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Electrical Characteristics

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




Page 14 Electrical Characteristics

Tahle 18. Single-Ended SSTL, HSTL, and HSUL 1/0 Reference Voltage Specifications for Stratix V Devices

Veeio (V) Vier (V) Vi (V)
1/0 Standard

Min Typ Max Min Typ Max Min Typ Max
SSTL-2 0.49 * N 0.51* VRer — Virer +
Class I, Il 2.375 25 2.625 Veeio 0.5 " Vecio Vecio 0.04 Vrer 0.04
SSTL'1 8 VREF - VREF +
Class |, I 1.71 1.8 1.89 0.833 0.9 0.969 0.04 VRer 0.04
SSTL-15 0.49 * N 0.51* 0.49 * 05* 0.51*
Class |, 1 1.425 15 1.575 VCClO 0.5 VCClO VCClO VCClO VCCIO VCClO
SSTL-135 0.49 * 0.51* 0.49 * 05* 0.51*

1.283 1.35 1.418 05*V
Class I, Il Veeio celo Vecio Vecio Vecio Veeio
SSTL-125 0.49 * N 0.51* 0.49 * 05* 0.51*
Class I, Il 119 1.25 126 Vecio 0.5 " Veco Vecio Vecio VCCIO Vecio
SSTL-12 0.49 * . 0.51* 0.49 * 05* 0.51*
Class I, Il 114 120 1.26 VCClO 05 VCClO VCClO VCClO VCCIO VCCIO
HSTL-18
Class |, I 1.71 1.8 1.89 0.85 0.9 0.95 — Veeio/2 —
HSTL-15
Class I I 1.425 15 1.575 0.68 0.75 0.9 — Veeio/2 —
HSTL-12 0.47 * N 0.53 *
Class |, I 1.14 1.2 1.26 Vecro 0.5 * Veeo Voot — Veeio/2 —
HSUL-12 114 | 12 | 13 | 97 fosryg, | T | — — —

Veeio Vecio

Table 19. Single-Ended SSTL, HSTL, and HSUL 1/0 Standards Signal Specifications for Stratix V Devices (Part 1 of 2)

10 Standard Vigoe) (V) Visoe) (V) Viag (V) | Vinagy (V) | Vo (V) | Vou(V) I, (i) lon
andar (m

Min | Max | Min | Max Max Min Max | Min | (mA
SSTL-2 _ Veer— | Veert+ | Veeio + VRer - Vir - Vir + _
Class | 03 1 035 | 015 | 03 | o031 |Veert031) o608 | 0gos | 8 8.1
SSTL-2 _ VRer — VRer + Vecio + Vrer — V= Vi + _
Class Il 03 1 915 | 015 | 03 | o031 |Veert031) g8y | g | 162 | 162
SSTL-18 _ VREF - VREF + VCCIO + VREF - V'|-|' - V'|-|' + _
Class | 03 1 o425 | 0425 | 03 | o025 |VeErt025) o603 | ogos | 87 6.7
SSTL-18 _ Veer— | Veer+ | Vecio+ | Veer— Veeio — _
Class Il 03 | o425 | 0425 | 03 | o025 |Veer*025) 028 | 555 | 134 1 134
SSTL'1 5 _ VREF - VREF + . VREF - VREF + 02 * 08 * 8 _8
Class | 0.1 0.1 0.175 0.175 VCClO VCClO
SSTL-15 - VREF - VREF + _ VREF - VREF + 02~ 08~ 16 16
Class Il 0.1 0.1 0.175 0.175 VCClO VCClO
SSTL35 Ve | Veer | | Ve |y .oms| 020 | 08 | _ | _
Class I, Il 0.09 0.09 0.16 REF ’ VCClO VCClO
SSTLA25 | | Ve | Vet | _ | Ve~ |y .o45| 027 | 08° | _ | _
Class I, 1l 0.85 0.85 0.15 REF ' VCClO VCClO
SSTL12 [ Ve | Vet | | Vee- 02- | 08* | _ | _
Class I, I 01 | 01 015 | VAt 015yl v
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Table 19. Single-Ended SSTL, HSTL, and HSUL 1/0 Standards Signal Specifications for Stratix V Devices (Part 2 of 2)

