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Flash*Freeze Technology and Low Power Modes

Flash*Freeze Mode

IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3L, and RT ProASIC3 FPGAs offer an ultra-low static
power mode to reduce power consumption while preserving the state of the registers, SRAM contents,
and /O states (IGLOO nano and IGLOO PLUS only) without switching off any power supplies, inputs, or
input clocks.

Flash*Freeze technology enables the user to switch to Flash*Freeze mode within 1 ps, thus simplifying
low power design implementation. The Flash*Freeze (FF) pin (active Low) is a dedicated pin used to
enter or exit Flash*Freeze mode directly; or the pin can be routed internally to the FPGA core and state
management IP to allow the user's application to decide if and when it is safe to transition to this mode. If
the FF pin is not used, it can be used as a regular I/O.

The FF pin has a built-in glitch filter and optional Schmitt trigger (not available for all devices) to prevent
entering or exiting Flash*Freeze mode accidentally.

There are two ways to use Flash*Freeze mode. In Flash*Freeze type 1, entering and exiting the mode is
exclusively controlled by the assertion and deassertion of the FF pin. This enables an external processor
or human interface device to directly control Flash*Freeze mode; however, valid data must be preserved
using standard procedures (refer to the "Flash*Freeze Mode Device Behavior" section on page 30). In
Flash*Freeze mode type 2, entering and exiting the mode is controlled by both the FF pin AND user-
defined logic. Flash*Freeze management IP may be used in type 2 mode for clock and data
management while entering and exiting Flash*Freeze mode.

Flash*Freeze Type 1: Control by Dedicated Flash*Freeze Pin

Flash*Freeze type 1 is intended for systems where either the device will be reset upon exiting
Flash*Freeze mode, or data and clock are managed externally. The device enters Flash*Freeze mode 1
ys after the dedicated FF pin is asserted (active Low), and returns to normal operation when the FF pin is
deasserted (High) (Figure 2-1 on page 25). In this mode, FF pin assertion or deassertion is the only
condition that determines entering or exiting Flash*Freeze mode.

In Libero® System-on-Chip (SoC) software v8.2 and before, this mode is implemented by enabling
Flash*Freeze mode (default setting) in the Compile options of the Microsemi Designer software. To
simplify usage of Flash*Freeze mode, beginning with Libero software v8.3, an INBUF_FF I/O macro was
introduced. An INBUF_FF I/O buffer must be used to identify the Flash*Freeze input. Microsemi
recommends switching to the new implementation.

In Libero software v8.3 and later, the user must manually instantiate the INBUF_FF macro in the top level
of the design to implement Flash*Freeze Type 1, as shown in Figure 2-1 on page 25.
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Date Changes Page
v2.1 The title changed from "Flash*Freeze Technology and Low Power Modes in IGLOO, N/A
(October 2008) IGLOO PLUS, and ProASIC3L Devices" to Actel's Flash*Freeze Technology and

Low Power Modes."

The "Flash Families Support the Flash*Freeze Feature" section was updated. 22

Significant changes were made to this document to support Libero IDE v8.4 and
later functionality. RT ProASIC3 device support information is new. In addition to the
other major changes, the following tables and figures were updated or are new:

Figure 2-3 < Flash*Freeze Mode Type 2 — Controlled by Flash*Freeze Pin and

Internal Logic (LSICC signal) — updated 27
Figure 2-5 « Narrow Clock Pulses During Flash*Freeze Entrance and Exit — new
Figure 2-10 « Flash*Freeze Management IP Block Diagram — new 30
Figure 2-11 « FSM State Diagram — new 37
Table 2-6 + IGLOO nano and IGLOO PLUS Flash*Freeze Mode (type 1 and type 38
2)—I/O Pad State — updated 29
Please review the entire document carefully.
v1.3 The family description for ProASIC3L in Table 2-1 + Flash-Based FPGAs was 22
(June 2008) updated to include 1.5 V.
v1.2 The part number for this document was changed from 51700094-003-1 to N/A
(March 2008) 51700094-004-2.

The title of the document was changed to "Flash*Freeze Technology and Low N/A
Power Modes in IGLOO, IGLOO PLUS, and ProASIC3L Devices."

The "Flash*Freeze Technology and Low Power Modes" section was updated to 21
remove the parenthetical phrase, "from 25 yW," in the second paragraph. The
following sentence was added to the third paragraph: "IGLOO PLUS has an
additional feature when operating in Flash*Freeze mode, allowing it to retain 1/O
states as well as SRAM and register states."

The "Power Conservation Techniques" section was updated to add V ag to the 2-1
parenthetical list of power supplies that should be tied to the ground plane if unused.
Additional information was added regarding how the software configures unused
I/Os.

Table 2-1 « Flash-Based FPGAs and the accompanying text was updated to include 22
the IGLOO PLUS family. The "IGLOO Terminology" section and "ProASIC3
Terminology" section are new.

