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of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
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distinct advantages, making the choice dependent on the
specific needs of the application.
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Table 5 lists the maximum allowed input overshoot voltage and the duration of the 
overshoot voltage as a percentage of device lifetime. The maximum allowed 
overshoot duration is specified as a percentage of high time over the lifetime of the 
device. A DC signal is equivalent to 100% of the duty cycle. For example, a signal that 
overshoots to 3.95 V can be at 3.95 V for only ~21% over the lifetime of the device; for 
a device lifetime of 10 years, the overshoot duration amounts to ~2 years.

Table 5. Maximum Allowed Overshoot During Transitions

Symbol Description Condition (V) Overshoot Duration as % 
@ TJ = 100°C Unit

Vi (AC) AC input voltage

3.8 100 %

3.85 64 %

3.9 36 %

3.95 21 %

4 12 %

4.05 7 %

4.1 4 %

4.15 2 %

4.2 1 %

Figure 1. Stratix V Device Overshoot Duration
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Internal Weak Pull-Up Resistor
Table 16 lists the weak pull-up resistor values for Stratix V devices.

I/O Standard Specifications
Table 17 through Table 22 list the input voltage (VIH and VIL), output voltage (VOH and 
VOL), and current drive characteristics (IOH and IOL) for various I/O standards 
supported by Stratix V devices. These tables also show the Stratix V device family I/O 
standard specifications. The VOL and VOH values are valid at the corresponding IOH 
and IOL, 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 I/O standards, refer 
to Altera knowledge base solution rd07262012_486.

Table 16. Internal Weak Pull-Up Resistor for Stratix V Devices (1), (2)

Symbol Description VCCIO Conditions 
(V) (3) Value (4) Unit

RPU

Value of the I/O pin pull-up resistor before 
and during configuration, as well as user 
mode if you enable the programmable 
pull-up resistor option.

3.0 ±5% 25 k

2.5 ±5% 25 k

1.8 ±5% 25 k

1.5 ±5% 25 k

1.35 ±5% 25 k

1.25 ±5% 25 k

1.2 ±5% 25 k

Notes to Table 16:

(1) All I/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 TCK pin. The typical value for this internal weak 

pull-down resistor is approximately 25 k
(3) The pin pull-up resistance values may be lower if an external source drives the pin higher than VCCIO.
(4) These specifications are valid with a ±10% tolerance to cover changes over PVT.

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

I/O 
Standard

VCCIO (V) VIL (V) VIH (V) VOL (V) VOH (V) IOL 
(mA)

IOH 
(mA)Min Typ Max Min Max Min Max Max Min

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 VCCIO – 0.2 0.1 –0.1

2.5 V 2.375 2.5 2.625 –0.3 0.7 1.7 3.6 0.4 2 1 –1

1.8 V 1.71 1.8 1.89 –0.3 0.35 * 
VCCIO

0.65 * 
VCCIO

VCCIO + 
0.3 0.45 VCCIO – 

0.45 2 –2

1.5 V 1.425 1.5 1.575 –0.3 0.35 * 
VCCIO

0.65 * 
VCCIO

VCCIO + 
0.3

0.25 * 
VCCIO

0.75 * 
VCCIO

2 –2

1.2 V 1.14 1.2 1.26 –0.3 0.35 * 
VCCIO

0.65 * 
VCCIO

VCCIO + 
0.3

0.25 * 
VCCIO

0.75 * 
VCCIO

2 –2
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)

