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3–6 Chapter 3: Memory Blocks in Cyclone IV Devices
Overview
Figure 3–3 and Figure 3–4 show the address clock enable waveform during read and 
write cycles, respectively.

Mixed-Width Support
M9K memory blocks support mixed data widths. When using simple dual-port, true 
dual-port, or FIFO modes, mixed width support allows you to read and write 
different data widths to an M9K memory block. For more information about the 
different widths supported per memory mode, refer to “Memory Modes” on 
page 3–7.

Figure 3–3. Cyclone IV Devices Address Clock Enable During Read Cycle Waveform

Figure 3–4. Cyclone IV Devices Address Clock Enable During Write Cycle Waveform
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–33
PLL Cascading
Figure 5–21 shows an example of phase shift insertion using fine resolution through 
VCO phase taps method. The eight phases from the VCO are shown and labeled for 
reference. In this example, CLK0 is based on 0° phase from the VCO and has the C 
value for the counter set to one. The CLK1 signal is divided by four, two VCO clocks 
for high time and two VCO clocks for low time. CLK1 is based on the 135° phase tap 
from the VCO and has the C value for the counter set to one. The CLK1 signal is also 
divided by four. In this case, the two clocks are offset by 3 fine. CLK2 is based on the 
0° phase from the VCO but has the C value for the counter set to three. This creates a 
delay of two coarse (two complete VCO periods).

You can use the coarse and fine phase shifts to implement clock delays in 
Cyclone IV devices.

Cyclone IV devices support dynamic phase shifting of VCO phase taps only. The 
phase shift is configurable for any number of times. Each phase shift takes about one 
scanclk cycle, allowing you to implement large phase shifts quickly.

PLL Cascading
Cyclone IV devices allow cascading between general purpose PLLs and multipurpose 
PLLs in normal or direct mode through the GCLK network. If your design cascades 
PLLs, the source (upstream) PLL must have a low-bandwidth setting, while the 
destination (downstream) PLL must have a high-bandwidth setting.

1 PLL_6 and PLL7 have upstream cascading capability only.

1 PLL cascading is not supported when used in transceiver applications.

Figure 5–21. Delay Insertion Using VCO Phase Output and Counter Delay Time
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Chapter 6: I/O Features in Cyclone IV Devices 6–13
Termination Scheme for I/O Standards
Cyclone IV devices support PCI and PCI-X I/O standards at 3.0-V VCCIO. The 3.0-V 
PCI and PCI-X I/O are fully compatible for direct interfacing with 3.3-V PCI systems 
without requiring any additional components. The 3.0-V PCI and PCI-X outputs meet 
the VIH and VIL requirements of 3.3-V PCI and PCI-X inputs with sufficient noise 
margin.

f For more information about the 3.3/3.0/2.5-V LVTTL & LVCMOS multivolt I/O 
support, refer to AN 447: Interfacing Cyclone III and Cyclone IV Devices with 3.3/3.0/2.5-V 
LVTTL/LVCMOS I/O Systems.

Termination Scheme for I/O Standards
This section describes recommended termination schemes for voltage-referenced and 
differential I/O standards.

The 3.3-V LVTTL, 3.0-V LVTTL and LVCMOS, 2.5-V LVTTL and LVCMOS, 1.8-V 
LVTTL and LVCMOS, 1.5-V LVCMOS, 1.2-V LVCMOS, 3.0-V PCI, and PCI-X 
I/O standards do not specify a recommended termination scheme per the JEDEC 
standard

LVPECL (7) Differential — 2.5 — v — — v —

Notes to Table 6–3:

(1) Cyclone IV GX devices only support right I/O pins.
(2) The PCI-clamp diode must be enabled for 3.3-V/3.0-V LVTTL/LVCMOS. 
(3) The Cyclone IV architecture supports the MultiVolt I/O interface feature that allows Cyclone IV devices in all packages to interface with I/O 

systems that have different supply voltages.
(4) Cyclone IV GX devices do not support 1.2-V VCCIO in banks 3 and 9. I/O pins in bank 9 are dual-purpose I/O pins that are used as configuration 

or GPIO pins. Configuration scheme is not support at 1.2 V, therefore bank 9 can not be powered up at 1.2-V VCCIO. 
(5) Differential HSTL and SSTL outputs use two single-ended outputs with the second output programmed as inverted. Differential HSTL and SSTL 

inputs treat differential inputs as two single-ended HSTL and SSTL inputs and only decode one of them. Differential HSTL and SSTL are only 
supported on CLK pins.

(6) PPDS, mini-LVDS, and RSDS are only supported on output pins. 
(7) LVPECL is only supported on clock inputs.
(8) Bus LVDS (BLVDS) output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses LVDS input 

buffer.
(9) 1.2-V HSTL input is supported at both column and row I/Os regardless of Class I or Class II.
(10) True LVDS, RSDS, and mini-LVDS I/O standards are supported in left and right I/O pins, while emulated LVDS, RSDS, and mini-LVDS I/O 

standards are supported in the top, bottom, and right I/O pins.

Table 6–3. Cyclone IV Devices Supported I/O Standards and Constraints (Part 3 of 3)

I/O Standard Type Standard 
Support

VCCIO Level (in V) Column I/O Pins Row I/O Pins (1)

Input Output CLK, 
DQS PLL_OUT

User 
I/O 

Pins

CLK, 
DQS

User I/O 
Pins
March 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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7–2 Chapter 7: External Memory Interfaces in Cyclone IV Devices
Cyclone IV Devices Memory Interfaces Pin Support
Figure 7–1 shows the block diagram of a typical external memory interface data path 
in Cyclone IV devices.

f For more information about implementing complete external memory interfaces, refer 
to the External Memory Interface Handbook.

Cyclone IV Devices Memory Interfaces Pin Support
Cyclone IV devices use data (DQ), data strobe (DQS), clock, command, and address 
pins to interface with external memory. Some memory interfaces use the data mask 
(DM) or byte write select (BWS#) pins to enable data masking. This section describes 
how Cyclone IV devices support all these different pins. 

f For more information about pin utilization, refer to Volume 2: Device, Pin, and Board 
Layout Guidelines of the External Memory Interface Handbook.

Data and Data Clock/Strobe Pins
Cyclone IV data pins for external memory interfaces are called D for write data, Q for 
read data, or DQ for shared read and write data pins. The read-data strobes or read 
clocks are called DQS pins. Cyclone IV devices support both bidirectional data strobes 
and unidirectional read clocks. Depending on the external memory standard, the DQ 
and DQS are bidirectional signals (in DDR2 and DDR SDRAM) or unidirectional 
signals (in QDR II SRAM). Connect the bidirectional DQ data signals to the same 
Cyclone IV devices DQ pins. For unidirectional D or Q signals, connect the read-data 
signals to a group of DQ pins and the write-data signals to a different group of DQ pins.

1 In QDR II SRAM, the Q read-data group must be placed at a different VREF bank 
location from the D write-data group, command, or address pins.

Figure 7–1. Cyclone IV Devices External Memory Data Path (1)

Note to Figure 7–1:

(1) All clocks shown here are global clocks.

DQS/CQ/CQn 

OE

VCC

PLL

GND

System Clock

DQ

OE

DataA

DataB

-90° Shifted Clock

IOE
Register

IOE
Register

IOE
Register

IOE
Register

IOE
Register

IOE
Register

IOE
Register

LE
Register

LE
Register

LE
Register

IOE
Register

Capture Clock
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1

http://www.altera.com/literature/hb/external-memory/emi_plan.pdf
http://www.altera.com/literature/hb/external-memory/emi_plan.pdf
http://www.altera.com/literature/lit-external-memory-interface.jsp


