A |:| = b A Section I. Arria GX
= ® Transceiver User Guide

This section provides information on the configuration modes for
Arria™ GX devices. It also includes information on testing, Arria GX port
and parameter information, and pin constraint information.

This section includes the following chapters:

B Chapter 1, Arria GX Transceiver Architecture

B Chapter 2, Arria GX Transceiver Protocol Support and Additional
Features

B Chapter 3, Arria GX ALT2GXB Megafunction User Guide

B Chapter 4, Specifications and Additional Information

Revision Histo ry Refer to each chapter for its own specific revision history. For information
on when each chapter was updated, refer to the Chapter Revision Dates
section, which appears in the full handbook.
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Architecture
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The Arria™ GX s a protocol-optimized FPGA family that leverages
Altera®s advanced multi-gigabit transceivers. The Arria GX transceiver
blocks build on the success of the Stratix® Il GX family and are optimally
designed to support the following serial connectivity protocols
(functional modes):

B PCI Express (PIPE)
B Gigabit Ethernet (GIGE)
B Serial RapidIO

Arria GX transceivers are structured into full duplex (transmitter and
receiver) four-channel groups called transceiver blocks. The Arria GX
device family offers up to 12 transceiver channels (three transceiver
blocks) per device. You can configure each transceiver block to one of the
three supported functional modes; for example, four GIGE ports or one
four-lane (x4) PCI Express (PIPE) port. In Arria GX devices that offer
more than one transceiver block, you can configure each transceiver block
to a different functional mode; for example, one transceiver block
configured as a four-lane (x4) PCI Express (PIPE) port and the other
transceiver block can be configured as four GIGE ports.

In addition to providing the physical coding sublayer (PCS) and physical
media attachment (PMA) circuitry for each functional mode, Arria GX
transceivers support the following protocol specific features:

B PCI Express (PIPE)
e 2.5 Gbps (PCI Express Generation 1) line rate
e x1 (Individual single-lane) and x4 (Bonded four-lane) link
widths
Synchronous PCI Express (rate matching FIFO bypass
capability)
e PCI Express synchronization state machine
e Receiver detection
e Electrical Idle generation/detection
e Polarity inversion
e Power state management
B GIGE
°
°
°

1.25 Gbps line rate
Synchronization state machine
Idle sequence (/11/, /12/) generation



Port List

B Serial RapidIO
e 1.25Gbps and 2.5 Gbps line rate
e Synchronization state machine

For a complete set of features supported in each protocol, refer to the
Arria GX Transceiver Protocol Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook.

Figure 1-1 shows the Arria GX transceiver block diagram divided into
Transmitter and Receiver Digital Circuits (PCS) and Analog Circuits
(PMA).

Figure 1-1. Arria GX Gigabit Transceiver Block Diagram
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You instantiate the Arria GX transceivers using the ALT2GXB megacore
instance provided in the Quartus® Il MegaWizard® Plug-In Manager. The
ALT2GXB instance allows you to configure the transceivers for your
intended protocol and select optional control and status ports to and from
the instantiated transceiver channels.

Altera Corporation
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Arria GX Transceiver Architecture

Figure 1-2 shows the port diagram of all available ports in an ALT2GXB
transceiver instance.

Figure 1-2. Arria GX Transceiver Port Diagram
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Table 1-1 provides a brief description for all available ALT2GXB ports

shown in Figure 1-2.
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Table 1-1. Arria GX ALT2GXB Ports (Part 1 of 5)

Port Name Input/Output Description Scope

Receiver Physical Coding Sublayer (PCS) Ports

rx_dataout Output Receiver parallel data output. The bus width
depends on the channel width for the selected
functional mode multiplied by the number of
channels per instance.

rx clkout Output Recovered clock from the receiver channel. Channel

rx_coreclk Input Optional read clock port for the receiver phase | Channel
compensation FIFO. If not selected, Quartus ||
automatically selects

rx_clkout/tx clkout/coreclkoutas
the read clock for receiver phase
compensation FIFO. If selected, you must
drive this port with a clock that is frequency
locked to

rx_clkout/tx clkout/coreclkout

rx_rlv Output Run-length violation indicator. A high signal is | Channel
driven when the run length (consecutive '1's or
'0's) of the received data exceeds the
configured limit.

pipe8blObinvpolarity Input PCI Express (PIPE) polarity inversion at the Channel
8B/10B decoder input. This port inverts the
data at the input of the 8B/10B decoder.

pipestatus Output PCI Express (PIPE) receiver status port. In the | Channel
case of multiple status signals, the lower
number signal takes precedence.

000 — Received data OK

001 — 1 skip added (not supported)

010 — 1 skip removed (not supported)
011 — Receiver detected

100 — 8B/10B decoder error

101 — Elastic buffer overflow

110 — Elastic buffer underflow

111 — Received disparity error

pipephydonestatus Output Indicates a mode transition completion in PCI | Channel
Express (PIPE) mode. On completion of a
power state transition or receiver detection, a
pulse is driven on this port.

rx_pipedatavalid Output PCI Express (PIPE) valid data indicator on the | Channel
rx_dataout port.

pipeelecidle Output PCI Express (PIPE) signal detect. Channel

1-4 Altera Corporation
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Table 1-1. Arria GX ALT2GXB Ports (Part 2 of 5)

Port Name

Input/Output

Description

Scope

rx_digitalreset Input

Reset port for the receiver PCS block. This port
resets all the digital logic in the receiver
channel. The minimum pulse width is two
parallel clock cycles.

Channel

rx_ctrldetect Output

Receiver control code group indicator port.
Indicates whether the data at the output of
rx_dataout is a control or data word.

Channel

rx_errdetect Output

8B/10B code group violation signal. Indicates
that the data at the output of rx_dataout
has a code group violation or a disparity error.
Used with disparity error signal to differentiate
between a code group error and/or a disparity
error.

Channel

rx_syncstatus Output

Indicates the lane synchronization status in all
functional modes. A HIGH signal is driven
continuously when the synchronization state
machine for the selected functional mode
detects that all lane synchronization conditions
are satisfied.

Channel

rx_disperr Output

8B/10B disparity error indicator port. Indicates
that the data at the output of rx dataout
has a disparity error.

Channel

rx_patterndetect Output

Indicates when the word aligner detects the
alignment pattern in the current word
boundary.

Channel

rx_invpolarity Input

Inverts the polarity of the received data at the
input of the word aligner

Channel

debug_rx_phase_comp_ Output

fifo error

Indicates receiver phase compensation FIFO
overrun or underrun situation

Channel

Receiver Physical Media Attachment (PMA)

rx pll locked Output

Receiver PLL locked signal. Indicates if the
receiver PLL is phase locked to the CRU
reference clock.

Channel

rx_analogreset Input

Receiver analog reset. Resets all analog
circuits in the receiver PMA.

Channel

rx_freglocked Output

CRU mode indicator port. Indicates if the CRU
is locked to data mode or locked to the
reference clock mode.

0 — Receiver CRU is in lock-to-reference clock
mode

1 — Receiver CRU is in lock-to-data mode

Channel

Altera Corporation
August 2007
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Table 1-1. Arria GX ALT2GXB Ports (Part 3 of 5)

Port Name

Input/Output

Description

Scope

rx_signaldetect

Output

Signal detect port. In PCI Express (PIPE)
mode, indicates if a signal that meets the
specified range is present at the input of the
receiver buffer. In all other modes,
rx_signaldetect is forced high and must
not be used as an indication of a valid signal at
receiver input.

Channel

rx_seriallpbken

Input

Serial loopback control port.
0 — normal data path, no serial loopback
1 — serial loopback

Channel

rx_locktodata

Input

Lock-to-data control for the CRU. Use with
rx locktorefclk.

Channel

rx_ locktorefclk

Input

Lock-to-reference lock mode for the CRU. Use
with rx_locktodata.
rx_locktodatahx_locktorefclk

0/0 — CRU is in automatic mode

0/1 — CRU is in lock-to-reference clock

1/0 — CRU is in lock-to-data mode

1/1 — CRU is in lock-to-data mode

Channel

rx cruclk

Input

Receiver PLL/CRU reference clock.

Channel

Transmitter PCS

tx datain

Input

Transmitter parallel data input. The bus width
depends on the channel width for the selected
functional mode multiplied by the number of
channels per instance.

Channel

tx clkout

Output

PLD logic array clock from the transceiver to
the PLD. In an individual-channel mode (for
example, GIGE, PCI Express [PIPE] x1), there
is one tx_clkout per channel.

Channel

coreclkout

Output

PLD logic array clock from the transceiver
block to the PLD. In bonded-channel mode (x4
PCI Express [PIPE]), there is one
coreclkout per transceiver block.

Transceiver
block

tx coreclk

Input

Optional write clock port for the transmitter
phase compensation FIFO. If not selected,
Quartus Il automatically selects
tx_clkout/coreclkout as the write
clock for transmitter phase compensation
FIFO. If selected, you must drive this port with
a clock that is frequency locked to

tx clkout/coreclkout

Channel
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Table 1-1. Arria GX ALT2GXB Ports (Part 4 of 5)

Port Name

Input/Output

Description

Scope

tx_detectrxloopback

Input

PCI Express (PIPE) receiver detect / loopback
pin. Depending on the power state (P0 or P1),
the signal either activates receiver detect or
loopback.

Channel

tx forceelecidle

Input

PCI Express (PIPE) Force Electrical Idle.
When asserted, it tristates the transmitter
buffer in PCI Express (PIPE) mode.

Channel

tx_forcedispcompliance

Input

PCI Express (PIPE) force negative disparity for
compliance pattern. The compliance pattern
requires beginning with a negative disparity.
Assertion of this port while transmitting the first
byte ensures that the first byte is encoded with
a negative disparity. This port must be
de-asserted after the first byte.

Channel

powerdn

Input

PCI Express (PIPE) power mode port. This
port sets the power mode of the associated
PCI Express channel. The power modes are
as follows:

2'b00: PO — Normal operation

2'b01: POs — Low recover time latency, power
saving state

2'b10: P1 — Longer recovery time (64us max)
latency, lower power state

2'b11: P2 — Lowest power state

Channel

tx digitalreset

Input

Reset port for the transmitter PCS block. This
port resets all the digital logic in the transmit
channel. The minimum pulse width is two
parallel clock cycles.

Channel

tx_ctrlenable

Input

Transmitter control code group indicator port.
Indicates whether the data atthe tx_datain
port is a control or data word. When high, the
8-bit character is encoded as data code group
(Dx.y). When low, the 8-bit character is
encoded as control code group (Kx.y)

Channel

tx_invpolarity

Input

Inverts the polarity of the data to be transmitted
at the transmitter PCS-PMA interface (input to
the serializer).

Channel

debug tx phase comp_
fifo error

Output

Indicates transmitter phase compensation
FIFO overrun or underrun situation.

Channel

Transmitter PMA

fixedclk

Input

125-MHz clock for receiver detect circuitry in
PCI Express (PIPE) mode.

Channel

Altera Corporation
August 2007

1-7

Arria GX Device Handbook, Volume 2




Port List

Table 1-1. Arria GX ALT2GXB Ports (Part 5 of 5)

Port Name Input/Output Description Scope
CMU PMA
gxb_powerdown Input Transceiver block reset and power down. This | Transceiver
resets and powers down all circuits in the block
transceiver block. It does not power down the
REFCLK buffers and reference clock lines.
gxb enable Input Dedicated transceiver block enable pin. If Transceiver
instantiated, this port must be tied to the block
dedicated gigabit transceiver block enable
input pin.
pll_locked Output PLL locked indicator for the transmitter PLLs. | Transceiver
block
pll_inclk Input Reference clocks for the transmitter PLLs. Transceiver
block
Calibration Block
cal_blk_clk Input Calibration clock for the transceiver Device
termination blocks. This clock supports
frequencies from 10 MHz to 125 MHz.
cal_blk_powerdown Input Power-down signal for the calibration block. Device
(active low) Assertion of this signal may interrupt data
transmission and reception. Use this signal to
re-calibrate the termination resistors if
temperature and/or voltage changes warrant it.
External Signals
tx dataout Output Transmitter serial output port. Channel
rx_datain Input Receiver serial input port. Channel
rrefb (1) Output Reference resistor port. This port is always Device
used and must be tied to a 2K-Qresistor to
ground. This port is highly sensitive to noise.
There must be no noise coupled to this port.
refclk (1) Input Dedicated reference clock inputs (two per Transceiver
transceiver block) for the transceiver. The block
buffer circuitry is similar to the receiver buffer,
but the termination is not calibrated.

Note to Table 1-1:

(1) These are dedicated pins for the transceiver and do not appear in the MegaWizard Plug-In Manager.

1-8
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Arria GX Transceiver Architecture

Transmitter

Channel

Architecture

This section provides a brief description about sub-blocks within the
transmitter channel (Figure 1-3). The sub-blocks are described in order
from the PLD-transmitter parallel interface to the serial transmitter
buffer.

Figure 1-3. Arria GX Transmitter Channel Block Diagram
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Clock Multiplier Unit

Each transceiver block has a clock multiplier unit (CMU) that takes in a
reference clock and synthesizes two clocks: a high-speed serial clock to
serialize the data and a low-speed parallel clock used to clock the
transmitter digital logic (PCS) and the PLD-transceiver interface.

The CMU is further divided into three sub-blocks

B Transmitter PLL
B Central clock divider block
B Local clock divider block

Each transceiver block has one transmitter PLL, one central clock divider
and four local clock dividers. One local clock divider is located in each
transmitter channel of the transceiver block.

1-9
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Transmitter Channel Architecture

Figure 1-4 shows a block diagram of the CMU block within each

transceiver block.

Figure 1-4. Clock Multiplier Unit Block Diagram
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Transmitter PLL

The transmitter PLL multiplies the input reference clock to generate the
high-speed serial clock required to support the intended protocol. It
synthesizes a half-rate high-speed serial clock that runs at half the
frequency of the serial data rate for which it is configured; for example,
the transmitter PLL runs at 625 MHz when configured in 1.25 Gbps GIGE

functional mode.

The transmitter PLL output feeds the central clock divider block and the
local clock divider blocks. These clock divider blocks divide the
high-speed serial clock to generate the low-speed parallel clock for the
transceiver PCS logic and the PLD-transceiver interface clock. Depending
on the functional mode for which the transceiver block is configured,
either the central clock divider block or the local clock divider block is
used to generate the low-speed parallel clock.

Arria GX Device Handbook, Volume 2
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Figure 1-5 shows a block diagram of the transmitter PLL.

Figure 1-5. Transmitter PLL
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(1)  You only need to select the protocol and the available input reference clock frequency in the Quartus II MegaWizard
Plug-In Manager. Based on your selections, the Plug-In Manager automatically selects the necessary /M and /L
dividers (clock multiplication factors).

(2) The global clock line must be driven from an input pin only.

Altera Corporation
August 2007

The reference clock input to the transmitter PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLKT1) of the associated transceiver block

B PLD global clock network (must be driven directly from an input
clock pin and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

[l="  Altera recommends using the dedicated reference clock input
pins (REFCLKO or REFCLK1) to provide the reference clock for
the transmitter PLL.

Dedicated Reference Clock Input Pins

Each transceiver block has two dedicated reference clock input pins

(REFCLKO and REFCLK1). The clock route from REFCLKO and REFCLK1

pins in each transceiver block has an optional pre-divider that divides the

reference clock by two before feeding it to the transmitter PLL

(Figure 1-5).

I'="  TheQuartus Il software automatically selects the divide-by-two
pre-divider for the reference clock input in PCI Express (PIPE)
mode only. In GIGE and Serial Rapid IO modes, the pre-divider
is not used.

1-11
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Reference Clock From PLD Global Clock Network

You can drive the reference clock to the transmitter PLL from a PLD
global clock network. If you choose this option, you must drive the global
PLD reference clock line from a non-REFCLK FPGA input pin. You cannot
use a clock generated by PLD logic or an enhanced PLL to drive the
reference clock input to the transmitter PLL.

= The Quartus II software requires the following setting for the
non-REFCLK FPGA input pin used to drive the reference clock
input:

Assignment name: Stratix II GX/Arria GX REFCLK coupling and
termination setting

Value: Use as regular IO.

Inter-Transceiver Block Line Routing

The inter-transceiver block lines allow the dedicated reference clock input
pins of one transceiver block to drive the transmitter and receiver PLL of
other transceiver blocks. There are a maximum of three inter-transceiver
block routing lines available in the Arria GX device family. Each
transceiver block can drive one inter-transceiver block line from either
one of its associated reference clock pins. The inter-transceiver block lines
can drive any or all of the transmitter and receiver PLLs in the device. The
inter-transceiver block lines offer flexibility when multiple channels in
separate transceiver blocks share a common reference clock frequency.

The inter-transceiver block lines also drive the reference clock from the
REFCLK pins into the PLD fabric, which reduces the need to drive
multiple clocks of the same frequency into the device. If a divide-by-two
reference clock pre-divider is used, the inter-transceiver block line driven
by the corresponding REFCLK pin cannot be used to clock PLD logic.

The Quartus II software automatically uses the appropriate
inter-transceiver line if the transceiver block is being clocked by the
dedicated reference clock (REFCLK) pin of another transceiver block.

1-12 Altera Corporation
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Arria GX Transceiver Architecture

Figure 1-6 shows the inter-transceiver block line interface to the
transceivers in the gigabit transceiver blocks and to the PLD.

Figure 1-6. Inter-Transceiver Block Line Routing
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Note to Figure 1-6:
(1) The global clock line must be driven from and input pin only.

= Depending on the functional mode, the Quartus II software
automatically selects the appropriate transmitter PLL
bandwidth.

Central Clock Divider Block

One central clock divider block is available per transceiver block. It takes
in the high-speed transmitter PLL clock and divides it to generate the
low-speed parallel clock for transceiver PCS logic in x4 PCI Express
(PIPE) bonded-channel mode. The Quartus II software automatically
selects /5 as the division factor for all supported functional modes. The
central clock divider block also forwards the high-speed serial clock from
the transmitter PLL to the serializer, as shown in Figure 1-7.

Altera Corporation 1-13
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Transmitter Channel Architecture

Figure 1-7. Central Clock Divider Block
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Notes to Figure 1-7:

(1) High-speed serial clock from the central clock divider block feeds the serializer in all channels within a transceiver
block in bonded-channel mode (x4 PCI Express [PIPE]).

(2) Low-speed parallel clock from the central clock divider block feeds the transceiver PCS logic in all channels within
a transceiver block in bonded-channel mode (x4 PCI Express [PIPE]).

The central clock divider block feeds the high-speed and low-speed clock
to all the channels in the transceiver block, as shown in Figure 1-8. This
ensures that the serializer in each channel outputs the same bit number at
any time to minimize the channel-to-channel skew.

Figure 1-8. Clock Distribution in Bonded Channel Mode
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Local Clock Divider Block

A local clock divider block is located in each of the four transmitter
channels of a transceiver block. It takes in the high-speed transmitter PLL
clock and divides it to generate the low-speed parallel clock for
transceiver PCS logic in individual channel modes; for example, GIGE
mode. The Quartus II software automatically selects /5 as the division
factor for all supported functional modes. The local clock dividers also
forward the high-speed serial clock from the transmitter PLL to the
serializer as shown in Figure 1-9.

Figure 1-9. Local Clock Divider Block Note (3)
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High-Speed Serial Clock (1)

High-Speed
Serial Clock from
Transmitter PLL

\ 4

Low-Speed Parallel Clock (2)

\

Al /5

Notes to Figure 1-9:

(1) High-speed serial clock from the local clock divider block feeds the serializer in its associated channel in
individual-channel modes (for example, GIGE).

(2) Low-speed parallel clock from the local clock divider block feeds the transceiver PCS logic in its associated channel
in individual-channel mode (for example, GIGE).

(8) Each channel within a transceiver block is fed by its own local clock divider block, as shown in Figure 1-10.

Altera Corporation 1-15
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Transmitter Channel Architecture

Figure 1-10 shows the clock distribution in individual channel mode.

Figure 1-10. Clock Distribution in Individual Channel Mode

REFCLKs,
Global Clock (1),
Inter-Transceiver
Lines

Note to Figure 1-10:

PLD-Transceiver Interface Clock

(tx_clkout[3])
Transmitter Channel 2

PLD-Transceiver Interface Clock
Local Clock H . ™ (tx_clkout2)
— Divider Block

Transmitter Channel 3

Transmitter

v

> pLL

Transmitter Channel 1 Z)I;Dé;(roaur}[s;:;iver Interface Clock

Transmitter Channel 0 PLD-T wer Interface Clock
-Transceiver Interface Clocl
Local Clock H ™ (tx_clkoutio)
“»| | Divider Block B

(1) The global clock line must be driven from an input pin only.
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Transmitter Phase Compensation FIFO

A transmitter phase compensation FIFO (Figure 1-11) is located at each
transmitter channel’s logic array interface. It compensates for the phase
difference between the transmitter PCS clock and the local PLD clock.

In individual channel mode (for example, GIGE and Serial RapidIO), the
low-speed parallel clock (or its divide-by-two version if the byte serializer
is used) from the local clock divider block of each channel clocks the read
port of its transmitter phase compensation FIFO buffer. This clock is also
forwarded to the logic array on tx_clkout port of its associated
channel. If the tx_coreclk port is not instantiated, the clock signal on
the tx_clkout port of Channel 0 is automatically fed back to clock the
write port of the transmitter phase compensation FIFOs in all channels
within the transceiver block. If the tx_coreclk port is instantiated, the
clock signal driven on the tx_coreclk port clocks the write port of the
transmitter phase compensation FIFO of its associated channel. You must
ensure that the clock on the tx_coreclk port is frequency-locked to the
read clock of the transmitter phase compensation FIFO. For more
information about using the PLD core clock (tx_coreclk), refer to
“PLD-Transceiver Interface Clocking” on page 1-50.

Altera Corporation
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Arria GX Transceiver Architecture

In bonded channel mode (for example, x4 PCI Express [PIPE]), the
low-speed parallel clock from the central clock divider block is divided by
two. This divide-by-two clock clocks the read port of the transmitter
phase compensation FIFO. This clock is also forwarded to the logic array
on the coreclkout port. If the tx_coreclk portis not instantiated, the
clock signal on the coreclkout port is automatically fed back to clock
the write port of transmitter phase compensation FIFO buffers in all
channels within the transceiver block. If the tx_coreclk port is
instantiated, the clock signal driven on the tx_coreclk port clocks the
write port of the transmitter phase compensation FIFO of its associated
channel. You must ensure that the clock on the tx_coreclk port is
frequency locked to the read clock of the transmitter phase compensation
FIFO. For more information about using the PLD core clock
(tx_coreclk), refer to “PLD-Transceiver Interface Clocking” on

page 1-50.

Figure 1-11. Transmitter Phase Compensation FIFO

datain[]

Transmitter Channel

From PLD
or PIPE
Interface

Transmitter ——  ataout[]

Phase

Compensation To Byte Serializer

tx_coreclk : f

FIFO or 8B/10B
Encoder
wrelk rdclk
A
CMU
Local/Central Clock
/2
= Divider Block

tx_clkout
or
coreclkout

Altera Corporation
August 2007

Transmitter Phase Compensation FIFO Error Flag

The write port of the transmitter phase compensation FIFO can be
clocked by either the CMU output clock or its divide-by-two version
(tx_clkout or coreclkout) or a PLD clock. The read port is always
clocked by the CMU output clock or its divide-by-two version. In all
configurations, the write clock and the read clock must have 0 PPM
difference to avoid overrun/underflow of the phase compensation FIFO.
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An optional debug_tx phase comp_ fifo_error portis available in
all modes to indicate transmitter phase compensation FIFO
overrun/underflow condition. This feature should be used for debug
purpose only if link errors are observed.

Byte Serializer

In PCI Express (PIPE) and Serial RapidIO functional modes, the byte
serializer (Figure 1-12) takes in 16-bit wide data from the transmitter
phase compensation FIFO buffer and serializes it into an 8-bit wide data
at twice the speed. This allows clocking the PLD-transceiver interface at
half the speed as compared to the transmitter PCS logic. The byte
serializer is bypassed in GIGE mode.

Figure 1-12. Byte Serializer
datain[15:0]
From Transmitter

Phase Compensation
FIFO

dataout[7:0]
Byte Serializer
To 8B/10B
Encoder
wrelk rdclk
A A
— CMU

2 ngaI/CentraI Clock
Divide-By-Two Version Low-Speed Parallel | Divider Block
of Low-Speed Clock
Parallel Clock
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After serialization, the byte serializer transmits the least significant byte
(LSByte) first and the most significant byte (MSByte) last.

Figure 1-13 shows byte serializer input and output. datain[15:0] is

the input to the byte serializer from the transmitter phase compensation
FIFO and dataout [7:0] is the output of the byte serializer.

Altera Corporation
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Figure 1-13. Byte Serializer Operation

D1 D2 D3

datain[15:0] :>< {800, 801} >< (8'h02, 8'h03} >< YK >C

D1 LSByte D1 MSByte D2 LSByte D2 MSByte

dataout[7:0] Xxxxxxxxxxx><XXXXXXXXXX>< 8'h01 >< 8'h00 >< 8'h03 >< 8'h02 X

In Figure 1-13, the LSByte is transmitted before the MSByte from the
transmitter byte serializer. For input data D1, the output data is D1y spye
and then DlMSBytE'

8B/10B Encoder

The 8B/10B encoder block takes in 8-bit data from the byte serializer (in
PCI Express [PIPE] and Serial RapidIO modes) or transmitter phase
compensation FIFO buffer (in GIGE mode). It generates a 10-bit code
group with proper running disparity from the 8-bit character and a 1-bit
control identifier (tx_ctrlenable). The 10-bit code group is fed to the
serializer. The 8B/10B encoder conforms to the IEEE 802.3 1998 edition
standard.

Figure 1-14 shows the 8B/10B conversion format.
a®® For additional information about 8B/10B encoding rules, refer to the

Specifications and Additional Information chapter in volume 2 of the
Arria GX Device Handbook.

Figure 1-14. 8B/10B Encoder
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Transmitter Channel Architecture

The 10-bit encoded data output from the 8B/10B encoder is fed to the
serializer that transmits the data from LSB to MSB.

Reset Behavior

The transmitter digital reset (tx_digitalreset) signal resets the
8B/10B encoder. During reset, the running disparity and data registers
are cleared and the 8B/10B encoder outputs a K28.5 pattern from the RD-
column continuously. Once out of reset, the 8B/10B encoder starts with a
negative disparity (RD-) and transmits three K28.5 code groups for
synchronizing before it starts encoding the input data or control
character.

Figure 1-15 shows the 8B/10B encoder’s reset behavior. When in reset
(tx_digitalreset is high), a K28.5- (K28.5 10-bit code group from the
RD- column) is sent continuously until tx_digitalreset islow. The
transmitter channel pipelining causes some "don't cares (10’hxxx)" until
the first of three K28.5 is sent. User data follows the third K28.5

Figure 1-15. 8B/10B Encoder Output During Reset

tx_digitalreset
dataouon] o fme sl o)

Control Code Group Encoding

A control identifier (tx_ctrlenable) input signal identifies if the 8-bit
input character is to be encoded as a control word (Kx . y) or data word
(Dx.y). When tx_ctrlenable is low, the input character is encoded as
data (Dx.y). When tx_ctrlenable is high, the input character is
encoded as a control word (Kx . y). The waveform in Figure 1-16 shows
that the second 0xBC character is encoded as a control word (k28 . 5). The
rest of the characters are encoded as data (Dx . y).
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Figure 1-16. Control Code Group Identification
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I = The 8B/10B encoder does not check to see if the code group
word entered is one of the 12 valid codes. If you enter an invalid
control code, the resultant 10-bit code group may be encoded as
an invalid code (does not map to a valid Dx.y or Kx .y code
group), or unintended valid Dx . y code group, depending on the
value entered.

Transmitter Polarity Inversion

The positive and negative signals of a serial differential link might
accidentally be swapped during board layout. Solutions such as a board
re-spin or major updates to the PLD logic can prove expensive. The
transmitter polarity inversion feature is provided to correct this situation.

An optional tx_invpolarity port is available in all modes to
dynamically enable the transmitter polarity inversion feature. A high on
the tx_invpolarity port inverts the polarity of every bit of the 10-bit
input data word to the serializer in the transmitter data path. Since
inverting the polarity of each bit has the same effect as swapping the
positive and negative signals of the differential link, correct data is seen
by the receiver. The tx_invpolarity is a dynamic signal and may
cause initial disparity errors at the receiver of an 8B/10B encoded link.
The downstream system must be able to tolerate these disparity errors.
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Figure 1-17 illustrates the transmitter polarity inversion feature.

Figure 1-17. Transmitter Polarity Inversion

0 1
1 0
0 1
1 0
1 tx_invpolarity = HIGH 0 To Serializer
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0 1
0 1
Output from transmitter PCS Input to transmitter PMA

Serializer

The serializer block clocks in 10-bit encoded data from the 8B/10B
encoder using the low-speed parallel clock and clocks out serial data
using the high-speed serial clock from the central or local clock divider
blocks. The serializer feeds the data LSB to MSB to the transmitter output
buffer.
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Figure 1-18 shows the serializer block diagram.

Figure 1-18. Serializer
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Figure 1-19 shows the serial bit order at the serializer output. In this
example, 10'b17C data is serialized and transmitted from LSB to MSB.

Figure 1-19. Serializer Bit Order
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High Speed Serial Clock
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Transmitter Buffer

The transmitter buffer takes in serial data from the serializer and drives it
on the tx_dataout port of the associated transceiver channel.

Table 1-2 shows available transmitter buffer settings in each functional

mode.

Table 1-2. Transmitter Buffer Settings
On-Chip Supported 1/0 Differential Common Mode
Mode Termination with 'S)tpandard Output Voltage Voltage Pre-Emphasis
Calibration (Voo) (Vem)

PCI Express 100 Q 1.2 V-PCML 800 mV 600 mV Enabled (1)
(PIPE)

GIGE 100 Q 1.5 V-PCML 800 mV 600 mV Disabled
Serial RapidlO 100 Q 1.5 V-PCML 800 mV 600 mV Disabled

Note to Table 1-2:

(1) In PCI Express (PIPE) mode, 49% pre-emphasis is used to meet the PCI Express de-emphasis specification.

Figure 1-20 shows the transmitter buffer circuitry.

Figure 1-20. Transmitter Buffer
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>
RX Detect
The transmitter buffer supports the Electrical Idle and Receiver Detect
features in PCI Express (PIPE) mode.
“®.®  Refer to the Transmitter Buffer section of the respective functional mode

in the Arria GX Transceiver Protocol Support and Additional Features chapter
in volume 2 of the Arria GX Device Handbook for more details about the
supported features.
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Arria GX Transceiver Architecture

Receiver
Channel
Architecture

This section provides a brief description about sub-blocks within the
receiver channel (Figure 1-21). The sub-blocks are described in order
from the serial receiver input buffer to the receiver phase compensation
FIFO buffer at the transceiver-PLD interface.

Figure 1-21. Receiver Channel Block Diagram
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Array FIFO Serializer Reference
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Receiver Buffer

The receiver buffer receives serial data from the rx_datain port and
feeds it to the clock recovery unit (CRU).

Table 1-3 shows available receiver buffer settings in each functional
mode.

Table 1-3. Receiver Buffer Settings

Mode On-Chip Termination Supported 1/0 COn:’n;ﬂ:gI!ude Coupling
with Calibration Standard
(RX Vem)
PCI Express (PIPE), 100 Q 1.2 V-PCML, 850 mV AC
GIGE, 1.5 V-PCML,
Serial RapidlO 3.3 V-PCML,
Differential LVPECL,
LVDS

Altera Corporation
August 2007

The receiver buffer also incorporates signal threshold detection circuitry
only in PCI Express (PIPE) mode.

Refer to the Receiver Buffer section of the respective functional mode in
the Arria GX Transceiver Protocol Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for more details about the
supported features.
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Figure 1-22 shows the receiver buffer circuitry.

Figure 1-22. Receiver Buffer
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Note to Figure 1-22:
(1) The signal detect circuitry is available only in PCI Express (PIPE) mode.

