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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.

June 2018  Altera Corporation
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Table 11. OCT Calibration Accuracy Specifications for Stratix V Devices () (Part 2 of 2)

Calibration Accuracy
Symbol Description Conditions c3.13 Unit
C1 C2,12 v C4,14
13YY
Internal series termination Ve 23025
50-Q Rg with calibration (50-Q 1008'01‘ 519V +15 +15 +15 +15 %
setting) A
Internal series termination
igg ;”d with calibration (34-C and VCC1'°2‘51 '15’21\)35’ 415 +15 415 S5 | %
s 40-Q setting) e
Internal series termination
ggg a | with clibration (48-2 Vogp =12V 415 +15 +15 A5 | %
240-0 R 60-02, 80-02, and 240-Q celo = = B B B B
S setting)
Internal parallel Ve =25 1.8
50-Q Ry termination with 001'05‘1'2’\/" -10t0 +40 | 10 to +40 | 10 to +40 | —10 to +40 | %
calibration (50-Q setting) B
90-0. 30-0 Internal parallel
' * | termination with
40-0,60-0, | - libration (20-0, 30-q, | Voo =19135 1} 1645140 | =10 10440 [ ~10 t0 +40 | —10 10 +40 | %
and 1.25V
120-O R 40-9, 60-Q2, and 120-Q
T setting)
Internal parallel
?gﬁ;’;‘d LZ“E':;’;‘:(‘)?}”(EVJB g Vego=12 | 10 t0+40 | —10 to +40 | <10 to +40 | ~10 to +40 | %
-Q Ry ,
120-Q setting)
Internal left shift series
25-Q termination with Veeio = 3.0, 2.5, o
Rs et snit | calibration (25-Q 1.8,15,1.2V +15 £15 +15 +15 &
Rs_eft_snirt Setting)

Note to Table 11:
(1) OCT calibration accuracy is valid at the time of calibration only.

Table 12 lists the Stratix V OCT without calibration resistance tolerance to PVT

changes.

Table 12. OCT Without Calibration Resistance Tolerance Specifications for Stratix V Devices (Part 1 of 2)

Resistance Tolerance
Symbol Description Conditions C3. 13 Unit
C1 C2,12 I3’YY’ C4, 14

Internal series termination

25-Q R, 50-Q Rg | without calibration (25-Q Veco=3.0and 25V +30 +30 +40 +40 %
setting)
Internal series termination

25-Q Rg without calibration (25-Q Vecio=1.8and 1.5V +30 +30 +40 +40 %
setting)
Internal series termination

25-Q Rg without calibration (25-Q Veeo=1.2V +35 +35 +50 +50 %
setting)

Stratix V Device Datasheet
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Table 13. OCT Variation after Power-Up Calibration for Stratix V Devices (Part 2 of 2) (")

Symbol Description Veeio (V) Typical Unit
3.0 0.189
o 2.5 0.208
1.5 0.273
1.2 0.317
Note to Table 13:
(1) Valid for a Vggig range of £5% and a temperature range of 0° to 85°C.
Pin Capacitance
Table 14 lists the Stratix V device family pin capacitance.
Table 14. Pin Capacitance for Stratix V Devices
Symbol Description Value Unit
Ciote Input capacitance on the top and bottom 1/0 pins 6 pF
Ciotr Input capacitance on the left and right 1/0 pins 6 pF
Courrs Input capacitance on dual-purpose clock output and feedback pins 6 pF

Stratix V Device Datasheet

Hot Socketing

Table 15 lists the hot socketing specifications for Stratix V devices.

Table 15. Hot Socketing Specifications for Stratix V Devices

Symbol Description Maximum
llOPIN (DC) DC current per I/0 pin 300 }J.A
liopIN (AC) AC current per I/0 pin 8mA ()
Ixevrtx (00) DC current per transceiver transmitter pin 100 mA
Ixevr-ax 00) DC current per transceiver receiver pin 50 mA

Note to Table 15:

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

June 2018  Altera Corporation
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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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Tabhle 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 5 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
DC Gain
Setting=0 | — | ° o — |0 B -0 o a8
DC Gain
Setting=1 | — | 2 o — | ? o — | 2 o a8
Programmable DC Gain L L . L L .
DC gain Setting = 2 4 4 4 dB
DC Gain
Setting=3 | — | °© o — |6 o — |8 o a8
DC Gain
Setting=4 | 8 o — |8 o — |8 o dB
Transmitter
Supported I/0 . K K
Standards 1.4-V and 1.5-V PCML
Data rate 8500/
(Standard PCS) — 600 | — 12200 | 600 | — 12200 | 600 | — 10?;214}2.5 Mbps
8500/
Data rate
(10G PCS) — 600 | — 14100 | 600 | — 12500 600 | — 10?21’)2.5 Mbps
85-Q R . | 8% . | 85% . a
setting 20% 20% 20%
100-0 100 100 100
setting L o B o B s o Q
Differential on- 20% 20% 20%
chip termination 120 120 120
resistors 1 Qt?_'g - + - — + — — + — [9)
setting 20% 20% 20%
150-0 150 150 150
tting o * o o * o o * o Q
s 20% 20% 20%
Vocm (AC 0.65-V . . . . . .
coupled) setting 650 650 650 my
Voo (DC — — 60| — | —|es0] — | — |es0| — mV
coupled)
Rise time (7 20% to 80% | 30 — 160 30 — 160 30 — 160 ps
Fall time () 80% t0 20% | 30 — 160 30 — 160 30 — 160 ps
Tx VCIVI =
Intra-differential 0.5Vand
pair skew slewrateof | | 15 o 15 o 15 ps
15 ps
Intra-transceiver
block transmitter x6 PMA
channel-to- bonded mode | | 120 o 120 o 120 ps
channel skew

