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Recommended Operating Conditions

This section lists the functional operating limits for the AC and DC parameters for
Stratix V devices. Table 6 lists the steady-state voltage and current values expected
from Stratix V devices. Power supply ramps must all be strictly monotonic, without

plateaus.

Table 6. Recommended Operating Conditions for Stratix V Devices (Part 1 of 2)

Symbol Description Condition Min 4 Typ Max 4 Unit
oy | — | 0w | os | om | v
Vee Core voltage and periphery circuitry power
supply (C2L, C3, C4, I12L, 13, 13L, and 14 — 0.82 0.85 0.88 v
speed grades) (%
Voot ;c():\gﬁglséugp;ply for programmable power . 145 150 155 Y
Voo aux nggﬁigcshunpoﬂg/g;or the programmable . 9 375 95 9 625 Y
Vegeo (! I/0 pre-driver (3.0 V) power supply — 2.85 3.0 3.15 v
I/0 pre-driver (2.5 V) power supply — 2.375 2.5 2.625 v
I/0 buffers (3.0 V) power supply — 2.85 3.0 3.15 v
I/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 v
I/0 buffers (1.8 V) power supply — 1.71 1.8 1.89 v
Veeio I/0 buffers (1.5 V) power supply — 1.425 1.5 1.575 vV
I/0 buffers (1.35 V) power supply — 1.283 1.35 1.45 V
I/0 buffers (1.25 V) power supply — 1.19 1.25 1.31 v
I/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 v
Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 v
Vecram Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 Y
Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 v
Veca epLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 v
Veen FpLL PLL digital voltage regulator power supply — 1.45 15 1.55 v
o 0| ey teckuppove sy G [z [ [ e |
Vv, DC input voltage — -0.5 — 3.6 v
Vo Output voltage — 0 — Veeio v
o Commercial 0 — 85 °C
Ty Operating junction temperature :
Industrial -40 — 100 °C
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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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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)
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Internal Weak Pull-Up Resistor

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

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

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

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

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

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

1/0 Standard Specifications

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

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

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

10 Vecio (V) Vi (V) Vi (V) Voo(V) | Vou(V) lo. lon
Standard | pyp | yp | Max | Min | Max | Min | Max | Max Min | (MA) | (mA)
LVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.2 Veco—0.2| 0.1 -0.1
25V 2.375 25 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 -1
035~ 065~ VCCIO + VCCIO -
1.8V 1.71 1.8 1.89 -0.3 0.45 2 -2
Veeio Veeio 0.3 0.45
035* | 0.65* | Voot | 025~ 0.75*
15V 1425 | 15 | 1575 | -0.3 ceio 2 -2
Vecio | Vecio 0.3 Veeio Veeio
035 | 0.65° | Vego+ | 025° | 0.75°
1.2V 1.14 1.2 1.26 -0.3 2 -2
Vecio | Vecio 0.3 Vecio Veeio
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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 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 3 of 7)