8–16 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
Figure 8–4. Multi-Device AS Configuration in Which Devices Receive the Same Data with Multiple .sof

Notes to Figure 8–4: 

(1) Connect the pull-up resistors to the VCCIO supply of the bank in which the pin resides.
(2) Connect the pull-up resistor to the VCCIO supply voltage of the I/O bank in which the nCE pin resides.
(3) 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.
(4) The MSEL pin settings vary for different configuration voltage standards and POR time. You must set the master device in AS mode and the slave 

devices in PS mode. To connect the MSEL pins for the master device in AS mode and the slave devices in PS mode, refer to Table 8–3 on page 8–8, 
Table 8–4 on page 8–8, and Table 8–5 on page 8–9. Connect the MSEL pins directly to VCCA or GND.

(5) Connect the series resistor at the near end of the serial configuration device.
(6) Connect the repeater buffers between the master and slave devices for DATA[0] and DCLK. All I/O inputs must maintain a maximum AC voltage 

of 4.1 V. The output resistance of the repeater buffers must fit the maximum overshoot equation outlined in “Configuration and JTAG Pin I/O 
Requirements” on page 8–5.

(7) The 50- series resistors are optional if the 3.3-V configuration voltage standard is applied. For optimal signal integrity, connect these 50- series 
resistors if the 2.5- or 3.0-V configuration voltage standard is applied.

(8) These pins are dual-purpose I/O pins. The nCSO pin functions as FLASH_nCE pin in AP mode. The ASDO pin functions as DATA[1] pin in AP and 
FPP modes.

(9) Only Cyclone IV GX devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.
(10) For multi-devices AS configuration using Cyclone IV E with 1,0 V core voltage, the maximum board trace-length from the serial configuration 

device to the junction-split on both DCLK and Data0 line is 3.5 inches.
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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 8–39
Configuration
You can use a download cable to configure multiple Cyclone IV device configuration 
pins. nCONFIG, nSTATUS, DCLK, DATA[0], and CONF_DONE are connected to every device in 
the chain. All devices in the chain utilize and enter user mode at the same time 
because all CONF_DONE pins are tied together.

In addition, the entire chain halts configuration if any device detects an error because 
the nSTATUS pins are tied together. Figure 8–18 shows the PS configuration for 
multiple Cyclone IV devices using a MasterBlaster, USB-Blaster, ByteBlaster II, or 
ByteBlasterMV cable.

Figure 8–18. Multi-Device PS Configuration Using a Download Cable

Notes to Figure 8–18:

(1) You must connect the pull-up resistor to the same supply voltage as the VCCA supply.
(2) The pull-up resistors on DATA[0] and DCLK are only required if the download cable is the only configuration scheme 

used on your board. This ensures that DATA[0] and DCLK are not left floating after configuration. For example, if you 
also use a configuration device, the pull-up resistors on DATA[0] and DCLK are not required.

(3) Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO must match the VCCA of the 
device. For this value, refer to the MasterBlaster Serial/USB Communications Cable User Guide. When using the 
ByteBlasterMV download cable, this pin is a no connect. When using USB-Blaster, ByteBlaster II, and EthernetBlaster 
cables, this pin is connected to nCE when it is used for AS programming. Otherwise, it is a no connect.

(4) Connect the pull-up resistor to the VCCIO supply voltage of the I/O bank in which the nCE pin resides.
(5) The nCEO pin of the last device in the chain is left unconnected or used as a user I/O pin.
(6) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect MSEL for PS 

configuration schemes, refer to Table 8–3 on page 8–8, Table 8–4 on page 8–8, and Table 8–5 on page 8–9. Connect 
the MSEL pins directly to VCCA or GND.

