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Global Resources in Low Power Flash Devices

Table 3-2 « Chip Global Pin Name

I/O Type Beginning of I/O Name Notes

Single-Ended GFAO/IOuxwByVz |Only one of the I/Os can be directly connected to a chip
GFA1/IOuxwByVz  |global at a time.
GFA2/I0uxwByVz
GFBO/IOuxwByVz |Only one of the 1/Os can be directly connected to a chip
GFB1/I0uxwByVz |global at a time.
GFB2/I0uxwByVz
GFCO0/IOuxwByVz  |Only one of the I/Os can be directly connected to a chip
GFC1/I0uxwByvz |9lobal at a time.
GFC2/I0uxwByVz
GCAO/IOuxwByVz |Only one of the I/Os can be directly connected to a chip
GCA1/I0uxwByVz global at a time.
GCA2/I0uxwByVz
GCBO/IOuxwByVz |Only one of the I/Os can be directly connected to a chip
GCB1/I0uxwByVz global at a time.
GCB2/I0uxwByVz
GCCO0/IOuxwByVz  |Only one of the I/Os can be directly connected to a chip
GCC1/I0uxwByVz global at a time.
GCC2/I0uxwByVz

Differential I/O Pairs GFAO/IOuxwByVz | The output of the different pair will drive the chip global.
GFA1/I0uxwByVz
GFBO/IOuxwByVz | The output of the different pair will drive the chip global.
GFB1/I0uxwByVz
GFCO/IOuxwByVz | The output of the different pair will drive the chip global.
GFC1/I0uxwByVz
GCAO/I0OuxwByVz |The output of the different pair will drive the chip global.
GCA1/10uxwByVz
GCBO/IOuxwByVz |The output of the different pair will drive the chip global.
GCB1/10uxwByVz
GCCO/IOuxwByVz | The output of the different pair will drive the chip global.
GCC1/IOuxwByVz

Note: Only one of the I/Os can be directly connected to a quadrant at a time.
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Design Recommendations

The following sections provide design flow recommendations for using a global network in a design.
* "Global Macros and I/0 Standards"
* "Global Macro and Placement Selections" on page 48
* "Using Global Macros in Synplicity" on page 50
* "Global Promotion and Demotion Using PDC" on page 51
* "Spine Assignment" on page 52
« "Designer Flow for Global Assignment" on page 53
« "Simple Design Example" on page 55
* "Global Management in PLL Design" on page 57
» "Using Spines of Occupied Global Networks" on page 58

Global Macros and 1/0O Standards

The larger low power flash devices have six chip global networks and four quadrant global networks.
However, the same clock macros are used for assigning signals to chip globals and quadrant globals.
Depending on the clock macro placement or assignment in the Physical Design Constraint (PDC) file or
MultiView Navigator (MVN), the signal will use the chip global network or quadrant network. Table 3-8
lists the clock macros available for low power flash devices. Refer to the IGLOO, ProASIC3,
SmartFusion, and Fusion Macro Library Guide for details.

Table 3-8 « Clock Macros

Macro Name Description Symbol
CLKBUF Input macro for Clock Network CLKBUF

o D>
CLKBUF_x Input macro for Clock Network CLKBUF_X

with specific 1/0 standard PAD & |: Y

CLKBUF_LVDS/LVPECL |LVDS or LVPECL input macro

for Clock  Network  (not
supported for IGLOO nano or
ProASIC3 nano devices)

CLKINT

Macro for internal clock interface A I: v

CLKINT

CLKBIBUF

Bidirectional macro with input o NE PAD
dedicated to routed Clock
Network Y CLKBIBUF

Use these available macros to assign a signal to the global network. In addition to these global macros,
PLL and CLKDLY macros can also drive the global networks. Use 1/0O—standard—specific clock macros
(CLKBUF_x) to instantiate a specific /0 standard for the global signals. Table 3-9 on page 47 shows the
list of these I/O—standard—specific macros. Note that if you use these 1/O-standard—specific clock
macros, you cannot change the 1/0O standard later in the design stage. If you use the regular CLKBUF
macro, you can use MVN or the PDC file in Designer to change the I/O standard. The default 1/O
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Compile Options @

Categories | Globals Manage @

-1 Select a category:

[V Show this dialog every time Compile is run.

