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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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Electrical Characteristics
c Conditions beyond those listed in Table 1–1 and Table 1–2 may cause permanent 
damage to the device. Additionally, device operation at the absolute maximum 
ratings for extended periods of time may have adverse effects on the device.

Table 1–1 lists the absolute maximum ratings for Arria II GX devices.

Table 1–2 lists the absolute maximum ratings for Arria II GZ devices.

Table 1–1. Absolute Maximum Ratings for Arria II GX Devices 

Symbol Description Minimum Maximum Unit

VCC
Supplies power to the core, periphery, I/O registers, PCI Express® 
(PIPE) (PCIe) HIP block, and transceiver PCS –0.5 1.35 V

VCCCB Supplies power for the configuration RAM bits –0.5 1.8 V

VCCBAT Battery back-up power supply for design security volatile key register –0.5 3.75 V

VCCPD
Supplies power to the I/O pre-drivers, differential input buffers, and 
MSEL circuitry –0.5 3.75 V

VCCIO Supplies power to the I/O banks –0.5 3.9 V

VCCD_PLL Supplies power to the digital portions of the PLL –0.5 1.35 V

VCCA_PLL
Supplies power to the analog portions of the PLL and device-wide 
power management circuitry –0.5 3.75 V

VI DC input voltage –0.5 4.0 V

IOUT DC output current, per pin –25 40 mA

VCCA Supplies power to the transceiver PMA regulator — 3.75 V

VCCL_GXB Supplies power to the transceiver PMA TX, PMA RX, and clocking — 1.21 V

VCCH_GXB Supplies power to the transceiver PMA output (TX) buffer — 1.8 V

TJ Operating junction temperature –55 125 °C

TSTG Storage temperature (no bias) –65 150 °C

Table 1–2. Absolute Maximum Ratings for Arria II GZ Devices (Part 1 of 2)

Symbol Description Minimum Maximum Unit

VCC
Supplies power to the core, periphery, I/O registers, PCIe HIP block, and 
transceiver PCS -0.5 1.35 V

VCCCB Power supply to the configuration RAM bits -0.5 1.8 V

VCCPGM Supplies power to the configuration pins -0.5 3.75 V

VCCAUX Auxiliary supply -0.5 3.75 V

VCCBAT Supplies battery back-up power for design security volatile key register -0.5 3.75 V

VCCPD
Supplies power to the I/O pre-drivers, differential input buffers, and 
MSEL circuitry -0.5 3.75 V

VCCIO Supplies power to the I/O banks -0.5 3.9 V

VCC_CLKIN Supplies power to the differential clock input -0.5 3.75 V

VCCD_PLL Supplies power to the digital portions of the PLL -0.5 1.35 V

VCCA_PLL
Supplies power to the analog portions of the PLL and device-wide 
power management circuitry -0.5 3.75 V

VI DC input voltage -0.5 4.0 V

IOUT DC output current, per pin -25 40 mA
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Table 1–6 lists the recommended operating conditions for Arria II GZ devices.

tRAMP Power Supply Ramp time
Normal POR 0.05 — 100 ms

Fast POR 0.05 — 4 ms

Notes to Table 1–5: 

(1) For more information about supply pin connections, refer to the Arria II Device Family Pin Connection Guidelines.
(2) Altera recommends a 3.0-V nominal battery voltage when connecting VCCBAT to a battery for volatile key backup. If you do not use the volatile 

security key, you may connect the VCCBAT to either GND or a 3.0-V power supply.
(3) VCCPD must be 2.5-V for I/O banks with 2.5-V and lower VCCIO, 3.0-V for 3.0-V VCCIO, and 3.3-V for 3.3-V VCCIO.
(4) VCCIO for 3C and 8C I/O banks where the configuration pins reside only supports 3.3-, 3.0-, 2.5-, or 1.8-V voltage levels.

Table 1–5. Recommended Operating Conditions for Arria II GX Devices (Note 1) (Part 2 of 2)

Symbol Description Condition Minimum Typical Maximum Unit

Table 1–6. Recommended Operating Conditions for Arria II GZ Devices (Note 6) (Part 1 of 2)

Symbol Description Condition Minimum Typical Maximum Unit

VCC Core voltage and periphery circuitry power 
supply — 0.87 0.90 0.93 V

VCCCB
Supplies power for the configuration RAM 
bits — 1.45 1.50 1.55 V

VCCAUX Auxiliary supply — 2.375 2.5 2.625 V

VCCPD (2)
I/O pre-driver (3.0 V) power supply — 2.85 3.0 3.15 V

I/O pre-driver (2.5 V) power supply — 2.375 2.5 2.625 V

VCCIO

I/O buffers (3.0 V) power supply — 2.85 3.0 3.15 V

I/O buffers (2.5 V) power supply — 2.375 2.5 2.625 V

I/O buffers (1.8 V) power supply — 1.71 1.8 1.89 V

I/O buffers (1.5 V) power supply — 1.425 1.5 1.575 V

I/O buffers (1.2 V) power supply — 1.14 1.2 1.26 V

VCCPGM

Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 V

Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 V

Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 V

VCCA_PLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 V

VCCD_PLL PLL digital voltage regulator power supply — 0.87 0.90 0.93 V

VCC_CLKIN Differential clock input power supply — 2.375 2.5 2.625 V

VCCBAT (1) Battery back-up power supply (For design 
security volatile key register) — 1.2 — 3.3 V

VI DC input voltage — –0.5 — 3.6 V

VO Output voltage — 0 — VCCIO V

VCCA_L Transceiver high voltage power (left side) —
2.85/2.375 3.0/2.5 (4) 3.15/2.625 V

VCCA_R Transceiver high voltage power (right side) —

VCCHIP_L Transceiver HIP digital power (left side) — 0.87 0.9 0.93 V

VCCR_L Receiver power (left side) — 1.05 1.1 1.15 V

VCCR_R Receiver power (right side) — 1.05 1.1 1.15 V

VCCT_L Transmitter power (left side) — 1.05 1.1 1.15 V

VCCT_R Transmitter power (right side) — 1.05 1.1 1.15 V
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The calibration accuracy for calibrated series and parallel OCTs are applicable at the 
moment of calibration. When process, voltage, and temperature (PVT) conditions 
change after calibration, the tolerance may change.

