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For a complete understanding of Stratix® V transceivers, first review the transceiver architecture chapter,
then refer to the subsequent chapters in this volume.

You can implement Stratix V transceivers using Altera's transceiver intellectual property (IP) which are
part of the Quartus® IT software.

Stratix V devices provide up to 66 backplane-capable full-duplex clock data recovery (CDR)-based
transceivers.

Table 1-1: Device Variants

Channel Type
Stratix Device

GS 600 Mbps to 14.1 Gbps Not supported
GX 600 Mbps to 14.1 Gbps Not supported
GT 600 Mbps to 12.5 Gbps 19.6 Gbps to 28.05 Gbps

Stratix V transceivers are divided into two blocks: physical medium attachment (PMA) and physical
coding sublayer (PCS). The PMA block connects the FPGA to the channel, generates the required clocks,
and converts the data from parallel to serial or serial to parallel. The PCS block performs digital
processing logic between the PMA and the FPGA core. The PCS block contains the digital processing
interface between the PMA and FPGA core. There are three types of PCS blocks in Stratix V devices: a
standard PCS block, a 10G PCS, and a PCIe Gen3 PCS that supports the PCle Gen3 Base specification.

Stratix V transceivers are structured into full-duplex (transmitter and receiver) six-channel groups called
transceiver blocks.
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Figure 1-1: Single Full-Duplex GX Channel
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Figure 1-2: Single Full-Duplex GT Channel

The GT channels do not have PCS.
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Related Information

+ Stratix V Device Handbook: Known Issues
Lists the planned updates to the Stratix V Device Handbook chapters.

o+ For details about using transceiver IPs, refer to the Altera Transceiver PHY IP Core User Guide.
« For transceiver performance specifications, refer to the Stratix V Device Datasheet.

+ For information about features that will be supported in a future release of the Quartus® II
software, refer to the Upcoming Stratix V Device Features document.

Device Layout

Stratix V devices have columns of transceivers on the left and right sides of the devices. However, some
Stratix V devices have columns of transceivers on the left side of the devices only.

Figure 1-3: Basic Layout of Transceivers

1/0, LVDS & Memory Interface °
.
z . |
PMA
PMA |
§ % < 2 i
: = % % v = e :
= = =1 S| Corelogic =S| Corelogic [§=] = Z Lk §
1= E & Fabric | Fabric | 5 =
H ko] w (V2 w o o B
H & a [ o IS S :
H [ [ H
: PMA §
PMA |
o
i .
° |
1/0, LVDS & Memory Interface o

Notes:

1. This figure represents a given variant of a Stratix V device with transceivers. Other variants may have a dif erent floor plan than the one shown here.

2.You can use the unused transceiver channels as additional transceiver transmitter PLLs.
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The location of the transceiver bank boundaries are important for clocking resources, bonding channels,
and fitting. The transceivers are grouped in transceiver banks of three and six channels.

Within a transceiver bank the lowest numbered pin name is channel 0 of that bank and the highest
numbered pin name of the bank is channel 5.

Stratix V GX/GT Channel and PCle Hard IP Layout

Stratix V devices have many different channel and PClIe Hard IP variants.

Figure 1-4: General Transceiver Bank Locations for GX Devices

This figure shows the layout for a 66 channel device. Some devices have fewer channels.

IOBANK_B5L 3Ch 3Ch IOBANK_BS5R
IOBANK_B4L 6Ch 6Ch IOBANK_B4R s
Ch4
. h3
I0BANK_B3L 6 Ch 6 Ch IOBANK_B3R
PCle PCle Ch2
Hard Hard Ch1
P P o
I0BANK_B2L 6Ch 6Ch I0BANK_B2R
I0BANK_B1L 6Ch PCle 6Ch I0BANK_B1R
Hard PCle
IP Hard
with IP
IOBANK_BOL 6Ch P 6Ch IOBANK_BOR
Transcéiver Transcéiver
Bank Names Bank Names
Number of Channels Number of Channels
Per Bank Per Bank
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Figure 1-5: General Transceiver Bank Locations for GT Devices

3 | chacxs
I0BANK_B3L 6(h 1GTB IOBANK_B3R Ch16TB
26XB S| oo
3¢h
IOBANK_B2L 6Ch 1GTB IOBANK_B2R
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Hard
Ch IP 3¢h
I0BANK_BOL 6 1GTB
- IOBANK_BOR
2GXB 0 o 0
Transce;iver
Bank Names Transceiver
Bank Names
Number of Channels Number of Channels
Per Bank
Per Bank
Notes:
1. GT transceiver banks are made up of 1 GT channel and 2 GX channels. The GT channel is the middle channel in the bank.
2. T devices only come with one PCle Hard IP block located across GX banks L0 and L1.
Related Information
o For more information about device pin-outs, refer to Pin-Out Files for Altera Devices.
o For more information about device options, refer to the Stratix V Device Overview.
Stratix V GS Channel and PCle Hard IP Layout
Stratix V devices have many different channel and PCle Hard IP variants.
Transceiver Architecture in Stratix V Devices Altera Corporation
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Figure 1-6: General Transceiver Bank Locations for GS Devices
Ch5s
Ch4
. (h3
I0BANK_B3L 6 Ch 6¢Ch IOBANK_B3R
PCle PCle Ch2
Hard Hard Ch
I0BANK_B2L 6Ch 6¢Ch IOBANK_B2R
I0BANK_B1L 6 Ch PCle 6Ch I0BANK_BIR
Hard PCle
IP Hard
with IP
I0BANK_BOL 6Ch P 6¢Ch IOBANK_BOR
Transce:iver Transcéiver
Bank Names Bank Names
Number of Channels Number of Channels
Per Bank Per Bank

Channel Variants

GS/GX Devices

o 12-channel devices use banks BOL and B1L
o 24-channel devices use banks BOL, B1L, BOR and B1R
o 36-channel devices use banks BOL, B1L, B2L, BOR, B1R, and B2R
o 48-channel devices use banks BOL, B1L, B2L, B3L, BOR, B1R, B2R, and B3R
o 66-channel devices use all banks (GX only)
GT Devices

These 36-channel devices use banks BOL, B1L, B2L, B3L, BOR, B1R, B2R, and B3R.

GS/GT/GX Device Variants and Packages

Table 1-2: Stratix V GS, GT, and GX Device Variant Packages

Device Variant PCle Hard IP # of Transceivers Package Side of Device with
Blocks Transceivers
1 12 Left

EH29
1 24 HEF35 Left and Right

55GSD3

Altera Corporation Transceiver Architecture in Stratix V Devices
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GS/GT/GX Device Variants and Packages

Device Variant PCle Hard IP # of Transceivers Package Side of Device with
Blocks Transceivers

EH29
5SGSD4 1 24 HF35
1 36 KF40
1 24 HEF35
5SGSD5
1 36 KF40
lor2 36 KF40
55GSD6 Left and Right
lor4 48 NF45
5SGSD8 lor2 36 KF40
lor4 48 NF45
5SGTC5
1 36 KF40
5SGTC7

Transceiver Architecture in Stratix V Devices
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Device Variant PCle Hard IP # of Transceivers Package Side of Device with
Blocks Transceivers

EH29
24 HF35
5SGXA3
lor2 KF35
36
KF40
24 HF35
5SGXA4 lor2 KF35
36
KF40
24 HEF35
lor2 KF35
36
5SGXA5 KF40
NF40
lor4 48
NF45
24 HF35
lor2 KF35
36 Left and Right
5SGXA7 KF40
NF40
lor4 48
NF45
lor2 36 KH40
5SGXA9
lor4 48 NF45
lor2 36 KF40
5SGXAB
lor4 48 NF45
RF40
5SGXB5 lor4 66
RF43
RF40
5SGXB6 lor4 66
RF43
5SGXB9 lor4 66 RH43
5SGXBB lor4 66 RH43
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PCle Hard IP Variants

e 1 PCle Hard IP variant has a Hard IP block located across GX banks L0 and L1
o 2 PCle Hard IP variant has Hard IP blocks located across GX banks L0 and L1 and GX banks RO and

R1

PMA Architecture 1-9

o 4 PCle Hard IP variant has Hard IP blocks located across GX banks L0 and L1, GX banks L2 and L3,
GX banks R0 and R1 and GX banks R2 and R3

Related Information

o For more information about PCle Hard IP connections for GS and GX devices, refer to Stratix V E,
GS, and GX Device Family Pin Connection Guidelines
o For more information about PClIe Hard IP connections for GT devices, refer to Stratix V GT
Device Family Pin Connection Guidelines

PMA Architecture

The PMA receives and transmits off-chip high-speed serial data streams.

