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offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
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programmable solution, ensuring robust security and
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distinct advantages, making the choice dependent on the
specific needs of the application.
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Table 1–3 lists Cyclone IV E device package offerings.

Table 1–3. Package Offerings for the Cyclone IV E Device Family (1), (2)

Package E144 M164 M256 U256 F256 F324 U4

Size (mm) 22 × 22 8 × 8 9 x 9 14 × 14 17 × 17 19 x 19 19 ×

Pitch (mm) 0.5 0.5 0.5 0.8 1.0 1.0 0.
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EP4CE6 91 21 — — — — 179 66 179 66 — — —

EP4CE10 91 21 — — — — 179 66 179 66 — — —

EP4CE15 81 18 89 21 165 53 165 53 165 53 — — —

EP4CE22 79 17 — — — — 153 52 153 52 — — —

EP4CE30 — — — — — — — — — — 193 68 —

EP4CE40 — — — — — — — — — — 193 68 328

EP4CE55 — — — — — — — — — — — — 324

EP4CE75 — — — — — — — — — — — — 292

EP4CE115 — — — — — — — — — — — — —

Notes to Table 1–3:

(1) The E144 package has an exposed pad at the bottom of the package. This exposed pad is a ground pad that must be connected to the ground plan
connectivity and not for thermal purposes.

(2) Use the Pin Migration View window in Pin Planner of the Quartus II software to verify the pin migration compatibility when you perform device mi
Management chapter in volume 2 of the Quartus II Handbook.

(3) This includes both dedicated and emulated LVDS pairs. For more information, refer to the I/O Features in Cyclone IV Devices chapter.

http://www.altera.com/literature/hb/qts/qts_qii52013.pdf
http://www.altera.com/literature/hb/qts/qts_qii52013.pdf
http://www.altera.com/literature/hb/cyclone-iv/cyiv-51006.pdf


Chapter 1: Cyclone IV FPGA Device Family Overview 1–9
Cyclone IV Device Family Architecture
I/O Features
Cyclone IV device I/O supports programmable bus hold, programmable pull-up 
resistors, programmable delay, programmable drive strength, programmable 
slew-rate control to optimize signal integrity, and hot socketing. Cyclone IV devices 
support calibrated on-chip series termination (Rs OCT) or driver impedance matching 
(Rs) for single-ended I/O standards. In Cyclone IV GX devices, the high-speed 
transceiver I/Os are located on the left side of the device. The top, bottom, and right 
sides can implement general-purpose user I/Os.

Table 1–8 lists the I/O standards that Cyclone IV devices support.

The LVDS SERDES is implemented in the core of the device using logic elements.

f For more information, refer to the I/O Features in Cyclone IV Devices chapter.

Clock Management
Cyclone IV devices include up to 30 global clock (GCLK) networks and up to eight 
PLLs with five outputs per PLL to provide robust clock management and synthesis. 
You can dynamically reconfigure Cyclone IV device PLLs in user mode to change the 
clock frequency or phase.

Cyclone IV GX devices support two types of PLLs: multipurpose PLLs and general-
purpose PLLs:

■ Use multipurpose PLLs for clocking the transceiver blocks. You can also use them 
for general-purpose clocking when they are not used for transceiver clocking.

■ Use general purpose PLLs for general-purpose applications in the fabric and 
periphery, such as external memory interfaces. Some of the general purpose PLLs 
can support transceiver clocking. 

f For more information, refer to the Clock Networks and PLLs in Cyclone IV Devices 
chapter.

External Memory Interfaces
Cyclone IV devices support SDR, DDR, DDR2 SDRAM, and QDRII SRAM interfaces 
on the top, bottom, and right sides of the device. Cyclone IV E devices also support 
these interfaces on the left side of the device. Interfaces may span two or more sides of 
the device to allow more flexible board design. The Altera® DDR SDRAM memory 
interface solution consists of a PHY interface and a memory controller. Altera supplies 
the PHY IP and you can use it in conjunction with your own custom memory 
controller or an Altera-provided memory controller. Cyclone IV devices support the 
use of error correction coding (ECC) bits on DDR and DDR2 SDRAM interfaces.

