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AV-51002-3.0 Datasheet

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.
“ e For more information about the densities and packages of devices in the Arria V
family, refer to the Arria V Device Overview.

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.
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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.
Conditions outside the range listed in Table 1 may cause permanent damage to the

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

CAUTION

Tahle 1. Absolute Maximum Ratings for Arria V Devices—Preliminary

Symbol Description Minimum | Maximum Unit
Vee Core voltage power supply -0.50 1.35 v
Veer Peri.phery circuitry, PCle® hard IP block, and transceiver physical 050 135 Y

coding sublayer (PCS) power supply
Vecram Configuration pins power supply -0.50 3.75 v
Vecaux Auxiliary supply -0.50 3.75 v
Vecear Battery back-up power supply for design security volatile key register —-0.50 3.75 v
Veern I/0 pre-driver power supply -0.50 3.75 v
Veeio I/0 power supply -0.50 3.90 v
Veep rpLL Phase-locked loop (PLL) digital power supply -0.50 1.80 v
Veca epLL PLL analog power supply -0.50 3.75 v
Veca axs Transceiver high voltage power -0.50 3.75 v
VecH 6xs Transmitter output buffer power -0.50 1.80 v
ViR 6xs Receiver power -0.50 1.35 v
Veer 6xs Transmitter power -0.50 1.35 V
Vel 6xs Clock network power -0.50 1.35 V
\ DC input voltage -0.50 3.70 v
Ve Hps HPS core voltage and periphery circuitry power supply -0.50 1.35 v
Vecpn_Hps HPS 1/0 pre-driver power supply -0.50 3.75 v
Vecio_Hps HPS 1/0 power supply -0.50 3.90 v
Vocrstowk nes | HPS reset and clock input pins power supply -0.50 3.75 v
VeopLL HPs HPS PLL analog power supply -0.50 3.75 v
lout DC output current per pin -25 40 mA
T, Operating junction temperature -55 125 °C
Tst6 Storage temperature (No bias) —65 150 °C
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Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed in Table 2 and
undershoot to —2.0 V for input currents less than 100 mA and periods shorter than
20 ns.

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 3.95 V can only be at 3.95 V for ~5% over the
lifetime of the device; for a device lifetime of 10 years, this amounts to half a year.

Table 2 lists the maximum allowed input overshoot voltage and the duration of the
overshoot voltage as a percentage of device lifetime.

Table 2. Maximum Allowed Overshoot During Transitions for Arria V Devices—Preliminary

Symbol | Description | Condition (V) Overshoot Duration as % of High Time Unit
3.8 100 %
3.85 68 %
3.9 45 %
3.95 28 %
4 15 %
4.05 13 %
4.1 11 %
_ 4.15 9 %
Vi (AC) Cgtg‘gpe“t 42 8 %
4.25 7 %
4.3 5.4 %
4.35 3.2 %
4.4 1.9 %
4.45 1.1 %
4.5 0.6 %
4.55 0.4 %
4.6 0.2 %
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Recommended Operating Conditions

This section lists the functional operation limits for the AC and DC parameters for

Arria V devices.

Table 3 lists the steady-state voltage values expected from Arria V devices. Power
supply ramps must all be strictly monotonic, without plateaus.

Table 3. Recommended Operating Conditions for Arria V Devices—Preliminary (Part 1 of 2)

Symbol Description Condition Minimum Typical | Maximum | Unit

Vo Core voltage power supply —-C4, -5, -C5, -C6 1.07 1.1 1.13 v
-3 1.12 1.15 1.18 v
Vegp Periphery circuitry, PCle hard IP block, and -C4, -15, -C5, -C6 1.07 11 1.13 v
transceiver PCS power supply -3 112 1.15 118 v
Configuration pins (3.3 V) power supply — 3.135 3.3 3.465 vV
Vecoen Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 v
Configuration pins (2.5 V) power supply — 2.375 25 2.625 v
Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 v
Vecaux Auxiliary supply — 2.375 2.5 2.625 v
Vooer (7 ?Fa;treégsti)gﬁks-g(?u?i(t);v \E/}cr)lzltji?epllz/ey register) - 12 15 30 v
/0 pre-driver (3.3 V) power supply — 3.135 3.3 3.465 v
Vecep @ /0 pre-driver (3.0 V) power supply — 2.85 3.0 3.15 v
/0 pre-driver (2.5 V) power supply — 2.375 25 2.625 v
/0 buffers (3.3 V) power supply — 3.135 3.3 3.465 v
/0 buffers (3.0 V) power supply — 2.85 3.0 3.15 v
/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 V
Y /0 buffers (1.8 V) power supply — 1.71 1.8 1.89 v
ccio 1/0 buffers (1.5 V) power supply — 1.425 15 1,575 v
/0 buffers (1.35 V) power supply — 1.283 1.35 1.418 V
/0 buffers (1.25 V) power supply — 1.19 1.25 1.31 V
/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 V
Veen FpLL PLL digital voltage regulator power supply — 1.425 1.5 1.575 vV
Veca rpLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 v
Vv, DC input voltage — -0.5 — 3.6 v
Vo Output voltage — 0 — Veeo v
o Commercial 0 — 85 °C

T, Operating junction temperature -
Industrial -40 — 100 °C
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Table 3. Recommended Operating Conditions for Arria V Devices—Preliminary (Part 2 of 2)

Symbol Description Condition Minimum Typical Maximum | Unit
trawp @ Power supply ramp time Standard POR 200 ps — 100 ms —
- oy Fast POR 200 us — 4ms —

Notes to Table 3:

(1) Ifyou do not use the design security feature in Arria V devices, connect Veegar to @ 1.5-V, 2.5-V or 3.0-V power supply. Arria VV power-on reset (POR) circuitry
monitors Vgggar- Arria V devices do not exit POR if Vogar Stays low.

(2) Vecpp must be 2.5V when Vg is 2.5, 1.8, 1.5, 1.35, 1.25 or 1.2 V. Vgpp must be 3.0 V when Vg g is 3.0 V. Vepp must be 3.3 V when Vg g is 3.3 V.

(3) This is also applicable to HPS power supply. For HPS power supply, refer to tgamp Specifications for standard POR when HPS_PORSEL = 0 and tgayp
specifications for fast POR when HPS_PORSEL =1.

Table 4 lists recommended operating conditions for Arria V transceiver power

supplies.
Table 4. Transceiver Power Supply Operating Gonditions for Arria V GX and GT Devices—Preliminary
Symbol Description Minimum Typical Maximum | Unit

V Transceiver high voltage power (left side

CCh_6x6L Iver high voltage power (left side) 2375 2500 2625 | V
Vica 6xer Transceiver high voltage power (right side)

v All GX speed grades—receiver power (left side

CCR 6XBL peed were (, _) 1.081.12 | 11115 | 114118 | V
Vecr_axer All GX speed grades—receiver power (right side)

v All GT speed grades—receiver power (left side

CCR_GXEL peed Iver power (left side) 117 120 123 v
VR axeR All GT speed grades—receiver power (right side)

v All GX speed grades—transmitter power (left side

CCT_BXBL peec erp (, _) 1.08/1.12 | 1111500 | 114/1.18 | V
Veer 6x8R All GX speed grades—transmitter power (right side)

v All GT speed grades—transmitter power (left side

CCT_ X6 peet tter power (feft side) 147 120 123 v
Veer 6x8R All GT speed grades—transmitter power (right side)

V Transmitter output buffer power (left side

CCH_GX6L rHer ou power (feft side) 1.425 1500 1575 | v
VecH GxBR Transmitter output buffer power (right side)

v All GX speed grades—clock network power (left side

CoL6x6L peed power (et side) | he112 [ 1411500 | 114148 | v
Vel 6x8r All GX speed grades—clock network power (right side)

v All GT speed grades—clock network power (left side

CoLGXBL peed power (leftside) | 5 120 123 v
Vel 6xsr All GT speed grades—clock network power (right side)

Note to Table 4:

(1) For data rate <=3.2 Gbps, connect Veer axsims Voo axsums OF Veor axaum t0 either 1.1-V or 1.15-V power supply. For data rate >3.2 Gbps, connect

Vocr_axurs Voot exaLmrs OF Vel exsur 10 @ 1.15-V power supply. For details, refer to the Arria V Device Family Pin Connection Guidelines.

November 2012  Altera Corporation
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Electrical Characteristics

Table 5 lists the steady-state voltage and current values expected from Arria V

system-on-a-chip (SoC) FPGA with ARM®-based hard processor system (HPS). Power
supply ramps must all be strictly monotonic, without plateaus.

Table 5. HPS Power Supply Operating Conditions for Arria V SX and ST Devices (—Preliminary

Symbol Description Minimum Typical Maximum | Unit
Ve Hps HPS Core voltage and periphery circuitry power supply 1.07 1.1 1.13 v
HPS 1/0 pre-driver (3.3 V) power supply 3.135 3.3 3.465 v
Vecpp_Hps HPS 1/0 pre-driver (3.0 V) power supply 2.85 3.0 3.15 v
HPS 1/0 pre-driver (2.5 V) power supply 2.375 2.5 2.625 v
HPS 1/0 buffers (3.3 V) power supply 3.135 3.3 3.465 V
HPS 1/0 buffers (3.0 V) power supply 2.85 3.0 3.15 v
Voo s HPS 1/0 buffers (2.5 V) power supply 2.375 2.5 2.625 v
- HPS 1/0 buffers (1.8 V) power supply 1.71 1.8 1.89 V
HPS 1/0 buffers (1.5 V) power supply 1.425 1.5 1.575 v
HPS 1/0 buffers (1.2 V) power supply 1.14 1.2 1.26 V
HPS reset and clock input pins (3.3 V) power supply 3.135 3.3 3.465 vV
HPS reset and clock input pins (3.0 V) power supply 2.85 3.0 3.15 v
VeersTeLK_HPs . .
HPS reset and clock input pins (2.5 V) power supply 2.375 2.5 2.625 v
HPS reset and clock input pins (1.8 V) power supply 1.71 1.8 1.89 V
VecpLL Hps HPS PLL analog voltage regulator power supply 2.375 2.5 2.625 v
Ve aux snaren | HPS and FPGA shared auxiliary power supply 2.375 2.5 2.625 v

Note to Table 5:

(1) Refer to Table 3 for the steady-state voltage values expected from the FPGA portion of the Arria V system-on-a-chip (SoC) FPGAs.

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

November 2012  Altera Corporation



Electrical Characteristics

Page 7

DC Characteristics

This section lists the following specifications:
m Supply Current and Power Consumption
m [/O Pin Leakage Current

m Bus Hold Specifications

m  OCT Specifications

m Pin Capacitance

m Hot Socketing

Supply Current and Power Consumption

Standby current is the current drawn from the respective power rails used for power
budgeting.

Altera offers two ways to estimate power for your design—the Excel-based Early
Power Estimator (EPE) and the Quartus® II PowerPlay Power Analyzer feature.

Use the Excel-based Early Power Estimator (EPE) before you start your design to
estimate the supply current for your design. The EPE provides a magnitude estimate
of the device power because these currents vary greatly with the resources you use.

The Quartus Il PowerPlay Power Analyzer provides better quality estimates based on
the specifics of the design after you complete place-and-route. The PowerPlay Power
Analyzer can apply a combination of user-entered, simulation-derived, and estimated
signal activities that, when combined with detailed circuit models, yields very
accurate power estimates.

For more information about power estimation tools, refer to the PowerPlay Early Power
Estimator User Guide and the PowerPlay Power Analysis chapter in the Quartus 11
Handbook.

1/0 Pin Leakage Current
Table 6 lists the Arria V I/O pin leakage current specifications.

Table 6. 1/0 Pin Leakage Current for Arria V Devices—Preliminary

Symbol Description Conditions Min Typ Max Unit
|| Input pin V| =0Vto VCClOMAX =30 — 30 l.lA
loz Tri-stated 1/0 pin Vg =0V 10 Vegiomax -30 — 30 LA
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Bus Hold Specifications
Table 7 lists the Arria V device bus hold specifications.

Table 7. Bus Hold Parameters for Arria V Devices (—Preliminary

Veeio (V)
Parameter | Symbol | Conditions 1.2 1.5 1.8 2.5 3.0 3.3 Unit
Min | Max | Min Max | Min | Max | Min | Max | Min | Max | Min | Max

Bus-hold, .Y

>
ow, e M e 2 | — o — 0ol — || —=|n0|—=]|um
sustaining (max.)
current
Bus-hold,
i Viy<V
high, | ST g o | — | s0| — | 80| — | 70| — | 70| — | A
sustaining (min.)
current
Bus-hold,
low, 0V<V|N< _ _ _ . _ .
overdrive lopL Vegro 125 175 200 300 500 500 | pA
current
Bus-hold,
high, 0V<Vin< | | L i | | | |
overdrive lopH Vesro 125 175 200 300 500 500 | pA
current
Bus-hold 1, — 03 | 09 | 0375|1125 | 068|107 | 07 |17 |08 | 2 |08 | 2 | v
trip point

Note to Table 7:
(1) The bus-hold trip points are based on calculated input voltages from the JEDEC standard.
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OCT 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 8 lists the Arria V OCT termination calibration accuracy specifications.

