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Mlcrocontroller Subsystem (MSS) . — Programmable Embedded FIFO Control Logic

Hard 100 MHz 32-bit ARM® Cortex®-M3 Processor Secure ISP with 128-bit AES via JTAG

— 1.25 DMIPS/MHz Throughput from Zero Wait State
Memory

— Memory Protection Unit (MPU)

— Single Cycle Multiplication, Hardware Divide

— JTAG Debug (4 wires), Serial Wire Debug (SWD, 2
wires), and Single Wire Viewer (SWV) Interfaces

Internal Memory

— Embedded Nonvolatile Flash Memory (eNVM), 128
Kbytes to 512 Kbytes

— Embedded High-Speed SRAM (eSRAM), 16 Kbytes
to 64 Kbytes, Implemented in 2 Physical Blocks to
Enable Simultaneous Access from 2 Different
Masters

Multi-Layer AHB Communications Matrix

— Provides up to 16 Gbps of On-Chip Memory
Bandwidth,! Allowing Multi-Master Schemes

10/100 Ethernet MAC with RMII Interface?

Programmable External Memory Controller, Which

Supports:

— Asynchronous Memories

— NOR Flash, SRAM, PSRAM

— Synchronous SRAMs

Two I12C Peripherals

Two 16550 Compatible UARTs

Two SPI Peripherals

Two 32-bit Timers

32-bit Watchdog Timer

8-channel DMA Controller to Offload the Cortex-M3 from

Data Transactions

Clock Sources

— 32 KHz to 20 MHz Main Oscillator

— Battery-Backed 32 KHz Low Power Oscillator with
Real-Time Counter (RTC)

— 100 MHz Embedded RC Oscillator; 1% Accurate

— Embedded Analog PLL with 4 Output Phases (0, 90,
180, 270)

ngh -Performance FPGA

Based on proven ProASIC®3 FPGA Fabric

Low Power, Firm-Error Immune 130-nm, 7-Layer Metal,
Flash-Based CMOS Process

Nonvolatile, Instant On, Retains Program When
Powered Off

350 MHz System Performance

Embedded SRAMs and FIFOs

— Variable Aspect Ratio 4,608-Bit SRAM Blocks

— x1, x2, x4, x9, and x18 Organizations

— True Dual-Port SRAM (excluding x18)

FlashLock® to Secure FPGA Contents

Five Clock Conditioning Circuits (CCCs) with up to 2

Integrated Analog PLLs

— Phase Shift, Multiply/Divide, and Delay Capabilities

— Frequency: Input 1.5-350 MHz, Output 0.75 to
350 MHz

Programmable Analog
Analog Front-End (AFE)

Up to Three 12-Bit SAR ADCs

— 500 Ksps in 12-Bit Mode

— 550 Ksps in 10-Bit Mode

— 600 Ksps in 8-Bit Mode

Internal 2.56V Reference or Optional External

Reference

One First-Order A DAC (sigma-delta) per ADC

— 8-Bit, 16-Bit, or 24-Bit 500 Ksps Update Rate

Up to 5 High-Performance Analog Signal Conditioning

Blocks (SCB) per Device, Each Including:
Two High-Voltage Bipolar Voltage Monitors (with 4
input ranges from +2.5 V to —11.5/+14 V) with 1%
Accuracy

— High Gain Current Monitor, Differential Gain = 50, up
to 14 V Common Mode

— Temperature Monitor (Resolution = %°C in 12-Bit
Mode; Accurate from —55°C to 150°C)

Up to Ten High-Speed Voltage Comparators

(tog = 15 ns)

Analog Compute Engine (ACE)

Offloads Cortex-M3-Based MSS from Analog
Initialization and Processing of ADC, DAC, and SCBs
Sample Sequence Engine for ADC and DAC Parameter
Set-Up

Post-Processing Engine for Functions such as Low-
Pass Filtering and Linear Transformation

Easily Configured via GUI in Libero® System-on-Chip
(SoC) Software

IIOs and Operating Voltage

FPGA 1/Os

— LVDS, PCI, PCI-X, up to 24 mA IOH/IOL

— Up to 350 MHz

MSS 1/O0s

— Schmitt Trigger, up to 6 mA IOH, 8 mA IOL

— Upto 180 MHz

Single 3.3 V Power Supply with On-Chip 1.5 V Regulator
External 1.5V Is Allowed by Bypassing Regulator
(digital VCC = 1.5V for FPGA and MSS, analog VCC =
3.3Vand 1.5V)

1 Theoretical maximum
2 A2F200 and larger devices
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Package I/0Os: MSS + FPGA 1I/Os

& Microsemi

SmartFusion Customizable System-on-Chip (¢SoC)

Device A2F060" A2F2007 A2F500°

Package TQ144 | CS288 | FG256 | PQ208 | CS288 | FG256 | FG484 | PQ208 | CS288 | FG256 | FG484
Direct Analog Inputs 11 11 11 8 8 8 8 8 8 8 12
Shared Analog Inputs 4 4 4 16 16 16 16 16 16 16 20
Total Analog Inputs 15 15 15 24 24 24 24 24 24 24 32
Analog Outputs 1 1 1 1 2 2 2 1 2 2 3
MSS 1/0s34 215 285 26° 22 31 25 41 22 31 25 41
FPGA 1/0s 338 68 66 66 78 66 94 66° 78 66 128
Total I/Os 70 112 108 113 135 17 161 13 135 117 204
Notes:

1. There are no LVTTL capable direct inputs available on A2F060 devices.

2. These pins are shared between direct analog inputs to the ADCs and voltage/current/temperature monitors.

3. 16 MSS I/Os are multiplexed and can be used as FPGA I/0Os, if not needed for MSS. These I/Os support Schmitt triggers and
support only LVTTL and LVCMOS (1.5/ 1.8/ 2.5, 3.3 V) standards.
4. 9 MSS I/Os are primarily for 10/100 Ethernet MAC and are also multiplexed and can be used as FPGA I/Os if Ethernet MAC is
not used in a design. These I/Os support Schmitt triggers and support only LVTTL and LVCMOS (1.5 / 1.8 /2.5, 3.3V

standards.

