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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Page 2 Electrical Characteristics
Table 2 lists the industrial and commercial speed grades for the Stratix V GT devices.

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

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

3

GX channel—8.5 Gbps
— Yes Yes Yes — Yes Yes (4) Yes

Notes to Table 1:

(1) C = Commercial temperature grade; I = Industrial temperature grade.
(2) Lower number refers to faster speed grade.
(3) C2L, I2L, and I3L speed grades are for low-power devices.
(4) I3YY speed grades can achieve up to 10.3125 Gbps.

Table 1. Stratix V GX and GS Commercial and Industrial Speed Grade Offering (1), (2), (3) (Part 2 of 2)

Transceiver Speed 
Grade

Core Speed Grade

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

Table 2. Stratix V GT Commercial and Industrial Speed Grade Offering (1), (2)

Transceiver Speed Grade
Core Speed Grade

C1 C2 I2 I3

2

GX channel—12.5 Gbps
GT channel—28.05 Gbps

Yes Yes — —

3

GX channel—12.5 Gbps
GT channel—25.78 Gbps

Yes Yes Yes Yes

Notes to Table 2:

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

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

Symbol Description Minimum Maximum Unit

VCC Power supply for core voltage and periphery circuitry –0.5 1.35 V

VCCPT Power supply for programmable power technology –0.5 1.8 V

VCCPGM Power supply for configuration pins –0.5 3.9 V

VCC_AUX Auxiliary supply for the programmable power technology –0.5 3.4 V

VCCBAT Battery back-up power supply for design security volatile key register –0.5 3.9 V

VCCPD I/O pre-driver power supply –0.5 3.9 V

VCCIO I/O power supply –0.5 3.9 V
Stratix V Device Datasheet June 2018 Altera Corporation



Electrical Characteristics Page 5
Recommended Operating Conditions
This section lists the functional operating limits for the AC and DC parameters for 
Stratix V devices. Table 6 lists the steady-state voltage and current values expected 
from Stratix V devices. Power supply ramps must all be strictly monotonic, without 
plateaus.

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

Symbol Description Condition Min (4) Typ Max (4) Unit

VCC

Core voltage and periphery circuitry power 
supply (C1, C2, I2, and I3YY speed grades) — 0.87 0.9 0.93 V

Core voltage and periphery circuitry power 
supply (C2L, C3, C4, I2L, I3, I3L, and I4 
speed grades) (3)

— 0.82 0.85 0.88 V

VCCPT
Power supply for programmable power 
technology — 1.45 1.50 1.55 V

VCC_AUX
Auxiliary supply for the programmable 
power technology — 2.375 2.5 2.625 V

VCCPD
(1)

I/O pre-driver (3.0 V) power supply — 2.85 3.0 3.15 V

I/O pre-driver (2.5 V) power supply — 2.375 2.5 2.625 V

VCCIO

I/O buffers (3.0 V) power supply — 2.85 3.0 3.15 V

I/O buffers (2.5 V) power supply — 2.375 2.5 2.625 V

I/O buffers (1.8 V) power supply — 1.71 1.8 1.89 V

I/O buffers (1.5 V) power supply — 1.425 1.5 1.575 V

I/O buffers (1.35 V) power supply — 1.283 1.35 1.45 V

I/O buffers (1.25 V) power supply — 1.19 1.25 1.31 V

I/O buffers (1.2 V) power supply — 1.14 1.2 1.26 V

VCCPGM

Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 V

Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 V

Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 V

VCCA_FPLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 V

VCCD_FPLL PLL digital voltage regulator power supply — 1.45 1.5 1.55 V

VCCBAT (2) Battery back-up power supply (For design 
security volatile key register) — 1.2 — 3.0 V

VI DC input voltage — –0.5 — 3.6 V

VO Output voltage — 0 — VCCIO V

TJ Operating junction temperature
Commercial 0 — 85 °C

Industrial –40 — 100 °C
Stratix V Device DatasheetJune 2018 Altera Corporation
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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 %
Stratix V Device DatasheetJune 2018 Altera Corporation
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Table 12 lists the Stratix V OCT without calibration resistance tolerance to PVT 
changes.