Table 8. OCT Calibration Accuracy Specifications for Arria V Devices ("—Preliminary

Symbol

Description

Conditions (V)

Calibration Accuracy

13, C4

15, C5

C6

Unit

25-QRs

Internal series termination
with calibration
(25-Qsetting)

Veeio = 3.0, 2.5, 1.8,
15,12

%

50-QRs

Internal series termination
with calibration
(50-Q setting)

Vegio = 3.0, 2.5, 1.8,
15,1.2

%

34-Qand 40-QRg

Internal series termination
with calibration
(34-Qand 40-Q setting)

%

48-Q 60-Q and
80-QRg

Internal series termination
with calibration

(48-Q 60-Q and 80-Q
setting)

Veeio=1.2

%

50-QRy

Internal parallel
termination with
calibration (50-Q2 setting)

Vicio=25,1.8,1.5,
1.2

-10 to +40

-10 to +40

-10 to +40

%

20-Q, 30-Q
40-Q,60-Q, and
120-QR;

Internal parallel
termination with
calibration

(20-Q 30-Q3 40-Q

60-Q and 120-Q setting)

Vegio = 1.5,1.35,1.25

-10 to +40

-10 to +40

-10 to +40

%

60-Qand 120-Q Ry

Internal parallel
termination with
calibration

(60-Qand 120-Q setting)

Veeio=1.2

-10 to +40

-10 to +40

-10 to +40

%

25-QRs et shitt

Internal left shift series
termination with
calibration
(25-QRs_ert_snirt Setting)

Vicio=3.0,2.5,1.8,
15,12

%

Note to Table 8:

(1) OCT calibration accuracy is valid at the time of calibration only.

I =

Calibration accuracy for the calibrated on-chip series termination (Rg OCT) and

on-chip parallel termination (Ry OCT) are applicable at the moment of calibration.
When process, voltage, and temperature (PVT) conditions change after calibration,

the tolerance may change.

November 2012  Altera Corporation
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Electrical Characteristics

Table 9 lists the Arria V OCT without calibration resistance tolerance to PVT changes.

Table 9. OCT Without Calibration Resistance Tolerance Specifications for Arria V Devices—Preliminary

Resistance Tolerance
Symbol Description Conditions (V) Unit
13, C4 15, C5 C6

Internal series termination

25-QRg without calibration Vecio=3.0and 2.5 +30 +40 +40 %
(25-Qsetting)
Internal series termination

25-QRg without calibration Veco=1.8and 1.5 +30 40 +40 %
(25-Q setting)
Internal series termination

25-QRs without calibration Vecio=1.2 +35 +50 +50 %
(25-Qsetting)
Internal series termination

50-QRs without calibration (50-Q Veeio=3.0and 2.5 +30 40 +40 %
setting)
Internal series termination

50-QRs without calibration Vecio=1.8and 1.5 +30 +40 +40 %
(50-Q setting)
Internal series termination

50-Q Rg without calibration Vecio=1.2 +35 +50 +50 %
(50-Q setting)
Internal differential o

100-2 Ry termination (100-Qsetting) Vocio = 2.5 +25 =40 +40 &

Use Table 10 to determine the OCT variation after power-up calibration and
Equation 1 to determine the OCT variation without recalibration.

Equation 1. OCT Variation Without Recalibration (*): (2 (3 (4): (5). (6/—Preliminary

dR dR
Rocr = RSCAL(I +{ G X ADH 7% AV))

Notes to Equation 1:

(1) The Rggr value calculated from Equation 1 shows the range of OCT resistance with the variation of temperature and

cClo-
2

3

5
6

(2) Rgear is the OCT resistance value at power-up.
(3) AT is the variation of temperature with respect to the temperature at power up.
(4) AV is the variation of voltage with respect to the Vg o at power up.

(5) dR/dT is the percentage change of Rgca With temperature.

(6) dR/dV is the percentage change of Rgga, With voltage.

Arria V GX, GT, SX, and ST Device Datasheet
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Table 10 lists OCT variation with temperature and voltage after power-up calibration.

Table 10. OCT Variation after Power-Up Calibration for Arria V Devices ('— Preliminary

Symbol Description Veeio (V) Value Unit
3.0 0.0297
o _ 2.5 0.0344
dR/dV OCT yarlqtlon of voltage without 18 0.0499 %/mV
recalibration
15 0.0744
1.2 0.1241
3.0 0.189
o ' 2.5 0.208
dR/dT 0CT variation of temperature without 18 0.266 %/°C
recalibration
15 0.273
1.2 0.317
Note to Table 10:
(1) Valid for a Vggio range of 5% and temperature range of 0° to 85°C.
Pin Capacitance
Table 11 lists the Arria V pin capacitance.
Table 11. Pin Capacitance for Arria V Devices
Symbol Description Value Unit
Ciots Input capacitance on top/bottom 1/0 pins 5.5 pF
Ciotr Input capacitance on left/right I/0 pins 55 pF
Coutrs Input capacitance on dual-purpose clock output/feedback pins 5.5 pF
Ciovrer Input capacitance on Vggs pins 48 pF
Hot Socketing
Table 12 lists the hot socketing specifications for Arria V devices.
Table 12. Hot Socketing Specifications for Arria V Devices—Preliminary
Symbol Description Maximum
liopin (DC) DC current per 1/0 pin 300 uA
||OP|N (AC) AC current per 1/0 pin 8mA (1)
DC current per transceiver transmitter (TX
- o curent? ™ 100 mA
Ixove-ax o) DC current per transceiver receiver (RX) pin 50 mA

Note to Table 12:

(1) The 1/0 ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |l,gpiy| = C dv/dt, in which C is the 1/0 pin
capacitance and dv/dt is the slew rate.

November 2012  Altera Corporation
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Internal Weak Pull-Up Resistor

Table 13 lists the weak pull-up resistor values for Arria V devices.

Table 13. Internal Weak Pull-Up Resistor Values for Arria V Devices (: (2—Preliminary

Symbol Description Conditions (V)® | Value | Unit
VCCIO =33 5% 25 kQ

VCClO =3.0 5% 25 kQ

Vecio =2.5 5% 25 kQ

Valug of the /0 pin pull-up resistor pefore and during Voo = 1.8 £5% o5 KQ

Ry configuration, as well as user mode if you have enabled the S

programmable pull-up resistor option. Vegio = 1.5 5% 25 kQ

VCCIO =1.35+5% 25 kQ

VCCIO =1.25+5% 25 kQ

Vecio=1.2 £5% 25 kQ

Notes to Table 13:

M
@)

)
(4)

I/0 Standard Specifications

Table 14 through Table 19 list the input voltage (Vi and V), output voltage (Vo and

All'1/0 pins have an option to enable weak pull-up except the configuration, test, and JTAG pins.

The internal weak pull-down feature is only available for the JTAG Tck pin. The typical value for this internal weak pull-down resistor is
approximately 25 kC2.

Pin pull-up resistance values may be lower if an external source drives the pin higher than Vegq.
Valid with £10% tolerances to cover changes over PVT.

VoL), and current drive characteristics (Ioy and Ip;) for various I/0O standards
supported by Arria V devices.

For an explanation of terms used in Table 14 through Table 19, refer to “Glossary” on

page 1-58.
Table 14. Single-Ended 1/0 Standards for Arria V Devices—Preliminary (Part 1 of 2)
Veen (V) Vi (V) Vi (V) Vo (V) Vou (V) ) )
1/0 Standard :'I"Ll a) I("m“ a)
Min Typ | Max Min Max Min Max Max Min
3.3-VLVITL | 3.135 | 3.3 | 3.465 | 0.3 0.8 1.7 3.6 0.45 2.4 4 -4
3.3-v
LVCMOS 3.135 | 3.3 | 3.465 | 0.3 0.8 1.7 3.6 0.2 Vegio— 0.2 2 -2
3.0-V LVTTL 2.85 3 315 | -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
3.0-v
LVCMOS 2.85 3 3.15 | -0.3 0.8 1.7 3.6 0.2 Vegio— 0.2 0.1 | -0.1
3.0-V PCI 2.85 3.15 — 0.3 x Vo 0.5xVeeio | Vecio+ 0.3 | 0.1 x Vo 0.9 x V¢eio 1.5 -05
3.0-V PCI-X 2.85 3.15 — 0.35x VCClO 0.5x VCClO VCClO +03 0.1x VCClO 0.9x VCClO 1.5 -0.5
25V 2375 | 25 | 2.625 | 0.3 0.7 1.7 3.6 0.4 2 1 -1
1.8V 171 | 1.8 | 1.89 | 0.3 | 0.35x Vo %65 X Vego + 0.3 0.45 Vecio—0.45 | 2 -2
cclo
15V 1425 | 15 | 1575 | 0.3 | 0.35 x Vggyg ({}65 X | Voo +0.3 | 025X Vgo | 075xVego | 2 | -2
cclo
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Table 14. Single-Ended 1/0 Standards for Arria V Devices—Preliminary (Part 2 of 2)

Vecio (V) Vi (V) Viu (V) Vo (V) Vou (V) b (0 | 1o (1)
1/0 Standard ('I’; a) ("m“ a)
Min Typ | Max Min Max Min Max Max Min
1.2V 114 | 12 | 126 | 03 | 035xVeo | 0% | Vooo+03 | 025xVeno | 0.75xVego | 2 | -2
CClo

Note to Table 14:

(1) To meet the lg_and loy Specifications, you must set the current strength settings accordingly. For example, to meet the SSTL15CI specification (8 mA), you
should set the current strength settings to 8 mA. Setting at lower current strength may not meet the |, and Iy specifications in the handbook.

Table 15. Single-Ended SSTL and HSTL 1/0 Reference Voltage Specifications for Arria V Devices— Preliminary

VeciolV) Vier(V) Vri(V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max
SSTL-2
Class I, I 2.375 2.5 2.625 0.49 x VCClO 0.5x VCClO 0.51 x VCClO VREF -0.04 VREF VREF +0.04
ol 171 | 18 | 189 | 0833 09 0969 | Vegr—0.04 | Vagr | Vegr +0.04
SSTL-15
Class I, Il 1.425 15 1.575 0.49 x Vg | 0.5 x Vggio | 0.51 xVegio | 0.49 X Veeio 0.5 x Vggio | 0.51 x Vggo
EETSLSH‘? 1283 | 135 | 1.418 | 0.49xVego | 0.5 Vogo | 051X Vego | 049 xVego | 0.5 % Vearo | 051 X Vegio
glsaTs';: 2|5| 119 | 125 | 126 | 049%Vggp | 0.5%Vego | 051 X Vego | 0.49X Vego | 0.5 % Vegro | 059 X Vegio
HSTL-18
Class I, I 1.71 18 1.89 0.85 0.9 0.95 — Vegio/2 —
HSTL-15
Class 11 1425 | 15 | 1575 0.68 0.75 0.9 — Veeio/2 —
EETS';':ZH 114 | 12 | 126 | 047xVego | 0.5 % Vego | 0.53 X Veao — Voor/2 —
HSUL-12 1.14 1.2 1.3 0.49 XVCCIO 0.5 XVCCIO 0.51 XVCCIO — — —
Table 16. Single-Ended SSTL and HSTL I/0 Standards Signal Specifications for Arria V Devices—Preliminary (Part 1 of
2)

|/0 Standard vIL(DC) (v) vIH(DG) (V) vIL(AG) (V) vIH(AG) (V) VOL (V) VOH (v) |u| (1) Ioh (1)

Min | Max | Min | Max | Max Min Max Min (mA) | (mA)
o2 03 | e | S| Voo | Ve v 4081 | V- 0608 | Vir+0608 | 81 | -8
SSTL-2 v v v Vigr —
Class I 03 | | e | TR PR | Veer+ 031 | Vr-081 | Vir+081 | 162 | -162
SSTL-18 _ Vrer Veer+ | Vecio + VRer — _ .
Class | 03 | fo | e | e g5 | Vaer+0.25 | Vry—0.603 | Vir+0603 | 67 6.7
SSTL-18 _ Vrer Veee+ | Vecio+ | Veer— _ _
Class Il 03 | o425 | 0125 | 03 | o025 | Veer*025) 028 1 Veuo=0.28 ) 134 | ~134
SSTL-15 _ VeRer— | VRer + _ VRer — VRer + _
Class | 0.1 0.1 0175 | 0175 | %2XVeoo | 08xVeoo | 8 8
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Table 16. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications for Arria V Devices—Preliminary (Part 2 of

?)
o stongard |15 Voo V) | Vi ) | Viea ) | Vo (V) Vu) | o | g,
Min Max Min Max Max Min Max Min (mA) (mA)
cassi |~ |G | 6 | — | ofis | ofm | 02XVes |08V | 10 | 16
ssTL1gs | — | e e e v 016 | 02xVogo | 08xVego | — | —
SSTL-125 — V&gs— V&g; — Vd“_ E1F5_ Vree +0.15 | 0.2x Veeio | 0.8 x Vegio - —
gz.TSI;rS _ YSE; VBE; * — VBE_E‘ Vper + 0.2 0.4 Voo = 0.4 8 -8
s 1 — | Ve Ve T Ve 02 | 04 | Vego-04 | 16 | 16
EETSI;F — | Ve | Ve ) Ve 00 04 | Vego-04 | 8 -8
s 1 — | Ve Ve o Ve 02 | 04 | Vogo04 | 16 | 16
ciasat | 015 | 'G5 | G | G | 05 | Vest018 |02V 075xVeen) 8 | 8
cassi | 015 | G | O | Gi | of | Vert019 | 025XV | 075XV | 10 | 16
HSUL-12 — | Ve Vet ) YR 002 | 00xVogo | 09%Vepo | — —

Note to Table 16:

(1) To meet the Io_and lgy specifications, you must set the current strength settings accordingly. For example, to meet the SSTL15CI specification (8 mA),
you should set the current strength settings to 8 mA. Setting at lower current strength may not meet the I, and lo specifications in the handbook.

