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Using Sleep and Shutdown Modes in the System

Depending on the power supply and the components used in an application, there are many ways to
power on or off the power supplies connected to the device. For example, Figure 2-6 shows how a
microprocessor can be used to control a power FET. Microsemi recommends that power FETs with low
resistance be used to perform the switching action.

Power Supply

P-Channel

Power FET

IGLOO, IGLOO PLUS,
IGLOO nano, or

Microprocessor
P VCC, VITAG, and VPUMP Pins [:l ProASIC3L

Power-On/Off

Control Signal Devices

>

Figure 2-6 « Controlling Power-On/-Off State Using Microprocessor and Power FET

Figure 2-7 shows how a microprocessor can be used with a voltage regulator’s shutdown pin to turn on
or off the power supplies connected to the device.

Microprocessor

Shutdown Shutdown
Control Signal Control Signal
for VCCI for VCC
\4 4
Power VCCI Power Pin__ [ ,5100, 16L0O PLUS,
IGLOO ,
Supply [>| Voltage Regulator ‘ ProASICaL Device
VCC, WTAG,

and VPUMP Pins

Figure 2-7 « Controlling Power-On/-Off State Using Microprocessor and Voltage Regulator

Power-Up/-Down Behavior

By design, all IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3L, and RT ProASIC3 I/Os are in tristate
mode before device power-up. The 1/Os remain tristated until the last voltage supply (V¢ or Vegy) is
powered to its activation level. After the last supply reaches its functional level, the outputs exit the
tristate mode and drive the logic at the input of the output buffer. The behavior of user I/Os is
independent of the V¢ and V¢ sequence or the state of other voltage supplies of the FPGA (Vpymp
and V ag)- During power-down, device 1/Os become tristated once the first power supply (V¢ or Vegy)
drops below its deactivation voltage level. The I/O behavior during power-down is also independent of
voltage supply sequencing.

Figure 2-8 on page 34 shows a timing diagram when the V¢ power supply crosses the activation and
deactivation trip points in a typical application when the V¢ power supply ramp-rate is 100 ps (ramping
from 0 V to 1.5 V in this example). This is the timing diagram for the FPGA entering and exiting Sleep
mode, as this function is dependent on powering V¢ down or up. Depending on the ramp-rate of the
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Flash*Freeze Technology and Low Power Modes
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Figure 2-11 « FSM State Diagram
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Chip and Quadrant Global I/Os

The following sections give an overview of naming conventions and other related 1/0O information.

Naming of Global 1/Os

In low power flash devices, the global I/Os have access to certain clock conditioning circuitry and have
direct access to the global network. Additionally, the global 1/Os can be used as regular 1/Os, since they
have identical capabilities to those of regular I/Os. Due to the comprehensive and flexible nature of the
1/Os in low power flash devices, a naming scheme is used to show the details of the 1/O. The global I/O
uses the generic name Gmn/IOuxwByVz. Note that Gmn refers to a global input pin and IOuxwByVz
refers to a regular I/O Pin, as these 1/Os can be used as either global or regular 1/0s. Refer to the 1/0
Structures chapter of the user’s guide for the device that you are using for more information on this
naming convention.

Figure 3-4 represents the global input pins connection. It shows all 54 global pins available to
access the 18 global networks in ProASIC3E families.

Quadrant Global
Location A
GAAO/IOuxwByVz
GAA1/I0uxwByVz
GAA2/10uxwByVz
GABO/IOuxwByVz
GAB1/I0uxwByVz
GAB2/I0uxwByVz
GACO/IOuxwByVz
GAC1/I0uxwByVz
GAC2/I0uxwByVz