Table 1–8. I/O Standards Support for the Cyclone IV Device Family

Type I/O Standard

Single-Ended I/O LVTTL, LVCMOS, SSTL, HSTL, PCI, and PCI-X

Differential I/O SSTL, HSTL, LVPECL, BLVDS, LVDS, mini-LVDS, RSDS, and PPDS
March 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 1

http://www.altera.com/literature/hb/cyclone-iv/cyiv-51005.pdf
http://www.altera.com/literature/hb/cyclone-iv/cyiv-51006.pdf


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

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

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

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

Notes to Figure 5–13:

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

PLL Reference
Clock at the Input Pin

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

External PLL Clock
Outputs (2)

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



Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–35
PLL Reconfiguration
Figure 5–22 shows how to adjust PLL counter settings dynamically by shifting their 
new settings into a serial shift register chain or scan chain. Serial data shifts to the scan 
chain via the scandataport, and shift registers are clocked by scanclk. The maximum 
scanclk frequency is 100 MHz. After shifting the last bit of data, asserting the 
configupdate signal for at least one scanclk clock cycle synchronously updates the 
PLL configuration bits with the data in the scan registers.

1 The counter settings are updated synchronously to the clock frequency of the 
individual counters. Therefore, not all counters update simultaneously.

To reconfigure the PLL counters, perform the following steps:

1. The scanclkena signal is asserted at least one scanclk cycle prior to shifting in the 
first bit of scandata (D0).

2. Serial data (scandata) is shifted into the scan chain on the second rising edge of 
scanclk.

3. After all 144 bits have been scanned into the scan chain, the scanclkena signal is 
de-asserted to prevent inadvertent shifting of bits in the scan chain.

4. The configupdate signal is asserted for one scanclk cycle to update the PLL 
counters with the contents of the scan chain.

5. The scandone signal goes high indicating that the PLL is being reconfigured. A 
falling edge indicates that the PLL counters have been updated with new settings.

6. Reset the PLL using the areset signal if you make any changes to the M, N, 
post-scale output C counters, or the ICP , R, C settings.

7. You can repeat steps 1 through 5 to reconfigure the PLL any number of times.

Figure 5–22. PLL Reconfiguration Scan Chain

/C4 /C3 /C2 /C1 /C0 /M /N

scanclk

scandone

scandata

LF/K/CP

configupdate

inclk

PFD VCO

FVCO

scanclkena

scandataout

from M counter
from N counter
October 2012 Altera Corporation Cyclone IV Device Handbook,
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



8–42 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
To ensure that DCLK and DATA[0] are not left floating at the end of the configuration, 
the MAX II device must drive them either high or low, whichever is convenient on 
your board. The DATA[0] pin is available as a user I/O pin after configuration. When 
you choose the FPP scheme in the Quartus II software, the DATA[0] pin is tri-stated by 
default in user mode and must be driven by the external host device. To change this 
default option in the Quartus II software, select the Dual-Purpose Pins tab of the 
Device and Pin Options dialog box.

The DCLK speed must be below the specified system frequency to ensure correct 
configuration. No maximum DCLK period exists, which means you can pause 
configuration by halting DCLK for an indefinite amount of time.

The external host device can also monitor the CONF_DONE and INIT_DONE pins to ensure 
successful configuration. The CONF_DONE pin must be monitored by the external device 
to detect errors and to determine when programming is complete. If all configuration 
data is sent, but CONF_DONE or INIT_DONE has not gone high, the external device must 
reconfigure the target device.

Figure 8–20 shows how to configure multiple devices with a MAX II device. This 
circuit is similar to the FPP configuration circuit for a single device, except the 
Cyclone IV devices are cascaded for multi-device configuration.