ax
HSTL-18 
Class I — VREF – 

0.1
VREF + 

0.1 — VREF – 0.2 VREF + 0.2 0.4 VCCIO – 
0.4 8 –8

HSTL-18 
Class II — VREF – 

0.1
VREF + 

0.1 — VREF – 0.2 VREF + 0.2 0.4 VCCIO – 
0.4 16 –16

HSTL-15 
Class I — VREF – 

0.1
VREF + 

0.1 — VREF – 0.2 VREF + 0.2 0.4 VCCIO – 
0.4 8 –8

HSTL-15 
Class II — VREF – 

0.1
VREF + 

0.1 — VREF – 0.2 VREF + 0.2 0.4 VCCIO – 
0.4 16 –16

HSTL-12 
Class I –0.15 VREF – 

0.08
VREF + 
0.08

VCCIO + 
0.15

VREF – 
0.15 VREF + 0.15 0.25* 

VCCIO

0.75* 
VCCIO

8 –8

HSTL-12 
Class II –0.15 VREF – 

0.08
VREF + 
0.08

VCCIO + 
0.15

VREF – 
0.15 VREF + 0.15 0.25* 

VCCIO

0.75* 
VCCIO

16 –16

HSUL-12 — VREF – 
0.13

VREF + 
0.13 — VREF – 

0.22 VREF + 0.22 0.1* 
VCCIO

0.9* 
VCCIO

— —

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

I/O Standard
VIL(DC) (V) VIH(DC) (V) VIL(AC) (V) VIH(AC) (V) VOL (V) VOH (V)

Iol (mA) Ioh 
(mA)Min Max Min Max Max Min Max Min

Table 20. Differential SSTL I/O Standards for Stratix V Devices

I/O Standard
VCCIO (V) VSWING(DC) (V) VX(AC) (V) VSWING(AC) (V)

Min Typ Max Min Max Min Typ Max Min Max

SSTL-2 Class 
I, II 2.375 2.5 2.625 0.3 VCCIO + 

0.6
VCCIO/2 – 

0.2 — VCCIO/2 + 
0.2 0.62 VCCIO + 

0.6

SSTL-18 Class 
I, II 1.71 1.8 1.89 0.25 VCCIO + 

0.6
VCCIO/2 – 

0.175 — VCCIO/2 + 
0.175 0.5 VCCIO + 

0.6

SSTL-15 Class 
I, II 1.425 1.5 1.575 0.2 (1) VCCIO/2 – 

0.15 — VCCIO/2 + 
0.15 0.35 —

SSTL-135 
Class I, II 1.283 1.35 1.45 0.2 (1) VCCIO/2 – 

0.15 VCCIO/2 VCCIO/2 + 
0.15

2(VIH(AC) - 
VREF)

2(VIL(AC) 
- VREF)

SSTL-125 
Class I, II 1.19 1.25 1.31 0.18 (1) VCCIO/2 – 

0.15 VCCIO/2 VCCIO/2 + 
0.15

2(VIH(AC) - 
VREF)

—

SSTL-12 
Class I, II 1.14 1.2 1.26 0.18 — VREF 

–0.15 VCCIO/2 VREF + 
0.15 –0.30 0.30

Note to Table 20:

(1) The maximum value for VSWING(DC) is not defined. However, each single-ended signal needs to be within the respective single-ended limits 
(VIH(DC) and VIL(DC)).

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

I/O 
Standard

VCCIO (V) VDIF(DC) (V) VX(AC) (V) VCM(DC) (V) VDIF(AC) (V

Min Typ Max Min Max Min Typ Max Min Typ Max Min M

HSTL-18 
Class I, II 1.71 1.8 1.89 0.2 — 0.78 — 1.12 0.78 — 1.12 0.4 —

HSTL-15 
Class I, II 1.425 1.5 1.575 0.2 — 0.68 — 0.9 0.68 — 0.9 0.4 —
Stratix V Device DatasheetJune 2018 Altera Corporation
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1 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 II 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. 

f 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.
Stratix V Device DatasheetJune 2018 Altera Corporation
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Reconfiguration 
clock 
(mgmt_clk_clk) 
frequency

— 100 — 125 100 — 125 100 — 125 MHz

Receiver

Supported I/O 
Standards — 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS

Data rate 
(Standard PCS) 
(9), (23)

— 600 — 12200 600 — 12200 600 —
8500/

10312.5
(24)

Mbps

Data rate
(10G PCS) (9), (23) — 600 — 14100 600 — 12500 600 —

8500/
10312.5

(24)
Mbps

Absolute VMAX for 
a receiver pin (5) — — — 1.2 — — 1.2 — — 1.2 V

Absolute VMIN for 
a receiver pin — –0.4 — — –0.4 — — –0.4 — — V

Maximum peak-
to-peak 
differential input 
voltage VID (diff p-
p) before device 
configuration (22)

