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&S Microsemi

Fusion Device Family Overview

Instant On

Flash-based Fusion devices are Level 0 Instant On. Instant On Fusion devices greatly simplify total
system design and reduce total system cost by eliminating the need for CPLDs. The Fusion Instant On
clocking (PLLs) replaces off-chip clocking resources. The Fusion mix of Instant On clocking and analog
resources makes these devices an excellent choice for both system supervisor and system management
functions. Instant On from a single 3.3 V source enables Fusion devices to initiate, control, and monitor
multiple voltage supplies while also providing system clocks. In addition, glitches and brownouts in
system power will not corrupt the Fusion device flash configuration. Unlike SRAM-based FPGAs, the
device will not have to be reloaded when system power is restored. This enables reduction or complete
removal of expensive voltage monitor and brownout detection devices from the PCB design.
Flash-based Fusion devices simplify total system design and reduce cost and design risk, while
increasing system reliability.

Firm Errors

Firm errors occur most commonly when high-energy neutrons, generated in the upper atmosphere, strike
a configuration cell of an SRAM FPGA. The energy of the collision can change the state of the
configuration cell and thus change the logic, routing, or /0O behavior in an unpredictable way. Another
source of radiation-induced firm errors is alpha particles. For an alpha to cause a soft or firm error, its
source must be in very close proximity to the affected circuit. The alpha source must be in the package
molding compound or in the die itself. While low-alpha molding compounds are being used increasingly,
this helps reduce but does not entirely eliminate alpha-induced firm errors.

Firm errors are impossible to prevent in SRAM FPGAs. The consequence of this type of error can be a
complete system failure. Firm errors do not occur in Fusion flash-based FPGAs. Once it is programmed,
the flash cell configuration element of Fusion FPGAs cannot be altered by high-energy neutrons and is
therefore immune to errors from them.

Recoverable (or soft) errors occur in the user data SRAMs of all FPGA devices. These can easily be
mitigated by using error detection and correction (EDAC) circuitry built into the FPGA fabric.

Low Power

Flash-based Fusion devices exhibit power characteristics similar to those of an ASIC, making them an
ideal choice for power-sensitive applications. With Fusion devices, there is no power-on current surge
and no high current transition, both of which occur on many FPGAs.

Fusion devices also have low dynamic power consumption and support both low power standby mode
and very low power sleep mode, offering further power savings.

Advanced Flash Technology

The Fusion family offers many benefits, including nonvolatility and reprogrammability through an
advanced flash-based, 130-nm LVCMOS process with seven layers of metal. Standard CMOS design
techniques are used to implement logic and control functions. The combination of fine granularity,
enhanced flexible routing resources, and abundant flash switches allows very high logic utilization (much
higher than competing SRAM technologies) without compromising device routability or performance.
Logic functions within the device are interconnected through a four-level routing hierarchy.
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Fusion Family of Mixed Signal FPGAs

Advanced Architecture

The proprietary Fusion architecture provides granularity comparable to standard-cell ASICs. The Fusion
device consists of several distinct and programmable architectural features, including the following
(Figure 1-1 on page 1-5):
+ Embedded memories
— Flash memory blocks
— FlashROM
— SRAM and FIFO
» Clocking resources
— PLLand CCC
— RC oscillator
— Crystal oscillator
— No-Glitch MUX (NGMUX)
+ Digital I/Os with advanced I/O standards
* FPGA VersaTiles
* Analog components
- ADC
— Analog I/Os supporting voltage, current, and temperature monitoring
— 1.5V on-board voltage regulator
— Real-time counter

The FPGA core consists of a sea of VersaTiles. Each VersaTile can be configured as a three-input logic
lookup table (LUT) equivalent or a D-flip-flop or latch (with or without enable) by programming the
appropriate flash switch interconnections. This versatility allows efficient use of the FPGA fabric. The
VersaTile capability is unique to the Microsemi families of flash-based FPGAs. VersaTiles and larger
functions are connected with any of the four levels of routing hierarchy. Flash switches are distributed
throughout the device to provide nonvolatile, reconfigurable interconnect programming. Maximum core
utilization is possible for virtually any design.

In addition, extensive on-chip programming circuitry allows for rapid (3.3 V) single-voltage programming
of Fusion devices via an IEEE 1532 JTAG interface.

