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Chapter 6: I/O Features in Cyclone IV Devices 6–17
I/O Banks
Figure 6–9 shows the overview of Cyclone IV E I/O banks.

Figure 6–9. Cyclone IV E I/O Banks (1), (2)

Notes to Figure 6–9:

(1) This is a top view of the silicon die. This is only a graphical representation. For exact pin locations, refer to the pin list and the Quartus II software.
(2) True differential (PPDS, LVDS, mini-LVDS, and RSDS I/O standards) outputs are supported in row I/O banks 1, 2, 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 3, 4, 7, and 8 only.
(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. Differential SSTL-18, differential HSTL-18, and HSTL-15 I/O standards do not support Class II output.
(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 3, 4, 7, and 8.
(7) BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses true LVDS input buffer.

All I/O Banks Support:

3.3-V LVTTL/LVCMOS
3.0-V LVTTL/LVCMOS
2.5-V LVTTL/LVCMOS
1.8-V LVTTL/LVCMOS
1.5-V LVCMOS
1.2-V LVCMOS
PPDS
LVDS
RSDS
mini-LVDS
Bus LVDS (7)
LVPECL (3)
SSTL-2 class I and II
SSTL-18 CLass I and II
HSTL-18 Class I and II
HSTL-15 Class I and II
HSTL-12 Class I and II (4)
Differential SSTL-2 (5)
Differential SSTL-18 (5)
Differential HSTL-18 (5)
Differential HSTL-15 (5)
Differential HSTL-12 (6)
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8. Configuration and Remote System
Upgrades in Cyclone IV Devices
This chapter describes the configuration and remote system upgrades in Cyclone® IV 
devices. Cyclone IV (Cyclone IV GX and Cyclone IV E) devices use SRAM cells to 
store configuration data. You must download the configuration data to Cyclone IV 
devices each time the device powers up because SRAM memory is volatile.

Cyclone IV devices are configured using one of the following configuration schemes:

■ Active serial (AS)

■ Active parallel (AP) (supported in Cyclone IV E devices only)

■ Passive serial (PS)

■ Fast passive parallel (FPP) (not supported in EP4CGX15, EP4CGX22, and 
EP4CGX30 [except for the F484 package] devices)

■ JTAG

Cyclone IV devices offer the following configuration features: 

■ Configuration data decompression (“Configuration Data Decompression” on 
page 8–2)

■ Remote system upgrade (“Remote System Upgrade” on page 8–69)

System designers face difficult challenges, such as shortened design cycles, evolving 
standards, and system deployments in remote locations. Cyclone IV devices help 
overcome these challenges with inherent re-programmability and dedicated circuitry 
to perform remote system upgrades. Remote system upgrades help deliver feature 
enhancements and bug fixes without costly recalls, reduced time-to-market, and 
extended product life. 

Configuration
This section describes Cyclone IV device configuration and includes the following 
topics:

■ “Configuration Features” on page 8–2

■ “Configuration Requirement” on page 8–3

■ “Configuration Process” on page 8–6

■ “Configuration Scheme” on page 8–8

■ “AS Configuration (Serial Configuration Devices)” on page 8–10

■ “AP Configuration (Supported Flash Memories)” on page 8–21

■ “PS Configuration” on page 8–32
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8–2 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
■ “FPP Configuration” on page 8–40

■ “JTAG Configuration” on page 8–45

■ “Device Configuration Pins” on page 8–62

Configuration Features
Table 8–1 lists the configuration methods you can use in each configuration scheme.

Configuration Data Decompression
Cyclone IV devices support configuration data decompression, which saves 
configuration memory space and time. This feature allows you to store compressed 
configuration data in configuration devices or other memory and send the 
compressed bitstream to Cyclone IV devices. During configuration, Cyclone IV 
devices decompress the bitstream in real time and program the SRAM cells.

1 Compression may reduce the configuration bitstream size by 35 to 55%.

When you enable compression, the Quartus II software generates configuration files 
with compressed configuration data. This compressed file reduces the storage 
requirements in the configuration device or flash memory and decreases the time 
required to send the bitstream to the Cyclone IV device. The time required by a 
Cyclone IV device to decompress a configuration file is less than the time required to 
send the configuration data to the device. There are two methods for enabling 
compression for the Cyclone IV device bitstreams in the Quartus II software:

■ Before design compilation (through the Compiler Settings menu)

■ After design compilation (through the Convert Programming Files dialog box)

To enable compression in the compiler settings of the project in the Quartus II 
software, perform the following steps:

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

2. Click Device and Pin Options. The Device and Pin Options dialog box appears.

Table 8–1. Configuration Features in Cyclone IV Devices

Configuration Scheme Configuration Method Decompression Remote System Upgrade (1)

AS Serial Configuration Device v v
AP Supported Flash Memory (2) — v

PS
External Host with Flash Memory v v (3)

Download Cable v —

FPP External Host with Flash Memory — v (3)

JTAG based configuration
External Host with Flash Memory — —

Download Cable — —

Notes to Table 8–1:

(1) Remote update mode is supported when you use the Remote System Upgrade feature. You can enable or disable remote update mode with an 
option setting in the Quartus® II software.

