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&S Microsemi

Fusion Device Family Overview

With Fusion, Microsemi also introduces the Analog Quad 1/O structure (Figure 1-1). Each quad consists
of three analog inputs and one gate driver. Each quad can be configured in various built-in circuit
combinations, such as three prescaler circuits, three digital input circuits, a current monitor circuit, or a
temperature monitor circuit. Each prescaler has multiple scaling factors programmed by FPGA signals to
support a large range of analog inputs with positive or negative polarity. When the current monitor circuit
is selected, two adjacent analog inputs measure the voltage drop across a small external sense resistor.
For more information, refer to the "Analog System Characteristics" section on page 2-117. Built-in
operational amplifiers amplify small voltage signals for accurate current measurement. One analog input
in each quad can be connected to an external temperature monitor diode. In addition to the external
temperature monitor diode(s), a Fusion device can monitor an internal temperature diode using
dedicated channel 31 of the ADCMUX.

Figure 1-1 on page 1-5 illustrates a typical use of the Analog Quad I/O structure. The Analog Quad
shown is configured to monitor and control an external power supply. The AV pad measures the source
of the power supply. The AC pad measures the voltage drop across an external sense resistor to
calculate current. The AG MOSFET gate driver pad turns the external MOSFET on and off. The AT pad
measures the load-side voltage level.

Power Line Side Load Side
. LT .
L\/\/\;T
Off-Chip Roulup
AV AC AG AT
Pads Voltage —Eg Current —Eg Gate —x Temperature
Monitor Block Monitor Block Driver Monitor Block
On-Chip
Analog Quad
Pre- +»| Pre- »| Pre-
scaler scaler | scaler
Power
Digital Digital MOSFET Digital
Gate Driver
™ Input > Input v 1 Input
A
—| Current Temperature
P~ Monitor/Instr > Monitor
Amplifier
\ \ \
To FPGA To FPGA From FPGA To FPGA
(DAVOUTX) (DACOUTX) v (GDONX) (DATOUTX)
To Analog MUX To Analog MUX To Analog MUX
Figure 1-1 + Analog Quad
1-5 Revision 6



&S Microsemi

Device Architecture

RC Oscillator

The RC oscillator is an on-chip free-running clock source generating a 100 MHz clock. It can be used as
a source clock for both on-chip and off-chip resources. When used in conjunction with the Fusion PLL
and CCC circuits, the RC oscillator clock source can be used to generate clocks of varying frequency
and phase.

The Fusion RC oscillator is very accurate at +1% over commercial temperature ranges and and +3%
over industrial temperature ranges. It is an automated clock, requiring no setup or configuration by the
user. It requires only that the power and GNDOSC pins be connected; no external components are
required. The RC oscillator can be used to drive either a PLL or another internal signal.

RC Oscillator Characteristics

Table 2-9 » Electrical Characteristics of RC Oscillator

Parameter Description Conditions Min. | Typ. | Max. | Units
Operating Frequency 100 MHz
Accuracy Temperature: 0°C to 85°C 1 %
Voltage: 3.3V + 5%
Temperature: —-40°C to 125°C 3 %
Voltage: 3.3V £ 5%
Frc Output Jitter Period Jitter (at 5 k cycles) 100 ps
Cycle—Cycle Jitter (at 5 k cycles) 100 ps
Period Jitter (at 5 k cycles) with 1 KHz / 300 mV 150 ps
peak-to-peak noise on power supply
Cycle-Cycle Jitter (at 5 k cycles) with 1 KHz / 150 ps
300 mV peak-to-peak noise on power supply
Output Duty Cycle 50 %
IpYNRC Operating Current 1 mA
2-19 Revision 6
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Device Architecture

Clock Source

INBUF* Macro

PADIZI [: Y

Input LVDS/LVPECL Macro
PADN Y
PADP

— CLK GL —

— DLYGL[4:0]

Clock Conditioning

Output
GLA

or
GLB
or

GLC

Figure 2-21 « Fusion CCC Options: Global Buffers with Programmable Delay

Global Input Selections

Each global buffer, as well as the PLL reference clock, can be driven from one of the following (Figure 2-

22):

» 3 dedicated single-ended I/Os using a hardwired connection
» 2 dedicated differential 1/Os using a hardwired connection

* The FPGA core

Each shaded box represents an
input buffer called out by the
appropriate name: INBUF or
INBUF_LVDS/LVPECL.

