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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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Table 2-16 « RTC Control/Status Register

Bit

Name

Description

Default
Value

rtc_rst

RTC Reset
1 — Resets the RTC
0 — Deassert reset on after two ACM_CLK cycle.

cntr_en

Counter Enable

1 — Enables the counter; rtc_rst must be deasserted as well. First counter increments
after 64 RTCCLK positive edges.

0 — Disables the crystal prescaler but does not reset the counter value. Counter value
can only be updated when the counter is disabled.

vr_en_mat

Voltage Regulator Enable on Match

1 — Enables RTCMATCH and RTCPSMMATCH to output 1 when the counter value
equals the Match Register value. This enables the 1.5V voltage regulator when
RTCPSMMATCH connects to the RTCPSMMATCH signal in VRPSM.

0 — RTCMATCH and RTCPSMMATCH output 0 at all times.

4:3

xt_mode[1:0]

Crystal Mode

Controls RTCXTLMODE[1:0]. Connects to RTC_MODE signal in XTLOSC.
XTL_MODE uses this value when xtal_en is 1. See the "Crystal Oscillator" section on
page 2-20 for mode configuration.

00

rst_cnt_omat

Reset Counter on Match

1 — Enables the sync clear of the counter when the counter value equals the Match
Register value. The counter clears on the rising edge of the clock. If all the Match
Registers are set to 0, the clear is disabled.

0 — Counter increments indefinitely

rstb_cnt

Counter Reset, active Low
0 - Resets the 40-bit counter value

xtal_en

Crystal Enable
Controls RTCXTLSEL. Connects to SELMODE signal in XTLOSC.

0 — XTLOSC enables control by FPGA_EN; xt_mode is not used. Sleep mode requires
this bit to equal 0.

1 — Enables XTLOSC, XTL_MODE control by xt_mode
Standby mode requires this bit to be set to 1.

See the "Crystal Oscillator" section on page 2-20 for further details on SELMODE
configuration.
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Access to the FB is controlled by the BUSY signal. The BUSY output is synchronous to the CLK signal.
FB operations are only accepted in cycles where BUSY is logic 0.
Write Operation

Write operations are initiated with the assertion of the WEN signal. Figure 2-35 on page 2-45 illustrates
the multiple Write operations.
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Figure 2-35 « FB Write Waveform

When a Write operation is initiated to a page that is currently not in the Page Buffer, the FB control logic
will issue a BUSY signal to the user interface while the page is loaded from the FB Array into the Page
Buffer. A Copy Page operation takes no less than 55 cycles and could take more if a Write or Unprotect
Page operation is started while the NVM is busy pre-fetching a block. The basic operation is to read a
block from the array into the block register (5 cycles) and then write the block register to the page buffer
(1 cycle) and if necessary, when the copy is complete, reading the block being written from the page
buffer into the block buffer (1 cycle). A page contains 9 blocks, so 9 blocks multiplied by 6 cycles to
read/write each block, plus 1 is 55 cycles total. Subsequent writes to the same block of the page will incur
no busy cycles. A write to another block in the page will assert BUSY for four cycles (five cycles when
PIPE is asserted), to allow the data to be written to the Page Buffer and have the current block loaded
into the Block Buffer.

Write operations are considered successful as long as the STATUS output is '00'. A non-zero STATUS
indicates that an error was detected during the operation and the write was not performed. Note that the
STATUS output is "sticky"; it is unchanged until another operation is started.

Only one word can be written at a time. Write word width is controlled by the DATAWIDTH bus. Users are
responsible for keeping track of the contents of the Page Buffer and when to program it to the array. Just
like a regular RAM, writing to random addresses is possible. Users can write into the Page Buffer in any
order but will incur additional BUSY cycles. It is not necessary to modify the entire Page Buffer before
saving it to nonvolatile memory.

Write errors include the following:

1. Attempting to write a page that is Overwrite Protected (STATUS ='01'). The write is not
performed.

2. Attempting to write to a page that is not in the Page Buffer when Page Loss Protection is enabled
(STATUS = "11"). The write is not performed.

2-45
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SRAM and FIFO

All Fusion devices have SRAM blocks along the north side of the device. Additionally, AFS600 and
AFS1500 devices have an SRAM block on the south side of the device. To meet the needs of high-
performance designs, the memory blocks operate strictly in synchronous mode for both read and write
operations. The read and write clocks are completely independent, and each may operate at any desired
frequency less than or equal to 350 MHz. The following configurations are available:

o 4kx1, 2kx2, 1kx4, 512x9 (dual-port RAM—two read, two write or one read, one write)
+  512x9, 256%18 (two-port RAM—one read and one write)
» Sync write, sync pipelined/nonpipelined read

The Fusion SRAM memory block includes dedicated FIFO control logic to generate internal addresses
and external flag logic (FULL, EMPTY, AFULL, AEMPTY).

