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&S Microsemi

1 — Fusion Device Family Overview

Introduction

The Fusion mixed signal FPGA satisfies the demand from system architects for a device that simplifies
design and unleashes their creativity. As the world’s first mixed signal programmable logic family, Fusion
integrates mixed signal analog, flash memory, and FPGA fabric in a monolithic device. Fusion devices
enable designers to quickly move from concept to completed design and then deliver feature-rich
systems to market. This new technology takes advantage of the unique properties of Microsemi
flash-based FPGAs, including a high-isolation, triple-well process and the ability to support high-voltage
transistors to meet the demanding requirements of mixed signal system design.

Fusion mixed signal FPGAs bring the benefits of programmable logic to many application areas,
including power management, smart battery charging, clock generation and management, and motor
control. Until now, these applications have only been implemented with costly and space-consuming
discrete analog components or mixed signal ASIC solutions. Fusion mixed signal FPGAs present new
capabilities for system development by allowing designers to integrate a wide range of functionality into a
single device, while at the same time offering the flexibility of upgrades late in the manufacturing process
or after the device is in the field. Fusion devices provide an excellent alternative to costly and
time-consuming mixed signal ASIC designs. In addition, when used in conjunction with the ARM
Cortex-M1 processor, Fusion technology represents the definitive mixed signal FPGA platform.

Flash-based Fusion devices are Instant On. As soon as system power is applied and within normal
operating specifications, Fusion devices are working. Fusion devices have a 128-bit flash-based lock and
industry-leading AES decryption, used to secure programmed intellectual property (IP) and configuration
data. Fusion devices are the most comprehensive single-chip analog and digital programmable logic
solution available today.

To support this new ground-breaking technology, Microsemi has developed a series of major tool
innovations to help maximize designer productivity. Implemented as extensions to the popular Microsemi
Libero® System-on-Chip (SoC) software, these new tools allow designers to easily instantiate and
configure peripherals within a design, establish links between peripherals, create or import building
blocks or reference designs, and perform hardware verification. This tool suite will also add
comprehensive hardware/software debug capability as well as a suite of utilities to simplify development
of embedded soft-processor-based solutions.

General Description

The Fusion family, based on the highly successful ProASIC®3 and ProASIC3E flash FPGA architecture,
has been designed as a high-performance, programmable, mixed signal platform. By combining an
advanced flash FPGA core with flash memory blocks and analog peripherals, Fusion devices
dramatically simplify system design and, as a result, dramatically reduce overall system cost and board
space.

The state-of-the-art flash memory technology offers high-density integrated flash memory blocks,
enabling savings in cost, power, and board area relative to external flash solutions, while providing
increased flexibility and performance. The flash memory blocks and integrated analog peripherals enable
true mixed-mode programmable logic designs. Two examples are using an on-chip soft processor to
implement a fully functional flash MCU and using high-speed FPGA logic to offer system and power
supervisory capabilities. Instant On, and capable of operating from a single 3.3 V supply, the Fusion
family is ideally suited for system management and control applications.

The devices in the Fusion family are categorized by FPGA core density. Each family member contains
many peripherals, including flash memory blocks, an analog-to-digital-converter (ADC), high-drive
outputs, both RC and crystal oscillators, and a real-time counter (RTC). This provides the user with a
high level of flexibility and integration to support a wide variety of mixed signal applications. The flash
memory block capacity ranges from 2 Mbits to 8 Mbits. The integrated 12-bit ADC supports up to 30
independently configurable input channels.
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CCC and PLL Characteristics

Timing Characteristics

Table 2-12 « Fusion CCC/PLL Specification

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Parameter Min. Typ. Max. Unit
Clock Conditioning Circuitry Input Frequency fiy_ccc 1.5 350 MHz
Clock Conditioning Circuitry Output Frequency fout ccc 0.75 350 MHz
Delay Increments in Programmable Delay Blocks 2 1603 ps
Number of Programmable Values in Each Programmable 32
Delay Block
Input Period Jitter 1.5 ns
CCC Output Peak-to-Peak Period Jitter Fcec out Max Peak-to-Peak Period Jitter
1 Global 3 Global
Network Networks
Used Used
0.75 MHz to 24 MHz 1.00% 1.00%
24 MHz to 100 MHz 1.50% 1.50%
100 MHz to 250 MHz 2.25% 2.25%
250 MHz to 350 MHz 3.50% 3.50%
Acquisition Time LockControl =0 300 Ms
LockControl =1 6.0 ms
Tracking Jitter LockControl = 0 1.6 ns
LockControl = 1 0.8 ns
Output Duty Cycle 48.5 51.5 %
Delay Range in Block: Programmable Delay 1 12 0.6 5.56 ns
Delay Range in Block: Programmable Delay 2 1.2 0.025 5.56 ns
Delay Range in Block: Fixed Delay 1,2 2.2 ns

Notes:

1. This delay is a function of voltage and temperature. See Table 3-7 on page 3-9 for deratings.

2. T;=25°C,vVCC=15V

3. When the CCC/PLL core is generated by Microsemi core generator software, not all delay values of the specified delay
increments are available. Refer to the Libero SoC Online Help associated with the core for more information.

