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Fusion Family of Mixed Signal FPGAs

Y = Device Includes License to Implement IP Based on
the Cryptography Research, Inc. (CRI) Patent Portfolio

Blank = Device Does Not Include License to Implement IP Based

|— Application (junction temperature range)

Commercial (0 to +85°C)

Industrial (—40 to +100°C)

Pre-Production

Engineering Silicon (room temperature only)

LICENSED
COUNTERMEASURES

on the Cryptography Research, Inc. (CRI) Patent Portfolio

M1AFS600 — 1 FG G 256 Y |
Blank
|
PP
ES
Security Feature
— Package Lead Count
'— Lead-Free Packaging Options
Blank = Standard Packaging
G = RoHS-Compliant (green) Packaging
— Package Type
QN = Quad Flat No Lead (0.5 mm pitch)
PQ = Plastic Quad Flat Pack (0.5 mm pitch)
FG = Fine Pitch Ball Grid Array (1.0 mm pitch)
L Speed Grade
Blank = Standard
1 = 15% Faster than Standard
L — Part Number 2 = 25% Faster than Standard
Fusion Devices
AFS090 = 90,000 System Gates
AFS250 = 250,000 System Gates
AFS600 = 600,000 System Gates
AFS1500 = 1,500,000 System Gates
ARM-Enabled Fusion Devices
M1AFS250 = 250,000 System Gates
M1AFS600 = 600,000 System Gates
M1AFS1500 = 1,500,000 System Gates
Pigeon Point Devices
P1AFS600 = 600,000 System Gates
P1AFS1500 = 1,500,000 System Gates
MicroBlade Devices
U1AFS250 = 250,000 System Gates
U1AFS600 = 600,000 System Gates
U1AFS1500 = 1,500,000 System Gates
Notes:

1. For Fusion devices, Quad Flat No Lead packages are only offered as RoHS compliant, QNG packages.
2. MicroBlade and Pigeon Point devices only support FG packages.

Fusion Device Status

Fusion Status Cortex-M1 Status Pigeon Point Status MicroBlade Status
AFS090 Production

AFS250 Production M1AFS250 Production U1AFS250 Production
AFS600 Production M1AFS600 Production P1AFS600 Production U1AFS600 Production
AFS1500 Production M1AFS1500 | Production P1AFS1500 Production U1AFS1500 Production
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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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Fusion Family of Mixed Signal FPGAs

Clock Conditioning Circuits

In Fusion devices, the CCCs are used to implement frequency division, frequency multiplication, phase
shifting, and delay operations.

The CCCs are available in six chip locations—each of the four chip corners and the middle of the east
and west chip sides.

Each CCC can implement up to three independent global buffers (with or without programmable delay),
or a PLL function (programmable frequency division/multiplication, phase shift, and delays) with up to three
global outputs. Unused global outputs of a PLL can be used to implement independent global buffers, up
to a maximum of three global outputs for a given CCC.

A global buffer can be placed in any of the three global locations (CLKA-GLA, CLKB-GLB, and
CLKC-GLC) of a given CCC.

A PLL macro uses the CLKA CCC input to drive its reference clock. It uses the GLA and, optionally, the
GLB and GLC global outputs to drive the global networks. A PLL macro can also drive the YB and YC
regular core outputs. The GLB (or GLC) global output cannot be reused if the YB (or YC) output is used
(Figure 2-19). Refer to the "PLL Macro" section on page 2-27 for more information.

Each global buffer, as well as the PLL reference clock, can be driven from one of the following:
» 3 dedicated single-ended I/Os using a hardwired connection
* 2 dedicated differential 1/Os using a hardwired connection
+ The FPGA core

The CCC block is fully configurable, either via flash configuration bits set in the programming bitstream or
through an asynchronous interface. This asynchronous interface is dynamically accessible from inside
the Fusion device to permit changes of parameters (such as divide ratios) during device operation. To
increase the versatility and flexibility of the clock conditioning system, the CCC configuration is
determined either by the user during the design process, with configuration data being stored in flash
memory as part of the device programming procedure, or by writing data into a dedicated shift register
during normal device operation. This latter mode allows the user to dynamically reconfigure the CCC
without the need for core programming. The shift register is accessed through a simple serial interface.
Refer to the "UJTAG Applications in Microsemi’s Low-Power Flash Devices" chapter of the Fusion FPGA
Fabric User Guide and the "CCC and PLL Characteristics" section on page 2-28 for more information.
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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

