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Chapter 1: Cyclone IV FPGA Device Family Overview
Cyclone IV Device Family Architecture

For more information, refer to the External Memory Interfaces in Cyclone 1V Devices
chapter.

Configuration

Cyclone IV devices use SRAM cells to store configuration data. Configuration data is
downloaded to the Cyclone IV device each time the device powers up. Low-cost
configuration options include the Altera EPCS family serial flash devices and
commodity parallel flash configuration options. These options provide the flexibility
for general-purpose applications and the ability to meet specific configuration and
wake-up time requirements of the applications.

Table 1-9 lists which configuration schemes are supported by Cyclone IV devices.

Table 1-9. Configuration Schemes for Cyclone IV Device Family

Devices Supported Configuration Scheme
Cyclone IV GX AS, PS, JTAG, and FPP (V)
Cyclone IV E AS, AP, PS, FPP, and JTAG

Note to Table 1-9:
(1) The FPP configuration scheme is only supported by the EP4CGX30F484 and EP4CGX50/75/110/150 devices.

IEEE 1149.6 (AC JTAG) is supported on all transceiver I/O pins. All other pins
support IEEE 1149.1 (JTAG) for boundary scan testing.

For more information, refer to the JTAG Boundary-Scan Testing for Cyclone IV Devices
chapter.

For Cyclone IV GX devices to meet the PCle 100 ms wake-up time requirement, you
must use passive serial (PS) configuration mode for the EP4CGX15/22/30 devices
and use fast passive parallel (FPP) configuration mode for the EP4ACGX30F484 and
EP4CGX50/75/110/150 devices.

For more information, refer to the Configuration and Remote System Upgrades in
Cyclone IV Devices chapter.

The cyclical redundancy check (CRC) error detection feature during user mode is
supported in all Cyclone IV GX devices. For Cyclone IV E devices, this feature is only
supported for the devices with the core voltage of 1.2 V.

For more information about CRC error detection, refer to the SEU Mitigation in
Cyclone IV Devices chapter.

High-Speed Transceivers (Cyclone IV GX Devices Only)

Cyclone IV GX devices contain up to eight full duplex high-speed transceivers that
can operate independently. These blocks support multiple industry-standard
communication protocols, as well as Basic mode, which you can use to implement
your own proprietary protocols. Each transceiver channel has its own pre-emphasis
and equalization circuitry, which you can set at compile time to optimize signal
integrity and reduce bit error rates. Transceiver blocks also support dynamic
reconfiguration, allowing you to change data rates and protocols on-the-fly.
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OCT Support

s

The Rg shown in Figure 6-2 is the intrinsic impedance of the transistors that make up
the I/O buffer.

Figure 6-2. Cyclone IV Devices Rs OCT with Calibration

Cyclone IV Device Family Receiving
Driver Series Termination Device

Veeio

Rs

j (T} >

GND

OCT with calibration is achieved using the OCT calibration block circuitry. There is
one OCT calibration block in each of I/O banks 2, 4, 5, and 7 for Cyclone IV E devices
and I/O banks 4, 5, and 7 for Cyclone IV GX devices. Each calibration block supports
each side of the I/O banks. Because there are two I/O banks sharing the same
calibration block, both banks must have the same Vg if both banks enable OCT
calibration. If two related banks have different Vcjo, only the bank in which the
calibration block resides can enable OCT calibration.

Figure 6-10 on page 6-18 shows the top-level view of the OCT calibration blocks
placement.

Each calibration block comes with a pair of RUP and RDN pins. When used for
calibration, the RUP pin is connected to Vo through an external 25-Q +1% or

50-Q +1% resistor for an Rg OCT value of 25 Q or 50 Q, respectively. The RDN pin is
connected to GND through an external 25-Q +1% or 50-Q +1% resistor for an Rg OCT
value of 25 Q or 50 Q, respectively. The external resistors are compared with the
internal resistance using comparators. The resultant outputs of the comparators are
used by the OCT calibration block to dynamically adjust buffer impedance.