During RAM operation, addresses are sourced by the user logic, and the FIFO controller is ignored. In
FIFO mode, the internal addresses are generated by the FIFO controller and routed to the RAM array by
internal MUXes. Refer to Figure 2-47 for more information about the implementation of the embedded
FIFO controller.

The Fusion architecture enables the read and write sizes of RAMs to be organized independently,
allowing for bus conversion. This is done with the WW (write width) and RW (read width) pins. The
different DxW configurations are 256x18, 512x9, 1kx4, 2kx2, and 4kx1. For example, the write size can
be set to 256x18 and the read size to 512x9.

Both the write and read widths for the RAM blocks can be specified independently with the WW (write
width) and RW (read width) pins. The different DxW configurations are 256x18, 512x9, 1kx4, 2kx2, and
4kx1.

Refer to the allowable RW and WW values supported for each of the RAM macro types in Table 2-27 on
page 2-58.

When a width of one, two, or four is selected, the ninth bit is unused. For example, when writing 9-bit
values and reading 4-bit values, only the first four bits and the second four bits of each 9-bit value are
addressable for read operations. The ninth bit is not accessible.
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Typical scaling factors are given in Table 2-57 on page 2-130, and the gain error (which contributes to the
minimum and maximum) is in Table 2-49 on page 2-117.

Off-Chip
AV AC AG AT
Pads x Voltage —x Current —X Gate —x Temperature
Monitor Block Monitor Block Driver Monitor Block
On-Chip
Analog Quad
| Prescaler | Prescaler > | Prescaler
Power
Digital Digital MOSFET Digital
Gate Driver
™ Input Input > Input
—| Current Temperature
P Monitor / Instr P> Monitor
Amplifier
\
To FPGA To FPGA From FPGA To FPGA
(DAVOUTX) v (DACOUTX) v (GDONX) (DATOUTX)
To Analog MUX To Analog MUX To Analog MUX

Figure 2-67 « Analog Quad Prescaler Input Configuration
Terminology
BW — Bandwidth

BW is a range of frequencies that a Channel can handle.

Channel
A channel is define as an analog input configured as one of the Prescaler range shown in Table 2-57 on
page 2-130. The channel includes the Prescaler circuit and the ADC.

Channel Gain

Channel Gain is a measured of the deviation of the actual slope from the ideal slope. The slope is
measured from the 20% and 80% point.

EQ1

Channel Gain Error

Channel Gain Error is a deviation from the ideal slope of the transfer function. The Prescaler Gain Error
is expressed as the percent difference between the actual and ideal, as shown in EQ 2.

Errorg,i, = (1-Gain) x 100%
EQ2
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o

%, CMSTBx

VADC to Analog MUX

(refer Table 2-36

for MUX channel
number)

Current Monitor

Figure 2-72 + Positive Current Monitor

Care must be taken when choosing the right resistor for current measurement application. Note that
because of the 10x amplification, the maximum measurable difference between the AV and AC pads is
Varer / 10. A larger AV-to-AC voltage drop will result in ADC saturation; that is, the digital code put out by
the ADC will stay fixed at the full scale value. Therefore, the user must select the external sense resistor
appropriately. Table 2-38 shows recommended resistor values for different current measurement ranges.
When choosing resistor values for a system, there is a trade-off between measurement accuracy and
power consumption. Choosing a large resistor will increase the voltage drop and hence increase
accuracy of the measurement; however the larger voltage drop dissipates more power (P = 12 R).

The Current Monitor is a unipolar system, meaning that the differential voltage swing must be from 0 V to
Varer/10. Therefore, the Current Monitor only supports differential voltage where [VaVac| is greater
than 0 V. This results in the requirement that the potential of the AV pad must be larger than the potential
of the AC pad. This is straightforward for positive voltage systems. For a negative voltage system, it
means that the AV pad must be "more negative" than the AC pad. This is shown in Figure 2-73.

In this case, both the AV pad and the AC pad are configured for negative operations and the output of the
differential amplifier still falls between 0 V and Vargr as required.

Table 2-37 - Recommended Resistor for Different Current Range Measurement

Current Range Recommended Minimum Resistor Value (Ohms)
>5mA-10 mA 10-20
>10 mA-20 mA 5-10
>20 mA - 50 mA 25-5

> 50 mA — 100 mA 1-2

> 100 mA — 200 mA 0.5-1

> 200 mA — 500 mA 0.3-0.5
>500mA-1A 0.1-0.2
>1A-2A 0.05-0.1
>2A-4A 0.025-0.05
>4A-8A 0.0125 -0.025
>8A-12A 0.00625 - 0.02
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This process results in a binary approximation of VIN. Generally, there is a fixed interval T, the sampling
period, between the samples. The inverse of the sampling period is often referred to as the sampling
frequency fg = 1/ T. The combined effect is illustrated in Figure 2-82.