Table 17. Differential SSTL I/0 Standards for Arria V Devices —Preliminary

/0 Veeio (V) Vswingiog) (V) Vg (V) Vswingia) (V) Voxac) (V)
Standard | wip | typ | Max | Min | Max | Min | Typ | Max | Min | Max | Min | Typ | Max
SSTL-2 Veeio | Vecio/2 . Vecio/2 Veeio + | Vecio/2 - . Veoio/2 +

Class| 11 |237%| 25 126251 03 | ‘5| 45 +02 | 992 | o6 | 015 0.15
SSTL-18 Vecio | Veeo’2 | | Vecio/2 Vecio+ | Veeo2— | | Veoio/2+
Classt, i | 71| 18 | 18310251 ve | 0475 +0475] 9% | 06 | 0125 0.125
SSTL-15 _ ~ _ 2(Viacy | 2(Vieaey | _
ooss 111 | 1425 15 1575 | 02 | 02 | 015 015 | 2me | 2 Veeio/2
SSTL-135 |1.283| 1.35 | 145 | 018 | <0.18 | —0.15 |Vego2 | 045 | 2Viwwo | 2Viae |y o |

- VREF) - VREF)
SSTL-125 | 119 | 125 | 131 | 018 | 018 | =045 |Vege2 | 045 | 2Vmao | 2MVuwey | |y p| —

- VREF) - VREF)
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Table 18. Differential HSTL 1/0 Standards for Arria V Devices—Preliminary

10 Veeio (V) Viirg (V) Vyag) (V) Vemg (V) Voirag) (V)
Standard | wun | typ | Max | Min | Max Min Typ | Max | Min | Typ | Max | Min | Max
HSTL-18
Cass L | 171 [ 18 [ 180 [ 02 | — 0.78 — | 112 o | — | 112 | 04 | —
HSTL-15
Class L1l | 1425 | 15 | 1575 | 02 | — 0.68 — 09 |o068 | — | 09 | 04| —
HSTL-12 Veao _ 05x | | 04xV]05xV| 06x Voo
Class |, ] 1.14 1.2 1.26 0.16 +0.3 VCClO celo cclo VCClO 0.3 +0.48

0.5x
HSUL-12 | 114 | 12 | 13 | 026 | 026 | 09X Veoo | O5x oy 0 [ 0AXVI0SXVE 6% | 640 | a4
- 012 VCClO +012 CCIO CCIO VCClO

Table 19. Differential I/0 Standard Specifications for Arria V Devices—Preliminary

Vecio (V) Vip (mV) Vieme) (V) Voo (V) @ Voem (V) @
I/0 Standard
Min | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
PCML o
- | — [ 0.05 [ <700 Mbps | 1.80
25VIWDS | 5375 | 25 | 2605 | 100 | Vo ke 0247 | — | 06 | 1.125| 1.25 | 1375
125V | — | 1.05 | >700 Mbps | 1.55
Moo MO 12575 | 25| 2625 | 100 1";“;;/ — | 025 — 145 | 01 | 02|06 | 05 | 12 | 14
:V:I'I'H;L(}’)Ds 2375| 25 | 2625|200 | — | 600 | 0300 — |1425| 025 | — |06 1 | 12 | 14
0.60 | <700 Mbps | 1.80
LVPECL?) [2.375| 25 | 2625 | 300 | — | — — === ||~
1.00 | >700 Mbps | 1.60

Notes to Table 19:
(1) The minimum V| value is applicable over the entire common mode range, Vgy.
(2) RLrange: 90 RKRLK10Q

(3) Transmitter, receiver, and input reference clock pins of high-speed transceivers use the PCML I/0 standard. For transmitter, receiver, and reference clock 1/0 pin
specifications, refer to Table 20 and Table 21.

(4) For optimized LVDS receiver performance, the receiver voltage input range must be within 1.0V to 1.6V for data rates above 700 Mbps and 0 V to 1.85 V for data
rates below 700 Mbps.

(5) For optimized RSDS receiver performance, the receiver voltage input range must be within 0.25 Vt0 1.45 V.
(6) For optimized Mini-LVDS receiver performance, the receiver voltage input range must be within 0.3 V to 1.425 V.

(7) For optimized LVPECL receiver performance, the receiver voltage input range must be within 0.85 V to 1.75 V for data rates above 700 Mbps and 0.45 Vt0 1.95 V
for data rates below 700 Mbps.
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Switching Characteristics

This section provides performance characteristics of Arria V core and periphery
blocks for commercial grade devices.

Transceiver Performance Specifications

This section describes transceiver performance specifications.

Table 20 and Table 21 list the Arria V transceiver specifications.

Table 20. Transceiver Specifications for Arria V GX Devices (—Preliminary (Part 1 of 3)

Symbol/
Description

Conditions

Transceiver Speed Grade 4

Transceiver Speed Grade 6

Min Typ Max

Min Typ Max

Unit

Reference Clock

Supported 1/0 Standards

1.2V PCML, 1.4V PCML, 1.5 V PCML, 2.5 V PCML, Differential LVPECL (¥, HCSL, and

LVDS
'Inputfr.equency from REFCLK . 97 o 710 07 L 710 MHz
input pins
Duty cycle — 45 — 55 45 — 55 %
Peak-to-peak differential . 200 . 2000 | 200 . 2000 mv
input voltage
Spread-spectrum modulating PCI Express® . .
clock frequency (PCle®) 30 33 30 33 kHz
Spread-spectrum 0to Oto
PCle — — — — —
downspread -0.5% -0.5%
Not available for
On-chip termination resistors HCSL clock — 100 — — 100 — Q
standard
Vicum (AC coupled) — — |115@| — — (11154 — v
HCSL 1/0 standard
Viem (DC coupled) for the PCle 250 — 550 250 — 550 mV
reference clock
10 Hz — — -50 — — -50 dBc/Hz
' 100 Hz — — -80 — — -80 dBc/Hz
Tra.nsmltter REFCLK Phase 1Kz — — 110 — — 110 | dBo/Hz
Noise (2
10 KHz — — -120 — — -120 | dBc/Hz
100 KHz — — -120 — — -120 | dBc/Hz
>1 MHz — — -130 — — -130 | dBc/Hz
2000 2000
Reer - % | T T s | T @
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Table 20. Transceiver Specifications for Arria V GX Devices (—Preliminary (Part 2 of 3)
Transceiver Speed Grade 4 | Transceiver Speed Grade 6
Symbol/ Conditi Unit
Description onditions . . ni
Min Typ Max Min Typ Max
Transceiver Clocks
fixedclk clock frequenc PCle — | 15 | — | — | 12 — | WH
txeac quency Receiver Detect
Transceiver Reconfiguration
Controller IP
(mgmt_clk_clk) clock o 7 o 125 & o 125 MHz
frequency
Receiver
Supported 1/0 Standards 1.5 VPCML, 2.5 V PCML, LVPECL, and LVDS
Data rate — 611 — 6553.6 | 611 — 3125 Mbps
Aps%ﬂe Vax for a receiver . . . 19 . . 190 v
pin
Absolute Vyy for a receiver . 0.4 . . 0.4 . . N
pin
Maximum peak-to-peak
differential input voltage Vip _ _ _ _ _
(diff p-p) before device 16 16 1V
configuration
Maximum peak-to-peak
differential input voltage Vip . . . . .
(diff p-p) after device 22 22 v
configuration
Minimum differential eye
opening at the receiver serial — 85 — — 85 — — mV
input pins (®
Viem (AC coupled) — — 800 — — 800 — mV
Viem (DC coupled) <3.2 Gbps (7 670 700 730 670 700 730 mV
85-Q setting — 85 — — 85 — Q
Differential on-chip 100-Q setting — 100 — — 100 — Q
termination resistors 120-Q setting — 120 — — 120 — Q
150-Q setting — 150 — — 150 — Q
tLTR (8) — — — 10 — — 10 us
tirp — 4 — — — — us
tLTDfmamua\I (19) - 4 - - - - us
turm_cro_manual (7 — 15 — — 15 — — Hs
Programmable ppm detector — +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
Run Length — — | — 2o | —] — [ 20 ul
Programmable equalization — Refer to Figure 1 and Figure 2 dB

(AC) and DC gain
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Table 20. Transceiver Specifications for Arria V GX Devices (—Preliminary (Part 3 of 3)

Symbol/ Transceiver Speed Grade 4 | Transceiver Speed Grade 6
Description Conditions Unit
P Min | Typ Max | Min | Typ Max
Transmitter
Supported 1/0 standards 1.5V PCML
Data rate — 611 — 6553.6 | 611 — 3125 Mbps
Vocwm (AC coupled) — — 650 — — 650 — mV
Vocwm (DC coupled) <3.2 Gbps (7 670 700 730 670 700 730 mV
85-Qsetting — 85 — — 85 — Q
Differential on-chip 100-Qsetting — 100 — — 100 — Q
termination resistors 120-Q setting — 120 — — 120 — Q
150-Q setting — 150 — — 150 — Q
Rise time (19) — 30 — 160 30 — 160 psS
Fall time (19) — 30 — 160 30 — 160 ps
CMU PLL
Supported data range — 611 — 6553.6 | 611 — 3125 Mbps
fPLL supported data range — 611 — 3125 611 — 3125 Mbps
Transceiver-FPGA Fabric Interface
Interface speed — o5 | — | 1875 | 25 | — | 1875 | MHz
(single-width mode)
Interface speed (double- — 25 | — |16384| 25 | — | 16384 | MHz
width mode)
Notes to Table 20:
(1) Speed grades shown in Table 20 refer to the Transceiver Speed Grade in the device ordering code. For more information about device ordering
codes, refer to the Arria V Device Overvigw.
(2) The transmitter REFCLK phase jitter is 30 ps p-p (5 ps RMS) with bit error rate (BER) -12, equivalent to 14 sigma.
(3) Differential LVPEGL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.
(4) For data rate <=3.2 Gbps, connect Vg gxaum to either 1.1-V or 1.15-V power supply. For data rate >3.2 Gbps, connect Vgep_gxpm t0 @ 1.15-V
power supply. For details, refer to the Arria / Device Family Pin Connection Guidelines.
(5) The device cannot tolerate prolonged operation at this absolute maximum.
(6) 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.
(7) For standard protocol compliance, use AC coupling.
(8) tr is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.
(9) turp is time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high.
(10) tirp_manual i the time required for the receiver CDR to start recovering valid data after the rx_is_lockedtodata signal goes high when the

CDR is functioning in the manual mode.

(11) tirR_17D_manual IS the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_is_lockedtoref signal goes high when

the CDR is functioning in the manual mode.