5. 10/100 Ethernet MAC is not available on A2F060.

6. EMC is not available on the A2F500 PQ208 and A2F060 TQ144 package.

Table 1+ SmartFusion cSoC Package Sizes Dimensions

Package TQ144 PQ208 Cs288 FG256 FG484
Length x Width (mm\mm) 20 x 20 28 x 28 11 x 11 17 x 17 23 x 23
Nominal Area (mm?) 400 784 121 289 529
Pitch (mm) 0.5 0.5 0.5 1.0 1.0
Height (mm) 1.40 3.40 1.05 1.60 2.23
SmartFusion cSoC Device Status

Device Status

A2F060 Preliminary: CS288, FG256, TQ144

A2F200 Production: CS288, FG256, FG484, PQ208

A2F500 Production: CS288, FG256, FG484, PQ208
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SmartFusion cSoC Block Diagram

JTAG NVIC SysTick

m
SWD MPU

Temp. Volt Mon.
Mon. (ABPS) |
Curr. :

Sample Sequencing

Engine

VersaTiles

Temp. Volt Mon. e
Mon. (ABPS) | Post Processing

Engine

I SRAM | SRAM || SRAM

Legend:
SDD - Sigma-delta DAC
SCB - Signal conditioning block
PDMA — Peripheral DMA
IAP — In-application programming
ABPS — Active bipolar prescaler
WDT - Watchdog Timer
SWD - Serial Wire Debug
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SmartFusion cSoC System Architecture
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Note: Architecture for A2F200
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SmartFusion Customizable System-on-Chip (cSoC)

1 — SmartFusion Family Overview

Introduction

The SmartFusion® family of cSoCs builds on the technology first introduced with the Fusion mixed signal
FPGAs. SmartFusion cSoCs are made possible by integrating FPGA technology with programmable
high-performance analog and hardened ARM Cortex-M3 microcontroller blocks on a flash semiconductor
process. The SmartFusion cSoC takes its name from the fact that these three discrete technologies are
integrated on a single chip, enabling the lowest cost of ownership and smallest footprint solution to you.

General Description

Microcontroller Subsystem (MSS)

The MSS is composed of a 100 MHz Cortex-M3 processor and integrated peripherals, which are
interconnected via a multi-layer AHB bus matrix (ABM). This matrix allows the Cortex-M3 processor,
FPGA fabric master, Ethernet media access controller (MAC), when available, and peripheral DMA
(PDMA) controller to act as masters to the integrated peripherals, FPGA fabric, embedded nonvolatile
memory (eNVM), embedded synchronous RAM (eSRAM), external memory controller (EMC), and
analog compute engine (ACE) blocks.

SmartFusion cSoCs of different densities offer various sets of integrated peripherals. Available
peripherals include SPI, I2C, and UART serial ports, embedded FlashROM (EFROM), 10/100 Ethernet
MAC, timers, phase-locked loops (PLLs), oscillators, real-time counters (RTC), and peripheral DMA
controller (PDMA).

Programmable Analog
Analog Front-End (AFE)

SmartFusion cSoCs offer an enhanced analog front-end compared to Fusion devices. The successive
approximation register analog-to-digital converters (SAR ADC) are similar to those found on Fusion
devices. SmartFusion cSoC also adds first order sigma-delta digital-to-analog converters (SDD DAC).

SmartFusion cSoCs can handle multiple analog signals simultaneously with its signal conditioning blocks
(SCBs). SCBs are made of a combination of active bipolar prescalers (ABPS), comparators, current
monitors and temperature monitors. ABPS modules allow larger bipolar voltages to be fed to the ADC.
Current monitors take the voltage across an external sense resistor and convert it to a voltage suitable
for the ADC input range. Similarly, the temperature monitor reads the current through an external PN-
junction (diode or transistor) and converts it internally for the ADC. The SCB also includes comparators
to monitor fast signal thresholds without using the ADC. The output of the comparators can be fed to the
analog compute engine or the ADC.

Analog Compute Engine (ACE)

The mixed signal blocks found in SmartFusion cSoCs are controlled and connected to the rest of the
system via a dedicated processor called the analog compute engine (ACE). The role of the ACE is to
offload control of the analog blocks from the Cortex-M3, thus offering faster throughput or better power
consumption compared to a system where the main processor is in charge of monitoring the analog
resources. The ACE is built to handle sampling, sequencing, and post-processing of the ADCs, DACs,
and SCBs.
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SmartFusion Family Overview

ProASIC3 FPGA Fabric

The SmartFusion cSoC family, based on the proven, low power, firm-error immune ProASIC®3 flash
FPGA architecture, benefits from the advantages only flash-based devices offer:

Reduced Cost of Ownership

Advantages to the designer extend beyond low unit cost, high performance, and ease of use. Flash-
based SmartFusion cSoCs are Instant On and do not need to be loaded from an external boot PROM at
each power-up. On-board security mechanisms prevent access to the programming information and
enable secure remote updates of the FPGA logic. Designers can perform secure remote in-system
programming (ISP) to support future design iterations and critical field upgrades, with confidence that
valuable IP cannot be compromised or copied. Secure ISP can be performed using the industry standard
AES algorithm with MAC data authentication on the device.