Unprecedented Integration

Integrated Analog Blocks and Analog I/Os

Fusion devices offer robust and flexible analog mixed signal capability in addition to the high-
performance flash FPGA fabric and flash memory block. The many built-in analog peripherals include a
configurable 32:1 input analog MUX, up to 10 independent MOSFET gate driver outputs, and a
configurable ADC. The ADC supports 8-, 10-, and 12-bit modes of operation with a cumulative sample
rate up to 600 k samples per second (Ksps), differential nonlinearity (DNL) < 1.0 LSB, and Total
Unadjusted Error (TUE) of 0.72 LSB in 10-bit mode. The TUE is used for characterization of the
conversion error and includes errors from all sources, such as offset and linearity. Internal bandgap
circuitry offers 1% voltage reference accuracy with the flexibility of utilizing an external reference voltage.
The ADC channel sampling sequence and sampling rate are programmable and implemented in the
FPGA logic using Designer and Libero SoC software tool support.

Two channels of the 32-channel ADCMUX are dedicated. Channel 0 is connected internally to VCC and
can be used to monitor core power supply. Channel 31 is connected to an internal temperature diode
which can be used to monitor device temperature. The 30 remaining channels can be connected to
external analog signals. The exact number of I/Os available for external connection signals is device-
dependent (refer to the "Fusion Family" table on page | for details).
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Device Architecture

Table 2-7 « AFS250 Global Resource Timing

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

-2 -1 Std.
Parameter Description Units
Min.! | Max.2 | Min.! | Max.2 | Min.! | Max.2

tRekL Input Low Delay for Global Clock 089 | 112 | 1.02 | 1.27 | 1.20 | 1.50 ns
tRCKH Input High Delay for Global Clock 088 | 114 | 100 | 130 | 1.17 | 1.53 ns
trekmpwH | Minimum Pulse Width High for Global Clock ns
trekmpwL | Minimum Pulse Width Low for Global Clock ns
trReksw Maximum Skew for Global Clock 0.26 0.30 0.35 ns
Notes:

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

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

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

Table 2-8 + AFS090 Global Resource Timing
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V

-2 -1 Std.
Parameter Description Units
Min.! | Max.2 | Min." Max.2 | Min.! Max.?

tRekL Input Low Delay for Global Clock 0.84 1.07 | 096 121 | 113 143 ns
tRCKH Input High Delay for Global Clock 0.83 110 | 095 | 1.25 | 112 | 147 ns
trekmpwH | Minimum Pulse Width High for Global Clock ns
trekmpwL | Minimum Pulse Width Low for Global Clock ns
trcksw Maximum Skew for Global Clock 0.27 0.30 0.36 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element

located in a lightly loaded row (single element is connected to the global net).

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

3. For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.
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Fusion Family of Mixed Signal FPGAs

Example: Calculation for Match Count
To put the Fusion device on standby for one hour using an external crystal of 32.768 KHz:

The period of the crystal oscillator is Tcrystap
Terystal = 1/32.768 KHz = 30.518 ps
The period of the counter is T.oynter:
Teounter = 30.518 us X 128 = 3.90625 ms
The Match Count for 1 hour is Atmatch:
Atmatch / Toounter = (1 hr X 60 min/hr X 60 sec/min) / 3.90625 ms = 921600 or 0OxXE1000

Using a 32.768 KHz crystal, the maximum standby time of the 40-bit counter is 4,294,967,296 seconds,
which is 136 years.

Table 2-15 « Memory Map for RTC in ACM Register and Description
Default

ACMADDR |Register Name Description Use Value
0x40 COUNTERO Counter bits 7:0 Used to preload the counter to a specified start| 0x00

point.
0x41 COUNTERT1 Counter bits 15:8 0x00
0x42 COUNTER2 Counter bits 23:16 0x00
0x43 COUNTERS3 Counter bits 31:24 0x00
0x44 COUNTER4 Counter bits 39:32 0x00
0x48 MATCHREGO |Match register bits 7:0 The RTC comparison bits 0x00
0x49 MATCHREG1 |Match register bits 15:8 0x00
0x4A MATCHREG2 |Match register bits 23:16 0x00
0x4B MATCHREG3 |Match register bits 31:24 0x00
0x4C MATCHREG4 |Match register bits 39:32 0x00
0x50 MATCHBITO Individual match bits 7:0 The output of the XNOR gates 0x00

0 — Not matched

1 — Matched
0x51 MATCHBIT1 Individual match bits 15:8 0x00
0x52 MATCHBIT2 Individual match bits 23:16 0x00
0x53 MATCHBIT3 Individual match bits 31:24 0x00
0x54 MATCHBIT4 Individual match bits 29:32 0x00
0x58 CTRL_STAT Control (write/read) / Status |Refer to Table 2-16 on page 2-35 for details. 0x00

(read only) register bits
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Fusion Family of Mixed Signal FPGAs

Conversely, when writing 4-bit values and reading 9-bit values, the ninth bit of a read operation will be
undefined. The RAM blocks employ little-endian byte order for read and write operations.

