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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.
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1. Cyclone IV FPGA Device Family
Overview
Altera’s new Cyclone® IV FPGA device family extends the Cyclone FPGA series 
leadership in providing the market’s lowest-cost, lowest-power FPGAs, now with a 
transceiver variant. Cyclone IV devices are targeted to high-volume, cost-sensitive 
applications, enabling system designers to meet increasing bandwidth requirements 
while lowering costs.

Built on an optimized low-power process, the Cyclone IV device family offers the 
following two variants:

■ Cyclone IV E—lowest power, high functionality with the lowest cost

■ Cyclone IV GX—lowest power and lowest cost FPGAs with 3.125 Gbps 
transceivers

1 Cyclone IV E devices are offered in core voltage of 1.0 V and 1.2 V.

f For more information, refer to the Power Requirements for Cyclone IV Devices 
chapter.

Providing power and cost savings without sacrificing performance, along with a 
low-cost integrated transceiver option, Cyclone IV devices are ideal for low-cost, 
small-form-factor applications in the wireless, wireline, broadcast, industrial, 
consumer, and communications industries.

Cyclone IV Device Family Features
The Cyclone IV device family offers the following features:

■ Low-cost, low-power FPGA fabric:

■ 6K to 150K logic elements

■ Up to 6.3 Mb of embedded memory

■ Up to 360 18 × 18 multipliers for DSP processing intensive applications

■ Protocol bridging applications for under 1.5 W total power
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2. Logic Elements and Logic Array Blocks
in Cyclone IV Devices
This chapter contains feature definitions for logic elements (LEs) and logic array 
blocks (LABs). Details are provided on how LEs work, how LABs contain groups of 
LEs, and how LABs interface with the other blocks in Cyclone® IV devices.

Logic Elements
Logic elements (LEs) are the smallest units of logic in the Cyclone IV device 
architecture. LEs are compact and provide advanced features with efficient logic 
usage. Each LE has the following features:

■ A four-input look-up table (LUT), which can implement any function of four 
variables

■ A programmable register

■ A carry chain connection

■ A register chain connection

■ The ability to drive the following interconnects:

■ Local

■ Row

■ Column

■ Register chain

■ Direct link

■ Register packing support

■ Register feedback support
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Chapter 4: Embedded Multipliers in Cyclone IV Devices 4–7
Document Revision History
Document Revision History
Table 4–3 lists the revision history for this chapter.

Table 4–3. Document Revision History

Date Version Changes

February 2010 1.1 Added Cyclone IV E devices in Table 4–1 for the Quartus II software version 
9.1 SP1 release.

November 2009 1.0 Initial release.
February 2010 Altera Corporation Cyclone IV Device Handbook,
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) — — — — — — — — — — — — — — —
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— — — — —
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DPCLK2 (4)

CDPCLK1, or

CDPCLK2 (2), (5)

— — — v v — — — — — — — — — —

DPCLK5 (4)

DPCLK7 (2)
— — — — — v — — — — — — — — —

DPCLK4 (4)

DPCLK6 (2)
— — — — — — v — — — — — — — —

DPCLK6 (4)

CDPCLK5, or

CDPCLK6 (2), (5)

— — — — — — — v — — — — — — —

DPCLK3 (4)

CDPCLK4, or

CDPCLK3 (2), (5)

— — — — — — — — v v — — — — —

DPCLK8 — — — — — — — — — — v — — — —

DPCLK11 — — — — — — — — — — — v — — —

DPCLK9 — — — — — — — — — — — — v — —

DPCLK10 — — — — — — — — — — — — — v v
DPCLK5 — — — — — — — — — — — — — — —

DPCLK2 — — — — — — — — — — — — — — —

DPCLK4 — — — — — — — — — — — — — — —

DPCLK3 — — — — — — — — — — — — — — —

Notes to Table 5–3:

(1) EP4CE6 and EP4CE10 devices only have GCLK networks 0 to 9.
(2) These pins apply to all Cyclone IV E devices except EP4CE6 and EP4CE10 devices.
(3) EP4CE6 and EP4CE10 devices only have PLL_1 and PLL_2.
(4) This pin applies only to EP4CE6 and EP4CE10 devices.
(5) Only one of the two CDPCLK pins can feed the clock control block. You can use the other pin as a regular I/O pin.