Help | | oK | Cancel |

Physical Desian C . Automatic Demotion/Promotion
ysical Uesign Lonstiants Demote global nets whose fanout is

Globals Management r less than:

Netlist Optimization

Display of Results r Promote regular nets whose fanout is

greater than:

Local Clocks

Limit the number of shared instances between 12
any two non-overlapping local clock regions to:

1D

‘When inserting buffers to legalize shared
instances between non-overlapping local clock
regions, limit the buffers' fanout to:

Restore Defaults |

Figure 3-18 « Globals Management GUI in Designer

3.

Occasionally, the synthesis tool assigns a global macro to clock nets, even though the fanout is
significantly less than other asynchronous signals. Select Demote global nets whose fanout is
less than and enter a reasonable value for fanouts. This frees up some global networks from the
signals that have very low fanouts. This can also be done using PDC.

Use a local clock network for the signals that do not need to go to the whole chip but should have
low skew. This local clock network assignment can only be done using PDC.

Assign the 1/O buffer using MVN if you have fixed 1/0 assignment. As shown in Figure 3-10 on
page 45, there are three sets of global pins that have a hardwired connection to each global
network. Do not try to put multiple CLKBUF macros in these three sets of global pins. For
example, do not assign two CLKBUFs to GAAOx and GAA2x pins.

You must click Commit at the end of MVN assignment. This runs the pre-layout checker and
checks the validity of global assignment.

Always run Compile with the Keep existing physical constraints option on. This uses the
quadrant clock network assignment in the MVN assignment and checks if you have the desired
signals on the global networks.

Run Layout and check the timing.

54

Revision 5



& Microsemi

ProASIC3 nano FPGA Fabric User’'s Guide

List of Changes

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

Date Changes Page

July 2010 This chapter is no longer published separately with its own part number and N/A
version but is now part of several FPGA fabric user’s guides.

Notes were added where appropriate to point out that IGLOO nano and N/A
ProASIC3 nano devices do not support differential inputs (SAR 21449).

The "Global Architecture" section and "VersaNet Global Network Distribution"| 31, 33
section were revised for clarity (SARs 20646, 24779).

The "I/O Banks and Global 1/0s" section was moved earlier in the document, 35
renamed to "Chip and Quadrant Global I/0s", and revised for clarity. Figure 3-4 -
Global Connections Details, Figure 3-6 « Global Inputs, Table 3-2 « Chip Global
Pin Name, and Table 3-3 ¢ Quadrant Global Pin Name are new (SARs 20646,

24779).
The "Clock Aggregation Architecture" section was revised (SARs 20646, 24779). 41
Figure 3-7 « Chip Global Aggregation was revised (SARs 20646, 24779). 43
The "Global Macro and Placement Selections" section is new (SARs 20646, 48
24779).
vl4 The "Global Architecture" section was updated to include 10 k devices, and to 31
(December 2008) include information about VersaNet global support for IGLOO nano devices.

The Table 3-1 < Flash-Based FPGAs was updated to include IGLOO nano and 32
ProASIC3 nano devices.

The "VersaNet Global Network Distribution" section was updated to include 10 k 33
devices and to note an exception in global lines for nano devices.

Figure 3-2 « Simplified VersaNet Global Network (30 k gates and below) is new. 34

The "Spine Architecture" section was updated to clarify support for 10 k and nano 41
devices.

Table 3-4 « Globals/Spines/Rows for IGLOO and ProASIC3 Devices was updated 41
to include IGLOO nano and ProASIC3 nano devices.

The figure in the CLKBUF_LVDS/LVPECL row of Table 3-8 « Clock Macros was 46
updated to change CLKBIBUF to CLKBUF.

v1.3 A third bullet was added to the beginning of the "Global Architecture" section: In 31
(October 2008) Fusion devices, the west CCC also contains a PLL core. In the two larger devices
(AFS600 and AFS1500), the west and east CCCs each contain a PLL.

The "Global Resource Support in Flash-Based Devices" section was revised to 32
include new families and make the information more concise.

Table 3-4 « Globals/Spines/Rows for IGLOO and ProASIC3 Devices was updated 41
to include A3PEGOO/L in the device column.

Table note 1 was revised in Table 3-9 ¢ I/O Standards within CLKBUF to include 47
AFS600 and AFS1500.

v1.2 The following changes were made to the family descriptions in Table 3-1 « Flash- 32
(June 2008) Based FPGAs:

*  ProASIC3L was updated to include 1.5 V.
» The number of PLLs for ProASIC3E was changed from five to six.
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Feedback Configuration

The PLL provides both internal and external feedback delays. Depending on the configuration, various
combinations of feedback delays can be achieved.

