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A main system bottleneck in high-speed communications equipment is
data transmission from chip-to-chip and over backplanes. Stratix™ GX
devices help remedy the problem by supporting 3.125-gigabit per second
(Gbps) channels and integrating advanced functionality into the device’s
logic array. Versatile Stratix GX transceiver blocks support many
emerging industry protocols that require high-speed differential 1/0 with
clock data recovery (CDR) (e.g., 10 Gigabit Ethernet via the 10-Gbps
attachment unit interface [XAUI]), SONET scrambled backplane, and
custom implementations.

The Stratix GX transceiver block is designed to support XAUI. In addition,
the other 10 Gigabit Ethernet interface protocols (i.e., 10-gigabit, 16-bit
interface [XSBI] and 10-gigabit medium independent interface [XGMII])
are also supported by Stratix GX devices.

This application note discusses the following topics:

Fundamentals of 10 Gigabit Ethernet & XAUI
XAUI electrical specifications

Implementing XAUI in Stratix GX devices
Using Quartus Il to implement XAUI
Applications of Stratix GX and XAUI

Over the years, Ethernet speed has leapfrogged from the initial

10 megabits per second (Mbps), to 100 Mbps, and more recently to

1 Gbps. Today, the Ethernet is the dominant network technology in local
area networks (LANSs), and with the advent of the 10 Gigabit Ethernet, it
is now competitive in the metropolitan area network (MAN) and wide
area network (WAN) markets.

The purpose of the 10 Gigabit Ethernet standard is to extend IEEE 802.3
(Ethernet) operating speed to 10 Gbps and include WAN applications.
These additions provide a significant increase in bandwidth while
maintaining maximum compatibility with current IEEE 802.3 interfaces.
Figure 1 shows the 10 Gigabit Ethernet layer diagram.
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Figure 1. 10 Gigabit Ethernet Layer Diagram
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Notes to Figure 1:

(1) Optional sublayer.

(2) Adding the WIS makes the WAN a PHY layer.
(3) OIF: Optical Interworking Forum.

(4) SERDES: serializer/deserializer.

The Ethernet PHY layer—(i.e., layer 1 of the open systems interconnection
[OSI] model)—connects the media (e.g., optical or copper) to the MAC
layer (i.e., layer 2). The Ethernet architecture further divides the PHY layer
into a PMD sublayer, a PMA sublayer, and a PCS. For example, optical
transceivers are PMD sublayers. The PMA converts the data between the
PMD sublayer and the PCS. The PCS is made up of coding (e.g., 8b/10b,
64b/66b) and serializer, or multiplexing functions.

Altera Corporation 2
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The 10 Gigabit Ethernet has three different implementations for the PHY
layer:

®  10GBASE-X
= 10GBASE-R
m  10GBASE-W

The 10GBASE-X implementation is a PHY layer that supports XAUI.
XAUI, used in conjunction with the XGMII extender sublayer (XGXS),
allows more separation in distance between the MAC and PHY layers.
The 10GBASE-X PCS uses four lanes of 8b/10b coded data at a rate of
3.125 Gbps. The 10GBASE-X is a wide wave division multiplexing
(WWDM) LAN PHY layer.

The 10GBASE-R and 10GBASE-W are serial LAN PHY layers and serial
WAN PHY layers, respectively. Unlike the 10GBASE-X implementation,
the 10GBASE-R and 10GBASE-W implementations have an XSBI
interface.

XAUI Fundamentals

XAUI is designed as an interface extender for the 10 Gigabit XGMII. You
can use XAUI in various applications including 10 Gigabit Ethernet line
cards, LAN-to-WAN bridges (i.e., Ethernet to SONET converter), and as a
backplane and chip-to-chip interconnect.

Using 1.5-V PCML electrical levels, XAUI uses four full-duplex serial links
at 3.125 Gbps in each direction. In aggregate, you can transfer a total of
12.5 Gbps in each direction using the XAUI standard. The 8b/10b
encoding/decoding overhead supports a 10-Gbps throughput. At those
rates, the protocol can also accommodate SONET OC-192 traffic.

Figure 2 shows that Stratix GX devices are designed for easy XAUI
implementation. You can implement higher-level layers in the
programmable logic section of Stratix GX devices, including
reconciliation, MAC, switching functions, and a protocol bridge. In
addition, the Stratix GX gigabit transceiver block contains the required
components for implementing the XAUI physical layer (see Figure 2). The
XAUI physical layer, also known as the XGXS, contains the XAUI
sublayers PCS, PMA, and PMD.
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Figure 2. Implementing XAUI in Stratix GX Devices
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- For more information on 10 Gigabit Ethernet and the XAUI, visit the
10 Gigabit Ethernet Alliance web site at www.10gea.org.

