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1–8 Chapter 1: Cyclone IV FPGA Device Family Overview
Cyclone IV Device Family Architecture
Cyclone IV Device Family Architecture
This section describes Cyclone IV device architecture and contains the following 
topics:

■ “FPGA Core Fabric”

■ “I/O Features”

■ “Clock Management”

■ “External Memory Interfaces”

■ “Configuration”

■ “High-Speed Transceivers (Cyclone IV GX Devices Only)”

■ “Hard IP for PCI Express (Cyclone IV GX Devices Only)”

FPGA Core Fabric
Cyclone IV devices leverage the same core fabric as the very successful Cyclone series 
devices. The fabric consists of LEs, made of 4-input look up tables (LUTs), memory 
blocks, and multipliers.

Each Cyclone IV device M9K memory block provides 9 Kbits of embedded SRAM 
memory. You can configure the M9K blocks as single port, simple dual port, or true 
dual port RAM, as well as FIFO buffers or ROM. They can also be configured to 
implement any of the data widths in Table 1–7.

The multiplier architecture in Cyclone IV devices is the same as in the existing 
Cyclone series devices. The embedded multiplier blocks can implement an 18 × 18 or 
two 9 × 9 multipliers in a single block. Altera offers a complete suite of DSP IP 
including finite impulse response (FIR), fast Fourier transform (FFT), and numerically 
controlled oscillator (NCO) functions for use with the multiplier blocks. The 
Quartus® II design software’s DSP Builder tool integrates MathWorks Simulink and 
MATLAB design environments for a streamlined DSP design flow. 

f For more information, refer to the Logic Elements and Logic Array Blocks in Cyclone IV 
Devices, Memory Blocks in Cyclone IV Devices, and Embedded Multipliers in Cyclone IV 
Devices chapters.

Table 1–7. M9K Block Data Widths for Cyclone IV Device Family

Mode Data Width Configurations

Single port or simple dual port ×1, ×2, ×4, ×8/9, ×16/18, and ×32/36

True dual port ×1, ×2, ×4, ×8/9, and ×16/18
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1
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Chapter 4: Embedded Multipliers in Cyclone IV Devices 4–3
Architecture
Figure 4–2 shows the multiplier block architecture.

Input Registers
You can send each multiplier input signal into an input register or directly into the 
multiplier in 9- or 18-bit sections, depending on the operational mode of the 
multiplier. You can send each multiplier input signal through a register independently 
of other input signals. For example, you can send the multiplier Data A signal through 
a register and send the Data B signal directly to the multiplier.

The following control signals are available for each input register in the embedded 
multiplier:

■ clock

■ clock enable

■ asynchronous clear

All input and output registers in a single embedded multiplier are fed by the same 
clock, clock enable, and asynchronous clear signals.

Multiplier Stage
The multiplier stage of an embedded multiplier block supports 9 × 9 or 18 × 18 
multipliers, as well as other multipliers between these configurations. Depending on 
the data width or operational mode of the multiplier, a single embedded multiplier 
can perform one or two multiplications in parallel. For multiplier information, refer to 
“Operational Modes” on page 4–4.

Each multiplier operand is a unique signed or unsigned number. The signa and signb 
signals control an input of a multiplier and determine if the value is signed or 
unsigned. If the signa signal is high, the Data A operand is a signed number. If the 
signa signal is low, the Data A operand is an unsigned number. 

Figure 4–2. Multiplier Block Architecture
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5. Clock Networks and PLLs in
Cyclone IV Devices
This chapter describes the hierarchical clock networks and phase-locked loops (PLLs) 
with advanced features in the Cyclone® IV device family. It includes details about the 
ability to reconfigure the PLL counter clock frequency and phase shift in real time, 
allowing you to sweep PLL output frequencies and dynamically adjust the output 
clock phase shift. 

