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March 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 1



Chapter 3: Memory Blocks in Cyclone IV Devices 3–3
Overview
Control Signals
The clock-enable control signal controls the clock entering the input and output 
registers and the entire M9K memory block. This signal disables the clock so that the 
M9K memory block does not see any clock edges and does not perform any 
operations.

The rden and wren control signals control the read and write operations for each port 
of M9K memory blocks. You can disable the rden or wren signals independently to 
save power whenever the operation is not required.

Parity Bit Support
Parity checking for error detection is possible with the parity bit along with internal 
logic resources. Cyclone IV devices M9K memory blocks support a parity bit for each 
storage byte. You can use this bit as either a parity bit or as an additional data bit. No 
parity function is actually performed on this bit.

Byte Enable Support
Cyclone IV devices M9K memory blocks support byte enables that mask the input 
data so that only specific bytes of data are written. The unwritten bytes retain the 
previous written value. The wren signals, along with the byte-enable (byteena) 
signals, control the write operations of the RAM block. The default value of the 
byteena signals is high (enabled), in which case writing is controlled only by the wren 
signals. There is no clear port to the byteena registers. M9K blocks support byte 
enables when the write port has a data width of ×16, ×18, ×32, or ×36 bits.

Byte enables operate in one-hot manner, with the LSB of the byteena signal 
corresponding to the least significant byte of the data bus. For example, if 
byteena = 01 and you are using a RAM block in ×18 mode, data[8..0] is enabled 
and data[17..9] is disabled. Similarly, if byteena = 11, both data[8..0] and 
data[17..9] are enabled. Byte enables are active high.

Table 3–2 lists the byte selection.

Table 3–2. byteena for Cyclone IV Devices M9K Blocks (1) 

byteena[3..0]
Affected Bytes

datain ×16 datain ×18 datain ×32 datain ×36

[0] = 1 [7..0] [8..0] [7..0] [8..0]

[1] = 1 [15..8] [17..9] [15..8] [17..9]

[2] = 1 — — [23..16] [26..18]

[3] = 1 — — [31..24] [35..27]

Note to Table 3–2:

(1) Any combination of byte enables is possible.
November 2011 Altera Corporation Cyclone IV Device Handbook,
Volume 1



3–8 Chapter 3: Memory Blocks in Cyclone IV Devices
Memory Modes
1 Violating the setup or hold time on the M9K memory block input registers may 
corrupt memory contents. This applies to both read and write operations.

Single-Port Mode
Single-port mode supports non-simultaneous read and write operations from a single 
address. Figure 3–6 shows the single-port memory configuration for Cyclone IV 
devices M9K memory blocks.

During a write operation, the behavior of the RAM outputs is configurable. If you 
activate rden during a write operation, the RAM outputs show either the new data 
being written or the old data at that address. If you perform a write operation with 
rden deactivated, the RAM outputs retain the values they held during the most recent 
active rden signal.

To choose the desired behavior, set the Read-During-Write option to either New Data 
or Old Data in the RAM MegaWizard Plug-In Manager in the Quartus II software. For 
more information about read-during-write mode, refer to “Read-During-Write 
Operations” on page 3–15. 

The port width configurations for M9K blocks in single-port mode are as follow:

■ 8192 × 1

■ 4096 × 2

■ 2048 × 4

■ 1024 × 8

■ 1024 × 9

■ 512 × 16

■ 512 × 18

■ 256 × 32

■ 256 × 36

Figure 3–6. Single-Port Memory (1), (2)

Notes to Figure 3–6:

(1) You can implement two single-port memory blocks in a single M9K block.
(2) For more information, refer to “Packed Mode Support” on page 3–4.

data[ ]
address[ ]
wren
byteena[]
addressstall
   inclock
inclocken
rden
aclr

outclock

q[]

outclocken
Cyclone IV Device Handbook, November 2011 Altera Corporation
Volume 1



Chapter 3: Memory Blocks in Cyclone IV Devices 3–11
Memory Modes
True Dual-Port Mode
True dual-port mode supports any combination of two-port operations: two reads, 
two writes, or one read and one write, at two different clock frequencies. Figure 3–10 
shows Cyclone IV devices true dual-port memory configuration.