4. Tracking jitter is defined as the variation in clock edge position of PLL outputs with reference to PLL input clock edge.
Tracking jitter does not measure the variation in PLL output period, which is covered by period jitter parameter.
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Device Architecture

Real-Time Counter (part of AB macro)

The RTC is a 40-bit loadable counter and used as the primary timekeeping element (Figure 2-29). The
clock source, RTCCLK, must come from the CLKOUT signal of the crystal oscillator. The RTC can be
configured to reset itself when a count value reaches the match value set in the Match Register.

The RTC is part of the Analog Block (AB) macro. The RTC is configured by the analog configuration
MUX (ACM). Each address contains one byte of data. The circuitry in the RTC is powered by VCC33A,
so the RTC can be used in standby mode when the 1.5 V supply is not present.

Real-Time Counter

ACM
Registers

Xt model1:0] o prexTLMODE:0]
»| Control Status Xtalen RrexTLSEL
< MatchBits Reg |-
1.5V to
<« > Ee?,; -< > Match Reg
Shifter |
o Counter P —» RTCMATCH
- Read-Hold Reg | o
— RTCPSMMATCH
> Counter Reg
Crystal Prescaler )
RTCCLK = FrrooLx Divide by 128 —»| 40-Bit Counter

Figure 2-29 «

RTC Block Diagram

Table 2-14 « RTC Signal Description

Signal Name Width | Direction Function

RTCCLK 1 In Must come from CLKOUT of XTLOSC.

RTCXTLMODE[1:0]| 2 Out |Controlled by xt_mode in CTRL_STAT. Signal must connect to the
RTC_MODE signal in XTLOSC, as shown in Figure 2-27.

RTCXTLSEL 1 Out |Controlled by xtal_en from CTRL_STAT register. Signal must connect to
RTC_MODE signal in XTLOSC in Figure 2-27.

RTCMATCH 1 Out  |Match signal for FPGA
0 — Counter value does not equal the Match Register value.
1 — Counter value equals the Match Register value.

RTCPSMMATCH 1 Out [Same signal as RTCMATCH. Signal must connect to RTCPSMMATCH in

VRPSM, as shown in Figure 2-27.

The 40-bit counter can be preloaded with an initial value as a starting point by the Counter Register. The
count from the 40-bit counter can be read through the same set of address space. The count comes from
a Read-Hold Register to avoid data changing during read. When the counter value equals the Match
Register value, all Match Bits Register values will be OxFFFFFFFFFF. The RTCMATCH and
RTCPSMMATCH signals will assert. The 40-bit counter can be configured to automatically reset to
0x0000000000 when the counter value equals the Match Register value. The automatic reset does not
apply if the Match Register value is 0x0000000000. The RTCCLK has a prescaler to divide the clock by
128 before it is used for the 40-bit counter. Below is an example of how to calculate the OFF time.
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Device Architecture

33V OFF —e 3.3 V Pbwer Supply ON/OFF= 33V ON

VINITSTATE =0
And PUB =1
And TRST =0 Sleep Mode Standby Mode
> 3.3V On, 3.3V On,
VREN Disabled RTC Enabled
VREN Disabled
*RTCPSMMATCH =1
OrPUB =0
PUB =0 Or TRST =1
ggF\/sotaflft,e or TRST =1
PUB Pull-Up,

TRST Pull-Down,

VREN Disabled VRPU =0

And PUB =1
And TRST =0

Normal Operation
3.3Von,
VREN Enable

\/

VRINITSTATE =1

— VRPU =0
o TRST = 1 And PUB = 1
And TRST =0
And *RTC: CTRL_STAT:
xtal_en =1

3.3V ON, 1.5V ON (VR on)

Note: * To enter and exit standby mode without any external stimulus on PUB or TRST, the vr_en_mat in the
CTRL_STAT register must also be set to 1, so that RTCPSMMATCH will assert when a match occurs; hence the
device exits standby mode.

Figure 2-31 « State Diagram for All Different Power Modes

When TRST is 1 or PUB is 0, the 1.5V voltage regulator is always ON, putting the Fusion device in
normal operation at all times. Therefore, when the JTAG port is not in reset, the Fusion device cannot
enter sleep mode or standby mode.

To enter standby mode, the Fusion device must first power-up into normal operation. The RTC is enabled
through the RTC Control/Status Register described in the "Real-Time Counter (part of AB macro)"
section on page 2-33. A match value corresponding to the wake-up time is loaded into the Match
Register. The 1.5 V voltage regulator is disabled by setting VRPU to 0 to allow the Fusion device to enter
standby mode, when the 1.5V supply is off but the RTC remains on.
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Device Architecture

Table 2-25 « Flash Memory Block Timing (continued)