During calibration, the resistance of the RUP and RDN pins varies.
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1/0 Standards

Table 6-3. Cyclone IV Devices Supported I/0 Standards and Constraints (Part 2 of 3)

Volume 1

Vegio Level (in V) Column 1/0 Pins Row 1/0 Pins ("
Standard
1/0 Standard Type S User
upport CLK, CLK, | Userl/0
Input Output DOS PLL_OUT PI/lJ DOS Pins
ins
2.5-V LVTTL/ . 3.3/3.0/2.5
LVCMOS Single-ended | JESD8-5 3 2.5 v v v v v/
1.8-V LVTTL/ .
- - (3)
LVCMOS Single-ended | JESD8-7 1.8/1.5 1.8 v v v v v
1.5-V LVCMOS Single-ended | JESD8-11 1.8/156) 15 v v v v v
1.2-V LVCMOS ¥ Single-ended | JESD8-12A 1.2 1.2 v v v v v
SSTL-2 Class |, voltage- i
SSTL-2 Class Il referenced JESD8-9A 2.5 2.5 v v v v v
SSTL-18 Class |, voltage-
SSTL-18 Class Il referenced JESDBIS 18 18 v v v v v
HSTL-18 Class |, voltage- i
HSTL-18 Class Il referenced JESD8-6 18 18 v v v v v
HSTL-15 Class |, voltage- i
HSTL-15 Class Il referenced JESDE-6 15 15 v v v v v
HSTL-12 Class | voltage- JESDS-16A 1.2 12 | v v v ol v v
referenced
HSTL-12 Class Il (9 | VOltage- JESD8-16A 1.2 12 | v v v = =
referenced

PCI and PCI-X Single-ended — 3.0 3.0 v v v v v
Differential SSTL-2 | Differential — 2.5 — v — — —
Class | or Class Il ®) JESD8-9A 25 — v — — v _
Differential SSTL-18 | Differential — 1.8 — v — — —
Class | or Class Il ) JESDB15 18 — v — — v —

i i - i i — 18 | — v — | = —
Differential HSTL-18 D5|fferent|al JESDS-6
Class | or Class Il ) 138 — v — — v —
Differential HSTL-15 | Differential — 1.5 — v — — —
Class | or Class Il ®) JESD8-6 15 — v — — v _
Differential HSTL-12 | Differential — 1.2 — v — — —
Class | or Class Il ®) JESD8-16A 1.2 — v — _ v _
PPDS (@ Differential — — 25 — v v — v

. . ANSI/TIA/
(10)
LVDS Differential EIA-644 2.5 2.5 v v v v v
RSDS and . .
mini-LVDS (@ Differential — — 2.5 — v v — v
BLVDS @ Differential — 2.5 2.5 — — v — v
Cyclone IV Device Handbook, March 2016  Altera Corporation
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1/0 Banks

Figure 6-11. Cyclone IV GX 1/0 Banks for EP4CGX50, EPACGX75, EP4CGX110, and EP4CGX150 (*): (2 ()
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Notes to Figure 6-11:

M
@)

@)
4)

)
(8)
9)
(10
(11

This is a top view of the silicon die. For exact pin locations, refer to the pin list and the Quartus Il software.

True differential (PPDS, LVDS, mini-LVDS, and RSDS 1/0 standards) outputs are supported in row I/0 banks 5 and 6 only. External resistors are
needed for the differential outputs in column I/0 banks.

The LVPECL 1/0 standard is only supported on clock input pins. This 1/0 standard is not supported on output pins.
The HSTL-12 Class Il is supported in column 1/0 banks 4, 7, and 8.

The differential SSTL-18 and SSTL-2, differential HSTL-18, and HSTL-15 I/0 standards are supported only on clock input pins and phase-locked
loops (PLLs) output clock pins. PLL output clock pins do not support Class Il interface type of differential SSTL-18, HSTL-18, HSTL-15, and
HSTL-12 1/0 standards.

The differential HSTL-12 1/0 standard is only supported on clock input pins and PLL output clock pins. Differential HSTL-12 Class Il is supported
only in column 1/0 banks 4, 7, and 8.

BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses the LVDS input buffer.
The PCI-X 1/0 standard does not meet the IV curve requirement at the linear region.
The OCT block is located in the shaded banks 4, 5, and 7.

10) The dedicated clock input 1/0 banks 3A, 3B, 8A, and 8B can be used either for HSSI input reference clock pins or clock input pins.
11) Single-ended clock input support is available for dedicated clock input I/0 banks 3B and 8B.
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Chapter 7: External Memory Interfaces in Cyclone IV Devices
Cyclone IV Devices Memory Interfaces Features

In Cyclone IV devices, the DM pins are preassigned in the device pinouts. The
Quartus II Fitter treats the DQ and DM pins in a DQS group equally for placement
purposes. The preassigned DQ and DM pins are the preferred pins to use.

Some DDR2 SDRAM and DDR SDRAM devices support error correction coding
(ECC), a method of detecting and automatically correcting errors in data
transmission. In 72-bit DDR2 or DDR SDRAM, there are eight ECC pins and 64 data
pins. Connect the DDR2 and DDR SDRAM ECC pins to a separate DQS or DQ group in
Cyclone IV devices. The memory controller needs additional logic to encode and
decode the ECC data.