1 The widest bit configuration of the M9K blocks in true dual-port mode is 512 × 16-bit 
(18-bit with parity).

Table 3–4 lists the possible M9K block mixed-port width configurations.

In true dual-port mode, M9K memory blocks support separate wren and rden signals. 
You can save power by keeping the rden signal low (inactive) when not reading. 
Read-during-write operations to the same address can either output “New Data” at 
that location or “Old Data”. To choose the desired behavior, set the Read-During-
Write option to either New Data or Old Data in the RAM MegaWizard Plug-In 
Manager in the Quartus II software. For more information about this behavior, refer to 
“Read-During-Write Operations” on page 3–15. 

Figure 3–10. Cyclone IV Devices True Dual-Port Memory (1)

Note to Figure 3–10:

(1) True dual-port memory supports input or output clock mode in addition to the independent clock mode shown.

data_a[ ]
address_a[ ]
wren_a
byteena_a[]
addressstall_a
  clock_a
clocken_a
rden_a
aclr_a
q_a[]

data_b[ ]
address_b[]

wren_b
byteena_b[]

addressstall_b
clock_b

clocken_b
rden_b
aclr_b
q_b[]

Table 3–4.  Cyclone IV Devices M9K Block Mixed-Width Configurations (True Dual-Port Mode)

Read Port
Write Port

8192 × 1 4096 × 2 2048 × 4 1024 × 8 512 × 16 1024 × 9 512 × 18

8192 × 1 v v v v v — —

4096 × 2 v v v v v — —

2048 × 4 v v v v v — —

1024 × 8 v v v v v — —

512 × 16 v v v v v — —

1024 × 9 — — — — — v v
512 × 18 — — — — — v v
November 2011 Altera Corporation Cyclone IV Device Handbook,
Volume 1



Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–11
Clock Networks
Figure 5–1 shows the clock control block.

Each PLL generates five clock outputs through the c[4..0] counters. Two of these 
clocks can drive the GCLK through a clock control block, as shown in Figure 5–1.

f For more information about how to use the clock control block in the Quartus II 
software, refer to the ALTCLKCTRL Megafunction User Guide.

Figure 5–1. Clock Control Block

Notes to Figure 5–1:

(1) The clkswitch signal can either be set through the configuration file or dynamically set when using the manual PLL switchover feature. The 
output of the multiplexer is the input clock (fIN) for the PLL.

(2) The clkselect[1..0] signals are fed by internal logic and are used to dynamically select the clock source for the GCLK when the device is in 
user mode.

(3) The static clock select signals are set in the configuration file. Therefore, dynamic control when the device is in user mode is not feasible.
(4) Two out of four PLL clock outputs are selected from adjacent PLLs to drive into the clock control block.
(5) You can use internal logic to enable or disable the GCLK in user mode.
(6) CLK[n] is not available on the left side of Cyclone IV E devices.

CLKSWITCH (1)

Static Clock Select (3)

Static Clock
Select (3)

Internal Logic

Clock Control Block

Not applicable to
Cyclone IV E devices

DPCLK

CLKSELECT[1..0] (2)
Internal Logic (5)

inclk1
inclk0

CLK[n + 3]
CLK[n + 2]
CLK[n + 1]
CLK[n] (6)

fIN

C0
C1

C2PLL

Global
Clock

Enable/
Disable

C3
C4

CLKSWITCH (1)

inclk1
inclk0

fIN

C0
C1

C2PLL

C3
C4

(4)
October 2012 Altera Corporation Cyclone IV Device Handbook,
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6–12 Chapter 6: I/O Features in Cyclone IV Devices
I/O Standards
2.5-V LVTTL / 
LVCMOS Single-ended JESD8-5 3.3/3.0/2.5