Transceiver Speed Transceiver Speed Transceiver Speed
Dessv:rlil:)':!{) ] Conditions Grade 1 Grade 2 Grade 3 Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Reconfiguration
fgrl‘t e e _ 100 — | 125 [100| — | 125 |100| — | 125 | MHz
frequency
Receiver
gi’apn‘&%rfgg Vo _ 1.4-V PCML, 1.5V PCML, 2.5-V PCML, LVPECL, and LVDS
Data rate 8500/
(Standard PCS) — 600 | — 12200 | 600 | — | 12200 | 600 | — |10312.5 | Mbps
(9), (23) (24)
patarate | — |00 | — | 14100 | 600 | — | 12500 | 600 | — 103125 | Hibps
(10G PCS) . 24)
Absolute VMAX for . . _ 19 _ _ 192 _ _ 19 Vv
a receiver pin ' ' '
Absolute Vyyy for . 04| — . 04| — . 04 | — . v
a receiver pin '
Maximum peak-
to-peak
differential input . | | o
voltage Vg (diff p- 16 16 16 v
p) before device
configuration (22
Veer_oxe =
1.0VA.05V
Maximum peak- (View = T 2.0 I 2.0 T 2.0 v
to-peak 0.70V)
differential input v
e CCR_GXB =
votage Vip (diffp-| - “y'ggy | | | o4 | — | — | 24 | — | — | 24 v
p) after device Vi = 0.6V
configuration (79, (View =06 V)
(22) Vecr_oxs =
0.85V — | — 2.4 — | — 2.4 — | = 2.4 v
(Viw=0.6 V)
Minimum
differential eye
opening at . . . . . . .
receiver serial 85 85 85 my
input pins (©) (22).
(27)
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Table 23. Transceiver Specifications for Stratix V GX and GS Devices (”/ (Part 4 of 7)
Transceiver Speed Transceiver Speed Transceiver Speed
Symbol/ e Grade 1 Grade 2 Grade 3 .
Description Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
. 85+ 85+ 85+
85-Qsetting | — Jgge | T | T l30% | | T [30%| Q
100-0 100 100 100
setting B o I o B o @
Differential on- 30% 30% 30%
chip termination 120 120 120
resistors (/) 1 23[__9 — | s — — | s — — | s — Q
Setling 30% 30% 30%
150-0 150 150 150
setting B o I o B o @
30% 30% 30%
VCCR?GXB =
0.85Vor0.9
v — | 600 — — | 600 — — | 600 — mV
full
bandwidth
Vecr_axe =
0.85Vor0.9
v — | 600 — — | 600 — — | 600 — mV
View half
(AC and DC bandwidth
coupled)
Veer_axs =
POV — o0 | — | — 0| — | — |0 — | mv
bandwidth
VCCR?GXB =
WVl —mo | — | —|mo| — | —|mo| — | mv
bandwidth
tim (7 — — | — 10 — | — 10 — | — 10 us
trp (7 — — — 4 | — — 4 | — — us
tLTD_manuaI (13) - — - 4 - — 4 - - us
trR_L10_manval (' — 15 | — — 15 | — — 15 | — — us
Run Length — — | — 200 — | — 200 — | — 200 Ul
Full
bandwidth
Programmable (625 GHZ)
equalization — — 16 — — 16 — — 16 dB
(AC Gain) (1 Half
bandwidth
(3.125 GHz)
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Table 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 6 of 7)

Transceiver Speed Transceiver Speed Transceiver Speed
Symbol/ e Grade 1 Grade 2 Grade 3 .
Description Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Inter-transceiver
block transmitter xN PMA
channel-to- bonded mode | ~ | 500 o 500 T 500 ps
channel skew
CMU PLL
8500/
Supported Data — 600 | — | 12500 | 600 | — | 12500 | 600 | — | 103125 | Mbps
Range 24)
tpll_powerdown (19) — 1 — —_ 1 — — 1 — _ 1s
thLIOCk (16) — — — 10 — — 10 — — 10 1
ATX PLL
VCO 8500/
post-divider | 8000 | — 14100 | 8000 | — 12500 | 8000 | — | 10312.5 | Mbps
L=2 (24)
L=4 4000 | — 7050 | 4000 | — 6600 | 4000 | — 6600 Mbps
Supported Data
Rate Range L=8 2000 | — 3525 | 2000 | — 3300 | 2000 | — 3300 Mbps
L=8,
Local/Central | 4000 | | 17605 |1000 | — | 17625 | 1000 | — | 17625 | Mbps
Clock Divider
=2
thLpowerdown (15) - 1 - - 1 - - 1 - - us
tpll_lock (16) —_— —_— — 10 —_— —_— 10 — —_— 10 18
fPLL
Supported Data . | 3250/ | 3250/ | 3250/
Range 000 3125 29 | 00 312529 | 000 312529 | MOPS
thLpowerdown (15) - 1 - - 1 - - 1 - - us
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Tabhle 23. Transceiver Specifications for Stratix V GX and GS Devices (") (Part 7 of 7)

Transceiver Speed Transceiver Speed Transceiver Speed
Symbol/ e Grade 1 Grade 2 Grade 3 .
Description Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
thI_IOCk (16) — — — 10 — — 10 — — 10 s
Notes to Table 23:

(1) Speed grades shown in Table 23 refer to the PMA Speed Grade in the device ordering code. The maximum data rate could be restricted by the
Core/PCS speed grade. Contact your Altera Sales Representative for the maximum data rate specifications in each speed grade combination
offered. For more information about device ordering codes, refer to the Stratix VV Device Overview.

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

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

This supply follows VCCR_GXB.
The device cannot tolerate prolonged operation at this absolute maximum.

The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver
Equalization, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.

—_—
wWw N
—_ —

—_— o~ —~
oD O
- = =

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

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

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

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

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

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

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

functioning in the manual mode.

(14) tiR_L7D_manual IS the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_is_lockedtoref signal goes high when the
CDR is functioning in the manual mode.

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

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

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

(20) To calculate the REFCLK phase noise requirement at frequencies other than 622 MHz, use the following formula: REFCLK phase noise at f(MHz)
= REFCLK phase noise at 622 MHz + 20*log(f/622).