Address and Control/Command Pins

5

The address signals and the control or command signals are typically sent at a single
data rate. You can use any of the user I/O pins on all I/O banks of Cyclone IV devices
to generate the address and control or command signals to the memory device.

Cyclone IV devices do not support QDR II SRAM in the burst length of two.

Memory Clock Pins

I s

In DDR2 and DDR SDRAM memory interfaces, the memory clock signals (CK and
CK#) are used to capture the address signals and the control or command signals.
Similarly, QDR II SRAM devices use the write clocks (K and K#) to capture the
address and command signals. The CK/CK# and K/K# signals are generated to
resemble the write-data strobe using the DDIO registers in Cyclone IV devices.

CK/CK# pins must be placed on differential I/O pins (DIFFIO in Pin Planner) and in
the same bank or on the same side as the data pins. You can use either side of the
device for wraparound interfaces. As seen in the Pin Planner Pad View, CK0 cannot be
located in the same row and column pad group as any of the interfacing DQ pins.

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

Cyclone IV Devices Memory Interfaces Features

This section discusses Cyclone IV memory interfaces, including DDR input registers,
DDR output registers, OCT, and phase-lock loops (PLLs).

DDR Input Registers

The DDR input registers are implemented with three internal logic element (LE)
registers for every DQ pin. These LE registers are located in the logic array block (LAB)
adjacent to the DDR input pin.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Configuration

. Click the Configuration tab.

3
4. Turn on Generate compressed bitstreams.
5. Click OK.

6. In the Settings dialog box, click OK.

You can enable compression when creating programming files from the Convert
Programming Files dialog box. To enable compression, perform the following steps:

1. On the File menu, click Convert Programming Files.

2. Under Output programming file, select your desired file type from the
Programming file type list.

3. If you select Programmer Object File (.pof), you must specify the configuration
device in the Configuration device list.

4. Under Input files to convert, select SOF Data.
5. Click Add File to browse to the Cyclone IV device SRAM object files (.sof).

6. In the Convert Programming Files dialog box, select the .pof you added to SOF
Data and click Properties.

7. In the SOF File Properties dialog box, turn on the Compression option.

When multiple Cyclone IV devices are cascaded, you can selectively enable the
compression feature for each device in the chain. Figure 8-1 shows a chain of two
Cyclone IV devices. The first device has compression enabled and receives
compressed bitstream from the configuration device. The second device has the
compression feature disabled and receives uncompressed data. You can generate
programming files for this setup in the Convert Programming Files dialog box.

Figure 8-1. Compressed and Uncompressed Configuration Data in the Same Configuration File

Serial Data
Serial Configuration
Device
Compressed Ve Uncompressed
\ 4
Decompression
Controller 10 kQ
Cyclone IV Cyclone IV
Device Device

nCE nCEO L g nCE nCEO — Not Connected (N.C.)

GND

Configuration Requirement

This section describes Cyclone IV device configuration requirement and includes the
following topics:

m “Power-On Reset (POR) Circuit” on page 8—4
m “Configuration File Size” on page 8—4

m “Power Up” on page 8-6

May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



8-6

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

Configuration Process

=

This section describes Cyclone IV device configuration requirements and includes the
following topics:

m “Power Up” on page 8-6

B “Reset” on page 8-6

m “Configuration” on page 8-6

m “Configuration Error” on page 8-7
m “Initialization” on page 8-7

m “User Mode” on page 8-7

For more information about the Altera® FPGA configuration cycle state machine, refer
to the Configuring Altera FPGAs chapter in volume 1 of the Configuration Handbook.

Power Up

If the device is powered up from the power-down state, Voot Veca, and Vcro (for
the I/O banks in which the configuration and JTAG pins reside) must be powered up
to the appropriate level for the device to exit from POR.

Reset

After power up, Cyclone IV devices go through POR. POR delay depends on the MSEL
pin settings, which correspond to your configuration scheme. During POR, the device
resets, holds nSTATUS and CONF_DONE low, and tri-states all user I/O pins (for PS and
FPP configuration schemes only).

To tri-state the configuration bus for AS and AP configuration schemes, you must tie
nCE high and nCONFIG low.

The user I/O pins and dual-purpose I/O pins have weak pull-up resistors, which are
always enabled (after POR) before and during configuration. When the device exits
POR, all user I/O pins continue to tri-state. While nCONFIG is low, the device is in
reset. When nCONFIG goes high, the device exits reset and releases the open-drain
nSTATUS pin, which is then pulled high by an external 10-kQ pull-up resistor. After
nSTATUS is released, the device is ready to receive configuration data and the
configuration stage starts.

For more information about the value of the weak pull-up resistors on the I/O pins
that are on before and during configuration, refer to the Cyclone IV Device Datasheet
chapter.