Chip Global

_Location F
GFAO/IOuxwByVz
GFA1/IOuxwByVz
GFA2/IOuxwByVz
GFBO/IOuxwByVz
GFB1/IOuxwByVz
GFB2/IOuxwByVz
GFCO/IOuxwByVz
GFC1/10uxwByVz
GFC2/10uxwByVz
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GEC1/I0uxwByVz
GEC2/I0uxwByVz
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GBA1/I0uxwByVz
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GBBO/IOuxwByVz
GBB1/I0uxwByVz
GBB2/I0uxwByVz
GBCO/IOuxwByVz
GBC1/IOuxwByVz
GBC2/I0uxwByVz
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w
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GCB1/I0OuxwByVz
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Quadrant Global
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GDAO/IOuxwByVz
GDA1/IOuxwByVz
GDAZ2/I0uxwByVz
GDBO/IOuxwByVz
GDB1/IOuxwByVz
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Figure 3-4 « Global Connections Details
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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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—— CLKA GLA —
—— EXTFB LOCK ——
— POWERDOWN
—— OADIVRST
GLB |—
YB ——
GLC ——
YC |—

Note: OAVDIVRST exists only in the Fusion PLL.
Figure 3-15 « PLLs in Low Power Flash Devices

You can use the syn_global_buffers attribute in Synplify to specify a maximum number of global macros
to be inserted in the netlist. This can also be used to restrict the number of global buffers inserted. In the
Synplicity 8.1 version or newer, a new attribute, syn_global_minfanout, has been added for low power
flash devices. This enables you to promote only the high-fanout signal to global. However, be aware that
you can only have six signals assigned to chip global networks, and the rest of the global signals should
be assigned to quadrant global networks. So, if the netlist has 18 global macros, the remaining 12 global
macros should have fanout that allows the instances driven by these globals to be placed inside a
quadrant.

Global Promotion and Demotion Using PDC

The HDL source file or schematic is the preferred place for defining which signals should be assigned to
a clock network using clock macro instantiation. This method is preferred because it is guaranteed to be
honored by the synthesis tools and Designer software and stop any replication on this net by the
synthesis tool. Note that a signal with fanout may have logic replication if it is not promoted to global
during synthesis. In that case, the user cannot promote that signal to global using PDC. See Synplicity
Help for details on using this attribute. To help you with global management, Designer allows you to
promote a signal to a global network or demote a global macro to a regular macro from the user netlist
using the compile options and/or PDC commands.

The following are the PDC constraints you can use to promote a signal to a global network:
1. PDC syntax to promote a regular net to a chip global clock:
assign_global_clock —net netname
The following will happen during promotion of a regular signal to a global network:
— If the net is external, the net will be driven by a CLKINT inserted automatically by Compile.
— The I/O macro will not be changed to CLKBUF macros.

— If the net is an internal net, the net will be driven by a CLKINT inserted automatically by
Compile.

2. PDC syntax to promote a net to a quadrant clock:
assign_local_clock —net netname —type quadrant URJUL|LR]LL
This follows the same rule as the chip global clock network.
The following PDC command demotes the clock nets to regular nets.
unassign_global_clock -net netname
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You can control the maximum number of shared instances allowed for the legalization to take place using
the Compile Option dialog box shown in Figure 3-17. Refer to Libero SoC / Designer online help for
details on the Compile Option dialog box. A large number of shared instances most likely indicates a
floorplanning problem that you should address.

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

When inserting buffers to legalize shared 12
instances between non-overlapping local clock
regions, limit the buffers' fanout to:

Figure 3-17 « Shared Instances in the Compile Option Dialog Box

Designer Flow for Global Assignment

To achieve the desired result, pay special attention to global management during synthesis and place-
and-route. The current Synplify tool does not insert more than six global buffers in the netlist by default.
Thus, the default flow will not assign any signal to the quadrant global network. However, you can use
attributes in Synplify and increase the default global macro assignment in the netlist. Designer v6.2
supports automatic quadrant global assignment, which was not available in Designer v6.1. Layout will
make the choice to assign the correct signals to global. However, you can also utilize PDC and perform
manual global assignment to overwrite any automatic assignment. The following step-by-step
suggestions guide you in the layout of your design and help you improve timing in Designer:

1. Run Compile and check the Compile report. The Compile report has global information in the
"Device Utilization" section that describes the number of chip and quadrant signals in the design.
A "Net Report" section describes chip global nets, quadrant global nets, local clock nets, a list of
nets listed by fanout, and net candidates for local clock assignment. Review this information. Note
that YB or YC are counted as global only when they are used in isolation; if you use YB only and
not GLB, this net is not shown in the global/quadrant nets report. Instead, it appears in the Global
Utilization report.