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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Table 2-32 - RAM512X18
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425 V
Parameter Description -2 | 1 Std. | Units
tas Address setup time 0.25]0.28 | 0.33 ns
tAH Address hold time 0.00 | 0.00 | 0.00 ns
tens REN, WEN setup time 0.09|0.10| 0.12 ns
teNH REN, WEN hold time 0.06 | 0.07 | 0.08 ns
tbs Input data (WD) setup time 0.180.21| 0.25 ns
toH Input data (WD) hold time 0.00 | 0.00 | 0.00 ns
tckar Clock High to new data valid on RD (output retained) 216|246 | 2.89 ns
tcka2 Clock High to new data valid on RD (pipelined) 0.901.02| 1.20 ns
tCZCRWH1 Address collision cIK—to-cIk delay fpr reliable read access after write on|0.50 | 0.43 | 0.38 ns
same address—Applicable to Opening Edge
tCZCWRH1 Address collision cIK-to-cIk delay fpr reliable write access after read on|0.59 | 0.50 | 0.44 ns
same address—Applicable to Opening Edge

. 1 RESET Low to data out Low on RD (flow-through) 0.921.05| 1.23 ns
RSTBQ  'RESET Low to data out Low on RD (pipelined) 092[1.05| 1.23 | ns
tremrste | RESET removal 0.29|0.33| 0.38 ns
trecrste | RESET recovery 1.50 | 1.71| 2.01 ns
tvpwrsTe | RESET minimum pulse width 0.2110.24 | 0.29 ns
teye Clock cycle time 3.233.68| 4.32 ns
Fmax Maximum frequency 310 | 272 | 231 | MHz
Notes:

1. For more information, refer to the application note Simultaneous Read-Write Operations in Dual-Port SRAM for Flash-
Based cSoCs and FPGAs.

2. 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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FIFO4K18 Description

FIFO4K18

RW2 RD17 f—
RW1 RD16
RWO o
WW2 o
WW1 °
WWO0 RDO
ESTOP
FSTOP FULL
AFULL
EMPTY
AEVAL11 AEMPTY
AEVAL10

AEVALO

AFVAL11
AFVAL10

AFVALO

REN
RBLK
D> RCLK

4] |

WD17
WD16

WDO

WEN
WBLK

D> WCLK
RPIPE

| 4 |

RESET

Figure 2-56 « FIFO4KX18
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The following signals are used to configure the FIFO4K18 memory element.

WW and RW
These signals enable the FIFO to be configured in one of the five allowable aspect ratios (Table 2-33).

Table 2-33 * Aspect Ratio Settings for WW[2:0]

WW2, WW1, WWo0 RW2, RW1, RW0 DxW
000 000 4kx1
001 001 2kx2
010 010 1kx4
011 011 512x9
100 100 256x18
101, 110, 111 101, 110, 111 Reserved
WBLK and RBLK

These signals are active low and will enable the respective ports when Low. When the RBLK signal is
High, the corresponding port’s outputs hold the previous value.

WEN and REN

Read and write enables. WEN is active low and REN is active high by default. These signals can be
configured as active high or low.

WCLK and RCLK

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

RPIPE

This signal is used to specify pipelined read on the output. A Low on RPIPE 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.

RESET

This active low signal resets the output to zero when asserted. It resets the FIFO counters. It also sets all
the RD pins Low, the FULL and AFULL pins Low, and the EMPTY and AEMPTY pins High (Table 2-34).

Table 2-34  Input Data Signal Usage for Different Aspect Ratios

DxwW WD/RD Unused

4kx1 WDI[17:1], RD[17:1]

2kx2 WDI[17:2], RD[17:2]

1kx4 WD[17:4], RD[17:4]

512x9 WDI[17:9], RD[17:9]

256x18 -
wD
This is the input data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. When a data
width less than 18 is specified, unused higher-order signals must be grounded (Table 2-34).
RD
This is the output data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. Like the WD
bus, high-order bits become unusable if the data width is less than 18. The output data on unused pins is
undefined (Table 2-34).
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Table 2-51 * Uncalibrated Analog Channel Accuracy*
Worst-Case Industrial Conditions, T; = 85°C

