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1-8 HPS Power Supply Operating Conditions 2017.02.10
Ve GxsL GX and SX speed grades—clock network power
(left side)
1.08/1.12 1.1/1.15@ 1.14/1.18 \'%
Vel GxBR GX and SX speed grades—clock network power
(right side)
Vel GxaL GT and ST speed grades—clock network power
(left side)
1.17 1.20 1.23 \'%
Vel GxBR GT and ST speed grades—clock network power
(right side)
Related Information

Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines
Provides more information about the power supply connection for different data rates.

HPS Power Supply Operating Conditions

Table 1-5: HPS Power Supply Operating Conditions for Arria V SX and ST Devices

This table lists the steady-state voltage and current values expected from Arria V system-on-a-chip (SoC) devices with ARM®-based hard processor
system (HPS). Power supply ramps must all be strictly monotonic, without plateaus. Refer to Recommended Operating Conditions for Arria V
Devices table for the steady-state voltage values expected from the FPGA portion of the Arria V SoC devices

HPS core -C4, -15, -C5, -C6 1.07 1.13
voltage and 13 1.12 1.15 1.18 v
periphery
circuitry
power
supply

Ve _nps

) 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.

@ 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.

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

C] Send Feedback


https://www.altera.com/content/dam/altera-www/global/en_US/pdfs/literature/dp/arria-v/pcg-01013.pdf
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.

1-62 SPI Timing Characteristics
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SPI MISO hold time
Tdutycycle SPI_CLK duty cycle 45 55 %
T gssfrst Output delay SPI_SS valid before first clock edge 8 — ns
T ggslst Output delay SPI_SS valid after last clock edge 8 — ns
Taio Master-out slave-in (MOSI) output delay -1 1 ns

®6) This value is based on r x_sanpl e_dl y = 1 and spi _m cl k = 120 MHz. spi _m cl k is the internal clock that is used by SPI Master to derive it’s SCLK_
ouT. These timings are based on r x_sanpl e_dl y of 1. This delay can be adjusted as needed to accommodate slower response times from the slave.
Note that a delay of 0 is not allowed. The setup time can be used as a reference starting point. It is very crucial to do a calibration to get the correct r x_
sanpl e_dl y value because each SPI slave device may have different output delay and each application board may have different path delay. For more
information about r x_sanpl e_del ay, refer to the SPI Controller chapter in the Hard Processor System Technical Reference Manual.
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1-64 SD/MMC Timing Characteristics

Figure 1-10: SPI Slave Timing Diagram
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Related Information
SPI Controller, Arria V Hard Processor System Technical Reference Manual
Provides more information about rx_sample_delay.

SD/MMC Timing Characteristics

Table 1-54: Secure Digital (SD)/MultiMediaCard (MMC) Timing Requirements for Arria V Devices

AV-51002
2017.02.10

After power up or cold reset, the Boot ROM uses dr vsel =3 and snpl sel =0 to execute the code. At the same time, the SD/MMC controller enters
the Identification Phase followed by the Data Phase. During this time, the value of interface output clock SDMMC_CLK_OUT changes from a maximum
of 400 kHz (Identification Phase) up to a maximum of 12.5 MHz (Data Phase), depending on the internal reference clock SDMMC_CLK and the CSEL

setting. The value of SDMMC_CLK is based on the external oscillator frequency and has a maximum value of 50 MHz.
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1-72 NAND Timing Characteristics 2017.02.10

Figure 1-18: NAND Address Latch Timing Diagram
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1-76 FPGA JTAG Configuration Timing
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Standard

Related Information
MSEL Pin Settings

Provides more information about POR delay based on MSEL pin settings for each configuration scheme.

