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5–34 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
PLL Reconfiguration
PLL Reconfiguration
PLLs use several divide counters and different VCO phase taps to perform frequency 
synthesis and phase shifts. In PLLs of Cyclone IV devices, you can reconfigure both 
counter settings and phase shift the PLL output clock in real time. You can also change 
the charge pump and loop filter components, which dynamically affects PLL 
bandwidth. You can use these PLL components to update the output clock frequency, 
PLL bandwidth, and phase shift in real time, without reconfiguring the entire FPGA.

The ability to reconfigure the PLL in real time is useful in applications that might 
operate at multiple frequencies. It is also useful in prototyping environments, 
allowing you to sweep PLL output frequencies and adjust the output clock phase 
dynamically. For instance, a system generating test patterns is required to generate 
and send patterns at 75 or 150 MHz, depending on the requirements of the device 
under test. Reconfiguring PLL components in real time allows you to switch between 
two such output frequencies in a few microseconds.

You can also use this feature to adjust clock-to-out (tCO) delays in real time by 
changing the PLL output clock phase shift. This approach eliminates the need to 
regenerate a configuration file with the new PLL settings.

PLL Reconfiguration Hardware Implementation
The following PLL components are configurable in real time:

■ Pre-scale counter (N)

■ Feedback counter (M)

■ Post-scale output counters (C0–C4)

■ Dynamically adjust the charge pump current (ICP) and loop filter components 
(R, C) to facilitate on-the-fly reconfiguration of the PLL bandwidth
Cyclone IV Device Handbook, October 2012 Altera Corporation
Volume 1



6–6 Chapter 6: I/O Features in Cyclone IV Devices
OCT Support
The IOE registers in each I/O block share the same source for the preset or clear 
features. You can program preset or clear for each individual IOE, but you cannot use 
both features simultaneously. You can also program the registers to power-up high or 
low after configuration is complete. If programmed to power-up low, an 
asynchronous clear can control the registers. If programmed to power-up high, an 
asynchronous preset can control the registers. This feature prevents the inadvertent 
activation of the active-low input of another device upon power-up. If one register in 
an IOE uses a preset or clear signal, all registers in the IOE must use that same signal if 
they require preset or clear. Additionally, a synchronous reset signal is available for 
the IOE registers. 

f For more information about the input and output pin delay settings, refer to the Area 
and Timing Optimization chapter in volume 2 of the Quartus II Handbook.

PCI-Clamp Diode
Cyclone IV devices provide an optional PCI-clamp diode enabled input and output 
for each I/O pin. Dual-purpose configuration pins support the diode in user mode if 
the specific pins are not used as configuration pins for the selected configuration 
scheme. For example, if you are using the active serial (AS) configuration scheme, you 
cannot use the clamp diode on the ASDO and nCSO pins in user mode. Dedicated 
configuration pins do not support the on-chip diode. 

The PCI-clamp diode is available for the following I/O standards:

■ 3.3-V LVTTL

■ 3.3-V LVCMOS

■ 3.0-V LVTTL

■ 3.0-V LVCMOS

■ 2.5-V LVTTL/LVCMOS

■ PCI

■ PCI-X

If the input I/O standard is one of the listed standards, the PCI-clamp diode is 
enabled by default in the Quartus II software.

OCT Support
Cyclone IV devices feature OCT to provide I/O impedance matching and termination 
capabilities. OCT helps prevent reflections and maintain signal integrity while 
minimizing the need for external resistors in high pin-count ball grid array (BGA) 
packages. Cyclone IV devices provide I/O driver on-chip impedance matching and 
RS OCT for single-ended outputs and bidirectional pins. 

1 When using RS OCT, programmable current strength is not available. 

There are two ways to implement OCT in Cyclone IV devices: 

■ OCT with calibration

■ OCT without calibration
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1
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6–18 Chapter 6: I/O Features in Cyclone IV Devices
I/O Banks
Figure 6–10 and Figure 6–11 show the overview of Cyclone IV GX I/O banks.

