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FBDIMM: Architecfure and Protocol

(From JEDEC Board Ballot, JCB-06-49, formulated under the cognizance of the JC-40 Cominittee on Digital Logic.)

1 Document Organization

The next four chapters of the FBD Channel Specification cover Channel Overview (Chapter 2), Initialization
(Chapter 3), Channel Protocol {Chapter 4) and Reliability, Availability, and Serviceability (RAS) (Chapter 5).

1.1 List of Terms and Abhreviations
This document uses the following terms and abbreviations:

MNote that the terms chipset and memory controller are used interchangeably throughout the rest of this document.
The term motherboard is used as a generic tenn to describe the PCB onto which the memory controller is mounted.

Actual implementations could have distributed memory controllers mounted on separate memory boards,

Table 1-1 — Terms and Definltions

TERM Definition

AMB Advanced Memory Buffer

Chip disable An ECC encoding specifically tailored for memory such thal the dafa front any
defective memory device can be reconstructed from some aggregate of
surviving memory devices. Correcls data from failed device.

Bit Lane A differential pair of signals in one direction.

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.

DDR Double Data Rate (SDRAM}

DDR Branch The minimum aggregation of DDR channels which operafe in lock-step to
su.g;port error corection. Two channels per branch supports x8 chip disable
ECC. A rank spans a branch.

DDR Channel A DDR channel consists of a dala channel with 72 bils of data and an addr/cntr}
channel

DDR Data chaone) A DDR data channg] consists of 72 bits of data, divided into 18 data groups

DDR Data group Each data group consists of 4 data signals and a differential sirobe pair

DIMM Dual In-Line Memory Module. A packaging arrangement of memory devices
on a socketable subsirate.

DIMM Slet Receptacle (socket) for a DIMM. Also, the refative physicaf location of'a
specific DIMM on a DDR Channel.

DIMM Stack Dual-ranked x4 DRAM DIMM physical topology: refers to two physical rows
of DRAM “stacked” one above another

DRAM Page (Row) The DRAM cells selecied by the Row Address

DPM Defects per million

DRAM Dynamic Random Access Memory

ECC Error Correction Code.

EM1 Eleciro-magmetic interference

FBD Fully Buffered DIMM
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Table -1 — Terms and Definitions (Cont’d)

TERM Definition

Frame Group of bits containing commands or data

HCSL High-speed Currenl Steering Logic

Host Memory controller agent on an FBD channel

Isi Inter Symboal Interference

JEDEC JEDEC Solid State Technology Association (once known as the Jojnt Electron
Device Engineering Couneil)

JESD79 JEDEC Standard 79, DDR SDRAM Specification

Link A dual-simplex communications path between two compenents. The collection
of two Porls and their interconneciing bil fanes.

Megochronous Same frequency with unknown (but fixed) phase retation,

NB Northbound .

Northbound The direction of signals runtning from the fatthest DIMM toward the host,

Page Replace a.k.a. Page | An access fo a row that has another page open, The page must be ransferred

Mi_ss, Row Hil / Page back from the sense amps to the array, and the bank must be pre-charged.

iss

Page Hit An access to an open page, or DRAM row. The data oan be supplied from the
sense amps at low latency,

Page Miss (Empty Page) | An access to a page thal is not buiTered in sense amps and must be fetched from
DRAM array. '

PLL Phase Locked Loop

Port In physical terms, a group of transmilters and receivers physically located on the
same chip that define one end of a Link.

PTH . Plated Through-Hole

PVYT Process, Voltage and Temperature

Rank A DIMM is organized as one or two physical sets of memory, ¢alled ranks.
Nate that single rank or dual rank is different from single-sided or double-sided,
e.g. a single rank DIMM bujld from x4 DRAM devices is actually dovble-sided.
It is also common practice to disiribute the 9 devices of an x8 DIMM between
both sides of the DIMM 1o ephance the thermal performance of the module.

Resample A resampler repeater is a serial data in and serjal data out node that attenuates
Jlteer by re-gencrating the serial data using a clock recovered from the incoming
data stream derived from a common reference clock. It also resets the vollage
budget of the re-transmitted data.