(12) The rate match FIFO supports only up to £300 parts per million (ppm).
(13) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.
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Table 21. Transceiver Specifications for Arria V GT Devices (—Preliminary (Part 1 of 3)
Transceiver Speed Grade 3
Symbol/ . .
Description Conditions Unit

Min Typ Max

Reference Clock

Supported 1/0 Standards

1.2V PCML, 1.4V PCML, 1.5V PCML, 2.5 V PCML, Differential LVPECL %/,
HCSL, and LVDS

Input frequency from REFCLK input pins — 27 — 710 MHz

Duty cycle — 45 — 55 %

Peak-to-peak differential input voltage — 200 — 2000 mV

?rg;euaedr{gyectrum modulating clock PCI Express (PCle) 30 . 33 KHz

0to
Spread-spectrum downspread PCle — — —
-0.5%

On-chip termination resistors — — 100 — Q

Vicm (AC coupled) — — 1.2 — v

Vo 0 couples oo™ | w0 | = | w0 |

10 Hz — — -50 dBc/Hz

100 Hz — — -80 dBc/Hz

Transmitter REFCLK Phase Noise 2/ 1 KHz — — -110 dBc/Hz
10 KHz — — -120 dBc/Hz
100 KHz — — -120 dBc/Hz
>1 MHz — — -130 dBc/Hz

- HEERE

Transceiver Clocks

fixedclk clock frequency PCle Receiver Detect — 125 — MHz

ey - sl = | m | w

Receiver

Supported 1/0 Standards 1.5V PCML, 2.5 V PCML, LVPECL, and LVDS

Data rate (6-Gbps Transceiver) — 611 — 6553.6 Mbps

Data rate (10-Gbps transceiver) — 0.611 — 10.3125 Gbps

Absolute Vyay for a receiver pin (4 — — — 1.2 v

Absolute Vy,y for a receiver pin — 0.4 — — v

Maximum peak-to-peak differential input

voltage V,p (diff p-p) before device — — — 1.6 v

configuration

Maximum peak-to-peak differential input

voltage V\p (diff p-p) after device — — — 2.2 v

configuration
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Table 21. Transceiver Specifications for Arria V GT Devices (—Preliminary (Part 2 of 3)

. :sv:::::: ﬁ ) Conditions Tr.anscelver Speed Grade 3 Unit
Min Typ Max
Minimum differential eye opening at the
receiver serial input pins (%) o 85 o o my
Vicm (AC coupled) — — 800 — mV
View (DC coupled) <3.2 Gbps @ 670 700 730 mV
85-Q setting 85 Q
. . . _— . 100-Q setting 100 Q
Differential on-chip termination resistors -
120-Q setting 120 Q
150-Q setting 150 Q
tir (7 — — — 10 us
trp @ — — — s
tiro_manua ¥/ — — — us
turR 1m0 manual (% — 15 — — Hs
Programmable ppm detector (%) — £62.5, 105%’01, 2a?1d210(())0550 300, ppm
Run Length — — ‘ — | 200 ul
aPl:ggl;%n;r;erl]ble equalization (AC) — Refer to Figure 1 and Figure 2
Transmitter
Supported 1/0 Standards 1.5V PCML
Data rate (6-Gbps transceiver) — 611 — 6553.6 Mbps
Data rate (10-Gbps transceiver) — 0.611 — 10.3125 Gbps
Vocwm (AC coupled) — — 650 — mV
Vocm (DC coupled) <3.2 Gbps (@ 670 700 730 mV
85-Q setting — 85 — Q
) ) ) o ) 100-Q setting — 100 — Q
Differential on-chip termination resistors -
120-Q setting — 120 — Q
150-Q setting — 150 — Q
Rise time (12 — 30 — 160 ps
Fall time (12) — 30 — 160 ps
CMU PLL
Supported data range — 0.611 — 10.3125 Gbps
fPLL supported data range — 611 — 3125 Mbps
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Table 21. Transceiver Specifications for Arria V GT Devices (—Preliminary (Part 3 of 3)

Symbol/ Transceiver Speed Grade 3

Description Conditions i Unit

Typ Max

Transceiver-FPGA Fabric Interface

Interface speed (PMA direct mode) — 50 — 161.13 MHz

Interface speed

(single-width mode) - 25 - 187.5 MHz

Interface speed (double-width mode) — 25 — 163.84 MHz

Notes to Table 21:

(1) Speed grades shown in Table 21 refer to the Transceiver Speed Grade in the device ordering code. For more information about device ordering
codes, refer to the Arria V Device Overview.

(2) The transmitter REFCLK phase jitter is 30 ps p-p (5 ps RMS) with bit error rate (BER) -12, equivalent to 14 sigma.

(3) Differential LVPEGL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.

(4) The device cannot tolerate prolonged operation at this absolute maximum.

(5) 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.

(6) For standard protocol compliance, use AC coupling.

(7) t.7gis the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.

(8) tyyp is time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high.

(9)  tirp_manual IS the time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high when the

CDR is functioning in the manual mode.

(10) tirg_17D_manual iS the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_is_lockedtoref signal goes high when

the CDR is functioning in the manual mode.

(11) The rate match FIFO supports only up to +300 ppm.
(12) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.
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Figure 1 shows the continuous time-linear equalizer (CTLE) response for Arria V
devices with data rates > 3.25 Gbps.

Figure 1. CTLE Response for Arria V Devices with Data Rates > 3.25 Ghps
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Figure 2 shows the CTLE response for Arria V devices with data rates <3.25 Gbps.

Figure 2. GCTLE Response for Arria V Devices with Data Rates <3.25 Ghps
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Table 22 lists the TX Vo, settings for Arria V transceiver channels.

Table 22. Typical TX Vg, Setting for Arria V Transceiver Channels = 100 Q—Preliminary

Symbol Set‘t,i':lng m vu?n‘:\?;ue Set‘t’i':]g " Vo%‘\ll‘a’;ue
0 0 32 640
1 20 33 660
2 40 34 680
3 60 35 700
4 80 36 720
5 100 37 740
6 120 38 760
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

Vgp differential peak to peak 15 300 47 940
typical 16 320 48 960
17 340 49 980
18 360 50 1000
19 380 51 1020
20 400 52 1040
21 420 53 1060
22 440 54 1080
23 460 55 1100
24 480 56 1120
25 500 57 1140
26 520 58 1160
27 540 59 1180
28 560 60 1200
29 580 61 1220
30 600 62 1240
31 620 63 1260

Note to Table 22:

(1) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA

analog controls.
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Table 23 lists the simulation data on the transmitter pre-emphasis levels in dB for the

first post tap under the following conditions:

m low-frequency data pattern—five 1s and five Os

m datarate—2.5 Gbps

The levels listed are a representation of possible pre-emphasis levels under the

specified conditions only and the pre-emphasis levels may change with data pattern

and data rate.

Table 23. Transmitter Pre-Emphasis Levels for Arria V Devices (7 2 (3 (—Preliminary (Part 1 of 2)

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

Quartus Il Vg, Setting
Quartus Il 1s_t Post _Tap Unit
Pre-Emphasis Setting 10 20 30 35 40 45 50
(200mV) | (400mV) | (600 mV) | (700 mV) | (800 mV) | (900 mV) | (1000 mV)
0 0 0 0 0 0 0 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 — 419 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
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
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Table 23. Transmitter Pre-Emphasis Levels for Arria V Devices (7 (2 (3. (/—Preliminary (Part 2 of 2)

Quartus Il Vg, Setting
Quartus Il 1st Post Tap Unit
Pre-Emphasis Setting 10 20 30 35 40 45 50
(200mV) | (400mvV) | (600 mV) | (700 mV) | (800 mV) | (900 mV) | (1000 mV)
25 — — — 14.37 — — — dB
26 — — — — — — — dB
27 — — — — — — — dB
28 — — — — — — — dB
29 — — — — — — — dB
30 — — — — — — — dB
31 — — — — — — — dB

Notes to Table 23:

(1) The 1st post tap pre-emphasis settings must satisfy |B| + |C| <60

[B| = Vop setting with termination value, Rrggy = 100

|C| = 1st post tap pre-emphasis setting

|B| = |C| > 5 for data rates < 5 Gbps and |B| —|C| > 8.25 for data rates > 5 Gbps.
(VMAXNMIN - 1)0/0 < 600%, where Vyax = |B| + |C| and Vyy = |B| - |C|

For example, when Vgp = 800 mV, the corresponding Vqp value setting is 40.
To check the validity of the 1st post tap pre-emphasis setting = 2

[B| +|C] <60 —>40 + 2 = 42

|B|-|C| >5 —40-2 =38

(Vvax/\imin = 1)% < 600% —>(42/38 = 1)% = 10.52%

Therefore, the 1st post tap pre-emphasis setting = 2 is a valid condition.

—_— o~
B ow N
= =z =
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Core Performance Specifications

This section describes the clock tree, phase-locked loop (PLL), digital signal
processing (DSP), memory blocks and temperature sensing diode specifications.

Clock Tree Specifications

Table 24 lists the clock tree specifications for Arria V devices.

Table 24. Clock Tree Performance for Arria V Devices—Preliminary

Performance
Unit
Symbol -13, -C4 Speed Grade | -I5, -C5 Speed Grade -C6 Speed Grade
Global clock and Regional clock 625 625 525 MHz
Peripheral clock 450 400 350 MHz

PLL Specifications

Table 25 lists the Arria V PLL specifications when operating in both the commercial
junction temperature range (0° C to 85° C for -C4, —C5, and —C6) and the industrial
junction temperature range(0° C to 100° C for —I3 and -40° C to 100° C for -15).

Table 25. PLL Specifications for Arria V Devices ("—Preliminary (Part 1 of 3)

Symbol Parameter Min Typ Max Unit
Input clock frequency (-3 speed grade) 5 — 670 MHz
o Input clock frequency (-4 speed grade) 5 — 670 @ MHz
Input clock frequency (-5 speed grade) 5 — 622 ) MHz
Input clock frequency (-6 speed grade) 5 — 500 @ MHz
finerD Integer input clock frequency to the PFD 5 — 325 MHz
frnerD Fractional input clock frequency to the PFD 50 — TBD (W MHz
PLL VCO operating range (-3 speed grade) 600 — 1600 MHz
fuco @ PLL VCO operating range (—4 speed grade) 600 — 1600 MHz
PLL VCO operating range (-5 speed grade) 600 — 1600 MHz
PLL VCO operating range (—6 speed grade) 600 — 1300 MHz

tenouTy Input clock or external feedback clock input duty cycle 40 — 60 %
Output frequency for internal global or regional clock . . 500 @ MHz

(—4 speed grade)

Output frequency for internal global or regional clock
fOUT (_Spspeedqgrad63)/ g g - - 500 @ MHz

Output frequency for internal global or regional clock

(-6 speed grade) - - 400 MHz
Output frequency for external clock output (-3 speed grade) | — — 670 @ MHz
four exr Output frequency for external clock output (-4 speed grade) | — — 670 4 MHz
- Output frequency for external clock output (-5 speed grade) — — 622 4 MHz
Output frequency for external clock output (-6 speed grade) | — — 500 “ MHz
toutouty Duty cycle for external clock output (when set to 50%) 45 50 55 %
trcomp External feedback clock compensation time — — 10 ns
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Table 25. PLL Specifications for Arria V Devices (/—Preliminary (Part 2 of 3)

Symbol Parameter Min Typ Max Unit
toyconFIGCLK Dynamic Configuration Clock — — 100 MHz
Time required to lock from end-of-device configuration or
tLock : — — 1 ms
deassertion of areset
t Time required to lock dynamically (after switchover or o o 1 ms
DLOCK reconfiguring any non-post-scale counters/delays)
PLL closed-loop low bandwidth — 0.3 — MHz
foLaw PLL closed-loop medium bandwidth — 1.5 — MHz
PLL closed-loop high bandwidth (¢ — 4 — MHz
tpLL PsERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on the areset signal 10 — — ns
) &, () Input clock cycle-to-cycle jitter (Frgr > 100 MHz) — — 0.15 Ul (p-p)
INCC) Input clock cycle-to-cycle jitter (Frer < 100 MHz) — — 1750 ps (p-p)
) p Period jitter for dedicated clock output (Foyr > 100 MHz) — — TBD ™ | ps (p-p)
OUTRJ.C Period jitter for dedicated clock output (Fgyr < 100 MHz) — — TBD | mUI (p-p)
Cycle-to-cycle jitter for dedicated clock output . . ) )
| (Four = 100 MH2) TBD 71 ps(p-p)
tourcea oc (7 - ,
Cycle-to-cycle jitter for dedicated clock output . . 8D | mUl (p-p)
(Four < 100 MHz) PP
Period Jitter for clock output on the regular 1/0
— — TBD (V) s (p-
touresto @ | (Four=100 MHz) Ps (p-p)
(10) Period Jitter for clock output on the regular 1/0
— _ (1) -
(Four < 100 MH2) TBD (1 mUl (p-p)
Cycle-to-cycle jitter for clock output on the regular 1/0
— — TBD () s (p-
toutaos 1o | (Four = 100 MHy) Ps (p-p)
(10) C tAo i
ycle-to-cycle jitter for clock output on the regular 1/0 . - ) i
(Four < 100 MH2) TBD (1 mUl (p-p)
toutry DC_F Period jitter for dedicated clock output in fractional mode — — TBD () —
Cycle-to-cycle jitter for dedicated clock output in fractional )
toutce 06 F | mode — — TBD —
Period Jitter for clock output on the regular I/0 in fractional
toutpy_io_F mode P g — — TBD () —
i Cycle-to-cycle jitter for clock output on the regular I/0 in . . 8D () o
OUTCCJI0F | fractional mode
Period jitter for dedicated clock output in cascaded PLLs
— — TBD () s (p-
teasc_outps_ne | (Four =100 MHz) Ps (>P)
(7). (8) Period jitter for dedicated clock output in cascaded PLLs _ _ 8D | mUl (p-p)
(Four < 100 MHz) PP
Frequency drift after PFDENA is disabled for a duration of 0
tDRIFT —_— —_— +10 Yo
100 ps
dKpir Bit number of Delta Sigma Modulator (DSM) — 24 — bits
KvaLue Numerator of Fraction TBD (" | 8388608 | TBD (" —
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Table 25. PLL Specifications for Arria V Devices (/—Preliminary (Part 3 of 3)

Symbol Parameter Min Typ Max Unit

fres

Resolution of VCO frequency (fiyprp =100 MHz) — 5.96 — Hz

Notes to Table 25:

M
2)

)

(4)
(%)

—_
~N O
—_ =

©

Pending silicon characterization.