- N

Figure 2-82 « Conversion Example

Figure 2-82 demonstrates that if the signal changes faster than the sampling rate can accommodate, or if
the actual value of VIN falls between counts in the result, this information is lost during the conversion.
There are several techniques that can be used to address these issues.

First, the sampling rate must be chosen to provide enough samples to adequately represent the input
signal. Based on the Nyquist-Shannon Sampling Theorem, the minimum sampling rate must be at least
twice the frequency of the highest frequency component in the target signal (Nyquist Frequency). For
example, to recreate the frequency content of an audio signal with up to 22 KHz bandwidth, the user
must sample it at a minimum of 44 ksps. However, as shown in Figure 2-82, significant post-processing
of the data is required to interpolate the value of the waveform during the time between each sample.

Similarly, to re-create the amplitude variation of a signal, the signal must be sampled with adequate
resolution. Continuing with the audio example, the dynamic range of the human ear (the ratio of the
amplitude of the threshold of hearing to the threshold of pain) is generally accepted to be 135 dB, and the
dynamic range of a typical symphony orchestra performance is around 85 dB. Most commercial
recording media provide about 96 dB of dynamic range using 16-bit sample resolution. But 16-bit fidelity
does not necessarily mean that you need a 16-bit ADC. As long as the input is sampled at or above the
Nyquist Frequency, post-processing techniques can be used to interpolate intermediate values and
reconstruct the original input signal to within desired tolerances.

If sophisticated digital signal processing (DSP) capabilities are available, the best results are obtained by
implementing a reconstruction filter, which is used to interpolate many intermediate values with higher
resolution than the original data. Interpolating many intermediate values increases the effective number
of samples, and higher resolution increases the effective number of bits in the sample. In many cases,
however, it is not cost-effective or necessary to implement such a sophisticated reconstruction algorithm.
For applications that do not require extremely fine reproduction of the input signal, alternative methods
can enhance digital sampling results with relatively simple post-processing. The details of such
techniques are out of the scope of this chapter; refer to the Improving ADC Results through
Oversampling and Post-Processing of Data white paper for more information.
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Intra-Conversion

Performing a conversion during power-up calibration is possible but should be avoided, since the
performance is not guaranteed, as shown in Table 2-49 on page 2-117. This is described as
intra-conversion. Figure 2-92 on page 2-113 shows intra-conversion, (conversion that starts during
power-up calibration).

Injected Conversion

A conversion can be interrupted by another conversion. Before the current conversion is finished, a
second conversion can be started by issuing a pulse on signal ADCSTART. When a second conversion
is issued before the current conversion is completed, the current conversion would be dropped and the
ADC would start the second conversion on the rising edge of the SYSCLK. This is known as injected
conversion. Since the ADC is synchronous, the minimum time to issue a second conversion is two clock
cycles of SYSCLK after the previous one. Figure 2-93 on page 2-113 shows injected conversion,
(conversion that starts before a previously started conversion is finished). The total time for calibration
still remains 3,840 ADCCLK cycles.

ADC Example

This example shows how to choose the correct settings to achieve the fastest sample time in 10-bit mode
for a system that runs at 66 MHz. Assume the acquisition times defined in Table 2-44 on page 2-108 for
10-bit mode, which gives 0.549 pus as a minimum hold time.

The period of SYSCLK: tgyscLk = 1/66 MHz = 0.015 ps

Choosing TVC between 1 and 33 will meet the maximum and minimum period for the ADCCLK
requirement. A higher TVC leads to a higher ADCCLK period.

The minimum TVC is chosen so that tisyip, and thost-cal €@N be run faster. The period of ADCCLK with a
TVC of 1 can be computed by EQ 24.

tapcoik = 4 x(1+TVC) xtgygok = 4x(1+1)x0.015 us = 0.12 s

EQ 24
The STC value can now be computed by using the minimum sample/hold time from Table 2-44 on
page 2-108, as shown in EQ 25.

t
sTC — sample 5 _ 0849US 5 _ 4575 5 — 2575

tapccLk 0.12 us

EQ 25

You must round up to 3 to accommodate the minimum sample time requirement. The actual sample time,
tsample, With an STC of 3, is now equal to 0.6 s, as shown in EQ 26

t = (2+STC) x tapeek = (2+3) xtapook = 5x0.12 us = 0.6 s

sample

EQ 26
Microsemi recommends post-calibration for temperature drift over time, so post-calibration is enabled.
The post-calibration time, tyogt.ca1, Can be computed by EQ 27. The post-calibration time is 0.24 us.

t = 2xtypccrk = 0.24 ps

post-cal —

EQ27
The distribution time, tyisip, iS equal to 1.2 ys and can be computed as shown in EQ 28 (N is number of
bits, referring back to EQ 8 on page 2-94).
thistrib = N X tapcolk = 10x0.12 = 1.2 us

