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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.

Details

Product Status Active

Number of LABs/CLBs 392

Number of Logic Elements/Cells 6272

Total RAM Bits 276480

Number of I/O 91

Number of Gates -

Voltage - Supply 0.97V ~ 1.03V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 144-LQFP Exposed Pad

Supplier Device Package 144-EQFP (20x20)

Purchase URL https://www.e-xfl.com/product-detail/intel/ep4ce6e22c9ln

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong
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Chapter 3: Memory Blocks in Cyclone IV Devices 3–9
Memory Modes
Figure 3–7 shows a timing waveform for read and write operations in single-port 
mode with unregistered outputs. Registering the outputs of the RAM simply delays 
the q output by one clock cycle.

Simple Dual-Port Mode
Simple dual-port mode supports simultaneous read and write operations to different 
locations. Figure 3–8 shows the simple dual-port memory configuration.

Cyclone IV devices M9K memory blocks support mixed-width configurations, 
allowing different read and write port widths. Table 3–3 lists mixed-width 
configurations.

Figure 3–7. Cyclone IV Devices Single-Port Mode Timing Waveform

clk_a

wren_a

address_a

data_a

rden_a

q_a (old data)

a0 a1

A B C D E F

a0(old data) a1(old data)A B D E

q_a (new data) A DB C E F

Figure 3–8. Cyclone IV Devices Simple Dual-Port Memory (1)

Note to Figure 3–8:

(1) Simple dual-port RAM supports input or output clock mode in addition to the read or write clock mode shown. 

data[ ]
wraddress[ ]
wren
byteena[]
wr_addressstall
wrclock
wrclocken
aclr

rdaddress[ ]
rden

q[ ]
rd_addressstall

rdclock
rdclocken

Table 3–3.  Cyclone IV Devices M9K Block Mixed-Width Configurations (Simple Dual-Port Mode) (Part 1 of 2)

Read Port
Write Port

8192 × 1 4096 × 2 2048 × 4 1024 × 8 512 × 16 256 × 32 1024 × 9 512 × 18 256 × 36

8192 × 1 v v v v v v — — —

4096 × 2 v v v v v v — — —

2048 × 4 v v v v v v — — —

1024 × 8 v v v v v v — — —
November 2011 Altera Corporation Cyclone IV Device Handbook,
Volume 1



4–2 Chapter 4: Embedded Multipliers in Cyclone IV Devices
Architecture
Table 4–1 lists the number of embedded multipliers and the multiplier modes that can 
be implemented in each Cyclone IV device.

In addition to the embedded multipliers in Cyclone IV devices, you can implement 
soft multipliers by using the M9K memory blocks as look-up tables (LUTs). The LUTs 
contain partial results from the multiplication of input data with coefficients that 
implement variable depth and width high-performance soft multipliers for low-cost, 
high-volume DSP applications. The availability of soft multipliers increases the 
number of available multipliers in the device.

f For more information about M9K memory blocks, refer to the Memory Blocks in 
Cyclone IV Devices chapter.

f For more information about soft multipliers, refer to AN 306: Implementing Multipliers 
in FPGA Devices.

Architecture
Each embedded multiplier consists of the following elements:

■ Multiplier stage

■ Input and output registers

■ Input and output interfaces

Table 4–1. Number of Embedded Multipliers in Cyclone IV Devices

Device Family Device Embedded 
Multipliers

9 × 9 
Multipliers (1)

18 × 18 
Multipliers (1)

Cyclone IV GX

EP4CGX15 0 0 0

EP4CGX22 40 80 40

EP4CGX30 80 160 80

EP4CGX50 140 280 140

EP4CGX75 198 396 198

EP4CGX110 280 560 280

EP4CGX150 360 720 360

Cyclone IV E

EP4CE6 15 30 15

EP4CE10 23 46 23

EP4CE15 56 112 56

EP4CE22 66 132 66

EP4CE30 66 132 66

EP4CE40 116 232 116

EP4CE55 154 308 154

EP4CE75 200 400 200

EP4CE115 266 532 266

Note to Table 4–1:

(1) These columns show the number of 9 × 9 or 18 × 18 multipliers for each device.
Cyclone IV Device Handbook, February 2010 Altera Corporation
Volume 1
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Notes to Table 5–2:

(1) EP4CGX30 information in this table refers to only EP4CGX30 device in F484 package.
(2) PLL_1, PLL_2, PLL_3, and PLL_4 are general purpose PLLs while PLL_5, PLL_6, PLL_7, and PLL_8 are multipurpose PLLs.
(3) PLL_7 and PLL_8 are not available in EP4CXGX30, EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 devices in F484 package.

Table 5–2. GCLK Network Connections for EP4CGX30, EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 Devices (1), (2) (

GCLK Network Clock 
Sources

GCLK Networks

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Table 5–3. GCLK Network Connections for Cyclone IV E Devices (1) (Part 1 of 3)

GCLK Network Clock 
Sources

GCLK Networks 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

CLK1 — v v — — — — — — — — — — — —

CLK2/DIFFCLK_1p — v — v v — — — — — — — — — —

CLK3/DIFFCLK_1n v — — v — — — — — — — — — — —

CLK4/DIFFCLK_2p — — — — — v — v — v — — — — —

CLK5/DIFFCLK_2n — — — — — — v v — — — — — — —

CLK6/DIFFCLK_3p — — — — — — v — v v — — — — —

CLK7/DIFFCLK_3n — — — — — v — — v — — — — — —

CLK8/DIFFCLK_5n (2) — — — — — — — — — — v — v — v
CLK9/DIFFCLK_5p (2) — — — — — — — — — — — v v — —

CLK10/DIFFCLK_4n 
(2) — — — — — — — — — — — v — v v
CLK11/DIFFCLK_4p 
(2) — — — — — — — — — — v — — v —

CLK12/DIFFCLK_7n 
(2) — — — — — — — — — — — — — — —

CLK13/DIFFCLK_7p 
(2) — — — — — — — — — — — — — — —

CLK14/DIFFCLK_6n 
(2) — — — — — — — — — — — — — — —



5–14 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Clock Networks
The inputs to the clock control blocks on each side of the Cyclone IV GX device must 
be chosen from among the following clock sources:

■ Four clock input pins

■ Ten PLL counter outputs (five from each adjacent PLLs)

■ Two, four, or six DPCLK pins from the top, bottom, and right sides of the device

■ Five signals from internal logic

Figure 5–4. Clock Networks and Clock Control Block Locations in Cyclone IV E Devices

Notes to Figure 5–4:
(1) There are five clock control blocks on each side.
(2) Only one of the corner CDPCLK pins in each corner can feed the clock control block at a time. You can use the other CDPCLK pins as 

general-purpose I/O (GPIO) pins.

(3) Dedicated clock pins can feed into this PLL. However, these paths are not fully compensated.
(4) PLL_3 and PLL_4 are not available in EP4CE6 and EP4CE10 devices.
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–39
PLL Reconfiguration
Bypassing a PLL Counter
Bypassing a PLL counter results in a divide (N, C0 to C4 counters) factor of one.

Table 5–11 lists the settings for bypassing the counters in PLLs of Cyclone IV devices.

To bypass any of the PLL counters, set the bypass bit to 1. The values on the other bits 
are then ignored.

Dynamic Phase Shifting
The dynamic phase shifting feature allows the output phase of individual PLL 
outputs to be dynamically adjusted relative to each other and the reference clock 
without sending serial data through the scan chain of the corresponding PLL. This 
feature simplifies the interface and allows you to quickly adjust tCO delays by 
changing output clock phase shift in real time. This is achieved by incrementing or 
decrementing the VCO phase-tap selection to a given C counter or to the M counter. 
The phase is shifted by 1/8 the VCO frequency at a time. The output clocks are active 
during this phase reconfiguration process.

Table 5–12 lists the control signals that are used for dynamic phase shifting.

