to provide VPUMP, the connection on the board will override; FlashPro3 will detect that a
voltage is available, issue an information message in the programming software, and then tristate its
VPUMP output pin, allowing the board to provide all the power.

The board must be powered up during programming, as the chip’s core voltages must be provided and
VJTAG must be detected by the FlashPro3 programmer before it can set its JTAG signal voltages to the
right level. The value of VJTAG can be setto 1.5 V or 3.3 V on the board by setting the position of jumper
JP27 to join pins 1 and 2 for 1.5 V and pins 2 and 3 for 3.3 V. It is recommended that VJTAG be left at
3.3 V on the Fusion Evaluation Board because an interboard buffer chip is used that has limited low-
voltage capability and needs the higher setting of 3.3 V to ensure good signals at the output of the buffer
chip array U3.

The LCD has its own dedicated 5 V power supply, all components of which, including the regulator U20,
are mounted on the circuit board underneath the LCD module. A yellow LED (D17) representing 5 V
supply availability is positioned at the top left of the board.

The external +9 V power supply is rated at 2.2 A maximum. On page 1 of the dedicated schematics and
in Figure 61, page 81, it will be noted that the 3.3 V supply is rated at 5 A maximum. The derived power
supply of 1.5 V is rated at 2 A maximum, and the LCD 5 V power supply is rated at 500 mA.

The components at U11 (LM2678S-3.3) and U20 (LM2674M-5.0) are rated for an input voltage range of
+8 V to +40 V, so a wide range of power supplies may be used with the board with no worry of over-
voltage conditions occurring from inadvertent usage of the wrong power supply. It is expected that the
voltage provided will be positive at the center pin of connector J18 and grounded on the outside. There is
protection on the Fusion Evaluation Board for reverse voltages to prevent damage, but correct polarity
must be provided for the board to function. Note that greater heating of the regulator chips will occur with
higher voltages. Microsemi recommends that only the included power suply or an equivalent substitute
be used with the Fusion Starter Kit, as it has been rated for the Fusion Evaluation Board and any
Microsemi daughter cards that may be attached to the board.

Daughter Card Power Supply Connections

Limited power may be supplied by the Fusion Evaluation Board to a daughter card. The connector for the
daughter card (header J12) is shown on page 5 of the dedicated schematics and in Figure 64, page 84.
All the FPGA voltages of 1.5V and 3.3 V are provided to the daughter card via a 12-pin, 0.1"-pitch
connector. The reason for 12 pins is that this is compatible with the 12 pins used on the ProASIC3 Starter
Kits and makes the daughter cards potentially compatible between the kits. The voltages are arranged
with no-connection pins interspersing the voltage pins to prevent use of a jumper to inadvertently short a
supply rail to ground by connecting differing supply rails together. This is not to protect the power supply
regulators, as these will go high-impedance when an over-voltage condition is detected, but to protect
the FGPA from a higher voltage being unintentionally applied to the 1.5 V core. Three of the 12 pins are
ground pins to provide more than sufficient current return capability for future Microsemi daughter cards
that will work with the Fusion Evaluation Board. The remaining pins are no-connection to prevent
accidental shorting.

Power Supplies and Chaining Boards Together

There is a special note to be made of VPUMP connections when chaining boards together. This is
detailed here. Microsemi recommends that the reader, unless experienced with Microsemi Starter Kit
boards, return to this section after reading Figure 4.4, page 6.

When joining multiple Fusion or ProASIC3 Starter Kit boards together via the chain programming
connection, connect J2 on one board to J1 on the next board in the chain using a standard 10-pin, 0.1"-
pitch programming cable. Ideally, twisted-pair ribbon cabling should be used for this connection. The
length of the cable should be kept as short as possible, as multiple boards connected to form a JTAG
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chain of Fusion and ProASIC3/E and/or ARM®-enabled Fusion or ProASIC3 devices will provide much
greater noise pick-up and may degrade the TCK clock for devices remote from the FlashPro3
programmer. Microsemi recommends that VJTAG be set at 3.3 V to help with signal integrity when
chaining boards together. On all boards the jumper at JP10, if connected, is used for providing VJTAG to
a downstream board that needs to know what VJTAG setting is being used by your board (e.g., some
arbitrary board of your own design that you wish to supply with the VJTAG voltage used by the Fusion
component). In most normal cases, this shunt should be disconnected. The shunt normally in this
location can be safely stored across pins 11 and 12 or 9 and 10 of the J12 daughter card power supply
connector. For particularly long chains, the value of TCK used during programming should be reduced.
The lowest value it can take is 1 MHz.

To date, only one revision of the Fusion Evaluation Board has been produced. This first version of the
board is labeled REV1 next to the AFS-EVAL-BRD1 label on the board. If the Fusion Evaluation Board is
connected in a chain to ProASIC3/E boards, the documentation relating to the ProASIC3/E board should
be read in detail to determine the appropriate connection setting, depending on the version of the
ProASIC3/E board being used. The following notes are only for the Fusion Evaluation Board.

Procedure for Rev1 Fusion Evaluation Boards

To determine if the board is a Rev1 board:

To identify a Rev1 board, examine the front of the board and look for the part number located just
beneath the large Actel logo silkscreened on the board. The part number will be “AFS-EVAL-BRD1”
followed by “REV1”.

To chain Rev1 boards together:

All boards, starting from the board nearest the FlashPro3 programmer, should have the shunt moved
from the default location connecting pins 3 and 4 of the J5 header to connect pins 1 and 2 of the J5
header. On the board and schematic this is labeled “CHAIN” (pins 1 and 2) and “LAST DEVICE
(DEFAULT)” (pins 3 and 4). Only the very last board in the chain should have the shunt remaining across
pins 3 and 4 of the J5 connector.

When connecting these boards together via a connection from J2 of one board to J1 of another board,
VPUMP will be connected from one board to another. When powering up one board with a connector in
place, notice that the 1.5V and 3.3 V LEDs will light on the board to which no power has been applied,
and the FPGA on that board, if programmed, will start operating. This is clearly an inappropriate situation
for a large chain of boards. This is caused by having connector JP54 supplying VPUMP to other boards
in the chain, as VPUMP is itself connected to the 3.3 V supply output that is used to generate the other
FPGA voltages on a board. To prevent VPUMP from being used as the 3.3 V supply, you should remove
the shunt that is in place on the JP54 connector to force JP54 open-circuit. To prevent loss of the shunt,
it may safely be stored on the J12 header for the daughter card power supply, as it is impossible to cause
a short by joining any adjacent pins.

Programming the AFS-EVAL-BRD1 with a FlashPro3

The base board used for all Fusion starter kits is the AFS-EVAL-BRD1.

In an AFS EVAL KIT the Microsemi part number for the board is AFS-EVAL-BRD600-SA. The part
number indicates that the board is fitted with an AFS600-FG256 part, directly soldered (-SA) to the
board.

Connecting the FlashPro3 Programmer to the Board

Connect the FlashPro3 programmer to your computer via the USB cable. Follow the instructions in the
FlashPro for Software User Guide to install the software and connect to the FlashPro3 programmer. The
amber (yellow) power LED on the FlashPro3 should be illuminated at this stage. If it is not, recheck the
procedure in the FlashPro user’s guide until you obtain a steady amber (yellow) power LED illumination.

Make sure the board power switch SW11 is in the OFF position and only the red board external power
LED is illuminated on the board.

Connect the FlashPro3 programmer to the board via the 10-pin programming cable supplied with the
programmer hardware. The connector to use on the board is labeled “FP3” and is the lower shrouded
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and keyed header J1. The pin 1 location on the cable indicated by the red ribbon running along the side
of the cable will be on the left side as it enters into the board. After connecting the FlashPro3
programmer, using the FlashPro software, select Analyze Chain from the File menu. If all is well, the
appropriate device ID for the Fusion part will appear in the software display on the PC. If you suspect a
JTAG communication issue, try changing the VJTAG voltage to 3.3 V using JP27.

Programming or Re-Programming the Example Design

On the Fusion Starter Kit CD, you will find a Designer directory containing a STAPL file for programming
the target design. Select the TOP_AFS.STP file from the CD and use that as the STAPL file in the
FlashPro v4.1 software. Clicking PROGRAM will erase, program, and verify the part. The total
programming time is approximately 2 minutes and 30 seconds.

Jumpers for Isolating Switches and LEDs from the FPGA

The many jumpers on the Fusion Evaluation Board are provided to allow the user to disconnect various
switch combinations or LEDs from the FPGA 1/O banks.

The jumpers are shown in the schematic and are labeled on the top-layer silkscreen as JP*, where * is a
number. All jumpers are also labeled with the FPGA 1/O pin number to which they are connected, e.g.,
JP54, for 3.3 V connection of VPUMP to the FPGA, is labeled “M12”, which indicates that it is connected
to pin M12. Similarly, SW4 has a jumper above it called JP14 that is labeled “C10”, indicating that SW4 is
connected through to pin C10 of the FPGA when this jumper is in place.

Figure 2, page 8 shows the board’s silkscreen layer overlaid with a grid, and Table 2, page 9 describes
the function of each jumper and its location.

By disconnecting jumpers JP11, JP12, JP13, and JP14, momentary push button switches SW1, SW2,
SW3, and SW4, respectively, can be disconnected from the FPGA such that the 1/0 pins B11, A11, C11,
and C10, respectively, may be used for other purposes. Disconnecting jumpers JP1-JP8 will disconnect
LEDs D1-D8 from FPGA I/O pins B12, C13, E11, D11, B13, A13, B14, and A14, respectively.

Momentary push button switches SW5 and SW6, for applying a reset pulse and a global pulse, are
connected via jumpers JP15 and JP16 to I/Os K11 and L15, respectively. Again, all labeling is clearly
shown on the silkscreen.

The LCD also has associated jumpers for its data, namely JP41, JP42, JP43, and JP44, located on the
top left side of the board. These are connected to I/O pins E2, E3, F5, and F6, respectively. The LCD
control signals Enable, R/W, and RS are provided from 1/O pins D3, E5, and D1 via jumpers JP47, JP45,
and JP46, respectively.

Analog Circuitry Provided on the Board

A variety of analog inputs and outputs are provided on the Fusion Evaluation Board to show what Fusion
can do as a single-chip solution. These components are detailed below and in Table 2, page 9,
enumerating all possible connectivity. As with all other components, the FPGA pins may be disconnected
from these components to allow the board to be used for other functions.

A potentiometer (R50) is provided on the board for simple user variation of analog input. This input is fed
to the AVO pad.

A multicolor LED, U1, is provided and has three individual color components that can be controlled by a
set of AG pins (AG6 — Blue, AG7 — Orange, AG8 — Green). By using the analog outputs, PWM control as
well as individual switch control can be effected. The multicolor LED is enabled with a p-channel
MOSFET (Q5), where pad AG3 is connected to the gate of the MOSFET.

Motor Control

The Fusion Starter Kit board provides connections to two n-channel MOSFETs, Q6 and Q7, that are used
to control current fed via the 1.5 V supply and the 3.3 V supply to an externally connected fan. Fans can
be connected to the shrouded headers, JP72 and JP73, mounted on the board. An RC network is
connected across each of these shrouded headers to filter out the back-EMF pulse that will occur when
suddenly switching on or off a motor winding. Current is being measured via the AV and AC pads in each
case by monitoring the voltage drop across a 0.1 Q resistor (R62 for 1.5 V and R66 for 3.3 V) in each
case. The AV and AC pads are tolerant to 12 V DC; however, the voltage spike from a motor winding
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being switched off will be much greater than this, so an RC “snubber” network is required to dampen
such a voltage pulse and prevent it from reaching the FPGA inputs. Failure to apply an RC circuit across
a motor when measuring the current through the field winding via direct connection to the FPGA will
almost certainly result in voltages outside the maximum tolerance range of the FPGA's analog inputs,
which may result in catastrophic failure of the FPGA.

On the Fusion Evaluation Board, the n-channel MOSFETSs are connected to a positive voltage supply.
Because they are driven by the AG pads, their operation is inverse to normal. When AG pads on the
FPGA are active, they float down or up to 0 V. When inactive they are tristated and switch off an
n-channel MOSFET that is connected to the positive supply rail when activated. Normally, n-channel
MOSFETs use the AG gate-drivers when the n-channel MOSFET is connected to a negative voltage
supply. In this case, activating the AG gate-driver pad to 0 V will switch on the n-channel MOSFET.

Figure 2+ Fusion Evaluation Board Top Silkscreen
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Table 2 « Jumper Function Listings and Silkscreen Grid Locations
Grid
Jumper Starter Kit Function Notes Location
JP1 Disconnects green LED D1 Pin 1 to LED, pin 2 to FPGA B12 Z2
JP2 Disconnects green LED D2 Pin 1 to LED, pin 2 to FPGA C13 Z2
JP3 Disconnects green LED D3 Pin 1 to LED, pin 2 to FPGA E11 Z2
JP4 Disconnects green LED D4 Pin 1 to LED, pin 2 to FPGA D11 Z1
JP5 Disconnects green LED D5 Pin 1 to LED, pin 2 to FPGAB13 Z1
JP6 Disconnects green LED D6 Pin 1 to LED, pin 2 to FPGAA13 Z1
JP7 Disconnects green LED D7 Pin 1 to LED, pin 2 to FPGA B14 Z1
JP8 Disconnects green LED D8 Pin 1 to LED, pin 2 to FPGAA14 Z1
JP9 — No such jumper — - -
JP10 Enables VJTAG downstream to next Pin 1 to VJTAG of FPGA, pin 2 to W4 and X4
board programming header J2 pin 6 for next board
JP11 Disconnects SW1 Pin 1 to switch, pin 2 to FPGA B11 Z3
JP12 Disconnects SW2 Pin 1 to switch, pin 2 to FPGA A11 Z2
JP13 Disconnects SW3 Pin 1 to switch, pin 2 to FPGA C11 Z2
JP14 Disconnects SW4 Pin 1 to switch, pin 2 to FPGA C10 Z2
JP15 Disconnects one-shot pulse initiated Pin 1 to U9 pin 13, pin 2 to FPGA K11 Y1
by SW5
JP16 Disconnects one-shot pulse initiated Pin 1 to U16 pin 13, pin 2 to FPGA L15 Y1
by SW6
JP17 — No such jumper — - -
JP18 — No such jumper — - -
JP19 — No such jumper — - -
JP20 — No such jumper — - -
JP21 — No such jumper — - -
JP22 — No such jumper — - -
JP23 — No such jumper — - -
JP24 — No such jumper — - -
JP25 Selects value of VMV1 Pin 1is 1.5V_FPGA, pin 2is VMV1, pin 3is W3
3.3V_FPGA
JP26 Selects value of VMV0 Pin 1is 1.5V_FPGA, pin 2 is VMVO, pin 3is X1
3.3V_FPGA
JP27 VJTAG voltage selection Pin1is 1.5V, pin 2is VJTAG, pin3is 3.3V X4
JP28 Determines whether 1.5V is Pin 1is 1.5V_INT, pin 2is 1.5V, pin 3 is Z3
internally generated or externally 1.5V_EXT
generated
JP29 Disconnects AV3 Pin 1 is TP58 (5.0 V), pin 2 is AV3_FLT Z3
(filtered to R7)
JP30 Disconnects AC3 Pin 1 is TP59, pin 2 is AC3_FLT (filtered to Z3

N7)
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Table 2 « Jumper Function Listings and Silkscreen Grid Locations (continued)
Grid
Jumper Starter Kit Function Notes Location
JP31 — No such jumper — - -
JP32 — No such jumper — - -
JP33 Disconnects AV4 Pin 1is 1.5V, pin 2 is AV4_FLT (filtered to L9) Z4
JP34 Disconnects AC4 Pin 1 is JP72 pin 1 for external 1.5V fan, pin2 Z4
is AC4_FLT (filtered to M9)
JP35 Disconnects AG4 Pin 1 is gate of n-channel MOSFET Q6 for Z4
1.5V fan, pin 2 is AG4 (P8)
JP36 — No such jumper — - —
JP37 Disconnects AV5 Pin 1is 3.3V, pin 2 is AV5_FLT (filtered to N9) zZ4
JP38 Disconnects AC5 Pin 1 is JP73 pin 1 for external 1.5V fan, pin 2 Z4
is AC5_FLT (filtered to L10)
JP39 Disconnects AG5 Pin 1 is gate of n-channel MOSFET Q7 for Z3
3.3V fan, pin 2 is AG5 (N8)
JP40 — No such jumper — - -
JP41 Disconnects LCD data Bit3 Pin 1 is MDL14 — Bit3, pin 2 is FPGA E2 X1
JP42 Disconnects LCD data Bit2 Pin 1 is MDL13 - Bit2, pin 2 is FPGA E3 X1
JP43 Disconnects LCD data Bit1 Pin 1 is MDL12 - Bit1, pin 2 is FPGA F5 W1
JP44 Disconnects LCD data BitO Pin 1 is MDL11 — Bit0, pin 2 is FPGA F6 W1
JP45 Disconnects LCD control R/W Pin 1 is MDL5 — R/W, pin 2 is FPGA E5 W3
JP46 Disconnects LCD control RS Pin 1 is MDL4 — RS, pin 2 is FPGA D1 W3
JP47 Disconnects LCD control ENABLE Pin 1 is MDL6 — ENABLE, pin 2 is FPGAD3 W3
JP48 — No such jumper — - -
JP49 Disconnects AV1 Pin 1 is TP48 (3.3 V), pin 2is AV1_FLT X3
(filtered to P6)
JP50 Disconnects TP48 and TP49 Allows ammeter to be connected between X3
TP48 and TP49 to measure 3.3V_FPGA
current
JP51 Disconnects AC1 Pin 1 is TP59, pin 2 is AC1_FLT (filtered to X3
M7)
JP52 Disconnects AV2 Pin 1is TP51 (1.5V), pin 2 is AV2_FLT (filtered X4
to R5)
JP53 Disconnects AV0 from potentiometer Pin 1 is center of R50 potentiometer, pin 2is X1
R50 AVO_FLT (filtered to M6)
JP54 Disconnects 3.3V_FPGA from Pin 1 is VPUMP (M12), pin 2 is 3.3V_FPGA X3
VPUMP
JP55 — No such jumper — - -
JP56 — No such jumper — - -
JP57 — No such jumper — - -
JP58 — No such jumper — - -
JP59 — No such jumper — - -
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Table 2 « Jumper Function Listings and Silkscreen Grid Locations (continued)
Grid

Jumper Starter Kit Function Notes Location

JP60 Disconnects AG3 from multicolor LED Pin 1 is gate of p-channel MOSFET Q5, pin2 Z3
is AG3 (M8)

JP61 — No such jumper — - -

JP62 Disconnects AT9 Pin 1 is base-collector of temperature diode, Z3
pin 2 is AT9 (R12)

JP63 Disconnects TP51 and TP52 Allows ammeter to be connected between X4
TP51 and TP52 to measure 1.5V_FPGA
current

JP64 Disconnects AC2 Pin 1 is TP53, pin 2 is AC2_FLT (filtered to L8) X4

JP65 Selects value of VCCPLB Pin 1is 1.5V_FPGA, pin 2 is VCCPLB (B15), X3
pin 3 is GND

JPG6 — No such jumper — - —

JP67 Selects value of VCCPLA Pin 1is 1.5V_FPGA, pin 2is VCCPLA (B2), Y1
pin 3 is GND

JP68 Disconnects ARTN4 Pin 1 is emitter of temperature diode, pin 2is Z3
ARTN4 (T12)

JP69 Disconnects AG6 from Blue Pin 1 is tricolor LED U1 pin 1 (blue), pin 2is  Z3 and Z4
AG6 (N10)

JP70 Disconnects AG7 from Orange Pin 1 is tricolor LED U1 pin 2 (orange), pin 2is Z4
AG7 (M11)

JP71 Disconnects AG8 from Green Pin 1 is tricolor LED U1 pin 3 (green), pin 2is Z4
AG8 (P12)

JP72 Shrouded header for 1.5 V fan Pin 1is 1.5V, pin 2 is drain of n-channel Z4
MOSFET Q6

JP73 Shrouded header for 3.3 V fan Pin 1 is 3.3 V, pin 2 is drain of n-channel Z4
MOSFET Q7

JP74 Shrouded header for user-supplied  Pin 1 is VAREF (T15), pin 2 is GND Z3

VAREF
4442 TestPoints

4443

All test points on the board are fitted with small test loops. These test points are labeled on the silkscreen
as TP1, TP2, etc. All such test points are also labeled on the silkscreen with the voltage expected to be
observed at that test point. Voltages will be one of 5.0V, 3.3V, 1.5V, or GND. When measuring the
voltage at a test point with a digital voltage multimeter (DVM) the ground lead should be connected to a
test point labeled GND and the voltage lead should be connected to the voltage to be tested. All voltage
labels on the board are relative to a 0 V ground reference or GND.