Table 1–13 lists the Arria II GZ OCT without calibration resistance tolerance to PVT 
changes.

OCT calibration is automatically performed at power up for OCT-enabled I/Os. 
When voltage and temperature conditions change after calibration, the resistance may 
change. Use Equation 1–1 and Table 1–14 to determine the OCT variation when 
voltage and temperature vary after power-up calibration for Arria II GX and GZ 
devices. 

Table 1–13. OCT Without Calibration Resistance Tolerance Specifications for Arria II GZ Devices  

Symbol Description Conditions (V)
Resistance Tolerance

Unit
C3,I3 C4,I4

25- RS 
3.0 and 2.5

25-internal series 
OCT without 
calibration 

VCCIO = 3.0, 2.5 ± 40 ± 40 %

25- RS 
1.8 and 1.5

25- internal series 
OCT without 
calibration 

VCCIO = 1.8, 1.5 ± 40 ± 40 %

25- RS
1.2

25-internal series 
OCT without 
calibration

VCCIO = 1.2 ± 50 ± 50 %

50- RS 
3.0 and 2.5

50- internal series 
OCT without 
calibration 

VCCIO = 3.0, 2.5 ± 40 ± 40 %

50- RS 
1.8 and 1.5

50-internal series 
OCT without 
calibration

VCCIO = 1.8, 1.5 ± 40 ± 40 %

50-  RS
1.2

50-internal series 
OCT without 
calibration

VCCIO = 1.2 ± 50 ± 50 %

100-  RD
2.5

100-internal 
differential OCT VCCIO = 2.5 ± 25 ± 25 %

Equation 1–1. OCT Variation (Note 1)

Notes to Equation 1–1:

(1) ROCT value calculated from Equation 1–1shows the range of OCT resistance with the variation of temperature and 
VCCIO.

ROCT RSCAL 1 dR
dT
------- T  dR

dV
------- V + 

 =
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I/O Standard Specifications
Table 1–22 through Table 1–35 list input voltage (VIH and VIL), output voltage (VOH 
and VOL), and current drive characteristics (IOH and IOL) for various I/O standards 
supported by the Arria II device family. They also show the Arria II device family I/O 
standard specifications. VOL and VOH values are valid at the corresponding IOH and 
IOL, respectively. 

1 For an explanation of terms used in Table 1–22 through Table 1–35, refer to “Glossary” 
on page 1–74.

Table 1–22 lists the single-ended I/O standards for Arria II GX devices.

Table 1–23 lists the single-ended I/O standards for Arria II GZ devices.

Table 1–22. Single-Ended I/O Standards for Arria II GX Devices

I/O Standard
VCCIO (V) VIL (V) VIH (V) VOL (V) VOH (V) IOL 

(mA)
IOH 

(mA)Min Typ Max Min Max Min Max Max Min

3.3 V LVTTL 3.135 3.3 3.465 –0.3 0.8 1.7 3.6 0.45 2.4 4 –4

3.3 V LVCMOS 3.135 3.3 3.465 –0.3 0.8 1.7 3.6 0.2 VCCIO -0.2 2 –2

3.0 V LVTTL 2.85 3 3.15 –0.3 0.8 1.7 VCCIO + 
0.3 0.45 2.4 4 –4

3.0 V LVCMOS 2.85 3 3.15 –0.3 0.8 1.7 VCCIO + 
0.3 0.2 VCCIO - 0.2 0.1 –0.1

2.5 V LVCMOS 2.375 2.5 2.625 –0.3 0.7 1.7 VCCIO + 
0.3 0.4 2 1 –1

1.8 V LVCMOS 1.71 1.8 1.89 –0.3 0.35 × 
VCCIO

0.65 × 
VCCIO

VCCIO + 
0.3 0.45 VCCIO - 

0.45 2 –2

1.5 V LVCMOS 1.425 1.5 1.575 –0.3 0.35 × 
VCCIO

0.65 × 
VCCIO

VCCIO + 
0.3

0.25 × 
VCCIO

0.75 × 
VCCIO

2 –2

1.2 V LVCMOS 1.14 1.2 1.26 –0.3 0.35 × 
VCCIO

0.65 × 
VCCIO

VCCIO + 
0.3

0.25 × 
VCCIO

0.75 × 
VCCIO

2 –2

3.0-V PCI 2.85 3 3.15 — 0.3 × 
VCCIO

0.5 × 
VCCIO

VCCIO + 
0.3

0.1 × 
VCCIO

0.9 × VCCIO 1.5 –0.5

3.0-V PCI-X 2.85 3 3.15 — 0.35 × 
VCCIO

0.5 × 
VCCIO

VCCIO + 
0.3

0.1 × 
VCCIO

0.9 × VCCIO 1.5 –0.5

Table 1–23. Single-Ended I/O Standards for Arria II GZ Devices (Part 1 of 2)

