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Chapter 1: Cyclone IV FPGA Device Family Overview

Cyclone IV Device Family Architecture
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Figure 1-1 shows the structure of the Cyclone IV GX transceiver.

Figure 1-1. Transceiver Channel for the Cyclone IV GX Device
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“%e For more information, refer to the Cyclone IV Transceivers Architecture chapter.

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

Cyclone IV GX devices incorporate a single hard IP block for x1, x2, or x4 PCle (PIPE)
in each device. This hard IP block is a complete PCle (PIPE) protocol solution that
implements the PHY-MAC layer, Data Link Layer, and Transaction Layer
functionality. The hard IP for the PCle (PIPE) block supports root-port and end-point
configurations. This pre-verified hard IP block reduces risk, design time, timing
closure, and verification. You can configure the block with the Quartus II software’s
PCI Express Compiler, which guides you through the process step by step.

March 2016  Altera Corporation

«o For more information, refer to the PCI Express Compiler User Guide.
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Chapter 3: Memory Blocks in Cyclone IV Devices
Memory Modes

In true dual-port mode, you can access any memory location at any time from either
port A or port B. However, when accessing the same memory location from both
ports, you must avoid possible write conflicts. When you attempt to write to the same
address location from both ports at the same time, a write conflict happens. This
results in unknown data being stored to that address location. There is no conflict
resolution circuitry built into the Cyclone IV devices MIK memory blocks. You must
handle address conflicts external to the RAM block.

Figure 3-11 shows true dual-port timing waveforms for the write operation at port A
and read operation at port B. Registering the outputs of the RAM simply delays the g
outputs by one clock cycle.

Figure 3-11. Cyclone IV Devices True Dual-Port Timing Waveform
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Shift Register Mode

Cyclone IV devices M9K memory blocks can implement shift registers for digital
signal processing (DSP) applications, such as finite impulse response (FIR) filters,
pseudo-random number generators, multi-channel filtering, and auto-correlation and
cross-correlation functions. These and other DSP applications require local data
storage, traditionally implemented with standard flipflops that quickly exhaust many
logic cells for large shift registers. A more efficient alternative is to use embedded
memory as a shift register block, which saves logic cell and routing resources.

The size of a (w x m x n) shift register is determined by the input data width (w), the
length of the taps (m), and the number of taps (1), and must be less than or equal to
the maximum number of memory bits, which is 9,216 bits. In addition, the size of

(w x n) must be less than or equal to the maximum width of the block, which is 36 bits.
If you need a larger shift register, you can cascade the M9K memory blocks.

Cyclone IV Device Handbook, November 2011  Altera Corporation
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Cyclone IV PLL Hardware Overview

Figure 5-11 shows the external clock outputs for PLLs.

Figure 5-11. External Clock Outputs for PLLs
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Notes to Figure 5-11:
(1) These external clock enable signals are available only when using the ALTCLKCTRL megafunction.

(2) PLL# CLKOUTpand PLL# CLKOUTn pins are dual-purpose I/0 pins that you can use as one single-ended clock
output or one differential clock output. When using both pins as single-ended 1/0s, one of them can be the clock
output while the other pin is configured as a regular user 1/0.

Each pin of a differential output pair is 180° out of phase. The Quartus II software
places the NOT gate in your design into the I/O element to implement 180° phase
with respect to the other pin in the pair. The clock output pin pairs support the same
I/0 standards as standard output pins.

To determine which 1/0 standards are supported by the PLL clock input and output
pins, refer to the Cyclone IV Device I/O Features chapter.

Cyclone IV PLLs can drive out to any regular I/O pin through the GCLK. You can also
use the external clock output pins as GPIO pins if external PLL clocking is not
required.

Cyclone IV Device Handbook, October 2012  Altera Corporation
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Chapter 6: 1/0 Features in Cyclone IV Devices
High-Speed 1/0 Standards Support

LVPECL 1/0 Support in Cyclone IV Devices

The LVPECL I/0O standard is a differential interface standard that requires a 2.5-V
Vo, This standard is used in applications involving video graphics,
telecommunications, data communications, and clock distribution. Cyclone IV
devices support the LVPECL input standard at the dedicated clock input pins only.
The LVPECL receiver requires an external 100-Q termination resistor between the two
signals at the input buffer.

