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This datasheet describes the electrical characteristics, switching characteristics, configuration specifications, and I/O timing for Arria® V devices.

Arria V devices are offered in commercial and industrial grades. Commercial devices are offered in —C4 (fastest), -C5, and —C6 speed grades.
Industrial grade devices are offered in the -I3 and -I5 speed grades.

Related Information

Arria V Device Overview
Provides more information about the densities and packages of devices in the Arria V family.

Electrical Characteristics

The following sections describe the operating conditions and power consumption of Arria V devices.

Operating Conditions
Arria V devices are rated according to a set of defined parameters. To maintain the highest possible performance and reliability of the Arria V
devices, you must consider the operating requirements described in this section.

Absolute Maximum Ratings

This section defines the maximum operating conditions for Arria V 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.
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Recommended Operating Conditions 1-5

Vee Core voltage power supply IS L7 b M

-13 1.12 1.15 1.18 \Y%

Veep Periphery ci'rcuitry, PCle hard IP block, -C4, -I5, -C5, -Cé 1.07 1.1 1.13 \4

and transceiver PCS power supply I3 1.12 1.15 1.18 Vv

33V 3.135 33 3.465 \%

o 3.0V 2.85 3.0 3.15 \%

Veerom Configuration pins power supply S5V 3375 35 oy v

1.8V 1.71 1.8 1.89 \%

Vee aux Auxiliary supply — 2.375 2.5 2.625 A%

Veepar? Battery back-up power supply - 1.2 - 3.0 \
(For design security volatile key register)

33V 3.135 33 3.465 \%

Veerp® I/O pre-driver power supply 3.0V 2.85 3.0 3.15 A%

25V 2.375 2.5 2.625 A%

()" 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.

@ If you do not use the design security feature in Arria V devices, connect Vccpar to a 1.5-V, 2.5-V, or 3.0-V power supply. Arria V power-on reset

(POR) circuitry monitors Vcpar. Arria V devices do not exit POR if Vcpar is not powered up.

® Veepp 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 Vg is 3.0 V. Vcpp must be 3.3 V when Vg is

33 V.
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HPS Power Supply Operating Conditions 1-9

HPS 1/0 33V 3.135 3.465 \%
Veeep_nps g f)ewceliwer 30V 2.85 3.0 3.15 %
supply 25V 2.375 2.5 2.625 \%
33V 3.135 3.3 3.465 \%
3.0V 2.85 3.0 3.15 \%
HPS 1/O 25V 2.375 2.5 2.625 \%
Vecio. Hps E‘Sgeerrs 1.8V 1.71 1.8 1.89 v
supply 1.5V 1.425 1.5 1.575 \Y%
135V ©® 1.283 1.35 1.418 A\
1.2V 1.14 1.2 1.26 \%
HIPS reset 33V 3.135 3.3 3.465 \%
v and clock 30V 2.85 3.0 3.15 \%
CCRSTCLK_HPS Input pins
- por;,erp 25V 2.375 2.5 2.625 \%
supply 18V 1.71 1.8 1.89 v
V CCPLL HPS HPS PLL — 2.375 2.5 2.625 \%
analog
voltage
regulator
power
supply

@ 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.

® Voepp,_pps must be 2.5 V when Vo pps is 2.5, 1.8, 1.5, or 1.2 V. Voepp_pps must be 3.0 V when Vo pps is 3.0 V. Veepp pps must be 3.3 V when

Vecio_nps is 3.3 V.

©) Veeio_nps 1.35 V is supported for HPS row I/0 bank only.
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Table 1-21: Transceiver Clocks Specifications for Arria V GX and SX Devices

Transceiver Speed Grade 4 Transceiver Speed Grade 6

Symbol/Description Condition
| min | me [ ma | min | T [ Max |
fixedcl k clock frequency | PCle Receiver Detect — 125 — — 125 — MHz
Transceiver Reconfigura- = 75 = 125 75 = 125 MHz

tion Controller IP (ngnt _
cl k_cl k) clock frequency

Table 1-22: Receiver Specifications for Arria V GX and SX Devices

- it Transceiver Speed Grade 4 Transceiver Speed Grade 6
Supported I/O standards 1.5V PCML, 2.5 V PCML, LVPECL, and LVDS
Data rate®® — 611 — 6553.6 611 — 3125 Mbps
Absolute Vyax for a — — — 1.2 — — 1.2 A%
receiver pin®®”
Absolute Vyy for a — -0.4 — — -0.4 — — v

receiver pin

Maximum peak-to-peak — — — 1.6 — — 1.6 \%
differential input voltage
Vip (diff p-p) before device
configuration