(3) 2.5 v v v v v
1.8-V LVTTL / 
LVCMOS Single-ended JESD8-7 1.8/1.5 (3) 1.8 v v v v v
1.5-V LVCMOS Single-ended JESD8-11 1.8/1.5 (3) 1.5 v v v v v
1.2-V LVCMOS (4) Single-ended JESD8-12A 1.2 1.2 v v v v v
SSTL-2 Class I, 
SSTL-2 Class II

voltage-
referenced JESD8-9A 2.5 2.5 v v v v v

SSTL-18 Class I, 
SSTL-18 Class II

voltage-
referenced JESD815 1.8 1.8 v v v v v

HSTL-18 Class I, 
HSTL-18 Class II

voltage-
referenced JESD8-6 1.8 1.8 v v v v v

HSTL-15 Class I, 
HSTL-15 Class II

voltage-
referenced JESD8-6 1.5 1.5 v v v v v

HSTL-12 Class I voltage-
referenced JESD8-16A 1.2 1.2 v v v v v

HSTL-12 Class II (9) voltage-
referenced JESD8-16A 1.2 1.2 v v v — —

PCI and PCI-X Single-ended — 3.0 3.0 v v v v v
Differential SSTL-2 
Class I or Class II

Differential 
(5) JESD8-9A

— 2.5 — v — — —

2.5 — v — — v —

Differential SSTL-18 
Class I or Class II

Differential 
(5) JESD815

— 1.8 — v — — —

1.8 — v — — v —

Differential HSTL-18 
Class I or Class II

Differential 
(5) JESD8-6

— 1.8 — v — — —

1.8 — v — — v —

Differential HSTL-15 
Class I or Class II

Differential 
(5) JESD8-6

— 1.5 — v — — —

1.5 — v — — v —

Differential HSTL-12 
Class I or Class II

Differential 
(5) JESD8-16A

— 1.2 — v — — —

1.2 — v — — v —

PPDS (6) Differential — — 2.5 — v v — v
LVDS (10) Differential ANSI/TIA/

EIA-644 2.5 2.5 v v v v v
RSDS and 
mini-LVDS (6) Differential — — 2.5 — v v — v
BLVDS (8) Differential — 2.5 2.5 — — v — v

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

I/O Standard Type Standard 
Support

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

Input Output CLK, 
DQS PLL_OUT

User 
I/O 

Pins

CLK, 
DQS

User I/O 
Pins
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



6–24 Chapter 6: I/O Features in Cyclone IV Devices
High-Speed I/O Interface
High-Speed I/O Interface
Cyclone IV E I/Os are separated into eight I/O banks, as shown in Figure 6–9 on 
page 6–17. Cyclone IV GX I/Os are separated into six user I/O banks with the left 
side of the device as the transceiver block, as shown in Figure 6–10 on page 6–18. Each 
bank has an independent power supply. True output drivers for LVDS, RSDS, 
mini-LVDS, and PPDS are on the right I/O banks. On the Cyclone IV E row I/O banks 
and the Cyclone IV GX right I/O banks, some of the differential pin pairs (p and n 
pins) of the true output drivers are not located on adjacent pins. In these cases, a 
power pin is located between the p and n pins. These I/O standards are also 
supported on all I/O banks using two single-ended output with the second output 
programmed as inverted, and an external resistor network. True input buffers for 
these I/O standards are supported on the top, bottom, and right I/O banks except for 
I/O bank 9.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–7
Configuration
You can begin reconfiguration by pulling the nCONFIG pin low. The nCONFIG pin must 
be low for at least 500 ns. When nCONFIG is pulled low, the Cyclone IV device is reset. 
The Cyclone IV device also pulls nSTATUS and CONF_DONE low and all I/O pins are 
tri-stated. When nCONFIG returns to a logic-high level and nSTATUS is released by the 
Cyclone IV device, reconfiguration begins.

