JEDEC
STANDARD

FBDIMM Specification: High Speed
Differential PTP Link at 1.5V

JESDS-18A

(Revision of JESD8-18, SEPTEMBER 2006)

MARCH 2008

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

SPECIAL DISCLAIMER: JEDEC has received information that
certain patents or patent applications may be relevant to this
standard, and, as of the publication date of this standard, no

— —_— statements regarding an assurance or refusal .to license such
: : ‘ patents or patent applications have been provided.

http://www .jedec.org/download/search/FBDIMM/Patents.xls

JEDEC does not make any determination as to the validity or
relevancy of such patents or patent applications. Prospective
users of the standard should act accordingly.

Documents

Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or
publication may be further processed and ultimately become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or call (703) 907-7559 or
www.jedec.org

Published by
©JEDEC Solid State Technology Association 2008
2500 Wilson Boulevard
Arlington, VA 22201-3834

This document may be downloaded free of charge; however JEDEC retains the
copyright on this material. By downloading this file the individual agrees not to
charge for or resell the resulting material.

PRICE: Please refer to the current

Catalog of JEDEC Engineering Standards and Publications online at
http://www.jedec.org/Catalog/catalog.cfm

Printed in the U.S.A.
All rights reserved

Documents

Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

PLEASE!

DON’T VIOLATE
THE
LAW!

This document is copyrighted by JEDEC and may not be
reproduced without permission.

Organizations may obtain permission to reproduce a limited number of copies
through entering into a license agreement. For information, contact:

JEDEC Solid State Technology Association
2500 Wilson Boulevard
Arlington, Virginia 22201-3834
or call (703) 907-7559

Documents

Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

Special Disclaimer

JEDEC has received information that certain patents or patent
applications may be relevant to this standard, and, as of the
publication date of this standard, no statements regarding an
assurance or refusal to license such patents or patent applications
have been provided.

http://www.jedec.org/download/search/FBDIMM/Patents.xls

JEDEC does not make any determination as to the validity or
relevancy of such patents or patent applications. Prospective users
of the standard should act accordingly.

Documents

Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

JEDEC Standard No. 8-18A

FBDIMM HIGH SPEED DIFFERENTIAL PTP LINK AT 1.5V

Contents
LIS Tl o] o 1Y SO TRRROPS R 1
R S 1 F o (3= YRR 1
1.2 INterconNECt DEfINITION ......coiiiiiii et e ettt e e s eat e e e s saeee e s anteeeeeanneeeeans 2
B2 5 =1 (=T (=g o7 =SSR 3
G =Yy o =T o I 1= T a1 o SRR 3
R T I =T o To I LRSS 3
B 2 I T 3
R 2N o T SRR 3
K I <SSR 4
3.5 Differential SigNaliNg .......ocvuiiiiiiie e e e e e e e e e e e e nree e e e nraeeeeannes 4
3.6 UNIt INEEIVAL (U1) oottt et e e et e e e st e e e e st e e e e nsaeeeensbeeeeenteeeeensaeaeennnes 5
3.7 Transition Density in Transmitted SigNalS............oooviiiiiiiiiiii e 5
BRI 11 =Y = Lo =1 = RS PRR 6
KB Lo T 0] o = L PP PRR 6
K I Ol = 1= Ter (g o= TN Lo L= = PP PRR 6
B Tt I I =) 1= =Y Tt YN T T SRR 6
3.12 Front-End Transmitter and RECEIVET .......... . 7
3.13 List of Abbreviations and definitioNS ...........o e 8
4 SPECIfICAtION DELAIIS.......ueiiiiii et e e e e e e e e e e e as 10
S B O [ Yot {1 o IS ] o 1= Ted1 o= (o] o T RSO R 10
4.1.1 HCSL referENCE CIOCKS .......veiiiiieiiiee ettt sttt e st e e st e e s ssst e e e e snnteeeeensseeesnssseeesannneeas 10
4.1.2 Reference Clock FrequENCY TOIEIANCE ........ccoiieiiiiiiiie ettt a e e e e e et e ae s 10
4.1.3 Spread Spectrum ClOCKING (SSC) ......uuiiiiiiiie et e e e e e e e e et e e e e e e e seneaeeaaae s 12
4.1.4 Reference Clock JItter SPECITUM .........eiiiiiiiiie e e e e e e e e a e e aae s 12
4.1.5 Summary of Reference Clock Input Specifications ..., 14
4.2 Common Specifications between Transmitter and RecCeiver.............cocoiiiiiiiiiic e 19
o S IS 10T o] oo AP RSUP PP 19
4.2.2 Short Circuit REQUIFEMENTES ..ottt e e e e e e e e e e e e e e e e e nneeeeeeeaeas 19
4.2.3 Hot Insertion and REeMOVAL ... e e e e e e e e e e eeeaeens 19
4.2.4 MOAE OF COUPIING oottt ettt ettt e e e bttt e e e s e e e e ebbe e e s enbee e e e aaneeas 20
425 TXand RX TErMINAtIONS ........eiiiiiiiiie ettt e et e e e e e e e e ee e e e e e s e annbeeeeeaeeas 20
4.2.6 TXand RX PLL REQUIFEMENLES .......oiiiiiiiiiiiiiiiiiieiiieieseieieietevetetassasas e eaaaaasasasasasaaasasasssnnnnasnnnsnssnsnsnnnnes 20
4.3 Differential Transmitter Output SpecifiCations ..........cccovviiiiiii e 20
4.3.1 Transmitter Output CoOmMPlIANCE EYE .....oooiiiiiiiieee e 20
4.3.2 Transmitter Lane to Lane Ul SPecCifiCation ...........c..uviiiiiiiiiii e 23
4.3.3 Summary of Transmitter Output Specifications ..o 24
4.4 Differential Receiver Input SpecifiCations ............cueiiiiiiiiii s 27
4.4 .1 Receiver Input Compliance Eye Specification ... 27
4.4.2 Summary of Receiver Input Specifications ... 28
5 Compliance MEthOdOIOGY .......cooiiiiiiiiiiii et e e e e e e e e e e e e e e 33
ST I [0 (oo [U T 1T o PO PUUTTRIIN 33
5.2 FUNAAMENTAIS Of JItIEE ... ettt e e ettt e e e st e e e e baeeesntaeeeesnaeeeeenes 34
ST T 1 (= PSSR PUPRRRt 34
5.2.2 DUAI DIraC MOEL. .....coieieiiiee ettt ettt e e e e sttt e e e sata e e e e sabteeeeenteeesnbeeeeeaneeeeeaanes 36
5.3 High SPEEA RECEIVET ...ttt e e e e e e e e e e e e e s s st e e e e e eaeenntsaeeeeaaeeeaanns 42
5.3.1 Calibration Of JIlEr ... e e e e e e e —e e e e e —arraaaaeeaaan 42
TR B2 o] o To I @2 o F- o o T PSPPI 42
Documents
_|_

Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

JEDEC Standard No. 8-18A

FBDIMM HIGH SPEED DIFFERENTIAL PTP LINK AT 1.5V

Contents (cont’'d)

TR TG IR 1T @ = o o 1= TSRS RR 44
TR R = Y14 1 PSR PPPRPR 45
IR R 1Y == TSI =1 4= o L PSR PPPRPR 45
5.4 High Speed TranSmMItIEr .........ooiiiiiiiiiieeee e e e e e e e e s e st e e e e e e e sanbsaeeeeaaeeeanans 46
o g I O = T o T 0o g o 111 o RSSO 46
T == {11« o @] Lo 11T o RPN 46
O O = T I = 1 (=3 1 USSR 46
5.4.4 RealistiCc Patterns ...ttt ettt e e e e e e e e e e e e e e e nneeeaaeeeaana 46
5.4 .5 MEASUIEMENT ... et e et ettt et e e e e e et et e eea e e e e e neeeeeeaaeaeaa e nneeeeeeaeeeaansnsneeeaaaeeaaannnes 47
5.5 Low Speed TranSMILLEr ... ..o oot e e e e e e st e e e e e e e e e s e e e eeeeae e s nnnneeeeaaeeeaanns 48
O R aY (= =T Lot O o T SRR 48
5.7 PLL Transfer FUNCHON.........oooiieiee ettt et e st e e e ettt e e e et e e e s st e e e ente e e e e nnseeeeeannes 49
5.8 Jitter Budget EXPIanation ...........o e e e e e e e e e 50
5.9 “Clean” Reference Clock Input SpecCifiCation .............ccoiiiiiiiiiiie e 50
ANNEX A REVISION HISTOY.....ciiiii it e e st e e e e e s s et e e e e e e e s s nnraeeeeeseannsenneeeeens 54
Figures