Low Power

Flash-based SmartFusion cSoCs exhibit power characteristics similar to those of an ASIC, making them
an ideal choice for power-sensitive applications. With SmartFusion cSoCs, there is no power-on current
and no high current transition, both of which are common with SRAM-based FPGAs.

SmartFusion cSoCs also have low dynamic power consumption and support very low power time-
keeping mode, offering further power savings.

Security

As the nonvolatile, flash-based SmartFusion cSoC family requires no boot PROM, there is no vulnerable
external bitstream. SmartFusion cSoCs incorporate FlashLock®, which provides a unique combination of
reprogrammability and design security without external overhead, advantages that only a device with
nonvolatile flash programming can offer.

SmartFusion cSoCs utilize a 128-bit flash-based key lock and a separate AES key to provide security for
programmed IP and configuration data. The FlashROM data in Fusion devices can also be encrypted
prior to loading. Additionally, the flash memory blocks can be programmed during runtime using the AES-
128 block cipher encryption standard (FIPS Publication 192).

SmartFusion cSoCs with AES-based security are designed to provide protection for remote field updates
over public networks, such as the Internet, and help to ensure that valuable IP remains out of the hands
of system overbuilders, system cloners, and IP thieves. As an additional security measure, the FPGA
configuration data of a programmed Fusion device cannot be read back, although secure design
verification is possible. During design, the user controls and defines both internal and external access to
the flash memory blocks.

Security, built into the FPGA fabric, is an inherent component of the SmartFusion cSoC family. The flash
cells are located beneath seven metal layers, and many device design and layout techniques have been
used to make invasive attacks extremely difficult. SmartFusion cSoCs, with FlashLock and AES security,
are unique in being highly resistant to both invasive and noninvasive attacks. Your valuable IP is
protected with industry standard security measures, making remote ISP feasible. A SmartFusion cSoC
provides the highest security available for programmable logic designs.

Single Chip

Flash-based FPGAs store their configuration information in on-chip flash cells. Once programmed, the
configuration data is an inherent part of the FPGA structure, and no external configuration data needs to
be loaded at system power-up (unlike SRAM-based FPGAs). Therefore, flash-based SmartFusion
¢SoCs do not require system configuration components such as electrically erasable programmable
read-only memories (EEPROMSs) or microcontrollers to load device configuration data during power-up.
This reduces bill-of-materials costs and PCB area, and increases system security and reliability.

Instant On

Flash-based SmartFusion cSoCs are Instant On. Instant On SmartFusion cSoCs greatly simplify total
system design and reduce total system cost by eliminating the need for complex programmable logic
devices (CPLDs). SmartFusion Instant On clocking (PLLs) replace off-chip clocking resources. In
addition, glitches and brownouts in system power will not corrupt the SmartFusion flash configuration.
Unlike SRAM-based FPGAs, the device will not have to be reloaded when system power is restored.

1-
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Specify 170 States During Programming

Load fram File. .. Save ko file... [ show BSR Details
Port Hame Macro Cell Pin Humber 1/0 State [Dutput Only)
BIST ADLIB:INBUF T2 1
BYPASS_1O ADLIB:INBUF K1 1
CLE ADLIB:INBUF B1 1
EMOUT ADLIB:INBUF J1E 1
LED ADLIB:OUTBUF b3 i}
MOMITOR[D] ADLIB:OUTBUF BS i}
MOMITOR[1] ADLIB:OUTBUF C7? z
MOMITOR[Z] ADLIB:OUTBUF k] z
MOMITOR[3] ADLIB:OUTBUF D7 z
MOMITOR[E] ADLIB:OUTBUF AT z
OEa ADLIB:INBUF E4 z
OEb ADLIB:INBUF F1 z
OSC_EM ADLIB:INBUF K3 z
FAD[10] ADLIB:BIBUF_LWCMOS33U B z
FAD[11] ADLIB:BIBUF_LWCMOS33D R7 z
FAD[12] ADLIB:BIBUF_LWCMOS33U D11 z
FAD[13] ADLIB:BIBUF_LWCMOS33D c1z z
FAD[14] ADLIB:BIBUF_LWCMOS33U RE z LI
Help | QK I Cancel |

Figure 1-1 «

1/0 States During Programming Window

6. Click OK to return to the FlashPoint — Programming File Generator window.

Note:

/0O States During programming are saved to the ADB and resulting programming files after
completing programming file generation.
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SmartFusion DC and Switching Characteristics

