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Preface

This application note provides basic information about the PCle REFCLK, PCle reference
clock architectures, Spread-Spectrum-Clocking (SSC) feature and provides an example of
a typical implementation of a PCle reference clock buffer.

Disclaimer

The information contained within this Application Note, including but not limited to any
product specification, is subject to change without notice.

congatec AG provides no warranty with regard to this Application Note or any other
information contained herein and hereby expressly disclaims any implied warranties of
merchantability or fithess for any particular purpose with regard to any of the foregoing.
congatec AG assumes no liability for any damages incurred directly or indirectly from any
technical or typographical errors or omissions contained herein or for discrepancies between
the product and the Application Note. In no event shall congatec AG be liable for any
incidental, consequential, special, or exemplary damages, whether based on tort, contract or
otherwise, arising out of or in connection with this Application Note or any other
information contained herein or the use thereof.

Intended Audience

This Application Note is intended for technically qualified personnel. It is not intended for
general audiences.

Electrostatic Sensitive Device

All congatec AG products are electrostatic sensitive devices and are packaged
accordingly. Do not open or handle a congatec AG product except at an electrostatic-free
workstation. Additionally, do not ship or store congatec AG products near strong
electrostatic, electromagnetic, magnetic, or radioactive fields unless the device is
contained within its original manufacturer’s packaging. Be aware that failure to comply
with these guidelines will void the congatec AG Limited Warranty.

Technical Support

congatec AG technicians and engineers are committed to providing the best possible
technical support for our customers so that our products can be easily used and
implemented. We request that you first visit our website at www.congatec.com for the
latest documentation, utilities and drivers, which have been made available to assist you.
If you still require assistance after visiting our website then contact our technical support
department by email at support@congatec.com
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Symbols

The following are symbols used in this application note.

@ Note

Notes call attention to important information that should be observed.

Copyright Notice

Copyright © 2020, congatec AG. All rights reserved. All text, pictures and graphics are
protected by copyrights. No copying is permitted without written permission from
congatec AG.

congatec AG has made every attempt to ensure that the information in this document is
accurate yet the information contained within is supplied “as-is”.

Trademarks
Product names, logos, brands, and other trademarks featured or referred to within this
user's guide or the congatec website, are the property of their respective trademark

holders. These trademark holders are not affiliated with congatec AG, our products, or our
website.

Terminology

Term Description

cC Common REFCLK Rx Architecture
CDR Clock and Data Recovery
COM Computer-On-Module
R Independent REFCLK
PCle PCI Express
PLL Phase-Locked Loop
REFCLK Reference Clock
SRIS Separate REFCLK Independent SSC
SRNS Separate Reference Clocks with No SSC
Ne Spread Spectrum Clocking
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1 Introduction

PCl Express (PCle) is a high performance, general purpose I/0 interconnect defined for a
wide variety of computing and communication platforms.

PCle uses a source-synchronous model. The transmitter supplies the clock to the receiver
by embedding the clock into the data stream. A Phase-Locked Loop (PLL) circuit in the
receiver recovers the clock.

Additionally, PCle defines a 100 MHz reference clock (REFCLK) supplied by the system
board. This REFCLK is used to derive the local clock that drives the internal logic.

2 PCle Reference Clock

The receiver of a PCle system must generate its own local clock in order to operate its
internal logic. The PCle specification defines different options to generate the recovered
clock from the data stream.

Typically, PCle REFCLK is used to derive the local clock. PCle REFCLK is specified as a 100
MHz (PCle 1.0 -PCle 4.0: +/- 300 ppm, PCle 5.0 — PCle 6.0: +/-100 ppm) clock using an HCSL
signal logic.

Another important consideration is the jitter performance of the REFCLK. The PCle
specification defines jitter requirements for the different clock architectures and PCle
generations.

The values in table 1 below are specified by PCl Express® Base Specification Revision 5.0
Version 10. The PCle specification defines that a differential probe must be used to
measure REFCLK+ and REFCLK- at the PCle device with load capacitors C, (Test load C, =
2 pF) and that single ended probes must be used to measure Vcross, Vmaxmn and Rise-Fall
Matching.