EQ 28

The total conversion time can now be summated, as shown in EQ 29 (referring to EQ 23 on page 2-109).
tsync_read * tsample * tdistrib * tpost-cal * tsync_write = (0.015 + 0.60 + 1.2 + 0.24 + 0.015) us = 2.07 ps

EQ 29
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Temperature Reading Noise RMS vs. Averaging

180 \
4\
N
2 \\
. I

1 10 100 1000 10000
Number of Averages

Noise RMS (°C)

Figure 2-96 - Temperature Reading Noise When Averaging is Used
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Analog System Characteristics

Table 2-49 « Analog Channel Specifications

Commercial Temperature Range Conditions, T; = 85°C (unless noted otherwise),
Typical: VCC33A=3.3V,VCC=15V

Parameter | Description Condition ‘ Min. |Typ. | Max. Units

Voltage Monitor Using Analog Pads AV, AC and AT (using prescaler)

Input Voltage Refer to Table 3-2 on page 3-3
(Prescaler)
VINAP Uncalibrated Gain and | Refer to Table 2-51 on
Offset Errors page 2-122
Calibrated Gain and Refer to Table 2-52 on
Offset Errors page 2-123
Bandwidth1 100 KHz
Input Resistance Refer to Table 3-3 on page 3-4
Scaling Factor Prescaler modes (Table 2-57 on
page 2-130)
Sample Time 10 us
Current Monitor Using Analog Pads AV and AC
VRSM' Maximum Differential VAREF /10 mV
Input Voltage
Resolution Refer to "Current Monitor"
section
Common Mode Range —-10.5t0 +12 \%
CMRR Common Mode DC -1 KHz 60 dB
Rejection Ratio
1 KHz - 10 KHz 50 dB
> 10 KHz 30 dB
temsHI Strobe High time ADC 200 VS
conv.
time
teMsHI Strobe Low time 5 V]
teMsHI Settling time 0.02 us
Accuracy Input differential voltage > 50 mV -2 —(0.05 x mV
VRSM) to +2 +
(0.05 x VRSM)

Notes:

1.
2.

VRSM is the maximum voltage drop across the current sense resistor.

Analog inputs used as digital inputs can tolerate the same voltage limits as the corresponding analog pad. There is no
reliability concern on digital inputs as long as VIND does not exceed these limits.

VIND is limited to VCC33A + 0.2 to allow reaching 10 MHz input frequency.

An averaging of 1,024 samples (LPF setting in Analog System Builder) is required and the maximum capacitance
allowed across the AT pins is 500 pF.

The temperature offset is a fixed positive value.

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.

When using SmartGen Analog System Builder, CaliblP is required to obtain specified offset. For further details on

CalibIP, refer to the "Temperature, Voltage, and Current Calibration in Fusion FPGAs" chapter of the Fusion FPGA
Fabric User Guide.
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Summary of I/O Timing Characteristics — Default I/O Software Settings

Table 2-90 - Summary of AC Measuring Points
Applicable to All I/O Bank Types

Input Reference Voltage | Board Termination Voltage | Measuring Trip Point

Standard (VREF_TYP) (VTT_REF) (Vtrip)

3.3V LVTTL/3.3VLVCMOS - - 14V

2.5V LVCMOS - - 12V

1.8 V LVCMOS - - 0.90V

1.5V LVCMOS - - 0.75V

3.3V PCI - - 0.285 * VCCI (RR)
0.615 * VCCI (FF))

3.3V PCI-X - - 0.285 * VCCI (RR)
0.615 * VCCI (FF)

3.3V GTL 0.8V 1.2V VREF

25V GTL 0.8V 1.2V VREF

3.3V GTL+ 1.0V 15V VREF

25V GTL+ 1.0V 1.5V VREF

HSTL (1) 0.75V 0.75V VREF

HSTL (Il) 0.75V 0.75V VREF

SSTL2 (1) 125V 125V VREF

SSTL2 (I1) 125V 125V VREF

SSTL3 (1) 1.5V 1.485V VREF

SSTL3 (II) 1.5V 1.485V VREF

LVDS - - Cross point

LVPECL - - Cross point

Table 2-91 « 1/0 AC Parameter Definitions

Parameter Definition

top Data to Pad delay through the Output Buffer

tpy Pad to Data delay through the Input Buffer with Schmitt trigger disabled

thouT Data to Output Buffer delay through the 1/O interface

teouT Enable to Output Buffer Tristate Control delay through the 1/O interface

toIN Input Buffer to Data delay through the 1/O interface

teys Pad to Data delay through the Input Buffer with Schmitt trigger enabled

thz Enable to Pad delay through the Output Buffer—High to Z

tzH Enable to Pad delay through the Output Buffer—Z to High

tLz Enable to Pad delay through the Output Buffe—Low to Z

tzL Enable to Pad delay through the Output Buffer—Z to Low

tzHs Enable to Pad delay through the Output Buffer with delayed enable—Z to High

tzLs Enable to Pad delay through the Output Buffer with delayed enable—Z to Low

Revision 6

2-166



&S Microsemi

Device Architecture

Table 2-115 + 2.5 V LVCMOS High Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=2.3V
Applicable to Advanced I/0s