(2) For more information about the supported device families for the Micron commodity parallel flash, refer to Table 8–10 on page 8–22.
(3) Remote update mode is supported externally using the Parallel Flash Loader (PFL) with the Quartus II software.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–21
Configuration
You can use the Quartus II software with the APU and the appropriate configuration 
device programming adapter to program serial configuration devices. All serial 
configuration devices are offered in an 8- or 16-pin small outline integrated circuit 
(SOIC) package.

In production environments, serial configuration devices are programmed using 
multiple methods. Altera programming hardware or other third-party programming 
hardware is used to program blank serial configuration devices before they are 
mounted onto PCBs. Alternatively, you can use an on-board microprocessor to 
program the serial configuration device in-system by porting the reference C-based 
SRunner software driver provided by Altera.

A serial configuration device is programmed in-system by an external microprocessor 
with the SRunner software driver. The SRunner software driver is a software driver 
developed for embedded serial configuration device programming, which is easily 
customized to fit in different embedded systems. The SRunner software driver is able 
to read a Raw Programming Data (.rpd) file and write to serial configuration devices. 
The serial configuration device programming time, using the SRunner software 
driver, is comparable to the programming time with the Quartus II software.

f For more information about the SRunner software driver, refer to AN 418: SRunner: 
An Embedded Solution for Serial Configuration Device Programming and the source code 
at the Altera website.

AP Configuration (Supported Flash Memories)
The AP configuration scheme is only supported in Cyclone IV E devices. In the AP 
configuration scheme, Cyclone IV E devices are configured using commodity 16-bit 
parallel flash memory. These external non-volatile configuration devices are industry 
standard microprocessor flash memories. The flash memories provide a fast interface 
to access configuration data. The speed up in configuration time is mainly due to the 
16-bit wide parallel data bus, which is used to retrieve data from the flash memory.

Some of the smaller Cyclone IV E devices or package options do not support the AP 
configuration scheme. Table 8–9 lists the supported AP configuration scheme for each 
Cyclone IV E devices.

Table 8–9. Supported AP Configuration Scheme for Cyclone IV E Devices

Device
Package Options

E144 M164 M256 U256 F256 F324 U484 F484 F780

EP4CE6 — — — — — — — — —

EP4CE10 — — — — — — — — —

EP4CE15 — — — — — — — v —

EP4CE22 — — — — — — — — —

EP4CE30 — — — — — v — v v
EP4CE40 — — — — — v v v v
EP4CE55 — — — — — — v v v
EP4CE75 — — — — — — v v v
EP4CE115 — — — — — — — v v
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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8–28 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
The nSTATUS and CONF_DONE pins on all target devices are connected together with 
external pull-up resistors, as shown in Figure 8–8 on page 8–26 and Figure 8–9 on 
page 8–27. These pins are open-drain bidirectional pins on the devices. When the first 
device asserts nCEO (after receiving all its configuration data), it releases its CONF_DONE 
pin. However, the subsequent devices in the chain keep this shared CONF_DONE line 
low until they receive their configuration data. When all target devices in the chain 
receive their configuration data and release CONF_DONE, the pull-up resistor drives a 
high level on this line and all devices simultaneously enter initialization mode.

Guidelines for Connecting Parallel Flash to Cyclone IV E Devices for an AP 
Interface
For single- and multi-device AP configuration, the board trace length and loading 
between the supported parallel flash and Cyclone IV E devices must follow the 
recommendations listed in Table 8–11. These recommendations also apply to an AP 
configuration with multiple bus masters.

Configuring With Multiple Bus Masters
Similar to the AS configuration scheme, the AP configuration scheme supports 
multiple bus masters for the parallel flash. For another master to take control of the 
AP configuration bus, the master must assert nCONFIG low for at least 500 ns to reset 
the master Cyclone IV E device and override the weak 10-k pull-down resistor on 
the nCE pin. This resets the master Cyclone IV E device and causes it to tri-state its AP 
configuration bus. The other master device then takes control of the AP configuration 
bus. After the other master device is done, it releases the AP configuration bus, then 
releases the nCE pin, and finally pulses nCONFIG low to restart the configuration.