FPGA JTAG Configuration Timing

Table 1-64: FPGA JTAG Timing Parameters and Values for Arria V Devices

tjcp TCK clock period 30, 1672

ticu TCK clock high time 14 — ns
tjcL TCK clock low time 14 — ns
tpsu (TDI) TDI JTAG port setup time 2 — ns
tpsu (TMS) TMS JTAG port setup time 3 — ns
typH JTAG port hold time 5 — ns
tipco JTAG port clock to output — 1209 ns
tipzx JTAG port high impedance to valid output — 14©3) ns
tipxz JTAG port valid output to high impedance — 1409 ns

©2) The minimum TCK clock period is 167 ns if Vcpar is within the range 1.2 V - 1.5 V when you perform the volatile key programming.
%) A 1-ns adder is required for each VCCIO voltage step down from 3.0 V. For example, tjPCO= 13 ns if VCCIO of the TDO I/O bank = 2.5 V, or 14 ns if

it equals 1.8 V.
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2017.02.10 Document Revision History 1-97
I
January 2015 2015.01.30 |, Updated the description for Ve aux_suarep to “HPS auxiliary power supply” in the following tables:

 Absolute Maximum Ratings for Arria V Devices
« HPS Power Supply Operating Conditions for Arria V SX and ST Devices

+ Added statement in I/O Standard Specifications: You must perform timing closure analysis to determine the
maximum achievable frequency for general purpose I/O standards.

» Updated the conditions for transceiver reference clock rise time and fall time: Measure at +60 mV of
differential signal. Added a note to the conditions: REFCLK performance requires to meet transmitter REFCLK
phase noise specification.

« Updated the description in Periphery Performance Specifications to mention that proper timing closure is
required in design.

« Updated HPS Clock Performance main_base_clk specifications from 525 MHz (for -13 speed grade) and 462
MHz (for —C4 speed grade) to 400 MHz.

« Updated HPS PLL VCO maximum frequency to 1,600 MHz (for -C5, -I5, and -C6 speed grades), 1,850
MHz (for —C4 speed grade), and 2,100 MHz (for -13 speed grade).

+ Changed the symbol for HPS PLL input jitter divide value from NR to N.

« Removed “Slave select pulse width (Texas Instruments SSP mode)” parameter from the following tables:

« SPI Master Timing Requirements for Arria V Devices
« SPI Slave Timing Requirements for Arria V Devices

« Added descriptions to USB Timing Characteristics section in HPS Specifications: PHYs that support LPM
mode may not function properly with the USB controller due to a timing issue. It is recommended that
designers use the MicroChip USB3300 PHY device that has been proven to be successful on the development
board.

o Added HPS JTAG timing specifications.

» Updated FPGA JTAG timing specifications note as follows: A 1-ns adder is required for each Vo voltage
step down from 3.0 V. For example, tjpco = 13 ns if Voo of the TDO I/O bank = 2.5V, or 14 ns if it equals
1.8 V.

» Updated the value in the V¢ (AC Coupled) row and in note 6 from 650 mV to 750 mV in the Transceiver
Specifications for Arria V GT and ST Devices table.
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Maximum Allowed Overshoot and Undershoot Voltage 2-3

DC input voltage -0.5
T] Operating junction temperature -55 125 °C
Tstg Storage temperature (No bias) -65 150 °C
Iout DC output current per pin -25 40 mA

Table 2-3: Transceiver Power Supply Absolute Conditions for Arria V GZ Devices

Veca GXBL Transceiver channel PLL power supply (left side) -0.5 3.75

Vcca_GXBR Transceiver channel PLL power supply (right side) -0.5 3.75 A%
Veenrp L Transceiver hard IP power supply (left side) -0.5 1.35 A%
Veensst L Transceiver PCS power supply (left side) -0.5 1.35 A%
Veensst R Transceiver PCS power supply (right side) -0.5 1.35 \Y%
VCeRr_GXBL Receiver analog power supply (left side) -0.5 1.35 \Y%
VCeR_GXBR Receiver analog power supply (right side) -0.5 1.35 \Y%
Veer GxsL Transmitter analog power supply (left side) -0.5 1.35 \Y%
Veer Gxsr Transmitter analog power supply (right side) -0.5 1.35 \Y%
VCCH_GXBL Transmitter output buffer power supply (left side) -0.5 1.8 \%
VecH GxBR Transmitter output buffer power supply (right side) -0.5 1.8 \%

Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in the following table. They may also undershoot to 2.0 V for input currents

less than 100 mA and periods shorter than 20 ns.
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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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2-20 1/0 Standard Specifications
1/0 Standard
N 7 N v s R ) ) P

RSDS 2.375 2.625 Veum =
(HIO) 1.25V
(133)
Mini- 2.375 | 2.5 2.625 200 — 600 0.4 — 1.325 0.25 0.6 1.2 1.4
LVDS
(HIO)
(134)

— — — 300 — — 0.6 Dyax £ 1.8 — — — —
LVPECL 700 Mbps
=, w0 ] 300 — — 1 Dyiax > 1.6 — — - —

700 Mbps
Related Information

Glossary on page 2-73

128)
129)
130)
133)
134)
135)
136)

Differential inputs are powered by VCCPD which requires 2.5 V.
The minimum VID value is applicable over the entire common mode range, VCM.
RL range: 90 < RL < 110 Q.

For optimized RSDS receiver performance, the receiver voltage input range must be between 0.25 V to 1.45 V.
For optimized Mini-LVDS receiver performance, the receiver voltage input range must be between 0.3 V to 1.425 V.

LVPECL is only supported on dedicated clock input pins.

For optimized LVPECL receiver performance, the receiver voltage input range must be between 0.85 V to 1.75 V for data rate above 700 Mbps and

0.45V to 1.95 V for data rate below 700 Mbps.
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2017.02.10 Transceiver Clocks 2-23

Transceiver Speed Grade 2 Transceiver Speed Grade 3
Symbol/Description Conditions Unit
TN I N =
100 Hz — — -70 — — -70 dBc/Hz
1 kHz — — -90 — — -90 dBc/Hz
Transmitter REFCLK Phase
Noise (622 MHz) (4 10 kHz — — -100 — — -100 dBc/Hz
100 kHz — — -110 — — -110 dBc/Hz
>1 MHz — — -120 — — -120 dBc/Hz
Transmitter REFCLK Phase 10 kHz to 1.5 MHz — — 3 — — 3 ps (rms)
Jitter (100 MHz) (142 (PCle)
RRgr — — 1800 1% — — 1800 £1% — Q

Related Information

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

Transceiver Clocks

Table 2-23: Transceiver Clocks Specifications for Arria V GZ Devices

Speed grades shown refer to the PMA Speed Grade in the device ordering code. The maximum data rate could be restricted by the Core/PCS speed
grade. Contact your Altera Sales Representative for the maximum data rate specifications in each speed grade combination offered. For more
information about device ordering codes, refer to the Arria V Device Overview.

(14 To calculate the REFCLK phase noise requirement at frequencies other than 622 MHz, use the following formula: REFCLK phase noise at f(MHz) =
REFCLK phase noise at 622 MHz + 20*log({/622).

(142) To calculate the REFCLK rms phase jitter requirement for PCle 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 x 100/f.
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Figure 2-2: AC Gain Curves for Arria V GZ Channels (full bandwidth)
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2017.02.10 PLL Specifications 2-39
it M N TN TN A BT

Input clock cycle-to-cycle jitter (frgr = 100 MHz) 0.15 UI (p-p)

tINCC] 171)’ (172) —
Input clock cycle-to-cycle jitter (frgr < 100 MHz) -750 — +750 ps (p-p)
Period Jitter for dedicated clock output in integer — — 175 ps (p-p)
PLL (fOUT > 100 MHZ)

tourpy nc 7Y

- Period Jitter for dedicated clock output in integer — — 17.5 mUI (p-p)