XAUI Electrical
Specification

The XAUI electrical characteristics, a XGMII (10-gigabit media
independent interface) extender, are described in this section according to
the IEEE P802.3ae standard, clause 47 of the IEEE Draft P802.3ae/D4.1

document. Specifically, this section describes XAUI:

Altera Corporation

Signal levels

Signal path

Driver characteristics
Load impedance
Amplitude & swing
Driver template & jitter
Receiver characteristics
Skew/jitter budget
Characteristic impedance

Stratix GX support of the XAUI standard
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Signal Levels

To allow maximum interoperability between different supply-voltage
components, XAUI uses a low swing, AC-coupled differential interface.
The low swing differential interface signals minimize noise and
electromagnetic interference (EMI).

Signal Path

XAUI signal paths are point-to-point connections. XAUI has four lanes,
and each lane corresponds to one pair of transmit and one pair of receive
differential traces. The signal paths are intended to operate across 50 cm
with controlled impedance traces in FR-4 material. Stratix GX devices
support one meter (40”) of FR-4 trace and two connectors.

Driver Characteristics

The XAUI data rate is specified to be 3.125 Gbps £100 PPM. The nominal
unitinterval is 320 ps. Table 1 summarizes the XAUI driver
characteristics.

Table 1. XAUI Driver Characteristics

Parameter Value Unit
Data rate tolerance 3.125 Gbps + 100 PPM| Gbps PPM
Unit interval nominal 320 ps
Differential amplitude maximum 1,600 MVpp
Absolute output voltage limit (maximum) 2.3 \%
Absolute output voltage limit (minimum) -0.4 \%
Output jitter near-end maximums +0.175 from the mean Ulpp
(total jitter) (1)
Output jitter near-end maximums +0.085 from the mean Ulp.p
(deterministic jitter) (1)
Output jitter far-end maximums +0.275 from the mean Ulp.p
(total jitter) (2)
Output jitter far-end maximums +0.185 from the mean Ulp.p
(deterministic jitter) (2)

Notes to Table 1:
(1) Near-end is the transmitter side.
(2) Far-end is the receiver side.
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Load Impedance

The load is 100 Q + 5% differential. Stratix GX devices support
programmable on-chip differential termination of 100 Q, 120 Q, and 150 Q.

Amplitude & Swing

The maximum differential output amplitude is specified to be 1,600 mV,_,
including any transmit equalization. The receiver is AC-coupled. The
absolute output voltage of the driver should be between -0.4V and 2.3V
with respect to ground.

Driver Template & Jitter

Table 2 shows the driver template intervals. The driver should comply
with either near-end, or far-end, eye template and jitter requirements.
Jitter for a data signal is usually measured in terms of unit intervals (Uls).
Figure 3 shows the driver template.

Figure 3. Driver Template
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The maximum total jitter +£0.175 Ul,_, from the mean is required at the
near-end. The maximum deterministic component is + 0.085 Ul ,_,. The
maximum total jitter is 0.275 Ul,_, from the mean at the far-end and
maximum deterministic component is 0.185 Ul,_, from the mean.

Table 2. Driver Template Intervals
Symbol Near-End Value | Far-End Value Unit
X1 0.175 0.275 ul
X2 0.390 0.400 Ul
Al 400 100 mv
A2 800 800 mV

Receiver Characteristics

The peak-to-peak total jitter amplitude tolerance for the XAUI receiver
should be at least 0.65 Ul,_,. The total jitter consists of three components:
deterministic, random, and an additional sinusoidal jitter. Table 3 shows

the receiver characteristics.

Table 3. Receiver Characteristics

Parameter Value Units
Data rate 3.125 Gbps
Tolerance +100 PPM
Ul nominal 320 ps
Receiver coupling AC
Jitter amplitude tolerance 0.65 Ulpp

Skew/Jitter Budget

The peak-to-peak total jitter tolerance for the XAUI receiver must be at
least 0.65 UI. There are three components in the total jitter tolerance:
deterministic jitter, random jitter, and sinusoidal jitter. As described in the
IEEE P802.3ae standard, the deterministic jitter tolerance must be at least
0.37 Ul,_p,. The sum of the deterministic and random jitter tolerance is
0.55 Ul,_,. Figure 4 shows a single-tone sinusoidal jitter tolerance with

any frequency and amplitude.
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Figure 4. Single-Tone Sinusoidal Jitter Mask
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Amplitude

A

8.5 Ulpp

0.1Ulp-p

L P Frequency

22.1 kHz 1.875 MHz 20 MHz

Characteristic Impedance

The recommended differential characteristic impedance of circuit board
trace pairs is 100 Q + 10%.

Altera Corporation 8



AN 249: Implementing 10 Gigabit Ethernet XAUl in Stratix GX Devices

Stratix GX Support of the XAUI Standard

Stratix GX devices are ideal for the XAUI standard. Table 4 summarizes
Stratix GX device support for XAUI.