I/O Standard
VCCIO (V) VIL (V) VIH (V) VOL (V) VOH (V) IOL 

(mA)
IOH 

(mA)Min Typ Max Min Max Min Max Max Min

LVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2

LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.2 VCCIO - 0.2 0.1 -0.1

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

1.8 V 1.71 1.8 1.89 -0.3 0.35 × 
VCCIO

0.65 × 
VCCIO

VCCIO + 
0.3 0.45 VCCIO - 

0.45 2 -2

1.5 V 1.425 1.5 1.575 -0.3 0.35 × 
VCCIO

0.65 × 
VCCIO

VCCIO + 
0.3

0.25 × 
VCCIO

0.75 × 
VCCIO

2 -2
December 2013 Altera Corporation Arria II Device Handbook Volume 3: Device Datasheet and Addendum
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riphery blocks for commercial grade 
erization and testing. These numbers 
d junction temperature conditions. 

C6
Unit

ax Min Typ Max

d HCSL

2.08 50 — 622.08 MHz

00 50 — 200 MHz

2.2 — — 2.2 V

— –0.3 — — V

0.2 — — 0.2 UI

55 45 — 55 %

000 200 — 2000 mV

33 30 — 33 kHz
Switching Characteristics 
This section provides performance characteristics of the Arria II GX and GZ core and pe
devices. The following tables are considered final and are based on actual silicon charact
reflect the actual performance of the device under worst-case silicon process, voltage, an

Transceiver Performance Specifications 
Table 1–34 lists the Arria II GX transceiver specifications.

Table 1–34. Transceiver Specifications for Arria II GX Devices (Note 1) (Part 1 of 7)

Symbol/
Description Condition

I3 C4 C5 and I5

Min Typ Max Min Typ Max Min Typ M

Reference Clock

Supported I/O 
Standards 1.2-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS, an

Input frequency 
from REFCLK 
input pins

— 50 — 622.08 50 — 622.08 50 — 62

Input frequency 
from PLD input — 50 — 200 50 — 200 50 — 2

Absolute VMAX 
for a REFCLK pin — — — 2.2 — — 2.2 — —

Absolute VMIN for 
a REFCLK pin — –0.3 — — –0.3 — — –0.3 —

Rise/fall time (2) — — — 0.2 — — 0.2 — —

Duty cycle — 45 — 55 45 — 55 45 —

Peak-to-peak 
differential input 
voltage

— 200 — 2000 200 — 2000 200 — 2

Spread-spectrum 
modulating clock 
frequency

PCIe 30 — 33 30 — 33 30 —
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— — 0 to
–0.5% — —

— — 100 — 

1100 ± 5% mV

50 250 — 550 mV

-50 — — -50 dBc/Hz

-80 — — -80 dBc/Hz

110 — — -110 dBc/Hz

120 — — -120 dBc/Hz

120 — — -120 dBc/Hz

130 — — -130 dBc/Hz

3 — — 3 ps

— — 2000 ± 
1% — 

25 10 — 125 MHz

C6
Unit

ax Min Typ Max
Spread-spectrum 
downspread PCIe — 0 to

–0.5% — — 0 to 
–0.5% — — 0 to

–0.5%

On-chip 
termination 
resistors

— — 100 — — 100 — — 100

VICM 
(AC coupled) — 1100 ± 5% 1100 ± 5% 1100 ± 5%

VICM 
(DC coupled)

HCSL I/O 
standard for 
PCIe 
reference 
clock

250 — 550 250 — 550 250 — 5

Transmitter 
REFCLK Phase 
Noise

10 Hz — — -50 — — -50 — —

100 Hz — — -80 — — -80 — —

1 KHz — — -110 — — -110 — — -

10 KHz — — -120 — — -120 — — -

100 KHz — — -120 — — -120 — — -

1 MHz — — -130 — — -130 — — -

Transmitter 
REFCLK Phase 
Jitter (rms) for 
100 MHz 
REFCLK (3)

10 KHz to

20 MHz
— — 3 — — 3 — —

Rref — — 2000 
± 1% — — 2000 

± 1% — — 2000 
± 1%

Transceiver Clocks

Calibration block 
clock frequency 
(cal_blk_clk)

— 10 — 125 10 — 125 10 — 1

Table 1–34. Transceiver Specifications for Arria II GX Devices (Note 1) (Part 2 of 7)

Symbol/
Description Condition

I3 C4 C5 and I5

Min Typ Max Min Typ Max Min Typ M
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000 0 100 4000 ns

000 — — 4000 ns

— — 0 — dB

— — 3 — dB

— — 6 — dB

750 600 — 3125 Mbps

— — 650 — mV

— — 100 — 

00 50 — 200 ps

00 50 — 200 ps

C6
Unit

ax Min Typ Max
LTD lock time 
(11) — 0 100 4000 0 100 4000 0 100 4

Data lock time 
from rx_
freqlocked 
(12)

