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Chapter 5: Clock Networks and PLLs in Cyclone IV Devices
Cyclone IV PLL Hardware Overview

Figure 5-11 shows the external clock outputs for PLLs.

Figure 5-11. External Clock Outputs for PLLs
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PLL#_CLKOUTp (2)

PLL#_CLKOUTn (2)

Notes to Figure 5-11:
(1) These external clock enable signals are available only when using the ALTCLKCTRL megafunction.

(2) PLL# CLKOUTpand PLL# CLKOUTn pins are dual-purpose I/0 pins that you can use as one single-ended clock
output or one differential clock output. When using both pins as single-ended 1/0s, one of them can be the clock
output while the other pin is configured as a regular user 1/0.

Each pin of a differential output pair is 180° out of phase. The Quartus II software
places the NOT gate in your design into the I/O element to implement 180° phase
with respect to the other pin in the pair. The clock output pin pairs support the same
I/0 standards as standard output pins.

To determine which 1/0 standards are supported by the PLL clock input and output
pins, refer to the Cyclone IV Device I/O Features chapter.

Cyclone IV PLLs can drive out to any regular I/O pin through the GCLK. You can also
use the external clock output pins as GPIO pins if external PLL clocking is not
required.

Cyclone IV Device Handbook, October 2012  Altera Corporation
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Clock Feedback Modes

Clock Feedback Modes

I s

Cyclone IV PLLs support up to five different clock feedback modes. Each mode
allows clock multiplication and division, phase shifting, and programmable duty
cycle. For the supported feedback modes, refer to Table 5-5 on page 5-18 for
Cyclone IV GX PLLs and Table 5-6 on page 5-19 for Cyclone IV E PLLs.

Input and output delays are fully compensated by the PLL only if you are using the
dedicated clock input pins associated with a given PLL as the clock sources.

When driving the PLL using the GCLK network, the input and output delays may not
be fully compensated in the Quartus II software.

Source-Synchronous Mode

I

If the data and clock arrive at the same time at the input pins, the phase relationship
between the data and clock remains the same at the data and clock ports of any 1/0
element input register.

Figure 5-12 shows an example waveform of the data and clock in this mode. Use this
mode for source-synchronous data transfers. Data and clock signals at the I/O
element experience similar buffer delays as long as the same I/O standard is used.

Figure 5-12. Phase Relationship Between Data and Clock in Source-Synchronous Mode

Data pin X >< >< X
PLL reference u_l_l—l—l—L
clock at input pin

Data at register X >< >< X
Clock at register |_|—|—|_|—|—L

Source-synchronous mode compensates for delay of the clock network used,
including any difference in the delay between the following two paths:

m Data pin to I/O element register input

m  Clock input pin to the PLL phase frequency detector (PFD) input

Set the input pin to the register delay chain in the I/O element to zero in the
Quartus II software for all data pins clocked by a source-synchronous mode PLL.
Also, all data pins must use the PLL COMPENSATED logic option in the Quartus II
software.
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Chapter 6: 1/0 Features in Cyclone IV Devices
Termination Scheme for 1/0 Standards

6-13

Table 6-3. Cyclone IV Devices Supported I/0 Standards and Constraints (Part 3 of 3)

Vecio Level (in V) Column 1/0 Pins Row 1/0 Pins ("
Standard
1/0 Standard Type S User
upport CLK, CLK, | Userl/0
Input Output DOS PLL_OUT PI/lJ DOS Pins
ins
LVPECL (7 Differential — 2.5 — v/ — — v —

Notes to Table 6-3:

(1) Cyclone IV GX devices only support right I/0 pins.

(2) The PCI-clamp diode must be enabled for 3.3-V/3.0-V LVTTL/LVCMOS.

(3) The Cyclone IV architecture supports the MultiVolt 1/0 interface feature that allows Cyclone IV devices in all packages to interface with 1/0
systems that have different supply voltages.

(4) Cyclone IV GX devices do not support 1.2-V Vo in banks 3 and 9. 1/0 pins in bank 9 are dual-purpose 1/0 pins that are used as configuration
or GPIO pins. Configuration scheme is not support at 1.2 V, therefore bank 9 can not be powered up at 1.2-V V¢go.

(5) Differential HSTL and SSTL outputs use two single-ended outputs with the second output programmed as inverted. Differential HSTL and SSTL
inputs treat differential inputs as two single-ended HSTL and SSTL inputs and only decode one of them. Differential HSTL and SSTL are only
supported on CLK pins.

(6) PPDS, mini-LVDS, and RSDS are only supported on output pins.
(7) LVPECL is only supported on clock inputs.
(8) Bus LVDS (BLVDS) output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses LVDS input

buffer.

—
«©

) 1.2-V HSTL input is supported at both column and row 1/0s regardless of Class | or Class II.

(10) True LVDS, RSDS, and mini-LVDS 1/0 standards are supported in left and right I/0 pins, while emulated LVDS, RSDS, and mini-LVDS 1/0
standards are supported in the top, bottom, and right 1/0 pins.