For the LVPECL I/O standard electrical specification, refer to the Cyclone IV Device
Datasheet chapter.

AC coupling is required when the LVPECL common mode voltage of the output
buffer is higher than the Cyclone IV devices LVPECL input common mode voltage.

Figure 6-18 shows the AC-coupled termination scheme. The 50-Q resistors used at the
receiver are external to the device. DC-coupled LVPECL is supported if the LVPECL
output common mode voltage is in the Cyclone IV devices LVPECL input buffer
specification (refer to Figure 6-19).

Figure 6-18. LVPECL AC-Coupled Termination (")
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Note to Figure 6-18:
(1) The LVPECL AC-coupled termination is applicable only when an Altera FPGA transmitter is used.

Figure 6-19 shows the LVPECL DC-coupled termination.

Figure 6-19. LVPECL DC-Coupled Termination ("
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Note to Figure 6-19:
(1) The LVPECL DC-coupled termination is applicable only when an Altera FPGA transmitter is used.
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Document Revision History

“ e For more information about Cyclone IV PLL, refer to the Clock Networks and PLLs in

Cyclone IV Devices chapter.

Document Revision History

Table 7-3 lists the revision history for this chapter.

Table 7-3. Document Revision History

Date Version Changes
m Updated Table 7—1 to remove support for the N148 package.
March 2016 2.6 m Updated note (1) in Figure 7-2 to remove support for the N148 package.
m Updated Figure 7-4 to remove support for the N148 package.
May 2013 2.5 Updated Table 7-2 to add new device options and packages.
February 2013 24 Updated Table 7-2 to add new device options and packages.
October 2012 2.3 Updated Table 7-1 and Table 7-2.

m Updated for the Quartus Il software version 10.1 release.
m Added Cyclone IV E new device package information.

December 2010 2.2
m Updated Table 7-2.
m Minor text edits.
November 2010 2.1 Updated “Data and Data Clock/Strobe Pins” section.
m Added Cyclone IV E devices information for the Quartus Il software version 9.1 SP1
release.
February 2010 2.0 = Updated Table 7-1.
m Added Table 7-2.
m Added Figure 7-5 and Figure 7-6.
November 2009 1.0 Initial release.
Cyclone IV Device Handbook, March 2016  Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices

Configuration

Configuration Scheme

A configuration scheme with different configuration voltage standards is selected by
driving the MSEL pins either high or low, as shown in Table 8-3, Table 8—4, and

Table 8-5.

f
q
(

Hardwire the MSEL pins to Vcca or GND without pull-up or pull-down resistors to

avoid problems detecting an incorrect configuration scheme. Do not drive the MSEL
pins with a microprocessor or another device.

Table 8-3. Configuration Schemes for Cyclone IV GX Devices (EPACGX15, EP4CGX22, and EPACGX30 [except for F484

Package])
Configuration Scheme MSEL2 | MSEL1 | MSELO | POR Delay | Configuration Voltage Standard (V) (/
1 0 1 Fast 3.3
AS 0 1 1 Fast 3.0,25
0 0 1 Standard 3.3
0 1 0 Standard 3.0,25
1 0 0 Fast 3.3,3.0,2.5
PS 1 1 0 Fast 1.8,1.5
0 0 0 Standard 3.3,3.0,2.5
JTAG-based configuration (2) 3 ®) @) — —

Notes to Table 8-3:

(1) Configuration voltage standard applied to the Ve o Supply of the bank in which the configuration pins reside.
(2) JTAG-based configuration takes precedence over other configuration schemes, which means the MSEL pin settings are ignored.

(3) Do not leave the MSEL pins floating. Connect them to Vg, or GND. These pins support the non-JTAG configuration scheme used in production.
Altera recommends connecting the MSEL pins to GND if your device is only using JTAG configuration.