Table 5–10. Loop Filter Control of High Frequency Capacitor

LFC[1] LFC[0] Setting (Decimal)

0 0 0

0 1 1

1 1 3

Table 5–11. PLL Counter Settings

PLL Scan Chain Bits [0..8] Settings 
Description

LSB MSB

X X X X X X X X 1 (1) PLL counter bypassed 

X X X X X X X X 0 (1) PLL counter not bypassed 

Note to Table 5–11:

(1) Bypass bit.

Table 5–12. Dynamic Phase Shifting Control Signals (Part 1 of 2)

Signal Name Description Source Destination

phasecounterselect[2..0]

Counter Select. Three bits decoded to select 
either the M or one of the C counters for 
phase adjustment. One address map to 
select all C counters. This signal is registered 
in the PLL on the rising edge of scanclk. 

Logic array or I/O 
pins 

PLL 
reconfiguration 
circuit

phaseupdown
Selects dynamic phase shift direction; 1= UP, 
0 = DOWN. Signal is registered in the PLL on 
the rising edge of scanclk.

Logic array or I/O 
pins 

PLL 
reconfiguration 
circuit

phasestep Logic high enables dynamic phase shifting. Logic array or I/O 
pins 

PLL 
reconfiguration 
circuit
October 2012 Altera Corporation Cyclone IV Device Handbook,
Volume 1



6–4 Chapter 6: I/O Features in Cyclone IV Devices
I/O Element Features
Table 6–2 on page 6–7 shows the possible settings for I/O standards with current 
strength control. These programmable current strength settings are a valuable tool in 
helping decrease the effects of simultaneously switching outputs (SSO) in conjunction 
with reducing system noise. The supported settings ensure that the device driver 
meets the specifications for IOH and IOL of the corresponding I/O standard.

1 When you use programmable current strength, on-chip series termination (RS OCT) is 
not available. 

Slew Rate Control
The output buffer for each Cyclone IV I/O pin provides optional programmable 
output slew-rate control. Table 6–2 on page 6–7 shows the possible slew rate option 
and the Quartus II default slew rate setting. However, these fast transitions may 
introduce noise transients in the system. A slower slew rate reduces system noise, but 
adds a nominal delay to rising and falling edges. Because each I/O pin has an 
individual slew-rate control, you can specify the slew rate on a pin-by-pin basis. The 
slew-rate control affects both the rising and falling edges. Slew rate control is available 
for single-ended I/O standards with current strength of 8 mA or higher. 

1 You cannot use the programmable slew rate feature when using OCT with calibration.

1 You cannot use the programmable slew rate feature when using the 3.0-V PCI, 
3.0-V PCI-X, 3.3-V LVTTL, or 3.3-V LVCMOS I/O standards. Only the fast slew rate 
(default) setting is available.

Open-Drain Output
Cyclone IV devices provide an optional open-drain (equivalent to an open-collector) 
output for each I/O pin. This open-drain output enables the device to provide 
system-level control signals (for example, interrupt and write enable signals) that are 
asserted by multiple devices in your system.

Bus Hold
Each Cyclone IV device user I/O pin provides an optional bus-hold feature. The 
bus-hold circuitry holds the signal on an I/O pin at its last-driven state. Because the 
bus-hold feature holds the last-driven state of the pin until the next input signal is 
present, an external pull-up or pull-down resistor is not necessary to hold a signal 
level when the bus is tri-stated.

The bus-hold circuitry also pulls undriven pins away from the input threshold 
voltage in which noise can cause unintended high-frequency switching. You can select 
this feature individually for each I/O pin. The bus-hold output drives no higher than 
VCCIO to prevent overdriving signals.

1 If you enable the bus-hold feature, the device cannot use the programmable pull-up 
option. Disable the bus-hold feature when the I/O pin is configured for differential 
signals. Bus-hold circuitry is not available on dedicated clock pins.

Bus-hold circuitry is only active after configuration. When going into user mode, the 
bus-hold circuit captures the value on the pin present at the end of configuration.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



6–10 Chapter 6: I/O Features in Cyclone IV Devices
OCT Support
Figure 6–3 shows the external calibration resistors setup on the RUP and RDN pins and 
the associated OCT calibration circuitry.

