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Table 1. Stratix V GX and GS Commercial and Industrial Speed Grade Offering (7> (2 () (Part 2 of 2)

Transceiver Speed Core Speed Grade
Grade c1 |c2,c2L| c3 C4 | 12,12 | 13,13L | 1YY 14
3
— Yes Yes Yes — Yes Yes (4) Yes
GX channel—38.5 Gbps

Notes to Table 1:

(1) C=Commercial temperature grade; | = Industrial temperature grade.
(2) Lower number refers to faster speed grade.

(3) C2L, I2L, and I3L speed grades are for low-power devices.

(4) 13YY speed grades can achieve up to 10.3125 Gbps.

Table 2 lists the industrial and commercial speed grades for the Stratix V GT devices.
Table 2. Stratix V GT Commercial and Industrial Speed Grade Offering (7> (2

Core Speed Grade
Transceiver Speed Grade
C1 C2 12 I3
2
GX channel—12.5 Gbps Yes Yes — —
GT channel—28.05 Gbps
3
GX channel—12.5 Gbps Yes Yes Yes Yes
GT channel—25.78 Gbps

Notes to Tahle 2:
(1) C=Commercial temperature grade; | = Industrial temperature grade.
(2) Lower number refers to faster speed grade.

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Stratix 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 other than those listed in Table 3 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 3. Absolute Maximum Ratings for Stratix V Devices (Part 1 of 2)

Symbol Description Minimum | Maximum Unit
Vee Power supply for core voltage and periphery circuitry -0.5 1.35 v
Veepr Power supply for programmable power technology -0.5 1.8 v
Vecram Power supply for configuration pins -0.5 3.9 V
Ve aux Auxiliary supply for the programmable power technology -0.5 3.4 v
Veceat Battery back-up power supply for design security volatile key register -0.5 3.9 v
Veern 1/0 pre-driver power supply -0.5 3.9 v
Vecio I/0 power supply -05 3.9 vV
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Table 7. Recommended Transceiver Power Supply Operating Conditions for Stratix V GX, GS, and GT Devices
(Part 2 of 2)

Symbol Description Devices Minimum | Typical | Maximum “ | Unit
0.82 0.85 0.88
Veer 6xBR . , , 0.87 0.90 0.93
- Receiver analog power supply (right side GX, GS, GT v
@ 0 power supply {right side) 0.97 10 1.03
1.03 1.05 1.07
Receiver analog power supply for GT
VeecR 678 | channels (right side) GT 1.02 1.05 1.08 v
0.82 0.85 0.88
Veer axaL . , 0.87 0.90 0.93
- Transmitter analog power supply (left side GX, GS, GT v
@ 0 power supply (leftside) 0.97 10 1.03
1.03 1.05 1.07
0.82 0.85 0.88
VeeT Gxer . , , 0.87 0.90 0.93
- Transmitter analog power supply (right side) | GX, GS, GT V
@ gp PPy (right side) 0.97 1.0 1.03
1.03 1.05 1.07
Transmitter analog power supply for GT
Veer 6188 | hannels (right side) GT 1.02 1.05 1.08 v
VoL gter | Transmitter clock network power supply GT 1.02 1.05 1.08 v
Voor, axa ;r(;;lg)smltter output buffer power supply (left GX, GS, GT 1 495 15 1575 v
Transmitter output buffer power supply
Voo 68 | (rignt side) GX,GS,GT |  1.425 15 1575 v

Notes to Tahle 7:

(1) This supply must be connected to 3.0 V if the CMU PLL, receiver CDR, or both, are configured at a base data rate > 6.5 Gbps. Up to 6.5 Gbps,
you can connect this supply to either 3.0 Vor2.5V.

(2) Referto Table 8 to select the correct power supply level for your design.
(3) When using ATX PLLs, the supply must be 3.0 V.

(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.

June 2018 Altera Corporation Stratix V Device Datasheet
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Internal Weak Pull-Up Resistor

Table 16 lists the weak pull-up resistor values for Stratix V devices.

