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A10-DATASHEET-2014.08.18 Datasheet

This datasheet describes the electrical characteristics, switching characteristics,
configuration specifications, and I/O timing for Arria® 10 devices.

Arria 10 devices are offered in extended and industrial grades. Extended devices are
offered in —E1 (fastest), —-E2, and —E3 speed grades. Industrial grade devices are
offered in the —-I1, -I2, and -I3 speed grades.

The suffix after the speed grade denotes the power options offered in Arria 10 devices.
m L—Low static power
m S—Standard power

m M—Enabled with the V- PowerManager feature (you can power Vcc and Vcp at
nominal voltage of 0.90 V or lower voltage of 0.83 V)

e For more information about the densities and packages of devices in the Arria 10
family, refer to the Arria 10 Device Overview.

Electrical Characteristics

The following sections describe the operating conditions and power consumption of
Arria 10 devices.

Operating Conditions

Arria 10 devices are rated according to a set of defined parameters. To maintain the
highest possible performance and reliability of the Arria 10 devices, you must
consider the operating requirements described in this section.
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Electrical Characteristics

Absolute Maximum Ratings

This section defines the maximum operating conditions for Arria 10 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

Table 1. Absolute Maximum Ratings for Arria 10 Devices—Preliminary

Symbol Description Condition Minimum | Maximum | Unit
Vee Core voltage power supply — —0.50 1.21 v
Veer ;ejzlr)iglr;ery circuitry and transceiver fabric interface power . 050 121 v
Veceram Embedded memory power supply — -0.50 1.36 v
Veeor lF;BV\F/)erres(;Jrﬁ)\E);)r/ for programmable power technology and . 050 5 46 v
Voosar E:;tfgéiZ?:rk-up power supply for design security volatile . 050 5 46 N
Vecram Configuration pins power supply — -0.50 2.46 v
Vecio 1/0 buffers power supply Vi ~0.50 4.10 v

LVDS 1/0 -0.50 2.46 v
Veea pLL Phase-locked loop (PLL) analog power supply — -0.50 2.46 v
Veer exs Transmitter power — -0.50 1.34 v
VR 6xs Receiver power — -0.50 1.34 vV
VecH oxs Transmitter output buffer power — -0.50 2.46 v
VoL Hps HPS core voltage and periphery circuitry power supply — -0.50 1.27 V
Vecio Hes HPS 1/0 buffers power supply V1o ~0.50 4.10 v
- LVDS 1/0 -0.50 2.46 v
Veciorer wps | HPS 1/0 pre-driver power supply — -0.50 2.46 vV
VecpLL Hps HPS PLL power supply — -0.50 2.46 \Y
lout DC output current per pin — —25 25 mA
T, Operating junction temperature — 55 125 °C
Tste 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 2.24 V for LVDS I/O can only be at 2.24 V for
~26% over the lifetime of the device; for a device lifetime of 10 years, this amounts to

2.6 years.

Table 2 lists the maximum allowed input overshoot voltage and the duration of the
overshoot voltage as a percentage of device lifetime. The LVDS I/O values are
applicable to the VREFP_ADC and VREFN_ADC I/O pins.

Table 2. Maximum Allowed Overshoot During Transitions for Arria 10 Devices— Preliminary

Condition (V)
Symbol Description Overshoot Duration as % at T; = 100°C Unit
LVDS 1/0 3Vi/0
2.19 3.30 100 %
2.24 3.35 %
Vi (AC) | AC input voltage 2.29 3.40 %
2.34 3.45 %
2.39 3.50 %

Recommended Operating Conditions

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

Arria 10 devices.

Table 3 lists the steady-state voltage values expected from Arria 10 devices. Power
supply ramps must all be strictly monotonic, without plateaus.

Tahle 3. Recommended Operating Conditions for Arria 10 Devices—Preliminary (Part 1 of 2)

Symbol Description Condition Minimum ¥ | Typical | Maximum /| Unit
Sta”d;m’;d low 0.87 09 093 | V
Voo Core voltage power supply Voo PowerManager 7 | 0.8,0.87 | 0.83,0.9 | 0.86,0.93 | V
SmartVID 0.8 — 0.93 v
Standard and low 0.87 0.9 0.93 N
Vegp Periphery circuitry and transceiver power
fabric interface power supply V¢ PowerManager (| 0.8,0.87 | 0.83,0.9 | 0.86,0.93 v
SmartVID 0.8 — 0.93 v
18V 1.71 1.8 1.89 v
Vecram Configuration pins power supply 15V 1.425 15 1.575 v
1.2V 1.14 1.2 1.26 vV
Veceram Embedded memory power supply 09V 0.87 0.9 0.93 v
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Table 3. Recommended Operating Conditions for Arria 10 Devices—Preliminary (Part 2 of 2)

Symbol Description Condition Minimum @ | Typical | Maximum /| Unit
Battery back-up power supply 1.8V 1.7 1.8 1.89 \Y
Veegar @ (rggirsii:rs;gn security volatile key 19y 114 1 . v
Vet | power technclogy and 10 re-river 18V M 1|18 |
3.0V (for 3V 1/0 only) 2.85 3.0 3.15 v
2.5V (for 3V 1/0 only) 2.375 2.5 2.625 v
1.8V 1.71 1.8 1.89 v
Veeio I/0 buffers power supply 1.5V 1.425 15 1.575 vV
135V (3) 1.35 ) v
1.25V 1.19 1.25 1.31 v
1.2V (3) 1.2 ) v
Voon pLL Ellj_[l)_pell;lalog voltage regulator power o 171 18 189 N
Vige oc ngtg'géoge‘r’ggfge reference for — 12475 | 125 | 12505 | v
, 3V1/0 -0.3 — 3.3 v
Vv, DC input voltage
LVDS I/0 -0.3 — 2.19 v
Vo Output voltage — 0 — Veeio vV
Extended 0 — 100 °C
T, Operating junction temperature Industrial -40 — 100 °C
Military 55 — 125 °C
- Power supply ramp time Standard POR 200 us — 100 ms —
Fast POR 200 ys — 4 ms —

Notes to Table 3:

(1) You can operate V¢ PowerManager devices at either 0.83 V or 0.9 V. Power Vg and Vep at 0.9 V to achieve —1 speed grade performance.
Power Ve and Vecp at 0.83 V to achieve lower performance using the lowest power.

(2) Ifyou do not use the design security feature in Arria 10 devices, connect Vecgar to @ 1.5-V or 1.8-V power supply. Arria 10 power-on reset (POR)
circuitry monitors Vgggar- Arria 10 devices do not exit POR if Vgggar is not powered up.

(3) For minimum and maximum voltage values, refer to the “I/0 Standard Specifications” section.

(4) Thisis also applicable to HPS power supply. For HPS power supply, refer to tgamp Specifications for standard POR when HPS_PORSEL = 0 and
tramp Specifications for fast POR when HPS_PORSEL = 1.

(5) The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance
requirements. Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.
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Table 4 and Table 5 list the recommended operating conditions for Arria 10
transceiver power supplies.

Table 4. Transceiver Power Supply Operating Conditions for Arria 10 GX/SX Devices—Preliminary

Symbol Description Condition 2 Minimum @ | Typical | Maximum ) | Unit
Chip-to-Chip < 17.4 Gbps
Or 0.970 1.0 1.030 Vv
Veor oL Transmitter Ba(.:kplane {7) <16.0 Gbps
power supply Chip-to-Chip < 11.3 Gbps
Or 0.870 0.9 0.930 v

Backplane () < 10.3125 Ghps
Chip-to-Chip < 17.4 Gbps

or 0970 1.0 1030 | v
v Receiver power Backplane (" < 16.0 Gbps
COR-GXBILA | supply Chip-to-Chip < 113 Gbps
or 0.870 09 0030 | V

Backplane (7 < 10.3125 Gbps

Transceiver high o
VecH_exBILR] voltage power 1.710 1.8 1.890 V

Notes to Table 4:

(1) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to compensate for
signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require DFE.

(2) These data rate ranges vary depending on the transceiver speed grade. Refer to Table 19 for exact data rate ranges.

(3) This value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to
the PDN tool for the additional budget for the dynamic tolerance requirements.

Tahle 5. Transceiver Power Supply Operating Conditions for Arria 10 GT Devices—Preliminary (Part 1 of 2)

Symbol Description Condition ¥ Minimum | Typical | Maximum | Unit
Chip-to-Chip < 28.3 Gbps ("
Or 1.070 1.1 1.130 v

Backplane 2) < 17.4 Gbps

Chip-to-Chip < 15 Gbps
Or 0.970 1.0 1.030 v
Backplane 2) < 14.2 Gbps

Transmitter power

Veer axBiLRA] supply

Chip-to-Chip < 11.3 Gbps
Or 0.870 0.9 0.930 V
Backplane 2) < 10.3125 Gbps
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Table 5. Transceiver Power Supply Operating Conditions for Arria 10 GT Devices—Preliminary (Part 2 of 2)

Symbol Description Condition # Minimum # | Typical | Maximum # | Unit
Chip-to-Chip < 28.3 Gbps (7
Or 1.070 1.1 1.130 vV
Backplane (2) < 17.4 Ghps
Chip-to-Chip < 15 Gbps
Veer_axeqLr) | Receiver power supply Or 0.970 1.0 1.030 \Y
Backplane 2) < 14.2 Gbps
Chip-to-Chip < 11.3 Gbps
Or 0.870 0.9 0.930 \Y
Backplane 2) < 10.3125 Gbps
Voo ol Igal‘t“asgcee'gg\jvg'rgshupply — 1.710 1.8 1890 | Vv

Notes to Table 5:

(1) 28.3 Gbps is the maximum data rate for GT channels. 17.4 Gbps is the maximum data rate for GX channels.

(2) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to compensate for
signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require DFE.