Drive Speed
Strength | Grade | tpoyr | top | toin | tey [teour| tzL | tzn | tz | thz | tzs | tzus | Units
4 mA Std. 0.66 8.66 | 0.04 | 1.31 043 | 7.83 | 8.66 | 2.68 | 2.30 | 10.07 | 10.90 ns

—1 056 | 7.37 | 0.04 | 1.11 | 0.36 | 6.66 | 7.37 | 228 | 1.96 | 8.56 | 9.27 ns

-2 049 | 647 | 0.03 | 0.98 | 0.32 | 585 | 647 | 200 | 1.72 | 7.52 | 8.14 ns

8 mA Std. 066 | 517 | 0.04 | 1.31 | 0.43 | 5.04 | 517 | 3.05 | 3.00 | 7.27 | 7.40 ns

—1 056 | 439 | 0.04 | 111 | 0.36 | 428 | 439 | 259 | 255 | 6.19 | 6.30 ns

-2 049 | 3.86 | 0.03 | 0.98 | 0.32 | 3.76 | 3.86 | 2.28 | 2.24 | 543 | 5.53 ns

12 mA Std. 0.66 | 3.56 | 0.04 [ 1.31 | 043 | 3.63 | 3.43 | 3.30 | 3.44 | 586 | 5.67 ns

—1 0.56 | 3.03 | 0.04 | 1.11 | 0.36 | 3.08 | 292 | 2.81 | 292 | 4.99 | 4.82 ns

-2 049 | 266 | 0.03 [ 0.98 | 0.32 | 2.71 | 256 | 2.47 | 2.57 | 4.38 | 4.23 ns

16 mA Std. 066 | 3.35 | 0.04 | 1.31 | 0.43 | 341 | 3.06 | 3.36 | 3.55 | 5.65 | 5.30 ns

—1 056 | 285 | 0.04 | 111 | 0.36 | 290 | 260 | 2.86 | 3.02 | 4.81 | 4.51 ns

-2 049 | 250 | 0.03 | 0.98 | 0.32 | 2565 | 229 | 251 | 2.65 | 4.22 | 3.96 ns

24 mA Std. 0.66 | 3.56 | 0.04 | 1.31 | 043 | 3.63 | 343 | 3.30 | 3.44 | 586 | 567 ns

-1 056 | 3.03 | 0.04 | 1.11 | 0.36 | 3.08 | 292 | 2.81 | 2.92 | 4.99 | 4.82 ns

-2 049 | 266 | 0.03 | 0.98 | 0.32 | 271 | 256 | 247 | 257 | 438 | 4.23 ns

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

Table 2-116 2.5 V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI=2.3V
Applicable to Standard 1/Os

Drive Speed

Strength Grade | tpouTt top toin tpy teour tzL tzy t 2 thz Units

2 mA Std. 0.66 11.00 | 0.04 1.29 0.43 | 10.37 | 11.00 | 2.03 1.83 ns
-1 0.56 9.35 0.04 1.10 0.36 8.83 9.35 1.73 1.56 ns
-2 0.49 8.21 0.03 0.96 0.32 7.75 8.21 1.52 1.37 ns

4 mA Std. 0.66 11.00 | 0.04 1.29 0.43 | 10.37 | 11.00 | 2.03 1.83 ns
-1 0.56 9.35 0.04 1.10 0.36 8.83 9.35 1.73 1.56 ns
-2 0.49 8.21 0.03 0.96 0.32 7.75 8.21 1.52 1.37 ns

6 mA Std. 0.66 7.50 0.04 1.29 0.43 7.36 7.50 2.39 2.46 ns
-1 0.56 6.38 0.04 1.10 0.36 6.26 6.38 2.03 2.10 ns
-2 0.49 5.60 0.03 0.96 0.32 5.49 5.60 1.78 1.84 ns

8 mA Std. 0.66 7.50 0.04 1.29 0.43 7.36 7.50 2.39 2.46 ns
-1 0.56 6.38 0.04 1.10 0.36 6.26 6.38 2.03 2.10 ns
-2 0.49 5.60 0.03 0.96 0.32 5.49 5.60 1.78 1.84 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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3.3 VPCI, 3.3V PCI-X

The Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCI
Bus applications.

Table 2-134 « Minimum and Maximum DC Input and Output Levels

3.3 VPCI/PCI-X VIL VIH VoL VOH | IOL | I0H | 10SL |10SH | L' | nH?
Min. Max. Min. Max. Max. Min. Max. | Max.

Drive Strength v v v v v v mA | mA | mA® | mA3 | pa% | pAt

Per PCI Per PCI curves 10 | 10

specification

Notes:

1. lIL is the input leakage current per I/O pin over recommended operation conditions where —0.3 V < VIN < VIL.