The PCle specification defines a series of filtering methods that can be applied to the raw
REFCLK data. These methods emulate the jitter filtering of the PLL and of the Clock and
Data Recovery (CDR), remove low frequency jitter components and minimize
measurement-induced jitter.

These filtering methods must be applied to get the effective REFCLK jitter as it appears
at the sample latch of the receiver.

There are several tools to characterize the PCle REFCLK. PCI-SIG and Silicon Labs provide
PCle clock jitter tools. These tools apply the required filtering methods and can be used
to characterize the reference clock of all the different PCle specifications and
architectures.
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Rising Edge Rate 0.6 40 V/ns
Falling Edge Rate 0.6 40 V/ns
Differential Input High Voltage (Vi) +150 mV
Differential Input Low Voltage (Vi) -150 mV
Absolute Crossing Point Voltage (Vcross) +250 +550 mV
Variation of Vcross over all rising clock edges (Vcros peLta) +140 mV
Ring-back Voltage Margin (Vrs) -100 +100 mV
Time before Vgs is allowed (Tstable) 500 ps
Average Clock Period Accuracy (Teeriop ave) -300 +2800 ppm
Average Clock Period Accuracy for devices that support 32.0 GT/s in CC -100 +2600 ppm
Mode at any speed (Treriop ave_326_cc)

Average Clock Period Accuracy for devices that support 32.0 GT/s in SRIS -100 +1600 ppm
Mode at any speed (Teeriop AVG_32G_SRis)

Absolute Period (including Jitter and Spread Spectrum modulation, Teeriop ass) | 9.847 10203 ns
Absolute Period (including Jitter and Spread Spectrum modulation) for 9.849 10.201 ns
devices that support 32.0 GT/s in CC Mode at any speed (Teeriop

ABS,BZG,CC)

Absolute Period (including Jitter and Spread Spectrum modulation) for 9.849 10181 ns
devices that support 32.0 GT/s in SRIS Mode at any speed (Treriop ABs_326_sRis)

Cycle to Cycle jitter (Tccimrer) 150 ps
Absolute Max input voltage (Vmax) +115 Vv
Absolute Min input voltage (Vmin) -03 Vv
Duty Cycle 40 60 %
Rising edge rate (REFCLK+) to falling edge rate (REFCLK-) matching (Rise-Fall 20 Y%
Matching)

Refclk Frequency (Frercik) 9997 100.03 MHz
Refclk Frequency for devices that support 32.0 GT/s (Frercix_326) 99.99 100.01 MHz
SSC frequency range (Fssc) 30 33 kHz
SSC deviation (Tssc-Freq-DEVIATION) -05 0.0 %
SSC deviation for devices that support 32.0 GT/s and SRIS when operating in | -0.3 0.0 %
SRIS mode at all speeds (Tssc-Freq-DEVIATION_32G_SRis)

Tx-Rx transport delay (Trransport-DELAY) 12 ns
Max SSC df/dt (Tssc-max-rreq-sLew) 1250 ppmM/us

Table1: PCle REFCLK DC Specifications and AC Timing Requirements

3 PCle REFCLK Architectures

Starting with the PCle Base Specification 2.0, information about the PCle REFCLK is stated
in the electrical section of the specification. This specification introduced three PCle clock
architectures. These PCle architectures are described in the following sub-sections.
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31 Common REFCLK Rx Architecture (CC)

In the Common REFCLK Rx architecture, both link partners use the same REFCLK as shown
in figure 1 below. This architecture is the most widely supported clocking method.

N

REFCLK

Figure 1: Common REFCLK Rx Architecture

@=> Note

Do not directly connect more than one PCle device to a REFCLK output of the COM.
Connect each PCle device to a unique REFCLK output of the COM or use a PCle clock
buffer. For more information, see section 5 “PCle REFCLK Design Notes”.

The Common REFCLK Rx architecture improves signal transmission and simplifies the use
of SSC because the jitter associated with the reference clock is the same for Tx and Rx.

Additionally, the Common REFCLK Rx architecture improves the behavior in low-power
link states as the REFCLK remains available in LOs and L1 link power states. This allows the
CDR to maintain the recovered clock even in the absence of the data bit stream.

A disadvantage is that the same clock source must be distributed to every PCle device.
This can be challenging to design for large circuit boards with many PCle devices.

