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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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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

Volume 1


http://www.altera.com/literature/hb/cyclone-iv/cyiv-51006.pdf
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This chapter describes the I/0 and high speed 1/O capabilities and features offered in
Cyclone® IV devices.

The I/0 capabilities of Cyclone IV devices are driven by the diversification of I/O
standards in many low-cost applications, and the significant increase in required I/ O
performance. Altera’s objective is to create a device that accommodates your key
board design needs with ease and flexibility.

The I/0 flexibility of Cyclone IV devices is increased from the previous generation
low-cost FPGAs by allowing all I/O standards to be selected on all 1/O banks.
Improvements to on-chip termination (OCT) support and the addition of true
differential buffers have eliminated the need for external resistors in many
applications, such as display system interfaces.

High-speed differential I/O standards have become popular in high-speed interfaces
because of their significant advantages over single-ended I/O standards. The
Cyclone IV devices support LVDS, BLVDS, RSDS, mini-LVDS, and PPDS. The
transceiver reference clocks and the existing general-purpose 1/0O (GPIO) clock input
features also support the LVDS I/O standards.

The Quartus® II software completes the solution with powerful pin planning features
that allow you to plan and optimize I/O system designs even before the design files
are available.

This chapter includes the following sections:

m “Cyclone IV I/O Elements” on page 6-2

m “I/O Element Features” on page 6-3

m “OCT Support” on page 6-6

m “I/O Standards” on page 6-11

m “Termination Scheme for I/O Standards” on page 6-13

m “I/O Banks” on page 6-16
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High-Speed 1/0 Standards Support

The CLKIN/REFCLK pins are powered by dedicated Vee crxmsar Vee cLKINGB,
Vee crxmmsas and Vee crkinss power supplies separately in their respective 1/O banks
to avoid the different power level requirements in the same bank for GPIO.

Table 6-10. Cyclone IV GX HSSI REFCLK 1/0 Standard Support Using GPI0 CLKIN Pins (7). (2

VCC_CLKIN Level 1/0 Pin Type
1/0 Standard | HSSI Protocol | Coupling | Termination
| O | St | o | Spporia o
LVDS All Off chip 2.5V Not Yes No | 3A, 3B, 8A, 8B
supported
LVPECL All Differential Off chip 2.5V NOtr,[d Yes No | 3A, 3B, 8A, 8B
AC (Need Supporte
Al offchip | gt ohip | 2.5v Not Yes | No |3A 3B,8A 8B
resistor to supported
1.2V, 1.5V, restore . Not
3.3V PCML All Vew) Off chip 2.5V supported Yes No | 3A, 3B, 8A, 8B
Al Offchip | 25V Not Yes | No |3A 3B,8A 8B
supported
Differential . Not
HCSL PCle 0C Off chip 2.5V supported Yes No | 3A, 3B, 8A, 8B

Notes to Table 6-10:

(1) The EP4CGX15, EP4CGX22, and EP4CGX30 devices have two pairs of dedicated clock input pins in banks 3A and 8A for HSSI input reference
clock. I/0 banks 3B and 8B are not available in EP4CGX15, EP4CGX22, and EP4CGX30 devices.

(2) The EP4CGX50, EP4CGX75, EP4CGX110, and EP4CGX150 devices have four pairs of dedicated clock input pins in banks 3A, 3B, 8A, and 8B
for HSSI input or single-ended clock input.

“ e For more information about the AC-coupled termination scheme for the HSSI

reference clock, refer to the Cyclone IV Transceivers Architecture chapter.

LVDS 1/0 Standard Support in Cyclone IV Devices

The LVDS 1/0 standard is a high-speed, low-voltage swing, low power, and GPIO
interface standard. Cyclone IV devices meet the ANSI/TIA /EIA-644 standard with
the following exceptions:

B The maximum differential output voltage (Vgp) is increased to 600 mV. The
maximum Vop for ANSI specification is 450 mV.

m The input voltage range is reduced to the range of 1.0 Vto 1.6 V, 0.5 V to 1.85 V, or
0V to 1.8 V based on different frequency ranges. The ANSI/TIA /EIA-644
specification supports an input voltage range of 0 V to 2.4 V.

