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Chapter 1: Cyclone IV FPGA Device Family Overview 1–11
Cyclone IV Device Family Architecture
Figure 1–1 shows the structure of the Cyclone IV GX transceiver.

f For more information, refer to the Cyclone IV Transceivers Architecture chapter.

Hard IP for PCI Express (Cyclone IV GX Devices Only)
Cyclone IV GX devices incorporate a single hard IP block for ×1, ×2, or ×4 PCIe (PIPE) 
in each device. This hard IP block is a complete PCIe (PIPE) protocol solution that 
implements the PHY-MAC layer, Data Link Layer, and Transaction Layer 
functionality. The hard IP for the PCIe (PIPE) block supports root-port and end-point 
configurations. This pre-verified hard IP block reduces risk, design time, timing 
closure, and verification. You can configure the block with the Quartus II software’s 
PCI Express Compiler, which guides you through the process step by step.

f For more information, refer to the PCI Express Compiler User Guide.

Figure 1–1. Transceiver Channel for the Cyclone IV GX Device
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Chapter 2: Logic Elements and Logic Array Blocks in Cyclone IV Devices 2–3
LE Operating Modes
In addition to the three general routing outputs, LEs in an LAB have register chain 
outputs, which allows registers in the same LAB to cascade together. The register 
chain output allows the LUTs to be used for combinational functions and the registers 
to be used for an unrelated shift register implementation. These resources speed up 
connections between LABs while saving local interconnect resources.

LE Operating Modes
Cyclone IV LEs operate in the following modes:

■ Normal mode

■ Arithmetic mode

The Quartus® II software automatically chooses the appropriate mode for common 
functions, such as counters, adders, subtractors, and arithmetic functions, in 
conjunction with parameterized functions such as the library of parameterized 
modules (LPM) functions. You can also create special-purpose functions that specify 
which LE operating mode to use for optimal performance, if required.

Normal Mode
Normal mode is suitable for general logic applications and combinational functions. 
In normal mode, four data inputs from the LAB local interconnect are inputs to a 
four-input LUT (Figure 2–2). The Quartus II Compiler automatically selects the 
carry-in (cin) or the data3 signal as one of the inputs to the LUT. LEs in normal mode 
support packed registers and register feedback.

Figure 2–2 shows LEs in normal mode.

Figure 2–2. Cyclone IV Device LEs in Normal Mode
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4–6 Chapter 4: Embedded Multipliers in Cyclone IV Devices
Operational Modes
9-Bit Multipliers
You can configure each embedded multiplier to support two 9 × 9 independent 
multipliers for input widths of up to 9 bits.

Figure 4–4 shows the embedded multiplier configured to support two 9-bit 
multipliers.

All 9-bit multiplier inputs and results are independently sent through registers. The 
multiplier inputs can accept signed integers, unsigned integers, or a combination of 
both. Two 9 × 9 multipliers in the same embedded multiplier block share the same 
signa and signb signal. Therefore, all the Data A inputs feeding the same embedded 
multiplier must have the same sign representation. Similarly, all the Data B inputs 
feeding the same embedded multiplier must have the same sign representation.

Figure 4–4. 9-Bit Multiplier Mode
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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 5–17
Clock Networks
Figure 5–7 shows how to implement the clkena signal with a single register.

1 The clkena circuitry controlling the output C0 of the PLL to an output pin is 
implemented with two registers instead of a single register, as shown in Figure 5–7.

Figure 5–8 shows the waveform example for a clock output enable. The clkena signal 
is sampled on the falling edge of the clock (clkin).

1 This feature is useful for applications that require low power or sleep mode.

The clkena signal can also disable clock outputs if the system is not tolerant to 
frequency overshoot during PLL resynchronization.

Altera recommends using the clkena signals when switching the clock source to the 
PLLs or the GCLK. The recommended sequence is:

1. Disable the primary output clock by de-asserting the clkena signal.

2. Switch to the secondary clock using the dynamic select signals of the clock control 
block.

3. Allow some clock cycles of the secondary clock to pass before reasserting the 
clkena signal. The exact number of clock cycles you must wait before enabling the 
secondary clock is design-dependent. You can build custom logic to ensure 
glitch-free transition when switching between different clock sources.