L B D (o T 9 G @7 [ =Y 1o o OSSR 2
3.1 Sample Differential SigNal...........ccc.uuiiiiiiie e a e e e e e e e e e e e annnraes 5
I B T =Y g o] o= 1] PRSP 6
RGN 1D, (o T8 29 G @7 o T=Tox 1] o SRR 7
4.1 Differential Reference CLK WaVEefOrmM .........oooi it e e e e 10
4.2 Reference Clock Absolute and Dynamic RANGES..........ooiiiiiiiiiiiiiie e 11
4.3 Phase Jitter Filter for Reference CIOCKS .......oooo i 13
4.4 Single-ended Maximum and Minimum Levels and Voss LEVElS ..o 17
IV Ao 11 = B LY {1 a1 i) [PPSR UPPPPPRPRPPPPPR 17
4.6 Differential Edge Rate Definition .........c..ooiiiiiiiiii e 17
4.7 Rise and Fall Time Definition (for ERRefclk-Match only)...........oooiiiiiiiiiiiiie e, 18
4.8 VRB-diff and Tgiapie DEFINILIONS .....eeeiiieiieeeeee et e et e e e e e e e e e e e e e e eneaanas 18
4.9 Definition of TranSPOIrt DEIAY .........ociiiiiiiiiiiiiii e e e e e e e e e e e e e s e ee e e s e ennrraeeees 19
4.10 Transmitter Output Eye Specifications, with and without De-emphasis .............cccccvveeveeeiiiiicinnnen, 21
4.11 lllustration of Timing Specification at TX .........cooiiiiiiiiii e 22
4.12 lllustration of De-emphasis at TX.........uiiiiiii e 23
4.13 Receiver Input Eye Voltage and Timing Specifications ..., 27
4.14 RX Single-Pulse Min Width and Amplitude Mask, Pulse Shifted Early .........cccccoociiiiiiiiiiiieinn. 31
4.15 RX Single-Pulse Min Width and Amplitude Mask, Pulse Shifted Late...............cooiiiii i 32
4.16 RX Maximum Adjacent Symbol AMPIItUAE ...........ooiiiiiiiii e 32
4.17 RX Single-ended Electrical Idle LEVEIS ..........coooiiiiiiiiiiie ettt 33
4.18 RX Common Mode Levels during Normal Operation (Small Swing Setting).......ccccccoevvviiiiceeeennnen. 33
5.1 Phase NOise as /(1) @Nd f(1) ....cveeeiiiiiiee et e e e e e e e nees 34
5.2 Generation of a Cumulative Distribution Function from Time Domain Data.............cccccceviiieiiiiiiennns 36
5.3 Generation of a CDF from Time Domain Data (Left and Right Side) ..........cccooiiiiiiiiiiii s 36
5.4 Simple Gaussian Distribution using “BER” units and “Q” UNitS...........ccceoiiiiiiiiiiiie e 37
5.5 Arbitrary Distribution using “BER” units and “Q” UNIts ...........cccoi i 39
5.6 CDF for DUual DiraC MOGEI ......cciieiieeeiieee ettt e e e e e ettt e e e e e e e st e e e e e e e s snntnnneeaaaeeeaanns 41
5.7 PDF fOr DUl DIir@C MOGEL .......oeiieiiiieiiiiie ettt e e e et e e e e e e s e e e e e e e e snntnnneeeaaeeeannns 41
5.8 Sinusoidal Modulation Profile...............e et e e e e e 43
5.9 Long Channel Receiver Compliance Test SetUP ......oooi i 43

Documents
-I- Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

JEDEC Standard No. 8-18A

FBDIMM HIGH SPEED DIFFERENTIAL PTP LINK AT 1.5V

Contents (cont’'d)

5.10 Short Channel Receiver Compliance Test SEtUD .......ccccuuiiiiiiii i 44
5.11 Transmit Jitter Extrapolation of DJgg, RJgd, @Nd Td oo 48
5.12 Reference Clock Measurement Configurations ...........cccuviiiiiie i 49
5.13 PLL Measurement CONfIQUIALIONS ...........coiiiiiiiiiiiie e e e e e e s e s e e e e e e e e anes 49
5.14 Clean Reference Clock Differential AMpPlitUde..........coooiiiiiiiiiiii e 53
Tables

4.1 Summary of Reference Clock Input SpecifiCations............coooiiiiiiiiii e 14
4.2 PLL Specification for TX and RX ...t e e e e e e s e e e e s eannraaeeeaae s 20
4.3 Summary of Differential Transmitter Output SpecifiCations............cccoecciiiiiiiiii i, 24
4.4 Summary of Differential Receiver Input Specifications ..., 28
ST I 11 T gl =10 To o = PRSP PRRPPPRPRN 50
5.2 Clean Reference Clock Input Specifications............ooo e 51

Documents
-iii- Document Sharing Hub

Full document details: JEDEC JESD8-18A-2008


http://www.avadocuments.com/doc/jedec-jesd8-18a-2008
http://www.avadocuments.com/doc/jedec-jesd8-18a-2008