After the first device completes configuration in a multi-device configuration chain, 
its nCEO pin drives low to activate the nCE pin of the second device, which prompts the 
second device to begin configuration. The second device in the chain begins 
configuration in one clock cycle; therefore, the transfer of data destinations is 
transparent to the MAX II device. All other configuration pins (nCONFIG, nSTATUS, 

Figure 8–20. Multi-Device FPP Configuration Using an External Host

Notes to Figure 8–20:

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

(2) Connect the pull-up resistor to the VCCIO supply voltage of the I/O bank in which the nCE pin resides.
(3) The nCEO pin is left unconnected or used as a user I/O pin when it does not feed the nCE pin of another device.
(4) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins, 

refer to Table 8–4 on page 8–8 and Table 8–5 on page 8–9. Connect the MSEL pins directly to VCCA or GND. 
(5) All I/O inputs must maintain a maximum AC voltage of 4.1 V. DATA[7..0] and DCLK must fit the maximum overshoot 

outlined in Equation 8–1 on page 8–5.

External Host
(MAX II Device or
Microprocessor)

Memory

ADDR
Cyclone IV Device 1

nSTATUS
CONF_DONE

10 k

nCE nCEO

DATA[7..0]

GND

VCCIO (1) VCCIO (1)

10 k
MSEL[3..0] 

DATA[7..0] (5)
nCONFIG
DCLK (5)

nSTATUS
CONF_DONE

nCE nCEO N.C. (3)

DATA[7..0] (5)
nCONFIG
DCLK (5)

VCCIO (2)

10 k

     Cyclone IV Device 2

(4)
(4)

Buffers (5)

MSEL[3..0] 
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



8–50 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
When programming a JTAG device chain, one JTAG-compatible header is connected 
to several devices. The number of devices in the JTAG chain is limited only by the 
drive capability of the download cable. When four or more devices are connected in a 
JTAG chain, Altera recommends buffering the TCK, TDI, and TMS pins with an on-board 
buffer.

JTAG-chain device programming is ideal when the system contains multiple devices, 
or when testing your system with JTAG BST circuitry. Figure 8–25 and Figure 8–26 
show multi-device JTAG configuration.

For devices using 2.5-, 3.0-, and 3.3-V VCCIO supply, you must refer to Figure 8–25. All 
I/O inputs must maintain a maximum AC voltage of 4.1 V because JTAG pins do not 
have the internal PCI clamping diodes to prevent voltage overshoot when using 2.5-, 
3.0-, and 3.3- V VCCIO supply. You must power up the VCC of the download cable with 
a 2.5-V VCCA supply. For device using VCCIO of 1.2, 1.5 V, and 1.8 V, refer to 
Figure 8–26. You can power up the VCC of the download cable with the supply from 
VCCIO.

Figure 8–25. JTAG Configuration of Multiple Devices Using a Download Cable (2.5, 3.0, and 3.3-V VCCIO Powering the 
JTAG Pins)

Notes to Figure 8–25:

(1) Connect these pull-up resistors to the VCCIO supply of the bank in which the pin resides.
(2) Connect the nCONFIG and MSEL pins to support a non-JTAG configuration scheme. If you only use a JTAG configuration, connect the nCONFIG 

pin to logic-high and the MSEL pins to GND. In addition, pull DCLK and DATA[0] to either high or low, whichever is convenient on your board.
(3) Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO must match the VCCA of the device. For this value, refer to the 

MasterBlaster Serial/USB Communications Cable User Guide. In the ByteBlasterMV cable, this pin is a no connect. In the USB-Blaster and 
ByteBlaster II cables, this pin is connected to nCE when it is used for AS programming, otherwise it is a no connect.

(4) You must connect the nCE pin to GND or driven low for successful JTAG configuration.
(5) Power up the VCC of the ByteBlaster II, USB-Blaster, or ByteBlasterMV cable with a 2.5-V supply from VCCA. Third-party programmers must switch 

to 2.5 V. Pin 4 of the header is a VCC power supply for the MasterBlaster cable. The MasterBlaster cable can receive power from either 5.0- or 3.3-V 
circuit boards, DC power supply, or 5.0 V from the USB cable. For this value, refer to the MasterBlaster Serial/USB Communications Cable User 
Guide.

(6) Resistor value can vary from 1 k to 10 k.