Resync A Tesyncrepeater js a serial data in and serial data out node that re-synchronizes
data Lo & Jocal clock after it has been sampled with a recovered clock derived
from a common reference clock. The focal clock is also generated from the
same reference clock by a PLL multiplier. A drift compensation buffer is
ingerted between the two clock demains which absorbs the maximum fink delay
change over worsl case voltage and temperature changes. Both the jitter and
voltage budgets for the re-transmyitted data are resef.

RPD Return Path Discontinuity

5B Southbound

SDRAM Synchronous Dynamic Random Access Memory

51 Signal Integrity

Serial Present Detect A 2-sipnal serial bus used to read and write conirot registers in the AMB and

(aka $MBus protocol) SDRAM
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Table 1-1 — Terms and Definitions (Cont'd}

TERM

Definition

SMBus

System Management Bus, Mastered by a systemy management controller to read
and write configuration registers. Limited to 100K Hz.

Southbound

The direction of signals running from the bost controller toward the DIMMs.

$8C

Spread Spectrum Clocking, Utilized to lower EM]

580

Simultaneously Switching Oulpuls

SSTL_18

| Series Stub Terminated Logie for 1.8V

Throtiled

Temporarily dpmhibiling memaory accesses when a thermal or electrical fimit has
been reached, .

Unit Interval

Average fime inlerval between voltage transitions of a signal

Vss

Ground (0V})

Vddq

1/Q buifer voltage for DDR-1 buffers. Nominally 1.8V

1.2 Revision History

This document has been released in the following revisions:

Table 1-2 — Revislon History

Version

Date

Changes

0.0

12/3/2003

Original vevision

0.1

21352004

Revision of all chaplers to incorporate feedback

0.1a

51372004

Added JEDEC Baliel Comments
2.1.3: added detail to S Bus addressing
3. Increased ealibration time
3.1.2: added detail on determining ¢lock {rain violaiton
3.3.3; Tx temination to remain on in diseble state
3.3.3: Clarified disable stale aclions by reording tahle 3-8
3.3.4 & 3.3.5: Command to data [taction delay added in._
3.3,5 & 3.3.7: AMB with Last_AMB flag set loops back data
3.3.6: specified host operation in sending T52 patterns
3.3.6: Clarified Mege_DIsabje bit funiionality
3.3.9.1: De-Emphasis disabled during calibrate
4.2.5 Table 4-41: corrected ERC and EL0s duration

3/16/2005

Added Editoria] changes from September 2004 JEDEC mecting
Added Ballot changes from March 2005 JEDEC meeting
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1.2 Related Documents

Table 1-3 — Related Documents

Document

Revisfon

Description

FBD Connector Specification

Na

Conneclor physical parameters: pinout, faofprinl,

mechanical drawing, and requirements

FBD Signaling Specification

PTP link parameters: signaling, I/Q; and AC and DC
parameters -

FBD AMB Specification

Na

AMB Characleristics: pinoul, package tyge, mechanical
outling, lootprint, AC/DC specs, powerfihermal
requirements, buffer TPT, special feature requirements (e.g.
thennal sensor), & basics DFT

FBD DIMM Specilication

Ma

FFBD DIMM module parameters: multiple raw card designs,
block diagrams, nel (opologies, routing details, iiming
budg{et, pin out, mech. Outline, slack up, and SPD
requirements

SMBus

20

System Management Bus Specification
hitp:/smbus.org/specs/smbus20.pdl

DDRII JEDEC Spec

JEDEC DDR 11 SDRAM Data Sheet JC-42.3
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2 Fully Buffered DIMIM Overview

Higher CPU speeds are driving the need for higher memory bandwidth. Looking beyond DDR2-513, the existing
“stub bus" architecture becomes unworkable. The number of DRAM devices per channel has been trending toward
fewer devjces per channel. This reduction in capacity reduces performance. Platform cost restrictions limit DRAM
pin count increases, routing restrictions limits adding channels to maintain capacity, and differing DRAM interfaces
require unique motherboard developments and products.