50- RS 
Internal series termination 
with calibration (50- 
setting)

VCCIO = 3.0, 2.5, 
1.8, 1.5, 1.2 V ±15 ±15 ±15 ±15 %

34- and 
40- RS

Internal series termination 
with calibration (34- and 
40- setting)

VCCIO = 1.5, 1.35, 
1.25, 1.2 V ±15 ±15 ±15 ±15 %

48--
80-and 
240-RS

Internal series termination 
with calibration (48-
60-80-and -
setting)

VCCIO = 1.2 V ±15 ±15 ±15 ±15 %

50- RT 
Internal parallel 
termination with 
calibration (50- setting)

VCCIO = 2.5, 1.8, 
1.5, 1.2 V –10 to +40 –10 to +40 –10 to +40 –10 to +40 %

20- , 30- ,
40- ,60-
and
120- RT 

Internal parallel 
termination with 
calibration (20- , 30-
40-60-and 120- 
setting)

VCCIO = 1.5, 1.35, 
1.25 V –10 to +40 –10 to +40 –10 to +40 –10 to +40 %

60- and 
120-RT

Internal parallel 
termination with 
calibration (60- and 
120- setting)

VCCIO = 1.2 –10 to +40 –10 to +40 –10 to +40 –10 to +40 %

25- 
RS_left_shift

Internal left shift series 
termination with 
calibration (25- 
RS_left_shift setting)

VCCIO = 3.0, 2.5, 
1.8, 1.5, 1.2 V ±15 ±15 ±15 ±15 %

Note to Table 11:

(1) OCT calibration accuracy is valid at the time of calibration only.

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

Symbol Description Conditions

Calibration Accuracy

Unit
C1 C2,I2 C3,I3, 

I3YY C4,I4

Table 12. OCT Without Calibration Resistance Tolerance Specifications for Stratix V Devices (Part 1 of 2)

Symbol Description Conditions

Resistance Tolerance

Unit
C1 C2,I2 C3, I3, 

I3YY C4, I4

25- R, 50- RS 
Internal series termination 
without calibration (25- 
setting)

VCCIO = 3.0 and 2.5 V ±30 ±30 ±40 ±40 %

25- RS 
Internal series termination 
without calibration (25- 
setting)

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

25- RS

Internal series termination 
without calibration (25- 
setting)

VCCIO = 1.2 V ±35 ±35 ±50 ±50 %
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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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Table 18. Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications for Stratix V Devices

I/O Standard
VCCIO (V) VREF (V) VTT (V)

Min Typ Max Min Typ Max Min Typ Max

SSTL-2 
Class I, II 2.375 2.5 2.625 0.49 * 

VCCIO
0.5 * VCCIO

0.51 * 
VCCIO

VREF – 
0.04 VREF

VREF + 
0.04

SSTL-18 
Class I, II 1.71 1.8 1.89 0.833 0.9 0.969 VREF – 

0.04 VREF
VREF + 
0.04

SSTL-15 
Class I, II 1.425 1.5 1.575 0.49 * 

VCCIO
0.5 * VCCIO

0.51 * 
VCCIO

0.49 * 
VCCIO

0.5 * 
VCCIO

0.51 * 
VCCIO

SSTL-135 
Class I, II 1.283 1.35 1.418 0.49 * 

VCCIO
0.5 * VCCIO 

0.51 * 
VCCIO

0.49 * 
VCCIO

0.5 * 
VCCIO 

0.51 * 
VCCIO

SSTL-125 
Class I, II 1.19 1.25 1.26 0.49 * 

VCCIO
0.5 * VCCIO

0.51 * 
VCCIO

0.49 * 
VCCIO

0.5 * 
VCCIO

0.51 * 
VCCIO

SSTL-12 
Class I, II 1.14 1.20 1.26 0.49 * 

VCCIO
0.5 * VCCIO

0.51 * 
VCCIO

0.49 * 
VCCIO

0.5 * 
VCCIO

0.51 * 
VCCIO

HSTL-18 
Class I, II 1.71 1.8 1.89 0.85 0.9 0.95 — VCCIO/2 —

HSTL-15 
Class I, II 1.425 1.5 1.575 0.68 0.75 0.9 — VCCIO/2 —

HSTL-12 
Class I, II 1.14 1.2 1.26 0.47 * 

VCCIO
0.5 * VCCIO

0.53 * 
VCCIO

— VCCIO/2 —

HSUL-12 1.14 1.2 1.3 0.49 * 
VCCIO

0.5 * VCCIO
0.51 * 
VCCIO

— — —

Table 19. Single-Ended SSTL, HSTL, and HSUL I/O Standards Signal Specifications for Stratix V Devices (Part 1 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