Table 2-2 + Analog Maximum Ratings

Parameter Conditions Min. Max. [ Units
ABPSI[n] pad voltage (relative to ground) [ GDEC[1:0] = 00 (+15.36 V range)
Absolute maximum -11.5 14.4 \Y
Recommended -1 14 \Y,
GDECI1:0] = 01 (+10.24 V range) -11.5 12 \Y
GDECI[1:0] = 10 (£5.12 V range) -6 6 \Y
GDEC[1:0] = 11 (+2.56 V range) -3 3 \Y
CM[n] pad voltage relative to ground) CMB_DI_ON = 0 (ADC isolated)
COMP_EN = 0 (comparator off, for the
associated even-numbered comparator)
Absolute maximum -0.3 14.4 \Y
Recommended -0.3 14 \Y
CMB_DI_ON = 0 (ADC isolated) -0.3 3 \
COMP_EN = 1 (comparator on)
TMB_DI_ON = 1 (direct ADC in) -0.3 3 \
TM[n] pad voltage (relative to ground) TMB_DI_ON = 0 (ADC isolated) -0.3 3 \%
COMP_EN = 1(comparator on)
TMB_DI_ON = 1 (direct ADC in) -0.3 3 \Y
ADCIn] pad voltage (relative to ground) -0.3 3.6 \Y

2-2
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SmartFusion DC and Switching Characteristics

VvCC

VCC =1.575 V—

VCC =1.425V—

Activation trip point:
V,=085V+0.25V
Deactivation trip point:
Vg=075V£0.25V

VCC = VCCxxxxIOBx + VT

where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

\ Region 4: 1/0
buffers are ON.

Region 1: 1/0 Buffers are OFF
1/Os are functional

(except differential
but slower because
VCCxxxxIOBx
below specification. For the
same reason, input buffers do not
meet VIH / VIL levels, and output
buffers do not meet VOH / VOL levels.

Region 5: 1/O buffers are ON
and power supplies are within
specification.

1/0s meet the entire datasheet
and timer specifications for

speed, VIH / VIL, VOH / VOL , etc.

Region 2: I/0 buffers are ON.

1/0s are functional (except differential inputs)
but slower because VCCxxxxIOBx / VCC are
below specification. For the same reason, input
buffers do not meet VIH / VIL levels, and
output buffers do not meet VOH / VOL levels.

Region 3: I/0 buffers are ON.
1/0s are functional; I/O DC
specifications are met,

but I/Os are slower because
the VCC is below specification.

Region 1: I/O buffers are OFF

!

Activation trip point:
V,=09V+£03V
Deactivation trip point:
Vy4=08V+03V

Min VCCxxxxIOBx datasheet specification
voltage at a selected 1/0
standard; i.e., 1.425V or 1.7V
or2.3Vor3.0V

VCCxxxxIOBx

Figure 2-1 » 1/O State as a Function of VCCxxxxIOBx and VCC Voltage Levels
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Table 2-11 « Summary of /O Input Buffer Power (per pin) — Default I/O Software Settings

Applicable to MSS I/0O Banks

& Microsemi

SmartFusion Customizable System-on-Chip (cSoC)

Static Power Dynamic Power
VCCMSSIOBx (V)| PDC7 (mW) PAC9 (UW/MHz)
Single-Ended
3.3V LVTTL/3.3VLVCMOS 3.3 - 17.21
3.3 VLVCMOS /3.3 V LVCMOS — Schmitt trigger 3.3 - 20.00
2.5V LVCMOS 25 - 5.55
2.5V LVCMOS - Schmitt trigger 2.5 - 7.03
1.8 V LVCMOS 1.8 - 2.61
1.8 V LVCMOS - Schmitt trigger 1.8 - 2.72
1.5V LVCMOS (JESD8-11) 1.5 - 1.98
1.5V LVCMOS (JESD8-11) — Schmitt trigger 1.5 - 1.93

Table 2-12 « Summary of 1/0 Output Buffer Power (per pin) — Default /0 Software Settings*
Applicable to FPGA 1/0 Banks, /0 Assigned to EMC 1/O Pins

VCCFPGAIOBXx Static Power Dynamic Power

CrLoap (PF) V) PDC8 (mW) PAC10 (MW/MHz)
Single-Ended
3.3V LVTTL/3.3VLVCMOS 35 3.3 - 475.66
2.5V LVCMOS 35 25 - 270.50
1.8 V LVCMOS 35 1.8 - 152.17
1.5V LVCMOS (JESD8-11) 35 1.5 - 104.44
3.3V PCI 10 3.3 - 202.69
3.3V PCI-X 10 3.3 - 202.69
Differential
LVDS - 25 7.74 88.26
LVPECL - 3.3 19.54 164.99
Note: *Dynamic power consumption is given for standard load and software default drive strength and output slew.

Table 2-13 « Summary of 1/O Output Buffer Power (per pin) — Default I/O Software Settings

Applicable to MSS I/0O Banks

Static Power Dynamic Power
CLoap (PF) VCCMSSIOBx (V) PDC8 (mW)? PAC10 (uW/MHz)?
Single-Ended
3.3V LVTTL/3.3VLVCMOS 10 3.3 - 155.65
2.5V LVCMOS 10 25 - 88.23
1.8 V LVCMOS 10 1.8 - 45.03
1.5V LVCMOS (JESD8-11) 10 1.5 - 31.01
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PpL=0W
Embedded Nonvolatile Memory Dynamic Contribution—P gnyy
SoC Mode
The eNVM dynamic power consumption is a piecewise linear function of frequency.
Penvi = Nenvm-sLocks * Ba * Pacts * FreaD-env When Freap.envm < 33 MHz,

Penvm = Nenvm-sLocks * Ba *(Pacte + Pac17 * FReaD-envm) When Freap.envm > 33 MHz
Where:

NenvM-BLOCKS IS the number of eNVM blocks used in the design.
B4 is the eNVM enable rate for read operations. Default is 0 (eNVM mainly in idle state).
Freap-envM is the eNVM read clock frequency.
Standby Mode and Time Keeping Mode
Penvm=0W
Main Crystal Oscillator Dynamic Contribution—Pyxrt; .osc
SoC Mode
PxtL-osc = Pac1s
Standby Mode
PxtL-osc =0 W
Time Keeping Mode
PxtL-osc =0W
Low Power Oscillator Crystal Dynamic Contribution—P| pyta;-osc
Operating, Standby, and Time Keeping Mode

PLpxTAL-0sC = Pac21
RC Oscillator Dynamic Contribution—Pgrc.osc

SoC Mode
Prc-osc = Pac1oa + Pac1oB
Standby Mode and Time Keeping Mode

Prc-osc =0 W
Analog System Dynamic Contribution—Pg

SoC Mode

Pag = Pacos " Ntm *+ Pacaa * Nom + Pacos * Nagps * Pac2s ™ Nspp + Paco7 * Ncomp + Papc * Nabc
+P
VR

Where:

Ncwm is the number of current monitor blocks

N1 is the number of temperature monitor blocks
Nspp is the number of sigma-delta DAC blocks
Nagps is the number of ABPS blocks

Napc is the number of ADC blocks

Ncowmp is the number of comparator blocks

PvrR= Pac2s

Papc= Pac2oa * Pac2os
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Microcontroller Subsystem Dynamic Contribution—Pysg

SoC Mode

Pumss = Pac22
Guidelines

Toggle Rate Definition

A toggle rate defines the frequency of a net or logic element relative to a clock. It is a percentage. If the
toggle rate of a net is 100%, this means that the net switches at half the clock frequency. Below are some

examples:

» The average toggle rate of a shift register is 100%, as all flip-flop outputs toggle at half of the clock
frequency.

+ The average toggle rate of an 8-bit counter is 25%:
— Bit0 (LSB) = 100%
— Bit1=50%
- Bit2=25%

— Bit7 (MSB)=0.78125%
— Average toggle rate = (100% + 50% + 25% + 12.5% +
Enable Rate Definition

Output enable rate is the average percentage of time during which tristate outputs are enabled. When
non-tristate output buffers are used, the enable rate should be 100%.

...0.78125%) /8.

Table 2-17 » Toggle Rate Guidelines Recommended for Power Calculation

Component Definition Guideline
OLq Toggle rate of VersaTile outputs 10%

(0 5% I/O buffer toggle rate 10%
Table 2-18 * Enable Rate Guidelines Recommended for Power Calculation

Component Definition Guideline

P+

1/0 output buffer enable rate

Toggle rate of the logic driving the
output buffer

P2

FPGA fabric SRAM enable rate for read 12.5%
operations

B3 FPGA fabric SRAM enable rate for write 12.5%
operations

B eNVM enable rate for read operations <5%
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User I/0 Characteristics

Timing Model

1/0 Module
(Non-Registered)

Combinational Cell Combinational Ce
LVPECL (applicable to
:D_Y_l___I>_Y FPGA /O bank, EMC pin)
top = 0.57 ns tpp = 0.49 ns

1/0 Module
o (Non-Registered)
Combinational Cell TS
A

N N\ Y ! {>_x LvTTLOutput drive strength = 12 mA
. i High slew rate
o = 0.89 s ltop = 2.81 ns! (FPGA /0 Bank, EMC pin)

| 1/0 Module

Combinational Ce

1/0 Module v ' !

(Registered) 1 1
,,,,,,,,, g _;_I>_l_® LVTTLOutput drive strength = 8 mA
toy = 1.46 ns i i High slew rate

i i
| ! Htyp = 3.87 ns! (FPGA /O Bank, EMC pin)
LVPECL : i tpp = 0.51 ns
(Applicable o . b ! (NomReastored)
to FPGA | ! Combinational Cell pommeEeeses
1/0 Bank, ! ! v i :
EMC pin) | > | _3———|>——|z| LVCMOS 1.5 VOutput drive strength = 4 mA
i ticikq = 0.24 1! ' ; High slew rate
i tisup = 0-27 ns | tpp = 0.48 ns ithp = 4.13 ns' (FPGA 1/0 Bank, EMC pin)
Input LVTTL
Clock . 1/0 Module
ngglﬁsﬁtieiriqgl_l Combinational Cell Register Cell ---(Registered) Rt
' , womoinational et .o , i !
tpy = 0.81 ns (FPGA /O Bank, EMC pin) ! ; Y | 3 ;
= D 3 ; D QT 1D Q—| >——X] LVTTL 3.3V Output drive
1/0 Module ! i = ! ' i ' strength = 12 mA High slew rate
(Non-Registered) ! | tpp = 0-48 ns ; ! i top =2.81ins
Pt : > 3 > : > (FPGA 1/0 Bank, EMC pin)
| 1 1 il i | i
i ! 'toLka = 0-56 ns it = 0.56'ns 't =0.60ns |
LVDS, X—— | | L ! leLka Relel] 1 focLkQ - H
BLVDS, o | ‘ 'sup Z 044 s tsup = 044 ts -tosup = O- 82ns |
M-LVDS ' i Input LVTTL Input LVTTL
(Applicable for Loy = 1.55 ns! Clock Clock