This specification is limited in the Quartus Il software by the 1/0 maximum frequency. The maximum /0 frequency is different for each 1/0
standard.

The voltage-controlled oscillator (VCO) frequency reported by the Quartus Il software takes into consideration the VCO post-scale counter K
value. Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fycq Specification.

This specification is limited by the lower of the two: 1/0 fyax or Foyur of the PLL.

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.

Frer is fIN/N when N = 1.

Peak-to-peak jitter with a probability level of 1012 (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 Table 34 on page 1-36.

The cascaded PLL specification is only applicable with the following conditions:
a. Upstream PLL: 0.59 MHz <UUpstream PLL BW < 1 MHz
b. Downstream PLL: Downstream PLL BW > 2 MHz

High bandwidth PLL settings are not supported in external feedback mode.

(10) External memory interface clock output jitter specifications use a different measurement method, which are available in Table 34 on page 1-36.

DSP Block Specifications
Table 26 lists the Arria V DSP block performance specifications.

Table 26. DSP Block Performance Specifications for Arria V Devices—Preliminary

Performance
Mode Unit
-13, -C4 -15, -C5 -C6

Modes using One DSP Block
Independent 9 x 9 Multiplication 370 310 220 MHz
Independent 18 x 19 Multiplication 370 310 220 MHz
Independent 18 x 25 Multiplication 370 310 220 MHz
Independent 20 x 24 Multiplication 370 310 220 MHz
Independent 27 x 27 Multiplication 310 250 200 MHz
Two 18 x 19 Multiplier Adder Mode 370 310 220 MHz
18 x 18 Multiplier Added Summed with 36-bit Input 370 310 220 MHz
Modes using Two DSP Blocks
Complex 18 x 19 multiplication 370 310 220 MHz
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Memory Block Specifications

Table 27 lists the Arria V memory block specifications.

Table 27. Memory Block Performance Specifications for Arria V Devices (" (2—Preliminary

Resources Used Performance
Memory Mode Unit
ALUTs | Memory -13, -C4 -15, -C5 —C6
Single port, all supported widths 0 1 500 450 400 MHz
Simple dual-port, all supported widths 0 1 500 450 400 MHz
MLAB g;r;glzgéjgégort with read and write at the 0 ’ 400 350 300 MHz
ROM, all supported width — — 500 450 400 MHz
Single-port, all supported widths 0 1 400 350 285 MHz
Simple dual-port, all supported widths 0 1 400 350 285 MHz
M10K (SJ:)?S:]esdelﬁlop(())Irc: V[\)I:thafhaellrsesgp%l:tréggw\li\gtlaes 0 1 315 275 240 MHz
Block True dual port, all supported widths 0 1 400 350 285 MHz
ROM, all supported widths 0 1 400 350 285 MHz
Min Pulse Width (clock high time) — — 1,275 1,360 1,445 ps
Min Pulse Width (clock low time) — — 850 1,060 1,175 ps

Notes to Table 27:

(1) 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 Il software to report timing for this and other memory block clocking schemes.

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

Temperature Sensing Diode Specifications

Table 28 lists the specifications for the Arria V internal temperature sensing diode.

Table 28. Internal Temperature Sensing Diode Specifications for Arria V Devices— Preliminary

Offset . - . .
Temperature . . Conversion . Minimum Resolution with no
Range Accuracy catilbl_'ated Sampling Rate Time Resolution Missing Codes
ption
~4010100°C |  8°C No Frﬁqm‘;y: <100ms | 8 bits 8 bits
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Periphery Performance
This section describes the periphery performance, high-speed I/0, and external

o

memory interface.

Actual achievable frequency depends on design- and system-specific factors. You

must perform HSPICE/IBIS simulations based on your specific design and system

setup to determine the maximum achievable frequency in your system.

High-Speed 1/0 Specification

Table 29 lists high-speed I/O timing for Arria V devices.

Table 29. High-Speed 1/0 Specifications for Arria V Devices () (2: (5—Preliminary (Part 1 of 3)

-13, -C4 =15, -C5 -C6
Symbol Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
fHSCLKﬁin (Inpu’[ clock
frequency) True Clock boost factor W=1to
Differential 1/0 40 S — | 8% 15 | = 6% |5 — | T80 | M
Standards
TuscLk_in (input clock
frequency) Single Clock boost factor W =1to L L .
Ended /0 Standards 40 () 5 625 1 ° 625 | 5 TBD | MHz
(4)
fhsok_in (input clock
frequency) Single Clock boost factor W =1to . . .
Ended 1/0 Standards 40 () 5 42015 4201 5 420 | MHz
(5)
fuscLk_our (output _ _ ) _ ) _ )
clock Trequency) 5 625 5 625 5 TBD MHz
Transmitter
SERDES factor
(9) — (9) — 9) —
231010 1250 1250 1050 | Mbps
True Differential /0 | SERDES factor J = 8 () (10)
Standards - fyspg (data | LVDS TX with RX DPA © | — | 1600010 | & | — |1500(70 | (9 | — |1250(7) | Mbps
rate)
SERDESfactorJ;HoZ 9 | _ (12) @ | _ (12) @ | _ (12) Mbps
Uses DDR Registers
Emulated Differential
I/0 Standards with
Three External Output | SERDES factorJ=4t010 | @ | — 945 @ | — 945 @ | — 945 | Mbps
Resistor Network -
fusor (data rate) (19)
Emulated Differential
/0 Standards with | SERDES factor J = 4 to 10
One External Output @ | — 200 @ | — TBD @ | — TBD | Mbps
Resistor Network -
fuspr (data rate) (19)
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Table 29. High-Speed 1/0 Specifications for Arria V Devices () (2: (5—Preliminary (Part 2 of 3)

—-13, -C4 -15, -C5 -C6
Symbol Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Total Jitter for Data Rate, . .
ty iter - TTUE 600 Mbps -1.256Gbps | | — | 160 160 160 | ps
Differential l/0 Total Jitter for Data Rate
Standards Itter tor I I S N
<600 Mbps 0.1 0.1 0.1 ul
ty Jitter - EMulated Total Jitter for Data Rate, | | . .
Differential 1/0 600 Mbps — 1.25 Gbps T8D TBD TBD | ps
Standards with Three ]
External Output Total Jitter for Data Rate | | TBD . 8D . 8D ul
Resistor Network <600 Mbps
ty Jitter - Emulated
Differential I/0
Standards with One — — | — TBD — | — TBD — | — TBD psS
External Output
Resistor Network
TX output clock duty cycle
touty for both True and Emulated | 45 50 55 45 50 55 45 50 55 %
Differential I/0 Standards
True Differential 1/0
Standards (%) — | — 160 — | — 180 — | — 200 pS
Emulated Differential 1/0
Standards with Three
free o 1 External Output Resistor | ~ | 250 T 250 T 300 pS
RISE & FALL Network
Emulated Differential 1/0
Standards with One
External Output Resistor | ~ | T8D — | — | ™ | — | — | T ps
Network
True Differential 1/0
Standards — | — 150 — | — 150 — | — 150 psS
TCCS Emulated Differential 1/0
u ifferenti
Standards — | — 300 — | — 300 — | = 300 ps
Receiver
SERDES factor
True Differential /0 J=3t010( — | — | 10 | — | — | 1250 | — | — | 1050 | Mbps
Standards - fHSDRDPA -
SERDES factor J = 8 with
(data rate) DPA (8 (10) (1) — | — | 1600 | — | — | 1500 | — | — | 1250 |Mbps
SERDES factorJ=3t010 | @ | — (15) @ | — (19) @ | — (19) Mbps
Uses DDR Registers P
DPA Mode
DPA run length — | — | — | o000 | — [ — | 10000 | — | — | 10000 | UI
Soft CDR mode
Soft-CDR ppm . | | IR +
tolerance 300 300 300 ppm
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Table 29. High-Speed 1/0 Specifications for Arria V Devices () (2: (5—Preliminary (Part 3 of 3)
-13, -C4 -15, -C5 -C6
Symbol Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Non DPA Mode
Sampling Window — | — | — ] 80 [—]—] 80 [—|—] 30 | ps

Notes to Table 29:

and requires timing analysis.

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

(2) WhenJ =1 or 2, bypass the SERDES block.

(3) For LVDS applications, you must use the PLLs in integer PLL mode.

(4) This applies to DPA and soft-CDR modes only.

(5) This applies to LVDS source synchronous mode only.

(6) Clock Boost Factor (W) is the ratio between the input data rate and the input clock rate.

(7) This is achieved by using the LVDS clock network.

(8) The Fpa Specification is based on the fast clock used for serial data. The interface F, is also dependent on the parallel clock domain which is design dependent

(9) 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 1/0 differential buffer and input register do not have a minimum toggle rate.
(10) The V¢g and Vgep must be on a separate power layer and a maximum load of 5 pF for chip-to-chip interface.
(11) Pending silicon characterization.

(12) The maximum ideal data rate is the SERDES factor (J) x the PLL maximum output frequency (foyr) provided you can close the design timing and the signal

integrity simulation is clean.

(13) 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 the leftover timing margin.
(14) This applies to default pre-emphasis and Vgp settings only.

(15) 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.

Figure 3 shows the DPA lock time specifications with the DPA PLL calibration option

enabled.

Figure 3. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_reset I

DPA Lock Time

rx_dpa_locked

256 data ' 96 slow 256 data + 96 slow 256 data
transitions clock cycles transitions clock cycles transitions
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Table 30 lists the DPA lock time specifications for Arria V devices.

Table 30. DPA Lock Time Specifications for Arria V Devices (7 (2 ()—pPreliminary

Number of Data Number of
.. Transitions in One s \
Standard Training Pattern -~ Repetitions per 256 Maximum
Repetition of the Data Transitions
Training Pattern
SPI-4 00000000001111111111 2 128 640 data transitions
) 00001111 2 128 640 data transitions
Parallel Rapid I/0 —
10010000 4 64 640 data transitions
) 10101010 8 32 640 data transitions
Miscellaneous —
01010101 8 32 640 data transitions

Notes to Table 30:

(1) The DPA lock time is for one channel.

(2) One data transition is defined as a 0-to-1 or 1-to-0 transition.

(3) The DPA lock time stated in this table applies to both commercial and industrial grades.

(4) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 4 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate equal to 1.25 Gbps.

Figure 4. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Equal to 1.25 Ghps

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification

25 |7 —

8.5

Jitter Amphlitude (Ul)

Jitter Frequency (Hz)
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Table 31 lists the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate equal to 1.25 Gbps.

Table 31. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate Equal to 1.25 Gbps—Preliminary

Jitter Frequency (Hz) Sinusoidal Jitter (Ul)
F1 10,000 25.000
F2 17,565 25.000
F3 1,493,000 0.350
F4 50,000,000 0.350

Figure 5 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate less than 1.25 Gbps.

Figure 5. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Less than 1.25 Ghps

Sinusoidal Jitter Amplitude
A

— e
0.1 Ul |
P-P

»

Frequency
baud/1667 20 MHz
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DLL Range, DQS Logic Block, and Memory Output Clock Jitter Specifications

Table 32 lists the DLL frequency range specifications for Arria V devices.

Table 32. DLL Frequency Range Specifications for Arria V Devices

Parameter -13, -C4 -15, -C5 -C6 Unit
DLL operating frequency 200 - 667 200 - 667 200 - 667 MHz
range

Table 33 lists the DQS phase shift error for Arria V devices.

Table 33. DQS Phase Shift Error Specification for DLL-Delayed Clock (tpgs pserg) for Arria V

Devices (7
Number of DQS Delay a8 T _ .
Buffer 13, -C4 15, -C5 €6 Unit
2 40 80 80 ps

Note to Table 33:
(1) This error specification is the absolute maximum and minimum error.

