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Chapter 3: Memory Blocks in Cyclone IV Devices 3–17
Design Considerations
In this mode, you also have two output choices: Old Data mode or Don't Care mode. 
In Old Data mode, a read-during-write operation to different ports causes the RAM 
outputs to reflect the old data at that address location. In Don't Care mode, the same 
operation results in a “Don't Care” or unknown value on the RAM outputs.

f For more information about how to implement the desired behavior, refer to the RAM 
Megafunction User Guide.

Figure 3–16 shows a sample functional waveform of mixed port read-during-write 
behavior for Old Data mode. In Don't Care mode, the old data is replaced with 
“Don't Care”.

1 For mixed-port read-during-write operation with dual clocks, the relationship 
between the clocks determines the output behavior of the memory. If you use the 
same clock for the two clocks, the output is the old data from the address location. 
However, if you use different clocks, the output is unknown during the mixed-port 
read-during-write operation. This unknown value may be the old or new data at the 
address location, depending on whether the read happens before or after the write.

Conflict Resolution
When you are using M9K memory blocks in true dual-port mode, it is possible to 
attempt two write operations to the same memory location (address). Because there is 
no conflict resolution circuitry built into M9K memory blocks, this results in unknown 
data being written to that location. Therefore, you must implement conflict-resolution 
logic external to the M9K memory block.

Figure 3–16. Mixed Port Read-During-Write: Old Data Mode
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4–4 Chapter 4: Embedded Multipliers in Cyclone IV Devices
Operational Modes
Table 4–2 lists the sign of the multiplication results for the various operand sign 
representations. The results of the multiplication are signed if any one of the operands 
is a signed value.

Each embedded multiplier block has only one signa and one signb signal to control 
the sign representation of the input data to the block. If the embedded multiplier 
block has two 9 × 9 multipliers, the Data A input of both multipliers share the same 
signa signal, and the Data B input of both multipliers share the same signb signal. 
You can dynamically change the signa and signb signals to modify the sign 
representation of the input operands at run time. You can send the signa and signb 
signals through a dedicated input register. The multiplier offers full precision, 
regardless of the sign representation.

1 When the signa and signb signals are unused, the Quartus II software sets the 
multiplier to perform unsigned multiplication by default.

Output Registers
You can register the embedded multiplier output with output registers in either 18- or 
36-bit sections, depending on the operational mode of the multiplier. The following 
control signals are available for each output register in the embedded multiplier:

■ clock

■ clock enable

■ asynchronous clear

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

Operational Modes
You can use an embedded multiplier block in one of two operational modes, 
depending on the application needs:

■ One 18 × 18 multiplier

■ Up to two 9 × 9 independent multipliers

1 You can also use embedded multipliers of Cyclone IV devices to implement multiplier 
adder and multiplier accumulator functions, in which the multiplier portion of the 
function is implemented with embedded multipliers, and the adder or accumulator 
function is implemented in logic elements (LEs). 

Table 4–2. Multiplier Sign Representation 

Data A Data B
Result

signa Value Logic Level signb Value Logic Level

Unsigned Low Unsigned Low Unsigned

Unsigned Low Signed High Signed

Signed High Unsigned Low Signed

Signed High Signed High Signed
Cyclone IV Device Handbook, February 2010 Altera Corporation
Volume 1



5–24 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Clock Feedback Modes
No Compensation Mode
In no compensation mode, the PLL does not compensate for any clock networks. This 
provides better jitter performance because clock feedback into the PFD does not pass 
through as much circuitry. Both the PLL internal and external clock outputs are phase 
shifted with respect to the PLL clock input.

Figure 5–13 shows a waveform example of the phase relationship of the PLL clock in 
this mode.

Normal Mode
An internal clock in normal mode is phase-aligned to the input clock pin. The external 
clock output pin has a phase delay relative to the clock input pin if connected in this 
mode. The Quartus II software timing analyzer reports any phase difference between 
the two. In normal mode, the PLL fully compensates the delay introduced by the 
GCLK network.