— — — 1.6 — — 1.6 — — 1.6 V

Maximum peak-
to-peak 
differential input 
voltage VID (diff p-
p) after device 
configuration (18), 
(22)

VCCR_GXB = 
1.0 V/1.05 V

(VICM = 
0.70 V)

— — 2.0 — — 2.0 — — 2.0 V

VCCR_GXB = 
0.90 V

(VICM = 0.6 V)
— — 2.4 — — 2.4 — — 2.4 V

VCCR_GXB = 
0.85 V

(VICM = 0.6 V)
— — 2.4 — — 2.4 — — 2.4 V

Minimum 
differential eye 
opening at 
receiver serial 
input pins (6), (22), 

(27)

— 85 — — 85 — — 85 — — mV

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 3 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max
Stratix V Device Datasheet June 2018 Altera Corporation
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Differential on-
chip termination 
resistors (21)

85 setting — 85 ± 
30% — — 85 ± 

30% — — 85 ± 
30% — 

100 
setting —

100 
± 

30%
— —

100 
± 

30%
— —

100 
± 

30%
— 

120 
setting —

120 
± 

30%
— —

120 
± 

30%
— —

120 
± 

30%
— 

150- 
setting —

150 
± 

30%
— —

150 
± 

30%
— —

150 
± 

30%
— 

VICM 
(AC and DC 
coupled)

VCCR_GXB = 
0.85 V or 0.9 

V
full 

bandwidth 

— 600 — — 600 — — 600 — mV

 VCCR_GXB = 
0.85 V or 0.9 

V
half 

bandwidth

— 600 — — 600 — — 600 — mV

VCCR_GXB = 
1.0 V/1.05 V

full 
bandwidth

— 700 — — 700 — — 700 — mV

VCCR_GXB = 
1.0 V
half 

bandwidth

— 750 — — 750 — — 750 — mV

tLTR 
(11) — — — 10 — — 10 — — 10 µs

tLTD 
(12) — 4 — — 4 — — 4 — — µs

tLTD_manual 
(13) — 4 — — 4 — — 4 — — µs

tLTR_LTD_manual 
(14) — 15 — — 15 — — 15 — — µs

Run Length — — — 200 — — 200 — — 200 UI

Programmable 
equalization
(AC Gain) (10)

Full 
bandwidth 
(6.25 GHz)

Half 
bandwidth 

(3.125 GHz)

— — 16 — — 16 — — 16 dB

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 4 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max
Stratix V Device DatasheetJune 2018 Altera Corporation
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Inter-transceiver 
block transmitter 
channel-to-
channel skew

xN PMA 
bonded mode — — 500 — — 500 — — 500 ps

CMU PLL

Supported Data 
Range — 600 — 12500 600 — 12500 600 —

8500/
10312.5 

(24)
Mbps

tpll_powerdown
(15) — 1 — — 1 — — 1 — — µs

tpll_lock
(16) — — — 10 — — 10 — — 10 µs

ATX PLL

Supported Data 
Rate Range

VCO 
post-divider

L=2
8000 — 14100 8000 — 12500 8000 —

8500/
10312.5

(24)
Mbps

L=4 4000 — 7050 4000 — 6600 4000 — 6600 Mbps

L=8 2000 — 3525 2000 — 3300 2000 — 3300 Mbps

L=8, 
Local/Central 
Clock Divider 

=2

1000 — 1762.5 1000 — 1762.5 1000 — 1762.5 Mbps

tpll_powerdown 
(15) — 1 — — 1 — — 1 — — µs

tpll_lock 
(16) — — — 10 — — 10 — — 10 µs

fPLL

Supported Data 
Range — 600 — 3250/

3125 (25) 600 — 3250/
3125 (25) 600 — 3250/

3125 (25) Mbps

tpll_powerdown
(15) — 1 — — 1 — — 1 — — µs

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 6 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max
Stratix V Device DatasheetJune 2018 Altera Corporation
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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 (1)