Vitoe) (V) Vinoe) (V) Vitag) (V) | Vinaey (V) | Vo (V) | Vou(V) b
1/0 Standard - - - - Iy (MA) ( n:A
Min Max Min Max Max Min Max Min
HSTL-18 Vege— |V Veeio —
st | ||| 02| veoz | 0e | VRT) s | s
HSTL-18 Vege—= |V Veeio =
e R L L e R
HSTL-15 Vege— |V Veeio —
st | ||| 0z veroz | 0e | VR s | s
HSTL-15 Vege—= |V Veeio =
e R L L e R
HSTL-12 _ VREF_ VREF + VCClO + VREF - 0.25* 0.75* _
Class | 015 1 008 | 008 | 015 | 045 |VRertO15 1 v ol Vo |8 8
HSTL'1 2 _ VREF_ VREF + VCCIO + VREF - 025* 075* _
Class Il 015 1 008 | 008 | 015 | 045 |VRert015 1y v | 18 16
_ - VREF_ VREF + _ VREF - 0.1~ 0.9* . -
H8UL-12 013 | 013 022 | VRt 02yl Vo
Table 20. Differential SSTL 1/0 Standards for Stratix V Devices
Veeio (V) Vswing(og) (V) Vyag) (V) Vswingac) (V)
1/0 Standard
Min Typ Max Min Max Min Typ Max Min Max
|SS”TL'2 Class | 5375 | 25 | 2625 | 03 ch'g * VCC(')OQZ N VCC(')OQZ 1062 VCOC'g *
SSTL-18Class VCCIO + VCC|0/2 - _ VCC|0/2 + VCCIO +
Ll Lt 18 ) 189 1 025 | e | 75 0175 05 06
SSTL-15Class Veeio/2 - Vecio/2 +
(1) CClo _ CClo _
Ll 1.425 1.5 1.575 0.2 0.15 0.15 0.35
e[ 1288 | 135 | a5 | o2 | o | VemoRT | yggp | Vonoe | (e ) 2a
y . . REF ~ VREF
gi&ﬂ 2|;5 119 | 125 | 131 | 018 (1) ch'ﬂ/ 52 | Veeo2 VCS"}%Z ¥ 2(\\/,'““‘)“) B
; . . REF
SSTL'1 2 _ VREF VREF + _
Class |, I 1.14 1.2 1.26 0.18 015 Vecio/2 015 0.30 0.30

Note to Table 20:

(1) The maximum value for Vswing(oc) is not defined. However, each single-ended signal needs to be within the respective single-ended limits
(Viney and Viog))-

Table 21. Differential HSTL and HSUL 1/0 Standards for Stratix V Devices (Part 1 of 2)

/0 Veeio (V) Voirg) (V) Vg (V) Vemoe) (V) Voirac) (V)
Standard | Mip | Typ | Max | Min | Max | Min | Typ | Max | Min | Typ | Max | Min | Max
HSTL-18
Coss i | 171 | 18 | 188 |02 | — | 078 — 112 | 078 | — | 112 | 04 | —
HSTLS 1y 405 | 15 | 1575 | 02 | — | o088 | — 09 | 068 | — | 09 | 04 | —
Class I, 1l
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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 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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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 28. Transceiver Specifications for Stratix V GT Devices (Part 2 of 5) (")

