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Electrical Characteristics Page 3
Table 3. Absolute Maximum Ratings for Stratix V Devices (Part 2 of 2)

Symbol Description Minimum | Maximum Unit
Ve, reLL PLL digital power supply -0.5 1.8 v
Vieca epLL PLL analog power supply —05 3.4 V
\ DC input voltage -0.5 3.8 v
T, Operating junction temperature -55 125 °C
Tsto Storage temperature (No bias) —65 150 °C
lout DC output current per pin -25 40 mA

Table 4 lists the absolute conditions for the transceiver power supply for Stratix V GX,

GS, and GT devices.
Table 4. Transceiver Power Supply Absolute Conditions for Stratix V GX, GS, and GT Devices
Symbol Description Devices Minimum | Maximum | Unit
Vieca exgL | Transceiver channel PLL power supply (left side) GX, GS, GT -0.5 3.75 v
Voca gxsr | Transceiver channel PLL power supply (right side) GX, GS -0.5 3.75 v
Vieca gter | Transceiver channel PLL power supply (right side) GT -0.5 3.75 v
Veenip L Transceiver hard [P power supply (left side) GX, GS, GT -0.5 1.35 v
Vecnip R Transceiver hard IP power supply (right side) GX, GS, GT 0.5 1.35 V
Vieeussi L | Transceiver PGS power supply (left side) GX, GS, GT -0.5 1.35 V
Voenssi r | Transceiver PCS power supply (right side) GX, GS, GT -0.5 1.35 v
Viecr gxsL | Receiver analog power supply (left side) GX, GS, GT -0.5 1.35 v
Vocr axer | Receiver analog power supply (right side) GX, GS, GT -0.5 1.35 v
Voer grer | Receiver analog power supply for GT channels (right side) GT -0.5 1.35 \Y
Voot gxsL | Transmitter analog power supply (left side) GX, GS, GT -0.5 1.35 v
Voer exgr | Transmitter analog power supply (right side) GX, GS, GT -0.5 1.35 v
Vieer grer | Transmitter analog power supply for GT channels (right side) GT -0.5 1.35 V
Vool grer | Transmitter clock network power supply (right side) GT -05 1.35 vV
Voen gxsL | Transmitter output buffer power supply (left side) GX, GS, GT -0.5 1.8 v
Voen gxer | Transmitter output buffer power supply (right side) GX, GS, GT -0.5 1.8 v

Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in Table 5 and
undershoot to 2.0 V for input currents less than 100 mA and periods shorter than

20 ns.
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Table 8. Transceiver P

Table 8 shows the transceiver power supply voltage requirements for various
conditions.

ower Supply Voltage Requirements

Conditions

VCCR_GXB & .
Core Speed Grade VCCT GXB 2 VCCA_GXB | VCCH_GXB | Unit

conditions are true:

m DFE is used.

If BOTH of the following

m Data rate > 10.3 Gbps.

All 1.05

If ANY of the following
conditions are true (7):

m ATXPLL is used.

m DFE (data rate <
10.3 Gbps), AEQ, or

m Data rate > 6.5Gbps.

EyeQ feature is used.

3.0

All 1.0
1.5 v

If ALL of the following
conditions are true:

m Data rate < 6.5Gbps

m DFE, AEQ, and EyeQ
not used.

m ATX PLL is not used.

C1,C2, 12, and I3YY 0.90 2.5

. C2L, G3, G4, 12L, 13, I3L, and 14 0.85 2.5
are

Notes to Table 8:

(1) Choose this power supply voltage requirement option if you plan to upgrade your design later with any of the listed conditions.

(2) Ifthe VCCR_GXB and

VCCT_GXB supplies are set to 1.0 V or 1.05 V, they cannot be shared with the VCC core supply. If the VCCR_GXB and

VCCT_GXB are set to either 0.90 V or 0.85 V, they can be shared with the VCC core supply.

Stratix V Device Datasheet

DC Characteristics

This section lists the supply current, I/O pin leakage current, input pin capacitance,
on-chip termination tolerance, and hot socketing specifications.

Supply Current

Supply current is the current drawn from the respective power rails used for power
budgeting. Use the Excel-based Early Power Estimator (EPE) to get supply current
estimates for your design because these currents vary greatly with the resources you
use.

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 II
Handbook.
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1/0 Pin Leakage Current
Table 9 lists the Stratix V I/O pin leakage current specifications.