JEDEC Standard No. 8-18A

FBDIMM HIGH SPEED DIFFERENTIAL PTP LINK AT 1.5V

Introduction

This specification is a JEDEC standard for the point-to-point link for the Fully Buffered DIMM. It
is the result of a large amount of work from many people and is derived from prior internal
specifications used at Intel Corporation with feedback from external vendors and the JEDEC
Fully-Buffered DIMM Link Signaling Task Group.
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FBDIMM HIGH SPEED DIFFERENTIAL PTP LINK AT 1.5V

(From JEDEC Board ballot JCB-06-01, JCB-06-60, JCB-06-61, and JCB-06-62, formulated
under the cognizance of the JC-16 on Interface technology.)

1 Scope

This specification defines the high-speed differential point-to-point signaling link for FBDIMM,
operating at the buffer supply voltage of 1.5V that is provided at the FBDIMM DIMM connector.
This specification also applies to FBDIMM host chips which may operate with a different supply
voltage. The link consists of a transmitter and a receiver and the interconnect in between them.
The transmitter sends serialized bits into a lane and the receiver accepts the electrical signals
of the serialized bits and transforms them into a serialized bit-stream. The first generation
FBDIMM link is being specified to operate from 3.2 to 4.8 Gb/s. The specifications are defined
for three distinct bit-rates of operation: 3.2 Gb/s, 4.0 Gb/s and 4.8 Gb/s.

The link utilizes a derived clock approach and transmitter de-emphasis to compensate for
channel loss characteristics. The link definition has the flexibility to accommodate future silicon
enhancement circuits such as forwarded clocking or advanced equalization techniques to
meet future signaling targets.

1.1 Structure

The specification is defined in four sections, covering the general signaling specifications for
the silicon 1/O:

Section 1covers the scope of the document, and defines important terms.
Section 2 lists key reference documents.
Section 3 defines important terms.
Section 4 defines the interface requirements and is divided into four subsections:
Section 4.1 defines the clocking requirements.
Section 4.2 defines common requirements for both transmitter and receiver.
Section 4.3 defines requirements that are unique to the transmitter.
Section 4.4 defines requirements that are unique to the receiver.
Section 5 defines measurement and compliance testing procedures.
The interconnect between transmitter and receiver is not directly specified but implied by the
difference between receiver and transmitter specifications. The interconnect needs to have a

smooth enough characteristic to be operational at the frequencies which it is intended to
support.
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1.2 Interconnect Definition

The overall budget for voltage and timing margins are divided into transmitter (TX), interconnect,
and receiver (RX) specifications. The link signaling specifications defines the TX and RX
requirements at the package pins. In the context of this specification, the interconnect consists
of everything between the pins at a transmitter package and the pins of a receiver package. The
interconnect components in FBDIMM are socket(s) (if used), PCB (printed circuit board(s)) and
connector(s).

Interconnect voltage and timing budgets are derived from the output specifications of the TX
and the input specifications for the RX. Note that the TX and RX termination (specified in Table
4.3 and Table 4.4) and the test load are 50 Q (specified in Section 5). Figure 1.1 depicts the
compliance measurement points to capture each portion of the budget. The transmitter and
receiver parameters are defined into test loads. This methodology ensures that the channel
interactions are not included in the TX and RX measurement.

Tx

> w— >

Interconnect Rx
(PCB, conn, skts, vias)

> ™ o »A o >

Figure 1.1 — TX to RX Connection

The transmitter, receiver, and reference clock specifications presented in Section 4 have been
derived based on analysis of two specific interconnects: a host-to-first-DIMM interconnect and a
DIMM-to-DIMM interconnect. The interconnect descriptions provided below are not intended to
be used as a design specification. System designers must perform thorough analysis of any
proposed FBD interconnect.

The interconnect model used to analyze the host-to-first-DIMM configuration has the following
components:

e MB trace (host to connector): 3.0 to 12.0 inches
e Optional riser card trace: connector to connector: 2.0 to 5.0 inches
e DIMM trace (DIMM connector to AMB): 0.33 to 2.0 inches

The interconnect model used to analyze the DIMM-to-DIMM configuration has the following
components:

e DIMM trace (AMB to DIMM connector): 0.33 to 2.0 inches
o Motherboard trace: connector to connector: 0.5 to 2.0 inches
e DIMM trace (DIMM connector to AMB): 0.33 to 2.0 inches
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1.2 Interconnect Definition

The analysis was performed assuming FR4 PCB dielectric for both motherboard and DIMM; the
differential impedance (Z,.) was 85 Q *+ 15% for motherboard and DIMM stripline traces and
was 85 Q + 20% for DIMM microstrip traces. Note that using the above description as a system
design recipe is not enough to guarantee a working channel. The range of achievable lengths
may be narrower or wider than the above, depending on materials, stackups, trace geometries,
and other design choices.