TMS TCK

Download Cable
10-Pin Male Header

TDI TDO

Pin 1
nSTATUS

nCONFIG

nCE (4)

CONF_DONE

VCCIO

(2)
(2)

VIO
(3)

(6)

(6)

(1) (1)

(2) DATA[0]
DCLK

(2) MSEL[ ]
nCEO(2)

TMS TCK
TDI TDO

nSTATUS

nCONFIG

nCE (4)

CONF_DONE
(2)
(2)

(1)

(2) DATA[0]
DCLK

(2)

nCEO(2)

(1)

TMS TCK
TDI TDO

nSTATUS

nCONFIG

nCE (4)

VCCIOVCCIOVCCIOVCCIOVCCA

VCCA

CONF_DONE
(2)
(2)

(2) DATA[0]
DCLK

(2)

nCEO(2)

(1) (1)

10 kΩ 10 kΩ10 kΩ 10 kΩ 10 kΩ 10 kΩCyclone IV Device Cyclone IV Device Cyclone IV Device 

VCCIO

(5)

MSEL[ ] MSEL[ ]

VCCA

1 kΩ
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–53
Configuration
1 The .rbf used by the JRunner software driver cannot be a compressed .rbf because the 
JRunner software driver uses JTAG-based configuration. During JTAG-based 
configuration, the real-time decompression feature is not available.

f For more information about the JRunner software driver, refer to AN 414: JRunner 
Software Driver: An Embedded Solution for PLD JTAG Configuration and the source files 
on the Altera website at (www.altera.com).

Combining JTAG and AS Configuration Schemes
You can combine the AS configuration scheme with the JTAG-based configuration 
(Figure 8–28). This setup uses two 10-pin download cable headers on the board. One 
download cable is used in JTAG mode to configure the Cyclone IV device directly 
through the JTAG interface. The other download cable is used in AS mode to program 
the serial configuration device in-system through the AS programming interface. If 
you try configuring the device using both schemes simultaneously, JTAG 
configuration takes precedence and AS configuration terminates.
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1

http://www.altera.com/literature/an/an414.pdf
http://www.altera.com/literature/an/an414.pdf
www.altera.com


Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–79
Remote System Upgrade
The remote system upgrade status register is updated by the dedicated error 
monitoring circuitry after an error condition, but before the factory configuration is 
loaded.

User Watchdog Timer
The user watchdog timer prevents a faulty application configuration from indefinitely 
stalling the device. The system uses the timer to detect functional errors after an 
application configuration is successfully loaded into the Cyclone IV device.

The user watchdog timer is a counter that counts down from the initial value loaded 
into the remote system upgrade control register by the factory configuration. The 
counter is 29 bits wide and has a maximum count value of 229. When specifying the 
user watchdog timer value, specify only the most significant 12 bits. The remote 
system upgrade circuitry appends 17'b1000 to form the 29-bits value for the watchdog 
timer. The granularity of the timer setting is 217 cycles. The cycle time is based on the 
frequency of the 10-MHz internal oscillator or CLKUSR (maximum frequency of 
40 MHz). 

Table 8–27 lists the operating range of the 10-MHz internal oscillator.

The user watchdog timer begins counting after the application configuration enters 
device user mode. This timer must be periodically reloaded or reset by the application 
configuration before the timer expires by asserting RU_nRSTIMER. If the application 
configuration does not reload the user watchdog timer before the count expires, a 
time-out signal is generated by the remote system upgrade dedicated circuitry. The 
time-out signal tells the remote system upgrade circuitry to set the user watchdog 
timer status bit (Wd) in the remote system upgrade status register and reconfigures the 
device by loading the factory configuration.

1 To allow the remote system upgrade dedicated circuitry to reset the watchdog timer, 
you must assert the RU_nRSTIMER signal active for a minimum of 250 ns. This is 
equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE 
megafunction high for a minimum of 250 ns.

Errors during configuration are detected by the CRC engine. Functional errors must 
not exist in the factory configuration because it is stored and validated during 
production and is never updated remotely.