2. IIH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI. Input current is
larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.

4. Currents are measured at 85°C junction temperature.

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Microsemi loadings for enable
path characterization are described in Figure 2-123.

R = 25 S Rto VCClI for tpp (F)

R=1k R to VCCl fort, ,/t, /t
R to GND for tpp (R) Lz’ tzL’ *ZLS

Test Point Test Point Rto GND for tyyz / tz14/ tzns
Data Path Enable Path 10 pF for tyy / tyus / t7 / t71 s
T 10 pF for t-/ t, 7

Figure 2-123 + AC Loading

AC loadings are defined per PCI/PCI-X specifications for the data path; Microsemi loading for tristate is
described in Table 2-135.

Table 2-135 « AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) VREF (typ.) (V) CLoap (PF)

0 33 0.285 * VCCI for top(r) _ 10
0.615 * VCCI for tDP(F)

Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
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Table 2-169 - AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V)

Input High (V)

Measuring Point* (V)

VREF (typ.) (V)

1.075

1.325

Cross point

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

Timing Characteristics

Table 2-170 < LVDS

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

Worst-Case VCCI=2.3V

Applicable to Pro I/Os

Speed Grade tpouT top toin tpy Units
Std. 0.66 2.10 0.04 1.82 ns
-1 0.56 1.79 0.04 1.55 ns
-2 0.49 1.57 0.03 1.36 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
BLVDS/M-LVDS

Bus LVDS (BLVDS) and Multipoint LVDS (M-LVDS) specifications extend the existing LVDS standard to
high-performance multipoint bus applications. Multidrop and multipoint bus configurations can contain
any combination of drivers, receivers, and transceivers. Microsemi LVDS drivers provide the higher drive
current required by BLVDS and M-LVDS to accommodate the loading. The driver requires series
terminations for better signal quality and to control voltage swing. Termination is also required at both
ends of the bus, since the driver can be located anywhere on the bus. These configurations can be
implemented using TRIBUF_LVDS and BIBUF_LVDS macros along with appropriate terminations.
Multipoint designs using Microsemi LVDS macros can achieve up to 200 MHz with a maximum of 20
loads. A sample application is given in Figure 2-135. The input and output buffer delays are available in
the LVDS section in Table 2-171.

Example: For a bus consisting of 20 equidistant loads, the following terminations provide the required
differential voltage, in worst-case industrial operating conditions at the farthest receiver: Rg = 60 © and
Ry =70 Q, given Zy =50 Q (2") and Zg,,, = 50 Q (~1.5").

Receiver Transceiver Driver Receiver Transceiver

N <— BIBUF_LVDS

I m|

Rs<Rs

Figure 2-135 « BLVDS/M-LVDS Multipoint Application Using LVDS 1/O Buffers
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I/O Register Specifications

Fully Registered I/O Buffers with Synchronous Enable and Asynchronous Preset

|z
Presetlzg_ e ® L
P e~ Xy
' D 1
Data_out
‘ = PRE E! Y Core vF PRE
Data [XH & ——D al—x Array x D Q ‘
i 7 c DFN1E1P1 i ‘G DFN1E1P1 i
= £ 3 2 E X |
Enabl @ «— | : : ;
N | i H I |
s 3 ] X |
cidHE > i ! %
b A 1 ~ I 1
i | i L PRE 3
| | | b o |
3 3 ! K DFN1E1P1 3
! Data Input I/O Register with: ¢ X E 3
3 i Active High Enable 3 ‘ }
| i Active High Preset 3 L] }
| i Positive Edge Triggered }
3 | } i Data Output Register and i
3 ! Enable Output Register with: P
3 3 Active High Enable Do
3 CLKBUF\ /INBUF\ /INBUF\ ! Active High Preset =
3 % | Iﬁ | Postive Edge Triggered Do
x o k)
o 3 3
c c
L LIJI
a)

Figure 2-137 » Timing Model of Registered 1/0 Buffers with Synchronous Enable and Asynchronous Preset
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Dynamic Power Consumption of Various Internal Resources

Table 3-14 « Different Components Contributing to the Dynamic Power Consumption in Fusion Devices

Device-Specific
Power Supply Dynamic Contributions

Parameter Definition Name |Setting| AFS1500 | AFS600 | AFS250 |AFS090( Units

PACA1 Clock contribution of a Global| VCC 1.5V 14.5 12.8 11 11 MW/MHz
Rib

PAC2 Clock contribution of a Globall VCC 15V 25 1.9 1.6 0.8 [UWW/MHz
Spine

PAC3 Clock contribution of a VersaTile] VCC 15V 0.81 MW/MHZz
row

PAC4 Clock contribution of a VersaTile] VCC 1.5V 0.11 MW/MHz
used as a sequential module

PAC5 First contribution of a VersaTile] VCC 1.5V 0.07 MW/MHz
used as a sequential module