Table 8-4. Configuration Schemes for Cyclone IV GX Devices (EPACGX30 [only for F484 package], EP4CGX50,

EPACGX75, EP4CGX110, and EP4CGX150) (Part 1 of 2)

Configuration Scheme MSEL3 | MSEL2 | MSEL1 | MSELO | POR Delay | Configuration Voltage Standard (V) ("
1 1 0 1 Fast 3.3
1 0 1 1 Fast 3.0,2.5
AS
1 0 0 1 Standard 3.3
1 0 1 0 Standard 3.0,25
1 1 0 0 Fast 3.3,3.0,25
P 1 1 1 0 Fast 18,15
1 0 0 0 Standard 3.3,3.0,25
0 0 0 0 Standard 18,15
0 0 1 1 Fast 3.3,3.0,25
0 1 0 0 Fast 18,15
FPP
0 0 0 1 Standard 3.3,3.0,25
0 0 1 0 Standard 18,15

Cyclone IV Device Handbook,
Volume 1

May 2013 Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

devices. The internal oscillator is designed to ensure that its maximum frequency is
guaranteed to meet EPCS device specifications. Cyclone IV devices offer the option to
select CLKUSR as the external clock source for DCLK. You can change the clock source
option in the Quartus II software in the Configuration tab of the Device and Pin
Options dialog box.

EPCS1 does not support Cyclone IV devices because of its insufficient memory
capacity.

Tahle 8-6. AS DCLK Output Frequency

Oscillator Minimum Typical Maximum Unit
40 MHz 20 30 40 MHz

In configuration mode, the Cyclone IV device enables the serial configuration device
by driving the nCS0 output pin low, which connects to the nCS pin of the configuration
device. The Cyclone IV device uses the DCLK and DATA [1] pins to send operation
commands and read address signals to the serial configuration device. The
configuration device provides data on its DATA pin, which connects to the DATA[0]
input of the Cyclone IV device.

All AS configuration pins (DATA[0], DCLK, nCSO, and DATA[1]) have weak internal pull-
up resistors that are always active. After configuration, these pins are set as input tri-
stated and are driven high by the weak internal pull-up resistors.

The timing parameters for AS mode are not listed here because the tcpycp, tersto terg,
tstaTus, tcrsty and tepoyym timing parameters are identical to the timing parameters
for PS mode shown in Table 8-12 on page 8-36.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Configuration

The first Cyclone IV device in the chain is the configuration master and it controls the
configuration of the entire chain. Other Altera devices that support PS configuration
can also be part of the chain as configuration slaves.

Il In the multi-device AS configuration, the board trace length between the serial
configuration device and the master device of the Cyclone IV device must follow the
recommendations in Table 8-7 on page 8-18.

The nSTATUS and CONF_DONE pins on all target devices are connected together with
external pull-up resistors, as shown in Figure 8-3 on page 8-13. These pins are
open-drain bidirectional pins on the devices. When the first device asserts nCEO (after
receiving all its configuration data), it releases its CONF_DONE pin. However, the
subsequent devices in the chain keep this shared CONF_DONE line low until they receive
their configuration data. When all target devices in the chain receive their
configuration data and release CONF_DONE, the pull-up resistor drives a high level on
CONF_DONE line and all devices simultaneously enter initialization mode.

"=~ Although you can cascade Cyclone IV devices, serial configuration devices cannot be
cascaded or chained together.

If the configuration bitstream size exceeds the capacity of a serial configuration
device, you must select a larger configuration device, enable the compression feature,
or both. When configuring multiple devices, the size of the bitstream is the sum of the
individual device’s configuration bitstream.

Configuring Multiple Cyclone IV Devices with the Same Design

Certain designs require that you configure multiple Cyclone IV devices with the same
design through a configuration bitstream, or a .sof. You can do this through the
following methods:

m Multiple .sof

m Single .sof

"=~ For both methods, the serial configuration devices cannot be cascaded or chained
together.

Multiple SRAM Object Files

Two copies of the .sof are stored in the serial configuration device. Use the first copy
to configure the master device of the Cyclone IV device and the second copy to
configure all remaining slave devices concurrently. All slave devices must have the
same density and package. The setup is similar to Figure 8-3 on page 8-13.