Table 8–26. Control Register Contents After an Error or Reconfiguration Trigger Condition 

Reconfiguration Error/Trigger Control Register Setting In Remote Update

nCONFIG reset All bits are 0

nSTATUS error All bits are 0

CORE triggered reconfiguration Update register

CRC error All bits are 0

Wd time out All bits are 0

Table 8–27. 10-MHz Internal Oscillator Specifications  

Minimum Typical Maximum Unit

5 6.5 10 MHz
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



1–2 Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Architecture

Cyclone IV Device Handbook, February 2015 Altera Corporation
Volume 2

1 The Cyclone IV GX device includes a hard intellectual property (IP) implementation 
of the PCIe MegaCore® functions, supporting Gen1 ×1, ×2, and ×4 initial lane widths 
configured in the root port or endpoint mode. For more information, refer to “PCI-
Express Hard IP Block” on page 1–46.

Transceiver Architecture
Cyclone IV GX devices offer either one or two transceiver blocks per device, 
depending on the package. Each block consists of four full-duplex (transmitter and 
receiver) channels, located on the left side of the device (in a die-top view). Figure 1–1 
and Figure 1–2 show the die-top view of the transceiver block and related resource 
locations in Cyclone IV GX devices.

Figure 1–1. F324 and Smaller Packages with Transceiver Channels for Cyclone IV GX Devices

Note to Figure 1–1:

(1) Channel 2 and Channel 3 are not available in the F169 and smaller packages.

MPLL_2

MPLL_1

Channel 3 (1)

Channel 2 (1) PCIe
hard IP

F324 and smaller
packages

Channel 1

Channel 0

Transceiver
Block GXBL0

Calibration Block



Chapter 1: Cyclone IV Transceivers Architecture 1–17
Receiver Channel Datapath

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2

Word Aligner
Figure 1–16 shows the word aligner block diagram. The word aligner receives parallel 
data from the deserializer and restores the word boundary based on a pre-defined 
alignment pattern that must be received during link synchronization. The word 
aligner supports three operational modes as listed in Table 1–3.

Manual Alignment Mode

In manual alignment mode, the rx_enapatternalign port controls the word aligner 
with either an 8- or 10-bit data width setting.

The 8-bit word aligner is edge-sensitive to the rx_enapatternalign signal. A rising 
edge on rx_enapatternalign signal after deassertion of the rx_digitalreset signal 
triggers the word aligner to look for the word alignment pattern in the received data 
stream. It updates the word boundary if it finds the word alignment pattern in a new 
word boundary. Any word alignment pattern received thereafter in a different word 
boundary causes the word aligner to re-align to the new word boundary only if there 
is a rising edge in the rx_enapatternalign signal.

The 10-bit word aligner is level-sensitive to the rx_enapatternalign signal. The word 
aligner looks for the programmed 7-bit or 10-bit word alignment pattern or its 
complement in the received data stream, if the rx_enapatternalign signal is held 
high. It updates the word boundary if it finds the word alignment pattern in a new 
word boundary. If the rx_enapatternalign signal is deasserted, the word aligner 
maintains the current word boundary even when it receives the word alignment 
pattern in a new word boundary.

Figure 1–16. Word Aligner Block Diagram

Word Aligner

Bit-Slip
Circuitry

Synchronization
State Machine

Manual
Alignment rx_bitslipboundaryselectout

Run Length
Violation

rx_rlv

parallel data to 
next PCS block

rx_syncstatus

rx_patterndetect

Receiver
Polarity

Inversion
rx_enapatternalign

data from
deserializer

rx_bitslip

rx_invpolarity

rx_revbitorderwa

Receiver
Bit

Reversal

Table 1–3. Word Aligner Modes

Modes PMA-PCS Interface Widths Allowed Word Alignment 
Pattern Lengths

Manual Alignment
8-bit 16 bits

10-bit 7 or 10 bits

Bit-Slip
8-bit 16 bits

10-bit 7 or 10 bits

Automatic Synchronization State 
Machine 10-bit 7 or 10 bits
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Fast Recovery from P0s State
The PCIe protocol defines fast training sequences for bit and byte synchronization to 
transition from L0s to L0 (PIPE P0s to P0) power states. The PHY must acquire bit and 
byte synchronization when transitioning from L0s to L0 state between 16 ns to 4 µs. 
Each Cyclone IV GX receiver channel has built-in fast recovery circuit that allows the 
receiver to meet the requirement when enabled. 