FPGAI/O Bank,  -"---==-"--- -
EMC pin) toy = 0.81 ns toy = 081 ns
(FPGA /O Bank, EMC pin)  (FPGA /O Bank, EMC pin)

Figure 2-2 + Timing Model
Operating Conditions: —1 Speed, Commercial Temperature Range (T ; = 85°C),
Worst Case VCC =1.425V
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Y
A

tpy

Y

IS

PAD

tey = MAX(tpy(R), tpy(F))
toin = MAX(tpn(R), toin(F))

PAD / Vtrip Vtrip

GND

R)

DIN
GND

(R)

50%4

N\

D Q
DIN
e
DCLK To Array
I/O Interface
VIL

N\

tpy

(F)

50%

VCC

Figure 2-3 « Input Buffer Timing Model and Delays (example)
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- tbout >~ top >

D Q PAD

DOUT
D >CLK| j.:LStdd
oa
From Array N
top = MAX(tpp(R), tpp(F))
/O Interface toout = MAX(tpout(R), toout(F))

tbouT

(F)

N\
\ oV

DOUT /1 50% 50% \ oV

VOH

PAD

Figure 2-4 -« Output Buffer Model and Delays (example)
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< teour. >
D Q
E >CLK tz tzn thz Wz tass tzms
EOUT —_
b Q PAD
DOUT _
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Figure 2-5 « Tristate Output Buffer Timing Model and Delays (example)
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Summary of I/0 DC Input and Output Levels — Default I/O Software
Settings

Table 2-19 « Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial
Conditions—Software Default Settings
Applicable to FPGA 1/0 Banks

VIL VIH VoL VOH lo." [lon”
Drive |Slew|Min. Max. Min. Max. Max. Min.
I/0 Standard |Strgth.[Rate| V \' \'% \'% \") \") mA | mA
3.3VLVTTL/ |12mA|High|-0.3 0.8 2 3.6 0.4 2.4 12 ] 12
3.3V LVCMOS
2.5V LVCMOS| 12 mA | High| -0.3 0.7 1.7 3.6 0.7 1.7 12 ] 12
1.8 VLVCMOS|12 mA | High|-0.3 0.35* 0.65* 3.6 0.45 VCCxxxxIOBx | 12 | 12
VCCxxxxIOBx | VCCxxxxIOBx -0.45
1.5V LVCMOS| 12 mA [ High| -0.3 0.35* 0.65* 3.6 0.25* 0.75* 12 1 12
VCCxxxxIOBx | VCCxxxxIOBx VCCxxxxIOBx | VCCxxxxIOBx
3.3V PCI Per PCI specifications
3.3V PCI-X Per PCI-X specifications
Notes:
1. Currents are measured at 85°C junction temperature.
2. Output slew rate can be extracted by the IBIS Models.
Table 2-20 » Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial
Conditions—Software Default Settings
Applicable to MSS I/0O Banks
VIL VIH voL VOH lo" [lon’
Drive |Slew |Min. Max. Min. Max. Max. Min.
I/0 Standard |Strgth.|Rate | V v v \' v \' mA [ mA
3.3VLVTTL/ | 8 mA | High|-0.3 0.8 2 3.6 0.4 24 8 8
3.3V LVCMOS
2.5V LVCMOS| 8 mA | High [-0.3 0.7 1.7 3.6 0.7 1.7 8 8
1.8 V LVCMOS| 4 mA | High|-0.3 0.35* 0.65* 3.6 0.45 VCCxxxxIOBx| 4 4
VCCxxxxIOBx | VCCxxxxIOBx -0.45
1.5V LVCMOS| 2 mA | High|-0.3 0.35* 0.65* 3.6 0.25* 0.75* 2 2
VCCxxxxIOBx | VCCxxxxIOBx VCCxxxxIOBx | VCCxxxxIOBx
Notes:
1. Currents are measured at 85°C junction temperature.
2. Output slew rate can be extracted by the IBIS Models.
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Table 2-21 « Summary of Maximum and Minimum DC Input Levels
Applicable to Commercial Conditions in all /O Bank Types

Commercial
he hu
DC I/O Standards MA HA
3.3V LVTTL/3.3VLVCMOS 15 15
2.5V LVCMOS 15 15
1.8 V LVCMOS 15 15
1.5V LVCMOS 15 15
3.3V PCI 15 15
3.3V PCI-X 15 15
Summary of I/O Timing Characteristics — Default I/O Software
Settings
Table 2-22 « Summary of AC Measuring Points Applicable to All /O Bank Types
Standard Measuring Trip Point (V)
3.3V LVTTL/3.3VLVCMOS 1.4V
2.5V LVCMOS 12V
1.8 V LVCMOS 0.90V
1.5V LVCMOS 0.75V
3.3V PCI 0.285 * VCCxxxxIOBx (RR)
0.615 * VCCxxxxIOBx (FF)
3.3V PCI-X 0.285 * VCCxxxxIOBx (RR)
0.615 * VCCxxxxIOBx (FF)
LVDS Cross point
LVPECL Cross point
Table 2-23 «1/0 AC Parameter Definitions
Parameter Parameter Definition
top Data to pad delay through the output buffer
tpy Pad to data delay through the input buffer
tbouT Data to output buffer delay through the 1/O interface
teouT Enable to output buffer tristate control delay through the I/O interface
tDIN Input buffer to data delay through the 1/O interface
thz Enable to pad delay through the output buffer—High to Z
tzH Enable to pad delay through the output buffer—Z to High
tLz Enable to pad delay through the output buffer—Low to Z
tzL Enable to pad delay through the output buffer—Z to Low
tzHs Enable to pad delay through the output buffer with delayed enable—Z to High
tz1s Enable to pad delay through the output buffer with delayed enable—Z to Low
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Table 2-30 « 1/0 Short Currents lggy/los
Applicable to FPGA 1/0 Banks