Figure 5–7. clkena Implementation
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5–20 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Cyclone IV PLL Hardware Overview
Cyclone IV PLL Hardware Overview
This section gives a hardware overview of the Cyclone IV PLL.

Figure 5–9 shows a simplified block diagram of the major components of the PLL of 
Cyclone IV GX devices. 

Loss of lock detection v
Notes to Table 5–6:

(1) C counters range from 1 through 512 if the output clock uses a 50% duty cycle. For any output clocks using a 
non-50% duty cycle, the post-scale counters range from 1 through 256.

(2) Only applicable if the input clock jitter is in the input jitter tolerance specifications.
(3) The smallest phase shift is determined by the VCO period divided by eight. For degree increments, Cyclone IV E 

devices can shift all output frequencies in increments of at least 45°. Smaller degree increments are possible 
depending on the frequency and divide parameters.

Table 5–6. Cyclone IV E PLL Features (Part 2 of 2)

Hardware Features Availability

Figure 5–9. Cyclone IV GX PLL Block Diagram (1)

Notes to Figure 5–9:

(1) Each clock source can come from any of the four clock pins located on the same side of the device as the PLL.
(2) There are additional 4 pairs of dedicated differential clock inputs in EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 devices that can only 

drive general purpose PLLs and multipurpose PLLs on the left side of the device. CLK[19..16] can access PLL_2, PLL_6, PLL_7, and PLL_8 
while CLK[23..20] can access PLL_1, PLL_5, PLL_6, and PLL_7. For the location of these clock input pins, refer to Figure 5–3 on page 5–13.

(3) This is the VCO post-scale counter K.
(4) This input port is fed by a pin-driven dedicated GCLK, or through a clock control block if the clock control block is fed by an output from another 

PLL or a pin-driven dedicated GCLK. An internally generated global signal cannot drive the PLL.
(5) For the general purpose PLL and multipurpose PLL counter outputs connectivity to the GCLKs, refer to Table 5–1 on page 5–2 and Table 5–2 on 

page 5–4. 
(6) Only the CI output counter can drive the TX serial clock.
(7) Only the C2 output counter can drive the TX load enable.
(8) Only the C3 output counter can drive the TX parallel clock.
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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices 5–27
Hardware Features
Post-Scale Counter Cascading
PLLs of Cyclone IV devices support post-scale counter cascading to create counters 
larger than 512. This is implemented by feeding the output of one C counter into the 
input of the next C counter, as shown in Figure 5–16.

When cascading counters to implement a larger division of the high-frequency VCO 
clock, the cascaded counters behave as one counter with the product of the individual 
counter settings. 

For example, if C0 = 4 and C1 = 2, the cascaded value is C0 × C1 = 8. 

1 Post-scale counter cascading is automatically set by the Quartus II software in the 
configuration file. Post-scale counter cascading cannot be performed using the PLL 
reconfiguration.

Programmable Duty Cycle
The programmable duty cycle allows PLLs to generate clock outputs with a variable 
duty cycle. This feature is supported on the PLL post-scale counters. You can achieve 
the duty cycle setting by a low and high time count setting for the post-scale counters. 
The Quartus II software uses the frequency input and the required multiply or divide 
rate to determine the duty cycle choices. The post-scale counter value determines the 
precision of the duty cycle. The precision is defined by 50% divided by the post-scale 
counter value. For example, if the C0 counter is 10, steps of 5% are possible for duty 
cycle choices between 5 to 90%.

Combining the programmable duty cycle with programmable phase shift allows the 
generation of precise non-overlapping clocks.

PLL Control Signals
You can use the pfdena, areset, and locked signals to observe and control the PLL 
operation and resynchronization.

f For more information about the PLL control signals, refer to the ALTPLL Megafunction 
User Guide.

Figure 5–16. Counter Cascading
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5–34 Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
PLL Reconfiguration
PLL Reconfiguration
PLLs use several divide counters and different VCO phase taps to perform frequency 
synthesis and phase shifts. In PLLs of Cyclone IV devices, you can reconfigure both 
counter settings and phase shift the PLL output clock in real time. You can also change 
the charge pump and loop filter components, which dynamically affects PLL 
bandwidth. You can use these PLL components to update the output clock frequency, 
PLL bandwidth, and phase shift in real time, without reconfiguring the entire FPGA.