The "Flash*Freeze Mode" section was revised to include that I/O states are 24
preserved in Flash*Freeze mode for IGLOO PLUS devices. The last sentence in the
second paragraph was changed to, "If the FF pin is not used, it can be used as a
regular I/0." The following sentence was added for Flash*Freeze mode type 2:
"Exiting the mode is controlled by either the FF pin OR the user-defined LSICC
signal."

The "Flash*Freeze Type 1: Control by Dedicated Flash*Freeze Pin" section was 24
revised to change instructions for implementing this mode, including instructions for
implementation with Libero IDE v8.3.

Figure 2-1 « Flash*Freeze Mode Type 1 — Controlled by the Flash*Freeze Pin was 25
updated.

The "Flash*Freeze Type 2: Control by Dedicated Flash*Freeze Pin and Internal 26
Logic" section was renamed from "Type 2 Software Implementation."

The "Type 2 Software Implementation for Libero IDE v8.3" section is new. 2-6
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VersaNet Global Network Distribution

One of the architectural benefits of low power flash architecture is the set of powerful, low-delay
VersaNet global networks that can access the VersaTiles, SRAM, and /O tiles of the device. Each device
offers a chip global network with six global lines (except for nano 10 k, 15 k, and 20 k gate devices) that
are distributed from the center of the FPGA array. In addition, each device (except the 10 k through 30 k
gate device) has four quadrant global networks, each consisting of three quadrant global net resources.
These quadrant global networks can only drive a signal inside their own quadrant. Each VersaTile has
access to nine global line resources—three quadrant and six chip-wide (main) global networks—and a
total of 18 globals are available on the device (3 x 4 regional from each quadrant and 6 global).

Figure 3-1 shows an overview of the VersaNet global network and device architecture for devices 60 k
and above. Figure 3-2 and Figure 3-3 on page 50 show simplified VersaNet global networks.

The VersaNet global networks are segmented and consist of spines, global ribs, and global multiplexers
(MUXes), as shown in Figure 3-1. The global networks are driven from the global rib at the center of the
die or quadrant global networks at the north or south side of the die. The global network uses the MUX
trees to access the spine, and the spine uses the clock ribs to access the VersaTile. Access is available
to the chip or quadrant global networks and the spines through the global MUXes. Access to the spine
using the global MUXes is explained in the "Spine Architecture" section on page 57.

These VersaNet global networks offer fast, low-skew routing resources for high-fanout nets, including
clock signals. In addition, these highly segmented global networks offer users the flexibility to create low-
skew local clock networks using spines for up to 252 internal/external clocks or other high-fanout nets in
low power flash devices. Optimal usage of these low-skew networks can result in significant
improvement in design performance.
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Figure 3-1 « Overview of VersaNet Global Network and Device Architecture
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standard for CLKBUF is LVTTL in the current Microsemi Libero® System-on-Chip (SoC) and Designer
software.

Table 3-9 ¢ I/O Standards within CLKBUF

Name Description
CLKBUF_LVCMOS5 LVCMOS clock buffer with 5.0 V CMOS voltage level
CLKBUF_LVCMOS33 LVCMOS clock buffer with 3.3 V CMOS voltage level
CLKBUF_LVCMOS25 LVCMOS clock buffer with 2.5 V CMOS voltage level’
CLKBUF_LVCMOS18 LVCMOS clock buffer with 1.8 V CMOS voltage level
CLKBUF_LVCMOS15 LVCMOS clock buffer with 1.5 V CMOS voltage level
CLKBUF_LVCMOS12 LVCMOS clock buffer with 1.2 V CMOS voltage level
CLKBUF_PCI PCI clock buffer

CLKBUF_PCIX PCIX clock buffer

CLKBUF_GTL25 GTL clock buffer with 2.5 V CMOS voltage level
CLKBUF_GTL33 GTL clock buffer with 3.3 V CMOS voltage level
CLKBUF_GTLP25 GTL+ clock buffer with 2.5 V CMOS voltage level
CLKBUF_GTLP33 GTL+ clock buffer with 3.3 V CMOS voltage level
CLKBUF_ HSTL _I HSTL Class | clock buffer’

CLKBUF_HSTL _II HSTL Class Il clock buffer

CLKBUF_SSTL2_| SSTL2 Class | clock buffer

CLKBUF_SSTL2_lI SSTL2 Class Il clock buffer’

CLKBUF_SSTL3 | SSTL3 Class | clock buffer

CLKBUF_SSTL3 I SSTL3 Class Il clock buffer’

Notes:

1. Supported in only the IGLOOe, ProASIC3E, AFS600, and AFS1500 devices
2. By default, the CLKBUF macro uses the 3.3 V LVTTL /O technology.