Clock Network

ATX PLL CMU PLL (2) fPLL

Non-
bonded 
Mode 
(Gbps)

Bonded 
Mode 
(Gbps)

Channel 
Span

Non-
bonded 
Mode 
(Gbps)

Bonded 
Mode 
(Gbps)

Channel 
Span

Non-
bonded 
Mode 
(Gbps)

Bonded 
Mode 
(Gbps)

Channel 
Span

x1 (3) 14.1 — 6 12.5 — 6 3.125 — 3

x6 (3) — 14.1 6 — 12.5 6 — 3.125 6

x6 PLL 
Feedback (4) — 14.1 Side-

wide — 12.5 Side-
wide — — —

xN (PCIe) — 8.0 8 — 5.0 8 — — —

xN (Native PHY IP)

8.0 8.0

Up to 13 
channels 

above 
and 

below 
PLL

7.99 7.99

Up to 13 
channels 

above 
and 

below 
PLL

3.125 3.125

Up to 13 
channels 

above 
and 

below 
PLL

— 8.01 to 
9.8304

Up to 7 
channels 

above 
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) ATX PLL 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.
Stratix V Device DatasheetJune 2018 Altera Corporation
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Table 28. Transceiver Specifications for Stratix V GT Devices (Part 1 of 5) (1)

Symbol/
Description Conditions

Transceiver 
Speed Grade 2

Transceiver
Speed Grade 3 Unit

Min Typ Max Min Typ Max

Reference Clock 

Supported I/O 
Standards

Dedicated 
reference 
clock pin

1.2-V PCML, 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS, 
and HCSL

RX reference 
clock pin 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS 

Input Reference Clock 
Frequency (CMU 
PLL) (6)

— 40 — 710 40 — 710 MHz

Input Reference Clock 
Frequency (ATX PLL) (6) — 100 — 710 100 — 710 MHz

Rise time 20% to 80% — — 400 — — 400
ps

Fall time 80% to 20% — — 400 — — 400

Duty cycle — 45 — 55 45 — 55 %

Spread-spectrum 
modulating clock 
frequency

PCI Express 
(PCIe) 30 — 33 30 — 33 kHz

Spread-spectrum 
downspread PCIe — 0 to –0.5 — — 0 to –0.5 — %

On-chip termination 
resistors (19) — — 100 — — 100 — 

Absolute VMAX (3)

Dedicated 
reference 
clock pin

— — 1.6 — — 1.6
V

RX reference 
clock pin — — 1.2 — — 1.2

Absolute VMIN — -0.4 — — -0.4 — — V

Peak-to-peak 
differential input 
voltage

— 200 — 1600 200 — 1600 mV

VICM (AC coupled)

Dedicated 
reference 
clock pin

1050/1000 (2) 1050/1000 (2) mV

RX reference 
clock pin 1.0/0.9/0.85 (22) 1.0/0.9/0.85 (22) V

VICM (DC coupled)

HCSL I/O 
standard for 

PCIe 
reference 

clock 

250 — 550 250 — 550 mV
Stratix V Device Datasheet June 2018 Altera Corporation
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Figure 6 shows the Stratix V DC gain curves for GT channels.

Transceiver Characterization
This section summarizes the Stratix V transceiver characterization results for 
compliance with the following protocols:

■ Interlaken   

■ 40G (XLAUI)/100G (CAUI)

■ 10GBase-KR   

■ QSGMII   

■ XAUI   

■ SFI   

■ Gigabit Ethernet (Gbe / GIGE)   

■ SPAUI   

■ Serial Rapid IO (SRIO)   

■ CPRI   

■ OBSAI   

■ Hyper Transport (HT)   

■ SATA   

■ SAS   

■ CEI   

Figure 6. DC Gain Curves for GT Channels
Stratix V Device DatasheetJune 2018 Altera Corporation
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■ XFI   

■ ASI   

■ HiGig/HiGig+   

■ HiGig2/HiGig2+   

■ Serial Data Converter (SDC)   

