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Page 8 Electrical Characteristics
Table 8 shows the transceiver power supply voltage requirements for various 
conditions.

DC Characteristics
This section lists the supply current, I/O pin leakage current, input pin capacitance, 
on-chip termination tolerance, and hot socketing specifications.

Supply Current 

Supply current is the current drawn from the respective power rails used for power 
budgeting. Use the Excel-based Early Power Estimator (EPE) to get supply current 
estimates for your design because these currents vary greatly with the resources you 
use. 

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.

Table 8. Transceiver Power Supply Voltage Requirements  

Conditions Core Speed Grade VCCR_GXB & 
VCCT_GXB (2) VCCA_GXB VCCH_GXB Unit

If BOTH of the following 
conditions are true:

■ Data rate > 10.3 Gbps.

■ DFE is used.

All 1.05

3.0

1.5 V

If ANY of the following 
conditions are true (1):

■ ATX PLL is used.

■ Data rate > 6.5Gbps.

■ DFE (data rate  
10.3 Gbps), AEQ, or 
EyeQ feature is used.

All 1.0

If ALL of the following 
conditions are true:

■ ATX PLL is not used.

■ Data rate  6.5Gbps.

■ DFE, AEQ, and EyeQ are 
not used.

C1, C2, I2, and I3YY 0.90 2.5

C2L, C3, C4, I2L, I3, I3L, and I4 0.85 2.5

Notes to Table 8:

(1) Choose this power supply voltage requirement option if you plan to upgrade your design later with any of the listed conditions.
(2) If the VCCR_GXB and VCCT_GXB supplies are set to 1.0 V or 1.05 V, they cannot be shared with the VCC core supply. If the VCCR_GXB and 

VCCT_GXB are set to either 0.90 V or 0.85 V, they can be shared with the VCC core supply.
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I/O Pin Leakage Current

Table 9 lists the Stratix V I/O pin leakage current specifications.

Bus Hold Specifications

Table 10 lists the Stratix V device family bus hold specifications.

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 9. I/O Pin Leakage Current for Stratix V Devices (1)

Symbol Description Conditions Min Typ Max Unit

II Input pin VI = 0 V to VCCIOMAX –30 — 30 µA

IOZ Tri-stated I/O pin VO = 0 V to VCCIOMAX –30 — 30 µA

Note to Table 9:

(1) If VO = VCCIO to VCCIOMax, 100 µA of leakage current per I/O is expected.

Table 10. Bus Hold Parameters for Stratix V Devices

Parameter Symbol Conditions

VCCIO

Unit1.2 V 1.5 V 1.8 V 2.5 V 3.0 V

Min Max Min Max Min Max Min Max Min Max

Low 
sustaining 
current

ISUSL
VIN > VIL

(maximum)
22.5 — 25.0 — 30.0 — 50.0 — 70.0 — µA

High 
sustaining 
current

ISUSH
VIN < VIH

(minimum)
–22.5 — –25.0 — –30.0 — –50.0 — –70.0 — µA

Low 
overdrive 
current

IODL
0V < VIN < 

VCCIO
— 120 — 160 — 200 — 300 — 500 µA

High 
overdrive 
current

IODH
0V < VIN < 

VCCIO
— –120 — –160 — –200 — –300 — –500 µA

Bus-hold 
trip point VTRIP — 0.45 0.95 0.50 1.00 0.68 1.07 0.70 1.70 0.80 2.00 V

Table 11. OCT Calibration Accuracy Specifications for Stratix V Devices (1) (Part 1 of 2)

Symbol Description Conditions

Calibration Accuracy

Unit
C1 C2,I2 C3,I3, 

I3YY C4,I4

25- RS 
Internal series termination 
with calibration (25- 
setting)

VCCIO = 3.0, 2.5, 
1.8, 1.5, 1.2 V ±15 ±15 ±15 ±15 %
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Calibration accuracy for the calibrated series and parallel OCTs are applicable at the 
moment of calibration. When voltage and temperature conditions change after 
calibration, the tolerance may change. 