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

Refer to Figure 2.

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

When you use fPLL as a TXPLL of the transceiver.

REFCLK performance requires to meet transmitter REFCLK phase noise specification.

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

18
19

22
23
24
25
26
27
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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.
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Table 25 shows the approximate maximum data rate using the standard PCS.

Table 25. Stratix V Standard PCS Approximate Maximum Date Rate () 4

o | Transceiver | PMA Width 20 20 16 6 | 10|10/ 8 |8
Mode
Speed Grade |  ppg/core Width 40 20 32 16 | 20|10 | 16 | 8
1 €1,02,C2L,12,12L 1455 | 494 | 976 | 912 | 65 | 58 | 52 | 472
core speed grade
C1, 02, CaL, 12, 12L
: e onde | 122 | 114 | 978 | 912 |65 |58 | 52 |472
G3, 13, 131 9.8 9.0 7.84 72 | 53| 47 | 424|376
core speed grade
C1, 2, CaL, 12, 12L
FIFO o coeed g | 83 85 85 85 | 65 | 58 | 52 |472
13YY
103125 | 103125 | 7.84 72 | 53| 47 | 424|376
3 core speed grade
0313, 13L
coreopesd grace | 83 85 7.84 72 | 53| 47 | 424|376
G4, 14 85 82 704 | 656 | 48 | 42 | 384|344
core speed grade
C1, 2, CaL, 12, 12L
1 e onde | 122 | 114 | 976 | 912 | 61|57 |488 | 456
C1,02,C2L,12,12L 1455 | 494 | 976 | o912 | 61 | 57 | 488|456
5 core speed grade
0313, 13L
coreopesd grace | 08 9.0 7.92 72 | 49 | 45 |39 | 36
Register C1,02,C2L, 12, 12L |y 155 | 103125 | 103125 | 103125 | 6.1 | 5.7 | 4.88 | 4.56
core speed grade
I3YY 103125 | 103125 | 7.92 72 | 49 | 45 |39 | 36
3 core speed grade ' ' ’ | ' ’ ’ '
G3, 13, 131 85 85 7.92 72 | 49 | 45 | 396 | 36
core speed grade
Ca 14
core speed grace | 83 82 704 | 656 | 44 | 41 | 352|328

Notes to Table 25:
(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.

(3) The maximum data rate is also constrained by the transceiver speed grade. Refer to Table 1 for the transceiver speed grade.
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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 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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PLL Specifications

Table 31 lists the Stratix V PLL specifications when operating in both the commercial
junction temperature range (0° to 85°C) and the industrial junction temperature range

(~40° to 100°C).

Table 31. PLL Specifications for Stratix V Devices (Part 1 of 3)

Symbol Parameter Min Typ Max Unit
Input clock frequency (C1, C2, G2L, 12, and I2L speed 5 . 800 (7 MHz
grades)

fi Input clock frequency (C3, 13, 13L, and 13YY speed 5 . 800 (7 MHz
grades)

Input clock frequency (C4, 14 speed grades) — 650 (V) MHz
finpeD Input frequency to the PFD — 325 MHz
frinerD Fractional Input clock frequency to the PFD 50 — 160 MHz

PLL VCO operating range (C1, C2, C2L, 12, 12L speed 600 . 1600 MHz

grades)
fugo ¥ PLL VCO operating range (C3, I3, I3L, I3YY speed 600 . 1600 MHz

grades)

PLL VCO operating range (C4, 14 speed grades) 600 — 1300 MHz
tenouTy Input clock or external feedback clock input duty cycle 40 — 60 %

Output frequency for an internal global or regional o . 217 @) MHz

clock (C1, C2, C2L, 12, 12L speed grades)

Output frequency for an internal global or regional . . )
four clock (C3. 13, IL speed grades) 650 MHz

Output frequency for an internal global or regional . . 2

clock (C4, 14 speed grades) 580 MHz

Output frequency for an external clock output (C1, G2, . . )

CoL, 12, 12L speed grades) 800 MHz

Output frequency for an external clock output (C3, 13, . . 2
four_ext I3L speed grades) 667 MHz

Output frequency for an external clock output (C4, 14 . . 553 (2) MHz

speed grades)

Duty cycle for a dedicated external clock output (when
touTouTy ouy %’U%) but ( 45 50 55 %
trcomp External feedback clock compensation time — — 10 ns