“ e For LVDS1/0 standard electrical specifications in Cyclone IV devices, refer to the
Cyclone 1V Device Datasheet chapter.

March 2016  Altera Corporation Cyclone IV Device Handbook,
Volume 1


http://www.altera.com/literature/hb/cyclone-iv/cyiv-52001.pdf
http://www.altera.com/literature/hb/cyclone-iv/cyiv-53001.pdf

Chapter 6: 1/0 Features in Cyclone IV Devices 6-35
True Differential Output Buffer Feature

Differential SSTL 1/0 Standard Support in Cyclone IV Devices

e

The differential SSTL I/O standard is a memory-bus standard used for applications
such as high-speed DDR SDRAM interfaces. Cyclone IV devices support differential
SSTL-2 and SSTL-18 I/O standards. The differential SSTL output standard is only
supported at PLL#_CLKOUT pins using two single-ended SSTL output buffers
(PLL#_CLKOUTp and PLL#_CLKOUTn), with the second output programmed to have
opposite polarity. The differential SSTL input standard is supported on the GCLK
pins only, treating differential inputs as two single-ended SSTL and only decoding
one of them.

The differential SSTL I/O standard requires two differential inputs with an external
reference voltage (VREF) as well as an external termination voltage (VTT) of 0.5 x V¢cio
to which termination resistors are connected.

For differential SSTL electrical specifications, refer to “Differential I/O Standard
Termination” on page 6-15 and the Cyclone IV Device Datasheet chapter.

Figure 6-8 on page 6-15 shows the differential SSTL Class I and Class II interface.

Differential HSTL 1/0 Standard Support in Cyclone IV Devices

e

The differential HSTL 1/0 standard is used for the applications designed to operate in
0Vtol2V,0Vto1l5V,or0V to 1.8V HSTL logic switching range. Cyclone IV
devices support differential HSTL-18, HSTL-15, and HSTL-12 I/O standards. The
differential HSTL input standard is available on GCLK pins only, treating the
differential inputs as two single-ended HSTL and only decoding one of them. The
differential HSTL output standard is only supported at the PLL# CLKOUT pins using
two single-ended HSTL output buffers (PLL#_CLKOUTp and PLL# CLKOUT#), with the
second output programmed to have opposite polarity.

The differential HSTL I/O standard requires two differential inputs with an external
reference voltage (VREF), as well as an external termination voltage (VIT) of 0.5 x Vcio
to which termination resistors are connected.

For differential HSTL signaling characteristics, refer to “Differential I/O Standard
Termination” on page 6-15 and the Cyclone IV Device Datasheet chapter.

Figure 6-7 on page 6-15 shows the differential HSTL Class I and Class II interface.

True Differential Output Buffer Feature

Cyclone IV devices true differential transmitters offer programmable
pre-emphasis—you can turn it on or off. The default setting is on.

Programmable Pre-Emphasis

The programmable pre-emphasis boosts the high frequencies of the output signal to
compensate the frequency-dependant attenuation of the transmission line to
maximize the data eye opening at the far-end receiver. Without pre-emphasis, the
output current is limited by the Vgp specification and the output impedance of the
transmitter. At high frequency, the slew rate may not be fast enough to reach full Vgp

March 2016  Altera Corporation Cyclone IV Device Handbook,
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Configuration
Figure 8-4. Multi-Device AS Configuration in Which Devices Receive the Same Data with Multiple .sof
v ; v " v " v 2 Cyclone IV Slave Device
ccio (1) cclo cclo ccio U
CONF_DONE
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10 kQ 10 kQ 10 kQ 10 kQ »|ncE o N.C. (3
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Notes to Figure 8-4:

M

Connect the pull-up resistors to the Ve supply of the bank in which the pin resides.
Connect the pull-up resistor to the Vgg o supply voltage of the /0 bank in which the nCE pin resides.
The ncEO pin is left unconnected or used as a user 1/0 pin when it does not feed the ncE pin of another device.