To configure four identical Cyclone IV devices with the same .sof, you must set up the
chain similar to the example shown in Figure 8—4. The first device is the master device
and its MSEL pins must be set to select AS configuration. The other three slave devices
are set up for concurrent configuration and their MSEL pins must be set to select PS
configuration. The nCEO pin from the master device drives the nCE input pins on all
three slave devices, as well as the DATA and DCLK pins that connect in parallel to all

Cyclone IV Device Handbook, May 2013  Altera Corporation
Volume 1
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Configuration
Table 8-13. FPP Timing Parameters for Cyclone IV Devices (Part 2 of 2)
Minimum Maximum
Symbol Parameter Unit
Cyclone IV (7 | CycloneIVE @ Cyclone IV (V) Cyclone IVE 2
nSTATUS high to
tsrack first rising edge of 2 - HS
DCLK
Data hold time after
ton rising edge on 0 - ns
DCLK
CONF_DONE high to
t - 0 650 S
cozm user mode ) 30 !
CONF_DONE high to ) )
tepacu - 4 x maximum DCLK period — —
CLKUSR enabled
CONF_DONE high to
teoaume user mode with topacu + (3,192 x CLKUSR period) — —
CLKUSR option on
Data setup time
tosu before rising edge 5 8 — — ns
0N DCLK
ten DCLK high time 3.2 6.4 — — ns
teL DCLK low time 3.2 6.4 — — ns
teLk DCLK period 75 15 — — ns
fuax DCLK frequency (@ — — 133 66 MHz

Notes to Table 8-13:

2
3

5

(
(
(
(
(
(6

JTAG Configuration

JTAG has developed a specification for boundary-scan testing (BST). The BST

1) Applicable for Cyclone IV GX and Cyclone IV E with 1.2-V core voltage.
) Applicable for Cyclone IV E with 1.0-V core voltage.

) This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
4) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.
)

)

The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for starting the device.
Cyclone IV E devices with 1.0-V core voltage have slower Fyax when compared with Cyclone IV GX devices with 1.2-V core voltage.

architecture offers the capability to efficiently test components on PCBs with tight
lead spacing. The BST architecture can test pin connections without using physical
test probes and capture functional data while a device is normally operating. You can
also use the JTAG circuitry to shift configuration data into the device. The Quartus II
software automatically generates .sof for JTAG configuration with a download cable
in the Quartus II software Programmer.

Boundary-Scan Testing for Cyclone IV Devices chapter.

May 2013 Altera Corporation

<o For more information about the JTAG boundary-scan testing, refer to the [TAG
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices

Configuration

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

Pin Name

Configuration
Scheme

Pin Type

Description

DCLK (1)

N/A

170

PS, FPP, AS,
AP (@)

Input (PS,
FPP) 2

Output (AS,
AP)

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

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

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

In AS or AP configuration schemes, this pin is driven into
an inactive state after configuration completes.
Alternatively, in active schemes, you can use this pin as a
user I/0 during user mode. In PS or FPP schemes that use
a control host, you must drive DCLK either high or low,
whichever is more convenient. In passive schemes, you
cannot use DCLK as a user 1/0 in user mode. Toggling this
pin after configuration does not affect the configured
device.

DATA[0] (7

170

PS, FPP, AS,
AP @)

Input (PS,
FPP, AS).
Bidirectional
(AP) 2

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

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

After PS or FPP configuration, DATA[0] is available as a
user 1/0 pin. The state of this pin depends on the
Dual-Purpose Pin settings.

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

DATA[1]/
AsSDo (1)

1/0

FPP, AS, AP
2)

Input (FPP).

Output (AS).

Bidirectional
(AP) @

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

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

Ina PS configuration scheme, DATA [1] functions as a user
I/0 pin during configuration, which means it is tri-stated.

After FPP configuration, DATA [1] is available as a user I/0
pin and the state of this pin depends on the Dual-Purpose
Pin settings.

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

Cyclone IV Device Handbook,

Volume 1
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Chapter 9: SEU Mitigation in Cyclone IV Devices 9-3

Automated SEU Detection

In user mode, Cyclone IV devices support the CHANGE EDREG JTAG instruction, that
allows you to write to the 32-bit storage register. You can use Jam" STAPL files (.jam)
to automate the testing and verification process. You can only execute this instruction
when the device is in user mode, and it is a powerful design feature that enables you
to dynamically verify the CRC functionality in-system without having to reconfigure
the device. You can then use the CRC circuit to check for real errors induced by an

SEU.