Sample Pin Names

To Core

GAAQ' |E

\Y4

eaat’ [

Source for CCC
(CLKA or CLKB or CLKC)

GAA2' &

Routed Clock
(from FPGA core)

)

GAA[0:2]: GA represents global in the northwest corner
of the device. A[0:2]: designates specific A clock source.

Notes:

1. Represents the global input pins. Globals have direct access to the clock conditioning block and are not routed via the

FPGA fabric. Refer to the "User I/O Naming Convention" section on page 2-158 for more information.
2. Instantiate the routed clock source input as follows:

a) Connect the output of a logic element to the clock input of the PLL, CLKDLY, or CLKINT macro.

b) Do not place a clock source I/O (INBUF or INBUF_LVPECL/LVDS) in a relevant global pin location.

3. LVDS-based clock sources are available in the east and west banks on all Fusion devices.

Figure 2-22 + Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT
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Device Architecture

Table 2-19 « Flash Memory Block Pin Names (continued)

Interface Name

Width

Direction

Description

STATUS[1:0]

2

Out

Status of the last operation completed:
00: Successful completion

01: Read-/Unprotect-Page: single error detected and corrected

Write: operation addressed a write-protected page
Erase-Page: protection violation

Program: Page Buffer is unmodified

Protection violation

10: Read-/Unprotect-Page: two or more errors detected

11: Write: attempt to write to another page before programming
current page

Erase-Page/Program: page write count has exceeded the 10-year
retention threshold

UNPROTECTPAGE

When asserted, the page addressed is copied into the Page Buffer
and the Page Buffer is made writable.

WD[31:0]

32

Write data

WEN

1

When asserted, stores WD in the page buffer.

All flash memory block input signals are active high, except for RESET.

2-41
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Device Architecture

Direct Digital Input

The AV, AC, and AT pads can also be configured as high-voltage digital inputs (Figure 2-69). As these
pads are 12 V—tolerant, the digital input can also be up to 12 V. However, the frequency at which these
pads can operate is limited to 10 MHz.

To enable one of these analog input pads to operate as a digital input, its corresponding Digital Input
Enable (DENAXxy) pin on the Analog Block must be pulled High, where x is either V, C, or T (for AV, AC,
or AT pads, respectively) and y is in the range 0 to 9, corresponding to the appropriate Analog Quad.

When the pad is configured as a digital input, the signal will come out of the Analog Block macro on the
appropriate DAXOUTYy pin, where x represents the pad type (V for AV pad, C for AC pad, or T for AT pad)
and y represents the appropriate Analog Quad number. Example: If the AT pad in Analog Quad 5 is
configured as a digital input, it will come out on the DATOUTS5 pin of the Analog Block macro.

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

Figure 2-69 « Analog Quad Direct Digital Input Configuration
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Device Architecture

Terminology

Resolution

Resolution defines the smallest temperature change Fusion Temperature Monitor can resolve. For ADC
configured as 8-bit mode, each LSB represents 4°C, and 1°C per LSB for 10-bit mode. With 12-bit mode,
the Temperature Monitor can still only resolve 1°C due to Temperature Monitor design.

Offset

The Fusion Temperature Monitor has a systematic offset (Table 2-49 on page 2-117), excluding error due
to board resistance and ideality factor of the external diode. Microsemi provides an IP block (CaliblP) that
is required in order to mitigate the systematic temperature offset. For further details on CaliblP, refer to
the “Temperature, Voltage, and Current Calibration in Fusion FPGAs" chapter of the Fusion FPGA Fabric
User Guide.

Revision 6
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Fusion Family of Mixed Signal FPGAs

There are several popular ADC architectures, each with advantages and limitations.

The analog-to-digital converter in Fusion devices is a switched-capacitor Successive Approximation
Register (SAR) ADC. It supports 8-, 10-, and 12-bit modes of operation with a cumulative sample rate up
to 600 k samples per second (ksps). Built-in bandgap circuitry offers 1% internal voltage reference
accuracy or an external reference voltage can be used.

As shown in Figure 2-81, a SAR ADC contains N capacitors with binary-weighted values.