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

GCLK Network Clock 
Sources

GCLK Networks 

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



Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–37
PLL Reconfiguration
■ Low time count = 1 cycle

■ rselodd = 1 effectively equals: 

■ High time count = 1.5 cycles

■ Low time count = 1.5 cycles

■ Duty cycle = (1.5/3)% high time count and (1.5/3)% low time count

Scan Chain Description 
Cyclone IV PLLs have a 144-bit scan chain.

Table 5–7 lists the number of bits for each component of the PLL. 

Figure 5–24 shows the scan chain order of the PLL components.

Table 5–7. Cyclone IV PLL Reprogramming Bits

Block Name 
Number of Bits 

Counter Other Total 

C4 (1) 16 2 (2) 18

C3 16 2 (2) 18

C2 16 2 (2) 18

C1 16 2 (2) 18

C0 16 2 (2) 18

M 16 2 (2) 18

N 16 2 (2) 18

Charge Pump 9 0 9

Loop Filter (3) 9 0 9

Total number of bits: 144 

Notes to Table 5–7:
(1) LSB bit for C4 low-count value is the first bit shifted into the scan chain.
(2) These two control bits include rbypass, for bypassing the counter, and rselodd, to select the output clock duty 

cycle.
(3) MSB bit for loop filter is the last bit shifted into the scan chain.

Figure 5–24. PLL Component Scan Chain Order

DATAIN

C1C2C3C4DATAOUT

MSB
LF CP

LSB
N M C0
October 2012 Altera Corporation Cyclone IV Device Handbook,
Volume 1



Chapter 6: I/O Features in Cyclone IV Devices 6–7
OCT Support
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Table 6–2 lists the I/O standards that support impedance matching and series 
termination.

Table 6–2. Cyclone IV Device I/O Features Support (Part 1 of 2)

I/O Standard

IOH/IOL Current Strength 
Setting (mA) (1), (9)

RS OCT with 
Calibration

Setting, Ohm ()

RS OCT Without 
Calibration

Setting, Ohm ()
Cyclone 
IV E I/O 
Banks 

Support

Cyclone 
IV GX I/O 

Banks 
Support

Slew
Rat

Optio
(6)

Column I/O Row I/O Column 
I/O

Row 
I/O (8)

Column 
I/O

Row 
I/O (8)

