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Electrical Characteristics
Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in Table 1–3 and 
undershoot to –2.0 V for magnitude of currents less than 100 mA and periods shorter 
than 20 ns.

Table 1–3 lists the Arria II GX and GZ maximum allowed input overshoot voltage and 
the duration of the overshoot voltage as a percentage over the device lifetime. The 
maximum allowed overshoot duration is specified as a percentage of high-time over 
the lifetime of the device. A DC signal is equivalent to 100% duty cycle. For example, 
a signal that overshoots to 4.3 V can only be at 4.3 V for 5.41% over the lifetime of the 
device; for a device lifetime of 10 years, this amounts to 5.41/10ths of a year. 

VCCA_L Supplies transceiver high voltage power (left side) -0.5 3.75 V

VCCA_R Supplies transceiver high voltage power (right side) -0.5 3.75 V

VCCHIP_L Supplies transceiver HIP digital power (left side) -0.5 1.35 V

VCCR_L Supplies receiver power (left side) -0.5 1.35 V

VCCR_R Supplies receiver power (right side) -0.5 1.35 V

VCCT_L Supplies transmitter power (left side) -0.5 1.35 V

VCCT_R Supplies transmitter power (right side) -0.5 1.35 V

VCCL_GXBLn 
(1)

Supplies power to the transceiver PMA TX, PMA RX, and clocking (left 
side) -0.5 1.35 V

VCCL_GXBRn 
(1)

Supplies power to the transceiver PMA TX, PMA RX, and clocking (right 
side) -0.5 1.35 V

VCCH_GXBLn 

(1) Supplies power to the transceiver PMA output (TX) buffer (left side) -0.5 1.8 V

VCCH_GXBRn 
(1) Supplies power to the transceiver PMA output (TX) buffer (right side) -0.5 1.8 V

TJ Operating junction temperature -55 125 °C

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

Note to Table 1–2:

(1) n = 0, 1, or 2.

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

Symbol Description Minimum Maximum Unit
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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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it
I/O Pin Leakage Current

Table 1–7 lists the Arria II GX I/O pin leakage current specifications.

Table 1–8 lists the Arria II GZ I/O pin leakage current specifications.

Bus Hold

Bus hold retains the last valid logic state after the source driving it either enters the 
high impedance state or is removed. Each I/O pin has an option to enable bus hold in 
user mode. Bus hold is always disabled in configuration mode.

Table 1–9 lists bus hold specifications for Arria II GX devices.

Table 1–7. I/O Pin Leakage Current for Arria II GX Devices

Symbol Description Conditions Min Typ Max Unit

II Input pin VI = 0 V to VCCIOMAX –10 — 10 µA

IOZ Tri-stated I/O pin VO = 0 V to VCCIOMAX –10 — 10 µA

Table 1–8. I/O Pin Leakage Current for Arria II GZ Devices

Symbol Description Conditions Min Typ Max Unit

II Input pin VI = 0 V to VCCIOMAX –20 — 20 µA

IOZ Tri-stated I/O pin VO = 0 V to VCCIOMAX –20 — 20 µA

Table 1–9. Bus Hold Parameters for Arria II GX Devices (Note 1)

Parameter Symbol Cond.

VCCIO (V)

Un1.2 1.5 1.8 2.5 3.0 3.3

Min Max Min Max Min Max Min Max Min Max Min Max

Bus-hold 
low, 
sustaining 
current

ISUSL
VIN > VIL
(max.) 8 — 12 — 30 — 50 — 70 — 70 — µA

Bus-hold 
high, 
sustaining 
current

ISUSH
VIN < VIL
(min.) –8 — –12 — –30 — –50 — –70 — –70 — µA

Bus-hold 
low, 
overdrive 
current

IODL
0 V < VIN <

VCCIO
— 125 — 175 — 200 — 300 — 500 — 500 µA

Bus-hold 
high, 
overdrive 
current

IODH
0 V < VIN <

VCCIO
— –125 — –175 — –200 — –300 — –500 — –500 µA

Bus-hold 
trip point VTRIP — 0.3 0.9 0.375 1.125 0.68 1.07 0.7 1.7 0.8 2 0.8 2 V

Note to Table 1–9:

(1) The bus-hold trip points are based on calculated input voltages from the JEDEC standard. 
Arria II Device Handbook Volume 3: Device Datasheet and Addendum December 2013 Altera Corporation
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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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Use the following with Equation 1–1:

■ RSCAL is the OCT resistance value at power up.

■ T is the variation of temperature with respect to the temperature at power up.

■ V is the variation of voltage with respect to the VCCIO at power up.

■ dR/dT is the percentage change of RSCAL with temperature.

■ dR/dV is the percentage change of RSCAL with voltage.

Table 1–14 lists the OCT variation with temperature and voltage after power-up 
calibration for Arria II GX devices.

Table 1–15 lists the OCT variation with temperature and voltage after power-up 
calibration for Arria II GZ devices.

Pin Capacitance

Table 1–16 lists the pin capacitance for Arria II GX devices.

Table 1–14. OCT Variation after Power-up Calibration for Arria II GX Devices

Nominal Voltage VCCIO (V) dR/dT (%/°C) dR/dV (%/mV)

3.0 0.262 0.035

2.5 0.234 0.039

1.8 0.219 0.086

1.5 0.199 0.136

1.2 0.161 0.288

Table 1–15. OCT Variation after Power-Up Calibration for Arria II GZ Devices (Note 1)

Nominal Voltage, VCCIO (V) dR/dT (%/°C) dR/dV (%/mV)

3.0 0.189 0.0297

2.5 0.208 0.0344

1.8 0.266 0.0499

1.5 0.273 0.0744

1.2 0.317 0.1241

Note to Table 1–15:

(1) Valid for VCCIO range of ±5% and temperature range of 0° to 85°C.

Table 1–16. Pin Capacitance for Arria II GX Devices

Symbol Description Typical Unit

CIO
Input capacitance on I/O pins, dual-purpose pins (differential I/O, clock, 
Rup, Rdn), and dedicated clock input pins 7 pF
Arria II Device Handbook Volume 3: Device Datasheet and Addendum December 2013 Altera Corporation
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Table 1–17 lists the pin capacitance for Arria II GZ devices.

Internal Weak Pull-Up and Weak Pull-Down Resistors

Table 1–18 lists the weak pull-up and pull-down resistor values for Arria II GX 
devices.

Table 1–17. Pin Capacitance for Arria II GZ Devices 

Symbol Description Typical Unit

CIOTB Input capacitance on the top and bottom I/O pins 4 pF

CIOLR Input capacitance on the left and right I/O pins 4 pF

CCLKTB Input capacitance on the top and bottom non-dedicated clock input pins 4 pF

CCLKLR Input capacitance on the left and right non-dedicated clock input pins 4 pF

COUTFB Input capacitance on the dual-purpose clock output and feedback pins 5 pF

CCLK1, CCLK3, CCLK8, 
and CCLK10

Input capacitance for dedicated clock input pins 2 pF

Table 1–18. Internal Weak Pull-up and Weak Pull-Down Resistors for Arria II GX Devices (Note 1) 

Symbol Description Conditions Min Typ Max Unit

RPU

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

VCCIO = 3.3 V ±5% (2) 7 25 41 k

VCCIO = 3.0 V ±5% (2) 7 28 47 k

VCCIO = 2.5 V ±5% (2) 8 35 61 k

VCCIO = 1.8 V ±5% (2) 10 57 108 k

VCCIO = 1.5 V ±5% (2) 13 82 163 k

VCCIO = 1.2 V ±5% (2) 19 143 351 k

RPD
Value of TCK pin pull-down 
resistor

VCCIO = 3.3 V ±5% 6 19 29 k

VCCIO = 3.0 V ±5% 6 22 32 k

VCCIO = 2.5 V ±5% 6 25 42 k

VCCIO = 1.8 V ±5% 7 35 70 k

VCCIO = 1.5 V ±5% 8 50 112 k

Notes to Table 1–18:

(1) All I/O pins have an option to enable weak pull-up except configuration, test, and JTAG pins. The weak pull-down feature is only available for 
JTAG TCK.