1 The Quartus® II software enables the PLLs and their features without external 
devices.

This chapter contains the following sections:

■ “Clock Networks” on page 5–1

■ “PLLs in Cyclone IV Devices” on page 5–18

■ “Cyclone IV PLL Hardware Overview” on page 5–20

■ “Clock Feedback Modes” on page 5–23

■ “Hardware Features” on page 5–26

■ “Programmable Bandwidth” on page 5–32

■ “Phase Shift Implementation” on page 5–32

■ “PLL Cascading” on page 5–33

■ “PLL Reconfiguration” on page 5–34

■ “Spread-Spectrum Clocking” on page 5–41

■ “PLL Specifications” on page 5–41

Clock Networks
The Cyclone IV GX device provides up to 12 dedicated clock pins (CLK[15..4]) that 
can drive the global clocks (GCLKs). Cyclone IV GX devices support four dedicated 
clock pins on each side of the device except the left side. These clock pins can drive up 
to 30 GCLKs.

The Cyclone IV E device provides up to 15 dedicated clock pins (CLK[15..1]) that can 
drive up to 20 GCLKs. Cyclone IV E devices support three dedicated clock pins on the 
left side and four dedicated clock pins on the top, right, and bottom sides of the device 
except EP4CE6 and EP4CE10 devices. EP4CE6 and EP4CE10 devices only support 
three dedicated clock pins on the left side and four dedicated clock pins on the right 
side of the device.
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5–14 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Clock Networks
The inputs to the clock control blocks on each side of the Cyclone IV GX device must 
be chosen from among the following clock sources:

■ Four clock input pins

■ Ten PLL counter outputs (five from each adjacent PLLs)

■ Two, four, or six DPCLK pins from the top, bottom, and right sides of the device

■ Five signals from internal logic

Figure 5–4. Clock Networks and Clock Control Block Locations in Cyclone IV E Devices

Notes to Figure 5–4:
(1) There are five clock control blocks on each side.
(2) Only one of the corner CDPCLK pins in each corner can feed the clock control block at a time. You can use the other CDPCLK pins as 

general-purpose I/O (GPIO) pins.

(3) Dedicated clock pins can feed into this PLL. However, these paths are not fully compensated.
(4) PLL_3 and PLL_4 are not available in EP4CE6 and EP4CE10 devices.
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5–16 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Clock Networks
Figure 5–6 shows a simplified version of the five clock control blocks on each side of 
the Cyclone IV E device periphery.

GCLK Network Power Down
You can disable a Cyclone IV device’s GCLK (power down) using both static and 
dynamic approaches. In the static approach, configuration bits are set in the 
configuration file generated by the Quartus II software, which automatically disables 
unused GCLKs. The dynamic clock enable or disable feature allows internal logic to 
control clock enable or disable the GCLKs in Cyclone IV devices.

When a clock network is disabled, all the logic fed by the clock network is in an 
off-state, thereby reducing the overall power consumption of the device. This function 
is independent of the PLL and is applied directly on the clock network, as shown in 
Figure 5–1 on page 5–11. 

You can set the input clock sources and the clkena signals for the GCLK multiplexers 
through the Quartus II software using the ALTCLKCTRL megafunction.

f For more information, refer to the ALTCLKCTRL Megafunction User Guide.

clkena Signals
Cyclone IV devices support clkena signals at the GCLK network level. This allows 
you to gate-off the clock even when a PLL is used. Upon re-enabling the output clock, 
the PLL does not need a resynchronization or re-lock period because the circuit gates 
off the clock at the clock network level. In addition, the PLL can remain locked 
independent of the clkena signals because the loop-related counters are not affected.

Figure 5–6. Clock Control Blocks on Each Side of Cyclone IV E Device (1)

Note to Figure 5–6:

(1) The left and right sides of the device have two DPCLK pins; the top and bottom of the device have four DPCLK pins.
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6–2 Chapter 6: I/O Features in Cyclone IV Devices
Cyclone IV I/O Elements
■ “Pad Placement and DC Guidelines” on page 6–23

■ “Clock Pins Functionality” on page 6–23

■ “High-Speed I/O Interface” on page 6–24

■ “High-Speed I/O Standards Support” on page 6–28

■ “True Differential Output Buffer Feature” on page 6–35

■ “High-Speed I/O Timing” on page 6–36

■ “Design Guidelines” on page 6–37

■ “Software Overview” on page 6–38

Cyclone IV I/O Elements
Cyclone IV I/O elements (IOEs) contain a bidirectional I/O buffer and five registers 
for registering input, output, output-enable signals, and complete embedded 
bidirectional single-data rate transfer. I/O pins support various single-ended and 
differential I/O standards.