■ GPON   

■ SDI   

■ SONET   

■ Fibre Channel (FC)   

■ PCIe   

■ QPI   

■ SFF-8431

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

Core Performance Specifications
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 (1)

Symbol

Performance

UnitC1, C2, C2L, I2, and 
I2L

C3, I3, I3L, and 
I3YY C4, I4

Global and 
Regional Clock 717 650 580 MHz

Periphery Clock 550 500 500 MHz

Note to Table 30:

(1) The Stratix V ES devices are limited to 600 MHz core clock tree performance.
Stratix V Device Datasheet June 2018 Altera Corporation
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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

fIN

Input clock frequency (C1, C2, C2L, I2, and I2L speed 
grades) 5 — 800 (1) MHz

Input clock frequency (C3, I3, I3L, and I3YY speed 
grades) 5 — 800 (1) MHz

Input clock frequency (C4, I4 speed grades) 5 — 650 (1) MHz

fINPFD Input frequency to the PFD 5 — 325 MHz

fFINPFD Fractional Input clock frequency to the PFD 50 — 160 MHz

fVCO
(9)

PLL VCO operating range (C1, C2, C2L, I2, I2L speed 
grades) 600 — 1600 MHz

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

PLL VCO operating range (C4, I4 speed grades) 600 — 1300 MHz

tEINDUTY Input clock or external feedback clock input duty cycle 40 — 60 %

fOUT

Output frequency for an internal global or regional 
clock (C1, C2, C2L, I2, I2L speed grades) — — 717 (2) MHz

Output frequency for an internal global or regional 
clock (C3, I3, I3L speed grades) — — 650 (2) MHz

Output frequency for an internal global or regional 
clock (C4, I4 speed grades) — — 580 (2) MHz

fOUT_EXT

Output frequency for an external clock output (C1, C2, 
C2L, I2, I2L speed grades) — — 800 (2) MHz

Output frequency for an external clock output (C3, I3, 
I3L speed grades) — — 667 (2) MHz

Output frequency for an external clock output (C4, I4 
speed grades) — — 553 (2) MHz

tOUTDUTY
Duty cycle for a dedicated external clock output (when 
set to 50%) 45 50 55 %

tFCOMP External feedback clock compensation time — — 10 ns

fDYCONFIGCLK
Dynamic Configuration Clock used for mgmt_clk and 
scanclk

— — 100 MHz

tLOCK
Time required to lock from the end-of-device 
configuration or deassertion of areset — — 1 ms

tDLOCK
Time required to lock dynamically (after switchover or 
reconfiguring any non-post-scale counters/delays) — — 1 ms

fCLBW

PLL closed-loop low bandwidth — 0.3 — MHz

PLL closed-loop medium bandwidth — 1.5 — MHz

PLL closed-loop high bandwidth (7) — 4 — MHz

tPLL_PSERR Accuracy of PLL phase shift — — ±50 ps

tARESET Minimum pulse width on the areset signal 10 — — ns
Stratix V Device DatasheetJune 2018 Altera Corporation
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Memory Block Specifications
Table 33 lists the Stratix V memory block specifications. 

Modes using Three DSPs

One complex 18 x 25 425 425 415 340 340 275 265 MHz

Modes using Four DSPs

One complex 27 x 27 465 465 465 380 380 300 290 MHz

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

Mode

Peformance

Unit
C1 C2, C2L I2, I2L C3 I3, I3L, 

I3YY C4 I4

Table 33.  Memory Block Performance Specifications for Stratix V Devices (1), (2) (Part 1 of 2)

Memory Mode

Resources Used Performance

Unit
ALUTs Memory C1 C2, 

C2L C3 C4 I2, I2L
I3, 
I3L, 
I3YY

I4

MLAB 

Single port, all 
supported widths 0 1 450 450 400 315 450 400 315 MHz

Simple dual-port, 
x32/x64 depth 0 1 450 450 400 315 450 400 315 MHz

Simple dual-port, x16 
depth (3) 0 1 675 675 533 400 675 533 400 MHz

ROM, all supported 
widths 0 1 600 600 500 450 600 500 450 MHz
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OCT Calibration Block Specifications
Table 43 lists the OCT calibration block specifications for Stratix V devices.