(2) Pin pull-up resistance values may be lower if an external source drives the pin higher than VCCIO.
December 2013 Altera Corporation Arria II Device Handbook Volume 3: Device Datasheet and Addendum
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x

/2 
15

/2 
 
5

x

IO/2 
.15

IO/2 
125
Table 1–28 lists the differential SSTL I/O standards for Arria II GX devices.

Table 1–29 lists the differential SSTL I/O standards for Arria II GZ devices

SSTL-15 Class II — VREF - 
0.1

VREF + 
0.1 — VREF - 

0.175
VREF + 
0.175

0.2 × 
VCCIO

0.8 × 
VCCIO

16 -16

HSTL-18 Class I — VREF -
0.1

VREF + 
0.1 — VREF - 0.2 VREF + 0.2 0.4 VCCIO -

0.4 8 -8

HSTL-18 Class II — VREF - 
0.1

VREF + 
0.1 — VREF - 0.2 VREF + 0.2 0.4 VCCIO -

0.4 16 -16

HSTL-15 Class I — VREF - 
0.1

VREF + 
0.1 — VREF - 0.2 VREF + 0.2 0.4 VCCIO -

0.4 8 -8

HSTL-15 Class II — VREF - 
0.1

VREF + 
0.1 — VREF - 0.2 VREF + 0.2 0.4 VCCIO -

0.4 16 -16

HSTL-12 Class I -0.15 VREF  - 
0.08

VREF  + 
0.08

VCCIO + 
0.15

VREF - 
0.15

VREF + 
0.15

0.25× 
VCCIO

0.75× 
VCCIO

8 -8

HSTL-12 Class II -0.15 VREF  - 
0.08

VREF  + 
0.08

VCCIO + 
0.15

VREF - 
0.15

VREF + 
0.15

0.25× 
VCCIO

0.75 × 
VCCIO

16 -16

Table 1–27. Single-Ended SSTL and HSTL I/O Standards Signal Specifications for Arria II GZ Devices (Part 2 of 2)

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

(mA)
IOH 

(mA)Min Max Min Max Max Min Max Min

Table 1–28. Differential SSTL I/O Standards for Arria II GX Devices

I/O Standard
VCCIO (V) VSWING(DC) (V) VX(AC) (V) VSWING(AC) (V) VOX(AC) (V)

Min Typ Max Min Max Min Typ Max Min Max Min Typ Ma

SSTL-2 Class I, II 2.375 2.5 2.625 0.36 VCCIO
VCCIO/2 
- 0.2 — VCCIO/2 

+ 0.2 0.7 VCCIO
VCCIO/2 
- 0.15 — VCCIO

+ 0.

SSTL-18 Class I, II 1.71 1.8 1.89 0.25 VCCIO 
VCCIO/2 
- 0.175 — VCCIO/2 

+ 0.175 0.5 VCCIO

VCCIO/2 
- 

0.125
—

VCCIO
+

0.12

SSTL-15 Class I, II 1.425 1.5 1.575 0.2 — — VCCIO/
2 — 0.35 — — VCCIO/

2 —

Table 1–29. Differential SSTL I/O Standards for Arria II GZ Devices

I/O Standard
VCCIO (V) VSWING(DC) (V) VX(AC) (V) VSWING(AC) (V) VOX(AC) (V)