Prototyping Area

The prototyping area on the right side of the board has the bottom two rows of pins connected to ground,
labeled as GND on the silkscreen and enclosed in a box, providing 16 holes connected to 0 V. The top
two rows of pins are connected to various power supply rails internally in the board. They are grouped
into rectangles of eight pins from left to right as follows: 3.3 V to the left and 1.5 V to the right, giving eight
holes for each voltage level and six unconnected holes in the middle. All other holes in the prototyping
area are unconnected and may be used to hold various discrete components, as needed for
experimentation.

On the reverse side of the board there is an area labeled U5, which is a TQ100 pattern with some
surrounding pads. This area may be used to solder a TQ100 part and then connect that part by adding
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discrete wires to the pads and connecting them to desired pins on the board. The main purpose of this is
to allow a previously programmed TQ100 device to be used to provide more system capability.

4444 Layering on Board

The complete board design and manufacturing files are included on the Starter Kit CD. The board file is
in Allegro format, which will allow an end user to create the appropriate Gerbers and other board views
as needed. Pictures of the layers of the board are included in Appendix: Signal Layers, page 92. For your
convenience, high-resolution PDFs of these layers are also provided on the Starter Kit CD.

The board is fabricated with six copper layers. The layers are arranged as follows from top to bottom:

» Layer 1 — Top Signal Layer

» Layer 2 — Ground Plane (split into separate digital ground and analog ground joined at a single point)
+ Layer 3 — Signal Layer 3

+ Layer 4 — Signal Layer 4

* Layer 5 — Power Plane

» Layer 6 — Bottom Signal Layer

See the diagrams in Appendix: Signal Layers, page 92.
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5 Description of Test Design

This is a description of the test design provided with the Fusion Starter Kit. The design contains a data
generator block for LEDs, a clock divider, and an LCD block. A block diagram of the design is shown in
the following figure.

Figure 3+ Design Block Diagram
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The clock divider divides the 40 MHz oscillator clock and sends the divided clock to the LCD module and
the counter. The data generator (Data_Block) generates an 8-bit up/down counter and 8-bit flashing
signal. The data generator output is displayed on the Fusion Evaluation Board LEDs. You can switch
between the data using the SW6 signal. The counter has a synchronous load and an asynchronous
clear.

A block diagram of Data_Block is shown in the following figure.

Figure 4+ Data Block Diagram
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A message is generated and displayed on the Evaluation Board LCD. A state machine controls the LCD
module.

The following table gives a list of active switches on the board and the functions they perform.

Table 3 Switches

Action Results

Press SW1 Asynchronous clear for the whole design

Press SW2 Up/down control for the 8-bit counter. Press and hold SW2 for
down count.

Press SW3 Synchronous load for the 8-bit counter. Press SW3 to load from

the hex switches.

Press SW4 Switches between manual clock (SW5) and 40 MHz oscillator
clock.

Press SW5 Manual clock (very useful for simulation)

Press SW6 Select for Data_Block. Allows switching LED output between

the counter and flashing data.

Change hex switch setting (U13  Changes the loaded data for the 8-bit counter.
and U14)

The state diagram is shown in the following figure.

Figure 5+ LCD State Diagram

setmode2

setmodel
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Demo Design Tutorial

This section demonstrates two possible implementations of the tutorial design. The first example is
based on the Microsemi CoreABC (a flexible and fully programmable AMBA (Advanced Microcontroller
Bus Architecture) Peripheral Bus Controller) and CoreAl intellectual property (IP) cores, which are freely
available through the Microsemi CoreConsole IP Deployment Platform (IDP). The second example
(SmartDesign Demonstration, page 38) implements the design in RTL with component macros
generated from the Microsemi SmartGen core generator.

CoreABC Design Description

This demo design was created for the Microsemi Fusion Starter Kit. The 5V, 3.3 V, and 1.5 V on-board
power supplies are used in this design. Multiple analog input channels are utilized to sample the voltage
and current provided to different loads. The design also samples the temperature through an on-board
temperature sensor. Single-color LEDs are used to demonstrate the voltage threshold flags, and the
tricolor LED is used to indicate different temperature levels with different colors.

Figure 6+ CoreABC Demo Design Block Diagram
VCCA
AvVO | Pads "[Ccro |
POT X 1
© ——  Analog Quad £
AV1l| — .
Anal 2
AC1 alog Quad &1 Analog
° * °[ Mux
[ ] [ ] [ ]
[ ] [ ) [ ]
28
sl— Analog Quad &
31
AT9
External é Temp Mon
Temperature Internal =
Diode Temperature XH
Diode (not used) H L
5V
CoreABC X E
XH D
————— Subsystem <H
. AG3 | c : | = S
[ | [ ontrol
. @ FWM I Logic | X
. . ot e
e
*VRPU 3.3V
Crystal | CLK RTCPSMMATCH Z'_é
32.768 § osc RTC VRPSM El-5V
iz Output|
3 [ i P%'B—ié

6.1.1

Functionality Description

The following peripherals and functionality are exercised in the demo design:
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6.1.1.1  Voltage Monitor
The demo design uses analog channel AVO (pin M6) to monitor the voltage output from potentiometer
R50. By changing the potentiometer, one can see the illumination status of LEDs D5-D8 change as the
voltage output from the potentiometer changes. For details, refer to Table 4, page 16.
When the potentiometer is set to a different voltage level, the tricolor LED (U1) will blink at a different
rate, from AV0 < 1.5V, the slowest speed (1 Hz), to AV0 > 4.5V, the fastest speed (always on).
6.1.1.2 Current Monitor
The following AV and AC pairs are used to monitor the voltage and current of various power supplies. For
more details, refer to CoreABC Design Implementation, page 18.
*+ AV2 and AC2—AFS600 1.5 V power supply
* AV4 and AC4—1.5 V power supply for external load on board
* AV5and AC5—3.3 V power supply for external load on board
Additionally, AV1 and AC1 can be used to monitor the 3.3 V AFS600 power supply current, and AV3 and
AC3 can be used to monitor 5 V power supply current to the tricolor LED (U1).
6.1.1.3 Temperature Monitor
Channel AT9 is used in conjunction with an external temperature sensor to monitor the temperature of
the Starter Kit environment. The tricolor LED (U1) will illuminate with different colors based on the
temperature level detected.
*  When temperature AT9 > 20°C, the LED illuminates blue.
*  When temperature AT9 > 30°C, the LED illuminates green.
*  When temperature AT9 > 40°C, the LED illuminates red.
. When temperature AT9 > 50°C, the LED illuminates white.
6.1.1.4 Sleep Mode Demonstration
The Real-Time Counter (RTC) is used in this demo to generate a power-on instruction
(RTCPSMMATCH) to the Fusion internal voltage regulator. A 2-bit counter built into the control logic of
the design generates a power-off instruction (VRPU) so the voltage regulator can be turned off from the
Fusion fabric. With the RTC and the counter, one can test the Sleep Mode and wake-up of the Fusion
device.
6115 LCD
The LCD will show “Microsemi FUS1ON COREABC DEMO” after power-up.
The following table lists the different functionalities of the potentiometer, LEDs, and switches on the
Fusion Starter Kit board for the demo design.
Table 4 Functionality of the Potentiometer, LEDs and Switches on the Fusion Evaluation Board
On-Board Jumper Pin Channel
Device # # Name Functionality
LED D5 JP5 B13 AVO When AVO > 1.5V, D5 illuminated
LED D6 JP6 A13  AVO When AV0 > 2.5V, D6 illuminated
LED D7 JP7 B14 AVO When AV0 > 3.3 V, D7 illuminated
LED D8 JP8 A14  AVO When AVO > 4.5V, D8 illuminated
Potentiometer R50 JP53 M6  AVO Turning the potentiometer drives AV0 with an analog voltage
0-5V
Switch SW7 N/A R15 N/A Connects to the PUB pad directly. When depressed, the PUB
pad is grounded to power-up the voltage regulator.
Switch SW6 JP16 L15 N/A Inverted and connects to the active-low RESET signals of the

counters, CoreABC Subsystem, and PLL.
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Table 4 « Functionality of the Potentiometer, LEDs and Switches on the Fusion Evaluation Board

On-Board Jumper Pin Channel

Device # # Name Functionality

Switch SW5 JP17 K11 N/A Connects to the clock input of the 2-bit counter generating the
power-off instruction. When depressed, a clock pulse is
generated.

Switch SW4 JP14 C10 N/A When depressed, the AFS600 core current is displayed on the
LCD.

Switch SW3 JP13 C11 N/A When depressed, the AFS600 core voltage is displayed on the
LCD.

Switch SW2 JP12 A1l N/A When depressed, the current temperature is displayed on the
LCD.

Switch SW1 JP11 B11 N/A When depressed, the potentiometer output voltage is
displayed on the LCD.

Tricolor LED U1 JP69 AG6 AT9 When temperature AT9 > 20°C, the LED illuminates blue.

Tricolor LED U1 JP70 AG7 AT9 When temperature AT9 > 30°C, the LED illuminates green.

Tricolor LED U1 JP71 AG8 AT9 When temperature AT9 > 40°C, the LED illuminates red.

6.1.2 Demonstration Instructions

There are several special jumpers and pins on the Starter Kit that need attention. Select the appropriate
jumper settings for the user design. The following table lists the basic functions of the jumpers.

Table 5 « Special Jumper/Pin Settings and Their Functionality

JP #/Pin # Function JP Setting Value

JP25 VMV1 1-2 15V
2-3 3.3 V!
JP26 VMVO0 1-2 1.5V
2-3 33 V!
JP27 VJTAG 1-2 15V
2-3 33 V!
JP28 PTEM 1-2 1.5 V_INT1
2-3 15V_EXT
Pin M15 TRSTB Floating JTAG operations

Grounded Allows voltage regulator power-down

1. Required for the Fusion Starter Kit Demo Design.

6.1.2.1  Exercising the Demo Design

To exercise the demo design:

1.
2.
3.

Power on the Starter Kit using the power switch.

Turn on the fabric by pushing SW7 (this is only required if the TRSTB pin is grounded).

Test the voltage monitor by turning the potentiometer to observe whether D5-D8 turn on and off and
whether the tricolor LED blinks at different rates.
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6.1.3.1

Figure 7

6.1.3.2

& Microsemi

Power Matters.”

4. Turn on Sleep Mode by turning off the fabric:
*  Press SW6 once to reset the system.
*  Press SW5 four times to generate a power-down signal.

5. Wake up the system via the RTC (at a preset time), or by pushing SW7.

6. Test the temperature indicator by warming the temperature diode (Q8) with a finger tip and then
checking that the tricolor LED changes from blue to green to red (depending upon the initial room
temperature, it may already be blue).

7. Press SW1 to show the potentiometer output voltage on the LCD.

8. Press SW2 to show the temperature sensed by Q8 on the LCD.

9. Press SW3 to show the AFS600 core voltage on the LCD.

10. Press SW4 to show the AFS600 core current on the LCD.

CoreABC Design Implementation

To implement the above functionalities, an integrated CoreConsole and Microsemi Libero Integrated
Design Environment (IDE) project will need to be created with the configuration outlined in this chapter.
For more details on creating the integrated CoreConsole and Microsemi Libero IDE project, see the
CoreConsole User Guide and the Libero IDE User Guide.

Step 1 — Create an Integrated CoreConsole and Microsemi Libero IDE
Project

Create a new Microsemi Libero IDE project by selecting Fusion AFS600-FG256 and using CoreConsole
and the SmartGen Macro Builder to generate the different functional macros; then instantiate them in the
top-level design.

Microsemi Libero IDE New Project Wizard Device Selection

New Project Wizard @

Family, Die and Package
Q Select the family, die and package of your new project.

4

Start

Family: Hel
Il Select Device Fusion < L‘
Select Tools Die: Package:

Add Files
Finish

ﬁx M7AFS1500
/
/

< Back I Next > I Finish | Cancel I

Step 2 — Create a CoreConsole Project within Microsemi Libero IDE

From the Microsemi Libero IDE Project Flow, click the CoreConsole Design Entry Tools button to
generate a new CoreConsole component with the name AFSEVALBRD1, as shown in the following
figure. The end result of the CoreConsole component will yield the CoreABC Subsystem shown in
Figure 6, page 15.
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Schematic
IP Component

Stimulus

SDC File {sdc)

YCD File {vcd)

SAIF File (saif)

YHDL Template
Verilog Template

Help

SmartDesign Component

CoreConsole Component

WHDL Source File
Verilog Source File

Stimulus HOL File

Select a Type: | coreconsole

Name:

AFSEVALBRD1

Physical Design Constraint File {pdc)

=]

Cancel

6.1.3.2.1

Step 2.1 — CoreABC Instantiation and Configuration

From CoreConsole, instantiate and configure an instance of CoreABC through the Parameters tab
shown in Table 6, page 19, Figure 9, page 21, and Figure 10, page 22. From the Program tab, copy and
paste the source code provided in the CoreABC_Source.txt file included with the sample Libero IDE
projects. CoreABC is the central controller in this application and is responsible for interfacing to the
Analog Block (AB) and processing the results, as well as interfacing to the LCD.

Table 6 « CoreABC Configuration Parameters
Configuration Parameter Name Value
Size Settings APB Address Bus Width 10
APB Data Bus Width 16
Number of APB Slots 4
Maximum Number of 512
Instructions
Z Register Size (bits) 14
Number of I/O Inputs
Number of I/0 Flags
Number of I/O Outputs
Stack Size 32
Memory and Interrupt Instruction Store Soft (FPGA RAM)
Internal Data/Stack Memory Enabled
ALU Operations from Memory  Enabled
APB Indirect Addressing Enabled

Supported Data Sources

Accumulator and

Immediate
Interrupt Support Disabled
ISR Address N/A
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Table 6 « CoreABC Configuration Parameters (continued)
Configuration Parameter Name Value
Optional Instructions AND, BITCLR, BITTST Enabled

XOR, CMP Disabled

OR, BITSET Enabled

ADD, SUB, DEC, CMPLEQ Enabled

INC Disabled

SHL, ROL Enabled

SHR, ROR Enabled

CALL, RETURN, RETISR Enabled

PUSH, POP Enabled

APBWRT ACM Enabled

IOREAD Disabled

IOWRT Enabled
Optional Multiply Instruction MULT Not Implemented
Other Settings Initialization Width 11

Instance ID N/A

Verbose Simulation Log Enabled
FPGA Family Fusion
Testbench User
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Figure 9 »

CoreABC Configuration Dialog Box—Parameters Tab

Configuration forCoreABC_00

Parameters | Program

Internal DatajStack Memory:

ADD, SUB, DEC, CMPLEQ

Component Name: CoreABC_00

APB Address Bus Width: l 10

APEB Data Bus Width: l 16

Number of APEB Slots: l4

Maximum Number of Instructions: [512

Z Register Size (Bits): l 14

Number of I/O Inputs: [4

Number of 1/O Flags: l4

Number of IfO Outputs: [4

Stack Size: l32

Memory and Interrupt

Instruction Store: lSoFt (FPGA RAM)

ALU Operations from Memory:

APB Indirect Addressing:

Supported Data Sources: ‘Accumulator and Immediate

v

Interrupt Support: [Dis abled

v

ISR Address: ‘ 1

|

Optional Instructions
AND, BITCLR, BITTST

Optional Multiply Instruction

XOR, CMP 7]

INC 7]

SHR, ROR CALL, RETURN, RETISR
APBWRT ACM IOREAD 7]
MULT INot Implemented v‘

OR, BITSET
SHL, ROL
PUSH, POP
IOWRT

Initialization Width: l 1

Instance ID:

Verbose Simulation Log:

FPGA Family: lFusion

v

Testbench: lUser

o

#

[ Analyze ][ OK ][ Cancel

]
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Figure 10 » CoreABC Configuration Dialog Box—Program Tab

Configuration forCoreABC_00 @

Parameters | Program |

. APB PERIPHERIALS —-—---—--—-—-————- > A
DEF COREAI ]
DEF COREGPIO_LCD 1
DEF COREGPIO_NGHUX 2
DEF COREFROM 3

F1<mmmm e SRAM LOCATIONS -—--------——--—-—- >
DEF AUG_AVERAGE 0
DEF AU2_AUERAGE 1
DEF AU4_AUERAGE 2
DEF AUS_AUERAGE 3

DEF AC2_AVERAGE 4
DEF AC4_AUVERAGE 5
DEF AC5_AUVERAGE

DEF AT9_AVERAGE 7
DEF ADC_TEHMP 8
DEF ADC_CHANNEL 9
DEF BCD_UALUE1 10
DEF BCD_UALUE2 1
DEF BCD_UALUE3 12
DEF BCD_UALUE4 13
>
DEF LCD_DATAL 14 >
DEF LCD_DATAH 15 %

DEF RT_FLAG_REGISTER 16
DEF RT_DELAY_COUNT 17
DEF RT_DISPLAY_COUNT 18

JI<mmmm e CONSTANTS >
DEF AU_SAMPLE_SIZE 8
DEF AU_SAMPLE_SHIFT 3

DEF AC_SAMPLE_SIZE 16
DEF AC_SAMPLE_SHIFT 4

DEF AT_SAMPLE_SIZE 128
DEF AT_SAMPLE_SHIFT b

DEF COREAI_ACH_SIZE 1
DEF LCD_STRING_SIZE 33

DEF DELAY_COUNT 127

F/{-————- COREAI REGISTER ADDRESS OFFSETS -——-—-——-—--- >~
Include Comments [¥] Auto Analyze Program

[ Analyze ][ OK ][ Cancel ]

6.1.3.2.2 Step 2.2 — CoreAl Instantiation and Configuration

From CoreConsole, instantiate and configure an instance of CoreAl as shown in Table 6, page 15 and
Figure 11, page 25. CoreAl allows for the simple control of the Fusion analog peripherals via the
industry-standard AMBA Advanced Peripheral Bus (APB) interface.