Table 4. Stratix GX Support for XAUI

Parameter XAUI Stratix GX Unit
Support

Data rate 3.125 0.622 to 3.125 Gbps
Tolerance +100 +100 PPM
Driver differential amplitude maximum 1,600 1600 mVpp
Unit interval nominal 320 Yes ps
Absolute output voltage limit (maximum) 2.3 Yes \%
Absolute output voltage limit (minimum) -0.4 Yes \%
Drive capabilities 50 cm (~20") 100 cm (~40") cm
Receiver coupling AC-Coupled Yes
Receiver jitter tolerance At least 0.65 Yes Ul
Receiver deterministic jitter tolerance At least 0.37 Yes Ul
Receiver bit error ratio Less than 1012 1012
Receiver input amplitude tolerance May be larger than 1,600 1,600 MVpp
|mp|ementi ng Figure 5 shows the Stratix GX gigabit tran.sceiver block, m_ade up of four

. channels (the term channel and lanes are interchangeable in the XAUI
XAUl In standard) and the supporting logic. Each channel contains a receiver and
Stratix GX transmitter. The supporting logic contains a phase-locked loop (PLL),

R which generates clocks for the four channels’ CDR reference.
Devices
The XAUI channel alignment state machine is included in the transceiver
block’s supporting logic and interacts with the XAUI channel alignment
logic in the receiver.

m  The XAUI mode receiver operates with J = 10, a full automatic
synchronizer and word aligner, a channel aligner and first-in first-out
(FIFO) buffer, and a rate-matching FIFO followed by the 8b/10b
decoder.

m  The XAUI mode transmitter operates with J = 10, a transmit FIFO
followed by the 8b/10b encoder. All of the components of the
transceiver are used to implement XAUI.

Altera Corporation 9
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Figure 5. Architectural Overview of the Stratix GX Transceiver Block
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Stratix GX Device at the Receiver Side of XAUI

Figure 6 shows a Stratix GX device at the XAUI receiver side, where
3.125 Gbhps of serial data is deserialized into 10-bit parallel data. The
pattern detector detects comma patterns (i.e., either K28.1, K28.7, or K28.5)
from the parallel data, and the word aligner aligns the data based on the
incoming K set. Because the data is going through four separate channels,
itis likely that the channels are skewed with respect to each other. To solve
this potential problem, the decoded data is processed by the rate matching
block and then by the channel alignment block. The aligned data is then
fed into the 8b/10b decoder.

Altera Corporation 10



AN 249: Implementing 10 Gigabit Ethernet XAUl in Stratix GX Devices

Figure 6. Stratix GX Device at the XAUI Receiver Side
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The following section describes the duties of each module (shown in
Figure 6) as the data is processed and transmitted to one of the Stratix GX
device’s receiver channels.

Clock Recovery Unit (CRU)

The CRU block is the unit that takes the serial data input at the receiver
and generates a clock based on the data transitions. The CRU block is
mostly an analog block and should be simulated simply as a clock
generator that locks to the data-in rate. You cannot bypass the CRU block.

Deserializer

The deserializer is a serial-to-parallel data converter. It accepts serial data
input clocked at a certain rate and generates parallel data (i.e., J bits wide,
where J is programmable) at 1/J the serial rate. J is called the
deserialization factor. XAUI uses the deserialization factor of 10 (J = 10)
parallel. You cannot bypass the deserializer block.

Pattern Detector

Data enters the pattern detector after leaving the deserializer. The pattern
detector searches for acomma pattern across the entire incoming data that
is word-aligned. The pattern detector checks for a pattern in every bit
position, and is used to identify predetermined bit patterns in the
transceiver. To ensure pattern recognition, a /K28.5/ pattern (i.e.,
0011111010) is pre-programmed (via the Quartus® 11 software) into the
pattern detector.

Altera Corporation 11
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Word Aligner

The main function of the word aligner is to synchronize the word clock to
the data stream word boundary by detecting and aligning a specific
programmable pattern known as the COMMA character. In XAUI mode,
a built-in synchronization state machine monitors word alignment.

The purpose of the synchronization state machine is to determine if the
receiver is ready for the operation. The state machine informs the upper
layer that the link is ready. If there is no signal, or a disparity error, or a
word alignment error, the state machine tells the upper layer that the link
is down. Figure 7 shows the block diagram of the synchronization state
machine.

Figure 7. Block Diagram of the Synchronization State Machine
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The synchronization state machine supports the XAUI protocol. In XAUI
mode, the sync_st at us signal goes high upon detection of a /K/
pattern four times. You can follow each comma by any number of valid
code-groups.

When receiving, each channel decodes its received 10b receiver code-
group to its 8b code-group and control signals. When the decoder detects
an invalid code, it generates an internal invalid code signal that can be
used by the internal state machines.

12
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Channel Aligner

The purpose of the channel aligner is to align the data for all channels (i.e.,
synchronize the channels) to the same recovered clock. The channel
aligner is only active when the transceiver block is in XAUI mode, and it
consists of a channel alignment symbol detector and a channel aligner
FIFO buffer. The system relies on the common channel aligner state
machine in the transceiver’s common block. Each receiver has its own
CDR block and the data arrives at each receiver pin at slightly different
times. The channel aligner synchronizes the data from the FIFO buffer to
the clock edge of channel 0’s recovered clock; thus, assuring that the data
from the four receiver channels is aligned correctly before the data is sent
to the next layer. See Figure 8.