Figure 5–13. Phase Relationship Between PLL Clocks in No Compensation Mode 

Notes to Figure 5–13:

(1) Internal clocks fed by the PLL are phase-aligned to each other.
(2) The PLL clock outputs can lead or lag the PLL input clocks.

PLL Reference
Clock at the Input Pin

PLL Clock at the
Register Clock Port
(1), (2)

External PLL Clock
Outputs (2)

Phase Aligned
Cyclone IV Device Handbook, October 2012 Altera Corporation
Volume 1



Chapter 6: I/O Features in Cyclone IV Devices 6–25
High-Speed I/O Interface
Table 6–6 and Table 6–7 summarize which I/O banks support these I/O standards in 
the Cyclone IV device family.

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

Differential I/O Standards I/O Bank Location External Resistor 
Network at Transmitter Transmitter (TX) Receiver (RX)

LVDS
1,2,5,6 Not Required v v

All Three Resistors

RSDS

1,2,5,6 Not Required

v —3,4,7,8 Three Resistors

All Single Resistor

mini-LVDS
1,2,5,6 Not Required v —

All Three Resistors

PPDS
1,2,5,6 Not Required v —

All Three Resistors

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

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

pins. PLL output clock pins do not support Class II interface type of differential SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/O standards.
(4) Differential HSTL-12 Class II is supported only in column I/O banks.
March 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–33
Configuration
PS Configuration Using an External Host
In the PS configuration scheme, you can use an intelligent host such as a MAX II 
device or microprocessor that controls the transfer of configuration data from a 
storage device, such as flash memory, to the target Cyclone IV device. You can store 
the configuration data in .rbf, .hex, or .ttf format.

Figure 8–13 shows the configuration interface connections between a Cyclone IV 
device and an external host device for single-device configuration.

To begin the configuration, the external host device must generate a low-to-high 
transition on the nCONFIG pin. When nSTATUS is pulled high, the external host device 
must place the configuration data one bit at a time on DATA[0]. If you use 
configuration data in .rbf, .ttf, or .hex, you must first send the LSB of each data byte. 
For example, if the .rbf contains the byte sequence 02 1B EE 01 FA, the serial bitstream 
you must send to the device is:

0100-0000 1101-1000 0111-0111 1000-0000 0101-1111

Cyclone IV devices receive configuration data on DATA[0] and the clock is received on 
DCLK. Data is latched into the device on the rising edge of DCLK. Data is continuously 
clocked into the target device until CONF_DONE goes high and the device enters 
initialization state.

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

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

Figure 8–13. Single-Device PS Configuration Using an External Host

Notes to Figure 8–13:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for the device. VCC must be high 
enough to meet the VIH specification of the I/O on the device and the external host.

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

refer to Table 8–3 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.

(4) All I/O inputs must maintain a maximum AC voltage of 4.1 V. DATA[0] and DCLK must fit the maximum overshoot 
outlined in Equation 8–1 on page 8–5.
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ADDR
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     MSEL[ ]

N.C. (2)

DATA[0] (4)
nCONFIG
DCLK (4)

(3)

Cyclone IV 
Device

10 kΩ 10 kΩ
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



Chapter 10: JTAG Boundary-Scan Testing for Cyclone IV Devices 10–5
I/O Voltage Support in a JTAG Chain
EXTEST_PULSE
The instruction code for EXTEST_PULSE is 0010001111. The EXTEST_PULSE instruction 
generates three output transitions:

■ Driver drives data on the falling edge of TCK in UPDATE_IR/DR.

■ Driver drives inverted data on the falling edge of TCK after entering the 
RUN_TEST/IDLE state.

■ Driver drives data on the falling edge of TCK after leaving the RUN_TEST/IDLE 
state.