Table 7 « CoreAl Configuration Parameters

Configuration Parameter Name Value
ACM Clock Divider PCLK/4
Internal Temperature Monitor Disabled
Interrupt Out Line Disabled
Interrupt Output Polarity N/A
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Table 7 « CoreAl Configuration Parameters (continued)
Configuration Parameter Name Value
Quad #0 AVO Input 0V to 8 V Analog Input

ACO Input Disabled

ATO Input Disabled

AGO Output Disabled
Quad #1 AV1 Input Disabled

AC1 Input Disabled

AT1 Input Disabled

AG1 Output Disabled
Quad #2 AV2 Input 0V to 2 V Analog Input

AC2 Input Current Monitor

AT2 Input Disabled

AG2 Output Disabled
Quad #3 AV3 Input Disabled

AC3 Input Disabled

AT3 Input Disabled

AG3 Output Hardware Driven 25 mA Source
Quad #4 AV4 Input 0V to 2 V Analog Input

AC4 Input Current Monitor

AT4 Input Disabled

AG4 Output Software Driven 25 mA Source
Quad #5 AVS Input 0V to 4 V Analog Input

AC5 Input Current Monitor

AT5 Input Disabled

AGS5 Output Software Driven 25 mA Source
Quad #6 AV6 Input Disabled

ACS6 Input Disabled

AT6 Input Disabled

AG6 Output Software Driven 25 mA Source
Quad #7 AV7 Input Disabled

ACY7 Input Disabled

AT7 Input Disabled

AG7 Output Software Driven 25 mA Source
Quad #8 AVS8 Input Disabled

ACS8 Input Disabled

AT8 Input Disabled

AG8 Output Software Driven 25 mA Source
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Table 7 « CoreAl Configuration Parameters (continued)
Configuration Parameter Name Value
Quad #9 AV9 Input Disabled
AC9 Input Disabled
AT9 Input Temperature Monitor
AG9 Output Disabled
Real-Time Clock Use Real-Time Clock Yes
VAREFSEL Input Control Fixed

Fixed VAREFSEL Value

Output 2.56 V Internal Voltage on VAREF

ADC Mode

Fixed Constant

ADC Mode Fixed Value 12-Bit
TVC[7:0] Pins Control Fixed Constant
TVCI[7:0] Fixed Value 0

STCJ7:0] Pins Control Fixed Constant
STCJ7:0] Constant Value 98

Use ADC Conversion FIFO No

ADC FIFO Almost Empty Value N/A

ADC FIFO Almost Full Value N/A

APB Interface Width 16-Bit

Device Family Fusion
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Figure 11 »+ CoreAl Configuration Dialog Box

Configuring CoreAl_00 X

Import From SmartGen File

Use to find and import configuration settings

Configuration
Component Name: CoreAl_00
AcMdockdvider: [paia
Itemaltemperature montor: [ogabed v
Interruptout e [Disabled |
Interupt output polaty: [acvehigh v
Quad0

S e E—— | i
ATOinpUt: [ pisabled v| AGD output: | pisabled v

Quad 1

AV [Dsabed  w]  ACLORW [oiabkd v
ATUinput: [pisapled v AGLoutput: | pisabled v

- 1
_—_— — —
Quad 8

AVBIORU [Disabled v ACBINPUE: [ pisabled %
ATBIPUE [Disabled v AGB output: | Software driven2s mA source | v

Quad9

9input: [pabed 9| ACOInPU: [Disabled v

Real Time Clock

Use Real Time Clock: [yeg 7

Fixed VAREFSEL value: | output 256 int ref on VAREF  v.|

ADC MODE control: [ Fived constant %

ADCMODE fixed value: 1.6 v

TYC[7:0] pins control:  [Fixed constant v

TVC(7:0)fied value: [

STC[7:0] pins control: [Fixed constant 2

STC[7:0] constant:

Use ADC conversions FIFO: 1y,

<

ADC FIFO almost empty value:

ADC FIFO almost full value:

I

APBinterface width: [ 1¢ pits

Device family: 4

Ce Ce=)

6.1.3.2.3 Step 2.3 — CoreAPB Instantiation and Configuration

From CoreConsole, instantiate and configure an instance of CoreAPB, as shown in the following table.
CoreAPB allows for communication between CoreABC and the various peripherals instantiated on the
AMBA APB interface.
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CoreAPB Configuration Dialog Box

Configuring CoreAPB_00 @

Configuration
Component Name: CoreAPB_00
Slot 0: :Enabled v
Slot 13 [Enabled v:
Slot 2: [Enabled v|
Slot 3: [Enabled v
Slot4: | pisabled ¥
Slot S: |Disabled v
Slot 6: |Disabled v
Slot 7: :Disabled v
Slot &: :Disabled v
Slot 9: :Disabled v
Slot 10: [ pisabled v
Slot 11 :Disabled v:
Slot 12: :Disabled v:
Slot 13: :Disabled vt
Slot 14: iDisabled vt
Slot 15: | pisabled v:
[ OK ] [ Cancel ]

Step 2.4 — CoreGPIO and CoreFROM Instantiation

From CoreConsole, instantiate two CoreGPIO instances and one CoreFROM instance—no configuration
of these instances is necessary. One of the two CoreGPIO instances is used to interface the control and
data signals to the on-board LCD, and the other instance is used to allow runtime control of the NGMUX
select line. The CoreFROM instance provides an AMBA APB interface to the embedded FROM
(FlashROM) block within the Fusion device. The LCD default string is stored in the embedded FROM
block.

Step 2.5 — Automatically Connecting Signals in CoreConsole

CoreConsole has the ability to automatically connect together standard interfaces for components. This
is referred to as Auto Stitching. Many of the interfaces to standard components are well-defined and
uniform, and permit unambiguous automatic connection. These include clock and reset lines, and AHB
(Advanced High-Performance Bus) and APB connections.

First, perform a simple Auto Stitch and configure the dialog box, as shown in Figure 13, page 27. Taking
careful note to set APB:Slaves correctly, as this defines the subsystem memory map, also make sure
the Top Level:Analog Pads option is disabled, as the user will manually connect the necessary signals
in a later step.

Next, perform an Auto Stitch to Top Level and configure the dialog box for the CoreABC instance, as
shown in Figure 14, page 28. This quickly connects the component’s signals to the top level of the
subsystem without renaming the ports. The remainder of the signals will need to be manually connected,
as the remaining ports require specific names in the top-level HDL file that will be used.
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Figure 13 » Auto Stitch Dialog Box

Auto Stitching X

APB:Masters
CoreABC_00:APBmaster
APB:Slaves
CoreAl_00:APBslave

| APBmslaved

CoreGPIO_00:APBslave

I APBmslavel

[V] CoreGPIO_01:APBslave

| APBmslavez

CoreFROM_00:APBslave

l APBmslave3

CoreABC:RESETN
CoreAl_00:PRESETN
CoreGPIO_00:PRESETn
CoreGPIO_01:PRESETn

Top Level:SYSCLK
CoreABC_D0:PCLK
CoreAl_00:PCLK
CoreGPIO_00:PCLK
CoreGPIO_01:PCLK

Top Level:AnalogPads
[]coreal_o0:analogPads

Top Level:NSYSRESET
CoreABC_O0:NSYSRESET

[Select AIIINone] [ Stitch l [ Cancel

]

& Microsemi
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Figure 14 » Auto Stitch to Top Level Dialog Box

6.1.3.2.6

Auto Stitch to Top Level @

Components Connections

CoreABC_00
CoreAl_00D
CoreAPB_D0 d
CoreGPIO_00 = -
- InitConf
CoreGPIO_01 [ kConfig
CoreFROM_00

Top Level - Bus

Top Level - Other Signals
INTACT

INTREQ

I0_IN

10_0UT

PREADY

[Select AIIINonel[ Stitch ][ Cancel ]

Step 2.6 — Manually Connecting Signals in CoreConsole

The remaining signals must be manually connected to the top level of the CoreABC subsystem with the
exact name listed under the “Top Level Signal Name” heading in Table 8, page 29. To manually connect
a signal in CoreConsole, perform the following steps from the Configuring Connections dialog box, as
shown in Figure 15, page 29. Once all of the manual connections are established, the CoreConsole
schematic should resemble the one shown in Figure 16, page 31.

To manually connect a signal CoreConsole:

1.
2.

3.
4.
5

Select the source component in the From list.

Select the source pin (or bus) in the From Pin(s) list (this can either be an input to or an output from

the component).

A bus can be expanded by clicking the + sign to the left of the bus name.

Select the destination component or Top Level in the To list.

Select the destination pin in the To Pin(s) list (this can be either be an input, or an output from this

component). This list only shows compatible pins. If the destination the user selects is Top Level,

then To Pin(s) remains blank.

If connecting to a connection which does not already exist, enter a name for the Connection Label.

If connecting to a previously existing connection, select the name from the Connection Label list.

+ Ifthe From and To components and pins are compatible with the selected label, the Connect
button becomes active.

»  If the From or To component or pins are not compatible with the selected label, a warning will
display and the Connect button will be inactive.

» If a bus connection is being made, Connection Label will be generated automatically.

After all selections are made and the connection is labeled, click the Connect button. The Connect

and OK buttons remain unavailable until all selections and labels are correct. Only the Connect

button establishes the connection. The OK button exits the dialog box but does not establish a

connection.

UG0065 User Guide Revision 6.0 28



Demo Design Tutorial c Microsemi

Power Matters.”

Figure 15+ Configuring Connection Dialog Box

Configuring Connection E]

Connection

Connection Label: ‘INITADDR v Top Level
From: lCoreABC_OO V‘
From Pin{s): lINITADDR vl
To: [Top Level V‘ The Top Level bar groups together all of the ports present at the
subsystem top level.
To Pin{s):

Connections between the pins of subsystem components and
the top level may be made using connection labels.

AAAN

Not currently connected.

The following table lists the required component and top-level signal name.

Table 8 « Required Component and Top-Level Signal Name

Signal Location

Component Top-Level

Name Bus Name Signal Name Connection Label

CoreABC_00 InitConfig INITADDR INITADDR
INITDATA INITDATA
INITDATVAL INITDATVAL
INITDONE INITDONE
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Table 8 « Required Component and Top-Level Signal Name
Signal Location
Component Top-Level
Name Bus Name Signal Name Connection Label
CoreAl_00 AnalogPads AVO0 AVO

AV2 AV2

AC2 AC2

AG3 AG3

AV4 AV4

AC4 AC4

AG4 AG4

AV5 AV5

AC5 AC5

AG5 AG5

AG6 AG6

AG7 AG7

AG8 AG8

AT9 AT9

ATRETURN4 ATRETURN4

VAREF VAREF

GNDREF GNDREF

DDGDON DDGDON3 DDGDON3
RTC RTCCLK RTCCLK

RTCXTLMODEO RTCXTLMODEO

RTCXTLMODE1 RTCXTLMODE1

RTCXTLSEL RTCXTLSEL

RTCMATCH RTCMATCH

RTCPSMMATCH RTCPSMMATCH

INTERRUPT AIRQ
CoreGPIO_00 dataln LCD_IN

dataOut LCD_OuT
CoreGPIO_01 dataOut CLKSEL
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Table 8 « Required Component and Top-Level Signal Name

Signal Location

INTACT
PRESETN

Component Top-Level
Name Bus Name Signal Name Connection Label
CoreFROM fromADDR FROMADDR
fromDATA FROMDATA
CoreABC Subsystem CoreConsole Schematic
CoreABC
P
CoreGPIO CoreGPIO_D1 CoreFROM
(TACT )
—oou

10_0UT

CoreAPB

6.1.3.2.7

PRESETN

CoreAl SYSCLK

ATRETURN4
DDGDOMN3

RTCCLK
GMNDREF

RTCXTLSEL

RTCMATCH

RTCPSMMATCH
VAREF

=|[=]

AlAaE = ===

S| B0l el 3l e S RIRIEIEIE 1
212 G 2[R] & | =[S (|3
Z[| 2

3|15

=] =1

ml @)

218

Step 2.7 — Saving and Generating the CoreConsole Design

The final step within CoreConsole is saving and generating HDL for Microsemi Libero IDE. Switch to the
Generate tab and select either Verilog or VHDL as the desired language, then click the Save &

Generate button. Once generation is completed, CoreConsole may be closed, and the AFSEVALBRD1
component will now be present and accessible within Microsemi Libero IDE.

Power Matters.”
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Figure 17 + CoreConsole Generate Tab

| Components | Generate
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HDL Selection
(® Generate Yerilog
O Generate YHDL

License Selection

Configuration Errors

No Errors Detected

Generate Results

Stage 1

Stage 2

Progress Bars for Tasks

Save & Generate

6.1.3.3

Step 3 — Generate the PLL Macro (CLKGEN)

In the SmartGen Cores Catalog, select Static PLL from the Clock Conditioning/PLL category, as
shown in the following figure. Choose RC Oscillator as the input clock source. The PLL (CLKGEN)
output clocks are 10 MHz, 1.25 MHz, and 40 MHz for GLA, GLB, and GLC, respectively. Once
configured, click the Generate button and set the Core Name to CLKGEN.

Create the PLL Macro (CLKGEN)

Figure 18 »

Static PLL : Modify Core - CLKGEN

A I Actual data is shown in blue.
— AL LOCK
MHz Primary
e i " o
ScCillator S
0.000ns —’1.595 ns
PWRDWN ’
— 1.695 ns
10000  MHz 10,000 MHz
Odeg | 0.000deg(0.000ns)
(: —_—
0000ns « o 0535ns v |—
= T v GLB
il J ™ Secondary 1 0000ns ~ —> 2.230ns
- /32 1,695 ns
—e I~ vB
1250 MHz 1.250 MHz —
W GLC
Secondary 2 0.000ns ¥ _> 2.230ns
—t(‘ A 1.695 ns
~ L ™ vc
40000  MHz 40.000 MHz j
Generate... I Reset |
Help Close
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In the SmartGen Cores Catalog, select Flash Memory System Builder from the Flash Memory
System Builder category, as shown in Figure 19, page 33. Select the Initialization client and click the
Add to System button. Configure the client as shown in Figure 20, page 34. Once configured, click the
Generate button and use the Core Name INITBLK.

Note: The full path to the Memory Contents File is

C:\Acte\AFSEVALBRD 1\coreconsole\common\COREABC\software\CoreABC _00\RAMABC _0.mem

assuming the default location for the Actelprj directory.

Figure 19 »+ Flash Memory System Builder Creation Dialog Box

Flash Memory System: Create core @

o|e| 1]

Available client types

Initialization
Data Storage
RAM Initialization
CFl Data

Add to System...

™ Pipelined Read

Help

Ready

Clients used in the Flash Memory System

Client Type

A ﬂarl Word Page

Initialization

Lock Start

Client Name

(hex) Size Start

End

Order Cost

Address

Close

[
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Figure 20 « Initialization Client Configuration

Add Initialization Client 3]

Client name: |CUF|EABC

Start address: 0 ;, [hexadecimal only)

Size of word: m bits
Number of words: 2048

Memory content file: |C:\.l\ctelpri\AFSEVALBRD1 ‘coreconsoletcommon\COREABChs

Browse...

Format of memory content file: | Actel-Binary v

™ Enable on-demand save to Flash Memory

JTAG Protection

™ Prevent read I” Prevent wiite

Port Names

Client select name: INITDATVAL
Save request name:

Help oK I Cancel

6.1.3.4 Step 5 - Import/Generate the FROM Macro

From the File menu in Microsemi Libero IDE, select Import Files and navigate to the provided
FROM.GEN file. Once the FROM macro has been imported, regenerate the macro to ensure it is up to
date.
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Figure 21 »

6.1.3.5

6.1.3.6

Note:

6.1.3.7

& Microsemi
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FROM Macro Configuration

FlashROM : Modify Core - FROM

Select cells on the grid below and click "Create".

FlashROM regions: I Create || Delete |Region_0_[] _ﬂ
words | 151 14113( 12| 11| 10| 9| 8| 7| 6| 5| 4| 3| 2| 1| 0| Froeertes:
pages Name | Region_0_0
7 Start page E
Start word 0
E Length il
Content Static
5 State Fixed
Type HEX
4 Walue/Simulationf 00
value

Generate I Clear All... | Close | Help

Step 6 — Create Top-Level and Testbench

After generating the major function blocks, a top-level wrapper needs to be created, along with a
testbench to simulate and verify the functionality of the design. For details on how to create the top-level
wrapper and testbench, see the Fusion Design Flow Tutorial. A sample top-level wrapper and testbench
(in both Verilog and VHDL) are provided in the sample Microsemi Libero IDE projects. The project files
can be found in AFS-EVAL-BRD1-COREABC.ZIP.

