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

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

Notes to Table 1:

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

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

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

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

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

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

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Stratix V
devices. The values are based on experiments conducted with the devices and
theoretical modeling of breakdown and damage mechanisms. The functional
operation of the device is not implied for these conditions.

Conditions other than those listed in Table 3 may cause permanent damage to the
device. Additionally, device operation at the absolute maximum ratings for extended
periods of time may have adverse effects on the device.

CAUTION

Table 3. Absolute Maximum Ratings for Stratix V Devices (Part 1 of 2)

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

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

Notes to Tahle 7:

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

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

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

June 2018 Altera Corporation Stratix V Device Datasheet
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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)
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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

June 2018  Altera Corporation
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Table 21. Differential HSTL and HSUL 1/0 Standards for Stratix V Devices (Part 2 of 2)

1/0 Veeio (V) er(nc) V) VX(Ac) (v) VcM(nc) (v) anF(Ac) (V)
Standard | i | Typ | Max | Min | Max | Min | Typ | Max | Min | Typ | Max | Min | Max
HSTL-12 Veeno . 0.5* . 0.4* 0.5* 0.6* Veeio
Class I, 1l 114 12 1.26 0.16 +0.3 VCClO VCClO VCClO VCClO 0.3 +0.48

0.5"Veeo | 05* | 0.5*Veeo | 0.4% 0.5* 0.6*
HSUL-12 | 1.14 | 1.2 13 | 0.26 | 0.26 044 | 044
-0.12 VCCIO +0.12 VCCIO VCCIO VCCIO
Table 22. Differential I/0 Standard Specifications for Stratix V Devices (/

/0 Veeio (V) 2 Vip (mV) @ Viewmoc) (V) Voo (V) @ Voem (V) @
Standard | Wiy | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
PCML Transmitter, receiver, and input reference clock pins of the high-speed transceivers use the PCML 1/0 standard. For

transmitter, receiver, and reference clock 1/0 pin specifications, refer to Table 23 on page 18.
. Dyax < .
55V Ve = 0.05 700 Mbps 1.8 | 0.247 06 |1.125| 1.25 | 1.375
5 | 2.375] 25 | 2625 | 100
LVDS 7 125V 105 | Dwe> |55 | 047 06 |1.125| 1.25 | 1.375
~ | 7Y | 700 Mbps | ' e i ' '
BLVDS ) | 2.375 | 2.5 |2.625 | 100 — — | — — — - | == — — —
RSDS Vem = . .
(HIO) @ 2.375| 2.5 | 2.625 | 100 155V 0.3 1.4 01 [02|06 | 05 1.2 14
Mini-
LVDS 2.375| 2.5 | 2.625 | 200 — 600 | 0.4 — 1325 025 | — | 06 1 1.2 1.4
(HI0) @
I N _ _ Duax < I R R _ _
LVPECL 300 06 | 700 Mbps | 18
o — = = 80| — | =1 [Pm> sl -] = =] =
700 Mbps ’

Notes to Table 22:

(1) For optimized LVDS receiver performance, the receiver voltage input range must be between 1.0 V to 1.6 V for data rates above 700 Mbps, and 0 V to 1.85
V for data rates below 700 Mbps.

(2) For optimized RSDS receiver performance, the receiver voltage input range must be between 0.25 V to 1.45 V.

(3) For optimized Mini-LVDS receiver performance, the receiver voltage input range must be between 0.3 V to 1.425 V.

(4) For optimized LVPECL receiver performance, the receiver voltage input range must be between 0.85 V to 1.75 V for data rate above 700 Mbps and 0.45 V
to0 1.95 V for data rate below 700 Mbps.

Power Consumption

LVPECL is only supported on dedicated clock input pins.

) There are no fixed Vg, Vop, and Voey specifications for BLVDS. They depend on the system topology.

) RLrange: 90 <RL<110Q.

) The 1.4-V and 1.5-V PCML transceiver I/0 standard specifications are described in “Transceiver Performance Specifications” on page 18.
8) The minimum VID value is applicable over the entire common mode range, VCM.

)

0

Altera offers two ways to estimate power consumption for a design—the Excel-based
Early Power Estimator and the Quartus® II PowerPlay Power Analyzer feature.

Stratix V Device Datasheet
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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

June 2018 Altera Corporation Stratix V Device Datasheet
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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



Switching Characteristics

Page 27
Table 26 shows the approximate maximum data rate using the 10G PCS.
Table 26. Stratix V 10G PCS Approximate Maximum Data Rate ("
» | Transceiver PMA Width 64 40 40 40 32 32
Mode Speed Grade
P PCS Width 64 66/67 50 40 64/66/67 32
1 01,02, CoL, 12, 12L 140y 1 444 | 4069 | 141 136 136
core speed grade
C1, G2, C2L, 12, 12L
, core speed grade 12.5 12.5 10.69 125 125 12.5
€3, 13, 13L 125 | 125 | 1069 | 125 | 1088 | 10.88
core speed grade
FIFO or C1, G2, C2L, 12, 12L
Register core speed grade
C3, 13, 13L
core speed grade 8.5 Gbps
C4, 14
core speed grade
13YY
core speed grade 10.3125 Gbps
Notes to Table 26:
(1) The maximum data rate is in Gbps.