(3) These data rate ranges vary depending on the transceiver speed grade. Refer to Table 21 for exact data rate ranges.

(4) This value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to
the PDN tool for the additional budget for the dynamic tolerance requirements.

Table 6 lists the steady-state voltage and current values expected from Arria 10
system-on-a-chip (SoC) devices with ARM®-based hard processor system (HPS).
Power supply ramps must all be strictly monotonic, without plateaus.

Table 6. HPS Power Supply Operating Conditions for Arria 10 SX Devices ("—Preliminary

Symbol Description Condition Mi“g}'"m Typical Max;zl}wm Unit
. . HPS processor 0.87 0.9 0.93 N
Y HPS core voltage and periphery circuitry | speed =1.2 GHz
CCL_HPS
- power supply HPS processor
speed = 15 GHz 0.92 0.95 0.98 v
3.0V 2.85 3.0 3.15 v
Vecio_Hps HPS 1/0 buffers power supply 25V 2.375 2.5 2.625 v
18V 1.71 1.8 1.89 vV
Veciorer_nps | HPS 1/0 pre-driver power supply — 1.71 1.8 1.89 V
HPS PLL analog voltage regulator power
Vowrwes | guoply — 1.74 1.8 189 | v

Notes to Table 6:

(1) Refer to Table 3 for the steady-state voltage values expected from the FPGA portion of the Arria 10 SoC devices.

(2) This value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to
the PDN tool for the additional budget for the dynamic tolerance requirements.
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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

The OCT variation after power-up calibration specifications will be available in a
future release of the Arria 10 Device Datasheet.

Supply Current and Power Consumption

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 usage of the
resources.

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 7 lists the Arria 10 I/O pin leakage current specifications.

Table 7. 1/0 Pin Leakage Current for Arria 10 Devices—Preliminary

Symbol Description Condition Min Max Unit
|| Input pin V| =0Vto VCClOMAX -80 80 UA
loz Tri-stated I/0 pin Vo =0V 10 Veeiomax -80 80 LA

Note to Table 7:
(1) If Vg = Veeio to Veciomax, 300 pA of leakage current per 1/0 is expected.
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Bus Hold Specifications

Table 8 lists the Arria 10 device bus hold specifications. The bus-hold trip points are
based on calculated input voltages from the JEDEC standard.

Table 8. Bus Hold Parameters for Arria 10 Devices—Preliminary

Veeio (V)

Parameter | Symhol | Condition 1.2 1.5 1.8 25 3.0 Unit

Min Max Min Max Min Max Min Max Min Max
Bus-hold, Vo
low, N> Vi | 8(1), 1207, 00,1 . .
sustaining lsust (max) 602 | T | 320@ | T | 5502 60 70 HA
current
Bus-hold,
high, Vin<Vig | -8, | |=1200,1 18000, | | _ N _
sustaining lsusi (min) | 26 3202 _55(2) 60 70 LA
current
Bus-hold,
low, OV<V|N< . _ _ _ —
overdrive lopL Vegro 125 175 200 300 500 | pA
current
Bus-hold,
high, 0V<Vy< . B o _ . . . _ i _
overdrive lopH Vesro 125 175 200 300 500 | pA
current
Bus-hold | — 03 | 09 | 038 | 113 | 068 | 107 | 070 | 17 | 08 | 2 |V
trip point

Notes to Table 8:

(1) This value is only applicable for LVDS 1/0 bank.
(2) This value is only applicable for 3 V 1/0 bank.
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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 9 lists the Arria 10 OCT termination calibration accuracy specifications. The
OCT calibration accuracy is valid at the time of calibration only.

Table 9. OCT Calibration Accuracy Specifications for Arria 10 Devices—Preliminary

Calibration Accuracy

Symbol Description Condition (V) Unit
-E1,-11 | -E2,-12 | -E3,-I3
Internal series termination
48-Q3, 60-Q3, 80-Q, and | with calibration (48-Q, _ 0
240-0) Ry 60-0, 80-, and 240- | Voo =12 +15 +15 #1511 %
setting)
Internal series termination Voo =15.1.35
34-0 and 40-Q R with calibration (34-Q and | 010~ = o +15 +15 +15 %
) 1.25,1.2
40-Q setting)
Internal series termination
25-Q Rg with calibration Vecio=1.8,1.5,1.2 +15 +15 +15 %
Internal series termination o
50-Q Rg with calibration Vecio=1.8,1.5,1.2 +15 +15 +15 %o
Internal series termination
34-0, 40-0, 48-0, and | with calibration (34-, 40- | POD12 I/0 standard, .
+15 +15 +15 Yo
60-Q Rg Q, 48-0, and 60-Q Vegio = 1.2
setting)
Internal parallel
34-Q, 40-Q, 48-Q, terfmna.non with POD12 1/0 standard,
60-Q, 80-Q, 120-Q, calibration (34-Q, 40-Q, £15 £15 +15 %
and 240-Q Ry 48-Q, 60-Q, 80-, 120-, | Veco =12
and 240-Q setting)
Internal parallel
) i termination with Veeio = 1.5, 1.35, _ a _ 0
60-Q and 120-Q Ry calibration (60-Q and 125.1.2 10to +40 | -10to +40 | -10t0 +40 | %
120-Q setting)
Internal parallel
20-Q, 30-Q, and 40-Q | termination with Veeio = 1.5, 1.35, : _ : 0
R, calibration (20-0, 30-0, 1.95 10t0o +40 | -10to +40 | -10t0 +40 | %
and 40-Q setting)
Internal parallel
50-Q Ry termination with Vecio=1.8,15,12 |-10to+40 |-10to+40 | —-10to +40 | %
calibration (50-Q setting)

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

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

the tolerance may change.
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Table 10 lists the Arria 10 OCT without calibration resistance tolerance to PVT
changes.

Table 10. OCT Without Calibration Resistance Tolerance Specifications for Arria 10 Devices—Preliminary

Resistance Tolerance
Symbol Description Condition (V) Unit
-E1,-I1 | -E2,-12 | -E3,-13

Internal series termination Vecio=1.8,1.5 +25 +35 +40 %

25-Q Rg without calibration .
(25-Q Setting) VCCIO =12 £25 +35 +40 %o
Internal series termination Vecio=1.8,1.5 +25 +39 +40 %

50-Q Rg without calibration .
(SO-Q Setting) VCCIO =12 +25 +35 +40 %o

) Internal differential _ 0
100-2 Ro termination (100-Q setting) Veeio =138 £25 +35 =40 &

Equation 1 shows the equation to determine the OCT variation without recalibration.

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

dR dR
Rocr = RSCAL(l + (X ADE(T5 AV>)

Notes to Equation 1:

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

(2) Rscac 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 V¢ g 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.

Pin Capacitance
Table 11 lists the Arria 10 pin capacitance.

Table 11. Pin Capacitance for Arria 10 Devices—Preliminary

Symbol Description Value Unit
Cio_coumn | Input capacitance on column I/0 pins 2.5 pF
Coutrs Input capacitance on dual-purpose clock output/feedback pins 2.5 pF
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Internal Weak Pull-Up Resistor

Table 12 lists the weak pull-up resistor values for Arria 10 devices.

All1/O pins have an option to enable weak pull-up except the configuration, test, and
JTAG pins. For more information about the pins that support internal weak pull-up
and internal weak pull-down features, refer to the Arria 10 Device Family Pin

Connection Guidelines.

Table 12. Internal Weak Pull-Up Resistor Values for Arria 10 Devices—Preliminary

Symbol Description Condition (V) (" Value @ | Unit
Vecio = 3.0 £5% 25 kQ

Veeio = 2.5 £5% 25 kQ

Value of the 1/0 pin pull-up resistor before and during Vooio = 1.8 £5% 25 kQ

Ry configuration, as well as user mode if you have enabled the Vecio=1.5 5% 25 kQ
programmable pull-up resistor option. Voo = 1.35 5% o5 KO

Vecio = 1.25 £5% 25 kQ

Vecio=1.2 £5% 25 kQ

Notes to Table 12:

M

(2) Valid with £10% tolerances to cover changes over PVT.

1/0 Standard Specifications

Pin pull-up resistance values may be lower if an external source drives the pin higher than Vegq.

Table 13 through Table 18 list the input voltage (Vg and V), output voltage (Voy and
Vo), and current drive characteristics (Iog and Iop) for various 1/0 standards

supported by Arria 10 devices.

For minimum voltage values, use the minimum Vo values. For maximum voltage
values, use the maximum Vo values.

For an explanation of terms used in Table 13 through Table 18, refer to “Glossary” on

page 1-44.
Table 13. Single-Ended 1/0 Standards for Arria 10 Devices—Preliminary (Part 1 of 2)
Veeio (V) Vi (V) Viu (V) Vo (V) Vou (V) 1) (1)
1/0 Standard I:’;A I"m“ A
Min | Typ | Max | Min Max Min Max Max Min (mA) | (mA)
3.0VLVITL | 285 | 3 | 315 | -03 0.8 17 33 0.4 2.4 2 | =2
3.0-V
OMOS 285 | 3 | 315 | -03 0.8 17 33 0.2 Veeo—=02 | 01 | -0.1
25V 2375 | 25 | 2.625 | 0.3 0.7 17 33 0.4 2 1 | -
1.8V 171 | 18 | 189 | -0.3 | 0.35 x Vg0 2}65 X Vo403 | 045 |Vego-045| 2 | -2
CClo
1.5V 1425 | 15 | 1575 | <03 | 035xVooo | °X | Voo +03 | 055X Voo | 075xVogo | 2 | 2
CClo
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Table 13. Single-Ended 1/0 Standards for Arria 10 Devices—Preliminary (Part 2 of 2)

Veeio (V) Vi (V) Viu (V) Vo (V) Vou (V) o (1| 1o (1)
1/0 Standard (:‘; A) ("m“ a)
Min Typ | Max | Min Max Min Max Max Min
1.2V 114 [ 12 | 126 | -03 | 085xVeoo | X | Veoo+0.3 | 025X Voo | 075xVeoo | 2 | -2
CClo

Note to Table 13:

(1) To meet the I and loy Specifications, you must set the current strength settings accordingly. For example, to meet the 3.0-V LVTTL specification (2 mA), you
should set the current strength settings to 2 mA. Setting at lower current strength may not meet the |, and Iy specifications in the handbook.