Receiver PLL

Each transceiver channel has its own receiver PLL that is fed by an input
reference clock. The reference clock frequency depends on the functional
mode that the transceiver channel is configured for. The clock recovery
unit (CRU) controls whether the receiver PLL locks to the input reference
clock (lock-to-reference mode) or the incoming serial data (lock-to-data
mode). Refer to “Clock Recovery Unit (CRU)” on page 1-27 for more
details on lock-to-reference and lock-to-data modes. The receiver PLL, in
conjunction with the clock recovery unit, generates two clocks: a
high-speed serial clock that clocks the deserializer and a low-speed
parallel clock that clocks the receiver’s digital logic.

[l=~  This section only discusses the receiver PLL operation in
lock-to-reference mode. For lock-to-data mode, refer to “Clock
Recovery Unit (CRU)” on page 1-27.
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Figure 1-23 shows the block diagram of the receiver PLL in
lock-to-reference mode.

Figure 1-23. Receiver PLL Block Diagram
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Notes to Figure 1-23:

(1)  You only need to select the protocol and the available input reference clock frequency in the Quartus II MegaWizard
Plug-In Manager. Based on your selections, the Plug-In Manager automatically selects the necessary /M and /L

dividers.
(2) The global clock line must

be driven from an input pin only.

Altera Corporation
August 2007

The reference clock input to the receiver PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLK1) of the associated transceiver block

B PLD clock network (must be driven directly from an input clock pin
and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

'~  Depending on the functional mode, the Quartus II software
automatically selects the appropriate receiver PLL bandwidth.

Clock Recovery Unit (CRU)

The CRU (Figure 1-24) in each transceiver channel recovers the clock
from the received serial data stream. You can set the CRU to lock to the
received serial data phase and frequency (lock-to-data mode) to eliminate
any clock-to-data skew or to keep the receiver PLL locked to the reference
clock (lock-to-reference mode). The switch between lock-to-data and
lock-to-reference modes can be done automatically or manually. The CRU
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in conjunction with the receiver PLL generates two clocks: a high-speed
serial recovered clock that feeds the deserializer and a low-speed parallel
recovered clock that feeds the receiver’s digital logic.

Figure 1-24. Clock Recovery Unit
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Notes to Figure 1-24:

(1)  You only need to select the protocol and the available input reference clock frequency in the Quartus II MegaWizard
Plug-In Manager. Based on your selections, the Plug-In Manager automatically selects the necessary /M and /L
dividers.

(2) The global clock line must be driven from an input pin only.

3

Automatic Lock Mode

After coming out of reset in automatic lock mode, the CRU initially sets
the receiver PLL to lock to the input reference clock (lock-to-reference
mode). After the receiver PLL locks to the input reference clock, the CRU
automatically sets it to lock to the incoming serial data (lock-to-data
mode) when the following two conditions are met:

B The receiver PLL output clock is within the configured PPM
frequency threshold setting with respect to its reference clock
(frequency locked)

B Thereference clock and receiver PLL output clock are phase matched
within approximately 0.08 UI (phase locked)

When the receiver PLL and CRU are in lock-to-reference mode, the PPM
detector and the phase detector circuits monitor the relationship of the
reference clock to the receiver PLL VCO output. If the frequency
difference is within the configured PPM setting (as set in the MegaWizard
Plug-In Manager) and the phase difference is within 0.08 UI, the CRU

1-28 Altera Corporation
Arria GX Device Handbook, Volume 2 August 2007



Arria GX Transceiver Architecture

Altera Corporation
August 2007

switches to lock-to-data mode. The switch from lock-to-reference to
lock-to-data mode is indicated by the assertion of the rx_freglocked
signal.

In lock-to-data mode, the receiver PLL uses a phase detector to keep the
recovered clock phase-matched to the data. If the PLL does not stay
locked to data due to frequency drift or severe amplitude attenuation, the
CRU switches back to lock-to-reference mode to lock the PLL to the
reference clock. In automatic lock mode, the following condition forces
the CRU to fall out of lock-to-data mode:

B The CRU PLL is not within the configured PPM frequency threshold
setting with respect to its reference clock

The switch from lock-to-data to lock-to-reference mode is indicated by the
de-assertion of rx_freglocked signal.

When the CRU is in lock-to-data mode (rx_freglocked is asserted), it
tries to phase-match the PLL with the incoming data. As a result, the
phase of the PLL output clock may differ from the reference clock due to
which rx_pll_locked signal might get de-asserted. You should ignore
therx _pll lockedsignal whenthe rx_freglockedsignalis asserted
high.

Manual Lock Mode

Two optional input pins (rx_locktorefclk and rx locktodata)
allow you to control whether the CRU PLL automatically or manually
switches between lock-to-reference mode and lock-to-data mode. This
enables you to bypass the default automatic switchover circuitry if either
rx_locktorefclkor rx locktodata is instantiated.

When the rx locktorefclk signal is asserted, the CRU forces the
receiver PLL to lock to the reference clock. When the rx_locktodata
signal is asserted, the CRU forces the receiver PLL to lock to data. When
both signals are asserted, the rx_locktodata signal takes precedence
over the rx_locktorefclk signal, forcing the receiver PLL to lock to
data.

The PPM threshold frequency detector and phase relationship detector
reaction times may be too long for some applications. You can manually
control the CRU to reduce PLL lock times using the rx_locktorefclk
and rx_locktodata ports. Using the manual mode may reduce the
time it takes for the CRU to switch from lock-to-reference mode to
lock-to-data mode. You can assert the rx_locktorefclk to initially
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train the PLL to the reference clock. Once the receiver PLL locks to the
reference clock, you can assert the rx_locktodata signal to force the
PLL to lock to the incoming data.

When the rx_locktorefclk signal is asserted high, the
rx_freglocked signal does not have any significance and is always
driven low, indicating that the CRU is in lock-to-reference mode. When
the rx_locktodata signalis asserted high, the rx freglocked signal
is always driven high, indicating that the CRU is in lock-to-data mode. If
both signals are de-asserted, the CRU is in automatic lock mode.

Table 1-4 shows a summary of the control signals.

Table 1-4. CRU User Control Lock Signals

rx_locktorefclk rx_locktodata CRU Mode
1 0 Lock-to-reference clock
1 Lock to data
0 0 Automatic
Deserializer

The deserializer block clocks in serial input data from the receiver buffer
using the high-speed serial recovered clock and deserializes it into 10-bit
parallel data using the low-speed parallel recovered clock. It feeds the
de-serialized 10-bit data to the word aligner as shown in Figure 1-25.
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Figure 1-25. Deserializer
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Figure 1-26 shows the serial bit order of the deserializer block input and
the parallel data output of the deserializer block. A serial stream
(0101111100) is de-serialized to a value 10'h17C. The serial data is
assumed to be received LSB to MSB.

Figure 1-26. Deserializer Bit
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Receiver Polarity Inversion

The positive and negative signals of a serial differential link might be
accidentally swapped during board layout. Solutions such as a board
re-spin or major updates to the PLD logic can prove expensive. The
receiver polarity inversion feature is provided to correct this situation.

An optional rx_invpolarity port is available in all modes to
dynamically enable the receiver polarity inversion feature. A high on the
rx_invpolarity portinverts the polarity of every bit of the 10-bit input
data word to the word aligner in the receiver data path. Since inverting
the polarity of each bit has the same effect as swapping the positive and
negative signals of the differential link, correct data is seen by the receiver.
The rx_invpolarity is a dynamic signal and may cause initial
disparity errors in an 8B/10B encoded link. The downstream system
must be able to tolerate these disparity errors.

The receiver polarity inversion feature is different from the PCI Express
(PIPE) 8B/10B polarity inversion feature. The receiver polarity inversion
feature inverts the polarity of the data bits at the input of the word aligner.
The PCI Express (PIPE) 8B/10B polarity inversion feature inverts the
polarity of the data bits at the input of the 8B/10B decoder and is
available only in PCI Express (PIPE) mode. Enabling the generic receiver
polarity inversion and the PCI Express (PIPE) 8B/10B polarity inversion
simultaneously is not allowed in PCI Express (PIPE) mode.
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Figure 1-27 illustrates the receiver polarity inversion feature.

Figure 1-27. Receiver Polarity Inversion
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Word Aligner

The word aligner clocks in 10-bit received data from the deserializer
using the low-speed recovered clock. It restores the word boundary of the
upstream transmitter based on the pre-defined word alignment character
for the selected protocol. In addition to restoring the word boundary, the
word aligner also implements a synchronization state machine in all
functional modes to achieve lane synchronization.

The word aligner consists of three sub-modules:
B Pattern detector module

B Pattern aligner module
B Run length violation detector module
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Figure 1-28 shows the block diagram for the word aligner block.

Figure 1-28. Word Aligner
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Pattern Detector Module

The pattern detector looks for the configured word alignment pattern in
the data clocked into the word aligner. When the pattern detector detects
the word alignment pattern for the first time, it asserts the
rx_patterndetect signal. The pattern aligner aligns the word
boundary to the received word alignment pattern. Any subsequent word
alignment pattern found in the same word boundary causes the
rx_patterndetect signal to assert for one parallel clock cycle. The
rx_patterndetect signal is not asserted if the word alignment pattern
is found across the current word boundary.

[l=~  All three supported functional modes, PCI Express (PIPE),
GIGE, and Serial RapidlO, specify K28.5 (10'b0101111100 or
10'b1010000011) as the synchronization code group. The
Quartus II software automatically programs both disparities of
K28.5 control word as the word alignment pattern in all three
modes.

Pattern Aligner Module

The pattern aligner module, in conjunction with the pattern detector,
aligns the received data to the pre-defined word alignment pattern. The
pattern aligner incorporates an automatic synchronization state machine
in all supported functional modes.
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Automatic Synchronization State Machine

The synchronization state machine offers automatic detection of a
pre-defined number of valid alignment patterns to indicate lane
synchronization and detection of code group errors for falling out of
synchronization. The synchronization state machine indicates lane
synchronization status on the rx_syncstatus port. A high signal on the
rx_syncstatus port indicates that the lane synchronization has been
achieved and a low signal indicates that the lane is not synchronized. In
synchronized state (as indicated by rx_syncstatus asserted high), the
pattern aligner does not re-align the word boundary if the pattern
detector detects the word alignment pattern in the incoming data. It
re-aligns the word boundary only when the synchronization state
machine detects loss of synchronization state (as indicated by
rx_syncstatus de-asserted low).

The Quartus II software automatically configures the synchronization
state machine parameters; for example, number of valid synchronization
characters received and number of invalid code groups received to fall
out of synchronization. It selects these parameters as specified by each
protocol standard (functional mode).

a® For more details about synchronization state machine implementation,
refer to the Arria GX Transceiver Protocol Support and Additional Features
chapter in volume 2 of the Arria GX Device Handbook.

Run Length Violation

The programmable run-length violation circuit resides in the word
aligner block and detects consecutive 1s or Os in the data. If the data
stream exceeds the preset maximum number of consecutive 1s or Os, the
violation is signified by the assertion of the rx_r1v signal.

The rx_rlv signal is not synchronized to the parallel data and appears
in the logic array earlier than the run-length violation data. To ensure that
the PLD can latch this signal in systems where there are frequency
variations between the recovered clock and the PLD logic array clock, the
rx_rlv signal is asserted for a minimum of two clock cycles. The
rx_rlv signal may be asserted longer, depending on the run-length of
the received data.

In all supported functional modes, you can set the run length violation
circuitry to detect up to 160 consecutive 1s or 0s. The run length settings
are available in increments of five.
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Rate Matcher

In asynchronous systems, the upstream transmitter and the local receiver
may be clocked with independent reference clock sources. Frequency
differences in the order of a few hundred parts per million (PPM) can
potentially corrupt the data at the receiver. The rate matcher compensates
for small clock frequency differences between the upstream transmitter
and the local receiver clocks by inserting or removing skip characters or
ordered-sets from the inter-packet gap (IPG) or idle streams. It inserts a
skip character or ordered-set if the local receiver is running a faster clock
than the upstream transmitter. It deletes a skip character or ordered-set if
the local receiver is running a slower clock than the upstream transmitter.
The rate matcher is available only in PCI Express (PIPE) and GIGE
functional modes. The Quartus II software automatically configures the
appropriate skip character or ordered-set as specified in the Gigabit
Ethernet and PCI Express Base Specification depending on the selected
functional mode.

The rate matcher consists of a 20-word-deep FIFO buffer and necessary
logic to detect and perform the insertion and deletion functions. The write
port of the rate matcher FIFO is clocked by the low-speed parallel
recovered clock. The read port is clocked by the low-speed parallel clock
from the CMU central or local clock divider block (Figure 1-29).

Figure 1-29. Rate Matcher
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8B/10B Decoder

The 8B/10B decoder takes in 10-bit data from the rate matcher and
decodes it into 8-bit data + 1-bit control identifier, thereby restoring the
original transmitted data at the receiver. The decoded data is fed to the
byte deserializer (in PCI Express [PIPE] and Serial RapidIO modes) or the
receiver phase compensation FIFO buffer (in GIGE mode). The 8B/10B
decoder conforms to IEEE 802.3 1998 edition standards.

Figure 1-30 shows a 10-bit code group decoded to an 8-bit data and a 1-bit
control indicator.

Figure 1-30. 10-Bit to 8-Bit Conversion
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Control Code Group Detection

The 8B/10B decoder differentiates between data and control codes
through the rx_ctrldetect port. If the received 10-bit code group is a
control code group (Kx.y), the rx_ctrldetect signalis driven high,
and if it is a data code group (Dx.y), the rx_ctrldetect signalis
driven low.

Figure 1-31 shows an example waveform demonstrating the receipt of a
K28.5 code group (BC +ctrl). The rx_ctrldetect=1"'b1lisaligned with
8'hbc, indicating that it is a control code group. The rest of the codes
received are Dx .y code groups.
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Figure 1-31. Control Code Group Detection
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Code Group Error Detection

If the received 10-bit code group is not a part of valid Dx .y or Kx.y code

groups, the 8B/10B decoder block asserts an error flag on

rx_errdetect port. The error flag signal (rx_errdetect) has the
same data path delay from the 8B/10B decoder to the PLD-transceiver

interface as the invalid code group.

Disparity Error Detection

If the received 10-bit code group is detected with incorrect running
disparity, the 8B/10B decoder block asserts an error flag on rx_disperr

and rx_errdetect port.

calculation.

If negative disparity is calculated for the last 10-bit code group, a neutral
or positive disparity 10-bit code group is expected. If the 8B/10B decoder
does not receive a neutral or positive disparity 10-bit code group, the
rx_disperr signal goes high, indicating that the code group received
has a disparity error. Similarly, if a neutral or negative disparity is
expected and a 10-bit code group with positive disparity is received, the

rx_disperr signal goes high.

The detection of the disparity error might be delayed, depending on the
data that follows the actual disparity error. The 8B/10B control codes
terminate propagation of the disparity error. Any disparity errors
propagated stop at the control code group, terminating that disparity

error.

Figure 1-32 shows a case where the disparity is violated. A K28.5 code
group has an 8-bit value of 8'hbc and a 10-bit value that depends on the
disparity calculation at the point of the generation of the K28.5 code
group. The 10-bit value is 10'b0011111010 (10'h17c) for RD-or

Altera Corporation
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e  Refer to the Specifications & Additional Information chapter in volume 2 of
the Arria GX Device Handbook for information about the disparity
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10'b1100000101 (10'h283) for RD+. If the running disparity at time n - 1 is
negative, the expected code group at time must be from the RD- column.
A K28.5 does not have a balanced 10-bit code group (equal number of 1s
and 0s), so the expected RD code group must toggle back and forth
between RD-and RD+. At time n + 3, the 8B/10B decoder received a RD+
K28.5 code group (10'h283), which makes the current running disparity
negative. At time n + 4, because the current disparity is negative, a K28.5
from the RD- column is expected, but a K28.5 code group from the RD+
is received instead. This prompts rx_disperr to go high during time n + 4
to indicate that this particular K28.5 code group had a disparity error. The
current running disparity at the end of time # + 4 is negative because a
K28.5 from the RD+ column was received. Based on the current running
disparity at the end of time 1 + 5, a positive disparity K28.5 code group
(from the RD-) column is expected at time # + 5.

Figure 1-32. Disparity Error Detection

n n+1 n+2 n+3 n+4 n+5 n+6 n+7
rx_dataout[7..0 ] BC BC BC BC XX BC BC BC X
rx_disperr
rx_errdetect
rx_ctrldetect I_
Expected RD Code RD- RD+ RD- RD+ RD- RD- RD+ RD-
RD Code Received RD- RD+ RD- RD+ RD+ RD- RD+ RD-
rx_datain 17C 283 17C 283 283 17C 283 17C X
Reset Condition
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The reset for the 8B/10B decoder block is derived from the receiver digital
reset (rx_digitalreset). When rx_digitalreset is asserted, the
8B/10B decoder block resets. In reset, the disparity registers are cleared
and the outputs of the 8B/10B decoder block are driven low. After reset,
the 8B/10B decoder starts with unknown disparity, depending on the
disparity of the data it receives. The decoder calculates the initial running
disparity based on the first valid code group received.
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Il The receiver block must be word aligned after reset before the
8B/10B decoder can decode valid data or control codes. If word
alignment has not been achieved, the data from the 8B/10B
decoder should be discarded and considered invalid.

Byte Deserializer

In PCI Express (PIPE) and Serial RapidIO functional modes, the byte
deserializer (Figure 1-33) takes in 8-bit wide data from the 8B/10B
decoder and deserializes it into a 16-bit wide data at half the speed. This
allows clocking the PLD-transceiver interface at half the speed as
compared to the receiver PCS logic. The byte deserializer is bypassed in
GIGE mode.

Figure 1-33. Byte Deserializer

Notes to Figure 1-33:

datain[7:0] =— fr—— (ataout[15:0]
Byte
From 8B/10B Deserializer To receiver phase
Decoder compensation
wrclk rdclk FIFO
A
2

Low-speed parallel recovered
clock from CRU' or Low-speed
parallel CMU clock®

(1) Write port is clocked by low-speed parallel recovered clock if rate matcher is not used.
(2)  Write port is clocked by low-speed parallel CMU clock if rate matcher is used.
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If the byte deserializer is used, the byte ordering at the receiver output
might be different than what was transmitted. Figure 1-34 shows the
16-bit transmitted data pattern with A at the lower byte, followed by B at
the upper byte. C and D follow in the next lower and upper bytes,
respectively. At the byte deserializer, byte A arrives when it is stuffing the
upper byte instead of stuffing the lower byte. This is a non-deterministic
swap because it depends on PLL lock times and link delay. You must
implement byte-ordering logic in the PLD to correct this situation.

Altera Corporation
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Figure 1-34. Intended Transmitted Pattern and Incorrect Byte Position at
Receiver After Byte Serializer

B D A|C X
X | A (¢} X | B D
Intended Transmitted Incorrect Byte Position
Pattern at Receiver

Receiver Phase Compensation FIFO buffer

A receiver phase compensation FIFO buffer (Figure 1-35) is located at
each receiver channel’s logic array interface. It compensates for the phase
difference between the receiver PCS clock and the local PLD clock.

In individual channel mode with rate matcher (PCI Express [PIPE] x1 and
GIGE), the low-speed clock output from the local clock divider block of
each channel or its divide-by-two version clocks the write port of its
receiver phase compensation FIFO buffer. This clock is also forwarded to
the logic array (tx_clkout). In individual channel mode without rate
matcher (Serial RapidIO), the low-speed parallel recovered clock from the
CRU is divided by two. This divide-by-two clock clocks the write port of
its receiver phase compensation FIFO buffer. This clock is also forwarded
to the logic array (rx_clkout). If the rx_coreclk port is instantiated,
the clock signal on the rx_coreclk port clocks the read port of the FIFO.
If the rx_coreclk port is not instantiated, the clock signal on
tx_clkout (if rate matcher is used) or rx_clkout (if rate matcher is not
used) port is automatically fed back to clock the read port of the FIFO.

In bonded channel mode (x4 PCI Express [PIPE]), the low-speed clock
output from the central clock divider block is divided by two. This divide-
by-two clock clocks the write port of the receiver phase compensation
FIFO buffers in all channels. This clock is also forwarded to the logic array
(coreclkout). If the rx_coreclk port is instantiated, the clock signal
on the rx_coreclk port clocks the read port of the FIFO. If the
rx_coreclk port is not instantiated, the clock signal on the
coreclkout port is automatically fed back to clock the read port of the
FIFO in all channels within the transceiver block.

Altera Corporation 1-41
August 2007 Arria GX Device Handbook, Volume 2



Transceiver Channel Clock Distribution

Figure 1-35. Receiver Phase Compensation FIFO Buffer
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Notes to Figure 1-35:
(1)  Write port is clocked by low-speed parallel recovered clock when rate matcher is not used.

(2) Write port is clocked by low-speed parallel CMU clock when rate matcher is used.
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This section describes clock distribution within the transceiver channel

for all supported functional modes. Clock distribution can be classified
into two categories:

Individual-channel mode clocking—GIGE, Serial RapidIO, and PCI

Express [PIPE] x1 functional modes fall in this category

B Bonded-channel mode clocking—PCI Express (PIPE) x4 functional

mode falls in this category

Individual-Channel Mode Clocking

In GIGE, Serial RapidIO, and PCI Express (PIPE) x1 functional modes,
each channel within the transceiver block forms an independent link. The
blocks in the transmitter and receiver data paths of each channel are
clocked independently and do not share any control signals. The
transmitter channel-to-channel skew in individual channel modes could
be relatively higher compared to bonded-channel mode.

Altera Corporation
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Individual-Channel Mode Transmitter Clock Distribution

Figure 1-36 shows clock distribution within a transmitter channel when
configured in one of the individual-channel modes.

Figure 1-36. Individual-Channel Mode Transmitter Clock Distribution
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The transmitter PLL multiplies the input reference clock to generate a
high-speed serial clock at a frequency that is half the data rate of the
configured functional mode. This high-speed serial clock is fed to the
local clock divider block in each channel within the transceiver block.
Depending on the configured functional mode, the local clock divider
block divides the high-speed serial clock to generate the low-speed
parallel clock that clocks the transmitter PCS logic in the associated
channel.

Table 1-5 shows high-speed serial clock frequencies, low-speed parallel
clock frequencies, and PLD-transceiver interface frequencies for
individual-channel functional modes.

Table 1-5. CMU Output Clock Frequencies
Functional Mode High-Speed Serial Clock L%Yofl?i(::qpuat::(l:lvﬂ Inl::r[f)alga:rs::lll‘;?lrcv
Frequency (MHz) (MHz) (MHz)
PCI Express (PIPE) x1 (2.5 Gbps) 1250 250 125
GIGE (1.25 Gbps) 625 125 125
Serial RapidlO (1.25 Gbps) 625 125 62.5
Serial RapidlO (2.5 Gbps) 1250 250 125
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In functional modes that use the byte serializer (PCI Express [PIPE] x1
and Serial RapidIO), the low-speed parallel clock is divided by two before
being driven on the tx_clkout port. In GIGE mode that does not use the
byte serializer, the low-speed parallel clock is directly driven on the
tx_clkout port.If the tx_coreclk portisnotinstantiated, the Quartus
II software automatically clocks the write port of the transmitter phase
compensation FIFO in each channel with the tx_clkout signal of
channel 0 (tx_clkout [0]) of that transceiver block. In PCI Express
(PIPE) x1 mode, the tx_clkout signal also clocks each channel’s

PCI Express (PIPE) interface logic. The read port of the transmitter phase
compensation FIFO is clocked by the low-speed parallel clock output (or
its divide-by-two version if byte serializer is used) of the channel's local
clock divider block. The read port of the byte deserializer block (if used)
is clocked by the low-speed parallel clock and the write port is clocked by
its divide-by-two version. The 8B/10B encoder is clocked by the
low-speed parallel clock. The 10-bit input data to the serializer block is
clocked by the low-speed parallel clock and the serialized data is clocked
out by the high-speed serial clock.

Individual-Channel Mode Receiver Clock Distribution

The clock distribution within a receiver channel varies depending on
whether rate matcher is used or not. GIGE and functional modes have a
rate matcher in the receiver data path to compensate for the frequency
difference between the upstream transmitter and local receiver clock.
Serial RapidIO and Low-Latency (Synchronous) PCI Express (PIPE) x1
modes do not have a rate matcher in the receiver data path.

Receiver Clock Distribution Without the Rate Matcher

Figure 1-37 shows clock distribution within a receiver channel when
configured in an individual-channel mode without a rate matcher (Serial
RapidIO and Low-Latency [Synchronous] PCI Express [PIPE] x1 modes).
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Figure 1-37. Receiver Clock Distribution in Individual-Channel Mode Without the Rate Matcher
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The clock recovery unit (CRU) in each channel generates a high-speed
serial recovered clock and a low-speed parallel recovered clock. The
de-serializer clocks in the serial received data using the high-speed serial
recovered clock and clocks out the 10-bit de-serialized data using the
low-speed parallel recovered clock.

The low-speed parallel recovered clock clocks the word aligner, 88/10B
decoder, and the write port of the byte deserializer. The low-speed
parallel recovered clock is divided by two before being driven on the
rx_clkout port of the corresponding channel. This divide-by-two
version of the recovered clock clocks the write port of the receiver phase
compensation FIFO. If the rx_coreclk port is not instantiated, the
Quartus II software automatically clocks the read port of the receiver
phase compensation FIFO in each channel with its rx_clkout signal.

Receiver Clock Distribution With the Rate Matcher

Figure 1-38 shows clock distribution within a receiver channel when
configured in an individual-channel mode with a rate matcher (GIGE and
PCI Express (PIPE) x1 modes).
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Figure 1-38. Receiver Clock Distribution in Individual-Channel Mode With the Rate Matcher
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As seen in Figure 1-38, the deserializer output, the word aligner, and the
write port of the rate matcher are clocked by the low-speed parallel
recovered clock of its associated channel. The rate matcher clocks the data
out using the low-speed parallel clock output from its associated CMU
local clock divider block. The 8B/10B decoder and the write port of the
byte deserializer (if used) are clocked by the low-speed parallel clock. The
write port of the receiver phase compensation FIFO are clocked by the
low-speed parallel clock or its divide-by-two version (if the functional
mode uses the byte deserializer). This clock is also forwarded to the PLD
logic array on the tx_clkout port. If the rx_coreclk port is not
instantiated, the Quartus II software automatically clocks the read port of
the receiver phase compensation FIFO in each channel with its associated
tx_clkout signal.

Bonded-Channel Mode Clocking

In PCI Express (PIPE) x4 functional mode, each channel within the
transceiver block is a part of a four-lane PCI Express (PIPE) link. To
reduce lane-to-lane skew, the blocks in the transmitter and receiver data
paths share clocks and control signals.
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Bonded-Channel Mode Transmitter Clock Distribution

Figure 1-39 shows clock distribution within a transmitter channel when
configured in a bonded-channel mode (PCI Express [PIPE] x4).

Figure 1-39. Bonded-Channel Mode Transmitter Clock Distribution
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The transmitter PLL multiplies the input reference clock to generate a
high-speed serial clock at a frequency that is half the data rate of the
configured functional mode. This high-speed serial clock is fed to the
central clock divider block in the transceiver block. The central clock
divider block divides the high-speed serial clock to generate the
low-speed parallel clock that clocks the transmitter PCS logic in all
channels within the transceiver block.

Table 1-6 shows high-speed serial clock and low-speed parallel clock
frequencies for PCI Express (PIPE) x4 bonded-channel mode.

Table 1-6. CMU Output Clock Frequencies

. . Low-Speed Parallel | PLD-Transceiver
Functional Mode ngl;:erzz?‘se(r;vz;Il_lf)lock Clock Frequency Interface
9 v (MHz) Frequency (MHz)
PCI Express (PIPE) x4 (2.5 Gbps) 1250 250 125
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The low-speed parallel clock is divided by two before being driven on the
coreclkout port. If the tx_coreclk port is not instantiated, the
Quartus II software automatically clocks the write port of the transmitter
phase compensation FIFO in all channels with the coreclkout signal.
The coreclkout signal also clocks each channel’s PIPE interface logic.
The read port of the transmitter phase compensation FIFO is clocked by
the divide-by-two version of the low-speed parallel clock output from
central clock divider block. The read port of the byte deserializer block is
clocked by the low-speed parallel clock and the write port is clocked by
its divide-by-two version. The 8B/10B encoder is clocked by the
low-speed parallel clock. The 10-bit input data to the serializer block is
clocked by the low-speed parallel clock and the serialized data is clocked
out by the high-speed serial clock output from the central clock divider
block (refer to Figure 1-39).

Bonded-Channel Mode Receiver Clock Distribution

In PCI Express (PIPE) x4 mode, you can choose to implement or bypass
the rate match FIFO depending on your system requirements. Bypassing
the rate matcher FIFO (Low-Latency PCI Express [PIPE] mode) yields
lower latency through the receiver path. The clocking within the receiver
channel varies depending on whether rate matcher is used.
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Bonded-Channel Mode Receiver Clock Distribution Without the Rate

Matcher

Figure 1-40 shows clock distribution within a receiver channel when

configured in PCI Express (PIPE) x4 mode without the rate matcher.

Figure 1-40. Bonded Channel Mode Receiver Clock Distribution Without the Rate Matcher
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As seen in Figure 1-39, the deserializer output, the word aligner, the
8B/10B decoder, and the write port of the byte deserializer are clocked by
the low-speed parallel recovered clock of its associated channel. The read
port of the byte deserializer and the write port of the receiver phase
compensation FIFO are clocked by the divide-by-two version of the
low-speed parallel recovered clock. If the rx_coreclk port is not
instantiated, the write port of the receiver phase compensation FIFO is
automatically clocked by the coreclkout signal.
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Bonded-Channel Mode Receiver Clock Distribution With the Rate
Matcher

Figure 1-41 shows clock distribution within a receiver channel when
configured in PCI Express (PIPE) x4 mode with the rate matcher.

Figure 1-41. Bonded-Channel Mode Receiver Clock Distribution With the Rate Matcher
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As seen in Figure 1-40, the deserializer output, the word aligner, and the
write port of the rate matcher in each of the four channels are clocked by
the low-speed parallel recovered clock of its associated channel. The rate
matcher in all four channels clocks the data out using the low-speed
parallel clock output from the CMU central clock divider block. The
8B/10B decoder and the byte deserializer are clocked by the low-speed
parallel clock. The write port of the receiver phase compensation FIFO is
clocked by the divide-by-two version of the low-speed parallel clock. This
clock is also forwarded to the PLD logic array on the coreclkout port.
If the rx_coreclk port is not instantiated, the Quartus II software
automatically clocks the read port of the receiver phase compensation
FIFO in all four channels with the coreclkout signal.

The transmitter phase compensation FIFO present at each channel’s
PLD-transmitter interface compensates for the phase difference between
the PLD clock that produces the data to be transmitted and the
transmitter PCS clock. The receiver phase compensation FIFO present at
each channel’s PLD-receiver interface compensates for the phase
difference between the PLD clock that processes the received data and the
receiver PCS clock.
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Depending on the functional mode, the Quartus I software automatically
selects appropriate clocks to clock the read port of the transmitter phase
compensation FIFO and the write port of the receiver phase
compensation FIFO.

The write clock of the transmitter phase compensation FIFO and the read
clock of the receiver phase compensation FIFO are part of the
PLD-transceiver interface clocks. Arria GX transceivers provide the
following two options for selecting these PLD-transceiver interface
clocks:

B Automatic Phase Compensation FIFO clock selection
m  User Controlled Phase Compensation FIFO clock selection

The automatic phase compensation FIFO clock selection is a simpler
option but could lead to higher clock resource utilization as compared to
user controlled phase compensation FIFO clock selection. This could be
critical in designs with high clock resource requirements.

Automatic Phase Compensation FIFO Clock Selection

If you do not instantiate the tx_coreclkand rx_coreclk ports for the
Arria GX transceiver instance in the MegaWizard Plug-In Manager, the
Quartus II software automatically selects appropriate clocks to clock the
write port of the transmitter phase compensation FIFO and the read clock
of the receiver phase compensation FIFO.

Table 1-7 lists the clock sources that the Quartus Il software automatically
selects for the transmitter and receiver phase compensation FIFOs,
depending on the functional mode.

