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LRDIMM DDR3 Memory Buffer (MB)

(From JEDEC BoD Ballot JCB-11-85, formulated under the cognizance of the JC-40.4 Subcommittee on FBDIMM
Support Components.)

1 Introduction

1.1 LRDIMM Memory Buffer Overview

The Load Reduced DIMM (LRDIMM) Memory Buffer (MB) supports DDR3 SDRAM main memory. The Memory
Buffer allows buffering of memory traffic to support large memory capacities. Unlike DDR3 Register Buffer
(SSTE32882), which only buffers Command, Address, Control and Clock, the LRDIMM Memory Buffer also buffers
the Data (DQ) interface between the Memory Controller and the DRAM components. As the data electrical load is
reduced for the Memory Controller interface, the system can now support more DIMMs per channel at a faster speed
and higher density. All memory control for the DRAM resides in the host, including memory request initiation,
timing, scrubbing, sparing, and power management. The Memory Buffer interface is responsible for memory requests
to and from the local DIMM.

LRDIMM provides a high memory bandwidth, large capacity channel solution for DDR3 main memory systems.
LRDIMM uses commodity DRAM:s isolated from the channel behind the Memory Buffer on the DIMM. The
supported capacity exceeds 144 devices per channel (depends on channel and individual system design) and total
memory capacity scales with DRAM bit density.

1.2 Memory Buffer Functionality

1.2.1 Memory Buffer Key Features
* Acts as DRAM memory buffer for all read and write accesses addressed to the DIMM.
» Provides logic to support MEMBIST and Transparent Mode design for DRAM Test Support.
* Built-in MEMBIST engine to support back side memory voltage and timing training.

» Uses external supply VREFCA and VREFDQ as CA and DQ input buffer reference voltage. Support VREF
WRITE margining capability for Host and DRAM interface. Supports internally generated VREFCA and
VREFDQ for MB and DRAM CA and DQ input buffer reference voltage. Even though VREF level is internally
generated by MB, it is still controlled by the host through configuration registers.

» Supports parity checking function to ensure the correct command and address signals are propagating correctly
through the Memory Buffer.

* Supports an SMBus protocol interface for access to the MB configuration registers.
* Supports Control Word and Output Inversion features as used in SSTE32882.

* Supports built-in Temperature Sensor with T, readout and three thermal trip point settings (accessed through
MB configuration registers).

* Optional Logic Analyzer Interface (LAI) support for Failure Analysis (FA) and debug.

1.2.2 DDR SDRAM

DDR3 SDRAM support:
* Supports DDR3/DDR3L
» Supports 1Gb, 2Gb and 4Gb devices in x4 and x8 configurations

* 576 devices/channel (4 DIMMs/channel, 1, 2, 4 and 8 ranks/DIMM) - actual support varies by channel and
individual system design

» 72-bit DDR3 SDRAM buffered memory interface
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1.2.3 Byte Group Signal Mapping

The Memory Buffer (MB) HOST interface and DRAM interface DQ/MDQ and DQS/MDQS buses are divided into byte groups,
according to Table 1 and Table 2.

Table 1 — DQ and DQS Mapping

bQ DQS
0 1 2 3 4 5 6 7

0 DQ[0] DQ[1] DQ[2] DQ[3] DQ[4] DQ[5] DQ6] DQ[7] DQs[0]_t DQS[0]_¢ DQS[9]_t DQS[9]_¢

1 DQI8] DQ[9] DQI10] DQI11] DQI12] DQI13] DQ[14] DQI15] DQS[1]_t DQS[1]_¢c DQS[10]_t DQS[10]_¢

2 | DQri6] DQ[17] DQ[18] DQ[19] DQ[20] DQ[21] DQ[22] DQ[23] DQS[2] t DQS[2] ¢ DQS[11]_t | DQS[11] ¢

3 | DQ24] DQ[25] DQ[26] DQ[27] DQ[28] DQ[29] DQ[30] DQ[31] DQS[3] t DQS[3] ¢ DQS[12] t | DQS[12] ¢
Byte 4 | DQ32] DQ[33] DQ[34] DQ[35] DQ[36] DQ[37] DQ[38] DQ[39] DQS[4] t DQS[4] ¢ DQS[13] t | DQS[13] ¢
Group 5 DQI[40] DQ[41] DQI[42] DQI[43] DQI[44] DQI45] DQJ46] DQI[47] DQS[5]_t DQS[5]_¢ DQS[14]_t DQS[14] ¢

6 DQI[48] DQI[49] DQI[50] DQI[51] DQI[52] DQI53] DQI[54] DQI55] DQS[6]_t DQS[6]_c DQS[15]_t DQS[15]_¢

7 | DQIs6] DQ[57] DQ[58] DQ[59] DQ[60] DQ[61] DQ[62] DQ[63] DQS[7]_t DQS[7] ¢ DQS[16] t | DQS[16] ¢

8 DQI[64] DQI65] DQI66] DQI[67] DQI68] DQI69] DQI70] DQI[71] DQS[8]_t DQS[8]_c DQS[17]_t DQS[17]_¢

Table 2— MDQ and MDQS Mapping
MDQ MDQS
0 1 2 3 4 5 7

0 MDQI0] MDQ[1] MDQ[2] MDQ[3] MDQ[4] MDQ[5] MDQ[6] MDQ[7] MDQS[0]_t MDQS[0]_c MDQS[9]_t MDQS[9]_¢

1 MDQ[8] MDQ[9] | MDQ[10] | MDQ[11] | MDQ[I12] | MDQ[13] | MDQ[I4] | MDQ[I5] | MDQS[I] t MDQS[1].¢ | MDQS[10] t | MDQS[10] ¢

2 | MDQ[I6] | MDQ[17] | MDQ[I8] | MDQ[19] | MDQ[20] | MDQ[21] | MDQ[22] | MDQ[23] | MDQS[2]_t MDQS[2] ¢ | MDQS[11] t | MDQS[11] ¢

3 | MDQ[24] | MDQ[25] | MDQ[26] | MDQ[27] | MDQ[28] | MDQ[29] | MDQ[30] | MDQ[31] | MDQS[3] t MDQS[3] ¢ | MDQS[12] t | MDQS[12] ¢
Byte 4 | MDQ[32] | MDQ[33] | MDQ[34] | MDQ[35] | MDQ[36] | MDQ[37] | MDQ[38] | MDQ[39] | MDQS[4] t MDQS[4] ¢ | MDQS[13] t | MDQS[13] ¢
Group 5 MDQI40] MDQI41] MDQI42] MDQ[43] MDQI44] MDQI45] MDQI46] MDQ[47] MDQS[5]_t MDQS[5]_¢ MDQS[14]_t MDQS[14] ¢

6 | MDQM48] | MDQ[49] | MDQ[50] | MDQ[51] | MDQ[52] | MDQ[53] | MDQ[54] | MDQ[S5] | MDQS[6]_t MDQS[6] ¢ | MDQS[15] t | MDQS[15] ¢

7 | MDQ[56] | MDQ[57] | MDQ[S8] | MDQ[59] | MDQI60] | MDQI61] | MDQ[62] | MDQI63] | MDQS[7]_t MDQS[7].¢ | MDQS[16] t | MDQS[16] ¢

8 | MDQI64] | MDQ[65] | MDQ[66] | MDQ[67] | MDQ[68] | MDQ[69] | MDQ[70] | MDQ[71] | MDQS[8]_t MDQS[8] ¢ | MDQS[17] t | MDQS[17] ¢
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1.3 LRDIMM DDR3 Memory Buffer Block Diagram
Figure 1 is a conceptual block diagram of the LRDIMM Memory Buffer’s data flow and its interfaces.
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Figure 1 — LRDIMM DDR3 Memory Buffer Block Diagram
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1.4 Interfaces

Figure 1 illustrates the LRDIMM Memory Buffer and all of its interfaces. They consist of one HOST interface, one
DDR3 DRAM interface and an SMBus interface. The HOST interface connects the LRDIMM Memory Buffer to a
host memory controller. The DDR3 DRAM interface supports direct connection to the DDR3 SDRAMSs on a Load
Reduced DIMM (LRDIMM)

1.4.1 HOST Interface

The LRDIMM Memory Buffer supports one HOST interface, which consists of Command, Address, Control, Clock,
Data Strobe and Data. It also supports PAR IN input as used in SSTE32882.

For the actual pin name and function description of the HOST Interface, please refer to Chapter 3 Pin Description.

1.4.2 DDR3 DRAM Interface

The DDR3 DRAM interface on the LRDIMM Memory Buffer supports direct connection to DDR3 SDRAMs. The
DDR3 DRAM interface supports up to 8 ranks of eight banks with 16 row/column address signals, 64 data signals,
and eight check-bit signals. There are two copies (A and B) of address and command signals to support DIMM
routing and electrical requirements. Either a burst length of eight or a ‘chopped’ burst of four transfers are driven on
the data and check-bit lines.

For the actual pin name and function description of the DRAM Interface, please refer to Chapter 3 Pin Description.

1.4.3 SMBus Slave Interface

The LRDIMM Memory Buffer supports an SMBus interface to allow system access to configuration registers and
temperature sensor. The Memory Buffer will never be a master on the SMBus, only a slave. Serial SMBus data
transfer is supported at 100 kHz.

SMBus access to Memory Buffer may be required to boot a system. It is also required for system diagnostic and
debug support.

More information is available in this standard, see clause 13, SMBus.

1.5 References

This Standard is consistent with the following documents:
« JEDEC JESD79-3D, DDR3 SDRAM Standard, [1]

» JEDEC JESDS82-29, Definition of the SSTE32882 Registering Clock Driver with Parity and Quad Chip Selects
Jor DDR3/DDR3L/DDR3U RDIMM 1.5 V/1.35 V/1.25 V Applications [2]

» JEDEC JESD2I1C, JEDEC Configurations for Solid State Memories (DDR3 SDRAM Registered DIMM Design
Specification), [3]

» System Management Bus (SMBus) Specification Version 2.0, published by www.smbus.org [4]

» JEDEC JESDS-11, Addendum No. 11 to JESDS - 1.5 V +/- 0.1 V (Normal Range) and 0.9 V - 1.6 V (Wide Range)
Power Supply Voltage and Interface Standard for Nonterminated Digital Integrated Circuits [5]
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1.6 Glossary
Term Definition

MB Memory Buffer

CA Command/Address; RAS#, CAS#, WE#, BA[2:0], and A[15:0] signals to the DRAM, or
associated I/O pins and wires

CSR Control and Status Register

DDR Double Data Rate: a description of contemporary synchronous DRAM characterized by data
communications at a rate of two bits per clock cycle per wire

DDR Channel A DDR channel consists of a data channel with 72 bits of data and an ADDR/CNTRL
channel

DLL Delay-Locked Loop

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

DRAM Dynamic Random Access Memory

ECC Error Correction Code

Host Memory controller agent on a DDR channel

IBT Input Bus Termination; termination for input-only memory bufter pins, specifically
command/address and control signal pins

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

JESD79 JEDEC Standard 79, DDR SDRAM Specification

LRDIMM Load Reduced DIMM

LA Logic Analyzer

LAI Logic Analyzer Interface

MRS Mode Register Set; mode control registers in DDR SDRAM devices

ODT On-Die Termination; termination for input-output memory buffer pins, specifically data and
strobe signal pins

PLL Phase Locked Loop

PVT Process, Voltage and Temperature

Rank A DIMM is organized as one, two, four or eight physical sets of memory, called ranks.

RAS When not used in reference to a SDRAM signal, RAS is the short form for “Reliability,
Availability, Serviceability”

RDIMM Registered DIMM; contemporary buffered DIMM technology using a registering clock
driver to buffer clock, command/address, and control signals to the DRAM devices

SDRAM Synchronous Dynamic Random Access Memory

SI Signal Integrity

SMBus System Management Bus. Mastered by a system management controller to read and write
configuration registers. Limited to 100 kHz.