The MSEL pin settings vary for different configuration voltage standards and POR time. You must set the master device in AS mode and the slave
devices in PS mode. To connect the MSEL pins for the master device in AS mode and the slave devices in PS mode, refer to Table 8-3 on page 8-8,
Table 8-4 on page 8-8, and Table 8-5 on page 8-9. Connect the MSEL pins directly to Vgea or GND.

Connect the series resistor at the near end of the serial configuration device.

Connect the repeater buffers between the master and slave devices for DATA [0] and DCLK. All I/0 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/0
Requirements” on page 8-5.

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

These pins are dual-purpose 1/0 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.

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

(10) For multi-devices AS configuration using Cyclone IV E with 1,0 V core voltage, the maximum board trace-length from the serial configuration

device to the junction-split on both DcLk and Datao line is 3.5 inches.

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Configuration

Device Configuration Pins

Table 8-18 through Table 8-21 describe the connections and functionality of all the
configuration related pins on Cyclone IV devices. Table 8-18 and Table 8-19 list the
device pin configuration for the Cyclone IV GX and Cyclone IV E, respectively.

Table 8-18. Configuration Pin Summary for Cyclone IV GX Devices

Bank Description Input/Output Dedicated Powered By Configuration Mode
8 | Data[4:2] Input — Vecio FPP
3 | Data[7:5] Input — Veeio FPP
9 |ncso @ Output — Vecio AS
3 | CRC_ERROR Output — Vgeio/Pull-up (7 Optional, all modes
9 |patafo] @ Input Yes Vecio PS, FPP, AS
9 |parta[1]/aspo @ input — Yecio itk
Output Veeio AS
INIT DONE Output — Pull-up Optional, all modes
nSTATUS Bidirectional Yes Pull-up All modes
9 |nCE Input Yes Veeio All modes
9 |pek @ Input Yes Veeio PS, FPP
Output Veeio AS
3 CONF_DONE Bidirectional Yes Pull-up All modes
9 TDI Input Yes Veeio JTAG
9 |TMs Input Yes Veeio JTAG
9 |TcK Input Yes Veeio JTAG
9 | nCONFIG Input Yes Veeio All modes
8 | CLKUSR Input — Veeio Optional
3 | nCEO Output — Veeio Optional, all modes
3 | MSEL Input Yes Vet All modes
9 |TDO Output Yes Veeio JTAG
6 |DEV OE Input — Veeio Optional
6 |DEV_CLRn Input — Veeio Optional

Notes to Table 8-18:

(1) The crRC_ERROR pinis a dedicated open-drain output or an optional user /0 pin. Active high signal indicates that the error detection circuit has
detected errors in the configuration SRAM bits. This pin is optional and is used when the CRC error detection circuit is enabled in the Quartus Il
software from the Error Detection CRC tab of the Device and Pin Options dialog box. When using this pin, connect it to an external 10-kQ
pull-up resistor to an acceptable voltage that satisfies the input voltage of the receiving device.

(2) To tri-state AS configuration pins in the AS configuration scheme, turn on the Enable input tri-state on active configuration pins in user mode
option from the Device and Pin Options dialog box. This tri-states DCLK, nCS0, Data [0], and Data [1] /ASDO pins. Dual-purpose pins settings
for these pins are ignored. To set these pins to different settings, turn off the Enable input tri-state on active configuration pins in user mode
option and set the desired setting from the Dual-purpose Pins Setting menu.