Figure 6–10. Cyclone IV GX I/O Banks for EP4CGX15, EP4CGX22, and EP4CGX30 (1), (2), (9)

Notes to Figure 6–10:

(1) This is a top view of the silicon die. For exact pin locations, refer to the pin list and the Quartus II software. Channels 2 and 3 are not available in 
EP4CGX15 and F169 package type in EP4CGX22 and EP4CGX30 devices.

(2) True differential (PPDS, LVDS, mini-LVDS, and RSDS I/O standards) outputs are supported in row I/O banks 5 and 6 only. External resistors are 
needed for the differential outputs in column I/O banks. 

(3) The LVPECL I/O standard is only supported on clock input pins. This I/O standard is not supported on output pins.
(4) The HSTL-12 Class II is supported in column I/O banks 4, 7, and 8.
(5) The differential SSTL-18 and SSTL-2, differential HSTL-18, and HSTL-15 I/O standards are supported only on clock input pins and phase-locked 

loops (PLLs) output clock pins. PLL output clock pins do not support Class II interface type of differential SSTL-18, HSTL-18, HSTL-15, and 
HSTL-12 I/O standards.

(6) The differential HSTL-12 I/O standard is only supported on clock input pins and PLL output clock pins. Differential HSTL-12 Class II is supported 
only in column I/O banks 4, 7, and 8.

(7) BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses the LVDS input buffer.
(8) The PCI-X I/O standard does not meet the IV curve requirement at the linear region.
(9) The OCT block is located in the shaded banks 4, 5, and 7.
(10) There are two dedicated clock input I/O banks (I/O bank 3A and I/O bank 8A) that can be used for either high-speed serial interface (HSSI) input 

reference clock pins or clock input pins.
(11) There are dual-purpose I/O pins in bank 9. If input pins with VREF I/O standards are used on these dual-purpose I/O pins during user mode, they 

share the VREF pin in bank 8.These dual-purpose IO pins in bank 9 when used in user mode also support RS OCT without calibration and they 
share the OCT block with bank 8. 

(12) There are four dedicated clock input in I/O bank 3B for the EP4CGX30F484 device that can be used for either HSSI input reference clock pins or 
clock input pins.
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6–26 Chapter 6: I/O Features in Cyclone IV Devices
High-Speed I/O Interface
You can use I/O pins and internal logic to implement a high-speed differential 
interface in Cyclone IV devices. Cyclone IV devices do not contain dedicated 
serialization or deserialization circuitry. Therefore, shift registers, internal 
phase-locked loops (PLLs), and I/O cells are used to perform serial-to-parallel 
conversions on incoming data and parallel-to-serial conversion on outgoing data. The 
differential interface data serializers and deserializers (SERDES) are automatically 
constructed in the core logic elements (LEs) with the Quartus II software ALTLVDS 
megafunction.

Table 6–7. Differential I/O Standards Supported in Cyclone IV GX I/O Banks 

Differential I/O Standards I/O Bank Location
External Resistor 

Network at 
Transmitter

Transmitter (TX) Receiver (RX)

LVDS
5,6 Not Required v v

3,4,5,6,7,8 Three Resistors

RSDS

5,6 Not Required

v —3,4,7,8 Three Resistors

3,4,5,6,7,8 Single Resistor

mini-LVDS
5,6 Not Required v —

3,4,5,6,7,8 Three Resistors

PPDS
5,6 Not Required v —

3,4,5,6,7,8 Three Resistors

BLVDS (1) 3,4,5,6,7,8 Single Resistor v v
LVPECL (2) 3,4,5,6,7,8 — — v
Differential SSTL-2 (3) 3,4,5,6,7,8 — v v
Differential SSTL-18 (3) 3,4,5,6,7,8 — v v
Differential HSTL-18 (3) 3,4,5,6,7,8 — v v
Differential HSTL-15 (3) 3,4,5,6,7,8 — v v
Differential HSTL-12 (3) 4,5,6,7,8 — v v
Notes to Table 6–7:

(1) Transmitter and Receiver fMAX depend on system topology and performance requirement.
(2) The LVPECL I/O standard is only supported on dedicated clock input pins.
(3) The differential SSTL-2, SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/O standards are only supported on clock input pins and PLL output clock 

pins. PLL output clock pins do not support Class II interface type of differential SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/O standards.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



Chapter 6: I/O Features in Cyclone IV Devices 6–31
High-Speed I/O Standards Support
Figure 6–14 shows a typical BLVDS topology with multiple transmitter and receiver 
pairs. 