2. If some signals have a very high fanout and are candidates for global promotion, promote those
signals to global using the compile options or PDC commands. Figure 3-18 on page 70 shows the
Globals Management section of the compile options. Select Promote regular nets whose
fanout is greater than and enter a reasonable value for fanouts.
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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 61, 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.

70
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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 I/Os using a hardwired connection (not applicable for IGLOO nano and
ProASIC3 nano devices)

* The FPGA core

Since the architecture of the devices varies as size increases, the following list details 1/O types
supported for globals:

IGLOO and ProASIC3

+ LVDS-based clock sources are available only on 250 k gate devices and above (IGLOO nano and
ProASIC3 nano devices do not support differential inputs).

» 60 k and 125 k gate devices support single-ended clock sources only.
» 15k and 30 k gate devices support these inputs for CCC only and do not contain a PLL.
* nano devices:

— 10Kk, 15k, and 20 k devices do not contain PLLs in the CCCs, and support only CLKBUF and
CLKINT.
— 60k, 125 k, and 250 k devices support one PLL in the middle left CCC position. In the

absence of the PLL, this CCC can be used by CLKBUF, CLKINT, and CLKDLY macros. The
corner CCCs support CLKBUF, CLKINT, and CLKDLY.

Fusion
» AFS600 and AFS1500: All single-ended, differential, and voltage-referenced 1/O standards (Pro
1/0).

» AFS090 and AFS250: All single-ended and differential I/O standards.

Clock Sources for PLL and CLKDLY Macros

The input reference clock (CLKA for a PLL macro, CLK for a CLKDLY macro) can be accessed from
different sources via the associated clock multiplexer tree. Each CCC has the option of choosing the
source of the input clock from one of the following:

+ Hardwired I/O

+ External I/O

+ Core Logic

* RC Oscillator (Fusion only)

» Crystal Oscillator (Fusion only)

The SmartGen macro builder tool allows users to easily create the PLL and CLKDLY macros with the
desired settings. Microsemi strongly recommends using SmartGen to generate the CCC macros.

Hardwired I/O Clock Source

Hardwired I/O refers to global input pins that are hardwired to the multiplexer tree, which directly
accesses the CCC global buffers. These global input pins have designated pin locations and are
indicated with the 1/0O naming convention Gmn (m refers to any one of the positions where the PLL core
is available, and n refers to any one of the three global input MUXes and the pin number of the
associated global location, m). Choosing this option provides the benefit of directly connecting to the
CCC reference clock input, which provides less delay. See Figure 4-9 on page 90 for an example
illustration of the connections, shown in red. If a CLKDLY macro is initiated to utilize the programmable
delay element of the CCC, the clock input can be placed at one of nine dedicated global input pin
locations. In other words, if Hardwired 1/O is chosen as the input source, the user can decide to place the
input pin in one of the GmAO, GmA1, GmA2, GmB0, GmB1, GmB2, GmCO0, GmC1, or GmC2 locations of
the low power flash devices. When a PLL macro is used to utilize the PLL core in a CCC location, the
clock input of the PLL can only be connected to one of three GmA* global pin locations: GmAQ, GmA1, or
GmA2.

Revision 4 89



& Microsemi

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

PLL Core Specifications

PLL core specifications can be found in the DC and Switching Characteristics chapter of the appropriate
family datasheet.

Loop Bandwidth

Common design practice for systems with a low-noise input clock is to have PLLs with small loop
bandwidths to reduce the effects of noise sources at the output. Table 4-6 shows the PLL loop
bandwidth, providing a measure of the PLL's ability to track the input clock and jitter.