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425 V

Parameter Description -2 -1 Std. | Units
tsUPGLOSSPRO Page Loss Protect Setup Time for the Control Logic 1.69 1.93 2.27 ns
tHDPGLOSSPRO Page Loss Protect Hold Time for the Control Logic 0.00 0.00 0.00 ns
tsupGSTAT Page Status Setup Time for the Control Logic 2.49 2.83 3.33 ns
tHDPGSTAT Page Status Hold Time for the Control Logic 0.00 0.00 0.00 ns
tSUOVERWRPG Over Write Page Setup Time for the Control Logic 1.88 2.14 2.52 ns
tHDOVERWRPG Over Write Page Hold Time for the Control Logic 0.00 0.00 0.00 ns
tSULOCKREQUEST Lock Request Setup Time for the Control Logic 0.87 0.99 1.16 ns
tHDLOCKREQUEST Lock Request Hold Time for the Control Logic 0.00 0.00 0.00 ns
tRECARNVM Reset Recovery Time 0.94 1.07 1.25 ns
tREMARNVM Reset Removal Time 0.00 0.00 0.00 ns
S PWARNYM ésynchrono'us Reset Minimum Pulse Width for the| 10.00 12.50 | 12.50 ns

ontrol Logic
tMPWCLKNVM Clock Minimum Pulse Width for the Control Logic 4.00 5.00 5.00 ns
Maximum Frequency for Clock for the Control Logic —for| 80.00 | 80.00 | 80.00 | MHz
ALK AFS1500/AFS600
Maximum Frequency for Clock for the Control Logic — for| 100.00 | 80.00 | 80.00 | MHz
AFS250/AFS090
FlashROM

Fusion devices have 1 kbit of on-chip nonvolatile flash memory that can be read from the FPGA core
fabric. The FlashROM is arranged in eight banks of 128 bits during programming. The 128 bits in each
bank are addressable as 16 bytes during the read-back of the FlashROM from the FPGA core (Figure 2-
45).

The FlashROM can only be programmed via the IEEE 1532 JTAG port. It cannot be programmed directly
from the FPGA core. When programming, each of the eight 128-bit banks can be selectively
reprogrammed. The FlashROM can only be reprogrammed on a bank boundary. Programming involves
an automatic, on-chip bank erase prior to reprogramming the bank. The FlashROM supports a
synchronous read and can be read on byte boundaries. The upper three bits of the FlashROM address
from the FPGA core define the bank that is being accessed. The lower four bits of the FlashROM
address from the FPGA core define which of the 16 bytes in the bank is being accessed.

The maximum FlashROM access clock is given in Table 2-26 on page 2-54. Figure 2-46 shows the
timing behavior of the FlashROM access cycle—the address has to be set up on the rising edge of the
clock for DOUT to be valid on the next falling edge of the clock.

If the address is unchanged for two cycles:
» DO becomes invalid tckoq ns after the second rising edge of the clock.
+ DO becomes valid again tckoq Nns after the second falling edge.

If the address unchanged for three cycles:
» DO becomes invalid tckoq ns after the second rising edge of the clock.
+ DO becomes valid again tckoq Nns after the second falling edge.
» DO becomes invalid tckoq ns after the third rising edge of the clock.
» DO becomes valid again tckoq ns after the third falling edge.
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RAM4K?9 Description

RAM4K9

— ADDRA11 DOUTAS8 |—
— ADDRA10 DOUTA7 —

ADDRAO DOUTAQ (—
DINA8
DINA7

DINAO

WIDTHA1
WIDTHAO
PIPEA

WMODEA
BLKA

WENA
>CLKA

ADDRB11 DOUTB8|—
ADDRB10 DOUTB7|—
L]

P.\DDRBO DOUTBO—

PYSEEN

DINB8
DINB7

DINBO

WIDTHB1
WIDTHBO
PIPEB
WMODEB
BLKB
WENB

> CLKB

PYSINEN

RESET

T

Figure 2-48 - RAM4K9
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Device Architecture

RAMS512X18 exhibits slightly different behavior from RAM4K9, as it has dedicated read and write ports.

WW and RW
These signals enable the RAM to be configured in one of the two allowable aspect ratios (Table 2-30).

Table 2-30 * Aspect Ratio Settings for WW[1:0]

WWI[1:0] RWI[1:0] DxW

01 01 512x9

10 10 256%18

00, 11 00, 11 Reserved
WD and RD
These are the input and output data signals, and they are 18 bits wide. When a 512x9 aspect ratio is
used for write, WD[17:9] are unused and must be grounded. If this aspect ratio is used for read, then
RD[17:9] are undefined.
WADDR and RADDR
These are read and write addresses, and they are nine bits wide. When the 256x18 aspect ratio is used
for write or read, WADDRJ[8] or RADDR([8] are unused and must be grounded.
WCLK and RCLK
These signals are the write and read clocks, respectively. They are both active high.
WEN and REN
These signals are the write and read enables, respectively. They are both active low by default. These
signals can be configured as active high.
RESET
This active low signal resets the output to zero, disables reads and/or writes from the SRAM block, and
clears the data hold registers when asserted. It does not reset the contents of the memory.
PIPE
This signal is used to specify pipelined read on the output. A Low on PIPE indicates a nonpipelined read,
and the data appears on the output in the same clock cycle. A High indicates a pipelined read, and data
appears on the output in the next clock cycle.
Clocking
The dual-port SRAM blocks are only clocked on the rising edge. SmartGen allows falling-edge-triggered
clocks by adding inverters to the netlist, hence achieving dual-port SRAM blocks that are clocked on
either edge (rising or falling). For dual-port SRAM, each port can be clocked on either edge or by
separate clocks, by port.
Fusion devices support inversion (bubble pushing) throughout the FPGA architecture, including the clock
input to the SRAM modules. Inversions added to the SRAM clock pin on the design schematic or in the
HDL code will be automatically accounted for during design compile without incurring additional delay in
the clock path.
The two-port SRAM can be clocked on the rising edge or falling edge of WCLK and RCLK.
If negative-edge RAM and FIFO clocking is selected for memory macros, clock edge inversion
management (bubble pushing) is automatically used within the Fusion development tools, without
performance penalty.
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Fusion Family of Mixed Signal FPGAs

Modes of Operation
There are two read modes and one write mode:

Read Nonpipelined (synchronous—1 clock edge): In the standard read mode, new data is driven
onto the RD bus in the same clock cycle following RA and REN valid. The read address is
registered on the read port clock active edge, and data appears at RD after the RAM access time.
Setting PIPE to OFF enables this mode.