Table 8-19. Configuration Pin Summary for Cyclone IV E Devices (Part 1 of 3)

Bank Description Input/Output Dedicated Powered By Configuration Mode
ncso ()
1 FLASH nCE () Output Veeio AS, AP
6 | CRC_ERROR (9 Output — Vegio/Pull-up 4 Optional, all modes
Cyclone IV Device Handbook, May 2013  Altera Corporation

Volume 1



Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices 8-63
Configuration

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

Bank Description Input/Output Dedicated Powered By Configuration Mode
’ baTafo] () @ | .Inpu.t . Veeio PS, FPP, AS
Bidirectional Veeio AP
Input Veeio FPP
1 DATA[1] (@ /aspo (1) Output — Vecio AS
Bidirectional Veeio AP
8 |para[7..2] @ : .Inpu.t _ Vecio FPP
Bidirectional Veeio AP
8 |DaTA[15..8] @ Bidirectional — Vecio AP
6 INIT DONE Output — Pull-up Optional, all modes
1 nSTATUS Bidirectional Yes Pull-up All modes
1 nCE Input Yes Vecio All modes
’ b (1) (2 Input Yes Veceio PS, FPP
Output — Veeio AS, AP
6 CONF_DONE Bidirectional Yes Pull-up All modes
1 TDI Input Yes Vecio JTAG
1 TMS Input Yes Vecio JTAG
1 TCK Input Yes Veeio JTAG
1 nCONFIG Input Yes Vecio All modes
6 | CLKUSR Input — Vecio Optional
6 |ncEO Output — Veeio Optional, all modes
6 | MSEL[) Input Yes Veeinr All modes
1 TDO Output Yes Veeio JTAG
7 | PaDD[14..0] Output — Veeio AP
8 | PADD[19..15] Output — Veeio AP
6 | PADD[23..20] Output — Veeio AP
1 | nRESET Output — Veeio AP
6 | navp Output — Vecio AP
6 |noE Output — Veeio AP
6 |nwE Output — Veeio AP
5 |DEV OE Input — Vecio Optional, AP

May 2013 Altera Corporation

Cyclone IV Device Handbook,
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Chapter 8: Configuration and Remote System Upgrades in Cyclone IV Devices
Remote System Upgrade

Figure 8-34 shows the control register bit positions. Table 8-23 defines the control
register bit contents. The numbers in Figure 8-34 show the bit position of a setting in a
register. For example, bit number 35 is the enable bit for the watchdog timer.

Figure 8-34. Remote System Upgrade Control Register

38 37 36 35 34 33 12 11 0

Rsv2 | Cd_early |Osc_int |Wd_en| Rsvl |Ru_address[21..0]| Wd_timer[11..0]

Table 8-23. Remote System Upgrade Control Register Contents

Control Register Bit Value Definition

Wd_timer[11..0]

User watchdog time-out value (most significant 12 bits of
12'h000000000000 29-hit count value:
{wd_timer[11..0],17'b1000})

Ru_address([21..0]

Configuration address (most significant 22 bits of 24-hit
22'00000000000000000000000 | boot address value:
boot address[23:0] = {Ru_address[21..0],2'b0})

Rsvl 1'b0 Reserved bit

Wd_en 1'b1 User watchdog timer enable bit

Osc_int (7 1'b1 Internal oscillator as startup state machine clock enable bit
cd_early (7 1'b1 Early coNF_DONE check

Rsv2 1'b1 Reserved bit

Note to Table 8-23:
(1) Option bit for the application configuration.

I s

When enabled, the early CONF_DONE check (Cd_early) option bit ensures that there is a
valid configuration at the boot address specified by the factory configuration and that
it is of the proper size. If an invalid configuration is detected or the CONF_DONE pin is
asserted too early, the device resets and then reconfigures the factory configuration
image. The internal oscillator (as the startup state machine clock [0sc_int] option bit)
ensures a functional startup clock to eliminate the hanging of startup. When all option
bits are turned on, they provide complete coverage for the programming and startup
portions of the application configuration. Altera recommends turning on both the
Cd_early and Osc_int option bits.

The cd_early and Osc_int option bits for the application configuration must be
turned on by the factory configuration.

