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Fusion Device Family Overview

Specifying I/O States During Programming

You can modify the I/O states during programming in FlashPro. In FlashPro, this feature is supported for
PDB files generated from Designer v8.5 or greater. See the FlashPro User Guide for more information.

Note:

PDB files generated from Designer v8.1 to Designer v8.4 (including all service packs) have
limited display of Pin Numbers only.

The I/Os are controlled by the JTAG Boundary Scan register during programming, except for the analog
pins (AC, AT and AV). The Boundary Scan register of the AG pin can be used to enable/disable the gate
driver in software v9.0.

1. Load a PDB from the FlashPro GUI. You must have a PDB loaded to modify the I/O states during
programming.

2. From the FlashPro GUI, click PDB Configuration. A FlashPoint — Programming File Generator
window appears.

3. Click the Specify I/0 States During Programming button to display the Specify /O States
During Programming dialog box.

4. Sort the pins as desired by clicking any of the column headers to sort the entries by that header.
Select the I/Os you wish to modify (Figure 1-3).

5. Set the I/0 Output State. You can set Basic 1/O settings if you want to use the default I/O settings

for your pins, or use Custom 1/O settings to customize the settings for each pin. Basic I/O state
settings:

1—1/O is set to drive out logic High
0 —1/O is set to drive out logic Low

Last Known State — 1/O is set to the last value that was driven out prior to entering the
programming mode, and then held at that value during programming

Z -Tri-State: 1/O is tristated

Specify I/0 States During Programming
Load from file. .. Save ta file... [™ show BSR Details
Port Hame Macro Cell Pin Humber 1/0 State [Output Only]) j
BIST ADLIB:INBUF T2 1
BvPASS_I0 ADLIB:INBUF K1 1
CLK ADLIB:INBUF B1 1
ENOUT ADLIB:INBUF J16 1
LED ADLIB:OUTBUF M3 a
MONITOR[O] ADLIB:OUTBUF ES a
MOMITOR[] ADLIB:OUTBUF c7 d
MOMITOR[Z] ADLIB:OUTBUF k] d
MONITOR[3] ADLIB:OUTBUF D7 d
MOMITOR[4] ADLIB:OUTBUF A11 d
OEa ADLIB:INBUF E4 d
OEb ADLIB:INBUF F1 d
OS5C_EN ADLIB:INBUF K3 d
PAD[10] ADLIB:BIBUF_LYCMOS33U ME d
PAD[11] ADLIB:BIBUF_LYCMOS33D R? d
PAD[12] ADLIB:BIBUF_LYCMOS33U D11 d
PAD[13] ADLIB:BIBUF_LYCMOS33D c12 d
PAD[14] ADLIB:BIBUF_LYCMOS33U RE d LI
Help | OF I Cancel |

Figure 1-3 ¢

1/0 States During Programming Window

6.

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

1/0 States During programming are saved to the ADB and resulting programming files after completing
programming file generation.
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Device Architecture

Global Resource Characteristics

AFS600 VersaNet Topology

Clock delays are device-specific. Figure 2-15 is an example of a global tree used for clock routing. The
global tree presented in Figure 2-15 is driven by a CCC located on the west side of the AFS600 device. It
is used to drive all D-flip-flops in the device.

Central

Pz Global Rib

cee VersaTile

/ Rows

N\ N\

Global Spine

v

Figure 2-15 « Example of Global Tree Use in an AFS600 Device for Clock Routing
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Fusion Family of Mixed Signal FPGAs

Global Buffers with No Programmable Delays

The CLKBUF and CLKBUF_LVPECL/LVDS macros are composite macros that include an I/O macro
driving a global buffer, hardwired together (Figure 2-20).

The CLKINT macro provides a global buffer function driven by the FPGA core.

The CLKBUF, CLKBUF_LVPECL/LVDS, and CLKINT macros are pass-through clock sources and do not
use the PLL or provide any programmable delay functionality.

Many specific CLKBUF macros support the wide variety of single-ended and differential 1/0 standards
supported by Fusion devices. The available CLKBUF macros are described in the /IGLOO, ProASIC3,
SmartFusion and Fusion Macro Library Guide.

Clock Source Clock Conditioning Output
GLA
CLKBUF_LVDS/LVPECL Macro CLKBUF Macro CLKINT Macro or
PADN_|Z|j None GLB
PADP—|Z Y PADlE D Y A D Y o
GLC

Figure 2-20 « Global Buffers with No Programmable Delay
Global Buffers with Programmable Delay

The CLKDLY macro is a pass-through clock source that does not use the PLL, but provides the ability to
delay the clock input using a programmable delay (Figure 2-21 on page 2-25). The CLKDLY macro takes
the selected clock input and adds a user-defined delay element. This macro generates an output clock
phase shift from the input clock.

The CLKDLY macro can be driven by an INBUF macro to create a composite macro, where the 1/O
macro drives the global buffer (with programmable delay) using a hardwired connection. In this case, the
1/O must be placed in one of the dedicated global I/O locations.