Figure 1-7: Receiver PMA Block Diagram

Receiver PMA
Serial Serial
Parallel Parallel Data Data
< Receiver
FPGA < Data Receiver <Data Recgivgr Receiver q Receiver Serial Input
Fabric PCS Deserializer < (DR Buffer €< Data
Serial
Clock
Figure 1-8: Transmitter PMA Block Diagram
Transmitter PMA
Parallel Parallel
Data Data Serial -
FPGA Transmitter Transmitter Data Transmitter > Transmitter
. —> - — > Serial Output
Fabric PCS Serializer Buffer > Data
A
Serial
[y — Transmitter Clock
Reference PLL
Clock
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Related Information
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For additional details about clocking, refer to the Transceiver Clocking in Stratix V Devices chapter.

Receiver Buffer

The receiver input buffer receives serial data from the r x_seri al _dat a port and feeds the serial data to
the CDR and deserializer.

Figure 1-9: Receiver Input Buffer

Stratix V GT channels do not support AEQ and DFE.

To CDR/EyeQ
and Deserializer

Signal
Detect

Note:

<

Receiver Input Buffer

From Serial Data

«

4— (1LH <7< < ;
Input Pins
DFE <—— D(Gain ® < P

Signal
Threshold

Detection
Circuitry

(rx_serial_data)

(1)

\/

‘ Auto ‘ ‘ Manual ‘ ‘ AEQ ‘ ‘ Manual ‘

1. For Stratix V GX channels, the available options are OFF, 85, 100, 120, and 150 Q. Stratix V GT channels only support 100 Q.

The receiver buffer supports the following features:

« Programmable Equalizer Bandwidth

o Programmable differential On-Chip Termination (OCT)

o Programmable V¢
« ACand DC coupling
o Signal Threshold Detection Circuitry

+ Continuous Time Linear Equalization (CTLE)
o« DC Gain
o Decision Feedback Equalization (DFE)

« EyeQ

You can program these features using the assignment editor and a reconfiguration controller.

Related Information

Refer to the "Transceiver Performance Specifications" section of the Stratix V Device Datasheet for
receiver buffer electrical specifications.
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Receiver Equalizer Gain Bandwidth

Stratix V GX channels have two receiver equalizer gain bandwidth modes: half-bandwidth and full-
bandwidth. When the data rate is < 6.25 Gbps, Altera recommends selecting half bandwidth setting.
When the data rate is between 6.25 Gbps and 14.1 Gbps, Altera recommends the full bandwidth setting.
You can select the mode in the Assignment Editor of the Quartus II software (Receiver Equalizer Gain
Bandwidth Select).

Stratix V GT channels support full-bandwidth mode only.

Related Information
For more information about the receiver equalizer gain bandwidth modes, refer to the Stratix V

Device Datasheet
Programmable Differential On-Chip Termination (OCT)

The receiver buffer supports differential OCT resistances of 85, 100, 120, 150 Q and OFF for GX channels.
The receiver buffer of GT channels supports 100 Q) differential termination only.

Note: The receiver OCT resistors have calibration support to compensate for process, voltage, and
temperature (PVT) variations. This does not apply to GT devices.
Programmable V¢cy
The receiver buffer has on-chip biasing circuitry to establish the required V), at the receiver input.
The Quartus II software automatically chooses the best V) setting.

Note: On-chip biasing circuitry is available only if you select one of the Termination logic options to
configure OCT. If you select external termination, you must implement off-chip biasing circuitry
to establish the Vo at the receiver input buffer.

Related Information

For more information, refer to the Stratix V Device Datasheet.

Signal Threshold Detection Circuitry

You can enable the optional signal threshold detection circuitry. If enabled, this option senses whether the
signal level present at the receiver input buffer is above the signal detect threshold voltage that you
specified. This option is not available for all transceiver PHYs or for GT channels.

Related Information

« For more information about transceiver configurations, refer to Transceiver Configurations in
Stratix V Devices.

o For more information about the signal threshold detect signal, refer to the Altera Transceiver PHY
IP Core User Guide.

DC Gain

DC gain circuitry provides an equal boost to the incoming signal across the frequency spectrum. The
receiver buffer supports DC gain settings of up to 8 dB.
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Related Information

For more information about the DC gain settings for the receiver buffer, refer to the Stratix V Device
Datasheet.

Continuous Time Linear Equalization (CTLE)

Each receiver buffer has five independently programmable equalization circuits that boost the high-
frequency gain of the incoming signal, thereby compensating for the low-pass characteristics of the
physical medium. For Stratix V GX channels, the equalization circuitry provides up to 16 dB of high-
frequency boost. For Stratix V GT channels, the equalization circuitry provides up to 15 dB of high-
frequency boost. The CTLE operates in two modes: manual mode and adaptive equalization (AEQ) mode.

You can dynamically switch between these modes.

Note: The CTLE cannot be bypassed.

Manual Mode

Manual mode allows you to manually adjust the continuous time linear equalization to improve signal
integrity. You can statically set the equalizer settings in the IP or you can dynamically change the
equalizer settings with the reconfiguration controller IP.

Adaptive Equalization Mode

AEQ mode eliminates the need for manual tuning by enabling the Stratix V device to automatically tune
the receiver equalization settings based on the frequency content of the incoming signal and comparing
that with internally generated reference signals. The AEQ block resides within the PMA of the receiver
channel and is available on all GX channels.

Note: AEQ mode is not supported in GT channels.
There are two AEQ modes: one-time and powerdown:

o One-time mode—The AEQ finds a stable setting of the receiver equalizer and locks to that value. After
the stable setting is locked, the equalizer values do not change.

« Powerdown mode—The AEQ of the specific channel is placed in standby mode and the CTLE uses the
manually set value.

Related Information

o For more information about the CTLE specifications, refer to the Stratix V Device Datasheet.
o For more information about enabling different options and using them to control the AEQ

hardware, refer to the "Transceiver Reconfiguration Controller IP Core" chapter of the Altera
Transceiver PHY IP Core User Guide.
Decision Feedback Equalization

The decision feedback equalization (DFE) feature consists of a 5-tap equalizer, which boosts the high
frequency components of a signal without noise amplification by compensating for inter-symbol interfer-
ence (ISI). There are three DFE modes: manual, auto-adaptation, and triggered.

Note: The DFE is not supported in GT channels.
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Related Information

For more information, refer to the "Transceiver Reconfiguration Controller IP Core" chapter of the
Altera Transceiver PHY IP Core User Guide.

The EyeQ feature is a debug and diagnosis tool that helps you analyze the received data by measuring the
horizontal and vertical eye margin. There are two multiplexers, each of which selects one path for the
clock and data to feed to the deserializer, respectively.

Figure 1-10: Receiver and EyeQ Architecture

Data
Receiver —— | (TLE/DFE » (DR Clock M» Deserializer ———»
Input [
o—— Control
Fyed Data Recovered Clock
Clock ]
| — > Bit
> —»
Checker

Serial Bit Checker

The serial bit checker is available when you enable EyeQ in the transceiver reconfiguration controller. It
provides a means of estimating the number of errors that occur between the captured CDR signal and the
sampled EyeQ signal. The advantage of enabling this block, is that it allows bit error register (BER)
monitoring over live traffic.

This feature is also available for PCle configurations.

Related Information

For more information about implementing the serial bit checker, refer to the Transceiver
Reconfiguration Controller EyeQ Registers section of the Altera Transceiver PHY IP Core User Guide

Receiver Clock Data Recovery Unit

The PMA of each channel includes a channel PLL that you can configure as a receiver clock data recovery
(CDR) for the receiver, or a clock multiplier unit (CMU) PLL for the transmitter. For more information
about using the channel PLL as a CMU PLL, refer to Transmitter PLLs on page 1-17.
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Figure 1-11: Channel PLL Configured as CDR

Channel PLL
IR | P> Recovered Clock
Controller
o Py
> phase  |Down
Detector | Up
r_serial_data o> > (PD) ]
] | —Y Voltage
Charge Pump Controlled =
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] Loop Filter 1)
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refclk »1,2,48 —p Phase ]
() Frequency Lock
Down 0c
g DE’-;:S)OT > Detect P /rx_is_lockedtodata
M=
145810, |4
12,16, 20, 25
(1)

Note:
1. Not all combinations of /N, /M, and/L values are valid. The Quartus Il software automatically chooses the optimal values.

Lock-to-Reference Mode

In LTR mode, the phase frequency detector (PFD) in the CDR tracks the receiver input reference clock.
The PFD controls the charge pump that tunes the VCO in the CDR. The pna_rx_i s_| ockedt or ef status
signal is asserted active high to indicate that the CDR has locked to the phase and frequency of the
receiver input reference clock.

Note: The phase detector (PD) is inactive in LTR mode.