Fully Buffered DIMM (FBD) addresses these requirements by providing a high-bandwidth, large capacity channe)
solution that has a narrow host interface. Fully Buffered DIMMSs use commodity DRAMSs isolated from the channel
behind a buffer on the DIMM that creates 2 pay-as-yuu-go cost structure. Memory device capacity remains high and
total memory capacity scales with DRAM bit density.

This chapter describes the FBD Channel topalogy, physical signaling, clocking and data flow,

2.1 Memory Channel

The FBD channe] provides a communication path from a host controiler to an array of DRAM devices. The DRAM
devices are buffered behind one or more Advanced Memory Buifer (AMB) devices., The physical isolation of the
DRAM devices from the channel enables the flexibility 1o enhance the communication path to significantly increase
the reliability and availability of the memory subsystem.

2.1.1 Link Widths

Figure 2-1 shows a logical diagram of the FBD channel’s southbound and northbound data paths. The channel
interconnect actually consists of two unidirectional links: one in the sonthbound direction and the other in the ..
norihbound direction. The southbound data path running from the host 1o the DIMMs is 10 logical signals wide, arid

the notthbound data path running from the DIMMs back to the host is 14, 13; or 12 logical signals wide. The width
of the northbound link is application dependent. The host myay support the link width or widths needed to provide the
appropriate error deteetion coverage needed for the intended application. An AMB device on a non-ECC DIMM

must support the 12 Iogical signal width. An AMB device on an ECC DIMM must support the 13 and 14 bit widths,

The southhound Jink may be operated in fail-oyer mode to map out a bad bit lane i supported by the host. The 14 or
13 bit width northbound link may be operated in fail-over mode to map out a bad bit lane if supported by the host. An
AMB is required to support fail-over on the southbound link, and is required to support fail-over on the northbound
Jink if ECC mode is supported (14 and 13 bit widths).
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Other Resirictions

Only one oulstanding configuration read or write register transaction is allowed on the ¢channel. A configuration
tegister read begins with the command and ends with the data being retumed to the host. A configuration write
begins with the command and ends when the read data would have been returned ifthe command were a Read Config
Reg. This is the same point that an Alert Frame would be generated if there were a CRC error on the Write Config
Reg command. Allowing only one outstanding configuration transaction on the bus allows for proper replay of the
Write Config Reg command following an Alert Frame.

A Soft Channel Reset requires NOP commands in all other command slots in the previous DRAM clock, the eurrent
DRAM clock, and the next 4 DRAM clocks,

Only one In-band Debug event may be sent within a DRAM clock.

The host controller is responsible for state and timing of the CKE pins vs. DRAM commands based on the DRAM
specifications. A DRAM command and CKE command may target the same DIMM on the same DRAM clock
provided that the DRAM specifications are met.

Examples;

A DRAM cominand may be issued to rank 1 on the same DRAM clock as a DRAM CKE per Rank command that
changes the CKE of rank 0 while retaining a I on the CKE of rank 1,

A DRAM command may be issued to DIMM 2 on the same DRAM clock as a DRAM CKE Command per DIMM
that targets all DIMMs, but retains the state the CKEs of DIMM 2 as 1.

4.2.3 Command Encoding

Commands are encoded into the 24 bit C[23:0} fields of Command frames. Table 4-39 defines the bit mapping of an
example DRAM configuration and the channel commands into the C[23:0] field.