Internal Feedback Configuration

This configuration essentially sets the feedback multiplexer to route the VCO output of the PLL core as
the input to the feedback of the PLL. The feedback signal can be processed with the fixed system and
the adjustable feedback delay, as shown in Figure 4-24. The dividers are automatically configured by
SmartGen based on the user input.

Indicated below is the System Delay pull-down menu. The System Delay can be bypassed by setting it to
0. When set, it adds a 2 ns delay to the feedback path (which results in delay advancement of the output
clock by 2 ns).

CLEA
286.000 MHz = WCO = 280.000 MHz
Core Logic driven /70

i

0.000ns = |=—

Figure 4-24 « Internal Feedback with Selectable System Delay

Figure 4-25 shows the controllable Feedback Delay. If set properly in conjunction with the fixed System
Delay, the total output delay can be advanced significantly.

CLEA
256.000 MHz /64 WO = 280,000 MHz
Core Logic driven > | 0

~

0.000ns = |=—

F —|0E00rs v
0600 Rs | A
0760n: =
0920 n: L=
1.080 ne
1.240 ns
1.400 nz
1560ns —
1.720ns | ¥

Figure 4-25 « Internal Feedback with Selectable Feedback Delay
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DYNCCC Core(.CLKA(CLKA), -EXTFB(GND), .POWERDOWN(POWERDOWN), .GLA(GLA), -LOCK(LOCK),
.CLKB(CLKB), .GLB(GLB), .YB(), -CLKC(CLKC), .GLC(GLC), .YC(Q). -SDIN(SDIN),
.SCLK(SCLK), .SSHIFT(SSHIFT), .SUPDATE(SUPDATE), .MODE(MODE), .SDOUT(SDOUT),
_OADIVO(GND), .OADIVL(GND), -OADIV2(VCC), .OADIV3(GND), .OADIVA(GND), .OAMUXO(GND),
.OAMUX1(GND), .OAMUX2(VCC), .DLYGLAO(GND), .DLYGLAL(GND), .DLYGLA2(GND),
_.DLYGLA3(GND), .DLYGLA4(GND), -OBDIVO(GND), -OBDIV1(GND), -OBDIV2(GND),
_OBDIV3(GND), .OBDIV4(GND), -OBMUXO(GND), .OBMUX1(GND), .OBMUX2(GND), .DLYYBO(GND),
.DLYYB1(GND), .DLYYB2(GND), .DLYYB3(GND), .DLYYB4(GND), .DLYGLBO(GND),
.DLYGLB1(GND), .DLYGLB2(GND), .DLYGLB3(GND), .DLYGLB4(GND), .OCDIVO(GND),
.OCDIV1(GND), .OCDIV2(GND), .OCDIV3(GND), .OCDIV4(GND), .OCMUXO(GND), .OCMUX1(GND),
.OCMUX2(GND), .DLYYCO(GND), .DLYYCL(GND), .DLYYC2(GND), .DLYYC3(GND), .DLYYC4(GND),
.DLYGLCO(GND), .DLYGLC1(GND), -DLYGLC2(GND), .DLYGLC3(GND), .DLYGLC4(GND),
_FINDIVO(VCC), .FINDIV1(GND), .FINDIV2(VCC), .FINDIV3(GND), .FINDIV4(GND),
_.FINDIV5(GND), -FINDIV6(GND), .FBDIVO(GND), .FBDIVL(GND), .FBDIV2(GND),
_FBDIV3(GND), .FBDIV4(GND), -FBDIV5(VCC), .FBDIV6(GND), .FBDLYO(GND), .FBDLY1(GND),
_FBDLY2(GND), .FBDLY3(GND), .FBDLY4(GND), .FBSELO(VCC), .FBSEL1(GND),
_XDLYSEL(GND), .VCOSELO(GND), .VCOSEL1(GND), .-VCOSEL2(VCC));

defparam Core.VCOFREQUENCY = 165.000;

endmodule

Delayed Clock Configuration

The CLKDLY macro can be generated with the desired delay and input clock source (Hardwired 1/O,
External I/0, or Core Logic), as in Figure 4-28.