The BLVDS I/O standard is supported on the top, bottom, and right I/O banks of 
Cyclone IV devices. The BLVDS transmitter uses two single-ended output buffers 
with the second output buffer programmed as inverted, while the BLVDS receiver 
uses a true LVDS input buffer. The transmitter and receiver share the same pins. An 
output-enabled (OE) signal is required to tristate the output buffers when the LVDS 
input buffer receives a signal.

f For more information, refer to the Cyclone IV Device Datasheet chapter.

Designing with BLVDS
The BLVDS bidirectional communication requires termination at both ends of the bus 
in BLVDS. The termination resistor (RT) must match the bus differential impedance, 
which in turn depends on the loading on the bus. Increasing the load decreases the 
bus differential impedance. With termination at both ends of the bus, termination is 
not required between the two signals at the input buffer. A single series resistor (RS) is 
required at the output buffer to match the output buffer impedance to the 
transmission line impedance. However, this series resistor affects the voltage swing at 
the input buffer. The maximum data rate achievable depends on many factors.

1 Altera recommends that you perform simulation using the IBIS model while 
considering factors such as bus loading, termination values, and output and input 
buffer location on the bus to ensure that the required performance is achieved.

f For more information about BLVDS interface support in Altera devices, refer to 
AN 522: Implementing Bus LVDS Interface in Supported Altera Device Families.

Figure 6–14. BLVDS Topology with Cyclone IV Devices Transmitters and Receivers
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–19
Configuration
Table 8–8 provides the configuration time for AS configuration.

Enabling compression reduces the amount of configuration data that is sent to the 
Cyclone IV device, which also reduces configuration time. On average, compression 
reduces configuration time by 50%.

Programming Serial Configuration Devices
Serial configuration devices are non-volatile, flash memory-based devices. You can 
program these devices in-system with the USB-Blaster™ or ByteBlaster™ II download 
cables. Alternatively, you can program them with the Altera Programming Unit 
(APU), supported third-party programmers, or a microprocessor with the SRunner 
software driver.

You can perform in-system programming of serial configuration devices through the 
AS programming interface. During in-system programming, the download cable 
disables device access to the AS interface by driving the nCE pin high. Cyclone IV 
devices are also held in reset by a low level on nCONFIG. After programming is 
complete, the download cable releases nCE and nCONFIG, allowing the pull-down and 
pull-up resistors to drive VCC and GND, respectively.

To perform in-system programming of a serial configuration device through the AS 
programming interface, you must place the diodes and capacitors as close as possible 
to the Cyclone IV device. You must ensure that the diodes and capacitors maintain a 
maximum AC voltage of 4.1 V (Figure 8–6).

1 If you want to use the setup shown in Figure 8–6 to perform in-system programming 
of a serial configuration device and single- or multi-device AS configuration, you do 
not require a series resistor on the DATA line at the near end of the serial configuration 
device. The existing diodes and capacitors are sufficient.

Altera has developed the Serial FlashLoader (SFL), a JTAG-based in-system 
programming solution for Altera serial configuration devices. The SFL is a bridge 
design for the Cyclone IV device that uses its JTAG interface to access the EPCS JIC 
(JTAG Indirect Configuration Device Programming) file and then uses the AS 
interface to program the EPCS device. Both the JTAG interface and AS interface are 
bridged together inside the SFL design.

f For more information about implementing the SFL with Cyclone IV devices, refer to 
AN 370: Using the Serial FlashLoader with the Quartus II Software.

Table 8–8. AS Configuration Time for Cyclone IV Devices (1)

Symbol Parameter Cyclone IV E Cyclone IV GX Unit

tSU Setup time 10 8 ns

tH Hold time 0 0 ns

tCO Clock-to-output time 4 4 ns

Note to Table 8–8:

(1) For the AS configuration timing diagram, refer to the Serial Configuration (EPCS) Devices Datasheet.
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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9. SEU Mitigation in Cyclone IV Devices
This chapter describes the cyclical redundancy check (CRC) error detection feature in 
user mode and how to recover from soft errors.