The ability to reconfigure the PLL in real time is useful in applications that might 
operate at multiple frequencies. It is also useful in prototyping environments, 
allowing you to sweep PLL output frequencies and adjust the output clock phase 
dynamically. For instance, a system generating test patterns is required to generate 
and send patterns at 75 or 150 MHz, depending on the requirements of the device 
under test. Reconfiguring PLL components in real time allows you to switch between 
two such output frequencies in a few microseconds.

You can also use this feature to adjust clock-to-out (tCO) delays in real time by 
changing the PLL output clock phase shift. This approach eliminates the need to 
regenerate a configuration file with the new PLL settings.

PLL Reconfiguration Hardware Implementation
The following PLL components are configurable in real time:

■ Pre-scale counter (N)

■ Feedback counter (M)

■ Post-scale output counters (C0–C4)

■ Dynamically adjust the charge pump current (ICP) and loop filter components 
(R, C) to facilitate on-the-fly reconfiguration of the PLL bandwidth
Cyclone IV Device Handbook, October 2012 Altera Corporation
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



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–11
Configuration
This four-pin interface connects to Cyclone IV device pins, as shown in Figure 8–2.

1 To tri-state the configuration bus for AS configuration schemes, you must tie nCE high 
and nCONFIG low.

1 The 25- resistor at the near end of the serial configuration device for DATA[0] works 
to minimize the driver impedance mismatch with the board trace and reduce the 
overshoot seen at the Cyclone IV device DATA[0] input pin.

In the single-device AS configuration, the maximum board loading and board trace 
length between the supported serial configuration device and the Cyclone IV device 
must follow the recommendations in Table 8–7 on page 8–18.

The DCLK generated by the Cyclone IV device controls the entire configuration cycle 
and provides timing for the serial interface. Cyclone IV devices use an internal 
oscillator or an external clock source to generate the DCLK. For Cyclone IV E devices, 
you can use a 40-MHz internal oscillator to generate the DCLK and for Cyclone IV GX 
devices you can use a slow clock (20 MHz maximum) or a fast clock 
(40 MHz maximum) from the internal oscillator or an external clock from CLKUSR to 
generate the DCLK. There are some variations in the internal oscillator frequency 
because of the process, voltage, and temperature (PVT) conditions in Cyclone IV 

Figure 8–2. Single-Device AS Configuration

Notes to Figure 8–2: 
(1) Connect the pull-up resistors to the VCCIO supply of the bank in which the pin resides. 
(2) Cyclone IV devices use the ASDO-to-ASDI path to control the configuration device.
(3) The nCEO pin is left unconnected or used as a user I/O pin when it does not feed the nCE pin of another device.
(4) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins, 

refer to Table 8–3 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) These pins are dual-purpose I/O pins. The nCSO pin functions as FLASH_nCE pin in AP mode. The ASDO pin functions 

as the DATA[1] pin in AP and FPP modes.
(7) 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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8–44 Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration
FPP Configuration Timing
Figure 8–22 shows the timing waveform for the FPP configuration when using an 
external host.

Table 8–13 lists the FPP configuration timing parameters for Cyclone IV devices.

Figure 8–22. FPP Configuration Timing Waveform (1)

Notes to Figure 8–22:

(1) The beginning of this waveform shows the device in user mode. In user mode, nCONFIG, nSTATUS, and CONF_DONE 
are at logic-high levels. When nCONFIG is pulled low, a reconfiguration cycle begins.

(2) After power up, the Cyclone IV device holds nSTATUS low during POR delay.
(3) After power up, before and during configuration, CONF_DONE is low.
(4) Do not leave DCLK floating after configuration. It must be driven high or low, whichever is more convenient.
(5) DATA[7..0] is available as a user I/O pin after configuration; the state of the pin depends on the dual-purpose pin 

settings.

nCONFIG

nSTATUS (2)

CONF_DONE (3)

DCLK 

DATA[7..0]

User I/O

INIT_DONE

Byte 0 Byte 1 Byte 2 Byte 3 Byte n-1

tCD2UM

tCF2ST1

tCF2CD

tCFG

tCH tCL

tDH

tDSU

tCF2CK

tSTATUS

tCLK
tCF2ST0

tST2CK

User Mode

(5)

Tri-stated with internal pull-up resistor

(4)