ﬁmparator
+
l cml cml C/2Ni C/2Ni

0y

C

Figure 2-81 « Example SAR ADC Architecture

To begin a conversion, all of the capacitors are quickly discharged. Then VIN is applied to all the
capacitors for a period of time (acquisition time) during which the capacitors are charged to a value very
close to VIN. Then all of the capacitors are switched to ground, and thus —VIN is applied across the
comparator. Now the conversion process begins. First, C is switched to VREF Because of the binary
weighting of the capacitors, the voltage at the input of the comparator is then shown by EQ 11.

Voltage at input of comparator = —VIN + VREF / 2
EQ 11

If VIN is greater than VREF / 2, the output of the comparator is 1; otherwise, the comparator output is 0.
A register is clocked to retain this value as the MSB of the result. Next, if the MSB is 0, C is switched
back to ground; otherwise, it remains connected to VREF, and C / 2 is connected to VREF. The result at
the comparator input is now either —VIN + VREF / 4 or -VIN + 3 VREF / 4 (depending on the state of the
MSB), and the comparator output now indicates the value of the next most significant bit. This bit is
likewise registered, and the process continues for each subsequent bit until a conversion is completed.
The conversion process requires some acquisition time plus N + 1 ADC clock cycles to complete.
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Fusion Family of Mixed Signal FPGAs

INL - Integral Non-Linearity

INL is the deviation of an actual transfer function from a straight line. After nullifying offset and gain
errors, the straight line is either a best-fit straight line or a line drawn between the end points of the
transfer function (Figure 2-85).

i INL = +0.5 LSB

3 | /

| Ideal Output /
g | /
A 4
E._ - / Actual Output
=]
2l 7
8 L INL = +1LSB
< /

/

Input Voltage to Prescaler

Figure 2-85 + Integral Non-Linearity (INL)

LSB — Least Significant Bit

In a binary number, the LSB is the least weighted bit in the group. Typically, the LSB is the furthest right
bit. For an ADC, the weight of an LSB equals the full-scale voltage range of the converter divided by 2N,
where N is the converter’s resolution.

EQ 13 shows the calculation for a 10-bit ADC with a unipolar full-scale voltage of 2.56 V:
1LSB=(2.56V /20 =25mV
EQ 13
No Missing Codes

An ADC has no missing codes if it produces all possible digital codes in response to a ramp signal
applied to the analog input.
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Device Architecture

Similarly,
Min. Output Voltage = (Max. Negative input offset) + (Input Voltage x Max. Negative Channel Gain)
=(-88 mV)+(5Vx0.96)=4.712V

Calculating Accuracy for a Calibrated Analog Channel

Formula
For a given prescaler range, EQ 31 gives the output voltage.
Output Voltage = Channel Error in V + Input Voltage
EQ 31
where
Channel Error in V = Total Channel Error in LSBs x Equivalent voltage per LSB

Example

Input Voltage =5V

Chosen Prescaler range = 8 V range
Refer to Table 2-52 on page 2-123.

Max. Output Voltage = Max. Positive Channel Error in V + Input Voltage
Max. Positive Channel Error in V = (6 LSB) % (8 mV per LSB in 10-bit mode) = 48 mV
Max. Output Voltage =48 mV + 5V = 5.048 V

Similarly,
Min. Output Voltage = Max. Negative Channel Error in V + Input Voltage = (48 mV) + 5V = 4.952 V
Calculating LSBs from a Given Error Budget

Formula
For a given prescaler range,
LSB count = % (Input Voltage x Required % error) / (Equivalent voltage per LSB)

Example

Input Voltage = 3.3V

Required error margin= 1%

Refer to Table 2-52 on page 2-123.

Equivalent voltage per LSB = 16 mV for a 16V prescaler, with ADC in 10-bit mode
LSB Count == (5.0 V x 1%) / (0.016)

LSB Count = * 3.125

Equivalent voltage per LSB = 8 mV for an 8 V prescaler, with ADC in 10-bit mode
LSB Count =+ (5.0 V x 1%) / (0.008)

LSB Count = * 6.25

The 8 V prescaler satisfies the calculated LSB count accuracy requirement (see Table 2-52 on
page 2-123).
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Device Architecture

D tpy > | toin -
= thys >
—1D
PAD y Q DIN
-
PCLK To Array
1/O interface
toy = MAX(tPY (R), tpy (F))
teys = MAX(tpys (R), tpys (F))
toin = MAX(tpn (R), toiy (F))
VIH
PAD / Vtrip Vtrip \ VIL
VCC
50% A N50%
Y /
GND t t
PY PY
(R) (F)
t t
PYS PYS
(R) (F)
VCC
50%
DIN
GND toin
(F)

Figure 2-116 « Input Buffer Timing Model and Delays (example)
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Table 2-99 « Short Current Event Duration before Failure

&S Microsemi

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.