Delayed Clock : Create Core E|

Global output delay:

Input clock source: |Hardwired [Ein}

[
Help Close

Figure 4-28 « Delayed Clock Configuration Dialog Box

After setting all the required parameters, users can generate one or more PLL configurations with HDL or
EDIF descriptions by clicking the Generate button. SmartGen gives the option of saving session results
and messages in a log file:

Macro Parameters

Name : delay_macro
Family : ProASIC3
Output Format : Verilog

Type : Delayed Clock
Delay Index 12

CLKA Source : Hardwired 1/0

Total Clock Delay = 0.935 ns.
The resultant CLKDLY macro Verilog netlist is as follows:
module delay_macro(GL,CLK);

output GL;
input CLK;
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Notes:
1. AES decryption not supported in 30 k gate devices and smaller.
2. Flash*Freeze is supported in all IGLOO devices and the ProASIC3L devices.

Figure 6-1 « IGLOO and ProASIC3 Device Architecture Overview
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Figure 6-2 « Fusion Device Architecture Overview (AFS600)
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Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, ADDRB
should be tied to ground.

Table 6-3 « Address Pins Unused/Used for Various Supported Bus Widths

ADDRXx
DxW Unused Used
4kx1 None [11:0]
2kx2 [11] [10:0]
1kx4 [11:10] [9:0]
512x9 [11:9] [8:0]

Note: The "x"in ADDRXx implies A or B.

DINA and DINB

These are the input data signals, and they are nine bits wide. Not all nine bits are valid in all

configurations. When a data width less than nine is specified, unused high-order signals must be

grounded (Table 6-4).

Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, DINB should
be tied to ground.

DOUTA and DOUTB
These are the nine-bit output data signals. Not all nine bits are valid in all configurations. As with DINA
and DINB, high-order bits may not be used (Table 6-4). The output data on unused pins is undefined.

Table 6-4 « Unused/Used Input and Output Data Pins for Various Supported Bus Widths

DINx/DOUTXx
DxW Unused Used
4kx1 [8:1] [0]
2kx2 [8:2] [1:0]
1kx4 [8:4] [3:0]
512%9 None [8:0]

Note: The "x" in DINx or DOUTx implies A or B.

RAMS512X18 Macro
RAM512X18 is the two-port configuration of the same RAM block (Figure 6-5 on page 140). Like the
RAM4K9 nomenclature, the RAM512X18 nomenclature refers to both the deepest possible configuration
and the widest possible configuration the two-port RAM block can assume. In two-port mode, the RAM
block can be configured to either the 512x9 aspect ratio or the 256x18 aspect ratio. RAM512X18 is also
fully synchronous and has the following features:

* Dedicated read and write ports

* Active-low read and write enables

» Selectable pipelined or nonpipelined read

* Active-low asynchronous reset

» Designer software will automatically facilitate falling-edge clocks by bubble-pushing the inversion

to previous stages.
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Initializing the RAM/FIFO

The SRAM blocks can be initialized with data to use as a lookup table (LUT). Data initialization can be
accomplished either by loading the data through the design logic or through the UJTAG interface. The
UJTAG macro is used to allow access from the JTAG port to the internal logic in the device. By sending
the appropriate initialization string to the JTAG Test Access Port (TAP) Controller, the designer can put
the JTAG circuitry into a mode that allows the user to shift data into the array logic through the JTAG port
using the UJTAG macro. For a more detailed explanation of the UJTAG macro, refer to the "FlashROM in
Microsemi’s Low Power Flash Devices" section on page 117.

A user interface is required to receive the user command, initialization data, and clock from the UJTAG
macro. The interface must synchronize and load the data into the correct RAM block of the design. The
main outputs of the user interface block are the following:

+ Memory block chip select: Selects a memory block for initialization. The chip selects signals for
each memory block that can be generated from different user-defined pockets or simple logic,
such as a ring counter (see below).

* Memory block write address: Identifies the address of the memory cell that needs to be initialized.

* Memory block write data: The interface block receives the data serially from the UTDI port of the
UJTAG macro and loads it in parallel into the write data ports of the memory blocks.

*  Memory block write clock: Drives the WCLK of the memory block and synchronizes the write
data, write address, and chip select signals.

Figure 6-8 shows the user interface between UJTAG and the memory blocks.

