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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indisnensahle in numerous fields. In telecommunications.

1.07V ~ 1.13V
Surface Mount
0°C ~ 85°C (T))
672-BBGA, FCBGA
672-FBGA (27x27)
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Pin Capacitance 1-15

0.189

2.5 0.208

1.8 0.266

dR/dT 22;[‘m\)/?;g1(‘:§)n with temperature without 15 0273 %/°C

1.35 0.200

1.25 0.200

1.2 0.317

Pin Capacitance

Table 1-11: Pin Capacitance for Arria V Devices

Ciors Input capacitance on top/bottom I/O pins

Ciolr Input capacitance on left/right I/O pins 6 pF
CouTrs Input capacitance on dual-purpose clock output/feedback pins 6 pF
CIOVREE Input capacitance on Vygg pins 48 pF

Hot Socketing

Table 1-12: Hot Socketing Specifications for Arria V Devices

LiopN (DC) DC current per I/O pin
LIOPIN (AC) AC current per I/O pin 810 mA
Ixcvr-TX (DC) DC current per transceiver transmitter (TX) pin 100 mA
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Veao (V) Vip (mVv)(9) Viemo) (V) Vop (V)7 Vocm (V)(17018)
I/0 Standard

e ] [ o | win ] Condvion | e | v conion | x| in | op [ r | n ] oo | wor

PCML Transmitter, receiver, and input reference clock pins of high-speed transceivers use the PCML I/O standard. For transmitter, receiver, and
reference clock I/O pin specifications, refer to Transceiver Specifications for Arria V GX and SX Devices and Transceiver Specifications
for Arria V GT and ST Devices tables.

— |1 005 | Dyax< | 1.80

25V Veum = 1.25 Gbps
LVDS(19 2.375 2.5 2.625 100 125V — Los Dyiax > Lss 0.247 — 0.6 1.125 | 1.25 1.375
1.25 Gbps
RSDS 2.375 2.5 2.625 100 Veum = — 0.25 — 1.45 0.1 0.2 0.6 0.5 1.2 1.4
(HIO)®@Y 125V
Mini-LVDS | 2.375 2.5 2.625 | 200 — 600 | 0.300 — 1.425 | 0.25 — 0.6 1 1.2 1.4
(HIO)®Y
0.60 | Dyax< | 1.80
700 Mbps
LVPECL®» — — — 300 — — — — — — — _
700 Mbps

Related Information

« Transceiver Specifications for Arria V GX and SX Devices on page 1-23
Provides the specifications for transmitter, receiver, and reference clock I/O pin.

(19 The minimum Vip value is applicable over the entire common mode range, V.

(17 Ry range: 90 < Ry <110 Q.

(18 This applies to default pre-emphasis setting only.

(19 For optimized LVDS receiver performance, the receiver voltage input range must be within 1.0 V to 1.6 V for data rates above 1.25 Gbps and 0 V to
1.85 V for data rates below 1.25 Gbps.

For optimized RSDS receiver performance, the receiver voltage input range must be within 0.25 V to 1.45 V.

For optimized Mini-LVDS receiver performance, the receiver voltage input range must be within 0.3 V to 1.425 V.

For optimized LVPECL receiver performance, the receiver voltage input range must be within 0.85 V to 1.75 V for data rates above 700 Mbps and 0.45
V to 1.95V for data rates below 700 Mbps.
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« Transceiver Specifications for Arria V GT and ST Devices on page 1-29
Provides the specifications for transmitter, receiver, and reference clock I/O pin.

Switching Characteristics

This section provides performance characteristics of Arria V core and periphery blocks.
Transceiver Performance Specifications

Transceiver Specifications for Arria V GX and SX Devices

Table 1-20: Reference Clock Specifications for Arria V GX and SX Devices

Transceiver Speed Grade 4 Transceiver Speed Grade 6
Condition

Symbol/Description
I I =T [ -0
Supported I/O standards 1.2 VPCML, 1.4 V PCML,1.5 V PCML, 2.5 V PCML, Differential LVPECL®> HCSL, and LVDS
Input frequency from — 27 — 710 27 — 710 MHz
REFCLK input pins
Rise time Measure at £60 mV of — — 400 — — 400 ps
differential signal®¥
Fall time Measure at £60 mV of — — 400 — — 400 ps
differential signal@®®
Duty cycle — 45 — 55 45 — 55 %
Peak-to-peak differential — 200 — 30029/ 200 — 3002/ mV
input voltage 2000 2000

23 Differential LVPECL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.
29 REFCLK performance requires to meet transmitter REFCLK phase noise specification.
2% The maximum peak-to peak differential input voltage of 300 mV is allowed for DC coupled link.
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Symbol/Description