Table 4-6 « —3 dB Frequency of the PLL

Minimum Typical Maximum
(T4 =+125°C,VCCA =1.4V)| (T, =+25°C,VCCA =1.5V)| (T, =—55°C,VCCA=1.6V)
—-3dB 15 kHz 25 kHz 45 kHz
Frequency

PLL Core Operating Principles

This section briefly describes the basic principles of PLL operation. The PLL core is composed of a
phase detector (PD), a low-pass filter (LPF), and a four-phase voltage-controlled oscillator (VCO).
Figure 4-19 illustrates a basic single-phase PLL core with a divider and delay in the feedback path.

Frequency Frequency
Reference Output
Input FiN
—_— Phase Low-Pass Voltage M x FiN

Detect — Filt »| Controlled P>

etector fier Oscillator
Divide by M
Counter [ | Delay

Figure 4-19 « Simplified PLL Core with Feedback Divider and Delay

The PLL is an electronic servo loop that phase-aligns the PD feedback signal with the reference input. To
achieve this, the PLL dynamically adjusts the VCO output signal according to the average phase
difference between the input and feedback signals.

The first element is the PD, which produces a voltage proportional to the phase difference between its
inputs. A simple example of a digital phase detector is an Exclusive-OR gate. The second element, the
LPF, extracts the average voltage from the phase detector and applies it to the VCO. This applied voltage
alters the resonant frequency of the VCO, thus adjusting its output frequency.

Consider Figure 4-19 with the feedback path bypassing the divider and delay elements. If the LPF
steadily applies a voltage to the VCO such that the output frequency is identical to the input frequency,
this steady-state condition is known as lock. Note that the input and output phases are also identical. The
PLL core sets a LOCK output signal HIGH to indicate this condition.

Should the input frequency increase slightly, the PD detects the frequency/phase difference between its
reference and feedback input signals. Since the PD output is proportional to the phase difference, the
change causes the output from the LPF to increase. This voltage change increases the resonant
frequency of the VCO and increases the feedback frequency as a result. The PLL dynamically adjusts in
this manner until the PD senses two phase-identical signals and steady-state lock is achieved. The
opposite (decreasing PD output signal) occurs when the input frequency decreases.

Now suppose the feedback divider is inserted in the feedback path. As the division factor M (shown in
Figure 4-20 on page 101) is increased, the average phase difference increases. The average phase
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difference will cause the VCO to increase its frequency until the output signal is phase-identical to the
input after undergoing division. In other words, lock in both frequency and phase is achieved when the
output frequency is M times the input. Thus, clock division in the feedback path results in multiplication at
the output.

A similar argument can be made when the delay element is inserted into the feedback path. To achieve
steady-state lock, the VCO output signal will be delayed by the input period less the feedback delay. For
periodic signals, this is equivalent to time-advancing the output clock by the feedback delay.

Another key parameter of a PLL system is the acquisition time. Acquisition time is the amount of time it
takes for the PLL to achieve lock (i.e., phase-align the feedback signal with the input reference clock).
For example, suppose there is no voltage applied to the VCO, allowing it to operate at its free-running
frequency. Should an input reference clock suddenly appear, a lock would be established within the
maximum acquisition time.

Functional Description

This section provides detailed descriptions of PLL block functionality: clock dividers and multipliers, clock
delay adjustment, phase adjustment, and dynamic PLL configuration.

Clock Dividers and Multipliers

The PLL block contains five programmable dividers. Figure 4-20 shows a simplified PLL block.

90° \
o Output
CLKA [ n > 180° Delay
PLL Core 270 > GLA
[m > 0° Primary
- Fixed <—] |
Delay L D1
Feedback Outout
System Delay p
Delay N Delay
~ GLB
B | Secondary 1
> YB
D1 = Programmable Delay Type 1 >
D2 = Programmable Delay Type 2 P> GLC
> Secondary 2
YC

Figure 4-20 « PLL Block Diagram
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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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wire VCC, GND;

VCC VCC_1_net(.Y(VCC));

GND GND_1_net(.Y(GND));