Figure 8. Channel Aligner State Machine
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The adet signal is sent to the channel aligner state machine when the
industry-standard /A/ pattern is detected at the channel aligner FIFO
buffer (i.e., the current receiver has found the /A/ pattern). The /A/
pattern is the K28.3 10-bit string. When the /A/ pattern is found in all
channels, the XAUI channel aligner state machine enables the reading of
data from the channel aligner FIFO buffer and the al i gn_st at us signal
is set. The XAUI channel aligner state machine now monitors the
reception of the /A/ pattern’s columns that are not aligned, and responds
as specified by the relevant 10 Gigabit Ethernet XAUI standard clause.

Rate Matcher

The receiver performs rate matching following the channel alignment.
Stratix GX device transceiver blocks use rate matchers to adjust for
+100 PPM clock fluctuation between the recovered clock and the clock
within the logic array. The rate matching FIFO buffer is a XAUI-specific
protocol for reading and writing from the FIFO buffer.

In XAUI mode, the rate matcher uses the FIFO counter register to keep
track of write and read transactions to the FIFO buffer. The rate matching
FIFO block detects skip or the /R/ pattern (K28.0) code group from all the
channels when the FIFO counter is above nine, and inserts the /R/ pattern
to all the channels when the FIFO counter is below four, which prevents
FIFO overflow and underflow, respectively.

8b/10b Decoder (Receiver Side)

The 8b/10b decoder decodes a 10-bit parallel input stream into 8-bit data,
and detects running disparity errors and invalid code groups. Because the
decoder expects a 10-bit code, J must equal 10. Figure 9 shows the block
diagram of the 8b/10b decoder.

Figure 9. 8b/10b Decoder Block Diagram
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In XAUI mode, all four channels operate together and the XAUI state
machine controls the decoding process where various idle code groups
are mapped to a XGMII-specific 8b idle code, and error code groups are
processed based on their location.

Receiver State Machine

The receiver state machine checks the word alignment and disparity
status. There is one receiver state machine per Stratix GX transceiver block
and it controls mapping codes from the PCS of the Ethernet PHY layer to
the XGMII. The XAUI receiver state machine translates 8b/10b characters
to XGMII characters. At reset, the XAUI receiver state machine transmits
a link fault (LFAULT) condition (see Figure 10). There are two modes after
alignment:

m  Data mode: code groups are mapped to XGMII data or control
characters
m  Idle mode: Maps | |1] | (idle code group) to XGMII idle characters

The XAUI receiver state machine translates /A/, /K/,and /R/ characters
to XGMI|, idles and detects disparity error propagation to //T//
(terminate code group) and the column next to //T//, and substitutes
/E/ (error) characters.

15
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Figure 10. Receiver State Machine
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De-Multiplexer

At this point, the data is sent to the core of the Statix GX device. The data
can be transmitted either “as is” synchronized to the clock that is sent to
the Statix GX device’s logic array, or it can be de-serialized and
transmitted at half the rate—but double the amount of bits in parallel.

Stratix GX Device at the XAUI Transmitter Side

Figure 11 shows a Stratix GX device at the XAUI transmitter side, where
32-bit data is split into 8-bit groups and each 8-bit group is transmitted on
one Stratix GX transmitter channel. Next, before the data is sent out, the
8b/10b encoder encodes each 8-bit group into a 10-bit group. The
transceiver feeds the encoded 10-bit parallel data into the serializer, and
then the data is sent out serially at 3.125 Ghps.

16
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Figure 11. Stratix GX Devic
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The following section describes the duties of each module (shown in
Figure 11) as the data is processed and transmitted to one of the Stratix GX
device’s transmitter channels.

Byte Serializer/Synchronizer

The byte serializer is only used in “double-width” mode. This process
takes a 20-bit input and decodes it into two, 10-bit inputs. The serializer is
clocked either by the PLL reference clock if the FIFO buffer is enabled, or
by the Stratix GX device’s core clock if the FIFO buffer is bypassed.

8b/10b Encoder (Transmitter Side)

The 8b/10b encoder system encodes an 8-bit data stream into a 10-bit
code. When the 8b/10b system operates in XAUI mode, the data that is
sent to the 8b/10b encoder is not the data that is sent from the Stratix GX
device’s core. It is first routed to a common transmit state machine, which
controls the 8b/10b system.

Transmitter State Machine

The transmitter state machine (see Figure 12) translates XGMII characters
into 8b/10b characters. There is one transmitter state machine per gigabit
transceiver block, and the state machine replaces all idle symbols with
I1ALL 1IK]], and | R] . The state machine also determines whether
the data should be passed to the PMA, or whether idle/sequence control
characters (including randomizing | |Al [, 1 1K]|.and | |[R] ) should
be sent out. The 32-bitt xdat ai n data bus is organized as a series of 8-bit
data coming out of the transmitter that would have been sent to the
8b/10b encoder of each channel. There are four channels with 8 bits of
data each. One 8-hit data per transmitter channel is sent.