RAM1
| WD
—-| WADDR
| WCLK
UJTAG User Interface »| WEN
TRST [X] UIREG[7:0] ——|IRI[7:0] WDATA —
TDO & TRST URSTB —»|Reset G e
L1 1p0 UDRUPD —|DR_UPDATE WOLK | WaADDR
01 Xp—— DI UDRSH [ |DR_SHIFT
. WEN1 — @1 | WCLK
™S UDRCAP [ |DR_CAPTURE
|Z| —»|DR_CLK WEN2 | WEN
™S o TCK UDRCK N
| UTDI—|DIN WENS3 RAM3
TCK |X| UTDO |[~<&———DouT >
|_»| WADDR
—| WCLK
WEN

Figure 6-8 ¢ Interfacing TAP Ports and SRAM Blocks

An important component of the interface between the UJTAG macro and the RAM blocks is a serial-
in/parallel-out shift register. The width of the shift register should equal the data width of the RAM blocks.
The RAM data arrives serially from the UTDI output of the UJTAG macro. The data must be shifted into a
shift register clocked by the JTAG clock (provided at the UDRCK output of the UJTAG macro).

Then, after the shift register is fully loaded, the data must be transferred to the write data port of the RAM
block. To synchronize the loading of the write data with the write address and write clock, the output of
the shift register can be pipelined before driving the RAM block.

The write address can be generated in different ways. It can be imported through the TAP using a
different instruction opcode and another shift register, or generated internally using a simple counter.
Using a counter to generate the address bits and sweep through the address range of the RAM blocks is
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Table 7-13 « Comparison Table for 5 V-Compliant Receiver Solutions

Solution Board Components Speed Current Limitations

1 Two resistors Low to High1 Limited by transmitter's drive strength
2 Resistor and Zener 3.3 V Medium Limited by transmitter's drive strength
3 Bus switch High N/A

Notes:

1. Speed and current consumption increase as the board resistance values decrease.
2. Resistor values ensure 1/O diode long-term reliability.

3. At 70°C, customers could still use 420 22 on every /0.
4

. At 85°C, a 5V solution on every other I/O is permitted, since the resistance is lower (150 2 ) and
the current is higher. Also, the designer can still use 420 2 and use the solution on every /0.

5. At 100°C, the 5V solution on every I/O is permitted, since 420 2 are used to limit the current to
5.9 mA.

5V Output Tolerance

nano Standard 1/Os must be set to 3.3V LVTTL or 3.3V LVCMOS mode to reliably drive 5V TTL
receivers. It is also critical that there be NO external 1/O pull-up resistor to 5V, since this resistor would
pull the I/O pad voltage beyond the 3.6 V absolute maximum value and consequently cause damage to
the 1/0.

When set to 3.3V LVTTL or 3.3V LVCMOS mode, the 1/Os can directly drive signals into 5V TTL
receivers. In fact, Vo = 0.4 V and Vgy = 2.4 Vin both 3.3 V LVTTL and 3.3 V LVCMOS modes exceeds
the V| = 0.8 V and V| =2V level requirements of 5 V TTL receivers. Therefore, level 1 and level 0 will
be recognized correctly by 5 V TTL receivers.

Schmitt Trigger

A Schmitt trigger is a buffer used to convert a slow or noisy input signal into a clean one before passing it
to the FPGA. Using Schmitt trigger buffers guarantees a fast, noise-free input signal to the FPGA.

nano devices have Schmitt triggers built into their 1/O circuitry. Schmitt Trigger is available on all /O
configurations.

This feature can be implemented by using a Physical Design Constraints (PDC) command (Table 7-5 on
page 163) or by selecting a check box in the 1/0 Attribute Editor in Designer. The check box is cleared by
default.

I/O Register Combining

Every /O has several embedded registers in the 1/O tile that are close to the I/O pads. Rather than using
the internal register from the core, the user has the option of using these registers for faster clock-to-out
timing, and external hold and setup. When combining these registers at the I/O buffer, some architectural
rules must be met. Provided these rules are met, the user can enable register combining globally during
Compile (as shown in the "Compiling the Design" section in the "I/O Software Control in Low Power
Flash Devices" section on page 185.

This feature is supported by all /O standards.

Rules for Registered I/0O Function:

1. The fanout between an 1/0 pin (D, Y, or E) and a register must be equal to one for combining to be
considered on that pin.