The IOE contains one input register, two output registers, and two output-enable (OE) 
registers. The two output registers and two OE registers are used for DDR 
applications. You can use input registers for fast setup times and output registers for 
fast clock-to-output times. Additionally, you can use OE registers for fast 
clock-to-output enable timing. You can use IOEs for input, output, or bidirectional 
data paths.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



7–16 Chapter 7: External Memory Interfaces in Cyclone IV Devices
Document Revision History
f For more information about Cyclone IV PLL, refer to the Clock Networks and PLLs in 
Cyclone IV Devices chapter.

Document Revision History
Table 7–3 lists the revision history for this chapter.

Table 7–3. Document Revision History

Date Version Changes

March 2016 2.6

■ Updated Table 7–1 to remove support for the N148 package.

■ Updated note (1) in Figure 7–2 to remove support for the N148 package.

■ Updated Figure 7–4 to remove support for the N148 package.

May 2013 2.5 Updated Table 7–2 to add new device options and packages.

February 2013 2.4 Updated Table 7–2 to add new device options and packages.

October 2012 2.3 Updated Table 7–1 and Table 7–2.

December 2010 2.2

■ Updated for the Quartus II software version 10.1 release.

■ Added Cyclone IV E new device package information.

■ Updated Table 7–2.

■ Minor text edits.

November 2010 2.1 Updated “Data and Data Clock/Strobe Pins” section.

February 2010 2.0

■ Added Cyclone IV E devices information for the Quartus II software version 9.1 SP1 
release.

■ Updated Table 7–1.

■ Added Table 7–2.

■ Added Figure 7–5 and Figure 7–6.

November 2009 1.0 Initial release.
Cyclone IV Device Handbook, March 2016 Altera Corporation
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



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–41
Configuration
the device, must be stored in the external host device. Figure 8–19 shows the 
configuration interface connections between the Cyclone IV devices and an external 
device for single-device configuration.

After nSTATUS is released, the device is ready to receive configuration data and the 
configuration stage begins. When nSTATUS is pulled high, the external host device 
places the configuration data one byte at a time on the DATA[7..0]pins.

Cyclone IV devices receive configuration data on the DATA[7..0] pins and the clock is 
received on the DCLK pin. Data is latched into the device on the rising edge of DCLK. 
Data is continuously clocked into the target device until CONF_DONE goes high. The 
CONF_DONE pin goes high one byte early in FPP configuration mode. The last byte is 
required for serial configuration (AS and PS) modes. 

1 Two DCLK falling edges are required after CONF_DONE goes high to begin initialization 
of the device.

Supplying a clock on CLKUSR does not affect the configuration process. After the 
CONF_DONE pin goes high, CLKUSR is enabled after the time specified as tCD2CU. After 
this time period elapses, Cyclone IV devices require 3,192 clock cycles to initialize 
properly and enter user mode. For more information about the supported CLKUSR fMAX 
value for Cyclone IV devices, refer to Table 8–13 on page 8–44. 

The INIT_DONE pin is released and pulled high when initialization is complete. The 
external host device must be able to detect this low-to-high transition, which signals 
the device has entered user mode. When initialization is complete, the device enters 
user mode. In user mode, the user I/O pins no longer have weak pull-up resistors and 
function as assigned in your design.