Configuration

Configuration data is latched into the Cyclone IV device at each DCLK cycle. However,
the width of the data bus and the configuration time taken for each scheme are
different. After the device receives all the configuration data, the device releases the
open-drain CONF_DONE pin, which is pulled high by an external 10-kQ pull-up resistor.
A low-to-high transition on the CONF_DONE pin indicates that the configuration is
complete and initialization of the device can begin.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Configuration
Figure 8-4. Multi-Device AS Configuration in Which Devices Receive the Same Data with Multiple .sof
v ; v " v " v 2 Cyclone IV Slave Device
ccio (1) cclo cclo ccio U
CONF_DONE
nCONFIG
10 kQ 10 kQ 10 kQ 10 kQ »|ncE o N.C. (3
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Notes to Figure 8-4:

M

Connect the pull-up resistors to the Ve supply of the bank in which the pin resides.
Connect the pull-up resistor to the Vgg o supply voltage of the /0 bank in which the nCE pin resides.
The ncEO pin is left unconnected or used as a user 1/0 pin when it does not feed the ncE pin of another device.

The MSEL pin settings vary for different configuration voltage standards and POR time. You must set the master device in AS mode and the slave
devices in PS mode. To connect the MSEL pins for the master device in AS mode and the slave devices in PS mode, refer to Table 8-3 on page 8-8,
Table 8-4 on page 8-8, and Table 8-5 on page 8-9. Connect the MSEL pins directly to Vgea or GND.

Connect the series resistor at the near end of the serial configuration device.

Connect the repeater buffers between the master and slave devices for DATA [0] and DCLK. All I/0 inputs must maintain a maximum AC voltage
of 4.1 V. The output resistance of the repeater buffers must fit the maximum overshoot equation outlined in “Configuration and JTAG Pin I/0
Requirements” on page 8-5.

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

These pins are dual-purpose 1/0 pins. The ncso pin functions as FLASH nCE pin in AP mode. The ASDo pin functions as DATA[1] pin in AP and
FPP modes.

Only Cyclone IV GX devices have an option to select cLxusr (40 MHz maximum) as the external clock source for DCLK.

(10) For multi-devices AS configuration using Cyclone IV E with 1,0 V core voltage, the maximum board trace-length from the serial configuration

device to the junction-split on both DcLk and Datao line is 3.5 inches.

Cyclone IV Device Handbook, May 2013  Altera Corporation
Volume 1
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Single SRAM Object File

The second method configures both the master device and slave devices with the
same .sof. The serial configuration device stores one copy of the .sof. You must set up
one or more slave devices in the chain. All the slave devices must be set up in the
same way (Figure 8-5).

Figure 8-5. Multi-Device AS Configuration in Which Devices Receive the Same Data with a Single .sof

Vecio (1) Vecio (1)

Veeio (1)

10 kQ 10 k!l% 10 kSE%

Serial Configuration . .
Device Cyclone IV Master Device Cyclone IV Slave Device 1 Cyclone IV Slave Device 2
nSTATUS nSTATUS nSTATUS
CONF_DONE CONF_DONE CONF_DONE
nCONFIG nCONFIG nCONFIG
‘r nCE nCEO— N.C. (2)‘7 nCE nCEO — N.C. (2) ‘r nCE nCEO — N.C. (2)
GND GND GND
9
50 (4)
DATA P> DATA[O]
(9) Gl ) »{ DATA[0]
50 Q (4),(6) B> DATA[O]
DCLK [\\/\, DCLK —> DCLK DCLK
nCs |« nCSsO (7)
ASDI ¢ ASDO (7) MSEL[ ]— (3) MSEL[ J— (3) MSEL[ = (3)
50 Q(7) /‘
Buffers (5)

Notes to Figure 8-5:

M
@)
@)

Connect the pull-up resistors to the Ve supply of the bank in which the pin resides.
The ncE0 pin is left unconnected or used as a user 1/0 pin when it does not feed the ncE pin of another device.

The MSEL pin settings vary for different configuration voltage standards and POR time. You must set the master device of the Cyclone IV device
in AS mode and the slave devices in PS mode. To connect the MSEL pins for the master device in AS mode and slave devices in PS mode, refer to
Table 8-3 on page 8-8, Table 8-4 on page 8-8, and Table 8-5 on page 8-9. Connect the MSEL pins directly to Vgea or GND.

Connect the series resistor at the near end of the serial configuration device.

Connect the repeater buffers between the master and slave devices for DATA [0] and DcLk. All I/0 inputs must maintain a maximum AC voltage
of 4.1 V. The output resistance of the repeater buffers must fit the maximum overshoot equation outlined in “Configuration and JTAG Pin I/0
Requirements” on page 8-5.