Many specific INBUF macros support the wide variety of single-ended and differential I/O standards
supported by the Fusion family. The available INBUF macros are described in the IGLOO, ProASICS3,
SmartFusion and Fusion Macro Library Guide.

The CLKDLY macro can be driven directly from the FPGA core.

The CLKDLY macro can also be driven from an I/O that is routed through the FPGA regular routing
fabric. In this case, users must instantiate a special macro, PLLINT, to differentiate from the hardwired
1/0 connection described earlier.

The visual CLKDLY configuration in the SmartGen part of the Libero SoC and Designer tools allows the
user to select the desired amount of delay and configures the delay elements appropriately. SmartGen
also allows the user to select the input clock source. SmartGen will automatically instantiate the special
macro, PLLINT, when needed.
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No-Glitch MUX

Positioned downstream from the PLL/CCC blocks, the NGMUX provides a special switching sequence
between two asynchronous clock domains that prevents generating any unwanted narrow clock pulses.
The NGMUX is used to switch the source of a global between three different clock sources. Allowable
inputs are either two PLL/CCC outputs or a PLL/CCC output and a regular net, as shown in Figure 2-24.
The GLMUXCFG[1:0] configuration bits determine the source of the CLK inputs (i.e., internal signal or
GLC). These are set by SmartGen during design but can also be changed by dynamically reconfiguring
the PLL. The GLMUXSEL[1:0] bits control which clock source is passed through the NGMUX to the global

network (GL). See Tabl

(NGMUX)

e 2-13.

Crystal Oscillator

RC Oscillator
W VO Ring
CCC/PLL
.
—
Clock 1/0s g

From FPGA Core

GLMUXSEL[1:0]

To Clock Rib Driver

Figure 2-24 « NGMUX

Table 2-13 « NGMUX Configuration and Selection Table

GLMUXCFG[1:0] GLMUXSEL[1:0] Selected Input Signal MUX Type
X GLA

00 2-to-1 GLMUX
X GLC
X GLA

01 2-to-1 GLMUX
X GLINT
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Fusion Family of Mixed Signal FPGAs

Data operations are performed in widths of 1 to 4 bytes. A write to a location in a page that is not already
in the Page Buffer will cause the page to be read from the FB Array and stored in the Page Buffer. The
block that was addressed during the write will be put into the Block Buffer, and the data written by WD will
overwrite the data in the Block Buffer. After the data is written to the Block Buffer, the Block Buffer is then
written to the Page Buffer to keep both buffers in sync. Subsequent writes to the same block will
overwrite the Block Buffer and the Page Buffer. A write to another block in the page will cause the
addressed block to be loaded from the Page Buffer, and the write will be performed as described
previously.

The data width can be selected dynamically via the DATAWIDTH input bus. The truth table for the data
width settings is detailed in Table 2-21. The minimum resolvable address is one 8-bit byte. For data
widths greater than 8 bits, the corresponding address bits are ignored—when DATAWIDTH = 0 (2 bytes),
ADDR][0] is ignored, and when DATAWIDTH = '10" or '11' (4 bytes), ADDR[1:0] are ignored. Data pins are
LSB-oriented and unused WD data pins must be grounded.

Table 2-21 - Data Width Settings

DATAWIDTHI[1:0] Data Width
00 1 byte [7:0]
01 2 byte [15:0]
10, 11 4 bytes [31:0]

Table 2-22 -

Flash Memory Block Protection

Page Loss Protection

When the PAGELOSSPROTECT pin is set to logic 1, it prevents writes to any page other than the
current page in the Page Buffer until the page is either discarded or programmed.

A write to another page while the current page is Page Loss Protected will return a STATUS of "11'.

Overwrite Protection

Any page that is Overwrite Protected will result in the STATUS being set to '01' when an attempt is made
to either write, program, or erase it. To set the Overwrite Protection state for a page, set the
OVERWRITEPROTECT pin when a Program operation is undertaken. To clear the Overwrite Protect
state for a given page, an Unprotect Page operation must be performed on the page, and then the page
must be programmed with the OVERWRITEPROTECT pin cleared to save the new page.

LOCKREQUEST

The LOCKREQUEST signal is used to give the user interface control over simultaneous access of the FB
from both the User and JTAG interfaces. When LOCKREQUEST is asserted, the JTAG interface will hold
off any access attempts until LOCKREQUEST is deasserted.

Flash Memory Block Operations

FB Operation Priority
The FB provides for priority of operations when multiple actions are requested simultaneously.
Table 2-22 shows the priority order (priority 0 is the highest).

FB Operation Priority

Operation

Priority

System Initialization 0

FB Reset

Read

Write

Erase Page

Program

Unprotect Page

Discard Page

N O O B W] N =
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Fusion Family of Mixed Signal FPGAs

The following signals are used to configure the RAM4K9 memory element.

WIDTHA and WIDTHB
These signals enable the RAM to be configured in one of four allowable aspect ratios (Table 2-27).

Table 2-27 « Allowable Aspect Ratio Settings for WIDTHA[1:0]

WIDTHA1, WIDTHAO WIDTHB1, WIDTHBO DxW
00 00 4kx1

01 01 2kx2
10 10 1kx4

1 1 512x9
Note: The aspect ratio settings are constant and cannot be changed on the fly.