Table 1-7. Clock Sources for the Transmitter and Receiver Phase Compensation FIFOs (Part 1 of 2)

Functional Mode

Write port clock selection for
Transmitter Phase Compensation
FIFO

Read port clock selection for
Receiver Phase Compensation
FIFO

Individual-channel mode with rate
matcher (PCI Express [PIPE] x1,
GIGE)

tx_clkout [0] from channel O
clocks the FIFO write port in all
channels in the same transceiver
block.

tx_clkout [0] from channel O
clocks the FIFO read port in all
channels in the same transceiver
block.

Altera Corporation
August 2007

1-51

Arria GX Device Handbook, Volume 2



PLD-Transceiver Interface Clocking

Table 1-7. Clock Sources for the Transmitter and Receiver Phase Compensation FIFOs (Part 2 of 2)

Functional Mode

Write port clock selection for
Transmitter Phase Compensation
FIFO

Read port clock selection for
Receiver Phase Compensation
FIFO

Individual-channel mode without
rate matcher (Serial RapidlO,
Low-latency PCI Express [PIPE] x1)

tx_clkout [0] from channel 0
clocks the FIFO write port in all
channels in the same transceiver
block.

rx_clkout from each channel
clocks the FIFO read port of its
associated channel.

Bonded-channel mode with/without
rate matcher (PCl Express [PIPE]
x4)

coreclkout clocks the FIFO
write portin all channels in the same
transceiver block.

coreclkout clocks the FIFO read
port in all channels in the same
transceiver block.

In an individual-channel mode without rate matcher (Serial RapidIO), a
total of five global/regional clock resources per transceiver block are
utilized by the PLD-transceiver interface clocks. Four clock resources are
utilized by the rx_clkout signal of each channel being routed back to
clock the read port of its receiver phase compensation FIFO. One clock
resource is utilized by the tx_clkout [0] signal of channel 0 being
routed back to clock the write port of all transmitter phase compensation
FIFOs in the transceiver block.
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Figure 1-42 shows the minimum PLD-Interface clock utilization per
transceiver block when configured in individual-channel mode without

the rate matcher.

Figure 1-42. Minimum PLD-Interface Clock Ultilization Per Transceiver Block Without the Rate Matcher
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The PLD-transceiver clock utilization can be reduced by driving the
transmitter and receiver phase compensation FIFOs with a single clock.
This is possible only if the driving clock is frequency locked to the
transceiver output clocks (tx_clkout, coreclkout, or rx_clkout).
To control the write and read clock selection for the transmitter and
receiver phase compensation FIFO, you must instantiate the
tx_coreclk and rx_coreclk ports for the transceiver channels.
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User Controlled Phase Compensation FIFO Clock Selection

Instead of the Quartus II software automatically selecting the write and
read clocks of the transmitter and receiver phase compensation FIFOs,
respectively, you can manually connect appropriate clocks by
instantiating the tx_coreclk and rx_coreclk ports in the
MegaWizard Plug-In Manager. For all like channels configured in the
same functional mode and running off the same clock source, you can
connectthe tx coreclkand rx coreclk ports of all channels together
and drive them using the same clock source. You can use a PLD clock
input pin or a transceiver clock

(tx_clkout [0] /coreclkout/rx_clkout) to clock the
tx_coreclk/rx_coreclk ports (Figure 1-43).
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Figure 1-43. User Controlled Phase Compensation FIFO Clock
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rx_coreclk ports. It cannot drive the tx_coreclk ports. If
tx_coreclk and rx_coreclk need to be driven with the
same clock, you must use the tx_clkout signal as the clock
driver.

If the clock signal on tx_coreclk is used to clock the write side of the
transmitter phase compensation FIFO, you must make sure that it is
frequency locked to the transmitter PCS clock reading from the FIFO. If
the clock signal on rx_coreclk is used to clock the read side of the

Altera Corporation 1-55
August 2007 Arria GX Device Handbook, Volume 2



PLD-Transceiver Interface Clocking

1-56

receiver phase compensation FIFO, you must make sure that it is
frequency locked to the receiver PCS clock writing into the FIFO. Any
frequency differences may cause data corruption.

To help guard against incorrect usage, the use of the tx_coreclk and
rx_coreclk options requires clock assignments in the assignment
organizer. If no assignments are used, the Quartus II software will issue a
compilation error.

There are four settings to enable the PLD interface clocking options:

Stratix II GX/Arria GX GXB Shared Clock Group Setting
Stratix II GX/Arria GX GXB Shared Clock Group Driver Setting
Stratix II GX/Arria GX OPPM Clock Group Setting

Stratix II GX/Arria GX OPPM Clock Group Driver Setting

There are two main settings, Shared Clock and 0 PPM Clock, each with a
driver and clock group setting. When specifying clock groups, an integer
identifier is used as the group name to differentiate other clock group
settings from one another.

The Stratix II GX/Arria GX GXB Shared Clock Group Setting is the
safest assignment. The Quartus II compiler analyzes the netlist during
compilation to ensure transmitter channel members are derived from the
same source. The Quartus II software gives a fitting error for
incompatible assignments. The software cannot check for the output of
the receiver frequency locked to the driving clock as the exact frequency
is dictated by the upstream transmitter’s source clock. You must ensure
that the rx_coreclk is derived from the same source clock as the
upstream transmitter.

The Stratix II GX/Arria GX GXB Shared Clock Group Driver Setting
assignment must be made to the source channel of the tx_clkout or
coreclkout. Specifying anything except the transmitter channels (the
source for the tx_clkout or coreclkout) results in a fitter error. If the
source clock is not from tx_clkout or coreclkout (for example, the
source is from rx_clkout or from a PLD clock input), the OPPM setting
must be used instead.

For example, in a synchronous system, the transmitter and receiver are
running off the same clock. To make tx_clkout [0] the clock driver, the
Stratix II GX/Arria GX GXB Shared Clock Group Driver Setting is made
in the assignment editor on the tx_dataout [0] name. You can use a
group identifier value of "1" to identify the group that this driver feeds.
The Stratix II GX/Arria GX GXB Shared Clock Group Setting is made to
all the rx_datain channels that the tx_dataout [0] output clock
drives.
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=" Theother tx_dataout channels do not need an assignment as
the Quartus II software automatically groups the like
transmitters in a transceiver block. A group identifier value of
"1" is also made to the rx_datain assignments.

The assignments in the Assignment Editor are shown in Table 1-8.

Table 1-8. Assignment Editor

To: tx_dataout [0]

Assignment name: Stratix Il GX/Arria GX GXB Shared Clock Group Driver
Setting

Value: 1

To: rx_datain[] (note that the [] signifies the entire

rx_datain group)
Assignment name: Stratix Il GX/Arria GX GXB Shared Clock Group Setting

Value: 1

The Stratix II GX/Arria GX 0PPM Clock Group Setting is for more
advanced users that know the clocking configuration of the entire system
and want to reduce the PLD global clock resource and PLD interface clock
resource utilization. The Quartus II compiler does not perform any
checking on the clock source. It is up to you to ensure that there is no
frequency difference from the associated transceiver clock of the group
and the driving clock to the tx_coreclk and rx_coreclk ports.

The Stratix II GX/Arria GX 0PPM Clock Group Driver Setting can be
made to any of the transceiver output clocks (tx_clkout, rx_clkout,
and coreclk_out) as well as any PLD clock input pins, transceiver
dedicated REFCLX pin, or PLD PLL output. User logic cannot be used as
a driver. As with the shared clock group setting, the driver setting for the
transceiver output clocks is made to the associated channel. For example,
for tx_clkout or coreclk_out, the transmitter channel name is
specified. When the rx_clkout is the driver, the receiver channel name
of the associated rx_clkout is specified. For the PLD input clock pins
and the transceiver REFCLK pins, the name of the clock pin can be
specified. For the PLL output, the PLL clock output port of the PLL can be
found in the Node Finder and entered as the driver name. An integer
value is specified for the group identification.

The Stratix II GX/Arria GX 0 PPM Clock Group Setting is made to the
transmitter or receiver channel names.
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The assignments in the Assignment Editor are shown in Table 1-9.

Table 1-9. Assignment Editor

To:

tx_dataout [0], pld clk pin name,
refclk_pin, andpll_outclk

Assignment name:

Stratix Il GX/Arria GX GXB 0 PPM Clock Group Driver
Setting

Value:

1

To:

rx_datain(] and tx_dataout []

Assignment name:

Stratix || GX/Arria GX GXB 0 PPM Clock Group Setting

Value:

1

«o  For a complete set of features supported in each protocol, refer to the

Arria GX Transceiver Protocol Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook.

Referenced This chapter references the following documents:

Documents B Arria GX Transceiver Protocol Support and Additional Features chapter
in volume 2 of the Arria GX Device Handbook

B Specifications and Additional Information chapter in volume 2 of the
Arria GX Device Handbook

Document Table 1-10 shows the revision history for this chapter.

Revision History

Table 1-10. Document Revision History

Date and
Document Changes Made
Version

Summary of Changes

August 2007, | Added the “Referenced Documents” section. —

vi2 Minor text edits.

June 2007 Added GIGE information.
vl

May 2007 Initial release.
v1.0
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2. Arria GX Transceiver
Protocol Support and
Additional Features

Introduction

Arria™ GX transceivers have dedicated physical coding sublayer (PCS)
and physical media attachment (PMA) circuitry to support PCI Express
(PIPE), Gigabit Ethernet (GIGE), and Serial RapidIO™ protocols.

Table 2-1 lists the Arria GX transceiver datapath modules employed in

each mode.

Table 2-1. Arria GX Transceiver Datapath Modules

Transmitter PLD- PLD-
. /Receiver Byte 8B/10B . Transceiver PCS
Fum:;:::al Phase Serializer/ | Encoder/ A‘:\im;gr M:?::er T:ﬂ?:;:?:r Interface Frequency
Compensation | Deserializer | Decoder g Width (bits) Frequency (MHz)
FIFO (MHz)
PCI v v v v V(1) 16 125 250
Express
(PIPE)
GIGE v v v v 8 125 125
Serial v v v v 16 62.5 125
RapidlO
(1.25Gbps)
Serial Vv v Vv v 16 125 250
RapidlO
(2.5Gbps)

Note to Table 2-1:

(O]

PCI Express
(PIPE) Mode

Altera Corporation

August 2007

The rate matcher can be bypassed in low-latency (synchronous) PCI Express (PIPE) mode.

PCI Express is an evolution of peripheral component interconnect (PCI).

PCI is bandwidth-limited for today's applications because it relies on

synchronous single-ended type signaling with a wide multi-drop data
bus. Clock and data-trace matching is required with PCI. PCI Express
uses differential serial signaling with an embedded clock to enable an
effective data rate of 2 Gbps per lane to overcome the limitations of PCI.

Arria GX transceivers support x1 (single-lane) and x4 (four-lane) link

widths when configured in PCI Express (PIPE) mode. The Arria GX

family supports up to twelve duplex (transmitter and receiver) x1 links
and up to three x4 links per device. Transceiver channels configured in x4




PCI Express (PIPE) Mode

PCI Express (PIPE) mode must be physically located in the same
transceiver block with logical Lane 0 assigned to physical Channel 0,
logical Lane 1 assigned to physical Channel 1 and so on.

In addition to providing the transceiver PCS and PMA circuitry, Arria GX
transceivers support the following protocol-specific features:

PCI Express synchronization state machine
Receiver detection

Electrical idle generation/detection
Beacon transmission

Polarity inversion

Power state management

«:
7
T
Wy
U

This section is organized into transmitter and receiver data path
modules when configured for PCI Express (PIPE) mode. The
description for each module only covers details specific to PCI
Express (PIPE) functional mode support. Familiarity of PCI
Express protocol and PCI Express (PIPE) specifications is
assumed.

a® For a general description of each module, refer to the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook.

PCI Express (PIPE) Mode Transmitter Architecture

This section lists sub-blocks within the transmitter channel configured in
PCI Express (PIPE) mode (Figure 2-1). The sub-blocks are described in
order from the PLD transceiver parallel interface to the serial transmitter
buffer.

Figure 2-1. PCI Express (PIPE) Transmitter Architecture

Transmitter PCS Transmitter PMA
PLD TX Phase
X PIPE Compen- Byte 8B/10B "
Logic [P > sation P Serializer P Encoder P Seralzer
Interface
Array FIFO
A
Reference
Clock
oMU
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Clock Multiplier Unit

The clock multiplier unit (CMU) takes in a reference clock and
synthesizes the clocks that are used to clock the transmitter digital logic
(PCS), the serializer, and the PLD-transceiver interface.

«®  Refer to the Clock Multiplier Unit section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about CMU architecture.

In x1 PCI Express (PIPE) mode, the CMU block consists of:

B Transmitter PLL that generates high-speed serial clock for the
serializer

B Local clock divider block that generates low-speed parallel clock for
transmitter digital logic and PLD-transceiver interface

In x4 PCI Express (PIPE) mode, the CMU block consists of:

B Transmitter PLL that generates high-speed serial clock for the
serializer

B Central clock divider block that generates low-speed parallel clock
for transmitter digital logic and PLD-transceiver interface of each
channel in the transceiver block

Input Reference Clock
In PCI Express (PIPE) mode, the only supported input reference clock
frequency is 100 MHz.

The reference clock input to the transmitter PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLKL1) of the associated transceiver block

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

=" Altera® recommends using the dedicated reference clock input
pins (REFCLKO or REFCLK1) to provide reference clock for the
transmitter PLL.

Altera Corporation 2-3
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Table 2-2 specifies the input reference clock options available in PCI
Express (PIPE) mode.

Table 2-2. PCI Express (PIPE) Mode Input Reference Clock Specifications
Frequency 1/0 Standard Coupling Termination
1.2V PCML, 1.5V AC On-chip
PCML, 3.3V
100 MHz PCML, Differential
LVPECL, LVDS
HCSL (1) DC (2) Off-chip

Notes to Table 2-2:

(1) InPCI Express (PIPE) mode, you have the option of selecting the HCSL standard
for the reference clock if compliance to PCI Express is required. The Quartus® II
software automatically selects DC coupling with external termination for the
signal if configured as HCSL.

(2)  Refer to Figure 2-2 for an example termination scheme.

Figure 2-2 shows an example termination scheme for the reference clock
signal when configured as HCSL.

Figure 2-2. DC Coupling and External Termination Scheme for PCI Express Reference Clock

PCI Express
(HCSL)
REFCLK
Source

Note to Figure 2-2:

Rs (1) Arria GX
AN REFCLK +
Rs (1)
REFCLK -
Rp =50 Q Rp =50 Q

(1)  Select resistor values as recommended by the PCI Express clock source vendor.

2-4

Clock Synthesis

In PCI Express (PIPE) mode, the reference clock pre-divider divides the
100 MHz input reference clock by two. The resulting 50 MHz clock is fed
to the transmitter PLL. Since the transmitter PLL implements a half-rate
VCO, it multiplies the 50 MHz input clock by 25 to generate a 1250 MHz
high-speed serial clock. This high-speed serial clock feeds the central
clock divider and four local clock dividers of the transceiver block.

Altera Corporation
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In x4 PCI Express (PIPE) mode, the central clock divider in the transceiver
block divides the 1250 MHz clock from the transmitter PLL by 5 to
generate a 250 MHz parallel clock. This low-speed parallel clock output
from the central clock divider block is used to clock the transmitter digital

logic (PCS) in all channels of the transceiver block. The central clock

divider block also forwards the high-speed serial clock from the
transmitter PLL to the serializer within each channel. Since all four

channels in the transceiver block are clocked with the same clock, the

channel-to-channel skew is minimized.

In x1 PCI Express (PIPE) mode, the local clock divider in each channel of
the transceiver block divides the 1250 MHz clock from the transmitter
PLL by 5 to generate a 250 MHz parallel clock. This low-speed parallel
clock output from the local clock divider block is used to clock the
transmitter digital logic (PCS) of the associated channel. The local clock
divider block also forwards the high-speed serial clock from the
transmitter PLL to the serializer within its associated channel.

I'="  The Quartus II software automatically selects the appropriate
transmitter PLL bandwidth suited for the PCI Express (PIPE)

data rate.

Figure 2-3 shows the CMU implemented in PCI Express (PIPE) mode.

Figure 2-3. PCI Express (PIPE) Mode CMU

Transmitter ~ [®
Reference  [100MHzl 50 MHz PLL >
Clock P pre-divider - (x25) | 4|1250 Mz

CMU Block Transmitter Channels [3:2]
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Local Clock Low-Speed Parallel (250 MHz)
1250 MHz Divider Block Clock
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1250 MHz ;q}

Local Clock
Divider Block
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Transmitter Channels [1:0]

Transmitter High-Speed
Serial (1250 MHz) and
Low-Speed Parallel (250 MHz)
Clocks
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Transmitter Phase Compensation FIFO Buffer

The transmitter phase compensation FIFO buffer compensates for the
phase difference between the PLD clock that clocks in parallel data into
the transmitter and the PCS clock that clocks the rest of the transmitter
digital logic.

«®  Refer to the Transmitter Phase Compensation FIFO Buffer section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about transmitter phase compensation
FIFO buffer architecture.

In PCI Express (PIPE) mode, the 250 MHz clock generated by the CMU
clock divider block is divided by 2. The resulting 125 MHz clock is used
to clock the read port of the FIFO buffer. This 125 MHz clock is also
forwarded to the PLD logic array (on the tx_clkout port in x1 PCI
Express (PIPE) mode or the coreclkout port in x4 PCI Express (PIPE)
mode). If the tx_coreclk portis notinstantiated, the clock signal on the
tx_clkout port of channel 0 is routed back to clock the write side of the
transmitter phase compensation FIFO buffer in all channels with the
transceiver block. The 16-bit PLD-transceiver interface clocked at 125
MHZz results in an effective PCI Express (PIPE) data rate of 2 Gbps.

In PCI Express (PIPE) mode, the transmitter phase compensation FIFO is
eight words deep. The latency through the FIFO is three to four
PLD-transceiver interface clock cycles.

2-6 Altera Corporation
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Figure 2—-4 shows the block diagram of transmitter phase compensation
FIFO in PCI Express (PIPE) mode.

Figure 2-4. TX Phase Compensation FIFO in PCI Express (PIPE) Mode

Transmitter Channel

tx_datain[15:0] Transmitter dataout[15:0]
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PLD
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tx_coreclk l/l CMU
\| 125 MHz 125 Wiz Local/Central Clock
) /2 Divider Block
tx_clkout or coreclkout
Byte Serializer
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In PCI Express (PIPE) mode, the PLD-transceiver interface data is 16-bits
wide and is clocked into the transmitter phase compensation FIFO at
125 MHz. The byte serializer clocks in the 16-bit wide data from the
transmitter phase compensation FIFO at 125 MHz and clocks out 8-bit
data to the 8B/10B encoder at 250 MHz. This allows clocking the
PLD-transceiver interface at half the speed.

Refer to the Byte Serializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about byte serializer architecture.

The write port of the byte serializer is clocked by the divide-by-two
version of the low-speed parallel clock from the CMU. The read port is
clocked by the low-speed parallel clock from the CMU. The byte serializer
clocks out the least significant byte (LSByte) of the 16-bit data first and the
most significant byte (MSByte) last.

2-7
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Figure 2-5 shows the block diagram of the byte serializer in PCI Express
(PIPE) mode.

Figure 2-5. Byte Serializer in PCI Express (PIPE) Mode
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Divide-by-Two Low-Speed Divider Block
Version of Parallel Clock
Low-Speed
Parallel Clock
8B/10B Encoder

In PCI Express (PIPE) mode, the 8B/10B encoder clocks in 8-bit data and
1-bit control identifier from the byte serializer and generates 10-bit
encoded data. The 10-bit encoded data is fed to the serializer.

ad® Refer to the 8B/10B Encoder section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about the 8B/10B encoder functionality.

Compliance Pattern Transmission Support

PCI Express has an option to transmit a compliance pattern for testing
purposes. The compliance pattern must be transmitted beginning with a
negative disparity. In PCI Express (PIPE) mode, you set the negative
disparity with the tx_forcedispcompliance port.

Asserting the tx_forcedispcompliance port sets the least significant
byte of the 16-bit PLD-transmitter interface data to be encoded with a
negative disparity. The tx_forcedispcompliance port must be
de-asserted after the first word of the compliance pattern is clocked into
the transceiver.
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The compliance pattern generator is not part of the Arria GX
transceiver and must be designed using the PLD logic. This
feature only allows you to begin the compliance pattern with a
negative disparity.

Serializer

In PCI Express (PIPE) mode, the 10-bit encoded data from the 8B/10B
encoder is clocked into the 10:1 serializer with the low-speed parallel
clock at 250 MHz. The 10-bit data is clocked out of the serializer LSB to
MSB at both edges of the high-speed serial clock at 1250 MHz. The
resulting 2.5 Gbps serial data output of the serializer is fed into the
transmitter output buffer.

Refer to the Serializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the serializer architecture.

Transmitter Buffer

Table 2-3 shows the transmitter buffer settings when configured in PCI
Express (PIPE) mode.

Table 2-3. Transmitter Buffer Settings in PCI Express (PIPE) Mode
Settings Value
1/0 Standard 1.2-VPCML (2)
Differential Output Voltage (Vop) 800 mV (1)
Common Mode Voltage (Vcy) 600 mV (1)
Differential Termination 100 Q (2)
Transmitter Pre-Emphasis Enabled (3)
Vcen (Transmitter Buffer Power) 1.2V

Notes to Table 2-3:

(1)  The differential output voltage (Vod) and common mode voltage (Vcm) are
fixed in the MegaWizard® Plug-In Manager and cannot be changed.

(2) TheI/O standard and differential termination settings are defaulted to 1.2-V
PCML and 100 &, respectively. If you select any other setting for the I/O
standard or differential termination in the Assignment Editor, the Quartus II
compiler will issue an error message.

(3) The transmitter pre-emphasis setting of 49% is selected to meet the PCI Express
de-emphasis specification.

2-9
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Transmitter Electrical Idle

In PCI Express (PIPE) mode, you can force the transmitter into electrical
idle condition during PO and P2 power state by asserting the
tx_forceelecidle signal high. In electrical idle state, the transmitter
buffer is tri-stated. The tx_forceelecidle signal must always be
asserted high in PO and P1 power states. Refer to “Power State
Management” on page 2-22 for more details about PCI Express (PIPE)
mode power states.

Receiver Detect

PCI Express Base Specification requires the transmitter to be capable of
detecting a far-end receiver before beginning link training. Arria GX
transceivers have dedicated receiver detect circuitry that gets activated in
PCI Express (PIPE) mode.

The receiver detect circuitry is only available in the P1 power state and is
set through the tx_detectrxloopback port. Refer to “Power State
Management” on page 2-22 for more details about PCI Express (PIPE)
mode power states.

In P1 power state, the transmitter output buffer is tri-stated since the
transmitter is in electrical idle. A high on the tx_detectrxloopback
port triggers the receiver detect circuitry to alter the transmitter buffer
common mode voltage. The sudden change in common mode voltage
effectively appears as a step voltage at the tri-stated transmitter buffer
output. If a receiver (that complies with PCI Express input impedance
requirements) is present at the far end, the time constant of the step
voltage is higher. If a receiver is not present or powered down, the time
constant of the step voltage is lower. The receiver detect circuitry snoops
the transmitter buffer output for the time constant of the step voltage to
detect the presence of the receiver at the far end.

A high pulse is driven on the pipephydonestatus port and 3b011 is
driven on the pipestatus port (refer to “Receiver Status” on page 2-21)
to indicate that a receiver has been detected. There is some latency after
asserting the tx_detectrxloopback signal, before the receiver
detection is indicated on the pipephydonestatus port.

s The tx_forceelecidle port must be asserted at least 10
parallel clock cycles prior to the tx_detectrxloopback port
to ensure that the transmitter buffer is tri-stated.

Beacon Transmission

The beacon is an optional 30 kHz to 500 MHz in-band signal that wakes
the receiver from a P2 power state. This signal is optional; the Arria GX
device does not have dedicated beacon transmission circuitry. The
Arria GX device supports the transmission of the beacon signal through
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a 10-bit encoded code group that has a five 1's pulse (for example, K28.5)
(10b0101111100). Because the beacon signal is a pulse that ranges from

2 ns to 500 ns, sending out a K28.5 at 2.5 Gbps meets the lower
requirement with its five 1's pulse. (Though other 8B/10B code groups
might meet the beacon requirement, this document uses the K28.5 control
code group as the beacon signal.) The beacon transmission takes place
only in the P2 power state. The tx_forceelecidle port controls when
the transmitter is in Electrical Idle or not. This port must be de-asserted in
order to transmit the K28.5 code group for beacon transmission.

PCI Express (PIPE) Mode Receiver Architecture

This section lists sub-blocks within the receiver channel configured in PCI
Express (PIPE) mode (Figure 2-6). The sub-blocks are described in order
from the serial receiver input buffer to the receiver phase compensation

FIFO buffer at the transceiver-PLD interface.

Figure 2-6. PCI Express (PIPE) Mode Receiver Architecture
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Clock :]
PLD RX Phase Rate De- e Unit
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Receiver Buffer

Table 2—4 shows the receiver buffer settings when configured in PCI
Express (PIPE) mode.

Table 2-4. Receiver Buffer Settings in PCI Express (PIPE) Mode (Part 1
of2)
Settings Value

1/0 Standard 1.2-V PCML, 1.5-V PCML,
3.3-V PCML, Differential LVPECL,
LVDS

Input Common Mode Voltage (Rx V¢gy) | 850 mV (1)

Differential Termination 100 Q (2)
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Table 2-4. Receiver Buffer Settings in PCI Express (PIPE) Mode (Part 2
of2)

Settings Value

Coupling AC

Notes to Table 2—4:

(1) The common mode voltage (Rx V¢y) is fixed in the MegaWizard Plug-In
Manager and cannot be changed.

(2) The differential termination setting is defaulted to 100 Q. If you select any other
setting for differential termination in the Assignment Editor, the Quartus II
compiler will issue an error message.

Signal Detect Threshold Circuitry

In PCI Express (PIPE) mode, the receiver buffer incorporates a signal
detect threshold circuitry. The signal detect threshold circuitry senses if
the specified threshold voltage level exists at the receiver buffer. This
detector has a hysteresis response that filters out any high frequency
ringing caused by inter symbol interference or high frequency losses in
the transmission medium.

The rx_signaldetect signal indicates if the signal at the receiver
buffer conforms to the signal detection settings. A high level on the
rx_signaldetect port indicates that the signal conforms to the
settings and a low level indicates that the signal does not conform to the
settings. The Quartus II software automatically defaults to the
appropriate signal detect threshold based on the PCI Express electrical
idle specifications.

Receiver PLL and Clock Recovery Unit (CRU)

In PCI Express (PIPE) mode, the receiver PLL in each transceiver channel
is fed by a 100 MHz input reference clock. The receiver PLL in
conjunction with the clock recovery unit generates two clocks: a
high-speed serial recovered clock at 1250 MHz (half-rate VCO) that feeds
the deserializer, and a low-speed parallel recovered clock at 250 MHz that
feeds the receiver’s digital logic.

You can set the clock recovery unit in either automatic lock mode or
manual lock mode. In automatic lock mode, the PPM detector and the
phase detector within the receiver channel automatically switches the
receiver PLL between lock-to-reference and lock-to-data modes. In
manual lock mode, you can control the receiver PLL switch between
lock-to-reference and lock-to-data modes via the rx_locktorefclk
and rx_locktodata signals.
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Refer to the Receiver PLL and Clock Recovery Unit (CRU) section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details on the CRU lock modes.

The reference clock input to the receiver PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLK1) of the associated transceiver block

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

Deserializer

The 1:10 deserializer clocks in serial data from the receiver buffer using
the high-speed recovered clock. The 10-bit de-serialized data is clocked
out to the word aligner using the low-speed recovered clock at 250 MHz.
The deserializer assumes that the transmission bit order is LSB to MSB;
for example, the LSB of a data word is received earlier in time than its
MSB.

Refer to the Deserializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the deserializer architecture.

Word Aligner

The word aligner clocks in the 10-bit data from the deserializer and
restores the word boundary of the upstream transmitter. Besides
restoring the word boundary, it also implements a synchronization state
machine as specified in the PCI Express Base Specification to achieve lane
synchronization.

Refer to the Word Aligner section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the word aligner architecture.

In PCI Express (PIPE) mode, the word aligner comprises of the following
three modules:

B Pattern detector module
B Pattern aligner module
B Run-length violation detector module

Pattern Detector

In PCI Express (PIPE) mode, the Quartus II software automatically
configures 10-bit K28.5 (10'b0101111100) as the word alignment pattern.
After coming out of reset (rx_digitalreset), when the pattern
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detector detects either disparities of the K28.5 control word, it asserts the
rx_patterndetect signal for one parallel clock cycle. Once the pattern
aligner has aligned the incoming data to the desired word boundary, the
pattern detector asserts the rx_patterndetect signal only if the word
alignment pattern is found in the current word boundary.

Pattern Aligner

In PCI Express (PIPE) mode, the pattern aligner incorporates an
automatic synchronization state machine. The Quartus II software
automatically configures the synchronization state machine to indicate
lane synchronization when the receiver receives four good /K28.5/
control code groups. Synchronization can be accomplished through the
reception of four good PCI Express training sequences (TS1 or TS2) or
four fast training sequences (FTS). Lane synchronization is indicated on
the rx_syncstatus port of each channel. A high on the
rx_syncstatus port indicates that the lane is synchronized and a low
indicates that it has fallen out of synchronization.

Table 2-5 lists the synchronization state machine parameters when
configured in PCI Express (PIPE) mode.

Table 2-5. Synchronization State Machine Parameters in PCI Express (PIPE)
Mode

Number of valid /K28.5/ code groups received to achieve 4
synchronization (kcntr)

Number of errors received to lose synchronization (ecntr) 17

Number of continuous good code groups received to reduce the 16
error count by 1 (gentr)
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Figure 2-7 shows a state diagram of the PCI Express (PIPE)
synchronization.

Figure 2-7. PCI-Express (PIPE) Synchronization State Machine
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Tables 2-6 and 2-7 list the TS1 and TS2 training sequences, respectively.
A PCI Express fast training sequence consists of a /K28.5/, followed by
three /K28.1/ code groups.

Table 2-6. PCI Express TS1 Ordered Set (Part 1 of 2)

Symbol _—
Number Allowed Values | Encoded Values Description
0 K28.5 Comma code group for symbol
alignment
1 0-255 D0.0-D31.7, | Link number with component
and K23.7
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Table 2-6. PCI Express TS1 Ordered Set (Part 2 of 2)

Symbol
Number

Allowed Values

Encoded Values

Description

2

0-31

D0.0-D31.0,
and K23.7

Lane number within port

0-255

D0.0-D31.7

N_FTS. The number of fast
training ordered sets required
by the receiver to obtain reliable
bit and symbol lock.

D2.0

Data rate identifier

Bit 0—Reserved, set to 0

Bit 1 = 1, generation 1
(2.5Gbps) data rate supported
Bit 2..7-Reserved, set to 0

Bit0=0, 1
Bit1=0,1
Bit2=0, 1
Bit3=0,1
Bit4.7=0

D0.0, D1.0,
D2.0, D4.0, and
D8.0

Training control

Bit 0 — Hot reset
Bit 0 = 0, de-assert
Bit 0 =1, assert

Bit 1 — Disable link
Bit 1 = 0, de-assert
Bit 1 =1, assert

Bit 1 — Loopback
Bit 2 = 0, de-assert
Bit 2 = 1, assert

Bit 3 — Disable scrambling
Bit 3 = 0, de-assert
Bit 3 =1, assert

Bit 4..7 — Reserved
Bit 0 = 0, de-assert

Setto 0

6-15

D10.2

TS1 identifier
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Table 2-7. PCI Express TS2 Ordered Set

Symbol
Number

Allowed Values

Encoded Values

Description

0

K28.5

Comma code group for symbol
alignment.

0-255

D0.0-D31.7,
and K23.7

Link number with component.

0-31

D0.0-D31.0,
and K23.7

Lane number within port.

0-255

D0.0-D31.7

N_FTS. The number of fast
training ordered sets required
by the receiver to obtain reliable
bit and symbol lock.