Transceiver Transceiver
Symbol/ . Speed Grade 2 Speed Grade 3 .
Description Conditions Unit
Min Typ Max Min Typ Max
100 Hz — — -70 — — -70
Transmitter REFCLK 1kHz — — |90 — — |90
Phase Noise (622 10 kHz — — -100 — — -100 dBc/Hz
MHz) (7% 100 kHz — — 110 — — 110
>1 MHz — — -120 — — -120
Transmitter REFCLK 10 kHz to
Phase Jitter (100 1.5 MHz — — 3 — — 3 ps (rms)
MHz) (%) (PCle)
1800 1800
(17) _ _ _ _ —
RREF +1% +1% Q
Transceiver Clocks
fixedclk clock PCle 100 or 100 o
frequenc Receiver - 125 - - 125 - MHz
a y Detect
Reconfiguration clock
(mgmt_clk clk) — 100 — 125 100 — 125 MHz
frequency
Receiver
Supported I/0 . R K K
Standards 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS
(Ds?t?nija;?d pCS) 21 GX channels 600 — 8500 600 — 8500 Mbps
(nge(l,‘. rs’ées) - GX channels 600 — 12,500 600 — 12,500 Mbps
Data rate GT channels | 19,600 — 28,050 19,600 — 25,780 Mbps
Absolute Vyax for a
recaiver pin GT channels — — 1.2 — — 1.2 Vv
Absolute Vi fora | o3 channels | —0.4 _ — 04 — — v
receiver pin
Maximum peak-to-peak | GT channels — — 1.6 — — 1.6 v
differential input
voltage Vp (diff p-
befor% del\lljic(e & GX channels @
configuration (2%
GT channels
Maximum peak-to-peak N _
differential input Cf%g@ B _ _ 99 _ _ 99 Vv
voltage V\p (diff p-p) (\) B
after device 0 é%""v'
configuration (6), (20) 65V)
GX channels (8)
Minimum differential | GTchannels | 200 | — [ — 20 | — | — | mv
eye opening at receiver .
serial input pins (4, (20 | GX channels ©
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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
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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.
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Table 31. PLL Specifications for Stratix V Devices (Part 3 of 3)

Symbol Parameter Min Typ Max Unit
fRes Resolution of VCO frequency (fiyprp = 100 MHz) 390625 5.96 0.023 Hz

Notes to Table 31:

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

This specification is limited by the lower of the two: 1/0 fyax or four Of the PLL.
A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source < 120 ps.
frer is fIN/N when N = 1.

Peak-to-peak jitter with a probability level of 102 (14 sigma, 99.99999999974404% confidence level). The output jitter specification applies
to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a
different measurement method and are available in Table 44 on page 52.

(6) The cascaded PLL specification is only applicable with the following condition:
a. Upstream PLL: 0.59Mhz < Upstream PLL BW < 1 MHz
b. Downstream PLL: Downstream PLL BW > 2 MHz

(7) High bandwidth PLL settings are not supported in external feedback mode.
(8) The external memory interface clock output jitter specifications use a different measurement method, which is available in Table 42 on page 50.

(9) The VCO frequency reported by the Quartus Il software in the PLL Usage Summary section of the compilation report takes into consideration
the VCO post-scale counter K value. Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fy¢q Specification.

(10) This specification only covers fractional PLL for low bandwidth. The fy¢q for fractional value range 0.05 - 0.95 must be > 1000 MHz, while fygq
for fractional value range 0.20 - 0.80 must be > 1200 MHz.

(11) This specification only covered fractional PLL for low bandwidth. The fycq for fractional value range 0.05-0.95 must be > 1000 MHz.
(12) This specification only covered fractional PLL for low bandwidth. The fycq for fractional value range 0.20-0.80 must be > 1200 MHz.

2
3
4

(
(
(
(5

)
)
)
)

DSP Block Specifications
Table 32 lists the Stratix V DSP block performance specifications.

Table 32. Block Performance Specifications for Stratix V DSP Devices (Part 1 of 2)

Peformance
Wode 61 |cz,c| i | 63 | BEL | o4 14 nit
Modes using one DSP
Three 9x 9 600 600 600 480 480 420 420 MHz
One 18 x 18 600 600 600 480 480 420 400 MHz
Two partial 18 x 18 (or 16 x 16) 600 600 600 480 480 420 400 MHz
One 27 x 27 500 500 500 400 400 350 350 MHz
One 36 x 18 500 500 500 400 400 350 350 MHz
gq%i“%)"f two 18x18(Onesumof | 500 500|500 |400 |400 |350  [350 | MMz
One sum of square 500 500 500 400 400 350 350 MHz
One 18 x 18 plus 36 (ax b) + ¢ 500 500 500 400 400 350 350 MHz
Modes using two DSPs
Three 18 x 18 500 500 500 400 400 350 350 MHz
One sum of four 18 x 18 475 475 475 380 380 300 300 MHz
One sum of two 27 x 27 465 465 450 380 380 300 290 MHz
One sum of two 36 x 18 475 475 475 380 380 300 300 MHz
One complex 18 x 18 500 500 500 400 400 350 350 MHz
One 36 x 36 475 475 475 380 380 300 300 MHz
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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
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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
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Tahle 40. DQS Phase Offset Delay Per Setting for Stratix V Devices (: 2/ (Part 2 of 2)

Speed Grade Min Max Unit

C4,14 8 16 ps

Notes to Table 40:
(1) The typical value equals the average of the minimum and maximum values.