Read Pipelined (synchronous—2 clock edges): The pipelined mode incurs an additional clock
delay from the address to the data but enables operation at a much higher frequency. The read
address is registered on the read port active clock edge, and the read data is registered and
appears at RD after the second read clock edge. Setting PIPE to ON enables this mode.

Write (synchronous—1 clock edge): On the write clock active edge, the write data is written into
the SRAM at the write address when WEN is High. The setup times of the write address, write
enables, and write data are minimal with respect to the write clock. Write and read transfers are
described with timing requirements in the "SRAM Characteristics" section on page 2-63 and the
"FIFO Characteristics" section on page 2-72.

RAM Initialization

Each SRAM block can be individually initialized on power-up by means of the JTAG port using the
UJTAG mechanism (refer to the "JTAG IEEE 1532" section on page 2-229 and the Fusion SRAM/FIFO
Blocks application note). The shift register for a target block can be selected and loaded with the proper
bit configuration to enable serial loading. The 4,608 bits of data can be loaded in a single operation.
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Device Architecture

SRAM Characteristics
Timing Waveforms
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Figure 2-50 « RAM Read for Flow-Through Output. Applicable to both RAM4K9 and RAM512x18.
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Figure 2-51 « RAM Read for Pipelined Output. Applicable to both RAM4K9 and RAM512x18.
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The optimal setting for the system running at 66 MHz with an ADC for 10-bit mode chosen is shown in
Table 2-47:

Table 2-47 » Optimal Setting at 66 MHz in 10-Bit Mode

TVCI7:0] =1 = 0x01
STC[7:0] =3 = 0x03
MODE[3:0] =b'0100 = 0x4*
Note:

No power-down after every conversion is chosen in this case; however, if the application is power-sensitive,
the MODE[2] can be set to '0', as described above, and it will not affect any performance.

Timing Diagrams

teaL = 3,840 typeoik”

SYSCLK /_/_\_/
tREEEER tReMCLR /_/_\_
ADCRESET
tsutve| thotve
Tverro | |
jgngCAL E(_)KZQCAL
CALIBRATE

Note: *Referto EQ 15 on page 2-107 for the calculation on the period of ADCCLK, tapccrk-

Figure 2-89 « Power-Up Calibration Status Signal Timing Diagram
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Device Architecture

Table 2-50 « ADC Characteristics in Direct Input Mode (continued)
Commercial Temperature Range Conditions, T; = 85°C (unless noted otherwise),

Typical: VCC33A=3.3V,VCC=15V

Parameter Description Condition Min. Typ. Max. Units
Dynamic Performance
SNR Signal-to-Noise Ratio 8-bit mode 48.0 49.5 dB
10-bit mode 58.0 60.0 dB
12-bit mode 62.9 64.5 dB
SINAD Signal-to-Noise Distortion 8-bit mode 47.6 49.5 dB
10-bit mode 57.4 59.8 dB
12-bit mode 62.0 64.2 dB
THD Total Harmonic 8-bit mode -74.4 -63.0 dBc
Distortion
10-bit mode -78.3 -63.0 dBc
12-bit mode -77.9 —-64.4 dBc
ENOB Effective Number of Bits 8-bit mode 7.6 7.9 bits
10-bit mode 9.5 9.6 bits
12-bit mode 10.0 10.4 bits
Conversion Rate
Conversion Time 8-bit mode 1.7 us
10-bit mode 1.8 us
12-bit mode 2 us
Sample Rate 8-bit mode 600 Ksps
10-bit mode 550 Ksps
12-bit mode 500 Ksps
Notes:

1. Accuracy of the external reference is 2.56 V + 4.6 mV.
2. Data is based on characterization.

3. The sample rate is time-shared among active analog inputs.

2-121
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Table 2-54 « ACM Address Decode Table for Analog Quad (continued)

ACMADDR [7:0] in Associated
Decimal Name Description Peripheral
73 MATCHREG1 Match register bits 15:8 RTC
74 MATCHREG2 Match register bits 23:16 RTC

75 MATCHREG3 Match register bits 31:24 RTC

76 MATCHREG4 Match register bits 39:32 RTC

80 MATCHBITSO0 Individual match bits 7:0 RTC

81 MATCHBITS1 Individual match bits 15:8 RTC

82 MATCHBITS2 Individual match bits 23:16 RTC

83 MATCHBITS3 Individual match bits 31:24 RTC

84 MATCHBITS4 Individual match bits 39:32 RTC

88 CTRL_STAT Control (write) / Status (read) register bits RTC

7:0
Note: ACMADDR bytes 1 to 40 pertain to the Analog Quads; bytes 64 to 89 pertain to the RTC.

