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Military Grade SmartFusion Customizable System-on-Chip (cSoC)

SmartFusion cSoC System Architecture
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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 message authentication 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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Military Grade SmartFusion Customizable System-on-Chip (cSoC)

Power Calculation Methodology

This section describes a simplified method to estimate power consumption of an application. For more
accurate and detailed power estimations, use the SmartPower tool in the Libero SoC software.

The power calculation methodology described below uses the following variables:

* The number of PLLs/CCCs as well as the number and the frequency of each output clock
generated

» The number of combinatorial and sequential cells used in the design
+ The internal clock frequencies

* The number and the standard of I/O pins used in the design

* The number of RAM blocks used in the design

* The number of eNVM blocks used in the design

» The analog block used in the design, including the temperature monitor, current monitor, ABPS,
sigma-delta DAC, comparator, low power crystal oscillator, RC oscillator and the main crystal

oscillator

» Toggle rates of I/O pins as well as VersaTiles—guidelines are provided in Table 2-17 on
page 2-19.

» Enable rates of output buffers—guidelines are provided for typical applications in Table 2-18 on
page 2-19.

* Read rate and write rate to the memory—guidelines are provided for typical applications in
Table 2-18 on page 2-19.

* Read rate to the eNVM blocks
The calculation should be repeated for each clock domain defined in the design.

Methodology
Total Power Consumption—Pro1aL
SoC Mode, Standby Mode, and Time Keeping Mode.

ProTaL = Pstar * Poyn
PstaT is the total static power consumption.
Ppyn is the total dynamic power consumption.
Total Static Power Consumption—Pgtat
SoC Mode

Pstar = Ppc1 + (NinpuTs * Pper) + (Noutputs * Pocs) + (NpLLs * Poco)
NinpuTs is the number of I/O input buffers used in the design.
NouTtpuTs is the number of I/O output buffers used in the design.
NpL_s is the number of PLLs available in the device.

Standby Mode
Pstat = Ppce
Time Keeping Mode

Pstar = Ppcs
Total Dynamic Power Consumption—Ppyy

SoC Mode

Poyn = PcLock + Ps.ceLL *+ Pc-ceLL + PneT + Pinputs *+ Poutputs + PMEMORY * PpLL *+ Penvm *
PxtL-osc * Prc-osc + Pas * PLpxTaL-osc + Pumss
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SmartFusion DC and Switching Characteristics

Table 2-28 « 1/0O Output Buffer Maximum Resistances’
Applicable to MSS I/0O Banks

RpuLL-powN RpuLi.up
Standard Drive Strength (Q) (Q)
3.3V LVTTL/3.3VLVCMOS 8mA 50 150
2.5V LVCMOS 8 mA 50 100
1.8V LVCMOS 4 mA 100 112
1.5V LVCMOS 2 mA 200 224

Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance
values depend on VCCxxxxIOBx, drive strength selection, temperature, and process. For board design
considerations and detailed output buffer resistances, use the corresponding IBIS models located on the
SoC Products Group website at http://www.microsemi.com/soc/download/ibis/default.aspx.

2. R(PULL-DOWN-MAX) = (VOLSPEC) /lOLspec
3. R(PULL-UP—MAX) = (VCCImax - VOHspec) /IOHspec

Table 2-29 « 1/0 Weak Pull-Up/Pull-Down Resistances
Minimum and Maximum Weak Pull-Up/Pull-Down Resistance Values

Rweak PULL-UP)1 Rweak PULL-DOWN)2
VCCxxxxIOBx Min. Max. Min. Max.
33V 10 k 90 k 10 k 90 k
25V 11k 100 k 12 k 105 k
1.8V 18 k 110 k 17k 150 k
1.5V 19 k 150 k 19 k 180 k

Notes:

1. Rweak puLL-Down-max) = (VOLspec) / liweak puLL-DOWN-MIN)
2. Rweak puLL-up-max) = (VCClmax — VOHspec) / l\yeak puLL-uP-MIN)
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SmartFusion DC and Switching Characteristics

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 /O 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
125°C 1 month

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 « 1/0 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 (110°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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SmartFusion DC and Switching Characteristics

Test Point

Datapath % 35 pF

R=1K
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Figure 2-7 = AC Loading

Table 2-38 «+ AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V)

Input High (V)

Measuring Point* (V)

VRer (typ.) (V) CLoap (PF)

0

3.3

1.4

- 35

Note: *Measuring point = Vy;, See Table 2-22 on page 2-25 for a complete table of trip points.
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SmartFusion DC and Switching Characteristics

Differential I/O Characteristics

Physical Implementation

Configuration of the I/O modules as a differential pair is handled by SoC Products Group Designer
software when the user instantiates a differential 1/O macro in the design.