SSTL-2 
Class I –0.3 VREF – 

0.15
VREF + 
0.15

VCCIO + 
0.3

VREF – 
0.31 VREF + 0.31 VTT – 

0.608
VTT + 
0.608 8.1 –8.1

SSTL-2 
Class II –0.3 VREF – 

0.15
VREF + 
0.15

VCCIO + 
0.3

VREF – 
0.31 VREF + 0.31 VTT – 

0.81
VTT + 
0.81 16.2 –16.2

SSTL-18 
Class I –0.3 VREF – 

0.125
VREF + 
0.125

VCCIO + 
0.3

VREF – 
0.25 VREF + 0.25 VTT – 

0.603
VTT + 
0.603 6.7 –6.7

SSTL-18 
Class II –0.3 VREF – 

0.125
VREF + 
0.125

VCCIO + 
0.3

VREF – 
0.25 VREF + 0.25 0.28 VCCIO – 

0.28 13.4 –13.4

SSTL-15 
Class I — VREF – 

0.1
VREF + 

0.1 — VREF – 
0.175

VREF + 
0.175

0.2 * 
VCCIO

0.8 * 
VCCIO

8 –8

SSTL-15 
Class II — VREF – 

0.1
VREF + 

0.1 — VREF – 
0.175

VREF + 
0.175

0.2 * 
VCCIO

0.8 * 
VCCIO

16 –16

SSTL-135 
Class I, II — VREF – 

0.09
VREF + 
0.09 — VREF – 

0.16 VREF + 0.16 0.2 * 
VCCIO

0.8 * 
VCCIO

— —

SSTL-125 
Class I, II — VREF – 

0.85
VREF + 
0.85 — VREF – 

0.15 VREF + 0.15 0.2 * 
VCCIO

0.8 * 
VCCIO

— —

SSTL-12 
Class I, II — VREF – 

0.1
VREF + 

0.1 — VREF – 
0.15 VREF + 0.15 0.2 * 

VCCIO

0.8 * 
VCCIO

— —
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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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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
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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
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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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tpll_lock
(14) — — — 10 — — 10 µs

Notes to Table 28:

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

(2) The reference clock common mode voltage is equal to the VCCR_GXB power supply level.
(3) The device cannot tolerate prolonged operation at this absolute maximum.
(4) The differential eye opening specification at the receiver input pins assumes that receiver equalization is disabled. If you enable receiver 

equalization, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(5) Refer to Figure 5 for the GT channel AC gain curves. The total effective AC gain is the AC gain minus the DC gain.
(6) Refer to Figure 6 for the GT channel DC gain curves.
(7) CFP2 optical modules require the host interface to have the receiver data pins differentially terminated with 100 . The internal OCT feature is 

available after the Stratix V FPGA configuration is completed. Altera recommends that FPGA configuration is completed before inserting the 
optical module. Otherwise, minimize unnecessary removal and insertion with unconfigured devices.

(8) Specifications for this parameter are the same as for Stratix V GX and GS devices. See Table 23 for specifications.
(9) tLTR is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.
(10) tLTD is time required for the receiver CDR to start recovering valid data after the rx_is_lockedtodata signal goes high. 
(11) tLTD_manual is the time required for the receiver CDR to start recovering valid data after the rx_is_lockedtodata signal goes high when the 

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

the CDR is functioning in the manual mode. 
(13) tpll_powerdown is the PLL powerdown minimum pulse width.
(14) tpll_lock is the time required for the transmitter CMU/ATX PLL to lock to the input reference clock frequency after coming out of reset.
(15) To calculate the REFCLK rms phase jitter requirement for PCIe at reference clock frequencies other than 100 MHz, use the following formula: 

REFCLK rms phase jitter at f(MHz) = REFCLK rms phase jitter at 100 MHz × 100/f.
(16) The maximum peak to peak differential input voltage VID after device configuration is equal to 4 × (absolute VMAX for receiver pin - VICM).
(17) For ES devices, RREF is 2000 ±1%.
(18) To calculate the REFCLK phase noise requirement at frequencies other than 622 MHz, use the following formula: REFCLK phase noise at f(MHz) 

= REFCLK phase noise at 622 MHz + 20*log(f/622). 
(19) SFP/+ optical modules require the host interface to have RD+/- differentially terminated with 100 . The internal OCT feature is available after 

the Stratix V FPGA configuration is completed. Altera recommends that FPGA configuration is completed before inserting the optical module. 
Otherwise, minimize unnecessary removal and insertion with unconfigured devices.