OCT calibration is automatically performed at power-up for OCT-enabled I/Os. 
Table 13 lists the OCT variation with temperature and voltage after power-up 
calibration. Use Table 13 to determine the OCT variation after power-up calibration 
and Equation 1 to determine the OCT variation without recalibration.

Table 13 lists the on-chip termination variation after power-up calibration.

50- RS 
Internal series termination 
without calibration (50- 
setting)

VCCIO = 1.8 and 1.5 V ±30 ±30 ±40 ±40 %

50-  RS

Internal series termination 
without calibration (50- 
setting)

VCCIO = 1.2 V ±35 ±35 ±50 ±50 %

100-  RD
Internal differential 
termination (100- setting) VCCPD = 2.5 V ±25 ±25 ±25 ±25 %

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

Symbol Description Conditions

Resistance Tolerance

Unit
C1 C2,I2 C3, I3, 

I3YY C4, I4

Equation 1. OCT Variation Without Recalibration for Stratix V Devices (1), (2), (3), (4), (5), (6)

Notes to Equation 1:

(1) The ROCT value shows the range of OCT resistance with the variation of temperature and VCCIO.
(2) RSCAL is the OCT resistance value at power-up.
(3) T is the variation of temperature with respect to the temperature at power-up.
(4) V is the variation of voltage with respect to the VCCIO at power-up.
(5) dR/dT is the percentage change of RSCAL with temperature.
(6) dR/dV is the percentage change of RSCAL with voltage.

Table 13. OCT Variation after Power-Up Calibration for Stratix V Devices (Part 1 of 2) (1)

Symbol Description VCCIO (V)  Typical Unit

dR/dV OCT variation with voltage without 
recalibration

3.0 0.0297

%/mV

2.5 0.0344

1.8 0.0499

1.5 0.0744

1.2 0.1241

ROCT RSCAL 1 dR
dT
------- T  dR

dV
------- V + 

 =
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Pin Capacitance

Table 14 lists the Stratix V device family pin capacitance.

Hot Socketing

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

dR/dT OCT variation with temperature 
without recalibration 

3.0 0.189

%/°C

2.5 0.208

1.8 0.266

1.5 0.273

1.2 0.317

Note to Table 13:

(1) Valid for a VCCIO range of ±5% and a temperature range of 0° to 85°C.

Table 13. OCT Variation after Power-Up Calibration for Stratix V Devices (Part 2 of 2) (1)

Symbol Description VCCIO (V)  Typical Unit

Table 14. Pin Capacitance for Stratix V Devices

Symbol Description Value Unit

CIOTB Input capacitance on the top and bottom I/O pins 6 pF

CIOLR Input capacitance on the left and right I/O pins 6 pF

COUTFB Input capacitance on dual-purpose clock output and feedback pins 6 pF

Table 15. Hot Socketing Specifications for Stratix V Devices

Symbol Description Maximum

IIOPIN (DC) DC current per I/O pin 300 A

IIOPIN (AC) AC current per I/O pin 8 mA (1)

IXCVR-TX (DC) DC current per transceiver transmitter pin 100 mA

IXCVR-RX (DC) DC current per transceiver receiver pin 50 mA

Note to Table 15:

(1) The I/O ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |IIOPIN| = C dv/dt, in which C is the I/O pin 
capacitance and dv/dt is the slew rate.
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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 —
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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.
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Table 26 shows the approximate maximum data rate using the 10G PCS.

Table 26. Stratix V 10G PCS Approximate Maximum Data Rate (1)

Mode (2) Transceiver
Speed Grade

PMA Width 64 40 40 40 32 32

PCS Width 64 66/67 50 40 64/66/67 32

FIFO or 
Register

1 C1, C2, C2L, I2, I2L
core speed grade 14.1 14.1 10.69 14.1 13.6 13.6

2

C1, C2, C2L, I2, I2L
core speed grade 12.5 12.5 10.69 12.5 12.5 12.5

C3, I3, I3L
core speed grade 12.5 12.5 10.69 12.5 10.88 10.88

3

C1, C2, C2L, I2, I2L 
core speed grade

8.5 GbpsC3, I3, I3L
core speed grade

C4, I4
core speed grade

I3YY
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.
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Table 27 shows the VOD settings for the GX channel.