Lock-to-Data Mode

During normal operation, the CDR must be in LTD mode to recover the clock from the incoming serial
data. In LTD mode, the PD in the CDR tracks the incoming serial data at the receiver input. Depending
on the phase difference between the incoming data and the CDR output clock, the PD controls the CDR
charge pump that tunes the VCO.

Note: The PFD is inactive in LTD mode. The rx_i s_| ockedt or ef status signal toggles randomly and is
not significant in LTD mode.

After switching to LTD mode, the r x_i s_I ockedt odat a status signal is asserted. The actual lock time
depends on the transition density of the incoming data and the parts per million (ppm) difference
between the receiver input reference clock and the upstream transmitter reference clock. The

rx_i s_| ockedt odat a signal toggles until the CDR sees valid data; therefore, you should hold receiver
PCS logic in reset (r x_di gi t al r eset ) for a minimum of 4 s after r x_i s_| ockedt odat a remains
continuously asserted.
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CDR Lock Modes

You can configure the CDR in either automatic lock mode or manual lock mode. By default, the Quartus
IT software configures the CDR in automatic lock mode.

Automatic Lock Mode

In automatic lock mode, the CDR initially locks to the input reference clock (LTR mode). After the CDR
locks to the input reference clock, the CDR locks to the incoming serial data (LTD mode) when the
following conditions are met:

« The signal threshold detection circuitry indicates the presence of valid signal levels at the receiver
input buffer.

o The CDR output clock is within the configured ppm frequency threshold setting with respect to the
input reference clock (frequency locked).

» The CDR output clock and the input reference clock are phase matched within approximately
0.08 unit interval (UI) (phase locked).

If the CDR does not stay locked to data because of frequency drift or severe amplitude attenuation, the
CDR switches back to LTR mode.

Manual Lock Mode

The PPM detector and phase relationship detector reaction times can be too long for some applications
that require faster CDR lock time. You can manually control the CDR to reduce its lock time using two
optional input ports (r x_set _| ockt or ef andrx_set _| ockt odat a).

Table 1-3: Relationship Between Optional Input Ports and the CDR Lock Mode

0 0 Automatic

1 0 Manual-RX CDR LTR

X 1 Manual-RX CDR LTD
Related Information

For more information about manual lock mode, refer to the Transceiver Reset Control in Stratix V
Devices chapter.

Receiver Deserializer

The deserializer block clocks in serial input data from the receiver buffer using the high-speed serial
recovered clock and deserializes the data using the low-speed parallel recovered clock. The deserializer
forwards the deserialized data to the receiver PCS or FPGA core.

The deserializer in the RX PMA also provides a clock slip feature. The word aligner block in the PCS can
contribute up to one parallel clock cycle of latency uncertainty. You can use the clock slip/bit slip feature
to control the word alignment instead, so that you can reduce the latency uncertainty, ensuring determin-
istic latency. The deterministic latency state machine in the word aligner (within the PCS) automatically
controls the clock slip/bit slip operation. The de-serializer first performs clock slip/bit slip, after which the

Transceiver Architecture in Stratix V Devices

C] Send Feedback

Altera Corporation


http://www.altera.com/literature/hb/stratix-v/stx5_52004.pdf
http://www.altera.com/literature/hb/stratix-v/stx5_52004.pdf
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Transceiver%20Architecture%20in%20Stratix%20V%20Devices%20(SV5V2%202014.09.30)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

1-16 Receiver PMA Bit-Slip 2051\2'50290_ gg
parallel data is word-aligned in the RX PCS. These features are for protocols like CPRI that require
deterministic latency through the PHY layer.

The GX channel deserializer supports 8- and 10-bit, 16- and 20-bit, 32- and 40-bit factors. 64-bit factors
are also supported depending on the transceiver configuration. Unlike the GX channel deserializer, the
GT channel deserializer does not support programmable data widths and is fixed at 128 bits.

Receiver PMA Bit-Slip

The deserializer has a bit slip feature to enable the high speed serial bit slipping to minimize uncertainty in
serialization process per common public radio interface (CPRI) requirement. The bit slip feature is useful
for other protocols as well. You can enable this feature through the Custom or Native or Deterministic
Latency PHY IP. When you enable this feature, the period of a receiver side parallel clock could be
extended by 1 unit interval (UT).

Note: When you enable the bit slip feature and do not use CPRI or deterministic latency state machine,
the clock name will be different.

Related Information
For more information, refer to the Altera Transceiver PHY IP Core User Guide.
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Transmitter PLLs

Figure 1-12: Transmitter PLL Locations in GX Devices (3 Channels)
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Notes:

1. Stratix V devices 55GXB5, 55GXB6, 55GSB9 and 5SGSBB have one transceiver bank on each side
with only three transceiver channels.

2. You can use the central clock divider as a local clock divider.

Transceiver Architecture in Stratix V Devices

Altera Corporation
D Send Feedback


mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Transceiver%20Architecture%20in%20Stratix%20V%20Devices%20(SV5V2%202014.09.30)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

SV52002

1-18 Transmitter PLLs 2014.09.30

Figure 1-13: Transmitter PLL Locations in GX Devices (6 channels)
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Note:
1. You can use the central clock divider as a local clock divider.
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Figure 1-14: Transmitter PLL Locations in GT Devices
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1. You can use the central clock divider as a local clock divider.

Note: Transmitter PLLs within the upper-half or lower-half of a transceiver bank must be connected to
the same Reconfiguration Controller.

Each transmitter channel has a clock divider called a local clock divider. The clock dividers generate the
parallel and serial clock sources for the transmitter and optionally for the receiver PCS. The clock dividers
on channels 1 and 4 are called central clock dividers because they can drive the x6 and xN clock lines. The
central clock dividers can feed the clock lines used to bond channels.
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Bonded Configurations

The high-speed serial clock and low-speed parallel clock skew between channels and unequal latency in
the transmitter phase compensation FIFO contribute to transmitter channel-to-channel skew. In bonded
channel configurations the parallel clock is generated by a central clock divider for all channels, rather
than using a local clock divider for each transmitter channel. Also, the transmitter phase compensation
FIFO in all bonded channels shares common pointers and control logic generated in the central clock
divider, resulting in equal latency in the transmitter phase compensation FIFO of all bonded channels.
The lower transceiver clock skew and equal latency in the transmitter phase compensation FIFOs in all
channels provide lower channel-to-channel skew in bonded channel configurations.

Related Information

For more information about clocking or bonding, refer to the Transceiver Clocking in Stratix V
Devices chapter.

Channel PLL Used as a CMU PLL (Transmitter PLL)

The channel PLL available in the PMA can be used as a CMU PLL. The CMU PLLs in channels 1 and 4 in
a transceiver block can also provide a clock to the other transceivers within the same block.

When you use the channel PLL as a CMU PLL, that particular channel cannot be used as a receiver;
however, that channel can be used as a transmitter in conjunction with a different transmitter PLL. If all
transmitters and receivers within the transceiver block are required, you must use an ATX PLL or a clock
from another transceiver block.

For the best performance based on the data rate and input clock frequency, all settings for the CMU PLL
and clock dividers are automatically chosen by the Quartus II software.

Figure 1-15: Channel PLL Configured as CMU PLL
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Note:
1. Not all combinations of /N, /M, and /L values are valid. The Quartus Il software automatically chooses the optimal values.
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Note: Transmitter PLLs within the upper-half or lower-half of a transceiver bank must be connected to
the same Reconfiguration Controller.

Related Information

For CMU PLL specifications such as input clock frequency or supported output data ranges, refer to
the Stratix V Device Datasheet.

Auxiliary Transmit (ATX) PLL Architecture

Most Stratix V GT, GX, and GS devices contain two ATX PLLs per transceiver bank that can generate the
high-speed clocks for the transmitter channels; the 66-channel device is an exception with only one ATX
PLL in the top bank. Compared with CMU PLLs, ATX PLLs have lower jitter and do not consume a
transceiver channel; however, an ATX PLL’s frequency range is more limited.

The serial clock from the ATX PLL is routed to the transmitter clock dividers and can be further divided
down to half the data rate of the individual channels. For best performance you should use the reference
clock input pins that reside in the same transceiver block as your channel. However, you can use any
dedicated reference clock input pins along the same side of the device to clock the ATX PLL.

Figure 1-16: ATX PLL Architecture
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Related Information

For ATX PLL specifications such as input clock frequency or supported output data ranges, refer to
the Stratix V Device Datasheet.

Transmitter Serializer

The serializer converts the incoming low-speed parallel data from the transceiver PCS or FPGA fabric to
high-speed serial data and sends the data to the transmitter buffer. The Stratix V GX channel serializer
supports an 8- and 10-bit, 16- and 20-bit, 32- and 40-bit, and 64-bit serialization factor. By default, the
serializer block sends out the LSB of the input data first. For Stratix V GT channels, the serializer only
supports a 128-bit serialization factor.

