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5–28 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Hardware Features
Clock Switchover
The clock switchover feature allows the PLL to switch between two reference input 
clocks. Use this feature for clock redundancy or for a dual-clock domain application, 
such as a system that turns on the redundant clock if the previous clock stops running. 
Your design can automatically perform clock switchover when the clock is no longer 
toggling, or based on the user control signal, clkswitch.

Automatic Clock Switchover
PLLs of Cyclone IV devices support a fully configurable clock switchover capability. 

When the current reference clock is not present, the clock-sense block automatically 
switches to the backup clock for PLL reference. The clock switchover circuit also sends 
out three status signals—clkbad0, clkbad1, and activeclock—from the PLL to 
implement a custom switchover circuit. You can select a clock source at the backup 
clock by connecting it to the inclk1 port of the PLL in your design. 

Figure 5–17 shows the block diagram of the switchover circuit built into the PLL.

There are two ways to use the clock switchover feature:

■ Use the switchover circuitry for switching from inclk0 to inclk1 running at the 
same frequency. For example, in applications that require a redundant clock with 
the same frequency as the reference clock, the switchover state machine generates 
a signal that controls the multiplexer select input shown in Figure 5–17. In this 
case, inclk1 becomes the reference clock for the PLL. This automatic switchover 
can switch back and forth between the inclk0 and inclk1 clocks any number of 
times, when one of the two clocks fails and the other clock is available.

■ Use the clkswitch input for user- or system-controlled switch conditions. This is 
possible for same-frequency switchover or to switch between inputs of different 
frequencies. For example, if inclk0 is 66 MHz and inclk1 is 200 MHz, you must 
control the switchover because the automatic clock-sense circuitry cannot monitor 
primary and secondary clock frequencies with a frequency difference of more than 

Figure 5–17. Automatic Clock Switchover Circuit
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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
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5–38 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
PLL Reconfiguration
Figure 5–25 shows the scan chain bit order sequence for one PLL post-scale counter in 
PLLs of Cyclone IV devices. 

Charge Pump and Loop Filter
You can reconfigure the charge pump and loop filter settings to update the PLL 
bandwidth in real time. Table 5–8 through Table 5–10 list the possible settings for 
charge pump current (ICP), loop filter resistor (R), and capacitor (C) values for PLLs of 
Cyclone IV devices.

Figure 5–25. Scan Chain Bit Order
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Table 5–8. Charge Pump Bit Control

CP[2] CP[1] CP[0] Setting (Decimal)

0 0 0 0

1 0 0 1

1 1 0 3

1 1 1 7

Table 5–9. Loop Filter Resistor Value Control

LFR[4] LFR[3] LFR[2] LFR[1] LFR[0] Setting 
(Decimal)

0 0 0 0 0 0

0 0 0 1 1 3

0 0 1 0 0 4

0 1 0 0 0 8

1 0 0 0 0 16

1 0 0 1 1 19

1 0 1 0 0 20

1 1 0 0 0 24

1 1 0 1 1 27

1 1 1 0 0 28

1 1 1 1 0 30
Cyclone IV Device Handbook, October 2012 Altera Corporation
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Chapter 6: I/O Features in Cyclone IV Devices 6–9
OCT Support
The RS shown in Figure 6–2 is the intrinsic impedance of the transistors that make up 
the I/O buffer. 

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

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

Each calibration block comes with a pair of RUP and RDN pins. When used for 
calibration, the RUP pin is connected to VCCIO through an external 25- ±1% or 
50- ±1% resistor for an RS OCT value of 25  or 50  , respectively. The RDN pin is 
connected to GND through an external 25- ±1% or 50- ±1% resistor for an RS OCT 
value of 25  or 50  , respectively. The external resistors are compared with the 
internal resistance using comparators. The resultant outputs of the comparators are 
used by the OCT calibration block to dynamically adjust buffer impedance.

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

Figure 6–2. Cyclone IV Devices RS OCT with Calibration
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6–28 Chapter 6: I/O Features in Cyclone IV Devices
High-Speed I/O Standards Support
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High-Speed I/O Standards Support
This section provides information about the high-speed I/O standards and the HSSI 
input reference clock supported in Cyclone IV devices.