SSC Spread Spectrum Clocking; a technique for reducing EMI in a clocked digital system by

frequency modulating the clock, reducing the peak radiated energy by spreading radiated
energy over a frequency band
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Term Definition

SSO Simultaneously Switching Outputs

Transparent Mode | A mode to provide “pass through” access from ATE tester through the DDR3 Memory
Buffer to the SDRAM on LRDIMM

Ul Unit Interval: average time interval between voltage transitions of a signal
Vgg Ground (0V)
Vbbpo 1/O buffer voltage for DDR3/DDR3L buffers. Nominally 1.5/1.35V
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2 Ballout and Package Information
2.1 588-Ball FBGA (20x38 Array, 25.2x13.5 mm Body Size, 0.65 mm Pitch, MO-301A
Variation A) Pin configuration
20 S 24 94 0 0 0 44 4 0 Q0 O O 4 & 0 O 4 & 2 006 4 & % 0 6 9 a0 O 0 0 a o &
19 a4 a a a o aa aaoeocdaaaocaqaaaao agaaaae ogaaaoe agaaa o o
13 o 0 9 a9 o g9 9 Q9 0 0 9 g 9 0 a9 a9 a9 g o4 9 @ 9 ¢ 0o 9
17 ¢ 0 a 0 o o a a9 4 0 & 0 9 6 0 a9 a0 a9 a9 & 4a 0 9 0 ¢ o o
16 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a 60 6 0 ¢ & 0
15 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a 60 6 0 ¢ & 0
14 o 0 4 9 4 o 9 94 & 49 & 0 & & & 0 0 6 & & & 0 9 & @ & 0 4
13 o 0 9 a9 o g9 9 Q9 0 0 9 g 9 0 a9 a9 a9 g o4 9 @ 9 ¢ 0o 9
12 4 o a a a o g a4 a a o aa aaodooaaa d a4 a a e o n
11 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a 60 6 0 ¢ & 0
10 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a 60 6 0 ¢ & 0
9 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a a & 4 ¢ 0 0
& & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a a & 4 ¢ 0 0
7 LT« B+ N+ B+ B + 9 9 94 9 9 0 9 9 a 0o 49 4 a a 3 0 4 a 9 & 0o 9
1] 4 o a a a o g a4 a a o aa aaodooaaa d g a a e o a
5 4 0 a & o o a a4 a 0 o 0 0 6 0 0 a0 0 a0 s 4 9 a4 a & o a
4 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a a & 4 ¢ 0 0
3 & 0 4 0 0 o a o a6 o0 & 0 0 0 0 8 a0 9 9 & a a & 4 ¢ 0 0
2 a &4 @ 44 & 0 0 & O 0 0 & O a 9 0 Q0 44 &0 0 0 4 0 S0 0 4 O 0 0 O 0 &0
1 k a a a o dgog aao daaa oo aaao doaa e gaaogaaoe g o aa o
A B C D E F G H J KL MHPRT U V¥ W Y AAAB AC AD AE AF AG AH AJ AK AL AM AH AP AR AT AU AV

Figure 2 — Pinout Configuration
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2.2 Pin Assignments for the LR-DIMM DDR3 Memory Buffer (MB)

Table 3 — 588-Ball FBGA (20x38 Array, 13.5x25.2 mm Body Size, 0.65 mm Pitch, MO-301A Variation A)
(Transparent, Top View) - Left Side

20

19

18

17

16

15

14

13

12

1

10

NB | NB | vss | pa7 |pasot| pa2 | pas | vop | pass [P9S17| paro | vss | Dass | vDD | Y3c | Y3t | Yit | Yic | Y2
NB | vss | pa4 | Das |[P9S9-| vss | pat | vss | Daseo DQ_%” pQ71 | vss | bas7 | vbb | vss | PvDD | vss | PvDD | vss
vss | vop | vss | pas [P9S0-) pao | NB | NB NB | NB | NB |DQS8_t| DQ64 | VSS MDQss 'V'D7‘_3131 MDQ70 | MDQ64 MD_%SS
MDQ5 | MDQ4 | MDQO | VSS |Da@sot| vss | NB | NB | NB | NB | NB |P9S8 | pass | vss |mMpass M?_Qc“ MDQ71 | MDQs5 MD_Ctlss
MD_Qtsg MD_%SQ MD_%SO MD_(%SO VDD QA_CnAS NB NB | NB | NB | NB | vDD | vDD | vDD | vss | vbD | vss | vbp | vss
MDQ6 | MDQ7 | MDQ2 | MDQ1 | VDD QA_F;AS NB | NB | NB | NB NB | RFU | RFU | vss | vob | vss | vbp | vss | vbD
vss | vss | vss |MDQ3 | vDD |QAA15| NB | NB | NB | NB | NB | VDD | VDD | RFU | vss | vDD | vss | vbD | vss
pas1_t| PAS1-| vss | voD |Qaato | QATKE| N NB NB NB NB Qé\r’:’E vop |@A9PTI vpp | vss | vbD | vss | vbD
voD | vss | Das | vop |ACKEIqaar2| NB | NB | NB | NB | NB | QABAO|QaBA2 |AODT] vss RE_SnET vss | vbD | vss
DQ11 [ D10 | D9 | vbD |QABA1|@ASKE| Ng | NB | NB | NB | NB | QAAO | VDD | VSS | VDD |DCKE2| VDD | DA1 | VDD
pats | pat4 | pa13 | voD |9ASKE| aaad | NB NB NB L NB | NB | QAA3 | %980 | gsiv| ORST_ | peker | DA12 | DA6 | DAs
VDD | VSS | DQ12 | VDD | QAA1 | QAA6 | NB NB NB NB NB | US| ¥ess+'| VDD |DCKEO| DBA2 | DA11 | DA3 | DA5
DQ_Stm DQ_?O VSS | vDD | vDD |QAA11| NB | NB | NB | NB | NB | QAA5 | QAA2 | VDD | DA15 | DA14 | DA9 | DA8 | DA7
vss | vss | vss |MDQo | vDD | QAA8 | NB | NB | NB | NB | NB |QAA13| QAA9 | VDD | VDD 'fﬁr'j? vDD | vDD | vDD
MDQ12 | MDQ13| MDQ8 [MDQ11| VDD |QAA14| NB | NB | NB | NB | NB | QAA7 | VDD | DQ24 | DQ25 | vSS |MDQ29 M'%?t“ VsS
M%‘_’tm M%E’c“ 'V'D_%m MD_?“ vss | vbb | NB NB NB NB NB | vbD | vss |Das3_t|PAS3-| vss |mpaso M':Z’E’CS1 MDQ28
MDQ14|MDQ15|MDQ10| VSS |DQS2t| DQ16 | NB | NB | NB | NB | NB MD_%SZ vSs | DQ26 | DQ27 | VSS |MDQ31 MD_%S3 Vss
vss | vop | vss |pate |P9S2-|\pai7 | NB | NB | NB | NB | NB '\"D_‘fsz vss | vDD | DQ28 | D29 | vss 'V'D_Ct’33 MDQ24
NB | vss | pais | ba22 DQ_?:” DQ20 | VSS |MDQ20 M??C“ MDQ22| vsS |MDQ16|MDQ18| Vss DQ_Stm Dcfm VSs |MDQ25| vss
NB NB | vsS | DQ23 DQ_St” DQ21 | VSs |MDQ21 qu’f” MDQ23| VvsSs |MDQ17|MDQ19| vss | DQ30 | bQ31 | vss |MDQ26|MDQ27
A B c D E F G H J K L M N 3 R T u v w
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Table 4 — 588-Ball FBGA (20x38 Array, 13.5x25.2 mm Body Size, 0.65 mm Pitch, MO-301A Variation A) (Transparent, Top View) -
Right Side

v2.t | vot | voc | vop | za | scL | sai2 | saj0] |QREF| vbD Q\E%EF VDD | DQ59 | DQss |DQs7_t| base3 | vss | NB NB 20

PVDD| vss | PvDD | vss [zavss| spa |VCSSP| sapy |VREFC| vss |VREFD| vss | pas7 | vss |PAS7-| pae2 | Daso | vss | N8 19
MDQ6| vss | ckt | ckc | vss | vob |EVENTIgrunc| N8 NB 0 NB | NB | NB | Dase |P93'6| past | vss | vop | vss | 18

AVSS | AVDD | AOUT VSS VDD NB NB NB NB NB VSS

ME;QG TES]TIO VSS |MDQ58 |MDQ63 |MDQ62| 17

TEST[2 DQS16
| t

VDD TES]T[1

vDD | vss | vbD | vss | vbp | vss | NB NB NB NB Ng | GBWE | ypp (MDQAS7|MDAS7\MBASTIMDAST| 4

vss | vDD | vss | vDD | vss | vpp |QBCASIQBRAS| g NB NB NB NB |QBBAO| VDD |MDQ59|MDQ57|MDQ61|MDaso| 15

VDD | VSS VDD VSS VDD VSS VDD VDD NB NB NB NB NB QBAO | VDD |[MDQ56| VSS VSS VSS 14

VSS | VDD VSS VDD VSS

QBCKE| @BA10 | QBA15 | NB NB NB NB NB | aBa3 |@BODT

voD | vss |P9Se_Ipaset| 13

VDD | VSS VDD VSS VDD QB(O:KE VDD VDD NB NB NB NB NB QBA2 |QBBA2| VDD | DQ48 | VSS VDD 12

DCS2_| DCS4_ | DCS3_

VSS n n n

VSS QB%KE

QBBA1|QBA12| NB NB NB NB NB | aBas |ABODT

VDD | DQ49 | DQ50 | DQ51 1"

DA2 | DA13 |DCSO_|DCSS_| pgaq | vpp |9BSKE| gBag | NB 0 NB 0 NB | NB | NB |95 vDD | D@53 | DAs4 | DAss | 10

PAR-!|bopTo| pao | pBAo |BRDTY| vss | QBA1 | QBA6 | NB | NB | NB | NB | NB |99sviGBos2w| vpD | D@52 | VSS | vDD | 9

DCS1 | DCAS_|DRAS_| paqo |DCS6_ | DCS7_

p N . - S7_|'voD | VDD | NB | NB | NB | NB | NB |QBA9 | VDD | VDD | vss |PQS15/DQSIS| g

VvDD | VDD VDD |DWE_n| VDD VDD | QBA11 | QBA8 NB NB NB NB NB | QBA13| VDD |MDQ51| VSS VSS VSS 7

MDQ3MDQST|vpa3z| vss | Da32 | DQ33 | VDD |QBA14| NB NB NB NB NB | QBA7 | vDD |MDQ49|MDQ50|MDQ55|MDQs4| 6

vss |MDQASTIMpa3s| vss |pasa t|P9S4-| vss | vob | N8 NB NB | NB | NB | vDD | vss |MPAQS6IMDASeIMDASTIMDAST| 5

MDQs MD_%S“ MDQ39| VSS | DQ34 | DQ35 | Vss MD_%SS NB NB NB NB NB | DQ40 |DQS5 t| vss |MDa4s|MDQs3|mDas2| 4
VSS MD_?S“ vss | DQ36 | DQ37 | vDD | vss MD_Ctlss N8 NB | NB | NB | NB | Daat |P9S5-| pass | vss | vop | vss 3
MDQ3| Mpa34| vss DQ_St” Dci%” VSS |MDQ40|MDQ43| VSS |MDQ44 '\"5’831 MDQ47| VSS | DQ42 DQ_%” DQ46 | DQ44 | vSs | NB 2
VSS |MDQ35| VSS | DQ38 | DQ39 | VSS |MDQ41|MDQ42| VSS |MDQ45 ME"?CM MDQ46| VSS | DQ43 DQ_St” DQ47 | vsS | NB | NB 1

Y AA AB AC AD AE AF AG AH AJ AK AL AM AN AP AR AT AU AV
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 1 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal

Al NB Bl NB Cl VSS

A2 NB B2 VSS C2 DQ18

A3 VSS B3 VDD C3 VSS

A4 MDQ14 B4 MDQ15 C4 MDQ10
AS MDQS10_t BS MDQS10 ¢ C5 MDQS1 ¢
A6 MDQI12 B6 MDQ13 Co6 MDQ8
A7 VSS B7 VSS Cc7 VSS

A8 DQS10_t B8 DQS10_c C8 VSS

A9 VDD B9 VSS C9 DQ12
Al0 DQ15 B10 DQ14 C10 DQ13
All DQI1 BI1 DQ10 Cl1 DQ9

Al2 VDD B12 VSS C12 DQ8

Al3 DQS1 t B13 DQSI1_¢ C13 VSS

Al4 VSS B14 VSS Cl4 VSS

Al5 MDQ6 BI1S MDQ7 Cl15 MDQ2
Al6 MDQS9 _t Bl16 MDQS9 ¢ Cle MDQSO0_c
Al7 MDQ5 B17 MDQ4 Cl17 MDQO
Al8 VSS B18 VDD Cl18 VSS

Al19 NB B19 VSS C19 DQ4

A20 NB B20 NB C20 VSS

D1 DQ23 El DQSI11 t Fl1 DQ21

D2 DQ22 E2 DQSI1 ¢ F2 DQ20

D3 DQ19 E3 DQS2 ¢ F3 DQ17

D4 VSS E4 DQS2_t F4 DQ16

D5 MDQS!1 t ES VSS F5 VDD

D6 MDQI11 E6 VDD F6 QAAl4
D7 MDQ9 E7 VDD F7 QAA8
D8 VDD E8 VDD F8 QAAL1l
D9 VDD E9 QAA1 F9 QAA6
D10 VDD E10 QACKE3 F10 QAA4
D1l VDD Ell QABAL F11 QACKE2
D12 VDD E12 QACKEO F12 QAAI12
D13 VDD E13 QAAI10 F13 QACKE!1
D14 MDQ3 El4 VDD F14 QAAI15
D15 MDQ1 E15 VDD F15 QARAS n
Dl6 MDQS0_t El16 VDD F16 QACAS n
D17 VSS E17 DQSO0_t F17 VSS

D18 DQ5 E18 DQSO0_c F18 DQO

D19 DQ6 E19 DQS9 ¢ F19 VSS
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 2 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal

D20 DQ7 E20 DQS9 t F20 DQ2

Gl VSS H1 MDQ21 J1 MDQSI1_t

G2 VSS H2 MDQ20 12 MDQSI11 ¢

G3 NB H3 NB 13 NB

G4 NB H4 NB J4 NB

G5 NB HS5 NB IS NB

G6 NB H6 NB J6 NB

G7 NB H7 NB 17 NB

G8 NB H8 NB J8 NB

G9 NB H9 NB J9 NB

G10 NB H10 NB J10 NB

Gl1 NB HIl1 NB I NB

G12 NB H12 NB J12 NB

G13 NB H13 NB J13 NB

Gl14 NB H14 NB J14 NB

Gl15 NB H15 NB J15 NB

Glo6 NB Hl16 NB J16 NB

G17 NB H17 NB J17 NB

G18 NB H18 NB J18 NB

G19 DQ1 H19 VSS J19 DQ69

G20 DQ3 H20 VDD 120 DQ68

K1 MDQ23 L1 VSS Ml MDQ17

K2 MDQ22 L2 VSS M2 MDQ16

K3 NB L3 NB M3 MDQS2 _t

K4 NB L4 NB M4 MDQS2 ¢

K5 NB LS NB MS VDD

K6 NB L6 NB M6 QAA7

K7 NB L7 NB M7 QAA13

K8 NB L8 NB M8 QAAS

K9 NB L9 NB M9 QACS3_n/
QCS3_n

K10 NB L10 NB MI10 QAA3

K11 NB L1l NB Ml1 QAA0

K12 NB L12 NB MI12 QABAO

K13 NB L13 NB M13 QAWE_n

K14 NB L14 NB M14 VDD

K15 NB L15 NB M15 RFU

K16 NB L16 NB Ml6 VDD

K17 NB L17 NB M17 DQS8 ¢

K18 NB L18 NB M18 DQS8 _t

K19 DQSI17 ¢ L19 DQ71 M19 VSS
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 3 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal
K20 DQSI17_t L20 DQ70 M20 VSS
NI MDQI19 Pl VSS R1 DQ30
N2 MDQ18 P2 VSS R2 DQSI2_t
N3 VSS P3 VDD R3 DQ28
N4 VSS P4 DQ26 R4 DQ27
N5 VSS P5 DQS3_t R5 DQS3 ¢
N6 VDD P6 DQ24 R6 DQ25
N7 QAA9 P7 VDD R7 VDD
N8 QAA2 P8 VDD R8 DA15
N9 QACS2_n/ P9 VDD R9 DCKEO0
QCS2_n
N10 QACSO0_n/ P10 QACS1 n/ R10 QRST_ n
QCS0_n QCSI1_n
N11 VDD P11 VSS R11 VDD
NI12 QABA2 P12 QAODTO R12 VSS
N13 VDD P13 QAODT1 R13 VDD
N14 VDD P14 RFU R14 VSS
NI15 RFU P15 VSS R15 VDD
Nl6 VDD P16 VDD R16 VSS
N17 DQ65 P17 VSS R17 MDQ69
N18 DQ64 P18 VSS R18 MDQ68
N19 DQ67 P19 VDD R19 VSS
N20 DQ66 P20 VDD R20 Y3 ¢
T1 DQ31 Ul VSS V1 MDQ26
T2 DQSI2 ¢ U2 VSS V2 MDQ25
T3 DQ29 U3 VSS V3 MDQS3 t
T4 VSS U4 MDQ31 V4 MDQS3 ¢
T5 VSS us MDQ30 V5 MDQS12 ¢
T6 VSS U6 MDQ29 \ MDQSI12 t
T7 ERROUT_n u7 VDD \' VDD
T8 DA14 ug DA9 V8 DA8
T9 DBA2 U9 DALl \'%Y DA3
T10 DCKE1 U10 DA12 V10 DA6
T11 DCKE2 ull VDD Vi1 DALl
T12 RESET n Ul12 VSS Vi2 VDD
T13 VSS Ul13 VDD V13 VSS
T14 VDD Ul4 VSS V14 VDD
T15 VSS uUls VDD V15 VSS
T16 VDD Ul16 VSS Vie VDD
T17 MDQS17 ¢ ul7 MDQ?71 V17 MDQ65
T18 MDQS17_t Ul18 MDQ70 V18 MDQ64
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 4 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal
T19 PVDD U19 VSS V19 PVDD
T20 Y3t u20 Y1t V20 Yl ¢
Wil MDQ27 Y1 VSS AAl MDQ35
w2 VSS Y2 MDQ33 AA2 MDQ34
w3 MDQ24 Y3 VSS AA3 MDQS4 t
w4 VSS Y4 MDQ32 AA4 MDQS4 ¢
W5 MDQ28 Y5 VSS AAS MDQS13_¢
W6 VSS Y6 MDQ36 AA6 MDQSI13_t
w7 VDD Y7 VDD AAT7 VDD
W8 DA7 Y8 DCS1_n AA8 DCAS n
W9 DAS Y9 PAR_IN AA9 DODTO0
W10 DA4 Y10 DA2 AA10 DA13
WiIl VDD Y11 VSS AALl DCS2 n
W12 VSS Y12 VDD AA12 VSS
W13 VDD Y13 VSS AA13 VDD
W14 VSS Y14 VDD AAl4 VSS
WIS VDD Y15 VSS AALS VDD
Wie6 VSS Y16 VDD AAl6 TEST[1]
W17 MDQSS8 t Y17 MDQ67 AA17 TEST[0]
W18 MDQS8 ¢ Y18 MDQ66 AA18 VSS
w19 VSS Y19 PVDD AA19 VSS
W20 Y2 ¢ Y20 Y2 t AA20 YO t
ABI1 VSS ACl1 DQ38 AD1 DQ39
AB2 VSS AC2 DQSI13_t AD2 DQSI13 ¢
AB3 VSS AC3 DQ36 AD3 DQ37
AB4 MDQ39 AC4 VSS AD4 DQ34
ABS MDQ38 AC5 VSS ADS DQS4 t
AB6 MDQ37 AC6 VSS AD6 DQ32
AB7 VDD AC7 DWE n AD7 VDD
ABS8 DRAS n ACS8 DA10 AD8 DCS6_n
AB9 DAO AC9 DBAO AD9 DODT1/
DCKE3
ABI10 DCS0_n ACI10 DCS5_n AD10 DBAIL
ABI11 DCS4 n ACl11 DCS3 n ADI11 VSS
ABI12 VDD ACI12 VSS AD12 VDD
ABI13 VSS ACI3 VDD ADI13 VSS
AB14 VDD ACl4 VSS AD14 VDD
ABI15 VSS ACIS VDD ADI15 VSS
ABI16 VDD ACI16 VSS AD16 VDD
AB17 AVSS AC17 AVDD AD17 AOUT
ABI8 CK t ACI8 CK ¢ ADI18 VSS
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 5 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal
AB19 PVDD AC19 VSS ADI19 ZQVSS
AB20 Y0 ¢ AC20 VDD AD20 ZQ

AEl VSS AF1 MDQ41 AG1 MDQ42
AE2 VSS AF2 MDQ40 AG2 MDQ43
AE3 VDD AF3 VSS AG3 MDQS5_t
AE4 DQ35 AF4 VSS AG4 MDQS5_c¢
AES DQS4 ¢ AFS5 VSS AGS5 VDD
AE6 DQ33 AF6 VDD AG6 QBA14
AE7 VDD AF7 QBALll AG7 QBAS
AE8 DCS7_n AF8 VDD AG8 VDD
AE9 VSS AF9 QBAl AG9 QBA6
AE10 VDD AF10 QBCKE2 AGI10 QBA4
AEIll QBCKE3 AF11 QBBA1 AGl1 QBAI12
AEI12 QBCKEO0 AF12 VDD AGI12 VDD
AEI13 QBCKELl AF13 QBA10 AG13 QBALS
AE14 VSS AF14 VDD AG14 VDD
AELS VDD AF15 QBCAS n AGIS5 QBRAS n
AE16 VSS AF16 VDD AGl16 VSS
AE17 TEST[2] AF17 VSS AG17 VDD
AEI18 VDD AF18 EVENT n AGI8 BFUNC
AEI19 SDA AF19 VCCSPD AGI19 SA[1]
AE20 SCL AF20 SA[2] AG20 SA[0]
AH1 VSS All MDQ45 AK1 MDQS14 ¢
AH2 VSS AJ2 MDQ44 AK2 MDQS14 t
AH3 NB AJ3 NB AK3 NB

AH4 NB Al4 NB AK4 NB

AHS NB A5 NB AKS NB

AHG6 NB AlJ6 NB AK6 NB

AH7 NB AJ7 NB AK7 NB

AHS NB AJ8 NB AKS8 NB

AH9 NB AJ9 NB AK9 NB
AHI10 NB AJ10 NB AK10 NB

AHI1 NB AJll NB AK11 NB

AHI12 NB AJ12 NB AK12 NB

AHI13 NB AJ13 NB AK13 NB
AHI14 NB AJl4 NB AK14 NB

AHIS NB AJl5 NB AKI15 NB
AHI16 NB AJ16 NB AK16 NB
AH17 NB AJl7 NB AK17 NB

AHI18 NB AJ18 NB AK18 NB
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 6 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal
AHI19 VREFCA AJ19 VSS AK19 VREFDQ
AH20 QVREFCA AJ20 VDD AK20 QVREFDQ
ALl MDQ46 AM1 VSS AN1 DQ43
AL2 MDQ47 AM2 VSS AN2 DQ42
AL3 NB AM3 NB AN3 DQ41
AL4 NB AM4 NB AN4 DQ40
ALS NB AMS NB ANS VDD
AL6 NB AM6 NB AN6 QBA7
AL7 NB AM7 NB AN7 QBA13
AL NB AMS NB ANB QBA9
AL9 NB AM9 NB AN9 QBCS3_n/
QCS7_n
AL10 NB AM10 NB AN10 QBCS1_n/
QCS5_n
AL11 NB AMI1 NB AN11 QBAS
AL12 NB AM12 NB AN12 QBA2
AL13 NB AM13 NB AN13 QBA3
AL14 NB AM14 NB AN14 QBAO
AL15 NB AM15 NB AN15 QBBA0
AL16 NB AM16 NB AN16 QBWE _n
AL17 NB AM17 NB AN17 VSS
AL18 NB AM18 NB ANI1S8 DQ56
AL19 VSS AM19 DQ57 AN19 VSS
AL20 VDD AM20 DQ59 AN20 DQ58
API DQS14 t AR1 DQ47 AT1 VSS
AP2 DQS14 ¢ AR2 DQ46 AT2 DQ44
AP3 DQS5 ¢ AR3 DQ45 AT3 VSS
AP4 DQS5_t AR4 VSS AT4 MDQ48
APS VSS ARS MDQS6 _t AT5 MDQS6_c
AP6 VDD AR6 MDQ49 AT6 MDQ50
AP7 VDD AR7 MDQ51 AT7 VSS
AP8 VDD ARS8 VDD ATS8 VSS
AP9 QBCS2_n/ AR9 VDD AT9 DQ52
QCS6_n
AP10 QBCS0_n/ ARI10 VDD AT10 DQ53
QCS4 n
API1 QBODTO ARI11 VDD AT11 DQ49
API12 QBBA2 ARI12 VDD AT12 DQ48
API13 QBODT]I AR13 VDD AT13 VSS
AP14 VDD AR14 MDQ56 AT14 VSS
APIS VDD AR15 MDQ59 AT15 MDQ57
AP16 VDD ARI16 MDQS7_t AT16 MDQS7 ¢
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Table 5 — Memory Buffer Signals By Ball Number (Sheet 7 of 7)

Ball No. Signal Ball No. Signal Ball No. Signal
AP17 DQS16_t AR17 VSS AT17 MDQ58
AP18 DQS16 ¢ ARI18 DQ61 AT18 VSS
AP19 DQS7_¢ ARI19 DQ62 AT19 DQ60
AP20 DQS7_t AR20 DQ63 AT20 VSS
AUL NB AV1 NB

AU2 VSS AV2 NB

AU3 VDD AV3 VSS

AU4 MDQ53 AV4 MDQ52

AUS MDQS15 ¢ AVS MDQS15 t

AU6 MDQ55 AV6 MDQ54

AU7 VSS AV7 VSS

AUS8 DQS15_¢ AV DQS15_t

AU9 VSS AV9 VDD

AUI10 DQ54 AV10 DQs55

AUl DQ50 AVl DQ51

AU12 VSS AVI12 VDD

AUI3 DQS6_¢ AV13 DQS6 _t

AU14 VSS AV14 VSS

AUILS MDQ61 AV15 MDQ60

AUl6 MDQS16_c AV16 MDQS16_t

AU17 MDQ63 AV17 MDQ62

AUIS8 VDD AV18 VSS

AUI9 VSS AV19 NB

AU20 NB AV20 NB

2.3 Package Information

Refer to Registered Outline MO-301A published by JC-11 committee for LR-DIMM DDR3 MB package info.
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3 Pin Descriptions

3.1 Pin Description

Table 6 — Memory Buffer Signal Types

Bufer Description
Direction P
I Input signal
o Output signal
A Analog
/0 Bidirectional (input/output) signal
NC No Connect
Table 7 — Pin Description (Sheet 1 of 3)
Signal Type | Count Description

Host Interface

DQ[71:64] /0 8 Check bits (re: DQ for ECC DRAM)

DQ[63:0] /O 64 |Data

DQS[17:0] t /0 18 |Data Strobe: DDR3 data and check-bit strobe.