Configuration Error
If an error occurs during configuration, Cyclone IV devices assert the nSTATUS signal 
low, indicating a data frame error and the CONF_DONE signal stays low. If the 
Auto-restart configuration after error option (available in the Quartus II software in 
the General tab of the Device and Pin Options dialog box) is turned on, the 
Cyclone IV device releases nSTATUS after a reset time-out period (a maximum of 
230 s), and retries configuration. If this option is turned off, the system must monitor 
nSTATUS for errors and then pulse nCONFIG low for at least 500 ns to restart 
configuration.

Initialization
In Cyclone IV devices, the initialization clock source is either the internal oscillator or 
the optional CLKUSR pin. By default, the internal oscillator is the clock source for 
initialization. If you use the internal oscillator, the device provides itself with enough 
clock cycles for proper initialization. When using the internal oscillator, you do not 
have to send additional clock cycles from an external source to the CLKUSR pin during 
the initialization stage. Additionally, you can use the CLKUSR pin as a user I/O pin.

You also have the flexibility to synchronize initialization of multiple devices or to 
delay initialization with the CLKUSR option. The CLKUSR pin allows you to control 
when your device enters user mode for an indefinite amount of time. You can turn on 
the Enable user-supplied start-up clock (CLKUSR) option in the Quartus II software 
in the General tab of the Device and Pin Options dialog box. When you turn on the 
Enable user supplied start-up clock option (CLKUSR) option, the CLKUSR pin is the 
initialization clock source. Supplying a clock on the CLKUSR pin does not affect the 
configuration process. After the configuration data is accepted and CONF_DONE goes 
high, Cyclone IV devices require 3,192 clock cycles to initialize properly and enter 
user mode.

1 If you use the optional CLKUSR pin and the nCONFIG pin is pulled low to restart 
configuration during device initialization, ensure that the CLKUSR pin continues to 
toggle when nSTATUS is low (a maximum of 230 s).

User Mode
An optional INIT_DONE pin is available, which signals the end of initialization and the 
start of user mode with a low-to-high transition. The Enable INIT_DONE Output 
option is available in the Quartus II software in the General tab of the Device and Pin 
Options dialog box. If you use the INIT_DONE pin, it is high due to an external 10-k 
pull-up resistor when nCONFIG is low and during the beginning of configuration. After 
the option bit to enable INIT_DONE is programmed into the device (during the first 
frame of configuration data), the INIT_DONE pin goes low. When initialization is 
complete, the INIT_DONE pin is released and pulled high. This low-to-high transition 
signals that the device has entered user mode. In user mode, the user I/O pins 
function as assigned in your design and no longer have weak pull-up resistors.
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



8–10 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
1 For Cyclone IV E devices, the Quartus II software prohibits you from using the LVDS 
I/O standard in I/O Bank 1 when the configuration device I/O voltage is not 2.5 V. If 
you need to assign LVDS I/O standard in I/O Bank 1, navigate to 
Assignments>Device>Settings>Device and Pin Option>Configuration to change 
the Configuration Device I/O voltage to 2.5 V or Auto. 

AS Configuration (Serial Configuration Devices)
In the AS configuration scheme, Cyclone IV devices are configured with a serial 
configuration device. These configuration devices are low-cost devices with 
non-volatile memories that feature a simple four-pin interface and a small form factor. 
These features make serial configuration devices the ideal low-cost configuration 
solution.

f For more information about serial configuration devices, refer to the Serial 
Configuration Devices (EPCS1, EPCS4, EPCS16, EPCS64, and EPCS128) Datasheet in 
volume 2 of the Configuration Handbook.

Serial configuration devices provide a serial interface to access the configuration data. 
During device configuration, Cyclone IV devices read the configuration data through 
the serial interface, decompress the data if necessary, and configure their SRAM cells. 
This scheme is referred to as the AS configuration scheme because the device controls 
the configuration interface.

1 If you want to gain control of the EPCS pins, hold the nCONFIG pin low and pull the 
nCE pin high to cause the device to reset and tri-state the AS configuration pins.

Single-Device AS Configuration
The four-pin interface of serial configuration devices consists of the following pins:

■ Serial clock input (DCLK)

■ Serial data output (DATA)

■ Active-low chip select (nCS) 

■ AS data input (ASDI)
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1
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9–8 Chapter 9: SEU Mitigation in Cyclone IV Devices
Software Support
Figure 9–3 shows the error detection block diagram in FPGA devices and shows the 
interface that the WYSIWYG atom enables in your design.