High Speed Serial Interface (HSSI) Input Reference Clock Support 
Cyclone IV GX devices support the same I/O features for GPIOs with additional new 
features where current I/O banks 3A and 8A consist of dual-purpose clock input pins 
(CLKIN) and 3B and 8B consist of dedicated CLKIN that can be used to support the high-
speed transceiver input reference clock (REFCLK) features on top of the 
general-purpose clock input function.

The EP4CGX15, EP4CGX22, and EP4CGX30 devices contain two pairs of 
CLKIN/REFCLK pins located in I/O banks 3A and 8A. I/O banks 3B and 8B are not 
available in EP4CGX15, EP4CGX22, and EP4CGX30 devices. The EP4CGX50, 
EP4CGX75, EP4CGX110, and EP4CGX150 devices have a total of four pairs of 
CLKIN/REFCLK pins located in I/O banks 3A, 3B, 8A, and 8B. I/O banks 3B and 8B can 
also support single-ended clock inputs. For more information about the CLKIN/REFCLK 
pin location, refer to Figure 6–10 on page 6–18 and Figure 6–11 on page 6–19. 

Table 6–9. Cyclone IV GX I/O, Differential, and XCVRs Channel Count

Device 4CGX15 4CGX22 4CGX30 4CGX50 4CGX75 4CGX110 4CGX150

Numbers of 
Differential 
Channels 

(1), (2) 16
9-

FB
GA

16
9-

FB
GA

32
4-

FB
GA

16
9-

FB
GA

32
4-

FB
GA

48
4-

FB
GA

48
4-

FB
GA

67
2-

FB
GA

48
4-

FB
GA

67
2-

FB
GA

48
4-

FB
GA

67
2-

FB
GA

89
6-

FB
GA

48
4-

FB
GA

67
2-

FB
GA

User I/O (3) 72 72 150 72 150 290 290 310 290 310 270 393 475 270 393

User I/O 
banks 9 (4) 9 (4) 9 (4) 9 (4) 9 (4) 11

(5)

11
(5), 
(6)

11
(5), 

(6)

11
(5), 
(6)

11
(5), 
(6)

11
(5), 
(6)

11
(5), 
(6)

11
(5), 
(6)

11
(5), 
(6)

11
(5), 
(6)

LVDS (7), (9) 9 9 16 9 16 45 45 51 45 51 38 52 63 38 52

Emulated 
LVDS (8), (9) 16 16 48 16 48 85 85 89 85 89 82 129 157 82 129

XCVRs 2 2 4 2 4 4 4 8 4 8 4 8 8 4 8

Notes to Table 6–9:

(1) User I/O pins are used as inputs or outputs; clock input pins are used as inputs only; clock output pins are used as outputs only.
(2) For differential pad placement guidelines, refer to “Pad Placement” on page 6–23.
(3) The I/O pin count includes all GPIOs, dedicated clock pins, and dual-purpose configuration pins. Transceivers pins and dedicated configuration pin

not included in the pin count.
(4) Includes one configuration I/O bank and two dedicated clock input I/O banks for HSSI input reference clock.
(5) Includes one configuration I/O bank and four dedicated clock input I/O banks for HSSI input reference clock.
(6) Single-ended clock input support is available for dedicated clock input I/O banks 3B (pins CLKIO20 and CLKIO22) and 8B (pins CLKIO17 and CLKI
(7) The true LVDS count includes all LVDS I/O pairs, differential clock input and clock output pins in right I/O banks 5 and 6.
(8) The emulated LVDS count includes all LVDS I/O pairs, differential clock input and clock output pins in column I/O banks 3, 4, 7, and 8.
(9) LVDS input and output buffers are sharing the same p and n pins. One LVDS I/O channel can only be either transmitter or receiver at a time.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



6–34 Chapter 6: I/O Features in Cyclone IV Devices
High-Speed I/O Standards Support
LVPECL I/O Support in Cyclone IV Devices
The LVPECL I/O standard is a differential interface standard that requires a 2.5-V 
VCCIO. This standard is used in applications involving video graphics, 
telecommunications, data communications, and clock distribution. Cyclone IV 
devices support the LVPECL input standard at the dedicated clock input pins only. 
The LVPECL receiver requires an external 100- termination resistor between the two 
signals at the input buffer.

f For the LVPECL I/O standard electrical specification, refer to the Cyclone IV Device 
Datasheet chapter.