— — — 4000 — — 4000 — — 4

Programmable 
DC gain

DC Gain 
Setting = 0 — 0 — — 0 — — 0

DC Gain 
Setting = 1 — 3 — — 3 — — 3

DC Gain 
Setting = 2 — 6 — — 6 — — 6

Transmitter

Supported I/O 
Standards 1.5-V PCML

Data rate — 600 — 6375 600 — 3750 600 — 3

VOCM
0.65 V 
setting — 650 — — 650 — — 650

Differential 
on-chip 
termination 
resistors

100 
setting — 100 — — 100 — — 100

Return loss 
differential mode

PCIe 50 MHz to 1.25 GHz: –10dB

XAUI 312 MHz to 625 MHz: –10dB
625 MHz to 3.125 GHz: –10dB/decade slope

Return loss 
common mode PCIe 50 MHz to 1.25 GHz: –6dB

Rise time (2) — 50 — 200 50 — 200 50 — 2

Fall time — 50 — 200 50 — 200 50 — 2

Table 1–34. Transceiver Specifications for Arria II GX Devices (Note 1) (Part 5 of 7)

Symbol/
Description Condition

I3 C4 C5 and I5

Min Typ Max Min Typ Max Min Typ M
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uring this period. 

lk frequency is 37.5 MHz if the transceiver channel is 
 Arria II Devices.
hysically located on the same side of the device, and if 
 becoming stable must not exceed the maximum 

nual mode. Refer to Figure 1–1.

C6
Unit

ax Min Typ Max
Digital reset 
pulse width — Minimum is 2 parallel clock cycles

Notes to Table 1–34:

(1) For AC-coupled links, the on-chip biasing circuit is switched off before and during configuration. Ensure that input specifications are not violated d
(2) The rise/fall time is specified from 20% to 80%. 
(3) To calculate the REFCLK rms phase jitter requirement at reference clock frequencies other than 100 MHz, use the following formula: 

REFCLK rms phase jitter at f (MHz) = REFCLK rms phase jitter at 100 MHz * 100/f.
(4) The minimum reconfig_clk frequency is 2.5 MHz if the transceiver channel is configured in Transmitter only mode. The minimum reconfig_c

configured in Receiver only or Receiver and Transmitter mode. For more information, refer to AN 558: Implementing Dynamic Reconfiguration in
(5) If your design uses more than one dynamic reconfiguration controller instances (altgx_reconfig) to control the transceiver channels (altgx) p

you use different reconfig_clk sources for these altgx_reconfig instances, the delta time between any two of these reconfig_clk sources
specification listed.

(6) The device cannot tolerate prolonged operation at this absolute maximum.
(7) You must use the 1.1-V RX VICM setting if the input serial data standard is LVDS and the link is DC-coupled.
(8) The rate matcher supports only up to ±300 parts per million (ppm).
(9) Time taken to rx_pll_locked goes high from rx_analogreset de-assertion. Refer to Figure 1–1.
(10) The time in which the CDR must be kept in lock-to-reference mode after rx_pll_locked goes high and before rx_locktodata is asserted in ma
(11) The time taken to recover valid data after the rx_locktodata signal is asserted in manual mode. Refer to Figure 1–1.
(12) The time taken to recover valid data after the rx_freqlocked signal goes high in automatic mode. Refer to Figure 1–2.
(13) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.

Table 1–34. Transceiver Specifications for Arria II GX Devices (Note 1) (Part 7 of 7)

Symbol/
Description Condition

I3 C4 C5 and I5

Min Typ Max Min Typ Max Min Typ M

www.altera.com/literature/hb/arria-ii-gx/an558.pdf
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UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

Unit
Jitter tolerance at 
2488.32 Mbps

Jitter frequency = 
0.06 KHz

Pattern = PRBS15
> 15 > 15 > 15 > 15

Jitter frequency = 
100 KHZ

Pattern = PRBS15
> 1.5 > 1.5 > 1.5 > 1.5

Jitter frequency = 
1 MHz

Pattern = PRBS15
> 0.15 > 0.15 > 0.15 > 0.15

Jitter frequency = 
10 MHz

Pattern = PRBS15
> 0.15 > 0.15 > 0.15 > 0.15

XAUI Transmit Jitter Generation (3)

Total jitter at 
3.125 Gbps Pattern = CJPAT — — 0.3 — — 0.3 — — 0.3 — — 0.3

Deterministic 
jitter at 
3.125 Gbps

Pattern = CJPAT — — 0.17 — — 0.17 — — 0.17 — — 0.17

XAUI Receiver Jitter Tolerance (3)

Total jitter — > 0.65 > 0.65 > 0.65 > 0.65

Deterministic 
jitter — > 0.37 > 0.37 > 0.37 > 0.37

Peak-to-peak 
jitter

Jitter frequency = 
22.1 KHz > 8.5 > 8.5 > 8.5 > 8.5

Peak-to-peak 
jitter

Jitter frequency = 
1.875 MHz > 0.1 > 0.1 > 0.1 > 0.1

Peak-to-peak 
jitter

Jitter frequency = 
20 MHz > 0.1 > 0.1 > 0.1 > 0.1

PCIe Transmit Jitter Generation (4)

Total jitter at 
2.5 Gbps (Gen1)

Compliance 
pattern — — 0.25 — — 0.25 — — 0.25 — — 0.25

Table 1–40. Transceiver Block Jitter Specifications for Arria II GX Devices (Note 1) (Part 2 of 10)

Symbol/
Description Conditions

I3 C4 C5, I5 C6

Min Typ Max Min Typ Max Min Typ Max Min Typ Max
Arria II Device Handbook Volume 3: Device Datasheet and Addendum December 2013 Altera Corporation
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UI

UI

UI

UI

UI

Unit
SDI Transmitter Jitter Generation (8)

Alignment jitter 
(peak-to-peak)