1 The user logic is affected by the soft error failure, so reading out the 32-bit CRC 
signature through the regout should not be relied upon to detect a soft error. You 
should rely on the CRC_ERROR output signal itself, because this CRC_ERROR output 
signal cannot be affected by a soft error.

To enable the cycloneiv_crcblock WYSIWYG atom, you must name the atom for 
each Cyclone IV device accordingly.

Example 9–1 shows an example of how to define the input and output ports of a 
WYSIWYG atom in a Cyclone IV device.

Figure 9–3. Error Detection Block Diagram

Clock Divider
(1 to 256 Factor)

Pre-Computed CRC
(Saved in the Option Register)

CRC
Computation

Error Detection
Logic

SRAM
Bits

CRC_ERROR
(Shown in BIDIR Mode)
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Logic Array
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T
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C
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80 MHz Internal Chip Oscillator

Example 9–1. Error Detection Block Diagram

cycloneiv_crcblock<crcblock_name>

(

.clk(<clock source>),

.shiftnld(<shiftnld source>),

.ldsrc(<ldsrc source>),

.crcerror(<crcerror out destination>),

.regout(<output destination>),

);
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



Chapter 11: Power Requirements for Cyclone IV Devices 11–3
Hot-socketing Feature Implementation
1 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. The weak pull up 
resistors are not enabled prior to POR.

A possible concern for semiconductor devices in general regarding hot socketing is 
the potential for latch up. Latch up can occur when electrical subsystems are hot 
socketed into an active system. During hot socketing, the signal pins may be 
connected and driven by the active system before the power supply can provide 
current to the VCC of the device and ground planes. This condition can lead to latch up 
and cause a low-impedance path from VCC to GND in the device. As a result, the 
device extends a large amount of current, possibly causing electrical damage.

The design of the I/O buffers and hot-socketing circuitry ensures that Cyclone IV 
devices are immune to latch up during hot-socketing.

f For more information about the hot-socketing specification, refer to the Cyclone IV 
Device Datasheet chapter and the Hot-Socketing and Power-Sequencing Feature and Testing 
for Altera Devices white paper.

Hot-socketing Feature Implementation
The hot-socketing circuit does not include the CONF_DONE, nCEO, and nSTATUS pins to 
ensure that they are able to operate during configuration. The expected behavior for 
these pins is to drive out during power-up and power-down sequences.

1 Altera uses GND as reference for hot-socketing operation and I/O buffer designs. To 
ensure proper operation, Altera recommends connecting the GND between boards 
before connecting the power supplies. This prevents the GND on your board from 
being pulled up inadvertently by a path to power through other components on your 
board. A pulled up GND can otherwise cause an out-of-specification I/O voltage or 
current condition with the Altera device.

Power-On Reset Circuitry
Cyclone IV devices contain POR circuitry to keep the device in a reset state until the 
power supply voltage levels have stabilized during power up. During POR, all user 
I/O pins are tri-stated until the power supplies reach the recommended operating 
levels. In addition, the POR circuitry also ensures the VCCIO level of I/O banks that 
contain configuration pins reach an acceptable level before configuration is triggered.

The POR circuit of the Cyclone IV device monitors the VCCINT, VCCA, and VCCIO that 
contain configuration pins during power-on. You can power up or power down the 
VCCINT, VCCA, and VCCIO pins in any sequence. The VCCINT, VCCA, and VCCIO must have 
a monotonic rise to their steady state levels. All VCCA pins must be powered to 2.5V 
(even when PLLs are not used), and must be powered up and powered down at the 
same time.

After the Cyclone IV device enters the user mode, the POR circuit continues to 
monitor the VCCINT and VCCA pins so that a brown-out condition during user mode is 
detected. If the VCCINT or VCCA voltage sags below the POR trip point during user 
mode, the POR circuit resets the device. If the VCCIO voltage sags during user mode, 
the POR circuit does not reset the device.
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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1–22 Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

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.

