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3. Cyclone IV Dynamic Reconfiguration

Cyclone® IV GX transceivers allow you to dynamically reconfigure different portions 
of the transceivers without powering down any part of the device. This chapter 
describes and provides examples about the different modes available for dynamic 
reconfiguration.

You can use the ALTGX_RECONFIG and ALTPLL_RECONFIG controller instance to 
reconfigure the physical medium attachment (PMA) controls, physical coding 
sublayer (PCS), multipurpose phase locked loops (PLLs), and general purpose PLLs.

This chapter contains the following sections:

■ “Glossary of Terms” on page 3–1

■ “Dynamic Reconfiguration Controller Architecture” on page 3–2

■ “Dynamic Reconfiguration Modes” on page 3–12

■ “Error Indication During Dynamic Reconfiguration” on page 3–36

■ “Functional Simulation of the Dynamic Reconfiguration Process” on page 3–37

Glossary of Terms
Table 3–1 lists the terms used in this chapter:

Table 3–1. Glossary of Terms Used in this Chapter (Part 1 of 2)

Term Description

ALTGX_RECONFIG Instance Dynamic reconfiguration controller instance generated by the ALTGX_RECONFIG 
MegaWizard™ Plug-In Manager. 

ALTGX Instance Transceiver instance generated by the ALTGX MegaWizard Plug-In Manager. 

ALTPLL_RECONFIG Instance Dynamic PLL reconfiguration controller instance generated by the ALTPLL_RECONFIG 
Megawizard Plug-In Manager

Logical Channel Addressing
Used whenever the concept of logical channel addressing is explained. This term does not 
refer to the logical_channel_address port available in the ALTGX_RECONFIG 
MegaWizard Plug-In Manager.

November 2011
CYIV-52003-2.1

http://www.altera.com/common/legal.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
http://www.altera.com/support/devices/reliability/certifications/rel-certifications.html
https://www.altera.com/servlets/subscriptions/alert?id=CYIV-52003
mailto:TechDocFeedback@altera.com?subject=Feedback on CYIV52003-2.1 (CIV HB, Vol 2, Ch3: Cyclone IV Dynamic Reconfiguration)


3–2 Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Controller Architecture

Cyclone IV Device Handbook, November 2011 Altera Corporation
Volume 2

Dynamic Reconfiguration Controller Architecture
The dynamic reconfiguration controller is a soft intellectual property (IP) that utilizes 
FPGA-fabric resources. You can use only one controller per transceiver block. You 
cannot use the dynamic reconfiguration controller to control multiple Cyclone IV 
devices or any off-chip interfaces. 

Memory Initialization File, 
also known as .mif

A file with the .mif extension will be generated for .mif-based reconfiguration mode. It can 
be either in Channel Reconfiguration mode or PLL Reconfiguration mode. 

■ Channel Reconfiguration mode—this file contains information about the various ALTGX 
MegaWizard Plug-In Manager options that you set. Each word in the .mif is 16 bits wide. 
The dynamic reconfiguration controller writes information from the .mif into the 
transceiver channel. 

■ PLL Reconfiguration mode—this file contains information about the various PLL 
parameters and settings that you use to configure the transceiver PLL to different output 
frequency. The .mif file is 144  1-bit size. During PLL reconfiguration mode, the PLL 
reconfiguration controller shifts these 144-bit serially into the transceiver PLL. 

PMA controls
Represents analog controls (Voltage Output Differential [VOD], Pre-emphasis, DC Gain, 
and Manual Equalization) as displayed in both the ALTGX and ALTGX_RECONFIG 
MegaWizard Plug-In Managers.

Transceiver channel Refers to a transmitter channel, a receiver channel, or a duplex channel that has both PMA 
and PCS blocks.

Table 3–1. Glossary of Terms Used in this Chapter (Part 2 of 2)

Term Description
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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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Dynamic Reconfiguration Controller Port List
Table 3–2 lists the input control ports and output status ports of the dynamic 
reconfiguration controller.

Table 3–2. Dynamic Reconfiguration Controller Port List (ALTGX_RECONFIG Instance) (Part 1 of 7)

Port Name Input/
Output Description

Clock Inputs to ALTGX_RECONFIG Instance

reconfig_clk Input

The frequency range of this clock depends on the following transceiver channel 
configuration modes:

■ Receiver only (37.5 MHz to 50 MHz)

■ Receiver and Transmitter (37.5 MHz to 50 MHz)

■ Transmitter only (2.5 MHz to 50 MHz)

By default, the Quartus® II software assigns a global clock resource to this port. This clock 
must be a free-running clock sourced from an I/O clock pin. Do not use dedicated 
transceiver REFCLK pins or any clocks generated by transceivers.

ALTGX and ALTGX_RECONFIG Interface Signals

reconfig_fromgxb
[n..0]

Input

An output port in the ALTGX instance and an input port in the ALTGX_RECONFIG instance. 
This signal is transceiver-block based. Therefore, the width of this signal increases in steps 
of 5 bits per transceiver block.

In the ALTGX MegaWizard Plug-In Manager, the width of this signal depends on the 
number of channels you select in the What is the number of channels? option in the 
General screen.

For example, if you select the number of channels in the ALTGX instance as follows:

1  Channels  4, then the output port reconfig_fromgxb[4..0] = 5 bits 

5  Channels  8, then the output port reconfig_fromgxb[9..0] = 10 bits 

9  Channels  12, then the output port reconfig_fromgxb[14..0] = 15 bits 

13  Channels  16, then the output port reconfig_fromgx[19..0] = 20 bits 

To connect the reconfig_fromgxb port between the ALTGX_RECONFIG instance and 
multiple ALTGX instances, follow these rules:

■ Connect the reconfig_fromgxb[4..0] of ALTGX Instance 1 to the 
reconfig_fromgxb[4..0] of the ALTGX_RECONFIG instance. Connect the 
reconfig_fromgxb[] port of the next ALTGX instance to the next available bits of the 
ALTGX_RECONFIG instance, and so on.

■ Connect the reconfig_fromgxb port of the ALTGX instance, which has the highest 
What is the starting channel number? option, to the MSB of the reconfig_fromgxb 
port of the ALTGX_RECONFIG instance.

The Quartus II Fitter produces a warning if the dynamic reconfiguration option is enabled in 
the ALTGX instance but the reconfig_fromgxb and reconfig_togxb ports are not 
connected to the ALTGX_RECONFIG instance. 

reconfig_togxb
[3..0]

Output

An input port of the ALTGX instance and an output port of the ALTGX_RECONFIG instance. 
You must connect the reconfig_togxb[3..0] input port of every ALTGX instance 
controlled by the dynamic reconfiguration controller to the reconfig_togxb[3..0] 
output port of the ALTGX_RECONFIG instance.

The width of this port is always fixed to 4 bits.
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FPGA Fabric and ALTGX_RECONFIG Interface Signals

write_all Input

Assert this signal for one reconfig_clk clock cycle to initiate a write transaction from the 
ALTGX_RECONFIG instance to the ALTGX instance. 

You can use this signal in two ways for .mif-based modes:

■ Continuous write operation—select the Enable continuous write of all the words 
needed for reconfiguration option to pulse the write_all signal only once for writing 
a whole .mif. The What is the read latency of the MIF contents option is available for 
selection in this case only. Enter the desired latency in terms of the reconfig_clk 
cycles.

■ Regular write operation—when the Enable continuous write of all the words needed 
for reconfiguration option is disabled, every word of the .mif requires its own write 
cycle.

busy Output

This signal is used to indicate the busy status of the dynamic reconfiguration controller 
during offset cancellation. After the device powers up, this signal remains low for the first 
reconfig_clk clock cycle. It then is asserted and remains high when the dynamic 
reconfiguration controller performs offset cancellation on all the receiver channels 
connected to the ALTGX_RECONFIG instance.