D2.0

Data rate identifier

Bit 0—Reserved, set to 0

Bit 1 = 1, generation 1
(2.5Gbps) data rate supported
Bit 2..7-Reserved, setto 0

Bit0=0, 1
Bit1=0,1
Bit2=0, 1
Bit3=0,1
Bit4..7=0

D0.0, D1.0,
D2.0, D4.0, and
D8.0

Training control

Bit 0 — Hot reset
Bit 0 = 0, de-assert
Bit 0 =1, assert

Bit 1 — Disable link
Bit 1 = 0, de-assert
Bit 1 =1, assert

Bit 1 — Loopback
Bit 2 = 0, de-assert
Bit 2 =1, assert

Bit 3 — Disable scrambling
Bit 3 = 0, de-assert
Bit 3 =1, assert

Bit 4..7 — Reserved
Bit 0 = 0, de-assert

Setto 0

D5.2

TS2 identifier

Altera Corporation
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Rate Matcher

In PCI Express (PIPE) mode, the rate matcher can compensate up to

+ 300 parts per million (PPM) (600 PPM total) frequency difference
between the upstream transmitter and the receiver. In x1 and x4 PCI
Express (PIPE) mode, the write port of the rate matcher FIFO in each
receiver channel is clocked by its low-speed parallel recovered clock. In
x1 PCI Express (PIPE) mode, the read port is clocked by the low-speed
parallel clock output of the CMU local clock divider block. In x4 PCI
Express (PIPE) mode, the read port is clocked by the low-speed parallel
clock output of the CMU central clock divider block.

The rate matcher logic looks for skip ordered sets (SKP), which contains
a /K28.5/ comma followed by three /K28.0/ skip characters. It deletes or
inserts /K28.0/ skip characters as necessary from/to the rate matcher
FIFO. The rate matcher can delete only one skip character in a consecutive
cluster of skip characters and can insert only one skip character per skip
cluster.

Figure 2-8 shows an example of a PCI Express (PIPE) mode rate matcher
deletion of two skip characters.

Figure 2-8. PCI Express (PIPE) Mode Rate Maicher Deletion

Skip Cluster Skip Cluster

—

datain X Kess K _Kes.0 X Keso X K280 J Dxy ) Kess ) K280 ) Kes.o X

dataout ) K285 . kzso | keso | Dxy f Kess o keso J Dxy S bxy )

Two Skips Deleted
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The rate matcher in PCI Express (PIPE) mode has FIFO buffer overflow
and underflow protection. In the event of a FIFO buffer overflow, the rate
matcher deletes any data after detecting the overflow condition to
prevent FIFO pointer corruption until the rate matcher is not full. In an
underflow condition, the rate matcher inserts 9'h1FE (/K30.7/) until the
FIFO buffer is not empty. These measures ensure that the FIFO buffer can
gracefully exit the overflow /underflow condition without requiring a
FIFO reset. The rate matcher FIFO overflow and underflow condition is
indicated on the pipestatus port.
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8B/10B Decoder

In PCI Express (PIPE) mode, the 8B/10B decoder clocks in 10-bit data
from the rate matcher and decodes it into 8-bit data + 1-bit control
identifier. The 8-bit decoded data is fed to the byte deserializer.

Refer to the 8B/10B Decoder section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about the 8B/10B decoder functionality.

If the received 10-bit code is not a part of valid Dx.y or Kx.y code groups,
the 8B/10B decoder block asserts an error flag on rx_errdetect port.
The 8B/10B decoder replaces the invalid code group with /K30.7/ code
(8'hFE + 1'b1 after decoding). The error flag signal (rx_errdetect) has
the same data path delay from the 8B/10B decoder to the PLD-transceiver
interface as the invalid code group.

If the received 10-bit code is detected with incorrect running disparity, the
8B/10B decoder block asserts an error flag on the rx_disperr and
rx_errdetect ports. The error flag signal (rx_disperr) has the same
delay from the 8B/10B decoder to the PLD-transceiver interface as the
received data.

Polarity Inversion

The 8B/10B decoder supports the PCI Express (PIPE) compatible polarity
inversion feature. This polarity inversion feature inverts the bits of the
incoming data stream prior to the 8B/10B decoding block to fix accidental
P-N polarity inversion on the differential input buffer. You use the
pipe8blobinvpolarity port to invert the inputs to the 8B/10B
decoder dynamically from the PLD.

=" You must not enable the receiver polarity inversion feature if
you enable the PCI Express polarity inversion.

Byte Deserializer

In PCI Express (PIPE) mode, the PLD-receiver interface data is 16-bits
wide and is clocked out of the receiver phase compensation FIFO at 125
MHz. The byte deserializer clocks in the 8-bit wide data from the 8B/10B
decoder at 250 MHz and clocks out 16-bit wide data to the receiver phase
compensation FIFO at 125 MHz. This allows clocking the
PLD-transceiver interface at half the speed.

Refer to the Byte Deserializer section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about byte deserializer architecture
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In x1 PCI Express (PIPE) mode, the write port of the byte deserializer is
clocked by the low-speed parallel clock output from the CMU local clock
divider block (tx_clkout)and the read portis clocked by divide-by-two
version of this clock. In x4 PCI Express (PIPE) mode, the write port of the
byte deserializer is clocked by the low-speed parallel clock output from
the CMU central clock divider block (coreclkout) and the read port is
clocked by divide-by-two version of this clock.

Due to 8-bit to 16-bit byte deserialization, the byte ordering at the
PLD-receiver interface might be incorrect. You implement the byte
ordering logic in the PLD core to correct for this situation.

Figure 2-9 shows the block diagram of the byte serializer in PCI Express
(PIPE) mode.

Figure 2-9. Byte Deserializer in PCI Express (PIPE) Mode

datain [7:0]

dataout[15:0]
Byte
Deserializer To Receiver Phase
From 8B/10B Com;';ﬁ;gatmn
Decoder wrelk dolk
A
125 MHz
250 MHz 2

Low-Speed Parallel CMU Clock
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Receiver Phase Compensation FIFO Buffer

The receiver phase compensation FIFO buffer compensates for the phase
difference between the local receiver PLD clock and the receiver PCS
clock.

Refer to the Receiver Phase Compensation FIFO Buffer section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about receiver phase compensation
FIFO buffer architecture.

In PCI Express (PIPE) mode, the 250 MHz clock generated by the CMU
clock divider block is divided by two. The resulting 125 MHz clock is
used to clock the write port of the FIFO buffer. This 125 MHz clock is also
forwarded to the PLD logic array (on the tx_clkout portin x1 PCI
Express (PIPE) mode or the coreclkout port in x4 PCI Express (PIPE)
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mode). If the rx_coreclk portis notinstantiated, the clock signal on the
tx_clkout/coreclkout port is routed back to clock the read side of
the receiver phase compensation FIFO buffer. The 16-bit PLD-receiver
interface, clocked at 125 MHz, results in an effective PCI Express (PIPE)
data rate of 2 Gbps.

In PCI Express (PIPE) mode, the receiver phase compensation FIFO is
eight words deep. The latency through the FIFO is two to three
PLD-transceiver interface clock cycles.

Figure 2-10 shows the block diagram of transmitter phase compensation
FIFO in PCI Express (PIPE) mode.

Figure 2-10. Receiver Phase Compensation FIFO in PCI Express (PIPE) Mode
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Receiver Status

PCI Express (PIPE) specifies a receiver status indicator that reports the
status of the PHY (PCS and PMA). In PCI Express (PIPE) mode, the
receiver status is communicated to the PLD logic by the three-bit
pipestatus port. This port reports the status, as shown in Table 2-8. If
more than one event occurs at the same time, the signal is resolved with
the higher priority status. The skip character added and removed flags
(3001 and 3'b010) are not supported. The pipestatus port may be
encoded to 3b'001 and 3'b010, which should be ignored. It does not
indicate that a skip has been added or removed and should be considered
the same as 3'b000—received data. If the upper MAC layer must know
when a skip character was added or removed, Altera recommends
monitoring the number of skip characters received. The transmitter
should send three skip characters in a standard skip-ordered set.
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Table 2-8. pipestatus Description and Priority

pipestatus Description Priority
3'v000 Received data 6
3'b001 One skip character added (not supported) N/A
3'b010 One skip character removed (not supported) N/A
3'b011 Receiver detected 1
3'b100 8B/10B decoder error 2
3'b101 Elastic buffer overflow 3
3b110 Elastic buffer underflow 4
3'b111 Received disparity error 5

Power State Management

There are four supported power states in Arria GX transceivers when
configured in PIPE mode: PO, POs, P1, and P2. PO is the normal power
state. POs is a low recovery time power state that is lower than P0. P1is a
lower power state than POs and has higher latency to come out of this
state. P2 is the lowest power state.

The powerdn port transitions the transceiver into different power states.
The encoded value is shown in Table 2-9. The pipephydonestatus
signal reacts to the powerdn request and pulses high for one parallel
clock cycle.

There are specific functions that are performed at each of the power
states. The power-down states are for PCI Express (PIPE) emulation. The
transceiver does not go into actual power saving mode, with the
exception of the transmitter buffer for Electrical Idle.

Table 2-9 shows each power state and its function.

Table 2-9. Power State Functions and Descriptions (Part 1 of 2)

Power State | powerdn Function Description
PO 2'b00 Transmits normal data, Normal operation mode
transmits Electrical Idle,
or enters into loopback
mode.
POs 2'b01 Only transmits Electrical | Low recovery time power
Idle. saving state
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Table 2-9. Power State Functions and Descriptions (Part 2 of 2)

Power State | powerdn Function Description

P1 2'b10 Transmitter buffer is High recovery time power
powered down and can | saving state
do a receiver detect while
in this state.

P2 2'b11 Transmits Electrical Idle | Lowest power saving
or a beacon to wake up | state
the downstream receiver.

There are two signals associated with the power states:
tx_detectrxloopback and tx_forceelecidle. The
tx_detectrxloopback signal controls whether the channel goes into
loopback when the power state is in PO or receiver detect when in P1 state.
This signal does not have any affect in any other power states. The
tx_forceelecidle signal governs when the transmitter goes into an
electrical idle state. The tx_forceelecidle signal is asserted in P0Os
and P1 states and de-asserted in PO state. In P2 state, under normal
conditions, the tx_forceelecidle signal is asserted and then
de-asserted when the beacon signal must be sent out, signifying the intent
to exit the P2 power-down state.

Table 2-10 shows the behavior of the tx detectrxloopback and
tx_forceelecidle signals in the power states.

Table 2-10. Power States and Functions Allowed in Each Power State

Power State tx_detectrxloopback tx_forceelecidle
PO 0: normal mode 0: Must be de-asserted.
1: data path in loopback mode | 1: lllegal mode
POs Don’t care 0: lllegal mode
1: Must be asserted in this state
P1 0: Electrical Idle 0: lllegal mode
1: receiver detect 1: Must be asserted in this state
P2 Don't care De-asserted in this state for
sending beacon.
Otherwise asserted.
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NFTS Fast Recovery IP (NFRI)

The PCI Express fast training sequences (FTS) are used for bit and byte
synchronization to transition from POs state to PO state. The PCI Express
standard specifies the required time period for this transition to be
between 16 ns and 4 ps. The default PCI Express (PIPE) settings do not
meet this requirement. You must enable the NFTS fast recovery IP (NFRI)
for the receiver to transition from POs to PO within 4 us by selecting the
Enable fast recovery mode option in the MegaWizard Plug-In Manager.

PCI Express (PIPE) Mode Default Settings

In the PCI Express (PIPE) mode default settings (without NFRI enabled),
the receiver PLL is in automatic lock mode. The PLL moves from
lock-to-reference mode to lock-to-data mode based on the
rx_freglocked being asserted. For the rx_freglocked signal to be
asserted, the CRU clock should be within the PPM threshold settings of
the receiver PLL reference clock. The PPM detector checks the PPM
threshold settings by comparing the CRU PLL clock output with the
reference clock for approximately 32768 clock cycles. For a 250 MHz PLD
interface clock frequency, this comparison time period exceeds 4 us,
which violates the PCI Express specification.

The NFRY], if enabled, controls the rx_locktorefclk and
rx_locktodata signals to meet the 4 ps transition time from POs to PO
power state.

s If you select the rx_locktorefclk and rx locktodata
signals in the MegaWizard Plug-In Manager (CRU Manual Lock
mode), the Enable fast recovery mode option cannot be
selected.

When you select the Enable fast recovery mode option, consider the
following:

B NFRIis created in the PLD side for each PCI Express (PIPE) channel

B NFRIis a soft IP, so it consumes logic resources

B Thisblockis self-contained, so no input/output ports are available to
access the soft IP

Low-Latency (Synchronous) PCI Express (PIPE) Mode

The Arria GX receiver data path employs a rate match FIFO in PCI
Express (PIPE) mode to compensate up to +300 PPM difference between
the upstream transmitter and the local receiver reference clock. The
low-latency (synchronous) PCI Express (PIPE) mode allows bypassing
the rate match FIFO in synchronous systems that derive the transmitter
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and receiver reference clocks from the same source. You can bypass the
rate match FIFO by not selecting the Enable Rate Match FIFO option in
the ALT2GXB MegaWizard Plug-In Manager.

The rate match FIFO can be bypassed in both x1 and x4 PCI Express
(PIPE) modes. In normal PCI Express (PIPE) mode, the receiver blocks
following the rate match FIFO are clocked by tx clkout (x1 mode) or
coreclkout (x4 mode) of the local port. In low-latency (synchronous)
PCI Express (PIPE) mode, since the rate match FIFO is bypassed, these
receiver blocks are clocked by the recovered clocks of the respective
channels.

Except for the rate match FIFO being bypassed and the resulting changes
in transceiver internal clocking, the low-latency (synchronous) PCI
Express (PIPE) mode shares the same data path and state machines as the
normal PCI Express (PIPE) mode. However, some features supported in
normal PCI Express (PIPE) mode are not supported in low-latency
(synchronous) PCI Express (PIPE) mode.

PCI Express (PIPE) Reverse Parallel Loopback

Innormal PCI Express (PIPE) mode, if the transceiver is in PO power state,
a high value on the tx_rxdetectloop signal forces a reverse parallel
loopback, as discussed in “PCI Express (PIPE) Reverse Parallel
Loopback” on page 2-57. Parallel data at the output of the receiver rate
match FIFO gets looped back to the input of the transmitter serializer.

In low-latency (synchronous) PCI Express (PIPE) mode, since the rate
match FIFO is bypassed, this feature is not supported. A high value on the
tx_rxdetectloop signal when the transceiver is in P1 power state will
not force it to perform reverse parallel loopback.

Link Width Negotiation

In normal x4 PCI Express (PIPE) configuration, the receiver phase
compensation FIFO control signals (write/read enable, etc.) are shared
among all lanes within the link. As a result, all lanes are truly bonded and
the lane-lane skew meets the PCI Express specification.

In low-latency (synchronous) PCI Express (PIPE) configuration, the
receiver phase compensation FIFO of individual lanes do not share
control signals. The write port of the receiver phase compensation FIFO
of each lane is clocked by its recovered clock. As a result, the lanes within
a link are not bonded. You should perform external lane de-skewing to
ensure proper link width negotiation.
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Receiver Status

Since the rate match FIFO is bypassed in low-latency (synchronous) PCI
Express (PIPE) mode, status signal combinations related to the rate match
FIFO on the pipestatus [2:0] port become irrelevant and must not be
interpreted (Table 2-11).

Table 2-11. pipestatus Signal

pipestatus[2:0] Normal PIPE Synchronous PIPE
000 Received Data OK Received Data OK
001 Not supported Not supported
010 Not supported Not supported
011 Receiver Detected Receiver Detected
100 8B/10B Decoder Error 8B/10B Decoder Error
101 Elastic Buffer Overflow Not supported
110 Elastic Buffer Underflow Not supported

111

Received Disparity Error

Received Disparity Error

G | g a h |t Eth ernet IEEE802.3 defines the 1000 Base-X PHY as an intermediate, or transition,
layer that interfaces various physical media with the media access control

(GIGE) mOde (MAC) in a gigabit ethernet system. It shields the MAC layer from the
specific nature of the underlying medium. The 1000 Base-X PHY is
divided into three sub-layers: the physical coding sublayer (PCS), the
physical media attachment (PMA), and the physical medium dependent
(PMD). The PCS sublayer interfaces to the MAC through the gigabit
medium independent interface (GMII). The 1000 Base-X PHY defines a
physical interface data rate of 1 Gbps.
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Figure 2-11 shows the 1000 Base-X PHY position in a Gigabit Ethernet
OSI reference model.

Figure 2-11. GIGE 0S| Reference Model

LAN
oSl CSMA/CD Layers
Reference i
Model Layers Higher Layers
LLC
Application
MAC (Optional)
Presentation
i MAC
Session
’ Reconciliation
Transport
eMmi 0
Network
i 1000 Base-X
Data Link 1000
PMD
Physical

Arria GX transceivers, when configured in GIGE functional mode,
provide many of the PCS and PMA functions defined in the IEEE 802.3
specification, for example:

B 8B/10B encoding/decoding

B Synchronization

B Upstream transmitter and local receiver clock frequency
compensation (rate matching)

B Clock recovery from the encoded data forwarded by the receiver
PMD

B Serialization/deserialization

= Arria GX transceivers do not have built-in support for other PCS
functions; for example, auto-negotiation, collision-detect, and
carrier-sense. If required, you must implement these functions
in PLD logic array or external circuits.

This section is organized into transmitter and receiver data path modules
when configured for GIGE mode. The description for each module only
covers details specific to GIGE functional mode support. Familiarity of
IEEE 802.3 Ethernet specification is assumed.
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«®  Forageneral description of each module, refer to the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook.

GIGE Mode Transmitter Architecture

This section lists sub-blocks within the transmitter channel configured in
GIGE mode (Figure 2-12). The sub-blocks are described in order from the
PLD-Transceiver parallel interface to the serial transmitter buffer.

Figure 2-12. GIGE Transmitter Architecture

Transmitter PCS Transmitter PMA
TX Phase
PLD w | Compen- o | 8B/10B . (ali
Logic sation 1 Encoder B Serializer
Array FIFO
A
Reference
oMU Clock

Clock Multiplier Unit (CMU)

The clock multiplier unit takes in a reference clock and synthesizes the
clocks that are used to clock the transmitter digital logic (PCS), the
serializer, and the PLD-transceiver interface.

e Refer to the Clock Multiplier Unit (CMU) section in the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook for more details about CMU architecture.

In GIGE mode, the CMU block consists of:

B Transmitter PLL that generates high-speed serial clock for the
serializer

B Local clock divider block that generates low-speed parallel clock for
transmitter digital logic and PLD-transceiver interface

Input Reference Clock

You can select either a 62.5 MHz or 125 MHz input reference clock
frequency while configuring the transceiver in GIGE mode using the
Quartus I MegaWizard Plug-In Manager.
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The reference clock input to the transmitter PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLKL1) of the associated transceiver block

B PLD global clock network (must be driven directly from an input
clock pin and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

Ils~  Altera recommends using the dedicated reference clock input
pins (REFCLKO or REFCLK1) to provide reference clock for the
transmitter PLL.

The reference clock divide-by-two pre-divider is bypassed in GIGE mode.

Table 2-12 specifies the input reference clock options available in GIGE
mode.

Table 2-12. GIGE Mode Input Reference Clock Specification
Frequency 1/0 Standard Coupling Termination
62.5 MHz 1.2 V PCML,
1.5V PCML,
3.3V PCML, AC On-chip
125 MHz Differential LVPECL,
LvDS
Clock Synthesis

In GIGE mode, the input reference clock of 125 MHz (or 62.5 MHz) is fed
to the transmitter PLL. Since the transmitter PLL implements a half-rate
VCO, it multiplies the 125 MHz (or 62.5 MHz) input clock by 5 (or 10) to
generate a 625 MHz high-speed serial clock. This high-speed serial clock
feeds the local clock divider block in each GIGE channel instantiated
within the transceiver block.

The local clock divider in each channel of the transceiver block divides
the 625 MHz clock from the transmitter PLL by 5 to generate a 125 MHz
parallel clock. This low-speed parallel clock output from the local clock
divider block is used to clock the transmitter digital logic (PCS) of the
associated channel. The local clock divider block also forwards the
high-speed serial clock from the transmitter PLL to the serializer within
its associated channel.

= The Quartus II software automatically selects the appropriate
transmitter PLL bandwidth suited for GIGE data rate.
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Figure 2-13 shows the CMU implemented in GIGE mode.

Figure 2-13. GIGE Mode CMU
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Transmitter Phase Compensation FIFO Buffer

The transmitter phase compensation FIFO buffer compensates for the
phase difference between the PLD clock that clocks in parallel data into
the transmitter and the PCS clock that clocks the rest of the transmitter
digital logic.

Refer to the Transmitter Phase Compensation FIFO Buffer section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about the transmitter phase
compensation FIFO buffer architecture.

In GIGE mode, the 125 MHz clock generated by the CMU local clock
divider is used to clock the read port of the FIFO buffer. This 125 MHz
clock is also forwarded to the PLD logic array (on the tx_clkout port).
If the tx_coreclk port is not instantiated, the clock signal on the
tx_clkout port is automatically routed back to clock the write side of
the transmitter phase compensation FIFO buffer. The 8-bit
PLD-transceiver interface clocked at 125 MHz results into an effective
GIGE data rate of 1 Gbps.

In GIGE mode, the transmitter phase compensation FIFO is four words

deep. The latency through the FIFO is two to three PLD-transceiver
interface clock cycles.
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Figure 2-14 shows the block diagram of transmitter phase compensation
FIFO in GIGE mode.

Figure 2-14. Transmitter Phase Compensation FIFO in GIGE Mode

Transmitter Channel
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8B/10B Encoder

In GIGE mode, the 8B/10B encoder clocks in 8-bit data and 1-bit control
identifier from the transmitter phase compensation FIFO and generates a
10-bit encoded data. The 10-bit encoded data is fed to the serializer.

Refer to the 8B/10B Encoder section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the 8B/10B encoder functionality.

GIGE Protocol - Ordered Sets and Special Code Groups
Table 2-13 lists ordered sets and special code groups used in the GIGE
functional mode.

Table 2-13. GIGE Ordered Sets (Part 1 0f 2)
Code Number of
Group Ordered Set Code Encoding
Groups
/C/ Configuration Alternating /C1/ and /C2/
/C1/ Configuration 1 4 /K28.5/D21.5/Config Reg
(1)
/C2/ Configuration 2 4 /K28.5/D2.2/Config Reg
(1)

Altera Corporation
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Table 2-13. GIGE Ordered Sets (Part 2 of 2)
Number of
g:;‘:ﬁ) Ordered Set Code Encoding
Groups
n IDLE Correcting /11/, Preserving
N2/
M/ IDLE 1 2 /K28.5/D5.6
N2/ IDLE 2 2 /K28.5/D16.2
Encapsulation

/R/ Carrier Extend 1 /K23.7/
/81 Start_of_Packet 1 /K27.7/
T End of Packet 1 /K29.7/
N/ Error Propagation 1 /K30.7/

Note to Table 2-13:
(1) Two data code groups representing the Config_Reg value.

Idle Ordered-Set Generation

IEEE 802.3 requires the GIGE PHY to transmit idle ordered sets (/1/)
continuously and repetitively whenever the GMII is idle. This ensures
that the receiver maintains bit and word synchronization whenever there
is no active data to be transmitted.

In GIGE functional mode, any /Dx.y/ following a /K28.5/ comma is
replaced by the transmitter with either a /D5.6/ (/I1/ ordered set) or a
/D16.2/ (/12/ ordered set), depending on the current running disparity.
The exception is when the data following the /K28.5/ is /D21.5/ (/C1/
ordered set) or /D2.2/ (/C2/) ordered set. If the running disparity before
the /K28.5/ is positive, a /I1/ ordered set is generated. If the running
disparity is negative, a /12/ ordered set is generated. The disparity at the
end of a /I1/ is the opposite of that at the beginning of the /I1/. The
disparity at the end of a /12/ is the same as the beginning running
disparity (right before the idle code group). This ensures a negative
running disparity at the end of an idle ordered set. A /Kx.y/ following a
/K28.5/ is not replaced.

Figure 2-15 shows the automatic idle ordered set generation. Note that
/D14.3/, /D24.0/, and /D15.8/ are replaced by /D5.6/ or /D16.2/ (for
/11/, /12/ ordered sets). /D21.5/ (part of the /C1/ order set) is not
replaced.
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Figure 2-15. Idle Ordered Set Generation in GIGE Mode
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Reset Condition

After power up or reset, the GIGE transmitter outputs three /K28.5/
commas before user data can be sent. This affects the synchronization
ordered set transmission.

After reset (tx_digitalreset), the 8B/10B encoder automatically sends
three /K28.5/ commas. Depending on when you start outputting the
synchronization sequence, there could be an even or odd number of
/Dx.y/ sent as the transmitter before the synchronization sequence. The
last of the three automatically sent /K28.5/and the first user-sent /Dx.y/
are treated as one idle ordered set. This can be a problem if there are an
even number of /Dx.y/ transmitted before the start of the
synchronization sequence.

Figure 2-16 shows an example of even numbers of /Dx.y/ between the
last automatically sent /K28.5/ and the first user-sent /K28.5/. The first
user-sent ordered set is ignored, so three additional ordered sets are
required for proper synchronization. Figure 2—-16 shows one don’t care
data between the tx_digitalreset signal going low and the first of three
automatic K28.5, but there could be more.

Figure 2-16. GIGE Synchronization Ordered Set Considerations After Reset

tx_digitalreset
tx_dataout ><K28.5>< XXX ><K28.5><K28.5 ><K28.5 >< Dx.y>< Dx.y><K28.5>< Dx.y ><K28.5>< Dx.y ><K28.5>< Dx.y><
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Serializer

In GIGE mode, the 10-bit encoded data from the 8B/10B encoder is
clocked into the 10:1 serializer with the low-speed parallel clock at

125 MHz. The 10-bit data is clocked out of the serializer LSB to MSB at the
high-speed effective serial clock rate at 1250 MHz. The serial data output
of the serializer is fed into the transmitter output buffer.

Refer to the Serializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the serializer architecture.

Transmitter Buffer

Table 2-14 shows the transmitter buffer settings when configured in
GIGE mode.

Table 2-14. Transmitter Buffer Settings in GIGE Mode
Settings Value
1/0 Standard 1.5-VPCML (2)
Differential Output Voltage (Vop) 800 mV (7)
Common Mode Voltage (V) 600 mV (1)
Differential Termination 100 Q (2)
Vcen (Transmitter Buffer Power) 1.5V

Notes to Table 2-14:

(1) The differential output voltage (Vod) and common mode voltage (Vem) settings
are fixed in the MegaWizard Plug-In Manager and cannot be changed.

(2) TheI/O standard and differential termination settings are defaulted to 1.5-V
PCML and 100 Q, respectively. If you select any other setting for I/O standard
or differential termination in the Assignment Editor, the Quartus II compiler
will issue an error message.

GIGE Mode Receiver Architecture

This section lists sub-blocks within the receiver channel configured in
GIGE mode (Figure 2-17). The sub-blocks are described in order from the
serial receiver input buffer to the receiver phase compensation FIFO
buffer at the transceiver-PLD interface.
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Figure 2-17. GIGE Mode Receiver Architecture
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Table 2-15 shows the receiver buffer settings when configured in GIGE

mode.

Table 2-15. Receiver Buffer Settings in GIGE Mode

Settings

Value

1/0 Standard

1.2-V PCML, 1.5-V PCML,
3.3-V PCML, Differential LVPECL,

Coupling

LVDS
Input Common Mode Voltage (Rx Vgu) 850 mV (1)
Differential Termination 100 Q (2)
AC

Notes to Table 2-15:

(1) The common mode voltage (Rx Vcy) is fixed in the MegaWizard Plug-In

Manager and cannot be changed.

(2) The differential termination setting is defaulted to 100 Q. If you select any other
setting for differential termination in the Assignment Editor, the Quartus II
compiler will issue an error message.

Receiver PLL and Clock Recovery Unit (CRU)

In GIGE mode, the receiver PLL in each transceiver channel is fed by a
125 MHz or a 62.5 MHz input reference clock. The receiver PLL in
conjunction with the clock recovery unit (CRU) generates two clocks: a
high-speed serial recovered clock at 625 MHz (half-rate PLL) that feeds
the deserializer and a low-speed parallel recovered clock at 125 MHz that

feeds the receiver’s digital logic.

You can set the clock recovery unit in either automatic lock mode or
manual lock mode. In automatic lock mode, the PPM detector and the
phase detector within the receiver channel automatically switches the
receiver PLL between lock-to-reference and lock-to-data modes. In
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manual lock mode, you can control the receiver PLL switch between
lock-to-reference and lock-to-data modes via the rx_locktorefclk
and rx_locktodata signals.

Refer to the Receiver PLL and Clock Recovery Unit (CRU) section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about the CRU lock modes.

The reference clock input to the receiver PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLK1) of the associated transceiver block

B PLD global clock network (must be driven directly from an input
clock pin and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

Table 2-16 specifies the input reference clock options available in GIGE
mode.

Table 2-16. GIGE Mode Input Reference Clock Specification
Frequency 1/0 Standard Coupling Termination

125 MHz 1.2 V PCML,

1.5V PCML,

3.3V PCML, AC On-chip
62.5 MHz Differential LVPECL,

LvVDS

Deserializer

The 1:10 deserializer clocks in serial data from the receiver buffer using
the high-speed recovered clock. The 10-bit de-serialized data is clocked
out to the word aligner using the low-speed recovered clock at 125 MHz.
The deserializer assumes that the transmission bit order is LSB to MSB;
for example, the LSB of a data word is received earlier in time than its
MSB.

Refer to the Deserializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the deserializer architecture.
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Word Aligner

The word aligner clocks in the 10-bit data from the deserializer and
restores the word boundary of the upstream transmitter. Besides
restoring the word boundary, it also implements a synchronization state
machine as specified in the IEEE 802.3 specification to achieve receiver
synchronization.

In GIGE mode, the word aligner comprises of the following three
modules:

B DPattern detector module
B Pattern aligner module
B Run-length violation detector module

Pattern Detector

In GIGE mode, the Quartus II software automatically configures 10-bit
K28.5 (10'b0101111100) as the word alignment pattern. After coming out
of reset (rx_digitalreset), when the pattern detector detects either
disparities of the K28.5 control word, it asserts the rx_patterndetect
signal for one parallel clock cycle. Once the pattern aligner has aligned
the incoming data to the desired word boundary, the pattern detector
asserts the rx_patterndetect signal only if the word alignment
pattern is found in the current word boundary.

Pattern Aligner

In GIGE mode, the pattern aligner incorporates an automatic
synchronization state machine. The Quartus II software automatically
configures the synchronization state machine to indicate synchronization
when the receiver receives three consecutive synchronization ordered
sets. An ordered set defined for synchronization is a /K28.5/ code group
followed by an odd number of valid /Dx.y/ code groups. The fastest way
for the receiver to achieve synchronization is to receive three continuous
{/K28.5/, /Dx.y/} ordered set.

Receiver synchronization is indicated on the rx_syncstatus port of
each channel. A high on the rx_syncstatus portindicates that the lane
is synchronized and a low indicates that it has fallen out of
synchronization. The receiver loses synchronization when it detects four
invalid code groups separated by less than three valid code groups or
when it is reset.
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Table 2-17 lists the synchronization state machine parameters when
configured in GIGE mode.

Table 2-17. Synchronization State Machine Parameters in GIGE Mode

Number of valid {{K28.5/, /Dx,y/} ordered-sets received to 3
achieve synchronization

Number of errors received to lose synchronization

Number of continuous good code groups received to reduce
the error count by 1
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Figure 2-18 shows the synchronization state machine implemented in
GIGE mode.

Figure 2-18. GIGE Synchronization State Machine
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Rate Matcher

In GIGE mode, the rate matcher can compensate up to +100 PPM

(200 PPM total) frequency difference between the upstream transmitter
and the receiver. The write port of the rate matcher FIFO in each receiver
channel is clocked by its low-speed parallel recovered clock. The read
port is clocked by the low-speed parallel clock output of the CMU local
clock divider block.

The rate matcher logic inserts or deletes /12/ idle ordered-sets to/from
the rate matcher FIFO during the inter-frame or inter-packet gap (IFG or
IPG). /12/ is selected as the rate matching ordered-set since it maintains
the running disparity unlike /I1/ that alters the running disparity. Since
the /12/ ordered-set contains two 10-bit code groups (/K28.5/, /D16.2/),
twenty bits are inserted or deleted at a time for rate matching.