Min Typ Max Min Max Min Typ Max Min Max Min Typ Ma

SSTL-2 Class I, II 2.375 2.5 2.625 0.3 VCCIO 
+ 0.6

VCCIO/2 
- 0.2 — VCCIO/2 

+ 0.2 0.62 VCCIO 
+ 0.6

VCCIO/2 
- 0.15 — VCC

+ 0

SSTL-18 Class I, II 1.71 1.8 1.89 0.25 VCCIO 
+ 0.6

VCCIO/2 
- 

0.175
—

VCCIO/2 
+ 

0.175
0.5 VCCIO 

+ 0.6
VCCIO/2 
- 0.125 — VCC

+ 0.

SSTL-15 Class I, II 1.425 1.5 1.575 0.2 — — VCCIO/
2 — 0.35 — — VCCIO/

2 —
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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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Transceiver Clocks

Calibration block clock 
frequency (cal_blk_clk) — 10 — 125 10 — 125 MHz

fixedclk clock frequency PCIe Receiver 
Detect — 125 — — 125 — MHz

reconfig_clk clock 
frequency

Dynamic 
reconfiguration 
clock frequency

2.5/ 
37.5 
(4)

— 50
2.5/ 
37.5 
(4)

— 50 MHz

Delta time between 
reconfig_clks (5) — — — 2 — — 2 ms

Transceiver block minimum 
power-down 
(gxb_powerdown) pulse 
width

— 1 — — 1 — — µs

Receiver

Supported I/O Standards 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS

Data rate (16) — 600 — 6375 600 — 3750 Mbps

Absolute VMAX for a receiver 
pin (6) — — — 1.6 — — 1.6 V

Operational VMAX for a 
receiver pin — — — 1.5 — — 1.5 V

Absolute VMIN for a receiver 
pin — -0.4 — — -0.4 — — V

Maximum peak-to-peak 
differential input voltage VID 
(diff p-p) before device 
configuration

— — — 1.6 — — 1.6 V

Maximum peak-to-peak 
differential input voltage VID 
(diff p-p) after device 
configuration

VICM = 0.82 V 
setting — — 2.7 — — 2.7 V

VICM =1.1 V setting 
(7) — — 1.6 — — 1.6 V

Minimum differential eye 
opening at receiver serial 
input pins (8)

Data Rate = 
600 Mbps to 

5 Gbps

Equalization = 0 

DC gain = 0 dB

100 — — 165 — — mV

Data Rate > 5 Gbps

Equalization = 0 

DC gain = 0 dB

165 — — 165 — — mV

VICM 

VICM = 0.82 V 
setting 820 ± 10% 820 ± 10% mV

VICM = 1.1 V setting 
(7) 1100 ± 10% 1100 ± 10% mV

Table 1–35. Transceiver Specifications for Arria II GZ Devices (Part 2 of 5)

Symbol/
Description Conditions

–C3 and –I3 (1) –C4 and –I4 
Unit

Min Typ Max Min Typ Max
December 2013 Altera Corporation Arria II Device Handbook Volume 3: Device Datasheet and Addendum
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Receiver DC Coupling 
Support —

For more information about receiver DC coupling support, refer to the 
“DC-Coupled Links” section in the Transceiver Architecture for Arria II 
Devices chapter.

