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2017.02.10 Switching Characteristics 1-23

« 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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Transceiver Speed Grade 4 Transceiver Speed Grade 6

I - == I = =0
100 — — 100 — _

Symbol/Description Condition

Minimum differential eye — mV
opening at the receiver
serial input pins©®®
Vicum (AC coupled) — — 0.7/0.75/ — — 0.7/0.75/ — mV
0.8V 0.8 GV
Vicm (DC coupled) < 3.2Gbps®? 670 700 730 670 700 730 mV
85-() setting — 85 — — 85 — Q
Differential on-chip 100-Q) setting - 100 - — 100 - Q
termination resistors 120-Q setting _ 120 _ _ 120 _ o)
150-Q2 setting — 150 — — 150 — Q
tLTR(33) — — — 10 — — 10 us
tLTD(34) — 4 — — 4 — — us
tLTD_manual(as) - 4 - - 4 - - ps
tLTR_LTD_manual(36) - 15 - - 15 - - us
Programmable ppm — +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
detector®”

The differential eye opening specification at the receiver input pins assumes that you have disabled the Receiver Equalization feature. If you enable

the Receiver Equalization feature, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.

G The AC coupled Vicy = 700 mV for Arria V GX and SX in PCle mode only. The AC coupled Vicy = 750 mV for Arria V GT and ST in PCle mode
only.

32) For standard protocol compliance, use AC coupling.

trrr is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.

tyrp is time required for the receiver CDR to start recovering valid data after the r x_i s_| ockedt odat a signal goes high.

tLTD_manual 18 the time required for the receiver CDR to start recovering valid data after the rx_i s_I ockedt odat a signal goes high when the CDR is

functioning in the manual mode.

tLTR_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.
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Typical TX Vgp Setting for Arria V Transceiver Channels with termination of 100 Q

Table 1-32: Typical TX Vgp Setting for Arria V Transceiver Channels with termination of 100 Q

120 34 680

609
709 140 35 700
809 160 36 720
9 180 37 740
10 200 38 760
11 220 39 780
12 240 40 800
13 260 41 820
14 280 42 840
ngli)c ac1111ﬂferent1al peak-to-peak 15 300 43 360
16 320 44 880
17 340 45 900
18 360 46 920
19 380 47 940
20 400 48 960
21 420 49 980
22 440 50 1000
23 460 51 1020
24 480 52 1040

(8) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.
%) Only valid for data rates < 5 Gbps.
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CPRI E6LV 614.4

CPRI E6HV 614.4

CPRI E6LVII 614.4

CPRI E12LV 1,228.8

CPRIE12HV 1,228.8

CPRI E12LVII 1,228.8
Common Public Radio Interface (CPRI) CPRI E24LV 2,457.6
CPRI E24LVII 2,457.6

CPRI E30LV 3,072

CPRI E30LVII 3,072
CPRI E48LVII 4,915.2

CPRI E60LVII 6,144
CPRI E96LVIII®” 9,830.4

Gbps Ethernet (GbE) GbE 1250 1,250

OBSAI 768 768

OBSAT OBSAI 1536 1,536
OBSAI 3072 3,072

OBSAI 6144 6,144

SDI 270 SD 270

Serial digital interface (SDI) SDI 1485 HD 1,485
SDI 2970 3G 2,970

(69 You can achieve compliance with TX channel restriction of one HSSI channel per six-channel transceiver bank.
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Period jitter for dedicated clock output | Four =100 MHz ps (p-p)

tcasc_ourpr_pc' 7V ded

- in cascaded PLLs Four < 100 MHz — — 17.5 mUI (p-p)

tDRIFT Frequency drift after PFDENA is disabled — — — +10 %
for a duration of 100 ps

dKpgr Bit number of Delta Sigma Modulator — 8 24 32 bits
(DSM)

kvarug Numerator of fraction — 128 8388608 2147483648 —

fREs Resolution of VCO frequency finprp = 100 MHz 390625 5.96 0.023 Hz

Related Information

Memory Output Clock Jitter Specifications on page 1-57
Provides more information about the external memory interface clock output jitter specifications.