Table 27. Typical VOD Setting for GX Channel, TX Termination = 100  (2)

Symbol VOD Setting VOD Value 
(mV) VOD Setting VOD Value 

(mV)

VOD differential peak to peak 
typical (3)

0 (1) 0 32 640

1 (1) 20 33 660

2 (1) 40 34 680

3 (1) 60 35 700

4 (1) 80 36 720

5 (1) 100 37 740

6 120 38 760

7 140 39 780

8 160 40 800

9 180 41 820

10 200 42 840

11 220 43 860

12 240 44 880

13 260 45 900

14 280 46 920

15 300 47 940

16 320 48 960

17 340 49 980

18 360 50 1000

19 380 51 1020

20 400 52 1040

21 420 53 1060

22 440 54 1080

23 460 55 1100

24 480 56 1120

25 500 57 1140

26 520 58 1160

27 540 59 1180

28 560 60 1200

29 580 61 1220

30 600 62 1240

31 620 63 1260

Note to Table 27:

(1) If TX termination resistance = 100this VOD setting is illegal.
(2) The tolerance is +/-20% for all VOD settings except for settings 2 and below.
(3) Refer to Figure 2.
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Figure 2 shows the differential transmitter output waveform.

Figure 3 shows the Stratix V AC gain curves for GX channels.

1 Stratix V GT devices contain both GX and GT channels. All transceiver specifications 
for the GX channels not listed in Table 28 are the same as those listed in Table 23.

Table 28 lists the Stratix V GT transceiver specifications.

Figure 2. Differential Transmitter Output Waveform

Single-Ended Waveform

Differential Waveform VOD/VID (differential peak to peak typical) =  2  x  VOD/VID (single-ended)

Positive Channel (p) 

Negative Channel (n) 

Ground

VODVOD/VID (single-ended)

VCM

VOD/VID (single-ended)

VOD/VID (single-ended)

Figure 3. AC Gain Curves for GX Channels (full bandwidth)
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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
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Differential on-chip 
termination resistors (7) GT channels — 100 — — 100 — 

Differential on-chip 
termination resistors 
for GX channels (19)

85-setting — 85 ± 30% — — 85 
± 30% — 

100-
setting — 100 

± 30% — — 100 
± 30% — 

120-
setting — 120 

± 30% — — 120 
± 30% — 

150-
setting — 150 

± 30% — — 150 
± 30% — 

VICM (AC coupled) GT channels — 650 — — 650 — mV

VICM (AC and DC 
coupled) for GX 
Channels

VCCR_GXB = 
0.85 V or 

0.9 V
— 600 — — 600 — mV

VCCR_GXB = 
1.0 V full 

bandwidth
— 700 — — 700 — mV

VCCR_GXB = 
1.0 V half 
bandwidth 

— 750 — — 750 — mV

tLTR
(9) — — — 10 — — 10 µs

tLTD
(10) — 4 — — 4 — — µs

tLTD_manual
(11) — 4 — — 4 — — µs

tLTR_LTD_manual
(12) — 15 — — 15 — — µs

Run Length
GT channels — — 72 — — 72 CID

GX channels (8)

CDR PPM
GT channels — — 1000 — — 1000 ± PPM

GX channels (8)

Programmable 
equalization
(AC Gain) (5)

GT channels — — 14 — — 14 dB

GX channels (8)

Programmable 
DC gain (6)

GT channels — — 7.5 — — 7.5 dB

GX channels (8)

Differential on-chip 
termination resistors (7) GT channels — 100 — — 100 — 

Transmitter 

Supported I/O 
Standards — 1.4-V and 1.5-V PCML 

Data rate 
(Standard PCS) GX channels 600 — 8500 600 — 8500 Mbps

Data rate
(10G PCS) GX channels 600 — 12,500 600 — 12,500 Mbps

Table 28. Transceiver Specifications for Stratix V GT Devices (Part 3 of 5) (1)

Symbol/
Description Conditions

Transceiver 
Speed Grade 2

Transceiver
Speed Grade 3 Unit

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

Table 42 lists the memory output clock jitter specifications for Stratix V devices.