Transceiver Specifications for Arria V GT and ST Devices

Condition

Transceiver Speed Grade 3

AV-51002
2017.02.10

(51)

tLTD_manual — 4 — — s
tETR_LTD._manual™ — 15 — — us
Programmable ppm detector® — +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
Run length — — — 200 Ul

Programmable equalization AC and
DC gain

AC gain setting = 0 to 3%
DC gain setting=0to 1

Refer to CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain
and DC Gain for Arria V GX, GT, SX, and ST Devices and CTLE Response at
Data Rates < 3.25 Gbps across Supported AC Gain and DC Gain for Arria V

GX, GT, SX, and ST Devices diagrams.

Table 1-29: Transmitter Specifications for Arria V GT and ST Devices

Transceiver Speed Grade 3

Symbol/Description Condition Unit
e e ]
Supported I/O standards 1.5V PCML
Data rate (6-Gbps transceiver) — 611 — 6553.6 Mbps
Data rate (10-Gbps transceiver) — 0.611 — 10.3125 Gbps
Vocum (AC coupled) — — 650 — mV
Vocum (DC coupled) < 3.2 Gbps™®® 670 700 730 mV

CD 17D _manual i$ the time required for the receiver CDR to start recovering valid data after the rx_i s_| ockedt odat a signal goes high when the CDR is

functioning in the manual mode.

©2) t]TR_LTD._manual is the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_i s_I ockedt or ef signal goes high when the
CDR is functioning in the manual mode.

(3) The rate match FIFO supports only up to +300 ppm.

4 The Quartus Prime software allows AC gain setting = 3 for design with data rate between 611 Mbps and 1.25 Gbps only.

Altera Corporation
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25 500 53 1060
26 520 54 1080
27 540 55 1100
28 560 56 1120
29 580 57 1140
30 600 58 1160
31 620 59 1180
32 640 60 1200
33 660

Transmitter Pre-Emphasis Levels
The following table lists the simulation data on the transmitter pre-emphasis levels in dB for the first post tap under the following conditions:

« Low-frequency data pattern—five 1s and five Os
« Data rate—2.5 Gbps

The levels listed are a representation of possible pre-emphasis levels under the specified conditions only and the pre-emphasis levels may change
with data pattern and data rate.

Arria V devices only support 1st post tap pre-emphasis with the following conditions:

o The Ist post tap pre-emphasis settings must satisfy |B| + |C| < 60 where |B| = Vp setting with termination value, Rtggy = 100 Q and |C| = 1st
post tap pre-emphasis setting.

o |B| - |C| > 5 for data rates < 5 Gbps and |B| - |C| > 8.25 for data rates > 5 Gbps.

. (VMAX/VMIN - 1)% < 600%, where VMAX = |B| + |C| and VMIN = |B| - |C|

Exception for PCle Gen2 design: Vp setting = 43 and pre-emphasis setting = 19 are allowed for PCle Gen2 design with transmit de-emphasis —
6dB setting (pi pe_t xdeenp = 1'b0) using Altera PCle Hard IP and PIPE IP cores.

(8) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.
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Table 1-34: Transceiver Compliance Specification for All Supported Protocol for Arria V GX, GT, SX, and ST Devices

Transceiver Compliance Specification 1-41

PCle Genl 2,500

PCle PClIe Gen2 5,000
PCle Cable 2,500

XAUI XAUI 2135 3,125
SRIO 1250 SR 1,250

SRIO 1250 LR 1,250

SRIO 2500 SR 2,500

SRIO 2500 LR 2,500

SRIO 3125 SR 3,125

Serial RapidIO® (SRIO) SRIO 3125 IR 125
SRIO 5000 SR 5,000

SRIO 5000 MR 5,000

SRIO 5000 LR 5,000

SRIO_6250_SR 6,250

SRIO_6250_MR 6,250

SRIO_6250_LR 6,250

Arria V GX, GT, SX, and ST Device Datasheet
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Figure 1-9: SPI Master Timing Diagram

Tdsslst
SPI_SS \ /

Tdssfrst ‘
SPI_CLK (scpol = 0) / / \ \
SPI_CLK (scpol = 1) \ L /
A T
SPL_MOSI (scph = 1) I | :
<«
SPI_MISO (scph = 1) I |
> T
SPL_MOSI (scph = 0) I ) T
<
SPI_MISO (scph = 0) I \

Table 1-53: SPI Slave Timing Requirements for Arria V Devices

The setup and hold times can be used for Texas Instruments SSP mode and National Semiconductor Microwire mode.