(2) The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency
can vary. In the register mode the pointers are fixed for low latency.

June 2018  Altera Corporation
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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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Switching Characteristics

m XFI

m ASI

m HiGig/HiGig+

m HiGig2/HiGig2+

m Serial Data Converter (SDC)
m GPON

m SDI

m SONET

m Fibre Channel (FC)
m PCle

m QPI

m SFF-8431

Download the Stratix V Characterization Report Tool to view the characterization
report summary for these protocols.

Core Performance Specifications

Stratix V Device Datasheet

This section describes the clock tree, phase-locked loop (PLL), digital signal
processing (DSP), memory blocks, configuration, and JTAG specifications.

Clock Tree Specifications

Table 30 lists the clock tree specifications for Stratix V devices.

Table 30. Clock Tree Performance for Stratix V Devices (7

Performance
Symbol C1,C2,C2L, 12,and | €3, 13, I3L, and ca.1a Unit
12L 13YY ’
Global and
Regional Clock i 650 580 MHz
Periphery Clock 550 500 500 MHz

Note to Table 30:
(1) The Stratix VV ES devices are limited to 600 MHz core clock tree performance.

June 2018  Altera Corporation
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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.
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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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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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Page 46 Switching Characteristics

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
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Table 36. High-Speed I/0 Specifications for Stratix V Devices (" 2 (Part 4 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
SERDES factor J
6 | — 8) 6 | —| @ | © | — 8) 6 | — 8
31010 Mbps
SERDES factor J
=2
g 6 | — (7) @ | — | 0| © | — (7) 6 | — (7)
fuson (data uses DDR Mbps
rate) Registers
SERDES factor J
=1
' 6 | — (7) @ | — | 0| © | — (7) 6 | — (7)
uses SDR Mbps
Register
DPA Mode
DPA run . | __}1000| | __|1000| | __ 1000 | | | 1000 Ul
length 0 0 0 0
Soft CDR mode
Soft-CDR .
PPM — —|— 130 |—|—1|30|—]|—| 30 |—|—| 300 PPM
tolerance
Non DPA Mode
Sampling . o L L R
Window 300 300 300 300 ps

Notes to Table 36:

1) When J = 310 10, use the serializer/deserializer (SERDES) block.

2) WhenJ =1 or 2, bypass the SERDES block.

) This only applies to DPA and soft-CDR modes.

4) Clock Boost Factor (W) is the ratio between the input data rate to the input clock rate.
)
)

wW

5) This is achieved by using the LVDS clock network.

6) The minimum specification depends on the clock source (for example, the PLL and clock pin) and the clock routing resource (global, regional,
or local) that you use. The I/0 differential buffer and input register do not have a minimum toggle rate.

(7) The maximum ideal frequency is the SERDES factor (J) x the PLL maximum output frequency (fOUT) provided you can close the design timing
and the signal integrity simulation is clean.

(8) You can estimate the achievable maximum data rate for non-DPA mode by performing link timing closure analysis. You must consider the board
skew margin, transmitter delay margin, and receiver sampling margin to determine the maximum data rate supported.

(9) If the receiver with DPA enabled and transmitter are using shared PLLs, the minimum data rate is 150 Mbps.

(10) You must calculate the leftover timing margin in the receiver by performing link timing closure analysis. You must consider the board skew
margin, transmitter channel-to-channel skew, and receiver sampling margin to determine leftover timing margin.

(11) The Fyax specification is based on the fast clock used for serial data. The interface Fyay is also dependent on the parallel clock domain which
is design-dependent and requires timing analysis.

12) Stratix V RX LVDS will need DPA. For Stratix V TX LVDS, the receiver side component must have DPA.
13) Stratix V LVDS serialization and de-serialization factor needs to be x4 and above.

14) Requires package skew compensation with PCB trace length.
)
)
)

(
(
(
(
(
(

15) Do not mix single-ended I/0 buffer within LVDS I/0 bank.
16) Chip-to-chip communication only with a maximum load of 5 pF.
17) When using True LVDS RX channels for emulated LVDS TX channel, only serialization factors 1 and 2 are supported.