Table 4-39 — Command Encoding

DRAM Gmnds 222 2 % 19 97 .8 15 14 13 12 1 10 3 ] 7 -] 5 4 3 2 1 0
[Activale D52 | 051 [ D561 1 |ORAM Addr] RS DRAM Bank & Addiegs
\Afrita DS2| DS DS9y 0 { 1 RS ORAM Benk & Addrass
Read Ds2ips1| 080 0 1 0 I RS DRAM Benk & Addrass
Precharge Al ps2fpsifosol ¢ [o | 2 [mal x T x Tx T o a1 Tx P Tax [ xx ] xTxlx[x
Precharge Sincle 092| DS1{ DSO] © ° i YRS | PRAM Bank 1 1 ] X Xl X A | X | x| x| X2 x
Auto (CBR} Refresh DSz Ds1lD89) o b 1 1R8] X X X X 1 Q 1 X | X)X LIRS X 3 Al X | X
Enler Self Retresh DS2)Ds1joso| o s 1 RS | X X X X 1 o Q A X X X X X X X X X
e porrelsh! Yooz oss[oso| o [ o [ + fasf x{ x| x|« ol xl x|l x] x| xfx]x]|x]x
[En‘er Paiver Donn DS2| D51 | DSo| © 1] 1 |Re| X} X X X 0 1 -] AP X | X Xl Xl x{ XX . X
|resenred x| % X 0 [ 1 X El A .3 ] ol X X x| X X{ %X Xl X1 X X
Nola: Tre valuas In 2" felés b romreserved commends sbove may be driven onto Ihe ORAM device pins.
Chaprel Cmnds Op) OP2 OP1 OFO
Dsbug: In-band Evends | EVTFEVE| EVS)| @ ] 0 1 1 1 H 1 JEvAlEvajEVR | EVI | EVO) PVT | Pua] FVS | Pvd | PV3 | PV ] Pyl ] PVO
Debug: Refalive Timing ] PHS | PH4 | PHA] o L) 1] 1 1 1 i O | PHz | PHi| PHO| RT3] RT8| RT7 | RT6 | RT5 | RT4 | RT3 | RT2 | RT1 | RTO
Dabug: Exposed nfo  NEXIBIEXISIEX14] © [1] 0 1 b 1 0 [EX1YEX1Z[EX11{EXT0| EX9 ) EXS| EXT | EXG | EX5 )] Exd | EX3| EX2 | EX1 | EXO
rederved X X X 0 ] o 1 1 ') K] X[ X[ X[ X[ X] X{X I EENEIAREE. S0P NN
rdsarved x| x X Q [] o 1 Q¢ X1 X X X X1 X | X]| X X Xl x ! x| X X X
DRAM CKE per DIMM | D52 | D51 | DSO| 4@ ] [] 0 1 1 1 |sesT] X I X | X1 X X_| DE? | DE6 | DES | DE4 | DE3 | DE2 | DE1 | DEY
oramcre perreas [Dsafost|osel o [of o[ o[ o] 1 ofocst x| xf x| x| x| {oIZ| 20 mlE]w
Wiite Cony Reg DS 0S(1 08 0 ¢ [ O 1 [ 1 Josdl D) X JAID] A9l A8 AT as | As JRef A3 A2 ] o 1]
Read Conlig Reg B32] DS1| DSG) @ 1] 9 0 1 o 0 Josa]l X | A Ao A A AT AS [ AS A A2] 0 [+
d Al X X o g b 1] 9 1 bl X1 X X1 X X | X1 X Xl x| X | X X)X X
|SoR Channal Resel Al x|l A]lo]lo 0 of 0 1 o | X ] Xt x ) Xl xl x] XA x| x)]x}]x|Xx|X
X X X 0 L] 1) 0 ) o] 1 X |sp1psoo] X X] X A JIER|ERC|ELOs{ X | X | RF | RO
[Channel NOP X[ X[ X L] & ? 9 ] o ] X X} X X X1 X1 X X} X X X | X)X X
Noko: A urused eneodings are 1asenvad, "X~ vafues shoukd B2 driven by the hosl (o zero and lgnored by the AME,
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4,2.4 DRAM Commands

DRAM commands are generaied by the host to access the DRAM devices behind each AMB buffer. The host has
access 10 the DRAM devices as if the devices were directly connected to the host. The DS[2:0] field directs the
command to one of the eight possible DRAM DIMMs on the FBD channel. The AMB decodes the DRAM
comimands and generates the control signals to the DRAM devices. The command delivery on the DRAM address
and control signals (excluding CKE) use in command timing. In cernmand timing meens that the commands are
present on the DRAM pins for a single clock cycle. The exact mapping of the control signals delivered to the DRAM
devices are defined in the FBD AMB Specification.