Differential on-chip 
termination resistors

85 setting 85 ± 20% 85 ± 20% 

100 setting 100 ± 20% 100 ± 20% 

120 setting 120 ± 20% 120 ± 20% 

150- setting 150 ± 20% 150 ± 20% 

Differential and common 
mode return loss

PCIe (Gen 1 and 
Gen 2),
XAUI,

HiGig+,
CEI SR/LR,

SRIO SR/LR,

CPRI LV/HV,
OBSAI,
SATA

Compliant —

Programmable PPM 
detector (9) — ± 62.5, 100, 125, 200, 250, 300, 500, 1,000 ppm

Run length — — — 200 — — 200 UI

Programmable equalization — — — 16 — — 16 dB

tLTR (10) — — — 75 — — 75 µs

tLTR_LTD_Manual (11) — 15 — — 15 — — µs

tLTD_Manual (12) — — — 4000 — — 4000 ns

tLTD_Auto (13) — — — 4000 — — 4000 ns

Receiver CDR 
3 dB Bandwidth in 
lock-to-data (LTD) mode

PCIe Gen1 2.0 - 3.5 MHz

PCIe Gen2 40 - 65 MHz

 (OIF) CEI PHY at 
6.375 Gbps 20 - 35 MHz

XAUI 10 - 18 MHz

SRIO 1.25 Gbps 10 - 18 MHz

SRIO 2.5 Gbps 10 - 18 MHz

SRIO 3.125 Gbps 6 - 10 MHz

GIGE 6 - 10 MHz

SONET OC12 3 - 6 MHz

SONET OC48 14 - 19 MHz

Receiver buffer and CDR 
offset cancellation time (per 
channel)

— — — 17000 — — 17000

recon
fig_
clk 

cycles

Programmable DC gain

DC Gain Setting = 0 — 0 — — 0 — dB

DC Gain Setting = 1 — 3 — — 3 — dB

DC Gain Setting = 2 — 6 — — 6 — dB

Table 1–35. Transceiver Specifications for Arria II GZ Devices (Part 3 of 5)

Symbol/
Description Conditions

–C3 and –I3 (1) –C4 and –I4 
Unit

Min Typ Max Min Typ Max
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Switching Characteristics

Unit

UI

UI

UI

UI

UI

UI

UI
Table 1–40 lists the transceiver jitter specifications for all supported protocols for 
Arria II GX devices.

29 N/A N/A N/A 12.5 9.6 7.7 6.3 4.3

30 N/A N/A N/A N/A 11.4 9 7.4 N/A

31 N/A N/A N/A N/A 12.9 10 8.2 N/A

Table 1–39. Transmitter Pre-Emphasis Levels for Arria II GZ Devices (Part 2 of 2)

Pre-
Emphasis 

1st 
Post-Tap 
Setting

VOD Setting

0 1 2 3 4 5 6 7

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

Symbol/
Description Conditions

I3 C4 C5, I5 C6

Min Typ Max Min Typ Max Min Typ Max Min Typ Max

SONET/SDH Transmit Jitter Generation (2)

Peak-to-peak 
jitter at 
622.08 Mbps

Pattern =
PRBS15 — — 0.1 — — 0.1 — — 0.1 — — 0.1

RMS jitter at 
622.08 Mbps

Pattern =
PRBS15 — — 0.01 — — 0.01 — — 0.01 — — 0.01

Peak-to-peak 
jitter at 
2488.32 Mbps

Pattern =
PRBS15 — — 0.1 — — 0.1 — — 0.1 — — 0.1

RMS jitter at 
2488.32 Mbps

Pattern =
PRBS15 — — 0.01 — — 0.01 — — 0.01 — — 0.01

SONET/SDH Receiver Jitter Tolerance (2)

Jitter tolerance at 
622.08 Mbps

Jitter frequency = 
0.03 KHz

Pattern = PRBS15
> 15 > 15 > 15 > 15

Jitter frequency = 
25 KHZ

Pattern = PRBS15
> 1.5 > 1.5 > 1.5 > 1.5

Jitter frequency = 
250 KHz

Pattern = PRBS15
> 0.15 > 0.15 > 0.15 > 0.15
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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
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Switching Characteristics

UI

mV

UI

UI

UI

UI

UI

UI

UI

UI

Unit
PCIe Receiver Jitter Tolerance (4)

Total jitter at 
2.5 Gbps (Gen1)

Compliance 
pattern > 0.6 > 0.6 > 0.6 > 0.6

PCIe (Gen 1) Electrical Idle Detect Threshold (9)

VRX-IDLE-
DETDIFF (p-p)