Transceiver Architecture in Stratix V Devices Altera Corporation

C] Send Feedback


http://www.altera.com/literature/hb/stratix-v/stx5_53001.pdf
http://www.altera.com/literature/hb/stratix-v/stx5_53001.pdf
http://www.altera.com/literature/hb/stratix-v/stx5_53001.pdf
http://www.altera.com/literature/hb/stratix-v/stx5_53001.pdf
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Transceiver%20Architecture%20in%20Stratix%20V%20Devices%20(SV5V2%202014.09.30)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

SV52002

1-22 Transmitter Buffer 2014.09.30

PCle Receiver Detect

For a PCle configuration for Genl, Gen2, and Gen3 data rates, the transmitter buffers have a built-in
receiver detection circuit. This receiver detection circuit detects if there is a receiver downstream by
sending out a pulse on the common mode of the transmitter and monitoring the reflection.

PCle Electrical Idle

The transmitter output buffers support transmission of PCle electrical idle (or individual transmitter tri-
state).

Related Information

For more information about the PCle protocol, refer to the Transceiver Configurations in Stratix V
Devices chapter.

Transmitter Buffer

The transmitter buffer includes additional circuitry to improve signal integrity, such as the programmable
differential output voltage (Vop), programmable three-tap pre-emphasis circuitry, internal termination
circuitry, and PCle receiver detect capability to support a PCle configuration.

You can program these features using the assignment editor and a reconfiguration controller.

Note: The Stratix V GT transmitter buffer has only two taps for the pre-emphasis.

Transmitter Analog Settings

The transmitter analog setting capability improves signal integrity. These analog settings can be
dynamically reconfigured without powering down the device using the PMA analog registers within the
reconfiguration controller on GX devices only. Dynamic reconfiguration of the PMA settings can be done
concurrently and independently per channel

Programmable Output Differential Voltage

You can program the differential output voltage to handle different trace lengths, various backplanes, and
receiver requirements.

Figure 1-17: VOD (Differential) Signal Level
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Programmable Pre-Emphasis

Pre-emphasis can maximize the data eye margin at the far-end receiver. The programmable pre-emphasis
module in each transmit buffer boosts high frequencies in the transmit data signal, to compensate for
attenuation in the transmission media.

Stratix V GX channels provide three pre-emphasis taps: pre-tap (16 settings), first post-tap (32 settings),
and second post-tap (16 settings). The pre-tap sets the pre-emphasis on the data bit before the transition.
The first post-tap and second post-tap set the pre-emphasis on the transition bit and the following bit,
respectively. The pre-tap and second post-tap also provide inversion control, shown by negative values.

The Stratix V GT channels have two pre-emphasis taps: pre-tap and post-tap. Each tap has 32 settings.

Related Information

o For more information about the dynamic reconfiguration feature, refer to the Dynamic Reconfi-
guration in Stratix V Devices chapter.

o For details about the transceiver reconfiguration controller IP, refer to the Altera Transceiver PHY
IP Core User Guide.

Programmable Transmitter On-Chip Termination (OCT)

Transmitter buffers include programmable on-chip differential termination of 85, 100, 120, 150 Q or
OFF, for GX channels The transmitter buffer of GT channels only supports 100 Q differential termina-
tion, but allows for finer adjustment. The resistance is adjusted by the on-chip calibration circuit during
calibration, which compensates for PVT changes. The transmitter buffers are current mode drivers.
Therefore, the resultant Vp is a function of the transmitter termination value.

You can disable OCT and use external termination. If you select external termination, the transmitter
common mode is tri-stated. Common mode is based on the external termination connection.
Link Coupling

A high-speed serial link can be AC-coupled or DC-coupled, depending on the serial protocol you are
implementing.

In a DC-coupled link, the transmitter V) is seen unblocked at the receiver buffer. The link V), depends
on the transmitter V) and the receiver V). The on-chip or off-chip receiver termination and biasing
circuitry must ensure compatibility between the transmitter and receiver Vyy.
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Figure 1-18: DC-Coupled Link
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You can DC-couple a GX/GS channel transmitter to a GX/GS channel receiver for the entire data rate
range from 600 Mbps to 14.1 Gbps.

Note: The GT channels only support AC coupling.

Related Information

For DC-coupling other Altera families, and non-Altera devices, refer to the GX/GS transmitter and
receiver common-mode requirements listed in theStratix V Device Datasheet.

Transceiver Calibration Blocks

The Stratix V transceiver calibration blocks include OCT calibration, offset cancellation in the receiver
buffer and receiver CDR, and ATX PLL calibration.

OCT Calibration

Stratix V GX and GS devices contain calibration circuits that calibrate the OCT resistors and analog
portions of the transceiver blocks to ensure that the functionality is independent of process, voltage, and
temperature (PVT) variation. GT devices do not have calibration support.

The calibration block internally generates a constant reference voltage, independent of PVT variation. The
calibration block uses the internal reference voltage and external reference resistor to generate constant
reference currents.

Note: You must connect a separate 1.8 kQ (maximum tolerance £1%) external resistor on each RREF pin
to ground. To ensure the calibration block operates properly, the RREF resistor connection on the
board must be free from external noise.
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Related Information

For more information about connections, refer to the Pin Connection Guidelines.

Offset Cancellation in the Receiver Buffer and Receiver CDR

Process variation can lead to a V) offset between the p and n signals within the differential buffers.
Stratix V devices have an automatic calibration in their receiver buffers to remove this Vo offset.

You must use the reconfiguration controller IP for offset cancellation to take place. Calibration does not
occur during transceiver reset, only during device configuration. Any signals that may appear on the
receiver pin do not affect calibration because the receiver buffers are disconnected during calibration.

Note: A maximum of one reconfiguration controller is allowed per transceiver bank upper-half or lower-
half triplet.

ATX PLL Calibration

ATX PLL calibration optimizes the ATX PLL VCO settings for the desired output frequency. The reconfi-
guration controller IP must be instantiated for this calibration to run. The calibration occurs once
automatically after device initialization. The calibration can be restarted via register accesses to the
Reconfiguration controller if desired.

Both the ATX PLL and reconfiguration reference clocks must be valid and stable upon device power-up to
ensure a successful power-up ATX PLL calibration and for its subsequent calibrations. The reference
clock must be stable and the ATX PLL cannot be in reset (pl | _power down) when ATX PLL calibration is
performed.

Related Information

o For more information, refer to the Dynamic Reconfiguration in Stratix V Devices chapter.

o For more information about ATX PLL calibration, refer to the Auxiliary Transmit (ATX) PLL
Calibration section of the Altera Transceiver PHY IP Core User Guide

Calibration Block Boundary
There is one calibration block in each quadrant of the device.

The calibration block also uses the reconfiguration controller clock (nmgnt _cl k_cl k ). This puts a restric-
tion on the number of different reconfiguration clock sources that can be used in the design. All the
transceiver channels controlled by a single calibration block must be connected to the same reconfigura-
tion clock source.

Note: You can connect multiple reconfiguration controllers to the same clock source.
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Table 1-4: Transceiver Calibration Block Boundary for Stratix V Devices

Stratix V Device

Package

Total Number
of Transceiver
channels in
device

Total Number of

Transceiver

Channels per Side | Transceiver Channels
Controlled by the Top

Number of
Contiguous

Calibration Block

SV52002
2014.09.30

Number of
Contiguous
Transceiver Channels
Controlled by the
Bottom Calibration

(counting from top to | Block (counting from

bottom) bottom to top)
5SGTC5 KF40 36 24 (Left) / 12 12 12
(Right)
5SGTC7 KF40 36 24 (Left) / 12 12 12
(Right)

EH29 12 12 (Left only) 6 6

HF35 24 12 6 6
SSGXA3 KF35 36 18 9 9

KF40/ 36 18 9 9

KH40

HF35 24 12 6 6
5SGX A KF35 36 18 9 9

KF40/ 36 18 9 9

KH40

HF35 24 12 6 6

KF35 36 18 9 9
SSGXAS5 KF40/ 36 18 9 9

KHA40

NF40 48 24 12 12

HF35 24 12 6 6

KF35 36 18 9 9
SSGXA7 KF40/ 36 18 9 9

KH40

NF40 48 24 12 12

KF40/ 36 18 9 9
5SGXA9 KHA40

NF45 48 24 12 12

KF40/ 36 18 9 9
5SGXAB KH40

NF45 48 24 12 12
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Stratix V Device | Package | Total Number | Total Number of Number of Number of
of Transceiver Transceiver Contiguous Contiguous
channels in Channels per Side | Transceiver Channels | Transceiver Channels
device Controlled by the Top Controlled by the
Calibration Block Bottom Calibration
(counting from top to | Block (counting from
bottom) bottom to top)