RUP and RDN pins go to a tri-state condition when calibration is completed or not 
running. These two pins are dual-purpose I/Os and function as regular I/Os if you 
do not use the calibration circuit.

On-Chip Series Termination Without Calibration
Cyclone IV devices support driver impedance matching to match the impedance of 
the transmission line, which is typically 25 or 50  . When used with the output 
drivers, OCT sets the output driver impedance to 25 or 50  . Cyclone IV devices also 
support I/O driver series termination (RS = 50 ) for SSTL-2 and SSTL-18.

Figure 6–3. Cyclone IV Devices RS OCT with Calibration Setup

Cyclone IV Device Family OCT with 
Calibration with RUP and RDN pins

OCT 
Calibration
Circuitry

VCCIO

VCCIO

RUP

RDN

External 
Calibration
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Calibration
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GND
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Chapter 7: External Memory Interfaces in Cyclone IV Devices 7–15
Cyclone IV Devices Memory Interfaces Features
Figure 7–9 illustrates how the second output enable register extends the DQS 
high-impedance state by half a clock cycle during a write operation.

OCT with Calibration
Cyclone IV devices support calibrated on-chip series termination (RS OCT) in both 
vertical and horizontal I/O banks. To use the calibrated OCT, you must use the RUP 
and RDN pins for each RS OCT control block (one for each side). You can use each 
OCT calibration block to calibrate one type of termination with the same VCCIO for 
that given side. 

f For more information about the Cyclone IV devices OCT calibration block, refer to the 
Cyclone IV Device I/O Features chapter. 

PLL
When interfacing with external memory, the PLL is used to generate the memory 
system clock, the write clock, the capture clock and the logic-core clock. The system 
clock generates the DQS write signals, commands, and addresses. The write-clock is 
shifted by -90° from the system clock and generates the DQ signals during writes. You 
can use the PLL reconfiguration feature to calibrate the read-capture phase shift to 
balance the setup and hold margins.

1 The PLL is instantiated in the ALTMEMPHY megafunction. All outputs of the PLL are 
used when the ALTMEMPHY megafunction is instantiated to interface with external 
memories. PLL reconfiguration is used in the ALTMEMPHY megafunction to 
calibrate and track the read-capture phase to maintain the optimum margin.

f For more information about usage of PLL outputs by the ALTMEMPHY 
megafunction, refer to the External Memory Interface Handbook.

Figure 7–9. Extending the OE Disable by Half a Clock Cycle for a Write Transaction (1)

Note to Figure 7–9:

(1) The waveform reflects the software simulation result. The OE signal is an active low on the device. However, the 
Quartus II software implements the signal as an active high and automatically adds an inverter before the AOE register 
D input.
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–65
Configuration
CONF_DONE N/A All Bidirectional 
open-drain

■ Status output—the target Cyclone IV device drives the 
CONF_DONE pin low before and during configuration. 
After all the configuration data is received without error 
and the initialization cycle starts, the target device 
releases CONF_DONE.

■ Status input—after all the data is received and 
CONF_DONE goes high, the target device initializes and 
enters user mode. The CONF_DONE pin must have an 
external 10-k pull-up resistor in order for the device to 
initialize.

Driving CONF_DONE low after configuration and initialization 
does not affect the configured device. Do not connect bus 
holds or ADC to CONF_DONE pin. 

nCE N/A All Input

Active-low chip enable. The nCE pin activates the Cyclone 
IV device with a low signal to allow configuration. You must 
hold nCE pin low during configuration, initialization, and 
user-mode. In a single-device configuration, you must tie 
the nCE pin low. In a multi-device configuration, nCE of the 
first device is tied low while its nCEO pin is connected to 
nCE of the next device in the chain. You must hold the nCE 
pin low for successful JTAG programming of the device.

nCEO

N/A if 
option is on. 
I/O if option 

is off.