C4,I4 8 16 ps

Notes to Table 40:

(1) The typical value equals the average of the minimum and maximum values.
(2) The delay settings are linear with a cumulative delay variation of 40 ps for all speed grades. For example, when 

using a –2 speed grade and applying a 10-phase offset setting to a 90° phase shift at 400 MHz, the expected 
average cumulative delay is [625 ps + (10 × 10 ps) ± 20 ps] = 725 ps ± 20 ps.

Table 40. DQS Phase Offset Delay Per Setting for Stratix V Devices (1), (2) (Part 2 of 2)

Speed Grade Min Max Unit

Table 41. DQS Phase Shift Error Specification for DLL-Delayed Clock (tDQS_PSERR) for Stratix V Devices (1)

Number of DQS Delay 
Buffers C1 C2, C2L, I2, I2L C3, I3, I3L, I3YY C4,I4 Unit

1 28 28 30 32 ps

2 56 56 60 64 ps

3 84 84 90 96 ps

4 112 112 120 128 ps

Notes to Table 41:

(1) This error specification is the absolute maximum and minimum error. For example, skew on three DQS delay buffers in a –2 speed grade 
is ±78 ps or ±39 ps.

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

Regional

Clock period jitter tJIT(per) –50 50 –50 50 –55 55 –55 55 ps

Cycle-to-cycle period 
jitter tJIT(cc) –100 100 –100 100 –110 110 –110 110 ps

Duty cycle jitter tJIT(duty) –50 50 –50 50 –82.5 82.5 –82.5 82.5 ps

Global

Clock period jitter tJIT(per) –75 75 –75 75 –82.5 82.5 –82.5 82.5 ps

Cycle-to-cycle period 
jitter tJIT(cc) –150 150 –150 150 –165 165 –165 165 ps

Duty cycle jitter tJIT(duty) –75 75 –75 75 –90 90 –90 90 ps
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Use the data in Table 47 to estimate the file size before design compilation. Different 
configuration file formats, such as a hexadecimal (.hex) or tabular text file (.ttf) 
format, have different file sizes. For the different types of configuration file and file 
sizes, refer to the Quartus II software. However, for a specific version of the Quartus II 
software, any design targeted for the same device has the same uncompressed 
configuration file size. If you are using compression, the file size can vary after each 
compilation because the compression ratio depends on your design.

f For more information about setting device configuration options, refer to 
Configuration, Design Security, and Remote System Upgrades in Stratix V Devices. For 
creating configuration files, refer to the Quartus II Help.

Table 48 lists the minimum configuration time estimates for Stratix V devices.

Stratix V E (1)
5SEE9 — 342,742,976 700,888

5SEEB — 342,742,976 700,888

Notes to Table 47:

(1) Stratix V E devices do not have PCI Express (PCIe) hard IP. Stratix V E devices do not support the CvP configuration scheme.
(2) 36-transceiver devices.
(3) 24-transceiver devices.
(4) File size for the periphery image.
(5) The IOCSR .rbf size is specifically for the CvP feature.

Table 47. Uncompressed .rbf Sizes for Stratix V Devices

Family Device Package Configuration .rbf Size (bits) IOCSR .rbf Size (bits) (4), (5)

Table 48. Minimum Configuration Time Estimation for Stratix V Devices

Variant Member 
Code

Active Serial (1) Fast Passive Parallel (2)

Width DCLK (MHz) Min Config 
Time (s) Width DCLK (MHz) Min Config 

Time (s)

GX

A3
4 100 0.534 32 100 0.067

4 100 0.344 32 100 0.043

A4 4 100 0.534 32 100 0.067

A5 4 100 0.675 32 100 0.084

A7 4 100 0.675 32 100 0.084

A9 4 100 0.857 32 100 0.107

AB 4 100 0.857 32 100 0.107

B5 4 100 0.676 32 100 0.085

B6 4 100 0.676 32 100 0.085

B9 4 100 0.857 32 100 0.107

BB 4 100 0.857 32 100 0.107

GT
C5 4 100 0.675 32 100 0.084

C7 4 100 0.675 32 100 0.084
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1 If the DCLK-to-DATA[] ratio is greater than 1, at the end of configuration, you can only 
stop the DCLK (DCLK-to-DATA[] ratio – 1) clock cycles after the last data is latched into 
the Stratix V device. 