(7) Power up the VCC of the ByteBlaster II, USB-Blaster, or ByteBlasterMV cable with a 2.5 V supply from VCCA. Third-party 
programmers must switch to 2.5 V. Pin 4 of the header is a VCC power supply for the MasterBlaster cable. The 
MasterBlaster cable can receive power from either 5.0- or 3.3-V circuit boards, DC power supply, or 5.0 V from the 
USB cable. For this value, refer to the MasterBlaster Serial/USB Communications Cable User Guide.
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8–66 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
DCLK (1)

N/A

PS, FPP, AS, 
AP (2)

Input (PS, 
FPP) (2)

In PS and FPP configuration, DCLK is the clock input used 
to clock data from an external source into the target 
Cyclone IV device. Data is latched into the device on the 
rising edge of DCLK.

In AS mode, DCLK is an output from the Cyclone IV device 
that provides timing for the configuration interface. It has 
an internal pull-up resistor (typically 25 k) that is always 
active.

In AP mode, DCLK is an output from the Cyclone IV E device 
that provides timing for the configuration interface. (2)

In AS or AP configuration schemes, this pin is driven into 
an inactive state after configuration completes. 
Alternatively, in active schemes, you can use this pin as a 
user I/O during user mode. In PS or FPP schemes that use 
a control host, you must drive DCLK either high or low, 
whichever is more convenient. In passive schemes, you 
cannot use DCLK as a user I/O in user mode. Toggling this 
pin after configuration does not affect the configured 
device.

I/O Output (AS, 
AP) 

DATA[0] (1) I/O PS, FPP, AS, 
AP (2)

Input (PS, 
FPP, AS). 

Bidirectional 
(AP) (2)

Data input. In serial configuration modes, bit-wide 
configuration data is presented to the target Cyclone IV 
device on the DATA[0] pin.

In AS mode, DATA[0] has an internal pull-up resistor that 
is always active. After AS configuration, DATA[0] is a 
dedicated input pin with optional user control.

After PS or FPP configuration, DATA[0] is available as a 
user I/O pin. The state of this pin depends on the 
Dual-Purpose Pin settings. 

After AP configuration, DATA[0]is a dedicated bidirectional 
pin with optional user control. (2)

DATA[1]/ 
ASDO (1) I/O FPP, AS, AP 

(2)

Input (FPP). 
Output (AS). 
Bidirectional 

(AP) (2)

The DATA[1] pin functions as the ASDO pin in AS mode. 
Data input in non-AS mode. Control signal from the 
Cyclone IV device to the serial configuration device in AS 
mode used to read out configuration data. 

In AS mode, DATA[1] has an internal pull-up resistor that 
is always active. After AS configuration, DATA[1] is a 
dedicated output pin with optional user control.

In a PS configuration scheme, DATA[1] functions as a user 
I/O pin during configuration, which means it is tri-stated.

After FPP configuration, DATA[1] is available as a user I/O 
pin and the state of this pin depends on the Dual-Purpose 
Pin settings.

In an AP configuration scheme, for Cyclone IV E devices 
only, the byte-wide or word-wide configuration data is 
presented to the target Cyclone IV E device on DATA[7..0] 
or DATA[15..0], respectively. After AP configuration, 
DATA[1]is a dedicated bidirectional pin with optional user 
control. (2)

Table 8–20. Dedicated Configuration Pins on the Cyclone IV Device (Part 3 of 4)

Pin Name User Mode Configuration 
Scheme Pin Type Description
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–79
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



Chapter 1: Cyclone IV Transceivers Architecture 1–3
Transceiver Architecture

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2

For more information about the transceiver architecture, refer to the following 
sections:

■ “Architectural Overview” on page 1–4 

■ “Transmitter Channel Datapath” on page 1–5

■ “Receiver Channel Datapath” on page 1–11

■ “Transceiver Clocking Architecture” on page 1–26

■ “Transceiver Channel Datapath Clocking” on page 1–29

■ “FPGA Fabric-Transceiver Interface Clocking” on page 1–43

■ “Calibration Block” on page 1–45

■ “PCI-Express Hard IP Block” on page 1–46

Figure 1–2. F484 and Larger Packages with Transceiver Channels for Cyclone IV GX Devices 
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1–24 Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

Byte Deserializer
The byte deserializer halves the FPGA fabric-transceiver interface frequency while 
doubles the parallel data width to the FPGA fabric. 