2 References

The following documents contain provisions that, through references in this text, constitute
provisions of this specification. For dated references, subsequent amendments to, or revisions
of, any of these publications do not apply. However, parties to agreements based on this
specification are encouraged to investigate the possibility of applying the most recent editions of
the referenced documents below. For undated references, the latest edition of the document
referred to applies.

JEDEC JC-40, FBDIMM Architecture and Protocol Draft Specification

INTEL, FBD240 Connector Draft Specification

JEDEC JC-40, Advanced Memory Buffer Design Draft Speciation

JEDEC JC-45, FB4300/5300/6400 DDR Fully Buffered DIMM Design Specification

JEDEC MO-256B, Fully Buffered Dual Inline Memory Module Family. (Module Outline)
JEDEC S0-003, FBDIMM Socket Outline

JEDEC JESD22A114, Electrostatic Discharge (ESD) Sensitivity Testing (HBM)

3 Terms and Definitions

3.1 D+ and D-

The D+ and D- terms used in this document are used to indicate the two conductors or signals
of a differential signaling pair.

3.2 Lane
One differential pair in one direction, consisting of a D+ and a D- conductor.
3.3 Port

In physical terms, a group of transmitters and receivers physically located on the same chip that
define a Link.
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3 Terms and Definitions (cont’d)
34 Link

A dual-simplex communications path between two components. The collection of two Ports and
their interconnecting Lanes.

3.5 Differential Signaling

A Differential Signal is defined by taking the voltage difference between two conductors. In this
specification, a differential signal or differential pair is comprised of a voltage on a positive
conductor, VD+, and a negative conductor, VD-. The differential voltage (VDIFF) is defined as
the difference of the positive conductor voltage and the negative conductor voltage (VDIFF =
VD+ -VD-). The Common Mode Voltage (VCM) is defined as the average or mean voltage
present on the same differential pair (VCM = [VD+ + VD-]/2).

This document’s electrical specifications often refer to peak-to-peak measurements or peak
measurements, which are defined by the following equations.

VDIFFp-p = (2*max|VD+ - VD-|) (This applies to a symmetric differential swing)

VDIFFp-p = (max|VD+ -VD-| {VD+ > VD-} + max|VD+ -VD-| {VD+ < VD-}) (This applies to an
asymmetric differential swing.)

VDIFFp = (max|VD+ -VD-|) (This applies to a symmetric differential swing)

VDIFFp = (max|VD+ -VD-| {VD+ > VD-}) or (max|VD+ -VD-| {VD+ < VD-}) which ever is
greater (This applies to an asymmetric differential swing.)

VCMp = (max|VD+ + VD-|/2)

NOTE The maximum value is calculated on a per unit interval evaluation. The maximum function as
described is implicit for all peak-to-peak and peak equations throughout the rest of this section, and thus
a max function will not appear in any following representations of these equations.

In this section, DC is defined as all frequency components below Fdc = 30 kHz. AC is defined as all
frequency components at or above Fdc = 30 kHz. These definitions pertain to all voltage and current
specifications.

An example waveform is shown in Figure 3.1. In this waveform the differential peak-peak signal is

approximately 0.6 V, the differential peak signal is approximately 0.3 V and the common mode is
approximately 0.25 V.
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3 Terms and Definitions (cont’d)
3.5 Differential Signaling
Sample Ul

0.5000

0.4500

0.4000

—~—
0.3500 / be
. P
0.3000 \// \\\/
£ 0.2500 - :Bf

0.2000 // \\

0.1500 >

0.1000

0.0500

0.0000

1.8 1.9 2 2.1 22 23 2.4

Time inns

Figure 3.1 — Sample Differential Signal
3.6 Unit Interval (Ul)

Given a <...1010...> data pattern, the Unit Interval is the value measured by averaging the time
interval between voltage transitions, over a time interval long enough to make all intentional
frequency modulation of the source clock negligible. The Ul will be different depending on
thedata rate of operation.