Figure 10 shows the timing diagram for the oe and dyn_term_ctrl signals.

PHY 
Clock

Clock period jitter tJIT(per) –25 25 –25 25 –30 30 –35 35 ps

Cycle-to-cycle period 
jitter tJIT(cc) –50 50 –50 50 –60 60 –70 70 ps

Duty cycle jitter tJIT(duty) –37.5 37.5 –37.5 37.5 –45 45 –56 56 ps

Notes to Table 42:

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

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

sigma.

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

Clock 
Network Parameter Symbol

C1 C2, C2L, I2, I2L C3, I3, I3L, 
I3YY C4,I4

Unit

Min Max Min Max Min Max Min Max

Table 43. OCT Calibration Block Specifications for Stratix V Devices

Symbol Description Min Typ Max Unit

OCTUSRCLK Clock required by the OCT calibration blocks — — 20 MHz

TOCTCAL
Number of OCTUSRCLK clock cycles required for OCT RS/RT 
calibration — 1000 — Cycles

TOCTSHIFT
Number of OCTUSRCLK clock cycles required for the OCT 
code to shift out — 32 — Cycles

TRS_RT 

Time required between the dyn_term_ctrl and oe signal 
transitions in a bidirectional I/O buffer to dynamically switch 
between OCT RS and RT (Figure 10)

— 2.5 — ns

Figure 10. Timing Diagram for oe and dyn_term_ctrl Signals

oe

Tristate
RX RXTX

dyn_term_ctrl

TRS_RT

Tristate

TRS_RT
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Table 54 lists the PS configuration timing parameters for Stratix V devices.

Initialization
Table 55 lists the initialization clock source option, the applicable configuration 
schemes, and the maximum frequency. 

Table 54. PS Timing Parameters for Stratix V Devices

Symbol Parameter Minimum Maximum Units

tCF2CD nCONFIG low to CONF_DONE low — 600 ns

tCF2ST0 nCONFIG low to nSTATUS low — 600 ns

tCFG nCONFIG low pulse width 2 — s

tSTATUS nSTATUS low pulse width 268 1,506 (1) s

tCF2ST1 nCONFIG high to nSTATUS high — 1,506 (2) s

tCF2CK
(5) nCONFIG high to first rising edge on DCLK 1,506 — s

tST2CK
(5) nSTATUS high to first rising edge of DCLK 2 — s

tDSU DATA[] setup time before rising edge on DCLK 5.5 — ns

tDH DATA[] hold time after rising edge on DCLK 0 — ns

tCH DCLK high time 0.45  1/fMAX — s

tCL DCLK low time 0.45  1/fMAX — s

tCLK DCLK period 1/fMAX — s

fMAX DCLK frequency — 125 MHz

tCD2UM CONF_DONE high to user mode (3) 175 437 s

tCD2CU CONF_DONE high to CLKUSR enabled 4 × maximum 
DCLK period — —

tCD2UMC CONF_DONE high to user mode with CLKUSR option on
tCD2CU + 

(8576  CLKUSR 
period) (4)

— —

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) 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 

“Initialization” section.
(5) If nSTATUS is monitored, follow the tST2CK specification. If nSTATUS is not monitored, follow the tCF2CK specification.

Table 55. Initialization Clock Source Option and the Maximum Frequency 

Initialization Clock 
Source Configuration Schemes Maximum 

Frequency
Minimum Number of Clock 

Cycles (1)

Internal Oscillator AS, PS, FPP 12.5 MHz

8576CLKUSR AS, PS, FPP (2) 125 MHz

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 II software from the General panel of the Device and Pin Options dialog box.
Stratix V Device DatasheetJune 2018 Altera Corporation



Page 64 I/O Timing
Remote System Upgrades
Table 56 lists the timing parameter specifications for the remote system upgrade 
circuitry. 

User Watchdog Internal Circuitry Timing Specification
Table 57 lists the operating range of the 12.5-MHz internal oscillator.