Figure 8–19. Single-Device FPP Configuration Using an External Host

Notes to Figure 8–19:
(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the device. VCC must be high 

enough to meet the VIH specification of the I/O on the device and the external host.
(2) The nCEO pin is left unconnected or used as a user I/O pin when it does not feed the nCE pin of another device.
(3) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins, 

refer to Table 8–4 on page 8–8 and Table 8–5 on page 8–9. Connect the MSEL pins directly to VCCA or GND.
(4) All I/O inputs must maintain a maximum AC voltage of 4.1 V. DATA[7..0] and DCLK must fit the maximum overshoot 

outlined in Equation 8–1 on page 8–5.
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May 2013 Altera Corporation Cyclone IV Device Handbook,
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–63
Configuration
1 DATA[0] (1), (2)
Input

—
VCCIO PS, FPP, AS

Bidirectional VCCIO AP

1 DATA[1] (2) /ASDO (1)

Input

—

VCCIO FPP

Output VCCIO AS

Bidirectional VCCIO AP

8 DATA[7..2] (2)
Input

—
VCCIO FPP

Bidirectional VCCIO AP

8 DATA[15..8] (2) Bidirectional — VCCIO AP

6 INIT_DONE Output — Pull-up Optional, all modes

1 nSTATUS Bidirectional Yes Pull-up All modes

1 nCE Input Yes VCCIO All modes

1 DCLK (1), (2)
Input Yes VCCIO PS, FPP

Output — VCCIO AS, AP

6 CONF_DONE Bidirectional Yes Pull-up All modes

1 TDI Input Yes VCCIO JTAG

1 TMS Input Yes VCCIO JTAG

1 TCK Input Yes VCCIO JTAG

1 nCONFIG Input Yes VCCIO All modes

6 CLKUSR Input — VCCIO Optional

6 nCEO Output — VCCIO Optional, all modes

6 MSEL[] Input Yes VCCINT All modes

1 TDO Output Yes VCCIO JTAG

7 PADD[14..0] Output — VCCIO AP

8 PADD[19..15] Output — VCCIO AP

6 PADD[23..20] Output — VCCIO AP

1 nRESET Output — VCCIO AP

6 nAVD Output — VCCIO AP

6 nOE Output — VCCIO AP

6 nWE Output — VCCIO AP

5 DEV_OE Input — VCCIO Optional, AP

Table 8–19. Configuration Pin Summary for Cyclone IV E Devices (Part 2 of 3)

Bank Description Input/Output Dedicated Powered By Configuration Mode
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



8–64 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
Table 8–20 describes the dedicated configuration pins. You must properly connect 
these pins on your board for successful configuration. You may not need some of 
these pins for your configuration schemes.

5 DEV_CLRn Input — VCCIO Optional, AP

Notes to Table 8–19:

(1) To tri-state AS configuration pins in the AS configuration scheme, turn-on the Enable input tri-state on active configuration pins in user mode 
option from the Device and Pin Options dialog box. This tri-states DCLK, nCSO, Data[0], and Data[1]/ASDO pins. Dual-purpose pins settings 
for these pins are ignored. To set these pins to different settings, turn off the Enable input tri-state on active configuration pins in user mode 
option and set the desired setting from the Dual-purpose Pins Setting menu. 

(2) To tri-state AP configuration pins in the AP configuration scheme, turn-on the Enable input tri-state on active configuration pins in user mode 
option from the Device and Pin Options dialog box. This tri-states DCLK, Data[0..15], FLASH_nCE, and other AP pins. Dual-purpose pins 
settings for these pins are ignored. To set these pins to different settings, turn off the Enable input tri-state on active configuration pins in 
user mode option and set the desired setting from the Dual-purpose Pins Setting menu. 

(3) The CRC_ERROR pin is not available in Cyclone IV E devices with 1.0-V core voltage.
(4) The CRC_ERROR pin is a dedicated open-drain output or an optional user I/O pin. Active high signal indicates that the error detection circuit has 

detected errors in the configuration SRAM bits. This pin is optional and is used when the CRC error detection circuit is enabled in the Quartus II 
software from the Error Detection CRC tab of the Device and Pin Options dialog box. When using this pin, connect it to an external 10-k 
pull-up resistor to an acceptable voltage that satisfies the input voltage of the receiving device.