1 Configuration error detection is supported in all Cyclone® IV devices including 
Cyclone IV GX devices, Cyclone IV E devices with 1.0-V core voltage, and 
Cyclone IV E devices with 1.2-V core voltage. However, user mode error detection is 
only supported in Cyclone IV GX devices and Cyclone IV E devices with 1.2-V core 
voltage.

Dedicated circuitry built into Cyclone IV devices consists of a CRC error detection 
feature that can optionally check for a single-event upset (SEU) continuously and 
automatically.

In critical applications used in the fields of avionics, telecommunications, system 
control, medical, and military applications, it is important to be able to:

■ Confirm the accuracy of the configuration data stored in an FPGA device

■ Alert the system to an occurrence of a configuration error

Using the CRC error detection feature for Cyclone IV devices does not impact fitting 
or performance.

This chapter contains the following sections:

■ “Configuration Error Detection” on page 9–1

■ “User Mode Error Detection” on page 9–2

■ “Automated SEU Detection” on page 9–3

■ “CRC_ERROR Pin” on page 9–3

■ “Error Detection Block” on page 9–4

■ “Error Detection Timing” on page 9–5

■ “Software Support” on page 9–6

■ “Recovering from CRC Errors” on page 9–9

Configuration Error Detection

1 Configuration error detection is available in all Cyclone IV devices including 
Cyclone IV GX devices, Cyclone IV E devices with 1.0-V core voltage, and 
Cyclone IV E devices with 1.2-V core voltage.
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9–6 Chapter 9: SEU Mitigation in Cyclone IV Devices
Software Support
Table 9–6 lists the estimated time for each CRC calculation with minimum and 
maximum clock frequencies for Cyclone IV devices.

Software Support
Enabling the CRC error detection feature in the Quartus II software generates the 
CRC_ERROR output to the optional dual purpose CRC_ERROR pin.

To enable the error detection feature using CRC, perform the following steps:

1. Open the Quartus II software and load a project using Cyclone IV devices.

2. On the Assignments menu, click Settings. The Settings dialog box appears.

3. In the Category list, select Device. The Device page appears.

4. Click Device and Pin Options. The Device and Pin Options dialog box appears as 
shown in Figure 9–2. 

5. In the Device and Pin Options dialog box, click the Error Detection CRC tab.

6. Turn on Enable error detection CRC.

7.  In the Divide error check frequency by box, enter a valid divisor as documented 
in Table 9–5 on page 9–5.

Table 9–6. CRC Calculation Time

Device Minimum Time (ms) (1) Maximum Time (s) (2)

Cyclone IV E

EP4CE6 (3) 5 2.29

EP4CE10 (3) 5 2.29

EP4CE15 (3) 7 3.17

EP4CE22 (3) 9 4.51

EP4CE30 (3) 15 7.48

EP4CE40 (3) 15 7.48

EP4CE55 (3) 23 11.77

EP4CE75 (3) 31 15.81

EP4CE115 (3) 45 22.67

Cyclone IV GX

EP4CGX15 6 2.93 

EP4CGX22 12 5.95

EP4CGX30 
12 5.95

34 (4) 17.34 (4)

EP4CGX50 34 17.34

EP4CGX75 34 17.34

EP4CGX110 62 31.27

EP4CGX150 62 31.27

Notes to Table 9–6:

(1) The minimum time corresponds to the maximum error detection clock frequency and may vary with different processes, voltages, and 
temperatures (PVT).

(2) The maximum time corresponds to the minimum error detection clock frequency and may vary with different PVT.
(3) Only applicable for device with 1.2-V core voltage 
(4) Only applicable for the F484 device package.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1
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Table 1–4 lists the synchronization state machine parameters for the word aligner in 
this mode.

After deassertion of the rx_digitalreset signal in automatic synchronization state 
machine mode, the word aligner starts looking for the synchronization code groups, 
word alignment pattern or its complement in the received data stream. When the 
programmed number of valid synchronization code groups or ordered sets are 
received, the rx_syncstatus signal is driven high to indicate that synchronization is 
acquired. The rx_syncstatus signal is constantly driven high until the programmed 
number of erroneous code groups are received without receiving intermediate good 
groups; after which the rx_syncstatus signal is driven low. The word aligner 
indicates loss of synchronization (rx_syncstatus signal remains low) until the 
programmed number of valid synchronization code groups are received again.