Table 9-1 describes the CHANGE EDREG JTAG instructions.

Table 9-1. CHANGE_EDREG JTAG Instruction

JTAG Instruction

Instruction Code Description

CHANGE_EDREG

This instruction connects the 32-bit CRC storage register between TDI and TDO.
00 0001 0101 | Any precomputed CRC is loaded into the CRC storage register to test the operation
of the error detection CRC circuitry at the CRC_ERROR pin.

IS
S

>

After the test completes, Altera recommends that you power cycle the device.

Automated SEU Detection

Cyclone IV devices offer on-chip circuitry for automated checking of SEU detection.
Applications that require the device to operate error-free at high elevations or in close
proximity to earth’s north or south pole require periodic checks to ensure continued
data integrity. The error detection cyclic redundancy code feature controlled by the
Device and Pin Options dialog box in the Quartus II software uses a 32-bit CRC
circuit to ensure data reliability and is one of the best options for mitigating SEU.

You can implement the error detection CRC feature with existing circuitry in
Cyclone IV devices, eliminating the need for external logic. The CRC is computed by
the device during configuration and checked against an automatically computed CRC
during normal operation. The CRC_ERROR pin reports a soft error when configuration
CRAM data is corrupted. You must decide whether to reconfigure the FPGA by
strobing the nCONFIG pin low or ignore the error.

CRC_ERROR Pin

A specific CRC_ERROR error detection pin is required to monitor the results of the error
detection circuitry during user mode. Table 9-2 describes the CRC_ERROR pin.

Table 9-2. Cyclone IV Device CRC_ERROR Pin Description

CRC_ERROR Pin Type Description

Active high signal indicates that the error detection circuit has detected errors in the
configuration SRAM bits. This pin is optional and is used when the CRC error detection
circuit is enabled in the Quartus 1l software from the Error Detection CRC tab of the Device

I/0, Output (open-drain) | ang pin Options dialog box.

When using this pin, connect it to an external 10-k pull-up resistor to an acceptable
voltage that satisfies the input voltage of the receiving device.

“ e The CRC_ERROR pin information for Cyclone IV devices is reported in the Cyclone IV
Devices Pin-Outs on the Altera® website.
May 2013 Altera Corporation Cyclone IV Device Handbook,
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Chapter 9: SEU Mitigation in Cyclone IV Devices

Document Revision History

Document Revision History

Table 9-8 lists the revision history for this chapter.

Table 9-8. Document Revision History

Date Version Changes
May 2013 1.3 Updated “CRC_ERROR Pin Type” in Table 9-2.
October 2012 1.2 Updated Table 9-2.
Updated for the Quartus Il software version 9.1 SP1 release:
m Updated “Configuration Error Detection” section.
February 2010 1.1
m Updated Table 9-6.
m Added Cyclone IV E devices in Table 9-6.
November 2009 1.0 Initial release.
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1-16 Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

Actual lock time depends on the transition density of the incoming data and the ppm
difference between the receiver input reference clock and the upstream transmitter
reference clock.

Transition from the LTD state to the LTR state occurs when either of the following
conditions is met:

m Signal detection circuitry indicates the absence of valid signal levels at the receiver
input buffer. This condition is valid for PCI Express (PIPE) mode only. CDR
transitions are not dependent on signal detection circuitry in other modes.

m The recovered clock is not within the configured ppm frequency threshold setting
with respect to CDR clocks from multipurpose PLLs.

In automatic lock mode, the switch from LTR to LTD states is indicated by the
assertion of the rx_freqlocked signal and the switch from LTD to LTR states indicated
by the de-assertion of the rx_freqlocked signal.