Total Channel Channel Input Offset | Channel Input Offset | Channel Gain Error
Error (LSB) Error (LSB) Error (mV) (%FSR)
Analog | Prescaler | Neg. Pos. | Neg Pos. Neg. Pos.
Pad Range (V) | Max. | Med. | Max. | Max | Med.| Max. | Max. | Med. Max. | Min. | Typ. | Max.
Positive Range ADC in 10-Bit Mode
AV, AC 16 22 | -2 12 -1 -2 14 -169 =32 224 3 0 -3
8 —40 | -5 17 -1 -5 21 -87 —40 166 2 0 —4
4 —45 | -9 24 -16 | -1 36 —63 —43 144 2 0 —4
2 -70 | =19 | 33 -33 | 20 66 —66 -39 131 2 0 -4
1 =25 | -7 5 -1 -3 26 -1 -3 26 3 -1 -3
0.5 —-41 | —-12 8 -12 -7 38 -6 —4 19 3 -1 -3
0.25 -53 | =14 | 19 | =20 | —14 40 -5 -3 10 5 0 —4
0.125 -89 | 29 | 24 | -40 | -28 88 -5 —4 1 7 0 -5
AT 16 -3 9 15 —4 0 4 —64 5 64 1 0 -1
4 -10 2 15 -1 -2 11 —44 -8 44 1 0 -1
Negative Range ADC in 10-Bit Mode
AV, AC 16 -35 | -10 9 -24 | -6 9 -383 -96 148 5 -1 -6
8 -65 | =19 | 12 -34 | —12 9 —268 -99 75 5 -1 -5
4 -86 | 28 | 21 —64 | 24 19 —254 -96 76 5 -1 -6
2 -136| -53 | 37 | —115 | —42 39 —230 -83 78 6 -2 -7
1 -98 | -35 8 -39 | -8 15 -39 -8 15 10 -3 -10
0.5 -121| -46 7 -54 | —14 18 =27 -7 9 10 —4 -1
0.25 -149| 49 | 19 | =72 | —16 40 -18 —4 10 14 -4 -12
0.125 |-188| -67 | 38 | —112 | =27 56 -14 -3 7 16 -5 -14

Note: *Channel Accuracy includes prescaler and ADC accuracies. For 12-bit mode, multiply the LSB count by 4. For
8-bit mode, divide the LSB count by 4. Gain remains the same.
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Table 2-99 « Short Current Event Duration before Failure
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Fusion Family of Mixed Signal FPGAs

Temperature Time Before Failure
-40°C >20 years

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

85°C 2 years
100°C 6 months

Table 2-100 » Schmitt Trigger Input Hysteresis
Hysteresis Voltage Value (typ.) for Schmitt Mode Input Buffers

Input Buffer Configuration

Hysteresis Value (typ.)

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 2-101 « 1/O Input Rise Time, Fall Time, and Related 1/0 Reliability

enabled)

Input Buffer Input Rise/Fall Time (min.) Input Rise/Fall Time (max.) Reliability
LVTTL/LVCMOS (Schmitt trigger No requirement 10 ns* 20 years (100°C)
disabled)

LVTTL/LVCMOS (Schmitt trigger| No requirement No requirement, but input 20 years (100°C)

noise voltage cannot
Schmitt hysteresis

exceed

HSTL/SSTL/GTL

No requirement

10 ns* 10 years (100°C)

LVDS/BLVDS/M-LVDS/LVPECL

No requirement

10 ns* 10 years (100°C)

Note:

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

low, the rise time and fall time of input buffers, when Schmitt trigger is disabled, 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 recommends signal integrity evaluation/characterization of the system to ensure there is no excessive
noise coupling into input signals.
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Table 2-107 + 3.3 V LVTTL / 3.3 V LVCMOS High Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=3.0V
Applicable to Advanced I/0s

Drive Speed
Strength | Grade | tpoyr | top | toiv | tpy |teout| tzu | tzu | Wz | thz | tas | tzus | Units

4 mA Std. 066 | 766 | 0.04 | 1.20 | 043 | 7.80 | 6.59 | 2.65 | 2.61 | 10.03 | 8.82 ns

-1 0.56 | 6.51 | 0.04 | 1.02 | 0.36 | 6.63 | 5.60 | 225 | 2.22 | 854 | 7.51 ns

-2 049 | 572 | 0.03 | 0.90 | 0.32 | 582 | 492 | 198 | 195 | 749 | 6.59 ns

8 mA Std. 066 | 491 | 0.04 | 1.20 | 0.43 | 5.00 | 4.07 | 299 | 3.20 | 7.23 | 6.31 ns

-1 056 | 417 | 0.04 | 1.02 | 0.36 | 425 | 346 | 254 | 273 | 6.15 | 5.36 ns

-2 049 | 3566 | 0.03 | 0.90 | 0.32 | 3.73 | 3.04 | 223 | 239 | 540 | 4.71 ns

12 mA Std. 0.66 | 3.53 | 0.04 [ 1.20 | 0.43 | 3.60 | 2.82 | 3.21 | 3.58 | 583 [ 5.06 ns

—1 0.56 | 3.00 | 0.04 [ 1.02 | 0.36 | 3.06 | 240 | 2.73 | 3.05 | 4.96 | 4.30 ns

—2 049 | 264 | 0.03 [ 0.90 | 0.32 | 269 | 211 | 2.40 | 2.68 | 4.36 | 3.78 ns

16 mA Std. 066 | 3.33 | 0.04 | 1.20 | 0.43 | 3.39 | 256 | 3.26 | 3.68 | 5.63 | 4.80 ns