All Output 
open-drain

Output that drives low when configuration is complete. In a 
single-device configuration, you can leave this pin floating 
or use it as a user I/O pin after configuration. In a multi-
device configuration, this pin feeds the nCE pin of the next 
device. The nCEO of the last device in the chain is left 
floating or used as a user I/O pin after configuration.

If you use the nCEO pin to feed the nCE pin of the next 
device, use an external 10-k pull-up resistor to pull the 
nCEO pin high to the VCCIO voltage of its I/O bank to help the 
internal weak pull-up resistor.

If you use the nCEO pin as a user I/O pin after configuration, 
set the state of the pin on the Dual-Purpose Pin settings.

nCSO,
FLASH_nCE
(1)

I/O AS, AP (2) Output

Output control signal from the Cyclone IV device to the 
serial configuration device in AS mode that enables the 
configuration device. This pin functions as nCSO in AS 
mode and FLASH_nCE in AP mode. 

Output control signal from the Cyclone IV device to the 
parallel flash in AP mode that enables the flash. Connects to 
the CE# pin on the Micron P30 or P33 flash. (2)

This pin has an internal pull-up resistor that is always 
active.

Table 8–20. Dedicated Configuration Pins on the Cyclone IV Device (Part 2 of 4)

Pin Name User Mode Configuration 
Scheme Pin Type Description
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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Error Detection Timing
Table 9–4 defines the registers shown in Figure 9–1.

Error Detection Timing
When the error detection CRC feature is enabled through the Quartus II software, the 
device automatically activates the CRC process upon entering user mode after 
configuration and initialization is complete. 

The CRC_ERROR pin is driven low until the error detection circuitry detects a corrupted 
bit in the previous CRC calculation. After the pin goes high, it remains high during 
the next CRC calculation. This pin does not log the previous CRC calculation. If the 
new CRC calculation does not contain any corrupted bits, the CRC_ERROR pin is driven 
low. The error detection runs until the device is reset.

The error detection circuitry runs off an internal configuration oscillator with a divisor 
that sets the maximum frequency.

Table 9–5 lists the minimum and maximum error detection frequencies.

You can set a lower clock frequency by specifying a division factor in the Quartus II 
software (for more information, refer to “Software Support”). The divisor is a power 
of two (2), where n is between 0 and 8. The divisor ranges from one through 256. Refer 
to Equation 9–1.

CRC calculation time depends on the device and the error detection clock frequency.

Table 9–4. Error Detection Registers

Register Function

32-bit signature 
register

This register contains the CRC signature. The signature register contains the result of the user 
mode calculated CRC value compared against the pre-calculated CRC value. If no errors are 
detected, the signature register is all zeros. A non-zero signature register indicates an error in the 
configuration CRAM contents.

The CRC_ERROR signal is derived from the contents of this register.

32-bit storage register

This register is loaded with the 32-bit pre-computed CRC signature at the end of the configuration 
stage. The signature is then loaded into the 32-bit CRC circuit (called the Compute and Compare 
CRC block, as shown in Figure 9–1) during user mode to calculate the CRC error. This register 
forms a 32-bit scan chain during execution of the CHANGE_EDREG JTAG instruction. The 
CHANGE_EDREG JTAG instruction can change the content of the storage register. Therefore, the 
functionality of the error detection CRC circuitry is checked in-system by executing the instruction 
to inject an error during the operation. The operation of the device is not halted when issuing the 
CHANGE_EDREG instruction.

Table 9–5. Minimum and Maximum Error Detection Frequencies for Cyclone IV Devices

 Error Detection 
Frequency

Maximum Error 
Detection Frequency

Minimum Error 
Detection Frequency Valid Divisors (2n)

80 MHz/2n 80 MHz 312.5 kHz 0, 1, 2, 3, 4, 5, 6, 7, 8

Equation 9–1.

rror detection frequency  80 MH

2n
-------------------=
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1
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Bit-Slip Mode

In bit-slip mode, the rx_bitslip port controls the word aligner operation. At every 
rising edge of the rx_bitslip signal, the bit-slip circuitry slips one bit into the 
received data stream, effectively shifting the word boundary by one bit. When the 
received data after bit-slipping matches the programmed word alignment pattern, the 
rx_patterndetect signal is driven high for one parallel clock cycle.

