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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
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Figure 1-6: LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Less than 1.25 Gbps
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DLL Frequency Range Specifications

Table 1-43: DLL Frequency Range Specifications for Arria V Devices

Parameter �I3, �C4 �I5, �C5 �C6 Unit

DLL operating frequency range 200 – 667 200 – 667 200 – 667 MHz

DQS Logic Block Specifications

Table 1-44: DQS Phase Shift Error Specifications for DLL-Delayed Clock (tDQS_PSERR) for Arria V Devices
This error specification is the absolute maximum and minimum error.

Number of DQS Delay Buffer �I3, �C4 �I5, �C5 �C6 Unit

2 40 80 80 ps
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Date Version Changes

November 2012 3.0 • Updated Table 2, Table 4, Table 9, Table 14, Table 16, Table 17, Table 20, Table 21, Table 25, Table 29, Table
36, Table 56, Table 57, and Table 60.

• Removed table: Transceiver Block Jitter Specifications for Arria V Devices.
• Added HPS information:

• Added “HPS Specifications” section.
• Added Table 38, Table 39, Table 40, Table 41, Table 42, Table 43, Table 44, Table 45, Table 46, Table 47,

Table 48, Table 49, and Table 50.
• Added Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, Figure 13, Figure 14, Figure 15, Figure

16, Figure 17, Figure 18, and Figure 19.
• Updated Table 3 and Table 5.

October 2012 2.4 • Updated Arria V GX VCCR_GXBL/R, VCCT_GXBL/R, and VCCL_GXBL/R minimum and maximum values, and data
rate in Table 4.

• Added receiver VICM (AC coupled) and VICM (DC coupled) values, and transmitter VOCM (AC coupled) and
VOCM (DC coupled) values in Table 20 and Table 21.

August 2012 2.3 Updated the SERDES factor condition in Table 30.

July 2012 2.2 • Updated the maximum voltage for VI (DC input voltage) in Table 1.
• Updated Table 20 to include the Arria V GX -I3 speed grade.
• Updated the minimum value of the fixedclk clock frequency in Table 20 and Table 21.
• Updated the SERDES factor condition in Table 30.
• Updated Table 50 to include the IOE programmable delay settings for the Arria V GX -I3 speed grade.

June 2012 2.1 Updated VCCR_GXBL/R, VCCT_GXBL/R, and VCCL_GXBL/R values in Table 4.
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Hot Socketing

Table 2-14: Hot Socketing Specifications for Arria V GZ Devices

Symbol Description Maximum

IIOPIN (DC) DC current per I/O pin 300 μA

IIOPIN (AC) AC current per I/O pin 8 mA (124)

IXCVR-TX (DC) DC current per transceiver transmitter pin 100 mA

IXCVR-RX (DC) DC current per transceiver receiver pin 50 mA

Internal Weak Pull-Up Resistor

Table 2-15: Internal Weak Pull-Up Resistor for Arria V GZ Devices

All I/O pins have an option to enable the weak pull-up resistor except the configuration, test, and JTAG pins. The internal weak pull-down feature is
only available for the JTAG TCK pin. The typical value for this internal weak pull-down resistor is approximately 25 kΩ .

Symbol Description VCCIO Conditions (V) (125) Value (126) Unit

RPU

Value of the I/O pin pull-up resistor
before and during configuration, as well as
user mode if you enable the
programmable pull-up resistor option.

3.0 ±5% 25 k Ω

2.5 ±5% 25 k Ω

1.8 ±5% 25 k Ω

1.5 ±5% 25 kΩ

1.35 ±5% 25 k Ω

1.25 ±5% 25 k Ω

1.2 ±5% 25 k Ω

(124) The I/O ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |IIOPIN| = C dv/dt, in which C is the I/O pin capacitance and dv/dt is the slew rate.
(125) The pin pull-up resistance values may be lower if an external source drives the pin higher than VCCIO.
(126) These specifications are valid with a ±10% tolerance to cover changes over PVT.
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Symbol/Description Conditions
Transceiver Speed Grade 2 Transceiver Speed Grade 3

Unit
Min Typ Max Min Typ Max

Supported data range — 600 — 3250/
3125(158)

600 — 3250/
3125 (158)

Mbps

tpll_powerdown
(159) — 1 — — 1 — — µs

tpll_lock 
(160) — — — 10 — 10 µs

Related Information
Arria V Device Overview
For more information about device ordering codes.