-1 056 | 2.83 | 0.04 | 1.02 | 036 | 289 | 218 | 277 | 3.13 | 479 | 4.08 ns

-2 049 | 249 | 0.03 | 090 | 0.32 | 253 | 191 | 244 | 275 | 420 | 3.58 ns

24 mA Std. 066 | 3.08 | 0.04 | 1.20 | 043 | 3.13 | 212 | 3.32 | 4.06 | 537 | 4.35 ns

-1 056 | 262 | 0.04 | 1.02 | 0.36 | 2.66 | 1.80 | 2.83 | 3.45 | 457 | 3.70 ns

-2 049 | 230 | 0.03 | 0.90 | 0.32 | 234 | 1.58 | 248 | 3.03 | 4.01 | 3.25 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.

Table 2-108 « 3.3 V LVTTL / 3.3 V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI=3.0V
Applicable to Standard 1/Os

Drive Speed
Strength Grade toout top toin tpy teour tzL tzy t 2z tyz Units
2mA Std. 0.66 9.46 0.04 1.00 0.43 9.64 8.54 2.07 2.04 ns
-1 0.56 8.05 0.04 0.85 0.36 8.20 7.27 1.76 1.73 ns
-2 0.49 7.07 0.03 0.75 0.32 7.20 6.38 1.55 1.52 ns
4 mA Std. 0.66 9.46 0.04 1.00 0.43 9.64 8.54 2.07 2.04 ns
-1 0.56 8.05 0.04 0.85 0.36 8.20 7.27 1.76 1.73 ns
-2 0.49 7.07 0.03 0.75 0.32 7.20 6.38 1.55 1.52 ns
6 mA Std. 0.66 6.57 0.04 1.00 0.43 6.69 5.98 2.40 2.57 ns
-1 0.56 5.59 0.04 0.85 0.36 5.69 5.09 2.04 219 ns
-2 0.49 4.91 0.03 0.75 0.32 5.00 4.47 1.79 1.92 ns
8 mA Std. 0.66 6.57 0.04 1.00 0.43 6.69 5.98 2.40 2.57 ns
-1 0.56 5.59 0.04 0.85 0.36 5.69 5.09 2.04 2.19 ns
-2 0.49 4.91 0.03 0.75 0.32 5.00 4.47 1.79 1.92 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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Table 2-175 « Parameter Definitions and Measuring Nodes

Measuring Nodes
Parameter Name Parameter Definition (from, to)*
tocLkaQ Clock-to-Q of the Output Data Register HH, DOUT
tosup Data Setup Time for the Output Data Register FF, HH
toHD Data Hold Time for the Output Data Register FF, HH
tosue Enable Setup Time for the Output Data Register GG, HH
toHE Enable Hold Time for the Output Data Register GG, HH
tocLr2qQ Asynchronous Clear-to-Q of the Output Data Register LL, DOUT
tOREMCLR Asynchronous Clear Removal Time for the Output Data Register LL, HH
torRECCLR Asynchronous Clear Recovery Time for the Output Data Register LL, HH
toecLka Clock-to-Q of the Output Enable Register HH, EOUT
toEsup Data Setup Time for the Output Enable Register JJ, HH
toEHD Data Hold Time for the Output Enable Register JJ, HH
toEsUE Enable Setup Time for the Output Enable Register KK, HH
toEHE Enable Hold Time for the Output Enable Register KK, HH
toecLr2Q Asynchronous Clear-to-Q of the Output Enable Register Il, EOUT
toEREMCLR Asynchronous Clear Removal Time for the Output Enable Register I, HH
toERECCLR Asynchronous Clear Recovery Time for the Output Enable Register I, HH
ticLka Clock-to-Q of the Input Data Register AA EE
tisup Data Setup Time for the Input Data Register CC, AA
tiHD Data Hold Time for the Input Data Register CC, AA
tisue Enable Setup Time for the Input Data Register BB, AA
tiHE Enable Hold Time for the Input Data Register BB, AA
ticLr2Q Asynchronous Clear-to-Q of the Input Data Register DD, EE
Y REMCLR Asynchronous Clear Removal Time for the Input Data Register DD, AA
YiRECCLR Asynchronous Clear Recovery Time for the Input Data Register DD, AA
Note: *See Figure 2-138 on page 2-214 for more information.
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User-Defined Supply Pins

VREF 1/0 Voltage Reference

Reference voltage for I/O minibanks. Both AFS600 and AFS1500 (north bank only) support Microsemi
Pro 1/0. These 1/0 banks support voltage reference standard 1/0. The VREF pins are configured by the
user from regular 1/0Os, and any I/O in a bank, except JTAG 1/Os, can be designated as the voltage
reference I/O. Only certain 1/O standards require a voltage reference—HSTL (l) and (Il), SSTL2 (I) and
(1), SSTL3 (1) and (ll), and GTL/GTL+. One VREF pin can support the number of 1/Os available in its
minibank.