Stratix V Device Datasheet
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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

AAAAAA
—_—— = =
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Table 24 shows the maximum transmitter data rate for the clock network.
Table 24. Clock Network Maximum Data Rate Transmitter Specifications (7
ATX PLL CMU PLL 2 fPLL
Non- Non- Non-
Clock Network bonded BI'\;II:)(:I? Channel | bonded Bl'VJII(ll((llid Channel | bonded BI'\;II:)(:I? Channel
Mode Span Mode Span Mode Span
(Gbps) (Gbps) (Gbps) (Gbps) (Gbps) (Gbps)
x1 ) 14.1 — 6 12.5 — 6 3.125 — 3
X6 () — 141 6 — 12.5 6 — 3.125 6
x6 PLL Side- Side-
Feedback (¥ - 1411 ide - 1251 ide - - -
XN (PCle) — 8.0 8 — 5.0 8 — — —
Upto13
channels
8.0 8.0 above
and Upto13 Upto13
below channels channels
. PLL above above
xN (Native PHY IP) Upto7 7.99 7.99 and 3.125 3.125 and
channels below below
o 8.01to | above PLL PLL
9.8304 and
below
PLL

Notes to Table 24:

(1) Valid data rates below the maximum specified in this table depend on the reference clock frequency and the PLL counter settings. Check the
MegaWizard message during the PHY IP instantiation.

(2) ATXPLL is recommended at 8 Gbps and above data rates for improved jitter performance.
(3) Channel span is within a transceiver bank.
(4) Side-wide channel bonding is allowed up to the maximum supported by the PHY IP.

June 2018  Altera Corporation

Stratix V Device Datasheet



Page 28 Switching Characteristics

Table 27 shows the Vgp settings for the GX channel.

Table 27. Typical Vg Setting for GX Channel, TX Termination =100 Q 2

Symbol Vgp Setting VO?n\il‘z;;ue Vgp Setting v“?lxs;"e
0 0 32 640
1(1) 20 33 660
2(1) 40 34 680
3 60 35 700
4 80 36 720
501 100 37 740
6 120 38 760
7 140 39 780
8 160 40 800
9 180 41 820
10 200 42 840
11 220 43 860
12 240 44 880
13 260 45 900
14 280 46 920

Vgp differential peak to peak 15 300 47 940

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

Note to Table 27:

(1) If TX termination resistance = 100€2, this VOD setting is illegal.

(2) The tolerance is +/-20% for all VOD settings except for settings 2 and below.
(3) Referto Figure 2.

Stratix V Device Datasheet June 2018 Altera Corporation
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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~
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—
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22) This supply follows VCCR_GXB for both GX and GT channels.

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

This section describes periphery performance, including high-speed I/O and external
memory interface.

1/0 performance supports several system interfaces, such as the LVDS high-speed
170 interface, external memory interface, and the PCI/PCI-X bus interface.
General-purpose 1/0 standards such as 3.3-, 2.5-, 1.8-, and 1.5-LVITTL/LVCMOS are
capable of a typical 167 MHz and 1.2-LVCMOS at 100 MHz interfacing frequency
with a 10 pF load.

The actual achievable frequency depends on design- and system-specific factors.
Ensure proper timing closure in your design and 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 36 lists high-speed I/O timing for Stratix V devices.

Table 36. High-Speed I/0 Specifications for Stratix V Devices (> 2 (Part 1 of 4)

Symbol

Conditions

C1 C2, c2L, 12, I12L

C3, 13, I3L, I3YY
Min

C4,14

Unit

Min | Typ | Max Typ | Max Typ | Max | Min | Typ | Max

fuscLi_in (input
clock
frequency)
True
Differential
I/0 Standards

Clock boost factor
W=1to40 ¢

800 | 5 800 | 5 625 | 5 525 | MHz

fuscLi_in (input
clock
frequency)
Single Ended
I/0

Standards (%

Clock boost factor
W =

800 | 5 800 | 5 625 | 5 525 | MHz

1t040

fuscLi_in (input
clock
frequency)
Single Ended
I/0 Standards

Clock boost factor
W =

520 520 420 420 | MHz

1t040 )

fhscLk_out
(output clock

frequency)

625 525

800 | 5 800 | 5 | — | % | 5 |— | G | MHz

Stratix V Device Datasheet
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Figure 7 shows the dynamic phase alignment (DPA) lock time specifications with the
DPA PLL calibration option enabled.