Deassertion of the busy signal indicates the successful completion of the offset 
cancellation process. 

■ PMA controls reconfiguration mode—this signal is high when the dynamic 
reconfiguration controller performs a read or write transaction. 

■ Channel reconfiguration modes—this signal is high when the dynamic reconfiguration 
controller writes the .mif into the transceiver channel.

read Input

Assert this signal for one reconfig_clk clock cycle to initiate a read transaction. The 
read port is applicable only to the PMA controls reconfiguration mode. The read port is 
available when you select Analog controls in the Reconfiguration settings screen and 
select at least one of the PMA control ports in the Analog controls screen. 

data_valid Output

Applicable only to PMA controls reconfiguration mode. This port indicates the validity of 
the data read from the transceiver by the dynamic reconfiguration controller.

The data on the output read ports is valid only when the data_valid is high.

This signal is enabled when you enable at least one PMA control port used in read 
transactions, for example tx_vodctrl_out. 

error Output

This indicates that an unsupported operation was attempted. You can select this in the 
Error checks screen. The dynamic reconfiguration controller deasserts the busy signal and 
asserts the error signal for two reconfig_clk cycles when you attempt an unsupported 
operation. For more information, refer to “Error Indication During Dynamic 
Reconfiguration” on page 3–36.

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

Port Name Input/
Output Description
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logical_channel_
address[n..0]

Input

Enabled by the ALTGX_RECONFIG MegaWizard Plug-In Manager when you enable the Use 
'logical_channel_address' port for Analog controls reconfiguration option in the Analog 
controls screen. 

The width of the logical_channel_address port depends on the value you set in the 
What is the number of channels controlled by the reconfig controller? option in the 
Reconfiguration settings screen. This port can be enabled only when the number of 
channels controlled by the dynamic reconfiguration controller is more than one. 

Number of channels controlled logical_channel_address
by the reconfiguration controller input port width

2  logical_channel_address[0]
3–4 logical_channel_address[1..0]
5–8 logical_channel_address[2..0]
9–16 logical_channel_address[3..0]

rx_tx_duplex_sel
[1..0]

Input

This is a 2-bit wide signal. You can select this in the Error checks screen.

The advantage of using this optional port is that it allows you to reconfigure only the 
transmitter portion of a channel, even if the channel configuration is duplex. 

For a setting of:

■ rx_tx_duplex_sel[1:0] = 2'b00—the transmitter and receiver portion of the 
channel is reconfigured.

■ rx_tx_duplex_sel[1:0] = 2'b01—the receiver portion of the channel is 
reconfigured.

■ rx_tx_duplex_sel[1:0] = 2'b10—the transmitter portion of the channel is 
reconfigured.

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

Port Name Input/
Output Description
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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


3–8 Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Controller Port List

Cyclone IV Device Handbook, November 2011 Altera Corporation
Volume 2

tx_preemp[4..0] (1) Input

This is an optional pre-emphasis write control for the transmit buffer. Depending on what 
value you set at this input, the controller dynamically writes the value to the pre-emphasis 
control register of the transmit buffer. 

The width of this signal is fixed to 5 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 5 bits per channel.

tx_preemp[4..0] Corresponding ALTGX Corresponding pre-
instance settings emphasis setting (mA)

00000 0 Disabled

00001 1 0.5   

00101 5 1.0   

01001 9 1.5   

01101 13 2.0   

10000 16 2.375 

10001 17 2.5   

10010 18 2.625   

10011 19 2.75   

10100 20 2.875   

10101 21 3.0  

All other values => N/A

rx_eqctrl[3..0] (1) Input

This is an optional write control to write an equalization control value for the receive side of 
the PMA.

The width of this signal is fixed to 4 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 4 bits per channel.

rx_eqctrl[3..0] Corresponding ALTGX instance settings

0001  Low

0101 Medium Low

0100 Medium High

0111 High

All other values => N/A

Table 3–2. Dynamic Reconfiguration Controller Port List (ALTGX_RECONFIG Instance) (Part 5 of 7)

Port Name Input/
Output Description
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rx_eqdcgain
[1..0] (1) Input

This is an optional equalizer DC gain write control.

The width of this signal is fixed to 2 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 2 bits per channel. 

The following values are the legal settings allowed for this signal:

rx_eqdcgain[1..0] Corresponding ALTGX Corresponding 
 settings DC Gain value 

(dB)

2’b00 0 0

2’b01 1 3 (2)

2’b10 2 6 

All other values => N/A

For more information, refer to the “Programmable Equalization and DC Gain” section of the 
Cyclone IV GX Device Datasheet chapter.

tx_vodctrl_out
[2..0]

Output

This is an optional transmit VOD read control signal. This signal reads out the value written 
into the VOD control register. The width of this output signal depends on the number of 
channels controlled by the dynamic reconfiguration controller and also the configuration of 
the Use 'logical_channel_address' port for Analog controls reconfiguration option and 
the Use same control signal for all the channels option.

tx_preemp_out
[4..0]

Output

This is an optional pre-emphasis read control signal. This signal reads out the value written 
by its input control signal. The width of this output signal depends on the number of 
channels controlled by the dynamic reconfiguration controller and also the configuration of 
the Use 'logical_channel_address' port for Analog controls reconfiguration option and 
the Use same control signal for all the channels option.

rx_eqctrl_out
[3..0]

Output

This is an optional read control signal to read the setting of equalization setting of the 
ALTGX instance. The width of this output signal depends on the number of channels 
controlled by the dynamic reconfiguration controller and also the configuration of the Use 
'logical_channel_address' port for Analog controls reconfiguration option and the Use 
same control signal for all the channels option.

rx_eqdcgain_out
[1..0]

Output

This is an optional equalizer DC gain read control signal. This signal reads out the settings 
of the ALTGX instance DC gain. The width of this output signal depends on the number of 
channels controlled by the dynamic reconfiguration controller and also the configuration of 
the Use 'logical_channel_address' port for Analog controls reconfiguration option and 
the Use same control signal for all the channels option.

Transceiver Channel Reconfiguration Control/Status Signals

reconfig_mode_
sel[2..0] (3) Input

Set the following values at this signal to activate the appropriate dynamic reconfiguration 
mode:

3’b000 = PMA controls reconfiguration mode. This is the default value.

3’b001 = Channel reconfiguration mode 

All other values => N/A

reconfig_mode_sel[] is available as an input only when you enable more than one 
dynamic reconfiguration mode.

Table 3–2. Dynamic Reconfiguration Controller Port List (ALTGX_RECONFIG Instance) (Part 6 of 7)

Port Name Input/
Output Description

http://www.altera.com/literature/hb/cyclone-iv/cyiv-53001.pdf
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Offset Cancellation Feature
The Cyclone IV GX devices provide an offset cancellation circuit per receiver channel 
to counter the offset variations due to process, voltage, and temperature (PVT). These 
variations create an offset in the analog circuit voltages, pushing them out of the 
expected range. In addition to reconfiguring the transceiver channel, the dynamic 
reconfiguration controller performs offset cancellation on all receiver channels 
connected to it on power up.

reconfig_address
_out[5..0]

Output

This signal is always available for you to select in the Channel reconfiguration screen. This 
signal is applicable only in the dynamic reconfiguration modes grouped under Channel 
reconfiguration mode including channel interface and Use RX local divider option.

This signal represents the current address used by the ALTGX_RECONFIG instance when 
writing the .mif into the transceiver channel. This signal increments by 1, from 0 to the last 
address, then starts at 0 again. You can use this signal to indicate the end of all the .mif 
write transactions (reconfig_address_out[5..0] changes from the last address to 0 at 
the end of all the .mif write transactions).

reconfig_address
_en

Output

This is an optional signal you can select in the Channel reconfiguration screen. This signal 
is applicable only in dynamic reconfiguration modes grouped under the Channel 
reconfiguration option. 