The current synthesis tool libraries only infer the CLKBUF or CLKINT macros in the netlist. All other
global macros must be instantiated manually into your HDL code. The following is an example of
CLKBUF_LVCMOS25 global macro instantiations that you can copy and paste into your code:

VHDL

component clkbuf_lvcmos25
port (pad : in std_logic; y : out std_logic);
end component

begin

-- concurrent statements

u2 : clkbuf_lvcmos25 port map (pad => ext_clk, y => int_clk);
end

Verilog
module design ( );

input
output

clkbuf_lvcmos25 u2 (.y(int_clk), .pad(ext_clk);

endmodule
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4 — Clock Conditioning Circuits in Low Power
Flash Devices and Mixed Signal FPGAs

Introduction

This document outlines the following device information: Clock Conditioning Circuit (CCC) features, PLL
core specifications, functional descriptions, software configuration information, detailed usage
information, recommended board-level considerations, and other considerations concerning clock
conditioning circuits and global networks in low power flash devices or mixed signal FPGAs.

Overview of Clock Conditioning Circuitry

In Fusion, IGLOO, and ProASIC3 devices, the CCCs are used to implement frequency division,
frequency multiplication, phase shifting, and delay operations. The CCCs are available in six chip
locations—each of the four chip corners and the middle of the east and west chip sides. For device-
specific variations, refer to the "Device-Specific Layout" section on page 94.

The CCC is composed of the following:
* PLL core
* 3 phase selectors
* 6 programmable delays and 1 fixed delay that advances/delays phase

» 5 programmable frequency dividers that provide frequency multiplication/division (not shown in
Figure 4-6 on page 87 because they are automatically configured based on the user's required
frequencies)

» 1 dynamic shift register that provides CCC dynamic reconfiguration capability

Figure 4-1 provides a simplified block diagram of the physical implementation of the building blocks in
each of the CCCs.
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Figure 4-1 « Overview of the CCCs Offered in Fusion, IGLOO, and ProASIC3
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Each CCC can implement up to three independent global buffers (with or without programmable delay)
or a PLL function (programmable frequency division/multiplication, phase shift, and delays) with up to
three global outputs. Unused global outputs of a PLL can be used to implement independent global
buffers, up to a maximum of three global outputs for a given CCC.

CCC Programming

The CCC block is fully configurable, either via flash configuration bits set in the programming bitstream or
through an asynchronous interface. This asynchronous dedicated shift register interface is dynamically
accessible from inside the low power flash devices to permit parameter changes, such as PLL divide
ratios and delays, during device operation.

To increase the versatility and flexibility of the clock conditioning system, the CCC configuration is
determined either by the user during the design process, with configuration data being stored in flash
memory as part of the device programming procedure, or by writing data into a dedicated shift register
during normal device operation.

This latter mode allows the user to dynamically reconfigure the CCC without the need for core
programming. The shift register is accessed through a simple serial interface. Refer to the "UJTAG
Applications in Microsemi’s Low Power Flash Devices" section on page 363 or the application note Using
Global Resources in Actel Fusion Devices.

Global Resources

Low power flash and mixed signal devices provide three global routing networks (GLA, GLB, and GLC)
for each of the CCC locations. There are potentially many I/O locations; each global I/O location can be
chosen from only one of three possibilities. This is controlled by the multiplexer tree circuitry in each
global network. Once the I/O location is selected, the user has the option to utilize the CCCs before the
signals are connected to the global networks. The CCC in each location (up to six) has the same
structure, so generating the CCC macros is always done with an identical software GUI. The CCCs in the
corner locations drive the quadrant global networks, and the CCCs in the middle of the east and west
chip sides drive the chip global networks. The quadrant global networks span only a quarter of the
device, while the chip global networks span the entire device. For more details on global resources
offered in low power flash devices, refer to the "Global Resources in Low Power Flash Devices" section
on page 47.

A global buffer can be placed in any of the three global locations (CLKA-GLA, CLKB-GLB, or
CLKC-GLC) of a given CCC. A PLL macro uses the CLKA CCC input to drive its reference clock. It uses
the GLA and, optionally, the GLB and GLC global outputs to drive the global networks. A PLL macro can
also drive the YB and YC regular core outputs. The GLB (or GLC) global output cannot be reused if the
YB (or YC) output is used. Refer to the "PLL Macro Signal Descriptions" section on page 84 for more
information.

Each global buffer, as well as the PLL reference clock, can be driven from one of the following:
» 3 dedicated single-ended I/Os using a hardwired connection

» 2 dedicated differential 1/Os using a hardwired connection (not supported for IGLOO nano or
ProASIC3 nano devices)

* The FPGA core
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PLL Macro Signal Descriptions

The PLL macro supports two inputs and up to six outputs. Table 4-3 gives a description of each signal.