1 You can implement a bit-slip controller in the user logic that monitors either the 
rx_patterndetect signal or the receiver data output (rx_dataout), and controls the 
rx_bitslip port to achieve word alignment.

Figure 1–18 shows an example of the word aligner configured in bit-slip mode. For 
this example, consider that 8'b11110000 is received back-to-back and 
16'b0000111100011110 is specified as the word alignment pattern. A rising edge on the 
rx_bitslip signal at time n + 1 slips a single bit 0 at the MSB position, forcing the 
rx_dataout to 8'b01111000. Another rising edge on the rx_bitslip signal at time n + 5 
forces rx_dataout to 8'b00111100. Another rising edge on the rx_bitslip signal at time 
n + 9 forces rx_dataout to 8'b00011110. Another rising edge on the rx_bitslip signal 
at time n + 13 forces the rx_dataout to 8'b00001111. At this instance, rx_dataout in 
cycles n + 12 and n + 13 is 8'b00011110 and 8'b00001111, respectively, which matches 
the specified 16-bit alignment pattern 16'b0000111100011110. This results in the 
assertion of the rx_patterndetect signal.

Automatic Synchronization State Machine Mode

In automatic synchronization state machine mode, the word aligner achieves 
synchronization after receiving a specific number of synchronization code groups, 
and falls out of synchronization after receiving a specific number of erroneous code 
groups. This mode provides hysteresis during link synchronization, which is required 
by protocols such as PCIe, GbE, XAUI, and Serial RapidIO.

1 This mode is only supported using the 8B/10B encoded data with 10-bit input to the 
word aligner.

Figure 1–18. Word Aligner Configured in Bit-Slip Mode
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The byte ordering block operates in either word-alignment-based byte ordering or 
user-controlled byte ordering modes.

In word-alignment-based byte ordering mode, the byte ordering block starts looking 
for the byte ordering pattern in the byte-deserialized data and restores the order if 
necessary when it detects a rising edge on the rx_syncstatus signal. Whenever the 
byte ordering pattern is found, the rx_byteorderalignstatus signal is asserted 
regardless if the pad byte insertion is necessary. If the byte ordering block detects 
another rising edge on the rx_syncstatus signal from the word aligner, it deasserts 
the rx_byteorderalignstatus signal and repeats the byte ordering operation.

In user-controlled byte ordering mode, the byte ordering operation is user-triggered 
using rx_enabyteord port. A rising edge on rx_enabyteord port triggers the byte 
ordering block to start looking for the byte ordering pattern in the byte-deserialized 
data and restores the order if necessary. When the byte ordering pattern is found, the 
rx_byteorderalignstatus signal is asserted regardless if a pad byte insertion is 
necessary.

RX Phase Compensation FIFO
The RX phase compensation FIFO compensates for the phase difference between the 
parallel receiver clock and the FPGA fabric interface clock, when interfacing the 
receiver channel to the FPGA fabric (directly or through the PIPE and PCIe hard IP 
blocks). The FIFO is four words deep, with latency between two to three parallel clock 
cycles.

Figure 1–24 shows the RX phase compensation FIFO block diagram.

1 The FIFO can operate in registered mode, contributing to only one parallel clock cycle 
of latency in the Deterministic Latency functional mode. For more information, refer 
to “Deterministic Latency Mode” on page 1–73. For more information about FIFO 
clocking, refer to “FPGA Fabric-Transceiver Interface Clocking” on page 1–43.

Miscellaneous Receiver PCS Feature
The receiver PCS supports the following additional feature:

■ Output bit-flip—reverses the bit order at a byte level at the output of the receiver 
phase compensation FIFO. For example, if the 16-bit parallel receiver data at the 
output of the receiver phase compensation FIFO is '10111100 10101101' 
(16'hBCAD), enabling this option reverses the data on rx_dataout port to 
'00111101 10110101' (16'h3DB5).