DQSJ[17:0] ¢ /0 18 |Data Strobe Complement: DDR3 data and check-bit strobe complements.

DAJ15:0] I 16  |Address: Used for providing multiplexed row and column address to
SDRAM.

DBAJ2:0] I 3 Bank Active: Used to select the bank within a rank.

DRAS n I 1 Row Address Strobe: Used with DCS n, DCAS n, and DWE n to specify
the SDRAM command.

DCAS n I 1 Column Address Strobe: Used with DCS _n, DRAS n, and DWE n to
specify the SDRAM command.

DWE n I 1 Write Enable: Used with DCS_n, DCAS _n, and DRAS n to specify the
SDRAM command.

DCS[7:0]_n I 8 Chip Select: Used with DCAS n, DRAS n, and DWE n to specify the
SDRAM command. These signals are used for selecting one of eight SDRAM
ranks. DCSO n is used to select the first rank, DCS1 n is used to select the
second rank...., and DCS7_n is used to select the 8™ rank

DCKE][2:0] I 3 |Clock Enable

DCKE[3]/DODTJ1] I 1 Clock Enable or On-Die-Termination (selection controlled by Control Word
FORCO6)

DODTI0] I 1 On-Die-Termination: Dynamic ODT enables for each DIMM on the channel

CK t/CK ¢ I 2  |Differential clock input
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Table 7 — Pin Description (Sheet 2 of 3)
Signal Type | Count Description

PAR IN I 1 Parity Input

ERROUT n o 1 Parity error output: An Open Drain output. When LOW, this output
indicates that a parity error was identified associated with the address and/or
command inputs

DRAM Interface

MDQ[71:64] /0 8 Check bits (re: DQ for ECC DRAM)

MDQJ[63:0] /0 64 |Data

MDQS[17:0] t /O 18 |DRAM Data Strobe: DDR3 data and check-bit strobe.

MDQS[17:0] ¢ I/O 18 |DRAM Data Strobe Complement: DDR3 data and check-bit strobe
complements.

QAA[15:0], O 32  |Address (A, B Copy): Used for providing multiplexed row and column

QBA[15:0] address to SDRAM.

QABAJ2:0], o 6 |Bank Active (A, B Copy): Used to select the bank within a rank.

QBBA[2:0]

QARAS n, o 2 |Row Address Strobe (A, B Copy): Used with CS_n, CAS n, and WE_n to

QBRAS n specify the SDRAM command.

QACAS n, o 2 Column Address Strobe (A, B Copy): Used with CS_n, RAS n, and WE n

QBCAS n to specify the SDRAM command.

QAWE n, QBWE n| O 2 |Write Enable (A, B Copy): Used with DCS_n, DCAS n, and DRAS n to
specify the SDRAM command.

QACSJ3:0] n/ 0] 4 Chip select (A copy)/(Single copy) lower 4 chip-selects for 8-rank case:

QCS[3:0] n Used with CAS n, RAS n, and WE n to specify the SDRAM command.
These signals are used for selecting one of eight physical ranks. CSO_n is used
to select the 1st rank, CS1_n is used to select the 2nd rank, CS2 n is used to
select the 3rd rank, and CS3_n is used to select the 4th rank.

QBCS[3:0] n/ 0] 4 Chip select (B copy)/(Single copy) upper 4 chip-selects for 8-rank case:

QCS[7:4] n Used with CAS n, RAS n, and WE _n to specify the SDRAM command.
These signals are used for selecting one of eight physical ranks. CS0O_n is used
to select the 1st rank (or Sth rank in the 8R case), CS1_n is used to select the
2nd rank (or 6th rank in the 8R case), CS2 n is used to select the 3rd rank (or
7th rank in the 8R case), and CS3 n is used to select the 4th rank (or 8th rank
in the 8R case).

QACKE[3:0], o 8 |Clock Enable (A, B Copy)

QBCKEJ3:0]

QAODTT1:0], o 4 DRAM On-Die-Termination Control (A, B Copy)

QBODT[1:0]

Y[3:0]_t/Y[3:0] ¢ (0] 8 Differential DRAM clock.

System Managemen

SCL /0 1 SMBus Clock

SDA /O 1 SMBus Address/Data

SA[2:0] I 3 DIMM Select ID (SMBus device address)

EVENT n o 1 Temperature trip point event pin

Reset
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Table 7 — Pin Description (Sheet 3 of 3)

Signal Type | Count Description

RESET n I 1 Asynchronous Power Good Reset

QRST n O 1 Buffered Reset to DRAM (if used on DIMM)

Miscellaneous Test

TEST[2:0] NC 3 Pin for debug and test. Must be floated on DIMM.

AOUT NC 1 Test output pin. Must be floated on DIMM

7Q A 1 ZQ Calibration resistor

ZQVSS A 1 ZQ Calibration resistor ground reference

CA and DQ Reference Supplies

VREFCA A 1 CA receiver reference voltage input from Host

QVREFCA A 1 CA receiver reference voltage output to DRAM

VREFDQ A 1 DQ receiver reference voltage input from Host

QVREFDQ A 1 DQ receiver reference voltage output to DRAM

Power Supplies

VDD A 103 |Nominal supply for DDR /O (or Core if apply)

VSS A 129 |Ground

AVDD A 1 Analog Power Supply

AVSS A 1 Analog Ground

PVDD A 4 PLL Clock driver supply

VCCSPD A 1 SPD Power Supply

Other pins

BFUNC I 1 Buffer Function Bit: When BFUNC = 0, MB is used as a regular buffer on LR]
DIMM. When BFUNC = 1, MB is used as a buffer for LAI function. On LR[]
DIMM, BFUNC is tied to Ground

RFU NC 3 Reserved for Future Use. Must be floated on DIMM.

No Ball 172

SUM of all pins 588
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4 Host Interface Protocol and Requirement

4.1 MB Modes of operation

The MB operates in one of two modes: Direct Rank Addressing and Rank Multiplication. The mode of operation is
based on both the DIMM configuration and the configuration register programming. In most cases a DIMM can be
programmed to operate in either mode, although there are DIMM types where the specific configuration allows for
only one mode. For instance a 2 rank LRDIMM can only operate in Direct Rank Addressing mode.

For DIMMSs which can operate in either mode the host controller determines which mode will be used and programs
the DIMM accordingly. This determination is up the host and may involve the platform configuration (i.e. the number
of chip selects supplied to the DIMM socket), performance trade-offs, and the capabilities of the host.

Within the Rank Multiplication mode there may be sub-modes which the host can choose. An 8 rank DIMM could be

addressed as two logical ranks of 4 sub-ranks each (RM=4), or 4 logical ranks of 2 sub-ranks each (RM=2). The
former would use two chip selects from the host while the latter would use four.

Table 8 — Modes of operation for each DIMM type

Physical | Mode (Direct | HostDCS n

Ranks or RM) signals used | RM Factor Comments
1 Direct 1 NA Direct Rank Addressing is the only choice
Direct 2 NA Direct Rank Addressing is the only choice
4 Direct 4 NA Available on a platform which supplies 4 chip selects
to the DIMM socket.
4 RM 2 RM=2
8 Direct 8 NA The 8 DCS mode may not be supported on the DIMM.
8 RM 4 RM=2 Available on a platform which supplies 4 chip selects

to the DIMM socket. Not available for 4Gbit DRAM
devices since this would require A16 from the host,
which is muxed with DCS2_n.

8 RM 2 RM=4

4.1.1 Direct Rank Addressing Mode

Direct Rank Addressing works like a standard RDIMM. The host controller provides a chip select for each physical
rank on the DIMM. Like the SSTE32882 register the MB will pass the DCS_n input from the host to the appropriate
QCS_n outputs to the DRAMs. The DCS_n is not passed through under the following conditions:

* A Register Control Word is being written (chip selects 0 & 1 are active at the same time).

» All DCKE inputs to the MB are low and the CKE Power Down Mode Enable bit is set. The MB ignores the DCS
inputs in this case.

* Soft CKE commands.

There is no special handling of refresh commands in Direct Rank Addressing mode. Any of the three CKE modes
may be used with Direct Rank Addressing Mode.

As with RDIMMs, all 8 banks of each physical rank are exposed to the host controller, and may be all opened,
adhering to the DRAM specifications.
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4.1.2 Rank Multiplication Mode

In the Rank Multiplication Mode, multiple (2 or 4) physical ranks appear to the host controller as a single logical rank
of a larger size. This is done by utilizing additional row address bits during the activate command as sub-rank select
bits. The read and write commands do not require additional sub-rank select bits from the host since the sub-rank
information is stored in the MB from the Activate command. Other commands such as Refresh may optionally use
rank select bits based on configuration register settings. See the Rank Multiplication Command Details below.

The basic operation is as follows, assuming an 8 rank DIMM with 1Gbit x4 DRAMs using two host chip selects.
Each host chip select will address 4 physical ranks of memory (RM=4). 1Gbit x4 DRAMs use A13:0 as row address
bits, so A15 and A14 will be the two sub-rank select bits, or RM bits. DCS0_n will address physical ranks 0, 2, 4, and
6, while DCS1_n will address ranks 1, 3, 5, and 7.

Table 9 — Rank Multiplication Command Details

DCS_| Al5:14 Physical
Command n (RM bits) [ BA2:0| Rank Comment
1| Activate 0 01 100 2 MB registers that bank 4 for DCSO_n is open in Rank 2
2 Read 0 NA 100 2 Goes to Rank 2 since most recent Activate for Bank 4 DCSO _n was
to Rank 2 (Uses RM bits stored above).
3 | Activate 0 11 011 6
4| Activate 1 00 011 1 This is legal since bank 3 can be opened independently in different
logical ranks.
5 Write 0 NA 100 2 Again uses RM bits from the first step.
6 Read 0 NA 011 6 Most recent activate for bank 3 of DCS0 was to Rank 6
7 Read 1 NA 011 1 Most recent activate for bank 3 of DCS1 was to Rank 1
8 | Precharge 0 NA 100 | 0,2, 4,6 |Precharge is broadcast to all sub-ranks (this assumes MB is config[
Single ured to broadcast precharges). Only rank 2 has a page open in bank

4. The other ranks do nothing since bank 4 is already closed.

Even though each physical rank has 8 banks which may be opened, only 8 banks in total are exposed to the host
controller for each logical rank. At any given time a specific bank number can be open in only one of the sub-ranks.
Effectively this increases the number of rows in each bank, which is what is done in a larger DRAM technology. A
total of 8 banks per logical rank can be open at once. These open banks could all be in the same sub-rank, or scattered
throughout the sub-ranks. This is solely based on the RM bits (A15:14 in the example above) during the activates.

Logical ranks are independent of each other. Each logical rank exposes 8 banks to the host. So in steps 3 and 4 above,
bank 3 is open in two different physical ranks simultaneously because they are part of different logical ranks.

The MB is required to store the RM bits on each activate. They must be stored separately for each bank within each
logical rank.

For two logical ranks this is 2 RM bits times 8 banks times 2 logical ranks.
For four logical ranks this is 1 RM bit times 8 banks times 4 logical ranks.

Both cases support the max 8 physical ranks.
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4.1.2.1 RM bits for each configuration
Table 10 lists the rank multiplication bits used for each configuration.
Table 10 — RM bits for each DIMM type.
Host Row Row address
DRAM |Physical|Logical] RM | Address RM bits used by Logical | DIMM size, | DIMM size,
Tech | ranks | Ranks | Factor Bits bit(s) DRAM Rank size | x4 DRAMs | x8§ DRAMs
1 Gbit 4 2 2 Al4:0 Al4 A13:0 2 Gbit 8 Gbytes 4 Gbytes
1 Gbit 8 2 4 Al15:0 | Al15:14 A13:0 4 Gbit 16 Gbytes |8 Gbytes
1 Gbit 8 4 2 A14:0 Al4 A13:0 2 Gbit 16 Gbytes 8 Gbytes
2 Gbit 4 2 2 Al15:0 AlS Al14:0 4 Gbit 16 Gbytes |8 Gbytes
2 Gbit 8 2 4 Al16:0 | Al6:15 Al14:0 8 Gbit 32 Gbytes 16 Gbytes
2 Gbit 8 4 2 Al15:0 AlS Al14:0 4 Gbit |32 Gbytes |16 Gbytes
4 Gbit 4 2 2 A16:0 Al6 A15:0 8 Gbit 32 Gbytes 16 Gbytes
4 Gbit 8 2 4 Al17:0 | Al17:16 Al15:0 16 Gbit |64 Gbytes |32 Gbytes
4 Gbit 8 4 2 Not Possible - A16 shared with DCS2_n

All combinations using Rank Multiplication are listed in Table 10. x4 and x8 DRAM s use the same row address bits,
so the RM bits are the same for both.