RD[17:0] | RD
WD »| WD[17:0]
RCLK RCLK
WCLK WCLK RAM
»| RADD[J:0]
»| WADD[J:0]
> NN
FREN [ [FwEN g &S
o =
¥ ¥ =
RBLK CNT 12 1
REN I\ E
4 = > FULL
ESTOP = 1T [arvac
|—"'_B-—> AFULL
WBLK CNT12[ |Su 12?%‘1"_> —— AEMPTY
WEN I E
| IS = > EMPTY
FSTOP 17 | |
Reset
Figure 2-47 » Fusion RAM Block with Embedded FIFO Controller
2-56
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Device Architecture

DINA and DINB

These are the input data signals, and they are nine bits wide. Not all nine bits are valid in all
configurations. When a data width less than nine is specified, unused high-order signals must be

grounded (Table 2-29).
DOUTA and DOUTB

These are the nine-bit output data signals. Not all nine bits are valid in all configurations. As with DINA
and DINB, high-order bits may not be used (Table 2-29). The output data on unused pins is undefined.

Table 2-29 » Unused/Used Input and Output Data Pins for Various Supported Bus Widths

DINx/DOUTx

DxwW

Unused Used
4kx1 [8:1] [0
2kx2 [8:2] [1:0]
1kx4 [8:4] [3:0]
512x9 None [8:0]
Note: The "x"in DINx and DOUTXx implies A or B.
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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.
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Device Architecture

Table 2-81 « Fusion Pro 1/O Default Attributes

>
=
> —~| ©
—_— > -
3 = HEH
Y— < - o c
2 ol =5 =
s - c Q. 14
Q S | = 0| S| W
T g2 (=] 0
s 3|13 23| 2
= - x = > -
2 - = I I |
£l 3| 9|z| 3|3 E
= & @ o|m S
SLEW OUT_DRIVE w " == Q9| X
I/O Standards (output only) (output only) S o 318 =zl §
LVTTL/LVCMO | Refer to the following Refer to the following Off | None | 35pF | — | Off | 0| Off
S33V tables for more tables for more
LVCMOS 2.5 V information: information: Off | None | 35pF | — | Off | 0| Off
Table 2-78 on page 2-152 | Table 2-78 on page 2-152
%0,2/'83 Table 2-79 on page 2-152 | Table 2-79 on page 2-152 Off | None | 35pF | — | Off Off
- Table 2-80 on page 2-152 | Table 2-80 on page 2-152
LVCMOS 1.8 V Off | None | 35pF | — | Off | 0 | Off
LVCMOS 1.5V Off | None | 35pF | — | Off | 0 | Off
PCI (3.3V) Off | None | 10pF | — | Off | 0 | Off
PCI-X (3.3 V) Off | None | 10 pF | — | Off | 0 | Off
GTL+ (3.3V) Off | None | 10 pF | — | Off | 0 | Off
GTL+ (2.5V) Off | None | 10pF | — | Off | 0 | Off
GTL (3.3 V) Off | None | 10pF | — | Off | 0 | Off
GTL (2.5V) Off | None | 10pF | — | Off | 0| Off
HSTL Class | Off | None | 20pF | — | Off | 0 | Off
HSTL Class Il Off | None | 20pF | — | Off | 0 | Off
SSTL2 Off | None | 30pF | — | Off | 0 | Off
Class I and Il
SSTL3 Off | None | 30pF | — | Off | 0 | Off
Class land Il
LvDS, BLVDS, Off | None | OpF | — | Off | 0| Off
M-LVDS
LVPECL Off | None | OpF | — | Off | 0| Off
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Table 2-96 « 1/0 Output Buffer Maximum Resistances 1 (continued)