Table 14. Single-Ended SSTL, HSTL, and HSUL 1/0 Reference Voltage Specifications for Arria 10 Devices—Preliminary

Veen(V) Vier(V) Vrr(V)
1/0 Standard

Min Typ Max Min Typ Max Min Typ Max
SSTL-18
Class 1.1 171 18 | 1.89 0.833 0.9 0.969 | Vpgr—0.04 Vage | Vegr +0.04
SSTL-13 1425 | 15 | 1575 | 049x Voo | 05xVogo | 051 X Vego | 0.49% Voo | 0.5x Vegro | 0.51 xV
Class I, Il : : : A9xVegio | 0.5 Ve | 051X Veeip | 049X Vegio | 0.5X Veeio | 0.51 X Vegio
SSTL-135 1.283 1.35 1.418 0.49 x Vo | 0.5XVeeig | 0.51 X Vegio | 0.49 X Veeio 0.5xVgeo | 0.1 x Veeio
SSTL-125 1.19 1.25 1.31 0.49 x VCClO 0.5x VCClO 0.51x VCClO 0.49 x VCClO 0.5x VCClO 0.51 x VCClO
SSTL-12 1.14 1.2 1.26 0.49 x VCClO 0.5x VCCIO 0.51 x VCClO 0.49 x VCClO 0.5x VCCIO 0.51 x VCCIO
HSTL-18
Class 1.1 1.71 18 | 1.89 0.85 0.9 0.95 — Veoio/2 —
HSTL-15
Class L1 1425 | 15 | 1575 0.68 0.75 0.9 — Vo2 —
HSTL-12
Class |, I 1.14 1.2 1.26 0.47 x VCClO 0.5x VCClO 0.53 x VCClO — VCCIO/2 —
HSUL-12 1.14 1.2 1.3 0-49XVCC|O O.5XVCC|0 0.51 XVCClO — — —
POD12 1.16 1.2 1.24 0.69 x Veeio | 0.7 X Veeio | 0.71 X Vegio — Vecio —

Table 15. Single-Ended SSTL, HSTL, and HSUL 1/0 Standards Signal Specifications for Arria 10 Devices—Preliminary

(Part 1 of 2)

Vioe) (V) Vinoc) (V) Viaey (V) | Vinae) (V) Vo (V) Vou (V) 0] 0]
1/0 Standard ad o d ad :l”"l A) ::"; A)

Min Max Min Max Max Min Max Min

SSTL-18 v Vier +
Class | -0.3 —OFEIEES ORfFZS VCCIO +0.3 VREF -0.25 VREF +0.25 VTT -0.603 VTT +0.603 6.7 6.7
SSTL-18 _ VREF VREF + _ _ _
C|ass I 0.3 —0.125 0.125 VCClO +0.3 VREF 0.25 VREF +0.25 0.28 VCClO 0.28 13.4 13.4
glsa-l-sl;"lls —_— VREF -0.1 VREF +0.1 —_— VREF -0.175 VREF +0175] 0.2x VCC|0 0.8 x VCC|0 8 -8
ggs';:f — | Vagr=01 | Vs 401 | — | Vagr—0175 | Vagr + 0175 | 0.2xVeeo | 08X Vego | 16 | 16
SSTL-135 —_ VREF -0.09 VREF +0.09 — VREF -0.16 VREF +0.16 0.2 x VCClO 0.8 x VCClO —_— —_
SSTL-125 — VREF -0.09 VREF +0.09 —_— VREF -0.15 VREF +0.15 0.2 x VCClO 0.8 x VCClO — —
SSTL-12 — [ Vegr—010 | Vegr 010 |  — | Vegr—=015 | Vagr+0.15 | 02xVogo | 08xVeoo | — | —

Arria 10 Device Datasheet
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Table 15. Single-Ended SSTL, HSTL, and HSUL 1/0 Standards Signal Specifications for Arria 10 Devices—Preliminary

(Part 2 of 2)
/0 Standard Vi) (V) Vinoc) (V) Vitag) (V) | Vinagy (V) Vo (V) Vou (V) ™ | 1y
Min Max Min Max Max Min Max Min (mA) | (mA)

HSTL-18

Class | o VRer=0.1 | Vper + 0.1 — Veer— 0.2 Veer + 0.2 0.4 Vecio— 0.4 8 -8

ggg;ns - VREF =01 VREF +0.1 - VREF -02 VREF +0.2 04 VCCIO -04 16 -16

HSTL-15

Class | o VRer = 0.1 | Vper + 0.1 — Veer— 0.2 Veer + 0.2 0.4 Vecio— 0.4 8 -8

It-:ilsa.;l;-rls — VREF -01 VREF +0.1 —_— VREF -0.2 VREF +0.2 0.4 VCClO -0.4 16 -16

gl‘:Ts';rz =0.15 | Vggr— 0.08 | Vger +0.08 Vgﬂ"; Veer—0.15 | Vper+0.15 | 0.25X Vggio | 0.75X Vegio | 8 -8

g&Ts';rlz -0.15 | Vpgr—0.08 | Vier +0.08 VS?;(’; Vrer—0.15 | Vper+0.15 | 0.25x Vegyo | 0.75x Vgo | 16 | —16

HSUL-12 — | VRer— 0.13 | Vger + 0.13 — Veer—0.22 | VRer+0.22 | 0.1 X Vegio | 0.9xVego | — —
. _ Veeio + _ (0.7-0.15) | (0.7+0.15) | |

POD12 0.15 VREF 0.08 VREF +0.08 0.15 VREF 0.15 VREF+ 0.15 X VCC|0 X VCC|O

Note to Table 15:

(1) To meet the o 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 lg, and Iy specifications in the handbook.

Table 16. Differential SSTL I/0 Standards for Arria 10 Devices—Preliminary

VO Staadard Veeio (V) Vswingoc) (V) Vswing(ac) (V) Vixiac) (V)

Min Typ Max Min Max Min Max Min Typ Max
SSTL-18 Class |, Il 171 | 18 | 189 | 0.25 VCOC_'g * 05 | Vego+06 V%C'f%’ — V%C'f%*
SSTL-15 Class I, Il 1425 | 15 | 1575 | 02 | o 2(\\’/':2‘)7) - 2\2[:*:))‘ Vool = | Vooo2+
SSTL-135 1283 | 135 | 145 | 018 | 2(\\’/':2? - 2(\0;3 T | Voo | gz | Voo
SSTL-125 119 | 125 | 131 | 0.18 () 2(\\’/':2‘)7)‘ 2(\\//';@‘)’)_ VCS'_%/SZ | Voo’ ch'_%/g '
SSTL-12 114 | 12 | 126 | 0.16 () 2(\\’/':2? - 2(\0;2‘5) - V&E{S_ Veciol2 V&T;
POD12 1.16 1.2 124 | 0.16 — 03 — V&EOFS‘ — V&%Fg

Note to Table 16:
(1) The maximum value for Vgwing(nc) is not defined. However, each single-ended signal needs to be within the respective single-ended limits (Vi pcy and Vi pc))-
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Table 17. Differential HSTL and HSUL 1/0 Standards for Arria 10 Devices—Preliminary

1/0 Veeio (V) anr(nc) V) anF(Ac) V) VlX(Ac) V) VcM(nc) (v)
Standard | Min | Typ | Max | Min Max Min Max | Min | Typ | Max | Min | Typ | Max
HSTL-18
Class |, Il 1425 | 15 | 1.575 0.2 — 0.4 — 0.78 — 112 | 0.78 — 1.12
HSTL-15
Class |, Il 1425 | 15 | 1.575 0.2 — 0.4 — 0.68 — 0.9 0.68 — 0.9
HSTL-12 Vecio + Vecio + . 0.5x . 04x | 05x | 0.6x
C|ass I, Il 114 12 126 0.16 0.3 03 0.48 VCClO VCClO VCClO VCClO

0.5x 0.5x
HSUL-12 114 192 13 2(\</|H(DC) 2(VREF - 2(V|H(AC) 2(VREF - VCC|0 _ 0.5x VCC|0 0.4 x 0.5x 0.6 x
- REF) VIH(DC)) _VREF) VIH(AC)) 0.12 VCCIO +0.12 VCCIO VCCIO VCCIO
Table 18. Differential I/0 Standard Specifications for Arria 10 Devices—Preliminary
Veeio (V) Vip (mV) (7 Viewoe) (V) Voo (V) @ Voem (V) @
1/0 Standard
Min | Typ | Max | Min | Condition | Max | Min Condition | Max | Min | Typ | Max | Min | Typ | Max
Transmitter, receiver, and input reference clock pins of high-speed transceivers use the CML 1/0 standard. For transmitter,
PCML . . e
receiver, and reference clock 1/0 pin specifications, refer to Table 23.
I:)MAX
Vo = O | <700 Mops | 1%
LVDS @ 1.71 1 1.8 | 1.89 | 100 105y | — D 0247 | — | 0.6 |1.125|1.25|1.375
) MAX
T 700 Mbps | 18
RSDS (HIO) YE L .
@) 1.71 1 1.8 | 1.89 | 100 195V 0.3 1.4 01 |02 05 |12 | 14
Mini-LVDS
(HID) ) 1.71 | 1.8 | 1.89 | 200 — 600 | 04 — 1.325| 0.25 | — | 600 1 12| 14
I:)MAX
06 1 <700 Mbps | 17
LVPEGL (® 1.71 | 1.8 | 1.89 | 300 — — — | — — | = —
1 Du | 45
>700 Mbps '

Notes to Table 18-

)
(2)
)

data rates below 700 Mbps.