I/O Timing
Altera offers two ways to determine I/O timing—the Excel-based I/O Timing and the 
Quartus II Timing Analyzer.

Excel-based I/O timing provides pin timing performance for each device density and 
speed grade. The data is typically used prior to designing the FPGA to get an estimate 
of the timing budget as part of the link timing analysis. The Quartus II Timing 
Analyzer provides a more accurate and precise I/O timing data based on the specifics 
of the design after you complete place-and-route. 

f You can download the Excel-based I/O Timing spreadsheet from the Stratix V 
Devices Documentation web page.

Programmable IOE Delay
Table 58 lists the Stratix V IOE programmable delay settings. 

Table 56. Remote System Upgrade Circuitry Timing Specifications 

Parameter Minimum Maximum Unit

tRU_nCONFIG (1) 250 — ns

tRU_nRSTIMER (2) 250 — ns

Notes to Table 56:

(1) This is equivalent to strobing the reconfiguration input of the ALTREMOTE_UPDATE megafunction high for the 
minimum timing specification. For more information, refer to the Remote System Upgrade State Machine section 
of the “Configuration, Design Security, and Remote System Upgrades in Stratix V Devices” chapter.

(2) This is equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE megafunction high for the 
minimum timing specification. For more information, refer to the User Watchdog Timer section of the 
“Configuration, Design Security, and Remote System Upgrades in Stratix V Devices” chapter.

Table 57. 12.5-MHz Internal Oscillator Specifications 

Minimum Typical Maximum Units

5.3 7.9 12.5 MHz

Table 58. IOE Programmable Delay for Stratix V Devices (Part 1 of 2)

Parameter 
(1)

Available 
Settings

Min 
Offset 

(2)

Fast Model Slow Model

Industrial Commercial C1 C2 C3 C4 I2 I3, 
I3YY I4 Unit

D1 64 0 0.464 0.493 0.838 0.838 0.924 1.011 0.844 0.921 1.006 ns

D2 32 0 0.230 0.244 0.415 0.415 0.459 0.503 0.417 0.456 0.500 ns
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Programmable Output Buffer Delay
Table 59 lists the delay chain settings that control the rising and falling edge delays of 
the output buffer. The default delay is 0 ps.

Glossary
Table 60 lists the glossary for this chapter.

D3 8 0 1.587 1.699 2.793 2.793 2.992 3.192 2.811 3.047 3.257 ns

D4 64 0 0.464 0.492 0.838 0.838 0.924 1.011 0.843 0.920 1.006 ns

D5 64 0 0.464 0.493 0.838 0.838 0.924 1.011 0.844 0.921 1.006 ns

D6 32 0 0.229 0.244 0.415 0.415 0.458 0.503 0.418 0.456 0.499 ns

Notes to Table 58:

(1) You can set this value in the Quartus II software by selecting D1, D2, D3, D5, and D6 in the Assignment Name column of Assignment Editor.
(2) Minimum offset does not include the intrinsic delay.

Table 58. IOE Programmable Delay for Stratix V Devices (Part 2 of 2)

Parameter 
(1)

Available 
Settings

Min 
Offset 

(2)

Fast Model Slow Model

Industrial Commercial C1 C2 C3 C4 I2 I3, 
I3YY I4 Unit

Table 59. Programmable Output Buffer Delay for Stratix V Devices (1)

Symbol Parameter Typical Unit

DOUTBUF
Rising and/or falling edge 
delay

0 (default) ps

25 ps

50 ps

75 ps

Note to Table 59:

(1) You can set the programmable output buffer delay in the Quartus II software by setting the Output Buffer Delay 
Control assignment to either positive, negative, or both edges, with the specific values stated here (in ps) for the 
Output Buffer Delay assignment.