Table 16. Internal Weak Pull-Up Resistor for Stratix V Devices (7 2

Symbol Description Vecio ‘("‘,’)“(2,““’“5 Value ) | Unit
3.0 £5% 25 kQ
2.5 £5% 25 kQ
Value of the 1/0 pin pull-up resistor before 1.8 +5% 25 KkQ
and during configuration, as well as user 5
Reu mode if you enable the programmable 1.5 +5% 25 ke
pull-up resistor option. 1.35 £5% 25 kQ
1.25 5% 25 kQ
1.2 +5% 25 kQ

Notes to Table 16:
(1) AIl'l/O pins have an option to enable the weak pull-up resistor except the configuration, test, and JTAG pins.

(2) The internal weak pull-down feature is only available for the JTAG Tcx pin. The typical value for this internal weak
pull-down resistor is approximately 25 kQ).

(3) The pin pull-up resistance values may be lower if an external source drives the pin higher than V0.
(4) These specifications are valid with a +10% tolerance to cover changes over PVT.

1/0 Standard Specifications

Table 17 through Table 22 list the input voltage (Vi and Vi), output voltage (Voy and
VoL), and current drive characteristics (Ioy and Iop) for various I/O standards
supported by Stratix V devices. These tables also show the Stratix V device family I/O
standard specifications. The Vg and Voy values are valid at the corresponding Ioy
and Iy, respectively.

For an explanation of the terms used in Table 17 through Table 22, refer to “Glossary”
on page 65. For tolerance calculations across all SSTL and HSTL 1/0O standards, refer
to Altera knowledge base solution rd07262012_486.

Table 17. Single-Ended I/0 Standards for Stratix V Devices

10 Vecio (V) Vi (V) Vi (V) Voo(V) | Vou(V) lo. lon
Standard | pyp | yp | Max | Min | Max | Min | Max | Max Min | (MA) | (mA)
LVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.2 Veco—0.2| 0.1 -0.1
25V 2.375 25 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 -1
035~ 065~ VCCIO + VCCIO -
1.8V 1.71 1.8 1.89 -0.3 0.45 2 -2
Veeio Veeio 0.3 0.45
035* | 0.65* | Voot | 025~ 0.75*
15V 1425 | 15 | 1575 | -0.3 ceio 2 -2
Vecio | Vecio 0.3 Veeio Veeio
035 | 0.65° | Vego+ | 025° | 0.75°
1.2V 1.14 1.2 1.26 -0.3 2 -2
Vecio | Vecio 0.3 Vecio Veeio
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['=" You typically use the interactive Excel-based Early Power Estimator before designing
the FPGA to get a magnitude estimate of the device power. 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.
“ e 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.

June 2018 Altera Corporation Stratix V Device Datasheet
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Switching Characteristics

Switching Characteristics

This section provides performance characteristics of the Stratix V core and periphery
blocks.

These characteristics can be designated as Preliminary or Final.

m Preliminary characteristics are created using simulation results, process data, and
other known parameters. The title of these tables show the designation as
“Preliminary.”

m 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 designations
on finalized tables.

Transceiver Performance Specifications

This section describes transceiver performance specifications.

Table 23 lists the Stratix V GX and GS transceiver specifications.

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 1 of 7)

Transceiver Speed Transceiver Speed Transceiver Speed
Symbol/ . Grade 1 Grade 2 Grade 3 :
Description Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Reference Clock
Dedicated | 5\ oML, 1.4-V PGML, 1.5-V PGML, 2.5-V PCML, Differential LVPECL, LVDS, and
reference
Supported 1/0 clock pin HCSL
Standards Erel
reference 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS
clock pin
Input Reference
Clock Frequency — 40 — 710 40 — 710 40 — 710 MHz
(CMU PLL) @
Input Reference
Clock Frequency — 100 | — 710 100 | — 710 100 | — 710 MHz
(ATX PLL) ®
Measure at
Rise time ;ﬁ?er"e‘xn‘:; | — | 400 | — | — | 40 | — | — | 400
signal (26)
ps
Measure at
Fall time 3%:‘;*‘;‘; — | — | 40 | — | =] a0 | — | —| 400
signal (6)
Duty cycle — 45 | — 55 45 | — 55 45 | — 55 %
Spread-spectrum ®
modulating clock PC'(IEET(:%?S 30| — | 33 |30 | —| 33 [3|—] 3 | ki
frequency
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Table 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 2 of 7)