PAC6 Second contribution of a| VCC 15V 0.29 MW/MHZz
VersaTile used as a sequential
module

PAC7 Contribution of a VersaTile used| VCC 1.5V 0.29 HW/MHz
as a combinatorial module

PACS8 Average contribution of a routing] VCC 15V 0.70 MW/MHz
net

PAC9 Contribution of an 1/O input pin[ VCCI See Table 3-12 on page 3-18
(standard dependent)

PAC10 Contribution of an 1/0 output pin| VCCI See Table 3-13 on page 3-20
(standard dependent)

PAC11 Average contribution of a RAM| VCC 1.5V 25 pW/MHz
block during a read operation

PAC12 Average contribution of a RAM| VCC 15V 30 MW/MHZz
block during a write operation

PAC13 Dynamic Contribution for PLL VCC 1.5V 26 MW/MHz

PAC15 Contribution of NVM block during| VCC 15V 358 MW/MHZz
a read operation (F < 33MHz)

PAC16 1st contribution of NVM block| VCC 15V 12.88 mwW
during a read operation (F > 33
MHz)

PAC17 2nd contribution of NVM block| VCC 1.5V 4.8 pW/MHz
during a read operation (F > 33
MHz)

PAC18 Crystal Oscillator contribution VCC33A| 3.3V 0.63 mwW

PAC19 RC Oscillator contribution VCC33A| 3.3V 3.3 mwW

PAC20 Analog Block dynamic power[ VCC 1.5V 3 mwW
contribution of ADC
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Methodology

Total Power Consumption—Pro7aL
Operating Mode, Standby Mode, and Sleep Mode
ProtaL = Pstar + Povn

Pstar is the total static power consumption.
Ppyn is the total dynamic power consumption.

Total Static Power Consumption—Pgtar

Operating Mode

Pstar = PDC1 + (NNyym-BLOcks * PDC4) + PDC5+ (Ngquaps * PDC6) + (NjypyTs * PDC7) +
(Noutputs * PDC8) + (Np s * PDC9)

Nnvm-BLOCKs is the number of NVM blocks available in the device.
Nquaps is the number of Analog Quads used in the design.
NinpuTs is the number of I/O input buffers used in the design.
NouTpuTs is the number of I/0 output buffers used in the design.
NpLLs is the number of PLLs available in the device.

Standby Mode
PSTAT = PDCZ

Sleep Mode
PSTAT =PDC3
Total Dynamic Power Consumption—Ppyy

Operating Mode

Poyn = PcLock * Ps.ceLL + Pe-ceLL + Pnet + Pinputs * Poutputs * PMEMORY *+ PpLL + Pnvmt
PxtL-0sc * Prc-osc * Pas

Standby Mode
Poyn = PxtL-0sc
Sleep Mode
Poyn=0W
Global Clock Dynamic Contribution—P¢; ock
Operating Mode

PcLock = (PAC1 + Ngpng * PAC2 + Nrow ™ PAC3 + Ng g " PAC4) * For

Ngpine is the number of global spines used in the user design—guidelines are provided in the
"Spine Architecture" section of the Global Resources chapter in the Fusion and Extended
Temperature Fusion FPGA Fabric User's Guide.

Nrow is the number of VersaTile rows used in the design—guidelines are provided in the "Spine
Architecture" section of the Global Resources chapter in the Fusion and Extended Temperature
Fusion FPGA Fabric User's Guide.

FcLk is the global clock signal frequency.
Ns_ceLL is the number of VersaTiles used as sequential modules in the design.

Standby Mode and Sleep Mode
PcLock =0W

Sequential Cells Dynamic Contribution—Pg_cg;