Differential 1/Os can also be used in conjunction with the embedded Input Register (InReg), Output
Register (OutReg), Enable Register (EnReg), and Double Data Rate (DDR). However, there is no
support for bidirectional I/Os or tristates with the LVPECL standards.

LVDS

Low-Voltage Differential Signaling (ANSI/TIA/EIA-644) is a high-speed, differential I/O standard. It
requires that one data bit be carried through two signal lines, so two pins are needed. It also requires
external resistor termination.

The full implementation of the LVDS transmitter and receiver is shown in an example in Figure 2-12. The
building blocks of the LVDS transmitter-receiver are one transmitter macro, one receiver macro, three
board resistors at the transmitter end, and one resistor at the receiver end. The values for the three driver
resistors are different from those used in the LVPECL implementation because the output standard
specifications are different.

Along with LVDS /O, SmartFusion cSoCs also support bus LVDS structure and multipoint LVDS
(M-LVDS) configuration (up to 40 nodes).

Bourns Part Number: CAT16-LV4F12

FPGA | o / ______ FPGA
OUTBUF_LVDS P 165 O 2 =500 P
IE Zl VY : — INBUF_LVDS
| : %51409 %1009 * -
1165 Q ; Z,=500Q

Figure 2-12 « LVDS Circuit Diagram and Board-Level Implementation

2-42
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SmartFusion DC and Switching Characteristics

B-LVDS/M-LVDS

Bus LVDS (B-LVDS) and Multipoint LVDS (M-LVDS) specifications extend the existing LVDS standard to
high-performance multipoint bus applications. Multidrop and multipoint bus configurations may contain
any combination of drivers, receivers, and transceivers. SoC Products Group LVDS drivers provide the
higher drive current required by B-LVDS and M-LVDS to accommodate the loading. The drivers require
series terminations for better signal quality and to control voltage swing. Termination is also required at
both ends of the bus since the driver can be located anywhere on the bus. These configurations can be
implemented using the TRIBUF_LVDS and BIBUF_LVDS macros along with appropriate terminations.
Multipoint designs using SoC Products Group LVDS macros can achieve up to 200 MHz with a maximum
of 20 loads. A sample application is given in Figure 2-13. The input and output buffer delays are available
in the LVDS section in Table 2-66.

Example: For a bus consisting of 20 equidistant loads, the following terminations provide the required

differential voltage, in worst-case military operating conditions, at the farthest receiver: Rg = 60 Q and
Ry =70 Q, given Zy =50 Q (2") and Zg,, = 50 Q (~1.5").

Receiver Transceiver Driver Receiver Transceiver

= 2 = = <— BIBUF_LVDS

RsSRs RsSRs RsSRs RsSRs

Zstub Zstub Zstub Zstub Zstub Zstub Zstub Zstub
Z Z Z Z Z
0 0 0 0 0
o ) Vo 0 )
A S— |V SN A S—
% Rrz, Z, Z, Z, Z, % Ry
|V A |V A |V A

Figure 2-13 « B-LVDS/M-LVDS Multipoint Application Using LVDS 1/O Buffers

2-44

Revision 2



&S Microsemi

Military Grade SmartFusion Customizable System-on-Chip (cSoC)

VersaTile Characteristics

VersaTile Specifications as a Combinatorial Module

The SmartFusion library offers all combinations of LUT-3 combinatorial functions. In this section, timing
characteristics are presented for a sample of the library. For more details, refer to the IGLOO/e, Fusion,
ProASIC3/E, and SmartFusion Macro Library Guide.