In the AP configuration scheme, multiple masters share the parallel flash. Similar to 
the AS configuration scheme, the bus control is negotiated by the nCE pin.

Table 8–11. Maximum Trace Length and Loading for AP Configuration

Cyclone IV E AP Pins
Maximum Board Trace Length from 
Cyclone IV E Device to Flash Device 

(inches)
Maximum Board Load (pF)

DCLK 6 15

DATA[15..0] 6 30

PADD[23..0] 6 30

nRESET 6 30

Flash_nCE 6 30

nOE 6 30

nAVD 6 30

nWE 6 30

I/O (1) 6 30

Note to Table 8–11:

(1) The AP configuration ignores the WAIT signal from the flash during configuration mode. However, if you are 
accessing flash during user mode with user logic, you can optionally use the normal I/O to monitor the WAIT signal 
from the Micron P30 or P33 flash.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



8–68 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
Table 8–21 lists the optional configuration pins. If you do not enable these optional 
configuration pins in the Quartus II software, they are available as general-purpose 
user I/O pins. Therefore, during configuration, these pins function as user I/O pins 
and are tri-stated with weak pull-up resistors.

Table 8–21. Optional Configuration Pins 

Pin Name User Mode Pin Type Description

CLKUSR
N/A if option is on. 
I/O if option is off. Input

Optional user-supplied clock input synchronizes the 
initialization of one or more devices. This pin is enabled by 
turning on the Enable user-supplied start-up clock (CLKUSR) 
option in the Quartus II software.

In AS configuration for Cyclone IV GX devices, you can use this 
pin as an external clock source to generate the DCLK by 
changing the clock source option in the Quartus II software in 
the Configuration tab of the Device and Pin Options dialog 
box.

INIT_DONE
N/A if option is on. 
I/O if option is off.

Output 
open-drain

Status pin is used to indicate when the device has initialized and 
is in user-mode. When nCONFIG is low, the INIT_DONE pin is 
tri-stated and pulled high due to an external 10-k pull-up 
resistor during the beginning of configuration. After the option 
bit to enable INIT_DONE is programmed into the device (during 
the first frame of configuration data), the INIT_DONE pin goes 
low. When initialization is complete, the INIT_DONE pin is 
released and pulled high and the device enters user mode. 
Thus, the monitoring circuitry must be able to detect a low-to-
high transition. This pin is enabled by turning on the Enable 
INIT_DONE output option in the Quartus II software.

The functionality of this pin changes if the Enable OCT_DONE 
option is enabled in the Quartus II software. This option 
controls whether the INIT_DONE signal is gated by the 
OCT_DONE signal, which indicates the power-up on-chip 
termination (OCT) calibration is complete. If this option is 
turned off, the INIT_DONE signal is not gated by the OCT_DONE 
signal.

DEV_OE
N/A if option is on. 
I/O if option is off. Input

Optional pin that allows you to override all tri-states on the 
device. When this pin is driven low, all I/O pins are tri-stated; 
when this pin is driven high, all I/O pins behave as 
programmed. This pin is enabled by turning on the Enable 
device-wide output enable (DEV_OE) option in the Quartus II 
software.

DEV_CLRn
N/A if option is on. 
I/O if option is off. Input

Optional pin that allows you to override all clears on all device 
registers. When this pin is driven low, all registers are cleared; 
when this pin is driven high, all registers behave as 
programmed. You can enable this pin by turning on the Enable 
device-wide reset (DEV_CLRn) option in the Quartus II 
software.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



9–4 Chapter 9: SEU Mitigation in Cyclone IV Devices
Error Detection Block
1 WYSIWYG is an optimization technique that performs optimization on a VQM 
(Verilog Quartus Mapping) netlist in the Quartus II software.

Error Detection Block
Table 9–3 lists the types of CRC detection to check the configuration bits.

This section focuses on the first type—the 32-bit CRC when the device is in user 
mode.

Error Detection Registers
There are two sets of 32-bit registers in the error detection circuitry that store the 
computed CRC signature and pre-calculated CRC value. A non-zero value on the 
signature register causes the CRC_ERROR pin to set high. 

Figure 9–1 shows the block diagram of the error detection block and the two related 
32-bit registers: the signature register and the storage register.