Termination Scheme for 1/0 Standards

Cyclone IV devices support PCI and PCI-X 1/O standards at 3.0-V Vcio. The 3.0-V
PCI and PCI-X I/O are fully compatible for direct interfacing with 3.3-V PCI systems
without requiring any additional components. The 3.0-V PCI and PCI-X outputs meet
the Vi and Vi requirements of 3.3-V PCI and PCI-X inputs with sufficient noise

margin.

For more information about the 3.3/3.0/2.5-V LVITL & LVCMOS multivolt I/O
support, refer to AN 447: Interfacing Cyclone I1l and Cyclone IV Devices with 3.3/3.0/2.5-V

LVTTL/LVCMOS 1/O Systems.

This section describes recommended termination schemes for voltage-referenced and

differential I/O standards.

The 3.3-V LVTTL, 3.0-V LVTITL and LVCMOS, 2.5-V LVTTL and LVCMOS, 1.8-V

LVTTL and LVCMOS, 1.5-V LVCMOS, 1.2-V LVCMOS, 3.0-V PCI, and PCI-X

I/0 standards do not specify a recommended termination scheme per the JEDEC

standard
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Table 6-6 and Table 6-7 summarize which I/O banks support these I/O standards in

the Cyclone IV device family.

Table 6-6. Differential I/0 Standards Supported in Cyclone IV E I/0 Banks

Differential /0 Standards | 10 Bank Location |  EXCRALRESISIO | qrangmitter (1) | Receiver (RX)
VDS 1,2,5,6 Not Requ.|red v v
All Three Resistors
1,2,5,6 Not Required
RSDS 3,478 Three Resistors v —
All Single Resistor
mini-LVDS 1,2,5,6 Not Requ.|red Y .
All Three Resistors
PPDS 1,2,5,6 Not Requ.|red v o
All Three Resistors
BLVDS (™ All Single Resistor v v
LVPECL @ All — — v
Differential SSTL-2 (4 All — v v
Differential SSTL-18 (3 All — v v
Differential HSTL-18 (9 All — v v
Differential HSTL-15 (9 All — v v
Differential HSTL-12 (3), (4) All — v v

Notes to Table 6-6:

(1) Transmitter and Receiver fyax depend on system topology and performance requirement.
(2) The LVPECL 1/0 standard is only supported on dedicated clock input pins.

(3) The differential SSTL-2, SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/0 standards are only supported on clock input pins and PLL output clock
pins. PLL output clock pins do not support Class Il interface type of differential SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/0 standards.

(4) Differential HSTL-12 Class Il is supported only in column I/0 banks.

March 2016  Altera Corporation
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7-14 Chapter 7: External Memory Interfaces in Cyclone IV Devices
Cyclone IV Devices Memory Interfaces Features

DDR Output Registers

A dedicated write DDIO block is implemented in the DDR output and output enable
paths.

Figure 7-8 shows how a Cyclone IV dedicated write DDIO block is implemented in
the I/O element (IOE) registers.

Figure 7-8. Cyclone IV Dedicated Write DDIO

DDR Output Enable Registers

Output Enable C—>
I0E
Register ——————————

Output Enable
Register A,

' datat :
3 data0 D,i

IOE
Register

Output Enable
Register B,

DDR Output Registers

datain_| C—>
I0E
Register
DQ or DQS
Output Register A
datain_h >~
IOE
Register
-90° Shifted Clock C—

Output Register B

The two DDR output registers are located in the I/O element (IOE) block. Two serial
data streams routed through datain 1 and datain h, are fed into two registers,
output register Aoand output register Bo, respectively, on the same clock edge.
The output from output register Aois captured on the falling edge of the clock, while
the output from output register Bo is captured on the rising edge of the clock. The
registered outputs are multiplexed by the common clock to drive the DDR output pin
at twice the data rate.

The DDR output enable path has a similar structure to the DDR output path in the
IOE block. The second output enable register provides the write preamble for the DQS
strobe in DDR external memory interfaces. This active-low output enable register
extends the high-impedance state of the pin by half a clock cycle to provide the
external memory’s DQS write preamble time specification.
“ e For more information about Cyclone IV IOE registers, refer to the Cyclone [V Device
I/O Features chapter.

Cyclone IV Device Handbook, March 2016  Altera Corporation
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Configuration

Figure 8-7 shows the interface for the Micron P30 flash memory and P33 flash
memory to the Cyclone IV E device pins.

Figure 8-7. Single-Device AP Configuration Using Micron P30 and P33 Flash Memory

Vecelo (1) Vecio (1) Veclo (1)

10kQ 10kQ 10kQ
(O] () w
o =) =z
(= o
2 = 8
E N
§ nCEO—N.C.(2)
8}
F nCE
GND MSEL[3..0]|=—— (3)
CLK |« DCLK
RST# ¢ nRESET
CE# |« FLASH_nCE
OE# |« nOE
ADV# |« nAVD
WE# |« nWE
WAIT - 1/0 (4)
DQ[15:0] |« P DATA[15..0]
A[24:1] (<& PADD[23..0]
Micron P30/P33 Flash Cyclone IV E Device

Notes to Figure 8-7:
(1) Connect the pull-up resistors to the Vqeio supply of the bank in which the pin resides.
(2) Thenceo pin is left unconnected or used as a user I/0 pin when it does not feed the nCE pin of another device.