Compliance 
pattern 65 — 175 65 — 175 65 — 175 65 — 175

Serial RapidIO® (SRIO) Transmit Jitter Generation (5)

Deterministic 
jitter 

(peak-to-peak)

Data Rate = 1.25, 
2.5, 3.125 Gbps

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

Total jitter 

(peak-to-peak)

Data Rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT
— — 0.35 — — 0.35 — — 0.35 — — 0.35

SRIO Receiver Jitter Tolerance (5)

Deterministic 
jitter tolerance 
(peak-to-peak)

Data Rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT
> 0.37 > 0.37 > 0.37 > 0.37

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

Data Rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT
> 0.55 > 0.55 > 0.55 > 0.55

Sinusoidal jitter 
tolerance 
(peak-to-peak)

Jitter frequency = 
22.1 KHz 

Data rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT

> 8.5 > 8.5 > 8.5 > 8.5

Jitter frequency = 
1.875 MHz

Data rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT

> 0.1 > 0.1 > 0.1 > 0.1

Jitter frequency = 
20 MHz

Data rate = 1.25, 
2.5, 3.125 Gbps

Pattern = CJPAT

> 0.1 > 0.1 > 0.1 > 0.1

GIGE Transmit Jitter Generation (6)

Deterministic 
jitter 

(peak-to-peak)
Pattern = CRPAT — — 0.14 — — 0.14 — — 0.14 — — 0.14

Table 1–40. Transceiver Block Jitter Specifications for Arria II GX Devices (Note 1) (Part 3 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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Switching Characteristics

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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9 UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

UI

Unit
CPRI Transmit Jitter Generation (11)

Total jitter

E.6.HV, E.12.HV 

Pattern = CJPAT 
— — 0.27

9 — — 0.279 — — 0.279 — — 0.27

E.6.LV, E.12.LV, 
E.24.LV, E.30.LV 

Pattern = CJTPAT 
— — 0.35 — — 0.35 — — 0.35 — — 0.35

Deterministic 
jitter

E.6.HV, E.12.HV 

Pattern = CJPAT 
— — 0.14 — — 0.14 — — 0.14 — — 0.14

E.6.LV, E.12.LV, 
E.24.LV, E.30.LV 

Pattern = CJTPAT 
— — 0.17 — — 0.17 — — 0.17 — — 0.17

CPRI Receiver Jitter Tolerance (11)

Total jitter 
tolerance

E.6.HV, E.12.HV

Pattern = CJPAT
> 0.66 > 0.66 > 0.66 > 0.66

Deterministic 
jitter tolerance

E.6.HV, E.12.HV

Pattern = CJPAT
> 0.4 > 0.4 > 0.4 > 0.4

Total jitter 
tolerance

E.6.LV, E.12.LV, 
E.24.LV, E.30.LV

Pattern = CJTPAT 
> 0.65 > 0.65 > 0.65 > 0.65

E.60.LV

Pattern = PRBS31
> 0.6 — — —

Deterministic 
jitter tolerance

E.6.LV, E.12.LV, 
E.24.LV, E.30.LV

Pattern = CJTPAT 
> 0.37 > 0.37 > 0.37 > 0.37

E.60.LV

Pattern = PRBS31
> 0.45 — — —

Combined 
deterministic and 
random jitter 
tolerance

E.6.LV, E.12.LV, 
E.24.LV, E.30.LV

Pattern = CJTPAT 
> 0.55 > 0.55 > 0.55 > 0.55

OBSAI Transmit Jitter Generation (12)

Total jitter at 
768 Mbps, 
1536 Mbps, and 
3072 Mbps 

REFCLK = 
153.6 MHz 

Pattern = CJPAT 
— — 0.35 — — 0.35 — — 0.35 — — 0.35

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

REFCLK = 
153.6 MHz 

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

Table 1–40. Transceiver Block Jitter Specifications for Arria II GX Devices (Note 1) (Part 8 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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Switching Characteristics

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
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Switching Characteristics
Embedded Memory Block Specifications
Table 1–48 lists the embedded memory block specifications for Arria II GX devices.