Figure 1–24. RX Phase Compensation FIFO Block Diagram

Note to Figure 1–24:

(1) Parameter x refers to the transceiver channel width, where 8, 10, 16, or 20 bits are supported.

RX Phase 
Compensation 

FIFO
rx_dataout[x..0] (1)

rx_phase_comp_fifo_error

wr_clk rd_clk
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When the byte serializer is enabled, the common bonded low-speed clock frequency is 
halved before feeding to the read clock of TX phase compensation FIFO. The common 
bonded low-speed clock is available in FPGA fabric as coreclkout port, which can be 
used in FPGA fabric to send transmitter data and control signals to the bonded 
channels.

1 Bonded channel configuration is not available for Receiver Only channel operation 
because each of the channels are individually clocked by its recovered clock.

Figure 1–38. Transmitter Only Datapath Clocking in Bonded Channel Configuration
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PCIe Initialization/Compliance Phase
After the device is powered up, a PCIe-compliant device goes through the compliance 
phase during initialization. The rx_digitalreset signal must be deasserted during 
this compliance phase to achieve transitions on the pipephydonestatus signal, as 
expected by the link layer. The rx_digitalreset signal is deasserted based on the 
assertion of the rx_freqlocked signal.

During the initialization/compliance phase, do not use the rx_freqlocked signal to 
trigger a deassertion of the rx_digitalreset signal. Instead, perform the following 
reset sequence:

1. After power up, assert pll_areset for a minimum period of 1 s (the time 
between markers 1 and 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 input reference 
clock.

2. After the multipurpose PLL locks, as indicated by the pll_locked signal going 
high (marker 3), deassert tx_digitalreset. For a receiver operation, after 
deassertion of busy signal, wait for two parallel clock cycles to deassert the 
rx_analogreset signal. After rx_analogreset is deasserted, the receiver CDR 
starts locking to the receiver input reference clock.

3. Deassert both the rx_analogreset signal (marker 6) and rx_digitalreset signal 
(marker 7) together, as indicated in Figure 2–10. After deasserting 
rx_digitalreset, the pipephydonestatus signal transitions from the transceiver 
channel to indicate the status to the link layer. Depending on its status, 
pipephydonestatus helps with the continuation of the compliance phase. After 
successful completion of this phase, the device enters into the normal operation 
phase.

PCIe Normal Phase
For the normal PCIe phase:

1. After completion of the Initialization/Compliance phase, during the normal 
operation phase at the Gen1 data rate, when the rx_freqlocked signal is 
deasserted (marker 9 in Figure 2–10).

2. Wait for the rx_freqlocked signal to go high again. In this phase, the received data 
is valid (not electrical idle) and the receiver CDR locks to the incoming data. 
Proceed with the reset sequence after assertion of the rx_freqlocked signal. 

3. After the rx_freqlocked signal goes high, wait for at least tLTD_Manual before 
asserting rx_digitalreset (marker 12 in Figure 2–10) for two parallel receive 
clock cycles so that the receiver phase compensation FIFO is initialized. For 
bonded PCIe Gen 1 mode (×2 and ×4), wait for all the rx_freqlocked signals to go 
high, then wait for tLTD_Manual before asserting rx_digitalreset for 2 parallel clock 
cycles.
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Analog Settings Control/Status Signals

tx_vodctrl[2..0] 
(1) Input

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

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

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

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

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

3’b001 1  400

3’b010 2 600

3’b011 3 800

3’b111 4 (2) 900 (2)

3’b100 5 1000

3’b101 6 1200

All other values => N/A

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

Port Name Input/
Output Description

http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf
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16-bit FPGA fabric-Transceiver 
Channel Interface with PCS-PMA 
set to 8/10 bits

Two 8-bit unencoded Data (rx_dataout)

rx_dataoutfull[7:0] - rx_dataout (LSByte) and

rx_dataoutfull[23:16]- rx_dataout (MSByte)