(3) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect MSEL [3. . 0], refer to Table 8-5 on page 8-9.
Connect the MSEL pins directly to Vgca or GND.

(4) AP configuration ignores the wAIT signal during configuration mode. However, if you are accessing flash during user mode with user logic, you
can optionally use normal 1/0 to monitor the waAIT signal from the Micron P30 or P33 flash.

['=" To tri-state the configuration bus for AP configuration schemes, you must tie nCE high
and nCONFIG low.

'~ Inasingle-device AP configuration, the maximum board loading and board trace
length between supported parallel flash and Cyclone IV E devices must follow the
recommendations listed in Table 8-11 on page 8-28.

I'=" 1If you use the AP configuration scheme for Cyclone IV E devices, the Ve of 1/0
banks 1, 6,7, and 8 must be 3.3, 3.0, 2.5, or 1.8 V. Altera does not recommend using the
level shifter between the Micron P30 or P33 flash and the Cyclone IV E device in the
AP configuration scheme.

Cyclone IV Device Handbook, May 2013  Altera Corporation
Volume 1



8-42

Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

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

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

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

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

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

Memory v . . Veaio (2)
ccio (1) Vecio (1) Cyclone IV Device 1 % Cyclone IV Device 2
10 kO

ADDR DATA[7..0]
10 kQ= 10kQ (4

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

CONF_DONE CONF_DONE
nSTATUS nSTATUS
nCE nCEO nCE nCEO— N.C. (3)

(4)

A

J
\A

External Host
(MAX Il Device or GND
Microprocessor)

T

Y

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

DCLK (5) = l—»DCLK 5)
e

AAl

—e

Buffers (5)

Notes to Figure 8-20:

(1) The pull-up resistor must be connected to a supply that provides an acceptable input signal for all devices in the
chain. Vg must be high enough to meet the V4 specification of the 1/0 on the device and the external host.

(2) Connect the pull-up resistor to the Vggio supply voltage of the I/0 bank in which the nCE pin resides.
(3) Thenceo pin is left unconnected or used as a user I/0 pin when it does not feed the nCE pin of another device.

(4) The MSEL pin settings vary for different configuration voltage standards and POR time. To connect the MSEL pins,
refer to Table 8-4 on page 8-8 and Table 8-5 on page 8-9. Connect the MSEL pins directly to Voca 0r GND.

(5) AIl/0 inputs must maintain amaximum 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.

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

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Configuration

['=" JTAG configuration allows an unlimited number of Cyclone IV devices to be cascaded
in a JTAG chain.
“ e For more information about configuring multiple Altera devices in the same
configuration chain, refer to the Configuring Mixed Altera FPGA Chains chapter in
volume 2 of the Configuration Handbook.

Figure 8-27 shows JTAG configuration with a Cyclone IV device and a
MiCroprocessor.

Figure 8-27. JTAG Configuration of a Single Device Using a Microprocessor

Cyclone IV Device

Memory 5
nCE
ADDR DATA
nCEO MSEL[ J—(2)
nCONFIG Veeio (1)
DATA[O
DCLK[ I Veeio () 240 ka
TDI (4) 10 kQ
Microprocessor »(TCK (4) TDO |
TS (4) nSTATUS
<j CONF_DONE

Notes to Figure 8-27:
(1) You must connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain.

(2) Connect the nconFIG and MSEL pins to support a non-JTAG configuration scheme. If you only use a JTAG
configuration, connect the ncONFIG pin to logic-high and the MSEL pins to GND. In addition, pull DLk and DATA [0]
to either high or low, whichever is convenient on your board.

(3) You must connect the nCE pin to GND or driven low for successful JTAG configuration.

(4) All'l/Q inputs must maintain a maximum AC voltage of 4.1 V. Signals driving into TDI, T™MS, and TCK must fit the
maximum overshoot outlined in Equation 8-1 on page 8-5.

Configuring Cyclone IV Devices with Jam STAPL

Jam™ STAPL, JEDEC standard JESD-71, is a standard file format for in-system

programmability (ISP) purposes. Jam STAPL supports programming or configuration

of programmable devices and testing of electronic systems, using the IEEE 1149.1

JTAG interface. Jam STAPL is a freely licensed open standard. The Jam Player

provides an interface for manipulating the IEEE Std. 1149.1 JTAG TAP state machine.

“%e For more information about JTAG and Jam STAPL in embedded environments, refer

to AN 425: Using Command-Line Jam STAPL Solution for Device Programming. To
download the Jam Player, visit the Altera website (www.altera.com).

Configuring Cyclone IV Devices with the JRunner Software Driver

The JRunner software driver allows you to configure Cyclone IV devices through the
ByteBlaster II or ByteBlasterMV cables in JTAG mode. The supported programming
input file is in .rbf format. The JRunner software driver also requires a Chain
Description File (.cdf) generated by the Quartus II software. The JRunner software
driver is targeted for embedded JTAG configuration. The source code is developed for
the Windows NT operating system (OS). You can customize the code to make it run
on your embedded platform.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Configuration

If you configure a master device with an SFL design, the master device enters user
mode even though the slave devices in the multiple device chain are not being
configured. The master device enters user mode with a SFL design even though the
CONF_DONE signal is externally held low by the other slave devices in chain.