Data rate = 
1.485 Gbps (HD) 
pattern = Color 

Bar Low-
frequency Roll-off 

= 100 KHz

0.2 — — 0.2 — — 0.2 — — 0.2 — —

Data rate = 
2.97 Gbps (3G) 
pattern = Color 

bar Low-
frequency Roll-off 

= 100 KHz

0.3 — — 0.3 — — 0.3 — — 0.3 — —

SDI Receiver Jitter Tolerance (8)

Sinusoidal jitter 
tolerance 
(peak-to-peak)

Jitter frequency = 
15 KHz 

Data rate = 
2.97 Gbps (3G) 
Pattern = single 
line scramble 

color bar

> 2 > 2 > 2 > 2

Jitter frequency = 
100 KHz 

Data rate = 
2.97 Gbps (3G) 
Pattern = single 
line scramble 

color bar

> 0.3 > 0.3 > 0.3 > 0.3

Jitter frequency = 
148.5 MHz 

Data rate = 
2.97 Gbps (3G) 
Pattern = single 
line scramble 

color bar

> 0.3 > 0.3 > 0.3 > 0.3

Table 1–40. Transceiver Block Jitter Specifications for Arria II GX Devices (Note 1) (Part 5 of 10)

Symbol/
Description Conditions

I3 C4 C5, I5 C6

Min Typ Max Min Typ Max Min Typ Max Min Typ Max
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UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

Unit
GIGE Receiver Jitter Tolerance (11)

Deterministic jitter tolerance 
(peak-to-peak) Pattern = CJPAT > 0.4 > 0.4

Combined deterministic and 
random jitter tolerance (peak-to-
peak)

Pattern = CJPAT > 0.66 > 0.66

HiGig Transmit Jitter Generation

Deterministic jitter 
(peak-to-peak)

Data rate = 3.75 Gbps

Pattern = CJPAT
— — 0.17 — — —

Total jitter (peak-to-peak)
Data rate = 3.75 Gbps

Pattern = CJPAT
— — 0.35 — — —

HiGig Receiver Jitter Tolerance

Deterministic jitter tolerance
(peak-to-peak)

Data rate = 3.75 Gbps

Pattern = CJPAT
> 0.37 — — —

Combined deterministic and 
random jitter tolerance (peak-to-
peak)

Data rate = 3.75 Gbps

Pattern = CJPAT
> 0.65 — — —

Sinusoidal jitter tolerance (peak-
to-peak)

Jitter frequency = 22.1 KHz

Data rate = 3.75 Gbps

Pattern = CJPAT

> 8.5 — — —

Jitter frequency = 22.1 KHz

Data rate = 3.75 Gbps

Pattern = CJPAT

> 0.1 — — —

Jitter frequency = 22.1 KHz

Data rate = 3.75 Gbps

Pattern = CJPAT

> 0.1 — — —

(OIF) CEI Transmitter Jitter Generation

Total jitter (peak-to-peak)
Data rate = 6.375 Gbps

Pattern = PRBS15 BER = 10-12
— — 0.3 — — 0.3

(OIF) CEI Receiver Jitter Tolerance

Deterministic jitter tolerance 
(peak-to-peak)

Data rate = 6.375 Gbps

Pattern = PRBS31 BER = 10-12
> 0.675 — — —

Combined deterministic and 
random jitter tolerance (peak-to-
peak)

Data rate = 6.375 Gbps

Pattern = PRBS31 BER = 10-12
> 0.988 — — —

Table 1–41. Transceiver Block Jitter Specifications for Arria II GZ Devices (Note 1), (2) (Part 4 of 7)

Symbol/
Description Conditions

–C3 and –I3 –C4 and –I4

Min Typ Max Min Typ Max
December 2013 Altera Corporation Arria II Device Handbook Volume 3: Device Datasheet and Addendum



1–52 Chapter 1: Device Datasheet for Arria II Devices
Switching Characteristics

UI

UI

UI

UI

UI

UI

UI

UI

Unit
OBSAI Receiver Jitter Tolerance (15)

Deterministic jitter tolerance at 
768 Mbps, 1536 Mbps, and 
3072 Mbps

Pattern = CJPAT > 0.37 > 0.37

Combined deterministic and 
random jitter tolerance at 768 
Mbps, 1536 Mbps, and 3072 
Mbps

Pattern = CJPAT > 0.55 > 0.55

Sinusoidal jitter tolerance at 768 
Mbps

Jitter frequency = 5.4 KHz

Pattern = CJPAT
> 8.5 > 8.5

Jitter frequency = 460 MHz to 20 
MHz

Pattern = CJPAT
> 0.1 > 0.1

Sinusoidal jitter tolerance at 
1536 Mbps

Jitter frequency = 10.9 KHz

Pattern = CJPAT
> 8.5 > 8.5

Jitter frequency = 921.6 MHz to 20 
MHz

Pattern = CJPAT
> 0.1 > 0.1

Sinusoidal jitter tolerance at 
3072 Mbps

Jitter frequency = 21.8 KHz

Pattern = CJPAT
> 8.5 > 8.5

Jitter frequency = 1843.2 MHz to 
20 MHz

Pattern = CJPAT
> 0.1 > 0.1

Notes to Table 1–41:

(1) Dedicated refclk pins were used to drive the input reference clocks.
(2) The jitter numbers are valid for the stated conditions only.
(3) The jitter numbers for SONET/SDH are compliant to the GR-253-CORE Issue 3 Specification.
(4) The jitter numbers for Fibre Channel are compliant to the FC-PI-4 Specification revision 6.10.
(5) The Fibre Channel transmitter jitter generation numbers are compliant to the specification at the T inter operability point.
(6) The Fibre Channel receiver jitter tolerance numbers are compliant to the specification at the R interpretability point.
(7) The jitter numbers for XAUI are compliant to the IEEE802.3ae-2002 Specification.
(8) The jitter numbers for PCIe are compliant to the PCIe Base Specification 2.0.
(9) Arria II GZ PCIe receivers are compliant to this specification provided the VTX-CM-DC-ACTIVEIDLE-DELTA of the upstream transmitter is less than 50 mV.
(10) The jitter numbers for SRIO are compliant to the RapidIO Specification 1.3.
(11) The jitter numbers for GIGE are compliant to the IEEE802.3-2002 Specification.
(12) The HD-SDI and 3G-SDI jitter numbers are compliant to the SMPTE292M and SMPTE424M Specifications.
(13) The jitter numbers for Serial Attached SCSI (SAS) are compliant to the SAS-2.1 Specification.
(14) The jitter numbers for CPRI are compliant to the CPRI Specification V3.0.
(15) The jitter numbers for OBSAI are compliant to the OBSAI RP3 Specification V4.1.

Table 1–41. Transceiver Block Jitter Specifications for Arria II GZ Devices (Note 1), (2) (Part 7 of 7)

Symbol/
Description Conditions

–C3 and –I3 –C4 and –I4

Min Typ Max Min Typ Max
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fOUT

Output frequency for internal global or regional clock 
(–4 Speed Grade) — — 500 MHz

Output frequency for internal global or regional clock 
(–5 Speed Grade) — — 500 MHz

Output frequency for internal global or regional clock 
(–6 Speed Grade) — — 400 MHz

fOUT_EXT

Output frequency for external clock output (–4 Speed Grade) — — 670 (5) MHz

Output frequency for external clock output (–5 Speed Grade) — — 622 (5) MHz

Output frequency for external clock output (–6 Speed Grade) — — 500 (5) MHz

tOUTDUTY Duty cycle for external clock output (when set to 50%) 45 50 55 %

tOUTPJ_DC
Dedicated clock output period jitter (fOUT  100 MHz) — — 300 ps (p–p)

Dedicated clock output period jitter (fOUT  100 MHz) — — 30 mUI (p–p)

tOUTCCJ_DC
Dedicated clock output cycle-to-cycle jitter (fOUT  100 MHz) — — 300 ps (p–p)

Dedicated clock output cycle-to-cycle jitter (fOUT  100 MHz) — — 30 mUI (p–p)

fOUTPJ_IO
Regular I/O clock output period jitter (fOUT  100 MHz) — — 650 ps (p–p)

Regular I/O clock output period jitter (fOUT  100 MHz) — — 65 mUI (p–p)

fOUTCCJ_IO
Regular I/O clock output cycle-to-cycle jitter (fOUT  100 MHz) — — 650 ps (p–p)

Regular I/O clock output cycle-to-cycle jitter (fOUT  100 MHz) — — 65 mUI (p–p)

tCONFIGPLL Time required to reconfigure PLL scan chains — 3.5 — SCANCLK 
cycles

tCONFIGPHASE Time required to reconfigure phase shift — 1 — SCANCLK 
cycles

fSCANCLK SCANCLK frequency — — 100 MHz

tLOCK Time required to lock from end of device configuration — — 1 ms

tDLOCK
Time required to lock dynamically (after switchover or 
reconfiguring any non-post-scale counters/delays) — — 1 ms

fCL B W

PLL closed-loop low bandwidth — 0.3 — MHz

PLL closed-loop medium bandwidth — 1.5 — MHz

PLL closed-loop high bandwidth — 4 — MHz

tPLL_PSERR Accuracy of PLL phase shift — — ±50 ps

tARESET Minimum pulse width on areset signal 10 — — ns

Table 1–44. PLL Specifications for Arria II GX Devices (Part 2 of 3)

Symbol Description Min Typ Max Unit
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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 (7) — 4 — MHz

tPLL_PSERR Accuracy of PLL phase shift — — ±50 ps

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

tINCCJ (3), (4)
Input clock cycle to cycle jitter (FREF ≥ 100 MHz) — — 0.15 UI (p-p)

Input clock cycle to cycle jitter (FREF < 100 MHz) — — ±750 ps (p-p)

tOUTPJ_DC (5)
Period Jitter for dedicated clock output (FOUT ≥ 100 MHz) — — 175 ps (p-p)

Period Jitter for dedicated clock output (FOUT < 100 MHz) — — 17.5 mUI (p-p)

tOUTCCJ_DC (5)

Cycle to Cycle Jitter for dedicated clock output 
(FOUT ≥ 100 MHz) — — 175 ps (p-p)

Cycle to Cycle Jitter for dedicated clock output
(FOUT < 100 MHz) — — 17.5 mUI (p-p)

tOUTPJ_IO (5), 
(8)

Period Jitter for clock output on regular I/O 
(FOUT ≥ 100 MHz) — — 600 ps (p-p)

Period Jitter for clock output on regular I/O 
(FOUT < 100 MHz) — — 60 mUI (p-p)

tOUTCCJ_IO (5), 
(8)

Cycle to Cycle Jitter for clock output on regular I/O 
(FOUT ≥ 100 MHz) — — 600 ps (p-p)

Cycle to Cycle Jitter for clock output on regular I/O 
(FOUT < 100 MHz) — — 60 mUI (p-p)

tCASC_OUTPJ_DC 
(5), (6)

Period Jitter for dedicated clock output in cascaded PLLs 
(FOUT ≥100MHz) — — 250 ps (p-p)

Period Jitter for dedicated clock output in cascaded PLLs 
(FOUT < 100MHz) — — 25 mUI (p-p)

fDRIFT
Frequency drift after PFDENA is disabled for duration of 
100 us — — ±10 %

Notes to Table 1–45:

(1) This specification is limited in the Quartus II software by the I/O maximum frequency. The maximum I/O frequency is different for each I/O 
standard. 