Table 4-3 « Input and Output Signals of the PLL Block

Signal

Name

110

Description

CLKA

Reference Clock

Input

Reference clock input for PLL core; input clock for primary output
clock, GLA

OADIVRST

Reset Signal for the
Output Divider A

Input

For Fusion only. OADIVRST can be used when you bypass the PLL
core (i.e., OAMUX = 001). The purpose of the OADIVRST signals is
to reset the output of the final clock divider to synchronize it with the
input to that divider when the PLL is bypassed. The signal is active
on a low to high transition. The signal must be low for at least one
divider input. If PLL core is used, this signal is "don't care" and the
internal circuitry will generate the reset signal for the
synchronization purpose.

OADIVHALF

Output A Division by
Half

Input

For Fusion only. Active high. Division by half feature. This feature
can only be used when users bypass the PLL core (i.e., OAMUX =
001) and the RC Oscillator (RCOSC) drives the CLKA input. This
can be used to divide the 100 MHz RC oscillator by a factor of 1.5,
2.5,3.5,4.5 ... 14.5). Refer to Table 4-18 on page 111 for more
information.

EXTFB

External Feedback

Input

Allows an external signal to be compared to a reference clock in the
PLL core's phase detector.

POWERDOWN

Power Down

Input

Active low input that selects power-down mode and disables the
PLL. With the POWERDOWN signal asserted, the PLL core sends
0 V signals on all of the outputs.

GLA

Primary Output

Output

Primary output clock to respective global/quadrant clock networks

GLB

Secondary 1 Output

Output

Secondary 1 output clock to respective global/quadrant clock
networks

YB

Core 1 Output

Output

Core 1 output clock to local routing network

GLC

Secondary 2 Output

Output

Secondary 2 output clock to respective global/quadrant clock
networks

YC

Core 2 Output

Output

Core 2 output clock to local routing network

LOCK

PLL Lock Indicator

Output

Active high signal indicating that steady-state lock has been
achieved between CLKA and the PLL feedback signal

Input Clock

The inputs to the input reference clock (CLKA) of the PLL can come from global input pins, regular I/O
pins, or internally from the core. For Fusion families, the input reference clock can also be from the
embedded RC oscillator or crystal oscillator.

Global Output Clocks

GLA (Primary), GLB (Secondary 1), and GLC (Secondary 2) are the outputs of Global Multiplexer 1,
Global Multiplexer 2, and Global Multiplexer 3, respectively. These signals (GLx) can be used to drive the
high-speed global and quadrant networks of the low power flash devices.

A global multiplexer block consists of the input routing for selecting the input signal for the GLx clock and
the output multiplexer, as well as delay elements associated with that clock.

Core Output Clocks
YB and YC are known as Core Outputs and can be used to drive internal logic without using global
network resources. This is especially helpful when global network resources must be conserved and
utilized for other timing-critical paths.
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The ROM emulation application is based on RAM block initialization. If the user's main design has
access only to the read ports of the RAM block (RADDR, RD, RCLK, and REN), and the contents of the
RAM are already initialized through the TAP, then the memory blocks will emulate ROM functionality for
the core design. In this case, the write ports of the RAM blocks are accessed only by the user interface
block, and the interface is activated only by the TAP Instruction Register contents.

Users should note that the contents of the RAM blocks are lost in the absence of applied power.
However, the 1 kbit of flash memory, FlashROM, in low power flash devices can be used to retain data
after power is removed from the device. Refer to the "SRAM and FIFO Memories in Microsemi's Low
Power Flash Devices" section on page 147 for more information.

Sample Verilog Code

Interface Block

“define Initialize_start 8*h22 //INITIALIZATION START COMMAND VALUE
“define Initialize_stop 8"h23 //INITIALIZATION START COMMAND VALUE

module interface(IR, rst_n, data_shift, clk_in, data_update, din_ser, dout_ser, test,
test_out,test_clk,clk_out,wr_en,rd_en,write_word,read_word,rd_addr, wr_addr);

input [7:0] IR;

input [3:0] read_word; //RAM DATA READ BACK

input rst_n, data_shift, clk_in, data_update, din_ser; //INITIALIZATION SIGNALS
input test, test_clk; //TEST PROCEDURE CLOCK AND COMMAND INPUT

output [3:0] test_out; //READ DATA

output [3:0] write_word; //WRITE DATA

output [1:0] rd_addr; //READ ADDRESS

output [1:0] wr_addr; //WRITE ADDRESS

output dout_ser; //TDO DRIVER

output clk_out, wr_en, rd_en;

wire [3:0] write_word;
wire [1:0] rd_addr;

wire [1:0] wr_addr;

wire [3:0] Q_out;

wire enable, test active;

reg clk_out;

//SELECT CLOCK FOR INITIALIZATION OR READBACK TEST
always @(enable or test_clk or data_update)
begin
case ({test_active})
1 : clk out = test_clk ;
0 : clk out = !data_update;
default : clk_out = 1"bl;
endcase
end

assign test_active = test && (IR == 8"h23);
assign enable = (IR == 8%h22);

assign wr_en = lenable;

assign rd_en = Itest_active;

assign test_out = read_word;

assign dout_ser = Q_out[3];

//4-bit SIN/POUT SHIFT REGISTER
shift_reg data_shift_reg (.Shiften(data_shift), .Shiftin(din_ser), .Clock(clk_in),
-Q(Q_out));

//4-bit PIPELINE REGISTER
D_pipeline pipeline_reg (.Data(Q _out), .Clock(data_update), .Q(write_word));
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices

Device was updated to replace "A3P030 and AGL030" with "15 k and 30 k gate
devices." Table 6-8 « Memory Availability per IGLOO and ProASIC3 Device was
updated to remove AGL400 and AGLE1500 and include IGLOO PLUS and
ProASIC3L devices.