Revision 6
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Fusion Family of Mixed Signal FPGAs

Timing Characteristics

Table 2-112 « 2.5V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=2.3V
Applicable to Pro I/Os

Drive Speed
Strength | Grade | tpoyt | top | toin | tey | teys [teout| tzL | tzn | tiz | thz | tzs | tzws |Units

4 mA Std. | 0.60 |12.00| 0.04 | 1.51 | 1.66 | 0.43 |12.23|11.61| 2.72 | 2.20 |14.46 (13.85| ns
-1 0.51 |10.21| 0.04 | 1.29 | 1.41 | 0.36 | 10.40| 9.88 | 2.31 | 1.87 | 1230 (11.78 | ns
-2 045 | 896 | 0.03 | 113 | 1.24 | 0.32 | 9.13 | 8.67 | 2.03 | 1.64 |10.80(10.34| ns

8 mA Std. | 0.60 | 873 | 0.04 | 1.51 | 1.66 | 0.43 | 889 | 8.01 [ 3.10 | 293 | 11.13[10.25| ns
-1 051 (743 (004 | 129 [ 141 | 036 | 7.57 | 6.82 | 2.64 | 249 | 9.47 | 8.72 ns
-2 045 (652 | 003|113 [ 1.24 | 0.32 | 6.64 | 598 | 232 | 219 | 8.31 | 7.65 ns

12 mA Std. | 0.66 | 6.77 | 0.04 | 1.51 | 166 | 0.43 | 6.90 | 6.11 | 3.37 | 3.39 | 9.14 | 8.34 ns
-1 056 | 5.76 | 0.04 | 1.29 | 1.41 | 0.36 | 5.87 | 520 | 2.86 | 2.89 | 7.77 | 7.10 ns
-2 049 | 5.06 | 0.03 | 113 | 1.24 | 0.32 | 515 | 456 | 2.51 | 2.53 | 6.82 | 6.23 ns

16 mA Std. | 0.66 | 6.31 | 0.04 | 1.51 | 1.66 | 0.43 | 6.42 | 5.73 | 3.42 | 3.52 | 8.66 | 7.96 ns
-1 0.56 [ 537 004|129 (141 ] 0.36 | 546 | 4.87 | 291 | 3.00 | 7.37 | 6.77 ns
-2 049 (471 (003 | 113 [ 1.24 | 0.32 | 4.80 | 4.28 | 2.56 | 2.63 | 6.47 | 5.95 ns

24 mA Std. | 0.66 | 593 | 0.04 | 1.51 | 166 | 0.43 | 6.04 | 5.70 | 3.49 | 4.00 | 8.28 | 7.94 ns
-1 0.56 | 5.05| 0.04 | 129 | 1.41 | 0.36 | 514 | 485 | 297 | 3.40 | 7.04 | 6.75 ns
-2 049 | 443|003 | 113 | 1.24 | 0.32 | 451 | 426 | 261 | 299 | 6.18 | 5.93 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

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

Timing Characteristics

Table 2-128 + 1.5V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=14V
Applicable to Pro I/Os

Drive Speed
Strength | Grade |tpoyr | top | toin | tey | teys [teout| tzr | tzn | tz | thz | tas | tzws | Units
2 mA Std. 0.66 |14.11| 0.04 | 1.70 | 2.14 | 0.43 |14.37(13.14| 3.40 | 2.68 [16.61]|15.37| ns