The PCle REFCLK contains jitter over a wide range of frequencies. The jitter has an impact
on the efficiency of the PCle data transfer.

The table 2 below shows the Common REFCLK architecture jitter limits for different data
rates. The REFCLK jitter is defined after applying the filtering methods. The jitter at 2.5 GT/s
is defined as a peak to peak value whereas the jitter for 5.0, 8.0, 16.0 and 32 GT/s is defined
as an RMS value measured from 10 kHz to 50 MHz.

Data Rate Common REFCLK lJitter Limit

25GT/s 86 ps (peak to peak)
50 GT/s 31ps RMS

80 GT/s 1.0 ps RMS

16 GT/s 0.5 ps RMS

32 GT/s 0.15 ps RMS

Table 2: Common REFCLK Architecture Jitter Limits
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3.2 Data Clocked Rx Architecture

In the Data Clocked Rx architecture, the receiver does not use a REFCLK. The receiver
recovers the local clock from the transmitter out of the data stream as shown in figure 2
below.

REFCLK

Figure 2: Data Clocked Rx Architecture

Typically, SSC is not supported in the Data Clocked Rx architecture because the CDR
cannot maintain the clock without a common reference.

The Data Clocked Rx architecture is only supported by PCle 20 and 3.0 and is not
supported by most chipsets. Therefore, the Data Clocked Rx architecture is usually not
recommended.

3.3 Independent REFCLK Architecture (IR)

The Independent REFCLK architecture, formerly known as Separate Clock architecture,
defines separate reference clocks for Tx and Rx as shown in figure 3 below.

REFCLK 2

REFCLK 1

Figure 3: Independent REFCLK Architecture (IR)

The Independent REFCLK architecture requires very accurate clocks because the variance
of the frequency can cause transmission errors.

The PCle specification does not define jitter limits for the Independent REFCLK
architecture. It is up to the designer to implement the REFCLK in order to meet the
requirements. However, the PCle specification defines an Independent REFCLK
architecture with no SSC (SRNS) and an Independent REFCLK architecture with
independent SSC (SRIS).
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Since these architectures use two independent clock sources, the receiver must be able
to track and reject the phase drift due to the two independent SSC clocks.

SKP Ordered Sets are used to compensate the differences of the frequencies. The
maximum difference with SRNS is 600 ppm which can result in a clock shift once every
1666 clocks. The maximum difference with SRIS is 5600 ppm which can result in a clock
shift every 178 clocks.

Overall, it is not possible to guarantee interoperability. Typically, PCle devices using IR
mode cause interoperability issues with a root complex driving data with SSC. Therefore,
it is recommended to turn off SSCin IR mode.

4 Spread Spectrum Clocking (SSC)

Spread Spectrum Clocking (SSC) is a method to modulate the clock frequency in order to
improve Electro-Magnetic Interference (EMI) by spreading the signal spectrum around the
ideal frequency of the clock.

SSC is not required by the PCle specification. However, SSC helps a system to pass
government emission standards. Typically, the clock can be modulated by 0% to -0.5%
(down-spreading) with a modulation rate between 30 kHZ and 33 kHz.

SSC is enabled in most x86 based congatec products by default but can be disabled in
the BIOS setup menu. The down-spread modulation can also be adjusted by 0% to -0.5%
in the BIOS setup menu.

@ Note

SSC is disabled in most ARM based congatec products.

5 PCle REFCLK Design Notes

The number of PCle REFCLK pairs provided by a COM is very limited (SMARC: Up to three;
COM Express and Qseven: One). In the Common REFCLK Rx architecture, it is not allowed
to directly connect more than one PCle device to a single PCle REFCLK pair. Therefore, a
PCle clock buffer is often required to distribute the PCle REFCLK pair from the COM to
each PCle device.

@ Note

The REFCLK output of a COM cannot be disabled in most cases. Currently, only the
SMARC Specification 2.1 defines PCle clock request signals for PCle ports A and B.
These signals can be used to disable the respective REFCLK output.

Figure 4 below shows how a PCle clock buffer can be implemented on the example of
conga-TEVAL/COMe 3.0 with an IDT 9DBL0951 clock buffer that provides eight REFCLK
outputs.