3.3-V LVTTL 4,8 4,8 — — — —

1,2,3,4,
5,6,7,8

3,4,5,6,
7,8,9

—

3.3-V LVCMOS 2 2 — — — — —

3.0-V LVTTL 4,8,12,16 4,8,12,16 50,25 50,25 50,25 50,25
0,1,

3.0-V LVCMOS 4,8,12,16 4,8,12,16 50,25 50,25 50,25 50,25

3.0-V PCI/PCI-X — — — — — — —

2.5-V 
LVTTL/LVCMOS 4,8,12,16 4,8,12,16 50,25 50,25 50,25 50,25

0,1,

1.8-V 
LVTTL/LVCMOS

2,4,6,8,10,12,1
6

2,4,6,8,10,12,1
6 50,25 50,25 50,25 50,25

1.5-V LVCMOS 2,4,6,8,10,12,1
6

2,4,6,8,10,12,1
6 50,25 50,25 50,25 50,25

1.2-V LVCMOS 2,4,6,8,10,12 2,4,6,8,10 50,25 50 50,25 50
4,5,6,7,
8

SSTL-2 Class I 8,12 8,12 50 50 50 50

3,4,5,6,
7,8,9

SSTL-2 Class II 16 16 25 25 25 25

SSTL-18 Class I 8,10,12 8,10,12 50 50 50 50

SSTL-18 Class II 12,16 12,16 25 25 25 25

HSTL-18 Class I 8,10,12 8,10,12 50 50 50 50

HSTL-18 Class II 16 16 25 25 25 25

HSTL-15 Class I 8,10,12 8,10,12 50 50 50 50

HSTL-15 Class II 16 16 25 25 25 25

HSTL-12 Class I 8,10,12 8,10 50 50 50 50
4,5,6,7,
8

HSTL-12 Class II 14 — 25 — 25 — 3,4,7,8 4,7,8

Differential SSTL-2 
Class I (2), (7) 8,12 8,12 50 50 50 50

1,2,3,4,
5,6,7,8

3,4,5,6,
7,8 0,1,

Differential SSTL-2 
Class II (2), (7) 16 16 25 25 25 25

Differential SSTL-
18 (2), (7) 8,10,12 — 50 — 50 —

Differential HSTL-
18 (2), (7) 8,10,12 — 50 — 50 —

Differential HSTL-
15 (2), (7) 8,10,12 — 50 — 50 —

Differential HSTL-
12 (2), (7) 8,10,12 — 50 — 50 — 3,4,7,8 4,7,8
March 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 1



7–10 Chapter 7: External Memory Interfaces in Cyclone IV Devices
Cyclone IV Devices Memory Interfaces Pin Support
Figure 7–5 shows the location and numbering of the DQS, DQ, or CQ# pins in the 
Cyclone IV E device I/O banks.

Figure 7–5. DQS, CQ, or CQ# Pins in Cyclone IV E I/O Banks (1)

Note to Figure 7–5:

(1) The DQS, CQ, or CQ# pin locations in this diagram apply to all packages in Cyclone IV E devices except devices in 
144-pin EQFP.
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8–16 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
Figure 8–4. Multi-Device AS Configuration in Which Devices Receive the Same Data with Multiple .sof

Notes to Figure 8–4: 

(1) Connect the pull-up resistors to the VCCIO supply of the bank in which the pin resides.
(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. You must set the master device in AS mode and the slave 

devices in PS mode. To connect the MSEL pins for the master device in AS mode and the slave devices in PS mode, refer to Table 8–3 on page 8–8, 
Table 8–4 on page 8–8, and Table 8–5 on page 8–9. Connect the MSEL pins directly to VCCA or GND.

(5) Connect the series resistor at the near end of the serial configuration device.
(6) Connect the repeater buffers between the master and slave devices for DATA[0] and DCLK. All I/O inputs must maintain a maximum AC voltage 

of 4.1 V. The output resistance of the repeater buffers must fit the maximum overshoot equation outlined in “Configuration and JTAG Pin I/O 
Requirements” on page 8–5.

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

(8) These pins are dual-purpose I/O pins. The nCSO pin functions as FLASH_nCE pin in AP mode. The ASDO pin functions as DATA[1] pin in AP and 
FPP modes.

(9) Only Cyclone IV GX devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.
(10) For multi-devices AS configuration using Cyclone IV E with 1,0 V core voltage, the maximum board trace-length from the serial configuration 

device to the junction-split on both DCLK and Data0 line is 3.5 inches.

nSTATUS

nCONFIG
CONF_DONE

nCE

DATA[0]
DCLK

nCEO N.C. (3)

(4)

 Cyclone IV Slave Device

nSTATUS

nCONFIG
CONF_DONE

nCE

DATA[0]
DCLK

nCEO N.C. (3)

(4)

VCCIO (1) VCCIO (1)

nSTATUS

nCONFIG
CONF_DONE

nCE

DATA[0]
DCLK

nCEO

MSEL[ ]

N.C. (3)

(4)

nSTATUS

nCONFIG
CONF_DONE

nCE

DATA[0]

DCLK
nCSO (8)
ASDO (8)

nCEO

(4) MSEL[ ]MSEL[ ]

MSEL[ ]

DATA

DCLK
nCS

ASDI

Serial Configuration
Device

GND

VCCIO (1) VCCIO (2)

10 kΩ 10 kΩ 10 kΩ 10 kΩ

 (5)25 Ω

 (5),50 Ω  (7)

Buffers (6)

 (7)50 Ω

 Cyclone IV Slave Device

 Cyclone IV Slave Device

 Cyclone IV Master  Device

CLKUSR (9)

 (10)

 (10)
Cyclone IV Device Handbook, May 2013 Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–39
Configuration
You can use a download cable to configure multiple Cyclone IV device configuration 
pins. nCONFIG, nSTATUS, DCLK, DATA[0], and CONF_DONE are connected to every device in 
the chain. All devices in the chain utilize and enter user mode at the same time 
because all CONF_DONE pins are tied together.