Table 34 lists the memory output clock jitter specifications for Arria V devices.

Table 34. Memory Output Clock Jitter Specification for Arria V Devices () (2. (3)

clock _|3, —04 _|5, _[:5 —GG
Parameter Network Symbol Unit
Min Max Min Max Min Max
Clock period jitter PHYCLK tomoen —41 4 -50 50 -55 55 ps
Cycle-to-cycle period jitter PHYCLK tirtiee) 63 90 94 ps

Notes to Table 34:

(1) The memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2/DDR3 SDRAM standard.
(2) Altera recommends using the UniPHY intellectual property (IP) with PHYCLK connections for better jitter performance.

(3) The memory output clock jitter is applicable when an input jitter of 30 ps (p-p) is applied with bit error rate (BER) -12, equivalent to 14 sigma.
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OCT Calibration Block Specifications
Table 35 lists the OCT calibration block specifications for Arria V devices.

Table 35. OCT Calibration Block Specifications for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit

OCTUSRCLK Clock required by OCT calibration blocks — — 20 MHz
Number of OCTUSRCLK clock cycles required for . .

Tocre Rs OCT /Ry OCT calibration 1000 Cycles

T Number of OCTUSRCLK clock cycles required for OCT code . 39 . Cveles

OCTSHIFT to shift out y

Time required between the dyn_term ctrl and oe signal

Trs Rt transitions in a bidirectional 1/0 buffer to dynamically switch — 2.5 — ns
between Rg OCT and Ry OCT

Figure 6 shows the Tgg gy for dyn_term ctrl and oe signals.

Figure 6. Timing Diagram for dyn_term_ctrl and oe Signals

RX Tristate éTristate RX

oe

dyn_term_ctrl |

TRsRT Trsrr

Duty Cycle Distortion (DCD) Specifications
Table 36 lists the worst-case DCD for Arria V devices.

Tahle 36. Worst-Case DCD on Arria V I/0 Pins—Preliminary

-13,-C4 -C5,-15 —C6
Symbol Unit
Min Max Min Max Min Max

Output Duty Cycle 45 55 45 55 45 55 %

Note to Table 36:
(1) The output DCD cycle only applies to the 1/0 buffer. It does not cover the system DCD.
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HPS Specifications
This section provides HPS specifications and timing for Arria V devices.

The data in Table 37 through Table 49 is preliminary and pending silicon
characterization.

QSPI Timing Characteristics

Table 37 lists the queued serial peripheral interface (QSPI) timing characteristics for
Arria V devices.

Table 37. QSPI Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Tei CLK clock period TBD 10 TBD ns
Tautycycle QSPI_CLK duty cycle TBD — TBD %
Tssfrst Output delay QSPI_SS valid before first clock edge 8 — TBD ns
Tassist Output delay QSPI_SS valid after last clock edge 8 — TBD ns
Taio |0 Data output delay -1 — 1 ns
T Maximum data input delay from falling edge of o . 20 ns

dinmax QSPI_CLK to data arrival at SoC
Figure 7 shows the timing diagram for QSPI timing characteristics.
Figure 7. QSPI Timing Diagram
Tdss\s1
>
QSPI_SS \ /
dssfrst

QPICK _ [\ [\ [

4>| '<de‘0 Tdinmax
QSPI_DATA X Data Out X \_Dataln ¥

SPI Timing Characteristics

Table 38 lists the serial peripheral interface (SPI) master timing characteristics for
Arria V devices.

Table 38. SPI Master Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Tei CLK clock period TBD 16.667 TBD ns
Tautyeycle SPI_CLK duty cycle TBD — TBD %
Tssfrst Output delay SPI_SS valid before first clock edge 8 — TBD ns
Tssist Output delay SPI_SS valid after last clock edge 8 — TBD ns
Taio Master-out slave-in (MOSI) output delay -1 — 1 ns
Tanma Maximum data inpu.t delay from falling edge of . . 500 ns

SPI_CLK to data arrival at SoC
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Figure 8 shows the timing diagram for SPI master timing characteristics.

Figure 8. SPI Master Timing Diagram

Tdss\s\
<—>|
SPI_SS \ /
[—>]
S o S e WY S WY e
_>| |<_Td\o
SPI_MOSI X X
>
dinmax
SPI_MISO X X

Table 39 lists the SPI slave timing characteristics for Arria V devices.

Table 39. SPI Slave Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Te CLK clock period TBD 16.67 TBD ns
Ts MOSI Setup time 5 — TBD ns
Th MOSI Hold time 7 — TBD ns
Tsuss Setup time SPI_SS valid before first clock edge 8 — TBD ns
Thss Hold time SPI_SS valid after last clock edge 8 — TBD ns
Ty Master-in slave-out (MISQ) output delay TBD — 16 ns

Figure 9 shows the timing diagram for SPI slave timing characteristics.

Figure 9. SPI Slave Timing Diagram

Thss
suss
SPILSS \ /
SPI_CLK L N L
> T
SPI_MISO X X X X
—p T,
T la
SPI_MOSI X | X X X X

SD/MMC Timing Characteristics

Table 40 lists the secure digital (SD)/MultiMediaCard (MMC) timing characteristics
for Arria V devices.

Table 40. SD/MMC Timing Requirements for Arria V Devices—Preliminary (Part 1 of 2)

Symbol Description Min Max Unit
Tei SDMMC_CLK_OUT clock period 20 TBD ns
Tautycycle SDMMC_CLK_OUT duty cycle TBD TBD %
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Table 40. SD/MMC Timing Requirements for Arria V Devices—Preliminary (Part 2 of 2)

Symbol Description Min Max Unit
T4 SDMMC_CMD/SDMMC_D output delay TBD 6 ns
T, Maximum input delay from rising edge of SDMMC_CLK to . 05 ns
dinmax data arrival at SoC

Figure 10 shows the timing diagram for SD/MMC timing characteristics.

Figure 10. SD/MMC Timing Diagram

SDMMC_CLK_OUT \—/—\—/—\—/—\
HT"

X Command/Data Out X

Tdinmax

SDMMC_CMD & SDMMC_D (In) I )(
Command/Data In

SDMMC_CMD & SDMMC_D (Out)

USB Timing Characteristics
Table 41 lists the USB timing characteristics for Arria V devices.

Table 41. USB Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Te USB CLK clock period TBD 16.67 TBD ns
Ty CLK to USB_STP/USB_DATA[7:0] output delay TBD 8 ns
Teu Setup time for USB_DIR/USB_NXT/USB_DATA[7:0] 2 TBD ns
Ty Hold time for USB_DIR/USB_NXT/USB_DATA[7:0] 1.5 TBD ns

Figure 11 shows the timing diagram for USB timing characteristics.

Figure 11. USB Timing Diagram
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Ethernet Media Access Controller (EMAC) Timing Characteristics

Table 42 lists the reduced gigabit media independent interface (RGMII) TX timing
characteristics for Arria V devices.

Table 42. RGMII TX Timing Requirements for Arria V Devices—Preliminary

Symhbol Description Min Typ Max Unit
Tei (1000Base-T) | TX_CLK clock period TBD 8 TBD ns
Tok (100Base-T) | TX_CLK clock period TBD 40 TBD ns
Tok (10Base-T) TX_CLK clock period TBD 400 TBD ns
Tautyoycle TX_CLK duty cycle TBD — TBD %
Ty TX_CLK to TXD/TX_CTL output data delay -05 — 05 ns

Figure 12 shows the timing diagram for RGMII TX timing characteristics.

Figure 12. RGMII TX Timing Diagram

TX_CLK \ / \ /
TX_D[3:0] X X X X X
> e,
TX_CTL /

Table 43 lists the RGMII RX timing characteristics for Arria V devices.

Table 43. RGMII RX Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Tek (1000Base-T) | RX_CLK clock period TBD 8 TBD ns
Tok (100Base-T) | RX_CLK clock period TBD 40 TBD ns
Te (10Base-T) RX_CLK clock period TBD 400 TBD ns
Tsu RX_D/RX_CTL setup time 1 — TBD ns
Ty RX_D/RX_CTL hold time 1 — TBD ns

Figure 13 shows the timing diagram for RGMII RX timing characteristics.

Figure 13. RGMII RX Timing Diagram
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Table 44 lists the management data input/output (MDIO) timing characteristics for
Arria V devices.

Table 44. MDIO Timing Requirements for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit
Tei MDC clock period TBD 400 TBD ns
Ty MDC to MDIO output data delay 10 — TBD ns
Ts Setup time for MDIO data 10 — TBD ns
Th Hold time for MDIO data 10 — TBD ns

Figure 14 shows the timing diagram for MDIO timing characteristics.

Figure 14. MDIO Timing Diagram
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I2C Timing Characteristics

Table 45 lists the I>C timing characteristics for Arria V devices.

Table 45. 12C Timing Requirements for Arria V Devices—Preliminary

Standard Mode Fast Mode
Symbol Description Unit
Min Max Min Max
Te Serial clock (SCL) clock period TBD 10 TBD 2.5 us
Teiknigh SCL high time 4 TBD 0.6 TBD us
Teikiow SCL low time 4.7 TBD 1.3 TBD us
T, ggttjp time for serial data line (SDA) data to 950 8D 100 8D ns
Th Hold time for SCL to SDA data TBD 3.45 TBD 0.9 s
T4 SCL to SDA output data delay 8 TBD 8 TBD ns

Figure 15 shows the timing diagram for MDIO timing characteristics.

Figure 15. 12C Timing Diagram
12C_SCL \ / \ [ \ / \
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| h
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[2C_SDA
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NAND Timing Characteristics
Table 46 lists the NAND timing characteristics for Arria V devices.
Table 46. NAND Timing Requirements for Arria V Devices—Preliminary
Symbol Description Min Max Unit
Tup Write enable pulse width 10 TBD ns
Tuh Write enable hold time 7 TBD ns
T Read Enable pulse width 10 TBD ns
Tren Read enable holdtime 7 TBD ns
Telesu Command latch enable to write enable setup time 10 TBD ns
Telen Command latch enable to write enable hold time 5 TBD ns
Teesu Chip enable to write enable setup time 15 TBD ns
Teen Chip enable to write enable hold time 5 TBD ns
Talesu Address latch enable to write enable setup time 10 TBD ns
Taten Address latch enable to write enable hold time 5 TBD ns
Tasu Data to write enable setup time 10 TBD ns
Tan Data to write enable hold time 5 TBD ns
Tar Write enable high to ready/busy low TBD 100 ns
Teea Chip enable to data access time TBD 25 ns
Trea Read enable to data access time TBD 16 ns
Tinz Read enable to data high impedance TBD 100 ns
T Ready to read enable low 20 TBD ns

Figure 16 shows the timing diagram for NAND command latch timing characteristics.

Figure 16. NAND Command Latch Timing Diagram
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Figure 17 shows the timing diagram for NAND address latch timing characteristics.
Figure 17. NAND Address Latch Timing Diagram
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Figure 18 shows the timing diagram for NAND data write timing characteristics

Figure 18. NAND Data Write Timing Diagram
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Figure 19 shows the timing diagram for NAND data read timing characteristics.

Figure 19. NAND Data Read Timing Diagram

Tcea >
NAND_CE /

hTm T,
NANDRE | [ \ / \ [

NAND_DQ[7:0] | pout | | X I I

{

NAND_RB J

ARM Trace Timing Characteristics
Table 47 lists the ARM trace timing characteristics for Arria V devices.

Table 47. ARM Trace Timing Requirements for Arria V Devices—Preliminary

Description Min Typ Max Unit
CLK clock period TBD 8 TBD ns
CLK maximum duty cycle TBD — TBD %
CLK to DO -D7 output data delay -1 — 1 ns
UART Interface

Table 48 lists the UART baud rate for Arria V devices.

Tahle 48. UART Baud Rate for Arria V Devices—Preliminary

Description Max Unit
Maximum baud rate 6.25M symbols/second

GPIO Interface
Table 49 lists the general-purpose I/O (GPIO) pulse width for Arria V devices.

Table 49. GPIO Pulse Width for Arria V Devices—Preliminary

Description Min Max Unit
Minimum detectable pulse width 40 TBD ns
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Configuration Specification

This section provides configuration specifications and timing for Arria V devices.

POR Specifications

Table 50 lists the specifications for fast and standard POR for Arria V devices.

Table 50. Fast and Standard POR Delay Specification for Arria V Devices (")

POR Delay Minimum (ms) Maximum (ms)
Fast 4 12 (2)
Standard 100 300

Notes to Table 50:

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

(2) 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.

JTAG Configuration Timing

Table 51 lists the JTAG timing parameters and values for Arria V devices.