1 If you use DC-coupling on HSSI signals, you must execute the EXTEST instruction. If 
you use AC-coupling on HSSI signals, you must execute the EXTEST_PULSE 
instruction. AC-coupled and DC-coupled HSSI are only supported in 
post-configuration mode.

EXTEST_TRAIN
The instruction code for EXTEST_TRAIN is 0001001111. The EXTEST_TRAIN instruction 
behaves the same as the EXTEST_PULSE instruction with one exception. The output 
continues to toggle on the TCK falling edge as long as the test access port (TAP) 
controller is in the RUN_TEST/IDLE state.

1 These two instruction codes are only supported in post-configuration mode for 
Cyclone IV GX devices.

1 When you perform JTAG boundary-scan testing before configuration, the nCONFIG pin 
must be held low.

I/O Voltage Support in a JTAG Chain 
A Cyclone IV device operating in BST mode uses four required pins: TDI, TDO, TMS, 
and TCK. The TDO output pin and all JTAG input pins are powered by the VCCIO power 
supply of I/O Banks (I/O Bank 9 for Cyclone IV GX devices and I/O Bank 1 for 
Cyclone IV E devices).

A JTAG chain can contain several different devices. However, you must use caution if 
the chain contains devices that have different VCCIO levels. The output voltage level of 
the TDO pin must meet the specification of the TDI pin it drives. For example, a device 
with a 3.3-V TDO pin can drive a device with a 5.0-V TDI pin because 3.3 V meets the 
minimum TTL-level VIH for the 5.0-V TDI pin.

1 For multiple devices in a JTAG chain with the 3.0-V/3.3-V I/O standard, you must 
connect a 25- series resistor on a TDO pin driving a TDI pin.

You can also interface the TDI and TDO lines of the devices that have different VCCIO 
levels by inserting a level shifter between the devices. If possible, the JTAG chain 
should have a device with a higher VCCIO level driving a device with an equal or 
lower VCCIO level. This way, a level shifter may be required only to shift the TDO level 
to a level acceptable to the JTAG tester.
December 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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When using user-specified clock option, ensure that the clock feeding rx_coreclk port 
has 0 ppm difference with the RX phase compensation FIFO write clock.

Calibration Block
This block calibrates the OCT resistors and the analog portions of the transceiver 
blocks to ensure that the functionality is independent of process, voltage, and 
temperature (PVT) variations. 

Figure 1–40 shows the location of the calibration block and how it is connected to the 
transceiver blocks.

Bonded

With rate match FIFO (1)
coreclkout clock feeds the FIFO read clock for the bonded channels. 
coreclkout clock is the common bonded low-speed clock, which also feeds 
the FIFO read clock and transmitter PCS in the bonded channels.

Without rate match FIFO
rx_clkout clock feeds the FIFO read clock. rx_clkout is forwarded through 
the receiver channel from low-speed recovered clock, which also feeds the FIFO 
write clock.

Note to Table 1–13:

(1) Configuration with rate match FIFO is supported in transmitter and receiver operation.

Table 1–13. Automatic RX Phase Compensation FIFO Read Clock Selection (Part 2 of 2)

Channel Configuration Quartus II Selection

Figure 1–40. Transceiver Calibration Blocks Location and Connection 

Note to Figure 1–40:

(1) Transceiver block GXBL1 is only available for devices in F484 and larger packages.