Operating Mode
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PQ208 PQ208
Pin Pin
Number AFS250 Function | AFS600 Function Number AFS250 Function | AFS600 Function
147 GCC1/1047PDB1V0 IO39NDB2V0 184 I018RSBOVO I010PPBOV1
148 1042NDB1V0 GCA2/1039PDB2V0 185 I017RSBOVO I009PPBOV1
149 GBC2/1042PDB1V0 I031NDB2V0 186 I016RSBOVO I0O10NPBOV1
150 VCCIB1 GBB2/I031PDB2V0 187 I015RSBOVO IO09NPBOV1
151 GND IO30NDB2V0 188 VCCIBO I008PPBOV1
152 VCC GBA2/I030PDB2V0 189 GND I007PPBOV1
153 I041NDB1V0 VCCIB2 190 VCC IO08NPBOV1
154 GBB2/1041PDB1V0 GNDQ 191 I014RSBOVO I007NPBOV1
155 I040NDB1V0 VCOMPLB 192 I013RSB0OVO I006PPBOVO
156 GBA2/1040PDB1V0 VCCPLB 193 I012RSB0OVO I005PPBOVO
157 GBA1/I039RSB0OV0O VCCIB1 194 I011RSB0OVO IO06NPBOVO
158 GBAO0/IO38RSB0OV0 GNDQ 195 I010RSBOVO I004PPBOVO
159 GBB1/I037RSB0OV0O | GBB1/1027PPB1V1 196 IO09RSBOVO IO05NPBOVO
160 GBBO0/IO36RSBOVO | GBA1/1028PPB1V1 197 IO08RSBOVO I004NPBOVO
161 GBC1/I035RSB0VO0 | GBB0O/IO27NPB1V1 198 I007RSB0OVO GAC1/1003PDB0OVO
162 VCCIBO GBAO0/I028NPB1V1 199 IO06RSBOVO GACO0/I003NDBOVO
163 GND VCCIB1 200 GAC1/I005RSB0OVO VCCIBO
164 VCC GND 201 VCCIBO GND
165 GBCO0/I034RSB0OV0O VCC 202 GND VCC
166 IO33RSBOVO GBC1/1026PDB1V1 203 VCC GAB1/I002PDBOV0O
167 I032RSB0OVO GBCO0/I026NDB1V1 204 GACO0/I004RSB0OV0 | GABO/IO02NDBOVO
168 I031RSBOVO 1024PPB1V1 205 GAB1/IO03RSB0OVO | GAA1/I001PDBOVO
169 IO30RSBOVO 1023PPB1V1 206 GABO0/IO02RSBOVO | GAAO/IO01NDBOVO
170 I029RSB0OVO 1024NPB1V1 207 GAA1/I0O01RSBOVO GNDQ
171 I028RSB0OVO I023NPB1V1 208 GAA0/IO00RSBOVO VCCIBO
172 I027RSBOVO 1022PPB1V0
173 I026RSB0OVO 1021PPB1V0
174 I025RSB0OVO 1022NPB1V0
175 VCCIBO I021NPB1V0
176 GND 1020PSB1V0
177 VCC I019PSB1V0
178 1024RSB0OVO I014NSBOV1
179 I023RSB0OVO 1012PDB0OV1
180 1022RSB0OVO I012NDBOV1
181 I021RSBOVO VCCIBO
182 I020RSBOVO GND
183 I019RSB0OVO VCC
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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

5-3
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the drain.

Revision Changes Page
Advance v0.8 The voltage range in the "VPUMP Programming Supply Voltage" section was| 2-225
(continued) updated. The parenthetical reference to "pulled up" was removed from the
statement, "VPUMP can be left floating or can be tied (pulled up) to any voltage
between O V and 3.6 V."
The "ATRTNx Temperature Monitor Return" section was updated with information| 2-226
about grounding and floating the pin.
The following text was deleted from the "VREF |/O Voltage Reference" section: (all| 2-225
digital 1/0).
The "NCAP Negative Capacitor" section and "PCAP Positive Capacitor" section| 2-228
were updated to include information about the type of capacitor that is required to
connect the two.
1 yF was changed to 100 pF in the "XTAL1 Crystal Oscillator Circuit Input". 2-228
The "Programming" section was updated to include information about Vcosc- 2-229
The VMV pins have now been tied internally with the V¢ pins. N/A
The AFS090"108-Pin QFN" table was updated. 3-2
The AFS090 and AFS250 devices were updated in the "108-Pin QFN" table. 3-2
The AFS250 device was updated in the "208-Pin PQFP" table. 3-8
The AFS600 device was updated in the "208-Pin PQFP" table. 3-8
The AFS090, AFS250, AFS600, and AFS1500 devices were updated in the "256-Pin 3-12
FBGA" table.
The AFS600 and AFS1500 devices were updated in the "484-Pin FBGA" table. 3-20
Advance v0.7 The AFS600 device was updated in the "676-Pin FBGA" table. 3-28
(January 2007) Iy " AFS1500 digital 1/0 count was updated in the "Fusion Family" table. |
The AFS1500 digital I/O count was updated in the "Package 1/Os: Single-/Double- I
Ended (Analog)" table.
Advance v0.6 The second paragraph of the "PLL Macro" section was updated to include 2-30
(October 2006) information about POWERDOWN.
The description for bit 0 was updated in Table 2-17 - RTC Control/Status Register. 2-38
3.9 was changed to 7.8 in the "Crystal Oscillator (Xtal Osc)" section. 2-40.
All function descriptions in Table 2-18 - Signals for VRPSM Macro. 2-42
In Table 2-19 < Flash Memory Block Pin Names, the RD[31:0] description was 2-43
updated.
The "RESET" section was updated. 2-61
The "RESET" section was updated. 2-64
Table 2-35 « FIFO was updated. 2-79
The VAREF function description was updated in Table 2-36 * Analog Block Pin 2-82
Description.
The "Voltage Monitor" section was updated to include information about low power 2-86
mode and sleep mode.
The text in the "Current Monitor" section was changed from 2 mV to 1 mV. 2-90
The "Gate Driver" section was updated to include information about forcing 1 V on 2-94
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