&S Microsemi

Fusion Family of Mixed Signal FPGAs

) RPULL-DO\&VN RPULL-U§
Standard Drive Strength (ohms) (ohms)
HSTL (1) 8 mA 50 50
HSTL (Il) 15 mA 25 25
SSTL2 (1) 17 mA 27 31
SSTL2 (I1) 21 mA 13 15
SSTL3 (1) 16 mA 44 69
SSTL3 (I1) 24 mA 18 32
Applicable to Advanced I/0 Banks
3.3V LVTTL/3.3VLVCMOS 2mA 100 300
4 mA 100 300
6 mA 50 150
8 mA 50 150
12 mA 25 75
16 mA 17 50
24 mA 1 33
2.5V LVCMOS 2mA 100 200
4 mA 100 200
6 mA 50 100
8 mA 50 100
12 mA 25 50
16 mA 20 40
24 mA 1 22
1.8 V LVCMOS 2 mA 200 225
4 mA 100 112
6 mA 50 56
8 mA 50 56
12 mA 20 22
16 mA 20 22
1.5V LVCMOS 2 mA 200 224
4 mA 100 112
6 mA 67 75
8 mA 33 37
12 mA 33 37
3.3 V PCI/PCI-X Per PCI/PCI-X specification 25 75
Notes:

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

2. RpuLL-pown-max) = VOLspec / o spec
3. R(PULL-UP—MAX) = (VCCImaX - VOHS,OGC) /IOHspec

Revision 6

2-170



&S Microsemi

Device Architecture

Single-Ended I/O Characteristics

3.3VLVTTL/3.3VLVCMOS

Low-Voltage Transistor-Transistor Logic is a general-purpose standard (EIA/JESD) for 3.3V
applications. It uses an LVTTL input buffer and push-pull output buffer. The 3.3 V LVCMOS standard is
supported as part of the 3.3 V LVTTL support.

Table 2-102 « Minimum and Maximum DC Input and Output Levels

3.3VLVTTL/
3.3V LvVCMOS VIL VIH VOL VOH |IOL|IOH| IOSL I0SH | L' | K2
Min. Max. Min. Max. Max. Min. Max. Max.
Drive Strength| V Y, ' v ' V |mAlmA| mA3 mA? | pA% | pat
Applicable to Pro I/O Banks
4 mA -0.3 0.8 2 3.6 0.4 24 4 | 4 27 25 10 | 10
8 mA -0.3 0.8 2 3.6 0.4 24 8 | 8 54 51 10 | 10
12 mA -0.3 0.8 2 3.6 0.4 24 12 | 12 109 103 10 | 10
16 mA -0.3 0.8 2 3.6 0.4 24 16 | 16 127 132 10 | 10
24 mA -0.3 0.8 2 3.6 0.4 24 24 | 24 181 268 10 | 10
Applicable to Advanced I/O Banks
2 mA -0.3 0.8 2 3.6 0.4 24 2 |2 27 25 10 | 10
4 mA -0.3 0.8 2 3.6 0.4 24 4 | 4 27 25 10 | 10
6 mA -0.3 0.8 2 3.6 0.4 24 6 | 6 54 51 10 | 10
8 mA -0.3 0.8 2 3.6 0.4 2.4 8 | 8 54 51 10 | 10
12 mA -0.3 0.8 2 3.6 0.4 2.4 12 | 12 109 103 10 | 10
16 mA -0.3 0.8 2 3.6 0.4 24 16 | 16 127 132 10 | 10
24 mA -0.3 0.8 2 3.6 0.4 24 24 | 24 181 268 10 | 10
Applicable to Standard 1/0 Banks
2 mA -0.3 0.8 2 3.6 0.4 24 2 |2 27 25 10 | 10
4 mA -0.3 0.8 2 3.6 0.4 24 4 | 4 27 25 10 | 10
6 mA -0.3 0.8 2 3.6 0.4 2.4 6 | 6 54 51 10 | 10
8 mA -0.3 0.8 2 3.6 0.4 2.4 8 | 8 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.
Currents are measured at 85°C junction temperature.
5. Software default selection highlighted in gray.

ha

. R=1k R to VCCI for tLZ/ tZL/tZLS
Test Point
1 Tost Point R to GND for t / ty/ tyns

Data Path T 35pF  Enable Path 35 pF for tyy / tyys / ty / by g
T 35 pF forty,/t

Figure 2-119 « AC Loading
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Fusion Family of Mixed Signal FPGAs