Manual Lock Mode

State transitions are controlled manually by using rx_locktorefclk and
rx_locktodata ports. The LTR/LTD controller sets the CDR state depending on the
logic level on the rx_locktorefclk and rx_locktodata ports. This mode provides the
flexibility to control the CDR for a reduced lock time compared to the automatic lock
mode. In automatic lock mode, the LTR/LTD controller relies on the ppm detector
and the phase relationship detector to set the CDR in LTR or LTD mode. The ppm
detector and phase relationship detector reaction times can be too long for some
applications that require faster CDR lock time.

In manual lock mode, the rx_freglocked signal is asserted when the CDR is in LTD
state and de-asserted when CDR is in LTR state. For descriptions of rx_locktorefclk
and rx_locktodata port controls, refer to Table 1-27 on page 1-87.

['=~ 1If you do not enable the optional rx_locktorefclk and rx_locktodata ports, the
Quartus II software automatically configures the LTR/LTD controller in automatic
lock mode.

<o Therecommended transceiver reset sequence varies depending on the CDR lock
mode. For more information about the reset sequence recommendations, refer to the
Reset Control and Power Down for Cyclone IV GX Devices chapter.

Deserializer

The deserializer converts received serial data from the receiver input buffer to parallel
8- or 10-bit data. Serial data is assumed to be received from the LSB to the MSB. The
deserializer operates with the high-speed recovered clock from the CDR with the
frequency at half of the serial data rate.

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2


http://www.altera.com/literature/hb/cyclone-iv/cyiv-52002.pdf

Chapter 1: Cyclone IV Transceivers Architecture 1-31
Transceiver Clocking Architecture

1=

In any configuration, a receiver channel cannot source CDR clocks from other PLLs
beyond the two multipurpose PLLs directly adjacent to transceiver block where the
channel resides.

The Cyclone IV GX transceivers support non-bonded (x1) and bonded (x2 and x4)
channel configurations. The two configurations differ in regards to clocking and
phase compensation FIFO control. Bonded configuration provides a relatively lower
channel-to-channel skew between the bonded channels than in non-bonded
configuration. Table 1-8 lists the supported conditions in non-bonded and bonded
channel configurations.

Table 1-8. Supported Conditions in Non-Bonded and Bonded Channel Configurations

Channel
Configuration

Supported Channel

Description Operation Mode

Non-bonded
(x1)

Low-speed clock in each channel is sourced independently m Transmitter Only
Phase compensation FIFO in each channel has its own pointers and control logic | m Receiver Only

m Transmitter and
Receiver

Bonded (x2
and x4)

Low-speed clock in each bonded channel is sourced from a common bonded m Transmitter Only
clock path for lower channel-to-channel skew a Transmitter and

Phase compensation FIFOs in bonded channels share common pointers and Receiver
control logic for equal latency through the FIFOs in all bonded channels

x2 bonded configuration is supported with channel 0 and channel 1 in a
transceiver block

x4 bonded configuration is supported with all four channels in a transceiver block

Non-Bonded Channel Configuration

In non-bonded channel configuration, the high- and low-speed clocks for each
channel are sourced independently. The phase compensation FIFOs in each channel
has its own pointers and control logic. When implementing multi-channel serial
interface in non-bonded channel configuration, the clock skew and unequal latency
results in larger channel-to-channel skew.

[l=~  Altera recommends using bonded channel configuration (x2 or x4) when

implementing multi-channel serial interface for a lower channel-to-channel skew.

In a transceiver block, the high- and low-speed clocks for each channel are distributed
primarily from one of the two multipurpose PLLs directly adjacent to the block.
Transceiver channels for devices in F484 and larger packages support additional
clocking flexibility. In these packages, some channels support high-speed and low-
speed clock distribution from PLLs beyond the two multipurpose PLLs directly
adjacent to the block.
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Figure 1-36 and Figure 1-37 show the independent high-speed clock and bonded
low-speed clock distributions for transceivers in F324 and smaller packages, and in
F484 and larger packages in bonded (x2 and x4) channel configuration.

Figure 1-36. Clock Distribution in Bonded (x2 and x4) Channel Configuration for Transceivers in
F324 and Smaller Packages.

x2 Bonded Channel Configuration x4 Bonded Channel Configuration

2 2

©

Transceiver
Block
GXBLO

4

MPLL_1

Notes to Figure 1-36:

(1) Transceiver channels 2 and 3 are not available for devices in F169 and smaller packages.
2) High-speed clock.

