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Vecio (V)

Bus-hold VTRIP 0.9 0.375 1.125 0.6 \%
trip point

OCT Calibration Accuracy Specifications

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

Table 1-8: OCT Calibration Accuracy Specifications for Arria V Devices

Calibration accuracy for the calibrated on-chip series termination (Rg OCT) and on-chip parallel termination (R OCT) are applicable at the
moment of calibration. When process, voltage, and temperature (PVT) conditions change after calibration, the tolerance may change.

Calibration Accuracy
Symbol Description Condition (V)
+15 +15

25-Q Rg Internal series termination with | Vo = 3.0, 2.5, 1.8, 1.5, %
calibration (25-Q setting) 1.2

50-Q Rg Internal series termination with | Vcig = 3.0, 2.5, 1.8, 1.5, +15 +15 +15 %
calibration (50-Q setting) 1.2

34-Q and 40-Q Rg Internal series termination with | Vo = 1.5, 1.35, 1.25, +15 +15 +15 %
calibration (34-Q and 40-Q 1.2
setting)

48-Q), 60-Q), and 80- | Internal series termination with | Vocio = 1.2 +15 +15 *15 %

QRg calibration (48-Q), 60-Q), and
80-Q) setting)

50-Q Rt Internal parallel termination Voo =2.5,1.8,1.5,1.2 —-10 to +40 —-10 to +40 -10 to +40 %
with calibration (50-Q setting)

20-Q, 30-Q, 40-Q,60- | Internal parallel termination Veeio = 1.5, 1.35, 1.25 -10 to +40 -10 to +40 -10 to +40 %

Q, and 120-Q Rt with calibration (20-(, 30-Q,
40-Q, 60-Q), and 120-() setting)
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Pin Capacitance 1-15

0.189

2.5 0.208

1.8 0.266

dR/dT 22;[‘m\)/?;g1(‘:§)n with temperature without 15 0273 %/°C

1.35 0.200

1.25 0.200

1.2 0.317

Pin Capacitance

Table 1-11: Pin Capacitance for Arria V Devices

Ciors Input capacitance on top/bottom I/O pins

Ciolr Input capacitance on left/right I/O pins 6 pF
CouTrs Input capacitance on dual-purpose clock output/feedback pins 6 pF
CIOVREE Input capacitance on Vygg pins 48 pF

Hot Socketing

Table 1-12: Hot Socketing Specifications for Arria V Devices

LiopN (DC) DC current per I/O pin
LIOPIN (AC) AC current per I/O pin 810 mA
Ixcvr-TX (DC) DC current per transceiver transmitter (TX) pin 100 mA
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Quartus Prime 1st

Quartus Prime Vg Setting
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Post Tap Pre-
16 — — 9.56 7.73 6.49 — — dB
17 — — 10.43 8.39 7.02 — — dB
18 — — 11.23 9.03 7.52 — — dB
19 — — 12.18 9.7 8.02 — — dB
20 — — 13.17 10.34 8.59 — — dB
21 — — 14.2 11.1 — — — dB
22 — — 15.38 11.87 — — — dB
23 — — — 12.67 — — — dB
24 — — — 13.48 — — — dB
25 — — — 14.37 — — — dB
26 — — — — — — — dB
27 — — — — — — — dB
28 — — — — — — — dB
29 — — — — — — — dB
30 — — — — — — — dB
31 — — — — — — — dB
Related Information

SPICE Models for Altera Devices
Provides the Arria V HSSI HSPICE models.

Transceiver Compliance Specification

The following table lists the physical medium attachment (PMA) specification compliance of all supported protocol for Arria V GX, GT, SX, and ST
devices. For more information about the protocol parameter details and compliance specifications, contact your Altera Sales Representative.

Altera Corporation
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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
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> Frequenc
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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 1-7: Timing Diagram for oe and dyn_term_ctrl Signals
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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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HPS Clock Performance

Table 1-48: HPS Clock Performance for Arria V Devices

HPS Clock Performance 1-59

mpu_base_clk (microprocessor unit clock) 1050

main_base_clk (L3/L4 interconnect clock) 400 400 400 350 MHz
h2f_user0_clk 100 100 100 100 MHz
h2f_userl_clk 100 100 100 100 MHz
h2f_user2_clk 200 200 200 160 MHz

HPS PLL Specifications

HPS PLL VCO Frequency Range

Table 1-49: HPS PLL VCO Frequency Range for Arria V Devices

-C5, -15, -C6 1,600
VCO range -C4 320 1,850 MHz
-13 320 2,100 MHz

HPS PLL Input Clock Range

The HPS PLL input clock range is 10 — 50 MHz. This clock range applies to both HPS_CLK1 and HPS_CLK?2 inputs.

Related Information

Clock Select, Booting and Configuration chapter
Provides more information about the clock range for different values of clock select (CSEL).
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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
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Figure 1-20: NAND Data Read Timing Diagram
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ARM Trace Timing Characteristics

Table 1-61: ARM Trace Timing Requirements for Arria V Devices

Most debugging tools have a mechanism to adjust the capture point of trace data.