AC coupling is required when the LVPECL common mode voltage of the output 
buffer is higher than the Cyclone IV devices LVPECL input common mode voltage. 

Figure 6–18 shows the AC-coupled termination scheme. The 50- resistors used at the 
receiver are external to the device. DC-coupled LVPECL is supported if the LVPECL 
output common mode voltage is in the Cyclone IV devices LVPECL input buffer 
specification (refer to Figure 6–19).

Figure 6–19 shows the LVPECL DC-coupled termination.

Figure 6–18. LVPECL AC-Coupled Termination (1)

Note to Figure 6–18:

(1) The LVPECL AC-coupled termination is applicable only when an Altera FPGA transmitter is used.

Figure 6–19. LVPECL DC-Coupled Termination (1)

Note to Figure 6–19:

(1) The LVPECL DC-coupled termination is applicable only when an Altera FPGA transmitter is used.
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7–4 Chapter 7: External Memory Interfaces in Cyclone IV Devices
Cyclone IV Devices Memory Interfaces Pin Support
Table 7–1 lists the number of DQS or DQ groups supported on each side of the 
Cyclone IV GX device.

Table 7–1. Cyclone IV GX Device DQS and DQ Bus Mode Support for Each Side of the Device

Device Package Side
Number 

×8 
Groups

Number 
×9 

Groups

Number 
×16 

Groups

Number 
×18 

Groups

Number 
×32 

Groups

Number 
×36 

Groups

EP4CGX15 169-pin FBGA 

Right 1 0 0 0 — —

Top (1) 1 0 0 0 — —

Bottom (2) 1 0 0 0 — —

EP4CGX22

EP4CGX30

169-pin FBGA 

Right 1 0 0 0 — —

Top (1) 1 0 0 0 — —

Bottom (2) 1 0 0 0 — —

324-pin FBGA 

Right 2 2 1 1 — —

Top 2 2 1 1 — —

Bottom 2 2 1 1 — —

484-pin FBGA (3)

Right 4 2 2 2 1 1

Top 4 2 2 2 1 1

Bottom 4 2 2 2 1 1

EP4CGX50

EP4CGX75

484-pin FBGA 

Right 4 2 2 2 1 1

Top 4 2 2 2 1 1

Bottom 4 2 2 2 1 1

672-pin FBGA 

Right 4 2 2 2 1 1

Top 4 2 2 2 1 1

Bottom 4 2 2 2 1 1

EP4CGX110

EP4CGX150

484-pin FBGA 

Right 4 2 2 2 1 1

Top 4 2 2 2 1 1

Bottom 4 2 2 2 1 1

672-pin FBGA 

Right 4 2 2 2 1 1

Top 4 2 2 2 1 1

Bottom 4 2 2 2 1 1

896-pin FBGA 

Right 6 3 2 2 1 1

Top 6 3 3 3 1 1

Bottom 6 3 3 3 1 1

Notes to Table 7–1:

(1) Some of the DQ pins can be used as RUP and RDN pins. You cannot use these groups if you are using these pins as RUP and RDN pins for 
OCT calibration.

(2) Some of the DQ pins can be used as RUP pins while the DM pins can be used as RDN pins. You cannot use these groups if you are using the 
RUP and RDN pins for OCT calibration.

(3) Only available for EP4CGX30 device.
Cyclone IV Device Handbook, March 2016 Altera Corporation
Volume 1



8–20 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
f For more information about the USB-Blaster download cable, refer to the USB-Blaster 
Download Cable User Guide. For more information about the ByteBlaster II download 
cable, refer to the ByteBlaster II Download Cable User Guide.

Figure 8–6 shows the download cable connections to the serial configuration device.

Figure 8–6. In-System Programming of Serial Configuration Devices

Notes to Figure 8–6:

(1) Connect these pull-up resistors to the VCCIO supply of the bank in which the pin resides.
(2) 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.
(3) Power up the VCC of the ByteBlaster II or USB-Blaster download cable with the 3.3-V supply.
(4) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins, 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) The diodes and capacitors must be placed as close as possible to the Cyclone IV device. You must ensure that the diodes and capacitors maintain 

a maximum AC voltage of 4.1 V. The external diodes and capacitors are required to prevent damage to the Cyclone IV device AS configuration 
input pins due to possible overshoot when programming the serial configuration device with a download cable. Altera recommends using the 
Schottky diode, which has a relatively lower forward diode voltage (VF) than the switching and Zener diodes, for effective voltage clamping. 