Transceiver Speed Transceiver Speed Transceiver Speed
Symbol/ e Grade 1 Grade 2 Grade 3 .
Description Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
- 0to 0to 0to
Spread-spectrum PCle . . . . . . o
downspread -05 -0.5 -0.5
On-chip
termination — — | 100 — — | 100 — — | 100 — Q
resistors (27
Dedicated
reference — — 1.6 — — 1.6 — — 1.6
Absolute Vyay ¥ clock pin V
RXreference | _ | __ 190 o 19 I 19
clock pin
Absolute Vyy — 04| — — -04 | — — 04 | — — V
Peak-to-peak
differential input — 200 | — 1600 200 | — 1600 200 | — 1600 mV
voltage
Dedicated
reference 1050/1000/900/850 @ | 1050/1000/900/850 2 | 1050/1000/900/850 (2 mV
Vicm (AC clock pin
coupled) ¥ X ref
reference
4) 4) 4)
clock pin 1.0/0.9/0.85 1.0/0.9/0.85 1.0/0.9/0.85 V
HCSL 1/0
standard for
Viem (DC coupled) PCle 250 | — 550 250 | — 550 250 | — 550 mV
reference
clock
100 Hz — — -70 — — -70 — | — -70 dBc/Hz
Transmitter 1 kHz — — -90 — — -90 — | — -90 dBc/Hz
EEIFS %LK Phase 10kiz | — | — | 1400 | — | — | 400 | — | — | 100 | dBoHz
(622 MHz) (20 100 kHz — — -110 — — -110 — — -110 dBc/Hz
>1 MHz — — -120 — — -120 — | — -120 dBc/Hz
Transmitter
10 kHz to
REFCLK Phase 15 MHz o 3 o 3 o 3 ps
Jitter (PCle) (rms)
(100 MHz) (17)
180
1800 1800
Rrgr (17 - Tlww | T T s T | T2 T Q
- - t1 %
Transceiver Clocks
fixedclk clock PC!e 100 100 100
frequenc Receiver — or — — or — — or — MHz
quency Detect 125 125 125
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Figure 2 shows the differential transmitter output waveform.

Figure 2. Differential Transmitter Output Waveform

Positive Channel (p)
Vop/V|p (single-ended) ><
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Figure 3 shows the Stratix V AC gain curves for GX channels.

Figure 3. AC Gain CGurves for GX Channels (full bandwidth)
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=" Stratix V GT devices contain both GX and GT channels. All transceiver specifications
for the GX channels not listed in Table 28 are the same as those listed in Table 23.

Table 28 lists the Stratix V GT transceiver specifications.
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Switching Characteristics

Table 28. Transceiver Specifications for Stratix V GT Devices (Part 1 of 5) (7

Transceiver Transceiver
Symbol/ . Speed Grade 2 Speed Grade 3 .
Description Conditions Unit
Min Typ Max Min Typ Max
Reference Clock
?:f:'ﬁealr]tceg 1.2-V PCML, 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS,
Supported 1/0 clock pin and HCSL
Standards Tl
reference 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS
clock pin
Input Reference Clock
Frequency (CMU — 40 — 710 40 — 710 MHz
PLL) ©®
Input Reference Clock . . .
Frequency (ATX PLL) © 100 710 100 710 MHz
Rise time 20% to 80% — — 400 — — 400 .
Fall time 80% to 20% — — 400 — — 400 P
Duty cycle — 45 — 55 45 — 55 %
Spread-spectrum
modulating clock PCIExpress | 4, — 33 30 — 33 kHz
f (PCle)
requency
Spread-spactrum PCle — |ow-05| — — loto-05| — %
downspread
On-.ch|p te1r9m|nat|on . _ 100 . _ 100 . 0
resistors (19
Dedicated
reference — — 1.6 — — 1.6
Absolute Vyax @ clock pin V
RX referepce L L 19 o . 19
clock pin
Absolute Vyy — -0.4 — — -04 — — V
Peak-to-peak
differential input — 200 — 1600 200 — 1600 mV
voltage
Dedicated
reference 1050/1000 @ 1050/1000 @ mV
Viou (AC coupled) clock pin
RX reference
(22) (22)
clock pin 1.0/0.9/0.85 1.0/0.9/0.85 V
HCSL 1/0
standard for
Viem (DC coupled) PCle 250 — 550 250 — 550 mV
reference
clock