7)) The cascaded PLL specification is only applicable with the following conditions:
e Upstream PLL: 0.59 MHz < Upstream PLL BW <1 MHz

« Downstream PLL: Downstream PLL BW > 2 MHz
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DPA Lock Time Specifications
Figure 1-4: Dynamic Phase Alignment (DPA) Lock Time Specifications with DPA PLL Calibration Enabled

rx_reset
< DPA Lock Time >
rx_dpa_locked
256 Data 96 Slow 256 Data 96 Slow 256 Data
Transitions Clock Cycles Transitions Clock Cycles Transitions

Table 1-41: DPA Lock Time Specifications for Arria V Devices

The specifications are applicable to both commercial and industrial grades. The DPA lock time is for one channel. One data transition is defined as
a 0-to-1 or 1-to-0 transition.

Standard Training Pattern Number of Data Number of Repetitions per Maximum Data Transition
Transitions in One 256 Data Transitions(®¥
Repetition of the Training
Pattern

SPI-4 00000000001111111111 2 128 640

00001111 2 128 640
Parallel Rapid I/O

10010000 4 64 640

10101010 8 32 640
Miscellaneous

01010101 8 32 640

®% This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.
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Figure 1-6: LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Less than 1.25 Gbps

Sinusoidal Jitter Amplitude
A

0.1Ul
P-P

> Frequenc
baud/1667 20 MHz quency

DLL Frequency Range Specifications

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

DLL operating frequency range | 200 - 667 | 200 - 667 | 200 - 667

DQS Logic Block Specifications

Table 1-44: DQS Phase Shift Error Specifications for DLL-Delayed Clock (tpqs pserr) for Arria V Devices

This error specification is the absolute maximum and minimum error.

2 | 40 | 80 | 80 | ps
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Figure 1-12: USB Timing Diagram
USB_CLK
USB_STP / \
<T—d>‘
USB_DATA[7:0] ) To PHY X J__From PHY
Tsu Th
USB_DIR & USB_NXT / \

Ethernet Media Access Controller (EMAC) Timing Characteristics

Table 1-56: Reduced Gigabit Media Independent Interface (RGMII) TX Timing Requirements for Arria V Devices

Tk (1000Base-T) | TX_CLK clock period

Tk (100Base-T) | TX_CLK clock period — 40 — ns
Tk (10Base-T) TX_CLK clock period — 400 — ns
Tdutycycle TX_CLK duty cycle 45 — 55 %
Ty TX_CLK to TXD/TX_CTL output data delay -0.85 — 0.15 ns

Figure 1-13: RGMII TX Timing Diagram

TX_CLK |\ / \ |
T_D3:0] X X X X |

™X_CTL /
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Figure 1-15: MDIO Timing Diagram

MDC | / \

12C Timing Characteristics

MDIO_OUT |

ﬂ - T, £
X

MDIO_IN

I2C Timing Characteristics

Table 1-59: I2C Timing Requirements for Arria V Devices

clk

10 — 2.5 —

1-69

Serial clock (SCL) clock period us
Tlkhigh SCL high time 4.7 — 0.6 — us
T dklow SCL low time 4 — 1.3 — us
T, Setup time for serial data line (SDA) data to SCL 0.25 — 0.1 — us
Ty Hold time for SCL to SDA data 0 3.45 0 0.9 us
Ty SCL to SDA output data delay — 0.2 — 0.2 us
Tsu_start Setup time for a repeated start condition 4.7 — 0.6 — us
Tha_start Hold time for a repeated start condition 4 — 0.6 — us
Tou_stop Setup time for a stop condition 4 — 0.6 — us
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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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0 (default) ps
iy . >0 ps
Doutsur Rising and/or falling edge delay
100 ps
150 ps
Glossary

Table 1-78: Glossary

I

Differential I/O standards

Altera Corporation

Receiver Input Waveforms

Single-Ended Waveform

Vip

Positive Channel (p) = V|4

Negative Channel (n) =V,

Ground

Differential Waveform

Vip

] p-n=0V
Vip
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Vox

Output differential cross point voltage

W

High-speed I/O block—Clock boost factor

Document Revision History

o e [ e

December 2016

2016.12.09

Updated Vi (AC coupled) specifications in Receiver Specifications for Arria V GX and SX Devices table.

Added maximum specification for T4 in Management Data Input/Output (MDIO) Timing Requirements for
Arria V Devices table.

Updated Tj,;; specifications in the following tables:

« FPP Timing Parameters When DCLK-to-DATA[] Ratio is 1 for Arria V Devices
« FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Arria V Devices
+ AS Timing Parameters for AS x1 and x4 Configurations in Arria V Devices

+ PS Timing Parameters for Arria V Devices

June 2016

2016.06.10

Changed pin capacitance to maximum values.
Updated SPI Master Timing Requirements for Arria V Devices table.

o Added Ty, and T}, specifications.

o Removed T4,max Specifications.