BLKA and BLKB

These signals are active low and will enable the respective ports when asserted. When a BLKXx signal is
deasserted, the corresponding port’s outputs hold the previous value.

WENA and WENB

These signals switch the RAM between read and write mode for the respective ports. A Low on these
signals indicates a write operation, and a High indicates a read.

CLKA and CLKB

These are the clock signals for the synchronous read and write operations. These can be driven
independently or with the same driver.

PIPEA and PIPEB

These signals are used to specify pipelined read on the output. A Low on PIPEA or PIPEB indicates a
nonpipelined read, and the data appears on the corresponding output in the same clock cycle. A High
indicates a pipelined, read and data appears on the corresponding output in the next clock cycle.

WMODEA and WMODEB

These signals are used to configure the behavior of the output when the RAM is in write mode. A Low on
these signals makes the output retain data from the previous read. A High indicates pass-through
behavior, wherein the data being written will appear immediately on the output. This signal is overridden
when the RAM is being read.

RESET

This active low signal resets the output to zero, disables reads and writes from the SRAM block, and
clears the data hold registers when asserted. It does not reset the contents of the memory.

ADDRA and ADDRB

These are used as read or write addresses, and they are 12 bits wide. When a depth of less than 4 k is
specified, the unused high-order bits must be grounded (Table 2-28).

Table 2-28 + Address Pins Unused/Used for Various Supported Bus Widths

ADDRXx

DxwW

Unused Used
4kx1 None [11:0]
2kx2 [11] [10:0]
1kx4 [11:10] [9:0]
512%9 [11:9] [8:0]
Note: The "x"in ADDRx implies A or B.
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Voltage Monitor

&S Microsemi

Fusion Family of Mixed Signal FPGAs

The Fusion Analog Quad offers a robust set of voltage-monitoring capabilities unique in the FPGA
industry. The Analog Quad comprises three analog input pads— Analog Voltage (AV), Analog Current
(AC), and Analog Temperature (AT)—and a single gate driver output pad, Analog Gate (AG). There are
many common characteristics among the analog input pads. Each analog input can be configured to
connect directly to the input MUX of the ADC. When configured in this manner (Figure 2-66), there will be
no prescaling of the input signal. Care must be taken in this mode not to drive the ADC into saturation by
applying an input voltage greater than the reference voltage. The internal reference voltage of the ADC is
2.56 V. Optionally, an external reference can be supplied by the user. The external reference can be a

maximum of 3.3V DC.

Off-Chip

AV AC
Pads & Voltage Current
Monitor Block Monitor Block
On-Chip
Analog Quad
| Prescaler | Prescaler
- Digital - Digital
Input Input
- Current
$>-| Monitor / Instr
Amplifier
Y
To FPGA To FPGA
(DACOUTX)

(DAVOUTX)
Y

To Analog MUX

AG AT
_x Gate m Temperature
Driver Monitor Block
»| Prescaler
Power
MOSFET Digital
Gate Dri
ate Driver ~ Input
Temperature
. Monitor
From FPGA To FPGA
(GDONX)

To Analog MUX

(DATOUTX)
Y

To Analog MUX

Figure 2-66 + Analog Quad Direct Connect

The Analog Quad offers a wide variety of prescaling options to enable the ADC to resolve the input
signals. Figure 2-67 shows the path through the Analog Quad for a signal that is to be prescaled prior to
conversion. The ADC internal reference voltage and the prescaler factors were selected to make both
prescaling and postscaling of the signals easy binary calculations (refer to Table 2-57 on page 2-130 for
details). When an analog input pad is configured with a prescaler, there will be a 1 MQ resistor to ground.
This occurs even when the device is in power-down mode. In low power standby or sleep mode (VCC is
OFF, VCC33A is ON, VCCI is ON) or when the resource is not used, analog inputs are pulled down to
ground through a 1 MQ resistor. The gate driver output is floating (or tristated), and there is no extra
current on VCC33A.

These scaling factors hold true whether the particular pad is configured to accept a positive or negative
voltage. Note that whereas the AV and AC pads support the same prescaling factors, the AT pad
supports a reduced set of prescaling factors and supports positive voltages only.

Revision 6
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Current Monitor
The Fusion Analog Quad is an excellent element for voltage- and current-monitoring applications. In
addition to supporting the same functionality offered by the AV pad, the AC pad can be configured to
monitor current across an external sense resistor (Figure 2-70). To support this current monitor function,
a differential amplifier with 10x gain passes the amplified voltage drop between the AV and AC pads to
the ADC. The amplifier enables the user to use very small resistor values, thereby limiting any impact on
the circuit. This function of the AC pad does not limit AV pad operation. The AV pad can still be
configured for use as a direct voltage input or scaled through the AV prescaler independently of it's use
as an input to the AC pad’s differential amplifier.