Tahle 9. 1/0 Pin Leakage Current for Stratix V Devices (")

Symbol Description Conditions Min Typ Max Unit
|| Input pin V| =0Vto VCClOl\/lAX =30 — 30 UA
loz Tri-stated 1/0 pin Vo =0V 10 Vegiomax -30 — 30 LA

Note to Table 9:
(1) If Vg =Veeio to Vegiomax 100 pA of leakage current per I/0 is expected.

Bus Hold Specifications
Table 10 lists the Stratix V device family bus hold specifications.

Table 10. Bus Hold Parameters for Stratix V Devices

Veeio
Parameter | Symbol | Conditions 1.2V 15V 1.8V 25V 3.0V Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
LOW.. Vin > Vi
sustaining | lgyse , 225 | — [ 250 | — |300| — |[500| — | 700 | — | pA
current (maximum)
High - Vin < Viy
sustaining | lgysH o -225| — |20 — |-300| — |-500| — |-70.0| — | pA
current (minimum)
Low
overdrive | oy, | LSV | — | 120 | — |60 | — | 200 | — | 300 | — | 500 pA
Veeio
current
High
overdrive | ooy | CLSVNS | — | 20| — |-t60| — |-200| — |-300| — |-500] pA
Veeno
current
Bus-hold
irip point Virip — 045 | 095 | 0.50 | 1.00 | 0.68 | 1.07 | 0.70 | 1.70 | 0.80 | 2.00 | V

On-Chip Termination (OCT) Specifications

If you enable OCT calibration, calibration is automatically performed at power-up for
I/Os connected to the calibration block. Table 11 lists the Stratix V OCT termination
calibration accuracy specifications.

Table 11. OCT Calibration Accuracy Specifications for Stratix V Devices "/ (Part 1 of 2)

Calibration Accuracy

Symbol Description Conditions c3.13 Unit
C1 C2,12 I3y C4,14
Internal series termination Ve 23.0.25
25-Q Rg with calibration (25-Q 1‘3%'01'5 1oy +15 +15 +15 +15 %

setting)

June 2018 Altera Corporation Stratix V Device Datasheet
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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.
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Table 23. Transceiver Specifications for Stratix V GX and GS Devices (”/ (Part 4 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
. 85+ 85+ 85+
85-Qsetting | — Jgge | T | T l30% | | T [30%| Q
100-0 100 100 100
setting B o I o B o @
Differential on- 30% 30% 30%
chip termination 120 120 120
resistors (/) 1 23[__9 — | s — — | s — — | s — Q
Setling 30% 30% 30%
150-0 150 150 150
setting B o I o B o @
30% 30% 30%
VCCR?GXB =
0.85Vor0.9
v — | 600 — — | 600 — — | 600 — mV
full
bandwidth
Vecr_axe =
0.85Vor0.9
v — | 600 — — | 600 — — | 600 — mV
View half
(AC and DC bandwidth
coupled)
Veer_axs =
POV — o0 | — | — 0| — | — |0 — | mv
bandwidth
VCCR?GXB =
WVl —mo | — | —|mo| — | —|mo| — | mv
bandwidth
tim (7 — — | — 10 — | — 10 — | — 10 us
trp (7 — — — 4 | — — 4 | — — us
tLTD_manuaI (13) - — - 4 - — 4 - - us
trR_L10_manval (' — 15 | — — 15 | — — 15 | — — us
Run Length — — | — 200 — | — 200 — | — 200 Ul
Full
bandwidth
Programmable (625 GHZ)
equalization — — 16 — — 16 — — 16 dB
(AC Gain) (1 Half
bandwidth
(3.125 GHz)
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Table 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 6 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
Inter-transceiver
block transmitter xN PMA
channel-to- bonded mode | ~ | 500 o 500 T 500 ps
channel skew
CMU PLL
8500/
Supported Data — 600 | — | 12500 | 600 | — | 12500 | 600 | — | 103125 | Mbps
Range 24)
tpll_powerdown (19) — 1 — —_ 1 — — 1 — _ 1s
thLIOCk (16) — — — 10 — — 10 — — 10 1
ATX PLL
VCO 8500/
post-divider | 8000 | — 14100 | 8000 | — 12500 | 8000 | — | 10312.5 | Mbps
L=2 (24)
L=4 4000 | — 7050 | 4000 | — 6600 | 4000 | — 6600 Mbps
Supported Data
Rate Range L=8 2000 | — 3525 | 2000 | — 3300 | 2000 | — 3300 Mbps
L=8,
Local/Central | 4000 | | 17605 |1000 | — | 17625 | 1000 | — | 17625 | Mbps
Clock Divider
=2
thLpowerdown (15) - 1 - - 1 - - 1 - - us
tpll_lock (16) —_— —_— — 10 —_— —_— 10 — —_— 10 18
fPLL
Supported Data . | 3250/ | 3250/ | 3250/
Range 000 3125 29 | 00 312529 | 000 312529 | MOPS
thLpowerdown (15) - 1 - - 1 - - 1 - - us
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Tabhle 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 7 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
thI_IOCk (16) — — — 10 — — 10 — — 10 s
Notes to Table 23:

(1) Speed grades shown in Table 23 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 VV Device Overview.

The reference clock common mode voltage is equal to the Vger gxg power supply level.

This supply must be connected to 1.0 V if the transceiver is configured at a data rate > 6.5 Gbps, and to 1.05 V if configured at a data rate >
10.3 Gbps when DFE is used. For data rates up to 6.5 Gbps, you can connect this supply to 0.85 V.

This supply follows VCCR_GXB.
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.

—_—
wWw N
—_ —

—_— o~ —~
oD O
- = =

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

(8) The input reference clock frequency options depend on the data rate and the device speed grade.

(9) The line data rate may be limited by PCS-FPGA interface speed grade.

(10) Refer to Figure 1 for the GX channel AC gain curves. The total effective AC gain is the AC gain minus the DC gain.

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

(12) t.7p is time required for the receiver CDR to start recovering valid data after the rx_is_lockedtodata signal goes high.

(13) ti7p_manual iS the time required for the receiver CDR to start recovering valid data after the rx_is_lockedtodata signal goes high when the CDR is

functioning in the manual mode.

(14) tiR_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.

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

(17) 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.

(18) The maximum peak to peak differential input voltage V,p after device configuration is equal to 4 x (absolute Vyax for receiver pin - Vicy).
(19) For ES devices, Rggr is 2000 © +1%.

(20) 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).

(21) 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.

Refer to Figure 2.

For oversampling designs to support data rates less than the minimum specification, the CDR needs to be in LTR mode only.
I3YY devices can achieve data rates up to 10.3125 Gbps.

When you use fPLL as a TXPLL of the transceiver.

REFCLK performance requires to meet transmitter REFCLK phase noise specification.

Minimum eye opening of 85 mV is only for the unstressed input eye condition.

18
19

22
23
24
25
26
27
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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) ><
Negative Channel (n)

Ground

Single-Ended Waveform

Differential Waveform Vop/V|p (differential peak to peak typical) = 2 x Vgp/V|p (single-ended)

Vop/V|p (single-ended)

Vop/Vp (single-ended)

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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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 29 shows the Vg, settings for the GT channel.
Table 29. Typical Vg, Setting for GT Channel, TX Termination = 100 O

Symbol

Vgp Setting

Vgp Value (mV)

Vg, differential peak to peak typical ()

0

200

400

600

800

Gl WIN = O

1000

Note:
(1) Refer to Figure 4.
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Tahle 33. Memory Block Performance Specifications for Stratix V Devices (7 2 (Part 2 of 2)
Resources Used Performance
Memory Mode c2 13, Unit
ALUTs | Memory | C1 ’ c3 C4 |12,12L | I3L, 14
C2L
13YY

Single-port, all
supported widths 0 1 700 700 650 550 700 500 450 | MHz
Simple dual-port, all 0 1 700 | 700 | 650 | 550 | 700 | 500 | 450 |MHz
supported widths
Simple dual-port with
the read-during-write
option set to Old Data, 0 1 525 525 455 400 525 455 400 | MHz
all supported widths

M20K Simple dual-port with

Block ECC enabled, 512 x 32 0 1 450 450 400 350 450 400 350 | MHz
Simple dual-port with
ECC and optional 0 1 600 | 600 | 500 | 450 | 600 | 500 | 450 | MHz
pipeline registers
enabled, 512 x 32
True dual port, all
supported widths 0 1 700 700 650 550 700 500 450 | MHz
@%%’Sa” supported 0 1 700 | 700 | 650 | 550 | 700 | 500 | 450 |MHz

Notes to Table 33:

(1) Toachieve the maximum memory block performance, use a memory block clock that comes through global clock routing from an on-chip PLL
set to 50% output duty cycle. Use the Quartus Il software to report timing for this and other memory block clocking schemes.