In addition, the entire chain halts configuration if any device detects an error because 
the nSTATUS pins are tied together. Figure 8–18 shows the PS configuration for 
multiple Cyclone IV devices using a MasterBlaster, USB-Blaster, ByteBlaster II, or 
ByteBlasterMV cable.

Figure 8–18. Multi-Device PS Configuration Using a Download Cable

Notes to Figure 8–18:

(1) You must connect the pull-up resistor to the same supply voltage as the VCCA supply.
(2) The pull-up resistors on DATA[0] and DCLK are only required if the download cable is the only configuration scheme 

used on your board. This ensures that DATA[0] and DCLK are not left floating after configuration. For example, if you 
also use a configuration device, the pull-up resistors on DATA[0] and DCLK are not required.

(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. When using the 
ByteBlasterMV download cable, this pin is a no connect. When using USB-Blaster, ByteBlaster II, and EthernetBlaster 
cables, this pin is connected to nCE when it is used for AS programming. Otherwise, it is a no connect.

(4) Connect the pull-up resistor to the VCCIO supply voltage of the I/O bank in which the nCE pin resides.
(5) The nCEO pin of the last device in the chain is left unconnected or used as a user I/O pin.
(6) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect MSEL for PS 

configuration schemes, refer to Table 8–3 on page 8–8, Table 8–4 on page 8–8, and Table 8–5 on page 8–9. Connect 
the MSEL pins directly to VCCA or GND.

(7) 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.

Cyclone IV Device 1

Cyclone IV Device 2

MSEL[ ] (6)

nCE

nCONFIG

CONF_DONE

DCLK

nCE
nCEO

nCONFIG

CONF_DONE

DCLK

nCEO
GND

(Passive Serial Mode)

VCCA (7)

VCCA (1)
GND

VCCA (1)

VCCA (1)

nSTATUS

nSTATUS

DATA[0]

DATA[0]

MSEL[ ]
(6)

Pin 1

Download Cable 
10-Pin Male Header

N.C. (5)

VIO (3)

GND
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DCLK, DATA[7..0], and CONF_DONE) are connected to every device in the chain. 
Configuration signals may require buffering to ensure signal integrity and prevent 
clock skew problems. Ensure that the DCLK and DATA lines are buffered. All devices 
initialize and enter user mode at the same time, because all device CONF_DONE pins are 
tied together.

All nSTATUS and CONF_DONE pins are tied together and if any device detects an error, 
configuration stops for the entire chain and the entire chain must be reconfigured. For 
example, if the first device flags an error on nSTATUS, it resets the chain by pulling its 
nSTATUS pin low. This behavior is similar to a single device detecting an error.

Figure 8–21 shows multi-device FPP configuration when both Cyclone IV devices are 
receiving the same configuration data. Configuration pins (nCONFIG, nSTATUS, DCLK, 
DATA[7..0], and CONF_DONE) are connected to every device in the chain. Configuration 
signals may require buffering to ensure signal integrity and prevent clock skew 
problems. Ensure that the DCLK and DATA lines are buffered. Devices must be of the 
same density and package. All devices start and complete configuration at the same 
time. 

You can use a single configuration chain to configure Cyclone IV devices with other 
Altera devices that support FPP configuration. To ensure that all devices in the chain 
complete configuration at the same time or that an error flagged by one device starts 
reconfiguration in all devices, tie all the CONF_DONE and nSTATUS pins together.

f For more information about configuring multiple Altera devices in the same 
configuration chain, refer to Configuring Mixed Altera FPGA Chains in volume 2 of the 
Configuration Handbook.

Figure 8–21. Multi-Device FPP Configuration Using an External Host When Both Devices Receive 
the Same Data

Notes to Figure 8–21:

(1) You must connect the pull-up resistor 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) The nCEO pins of both devices are left unconnected or used as user I/O pins when configuring the same configuration 
data into multiple devices.