Drive Strength lost (MA) losn (MA)’
3.3V LVTTL/3.3VLVCMOS 2mA 27 25
4 mA 27 25
6 mA 54 51
8 mA 54 51
12 mA 109 103
16 mA 127 132
24 mA 181 268
2.5V LVCMOS 2mA 18 16
4 mA 18 16
6 mA 37 32
8 mA 37 32
12 mA 74 65
16 mA 87 83
24 mA 124 169
1.8 V LVCMOS 2mA 1 9
4 mA 22 17
6 mA 44 35
8 mA 51 45
12 mA 74 91
16 mA 74 91
1.5V LVCMOS 2mA 16 13
4 mA 33 25
6 mA 39 32
8 mA 55 66
12 mA 55 66
3.3 V PCI/PCI-X Per PCI/PCI-X specification 109 103
Note: *T,=85°C.
Table 2-31 < 1/0 Short Currents lggn/losL
Applicable to MSS I/0O Banks
Drive Strength losL (MA)* losH (MA)*
3.3V LVTTL/3.3VLVCMOS 8 mA 54 51
2.5V LVCMOS 8 mA 37 32
1.8 VLVCMOS 4 mA 22 17
1.5V LVCMOS 2mA 16 13

Note: *T;=85°C
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The length of time an I/O can withstand log/los. events depends on the junction temperature. The

reliability data below is based on a 3.3 V, 12 mA I/O setting, which is the worst case for this type of
analysis.

For example, at 100°C, the short current condition would have to be sustained for more than 2200
operation hours to cause a reliability concern. The /0O design does not contain any short circuit
protection, but such protection would only be needed in extremely prolonged stress conditions.

Table 2-32 « Duration of Short Circuit Event before Failure

Temperature Time before Failure
—40°C > 20 years

0°C > 20 years
25°C > 20 years
70°C 5 years

85°C 2 years

100°C 6 months

Table 2-33 » Schmitt Trigger Input Hysteresis
Hysteresis Voltage Value (typical) for Schmitt Mode Input Buffers

Input Buffer Configuration Hysteresis Value (typical)

3.3 VLVTTL/LVCMOS / PCI/ PCI-X (Schmitt trigger mode) 240 mV

2.5V LVCMOS (Schmitt trigger mode) 140 mV

1.8 V LVCMOS (Schmitt trigger mode) 80 mV

1.5V LVCMOS (Schmitt trigger mode) 60 mV
Table 2-34 /O Input Rise Time, Fall Time, and Related I/O Reliability
Input Buffer Input Rise/Fall Time (min.) [ Input Rise/Fall Time (max.) Reliability
LVTTL/LVCMOS No requirement 10ns* 20 years (100°C)
LVDS/B-LVDS/ No requirement 10ns* 10 years (100°C)
M-LVDS/LVPECL

Note: *The maximum input rise/fall time is related to the noise induced into the input buffer trace. If the

noise is low, then the rise time and fall time of input buffers can be increased beyond the
maximum value. The longer the rise/fall times, the more susceptible the input signal is to the board
noise. Microsemi SoC Products Group recommends signal integrity evaluation/characterization of
the system to ensure that there is no excessive noise coupling into input signals.
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I/0 Register Specifications

Fully Registered I/O Buffers with Synchronous Enable and
Asynchronous Preset

zZ
Preset IXI— g L
m
D
DOUT
Data_out
= PRE Y 7 PRE |
z E X
Data [+ @ D Q Core D Q = -
T c DFN1E1P1 Array G DFN1E1P1
b E E
Enable [XH & B
< B N EOUT
J H
2
CLK & [
bHg > |
J PRE
D Q
K DFN1E1P1
Data Input I/0O Register with: E
Active High Enable
Active High Preset >
Positive-Edge Triggered
Data Output Register and
Enable Output Register with:
Active High Enable
CLKBUF INBUF INBUF Active High Preset
Postive-Edge Triggered

4
|
(@]

Enable E{I—
DX

D_Enable

N0 ped

Figure 2-14 « Timing Model of Registered 1/0 Buffers with Synchronous Enable and Asynchronous Preset
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Fully Registered I/O Buffers with Synchronous Enable and
Asynchronous Clear

Data Eﬂ—
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CTTTTTTTTTTm e i Enable Output Register with
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Enable X
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Figure 2-15 » Timing Model of the Registered I/O Buffers with Synchronous Enable and Asynchronous Clear
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Input DDR Module
Input DDR

INBUF |, |
Data ®—| E D E OUt_QF
| ! (to core)

; FF1 g

i P i
CLK E&{ 5 E! outQr
| ! (to core)

CLKBUF FE2 |

iC |

CLR-§§4 : !