17
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Figure 12. Transmit State Machine
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Transmitter SERDES

The transmitter SERDES is the final block in the transmitter, and it
operates in 10-bit (J = 10) words. The transmitter SERDES block receives
parallel data, serializes it, and then sends the serialized data to the 170

buffer.
Using the The Quartus Il software allows you to easily and quickly instantiate
megafunctions using the MegaWizard® Plug-In Manager. Use the
Quartus Il following steps to implement a megafunction.

Software to
1. To launch the MegaWizard Plug-In Manager, choose MegaWizard
Implement Plug-In Manager (Tools menu) in the Quartus Il software.

XAUI

2. Select Create A New Custom Megafunction Variation and click
Next. See Figure 13.
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Figure 13. MegaWizard Plug-In Manager
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3. Select the Stratix GX device.
4. Open the 1/0 megafunctions folder.

5. Choose a ALTGXB megafunction. See Figure 14.
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Figure 14. Select a ALTGXB 1/0 Megafunction
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6. Select an output file type and enter the desired name of the
megafunction. You can choose AHDL (.tdf), VHDL (.vhd), or Verilog
VHDL (.v) as the output file type. Along with these HDL files, the
MegaWizard Plug-In Manager creates an include file (.inc), a VHDL
component declaration file (.cmp), and a block symbol file (.bsf).

The following section describes the available configuration options for the
ALTGXB megafunction.
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The ALTGXB wizard provides customizable parameters for device
family, protocol type, operation mode type, number of channels, and the
width of the channel. Figures 15 through 19 show the ALTGXB wizard.

Figure 15. Page One of the ALTGXB MegaWizard Plug-In Manager

MegaWizard Plug-In Manager - ALTGXB [page 1 of 7] -- General x|

Q |
General

Which device family will you be using ? IStratix G 'I
MWYTEST T

‘which protocal will you be using ?

“w'hat iz the operation mode 7

inclk[ 0 J—— coreclk_out[d

3 _in[0] ry_out[7 0 wihat is the number of channel ?
= GXB Duplex

s in[7..0] 2 _out[0

What iz the channel width 7

|tx_ctrlenable[0] Pratacel : Custom
Data rate : 1290 hbps
Input clock frequency : 180.00 Mhz
PLL core clock frequency @ 123 000 MHz
Disable PLL OC coupling
PLL bandwidth type : LOW
FPhithreshald © 1000
Enable SB/100 endec
Run-length-wiolation bypassed
Rate matching FIF 0 bypassed
Disable R DC coupling
Equalizer setting : 0 inches
Zignal loss threshold : 20 mi
R banduidth type : LOW
hanual word alignment mods
Aignment pattem : 0101111100
00 zignal : 1000 m'
Preemphasis setting : 0 %

‘which loopback option do you want to enable ?
* Mo loopback

" Serial loopback

" Parallel lnopback

¢ Post 8B/108 parallel loopback

€ Reverse seral loopback

¢ Reverse parallel loopback

Cancel | < Back | Mest > | Einizh |

Figures 16 shows page two of the ALTGXB wizard, where you can select
optional inputs, miscellaneous settings, and self-test mode.
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Figure 16. Page Two of the ALTGXB MegaWizard Plug-In Manager

—Which optional input port do you wart 7

I iudigitsiiesst fsend reset sianal o the digtal nortion of the receiver}

MYTEST ; . - .
I udigitalreset [send reset signal to the digital portion of the transmitter]
™ manalogreset (send reset signal to the analog portion of the 1eceiver]
ik " coreclk_out[0} . .
- Stratix G ™ plieset [send reset signal to the Transmitter PLL)
F_in[0] GHB Duples Fa_out[ 7
e in[7 0] fx_out[0] ™ plenable (send enable signal to the Transmitter PLL)

&.CMEL Protocol @ Custom
Data rate : 1280 hbps
Input clock frequency : 160.00 Mhz
PLL core clock frequency @ 122.000 hHz
Disable PLL D coupling
PLL bandwidth type : LOW
FPMthreshold © 1000
Enable BBA0B endec
Furelength-violation bypassed
Rate matching FIF O bypassed
Dizable R¥ OC coupling
Bqualizer setting : 0 inches
Signal lozs threshold : 30 mb
¥ bandwidth type : LOWY
Menwal word alignment mods
Aignment pattem : 0101111100
OO =ignal @ 1000 my
Preemphasic setting : 0 %

i~ Migcellanous setting:
™ Enable DC coupling on Transmitter PLL

Select the bandwidth type on the Transmitter PLL L0 -
Select the acceptable PPM thieshold between

the Receiver PLLWCO and the CRU clock : |1 0oa -

—Wwhich zelf+test mode do you want ta use 7

@ No selt-test mode

 0-PRES

1 - D0-FF, followed by 5 K285+ and repeat

" 2- [High frequency pattem] Fiepeat of D215 D21.5+
3 - [Low frequency pattern) Repeat of K20.7- K28.7+
4 [Mixed frequency pattem] Repeat K26.5- K28 5+