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

(3) The Fyax specification is only achievable with Fitter options, MLAB Implementation In 16-Bit Deep Mode enabled.

Table 34. Internal Temperature Sensing Diode Specification

Temperature Sensing Diode Specifications
Table 34 lists the internal TSD specification.

Offset Minimum
Temperature . . Conversion . Resolution
Range Accuracy cal:mtrila):led Sampling Rate Time Resolution with no
P Missing Codes
-40°C to 100°C +8°C No 1 MHz, 500 KHz <100 ms 8 bits 8 bits

Table 35 lists the specifications for the Stratix V external temperature sensing diode.

Table 35. External Temperature Sensing Diode Specifications for Stratix V Devices

Description Min Typ Max Unit
lhias, diode source current 8 — 200 pA
Vyias, VOItage across diode 0.3 — 0.9 v
Series resistance — — <1 Q
Diode ideality factor 1.006 1.008 1.010 —

June 2018  Altera Corporation

Stratix V Device Datasheet



Switching Characteristics Page 45
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
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Table 36. High-Speed I/0 Specifications for Stratix V Devices (" 2 (Part 3 of 4)

C1 C2, C2L, 12, 12L | C3, I3, I3L, I3YY C4,14
Symbol Conditions Unit
Min [ Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Transmitter
output clock duty
cycle for both
touty True and 45 | 50 | 55 45 | 50 | 55 | 45 | 50 55 45 | 50 55 %
Emulated
Differential I/0
Standards

True Differential
I/0 Standards

Emulated
Differential 1/0
Standards with
three external
output resistor

networks

—|—1| 160 | —|—|160 | —|—| 200 | — | — | 200 | ps

trise & trarL
— | — 1 250 | — | — |20 | — | — | 250 | — | — | 300 ps

True Differential
I/0 Standards

TCCS Emulated
Differential I/0 — | — 130 | —|— |30 —|—] 300 | —|—] 300 psS
Standards

—|— |10 | —|— | 10| —|— | 150 | — | — | 150 | ps

Receiver

SERDES factor J

=3t010 ("7 (12, 1150 | — | 1434 | 150 | — | 1434|150 | — | 1250 | 150 | — | 1050 | Mbps
(13), (14), (15), (16)

SERDES factor J
>4
LVDS RX with | 150 | — | 1600 | 150 | — | 1600 | 150 | — | 1600 | 150 | — | 1250 | Mbps

True ' DPA (12). (14), (15),
Differential (16)

I/0 Standards
- fusDROPA SERDES factor J
(data rate) =2, (6)
uses DDR
Registers

SERDES factor J
= 1,
uses SDR
Register

—| o |le|—| o|Oe|—| @ | @|—]| @ |Mbps

©) | — (7) © | — (7) © | — (7) ©) | — 7| Mbps

Stratix V Device Datasheet June 2018 Altera Corporation



Switching Characteristics Page 51
Table 42. Memory Output Clock Jitter Specification for Stratix V Devices (" (Part 2 of 2) (2> (3
Clock c1 62, c2L, 12,121 | 3,88k C4,14 _
Network Parameter Symbol Unit
Min Max Min Max Min Max Min Max
Clock period jitter tormioen -25 25 -25 25 -30 30 -35 35 ps
PHY | Cycle-to-cycle period 3 3 : B
Clock | jitter timeo) 50 50 50 50 60 60 70 70 ps
Duty cycle jitter Yy | —37.5 | 37.5 | =375 | 37.5 —45 45 -56 56 ps

Notes to Table 42:

(1) The clock jitter specification applies to the memory output clock pins generated using differential signal-splitter and DDIO circuits clocked by a
PLL output routed on a PHY, regional, or global clock network as specified. Altera recommends using PHY clock networks whenever possible.

(2) The clock jitter specification applies to the memory output clock pins clocked by an integer PLL.
(3) The memory output clock jitter is applicable when an input jitter of 30 ps peak-to-peak is applied with bit error rate (BER) -12, equivalent to 14

sigma.

OCT Calibration Block Specifications
Table 43 lists the OCT calibration block specifications for Stratix V devices.

Table 43. OCT Calibration Block Specifications for Stratix V Devices

Symbol Description Min Typ Max Unit

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

Tocrea calibration 1000 Cycles
Number of OCTUSRCLK clock cycles required for the OCT . .