(6) When cascading Cyclone IV devices in a multi-device AS configuration, 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) 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.

(8) Only Cyclone IV GX devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for DCLK.
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8–32 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
The default configuration boot address allows the system to use special parameter 
blocks in the flash memory map. Parameter blocks are at the top or bottom of the 
memory map. Figure 8–12 shows the configuration boot address in the AP 
configuration scheme. You can change the default configuration default boot address 
0×010000 to any desired address using the APFC_BOOT_ADDR JTAG instruction. For 
more information about the APFC_BOOT_ADDR JTAG instruction, refer to “JTAG 
Instructions” on page 8–57.

PS Configuration
You can perform PS configuration on Cyclone IV devices with an external intelligent 
host, such as a MAX® II device, microprocessor with flash memory, or a download 
cable. In the PS scheme, an external host controls the configuration. Configuration 
data is clocked into the target Cyclone IV device through DATA[0] at each rising edge 
of DCLK.

If your system already contains a common flash interface (CFI) flash memory, you can 
use it for Cyclone IV device configuration storage as well. The MAX II PFL feature 
provides an efficient method to program CFI flash memory devices through the JTAG 
interface and the logic to control the configuration from the flash memory device to 
the Cyclone IV device. 

f For more information about the PFL, refer to AN 386: Using the Parallel Flash Loader 
with the Quartus II Software.

1 Cyclone IV devices do not support enhanced configuration devices for PS 
configuration.

Figure 8–12. Configuration Boot Address in AP Flash Memory Map

Note to Figure 8–12: 

(1) The default configuration boot address is x010000 when represented in 16-bit word addressing.
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–43
Configuration
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.
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8–54 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
Figure 8–28. Combining JTAG and AS Configuration Schemes

Notes to Figure 8–28:

(1) Connect these pull-up resistors to the VCCIO supply of the bank in which the pin resides.
(2) Power up the VCC of the EthernetBlaster, ByteBlaster II, or USB-Blaster cable with the 3.3-V supply.
(3) Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver.The 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 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) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect MSEL for AS 
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.

(5) Power up the VCC of the EthernetBlaster, ByteBlaster II, USB-Blaster, or ByteBlasterMV cable with a 2.5-V VCCA supply. 
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) You must place the diodes and capacitors as close as possible to the Cyclone IV device. Altera recommends using 
the Schottky diode, which has a relatively lower forward diode voltage (VF) than the switching and Zener diodes, for 
effective voltage clamping. 

(7) 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.

(8) Resistor value can vary from 1 k to 10 k..
(9) Only Cyclone IV GX devices have an option to select CLKUSR (40 MHz maximum) as the external clock source for 

DCLK.
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Configuration
1 DATA[0] (1), (2)
Input

—
VCCIO PS, FPP, AS

Bidirectional VCCIO AP

1 DATA[1] (2) /ASDO (1)

Input

—

VCCIO FPP

Output VCCIO AS

Bidirectional VCCIO AP

8 DATA[7..2] (2)
Input

—
VCCIO FPP

Bidirectional VCCIO AP

8 DATA[15..8] (2) Bidirectional — VCCIO AP

6 INIT_DONE Output — Pull-up Optional, all modes

1 nSTATUS Bidirectional Yes Pull-up All modes

1 nCE Input Yes VCCIO All modes

1 DCLK (1), (2)
Input Yes VCCIO PS, FPP

Output — VCCIO AS, AP

6 CONF_DONE Bidirectional Yes Pull-up All modes

1 TDI Input Yes VCCIO JTAG

1 TMS Input Yes VCCIO JTAG

1 TCK Input Yes VCCIO JTAG

1 nCONFIG Input Yes VCCIO All modes

6 CLKUSR Input — VCCIO Optional

6 nCEO Output — VCCIO Optional, all modes

6 MSEL[] Input Yes VCCINT All modes

1 TDO Output Yes VCCIO JTAG

7 PADD[14..0] Output — VCCIO AP

8 PADD[19..15] Output — VCCIO AP

6 PADD[23..20] Output — VCCIO AP

1 nRESET Output — VCCIO AP

6 nAVD Output — VCCIO AP

6 nOE Output — VCCIO AP

6 nWE Output — VCCIO AP

5 DEV_OE Input — VCCIO Optional, AP

Table 8–19. Configuration Pin Summary for Cyclone IV E Devices (Part 2 of 3)