ACM Characteristics

ACMCLK / \ / \

o e,
ACMWEN XX/ NXXXKXXCKXXXKXXXKXXXXKXXXKXXXKXXXXX XXXXCKXXCKXXXHKKXXXXX

t:swi L_tHDACM
ACMWDATA I‘IOIOI’ KRR KRR KKK KKRRRKKRN D T XKKXKXKKKXXKKKKXXKKRX
|t

AcnARDRESXXXX A0 XXXORRIX AT XXXKIKKK

Figure 2-97 « ACM Write Waveform

tMF’WCLKACM

ACMCLK

/ \
ACMADDRESS IOIOIOIO0IOIOIOIOIOIOIOIOIOIOIOIOIOIOIOEIOIO0IOXOIOIOIOXOIOIOIOIOIOEIOIOBOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOXO

i loikaacw
| ——P

AomroATA. RXKXXRXKRXRXKRX RE0 AR

><]

Figure 2-98 « ACM Read Waveform

1. When addressing the RTC addresses (i.e., ACMADDR 64 to 89), there is no timing generator, and the rc_osc, byte_en, and
aq_wen signals have no impact.
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Table 2-73 « Maximum I/O Frequency for Single-Ended, Voltage-Referenced, and Differential |/Os;
All /0 Bank Types (maximum drive strength and high slew selected)

Specification Performance Up To
LVTTL/LVCMOS 3.3 V 200 MHz
LVCMOS 2.5V 250 MHz
LVCMOS 1.8 V 200 MHz
LVCMOS 1.5V 130 MHz
PCI 200 MHz
PCI-X 200 MHz
HSTL-I 300 MHz
HSTL-II 300 MHz
SSTL2-I 300 MHz
SSTL2-1I 300 MHz
SSTL3- 300 MHz
SSTL3-II 300 MHz
GTL+3.3V 300 MHz
GTL+ 25V 300 MHz
GTL3.3V 300 MHz
GTL2.5V 300 MHz
LVDS 350 MHz
LVPECL 300 MHz
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Electrostatic Discharge (ESD) Protection

Fusion devices are tested per JEDEC Standard JESD22-A114-B.

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

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

By selecting the appropriate 1/0O configuration, the diode is turned on or off. Refer to Table 2-75 and
Table 2-76 on page 2-143 for more information about I/O standards and the clamp diode.

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

Table 2-75 « Fusion Standard and Advanced I/O — Hot-Swap and 5 V Input Tolerance Capabilities

Clamp Diode Hot Insertion 5V Input Tolerance !
1/0 Assignment Input Output
g Standard | Advanced | Standard | Advanced | Standard | Advanced Buffer Buffer
1/10 110 110 /10 1[e] 110
3.3V LVTTL/LVCMOS No Yes Yes No Yes' Yes' Enabled/Disabled
3.3V PCI, 3.3V PCI-X N/A Yes N/A No N/A Yes' Enabled/Disabled
LVCMOS 2.5V No Yes Yes No No No Enabled/Disabled
LVCMOS 25V /5.0V N/A Yes N/A No N/A Yes? Enabled/Disabled
LVCMOS 1.8V No Yes Yes No No No Enabled/Disabled
LVCMOS 1.5V No Yes Yes No No No Enabled/Disabled
Differential, N/A Yes N/A No N/A No Enabled/Disabled
LVDS/BLVDS/M-
LVDS/ LVPECL 3
Notes:

1. Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
2. Can be implemented with an external resistor and an internal clamp diode.

3. Bidirectional LVPECL buffers are not supported. I/Os can be configured as either input buffers or output buffers.

Table 2-76 * Fusion Pro 1/0O — Hot-Swap and 5 V Input Tolerance Capabilities

Clamp Hot 5V Input
1/0 Assignment Diode | Insertion | Tolerance | Input Buffer | Output Buffer
3.3 VLVTTL/LVCMOS No Yes Yes' Enabled/Disabled
3.3V PCI, 3.3V PCI-X Yes No Yes' Enabled/Disabled
LVCMOS 2.5V 3 No Yes No Enabled/Disabled
LVCMOS 2.5V /5.0V 3 Yes No Yes? Enabled/Disabled
LVCMOS 1.8V No Yes No Enabled/Disabled
LVCMOS 1.5V No Yes No Enabled/Disabled
Voltage-Referenced Input Buffer No Yes No Enabled/Disabled
Differential, LVDS/BLVDS/M-LVDS/LVPECL* No Yes No Enabled/Disabled

Notes:
1. Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
2. Can be implemented with an external resistor and an internal clamp diode.

3. In the SmartGen, FlashROM, Flash Memory System Builder, and Analog System Builder User Guide, select the
LVCMOQOS5 macro for the LVCMOQOS 2.5 V / 5.0 V I/O standard or the LVCMOS25 macro for the LVCMOQOS 2.5 V I/O
standard.

4. Bidirectional LVPECL buffers are not supported. I/Os can be configured as either input buffers or output buffers.
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2.5VLVCMOS

Low-Voltage CMOS for 2.5V is an extension of the LVCMOS standard (JESD8-5) used for general-
purpose 2.5 V applications.

Table 2-110 « Minimum and Maximum DC Input and Output Levels

2.5V

LVCMOS VIL VIH VOL VOH |[IOL [IOH| 10SL | I0SH | 1L | 1IH?
Drive Min. Max. Min. Max. Max. Min. Max. Max.