(4)
(%)
(6)

1.95 V for data rates below 700 Mbps.

Arria 10 Device Datasheet

The minimum V| value is applicable over the entire common mode range, Vey.
Ri range: 90 <R <110 Q.
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

For optimized RSDS receiver performance, the receiver voltage input range must be within 0.3 Vto 1.4 V.
For optimized Mini-LVDS receiver performance, the receiver voltage input range must be within 0.4 V to 1.325 V.
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 V to
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Switching Characteristics

This section provides performance characteristics of Arria 10 core and periphery
blocks for extended grade devices.

Transceiver Performance Specifications
Table 19, Table 20, Table 21, and Table 22 describe transceiver performance

specifications.

Table 19. Transceiver Performance for Arria 10 GX/SX Devices—Preliminary

Transceiver | Transceiver | Transceiver | Transceiver | Transceiver
Symbol/Description Condition Speed Speed Speed Speed Speed Unit
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Transmitter and Receiver Data Rate
Maximum data rate
Veer axe = Veer oxe 174 15 14.2 12.5 8 Gbps
=1.0V
Chip-to-chip (7 Maximum data rate
Veer axe = Veor axs 11.3 11.3 11.3 11.3 3 Gbps
=09V
Minimum Data Rate 611 @ Mbps
Maximum data rate
Veer axe = Veer oxe 16 14.2 12.5 10.3125 6.5536 Gbps
=1.0V
Backplane (7 Maximum data rate
Veer axe = Veer oxe 10.3125 10.3125 10.3125 10.3125 6.5536 | Gbps
=09V
Minimum Data Rate 611 @ Mbps
ATX PLL
Supported Output | Maximum frequency 8.7 7.5 7.1 6.25 4 GHz
Frequency Minimum frequency 500 MHz
Fractional PLL
Supported Output | Maximum frequency 6.25 6.25 6.25 6.25 4 GHz
Frequency Minimum frequency 305.5 MHz
CMU PLL
Supported Output | Maximum frequency 8.7 7.5 7.1 6.25 4 GHz
Frequency Minimum frequency 305.5 MHz

Notes to Table 19:
(1)

signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require DFE.
(2) Arria 10 transceivers can support data rates down to 125 Mbps with over sampling.

August 2014  Altera Corporation
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Table 20. High-Speed Serial Transceiver-Fabric Interface Performance for Arria 10 GX/SX Devices—Preliminary

Core Speed Grade with Power Options
Symbol/Description Conditions . . . . Units
20-bit interface - FIFO Vee=0.9 516 516 400 400 MHz
20-bit interface - Registered Vee=0.9 491 491 400 400 MHz
32-bit interface - FIFO Vee=0.9 441 441 404 335 MHz
32-bit interface - Registered Vee=0.9 441 441 404 335 MHz
64-bit interface - FIFO Vee=0.9 272 272 234 222 MHz
64-bit interface - Registered Vee=0.9 272 272 234 222 MHz
PCle Gen3 HIP-Fabric interface Vee=0.9 300 300 250 250 MHz
20-bit interface - FIFO Vee=0.83 400 N/A N/A N/A MHz
20-bit interface - Registered Vec=0.83 400 N/A N/A N/A MHz
HSSI-Fabric 32-bit interface - FIFO | Vc=0.83 335 N/A N/A N/A MHz
32-bit interface - Registered Vec=0.83 335 N/A N/A N/A MHz
64-bit interface - FIFO Vee=0.83 222 N/A N/A N/A MHz
64-bit interface - Registered Vec=0.83 222 N/A N/A N/A MHz
PCle Gen3 HIP-Fabric interface Vee=0.83 250 N/A N/A N/A MHz
Table 21. Transceiver Performance for Arria 10 GT Devices—Preliminary (Part 1 of 2)
Transceiver | Transceiver | Transceiver
Symbol/Description Condition Speedzﬁrade Speed3Grade Speed4Grade Unit
Transmitter and Receiver Data Rate
Maximum data rate GT Channel @ 28.3 26 20 Gbps
Joos 60 = Vooroxs = | G Channel 174 15 15 |Gbps
Maximum data rate
Veer_exe = Veer_oxs = 15 14.2 12,5 Gbps
1.0V
Maximum data rate
Chip-to-chip Ven oxs = Voot o1 = 11.3 11.3 113 | Gbps
09V
Minimum data rate
Veer_axs = Veer_axs = 1000 ¥ Mbps
11V
Minimum data rate
Veer_axe = Veer axs = 6116 Mbps
09Vori.0v

Arria 10 Device Datasheet
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Table 21. Transceiver Performance for Arria 10 GT Devices—Preliminary (Part 2 of 2)

Transceiver | Transceiver | Transceiver
Symbol/Description Condition Speedztirade Speed3Grade Speed4lirade Unit
Maximum data rate
Veer axe = Veor oxe = 174 14.2 14.2 Gbps
11V
Maximum data rate
Veer oxs = VeoT oxs = 14.2 12.5 10.3125 | Gbps
1.0V
Maximum data rate
Backplane (7 Voor 16 = Voot cxs = 103125 | 103125 | 103125 |Gbps
09V
Minimum data rate
Veer_axe = Veer axs = 1000 ¥/ Mbps
11V
Minimum data rate
Veer_axs = Veer_axs = 611 Mbps
09Vorit.0v
ATX PLL
Supported Output Maximum frequency 14.15 13 10 GHz
Frequency Minimum frequency 500 MHz
Fractional PLL
Supported Qutput Maximum frequency 6.25 6.25 6.25 GHz
Frequency Minimum frequency 305.5 MHz
CMU PLL
Supported Output Maximum frequency 8.7 7.5 7.5 GHz
Frequency Minimum frequency 305.5 MHz

Notes to Table 21:

(1) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to compensate for
signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require DFE.

(2) GT channels are only available when Vger gxg = 1.1V and Vgg _gxg = 1.1V.

(3) Arria 10 transceivers can support data rates down to 125 Mbps with over sampling.

August 2014  Altera Corporation
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Tahle 22. High-Speed Serial Transceiver-Fabric Interface Performance for Arria 10 GT Devices—Preliminary

Core Speed Grade with Power Options
Symbol/Description Conditions Units
-1 -2 -3
20-bit interface - FIFO Vee=0.9 516 400 400 MHz
20-bit interface - Registered Vee=0.9 491 400 400 MHz
32-bit interface - FIFO Vee=0.9 441 404 335 MHz
32-bit interface - Registered Vee=0.9 441 404 335 MHz
64-bit interface - FIFO Vee=0.9 439 407 313 MHz
64-Dit interface - Registered Vee=0.9 439 407 313 MHz
PCle Gen3 HIP-Fabric interface Vee=0.9 300 250 250 MHz
Table 23 lists the Arria 10 transceiver specifications.
Tahle 23. Transceiver Specifications for Arria 10 GX, SX, and GT Devices—Preliminary (Part 1 of 3)
Symbol/ Coniti Transceiver Speed Grades 1, 2, 3, 4, and 5 Unit
Description ondition : nt
Min Typ Max
Reference Clock
Dedicated
reference clock CML, Differential LVPECL, LVDS, and HCSL
Supported 1/0 pin
Standards o ref ok
pmre GTENCE C10CK | oML, Differential LYPECL, and LVDS
Rise time 20% to 80% — — 250 ps
Fall time 80% to 20% — — 250 ps
Duty cycle — 45 — 55 %
Spread-spectrum ®
modulating clock PCl Egpress 30 — 33 kHz
f (PCle®)
requency
Spread-spectrum | e — 0to-05 — %
downspread
On-chip
termination — — 100 — Q
resistors
Dedicated
reference clock — — 1.6 v
Absolute Vyax pin
R.X reference clock . . 19 N
pin
Absolute Vyy — -0.4 — — V
Peak-to-peak
differential input | — 200 — 1600 mV

voltage

Arria 10 Device Datasheet
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Table 23. Transceiver Specifications for Arria 10 GX, SX, and GT Devices—Preliminary (Part 2 of 3)
Symbol/ Conditi Transceiver Speed Grades 1, 2, 3, 4, and 5 Unit
Description ondition ) ni
Min Typ Max
100 Hz — — -70 dBc/Hz
Transmitter 1 kHz — — -90 dBc/Hz
REFCLK Phase
Noise (622 10 kHz — — -100 dBc/Hz
MHz) (8 100 kHz — — -110 dBc/Hz
>1MHz — — -120 dBc/Hz
Transmitter 10 kHz to 1.5 MHz
REFCLK Phase — — 3 ps (rms)
Jitter (100 MHz) | (PCle)
RREF — — 20K +1% — Q
Transceiver Clocks
. Transceiver
CLKUSR pin Calibration 100 — 125 MHz
. Reconfiguration . .
reconfig clk interface 100 MHz
Receiver
Supported 1/0 _ . . , (10) , ,
Standards High Speed Differential I/0 (70), CML, Differential LVPECL, and LVDS
Absolute Vyax for . . L 190 N
a receiver pin (7
AbSOlgte VN.”N for . 04 . . Vv
a receiver pin
Maximum peak-
to-peak differential
input voltage Vip . . L 16 N
(diff p-p) before '
device
configuration (9
Minimum
differential eye
opening at — 85 — — mV
receiver serial
input pins (7)
85-Q setting — 85+ 30% — Q
Differential on-  '100-0) setting — 100 + 30% — o
chip termination - .
resistors 120-Q2 setting — 120 = 30% — Q
150-Q setting — 150 £ 30% — Q
tim @ — — — 10 1§}
tirp @ — 4 — — us
J[LTD_manuaI “ - 4 - - us
torr_L1o_manuar @ — 15 — — Hs
Run Length — — — 200 ul
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Table 23. Transceiver Specifications for Arria 10 GX, SX, and GT Devices—Preliminary (Part 3 of 3)

Symbol/ o Transceiver Speed Grades 1, 2, 3, 4, and 5 ]
D o Condition Unit
escription Min Typ Max
CDR PPM PCle-only — — 300 + PPM
tolerance All other protocols — — 1000 + PPM
Transmitter
Supported 1/0 _ : . . (10) .
Standards High Speed Differential 1/0
85-Q setting — 85+ 20% — Q
Differential on-  100-03 setting — 100 + 20% — Q
chip termination - .
resistors 120-Q setting — 120 £ 20% — Q
150-Q2 setting — 150 £ 20% — Q
Rise time (6) 20% to 80% 30 — 160 ps
Fall time (6) 80% to 20% 30 — 160 ps
Intra-differential | TxVgy=0.5Vand . . 15 s
pair skew slew rate of 15 ps p

Notes to Table 23:

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

(2)
)
(4)

(5)

fi7r is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.
ti7p is time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high.

ti70_manuar 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.

tL7R_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.