Maximum peak-to-peak — — — 2.2 — — 2.2 \%
differential input voltage
Vip (diff p-p) after device
configuration

@8 To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.
% The device cannot tolerate prolonged operation at this absolute maximum.
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CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain

CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain 1-35

Figure 1-2: Continuous Time-Linear Equalizer (CTLE) Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain for Arria V GX,

GT, SX, and ST Devices
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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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Transmitter Pre-Emphasis Levels 1-39

For example, when Vp = 800 mV, the corresponding Vp value setting is 40. The following conditions show that the 1st post tap pre-emphasis
setting = 2 is valid:

e |B|+|C|<60>40 +2 =42
« |B|-|C|>5>40-2=38

o (Vaax/Van - 1)% < 600%-> (42/38 - 1)% = 10.52%

To predict the pre-emphasis level for your specific data rate and pattern, run simulations using the Arria V. HSSI HSPICE models.

Table 1-33: Transmitter Pre-Emphasis Levels for Arria V Devices

Quartus Prime 1st
Post Tap Pre-
Emphasis Setting

0 0 0 0 0 0 0

Quartus Prime Vgp, Setting

0 dB
1 1.97 0.88 0.43 0.32 0.24 0.19 0.13 dB
2 3.58 1.67 0.95 0.76 0.61 0.5 0.41 dB
3 5.35 2.48 1.49 1.2 1 0.83 0.69 dB
4 7.27 3.31 2 1.63 1.36 1.14 0.96 dB
5 — 4.19 2.55 2.1 1.76 1.49 1.26 dB
6 — 5.08 3.11 2.56 2.17 1.83 1.56 dB
7 = 5.99 3.71 3.06 2.58 2.18 1.87 dB
8 — 6.92 4.22 3.47 2.93 2.48 2.11 dB
9 = 7.92 4.86 4 3.38 2.87 2.46 dB
10 — 9.04 5.46 4.51 3.79 3.23 2.77 dB
11 = 10.2 6.09 5.01 4.23 3.61 = dB
12 — 11.56 6.74 5.51 4.68 3.97 — dB
13 — 12.9 7.44 6.1 5.12 4.36 — dB
14 — 14.44 8.12 6.64 5.57 4.76 — dB
15 — — 8.87 7.21 6.06 5.14 — dB
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Table 1-34: Transceiver Compliance Specification for All Supported Protocol for Arria V GX, GT, SX, and ST Devices

Transceiver Compliance Specification 1-41

PCle Genl 2,500

PCle PClIe Gen2 5,000
PCle Cable 2,500

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

SRIO 1250 LR 1,250

SRIO 2500 SR 2,500

SRIO 2500 LR 2,500

SRIO 3125 SR 3,125

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

SRIO 5000 MR 5,000

SRIO 5000 LR 5,000

SRIO_6250_SR 6,250

SRIO_6250_MR 6,250

SRIO_6250_LR 6,250
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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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1-58 Duty Cycle Distortion (DCD) Specifications 2017.02.10

Figure 1-7: Timing Diagram for oe and dyn_term_ctrl Signals

RX Tristate X Tristate RX
o0 —— |
dyn_term_ctrl : —
3 T 3 3 Tos

RS_RT

Duty Cycle Distortion (DCD) Specifications

Table 1-47: Worst-Case DCD on Arria V I/O Pins
The output DCD cycle only applies to the I/O buffer. It does not cover the system DCD.

Symbol
%

Output Duty Cycle

HPS Specifications
This section provides HPS specifications and timing for Arria V devices.

For HPS reset, the minimum reset pulse widths for the HPS cold and warm reset signals (HPS_nRST and HPS_nPOR) are six clock cycles of
HPS_CILKI1.
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Table 1-57: RGMII RX Timing Requirements for Arria V Devices

Tk (1000Base-T) RX_CLK clock period

Tk (100Base-T) RX_CLK clock period — 40 ns
Tk (10Base-T) RX_CLK clock period — 400 ns
Teu RX_D/RX_CTL setup time 1 — ns
Ty RX_D/RX_CTL hold time 1 — ns

Figure 1-14: RGMII RX Timing Diagram

RX_CLK \ / \ J

RX_D[3:0] X X X X I
RX_CTL [

Table 1-58: Management Data Input/Output (MDIO) Timing Requirements for Arria V Devices

clk

MDC clock period
Ty MDC to MDIO output data delay 10 — 20 ns
T, Setup time for MDIO data 10 — ns
Ty Hold time for MDIO data 0 — ns