Figure 8-29 shows the JTAG configuration of a single Cyclone IV device with a SFL
design.

Figure 8-29. Programming Serial Configuration Devices In-System Using the JTAG Interface
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Notes to Figure 8-29:
(1) Connect the pull-up resistors to the Vqeo supply of the bank in which the pin resides.

(2) 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 Veca or GND.

(3) Pin 6 of the header is a V|q reference voltage for the MasterBlaster output driver. The Vo must match the Vg, of the
device. For this value, refer to the MasterBlaster Serial/lUSB Communications Cable User Guide. When using the
ByteBlasterMV download cable, this pin is a no connect. When using USB-Blaster, ByteBlaster Il, and EthernetBlaster
cables, this pin is connected to nCE when it is used for AS programming, otherwise it is a no connect.

(4) You must connect the nCE pin to GND or driven low for successful JTAG configuration.
(5) Thenceo pin is left unconnected or used as a user I/0 pin when it does not feed the nCE pin of another device.

(6) Power up the V¢ of the EthernetBlaster, ByteBlaster |1, USB-Blaster, or ByteBlasterMV cable with a 2.5- V Vigea Supply.
Third-party programmers must switch to 2.5 V. Pin 4 of the header is a Vg 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) Connect the series resistor at the near end of the serial configuration device.

(8) These pins are dual-purpose I/0 pins. The ncso pin functions as FLASH_nCE pin in AP mode. The AsDo pin functions
as DATA[1] pinin AP and FPP modes.

(9) Resistor value can vary from 1 kQ to 10 kQ.

(10) Only Cyclone IV GX devices have an option to select cLkuSR (40 MHz maximum) as the external clock source for
DCLK.

ISP of the Configuration Device

In the second stage, the SFL design in the master device allows you to write the
configuration data for the device chain into the serial configuration device with the
Cyclone IV device JTAG interface. The JTAG interface sends the programming data
for the serial configuration device to the Cyclone IV device first. The Cyclone IV
device then uses the ASMI pins to send the data to the serial configuration device.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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m In AP configuration scheme, the only way to re-engage the AP controller is to issue
the ACTIVE_ENGAGE instruction. In this case, asserting the nCONFIG pin does not re-
engage either active controller.

ACTIVE_ENGAGE

The ACTIVE_ENGAGE instruction allows you to re-engage a disengaged active controller.
You can issue this instruction any time during configuration or user mode to re-
engage an already disengaged active controller, as well as trigger reconfiguration of
the Cyclone IV device in the active configuration scheme.

The ACTIVE ENGAGE instruction functions as the PULSE_NCONFIG instruction when the
device is in the PS or FPP configuration schemes. The nCONFIG pin is disabled when
the ACTIVE ENGAGE instruction is issued.

Altera does not recommend using the ACTIVE_ENGAGE instruction, but it is provided as
a fail-safe instruction for re-engaging the active configuration controller (AS and AP).

Overriding the Internal Oscillator

This feature allows you to override the internal oscillator during the active
configuration scheme. The AS and AP configuration controllers use the internal
oscillator as the clock source. You can change the clock source to CLKUSR through the
JTAG instruction.

The EN_ACTIVE CLK and DIS_ACTIVE CLK JTAG instructions toggle on or off whether
or not the active clock is sourced from the CLKUSR pin or the internal configuration
oscillator. To source the active clock from the CLKUSR pin, issue the EN_ACTIVE CLK
instruction. This causes the CLKUSR pin to become the active clock source. When using
the EN_ACTIVE_CLK instruction, you must enable the internal oscillator for the clock
change to occur. By default, the configuration oscillator is disabled after configuration
and initialization is complete as well as the device has entered user mode.

However, the internal oscillator is enabled in user mode by any of the following
conditions:

m A reconfiguration event (for example, driving the nCONFIG pin to go low)
m Remote update is enabled

m Error detection is enabled

When using the EN_ACTIVE_CLK and DIS ACTIVE CLK JTAG instructions to override
the internal oscillator, you must clock the CLKUSR pin at two times the expected DCLK
frequency. The CLKUSR pin allows a maximum frequency of 40 MHz (40 MHz DCLK).

Normally, a test instrument uses the CLKUSR pin when it wants to drive its own clock
to control the AS state machine.

To revert the clock source back to the configuration oscillator, issue the
DIS_ACTIVE CLK instruction. After you issue the DIS_ACTIVE CLK instruction, you
must continue to clock the CLKUSR pin for 10 clock cycles. Otherwise, even toggling the
nCONFIG pin does not revert the clock source and reconfiguration does not occur. A
POR reverts the clock source back to the configuration oscillator. Toggling the nCONFIG
pin or driving the JTAG state machine to reset state does not revert the clock source.
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices

Configuration

Table 8-20. Dedicated Configuration Pins on the Cyclone IV Device (Part 3 of 4)

Pin Name

Configuration
Scheme

Pin Type

Description

DCLK (1)

N/A

170

PS, FPP, AS,
AP (@)

Input (PS,
FPP) 2

Output (AS,
AP)

In PS and FPP configuration, DCLK is the clock input used
to clock data from an external source into the target
Cyclone IV device. Data is latched into the device on the
rising edge of DCLK.