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

These pins are dual-purpose 1/0 pins. The ncso pin functions as FLASH nCE pin in AP mode. The ASDo pin functions as DATA[1] pin in AP and
FPP modes.

Only Cyclone IV GX devices have an option to select cLxusr (40 MHz maximum) as the external clock source for DCLK.

For multi-devices AS configuration using Cyclone IV E with 1,0 V core voltage, the maximum board trace-length from the serial configuration
device to the junction-split on both bcLk and patao line is 3.5 inches.

May 2013 Altera Corporation

In this setup, all the Cyclone IV devices in the chain are connected for concurrent
configuration. This reduces the AS configuration time because all the Cyclone IV
devices are configured in one configuration cycle. Connect the nCE input pins of all the
Cyclone IV devices to GND. You can either leave the nCEO output pins on all the
Cyclone IV devices unconnected or use the nCEO output pins as normal user I/O pins.
The DATA and DCLK pins are connected in parallel to all the Cyclone IV devices.

Cyclone IV Device Handbook,
Volume 1
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Configuration

JTAG instructions have precedence over any other configuration modes. Therefore,
JTAG configuration can take place without waiting for other configuration modes to
complete. For example, if you attempt JTAG configuration in Cyclone IV devices
during PS configuration, PS configuration terminates and JTAG configuration begins.

If the MSEL pins are set to AS mode, the Cyclone IV device does not output a DCLK
signal when JTAG configuration takes place.

The four required pins for a device operating in JTAG mode are TDI, TDO, TMS, and TCK.
All the JTAG input pins are powered by the Vo pin and support the LVITLI/O
standard only. All user I/O pins are tri-stated during JTAG configuration. Table 8-14
explains the function of each JTAG pin.

Table 8-14. Dedicated JTAG Pins

Pin Name Pin Type Description
Serial input pin for instructions as well as test and programming data. Data shifts in on the
DT Test data rising edge of TCK. If the JTAG interface is not required on the board, the JTAG circuitry is
input disabled by connecting this pin to Vcc. TDI pin has weak internal pull-up resistors (typically 25
kQ).
Serial data output pin for instructions as well as test and programming data. Data shifts out on
00 Test data the falling edge of TCK. The pin is tri-stated if data is not being shifted out of the device. If the
output JTAG interface is not required on the board, the JTAG circuitry is disabled by leaving this pin
unconnected.
Input pin that provides the control signal to determine the transitions of the TAP controller
Test mode state machine. Transitions in the state machine occur on the rising edge of TCK. Therefore,
TMS select TMS must be set up before the rising edge of TCK. T™MS is evaluated on the rising edge of TCK.
If the JTAG interface is not required on the board, the JTAG circuitry is disabled by connecting
this pin to Vg¢. TMS pin has weak internal pull-up resistors (typically 25 kQ).
Test clock The clock input to the BST circuitry. Some operations occur at the rising edge, while others
TCK input occur at the falling edge. If the JTAG interface is not required on the board, the JTAG circuitry

is disabled by connecting this pin to GND. The Tck pin has an internal weak pull-down resistor.

You can download data to the device through the USB-Blaster, MasterBlaster,
ByteBlaster II, or ByteBlasterMV download cable, or the EthernetBlaster
communications cable during JTAG configuration. Configuring devices with a cable is
similar to programming devices in-system. Figure 8-23 and Figure 8-24 show the
JTAG configuration of a single Cyclone IV device.

Cyclone IV Device Handbook,

Volume 1
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Recovering from CRC Errors

9-9

Table 9-7 lists the input and output ports that you must include in the atom.
Table 9-7. CRC Block Input and Output Ports

Port

Input/Qutput

Definition

<creblock_name>

Input

Unique identifier for the CRC block, and represents any identifier name that is legal
for the given description language (for example, Verilog HDL, VHDL, and AHDL).
This field is required.

.tlk (<clock source>

Input

This signal designates the clock input of this cell. All operations of this cell are
with respect to the rising edge of the clock. Whether it is the loading of the data
into the cell or data out of the cell, it always occurs on the rising edge. This port is
required.

.shiftnld (<Shiftnld
sources)

Input

This signal is an input into the error detection block. If shiftnld=1, the data is
shifted from the internal shift register to the regout at each rising edge of clk. If
shiftnld=0, the shift register parallel loads either the pre-calculated CRC value
or the update register contents, depending on the Idsrc port input. To do this,
the shifenld must be driven low for at least two clock cycles. This port is
required.