Since A17 and A16 on the DIMM are muxed with DCS3_n and DCS2_n, the final row in Table 10 is not possible as
A16 and CS2_n cannot be used at the same time.

4.1.2.2 Rank Decoding

Table 11, Table 12, Table 13, and Table 14 show the rank decoding for each mode of operation, as well as the
matching of the QCS_n signals to the DCKE inputs and QCKE outputs.
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Table 11 — Normal and Rank Multiplication Control Signal Connectivity without Rank 1 and Rank 5 Swap
(F[0]RC2 DA4 =1b)

# DIMM Buffer Host CKE | Host CKE | g, o Buffer
orscvton || Tt | oSl |tsomaieeo | oReH | oBCAl e (1SRG | | A | ook
1 0 DCS[0]_n Qcso QACS[0ln | @BCSLn | DCKE[] DCKE[] | QACKE[] | QBCKE[]
2 0 DCS[0]_n Qcso QACS[OLn | @BCSLn | DCKE[] DCKE[)] | QACKE[D] | QBCKE[]
Normal Mode (No 1(m) DCS[1]_n Qacst QACSHLn | QBCS[Ln | DCKE[] DCKE[] | QACKE[1] | QBCKE[1]
Rank 4 0 DCS[0]_n Qcso QACS[0Ln | aBcspln | DokE[] DCKE[D] | QACKE[] | QBCKE[D]
Multiplication) 1(m) DCS[{]n Qcst QACS[1Ln | QBCS[fln | DCKE[] DCKE[] | QACKEM] | QBCKE[T]
2 DCS[2]_n Qcs? QACS[2Ln | QBCS[2Ln | DCKE[] DCKE[Z] | QACKE[Z] | QBCKE[Z]
3(m) DCS[3]_n Qcs3 QACS[3Ln | QBCS[3Ln | DCKE[] DCKE[3] | QACKE[3] | QBCKE[3]
2 Way Rank Multi| 4 0 DCS[0]_n Qcso QACS[0Ln | @BCS[Ln | DCKE[] DCKE[0)] | QACKE[D] | QBCKE[]
plication 2 Qcs2 QACS[21.n | QBCS[2]n DCKE[2] QACKE[2] QBCKE[2]
1(m) DCS[Ln Qcst QACS[1Ln | QBCS[HLn | DCKE[] DCKE[] | QACKE[] | QBCKE[1]
3(m) Qcs3 QACSI3Ln | QBCS[ELn DCKE[3] | QACKE[3] | QBCKE[3]
8 0 DCS[0]_n Qcso QACS[0]_n - DCKE0] DCKE[] | QACKE[D] | QBCKE[]

4 Qcs4 - QBCS[0]_n
1(m) DCS[1]_n Qcst QACS[1]n . DCKE1] DCKE[] | QACKE[1] | QBCKE[1]

5(m) Qcss - QBCS[1]_n
2 DCS[2]_n Qcs?2 QACS[2n - DCKEQ] DCKE[2] | QACKEZ] | QBCKE[Z]

6 Qcsé - QBCS[2]n
3(m) DCS[3]_n Qacs3 QACS[3]_n - DCKE1] DCKE[3] | QACKE[3] | QBCKE[3]

7(m) Qacs? - QBCS[3]_n
4 Way Rank Multit| 8 0 DCS[0]_n Qcso QACS[0]_n . DCKE0] DCKE[0)] | QACKE[] | QBCKE[]
plication 2 Qcs2 QACS[2]_n - DCKE[2] QACKE[2] | QBCKE[2]
4 Qacs4 - QBCS[0]_n DCKE[D] | QACKE[D] | QBCKE[0]
6 Qcsé - QBCS[2]_n DCKE[Z] | QACKE[Z] | QBCKE[2]
1(m) DCS[1]_n Qacst QACS[1]n - DCKE1] DCKE[] | QACKE[1] | QBCKE[1]
3(m) Qcs3 QACS[3]_n - DCKE[3] | QACKE[3] | QBCKE[3]
5(m) Qcss - QBCS[1]_n DCKE[] | QACKE[1] | QBCKE[1]
7(m) Qcs? - QBCS[3]_n DCKE[S] | QACKE[S] | QBCKE[3]

NOTE For 4 Rank x4 QDP DIMM (one row) Raw Card, QxCKE[0] is connected to DIMM physical
Rank 0 and Rank 2. QxCKE[1] is connected to DIMM physical Rank 1 and Rank 3.
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Table 12— Normal and Rank Multiplication Control Signal Connectivity with Rank 1 and Rank 5 Swap
(F[0]JRC2 DA4 =0b)

# DIMM Buffer Host CKE | HostCKE | g g0 Buffer
ourcrpion | rysea| et | ol Juegeos | R | aBCS e |TBRL0 | M pw | SO6E | ook
1 0 DCS[0]_n Qcso QACS[0Ln | aBCSlln | DCKE[] DCKEL] | QACKEWD] | QBCKE[]
2 0 DCS[0]_n QCs0 QACS[0ln | aBcspln | DokE[] DCKEL] | QACKE[] | QBCKE[]
Normal Mode (No 1(m) DCS[{Ln Qcst QACSHLn | aBoS[Ln | DCKE[] DCKE[] | QACKEM] | QBCKE[]
Rank 4 0 DCS[0]_n QCso QACS[0Ln | @BCSpLn | DCKE[] DCKEL] | QACKE[] | QBCKE[]
Multiplication) 1(m) DCS[1]n Qcst QACS[1Ln | QBCS[]n DCKE[1] DCKE[1] QACKE[] | QBCKE[1]
2 DCS[2]n Qcs? QACS[ZLn | QBCS[ZLn | DCKE[] DCKE2] | QACKE[2] | QBCKE[]
3(m) DCS[3]_n Qcs3 QACS[3Ln | QBCS[3Ln | DCKE[] DCKE[3] | QACKE[3] | QBCKE[]
2 Way Rank Multi| 4 0 DCS[0]_n QCs0 QACS[0Ln | aBcspln | DokE[] DCKEL] | QACKE[D] | QBCKE[]
plication 2 Qcs2 QACS[ZLn | QBCS[2Ln DCKE[2] QACKE2] | QBCKE[]
1(m) DCS[{]_n QCst QACS[Ln | a@BCS[Ln | DCKE[] DCKE[] | QACKE[] | QBCKE[]
3(m) Qcs3 QACS[3Ln | QBCS[Ln DCKE@] | QACKE@] | QBCKE[]
8 0 DCS[0]_n QcCso QACS[0]_n DCKE[0] DCKEL] | QACKE(D] | QBCKE[]
4 Qcs4 QBCS[0Ln
1(m) DCS[1]_n Qcst QBCS[]n DCKE[1] DCKE[1] | QACKE[] | QBCKE[]
5(m) Qcss QACS[]n
2 DCS[2]n Qcs2 QACS[2]n DCKE[0] DCKE[2] | QACKE[2] | QBCKE[]
6 QeCs6 QBCS[2] n
3(m) DCS[3]_n Qcs3 QACS[3]n DCKE[1] DCKEP] | QACKE@] | QBCKE[]
7 (m) Qcs? QBCS[3n
4 Way Rank Multt| 8 0 DCS[0]_n QCS0 QACS[0]_n DCKE[0] DCKE[] | QACKE[D] | QBCKE[]
plication 2 Qcs?2 QACS[2]_n DCKE[2] QACKE[Z] | QBCKE[]
4 Qcs4 QBCS[0]n DCKEL] | QACKE[] | QBCKE[]
6 QcCs6 QBCS[2]n DCKEZ] | QACKE[ | QBCKE[
1(m) DCS[1]_n Qacst QBCS[1]n - DCKE[1] DCKE[] | QACKE[] | QBCKE[]
3(m) Qcss QACS[3]n l_ DCKE[] | QACKE[] | QBCKE[]
5(m) QCss QACS[]n DCKE[1] | QACKE[] | QBCKE[]
7(m) Qcs7 | ascspin | DCKE[3] QACKE3] | QBCKE[3]

NOTE For 4 Rank x4 QDP DIMM (one row) Raw Card, QxCKE[0] is connected to DIMM physical
Rank 0 and Rank 2. QxCKE[1] is connected to DIMM physical Rank 1 and Rank 3.

Host to DRAM CS Mapping

DCS[0] n only goes to EVEN numbered QCS[x] n ranks
DCSJ[1]_n only goes to ODD numbered QCS[x]_n ranks
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Table 13— Normal (1:1), 2 Way (1:2) and 4 Way (1:4) Rank Multiplication Control Signal Decoding without
Rank 1 and Rank 5 Swap (F[0]RC2 DA4 = 1b)

. cs | cs | A7y | Attey 8 Rank | 8 Rank ;fr']f( 12,4Rank
FORCTS |  Descripion | #DCS |5 | 7= | CS | CS |A[15]| A [14]f Rank # | QBCS[3: | QACS[3: | o Aet, QACS[50] | Comment
[Bln | [2Ln On | OLn | 7g1n -
1,20r4 | 0 1 0 1 X X 1,3 - - 0101 0101
0 1 1 0 X X 1,2 - - 1001 1001
0 1 1 1 X X 1 - - 1101 1101
1 0 0 1 X X 0,3 - ; 0110 0110
Normal Mode (No 1 0 1 0 X X 0,2 1010 1010
0000 Rank 1 0 1 1 X X 0 - - 1110 1110
Multiplication) 1 1 0 0 X x | 23 0011 0011
1 1 0 1 X X 3 0111 0111
1 1 1 0 X X 2 1011 1011
1 1 1 1 X X X 11 111
0 0 X X X x | Rrew ; ; 111 11 |Rew
0001 |2 Way Rank Multil 2 1 0 X X X 0 0 - - 1110 1110 |1 Gbit DDR3
plication using 1 0 X X X 1 - - 1011 o |0RAM
Alt4] 0 1 X X X 0 1 - - 1101 1101
0 1 X X X 1 3 - - 0111 0111
4 1 0 1 1 X 0 0 111 1110 - -
1 0 1 1 X 1 4 1110 111 } ;
0 1 1 1 X 0 1 111 1101 - -
0 1 1 1 X 1 5 1101 111 - -
1 1 1 0 X 0 2 111 1011 - -
1 1 1 0 X 1 6 1011 111 - -
1 1 0 1 X 0 3 111 0111 - -
1 1 0 1 X 1 7 0111 111 ; }
2ord | 1 1 1 1 X X X 111 111 111 111
0 0 x X X x | rRow | 1111 111 111 111 |Rew
0010 |2 Way Rank Multit| 2 1 0 X X 0 X 0 - - 1110 1110 |2 Gbit DDR3
plication using 1 0 X X 1 X - - 1011 o |0RAM
ALTS] 0 1 X X 0 X 1 } } 1101 1101
0 1 X X 1 X 3 } } 0111 0111
4 1 0 1 1 0 X 0 111 1110 - -
1 0 1 1 1 X 4 1110 111 - -
0 1 1 1 0 X 1 111 1101 - -
0 1 1 1 1 X 5 1101 111 - -
1 1 1 0 0 X 2 111 1011 } ;
1 1 1 0 1 X 6 1011 111 } }
1 1 0 1 0 X 3 111 0111 - -
1 1 0 1 1 X 7 0111 111 - -
2ora | 1 1 1 X x X 111 111 111 111
o | o | «x x | x x | row | 111 i | e | |Row
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Table 13— Normal (1:1), 2 Way (1:2) and 4 Way (1:4) Rank Multiplication Control Signal Decoding without
Rank 1 and Rank 5 Swap (F[0]RC2 DA4 = 1b)