Table 60. Glossary (Part 1 of 4)

Letter Subject Definitions

A

B

C

— —

D — —

E — —

F

fHSCLK Left and right PLL input clock frequency.

fHSDR
High-speed I/O block—Maximum and minimum LVDS data transfer rate 
(fHSDR = 1/TUI), non-DPA.

fHSDRDPA
High-speed I/O block—Maximum and minimum LVDS data transfer rate 
(fHSDRDPA = 1/TUI), DPA.
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S

SW (sampling 
window) 

Timing Diagram—the period of time during which the data must be valid in order to capture 
it correctly. The setup and hold times determine the ideal strobe position within the sampling 
window, as shown:

Single-ended 
voltage 
referenced I/O 
standard

The JEDEC standard for SSTL and HSTL I/O defines both the AC and DC input signal values. 
The AC values indicate the voltage levels at which the receiver must meet its timing 
specifications. The DC values indicate the voltage levels at which the final logic state of the 
receiver is unambiguously defined. After the receiver input has crossed the AC value, the 
receiver changes to the new logic state. 

The new logic state is then maintained as long as the input stays beyond the DC threshold. 
This approach is intended to provide predictable receiver timing in the presence of input 
waveform ringing:

Single-Ended Voltage Referenced I/O Standard

T

tC High-speed receiver and transmitter input and output clock period.

TCCS (channel-
to-channel-skew) 

The timing difference between the fastest and slowest output edges, including tCO variation 
and clock skew, across channels driven by the same PLL. The clock is included in the TCCS 
measurement (refer to the Timing Diagram figure under SW in this table).

tDUTY

High-speed I/O block—Duty cycle on the high-speed transmitter output clock.

Timing Unit Interval (TUI) 

The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(receiver input clock frequency multiplication factor) = tC/w)

tFALL Signal high-to-low transition time (80-20%)

tINCCJ Cycle-to-cycle jitter tolerance on the PLL clock input.

tOUTPJ_IO Period jitter on the general purpose I/O driven by a PLL.

tOUTPJ_DC Period jitter on the dedicated clock output driven by a PLL.

tRISE Signal low-to-high transition time (20-80%)

U — —

Table 60. Glossary (Part 3 of 4)

Letter Subject Definitions

Bit Time

0.5 x TCCS RSKM Sampling Window
        (SW)

RSKM 0.5 x TCCS

 

VIH(AC)

VIH(DC)

VREF
VIL(DC)

VIL(AC)

VOH

VOL

VCCIO

VSS
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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.

April 2017 3.8

■ Added a footnote to the “High-Speed I/O Specifications for Stratix V Devices” table.

■ Changed the minimum value for tCD2UMC in the “PS Timing Parameters for Stratix V 
Devices” table.

■ Changed the condition for 100-  RD in the “OCT Without Calibration Resistance 
Tolerance Specifications for Stratix V Devices” table.

■ Changed the minimum value for tCD2UMC in the “AS Timing Parameters for AS ́ 1 and AS ́ 4 
Configurations in Stratix V Devices” table

■ Changed the minimum value for tCD2UMC in the “FPP Timing Parameters for Stratix V 
Devices When the DCLK-to-DATA[] Ratio is >1” table.

■ Changed the minimum value for tCD2UMC 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.

June 2016 3.7

■ Added the VID minimum specification for LVPECL in the “Differential I/O Standard 
Specifications for Stratix V Devices” table

■ Added the IOUT specification to the “Absolute Maximum Ratings for Stratix V Devices” 
table.

December 2015 3.6 ■ Added a footnote to the “High-Speed I/O Specifications for Stratix V Devices” table.

December 2015 3.5

■ Changed the transmitter, receiver, and ATX PLL data rate specifications in the 
“Transceiver Specifications for Stratix V GX and GS Devices” table.

■ Changed the configuration .rbf sizes in the “Uncompressed .rbf Sizes for Stratix V 
Devices” table.

July 2015 3.4

■ Changed the data rate specification for transceiver speed grade 3 in the following tables:

■ “Transceiver Specifications for Stratix V GX and GS Devices”

■ “Stratix V Standard PCS Approximate Maximum Date Rate”

■ “Stratix V 10G PCS Approximate Maximum Data Rate” 

■ Changed the conditions for reference clock rise and fall time, and added a note to the 
“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 tCO 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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