VAREF Analog Reference Voltage

The Fusion device can be configured to generate a 2.56 V internal reference voltage that can be used by
the ADC. While using the internal reference, the reference voltage is output on the VAREF pin for use as
a system reference. If a different reference voltage is required, it can be supplied by an external source
and applied to this pin. The valid range of values that can be supplied to the ADC is 1.0 V to 3.3 V. When
VAREEF is internally generated by the Fusion device, a bypass capacitor must be connected from this pin
to ground. The value of the bypass capacitor should be between 3.3 uF and 22 pF, which is based on the
needs of the individual designs. The choice of the capacitor value has an impact on the settling time it
takes the VAREF signal to reach the required specification of 2.56 V to initiate valid conversions by the
ADC. If the lower capacitor value is chosen, the settling time required for VAREF to achieve 2.56 V will
be shorter than when selecting the larger capacitor value. The above range of capacitor values supports
the accuracy specification of the ADC, which is detailed in the datasheet. Designers choosing the smaller
capacitor value will not obtain as much margin in the accuracy as that achieved with a larger capacitor
value. Depending on the capacitor value selected in the Analog System Builder, a tool in Libero SoC, an
automatic delay circuit will be generated using logic tiles available within the FPGA to ensure that VAREF
has achieved the 2.56 V value. Microsemi recommends customers use 10 yF as the value of the bypass
capacitor. Designers choosing to use an external VAREF need to ensure that a stable and clean VAREF
source is supplied to the VAREF pin before initiating conversions by the ADC. Designers should also
make sure that the ADCRESET signal is deasserted before initiating valid conversions.?

If the user connects VAREF to external 3.3 V on their board, the internal VAREF driving OpAmp fries to
bring the pin down to the nominal 2.56 V until the device is programmed and up/functional. Under this
scenario, it is recommended to connect an external 3.3 V supply through a ~1 KOhm resistor to limit
current, along with placing a 10-100nF capacitor between VAREF and GNDA.

User Pins

110 User Input/Output

The 1/0O pin functions as an input, output, tristate, or bidirectional buffer. Input and output signal levels are
compatible with the /0O standard selected. Unused I/O pins are configured as inputs with pull-up
resistors.

During programming, 1/Os become tristated and weakly pulled up to VCCI. With the VCCI and VCC
supplies continuously powered up, when the device transitions from programming to operating mode, the
1/Os get instantly configured to the desired user configuration.

Unused 1I/Os are configured as follows:
» Output buffer is disabled (with tristate value of high impedance)
» Input buffer is disabled (with tristate value of high impedance)
* Weak pull-up is programmed

Axy Analog Input/Output

Analog /O pin, where x is the analog pad type (C = current pad, G = Gate driver pad, T = Temperature
pad, V = Voltage pad) and y is the Analog Quad number (0 to 9). There is a minimum 1 MQ to ground on
AV, AC, and AT. This pin can be left floating when it is unused.

2. The ADC is functional with an external reference down to 1V, however to meet the performance parameters highlighted in the

datasheet refer to the VAREF specification in Table 3-2 on page 3-3.
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XTAL2 Crystal Oscillator Circuit Input

Input to crystal oscillator circuit. Pin for connecting external crystal, ceramic resonator, RC network, or
external clock input. When using an external crystal or ceramic oscillator, external capacitors are also
recommended (Please refer to the crystal oscillator manufacturer for proper capacitor value).

If using external RC network or clock input, XTAL1 should be used and XTAL2 left unconnected. In the
case where the Crystal Oscillator block is not used, the XTAL1 pin should be connected to GND and the
XTAL2 pin should be left floating.

Security

Fusion devices have a built-in 128-bit AES decryption core. The decryption core facilitates highly secure,
in-system programming of the FPGA core array fabric and the FlashROM. The FlashROM and the FPGA
core fabric can be programmed independently from each other, allowing the FlashROM to be updated
without the need for change to the FPGA core fabric. The AES master key is stored in on-chip nonvolatile
memory (flash). The AES master key can be preloaded into parts in a security-protected programming
environment (such as the Microsemi in-house programming center), and then "blank" parts can be
shipped to an untrusted programming or manufacturing center for final personalization with an AES-
encrypted bitstream. Late stage product changes or personalization can be implemented easily and with
high level security by simply sending a STAPL file with AES-encrypted data. Highly secure remote field
updates over public networks (such as the Internet) are possible by sending and programming a STAPL
file with AES-encrypted data. For more information, refer to the Fusion Security application note.