In AS mode, DcLK is an output from the Cyclone IV device
that provides timing for the configuration interface. It has
an internal pull-up resistor (typically 25 kQ) that is always
active.

In AP mode, DCLK is an output from the Cyclone IV E device
that provides timing for the configuration interface. (2

In AS or AP configuration schemes, this pin is driven into
an inactive state after configuration completes.
Alternatively, in active schemes, you can use this pin as a
user I/0 during user mode. In PS or FPP schemes that use
a control host, you must drive DCLK either high or low,
whichever is more convenient. In passive schemes, you
cannot use DCLK as a user 1/0 in user mode. Toggling this
pin after configuration does not affect the configured
device.

DATA[0] (7

170

PS, FPP, AS,
AP @)

Input (PS,
FPP, AS).
Bidirectional
(AP) 2

Data input. In serial configuration modes, bit-wide
configuration data is presented to the target Cyclone IV
device on the DATA [0] pin.

In AS mode, DATA [0] has an internal pull-up resistor that
is always active. After AS configuration, DATA[0] is a
dedicated input pin with optional user control.

After PS or FPP configuration, DATA[0] is available as a
user 1/0 pin. The state of this pin depends on the
Dual-Purpose Pin settings.

After AP configuration, DATA[0]is a dedicated bidirectional
pin with optional user control. 2

DATA[1]/
AsSDo (1)

1/0

FPP, AS, AP
2)

Input (FPP).

Output (AS).

Bidirectional
(AP) @

The DATA[1] pin functions as the ASDO pin in AS mode.
Data input in non-AS mode. Gontrol signal from the
Cyclone IV device to the serial configuration device in AS
mode used to read out configuration data.

In AS mode, DATA [1] has an internal pull-up resistor that
is always active. After AS configuration, DATA[1] is a
dedicated output pin with optional user control.

Ina PS configuration scheme, DATA [1] functions as a user
I/0 pin during configuration, which means it is tri-stated.

After FPP configuration, DATA [1] is available as a user I/0
pin and the state of this pin depends on the Dual-Purpose
Pin settings.

In an AP configuration scheme, for Cyclone IV E devices
only, the byte-wide or word-wide configuration data is
presented to the target Cyclone IV E device on DATA[7..0]
Or DATA[15..0], respectively. After AP configuration,
DATA[1]is a dedicated bidirectional pin with optional user
control. 2
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Chapter 1: Cyclone IV Transceivers Architecture
Receiver Channel Datapath

After updating the word boundary, word aligner status signals (rx_syncstatus and
rx_patterndetect) are driven high for one parallel clock cycle synchronous to the
most significant byte of the word alignment pattern. The rx_syncstatus and
rx_patterndetect signals have the same latency as the datapath and are forwarded to
the FPGA fabric to indicate the word aligner status. Any word alignment pattern
received thereafter in the same word boundary causes only the rx patterndetect
signal to go high for one clock cycle.

Figure 1-17 shows the manual alignment mode word aligner operation in 10-bit data
width mode. In this example, a /K28.5/ (10'b0101111100) is specified as the word
alignment pattern.

The word aligner aligns to the /K28.5/ alignment pattern (red) in cycle n because the
rx_enapatternalign signal is asserted high. The rx_syncstatus signal goes high for
one clock cycle indicating alignment to a new word boundary. The rx_patterndetect
signal also goes high for one clock cycle to indicate initial word alignment.

At time n + 1, the rx_enapatternalign signal is deasserted to instruct the word
aligner to lock the current word boundary.

The alignment pattern is detected again (green) in a new word boundary across cycles
n + 2 and n + 3. The word aligner does not align to this new word boundary because
the rx_enapatternalign signal is held low.

The /K28.5/ word alignment pattern is detected again (blue) in the current word
boundary during cycle n + 5 causing the rx_patterndetect signal to go high for one
parallel clock cycle.

Figure 1-17. Word Aligner in 10-bit Manual Alignment Mode

n n+1 n+2 n+3 n+4 n+5

rx_clock

rx_dataout[9..0] ><11111oooo/:é1o11111oo><11111000%11100101%00000010%11111000(1/}Q1o11111o§f<:
MSB  LSB ] ] ] ] MSB~ LSB

rx_enapatternalign

rx_patterndetect . . :

rx_syncstatus

If the word alignment pattern is known to be unique and does not appear between
word boundaries, you can hold the rx_enapatternalign signal constantly high
because there is no possibility of false word alignment. If there is a possibility of the
word alignment pattern occurring across word boundaries, you must control the
rx_enapatternalign signal to lock the word boundary after the desired word
alignment is achieved to avoid re-alignment to an incorrect word boundary.
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Chapter 2: Cyclone IV Reset Control and Power Down

Transceiver Reset Sequences

2-5

=

The busy signal remains low for the first reconfig_clk clock cycle. It then gets
asserted from the second reconfig_clk clock cycle. Subsequent deassertion of the

busy signal indicates the completion of the offset cancellation process. This busy signal
is required in transceiver reset sequences except for transmitter only channel
configurations. Refer to the reset sequences shown in Figure 2-2 and the associated

references listed in the notes for the figure.

the Cyclone IV GX transceiver.