.ldsrc (<ldsrc
sources)

Input

This signal is an input into the error detection block. If 1dsrc=0, the
pre-computed CRC register is selected for loading into the 32-bit shift register at
the rising edge of clk when shiftnld=0. If Idsrc=1, the signature register
(result of the CRC calculation) is selected for loading into the shift register at the
rising edge of clk when shiftnld=0. This port is ignored when
shiftnld=1. This port is required.

.crcerror (<crecerror
indicator
outputs)

Output

This signal is the output of the cell that is synchronized to the internal oscillator of
the device (80-MHz internal oscillator) and not to the c Ik port. It asserts high if
the error block detects that a SRAM bit has flipped and the internal CRC
computation has shown a difference with respect to the pre-computed value. You
must connect this signal either to an output pin or a bidirectional pin. If it is
connected to an output pin, you can only monitor the CRC_ERROR pin (the core
cannot access this output). If the CRC_ERROR signal is used by core logic to
read error detection logic, you must connect this signal to a BIDIR pin. The
signal is fed to the core indirectly by feeding a BID IR pin that has its output
enable port connected to V¢ (see Figure 9-3 on page 9-8).

.regout (<registered
outputs)

Output

This signal is the output of the error detection shift register synchronized to the
clk port to be read by core logic. It shifts one bit at each cycle, so you should
clock the clk signal 31 cycles to read out the 32 bits of the shift register.

Recovering from CRC Errors

The system that the Altera FPGA resides in must control device reconfiguration. After
detecting an error on the CRC_ERROR pin, strobing the nCONFIG low directs the system
to perform the reconfiguration at a time when it is safe for the system to reconfigure
the FPGA.

When the data bit is rewritten with the correct value by reconfiguring the device, the
device functions correctly.

While soft errors are uncommon in Altera devices, certain high-reliability applications
might require a design to account for these errors.

May 2013 Altera Corporation
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1-22 Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

synchronization state machine mode. In bit-slip mode, you can dynamically
enable the receiver bit reversal using the rx_revbitorderwa port. When enabled,
the 8-bit or 10-bit data D[7..0] or D[9..0] at the output of the word aligner is
rewired to D[0..7] or D[0..9] respectively. Figure 1-20 shows the receiver bit
reversal feature.

Figure 1-20. Receiver Bit Reversal (1)

Output of word aligner Output of word aligner
before RX bit reversal after RX bit reversal
B3] (10|
Bzl EXl
lom| ot
o] [0t

D[5] | rx_revbitordwa (1) = HIGH | D[4]

=2 s =
D[4] D[5]
D[3] D[6]
D[2] D[7]
D[1] D[8]
D[o] D[9]

Note to Figure 1-20:
(1) The rx_revbitordwa portis dynamic and is only available when the word aligner is configured in bit-slip mode.

"=~ When using the receiver bit reversal feature to receive MSB-to-LSB
transmission, reversal of the word alignment pattern is required.

m Receiver bit-slip indicator—provides the number of bits slipped in the word
aligner for synchronization with rx_bitslipboundaryselectout signal. For usage
details, refer to “Receive Bit-Slip Indication” on page 1-76.

Deskew FIFO

This module is only available when used for the XAUI protocol and is used to align all
four channels to meet the maximum skew requirement of 40 UI (12.8 ns) as seen at the
receiver of the four lanes. The deskew operation is compliant to the PCS deskew state
machine diagram specified in clause 48 of the IEEE P802.3ae specification.

The deskew circuitry consists of a 16-word deep deskew FIFO in each of the four
channels, and control logics in the central control unit of the transceiver block that
controls the deskew FIFO write and read operations in each channel.

For details about the deskew FIFO operations for channel deskewing, refer to “XAUI
Mode” on page 1-67.
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Transceiver Functional Modes

Clock Frequency Compensation

In GIGE mode, the rate match FIFO compensates up to +100 ppm (200 ppm total)
difference between the upstream transmitter and the local receiver reference clock.
The GIGE protocol requires the transmitter to send idle ordered sets /I11/
(/K28.5/D5.6/) and /12/ (/K28.5/D16.2/) during inter-packet gaps, adhering to the
rules listed in the IEEE 802.3 specification.

The rate match operation begins after the synchronization state machine in the word
aligner indicates synchronization has been acquired by driving the rx_syncstatus
signal high. The rate match FIFO deletes or inserts both symbols of the /12/ ordered
sets (/K28.5/ and /D16.2/) to prevent the rate match FIFO from overflowing or
underflowing. It can insert or delete as many /I12/ ordered sets as necessary to
perform the rate match operation.