Clock Network Data Rate

Table 2-29: Clock Network Maximum Data Rate Transmitter Specifications

Valid data rates below the maximum specified in this table depend on the reference clock frequency and the PLL counter settings. Check the
MegaWizard message during the PHY IP instantiation.

Clock Network
ATX PLL CMU PLL (161) fPLL

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

x1 (162) 12.5 — 6 12.5 — 6 3.125 — 3

x6 (162) — 12.5 6 — 12.5 6 — 3.125 6

x6 PLL Feedback (163) — 12.5 Side-wide — 12.5 Side-wide — — —

(158) When you use fPLL as a TXPLL of the transceiver.
(159) tpll_powerdown is the PLL powerdown minimum pulse width.
(160) tpll_lock is the time required for the transmitter CMU/ATX PLL to lock to the input reference clock frequency after coming out of reset.
(161) ATX PLL is recommended at 8 Gbps and above data rates for improved jitter performance.
(162) Channel span is within a transceiver bank.
(163) Side-wide channel bonding is allowed up to the maximum supported by the PHY IP.
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Symbol Parameter Min Typ Max Unit

fOUT (169)

Output frequency for an internal global or regional
clock (C3, I3L speed grade)

� � 650 MHz

Output frequency for an internal global or regional
clock (C4, I4 speed grade)

� � 580 MHz

fOUT_EXT (169)

Output frequency for an external clock output (C3,
I3L speed grade)

� � 667 MHz

Output frequency for an external clock output (C4,
I4 speed grade)

� � 533 MHz

tOUTDUTY Duty cycle for a dedicated external clock output
(when set to 50%)

45 50 55 %

tFCOMP External feedback clock compensation time � � 10 ns

fDYCONFIGCLK Dynamic configuration clock for mgmt_clk  and
scanclk

� � 100 MHz

tLOCK Time required to lock from the end-of-device
configuration or deassertion of areset

� � 1 ms

tDLOCK Time required to lock dynamically (after switchover
or reconfiguring any non-post-scale counters/
delays)

� � 1 ms

fCLBW

PLL closed-loop low bandwidth � 0.3 � MHz

PLL closed-loop medium bandwidth � 1.5 � MHz

PLL closed-loop high bandwidth (170) � 4 � MHz

tPLL_PSERR Accuracy of PLL phase shift � � �50 ps

tARESET Minimum pulse width on the areset  signal 10 � � ns

(169) This specification is limited by the lower of the two: I/O fMAX or fOUT of the PLL.
(170) High bandwidth PLL settings are not supported in external feedback mode.

2-38 PLL Speci�cations
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Symbol Parameter Min Typ Max Unit

kVALUE Numerator of Fraction 128 8388608 2147483648 �

fRES Resolution of VCO frequency (fINPFD = 100 MHz) 390625 5.96 0.023 Hz

Related Information

� Duty Cycle Distortion (DCD) Speci�cations on page 2-56
� DLL Range Speci�cations on page 2-53

DSP Block Speci�cations

Table 2-35: DSP Block Performance Speci�cations for Arria V GZ Devices

Mode
Performance

Unit
C3, I3L C4 I4

Modes using One DSP Block

Three 9 � 9 480 420 MHz

One 18 � 18 480 420 400 MHz

Two partial 18 � 18 (or 16 � 16) 480 420 400 MHz

One 27 � 27 400 350 MHz

One 36 � 18 400 350 MHz

One sum of two 18 � 18 (One sum of two 16 � 16) 400 350 MHz

One sum of square 400 350 MHz

One 18 � 18 plus 36 (a � b) + c 400 350 MHz

Modes using Two DSP Blocks

Three 18 � 18 400 350 MHz

One sum of four 18 � 18 380 300 MHz
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Memory Mode
Resources Used Performance