The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.

The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver
Equalization, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.

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

DC coupling specifications are pending silicon characterization.

(10) High Speed Differential I/0 is the dedicated 1/0 standard for the transmitter in Arria 10 transceivers.

Arria 10 Device Datasheet
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Core Performance Specifications
This section describes the clock tree, phase-locked loop (PLL), digital signal

processing (DSP), memory blocks, temperature sensing diode, and voltage sensor

specifications.

Clock Tree Specifications

Table 24 lists the clock tree specifications for Arria 10 devices.

Table 24. Clock Tree Performance for Arria 10 Devices—Preliminary

Performance
Parameter ~E1L,-E1M (1, —E1S, £l 1oL —EIM2,-11m 2, -g3s, | Unit
=1L, -11m TRes T -I3$
Global clqck, regional clock, and 644 644 644 MHz
small periphery clock
Large periphery clock 525 525 525 MHz
Notes to Table 24:
(1) When you power V¢ and V¢cp at nominal voltage of 0.90 V.
(2) When you power V¢ and V¢cp at lower voltage of 0.83 V.
PLL Specifications
Table 25 and Table 26 list the Arria 10 PLL specifications.
Tahle 25. Fractional PLL Specifications for Arria 10 Devices—Preliminary (Part 1 of 2)
Symbol Parameter Condition Min Typ Max Unit
-1 speed grade 27 — 1000(" | MHz
fin Input clock frequency -2 speed grade 27 — TBD (M MHz
-3 speed grade 27 — TBD (W MHz
Fractional input clock frequency to the . .
frinero phase frequency detector (PFD) 50 325 MHz
. —1 speed grade 2.4 — 6.25 GHz
fueo PLL vqltage-controlled oscillator (VCO) 2 speed grade | 2.4 — 6.05 GHz
operating range
-3 speed grade 2.4 — 6.25 GHz
tenouTy Input clock duty cycle — 40 — 60 %
—1 speed grade — — 800 MHz
Output frequency for internal global or ~ — —
four o regional clock (c counter) 2 speed grade 720 MHz
-3 speed grade — — 650 MHz
Output frequency to physical medium —1speed grade | — - 6.25 GHz
four L attachment (PMA) TX or clock generation | —2 speed grade — — 6.25 GHz
buffer (L counter) -3 speed grade | — — 6.25 GHz
Dynamic configuration clock for . . .
foveonFiscLk mgmt_clk and scanclk 100 MHz
i Time required to lock from end-of-device . . . 1 ms
LOCK configuration or deassertion of areset
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Table 25. Fractional PLL Specifications for Arria 10 Devices—Preliminary (Part 2 of 2)

Symbol Parameter Condition Min Typ Max Unit
Time required to lock dynamically (after
toLock switchover or reconfiguring any non- — — — 1 ms
post-scale counters/delays)
Low — TBD — MHz
foLaw PLL closed-loop bandwidth Medium — TBD — MHz
High — TBD — MHz
tpLL PsERR Accuracy of PLL phase shift — — — +50 ps
Minimum pulse width on the t
taRESET signal P arese — 10 — — ns
Frer =100 MHz | — — TBD Ul (p-
twccs @ @ | Input clock cycle-to-cycle jitter REF= (P-P)
Frep <100 MHz | — — TBD ps (p-p)
; (@ | Period jitter for clock output on a regular | Four 2100 MHz |~ — — TBD | ps(p-p)
FOUTPJ_I0 1/0 in fractional PLL Four<100 MHz | — — TBD | mUl (p-p)
; @ | Cycle-to-cycle jitter for clock outputona | Four =100 MHz | — — TBD | ps(p-p)
FoutceJ_lo regular 1/0 in fractional PLL Four<100MHz | — — TBD | mUI (p-p)
Bit number of Delta Sigma Modulator . . . ,
dKBlT (DSM) 32 bit
KyaLue Numerator of fraction — — 2147483648 — —
Resolution of VGO frequency . . .
fRES (f|NPFD -100 MHZ) 0.023 Hz

Notes to Tahle 25:

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

(2) Ahighinput 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.

(3) Freris fi/ N, specification applies when N=1.
(4) External memory interface clock output jitter specifications use a different measurement method, which are available in Table 37 on page 1-31.

Table 26. 1/0 PLL Specifications for Arria 10 Devices—Preliminary (Part 1 of 2)

Symbol Parameter Condition Min Typ Max Unit

—1 speed grade 10 — 800 MHz

fin @ Input clock frequency -2 speed grade 10 — 700 MHz

-3 speed grade 10 — 650 MHz

finpeD Integer input clock frequency to the PFD — 10 — 325 MHz

—1 speed grade 600 — 1600 MHz

fueo PLL VCO operating range —2 speed grade 600 — 1434 MHz

-3 speed grade 600 — 1250 MHz

foLaw PLL closed-loop bandwidth — 0.1 — 8 MHz
tempury : [r]lgllj;[ gluotgkcgg I((aax’[ernal feedback clock . 40 o 60 o
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Tahle 26. 1/0 PLL Specifications for Arria 10 Devices—Preliminary (Part 2 of 2)
Symbol Parameter Condition Min Typ Max Unit
0 -1 speed grade — — 800 MHz
utput frequency for internal global or ~ — —
four e regional clock (c counter) 2 speed grade 720 MHz
-3 speed grade — — 650 MHz
—1 speed grade — — TBD MHz
four xt oolljjttglljtt frequency for external clock 2 speed grade — — 8D VHz
-3 speed grade — — TBD MHz
Duty cycle for dedicated external clock . o
fourpury output (when set to 50%) 45 50 5 &
External feedback clock compensation
tecomp i — — — 10 ns
ime
Dynamic configuration clock for . . .
foveonFiccLk mgmt_clk and scanclk 100 MHz
i Time required to lock from end-of-device . . o y ms
LOCK configuration or deassertion of areset
Time required to lock dynamically (after
toLock switchover or reconfiguring any non- — — — 1 ms
post-scale counters/delays)
tpLL PSERR Accuracy of PLL phase shift — — — +50 ps
" Minimum pulse width on the areset . 10 . . ns
ARESET Signal
Frer > 100 MHz — — TBD Ul (p-
twecs @ @ | Input clock cycle-to-cycle jitter REF (P-P)
Frep <100 MHz | — — TBD | ps(p-p)
Period jitter for dedicated clock outputin | Four=100MHz | — — TBD ps (p-p)
tourry_pc inteqer PLL
Integer Four < 100 MHz — — TBD mUl (p-p)
Cycle-to-cycle jitter for dedicated clock | Four=100MHz |~ — — TBD ps (p-p)
tources_oc tput in integer PLL — — ;
output in integer Four < 100 MHz TBD mUl (p-p)
(@ | Period jitter for clock output on the Four=100MHz | — — TBD | ps(p-p)
foutey 10 regular 1/0 in integer PLL F
out < 100 MHz — — TBD mUl (p-p)
; @ | Cycle-to-cycle jitter for clock outputon | Four=2100MHz |~ — — TBD ps (p-p)
outceJ_1o the regular 1/0 in integer PLL For<100MHz | — — TBD | mUl (p-p)
. Period jitter for dedicated clock outputin | Four=100MHz | — — TBD ps (p-p)
CASC_OUTPJ_DC ded PLLs _ _ -
Cascaae Fout < 100 MHz TBD mUl (p-p)
frs Resolution of VCO frequency . . 8D . Hy

(fiverp = 100 MHz)

Notes to Table 26:
(1) This specification is limited in the Quartus Il software by the I/0 maximum frequency. The maximum I/0 frequency is different for each 1/0

standard.

(2) A highinput 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.

(3) Freris fin/ N, specification applies when N=1.
(4) External memory interface clock output jitter specifications use a different measurement method, which are available in Table 37 on page 1-31.
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DSP Block Specifications
Table 27 lists the Arria 10 DSP block performance specifications.

Tahle 27. DSP Block Performance Specifications for Arria 10 Devices—Preliminary

Performance
Mode ~E1L, ML | | gy | EME, | -nme, | Uit
-EIM (), -E1S | -HM -E3S -138

Modes using One DSP Block
Independent 18 x 19 multiplication 520 500 420 400 360 340 MHz
Independent 27 x 27 multiplication 520 500 420 400 360 340 MHz
Two 18 x 19 multiplier adder mode 520 500 420 400 360 340 MHz
xft;]‘ ;gmfmgt‘t’r added summed 520 500 420 400 360 340 | MHz
Mode using Two DSP Blocks
Complex 18 x 19 multiplication 520 500 \ 420 \ 400 \ 360 | 340 \ MHz

Notes to Table 27:

(1) When you power V¢ and Veep at nominal voltage of 0.90 V.
(2) When you power V¢c and V¢ep at lower voltage of 0.83 V.