Table 2-122 + 1.8 V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=1.7V
Applicable to Advanced I/0s

Drive Speed
Strength | Grade |tpoyr | tor | toin | tey [teour| tzL | tzn | tz | tuz | tas | tzus | Units
2 mA Std. 0.66 | 1553 0.04 | 1.31 043 [ 14.11 (1553 2.78 | 1.60 | 16.35 | 17.77 ns

-1 0.56 |13.21| 0.04 | 1.11 | 0.36 | 12.01 | 13.21 | 2.36 | 1.36 [ 13.91 | 15.11 ns
22 049 |1160( 0.03 | 0.98 | 0.32 | 10.54 | 11.60 | 2.07 | 1.19 | 12.21 | 13.27 ns
4 mA Std. 0.66 |10.48| 0.04 | 1.31 | 0.43 | 10.41 | 10.48 | 3.23 | 2.73 | 12.65 | 12.71 ns
-1 056 | 891 | 004 | 111 | 0.36 | 8.86 | 891 | 275 | 2.33 | 10.76 | 10.81 ns
-2 049 | 782 | 003 | 098 | 032 | 7.77 | 7.82 | 241 | 2.04 | 9.44 | 949 ns
8 mA Std. 0.66 | 805 0.04 | 1.31 | 043 | 820 | 7.84 | 3.54 | 3.27 | 10.43 | 10.08 ns
-1 0.56 | 685 | 0.04 | 1.11 | 0.36 | 6.97 | 6.67 | 3.01 | 2.78 | 8.88 | 8.57 ns
-2 049 | 6.01 | 0.03 | 098 | 0.32 | 6.12 | 586 | 264 | 244 | 7.79 | 7.53 ns

12 mA Std. 0.66 | 750 | 0.04 | 1.31 [ 043 | 764 | 7.30 | 3.61 | 3.41 | 9.88 | 9.53 ns
-1 056 | 6.38 | 0.04 | 1.11 | 0.36 | 6.50 | 6.21 | 3.07 | 290 | 840 | 8.11 ns
-2 049 | 560 | 0.03 | 098 | 0.32 | 571 | 545 | 269 | 255 | 7.38 | 7.12 ns
16 mA Std. 066 | 729 | 0.04 | 131 [ 043 | 723 | 729 | 3.71 | 3.95 | 947 | 9.53 ns
-1 0.56 | 620 | 0.04 | 1.11 [ 0.36 | 6.15 | 6.20 | 3.15 | 3.36 | 8.06 | 8.11 ns
-2 049 | 545 | 0.03 | 098 | 0.32 | 540 | 545 | 277 | 295 | 7.07 | 7.12 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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Fusion Family of Mixed Signal FPGAs

SSTL3 Class Il

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

Table 2-165 « Minimum and Maximum DC Input and Output Levels

SSTL3 Class Il VIL VIH VOL VOH IOL [IOH | IOSL | 10SH | L' | nH?
Min. Max. Min. Max. | Max. Min. Max. | Max.

Drive Strength | V Y, ' v \Y; Y, mA [ mA | mA3 | mA3 |pA% | pA?

21 mA -0.3 [VREF-0.2|VREF +0.2[ 3.6 0.5 [VCCI-0.9| 21 | 21 109 103 | 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. lIH 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 Il 25
Test Point
25

T 30 pF

Table 2-166 « AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) | VREF (typ.) (V) | VTT (typ.) (V) | CLoap (PF)
VREF -0.2 VREF + 0.2 1.5 1.5 1.485 30

Figure 2-133 *« AC Loading

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

Timing Characteristics

Table 2-167 » SSTL3- Class |l
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=3.0V,VREF=1.5V

Speed

Grade | tpoyr | top | toin tey | teout | tzL tzy tz thz | tzs | tzus | Units
Std. 0.66 2.07 0.04 1.25 0.43 2.10 1.67 4.34 3.91 ns
-1 0.56 1.76 0.04 1.06 0.36 1.79 1.42 3.69 3.32 ns
-2 0.49 1.54 0.03 0.93 0.32 1.57 1.25 3.24 2.92 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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Device Architecture

DDR Module Specifications

FF2

Out_QF
(to core)

Out_QR

(to core)

Input DDR Module
.................. Pt DR e,
Dmaqu{:> :
INBUF |
SN >
CLK-RH > 2
CLKBUF |
>
iC