A
Y
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AND2 Y
B_
A

Y

B

&/

A
MAJ3
A— B Y
B— NAND3 —
C_
c

Figure 2-24 « Sample of Combinatorial Cells
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Global Tree Timing Characteristics

Global clock delays include the central rib delay, the spine delay, and the row delay. Delays do not
include I/O input buffer clock delays, as these are 1/O standard—dependent, and the clock may be driven
and conditioned internally by the CCC module. For more details on clock conditioning capabilities, refer
to the "Clock Conditioning Circuits" section on page 2-65. Table 2-81 through Table 2-82 on page 2-62
present minimum and maximum global clock delays for the SmartFusion cSoCs. Minimum and maximum

delays are measured with minimum and maximum loading.

Timing Characteristics

Table 2-81 « A2F500 Global Resource

Worst Military-Case Conditions: T; = 125°C, VCC =1.425V

-1 Std.

Parameter |Description Min." | Max.2 | Min.! | Max.2 | Units
trRekL Input Low Delay for Global Clock 1.61 1.81 1.93 2.17 ns
tRCKH Input High Delay for Global Clock 1.60 1.85 1.92 2.21 ns
trekmPwH | Minimum Pulse Width High for Global Clock | 0.95 1.12 ns
trekmpwL | Minimum Pulse Width Low for Global Clock | 0.93 1.09 ns
trRcksw Maximum Skew for Global Clock 0.25 0.30 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential
element, located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element,
located in a fully loaded row (all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 2-7 on page 2-9 for derating

values.
Table 2-82 + A2F060 Global Resource
Worst Military-Case Conditions: T; = 125°C, VCC =1.425V
-1 Std.
Parameter [Description Min.! | Max.2 | Min.! | Max.2 | Units
tRCKL Input Low Delay for Global Clock 0.78 1.01 0.94 1.21 ns
tRCKH Input High Delay for Global Clock 0.75 1.03 0.90 1.23 ns
trckmpwH  [Minimum Pulse Width High for Global Clock | 0.95 1.12 ns
trekmpwL  [Minimum Pulse Width Low for Global Clock 0.93 1.09 ns
tRCksw Maximum Skew for Global Clock 0.27 0.33 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential
element, located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element,
located in a fully loaded row (all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 2-7 on page 2-9 for derating

values.
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Timing Waveforms
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Figure 2-37 * FIFO Reset
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Figure 2-38 « FIFO EMPTY Flag and AEMPTY Flag Assertion
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Temperature Monitor

Unless otherwise noted, temperature monitor performance is specified with a 2N3904 diode-connected
bipolar transistor from National Semiconductor or Infineon Technologies, nominal power supply voltages,
with the output measured using the internal voltage reference with the internal ADC in 12-bit mode and
62.5 Ksps. After digital compensation. Unless otherwise noted, the specifications pertain to conditions
where the SmartFusion cSoC and the sensing diode are at the same temperature.

Table 2-94 « Temperature Monitor Performance Specifications

Specification Test Conditions Min. | Typical | Max. Units
Input diode temperature range -55 150 °C
233.2 378.15 K
Temperature sensitivity 25 mV/K
Intercept Extrapolated to OK 0 \%
Input referred temperature offset | At 25°C (298.15K) 11 15 °C
error At —55°C to +125°C 2 °C
Gain error Slope of BFSL vs. 2.5 mV/K +1 25 | % nom.
Overall accuracy Peak error from ideal transfer function 12 +3 °C
At -55°C to +125°C 15 °C
Input referred noise At 25°C (298.15K) — no output averaging 4 °C rms
At -55°C to +125°C 6.5 °C rms
Output current Idle mode 100 pA
Final measurement phases 10 pA
Analog settling time Measured to 0.1% of final value, (with
ADC load)
From TM_STB (High) 5 us
From ADC_START (High) 5 105 us
AT parasitic capacitance 500 pF
Power supply rejection ratio DC (0-10 KHz) 1.2 0.7 °CIV
Input referred temperature Variation due to device temperature 0.005 | 0.008 | °C/°C
sensitivity error (—40°C to +100°C). External temperature
sensor held constant.
Temperature monitor (TM) VCC33A 200 MA
oo pover sy e [vocaane "
monitor instance, not including ADC | VCC15A 50 MA
or VAREFx)

Note: All results are based on averaging over 64 samples.
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Analog Bipolar Prescaler (ABPS)

With the ABPS set to its high range setting (GDEC = 00), a hypothetical input voltage in the range —15.36
V to +15.36 V is scaled and offset by the ABPS input amplifier to match the ADC full range of 0 V to 2.56
V using a nominal gain of —-0.08333 V/V. However, due to reliability considerations, the voltage applied to
the ABPS input should never be outside the range of —11.5V to +14.4 V, restricting the usable ADC input
voltage to 2.238 V to 0.080 V and the corresponding 12-bit output codes to the range of 3581 to 128
(decimal), respectively.