Figure 2-2 shows the transceiver reset sequences for Cyclone IV GX devices.

Figure 2-2. Transceiver Reset Sequences Chart

Altera strongly recommends adhering to these reset sequences for proper operation of

Transceiver
initialization reset

v

Dynamic Reconfiguration

A A,

sequences
v v
All supported PCI Express
functional modes (PIPE)
except PCI Express (PCle)

Y

Phases (1)

Initialization/
Compliance and
Normal Operation

Notes to Figure 2-2:

(1) Refer to the Timing Diagram in Figure 2-10.
(2) Refer to the Timing Diagram in Figure 2-3.
(3) Refer to the Timing Diagram in Figure 2-4.
(4) Refer to the Timing Diagram in Figure 2-5.
(5) Refer to the Timing Diagram in Figure 2-6.
(6) Refer to the Timing Diagram in Figure 2—7.
(7) Refer to the Timing Diagram in Figure 2-8.
(8) Refer to the Timing Diagram in Figure 2-9.

Reset Sequence Reset Sequence Bonded Non-Bonded
for PLL for channel
reconfiguration mode reconfiguration mode
¥ ¥ v v v
; ] . ‘Recei ) ‘Receiver and
Transmitter Only’ F‘*I'?:rivr:irnzrr]’d ‘Transmitter Only’ ‘Receiver Only’ Transmitter’
channel (2) channel channel (2) channel channel
Receiver CDR Receiver CDR Receiver CDR Receiver CDR Receiver CDR Receiver CDR
in automatic in manual in automatic in manual in automatic in manual
lock mode lock mode lock mode lock mode lock mode lock mode
()] 4 () (6) () )
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Chapter 3: Cyclone IV Dynamic Reconfiguration 3-25
Dynamic Reconfiguration Modes

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

FPGA Fabric-Transceiver Channel | Receive Signal Description (Based on Cyclone IV GX Supported FPGA
Interface Description Fabric-Transceiver Channel Interface Widths)

Two 8-bit unencoded Data (rx_dataout)
rx_dataoutfull[7:0] - rx_dataout (LSByte) and
rx_dataoutfull[23:16]- rx_dataout (MSByte)

The following signals are used in 16-bit 88/10B modes:

Two Control Bits
rx_dataoutfull[8] - rx ctrldetect (LSB)and
rx_dataoutfull [24]- rx_ctrldetect (MSB)

Two Receiver Error Detect Bits
rx_dataoutfull[9] - rx_errdetect (LSB) and
rx_dataoutfull [25]- rx_errdetect (MSB)
Two Receiver Sync Status Bits

rx_dataoutfull [10] - rx_syncstatus (LSB) and

16-bit FPGA fabric-Transceiver rx_dataoutfull[26] - rx syncstatus (MSB)

Channel Interface with PCS-PMA | Two Receiver Disparity Error Bits
set to 8/10 bits

rx_dataoutfull [11] - rx_ disperr (LSB)and
rx_dataoutfull[27] - rx disperr (MSB)

Two Receiver Pattern Detect Bits

rx_dataoutfull[12] - rx patterndetect (LSB)and

rx_dataoutfull [28]- rx patterndetect (MSB)

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

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

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

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

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

November 2011  Altera Corporation Cyclone IV Device Handbook,
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Chapter 3: Cyclone IV Dynamic Reconfiguration

Dynamic Reconfiguration Modes

3-35

Table 37 lists the ALTGX megafunction ports for PLL Reconfiguration mode.

Table 3-7. ALTGX Megafunction Port List for PLL Reconfiguration Mode

Input/

| I
Port Name (V Output Description Comments
Resets the transceiver PLL. The
pll_areset are asserted in two You must connect the p11_areset port of ALTGX to the
conditions: pll areset port of the ALTPLL_RECONFIG
m Used to reset the transceiver PLL |megafunction.
during the reset sequence. puring The ALTPLL_RECONFIG controller asserts the
reset sequence, this signal is user |p11 areset port at the next rising clock edge after the
pll_areset [n..0] Input controlled. pll reconfig done signal from the ALTGX
m After the transceiver PLL is megafunction goes high. After the p11_reconfig done
reconfigured, this signal is signal goes high, the transceiver PLL is reset. When the
asserted high by the PLL reconfiguration is completed, this reset is
ALTPLL_RECONFIG controller. At |performed automatically by the ALTPLL_RECONFIG
this time, this signal is not user | megafunction and is not user controlled.
controlled.
Receives the scan data inout from The reconfigurable transceiver PLL received the scan
pll scandata Inout  |the ALTPLL RECONFIG P data input through this port for the dynamically
[n..0] P T reconfigurable bits from the ALTPLL_RECONFIG
megafunction.

controller.
pll scanclk Inout Drives the scanclk port on the Connect the p11_scanclk port of the ALTGX
[n..0] P reconfigurable transceiver PLL. megafunction to the ALTPLL_RECONFIG scanc1k port.
pll_scanclkena Inout Acts asli Clgrikointﬂigggége urable Connect the p11_scanclkena port of the ALTGX
[n..0] putjscanclk p g megafunction to the ALTPLL_RECONFIG scanclk port.

transceiver PLL.