PLL (fOUT <100 MhZ)
Period Jitter for dedicated clock output in fractional — — 250176), ps (p-p)
PLL (four > 100 MHz) 175074

troutpy pc 7 i . . .
Period Jitter for dedicated clock output in fractional — — 25(176), mUI (p-p)
PLL (four < 100 MHz) 17.5 (74
Cycle-to-cycle Jitter for a dedicated clock output in — — 175 ps (p-p)
integer PLL (foyt = 100 MHz)

tourcey_pc 7Y : : :
Cycle-to-cycle Jitter for a dedicated clock output in — — 17.5 mUI (p-p)
integer PLL (foyt < 100 MHz)
Cycle-to-cycle Jitter for a dedicated clock output in — — 250(176), ps (p-p)
fractional PLL (fou = 100 MHz) 175 79

trourcey e 7 . . . 6
Cycle-to-cycle Jitter for a dedicated clock output in — — 25(176), mUI (p-p)
fractional PLL (four < 100 MHz) 17.5 174

(71 A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source with jitter < 120 ps.

(172) The frgg is fIN/N specification applies when N = 1.

(173) Peak-to-peak jitter with a probability level of 10712 (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 the "Worst-Case DCD on Arria V GZ I/O Pins" table.

(749 This specification only covered fractional PLL for low bandwidth. The fycq for fractional value range 0.20-0.80 must be > 1200 MHz.
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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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Transmitter High-Speed 1/0 Specifications 2-45

Symbol Conditions
[ [we [ m [ ww [ we [ e |

frscLk_in (input clock Clock boost factor 5 — 625 5 — 525 MHz
frequency) True Differential W =1 to 40 (180
I/O Standards 17
frscLk_in (input clock Clock boost factor 5 — 625 5 — 525 MHz
frequency) Single Ended 1/0 W =1 to 40 (180
Standards
fuscrx_in (input clock Clock boost factor 5 — 420 5 — 420 MHz
frequency) Single Ended 1/0 W =1 to 40 (180
Standards
fHSCLK_OUT (Olltpllt clock — 5 — 625 el 5 — 525 (1s1) MHz

frequency)

Transmitter High-Speed 1/0 Specifications

Table 2-40: Transmitter High-Speed I/0 Specifications for Arria V GZ Devices

When ] = 3 to 10, use the serializer/deserializer (SERDES) block.

When ] =1 or 2, bypass the SERDES block.

(179 This only applies to DPA and soft-CDR modes.
(189 Clock Boost Factor (W) is the ratio between the input data rate to the input clock rate.
(81 This is achieved by using the LVDS clock network.
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DPA Mode High-Speed I/0 Specifications

Table 2-42: High-Speed /0 Specifications for Arria V GZ Devices
When ] = 3 to 10, use the serializer/deserializer (SERDES) block.
When ] = 1 or 2, bypass the SERDES block.

C3,13L C4,14
Symbol Conditions

DPA run length | 10000 | | | 10000 | Ul

Figure 2-3: DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_reset

; DPA Lock Time
rx_dpa_locked i § §

256 da q(slo 256 data q(so 256 da
transi |ons dac cycles  transitions cIo ck'cycles  transi |ons

Table 2-43: DPA Lock Time Specifications for Arria V GZ Devices
The DPA lock time is for one channel.
One data transition is defined as a 0-to-1 or 1-to-0 transition.

The DPA lock time stated in this table applies to both commercial and industrial grade.

Standard Training Pattern Number of Data Transitions | Number of Repetitions per

in One Repetition of the 256 Data Transitions (207
Training Pattern

SPI-4 00000000001111111111 2 128 640 data transitions

(200 This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.
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2-60 FPP Configuration Timing when DCLK to DATA[] = 1
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Note: When you enable the decompression or design security feature, the DCLK-to-DATA[ ] ratio varies for FPP x8, FPP x16, and FPP x32. For the

respective DCLK-to-DATA[ ] ratio, refer to the "DCLK-to-DATA[] Ratio for Arria V GZ Devices" table.