Strength Y, ', Y, ', Y, v mA |mA| mA3 | mA3 |pA%|pA?
Applicable to Pro I/O Banks

4 mA -0.3 0.7 1.7 3.6 0.7 1.7 4 4 18 16 10 | 10
8 mA -0.3 0.7 1.7 3.6 0.7 1.7 8 8 37 32 10 | 10
12 mA -0.3 0.7 1.7 3.6 0.7 1.7 12 | 12 74 65 10 | 10
16 mA -0.3 0.7 1.7 3.6 0.7 1.7 16 | 16 87 83 10 | 10
24 mA -0.3 0.7 1.7 3.6 0.7 1.7 24 | 24 124 169 | 10 | 10
Applicable to Advanced I/0 Banks

2 mA -0.3 0.7 1.7 2.7 0.7 1.7 2 2 18 16 10 | 10
4 mA -0.3 0.7 1.7 2.7 0.7 1.7 4 4 18 16 10 | 10
6 mA -0.3 0.7 1.7 2.7 0.7 1.7 6 6 37 32 10 | 10
8 mA -0.3 0.7 1.7 2.7 0.7 1.7 8 8 37 32 10 | 10
12 mA -0.3 0.7 1.7 2.7 0.7 1.7 12 | 12 74 65 10 | 10
16 mA -0.3 0.7 1.7 2.7 0.7 1.7 16 | 16 87 83 10 | 10
24 mA -0.3 0.7 1.7 2.7 0.7 1.7 24 | 24 124 169 | 10 | 10
Applicable to Standard I/0 Banks

2 mA -0.3 0.7 1.7 3.6 0.7 1.7 2 2 18 16 10 | 10
4 mA -0.3 0.7 1.7 3.6 0.7 1.7 4 4 18 16 10 | 10
6 mA -0.3 0.7 1.7 3.6 0.7 1.7 6 6 37 32 10 | 10
8 mA -0.3 0.7 1.7 3.6 0.7 1.7 8 8 37 32 10 | 10
Notes:

1. lIL is the input leakage current per I/O pin over recommended operation conditions where —0.3 V < VIN < VIL.
2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is
larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
Currents are measured at 85°C junction temperature.
5. Software default selection highlighted in gray.

A

R=1k Rto VCClfort 7/t /t7 g
Test Point Rto GND for tiyz / tz14/ tzns

Enable Path 35 pF fOr tZH / tZHS / tZL/ tZLS
T 35 pF for ty /1, 7

Test Point

Data Path T 35 pF

Figure 2-120 + AC Loading

Table 2-111 - AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) CLoap (PF)
0 25 1.2 - 35

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
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Table 2-121 < 1.8 V LVCMOS High Slew

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=1.7V

Applicable to Pro I/Os

Drive Speed
Strength | Grade | tpoyt | top | toin | tey | teys [teout| tzu | tzn | tiz | thz | tzis | tzws |Units
2mA Std. | 0.66 [12.10| 0.04 | 145 | 1.91 [ 043 | 9.59 (1210 2.78 | 1.64 | 11.83|14.34| ns
-1 0.56 [10.30| 0.04 [ 1.23 | 1.62 | 0.36 | 8.16 [10.30| 2.37 | 1.39 | 10.06 |12.20| ns
-2 049 [ 9.04 | 0.03 [ 1.08 | 1.42 [ 0.32 | 7.16 | 9.04 | 2.08 | 1.22 | 883 |10.71| ns
4 mA Std. | 0.66 | 7.05 | 0.04 | 145 | 191 | 043 | 6.20 | 7.05 | 3.25 | 2.86 | 8.44 | 9.29 ns
-1 0.56 | 6.00 | 0.04 | 1.23 | 162 | 0.36 | 528 | 6.00 | 2.76 | 244 | 7.18 | 7.90 ns
-2 049 | 527 | 0.03 | 1.08 | 142 | 0.32 | 463 | 527 | 243 | 2.14 | 6.30 | 6.94 ns
8 mA Std. | 0.66 | 452 | 0.04 | 145 | 1.91 | 043 | 447 | 452 | 3.57 | 3.47 | 6.70 | 6.76 ns
—1 0.56 | 3.85 | 0.04 | 1.23 | 162 | 0.36 | 3.80 | 3.85 [ 3.04 | 295 | 5.70 | 5.75 ns
-2 049 | 3.38 | 0.03 | 1.08 | 142 | 0.32 | 3.33 | 3.38 | 2.66 | 2.59 | 5.00 | 5.05 ns
12 mA Std. | 0.66 | 4.12 | 0.04 | 145 | 1.91 | 043 | 420 | 3.99 | 3.63 | 3.62 | 6.43 | 6.23 ns
-1 0.56 | 3.51 | 0.04 | 1.23 | 162 | 0.36 | 3.57 | 3.40 | 3.09 | 3.08 | 5.47 | 5.30 ns
-2 049 | 3.08 | 0.03 [ 1.08 | 142 (032|314 (298 | 271 | 271 | 4.81 | 4.65 ns
16 mA Std. | 066 | 3.80 | 0.04 | 145 | 191 [ 043 | 3.87 | 3.09 | 3.73 | 4.24 | 6.10 | 5.32 ns
-1 056 | 323|004 123|162 (036|329 (263|318 | 3.60 | 5.19 | 4.53 ns
-2 049 [ 283 | 0.03 108|142 (032|289 (231|279 | 3.16 | 456 | 3.98 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-9.
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Ps.ceLL = Ns.ceLL * (PACS + (04 / 2) * PAC6) * F¢

Ns.ceLL is the number of VersaTiles used as sequential modules in the design. When a multi-tile
sequential cell is used, it should be accounted for as 1.