TocTsHiFT code to shift out 32 Cycles
Time required between the dyn term ctrl and oe signal

Trs gt transitions in a bidirectional 1/0 buffer to dynamically switch — 2.5 — ns
between OCT Rg and Ry (Figure 10)

Figure 10 shows the timing diagram for the oe and dyn term ctrl signals.

Figure 10. Timing Diagram for oe and dyn_term_ctrl Signals

dyn_term_ctrl
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oe%

Tristate Tristate

‘ TX ! :

> >
TRs_RT TRs_RT

RX
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Configuration Specification

5
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Table 49. DCLK-to-DATA[] Ratio (" (Part 2 of 2)

Configuration . . . DCLK-to-DATA[]
Scheme Decompression Design Security Ratio
Disabled Disabled 1
Disabled Enabled 4
FPP x32 -
Enabled Disabled 8
Enabled Enabled 8

Note to Table 49:

(1) Depending on the DcLK-to-DATA [] ratio, the host must send a DCLK frequency that is r times the data rate in bytes
per second (Bps), or words per second (Wps). For example, in FPP x16 when the DCLK-to-DATA[] ratio is 2, the
DCLK frequency must be 2 times the data rate in Wps. Stratix V devices use the additional clock cycles to decrypt
and decompress the configuration data.

If the DCLK-to-DATA [] ratio is greater than 1, at the end of configuration, you can only
stop the DCLK (DCLK-to-DATA [] ratio — 1) clock cycles after the last data is latched into
the Stratix V device.

Figure 11 shows the configuration interface connections between the Stratix V device
and a MAX II or MAX V device for single device configuration.

Figure 11. Single Device FPP Configuration Using an External Host

Memory
Veeram (1) Vecpam (1)

$|ADDR DATA[7..0]
10 kQ ;0 kQ Stratix V Device
MSEL[4..0] == (3)

CONF_DONE
nSTATUS

nCE nCEO [—N.C. (2)

A A

External Host
(MAX 1l Device,
MAX V Device, or
Microprocessor)

4—‘ vy

GND

DATA[31..0] (4)

nCONFIG
DCLK

Yvy

Notes to Figure 11:

(1) Connect the resistor to a supply that provides an acceptable input signal for the Stratix V device. Vgcpgy must be high
enough to meet the Vy specification of the I/0 on the device and the external host. Altera recommends powering up
all configuration system 1/0s with Vgepgm-

(2) You can leave the ncEO pin unconnected or use it as a user 1/0 pin when it does not feed another device's nCE pin.

(3) TheMsEL pin settings vary for different data width, configuration voltage standards, and POR delay. To connect MSEL,
refer to the MSEL Pin Settings section of the “Configuration, Design Security, and Remote System Upgrades in Stratix
V/ Devices” chapter.

(4) Ifyou use FPP x8, use DATA[7..0]. If you use FPP x16, use DATA[15..0].
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Figure 13. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1 () 2

terosti
lorg i+
— XX eee
nCONFIG lorack
— : eoe eoe
NSTATUS (8) | b terarus
e toposto eoe
CONF_DONE (4)  iv_s; T eoe =
CF2cD f.sr SOK twﬁ 8)
i e
DCLK (6) 1 2| eee | 1 2| eee |y (7) 1 XX r eee (9)
Llowk,:
DATA[31..0] (8) — —— Word 0 ( Word 1 L X Word 3 eee Word (n-1) > ooe User Mod
4{DSU foH ) Iy ‘
User I/O High-Z xXx) oo X User Mod
INIT_DONE (9) L oo eoo
tepzum

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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Table 54 lists the PS configuration timing parameters for Stratix V devices.
Table 54. PS Timing Parameters for Stratix V Devices
Symbol Parameter Minimum Maximum Units
terocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low to nSTATUS low — 600 ns
tcre nCONFIG low pulse width 2 — us
tsTaTUS nSTATUS low pulse width 268 1,506 (V) us
terosTt nCONFIG high to nSTATUS high — 1,506 (2) us
terock ® | nCONFIG high to first rising edge on DCLK 1,506 — us
tstock ® | nSTATUS high to first rising edge of DcLK 2 — us
tosu DATA [] setup time before rising edge on DCLK 9.5 — 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/fyax — S
fuax DCLK frequency — 125 MHz
teooum CONF_DONE high to user mode (% 175 437 us
tenacu CONF_DONE high to CLKUSR enabled 4;;;:3;;:233” — —
topacy +
tepoumc CONF_DONE high to user mode with CLKUSR option on (8576 x CLKUSR — —
period) ()

Notes to Table 54:
(1) This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.