128-Bit AES Decryption

The 128-bit AES standard (FIPS-197) block cipher is the National Institute of Standards and Technology
(NIST) replacement for DES (Data Encryption Standard FIPS46-2). AES has been designed to protect
sensitive government information well into the 21st century. It replaces the aging DES, which NIST
adopted in 1977 as a Federal Information Processing Standard used by federal agencies to protect
sensitive, unclassified information. The 128-bit AES standard has 3.4 x 1038 possible 128-bit key
variants, and it has been estimated that it would take 1,000 trillion years to crack 128-bit AES cipher text
using exhaustive techniques. Keys are stored (protected with security) in Fusion devices in nonvolatile
flash memory. All programming files sent to the device can be authenticated by the part prior to
programming to ensure that bad programming data is not loaded into the part that may possibly damage
it. All programming verification is performed on-chip, ensuring that the contents of Fusion devices remain
as secure as possible.

AES decryption can also be used on the 1,024-bit FlashROM to allow for remote updates of the
FlashROM contents. This allows for easy support of subscription model products and protects them with
measures designed to provide the highest level of security available. See the application note Fusion
Security for more details.

AES for Flash Memory

AES decryption can also be used on the flash memory blocks. This provides the best available security
during update of the flash memory blocks. During runtime, the encrypted data can be clocked in via the
JTAG interface. The data can be passed through the internal AES decryption engine, and the decrypted
data can then be stored in the flash memory block.

Programming

Programming can be performed using various programming tools, such as Silicon Sculptor Il (BP Micro
Systems) or FlashPro3 (Microsemi).

The user can generate STP programming files from the Designer software and can use these files to
program a device.

Fusion devices can be programmed in-system. During programming, VCCOSC is needed in order to
power the internal 100 MHz oscillator. This oscillator is used as a source for the 20 MHz oscillator that is
used to drive the charge pump for programming.
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3 —DC and Power Characteristics

General Specifications

Operating Conditions

Stresses beyond those listed in Table 3-1 may cause permanent damage to the device.

Exposure to absolute maximum rated conditions for extended periods may affect device reliability.
Devices should not be operated outside the recommended operating ranges specified in Table 3-2 on

page 3-3.

Table 3-1 « Absolute Maximum Ratings

Symbol Parameter Commercial Industrial Units
VCC DC core supply voltage -0.3t01.65 -0.3t0 1.65 \%
VJTAG JTAG DC voltage -0.3t03.75 -0.3t03.75 \Y
VPUMP Programming voltage -0.3t03.75 -0.3t03.75 \%
VCCPLL Analog power supply (PLL) -0.3t0 1.65 -0.3t01.65 \Y
VCCI DC I/0 output buffer supply voltage -0.3t03.75 -0.3t03.75 \Y,
VI 1/0 input voltage —0.3 V to 3.6 V (when I/O hot insertion mode is| V

enabled)

—-0.3 V to (VCCI + 1 V) or 3.6 V, whichever|
voltage is lower (when 1/O hot-insertion mode is

disabled)
VCC33A +3.3 VV power supply -0.3t03.752 -0.3t03.752 Y,
VCC33PMP [+3.3 V power supply -0.3t03.752 -0.3103.752 Y,
VAREF \/oltage reference for ADC -0.3103.75 -0.3103.75 \%
VCC15A Digital power supply for the analog system -0.3t01.65 -0.3t0 1.65 \%
VCCNVM Embedded flash power supply -0.3t0 1.65 -0.3t0 1.65 \%
VCCOSC Oscillator power supply -0.3t03.75 -0.3t03.75 \Y

Notes:

1. The device should be operated within the limits specified by the datasheet. During transitions, the input signal may
undershoot or overshoot according to the limits shown in Table 3-4 on page 3-4.

2. Analog data not valid beyond 3.65 V.

3. The high current mode has a maximum power limit of 20 mW. Appropriate current limit resistors must be used, based on
voltage on the pad.

4. For flash programming and retention maximum limits, refer to Table 3-5 on page 3-5. For recommended operating limits
refer to Table 3-2 on page 3-3.
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VCC

VCC=1575V —

VCC=1425V —p

Activation trip point:

V,=085V+0.25V
Deactivation trip point: ~>

Vg=075V£025V

4

A

VCC = VCCI + VT
Where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

\

\

Region 4: 1/0
Region 1: I/0 Buffers are OFF colon

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

Region 5: I/0 buffers are ON
and power supplies are within
specification.

1/0Os meet the entire datasheet
and timer specifications for
speed, VIH / VIL, VOH VOL, etc.

Region 2: /O buffers are ON.

1/Os are functional (except differential inputs)

but slower because VCCI / VCC are below

specification. For the same reason, input

buffers do not meet VIH / VIL levels, and
output buffers do not meet VOH / VOL levels.