[l="  The rate matcher logic does not have capability to insert or
delete /C1/ or /C2/ configuration ordered-sets.

Figure 2-19 shows an example of /12/ deletion and Figure 2-20 shows an
example of /12/ insertion in a GIGE mode rate matcher.

Figure 2-19. GIGE Rate Matcher /12/ Deletion

| /D/ | /D/ | /D/ | /D/ | /D/ | /sl | /|2/| ne/ | m/ |—> To Rate Matcher

From Rate Malcher—>| /D/ | /D/ | /D/ | /DI | /D/ | /D/ | IS/ | /|2/| nmi/ |

One /I2/ Code Removed

Figure 2-20. GIGE Rate Matcher /I12/ Insertion

| /D/ | /D/ | D/ | /D/ | /D/ | S/ | ne/ | /I2/| /I1/|—> To Rate Matcher

From Rate Matcher—bI /D/ | /D/ | /D/ | /D/ | /D/ | /D/ | s/ |/|2/ | nel | N2/ | /I1/|

One /12/ Code Added
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If the frequency PPM difference between the upstream transmitter and
the local receiver is high or if the packet size is too large, the rate matcher
FIFO buffer can face an overflow or underflow situation.

8B/10B Decoder

In GIGE mode, the 8B/10B decoder clocks in 10-bit data from the rate
matcher and decodes it into 8-bit data + 1-bit control identifier. The 10-bit
decoded data is fed to the receiver phase compensation FIFO buffer.

Refer to the 8B/10B Decoder section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about the 8B/10B decoder functionality.

If the received 10-bit code group is not a part of valid Dx.y or Kx.y code
groups, the 8B/10B decoder block asserts an error flag on the
rx_errdetect port. The error flag signal (rx_errdetect) has the
same data path delay from the 8B/10B decoder to the PLD-transceiver
interface as the invalid code group.

If the received 10-bit code group is detected with incorrect running
disparity, the 8B/10B decoder block asserts an error flag on the
rx_disperr and rx_errdetect ports. The error flag signal
(rx_disperr) has the same delay from the 8B/10B decoder to the PLD-
transceiver interface as the received data.

Receiver Phase Compensation FIFO

The receiver phase compensation FIFO buffer compensates for the phase
difference between the local receiver PLD clock and the receiver PCS
clock.

Refer to the Receiver Phase Compensation FIFO section in the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook for more details about the receiver phase compensation FIFO
buffer architecture.

In GIGE mode, the 125 MHz clock generated by the CMU local clock
divider block clocks the write port of the FIFO buffer. This 125 MHz clock
is also forwarded to the PLD logic array (on the corresponding
tx_clkout port). If the rx_coreclk port is not instantiated, the clock
signal on the tx_clkout port is automatically routed back to clock the
read side of the receiver phase compensation FIFO buffer. The 8-bit
PLD-receiver interface clocked at 125 MHz results into an effective GIGE
data rate of 1 Gbps.
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Serial RapidlO Mode

In GIGE mode, the receiver phase compensation FIFO is four words deep.
The latency through the FIFO is one to two PLD-transceiver interface
clock cycles.

Figure 2-21 shows the block diagram of receiver phase compensation
FIFO in GIGE mode.

Figure 2-21. Receiver Phase Compensation FIFO in GIGE Mode
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Serial RapidIO
Mode

The RapidIO™ standard is a high-performance, packet-switched
interconnect technology designed to pass data and control information
between microprocessors, digital signal, communications, and network
processors, system memories, and peripheral devices. Serial RapidIO
physical layer specification defines three line rates at 1.25 Gbps, 2.5 Gbps,
and 3.125 Gbps. It also supports two link widths — single-lane (x1) and
bonded four-lane (x4) at each line rate.

Arria GX transceivers support both single-lane (x1) and four-lane (x4)
Serial RapidIO link widths at 1.25 Gbps and 2.5 Gbps line rates. In x4
Serial RapidIO mode, the four transceiver channels are not bonded and
are clocked independently like four individual channels.

Receiver Channel
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Arria GX transceivers, when configured in Serial RapidIO functional
mode, provide the following PCS and PMA functions:

8B/10B encoding/decoding

Word alignment

Lane Synchronization State Machine
Clock recovery from the encoded data
Serialization/deserialization

F
@

Arria GX transceivers do not have built-in support for other PCS
functions; for example, clock frequency compensation between
upstream transmitter clock and local receiver clock (rate
matcher), idle sequence generation, and lane alignment in x4
mode. Depending on your system requirements, you must
implement these functions in the logic array or external circuits.

This section is organized into transmitter and receiver data path modules
when configured for Serial RapidIO mode. The description for each
module only covers details specific to Serial RapidIO functional mode
support. Familiarity of RapidIO Interconnect Specification v1.3 is
assumed.

For a general description of each module, refer to the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook.

Serial Rapidl0 Mode Transmitter Architecture

This section lists sub-blocks within the transmitter channel configured in
Serial RapidIO mode (Figure 2-22). The sub-blocks are described in order
from the PLD-Transceiver parallel interface to the serial transmitter
bulffer.

Figure 2-22. Serial RapidlO Transmitter Architecture
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Clock Multiplier Unit (CMU)

The clock multiplier unit takes in a reference clock and synthesizes the
clocks that are used to clock the transmitter digital logic (PCS), the
serializer, and the PLD-transceiver interface.

Refer to the Clock Multiplier Unit (CMU) section in the Arria GX
Transceiver Architecture chapter in volume 2 of the Arria GX Device
Handbook for more details about CMU architecture.

In Serial RapidIO mode, the CMU block consists of:

B Transmitter PLL that generates high-speed serial clock for the
serializer

B Local clock divider block that generates low-speed parallel clock for
transmitter digital logic and PLD-transceiver interface

Input Reference Clock
Table 2-18 lists the input reference clock frequencies allowed in Serial
RapidIO mode.

The reference clock input to the transmitter PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLK1) of the associated transceiver block

B PLD global clock network (must be driven directly from an input
clock pin and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

I Altera recommends using the dedicated reference clock input
pins (REFCLKO or REFCLK1) to provide reference clock for the
transmitter PLL.

The reference clock divide-by-two pre-divider is bypassed in serial
RapidIO mode.

Table 2-18. Serial Rapidl0 Mode Input Reference Clock Specifications

Data
Reference Clock . I
R | ndar lin Termination
ate Frequency (MHz) /0 Standard Coupling erminatio
(Gbps)
1985 62.5, 78.125, 125, 1.2V PCML,
: 156.25 1.5V PCML,
125, 156.25, 250, 3.3y PCML, AC On-chip
25 3125 Differential
LVPECL, LVDS
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Clock Synthesis

In Serial RapidIO mode, the input reference clock is fed to the transmitter
PLL. Since the transmitter PLL implements a half-rate VCO, it multiplies
the input reference clock to generate a 625 MHz (1.25 Gbps Serial
RapidIO) or 1250 MHz (2.5 Gbps Serial RapidIO) high-speed serial clock.
This high-speed serial clock feeds the local clock divider block in each
Serial RapidIO channel instantiated within the transceiver block.

Table 2-19 lists the transmitter PLL multiplication factors that the
Quartus II software automatically selects, depending on the Serial
RapidIO data rate and input reference clock frequency selection.

Table 2-19. Serial RapidlO Mode Transmitter PLL Multiplication Factors
Data Rate Reference Clock Transmitter PLL Multiplication
(Gbps) Frequency (MHz) Factor
62.5 10
78.125 8
1.25
125 5
156.25 4
125 10
156.25 8
2.5
250 5
3125 4

In Serial RapidIO 1.25Gbps (2.5Gbps) mode, the local clock divider in
each channel of the transceiver block divides the 625MHz (1250 MHz)
clock from the transmitter PLL by 5 to generate a 125MHz (250 MHz)
parallel clock. This low-speed parallel clock output from the local clock
divider block is used to clock the transmitter digital logic (PCS) of the
associated channel. The local clock divider block also forwards the
high-speed serial clock from the transmitter PLL to the serializer within
its associated channel.

s The Quartus II software automatically selects the appropriate
transmitter PLL bandwidth suited for Serial RapidIO data rate.

Transmitter Phase Compensation FIFO Buffer

The transmitter phase compensation FIFO buffer compensates for the
phase difference between the PLD clock that clocks in parallel data into
the transmitter and the PCS clock that clocks the rest of the transmitter
digital logic.
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Refer to the Transmitter Phase Compensation FIFO Buffer section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about the transmitter phase
compensation FIFO buffer architecture.

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the 125 MHz (250 MHz)
clock generated by the CMU clock divider block is divided by 2. The
resulting 62.5MHz (125MHz) clock is used to clock the read port of the
FIFO buffer. This divide-by-two clock is also forwarded to the PLD logic
array (on the tx_clkout port of its associated channel). If the
tx_coreclk port is not instantiated, the clock signal on the tx_clkout
port is automatically routed back to clock the write side of the transmitter
phase compensation FIFO buffer. The 16-bit PLD-transceiver interface
clocked at 62.5 MHz (125 MHz) results into an effective Serial RapidIO
data rate of 1 Gbps (2 Gbps).

In Serial RapidIO mode, the transmitter phase compensation FIFO is four
words deep. The latency through the FIFO is two to three
PLD-transceiver interface clock cycles.

Figure 2-23 shows the block diagram of transmitter phase compensation
FIFO in Serial RapidIO mode.

Figure 2-23. Transmitter Phase Compensation FIFO in Serial Rapidl0 Mode Note (1)
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Note to Figure 2-23:
(1)  The clock frequencies inside the parenthesis apply to 2.5 Gbps Serial RapidIO mode and the ones outside apply to
1.25 Gbps Serial RapidIO mode.
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Byte Serializer

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode the PLD-transceiver
interface data is 16 bits wide and is clocked into the transmitter phase
compensation FIFO at 62.5 MHz (125 MHz). The byte serializer clocks in
the 16-bit wide data from the transmitter phase compensation FIFO at
62.5 MHz (125 MHz) and clocks out 8-bit data to the 8B/10B encoder at
125 MHz (250 MHz). This allows clocking the PLD-transceiver interface
at half the speed.

Refer to the Byte Serializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the byte serializer architecture.

The write port of the byte serializer is clocked by the divide-by-two
version of the low-speed parallel clock from CMU. The read port is
clocked by the low-speed parallel clock from CMU. The byte serializer
clocks out the least significant byte of the 16-bit data first and the most
significant byte last.

Figure 2-24 shows the block diagram of the byte serializer in Serial
RapidIO mode.

Figure 2-24. Byte Serializer in Serial Rapidl0 Mode Note (1)
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Note to Figure 2-24:

(1)  The clock frequencies inside the parenthesis apply to 2.5 Gbps Serial RapidIO mode and the ones outside apply to
1.25 Gbps Serial RapidIO mode.
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8B/10B Encoder

In Serial RapidIO mode, the 8B/10B encoder clocks in 8-bit data and 1-bit
control identifier from the transmitter phase compensation FIFO and
generates a 10-bit encoded data. The 10-bit encoded data is fed to the
serializer.

ae® Refer to the 8B/10B Encoder section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about the 8B/10B encoder functionality.

Serializer

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the 10-bit encoded data
from the 8B/10B encoder is clocked into the 10:1 serializer with the
low-speed parallel clock at 125 MHz (250 MHz). The 10-bit data is
clocked out of the serializer LSB to MSB at the high-speed effective serial
clock rate at 1250 MHz (2500 MHz). The serial data output of the
serializer is fed into the transmitter output buffer.

- Refer to the Serializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbookfor more details
about the serializer architecture.

Transmitter Buffer
Table 2-20 shows the transmitter buffer settings when configured in
Serial RapidIO mode.
Table 2-20. Transmitter Buffer Settings in Serial Rapidl0 Mode
Settings Value
I/O Standard 1.5-VPCML (2)
Differential Output Voltage (Vop) 800 mV (1)
Common Mode Voltage (V) 600 mV (7)
Differential Termination 100 Q (2)
Vecn (Transmitter Buffer Power) 15V

Notes to Table 2-20:

(1) The differential output voltage (Vod) and common mode voltage (Vcm) settings
are fixed in the MegaWizard Plug-In Manager and cannot be changed.

(2) TheI/O standard and differential termination settings are defaulted to 1.5-V
PCML and 100 &, respectively. If you select any other setting for the I/O
standard or differential termination in the Assignment Editor, the Quartus II
compiler will issue an error message.
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Serial Rapidl0 Mode Receiver Architecture

This section lists sub-blocks within the receiver channel configured in
Serial RapidIO mode (Figure 2-25). The sub-blocks are described in order
from the serial receiver input buffer to the receiver phase compensation
FIFO buffer at the transceiver-PLD interface.

Figure 2-25. Serial RapidlO Mode Receiver Architecture
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Table 2-21 shows the receiver buffer settings when configured in Serial

RapidIO mode.

Table 2-21. Receiver Buffer Settings in Serial Rapidi0 Mode

Settings

Value

1.2-V PCML, 1.5-V PCML,

Coupling

1/0 Standard
3.3-V PCML, Differential LVPECL,
LVDS
Input Common Mode Voltage (Rx V) 850 mV (1)
Differential Termination 100 Q (2)
AC

Notes to Table 2-21:

(1) The common mode voltage (Rx V) is fixed in the MegaWizard Plug-In

Manager and cannot be changed.

(2) The differential termination setting is defaulted to 100 Q. If you select any other
setting for differential termination in the Assignment Editor, the Quartus I
compiler will issue an error message.

Receiver PLL and Clock Recovery Unit (CRU)

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the receiver PLL in each
transceiver channel is fed by an input reference clock. The receiver PLL in
conjunction with the clock recovery unit generates two clocks: a half-rate
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high-speed serial recovered clock at 625 MHz (1250 MHz) that feeds the
deserializer and a low-speed parallel recovered clock at 125 MHz
(250 MHz) that feeds the receiver’s digital logic.

You can set the clock recovery unit in either automatic lock mode or
manual lock mode. In automatic lock mode, the PPM detector and the
phase detector within the receiver channel automatically switch the
receiver PLL between lock-to-reference and lock-to-data modes. In
manual lock mode, you can control the receiver PLL switch between
lock-to-reference and lock-to-data modes via the rx_locktorefclk
and rx_locktodata signals.

‘e Refer to the Receiver PLL and Clock Recovery Unit (CRU) section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about the CRU lock modes.

The reference clock input to the receiver PLL can be derived from:

B One of the two available dedicated reference clock input pins
(REFCLKO or REFCLK1) of the associated transceiver block

B PLD global clock network (must be driven directly from an input
clock pin and cannot be driven by user logic or enhanced PLL)

B Inter-transceiver block lines driven by reference clock input pins of
other transceiver blocks

Table 2-22 specifies the receiver input reference clock options available in

Serial RapidIO mode.
Table 2-22. Serial RapidlO Mode Input Reference Clock Specifications
Reference Clock
Data Rate Frequency 1/0 Standard Coupling | Termination
(Gbps)
(MHz)
195 62.5, 78.125, 1.2 V PCML,
: 125, 156.25 1.5V PCML,
125, 156.25, | 33V PCML, AC On-chip
25 250, Differential
3125 LVPECL, LVDS
Deserializer

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the 1:10 deserializer clocks
in serial data from the receiver buffer using the high-speed serial
recovered clock. The 10-bit de-serialized data is clocked out to the word
aligner using the low-speed parallel recovered clock at 125 MHz
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(250 MHz). The deserializer assumes that the transmission bit order is
LSB to MSB; that is, the LSB of a data word is received earlier in time than
its MSB.

Refer to the Deserializer section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details on
the deserializer architecture.

Word Aligner

The word aligner clocks in the 10-bit data from the deserializer and
restores the word boundary of the upstream transmitter.

Refer to the Word Aligner section in the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device Handbook for more details
about the word aligner architecture.

In Serial RapidIO mode, the word aligner comprises of the following
three modules:

B Pattern detector module
B Pattern aligner module
B Run-length violation detection module

Pattern Detector

In Serial RapidIO mode, the Quartus II software automatically configures
10-bit K28.5 (10'b0101111100) as the word alignment pattern. After
coming out of reset (rx_digitalreset), when the pattern detector
detects either disparities of the K28.5 control word, it asserts the
rx_patterndetect signal for one parallel clock cycle. Once the pattern
aligner has aligned the incoming data to the desired word boundary, the
pattern detector asserts rx_patterndetect signal only if the word
alignment pattern is found in the current word boundary.

Pattern Aligner

In Serial RapidIO mode, the pattern aligner employs an automatic
synchronization state machine. The Quartus II software automatically
configures the synchronization state machine to indicate synchronization
when the receiver receives 127 K28.5 (10'b0101111100 or 10'b1010000011)
synchronization code groups without receiving an intermediate invalid
code group. Once synchronized, the state machine indicates loss of
synchronization when it detects three invalid code groups separated by
less than 255 valid code groups or when it is reset.
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Receiver synchronization is indicated on the rx_syncstatus port of
each channel. A high on the rx_syncstatus portindicates that the lane
is synchronized and a low indicates that it has fallen out of
synchronization.

Table 2-23 lists the synchronization state machine parameters when
configured in Serial RapidIO mode.

Table 2-23. Synchronization State Machine Parameters in Serial Rapidl0

Mode
Number of valid K28.5 code groups received to achieve 127
synchronization

Number of errors received to lose synchronization 3
Number of continuous good code groups received to reduce 255

the error count by 1

= In an 8B/10B encoded data stream, a /K28.7/ special code
group followed by any of the data code groups /D3.y/,
/Dlly/, /D12yy/, /D19.y/, /D20.y/, /D28.y/ or /K28.y/
(where y ranges from 0 to 7), may cause the /K28.5/ alignment
pattern to appear across the word boundary. Serial RapidIO
protocol allows /K28.7/ transmission only during test and
debug.
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Figure 2-26 shows the synchronization state machine implemented in
Serial RapidIO functional mode.

Figure 2-26. Synchronization State Machine in Serial Rapidl0 Mode
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8B/10B Decoder

In Serial RapidIO mode, the 8B/10B decoder clocks in 10-bit data from the
word aligner and decodes it into 8-bit data + 1-bit control identifier. The
8-bit decoded data is fed to the byte deserializer.

e Refer to the 8B/10B Decoder section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about the 8B/10B decoder functionality.
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If the received 10-bit code group is not a part of valid Dx.y or Kx.y code
groups, the 8B/10B decoder block asserts an error flag on the
rx_errdetect port. The error flag signal (rx_errdetect) has the
same data path delay from the 8B/10B decoder to the PLD-transceiver
interface as the invalid code group.

If the received 10-bit code group is detected with incorrect running
disparity, the 8B/10B decoder block asserts an error flag on the
rx_disperr and rx_errdetect ports. The error flag signal
(rx_disperr) has the same delay from the 8B/10B decoder to the PLD-
transceiver interface as the received data.

Byte Deserializer

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the PLD-receiver interface
data is 16 bits wide and is clocked out of the receiver phase compensation
FIFO at 62.5 MHz (125 MHz). The byte deserializer clocks in the 8-bit
wide data from the 8B/10B decoder at 125 MHz (250 MHz) and clocks
out 16-bit wide data to the receiver phase compensation FIFO at

62.5 MHz (125 MHz). This allows clocking the PLD-transceiver interface
at half the speed.

- Refer to the Byte Deserializer section in the Arria GX Transceiver
Architecture chapter in volume 2 of the Arria GX Device Handbook for
more details about byte deserializer architecture.

In Serial RapidIO mode, the write port of the byte deserializer is clocked
by the low-speed parallel recovered clock and the read port is clocked by
divide-by-two version of this clock.

Due to 8-bit to 16-bit byte deserialization, the byte ordering at the
PLD-receiver interface might be incorrect. If required, you must
implement the byte ordering logic in the PLD core to correct for this
situation.
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Figure 2-27 shows the block diagram of the byte de-serializer in Serial
RapidIO mode.

Figure 2-27. Byte Deserializer in Serial Rapidl0 Mode Note (1)
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Note to Figure 2-27:

(1)  The clock frequencies inside the parenthesis apply to 2.5 Gbps Serial RapidIO mode and the ones outside apply to
1.25 Gbps Serial RapidIO mode.
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Receiver Phase Compensation FIFO Buffer

The receiver phase compensation FIFO buffer compensates for the phase
difference between the local receiver PLD clock and the receiver PCS
clock.

Refer to the Receiver Phase Compensation FIFO Buffer section in the
Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook for more details about the receiver phase compensation
FIFO buffer architecture.

In Serial RapidIO 1.25 Gbps (2.5 Gbps) mode, the 125 MHz (250 MHz)
low-speed parallel recovered clock is divided by 2. The resulting

62.5 MHz (125 MHz) clock is used to clock the write port of the FIFO
buffer. This divide-by-two clock is also forwarded to the PLD logic array
(on the rx_clkout port). If the rx_coreclk port is not instantiated, the
recovered clock signal on the rx_clkout port is automatically routed
back to clock the read side of the receiver phase compensation FIFO
buffer. The 16-bit PLD-receiver interface clocked at 62.5 MHz (125 MHz)
results into an effective Serial RapidIO data rate of 1 Gbps (2 Gbps).

In Serial RapidIO mode, the receiver phase compensation FIFO is four
words deep. The latency through the FIFO is one to two PLD-transceiver
interface clock cycles.
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Figure 2-28 shows the block diagram of receiver phase compensation
FIFO in Serial RapidIO mode.

Figure 2-28. Receiver Phase Compensation FIFO in Rapidl0 Mode Note (1)
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Note to Figure 2-28:
(1)  The clock frequencies inside the parenthesis apply to 2.5 Gbps Serial RapidIO mode and the ones outside apply to
1.25 Gbps Serial RapidIO mode.

rria transceivers support the following loopback configurations for
oopbhac odes ArriaGX i pport the following loopback configurations fi
diagnostic purposes:

B Serial Loopback - available in GIGE and Serial RapidIO modes
B PCI Express Reverse Parallel Loopback - available in PCI Express
(PIPE) mode
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Serial Loopback

Figure 2-29 shows the transceiver data path in serial loopback.

Figure 2-29. Transceiver Data Path in Serial Loopback Mode
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In GIGE and Serial RapidIO modes, you can dynamically put each
transceiver channel individually in serial loopback by controlling the
rx_seriallpbken port. Youinstantiate the rx_seriallpbken portin
the MegaWizard Plug-In Manager by selecting the serial loopback option.
A high on the rx_seriallpbken port puts the transceiver into serial
loopback and a low takes the transceiver out of serial loopback.

As seen in Figure 2-29, the serial data output from the transmitter
serializer is looped back to the receiver clock recovery unit (CRU) in serial
loopback. The transmitter data path from the PLD interface to the
serializer in serial loopback is the same as in non-loopback mode. The
receiver data path from the clock recovery unit to the PLD interface in
serial loopback is the same as in non-loopback mode. Since the entire
transceiver data path is available in serial loopback, this option is often
used to diagnose the data path as a probable cause of link errors.

= When the serial loopback is enabled, the transmitter output
bulffer is still active and drives the serial data out on the
tx_dataout port.

PCI Express (PIPE) Reverse Parallel Loophack

Figure 2-30 shows the data path for the PCI Express (PIPE) reverse
parallel loopback. The reverse parallel loopback configuration is
compliant with the PCI Express (PIPE) specification and is available only
on PCI Express (PIPE) mode.
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Figure 2-30. PCI Express (PIPE) Reverse Parallel Loopback
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You can dynamically put the PCI Express (PIPE) mode transceiver in
reverse parallel loopback by controlling the tx_detectrxloopback
port instantiated in the MegaWizard Plug-In Manager. A high on the
tx_detectrxloopback port in PO power state puts the transceiver in
reverse parallel loopback. A high on the tx_detectrxloopback portin
any other power state does not put the transceiver in reverse parallel
loopback.

As seen in Figure 2-30, the serial data received on the rx_datain portin
reverse parallel loopback goes through the CRU, deserializer, word
aligner, and the rate matcher blocks. The parallel data at the output of the
receiver rate matcher block is looped back to the input of the transmitter
serializer block. The serializer converts the parallel data to serial data and
feeds it to the transmitter output buffer that drives the data out on the
tx_dataout port. The data at the output of the rate matcher also goes
through the 8B/10B decoder, byte deserializer, and receiver phase
compensation FIFO before being fed to the PLD on the rx_dataout port.

[l="  The reverse parallel loopback is not available in Low-latency
(Synchronous) PCI Express (PIPE) mode as the rate matcher is
bypassed.

Arria GX transceivers provide multiple reset signals to reset the analog
and digital circuits in the transceiver channels. Besides individual
channel resets, Arria GX transceivers also provide power-down signals
that you can assert to power-down the entire transceiver block to reduce
power consumption (Figure 2-31).
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Figure 2-31. Reset Signals

txfdigitalreset >
rx_digitalreset >

rx_analogreset ) Reset Control

gxb_powerdown r

User Reset and Power-Down Signals

Each transceiver block and each channel in the transceiver block of the
Arria GX device has individual reset signals to reset the digital and
analog circuits in the channel. The tx_digitalreset,
rx_digitalreset, and rx_analogreset signals affect the channels
individually. The gxb_powerdown signal affects the entire transceiver
block.

I'=~  Allreset and power-down signals are optional. Altera strongly
recommends using the reset and power-down signals and
following the reset sequence discussed in this section.

B tx _digitalreset—The tx digitalreset signal resets all
digital logic in the transmitter. This signal operates independently
from the other reset signals. The minimum pulse width is two
parallel cycles.

B rx digitalreset—The rx digitalreset signal resets all
digital logic in the receiver. This signal operates independently from
the other reset signals. The minimum pulse width is two parallel
cycles.

B rx_analogreset—The rx_analogreset signal resets part of the
analog portion of the receiver CRU. This signal operates
independently from the other reset signals. The minimum pulse
width is two parallel cycles.

B gxb_powerdown—The gxb_powerdown signal powers down the
entire transceiver block, including the transmitter PLL. All digital
and analog circuits are also reset. This signal operates independently
from the other reset signals. The minimum pulse width is 100 ns.
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Table 2-24 lists the transceiver modules that get affected by each reset and
power-down signal.

Table 2-24. Blocks Affected by Reset and Power-Down Signals

Transceiver Blocks rx_digitalreset rx_analogreset tx_digitalreset gxb_powerdown

Transmitter phase v v
compensation FIFO
buffer and byte serializer

Transmitter 8B/10B v
encoder

Transmitter serializer

Transmitter analog
circuits

Transmitter PLLs

Transmitter analog
circuits

Receiver deserializer

Receiver word aligner

Receiver rate matcher
Receiver 8B/10B decoder

Receiver phase
compensation FIFO
buffer and byte
deserializer

Receiver PLL and CRU v

Receiver analog circuits

NAYAIA YR YR YA N YA YR

ANANANAN

The recommended reset sequence varies depending on whether the
Clock Recovery Unit is configured in automatic lock mode or manual lock
mode.

2-60 Altera Corporation
Arria GX Device Handbook, Volume 2 August 2007



Arria GX Transceiver Protocol Support and Additional Features

Recommended Reset Sequence for GIGE and Serial RapidlO in
CRU Automatic Lock Mode

Figure 2-32 shows a sample reset sequence for GIGE and Serial RapidIO
modes when the CRU is configured in automatic lock mode.

Figure 2-32. Reset Sequence for GIGE and Serial Rapidl0 in Automatic Mode

100 ns

Reset/Power Down Signals < >

1

gxb_powerdown

2

tx_digitalreset J

rx_analogreset J

I

rx_digitalreset J

Output Status Signals

pll_locked

rx_pll_locked

rx_freglocked

6
’:4 nsy !
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After power on, assert the gxb_powerdown port for a minimum period
of 100 ns (time between markers 1 and 2). Keep the tx_digitalreset,
rx_digitalreset, and rx_analogreset asserted during this time
period. After you de-assert the gxb_powerdown signal, the transmitter
PLL starts locking to the transmitter input reference clock. Once the
transmitter PLL locks (as indicated by the p11_locked signal going
high), you de-assert the tx_digitalreset signal. After you de-assert
the rx_analogreset signal, the receiver PLL starts locking to the
receiver input reference clock (in automatic lock mode). Once the receiver
PLL locks to the input reference clock, the rx_pll_locked signal goes
high. The internal PPM detector takes sometime to calculate the PPM
difference between the receiver PLL output clock and the input reference
clock. Once it calculates the PPM difference to be within the pre-defined
limits, the rx_freglocked signal goes high. At this point the CRU
enters lock-to-data mode and the receiver PLL starts locking to the
received data. You de-assert the rx_digitalreset 4 ps after the
rx_freqglocked signal goes high.
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Recommended Reset Sequence for GIGE and Serial RapidlO in
CRU Manual Lock Mode

Figure 2-33 shows a sample reset sequence for GIGE and Serial RapidIO
modes when the CRU is configured in manual lock mode.

Figure 2-33. Reset Sequence for GIGE and Serial Rapidl0 in Manual Mode

Reset/Power Down Signals

1

gxb_powerdown

100 ns

2

tx_digitalreset J

rx_analogreset J

IS

rx_digitalreset J

Output Status Signals

pll_locked

rx_pll_locked

CRU Control Signals

rx_locktorefclk J

rx_locktodata

15 us
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After power on, assert the gxb_powerdown port for a minimum period
of 100 ns (time between markers 1 and 2). Keep the tx_digitalreset,
rx_digitalreset, rx_analogreset, and rx_locktorefclk signals
asserted during this time period. After you de-assert the
gxb_powerdown signal, the transmitter PLL starts locking to the
transmitter input reference clock. Once the transmitter PLL locks (as
indicated by the pll_locked signal going high), you de-assert the
tx_digitalreset signal. After you de-assert the rx_analogreset
signal, the receiver PLL starts locking to the receiver input reference clock
since rx_locktorefclk is asserted. Wait for at least 15 us (time
between markers 5 and 6) after the rx_pl1_locked signal goes high and
then de-assert the rx_locktorefclksignal. At the same time assert the
rx_locktodata signal. At this point the CRU enters lock-to-data mode
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and the receiver PLL starts locking to the received data. You de-assert the
rx_digitalreset atleast 4 us (time between markers 6 and 7) after
asserting the rx_Jlocktodata signal.

Recommended Reset Sequence for PCI Express (PIPE) Mode

The reset sequence used for GIGE and Serial RapidIO modes looks for the
rx_freglockedsignal to de-assert rx_digitalreset.In PCIExpress
(PIPE) mode, the rx_freglocked signal does not go high during the
PCI Express (PIPE) compliance testing phase because of receiving
Electrical Idle.

Figure 2-34 shows the reset sequence for PCI Express (PIPE) mode.

Figure 2-34. Reset Sequence for PCI Express (PIPE) Mode

Initialization/PCI-E Compliance Phase —> Normal Operation Phase
100 ns
<>
1 2
gxb_powerdown
4
tx_digitalreset
4
rx_analogreset
6 10 1
rx_digitalreset J
—> T3 —
3
pll_locked
5
rx_pll_locked
7 8 9
rx_freqlocked
—> T2
—> T e—
—> <+

Ignore Receive Data
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Initialization and PCI Express Compliance Phase

After the device is powered up, a PCI Express compliant device may
perform compliance testing. Since rx_digitalreset must be
de-asserted during compliance testing, waiting for the rx_freglocked
signal to de-assert rx_digitalreset is not recommended.
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You de-assert the tx_digitalreset signal after the pl1l locked
signal goes high. You de-assert the rx_digitalreset when the
rx_pll locked signal goes high (unlike GIGE and Serial RapidIO
modes where you wait until rx_freglocked goes high).

The parallel data sent to the PLD logic array in the receive side may not
be valid until 4 ps after rx_freglocked goes high.

Normal Operation Phase

During normal operation, the receive data is valid and the
rx_freqglockedsignalishigh. In this situation, when rx_freqglocked
is de-asserted, (marker 8 in Figure 2-34), you wait for the
rx_freqglocked signal to go high again and assert rx_digitalreset
(marker 10 in Figure 2-34) for two parallel receive clock cycles.