CLKDLY Inst1(.CLK(CLK), .GL(GL), .DLYGLO(VCC), .DLYGL1(GND), .DLYGL2(VCC),
.DLYGL3(GND), .DLYGL4(GND));

endmodule

Detailed Usage Information

Clock Frequency Synthesis

Deriving clocks of various frequencies from a single reference clock is known as frequency synthesis.
The PLL has an input frequency range from 1.5 to 350 MHz. This frequency is automatically divided
down to a range between 1.5 MHz and 5.5 MHz by input dividers (not shown in Figure 4-19 on page 100)
between PLL macro inputs and PLL phase detector inputs. The VCO output is capable of an output
range from 24 to 350 MHz. With dividers before the input to the PLL core and following the VCO outputs,
the VCO output frequency can be divided to provide the final frequency range from 0.75 to 350 MHz.
Using SmartGen, the dividers are automatically set to achieve the closest possible matches to the
specified output frequencies.

Users should be cautious when selecting the desired PLL input and output frequencies and the I/O buffer
standard used to connect to the PLL input and output clocks. Depending on the 1/O standards used for
the PLL input and output clocks, the I/O frequencies have different maximum limits. Refer to the family
datasheets for specifications of maximum I/O frequencies for supported I/O standards. Desired PLL input
or output frequencies will not be achieved if the selected frequencies are higher than the maximum 1/O
frequencies allowed by the selected 1/0 standards. Users should be careful when selecting the 1/O
standards used for PLL input and output clocks. Performing post-layout simulation can help detect this
type of error, which will be identified with pulse width violation errors. Users are strongly encouraged to
perform post-layout simulation to ensure the 1/0 standard used can provide the desired PLL input or
output frequencies. Users can also choose to cascade PLLs together to achieve the high frequencies
needed for their applications. Details of cascading PLLs are discussed in the "Cascading CCCs" section
on page 125.

In SmartGen, the actual generated frequency (under typical operating conditions) will be displayed
beside the requested output frequency value. This provides the ability to determine the exact frequency
that can be generated by SmartGen, in real time. The log file generated by SmartGen is a useful tool in
determining how closely the requested clock frequencies match the user specifications. For example,
assume a user specifies 101 MHz as one of the secondary output frequencies. If the best output
frequency that could be achieved were 100 MHz, the log file generated by SmartGen would indicate the
actual generated frequency.

Simulation Verification

The integration of the generated PLL and CLKDLY modules is similar to any VHDL component or Verilog
module instantiation in a larger design; i.e., there is no special requirement that users need to take into
account to successfully synthesize their designs.

For simulation purposes, users need to refer to the VITAL or Verilog library that includes the functional
description and associated timing parameters. Refer to the Software Tools section of the Microsemi SoC
Products Group website to obtain the family simulation libraries. If Designer is installed, these libraries
are stored in the following locations:

<Designer_Installation_Directory>\lib\vt\95\proasic3.vhd
<Designer_Installation_Directory>\lib\vt\95\proasic3e.vhd
<Designer_Installation_Directory>\lib\vlog\proasic3.v
<Designer_Installation_Directory>\lib\vlog\proasic3e.v

For Libero users, there is no need to compile the simulation libraries, as they are conveniently pre-
compiled in the ModelSim® Microsemi simulation tool.
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FlashROM Support in Flash-Based Devices

The flash FPGAs listed in Table 5-1 support the FlashROM feature and the functions described in this

document.

Table 5-1 « Flash-Based FPGAs

Series Family” Description
IGLOO IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology
IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards
IGLOO nano The industry’s lowest-power, smallest-size solution
IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities
ProASIC3 ProASIC3 Low power, high-performance 1.5V FPGAs
ProASIC3E Higher density ProASIC3 FPGAs with six PLLs and additional I/O standards
ProASIC3 nano Lowest-cost solution with enhanced 1/O capabilities
ProASIC3L ProASIC3 FPGAs supporting 1.2 V to 1.5 V with Flash*Freeze technology
RT ProASIC3 Radiation-tolerant RT3PE600L and RT3PE3000L
Military ProASIC3/EL | Military temperature A3BPE600OL, A3P1000, and A3PE3000L
Automotive ProASIC3 | ProASIC3 FPGAs qualified for automotive applications
Fusion Fusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable
analog block, support for ARM® Cortex™-M1 soft processors, and flash
memory into a monolithic device
Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,

and packaging information.