Unless otherwise noted, ABPS performance is specified at 25°C with nominal power supply voltages,
with the output measured using the internal voltage reference with the internal ADC in 12-bit mode and
100 KHz sampling frequency, after trimming and digital compensation; and applies to all ranges.

Table 2-97 = ABPS Performance Specifications

Specification Test Conditions Min. Typ. Max. Units
Input voltage range (for driving ADC|GDEC[1:0] = 11 +2.56 \Y,
over its full range) GDEC[1:0] = 10 +5.12 v
GDEC[1:0] = 01 +10.24 \Y
GDEC[1:0] = 00 (limited by See note 1 \Y,
maximum rating)
Analog gain (from input pad to ADC|GDEC[1:0] =11 -0.5 VIV
input) GDEC[1:0] = 10 025 VIV
GDECI[1:0] = 01 -0.125 VIV
GDECI1:0] = 00 —0.0833 VIV
Gain error -2.8 -0.4 0.7 %
—40°C to +100°C -2.8 -0.4 0.7 %
—55°C to +125°C —4 -0.4 4 %
Input referred offset voltage
GDEC[1:0] =11 —-0.31 -0.07 0.31 % FS*
—55°C to +125°C -1.7 1.7 % FS*
GDECI[1:0] =10 -0.34 -0.07 0.34 | %FS*
—55°C to +125°C -1.6 1.6 % FS*
GDEC[1:0] = 01 —-0.61 -0.07 035 | %FS*
—55°C to +125°C -1.6 1.6 % FS*
GDECI[1:0] = 00 -0.39 -0.07 0.35 | % FS*
—-55°C to +125°C -1.6 1.6 % FS*
SINAD 53 56 dB
Non-linearity RMS deviation from BFSL 0.5 % FS*

Note: *FS is full-scale error, defined as the difference between the actual value that triggers the transition to full-scale
and the ideal analog full-scale transition value. Full-scale error equals offset error plus gain error. Refer to the
Analog-to-Digital Converter chapter of the SmartFusion Programmable Analog User's Guide for more
information.
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Analog Sigma-Delta Digital to Analog Converter (DAC)

Unless otherwise noted, sigma-delta DAC performance is specified at 25°C with nominal power supply
voltages, using the internal sigma-delta modulators with 16-bit inputs, HCLK = 100 MHz, modulator
inputs updated at a 100 KHz rate, in voltage output mode with an external 160 pF capacitor to ground,

after trimming and digital [pre-Jcompensation.

Table 2-99 « Analog Sigma-Delta DAC

Specification Test Conditions Min. Typ. Max. | Units
Resolution 8 24 Bits
Output range 0to 2.56 \Y,
Current output mode 0 to 256 MA
Output Impedance 10 12 KQ
Current output mode 10 MQ
Output voltage compliance Current output mode 0-3.0 Vv
—40°C to +100°C 0-2.7 0-3.4 \Y,
Gain error Voltage output mode 0.3 +2 %
—40°C to +100°C 0.3 12 %
—55°C to +125°C 0.3 +6 %
Current output mode 0.3 +2 %
—40°C to +100°C 0.3 12 %
—55°C to +125°C 0.3 +6 %
Output referred offset DACBYTEO = h’00 (8-bit) 0.25 +1 mV
—40°C to +100°C 1 25| mV
Current output mode 0.3 +1 MA
—40°C to +100°C 1 2.5 MA
Integral non-linearity RMS deviation from BFSL 0.1 04 | % FS*
Differential non-linearity 0.05 0.4 | %FS*
Analog settling time Refer to us
Figure 2-44 on
page 2-87
Power supply rejection ratio DC, full scale output 33 34 dB

Note: *FS is full-scale error, defined as the difference between the actual value that triggers the transition to full-scale
and the ideal analog full-scale transition value. Full-scale error equals offset error plus gain error. Refer to the
Analog-to-Digital Converter chapter of the SmartFusion Programmable Analog User’'s Guide for more

information.
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Typical Output Voltage
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Figure 2-45 + Typical Output Voltage
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Figure 2-46 » Load Regulation
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Table 2-102 » I2C Characteristics