The data from the transceiver block is not valid between the time when
rx_freqglocked goes low until rx_digitalreset is de-asserted. The
PLD logic should ignore the data during this time period (the time period
between markers 8 and 11 in Figure 2-34).

I = Minimum T1 and T2 period is 4 us. Minimum T3 period is two
p us p
parallel receive clock cycles.

Rate Matcher FIFO Buffer Overflow and Underflow Condition
During the normal operation phase, you monitor the overflow and
underflow status of the rate matcher FIFO buffer. If there is overflow and
underflow on the rate matcher FIFO buffer, you assert the
rx_digitalreset signal for two receive parallel clock cycles. You can
monitor the rate matcher FIFO buffer status through the

pipestatus [2:0] signal from the PCI Express (PIPE) interface. This
condition is shown in Figure 2-35.
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Figure 2-35. PCI Express (PIPE) Mode Reset During Rate Matcher FIFO Buffer Overflow & Underflow

Condition

tx_digitalreset

rx_analogreset

rx_digitalreset

o=

o=

[ [l

—> T3 4— —> T3 4—

pipestatus

Notes to Figure 2-35:
(1) Pipestatus = 101 represents elastic overflow (not available in Low-Latency [Synchronous] PCI Express [PIPE]

mode).

000 000 000

(2) Pipestatus = 110 represents elastic overflow (not available in Low-Latency [Synchronous] PCI Express [PIPE] mode).
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Power-Down

The Quartus II software automatically selects the power-down channel
feature, which takes effect when you configure the Arria GX device. All
unused transceiver channels and blocks in a design are powered down to
reduce the overall power consumption.

=

The gxb_powerdown port is optional. In simulation, if the
gxb_powerdown port is not instantiated, you must assert
tx_digitalreset,rx_digitalreset and
rx_analogreset signals appropriately for correct simulation
behavior. If the gxb_powerdown port is instantiated and other
reset signals are not used, you must assert the gxb_powerdown
signal for at least one parallel clock cycle for correct simulation
behavior. In simulation, you can de-assert the
rx_digitalreset immediately after rx_freglocked signal
goes HIGH to reduce the simulation run time. It is not necessary
to wait for 4 us as suggested in the actual reset sequence.

In PCI Express (PIPE) mode simulation, you must assert the
tx_forceelecidle signal for at least one parallel clock cycle
before transmitting normal data for correct simulation behavior.

TimeQuest Timing Analyzer

Quartus II software designs targeted towards the Arria GX device family
use TimeQuest Timing Analyzer for static timing analysis. In the
Quartus II software versions 7.1 and 7.1 sp1, TimeQuest does not
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automatically constrain the transceiver reset ports and asynchronous
input/output ports. As a result, TimeQuest does not perform timing
analysis on these paths.

TimeQuest reports these unconstrained paths in RED in the Timing
Analyzer report. You must manually add the constraints in the Synopsys
Design Constraints (.sdc) file for TimeQuest to analyze these paths.

Unconstrained Reset Ports

In the Quartus II software versions 7.1 and 7.1 sp1, TimeQuest does not
constrain the following transceiver reset ports:

gxb powerdown
tx digitalreset
rx_digitalreset
rx_analogreset

Identifying Unconstrained Reset Ports
To identify the unconstrained reset/powerdown ports, follow these
steps:

1. After compiling your design, select the TimeQuest Timing
Analyzer in the Tools drop-down menu. This opens up the
Quartus II TimeQuest Timing Analyzer window.

2. In the Tasks pane, execute Report Unconstrained Paths. This will
report all unconstrained paths in RED in the Report pane.

3. Expand the Unconstrained Paths option in the Report pane and
further expand the Setup Analysis or Hold Analysis option.

4. Under Setup Analysis or Hold Analysis, you will see
Unconstrained Input Port Paths, Unconstrained Output Port
Paths, or both, depending on how the reset/powerdown ports are
driven.

a. If areset/powerdown port is driven by an input pin, it will be
listed in the Unconstrained Input Port Paths report.

b. If areset/powerdown port is driven by synchronous logic, it
will be listed in the Unconstrained Output Port Paths report.

5. In the Unconstrained Input Port Paths and Unconstrained Output
Port Paths reports, the unconstrained reset/powerdown ports of
your ALT2GXB instances are listed under the To column.
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Consider the design example in Figure 2-36.

Figure 2-36. Example Design for TimeQuest Timing Analyzer Constraints

top_tx_digitalreset >

Reset Controller

, |
ALT2GXB
Channel 0

gxb_powerdown|

rx_digitalreset

rx_analogreset
ALT2GXB
Channel 1
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In the design example in Figure 2-36, all reset/powerdown ports except
the tx digitalreset port for the two channels are driven by the reset
controller. The tx_digitalreset port is driven from an input pin.

Figures 2-37 and 2-38 show the TimeQuest Timing Analyzer Report for
Unconstrained Input Port Paths and Unconstrained Output Port Paths,

respectively.
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Figure 2-37. Unconstrained Input Port Paths
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Figure 2-38. Unconstrained Output Port Paths
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Having identified the unconstrained reset/powerdown ports in the
design, the next step is to constrain these ports.

Setting Reset/Powerdown Port Timing Constraints

You must add the reset/powerdown port timing constraints either
directly in the SDC file or through the TimeQuest Timing Analyzer GUL

To add the timing constraints using the TimeQuest GUI, follow these

steps:

1. Locate the reset/powerdown ports in either the Unconstrained
Input Port Paths or Unconstrained Output Port Paths report.

2. Right click on the reset/powerdown port in the To column and
select Set Max Delay. On the resulting window, enter an initial

Delay Value of 4 ns.
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3. Right click on the reset/powerdown port in the To column again
and select Set Min Delay. On the resulting window, enter an initial
Delay Value of 1.2 ns.

s The difference between the maximum delay and minimum
delay is set to 2.8 ns which is the maximum skew allowed on
reset/powerdown ports.

-

Similarly, set the maximum and minimum delay for all transceiver
reset/powerdown ports in your design.

5. Execute Update Timing Netlist and Write SDC File by
double-clicking these options in the Tasks pane of the TimeQuest
Timing Analyzer window. Confirm that the above timing
constraints were added to the SDC file linked with your design.

6. Run the Quartus II Fitter.

N

After the Quartus II Fitter operation completes, execute Update
Timing Netlist by double-clicking this option in the Tasks pane of
TimeQuest Timing Analyzer window.

8.  Execute Report Top Failing Paths by double-clicking this option in
the Tasks pane of the TimeQuest Timing Analyzer window.

9. Assuming all other paths in your design meet timing, one or more
of the paths involving reset/powerdown ports might report timing
violations. This is because the design is not able to meet the
preliminary timing constraints of 4 ns (maximum delay) and 1.2 ns
(minimum delay).

10. Note the slack in the timing report for all failing paths and adjust the
maximum delay and the minimum delay values in the SDC file.
Maintain a difference of 2.8 ns between the maximum delay and the
minimum delay for each reset/powerdown port.

11. After adjusting the delay values, execute Update Timing Netlist
and run the Quartus II Fitter again.

12.  After the Quartus II Fitter operation completes, execute Update
Timing Netlist.

13. Execute Report Top Failing Paths once again. If there are any failing
paths involving the reset/powerdown ports, adjust the delay values
in the SDC file and repeat the procedure until no failing paths are
reported.
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Consider the previous design example in which all unconstrained ports
were identified. The following example shows how to set the constraints
for the gxb_powerdown port. The same procedure must be followed for
all other reset ports.

After setting the maximum and minimum delay for the gxb_powerdown
port, the SDC file should have the following constraints:

#****************************************************

# Set Maximum Delay
#****************************************************

set_max delay -from [get_keepers

{reset _seq tx rx_rx cruclk rx_ clkout:inst2|gxb powerd
own}] -to [get ports

{PIPE DataGen Ch:inst|alt2gxb:alt2gxb component |chann
el quad[0]. cent_unit~OBSERVABLEQUADRESET}] 4.000

#****************************************************

# Set Minimum Delay
#****************************************************

set min delay -from [get keepers
{reset_seqg tx rx_rx cruclk_rx clkout:inst2|gxb_powerd
own}] -to [get ports

{PIPE DataGen Ch:inst|alt2gxb:alt2gxb_component | chann
el quad[0].cent_ unit~OBSERVABLEQUADRESET}] 1.200

After running the Quartus II fitter with the above timing constraints for
the gxb_powerdown port, the following slack is reported on this path
after executing Report Top Failing Paths (Figure 2-39).

Figure 2-39. Slack Reported for the gxb_powerdown Port

SLACK:-0.798 ns (VIOLATED)

Froperty = Walue
|T ToMode FIPE_DataGen_Chiinstlalt2gsb: alt2gsb_componentichannel_guad[0].cent_unit"0BSERVABLEQUADRESET
2|5lack -0.798 (MIOLATED)
3| Launch Clock cal_blk_clk
4| Latch Clack néa
5| From Mode reset_seq_tw_ra_rs_cruclk_ne_clkoutinetZlgsb_powerdown
B|Data Required Time | 4.000
7 | Data Arrival Time 4.798
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Since the data arrival time is later than the data required time by 0.798 ns,
the maximum delay and minimum delay should both be incremented by
0.8 ns in the SDC file. The new SDC file should have the following
modified constraints for the gxb_powerdown port.

#***************************************************

# Set Maximum Delay

#****************************************************

set max delay -from [get keepers
{reset_seqg tx rx_rx_ cruclk _rx clkout:inst2|gxb_powerd
own}] -to [get ports

{PIPE DataGen Ch:inst|alt2gxb:alt2gxb_component | chann
el _quad[0] .cent unit~OBSERVABLEQUADRESET}] 4.8

#****************************************************

# Set Minimum Delay
#****************************************************

set_min delay -from [get keepers

{reset _seq tx rx_rx cruclk rx_clkout:inst2|gxb powerd
own}] -to [get ports

{PIPE DataGen Ch:inst|alt2gxb:alt2gxb component | chann
el quad[0]. cent_unit~OBSERVABLEQUADRESET}] 2.000

After modifying the SDC file and running the Quartus II Fitter, the
Update Timing Netlist option should be executed, followed by Report
Top Failing Paths. If the gxb_powerdown port still shows in the failing
paths, modify the slack appropriately in the SDC file and repeat the
procedure until timing is met on this path.

Follow the same procedure to set timing constraints on all transceiver
reset/powerdown ports in your design.

I'="  Youshould set constraints and meet timing for both fast and
slow timing models. The same maximum and minimum delay
constraints might not be able to meet timing for both timing
models. This is acceptable as long as the skew is within the
specified period (2.8 ns) for each path in the SDC file for each
timing model.
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Unconstrained Asynchronous ALT2GXB Ports

In the Quartus II software versions 7.1 and 7.1 sp1, TimeQuest does not
automatically constrain transceiver asynchronous input/output ports.
These ports are listed in Table 2-25.

Table 2-25. TImeQuest Port Names Versus ALT2GXB Port Names

TimeQuest Port Name ALT2GXB Port Name
ala2size rx_ala2size
enapatternalign rx_enapatternalign
bitslip rx_bitslip
rlv rx rlv
invpol rx_invpolarity
enabyteord rx_enabyteord
pipe8blobinvpolarity pipe8blobinvpolarity
revbitorderwa rx_revbitorderwa
bisterr rx_bisterr
bistdone rx_bitstdone
phaselockloss rx pll locked
freglock rx freglocked
seriallpbkben rx_seriallpbken

You must manually add the timing constraints in the SDC file for
TimeQuest to analyze these paths. For these asynchronous ports, you
only need to set a maximum delay constraint of 10 ns in the SDC file.

To identify all unconstrained ALT2GXB asynchronous ports, execute
Report Unconstrained Paths in TimeQuest Timing Analyzer after
running the Quartus II Fitter. Set a maximum delay of 10 ns for all such
ports in the SDC file.

For example, if the rx_invpolarity signalis driven by the signal
top_rx invpolarity on an input pin, the SDC file constraint for this
port should be set as:

set _max _delay -from [get ports {top rx invpolarity}]
-to [get keepers
{xcvr_ inst.receive~OBSERVABLEINVPOL}] 10.000
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Calibration
Blocks

2-74

Follow the same procedure to constrain all asynchronous ALT2GXB ports
in your design before closing timing analysis for your design.

The Arria GX transceiver block contains calibration circuits to calibrate
the on-chip termination, the PLLs, and the output buffers. The calibration
circuits are divided into two main blocks: the PLL and output buffer
calibration block and the termination resistor calibration block (refer to
Figure 2-40). Each transceiver block contains a PLL and output buffer
calibration block that calibrates the PLLs and output buffers within that
particular transceiver block. Each device contains one termination
resistor calibration block that calibrates all the termination resistors in the
transceiver channels of the entire device.

Figure 2-40. Calibration Blocks

rref >
PLL and Output
Buffer Calibration Block
Reference
Y Signal
cal_blk_powerdown | Termination Resistor
cal_blk_clk Calibration Block
|_blk_ >

PLL and Output Buffer Calibration Block

Each Arria GX transceiver block contains a PLL and output buffer
calibration circuit to counter the effects of PVT (process, voltage, and
temperature) on the PLL and output buffer. Each transceiver block’s
calibration circuit uses a voltage reference derived from an external
reference resistor. One reference resistor must be connected to the RREFB
pin of each active transceiver block in the Arria GX device. Reference
resistor pins (RREFB) of unused transceiver blocks (except the transceiver
blocks feeding the termination resistor calibration block) can be left
unconnected or tied to a stable power supply.

Termination Resistor Calibration Block

The Arria GX transceiver on-chip termination resistors in the transceiver
channels of the entire device are calibrated by a single calibration block.
This block ensures that process, voltage, and temperature variations do

not have an impact on the termination resistor value.

Altera Corporation
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A 2 KQ reference resistor must be connected to the RREFB pins of
transceiver banks 13 and 14 to ensure proper operation of the termination
resistor calibration block.

The termination resistor calibration circuit requires a calibration clock
(cal_blk_clk) with frequency between 10 MHz and 125 MHz. Any
clock resource can be used to provide the calibration clock.

For multiple ALT2GXB instances in the design, if all the instances have
the calibration block instantiated, the cal_blk_clk port of all instances
must be tied to a common clock. The Quartus II design compilation
provides an error message if the cal blk_clk ports of multiple
ALT2GXB instances in the design are tied to different clock sources.

The calibration block can be powered down through the optional
cal_blk_powerdown port. The cal_blk powerdown is an active low
signal. Powering down the calibration block during operations may yield
transmit and receive data errors. You can use this port to reset the
calibration block to initiate a re-calibration of the termination resistors to
account for variations in temperature or voltage.

Referenced This chapter references the following document:

Document B Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook

Document Table 2-26 shows the revision history for this chapter.

Revision History

Table 2-26. Document Revision History

Date and
Document Changes Made Summary of Changes
Version
August Added the “Referenced Document” section. —
2007, v1.2 Minor text edits. —
June 2007 | Added “TimeQuest Timing Analyzer” section. —
Vi1 Added GIGE information. —
May 2007 | Initial release. —
v1.0
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A I:l /1 D A 3. Arria GX ALT2GXB
= o Megafunction User Guide

Introduction The MegaWizard® Plug-In Manager in the Quartus® Il software creates or
modifies design files that contain custom megafunction variations that
can then be instantiated in a design file. The MegaWizard Plug-In
Manager provides a wizard that allows you to specify options for the
ALT2GXB megafunction. You can use the wizard to set the ALT2GXB
megafunction features in the design.

Start the MegaWizard Plug-In Manager using one of the following
methods:

B Choose the MegaWizard Plug-In Manager command (Tools menu).

B When working in the Block Editor, click MegaWizard Plug-In
Manager in the Symbol dialog box (Edit menu).

B Start the stand-alone version of the MegaWizard Plug-In Manager by
typing the following command at the command prompt: gmegawi z.

The ALT2GXB MegaWizard Plug-In Manager allows you to configure one
or more transceiver channels.

Figure 3-1 shows the first page of the MegaWizard Plug-In Manager. To
generate an ALT2GXB custom megafunction variation, select Create a
new custom megafunction variation.

Figure 3-1. MegaWizard Plug-In Manager (Page 1)

MegaWizard Plug-In Manager [page 1] ﬂ

The Meagawizard Plug-In tanager helps vou create ar modify
dezign files that contain customn variations of megafunctions.

\ WWhich action do you want to perform?
{* Lreate a new custom megafunction variatior:

" Edit an existing custom megafunction variation

" Copy an existing custom megafunction variation

Copyright € 1937-2007 Akera Corporation

Cancel | < Back | Ment » I FEirizhy |
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Figure 3-2 shows the second page of the MegaWizard Plug-In Manager.
Select the Arria™ GX device as the device family.

Figure 3-2. MegaWizard Plug-In Manager (Page 2)

MegaWizard Plug-In Manager [page 2a] il

*which megafunction would you like to customize? Wwhich device family will pou be Aria G j
na?
Select a megafunchion from the list below LsIng
-] Installed Plug-ns a Wwhich type of output file do you wart bo create?
~[A] Altera SOPC Builder ) AHDL
- Arithmetic  VHOL
M- Gates & Ver
=& /0 * Venlog HOL
& ‘What name do wou want for the gutput file? Browse. ..
ALTASMI_PARALLEL II:: halterah 71hgdesignsimy_gxb
ALTCLECTAL
Al TCLELOCE
ALTDDIO_BIDIA
ALTDLIO_IM [~ Return to this page for another create operation
ALTDDIO_OUT
aLTDo Mote: To compile a project successfully in the Quartus || zoftware,
ALTDOS your dezign files muzt be in the project directory, in the global user
libraries specified in the Optionz dialag box [Toal: menw), or a user
library specified in the User Libraries page of the Settings dialog
box [Assignments menu).
ALTLVDS
ALTMEMPHY Tour current wzer library directories are:
ALTPLL —
ALTPLL_RECOMNFIG
AL TREMOTE_UPDATE

-8 JTAG-accessible Extensions ;I

Cancel | < Back | Mext » | Eirigh |
PCI Express This section provides descriptions of the options available on the
individual pages of the ALT2GXB MegaWizard Plug-In Manager for the
(PI PE) M Od e PCI Express (PIPE) mode. The MegaWizard Plug-In Manager provides a

warning if any of the settings you choose are illegal.
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PCI Express (PIPE) Mode

Figure 3-3 shows page 3 of the ALT2GXB MegaWizard Plug-In Manager
for PCI Express (PIPE) mode.

Figure 3-3. MegaWizard Plug-In Manager - ALT2GXB (General)

MegaWizard Plug-In Manager [page 3 of 15]
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Table 3-1 describes the available options on page 3 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-1. MegaWizard Plug-In Manager Options (Page 3 for PCI Express [PIPE] Mode) (Part 1 of 2)

ALT2GXB Setting

Description

Reference

Which protocol will you be
using?

Determines the specific protocol or modes under
which the transceiver operates. The possible
selections are PCI Express (PIPE), GIGE, and
Serial RapidlO™. For the PCI Express (PIPE)
mode, you must select the PCI Express (PIPE)
protocol.

Which subprotocol will you
be using?

In PCI Express (PIPE) mode, the subprotocols are
the supported link widths:x1 or x4

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapterin volume
2 of the Arria GX Device
Handbook

Enforce default settings for
this protocol

Selecting this option skips the PCI page in the PCI
Express (PIPE) MegaWizard Plug-In Manager. The
PCI page allows you to select the PCI Express
(PIPE) specific ports for your design. If you select
this option, all PCI Express (PIPE) specific ports
are used.

What is the operation mode?

Only the receiver and transmitter (full duplex) mode
is allowed in the PCI Express (PIPE) mode.
Receiver-only and transmitter only modes are not
allowed.

What is the number of
channels?

This determines how many duplicate channels this
ALT2GXB instance contains. In a x4 subprotocol,
the number of channels increments by 4.

What is the deserializer block
width?

This option is unavailable in PCI Express (PIPE)
ALT2GXB instance.

What is the channel width?

This option determines the PLD-transceiver
interface width. Only 16-bit interface width is
supported.

Byte Serializer and Byte
Deserializer sections in the
Arria GX Architecture
chapter in volume 1 of the
Arria GX Device Handbook

What would you like to base
the setting on?

This option is unavailable because the data rate is
fixed at 2500 Mbps for PCI Express (PIPE) mode.

What is the data rate?

This option is unavailable because the data rate is
fixed at 2500 Mbps for PCI Express (PIPE) mode.
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PCI Express (PIPE) Mode

Table 3-1. MegaWizard Plug-In Manager Options (Page 3 for PCI Express [PIPE] Mode) (Part 2 of 2)

ALT2GXB Setting

Description

Reference

What is the input clock
frequency?

Determines the input reference clock frequency for
the transceiver. In PCI Express (PIPE) mode, only
100 MHz is allowed.

PCI Express (PIPE) Mode
section in the Arria GX
Architecture chapter in
volume 1 of the Arria GX
Device Handbook

What is the data rate division
factor?

This option is unavailable in PCI Express (PIPE)
ALT2GXB instance.

Createrx_digitalreset
port for the digital portion of
the receiver

Receiver digital reset port. Resets the PCS logic of
the receiver. Altera® recommends using this port to
implement the recommended reset sequence.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_analogreset
port for the analog portion of
the receiver

Receiver analog reset port.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Createtx_digitalreset
port for the digital portion of
the transmitter

Transmitter digital reset port. Resets the PCS logic
of the transmitter. Altera recommends using this
port to implement the recommended reset
sequence.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Altera Corporation
August 2007
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Figure 3-4 shows page 4 of the ALT2GXB MegaWizard Plug-In Manager
for PCI Express (PIPE) mode.

Figure 3—-4. MegaWizard Plug-In Manager - ALT2GXB (PLL/Ports)

MegaWizard Plu Manager [page 4 of 15
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PCI Express (PIPE) Mode

Table 3-2 describes the available options on page 4 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-2. MegaWizard Plug-In Manager Options (Page 4 for PCI Express [PIPE] Mode) (Part 1 of 3)

ALT2GXB Setting

Description

Reference

Train Receiver PLL clock from
PLL inclk

If you select this option, the transmitter input
reference clock (p11 inclk) drives the
receiver PLL input reference clock also.

If you do not select this option, the signal on the
rx_cruclk portdrives the receiver PLL
input reference clock.

What is the GXB Transmitter
PLL bandwidth mode?

This option is not available in PCI Express
(PIPE) mode because the transmitter PLL
bandwidth is fixed at high.

What is the Receiver PLL
bandwidth mode?

This option is not available in PCI Express
(PIPE) mode because the receiver PLL
bandwidth is fixed at medium.

What is the acceptable PPM
threshold between the Receiver
PLL VCO and the CRU clock?

This option determines the PPM difference that
affects the automatic receiver clock recovery
unit (CRU) switchover between lock-to-data
and lock-to-reference. (There are additional
factors that affect the CRU's transition.)

Clock Recovery Unit (CRU)
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device Handbook

Create gxb_powerdown port
to power down the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the Arria GX
Transceiver Protocol Support
and Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create gxb_enable portto
enable the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the Arria GX
Transceiver Protocol Support
and Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create p11 locked portto
indicate PLL is in lock with the
reference input clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the Arria GX
Transceiver Protocol Support
and Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_locktorefclk
port to lock the RX PLL to the
reference clock

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit (CRU)
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device Handbook

Altera Corporation
August 2007
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Table 3-2. MegaWizard Plug-In Manager Options (Page 4 for PCI Express [PIPE] Mode) (Part 2 of 3)

ALT2GXB Setting

Description

Reference

Create rx_locktodata port
to lock the RX PLL to the
received data

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit (CRU)
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_pll locked port
toindicate RX PLL is in lock with
the reference clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_freglocked port
toindicate RX PLL is in lock with
the received data

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit (CRU)
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_signaldetect
port to indicate data input signal
detection

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Receiver Buffer section
under PCI Express (PIPE)
mode in the Arria GX
Transceiver Protocol Support
and Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create
debug_rx phase_comp_
fifo_error output port

This optional output port indicates Receiver
Phase Compensation FIFO overflow/underrun
condition. Note that no ppm difference is
allowed between FIFO read and write clocks.
This port should be used for debugging
purposes only.

Receiver Phase
Compensation FIFO section
in the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create
debug tx phase comp_
fifo_error output port

This optional output port indicates Transmitter
Phase Compensation FIFO overflow/underrun
condition. Note that no ppm difference is
allowed between FIFO read and write clocks.
This port should be used for debug purpose
only.

Transmitter Phase
Compensation FIFO section
in the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook
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PCI Express (PIPE) Mode

Table 3-2. MegaWizard Plug-In Manager Options (Page 4 for PCI Express [PIPE] Mode) (Part 3 of 3)

ALT2GXB Setting Description Reference
Create rx_coreclk port to This optional input port allows you to clock the | PLD-Transceiver Interface
connect to the read clock of the | read side of the Receiver Phase Clocking section in the
RX phase compensation FIFO | Compensation FIFO with a non-transceiver Arria GX Transceiver

PLD clock. Architecture chapter in
volume 2 of the Arria GX
Device Handbook
Create tx_coreclk portto This optional input port allows you to clock the | PLD-Transceiver Interface
connect to the write clock of the | write side of the Transmitter Phase Clocking section in the
TX phase compensation FIFO | Compensation FIFO with a non-transceiver Arria GX Transceiver
PLD clock. Architecture chapter in
volume 2 of the Arria GX
Device Handbook
Altera Corporation 3-9
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Figure 3-3 shows page 5 of the ALT2GXB MegaWizard Plug-In Manager
for PCI Express (PIPE) mode.

Figure 3-5. MegaWizard Plug-In Manager - ALT2GXB (RX Analog/Cal Blk)

MegaWizard Plug-In Manager [page 5 of 15]
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PCI Express (PIPE) Mode

Table 3-3 describes the available options on page 5 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-3. MegaWizard Plug-In Manager Options (Page 5 for PCI Express [PIPE] Mode)

ALT2GXB Setting

Description

Reference

What is the Receiver
Common Mode Voltage (RX
Vem)?

The receiver common mode voltage is setto 0.85 V.

Receiver Buffer section
under PCI Express (PIPE)
mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in volume
2 of the Arria GX Device
Handbook

Force signal detection

This option disables the signal detect circuit. You
must not select this option as signal detect circuitry
is required for electrical idle detection at the
receiver.

Receiver Buffer section
under PCI Express (PIPE)
mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in volume
2 of the Arria GX Device
Handbook

What is the signal detect and
signal loss threshold?

This option sets the trip point of the signal detect
circuit. You must select a threshold level of 2 in PCI
Express (PIPE) mode.

Receiver Buffer section
under PCI Express (PIPE)
mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in volume
2 of the Arria GX Device
Handbook

Use external receiver
termination

This option is available if you want to use an
external termination resistor instead of the on-chip
termination (OCT). If checked, this option turns off
the receiver OCT.

What is the receiver
termination resistance?

In PCI Express (PIPE) mode, the only supported
receiver termination resistance is 100 Q.

Receiver Buffer section
under PCI Express (PIPE)
mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapterin volume
2 of the Arria GX Device
Handbook

Altera Corporation
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Arria GX ALT2GXB Megafunction User Guide

Table 3-3. MegaWizard Plug-In Manager Options (Page 5 for PCI Express [PIPE] Mode)

ALT2GXB Setting

Description

Reference

Use calibration block

This option allows you to select which instance of
ALT2GXB instantiates the calibration block. Only one
instance of ALT2GXB is required to instantiate the
calibration block.

Calibration Block section in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create active low

cal blk powerdown to
power down the calibration
block

Refer to the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Calibration Block section in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook
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PCI Express (PIPE) Mode

Figure 3-6 shows page 6 of the ALT2GXB MegaWizard Plug-In Manager
for PCI Express (PIPE) mode.

Figure 3-6. MegaWizard Plug-In Manager - ALT2GXB (TX Analog)

MegaWizard Plug-In Manager [page 6 of 15]
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Arria GX ALT2GXB Megafunction User Guide

Table 3—4 describes the available options on page 6 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-4. MegaWizard Plug-In Manager Options (Page 6 for PCI Express [PIPE] Mode)

ALT2GXB Setting Description Reference
What is the Transmitter Buffer In PCI Express (PIPE) mode, the transmitter Transmitter Buffer section
Power (VCCH)? buffer power is fixed at 1.2 V. under PCIl Express

You must connect the VCCH power pins of a PCI
Express (PIPE) transceiver bank to a 1.2-V
power supply. You must select 1.2-V PCML 1/0
standard for the transmitter data output pins.

(PIPE) Mode in the

Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapterin volume 2 of the
Arria GX Device
Handbook

What is the Transmitter Common
Mode Voltage (Vem)?

In PCI Express (PIPE) mode, the transmitter
common mode voltage is fixed at 0.6V.

Transmitter Buffer section
under PCIl Express
(PIPE) Mode in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Use external Transmitter
termination

This option is available if you want to use an
external termination resistor instead of the on-
chip termination (OCT). Checking this option
turns off the transmitter OCT.

Select the Transmitter
termination resistance

In PCI Express (PIPE) mode, the only supported
receiver termination resistance is 100 Q.

Transmitter Buffer section
under PCIl Express
(PIPE) Mode in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

What is the Voltage Output
Differential (VOD) control
setting?

In PCI Express (PIPE) mode, the only supported
peak-peak differential output voltage is 800 mV.

Transmitter Buffer section
under PCI Express
(PIPE) Mode in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Pre-emphasis pre-tap setting (%
of VOD)

In PCI Express (PIPE) mode, this option is
unavailable and is fixed to 0.
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PCI Express (PIPE) Mode

Table 3-4. MegaWizard Plug-In Manager Options (Page 6 for PCI Express [PIPE] Mode)

ALT2GXB Setting

Description

Reference

Pre-emphasis first post-tap
setting (% of VOD)

In PCI Express (PIPE) mode, this option is
unavailable and is fixed to 5 (to meet the
de-emphasis specification required by PCI
Express).

Transmitter Buffer section
under PCIl Express
(PIPE) Mode in the

Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device
Handbook

setting (% of VOD)

Pre-emphasis second post-tap

In PCI Express (PIPE) mode, this option is
unavailable and is fixed to 0.

Altera Corporation
August 2007
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Arria GX ALT2GXB Megafunction User Guide

Figure 3-7 shows page 13 of the ALT2GXB MegaWizard Plug-In Manager
for PCI Express (PIPE) mode. If Enforce default settings for this protocol
option is selected, this page does not appear in the MegaWizard.

Figure 3-7. MegaWizard Plug-In Manager - ALT2GXB (PCI)
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PCI Express (PIPE) Mode

Table 3-5 describes the available options on page 13 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-5. MegaWizard Plug-In Manager Options (Page 13 for PCI Express [PIPE] Mode) (Part 1 of 3)

ALT2GXB Setting

Description

Reference

Enable Rate match FIFO

This option enables bypassing of the rate match
FIFO in the receiver data path (Low-latency
[Synchronous] PCI Express [PIPE] mode)

Low-latency
(Synchronous) PCI
Express (PIPE) Mode in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Enable run-length violation
checking with a run length of

This option activates the run length violation
circuit. You can program the run length at which
the circuit triggers the rx_r1lv signal.

Word Aligner section in the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Enable fast recovery mode

This option creates the NFTS fast recovery IP
required to meet the PCI Express specification
in the PLD logic array.