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Off-Chip

On-Chip

Power W\,
—_—
AV AC
Pads Eﬂ Voltage _Eﬂ Current
Monitor Block Monitor Block
Analog Quad
—»—| Prescaler —» Prescaler

Digital
Input

Digital
Input

- Current

Amplifier

-1 Monitor / Instr

Y
To FPGA
(DAVOUTX) V

To Analog MUX

To FPGA
(DACOUTX)

G
_X Gate

Driver

Power
MOSFET
Gate Driver

From FPGA
(GDONX)

To Analog MUX

AT

E Temperature

Monitor Block

| Prescaler

Digital
1 Input

Monitor

Temperature

(DATOUTX)

To FPGA

To Analog MUX

Figure 2-70 « Analog Quad Current Monitor Configuration
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Fusion Family of Mixed Signal FPGAs

Analog Configuration MUX

The ACM is the interface between the FPGA, the Analog Block configurations, and the real-time counter.
Microsemi Libero SoC will generate IP that will load and configure the Analog Block via the ACM.
However, users are not limited to using the Libero SoC IP. This section provides a detailed description of
the ACM's register map, truth tables for proper configuration of the Analog Block and RTC, as well as
timing waveforms so users can access and control the ACM directly from their designs.

The Analog Block contains four 8-bit latches per Analog Quad that are initialized through the ACM.
These latches act as configuration bits for Analog Quads. The ACM block runs from the core voltage
supply (1.5 V).

Access to the ACM is achieved via 8-bit address and data busses with enables. The pin list is provided in
Table 2-36 on page 2-78. The ACM clock speed is limited to a maximum of 10 MHz, more than sufficient
to handle the low-bandwidth requirements of configuring the Analog Block and the RTC (sub-block of the
Analog Block).

Table 2-54 decodes the ACM address space and maps it to the corresponding Analog Quad and
configuration byte for that quad.

Table 2-54 « ACM Address Decode Table for Analog Quad

ACMADDR [7:0] in Associated
Decimal Name Description Peripheral
0 - - Analog Quad
1 AQO Byte 0 Analog Quad
2 AQO Byte 1 Analog Quad
3 AQO Byte 2 Analog Quad
4 AQO Byte 3 Analog Quad
5 AQ1 Byte 0 Analog Quad
Analog Quad
36 AQ8 Byte 3 Analog Quad
37 AQ9 Byte 0 Analog Quad
38 AQ9 Byte 1 Analog Quad
39 AQ9 Byte 2 Analog Quad
40 AQ9 Byte 3 Analog Quad
41 Undefined Analog Quad
Undefined Analog Quad
63 Undefined RTC
64 COUNTERO Counter bits 7:0 RTC
65 COUNTER1 Counter bits 15:8 RTC
66 COUNTER2 Counter bits 23:16 RTC
67 COUNTERS3 Counter bits 31:24 RTC
68 COUNTER4 Counter bits 39:32 RTC
72 MATCHREGO Match register bits 7:0 RTC
Revision 6 2-126
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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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5 V Output Tolerance

Fusion I/Os must be set to 3.3 V LVTTL or 3.3 V LVCMOS mode to reliably drive 5 V TTL receivers. It is
also critical that there be NO external 1/O pull-up resistor to 5 V, since this resistor would pull the I/O pad
voltage beyond the 3.6 V absolute maximum value and consequently cause damage to the 1/O.

When set to 3.3V LVTTL or 3.3V LVCMOS mode, Fusion I/Os can directly drive signals into 5V TTL
receivers. In fact, VOL = 0.4 Vand VOH =24V in both 3.3V LVTTL and 3.3 V LVCMOS modes exceed
the VIL=0.8 V and VIH = 2V level requirements of 5V TTL receivers. Therefore, level '1' and level '0’
will be recognized correctly by 5 V TTL receivers.

Simultaneously Switching Outputs and PCB Layout

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

» Ground bounce noise voltage = L(GND) * di/dt
+ VCCI dip noise voltage = L(VCCI) * di/dt

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

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

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

Key issues that need to considered are as follows:
* Power and ground plane design and decoupling network design
+ Transmission line reflections and terminations
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SSTL3 Class |

Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). Fusion devices support Class
I. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 2-162 « Minimum and Maximum DC Input and Output Levels

SSTL3 Class | VIL VIH VOL VOH IOL |IOH | IOSL | I0SH | L' | nH2
Drive Min. Max. Min. Max. | Max. Min. Max. | Max.

Strength \Y; v v ' ' ', mA [ mA | mA3 | mA3 | pA* | pA?
14 mA -0.3 |VREF -0.2|[VREF +0.2| 3.6 0.7 |VCCI-11| 14 | 14 54 51 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. llH 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.
4. Currents are measured at 85°C junction temperature.

VTT
SSTL3
Class | 50
Test Point
25

T 30 pF

Table 2-163 + AC Waveforms, Measuring Points, and Capacitive Loads

Figure 2-132 + AC Loading

Input Low (V) Input High (V) Measuring Point* (V) | VREF (typ.) (V) | VTT (typ.) (V) | CLoap (PF)
VREF -0.2 VREF + 0.2 15 15 1.485 30

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.