Table 9–3. Types of CRC Detection to Check the Configuration Bits

First Type of CRC Detection Second Type of CRC Detection

■ CRAM error checking ability (32-bit CRC) 
during user mode, for use by the 
CRC_ERROR pin.

■ There is only one 32-bit CRC value. This 
value covers all the CRAM data.

■ 16-bit CRC embedded in every configuration data frame.

■ During configuration, after a frame of data is loaded into the device, the 
pre-computed CRC is shifted into the CRC circuitry.

■ Simultaneously, the CRC value for the data frame shifted-in is calculated. 
If the pre-computed CRC and calculated CRC values do not match, 
nSTATUS is set low.

■ Every data frame has a 16-bit CRC. Therefore, there are many 16-bit CRC 
values for the whole configuration bit stream.

■ Every device has a different length of configuration data frame.

Figure 9–1. Error Detection Block Diagram
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Chapter 10: JTAG Boundary-Scan Testing for Cyclone IV Devices 10–7
Document Revision History
Document Revision History
Table 10–3 lists the revision history for this chapter.

Table 10–3. Document Revision History

Date Version Changes

December 2013 1.3 ■ Updated the “EXTEST_PULSE” section.

November 2011 1.2
■ Updated the “BST Operation Control” section.

■ Updated Table 10–2.

February 2010 1.1

■ Added Cyclone IV E devices in Table 10–1 and Table 10–2 for the Quartus II 
software version 9.1 SP1 release.

■ Updated Figure 10–1 and Figure 10–2.

■ Minor text edits.

November 2009 1.0 Initial release.
December 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



1–4 Chapter 1: Cyclone IV Transceivers Architecture
Architectural Overview
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Architectural Overview
Figure 1–3 shows the Cyclone IV GX transceiver channel datapath.

Each transceiver channel consists of a transmitter and a receiver datapath. Each 
datapath is further structured into the following:

■ Physical media attachment (PMA)—includes analog circuitry for I/O buffers, 
clock data recovery (CDR), serializer/deserializer (SERDES), and programmable 
pre-emphasis and equalization to optimize serial data channel performance.

■ Physical coding sublayer (PCS)—includes hard logic implementation of digital 
functionality within the transceiver that is compliant with supported protocols.

Outbound parallel data from the FPGA fabric flows through the transmitter PCS and 
PMA, is transmitted as serial data. Received inbound serial data flows through the 
receiver PMA and PCS into the FPGA fabric. The transceiver supports the following 
interface widths:

■ FPGA fabric-transceiver PCS—8, 10, 16, or 20 bits

■ PMA-PCS—8 or 10 bits

f The transceiver channel interfaces through the PIPE when configured for PCIe 
protocol implementation. The PIPE is compliant with version 2.00 of the PHY Interface 
for the PCI Express Architecture specification.

Figure 1–3. Transceiver Channel Datapath for Cyclone IV GX Devices
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Transmitter Channel Datapath
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Transmitter Output Buffer
Figure 1–11 shows the transmitter output buffer block diagram.

The Cyclone IV GX transmitter output buffers support the 1.5-V PCML I/O standard 
and are powered by VCCH_GXB power pins with 2.5-V supply. The 2.5-V supply on 
VCCH_GXB pins are regulated internally to 1.5-V for the transmitter output buffers. The 
transmitter output buffers support the following additional features:

■ Programmable differential output voltage (VOD)—customizes the VOD up to 
1200 mV to handle different trace lengths, various backplanes, and various 
receiver requirements.

■ Programmable pre-emphasis—boosts high-frequency components in the 
transmitted signal to maximize the data eye opening at the far-end. The 
high-frequency components might be attenuated in the transmission media due to 
data-dependent jitter and intersymbol interference (ISI) effects. The requirement 
for pre-emphasis increases as the data rates through legacy backplanes increase.

■ Programmable differential on-chip termination (OCT)—provides calibrated OCT 
at differential 100  or 150 with on-chip transmitter common mode voltage 
(VCM) at 0.65 V. VCM is tri-stated when you disable the OCT to use external 
termination.

1 Disable OCT to use external termination if the link requires a 85  termination, such 
as when you are interfacing with certain PCIe Gen1 or Gen2 capable devices. 

f The Cyclone IV GX transmitter output buffers are current-mode drivers. The resulting 
VOD voltage is therefore a function of the transmitter termination value. For lists of 
supported VOD settings, refer to the Cyclone IV Device Data Sheet.