Memory Block Specifications

Table 28 lists the Arria 10 memory block specifications.
To achieve the maximum memory block performance, use a memory block clock that
comes through global clock routing from an on-chip PLL and set to 50% output duty

cycle. Use the Quartus II software to report timing for the memory block clocking
schemes.

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

Table 28. Memory Block Performance Specifications for Arria 10 Devices—Preliminary (Part 1 of 2)

Resources Used Performance
Memory Mode -E1L, HL | -EM@. | -E2L —E3S Unit
- (1) ’ 3 ’ ]
ALUTs | Memory | -EVM™ | —umiy | M’ | -1’ | s
Single port, all supported widths 0 1 200 660 490 570 490 MHz
(x16/x32)
Simple dual-port, all supported
MLAB widths (x16/x32) 0 1 700 660 490 570 490 MHz
Simple dual-port with read and 0 1 460 450 330 400 330 MHz
write at the same address
ROM, all supported width (x16/x32) 0 1 700 660 490 570 490 MHz
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Table 28. Memory Block Performance Specifications for Arria 10 Devices—Preliminary (Part 2 of 2)

Resources Used Performance
Memory Mode -E1L, ML | -EM2. | -E2L —E3S Unit
- (1) ’ 3 ’ ]
ALUTs | Memory | -EVM™ | —umiy | M’ | -1’ | s
Single-port, all supported widths 0 1 730 690 510 625 530 MHz
Sllmple dual-port, all supported 0 1 730 690 510 625 530 MHz
widths
Simple dual-port with the
read-during-write option set to Old 0 1 550 520 410 470 410 MHz
Data, all supported widths
M20K Simple dual-port with ECC enabled
Block P P 10 1 470 450 360 410 360 | MHz
512 x 32
Simple dual-port with ECC and
optional pipeline registers enabled, 0 1 620 590 470 520 470 MHz
512 x 32
True dual port, all supported widths 1 730 690 510 625 530 MHz
ROM, all supported widths 1 730 690 510 680 570 MHz

Notes to Table 28:
(1) When you power V¢ and Vggp at nominal voltage of 0.90 V.
(2) When you power V¢ and V¢cp at lower voltage of 0.83 V.
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Table 29. Internal Temperature Sensing Diode Specifications for Arria 10 Devices—Preliminary

Temperature Sensing Diode Specifications

Table 29 lists the internal temperature sensing diode specifications for the Arria 10

devices.

Offset . . Minimum Resolution
Ten:g;ra:ure Accuracy | Calibrated Sagmléng co'!rviﬁ::m“ Resolution with no Missing
9 Option Codes
—40t0 125 °C +5°C No 1 MHz <5ms 10 bits 10 bits

Table 30 lists the external temperature sensing diode specifications for the Arria 10

devices.

Table 30. External Temperature Sensing Diode Specifications for Arria 10 Devices—Preliminary

Description Min Typ Max Unit
lhias, diode source current 8 — 200 pA
Vbias, voltage across diode 03 — 0.9 v
Series resistance — — <1 Q
Diode ideality factor 1.03 —

Internal Voltage Sensor Specifications

Table 31 lists the internal voltage sensor specifications for the Arria 10 devices.

Table 31. Internal Voltage Sensor Specifications for Arria 10 Devices—Preliminary

Parameter Minimum Typical Maximum Unit
Resolution 10 — 12 Bit
Sampling rate — — 500 Ksps
Differential non-linearity (DNL) — — +1 LSB
Integral non-linearity (INL) — — +3 LSB
Input capacitance — 20 — pF
Signal to noise and distortion ratio (SNR) 60 — — dB
Clock frequency — — 20 MHz
Unipolar Input Mode
Input signal range for Vsigp — 1.5 V
Common mode voltage on Vsign — 0.25 v
Input signal range for Vsigp — Vsign — 1.25 V
Bipolar Input Mode
Input signal range for Vsigp 0 — 1.25 v
Input signal range for Vsigp — Vsign -0.625 — 0.625 Y
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Periphery Performance

This section describes the periphery performance, high-speed I/0, and external
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 32 lists high-speed I/O timing for Arria 10 devices.

Table 32. High-Speed 1/0 Specifications for Arria 10 Devices (7 2. (10—Preliminary (Part 1 of 2)

-E1L, -E1M ("9, -E1S,
1L, -11TM (79

—E1M (16), 1M (76),

-E2L, -12L —E3S, -135

Symbol Condition Unit
Min | Typ Max Min | Typ Max Min | Typ Max
fhsok_in (input clock
frequency) True Clock boost factor . . .
Differential 1/0 W=1to40 @ | 10 800 | 10 700 | 10 625 | MHz
Standards
fHSCLKﬁin (Inpu’[ clock
frequency) Single Clockboostfactor | 45 | | go5 | 10 | — | 625 |10 | — | 525 | MHz
W=1t040
Ended 1/0 Standards
fuscik_our (output _ — | — 1 s0@® | —| — | 70| —| — | 625 | MHz
clock frequency)
Transmitter
SERDES factor
J= 41010 (3. (6).(7) © | — 1600 (4 © | — | 14346 | (© | — | 1250 | Mbps
SERDES factor
True Differential 1/0 =305, (6).(7) ® | — ® ® | — ® ® | — ® | Mbps
Standards - fHSDR
(data rate) (9 SERDES factor J=2, 1 ) | _ | gpomem | ® | — | @® | ® | — | ®© | Mbps
uses DDR registers
SERDESfactord =1, | (5 | _ | soqm9 | ® | — ), (9) 6 | — .9 | Mbps
uses DDR registers
Total jitter for data
ty itter - TTUE rate, 600 Mbps - — | — 160 — | — 200 — | — 250 ps
Differential 1/0 1.6 Gbps
Standards Total jitter for data
rate, < 600 Mbps — | — 0.1 — | — 0.12 — | = 0.15 Ul
TX output clock duty
toyry (9 cycle for Differential | 45 | 50 55 45 | 50 55 45 | 50 55 %
I/0 Standards
True Differential 1/0
trise a e 7 (17 Standards — | = 160 — | = 180 — | — 200 ps
True Differential 1/0
(13), (14) — — — — — —
TCCS Standards 150 150 150 ps
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Table 32. High-Speed 1/0 Specifications for Arria 10 Devices (7 (2. (10 —Preliminary (Part 2 of 2)

-E1L, -E1M ("9, -E1S, -E1M (76, -[1M (76),

-E2L, -12L

Symbol Condition L, -nm -3, 138 Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Receiver
SERDES factor
True Differential 1/0 Jodtol0B.6.0 | — | — 1600 — | — | 1434 | — | — | 1250 | Mbps
Standards - fHSDRDPA
SERDES factor
(data rate) - 3.6).(6). 7 — | —= () — | — (8) — | — (8 Mbps
SERDES factor
(6) — (12) (6) — (12) (6) — (12)
J=31010 Mbps
fisor (data rate) SERDES factor J = 2, (6) _ (9 (6) . (9) (6) _ (9 Mbps
(without DPA) (14 uses DDR registers
uses DDR registers
DPA Mode
DPA run length — | — | — ] 10000 | — | — ] to000 [ — [ — | 10000 [ uUI
Soft CDR mode
Soft-CDR ppm . o o o
tolerance 300 300 300 +ppm
Non DPA Mode
Sampling Window — | — | — | 300 \ — | — | 300 \ — \ — \ 300 | ps

Notes to Table 32:

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

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

Clock Boost Factor (W) is the ratio between the input data rate and the input clock rate.
This is achieved by using the PHY clock network.

The Fax Specification is based on the fast clock used for serial data. The interface F,qy is also dependent on the parallel clock domain which is design dependent
and requires timing analysis.

(6) 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 serializer do not have a minimum toggle rate.

(7) The Vgc and Vgcp must be on a combined power layer and a maximum load of 5 pF for chip-to-chip interface.
(8) Pending silicon characterization.

(9) 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 meets the interface requirements.

(10) 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.

(11) This applies to default pre-emphasis and Vqp settings only.

(12) 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.

13) Not applicable for bIvcLK = 1.
14) Requires package skew compensation with PCB trace length.
15) When you power Vg and Veep at nominal voltage of 0.90 V.

)

(
(
(
(16) When you power V¢ and Vggp at lower voltage of 0.83 V.
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Figure 1 shows the DPA lock time specifications with the DPA PLL calibration option
enabled.

Figure 1. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_reset

- DPA Lock Time >

rx_dpa_locked

256 data * 96 slow + 256 data 96 slow * 256 data
transitions clock cycles transitions clock cycles transitions

Table 33 lists the DPA lock time specifications for Arria 10 devices, which are
applicable to both commercial and industrial grades. The DPA lock time is for one
channel. One data transition is defined as a 0-to-1 or 1-to-0 transition.

Table 33. DPA Lock Time Specifications for Arria 10 Devices—Preliminary

Number of Data Number of .
Standard Training Pattern Transﬂ_lt_ms in One Repetitions per 256 Maxlmu!n_ Data
Repetition of the Data Transitions (7 Transition
Training Pattern
SPI-4 00000000001111111111 2 128 640
) 00001111 2 128 640
Parallel Rapid I/0
10010000 4 64 640
, 10101010 8 32 640
Miscellaneous
01010101 8 32 640

Note to Table 33:
(1) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 2 shows the LVDS soft-clock data recovery (CDR)/DPA sinusoidal jitter
tolerance specification for a data rate equal to 1.6 Gbps.

Figure 2. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Equal to 1.6 Gbps

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification

8.5

Jitter Amphlitude (UI)

Jitter Frequency (Hz)
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Table 34 lists the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate equal to 1.6 Gbps.