Table 8–19. Configuration Pin Summary for Cyclone IV E Devices (Part 3 of 3)

Bank Description Input/Output Dedicated Powered By Configuration Mode

Table 8–20. Dedicated Configuration Pins on the Cyclone IV Device (Part 1 of 4)

Pin Name User Mode Configuration 
Scheme Pin Type Description

MSEL N/A All Input

Configuration input that sets the Cyclone IV device 
configuration scheme. You must hardwire these pins to 
VCCA or GND. The MSEL pins have internal 9-k pull-down 
resistors that are always active.

nCONFIG N/A All Input

Configuration control input. Pulling this pin low with 
external circuitry during user mode causes the Cyclone IV 
device to lose its configuration data, enter a reset state, and 
tri-state all I/O pins. Returning this pin to a logic-high level 
starts a reconfiguration.

nSTATUS N/A All Bidirectional 
open-drain

The Cyclone IV device drives nSTATUS low immediately 
after power-up and releases it after the POR time.

■ Status output—if an error occurs during configuration, 
nSTATUS is pulled low by the target device.

■ Status input—if an external source (for example, 
another Cyclone IV device) drives the nSTATUS pin low 
during configuration or initialization, the target device 
enters an error state.

Driving nSTATUS low after configuration and initialization 
does not affect the configured device. If you use a 
configuration device, driving nSTATUS low causes the 
configuration device to attempt to configure the device, but 
because the device ignores transitions on nSTATUS in user 
mode, the device does not reconfigure. To start a 
reconfiguration, you must pull nCONFIG low.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



8–72 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Remote System Upgrade
Figure 8–32 shows the transitions between the factory configuration and application 
configuration in remote update mode.

After power up or a configuration error, the factory configuration logic writes the 
remote system upgrade control register to specify the address of the application 
configuration to be loaded. The factory configuration also specifies whether or not to 
enable the user watchdog timer for the application configuration and, if enabled, 
specifies the timer setting.

1 Only valid application configurations designed for remote update mode include the 
logic to reset the timer in user mode. For more information about the user watchdog 
timer, refer to the “User Watchdog Timer” on page 8–79.

If there is an error while loading the application configuration, the remote system 
upgrade status register is written by the dedicated remote system upgrade circuitry of 
the Cyclone IV device to specify the cause of the reconfiguration.

The following actions cause the remote system upgrade status register to be written:

■ nSTATUS driven low externally

■ Internal cyclical redundancy check (CRC) error

■ User watchdog timer time-out

■ A configuration reset (logic array nCONFIG signal or external nCONFIG pin assertion)

The Cyclone IV device automatically loads the factory configuration when an error 
occurs. This user-designed factory configuration reads the remote system upgrade 
status register to determine the reason for reconfiguration. Then the factory 
configuration takes the appropriate error recovery steps and writes to the remote 
system upgrade control register to determine the next application configuration to be 
loaded.

Figure 8–32. Transitions Between Configurations in Remote Update Mode
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Remote System Upgrade
The remote system upgrade status register is updated by the dedicated error 
monitoring circuitry after an error condition, but before the factory configuration is 
loaded.

User Watchdog Timer
The user watchdog timer prevents a faulty application configuration from indefinitely 
stalling the device. The system uses the timer to detect functional errors after an 
application configuration is successfully loaded into the Cyclone IV device.

The user watchdog timer is a counter that counts down from the initial value loaded 
into the remote system upgrade control register by the factory configuration. The 
counter is 29 bits wide and has a maximum count value of 229. When specifying the 
user watchdog timer value, specify only the most significant 12 bits. The remote 
system upgrade circuitry appends 17'b1000 to form the 29-bits value for the watchdog 
timer. The granularity of the timer setting is 217 cycles. The cycle time is based on the 
frequency of the 10-MHz internal oscillator or CLKUSR (maximum frequency of 
40 MHz). 

Table 8–27 lists the operating range of the 10-MHz internal oscillator.

The user watchdog timer begins counting after the application configuration enters 
device user mode. This timer must be periodically reloaded or reset by the application 
configuration before the timer expires by asserting RU_nRSTIMER. If the application 
configuration does not reload the user watchdog timer before the count expires, a 
time-out signal is generated by the remote system upgrade dedicated circuitry. The 
time-out signal tells the remote system upgrade circuitry to set the user watchdog 
timer status bit (Wd) in the remote system upgrade status register and reconfigures the 
device by loading the factory configuration.

