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it
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 Un

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 �d 
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 �d 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 le akage 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 %
Stratix V Device DatasheetJune 2018 Altera Corporation
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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 (V IH  and VIL), output voltage (V OH 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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 of 2)

)

Max
HSTL-18 
Class I � VREF � 

0.1
VREF + 

0.1 � V REF � 0.2 VREF + 0.2 0.4 VCCIO � 
0.4 8 �8

HSTL-18 
Class II � VREF � 

0.1
VREF + 

0.1 � V REF � 0.2 VREF + 0.2 0.4 VCCIO � 
0.4 16 �16

HSTL-15 
Class I � VREF � 

0.1
VREF + 

0.1 � V REF � 0.2 VREF + 0.2 0.4 VCCIO � 
0.4 8 �8

HSTL-15 
Class II � VREF � 

0.1
VREF + 

0.1 � V REF � 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

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

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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Spread-spectrum 
downspread PCIe �

0 to 

�0.5
� �

0 to

�0.5
� �

0 to

�0.5
� %

On-chip 
termination 
resistors(21)

� � 100 � � 100 � � 100 � �:

Absolute VMAX
(5)

Dedicated 
reference 
clock pin

� � 1.6 � � 1.6 � � 1.6
V

RX reference 
clock pin � � 1.2 � � 1.2 � � 1.2

Absolute VMIN � �0.4 � � �0.4 � � �0.4 � � V

Peak-to-peak 
differential input 
voltage

� 200 � 1600 200 � 1600 200 � 1600 mV

VICM (AC 
coupled)(3)

Dedicated 
reference 
clock pin

1050/1000/900/850 (2) 1050/1000/900/850 (2) 1050/1000/900/850 (2) mV

RX reference 
clock pin 1.0/0.9/0.85(4) 1.0/0.9/0.85(4) 1.0/0.9/0.85(4) V

VICM (DC coupled)

HCSL I/O 
standard for 

PCIe 
reference 

clock

250 � 550 250 � 550 250 � 550 mV

Transmitter 
REFCLK Phase 
Noise 
(622 MHz)(20)

100 Hz � � -70 � � -70 � � -70 dBc/Hz

1 kHz � � -90 � � -90 � � -90 dBc/Hz

10 kHz � � -100 � � -100 � � -100 dBc/Hz

100 kHz � � -110 � � -110 � � -110 dBc/Hz

≥1 MHz � � -120 � � -120 � � -120 dBc/Hz

Transmitter 
REFCLK Phase 
Jitter 
(100 MHz)(17)

10 kHz to 
1.5 MHz
(PCIe)

� � 3 � � 3 � � 3 ps 
(rms)

RREF
(19) � � 1800 

–1% � � 1800 
–1% � �

180
0 

–1%
� �:

Transceiver Clocks

fixedclk  clock 
frequency

PCIe
Receiver 
Detect

�
100 
or 

125
� �

100 
or 

125
� �

100 
or 

125
� MHz

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 2 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 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.
Stratix V Device DatasheetJune 2018 Altera Corporation
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Transmitter REFCLK 
Phase Noise (622 
MHz)(18)

100 Hz � � -70 � � -70

dBc/Hz

1 kHz � � -90 � � -90

10 kHz � � -100 � � -100

100 kHz � � -110 � � -110

≥ 1 MHz � � -120 � � -120

Transmitter REFCLK 
Phase Jitter (100 
MHz)(15)

10 kHz to 
1.5  MHz 
(PCIe) 

� � 3 � � 3 ps (rms)

RREF(17) � � 1800 
– 1%

� � 1800 
– 1%

� �:

Transceiver Clocks

fixedclk  clock 
frequency 

PCIe 
Receiver 
Detect

� 100 or 
125 � � 100 or 

125 � MHz

Reconfiguration clock 
(mgmt_clk_clk ) 
frequency

� 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)(21) GX channels 600 � 8500 600 � 8500 Mbps