AMB buffers may support more than one DRAM technology. The details of the mapping of bank and address bits
from the commands te the DRAM devices are specified in the FBD AMB Specification. An example mapping is
shown in Table 4-40. For complete details of the DRAM command enceding refer to the JEDEC SDRAM data
sheets. '

In the following table, the RS (Rank Select) bt specifies to the AMB which memory ranks located behind the buffer
should be accessed. The other labels correspond to the familiar labels in the SDRAM data sheets. Rows labeled with
an *** are speculative and may change as the JEDEC SDRAM data sheets mature.

Bit position 10 is used in the command encoding of the Precharge Single and Precharge AN commands (o allow the
command bit to be mapped directly onto the DRAM address bit 10 {o match the DRAM AP bit usage.

Table 4-40 — DRAM Command Mapping Examples

BORZ Conlig 20 19 18 17 15 15 14 3. 42 M 10 9 8 7 & & 4 3 2 1 4@
256Mb (GdMbx4) |Row| 1] x | % [Re| x| x It | BoJatz|atilato] sofas[arJas T s T maa] s a0
KB page Col ol v ewlnrs] x| xlorlmol x(att)ar|aofas)ar]|ae]aslas|aalaz]lai]ae
G12Mb (128Mincd) [Rowj 1+ | X ) X [ R |Aa] x [ e ] BoJmz{anfaw] avfas| ar{aslasladfaaa2fal]an
1K9 page Coal o] 1 tmirs] x [ x|pt|Bo] X JAtijaP] A0 fas] AT as] AS | aa|ablaa] ar]an
1Gb(256Moxd)  |Row| 1 | x { x | RsJaia] B2 | Bt [ po Jaszfatt|aw] s Jae [ ar[asas{amafasaz| ] a0
1KB pags Col | 0 | 1 [ wwlRs] X [ezleideof X{attjar asan]larfas]asTamalmal mal a0
2Gh{512Mbxd) [Row| 1 | x a4l Re [A1a| B2 | Br{ e |asalan[ato] Ao [aa | Am i as[as [ad b ast o] an] a0
1K8 page Col [ o | 1 tw]Rs| X IB2fot{mo| x [atfap|aofasfar[rs]as | asa2]ai]ae
4Gb {1Gbx4) * Row| 1 Jarsjat4|Refatal B2 | Bi{ao azfannfaolas]as|Ar|as|as]adlasta]afa
1KB pag Coalol 1 |wwlRs] X |B2|B1i6o] x tAtlar|as|me|ar)asf{asfadfay|arafa
4Gb (1Gbx4) * Row| { | X Jalal R Jara| B2 { p1 { g0 Jatafar|aojao [ae| A7 [asfasfad]lasfaaarfae
2KB page Coj ol v jaw|rs| x|B2)br|eojarafat|ar|aalaelar]as|astbadsias]laalmfa

DRAM Read and Write commands always transfer complete bursts of data determined by the Burst Length field
programmed into the DRAM MRS registers. A burst length of 4 will transfer 36 bytes and a burst length of 8 wil}
transfer 72 bytes 1o/from each ECC DIMM. Non-ECC memory DIMMs support the Data Mask function.

Write accesses transfer the data from the write data FIFO Jacated inside the AMB device on the DEVIM, A register
instructs the AMB when to drive the data afier the Write command. The DDR2 specific Off-Chlp Driver (OCD)
Impedance Adjust command (EMRS access with A[9:7] = 100) also transfers data from the write data FIFO 1o the
DRAM devices.:

The hosi is responéible for memory ordering, FBD channel scheduling, and error handling.

4.2.6 Channel Commands

Channel commands inclide the Sync command, miscellancous DRAM commands, configuration register read and
wrile commands, and miscellaneous maintenance commands. Channel commands may include a DS[2:0] field to
specify which DIMM the command Is addressing, a 4-bit operation code field to define the command type, and an {1-
bit address field. Table 4-41 defines the encoding of the Channel commands. The individual configuration registers
are defined in the FBD AMB Specification Register chapter.