5SGXB5 RF40 66 33 15 18

RF43 66 33 15 18
5SGXB6 RF40 66 33 15 18

RF43 66 33 15 18
5SGXB9 RH43 66 33 15 18
5SGXBB RH43 66 33 15 18

EH29 12 12 (Left only) 6 6
5SGSD3

HEF35 24 12 6 6

EH29 12 12 (Left only) 6 6
55GSD4 HF35 24 12 6 6

KF40 36 18 9 9

HF35 24 12 6 6
58GSD5

KF40 36 18 9 9

KF40 36 18 9 9
5SGSDé6

NF45 48 24 12 12

KF40 36 18 9 9
5SGSDS8

NF45 48 24 12 12

Related Information

Refer to the Transceiver Reconfiguration Controller PMA Analog Control Registers section of the
Altera Transceiver PHY IP Core User Guide

PMA Reconfiguration

Modifying programmable values within transceiver buffers can be performed by a single reconfiguration
controller for the entire FPGA, or multiple reconfiguration controllers if desired. Within each transceiver
bank a maximum of two reconfiguration controllers is allowed; one for the three channels (triplet) in the
upper-half of a bank, and one for the lower-half. This is due to a single Avalon-Memory Mapped
(AVMM) slave interface per triplet Therefore, many triplets can be connected to a single reconfiguration
controller, but only one reconfiguration controller can be connected to the three transceivers within any

triplet.
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Related Information
Refer to the "Transceiver Reconfiguration Controller IP Core" chapter of the Altera Transceiver PHY
IP Core User Guide.

Standard PCS Architecture

Standard PCS Architecture

The transceiver Standard PCS circuit blocks support data rates up to 12.2 Gbps depending on the
transceiver speed grade.

Figure 1-19: Standard PCS Datapath in GX Channels
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Note: The PCS can be completely bypassed using the PMA direct mode. This is an option for GX
channels. The GT channels do not have a PCS, and always operate in PMA direct mode.

Some transceiver channels interface to the PCle hard IP block, the PIPE interface for soft IP implementa-
tions of PCle, or directly to the FPGA fabric (FPGA fabric-transceiver interface). The transceiver channel
interfaces to the PCle hard IP block if you use the hard IP block to implement the PCIe PHY MAC, data

link layer, and transaction layer. Otherwise, the transceiver channel interfaces directly to the FPGA fabric.
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The PCle hard IP-transceiver interface is outside the scope of this chapter. This chapter describes the
FPGA fabric-transceiver interface only.

You can divide the standard transceiver channel datapath into two configurations based on the FPGA
fabric-transceiver interface width (channel width) and the transceiver channel PMA-PCS width (serializa-
tion factor).

Table 1-5: Transceiver Interface Widths

8- and 10-Bit PMA-PCS 16- and 20-Bit PMA-PCS Widths
Widths

FPGA fabric-transceiver interface 8 and 10 bit 16 and 20 bit
widths
16 and 20 bit 32 and 40 bit
Supported configurations PCle Genl and Gen2 Custom configuration (Custom or

Native or Low Latency PHY IPs)
XAUI

Custom configuration
(Custom or Native or Low
Latency PHY IPs)

Data rate range in a custom configu- | 0.6 to 3.75 Gbps 1.0 to 12.2 Gbps
ration

The standard PCS can be configured for various protocols by selecting different PCS blocks in the receiver
and transmitter datapath.

Related Information

o For more information about the PMA direct mode, refer to the "Stratix V GX Native PHY IP"
section of the Transceiver Configurations in Stratix V Devices chapter.

o For details about the PMA direct mode, refer also to the "Stratix V Transceiver Native PHY IP
Core" section of the Altera Transceiver PHY IP Core User Guide.

+ For details about selecting different PCS blocks in the receiver and transmitter datapath and about
the data rates supported in other configurations, refer to the Transceiver Configurations in Stratix
V Devices chapter.

o For details about implementing the different PCS functional blocks, refer to the Altera Transceiver
PHY IP Core User Guide.

Receiver Standard PCS Datapath

The functional blocks in the receiver datapath are described in order from the word aligner to the receiver
phase compensation FIFO buffer at the FPGA fabric-transceiver interface.

The receiver datapath is flexible and allows multiple modes, depending on the selected configuration.

Note: The Standard PCS is not supported in the GT channels.
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Word Aligner

Because the data is serialized before transmission and then deserialized at the receiver, the data loses the
word boundary of the upstream transmitter after deserialization. The word aligner receives parallel data
from the deserializer and restores the word boundary based on a pre-defined alignment pattern that must
be received during link synchronization.

Serial protocols such as PCle specify a standard word alignment pattern. For proprietary protocols, the
transceiver architecture allows you to select a custom word alignment pattern specific to your implemen-
tation.

In addition to restoring the word boundary, the word aligner also implements the following features:

Synchronization state machine in configurations such as PCle
Programmable run length violation detection in all configurations
Receiver polarity inversion in all configurations except PCle
Receiver bit reversal in custom configurations

Receiver byte reversal in custom 16- and 20-bit width configurations

Depending on the configuration, the word aligner operates in one of the following modes:

Altera Corporation

Manual alignment

Automatic synchronization state machine
Bit-slip

Deterministic latency state machine
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Table 1-6: Word Aligner Options

Configuration

PMA-PCS
Interface Width
(Bits)

Word
Alignment
Mode

Word
Alignment

Pattern Length

Word Aligner 1-31

Word Alignment Behavior

Manual 16 bits User-controlled signal starts
Alignment the alignment process.
Alignment happens once
8 unless the signal is reasserted.
Bit-Slip N/A User-controlled signal shifts
data one bit at a time.
Manual 7 and 10 bits User-controlled signal starts
Alignment the alignment process.
Custom 8- and 10- Alignment happens once
Bit Width unless the signal is reasserted.
Bit-Slip N/A User-controlled signal shifts
data one bit at a time.
10
Automatic 7 and 10 bits Data is required to be 8B/10B
Synchronized encoded. Aligns to the
State Machine selected word aligner pattern.
Deterministic | 10 bits Data is required to be 8B/10B
Latency State encoded. Aligns to the
Machine selected word aligner pattern.
Manual 8,16, and 32 User-controlled signal starts
Alignment bits the alignment process.
Alignment happens once
16 unless the signal is reasserted.
Bit-Slip N/A User-controlled signal shifts
data one bit at a time.
Manual 7,10, and 20 User-controlled signal starts
Alignment bits the alignment process.
Custom 16- and 20- Alignment happens once
Bit Width unless the signal is reasserted.
Bit-Slip N/A User-controlled signal shifts
data one bit at a time.
20
Automatic 7,10, and 20 Data is required to be 8B/10B
Synchronized | bits encoded. Aligns to the
State Machine selected word aligner pattern.
Deterministic |10 and 20 bits | Data is required to be 8B/10B
Latency State encoded. Aligns to the
Machine selected word aligner pattern.
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Configuration PMA-PCS Word Word Word Alignment Behavior
Interface Width Alignment Alignment
(Bits) Mode Pattern Length
PClIe 10 Automatic 10 bits Automatically selected word
Synchronized aligner pattern length and
State Machine pattern.

Example of Manual Alignment Mode Word Aligner with a 10-Bit PMA-PCS Interface Configuration

In basic single-width mode with a 10-bit PMA-PCS interface, you can configure the word aligner in
manual alignment mode by selecting the Use manual word alignment mode option in the IP Catalog.

In manual alignment mode, the word alignment operation is manually controlled with the

rx_std_wa_pat ternal i gn input signal or the r x_enapat t er nal i gn register. The word aligner operation
is level-sensitive to r x_enapat t er nal i gn. If r x_enapat t er nal i gn is held high, the word aligner looks for
the programmed 7-bit or 10-bit word alignment pattern in the received data stream. It updates the word
boundary if it finds the word alignment pattern in a new word boundary. If r x_enapat t er nal i gn is de-
asserted low, the word aligner maintains the current word boundary even when it sees the word alignment
pattern in a new word boundary.

Two status signals, r x_syncst at us and r x_pat t er ndet ect , with the same latency as the datapath, are
forwarded to the FPGA fabric to indicate the word aligner status. After receiving the first word alignment
pattern after the r x_enapat t er nal i gn signal is asserted high, both ther x_syncst at us and rx_pat tern-
det ect signals are driven high for one parallel clock cycle. Any word alignment pattern received
thereafter in the same word boundary causes only the r x_pat t er ndet ect signal to go high for one clock
cycle. Any word alignment pattern received thereafter in a different word boundary causes the word
aligner to re-align to the new word boundary only if the r x_enapat t er nal i gn signal is held high. The
word aligner asserts the r x_syncst at us signal for one parallel clock cycle whenever it re-aligns to the new
word boundary.