The dynamic reconfiguration controller asserts reconfig_address_en to indicate that 
reconfig_address_out[5..0] has changed. This signal is asserted only after the 
dynamic reconfiguration controller completes writing one 16-bit word of the .mif. 

reset_reconfig_
address

Input

This is an optional signal you can select in the Channel reconfiguration screen. This signal 
is applicable only in dynamic reconfiguration modes grouped under the Channel 
reconfiguration option. 

Enable this signal and assert it for one reconfig_clk clock cycle if you want to reset the 
reconfiguration address used by the ALTGX_RECONFIG instance during reconfiguration. 

reconfig_data
[15..0]

Input

This signal is applicable only in the dynamic reconfiguration modes grouped under the 
Channel reconfiguration option. This is a 16-bit word carrying the reconfiguration 
information. It is stored in a .mif that you must generate. The ALTGX_RECONFIG instance 
requires that you provide reconfig_data [15..0]on every .mif write transaction using 
the write_all signal.

reconfig_reset (4) Input

You can use this signal to reset all the reconfiguration process in Channel reconfiguration 
mode. Asserting this port will reset all the register in the reconfiguration controller logics. 
This port only shows up in Channel reconfiguration mode.

If you are feeding into this port, synchronize the reset signal to the reconfig_clk 
domain.

channel_reconfig
_done

Output

This signal goes high to indicate that the dynamic reconfiguration controller has finished 
writing all the words of the .mif. The channel_reconfig_done signal is automatically 
deasserted at the start of a new dynamic reconfiguration write sequence. This signal is 
applicable only in channel reconfiguration mode.

Notes to Table 3–2:

(1) Not all combinations of input bits are legal values. 
(2) This setting is required for compliance to PCI Express® (PIPE) functional mode.
(3) PLL reconfiguration is performed using ALTPLL_RECONFIG controller. Hence it is not selected through the reconfig_mode_sel[2..0] port.
(4) reconfig_reset will not restart the offset cancellation operation. Offset cancellation only occurs one time after power up and does not occur 

when subsequent reconfig_reset is asserted.

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

Port Name Input/
Output Description
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The Offset cancellation for Receiver channels option is automatically enabled in 
both the ALTGX and ALTGX_RECONFIG MegaWizard Plug-In Managers for 
Receiver and Transmitter and Receiver only configurations. It is not available for 
Transmitter only configurations. For Receiver and Transmitter and Receiver only 
configurations, you must connect the necessary interface signals between the 
ALTGX_RECONFIG and ALTGX (with receiver channels) instances. 

Offset cancellation is automatically executed once every time the device is powered 
on. The control logic for offset cancellation is integrated into the dynamic 
reconfiguration controller. You must connect the ALTGX_RECONFIG instance to the 
ALTGX instances (with receiver channels) in your design. You must connect the 
reconfig_fromgxb, reconfig_togxb, and necessary clock signals to both the 
ALTGX_RECONFIG and ALTGX (with receiver channels) instances.

When the device powers up, the dynamic reconfiguration controller initiates offset 
cancellation on the receiver channel by disconnecting the receiver input pins from the 
receiver data path. Subsequently, the offset cancellation process goes through 
different states and culminates in the offset cancellation of the receiver buffer.

1 Offset cancellation process only occurs one time after power up and does not occur 
when subsequent reconfig_reset is asserted. If you assert reconfig_reset after the 
offset cancellation process is completed, the offset cancellation process will not run 
again. 
If you assert reconfig_reset upon power up; offset cancellation will not begin until 
reconfig_reset is deasserted. If you assert reconfig_reset after power up but before 
offset cancellation process is completed; offset cancellation will not complete and 
restart only when reconfig_reset is deasserted.

Figure 3–2 shows the connection for offset cancellation mode.

1 The dynamic reconfiguration controller sends and receives data to the transceiver 
channel through the reconfig_togxb and reconfig_fromgxb signals. 

1 The gxb_powerdown signal must not be asserted during the offset cancellation 
sequence.

Figure 3–2. ALTGX and ALTGX_RECONFIG Connection for the Offset Cancellation Process 

Note to Figure 3–2:
(1) This block is active during the offset cancellation process.

ALTGXALTGX_RECONFIG
reconfig_fromgxb[n..0]

reconfig_togxb[3..0]

busy

reconfig_clk

TX PCSoffset cancellation
circuit

TX PMA

RX PCS RX PMA
+ CDR (1)
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Figure 3–3 shows the timing diagram for a offset cancellation process.

Functional Simulation of the Offset Cancellation Process
You must connect the ALTGX_RECONFIG instances to the ALTGX instances in your 
design for functional simulation. Functional simulation uses a reduced timing model 
of the dynamic reconfiguration controller. Therefore, the duration of the offset 
cancellation process is 16 reconfig_clk clock cycles for functional simulation only. 
The gxb_powerdown signal must not be asserted during the offset cancellation 
sequence (for functional simulation and silicon).

Dynamic Reconfiguration Modes
When you enable the dynamic reconfiguration feature, you can reconfigure the 
following portions of each transceiver channel dynamically, without powering down 
the other transceiver channels or the FPGA fabric of the device:

■ Analog (PMA) controls reconfiguration 

■ Channel reconfiguration

■ PLL reconfiguration 

Table 3–3 lists the supported dynamic reconfiguration modes for Cyclone IV GX 
devices.

Figure 3–3. Dynamic Reconfiguration Signals Transition during Offset Cancellation

Notes to Figure 3–3:
(1) After device power up, the busy signal remains low for the first reconfig_clk cycle.
(2) The busy signal then gets asserted for the second reconfig_clk cycle, when the dynamic reconfiguration controller initiates the offset 

cancellation process.
(3) The deassertion of the busy signal indicates the successful completion of the offset cancellation process.

reconfig_clk

busy

(1)

(2)

(3)

Table 3–3. Cyclone IV GX Supported Dynamic Reconfiguration Mode (Part 1 of 2)

Dynamic Reconfiguration 
Supported Mode

Operational Mode Quartus II Instances

.mif 
RequirementsTransmitter 

Only
Receiver 

Only

Transmitter 
and 

Receiver 
Only

ALTGX  ALTGX_
RECONFIG

ALTPLL_
RECONFIG

Offset Cancellation — v v v v — —

Analog (PMA) Controls 
Reconfiguration v v v v v — —
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The following modes are available for dynamically reconfiguring the Cyclone IV 
transceivers:

■ “PMA Controls Reconfiguration Mode” on page 3–13

■ “Transceiver Channel Reconfiguration Mode” on page 3–21

■ Channel interface (.mif based)

■ Data rate division in receiver channel (.mif based)

The following sections describe each of these modes in detail.

The following modes are unsupported for dynamic reconfiguration:

■ Dynamically enable/disable PRBS or BIST

■ Switch between a receiver-only channel and a transmitter-only channel

■ Switch between a ×1 mode to a bonded ×4 mode

PMA Controls Reconfiguration Mode
You can dynamically reconfigure the following PMA controls for all supported 
transceiver configurations channels as configured in the ALTGX instances:

■ Pre-emphasis settings

■ Equalization settings (channel reconfiguration mode does not support 
equalization settings)

■ DC gain settings

■ VOD settings

You can use the analog reconfiguration feature to dynamically reconfigure the 
transceivers channels setting in either the transmitter or the receivers in the PMA 
blocks. You can update the PMA controls on-the-fly based on the desired input. You 
can perform both read and write transaction separately for this analog reconfiguration 
mode. 