If you have the auto-negotiation state machine in the FPGA, note that the rate match
FIFO is capable of inserting or deleting the first two bytes (/K28.5//D2.2/) of /C2/
ordered sets during auto-negotiation. However, the insertion or deletion of the first
two bytes of /C2/ ordered sets can cause the auto-negotiation link to fail. For more
information, refer to the Altera Knowledge Base Support Solution.

The status flags rx_rmfifodatadeleted and rx_rmfifodatainserted to indicate rate
match FIFO deletion and insertion events, respectively, are forwarded to the FPGA
fabric. These two flags are asserted for two clock cycles for each deleted and inserted
/12/ ordered set.

Figure 1-58 shows an example of rate match FIFO deletion where three symbols must
be deleted. Because the rate match FIFO can only delete /I12/ ordered sets, it deletes
two /12/ ordered sets (four symbols deleted).

Figure 1-58. Example of Rate Match FIFO Deletion in GIGE Mode

/12/ Skip Symbol Deleted

First/12/ Skip ~ Second /I2/ Skip
Ordered Set Ordered Set

Third /12/ Skip
Ordered Set

dataout >< Dx.y ><K28.5><D16.2>< Dx.y ><
rx_rmfifodatadeleted ‘
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Transceiver Functional Modes

=

Clock Rate Compensation

In XAUI mode, the rate match FIFO compensates up to £100 ppm (200 ppm total)
difference between the upstream transmitter and the local receiver reference clock.
The XAUI protocol requires the transmitter to send /R/ (/K28.0/) code groups
simultaneously on all four lanes (denoted as | |R| | column) during inter-packet
gaps, adhering to rules listed in the IEEE P802.3ae specification.

The rate match operation begins after rx_syncstatus and rx_channelaligned are
asserted. The rx_syncstatus signal is from the word aligner, indicating that
synchronization is acquired on all four channels, while rx_channelaligned signal is
from the deskew FIFO, indicating channel alignment.

The rate match FIFO looks for the | |R| | column (simultaneous /R/ code groups on
all four channels) and deletes or inserts | |R| | columns to prevent the rate match
FIFO from overflowing or under running. The rate match FIFO can insert or delete as
many | |R| | columns as necessary to perform the rate match operation.

The rx_rmfifodatadeleted and rx_rmfifodatainserted flags that indicate rate
match FIFO deletion and insertion events, respectively, are forwarded to the FPGA
fabric. Ifan | |[R| | column is deleted, the rx_rmfifodeleted flag from each of the
four channels goes high for one clock cycle per deleted | |R| | column. Ifan | |R] |
column is inserted, the rx_rmfifoinserted flag from each of the four channels goes
high for one clock cycle per inserted | |R| | column.

The rate match FIFO does not insert or delete code groups automatically to overcome
FIFO empty or full conditions. In this case, the rate match FIFO asserts the
rx_rmfifofull and rx_rmfifoempty flags for at least three recovered clock cycles to
indicate rate match FIFO full and empty conditions, respectively. You must then assert
the rx_digitalreset signal to reset the receiver PCS blocks.

Deterministic Latency Mode

Deterministic Latency mode provides the transceiver configuration that allows no
latency uncertainty in the datapath and features to strictly control latency variation.
This mode supports non-bonded (x1) and bonded (x4) channel configurations, and is
typically used to support CPRI and OBSAI protocols that require accurate delay
measurements along the datapath. The Cyclone IV GX transceivers configured in
Deterministic Latency mode provides the following features:

m registered mode phase compensation FIFO

m receive bit-slip indication

transmit bit-slip control

m PLL PFD feedback

February 2015 Altera Corporation Cyclone IV Device Handbook,
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Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Top-Level Port Lists

Table 1-26. Transmitter Ports in ALTGX Megafunction for Cyclone IV GX

Input/ . -

Block | Port Name Output Clock Domain Description
Synchronous to
tx_clkout (non- Parallel data input from the FPGA fabric to the transmitter.

tx_datain Input | bonded modes) or = Bus width depends on channel width multiplied by
coreclkout (bonded number of channels per instance.
modes)
FPGA fabric-transmitter interface clock in non-bonded
modes
tx_clkout Output | Clock signal = Each channel has a tx_clkout signal that can be
used to clock data (tx_datain) from the FPGA
fabric into the transmitter.
x_coreclk Input | Clock signal (F)Ip;’%onal write clock port for the TX phase compensation
Synchronous to
tx_phase_comp_fifo tx_clkout (non- TX phase compensation FIFO full or empty indicator.
orror - Output | bonded modes) or ] o o
_ coreclkout (bonded |™ A high level indicates FIFO is either full or empty.
modes)
Synchronous to 8B/10B encoder control or data identifier..This signal
tx_clkout (non- passes through the TX Phase Compensation FIFO.
tx_ctrlenable Input | bonded modes) or m A high level to encode data as a /Kx.y/ control code
coreclkout (bonded group.