INBUF | ;

| DDR_IN §

Figure 2-19 « Input DDR Timing Model

Table 2-74 « Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (from, to)
tpDRICLKQ1 Clock-to-Out Out_QR B.D
topbRICLKQ2 Clock-to-Out Out_QF B E
toprISUD Data Setup Time of DDR input A B
topRrRIHD Data Hold Time of DDR input A B
tDDRICLR2Q1 Clear-to-Out Out_QR C.D
tpDRICLR2Q2 Clear-to-Out Out_QF C.E
tDDRIREMCLR Clear Removal CB
tbDRIRECCLR Clear Recovery C.B
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Output DDR Module
Output DDR
r - - - - -
|
|
|
Al .
|
Data_F 15
(from core) ] |
|
! FF1 \
Bi Out
Clk—R{>—¢—%— 0 i
CLKBUF CE | Ei
X i
|
|
! OUTBUF
Data_R DJ|E | 1/
(from core) |
FF2
CLR—R{>—9 %D
INBUF Cj'( T
! DDR_OUT
|
Figure 2-21 « Output DDR Timing Model
Table 2-76 - Parameter Definitions
Parameter Name Parameter Definition Measuring Nodes (from, to)
topbrocLka Clock-to-Out B E
tbprROCLR2Q Asynchronous Clear-to-Out C,E
tDDROREMCLR Clear Removal CB
toDRORECCLR Clear Recovery CB
tbbrosUD1 Data Setup Data_F A B
tDDROSUD2 Data Setup Data_R D,B
tbDROHD1 Data Hold Data_F A B
toprROHD2 Data Hold Data_R D.B
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Figure 2-24 « Timing Model and Waveforms
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Main and Lower Power Crystal Oscillator

The tables below describes the electrical characteristics of the main and low power crystal oscillator.

Table 2-84 « Electrical Characteristics of the Main Crystal Oscillator

Parameter Description Condition Min. Typ. | Max. Units
Operating frequency Using external crystal 0.032 20 MHz
Using ceramic resonator 0.5 8 MHz
Using RC Network 0.032 4 MHz
Output duty cycle 50 %
Output jitter With 10 MHz crystal 1 ns RMS
IDYNXTAL | Operating current RC 0.6 mA
0.032-0.2 0.6 mA
0.2-2.0 0.6 mA
2.0-20.0 0.6 mA
ISTBXTAL | Standby current of crystal oscillator 10 MA
PSRRXTAL | Power supply noise tolerance 0.5 Vp-p
VIHXTAL Input logic level High 90% \%
of
VCC
VILXTAL Input logic level Low 10% \Y
of
VCC
Startup time RC [Tested at 3.24Mhz] 300 550 us
0.032-0.2 [Tested at 32KHz] 500 | 3,000 ps
0.2-2.0 [Tested at 2MHz] 8 12 V]
2.0-20.0 [Tested at 20MHz] 160 180 VS
Table 2-85 « Electrical Characteristics of the Low Power Oscillator
Parameter Description Condition Min. Typ. Max. Units
Operating frequency 32 KHz
Output duty cycle 50 %
Output jitter 30 ns RMS
IDYNXTAL (Operating current 32 KHz 10 A
ISTBXTAL (Standby current of crystal oscillator 2 A
PSRRXTAL |Power supply noise tolerance 0.5 Vp-p
VIHXTAL  |Input logic level High 90% of VCC V
VILXTAL |Input logic level Low 10% of VCC V
Startup time Test load used: 20 pF 2.5 s
Test load used: 30 pF 3.7 13 S
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Output Signal

T T

period_max period_min

Note: Peak-to-peak jitter measurements are defined by Tpeak-to-peak = T}

period_max — 7—period min-
Figure 2-28 + Peak-to-Peak Jitter Definition
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FPGA Fabric SRAM and FIFO Characteristics

FPGA Fabric SRAM
RAM4K9 RAM512X18
—] ADDRAT1 DOUTA8 |— —{ RADDRS RD17 —
—1 ADDRA10 DOUTA7 — RADDR? RD16|—
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— WIDTHAO _lppe
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— WMODEA
—d BLKA
—d WENA —q REN
—{ ADDRB11 DOUTB8}—  —{ WADDRS
— ADDRB10 DOUTB7[— — WADDR?
— ADDRBO  DOUTBO|— |\ ° oo
— WD17
_| oiNBs WD16
—1 DINB? .
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— WIDTHB1 —1 wwo
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Figure 2-29 « RAM Models

Revision 14 2-65



& Microsemi

SmartFusion DC and Switching Characteristics

Timing Waveforms
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Figure 2-30 - RAM Read for Pass-Through Output. Applicable to both RAM4K9 and RAM512x18.
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Figure 2-31 - RAM Read for Pipelined Output Applicable to both RAM4K9

and RAM512x18.
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Figure 2-32 « RAM Write, Output Retained. Applicable to both RAM4K9 and RAM512x18.
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Figure 2-33 « RAM Write, Output as Write Data (WMODE = 1). Applicable to RAM4K?9 only.
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RESET

trsTBQ
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DOUT|RD Dm X Z X Dn \L

Figure 2-34 « RAM Reset. Applicable to both RAM4K9 and RAM512x18.
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FIFO
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Figure 2-35 « FIFO Model
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Timing Waveforms
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Figure 2-36 * FIFO Read
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Figure 2-37 » FIFO Write
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Figure 2-38 * FIFO Reset
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Figure 2-39 » FIFO EMPTY Flag and AEMPTY Flag Assertion
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Figure 2-40 « FIFO FULL Flag and AFULL Flag Assertion
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Figure 2-41 « FIFO EMPTY Flag and AEMPTY Flag Deassertion
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Figure 2-42 « FIFO FULL Flag and AFULL Flag Deassertion
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