Step 7 — Synthesis and Place-and-Route

After the functional simulation has completed, synthesis and place-and-route can be performed. Run
simulation for each stage of the design.

The instruction log for CoreABC will not be displayed during post-synthesis or post-layout simulations,
even though it was displayed during pre-synthesis simulations.

Step 8 — Generate a Programming File
Once the back-annotated simulation has completed, a PDB (or STAPL) file can be generated.

To generate a PDB Programming File:
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& Microsemi

Power Matters.

1. Click the Programming File icon in Designer. The dialog box shown in the following figure will

appear.
Generating the Fusion Programming File

FlashPoint - Programming File Generator - Step 1 of 1

Silicon feature(s) to be programmed:
™ Security settings
[V FPGA Array

™ FlashROM

] :

Embedded Flash Memory Blocks (EFMB):

Program E::t L‘E:::m Original Configuration File
1 v | SUB1_0/Flash_M 1 D:\Actelpi\FSK_Tutorial\smartgen\fl | |Modffy...

I~ Programming previously secured device(s)

1/O state during programming:
[Tri-State ~|

Help | I | Finish | Cancel |

2. Enable FlashROM programming and load the FlashROM UFC configuration file located in the
<ProjectFolder>\smartgen\FROM directory, as shown in the preceding figure. This will generate a

PDB (or STAPL) file that will program the FlashROM and the FPGA.
3. Enable the programming of the embedded flash memory blocks by clicking the Modify

button. The

Modify Embedded Flash Memory Block dialog box appears, as shown in the following figure.

Flash Memory Block Configuration

Modify Embedded Flash Memory Block 3]

Block name: UINITBLK/NYM_INST

Block location: 1

Block configuration file: C:\Actelpri\AFSEYALBRD1\smartgeniINITBLK\INITBLK .efc Import Configuration File...
Block content:

Select All Clients Unselect all Clients

Start Client JTAG Protection
Program |Client Type| Client Name | Address ient Prevent Prevent | Driginal Memory Content File
(hex) depthXwidth Read S
! - g ) o [ CActeliAFSEVALBRDTcorcor [mport content..

Help OK | Cancel
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Click the Import Configuration File button and load the EFC file from the

<ProjectFolder>\smartgen\INITBLK directory, as shown in the following figure. Click the OK button
to return to the FlashPoint — Programming File Generator dialog box, and enable programming by
selecting the check box in the Program column if it isn’t already selected. Then click the Next

button.

Figure 24 » Loading the EFC File

Modify Embedded Flash Memory Block &3]
Block name: Open
gockiocaton: L Lookin: [ £ Flash_Memory_Block 7 - @k
Block configuration file: D: E Fla sh_Memory_Block.efc
Block content: d (Dinput_memfiles
My Recent
Documents
Select All Clients :
€]
Program | Client ;] Desktop file
1 2
My Documents
My Computer
Myﬁmork File name: | ~| Open I
Fiesof type:  |Embedded Flash Memory Configuration Files (" v | Cancel
Help ok cancel |
5. Enable the programming of FlashROM Pages 0 through 2 by selecting the check box in the

Program Page column, as shown in the following figure. Click Finish. A PDB (or STAPL) file will be
generated.

Figure 25+ FlashROM Settings

FlashROM Settings - Step 2 of 2

Program

page
-

R m

< <

IFIashROM regions:

Region_0_0

Help I

Properties:

Name Region_0 0

Start page 0

Start word 0

Length 1

Content Static

State Fized

Type HEX

Value 00

Back I Mext I Finish

Cancel
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Step 9—Program the AFS600 on the Fusion Evaluation Board

Connect the FlashPro3 programmer to the Fusion Evaluation Board programming header (J1). Power up
the board and follow the instructions in the FlashPro for Software User Guide to program the AFS600.

Up to this point, the user has created the Fusion Evaluation Board Demo Design based on CoreABC to
demonstrate the following peripherals and functionality:

1. Analog System Block

Voltage Monitor

Current Monitor

Temperature Monitor

Gate Drivers

Real-Time Counter

Embedded Flash Memory Block (for RAM initialization)
FlashROM (for constants storage)
Internal RC Oscillator

Crystal Oscillator

PLL

Fusion FPGA Fabric

GPIO

LCD

Once programming has completed, all demo design functionality on the board can be tested.

SmartDesign Demonstration

This demonstration design is created for the Microsemi Fusion Starter Kit. The 5V, 3.3V, and 1.5V on-
board power supplies are used in this design. Multiple analog input channels are utilized to sample the
voltage and current provided to different loads. The design also samples the temperature through an on-
board temperature sensor. Single-color LEDs are used to demonstrate the voltage threshold flags, and
the tricolor LED is used to indicate different temperature levels with different colors.

©OeNO GO AN
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The following figure shows the block diagram of functionality description.

Figure 26 » Block Diagram Functionality Description
VCCA
AVO | pads L cHOJ
poT X
—1 Analog Quad %
AV1| — 7
5
Analog Quad
Aé% 9Q 61 Analog
[} [ ] [}
o o o MUX
[} [ ] [}
28
— Analog Quad 29
= 30
31
External 0 9 Temp Mon
Temperature In';ernal
Diode XH
Temperature }H
Diode (not used) xH L
5V XH E
T SmartGen IP % D
AG3 S
® State XH
® © —| PWM I Machine XH
1.5V Supply
for Fabric
L _&_
* VRPU 33V
[l Crystal CLK RTCPSMMATCH
kHz utput|
I X &
PUB
- ¥ <
The following peripherals and functionality are exercised in the demo design.
6.2.0.1 Voltage Monitor
The demo design uses analog channel AV0 (pin M6) to monitor the voltage output from potentiometer
R50. By adjusting the potentiometer, one can see LEDs D5-D8 turning on or off as the voltage output
from the potentiometer changes. For more information, see Table 9, page 40.
When the potentiometer is set to a different voltage level, the tricolor LED (U1) flashes at a different
speed. The speed range varies from slowest (AV0 < 1.5 V [~1 Hz]) to fastest (AV0 > 4.5 V [always on]).
6.2.0.2 Current Monitor
Channels AV3 (pin R7) and AC3 (pin N7) are used to monitor the current flowing from the 5 V power
supply to the tricolor LED (U1). The following AV and AC pairs are also used to monitor the voltage and
current of other power supplies. For more information, see Implementation, page 41.
*+ AV1and AC1-AFS600 3.3 V power supply
+ AV2and AC2 — AFS600 1.5V power supply
* AV4 and AC4 — 1.5 V power supply for extra load on board
*+ AV5and AC5 - 3.3 V power supply for extra load on board
6.2.0.3 Temperature Monitor

Channel AT9 is used together with the external temperature sensor to monitor the temperature of the
Starter Kit environment. The tricolor LED (U1) will light up with different colors based on the temperature
level detected.

*  When temperature AT > 20°C, the LED lights up blue.
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*  When temperature AT > 30°C, the LED lights up green.
*  When temperature AT > 40°C, the LED lights up red.

6.2.04 Sleep Mode Demonstration
The real-time counter (RTC) is used in this demo to generate a power-on instruction (RTCPSMMATCH)

to the Fusion internal voltage regulator. A 2-bit counter (CNT2) built into the logic design generates a

power-off instruction (VRPU) so that the voltage regulator can be turned off from the Fusion fabric. With
the RTC and CNT2, the user can test out the Sleep Mode of the Fusion device.

6.2.05 LCD

The LCD shows “Actel Fusion Starter Kit” after power-up. The following table lists the different

functionalities of the potentiometer, LEDs, and switches on the Fusion Evaluation Board for the demo

design.

Table 9 Functionality of the Potentiometer, LEDs, and Switches

Channel

On-Board Device Jumper# Pin# Name

Functionality

LED D5 JP5 B13 AVO When AV0 > 1.5V, D5 lights up.

LED D6 JP6 A13  AVO When AV0 > 2.5V, D6 lights up.

LED D7 JP7 B14 AVO When AVO > 3.3 V, D7 lights up.

LED D8 JP8 A14  AVO When AV0 > 4.5V, D8 lights up.

Potentiometer R50 JP53 M6 AVO0 Turning the potentiometer drives AV0 with analog
voltage 0-5 V.

Switch SW7 N/A R15 N/A Connects to the PUB pad directly. When depressed,
the PUB pad is grounded to power up the voltage
regulator.

Switch SW6 JP16 L15 N/A Connects to Aclr (active high) on the CNT2 (2-bit
counter). When depressed, generates a '1' to reset the
CNT.

Switch SW5 JP15 K11 N/A Connects to CLK on the CNT2 (2-bit counter). When
depressed, generates a clock pulse.

Switch SW4 JP11 B11 N/A When depressed, shows the AFS600 core current on
the LCD.

Switch SW3 JP11 B11 N/A When depressed, shows the AFS600 core voltage on
the LCD.

Switch SW2 JP11 B11 N/A When depressed, shows the temperature sensed by
the temperature sensor on the LCD.

Switch SW1 JP11 B11 N/A When depressed, shows the potentiometer output
voltage on the LCD.

Tricolor LED U1 JP69 AG6 AT When temperature AT > 20°C, the LED lights up blue.

Tricolor LED U1 JP70 AG7 AT When temperature AT > 30°C, the LED lights up green.

Tricolor LED U1 JP71 AG8 AT When temperature AT > 40°C, the LED lights up red.
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Demonstration Instructions

There are several special jumpers and pins on the Starter Kit that need to be paid attention. Select the
appropriate jumper settings for your design. The following table lists the basic functions of these jumpers.

Table 10 = Special Jumper/Pin Settings and Their Functionality

JP/Pin# Function ;:tting Value
JP25 VMV1 12 15V

231 3.3V!
JP26 VMVO 12 15V

231 3.3V!
JP27 VJTAG 12 15V

231 3.3V!
JP28 PTEM 121 1.5V_INT?

23 1.5V_EXT

PinM15  TRSTB Floating JTAG Operations

Grounded Allows Power Down VR

1. Required for the demo design.

To exercise the demo design:

1. Power on using the Starter Kit power switch.

2. Turn the fabric on by pushing SW7.

3. Test the voltage monitor by turning the potentiometer to observe whether D5-D8 turn on and off and
whether the tricolor LED blink speed changes.

4. If the ambient temperature is less than 20°C, the tricolor LED may not come on at all.

5. Turn on Sleep Mode by turning off the fabric with CNT2: Press SW6 once to reset, then press SW5
four times (clocking).
+  Generates 0-1-0 VRPU pulse
+ LEDs D1-D8 and the tricolor LED will be off

The TRSTB pin (M15) needs to be grounded to demo Sleep mode.

6. Wake up the system via the RTC (at a preset time), or by pushing SW7 (hardwired power-up).

7. Test the temperature indicator by warming the temperature diode (Q8) with your fingers and
checking that the tricolor LED goes from blue to green to red (depending on the room temperature, it
may already be blue).

8. Press SW1 to show the potentiometer output voltage on the LCD.

9. Press SW2 to show the temperature sensed by Q8 on the LCD.

10. Press SW3 to show the AFS600 core voltage on the LCD.

11. Press SW4 to show the AFS600 core current on the LCD.

Implementation

To implement the above functionalities, create a Libero IDE project with the configuration described in the
rest of this chapter. For information on how to create a Fusion Libero IDE project, see the Fusion Design
Flow Tutorial.

Before you can start the project you must download some design files from the Microsemi website.
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1. Go to http://www.Actel.com/documents/Fusion_StarterKit_DF.zip. Download the zip file to your
desktop.
2. Unzip and extract the files into the Actelpri/sample/FSK_Tutorial directory at the top-level.

6.2.2.1 Step 1 - Create Libero IDE Project

To create a new Libero IDE project (FSK_Tutorial), select AFS600-FG256 and use the Libero IDE cores
from the Catalog window to generate the different functional macros. Use SmartDesign to instantiate
them in the top-level design.

Figure 27 » Create Libero IDE Project

New Project Wizard @

Welcome to the New Project Wizard
% This wizard creates a new Libero project.

W start
i Project name: IFSK_TutoriaI
Select Device
Select Tools
Add Fles Project location: ID:\AueIpr]\FSK_TLnonaI Browse...
FISD Preferred HDL type:

" Verilog

‘(%tz & VHDL
s

| Nea> | Cancel

6.2.2.2 Step 2 — Generate RC Oscillator (RCO) from Libero IDE

From the Libero IDE cores folder, select RC Oscillator from the Fusion Peripherals category. The RC
Oscillator (RCO) generates a fixed 100 MHz output clock. Configure the dialog box, as shown in the
following figure. Click Generate, name your core RCO, and click OK.

Figure 28 » RC Oscillator from Libero IDE

RC Oscillator : Modify Core - RCO X

Oscillator output drives:

" Intemal logic directly

" Clock conditioning circuit

Help | Close

6.2.2.3 Step 3 — Generate PLL Macro (PLL_40_1_10) from Libero IDE

From the Libero IDE cores folder, select Static PLL from the Clock & Management category, as shown in
the following figure.

al
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6.2.2.4

6.2.2.5

Figure 30
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Select RC Oscillator as the input clock source. The PLL (PLL_40_1_10) input clock is from RCO, and
the output clocks are 40 MHz, 1 MHz, and 10 MHz. Click Generate, name your core PLL_40 1_10, and

click OK.

Generate PLL Macro from Libero IDE

Static PLL : Modify Core - PLL_40_1_10

CLKA |

MHz
RC Oscillator 52

PWRDWN

EXTFE

0000ns ~ {

Actual data is shown in blue.

LOCK

120

VCOo

= 40.000 MHz

=

Primary

GLA

— 1 9

—

<
o

il
—
053%ns v|—
1(-»

40000 MHz 40,000 MH2
Odeg v/ 0.000deg(0.000ns)

Secondary 1
/32

,’m-’msss ns

1.6%5ns

v GLB

0000ns ¥ -»2,230 ns

1.695ns

[~ ve

1000 MHz 1.250MHz i

v GLC
Secondary 2 0.000ns ¥ -> 2230ns
/4 1.695 ns

| IRVES
10.000 MHz 10.000 MHz j

Generate... | Reset |
Close

Step 4 — Generate No-Glitch Multiplexer (NGMUX) from Libero IDE

From the Libero IDE cores folder, select MUX No-Glitch from the Clock Management category. Accept
the defaults. Click Generate, name your core NG_MUX, and click OK.

Step 5 — Generate Crystal Oscillator from Libero IDE

From the Libero IDE cores folder, select Crystal Oscillator from the Fusion Peripherals category. The
crystal oscillator (XTALOSC) generates an output clock for the RTC. The on-board crystal oscillates at
32.768 kHz. The XTALOSC output clock is divided by 128 prior to driving the RTC, which makes the

seventh bit of the 40-bit RTC register toggle at 1 Hz. Click Generate, name your core XTALOSC, and

click OK.

Generate Crystal Oscillator from Libero IDE

Crystal Oscillator : Create Core @

Crystal Osdillator mode:

& RTC

" External arystal or ceramic resonator

" RC network

~

@

SELMODE

Help

RTCMODE [1:0]
L

CLKOUT

CLKOUTINT *’—» I

CLKSRC

Generate... I

Close
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6.2.2.7

Figure 32

& Microsemi

Power Matters.”

Step 6 — Generate Voltage Regulator Power Supply Monitor from Libero IDE

From the Libero IDE cores folder, select Voltage Regulator Power Supply Monitor from the Fusion
Peripherals category. Click Generate, name your core VR_PSM, and click OK.

Generate Voltage Regulator Power Supply Monitor from Libero IDE

Voltage Regulator Power Supply Monitor : Create Core @

Voltage Regulator output at power up: 0ff -

IV Export Power Supply Monitor MATCH signal for Real Time Counter

Generate...

Help Close

Step 7 — Generate 22-Bit Counter from Libero IDE

From the Libero IDE cores folder, select Counter from the Basic category. Generate a 22-bit counter, as
shown in the following figure to control the flashing rate of the tricolor LED based on the voltage level set
by the potentiometer. Name your core CNT22 and click OK.

Generate 22-Bit Counter from Libero IDE

Counters : Create Core @

Terminal Count
" Active Low
Width 2 = ¢ Active High
& None
Async Clear Direction
& Active Low & Up
¢ Active High € Down
£ None " UpDown
Clock Count Enable
¢ Rising " Active Low
" Falling " Active High
" None
Async Preset Sync Load
" Active Low " Active Low
" Active High " Active High
@+ None & None
Generate I Reset Fan-In Control Help Close
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6.2.2.8 Step 8 — Generate 2-Bit Counter from Libero IDE

From the Libero IDE cores folder, select Counter from the Basic category. Generate a 2-bit counter, as

shown in the following figure, to control the internal voltage regulator. Name your core CNT2 and click
OK.

Figure 33 » Generate 2-Bit Counter from Libero IDE

Counters : Create Core @

Terminal Count
" Active Low
gt B i, ¢ Active High
" None
Async Clear Direction
" Active Low @ Up
& Active High »Em
¢ None " UpDown
Clock Count Enable
& Rising " Active Low
" Faling " Active High
' None
Async Preset Sync Load
" Active Low " Active Low
" Active High " Active High
¢ None " None
'ml Reset | Fan-n Control I Help | Close |
(o]

6.2.29 Step 9 — Generate Analog System from Libero IDE
From the Libero IDE cores folder, select Analog System Builder from the Fusion Peripherals category.

Figure 34 » Generate Analog System from Libero IDE

Analog System Builder: Create core* @

ADC Configuration
System Clock: 40 MHz ADCClock:  10.000 MHz Resolution: ~ | bits Advanced Options...
For recommended dock scheme please dick here.
Available peripherals: Peripherals used in system: S
Voltage Monitor ey S
Current Monitor Peripheral Signal Type M.t' s;llo)n Sam:l('gs ;He Package Pin
| Temperature Monitor ime (us]

Differential Voltage Monitor
Direct Digital Input

Gate Driver

Real Time Counter

Internal Temperature Monitc
Internal Voltage Monitor

_Asdtosysem.. |
_ Moty Sampling Sequence..._| _ Gerente. |
Heb

Set the System Clock to 40 MHz and the Resolution to 12 bits.
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Follow the sequence shown in Figure 35, page 46 through Figure 41, page 51 to create the RTC and the
voltage, current, and temperature monitors.