Figure 1–11. Transmitter Output Buffer Block Diagram

Note to Figure 1–11:

(1) Receiver detect function is specific for PCIe protocol implementation only. For more information, refer to “PCI 
Express (PIPE) Mode” on page 1–52.
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Transceiver Clocking Architecture

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

Table 1–9 lists the high- and low-speed clock sources for each channel.

Table 1–9. High- and Low-Speed Clock Sources for Each Channel in Non-Bonded Channel Configuration

Package Transceiver Block Transceiver Channel
High- and Low-Speed Clocks Sources

Option 1 Option 2

F324 and smaller GXBL0 All channels MPLL_1 MPLL_2

F484 and larger

GXBL0
Channels 0, 1 MPLL_5/GPLL_1 MPLL_6

Channels 2, 3 MPLL_5 MPLL_6/MPLL_7 (1)

GXBL1 (1)
Channels 0, 1 MPLL_7/MPLL_6 MPLL_8

Channels 2, 3 MPLL_7 MPLL_8/GPLL_2

Note to Table 1–9:

(1) MPLL_7 and GXBL1 are not applicable for transceivers in F484 package
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Figure 1–35 shows the datapath clocking in the transmitter and receiver operation 
mode with the rate match FIFO. The receiver datapath clocking in configuration 
without the rate match FIFO is identical to Figure 1–34.

In configuration with the rate match FIFO, the CDR unit in the receiver channel 
recovers the clock from received serial data and generates the high-speed recovered 
clock for the deserializer, and low-speed recovered clock for forwarding to the 
receiver PCS. The low-speed recovered clock feeds to the following blocks in the 
receiver PCS:

■ word aligner

■ write clock of rate match FIFO

The low-speed clock that is used in the transmitter PCS datapath feeds the following 
blocks in the receiver PCS:

■ read clock of rate match FIFO

■ 8B/10B decoder

■ write clock of byte deserializer

■ byte ordering

■ write clock of RX phase compensation FIFO

When the byte deserializer is enabled, the low-speed clock frequency is halved before 
feeding into the write clock of RX phase compensation FIFO. The low-speed clock is 
available in the FPGA fabric as tx_clkout port, which can be used in the FPGA fabric 
to send transmitter data and control signals, and capture receiver data and status 
signals.

Figure 1–35. Transmitter and Receiver Datapath Clocking with Rate Match FIFO in Non-Bonded Channel Configuration

Notes to Figure 1–35:

(1) Low-speed recovered clock.
(2) High-speed recovered clock.
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converted within the XGMII extender sublayer into an 8B/10B encoded data stream. 
Each data stream is then transmitted across a single differential pair running at 3.125 
Gbps. At the XAUI receiver, the incoming data is decoded and mapped back to the 32-
bit XGMII format. This provides a transparent extension of the physical reach of the 
XGMII and also reduces the interface pin count.

XAUI functions as a self-managed interface because code group synchronization, 
channel deskew, and clock domain decoupling is handled with no upper layer 
support requirements. This functionality is based on the PCS code groups that are 
used during the inter-packet gap time and idle periods.

Figure 1–62. XAUI in 10 Gbps LAN Layers
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Figure 1–64 shows the transceiver configuration in XAUI mode.

XGMII and PCS Code Conversions
In XAUI mode, the 8B/10B encoder in the transmitter datapath maps various 8-bit 
XGMII codes to 10-bit PCS code groups as listed in Table 1–21.

Figure 1–64. Transceiver Configuration in XAUI Mode
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16-Bit

XAUI
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Disabled

Enabled
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Data Rate (Gbps)

156.25

Table 1–21. XGMII Character to PCS Code Groups Mapping (Part 1 of 2)

XGMII TXC (1) XGMII TXD (2), (3) PCS Code Group Description

0 00 through FF Dxx,y Normal data transmission

1 07 K28.0, K28.3, or K28.5 Idle in ||I||

1 07 K28.5 Idle in ||T||

1 9C K28.4 Sequence

1 FB K27.7 Start

1 FD K29.7 Terminate

1 FE K30.7 Error
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All Supported Functional Modes Except the PCIe Functional Mode 
This section describes reset sequences for transceiver channels in bonded and 
non-bonded configurations. Timing diagrams of some typical configurations are 
shown to facilitate proper reset sequence implementation. In these functional modes, 
you can set the receiver CDR either in automatic lock or manual lock mode.

1 In manual lock mode, the receiver CDR locks to the reference clock (lock-to-reference) 
or the incoming serial data (lock-to-data), depending on the logic levels on the 
rx_locktorefclk and rx_locktodata signals. With the receiver CDR in manual lock 
mode, you can either configure the transceiver channels in the Cyclone IV GX device 
in a non-bonded configuration or a bonded configuration. In a bonded configuration, 
for example in XAUI mode, four channels are bonded together.