CLRRH >

INBUF

e

DDR_IN

Figure 2-142 « Input DDR Timing Model

Table 2-179 « Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (from, to)
tpoRrRICLKQ1 Clock-to-Out Out_QR B, D
tDDRICLKQ2 Clock-to-Out Out_QF B, E
tbDRISUD Data Setup Time of DDR Input A, B
{DDRIHD Data Hold Time of DDR Input AB
tDDRICLR2Q1 Clear-to-Out Out_QR C,D
tDDRICLR2Q2 Clear-to-Out Out_QF C E
{DDRIREMCLR Clear Removal C,B
tDDRIRECCLR Clear Recovery C,B
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DC and Power Characteristics

Table 3-2 «+ Recommended Operating Conditions’

Symbol Parameter” Commercial Industrial Units
T, Junction temperature 0to +85 —40 to +100 °C
VCC 1.5V DC core supply voltage 1.425t0 1.575 1.425t0 1.575 \%
VJTAG JTAG DC voltage 1.41t03.6 1.4t0 3.6 \Y
VPUMP Programming voltage Programming mode> 3.15t03.45 3.15t03.45 \%
Operation® 0to 3.6 0t03.6 v
VCCPLL Analog power supply (PLL) 1.425 to 1.575 1.425t0 1.575 \Y,
VCCI 1.5V DC supply voltage 1.425t0 1.575 1.425t0 1.575 \%
1.8 V DC supply voltage 1.7t01.9 1.7t01.9 \%
2.5V DC supply voltage 23t027 231027 \%
3.3 V DC supply voltage 3.0t0 3.6 3.0t0 3.6 \%
LVDS differential 1/0 2.375t0 2.625 2.37510 2.625 \Y,
LVPECL differential 1/0 3.0t0 3.6 3.0t0 3.6 \Y
VCC33A +3.3 V power supply 2.97 to 3.63 2.97 to 3.63 \%
VCC33PMP |+3.3 V power supply 2.97 to 3.63 2.97 to 3.63 \Y,
VAREF Voltage reference for ADC 2.527 t0 2.593 2.527 t0 2.593 \Y,
VCC15A ° Digital power supply for the analog system 1.425t0 1.575 1.425 to 1.575 \%
VCCNVM Embedded flash power supply 1.425 to 1.575 1.425t0 1.575 V
VCCOSC Oscillator power supply 2.97 to0 3.63 2.97 to 3.63 \%
AV, AC® Unpowered, ADC reset asserted or unconfigured -10.5t012.0 -10.5t0 11.6 \%
Analog input (+16 V to +2 V prescaler range) -0.3t012.0 -0.3t0 11.6 \Y,
Analog input (+1 V to + 0.125 V prescaler range) -0.3t0 3.6 -0.31t0 3.6 \%
Analog input (-16 V to -2 V prescaler range) -10.5t0 0.3 -10.5t0 0.3 \Y,
Analog input (=1 V to —0.125 V prescaler range) -3.6100.3 -3.6100.3 \%
Analog input (direct input to ADC) -0.3t03.6 -0.3t03.6 \Y,
Digital input -0.3t0 12.0 -0.3t0 11.6 V
AG® Unpowered, ADC reset asserted or unconfigured -10.51t012.0 -10.5t0 11.6 \%
Low Current Mode (1 pA, 3 pA, 10 pA, 30 pA) -0.3t012.0 -0.3t0 11.6 \Y,
Low Current Mode (—1 pA, =3 pA, =10 pA, =30 pA) -10.5t0 0.3 -10.5t00.3 \Y,
High Current Mode ! -10.5t0 12.0 -10.5t0 11.6 \Y,
AT® Unpowered, ADC reset asserted or unconfigured -0.3t0 15.5 -0.3t0 14.5 V
Analog input (+16 V, +4 V prescaler range) -0.3t0 155 -0.3t0 145 \%
Analog input (direct input to ADC) -0.3t03.6 -0.3t03.6 \Y,
Digital input -0.3t0 15.5 -0.3t0 14.5 \Y
Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O
standard are given in Table 2-85 on page 2-157.

All parameters representing voltages are measured with respect to GND unless otherwise specified.
The programming temperature range supported is Typpient = 0°C to 85°C.
VPUMP can be left floating during normal operation (not programming mode).