Double mode 1 440 380 MHz

Notes to Table 1–47:

(1) Maximum is for fully pipelined block with Round and Saturation disabled.
(2) Maximum for loopback input registers disabled, Round and Saturation disabled, and pipeline and output registers enabled.

Table 1–47. DSP Block Performance Specifications for Arria II GZ Devices (Note 1) (Part 2 of 2)

Mode

Resources 
Used Performance

Unit
Number of 
Multipliers –3 –4

Table 1–48. Embedded Memory Block Performance Specifications for Arria II GX Devices 

Memory Mode

Resources Used Performance

Unit
ALUTs Embedded 

Memory I3 C4 C5,I5 C6

Memory 
Logic 
Array 
Block 
(MLAB)

Single port 64 × 10 0 1 450 500 450 378 MHz

Simple dual-port 32 × 20 single 
clock 0 1 270 500 450 378 MHz

Simple dual-port 64 × 10 single 
clock 0 1 428 500 450 378 MHz

M9K 
Block

Single-port 256 × 36 0 1 360 400 360 310 MHz

Single-port 256 × 36, with the 
read-during-write option set to
Old Data

0 1 250 280 250 210 MHz

Simple dual-port 256 × 36 single 
CLK 0 1 360 400 360 310 MHz

Single-port 256 × 36 single CLK, 
with the read-during-write option 
set to Old Data

0 1 250 280 250 210 MHz

True dual port 512 × 18 single CLK 0 1 360 400 360 310 MHz

True dual-port 512 × 18 single CLK, 
with the read-during-write option 
set to Old Data

0 1 250 280 250 210 MHz

Min Pulse Width (clock high time) — — 900 850 950 1130 ps

Min Pulse Width (clock low time) — — 730 690 770 920 ps
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Switching Characteristics
Configuration 
Table 1–50 lists the configuration mode specifications for Arria II GX and GZ devices.

JTAG Specifications
Table 1–51 lists the JTAG timing parameters and values for Arria II GX and GZ 
devices. 

Chip-Wide Reset (Dev_CLRn) Specifications
Table 1–52 lists the specifications for the chip-wide reset (Dev_CLRn) for Arria II GX 
and GZ devices.

Table 1–50. Configuration Mode Specifications for Arria II Devices

Programming Mode
DCLK Frequency

Unit
Min Typ Max

Passive serial — — 125 MHz

Fast passive parallel — — 125 MHz

Fast active serial (fast clock) 17 26 40 MHz

Fast active serial (slow clock) 8.5 13 20 MHz

Remote update only in fast AS mode — — 10 MHz

Table 1–51. JTAG Timing Parameters and Values for Arria II Devices

Symbol Description Min Max Unit

tJCP TCK clock period 30 — ns

tJCH TCK clock high time 14 — ns

tJCL TCK clock low time 14 — ns

tJPSU (TDI) TDI JTAG port setup time 1 — ns

tJPSU (TMS) TMS JTAG port setup time 3 — ns

tJPH JTAG port hold time 5 — ns

tJPCO JTAG port clock to output — 11 ns

tJPZX JTAG port high impedance to valid output — 14 ns

tJPXZ JTAG port valid output to high impedance — 14 ns

Table 1–52. Chip-Wide Reset (Dev_CLRn) Specifications for Arria II Devices

Description Min Typ Max Unit

Dev_CLRn 500 — — s
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Switching Characteristics
Table 1–58 lists the DLL frequency range specifications for Arria II GZ devices.

Table 1–59 lists the DQS phase offset delay per stage for Arria II GX devices.