Table 2–4 lists the lock-to-reference (LTR) and lock-to-data (LTD) controller lock 
modes for the rx_locktorefclk and rx_locktodata signals.

Bonded Channel Configuration
In a bonded channel configuration, you can reset all the bonded channels 
simultaneously. Examples of bonded channel configurations are the XAUI, PCIe Gen1 
×2 and ×4, and Basic ×2 and ×4 functional modes. In Basic ×2 and ×4 functional mode, 
you can bond Transmitter Only channels together. 

In XAUI mode, the receiver and transmitter channels are bonded. Each of the receiver 
channels in this mode has its own rx_freqlocked output status signals. You must 
consider the timing of these signals in the reset sequence.

Table 2–5 lists the reset and power-down sequences for bonded configurations under 
the stated functional modes.

Table 2–4. Lock-To-Reference and Lock-To-Data Modes

rx_locktorefclk rx_locktodata LTR/LTD Controller Lock Mode

1 0 Manual, LTR Mode

— 1 Manual, LTD Mode

0 0 Automatic Lock Mode

Table 2–5. Reset and Power-Down Sequences for Bonded Channel Configurations 

Channel Set Up Receiver CDR Mode Refer to

Transmitter Only Basic ×2 and ×4 “Transmitter Only Channel” on page 2–7

Receiver and Transmitter Automatic lock mode for XAUI 
functional mode

“Receiver and Transmitter Channel—Receiver 
CDR in Automatic Lock Mode” on page 2–8

Receiver and Transmitter Manual lock mode for XAUI functional 
mode

“Receiver and Transmitter Channel—Receiver 
CDR in Manual Lock Mode” on page 2–9
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Analog Settings Control/Status Signals

tx_vodctrl[2..0] 
(1) Input

This is an optional transmit buffer VOD control signal. It is 3 bits per transmitter channel. 
The number of settings varies based on the transmit buffer supply setting and the 
termination resistor setting on the TX Analog screen of the ALTGX MegaWizard Plug-In 
Manager.

The width of this signal is fixed to 3 bits if you enable either the Use 
'logical_channel_address' port for Analog controls reconfiguration option or the Use 
same control signal for all the channels option in the Analog controls screen. Otherwise, 
the width of this signal is 3 bits per channel. 

The following shows the VOD values corresponding to the tx_vodctrl settings for 100-  
termination.

For more information, refer to the “Programmable Output Differential Voltage” section of 
the Cyclone IV GX Device Datasheet chapter.

tx_vodctrl[2:0] Corresponding ALTGX Corresponding VOD 
instance settings settings (mV)

3’b001 1  400

3’b010 2 600

3’b011 3 800

3’b111 4 (2) 900 (2)

3’b100 5 1000

3’b101 6 1200

All other values => N/A

Table 3–2. Dynamic Reconfiguration Controller Port List (ALTGX_RECONFIG Instance) (Part 4 of 7)

Port Name Input/
Output Description

http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf
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Table 1–29 lists the active configuration mode specifications for Cyclone IV devices.

Table 1–30 lists the JTAG timing parameters and values for Cyclone IV devices. 

Periphery Performance
This section describes periphery performance, including high-speed I/O and external 
memory interface.

I/O performance supports several system interfaces, such as the high-speed I/O 
interface, external memory interface, and the PCI/PCI-X bus interface. I/Os using the 
SSTL-18 Class I termination standard can achieve up to the stated DDR2 SDRAM 
interfacing speeds. I/Os using general-purpose I/O standards such as 3.3-, 3.0-, 2.5-, 
1.8-, or 1.5-LVTTL/LVCMOS are capable of a typical 200 MHz interfacing frequency 
with a 10 pF load.

Table 1–29. Active Configuration Mode Specifications for Cyclone IV Devices

Programming Mode DCLK Range Typical DCLK Unit

Active Parallel (AP) (1) 20 to 40 33 MHz

Active Serial (AS) 20 to 40 33 MHz

Note to Table 1–29:

(1) AP configuration mode is only supported for Cyclone IV E devices.