N cs | cs | AlTY | Altey 8 Rank | 8 Rank éfﬁi 1,24 Rank
FORC15 Description #DCS HLn | 0L n CS CS |A[15]|A[14]| Rank # | QBCS[3: | QACSI3: QBCS3: QACS[3:0]| Comment
[B8].n [2]_n 0l_n 0l_n oLn _n
0011 |2 Way Rank Multil 2 1 0 X 0 X X 0 - - 110 1110 |4 Gbit DDR3
plication using 1 0 X 1 X X 2 - - 1011 o |0RAM
ALT6] 0 1 X 0 X X 1 - - 1101 101
0 1 X 1 X X 3 - - 0111 0111
]l ] |
2o0r4d 1 1 1 X X X X - - 1111 1111
0 0 X X X X RCW 11 11 11 111 |RCwW
0101 |4 Way Rank Multil 2 1 0 X X 0 0 0 111 1110 - - 1 Gbit DDR3
plication using 1 0 N X 0 1 ) 1 o1 - X SDRAM
ATS:14] 1 0 X X 1 0 4 110 11 - -
1 0 X X 1 1 6 1011 11 - -
0 1 X X 0 0 1 11 1101 - -
0 1 X X 0 1 3 11 0111 - -
0 1 X X 1 0 5 1101 11 - -
0 1 X X 1 1 7 0111 11 - -
1 1 X X X X X 1111 1111 - -
0 0 X X X X RCW 11 11 - - RCW
0110 |4 Way Rank Multil 2 1 0 X 0 0 X 0 111 110 - - 2 Gbit DDR3
plication using 1 0 X 0 1 X 2 111 1011 - —|SoRaM
AL16:15] 1 0 X 1 0 X 4 1110 111 - - Host drives
CS#[2] as
1 0 X 1 1 X 6 1011 11 - - Al16]
0 1 X 0 0 X 1 11 1101 - -
0 1 X 0 1 X 3 11 0111 - -
0 1 X 1 0 X 5 1101 11 - -
0 1 X 1 1 X 7 011 11 - -
1 1 X X X X X 111 111 - -
0 0 X X X X RCW 11 11 - - RCW
0111 |4 Way Rank Multil 2 1 0 0 0 X X 0 11 110 - - 4 Gbit DDR3
plication using 1 0 0 1 X X 2 111 1011 - —|SPRAM
ALT7:16] 1 0 1 0 X X 4 110 11 - - Host drives
CS#[3:2] as
1 0 1 1 X X 6 1011 11 - - A17:16]
0 1 0 0 X X 1 11 1101 - -
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Table 14 — Normal (1:1), 2 Way (1:2) and 4 Way (1:4) Rank Multiplication Control Signal Decoding with
Rank 1 and Rank 5 Swap (F[0]RC2 DA4 = 0b)

. cs | cs | A7y | Attey 8 Rank | 8 Rank ;fr']‘:( 12,4Rank
FORCTS |  Descripion | #DCS |5 | = | CS Cs  |A[15]|A[14]| Rank#| QBCS |QACS[3:|pa, | QACS[30]| Comment
BLn [21_n [3:0]_n 0l_n oL n _n
1,20r4 | 0 1 0 1 X X 1,3 - - 0101 0101
0 1 1 0 X X 1,2 - - 1001 1001
0 1 1 1 X X 1 - - 1101 1101
1 0 0 1 X X 0,3 - ; 0110 0110
Normal Mode (No 1 0 1 0 X X 0,2 1010 1010
0000 Rank 1 0 1 1 X X 0 - - 1110 1110
Multiplication) 1 1 0 0 X x | 23 0011 0011
1 1 0 1 X X 3 0111 0111
1 1 1 0 X X 2 1011 1011
1 1 1 1 X X X 11 111
0 0 X X X x | Rrew ; ; 111 11 |Rew
0001 |2 Way Rank Multil 2 1 0 X X X 0 0 - - 1110 1110 |1 Gbit DDR3
plication using 1 0 X X X 1 - - 1011 o |0RAM
Alt4] 0 1 X X X 0 1 - - 1101 1101
0 1 X X X 1 3 - - 0111 0111
4 1 0 1 1 X 0 0 111 1110 - -
1 0 1 1 X 1 4 1110 111 } ;
0 1 1 1 X 0 1 1101 111 - -
0 1 1 1 X 1 5 111 1101 - -
1 1 1 0 X 0 2 111 1011 - -
1 1 1 0 X 1 6 1011 111 - -
1 1 0 1 X 0 3 111 0111 - -
1 1 0 1 X 1 7 0111 111 ; }
2or4 | 1 1 1 1 X X X 111 111 111 111
0 0 x X X x | rRow | 1111 111 111 111 |Rew
0010 |2 Way Rank Multit| 2 1 0 X X 0 X 0 - - 1110 1110 |2 Gbit DDR3
plication using 1 0 X X 1 X - - 1011 o |0RAM
ALTS] 0 1 X X 0 X 1 } } 1101 1101
0 1 X X 1 X 3 } } 0111 0111
4 1 0 1 1 0 X 0 111 1110 - -
1 0 1 1 1 X 4 1110 111 - -
0 1 1 1 0 X 1 1101 111 - -
0 1 1 1 1 X 5 111 1101 - -
1 1 1 0 0 X 2 111 1011 } ;
1 1 1 0 1 X 6 1011 111 } }
1 1 0 1 0 X 3 111 0111 - -
1 1 0 1 1 X 7 0111 111 - -
2ora | 1 1 1 X X X 111 111 111 111
o | o | «x x | x x | row | 111 i | e | |Row
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Table 14 — Normal (1:1), 2 Way (1:2) and 4 Way (1:4) Rank Multiplication Control Signal Decoding with
Rank 1 and Rank 5 Swap (F[0]RC2 DA4 = 0b)

N cs | cs | At | Aner 8 Rank | 8 Rank ;'fﬁi 1,2,4Rank
FORC15 Description #DCS HLn | 0L n CS CS |A[15]|A[14]| Rank # Q.BCS QACSI3: QBCS3: QACS[3:0]| Comment
[B8].n [2]_n [3:0]_n 0l_n OLn _n
0011 |2 Way Rank Multi| 2 1 0 X 0 X X 0 - - 1110 1110 |4 Gbit DDR3
plication using 1 0 X 1 X X 2 - - 1011 o |0RAM
ALT6] 0 1 X 0 X X 1 - - 101 101
0 1 X 1 X X 3 - - 0111 0111
= 1 |
2o0r4d 1 1 1 X X X X - - 1111 1111
0 0 X X X x | row | 111 111 111 111 |Row
0101 [4 Way Rank Multif| 2 1 0 X X 0 0 0 111 1110 - - |1 GbitDDR3
plication using 1 0 N X 0 1 ) 1 o1 - X SDRAM
ATS:14] 1 0 X X 1 0 4 1110 111 - -
1 0 X X 1 1 6 1011 111 - -
0 1 X X 0 0 1 101 111 - -
0 1 X X 0 | s | o | oo [ - -
0 1 X X 1 0 5 111 101 - -
0 1 X X 1 o7 | oo | omn |- -
1 1 X X X X X 1111 1111 - -
0 0 X X X x | row | 111 111 - - |rew
0110 |4 Way Rank Multi| 2 1 0 X 0 0 X 0 111 1110 - - |2cbitDDR3
plication using 1 0 X 0 1 X 2 111 1011 - —|SoRaM
AL16:15] 1 0 X 1 0 X 4 1110 111 - - Host drives
CS#[2] as
1 0 X 1 1 X 6 1011 111 - - |aneg
0 1 X 0 0 X 1 101 111 - -
0 1 X 0 1 x | s | o | oom [ - -
0 1 X 1 0 X 5 111 101 - -
0 1 X 1 1 x |7 | ot | o |- -
1 1 X X X X X 111 111 - -
0 0 X X X x | row | 111 111 - - |rew
0111 |4 Way Rank Multit] 2 1 0 0 0 X X 0 111 1110 - - |4cbitDDR3
plication using 1 0 0 1 X X 2 111 1011 - —|SPRAM
ALT7:16] 1 0 1 0 X X 4 110 11 - - Host drives
CS#[3:2] as
1 0 1 1 X X 6 1011 111 - - A7)
0 1 0 0 X X 1 101 111 - -
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4.1.2.3 Rank Multiplication Command Details

This section provides the operational details for each command which the host can send to the DIMM when in Rank
Multiplication mode.

“RM bits” refer to the one (RM=2) or two (RM=4) address bits that are used for rank multiplication. These can be
address bits A17 through A14, based the physical rank density. See the RM bit table above.

4.1.2.3.1 Activate Command

The activate command is sent a single sub-rank (physical rank), as determined by the RM bit(s). Decoding is done
based on the Rank Decoding section above. It is the host’s responsibility to assure that no other pages are open in this
logical rank / bank combination before issuing the Activate command. The RM bit(s) are stored by the MB for this
logical rank / bank combination for later use by read and write commands.

4.1.2.3.2 Read or Write commands

Read and write commands are handled in the same manner. This also includes the Autoprecharge options (as
determined by A10) and the burst length options (as determined by A12 and an MR bit).

The read and write commands are sent to a single sub-rank, as determined by the stored RM bits from the most recent
Activate command to this logical rank / bank combination. For instance, if the most recent Activate command to
logical rank 0, bank 2 targeted physical rank 4, then the read and write commands to logical rank 0 bank 2 will also
target physical rank 4.

Unlike DRAMs, where the read data is always aligned to the edges of the incoming clock, the read data from the MB
on the Host Bus is aligned to an internal clock phase based on the Receiver Enable training results of the MB to the
DRAMs.

In Minimum latency mode (F3RC6 DA3,DA4="00") for speeds up to and including 1600 MT/s, each byte / nibble
lane independently determines the internal Host side read data clock phase based on the longest read round trip
latency from all the DRAMs attached to that particular byte / nibble lane. The result of this is that each byte/nibble
lane will have different read timing as seen by the Host controller, but no matter which physical rank is read, the MB
will have constant timing for that particular byte/nibble lane.

In Minimum latency mode (F3RC6 DA3,DA4="00") for speeds greater than 1600 MT/s (i.e., 1866 MT/s and 2133
MT/s), each byte lane independently determines the internal Host side read data clock phase based on the longest read
round trip latency from all the DRAMs attached to that particular byte lane. The result of this is that each byte lane
will have different read timing as seen by the Host controller, but no matter which physical rank is read, the MB will
have constant timing for that particular byte lane.

In Minimum skew mode (F3RC6 DA3,DA4="10"), the MB uses the longest read round trip latency from all of the
byte/nibble lanes to derive the common internal read clock phase for all of the byte/nibble lanes. This result of this is
that all 72 bits of the MB are driven in unison based on this common internal read clock no matter which physical
rank is read.
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4.1.2.3.3 Precharge Single and Precharge All Commands
The Precharge Single command operation is based on the Precharge Control configuration bit (FORC14 bit DA4).

A configuration bit and address bit determine the operation of the Precharge Single and Precharge All commands.

Table 15 — Precharge Single and Precharge All Command Control

Refresh/
Precharge
Control bit A0 of the
(FORC14 DA4) command Command action
0 X Broadcast to all sub-ranks
1 0 Send to sub-rank specified by RM bits
1 1 Broadcast to all sub-ranks

When Broadcast to All Sub-ranks is specified, the Precharge command will be sent to all sub-ranks of the logical
rank. A Precharge Single command targets only one bank, as specified by BA[2:0]. There can only be a page open in
one sub-rank of a given bank. The other sub-ranks will not perform any operation. A Precharge All command affects
all 8 banks of the logical rank. Different banks may have a page open in different sub-ranks. The Precharge All will
close all banks in all sub-ranks associated with the logical rank.

When the Precharge command targets a single sub-rank, the RM bits from the host are used to specify the sub-rank.
Note that it does NOT use the stored RM bits like the read and write commands, but uses the RM bit(s) sent by the
host along with the Precharge Single Command. The RM bits are in the same location as they are for the Activate
command, which is based on the physical DRAM density. The primary purpose of this mode is to allow the pages to
be closed in an individual rank in preparation for a targeted refresh without closing pages in physical ranks that will
not be targeted by the refresh. It also allows activity to some physical ranks while others are being refreshed. A rank
being refreshed cannot accept a Precharge command.

4.1.2.3.4 Refresh Command

The Refresh Command has three modes of operation based on the Refresh Control bit and the Refresh_Stagger
register.

4.1.2.3.4.1 Refresh Broadcast without Stagger

Refresh Broadcast without stagger is the default mode. In this mode the refresh command is sent to all sub-ranks
associated with the logical rank. The refresh is sent at the same time to all of these ranks. This mode is selected when
the Refresh control bit is set to a 0 and the Refresh Stagger register is set to all Os.

4.1.2.3.4.2 Refresh Broadcast with Stagger

Refresh Broadcast with Stagger is selected when the Refresh Control bit is set to a 0 and the Refresh Stagger is non[]
zero. In this mode the refresh will be immediately sent to one of the sub-ranks, then sent to each successive sub-rank
after a programmed amount of time. After the stagger time it is possible that the host controller is sending commands
to other logical ranks on the DIMM, making the DRAM bus unavailable. The MB will wait for an available command
slot by monitoring the command flow from the host. Following the 2nd sub-rank refresh the process is complete for
RM=2. For RM=4 the stagger process repeats two more times.

The host controller must adjust its tRFC take into account the staggering of the refreshes, and the extra clocks that the
controller may have to wait for an open command slot. In a very unusual case the number of extra clocks that the MB
may have to wait for an empty slot could be very large. To avoid having to set a very large tRFC to accommodate this,
a Refresh Jitter Limit is programmed. This limits the total number of extra clocks added due command slots being
unavailable. If the limit is reached, the rest of the sub-rank refreshes are dropped. Dropping refreshes on very rare
occasions is less hazardous than violating the tRFC of a DRAM.
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4.1.2.3.4.2 Refresh Broadcast with Stagger (cont’d)

The following algorithm is used by the MB:
* 1) Host sends Refresh Command to MB

* 2) MB sends Refresh command to the physical rank pointed to by the Refresh Subrank Pointer for this logical
rank. Refresh Subrank Pointer is incremented.