3.7 Transition Density in Transmitted Signals

The FBDIMM link doesn’t prescribe encoding. However the link bit stream needs to maintain
aminimum transition density. The transition density is defined as the number of transitions that
occurs either from 0 to 1 or from 1 to 0 within any bit stream of a prescribed length. The
minimum prescribed transition density Transition-Density_min is:

6 transitions per 512 bits: FBDIMM at 3.2 Gb/s, 4.0 Gb/s and 4.8 Gb/s

The prescribed minimum is required to enable phase tracking of the received data by the
receiver while at the same time minimize the overhead requirements.
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3 Terms and Definitions (cont’d)
3.8 Jitter and BER

Jitter is defined as the deviation in the edges of a sequence of data bits from their ideal timing
positions. This deviation can be in phase, period or duty cycle. Jitter is further categorized into
random jitter and deterministic jitter. The total jitter is the convolution of the probability density
for all the independent jitter sources. The random jitter magnitude can be approximated as
Gaussian and can be used to estimate the bit error ratio (BER) of the link. In this document the
allocation to random jitter and deterministic jitter has not been separately specified. The total

jitter must support a maximum BER of 10.12. The methods for measuring BER compliance are
still being evaluated.

3.9 De-emphasis

De-emphasis is the engineering term used to describe the technique of utilizing a voltage swing
reduction of non-transition bits. Figure 3.2 shows an example of a de-emphasized differential
signal. De-emphasis is different from pre-emphasis in that non-transition bits are reduced
involtage as opposed to an increase in voltage swing for transition bits with pre-emphasis. De-
emphasis is included to minimize Inter-symbol interference (ISI) due to the difference in loss
across the frequency band where the main energy of the transmitted bit patterns is located. De-
emphasis must be implemented when multiple bits of the same polarity are output in
succession. Subsequent bits are driven at a differential voltage level below the first bit and
individual bits are always driven at the full voltage level, for normal operation.

0 1 1 1
D- I
I
0
D+ : A 4
|

Figure 3.2 — De-emphasis
3.10 Electrical Idle (EIl)

The condition when both conductors of a differential pair are at 0 volt (grounded) level. Electrical
idle is primarily used in power saving and inactive states (i.e., DISABLE).

3.11 Reference Clock
The reference clock network consists of the clock generator and the clock buffer that drives the
PLL of any front-end transmitter or receiver. The same reference clock shall be transmitted to

the front-end of the chips at both ends of the link. The reference clock signal shall meet the
High-Speed Current Steering Logic (HCSL) specification.
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3 Terms and Definitions (cont’d)

3.12 Front-End Transmitter and Receiver

JEDEC Standard No. 8-18A

Page 7

The differential transmitter consists of pre-driver, driver and package signal traces ending at the
package pin. The receiver consists of the input package pins and signal traces leading to the
input sampling amplifier, recovery circuit for the sampling clock phases and appropriate deskew

circuits for passing the received data to the back-end. A depiction is in Figure 3.3.

E Pre- j:\ ; E
driver é ;
v vl
L : 3

(IR RN I T )

Reference

CLK

Clock
Recovery

Rx

Deskew

Syne

b

% I\
PLL
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Figure 3.3 — TX to RX Connection
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Figure 3.3 shows an example of the connection for one lane at the TX-RX level. The appropriate
phase of the receiver end sampling clock is derived from the transmitted data. The connection
between the two physical layer front-ends is DC coupled.

The following rules shall be obeyed by the link:

1) The transmitter output and the receiver input is VSS referenced.

2) Each TX-RX bit connection between two components through the interconnect channel
must be DC coupled.

3) The signal stream from TX-RX shall maintain a minimum transition density Transition-
Density_min (specified earlier).

Additional specifications for the transmitter front-end and the receiver front-end are in Section 4.
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3 Terms and Definitions (cont’d)
3.13 List of Abbreviations and Definitions

This document uses the following abbreviations and definitions:

Abbreviation Definition

AC Alternating Current

AMB Advanced Memory Buffer

BER Bit Error Ratio

BIST Built-in Self Test

CAL Crosstalk Aggressor Lane: any lane that can influence the Lane Under Test (other than itself)

CDF Cumulative Distribution Function

CDR Clock and Data Recovery

CM Common Mode

dB Decibel .One tenth of the common logarithm of the ratio of relative powers, equal to 0.1 B (bel)

DC Direct Current

DDJ Data Dependent Jitter: a bounded distribution of jitter, with amplitude fully correlated to the data
pattern sampling it, measured by its peak-to-peak value for a given pattern

DIMM Dual Inline Memory Module

DJ Deterministic Jitter: an even distribution of jitter, measured by its effective mean shift on a
convolved Gaussian Jitter

DUT Device Under Test: the AMB component that is being tested

El Electrical idle, where both conductors of a differential pair are at VSS level

EMI Electro Magnetic Interference

End Components at either end of the FBDIMM channel, i.e. the host and the last AMB

components

ESD Electro Static Discharge

FB(D) Fully-Buffered (DIMM)