Date Changes Page
v1.1 Table 6-1 « Flash-Based FPGAs and associated text were updated to include the 150
(continued) IGLOO PLUS family. The "IGLOO Terminology" section and "ProASIC3
Terminology" section are new.
The text introducing Table 6-8 « Memory Availability per IGLOO and ProASIC3 162
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IGLOO and ProASIC3

For boards and cards with three levels of staging, card power supplies must have time to reach their final
values before the I/Os are connected. Pay attention to the sizing of power supply decoupling capacitors
on the card to ensure that the power supplies are not overloaded with capacitance.

Cards with three levels of staging should have the following sequence:
+ Grounds
+  Powers
* 1/Os and other pins

For Level 3 and Level 4 compliance with the 30K gate device, cards with two levels of staging should
have the following sequence:

* Grounds
+ Powers, I/Os, and other pins

Cold-Sparing Support

Cold-sparing refers to the ability of a device to leave system data undisturbed when the system is
powered up, while the component itself is powered down, or when power supplies are floating.

The resistor value is calculated based on the decoupling capacitance on a given power supply. The RC
constant should be greater than 3 ps.

To remove resistor current during operation, it is suggested that the resistor be disconnected (e.g., with
an NMOS switch) from the power supply after the supply has reached its final value. Refer to the "Power-
Up/-Down Behavior of Low Power Flash Devices" section on page 373 for details on cold-sparing.

Cold-sparing means that a subsystem with no power applied (usually a circuit board) is electrically
connected to the system that is in operation. This means that all input buffers of the subsystem must
present very high input impedance with no power applied so as not to disturb the operating portion of the
system.

The 30 k gate devices fully support cold-sparing, since the I/O clamp diode is always off (see Table 7-12 on
page 193). If the 30 k gate device is used in applications requiring cold-sparing, a discharge path from
the power supply to ground should be provided. This can be done with a discharge resistor or a switched
resistor. This is necessary because the 30K gate devices do not have built-in /0 clamp diodes.

For other IGLOO and ProASIC3 devices, since the I/O clamp diode is always active, cold-sparing can be
accomplished either by employing a bus switch to isolate the device I/Os from the rest of the system or
by driving each 1/O pin to 0 V. If the resistor is chosen, the resistor value must be calculated based on
decoupling capacitance on a given power supply on the board (this decoupling capacitance is in parallel
with the resistor). The RC time constant should ensure full discharge of supplies before cold-sparing
functionality is required. The resistor is necessary to ensure that the power pins are discharged to ground
every time there is an interruption of power to the device.

IGLOOe and ProASIC3E devices support cold-sparing for all I/O configurations. Standards, such as PCI,
that require 1/0 clamp diodes can also achieve cold-sparing compliance, since clamp diodes get
disconnected internally when the supplies are at 0 V.

When targeting low power applications, 1/0 cold-sparing may add additional current if a pin is configured
with either a pull-up or pull-down resistor and driven in the opposite direction. A small static current is
induced on each I/O pin when the pin is driven to a voltage opposite to the weak pull resistor. The current
is equal to the voltage drop across the input pin divided by the pull resistor. Refer to the "Detailed /O DC
Characteristics" section of the appropriate family datasheet for the specific pull resistor value for the
corresponding I/O standard.

For example, assuming an LVTTL 3.3 V input pin is configured with a weak pull-up resistor, a current will
flow through the pull-up resistor if the input pin is driven LOW. For LVTTL 3.3 V, the pull-up resistor is
~45 kQ, and the resulting current is equal to 3.3 V / 45 kQ = 73 uA for the 1/O pin. This is true also when
a weak pull-down is chosen and the input pin is driven HIGH. This current can be avoided by driving the
input LOW when a weak pull-down resistor is used and driving it HIGH when a weak pull-up resistor is
used.

This current draw can occur in the following cases:
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I/O Structures in IGLOOe and ProASIC3E

Introduction

Low power flash devices feature a flexible I/O structure, supporting a range of mixed voltages (1.2V, 1.5V,
1.8V, 2.5V, and 3.3 V) through bank-selectable voltages. IGLOO®e, ProASIC®3EL, and ProASIC3E

families support Pro I/Os.