Altera Corporation

Arria V GX, GT, SX, and ST Device Datasheet

C] Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Arria%20V%20GX,%20GT,%20SX,%20and%20ST%20Device%20Datasheet%20(AV-51002%202017.02.10)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

1-82 PS Configuration Timing

AV-51002
2017.02.10

tepack'? nCONFI Ghigh to first rising edge on DCLK 1506

tsrack ' nSTATUS high to first rising edge of DCLK 2 — us
tpsu DATA[] setup time before rising edge on DCLK 5.5 — ns
tpu DATA[ ] hold time after rising edge on DCLK 0 — ns
tcH DCLK high time 0.45 x 1/fjpax — s
tor DCLK low time 0.45 x 1/fjpax — s
terx DCLK period 1/fvax — s
fvmax DCLK frequency — 125 MHz
tcp2uM CONF_DONE high to user mode!%® 175 437 us
tcpacu CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepauMc CONF_DONE high to user mode with CLKUSR option on tepacy + (Tinit X CLKUSR — —

period)
Tinit Number of clock cycles required for device initialization 8,576 — Cycles

Related Information

PS Configuration Timing
Provides the PS configuration timing waveform.

(195 Tf nSTATUS is monitored, follow the tg,ck specification. If nSTATUS is not monitored, follow the tcpyck specification.
(106) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.

Altera Corporation
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1-96 Document Revision History 2017.02.10
I
June 2015 2015.06.16 |, Added the supported data rates for the following output standards using true LVDS output buffer types in

the High-Speed I/O Specifications for Arria V Devices table:
o True RSDS output standard: data rates of up to 360 Mbps
o True mini-LVDS output standard: data rates of up to 400 Mbps

« Added note in the condition for Transmitter—Emulated Differential I/O Standards fyspgr data rate parameter
in the High-Speed I/O Specifications for Arria V Devices table. Note: When using True LVDS RX channels
for emulated LVDS TX channel, only serialization factors 1 and 2 are supported.

» Changed Queued Serial Peripheral Interface (QSPI) to Quad Serial Peripheral Interface (SPI) Flash.

« Updated T, location in I>C Timing Diagram.

« Updared T, location in NAND Address Latch Timing Diagram.

+ Corrected the unit for tpy from ns to s in FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for
Arria V Devices table.

» Updated the maximum value for tco from 4 ns to 2 ns in AS Timing Parameters for AS x1 and x4 Configu-
rations in Arria V Devices table.

« Moved the following timing diagrams to the Configuration, Design Security, and Remote System Upgrades
in Arria V Devices chapter.
» FPP Configuration Timing Waveform When DCLK-to-DATA[] Ratio is 1
» FPP Configuration Timing Waveform When DCLK-to-DATA[] Ratio is >1
 AS Configuration Timing Waveform
+ PS Configuration Timing Waveform
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owe e | wss
June 2012 2.0

« Updated for the Quartus II software v12.0 release:

+ Restructured document.

« Updated “Supply Current and Power Consumption” section.

« Updated Table 20, Table 21, Table 24, Table 25, Table 26, Table 35, Table 39, Table 43, and Table 52.
o Added Table 22, Table 23, and Table 33.

» Added Figure 1-1 and Figure 1-2.

« Added “Initialization” and “Configuration Files” sections.

February 2012 1.3 . Updated Table 2-1.
» Updated Transceiver-FPGA Fabric Interface rows in Table 2-20.
» Updated Vcp description.

December 2011 1.2 Updated Table 2-1 and Table 2-3.

November 2011 1.1  Updated Table 2-1, Table 2-19, Table 2-26, and Table 2-36.
o Added Table 2-5.
o Added Figure 2-4.

August 2011 1.0 Initial release.
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Transceiver Speed Grade 2 Transceiver Speed Grade 3

Symbol/Description Conditions
NN N T TN N
— 600 — — 600 —

Veer gxp =085V mV
full bandwidth
Veer gxp =085V — 600 — — 600 — mV
half bandwidth
Viem (AC and DC coupled)
Veer gxp=1.0V — 700 — — 700 = mV
full bandwidth
Veer gxp=1.0V — 700 — — 700 — mV
half bandwidth
tLTR (149) — — = 10 = — 10 us
tyrp %0 — 4 — — 4 — — us
tLTD_manual 1) — 4 — — 4 — — us
tLTR_LTD_manual (152 — 15 — — 15 — _ us
Programmable equalization Full bandwidth (6.25 GHz) — — 16 — — 16 dB
(AC Gain) Half bandwidth (3.125 GHz)

(149 t; g is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.