Table 51. JTAG Timing Parameters and Values for Arria V Devices—Preliminary

Symbol Description Min Max Unit
ticp TCK clock period 30 — ns
tyep TCK clock period 167 (1 — ns
tyon TCK clock high time 14 — ns
tyoL TCK clock low time 14 — ns
typsu (roi) TDI JTAG port setup time 2 — ns
typsu (Tms) TMS JTAG port setup time 3 — ns
typH JTAG port hold time 5 — ns
tipco JTAG port clock to output — 12 @) ns
typzx JTAG port high impedance to valid output — 14 () ns
typxz JTAG port valid output to high impedance — 14 ) ns

Notes to Table 51:

(1) The minimum TCK clock period is 167 nS if Vgggar is within the range 1.2 V = 1.5 V when you perform the volatile
key programming.

(2) A1-nsadder is required for each Vg o voltage step down from 3.0 V. For example, typco = 13 ns if Vg 0f the TDO
1/0 bank =2.5V, or 13 ns if it equals 1.8 V.
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FPP Configuration Timing

This section describes the fast passive parallel (FPP) configuration timing parameters

for Arria V devices.

DCLK-to-DATA[] Ratio (r) for FPP Configuration

FPP configuration requires a different DCLK-to-DATA[] ratio when you turn on
encryption or the compression feature.

Table 52 lists the DCLK-to-DATA [] ratio for each combination.

Table 52. DCLK-to-DATA[] Ratio for Arria V Devices (")

Configuration Scheme Encryption Compression DCLK-to-DATA[] ratio (r)
Off Off 1
. On Off 1
FPP (8-hit wide)
Off On 2
On On 2
Off Off 1
- On Off 2
FPP (16-hit wide)
Off On 4
On On 4

Note to Table 52:

(1) Depending on the DcLk-to-DATA[] ratio, the host must send a DCLK frequency that is r times the DATA[] rate in
byte per second (Bps) or word per second (Wps). For example, in FPP x16 where the ris 2, the DcLx frequency
must be 2 times the DATA[] rate in Wps.
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FPP Configuration Timing when DCLK to DATA[] =1

Figure 20 shows the timing waveform for a FPP configuration when using a MAX® II
device as an external host. This timing waveform shows timing when the DCLK-to-
DATA[] ratiois 1.

I'=~ When you enable decompression or the design security feature, the DCLK-to-DATA[]
ratio varies for FPP x8 and FPP x16. For the respective DCLK-to-DATA[] ratio, refer to
Table 52.

Figure 20. DCLK-to-DATA[] FPP Configuration Timing Waveform When the Ratio is 1 (7
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Notes to Figure 20:

M

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.

After power up, the Arria V device holds nsTATUS low for the time of the POR delay.
After power up, before and during configuration, CONF_DONE is low.
Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

For FPP x16, use DATA[15. .0]. For FPP x8, use DATA[7..0]. DATA[15. .5] are available as a user I/0 pin after configuration. The state of this
pin depends on the dual-purpose pin settings.

To ensure a successful configuration, send the entire configuration data to the Arria V device. CONF_DONE is released high when the Arria V 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.

After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.
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Table 53 lists the timing parameters for Arria V devices for FPP configuration when

the DCLK-to-DATA[] ratiois 1.

Table 53. DCLK-to-DATA[] FPP Timing Parameters for Arria V Devices When the Ratio is 1 ("—Preliminary

Symbol Parameter Minimum Maximum Unit
terocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low t0 nSTATUS low — 600 ns
tora nCONFIG low pulse width 2 — s
tstatus nSTATUS low pulse width 268 1506 (2 us
torosTt nCONFIG high to nSTATUS high — 1506 4/ us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of bcLK 2 — us
tosu DATA[] setup time before rising edge on 55 . ns

DCLK
ton DATA [] hold time after rising edge on DCLK 0 — ns
toy DCLK high time 0.45 x 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
fork DCLK period 1/fuax — s
faax DCLK frequency (FPP x8/ x16) — 125 MHz
tepaum CONF_DONE high to user mode (4 175 437 Hs
teoocu CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepaunc CONF_DONE high to user mode with CLKUSR tepzcy + (Tinit X CLKUSR _ _
option on period)
Tini Number of clock cycles required for device 17.408 . Cycles

initialization

Notes to Tahle 53:

(1) Use these timing parameters when the bcLk-to-DATA[] ratio is 1. To find the DCLK-to-DATA [] ratio for your system, refer Table 52 on

page 1-47.

(2) You can obtain this value if you do not delay configuration by extending the nCONFIG or the nSTATUS low pulse width.
(3) You can obtain this value if you do not delay configuration by externally holding the nSTATUS low.

(4) 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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FPP Configuration Timing when DCLK to DATA[] > 1

Figure 21 shows the timing waveform for a FPP configuration when using a MAX II
device or microprocessor as an external host. This waveform shows timing when the
DCLK-to-DATA [] ratio is more than 1.

Figure 21. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1 (72
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Notes to Figure 21:
(1) To find the DCLK-to-DATA [] ratio for your system, refer Table 52 on page 1-47.

(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 nCcoNFIG is pulled low, a reconfiguration cycle begins.

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

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

Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

.

r’ denotes the DCLK-to-DATA [] ratio. For the DCLK-to-DATA [] ratio based on the decompression and the design security feature enable
settings, refer to Table 52 on page 1-47.

(7) If needed, pause DCLK by holding it low. When DCLK restarts, the external host must provide data on the DATA[15. . 0] pins prior to sending
the first DCLK rising edge.

(8) Toensure asuccessful configuration, send the entire configuration data to the Arria V device. CONF_DONE is released high after the Arria V device
receives all the configuration data successfully. After CONF_DONE goes high, send two additional falling edges on DCLX 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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Table 54. DCLK-to-DATA[] FPP Timing Parameters for Arria V Devices When the Ratio is >1 ("—Preliminary

Table 54 lists the timing parameters for Arria V devices when the DCLK-to-DATA [] ratio

is more than 1.

Symbol Parameter Minimum Maximum Unit
torocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low t0 nSTATUS low — 600 ns
tora nCONFIG low pulse width 2 — s
tstatus nSTATUS low pulse width 268 1506 @ us
torosTt nCONFIG high to nSTATUS high — 1506 (9 us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of bcLK 2 — us
tosu DATA[] setup time before rising edge on 55 . ns

DCLK

N — 1/fpok ¥

fon DATA[] hold time after rising edge on DCLK poLK — ns
ton DCLK high time 0.45 x 1/fyax — S
to DCLK low time 0.45 x 1/fyax — S
touk DCLK period 1/fmax — S
fuax DCLK frequency (FPP x8/ x16) — 125 MHz
tp Input rise time — 40 ns
tr Input fall time — 40 ns
teooum CONF_DONE high to user mode (% 175 437 us
tenacy CONF_DONE high to cLKUSR enabled 4 x maximum DCLK period — —
tepountc CONF_DONE high to user mode with CLKUSR teozcy + (Tinit X CLKUSR . .

option on period)
Tini !\Igmper pf clock cycles required for device 17.408 - Cycles

initialization

Notes to Tahle 54:

1) Use these timing parameters when you use decompression and the design security features.
This value can be obtained if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
This value can be obtained if you do not delay configuration by externally holding nSTATUS low.

N is the DCLK-t0-DATA [] ratio and fpg i is the DCLK frequency of the system.
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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AS Configuration Timing

Figure 22 shows the timing waveform for the active serial (AS) x1 mode and AS x4

mode configuration timing.

Figure 22. AS Configuration Timing

*—tpor (1)

nCONFIG eee

nSTATUS eeeo

CONF_DONE xXxs

AS_DATAO/ASDO ﬂead Address

nCSO Iy

‘ coe

foo it
A S

User Mode

AS_DATAI1 (2) ooe coe bit 1 > bit 0 coe
~— tcpaum(@
INIT_DONE (4) ‘
XX ] LN ] L X ]
User I/O eoe eoe Xy
Notes to Figure 22:

(1) The AS scheme supports standard and fast POR delay (tpor). For tpor delay information, refer to the “POR Delay Specification” section in the

Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.
(2) Ifyou are using AS x4 mode, this signal represents the As DATA [3. . 0] and EPCQ sends in 4-bits of data for each DCLK cycle.
(3) The initialization clock can be from the internal oscillator or CLKUSR pin.
(4) After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.

Table 55. AS Timing Parameters for AS x1 and x4 Configurations in Arria V Devices (*): 2—Preliminary

Table 55 lists the timing parameters for AS x1 and AS x4 configurations in Arria V

devices.

Symbol Parameter Minimum Maximum | Unit
tco DCLK falling edge to the AS DATA0/ASDO output — 4 s
tsy Data setup time before the falling edge on bcLk 1.5 — ns
ty Data hold time after the falling edge on bcLx 0 — ns
tepoum CONF_DONE high to user mode 175 437 ls
tepocu CONF_DONE high to cLXUSR enabled 4 x maximum DCLK period — —
teoaumc CONF_DONE high to user mode with cLKUSR option on fooacu * (T",”t X CLRUSK — —

- period)
Tinit Number of clock cycles required for device initialization 17,408 — Cycles

Notes to Table 55:

(1) The minimum and maximum numbers apply to both the internal oscillator and cLxusr when either one is used as the clock source for device
configuration.

(2) The tgrocos torosTos tora, tsTatus, and terosts timing parameters are identical to the timing parameters for PS mode listed in Table 57 on page 1-54.
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Table 56 lists the internal clock frequency specification for the AS configuration
scheme.

Table 56. DCLK Frequency Specification in the AS Configuration Scheme (): 2—pPreliminary

Minimum Typical Maximum Unit
5.3 7.9 12.5 MHz
10.6 15.7 25.0 MHz
21.3 314 50.0 MHz
42.6 62.9 100.0 MHz

Notes to Table 56:

(1) This applies to the bcLx frequency specification when using the internal oscillator as the configuration clock source.
(2) The AS multi-device configuration scheme does not support bcLk frequency of 100 MHz.

PS Configuration Timing

Figure 23 shows the timing waveform for a passive serial (PS) configuration when
using a MAX II device or microprocessor as an external host.

Figure 23. PS Configuration Timing Waveform (7
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Notes to Figure 23:

(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.

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

2)
) After power up, before and during configuration, CONF_DONE is low.
)
)

(

®
(4
(5

Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

To ensure a successful configuration, send the entire configuration data to the Arria V device. CONF_DONE is released high after the Arria V 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.

(6) After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.
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Table 57. PS Timing Parameters for Arria V Devices—Preliminary

Table 57 lists the PS timing parameter for Arria V devices.

Symbol Parameter Minimum Maximum | Unit
torocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low to nSTATUS low — 600 ns
tore nCONFIG low pulse width 2 — us
tstarus | BSTATUS low pulse width 268 1506 () us
torosty | RCONFIG high to nSTATUS high — 1506 (2 us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of DCLK 2 — us
tosu DATA[] setup time before rising edge on DCLK 55 — ns
toy DATA[] hold time after rising edge on DCLK 0 — ns
ton DCLXK high time 0.45 X 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
touk DCLK period 1/fpax — S
faax DCLK frequency — 125 MHz
tepoum | CONF_DONE high to user mode (4) 175 437 us
tooocy | CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
Topaume | conr ponE high to user mode with cLXUSR option on foozcu * (T"_"t X CLKUSR — —
- period)
Tini :\rlllijtrir;lti)gt?;nclock cycles required for device 17,408 . Cycles

Notes to Table 57:
(1) You can obtain this value if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(2) You can obtain this value if you do not delay configuration by externally holding nSTATUS low.
(3) 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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Initialization

Table 58 lists the initialization clock source option, the applicable configuration
schemes, and the maximum frequency for Arria V devices.

Table 58. Initialization Clock Source Option and the Maximum Frequency for Arria V Devices

Maximum -
Initialization Clock Source | Gonfiguration Schemes Frequency MI“(I:To“cnI: g":}:z' of
(MHz) v
Internal Oscillator AS, PS, and FPP 12.5
PS and FPP 125 Tinit
CLKUSR (¥
AS 100

Note to Table 58:

(1) To enable cLKUSR as the initialization clock source, turn on the Enable user-supplied start-up clock (CLKUSR)
option in the Quartus Il software from the General panel of the Device and Pin Options dialog box.

Configuration Files

Use Table 59 to estimate the file size before design compilation. Different
configuration file formats, such as a hexadecimal file ((hex) or tabular text file (.ttf)
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.

Table 59 lists the uncompressed raw binary file (.rbf) sizes for Arria V devices.