Channel Reconfiguration

Channel Interface v v v v v — v

Data Rate Division in 
Receiver Channel — v v v v — v

PLL Reconfiguration v v v v — v v

Table 3–3. Cyclone IV GX Supported Dynamic Reconfiguration Mode (Part 2 of 2)

Dynamic Reconfiguration 
Supported Mode

Operational Mode Quartus II Instances

.mif 
RequirementsTransmitter 

Only
Receiver 

Only

Transmitter 
and 

Receiver 
Only

ALTGX  ALTGX_
RECONFIG

ALTPLL_
RECONFIG
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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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Figure 3–4 shows the write transaction waveform for Method 1.

Read Transaction

For example, to read the existing VOD values from the transmit VOD control registers of 
the transmitter portion of a specific channel controlled by the ALTGX_RECONFIG 
instance, perform the following steps:

1. Set the logical_channel_address input port to the logical channel address of the 
transceiver channel whose PMA controls you want to read (for example, 
tx_vodctrl_out).

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

3. Ensure that the busy signal is low before you start a read transaction. 

4. Assert the read signal for one reconfig_clk clock cycle. This initiates the read 
transaction. 

The busy output status signal is asserted high to indicate that the dynamic 
reconfiguration controller is busy reading the PMA control values. When the read 
transaction has completed, the busy signal goes low. The data_valid signal is asserted 
to indicate that the data available at the read control signal is valid.

Figure 3–4. Write Transaction Waveform—Use ‘logical_channel_address port’ Option

Notes to Figure 3–4:
(1) In this waveform example, you are writing to only the transmitter portion of the channel.
(2) In this waveform example, the number of channels connected to the dynamic reconfiguration controller is four. Therefore, the 

logical_channel_address port is 2 bits wide.

(2) 2'b00 2'b01

busy

(1) 2'b00 2'b10

3'b111 3'b001

reconfig_clk

write_all

rx_tx_duplex_sel [1:0]

logical_channel_address [1:0]

tx_vodctrl [2:0]
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Figure 3–5 shows the read transaction waveform for Method 1.

1 Simultaneous write and read transactions are not allowed.

Method 2: Writing the Same Control Signals to Control All the Transceiver 
Channels
This method does not require the logical_channel_address port. The PMA controls 
of all the transceiver channels connected to the ALTGX_RECONFIG instance are 
reconfigured. 

The Use the same control signal for all the channels option is available on the 
Analog controls tab of the ALTGX_RECONFIG MegaWizard Plug-In Manager. If you 
enable this option, the width of the PMA control ports are fixed as follows:

PMA Control Ports Used in a Write Transaction

■ tx_vodctrl is fixed to 3 bits

■ tx_preemp is fixed to 5 bits

■ rx_eqdcgain is fixed to 2 bits

■ rx_eqctrl is fixed to 4 bits

Figure 3–5. Read Transaction Waveform—Use ‘logical_channel_address port’ Option

Notes to Figure 3–5:

(1) In this waveform example, you want to read from only the transmitter portion of the channel.
(2) In this waveform example, the number of channels connected to the dynamic reconfiguration controller is four. Therefore, the 

logical_channel_address port is 2 bits wide.

read

(2) 2'b00 2'b01

3'b111 3'bXXX 3'b001

busy

(1) 2'b00 2'b10

reconfig_clk

rx_tx_duplex_sel [1:0]

logical_channel_address [1:0]

data_valid

tx_vodctrl_out [2:0]
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PMA Control Ports Used in a Read Transaction

■ tx_vodctrl_out is 3 bits per channel

■ tx_preemp_out is 5 bits per channel

■ rx_eqdcgain_out is 2 bits per channel

■ rx_eqctrl_out is 4 bits per channel

For example, assume the number of channels controlled by the dynamic 
reconfiguration controller is two, tx_vodctrl_out is 6 bits wide.

Write Transaction

The value you set at the selected PMA control ports is written to all the transceiver 
channels connected to the ALTGX_RECONFIG instance.

For example, assume you have enabled tx_vodctrl in the ALTGX_RECONFIG 
MegaWizard Plug-In Manager to reconfigure the VOD of the transceiver channels. To 
complete a write transaction to reconfigure the VOD, perform the following steps: 

1. Before you initiate a write transaction, set the selected PMA control ports to the 
desired settings (for example, tx_vodctrl = 3'b001). 

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

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

4. Assert the write_all signal for one reconfig_clk clock cycle. This initiates the 
write transaction. 

5. 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. 

Figure 3–6 shows the write transaction for Method 2.

Figure 3–6. Write Transaction Waveform—Use the same control signal for all the channels Option

Note to Figure 3–6:
(1) In this waveform example, you want to write to only the transmitter portion of the channel.

busy

(1) 2'b00 2'b10

3'b111 3'b001

reconfig_clk

write_all

rx_tx_duplex_sel [1:0]

tx_vodctrl [2:0]
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Read Transaction

If you want to read the existing values from a specific channel connected to the 
ALTGX_RECONFIG instance, observe the corresponding byte positions of the PMA 
control output port after the read transaction is completed.

For example, if the number of channels controlled by the ALTGX_RECONFIG is two, 
the tx_vodctrl_out is 6 bits wide. The tx_vodctrl_out[2:0] signal corresponds to 
channel 1 and the tx_vodctrl_out[5:3] signal corresponds to channel 2.

To complete a read transaction to the VOD values of the second channel, perform the 
following steps:

1. Before you initiate a read transaction, set the rx_tx_duplex_sel port to 2'b10 so 
that only the transmit PMA controls are read from the transceiver channel.

2. Ensure that the busy signal is low before you start a read transaction.

3. Assert the read signal for one reconfig_clk clock cycle. This initiates the read 
transaction.

4. The busy output status signal is asserted high to indicate that the dynamic 
reconfiguration controller is busy reading the PMA control settings. 

5. When the read transaction has completed, the busy signal goes low. The 
data_valid signal is asserted, indicating that the data available at the read control 
signal is valid. 

6. To read the current VOD values in channel 2, observe the values in 
tx_vodctrl_out[5:3].

In the waveform example shown in Figure 3–7, the transmit VOD settings written in 
channels 1 and 2 prior to the read transaction are 3'b001 and 3'b010, respectively. 

1 Simultaneous write and read transactions are not allowed.

Figure 3–7. Read Transaction Waveform—Use the same control signal for all the channels Option Enabled

Note to Figure 3–7:
(1) In this waveform example, you want to read from only the transmitter portion of all the channels.

read

busy

6'b111111 6'bXXXXXX 6'b010001

2'b00 2'b10(1)

reconfig_clk

data_valid

rx_tx_duplex_sel [1:0]

tx_vodctrl_out [2:0]
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Method 3: Writing Different Control Signals for all the Transceiver Channels 
at the Same Time
If you disable the Use the same control signal for all the channels option, the PMA 
control ports for a write transaction are separate for each channel. If you disable this 
option, the width of the PMA control ports are fixed as follows:

PMA Control Ports Used in a Write Transaction

■ tx_vodctrl is 3 bits per channel

■ tx_preemp are 5 bits per channel

■ rx_eqdcgain is 2 bits per channel

■ rx_eqctrl is 4 bits per channel

For example, if you have two channels, the tx_vodctrl is 6 bits wide 
(tx_vodctrl [2:0] corresponds to channel 1 and tx_vodctrl [5:3] corresponds to 
channel 2).

PMA Control Ports Used in a Read Transaction

The width of the PMA control ports for a read transaction are always separate for each 
channel as explained in “Method 2: Writing the Same Control Signals to Control All 
the Transceiver Channels” on page 3–16.