5 270-410 270-380 270-320 36 High 10

6 320-450 320-410 320-370 45 High 8

Note to Table 1–57:

(1) Low indicates a 6-bit DQS delay setting; high indicates a 5-bit DQS delay setting.

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

Frequency 
Mode

Frequency Range (MHz) Resolution 
(°)

DQS Delay 
Buffer Mode 

(1)

Number of 
Delay ChainsC4 I3, C5, I5 C6

Table 1–58. DLL Frequency Range Specifications for Arria II GZ Devices

Frequency Mode
Frequency Range (MHz)

Available Phase Shift
DQS Delay 

Buffer Mode 
(1)

Number of 
Delay 
Chains–3 –4

0 90-130 90-120 22.5°, 45°, 67.5°, 90° Low 16

1 120-170 120-160 30°, 60°, 90°, 120° Low 12

2 150-210 150-200 36°, 72°, 108°, 144° Low 10

3 180-260 180-240 45°, 90°,135°, 180° Low 8

4 240-320 240-290 30°, 60°, 90°, 120° High 12

5 290-380 290-360 36°, 72°, 108°, 144° High 10

6 360-450 360-450 45°, 90°, 135°, 180° High 8

7 470-630 470-590 60°, 120°, 180°, 240° High 6

Note to Table 1–58:

(1) Low indicates a 6-bit DQS delay setting; high indicates a 5-bit DQS delay setting.

Table 1–59. DQS Phase Offset Delay Per Setting for Arria II GX Devices (Note 1), (2), (3)

Speed Grade Min Max Unit

C4 7.0 13.0 ps

I3, C5, I5 7.0 15.0 ps

C6 8.5 18.0 ps

Notes to Table 1–59:

(1) The valid settings for phase offset are -64 to +63 for frequency modes 0 to 3 and -32 to +31 for frequency modes 
4 to 5.

(2) The typical value equals the average of the minimum and maximum values.
(3) The delay settings are linear.
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Glossary
S

SW (sampling 
window) 

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 within the sampling window:

Timing Diagram

Single-ended 
Voltage 
Referenced I/O 
Standard

The JEDEC standard for SSTL and HSTL I/O standards define both the AC and DC input signal 
values. The AC values indicate the voltage levels at which the receiver must meet its timing 
specifications. The DC values indicate the voltage levels at which the final logic state of the 
receiver is unambiguously defined. After the receiver input has crossed the AC value, the receiver 
changes to the new logic state. 

The new logic state is then maintained as long as the input stays beyond the AC threshold. This 
approach is intended to provide predictable receiver timing in the presence of input waveform 
ringing:

Single-Ended Voltage Referenced I/O Standard

T

tC High-speed receiver and transmitter input and output clock period.

TCCS 
(channel-to-
channel-
skew) 

The timing difference between the fastest and slowest output edges, including tCO variation and 
clock skew, across channels driven by the same PLL. The clock is included in the TCCS 
measurement (refer to the Timing Diagram figure under S in this table).

tDUTY

High-speed I/O block: Duty cycle on the high-speed transmitter output clock.

Timing Unit Interval (TUI) 

The timing budget allowed for skew, propagation delays, and data sampling window. 
(TUI = 1/(Receiver Input Clock Frequency Multiplication Factor) = tC/w)

tFALL Signal high-to-low transition time (80-20%)

tINCCJ Cycle-to-cycle jitter tolerance on the PLL clock input.

tOUTPJ_IO Period jitter on the general purpose I/O driven by a PLL.

tOUTPJ_DC Period jitter on the dedicated clock output driven by a PLL.

tRISE Signal low-to-high transition time (20-80%).

Table 1–68. Glossary (Part 3 of 4)

Letter Subject Definitions

Bit Time

0.5 x TCCS RSKM Sampling Window
        (SW)

RSKM 0.5 x TCCS

 

VIH(AC)

VIH(DC)

VREF
VIL(DC)

VIL(AC)

VOH

VOL

VCCIO

VSS
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