Copyright ©2020 congatec AG AN45_PCI_Express_Reference_Clock_Design_Considerations.docx 9/10
Printed versions of this document are not under revision control



O

Application Note congatec

R3  R5%O0R0S02

XST1x4S R5 A~ _~R1%10k0S02,
1 R6 R5%0R0S02 14 V338 peg CLKREQ#
3 PCIE CLKREFP 1 PCIE CLKREF BFP__ 6 o UEO’(‘)(S!?& 5 PEG _CLKP
. { 3 PCIE_CLKREF BFN 7 _ 16 PEG CLKN
3 PCIE_CLKREFN EE T3 CLK_IN# ouTo#
4
np

L i REAARIBIOOS 5 50
OE1#(PD) |78 PCIEO_CLKREQ# 6
PCLKBF PWRGD 48 oUT1 |19 PCIEO_CLKP 6
CKPWRGD(PU)  OUT1# PCIEO_CLKN 6
SADR R4 R1%10k0S02 R 9
0 - D6h 0 SMB_CLK S0 10 25 |J“ NANARLILIOKOS0Z 5 56
SMB DAT S0 1] SCLK OE2#(PD) [ 723 PCIE1_CLKREQ# 6
M - D8h RO R1%10k0S02 =] SDAT ouT2 fo1 PCIET_CLKP 6
1 - DAh ouT2# PCIE1_CLKN 6
1 8 PCLKBF_SADR 1
il SADR(PD) s RUAAARL %10k0S02, .,
V3.38 OE3#(PD) [ 725 PCIE2_CLKREQ# 6
" F R10- R1%10k0S02 ouT3 [27 PCIE2_CLKP 6
+VDD ,PCLKBF +VDD_PCLKBFA 5 ouT3# PCIEZ_CLKN 6
VDDR
FB600R 1A0S03 R12 34
OE4#(PD) PCIE3_CLKREQ# 6
Cc18  R5%1R0S02 c19 20 i K A
ouT4# PCIE3_CLKN 6
i VDDDIG 37 +v3 3s
C47US05VEX CHU0S03V25X  C100n802V25X » oesteoy |24 PCIES CLKREQH 7
30-{ VDD_1 ouT5 [35 PCIE5_CLKP 7
11 VDD 2 ouTs# PCIE5_CLKN 7
VDD_3
c21 c22 c23 Cc24 C25 = - R1%10k0S02; /5 55
OE6#(PD) f27 PCIE7_CLKREQ# 8
= = = = = VDDIO_1 S 2 PCIE7_CLKP 8
C1u0S03V25X C100nS02V25X €100nS02V26X voDIO_2 OuTe# PCIE7_CLKN 8
C100nS02V25X C100nS02V25X vDDIO_3
VDDIO_4 16

VDDIO_5 OE7#(PD) [ 7
ouT?

PCIE4_CLKREQ# 7
PCIE4_CLKP 7
GNDR OouT7# PCIE4_CLKN 7
GNDDIG
GND_1 2
GND_2 OEBH#(PD) f3—* PCIE6_CLKREQ# 8
€100nS02V25X C100nS02V25X C100nS02v25X GND_3 ouTs 177 Eg} nggtiz g

C100nS02V25X C100nS02V25X EPAD ouTs#

-
-
—_
H—
-

U9DBL0951

Figure 4: PCle REFCLK Buffer

Design Notes:

e The PCle REFCLK output of the COM must be connected directly to the PCle clock
buffer.

e AC coupling capacitors or external termination resistors are not required.

e The IDT 9DBL0951 PCle clock buffer in this example provides a direct connection
to 85Q transmission lines. Therefore, no additional termination resistors are
required for the REFCLK outputs. Other PCle clock buffers may require termination
resistors. Refer to the datasheet of the respective PCle clock buffer to check
whether termination resistors are required.

e The active low output enable pins (OEx#) are typically connected to the
corresponding open-drain CLKREQ# pin of the PCle device. These pins are used to
disable the REFCLK outputs of the clock buffer in low-power link states.

e The IDT 9DBL0951 PCle clock buffer in this example provides selectable features
like slew rate adjustment, differential output amplitude control or impedance
adjustment controlled by the SMBus. It is recommended to provide access to
these features for further signal adjustment.
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