Cancel | <Eack| MNext » | Finish |

Figure 17 shows page three of the ALTGXB wizard, where receiver
functionality is presented. Also, you can select equalizer control settings
and DC coupling.
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Figure 17. Page Three of the ALTGXB MegaWizard Plug-In Manager
MegaWizard Plug-In Manager - ALTGXB [page 3 of 7] -- Receiver E

i~ Receiver functionality

(2 I
MYTEST B lergth: I ¥
= Eniatie rateimatehien
jricik[0 Ctratic 0¥ coreclk_out[0] 5
o in[0] 8 T r_oul[7.0] | ™ Enable DT coupling
e in[7..0] 1x_ou] D ¥ Enable 8B/10B decoder

Lx_ctrienabie[0] Frotocol © Custom

Oata rate : 1280 hbps

[~ Use equalizer control signal

" L =i a
nput clock frequency : 160.00 Mh Select the equalizer control zetting IU I inches
FLL core clock frequency © 138000 MHz Selectthe nfntatd imwalid cade: IU Vl
Disable PLL DC coupling .
PLL bandidth typs : LOWY Select the signal loss threshald : an ~ | m¥
PPhthreshold - 1000 Select the receiver bandwidth type : L0 -

Enable 3B/10B endec
Run-length-wiolation bypassed
Rate matching FIFO bypassed
Disable R¥ OC coupling
Equalizer setting : [ inches
Signal loss threshold : 80 m
R banduwidth type : L0
hanual word alignment mode
Aignmert pattem ;0101111100
W00 ignal @ 1000 m'
Preemphasis setting : I %

‘whord aligner configuration
€+ Manual word alighment mode
™ Users_enacdet port
= Manual bitzlipping mode
= Wse i, bitslim part

‘whord alignment pattern length : 10 'l

“whord alignment pattern : 0101111100

Cancel | <ﬂack| Nest > | Finizh |

Figure 18 shows page four of the ALTGXB wizard, where data rate and
clock frequency are presented.
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Figure 18. Page Four of the ALTGXB MegaWizard Plug-In Manager

~Wwhat optional input port do you want for the receiver ?

I} v il iz (montol signalbe detent il A2 /61 616252 patterns]

folk, (control signal for Recerver PLL to ook bo the reference clocki

MYTEST

I r_locktodata [control signal for Receiver PLL to lack to the received data)

inclk[0] Stratix G coreclk_out[0)

| in[0] B Duplex r_out[T.0

tx n(7..0] 13 _out[0
&M@L Protacal @ Custom
Dita rate - 1230 Wbps
Input clock frequency : 160.00 Mhz
PFLL core clock frequency ; 123.000 hMHz
Disable PLL OC coupling
ALL bandwidth type : L0
PP threshold : 1000
Enable 5BA0B endec
Rur-length-violation bypaszed
Rate matching FIFD bypassed
Disable R OC coupling
Equalizer sstting : D inches
Signal loss threshald © 80 m'
R banduidth type : L0
Menual word alignment mode
Aignmert pattem : 0101111100
W00 zignal : 1000 mi
Preemphasis setting : 0 %

i~ Input data
¥ Tireir Feseiver PLL CRI elck fiam Tratsmiter FLE

Data rate IT 280 Mbps
& |nput clock fiequency : ITBD.UU MHz
' Input clock period : IE.ZEUUUU ng

Cancel | <Eack| Hext > | FEinish |

Figure 19 shows page five of the ALTGXB wizard, where you can select
optional output ports.
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Figure 19. Page Five of the ALTGXB MegaWizard Plug-In Manager

rd Plug-In Manager - ALTGXB [page 5 of 7] -- Receiver (3]

1 ctrlenable]0

MYTEST
nek Stratie G
2 In[0] G¥B Duplex
x n[7..0]

Pratocal © Custom
Data rate : 1250 Mbps
Input clock frequency : 160.00 Mhe
FLL core clock frequency © 123.000 hiHz
Disable PLL OC coupling
PLL bandwidth type : LOWY
FPhithreshald : 1000
Enable 3BA0B endec
Run-length-violation bypassed
Rate matehing FIFO bypassed
Disable R¥ OC coupling
Equalizer setting : 0 inches
Signal loss threshold @ 80 my
R banduidth type : LD
Manual werd alignment mode
Aignment pattem : 0101111100
W00 signal 1000 m"
Preemphasis setting : 0 %

coreclk_out[0
r_out[7 .0

I _out[d

~ What optional output port do pou want far the receiver #
I &l locked ind 1

™ r_clkout (receiver output clack)

2 L1

1210 Jo

™ r_locked [indicates the receiver is locked to the data)

™ 1x_freglocked (indicates receiver channels are locked to Transmitter PLL frequency]
= e sionaldetect(indizates recefyer sianallis detested it dat)

™ m_spncstatus (output signal fram pattem detector and word aligner)