SIS

Violating the Vc154 recommended voltage supply during an embedded flash program cycle can corrupt the page being
programmed.

6. The input voltage may overshoot by up to 500 mV above the Recommended Maximum (150 mV in Direct mode),
provided the duration of the overshoot is less than 50% of the operating lifetime of the device.

7. The AG pad should also conform to the limits as specified in Table 2-48 on page 2-114.
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Thermal Characteristics

Introduction
The temperature variable in the Microsemi Designer software refers to the junction temperature, not the
ambient, case, or board temperatures. This is an important distinction because dynamic and static power
consumption will cause the chip's junction temperature to be higher than the ambient, case, or board
temperatures. EQ 1 through EQ 3 give the relationship between thermal resistance, temperature
gradient, and power.

T)-64
Oa = —p
EQ1
T,-Tg
% = —p
EQ2
T,-Tc
Sc = —p
EQ3
where
6,a = Junction-to-air thermal resistance
6,8 = Junction-to-board thermal resistance
6,c = Junction-to-case thermal resistance
T, = Junction temperature
Ta = Ambient temperature
Tg = Board temperature (measured 1.0 mm away from the
package edge)
Tc = Case temperature
P = Total power dissipated by the device
Table 3-6 « Package Thermal Resistance
SATY
Product Still Air 1.0 m/s 2.5m/s 0yc 048 Units
AFS090-QN108 34.5 30.0 27.7 8.1 16.7 °C/W
AFS090-QN180 33.3 27.6 257 9.2 21.2 °C/IW
AFS250-QN180 32.2 26.5 247 5.7 15.0 °C/W
AFS250-PQ208 421 38.4 37 20.5 36.3 °C/W
AFS600-PQ208 23.9 213 20.48 6.1 16.5 °C/W
AFS090-FG256 37.7 33.9 32.2 1.5 29.7 °C/IW
AFS250-FG256 33.7 30.0 28.3 9.3 248 °C/W
AFS600-FG256 28.9 25.2 235 6.8 19.9 °C/IW
AFS1500-FG256 23.3 19.6 18.0 43 14.2 °C/W
AFS600-FG484 21.8 18.2 16.7 7.7 16.8 °C/W
AFS1500-FG484 21.6 16.8 15.2 5.6 14.9 °C/W
AFS1500-FG676 TBD TBD TBD TBD TBD °C/W
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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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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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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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Package Pin Assignments

FG484 FG484
Pin Pin
Number | AFS600 Function | AFS1500 Function Number | AFS600 Function | AFS1500 Function
A1 GND GND AA14 AG7 AG7
A2 VCC NC AA15 AG8 AG8
A3 GAA1/1001PDB0OVO0 | GAA1/1001PDB0OVO AA16 GNDA GNDA
A4 GABO0/IO02NDBOVO | GABO/IO02NDBOVO AA17 AG9 AG9
A5 GAB1/1002PDB0OVO0 | GAB1/I002PDB0OV0 AA18 VAREF VAREF
A6 IO07NDBOV1 IO07NDBOV1 AA19 VCCIB2 VCCIB2
A7 1007PDBOV1 I007PDBOV1 AA20 PTEM PTEM
A8 1010PDBOV1 I009PDBO0OV1 AA21 GND GND
A9 I014NDBOV1 I013NDB0OV2 AA22 VCC NC
A10 I014PDBO0OV1 I013PDB0OV2 AB1 GND GND
A11 1017PDB1V0 1024PDB1V0 AB2 VCC NC
A12 I018PDB1V0 1026PDB1V0 AB3 NC I094NSB4V0
A13 I019NDB1V0 I027NDB1V1 AB4 GND GND
A14 I019PDB1V0 1027PDB1V1 AB5 VCC33N VCC33N
A15 1024NDB1V1 IO35NDB1V2 AB6 ATO ATO
A16 1024PDB1V1 I035PDB1V2 AB7 ATRTNO ATRTNO
A17 GBCO0/I026NDB1V1 | GBC0/I0O40NDB1V2 AB8 AT1 AT1
A18 GBAO0/IO28NDB1V1 | GBAO/IO42NDB1V2 AB9 AT2 AT2
A19 I029NDB1V1 I043NDB1V2 AB10 ATRTN1 ATRTN1
A20 I029PDB1V1 1043PDB1V2 AB11 AT3 AT3
A21 VCC NC AB12 AT6 AT6
A22 GND GND AB13 ATRTN3 ATRTN3
AA1 VCC NC AB14 AT7 AT7
AA2 GND GND AB15 AT8 AT8
AA3 VCCIB4 VCCIB4 AB16 ATRTN4 ATRTN4
AA4 VCCIB4 VCCIB4 AB17 AT9 AT9
AA5 PCAP PCAP AB18 VCC33A VCC33A
AA6 AGO AGO AB19 GND GND
AA7 GNDA GNDA AB20 NC I076NPB2V0
AA8 AG1 AG1 AB21 VCC NC
AA9 AG2 AG2 AB22 GND GND
AA10 GNDA GNDA B1 VCC NC
AA11 AG3 AG3 B2 GND GND
AA12 AG6 AG6 B3 GAAO/IO01NDBOVO | GAAO/IO01NDBOVO
AA13 GNDA GNDA B4 GND GND
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Revision