Military-Case Conditions: T; = 125°C, VDD = 1.425 V, —1 Speed Grade (continued)

Parameter Definition Condition Value Unit
tsusto | STOP setup time 3 - 1 pclk cycles
triT Maximum spike width filtered - 50 ns
Notes:

1. These maximum values are provided for information only. Minimum output buffer resistance values depend on

VCCxxxxIOBx, drive strength selection, temperature, and process. For board design considerations and detailed output
buffer resistances, use the corresponding IBIS models located on the SoC Products Group website at
http://www.microsemi.com/soc/download/ibis/default.aspx.

These values are provided for a load of 100 pF and 400 pF. For board design considerations and detailed output buffer
resistances, use the corresponding IBIS models located on the SoC Products Group website at
http://www.microsemi.com/soc/download/ibis/default.aspx.

For allowable Pclk configurations, refer to the Inter-Integrated Circuit (IZC) Peripherals section in the SmartFusion
Microcontroller Subsystem User’s Guide.

SDA

SCLJ j\[ tow tion ) 7/—\_/—\ ¥t / [ i \

_____

Trise

tsu:sta S tup;sTA tp;paT tsu;pat

Figure 2-48 « 12C Timing Parameter Definition
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3 — SmartFusion Development Tools

Designing with SmartFusion cSoCs involves three different types of design: FPGA design, embedded
design and analog design. These roles can be filled by three different designers, two designers or even a
single designer, depending on company structure and project complexity.

Types of Design Tools

Microsemi has developed design tools and flows to meet the needs of these three types of designers so
they can work together smoothly on a single project (Figure 3-1).

FPGA Design Embedded Design
. \ Software IDE
Libero; (SoftConsole, Keil, IAR)

OWER

MSS Configurator
MSS Configuration — Analog Configuration

Design Entry and IP Libraries Drivers and Sample Projects
Simulation and Synthesis Application Development
Compile and Layout Build Project
Timing and Power Analysis Simulation
Hardware Debug Software Debug

Y Y

Hardware Interfaces
FlashPro4, ULINK, J-LINK

Figure 3-1 « Three Design Roles

FPGA Design

Libero System-on-Chip (SoC) software is Microsemi’s comprehensive software toolset for designing with
all Microsemi FPGAs and cSoCs. Libero SoC includes industry-leading synthesis, simulation and debug
tools from Synopsys® and Mentor Graphics®, as well as innovative timing and power optimization and
analysis.
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Military Grade SmartFusion Customizable System-on-Chip (cSoC)

Microcontroller Subsystem (MSS)

Polarity/

Name Type Bus Size Description
External Memory Controller
EMC_ABx Out 26 External memory controller address bus

Can also be used as an FPGA user I/O (see "lO" on page 5-5).
EMC_BYTENXx Out LOW/2 External memory controller byte enable

Can also be used as an FPGA user /O (see "IO" on page 5-5).
EMC_CLK Out Rise External memory controller clock

Can also be used as an FPGA user /O (see "IO" on page 5-5).
EMC_CSx_N Out LOW/2 External memory controller chip selects

Can also be used as an FPGA User IO (see "IO" on page 5-5).
EMC_DBx In/out 16 External memory controller data bus

Can also be used as an FPGA user I/O (see "IO" on page 5-5).
EMC_OENx_N Out LOW/2 External memory controller output enables

Can also be used as an FPGA User IO (see "IO" on page 5-5).
EMC_RW_N Out Level External memory controller read/write. Read = High, write = Low.

Can also be used as an FPGA user /O (see "lO" on page 5-5).

Inter-Integrated Circuit (I2C) Peripherals

12C_0_SCL In/out 1 I2C bus serial clock output. First 12C.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
12C_0_SDA In/out 1 12C bus serial data input/output. First 12C.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
12C_1_SCL In/out 1 12C bus serial clock output. Second 12C.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
12C_1_SDA In/out 1 I2C bus serial data input/output. Second 1C.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
Serial Peripheral Interface (SPI) Controllers

SPI_0_CLK Out 1 Clock. First SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_0_DI In 1 Data input. First SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_0_DO Out 1 Data output. First SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_0_SS Out 1 Slave select (chip select). First SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_ 1 CLK Out 1 Clock. Second SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_1 DI In 1 Data input. Second SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
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Pin Descriptions

Polarity/
Name Type Bus Size Description
SPI_1_DO Out 1 Data output. Second SPI.
Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
SPI_1_SS Out 1 Slave select (chip select). Second SPI.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).