-1 0.56 [12.00| 0.04 | 144 | 1.82 | 0.36 |12.22|11.17 | 290 | 2.28 [ 14.13|13.08| ns
-2 0.49 |10.54| 0.03 | 1.27 | 1.60 | 0.32 |10.73| 9.81 | 2.54 | 2.00 {12.40 (1148 ns
4 mA Std. 0.66 | 11.23 | 0.04 | 1.70 | 2.14 | 0.43 |11.44| 9.87 | 3.77 | 3.36 [13.68 12.10 ns
-1 056 | 955 | 0.04 [ 144 182 | 0.36 | 9.73 | 839 | 3.21 | 2.86 | 11.63|10.29| ns
-2 049 [ 839 | 0.03 [1.27 | 160 | 0.32 | 8.54 | 7.37 | 2.81 | 2.51 [10.21] 9.04 ns
8 mA Std. 0.66 |10.45| 0.04 | 1.70 | 2.14 | 0.43 |10.65| 9.24 | 3.84 | 3.55 [12.88|11.48| ns
-1 056 [ 889 | 0.04 [ 144 | 182 | 0.36 | 9.06 | 7.86 | 3.27 | 3.02 [10.96| 9.76 ns
-2 049 | 781 | 0.03 [ 1.27 | 160 [ 0.32 | 795 | 6.90 | 2.87 | 2.65 | 9.62 | 8.57 ns
12 mA Std. 0.66 |10.02| 0.04 | 1.70 | 2.14 | 0.43 |10.20| 9.23 | 3.97 | 4.22 (1244 (1147 ns
-1 056 | 852 | 004 (144|182 | 0.36 | 8.68 | 7.85 | 3.38 | 3.59 [10.58| 9.75 ns
-2 049 [ 748 | 0.03 [1.27 | 160 | 0.32 | 7.62 | 6.89 | 297 | 3.15 | 9.29 | 8.56 ns

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

Table 2-129 » 1.5 V LVCMOS High Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI =14V
Applicable to Pro 1/Os

Drive Speed teou
Strength | Grade |tpoyr | top | toin | tey [teys | T | tzu | tzn | tz | thz | tzis | tzus | Units
2mA Std. 0.66 | 853 | 0.04 | 1.70 [ 214 | 043 [ 7.26 | 853 | 3.39 | 2.79 | 9.50 |10.77| ns

-1 056 [ 726 [ 0.04 | 1.44 | 182 | 0.36 | 6.18 | 7.26 | 2.89 | 2.37 | 8.08 | 9.16 ns
-2 049 [6.37 [ 003 | 127 | 160 | 0.32 | 5.42 | 6.37 | 2.53 | 2.08 | 7.09 | 8.04 ns

4 mA Std. 0.66 | 541 (004 | 170 | 214 | 043 | 5.22 | 541 | 3.75 | 3.48 | 7.45 | 7.65 ns
-1 0.56 | 4.60 [ 0.04 | 144 | 1.82 | 0.36 | 4.44 | 460 | 3.19 | 2.96 | 6.34 | 6.50 ns
-2 049 | 4.04 | 0.03 | 1.27 | 160 | 0.32 | 3.89 | 4.04 | 2.80 | 2.60 | 5.56 | 5.71 ns
8 mA Std. 0.66 | 480 | 0.04 | 1.70 | 214 | 043 | 489 | 4.75 | 3.83 [ 3.67 | 7.13 | 6.98 ns
-1 0.56 | 4.09 [ 0.04 | 1.44 | 182 | 0.36 | 4.16 | 4.04 | 3.26 | 3.12 | 6.06 | 5.94 ns
-2 049 [ 359 (003|127 160|032 |3.65| 354 286|274 | 532|521 ns

12 mA Std. 0.66 | 4.42 [ 0.04 | 1.70 | 2.14 | 0.43 | 4.50 | 3.62 | 3.96 | 4.37 | 6.74 | 5.86 | ns
—1 0.56 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 [ 3.72 | 573 | 498 | ns
-2 049 | 3.30 | 0.03 | 1.27 | 160 | 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 437 | 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

Voltage Referenced I/O Characteristics
33VGTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier

input buffer and an open-drain output buffer. The VCCI pin should be connected to 3.3 V.
Table 2-138 « Minimum and Maximum DC Input and Output Levels

3.3VGTL VIL VIH VOL | VOH [IOL|IOH| I0SL | IOSH | L' [ nH?
Drive Min. Max. Min. Max. Max. Min. Max. | Max.

Strength v v ', v v V |mA|mA| mA3 | mA3 |pA?|pA?
20 mA3 -0.3 |VREF - 0.05|VREF +0.05| 3.6 0.4 - |20(20| 181 | 268 | 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.
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.