(
(
(
(
(
(
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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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Table 46. JTAG Timing Parameters and Values for Stratix V Devices

Symbol Description Min Max Unit
typH JTAG port hold time 5 — ns
tipco JTAG port clock to output — 11 (1 ns
tipzx JTAG port high impedance to valid output — 14 (1) ns
tipxz JTAG port valid output to high impedance — 14 (1) ns

Notes to Tahle 46:

(1) A1 nsadder is required for each Vg g voltage step down from 3.0 V. For example, tjpgg = 12 ns if Vg 0f the TDO
1/0 bank =2.5V, or 13 ns if it equals 1.8 V.

(2) The minimum TCK clock period is 167 ns if VCCBAT is within the range 1.2V-1.5V when you perform the volatile
key programming.

Raw Binary File Size

For the POR delay specification, refer to the “POR Delay Specification” section of the
“Configuration, Design Security, and Remote System Upgrades in Stratix V Devices”.

Table 47 lists the uncompressed raw binary file (.rbf) sizes for Stratix V devices.

Table 47. Uncompressed .rbf Sizes for Stratix V Devices

Family Device Package Configuration .rbf Size (bits) | I0CSR .rbf Size (bits) 4
H35, F40, F35 2 213,798,880 562,392
5SGXA3
H29, F35 () 137,598,880 564,504
5SGXA4 — 213,798,880 563,672
5SGXA5 — 269,979,008 562,392
5SGXA7 — 269,979,008 562,392
Stratix V GX 5SGXA9 — 342,742,976 700,888
5SGXAB — 342,742,976 700,888
5SGXB5 — 270,528,640 584,344
5SGXB6 — 270,528,640 584,344
5SGXB9 — 342,742,976 700,888
5SGXBB — 342,742,976 700,888
) 5SGTC5 — 269,979,008 562,392
Stratix V GT
5SGTC7 — 269,979,008 562,392
5SGSD3 — 137,598,880 564,504
F1517 213,798,880 563,672
5SGSD4
, — 137,598,880 564,504
Stratix V GS
5SGSD5 — 213,798,880 563,672
5SGSD6 — 293,441,888 565,528
5SGSD8 — 293,441,888 565,528
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Page 58 Configuration Specification

Table 50 lists the timing parameters for Stratix V devices for FPP configuration when
the DCLK-to-DATA[] ratio is 1.

Table 50. FPP Timing Parameters for Stratix V Devices (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 (2 us
torsTy | nCONFIG high to nSTATUS high — 1,506 (4 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 0 — ns
teH DCLK high time 0.45 x 1/fyax — S
toL DCLK low time 0.45 x 1/fyax — S
tok DCLK period 1/fyax — S
o DCLK frequency (FPP x8/x16) — 125 MHz

DCLK frequency (FPP x32) — 100 MHz
tepoum | CONF_DONE high to user mode (4 175 437 us

) 4 x maximum
tcpocy | CONF_DONE high to CLKUSR enabled . — —
- DCLK period
topacy +
tcpoumc | CONF_DONE high to user mode with CLKUSR option on (8576 x CLKUSR — —
period) (¥

Notes to Table 50:

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

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

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

The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.

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.

(6) If nsTATUS is monitored, follow the tsock Specification. If nSTATUS is not monitored, follow the terock Specification.

FPP Configuration Timing when DCLK-to-DATA[] > 1

Figure 13 shows the timing waveform for FPP configuration when using a MAX II
device, MAX V device, or microprocessor as an external host. This waveform shows
timing when the DCLK-to-DATA [] ratio is more than 1.
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Table 53. AS Timing Parameters for AS x1 and AS x4 Configurations in Stratix V Devices (> (2} (Part 2 of 2)

Symbol Parameter Minimum Maximum Units
teooum CONF_DONE high to user mode (% 175 437 us

. 4 x maximum DCLK
tepocu CONF_DONE high to CLKUSR enabled — —

period

tcoumc | CONF_DONE high to user mode with CLKUSR option on tepacu + (8576 x — —

CLKUSR period)

Notes to Table 53:

(1) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.
(2) torocs terosTos toras tsTatus, and torosts timing parameters are identical to the timing parameters for PS mode listed in Table 54 on page 63.

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

Passive Serial Configuration Timing

Figure 15 shows the timing waveform for a passive serial (PS) configuration when
using a MAX II device, MAX V device, or microprocessor as an external host.

Figure 15. PS Configuration Timing Waveform (7
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Notes to Figure 15:

(1) The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE are at logic high levels. When
nCONFIG is pulled low, a reconfiguration cycle begins.

After power-up, the Stratix V device holds nsTATUS low for the time of the POR delay.
After power-up, before and during configuration, CONF_DONE is low.
Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

DATAO is available as a user 1/0 pin after configuration. The state of this pin depends on the dual-purpose pin settings in the Device and Pins
Option.

(6) 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 DCLK to begin
initialization and enter user mode.

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