Figure 35+ Voltage Monitor AV0

Configure Voltage Monitor Peripheral @

AV pad

Signal name: D_ &
AVO Prescaler
”

Digital filtering

Filtering factor: None v Acquisition time: 10.000 i
Maximum voltage: 6.000000 v
Comparison Flag Spedification ™ X
Hag Name | Rag Type |“'%.;)'dd| .-A“m |Dfm|“
il OVER1P5 OVER 1.5 2 7
2 OVER2P5 OVER 25 2 7
3 OVER3P3 OVER 33 2 7
4 OVER4P5 OVER 45 2 7~

OK | Cancel

The following table lists the LEDs connected to the AVO0 flags.

Table 11+ On-Board LED Setup for Voltage Monitor AV0

LED Flag

D8 OVER4P5
D7 OVER3P3
D6 OVER2P5
D5 OVER1P5
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AVO0 connects to a potentiometer with a maximum output of 5 V. The user can turn the potentiometer
either way and see LEDs D5-D8 turn on and off to indicate the voltage range. Set AVO0 to pin M6.

Figure 36 + Current Monitor AC1 and Voltage Monitor AV1

X

Configure Current Monitor Peripheral

Current Monitor Peripheral Configuration
Digital filtering

None

v

Filtering factor:

Acquisition time: 5.000 us

li .

Signal polarity:

% Positive

" Negative

Comparison Flag Specification
| 'I'heshold[ Assert |
(6] Sampl

(31

| Hag Type

OVER
UNDER

Hag Name

OVER1A
UNDEROP5A

05 2 7

£

Jeo[[=]

Signal name:
IACl

AC pad

External
resistor:

0.100 Ohm

Signal name:
AVl

AV pad

Voltage Monitor Peripheral Configuration

None v Acquisition time: 10.000 us
Maximum voltage: | 4.000000 v

Comparison Flag Specification
| ™0 | s |
()] Sampl

Digital filtering
Filtering factor:

Rag Type

OVER
UNDER

Hag Name |

il OVER3P63
2 UNDER2P97
3

363 2
297 2

£

Cancel
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Monitor AC2 and Voltage Monitor AV2

Configure Current Monitor Peripheral
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Current Monitor Peripheral Configuration
Digital filtering |
Filtering factor: ~ |None S Acquisition time: 5.000 us
! I L Signal polarity: % Positive " Negative
Comparison Flag Spedfication LI il
Threshold | Assert De-assert
FogName | Fegtwe | ™ged| Joel [P |4
1 OVER1P5A OVER 1.5
2 UNDEROP25A UNDER 0.25 2 7
3 v
AC pad Signal name:
]
External [ac2 Current
resistor:
0.100 Ohm
Voltage
Signal name: D_ &
AV pad AV2 Prescaler [V Use Voltage
~_ Monitor
Voltage Monitor Peripheral Configuration
- Digital filtering
Filtering factor: ~ [None vl Acquisition time: 10.000 us
[— Maximum voltage: W v
Comparison Flag Spedfication ™ X
Rogheme |  ReoTwe | ™| Lol |Pem [
1 OVER1P575 OVER 1.575
2 UNDER1P425 UNDER 1.425 2 7
3 v
« | _ow
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Figure 38 + Current Monitor AC3 and Voltage Monitor AV3

Configure Current Monitor Peripheral

Current Monitor Peripheral Configuration

Acquisition time: 5.000 us

Digital filtering

Filtering factor: |4 6%

iitalialie 0.0000 2 Signal polarity: % Positive " Negative
¢
Comparison Flag Spedification Ll _\‘
Fag Name | o T |1he(:)|old| Assert | De-assert | &
1 OVER15mA OVER 0.015 4 10
2 OVER20mA OVER 0.02 4 10
3 OVER25mA OVER 0.025 4 10| &
AC pad Signal name:
]
External [ac3 Current
resistor:
0.005 Ohm
Voltage

Signal name: D_ &
AV pad AV3 Prescaler [V Use Voltage
- Monitor

Voltage Monitor Peripheral Configuration

Acquisition time: 10.000 s

Digital filtering

Filtering factor: 4 %

Initial value: 0.000000 v Maximum voltage: 6.000000 v
Comparison Flag Spedification LI ?_<|
Fogeme | FagType | ™geld| Ml_hpl_la =
1 OVER4P5 OVER 45 4 10
2 UNDER3P3 UNDER 33 4 10
3 v

Help oK I Cancel |
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Follow the example shown in the preceding figure to set the following current monitor flags:

OVER15mA
OVER20mA
OVER25mA

Figure 39 « Current Monitor AC4 and Voltage Monitor AV4

Configure Current Monitor Peripheral

Current Monitor Peripheral Configuration

& Microsemi
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Voltage

Signal name: D_ &
AV pad AV4 Prescaler [V Use Voltage
L o~ Monitor

Voltage Monitor Peripheral Configuration
Digital filtering
Filtering factor: |4 > Acquisition time: 10.000 us
Initial value: 0.000000 v Maximum voltage: | 2.560000 v

Digital filtering
Filtering factor: |4 ¥ Acquisition time: 5.000 us
italbalie: 0.0000 2 Signal polarity: % Positive " Negative
Comparison Flag Spedification _d J
Foghame |  RegType | ™7ld| MIM;,&‘ 2
1 OVER1P0A OVER 1 4 10
2 UNDEROP5A UNDER 05 2 7
3 v
AC pad Signal name:
]
External [Acs Current
resistor:
0.005 Ohm

Help oK I Cancel

Comparison Flag Specification ﬂ J
s e | Hag Type | 'Ihﬁ\old | Assen&. De-assert | A
1 OVER1P0O OVER 1 2 7
2 UNDER1P75 UNDER 1.75 4 10
3

v
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Figure 40

Figure 41«

Current Monitor AC5 and Voltage Monitor AV5

Configure Current Monitor. Peripheral

Current Monitor Peripheral Configuration
Digital filtering

Filtering Factor: |4 v
0.0000 A

Initial value:

Signal polarity: I

Comparison Flag Specification

Acquisition time: 5.000 us
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" Negative

7l x|

Positive

.

Voltage Monitor Peripheral Configuration
Digital filtering

Filtering Factor: 4 i

0.000000 v

Comparison Flag Specification

Acquisition time:

Initial value:

Flag Name | Flag Type | Thu[ax;mld
1 OVER1POA OVER
2 UNDEROPS& UNDER 05
3
AC pad Signal name:
] T
External | ACS Current
resistor:
0.100 Ohm
Yoltage
Signal name: &
axfp=d AVS Prescaler

10.000 us
Maximum voltage: | 4,000000 ¥

Assert De-assert | &
Samples | Samples | —
4 7

2 10

[V Use Yoltage
Monitor

)

Flag Name | Flag Type | Th'f\ﬂ'old | SAasr:e:;s DSe:n:sI:: A
1 OVER3PE OVER 36 4 7
2 UNDER2PS UNDER 25 2 10
3 v
Help oK I Cancel |

Temperature Monitor AT

Configure Temperature Monitor Peripheral

X

Signal name: IAT Acquisition time: 5.000 us
Digital filtering
Filtering factor: 1024 ¥,
Initial value: 0.000 @
Comparison Flag Spedification * _|
Threshold | Assert De-assert | A
Shoa e | Srajiwe | © I Sa'q)lsl Sgﬂilf
1 GE_THAN_20C OVER 30 2 5%
2 GE_THAN_30C OVER 40 2 5
3 GE_THAN_40C OVER 50 2 5
4 GE_THAN_50C OVER 60 2 5
5 GE_THAN_60C OVER 70 2 5
; v
o | oot |

For the temperature monitor, calibration is required. In this demo design, a 10°C offset is added into the
threshold value for calibration. Follow the example shown in the preceding figure to set the following

temperature monitor flags:

- GE_THAN_20C
- GE_THAN_30C
- GE_THAN_40C
- GE_THAN_50C
- GE_THAN_60C
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The following table lists the colors emitted by the tricolor LED for each temperature range.

Table 12+ On-Board Tricolor LED Setup for Temperature Monitor AT
Temperature LED Color

>20°C Blue

>30°C Green

>40°C Red

Real-Time Counter

Configure Real Time Counter @

@ Time alarm view

Crystal osdillator source:

% External crystal or ceramic resonator

" RC network
RTC dock specification:
S Clock divider
RTCCLK
-
32.768 kHz %

Required time:

0 days :

Actual time = 0 days 0 hours 0 min 10 s 0 ms O us

[V Reset counter to zero when match occurs

Help

" Register view

RTC counter frequency

I—Ohours:I—Omin:lTs: 0 ms : 0 us

[V Export MATCH signal for Voltage Regulator Power Supply Monitor

Frequency = 256 Hz
Period = 3.90625 ms
Maximum time = 49710 days 6 hours ...

]

Cancel

With a 32.768 kHz crystal oscillator input clock, set the RTC match value to 10 seconds. In the demo
design, the RTC starts counting as soon as the 3.3 V power supply is available and resets itself back to 0
when the match value is hit. Therefore, if the Fusion device is put into Sleep Mode while the RTC count is
at 3 seconds, the device will wake itself up after another 8 seconds unless it is woken up by grounding

the PUB pad, or pressing SW7.
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6.2.2.9.1

Figure 43

Gate Drivers
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Follow the sequence shown in Figure 43, page 53 through Figure 48, page 55 to create the gate drivers

for the voltage, current, and temperature monitors.

Gate Driver — Step 1

Figure 44

Configure Gate Driver Peripheral

!

" Positive polarity % Negative polarity

Gate Driver — Step 2

Configure Gate Driver Peripheral @

" Positive polarity % Negative polarity

/",‘I:"\
{ |
e
I A
‘ Fusion
v Signal name;
m [ av4_on
\ ‘ Enable signal name: ;

\ [av4_EnssLe

o Sink current:
I-\'-!;_.J |2s000.000

o |
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Figure 45 + Gate Driver — Step 3
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Figure 46 « Gate Driver — Step 4
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Figure 47 » Gate Driver — Step 5
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Figure 48 + Gate Driver — Step 6
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Click the Advanced Options button. This opens the Advanced Analog System Options dialog box.

Figure 49 « Advanced Analog System Options Dialog Box

Advanced Analog System Options @

I Use External vref

—

% IP cores for ADC data processing and sequence control

Generate

" 1P cores for ADC sequence control only

" aDC only

Provide user access to:

[~ acMbus
C

-
[~ ACM clock

I” ADC results
I” ADC status

[~ ASSCRAM

[v SMEVRAM
™ SMEY status

Help OK | Cancel |

In the Provide users access to section, select SMEV RAM and clear all other options.

6.2.2.9.2 ADC Sample Sequence
Click the Modify Sampling Sequence button in the ASB to invoke the ADC Sampling Sequence

window. Set up the ADC sample sequence, as shown in the following figure.
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Click the ->> button to select all available signals, and then click Calculate Sequence. Select the Allow
manual modification of operating sequence option. Adjust the sample sequence manually from the
Operating sequence section. Make sure the last operation is SAMPLE_JUMP back to the Main
procedure.

Figure 50 «+ ADC Sample Sequence

Modify Sampling Sequence @
Procedures Q‘ _,
Total slots used:
12 /64
[V Allow manual modification of operating sequence
Details of procedure: Main
Sampling rate
Required Fhel Actual Rate | A
| | Signal — A
AVO 8.666
poet AC1 8.666
AV1 8666
AC2 8.666
AV2 8.666
AC3 8.666| o
| Total sampling rate: 103.986 ksps
Operating sequence _EI _,
Operation Signal | Jump Destination | e
SAMPLE AV0
SAMPLE AV1
SAMPLE AC1
SAMPLE AV2
SAMPLE AC2 B
SAMPLE AV3
SAMPLE AC3
SAMPLE AV4 v
Help OK I Cancel
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Select the package pin number for each peripheral under the Package Pin column to match the following
figure. Generate the analog system by clicking the Generate button. Set the macro to Analog_Block.

Figure 51 « Package Pin Number and Peripheral

Analog System Builder: Modify core - Analog_Block E]

6.2.2.10

ADC Configuration
System Clock: 40 MHz ADC Clock: 10.000 MHz Resolution: |12 v | bits Advanced Options...
For recommended dock scheme please diick here.
Available peripherals: Peripherals used in system: _, _I
Voltage Monitor - g =
h . Acquisition | Sampling Rate

Current Monitor Peripheral Si T = Package Pin

 Temperature Monitor = | me time (us) (ksps)

Differential Voltage Monitor  |1™ [input Voktage AVO Voltage 10.000 8.666 M6 (AV0)

g';;f‘ofr’i‘g'e‘f‘ Input 2_|Input Current AC1 Current 5.000 8,666/ M7 (ACT)

Real Time Counter 13 |- AVl Voltage 10.000 8.666 Auto

Internal Temperature Monite |4 Input Curent AC2 Current 5.000 8666 L8 (AC2)

Internal Voltage Monitor 15 |- AV2 Voltage 10.000 8.666 Auto
16 __|Input Cument AC3 Current 5.000 8.666 N7 (AC3)
7 |- AV3 Voltage 10.000 8.666 Auto

‘ 18 __|Input Cument AC4 Curent 5.000 8.666 M3 (AC4)
19 |- Ava Voltage 10.000 8.666 Auto
110_|Input Cument AC5 Curent 5.000 8.666 L10 (AC5)
11| AVS Voltage 10.000 8.666 Auto
|12_| Temperature AT Temperature 5.000 8.666 | R12 (AT9)
|13_|Real Time Counter N/A Real Time Counte N/A
|14_|Gate Driver AV5_ON Gate Driver N8 (AG5)
|15 _|Gate Driver AV4_ON Gate Driver P8 (AG4)
|16_|Gate Driver TO_TC_LED_SIGNAL_OUT Gate Driver M8 (AG3)
|17_|Gate Driver GE_40C_SIGNAL_OUT Gate Driver M11(AG7)
|18 | Gate Driver GE_30C_SIGNAL_OUT Gate Driver P12 (AG8)
119_|Gate Driver GE_20C_SIGNAL_OUT Gate Driver N10 (AG6)
reb [

Step 10 — Generate Flash Memory Block from Libero IDE

From the Libero IDE cores folder, select Flash Memory System Builder from the Fusion Peripherals
category. Double-click Analog System and select Analog_Block from the Analog System core, then
click OK. Click the Generate button to generate the Flash Memory Block, and set the core name to

Flash_Memory_Block.
Figure 52 + Generate Flash Memory Block from Libero IDE
_Memo li,i lock @

Modify core ash,

Clients used in the Flash Memory System

Initialization
Data Storage
RAM Initialization
CFl Data

EETEEE|

Help

Ready

e Analog System
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Analog System core: |Ana|og_BIock
I Pipelined Read
Help I oK Cancel

Optimize:

Generate...
Close
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Step 11 — Create Other HDL Macros

This tutorial also utilizes the on-board LCD and DIP switches; thus corresponding LCD controller and
switch debounce HDL macros are created. From the File menu, choose Import files, set the file type to
HDL Source Files, and import the following HDL files from the sample project:

+ LCD_controller.vhd
+ LCD_interface.vhd
«  formatter.vhd

+ BCD_digit.vhd

* debounce.vhd

Step 12 — Create Top Level

After generating the major functional blocks, create the top level for the demo design.

Users can manually code the HDL top level for Fusion designs to instantiate and connect multiple
macros together. Or, since Libero IDE v8.0, users can use SmartDesign to easily instantiate and connect
different macros in a user-friendly GUI. This will be the base of the top level for Fusion designs.

In this tutorial, SmartDesign is used for top-level creation. For more details on how to use SmartDesign,
see the Libero IDE User Guide.

1. Invoke SmartDesign from the Project Flow window, and name the SmartDesign Component SUB1.
2. Drag and drop all the cores you’ve just created into the SmartDesign Canvas window.
Analog_Block

Flash_Memory_Block
NG_MUX
PLL_40_1_10

RCO

VR_PSM

XTALOSC

3. Click the Save button under the menu. The hierarchy will be refreshed.

4. Right-click the canvas window and choose Auto Connect. Some dedicated connections are done
for users automatically.

5. Select the Connectivity Grid and finish all the rest of connections as specified in SUB1
Connections, page 98.

6. There are multiple threshold flags coming out of the Analog Block. Users can select and promote

different flags to the top level. To simplify the connection and leave more flexibility to users, this

tutorial only promotes some of the flags.

Click the Save button to capture all the connectivity.

From the File menu, select Import files, and import SUB2.vhd from the sample project.

9. The SUB2 entity also includes logic to read the ADC result from the SMEV RAM.

10. Create a SmartDesign component, FSK_tutorial.

11. Drag and drop the SUB1 and SUB2 components onto the canvas.

12. Make all the connections in the Connectivity Grid, as specified in FSK_Tutorial Connections,
page 100.

13. Click the Save button to capture the connectivity.

14. Right-click the canvas window and select Generate. FSK_tutorial.vhd is generated.

Step 13 — Create Testbench

After creating the top level, generate a testbench to simulate and verify the functionality of the design. In
the Hierarchy window, select FSK_tutorial as the root.

Copy <sample_project>/FSK_ Tutorial/Stimulus/FSK_tutorial_tbench.btim to
<Your_projects_folder>/FSK_ Tutorial/Stimulus/.
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Double-click the FSK_tutorial_tbench.btim file in the File window to open the stimulus file in WaveFormer
Lite.