Stratix V Device Datasheet
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Table 28. Transceiver Specifications for Stratix V GT Devices (Part 4 of 5) (")

Transceiver Transceiver
Symbol/ . Speed Grade 2 Speed Grade 3 .
Description Conditions Unit
Min Typ Max Min Typ Max
Data rate GT channels | 19,600 — 28,050 19,600 — 25,780 Mbps
Differential on-chip GT channels — 100 — — 100 — Q
termination resistors GX channels (8)
Voo (AC coupld) GT channels — | s0 | — — | s0 | — | mv
ocu P GX channels (6
) ) GT channels — | 15 ‘ — — | 15 | — | ps
Rise/Fall time
GX channels (6
Intra-differential pair GX channels ®
skew
Intra-transceiver block
transmitter channel-to- | GX channels (6
channel skew
Inter-transceiver block
transmitter channel-to- | GX channels @)
channel skew
CMU PLL
Supported Data Range — 600 — 12500 600 — 8500 Mbps
thLpowerdown (13) - 1 - - 1 - - us
toi_tock (' — — — 10 — — 10 1]
ATX PLL
VGO post-
divider L=2 8000 — 12500 8000 — 8500 Mbps
L=4 4000 — 6600 4000 — 6600 Mbps
Supported Data Rate L=8 2000 — 3300 2000 — 3300 Mbps
Range for GX Channels =8
Local/Central
Clock Divider 1000 — 1762.5 1000 — 1762.5 Mbps
=2
Supported Data Rate VGO post- . .
Range for GT Channels | divider L=2 9800 14025 9800 12890 Mbps
thLpowerdown (13 - 1 - - 1 - - us
toin_tock (' — — — 10 — — 10 Hs
fPLL
3250/ 3250/
Supported Data Range — 600 — 3195 (23) 600 — 3125 (239) Mbps
J[pll_povverdown (13) - 1 - - 1 - - us

June 2018  Altera Corporation
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Table 28. Transceiver Specifications for Stratix V GT Devices (Part 5 of 5) (7

Transceiver Transceiver
Dessv:r]il:::!{m ] Conditions Speed Grade 2 Speed Grade 3 Unit
Min Typ Max Min Typ Max
ton_tock (¥ — — — 10 — — 10 Hs
Notes to Table 28:

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

The reference clock common mode voltage is equal to the VCCR_GXB power supply level.
The device cannot tolerate prolonged operation at this absolute maximum.

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.

Refer to Figure 5 for the GT channel AC gain curves. The total effective AC gain is the AC gain minus the DC gain.
(6) Refer to Figure 6 for the GT channel DC gain curves.

(7) CFP2 optical modules require the host interface to have the receiver data pins differentially terminated with 100 Q. The internal OCT feature is
available after the Stratix V FPGA configuration is completed. Altera recommends that FPGA configuration is completed before inserting the
optical module. Otherwise, minimize unnecessary removal and insertion with unconfigured devices.

) Specifications for this parameter are the same as for Stratix V GX and GS devices. See Table 23 for specifications.

) t.1r is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.

0) t_7p is time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high.
1

) tL7D_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.

(12) ti7R_L7D_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.

(13) tpll powerdown is the PLL powerdown minimum pulse width.
(14) tpll lock is the time required for the transmitter CMU/ATX PLL to lock to the input reference clock frequency after coming out of reset.

(15) To calculate the REFCLK rms phase jitter requirement for PCle at reference clock frequencies other than 100 MHz, use the following formula:
REFCLK rms phase jitter at f(MHz) = REFCLK rms phase jitter at 100 MHz x 100/f.

(16) The maximum peak to peak differential input voltage Vp after device configuration is equal to 4 x (absolute Vyax for receiver pin - Vigy).
(17) For ES devices, RREF is 2000 Q +1%.

(18) 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).

(19) SFP/+ optical modules require the host interface to have RD+/- differentially terminated with 100 Q. The internal OCT feature is available after
the Stratix V FPGA configuration is completed. Altera recommends that FPGA configuration is completed before inserting the optical module.
Otherwise, minimize unnecessary removal and insertion with unconfigured devices.

20) Refer to Figure 4.