GXBL1 (1)

GXBL0

2KΩ
RREF

Calibration
Block

Cyclone IV GX
Device



1–50 Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Functional Modes

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

Rate Match FIFO Operation in Basic Mode
In Basic mode, the rate match FIFO performs the following operations:

■ Deletes a maximum of four skip patterns from a cluster, if there is one skip pattern 
left in the cluster after deletion

■ Insert a maximum of four skip patterns in a cluster, if there are less than five skip 
patterns in the cluster after deletion

■ Automatically deletes the data byte that causes the FIFO to go full and asserts the 
rx_rmfifofull flag synchronous to the subsequent data byte

■ Automatically inserts /K30.7/ (9’h1FE) after the data byte that causes the FIFO to 
go empty and asserts the rx-fifoempty flag synchronous to the inserted /K30.7/ 
(9’h1FE)

Additional Options in Basic Mode
In Basic mode, the transceiver supports the following additional options:

■ low-latency PCS operation

Figure 1–46. Transceiver Configurations in Basic Mode with a 10-Bit Wide PMA-to-PCS Interface 
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The compliance pattern is a repeating sequence of the four code groups: /K28.5/; 
/D21.5/; /K28.5/; /D10.2/. Figure 1–53 shows the compliance pattern transmission 
where the tx_forcedispcompliance port must be asserted in the same parallel clock 
cycle as /K28.5/D21.5/ of the compliance pattern on tx_datain[15..0] port. 

Reset Requirement
Cyclone IV GX devices meets the PCIe reset time requirement from device power up 
to the link active state with the configuration schemes listed in Table 1–17.

GIGE Mode
GIGE mode provides the transceiver channel datapath configuration for GbE 
(specifically the 1000 Base-X physical layer device (PHY) standard) protocol 
implementation. The Cyclone IV GX transceiver provides the PMA and the following 
PCS functions as defined in the IEEE 802.3 specification for 1000 Base-X PHY:

■ 8B/10B encoding and decoding

■ synchronization

If you enabled the auto-negotiation state machine in the FPGA core with the rate 
match FIFO, refer to “Clock Frequency Compensation” on page 1–63.

Figure 1–53. Compliance Pattern Transmission Support in PCI Express (PIPE) Mode

Table 1–18. Electrical Idle Inference Conditions 

Device Configuration Scheme Configuration Time (ms)

EP4CGX15 Passive serial (PS) 51

EP4CGX22 PS 92

EP4CGX30 (1) PS 92

EP4CGX50 Fast passive parallel (FPP) 41

EP4CGX75 FPP 41

EP4CGX110 FPP 70

EP4CGX150 FPP 70

Note to Table 1–18:

(1) EP4CGX30 device in F484 package fulfills the PCIe reset time requirement using FPP configuration scheme with 
configuration time of 41 ms.

tx_ctrldetect[1..0] 01

tx_forcedispcompliance

tx_datain[15..0] B5BC 4ABC B5BC 4ABC

/K28.5/D21.5/ /K28.5/D21.5//K28.5/D10.2/ /K28.5/D10.2/
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Table 1–26. Transmitter Ports in ALTGX Megafunction for Cyclone IV GX

Block Port Name Input/
Output Clock Domain Description

TX PCS

tx_datain Input

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

Parallel data input from the FPGA fabric to the transmitter. 

■ Bus width depends on channel width multiplied by 
number of channels per instance.

tx_clkout Output Clock signal

FPGA fabric-transmitter interface clock in non-bonded 
modes 

■ Each channel has a tx_clkout signal that can be 
used to clock data (tx_datain) from the FPGA 
fabric into the transmitter.

tx_coreclk Input Clock signal Optional write clock port for the TX phase compensation 
FIFO.

tx_phase_comp_fifo
_error Output

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

TX phase compensation FIFO full or empty indicator.

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

tx_ctrlenable Input

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

8B/10B encoder control or data identifier. This signal 
passes through the TX Phase Compensation FIFO.

■ A high level to encode data as a /Kx.y/ control code 
group.

■ A low level to encode data as a /Dx.y/ data code group.

tx_forcedisp Input

Synchronous to

tx_clkout (non-
bonded

modes) or 
coreclkout

(bonded modes)

8B/10B encoder forcing disparity control. This signal 
passes through the TX Phase Compensation FIFO.

■ A high level to force encoding to positive or negative 
disparity depending on the tx_dispval signal level.