Table 34. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate Equal to 1.6 Ghps—Preliminary

Jitter Frequency (Hz) Sinusoidal Jitter (Ul)
F1 10,000 25.00
F2 17,565 25.00
F3 1,493,000 0.35
F4 50,000,000 0.35

Figure 3 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate less than 1.6 Gbps.

Figure 3. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Less than 1.6 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 35 lists the DLL frequency range specifications for Arria 10 devices.
Arria 10 devices support memory interface frequencies lower than 667 MHz,
although the reference clock that feeds the DLL must be at least 667 MHz. To support

interfaces below 667 MHz, multiply the reference clock feeding the DLL to ensure the
frequency is within the supported range.

Table 35. DLL Frequency Range Specifications for Arria 10 Devices—Preliminary

Parameter Performance (for All Speed Grades) Unit
DLL operating frequency 667 — 1333 MHz
range

Table 36 lists the DQS phase shift error for Arria 10 devices. This error specification is
the absolute maximum and minimum error.

Table 36. DQS Phase Shift Error Specification for DLL-Delayed Clock (tpqs psers) for Arria 10
Devices—Preliminary

Symbol Performance (for All Speed Grades) Unit

tpas_pserr 5 ps

Table 37 lists the memory output clock jitter specifications for Arria 10 devices.

The clock jitter specification applies to the memory output clock pins clocked by an
integer PLL, or generated using differential signal-splitter and double data I/O
circuits clocked by a PLL output routed on a PHY clock network as specified. Altera
recommends using PHY clock networks for better jitter performance.

The memory output clock jitter is applicable when an input jitter of 10 ps peak-to-
peak is applied with bit error rate (BER) 102, equivalent to 14 sigma.

Table 37. Memory Output Clock Jitter Specification for Arria 10 Devices—Preliminary

-E1L, -E1M (1), -E1M 2, —11M 2,

Parameter Clock Network Symbol _E—1I§,IVI_!11)L, R —£33, 138 Unit
Min Max Min Max Min Max
Clock period jitter tormipen 58 58 58 58 58 58 ps
PHY clock %g're'to'cyc'e period |4 o | 58 | 58 | 58 | 58 | 58 | 58 | ps
Duty cycle jitter ooy 58 58 58 58 58 58 ps

Notes to Table 37:
(1) When you power Vg and Vgep at nominal voltage of 0.90 V.
(2) When you power Vgg and Vgep at lower voltage of 0.83 V.
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OCT Calibration Block Specifications
Table 38 lists the OCT calibration block specifications for Arria 10 devices.

Table 38. OCT Calibration Block Specifications for Arria 10 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
Number of OCTUSRCLK clock cycles required for OCT code

ToctsHiFr to shift out — 32 — Cycles
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 4 shows the Tgg gy for oe and dyn_term_ctrl signals.

Figure 4. Timing Diagram for oe and dyn_term_ctrl Signals

RX Tristate X Tristate RX

oe

dyn_term_ctrl —

RS_RT RS_RT
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Configuration Specification

This section provides configuration specifications and timing for Arria 10 devices.

POR Specifications

Table 39 lists the specifications for fast and standard POR for Arria 10 devices.

Table 39. Fast and Standard POR Delay Specification for Arria 10 Devices (/—Preliminary

POR Delay Minimum Maximum Unit
Fast 4 122 ms
Standard 100 300 ms

Notes to Table 39:

(1) Select the POR delay based on the MSEL setting as described in the “Configuration Schemes for Arria 10 Devices”
table in the Configuration, Design Security, and Remote System Upgrades in Arria 10 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 40 lists the JTAG timing parameters and values for Arria 10 devices.

Table 40. JTAG Timing Parameters and Values for Arria 10 Devices—Preliminary

Symbol Description Min Max Unit
tice TCK clock period 30,167 (1) — ns
ticH TCK clock high time 14 — ns
tioL TCK clock low time 14 — ns
typsu (To)) TDI JTAG port setup time 2 — ns
tipsu (Tms) TMS JTAG port setup time 3 — ns
typH JTAG port hold time 5 — ns
tipco JTAG port clock to output — 11 ns
tipzx JTAG port high impedance to valid output — 14 ns
tupxz JTAG port valid output to high impedance — 14 ns

Note to Table 40:

(1) The minimum TCK clock period is 167 ns if Vgegar is within the range 1.2 V — 1.5 V when you perform the volatile
key programming.
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FPP Configuration Timing

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

Arria 10 Device Datasheet

for Arria 10 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.

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 7 is 2, the DCLK frequency must be 2 times the DATA[]

rate in Wps.

Table 41 lists the DCLK-to-DATA[] ratio for each combination.

Table 41. DCLK-to-DATA[] Ratio for Arria 10 Devices—Preliminary

Configuration Scheme Encryption Compression DCLK-to-DATA([] ratio (r)
Off Off 1
I On Off 1
FPP (8-hit wide)
Off On 2
On On 2
off Off 1
- On off 2
FPP (16-bit wide)
off On 4
On On 4
Off Off 1
_ On Off 4
FPP (32-hit wide)
Off On 8
On On 8
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FPP Configuration Timing when DCLK to DATA[] =1

Figure 5 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, FPP x16, and FPP x32. For the respective DCLK-to-DATA [] ratio,
refer to Table 41.

Figure 5. DCLK-to-DATA[] FPP Configuration Timing Waveform When the Ratio is 1
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Table 42 lists the timing parameters for Arria 10 devices for FPP configuration when
the DCLK-to-DATA[] ratio is 1.

Table 42. FPP Timing Parameters When the DCLK-to-DATA[] Ratio is 1 for Artia 10 Devices (") —Preliminary

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low to CONF_DONE low — 600 ns
terostg | NCONFIG low t0 nSTATUS low — 600 ns
tere nCONFIG low pulse width 2 — us
tstatus | nSTATUS low pulse width 268 1,506 (2) us
torsTy | nCONFIG high to nSTATUS high — 1,506 (9) us
torock ¥ | nCONFIG high to first rising edge on DCLK 1,506 — us
tgrock ¥ | nSTATUS high to first rising edge of DcLk 2 — us
tosu DATA [] setup time before rising edge on DCLK 55 — ns
ton DATA [] hold time after rising edge on DCLK 0 — ns
teH DCLK high time 0.45 x 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
tok DCLK period 1/fyax — S
o DCLK frequency (FPP x8/x16) — 125 MHz

DCLK frequency (FPP x32) — 100 MHz
tepoum | CONF_DONE high to user mode (%) 175 437 us

) 4 x maximum
tcpocy | CONF_DONE high to CLKUSR enabled . — —
- DCLK period
topacy +
tcpoumc | CONF_DONE high to user mode with CLKUSR option on (600 x CLKUSR — —
period)

Notes to Table 42:

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

This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.

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

If nSTATUS is monitored, follow the tstock Specification. If nSTATUS is not monitored, follow the tgrock Specification.

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

Figure 6. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1
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Table 43 lists the timing parameters for Arria 10 devices for FPP configuration when
the DCLK-to-DATA [] ratio is more than 1.

Table 43. FPP Timing Parameters When the DCLK-to-DATA[] Ratio is >1 for Arria 10 Devices (") —Preliminary

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low t0 CONF_DONE low — 600 ns
terostg | NCONFIG low t0 nSTATUS low — 600 ns
tere nCONFIG low pulse width 2 — us
tstatus | nSTATUS low pulse width 268 1,506 (@) us
torsTy | nCONFIG high to nSTATUS high — 1,506 2) us
torock ¥ | nCONFIG high to first rising edge on DCLK 1,506 — us
tgrock ¥ | nSTATUS high to first rising edge of DcLk 2 — us
tosu DATA [] setup time before rising edge on DCLK 55 — ns
ton DATA [ hold time after rising edge on DCLK N-1/fpe x4 — s
teH DCLK high time 0.45 x 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
tok DCLK period 1/fpax — S
o DCLK frequency (FPP x8/x16) — 125 MHz
DCLK frequency (FPP x32) — 100 MHz
tr Input rise time — 40 ns
tr Input fall time — 40 ns
tepoum | CONF_DONE high to user mode (%) 175 437 us
tcpocy | CONF_DONE high to CLKUSR enabled 4}322:{3;;?321 — —
tepacy +
teooume | CONF_DONE high to user mode with CLKUSR option on (600 x CLKUSR — —
period)

Notes to Table 43:

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

You can obtain this value if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.

If nSTATUS is monitored, follow the tgrock Specification. If nSTATUS is not monitored, follow the terock Specification.

N is the DCLK-to-DATA ratio and fpg  is the DCLK frequency the system is operating.

The minimum and maximum numbers apply only if you use the internal oscillator as the clock source for initializing the device.
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AS Configuration Timing

Figure 7 shows the timing waveform for the active serial (AS) x1 mode and AS x4

mode configuration timing.

Figure 7. AS Configuration Timing Waveform
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Table 44 lists the timing parameters for AS x1 and AS x4 configurations in Arria 10

devices.

The minimum and maximum numbers apply only if you choose the internal oscillator

as the clock source for initializing the device.

The tepaep, terstor tera, tstatus, and tepsrr timing parameters are identical to the
timing parameters for passive serial (PS) mode listed in Table 46 on page 1-40.

Table 44. AS Timing Parameters for AS x1 and AS x4 Configurations in Arria 10 Devices—Preliminary

Symbol Parameter Minimum Maximum Units
tco DCLK falling edge to AS_DATAO0/ASDO output — 4 ns
tsy Data setup time before falling edge on bcLK 1.5 — ns
tH Data hold time after falling edge on bCcLK 0 — ns
topoum CONF_DONE high to user mode 175 437 us
tepacu CONF_DONE high to CLKUSR enabled 4 maximurm DCLK — —

= period
. . . tCDZCU + (600 X _ _
topoumc CONF_DONE high to user mode with CLKUSR option on CLKUSR period)
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Table 45 lists the internal clock frequency specification for the AS configuration

scheme.