(2) This specification is limited by the lower of the two: I/O FMAX or FOUT of the PLL.
(3) A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source that is less 

than 120 ps.
(4) FREF is fIN/N when N = 1.
(5) Peak-to-peak jitter with a probability level of 10–12 (14 sigma, 99.99999999974404% confidence level). The output jitter specification applies 

to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a 
different measurement method and are available in Table 1–64 on page 1–71.

(6) The cascaded PLL specification is only applicable with the following condition:
a. Upstream PLL: 0.59 Mhz  Upstream PLL BW < 1 MHz 
b. Downstream PLL: Downstream PLL BW > 2 MHz 

(7) High bandwidth PLL settings are not supported in external feedback mode.
(8) External memory interface clock output jitter specifications use a different measurement method, which is available in Table 1–63 on 

page 1–71.

Table 1–45. PLL Specifications for Arria II GZ Devices (Part 2 of 2)

Symbol Parameter Min Typ Max Unit
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Periphery Performance
This section describes periphery performance, including high-speed I/O, external 
memory interface, and IOE programmable delay.

I/O performance supports several system interfaces, for example the high-speed I/O 
interface, external memory interface, and the PCI/PCI-X bus interface. I/O using 
SSTL-18 Class I termination standard can achieve up to the stated DDR2 SDRAM 
interfacing speed with typical DDR2 SDRAM memory interface setup. I/O using 
general purpose I/O (GPIO) standards such as 3.0, 2.5, 1.8, or 1.5 LVTTL/LVCMOS 
are capable of typical 200 MHz interfacing frequency with 10pF load. 

1 Actual achievable frequency depends on design- and system-specific factors. You 
should perform HSPICE/IBIS simulations based on your specific design and system 
setup to determine the maximum achievable frequency in your system.

High-Speed I/O Specification
Table 1–53 lists the high-speed I/O timing for Arria II GX devices.

Table 1–53. High-Speed I/O Specifications for Arria II GX Devices (Part 1 of 4)

Symbol Conditions
I3 C4 C5,I5 C6

Unit
Min Max Min Max Min Max Min Max

Clock

fHSCLK_IN 
(input clock 
frequency)–Row 
I/O

Clock boost 
factor, W = 
1 to 40 (1)

5 670 5 670 5 622 5 500 MHz

fHSCLK_IN 
(input clock 
frequency)–
Column I/O

Clock boost 
factor, W = 
1 to 40 (1)

5 500 5 500 5 472.5 5 472.5 MHz

fHSCLK_OUT 
(output clock 
frequency)–Row 
I/O

— 5 670 5 670 5 622 5 500 MHz

fHSCLK_OUT 
(output clock 
frequency)–
Column I/O

— 5 500 5 500 5 472.5 5 472.5 MHz
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Table 1–54 lists the high-speed I/O timing for Arria II GZ devices.

fHSDR (data rate)

SERDES factor 
J = 3 to 10 (3) 945 

(7) (3) 945
(7) (3) 740 

(7) (3) 640 
(7) Mbps

SERDES factor 
J = 2 (using 

DDR registers)
(3) (7) (3) (7) (3) (7) (3) (7) Mbps

SERDES factor 
J = 1 (using 

SDR registers)
(3) (7) (3) (7) (3) (7) (3) (7) Mbps

Soft-CDR PPM 
tolerance

Soft-CDR 
mode — 300 — 300 — 300 — 300 PPM

DPA run length DPA mode — 10,000 — 10,000 — 10,000 — 10,000 UI

Sampling 
window (SW)

Non-DPA mode 
(5) — 300 — 300 — 350 — 400 ps

Notes to Table 1–53:

(1) fHSCLK_IN = fHSDR / W. Use W to determine the supported selection of input reference clock frequencies for the desired data rate.
(2) Applicable for interfacing with DPA receivers only. For interfacing with non-DPA receivers, you must calculate the leftover timing margin in the 

receiver by performing link timing closure analysis. For Arria II GX transmitter to Arria II GX non-DPA receiver, the maximum supported data 
rate is 945 Mbps. For data rates above 840 Mbps, perform PCB trace compensation by adjusting the PCB trace length for LVDS channels to 
improve channel-to-channel skews.

(3) The minimum and maximum specification depends on the clock source (for example, PLL and clock pin) and the clock routing resource you 
use (global, regional, or local). The I/O differential buffer and input register do not have a minimum toggle rate.

(4) The specification is only applicable under the influence of core noise.
(5) Applicable for true LVDS using dedicated SERDES only.
(6) Dedicated SERDES and DPA features are only available on the right banks.
(7) You must calculate the leftover timing margin in the receiver by performing link timing closure analysis. You must consider the board skew 

margin, transmitter channel-to-channel skew, and the receiver sampling margin to determine the leftover timing margin.