Electrical Idle Inference
In PIPE mode, the Cyclone IV GX transceiver supports inferring the electrical idle 
condition at each receiver instead of detecting the electrical idle condition using 
analog circuitry, as defined in the version 2.0 of PCIe Base Specification. The inference 
is supported using rx_elecidleinfersel[2..0] port, with valid driven values as 
listed in Table 1–17 in each link training and status state machine substate. 

The electrical idle inference module drives the pipeelecidle signal high in each 
receiver channel when an electrical idle condition is inferred. The electrical idle 
inference module cannot detect electrical idle exit condition based on the reception of 
the electrical idle exit ordered set, as specified in the PCI Express (PIPE) Base 
Specification.

1 When enabled, the electrical idle inference block uses electrical idle ordered set 
detection from the fast recovery circuitry to drive the pipeelecidle signal.

Compliance Pattern Transmission
In PIPE mode, the Cyclone IV GX transceiver supports compliance pattern 
transmission which requires the first /K28.5/ code group of the compliance pattern to 
be encoded with negative current disparity. This requirement is supported using a 
tx_forcedispcompliance port that when driven with logic high, the transmitter data 
on the tx_datain port is transmitted with negative current running disparity.

Table 1–17. Electrical Idle Inference Conditions 

rx_elecidleinfersel
[2..0]

Link Training and Status 
State Machine State Description

3'b100 L0 Absence of update_FC or alternatively skip ordered set in 128 s 
window

3'b101 Recovery.RcvrCfg Absence of TS1 or TS2 ordered set in 1280 UI interval

3'b101
Recovery.Speed when 
successful speed 
negotiation = 1'b1

Absence of TS1 or TS2 ordered set in 1280 UI interval

3'b110
Recovery.Speed when 
successful speed 
negotiation = 1'b0

Absence of an exit from electrical idle in 2000 UI interval

3'b111 Loopback.Active (as slave) Absence of an exit from electrical idle in 128 s window
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The compliance pattern is a repeating sequence of the four code groups: /K28.5/; 
/D21.5/; /K28.5/; /D10.2/. Figure 1–53 shows the compliance pattern transmission 
where the tx_forcedispcompliance port must be asserted in the same parallel clock 
cycle as /K28.5/D21.5/ of the compliance pattern on tx_datain[15..0] port. 

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

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

■ 8B/10B encoding and decoding

■ synchronization

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

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

Table 1–18. Electrical Idle Inference Conditions 

Device Configuration Scheme Configuration Time (ms)

EP4CGX15 Passive serial (PS) 51

EP4CGX22 PS 92

EP4CGX30 (1) PS 92

EP4CGX50 Fast passive parallel (FPP) 41

EP4CGX75 FPP 41

EP4CGX110 FPP 70

EP4CGX150 FPP 70

Note to Table 1–18:

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

tx_ctrldetect[1..0] 01

tx_forcedispcompliance

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

/K28.5/D21.5/ /K28.5/D21.5//K28.5/D10.2/ /K28.5/D10.2/
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Document Revision History
Table 1–30 lists the revision history for this chapter.

Table 1–30. Document Revision History

Date Version Changes

February 2015 3.7

■ Updated the GiGE row in Table 1–14.

■ Updated the “GIGE Mode” section.

■ Updated the note in the “Clock Frequency Compensation” section. 

October 2013 3.6 Updated Figure 1–15 and Table 1–4.

May 2013 3.5 Updated Table 1–27 by setting “rx_locktodata” and “rx_locktorefclk” to “Input”

October 2012 3.4

■ Updated the data rate for the V-by-one protocol and the F324 package support in 
HD-SDI in Table 1–1.

■ Updated note (1) to Figure 1–27.

■ Added latency information to Figure 1–67.

November 2011 3.3
■ Updated “Word Aligner” and “Basic Mode” sections.

■ Updated Figure 1–37.

December 2010 3.2

■ Updated for the Quartus II software version 10.1 release.