Changes

Page

Revision 2
(continued)

A note was added to Figure 2-27 < Real-Time Counter System (not all the signals are
shown for the AB macro) stating that the user is only required to instantiate the
VRPSM macro if the user wishes to specify PUPO behavior of the voltage regulator
to be different from the default, or employ user logic to shut the voltage regulator off
(SAR 21773).

2-31

VPUMP was incorrectly represented as VPP in several places. This was corrected to
VPUMP in the "Standby and Sleep Mode Circuit Implementation" section and
Table 3-8 « AFS1500 Quiescent Supply Current Characteristics through Table 3-11 «
AFS090 Quiescent Supply Current Characteristics (21963).

2-32, 3-10

Additional information was added to the Flash Memory Block "Write Operation”
section, including an explanation of the fact that a copy-page operation takes no less
than 55 cycles (SAR 26338).

2-45

The "FlashROM" section was revised to refer to Figure 2-46 « FlashROM Timing
Diagram and Table 2-26 « FlashROM Access Time rather than stating 20 MHz as the
maximum FlashROM access clock and 10 ns as the time interval for DO to become
valid or invalid (SAR 22105).

2-53, 2-54

The following figures were deleted (SAR 29991). Reference was made to a new
application note, Simultaneous Read-Write Operations in Dual-Port SRAM for Flash-
Based cSoCs and FPGAs, which covers these cases in detail (SAR 34862).

Figure 2-55 « Write Access after Write onto Same Address
Figure 2-56 * Read Access after Write onto Same Address
Figure 2-57 « Write Access after Read onto Same Address

The port names in the SRAM "Timing Waveforms", "Timing Characteristics", SRAM
tables, Figure 2-55 « RAM Reset. Applicable to both RAM4K9 and RAM512x18., and
the FIFO "Timing Characteristics" tables were revised to ensure consistency with the
software names (SAR 35753).

2-63,
2-66,
2-65, 2-75

In several places throughout the datasheet, GNDREF was corrected to
ADCGNDREF (SAR 20783):

Figure 2-64 - Analog Block Macro
Table 2-36 » Analog Block Pin Description
"ADC Operation" section

2-77
2-78
2-104

The following note was added below Figure 2-78 < Timing Diagram for the
Temperature Monitor Strobe Signal:

When the IEEE 1149.1 Boundary Scan EXTEST instruction is executed, the AG pad
drive strength ceases and becomes a 1 pA sink into the Fusion device. (SAR
24796).

2-93

The "Analog-to-Digital Converter Block" section was extensively revised,
reorganizing the information and adding the "ADC Theory of Operation" section and
"Acquisition Time or Sample Time Control" section. The "ADC Example" section was
reworked and corrected (SAR 20577).

2-96

Table 2-49 - Analog Channel Specifications was modified to include calibrated and
uncalibrated values for offset (AFS090 and AFS250) for the external and internal
temperature monitors. The "Offset" section was revised accordingly and now
references Table 2-49 « Analog Channel Specifications (SARs 22647, 27015).

2-95,
2-117

The "Intra-Conversion" section and "Injected Conversion" section had definitions
incorrectly interchanged and have been corrected. Figure 2-92 -« Intra-Conversion
Timing Diagram and Figure 2-93 - Injected Conversion Timing Diagram were also
incorrectly interchanged and have been replaced correctly. Reference in the figure
notes to EQ 10 has been corrected to EQ 23 (SAR 20547).

2-110,
2-113,
2-113
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