NFTS Fast Recovery IP
(NFRI) section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Createrx_syncstatus output
port for pattern detector and
word aligner

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
PCI Express (PIPE) Mode
inthe Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_patterndetect
output port to indicate pattern
detected

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
PCI Express (PIPE) Mode
in the Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device Handbook

Createrx_ctrldetect output
port to indicate 8B/10B decoder
has detected a control code

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook
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Arria GX ALT2GXB Megafunction User Guide

Table 3-5. MegaWizard Plug-In Manager Options (Page 13 for PCI Express [PIPE] Mode) (Part 2 of 3)

ALT2GXB Setting

Description

Reference

Create pipestatus output
port for PIPE interface status
signal

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Receiver Status section in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Createpipedatavalidoutput
port to indicate valid data from
the receiver

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create pipeelecidle output
port for Electrical Idle detect
status signal

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create pipephydonestatus
output port to indicate PIPE
completed power state

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol

transitions information about this port. Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create Refer to the Arria GX Transceiver Protocol PCI Express (PIPE) Mode

pipe8b/l0binvpolarity to
enable polarity inversion in PIPE

Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create tx_detectrxloop
input port as receiver detect or
loopback enable, depending on
the power state

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook
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PCI Express (PIPE) Mode

Table 3-5. MegaWizard Plug-In Manager Options (Page 13 for PCI Express [PIPE] Mode) (Part 3 of 3)

ALT2GXB Setting

Description

Reference

Create tx_forceelecidle
input port to force the transmitter
to send Electrical Idle signals

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create
tx_forcedispcompliance
input port to force negative
running disparity

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook 2
for information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create powerdn input port for
PIPE powerdown directive

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

PCI Express (PIPE) Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_invpolarityto
enable word aligner polarity
inversion

This optional port allows you to dynamically
reverse the polarity of the received data at the
input of the word aligner. This feature must not
be enabled when pipe8bl0binvpolarity
is enabled

Word Aligner section in the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create tx_invpolarityto
allow Transmitter polarity
inversion

This optional port allows you to dynamically
reverse the polarity of the data to be transmitted
at the transmitter PCS-PMA interface.

8B/10B Encoder section in
the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook\
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Arria GX ALT2GXB Megafunction User Guide

Figure 3-8 shows page 14 of the MegaWizard Plug-In Manager for the
PCI Express (PIPE) protocol selection. The Generate simulation model
option creates a behavioral model (.vo or .vho) of the transceiver instance
for third-party simulators. The Generate a netlist for synthesis area and

timing estimation option creates a netlist file (.syn) for third-party
synthesis tools.

Figure 3-8. MegaWizard Plug-In Manager - ALT2GXB (EDA)

MegaWizard Plug-In Manager [page 14 of 15
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Figure 3-9 shows page 15 (the last page) of the MegaWizard Plug-In
Manager for the PCI Express (PIPE) protocol set up. You can select

optional files on this page. After you make your selections, click Finish to
generate the files.

Figure 3-9. MegaWizard Plug-In Manager - ALT2GXB (Summary)

MegaWizard Plug-In Manager [page 15 of 15] -- Summary
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This section provides descriptions of the options available on the
individual pages of the ALT2GXB MegaWizard Plug-In Manager for the
GIGE mode. The MegaWizard Plug-In Manager provides a warning if
any of the settings you choose are illegal.
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Figure 3-10 shows page 3 of the ALT2GXB MegaWizard Plug-In Manager
for GIGE mode.

Figure 3-10. MegaWizard Plug-In Manager - ALT2GXB (page 3)

MegaWizard Plu Manager [page 3 of 15]
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Eaetlve dats s 420,000 hbp: ) Double (valid data rates: = 1 Gbps)
GyE, Trapsmier PLL banduicth mode: High
B dge “what is the chanriel width? bits
Fares B ignal derzetion
YL
m
Preemphasiz IP Input Data
Preemphasis iy s tap, S :
neuer.pphasws fecond P taD 5 mg ‘what would you like to base the sstting on’?
ord iy me* 5y rF'c stats machine
iard alignment wi i
%raihallgr:jmem panlem e What is the data rate? 1250 Mbps
ormal
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The effective datarate is 1250,000 Mbps

—Optional Ports

| Create 'r:_digitalreset' port For the digital portion of the receiver

W Create 'rx_analogreset’ port for the analog portion of the receiver

| Create 'tx_digitalreset' port For the digital portion of the transmitter
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Table 3-6 describes the available options on page 3 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-6. MegaWizard Plug-In Manager Options (Page 3 for GIGE Mode) (Part 1 of 2)

ALT2GXB Setting

Description

Reference

Which protocol will you be
using?

Determines the specific protocol or modes under
which the transceiver operates. The possible
selections are PCI Express (PIPE), GIGE, and
Serial RapidlO. For the GIGE mode, you must
select the GIGE protocol.

Which subprotocol will you
be using?

Not applicable to GIGE mode.

Enforce default settings for
this protocol

Selecting this option skips the GIGE page of the
GIGE MegaWizard Plug-In Manager. The GIGE
page allows you to select the GIGE-specific ports
for your design. If you select this option, all
GIGE-specific ports are used.

What is the operation mode?

The transmitter only and receiver and transmitter
(full duplex) modes are allowed in GIGE protocol.
The receiver only mode is not available.

What is the number of
channels?

This selects how many duplicate channels this
ALT2GXB instance contains. In GIGE mode, the
number of channels increments by 1.

What is the deserializer block
width?

This option is unavailable in GIGE ALT2GXB
instance.

What is the channel width?

This option determines the PLD-transceiver
interface width. Only 8-bit interface width is
supported.

Byte Serializer and Byte
Deserializer sections in the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

What would you like to base
the setting on?

This option is unavailable because the data rate is
fixed at 1250 Mbps for GIGE mode.

What is the data rate?

This option is unavailable because the data rate is
fixed at 1250 Mbps for GIGE mode.

What is the input clock
frequency?

Determines the input reference clock frequency for
the transceiver. In GIGE mode, input reference
clock frequencies of 62.5 MHz and 125 MHz are
supported.

GIGE Mode section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

What is the data rate division
factor?

This option is unavailable in GIGE ALT2GXB
instance.

Altera Corporation
August 2007
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Table 3-6. MegaWizard Plug-In Manager Options (Page 3 for GIGE Mode) (Part 2 of 2)

ALT2GXB Setting

Description

Reference

Createrx_digitalreset
port for the digital portion of
the receiver

Receiver digital reset port. Resets the PCS logic of
the receiver. Altera recommends using this port to
implement the recommended reset sequence.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_analogreset
port for the analog portion of
the receiver

Receiver analog reset port.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Createtx_digitalreset
port for the digital portion of
the transmitter

Transmitter digital reset port. Resets the PCS logic
of the transmitter. Altera recommends using this
port to implement the recommended reset
sequence.

Reset Control and Power
Down section in the

Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device Handbook
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GIGE Mode

Figure 3-11 shows page 4 of the ALT2GXB MegaWizard Plug-In Manager
for GIGE mode.

Figure 3-11. MegaWizard Plug-In Manager - ALT2GXB (PLL/Ports)

MegaWizard Plug-In Manager [page 4 of 15]

.a ALT2GXB

Yersion 7.1

R analogiCal

Blk

Able to mplement the requested GrE

x|

+-1000 =

gige_gxb
~PLL Setting:
2 datain]0) ST ] (| [ [ e o ) Train Recelver PLL clack fram PLL inclk
e _datain]7. O] amgh o mae o e oormp. tx_clataout]0] e BT i L e
FiF) at is the ransmitter andui
pll_inclk tx_clkout[0]
_eruch(D] gl r_ctretect{0] What is the Receiver PLL bandicth made?
1 _ctrlenable[0] I errdetect 0]
i wrhat is the acceptable PPM threshold between the Receiver PLL
x digtalresellD WO and the CRU clock?
x analogreset[d] T ek
e _digitalre set0] = ~ Optiohal Par
gx_b_wduwn[_ el apa | Creake 'gxb_pawerdown’ port to powerdown the Quad
cal_blk_clk
_blk_t conp. [ ere. : i
FiiQ Create 'gxb_enable’ port to enable the Quad

Protocol: GIGE Non

Operstian mode: Raciyar A T Tmr\smmer
(ocghua s et 1220000

incli frequency: 52.50 MHz

o ey P mude High

BH PLL bandwidth mode: hediu

R wm 018

{aee i sl%nal detection

T

Preemphasis

Preemphasiz FI!‘S‘ lPosnap Semgg
Precmphasiz Second Post-tap Setting: 0
e R

ford afignment - ync state mashine
jard 3fignment wikh: 0

ford ahgnment patiem: 170
b mode? natmal

aich filo mode: nomal
e maich paam ] AdrL
Ste match pattems. ADAES

Create 'rx_pll_locked port to indicate

Create 'rz_coreck! part ta connect o
compensation FIFO

Create 'tx_careclk’ port ta connect ta
compensation FIFO

Note: To use the 'rx_coreclk! port or tx_c

Create 'pll_locked port ta indicate PLL is in lock with the reference input clack
Create 'rx_lackborefell’ port to lock the RX PLL o the reference clock

Creake 'rx_locktodata' port to lock the RX PLL ta the received data

Create 'rx_freqlocked' port to indicate RX PLL is in lock with the received data
O Create 'rx_signaldetect’ port ta indicate data input signal detection
Create ‘debug_rx_phase_comp_fifo_error' output port:

Create ‘dsbug_tx_phase_comp_fifo_error' output pork

_coreclk! port, the Arria Gk GXE D PPM clock
aroup and group driver settings must be set in the Quartus Assignment Editor

R PLL is in lock with the reference clock.
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| Cancel ” < Back H Mext > ” Einish |

Table 3-7 describes the available options on page 4 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-7. MegaWizard Plug-In Manager Options (Page 4 for GIGE Mode) (Part 1 of 3)

ALT2GXB Setting

Description

Reference

Train Receiver PLL clock from
PLL inclk

If you select this option, the transmitter input

reference clock (p11_ inclk) drives the receiver

PLL input reference clock also.

If you do not select this option, the signal on the

rx_cruclk port drives the receiver PLL input
reference clock.

What is the GXB Transmitter
PLL bandwidth mode?

This option is not available in GIGE mode because

the transmitter PLL bandwidth is fixed at high.

Altera Corporation
August 2007
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Table 3-7. MegaWizard Plug-In Manager Options (Page 4 for GIGE Mode) (Part 2 of 3)

ALT2GXB Setting

Description

Reference

What is the Receiver PLL
bandwidth mode?

This option is not available in GIGE mode because
the receiver PLL bandwidth is fixed at medium.

What is the acceptable PPM
threshold between the Receiver
PLL VCO and the CRU clock?

This option determines the PPM difference that
affects the automatic receiver CRU switchover
between lock-to-data and lock-to-reference.
(There are additional factors that affect the CRU's
transition.)

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create gxb_powerdown port
to power down the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device
Handbook

Create gxb_enable portto
enable the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create p11 locked portto
indicate PLL is in lock with the
reference input clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create rx_locktorefclk
port to lock the RX PLL to the
reference clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_locktodata port
to lock the RX PLL to the
received data

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook
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GIGE Mode

Table 3-7. MegaWizard Plug-In Manager Options (Page 4 for GIGE Mode) (Part 3 of 3)

ALT2GXB Setting

Description

Reference

Create rx_pll locked port
toindicate RX PLL is in lock with
the reference clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create rx_freglocked port
toindicate RX PLL is in lock with
the received data

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_signaldetect
port to indicate data input signal
detection

This option is unavailable in GIGE mode.

Create
debug_rx phase_comp_
fifo error output port

This optional output port indicates Receiver Phase
Compensation FIFO overflow/underrun condition.
Note that no ppm difference is allowed between
FIFO read and write clocks. This port should be
used for debug purpose only.

Receiver Phase
Compensation FIFO
section in the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook

Create
debug tx phase_ comp_
fifo_ error output port

This optional output port indicates Transmitter
Phase Compensation FIFO overflow/underrun
condition. Note that no ppm difference is allowed
between FIFO read and write clocks. This port
should be used for debug purpose only.

Transmitter Phase
Compensation FIFO
section in the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook

Create rx_coreclk port to
connect to the read clock of the
RX phase compensation FIFO

This optional input port allows you to clock the
read side of the Receiver Phase Compensation
FIFO with a non-transceiver PLD clock.

PLD-Transceiver
Interface Clocking
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device
Handbook

Create tx_coreclk portto
connect to the write clock of the
TX phase compensation FIFO

This optional input port allows you to clock the
write side of the Transmitter Phase Compensation
FIFO with a non-transceiver PLD clock.

PLD-Transceiver
Interface Clocking
section in the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook
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Figure 3-12 shows page 5 of the ALT2GXB MegaWizard Plug-In Manager

for GIGE mode.

Figure 3-12. MegaWizard Plug-In Manager - ALT2GXB (RX Analog/Cal Blk)

MegaWizard Plug-In Manager [page 5 of 15]
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Table 3-8 describes the available options on page 5 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-8. MegaWizard Plug-In Manager Options (Page 5 for GIGE Mode)

ALT2GXB Setting

Description

Reference

What is the Receiver
Common Mode Voltage (RX
Vem)?

The receiver common mode voltage is set to 0.85 V.

Receiver Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Force signal detection

This option is unavailable in GIGE mode and is
always forced selected.

What is the signal detect and
signal loss threshold?

This option is unavailable in GIGE mode as signal
detection is forced.

Use external receiver
termination

This option is available if you want to use an external
termination resistor instead of the on-chip termination
(OCT). If checked, this option turns off the receiver
OCT.

What is the receiver
termination resistance?

In GIGE mode, the only supported receiver
termination resistance is 100 Q.

Receiver Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Use calibration block

This option allows you to select which instance of
ALT2GXB instantiates the calibration block. Only
one instance of ALT2GXB is required to instantiate
the calibration block.

Calibration Block section
in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

Create active low

cal _blk powerdown to
power down the calibration
block

Refer to the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about this
port.

Calibration Block section
in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook
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Figure 3-13 shows page 6 of the ALT2GXB MegaWizard Plug-In Manager
for GIGE mode.

Figure 3-13. MegaWizard Plug-In Manager - ALT2GXB (TX Analog)
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Table 3-9 describes the available options on page 6 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-9. MegaWizard Plug-In Manager Options (Page 6 for GIGE Mode)

ALT2GXB Setting Description Reference
What is the Transmitter Buffer In GIGE mode, the transmitter buffer power is Transmitter Buffer section
Power (VCCH)? fixed at 1.5 V. under GIGE Mode in the

You must connect the VCCH power pins of a
GIGE transceiver bank to a 1.5V power supply.
You must select 1.5-V PCML I/O standard for the
transmitter data output pins.

Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

What is the Transmitter Common
Mode Voltage (Vcm)?

In GIGE mode, the transmitter common mode
voltage is fixed at 0.6 V.

Transmitter Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Use external Transmitter
termination

This option is available if you want to use an
external termination resistor instead of the
on-chip termination (OCT). Checking this option
turns off the transmitter OCT.

Select the Transmitter
termination resistance

In GIGE mode, the only supported receiver
termination resistance is 100 Q.

Transmitter Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

What is the Voltage Output
Differential (VOD) control
setting?

In GIGE mode, the only supported peak-peak
differential output voltage is 800 mV.

Transmitter Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Pre-emphasis pre-tap setting (%
of VOD)

In GIGE mode, this option is unavailable and is
fixed to 0.

Altera Corporation
August 2007
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Table 3-9. MegaWizard Plug-In Manager Options (Page 6 for GIGE Mode)

ALT2GXB Setting

Description

Reference

Pre-emphasis first post-tap
setting (% of VOD)

In GIGE mode, this option is unavailable and is
fixed to 0.

Transmitter Buffer section
under GIGE Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Pre-emphasis second post-tap
setting (% of VOD)

In GIGE mode, this option is unavailable and is
fixed to 0.
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GIGE Mode

Figure 3-14 shows page 11 of the ALT2GXB MegaWizard Plug-In
Manager for GIGE mode.

Figure 3-14. MegaWizard Plug-In Manager - ALT2GXB (Loopback)
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Table 3-10 describes the available options on page 11 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-10. MegaWizard Plug-In Manager Options (Page 11 for GIGE Mode)

ALT2GXB Setting

Description

Reference

Which loopback option would
you like?

No loopback and serial loopback options are
available in GIGE mode.

No loopback is the default mode. If you select
serial loopback, the rx_seriallpbken portis
available to control the serial loopback feature
dynamically. A 1'b1 enables serial loopback and
a 1'b0 disables loopback on a
channel-by-channel basis.

Loopback Modes section
in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook
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GIGE Mode

Figure 3-15 shows page 13 of the ALT2GXB MegaWizard Plug-In
Manager for GIGE mode. If Enforce default settings for this protocol
option is selected, this page does not appear in the MegaWizard.

Figure 3-15. MegaWizard Plug-In Manager - ALT2GXB (GIGE)

MegaWizard Plug-In Manager [page 13 of 15]
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Table 3-11 describes the available options on page 13 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-11. MegaWizard Plug-In Manager Options (Page 13 for GIGE Mode)

ALT2GXB Setting

Description

Reference

Enable run-length violation
checking with a run length of

This option activates the run-length violation
circuit. You can program the run length at which
the circuit triggers the rx_r1lv signal.

Word Aligner section in the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Createrx_syncstatus output
port for pattern detector and
word aligner

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
GIGE mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapterin volume
2 of the Arria GX Device
Handbook

Create rx_patterndetect
output port to indicate pattern
detected

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
GIGE Mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in volume
2 of the Arria GX Device
Handbook

Createrx_ctrldetect output
port to indicate 8B/10B decoder
has detected a control code

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_errdetect port to
indicate 8B/10B decoder has
detected an error code

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_disperr port to
indicate 8B/10B decoder has
detected a disparity error

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device Handbook
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GIGE Mode

Table 3-11. MegaWizard Plug-In Manager Options (Page 13 for GIGE Mode)

ALT2GXB Setting Description Reference
Create rx_invpolarity to enable | This optional port allows you to dynamically Word Aligner section in the
word aligner polarity inversion reverse the polarity of the received data at the | Arria GX Transceiver
input of the word aligner. Architecture chapter in
volume 2 of the Arria GX
Device Handbook
Create tx_invpolarity to allow This optional port allows you to dynamically 8B/10B Encoder section in
Transmitter polarity inversion reverse the polarity of the data to be transmitted | the Arria GX Transceiver
at the transmitter PCS-PMA interface. Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook
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Figure 3-16 shows page 14 of the MegaWizard Plug-In Manager for the
GIGE protocol selection. The Generate simulation model option creates
abehavioral model (.vo or .vho) of the transceiver instance for third-party
simulators. The Generate a netlist for synthesis area and timing

estimation option creates a netlist file (.syn) for third-party synthesis
tools.

Figure 3-16. MegaWizard Plug-In Manager - ALT2GXB (EDA)
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Figure 3-17 shows page 15 (the last page) of the MegaWizard Plug-In
Manager for the GIGE protocol set up. You can select optional files on this
page. After you make your selections, click Finish to generate the files.

Figure 3-17. MegaWizard Plug-In Manager - ALT2GXB (Summary)

MegaWizard Plug-In Manager [page 15 of 15] -- Summary
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Serial Rap|d|0 This section provides descriptions of the options available on the

individual pages of the ALT2GXB MegaWizard Plug-In Manager for
Mode Serial RapidIO mode.

The MegaWizard Plug-In Manager provides a warning if any of the
settings you choose are illegal.
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Figure 3-18 shows page 3 of the ALT2GXB MegaWizard Plug-In Manager
in Serial RapidIO mode.

Figure 3-18. MegaWizard Plug-In Manager - ALT2GXB (General)
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Table 3-12 describes the available options on page 3 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-12. MegaWizard Plug-In Manager Options (Page 3 for Serial RapidlO Mode) (Part 1 of 3)
ALT2GXB Setting Description Reference
Which protocol will you be Determines the specific protocol or modes under which —
using? the transceiver operates. The possible selections are
PCI Express (PIPE), GIGE, and Serial RapidlO. For the
Serial RapidlO mode, you must select the Serial
RapidlO protocol.
Which subprotocol will you | Not applicable to Serial RapidlO mode. —
be using?
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Table 3-12. MegaWizard Plug-In Manager Options (Page 3 for Serial RapidlO Mode) (Part 2 of 3)

ALT2GXB Setting

Description

Reference

Enforce default settings for
this protocol

Not applicable to Serial RapidlO mode.

What is the operation mode?

The available operation modes are receiver only,
transmitter only, and receiver and transmitter.

What is the number of
channels?

This option determines how many duplicate channels
this ALT2GXB instance contains.

What is the deserializer
block width?

This option is unavailable in Serial RapidlO ALT2GXB
instance.

What is the channel width?

This option determines the PLD-transceiver interface
width. Only 16-bit interface width is supported.

Byte Serializer and Byte
Deserializer sections in
the Arria GX
Transceiver
Architecture chapter in
volume 2 of the

Arria GX Device
Handbook

What would you like to base
the setting on?

This option is unavailable in Serial RapidlO mode.

What is the data rate?

In Serial RapidlO mode, data rates of 1250 Mbps and
2500 Mbps are supported.

What is the input clock
frequency?

Determines the input reference clock frequency for the
transceiver. The following input reference clock
frequencies are supported for each data rate option:
1250 Mbps: 62.5 MHz, 78.125 MHz, 125 MHz,
156.25 MHz

2500 Mbps: 125 MHz, 156.25 MHz, 250 MHz,

312.5 MHz

Serial RapidlO Mode
section in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the

Arria GX Device
Handbook

What is the data rate division
factor?

This option is unavailable in Serial RapidlO ALT2GXB
instance.

Create
rx_digitalreset port
for the digital portion of the
receiver

Receiver digital reset port. Resets the PCS logic of the
receiver. Altera recommends using this port to
implement the recommended reset sequence.

Reset Control and
Power Down section in
the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the

Arria GX Device
Handbook
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Table 3-12. MegaWizard Plug-In Manager Options (Page 3 for Serial RapidlO Mode) (Part 3 of 3)

ALT2GXB Setting

Description

Reference

the receiver

Create rx_analogreset
port for the analog portion of

Receiver analog reset port.

Reset Control and
Power Down section in
the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the

Arria GX Device
Handbook

Create

transmitter

tx_digitalreset port
for the digital portion of the

Transmitter digital reset port. Resets the PCS logic of
the transmitter. Altera recommends using this port to
implement the recommended reset sequence.

Reset Control and
Power Down section in
the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the

Arria GX Device
Handbook
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Serial RapidlO Mode

Figure 3-19 shows page 4 of the ALT2GXB MegaWizard Plug-In Manager
for Serial RapidIO mode.

Figure 3-19. MegaWizard Plug-In Manager - ALT2GXB (PLL/Ports)

MegaWizard Plug-In Manager [page 4 of 16]
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Table 3-13 describes the available options on page 4 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-13. MegaWizard Plug-In Manager Options (Page 4 for Serial RapidlO Mode)

ALT2GXB Setting

Description

Reference

Train Receiver PLL clock from
PLL inclk

If you select this option, the transmitter input
reference clock (p11_inclk) drives the receiver
PLL input reference clock also.

If you do not select this option, the signal on the
rx_cruclk port drives the receiver PLL input
reference clock.

What is the GXB Transmitter
PLL bandwidth mode?

This option is not available in Serial RapidlO mode
because the transmitter PLL bandwidth is fixed at
high.

What is the Receiver PLL
bandwidth mode?

This option is not available in Serial RapidlO mode
because the receiver PLL bandwidth is fixed at
medium.

What is the acceptable PPM
threshold between the Receiver
PLL VCO and the CRU clock?

This option determines the PPM difference that
affects the automatic receiver CRU switchover
between lock-to-data and lock-to-reference.
(There are additional factors that affect the CRU's
transition.)

Clock Recovery Unit
(CRU) section in the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create gxb_powerdown port
to power down the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create gxb_enable port to
enable the Quad

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create p11 locked portto
indicate PLL is in lock with the
reference input clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook
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Serial RapidlO Mode

Table 3-13. MegaWizard Plug-In Manager Options (Page 4 for Serial RapidlO Mode)

ALT2GXB Setting

Description

Reference

Create rx_locktorefclk
port to lock the RX PLL to the
reference clock

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_locktodata port
to lock the RX PLL to the
received data

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_pll locked port
toindicate RX PLL is in lock with
the reference clock

Refer to the Arria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Reset Control and Power
Down section in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapterin volume 2 of the
Arria GX Device
Handbook

Create rx_freqglocked port
toindicate RX PLL is in lock with
the received data

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

Clock Recovery Unit
(CRU) section in the Arria
GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_signaldetect
port to indicate data input signal
detection

This option is unavailable in Serial RapidlO mode.

Create
debug_rx_phase_comp_fifo_err
or output port

This optional output port indicates Receiver Phase
Compensation FIFO overflow/underrun condition.
Note that no ppm difference is allowed between
FIFO read and write clocks. This port should be
used for debug purpose only.

Receiver Phase
Compensation FIFO
section in the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook

Create
debug_tx_phase_comp_fifo_err
or output port

This optional output port indicates Transmitter
Phase Compensation FIFO overflow/underrun
condition. Note that no ppm difference is allowed
between FIFO read and write clocks. This port
should be used for debug purpose only.

Transmitter Phase
Compensation FIFO
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device
Handbook
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Arria GX ALT2GXB Megafunction User Guide

Table 3-13. MegaWizard Plug-In Manager Options (Page 4 for Serial RapidlO Mode)

ALT2GXB Setting

Description

Reference

Create rx_coreclk port to

connect to the read clock of the
RX phase compensation FIFO

This optional input port allows you to clock the
read side of the Receiver Phase Compensation
FIFO with a non-transceiver PLD clock.

PLD-Transceiver
Interface Clocking
section in the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook

Create tx_coreclk port to

connect to the write clock of the
TX phase compensation FIFO

This optional input port allows you to clock the
write side of the Transmitter Phase Compensation
FIFO with a non-transceiver PLD clock.

PLD-Transceiver
Interface Clocking
section in the Arria GX
Transceiver Architecture
chapter in volume 2 of the
Arria GX Device
Handbook
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Serial RapidlO Mode

Figure 3-20 shows page 5 of the ALT2GXB MegaWizard Plug-In Manager
for Serial RapidIO mode.

Figure 3-20. MegaWizard Plug-In Manager - ALT2GXB (RX Analog/Cal Blk)

MegaWizard Plug-In Manager [page 5 of 16]
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Table 3-14 describes the available options on page 5 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-14. MegaWizard Plug-In Manager Options (Page 5 for Serial RapidlO Mode)

ALT2GXB Setting Description Reference
What is the Receiver The receiver common mode voltage is set to 0.85 V. | Receiver Buffer section
Common Mode Voltage (RX under Serial RapidlO
Vem)? Mode in the Arria GX

Transceiver Protocol
Support and Additional

Features chapter in
volume 2 of the Arria GX

Device Handbook
Force signal detection This option is unavailable in Serial RapidlO mode and —
is always forced selected.
What is the signal detect and | This option is unavailable in Serial RapidlO mode as —
signal loss threshold? signal detection is forced.
Use external receiver This option is available if you want to use an external —
termination termination resistor instead of the on-chip termination
(OCT). If checked, this option turns off the receiver
OCT.
What is the receiver In Serial RapidlO mode, the only supported receiver | Receiver Buffer section
termination resistance? termination resistance is 100 Q. under Serial RapidlO
Mode in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook
Use calibration block This option allows you to select which instance of Calibration Block section

ALT2GXB instantiates the calibration block. Only in the Arria GX

one instance of ALT2GXB is required to instantiate | Transceiver Protocol

the calibration block. Support and Additional
Features chapter in
volume 2 of the Arria GX

Device Handbook
Create active low Refer to the Arria GX Transceiver Protocol Support | Calibration Block section
cal blk powerdownto |and Additional Features chapter in the Arria GX in the Arria GX
power down the calibration | Device Handbook, volume 2 for information about this | Transceiver Protocol
block port. Support and Additional

Features chapter in
volume 2 of the Arria GX
Device Handbook
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Serial RapidlO Mode

Figure 3-21 shows page 6 of the ALT2GXB MegaWizard Plug-In Manager
for Serial RapidIO mode.

Figure 3-21. MegaWizard Plug-In Manager - ALT2GXB (TX Analog)
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Table 3-15 describes the available options on page 6 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-15. MegaWizard Plug-In Manager Options (Page 6 for Serial RapidlO Mode)

You must connect the VCCH power pins of
Serial RapidlO transceiver bank to a 1.5-V

power supply. You must select 1.5-V PCML I/O

standard for the transmitter data output pins.

ALT2GXB Setting Description Reference
What is the Transmitter Buffer In Serial RapidlO mode, the transmitter buffer | Transmitter Buffer section
Power (VCCH)? power is fixed at 1.5 V. under Serial RapidlO Mode

inthe Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

What is the Transmitter Common
Mode Voltage (Vcm)?

In Serial RapidlO mode, the transmitter
common mode voltage is fixed at 0.6 V.

Transmitter Buffer section
under Serial RapidlO mode
inthe Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Use external Transmitter
termination

This option is available if you want to use an
external termination resistor instead of the
on-chip termination (OCT). Checking this
option turns off the transmitter OCT.

Select the Transmitter
termination resistance

In Serial RapidlO mode, the only supported
receiver termination resistance is 100 Q.

Transmitter Buffer section
under Serial RapidlO mode
inthe Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

What is the Voltage Output
Differential (VOD) control
setting?

In Serial RapidlO mode, the only supported
peak differential output voltage is 800 mV.

Transmitter Buffer section
under Serial RapidlO Mode
inthe Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Pre-emphasis pre-tap setting (%
of VOD)

In Serial RapidlO mode, this option is
unavailable and is fixed to 0.
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Serial RapidlO Mode

Table 3-15. MegaWizard Plug-In Manager Options (Page 6 for Serial RapidlO Mode)

ALT2GXB Setting Description Reference

Pre-emphasis first post-tap In Serial RapidlO mode, this option is Transmitter Buffer section

setting (% of VOD) unavailable and is fixed to 0. under Serial RapidlO Mode
in the Arria GX Transceiver
Protocol Support and

Additional Features
chapter in volume 2 of the
Arria GX Device Handbook
Pre-emphasis second post-tap | In Serial RapidlO mode, this option is —

setting (% of VOD) unavailable and is fixed to 0.

Figure 3-22 shows page 11 of the ALT2GXB MegaWizard Plug-In
Manager for Serial RapidIO mode.

Figure 3-22. MegaWizard Plug-In Manager - ALT2GXB (Loopback)

MegaWizard Plug-In Manager [page 11 of 16]
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Table 3-16 describes the available options on page 11 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-16. MegaWizard Plug-In Manager Options (Page 11 for Serial Rapidl0 Mode)

ALT2GXB Setting

Description

Reference

Which loopback option would
you like?

No loopback and serial loopback options are
available in Serial RapidlO mode.

No loopback is the default mode. If you select
serial loopback, the rx_seriallpbken portis
available to control the serial loopback feature
dynamically. A 1'b1 enables serial loopback and
a 1'b0 disables loopback on a

Loopback Modes section
in the Arria GX
Transceiver Protocol
Support and Additional
Features chapter in
volume 2 of the Arria GX
Device Handbook

channel-by-channel basis.

Figure 3-23 shows page 13 of the ALT2GXB MegaWizard Plug-In
Manager for Serial RapidIO mode.

Figure 3-23. MegaWizard Plug-In Manager - ALT2GXB (SR 1/0 1)
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tx_clkout{0]
rz_syncstatus(1..0)
rz_patterndetect(1..0)

What is the byte ordering patbern?.

111111011

[ andlogresel[o] | rx_ciridetect]1.0

«_digitalresel]D)] r_errdetect[1 .0 Wt is the biyte ordering pad patter. 000000000
[ax_powerdown]

eal_blle_ch ~8h10h decoder/encadsr

M Enable sb1ob decoder/encader

Protocol: Serial RapidlD Man:
Dpsraion mode: Facefvar S Transmittar
- Tt e, 2800000 Wbps
|nc|k !requenc 135000 hHz
mitter FLL bandwldlh | mede: High
e e i

[ Create 'tx_Forcedisp' to enable force disparity and use 'tx_dispval' ta code up the
incoming word using positive or negative disparity

R [~ Rate match FIFO
\5%%?1%%‘ s‘w rial detection [ Enable rate match FIFO

(Ship patter) (Control pattern)

1010001001 0101111100
1010110110 1010000001 1

Boarmiost bretg Setin

Fraemphasic First Post1a eg
Bresmphasis Seoond Fusl(ap Setting: 0
Self Te=t mada: none

hard SparmTert: Sy state mashin
hiard Slanment width: 16

Word lianment pattem: 170

4b10b mbde: nofmal

twihiat is Ehe 20-hit rate match patbern 1y
{usually used For +ve disparity pattern)
twhat is Ehe 20-bit rate match patternz?
{usually used For ~v& disparity, patterm)

Flip Receiver output data bits
Flip Transmitter input data bits
[ Enabls Transmitter bit revarsal
Create 'rx_invpolarity' to enable word aligner polarity inversion

Create 'tx_invpolarity' ko allow Transmitter polarity inversion

[ cancel ][ <Back |[ Mext> |[ Eiish |
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Serial RapidlO Mode

Table 3-17 describes the available options on page 13 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-17. MegaWizard Plug-In Manager Options (Page 13 for Serial Rapidl0 Mode)

ALT2GXB Setting

Description

Reference

Enable byte ordering block

This option is unavailable in Serial RapidlO mode.