clk

CLK clock period
T, MOSI Setup time 5 — ns
Ty MOSI Hold time 5 — ns
Tuss Setup time SPI_SS valid before first clock edge 8 — ns
Thss Hold time SPI_SS valid after last clock edge 8 — ns
Ty MISO output delay — 6 ns
Arria V GX, GT, SX, and ST Device Datasheet Altera Corporation
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Figure 1-11: SD/MMC Timing Diagram

sommcakoury [\ [ [

“Tﬂ

SDMMC_CMD & SDMMC_D (Out) )( Command/Data Out )(

SDMMC_CMD & SDMMC_D (In) X X
Command/Data In

Related Information

Booting and Configuration Chapter, Arria V Hard Processor System Technical Reference Manual
Provides more information about CSEL pin settings in the SD/MMC Controller CSEL Pin Settings table.

USB Timing Characteristics

PHYs that support LPM mode may not function properly with the USB controller due to a timing issue. It is recommended that designers use the
MicroChip USB3300 PHY device that has been proven to be successful on the development board.

Table 1-55: USB Timing Requirements for Arria V Devices

clk

USB CLK clock period 16.67
Tq4 CLK to USB_STP/USB_DATA([7:0] output delay 4.4 — 11 ns
Te Setup time for USB_DIR/USB_NXT/USB_DATA[7:0] 2 — — ns
Ty Hold time for USB_DIR/USB_NXT/USB_DATA[7:0] 1 — — ns
Altera Corporation Arria V GX, GT, SX, and ST Device Datasheet
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NAND Timing Characteristics 1-71

an® Data to write enable hold time
TCea Chip enable to data access time — 25 ns
Trea Read enable to data access time — 16 ns
Ty, Read enable to data high impedance — 100 ns
T, Ready to read enable low 20 — ns
Figure 1-17: NAND Command Latch Timing Diagram
NAND_CLE \
NAND_CE
¢ 1
Tclesu
¢ L L g
Tcesu T(Ieh
r L >
wp ceh
NAND_WE \ /
N SR
alesu Taleh
NAND_ALE \ /
>« >
F Tdsu Tdh
NAND_DQ[7:0] >< Command ><
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tepacy CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period
tcpauMmc CONF_DONE high to user mode with CLKUSR option on tepacu + (Tingt X CLKUSR — —
period)
Tinit Number of clock cycles required for device initialization 8,576 — Cycles
Related Information

FPP Configuration Timing
Provides the FPP configuration timing waveforms.

AS Configuration Timing

Table 1-68: AS Timing Parameters for AS x1 and x4 Configurations in Arria V Devices

The minimum and maximum numbers apply to both the internal oscillator and CLKUSR when either one is used as the clock source for device
configuration.

The tcracps terastos terGs tsTaTus, and teppst) timing parameters are identical to the timing parameters for passive serial (PS) mode listed in PS
Timing Parameters for Arria V Devices table. You can obtain the tcgys7; value if you do not delay configuration by externally holding nSTATUS low.

DCLK falling edge to the AS_DATA0/ASDO output
tsy Data setup time before the falling edge on DCLK 1.5 — ns
tpu Data hold time after the falling edge on DCLK 0 — ns
tcpauM CONF_DONE high to user mode 175 437 s
tcpacu CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepauMc CONF_DONE high to user mode with CLKUSR option on tepacy + (Tinit X CLKUSR — —
period)
Tinit Number of clock cycles required for device initialization 8,576 — Cycles
Altera Corporation Arria V GX, GT, SX, and ST Device Datasheet
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Configuration .rbf Size (bits) IOCSR .rbf Size (bits)
71,015,712 439,960
A3 71,015,712 439,960
A5 101,740,800 446,360
A7 101,740,800 446,360
Arria V GX
Bl 137,785,088 457,368
B3 137,785,088 457,368
B5 185,915,808 463,128
B7 185,915,808 463,128
C3 71,015,712 439,960
c7 101,740,800 446,360
Arria V GT
D3 137,785,088 457,368
D7 185,915,808 463,128
B3 185,903,680 450,968
Arria V SX
B5 185,903,680 450,968
D3 185,903,680 450,968
Arria V ST
D5 185,903,680 450,968

Minimum Configuration Time Estimation

Table 1-73: Minimum Configuration Time Estimation for Arria V Devices

The estimated values are based on the configuration . r bf sizes in Uncompressed .rbf Sizes for Arria V Devices table.
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PLL specifications Diagram of PLL specifications
Switchover CLKOUT Pins
4 for _ext
m
fiy firem
N
o || o | IF || v [fwo Counters four GCLk
Core Clock .a7
j RCLK
Delta Sigma
Modulator
Legend
D Reconfigurable in User Mode External Feedback
Note:
(1) Core Clock can only be fed by dedicated clock input pins or PLL outputs.
Ry Receiver differential input discrete resistor (external to the Arria V device).
Sampling window (SW) Timing diagram—The period of time during which the data must be valid in order to capture it correctly.