Users designing I/O solutions are faced with a number of implementation decisions and configuration
choices that can directly impact the efficiency and effectiveness of their final design. The flexible 1/0
structure, supporting a wide variety of voltages and I/O standards, enables users to meet the growing
challenges of their many diverse applications. The Libero SoC software provides an easy way to
implement 1/O that will result in robust I/0 design.

This document first describes the two different 1/0 types in terms of the standards and features they
support. It then explains the individual features and how to implement them in Libero SoC.

1/0/Q0 1 2
Input Input
Register Register
I b—
To FPGA Core A Y Pull-Up/-Down
| Resistor Control
CLR/PRE
[
/10 /Q1 3
InPUt Scan PAD
ICE Reglsttz &
10/ ICLK CLR/PRE |
Scan Signal Drive Strength
ﬁ Scan and Slew Rate Control
) A A A E = Enable Pin
1/0 /1 DO 4
Output
OCE Register
From FPGA Core
—_— 0—' CLR/PRE
1/10/D1/ICE 5
ICE | Output
Register
1/0 / OCLK ® CLR/PRE
1/0/ OE 6
Output
OCE Enable
>Register
o
1/0/ CLR or /O / PRE / OCE | cLrPRE

Figure 8-1 « DDR Configured 1/0 Block Logical Representation
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I/O Standards

Single-Ended Standards

These I/0 standards use a push-pull CMOS output stage with a voltage referenced to system ground to
designate logical states. The input buffer configuration, output drive, and 1/O supply voltage (V) vary
among the I/O standards (Figure 8-6).

VCCI ouT IN VCCI
Device 1 Device 2
GND GND

Figure 8-6 « Single-Ended 1/O Standard Topology

The advantage of these standards is that a common ground can be used for multiple 1/0s. This simplifies
board layout and reduces system cost. Their low-edge-rate (dv/dt) data transmission causes less
electromagnetic interference (EMI) on the board. However, they are not suitable for high-frequency
(>200 MHz) switching due to noise impact and higher power consumption.

LVTTL (Low-Voltage TTL)

This is a general-purpose standard (EIA/JESD8-B) for 3.3 V applications. It uses an LVTTL input buffer
and a push-pull output buffer. The LVTTL output buffer can have up to six different programmable drive
strengths. The default drive strength is 12 mA. VCCl is 3.3 V. Refer to "I/O Programmable Features" on
page 227 for details.

LVCMOS (Low-Voltage CMOS)

The low power flash devices provide four different kinds of LVCMOS: LVCMOS 3.3 V, LVCMOS 2.5V,
LVCMOS 1.8 V, and LVCMOS 1.5 V. LVCMOS 3.3 V is an extension of the LVCMOS standard (JESD8-
B—compliant) used for general-purpose 3.3 V applications. LVCMOS 2.5 V is an extension of the
LVCMOS standard (JESD8-5—-compliant) used for general-purpose 2.5 V applications. LVCMOS 2.5 V
for the 30 k gate devices has a clamp diode to VCCI, but for all other devices there is no clamp diode.
There is yet another standard supported by IGLOO and ProASIC3 devices (except A3P030): LVCMOS
2.5/5.0 V. This standard is similar to LVCMOS 2.5 V, with the exception that it can support up to 3.3 V on
the input side (2.5 V output drive).

LVCMOS 1.8 V is an extension of the LVCMOS standard (JESD8-7—compliant) used for general-purpose
1.8 V applications. LVCMOS 1.5 V is an extension of the LVCMOS standard (JESD8-11—compliant) used
for general-purpose 1.5 V applications.

The VCCI values for these standards are 3.3V, 2.5V, 1.8V, and 1.5V, respectively. Like LVTTL, the
output buffer has up to seven different programmable drive strengths (2, 4, 6, 8, 12, 16, and 24 mA).
Refer to "I/O Programmable Features" on page 227 for details.

3.3V PCI (Peripheral Component Interface)

This standard specifies support for both 33 MHz and 66 MHz PCI bus applications. It uses an LVTTL
input buffer and a push-pull output buffer. With the aid of an external resistor, this I/O standard can be
5 V—compliant for low power flash devices. It does not have programmable drive strength.

3.3V PCI-X (Peripheral Component Interface Extended)

An enhanced version of the PCI specification, 3.3 V PCI-X can support higher average bandwidths; it
increases the speed that data can move within a computer from 66 MHz to 133 MHz. It is backward-
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IGLOOe and ProASIC3E

For devices requiring Level 3 and/or Level 4 compliance, the board drivers connected to the I/Os must
have 10 kQ (or lower) output drive resistance at hot insertion, and 1 kQ (or lower) output drive resistance
at hot removal. This resistance is the transmitter resistance sending a signal toward the 1/O, and no
additional resistance is needed on the board. If that cannot be assured, three levels of staging can be
used to achieve Level 3 and/or Level 4 compliance. Cards with two levels of staging should have the
following sequence:

+ Grounds
+ Powers, I/Os, and other pins

Cold-Sparing Support

Cold-sparing refers to the ability of a device to leave system data undisturbed when the system is
powered up, while the component itself is powered down, or when power supplies are floating.