Input current is

VTT

GTL 25

T 10 pF

Test Point

Figure 2-124 + AC Loading

Table 2-139 « 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 - 0.05 VREF + 0.05 0.8 0.8 1.2 10
Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
Timing Characteristics
Table 2-140 « 3.3 V GTL
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425 V,
Worst-Case VCCI=3.0V, VREF =0.8V
Speed
Grade toout tpp tom | tey | teour | tzL tzy tiz | tuz | tzs | tzus | Units
Std. 0.66 2.08 0.04 | 293 0.43 2.04 2.08 427 | 4.31 ns
-1 0.56 1.77 0.04 | 2.50 0.36 1.73 1.77 3.63 | 3.67 ns
-2 0.49 1.55 0.03 | 219 0.32 1.52 1.55 3.19 | 3.22 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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CL—K /—\—/f—\—//—\_/—\—/ |
tobrosuD2| tbbrROHD2
Data_F 1 >< 2 >< 3 X 4 >< 5 X

toprosun1| ™ IDDROHD1

Data R 6 >< 7 * 8 >< 9 >< 10
IbbRrRORECCLRT
y—TtDDROREMCLR

T bbrocLr2a

><11

CLR
r—bbrocLka

X XXX THNAT

Figure 2-145 « Output DDR Timing Diagram

Timing Characteristics

Table 2-182 » Output DDR Propagation Delays
Commercial Temperature Range Conditions: T, = 70°C, Worst-Case VCC = 1.425 V

Parameter Description -2 -1 Std. | Units
tbproCLKQ Clock-to-Out of DDR for Output DDR 0.70 0.80 | 0.94 ns
tDDROSUD1 Data_F Data Setup for Output DDR 0.38 0.43 | 0.51 ns
tbDROSUD?2 Data_R Data Setup for Output DDR 0.38 0.43 | 0.51 ns
tDDROHD1 Data_F Data Hold for Output DDR 0.00 | 0.00 | 0.00 ns
tDDROHD2 Data_R Data Hold for Output DDR 0.00 0.00 | 0.00 ns
tbbrOCLR2Q Asynchronous Clear-to-Out for Output DDR 0.80 0.91 1.07 ns
tobroREMcLR | Asynchronous Clear Removal Time for Output DDR 0.00 0.00 | 0.00 ns
{DDRORECCLR Asynchronous Clear Recovery Time for Output DDR 0.22 0.25 | 0.30 ns
tDDROWCLR1 Asynchronous Clear Minimum Pulse Width for Output DDR 0.22 0.25 0.30 ns
toprockmpwH | Clock Minimum Pulse Width High for the Output DDR 0.36 0.41 0.48 ns
tooprockmpwL | Clock Minimum Pulse Width Low for the Output DDR 0.32 0.37 0.43 ns
Fopomax Maximum Frequency for the Output DDR 1404 | 1232 | 1048 | MHz
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-9.

Revision 6

2-222



&S Microsemi

Fusion Family of Mixed Signal FPGAs

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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Package Pin Assignments