This port is connected to the p11 configupdate port
pll_configupdate Inout Drives the configupdate port on  |from the ALTPLL_RECONFIG controller. After the final
[n..0] P the reconfigurable transceiver PLL. |data bit is sent out, the ALTPLL_RECONFIG controller

asserts this signal.

Connectthe pl1 reconfig done portto the

- . - pll scandone port on the ALTPLL_RECONFIG
pll_reconfig_done[n..0] Output Ieh(;z;]!?ﬁ;'t?oissigtfgszoi;ngé%a;e the controller. The transceiver PLL scandone output signal
g p ) drives this port and determines when the PLL is
reconfigured.

Connectthe p11 scandataout port to the

. pll scandataout port of the ALTPLL_RECONFIG
pll_scandataout Output This port scan out the current controller. This port reads the current configuration of

[n..0]

configuration of the transceiver PLL.

the transceiver PLL and send it to the
ALTPLL_RECONFIG megafunction.

Note to Table 3-7:

(1) <n>= (number of transceiver PLLs configured in the ALTGX MegaWizard) - 1.

For more information about the ALTPLL_RECONFIG megafunction port list,

description and usage, refer to the Phase-Locked Loop Reconfiguration
(ALTPL_RECONFIG) Megafunction User Guide.

November 2011

Altera Corporation

Cyclone IV Device Handbook,
Volume 2



www.altera.com/literature/ug/ug_altpll_reconfig.pdf
www.altera.com/literature/ug/ug_altpll_reconfig.pdf

Section |. Device Datasheet
fAN ISR

This section provides the Cyclone® IV device datasheet. It includes the following
chapter:

m Chapter 1, Cyclone IV Device Datasheet

Revision History

Refer to each chapter for its own specific revision history. For information about when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the complete handbook.
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Chapter 1: Cyclone IV Device Datasheet 1-31
Switching Characteristics
Table 1-34. True LVDS Transmitter Timing Specifications for Cyclone IV Devices (7 (3
C6 C7,17 C8, A7 C8L, IsL CIL
Symbol Modes Unit
Min Max Min Max Min Max Min Max Min Max
x10 5 420 5 370 5 320 5 320 5 250 MHz
x8 5 420 5 370 5 320 5 320 5 250 | MHz
I}TE%II(K (input .7 5 | 40| 5 [ 370 5 |30 | 5 [ 320 ] 5 | 250 | MHz
frequency) x4 | 5 [ 40| 5 [30 | 5 |30 [ 5 [320 | 5 [ 250 | MHz
x2 5 420 5 370 5 320 5 320 5 250 MHz
x1 5 420 5 402.5 5 402.5 5 362 5 265 MHz
x10 100 | 840 100 | 740 100 | 640 100 | 640 100 | 500 | Mbps
x8 80 840 80 740 80 640 80 640 80 500 | Mbps
HSIODR x7 70 840 70 740 70 640 70 640 70 500 | Mbps
x4 40 840 40 740 40 640 40 640 40 500 | Mbps
x2 20 840 20 740 20 640 20 640 20 500 | Mbps
x1 10 420 10 402.5 10 402.5 10 362 10 265 | Mbps
touty — 45 55 45 55 45 55 45 55 45 55 %
TGCCS — — 200 — 200 — 200 — 200 — 200 ps
?pf;ﬂ (')'tgggk) — | — |50 | — |50 | — |0 | — |60 | — | 700 | ps
tiock @ — — 1 — 1 — 1 — 1 — 1 ms

Notes to Tahle 1-34:

(1) Cyclone IV E—true LVDS transmitter is only supported at the output pin of Row I/0 Banks 1, 2, 5, and 6.
Cyclone IV GX—true LVDS transmitter is only supported at the output pin of Row I/0 Banks 5 and 6.

(2) tLock is the time required for the PLL to lock from the end-of-device configuration.

(3) Cyclone IV E 1.0 V core voltage devices only support C8L, CIL, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support

C6, C7, C8, 17, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

Table 1-35. Emulated LVDS Transmitter Timing Specifications for Cyclone IV Devices (- ¥} (Part 1 of 2)