QL4 is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-16 on page 3-27.
FcLk is the global clock signal frequency.

Standby Mode and Sleep Mode
Pscelt =0W
Combinatorial Cells Dynamic Contribution—P¢_cg;;
Operating Mode
PccewL = Ne-ceLl™ (aq/2) * PACT * Fg «
Nc.ceLL is the number of VersaTiles used as combinatorial modules in the design.

a4 is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-16 on page 3-27.
FcLk is the global clock signal frequency.

Standby Mode and Sleep Mode
PcceLt =0W
Routing Net Dynamic Contribution—Pygt

Operating Mode

PneT = (Ns.ceLL + Necer) * (Ot /2) * PAC8 * Fe «
Ns_ceLL is the number VersaTiles used as sequential modules in the design.
Nc.ceLL is the number of VersaTiles used as combinatorial modules in the design.
a4 is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-16 on page 3-27.
FcLk is the global clock signal frequency.

Standby Mode and Sleep Mode
Pner=0W
/O Input Buffer Dynamic Contribution—Pypy1s
Operating Mode
PinpuTs = NinpuTs * (Ql2 / 2) * PACO * Fok
NinpuTs IS the number of I/O input buffers used in the design.

QL, is the 1/0O buffer toggle rate—guidelines are provided in Table 3-16 on page 3-27.
FcLk is the global clock signal frequency.

Standby Mode and Sleep Mode
Pinputs =0 W

/O Output Buffer Dynamic Contribution—Poy1pyts
Operating Mode

Poutputs = Noutputs * (02 / 2) * B4 * PAC10 * Fo ¢
NouTpuTs is the number of I/0 output buffers used in the design.
L, is the I/O buffer toggle rate—guidelines are provided in Table 3-16 on page 3-27.
B1 is the 1/0 buffer enable rate—guidelines are provided in Table 3-17 on page 3-27.
FcLk is the global clock signal frequency.

Standby Mode and Sleep Mode
Poutputs =0 W
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FG256
Pin Number AFS090 Function AFS250 Function AFS600 Function AFS1500 Function

R5 AVO AVO AV2 AV2
R6 ATO ATO AT2 AT2
R7 AV1 AV1 AV3 AV3
R8 AT3 AT3 AT5 AT5
R9 AV4 Av4 AV6 AV6
R10 NC AT5 AT7 AT7
R11 NC AV5 AV7 AV7
R12 NC NC AT9 AT9
R13 NC NC AG9 AG9
R14 NC NC AC9 AC9
R15 PUB PUB PUB PUB
R16 VCCIB1 VCCIB1 VCCIB2 VCCIB2
T1 GND GND GND GND
T2 NCAP NCAP NCAP NCAP
T3 VCC33N VCC33N VCC33N VCC33N
T4 NC NC ATRTNO ATRTNO
T5 AT1 AT1 AT3 AT3
T6 ATRTNO ATRTNO ATRTN1 ATRTN1
T7 AT2 AT2 AT4 AT4
T8 ATRTN1 ATRTN1 ATRTN2 ATRTN2
T9 AT4 AT4 AT6 AT6
T10 ATRTN2 ATRTN2 ATRTN3 ATRTN3
T11 NC NC AT8 AT8
T12 NC NC ATRTN4 ATRTN4
T13 GNDA GNDA GNDA GNDA
T14 VCC33A VCC33A VCC33A VCC33A
T15 VAREF VAREF VAREF VAREF
T16 GND GND GND GND
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FG484 FG484
Pin Pin
Number | AFS600 Function | AFS1500 Function Number | AFS600 Function | AFS1500 Function

B5 IO05NDBOVO IO04NDBOVO Cc18 VCCIB1 VCCIB1

B6 1005PDB0OVO I004PDBO0OVO C19 VCOMPLB VCOMPLB

B7 GND GND C20 GBA2/1030PDB2V0 | GBA2/1044PDB2V0
B8 IO10NDBOV1 IO09NDBOV1 C21 NC 1048PSB2V0

B9 I013PDB0OV1 1011PDBOV1 C22 GBB2/I031PDB2V0 | GBB2/I045PDB2V0
B10 GND GND D1 I082NDB4V0 10121NDB4V0
B11 I017NDB1V0 I024NDB1V0 D2 GND GND