In this example, a /K28.5/ (10'b0101111100) is specified as the word alignment pattern. The word aligner
aligns to the /K28.5/ alignment pattern in cycle n because the r x_enapat t er nal i gn signal is asserted
high. The r x_syncst at us signal goes high for one clock cycle, indicating alignment to a new word
boundary. The r x_pat t er ndet ect signal also goes high for one clock cycle to indicate initial word
alignment. At time n + 1, the r x_enapat t er nal i gn signal is de-asserted to instruct the word aligner to
lock the current word boundary. The alignment pattern is detected again in a new word boundary across
cycles n + 2 and n + 3. The word aligner does not align to this new word boundary because the
rx_enapat t er nal i gn signal is held low. The /K28.5/ word alignment pattern is detected again in the
current word boundary during cycle n + 5, causing the r x_pat t er ndet ect signal to go high for one
parallel clock cycle.
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Figure 1-20: Word Aligner with 10-Bit PMA-PCS Manual Alignment Mode

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

rx_clkout J ‘ ‘ ‘ ‘ ‘ ‘

—
rx_dataout[10..0] 111110000 0101111100 111110000 1111001010 1000000101 111110000 0101111100

rx_enapatternalign J

rx_patterndetect J

IX_syncstatus J

Note: If the word alignment pattern is known to be unique and does not appear between word
boundaries, you can constantly hold r x_enapat t er nal i gn high because there is no possibility of
false word alignment. If there is a possibility of the word alignment pattern occurring across word
boundaries, you must control r x_enapat t er nal i gn to lock the word boundary after the desired
word alignment is achieved to avoid re-alignment to an incorrect word boundary.

Example of Bit-Slip Mode Word Aligner with an 8-Bit PMA-PCS Interface Configuration

In a custom width configuration with an 8-bit PMA-PCS interface width, you can configure the word
aligner in bit-slip mode. In bit-slip mode, the word aligner operation is controlled by the r x_bi t sl i p bit
of the pcs8g_rx_wa_control register. At every 0-1 transition of the r x_bi t sl i p bit of the
pcs8g_rx_control register, the bit-slip circuitry slips one bit into the received data stream, effectively
shifting the word boundary by one bit. Also in bit-slip mode, the word aligner pcs8g_r x_wa_st at us
register bit for r x_pat t er ndet ect is driven high for one parallel clock cycle when the received data after
bit-slipping matches the 16-bit word alignment pattern programmed.

You can implement a bit-slip controller in the FPGA fabric that monitors the r x_par al | el _dat a signal,
the rx_pat t er ndet ect signal, or both, and controls the r x_bi t sl i p signal to achieve word alignment.

For this example, consider that 8'b11110000 is received back-to-back and 16'b0000111100011110 is
specified as the word alignment pattern. A rising edge on the r x_bi t sl i p signal at time n + 1 slips a
single bit 0 at the MSB position, forcing the r x_dat aout to 8'b01111000. Another rising edge on the
rx_bi tslip signal at time n + 5 forces r x_dat aout to 8b00111100. Another rising edge on the

rx_bi tslip signal at time n + 9 forces r x_dat aout to 8b00011110. Another rising edge on the

rx_bi tslip signal at time n + 13 forces the r x_dat aout to 8'b00001111. At this instance, r x_dat aout in
cyclesn + 12 and n + 13 is 8b00011110 and 8'b00001111, respectively, which matches the specified 16-bit
alignment pattern 16'b0000111100011110. This results in the assertion of the r x_pat t er ndet ect signal.
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Figure 1-21: Word Aligner Configured in Bit-Slip Mode

n n+1 in+2 in+3 in+4 {n+5 in+6 in+7 {n+8 in+9 n+10in+11in+12in+13 n+14

PO N [ I O O

rx_datain ] 11110000

rx_dataout[7:0] 3 11110000 01111900 00111100 00011110 00001111 ><

rx_bitslip

rx_patterndetect ‘

Example of Automatic Synchronization State Machine Mode Word Aligner with a 10-Bit PMA-PCS
Interface Configuration

Protocols such as PCle require the receiver PCS logic to implement a synchronization state machine to
provide hysteresis during link synchronization. Each of these protocols defines a specific number of
synchronization code groups that the link must receive to acquire synchronization, and a specific number
of erroneous code groups that the protocol must receive to fall out of synchronization.

In PCle configurations, the word aligner is in automatic synchronization state machine mode. The word
aligner automatically selects the word alignment pattern length and pattern as specified by each protocol.

The synchronization state machine parameters are fixed for PCle configurations as specified by the
respective protocol.

Table 1-7: Synchronization State Machine Modes for a PCI-Express (PIPE) Configuration

T e T e

Number of valid synchronization code groups or ordered sets received to 4
achieve synchronization

Number of erroneous code groups received to lose synchronization 17
Number of continuous good code groups received to reduce the error count 16
by one

After deassertion of the rx_di gi tal reset signal in automatic synchronization state machine mode, the
word aligner starts looking for the word alignment pattern or synchronization code groups in the received
data stream. When the programmed number of valid synchronization code groups or ordered sets is
received, the r x_syncst at us status bit is driven high to indicate that synchronization is acquired. The
rx_syncst at us status bit is constantly driven high until the programmed number of erroneous code
groups is received without receiving intermediate good groups, after which r x_syncst at us is driven low.
The word aligner indicates loss of synchronization (r x_syncst at us remains low) until the programmed
number of valid synchronization code groups are received again.
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Word Aligner in Deterministic Latency State Machine Mode

In deterministic latency state machine mode, word alignment is achieved by performing a clock-slip in the
deserializer until the deserialized data coming into the receiver PCS is word-aligned.

The state machine controls the clock-slip process in the deserializer after the word aligner has found the
alignment pattern and identified the word boundary. Deterministic latency state machine mode offers a
reduced latency uncertainty in the word alignment operation for applications that require deterministic
latency.

After rx_syncst at us is asserted and if the incoming data is corrupted causing an invalid code group,
rx_syncst at us remains asserted. The r x_er r det ect register will be set to 1 (indicating RX 8B/10B error
detected). When this happens, the manual alignment mode is not be able to de-assert the r x_syncst at us
signal. You must manually assert r x_di gi t al r eset or manually control r x_st d_wa_pat t ernal i gn to
resynchronize a new word boundary search whenever r x_err det ect shows an error.

Table 1-8: Word Alignment in Deterministic Latency State Machine Mode

PCS Mode PMA-PCS Word Alignment Operation
Interface Width

Single Width | 10 bits 1. Afterrx_digital reset deasserts, the word aligner starts looking for

Double 20 bits the predefined word alignment pattern, or its complement, in the

Width received data stream and automatically aligns to the new word
boundary.

2. After the pattern is found and the word boundary is identified, the
state machine controls the clock-slip process in the deserializer.

3. When the clock-slip is complete, the deserialized data coming into
the receiver PCS is word-aligned and is indicated by the value 1 in
the r x_syncst at us register until rx_di gi tal reset is asserted.

4. To resynchronize to the new word boundary, the Avalon-MM
register r x_enapat t er nal i gn (not available as a signal) must be
reasserted to initiate another pattern alignment. Asserting r x_
enapat t er nal i gn may cause the extra shifting in the RX datapath if
rx_enabl epatt ernal i gn is asserted while bit slipping is in progress.
Consequently, r x_enapat t er nal i gn should only be asserted under
the following conditions:

e rx_syncst at us is asserted

o rx_bitslipboundarysel ect out changes from a non-zero value
to zero or 1

5. When the word aligner synchronizes to the new word boundary,
rx_syncst at us has a value of 1 until r x_di gi t al r eset is deasserted
orrx_enapatternalignissettol.rx_patterndetect hasa value of
1 whenever a word alignment pattern is found for one parallel clock
cycle regardless of whether or not the word aligner is triggered to
align to the new word boundary.

Programmable Run Length Violation Detection

The programmable run length violation circuit resides in the word aligner block and detects consecutive
Is or Os in the data. If the data stream exceeds the preset maximum number of consecutive 1s or 0s, the
violation is signified by the assertion of the rx_r | v status bit.
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Table 1-9: Detection Capabilities of the Run Length Violation Circuit

Run Length Violation Detector Range

8 4 128
10 5 160
16 8 512
20 10 640

Receiver Polarity Inversion

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

Receiver Bit Reversal

By default, the receiver assumes an LSB-to-MSB transmission. If the transmission order is MSB-to-LSB,
the receiver forwards the bit-flipped version of the parallel data to the FPGA fabric on
rx_par al | el _dat a. For example, if in 8 bit width mode, D} 7: 0] is rewired to D[ 0: 7] .