Figure 53 »+ Create Testbench

9 WaveFormer Lite - [Diagram - FSK_tutorial_tbench.btim*]

ir File Import/Export Edit Bus Parameterlbs Report View Options Window Help -8x
=2=N- ] ® Q& | |[search MR ™ il =
— I
ptecin pentrmm B e e I e D S
4026ms | -9665us f[ous  [s0us, [1Oms, [t5ms_ poms__ _ [26ms_ _ [Oms, _  Pbms_ _ _ foms _  pasms_
SYS_RESET a
LEDs[5:1)
RS_LCD
DATA_LCD[7:4]
EN_LCD
R nW_LCD
SWiT] 0 1 2 1 3 T % 1 1 1 2 1 2 1 8 T 0
Sws
PUB
YT
VAREF
AV 0 Tos L T 115 2 [ 26 I 3 Y36 [ & )45 I ¢
AV 0 (033 I 066 099 J 13 | 1 | 18 I 231 I 268 | 267 I 33
AV2 0 (0t L 03 {045 | 06 L 075 [ 09 I 706 [ 12 1% I 15
AV3
A4
AVS
AC
AC2
AC3
ACt
AC5
AT £} w7 [ 2 [ 31 1 % 1 & 1 & T & [ & [ 75 [ &
ATRETURNE9 |
TO_TC_LED_SIGNAL_OUT
AV4_ON
AV5_ON
‘GE_20C_SIGNAL_OUT
GE_40C_SIGNAL_OUT
GE_30C_SIGNAL_OUT
a
< 3|« 3

Simulation Inactive

Export the timing diagram by selecting Import/Export > Export Timing Diagram, select the file type as
VHDL w/ Top Level Test Bench and save the file as FSK_tutorial_tbench.vhd.

For more information, see Creating Analog Test Benches for Fusion Designs.

6.2.2.14 Step 14 — Run Pre-Synthesis Simulation

From the File menu, choose Import Files, set the file type to Simulation Files and import the wave.do
file from the sample project files.

From the Project menu, choose Settings, click the Simulation tab, and select Include Do file.

In the Hierarchy window, right-click the top-level FSK_tutorial and choose Organize Stimulus. Add
FSK_tutorial_tbench.vhd.

From the Project folder, choose Settings. Click the Simulation tab and enter 4ms as the simulation run
time.
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In the Hierarchy window, right-click the top-level FSK_tutorial and choose Run Pre-Synthesis
Simulation.

Run Pre-Synthesis Simulation
[T wave - defauit [@=1E]
IEECEIRE L R

File Edit View Add Format Tools Window
|uam| 4« [ o-HEEEHP 9N @ EXEEEEIRETEY
“  Mestbench/sys_reset 0

- Mestbench/leds 10000000 00000000 B0 0000 HDIE0E000 SN0 S0 06 ED 00 (N 6 ) -
< Restoench/ts_led

- Mestbench/data_lod

< Restbench/en_lcd

< Restbench/t_nw_led

'3

< Restbench/sws

< Restbench/pub

< Aestbench/l

< Mestbench/vare

[— Andlog Inputs

* Mestbench/avd

2 hestbench/avl

* " Mestbench/av?

2 Restbench/at

“ Aestbench/alietund3

0 D SR (51808088 $RIE 840D RIS 5 SRR £0 DO I - )
oris_0/sub1_0/anslog_block_O/adc._resul_net (RO T IHCEA R 0RO ORI RO MOS0 IDIDICIoD
1_0/sub1_0/analog_block_0/user_ex._ram_busy
toria_0/sub_0/analog_block_O/user_ev_add (75—
torial_0/sub_0/analog_block_0/user_ev_id
0/5ubl_0/anelog_block_0/ev._tam_dot 0000 I
0 N Y S S T { U X B ¢ S

2 Restbench/isk utorial 0/sub1_0/ng_mus_0/s

Now |5000000000 ps
I [0 [] =
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Step 15 — Run Synthesis and Place-and-Route

After the functional simulation is done, you can proceed to synthesize and place-and-route the design.
After Synthesis is done, run post-synthesis simulation. Include the post-syn-wave.do file in the simulation
options to view appropriate waveforms for the post-synthesis results.

From the Libero IDE File menu, choose Import Files, set the file type to Physical Design Constraint
File, and import the FSK_ tutorial.pdc file from the sample project files.

In the Hierarchy window, right-click the top-level FSK_tutorial and select Organize Designer
Constraint Files. Remove FSK_tutorial_sdc.sdc and add FSK_tutorial.pdc.

Click the Place & Route button from the Project Flow window. This will open Designer. If the Device
Selection Wizard opens, accept all defaults and click Finish.

Click Compile, accept all defaults, and click OK. When the compile button turns green, compilation has
been completed.

Click Layout, accept all defaults, and click OK. When the layout button turns green, layout has been
completed.

Click Back-Annotate to generate back-annotation files. Once back-annotation is done, perform back-
annotation simulation. Include the post-layout-wave.do file in the simulation options to view appropriate
waveforms for the back-annotation results.

Step 16 — Generate Programming File
Once the back-annotation simulation is done, generate the STAPL programming file.

To generate the STAPL programming file:
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1. Click the Programming File icon in Designer. The dialog shown in the following figure
Generating Fusion Programming File

FlashPoint - Programming File Generator - Step 1 of 1

Silicon feature(s) to be programmed:
™ Security settings
[V FPGA Array

™ FlashROM
l :

Embedded Flash Memory Blocks (EFMB):

Program E::t L‘E::::m Original Configuration File
1 v | SUB1_0/Flash_M 1 D:\Actelpi\FSK_Tutorial\smartgen\fl | |Modffy...

I~ Programming previously secured device(s)

1/O state during programming:
[Tri-State ~|

Help | I | Finish | Cancel |

Select the Program check box.

Click Modify to open the Modify Embedded Flash Memory Block dialog box.
4. Click Import Configuration File, select the EFC file from <project
folder>\smartgen\Flash_Memory Block, and click OK.

W N
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will appear.

5. Click Finish to generate a programming file with which to program the Flash Memory Block and the

FPGA array.

6. Select both Programming Data (.pdb) and STAPL (.stapl) when generating the programming file.
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6.2.2.17 Step 17 — Program the AFS600 on the Fusion Evaluation Board

Connect the FlashPro3 programmer to the Fusion Evaluation Board programming header. Power-up the
board and follow the FlashPro for Software User Guide to program the AFS600.

Figure 56 « Program the AFS600 on the Fusion Evaluation Board

Flo £ Vew Tods Progammers Cofgration Cuitonie Heb

DEd ? seo= maE © 8
NewPoect I cm.sw{ru&l
= = (O "
Osen Promct D‘J View Prosnaes ﬂkl
Programmer o, Curront Secial
Narne Type Status. tratibed Duta

RateshvRiescan for Prog ammers

L e | (Every wmer Ut iedine

Created nev project 'Di\backup\GISOC\StarterKit)Progran_Fusion_SK_Dewo\Program_Fusion_SK_Demo.pro’

(ST A (Emces | Warnings ) info |

Ready 10 STARL He boaded SINGLE

Up to this point, you have created the Fusion starter kit demo design to demonstrate the following
peripherals and functionality:

Analog System Block: Voltage Monitor Current Monitor Temperature Monitor Gate Driver RTC
Embedded Flash Memory Block

RC Oscillator

Crystal Oscillator

PLL

Fusion FPGA Fabric

GPIO

LCD

Once programming is complete, you can test all demo design functionality on the board.

N>R WN =
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Test Procedures for Board Testing

This chapter defines the test procedure required to be carried out by the Microsemi-designated
manufacturer's testing facility on the Fusion Evaluation Board with silkscreen labeling AFS-EVAL-BRD1.
This testing is specific to the socketed version of the board. All steps in the following enumerated test
procedure should be followed in sequence for testing the board. Deviations in the sequence are
explained in the text.

Equipment Required

Microsemi Equipment Provided by Microsemi to Testing Facility
Microsemi will provide the following:

*  This test procedure document

+  FlashPro v4.1 software on a CD-ROM

*  FlashPro3 programmer and programming cable for connecting to the AFS-EVAL-BRD1

*  Pre-programmed AFS600-FG256 silicon. Ten devices will be provided for ten boards. The initial
silicon will not be labeled as having been programmed. (This is just for the testing associated with
the first manufacturing build.) Additional devices will be provided for testing further boards, and this
change will be detailed in an update to the procedure.

+  Power supply (+9 V, 2 A CUI) for the Fusion Evaluation Board, plus a mains cable for the power

supply
Testing Facility Equipment to Be Available for Testing

The manufacturer's testing facility will provide the following equipment for testing of the board: Digital
multimeter to measure voltages on the circuit board at the known test points

Test Procedure for the AFS-EVAL-BRD1

In this section, full test procedure for the boards is outlined. This procedure applies to socketed boards.
For boards fitted with directly soldered parts, the procedure is the same except for fitting of the FPGA. In
such cases, the reader should adjust the procedure accordingly and ignore references to fitting parts to
sockets.

Initial Power-Up Procedure

This part of the procedure may be carried out independently and ahead of the other parts of the test
procedure. Boards passing this procedure may be transferred to a passing set of boards.

To perform the initial power-up procedure:

1. Record the time of the test and the board serial number (written by the bar code on the back of the
board) in a test log.

2.  Plug the +9 V power supply into the wall.

3. Take an AFS-EVAL-BRD1 that has an empty socket. Make sure switch SW11 is in the OFF position,
(the switch should be moved to the left). This corresponds with the labeling of the silkscreen on the
board.

4. Connect +9 V DC output of the CUI power supply to the J18 connector on the board. You should
observe the red LED at the top right of the board, i.e., LED D19 should light indicating +9 V DC has
been applied to the board.

5. Move the SW11 switch to the ON position, i.e., move the switch to the right. Observe that LEDs D13,

D9, D10, D11, and D17 light up green on the board. All LEDs are on the top edge of the board (same

edge as the red D19 power connector LED, which should remain lit).

Using a DVM, measure DC voltages using TP11 as ground:

7. TP6 and TP7 — should be 3.3 V (values +0.2 V are acceptable). Values outside this range are a
failure.

8. TP15—should be 1.5V (values £0.1 V are acceptable)

o
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TP8 — should be 1.8 V (values £0.1 V are acceptable)
TP10 — should be 2.5 V (values £0.2 V are acceptable)
TP47 — should be 5.0 V (values £0.2 V are acceptable)

J14C pin 106 — should be 3.3 V (values +0.2 V are acceptable). Note that jumper JP48 must be in
place for this measurement, otherwise zero will be recorded.

That completes the initial power-up check. The board should now be switched off by moving SW11
to the OFF position (to the left).

Testing Board Functionality with AFS600-FG256 Silicon

To test board functionality:

1.

2.
3.

o~

~

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

Record the time of the test and the board serial number (written by the bar code on the back of the
board) in a test log.

Make sure switch SW11 is in the OFF position (i.e., to the left).

Apply power to the board by attaching the +9 V DC supply to J18. Only the red LED should be
illuminated.

Undo the four screws holding the socket of U8 in place. Remove the lid of the socket.

Place a pre-programmed AFS600-FG256 FPGA part into the socket using the appropriate vacuum
pen while observing anti-static precautions. Make sure that pin 1 of the FPGA is oriented correctly.
(The Microsemi logo on the part should match the orientation of the Actel logo on the board just
above the AFS-EVAL-BRD1 part number.) Take great care to make sure all pins are in correct
alignment so that the FPGA is on a level plane parallel to the board.

Carefully replace the socket cover and screw down all four corners to appropriate tightness. It is
recommended that you tighten opposite corners first so as to lessen rotational torque on the part.
Switch SW11 to the ON position (slide it to the right).

Validate that all five LEDs at the top of the board, including the red one, turn on: D17, D11, D10, D9,
D13, and D19.

Validate that LEDs D8 through D1 all pulsate in either a counting pattern or a “center to outside
swinging” pattern.

If no LEDs are visible, stop and switch off SW11. Rotate SW8 and SW9 clockwise to the 3.3 V
selection. This is best described with the thicker arrow bar pointing upward. Switch the board back
on. The LEDs should be visible. If very dim, stop, switch off the board and rotate the switches one
quarter turn clockwise before switching the board back on. Continue if the LEDs are glowing. If
unable to get a display on the LEDs, the board must be tagged as bad.

If it is a bad board, carefully remove the AFS600-FG256 silicon from the socket and set it aside in an
electrostatic-safe area. Using another piece of pre-programmed silicon, repeat steps 4 to 8 above.
If still no response, mark the board as defective and re-use the silicon for other testing.

If there is a good response, then place the previous silicon in a “bad” tray to prevent it from being
retested.

Validate that the patterns can be switched by pressing SW6 (Global pulse) on the left side of board.
When the switch is pressed, the LED D15 should momentarily light. The pattern on LEDs D8 through
D1 will change.

Validate that the message “Microsemi Fusion Starter Kit” continually cycles on the LCD. You may
need to turn R40 clockwise to adjust contrast on the display until the message is dark enough to
see.

If no message is observed, press buttons SW4 and SW3 simultaneously. This will usually reset the
system after a few cycles of the counter.

Connect a FlashPro3 programmer to a PC USB port and observe that the power light illuminates.
Ensure that the FlashPro v4.1 software is installed on the PC being used.

Connect the programming cable of the FlashPro3 programmer to the J1 shrouded and keyed header
labeled FP3. The red line labeling pin 1 should be close to pin 1 on the header — no other orientation
is possible.

On the PC, run the FlashPro v4.1 software and connect to the programmer. Select Fusion as the
device family. Once the software has shown a connection, select Analyze Chain from the File
menu.

If an error message of incorrect VJTAG is reported, remove the jumper placed at J5 and place it
instead at J12 across pins 11 and 12. It may safely be left there. Repeat the Analyze Chain com-
mand.
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If a message appears indicating that an AFS600 part (depending on the device fitted to the board)
has been detected, then the board has passed this test. Leave the silicon in place in the socket and

move to the next step.

If a message of 11 or some other numeric indication appears, record the message in a test log and
fail the board. Remove the silicon from the socket and place it in the safe silicon holding area.

This concludes the testing of the board. Switch SW11 to the OFF position and remove the power
connector from J18.
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Appendix: FG256 Package Connections for
AFS600 Devices

Due to the comprehensive and flexible nature of Fusion device user 1/Os, a naming scheme is used to
show the details of the /0. The name identifies to which 1/0O bank it belongs, as well as the pairing and
pin polarity for differential 1/Os.

I0 Nomenclature = Gmn/IOuxwBy

Gmn is only used for I/Os that also have CCC access —i.e., global pins

Where,
G = Global

m = Global pin location associated with each CCC on the device: A (northwest corner), B (northeast
corner), C (east middle), D (southeast corner), E (southwest corner), and F (west middle)

n = Global input MUX and pin number of the associated Global location m, either A0, A1, A2, BO, B1,
B2, CO, C1, or C2

u = I/O pair number in the bank, starting at 00 from the northwest I/0O bank in a clockwise direction

x = P (Positive) or N (Negative) for differential pairs, or R (Regular — single-ended) for the I/Os that
support single-ended and voltage-referenced I/O standards only. U (Positive-LVDS only) or V
(Negative-LVDS only) restrict the I/O differential pair from being selected as LVPECL pair.

w = D (Differential Pair) or P (Pair) or S (Single-Ended). D (Differential Pair) if both members of the
pair are bonded out to adjacent pins or are separated only by one GND or NC pin; P (Pair) if both
members of the pair are bonded out but do not meet the adjacency requirement; or S (Single-
Ended) if the 1/O pair is not bonded out. For Differential (D) pairs, adjacency for ball grid packages
means only vertical or horizontal. Diagonal adjacency does not meet the requirements for a true dif-
ferential pair.

B = Bank
y = Bank number [0.7]. Bank number starting at 0 from the northwest I/O bank in a clockwise direc-
tion

Figure 57, page 68 and Table 13, page 68 are extracted from the Fusion datasheet and provide package
connections for the AFS600 device. Pinouts for other devices in the Fusion family may be found in the
Fusion Family of Mixed-Signal Flash FPGAs datasheet. This datasheet is included on the Fusion Starter
Kit CD. However, the website should always be consulted for the most recent datasheet.
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8.1 256-Pin FBGA (bottom view)

Figure 57 » 256-Pin FBGA
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Note: For package manufacturing and environmental information, visit the Resource Center at
http://www.actel.com/products/rescenter/package/index.html.

The following table lists the pin connections for fusion starter kit board.

Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board

:I:mber Pin Name Starter Kit Function Notes

A1 GND GND Tied to GND

A2 VCCIBO VMVO0 Jumper JP26 ties to

1.5V_FPGA or 3.3V_FPGA

A3 GAAO0/IO01NDBOVO  General I/O Global

A4 GAA1/1001PDB0OV0O  General I/O Global

A5 GND GND Tied to GND

A6 I010PDBOV1 General I/0

A7 [012PDBO0OV1 General I/0

A8 I012NDBOV1 General I/0

A9 I022NDB1V0 General /O

A10 1022PDB1V0 General I/0

A11 I024NDB1V1 Pressing SW2 applies Jumper JP12 can
VMVA1 disconnect

A12 GND GND Tied to GND
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)
Pin
Number Pin Name Starter Kit Function Notes
A13 GBAO/IO28NDB1V1  Green LED D6 Jumper JP6 can disconnect
A14 I029NDB1V1 Green LED D8 Jumper JP8 can disconnect
A15 VCCIB1 VMV1 Jumper JP25 ties to
1.5V_FPGA or 3.3V_FPGA
A16 GND GND Tied to GND
B1 VCOMPLA GND Tied to GND
B2 VCCPLA VCCPLA Jumper JP67 ties to
1.5V_FPGA or GND
B3 IOOONDBOVO General /0
B4 IO00PDBOVO General I/O
B5 GAB1/I002PPBOVO  General I/O Global
B6 IO10NDBOV1 General I/0
B7 VCCIBO VMVO Jumper JP26 ties to
1.5V_FPGA or 3.3V_FPGA
B8 I018NDB1V0 General /0
B9 I018PDB1V0 General /0
B10 VCCIB1 VMV1 Jumper JP25 ties to
1.5V_FPGA or 3.3V_FPGA
B11 1024PDB1V1 Pressing SW1 applies Jumper JP11 can
VMV1 disconnect
B12 GBCO0/IO26NPB1V1  Green LED D1 Jumper JP1 can disconnect
B13 GBA1/1028PDB1V1  Green LED D5 Jumper JP5 can disconnect
B14 1029PDB1V1 Green LED D7 Jumper JP7 can disconnect
B15 VCCPLB VCCPLB Jumper JP65 ties to
1.5V_FPGA or GND
B16 VCOMPLB GND Tied to GND
C1 VCCIB4 VMV4 Tied to 3.3V_FPGA
Cc2 GND GND Tied to GND
C3 VMV4 VMV4 Tied to 3.3V_FPGA
C4 VMVO VMVO Jumper JP26 ties to
1.5V_FPGA or 3.3V_FPGA
C5 VCCIBO VMVO Jumper JP26 ties to
1.5V_FPGA or 3.3V_FPGA
C6 GAC1/1003PDB0OVO  General I/O Global
Cc7 IO06NDBOVO General I/0
Cc8 I016PDB1V0 General I1/0
C9 I016NDB1V0 General I/0
Cc10 I025NDB1V1 Pressing SW4 applies Jumper JP14 can
VMV1 disconnect
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)

Pin

Number Pin Name Starter Kit Function Notes

C11 1025PDB1V1 Pressing SW3 applies Jumper JP13 can

VMV1 disconnect

Cc12 VCCIB1 VMV1 Jumper JP25 ties to
1.5V_FPGA or 3.3V_FPGA

C13 GBC1/I026PPB1V1  Green LED D2 Jumper JP2 can disconnect

C14 VMV2 VMV2 Tied to 3.3V_FPGA

C15 GND GND Tied to GND

C16 VCCIB2 VMV2 Tied to 3.3V_FPGA

D1 I084NDB4V0 LCD MDL4 - RS Jumper JP46 can
disconnect

D2 GAB2/I084PDB4V0  General I/O Global

D3 I0O85NDB4V0 LCD MDL6 — ENABLE  Jumper JP47 can
disconnect

D4 GAA2/1085PDB4V0  General I/O Global

D5 GABO/IO02NPBOVO  General I/0 Global

D6 GACO0/IO03NDBOVO  General I/O Global

D7 I006PDBOVO General /O

D8 I014NDBOV1 General /O

D9 1014PDB0OV1 General /0

D10 1023PDB1V1 General I/0

D11 GBB0/I027NDB1V1  Green LED D4 Jumper JP4 can disconnect

D12 VMV1 VMV1 Jumper JP25 ties to
1.5V_FPGA or 3.3V_FPGA

D13 GBA2/I030PDB2V0  General I/O Global

D14 IO30NDB2V0 General /O

D15 GBB2/I031PDB2V0  General I/O Global

D16 I031NDB2V0 General I/O

E1 GND GND Tied to GND

E2 IO81NDB4V0 LCD MDL14 — Bit3 Jumper JP41 can
disconnect

E3 1081PDB4V0 LCD MDL13 - Bit2 Jumper JP42 can
disconnect

E4 VCCiB4 VMV4 Tied to 3.3V_FPGA

E5 I083NPB4V0 LCD MDL5 - R/W Jumper JP45 can
disconnect

E6 IO04NPBOVO General I/0

E7 GND GND Tied to GND

E8 I008PDBOV1 General I/0

E9 IO20NDB1V0 General /O

E10 GND GND Tied to GND
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)
Pin
Number Pin Name Starter Kit Function Notes
E11 GBB1/1027PDB1V1  Green LED D3 Jumper JP3 can disconnect
E12 I033PSB2V0 General /O
E13 VCCIB2 VMV2 Tied to 3.3V_FPGA
E14 I032NDB2V0 General /O
E15 GBC2/I032PDB2V0  Global IO
E16 GND GND Tied to GND
F1 I079NDB4V0 J13 pin 5 J13 is 40-pin IP header
F2 I079PDB4V0 J13 pin 6 J13 is 40-pin IP header
F3 I076NDB4V0 J13 pin7 J13 is 40-pin IP header
F4 I076PDB4V0 J13 pin 8 J13 is 40-pin IP header
F5 1082PSB4V0 LCD MDL12 — Bit1 Jumper JP43 can
disconnect
F6 GAC2/1083PPB4V0 LCD MDL11 - Bit0 Jumper JP44 can
disconnect
F7 I004PPB0OVO General /0
F8 IO08NDBOV1 General I/0
F9 1020PDB1V0 General I/0
F10 I023NDB1V1 General /O
F11 I036NDB2V0 General I/0
F12 1036PDB2V0 General /O
F13 IO39NDB2V0 General /O
F14 GCA2/I039PDB2V0  General I/O Global
F15 GCB2/1040PDB2V0  General I/0 Global
F16 I040NDB2V0 General /0
G1 I074NPB4V0 J13 pin 11 J13 is 40-pin IP header
G2 VCCIB4 VMV4 Tied to 3.3V_FPGA
G3 GFB2/I074PPB4V0  J13 pin 12 J13 is 40-pin IP header
G4 GFA2/1075PDB4V0  J13 pin 10 J13 is 40-pin IP header
G5 GND GND Tied to GND
G6 I075NDB4V0 J13 pin 9 J13 is 40-pin IP header
G7 GND GND Tied to GND
G8 VCC 1.5V_FPGA
G9 GND GND Tied to GND
G10 VCcC 1.5V_FPGA
G11 GCCO0/I0O43NDB2V0O  General I/O Global
G12 GND GND Tied to GND
G13 GCC1/I043PDB2V0  General I/0 Global
G14 I041NPB2V0 General /O
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)
Pin
Number Pin Name Starter Kit Function Notes
G15 VCCIB2 VMV2 Tied to 3.3V_FPGA
G16 GCC2/I041PPB2V0  General I/0 Global
H1 GFC2/I073PDB4V0  J13 pin 14 J13 is 40-pin IP header
H2 I073NDB4V0 J13 pin 13 J13 is 40-pin IP header
H3 XTAL2 Pin 2 of crystal Y1 Y1 is 32.768 kHz
H4 XTALA1 Pin 1 of crystal Y1 Y1is 32.768 kHz
H5 GNDOSC GND Tied to GND
H6 VCCOSC 3.3V_FPGA
H7 vVCcC 1.5V_FPGA
H8 GND GND Tied to GND
H9 VvVCC 1.5V_FPGA
H10 GND GND Tied to GND
H11 I047NDB2V0 General /O
H12 1047PDB2V0 General /0
H13 GCA1/1045PDB2V0  General I/O Global
H14 GCAO0/I045NDB2V0  General I/0 Global
H15 GCBO0/IO44NDB2V0  General I/O Global
H16 GCB1/1044PDB2V0  General I/0 Global
J1 GFAQ/IO70NDB4V0  J13 pin 19 J13 is 40-pin IP header
J2 GFA1/1070PDB4V0  J13 pin 20 J13 is 40-pin IP header
J3 GFBO0/IO71NDB4V0  J13 pin 17 J13 is 40-pin IP header
J4 GFB1/I071PDB4V0  J13 pin 18 J13 is 40-pin IP header
J5 GFCO0/I0O72NDB4V0  J13 pin 15 J13 is 40-pin IP header
J6 GFC1/1072PDB4V0  J13 pin 16 J13 is 40-pin IP header
J7 GND GND Tied to GND
J8 VvVCcC 1.5V_FPGA
J9 GND GND Tied to GND
J10 VCC 1.5V_FPGA
J1 IO56NPB2V0 General /0
J12 GDBO0/IO53NPB2V0  General I/O Global
J13 GDA1/1054PDB2V0  General I/O Global
J14 GDC1/1052PPB2V0  General I/O Global
J15 I0O51NSB2V0 General I/0
J16 GDCO/IO52NPB2V0  General I/O Global
K1 I067NPB4V0 J13 pin 21 J13 is 40-pin IP header
K2 VCcCiB4 VMV4 Tied to 3.3V_FPGA
K3 I067PPB4V0 J13 pin 22 J13 is 40-pin IP header
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)
Pin
Number Pin Name Starter Kit Function Notes
K4 1065PDB4V0 J13 pin 24 J13 is 40-pin IP header
K5 GND GND Tied to GND
K6 IO65NDB4V0 J13 pin 23 J13 is 40-pin IP header
K7 VCC 1.5V_FPGA
K8 GND GND Tied to GND
K9 VCC 1.5V_FPGA
K10 GND GND Tied to GND
K11 GDC2/I057PPB2V0  Pressing SW5 gives one- Jumper JP15 can
shot “global” pulse disconnect. Silkscreen
labeled incorrectly as
“reset”.
K12 GND GND Tied to GND
K13 GDAO0/IO54NDB2V0  General I/O Global
K14 GDA2/I055PPB2V0  General I/O Global
K15 VCCIB2 VMV2 Tied to 3.3V_FPGA
K16 GDB1/I053PPB2V0  General I/O Global
L1 GEC1/1063PDB4V0  J13 pin 26 J13 is 40-pin IP header
L2 GECO0/IO63NDB4V0  J13 pin 25 J13 is 40-pin IP header
L3 GEB1/1062PDB4V0  J13 pin 28 J13 is 40-pin IP header
L4 GEBO/IO62NDB4V0  J13 pin 27 J13 is 40-pin IP header
L5 IO60NDB4V0 J13 pin 31 J13 is 40-pin IP header
L6 GEC2/1060PDB4V0  J13 pin 32 J13 is 40-pin IP header
L7 GNDA GNDA Analog ground is on a
separate plane and joined
to digital ground at regulator
U15 ground pins.
L8 AC2 Test point TP53 for 1.5V Jumper JP64 can
FPGA current sense disconnect
L9 AV4 1.5 V of fan control circuit Jumper JP33 can
for current sense disconnect
L10 AC5 Current sense of 3.3V~ Jumper JP38 can
fan circuit disconnect
L11 PTEM
L12 TDO TDO To FlashPro3 header J1 pin
3 (if J5 is across pins 3 and
4 as last device) and as TDI
to J2 pin 9
L13 VJTAG VJTAG Jumper JP27 allows setting
toeither3.3Vor1.5V
L14 IO57NPB2V0
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)

Pin

Number Pin Name Starter Kit Function Notes

L15 GDB2/1I056PPB2V0  Pressing SW6 gives one- Jumper JP16 can

shot “reset” pulse disconnect. Silkscreen
labeled incorrectly as
“global”.

L16 IO55NPB2V0 General I/0

M1 GND GND Tied to GND

M2 GEA1/1061PDB4V0  J13 pin 30 J13 is 40-pin IP header

M3 GEAO/IO61NDB4V0  J13 pin 29 J13 is 40-pin IP header

M4 VCCIB4 VMV4 Tied to 3.3V_FPGA

M5 IO58NPB4V0 J13 pin 35 J13 is 40-pin IP header

M6 AVO Analog voltage from R50 Jumper JP53 can

potentiometer disconnect. Voltage varies
from0OVto5V.

M7 AC1 Test point TP50 for 3.3V Jumper JP51 can

FPGA current sense disconnect
M8 AG3 Gate of p-channel Jumper JP60 can
MOSFET Q5 driving disconnect
tricolor LED
M9 AC4 Current sense of 1.5V Jumper JP34 can
fan circuit disconnect
M10 AC6 AC6 Unfiltered
M11 AG7 Active low for orange part Jumper JP70 can
of tricolor LED disconnect. AG7 should be
set to 25 mA.

M12 VPUMP 3.3 V programming Jumper JP54 connects the
board supplied voltage
otherwise provided by
FlashPro3.

M13 VCCIB2 VMV2 Tied to 3.3V_FPGA

M14 TMS TMS From FlashPro3 header J1
pin 5

M15 TRST TRST From FlashPro3 header J1
pin 8

M16 GND GND Tied to GND

N1 GEB2/I059PDB4V0  J13 pin 34 J13 is 40-pin IP header

N2 IO59NDB4V0 J13 pin 33 J13 is 40-pin IP header

N3 GEA2/1058PPB4V0  J13 pin 36 J13 is 40-pin IP header

N4 VCC33PMP 3.3V_FPGA

N5 VCC15A 1.5V_FPGA

N6 AGO AGO Unfiltered

N7 AC3 Test point TP59 for Jumper JP30 can

current flow through disconnect

multicolor LED
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)

Pin
Number Pin Name Starter Kit Function Notes
N8 AG5 Gate of n-channel Jumper JP39 can
MOSFET Q7 for 3.3V disconnect
fan control
N9 AV5 3.3 V of fan control circuit Jumper JP37 can
for current sense disconnect
N10 AG6 Active low for blue part of Jumper JP69 can
tricolor LED disconnect. AG6 should be
set to 25 mA.
N11 AC8 AC8 Optional filtering available
N12 GNDA GNDA Analog ground is on a
separate plane and joined
to digital ground at regulator
U15 ground pins.
N13 VCC33A 3.3V_FPGA
N14 VCCNVM 1.5V_FPGA
N15 TCK TCK From FlashPro3 header J1
pin 1
N16 TDI TDI From FlashPro3 header J1
pin 9
P1 VCCNVM 1.5V_FPGA
P2 GNDNVM GND Tied to GND
P3 GNDA GNDA Analog ground is on a
separate plane and joined
to digital ground at regulator
U15 ground pins.
P4 ACO ACO Unfiltered
P5 AG1 AG1 Unfiltered
P6 AV1 Test point TP48 for 3.3V Jumper JP49 can
FPGA current sense disconnect
P7 AG2 AG2 Unfiltered
P8 AG4 Gate of n-channel Jumper JP35 can
MOSFET Q6 for 1.5V  disconnect
fan control
P9 GNDA GNDA Analog ground is on a
separate plane and joined
to digital ground at regulator
U15 ground pins.
P10 AC7 AC7 Unfiltered
P11 AV8 AV8 Optional filtering available
P12 AG8 Active low for green part Jumper JP71 can
of tricolor LED disconnect. AG8 should be
set to 25 mA.
P13 AV9 AV9 Optional filtering available
P14 ADCGNDREF Tied to analog ground
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)
Pin
Number Pin Name Starter Kit Function Notes
P15 PTBASE Base of Q1 pass Jumper JP28 selects 1.5V
transistor for 1.5 V internal (Q1 pass transistor)
internal generation or 1.5V external (U15
regulator).
P16 GNDNVM GND Tied to GND
R1 VCCIB4 VMV4 Tied to 3.3V_FPGA
R2 PCAP PCAP
R3 AT1 AT1 Unfiltered
R4 ATO ATO Unfiltered
R5 AV2 Test point TP51 for 1.5V Jumper JP52 can
FPGA current sense disconnect
R6 AT2 AT2 Unfiltered
R7 AV3 Test point TP58 for Jumper JP29 can
current flow through disconnect
multicolor LED
R8 AT5 AT5 Unfiltered
R9 AV6 AV6 Unfiltered
R10 AT7 AT7 Unfiltered
R11 AV7 AV7 Unfiltered
R12 AT9 Base-collector of Q8 Jumper JP62 can
temperature diode disconnect
R13 AG9 AG9 Unfiltered
R14 AC9 AC9 Optional filtering available
R15 PUB SW7 Pressing SW7 momentarily
takes R15 to GND.
R16 VCCIB2 VMV2 Tied to 3.3V_FPGA
T1 GND GND Tied to GND
T2 NCAP NCAP
T3 VCC33N VCC33N Available on header pin
T4 ATRTNO ATRTNO
T5 AT3 AT3 Unfiltered
T6 ATRTN1 ATRTN1 Unfiltered
T7 AT4 AT4 Unfiltered
T8 ATRTN2 ATRTN2 Unfiltered
T9 AT6 AT6 Unfiltered
T10 ATRTN3 ATRTN3 Unfiltered
T11 AT8 AT8 Unfiltered
T12 ATRTN4 Emitter of Q8 Jumper JP68 can
temperature diode disconnect
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Table 13+ AFS600-FG256 Pin Connections for Fusion Starter Kit Board (continued)

Pin

Number Pin Name Starter Kit Function Notes

T13 GNDA GNDA Analog ground is on a
separate plane and joined
to digital ground at regulator
U15 ground pins.

T14 VCC33ACAP VCC33ACAP

T15 VAREF User VAREF Shrouded header JP74 can
be used to supply User
VAREF.

T16 GND GND Tied to GND
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Board Schemat

Figure 58, page 78 illustrates a view of the top of the Fusion Evaluation Board. Figure 59, page 79 and

Figure 60, page 80 illustrate views of the bottom of the Fusion Evaluation Board.

This section provides illustrations of the Fusion Evaluation Board.

Appendix
Top-Level View

Figure 58 « Top View of Fusion Evaluation Board
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Appendix: Board Schematics
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Bottom View of Fusion Evaluation Board (viewed from below)

Figure 60
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9.2 Fusion Schematics

The following illustrations shows the schematics of the Fusion Starter Kit board.

Figure 61+ Power Supplies and Indication
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Bank 2 and Bank 4 /0

Figure 62
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Figure 63 » Bank 0, Bank 1, and Analog I/0
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Figure 64+ VCC, GND, and JTAG
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Figure 65+ LED and LCD Module Interface
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Figure 66 » Push Button Interface and 40-Pin Header
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Figure 68 » JTAG and JTAG Daisy Chain Connector
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Decoupling Capacitors

Figure 69
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Figure 70

Crystal, 1.5 V and 3.3 V Current Sense, Temperature Diode, and Pot
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Figure 71

MOSFET Drivers and Tricolor LED Circuit
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10  Appendix: Signal Layers

The Fusion Evaluation Board is a six-layer board, with the following layers of copper:

Layer 1 — Top signal layer (see Figure 72, page 93)

Layer 2 — Ground plane

Layer 3 — Signal layer (see Figure 73, page 94)

Layer 4 — Signal layer (see Figure 74, page 95)

Layer 5 — Power plane

Layer 6 — Bottom signal layer (see Figure 75, page 96 and Figure 76, page 97)

10.1 Errata

The REV1 silkscreen does have some errors with regard to pin labeling on the silkscreen. The pin names
shown in the following table do not match in the schematics and silkscreen for connector J14C.

Table 14 « Actual Correspondence between Mismatched Pin Labels

Schematics Silkscreen
M16 P16

K12 J7

G12 K12

E16 G12

C15 E16

B16 C16

A16 B16

These pins are connected to a common ground, so this problem would not cause you to inadvertently
use a wrong pin. This discrepancy is pointed out in case you are using the pins for general purposes and
have concerns over the discrepancy.
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Figure 72 »
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Figure 73 » Layer 3 — Signal Layer
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Figure 74
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Figure 75 » Layer 6 — Bottom Signal Layer (viewed from above)
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Figure 76
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1.1

Appendix: SmartDesign Connections

The SmartDesign demonstration requires connections to be made to the SUB1 component and the top-
level FSK_Tutorial component.

To promote a port to the top level, right-click the port name and choose Promote to Top Level.

Refer to the example files provided in Fusion StartKit UG.zip to view the completed project files.