CLK clock period 12.5 — ns
CLK maximum duty cycle 45 55 %
CLK to D0 -D7 output data delay -1 1 ns

UART Interface

The maximum UART baud rate is 6.25 megasymbols per second.

GPIO Interface
The minimum detectable general-purpose I/O (GPIO) pulse width is 2 ps. The pulse width is based on a debounce clock frequency of 1 MHz.
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FPP Configuration Timing when DCLK-to-DATA[] >1

Table 1-67: FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Arria V Devices

FPP Configuration Timing when DCLK-to-DATA[] >1 1-79

Use these timing parameters when you use the decompression and design security features.

Symbol

Parameter

— 600 ns

terach NCONFI Glow to CONF_DONE low

ter28TO NnCONFI Glow to nSTATUS low — 600 ns
tcrg nCONFI Glow pulse width 2 — s
tSTATUS nSTATUS low pulse width 268 15069 us
terasTI nCONFI Ghigh to nSTATUS high — 15067 us
tepack 10 nCONFI Ghigh to first rising edge on DCLK 1506 — us
terack'” nSTATUS high to first rising edge of DCLK 2 — us
tpsu DATA[] setup time before rising edge on DCLK 5.5 — ns
tpy DATA[ ] hold time after rising edge on DCLK N - 1/fpc oV — s
tcH DCLK high time 0.45 x 1/fjpax — s
ter DCLK low time 0.45 x 1/fyrax — s
terx DCLK period 1/fpmax — s
fvmax DCLK frequency (FPP x8/ x16) — 125 MHz
tR Input rise time — 40 ns
tp Input fall time — 40 ns
tepauM CONF_DONE high to user mode(!%? 175 437 us

8 This value can be obtained if you do not delay configuration by extending the nCONFI Gor nSTATUS low pulse width.

9 This value can be obtained if you do not delay configuration by externally holding nSTATUS low.

(100) Tf nSTATUS is monitored, follow the tg,ck specification. If nSTATUS is not monitored, follow the tcpyck specification.
(100" N is the DCLK-to-DATA[ ] ratio and fpcy is the DCLK frequency of the system.
(102) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.
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2017.02.10 Glossary
PLL specifications Diagram of PLL specifications
Switchover CLKOUT Pins
4 for _ext
m
fiy firem
N
o || o | IF || v [fwo Counters four GCLk
Core Clock .a7
j RCLK
Delta Sigma
Modulator
Legend
D Reconfigurable in User Mode External Feedback
Note:
(1) Core Clock can only be fed by dedicated clock input pins or PLL outputs.
Ry Receiver differential input discrete resistor (external to the Arria V device).
Sampling window (SW) Timing diagram—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 in the sampling window, as shown:

<

Bit Time

>

0.5xTCCS

RSKM

Sampling Window
(Sw)

RSKM

0.5x TCCS
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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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S T S

November 2012 3.0 + Updated Table 2, Table 4, Table 9, Table 14, Table 16, Table 17, Table 20, Table 21, Table 25, Table 29, Table
36, Table 56, Table 57, and Table 60.
« Removed table: Transceiver Block Jitter Specifications for Arria V Devices.
o Added HPS information:
o Added “HPS Specifications” section.
o Added Table 38, Table 39, Table 40, Table 41, Table 42, Table 43, Table 44, Table 45, Table 46, Table 47,
Table 48, Table 49, and Table 50.
 Added Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12, Figure 13, Figure 14, Figure 15, Figure
16, Figure 17, Figure 18, and Figure 19.
« Updated Table 3 and Table 5.
October 2012 24  Updated Arria V. GX Vccr 6xL/R VeeT GxsL/r and Veer, gxpr/r minimum and maximum values, and data
rate in Table 4.
o Added receiver Vicy (AC coupled) and Vicy (DC coupled) values, and transmitter Vocy (AC coupled) and
Vocum (DC coupled) values in Table 20 and Table 21.
August 2012 23 Updated the SERDES factor condition in Table 30.
July 2012 2.2 + Updated the maximum voltage for V| (DC input voltage) in Table 1.
« Updated Table 20 to include the Arria V GX -I3 speed grade.
« Updated the minimum value of the fixedclk clock frequency in Table 20 and Table 21.
« Updated the SERDES factor condition in Table 30.
 Updated Table 50 to include the IOE programmable delay settings for the Arria V. GX -I3 speed grade.
June 2012 2.1 Updated Ver_gxsrr. Veer oxsr/rs and Veer, gxsryr Values in Table 4.
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Symbol/Description