TXPCS modes) = Alow level to encode data as a /Dx.y/ data code group.
Synchronous to 8B/10B encoder forcing disparity control. This signal
tx_clkout (non- passes through the TX Phase Compensation FIFO.

: bonded = A high level to force encoding to positive or negative
tx_forcedisp Input Lo : 3 .
modes) or disparity depending on the tx_dispwval signal level.
coreclkout m Alow level to allow default encoding according to the
(bonded modes) 8B/10B running disparity rules.
8B/10B encoder forcing disparity value. This signal
Synchronous to passes through the TX Phase Compensation FIFO.
tx_clkout (non- m A high level to force encoding with a negative disparity
bonded ; i
x_dispval Input cpde group when tx_forcedisp port is asserted
modes) or high.
coreclkout m Alow level to force encoding with a positive disparity
(bonded modes) code group when tx_forcedisp port is asserted
high.
Asynchronous signal. Transmitter polarity inversion control.
tx_invpolarity Input | Minimum pulse widthis | w A high level to invert the polarity of every bit of the 8-
two parallel clock cycles. or 10-bit input data to the serializer.
tx_bitslipboundarys ) Control the number of bits to slip before serializer.
— Input | Asynchronous signal. .
elect m Valid values from 0 to 9
tx_dataout Output | — Transmitter serial data output signal.
TXPMA | tx_forceelec . Force the tran§m|tter byffer to EIPE glectncal idle signal
Input | Asynchronous signal. levels. For equivalent signal defined in PIPE 2.00

idle

specification, refer to Table 1-15 on page 1-54.
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Chapter 3: Cyclone IV Dynamic Reconfiguration 3-7
Dynamic Reconfiguration Controller Port List

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

Input/

Port Name Output

Description

Analog Settings Control/Status Signals

tx vodctrl([2..0]
- Input

This is an optional transmit buffer Vop 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 Vqp values corresponding to the tx_vodctrl settings for 100-Q
termination.

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

tx_vodctrl[2:0] Corresponding ALTGX Corresponding Vop
instance settings settings (mV)
3’b001 1 400
3’b010 2 600
3'b011 3 800
3'b111 4 @ 900 @
3’b100 5 1000
3'b101 6 1200

All other values => N/A
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1-10 Chapter 1: Cyclone IV Device Datasheet
Operating Conditions

Example 1-1 shows how to calculate the change of 50-Q I/O impedance from 25°C at
3.0Vto85°Cat3.15V.

Example 1-1. Impedance Change
ARy = (3.15-3) x 1000 x —0.026 = -3.83
ARy = (85-25) x 0.262 = 15.72
Because ARy is negative,
MFy =1/(3.83/100 + 1) = 0.963
Because ARy is positive,
MF; = 15.72/100 + 1 = 1.157
MF = 0.963 x 1.157 = 1.114
Rina =50x 1.114=55.71Q

Pin Capacitance
Table 1-11 lists the pin capacitance for Cyclone IV devices.

Table 1-11. Pin Capacitance for Cyclone IV Devices ("

Typical - | Typical - | Typical -
QuadFlat | Quad Flat | Ball-Grid .
Symbol Parameter Pack No Leads Array Unit
(QFP) (QFN) (BGA)
Ciots Input capacitance on top and bottom I/0 pins 7 7 6 pF
Cior Input capacitance on right 1/0 pins 7 7 5 pF
Cuvostr | Input capacitance on right 1/0 pins with dedicated LVDS output 8 8 7 pF
Cvrerir | Input capacitance on right dual-purpose VREF pin when used as
. 21 21 21 pF
@ Vger Or user 1/0 pin
((JQ,)REHB Input capacitance on top qnd bottom dual-purpose VREF pin when 93 (3) 93 93 oF
used as Vper or user 1/0 pin
CeLka Input capacitance on top and bottom dedicated clock input pins 7 7 6 pF
Corkir Input capacitance on right dedicated clock input pins 6 6 5 pF

Notes to Table 1-11:
(1) The pin capacitance applies to FBGA, UBGA, and MBGA packages.

(2) When you use the VREF pin as a regular input or output, you can expect a reduced performance of toggle rate and tgo because of higher pin
capacitance.

(3) Cyers for the EPACE22 device is 30 pF.
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Switching Characteristics

Figure 1-2 shows the lock time parameters in manual mode.

[’ LTD =lock-to-data. LTR = lock-to-reference.

Figure 1-2. Lock Time Parameters for Manual Mode
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Figure 1-3 shows the lock time parameters in automatic mode.

Figure 1-3. Lock Time Parameters for Automatic Mode
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