In addition to restoring word boundaries, the word aligner supports the following 
features:

■ Programmable run length violation detection—detects consecutive 1s or 0s in the 
data stream, and asserts run length violation signal (rx_rlv) when a preset run 
length threshold (maximum number of consecutive 1s or 0s) is detected. The 
rx_rlv signal in each channel is clocked by its parallel recovered clock and is 
asserted for a minimum of two recovered clock cycles to ensure that the FPGA 
fabric clock can latch the rx_rlv signal reliably because the FPGA fabric clock 
might have phase differences, ppm differences (in asynchronous systems), or both, 
with the recovered clock. Table 1–5 lists the run length violation circuit detection 
capabilities.

Table 1–4. Synchronization State Machine Parameters 

Parameter Allowed Values

Number of erroneous code groups received to lose synchronization 1–64

Number of continuous good code groups received to reduce the 
error count by one 1–256

Table 1–5. Run Length Violation Circuit Detection Capabilities

Supported Data Width
Detector Range Increment Step 

SettingsMinimum Maximum

8-bit 4 128 4

10-bit 5 160 5
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Figure 1–36 and Figure 1–37 show the independent high-speed clock and bonded 
low-speed clock distributions for transceivers in F324 and smaller packages, and in 
F484 and larger packages in bonded (×2 and ×4) channel configuration.

Figure 1–36. Clock Distribution in Bonded (×2 and ×4) Channel Configuration for Transceivers in 
F324 and Smaller Packages.

Notes to Figure 1–36:

(1) Transceiver channels 2 and 3 are not available for devices in F169 and smaller packages.
(2) High-speed clock.
(3) Low-speed clock.
(4) Bonded common low-speed clock path.
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Figure 1–57 shows an example of even numbers of /Dx.y/ between the last 
automatically sent /K28.5/ and the first user-sent /K28.5/. The first user-sent 
/K28.5/ code group received at an odd code group boundary in cycle n + 3 takes the 
receiver synchronization state machine in Loss-of-Sync state. The first 
synchronization ordered-set /K28.5/Dx.y/ in cycles n + 3 and n + 4 is discounted and 
three additional ordered sets are required for successful synchronization.

Running Disparity Preservation with Idle Ordered Set
During idle ordered sets transmission in GIGE mode, the transmitter ensures a 
negative running disparity at the end of an idle ordered set. Any /Dx.y/, except for 
/D21.5/ (part of /C1/ ordered set) or /D2.2/ (part of /C2/ ordered set) following a 
/K28.5/ is automatically replaced with either of the following:

■ A /D5.6/ (/I1/ ordered set) if the running disparity before /K28.5/ is positive

■ A /D16.2/ (/I2/ ordered set) if the running disparity before /K28.5/ is negative

Lane Synchronization
In GIGE mode, the word aligner is configured in automatic synchronization state 
machine mode that complies with the IEEE P802.3ae standard. A synchronization 
ordered set is a /K28.5/ code group followed by an odd number of valid /Dx.y/ code 
groups. Table 1–19 lists the synchronization state machine parameters that 
implements the GbE-compliant synchronization.

Figure 1–57. Example of Reset Condition in GIGE Mode

tx_digitalreset

clock

n n + 1 n + 2 n + 3 n + 4

tx_dataout K28.5 xxx K28.5 K28.5 Dx.y Dx.y K28.5 Dx.yK28.5 K28.5 Dx.y K28.5 Dx.y

Table 1–19. Synchronization State Machine Parameters (1)

Parameter Value

Number of valid synchronization ordered sets received to achieve 
synchronization 3

Number of erroneous code groups received to lose synchronization 4

Number of continuous good code groups received to reduce the error count by 
one 4

Note to Table 1–19:

(1) The word aligner supports 7-bit and 10-bit pattern lengths in GIGE mode.
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RX PCS

rx_coreclk Output Clock signal Optional read clock port for the RX phase compensation 
FIFO.

rx_phase_comp_fifo
_error Output

Synchronous to tx_clkout 
(non-bonded modes) or 
coreclkout (bonded modes)

RX phase compensation FIFO full or empty indicator.