21) For oversampling design to support data rates less than the minimum specification, the CDR needs to be in LTR mode only.
)
)

—_— o~
S N
= = =

—
o1
-

22) This supply follows VCCR_GXB for both GX and GT channels.

(
(
(
(23) When you use fPLL as a TXPLL of the transceiver.

Stratix V Device Datasheet June 2018 Altera Corporation
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Table 32. Block Performance Specifications for Stratix V DSP Devices (Part 2 of 2)

Peformance
Wode 61 |c2,c2| i | 63 | BEL | g4 14 nt
Modes using Three DSPs
One complex 18 x 25 425 425 |415  [340 |340 [275 [265 |MHz
Modes using Four DSPs
One complex 27 x 27 |465 465 |465 [380 [380 [300 [290 [MHz

Memory Block Specifications
Table 33 lists the Stratix V memory block specifications.

Tahle 33. Memory Block Performance Specifications for Stratix V Devices (7 2 (Part 1 of 2)

Resources Used Performance
Memory Mode c2 13, Unit
ALUTs | Memory C1 4 C3 c4 12,12L | 13L, 14
CaL
13YY
Single port, all
supported widths 0 1 450 450 400 315 450 400 315 | MHz
Simple dual-port,
X32/x64 depth 0 1 450 450 400 315 450 400 315 | MHz
MLAB Simple dual-port, x16
[ ual-port, x
depth @ 0 1 675 675 533 400 675 533 400 | MHz
C‘V%'Yr']’sa“ supported 0 1 600 | 600 | 500 | 450 | 600 | 500 | 450 |MHz

Stratix V Device Datasheet June 2018 Altera Corporation
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Table 36. High-Speed /0 Specifications for Stratix V Devices (" 2 (Part 2 of 4)
C1 C2, C2L,12, I12L | C3, I3, I3L, I3YY C4,14
Symbol Conditions Unit
Min [ Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Transmitter
SERDES factor J
= (9). (11),
S e s, | @ | — | 1600 | @ | —|1434| @ | —| 1250 | © | — | 100 | Mbps
(16)
SERDES factor J
>4
True LVDS TX with ® | — | 1600 | ©® | — |1600| ® | — | 1600 | ® | — | 1250 | Mbps
Differential DPA (72) (14), (15),
/0 Standards (16)
- Tusor (03t |~ SERDES factor J
rate) =2 (6) (7) (6) 7) | (6 (7) (6) (7)
uses DDR - - - - Mbps
Registers
SERDES factor J
=1
’ 6 | — 7) 6 | — | 7| 6| — (7) 6 | — (7)
uses SDR Mbps
Register
Emulated
Differential
I/0 Standards
with Three
External SERDES factor J
6) | — 6 | — 6 | — 6 | —
Output 41010 (1) 1100 1100 840 840 | Mbps
Resistor
Networks -
fuspr (data
rate) (70
Total Jitter for
Data Rate
— | — /160 |—|—|160| —|— | 160 | — | — | 160 | ps
b Jitter - True 600 Mbps - P
Differential 1.25 Gbps
/0 Standards | Total Jitter for
Data Rate — | — | 01 — | —101|—|—1 01 — | — 1 0.1 ul
<600 Mbps
ty Jitter - Total Jitter for
Emulated Data Rate
Differential | 600 Mbps-1.25 | — | — | 300 | — | = [ 300 | — | —| 300 | — | — | 325 | ps
I/0 Standards Gbps
with Three
External Total Jitter for
Output Data Rate — =102 |—|—|02|—|—|02|—|—]02 ]| U
Resistor < 600 Mbps
Network

June 2018  Altera Corporation
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Table 38. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate > 1.25 Ghps

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 9 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a
data rate < 1.25 Gbps.

Figure 9. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate < 1.25 Ghps

Sinusoidal Jitter Amplitude
A

0.1Ul T T T T T T T T T T T T T Ty
P-P

> Frequency
baud/1667 20 MHz

DLL Range, DQS Logic Block, and Memory Output Clock Jitter Specifications

Table 39 lists the DLL range specification for Stratix V devices. The DLL is always in
8-tap mode in Stratix V devices.