Write Transaction

Because the PMA controls of all the channels are written, if you want to reconfigure a 
specific channel connected to the ALTGX_RECONFIG instance, set the new value at 
the corresponding PMA control port of the channel under consideration and retain 
the previously stored values in the other active channels with a read transaction prior 
to this write transaction.

For example, if the number of channels controlled by the ALTGX_RECONFIG 
instance is two, the tx_vodctrl signal in this case would be 6 bits wide. The 
tx_vodctrl[2:0] signal corresponds to channel 1 and the tx_vodctrl[5:3] signal 
corresponds to channel 2.

■ To dynamically reconfigure the PMA controls of only channel 2 with a new value, 
first perform a read transaction to retrieve the existing PMA control values from 
tx_vodctrl_out[5:0]. Use the tx_vodctrl_out[2:0] value for tx_vodctrl[2:0] 
to write in channel 1. By doing so, channel 1 is overwritten with the same value.

■ Perform a write transaction. This ensures that the new values are written only to 
channel 2 while channel 1 remains unchanged.
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Figure 3–8 shows a write transaction waveform with the Use the same control signal 
for all the channels option disabled. 

1 Simultaneous write and read transactions are not allowed.

Read Transaction

The read transaction in Method 3 is identical to that in Method 2. Refer to “Read 
Transaction” on page 3–18.

1 This is the slowest method. You have to write all the PMA settings for all channels 
even if you may only be changing one parameter on the channel. Altera recommends 
using the logical_channel_address method for time-critical applications.

For each method, you can additionally reconfigure the PMA setting of both 
transmitter and receiver portion, transmitter portion only, or receiver portion only of 
the transceiver channel. For more information, refer to “Dynamic Reconfiguration 
Controller Port List” on page 3–4. You can enable the rx_tx_duplex_sel port by 
selecting the Use 'rx_tx_duplex_sel' port to enable RX only, TX only or duplex 
reconfiguration option on the Error checks tab of the ALTGX_RECONFIG 
MegaWizard Plug-In Manager.

Figure 3–9 shows the ALTGX_RECONFIG connection to the ALTGX instances when 
set in analog reconfiguration mode. For the port information, refer to the “Dynamic 
Reconfiguration Controller Port List” on page 3–4. 

Figure 3–8. Write Transaction Waveform—Use the same control signal for all the channels Option Disabled

Notes to Figure 3–8:

(1) In this waveform example, you want to write to only the transmitter portion of the channel.
(2) In this waveform example, the number of channels controlled by the dynamic reconfiguration controller (the ALTGX_RECONFIG instance) is two 

and that the tx_vodctrl control port is enabled. 

busy

(2) 6'b111111 6'b111011

2'b00 2'b10(1)

reconfig_clk

write_all

rx_tx_duplex_sel [1:0]

tx_vodctrl [5:0]
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Figure 3–9 shows the connection for PMA reconfiguration mode.

Transceiver Channel Reconfiguration Mode
You can dynamically reconfigure the transceiver channel from an existing functional 
mode to a different functional mode by selecting the Channel Reconfiguration option 
in ALTGX and ALTGX_RECONFIG MegaWizards. The blocks that are reconfigured 
by channel reconfiguration mode are the PCS and RX PMA blocks of a transceiver 
channel.

1 For more information about reconfiguring the RX PMA blocks of the transceiver 
channel using channel reconfiguration mode, you can refer to “Data Rate 
Reconfiguration Mode Using RX Local Divider” on page 3–26.

In channel reconfiguration, only a write transaction can occur; no read transactions 
are allowed. You can optionally choose to trigger write_all once by selecting the 
continuous write operation in the ALTGX_RECONFIG MegaWizard Plug-In 
Manager. The Quartus II software then continuously writes all the words required for 
reconfiguration.

For channel reconfiguration, .mif files are required to dynamically reconfigure the 
transceivers channels in channel reconfiguration modes. The .mif carries the 
reconfiguration information that will be used to reconfigure the transceivers channel 
dynamically on-the-fly. The .mif contents is generated automatically when you select 
the Generate GXB Reconfig MIF option in the Quartus II software setting. For 
different .mif settings, you need to later reconfigure and recompile the ALTGX 
MegaWizard to generate the .mif based on the required reconfiguration settings. 

The dynamic reconfiguration controller can optionally perform a continuos write 
operation or a regular write operation of the .mif contents in terms of word size 
(16-bit data) to the transceivers channel that is selected for reconfiguration.

Figure 3–9. ALTGX and ALTGX_RECONFIG Connection for PMA Reconfiguration Mode 

Note to Figure 3–9:
(1) This block can be reconfigured in PMA reconfiguration mode.

ALTGXALTGX_RECONFIG
reconfig_fromgxb[n..0]

TX PCS 

Analog
Reconfig
Control
Logic

TX PMA
              (1)

reconfig_clk

read

write_all

tx_vodctrl[2..0]

reconfig_togxb[3..0]

busy

tx_preemp[4..0]

rx_eqdcgain[1..0]

RX PCS
RX PMA

+ CDR (1)

data_valid

rx_eqctrl[3..0]

tx_vodctrl_out[2..0]

tx_preemp_out[4..0]

rx_eqdcgain_out[1..0]

rx_eqctrl_out[3..0]

rx_tx_duplex_sel[1..0]

logical_channel_address[n..0]

Ports that are used to read the PMA settings from the TX/RX PMA block during a read transaction

Ports that are used to write the PMA settings to the TX/RX PMA block during a write transaction

Input control and output signal ports for analog reconfiguration mode
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The following are the channel reconfiguration mode options:

■ Channel interface reconfiguration

■ Data rate division at receiver channel

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

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

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

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

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

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

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

The Quartus II software has legality checks for the connectivity of tx_datainfull 
and rx_dataoutfull and the various control and status signals you enable in the 
Clocking/Interface screen. For example, the Quartus II software allows you to 
select and connect the pipestatus and powerdn signals. It assumes that you are 
planning to switch to and from PCI Express (PIPE) functional mode. 
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Table 3–4 describes the tx_datainfull[21..0] FPGA fabric-transceiver channel 
interface signals.

Table 3–4. tx_datainfull[21..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions  (1)

FPGA Fabric-Transceiver Channel 
Interface Description

Transmit Signal Description (Based on Cyclone IV GX Supported FPGA 
Fabric-Transceiver Channel Interface Widths)

8-bit FPGA fabric-Transceiver Channel 
Interface

tx_datainfull[7:0]: 8-bit data (tx_datain)

The following signals are used only in 8B/10B modes:

tx_datainfull[8]: Control bit (tx_ctrlenable)

tx_datainfull[9]

Transmitter force disparity Compliance (PCI Express [PIPE]) (tx_forcedisp) in 
all modes except PCI Express (PIPE) functional mode. For PCI Express (PIPE) 
functional mode, (tx_forcedispcompliance) is used.