B12 I018NDB1V0 I026NDB1V0 D3 I083NDB4V0 [0123NDB4V0
B13 GND GND D4 GAC2/I083PDB4V0 | GAC2/10123PDB4V0
B14 1021NDB1V0 IO31NDB1V1 D5 GAA2/I085PDB4V0 | GAA2/I0125PDB4V0
B15 1021PDB1V0 1031PDB1V1 D6 GACO0/IO03NDB0OV0 | GACO/IO03NDBOVO
B16 GND GND D7 GAC1/I003PDBOVO | GAC1/I003PDBOV0O
B17 GBC1/1026PDB1V1 | GBC1/I040PDB1V2 D8 IO09NDBOV1 I010NDBOV1
B18 GBA1/1028PDB1V1 | GBA1/1042PDB1V2 D9 I009PDBO0OV1 1010PDBOV1
B19 GND GND D10 I0O11NDBOV1 1014NDB0OV2
B20 VCCPLB VCCPLB D11 I016NDB1V0 1023NDB1V0
B21 GND GND D12 1016PDB1V0 1023PDB1V0
B22 VCC NC D13 NC I032NPB1V1

C1 1082PDB4V0 10121PDB4V0 D14 I023NDB1V1 I034NDB1V1

C2 NC 10122PSB4V0 D15 1023PDB1V1 1034PDB1V1

C3 IO00NDBOVO IOOONDBOVO D16 1025PDB1V1 1037PDB1V2
C4 I000PDBOVO I000PDBOVO D17 GBB1/1027PDB1V1 | GBB1/I041PDB1V2
C5 VCCIBO VCCIBO D18 VCCIB2 VCCIB2

C6 I006NDBOVO IO05NDBOV1 D19 NC 1047PPB2V0
c7 1006PDB0OVO I005PDB0OV1 D20 I030NDB2V0 1044NDB2V0
C8 VCCIBO VCCIBO D21 GND GND

C9 I013NDBOV1 I011NDBOV1 D22 I031NDB2V0 1045NDB2V0
c10 1011PDB0OV1 I014PDB0OV2 E1 I081NDB4V0 I0120NDB4V0
Cc11 VCCIBO VCCIBO E2 1081PDB4V0 10120PDB4V0
Cc12 VCCIB1 VCCIB1 E3 VCCIB4 VCCIB4

C13 I020NDB1V0 IO29NDB1V1 E4 GAB2/1084PDB4V0 | GAB2/I0124PDB4V0
C14 I020PDB1V0 1029PDB1V1 E5 I085NDB4V0 I0125NDB4V0
C15 VCCIB1 VCCIB1 E6 GND GND
c16 1025NDB1V1 IO37NDB1V2 E7 VCCIBO VCCIBO
c17 GBB0/I027NDB1V1 | GBBO/IO41NDB1V2 ES8 NC I008NDBOV1
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Revision Changes Page
Advance v0.8 This sentence was updated in the "No-Glitch MUX (NGMUX)" section to delete GLA: 2-32
(continued) The GLMUXCFG[1:0] configuration bits determine the source of the CLK inputs (i.e.,

internal signal or GLC).
In Table 2-13 « NGMUX Configuration and Selection Table, 10 and 11 were deleted. 2-32

The method to enable sleep mode was updated for bit 0 in Table 2-16 « RTC 2-38
Control/Status Register.

S2 was changed to D2 in Figure 2-39 « Read Waveform (Pipe Mode, 32-bit access) 2-51
for RD[31:0] was updated.

The definitions for bits 2 and 3 were updated in Table 2-24 < Page Status Bit 2-52

Definition.
Figure 2-46 « FlashROM Timing Diagram was updated. 2-58
Table 2-26 « FlashROM Access Time is new. 2-58

Figure 2-55 « Write Access After Write onto Same Address, Figure 2-56 ¢+ Read| 2-68-
Access After Write onto Same Address, and Figure 2-57 « Write Access After Read 2-70
onto Same Address are new.

Table 2-31 « RAM4K9 and Table 2-32 « RAM512X18 were updated. 2-71,2-72
The VAREF and SAMPLE functions were updated in Table 2-36 * Analog Block Pin 2-82
Description.

The title of Figure 2-72 < Timing Diagram for Current Monitor Strobe was updated to 2-91
add the word "positive."

The "Gate Driver" section was updated to give information about the switching rate 2-94
in High Current Drive mode.

The "ADC Description" section was updated to include information about the| 2-102
SAMPLE and BUSY signals and the maximum frequencies for SYSCLK and
ADCCLK. EQ 2 was updated to add parentheses around the entire expression in the
denominator.

Table 2-46 - Analog Channel Specifications and Table 2-47 - ADC Characteristics in| 2-118,
Direct Input Mode were updated. 2-121

The note was removed from Table 2-55 < Analog Multiplexer Truth Table—AV (x =0),| 2-131
AC (x = 1), and AT (x = 3).

Table 2-63 ¢ Internal Temperature Monitor Control Truth Table is new. 2-132

The "Cold-Sparing Support" section was updated to add information about cases| 2-143
where current draw can occur.

Figure 2-104 -« Solution 4 was updated. 2-147
Table 2-75 » Fusion Standard 1/O Standards—OUT_DRIVE Settings was updated. 2-153

The "GNDA Ground (analog)" section and "GNDAQ Ground (analog quiet)" section| 2-224
were updated to add information about maximum differential voltage.

The "Varer Analog Reference Voltage" section and "VPUMP Programming Supply | 2-226
Voltage" section were updated.

The "Veepag PLL Supply Voltage" section was updated to include information| 2-225
about the east and west PLLs.

The VcompLr Pin description was deleted. N/A

The "Axy Analog Input/Output" section was updated with information about| 2-226
grounding and floating the pin.

Revision 6 5-12