User ModeByte n

User mode

Table 8–13. FPP Timing Parameters for Cyclone IV Devices (Part 1 of 2)

Symbol Parameter
Minimum Maximum

Unit
Cyclone IV (1) Cyclone IV E (2) Cyclone IV (1) Cyclone IV E (2)

tCF2CD
nCONFIG low to 
CONF_DONE low — 500 ns

tCF2ST0
nCONFIG low to 
nSTATUS low

— 500 ns

tCFG
nCONFIG low pulse 
width

500 — ns

tSTATUS
nSTATUS low pulse 
width

45 230 (3) µs

tCF2ST1
nCONFIG high to 
nSTATUS high

— 230 (4) µs

tCF2CK

nCONFIG high to 
first rising edge on 
DCLK

230 (3) — µs
Cyclone IV Device Handbook, May 2013 Altera Corporation
Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8–47
Configuration
For device using VCCIO of 2.5, 3.0, and 3.3 V, refer to Figure 8–23. All I/O inputs must 
maintain a maximum AC voltage of 4.1 V because JTAG pins do not have the internal 
PCI clamping diodes to prevent voltage overshoot when using VCCIO of 2.5, 3.0, and 
3.3 V. You must power up the VCC of the download cable with a 2.5-V supply from 
VCCA. For device using VCCIO of 1.2, 1.5, and 1.8 V, refer to Figure 8–24. You can power 
up the VCC of the download cable with the supply from VCCIO.

Figure 8–23. JTAG Configuration of a Single Device Using a Download Cable (2.5, 3.0, and 3.3-V 
VCCIO Powering the JTAG Pins)

Notes to Figure 8–23:

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

configuration, connect the nCONFIG pin to logic-high and the MSEL pins to GND. In addition, pull DCLK and DATA[0] 
to either high or low, whichever is convenient on your board.

(3) Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO must match the device’s VCCA. 
For this value, refer to the MasterBlaster Serial/USB Communications Cable User Guide. When using the USB-Blaster, 
ByteBlaster II, ByteBlasterMV, and EthernetBlaster cables, this pin is a no connect.

(4) The nCE pin must be connected to GND or driven low for successful JTAG configuration.
(5) 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.
(6) Power up the VCC of the EthernetBlaster, 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.

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

nCE (4)

MSEL[ ]
nCONFIG
CONF_DONE

VCCA

VCCA (6)

GND

VCCIO (1)

GND

VCCIO (1)

(2)

VCCA

10 kΩ

10 kΩ

(7)

nSTATUS

Pin 1

Download Cable 10-Pin Male
Header (Top View)

GND

TCK
TDO

TMS
TDI

GND
VIO (3)

Cyclone IV Device 

nCEON.C. (5)

DCLK
DATA[0](2)

(2)

(2)

(7)

1 kΩ
May 2013 Altera Corporation Cyclone IV Device Handbook,
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10–2 Chapter 10: JTAG Boundary-Scan Testing for Cyclone IV Devices
IEEE Std. 1149.6 Boundary-Scan Register
IEEE Std. 1149.6 Boundary-Scan Register
The boundary-scan cell (BSC) for HSSI transmitters (GXB_TX[p,n]) and receivers 
(GXB_RX[p,n]) in Cyclone IV GX devices are different from the BSCs for I/O pins.

Figure 10–1 shows the Cyclone IV GX HSSI transmitter boundary-scan cell.

Figure 10–1. HSSI Transmitter BSC with IEEE Std. 1149.6 BST Circuitry for Cyclone IV GX Devices

MEM_INIT SDIN SHIFT

0

1

0

1

D Q

D Q

CLK

SDOUT

UPDATE

MODE

AC_TEST

Capture Update

Registers

BSTX1

Pad

Pad

Tx Output
Buffer

0

1

D Q

D Q

D Q

D Q

HIGHZ

BSCAN PMA

0

1

0

1

0

1 BS0EB

M0 RHZ
OE Logic

BSTX0 OE

OE

nOE

Mission
(DATAOUT)

AC JTAG
Output
Buffer

AC JTAG
Output
Buffer

AC_MODE
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10–6 Chapter 10: JTAG Boundary-Scan Testing for Cyclone IV Devices
Boundary-Scan Description Language Support
Figure 10–3 shows the JTAG chain of mixed voltages and how a level shifter is 
inserted in the chain.