The setup and hold times determine the ideal strobe position in the sampling window, as shown:

<

Bit Time

>

0.5xTCCS

RSKM

Sampling Window
(Sw)

RSKM

0.5x TCCS
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I
January 2015 2015.01.30 |, Updated the description for Ve aux_suarep to “HPS auxiliary power supply” in the following tables:

 Absolute Maximum Ratings for Arria V Devices
« HPS Power Supply Operating Conditions for Arria V SX and ST Devices

+ Added statement in I/O Standard Specifications: You must perform timing closure analysis to determine the
maximum achievable frequency for general purpose I/O standards.

» Updated the conditions for transceiver reference clock rise time and fall time: Measure at +60 mV of
differential signal. Added a note to the conditions: REFCLK performance requires to meet transmitter REFCLK
phase noise specification.

« Updated the description in Periphery Performance Specifications to mention that proper timing closure is
required in design.

« Updated HPS Clock Performance main_base_clk specifications from 525 MHz (for -13 speed grade) and 462
MHz (for —C4 speed grade) to 400 MHz.

« Updated HPS PLL VCO maximum frequency to 1,600 MHz (for -C5, -I5, and -C6 speed grades), 1,850
MHz (for —C4 speed grade), and 2,100 MHz (for -13 speed grade).

+ Changed the symbol for HPS PLL input jitter divide value from NR to N.

« Removed “Slave select pulse width (Texas Instruments SSP mode)” parameter from the following tables:

« SPI Master Timing Requirements for Arria V Devices
« SPI Slave Timing Requirements for Arria V Devices

« Added descriptions to USB Timing Characteristics section in HPS Specifications: PHYs that support LPM
mode may not function properly with the USB controller due to a timing issue. It is recommended that
designers use the MicroChip USB3300 PHY device that has been proven to be successful on the development
board.

o Added HPS JTAG timing specifications.

» Updated FPGA JTAG timing specifications note as follows: A 1-ns adder is required for each Vo voltage
step down from 3.0 V. For example, tjpco = 13 ns if Voo of the TDO I/O bank = 2.5V, or 14 ns if it equals
1.8 V.

» Updated the value in the V¢ (AC Coupled) row and in note 6 from 650 mV to 750 mV in the Transceiver
Specifications for Arria V GT and ST Devices table.
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I/0 Standard Specifications

0

The Vor and Vo values are valid at the corresponding Ioy and Iy, respectively.

Table 2-16: Single-Ended I/0 Standards for Arria V GZ Devices

1/0 Standard Specifications

2-15

e Veao (V)
— m-mmmmmm“ i

LVTTL 2.85 3.15 -0.3 2 -2

LVCMOS 2.85 3 3.15 0.3 0.8 17 3.6 0.2 Veao-02 | 0.1 0.1

25V 2.375 2.5 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 -1

1.8V 1.71 1.8 1.89 0.3 0.35 x 0.65 x Veao 0.45 Veero - 0.45 2 -2
Vccio Vo +0.3

1.5V 1.425 1.5 1.575 -0.3 0.35 x 0.65 x VCCIO 0.25 x 0.75 x VCCIO 2 -2
Vccio Vo +0.3 Vccio

12V 1.14 12 1.26 0.3 0.35 x 0.65 x Veao 025x | 0.75x Veao | 2 -2
Vecio Vecio +0.3 Vecio

Table 2-17: Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications for Arria V GZ Devices

SSTL-2 2.375 2.625 0.49 x VCCIO 0.5 x 0.51 x VREF 0.04 VREF + 0.04
Class I, 1T VCCIO VCCIO
SSTL-18 1.71 1.8 1.89 0.833 0.9 0.969 | Vrgr - 0.04 VREE Vger + 0.04
Class I, IT
SSTL-15 1.425 1.5 1.575 [ 049X Veao | 0.5 0.51 x 0.49 x 0.5 x 0.51 x Vecio
Class I, 1T VCCIO VCCIO VCCIO VCCIO
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Symbol/Description