■ A low level to allow default encoding according to the 
8B/10B running disparity rules.

tx_dispval Input

Synchronous to

tx_clkout (non-
bonded

modes) or 
coreclkout

(bonded modes)

8B/10B encoder forcing disparity value. This signal 
passes through the TX Phase Compensation FIFO.

■ A high level to force encoding with a negative disparity 
code group when tx_forcedisp port is asserted 
high.

■ A low level to force encoding with a positive disparity 
code group when tx_forcedisp port is asserted 
high.

tx_invpolarity Input
Asynchronous signal. 
Minimum pulse width is 
two parallel clock cycles.

Transmitter polarity inversion control.

■ A high level to invert the polarity of every bit of the 8- 
or 10-bit input data to the serializer.

tx_bitslipboundarys
elect Input Asynchronous signal. 

Control the number of bits to slip before serializer.

■ Valid values from 0 to 9

TX PMA

tx_dataout Output — Transmitter serial data output signal.

tx_forceelec
idle Input Asynchronous signal. 

Force the transmitter buffer to PIPE electrical idle signal 
levels. For equivalent signal defined in PIPE 2.00 
specification, refer to Table 1–15 on page 1–54.
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RX PCS

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

Rate match FIFO full status indicator.

■ A high level indicates the rate match FIFO is full. 

■ Driven for a minimum of two serial clock cycles in 
configurations without a byte serializer and a 
minimum of three recovered clock cycles in 
configurations with a byte serializer.

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

Rate match FIFO empty status indicator.

■ A high level indicates the rate match FIFO is empty. 

■ Driven for a minimum of two serial clock cycles in 
configurations without a byte serializer and a 
minimum of three recovered clock cycles in 
configurations with a byte serializer.

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

8B/10B decoder control or data identifier. 

■ A high level indicates received code group is a /Kx.y/ 
control code group.

■ A low level indicates received code group is a /Dx.y/ 
data code group.

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

8B/10B code group violation or disparity error indicator. 

■ A high level indicates that a code group violation or 
disparity error was detected on the associated 
received code group. 

■ Use with the rx_disperr signal to differentiate 
between a code group violation or a disparity error as 
follows: [rx_errdetect:rx_disperr]

■ 2'b00—no error

■ 2'b10—code group violation

■ 2'b11—disparity error or both

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

8B/10B disparity error indicator. 

■ A high level indicates that a disparity error was 
detected on the associated received code group.

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

8B/10B current running disparity indicator.

■ A high level indicates a positive current running 
disparity at the end of the decoded byte

■ A low level indicates a negative current running 
disparity at the end of the decoded byte

rx_enabyteord Input Asynchronous signal
Enable byte ordering control

■ A low-to-high transition triggers the byte ordering 
block to restart byte ordering operation.

rx_byteorder
alignstatus Output

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

Byte ordering status indicator.

■ A high level indicates that the byte ordering block has 
detected the programmed byte ordering pattern in the 
least significant byte of the received data from the 
byte deserializer.

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

Parallel data output from the receiver to the FPGA fabric.

■ Bus width depends on channel width multiplied by 
number of channels per instance.

Table 1–27. Receiver Ports in ALTGX Megafunction for Cyclone IV GX (Part 2 of 3)

Block Port Name Input/
Output Clock Domain Description
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Receiver and Transmitter Channel—Receiver CDR in Automatic Lock Mode

This configuration contains both a transmitter and a receiver channel. If you create a 
Receiver and Transmitter instance in the ALTGX MegaWizard Plug-In Manager with 
the receiver CDR in automatic lock mode, use the reset sequence shown in Figure 2–8.

As shown in Figure 2–8, perform the following reset procedure for the receiver in 
CDR automatic lock mode:

1. After power up, assert pll_areset for a minimum period of 1 s (the time 
between markers 1 and 2). 

2. Keep the tx_digitalreset, rx_analogreset, and rx_digitalreset signals 
asserted during this time period. After you deassert the pll_areset signal, the 
multipurpose PLL starts locking to the transmitter input reference clock.