PQ208 PQ208

Pin Pin

Number AFS250 Function | AFS600 Function Number AFS250 Function | AFS600 Function
1 VCCPLA VCCPLA 38 IO60NDB3V0 GEBO0/I0O62NDB4V0
2 VCOMPLA VCOMPLA 39 GND GEA1/1061PDB4V0
3 GNDQ GAA2/1085PDB4V0 40 VCCIB3 GEAO0/IO61NDB4V0
4 VCCIB3 I085NDB4V0 41 GEB2/I059PDB3V0 | GEC2/I060PDB4V0
5 GAA2/I076PDB3V0 | GAB2/1084PDB4V0 42 IO59NDB3V0 IO60NDB4V0
6 I076NDB3V0 I084NDB4V0 43 GEA2/I058PDB3V0 VCCIB4
7 GAB2/I075PDB3V0 | GAC2/I083PDB4V0 44 IO58NDB3V0 GNDQ
8 I075NDB3V0 I083NDB4V0 45 VCC VCC
9 NC I077PDB4V0 45 VCC VCC
10 NC I077NDB4V0 46 VCCNVM VCCNVM
11 VCC I076PDB4V0 47 GNDNVM GNDNVM
12 GND I076NDB4V0 48 GND GND
13 VCCIB3 VCC 49 VCC15A VCC15A
14 1072PDB3V0 GND 50 PCAP PCAP
15 I072NDB3V0 VCCIB4 51 NCAP NCAP
16 GFA2/1071PDB3V0 | GFA2/I075PDB4V0 52 VCC33PMP VCC33PMP
17 I071NDB3V0 IO75NDB4V0 53 VCC33N VCC33N
18 GFB2/1070PDB3V0 | GFC2/I073PDB4V0 54 GNDA GNDA
19 I070NDB3V0 I073NDB4V0 55 GNDAQ GNDAQ
20 GFC2/1069PDB3V0 VCCOSC 56 NC AVO0
21 I069NDB3V0 XTAL1 57 NC ACO
22 VCC XTAL2 58 NC AGO
23 GND GNDOSC 59 NC ATO
24 VCCIB3 GFC1/1072PDB4V0 60 NC ATRTNO
25 GFC1/1068PDB3V0 | GFC0/I0O72NDB4V0 61 NC AT1
26 GFCO0/I068NDB3V0 | GFB1/1071PDB4V0 62 NC AG1
27 GFB1/1067PDB3V0 | GFB0O/IO71NDB4V0 63 NC AC1
28 GFB0/I0O67NDB3V0 | GFA1/1070PDB4V0 64 NC AV1
29 VCCOSC GFAOQ/I070NDB4V0 65 AVO0 AV2
30 XTAL1 1069PDB4V0 66 ACO AC2
31 XTAL2 I069NDB4V0 67 AGO AG2
32 GNDOSC VCC 68 ATO AT2
33 GEB1/I062PDB3V0 GND 69 ATRTNO ATRTN1
34 GEBO0/I062NDB3V0 VCCIB4 70 AT1 AT3
35 GEA1/1061PDB3V0 | GEC1/I063PDB4V0 7 AG1 AG3
36 GEA0/I061NDB3V0 [ GEC0/IO63NDB4V0 72 AC1 AC3
37 GEC2/1060PDB3V0 | GEB1/1062PDB4V0 73 AV1 AV3
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Package Pin Assignments

FG256

Pin Number AFS090 Function AFS250 Function AFS600 Function AFS1500 Function
Cc7 IO09RSBOVO I012RSB0OVO IO06NDBOVO IO09NDBOV1
C8 I014RSB0OVO 1022RSB0OV0O 1016PDB1V0 1023PDB1V0
C9 I015RSB0OVO I023RSB0OVO I016NDB1V0 I023NDB1V0
c10 I022RSB0OV0 IO30RSBOVO I025NDB1V1 I031NDB1V1
c1 I020RSBOVO I031RSBOVO 1025PDB1V1 1031PDB1V1
C12 VCCIBO VCCIBO VCCIB1 VCCIB1
C13 GBB1/1028RSB0OV0 GBC1/I035RSB0OV0 GBC1/1026PPB1V1 GBC1/1040PPB1V2
C14 VCCIB1 VCCIB1 VCCIB2 VCCIB2
C15 GND GND GND GND
C16 VCCIB1 VCCIB1 VCCIB2 VCCIB2
D1 GFC2/I050NPB3V0 I075NDB3V0 I084NDB4V0 10124NDB4V0
D2 GFA2/1051NDB3V0 GAB2/I075PDB3V0 GAB2/1084PDB4V0 | GAB2/I0124PDB4V0
D3 GAC2/I051PDB3V0 I076NDB3V0 I085NDB4V0 10125NDB4V0
D4 GAA2/1052PDB3V0 GAA2/I076PDB3V0 GAA2/1085PDB4V0 | GAA2/I0125PDB4V0
D5 GAB2/I052NDB3V0 GABO0/IO02RSB0OV0 GABO0/IO02NPBOVO GABO/IO02NPB0OVO
D6 GACO0/I004RSB0OVO GACO0/I004RSB0OV0O GACO0/IO03NDBOVO GACO0/IO03NDBOVO
D7 IO08RSBOVO 1013RSB0OVO 1006PDB0OVO I009PDBOV1
D8 NC I020RSB0OVO 1014NDBOV1 I015NDB0OV2
D9 NC 1021RSB0OVO 1014PDB0OV1 1015PDB0OV2
D10 I021RSBOVO 1028RSB0OVO 1023PDB1V1 1037PDB1V2
D11 I023RSB0OVO GBB0/I036RSB0OV0 GBB0/I027NDB1V1 GBB0/I041NDB1V2
D12 NC NC VCCIB1 VCCIB1
D13 GBA2/1031PDB1V0 GBAZ2/1040PDB1V0 GBA2/I030PDB2V0 GBA2/1044PDB2V0
D14 GBB2/I031NDB1V0 I040NDB1V0 I030NDB2V0 I044NDB2V0
D15 GBC2/I032PDB1V0 GBB2/1041PDB1V0 GBB2/I031PDB2V0 GBB2/1045PDB2V0
D16 GCA2/I032NDB1V0 1041NDB1V0 I031NDB2V0 I045NDB2V0
E1 GND GND GND GND
E2 GFBO0/I048NPB3V0 IO73NDB3V0 IO81NDB4V0 10118NDB4V0
E3 GFB2/I050PPB3V0 I073PDB3V0 I081PDB4V0 10118PDB4V0
E4 VCCIB3 VCCIB3 VCCIB4 VCCIB4
E5 NC I074NPB3V0 IO83NPB4V0 I0123NPB4V0
E6 NC I008RSBOVO IO04NPBOVO IO05NPBOV1
E7 GND GND GND GND
E8 NC 1018RSB0OVO 1008PDBOV1 I011PDBO0OV1
E9 NC NC I020NDB1V0 I027NDB1V1
E10 GND GND GND GND
E11 I024RSB0OV0 GBB1/I037RSB0OV0 GBB1/1027PDB1V1 GBB1/1041PDB1V2
E12 NC I050PPB1V0 I033PSB2V0 1048PSB2V0
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FG676 FG676 FG676