Cold-sparing is supported on ProASIC3E devices only when the user provides resistors from each power
supply to ground. The resistor value is calculated based on the decoupling capacitance on a given power
supply. The RC constant should be greater than 3 ps.

To remove resistor current during operation, it is suggested that the resistor be disconnected (e.g., with
an NMOS switch) from the power supply after the supply has reached its final value. Refer to the "Power-
Up/-Down Behavior of Low Power Flash Devices" section on page 373 for details on cold-sparing.

Cold-sparing means that a subsystem with no power applied (usually a circuit board) is electrically
connected to the system that is in operation. This means that all input buffers of the subsystem must
present very high input impedance with no power applied so as not to disturb the operating portion of the
system.

The 30 k gate devices fully support cold-sparing, since the I/O clamp diode is always off (see Table 8-13 on
page 231). If the 30 k gate device is used in applications requiring cold-sparing, a discharge path from
the power supply to ground should be provided. This can be done with a discharge resistor or a switched
resistor. This is necessary because the 30 k gate devices do not have built-in I/O clamp diodes.

For other IGLOOe and ProASIC3E devices, since the I/O clamp diode is always active, cold-sparing can
be accomplished either by employing a bus switch to isolate the device 1/0Os from the rest of the system
or by driving each I/O pin to 0 V. If the resistor is chosen, the resistor value must be calculated based on
decoupling capacitance on a given power supply on the board (this decoupling capacitance is in parallel
with the resistor). The RC time constant should ensure full discharge of supplies before cold-sparing
functionality is required. The resistor is necessary to ensure that the power pins are discharged to ground
every time there is an interruption of power to the device.

IGLOOe and ProASIC3E devices support cold-sparing for all I/O configurations. Standards, such as PCI,
that require 1/0O clamp diodes can also achieve cold-sparing compliance, since clamp diodes get
disconnected internally when the supplies are at 0 V.

When targeting low power applications, 1/0 cold-sparing may add additional current if a pin is configured
with either a pull-up or pull-down resistor and driven in the opposite direction. A small static current is
induced on each 1/O pin when the pin is driven to a voltage opposite to the weak pull resistor. The current
is equal to the voltage drop across the input pin divided by the pull resistor. Refer to the "Detailed I/O DC
Characteristics" section of the appropriate family datasheet for the specific pull resistor value for the
corresponding I/O standard.

For example, assuming an LVTTL 3.3 V input pin is configured with a weak pull-up resistor, a current will
flow through the pull-up resistor if the input pin is driven LOW. For LVTTL 3.3 V, the pull-up resistor is
~45 kQ, and the resulting current is equal to 3.3 V / 45 kQ = 73 pA for the 1/O pin. This is true also when
a weak pull-down is chosen and the input pin is driven High. This current can be avoided by driving the
input Low when a weak pull-down resistor is used and driving it High when a weak pull-up resistor is
used.

230

Revision 4



& Microsemi

ProASIC3L FPGA Fabric User’'s Guide

This current draw can occur in the following cases:

* In Active and Static modes:
— Input buffers with pull-up, driven Low
— Input buffers with pull-down, driven High
— Bidirectional buffers with pull-up, driven Low
— Bidirectional buffers with pull-down, driven High
— Output buffers with pull-up, driven Low
— Output buffers with pull-down, driven High
— Tristate buffers with pull-up, driven Low
— Tristate buffers with pull-down, driven High

* In Flash*Freeze mode:
— Input buffers with pull-up, driven Low
— Input buffers with pull-down, driven High
— Bidirectional buffers with pull-up, driven Low
— Bidirectional buffers with pull-down, driven High

Electrostatic Discharge Protection

Low power flash devices are tested per JEDEC Standard JESD22-A114-B.

These devices contain clamp diodes at every 1/O, global, and power pad. Clamp diodes protect all device
pads against damage from ESD as well as from excessive voltage transients.

All IGLOO and ProASIC3 devices are tested to the Human Body Model (HBM) and the Charged Device
Model (CDM).

Each I/0 has two clamp diodes. One diode has its positive (P) side connected to the pad and its negative
(N) side connected to VCCI. The second diode has its P side connected to GND and its N side
connected to the pad. During operation, these diodes are normally biased in the off state, except when
transient voltage is significantly above VCCI or below GND levels.

In 30 k gate devices, the first diode is always off. In other devices, the clamp diode is always on and
cannot be switched off.

By selecting the appropriate 1/0 configuration, the diode is turned on or off. Refer to Table 8-13 for more
information about the 1/0 standards and the clamp diode.

The second diode is always connected to the pad, regardless of the 1/O configuration selected.