Universal Asynchronous Receiver/Transmitter (UART) Peripherals

UART_0_RXD In 1 Receive data. First UART.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
UART_0_TXD Out 1 Transmit data. First UART.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
UART_1_RXD In 1 Receive data. Second UART.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
UART_1_TXD Out 1 Transmit data. Second UART.

Can also be used as an MSS GPIO (see "GPIO_x" on page 5-5).
Ethernet MAC
MAC_CLK In Rise Receive clock. 50 MHz + 50 ppm clock source received from RMII PHY.

Can be left floating when unused.
MAC_CRSDV In High Carrier sense/receive data valid for RMIl PHY

Can also be used as an FPGA User IO (see "IO" on page 5-5).
MAC_MDC Out Rise RMII management clock

Can also be used as an FPGA User IO (see "lO" on page 5-5).
MAC_MDIO In/Out 1 RMII management data input/output

Can also be used as an FPGA User IO (see "|O" on page 5-5).
MAC_RXDx In 2 Ethernet MAC receive data. Data recovered and decoded by PHY. The

RXD[0] signal is the least significant bit.

Can also be used as an FPGA User |/O (see "IO" on page 5-5).
MAC_RXER In HIGH Ethernet MAC receive error. If MACRX_ER is asserted during reception,

the frame is received and status of the frame is updated with

MACRX_ER.

Can also be used as an FPGA user /O (see "lO" on page 5-5).
MAC_TXDx Out 2 Ethernet MAC transmit data. The TXD[0] signal is the least significant

bit.

Can also be used as an FPGA user /O (see "lO" on page 5-5).
MAC_TXEN Out HIGH Ethernet MAC transmit enable. When asserted, indicates valid data for

the PHY on the TXD port.
Can also be used as an FPGA User I/O (see "IO" on page 5-5).
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Pin Descriptions

FG484 FG484
Pin Pin
Number A2F500 Function Number A2F500 Function
J3 EMC_DB[4]/GEAOQ/IO78NDB5V0 K18 GDA1/1040PDB1V0
J4 EMC_DB[3]/GEC2/I077PPB5V0 K19 GDAO0/I040NDB1V0
J5 VCCFPGAIOB5 K20 GDC1/I038PDB1V0
J6 GFAO0/I081NDB5V0 K21 GDCO0/I038NDB1V0
J7 VCCFPGAIOB5 K22 GND
J8 GND L1 I073PDB5V0
J9 VCC L2 I073NDB5V0
J10 GND L3 I072PPB5V0
J11 VCC L4 GND
J12 GND L5 I074NPB5V0
J13 vVCcC L6 I075NDB5V0
J14 GND L7 VCCFPGAIOBS5
J15 VCC L8 GND
J16 GND L9 VCC
J17 1037PDB1V0 L10 GND
J18 VCCFPGAIOB1 L11 VCC
J19 GCAO0/I036NDB1V0 L12 GND
J20 GCA1/I036PDB1V0 L13 VCC
J21 GCC1/1035PPB1V0 L14 GND
J22 GCB1/I034PDB1V0 L15 VCC
K1 GND L16 GND
K2 EMC_DB[0]/GEA2/I076NDB5V0 L17 GNDQ
K3 EMC_DB[1]/GEB2/I076PDB5V0 L18 GDA2/I042NDB1V0
K4 I074PPB5V0 L19 VCCFPGAIOB1
K5 EMC_DB[2]/IO77NPB5V0 L20 GDB1/I039PDB1V0
K6 I075PDB5V0 L21 GDBO0/IO39NDB1V0
K7 GND L22 GDC2/1041PDB1V0
K8 VCcC M1 1071PDB5V0
K9 GND M2 I071NDB5V0
K10 VCC M3 VCCFPGAIOB5
K11 GND M4 I072NPB5V0
K12 VCC M5 GNDQ
K13 GND M6 1068PDB5V0
K14 VCC M7 GND
K15 GND M8 VCC
K16 VCCFPGAIOB1 M9 GND
K17 I0O37NDB1V0 M10 VCC
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