Bank Description Input/Output Dedicated Powered By Configuration Mode
May 2013 Altera Corporation Cyclone IV Device Handbook,
Volume 1



8–78 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Remote System Upgrade
Table 8–25 lists the contents of previous state register 1 and previous state register 2 in 
the status register. The status register bit in Table 8–25 shows the bit positions in a 
3-bit register. The previous state register 1 and previous state register 2 have the same 
bit definitions. The previous state register 1 reflects the current application 
configuration and the previous state register 2 reflects the previous application 
configuration.

If a capture is inappropriately done while capturing a previous state before the system 
has entered remote update application configuration for the first time, a value outputs 
from the shift register to indicate that the capture is incorrectly called.

Remote System Upgrade State Machine
The remote system upgrade control and update registers have identical bit 
definitions, but serve different roles (Table 8–22 on page 8–75). While both registers 
can only be updated when the device is loaded with a factory configuration image, 
the update register writes are controlled by the user logic, and the control register 
writes are controlled by the remote system upgrade state machine. 

In factory configurations, the user logic should send the option bits (Cd_early and 
Osc_int), the configuration address, and watchdog timer settings for the next 
application configuration bit to the update register. When the logic array 
configuration reset (RU_nCONFIG) goes high, the remote system upgrade state machine 
updates the control register with the contents of the update register and starts system 
reconfiguration from the new application page.

1 To ensure the successful reconfiguration between the pages, assert the RU_nCONFIG 
signal for a minimum of 250 ns. This is equivalent to strobing the reconfig input of 
the ALTREMOTE_UPDATE megafunction high for a minimum of 250 ns.

If there is an error or reconfiguration trigger condition, the remote system upgrade 
state machine directs the system to load a factory or application configuration (based 
on mode and error condition) by setting the control register accordingly. 

Table 8–26 lists the contents of the control register after such an event occurs for all 
possible error or trigger conditions.

Table 8–25. Remote System Upgrade Previous State Register 1 and Previous State Register 2 Contents in Status 
Register 

Status Register Bit Definition Description

30 nCONFIG source
One-hot, active-high field that describes the reconfiguration source 
that caused the Cyclone IV device to leave the previous application 
configuration. If there is a tie, the higher bit order indicates 
precedence. For example, if nCONFIG and remote system upgrade 
nCONFIG reach the reconfiguration state machine at the same time, 
the nCONFIG precedes the remote system upgrade nCONFIG. 

29 CRC error source

28 nSTATUS source

27 User watchdog timer source

26
Remote system upgrade 
nCONFIG source

25:24
Master state machine 
current state

The state of the master state machine during reconfiguration causes 
the Cyclone IV device to leave the previous application configuration.

23:0 Boot address The address used by the configuration scheme to load the previous 
application configuration.
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1
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Error Detection Block
1 WYSIWYG is an optimization technique that performs optimization on a VQM 
(Verilog Quartus Mapping) netlist in the Quartus II software.

Error Detection Block
Table 9–3 lists the types of CRC detection to check the configuration bits.

This section focuses on the first type—the 32-bit CRC when the device is in user 
mode.

Error Detection Registers
There are two sets of 32-bit registers in the error detection circuitry that store the 
computed CRC signature and pre-calculated CRC value. A non-zero value on the 
signature register causes the CRC_ERROR pin to set high. 

Figure 9–1 shows the block diagram of the error detection block and the two related 
32-bit registers: the signature register and the storage register.

Table 9–3. Types of CRC Detection to Check the Configuration Bits

First Type of CRC Detection Second Type of CRC Detection

■ CRAM error checking ability (32-bit CRC) 
during user mode, for use by the 
CRC_ERROR pin.

■ There is only one 32-bit CRC value. This 
value covers all the CRAM data.

■ 16-bit CRC embedded in every configuration data frame.

■ During configuration, after a frame of data is loaded into the device, the 
pre-computed CRC is shifted into the CRC circuitry.