Figure 11 shows the configuration interface connections between the Stratix V device 
and a MAX II or MAX V device for single device configuration. 

FPP ×32

Disabled Disabled 1

Disabled Enabled 4

Enabled Disabled 8

Enabled Enabled 8

Note to Table 49:

(1) Depending on the DCLK-to-DATA[] ratio, the host must send a DCLK frequency that is r times the data rate in bytes 
per second (Bps), or words per second (Wps). For example, in FPP ×16 when the DCLK-to-DATA[] ratio is 2, the 
DCLK frequency must be 2 times the data rate in Wps. Stratix V devices use the additional clock cycles to decrypt 
and decompress the configuration data.

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

Configuration 
Scheme Decompression Design Security DCLK-to-DATA[] 

Ratio

Figure 11. Single Device FPP Configuration Using an External Host

Notes to Figure 11:

(1) Connect the resistor to a supply that provides an acceptable input signal for the Stratix V device. VCCPGM must be high 
enough to meet the VIH specification of the I/O on the device and the external host. Altera recommends powering up 
all configuration system I/Os with VCCPGM. 

(2) You can leave the nCEO pin unconnected or use it as a user I/O pin when it does not feed another device's nCE pin.
(3) The MSEL pin settings vary for different data width, configuration voltage standards, and POR delay. To connect MSEL, 

refer to the MSEL Pin Settings section of the “Configuration, Design Security, and Remote System Upgrades in Stratix 
V Devices” chapter.

(4) If you use FPP ×8, use DATA[7..0]. If you use FPP ×16, use DATA[15..0].

External Host
(MAX II Device,
MAX V Device, or
Microprocessor)

CONF_DONE

nSTATUS

nCE

DATA[31..0]

nCONFIG

Stratix V Device

Memory

ADDR DATA[7..0]

GND

MSEL[4..0]

VCCPGM (1) VCCPGM (1)

DCLK

nCEO N.C. (2)

(3)

(4)
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Active Serial Configuration Timing
Table 52 lists the DCLK frequency specification in the AS configuration scheme.

Figure 14 shows the single-device configuration setup for an AS ×1 mode.

Table 53 lists the timing parameters for AS 1 and AS 4 configurations in Stratix V 
devices.

Table 52. DCLK Frequency Specification in the AS Configuration Scheme (1), (2)

Minimum Typical Maximum Unit

5.3 7.9 12.5 MHz

10.6 15.7 25.0 MHz

21.3 31.4 50.0 MHz

42.6 62.9 100.0 MHz

Notes to Table 52:

(1) This applies to the DCLK frequency specification when using the internal oscillator as the configuration clock 
source.

(2) The AS multi-device configuration scheme does not support DCLK frequency of 100 MHz.

Figure 14. AS Configuration Timing

Notes to Figure 14:

(1) If you are using AS ×4 mode, this signal represents the AS_DATA[3..0] and EPCQ sends in 4-bits of data for each DCLK cycle.
(2) The initialization clock can be from internal oscillator or CLKUSR pin.
(3) After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE goes low.

Read Address

bit 1bit 0 bit (n − 2) bit (n − 1)

tCD2UM

nSTATUS

nCONFIG

CONF_DONE

nCSO

DCLK

AS_DATA0/ASDO

AS_DATA1 (1)

INIT_DONE (3)

User I/O User Mode 

tCF2ST1

tDH

tSU

tCO

(2)

Table 53. AS Timing Parameters for AS 1 and AS 4 Configurations in Stratix V Devices (1), (2) (Part 1 of 2)

Symbol Parameter Minimum Maximum Units

tCO DCLK falling edge to AS_DATA0/ASDO output — 2 ns

tSU Data setup time before falling edge on DCLK 1.5 — ns

tH Data hold time after falling edge on DCLK 0 — ns
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V

VCM(DC) DC common mode input voltage.