Table 59. Uncompressed .rbf Sizes for Arria V Devices (Part 1 of 2)—Preliminary

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

Al 71,015,552 1,420,311

A3 71,015,552 1,420,311

A5(1) 102,190,840 2,043,816

) A7 (1) 102,190,840 2,043,816
Arria V GX

B1 137,784,928 2,755,699

B3 137,784,928 2,755,699

B5 185,915,648 3,718,313

B7 185,915,648 3,718,313

C3 71,015,552 1,420,311

) cr 102,190,840 2,043,816
Arria V GT

D3 137,784,928 2,755,699

D7 185,915,648 3,718,313

) B3 (M 185, 915,648 3,718,313
Arria V SX

B5 (1) 185, 915,648 3,718,313
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Table 59. Uncompressed .rbf Sizes for Arria V Devices (Part 2 of 2)—Preliminary

Variant Member Code Configuration .rbf Size (bits) IOCSR .rbf Size (hits)
, D3 185, 915,648 3,718,313
Arria V ST
D5 (") 185, 915,648 3,718,313

Note to Table 59:

(1) This device will be supported in a future release of the Quartus Il software.

Remote System Upgrades Circuitry Timing Specification

Tahle 60. Remote System Upgrade Circuitry Timing Specification

Table 60 lists the timing parameter specifications for the remote system upgrade
circuitry.

Parameter Minimum Maximum Unit
twax_ru_ck 7 - 40 MHz
tru_nconrig ? 250 — ns
tru_nrsTiver @/ 250 — ns

Notes to Table 60:

(1) This clock is user-supplied to the remote system upgrade circuitry. If you are using the ALTREMOTE_UPDATE
megafunction, the clock user-supplied to the ALTREMOTE_UPDATE megafunction must meet this specification.

(2) This is equivalent to strobing the reconfiguration input of the ALTREMOTE_UPDATE megafunction high for the
minimum timing specification. For more information, refer to the “Remote System Upgrade State Machine”
section in the Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.

(3) This is equivalent to strobing the reset timer input of the ALTREMOTE_UPDATE megafunction high for the
minimum timing specification. For more information, refer to the “User Watchdog Timer” section in the
Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.

User Watchdog Internal Oscillator Frequency Specification

Table 61 lists the frequency specifications for the user watchdog internal oscillator.

Table 61. User Watchdog Internal Oscillator Frequency Specifications—Preliminary

Typical

Maximum

Unit

5.3

7.9

12.5

MHz
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1/0 Timing

Programmable I0E Delay

Altera offers two ways to determine I/O timing—the Excel-based I/O Timing and the
Quartus II Timing Analyzer.

Excel-based I/0O timing provides pin timing performance for each device density and
speed grade. The data is typically used prior to designing the FPGA to get an estimate
of the timing budget as part of the link timing analysis.

The Quartus II Timing Analyzer provides a more accurate and precise I/O timing
data based on the specifics of the design after you complete place-and-route.

Documentation webpage.

«® You can download the Excel-based I/O Timing spreadsheet from the Arria V Devices

Table 62 lists the Arria V I/0 element (IOE) programmable delay settings.

Table 62. 10E Programmable Delay for Arria V Devices

b Available | Minimum Fast Model Slow Model ]
arametor Settings Offset Unit
9 Industrial | Commercial | -I3 -c4 -15 -5 | -C6
D1 31 0 0.474 0.474 0.832 | 0.865 | 0.969 | 1.002 | 1.141 ns
D3 7 0 1.633 1.632 2.869 | 2982 | 3.343 | 3.458 | 3.936 ns
D4 31 0 0.473 0.473 0.832 | 0.865 | 0.969 | 1.003 | 1.142 ns
D5 31 0 0.473 0.473 0.832 | 0.865 | 0.970 | 1.004 | 1.142 ns

Programmable Output Buffer Delay

Table 63 lists the delay chain settings that control the rising and falling edge delays of
the output buffer. The default delay is 0 ps.

November 2012  Altera Corporation

Table 63. Programmable Output Buffer Delay (" (2—Preliminary

Symbol Parameter Typical Unit
0 (default) ps
Doutsur Rising and/or falling edge 50 ps
delay 100 0
150 ps

Notes to Table 63:

(1) Pending the Quartus Il software extraction.

(2) You can set the programmable output buffer delay in the Quartus Il software by setting the Output Buffer Delay
Control assignment to either positive, negative, or both edges, with the specific values stated here (in ps) for the
Output Buffer Delay assignment.
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Glossary

Table 64 lists the glossary for this datasheet.

Table 64. Glossary Tahle (Part 1 of 4)

Letter Subject Definitions
A
B — —
(¥
Receiver Input Waveforms
Single-Ended Waveform
Positive Channel (p) = V|y
,,,,,,,,,,,,, Vip
Negative Channel (n) =V,
Vem
Ground
Differential Waveform
Vip
p-n=0V
Vio
D Differential I/0
Standards Transmitter Output Waveforms
Single-Ended Waveform
Positive Channel (p) = Vo
""""""" Vob ><
Negative Channel (n) = Vg
Vem
Ground
Differential Waveform
Vob
p-n=0V
Vop
E — —
fuscoLk Left/right PLL input clock frequency.
f High-speed 1/0 block—Maximum/minimum LVDS data transfer rate
F HSDR (fuspr = 1/TUI), non-DPA.
f High-speed 1/0 block—Maximum/minimum LVDS data transfer rate
HSDRDPA (fspropa = 1/TUI), DPA.
G
H — —
|
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Table 64. Glossary Tahle (Part 2 of 4)

Letter Subject Definitions
J High-speed 1/0 block—Deserialization factor (width of parallel data bus).
JTAG Timing Specifications:
TDI X >< X ><
J | JTAG Timing tie : :
Specifications ot tuc >k tupsy—sie—itpy
TCK | ‘ L
tpzxie— tapco i+ i tupxz
TDO 1 X ‘
K
L
M — —
N
0

Diagram of PLL Specifications (7

Switchover

CLKOUT Pins

Counters:
C0.C17

Core Clock

PLL
Specifications

Delta Sigma
Modulator

P Key

D Reconfigurable in User Mode External Feedback

Note:
(1) core Clock can only be fed by dedicated clock input pins or PLL outputs.

Some tables show the designation as “Preliminary”. Preliminary characteristics are created
using simulation results, process data, and other known parameters.

Preliminary Final numbers are based on actual silicon characterization and testing. The numbers reflect
the actual performance of the device under worst-case silicon process, voltage, and junction
temperature conditions. There are no preliminary designations on finalized tables.

Q — —
R R Receiver differential input discrete resistor (external to the Arria V device).
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Table 64. Glossary Table (Part 3 of 4)

Letter Subject Definitions

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:
Sampling

window (SW) < >

0.5x TCCS RSKM Sampling Window RSKM 0.5xTCCS
(SW)

The JEDEC standard for the SSTL and HSTL I/0 defines 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
S waveform ringing, as shown:

Single-Ended Voltage Referenced I/0 Standard

Single-ended
voltage
referenced 1/0 U /o'
standad |\ S
Vinac)
ViHpc)
%
\ ReF / V\L(DC)
ViLac)
_____ T S
"""""""""""""""""""""""""""" Vss
tc High-speed receiver/transmitter input and output clock period.
TCCS (channel- The timing difference between the fastest and slowest output edges, including the tgq

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).

High-speed I/0 block—Duty cycle on high-speed transmitter output clock.
Timing Unit Interval (TUI)

to-channel-skew)

T foury The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(Receiver Input Clock Frequency Multiplication Factor) = to/w)
trarL Signal high-to-low transition time (80-20%)
tincey Cycle-to-cycle jitter tolerance on the PLL clock input
toutrs 10 Period jitter on the GPIO driven by a PLL
toutpy DC Period jitter on the dedicated clock output driven by a PLL
trise Signal low-to-high transition time (20-80%)

U — —
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Table 64. Glossary Tahle (Part 4 of 4)
Letter Subject Definitions
Vemoce) 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.
VoiF(ac) AC differential input voltage—Minimum AGC input differential voltage required for switching.
Voire) DC differential input voltage— Minimum DC input differential voltage required for switching.
Vi, VoItage.input high.—The minimum positive voltage applied to the input which is accepted by
the device as a logic high.
Vikac) High-level AC input voltage
Vinoo) High-level DC input voltage
v v Voltage input low—The maximum positive voltage applied to the input which is accepted by
L the device as a logic low.
Vi (ac) Low-level AC input voltage
ViLoo) Low-level DC input voltage
Voou Output.Common mode voltage—The common mode of the differential signal at the
transmitter.
Voo Output differential voltage swing—_The di)‘ference in vgltage between th.e positive and
complementary conductors of a differential transmission at the transmitter.
Vswing Differential input voltage
Vy Input differential cross point voltage
Vox Output differential cross point voltage
w W High-speed 1/0 block—Clock Boost Factor
X,
Y’ J— R
z

November 2012  Altera Corporation

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



Page 62 Document Revision History

Document Revision History

Table 65 lists the revision history for this document.

Tahle 65. Document Revision History

Date Version Changes

m Updated Table 2, Table 4, Table 9, Table 14, Table 16, Table 17, Table 20, Table 21,
Table 25, Table 29, Table 36, Table 55, Table 56, and Table 59.

m Removed table: Transceiver Block Jitter Specifications for Arria V Devices.
m Added HPS information:
m Added “HPS Specifications” section.

m Added Table 37, Table 38, Table 39, Table 40, Table 41, Table 42, Table 43, Table 44,
Table 45, Table 46, Table 47, Table 48, and Table 49.

m 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.

] Updated Arria V GX VCCR?GXBL/R! VCCT?GXBL/R1 and VCCL?GXBL/R minimum and maximum
values, and data rate in Table 4.

m Added receiver VICM (AC coupled) and VICM (DC coupled) values, and transmitter VOCM
(AC coupled) and VOCM (DC coupled) values in Table 20 and Table 21.

August 2012 2.3 m Updated the SERDES factor condition in Table 30.

m Updated the maximum voltage for V, (DC input voltage) in Table 1.

m Updated Table 20 to include the Arria V GX -13 speed grade.

m Updated the minimum value of the fixedc1k clock frequency in Table 20 and Table 21.
m Updated the SERDES factor condition in Table 30.

m Updated Table 50 to include the IOE programmable delay settings for the Arria V GX -13
speed grade.

June 2012 2.1 Updated VCCR_GXBL/R: VCCT_GXBL/R: and VCCL_GXBL/R values in Table 4.
Updated for the Quartus Il software v12.0 release:
m Restructured document.

November 2012 3.0

October 2012 2.4

July 2012 2.2

m Updated “Supply Current and Power Consumption” section.
m Updated Table 20, Table 21, Table 24, Table 25, Table 26, Table 35, Table 39, Table 43, and

June 2012 2.0 Table 52.
m Added Table 22, Table 23, and Table 33.
m Added Figure 1-1 and Figure 1-2.
m Added “Initialization” and “Configuration Files” sections.
m Updated Table 2-1.
February 2012 1.3 m Updated Transceiver-FPGA Fabric Interface rows in Table 2-20.
m Updated Vcp description.
December 2011 1.2 m Updated Table 2-1 and Table 2-3.
m Updated Table 2-1, Table 2-19, Table 2-26, and Table 2-36.
November 2011 1.1 m Added Table 2-5.
m Added Figure 2—4.
August 2011 1.0 Initial release.

Arria V GX, GT, SX, and ST Device Datasheet November 2012  Altera Corporation



	Arria V GX, GT, SX, and ST Device Datasheet
	Electrical Characteristics
	Operating Conditions
	Absolute Maximum Ratings
	Recommended Operating Conditions
	DC Characteristics
	Internal Weak Pull-Up Resistor
	I/O Standard Specifications


	Switching Characteristics
	Transceiver Performance Specifications
	Core Performance Specifications
	Clock Tree Specifications
	PLL Specifications
	DSP Block Specifications
	Memory Block Specifications
	Temperature Sensing Diode Specifications

	Periphery Performance
	High-Speed I/O Specification
	DLL Range, DQS Logic Block, and Memory Output Clock Jitter Specifications
	OCT Calibration Block Specifications
	Duty Cycle Distortion (DCD) Specifications

	HPS Specifications
	QSPI Timing Characteristics
	SPI Timing Characteristics
	SD/MMC Timing Characteristics
	USB Timing Characteristics
	Ethernet Media Access Controller (EMAC) Timing Characteristics
	I2C Timing Characteristics
	NAND Timing Characteristics
	ARM Trace Timing Characteristics
	UART Interface
	GPIO Interface


	Configuration Specification
	POR Specifications
	JTAG Configuration Timing
	FPP Configuration Timing
	DCLK-to-DATA[] Ratio (r) for FPP Configuration
	FPP Configuration Timing when DCLK to DATA[] = 1
	FPP Configuration Timing when DCLK to DATA[] > 1

	AS Configuration Timing
	PS Configuration Timing
	Initialization
	Configuration Files
	Remote System Upgrades Circuitry Timing Specification
	User Watchdog Internal Oscillator Frequency Specification

	I/O Timing
	Programmable IOE Delay
	Programmable Output Buffer Delay

	Glossary
	Document Revision History