■ Simultaneously, the CRC value for the data frame shifted-in is calculated. 
If the pre-computed CRC and calculated CRC values do not match, 
nSTATUS is set low.

■ Every data frame has a 16-bit CRC. Therefore, there are many 16-bit CRC 
values for the whole configuration bit stream.

■ Every device has a different length of configuration data frame.

Figure 9–1. Error Detection Block Diagram

Control SignalsError Detection
State Machine

32-bit Storage
Register

Compute & Compare
CRC

32-bit Signature
Register

32 32

32
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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
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Transmitter Channel Datapath

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2

The following describes the 8B/10B encoder behavior in reset condition (as shown in 
Figure 1–7):

■ During reset, the 8B/10B encoder ignores the inputs (tx_datain and 
tx_ctrlenable ports) from the FPGA fabric and outputs the K28.5 pattern from 
the RD- column continuously until the tx_digitalreset port is deasserted. 

■ Upon deassertion of the tx_digitalreset port, the 8B/10B encoder starts with a 
negative disparity and transmits three K28.5 code groups for synchronization 
before it starts encoding and transmitting data on its output. 

■ Due to some pipelining of the transmitter PCS, some "don't cares" (10'hxxx) are 
sent before the three synchronizing K28.5 code groups.

The encoder supports forcing the running disparity to either positive or negative 
disparity with tx_forcedisp and tx_dispval ports. Figure 1–8 shows an example of 
tx_forcedisp and tx_dispval port use, where data is shown in hexadecimal radix.

In this example, a series of K28.5 code groups are continuously sent. The stream 
alternates between a positive disparity K28.5 (RD+) and a negative disparity K28.5 
(RD-) to maintain a neutral overall disparity. The current running disparity at time 
n + 1 indicates that the K28.5 in time n + 2 should be encoded with a negative 
disparity. Because tx_forcedisp is high at time n + 2, and tx_dispval is low, the K28.5 

Figure 1–7. 8B/10B Encoder Behavior in Reset Condition

Figure 1–8. Force Running Disparity Operation

tx_digitalreset

clock

During reset

dataout[9..0] K28.5- K28.5- K28.5- xxx xxx K28.5+K28.5- K28.5- Dx.y+

Don’t cares after reset Synchronization Normal
operation

tx_ctrlenable

clock

n n + 1 n + 2 n + 3 n + 4

tx_forcedisp

tx_dispval

Current Disparity RD- RD+ RD+ RD- RD- RD+RD- RD+

dataout[9..0] 17C 283 17C 17C283 283

txin[7..0] BC

n + 5 n + 6 n + 7
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Transceiver Functional Modes
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Figure 1–64 shows the transceiver configuration in XAUI mode.

XGMII and PCS Code Conversions
In XAUI mode, the 8B/10B encoder in the transmitter datapath maps various 8-bit 
XGMII codes to 10-bit PCS code groups as listed in Table 1–21.

Figure 1–64. Transceiver Configuration in XAUI Mode

Functional Mode

Channel Bonding

Low-Latency PCS

Word Aligner (Pattern Length)

8B/10B Encoder/Decoder

Deskew FIFO

Rate Match FIFO

Byte SERDES

Byte Ordering

FPGA Fabric-to-Transceiver
Interface Width 

FPGA Fabric-to-Transceiver
Interface Frequency (MHz) 

3.125

Disabled

Automatic Synchronization
State Machine (7-bit, 10-Bit)

16-Bit

XAUI

×4

Disabled

Enabled

Enabled

Enabled

Enabled

Data Rate (Gbps)

156.25

Table 1–21. XGMII Character to PCS Code Groups Mapping (Part 1 of 2)

XGMII TXC (1) XGMII TXD (2), (3) PCS Code Group Description

0 00 through FF Dxx,y Normal data transmission

1 07 K28.0, K28.3, or K28.5 Idle in ||I||

1 07 K28.5 Idle in ||T||

1 9C K28.4 Sequence

1 FB K27.7 Start

1 FD K29.7 Terminate

1 FE K30.7 Error
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Dynamic Reconfiguration Reset Sequences
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Dynamic Reconfiguration Reset Sequences
When using dynamic reconfiguration in data rate divisions in PLL reconfiguration or 
channel reconfiguration mode, use the following reset sequences.