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

■ 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.

Figure 1–20. Receiver Bit Reversal (1)

Note to Figure 1–20:

(1) The rx_revbitordwa port is dynamic and is only available when the word aligner is configured in bit-slip mode.

Output of word aligner
before RX bit reversal

Output of word aligner
after RX bit reversal

rx_revbitordwa (1) = HIGH

D[9]

D[8]

D[7]

D[6]

D[5]

D[4]

D[3]

D[2]

D[1]

D[0]

D[0]

D[1]

D[2]

D[3]

D[4]

D[5]

D[6]

D[7]

D[8]

D[9]



Chapter 1: Cyclone IV Transceivers Architecture 1–23
Receiver Channel Datapath

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2

Rate Match FIFO
In asynchronous systems, the upstream transmitter and local receiver can be clocked 
with independent reference clocks. Frequency differences in the order of a few 
hundred ppm can corrupt the data when latching from the recovered clock domain 
(the same clock domain as the upstream transmitter reference clock) to the local 
receiver reference clock domain. Figure 1–21 shows the rate match FIFO block 
diagram.

The rate match FIFO compensates for small clock frequency differences of up to 
±300 ppm (600 ppm total) between the upstream transmitter and the local receiver 
clocks by performing the following functions:

■ Insert skip symbols when the local receiver reference clock frequency is greater 
than the upstream transmitter reference clock frequency

■ Delete skip symbols when the local receiver reference clock frequency is less than 
the upstream transmitter reference clock frequency

The 20-word deep rate match FIFO and logics control insertion and deletion of skip 
symbols, depending on the ppm difference. The operation begins after the word 
aligner synchronization status (rx_syncstatus) is asserted. 

1 Rate match FIFO is only supported with 8B/10B encoded data and the word aligner 
in automatic synchronization state machine mode.

8B/10B Decoder
The 8B/10B decoder receives 10-bit data and decodes it into an 8-bit data and a 1-bit 
control identifier. The decoder is compliant with Clause 36 of the IEEE 802.3 
specification.

Figure 1–22 shows the 8B/10B decoder block diagram.

Figure 1–21. Rate Match FIFO Block Diagram

Rate Match
FIFO

(20-word deep)

10

rx_rmfifodatainserted
rx_rmfifodatadeleted

rx_fifoempty
rx_rmfifofull

10

Figure 1–22. 8B/10B Decoder Block Diagram
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1 Cyclone IV GX transceivers do not have built-in support for some PCS functions such 
as auto-negotiation state machine, collision-detect, and carrier-sense. If required, you 
must implement these functions in a user logic or external circuits.

The 1000 Base-X PHY is defined by IEEE 802.3 standard as an intermediate or 
transition layer that interfaces various physical media with the media access control 
(MAC) in a GbE system. The 1000 Base-X PHY, which has a physical interface data 
rate of 1.25 Gbps consists of the PCS, PMA, and physical media dependent (PMD) 
layers. Figure 1–54 shows the 1000 Base-X PHY in LAN layers.

Figure 1–54. 1000 Base-X PHY in a GbE OSI Reference Model

Notes to Figure 1–54:

(1) CSMA/CD = Carrier-Sense Multiple Access with Collision Detection
(2) GMII = gigabit medium independent interface

Logical Link Control (LLC) or other MAC client

(1)

(2)

MAC Control (Optional)

MAC
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Reconcilation

PMD

Higher Layers
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■ Channel alignment is acquired if three additional aligned ||A|| columns are 
observed at the output of the deskew FIFOs of the four channels after alignment of 
the first ||A|| column. 

■ Channel alignment is indicated by the assertion of rx_channelaligned signal. 

■ After acquiring channel alignment, if four misaligned ||A|| columns are seen at 
the output of the deskew FIFOs in all four channels with no aligned ||A|| 
columns in between, the rx_channelaligned signal is deasserted, indicating loss of 
channel alignment.