C6 C7,17 C8, A7 C8L, I8L CIL
Symbol Modes Unit
Min Max Min Max Min Max Min Max Min Max

x10 5 320 5 320 5 275 5 275 5 250 | MHz

x8 5 320 5 320 5 275 5 275 5 250 | MHz

fCHks)cCLkK (input 1.7 5 |30 ] 5 [ 320 ] 5 [275| 5 [ 275 | 5 | 250 | MHz
frequency) x4 5 320 5 320 5 275 5 275 5 250 | MHz
x2 5 320 5 320 5 275 5 275 5 250 | MHz

x1 5 402.5 5 402.5 5 402.5 5 362 5 265 | MHz

x10 100 640 100 640 100 550 100 550 100 500 | Mbps

x8 80 640 80 640 80 550 80 550 80 500 | Mbps

— x7 70 640 70 640 70 550 70 550 70 500 | Mbps
x4 40 640 40 640 40 550 40 550 40 500 | Mbps

x2 20 640 20 640 20 550 20 550 20 500 | Mbps

x1 10 | 4025 10 | 4025 10 | 4025 10 362 10 265 | Mbps
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=@ For more information about the supported maximum clock rate, device and pin

planning, IP implementation, and device termination, refer to Section I1I: System
Performance Specifications of the External Memory Interface Handbook.

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

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

Parameter Symbol Min Max Unit
Clock period jitter tyim(per) -125 125 ps
Cycle-to-cycle period jitter tiimcee) —200 200 ps
Duty cycle jitter tiimduty) -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.

Duty Cycle Distortion Specifications

Table 1-38 lists the worst case duty cycle distortion for Cyclone IV devices.

Table 1-38. Duty Cycle Distortion on Cyclone IV Devices I/0 Pins (7 (2. (3)

C6 C7,17 C8, I8L, A7 CcoL
Symbol Unit
Min Max Min Max Min Max Min Max
Output Duty Cycle 45 55 45 55 45 55 45 55 %

Notes to Tahle 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 1/0 pins.

(2) Cyclone IV devices meet the specified duty cycle distortion at the maximum output toggle rate for each combination of I/0 standard and current

strength.

(3) Cyclone IV E 1.0 V core voltage devices only support C8L, CIL, and I8L speed grades. Cyclone IV E 1.2 V core voltage devices only support

C6, C7, C8, 17, and A7 speed grades. Cyclone IV GX devices only support C6, C7, C8, and 17 speed grades.

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 1-39. Timing Specification for Series OCT with Calibration at Device Power-Up for
Cyclone IV Devices (7

Symbol Description Maximum Units
i Duration of series OCT with 20 s
OCTCAL calibration at device power-up !

Note to Table 1-39:

(1) OCT calibration takes place after device configuration and before entering user mode.
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Table 1-42 and Table 1-43 list the IOE programmable delay for CycloneIVE 1.2V
core voltage devices.

Table 1-42. 10E Programmable Delay on Column Pins for Cyclone IV E 1.2 V Core Voltage Devices (7 (2

Numb Max Offset
Paths UMBEr | Min .
Parameter Affected Se:tfing Offset Fast Corner Slow Corner Unit
(H ] 17 A7 C6 c7 c8 17 A7

Input delay from pin to Pad to 1/0
'np v p dataout to 7 0 1.314 [ 1.211 | 1.211 | 2.177 | 2.340 | 2.433 | 2.388 | 2.508 | ns
internal cells

core
Input delay from pinto | Pad to /0 8 0 [1.307]1.203|1.203| 219 |2.387 | 2540 | 2.430 | 2.545 | ns
input register input register

I/0 output
Delay from output 1 o wcter to 2 0 | 0437|0402 | 0402|0747 | 0.820 | 0.880 | 0.834 | 0.873 | ns
register to output pin pad
Input delay from Pad to global
dual-purpose clock pin | clock 12 0 0.693 | 0.665 | 0.665 | 1.200 | 1.379 | 1.532 | 1.393 | 1.441 | ns
to fan-out destinations | network

Notes to Tahle 1-42:

(1) The incremental values for the settings are generally linear. For the exact values for each setting, use the latest version of the Quartus Il software.
(2) The minimum and maximum offset timing numbers are in reference to setting 0 as available in the Quartus Il software.

Table 1-43. 10E Programmahle Delay on Row Pins for Cyclone IV E 1.2 V Core Voltage Devices (- 2

Numb Max Offset
umber .
Paths Min .
Parameter Affected Se:tfing Offset Fast Corner Slow Corner Unit
(] 17 A7 (] c7 (] 17 A7
. Pad to I/0
Input delay from pinto | 4.0t 1o 7 0 |1314|1.209 |1.209 | 2201 | 2.386 | 2510 | 2.429 | 2548 | ns
internal cells
core
Input delay from pinto | Pad to /0 8 0 |1312|1.207 |1.207 | 2.202 | 2.402 | 2.558 | 2.447 | 2.557 | ns
input register input register
I/0 output
Delay from output .
register to output pin ;g(]jlsterto 2 0 0.458 | 0.419 { 0.419| 0.783 | 0.861 | 0.924 | 0.875 | 0.915 | ns
Input delay from Pad to global
dual-purpose clock pin | clock 12 0 0.686 | 0.657 | 0.657 | 1.185 | 1.360 | 1.506 | 1.376 | 1.422 | ns
to fan-out destinations | network

Notes to Table 1-43:

(1) The incremental values for the settings are generally linear. For the exact values for each setting, use the latest version of the Quartus Il software.
(2) The minimum and maximum offset timing numbers are in reference to setting 0 as available in the Quartus Il software.
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