Updated SPI Master Timing Diagram.

Updated T spec from maximum to minimum in I?C Timing Requirements for Arria V Devices table.
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2-2 Absolute Maximum Ratings

Lower number refers to faster speed grade.

L = Low power devices.

Transceiver Speed Grade

Core Speed Grade

AV-51002
2017.02.10

I I IS B
Yes — Yes —

3 — Yes

Yes

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Arria V. GZ devices. The values are based on experiments conducted with
the devices and theoretical modeling of breakdown and damage mechanisms. The functional operation of the device is not implied for these

conditions.

Caution: Conditions other than those listed in the following table may cause permanent damage to the device. Additionally, device operation at

Table 2-2: Absolute Maximum Ratings for Arria V GZ Devices

the absolute maximum ratings for extended periods of time may have adverse effects on the device.

Power supply for core voltage and periphery circuitry -0.5 1.35
Veerr Power supply for programmable power technology -0.5 1.8 A
VeeraMm Power supply for configuration pins -0.5 3.9 \Y%
Ve aux Auxiliary supply for the programmable power technology -0.5 3.4 \%
Vcear Battery back-up power supply for design security volatile key register -0.5 3.9 \%
Veerp 1/O pre-driver power supply -0.5 3.9 \%
Vccio I/O power supply -0.5 3.9 \%
Veep rpLL PLL digital power supply -0.5 1.8 \Y%
Veea FpLL PLL analog power supply -0.5 34 \Y%
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Recommended Operating Conditions 2-5

Veerr Power supply for programmable power technology 1.45 1.50 1.55

Ve aux | Auxiliary supply for the programmable power 2.375 2.5 2.625
technology

Veepp 116 1/0O pre-driver (3.0 V) power supply 2.85 3.0 3.15 A%

) /O pre-driver (2.5 V) power supply 2.375 2.5 2.625 \%
/O buffers (3.0 V) power supply 2.85 3.0 3.15 \%
I/O buffers (2.5 V) power supply 2.375 2.5 2.625 \%
I/O buffers (1.8 V) power supply 1.71 1.8 1.89 \%

Vccio I/O buffers (1.5 V) power supply 1.425 1.5 1.575 \%
/0O buffers (1.35 V) power supply 1.283 1.35 1.45 \%
I/O buffers (1.25 V) power supply 1.19 1.25 1.31 \%
I/O buffers (1.2 V) power supply 1.14 1.2 1.26 Vv
Configuration pins (3.0 V) power supply 2.85 3.0 3.15 \%

Veergm | Configuration pins (2.5 V) power supply 2.375 2.5 2.625 A%
Configuration pins (1.8 V) power supply 1.71 1.8 1.89 \%

Veea PLL analog voltage regulator power supply 2.375 2.5 2.625 \%

FPLL

Veep. PLL digital voltage regulator power supply 1.45 1.5 1.55 \%

FPLL

Vcepat 1Y) Battery back-up power supply (For design security 1.2 — 3.0 A%
volatile key register)

(114 The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.

Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

(116) V-cpp must be 2.5 V when Vo is 2.5, 1.8, 1.5, 1.35, 1.25 or 1.2 V. Vcpp must be 3.0 V when Vo is 3.0 V.
(17 If you do not use the design security feature in Arria V GZ devices, connect Vcpar to a 1.2- to 3.0-V power supply. Arria V. GZ power-on-reset

(POR) circuitry monitors Vcpar. Arria V GZ devices do not exit POR if Vcpar is not powered up.
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2-10 Bus Hold Specifications

Bus Hold Specifications

Table 2-9: Bus Hold Parameters for Arria V GZ Devices

Parameter

Conditions

AV-51002
2017.02.10

Low ISUSL VIN > VIL 22.5 — 25.0 — 30.0 — 50.0 — 70.0 — IJ.A
sustaining .

(maximum)
current
ngh ISUSH VIN < VIH -22.5 — -25.0 — -30.0 — -50.0 — -70.0 — IJ.A
sustaining ..