Figure 1–65 shows lane skew at the receiver input and how the deskew FIFO uses the 
/A/ code group to align the channels.

Lane Synchronization
In XAUI mode, the word aligner is configured in automatic synchronization state 
machine mode that is compliant to the PCS synchronization state diagram specified in 
clause 48 of the IEEE P802.3ae specification. Table 1–23 lists the synchronization state 
machine parameters that implements the lane synchronization in XAUI mode.

Figure 1–65. Deskew FIFO–Lane Skew at the Receiver Input

Lane 0

K

KK KKK K

KK KKK K

KK KKK K

RK RK R K K RK R

R RR RR

RRR RR

RRR RR

A

A

A

A

Lane 1

Lane 2

Lane 3

Lane 0

K

KK KKK K

KK KKK K

KK KKK K

RK RK R K K RK R

R RR RR

RRR RR

RRR RR

A

A

A

A

Lane 1

Lanes skew at
receiver input

Lanes are deskewed by lining
up the “Align”/A/ code groups

/A/ column

Lane 2

Lane 3

Table 1–23. Synchronization State Machine Parameters (1)

Parameter Value

Number of valid synchronization (/K28.5/) code groups received to achieve 
synchronization 4

Number of erroneous code groups received to lose synchronization 4

Number of continuous good code groups received to reduce the error count by 
one 4

Note to Table 1–23:

(1) The word aligner supports 7-bit and 10-bit pattern lengths in XAUI mode.
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1 Serial loopback mode can only be dynamically enabled or disabled during user mode 
by performing a dynamic channel reconfiguration.

Reverse Serial Loopback
The reverse serial loopback mode is available for all functional modes except for 
XAUI mode. The two reverse serial loopback options from the receiver to the 
transmitter are:

■ Pre-CDR mode where data received through the RX input buffer is looped back to 
the TX output buffer using the Reverse serial loopback (pre-CDR) option

■ Post-CDR mode where retimed data through the receiver CDR from the RX input 
buffer is looped back to the TX output buffer using the Reverse serial loopback 
option

The received data is also available to the FPGA logic. In the transmitter channel, only 
the transmitter buffer is active. 

1 The transmitter pre-emphasis feature is not available in reverse serial loopback (pre-
CDR) mode.

1 Reverse serial loopback modes can only be dynamically enabled or disabled during 
user mode by performing a dynamic channel reconfiguration.

Figure 1–71.  Serial Loopback Path (1)

Note to Figure 1–71:

(1) Grayed-Out Blocks are Not Active in this mode.
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As shown in Figure 2–5, perform the following reset procedure for the receiver CDR 
in manual lock mode configuration:

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, rx_digitalreset, and 
rx_locktorefclk signals asserted and the rx_locktodata signal deasserted during 
this time period. After you deassert the pll_areset signal, the multipurpose PLL 
starts locking to the input reference clock.

3. After the multipurpose PLL locks, as indicated by the pll_locked signal going 
high (marker 3), deassert the tx_digitalreset signal (marker 4). For the receiver 
operation, after deassertion of the busy signal, wait for two parallel clock cycles to 
deassert the rx_analogreset signal. 

4. In a bonded channel group, wait for at least tLTR_LTD_Manual, then deassert 
rx_locktorefclk and assert rx_locktodata (marker 7). At this point, the receiver 
CDR of all the channels enters into lock-to-data mode and starts locking to the 
received data.

5. After asserting the rx_locktodata signal, wait for at least tLTD_Manual before 
deasserting rx_digitalreset (the time between markers 7 and 8). At this point, 
the transmitter and receiver are ready for data traffic.

Non-Bonded Channel Configuration 
In non-bonded channels, each channel in the ALTGX MegaWizard Plug-In Manager 
instance contains its own tx_digitalreset, rx_analogreset, rx_digitalreset, and 
rx_freqlocked signals.

You can reset each channel independently. For example, if there are four non-bonded 
channels, the ALTGX MegaWizard Plug-In Manager provides four each of the 
following signals: tx_digitalreset, rx_analogreset, rx_digitalreset, and 
rx_freqlocked.