■ A high level indicates FIFO is either full or empty.

rx_bitslipboundarys
electout Output Asynchronous signal. 

Indicate the number of bits slipped in the word aligner 
configured in manual alignment mode.

■ Values range from 0 to 9.

RX PMA

rx_datain Input N/A Receiver serial data input port.

rx_freqlocked Output Asynchronous signal

Receiver CDR lock state indicator

■ A high level indicates the CDR is in LTD state.

■ A low level indicates the CDR is in LTR state.

rx_locktodata Input Asynchronous signal

Receiver CDR LTD state control signal

■ A high level forces the CDR to LTD state

■ When deasserted, the receiver CDR lock state 
depends on the rx_locktorefclk signal level.

rx_locktorefclk Input Asynchronous signal

Receiver CDR LTR state control signal. 

■ The rx_locktorefclk and rx_locktodata 
signals control whether the receiver CDR states as 
follows:
[rx_locktodata:rx_locktorefclk]

■ 2'b00—receiver CDR is in automatic lock mode

■ 2b'01—receiver CDR is in manual lock mode (LTR 
state)

■ 2b'1x—receiver CDR is in manual lock mode (LTD 
state)

rx_signaldetect Output Asynchronous signal

Signal threshold detect indicator.

■ Available in Basic mode when 8B/10B 
encoder/decoder is used, and in PIPE mode.

■ A high level indicates that the signal present at the 
receiver input buffer is above the programmed signal 
detection threshold value.

rx_recovclkout Output Clock signal
CDR low-speed recovered clock

■ Only available in the GIGE mode for applications such 
as Synchronous Ethernet.

Table 1–27. Receiver Ports in ALTGX Megafunction for Cyclone IV GX (Part 3 of 3)

Block Port Name Input/
Output Clock Domain Description
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The following are the channel reconfiguration mode options:

■ Channel interface reconfiguration

■ Data rate division at receiver channel

Channel Interface Reconfiguration Mode
Enable this option if the reconfiguration of the transceiver channel involves the 
following changes:

■ The reconfigured channel has a changed FPGA fabric-Transceiver channel 
interface data width

■ The reconfigured channel has changed input control signals and output status 
signals

■ The reconfigured channel has enabled and disabled the static PCS blocks of the 
transceiver channel

The following are the new input signals available when you enable this option:

■ tx_datainfull—the width of this input signal depends on the number of channels 
you set up in the ALTGX MegaWizard Plug-In Manager. It is 22 bits wide per 
channel. This signal is available only for Transmitter only and Receiver and 
Transmitter configurations. This port replaces the existing tx_datain port.

■ rx_dataoutfull—the width of this output signal depends on the number of 
channels you set up in the ALTGX MegaWizard Plug-In Manager. It is 32 bits wide 
per channel. This signal is available only for Receiver only and Receiver and 
Transmitter configurations. This port replaces the existing rx_dataout port. 

The Quartus II software has legality checks for the connectivity of tx_datainfull 
and rx_dataoutfull and the various control and status signals you enable in the 
Clocking/Interface screen. For example, the Quartus II software allows you to 
select and connect the pipestatus and powerdn signals. It assumes that you are 
planning to switch to and from PCI Express (PIPE) functional mode. 
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Option 2: Use the Respective Channel Transmitter Core Clocks

■ Enable this option if you want the individual transmitter channel tx_clkout 
signals to provide the write clock to their respective Transmit Phase Compensation 
FIFOs.

■ This option is typically enabled when each transceiver channel is reconfigured to a 
different functional mode using channel reconfiguration.

Figure 3–12 shows how each transmitter channel’s tx_clkout signal provides a clock 
to the Transmit Phase Compensation FIFOs of the respective transceiver channels.