2

4

“Initialization” section.
(5) If nsTATUS is monitored, follow the tsock Specification. If nSTATUS is not monitored, follow the tgrock Specification.

June 2018

Initialization

Table 55 lists the initialization clock source option, the applicable configuration

schemes, and the maximum frequency.

(2) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.
(3) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.
(4) To enable the CLKUSR pin as the initialization clock source and to obtain the maximum frequency specification on these pins, refer to the

Table 55. Initialization Clock Source Option and the Maximum Frequency

Initialisz::ir(():; Clock Configuration Schemes II:VrI:t)I(::LI::; Minimun;: ;I::::e{s}of Clock
Internal Oscillator AS, PS, FPP 12.5 MHz
CLKUSR AS, PS, FPP @ 125 MHz 8576
DCLK PS, FPP 125 MHz

Notes to Table 55:

(1) The minimum number of clock cycles required for device initialization.
(2) 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.
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Table 60. Glossary (Part 4 of 4)
Letter Subject Definitions
Vemoce) DC common mode input voltage.
Viewm 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, Voltagel input high.—T.he 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.
Vo Output differential voltage swing—.The di)‘ference ir_] V(_)Itage between the positive and
complementary conductors of a differential transmission at the transmitter.
Vswing Differential input voltage
Vy Input differential cross point voltage
Vox Output differential cross point voltage
w W High-speed 1/0 block—clock boost factor
X
Y J— R
Z
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Document Revision History

Table 61 lists the revision history for this chapter.

Table 61. Document Revision History (Part 1 of 3)

Date Version Changes

June 2018 3.9 Added the “Stratix V Device Overshoot Duration” figure.
Added a footnote to the “High-Speed 1/0 Specifications for Stratix V Devices” table.
Changed the minimum value for tgpoymc in the “PS Timing Parameters for Stratix V
Devices” table.
Changed the condition for 100-Q Rpin the “OCT Without Calibration Resistance
Tolerance Specifications for Stratix V Devices” table.
Changed the minimum value for tgpoymc in the “AS Timing Parameters for AS "1 and AS "4

April 2017 3.8 Configurations in Stratix V Devices” table
Changed the minimum value for tgpoymc in the “FPP Timing Parameters for Stratix V
Devices When the DCLK-to-DATA[] Ratio is >1” table.
Changed the minimum value for tgpoymc in the “FPP Timing Parameters for Stratix V
Devices When the DCLK-to-DATA[] Ratio is >1” table.
Changed the minimum number of clock cycles value in the “Initialization Clock Source
Option and the Maximum Frequency” table.
Added the V,p minimum specification for LVPECL in the “Differential 1/0 Standard
Specifications for Stratix V Devices” table

June 2016 3.7 e . . . .
Added the lgy7 specification to the “Absolute Maximum Ratings for Stratix V Devices”
table.

December 2015 3.6 Added a footnote to the “High-Speed 1/0 Specifications for Stratix VV Devices” table.
Changed the transmitter, receiver, and ATX PLL data rate specifications in the
“Transceiver Specifications for Stratix V GX and GS Devices” table.

December 2015 3.5 . . o . .
Changed the configuration .rbf sizes in the “Uncompressed .rbf Sizes for Stratix V
Devices” table.
Changed the data rate specification for transceiver speed grade 3 in the following tables:
m “Transceiver Specifications for Stratix V GX and GS Devices”
m “Stratix V Standard PCS Approximate Maximum Date Rate”
m “Stratix V 10G PCS Approximate Maximum Data Rate”
Changed the conditions for reference clock rise and fall time, and added a note to the

July 2015 3.4 “Transceiver Specifications for Stratix V GX and GS Devices” table.

Added a note to the “Minimum differential eye opening at receiver serial input pins”
specification in the “Transceiver Specifications for Stratix V GX and GS Devices” table.

Changed the tog maximum value in the “AS Timing Parameters for AS "1 and AS 4
Configurations in Stratix V Devices” table.

Removed the CDR ppm tolerance specification from the “Transceiver Specifications for
Stratix V GX and GS Devices” table.
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