(20) Refer to Figure 4.
(21) For oversampling design to support data rates less than the minimum specification, the CDR needs to be in LTR mode only.
(22) This supply follows VCCR_GXB for both GX and GT channels.
(23) When you use fPLL as a TXPLL of the transceiver.

Table 28. Transceiver Specifications for Stratix V GT Devices (Part 5 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 29 shows the VOD settings for the GT channel.

Table 29. Typical VOD Setting for GT Channel, TX Termination = 100 

Symbol VOD Setting VOD Value (mV)

VOD differential peak to peak typical (1)

0 0

1 200

2 400

3 600

4 800

5 1000

Note:

(1) Refer to Figure 4.
Stratix V Device DatasheetJune 2018 Altera Corporation



Page 40 Switching Characteristics
tINCCJ (3), (4)
Input clock cycle-to-cycle jitter (fREF ≥ 100 MHz) — — 0.15 UI (p-p)

Input clock cycle-to-cycle jitter (fREF < 100 MHz) –750 — +750 ps (p-p)

tOUTPJ_DC (5)

Period Jitter for dedicated clock output (fOUT ≥ 
100 MHz) — — 175 (1) ps (p-p)

Period Jitter for dedicated clock output (fOUT < 
100 MHz) — — 17.5 (1) mUI (p-p)

tFOUTPJ_DC 
(5)

Period Jitter for dedicated clock output in fractional 
PLL (fOUT  100 MHz) — — 250 (11), 

175 (12) ps (p-p)

Period Jitter for dedicated clock output in fractional 
PLL (fOUT < 100 MHz) — — 25 (11), 

17.5 (12) mUI (p-p)

tOUTCCJ_DC (5)

Cycle-to-Cycle Jitter for a dedicated clock output 
(fOUT ≥ 100 MHz) — — 175 ps (p-p)

Cycle-to-Cycle Jitter for a dedicated clock output
(fOUT < 100 MHz) — — 17.5 mUI (p-p)

tFOUTCCJ_DC
(5)

Cycle-to-cycle Jitter for a dedicated clock output in 
fractional PLL (fOUT  100 MHz) — — 250 (11), 

175 (12) ps (p-p)

Cycle-to-cycle Jitter for a dedicated clock output in 
fractional PLL (fOUT < 100 MHz)+ — — 25 (11), 

17.5 (12) mUI (p-p)

tOUTPJ_IO (5), 
(8)

Period Jitter for a clock output on a regular I/O in 
integer PLL (fOUT ≥ 100 MHz) — — 600 ps (p-p)

Period Jitter for a clock output on a regular I/O 
(fOUT < 100 MHz) — — 60 mUI (p-p)

tFOUTPJ_IO
(5), 

(8), (11)

Period Jitter for a clock output on a regular I/O in 
fractional PLL (fOUT  100 MHz) — — 600 (10) ps (p-p)

Period Jitter for a clock output on a regular I/O in 
fractional PLL (fOUT < 100 MHz) — — 60 (10) mUI (p-p)

tOUTCCJ_IO (5), 
(8)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in integer PLL (fOUT  100 MHz) — — 600 ps (p-p)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in integer PLL (fOUT < 100 MHz) — — 60 (10) mUI (p-p)

tFOUTCCJ_IO
(5), 

(8), (11)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in fractional PLL (fOUT  100 MHz) — — 600 (10) ps (p-p)

Cycle-to-cycle Jitter for a clock output on a regular I/O 
in fractional PLL (fOUT < 100 MHz) — — 60 mUI (p-p)

tCASC_OUTPJ_DC 
(5), (6)