1 To allow the remote system upgrade dedicated circuitry to reset the watchdog timer, 
you must assert the RU_nRSTIMER signal active for a minimum of 250 ns. This is 
equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE 
megafunction high for a minimum of 250 ns.

Errors during configuration are detected by the CRC engine. Functional errors must 
not exist in the factory configuration because it is stored and validated during 
production and is never updated remotely.

Table 8–26. Control Register Contents After an Error or Reconfiguration Trigger Condition 

Reconfiguration Error/Trigger Control Register Setting In Remote Update

nCONFIG reset All bits are 0

nSTATUS error All bits are 0

CORE triggered reconfiguration Update register

CRC error All bits are 0

Wd time out All bits are 0

Table 8–27. 10-MHz Internal Oscillator Specifications  

Minimum Typical Maximum Unit

5 6.5 10 MHz
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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IEEE Std. 1149.6 Boundary-Scan Register
IEEE Std. 1149.6 Boundary-Scan Register
The boundary-scan cell (BSC) for HSSI transmitters (GXB_TX[p,n]) and receivers 
(GXB_RX[p,n]) in Cyclone IV GX devices are different from the BSCs for I/O pins.

Figure 10–1 shows the Cyclone IV GX HSSI transmitter boundary-scan cell.

Figure 10–1. HSSI Transmitter BSC with IEEE Std. 1149.6 BST Circuitry for Cyclone IV GX Devices
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Transceiver Functional Modes

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

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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Dynamic Reconfiguration Modes
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There are three methods that you can use to dynamically reconfigure the PMA 
controls of a transceiver channel:

■ “Method 1: Using logical_channel_address to Reconfigure Specific Transceiver 
Channels” on page 3–14

■ “Method 2: Writing the Same Control Signals to Control All the Transceiver 
Channels” on page 3–16

■ “Method 3: Writing Different Control Signals for all the Transceiver Channels at 
the Same Time” on page 3–19

Method 1: Using logical_channel_address to Reconfigure Specific 
Transceiver Channels
Enable the logical_channel_address port by selecting the Use 
‘logical_channel_address’ port option on the Analog controls tab. This method is 
applicable only for a design where the dynamic reconfiguration controller controls 
more than one channel.

You can additionally reconfigure either the receiver portion, transmitter portion, or 
both the receiver and transmitter portions of the transceiver channel by setting the 
corresponding value on the rx_tx_duplex_sel input port. For more information, refer 
to Table 3–2 on page 3–4.

Connecting the PMA Control Ports 

The selected PMA control ports remain fixed in width, regardless of the number of 
channels controlled by the ALTGX_RECONFIG instance:

■ tx_vodctrl and tx_vodctrl_out are fixed to 3 bits

■ tx_preemp and tx_preemp_out are fixed to 5 bits

■ rx_eqdcgain and rx_eqdcgain_out are fixed to 2 bits

■ rx_eqctrl and rx_eqctrl_out are fixed to 4 bits

Write Transaction

To complete a write transaction, perform the following steps:

1. Set the selected PMA control ports to the desired settings (for example, 
tx_vodctrl = 3'b001). 

2. Set the logical_channel_address input port to the logical channel address of the 
transceiver channel whose PMA controls you want to reconfigure. 

3. Set the rx_tx_duplex_sel port to 2'b10 so that only the transmit PMA controls are 
written to the transceiver channel. 

4. Ensure that the busy signal is low before you start a write transaction. 

5. Assert the write_all signal for one reconfig_clk clock cycle. 

The busy output status signal is asserted high to indicate that the dynamic 
reconfiguration controller is busy writing the PMA control values. When the write 
transaction has completed, the busy signal goes low.
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Switching Characteristics

Hz

Hz

d XAUI 

 frequency 

l mode.
 high in 

Unit
x

PLD-Transceiver Interface

Interface speed 
(F324 and smaller 
package)

� 25 � 125 25 � 125 25 � 125 M

Interface speed 
(F484 and larger 
package)