IGLOO Terminology

In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed
in Table 5-1. Where the information applies to only one product line or limited devices, these exclusions
will be explicitly stated.

ProASIC3 Terminology

In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices
as listed in Table 5-1. Where the information applies to only one product line or limited devices, these
exclusions will be explicitly stated.

To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s
Lowest Power FPGAs Portfolio.
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/O Banks

Advanced |/Os are divided into multiple technology banks. Each device has two to four banks, and the
number of banks is device-dependent as described above. The bank types have different characteristics,
such as drive strength, the 1/0 standards supported, and timing and power differences.

There are three types of banks: Advanced I/O banks, Standard Plus I/O banks, and Standard 1/O banks.
Advanced I/O banks offer single-ended and differential capabilities. These banks are available on the
east and west sides of 250K, 400K, 600K, and 1M gate devices.

Standard Plus I/O banks offer LVTTL/LVCMOS and PCI single-ended 1/O standards. These banks are
available on the north and south sides of 250K, 400K, 600K, and 1M gate devices as well as all sides of
125K and 60K devices.

Standard 1/0 banks offer LVTTL/LVCMOS single-ended 1/O standards. These banks are available on all
sides of 30K gate devices.

Table 7-4 shows the I/O bank types, devices and bank locations supported, drive strength, slew rate
control, and supported standards.

All inputs and disabled outputs are voltage-tolerant up to 3.3 V.

For more information about I/O and global assignments to 1/0O banks in a device, refer to the specific pin
table for the device in the packaging section of the datasheet and the "User I1/O Naming Convention"
section on page 206.

Table 7-4 « IGLOO and ProASIC3 Bank Type Definitions and Differences

1/0 Standards Supported
LVPECL,
LVDS,
Device and Bank LVTTL/ B-LVDS,
I/O Bank Type Location Drive Strength LVCMOS | PCI/PCI-X M-LVDS
Standard 30 k gate devices (all |Refer to Table 7-14 v Not Not Supported
banks) on page 203 Supported
Standard Plus |60 k and 125k gate |Refer to Table 7-15 v v Not Supported
devices (all banks) on page 203
North and south banks | Refer to Table 7-15 v/ v Not Supported
of 250 k and 1 M gate | on page 203
devices
Advanced East and west banks of [ Refer to Table 7-16 v v v
250k and 1M gate|on page 203
devices
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compatible, which means devices can operate at conventional PCI frequencies (33 MHz and 66 MHz).
PCI-X is more fault-tolerant than PCI. It also does not have programmable drive strength.

Voltage-Referenced Standards

I/Os using these standards are referenced to an external reference voltage (Vggg) and are supported on
E devices only.

HSTL Class | and Il (High-Speed Transceiver Logic)

These are general-purpose, high-speed 1.5V bus standards (EIA/JESD 8-6) for signaling between
integrated circuits. The signaling range is 0V to 1.5V, and signals can be either single-ended or
differential. HSTL requires a differential amplifier input buffer and a push-pull output buffer. The reference
voltage (VREF) is 0.75 V. These standards are used in the memory bus interface with data switching
capability of up to 400 MHz. The other advantages of these standards are low power and fewer EMI
concerns.

HSTL has four classes, of which low power flash devices support Class | and Il. These classes are
defined by standard EIA/JESD 8-6 from the Electronic Industries Alliance (EIA):

* Class | — Unterminated or symmetrically parallel-terminated
» Class Il — Series-terminated

+ Class Il — Asymmetrically parallel-terminated

* Class IV — Asymmetrically double-parallel-terminated

SSTL2 Class | and Il (Stub Series Terminated Logic 2.5 V)

These are general-purpose 2.5V memory bus standards (JESD 8-9) for driving transmission lines,
designed specifically for driving the DDR SDRAM modules used in computer memory. SSTL2 requires a
differential amplifier input buffer and a push-pull output buffer. The reference voltage (VREF) is 1.25 V.