■ For non-PIPE:

tx_datainfull[10]: Forced disparity value (tx_dispval)

■ For PCIe:

tx_datainfull[10]: Forced electrical idle (tx_forceelecidle)

10-bit FPGA fabric-Transceiver 
Channel Interface

tx_datainfull[9:0]: 10-bit data (tx_datain)

16-bit FPGA fabric-Transceiver 
Channel Interface with PCS-PMA set 
to 8/10 bits

Two 8-bit Data (tx_datain)

tx_datainfull[7:0] - tx_datain (LSByte) and tx_datainfull[18:11] - 
tx_datain (MSByte) 

The following signals are used only in 8B/10B modes:

tx_datainfull[8] - tx_ctrlenable (LSB) and tx_datainfull[19] - 
tx_ctrlenable (MSB)

Force Disparity Enable

■ For non-PIPE:

tx_datainfull[9] - tx_forcedisp (LSB) and tx_datainfull[20] - 
tx_forcedisp (MSB)

■ For PCIe:

tx_datainfull[9] - tx_forcedispcompliance and tx_datainfull[20] - 0

Force Disparity Value

■ For non-PIPE:

tx_datainfull[10] - tx_dispval (LSB) and tx_datainfull[21] - 
tx_dispval (MSB)

■ For PCIe:

tx_datainfull[10] - tx_forceelecidle and tx_datainfull[21] - 
tx_forceelecidle

20-bit FPGA fabric-Transceiver 
Channel Interface with PCS-PMA set 
to 10 bits

Two 10-bit Data (tx_datain)

tx_datainfull[9:0] - tx_datain (LSByte) and tx_datainfull[20:11] - 
tx_datain (MSByte)

Note to Table 3–4:

(1) For all transceiver-related ports, refer to the “Transceiver Port Lists” section in the Cyclone IV GX Transceiver Architecture chapter.

http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf
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Table 3–5 describes the rx_dataoutfull[31..0] FPGA fabric-Transceiver channel 
interface signals.

Table 3–5. rx_dataoutfull[31..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions (Part 1 of 3)

FPGA Fabric-Transceiver Channel 
Interface Description

Receive Signal Description (Based on Cyclone IV GX Supported FPGA 
Fabric-Transceiver Channel Interface Widths)

8-bit FPGA fabric-Transceiver 
Channel Interface

The following signals are used in 8-bit 8B/10B modes:

rx_dataoutfull[7:0]: 8-bit decoded data (rx_dataout)

rx_dataoutfull[8]: Control bit (rx_ctrldetect) 

rx_dataoutfull[9]: Code violation status signal (rx_errdetect) 

rx_dataoutfull[10]: rx_syncstatus

rx_dataoutfull[11]: Disparity error status signal (rx_disperr)

rx_dataoutfull[12]: Pattern detect status signal (rx_patterndetect)

rx_dataoutfull[13]: Rate Match FIFO deletion status indicator 
(rx_rmfifodatadeleted) in non-PCI Express (PIPE) functional modes.

rx_dataoutfull[14]: Rate Match FIFO insertion status indicator 
(rx_rmfifodatainserted) in non-PCI Express (PIPE) functional modes.

rx_dataoutfull[14:13]: PCI Express (PIPE) functional mode (rx_pipestatus)

rx_dataoutfull[15]: 8B/10B running disparity indicator (rx_runningdisp)

10-bit FPGA fabric-Transceiver 
Channel Interface

rx_dataoutfull[9:0]: 10-bit un-encoded data (rx_dataout)

rx_dataoutfull[10]: rx_syncstatus

rx_dataoutfull[11]: 8B/10B disparity error indicator (rx_disperr)

rx_dataoutfull[12]: rx_patterndetect

rx_dataoutfull[13]: Rate Match FIFO deletion status indicator 
(rx_rmfifodatadeleted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[14]: Rate Match FIFO insertion status indicator 
(rx_rmfifodatainserted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[15]: 8B/10B running disparity indicator (rx_runningdisp)
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16-bit FPGA fabric-Transceiver 
Channel Interface with PCS-PMA 
set to 8/10 bits

Two 8-bit unencoded Data (rx_dataout)

rx_dataoutfull[7:0] - rx_dataout (LSByte) and

rx_dataoutfull[23:16]- rx_dataout (MSByte)

The following signals are used in 16-bit 8B/10B modes:

Two Control Bits

rx_dataoutfull[8] - rx_ctrldetect (LSB) and

rx_dataoutfull[24]- rx_ctrldetect (MSB)

Two Receiver Error Detect Bits

rx_dataoutfull[9] - rx_errdetect (LSB) and 

rx_dataoutfull[25]- rx_errdetect (MSB)

Two Receiver Sync Status Bits

rx_dataoutfull [10] - rx_syncstatus (LSB) and

rx_dataoutfull[26] - rx_syncstatus (MSB)

Two Receiver Disparity Error Bits

rx_dataoutfull [11] - rx_disperr (LSB) and

rx_dataoutfull[27] - rx_disperr (MSB)

Two Receiver Pattern Detect Bits

rx_dataoutfull[12] - rx_patterndetect (LSB) and 

rx_dataoutfull[28]- rx_patterndetect (MSB)

rx_dataoutfull[13] and rx_dataoutfull[29]: Rate Match FIFO deletion status 
indicator (rx_rmfifodatadeleted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[14] and rx_dataoutfull[30]: Rate Match FIFO insertion status 
indicator (rx_rmfifodatainserted) in non-PCI Express (PIPE) functional modes

Two 2-bit PCI Express (PIPE) Functional Mode Status Bits

rx_dataoutfull[14:13] - rx_pipestatus (LSB) and rx_dataoutfull[30:29] - 
rx_pipestatus (MSB)

rx_dataoutfull[15] and rx_dataoutfull[31]: 8B/10B running disparity 
indicator (rx_runningdisp)

Table 3–5. rx_dataoutfull[31..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions (Part 2 of 3)

FPGA Fabric-Transceiver Channel 
Interface Description

Receive Signal Description (Based on Cyclone IV GX Supported FPGA 
Fabric-Transceiver Channel Interface Widths)
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Data Rate Reconfiguration Mode Using RX Local Divider
The RX local divider resides in the RX PMA block for every channels. This is a 
hardware feature where a /2 divider is available in each of the receiver channel for the 
supported device. You can use this RX local divider to reconfigure the data rate at the 
receiver channel. This can be used for protocols such as SDI that has data rates in 
divisions of 2. 

By using this RX local divider, you can support two different data rates without using 
additional transceiver PLLs. This dynamic reconfiguration mode is available only for 
the receiver and not applicable to the transmitter. This reconfiguration mode using the 
RX local divider (/2) is only supported and available in EP4CGX30 (F484 package), 
EP4CGX50, and EP4CGX75 devices.

f For more information about this RX local divider, refer to the Cyclone IV GX 
Transceiver Architecture chapter.

20-bit FPGA fabric-Transceiver 
Channel Interface with PCS-PMA 
set to 10 bits

Two 10-bit Data (rx_dataout)

rx_dataoutfull[9:0] - rx_dataout (LSByte) and rx_dataoutfull[25:16] - 
rx_dataout (MSByte)

wo Receiver Sync Status Bits

rx_dataoutfull[10] - rx_syncstatus (LSB) and rx_dataoutfull[26] - 
rx_syncstatus (MSB)

rx_dataoutfull[11] and rx_dataoutfull[27]: 8B/10B disparity error indicator 
(rx_disperr)

Two Receiver Pattern Detect Bits

rx_dataoutfull[12] - rx_patterndetect (LSB) and rx_dataoutfull[28] - 
rx_patterndetect (MSB)

rx_dataoutfull[13] and rx_dataoutfull[29]: Rate Match FIFO deletion status 
indicator (rx_rmfifodatadeleted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[14] and rx_dataoutfull[30]: Rate Match FIFO insertion status 
indicator (rx_rmfifodatainserted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[15] and rx_dataoutfull[31]: 8B/10B running disparity 
indicator (rx_runningdisp)

Table 3–5. rx_dataoutfull[31..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions (Part 3 of 3)

FPGA Fabric-Transceiver Channel 
Interface Description

Receive Signal Description (Based on Cyclone IV GX Supported FPGA 
Fabric-Transceiver Channel Interface Widths)

http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf
http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf


Chapter 3: Cyclone IV Dynamic Reconfiguration 3–27
Dynamic Reconfiguration Modes

November 2011 Altera Corporation Cyclone IV Device Handbook,
Volume 2

Control and Status Signals for Channel Reconfiguration
The various control and status signals involved in the Channel Reconfiguration mode 
are as follows. Refer to “Dynamic Reconfiguration Controller Port List” on page 3–4 
for the descriptions of the control and status signals.