(2) The delay settings are linear with a cumulative delay variation of 40 ps for all speed grades. For example, when
using a —2 speed grade and applying a 10-phase offset setting to a 90° phase shift at 400 MHz, the expected
average cumulative delay is [625 ps + (10 x 10 ps) + 20 ps] = 725 ps + 20 ps.

Table 41 lists the DQS phase shift error for Stratix V devices.

Table 41. DQS Phase Shift Error Specification for DLL-Delayed CGlock (tpqs pserp) for Stratix V Devices (7

Nemibot of 005 Dolay c1 €2, C2L, 12, I2L | €3, 13, I3L, 13YY c4,14 Unit
1 28 28 30 32 bs
0 56 56 60 64 ps
3 84 84 90 % ps
4 112 112 120 128 ps

Notes to Table 41:
(1) This error specification is the absolute maximum and minimum error. For example, skew on three DQS delay buffers in a =2 speed grade
is +78 ps or £39 ps.
Table 42 lists the memory output clock jitter specifications for Stratix V devices.

Table 42. Memory Output Clock Jitter Specification for Stratix V Devices (" (Part 1 of 2) (2> (3

Clock Parameter | Symbol ‘ T S8 it
Network
Min Max Min Max Min Max Min Max
Clock period jitter tyrpey | 50 | 50 | -50 | 50 | -55 | 55 | 55 | 55 | ps
Regional ﬁg{g're'to'cyc'e period |y o | =100 | 100 | —100 | 100 | 110 | 110 | -110 | 110 | ps
Duty cycle jitter irr(auty) -50 50 -50 50 -82.5 825 | -825 82.5 ps
Clock period jitter tomoen) 75 75 75 75 -825 | 825 | -825 | 825 ps
Global ﬁg{g're'to'cyc'e period |y o | =150 | 150 | -150 | 150 | —165 | 165 | -165 | 165 | ps
Duty cycle jitter iir(auty) =75 75 =75 75 -90 90 -90 90 ps
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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 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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Active Serial Configuration Timing

Table 52 lists the DCLK frequency specification in the AS configuration scheme.

Tahle 52. DCLK Frequency Specification in the AS Configuration Scheme (7 2)

Minimum Typical Maximum Unit
53 7.9 12.5 MHz
10.6 15.7 25.0 MHz
21.3 31.4 50.0 MHz
42.6 62.9 100.0 MHz
Notes to Table 52:
(1) This applies to the DcLk frequency specification when using the internal oscillator as the configuration clock
source.

(2) The AS multi-device configuration scheme does not support bCLK frequency of 100 MHz.
Figure 14 shows the single-device configuration setup for an AS x1 mode.

Figure 14. AS Configuration Timing

- = "crasTy
nCONFIG J oo eoe veo
nSTATUS Xy eoe Xy}
CONF_DONE ces vos [ e
ncso veo coe ‘ Y
loo i :

T L

AS_DATA0/ASDO %Gead Address i eoe coe
[Tt
“—— lcpaum@)—
INIT_DONE (3) ‘

coe coe coe

User I/0 > eoe €00 User Mode

Notes to Figure 14:

(1) Ifyou are using AS x4 mode, this signal represents the As DATA [3. . 0] and EPCQ sends in 4-bits of data for each DCLXK cycle.
(2) The initialization clock can be from internal oscillator or CLKUSR pin.

(3) After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.

Table 53 lists the timing parameters for AS x1 and AS x4 configurations in Stratix V
devices.

Table 53. AS Timing Parameters for AS x1 and AS x4 Configurations in Stratix V Devices (: (2} (Part 1 of 2)

Symbol Parameter Minimum Maximum Units
tco DCLK falling edge to AS_DATAO0/ASDO output — 2 ns
tsy Data setup time before falling edge on bcLK 1.5 — ns
tH Data hold time after falling edge on bCcLK 0 — ns
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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.

Altera Corporation
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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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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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