SSTL3 Class | and Il (Stub Series Terminated Logic 3.3 V)

These are general-purpose 3.3 V memory bus standards (JESD 8-8) for driving transmission lines.
SSTL3 requires a differential amplifier input buffer and a push-pull output buffer. The reference voltage
(VREF)is 1.5 V.

VCCI
ouT IN veel
Device 1 Device 2
GND VREF GND VREF
4

Figure 7-6 « SSTL and HSTL Topology

GTL 2.5V (Gunning Transceiver Logic 2.5V)

This is a low power standard (JESD 8.3) for electrical signals used in CMOS circuits that allows for low
electromagnetic interference at high transfer speeds. It has a voltage swing between 0.4 V and 1.2 V and
typically operates at speeds of between 20 and 40 MHz. VCCI must be connected to 2.5V. The
reference voltage (VREF) is 0.8 V.

GTL 3.3V (Gunning Transceiver Logic 3.3 V)
This is the same as GTL 2.5 V above, except VCCI must be connected to 3.3 V.
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/O Features

Low power flash devices support multiple I/0 features that make board design easier. For example, an
1/0 feature like Schmitt Trigger in the ProASIC3E input buffer saves the board space that would be used
by an external Schmitt trigger for a slow or noisy input signal. These features are also programmable for
each I/0, which in turn gives flexibility in interfacing with other components. The following is a detailed
description of all available features in low power flash devices.

I/O Programmable Features

Low power flash devices offer many flexible I/O features to support a wide variety of board designs.
Some of the features are programmable, with a range for selection. Table 8-8 lists programmable 1/0
features and their ranges.

Table 8-8 « Programmable 1/0O Features (user control via I/O Attribute Editor)

Feature! Description Range

Slew Control Output slew rate HIGH, LOW
Output Drive (mA) Output drive strength 2,4,6,8,12, 16, 24
Skew Control Output tristate enable delay option ON, OFF
Resistor Pull Resistor pull circuit Up, Down, None
Input Delay? Input delay OFF, 0-7
Schmitt Trigger Schmitt trigger for input only ON, OFF
Notes:

1. Limitations of these features with respect to different devices are discussed in later sections.

2. Programmable input delay is applicable only to ProASIC3E, IGLOOe, ProASIC3EL, and RT
ProASIC3 devices.

Hot-Swap Support

A pull-up clamp diode must not be present in the I/O circuitry if the hot-swap feature is used. The 3.3 V
PCI standard requires a pull-up clamp diode on the I/O, so it cannot be selected if hot-swap capability is
required. The A3P030 device does not support 3.3 V PCI, so it is the only device in the ProASIC3 family
that supports the hot-swap feature. All devices in the ProASIC3E family are hot-swappable. All standards
except LVCMOS 2.5/5.0 V and 3.3 V PCI/PCI-X support the hot-swap feature.

The hot-swap feature appears as a read-only check box in the I/O Attribute Editor that shows whether an
1/O is hot-swappable or not. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices"
section on page 373 for details on hot-swapping.

Hot-swapping (also called hot-plugging) is the operation of hot insertion or hot removal of a card in a
powered-up system. The levels of hot-swap support and examples of related applications are described
in Table 8-9 on page 228 to Table 8-12 on page 229. The I/Os also need to be configured in hot-insertion
mode if hot-plugging compliance is required. The AGL030 and A3P030 devices have an I/O structure
that allows the support of Level 3 and Level 4 hot-swap with only two levels of staging.
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Simultaneously Switching Outputs (SSOs) and Printed Circuit
Board Layout

Each I/O voltage bank has a separate ground and power plane for input and output circuits (VMV/GNDQ
for input buffers and VCCI/GND for output buffers). This isolation is necessary to minimize simultaneous
switching noise from the input and output (SSI and SSO). The switching noise (ground bounce and
power bounce) is generated by the output buffers and transferred into input buffer circuits, and vice
versa.

Since voltage bounce originates on the package inductance, the VMV and VCCI supplies have separate
package pin assignments. For the same reason, GND and GNDQ also have separate pin assignments.
The VMV and VCCI pins must be shorted to each other on the board. Also, the GND and GNDQ pins
must be shorted to each other on the board. This will prevent unwanted current draw from the power
supply.