SUB1 Connections
Figure 77 « SUB1 Connections

# |nstance-Instance View Attri Instances =
O Net-Instance View bute SUB1
I w T SRS Analog_BIocI FIash_ING_MUXIPLL_40_1_I RCO_O IVR_PSM_OIXTALOSC_
B aci FaD AC1
B AC2 PAD AC2
[ ac3 FaD AC3
B AC4 PAD A4
€ AC4 OVER1POA ACAOVERIPOA | | Rl s
< AC4_UNDEROPSA AC4UNDEROPSS | | emememeed s
> ACs PAD A5
4 AC5_OVER1POA ACSOVERIPOA | | e
€] ACS5_UNDEROPSA ACS_UNDEROPSS | | |
3 PAD
€ AT_GE_THAN_20C AT_GE_THAN_20C
4 AT_GE_THAN_30C AT_GE_THAN_30C
4 AT_GE_THAN_40C AT_GE_THAN_40C
4 AT_GE_THAN_50C AT_GE_THAN_50C
4 AT_GE_THAN_BOC AT_GE_THAN_80C
[[» ATRETURNSS PaD ATRETURNSS
P Avo PAD 40
€ AvVO OVER1PS £40_OVERTPS
< AVD_OVER2PS A0_OVERZPS
€ AvVO OVER3P3 0_OVER3F3
4 AVD_OVER4PS A0_OVERAPS
B AVl PAD 21
B Av2 PAD 2
E] PAD 23
B Avd PAD 4
[> Av4_ENABLE AAENRBLE || e
S suet 4 Av4_ON FAD A/4_ON
4 Av4_OVERTPO AMOVERIPO |
4] AV4_UNDERIP75 AV UNDERIPTS ||
B AVS PAD ]
[[» AVS ENABLE avh ENsBLE RS
d AV5_ON PAD A5 0N
€ AvV5 OVER3PG 5 OVER3PE
<J AV5_UNDER2PS £45_UNDERZPS :
€ EV_RAM_DOUT B:01 E_RAM_DOUT[E] o i i
4 EY_RAM_WR_BUSY B EY_RAM_whR_BUSY
€ FPEAGOOD {FPGAGOOD
[’ GE_20C_ENABLE_SIGNAL GE_20C_ENABLE_SI ]
€ GE_20C_SIGNAL_OUT PAD GE_20C_SIGNAL_O
[> GE_30C_ENABLE_SIGNAL GEBOCEMABLESI | | nsi
€ GE_30C_SIGNAL_OUT PAD GE_30C_SIGNAL_O
[> GE_40C_ENABLE_SIGNAL GE_AOCEMABLE S| | | s
4 GE_40C_SIGNAL_OUT PAD GE_ADC_SIGNAL_O
4 GLE R e
> PuB PAD PLB
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Figure 78 + SUB1 Connections
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® Instance—lnstance View Adtri Instances =
O Net-Instance View bute SUBI
S instance S Port Hames = Sis Analog_BIocI Flash_ ING_M UXIPLL_40_1_I RCO_0 IVR_PSM_OIXTALOSC_
[ SYS_RESET SYS_RESET SYS_RESET DADIVRST
[> TO_TC_LED_ENABLE_SIGNAL TO_TC_LED_EWABL : T
€ TO_TC_LED_SIGNAL OUT PAD TO_TC_LED_SIGNA
[> USER_EV_ADDR [9:0] USER_EV_ADDR[3.0
< USER_EV_RAM_BUSY USER_EV_RAM_BU
[> USER_EV_RD USER_EV_RD
4 VAREF FAD  |VAREF VAREF
B vRPU VRPL
B x1L PAD KL
[ PAD  |ACT
<@ AC1_OVER1A
<] AC1_UNDEROPSA
B Ac2 PAD  |AC2
<@ ACZ_OVER1PSA
<] AC2_UNDEROP25A
B Ac3 PAD  |AC3
<@ AC3 OVER15mA
<] AC3_OVER20mA
<0 AC3_OVER25mA
B AcC4 PaD  |AC4
] AC4_OVER1POA AC4_OVERTPOA
] AC4_UNDEROPSA 4C4_UNDEROPSA
B ACs P4D  |ACH
<] ACS_OVER1POA AC5_OVERTPOA
4] AC5_UNDEROPSA 4C5_UNDEROPSA
<G ADC_CHNUMBER T e e o o o o o o o s P
<@ ASSC_CHLATD
<] ASSC_CHSAT
<] ASSC_DOME
<@ ASSC_WAIT
B AT PAD AT
@] AT_GE_THAN_20C AT_GE_THAN_20C
<l AT_GE_THAN_30C AT_GE_THAN_30C
@] AT_GE_THAN_40C AT_GE_THAN_40C
@] AT_GE_THAN_50C AT_GE_THAN_50C
<@ AT_GE_THAN_BOC 4T_GE_THAN_60C
[> ATRETURNSS PAD | ATRETURNG3
B avo PAD  |AVD
] AVO_OVER1PS AV0_OVERTPS
<] AVO_OVER2PS AVO_OVERZPS
4] AVO_OVER3P3 AV0_OVER3P3
<] AVO_OVER4PS AV0_OVER4PS
B avi PED &V
<] AV1_OVER3PE3
~. |6 AV1 UNDER2PS7
Figure 79 « SUB1 Connections
& Instance-Instance View Adttri Instances =
O Net-Instance View bute SUBI
= Instanel Port Hame < sis AnalongIocI Flash_ INGfMUXIPLLJOJfI RCO_0 IVRfPSMfOIXTALOSCﬁ
Sk D B Av2 PED_|Av2 ]
@] AV2_OVERIP575
< AV2_UNDER1P425
B Av3 PAD A3
@] AV3_OVER4PS
< AV3_UNDER3P3
B Av4 PaD | AV4
[ AV4_ENABLE £V4_ENABLE
@ AV4_ON PAD | AVA_ON
4l AV4_OVERIPO &v4_OVERTFO
4@ AV4_UNDER1P75 £V4_UNDERTP75
B AVS PAD  |AVS
[> AVS_ENABLE 45_ENABLE
AVS_ON PAD | AV5_ON
AVS_OVER3PE £V/5_OVERIPE
AVS_UNDER2PS 45_UNDERZPS
DATAVALID
EV_RAM_DOUT [8:0] EV_R&M_DOUTE0]
EV_RAM_WR_BUSY B EV_R&M_wR_BUSY_B
[> GE_20C_EMABLE_SIGNAL GE_20C_ENABLE_SIGNAL
0| GE_20C_SIGNAL OUT PAD | GE_20C_SIGNAL_OUT
[> GE_30C_EMABLE_SIGNAL GE_30C_ENABLE_SIGNAL
4 GE_30C_SIGNAL_OUT PAD | GE_30C_SIGNAL_OUT
[ GE_40C_ENABLE_SIGNAL GE_40C_ENABLE_SIGNAL
8] GE_40C_SIGNAL_OUT PAD | GE_40C_SIGNAL_OUT
A InitCigAnalog_bif BIF InitCigénalog
0| RTCMATCH 7]
[> RTCVR_bif BIF  RTCVR_bi :
> RTCXTL_bif BIF RTCHTL_bif
[ sYs_ClK GL -
[ SYS_RESET SYS_AESET
[> TO_TC_LED_EMABLE_SIGNAL TO_TC_LED_ENABLE_SIGNAL
@ TO_TC_LED_SIGNAL_OUT PAD | TO_TC_LED_SIGNAL_OUT
[ USER_EV_ADDR [9:0] USER_EV_ADDR(9:0]
4l USER_EV_RAM_BUSY USER_EV_RAM_BUSY
[> USER_EV_RD USER_EV_RD
# VAREF PAD | VAREF VAREF
B INIT_CLK oL
Flash_Mem < INIT_DONE 3
S ory_Block_ [ INIT_POWER_UP F
0 [> InitCigAnalog_bif EIF InitCigAnalog_bif
[> SYS_RESET SYS_RESET

Note:

Expose the INIT_DONE pin in the Flash Memory Block by right-clicking InitCfgAnalog_bif, choosing

Expose Driver Pins, and then clicking OK.
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Figure 81«
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® |Instance-Instance View
O Net-Instance View

El Instance = Port Name = siw
[ cLKo
E cki
TNG MUX 0 g
B s
3 A_RCOscClk_bif
g
GLB
SPLLA0 g Gic
- < LOCK
> 0ADIVRST
> POWERDOWN
RCO_0 | RCOscClk_bif
€l FPGAGOOD
B Fus
EVR_PSM_0 <7 PUCORE
3 RTCVR_bif
B vRPU
3 RTCKTL_bif
E>[§T.mu:|e;|:_ =i
[ XTLOscCIk_bif

Attri Instances
bute SUBI Analog_BIocI Flash_ ING_M UXIPLL_40_]_I RCO_0 IVF
GLA
GLC
S75_CLE INIT_CLE,
o INIT_DONE
BIF
CLED
GLB
CLE1
SYS_RESET
BIF A_RCOscClk_bif
FPGAGOOD
FPAD PUB
BIF RTCYA_bif
BIF RTCATL_bif

PAD
BIF

HTL

FSK_Tutorial Connections

FSK_Tutorial Connections

#® Instance-Instance View
T Netl-Instance View

= Instan...»/
(= FSK_ tutori]
al H

Port Name
AC1
AC2
AC3
AC4
ACH
AT
ATRETURMS9
AVOD
AVl
Av2
AV3
AV
|<@] AV4_ON
HE> AVS
|<G] AV5_ON
(—@] DATA_LCD
|-@ EN_LCD
@] FPGAGDDD
|4g] GE_20C_SIGNAL_OUT
1G] GE_30C_SIGNAL_OUT
@] GE_40C_SIGNAL_OUT
@] LEDs
HE> PUB
@ R_rw_LCD
|-<G] RS_LCD
HE> SW
Hi» Swh
HI» SYS_RESET

|4 VAREF
L@ %XTL

= SUB1_0 —F> AC1

Hi» AC2

He» AC3

Hi» AC4

| AC4_OVER1P0A
|] AC4_UNDERDPSA
Hi» ACS

|<@ AC5_OVER1POA
|- AC5_UNDERDPSA
Ho» AT

|- AT_GE_THAN_20C
|- AT_GE_THAN_30C
|-G AT_GE_THAN_40C
|@ AT_GE_THAN_50C
|-@ AT_GE_THAN_GOC
Hi» ATRETURNSS

|- TO_TC_LED_SIGHAL_OUT

Instances =
o=k Attribute FSK_tutorial SUBI1_0 I SUB2 0
PAD ACT
FAD AC2
FaD AC3
FaD AC4
FaD ALCH
PAD AT
PAD ATRETURME3
FAD A
FAD A1
FaD a2
PAD A3
PAD A
PAD Av4 0N
FAD AWE
FaD avE 0N
[7:4] DATA_LCD[7:4]
EN_LCD
FPGEAGOOD
FAD GE_20C_SIGHAL_OUT
FAD GE_30C_SIGHAL_OUT
FaD GE_40C_SIGMAL_OUT
[8:1] ’ LEDs[B:1]
PAD
R_riw'_LCD
RS_LCD
[4:1] Swid1]
Swih
SvS_RESET
PAD TO_TC_LED_SIGNAL OUT
PAD VAREF WAREF
FAD HTL
FaD ACT
FaD ACZ2
PAD AC3
PAD AC4
AC4_OVERTPOA
AC4_UNDERDPSA
FaD ACS
ACH_OVERTPOA
ACS_UNDEROPSA
PAD AT
AT_GE_THAMN_20C
AT_GE_THAN_30C
AT_GE_THAN_40C
AT_GE_THAM_50C
AT_GE_THAN_GOC
PAD ATRETURMNE3
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Appendix: SmartDesign Connections

Figure 82 « FSK_Tutorial Connections

& Microsemi

Power Matters.”

#® Instance-Instance View
rNet-Instance View

= Instan....[»] Port Name £2
Hi> AvD

AY0_OYERIPS
AY0_OYER2PS
AY0_OVER3P3
AY0D_OVER4PS

A1

AY2

AY3

Av4

AY4_ENABLE

AV4_ON

AV4 OVERIPD

AV4 UNDER1P?5

AVH

AVS ENABLE

AVS_ON

AVS5_OVER3PE
AYS5_UNDER2PS
EY_RAM_DOUT
EY_RAM_WR_BUSY_B
FPGAGOOD

HE> GE_20C_EMABLE_SIGNAL
-] GE_20C_SIGNAL_DOUT
Hi> GE_30C_ENABLE_SIGNAL
@] GE_30C_SIGNAL_OUT
Hi> GE_40C_ENABLE_SIGNAL
@] GE_40C_SIGNAL_OUT
- GLB

Hi> PUB

HE» SYS_RESET

HE>» TO_TC_LED_EMABLE_SIGNAL
@] TO_TC_LED_SIGMAL_OUT
HE» USER_EV_ADDR

@] USER_EV_RAM_BUSY
HE> USER_EV_RD

& VAREF

HE> vRPU

L@ xTL

= SUB2_0 —I> ACA_OVER1PDA

HI> AC4_UNDEROPSA

Hi» AC5_OYER1PDA

HE> AC5_UNDEROPSA

HE> AT_GE_THAN_20C

-] AT_GE_THAN_20C_enb
HE» AT_GE_THAN_30C

-] AT_GE_THAN_30C_enb
HE> AT_GE_THAN_40C

bbb ATTALAVIVTVALLL

Sli...>

18:0]

[9:0]

Instances
Attribute FSK_tutorial SUB1 0 SUBZ_ 0
FaD A
A0 OVERTPS
A0 OVERZPS
A0 OVER3IP3
AVO_OVERAPS
FaD oyl
FAD A2
FaAD A3
FaAD Al
AV4_ENABLE_DUT
FAD Al 0N
Av4_OVERTPO
Ayvd_UMDERTP?S
PAD AN
A5 _ENABLE_OUT
PAD Anfe 0N
AE_OVERIPE
AvE_UMDERZPE
/EV_R&M_DOUT _bus(3:0]
EV_RAM_WR_BUSY_B_net
FPGAGOOD
AT_GE_THAN_20C_enb
PAD GE_20C_SIGNAL_OUT
AT_GE_THAN_30C_enb
FaD GE_30C_SIGHMAL_OUT
AT_GE_THAM_40C_enb
FaD GE_40C_SIGNAL_OUT
CHT_CLE irt
FaD FLUBE
SY5_RESET_al_out
TO_TC_LED_EMNABLE_SIGMNAL
FAD TO_TC_LED_SIGMAL_OUT
- -~/ USER_EV_ADDR[3.0]
USER_EV_RAM_BUSY _net
USER_EV_RD_net
FAD VAREF VAREF
YRPU
PAD HTL

ACA_OVERTFOA
AC4_UNDEROFSA
ACE_OVERTFOA
ACE_UNDEROFSA
AT_GE_THAN_20C
GE_20C_ENABLE_SIGNAL
AT_GE_THAN_30C
GE_30C_ENABLE_SIGNAL
AT_GE_THAN_40C
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Appendix: SmartDesign Connections

Figure 83+ FS

= Instan...[»|

= SUB2 0—

K_Tutorial Connections

® [nstance-Instance View
O Net-Instance View

& Microsemi

Power Matters.”

Instances =
Adtribute FSK_tutorial
Port Mame = Sh.[x SUB1_0 sUB2_0
HE> TO_TC_LED_EMABLE_SIGNAL TO_TC_LED_EMNABLE_SIGMAL
| TO_TC_LED_SIGNAL_OUT PAD
HE» USER_EV_ADDR 9:0] USER_EV_ADDR[S:0]
|-G USER_EY_RAM_BUSY USER_EV_RAM_BUSY_net
HE» USER_EY_RD USER_EV_RD_net
& YAREF P&l WAREF WAREF
HE» VRPU VRPU
L XTL FAD HTL
—{I> ACA_OVER1P0OA AC4_OWERTPOA
HE» AC4_UNDERDPSA AC4_UNDEROPSA
Hi> ACS_OYVER1P0A ACEH_OWERTPOA
HE> ACS_UMDEROPSA ACE_UNDEROPSA
HE» AT_GE_THAN_20C AT_GE_THAN_20C
|- AT_GE_THAN_20C_enb GE_20C_EMABLE_SIGNAL
HE> AT_GE_THAN_30C AT_GE_THAN_30C
-] AT_GE_THAN_30C_enb GE_30C_EMABLE_SIGMAL
AT GE THAN 40C AT GE THAM 400 |

@] AT GE_THAN_40C_enb GE_40C_EMABLE_SIGMAL
Hi> AT_GE_THAN_50C AT_GE_THAN_50C
HE» AT_GE_THAN_GOC AT_GE_THAN_EOC
HE» A¥0D_OVER1PS AVO_OVERTPS
Hi> AVD_OVER2PS Avl_OWERZPS
HE> A¥0_OVER3P3 AVO_OVER3IP3
HE> A¥Y0_OVER4PS Av0_O0VER4PS
-] A¥4 ENABLE OUT A4 _ENABLE
Hi> A¥4_OVER1PO Avd OVERTPOD
HE> A¥4_UNDER1P7S A4 _UNDER1F?S
@] A¥5_EMABLE_OUT AWE_ENABLE
HE> A¥5_OVER3P6 AvE_OWERIPE
HE> A¥S_UNDER2PS AvE_UNDERZFS
HE» CNT_CLK_int GL
<] DATA_LCD [7:4] DATA_LCD[7:4] -
@ EN_LCD EM_LCD
HE> EV_RAM_DOUT_bus [8:0] o EV_RAM_DOUT[E0]
Hi> EV_RAM_WR_BUSY_B_net EV_RAM_WR_BUSY B
|- LEDs [8:1] LEDs[®1] T ]
@] R_nW_LCD R_niw_LCD
@] RS_LCD RS_LCD
HE> 5w [4:1] Swi4:1]
He> 5w5 S5
HE» SYS_RESET SY5_RESET
@ S¥S_RESET_gl_out SYS_RESET
|<@ TO_TC_LED_ENABLE_SIGNAL TO_TC_LED_EMABLE_GI...
|6 USER_EY¥_ADDR [9:0]  USER_EV_ADDR[3:0]

HE> USER_EV_RAM_BUSY_net
|-@ USER_EY_RD_net

L@ vRPU

] USER_EV_RaM_BLSY

USER_EV_RD
WRPL
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