Data rate 
(10G PCS)(21) GX channels 600 � 12,500 600 � 12,500 Mbps

Data rate GT channels 19,600 � 28,050 19,600 � 25,780 Mbps

Absolute VMAX for a 
receiver pin (3) GT channels � � 1.2 � � 1.2 V

Absolute VMIN for a 
receiver pin GT channels �0.4 � � �0.4 � � V

Maximum peak-to-peak 
differential input 
voltage VID (diff p-p) 
before device 
configuration(20)

GT channels � � 1.6 � � 1.6 V

GX channels (8)

Maximum peak-to-peak 
differential input 
voltage VID (diff p-p) 
after device 
configuration(16), (20)

GT channels

VCCR_GTB = 
1.05 V
(VICM = 
0.65 V)

� � 2.2 � � 2.2 V

GX channels (8)

Minimum differential 
eye opening at receiver 
serial input pins (4), (20)

GT channels 200 � � 200 � � mV

GX channels (8)

Table 28. Transceiver Specifications for Stratix V GT Devices (Part 2 of 5)(1)

Symbol/
Description Conditions

Transceiver 
Speed Grade 2

Transceiver
Speed Grade 3 Unit

Min Typ Max Min Typ Max
Stratix V Device DatasheetJune 2018 Altera Corporation
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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
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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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
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plies 
DSP Block Specifications 
Table 32 lists the Stratix V DSP block performance specifications.

fRES Resolution of VCO frequency (fINPFD = 100 MHz) 390625 5.96 0.023 Hz

Notes to Table 31:
(1) This specification is limited in the Quartus II software by the I/O maximum frequency. The maximum I/O frequency is different for each I/O 

standard. 
(2) This specification is limited by the lower of the two: I/O fMAX or fOUT of the PLL.
(3) A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source < 120 ps.
(4) fREF is fIN/N when N = 1.
(5) Peak-to-peak jitter with a probability level of 10�12 (14 sigma, 99.99999999974404% confidence level). The output jitter specification ap

to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a 
different measurement method and are available in Table 44 on page 52.

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

(7) High bandwidth PLL settings are not supported in external feedback mode.
(8) The external memory interface clock output jitter specifications use a different measurement method, which is available in Table 42 on page 50.
(9) The VCO frequency reported by the Quartus II software in the PLL Usage Summary section of the compilation report takes into consideration 

the VCO post-scale counter K value. Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fVCO specification.
(10) This specification only covers fractional PLL for low bandwidth. The fVCO for fractional value range 0.05 - 0.95 must be �t��1000 MHz, while fVCO 

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

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

Symbol Parameter Min Typ Max Unit

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

Mode
Peformance

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

I3YY C4 I4

Modes using one DSP

Three 9 x 9 600 600 600 480 480 420 420 MHz

One 18 x 18 600 600 600 480 480 420 400 MHz

Two partial 18 x 18 (or 16 x 16) 600 600 600 480 480 420 400 MHz

One 27 x 27 500 500 500 400 400 350 350 MHz

One 36 x 18 500 500 500 400 400 350 350 MHz

One sum of two 18 x 18(One sum of 
2 16 x 16) 500 500 500 400 400 350 350 MHz

One sum of square 500 500 500 400 400 350 350 MHz

One 18 x 18 plus 36 (a x b) + c 500 500 500 400 400 350 350 MHz

Modes using two DSPs

Three 18 x 18 500 500 500 400 400 350 350 MHz

One sum of four 18 x 18 475 475 475 380 380 300 300 MHz

One sum of two 27 x 27 465 465 450 380 380 300 290 MHz

One sum of two 36 x 18 475 475 475 380 380 300 300 MHz

One complex 18 x 18 500 500 500 400 400 350 350 MHz

One 36 x 36 475 475 475 380 380 300 300 MHz
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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
Stratix V Device Datasheet June 2018 Altera Corporation



Switching Characteristics Page 47
fHSDR (data 
rate)