Table 8-13 « /0 Hot-Swap and 5 V Input Tolerance Capabilities in IGLOOe and ProASIC3E Devices

Clamp Hot 5V Input Input Output
I/O Assignment Diode Insertion Tolerance Buffer Buffer
3.3 VLVTTL/LVCMOS No Yes Yes' Enabled/Disabled
3.3V PCI, 3.3V PCI-X Yes No Yes' Enabled/Disabled
LVCMOS 2.5V ? No Yes No Enabled/Disabled
LVCMOS 2.5V /5.0 V ? Yes No Yes® Enabled/Disabled
LVCMOS 1.8V No Yes No Enabled/Disabled
LVCMOS 1.5V No Yes No Enabled/Disabled
Voltage-Referenced Input Buffer No Yes No Enabled/Disabled
Differential, LVDS/B-LVDS/M-LVDS/LVPECL No Yes No Enabled/Disabled

Notes:

1. Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
2. Inthe SmartGen Core Reference Guide, select the LVCMOS5 macro for the LVCMOS 2.5V /5.0 V I/O standard

or the LVCMOS25 macro for the LVCMOS 2.5 V I/O standard.
3. Can be implemented with an external resistor and an internal clamp diode.
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IGLOOe and ProASIC3E

Due to the comprehensive and flexible nature of IGLOOe and ProASIC3E device user I/Os, a naming
scheme is used to show the details of each 1/O (Figure 8-20 on page 246). The name identifies to which
1/0 bank it belongs, as well as the pairing and pin polarity for differential 1/Os.

I/O Nomenclature = FF/Gmn/IOuxwByVz

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

FF = Indicates the I/O dedicated for the Flash*Freeze mode activation pin in IGLOOe only

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 AO, A1, A2, BO, B1,
B2, CO, C1, or C2. Refer to the "Global Resources in Low Power Flash Devices" section on
page 47 for information about the three input pins per clock source MUX at CCC location m.

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

x = P (Positive) or N (Negative) for differential pairs, or R (Regular—single-ended) for the 1/Os that
support single-ended and voltage-referenced I/0O standards only

w = D (Differential Pair), 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
differential pair.

B = Bank

y = Bank number (0-7). The bank number starts at 0 from the northwest I/O bank and proceeds in a
clockwise direction.

V. = Vger

z = VRrgr minibank number (0—4). A given voltage-referenced signal spans 16 pins (typically) in an I/O

bank. Voltage banks may have multiple Vrgr minibanks.
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Automatically Assigning Technologies to I/O Banks

The I/O Bank Assigner (IOBA) tool runs automatically when you run Layout. You can also use this tool
from within the MultiView Navigator (Figure 9-17). The IOBA tool automatically assigns technologies and
VREF pins (if required) to every I/O bank that does not currently have any technologies assigned to it.
This tool is available when at least one I/O bank is unassigned.

To automatically assign technologies to I/O banks, choose I/O Bank Assigner from the Tools menu (or
click the 1/0 Bank Assigner's toolbar button, shown in Figure 9-16).

-
i

Figure 9-16 « I/0 Bank Assigner’'s Toolbar Button

Messages will appear in the Output window informing you when the automatic /O bank assignment
begins and ends. If the assignment is successful, the message "I/O Bank Assigner completed
successfully" appears in the Output window, as shown in Figure 9-17.
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Figure 9-17 « I/0 Bank Assigner Displays Messages in Output Window
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DDR for Microsemi’s Low Power Flash Devices

DDR_OUT_O_iinst : DDR_OUT

port map(DR => DataR, DF => DataF, CLK => CLK, CLR => CLR, Q => Q);
TRIBUFF_F_8U_O_inst : TRIBUFF_F_8U

port map(D => Q, E => TrienAux, PAD => PAD);

end DEF_ARCH;

DDR Bidirectional Buffer

INV

Trien
DDR_OUT
DataR —DR Q
DataF ———DF
CLK D
CLR
CLR |
OR DDR_REG
QR D
QF
QF {
CLR
|

BIBUF_HSTL_|

v

Figure 10-8 « DDR Bidirectional Buffer, LOW Output Enable (HSTL Class II)

Verilog

module DDR_BiDir_HSTL_I_LowEnb(DataR,DataF,CLR,CLK,Trien,QR,QF,PAD);

input DataR, DataF, CLR, CLK, Trien;

output QR, QF;
inout PAD;

wire TrienAux, D, Q;

INV Inv_Tri(.A(Trien), .Y(TrienAux));
DDR_OUT DDR_OUT_O_inst(.DR(DataR), .DF(DataF), .CLK(CLK), .CLR(CLR), .Q(Q));
DDR_REG DDR_REG_O_inst(.D(D), -CLK(CLK), .CLR(CLR), -QR(QR), -QF(QF)):
BIBUF_HSTL_1 BIBUF_HSTL_1_0_inst(.PAD(PAD), .D(Q), .E(TrienAux),.Y(D));

endmodule
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