2. All registers (Input, Output, and Output Enable) connected to an I/O must share the same clear or
preset function:

— If one of the registers has a CLR pin, all the other registers that are candidates for combining
in the 1/0 must have a CLR pin.
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I/O Function
Figure 8-8 shows an example of the 1/0 Function table included in the I/O bank report:

I/0 Function:

Type w/o register w/ register w/ DDR register
Input I/0

Bidirectional IO
Differential Input I/Q Pair=z

|
|
|
Jutput IS0
|
|
Differential Cutput IS0 Pair=z |

Figure 8-8 « I/0 Function Table

This table lists the number of input I/Os, output I/Os, bidirectional 1/0Os, and differential input and output
I/O pairs that use 1/0 and DDR registers.

Note: IGLOO nano and ProASIC3 nano devices do not support differential inputs.

Certain rules must be met to implement registered and DDR I/O functions (refer to the 1/O Structures
section of the handbook for the device you are using and the "DDR" section on page 190).

I/O Technology

The 1/0 Technology table (shown in Figure 8-9) gives the values of VCCI and VREF (reference voltage)
for all the I/O standards used in the design. The user should assign these voltages appropriately.

[/D Technology:
| Voltages | I/0s
———————————————————————————————— e [ [ e ———
I/0 Standardis) | Vool | Wekef | Input | COutput | Eidirectional
———————————————————————————————— e I [ ] B
LVTTL | 3.30v | NS4 | 1 | 1 | 0
LWVCHMOS33 | 3.30v | NS4 | 1 | 0 | 0
LWVCHOS25_ 50 | 2.50v | NS4 | 1 | 1 | 0
LVCHMOS 1S | 1.80v | NS4 | 1 | 0 | 0
LWVCHMOS15 | 1.50v | NS4 | 1 | 0 | 0
PCIX | 3.30v | NS4 | 1 | 0 | 0
LVD3 | 2.50v | NS4 | 0 | 2 | 0
F3TL3I (Input/Bidirectional) | 3.30v | 1.50w | 1 | 0 | 0
GTLP33 (Input/Bidirectional) | 3.30v | 1.00w | 1 | 0 | 0

Figure 8-9 « 1/0 Technology Table
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Programming Flash Devices

Programmer Ordering Codes

The products shown in Table 10-4 can be ordered through Microsemi sales and will be shipped directly
from Microsemi. Products can also be ordered from Microsemi distributors, but will still be shipped
directly from Microsemi. Table 10-4 includes ordering codes for the full kit, as well as codes for
replacement items and any related hardware. Some additional products can be purchased from external
suppliers for use with the programmers. Ordering codes for adapter modules used with Silicon Sculptor
are available at http://www.microsemi.com/soc/products/hardware/program_debug/ss/modules.aspx.

Table 10-4 « Programming Ordering Codes

Description Vendor Ordering Code Comment

FlashPro4 ISP Microsemi FLASHPRO 4 Uses a 2x5, RA male header connector
programmer

FlashPro Lite ISP Microsemi FLASHPRO LITE Supports small programming header or
programmer large header through header converter

(not included)

Silicon Sculptor 3 Microsemi| SILICON-SCULPTOR 3 |USB 2.0 high-speed production
programmer

Silicon Sculptor Il Microsemi| SILICON-SCULPTOR Il [Requires add-on adapter modules to
support devices

Silicon Sculptor ISP |Microsemi| SMPA-ISP-ACTEL-3-KIT [Ships with both large and small header

module support

ISP cable for small [Microsemi ISP-CABLE-S Supplied with SMPA-ISP-ACTEL-3-KIT
header

ISP cable for large  [Microsemi PA-ISP-CABLE Supplied with SMPA-ISP-ACTEL-3-KIT
header

Programmer Device Support
Refer to www.microsemi.com/soc for the current information on programmer and device support.

Certified Programming Solutions

The Microsemi-certified programmers for flash devices are FlashPro4, FlashPro3, FlashPro Lite,
FlashPro, Silicon Sculptor Il, Silicon Sculptor 3, and any programmer that is built by BP Microsystems. All
other programmers are considered noncertified programmers.

* FlashPro4, FlashPro3, FlashPro Lite, FlashPro

The Microsemi family of FlashPro device programmers provides in-system programming in an
easy-to-use, compact system that supports all flash families. Whether programming a board
containing a single device or multiple devices connected in a chain, the Microsemi line of
FlashPro programmers enables fast programming and reprogramming. Programming with the
FlashPro series of programmers saves board space and money as it eliminates the need for
sockets on the board. There are no built-in algorithms, so there is no delay between product
release and programming support. The FlashPro programmer is no longer available.