™ m_pattemdetect (indicates pattem has been detected)

[ m_ctidatect findicates SB/10B decodsr detected a control code)

™ r_erdetect (indicates 88108 decoder detected an enor code]

™ r_dispen [indicates 8B/0B decoder detectsd disparity eror)

I2 v fifeempts (hiatstien ite matehing FIFD s (s a4 byles of data]

1= e ftmelmnsterat (it wher rate matehing FIFE Feas (s thar 7 bytes of deta]
1= e itatull (Friatpherrate matehing F O e A bytes ofidats]

1= e ftmalmastinl ik when rate matehing FiFDT bas mare Hiar Sbytes of dat]
12| o bistern (emanstatus fan bt i selftest]

7t BistdeneselHest compl=te signal]

7| 1 eila2stzemu a1 a2size sianal sarchonzed ko e oloek of the word aliarer]

Cancel | <ﬂack| Hext > | Finish |

Figure 20 shows page six of the ALTGXB wizard, where you can select
transmitter functionality and optional input ports.
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Figure 20. Page Six of the ALTGXB MegaWizard Plug-In Manager

Megawizard Plug-ln Manager - ALTGXB [page 6 of 7] -- Transmitter

MYTEST
nclk(d Stratix G
3 _ln[U] B Duplex
e in[7..0]
1re_ctrienable]0) Frotocol : Custom

Datz rate - 1250 hbps
Input clock frequency : 160,00 Mhz
PLL core clock frequency : 122.000 MHz
Disable PLL DI coupling
PLL bandwidth type : LOWY
FPM threshold : 1000
Enable 587108 endac
Rur-length-violation bypassed
Rate matching FIF O bypassed
Disable R OC coupling
Equalizer setting : 0 inches
Signal loss threshold : 80 mh
R bandwidth type : LOWY
Wenual word alignment mede
Aignment pattem ; 0101111100
%00 signal : 1000 m**
Preemphasis setting : 0 %

coreclhk_ou] Dt
ra _Out[? 0]

tx_out[0)

Transmitter functionalty

[¥ | Eriable 8B/710B  ericoder
-

Select the Voltage Output Differential (0D contral setting :

ze Woltage (utput Differential YO0 contral signat

|1DDD 'I m

™ Use preemphasis control signal

Select the preemphasis control setting
[percentage of the YOI control setting)

ID vl

What optional input port do pou want for the transmitter 7

™ ty_torcedizparity (controls the disparity of the 8B /108 spstem)

‘what optional output port do you want for the transmitter 7

’V ™| ol lncked (indicates whethen PUL is i ok with thereference inpubelack]
|' Output data

[atarate

|1280 filbps:
|1BD oo il
IE.ESD e

% [hpub clock fequens)

) [hput cloch perod

Cancel | <ﬂack| Nexst » | FEinizh |
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Figure 21 shows page seven of the ALTGXB wizard, which is the
summary page that shows a list of MegaWizard-generated files.
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Figure 21. Page Seven of the ALTGXB MegaWizard Plug-In Manager

MegaWwizard Plug-In Manager - ALTGXB [page 7 of 7] -- Summary

Click. Finish to create the custom megafunction warnation, an AHDL
Function Protatype in an Include File [.inc]. a WHDL Component

Declaration File [.cmp), and a Block Symbol File [ bsf)

tx_ctrienable[0

Input clock fraqueney : 160.00 hha
PLL core clock frequency : 128000 hiHz

MYTEST
jncIk[0] P The Megawizard Plug-ln Manager will create the following files:
i in[0]
GxB Dupls
b in(7..0] e File [ Path
MYTEST tdf DrAStratis_Gx\testwauit,

Protacal @ Custam

Dita rate : 1220 hbps MYTEST. e DuAStrati_Gx\testwaui,

MY TEST.crp  D:AStratia_Gx\testwaui,
MY TEST bef  DuA\Stratis_Gx\testwaul,

Disable PLL OC coupling
PLL bandwidth type : LOWH
PP threshold : 1000
Enable 2B/10B endec
Fun-length-violation bypassed
Rate matching FIFO bypassed
Digable RX OC coupling
Equalizer setting : 0 inches
Zignal loss threshald 80 mb
Fi¥{ banduwidth type : LOWY
wanual word alignment mode
Aignment pattermn : 0101111100
%00 signal @ 1000 m'
Preemphasis setting : 0 %

Cancel < Back i |=ees Finish

Example
Applications
Using
Stratix GX
Devices and
XAUI

Altera Corporation

In the traditional Ethernet space, enterprise network administrators are
continually pressured to satisfy users’ unrelenting demand for more
bandwidth. This bandwidth needs to be supported at the aggregation
points in the campus network, which are typically the campus backbone,
inter-campus links, and server farms. However, a much broader use of
10 Gigabit Ethernet includes areas such as data centers, MAN access and
backbone, and WAN access.