SERDES factor J 
= 3 to 10

(6) � (8) (6) � (8) (6) � (8) (6) � (8) Mbps

SERDES factor J 
= 2,

uses DDR 
Registers

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

SERDES factor J 
= 1, 

uses SDR 
Register

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

DPA Mode

DPA run 
length � � � 1000

0 � � 1000
0 � � 1000

0 � � 1000
0 UI

Soft CDR mode

Soft-CDR 
PPM 
tolerance

� � � 300 � � 300 � � 300 � � 300 – 
PPM

Non DPA Mode

Sampling 
Window � � � 300 � � 300 � � 300 � � 300 ps

Notes to Table 36:
(1) When J = 3 to 10, use the serializer/deserializer (SERDES) block.
(2) When J = 1 or 2, bypass the SERDES block.
(3) This only applies to DPA and soft-CDR modes.
(4) Clock Boost Factor (W) is the ratio between the input data rate to the input clock rate.
(5) This is achieved by using the LVDS clock network.
(6) The minimum specification depends on the clock source (for example, the PLL and clock pin) and the clock routing resource (global, regional, 

or local) that you use. The I/O differential buffer and input register do not have a minimum toggle rate.
(7) The maximum ideal frequency is the SERDES factor (J) x the PLL maximum output frequency (fOUT) provided you can close the design timing 

and the signal integrity simulation is clean.
(8) You can estimate the achievable maximum data rate for non-DPA mode by performing link timing closure analysis. You must consider the board 

skew margin, transmitter delay margin, and receiver sampling margin to determine the maximum data rate supported.
(9) If the receiver with DPA enabled and transmitter are using shared PLLs, the minimum data rate is 150 Mbps.
(10) You must calculate the leftover timing margin in the receiver by performing link timing closure analysis. You must consider the board skew 

margin, transmitter channel-to-channel skew, and receiver sampling margin to determine leftover timing margin.
(11) The FMAX specification is based on the fast clock used for serial data. The interface FMAX is also dependent on the parallel clock domain which 

is design-dependent and requires timing analysis.
(12) Stratix V RX LVDS will need DPA. For Stratix V TX LVDS, the receiver side component must have DPA.
(13) Stratix V LVDS serialization and de-serialization factor needs to be x4 and above.
(14) Requires package skew compensation with PCB trace length.
(15) Do not mix single-ended I/O buffer within LVDS I/O bank.
(16) Chip-to-chip communication only with a maximum load of 5 pF.
(17) When using True LVDS RX channels for emulated LVDS TX channel, only serialization factors 1 and 2 are supported.

Table 36. High-Speed I/O Specifications for Stratix V Devices(1), (2) (Part 4 of 4)

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

Unit
Min Typ Max Min Typ Max Min Typ Max Min Typ Max
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s

Figure 7 shows the dynamic phase alignment (DPA) lock time specifications with the 
DPA PLL calibration option enabled.

Table 37 lists the DPA lock time specifications for Stratix V devices.

Figure 8 shows the LVDS soft-clock data recovery (CDR)/DPA sinusoidal jitter 
tolerance specification for a data rate �t 1.25 Gbps. Table 38 lists the LVDS 
soft-CDR/DPA sinusoidal jitter tolerance specification for a data rate �t 1.25 Gbps.

Figure 7. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_dpa_locked

rx_reset
DPA Lock Time

256 data
transitions

96 slow
clock cycles

256 data
transitions

256 data
transitions

96 slow
clock cycles

Table 37. DPA Lock Time Specifications for Stratix V GX Devices Only(1), (2), (3)

Standard Training Pattern

Number of Data 
Transitions in One 
Repetition of the 
Training Pattern

Number of 
Repetitions per 256 
Data Transitions (4)

Maximum

SPI-4 00000000001111111111 2 128 640 data transition

Parallel Rapid I/O
00001111 2 128 640 data transitions

10010000 4 64 640 data transitions

Miscellaneous
10101010 8 32 640 data transitions

01010101 8 32 640 data transitions

Notes to Table 37:
(1) The DPA lock time is for one channel.
(2) One data transition is defined as a 0-to-1 or 1-to-0 transition.
(3) The DPA lock time stated in this table applies to both commercial and industrial grade.
(4) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 8. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate �t 1.25 Gbps

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification

F1 F2 F3 F4

Jitter Frequency (Hz)

Ji
tte

r A
m

ph
lit

ud
e 

(U
I)

0.1

0.35

8.5

25
Stratix V Device Datasheet June 2018 Altera Corporation



Page 52 Configuration Specification
Duty Cycle Distortion (DCD) Specifications
Table 44 lists the worst-case DCD for Stratix V devices. 