Tabhle 39. DLL Range Specifications for Stratix V Devices ("

C1 C2,C2L,12, 12L C3, 13, I3L, I3YY C4,14 Unit
300-933 300-933 300-890 300-890 MHz
Note to Table 39:
(1) Stratix V devices support memory interface frequencies lower than 300 MHz, although the reference clock that feeds the DLL must be at least

300 MHz. To support interfaces below 300 MHz, multiply the reference clock feeding the DLL to ensure the frequency is within the supported
range of the DLL.

Table 40 lists the DQS phase offset delay per stage for Stratix V devices.

Table 40. DQS Phase Offset Delay Per Setting for Stratix V Devices (- 2 (Part1 of 2)

Speed Grade Min Max Unit
C1 8 14 ps
G2, C2L, 12, 12L 8 14 ps
C3,13, I3L, 13YY 8 15 ps

June 2018 Altera Corporation Stratix V Device Datasheet
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FPP Configuration Timing when DCLK-to-DATA[] =1

Figure 12 shows the timing waveform for FPP configuration when using a MAX II or
MAX 'V device as an external host. This waveform shows timing when the DCLX-to-
DATA[] ratiois 1.

Figure 12. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is 1 (7 (2
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Notes to Figure 12:

M
(2)

Use this timing waveform when the DCLK-to-DATA[] ratio is 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 Stratix 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. DCLK is ignored after configuration is complete. It can toggle high or low if required.

For FPP x16, use DATA[15..0]. For FPP x8, use DATA[7..0]. DATA[31..0] 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 Stratix V device. CONF_DONE is released high when the Stratix 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.

After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.
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Figure 13. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1 () 2
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Notes to Figure 13:

M
(2)

Use this timing waveform and parameters when the DCLK-to-DATA [] ratio is >1. To find out the DcLK-to-DATA [] ratio for your system, refer
to Table 49 on page 55.

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 Stratix 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.

I

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 49 on page 55.

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

To ensure a successful configuration, send the entire configuration data to the Stratix V device. CONF DONE is released high after the Stratix 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.

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 51 lists the timing parameters for Stratix V devices for FPP configuration when
the DCLK-to-DATA [] ratio is more than 1.

Table 51. FPP Timing Parameters for Stratix V Devices When the DCLK-to-DATA[] Ratio is >1 (7

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 @ us
torsTy | nCONFIG high to nSTATUS high — 1,506 (2 us
terock ® | 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/fpok @ — 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/fuax — 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 4/ 175 437 us
tcpocy | CONF_DONE high to CLKUSR enabled 4}322:{3;;?321 — —
tepacu +
tcooumc | CONF_DONE high to user mode with CLKUSR option on (8576 x CLKUSR — —
period) (4

Notes to Table 51:

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

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

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

4) To enable the CLKUSR pin as the initialization clock source and to obtain the maximum frequency specification on these pins, refer to the
Initialization section of the “Configuration, Design Security, and Remote System Upgrades in Stratix VV Devices” chapter.

(5) N is the DcLK-to-DATA ratio and fpg i is the DCLK frequency the system is operating.
(6) If nsTATUS is monitored, follow the tsrock Specification. If nSTATUS is not monitored, follow the tgrock Specification.
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1/0 Timing

Remote System Upgrades

Table 56 lists the timing parameter specifications for the remote system upgrade

circuitry.

Tabhle 56. Remote System Upgrade Circuitry Timing Specifications

Parameter Minimum Maximum Unit
tru_nconric (" 250 — ns
tau_nrsTiver @/ 250 — ns

Notes to Table 56:

(1) 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
of the “Configuration, Design Security, and Remote System Upgrades in Stratix VV Devices” chapter.

(2) 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 of the
“Configuration, Design Security, and Remote System Upgrades in Stratix VV Devices” chapter.

User Watchdog Internal Circuitry Timing Specification
Table 57 lists the operating range of the 12.5-MHz internal oscillator.

Table 57. 12.5-MHz Internal Oscillator Specifications

Typical

Maximum

Units

5.3

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/0 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.
“ e Youcan download the Excel-based I/O Timing spreadsheet from the Stratix V
Devices Documentation web page.

Programmable I0E Delay

Table 58 lists the Stratix V IOE programmable delay settings.