Because of the wide variety of 10 Gigabit Ethernet applications, it must be
functionally versatile. The 10 Gigabit Ethernet’s ability to bolt on many
types of network layer protocols and perform various types of packet
processing (i.e., per application) proves its versatility, and is the reason for
its success. At the same time, the 10 Gigabit Ethernet standard provides
the building blocks required up to the network layer interface.

I

Design engineers sometimes find that they need other protocols
in there system to bridge between components that have
different interfaces. In these cases, bridging between one
interface to XAUI is required. For more information on bridging
between the popular SPI-4.2 interface and XAUI, see “Bridging
High-Speed Communications Protocols” on page 28.
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Implementing 10 Gigabit Ethernet

Figure 22 provides an overview of a 10 Gigabit Ethernet solution. As
discussed in the “Fundamentals of 10 Gigabit Ethernet & XAUI” on page
1, the 10 Gigabit Ethernet architecture is divided into three sublayers (i.e.,
PMD, PMA, and PCS). For example, optical transceivers are PMD
sublayers. The PMA converts the data between the PMD sublayer and the
PCS sublayer. The PCS is made up of 64b/66b and interface functions
from XSBI to XGMII. Also, for 1I0GBASE-W PHY implementations, a WIS
layer is introduced to help translate SONET/SDH data to 10 Gigabit
Ethernet data. The WIS contains OC-192 framing and scrambling
functions. XAUI is implemented in the XSGS layers of the 10 Gigabit
Ethernet standard. XAUI allows more separation in distance between the
MAC and PHY layers, and it uses four lanes of 8b/10b coded data at a rate
of 3.125 Gbps.

Figure 22. Implementing a 10 Gigabit Ethernet Subsystem

Reconciliation Network Processing

PMD

PMA

16

Clock

16
Clock

XSBI

To Packet
WIS |64b/66b | XAUI XAUI MAC Processing and Switching

[ stratixex

[] assp
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I Toimplementintegrated 10 Gigabit Ethernet solutions, an Altera
Megafunction Partners Program (AMPPSM) partner—
MorethanlP—offers a 10 Gigabit Ethernet MAC core that can be
used with the Stratix GX device transceiver. For more
information on this core, refer to the Intellectual Property section
of the Altera web site at www.altera.com.

Bridging High-Speed Communications Protocols
Network-equipment designers require seamless communication among
system devices. Two common problems that can adversely affect system
communications are:

m  Mismatched protocols between components
®  Implementation of custom functions in the data path
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There are various specialized protocols for differing types of data-transfer
topologies, such as backplanes or chip-to-chip communication. Stratix GX
devices were built to bridge various high-speed communications
protocols and to fully accommodate value-added custom functions.

The use of high-speed serial links in backplane and chip-to-chip
communication using is growing rapidly. The chip-to-chip source-
synchronous interface SPI1-4.2 (i.e., also known as SPI-4 Phase 2 and
POS-PHY Level 4) is also popular and is being used as a template for
emerging interfaces such as CSIX streaming.

Figure 23 illustrates how a Stratix GX device can bridge device
communication—between XAUI and the SPI-4.2 interface—and still allow
custom-logic implementation in the data path. In Figure 23, four serial
links—running at 3.125 Gbps each—run over a backplane to a Stratix GX
device. Stratix GX devices are ideal for this type of bridging application as
they can support up to 20 serial links running at 3.125 Gbps. In addition,
you can customize the Stratix GX device’s programmable logic to
implement traffic management, queue management, statistical metering,
and control functions. You can then use Stratix GX device source-
synchronous 170 blocks to implement the 16-bit LVDS SPI1-4.2 interface
with dynamic phase alignment (DPA).

Figure 23. Stratix GX Device in XAUI to SPI-4.2 Bridge Application

Backplane

Stratg(’;
Data I?:tsa Data ‘3.125 Gbps [\
16 < > _ 32 _ <%
<} .125 Gb
ToNetwork CTRL SPI-4.2 10Gops | g <22
Processorand g CIED S Sence 9 > Interface Cus(t_;m ¢ CIHE P Transceiver 3.125 Gbps
. ynchronous [ > Logic -t
Other Functions c Core P CTRL <
— TRL | CTRL | < > 3.125 Gbps
< v/

v\ SPI-4.2

Interface

XAUI Baokplane/

Interface

D Dedicated Transceiver Circuitry

l:‘ General-Purpose Programmable Logic
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Summary

High-speed communications systems are becoming increasingly complex,
and thus, communication between devices and over backplanes can be
more problematic. However, because Stratix GX devices are designed to
fully support XAUIl—as well as other 10 Gigabit Ethernet interface
protocols—system bottlenecks can be improved tremendously. For
example, Stratix GX devices support up to 20 channels of 3.125 Gbps,
deliver 1 Gbps source-synchronous channels with DPA, and offer a high-
performance logic array to integrate advanced functionality in a single
chip.

This application note demonstrates that Stratix GX devices enable full
support of XAUI, which includes meeting electrical specifications and
containing all the necessary components to implement the XGXS sublayer
of the 10 Gigabit Ethernet.
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