Remote System Upgrade Status Register

The remote system upgrade status register specifies the reconfiguration trigger
condition. The various trigger and error conditions include:

m Cyclical redundancy check (CRC) error during application configuration
B nSTATUS assertion by an external device due to an error

m Cyclone IV device logic array triggers a reconfiguration cycle, possibly after
downloading a new application configuration image

Cyclone IV Device Handbook, May 2013  Altera Corporation
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Document Revision History

Table 8-28. Document Revision History (Part 2 of 2)

Date Version Changes

Updated for the Quartus Il software 10.0 release:

m Updated “Power-On Reset (POR) Circuit”, “Configuration and JTAG Pin I/0
July 2010 1.9 Requirements”, and “Reset” sections.

m Updated Figure 8-10.
m Updated Table 8-16 and Table 8—17.
Updated for the Quartus Il software 9.1 SP1 release:

m Added “Overriding the Internal Oscillator” and “AP Configuration (Supported Flash
Memories)” sections.

m Updated “JTAG Instructions” section.

February 2010 1.1 = Added Table 8-6.
m Updated Table 8-2, Table 8-3, Table 8—4, Table 8-6, Table 8—11, Table 8-13,
Table 8-14, Table 8-15, and Table 8—18.

m Updated Figure 8-4, Figure 8-5, Figure 8-6, Figure 8-13, Figure 8-14,
Figure 8—15, Figure 8—17, Figure 8—18, Figure 8-23, Figure 8-24, Figure 8-25,
Figure 8-26, Figure 8-27, Figure 8-28, and Figure 8-29.

November 2009 1.0 Initial release.
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Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Clocking Architecture

Transceiver Glocking Architecture

The multipurpose PLLs and general-purpose PLLs located on the left side of the
device generate the clocks required for the transceiver operation. The following
sections describe the Cyclone IV GX transceiver clocking architecture:

m “Input Reference Clocking” on page 1-27
m “Transceiver Channel Datapath Clocking” on page 1-29
m “FPGA Fabric-Transceiver Interface Clocking” on page 1-43

Cyclone IV Device Handbook, February 2015  Altera Corporation
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Chapter 1: Cyclone IV Transceivers Architecture
Transceiver Clocking Architecture

The CDR unit in each receiver channel gets the CDR clocks from one of the two
multipurpose PLLs directly adjacent to the transceiver block. The CDR clocks
distribution network is segmented by bidirectional tri-state buffers as shown in
Figure 1-29 and Figure 1-30. This requires the CDR clocks from either one of the two
multipurpose PLLs to drive a number of contiguous segmented paths to reach the
intended receiver channel. Interleaving the CDR clocks from the two multipurpose
PLLs is not supported.

For example, based on Figure 1-29, a combination of MPLL_1 driving receiver channels
0,1, and 3, while MPLL_2 driving receiver channel 2 is not supported. In this case, only
one multipurpose PLL can be used for the receiver channels.

Figure 1-29. CDR Clocking for Transceiver Channels in F324 and Smaller Packages

MPLL_2

CDR
clocks

Transceiver
Block
GXBLO

MPLL_1

Note to Figure 1-29:
(1) Transceiver channels 2 and 3 are not available for devices in F169 and smaller packages.

Figure 1-30. CDR Clocking for Transceiver Channels in F484 and Larger Packages

CDR

Transceiver
i clocks

Block
GXBLA1
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Transceiver CDR
Block clocks
GXBLO
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Calibration Block

1-45

Table 1-13. Automatic RX Phase Compensation FIFO Read Clock Selection (Part 2 of 2)

Channel Configuration

Quartus Il Selection

Bonded

coreclkout clock feeds the FIFO read clock for the bonded channels.
With rate match FIFO (V) | coreclkout clock is the common bonded low-speed clock, which also feeds
the FIFO read clock and transmitter PCS in the bonded channels.

write clock.

rx_clkout clock feeds the FIFO read clock. rx_clkout is forwarded through
Without rate match FIFO | the receiver channel from low-speed recovered clock, which also feeds the FIFO

Note to Table 1-13:

(1) Configuration with rate match FIFO is supported in transmitter and receiver operation.