Dynamic Configuration Clock used for mgmt_c1k and
fovconriaeLk sganclk g o< — — 100 MHz
i Time required to lock from the end-of-device . . 1 ms

LocK configuration or deassertion of areset
i Time required to lock dynamically (after switchover or . . 1 ms
DLOCK reconfiguring any non-post-scale counters/delays)

PLL closed-loop low bandwidth — 0.3 — MHz
foLaw PLL closed-loop medium bandwidth — 15 — MHz

PLL closed-loop high bandwidth (%) — 4 — MHz
tpLL PSERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on the areset signal 10 — — ns
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Table 31. PLL Specifications for Stratix V Devices (Part 2 of 3)

Symbol Parameter Min Typ Max Unit
; @ @ Input clock cycle-to-cycle jitter (frer > 100 MHz) — — 0.15 Ul (p-p)
INCC) Input clock cycle-to-cycle jitter (fagr < 100 MH2) ~750 — +750 ps (p-p)
Period Jitter for dedicated clock output (foyr > . . ) i
100 MHz) 175 bs (p-p)
foutea_oc Period Jitter for dedicated clock output (foyt <
out — — (1) -
100 MHz) 17.5 mUl (p-p)
Period Jitter for dedicated clock output in fractional L L 250 (17), s (0-D)
t 4 | PLL (four > 100 MHy) 17502 | PSP
FouTP.DC Period Jitter for dedicated clock output in fractional . . 25 (17), mUI (p-p)
PLL (fyyr < 100 MHz) 17.5(12) PP
Cycle-to-Cycle Jitter for a dedicated clock output . . i
(four > 100 MHz) 175 bs (p-p)
tources_oc ¥/
- Cycle-to-Cycle Jitter for a dedicated clock output . . 175 mUl (p-p)
(four < 100 MH2) ' PP
Cycle-to-cycle Jitter for a dedicated clock output in L L 250 (17), s (0-D)
t 4| ractional PLL (four > 100 MHz) 17502 | PSP
FouTee..oe Cycle-to-cycle Jitter for a dedicated clock output in . . 25 (17), mUl (p-p)
fractional PLL (foyr < 100 MHz)+ 17.5(12) PP
Period Jitter for a clock output on a regular 1/0 in . . i
toutes 1o @ | integer PLL (four > 100 MHz) 600 Ps (p-p)
© Period Jitter for a clock output on a regular 1/0
(four < 100 MH2) - - 60 mul (p-p)
Period Jitter for a clock output on a regular 1/0 in . . (10) i
teoutey 1o @ | fractional PLL (four = 100 MHz) 000 Ps (pP)
® (1) Period Jitter for a clock output on a regular 1/0 in . . 60 (10) mUl (p-p)
fractional PLL (foyr < 100 MHz) PP
Cycle-to-cycle Jitter for a clock output on a regular 1/0 o . i
tourecy 1o @ | in integer PLL (four > 100 MHz) 600 Ps (p-p)
®) Cycle-to-cycle Jitter for a clock output on a regular 1/0 . . 60 (10) mUl (p-p)
in integer PLL (foyr < 100 MHz) PP
Cycle-to-cycle Jitter for a clock output on a regular I/0 . . 600 (10) s (p-p)
teourecy 1o @ | iN fractional PLL (four > 100 MHz) PS PP
@, (1) Cycle-to-cycle Jitter for a clock output onaregular 1/0 | . 60 mUl (p-p)
in fractional PLL (foyr < 100 MHz) PP
Period Jitter for a dedicated clock output in cascaded . . 175 0s (p-p)
teasc outpy oc | PLLS (four = 100 MHz)
(9.0 Period Jitter for a dedicated clock output in cascaded . - 175 mUl (p-p)
PLLS (four < 100 MHz) : p-p
f Frequency drift after PFDENA is disabled for a duration . . +10 o
DRIFT of 100 ps B ’
dKgt Bit number of Delta Sigma Modulator (DSM) 8 24 32 Bits
KvaLue Numerator of Fraction 128 8388608 | 2147483648 —
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Tahle 33. Memory Block Performance Specifications for Stratix V Devices (7 2 (Part 2 of 2)
Resources Used Performance
Memory Mode c2 13, Unit
ALUTs | Memory | C1 ’ c3 C4 |12,12L | I3L, 14
C2L
13YY

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

M20K Simple dual-port with

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

Notes to Table 33:

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

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

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

Table 34. Internal Temperature Sensing Diode Specification

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

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

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

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

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

June 2018  Altera Corporation

Stratix V Device Datasheet



Configuration Specification Page 53

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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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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