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

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

Region 1: 1/O buffers are OFF

Deactivation trip point:

!

Activation trip point:
Vga=09V03V

Vq=08V+03V

Min VCCI datasheet specification
voltage at a selected /O
standard; i.e., 1.425Vor 1.7V
or2.3Vor3.0V

VCCI

Figure 3-1 «

1/0 State as a Function of VCCI and VCC Voltage Levels
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Table 3-8 « AFS1500 Quiescent Supply Current Characteristics (continued)

Parameter Description Conditions Temp. Min. [ Typ. | Max. | Unit
IJTAG JTAG I/O quiescent Operational standby4, T,=25°C 80 100 | pA
current VJTAG = 3.63V T,=85C 80 100 | pA
T,=100°C 80 [ 100 | pA
Standby mode® or Sleep mode®, 0 0 MA
VJTAG=0V
IPP Programming supply Non-programming mode, T,=25°C 39 80 A
current VPUMP = 3.63V T,=85°C 20 80 A
T,=100°C 40 80 MA
Standby mode® or Sleep mode®, 0 0o | pA
VPUMP =0V
ICCNVM Embedded NVM Reset asserted, Voenyw = 1.575V | Tyj=25°C 50 | 150 | pA
current T,=85°C 50 | 150 | pA
T,=100°C 50 [ 150 | pA
ICCPLL 1.5V PLL quiescent Operational standby T,=25°C 130 | 200 | pA
current , VCCPLL =1.575V T,=85°C 130 | 200 | pA
T,=100°C 130 | 200 | pA
Notes:

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

2.
3. ICCl includes 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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Example of Power Calculation

This example considers a shift register with 5,000 storage tiles, including a counter and memory that
stores analog information. The shift register is clocked at 50 MHz and stores and reads information from
a RAM.

The device used is a commercial AFS600 device operating in typical conditions.

The calculation below uses the power calculation methodology previously presented and shows how to
determine the dynamic and static power consumption of resources used in the application.

Also included in the example is the calculation of power consumption in operating, standby, and sleep
modes to illustrate the benefit of power-saving modes.

Global Clock Contribution—P¢; ock
FCLK =50 MHz

Number of sequential VersaTiles: Ng_cg | = 5,000
Estimated number of Spines: Ngp|nes = 5
Estimated number of Rows: Ngow = 313

Operating Mode

PcLock = (PACT + Ngpine * PAC2 + Nrow * PAC3 + Ng gy " PAC4) * Feik
PcLock = (0.0128 + 5 * 0.0019 + 313 * 0.00081 + 5,000 * 0.00011) * 50
PcLock = 41.28 mW

Standby Mode and Sleep Mode
PcLock =0 W

Logic—Sequential Cells, Combinational Cells, and Routing Net Contributions—Pg_cg,

Pc.ceLL, and Pyger
FCLK = 50 MHz

Number of sequential VersaTiles: Ng_cg . = 5,000
Number of combinatorial VersaTiles: N¢_cg . = 6,000
Estimated toggle rate of VersaTile outputs: 0l4 = 0.1 (10%)

Operating Mode

Ps.ceLL = Ns.ceLL * (Pacst (04 /2) * PACE) * Fo ik
Ps.ceLL = 5,000 * (0.00007 + (0.1 /2) * 0.00029) * 50
PS-CELL =21.13 mW

PcceLL = Ne-ceLL” (0L /2) * PACT * Fok
Pc.ceLL = 6,000 * (0.1/2) * 0.00029 * 50
PC—CELL =4.35mW

PneT = (Ns.ceLL + NeceLl) ™ (QLg/2) * PAC8 * F
Prer = (5,000 + 6,000) * (0.1 /2) * 0.0007 * 50
PNET =19.25 mW

PLocic = Ps-ceLL * Pc-ceLL * PneT
PLogic =21.13 mW + 4.35 mW + 19.26 mW

PLOG|C =44.73 mW
Standby Mode and Sleep Mode
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QN180 QN180