Unit
ALUTs Memory C3 C4 I3L I4

M20K
Block

Single-port, all supported widths 0 1 650 550 500 450 MHz

Simple dual-port, all supported widths 0 1 650 550 500 450 MHz

Simple dual-port with the read-during-write
option set to Old Data, all supported widths

0 1 455 400 455 400 MHz

Simple dual-port with ECC enabled, 512 � 32 0 1 400 350 400 350 MHz

Simple dual-port with ECC and optional
pipeline registers enabled, 512 � 32

0 1 500 450 500 450 MHz

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 Speci�cations

Table 2-37: Internal Temperature Sensing Diode Speci�cation

Temperature Range Accuracy O�set  Calibrated
Option

Sampling Rate Conversion Time Resolution Minimum Resolution
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 Speci�cations for Arria V GZ Devices

Description Min Typ Max Unit

Ibias, diode source current 8 � 200 �A

Vbias, voltage across diode 0.3 � 0.9 V

Series resistance � � < 1 �
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Symbol Parameter Minimum Maximum Unit

tCO DCLK falling edge to AS_DATA0/ASDO output � 4 ns

tSU Data setup time before falling edge on DCLK 1.5 � ns

tH Data hold time after falling edge on DCLK 0 � ns

tCD2UM CONF_DONE high to user mode (216) 175 437 �s

tCD2CU CONF_DONE high to CLKUSR enabled 4 � maximum DCLK
period

� �

tCD2UMC CONF_DONE high to user mode with CLKUSR option on tCD2CU + (8576 � CLKUSR
period)

� �

Table 2-59: DCLK Frequency Speci�cation  in the AS Con�guration  Scheme

This applies to the DCLK frequency specification when using the internal oscillator as the configuration clock source.

The AS multi-device configuration scheme does not support DCLK frequency of 100 MHz.

Minimum Typical Maximum Unit

5.3 7.9 12.5 MHz

10.6 15.7 25.0 MHz

21.3 31.4 50.0 MHz

42.6 62.9 100.0 MHz

Related Information

� Passive Serial Con�guration  Timing on page 2-67
� Con�guration,  Design Security, and Remote System Upgrades in Arria V Devices

(216) To enable the CLKUSR pin as the initialization clock source and to obtain the maximum frequency specification on this pin, refer to the
�Initialization� section of the Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.

2-66 Active Serial Con�guration  Timing
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Table 2-62: Uncompressed .rbf Sizes for Arria V GZ Devices

Variant Member Code Con�guration  .rbf Size (bits) IOCSR .rbf Size (bits) (223)

Arria V GZ

E1 137,598,880 562,208

E3 137,598,880 562,208

E5 213,798,880 561,760

E7 213,798,880 561,760

Table 2-63: Minimum Con�guration  Time Estimation for Arria V GZ Devices

Variant Member Code
Active Serial (224) Fast Passive Parallel (225)

Width DCLK (MHz) Min Con�g  Time
(ms)

Width DCLK (MHz) Min Con�g  Time
(ms)

Arria V GZ

E1 4 100 344 32 100 43

E3 4 100 344 32 100 43

E5 4 100 534 32 100 67

E7 4 100 534 32 100 67

Remote System Upgrades Circuitry Timing Speci�cation

Table 2-64: Remote System Upgrade Circuitry Timing Speci�cations

Parameter Minimum Maximum Unit

tRU_nCONFIG (226) 250 � ns

tRU_nRSTIMER (227) 250 � ns

(223) The IOCSR .rbf size is specifically for the Configuration via Protocol (CvP) feature.
(224) DCLK frequency of 100 MHz using external CLKUSR.
(225) Max FPGA FPP bandwidth may exceed bandwidth available from some external storage or control logic.

2-70 Remote System Upgrades Circuitry Timing Speci�cation
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