VICM Input common mode voltage—The common mode of the differential signal at the receiver.

VID
Input differential voltage swing—The difference in voltage between the positive and 
complementary conductors of a differential transmission at the receiver.

VDIF(AC) AC differential input voltage—Minimum AC input differential voltage required for switching.

VDIF(DC) DC differential input voltage— Minimum DC input differential voltage required for switching.

VIH
Voltage input high—The minimum positive voltage applied to the input which is accepted by 
the device as a logic high.

VIH(AC) High-level AC input voltage 

VIH(DC) High-level DC input voltage 

VIL
Voltage input low—The maximum positive voltage applied to the input which is accepted by 
the device as a logic low.

VIL(AC) Low-level AC input voltage 

VIL(DC) Low-level DC input voltage 

VOCM
Output common mode voltage—The common mode of the differential signal at the 
transmitter.

VOD
Output differential voltage swing—The difference in voltage between the positive and 
complementary conductors of a differential transmission at the transmitter.

VSWING Differential input voltage

VX Input differential cross point voltage 

VOX Output differential cross point voltage 

W W High-speed I/O block—clock boost factor

X

Y

Z

— —

Table 60. Glossary (Part 4 of 4)

Letter Subject Definitions
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November 2014 3.3

■ Added the I3YY speed grade and changed the data rates for the GX channel in Table 1. 

■ Added the I3YY speed grade to the VCC description in Table 6. 

■ Added the I3YY speed grade to VCCHIP_L, VCCHIP_R, VCCHSSI_L, and VCCHSSI_R descriptions in 
Table 7. 

■ Added 240-to Table 11. 

■ Changed CDR PPM tolerance in Table 23. 

■ Added additional max data rate for fPLL in Table 23. 

■ Added the I3YY speed grade and changed the data rates for transceiver speed grade 3 in 
Table 25. 

■ Added the I3YY speed grade and changed the data rates for transceiver speed grade 3 in 
Table 26. 

■ Changed CDR PPM tolerance in Table 28. 

■ Added additional max data rate for fPLL in Table 28. 

■ Changed the mode descriptions for MLAB and M20K in Table 33. 

■ Changed the Max value of fHSCLK_OUT for the C2, C2L, I2, I2L speed grades in Table 36.

■ Changed the frequency ranges for C1 and C2 in Table 39. 

■ Changed the .rbf file sizes for 5SGSD6 and 5SGSD8 in Table 47. 

■ Added note about nSTATUS to Table 50, Table 51, Table 54. 

■ Changed the available settings in Table 58. 

■ Changed the note in “Periphery Performance”. 

■ Updated the “I/O Standard Specifications” section. 

■ Updated the “Raw Binary File Size” section. 

■ Updated the receiver voltage input range in Table 22. 

■ Updated the max frequency for the LVDS clock network in Table 36. 

■ Updated the DCLK note to Figure 11. 

■ Updated Table 23 VOCM (DC Coupled) condition. 

■ Updated Table 6 and Table 7. 

■ Added the DCLK specification to Table 55. 

■ Updated the notes for Table 47. 

■ Updated the list of parameters for Table 56. 

November 2013 3.2 ■ Updated Table 28

November 2013 3.1 ■ Updated Table 33

November 2013 3.0 ■ Updated Table 23 and Table 28

October 2013 2.9 ■ Updated the “Transceiver Characterization” section

October 2013 2.8

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

■ Added Figure 1 and Figure 3

■ Added the “Transceiver Characterization” section

■ Removed all “Preliminary” designations.
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May 2013 2.7

■ Updated Table 2, Table 6, Table 7, Table 20, Table 23, Table 27, Table 47, Table 60

■ Added Table 24, Table 48

■ Updated Figure 9, Figure 10, Figure 11, Figure 12

February 2013 2.6
■ Updated Table 7, Table 9, Table 20, Table 23, Table 27, Table 30, Table 31, Table 35, 
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■ Updated “Maximum Allowed Overshoot and Undershoot Voltage”

December 2012 2.5
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■ Added “Remote System Upgrades”
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December 2011 2.2
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■ Updated Table 2–28 and Table 2–34.
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