HCSL High-speed Current Steering Logic

Host Memory controller agent on an FBDIMM channel

Intermediate Any FBDIMM component that is not at either end of the channel

components

Interconnect

ISI Inter Symbol Interference

MEMBIST Memory Built-in Self Test

Mesochronous | Same frequency with unknown (but fixed) phase relationship

Northbound The direction of signals running from the furthest DIMM toward the host

JEDEC JEDEC Solid State Technology Association (once known as the Joint Electron Device
Engineering Council)

LUT Lane Under Test: the lane for which the specification is being validated

PDF Probability Density Function

PLL Phase Locked Loop
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3 Terms and Definitions (cont’d)
3.13 List of Abbreviations and Definitions (cont’d)

Abbreviation Definition

PTP Point To Point

PTH Plated Through-Hole

PVT Process, Voltage and Temperature

rad/s Radians per second. Unit of angular frequency measure

RJ Random Jitter: an unbounded Gaussian distributed jitter, defined by its RMS variance

RX Receiver

SE Single Ended

Sl Signal Integrity

Simplex Simplex means that communication can only flow in one direction

SJ Sinusoidal Jitter: a jitter distribution caused by a sinusoidal amplitude modulation

Southbound The direction of signals running from the host controller toward the DIMMs

SSC Spread Spectrum Clocking. Utilized to lower EMI.

SSO Simultaneously Switching Outputs

TP_AMB Test Point AMB: the ball of the AMB package

TX Transmitter

ul Unit Interval. Time period per data bit.

VSS Ground (0V)

99.7% Defines that the result derived from a measurement, is a confidence interval in which a

Confidence measurement or trial falls corresponding to a probability of 99.7%. The confidence interval of

Level interest is symmetrically placed around the mean.

NOTE The terms host, chipset and memory controller are used interchangeably throughout the rest of
this document. The term motherboard is used as a generic term to describe the PCB onto which the
memory controller is mounted. Actual implementations could have distributed memory controllers
mounted on separate boards.
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4 Specification Details

4.1 Clocking Specifications
4.1.1 HCSL reference clocks

To reduce jitter and allow for future silicon fabrication process changes, HCSL (High-Speed
Current Steering Logic) clocks are used, as illustrated in Figure 4.1. The nominal single-
ended swing for each clock is 0 to 0.7 V. The same system clock shall be transmitted to the
two components at the ends of the link, if necessary, through connector(s).

REFCLK-

e S A A

T perind

Figure 4.1 — Differential Reference CLK Waveforms

The reference clock frequency is 1/24 of the link data rate, e.g., 166.67 MHz for a data rate of
4.0 Gb/s. The reference clock pair is routed point-to-point to each device from the system board.

The FBDIMM channel utilizes mesochronous clocking, i.e., the phase relationship between TX
reference clock and RX reference clock is unspecified. However, in order to limit the jitter
difference between TX and RX there is an upper limit for the phase difference between data and
reference clock at the RX (also known as the transport delay, specified in Table 4.1).

The clocks must be routed according to best-known clock routing rules for SI and EMI
performance. The routing of each signal in any given clock pair between the clock source and
the connector must be well matched in length (< 5 mils) and appropriately spaced away from
other non-clock signals to avoid excessive crosstalk.

4.1.2 Reference Clock Frequency Tolerance

The frequency of the reference clock has a static tolerance, and a temporal variation. This
temporal part varies due to the spread spectrum modulation and due to the mean period of the
phase noise over different periods of integration.

The implementation of the multiplying PLL in the AMB should be aware that the frequency
tracking capabilities of the integrated VCO should be capable of following the mean period
variation. For example as the forward tracking bandwidth of PLL is increased, then the variation
of the mean period will increase. As the bandwidth requirements of the PLL are well defined
within the standard, it is possible to define exactly the expected maximum frequency tracking
requirements of the VCO.
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4.1 Clocking Specifications (cont’'d)
4.1.2 Reference Clock Frequency Tolerance (cont’d)
To be able to measure the maximum tracking frequency, the reference clock phase is filtered by
an equivalent 2nd order PLL transfer function represents the worst case, i.e., maximum

bandwidth and maximum peaking, in the frequency domain. [Need to fix subscripts in equation
below]:

2‘8' élj (0,':3 +o J:j

2 - 2
S" HL8E D Ay

!

(4.1)

After multiplying these frequency domain filters by the reference clock phase jitter spectrum, the
spectra is converted back into the time domain, and the maximum instantaneous frequency is
measured. To ensure that a true peak value has been calculated, sufficient edge samples must
be used to ensure that the filtered underlying random source has reached a peak value for the
link’s target BER.