Table 2–6 lists the reset and power-down sequences for one channel in a non-bonded 
configuration under the stated functional modes.

1 Follow the same reset sequence for all the other channels in the non-bonded 
configuration.

Table 2–6. Reset and Power-Down Sequences for Non-Bonded Channel Configurations

Channel Set Up Receiver CDR Mode Refer to

Transmitter Only Basic ×1 “Transmitter Only Channel” on page 2–11

Receiver Only Automatic lock mode “Receiver Only Channel—Receiver CDR in Automatic 
Lock Mode” on page 2–11

Receiver Only Manual lock mode “Receiver Only Channel—Receiver CDR in Manual Lock 
Mode” on page 2–12

Receiver and Transmitter Automatic lock mode “Receiver and Transmitter Channel—Receiver CDR in 
Automatic Lock Mode” on page 2–13

Receiver and Transmitter Manual lock mode “Receiver and Transmitter Channel—Receiver CDR in 
Manual Lock Mode” on page 2–14
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This solution may violate some of the protocol specific requirements. In such case, 
you can use Manual CDR lock option. 

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

a. Switch to LTR mode.

b. Assert rx_digitalreset.

c. Wait for rx_pll_locked to go high.

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

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

f. De-assert rx_digitalreset.
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Read Transaction

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

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

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

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

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

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

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

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

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

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

1 Simultaneous write and read transactions are not allowed.

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

Note to Figure 3–7:

(1) In this waveform example, you want to read from only the transmitter portion of all the channels.
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tx_vodctrl_out [2:0]
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1. Cyclone IV Device Datasheet
This chapter describes the electrical and switching characteristics for Cyclone IV 
devices. Electrical characteristics include operating conditions and power 
consumption. Switching characteristics include transceiver specifications, core, and 
periphery performance. This chapter also describes I/O timing, including 
programmable I/O element (IOE) delay and programmable output buffer delay.

This chapter includes the following sections:

■ “Operating Conditions” on page 1–1

■ “Power Consumption” on page 1–16

■ “Switching Characteristics” on page 1–16

■ “I/O Timing” on page 1–37

■ “Glossary” on page 1–37

Operating Conditions
When Cyclone IV devices are implemented in a system, they are rated according to a 
set of defined parameters. To maintain the highest possible performance and 
reliability of Cyclone IV devices, you must consider the operating requirements 
described in this chapter. 

Cyclone IV devices are offered in commercial, industrial, extended industrial and, 
automotive grades. Cyclone IV E devices offer –6 (fastest), –7, –8, –8L, and –9L speed 
grades for commercial devices, –8L speed grades for industrial devices, and –7 speed 
grade for extended industrial and automotive devices. Cyclone IV GX devices offer 
–6 (fastest), –7, and –8 speed grades for commercial devices and –7 speed grade for 
industrial devices.

f For more information about the supported speed grades for respective Cyclone IV 
devices, refer to the Cyclone IV FPGA Device Family Overview chapter.

1 Cyclone IV E devices are offered in core voltages of 1.0 and 1.2 V. Cyclone IV E 
devices with a core voltage of 1.0 V have an ‘L’ prefix attached to the speed grade.

In this chapter, a prefix associated with the operating temperature range is attached to 
the speed grades; commercial with a “C” prefix, industrial with an “I” prefix, and 
automotive with an “A” prefix. Therefore, commercial devices are indicated as C6, C7, 
C8, C8L, or C9L per respective speed grade. Industrial devices are indicated as I7, I8, 
or I8L. Automotive devices are indicated as A7.
A, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX words and logos 
. Patent and Trademark Office and in other countries. All other words and logos identified as 
e holders as described at www.altera.com/common/legal.html. Altera warrants performance of its 
 with Altera's standard warranty, but reserves the right to make changes to any products and 
ibility or liability arising out of the application or use of any information, product, or service 
tera. Altera customers are advised to obtain the latest version of device specifications before relying 
oducts or services.
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