Period Jitter for a dedicated clock output in cascaded 
PLLs (fOUT ≥ 100 MHz) — — 175 ps (p-p)

Period Jitter for a dedicated clock output in cascaded 
PLLs (fOUT < 100 MHz) — — 17.5 mUI (p-p)

fDRIFT
Frequency drift after PFDENA is disabled for a duration 
of 100 µs — — ±10 %

dKBIT Bit number of Delta Sigma Modulator (DSM) 8 24 32 Bits

kVALUE Numerator of Fraction 128 8388608 2147483648 —

Table 31. PLL Specifications for Stratix V Devices (Part 2 of 3)

Symbol Parameter Min Typ Max Unit
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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 applies 

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

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

(7) High bandwidth PLL settings are not supported in external feedback mode.
(8) The external memory interface clock output jitter specifications use a different measurement method, which is available in Table 42 on page 50.
(9) The VCO frequency reported by the Quartus 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 1000 MHz, while fVCO 

for fractional value range 0.20 - 0.80 must be  1200 MHz.
(11) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.05-0.95 must be  1000 MHz.
(12) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.20-0.80 must be  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
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Figure 9 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a 
data rate < 1.25 Gbps.

DLL Range, DQS Logic Block, and Memory Output Clock Jitter Specifications
Table 39 lists the DLL range specification for Stratix V devices. The DLL is always in 
8-tap mode in Stratix V devices.

Table 40 lists the DQS phase offset delay per stage for Stratix V devices.

Table 38. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate  1.25 Gbps

Jitter Frequency (Hz) Sinusoidal Jitter (UI)

F1 10,000 25.000

F2 17,565 25.000

F3 1,493,000 0.350

F4 50,000,000 0.350

Figure 9. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate < 1.25 Gbps

0.1 UI
P-P

baud/1667 20 MHz
Frequency

Sinusoidal Jitter Amplitude

20db/dec

Table 39. DLL Range Specifications for Stratix V Devices (1)

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

300-933 300-933 300-890 300-890 MHz

Note to Table 39:

(1) Stratix V devices support memory interface frequencies lower than 300 MHz, although the reference clock that feeds the DLL must be at least 
300 MHz. To support interfaces below 300 MHz, multiply the reference clock feeding the DLL to ensure the frequency is within the supported 
range of the DLL.

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

Speed Grade Min Max Unit

C1 8 14 ps

C2, C2L, I2, I2L 8 14 ps

C3,I3, I3L, I3YY 8 15 ps
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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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Raw Binary File Size
For the POR delay specification, refer to the “POR Delay Specification” section of the 
“Configuration, Design Security, and Remote System Upgrades in Stratix V Devices”.

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

tJPH JTAG port hold time 5 — ns

tJPCO JTAG port clock to output — 11 (1) ns

tJPZX JTAG port high impedance to valid output — 14 (1) ns

tJPXZ JTAG port valid output to high impedance — 14 (1) ns

Notes to Table 46:

(1) A 1 ns adder is required for each VCCIO voltage step down from 3.0 V. For example, tJPCO = 12 ns if VCCIO of the TDO 
I/O bank = 2.5 V, or 13 ns if it equals 1.8 V. 

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

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

Symbol Description Min Max Unit

Table 47. Uncompressed .rbf Sizes for Stratix V Devices

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

Stratix V GX

5SGXA3
H35, F40, F35 (2) 213,798,880  562,392

H29, F35 (3) 137,598,880 564,504

5SGXA4 — 213,798,880 563,672

5SGXA5 — 269,979,008 562,392

5SGXA7 — 269,979,008 562,392

5SGXA9 — 342,742,976 700,888

5SGXAB — 342,742,976 700,888

5SGXB5 — 270,528,640 584,344

5SGXB6 — 270,528,640 584,344

5SGXB9 — 342,742,976 700,888

5SGXBB — 342,742,976 700,888

Stratix V GT
5SGTC5 — 269,979,008 562,392

5SGTC7 — 269,979,008 562,392

Stratix V GS

5SGSD3 — 137,598,880 564,504

5SGSD4
F1517 213,798,880 563,672

— 137,598,880 564,504

5SGSD5 — 213,798,880 563,672

5SGSD6 — 293,441,888 565,528

5SGSD8 — 293,441,888 565,528
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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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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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