Table 1–30. JTAG Timing Parameters for Cyclone IV Devices (1)

Symbol Parameter Min Max Unit

tJCP TCK clock period 40 — ns

tJCH TCK clock high time 19 — ns

tJCL TCK clock low time 19 — ns

tJPSU_TDI JTAG port setup time for TDI 1 — ns

tJPSU_TMS JTAG port setup time for TMS 3 — ns

tJPH JTAG port hold time 10 — ns

tJPCO JTAG port clock to output (2), (3) — 15 ns

tJPZX JTAG port high impedance to valid output (2), (3) — 15 ns

tJPXZ JTAG port valid output to high impedance (2), (3) — 15 ns

tJSSU Capture register setup time 5 — ns

tJSH Capture register hold time 10 — ns

tJSCO Update register clock to output — 25 ns

tJSZX Update register high impedance to valid output — 25 ns

tJSXZ Update register valid output to high impedance — 25 ns

Notes to Table 1–30:

(1) For more information about JTAG waveforms, refer to “JTAG Waveform” in “Glossary” on page 1–37.
(2) The specification is shown for 3.3-, 3.0-, and 2.5-V LVTTL/LVCMOS operation of JTAG pins. For 1.8-V 

LVTTL/LVCMOS and 1.5-V LVCMOS, the output time specification is 16 ns.
(3) For EP4CGX22, EP4CGX30 (F324 and smaller package), EP4CGX110, and EP4CGX150 devices, the output time 

specification for 3.3-, 3.0-, and 2.5-V LVTTL/LVCMOS operation of JTAG pins is 16 ns. For 1.8-V LVTTL/LVCMOS 
and 1.5-V LVCMOS, the output time specification is 18 ns.
December 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 3
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1 ms

pported at the 

d at the output 

 C8, I7, and A7 

Unit
Max

Unit
x

5 MHz

5 MHz

5 MHz

5 MHz

5 MHz

MHz

Mbps

Mbps

Mbps

Mbps

Mbps

Mbps

%

ps

ps

ps

ps
tLOCK 
(3) — — — 1 — — 1 — — 1 — — 1 — —

Notes to Table 1–31:

(1) Applicable for true RSDS and emulated RSDS_E_3R transmitter.
(2) Cyclone IV E devices—true RSDS transmitter is only supported at the output pin of Row I/O Banks 1, 2, 5, and 6. Emulated RSDS transmitter is su

output pin of all I/O Banks.
Cyclone IV GX devices—true RSDS transmitter is only supported at the output pin of Row I/O Banks 5 and 6. Emulated RSDS transmitter is supporte
pin of I/O Banks 3, 4, 5, 6, 7, 8, and 9.

(3) tLOCK is the time required for the PLL to lock from the end-of-device configuration.
(4) Cyclone IV E 1.0 V core voltage devices only support C8L, C9L, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support C6, C7,

speed grades. Cyclone IV GX devices only support C6, C7, C8, and I7 speed grades.

Table 1–31. RSDS Transmitter Timing Specifications for Cyclone IV Devices (1), (2), (4) (Part 2 of 2)

Symbol Modes
C6 C7, I7 C8, A7 C8L, I8L C9L

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ

Table 1–32. Emulated RSDS_E_1R Transmitter Timing Specifications for Cyclone IV Devices (1), (3) (Part 1 of 2)

Symbol Modes
C6 C7, I7 C8, A7 C8L, I8L C9L

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Ma

fHSCLK (input 
clock 
frequency)

×10 5 — 85 5 — 85 5 — 85 5 — 85 5 — 72.

×8 5 — 85 5 — 85 5 — 85 5 — 85 5 — 72.

×7 5 — 85 5 — 85 5 — 85 5 — 85 5 — 72.

×4 5 — 85 5 — 85 5 — 85 5 — 85 5 — 72.

×2 5 — 85 5 — 85 5 — 85 5 — 85 5 — 72.

×1 5 — 170 5 — 170 5 — 170 5 — 170 5 — 145

Device 
operation in 
Mbps

×10 100 — 170 100 — 170 100 — 170 100 — 170 100 — 145

×8 80 — 170 80 — 170 80 — 170 80 — 170 80 — 145

×7 70 — 170 70 — 170 70 — 170 70 — 170 70 — 145

×4 40 — 170 40 — 170 40 — 170 40 — 170 40 — 145

×2 20 — 170 20 — 170 20 — 170 20 — 170 20 — 145

×1 10 — 170 10 — 170 10 — 170 10 — 170 10 — 145

tDUTY — 45 — 55 45 — 55 45 — 55 45 — 55 45 — 55

TCCS — — — 200 — — 200 — — 200 — — 200 — — 200

Output jitter
(peak to peak) — — — 500 — — 500 — — 550 — — 600 — — 700

tRISE

20 – 80%,

CLOAD = 
5 pF

— 500 — — 500 — — 500 — — 500 — — 500 —

tFALL

20 – 80%,

CLOAD = 
5 pF

— 500 — — 500 — — 500 — — 500 — — 500 —
December 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 3
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Table 1–34. True LVDS Transmitter Timing Specifications for Cyclone IV Devices (1), (3)