3) Low-speed clock.

4) Bonded common low-speed clock path.

(
(
(
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Figure 1-60 shows the transceiver channel datapath and clocking when configured in

Serial RapidIO mode.

Figure 1-60. Transceiver Channel Datapath and Clocking when Configured in Serial Rapidl0 Mode

FPGA Transmitter Channel PCS Transmitter Channel PMA
Fabric
£ Tx Phase 3
i~ | Comp P> Byte Serializer —DD—V 8B/10B Encoder > Serializer —P{ﬁ =
N FIFO 4>‘ :\ 3
E-1 -1
wr_clk  rd_clk wr_clk rd_clk <

% ‘high-speed

‘g ¥ l l I clock

S e u l

1 low-speed clock

tx_clkout|

Receiver Channel PCS

Receiver Channel PMA

Notes to Figure 1-60:

(1) Optional rate match FIFQ.
(2) High-speed recovered clock.
(3) Low-speed recovered clock.

February 2015 Altera Corporation

Cyclone IV Device Handbook,
Volume 2

5
o c
8 Byte ) K]
5 8B/10B Deserial- i
© De- 4—& 4 CDR =< E 3
? serializer Decoder izer :‘
v <
F CDR clock
o
8 ) = ] [ L NC
o T LK |



Chapter 2: Cyclone IV Reset Control and Power Down 2-7
Transceiver Reset Sequences

Transmitter Only Channel

This configuration contains only a transmitter channel. If you create a Transmitter
Only instance in the ALTGX MegaWizard Plug-In Manager in Basic x4 functional
mode, use the reset sequence shown in Figure 2-3.

Figure 2-3. Sample Reset Sequence for Bonded and Non-Bonded Configuration Transmitter Only Channels

Reset and Power-Down Signals

lus
>

1 i2

pll_areset J

tx_digitalreset J

Output Status Signals

pll_locked

As shown in Figure 2-3, perform the following reset procedure for the Transmitter
Only channel configuration:

1. After power up, assert pl1_areset for a minimum period of 1 ps (the time
between markers 1 and 2).

2. Keep the tx_digitalreset signal asserted during this time period. After you
de-assert the pl1_areset signal, the multipurpose PLL starts locking to the
transmitter input reference clock.

3. When the multipurpose PLL locks, as indicated by the p11_locked signal going
high (marker 3), de-assert the tx_digitalreset signal (marker 4). At this point, the
transmitter is ready for transmitting data.
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Table 3-2. Dynamic Reconfiguration Controller Port List (ALTGX_RECONFIG Instance) (Part 5 of 7)

Input/ _—
Port Name Output Description
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

tx_preemp[4..0] ( | Input 00101 5 1.0
01001 9 15
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
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] ( | Input | rx eqgctrl([3..0]  Corresponding ALTGX instance settings

0001 Low
0101 Medium Low
0100 Medium High
0111 High

All other values => N/A
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Dynamic Reconfiguration Modes

Figure 3-9 shows the connection for PMA reconfiguration mode.

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

ALTGX_RECONFIG . ALTGX
L reconfig_fromgxb[n..0]
-
reconfig_clk reconfig_togxb[3..0]
> - > | TX PCS TXPMA
data_valid (1)
d b >
rea > usy >
write_all tx_vodctrl_out[2..0]
> Analog RX PMA
tx_vodctrl[2..0] q Reconfig tx_preemp_out[4..0] : RXPCS +CDR (1)
tx_preempl[4..0] Control rx_eqdcgain_out[1..0]
: P> Logic >
rx_eqdcgain(1..0] rx_eqctrl_out[3..0]
g >
rx_eqctrl[3..0]
g
rx_tx_duplex_sel[1..0]
- P
logical_channel_address[n..0] >

—— P> Ports that are used to read the PMA settings from the TX/RX PMA block during a read transaction
—— P Ports that are used to write the PMA settings to the TX/RX PMA block during a write transaction
——— P Input control and output signal ports for analog reconfiguration mode

Note to Figure 3-9:
(1) This block can be reconfigured in 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.

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.
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