Pin Number | AFS1500 Function Pin Number | AFS1500 Function Pin Number | AFS1500 Function
R21 I072NDB2V0 us VCCIB4 V15 AC5
R22 I072PDB2V0 ué 1091PDB4V0 V16 NC
R23 GND u7 I091NDB4V0 V17 GNDA
R24 I071PDB2V0 us 1092PDB4V0 V18 I077PPB2V0
R25 VCCIB2 U9 GND V19 I074PDB2V0
R26 I067NDB2V0 u10 GND V20 VCCIB2
T GND U11 VCC33A V21 I082NDB2V0
T2 NC u12 GNDA V22 GDAZ2/1082PDB2V0
T3 GFA1/10105PDB4V0 u13 VCC33A V23 GND
T4 GFAO0/I0105NDB4V0 u14 GNDA V24 GDC1/I079PDB2V0
T5 10101NDB4V0 u15 VCC33A V25 VCCIB2
T6 1096PDB4V0 u16 GNDA V26 NC
T7 I096NDB4V0 u17 VCC W1 GND
T8 I0O99NDB4V0 u18 GND W2 1094PPB4V0
T9 I097NDB4V0 u19 I074NDB2V0 W3 1098PDB4V0
T10 VCCIB4 u20 GDAO/I081NDB2V0 W4 I098NDB4V0
T VvVCC u21 GDBO0/IO80NDB2V0 W5 GEC1/I090PDB4V0
T12 GND u22 VCCIB2 We GECO0/IO90NDB4V0
T13 vccC u23 I075NDB2V0 W7 GND
T14 GND u24 I075PDB2V0 W8 VCCNVM
T15 VCC u25 NC W9 VCCIB4
T16 GND u26 NC W10 VCC15A
T17 VCCIB2 V1 NC W11 GNDA
T18 IO83NDB2V0 V2 VCCIB4 W12 AC4
T19 I078NDB2V0 V3 10100PPB4V0 W13 VCC33A
T20 GDA1/1081PDB2V0 V4 GND W14 GNDA
T21 GDB1/1080PDB2V0 V5 1095PDB4V0 W15 AG5
T22 I073NDB2V0 V6 I095NDB4V0 W16 GNDA
T23 I073PDB2V0 V7 VCCIB4 w17 PUB
T24 I071NDB2V0 V8 I092NDB4V0 W18 VCCIB2
T25 NC V9 GNDNVM W19 TDI
T26 GND V10 GNDA W20 GND
U1 NC V11 NC W21 I084NDB2V0
U2 NC V12 AV4 W22 GDC2/I1084PDB2V0
u3 10102PDB4V0 V13 NC W23 I077NPB2V0
u4 10102NDB4V0 V14 AV5 w24 GDCO0/I0O79NDB2V0
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