Figure 7. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_reset

- T T DPA Lock Time + T >,

rx_dpa_locked

256 data
transitions

96 slow *
clock cycles

256 data
transitions

* 96 slow +
clock cycles

256 data
transitions

Table 37 lists the DPA lock time specifications for Stratix V devices.

Table 37. DPA Lock Time Specifications for Stratix V GX Devices Only () (2: (3)

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

Notes to Tahle 37:

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

(2)
)
(4)

One data transition is defined as a 0-to-1 or 1-to-0 transition.
The DPA lock time stated in this table applies to both commercial and industrial grade.
This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 8 shows the LVDS soft-clock data recovery (CDR)/DPA sinusoidal jitter
tolerance specification for a data rate > 1.25 Gbps. Table 38 lists the LVDS
soft-CDR/DPA sinusoidal jitter tolerance specification for a data rate > 1.25 Gbps.

Figure 8. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate > 1.25 Ghps

Jitter Amphlitude (Ul)

25

8.5
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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

RX

oe%

Tristate Tristate

‘ TX ! :

> >
TRs_RT TRs_RT

RX
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Table 48. Minimum Configuration Time Estimation for Stratix V Devices

Active Serial (") Fast Passive Parallel 2/
Variant M&t::;er Min Config Min Config
Width DCLK (MHz) Time (s) Width DCLK (MHz) Time (s)
D3 4 100 0.344 32 100 0.043
4 100 0.534 32 100 0.067
D4 4 100 0.344 32 100 0.043
Gs D5 4 100 0.534 32 100 0.067
D6 4 100 0.741 32 100 0.093
D8 4 100 0.741 32 100 0.093
e E9 4 100 0.857 32 100 0.107
EB 4 100 0.857 32 100 0.107

Notes to Table 48:
(1) DCLK frequency of 100 MHz using external CLKUSR.
(2) Max FPGA FPP bandwidth may exceed bandwidth available from some external storage or control logic.

Fast Passive Parallel Configuration Timing

This section describes the fast passive parallel (FPP) configuration timing parameters
for Stratix V devices.

DCLK-to-DATA[] Ratio for FPP Configuration

FPP configuration requires a different DCLK-to-DATA [] ratio when you enable the
design security, decompression, or both features. Table 49 lists the DCLK-to-DATA [] ratio
for each combination.

Table 49. DCLK-to-DATA[] Ratio () (Part 1 of 2)

Configuration . . . DCLK-to-DATA[]
Scheme Decompression Design Security Ratio
Disabled Disabled 1
Disabled Enabled 1
FPP x8 -
Enabled Disabled 2
Enabled Enabled 2
Disabled Disabled 1
Disabled Enabled 2
FPP x16 -
Enabled Disabled 4
Enabled Enabled 4
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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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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).
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Document Revision History

Table 61. Document Revision History (Part 2 of 3)

Date

Version

Changes

November 2014

3.3

Added the 13YY speed grade and changed the data rates for the GX channel in Table 1.
Added the 13YY speed grade to the V¢ description in Table 6.

Added the 13YY speed grade to VCCHIP_L: VCCH”D_R, VCCHSSl_Li and VCCHSSl_R descriptions in
Table 7.

Added 240-Q to Table 11.
Changed CDR PPM tolerance in Table 23.
Added additional max data rate for fPLL in Table 23.

Added the 13YY speed grade and changed the data rates for transceiver speed grade 3 in
Table 25.

Added the 13YY speed grade and changed the data rates for transceiver speed grade 3 in
Table 26.

Changed CDR PPM tolerance in Table 28.

Added additional max data rate for fPLL in Table 28.

Changed the mode descriptions for MLAB and M20K in Table 33.
Changed the Max value of fuscx our for the G2, C2L, 12, 12L speed grades in Table 36.
Changed the frequency ranges for C1 and C2 in Table 39.

Changed the .rbf file sizes for 5SGSD6 and 5SGSD8 in Table 47.
Added note about nSTATUS to Table 50, Table 51, Table 54.
Changed the available settings in Table 58.

Changed the note in “Periphery Performance”.

Updated the “I/0 Standard Specifications” section.

Updated the “Raw Binary File Size” section.

Updated the receiver voltage input range in Table 22.

Updated the max frequency for the LVDS clock network in Table 36.
Updated the pcLk note to Figure 11.

Updated Table 23 VOgy, (DC Coupled) condition.

Updated Table 6 and Table 7.

Added the pcLk specification to Table 55.

Updated the notes for Table 47.

Updated the list of parameters for Table 56.

November 2013

3.2

Updated Table 28

November 2013

3.1

Updated Table 33

November 2013

3.0

Updated Table 23 and Table 28

October 2013

2.9

Updated the “Transceiver Characterization” section

October 2013

2.8

Updated Table 3, Table 12, Table 14, Table 19, Table 20, Table 23, Table 24, Table 28,
Table 30, Table 31, Table 32, Table 33, Table 36, Table 39, Table 40, Table 41, Table 42,
Table 47, Table 53, Table 58, and Table 59

Added Figure 1 and Figure 3
Added the “Transceiver Characterization” section
Removed all “Preliminary” designations.
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