» Silicon Sculptor 3, Silicon Sculptor I

Silicon Sculptor 3 and Silicon Sculptor Il are robust, compact, single-device programmers with
standalone software for the PC. They are designed to enable concurrent programming of multiple
units from the same PC with speeds equivalent to or faster than previous Microsemi
programmers.

* Noncertified Programmers

Microsemi does not test programming solutions from other vendors, and DOES NOT guarantee
programming yield. Also, Microsemi will not perform any failure analysis on devices programmed
on non-certified programmers. Please refer to the Programming and Functional Failure
Guidelines document for more information.
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Related Documents

User’s Guides

FlashPro User's Guide

http://www.microsemi.com/soc/documents/flashpro_ug.pdf

List of Changes

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

Date Changes Page
July 2010 This chapter is no longer published separately with its own part number and version N/A
but is now part of several FPGA fabric user’s guides.
v1.5 The "CoreMP7 Device Security" section was removed from "Security in ARM- 238
(August 2009) Enabled Low Power Flash Devices", since M7-enabled devices are no longer
supported.
v1.4 IGLOO nano and ProASIC3 nano devices were added to Table 11-1 « Flash-Based 236
(December 2008) FPGAs.
v1.3 The "Security Support in Flash-Based Devices" section was revised to include new 236
(October 2008) families and make the information more concise.
v1.2 The following changes were made to the family descriptions in Table 11-1 « Flash- 236
(June 2008) Based FPGAs:
* ProASIC3L was updated to include 1.5 V.
*  The number of PLLs for ProASIC3E was changed from five to six.
v1.1 The chapter was updated to include the IGLOO PLUS family and information N/A
(March 2008) regarding 15 k gate devices.
The "IGLOO Terminology" section and "ProASIC3 Terminology" section are new. 236
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In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using FlashPro4/3/3X

IEEE 1532 (JTAG) Interface

The supported industry-standard IEEE 1532 programming interface builds on the IEEE 1149.1 (JTAG)
standard. IEEE 1532 defines the standardized process and methodology for ISP. Both silicon and
software issues are addressed in IEEE 1532 to create a simplified ISP environment. Any IEEE 1532
compliant programmer can be used to program low power flash devices. Device serialization is not
supported when using the IEEE1532 standard. Refer to the standard for detailed information about IEEE
1532.

Security

Unlike SRAM-based FPGAs that require loading at power-up from an external source such as a
microcontroller or boot PROM, Microsemi nonvolatile devices are live at power-up, and there is no
bitstream required to load the device when power is applied. The unique flash-based architecture
prevents reverse engineering of the programmed code on the device, because the programmed data is
stored in nonvolatile memory cells. Each nonvolatile memory cell is made up of small capacitors and any
physical deconstruction of the device will disrupt stored electrical charges.

Each low power flash device has a built-in 128-bit Advanced Encryption Standard (AES) decryption core,
except for the 30 k gate devices and smaller. Any FPGA core or FlashROM content loaded into the
device can optionally be sent as encrypted bitstream and decrypted as it is loaded. This is particularly
suitable for applications where device updates must be transmitted over an unsecured network such as
the Internet. The embedded AES decryption core can prevent sensitive data from being intercepted
(Figure 12-1 on page 265). A single 128-bit AES Key (32 hex characters) is used to encrypt FPGA core
programming data and/or FlashROM programming data in the Microsemi tools. The low power flash
devices also decrypt with a single 128-bit AES Key. In addition, low power flash devices support a
Message Authentication Code (MAC) for authentication of the encrypted bitstream on-chip. This allows
the encrypted bitstream to be authenticated and prevents erroneous data from being programmed into
the device. The FPGA core, FlashROM, and Flash Memory Blocks (FBs), in Fusion only, can be updated
independently using a programming file that is AES-encrypted (cipher text) or uses plain text.
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Microprocessor Programming of Microsemi’s Low Power Flash Devices

Programming
Software

Programming

Source Code File
Microprocessor Compiler
BIN File
l Y

Download to System

l

Program Device

Figure 14-3 « MCU FPGA Programming Model

FlashROM

Microsemi low power flash devices have 1 kbit of user-accessible, nonvolatile, FlashROM on-chip. This
nonvolatile FlashROM can be programmed along with the core or on its own using the standard IEEE