(3) 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. 

(4) 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

nCE nCEO

DATA[7..0]

GND

VCCIO (1) VCCIO (1)

MSEL[3..0] MSEL[3..0]

DATA[7..0] (4)
nCONFIG
DCLK (4)

nSTATUS
CONF_DONE

nCE nCEO N.C. (2)

DATA[7..0] (4)
nCONFIG
DCLK (4)

Cyclone IV Device 2

(3)
(3)

GND

N.C. (2)

Buffers (4)

10 k 10 k
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Reconfiguration

After the configuration data is successfully written into the serial configuration 
device, the Cyclone IV device does not automatically start reconfiguration. The 
intelligent host issues the PULSE_NCONFIG JTAG instruction to initialize the 
reconfiguration process. During reconfiguration, the master device is reset and the 
SFL design no longer exists in the Cyclone IV device and the serial configuration 
device configures all the devices in the chain with the user design.

f For more information about the SFL, refer to AN 370: Using the Serial FlashLoader with 
Quartus II Software.

JTAG Instructions

f For more information about the JTAG binary instruction code, refer to the JTAG 
Boundary-Scan Testing for Cyclone IV Devices chapter.

I/O Reconfiguration

Use the CONFIG_IO instruction to reconfigure the I/O configuration shift register 
(IOCSR) chain. This instruction allows you to perform board-level testing prior to 
configuring the Cyclone IV device or waiting for a configuration device to complete 
configuration. After the configuration is interrupted and JTAG testing is complete, 
you must reconfigure the part through the PULSE_NCONFIG JTAG instruction or by 
pulsing the nCONFIG pin low.

You can issue the CONFIG_IO instruction any time during user mode.

You must meet the following timing restrictions when using the CONFIG_IO 
instruction:

■ The CONFIG_IO instruction cannot be issued when the nCONFIG pin is low

■ You must observe a 230 s minimum wait time after any of the following 
conditions:

■ nCONFIG pin goes high

■ Issuing the PULSE_NCONFIG instruction

■ Issuing the ACTIVE_ENGAGE instruction, before issuing the CONFIG_IO instruction

■ You must wait 230 s after power up, with the nCONFIG pin high before issuing the 
CONFIG_IO instruction (or wait for the nSTATUS pin to go high)
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Transmitter Channel Datapath
The following sections describe the Cyclone IV GX transmitter channel datapath 
architecture as shown in Figure 1–3:

■ TX Phase Compensation FIFO

■ Byte Serializer

■ 8B/10B Encoder

■ Serializer

■ Transmitter Output Buffer

TX Phase Compensation FIFO
The TX phase compensation FIFO compensates for the phase difference between the 
low-speed parallel clock and the FPGA fabric interface clock, when interfacing the 
transmitter channel to the FPGA fabric (directly or through the PIPE and 
PCIe hard IP). The FIFO is four words deep, with latency between two to three 
parallel clock cycles. Figure 1–4 shows the TX phase compensation FIFO block 
diagram.

1 The FIFO can operate in registered mode, contributing to only one parallel clock cycle 
of latency in Deterministic Latency functional mode. For more information, refer to 
“Deterministic Latency Mode” on page 1–73.

f For more information about FIFO clocking, refer to “FPGA Fabric-Transceiver 
Interface Clocking” on page 1–43.

Byte Serializer
The byte serializer divides the input datapath width by two to allow transmitter 
channel operation at higher data rates while meeting the maximum FPGA fabric 
frequency limit. This module is required in configurations that exceed the maximum 
FPGA fabric-transceiver interface clock frequency limit and optional in configurations 
that do not. 

f For the FPGA fabric-transceiver interface frequency specifications, refer to the Cyclone 
IV Device Data Sheet.

Figure 1–4. TX Phase Compensation FIFO Block Diagram

Note to Figure 1–4:

(1) The x refers to the supported 8-, 10-, 16-, or 20-bits transceiver channel width.

tx_phase_comp_fifo_errorTX Phase
Compensation

FIFO

wr_clk rd_clk

tx_datain[x..0] (1) Data output to
the byte serializer

or the 8B/10B encoder 
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Actual lock time depends on the transition density of the incoming data and the ppm 
difference between the receiver input reference clock and the upstream transmitter 
reference clock.