3. After the multipurpose PLL locks, as indicated by the pll_locked signal going 
high (marker 3), deassert tx_digitalreset. For receiver operation, after 
deassertion of busy signal, wait for two parallel clock cycles to deassert the 
rx_analogreset signal.

4. Wait for the rx_freqlocked signal to go high (marker 7).

5. After the rx_freqlocked signal goes high, wait for at least tLTD_Auto, then deassert 
the rx_digitalreset signal (marker 8). At this point, the transmitter and receiver 
are ready for data traffic.

Figure 2–8. Sample Reset Sequence of Receiver and Transmitter Channel—Receiver CDR in Automatic Lock Mode

Notes to Figure 2–8:

(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.

Reset Signals

Output Status Signals

1 2

3

4

6

7

8

5

Two parallel clock cycles

1 µs

pll_areset

tx_digitalreset

rx_analogreset

rx_digitalreset

busy (2)

pll_locked

rx_freqlocked

tLTD_Auto (1)

http://www.altera.com/literature/hb/cyclone-iv/cyiv-53001.pdf
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As shown in Figure 2–12, perform the following reset procedure when using the 
dynamic reconfiguration controller to change the configuration of the transceiver 
channel:

1. After power up and establishing that the transceiver is operating as desired, write 
the desired new value in the appropriate registers (including 
reconfig_mode_sel[2:0]) and subsequently assert the write_all signal (marker 
1) to initiate the dynamic reconfiguration. 

f For more information, refer to the Cyclone IV Dynamic Reconfiguration 
chapter. 

2. Assert the tx_digitalreset, rx_analogreset, and rx_digitalreset signals. 

3. As soon as write_all is asserted, the dynamic reconfiguration controller starts to 
execute its operation. This is indicated by the assertion of the busy signal (marker 
2). 

4. Wait for the assertion of the channel_reconfig_done signal (marker 4) that 
indicates the completion of dynamic reconfiguration in this mode.

5. Deassert the tx_digitalreset signal (marker 5). This signal must be deasserted 
after assertion of the channel_reconfig_done signal (marker 4) and before the 
deassertion of the rx_analogreset signal (marker 6).

6. Wait for at least five parallel clock cycles after assertion of the 
channel_reconfig_done signal (marker 4) to deassert the rx_analogreset signal 
(marker 6).

7. Lastly, wait for the rx_freqlocked signal to go high. After rx_freqlocked goes 
high (marker 7), wait for tLTD_Auto to deassert the rx_digitalreset signal (marker 
8). At this point, the receiver is ready for data traffic.

Power Down
The Quartus II software automatically selects the power-down channel feature, which 
takes effect when you configure the Cyclone IV GX device. All unused transceiver 
channels and blocks are powered down to reduce overall power consumption. The 
gxb_powerdown signal is an optional transceiver block signal. It powers down all 
transceiver channels and all functional blocks in the transceiver block. The minimum 
pulse width for this signal is 1 s. After power up, if you use the gxb_powerdown 
signal, wait for deassertion of the busy signal, then assert the gxb_powerdown signal for 
a minimum of 1 s. Lastly, follow the sequence shown in Figure 2–13.

http://www.altera.com/literature/hb/cyclone-iv/cyiv_52003.pdf
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Analog Settings Control/Status Signals

tx_vodctrl[2..0] 
(1) Input

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

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

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

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

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

3’b001 1  400

3’b010 2 600

3’b011 3 800

3’b111 4 (2) 900 (2)

3’b100 5 1000

3’b101 6 1200

All other values => N/A

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

Port Name Input/
Output Description

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



3–24 Chapter 3: Cyclone IV Dynamic Reconfiguration
Dynamic Reconfiguration Modes

Cyclone IV Device Handbook, November 2011 Altera Corporation
Volume 2

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)