Configuration Specification

POR Delay Specification
Power-on reset (POR) delay is defined as the delay between the time when all the 
power supplies monitored by the POR circuitry reach the minimum recommended 
operating voltage to the time when the nSTATUS is released high and your device is 
ready to begin configuration.

f For more information about the POR delay, refer to the Hot Socketing and Power-On 
Reset in Stratix V Devices chapter.

Table 45 lists the fast and standard POR delay specification. 

JTAG Configuration Specifications
Table 46 lists the JTAG timing parameters and values for Stratix V devices. 

Table 44. Worst-Case DCD on Stratix V I/O Pins(1)

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

I3YY C4,I4
Unit

Min Max Min Max Min Max Min Max

Output Duty Cycle 45 55 45 55 45 55 45 55 %

Note to Table 44:
(1) The DCD numbers do not cover the core clock network.

Table 45. Fast and Standard POR Delay Specification (1)

POR Delay Minimum Maximum

Fast 4 ms 12 ms

Standard 100 ms 300 ms

Note to Table 45:
(1) You can select the POR delay based on the MSEL settings as described in the MSEL Pin Settings section of the 

�Configuration, Design Security, and Remote System Upgrades in Stratix V Devices� chapter.

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

Symbol Description Min Max Unit

tJCP TCK clock period(2) 30 � ns

tJCP TCK clock period(2) 167 � ns

tJCH TCK clock high time(2) 14 � ns

tJCL TCK clock low time(2) 14 � ns

tJPSU (TDI) TDI JTAG port setup time 2 � ns

tJPSU (TMS) TMS JTAG port setup time 3 � ns
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tix 
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 Stra
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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FPP Configuration Timing when DCLK-to-DATA [] = 1
Figure 12 shows the timing waveform for FPP configuration when using a MAX II or 
MAX V device as an external host. This waveform shows timing when the DCLK-to-
DATA[]  ratio is 1.

Figure 12. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is 1 (1), (2)

Notes to Figure 12:
(1) Use this timing waveform when the DCLK-to- DATA[]  ratio is 1.
(2) The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE are at logic-high levels. When

nCONFIG is pulled low, a reconfiguration cycle begins.
(3) After power-up, the Stratix V device holds nSTATUS low for the time of the POR delay.
(4) After power-up, before and during configuration, CONF_DONE is low.
(5) Do not leave DCLK floating after configuration. DCLK is ignored after configuration is complete. It can toggle high or low if required.
(6) For FPP ×16, use DATA[15..0] . For FPP ×8, use DATA[7..0] . DATA[31..0]  are available as a user I/O pin after configuration. The state of this

pin depends on the dual-purpose pin settings.
(7) To ensure a successful configuration, send the entire configuration data to the Stratix V device. CONF_DONE is released high when the Stratix V 

device receives all the configuration data successfully. After CONF_DONE goes high, send two additional falling edges on DCLK to begin initialization 
and enter user mode.

(8) After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE goes low.

nCONFIG

nSTATUS (3)

CONF_DONE (4)

DCLK

DATA[31..0]

User I/O

INIT_DONE

Word 0 Word 1 Word 2 Word 3

tCD2UM

tCF2ST1

tCF2CD

tCFG

tCH tCL

tDH

tDSU

tCF2CK

tSTATUS

tCLK
tCF2ST0

tST2CK

High-Z User Mode

(6)

(8)

(5)

User ModeWord n-2 Word n-1

(7)
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