Conditions

Transceiver Speed Grade 2

I (- T O v =
— = 1.6 — — 1.6

Transceiver Speed Grade 3

Receiver 2-25

Maximum peak-to-peak differential — A
input voltage Vip, (diff p-p) before
device configuration
Veer axp = 1.0V — — 1.8 — — 1.8 A\
Maximum peak-to-peak differential (Viem = 0.75 V)
input voltage Vip (diff p-p) after
device configuration (149 Veacer gxg =085V — — 2.4 — — 2.4 \Y%
(Viem=0.6V)
Minimum differential eye opening at — 85 — — 85 — — mV
receiver serial input pins (147148
85—-(2 setting — 85 £30% — — 85 — Q
+30%
100-Q2 setting — 100 — — 100 — Q
Differential on-chip termination +30% +30%
resistors 120-Q setting — 120 — — 120 — Q
+30% +30%
150-Q2 setting — 150 — — 150 — Q
*+30% +30%

(146) The maximum peak to peak differential input voltage Vip after device configuration is equal to 4 x (absolute Vy(x for receiver pin - Vicy).
(147) The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver Equaliza-

tion, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(148 Minimum eye opening of 85 mV is only for the unstressed input eye condition.
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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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Symbol Conditions
o [ [ e [ | e
Total Jitter for Data Rate — — 160 — — 160 ps
ty jitter - 1rue Differential I/O 600 Mbps - 1.25 Gbps
Standards Total Jitter for Data Rate — — 0.1 — — 0.1 Ul
< 600 Mbps
t, jitter - Emulated Differential Total Jitter for Data Rate — — 300 — — 325 ps
I/O Standards with Three 600 Mbps - 1.25 Gbps
External Output Resistor Total Jitter for Data Rate — — 0.2 — — 0.25 Ul
Network < 600 Mbps
tpuTy Transmitter output clock duty 45 50 55 45 50 55 %
cycle for both True and Emulated
Differential I/O Standards
True Differential I/O Standards — — 200 — — 200 ps
Emulated Differential I/O — — 250 — — 300 s
trisE & traLL P
Standards with three external
output resistor networks
True Differential I/O Standards — — 150 — — 150 ps
TCCS Emulated Differential I/O — — 300 — — 300 ps
Standards
Receiver High-Speed 1/0 Specifications
Table 2-41: Receiver High-Speed 1/0 Specifications for Arria V GZ Devices
When J = 3 to 10, use the serializer/deserializer (SERDES) block.
When ] =1 or 2, bypass the SERDES block.
Arria V GZ Device Datasheet Altera Corporation
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OCT Calibration Block Specifications

Table 2-51: OCT Calibration Block Specifications for Arria V GZ Devices

OCT Calibration Block Specifications 2-55

OCTUSRCLK Clock required by the OCT calibration blocks

TocTcaL Number of OCTUSRCLK clock cycles required for OCT Rg/Rry calibration — 1000 Cycles
ToCTSHIFT Number of OCTUSRCLK clock cycles required for the OCT code to shift out — 32 Cycles
Tgrs_rT Time required between the dyn_term ctrl and oe signal transitions in a — 2.5 ns

bidirectional I/O buffer to dynamically switch between OCT Rg and R (See

the figure below.)

Figure 2-6: Timing Diagram for oe and dyn_term ctr| Signals
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Duty Cycle Distortion (DCD) Specifications

Table 2-52: Worst-Case DCD on Arria V GZ I/O Pins

The DCD numbers do not cover the core clock network.
C3 13L C4,14

e ““m

Output Duty Cycle | | | | %

Configuration Specification

POR Specifications

Table 2-53: Fast and Standard POR Delay Specification for Arria V GZ Devices

Select the POR delay based on the MSEL setting as described in the “Configuration Schemes for Arria V Devices” table in the Configuration, Design
Security, and Remote System Upgrades in Arria V Devices chapter.

Fast 4 12 202)
Standard 100 300

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

(202) The maximum pulse width of the fast POR delay is 12 ms, providing enough time for the PCle hard IP to initialize after the POR trip.
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2017.02.10 FPP Configuration Timing when DCLK to DATA[] = 1 2-61
tcpacu | CONF_DONE high to CLKUSR enabled 4 X maximum
DCLK period
tcpaum | CONF_DONE high to user mode with CLKUSR option on tcpacu + — —
c (8576 x CLKUSR period)
(209)
Related Information

« DCLK-to-DATA[] Ratio (r) for FPP Configuration on page 2-57
« Configuration, Design Security, and Remote System Upgrades in Arria V Devices

(208) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.
(209 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.
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Passive Serial Configuration Timing
Figure 2-10: PS Configuration Timing Waveform

Timing waveform for a passive serial (PS) configuration when using a MAX II device, MAX V device, or microprocessor as an external host.
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Notes:

1. 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.

2. After power-up, the Arria V GZ device holds nSTATUS low for the time of the POR delay.

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

4. Do not leave DCLK floating after configuration. DCLK is ignored after configuration is complete.
It can toggle high or low if required.

5. DATAQ is available as a user I/O pin after configuration. The state of this pin depends on the
dual-purpose pin settings in the Device and Pins Option.

6.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.

7. After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE goes low.
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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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