SSOs can cause signal integrity problems on adjacent signals that are not part of the SSO bus. Both
inductive and capacitive coupling parasitics of bond wires inside packages and of traces on PCBs will
transfer noise from SSO busses onto signals adjacent to those busses. Additionally, SSOs can produce
ground bounce noise and VCCI dip noise. These two noise types are caused by rapidly changing
currents through GND and VCCI package pin inductances during switching activities (EQ 8-2 and

EQ 8-3).

Ground bounce noise voltage = L(GND) x di/dt

EQ 8-2
VCCI dip noise voltage = L(VCCI) x di/dt

EQ 8-3

Any group of four or more input pins switching on the same clock edge is considered an SSO bus. The
shielding should be done both on the board and inside the package unless otherwise described.

In-package shielding can be achieved in several ways; the required shielding will vary depending on
whether pins next to the SSO bus are LVTTL/LVCMOS inputs, LVTTL/LVCMOS outputs, or
GTL/SSTL/HSTL/LVDS/LVPECL inputs and outputs. Board traces in the vicinity of the SSO bus have to
be adequately shielded from mutual coupling and inductive noise that can be generated by the SSO bus.
Also, noise generated by the SSO bus needs to be reduced inside the package.

PCBs perform an important function in feeding stable supply voltages to the IC and, at the same time,
maintaining signal integrity between devices.

Key issues that need to be considered are as follows:
* Power and ground plane design and decoupling network design
» Transmission line reflections and terminations

For extensive data per package on the SSO and PCB issues, refer to the "ProASIC3/E SSO and Pin
Placement and Guidelines" chapter of the ProASIC3 FPGA Fabric User’s Guide.
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Table 8-18 « Supported IGLOOe, ProASIC3L, and ProASIC3E I/O Standards and Corresponding VREF and VTT

Voltages
Input/Output Supply
Voltage Input Reference Board Termination
I/O Standard (VMV1yp/Veel Tyvp) Voltage (Vrer_Tvp) Voltage (V11_1vpP)
LVTTL/LVCMOS 3.3V 3.30V - -
LVCMOS 2.5V 250V - -
LVCMOS 2.5/5.0 V Input 250V - -
LVCMOS 1.8V 1.80V - -
LVCMOS 1.5V 1.50V - -
PCI3.3V 3.30V - -
PCI-X 3.3V 3.30V - -
GTL+3.3V 3.30V 1.00 vV 1.50 V
GTL+25V 250V 1.00V 1.50 V
GTL3.3V 3.30V 0.80V 1.20V
GTL25V 250V 0.80V 1.20V
HSTL Class | 1.50V 0.75V 0.75V
HSTL Class Il 1.50V 0.75V 0.75V
SSTL3 Class | 3.30V 1.50V 1.50 V
SSTL3 Class Il 3.30V 1.50V 1.50 V
SSTL2 Class | 250V 125V 125V
SSTL2 Class Il 250V 125V 125V
LvVDS, DDR LVDS, B-LVDS, 250V - -
M-LVDS
LVPECL 3.30V - -
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Instantiating DDR Registers

Using SmartGen is the simplest way to generate the appropriate RTL files for use in the design.
Figure 10-4 shows an example of using SmartGen to generate a DDR SSTL2 Class | input register.
SmartGen provides the capability to generate all of the DDR 1/O cells as described. The user, through the
graphical user interface, can select from among the many supported I/O standards. The output formats
supported are Verilog, VHDL, and EDIF.

Figure 10-5 on page 277 through Figure 10-8 on page 280 show the I/O cell configured for DDR using
SSTL2 Class | technology. For each I/O standard, the I/O pad is buffered by a special primitive that
indicates the 1/O standard type.
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Figure 10-4 « Example of Using SmartGen to Generate a DDR SSTL2 Class | Input Register
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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 17-5 shows a flow chart example for fine-tuning application steps using
the UJTAG tile.

In Figure 17-5, 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 17-5 « Flow Chart Example of Fine-Tuning an Application Using UJTAG

Revision 4 369