When using user-specified clock option, ensure that the clock feeding rx coreclk port
has 0 ppm difference with the RX phase compensation FIFO write clock.

Calibration Block

This block calibrates the OCT resistors and the analog portions of the transceiver
blocks to ensure that the functionality is independent of process, voltage, and

temperature (PVT) variations.

Figure 1-40 shows the location of the calibration block and how it is connected to the

transceiver blocks.

Figure 1-40. Transceiver Calibration Blocks Location and Connection

P>

GXBL1 (1)

P>

GXBLO

2KQ

Note to Figure 1-40:

(1) Transceiver block GXBL1 is only available for devices in F484 and larger packages.

Calibration

RREF Block

Cyclone IV GX
Device
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Transceiver Functional Modes

Figure 1-67 shows the transceiver configuration in Deterministic Latency mode.

Figure 1-67. Transceiver Gonfiguration in Deterministic Latency Mode
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f Low-Latency PCS

3 Word Aligner (Pattern Length)

f 8B/10B Encoder/Decoder

3 Rate Match FIFO

3 ¥ v v v v v v \ A
1 Data Rate (Gbps) 0.6- 0.6- ‘ .6- ‘ ‘ 0.6- ‘ 0.6- ‘ ‘ 0.6- 0.6- 0.6- |:
' 3.125 1.5625 st 1.5£25 3.l25 1.5i25 3.l25 1.5625 | |

lyrFPGA Fabric-to-Transceiver !
! Interface Width [1e-8it] [sBi] [20-8it] [1081t] [1eBit] [eBit] [20-8it] [108it] !

e t——— T T SN T S SN S T

3 FPGA Fabric-to-Transceiver

: 60- 30- 60- 30- 60- 30- 60- 30- |
i Interface Frequency (MHz) 156.25 | | 156.25 156.25 | | 156.25 | | 156.25 | | 156.25 156.25 | | 156.25 |}
! TX PCS Latency (FPGA ¢

' Fabric-Transceiver Interface o5 35‘ ‘ 4.5 ‘ ‘ 25 35‘ ‘ 4-5 ‘ 25-3 4 ‘ 25-3 ‘ ‘ 4 ‘

| e (ee] (o] [oe] [+ 2] 2 ]
[RXPCS Latency (FPGA L i ””””” $ ””””” L ””””” ¢ ”””” l $ ”””” ¢

1 Fabric-Transceiver Interface !
1 Clock Cycles) ‘ 5-6 H 8-9 ‘ ‘ 5-6 H 8-9 ‘ ‘ 5-6 H 8-9 ‘ 5-6 H 8-9 ‘1

Both CPRI and OBSAI protocols define the serial interface connecting the base station
component (specifically channel cards) and remote radio heads (specifically radio
frequency cards) in a radio base station system with fiber optics. The protocols require
the accuracy of round trip delay measurement for single-hop and multi-hop
connections to be within + 16.276 ns. The Cyclone IV GX transceivers support the
following CPRI and OBSAI line rates using Deterministic Latency mode:

m CPRI—614.4 Mbps, 1.2288 Gbps, 2.4576 Gbps, and 3.072 Gbps
m OBSAI—768 Mbps, 1.536 Gbps, and 3.072 Gbps

“ e For more information about deterministic latency implementation, refer to AN 610:
Implementing Deterministic Latency for CPRI and OBSAI Protocols in Stratix IV, HardCopy
1V, Arria 11 GX, and Cyclone IV Devices.

Registered Mode Phase Compensation FIF0

In Deterministic Latency mode, the RX phase compensation FIFO is set to registered
mode while the TX phase compensation FIFO supports optional registered mode.
When set into registered mode, the phase compensation FIFO acts as a register and
eliminates the latency uncertainty through the FIFOs.
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Self Test Modes

Figure 1-72 shows the two paths in reverse serial loopback mode.