The following are the input control signals:

■ logical_channel_address[n..0]

■ reset_reconfig_address

■ reconfig_reset

■ reconfig_mode_sel[2..0]

■ write_all

The following are output status signals:

■ reconfig_address_en

■ reconfig_address_out[5..0]

■ channel_reconfig_done

■ busy

The ALTGX_RECONFIG connection to the ALTGX instances when set in channel 
reconfiguration mode are as follows. For the port information, refer to “Dynamic 
Reconfiguration Controller Port List” on page 3–4. 

Figure 3–10 shows the connection for channel reconfiguration mode.

Figure 3–10. ALTGX and ALTGX_RECONFIG Connection for Channel Reconfiguration Mode 

Note to Figure 3–10:
(1) This block can be reconfigured in channel reconfiguration mode.
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Channel
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TX PCS
(1) TX PMA
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Clocking/Interface Options

The following describes the Clocking/Interface options available in Cyclone IV GX 
devices. The core clocking setup describes the transceiver core clocks that are the 
write and read clocks of the Transmit Phase Compensation FIFO and the Receive 
Phase Compensation FIFO, respectively. Core clocking is classified as transmitter core 
clocking and receiver core clocking. 

Table 3–6 lists the supported clocking interface settings for channel reconfiguration 
mode in Cyclone IV GX devices. 

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

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

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

Table 3–6. Dynamic Reconfiguration Clocking Interface Settings in Channel Reconfiguration 
Mode

ALTGX Setting Description

Dynamic Reconfiguration Channel Internal and Interface Settings

How should the receivers be 
clocked?

Select one of the available options:

■ Share a single transmitter core clock between receivers

■ Use the respective channel transmitter core clocks

■ Use the respective channel receiver core clocks

How should the transmitters be 
clocked?

Select one of the available options:

■ Share a single transmitter core clock between transmitters

■ Use the respective channel transmitter core clocks
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Option 1: Share a Single Transmitter Core Clock Between Transmitters

■ Enable this option if you want tx_clkout of the first channel (channel 0) of the 
transceiver block to provide the write clock to the Transmitter Phase 
Compensation FIFOs of the remaining channels in the transceiver block.

■ This option is typically enabled when all the channels of a transceiver block have 
the same functional mode and data rate and are reconfigured to the identical 
functional mode and data rate.

Figure 3–11 shows the sharing of channel 0’s tx_clkout between all four regular 
channels of a transceiver block.

Figure 3–11. Option 1 for Transmitter Core Clocking (Channel Reconfiguration Mode)
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TX3
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Option 2: Use the Respective Channel Transmitter Core Clocks

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

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

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

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

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

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

Figure 3–12. Option 2 for Transmitter Core Clocking (Channel Reconfiguration Mode)

FPGA Fabric Transciever Block

tx_clkout[0]

tx_clkout[1]

tx_clkout[2]

tx_clkout[3]

Low-speed parallel clock

TX0

TX1

TX2

TX3

RX3

RX2

RX1

RX0

MPLL

High-speed serial clock generated by the MPLL



Chapter 3: Cyclone IV Dynamic Reconfiguration 3–31
Dynamic Reconfiguration Modes

November 2011 Altera Corporation Cyclone IV Device Handbook,
Volume 2

Option 1: Share a Single Transmitter Core Clock Between Receivers

■ Enable this option if you want tx_clkout of the first channel (channel 0) of the 
transceiver block to provide the read clock to the Receive Phase Compensation 
FIFOs of the remaining receiver channels in the transceiver block.

■ This option is typically enabled when all the channels of a transceiver block are in 
a Basic or Protocol configuration with rate matching enabled and are reconfigured 
to another Basic or Protocol configuration with rate matching enabled.

Figure 3–13 shows the sharing of channel 0’s tx_clkout between all four channels of a 
transceiver block.

Figure 3–13. Option 1 for Receiver Core Clocking (Channel Reconfiguration Mode)
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Option 2: Use the Respective Channel Transmitter Core Clocks

■ Enable this option if you want the individual transmitter channel’s tx_clkout 
signal to provide the read clock to its respective Receive Phase Compensation 
FIFO. 

■ This option is typically enabled when all the transceiver channels have rate 
matching enabled with different data rates and are reconfigured to another Basic 
or Protocol functional mode with rate matching enabled.

Figure 3–14 shows the respective tx_clkout of each channel clocking the respective 
channels of a transceiver block.

Figure 3–14. Option 2 for Receiver Core Clocking (Channel Reconfiguration Mode)

Note to Figure 3–14:

(1) Assuming channel 2 and 3 are running at the same data rate with rate matcher enabled and are reconfigured to another Basic or Protocol functional 
mode with rate matching enabled.
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Option 3: Use the Respective Channel Receiver Core Clocks

■ Enable this option if you want the individual channel’s rx_clkout signal to 
provide the read clock to its respective Receive Phase Compensation FIFO. 

■ This option is typically enabled when the channel is reconfigured from a Basic or 
Protocol configuration with or without rate matching to another Basic or Protocol 
configuration with or without rate matching.

Figure 3–15 shows the respective rx_clkout of each channel clocking the respective 
receiver channels of a transceiver block.

PLL Reconfiguration Mode
Cyclone IV GX device support the PLL reconfiguration support through the 
ALTPLL_RECONFIG MegaWizard. You can use this mode to reconfigure the 
multipurpose PLL or general purpose PLL used to clock the transceiver channel 
without affecting the remaining blocks of the channel. When you reconfigure the 
multipurpose PLL or general purpose PLL of a transceiver block to run at a different 
data rate, all the transceiver channels listening to this multipurpose PLL or general 
purpose PLL also get reconfigured to the new data rate. Channel settings are not 
affected. When you reconfigure the multipurpose PLL or general purpose PLL to support 
a different data rate, you must ensure that the functional mode of the transceiver channel 
supports the reconfigured data rate.

The PLL reconfiguration mode can be enabled by selecting the Enable PLL 
Reconfiguration option in the ALTGX MegaWizard under Reconfiguration Setting 
tab. For multipurpose PLL or general purpose PLL reconfiguration, .mif files are 
required to dynamically reconfigure the PLL setting in order to change the output 
frequency of the transceiver PLL to support different data rates.

Figure 3–15. Option 3 for Receiver Core Clocking (Channel Reconfiguration Mode)
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The .mif files carries the reconfiguration information that will be used to reconfigure 
the multipurpose PLL or general purpose PLL dynamically. The .mif contents is 
generated automatically when you select the Enable PLL Reconfiguration option in 
the Reconfiguration Setting in ALTGX instances. The .mif files will be generated 
based on the data rate and input reference clock setting in the ALTGX MegaWizard. 
You must use the external ROM and feed its content to the ALTPLL_RECONFIG 
megafunction to reconfigure the multipurpose PLL setting. 

f For more information about instantiating the ALTPLL_Reconfig, refer to the AN 609: 
Implementing Dynamic Reconfiguration in Cyclone IV GX Devices.

Figure 3–16 shows the connection for PLL reconfiguration mode.

f For more information about connecting the ALTPLL_RECONFIG and ALTGX 
instances, refer to the AN 609: Implementing Dynamic Reconfiguration in Cyclone IV GX 
Devices.