Symbol Modes
C6 C7, I7 C8, A7 C8L, I8L C9L

Unit
Min Max Min Max Min Max Min Max Min Max

fHSCLK (input 
clock 
frequency)

×10 5 420 5 370 5 320 5 320 5 250 MHz

×8 5 420 5 370 5 320 5 320 5 250 MHz

×7 5 420 5 370 5 320 5 320 5 250 MHz

×4 5 420 5 370 5 320 5 320 5 250 MHz

×2 5 420 5 370 5 320 5 320 5 250 MHz

×1 5 420 5 402.5 5 402.5 5 362 5 265 MHz

HSIODR

×10 100 840 100 740 100 640 100 640 100 500 Mbps

×8 80 840 80 740 80 640 80 640 80 500 Mbps

×7 70 840 70 740 70 640 70 640 70 500 Mbps

×4 40 840 40 740 40 640 40 640 40 500 Mbps

×2 20 840 20 740 20 640 20 640 20 500 Mbps

×1 10 420 10 402.5 10 402.5 10 362 10 265 Mbps

tDUTY — 45 55 45 55 45 55 45 55 45 55 %

TCCS — — 200 — 200 — 200 — 200 — 200 ps

Output jitter
(peak to peak) — — 500 — 500 — 550 — 600 — 700 ps

tLOCK 
(2) — — 1 — 1 — 1 — 1 — 1 ms

Notes to Table 1–34:

(1) Cyclone IV E—true LVDS transmitter is only supported at the output pin of Row I/O Banks 1, 2, 5, and 6.
Cyclone IV GX—true LVDS transmitter is only supported at the output pin of Row I/O Banks 5 and 6.

(2) tLOCK is the time required for the PLL to lock from the end-of-device configuration.
(3) Cyclone IV E 1.0 V core voltage devices only support C8L, C9L, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support 

C6, C7, C8, I7, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and I7 speed grades.

Table 1–35. Emulated LVDS Transmitter Timing Specifications for Cyclone IV Devices (1), (3) (Part 1 of 2)

Symbol Modes
C6 C7, I7 C8, A7 C8L, I8L C9L

Unit
Min Max Min Max Min Max Min Max Min Max

fHSCLK (input 
clock 
frequency)

×10 5 320 5 320 5 275 5 275 5 250 MHz

×8 5 320 5 320 5 275 5 275 5 250 MHz

×7 5 320 5 320 5 275 5 275 5 250 MHz

×4 5 320 5 320 5 275 5 275 5 250 MHz

×2 5 320 5 320 5 275 5 275 5 250 MHz

×1 5 402.5 5 402.5 5 402.5 5 362 5 265 MHz

HSIODR

×10 100 640 100 640 100 550 100 550 100 500 Mbps

×8 80 640 80 640 80 550 80 550 80 500 Mbps

×7 70 640 70 640 70 550 70 550 70 500 Mbps

×4 40 640 40 640 40 550 40 550 40 500 Mbps

×2 20 640 20 640 20 550 20 550 20 500 Mbps

×1 10 402.5 10 402.5 10 402.5 10 362 10 265 Mbps
December 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 3
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R

RL Receiver differential input discrete resistor (external to Cyclone IV devices).

Receiver Input 
Waveform

Receiver input waveform for LVDS and LVPECL differential standards:

Receiver input 
skew margin 
(RSKM)

High-speed I/O block: The total margin left after accounting for the sampling window and TCCS. 
RSKM = (TUI – SW – TCCS) / 2.

S

Single-ended 
voltage-
referenced I/O 
Standard

The JEDEC standard for SSTl and HSTL I/O standards 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 crosses 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.

SW (Sampling 
Window) 

High-speed I/O block: The period of time during which the data must be valid to capture it 
correctly. The setup and hold times determine the ideal strobe position in the sampling window.

Table 1–46. Glossary (Part 3 of 5)

Letter Term Definitions

Single-Ended Waveform

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Positive Channel (p) = VIH

Negative Channel (n) = VIL

Ground

VID

VID

 0 V

VCM

p - n 

VID

 

VIH(AC)

VIH(DC)

VREF
VIL(DC)

VIL(AC)

VOH

VOL

VCCIO

VSS
December 2016 Altera Corporation Cyclone IV Device Handbook,
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