The following signals are used in 16-bit 8B/10B modes:

Two Control Bits

rx_dataoutfull[8] - rx_ctrldetect (LSB) and

rx_dataoutfull[24]- rx_ctrldetect (MSB)

Two Receiver Error Detect Bits

rx_dataoutfull[9] - rx_errdetect (LSB) and 

rx_dataoutfull[25]- rx_errdetect (MSB)

Two Receiver Sync Status Bits

rx_dataoutfull [10] - rx_syncstatus (LSB) and

rx_dataoutfull[26] - rx_syncstatus (MSB)

Two Receiver Disparity Error Bits

rx_dataoutfull [11] - rx_disperr (LSB) and

rx_dataoutfull[27] - rx_disperr (MSB)

Two Receiver Pattern Detect Bits

rx_dataoutfull[12] - rx_patterndetect (LSB) and 

rx_dataoutfull[28]- rx_patterndetect (MSB)

rx_dataoutfull[13] and rx_dataoutfull[29]: Rate Match FIFO deletion status 
indicator (rx_rmfifodatadeleted) in non-PCI Express (PIPE) functional modes

rx_dataoutfull[14] and rx_dataoutfull[30]: Rate Match FIFO insertion status 
indicator (rx_rmfifodatainserted) in non-PCI Express (PIPE) functional modes

Two 2-bit PCI Express (PIPE) Functional Mode Status Bits

rx_dataoutfull[14:13] - rx_pipestatus (LSB) and rx_dataoutfull[30:29] - 
rx_pipestatus (MSB)

rx_dataoutfull[15] and rx_dataoutfull[31]: 8B/10B running disparity 
indicator (rx_runningdisp)

Table 3–5. rx_dataoutfull[31..0] FPGA Fabric-Transceiver Channel Interface Signal Descriptions (Part 2 of 3)

FPGA Fabric-Transceiver Channel 
Interface Description

Receive Signal Description (Based on Cyclone IV GX Supported FPGA 
Fabric-Transceiver Channel Interface Widths)
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OCT Specifications
Table 1–8 lists the variation of OCT without calibration across process, temperature, 
and voltage (PVT).

OCT calibration is automatically performed at device power-up for OCT-enabled 
I/Os.

Table 1–9 lists the OCT calibration accuracy at device power-up. 

Bus hold trip 
point — 0.3 0.9 0.375 1.125 0.68 1.07 0.7 1.7 0.8 2 0.8 2 V

Note to Table 1–7:

(1) Bus hold trip points are based on the calculated input voltages from the JEDEC standard.

Table 1–7.  Bus Hold Parameter for Cyclone IV Devices (Part 2 of 2) (1)

Parameter Condition

VCCIO (V)

Unit1.2 1.5 1.8 2.5 3.0 3.3

Min Max Min Max Min Max Min Max Min Max Min Max

Table 1–8. Series OCT Without Calibration Specifications for Cyclone IV Devices

Description VCCIO (V)

Resistance Tolerance

Unit
Commercial Maximum

Industrial, Extended 
industrial, and 

Automotive Maximum

Series OCT without 
calibration

3.0 ±30 ±40 %

2.5 ±30 ±40 %

1.8 ±40 ±50 %

1.5 ±50 ±50 %

1.2 ±50 ±50 %

Table 1–9. Series OCT with Calibration at Device Power-Up Specifications for Cyclone IV 
Devices (1)

Description VCCIO (V)

Calibration Accuracy

Unit
Commercial Maximum

Industrial, Extended 
industrial, and 

Automotive Maximum

Series OCT with 
calibration at device 
power-up

3.0 ±10 ±10 %

2.5 ±10 ±10 %

1.8 ±10 ±10 %

1.5 ±10 ±10 %

1.2 ±10 ±10 %

Note to Table 1–9:

(1) This specification is not applicable to EP4CGX15, EP4CGX22, and EP4CGX30 devices.
Cyclone IV Device Handbook, December 2016 Altera Corporation
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