(minimum)
current
Low IopL 0V <Vy< — 120 — 160 — 200 — 300 — 500 HA
overdrive Vecio
current
High Iopu 0V <Vn< — -120 — -160 — -200 — -300 — -500 pA
overdrive Vecio
current
Bus-hold | Vrpip — 0.45 0.95 0.50 1.00 0.68 1.07 0.70 1.70 0.80 2.00 A%
trip point

On-Chip Termination (OCT) Specifications

If you enable OCT calibration, calibration is automatically performed at power-up for I/Os connected to the calibration block.

Table 2-10: OCT Calibration Accuracy Specifications for Arria V GZ Devices

OCT calibration accuracy is valid at the time of calibration only.
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L v ]
P T e [ [ T e [ we [ w0 | e [ e ]

SSTL-135 1.283 1.35 1.418 0.49 x VCCIO 0.5 x 0.51 x 0.49 x 0.5 x VCCIO 0.51 x VCCIO

Class I, IT Veco | Veao | Veco

SSTL-125 1.19 1.25 1.26 0.49 x VCCIO 0.5 x 0.51 x 0.49 x 0.5 x 0.51 x VCCIO

Class I, IT VCCIO VCCIO VCCIO VCCIO

SSTL-12 1.14 1.20 1.26 0.49 X Vo 0.5 x 0.51 x 0.49 x 0.5 x 0.51 x Vecio

Class I, IT VCCIO VCCIO VCCIO VCCIO

HSTL-18 1.71 1.8 1.89 0.85 0.9 0.95 — Veaol2 —

Class I, IT

HSTL-15 1.425 1.5 1.575 0.68 0.75 0.9 — Weeisi? —

Class I, IT

HSTL-12 1.14 1.2 1.26 0.47 x VCCIO 0.5 % 0.53 x — VCCIO/Z —

Class I, II Vecio | Veco

HSUL-12 1.14 1.2 13 | 049%x Voo | 0.5x 0.51 x — — —
Veao | Veco

Table 2-18: Single-Ended SSTL, HSTL, and HSUL 1/0 Standards Signal Specifications for Arria V GZ Devices

Voo (V) Vau¥) | Vou(V)
10 Standare 00 w0 o) | Vo | Vo) |

SSTL-2 Class VREF - VREF +0.15 VCCIO VREF 0.31 VREF +0.31 VTT - VTT
I 0.15 +0.3 0.608 + 0.608
SSTL-2 Class -0.3 VREE - Vgree + 0.15 Veeio Vrger - 0.31 Vger + 0.31 Vor-0.81 | Vpr +0.81 16.2 -16.2
II 0.15 + 0.3
SSTL-18 -0.3 VREE - VREE VCCIO Vger - 0.25 Vgeg + 0.25 Vor - Vrr 6.7 -6.7
Class I 0.125 +0.125 +0.3 0.603 +0.603
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. . . . AV-51002
Transmitter High-Speed 1/0 Specifications 2017.02.10

C3,13L C4,14

— ( —

SERDES factor ] =3 to 10 (184) 1250 1849 1050 Mbps
(182), (183)
SERDES factor ] > 4 (184) — 1600 (184) — 1250 Mbps
LVDS TX with DPA
True Differential I/O 185) (156) (187) (158
Standards - fiyspr (data rate) R
SERDES factor ] = 2, 189 — (159 (189 — (159) Mbps
uses DDR Registers
SERDES factor J = 1, (184) — () (184) — () Mbps
uses SDR Register
Emulated Differential I/O SERDES factor ] = 4 to 10 °V (184) — 840 (184) — 840 Mbps
Standards with Three
External Output Resistor
Networks - fizgpr (data rate)
(190)

(182)
(183)

(184)

185)
186)
187)
188)
189)

(190)

(191)

If the receiver with DPA enabled and transmitter are using shared PLLs, the minimum data rate is 150 Mbps.

The Fy1ax specification is based on the fast clock used for serial data. The interface Fy;5x is also dependent on the parallel clock domain which is
design dependent and requires timing analysis.

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

Arria V GZ RX LVDS will need DPA. For Arria V GZ TX LVDS, the receiver side component must have DPA.

Requires package skew compensation with PCB trace length.

Do not mix single-ended I/O buffer within LVDS I/O bank.

Chip-to-chip communication only with a maximum load of 5 pE.

The maximum ideal data rate is the SERDES factor (J) x the PLL maximum output frequency (fOUT) provided you can close the design timing and
the signal integrity simulation is clean.