1532 JTAG programming interface.

The FlashROM is architected as eight pages of 128 bits. Each page can be individually programmed
(erased and written). Additionally, on-chip AES security decryption can be used selectively to load data
securely into the FlashROM (e.g., over public or private networks, such as the Internet). Refer to the

"FlashROM in Microsemi’s Low Power Flash Devices" section on page 117.
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16 — UJTAG Applications in Microsemi’s Low
Power Flash Devices

Introduction

In Fusion, IGLOO, and ProASIC3 devices, there is bidirectional access from the JTAG port to the core
VersaTiles during normal operation of the device (Figure 16-1). User JTAG (UJTAG) is the ability for the
design to use the JTAG ports for access to the device for updates, etc. While regular JTAG is used, the
UJTAG tiles, located at the southeast area of the die, are directly connected to the JTAG Test Access
Port (TAP) Controller in normal operating mode. As a result, all the functional blocks of the device, such
as Clock Conditioning Circuits (CCCs) with PLLs, SRAM blocks, embedded FlashROM, flash memory
blocks, and I/O tiles, can be reached via the JTAG ports. The UJTAG functionality is available by
instantiating the UJTAG macro directly in the source code of a design. Access to the FPGA core
VersaTiles from the JTAG ports enables users to implement different applications using the TAP
Controller (JTAG port). This document introduces the UJTAG tile functionality and discusses a few
application examples. However, the possible applications are not limited to what is presented in this
document. UJTAG can serve different purposes in many designs as an elementary or auxiliary part of the
design. For detailed usage information, refer to the "Boundary Scan in Low Power Flash Devices"
section on page 291.

UJTAG
Address Generation and
Data Serlialization
g I
UIREGI7:0] Enable
FROM
,7 RESET -
PO URSTB Addr[6:0] Addr [6:0
Control : r [6:0]
TDI UDRUPD _’_T_,_
UDRCK £ CLK
T™MS Data[7:0] Data[7:0]
UDRCAP SDI S
TCK UDRSH SDO
UTDI - ~ o
TRST
UTDO

Figure 16-1 « Block Diagram of Using UJTAG to Read FlashROM Contents
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Fine Tuning

In some applications, design constants or parameters need to be modified after programming the original
design. The tuning process can be done using the UJTAG tile without reprogramming the device with
new values. If the parameters or constants of a design are stored in distributed registers or embedded
SRAM blocks, the new values can be shifted onto the JTAG TAP Controller pins, replacing the old
values. The UJTAG tile is used as the “bridge” for data transfer between the JTAG pins and the FPGA
VersaTiles or SRAM logic. Figure 16-5 shows a flow chart example for fine-tuning application steps using
the UJTAG tile.

In Figure 16-5, the TMS signal sets the TAP Controller state machine to the appropriate states. The flow
mainly consists of two steps: a) shifting the defined instruction and b) shifting the new data. If the target
parameter is constantly used in the design, the new data can be shifted into a temporary shift register
from UTDI. The UDRSH output of UJTAG can be used as a shift-enable signal, and UDRCK is the shift
clock to the shift register. Once the shift process is completed and the TAP Controller state is moved to
the Update DR state, the UDRUPD output of the UJTAG can latch the new parameter value from the
temporary register into a permanent location. This avoids any interruption or malfunctioning during the
serial shift of the new value.

TAP Controller in
Test_Logic_Reset v
State
+ Set TAP state to
SHIFT_DR
- Set TAP state to
o SHIFT_IR \
+ Shift data into TDI and
record UTDI in a shift
Shift the user-defined register
instruction of tuning
application Y
* Set TAP state in
Update_ DR
Set TAP state to
Update_IR Y
Latch the recorded data
onto the location of stored
parameter
UIREG Equal to

the user-defined
instruction

Figure 16-5 « Flow Chart Example of Fine-Tuning an Application Using UJTAG
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Summary of Changes

Revision List of Changes
(month/year) Chapter Affected (page number)
Revision 1

(continued)

"In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using 273

FlashPro4/3/3X" was revised.

"Core Voltage Switching Circuit for IGLOO and ProASIC3L In-System 281

Programming" was revised.

"Boundary Scan in Low Power Flash Devices" was revised.

296
Revision 0 The ProASIC3 nano Low Power Flash FPGAs Handbook was divided into two N/A
(April 2010) parts to create the ProASIC3 nano Datasheet ProASIC3 nano Device Family
User’s Guide.
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