The DCLK frequency specification applies when you use the internal oscillator as the

configuration clock source.

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

100 MHz.
Table 45. DCLK Frequency Specification in the AS Configuration Scheme—Preliminary
Parameter Minimum Typical Maximum Unit
5.3 7.9 12.5 MHz
DCLK frequency in AS 10.6 15.7 25.0 MHz
configuration scheme 21.3 31.4 50.0 MHz
42.6 62.9 100.0 MHz

PS Configuration Timing

Figure 8 shows the timing waveform for a PS configuration when using a MAX 11

device or microprocessor as an external host.

Figure 8. PS Configuration Timing Waveform
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Table 46 lists the PS configuration timing parameters for Arria 10 devices.

Table 46. PS Timing Parameters for Arria 10 Devices—Preliminary (Part 1 of 2)

Symbol Parameter Minimum Maximum Units
terocn nCONFIG low t0 CONF_DONE low — 600 ns
terosTo nCONFIG low t0 nSTATUS low — 600 ns
tere nCONFIG low pulse width 2 — us
tsTaTUs nSTATUS low pulse width 268 1,506 (7) us
torosTt nCONFIG high to nSTATUS high — 1,506 2 us
torock ¥ | nCONFIG high to first rising edge on DCLK 1,506 — us
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Table 46. PS Timing Parameters for Arria 10 Devices—Preliminary (Part 2 of 2)

Symbol Parameter Minimum Maximum Units
tstock ) | nSTATUS high to first rising edge of DcLK 2 — us
tosu DATA[] setup time before rising edge on DCLK 5.5 — ns
ton DATA[] hold time after rising edge on DCLK 0 — ns
teH DCLK high time 0.45 x 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
tok DCLK period 1/fmax — S
fuax DCLK frequency — 125 MHz
teooum CONF_DONE high to user mode (4 175 437 us
tenacu CONF_DONE high to CLKUSR enabled 4}3’;35;;?3? — —

topacy +
tepoumc CONF_DONE high to user mode with CLKUSR option on (600 x CLKUSR — —
period)

Notes to Table 46:

(1) This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(2) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.

(3) If nsTaTUS is monitored, follow the tsrock Specification. If nSTATUS is not monitored, follow the tgrock Specification.

(4) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.

2

4

Initialization

Table 47 lists the initialization clock source option, the applicable configuration
schemes, and the maximum frequency for Arria 10 devices.

Table 47. Initialization Clock Source Option and the Maximum Frequency for Arria 10 Devices—

Preliminary
Maximum .
Initialization Clock Source | Configuration Schemes Frequency M'"(':'::)"GT( g"g}ggr of
(MHz) v
Internal Oscillator AS, PS, and FPP 12.5
AS 100 600
CLKUSR (1)
PS and FPP 125

Note to Table 47:

(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 48 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.

August 2014  Altera Corporation

Arria 10 Device Datasheet



Page 42 Configuration Specification

Table 48 lists the uncompressed raw binary file (.rbf) sizes for Arria 10 devices.

Table 48. Uncompressed .rbf Sizes for Arria 10 Devices—Preliminary

. . . Recommended EPCQ-L
Variant Product Line | Configuration .tbf Size | \gocp ¢ Size (hits) | Serial Configuration
(bits) Device

) GX 900 335,106,890 6,702,138 EPCQ-L1024
Arria 10 GX

GX 1150 335,106,890 6,702,138 EPCQ-L1024

. GT 900 335,106,890 6,702,138 EPCQ-L1024
Arria 10 GT

GT 1150 335,106,390 6,702,138 EPCQ-L1024

Table 49 lists the minimum configuration time estimation for Arria 10 devices. The
estimated values are based on the configuration .rbf sizes in Table 48.

Table 49. Minimum Configuration Time Estimation for Arria 10 Devices—Preliminary

Active Serial (" Fast Passive Parallel 2
Variant Product Line Minimum Minimum
Width ([I,Vll‘:ll-i:() Configuration Width (?th:ll-i:() Configuration Time
Time (ms) (ms)

. GX 900 4 100 837.77 32 100 104.72
Arria 10 GX

GX 1150 4 100 837.77 32 100 104.72

) GT 900 4 100 837.77 32 100 104.72
Arria 10 GT

GT 1150 4 100 837.77 32 100 104.72

Notes to Table 49:
(1) DCLK frequency of 100 MHz using external CLKUSR.
(2) Maximum FPGA FPP bandwidth may exceed bandwidth available from some external storage or control logic.

Remote System Upgrades

Table 50 lists the timing parameter specifications for the remote system upgrade
circuitry.

Table 50. Remote System Upgrade Circuitry Timing Specifications—Preliminary

Parameter Minimum Maximum Unit
fuax_ru_ck ¥ — 40 MHz
tru_nconrig @ 250 — ns
tru_nrstiver ¥ 250 — ns

Notes to Tahle 50:

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

(2) This is equivalent to strobing the reconfiguration input of the ALTREMOTE_UPDATE IP core 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 10 Devices chapter.

(3) This is equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE IP core 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 10 Devices chapter.
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User Watchdog Internal Circuitry Timing Specification

Table 51 lists the frequency specifications for the user watchdog internal oscillator.

Table 51. User Watchdog Internal Oscillator Frequency Specifications for Arria 10 Devices—
Preliminary

Parameter Minimum Typical Maximum Units

User watchdog internal

oscillator frequency 53 7.9 12.5 MHz

1/0 Timing

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.

The Excel-based 1/0O Timing spreadsheet will be available in a future release of the
Arria 10 Device Datasheet.

Programmable 10E Delay

Table 52 lists the Arria 10 IOE Programmable delay settings.

Table 52. I0E Programmable Delay for Arria 10 Devices (/—Preliminary
Fast Model Slow Model

Available | Minimum .
Parameter 2 . Unit
Settings | Offset™ | piionded | Industrial | —11L | —I28 | -13S | —E2S | —E3S
'C”hpa‘;; %‘z';iyng 64 0 1.829 1820 | 4128 | 4764 | 5.485 | 4.764 | 5.485 | ns
Output Delay 16 0 0.433 0430 | 0.990 | 1145 | 1326 | 1.145 | 1.326 | ns

Chain Setting

Notes to Table 52:
(1) For the exact values for each setting, use the latest version of the Quartus Il software. These extracted data are based on Slow 100C corner.

(2) You can set this value in the Quartus Il software by selecting Input Delay Chain Setting or Output Delay Chain Setting in the Assignment Name
column.

(3) Minimum offset does not include the intrinsic delay.
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Glossary

Glossary

Table 53 lists the glossary for this datasheet.

Table 53. 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 53. 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:
™S X
TDI X
J | JTAG Timing tyep
Specifications e tyoH—rie—tycl»: typsy tupn
TCK ]
tpzxie— tpco i+ i ez
TDO : X '

K

L

M — —

N

0
Some tables show the designation as “Preliminary”. Preliminary characteristics are created
using simulation results, process data, and other known parameters.

P 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.

0 J— J—

R R, Receiver differential input discrete resistor (external to the Arria 10 device).
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Table 53. 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 DC threshold.
This approach is intended to provide predictable receiver timing in the presence of input
S waveform ringing.

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 53. 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
Vix 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
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Document Revision History

Document Revision History

Table 54 lists the revision history for this document.

Tahle 54. Document Revision History (Part 1 of 2)

Date

Version

Changes

August 2014

2014.08.18

Changed the 3V 1/0 conditions in Table 2.
Table 3:
= Added a note to the Minimum and Maximum operating conditions.
m Changed Vceram Values.
m Changed the Maximum recommended operating conditions for 3V 1/0 V.
Added a note to the 1/0 pin pull-up tolerance in Table 12.
Changed the V), values for LVTTL, LVCMOS and 2.5 I/0 standards in Table 13.
Table 14, Table 15 and Table 16:
m Added SSTL-12 1/0 standard.
m Removed Class I, Il for SSTL-135 and SSTL-125 1/0 standards.
Table 19:
m Changed the minimum data rate specification for transmitter and receiver data rates.
m Changed the minimum frequency specification for the Fractional PLL.
m Changed the minimum frequency specification for the CMU PLL.
Changed the Core Speed Grade with Power Options section in Table 20.
Table 21:
m Changed the minimum data rate specification for transmitter and receiver data rates.
m Changed the minimum frequency specification for the Fractional PLL.
m Changed the minimum frequency specification for the CMU PLL.
m Changed the minimum frequency of the ATX PLL.
Table 23:
m Added a note to the High Speed Differential I/0 standard.
m Changed the specifications for CLKUSR pin.
Added columns in Table 29.
Changed the maximum fusgik in @nd tyjier in Table 32.
Changed the minimum formula for tepoyumc in Table 42, Table 43, Table 44, and Table 46.
Changed the CLKUSR maximum frequency and minimum number of cycles in Table 47.
Table 48:
m Changed the IOCSR .rbf size.
= Added Recommended EPCQ-L Serial Configuration Device.
Changed the DCLK frequency and minimum configuration time for FPP in Table 49.
Added Table 30 and Table 52.

Removed the CTLE Response in High Gain Mode for Arria 10 Devices with Data Rates > 8
Gbps figure.

Removed the CTLE Response in High Gain Mode for Arria 10 Devices with Data Rates < 8
Gbps figure.

March 2014

2014.03.14

Updated Table 3, Table 5, Table 21, Table 23, Table 24, Table 32, and Table 41.
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Tahle 54. Document Revision History (Part 2 of 2)

Date Version Changes
December 2013 | 2013.12.06 | Updated Figure 1 and Figure 2.
December 2013 | 2013.12.02 | Initial release.
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