Figure 1-72. Reverse Serial Loopback (1

FPGA Transceiver
Fabric
Tx BMA Tx PMA
2) 3
. Rx PMA
To FPGA fabric
for verification
<3 Rx PCS < Deserializer~— CDR —0—<&

Notes to Figure 1-72:

(1) Grayed-Out Blocks are Not Active in this mode.
(2) Post-CDR reverse serial loopback path.

(3) Pre-CDR reverse serial loopback path.

Self Test Modes

Each transceiver channel in the Cyclone IV GX device contains modules for pattern
generator and verifier. Using these built-in features, you can verify the functionality of
the functional blocks in the transceiver channel without requiring user logic. The self
test functionality is provided as an optional mechanism for debugging transceiver
channels.

There are three types of supported pattern generators and verifiers:

m Built-in self test (BIST) incremental data generator and verifier—test the complete
transmitter PCS and receiver PCS datapaths for bit errors with parallel loopback
before the PMA blocks.

m Pseudo-random binary sequence (PRBS) generator and verifier—the PRBS
generator and verifier interface with the serializer and deserializer in the PMA
blocks. The advantage of using a PRBS data stream is that the randomness yields
an environment that stresses the transmission medium. In the data stream, you
can observe both random jitter and deterministic jitter using a time interval
analyzer, bit error rate tester, or oscilloscope.

m High frequency and low frequency pattern generator—the high frequency
patterns generate alternate ones and zeros and the low frequency patterns
generate five ones and five zeroes. These patterns do not have a corresponding
verifier.

L=~ The self-test features are only supported in Basic mode.
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Chapter 2: Cyclone IV Reset Control and Power Down
Document Revision History

Document Revision History

Table 2-8 lists the revision history for this chapter.

Tahle 2-8. Document Revision History

Date Version Changes
m Removed the rx_pll locked signal from the “Sample Reset Sequence of
Receiver Only Channel—Receiver GDR in Manual Lock Mode” and the “Sample
September 2014 14 Reset Sequence of Receiver and Transmitter Channel—Receiver CDR in Manual
Lock Mode” figures.
m Added rx_pll_locked to Figure 2—7 and Figure 2-9.
May 2013 13 m Added information on rx_pll_locked to “Receiver Only Channel—Receiver CDR in
Manual Lock Mode” and “Receiver and Transmitter Channel—Receiver GDR in
Manual Lock Mode”.
November 2011 192 Updgted the “All Supported Functional Modes Except the PCle Functional Mode
section.
m Updated for the Quartus Il software version 10.1 release.
m Updated all p11 powerdown t0 pl1l areset.
m Added information about the busy signal in Figure 2—4, Figure 2-5, Figure 26,
Figure 27, Figure 28, Figure 2-9, Figure 2-10, Figure 2-12, and Figure 2—13.
December 2010 11 m 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.
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Dynamic Reconfiguration Modes

Option 3: Use the Respective Channel Receiver Core Clocks

m Enable this option if you want the individual channel’s rx_clkout signal to
provide the read clock to its respective Receive Phase Compensation FIFO.

m This option is typically enabled when the channel is reconfigured from a Basic or
Protocol configuration with or without rate matching to another Basic or Protocol
configuration with or without rate matching.

Figure 3-15 shows the respective rx_clkout of each channel clocking the respective
receiver channels of a transceiver block.

Figure 3-15. Option 3 for Receiver Core Clocking (Channel Reconfiguration Mode)
FPGA Fabric Transceiver Block
X0
| -y
rx_clkout[0] | RX0
Tt we <]
rx_clkout[1] | > RX1
>

— > Low-speed parallel clock
— > High-speed serial clock generated by the MPLL

PLL Reconfiguration Mode

November 2011

Cyclone IV GX device support the PLL reconfiguration support through the
ALTPLL_RECONFIG MegaWizard. You can use this mode to reconfigure the
multipurpose PLL or general purpose PLL used to clock the transceiver channel
without affecting the remaining blocks of the channel. When you reconfigure the
multipurpose PLL or general purpose PLL of a transceiver block to run at a different
data rate, all the transceiver channels listening to this multipurpose PLL or general
purpose PLL also get reconfigured to the new data rate. Channel settings are not
affected. When you reconfigure the multipurpose PLL or general purpose PLL to support
a different data rate, you must ensure that the functional mode of the transceiver channel
supports the reconfigured data rate.