Receiver Byte Reversal in Custom 16- and 20-Bit Width Configurations

The MSByte and LSByte of the input data to the transmitter may be erroneously swapped. The receiver
byte reversal feature corrects this situation.
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Figure 1-22: Receiver Byte Reversal Feature

MSByte 01 03 05 07 09 0B
Expected Data Qut
of the Word Aligner
LSByte 00 02 04 06 08 0A
MSByte 00 02 04 06 08 0A
Actual Data without
Byte Reversal Enabled
LSByte 01 03 05 07 09 0B

Byte Reversal Enabled

MSByte 00 02 07 09 0B
o000 Corrected Data Out
of the Word Aligner
LSByte 01 03 06 08 0A
Related Information

For more information on the receiver polarity, bit reversal, and byte reversal features, refer to the "Bit
Reversal and Polarity Inversion" section of the Altera Transceiver PHY IP Core User Guide.

PRBS Verifier
The pseudo-random bit stream (PRBS) verifier block verifies the pattern generated by the PRBS
generator.

The PRBS verifier:

o Supports 32-bit and 40-bit PMA interfaces
+ Supports the following modes and patterns:

e PRBS3I:x3! +x¥+1
o PRBS23:x¥3 +x!18+1
o PRBS15:xP° +x4+1
e« PRBS9:x’ +x°+1
e« PRBS7:x” +x0+1

Note: You can enable either the PRBS verifier or the PRP verifier, but you cannot enable both at the same
time.
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Related Information
For PRBS verifier implementation information, refer to the Altera Transceiver PHY IP Core User
Guide.
Deskew FIFO

The deskew FIFO in each channel receives data from its word aligner. The deskew FIFO circuitry aligns
the data across multiple channels.

Note: The deskew circuitry is available only in XAUI mode.

In the XAUI protocol, the code groups received across four lanes of a XAUI link can be misaligned with
respect to one another because of skew in the physical medium or differences between the independent
clock recoveries per lane.

The XAUI protocol requires the physical layer device to implement a deskew circuit to align all four
channels. To enable the deskew circuitry at the receiver, the transmitter sends a /A/ (/K28.3/) code group
simultaneously on all four channels during inter-packet gap (IPG). The skew introduced in the physical
medium and the receiver channels can cause the /A/ code groups to be misaligned when received.

The deskew operation begins only after link synchronization is achieved on all four channels from the
word aligner of each channel. When an aligned set of /A/ code groups is observed at the output of the
deskew FIFOs of the four channels, the r x_channel al i gned signal is asserted high, indicating channel
alignment is acquired.

Rate Match (Clock Rate Compensation) FIFO

The rate match (clock rate compensation) FIFO compensates for small clock frequency differences
between the upstream transmitter and the local receiver clocks by inserting or removing skip (SKP)
symbols or ordered sets from the interpacket gap (IPG) or idle streams. The rate match FIFO deletes SKP
symbols or ordered sets when the upstream transmitter reference clock frequency is higher than the local
receiver reference clock frequency. The rate match FIFO inserts SKP symbols or ordered sets when the
local receiver reference clock frequency is higher than the upstream transmitter reference clock frequency.

Note: For the Gigabit Ethernet protocol, if you have the auto-negotiation state machine in the FPGA core
with rate match FIFO enabled, refer to the "Rate Match FIFO" section in the "Gigabit Ethernet"
section in the Transceiver Configurations in Stratix V Devices chapter.

Related Information

o For more information about the skip pattern and control pattern, refer to the "Rate Match FIFO
Parameters" section of the Altera Transceiver PHY IP Core User Guide.

o For more information about how to use the rate match FIFO with PCle, XAUI, and Custom
protocols, refer to the Transceiver Configurations in Stratix V Devices chapter.

8B/10B Decoder

Many protocols require the serial data sent over the link to be 8B/10B encoded to maintain the DC
balance in the transmitted serial data. The PCle protocol requires the receiver PCS logic to implement an
8B/10B decoder to decode the data before forwarding the data to the upper layers for packet processing.

The receiver channel PCS has an 8B/10B decoder after the rate match FIFO. In configurations with the
rate match FIFO enabled, the 8B/10B decoder receives data from the rate match FIFO. In configurations
with the rate match FIFO disabled, the 8B/10B decoder receives data from the word aligner.
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In 10-bit mode, the 8B/10B decoder receives 10-bit data from the rate match FIFO or word aligner (when
the rate match FIFO is disabled) and decodes the data into an 8-bit data +1-bit control identifier. The
decoded data is fed to the byte deserializer or the receiver phase compensation FIFO (if the byte deserial-
izer is disabled).

Figure 1-23: 8B/10B Decoder in 10-bit Mode

rx_dataout[7:0]

rx_ctrldetect 8B/10BDecoder <@ datain[9:0]

rx_errdetect (LSB Byte)

4444

rx_disperr

recovered clock or
tx_ clkout[0]

Note: The 8B/10B decoder is described in IEEE 802.3-2008 clause-49.

In PCIe configuration, the 8B/10B decoder operates only in 10-bit width mode. A PCle configuration
forces selection of the 8B/10B decoder in the receiver datapath.

Control Code Group Detection

The 8B/10B decoder indicates whether the decoded 8-bit code group is a data or control code group on
the r x_dat ak signal (not shown in the figure above). If the received 10-bit code group is one of the 12
control code groups (/Kx.y/) specified in the IEEE 802.3 specification, the rx_dat ak signal is driven high.
If the received 10-bit code group is a data code group (/Dx.y/), the r x_dat ak signal is driven low.
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Byte Deserializer

The FPGA fabric-transceiver interface frequency has an upper limit. In designs where the receiver PCS
frequency exceeds the upper limit, the byte deserializer is required. The byte deserializer reduces the
interface frequency to half while doubling the parallel data width. The byte deserializer is optional in
designs that do not exceed the interface frequency upper limit.

Byte Deserializer in 8- and 10-Bit Width Mode

In 8-bit width mode, the byte deserializer receives 8-bit wide data from the 8B/10B decoder or 10-bit wide
data from the word aligner (if the 8B/10B decoder is disabled) and deserializes the data into 16- or 20-bit
wide data at half the speed.

Figure 1-24: Byte Deserializer in 8- or 10-Bit Width Mode

L

L L L s

datain[7:0] —> Deserializer — D2 D4 dataout[15:0]
or D1 D2 D3 D4 or
datain[9:0] D1 D3 dataout[19:0]

Receiver PCS Clock ——e—p» /2

Byte Deserializer in 16- or 20-Bit Width Mode

In 16-bit width mode, the byte deserializer receives 16-bit wide data from the 8B/10B decoder or 20-bit
wide data from the word aligner (if the 8B/10B decoder is disabled) and deserializes the data into 32- or
40-bit wide data at half the speed.

Figure 1-25: Byte Deserializer in 16- and 20-Bit Width Mode

N

L L L b

datain[15:0] — Deserializer —p D3D4 D7D8 dataout[31:0]
or DID2 X D3D4 X D5D6 X D7D8 or
datain[19:0] D1D2 D5D6 dataout[39:0]

Receiver PCS Clock ——

Byte Ordering Block

In 8- or 10-bit width mode with the 16- or 20-bit FPGA fabric-transceiver interface, the byte deserializer
receives one data byte (8 or 10 bits) and deserializes the data into two data bytes (16 or 20 bits).

Depending on when the receiver PCS logic comes out of reset, the byte ordering at the output of the byte
deserializer may or may not match the original byte ordering of the transmitted data. The byte misalign-
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ment resulting from byte deserialization is unpredictable because the byte misalignment depends on
which byte is being received by the byte deserializer when the byte comes out of reset.

The byte ordering block looks for the user-programmed byte ordering pattern in the byte-deserialized
data. You must select a byte ordering pattern that you know is at the LSBytes position of the parallel
transmitter data. If the byte ordering block finds the programmed byte ordering pattern in the MSBytes
position of the byte-deserialized data, the byte ordering block inserts the appropriate number of user-
programmed pad bytes to push the byte ordering pattern to the LSByte(s) position, thereby restoring

proper byte ordering.
Figure 1-26: MSByte and LSByte of the Two-Bit Transmitter Data Straddled Across Two Word
Boundaries
Transmitter Receiver
tx_serial_data[15:8] rx_serial_data[15:8]
(MSByte) 02 b e Byte xxD1D2 D3 D4 D5 D6 xx 01 03 b5 XX (MSByte)

tx_serial_data[7:0] erializer R
(LSByte) o b3 b5 Deseralzer XX D2 D4 D6 rx_serial_data[7:0]

(LSByte)

\ 4

In 16-bit width mode with a 32-bit FPGA fabric-transceiver interface, the byte deserializer receives two
data bytes (16 bits) and deserializes the two data bytes into four data bytes (32 bits).