Timing Characteristics

Table 2-164 « SSTL3 Class |

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI=3.0V,VREF=15V

Speed

Grade | tpoyr | top toin tey | teout | tzL tzy tz twz | tzs | tzas | Units
Std. 0.66 2.31 0.04 1.25 0.43 2.35 1.84 4.59 4.07 ns
-1 0.56 1.96 0.04 1.06 0.36 2.00 1.56 3.90 3.46 ns
-2 0.49 1.72 0.03 0.93 0.32 1.75 1.37 3.42 3.04 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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DC and Power Characteristics

Table 3-5 « FPGA Programming, Storage, and Operating Limits

Product Storage Grade Programming
Grade Temperature Element Cycles Retention
Commercial Min. T; =0°C FPGA/FlashROM 500 20 years
Max. T, = 85°C Embedded Flash < 1,000 20 years
<10,000 10 years
< 15,000 5 years
Industrial Min. T; = —-40°C FPGA/FlashROM 500 20 years
Max. T; = 100°C Embedded Flash < 1,000 20 years
<10,000 10 years
< 15,000 5 years

I/0 Power-Up and Supply Voltage Thresholds for Power-On Reset
(Commercial and Industrial)

Sophisticated power-up management circuitry is designed into every Fusion device. These circuits
ensure easy transition from the powered off state to the powered up state of the device. The many
different supplies can power up in any sequence with minimized current spikes or surges. In addition, the
1/0 will be in a known state through the power-up sequence. The basic principle is shown in Figure 3-1
on page 3-6.
There are five regions to consider during power-up.
Fusion 1/Os are activated only if ALL of the following three conditions are met:

1. VCC and VCCI are above the minimum specified trip points (Figure 3-1).

2. VCCI>VCC -0.75V (typical).

3. Chip is in the operating mode.
V¢ Trip Point:
Ramping up: 0.6 V < trip_point_up < 1.2V
Ramping down: 0.5 V < trip_point_down < 1.1 V
V¢ Trip Point:
Ramping up: 0.6 V < trip_point_ up < 1.1V
Ramping down: 0.5 V < trip_point_down <1V

VCC and VCCI ramp-up trip points are about 100 mV higher than ramp-down trip points. This specifically
built-in hysteresis prevents undesirable power-up oscillations and current surges. Note the following:

» During programming, 1/0Os become tristated and weakly pulled up to VCCI.

» JTAG supply, PLL power supplies, and charge pump VPUMP supply have no influence on I/O
behavior.

Internal Power-Up Activation Sequence
1. Core
2. Input buffers
3. Output buffers, after 200 ns delay from input buffer activation

PLL Behavior at Brownout Condition

Microsemi recommends using monotonic power supplies or voltage regulators to ensure proper power-
up behavior. Power ramp-up should be monotonic at least until VCC and VCCPLX exceed brownout
activation levels. The V¢ activation level is specified as 1.1 V worst-case (see Figure 3-1 on page 3-6
for more details).

When PLL power supply voltage and/or VCC levels drop below the VCC brownout levels
(0.75V £ 0.25 V), the PLL output lock signal goes low and/or the output clock is lost.

3-5
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Fusion Family of Mixed Signal FPGAs

Table 3-9 « AFS600 Quiescent Supply Current Characteristics

Parameter Description Conditions Temp. Min | Typ | Max | Unit
icc! 1.5V quiescent current Operational standby4, T,=25°C 13 25 | mA
VCC =1.575V T,=85C 20 | 45 | mA
T,=100°C 25 | 75 | mA
Standby mode® or Sleep 0 0 | pA
mode®, VCC =0V
ICC332 3.3 V analog supplies Operational standby4, T,=25°C 98 | 13 | mA
current VCC33=3.63V T,=85°C 1071 12 1 mA
T,=100°C 10.8| 15 | mA
Operational standby, T;=25°C 0.31 2 mA
o o e e 9V [Tymew | [oss| 2 [mA
T,=100°C 045| 2 mA
Standby mode®, T,=25°C 28 | 36 | mA
VCC33 =3.63V T,=85°C 29 7 | mA
T,=100°C 3.5 6 | mA
Sleep mode®, Va3 =363V | T;=25°C 17 | 19 | pA
T,=85°C 18 | 20 | pA
T,=100°C 24 | 25 | pA
Iccl® 1/0 quiescent current Operational standby4, T,=25°C 417 | 648 | PA
VCCIx=3.63V T,=85C 417 | 648 | pA
T,=100°C 417 | 649 | pA
IJTAG JTAG 1/O quiescent current |Operational standby4, T;=25°C 80 | 100 | pA
VJTAG = 3.63V T,=85°C 80 | 100 | pA
T,=100°C 80 | 100 | pA
Standby mode® or Sleep 0 0 | pA

mode®, VUITAG =0 V

Notes:

1. ICC is the 1.5 V power supplies, ICC and ICC15A.

2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.
3. ICClincludes all ICCIO, ICCI1, ICCI2, and ICCI4.
4

Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

XTAL is configured as high gain, VCC = VUTAG = VPUMP =0 V.
Sleep Mode, VCC = VUTAG = VPUMP =0 V.