The PLL reconfiguration mode can be enabled by selecting the Enable PLL
Reconfiguration option in the ALTGX MegaWizard under Reconfiguration Setting
tab. For multipurpose PLL or general purpose PLL reconfiguration, .mif files are
required to dynamically reconfigure the PLL setting in order to change the output
frequency of the transceiver PLL to support different data rates.
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Switching Characteristics
Table 1-21. Transceiver Specification for Cyclone IV GX Devices (Part 3 of 4)
Symbol/ Conii C6 C7, 17 c8 Unit
Description onditions : : ; ni
Min Typ Max Min Typ Max Min Typ Max
Signal detect/loss | ppe 0 65 | — | 175 | 65 | — | 175 | 65 | — | 175 | mv
threshold
tLTR (10) — — — 75 — — 75 — — 75 us
ti7R-L10_Manval (7 — 15 — — 15 — — 15 — — us
tomp (12 — 0 100 4000 0 100 4000 0 100 4000 ns
tLTD_Manual (13) — — — 4000 — — 4000 — — 4000 ns
tiro_auto ™ — — — 4000 — — 4000 — — 4000 ns
Receiver buffer and recon
CDR offset — — | — | 1000 | — | — |17000| — | — | 17000 | Fi9-©
cancellation time 1k
(per channel) cycles
80 Gain Setting= | 0 . . 0 . . 0 . dB
Programmable DC | DC Gain Setting= | 3 _ _ 3 _ _ 3 _ dB
gain 1
BC Gain Setting= | 6 . . 6 . . 6 . dB
Transmitter
Supported 1/0
Standards 1.5V PCML
Data rate (324 and _ 600 | — | 2500 | 600 | — | 2500 | 600 | — | 2500 | Mbps
smaller package)
Data rate (F484 and . . . .
larger package) 600 3125 600 3125 | 600 2500 | Mbps
Vocm 0.65 V setting — 650 — — 650 — — 650 — mV
Differential on-chip 100-Q setting — 100 — — 100 — — 100 — Q
termination resistors | 1500 setting — | 150 — — | 150 — — | 150 — Q
. . PIPE, CPRI LV
Differential and L o
common mode 2%”23?2&10 Gompliant —
return loss D ’
SATA
Rise time — 50 — 200 50 — 200 50 — 200 ps
Fall time — 50 — 200 50 — 200 50 — 200 psS
Intra-differential pair . . o 15 . o 15 . o 15 ps
skew
Intra-transceiver
block skew — — — 120 — — 120 — — 120 psS
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1/0 Timing

1/0 Timing

Glossary

Use the following methods to determine I/O timing;:
m the Excel-based I/O Timing
m the Quartus II timing analyzer

The Excel-based I/O timing provides pin timing performance for each device density
and speed grade. The data is typically used prior to designing the FPGA to get a
timing budget estimation as part of the link timing analysis. The Quartus II timing
analyzer provides a more accurate and precise I/O timing data based on the specifics
of the design after place-and-route is complete.

The Excel-based I/0O Timing spreadsheet is downloadable from Cyclone IV Devices
Literature website.

Table 1-46 lists the glossary for this chapter.

Table 1-46. Glossary (Part 1 of 5)

Letter Term Definitions

A R R

B — —

c J— J—

D J— J—

E — —

F | fuscik High-speed 1/0 block: High-speed receiver/transmitter input and output clock frequency.

g GCLK Input pin directly to Global Clock network.
GCLK PLL Input pin to Global Clock network through the PLL.

H | HSIODR High-speed 1/0 block: Maximum/minimum LVDS data transfer rate (HSIODR = 1/TUI).
Input Waveforms

I fqr the SSTL Vewine
Differential I/0
Standard
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