� 25 � 156.25 25 � 156.25 25 � 156.25 M

Digital reset pulse 
width � Minimum is 2 parallel clock cycles

Notes to Table 1�21:
(1) This specification is valid for transmitter output jitter specification with a maximum total jitter value of 112 ps, typically for 3.125 Gbps SRIO an

protocols.
(2) The minimum reconfig_clk  frequency is 2.5 MHz if the transceiver channel is configured in Transmitter Only mode. The minimum reconfig_clk

is 37.5 MHz if the transceiver channel is configured in Receiver Only or Receiver and Transmitter mode.
(3) The device cannot tolerate prolonged operation at this absolute maximum.
(4) The rate matcher supports only up to –300 parts per million (ppm).
(5) Supported for the F169 and F324 device packages only.
(6) Supported for the F484, F672, and F896 device packages only. Pending device characterization.
(7) To support CDR ppm tolerance greater than –300 ppm, implement ppm detector in user logic and configure CDR to Manual Lock Mode.
(8) Asynchronous spread-spectrum clocking is not supported.
(9) For the EP4CGX30 (F484 package only), EP4CGX50, and EP4CGX75 devices, the CDR ppl tolerance is –200 ppm.
(10) Time taken until pll_locked  goes high after pll_powerdown  deasserts.
(11) Time that the CDR must be kept in lock-to-reference mode after rx_analogreset  deasserts and before rx_locktodata  is asserted in manua
(12) Time taken to recover valid data after the rx_locktodata  signal is asserted in manual mode (Figure 1�2), or after rx_freqlocked  signal goes

automatic mode (Figure 1�3).
(13) Time taken to recover valid data after the rx_locktodata  signal is asserted in manual mode.
(14) Time taken to recover valid data after the rx_freqlocked  signal goes high in automatic mode.
(15) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.

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

Symbol/
Description Conditions

C6 C7, I7 C8

Min Typ Max Min Typ Max Min Typ Ma
Cyclone IV Device Handbook, December 2016 Altera Corporation
Volume 3
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Signal detect/loss 
threshold PIPE mode 65 � 175 65 � 175 65 � 175 mV

tLTR (10) � � � 75 � � 75 � � 75 µs

tLTR-LTD_Manual (11) � 15 � � 15 � � 15 � � µs

tLTD (12) � 0 100 4000 0 100 4000 0 100 4000 ns

tLTD_Manual 
(13) � � � 4000 � � 4000 � � 4000 ns

tLTD_Auto 
(14) � � � 4000 � � 4000 � � 4000 ns

Receiver buffer and 
CDR offset 
cancellation time 
(per channel)

� � � 17000 � � 17000 � � 17000

recon
fig_c

lk  
cycles

Programmable DC 
gain

DC Gain Setting = 
0 � 0 � � 0 � � 0 � dB

DC Gain Setting = 
1 � 3 � � 3 � � 3 � dB

DC Gain Setting = 
2 � 6 � � 6 � � 6 � dB

Transmitter

Supported I/O 
Standards 1.5 V PCML

Data rate (F324 and 
smaller package) � 600 � 2500 600 � 2500 600 � 2500 Mbps

Data rate (F484 and 
larger package) � 600 � 3125 600 � 3125 600 � 2500 Mbps

VOCM 0.65 V setting � 650 � � 650 � � 650 � mV

Differential on-chip 
termination resistors

100���:  setting � 100 � � 100 � � 100 � �:

150���:  setting � 150 � � 150 � � 150 � �:

Differential and 
common mode 
return loss

PIPE, CPRI LV, 
Serial Rapid I/O 
SR, SDI, XAUI, 
SATA

Compliant �

Rise time � 50 � 200 50 � 200 50 � 200 ps

Fall time � 50 � 200 50 � 200 50 � 200 ps

Intra-differential pair 
skew � � � 15 � � 15 � � 15 ps

Intra-transceiver 
block skew � � � 120 � � 120 � � 120 ps

Table 1�21. Transceiver Specification for Cyclone IV GX Devices (Part 3 of 4)

Symbol/
Description Conditions

C6 C7, I7 C8
Unit

Min Typ Max Min Typ Max Min Typ Max