Figure 3–16. ALTGX and ALTPLL_RECONFIG Connection for PLL Reconfiguration Mode

Notes to Figure 3–16:
(1) <n> = (number of transceiver PLLs configured in the ALTGX MegaWizard)  - 1.
(2) You must connect the pll_reconfig_done signal from the ALTGX to the pll_scandone port from ALTPLL_RECONFIG.
(3) You need two ALTPLL_RECONFIG controllers if you have two separate ALTGX instances with transceiver PLL instantiated in each ALTGX instance.
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http://www.altera.com/literature/an/an609.pdf
http://www.altera.com/literature/an/an609.pdf
http://www.altera.com/literature/an/an609.pdf
http://www.altera.com/literature/an/an609.pdf
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Table 3–7 lists the ALTGX megafunction ports for PLL Reconfiguration mode.

f For more information about the ALTPLL_RECONFIG megafunction port list, 
description and usage, refer to the Phase-Locked Loop Reconfiguration 
(ALTPL_RECONFIG) Megafunction User Guide.

Table 3–7. ALTGX Megafunction Port List for PLL Reconfiguration Mode  

Port Name (1) Input/ 
Output Description Comments

pll_areset [n..0] Input

Resets the transceiver PLL. The 
pll_areset are asserted in two 
conditions:

■ Used to reset the transceiver PLL 
during the reset sequence. During 
reset sequence, this signal is user 
controlled.

■ After the transceiver PLL is 
reconfigured, this signal is 
asserted high by the 
ALTPLL_RECONFIG controller. At 
this time, this signal is not user 
controlled. 

You must connect the pll_areset port of ALTGX to the 
pll_areset port of the ALTPLL_RECONFIG 
megafunction. 

The ALTPLL_RECONFIG controller asserts the 
pll_areset port at the next rising clock edge after the 
pll_reconfig_done signal from the ALTGX 
megafunction goes high. After the pll_reconfig_done 
signal goes high, the transceiver PLL is reset. When the 
PLL reconfiguration is completed, this reset is 
performed automatically by the ALTPLL_RECONFIG 
megafunction and is not user controlled. 

pll_scandata
[n..0]

Input
Receives the scan data input from 
the ALTPLL_RECONFIG 
megafunction.

The reconfigurable transceiver PLL received the scan 
data input through this port for the dynamically 
reconfigurable bits from the ALTPLL_RECONFIG 
controller. 

pll_scanclk
[n..0]

Input Drives the scanclk port on the 
reconfigurable transceiver PLL.

Connect the pll_scanclk port of the ALTGX 
megafunction to the ALTPLL_RECONFIG scanclk port. 

pll_scanclkena
[n..0] Input

Acts as a clock enable for the 
scanclk port on the reconfigurable 
transceiver PLL.

Connect the pll_scanclkena port of the ALTGX 
megafunction to the ALTPLL_RECONFIG scanclk port.

pll_configupdate
[n..0]

Input Drives the configupdate port on 
the reconfigurable transceiver PLL.

This port is connected to the pll_configupdate port 
from the ALTPLL_RECONFIG controller. After the final 
data bit is sent out, the ALTPLL_RECONFIG controller 
asserts this signal. 

pll_reconfig_done[n..0] Output
This signal is asserted to indicate the 
reconfiguration process is done.

Connect the pll_reconfig_done port to the 
pll_scandone port on the ALTPLL_RECONFIG 
controller. The transceiver PLL scandone output signal 
drives this port and determines when the PLL is 
reconfigured.

pll_scandataout
[n..0] Output

This port scan out the current 
configuration of the transceiver PLL.

Connect the pll_scandataout port to the 
pll_scandataout port of the ALTPLL_RECONFIG 
controller. This port reads the current configuration of 
the transceiver PLL and send it to the 
ALTPLL_RECONFIG megafunction. 

Note to Table 3–7:

(1) <n> = (number of transceiver PLLs configured in the ALTGX MegaWizard)  - 1.

www.altera.com/literature/ug/ug_altpll_reconfig.pdf
www.altera.com/literature/ug/ug_altpll_reconfig.pdf
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If you are reconfiguring the multipurpose PLL with a different M counter value, 
follow these steps:

1. During transceiver PLL reconfiguration, assert tx_digitalreset, 
rx_digitalreset, and rx_analogreset signals.

2. Perform PLL reconfiguration to update the multipurpose PLL with the PLL .mif 
files.

3. Perform channel reconfiguration and update the transceiver with the GXB 
reconfiguration .mif files. If you have multiple channel instantiations connected to 
the same multipurpose PLL, reconfigure each channel.

4. Deassert tx_digitalreset and rx_analogreset signals.

5. After the rx_freqlocked signal goes high, wait for at least 4 µs, and then deassert 
the rx_digitalreset signal.

Error Indication During Dynamic Reconfiguration
The ALTGX_RECONFIG MegaWizard Plug-In Manager provides an error status 
signal when you select the Enable illegal mode checking option or the Enable self 
recovery option in the Error checks/data rate switch screen. The conditions under 
which the error signal is asserted are: 

■ Enable illegal mode checking option—when you select this option, the dynamic 
reconfiguration controller checks whether an attempted operation falls under one 
of the conditions listed below. The dynamic reconfiguration controller detects 
these conditions within two reconfig_clk cycles, deasserts the busy signal, and 
asserts the error signal for two reconfig_clk cycles.

■ PMA controls, read operation—none of the output ports (rx_eqctrl_out, 
rx_eqdcgain_out, tx_vodctrl_out, and tx_preemp_out) are selected in the 
ALTGX_RECONFIG instance and the read signal is asserted.

■ PMA controls, write operation—none of the input ports (rx_eqctrl, 
rx_eqdcgain, tx_vodctrl, and tx_preemp) are selected in the 
ALTGX_RECONFIG instance and the write_all signal is asserted.

■ Channel reconfiguration and PMA reconfiguration mode select - read operation 
option:

■ The reconfig_mode_sel input port is set to 3’b001 (Channel reconfiguration 
mode) 

■ The read signal is asserted

■ Enable self recovery option—when you select this option, the 
ALTGX_RECONFIG MegaWizard Plug-In Manager provides the error output 
port. The dynamic reconfiguration controller quits an operation if it did not 
complete within the expected number of clock cycles. After recovering from the 
illegal operation, the dynamic reconfiguration controller deasserts the busy signal 
and asserts the error output port for two reconfig_clk cycles.

1 The error signal is not asserted when an illegal value is written to any of the PMA 
controls.
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Functional Simulation of the Dynamic Reconfiguration Process
This section describes the points to be considered during functional simulation of the 
dynamic reconfiguration process. 

■ You must connect the ALTGX_RECONFIG instance to the 
ALTGX_instance/ALTGX instances in your design for functional simulation.

■ The functional simulation uses a reduced timing model of the dynamic 
reconfiguration controller. The duration of the offset cancellation process is 16 
reconfig_clk clock cycles for functional simulation only.

■ The gxb_powerdown signal must not be asserted during the offset cancellation 
sequence (for functional simulation and silicon).

Document Revision History
Table 3–8 lists the revision history for this chapter. 

Table 3–8. Document Revision History 

Date Version Changes

November 2011 2.1

■ Updated “Dynamic Reconfiguration Controller Architecture”, “PMA Controls 
Reconfiguration Mode”, “PLL Reconfiguration Mode”, and “Error Indication During 
Dynamic Reconfiguration” sections.

■ Updated Table 3–2 and Table 3–4.

December 2010 2.0

■ Updated for the Quartus II software version 10.1 release.

■ Updated Table 3–1, Table 3–2, Table 3–3, Table 3–4, Table 3–5, and Table 3–6.

■ Added Table 3–7.

■ Updated Figure 3–1, Figure 3–11, Figure 3–13, and Figure 3–14.

■ Updated “Offset Cancellation Feature”, “Error Indication During Dynamic 
Reconfiguration”, “Data Rate Reconfiguration Mode Using RX Local Divider”, “PMA 
Controls Reconfiguration Mode”, and “Control and Status Signals for Channel 
Reconfiguration” sections.

July 2010 1.0 Initial release.
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