Pin Number| AFS090 Function | AFS250 Function Pin Number| AFS090 Function | AFS250 Function
B9 XTAL2 XTAL2 B45 GBA2/I031PDB1V0 | GBA2/I040PDB1V0
B10 GEAO0/I044NDB3V0 | GFA0/IO66NDB3V0 B46 GNDQ GNDQ
B11 GEB2/1042PDB3V0 IO60NDB3V0 B47 GBA1/I0O30RSBOVO | GBAO/IO38RSB0OVO
B12 VCC VCC B48 GBB1/I028RSB0OV0 | GBC1/I035RSBOVO0
B13 VCCNVM VCCNVM B49 VCC VCC
B14 VCC15A VCC15A B50 GBCO0/I025RSB0OV0O I031RSBOVO
B15 NCAP NCAP B51 I023RSB0OVO I028RSB0OVO
B16 VCC33N VCC33N B52 I020RSBOVO I025RSB0OVO
B17 GNDAQ GNDAQ B53 VCC VCC
B18 ACO ACO B54 I011RSB0OVO I014RSBOVO
B19 ATO ATO B55 IO08RSBOVO I011RSB0OVO
B20 AT1 AT1 B56 GAC1/IO05RSB0OVO IO08RSBOVO
B21 AV1 AV1 B57 VCCIBO VCCIBO
B22 AC2 AC2 B58 GABO0/IO02RSB0OVO0 | GACO/I0O04RSB0OVO0
B23 ATRTNA1 ATRTN1 B59 GAAOQ/IO00RSBOVO | GAA1/I001RSB0OVO
B24 AG3 AG3 B60 VCCPLA VCCPLA
B25 AV3 AV3 C1 NC NC
B26 AG4 AG4 Cc2 NC VCCIB3
B27 ATRTN2 ATRTN2 C3 GND GND
B28 NC AC5 C4 NC GFC2/1069PPB3V0
B29 VCC33A VCC33A C5 GFC1/1049PDB3V0 | GFC1/I068PDB3V0
B30 VAREF VAREF Cc6 GFAO0/I047NPB3V0 | GFB0/IO67NPB3V0
B31 PUB PUB C7 VCCIB3 NC
B32 PTEM PTEM C8 GND GND
B33 GNDNVM GNDNVM C9 GEA1/1044PDB3V0 | GFA1/1066PDB3V0
B34 VCC VCC C10 GEA2/I042NDB3V0 [ GEC2/I060PDB3V0
B35 TCK TCK Cc1 NC GEA2/I058PSB3V0
B36 TMS TMS C12 NC NC
B37 TRST TRST C13 GND GND
B38 GDB2/1041PSB1V0 | GDA2/1055PSB1V0 C14 NC NC
B39 GDCO0/I038NDB1V0| GDB0/IO53NDB1V0 C15 NC NC
B40 VCCIB1 VCCIB1 C16 GNDA GNDA
B41 GCA1/1036PDB1V0 | GCA1/1049PDB1V0 C17 NC NC
B42 GCC0/I034NDB1V0| GCCO0/I047NDB1V0 C18 NC NC
B43 GCB2/I033PSB1V0 | GBC2/1042PSB1V0 C19 NC NC
B44 VCC VCC C20 NC NC
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FG676 FG676 FG676

Pin Number | AFS1500 Function Pin Number | AFS1500 Function Pin Number | AFS1500 Function
AD5 I094NPB4V0 AE15 GNDA AF25 GND
AD6 GND AE16 NC AF26 NC
AD7 VCC33N AE17 NC B1 GND
ADS8 ATO AE18 GNDA B2 GND
AD9 ATRTNO AE19 NC B3 NC
AD10 AT1 AE20 NC B4 NC
AD11 AT2 AE21 NC B5 NC
AD12 ATRTN1 AE22 NC B6 VCCIBO
AD13 AT3 AE23 NC B7 NC
AD14 AT6 AE24 NC B8 NC
AD15 ATRTN3 AE25 GND B9 VCCIBO
AD16 AT7 AE26 GND B10 I0O15NDB0OV2
AD17 AT8 AF1 NC B11 I015PDB0OV2
AD18 ATRTN4 AF2 GND B12 VCCIBO
AD19 AT9 AF3 NC B13 I0O19NDB0OV2
AD20 VCC33A AF4 NC B14 I019PDB0OV2
AD21 GND AF5 NC B15 VCCIB1
AD22 I076NPB2V0 AF6 NC B16 I025NDB1V0
AD23 NC AF7 NC B17 1025PDB1V0
AD24 GND AF8 NC B18 VCCIB1
AD25 NC AF9 VCC33A B19 IO33NDB1V1
AD26 NC AF10 NC B20 I033PDB1V1
AE1 GND AF11 NC B21 VCCIB1
AE2 GND AF12 VCC33A B22 NC
AE3 NC AF13 NC B23 NC
AE4 NC AF14 NC B24 NC
AE5 NC AF15 VCC33A B25 GND
AEG6 NC AF16 NC B26 GND
AE7 NC AF17 NC C1 NC
AES8 NC AF18 VCC33A Cc2 NC
AE9 GNDA AF19 NC C3 GND
AE10 NC AF20 NC Cc4 NC
AE11 NC AF21 NC C5 GAA1/I001PDBOVO
AE12 GNDA AF22 NC Cc6 GABO0/IO02NDBOVO
AE13 NC AF23 NC C7 GAB1/1002PDB0OV0
AE14 NC AF24 NC C8 IO07NDBOV1
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