Enable 8B/10B
decoder/encoder

This option is unavailable in Serial RapidlO mode and
is always forced selected to enable 8B/10B
decoder/encoder.

Create tx_forcedisp to
enable Force disparity and
use tx_dispval to code up
the incoming word using
positive or negative
disparity

This option is unavailable in Serial RapidlO mode.

Enable rate match FIFO

This option is unavailable in Serial RapidlO mode as
the rate matcher is not supported.

Flip Receiver output data
bits

This option reverses the bit order of the data at the
receiver-PLD interface at a byte level.

Flip Transmitter input data
bits

This option reverses the bit order of the data bits at the
input of the transmitter at a byte level.

Enable Transmitter bit
reversal

This option is unavailable in Serial RapidlO mode.

Create rx_invpolarity to
enable word aligner polarity
inversion

This optional port allows you to dynamically reverse
the polarity of the received data at the input of the word
aligner.

Word Aligner section n
the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create tx_invpolarity to
allow Transmitter polarity
inversion

This optional port allows you to dynamically reverse
the polarity of the data to be transmitted at the
transmitter PCS-PMA interface.

8B/10B Encoder section
n the Arria GX
Transceiver Architecture
chapterin volume 2 of the
Arria GX Device
Handbook
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Figure 3-24 shows page 14 of the MegaWizard Plug-In Manager for the
Serial RapidlO protocol set up.

Figure 3-24. MegaWizard Plug-In Manager - ALT2GXB (SR 1/0 2)

MegaWizard Plug-In Manager [page 14 of 16]

X
a ALT2GXE
Yersion 7.1

Able to implement the requested G2E

srio_gxb
r~word Aligner
J£3 gzaln 105 = ] [T [T [ O Use manual word slignment mode
L datainf15.0] ] R il N When should Ehe word Slianer reslian?
pil_inclk

%_cruclkld T e
_ctrlerable]1..0 i

2 Cliggitalr &= et[0)

= analogreset[0]
i dligiitalre set]0)

(® Realign continuously while 'rx_enapatternalign' is high

3 Realign at the rising edoe of 'rx_snapatternalion’

4 Use manual bitslipping mode:

@) Use the built-in ‘synchranization state machine'

ey _powver clowen(l Mumber of bad data words befare loss of synch state 3 ~
cal_blk_clk
| Mumber of consecutive valid words before synch skate is reached 285 -

Mumber of valid patterns before synch state is reached

Efteative data rate. 2000 10 ) What is the ward alignment pattern length? v

GYE Transmitter FLL banduidth mode: High

B [LL banduidth mode: Medium Vhat is the: word alignment pattern? 0101111100 K28.5-

Faree HiCzanal detection

THwem: 0.6 Flip word alignment pattern bits
Fresmphaci Pretap Setingc)

:ggmgggg:g Emﬁ%‘;‘;ﬂfﬁ'" e Enable run-length viokation checking with a run length of 40
o g};gg&z;g? Sate machine [ Enable word sligner oukput reverse bit ordering
fard 3lignment pattem: 170

£10b made: nofmal

~ Create 'ne_syncstatus' output port for pattern dekector and word aligner

" Create 're_patterndetect’ port to indicake pattern detected

B Create 'rx_ctridetect’ port to indicate Bb10b decoder has detected a control code
M Create 'rx_errdetect’ port to indicate 8b10b decoder has detected an error code
B Create 'nc_disperr’ port ko indicate 8b10b decoder has detected a disparity errar

[ Create 'n_revbytearderwa' to enable receiver symbal swap

| Cancel ” = Back ” et > H Einish |

Table 3-18 describes the available options on page 14 of the MegaWizard
Plug-In Manager for your ALT2GXB custom megafunction variation.

Table 3-18. MegaWizard Plug-In Manager Options (Page 14 for Serial RapidlO Mode) (Part 1 of 3)

ALT2GXB Setting Description Reference
Use manual word alignment | This option is unavailable in Serial RapidlO mode. —
mode
Use manual bit slipping mode. | This option is unavailable in Serial RapidlO mode. —
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Table 3-18. MegaWizard Plug-In Manager Options (Page 14 for Serial Rapidl0 Mode) (Part 2 of 3)

ALT2GXB Setting

Description

Reference

Use the built-in
‘'synchronization state
machine'

This option is forced selected in Serial RapidlO
mode

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Number of bad data words
before loss of synch state

Referto the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Number of consecutive valid
words before synch state is
reached

Referto the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Word Aligner section under
Serial RapidlO mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Number of valid patterns
before synch state is reached

Referto the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

What is the word alignment
pattern length?

Refer to the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Word Aligner section under
Serial RapidlO mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

What is the word alignment
pattern?

Refer to the Arria GX Transceiver Protocol Support
and Additional Features chapter in volume 2 of the
Arria GX Device Handbook for information about
this port.

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device Handbook
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Table 3-18. MegaWizard Plug-In Manager Options (Page 14 for Serial Rapidl0 Mode) (Part 3 of 3)

ALT2GXB Setting

Description

Reference

Enable run-length violation
checking with a run length of

This option activates the run-length violation
circuit. You can program the run length at which
the circuit triggers the rx_r1lv signal.

Word Aligner section n the
Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Enable word aligner output
reverse bit ordering

This option is unavailable in Serial RapidlO mode.

Create rx_syncstatus
output port for pattern
detector and word aligner

Refer to the AArria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create
rx_patterndetectoutput
port to indicate pattern
detected

Refer to the AArria GX Transceiver Protocol
Support and Additional Features chapter in
volume 2 of the Arria GX Device Handbook for
information about this port.

Word Aligner section under
Serial RapidlO Mode in the
Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_ctrldetect
output port to indicate 8B/10B
decoder has detected a
control code

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section n
the Arria GX Transceiver
Architecture chapter in
volume 2 of the Arria GX
Device Handbook

Create rx_errdetect port
to indicate 8B/10B decoder
has detected an error code

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Protocol Support and
Additional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create rx_disperr portto
indicate 8B/10B decoder has
detected a disparity error

Refer to the Arria GX Transceiver Architecture
chapter in volume 2 of the Arria GX Device
Handbook for information about this port.

8B/10B Decoder section in
the Arria GX Transceiver
Protocol Support and
Ad(ditional Features
chapter in volume 2 of the
Arria GX Device Handbook

Create
rx_revbyteorderwa to
enable receiver symbol swap

This option is unavailable in Serial RapidlO mode.
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Figure 3-25 shows page 15 of the MegaWizard Plug-In Manager for the
Serial RapidIO protocol selection. The Generate simulation model
option creates a behavioral model (.vo or .vho) of the transceiver instance
for third-party simulators. The Generate a netlist for synthesis area and
timing estimation option creates a netlist file (.syn) for third-party
synthesis tools.

Figure 3-25. MegaWizard Plug-In Manager - ALT2GXB (EDA)

MegaWizard Plug-In Manager [page 15 of 16] - EDA |

‘a ALT2GXB

Version 7.1

Documentation

- Simulation Libraries

*_dtain|]

1x_dalain]15 0 ] o
I inclk

_cruck]]

[
e,

. To prapety simulate the generated desian files, the Follawing simulation mode|
-4 File{s) are needed
e File | Desciiption |
FIFC aid armage_hssi Armia Gx HSS| simulation library
dere.
Tgate Sgate simulation library

1x_ctrlenable[1..0

rx_digitalreset(0)
x_analogreset|0]

ix_dligitalreset[]
wib_powerdow
cal_blk_clk

Brotocol: Serial Rapidl None §
Operation made: Receiver and Tansmiter

B v, 0
Farce R signal detection
WECHTE T

T vem: 0.8

Freemphasic Fre-tap Setting; 0
Breemphizcls Fit Fostap Setng: 0
Preemphasic Second Posttap Setting: 0
Gelf Te=t mode: none

Aiord alanment: =yne stzte machine
iard Blianment width 16

Word Sianment pattem: 170

3b10b made: nofmal

An IP Functional Simulation Model is a cycle-accurate WHDL or Yerilog HDL moded
produced by the Quartus IT software. These models sllow fast Functional
simulations of IP using industry-standard WHOL or Yerilog HOL simulators.

‘You may use these simulation mods| output Files for simulation purposes and
expressly not for synthesis or any other purposes, Using these models for
synthesis will create a non-functional design

Generate simulation mode!

[ Synkhesi:

Some third-party synthesis tools may benefik From reading the detsils of this
megafunction. Using this netlist, the synthesis kool is able to estimate timing
and resource usage For the megafunction

Generate a netlist for synthesis area and timing estimation

[ Coneel || <ok || toxt> || i |
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Figure 3-26 shows page 16 (last page) of the MegaWizard Plug-In
Manager for the Serial RapidlO protocol set up. You can select optional

files on this page. After you make your selections, click Finish to generate
the files.

Figure 3-26. MegaWizard Plug-In Manager - ALT2GXB (Summary)

MegaWizard Plug-In Manager [page 16 of 16] -- Summary

]
,a ALT2GXB

Turn on the Files you wish to generate. A gray checkmark indicates a file that is
automatically generated, and a red checkmark indicates an optional file, Click
stio_gxh Finish to generate the selected files, The state of each checkbox is mainkained in
subsequent Megawizard Plug-In Manager sessions.
e sstain(D]__J = T T [
aTen EPE]
e _clatain[15.0] i W e R
II_inclk e The MegaWizard Plug-In Manager creates the selected Files in the Follawing
. erolD P directory: Cilalteral 71 |adesigns|
bx_ctrienable[1..0] L
yic_sligitalveset[0 File | Description
x2_analogreset[0] [ srio_geb v Wariation file
b digtalreef 0 siio_gwbinc AHDL Include file
b powerdonn O sno_gsb.cmp WHDL component declaration file
eg—th [ srio_gub.bsf Huartus Il symbol file
Lol bk o O srio_g=b_inst.y Instantiation template file
4 srio_gsb_bb.v Werilog HDL black-box file
Protassl: Sarisl Fapid 0 Hon
Upergtion mode B daiver and Transmitter
fective data rate; 2500 000 Wbps
inglk frequency” 125 0 hiHz
BB Transmier FLL banduyidth mods  High
Rt PL banduidth mode: hisdi
R e,
Fore B dgnal detestion
WECH
T
reemphasls Pretap Seming
EresmEhasic First Bost tep. 5 eﬂ
Presmphasis Second Posvtap Seating: 0
ord alnment: syne state machin
fard alignment width: 10
fard alignment pmem 7C
0 10b mode: normal
[ cancet [ <mack || we s [ Erish |

Referenced This chapter references the following documents:
Documents

B Arria GX Architecture chapter in volume 1 of the Arria GX Device
Handbook
B Arria GX Transceiver Architecture chapter in volume 2 of the Arria GX
Device Handbook
B Arria GX Transceiver Protocol Support and Additional Features chapter
in volume 2 of the Arria GX Device Handbook
3-58 Altera Corporation
Arria GX Device Handbook, Volume 2

August 2007


http://www.altera.com/literature/hb/agx/agx_51002.pdf
http://www.altera.com/literature/hb/agx/agx_52002.pdf
http://www.altera.com/literature/hb/agx/agx_52001.pdf

Document Revision History

Document Table 3-19 shows the revision history for this chapter.
Revision History

Table 3-19. Document Revision History

Date and

Document Changes Made Summary of Changes
Version

August 2007, | Added the “Referenced Documents” section. —
vi.2

Minor text edits. —

June 2007, Added GIGE information. —
vl

May 2007, v1.0 | Initial Release.
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8B/10B Code

Altera Corporation
May 2007

This section provides information about the data and control codes for
Arria™ GX devices.

Code Notation

The 8B/10B data and control codes are referred to as Dx.y and Kx.y,
respectively. The 8-bit byte -H G F E D C B A, where H is the most
significant bit (MSB) and A is the significant bit (LSB) — is broken up into
two groups, x and y, where x is the five lower bits (ED C B A) and y is the
three upper bits (H G F). Figure 4-1 shows the designation for 3C hex.

Figure 4-1. Sample Notation for 3C hex
y=1 x=28

o KA RRIRE K
(3C hex)

H G F E D C B A

There are 256 Dx.y and 12 Kx.y valid 8-bit codes. These codes have two
10-bit equivalent codes associated with each 8-bit code. The 10-bit codes
have either a neutral disparity or a non-neutral disparity. With neutral
disparity, two neutral disparity 10-bit codes are associated with an 8-bit
code. With non-neutral disparity 10-bit code, a positive and a negative
disparity code are associated with the 8-bit code.

The positive disparity 10-bit code is associated in the RD- column. The
negative disparity 10-bit code is associated in the RD+ column.

Disparity Calculation

Running disparity is calculated based on the sub-blocks of the 10-bit code.
The 10-bit code is divided into two sub-blocks, a 6-bit sub-block (abcdei)
and a 4-bit sub-block (fghj), as shown in Figure 4-2.



8B/10B Code

4-2

Figure 4-2. 10-Bit Grouping of 6-bit & 4-Bit Sub-Blocks

10-Bit Code
j h g f i e d c b a
e Lo Lol [ e fo]e]
(3C hex)
4-Bit Block 6-Bit Block

The running disparity at the beginning of the 6-bit sub-block is the
running disparity at the end of the previous 10-bit code. The running
disparity of the 4-bit sub-block is the running disparity at the end of the
6-bit sub-block. The running disparity at the end of the 4-bit sub-block is
the running disparity of the 10-bit code (refer to Figure 4-3).

Figure 4-3. Running Disparity Between Sub-Blocks

10-Bit Code
i h g f i e d c b a
D28.1=|0|0|1|1||1|1|1|0|0|0|
(3C hex)
4-Bit Block 6-Bit Block

The running disparity calculation rules are as follows:

B The current running disparity at the end of a sub-block is positive if
any of the following is true:
e The sub-block contains more ones than zeros
e The 6-bit sub-block is 6'b000111
e The 4-bit sub-block is 4b0011

B The current running disparity at the end of a sub-block is negative if
any of the following is true:
e The sub-block contains more zeros than ones
e The 6-bit sub-block is 6'b111000
e The 4-bit sub-block is 4'b1100

If those conditions are not met, the running disparity at the end of the
sub-block is the same as at the beginning of the sub-block.
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Supported Codes

The 8B/10B scheme defines the 12 control codes listed in Table 4-1 for
synchronization, alignment, and general application purposes.

Table 4-1. Supported K Codes

K Code

Octal Value

8-Bit Code

10-Bit Code RD-

10-Bit Code RD+

HGF_EDCBA

abcdei_fghj

K28.0

1C

8'b000_11100

10'b001111_0100

10'b110000_1011

K28.1

3C

8'b001_11100

10'b001111_1001

10'b110000_0110

K28.2

5C

8'b010_11100

10'b001111_0101

10'b110000_1010

K28.3

7C

8'b011_11100

10'b001111_0011

10'b110000_1100

K28.4

oC

8'b100_11100

10'b001111_0010

10'b110000_1101

K28.5 (1)

BC

8'b101_11100

10'b001111_1010

10'b110000_0101

K28.6

DC

8'b110_11100

10'b001111_0110

10'b110000_1001

K28.7

FC

8'b111_11100

10'0001111_1000

10'0110000_0111

K23.7

F7

8'b111_10111

10'b111010_1000

10'v000101_0111

K27.7

FB

8'b111_11011

10'b110110_1000

10'v001001_0111

K29.7

FD

8'b111_11101

10'b101110_1000

10'0010001_0111

K30.7

FE

8'b111_11110

10'b011110_1000

10'b100001_0111

Note to Table 4-1:

(1) K285 is acomma code used for word alignment and indicates an IDLE state.

Table 4-2 shows the valid data code-groups.

Table 4-2. Valid Data Code-Groups (Part 1 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA abcdei fghj
D0.0 00 000 00000 100111 0100 011000 1011
D1.0 01 000 00001 011101 0100 100010 1011
D2.0 02 000 00010 101101 0100 010010 1011
D3.0 03 000 00011 110001 1011 110001 0100
D4.0 04 000 00100 110101 0100 001010 1011
D5.0 05 000 00101 101001 1011 101001 0100
D6.0 06 000 00110 011001 1011 011001 0100
D7.0 07 000 00111 111000 1011 000111 0100

Altera Corporation
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Table 4-2. Valid Data Code-Groups (Part 2 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D8.0 08 000 01000 111001 0100 000110 1011
D9.0 09 000 01001 100101 1011 100101 0100
D10.0 0A 000 01010 010101 1011 010101 0100
D11.0 0B 000 01011 110100 1011 110100 0100
D12.0 oC 000 01100 001101 1011 001101 0100
D13.0 oD 000 01101 101100 1011 101100 0100
D14.0 OE 00001110 011100 1011 011100 0100
D15.0 OF 000 01111 010111 0100 101000 1011
D16.0 10 000 10000 011011 0100 100100 1011
D17.0 11 000 10001 100011 1011 100011 0100
D18.0 12 000 10010 010011 1011 010011 0100
D19.0 13 000 10011 110010 1011 110010 0100
D20.0 14 000 10100 001011 1011 001011 0100
D21.0 15 000 10101 101010 1011 101010 0100
D22.0 16 000 10110 011010 1011 011010 0100
D23.0 17 000 10111 111010 0100 000101 1011
D24.0 18 000 11000 110011 0100 001100 1011
D25.0 19 000 11001 100110 1011 100110 0100
D26.0 1A 000 11010 010110 1011 010110 0100
D27.0 1B 000 11011 110110 0100 001001 1011
D28.0 1C 000 11100 001110 1011 001110 0100
D29.0 1D 000 11101 101110 0100 010001 1011
D30.0 1E 000 11110 011110 0100 100001 1011
D31.0 1F 000 11111 101011 0100 010100 1011
DO.1 20 001 00000 100111 1001 011000 1001
D1.1 21 001 00001 011101 1001 100010 1001
D2.1 22 001 00010 101101 1001 010010 1001
D3.1 23 001 00011 110001 1001 110001 1001
D4.1 24 001 00100 110101 1001 001010 1001
D5.1 25 001 00101 101001 1001 101001 1001
D6.1 26 001 00110 011001 1001 011001 1001
D7.1 27 001 00111 111000 1001 000111 1001
D8.1 28 001 01000 111001 1001 000110 1001
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Table 4-2. Valid Data Code-Groups (Part 3 of 9)
Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D9.1 29 001 01001 100101 1001 100101 1001
D10.1 2A 001 01010 010101 1001 010101 1001
D11.1 2B 001 01011 110100 1001 110100 1001
D12.1 2C 001 01100 001101 1001 001101 1001
D13.1 2D 001 01101 101100 1001 101100 1001
D14.1 2E 001 01110 011100 1001 011100 1001
D15.1 2F 001 01111 010111 1001 101000 1001
D16.1 30 001 10000 011011 1001 100100 1001
D171 31 001 10001 100011 1001 100011 1001
D18.1 32 001 10010 010011 1001 010011 1001
D19.1 33 001 10011 110010 1001 110010 1001
D20.1 34 001 10100 001011 1001 001011 1001
D21.1 35 001 10101 101010 1001 101010 1001
D22.1 36 001 10110 011010 1001 011010 1001
D23.1 37 001 10111 111010 1001 000101 1001
D24.1 38 001 11000 110011 1001 001100 1001
D25.1 39 001 11001 100110 1001 100110 1001
D26.1 3A 001 11010 010110 1001 010110 1001
D27.1 3B 001 11011 110110 1001 001001 1001
D28.1 3C 001 11100 001110 1001 001110 1001
D29.1 3D 001 11101 101110 1001 010001 1001
D30.1 3E 00111110 011110 1001 100001 1001
D31.1 3F 001 11111 101011 1001 010100 1001
D0.2 40 010 00000 100111 0101 011000 0101
D1.2 41 010 00001 011101 0101 100010 0101
D2.2 42 010 00010 101101 0101 010010 0101
D3.2 43 010 00011 110001 0101 110001 0101
D4.2 44 010 00100 110101 0101 001010 0101
D5.2 45 010 00101 101001 0101 101001 0101
D6.2 46 010 00110 011001 0101 011001 0101
D7.2 47 010 00111 111000 0101 000111 0101
D8.2 48 010 01000 111001 0101 000110 0101
D9.2 49 010 01001 100101 0101 100101 0101
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8B/10B Code

Table 4-2. Valid Data Code-Groups (Part 4 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D10.2 4A 01001010 010101 0101 010101 0101
D11.2 4B 010 01011 110100 0101 110100 0101
D12.2 4C 01001100 001101 0101 001101 0101
D13.2 4D 01001101 101100 0101 101100 0101
D14.2 4E 01001110 011100 0101 011100 0101
D15.2 4F 01001111 010111 0101 101000 0101
D16.2 50 010 10000 011011 0101 100100 0101
D17.2 51 010 10001 100011 0101 100011 0101
D18.2 52 010 10010 010011 0101 010011 0101
D19.2 53 010 10011 110010 0101 110010 0101
D20.2 54 010 10100 001011 0101 001011 0101
D21.2 55 010 10101 101010 0101 101010 0101
D22.2 56 01010110 011010 0101 011010 0101
D23.2 57 010 10111 111010 0101 000101 0101
D24.2 58 010 11000 110011 0101 001100 0101
D25.2 59 010 11001 100110 0101 100110 0101
D26.2 5A 010 11010 010110 0101 010110 0101
D27.2 5B 010 11011 110110 0101 001001 0101
D28.2 5C 010 11100 001110 0101 001110 0101
D29.2 5D 010 11101 101110 0101 010001 0101
D30.2 5E 010 11110 011110 0101 100001 0101
D31.2 5F 010 11111 101011 0101 010100 0101
D0.3 60 011 00000 100111 0011 011000 1100
D1.3 61 011 00001 011101 0011 100010 1100
D2.3 62 011 00010 101101 0011 010010 1100
D3.3 63 011 00011 110001 1100 110001 0011
D4.3 64 011 00100 110101 0011 001010 1100
D5.3 65 011 00101 101001 1100 101001 0011
D6.3 66 01100110 011001 1100 011001 0011
D7.3 67 011 00111 111000 1100 000111 0011
D8.3 68 011 01000 111001 0011 000110 1100
D9.3 69 011 01001 100101 1100 100101 0011
D10.3 6A 01101010 010101 1100 010101 0011
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Table 4-2. Valid Data Code-Groups (Part 5 of 9)
Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D11.3 6B 011 01011 110100 1100 110100 0011
D12.3 6C 011 01100 001101 1100 001101 0011
D13.3 6D 011 01101 101100 1100 101100 0011
D14.3 6E 01101110 011100 1100 011100 0011
D15.3 6F 011 01111 010111 0011 101000 1100
D16.3 70 011 10000 011011 0011 100100 1100
D17.3 71 011 10001 100011 1100 100011 0011
D18.3 72 011 10010 010011 1100 010011 0011
D19.3 73 011 10011 110010 1100 110010 0011
D20.3 74 01110100 001011 1100 001011 0011
D21.3 75 011 10101 101010 1100 101010 0011
D22.3 76 01110110 011010 1100 011010 0011
D23.3 77 01110111 111010 0011 000101 1100
D24.3 78 011 11000 110011 0011 001100 1100
D25.3 79 011 11001 100110 1100 100110 0011
D26.3 7A 01111010 010110 1100 010110 0011
D27.3 7B 011 11011 110110 0011 001001 1100
D28.3 7C 01111100 001110 1100 001110 0011
D29.3 7D 011 11101 101110 0011 010001 1100
D30.3 7E 01111110 011110 0011 100001 1100
D31.3 7F 011 11111 101011 0011 010100 1100
D0.4 80 100 00000 100111 0010 011000 1101
D1.4 81 100 00001 011101 0010 100010 1101
D2.4 82 100 00010 101101 0010 010010 1101
D3.4 83 100 00011 110001 1101 110001 0010
D4.4 84 100 00100 110101 0010 001010 1101
D5.4 85 100 00101 101001 1101 101001 0010
D6.4 86 100 00110 011001 1101 011001 0010
D7.4 87 100 00111 111000 1101 000111 0010
D8.4 88 100 01000 111001 0010 000110 1101
D9.4 89 100 01001 100101 1101 100101 0010
D10.4 8A 100 01010 010101 1101 010101 0010
D11.4 8B 100 01011 110100 1101 110100 0010

Altera Corporation 4-7

May 2007 Arria GX Device Handbook, Volume 2



8B/10B Code

Table 4-2. Valid Data Code-Groups (Part 6 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D12.4 8C 100 01100 001101 1101 001101 0010
D13.4 8D 100 01101 101100 1101 101100 0010
D14.4 8E 100 01110 011100 1101 011100 0010
D15.4 8F 100 01111 010111 0010 101000 1101
D16.4 90 100 10000 011011 0010 100100 1101
D17.4 91 100 10001 100011 1101 100011 0010
D18.4 92 100 10010 010011 1101 010011 0010
D19.4 93 100 10011 110010 1101 110010 0010
D20.4 94 100 10100 001011 1101 001011 0010
D21.4 95 100 10101 101010 1101 101010 0010
D22.4 96 100 10110 011010 1101 011010 0010
D23.4 97 100 10111 111010 0010 000101 1101
D24.4 98 100 11000 110011 0010 001100 1101
D25.4 99 100 11001 100110 1101 100110 0010
D26.4 9A 100 11010 010110 1101 010110 0010
D27.4 9B 100 11011 110110 0010 001001 1101
D28.4 9C 100 11100 001110 1101 001110 0010
D29.4 9D 100 11101 101110 0010 010001 1101
D30.4 9E 100 11110 011110 0010 100001 1101
D31.4 9F 100 11111 101011 0010 010100 1101
D0.5 A0 101 00000 100111 1010 011000 1010
D1.5 A1 101 00001 011101 1010 100010 1010
D25 A2 101 00010 101101 1010 010010 1010
D3.5 A3 101 00011 110001 1010 110001 1010
D4.5 A4 101 00100 110101 1010 001010 1010
D5.5 A5 101 00101 101001 1010 101001 1010
D6.5 A6 101 00110 011001 1010 011001 1010
D7.5 A7 101 00111 111000 1010 000111 1010
D8.5 A8 101 01000 111001 1010 000110 1010
D9.5 A9 101 01001 100101 1010 100101 1010
D10.5 AA 101 01010 010101 1010 010101 1010
D11.5 AB 101 01011 110100 1010 110100 1010
D125 AC 101 01100 001101 1010 001101 1010
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Table 4-2. Valid Data Code-Groups (Part 7 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D13.5 AD 101 01101 101100 1010 101100 1010
D14.5 AE 101 01110 011100 1010 011100 1010
D15.5 AF 101 01111 010111 1010 101000 1010
D16.5 BO 101 10000 011011 1010 100100 1010
D17.5 B1 101 10001 100011 1010 100011 1010
D18.5 B2 101 10010 010011 1010 010011 1010
D19.5 B3 101 10011 110010 1010 110010 1010
D20.5 B4 101 10100 001011 1010 001011 1010
D21.5 B5 101 10101 101010 1010 101010 1010
D22.5 B6 101 10110 011010 1010 011010 1010
D23.5 B7 101 10111 111010 1010 000101 1010
D24.5 B8 101 11000 110011 1010 001100 1010
D25.5 B9 101 11001 100110 1010 100110 1010
D26.5 BA 101 11010 010110 1010 010110 1010
D27.5 BB 101 11011 110110 1010 001001 1010
D28.5 BC 101 11100 001110 1010 001110 1010
D29.5 BD 101 11101 101110 1010 010001 1010
D30.5 BE 101 11110 011110 1010 100001 1010
D31.5 BF 101 11111 101011 1010 010100 1010
D0.6 Co 110 00000 100111 0110 011000 0110
D1.6 C1 110 00001 011101 0110 100010 0110
D2.6 c2 110 00010 101101 0110 010010 0110
D3.6 C3 110 00011 110001 0110 110001 0110
D4.6 c4 110 00100 110101 0110 001010 0110
D5.6 C5 110 00101 101001 0110 101001 0110
D6.6 c6 110 00110 011001 0110 011001 0110
D7.6 c7 110 00111 111000 0110 000111 0110
D8.6 cs 110 01000 111001 0110 000110 0110
D9.6 (o]°] 110 01001 100101 0110 100101 0110
D10.6 CA 110 01010 010101 0110 010101 0110
D11.6 CB 110 01011 110100 0110 110100 0110
D12.6 cc 11001100 001101 0110 001101 0110
D13.6 CD 110 01101 101100 0110 101100 0110
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8B/10B Code

Table 4-2. Valid Data Code-Groups (Part 8 of 9)

Octet Bits Current RD- Current RD+
Code-Group Name Octet Value

HGF EDCBA ahcdei fghj
D14.6 CE 110 01110 011100 0110 011100 0110
D15.6 CF 110 01111 010111 0110 101000 0110
D16.6 DO 110 10000 011011 0110 100100 0110
D17.6 D1 110 10001 100011 0110 100011 0110
D18.6 D2 110 10010 010011 0110 010011 0110
D19.6 D3 110 10011 110010 0110 110010 0110
D20.6 D4 110 10100 001011 0110 001011 0110
D21.6 D5 110 10101 101010 0110 1010100110
D22.6 D6 11010110 011010 0110 011010 0110
D23.6 D7 110 10111 111010 0110 000101 0110
D24.6 D8 110 11000 110011 0110 001100 0110
D25.6 D9 110 11001 100110 0110 1001100110
D26.6 DA 110 11010 010110 0110 010110 0110
D27.6 DB 110 11011 110110 0110 001001 0110
D28.6 DC 11011100 0011100110 0011100110
D29.6 DD 110 11101 1011100110 010001 0110
D30.6 DE 110 11110 011110 0110 100001 0110
D31.6 DF 11011111 101011 0110 010100 0110
D0.7 EO 111 00000 100111 0001 011000 1110
D1.7 E1 111 00001 011101 0001 100010 1110
D2.7 E2 111 00010 101101 0001 010010 1110
D3.7 E3 111 00011 110001 1110 110001 0001
D4.7 E4 111 00100 110101 0001 001010 1110
D5.7 E5 111 00101 101001 1110 101001 0001
D6.7 E6 111 00110 011001 1110 011001 0001
D7.7 E7 111 00111 111000 1110 000111 0001
D8.7 Es 111 01000 111001 0001 000110 1110
D9.7 E9 111 01001 100101 1110 100101 0001
D10.7 EA 111 01010 010101 1110 010101 0001
D11.7 EB 111 01011 110100 1110 110100 1000
D12.7 EC 111 01100 001101 1110 001101 0001
D13.7 ED 111 01101 101100 1110 101100 1000
D14.7 EE 111 01110 011100 1110 011100 1000
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Table 4-2. Valid Data Code-Groups (Part 9 of 9)
Octet Bits Current RD- Current RD+
Code-Group Name Octet Value
HGF EDCBA ahcdei fghj
D15.7 EF 111 01111 010111 0001 101000 1110
D16.7 FO 111 10000 011011 0001 100100 1110
D17.7 F1 111 10001 100011 0111 100011 0001
D18.7 F2 111 10010 010011 0111 010011 0001
D19.7 F3 111 10011 110010 1110 110010 0001
D20.7 Fa 11110100 001011 0111 001011 0001
D21.7 F5 111 10101 101010 1110 101010 0001
D22.7 F6 11110110 011010 1110 011010 0001
D23.7 F7 111 10111 111010 0001 000101 1110
D24.7 F8 111 11000 110011 0001 001100 1110
D25.7 F9 111 11001 100110 1110 100110 0001
D26.7 FA 111 11010 010110 1110 010110 0001
D27.7 FB 111 11011 110110 0001 001001 1110
D28.7 FC 111 11100 001110 1110 001110 0001
D29.7 FD 111 11101 101110 0001 010001 1110
D30.7 FE 111 11110 011110 0001 100001 1110
D31.7 FF 111 11111 101011 0001 010100 1110
DOCU ment Table 4-3 shows the revision history for this document.
Revision History
Table 4-3. Document Revision History
Date and Document Version Changes Made Summary of Changes
May 2007 v1.0 Initial Release N/A
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