Table 58. 10E Programmable Delay for Stratix V Devices (Part 1 of 2)

Min Fast Model Slow Model
Parameter Avail_ahle Offset
(| Settings | "™ | ndustrial | Commercial | €1 | €2 | €3 | ¢4 | I2 I;";’Y 14 | Unit
D1 64 0.464 0.493 0.838 | 0.838 | 0.924 | 1.011|0.844 | 0.921 | 1.006 | ns
D2 32 0.230 0.244 0.415 | 0.415 | 0.459 | 0.503 | 0.417 | 0.456 | 0.500 | ns
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Table 58. 10E Programmable Delay for Stratix V Devices (Part 2 of 2)

Min Fast Model Slow Model
Parameter | Available

1 Settings Offset I3

g 2) | Industrial | Commercial | C1 G2 Cc3 C4 12 I3Y’Y 14 | Unit
D3 8 0 1.587 1.699 2.793 | 2.793 | 2.992 | 3.192 | 2.811 | 3.047 | 3.257 | ns
D4 64 0 0.464 0.492 0.838 | 0.838 | 0.924 | 1.011 | 0.843 | 0.920 | 1.006 | ns
D5 64 0 0.464 0.493 0.838 | 0.838 | 0.924 | 1.011|0.844 | 0.921 | 1.006 | ns
D6 32 0 0.229 0.244 0.415 | 0.415 | 0.458 | 0.503 | 0.418 | 0.456 | 0.499 | ns

Notes to Tahle 58:

(1) You can set this value in the Quartus I software by selecting D1, D2, D3, D5, and D6 in the Assignment Name column of Assignment Editor.
(2) Minimum offset does not include the intrinsic delay.

Programmable Output Buffer Delay

Table 59 lists the delay chain settings that control the rising and falling edge delays of
the output buffer. The default delay is O ps.

Tahle 59. Programmable Output Buffer Delay for Stratix V Devices (7

Symbol Parameter Typical Unit
0 (default) ps
D Rising and/or falling edge 25 ps
OUTBUF delay 50 oS
75 ps

Note to Table 59:

(1) 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
OQutput Buffer Delay assignment.

Glossary
Table 60 lists the glossary for this chapter.

Table 60. Glossary (Part 1 of 4)

Letter Subject Definitions
A
B J— I
C
D J— R
E — —
fuscLx Left and right PLL input clock frequency.
f High-speed 1/0 block—Maximum and minimum LVDS data transfer rate
F HSDR (fhspr = 1/TUI), non-DPA.
fusoroPa High-speed 1/0 block—Maximum and minimum LVDS data transfer rate
(fuspropa = 1/TUI), DPA.
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Glossary

Table 60. Glossary (Part 2 of 4)

Letter Subject Definitions
G
H — —
I
J High-speed 1/0 block—Deserialization factor (width of parallel data bus).
JTAG Timing Specifications:
DI X X X X
J | JTAG Timing e | |
SpeCiﬁCatiOﬂS «—tycH—s«—tucL—> ——tpsy—ie—>itypn
TOK | ] |
tpzxie— tupco i+ i tupxz
TDO 1 X ‘
K
L
M J— N
N
0
Diagram of PLL Specifications (")
4 fou‘:;xt
Soumtrsl Jiour [y o0t
P PLL
Specifications fow
D Reconfigurable in User Mode External Feedback
Note:
(1) core Clock can only be fed by dedicated clock input pins or PLL outputs.
Q J— J—
R R, Receiver differential input discrete resistor (external to the Stratix V device).

Stratix V Device Datasheet

June 2018

Altera Corporation



Glossary

Page 67

Table 60. Glossary (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 within the sampling
. window, as shown:
SW (sampling Bit Time
window) < >
0.5x TCCS RSKM Sampling Window RSKM 0.5x TCCS
(sw)
The JEDEC standard for SSTL and HSTL 1/0 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

standard

ic High-speed receiver and transmitter input and output clock period.

TCCS (channel- The timing difference between the fastest and slowest output edges, including tgq variation

to-channel-skew)

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 1/0 block—Duty cycle on the high-speed transmitter output clock.
Timing Unit Interval (TUI)

toury
T The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(receiver input clock frequency multiplication factor) = t/w)
tralL 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 general purpose 1/0 driven by a PLL.
toutry pC Period jitter on the dedicated clock output driven by a PLL.
trise Signal low-to-high transition time (20-80%)
U J— J—
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