Table 1–53. High-Speed I/O Specifications for Arria II GX Devices (Part 4 of 4)

Symbol Conditions
I3 C4 C5,I5 C6

Unit
Min Max Min Max Min Max Min Max

Table 1–54. High-Speed I/O Specifications for Arria II GZ Devices (Note 1), (2), (10) (Part 1 of 3)

Symbol Conditions
C3, I3 C4, I4

Unit
Min Typ Max Min Typ Max

Clock

fHSCLK_in (input clock 
frequency) true 
differential I/O 
standards

Clock boost factor 
W = 1 to 40 (3) 5 — 717 5 — 717 MHz

fHSCLK_in (input clock 
frequency) single 
ended I/O standards 
(9)

Clock boost factor 
W = 1 to 40 (3) 5 — 717 5 — 717 MHz

fHSCLK_in (input clock 
frequency) single 
ended I/O standards 
(10)

Clock boost factor 
W = 1 to 40 (3) 5 — 420 5 — 420 MHz
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fHSCLK_OUT (output 
clock frequency) — 5 — 717 (7) 5 — 717 (7) MHz

Transmitter

fHSDR (true LVDS 
output data rate)

SERDES factor, J = 3 
to 10 

(using dedicated 
SERDES) (8)

(4) — 1250 (4) — 1250 Mbps

SERDES factor J = 2, 
(using DDR registers) (4) — (5) (4) — (5) Mbps

SERDES factor J = 1, 
(uses an SDR 

register)
(4) — (5) (4) — (5) Mbps

fHSDR (emulated 
LVDS_E_3R output 
data rate) (5) SERDES factor J = 4 

to 10

(4) — 1152 (4) — 800 Mbps

 fHSDR (emulated 
LVDS_E_1R output 
data rate)

(4) — 200 (4) — 200 Mbps

tx Jitter 

Total jitter for data 
rate, 600 Mbps to 

1.6 Gbps
— — 160 — — 160 ps

Total jitter for data 
rate, < 600 Mbps — — 0.1 — — 0.1 UI

tx Jitter - emulated 
differential I/O 
standards with three 
external output resistor 
network

Total jitter for data 
rate, 600 Mbps to 

1.25 Gbps
— — 300 — — 325 ps

Total jitter for data 
rate < 600 Mbps — — 0.2 — — 0.25 UI

tx Jitter - emulated 
differential I/O 
standards with one 
external output resistor 
network

— — — 0.15 — — 0.15 UI

tDUTY

TX output clock duty 
cycle for both True 

and emulated 
differential I/O 

standards

45 50 55 45 50 55 %

Table 1–54. High-Speed I/O Specifications for Arria II GZ Devices (Note 1), (2), (10) (Part 2 of 3)

Symbol Conditions
C3, I3 C4, I4

Unit
Min Typ Max Min Typ Max
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Figure 1–5 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for 
Arria II GZ devices at a data rate less than 1.25 Gbps and all the Arria II GX devices.

Table 1–55. DPA Lock Time Specifications for Arria II Devices (Note 1), (2), (3)

Standard Training Pattern

Number of Data 
Transitions in One 
Repetition of the 
Training Pattern

Number of 
Repetitions per 

256 Data 
Transitions (4)

Maximum

SPI-4 00000000001111111111 2 128 640 data transitions

Parallel Rapid I/O
00001111 2 128 640 data transitions

10010000 4 64 640 data transitions

Miscellaneous
10101010 8 32 640 data transitions

01010101 8 32 640 data transitions

Notes to Table 1–55:

(1) The DPA lock time is for one channel.
(2) One data transition is defined as a 0-to-1 or 1-to-0 transition.
(3) The DPA lock time stated in the table applies to both commercial and industrial grade. 
(4) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 1–5. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for All Arria II GX Devices and for Arria II GZ 
Devices at a Data Rate less than 1.25 Gbps

0.1
P-P

baud/1667 20,000,000
Jitter Frequency (Hz)

Sinusoidal Jitter Amplitude (UI)

20db/dec
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Figure 1–6 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for 
Arria II GZ devices at 1.25 Gbps data rate. 

Table 1–56 lists the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for 
Arria II GZ devices at 1.25 Gbps data rate.

External Memory Interface Specifications 

f For the maximum clock rate supported for Arria II GX and GZ device family, refer to 
the External Memory Interface Spec Estimator page on the Altera website.

Table 1–57 lists the external memory interface specifications for Arria II GX devices.

Figure 1–6. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for Arria II GZ Devices at a 1.25 Gbps Data Rate

Jitter Frequency (Hz)

Sinusoidal Jitter Amplitude (UI)

25

8.5

0.35

0.1

10,000 (F1) 17,565 (F2) 1,493,000 (F3) 50,000,000 (F4)

Table 1–56. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for Arria II GZ Devices at 
1.25 Gbps Data Rate

Jitter Frequency (Hz) Sinusoidal Jitter (UI)

F1 10,000 25.000

F2 17,565 25.000

F3 1,493,000 0.350

F4 50,000,000 0.350

Table 1–57. External Memory Interface Specifications for Arria II GX Devices (Part 1 of 2)

Frequency 
Mode

Frequency Range (MHz) Resolution 
(°)

DQS Delay 
Buffer Mode 

(1)

Number of 
Delay ChainsC4 I3, C5, I5 C6

0 90-140 90-130 90-110 22.5 Low 16

1 110-180 110-170 110-150 30 Low 12

2 140-220 140-210 140-180 36 Low 10

3 170-270 170-260 170-220 45 Low 8

4 220-340 220-310 220-270 30 High 12
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