o O
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Fusion Family of Mixed Signal FPGAs

Table 3-10 « AFS250 Quiescent Supply Current Characteristics

Parameter Description Conditions Temp. Min | Typ | Max | Unit
icct 1.5V quiescent current Operational standby4, T,=25°C 48 | 10 | mA
VCC =1.575V T,=85C 82 | 30 | mA
T,=100°C 15 | 50 | mA
Standby mode® or Sleep 0 0 | pA
mode®, VCC =0V
ICC332 3.3 V analog supplies Operational standby4, T,=25°C 98 | 13 | mA
current VCC33=3.63V T,=85°C 98 | 14 | mA
T,=100°C 10.8| 15 | mA
Operational standby, only T;=25°C 029 2 mA
procguasand 53V, [T=owe] Jow | 7 [m
T,=100°C 045| 2 mA
Standby mode®, VCC33 =3.63V | T, = 25°C 29| 3.0 | mA
T,=85°C 29| 31 | mA
T,=100°C 3.5 6 mA
Sleep mode®, VCC33 =363V | T,;=25C 19 [ 18 | pA
T,=85°C 19 | 20 | pA
T,=100°C 24 | 25 | pA
Iccl® 1/0 quiescent current Operational standby6, T,=25°C 266 | 437 | PA
VCCIx=3.63V T,=85C 266 | 437 | pA
T,=100°C 266 | 437 | pA
IJTAG JTAG 1/O quiescent current |Operational standby4, T;=25°C 80 | 100 | pA
VJTAG = 3.63V T,=85°C 80 | 100 | uA
T,=100°C 80 | 100 | pA
Standby mode® or Sleep 0 0 | pA

mode®, VUITAG =0 V

Notes:

1. ICC is the 1.5 V power supplies, ICC, ICCPLL, ICC15A, ICCNVM.
2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.

3. ICClincludes all ICCIO, ICCI1, and ICCI2.
4

Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

XTAL is configured as high gain, VCC = VUTAG = VPUMP =0 V.
Sleep Mode, VCC = VJUTA G = VPUMP =0 V.

o o
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Table 3-11 « AFS090 Quiescent Supply Current Characteristics

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Parameter Description Conditions Temp. Min | Typ | Max | Unit
icct 1.5V quiescent current Operational standby4, T,=25°C 5 75 [ mA
VCC =1.575V T,=85C 65 | 20 | mA
T,=100°C 14 | 48 | mA
Standby mode® or Sleep 0 0 | pA
mode®, Vo =0V
ICC332 3.3 V analog supplies Operational standby4, T,=25°C 98 | 12 | mA
current VCC33=3.63V T,=85°C 98 1 12 | mA
T,=100°C 10.7| 15 | mA
Operational standby, only T;=25°C 030 2 mA
procg uasend 53V, [T=owe] ow| 7 [m
T,=100°C 045| 2 mA
Standby mode®, T,=25°C 29 | 29 | mA
VCC33 =363V T,=85°C 29 | 30 [ mA
T,=100°C 3.5 6 | mA
Sleep mode®, VCC33=363V |T,=25C 17 18 | pA
T,=85°C 18 | 20 | pA
T,=100°C 24 | 25 | pA
Iccl® I/O quiescent current Operational standby6, T,=25°C 260 | 437 | PA
VCCIx=3.63V T,=85C 260 | 437 | pA
T,=100°C 260 | 437 | pA
IJTAG JTAG I/O quiescent current |Operational standby4, T;=25°C 80 | 100 | pA
VJTAG = 3.63V T,=85°C 80 | 100 | pA
T,=100°C 80 | 100 | pA
Standby mode® or Sleep 0 0 | pA
mode®, VUTAG =0 V
IPP Programming supply Non-programming mode, T,;=25°C 37 80 MA
current VPUMP = 3.63 V
T,=85°C 37 | 80 | pA
T,=100°C 80 | 100 | pA
Standby mode® or Sleep 0 0 | pA
mode®, VPUMP =0 V
Notes:

1. ICC is the 1.5 V power supplies, ICC, ICCPLL, ICC15A, ICCNVM.
2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.
3. ICClincludes all ICCIO, ICCI1, and ICCI2.
4

Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

o O

XTAL is configured as high gain, VCC = VUTAG = VPUMP =0 V.
Sleep Mode, VCC = VUTAG = VPUMP =0 V.
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Fusion Family of Mixed Signal FPGAs

Table 3-13 « Summary of I/O Output Buffer Power (per pin)—Default I/O Software Settings1