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 receiver sampling margin to determine leftover timing margin.

When using True LVDS RX channels for emulated LVDS TX channel, only serialization factors 1 and 2 are supported.
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AV-51002
Receiver High-Speed 1/0 Specifications 2017.02.10

C3,13L C4,14

150 — —

SERDES factor ] =3 to 10 1250 150 1050 Mbps
(192)’ (193)’ (194)’ (195)’ (196)’ (197)
SERDES factor ] > 4 150 — 1600 150 — 1250 Mbps
True Differential I/O LVDS RX with DPA
Standards - fysprppa (193) (195) (196) (197)
(data rate)
SERDES factor ] = 2, (158) — (199) (158) — (159) Mbps
uses DDR Registers
SERDES factor ] = 1, (198) — (199) (198) — (199) Mbps
uses SDR Register
SERDES factor ] = 3 to 10 (198) — (200 (198) — (200 Mbps
SERDES factor ] = 2, (198) — (199) (198) — (199) Mbps
fuspr (data rate) uses DDR Registers
SERDES factor ] =1, (198) — (199) (198) — (199) Mbps
uses SDR Register

(192)

193)
194)
195)
196)
197)
198)

(199)

(200)

The Fy1ax specification is based on the fast clock used for serial data. The interface Fy;5x is also dependent on the parallel clock domain which is
design dependent and requires timing analysis.

Arria V GZ RX LVDS will need DPA. For Arria V GZ TX LVDS, the receiver side component must have DPA.

Arria V GZ LVDS serialization and de-serialization factor needs to be x4 and above.

Requires package skew compensation with PCB trace length.

Do not mix single-ended I/O buffer within LVDS I/O bank.

Chip-to-chip communication only with a maximum load of 5 pE.

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

The maximum ideal data rate is the SERDES factor (J) x the PLL maximum output frequency (fOUT) provided you can close the design timing and
the signal integrity simulation is clean.

You can estimate the achievable maximum data rate for non-DPA mode by performing link timing closure analysis. You must consider the board
skew margin, transmitter delay margin, and receiver sampling margin to determine the maximum data rate supported.
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AV-51002
2017.02.10 Initialization 2-69

Related Information
Configuration, Design Security, and Remote System Upgrades in Arria V Devices

Initialization

Table 2-61: Initialization Clock Source Option and the Maximum Frequency for Arria V GZ Devices

Initialization Clock Source Configuration Schemes Maximum Frequency (MHz) Minimum Number of Clock Cycles

Internal Oscillator AS, PS, FPP 12.5
PS, FPP 125

CLKUSR 22 8576
AS 100
DCLK PS, FPP 125

Configuration Files

Use the following table to estimate the file size before design compilation. Different configuration file formats, such as a hexadecimal file (. hex) or
tabular text file (. t t f ) format, have different file sizes.

For the different types of configuration file and file sizes, refer to the Quartus II software. However, for a specific version of the Quartus II software,
any design targeted for the same device has the same uncompressed configuration file size.

(221) 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.

(222) To enable CLKUSR as the initialization clock source, turn on the Enable user-supplied start-up clock (CLKUSR) option in the Quartus II software
from the General panel of the Device and Pin Options dialog box.
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2-78 Document Revision History 2017.02.10
e e
Vocm Output common mode voltage—The common mode of the differential signal at the transmitter.
Vobp Output differential voltage swing—The difference in voltage between the positive and complementary conductors of a

differential transmission at the transmitter.

VswiNG Differential input voltage

Vx Input differential cross point voltage

Vox Output differential cross point voltage

W High-speed I/O block—clock boost factor

Document Revision History

I I

February 2017 2017.02.10 |, Changed the minimum value for tcp,ypc in the “FPP Timing Parameters for Arria V GZ Devices When the
DCLK-to-DATA[] Ratio is 1” table.

o Changed the minimum value for tcp,upmc in the "FPP Timing Parameters for Arria V. GZ Devices When the
DCLK-to-DATA[] Ratio is >1" table.

o Changed the minimum value for tcpyupmc in the "AS Timing Parameters for AS x1 and AS x4 Configurations
in Arria V GZ Devices" table.

o Changed the minimum value for tcpyupmc in the "PS Timing Parameters for Arria V GZ Devices" table.

o Changed the minimum number of clock cycles value in the "Initialization Clock Source Option and the
Maximum Frequency for Arria V GZ Devices" table.
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