Figure 1-27: MSByte and LSByte of the Four-Bit Transmitter Data Straddled Across Two Word

Boundaries
Transmitter Receiver
tx_serial_data[31:16]
D3D4 || D7D8 i .
(MsByte) o By xx D1 D203 D4 D5 D6 xx Byt D102 || DSD6 || x ’X—Se”(:'ﬂggsg)[31 16l
o serial_datal15:0] | o || pere Serializer Deserializer — > .
(LSByte) XX D3D4 || D7D8 rx_serial_data[15:0]
(LSByte)

The byte ordering pattern length and the byte ordering pad pattern length vary depending on the PCS-
PMA interface width ( 8-bit/10-bit/16-bit/20-bit).

Related Information

For details about byte ordering and byte ordering pad pattern lengths, refer to the "Byte Ordering
Parameters" section of the Altera Transceiver PHY IP Core User Guide.

Receiver Phase Compensation FIFO

The receiver phase compensation FIFO is four words deep and interfaces the status and data signals
between the receiver PCS and the FPGA fabric or the PClIe hard IP block. The FIFO supports the
following operations:

+ Phase compensation mode with various clocking modes on the read clock and write clock
o Registered mode with only one clock cycle of datapath latency
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Figure 1-28: Receiver Phase Compensation FIFO

RX
Phase
Compensation
Datapath to Datapath from the
.« FIFO R
the FPGA fabric last PCS block used
rd_clk wr_clk
x._coredlkin Parallel Recovered Clock (1)
tx_clkout (1)
<@— coreclkout (1)
<— rx_coreclk (1)
Note:

1. If you use the byte deserializer, these clocks are divided by two.

Phase Compensation Mode
The receiver phase compensation FIFO compensates for any phase difference between the read and write
clocks for the receiver status and data signals.

The low-speed parallel clock feeds the write clock; the FPGA fabric interface clock feeds the read clock.
The clocks must have 0 ppm difference in frequency or a FIFO underrun or overflow condition may
result.

The receiver phase compensation FIFO supports various clocking modes on the read and write clocks
depending on the transceiver configuration.

Related Information

For a detailed description of the receiver datapath interface clocking modes when using the receiver
phase compensation FIFO, seeTransceiver Clocking in Stratix V Devices.
Registered Mode

To eliminate the FIFO latency uncertainty for applications with stringent datapath latency uncertainty
requirements, bypass the FIFO functionality in registered mode to incur only one clock cycle of datapath
latency when interfacing the receiver channel to the FPGA fabric. Configure the FIFO to registered mode
when interfacing the receiver channel to the PCle hard IP block to reduce datapath latency. In registered
mode, the low-speed parallel clock that is used in the receiver PCS clocks the FIFO.

Transmitter Standard PCS Datapath
Note: The Standard PCS is not supported in the GT channels.

Transmitter Phase Compensation FIFO

The transmitter phase compensation FIFO interfaces with the FPGA fabric. The transmitter phase
compensation FIFO compensates for the phase difference between the low-speed parallel clock and the
FPGA fabric interface clock.

Altera Corporation Transceiver Architecture in Stratix V Devices

C] Send Feedback


http://www.altera.com/literature/hb/stratix-v/stx5_52003.pdf
http://www.altera.com/literature/hb/stratix-v/stx5_52003.pdf
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Transceiver%20Architecture%20in%20Stratix%20V%20Devices%20(SV5V2%202014.09.30)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

SV52002
2014.09.30

Figure 1-29: Transmitter Phase Compensation FIFO

Byte Serializer 1-43

dataout

Byte

(to the 8B/10 Encoder <@— Serializer

or the TX Bit Slip)

@— datain[] (from the TXFIFO)

tx_ckout ———o—

Byte Serializer

12,
4

]

The byte serializer allows you to run the transceiver channel at higher data rates while keeping the FPGA
fabric interface frequency below the upper limit, by halving the width of the data bus and doubling the
data rate. The Byte Serializer forwards the least significant word first followed by the most significant
word. For example, assuming a channel width of 32, the byte serializer forwards

t x_paral | el _dat a[ 15: 0] first, followed by tx_p aral | el _dat a[ 31: 16] .

8B/10B Encoder

The 8B/10B encoder generates 10-bit code groups from the 8-bit data and 1-bit control identifier. In 8-bit
width mode, the 8B/10B encoder translates the 8-bit data to a 10-bit code group (control word or data
word) with proper disparity. If the t x_dat ak input is high, the 8B/10B encoder translates the input

dat a[ 7: 0] to a 10-bit control word. If the t x_dat ak input is low, the 8B/10B encoder translates the input

dat a[ 7: 0] to a 10-bit data word.

Figure 1-30: 8B/10B Conversion Format

7 6 5 4 3 2 1 0 control_code
H G F E J D C B A
8B/10B Conversion
j h g f [ e d C b a
9 8 7 6 5 4 3 2 1 0
MSB LSB
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Control Code Encoding

The IEEE 802.3 8B/10B encoder specification identifies only a set of 8-bit characters for which t x_dat ak
must be asserted. If you assert t x_dat ak for any other set of bytes, the 8B/10B encoder might encode the
output 10-bit code as an invalid code (it does not map to a valid Dx.y or Kx.y code), or unintended valid
Dx.y code, depending on the value entered. It is possible for a downstream 8B/10B decoder to decode an
invalid control word into a valid Dx.y code without asserting code error flags.

Figure 1-31: Control Word and Data Word Transmission

clock
tx_datain[7:0] 83 78 BC BC OF 00 BF 3C
tx_datak
code group D3.4 D243 D28.5 K28.5 D15.0 D0.0 D315 D28.1

Reset Condition

The t x_di gi tal reset signal resets the 8B/10B encoder. During reset, running disparity (RD) and data
registers are cleared. Also, the 8B/10B encoder outputs a K28.5 pattern from the RD- column continu-
ously until t x_di gi t al reset is deasserted. The input data and control code from the FPGA fabric is
ignored during the reset state. After reset, the 8B/10B encoder starts with an RD being negative (RD-) and
transmits three K28.5 code groups for synchronization before it starts encoding and transmitting the data
on its output.

Note: Whiletx_di gital reset is asserted, the downstream 8B/10B decoder that receives the data may
observe synchronization or disparity errors.

When in reset (t x_di gi t al reset is high), a K28.5- (K28.5 10-bit code group from the RD-column) is
sent continuously until t x_di gi t al r eset is low. Because of some pipelining of the transmitter channel
PCS, some “don’t cares” (10’hxxx) are sent before the three synchronizing K28.5 code groups. User data
follows the third K28.5 code group.

Figure 1-32: 8B/10B Encoder Output During t x_di gi t al r eset Deassertion

clock

tx_digitalreset

dataout[9:0] K28.5- K28.5- K28.5- XXX oo XXX K28.5- K28.5+ K28.5- Dx.y+
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Transmitter Polarity Inversion

The positive and negative signals of a serial differential link may be erroneously swapped during board
layout. Solutions such as board re-spin or major updates to the PLD logic are expensive. The transmitter
polarity inversion feature of the 8B/10B encoder is provided to correct this situation.

Transmitter Bit-Slip

The transmitter bit-slip allows you to compensate for the channel-to-channel skew between multiple
transmitter channels by slipping the data sent to the physical medium attachment (PMA).

Related Information

o For more information about the 8B/10B code, refer to the "8B/10B Code" section of the Stratix IT
GX Specifications and Additional Information chapter.

o For more information about enabling the polarity inversion and bit-slip features, refer to the "Bit
Reversal and Polarity Inversion" section of the Altera Transceiver PHY IP Core User Guide.

PRBS Generator
The PRBS generator block generates PRBS patterns and square wave patterns.

The PRBS generator:

« Supports 32-bit and 40-bit PMA interfaces
« Supports the following modes and patterns:

e PRBS31:x3! +x28 +1
e« PRBS9:x” +x°+1
o PRBS23:x¥3 +x!8+1
e PRBS7:x” +x0+1
o PRBSI5:xP +x14+1

The square-wave generator:

« Has programmable n-number of consecutive serial bit 1s and 0s (where 4 <n < 11)
« Supports both 32-bit and 40-bit PMA widths

Figure 1-33: Square Wave Generator

n:is between 4 and 11,
n 0s nls and programmable
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Note: You can enable either the PRBS generator or the PRP generator, but you cannot enable both at the
same tim