Static Power Dynamic Power

CLoap (PF) vccel (V) PDC8 (mW)? PAC10 (uWW/MHz)3
Applicable to Pro I/O Banks
Single-Ended
3.3V LVTTL/LVCMOS 35 3.3 - 474.70
2.5V LVCMOS 35 25 - 270.73
1.8 V LVCMOS 35 1.8 - 151.78
1.5V LVCMOS (JESD8-11) 35 1.5 - 104.55
3.3V PCI 10 3.3 - 204.61
3.3V PCI-X 10 3.3 - 204.61
Voltage-Referenced
3.3V GTL 10 3.3 - 24.08
25V GTL 10 25 - 13.52
3.3V GTL+ 10 3.3 - 2410
25V GTL+ 10 25 - 13.54
HSTL (1) 20 1.5 7.08 26.22
HSTL (II) 20 1.5 13.88 27.22
SSTL2 (1) 30 25 16.69 105.56
SSTL2 (I1) 30 25 25.91 116.60
SSTL3 (1) 30 3.3 26.02 114.87
SSTL3 (I1) 30 3.3 42.21 131.76
Differential
LVDS - 25 7.70 89.62
LVPECL - 3.3 19.42 168.02
Applicable to Advanced I/0 Banks
Single-Ended
3.3V LVTTL/3.3VLVCMOS 35 3.3 - 468.67
2.5V LVCMOS 35 25 - 267.48
1.8 V LVCMOS 35 1.8 - 149.46
1.5V LVCMOS (JESD8-11) 35 1.5 - 103.12
3.3V PCI 10 3.3 - 201.02
3.3 VPCI-X 10 3.3 - 201.02
Notes:

1. Dynamic power consumption is given for standard load and software-default drive strength and output slew.
2. PDCS8 is the static power (where applicable) measured on VCCI.

3. PAC10 is the total dynamic power measured on VCC and VCCI.
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Package Pin Assignments

FG676 FG676 FG676
Pin Number | AFS1500 Function Pin Number | AFS1500 Function Pin Number | AFS1500 Function
A1 NC AA11 AV2 AB21 PTBASE
A2 GND AA12 GNDA AB22 GNDNVM
A3 NC AA13 AV3 AB23 VCCNVM
A4 NC AA14 AV6 AB24 VPUMP
A5 GND AA15 GNDA AB25 NC
A6 NC AA16 AV7 AB26 GND
A7 NC AA17 AV8 AC1 NC
A8 GND AA18 GNDA AC2 NC
A9 I017NDB0OV2 AA19 AV9 AC3 NC
A10 1017PDB0OV2 AA20 VCCIB2 AC4 GND
A11 GND AA21 1068PPB2V0 AC5 VCCIB4
A12 I018NDBOV2 AA22 TCK AC6 VCCIB4
A13 1018PDB0OV2 AA23 GND AC7 PCAP
A14 I0O20NDB0OV2 AA24 I076PPB2V0 AC8 AGO
A15 1020PDB0OV2 AA25 VCCIB2 AC9 GNDA
A16 GND AA26 NC AC10 AG1
A17 1021PDBO0OV2 AB1 GND AC11 AG2
A18 I021NDBOV2 AB2 NC AC12 GNDA
A19 GND AB3 GEC2/1087PDB4V0 AC13 AG3
A20 IO39NDB1V2 AB4 I087NDB4V0 AC14 AG6
A21 I039PDB1V2 AB5 GEA2/1085PDB4V0 AC15 GNDA
A22 GND AB6 I085NDB4V0 AC16 AG7
A23 NC AB7 NCAP AC17 AG8
A24 NC AB8 ACO AC18 GNDA
A25 GND AB9 VCC33A AC19 AG9
A26 NC AB10 AC1 AC20 VAREF
AA1 NC AB11 AC2 AC21 VCCIB2
AA2 VCCIB4 AB12 VCC33A AC22 PTEM
AA3 I093PDB4V0 AB13 AC3 AC23 GND
AA4 GND AB14 AC6 AC24 NC
AA5 IO93NDB4V0 AB15 VCC33A AC25 NC
AAB GEB2/I086PDB4V0 AB16 AC7 AC26 NC
AA7 I0O86NDB4V0 AB17 AC8 AD1 NC
AA8 AVO0 AB18 VCC33A AD2 NC
AA9 GNDA AB19 AC9 AD3 GND
AA10 AV1 AB20 ADCGNDREF AD4 NC
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5 — Datasheet Information

List of Changes

The following table lists critical changes that were made in each revision of the Fusion datasheet.

Revision

Changes

Page

Revision 6
(March 2014)

Note added for the discontinuance of QN108 and QN180 packages to the "Package
I/Os: Single-/Double-Ended (Analog)" table and the "Temperature Grade Offerings"
table (SAR 55113, PDN 1306).

Iland IV

Updated details about page programming time in the "Program Operation" section
(SAR 49291).

2-46

ADC_START changed to ADCSTART in the "ADC Operation" section (SAR 44104).

2-104

Revision 5
(January 2014)

Calibrated offset values (AFS090, AFS250) of the external temperature monitor in
Table 2-49 - Analog Channel Specifications have been updated (SAR 51464).

2-117

Specifications for the internal temperature monitor in
Table 2-49 + Analog Channel Specifications have been updated (SAR 50870).

2-117

Revision 4
(January 2013)

The "Product Ordering Codes" section has been updated to mention "Y" as "Blank"
mentioning "Device Does Not Include License to Implement IP Based on the
Cryptography Research, Inc. (CRI) Patent Portfolio" (SAR 43177).