Reset Sequence in PLL Reconfiguration Mode
Use the example reset sequence shown in Figure 2–11 when you use the PLL dynamic 
reconfiguration controller to change the data rate of the transceiver channel. In this 
example, PLL dynamic reconfiguration is used to dynamically reconfigure the data 
rate of the transceiver channel configured in Basic ×1 mode with the receiver CDR in 
automatic lock mode.

As shown in Figure 2–11, perform the following reset procedure when using the PLL 
dynamic reconfiguration controller to change the configuration of the PLLs in the 
transmitter channel:

1. Assert the tx_digitalreset, rx_analogreset, and rx_digitalreset signals. The 
pll_configupdate signal is asserted (marker 1) by the ALTPLL_RECONFIG 
megafunction after the final data bit is sent out. The pll_reconfig_done signal is 
asserted (marker 2) to inform the ALTPLL_RECONFIG megafunction that the scan 
chain process is completed. The ALTPLL_RECONFIG megafunction then asserts 
the pll_areset signal (marker 3) to reset the transceiver PLL.

Figure 2–11. Reset Sequence When Using the PLL Dynamic Reconfiguration Controller to Change 
the Data Rate of the Transceiver Channel

Notes to Figure 2–11:

(1) The pll_configupdate and pll_areset signals are driven by the ALTPLL_RECONFIG megafunction. For more 
information, refer to AN 609: Implementing Dynamic Reconfiguration in Cyclone IV GX Devices and the Cyclone IV 
Dynamic Reconfiguration chapter.

(2) For tLTD_Auto duration, refer to the Cyclone IV Device Datasheet chapter.
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The Offset cancellation for Receiver channels option is automatically enabled in 
both the ALTGX and ALTGX_RECONFIG MegaWizard Plug-In Managers for 
Receiver and Transmitter and Receiver only configurations. It is not available for 
Transmitter only configurations. For Receiver and Transmitter and Receiver only 
configurations, you must connect the necessary interface signals between the 
ALTGX_RECONFIG and ALTGX (with receiver channels) instances. 

Offset cancellation is automatically executed once every time the device is powered 
on. The control logic for offset cancellation is integrated into the dynamic 
reconfiguration controller. You must connect the ALTGX_RECONFIG instance to the 
ALTGX instances (with receiver channels) in your design. You must connect the 
reconfig_fromgxb, reconfig_togxb, and necessary clock signals to both the 
ALTGX_RECONFIG and ALTGX (with receiver channels) instances.

When the device powers up, the dynamic reconfiguration controller initiates offset 
cancellation on the receiver channel by disconnecting the receiver input pins from the 
receiver data path. Subsequently, the offset cancellation process goes through 
different states and culminates in the offset cancellation of the receiver buffer.

1 Offset cancellation process only occurs one time after power up and does not occur 
when subsequent reconfig_reset is asserted. If you assert reconfig_reset after the 
offset cancellation process is completed, the offset cancellation process will not run 
again. 
If you assert reconfig_reset upon power up; offset cancellation will not begin until 
reconfig_reset is deasserted. If you assert reconfig_reset after power up but before 
offset cancellation process is completed; offset cancellation will not complete and 
restart only when reconfig_reset is deasserted.

Figure 3–2 shows the connection for offset cancellation mode.

1 The dynamic reconfiguration controller sends and receives data to the transceiver 
channel through the reconfig_togxb and reconfig_fromgxb signals. 

1 The gxb_powerdown signal must not be asserted during the offset cancellation 
sequence.

Figure 3–2. ALTGX and ALTGX_RECONFIG Connection for the Offset Cancellation Process 

Note to Figure 3–2:

(1) This block is active during the offset cancellation process.

ALTGXALTGX_RECONFIG
reconfig_fromgxb[n..0]

reconfig_togxb[3..0]

busy

reconfig_clk

TX PCSoffset cancellation
circuit

TX PMA

RX PCS RX PMA
+ CDR (1)
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Switching Characteristics
Figure 1–2 shows the lock time parameters in manual mode. 

1 LTD = lock-to-data. LTR = lock-to-reference.

Figure 1–3 shows the lock time parameters in automatic mode.

Figure 1–2. Lock Time Parameters for Manual Mode
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Figure 1–3. Lock Time Parameters for Automatic Mode
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