(150) ¢/ 1 is time required for the receiver CDR to start recovering valid data after the r x_i s_| ockedt odat a signal goes high.

5D t17D_manual is the time required for the receiver CDR to start recovering valid data after the rx_i s_| ockedt odat a signal goes high when the CDR is
functioning in the manual mode.

(52 /TR LTD._manual is the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_i s_I ockedt or ef signal goes high when the
CDR is functioning in the manual mode.
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Typical VOD Settings

Table 2-32: Typical Vgp Setting for Arria V GZ Channel, TX Termination = 100 Q
The tolerance is +/-20% for all VOD settings except for settings 2 and below.

0 32 640

0 (166)

10166) 20 33 660

2(166) 40 34 680

3(166) 60 35 700

4(166) 80 36 720

5(166) 100 37 740

6 120 38 760

Vop differential peak to peak typical 7 140 39 780

8 160 40 800

9 180 41 820

10 200 42 840

11 220 43 860

12 240 44 880

13 260 45 900

14 280 46 920

(166) If TX termination resistance = 100 Q,this VOD setting is illegal.
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T wemae
I RN R

One sum of two 27 x 27 380 300 | 290 MHz

One sum of two 36 x 18 380 300 MHz

One complex 18 x 18 400 350 MHz

One 36 x 36 380 300 MHz

Modes using Three DSP Blocks

One complex 18 x 25 340 275 265 MHz

Modes using Four DSP Blocks

One complex 27 x 27 350 310 MHz

Memory Block Specifications

Table 2-36: Memory Block Performance Specifications for Arria V GZ Devices

To achieve the maximum memory block performance, use a memory block clock that comes through global clock routing from an on-chip PLL set
to 50% output duty cycle. Use the Quartus II software to report timing for this and other memory block clocking schemes.

When you use the error detection cyclical redundancy check (CRC) feature, there is no degradation in Fyjax.

Memory

Single port, all supported widths MHz
Simple dual-port, x32/x64 depth 0 1 400 315 400 315 MHz
MLAD Simple dual-port, x16 depth (178 0 1 533 400 533 400 MHz
ROM, all supported widths 0 1 500 450 500 450 MHz

(178) The Fyax specification is only achievable with Fitter options, MLAB Implementation In 16-Bit Deep Mode enabled.
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FPP Configuration Timing when DCLK to DATA[] > 1
Figure 2-8: FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1,

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

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

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

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

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

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

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

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

9. After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE goes low.
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Active Serial Configuration Timing
Figure 2-9: AS Configuration Timing

Timing waveform for the active serial (AS) x1 mode and AS x4 mode configuration timing.
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Notes:

1.1f you are using AS x4 mode, this signal represents the AS_DATA[3..0] and ERCQ sends in 4-bits of data for each DCLKcycle.
2.The initialization clock can be from internal oscillator or CLKUSR pin
3. After the option bit to enable the INIT_DONE pin isconfigured into the d evice, the INIT_DONE ges low.

Table 2-58: AS Timing Parameters for AS x1 and AS x4 Configurations in Arria V GZ Devices
The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.

tcracps terasTor terGs tsTaTus and tegpsty timing parameters are identical to the timing parameters for PS mode listed in the "PS Timing Parameters
for Arria V GZ Devices" table.
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DCLK falling edge to AS_DATAO0/ASDO output

tsy Data setup time before falling edge on DCLK 1.5 — ns

ty Data hold time after falling edge on DCLK 0 — ns

tcppum | CONF_DONE high to user mode 10 175 437 us

tepacy CONF_DONE high to CLKUSR enabled 4 x maximum DCLK — —
period

tcpoumc | CONF_DONE high to user mode with CLKUSR option on tepacy + (8576 X CLKUSR — —
period)

Table 2-59: DCLK Frequency Specification in the AS Configuration Scheme
This applies to the DCLK frequency specification when using the internal oscillator as the configuration clock source.

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

m Typical m

12.5
10.6 15.7 25.0 MHz
21.3 314 50.0 MHz
42.6 62.9 100.0 MHz

Related Information

+ Passive Serial Configuration Timing on page 2-67
« Configuration, Design Security, and Remote System Upgrades in Arria V Devices

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