For example, when operating an EP4CGX150 receiver channel at 3.125 Gbps with 
deserialization factor of 10, the receiver PCS datapath runs at 312.5 MHz. The byte 
deserializer converts the 10-bit data at 312.5 MHz into 20-bit data at 156.25 MHz 
before forwarding the data to the FPGA fabric.

Byte Ordering
In the 16- or 20-bit FPGA fabric-transceiver interface, the byte deserializer receives 
one data byte (8 or 10 bits) and deserializes it into two data bytes (16 or 20 bits). 
Depending on when the receiver PCS logic comes out of reset, the byte ordering at the 
output of the byte deserializer may not match the original byte ordering of the 
transmitted data. The byte misalignment resulting from byte deserialization is 
unpredictable because it depends on which byte is being received by the byte 
deserializer when it comes out of reset.

Figure 1–23 shows a scenario where the most significant byte and the least significant 
byte of the two-byte transmitter data appears straddled across two word boundaries 
after the data is deserialized at the receiver.

The byte ordering block restores the proper byte ordering by performing the 
following actions:

■ Look for the user-programmed byte ordering pattern in the byte-deserialized data

■ Inserts a user-programmed pad byte if the user-programmed byte ordering 
pattern is found in the most significant byte position

You must select a byte ordering pattern that you know appears at the least significant 
byte position of the parallel transmitter data.

The byte ordering block is supported in the following receiver configurations:

■ 16-bit FPGA fabric-transceiver interface, 8B/10B disabled, and the word aligner in 
manual alignment mode. Program a custom 8-bit byte ordering pattern and 8-bit 
pad byte.

■ 16-bit FPGA fabric-transceiver interface, 8B/10B enabled, and the word aligner in 
automatic synchronization state machine mode. Program a custom 9-bit byte 
ordering pattern and 9-bit pad byte. The MSB of the 9-bit byte ordering pattern 
and pad byte represents the control identifier of the 8B/10B decoded data.

Figure 1–23. Example of Byte Deserializer at the Receiver
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Basic Mode
The Cyclone IV GX transceiver channel datapath is highly flexible in Basic mode to 
implement proprietary protocols. SATA, V-by-One, and Display Port protocol 
implementations in Cyclone IV GX transceiver are supported with Basic mode. 
Figure 1–44 shows the transceiver channel datapath supported in Basic mode.

Deterministic 
Latency

Proprietary, CPRI, 
OBSAI

TX PLL phase frequency detector (PFD) feedback, 
registered mode FIFO, TX bit-slip control

“Deterministic Latency 
Mode” on page 1–73

SDI SDI High-speed SERDES, CDR “SDI Mode” on 
page 1–76

Table 1–14. Transceiver Functional Modes for Protocol Implementation (Part 2 of 2)

Functional Mode Protocol Key Feature Reference

Figure 1–44. Transceiver Channel Datapath in Basic Mode
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Figure 1–45 and Figure 1–46 show the supported transceiver configurations in Basic 
mode with the 8-bit and 10-bit PMA-PCS interface width respectively.

Figure 1–45. Supported Transceiver Configurations in Basic Mode with the 8-bit PMA-PCS 
Interface Width
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Figure 1–60 shows the transceiver channel datapath and clocking when configured in 
Serial RapidIO mode.

Figure 1–60. Transceiver Channel Datapath and Clocking when Configured in Serial RapidIO Mode 

Notes to Figure 1–60:

(1) Optional rate match FIFO.
(2) High-speed recovered clock.
(3) Low-speed recovered clock.
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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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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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This solution may violate some of the protocol specific requirements. In such case, 
you can use Manual CDR lock option. 