■ Updated Table 1–1, Table 1–5, Table 1–11, Table 1–14, Table 1–24, Table 1–25, 
Table 1–26, Table 1–27, Table 1–28, and Table 1–29.

■ Updated “8B/10B Encoder”, “Transmitter Output Buffer”, “Receiver Input Buffer”, 
“Clock Data Recovery”, “Miscellaneous Transmitter PCS Features”, “Miscellaneous 
Receiver PCS Feature”, “Input Reference Clocking”, “PCI Express (PIPE) Mode”, 
“Channel Deskewing”, “Lane Synchronization”, “Serial Loopback”, and “Self Test 
Modes” sections.

■ Added Figure 1–9, Figure 1–10, Figure 1–19, Figure 1–20, and Figure 1–43.

■ Updated Figure 1–53, Figure 1–55, Figure 1–59, Figure 1–60, Figure 1–69, 
Figure 1–70, Figure 1–71, Figure 1–72, Figure 1–73, and Figure 1–74.

November 2010 3.1 Updated Introductory information.

July 2010 3.0

■ Updated information for the Quartus II software version 10.0 release.

■ Reset control, power down, and dynamic reconfiguration information moved to 
new Cyclone IV Reset Control and Power Down and Cyclone IV Dynamic 
Reconfiguration chapters.
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Receiver and Transmitter Channel—Receiver CDR in Automatic Lock Mode

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

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

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

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

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

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

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

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

Notes to Figure 2–8:

(1) For tLTD_Auto duration, refer to the Cyclone IV Device Datasheet chapter.
(2) The busy signal is asserted and deasserted only during initial power up when offset cancellation occurs. In subsequent reset sequences, the busy 

signal is asserted and deasserted only if there is a read or write operation to the ALTGX_RECONFIG megafunction.

Reset Signals

Output Status Signals

1 2

3

4

6

7

8

5

Two parallel clock cycles

1 µs

pll_areset

tx_digitalreset

rx_analogreset

rx_digitalreset

busy (2)

pll_locked

rx_freqlocked

tLTD_Auto (1)

http://www.altera.com/literature/hb/cyclone-iv/cyiv-53001.pdf
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Analog Settings Control/Status Signals

tx_vodctrl[2..0] 
(1) Input

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

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

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

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

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

3’b001 1  400

3’b010 2 600

3’b011 3 800

3’b111 4 (2) 900 (2)

3’b100 5 1000

3’b101 6 1200

All other values => N/A

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

Port Name Input/
Output Description

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


Additional Information
This chapter provides additional information about the document and Altera.

About this Handbook
This handbook provides comprehensive information about the Altera® Cyclone® IV 
family of devices. 

How to Contact Altera
To locate the most up-to-date information about Altera products, refer to the 
following table.

Typographic Conventions
The following table shows the typographic conventions this document uses.

Contact (1) Contact Method Address

Technical support Website www.altera.com/support

Technical training
Website www.altera.com/training

Email custrain@altera.com

Product literature Website www.altera.com/literature

Nontechnical support (general) Email nacomp@altera.com

(software licensing) Email authorization@altera.com

Note to Table:
(1) You can also contact your local Altera sales office or sales representative. 

Visual Cue Meaning

Bold Type with Initial Capital 
Letters

Indicate command names, dialog box titles, dialog box options, and other GUI 
labels. For example, Save As dialog box. For GUI elements, capitalization matches 
the GUI.

bold type
Indicates directory names, project names, disk drive names, file names, file name 
extensions, software utility names, and GUI labels. For example, \qdesigns 
directory, D: drive, and chiptrip.gdf file.

Ita lic Type wi th  Initia l Ca pital Letters Indicate document titles. For example, Stratix  IV Des ign Guidelines .

i t alic type
Indicates variables. For example, n  + 1.

Variable names are enclosed in angle brackets (< >). For example, <file name>  and 
< p r o j e c t  n a m e > .pof file. 

Initial Capital Letters Indicate keyboard keys and menu names. For example, the Delete key and the 
Options menu. 

“Subheading Title” Quotation marks indicate references to sections in a document and titles of 
Quartus II Help topics. For example, “Typographic Conventions.”
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