Conditions

Transceiver Speed Grade 2

I (- T O v =
— = 1.6 — — 1.6

Transceiver Speed Grade 3

Receiver 2-25

Maximum peak-to-peak differential — A
input voltage Vip, (diff p-p) before
device configuration
Veer axp = 1.0V — — 1.8 — — 1.8 A\
Maximum peak-to-peak differential (Viem = 0.75 V)
input voltage Vip (diff p-p) after
device configuration (149 Veacer gxg =085V — — 2.4 — — 2.4 \Y%
(Viem=0.6V)
Minimum differential eye opening at — 85 — — 85 — — mV
receiver serial input pins (147148
85—-(2 setting — 85 £30% — — 85 — Q
+30%
100-Q2 setting — 100 — — 100 — Q
Differential on-chip termination +30% +30%
resistors 120-Q setting — 120 — — 120 — Q
+30% +30%
150-Q2 setting — 150 — — 150 — Q
*+30% +30%

(146) The maximum peak to peak differential input voltage Vip after device configuration is equal to 4 x (absolute Vy(x for receiver pin - Vicy).
(147) The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver Equaliza-

tion, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(148 Minimum eye opening of 85 mV is only for the unstressed input eye condition.
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2017.02.10 Temperature Sensing Diode Specifications 2-43
Memory
---n

Single-port, all supported widths MHz
Simple dual-port, all supported widths 0 1 650 550 500 450 MHz
Simple dual-port with the read-during-write 0 1 455 400 455 400 MHz
option set to Old Data, all supported widths

g{ig}f Simple dual-port with ECC enabled, 512 x 32 0 1 400 350 400 350 MHz
Simple dual-port with ECC and optional 0 1 500 450 500 450 MHz
pipeline registers enabled, 512 x 32
True dual port, all supported widths 0 1 650 550 500 450 MHz
ROM, all supported widths 0 1 650 550 500 450 MHz

Temperature Sensing Diode Specifications

Table 2-37: Internal Temperature Sensing Diode Specification

Temperature Range Accuracy Offset Calibrated Sampling Rate Conversion Time Resolution Minimum Resolution
Option with no Missing
Codes

—40°C to 100°C +8°C No 1 MHz, 500 kHz <100 ms 8 bits 8 bits

Table 2-38: External Temperature Sensing Diode Specifications for Arria V GZ Devices

r— L

Ij;as» diode source current

Vias, Voltage across diode 0.3 — 0.9 A%
Series resistance — — <1 Q
Arria V GZ Device Datasheet Altera Corporation
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2017.02.10 FPP Configuration Timing when DCLK to DATA[] = 1 2-61
tcpacu | CONF_DONE high to CLKUSR enabled 4 X maximum
DCLK period
tcpaum | CONF_DONE high to user mode with CLKUSR option on tcpacu + — —
c (8576 x CLKUSR period)
(209)
Related Information

« DCLK-to-DATA[] Ratio (r) for FPP Configuration on page 2-57
« Configuration, Design Security, and Remote System Upgrades in Arria V Devices

(208) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.
(209 To enable the CLKUSR pin as the initialization clock source and to obtain the maximum frequency specification on these pins, refer to the
“Initialization” section of the Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.
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FPP Configuration Timing when DCLK to DATA[] > 1
Figure 2-8: FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1,

Timing when using a MAX II device, MAX V device, or microprocessor as an external host.
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Notes:

1.To find out the DCLK-to-DATA[] ratio for your system, refer to the "DCLK-to-DATA[] Ratio for Arria V GZ Devices" table.

2.The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE
are at logic high levels. When nCONFIG is pulled low, a reconfiguration cycle begins.

3. After power-up, the Arria V GZ device holds nSTATUS low for the time as specified by the POR delay.

4. After power-up, before and during configuration, CONF_DONE is low.

5. Do not leave DCLK floating after configuration. DCLK is ignored after configuration is complete. It can toggle high or
Iow if required.
“r" denotes the DCLK-to-DATA[] ratio. For the DCLK-to-DATA[] ratio based on the decompression and the design
securlty feature enable settings, refer to the "DCLK-to-DATA[] Ratio for Arria V GZ Devices" table.

7.If needed, pause DCLK by holding it low. When DCLK restarts, the external host must provide data on the DATA[31..0]
pins prior to sending the first DCLK rising edge.

8.To ensure a successful configuration, send the entire configuration data to the Arria V GZ device. CONF_DONE is
released high after the Arria V GZ device receives all the configuration data successfully. After CONF_DONE goes
high, send two additional falling edges on DCLK to begin initialization and enter user mode.

9. After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE goes low.
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Glossary

Table 2-68: Glossary

Differential I/O Receiver Input Waveforms
Standards

Single-Ended Waveform

Positive Channel (p) =V|H
D
Negative Channel (n) =V

Ground

Differential Waveform

/[ N
A NEO

Transmitter Output Waveforms
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