Table 2-56: FPP Timing Parameters for Arria V GZ Devices When the DCLK-to-DATA[] Ratio is 1

Use these timing parameters when the decompression and design security features are disabled.

tcracp | NCONFI Glow to CONF_DONE low
tcrasTo | NCONFI Glow to nSTATUS low — 600 ns
tcrg nCONFI Glow pulse width 2 — s
tsraTus | NSTATUS low pulse width 268 1,506 209 us
tcpasT1 | NCONFI Ghigh to nSTATUS high — 1,506 (200 us
;[CF)ZCK NCONFI Ghigh to first rising edge on DCLK 1,506 — us
207
tsTock PYMSTATUS 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
tcu DCLK high time 0.45 x 1/fjax — s
ter DCLK low time 0.45 x 1/fpax — s
toLk DCLK period 1/fvax — s
DCLK frequency (FPP x8/x16) — 125 MHz
fmax
DCLK frequency (FPP x32) — 100 MHz
tcpaum | CONF_DONE high to user mode %% 175 437 us

(205 This value is applicable if you do not delay configuration by extending the nCONFI G or nSTATUS low pulse width.

(206) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.

(207 If nSTATUS is monitored, follow the tg,ck specification. If nSTATUS is not monitored, follow the tcpyck specification.

Altera Corporation
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Table 2-62: Uncompressed .rbf Sizes for Arria V GZ Devices

Member Code Configuration .rbf Size (bits) IOCSR .rbf Size (bits) 223

137,598,880 562,208
E3 137,598,880 562,208
ArriaV GZ
E5 213,798,880 561,760
E7 213,798,880 561,760

Table 2-63: Minimum Configuration Time Estimation for Arria V GZ Devices

Active Serial 224

Fast Passive Parallel (225

—
100 344

DCLK (MHz) Min Config Time Width DCLK (MHz) Min Config Time
(ms) (ms)
32 100 43

4
E3 4 100 344 32 100 43
ArriaV GZ
E5 4 100 534 32 100 67
E7 4 100 534 32 100 67

Remote System Upgrades Circuitry Timing Specification

Table 2-64: Remote System Upgrade Circuitry Timing Specifications

I S O S S

t (226)
RU_nCONFIG

tRU nRSTIMER =7 250 _ s

(223) The IOCSR .rbf size is specifically for the Configuration via Protocol (CvP) feature.
(229 DCLK frequency of 100 MHz using external CLKUSR.
(225 Max FPGA FPP bandwidth may exceed bandwidth available from some external storage or control logic.
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Single-Ended Waveform
Positive Channel (p) =VoH
Vob X
Negative Channel (n) = V|

Ground

Differential Waveform

/ N
A N

fHscLk Left and right PLL input clock frequency.

fHspR High-speed I/O block—Maximum and minimum LVDS data transfer rate
(fHSDR = I/TUI), non—DPA.

fHSDRDPA High-speed I/O block—Maximum and minimum LVDS data transfer rate
(fuspropa = 1/TUI), DPA.

] High-speed I/O block—Deserialization factor (width of parallel data bus).
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Glossary

2-77

I

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 tcq 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 SW in
this table).

tpuTy High-speed I/O block—Duty cycle on the high-speed transmitter output clock.
tRALL Signal high-to-low transition time (80-20%)

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

touTp)_10 Period jitter on the general purpose I/O driven by a PLL.

touTp)_DC Period jitter on the dedicated clock output driven by a PLL.

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

Timing Unit Interval
(TUI)

The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(receiver input clock frequency multiplication factor) = tc/w)

Vemoo) DC common mode input voltage.

Viem Input common mode voltage—The common mode of the differential signal at the receiver.

Vip Input differential voltage swing—The difference in voltage between the positive and complementary conductors of a
differential transmission at the receiver.

VDIrAC) AC differential input voltage—Minimum AC input differential voltage required for switching.

VpIrmoe) DC differential input voltage— Minimum DC input differential voltage required for switching.

Viu Voltage input high—The minimum positive voltage applied to the input which is accepted by the device as a logic high.

Vinac) High-level AC input voltage

Viame) High-level DC input voltage

ViL Voltage input low—The maximum positive voltage applied to the input which is accepted by the device as a logic low.

ViLac) Low-level AC input voltage

ViLne) Low-level DC input voltage
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