Receiver core clocking refers to the clock that is used to read the parallel data from the 
Receiver Phase Compensation FIFO into the FPGA fabric. You can use one of the 
following clocks to read from the Receive Phase Compensation FIFO:

■ rx_coreclk—you can use a clock of the same frequency as rx_clkout from the 
FPGA fabric to provide the read clock to the Receive Phase Compensation FIFO. If 
you use rx_coreclk, it overrides the rx_clkout options in the ALTGX 
MegaWizard Plug-In Manager.

■ rx_clkout—the Quartus II software automatically routes rx_clkout to the FPGA 
fabric and back into the Receive Phase Compensation FIFO. 

Figure 3–12. Option 2 for Transmitter Core Clocking (Channel Reconfiguration Mode)
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Use the following methods to estimate power for a design:

■ the Excel-based EPE

■ the Quartus II PowerPlay power analyzer feature

The interactive Excel-based EPE is used prior to designing the device 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 
place-and-route is complete. The PowerPlay power analyzer can apply a combination 
of user-entered, simulation-derived, and estimated signal activities that, combined 
with detailed circuit models, can yield very accurate power estimates.

f For more information about power estimation tools, refer to the Early Power Estimator 
User Guide and the PowerPlay Power Analysis chapter in volume 3 of the Quartus II 
Handbook.

Switching Characteristics
This section provides performance characteristics of Cyclone IV core and periphery 
blocks for commercial grade devices.

These characteristics can be designated as Preliminary or Final.

■ Preliminary characteristics are created using simulation results, process data, and 
other known parameters. The upper-right hand corner of these tables show the 
designation as “Preliminary”.

■ Final numbers are based on actual silicon characterization and testing. The 
numbers reflect the actual performance of the device under worst-case silicon 
process, voltage, and junction temperature conditions. There are no designations 
on finalized tables.
Cyclone IV Device Handbook, December 2016 Altera Corporation
Volume 3
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Switching Characteristics

Unit

MHz

kHz

—

V

mV

mV

dBc/Hz

ps



MHz

MHz

MHz

ms

µs
Transceiver Performance Specifications 
Table 1–21 lists the Cyclone IV GX transceiver specifications.

Table 1–21. Transceiver Specification for Cyclone IV GX Devices (Part 1 of 4)

Symbol/
Description Conditions

C6 C7, I7 C8

Min Typ Max Min Typ Max Min Typ Max

Reference Clock

Supported I/O 
Standards 1.2 V PCML, 1.5 V PCML, 3.3 V PCML, Differential LVPECL, LVDS, HCSL

Input frequency 
from REFCLK input 
pins

— 50 — 156.25 50 — 156.25 50 — 156.25

Spread-spectrum 
modulating clock 
frequency

Physical interface 
for PCI Express 
(PIPE) mode

30 — 33 30 — 33 30 — 33

Spread-spectrum 
downspread PIPE mode — 0 to 

–0.5% — — 0 to
–0.5% — — 0 to

–0.5% —

Peak-to-peak 
differential input 
voltage

— 0.1 — 1.6 0.1 — 1.6 0.1 — 1.6

VICM (AC coupled) — 1100 ± 5% 1100 ± 5% 1100 ± 5%

VICM (DC coupled)
HCSL I/O 

standard for PCIe 
reference clock

250 — 550 250 — 550 250 — 550

Transmitter REFCLK 
Phase Noise (1) Frequency offset 

= 1 MHz – 8 MHZ

— — –123 — — –123 — — –123

Transmitter REFCLK 
Total Jitter (1) — — 42.3 — — 42.3 — — 42.3

Rref — — 2000 
± 1% — — 2000 

± 1% — — 2000 
± 1% —

Transceiver Clock

cal_blk_clk clock 
frequency — 10 — 125 10 — 125 10 — 125

fixedclk clock 
frequency

PCIe Receiver 
Detect — 125 — — 125 — — 125 —

reconfig_clk 
clock frequency

Dynamic 
reconfiguration 
clock frequency

2.5/
37.5 

(2)
— 50

2.5/
37.5 

(2)
— 50

2.5/
37.5 

(2)
— 50

Delta time between 
reconfig_clk

— — — 2 — — 2 — — 2

Transceiver block 
minimum 
power-down pulse 
width

— — 1 — — 1 — — 1 —
December 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 3
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November 2009 1.0 Initial release.
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