The note in Table 2-12 « Fusion CCC/PLL Specification referring the reader to
SmartGen was revised to refer instead to the online help associated with the core
(SAR 42563).

2-28

Table 2-49 « Analog Channel Specifications was modified to update the uncalibrated
offset values (AFS250) of the external and internal temperature monitors (SAR
43134).

2-117

In Table 2-57 « Prescaler Control Truth Table—AV (x = 0), AC (x = 1), and AT (x = 3),
changed the column heading from 'Full-Scale Voltage' to 'Full Scale Voltage in 10-Bit
Mode', and added and updated Notes as required (SAR 20812).

2-130

The values for the Speed Grade (-1 and Std.) for FDDRIMAX (Table 2-180 - Input
DDR Propagation Delays) and values for the Speed Grade (-2 and Std.) for
FDDOMAX (Table 2-182 « Output DDR Propagation Delays) had been inadvertently
interchanged. This has been rectified (SAR 38514).

2-220,
2-222

Added description about what happens if a user connects VAREF to an external 3.3
V on their board to the "VAREF Analog Reference Voltage" section (SAR 35188).

2-225

Added a note to Table 3-2 « Recommended Operating Conditions1 (SAR 43429):
The programming temperature range supported is Tympient = 0°C to 85°C.

Added the Package Thermal details for AFS600-PQ208 and AFS250-PQ208 to
Table 3-6 » Package Thermal Resistance (SAR 37816). Deleted the Die Size column
from the table (SAR 43503).

3-7

Libero Integrated Design Environment (IDE) was changed to Libero System-on-Chip
(SoC) throughout the document (SAR 42495).

Live at Power-Up (LAPU) has been replaced with ’Instant On’.

NA

Revision 3
(August 2012)

Microblade UTAFS250 and U1AFS1500 devices were added to the product tables.

(Y

A sentence pertaining to the analog 1/Os was added to the "Specifying I/O States
During Programming" section (SAR 34831).
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Fusion Family of Mixed Signal FPGAs

Revision Changes Page
Advance 1.0 In Table 2-47 « ADC Characteristics in Direct Input Mode, the commercial conditions 2-121
(continued) were updated and note 2 is new.

The Vgessacap signal name was changed to "XTAL1 Crystal Oscillator Circuit| 2-228

Input”.

Table 2-48 - Uncalibrated Analog Channel Accuracy* is new. 2-123

1,2,3;

Table 2-49 - Calibrated Analog Channel Accuracy is new. 2-124

Table 2-50 + Analog Channel Accuracy: Monitoring Standard Positive Voltages is| 2-125
new.

In Table 2-57 « Voltage Polarity Control Truth Table—AV (x = 0), AC (x = 1), and AT | 2-131
(x = 3)*, the following I/O Bank names were changed:

Hot-Swap changed to Standard
LVDS changed to Advanced

In Table 2-58 « Prescaler Op Amp Power-Down Truth Table—AV (x = 0), AC (x =1),| 2-132
and AT (x = 3), the following 1/0 Bank names were changed:

Hot-Swap changed to Standard
LVDS changed to Advanced

In the title of Table 2-64 « /O Standards Supported by Bank Type, LVDS I/O was| 2-134
changed to Advanced 1/O.

The title was changed from "Fusion Standard, LVDS, and Standard plus Hot-Swap | 2-136
/0" to Table 2-68 * Fusion Standard and Advanced I/O Features. In addition, the
table headings were all updated. The heading used to be Standard and LVDS 1/O
and was changed to Advanced I/O. Standard Hot-Swap was changed to just
Standard.

This sentence was deleted from the "Slew Rate Control and Drive Strength" section: | 2-152

The Standard hot-swap 1/Os do not support slew rate control. In addition, these
references were changed:

* From: Fusion hot-swap I/O (Table 2-69 on page 2-122) To: Fusion Standard 1/0
* From: Fusion LVDS I/O (Table 2-70 on page 2-122) To: Fusion Advanced I/O

The "Cold-Sparing Support" section was significantly updated. 2-143

In the title of Table 2-75 < Fusion Standard 1/0 Standards—OUT_DRIVE Settings,| 2-153
Hot-Swap was changed to Standard.

In the title of Table 2-76 * Fusion Advanced I/O Standards—SLEW and OUT_DRIVE | 2-153
Settings, LVDS was changed to Advanced.

In the title of Table 2-81 ¢ Fusion Standard and Advanced I/O Attributes vs. /0| 2-157
Standard Applications, LVDS was changed to Advanced.

In Figure 2-111 < Naming Conventions of Fusion Devices with Three Digital /O | 2-160
Banks and Figure 2-112 « Naming Conventions of Fusion Devices with Four /O
Banks the following names were changed:

Hot-Swap changed to Standard
LVDS changed to Advanced

The Figure 2-113 « Timing Model was updated. 2-161

In the notes for Table 2-86 « Summary of Maximum and Minimum DC Input Levels| 2-166
Applicable to Commercial and Industrial Conditions, T; was changed to Ty.
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