Boundary-Scan Description Language Support 
The boundary-scan description language (BSDL), a subset of VHDL, provides a 
syntax that allows you to describe the features of an IEEE Std. 1149.1/IEEE Std. 1149.6 
BST-capable device that can be tested. 

f For more information about how to download BSDL files for IEEE Std. 
1149.1-compliant Cyclone IV E devices, refer to IEEE Std. 1149.1 BSDL Files.

f For more information about how to download BSDL files for IEEE Std. 
1149.6-compliant Cyclone IV GX devices, refer to IEEE Std. 1149.6 BSDL Files.

f You can also generate BSDL files (pre-configuration and post-configuration) for 
IEEE Std. 1149.1/IEEE Std. 1149.6-compliant Cyclone IV devices with the Quartus® II 
software version 9.1 SP1 and later. For more information about the procedure to 
generate BSDL files using the Quartus II software, refer to BSDL Files Generation in 
Quartus II.

Figure 10–3. JTAG Chain of Mixed Voltages

Tester

Must be 
3.3-V

tolerant

Must be 
1.8-V

tolerant

Shift TDO to
level accepted by
tester if necessary

Must be 
2.5-V

tolerant

3.3-V
VCCIO

2.5-V
VCCIO

1.5-V
VCCIO

1.8-V
VCCIO

Level
Shifter

TDI

TDO
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Chapter 1: Cyclone IV Transceivers Architecture 1–11
Receiver Channel Datapath

February 2015 Altera Corporation Cyclone IV Device Handbook,
Volume 2

Receiver Channel Datapath
The following sections describe the Cyclone IV GX receiver channel datapath 
architecture as shown in Figure 1–3 on page 1–4: 

■ “Receiver Input Buffer” on page 1–11

■ “Clock Data Recovery” on page 1–15

■ “Deserializer” on page 1–16

■ “Word Aligner” on page 1–17 

■ “Deskew FIFO” on page 1–22

■ “Rate Match FIFO” on page 1–23

■ “8B/10B Decoder” on page 1–23

■ “Byte Deserializer” on page 1–24

■ “Byte Ordering” on page 1–24

■ “RX Phase Compensation FIFO” on page 1–25

Receiver Input Buffer
Table 1–2 lists the electrical features supported by the Cyclone IV GX receiver input 
buffer.

Table 1–2. Electrical Features Supported by the Receiver Input Buffer

I/O Standard Programmable Common 
Mode Voltage (V) Coupling

1.4-V PCML 0.82 AC, DC

1.5-V PCML 0.82 AC, DC

2.5-V PCML 0.82 AC

LVPECL 0.82 AC

LVDS 0.82 AC, DC (1)

Note to Table 1–2:

(1) DC coupling is supported for LVDS with lower on-chip common mode voltage of 0.82 V.



2–24 Chapter 2: Cyclone IV Reset Control and Power Down
Document Revision History
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Document Revision History
Table 2–8 lists the revision history for this chapter. 

Table 2–8. Document Revision History 

Date Version Changes

September 2014 1.4

■ Removed the rx_pll_locked signal from the “Sample Reset Sequence of 
Receiver Only Channel—Receiver CDR in Manual Lock Mode” and the “Sample 
Reset Sequence of Receiver and Transmitter Channel—Receiver CDR in Manual 
Lock Mode” figures.

May 2013 1.3

■ Added rx_pll_locked to Figure 2–7 and Figure 2–9.

■ Added information on rx_pll_locked to “Receiver Only Channel—Receiver CDR in 
Manual Lock Mode” and “Receiver and Transmitter Channel—Receiver CDR in 
Manual Lock Mode”.

November 2011 1.2 Updated the “All Supported Functional Modes Except the PCIe Functional Mode” 
section.

December 2010 1.1

■ Updated for the Quartus II software version 10.1 release.

■ Updated all pll_powerdown to pll_areset.

■ Added information about the busy signal in Figure 2–4, Figure 2–5, Figure 2–6, 
Figure 2–7, Figure 2–8, Figure 2–9, Figure 2–10, Figure 2–12, and Figure 2–13.