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

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

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

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

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

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

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

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

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

http://www.altera.com/literature/hb/cyclone-iv/cyiv-52002.pdf
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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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The input reference clocks reside in banks 3A, 3B, 8A, and 8B have dedicated 
VCC_CLKIN3A, VCC_CLKIN3B, VCC_CLKIN8A, and VCC_CLKIN8B power supplies separately in 
their respective I/O banks to avoid the different power level requirements in the same 
bank for general purpose I/Os (GPIOs). Table 1–6 lists the supported I/O standard 
for the REFCLK pins.

Figure 1–26. PLL Input Reference Clocks in Transceiver Operation for F484 and Larger Packages 
(1), (2), (3)

Notes to Figure 1–26:

(1) The REFCLK2 and REFCLK3 pins are dual-purpose CLKIO, REFCLK, or DIFFCLK pins that reside in banks 3A and 8A 
respectively.

(2) The REFCLK[1..0] and REFCLK[5..4] pins are dual-purpose differential REFCLK or DIFFCLK pins that reside in 
banks 3B and 8B respectively. These clock input pins do not have access to the clock control blocks and GCLK 
networks. For more details, refer to the Clock Networks and PLLs in Cyclone IV Devices chapter.

(3) Using any clock input pins other than the designated REFCLK pins as shown here to drive the MPLLs and GPLLs may 
have reduced jitter performance. 

Transceiver
Block

GXBL1

MPLL_8

REFCLK3

REFCLK[1..0]

MPLL_7

Transceiver
Block

GXBL0

MPLL_6

MPLL_5

REFCLK[5..4]

REFCLK2

GPLL_1

GPLL_2

Not applicable in
F484 package

Table 1–6. REFCLK I/O Standard Support

I/O Standard HSSI 
Protocol Coupling Terminatio

n

VCC_CLKIN Level I/O Pin Type

Input Output Column I/O Row I/O Supported 
Banks

LVDS ALL Differential 
AC (Needs 

off-chip 
resistor to 

restore 
VCM)

Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B

LVPECL ALL Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B

1.2 V, 1.5 V, 
3.3 V PCML

ALL Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B

ALL Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B

ALL Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B

HCSL PCIe Differential 
DC Off-chip 2.5 V Not Supported Yes No 3A, 3B, 8A, 8B
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User Reset and Power-Down Signals
Each transceiver channel in the Cyclone IV GX device has individual reset signals to 
reset its physical coding sublayer (PCS) and physical medium attachment (PMA). The 
transceiver block also has a power-down signal that affects the multipurpose 
phase-locked loops (PLLs), general purpose PLLs, and all the channels in the 
transceiver block.

1 All reset and power-down signals are asynchronous.

Table 2–1 lists the reset signals available for each transceiver channel. 

Table 2–1. Transceiver Channel Reset Signals 

Signal ALTGX MegaWizard Plug-In 
Manager Configurations Description

tx_digitalreset (1)

■ Transmitter Only 

■ Receiver and Transmitter 

Provides asynchronous reset to all digital logic in 
the transmitter PCS, including the XAUI transmit 
state machine. 

The minimum pulse width for this signal is two 
parallel clock cycles.

rx_digitalreset (1)

■ Receiver Only

■ Receiver and Transmitter

Resets all digital logic in the receiver PCS, 
including:

■ XAUI receiver state machines

■ GIGE receiver state machines

■ XAUI channel alignment state machine

■ BIST-PRBS verifier

■ BIST-incremental verifier

The minimum pulse width for this signal is two 
parallel clock cycles.

rx_analogreset 

■ Receiver Only

■ Receiver and Transmitter

Resets the receiver CDR present in the receiver 
channel. 

The minimum pulse width is two parallel clock 
cycles.

Note to Table 2–1:

(1) Assert this signal until the clocks coming out of the multipurpose PLL and receiver CDR are stabilized. Stable parallel clocks are essential for 
proper operation of transmitter and receiver phase-compensation FIFOs in the PCS.