* 3) MB loads the Refresh_Jitter counter based on the Refresh_Jitter register setting.
* 4) MB loads the Refresh_Stagger counter based on the Refresh_Stagger register setting.

* 5) MB decrements the Refresh Stagger counter on each DRAM clock. Refresh Jitter counter does NOT
decrement.

* 6) When Refresh Stagger counter reaches 0 the next Refresh is queued up and sent as soon as the DRAM
command bus becomes available.

» 7) The Refresh lJitter counter is decremented on each clock that the MB must wait on an unavailable DRAM
command bus. If the Refresh_Jitter counter reaches 0, the refreshes for the rest of the sub-ranks, including the
one queued up are cancelled. Go to step 10 in this case.

» 8) As soon as the DRAM bus becomes available the Refresh Command is sent to the sub-rank pointed to by the
Refresh Subrank Pointer and the pointer is incremented.

* 9) If there are still subranks to refresh, return to step 4 (Note that the Jitter counter is NOT reset).
* 10) If the Refresh_Start rank bit is set to 0, set the Refresh_Subrank Pointer to 0, else leave it where it was.

The host’s tRFC is set to the
DRAM tRFC + (RM-1) * Refresh_Stagger + Refresh_Jitter_Limit

Where RM = the Rank Multiplication factor (2 or 4). It is the host’s responsibility to set the Refresh Jitter Limit
based on the controller design, and the frequency of dropped refreshes that is acceptable.

4.1.2.3.4.3 Targeted Refresh
The Targeted Refresh mode is used if the Refresh Control bit is set to a 1. In this case the refresh command is sent to

the sub-rank determined by the RM bits sent by the host. It is the host’s responsibility to manage refresh to each
subrank.

4.1.2.3.5 ZQ Cal Command

ZQ Cal commands are to all sub-ranks associated with a logical rank. Note that this requires that each physical rank
have separate ZQ resistors.

4.1.2.3.6 Enter Self Refresh

Self Refresh is entered by sending a Refresh on the command signals at the same time as CKE is sampled low, with
CKE having been high on the previous clock. All sub-ranks of a logical rank will be put in self refresh together. The
command will be broadcast to all sub-ranks even if the Refresh Control bit is set to the target refresh mode.

When the number of DCKE inputs being used matches the number of logical ranks (DCS_n inputs being used) the
host has individual control of which ranks are put into self refresh.

There are several special cases when the number of DCKEs and DQCS_ns do not match.
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4.1.2.3.6.1 2 DCKE mode with 4 or 8 logical ranks

In this case all of the even numbered logical ranks must be put into self refresh together, asserting all of the even
numbered DCS_n signals. Likewise all odd numbered logical ranks must be put into self refresh together, asserting
all of the odd numbered DCS_n signals. This is required due to the sharing of the DCKE input. Putting one logical
rank into self refresh by asserting only one DCS_n signal would put the other ranks associated with that DCKE input
into one of the power down states (Precharge powerdown if all paged closed). Raising CKE again to attempt to put
another rank into self refresh would cause the first rank to exit self refresh.

4.1.2.3.6.2 4 DCKE mode with 8 logical ranks

In this case ranks 0 & 4 must be put into self refresh together. Likewise with ranks 1 & 5,2 & 6, and 3 & 7 as each of
these rank pairs share a DCKE. Note that 8 logical rank mode may not be supported on the DIMM.

4.1.2.3.6.3 4 DCKE mode with 2 logical ranks

This mode is possible to allow sub-rank granularity for CKE control. DCKEO and DCKE2 will both be associated
with the DCS0_n logical ranks, but control the QCKE to different subranks. The entire logical rank must be put into
self refresh at the same time, which means that DCKEO and DCKE2 must both transition during the self refresh entry
command. Likewise for DCKE1 and DCKE3. Taking just one DCKE from high to low at the self refresh entry is not
defined, and MB operation is indeterminate.

4.1.2.3.6.4 Soft CKE

With soft CKE the QCKE outputs are controlled by host commands, not directly by the DCKE inputs. Since a soft
CKE command cannot be sent at the same time as a refresh command, enter self refresh and exit self refresh are
special cases where the DCKE inputs DO affect the QCKE outputs. Soft CKE will always use 2 DCKE inputs.
Normally transitions on the DCKE inputs are not transferred to the QCKE outputs, but are used to control the MB
power state. When the MB detects an Enter Self Refresh command by means of a DCKEO being sampled high
followed by sampled low with a refresh command on the even numbered DCS_n inputs, the associated QCKEO and
QCKE2 will be taken low with refresh command sent to the DRAMs in order to put all of those physical ranks into
self refresh. Likewise with DCKEI and the odd DCS_n inputs.

It is the host’s responsibility to have all QCKE outputs high (via a soft refresh command) before the Self Refresh
Entry command. If the host has one or more of the QCKE outputs low, the self refresh command will be ignored by
the physical ranks associated with that QCKE output and the DRAMs will not enter self refresh.

Exiting self refresh is also a special case where the DCKE low to high transition is passed through to the appropriate
QCKE outputs. An Exit Self Refresh command looks the same to the MB as an Exit Powerdown command (MB
powerdown in this case), but the MB must be able to take different actions based on which command it is. The MB
accomplishes this by storing whether the most recent high to low transition on each DCKE input was an Enter Self
Refresh or not. If it was a self refresh entry, the subsequent low to high transition on that DCKE is considered an Exit
Self Refresh, and passed onto the QCKE output. Otherwise the DCKE transition is not passed onto the QCKE outputs
and only used for power control of the MB itself.

A common restriction for all cases is that logical ranks 0 and 1 cannot be put into self refresh on the same clock as

this would activate CSO_n and CS1 n simultaneously. The MB would interpret this as a Control Word write and the
command would not be sent to the DRAMs.

4.1.2.3.7 Exit Self Refresh

Taking a DCKE high will cause the associated QCKE(s) to go high taking the DRAMs out of self refresh mode. Any
number of DCKE signals may go high at once. See the Enter Self Refresh section above for special handling of the
Exit Self Refresh command.

Taking a QCKE output from low to high will take the associated ranks out of whatever power down mode (self
refresh, precharge powerdown slow, precharge powerdown fast, or active powerdown) that they were in.
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4.1.2.3.8 Mode Register Set

The operation of the Mode Register Set command is controlled by the MRS control bit. When a 0, MRS commands
are sent to all sub-ranks. When a 1 it targets only the sub-rank selected by the RM bits. The targeted commands will
be necessary to set different sub-ranks Rtt nom values and Precharge Powerdown modes.

A configuration bit and address bit determine the operation of the MRS command.

Table 16 — MRS Control

MRS
Control bit A13 of the
(FORC14 DBA0) command Command action
0 X Broadcast to all sub-ranks
1 0 Send to sub-rank specified by RM bits
1 1 Broadcast to all sub-ranks

When Broadcast to All Sub-ranks is specified, the MRS command will be sent to all sub-ranks of the logical rank
When the MRS command targets a single sub-rank, the RM bits from the host are used to specify the sub-rank. Note
that it does NOT use the stored RM bits like the read and write commands, but uses the RM bit(s) sent by the host

along with the Mode Register Set Command. The RM bits are in the same location as they are for the Activate
command, which is based on the physical DRAM density.

4.1.2.3.9 NOP

A NOP is when DRAS n, DCAS n, and DWE _n are all high, and one of the DCS_n inputs is low. The MB will pass
a NOP onto the DRAM bus, broadcasting to all sub-ranks.

4.1.2.3.10 Control Word Write
The control word is written into the MB when DCSO_n and DCS1 _n are both asserted. This case is treated as a

Deselect as far as the DRAM interface is concerned. The command and address are not sent on to the DRAM bus and
no QCS is asserted. The control register in the MB is written according to the address bits.

4.1.2.3.11 Deselect

Deselect is when all DCS_n inputs remain high. The command and address signals are not passed onto the Q outputs
on a deselect.

4.2 Command, Address, and Control Signal usage

The MB handles the Command, Address and Control signals somewhat differently than a standard RDIMM.

4.2.1 Command Signals

The Command signals are RAS n, CAS n, and WE_n. They are used for the DRAM command encoding, although
the state or actions on both address and control signals sometimes are used in the encoding of the command.

In most cases the command signals are passed directly through the MB to the DRAM busses. The table below lists
each command and the actions of the MB.

0048


http:4.1.2.3.11
http:4.1.2.3.10

JEDEC Standard No. 82-30
Page 35

Table 17— Command and MB Action

RAS_ | CAS_
Command n n |WE_n|Oth Conditions MB Action.

Activate L H H Pass through to DRAM bus. Single sub-rank receives
Chip Select.

Read or H L H Pass through to DRAM bus. Single sub-rank receives

Read with Auto Precharge Chip Select.

Write or H L L Pass through to DRAM bus. Single sub-rank receives

Write with Auto Precharge Chip Select.

Precharge Single L H L JAIO=L Pass through to DRAM bus. With Rank Multiplication,
a configuration bit determines whether all sub-ranks
receive a Chip Select or just one.

Precharge All L H L |[AlIO=H Pass through to DRAM bus. With Rank Multiplication,
a configuration bit determines whether all sub-ranks
receive a Chip Select or just one.

Refresh L L H |CKE=H Pass through to DRAM bus. With Rank Multiplication,
configuration bits determine whether it is broadcast,
sent to sub-ranks with a stagger, or sent to a single sub-
rank.

ZQ Calibration H H L [A15:13=000 or |Pass through to DRAM bus. Broadcast to all subranks.

Soft CKE dis[]
abled

Soft CKE H H L [A15:13=001 Command is not sent to DRAM bus. MB changes the

and Soft CKE |QCKE outputs based on A3:0.
enabled

Reserved H H L |A15:13 not 000 [Command is not sent to the DRAM bus. Treated as

or 001 with soft [NOP.
CKE enabled

Enter Self Refresh L L H |[CKE transil] Pass through to DRAM bus. With Rank Multiplication,

tions Hto L it is broadcast to all sub-ranks. See in previous section.

Exit Self Refresh CMD is NOP or |See the CKE control section.

deselect, CKE
transitions L to
H.

Mode Register Set L L L Pass through to DRAM bus. With Rank Multiplication,
a configuration bit determines whether all sub-ranks
receive a Chip Select or just one. The MB will snoop
the Mode Register Set commands, storing the MRS bits
for its own usage.

NOP H H H Command is not passed to the DRAM bus. It is treated
the same as a Deselect.

Deselect X X X [AIlCS ninputs | Command is not passed to the DRAM bus.

=H

Table 17 does not differentiate all permutations of commands, such as ZQ Calibration Long or Short. The address bits
which select these permutations are passed to the DRAMs.

Individual Command actions are discussed in a previous section.
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4.2.2 Address Signals

The address signals consist of A15:0 and BA2:0. In the Rank Multiplication mode one or two address bits are used as
sub-rank select bits which are decoded by the MB.

All address bits are passed through to the DRAM busses whenever any of the Chip Selects are active with the
following exceptions:

* A Register Control Word is being written (chip selects 0 & 1 are active at the same time).

» All DCKE inputs to the MB are low and the CKE Power Down Mode Enable bit is set. The MB ignores the DCS
inputs in this case.

* Soft CKE commands.
4.2.3 Control Signals

Control Signals include the CS_n signals (anywhere from 2 to 8 inputs), CKE (2 or 4) and ODT (1 or 2).

4.2.3.1 Chip Select signals

The Chip Select signals are handled differently depending on whether Rank Multiplication or direct addressing is
being used.

4.2.3.1.1 Chip Selects with Direct Addressing

The Chip Select inputs operate the same way in the MB as with LRDIMMs. Each DCS_n input is associated with one
physical rank on the DIMM and is passed through the MB to the DRAM side QCS output(s) associated with that
rank. The DCS_n is not passed through under the following conditions:

* A Register Control Word is being written (chip selects 0 & lare active at the same time).

» All DCKE inputs to the MB are low and the CKE Power Down Mode Enable bit is set. The MB ignores the DCS
inputs in this case.

* Soft CKE commands.

Direct addressing may be done with:
» Two physical ranks and two chip selects (DCSO_n and DCS1_n) with operation much like a dual rank RDIMM
» Four physical ranks and four chip selects (DCS[3:0]) with operation much like a quad rank RDIMM

+ Eight physical ranks and eight chip selects (DCS[7:0]). A special non-JEDEC DIMM is required for eight chip
select support.

4.2.3.1.2 Chip Selects with Rank Multiplication

In the Rank Multiplication mode, the MB will use one or two address bits to determine which sub-rank is targeted.
The particular command, and configuration settings will determine how the CS is passed through.

See the Rank Multiplication section for more details.