■ For Manual CDR lock mode, rx_freqlocked signal is not available. Upon 
detection of a dead link, take the following steps:

a. Switch to LTR mode.

b. Assert rx_digitalreset.

c. Wait for rx_pll_locked to go high.

d. When you detect incoming data on the receive pins, switch to LTD mode.

e. Wait for a duration of tLTD_Manual, which is the time taken to recover valid data 
after the rx_locktodata signal is asserted in manual mode. 

f. De-assert rx_digitalreset.
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2. After the PLL is reset, wait for the pll_locked signal to go high (marker 4) 
indicating that the PLL is locked to the input reference clock. After the assertion of 
the pll_locked signal, deassert the tx_digitalreset signal (marker 5).

3. Wait at least five parallel clock cycles after the pll_locked signal is asserted to 
deassert the rx_analogreset signal (marker 6).

4. When the rx_freqlocked signal goes high (marker 7), from that point onwards, 
wait for at least tLTD_Auto time, then deassert the rx_digitalreset signal 
(marker 8). At this point, the receiver is ready for data traffic.

Reset Sequence in Channel Reconfiguration Mode
Use the example reset sequence shown in Figure 2–12 when you are using the 
dynamic reconfiguration controller to change the PCS settings of the transceiver 
channel. In this example, the dynamic reconfiguration is used to dynamically 
reconfigure the transceiver channel configured in Basic ×1 mode with receiver CDR in 
automatic lock mode.

Figure 2–12. Reset Sequence When Using the Dynamic Reconfiguration Controller to Change the 
PCS Settings of the Transceiver Channel

Notes to Figure 2–12:

(1) For tLTD_Auto duration, refer to the Cyclone IV Device Datasheet chapter.
(2) The busy signal is asserted and deasserted only during initial power up when offset cancellation occurs. In 

subsequent reset sequences, the busy signal is asserted and deasserted only if there is a read or write operation to 
the ALTGX_RECONFIG megafunction.
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Figure 3–1 shows a conceptual view of the dynamic reconfiguration controller 
architecture. For a detailed description of the inputs and outputs of the 
ALTGX_RECONFIG instance, refer to “Error Indication During Dynamic 
Reconfiguration” on page 3–36.

1 Only PMA reconfiguration mode supports manual equalization controls.

1 You can use one ALTGX_RECONFIG instance to control multiple transceiver blocks. 
However, you cannot use multiple ALTGX_RECONFIG instances to control one 
transceiver block.

Figure 3–1. Dynamic Reconfiguration Controller 

Note to Figure 3–1:

(1) The PMA control ports consist of the VOD, pre-emphasis, DC gain, and manual equalization controls.
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I/O Timing
Use the following methods to determine I/O timing: 

■ the Excel-based I/O Timing

■ the Quartus II timing analyzer

The Excel-based I/O timing provides pin timing performance for each device density 
and speed grade. The data is typically used prior to designing the FPGA to get a 
timing budget estimation as part of the link timing analysis. The Quartus II timing 
analyzer provides a more accurate and precise I/O timing data based on the specifics 
of the design after place-and-route is complete.

f The Excel-based I/O Timing spreadsheet is downloadable from Cyclone IV Devices 
Literature website.

Glossary
Table 1–46 lists the glossary for this chapter.

Table 1–46. Glossary (Part 1 of 5)

Letter Term Definitions

A — —

B — —

C — —

D — —

E — —

F fHSCLK High-speed I/O block: High-speed receiver/transmitter input and output clock frequency.

G
GCLK Input pin directly to Global Clock network.

GCLK PLL Input pin to Global Clock network through the PLL.

H HSIODR High-speed I/O block: Maximum/minimum LVDS data transfer rate (HSIODR = 1/TUI).

I

Input Waveforms 
for the SSTL 
Differential I/O 
Standard

VIL

VREF

VIH

VSWING
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