The methods used to implement the measurement of reference clock jitter are beyond the
scope of this specification, any testing method may be used that will provide a mathematically
equivalent result. This function is not meant as a requirement for an implementation. It is used
as a bounding function for modeling purposes to establish the limits for the f34g frequency and
the maximum peaking. Other implementations that can meet at least the roll off and limit the
peaking given by this function are also acceptable.

The temporal variation referred to above is specified in Table 4.1 as the “reference clock
dynamic frequency,” or frefcik-ayn. Table 4.2 indicates how this dynamic frequency range differs
from the absolute frequency range.

fRefcIk-abs—min fReTcIk—abs-max
(nominal — 55000 ppm) (nominal + 1000 ppm)
frefcik-ayn

(10000 ppm)
>

Diynamic range must be within absolute range fRefcIk—nominaI
Position of dynamic range is fixed at agent initialization

Figure 4.2 — Reference Clock Absolute and Dynamic Ranges
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4.1 Clocking Specifications (cont’'d)
4.1.3 Spread Spectrum Clocking (SSC)

Spread Spectrum Clock (SSC) with up to —0.5% down spread in frequency shall be supported.
The frequency of the clock and therefore bit rate can be modulated from 0% to -0.5% of the
nominal data rate/frequency, at a modulation rate in the range between 30 kHz and 33 kHz. The
modulation profile of SSC shall be able to provide optimal or close to optimal EMI reduction.
Typical profiles include triangular or “Hershey kiss” profile.

4.1.4 Reference Clock Jitter Spectrum

Different devices may have different phase jitter1 tracking behaviors due to variation of the jitter
transfer function of their PLLs, transport delays between transmitter and receiver, and
differences in the propagation delays in the devices . In order for the FBDIMM channel function
properly when the transmitter and receiver utilize devices with different phase jitter tracking
behavior, a specification of the reference clock jitter spectrum is necessary.

To be able to measure jitter' on the reference clock and translate this directly into a data eye
closure at the receiver, the reference clock phase jitter is filtered by a phase jitter transfer
function that represents the worst case mismatch between transmitter and receiver phase
tracking. Figure 4.3 shows the four filter functions defined for 4.8 Gb/s. After multiplying these
frequency domain filters by the reference clock phase jitter spectrum, the SSC from the
reference clock is separated from the spectrum. After converting these spectra back into the
time doman, peak-topeak amplitude of the SSC spectrum and the RMS of the remaining
spectrum is measured, and the maximum is then found for the four filter functions. To ensure
that a stable RMS of the spectrum is calculated, sufficient edge samples must be used to
ensure that the RMS is valid at the link’s target BER.

The methods used to implement the measurement of reference clock jitter are beyond the
scope of this specification, any testing method may be used that will provide a mathematically
equivalent result.

' Phase jitter is defined as the difference between the actual position of a clock edge and the edge of an ideal clock
whose period is constant and is the average period of clock being measured.
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4.1 Clocking Specifications(cont’'d)

4.1.4 Reference clock Jitter Spectrum (cont’d)

Fhase Jitar Filters
cBig) : freqiHz

0.0 11-22-3db-0.5cB-c51

‘\\.\ 11-22-053b-3cB-c51

o = -1 o =
250 11-22-054b-0.5dB-d5n

11-22-3db-3cB-c5n

d3is)

-50.C

-75.04
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100+ 10002 irregy 10rmeq 1C0rmeq
freqikz

Figure 4.3 — Phase Jitter Filter for Reference Clocks

The specification uses a second-order PLL transfer function to approximate the jitter transfer
function of a device’s PLL. Actual PLLs used in typical CMOS processes are sampled systems
often using third-order or higher order transfer functions. However, they can all be approximated
by a second-order transfer function. The transfer function assuming second order PLLs is
defined by the following s domain equation:

(4.2)

2 2
H (S)= 234/10),11 + a)nl e—STD _ 25426()”2 + a)nz
s? +284,0,, +a)§1 s? +28¢,m,, + a)ﬁ2
In this equation, ¢, and ¢, are the damping factors for PLL 1 and 2, and w_and w_, are the
natural frequencies for PLL 1 and 2. The variable T, represents the total transport delay

measured from the sample clock to the data measured around the loop through Rx PLL, clock
distribution delays, Tx PLL, and TX data flight time (see Figure 4.9).

This function is not meant as a requirement for an implementation. It is used as a bounding
function for modeling purposes to establish the limits for the f, . frequency and the maximum

peaking. Other implementations that can meet at least the roll off and limit the peaking given by
this function are also acceptable.
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