■ Added information for clarity (“Receiver and Transmitter Channel—Receiver CDR in 
Manual Lock Mode”, “Receiver Only Channel—Receiver CDR in Automatic Lock 
Mode”, “Receiver Only Channel—Receiver CDR in Manual Lock Mode”, “Receiver 
and Transmitter Channel—Receiver CDR in Manual Lock Mode”, and “Reset 
Sequence in Channel Reconfiguration Mode”).

■ Minor text edits.

July 2010 1.0 Initial release.



Chapter 1: Cyclone IV Device Datasheet 1–33
Switching Characteristics
f For more information about the supported maximum clock rate, device and pin 
planning, IP implementation, and device termination, refer to Section III: System 
Performance Specifications of the External Memory Interface Handbook.

Table 1–37 lists the memory output clock jitter specifications for Cyclone IV devices.

Duty Cycle Distortion Specifications
Table 1–38 lists the worst case duty cycle distortion for Cyclone IV devices.

OCT Calibration Timing Specification
Table 1–39 lists the duration of calibration for series OCT with calibration at device 
power-up for Cyclone IV devices.

Table 1–37. Memory Output Clock Jitter Specifications for Cyclone IV Devices (1), (2)

Parameter Symbol Min Max Unit

Clock period jitter tJIT(per) –125 125 ps

Cycle-to-cycle period jitter tJIT(cc) –200 200 ps

Duty cycle jitter tJIT(duty) –150 150 ps

Notes to Table 1–37:

(1) Memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2 
standard.

(2) The clock jitter specification applies to memory output clock pins generated using DDIO circuits clocked by a PLL 
output routed on a global clock (GCLK) network.

Table 1–38. Duty Cycle Distortion on Cyclone IV Devices I/O Pins (1), (2), (3)

Symbol
C6 C7, I7 C8, I8L, A7 C9L

Unit
Min Max Min Max Min Max Min Max

Output Duty Cycle 45 55 45 55 45 55 45 55 %

Notes to Table 1–38:

(1) The duty cycle distortion specification applies to clock outputs from the PLLs, global clock tree, and IOE driving the dedicated and general 
purpose I/O pins.

(2) Cyclone IV devices meet the specified duty cycle distortion at the maximum output toggle rate for each combination of I/O standard and current 
strength.

(3) Cyclone IV E 1.0 V core voltage devices only support C8L, C9L, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support 
C6, C7, C8, I7, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and I7 speed grades.

Table 1–39. Timing Specification for Series OCT with Calibration at Device Power-Up for 
Cyclone IV Devices (1)

Symbol Description Maximum Units

tOCTCAL 
Duration of series OCT with 
calibration at device power-up 20 µs

Note to Table 1–39:

(1) OCT calibration takes place after device configuration and before entering user mode.
December 2016 Altera Corporation Cyclone IV Device Handbook,
Volume 3
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Chapter 1: Cyclone IV Device Datasheet 1–39
Glossary
R

RL Receiver differential input discrete resistor (external to Cyclone IV devices).

Receiver Input 
Waveform

Receiver input waveform for LVDS and LVPECL differential standards:

Receiver input 
skew margin 
(RSKM)

High-speed I/O block: The total margin left after accounting for the sampling window and TCCS. 
RSKM = (TUI – SW – TCCS) / 2.

S

Single-ended 
voltage-
referenced I/O 
Standard

The JEDEC standard for SSTl and HSTL I/O standards defines both the AC and DC input signal 
values. The AC values indicate the voltage levels at which the receiver must meet its timing 
specifications. The DC values indicate the voltage levels at which the final logic state of the 
receiver is unambiguously defined. After the receiver input crosses the AC value, the receiver 
changes to the new logic state. The new logic state is then maintained as long as the input stays 
beyond the DC threshold. This approach is intended to provide predictable receiver timing in the 
presence of input waveform ringing.

SW (Sampling 
Window) 

High-speed I/O block: The period of time during which the data must be valid to capture it 
correctly. The setup and hold times determine the ideal strobe position in the sampling window.

Table 1–46. Glossary (Part 3 of 5)

Letter Term Definitions

Single-Ended Waveform

Differential Waveform (Mathematical Function of Positive & Negative Channel)

Positive Channel (p) = VIH

Negative Channel (n) = VIL

Ground

VID

VID

 0 V

VCM

p - n 

VID

 

VIH(AC)

VIH(DC)

VREF
VIL(DC)

VIL(AC)

VOH

VOL

VCCIO

VSS
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