4.2.3.2 CKE Signals

LRDIMMs have three modes of operation for CKE. These are summarized in Table 18.
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Table 18 — CKE Modes
Separately
controlled
DCKE| QCKE
Mode Inputs| outputs Mapping Description
2 DCKE mode 2 2 DCKEO --> QCKEO & QCKE2[Same as RDIMM mapping. CKE mputs are passed
DCKE] --> QCKE1 & QCKE3 |onto outputs
4 DCKE mode 4 4 DCKEO --> QCKEO Extended to four CKE inputs, providing finer granul]
DCKE1 --> QCKEI larity CKE control.
DCKE2 --> QCKE2
DCKE3 --> QCKE3
Soft CKE mode 2 4 QCKE outputs individually QCKE outputs are controlled by commands. QCKE
controlled via a command. outputs do not follow the DCKE inputs EXCEPT for
the Enter Self Refresh Entry command. DCKE
inputs still control the power state of the buffer
itself.

4.2.3.2.1 2 DCKE mode (RDIMM Compatible Mode)

Normal RDIMMs have two CKE inputs. CKEO goes to Rank 0 and Rank 2 (quad rank DIMMs). CKE1 goes to Rank
1 (dual or quad rank DIMMs) and Rank 3 (quad rank DIMMs).

LRDIMMs use this same configuration by default, extending it to 8 rank DIMMs by having DCKEO go to all even
numbered ranks (both physical and logical), and DCKEI go to all odd numbered ranks. The DCKE input is always
sent on to the appropriate QCKE outputs in this mode.

This is the default mode of the DIMM following RESET.

4.2.3.2.2 4 DCKE mode

The buffer may be configured to have 4 DCKE inputs for finer granularity rank control of power management. The
additional DCKE inputs are achieved by using a formerly NC pin for DCKE2 and the ODT1 pin for DCKE3. ODT1
is not required for LRDIMM s since there is a single load presented to the DIMM connector.

4.2.3.2.3 Soft CKE mode

In Soft CKE mode the QCKE outputs are controlled by commands sent by the host. The DCKE inputs do not affect
the QCKE outputs except for the Self Refresh Entry and the Self Refresh Exit commands. The DCKE inputs do affect
the power state of the MB, however. The MB will not accept commands when both DCKE inputs are low and the
CKE Power Down Mode Enable bit is set.

The Soft CKE command uses a further decode of the ZQ cal command encoding, using address bits A15:13. The Soft

CKE command controls all 4 QCKE outputs at once. It can be issued with any DCS_n input active and will perform
the same function regardless of which DCS n input is activated.
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Table 19— Soft CKE command

Command |[RAS n|CAS n|WE_n|Al15|A14{A13|A12:11| A10 |[A9:8| A7:4| A3 A2 Al A0
ZQ Cal short H H L 0010 X 0 X X X X X X
ZQ Cal long H H L 0010 X 1 X X X X X X

Soft CKE H H L 001 X X x | TBD |QCKE|QCKE|QCKE|QCKE
3 2 1 0

Reserved H H L X 1 X X X X X X X X X

Reserved H H L 1 X | X X X X X X X X X

When Soft CKE is disabled, A15:13 are ignored and all combinations are considered ZQ cal commands. The MB will
accept a Soft CKE command when any of the configured DCS_n inputs are active. All four QCKE outputs will be

affected by the Soft CKE command regardless of which DCS_n input was active for the command. As usual, the soft
CKE command is not accepted by the MB unless a DCS n input is low and at least one of the DCKE inputs is high.

On a soft CKE command the QCKE outputs will be affected with the same timing as the address/command signals as
if it were a DRAM command. The soft CKE command only affects the QCKE outputs. The address/command signals
do not change and the QCS_n outputs are not asserted.

See the Rank Multiplication Enter Self Refresh command section for details on how self refresh is entered when in
the Soft CKE mode.

4.2.3.3 ODT signals

ODT is handled separately for the host and DRAM sides of the MB. The DODT signals affect the termination applied
by the MB onto the host side data bus. The QODT signals affect the termination applied by the DRAMs onto the
DRAM side data bus. DDR3 MB will not be required to provide asynchronous DODT functionality as described for
the SDRAM in JESD79-3

4.2.3.3.1 Host side ODT (DODT signals)

On the host bus the MB acts as a DRAM device as far as applying ODT to the data bus, i.e. the MB has the same
ODT latencies and timing parameters as a DRAM in relationship to the clock edges. Since the MB appears as only
one load to the host, it effectively appears as a single rank DIMM ODT wise. Only DODTO is required for proper
operation, but DODT1 may also be used, based on FORC6 DBAO. When FORC6 DBA0=0, only DODTO is used.
When FORC6 DBAO=1 DODTO0 and DODT]1 are ORed together in the buffer, with either high enabling the
termination.

When 4 DCKE mode is used, DCKE3 uses the DODT1 signal. In this case only DODTO is used for ODT control by
the buffer and FORC6 DBAO needs to be set to '0'.

The MB monitors the host commands, and applies Rtt NOM and Rtt WR in the same manner as a DRAM except
that it looks at all configured DCS_n inputs, and both ODT inputs (unless 4 DCKE mode is used).

RTT Nom and RTT_ WR can be individually set to: Disabled, or 30, 40, 60, 80, 120 or 240 ohms. The 240 ohm
selection is optional for the buffer for RTT Nom. These are set through F[3]RCO for RTT Nom and F[3]RC1 for
RTT WR. See the Control Word chapter for the encodings.

The DODT input signals do not directly affect the QODT outputs.
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4.2.3.3.2 DRAM side ODT (QODT signals)

On the DRAM side the MB acts like a host controller by enabling its internal termination on reads, and controlling
the QODT output signals to the DRAMSs. The control and timing of the QODT signals is controlled by the MB logic,
as configured by the host.

There are two sets of ODT outputs with two copies each. They are named Q[A/B]JODTO0 and Q[A/B]ODT1, with the
A and B sets on opposite sides of the MB package. The two QODT output sets are controlled individually by the MB.
QAODTO0 and QBODTO generally go to physical rank 0 while QAODT1 and QBODT1 generally go to physical rank
1. The remaining physical ranks have their ODT inputs tied to VDD. This allows physical ranks 0 and 1 to assert
Rtt NOM, while any physical rank can assert Rtt WR when it is written to. All physical ranks with their ODT tied to
VDD must have Rtt NOM disabled. Refer to the raw card designs for exact connections.

The MB is has control word registers to determine when the QODT signals are asserted. For each rank there are
separate bits for the two QODT output sets, and a separate set for reads and writes to the ranks. This is a total of 32
bits (8 ranks * 2 ODT signals * 2 for read & write).

4.3 Parity

The MB includes a parity checking function. The MB accepts a parity bit from the memory controller at its
input pin PAR _IN one cycle after the corresponding data input, compares it with the data received on the
D-inputs and indicates on its open-drain ERROUT n pin (active low) whether a parity error has occurred.
The computation only takes place for data which is qualified by at least one of the DCS[n:0] n signals
being LOW.

If an error occurs, ERROUT n is driven low with the third input clock edge after the corresponding data
on the D-inputs. It becomes high impedance with the 5th input clock cycle after the data corresponding
with a parity error. In case of consecutive errors, ERROUT n becomes high impedance with the 5th input
clock cycle after the last data corresponding with a parity error. The DIMM-dependent signals (DCKEn,
DCSn_n, and DODTn) are not included in the parity check computations.

The following signals are included in the parity calculation:

+ PAR IN
* RAS n,CAS n, WE n
* BA2:0
+ Al5:0
* A17:16 are included only if the Parity Calculation field in FORC11 = 01.
The FORC11 control word contains a two bit Parity Calculation field allowing parity checking to be disabled

(default), parity checking without A17 and A16, and parity checking with A17 and A16. Refer to the Control Word
chapter for details.

4.3.1 Parity Timing Scheme Waveforms

The PAR_IN signal arrives one input clock cycle after the corresponding data input signals. ERROUT n is generated
three input clock cycles after the corresponding data is registered. If ERROUT n goes low, it stays low for a
minimum of two input clock cycles or until RESET n is driven low. Figure 3 shows the parity diagram with single
parity-error occurrence and assumes the occurrence of only one parity error when data is clocked in at the n input
clock cycle (PAR_IN clocked in on the n+1 input clock cycle).
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4.3.1 Parity Timing Scheme Waveforms (cont’d)

Inout n n+1 n+2 n+3 n+4 n+5 n+6
P CKII ) | | | | | | | |
I I I I I I I I
CA X cAo cal X cp X
I [ I [ I [ I [
PAR_IN R X Rt X R
I I | I | I I I
ERROUT_n | | |
ERROUT _n resulting from CA0 - PO

(1) CK_n left out for better visibility
Figure 3 — Timing of clock, data and parity signals
Figure 4 shows the parity diagram with two consecutive parity-error occurrences and assumes the occurrence of both

parity errors when data is clocked in at the n and n+1 input clock cycles (PAR_IN clocked in on the n+1 and n+2
input clock cycles).

Input n n+1 n+2 n+3 n+4 n+5 n+6
| | | | | | | |
cK
| | | I | I | I
CA X o X oAt X cm

I [ I I [ I [

PAR_IN | | 4 FiO X PI‘I PIZ | | |
ERROUT_n | | |

ERROUT _n resulting from CAO - PO, followed by 2nd error in CA1 - P1

(1) CK_n left out for better visibility

Figure 4 — Two Consecutive Parity-Error Occurrences

Figure 5 shows the parity diagram with two parity-error occurrences separated by a clock cycle with no error
occurrence. The diagram assumes the occurrence of two parity errors when data is clocked in at the n and n+2 input
clock cycles (PAR _IN clocked in on the n+1 and n+3 input clock cycles).

Inout n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9
I | | | | | I I | I | |
CA XG0 X ou o X ow X oM X o X
I I I I [ I I [ | | | [
R e e L B
ERROUT_n | | | | |
ERROUT _n resulting from CAO - PO, followed by 2nd error in CA2 - P2

(1) CK_n left out for better visibility

Figure 5 — Two Parity-Error Occurrences Separated by a Clock Cycle of no Error Occurrence
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4.3.1 Parity Timing Scheme Waveforms (cont’d)

Figure 6 shows the parity diagram with two parity-error occurrences separated by two input clock cycles
with no error occurrence. The diagram assumes the occurrence of two parity errors when data is clocked in
at the n and n+3 input clock cycles (PAR_IN clocked in on the n+1 and n+4 input clock cycles).

Input n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9

CA IX (i;Ao X CiAI c;i\z X CI\S X C/i\4 X c;ixs XI | | | I
XX X X X X

ERROUT_n | | | | | |
ERROUT _n resulting from CAO - PO, followed by 2nd error in CA3 - P3

(1) CK_n left out for better visibility
Figure 6 — Two Parity-Error Occurrences Separated by two Clock Cycle of no Error Occurrence

Figure 7 shows the parity diagram with two parity-error occurrences; during chip-select and chip-deselect
modes. The diagram assumes the occurrence of both parity errors when data is clocked in at the n and n+4
input clock cycles (PAR _IN clocked in on the n+1 and n+5 input clock cycles). Parity error in the chip-
select mode is detected, but parity error in the chip-deselect mode is ignored.

Input n n+1 n+2 n+3 n+4 n+5 n+6

| | | | | | | |
cK

I I I I I I I

CA ) cAl X e X
I | I [ I | I |
PAR_IN R X Rt X R

I I | I | I I I

DCSx_n | | | | | | |
ERROUT_n

ERROUT _n resulting from CAO - PO, subsequent parity errors during DCSx_n high ignored

(1) CK_n left out for better visibility.

Figure 7 — Parity-Error Occurrence In Chip-Deselect Mode
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4.3.1 Parity Timing Scheme Waveforms (cont’d)

Figure 8 shows the parity diagram with two parity-error occurrences; during normal operation and during
control register programming. The diagram assumes the occurrence of both parity errors when data is
clocked in at the n and n+4 input clock cycles (PAR _IN clocked in on the n+1 and n+5 input clock cycles).
The data on the n+4 input clock pulse is intended for the control mode register. Parity error during control
mode register programming is detected and the parity functionality is the same as during normal operation.
If a parity error occurs, the command is ignored.

n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9
Input

CA | X iCA[) X ciA1 ciAz X cixs X CiA4 X clAs X
PAR_IN anXrPXFizXﬁlsXTtXﬁIsX

DCS0_n | | | | | | | | | | |

DCS1_n

ERROUT_n

ERROUT _n resulting from CAO - PO, followed by 2nd error during control word access in CA3 - P3

(1) CK_n left out for better visibility

Figure 8 — Parity-Error Occurrences During Control Word Programming

4.4 Dynamic 1T/3T Timing Transaction and Output Inversion Enabling/Disabling

Output Inversion is always enabled by default, after RESET n is de-asserted, to conserve power and
reduce simultaneous output switching current. All A-outputs will follow the equivalent inputs, however the
following B-outputs will be driven to the complement of the matching A-outputs: QBA3 - QBA9, QBAI1,
QBA13 - QBA15, QBBAO - QBBA2.

* QAXxxx output

Dxxx input

Register

¢ QBxxx output

MRS
Decoder

Figure 9 — Output Inversion Functional Diagram

The Output Inversion feature is not used during DRAM MRS command access. When Output Inversion is
disabled, all corresponding A and B output drivers of the MB are driven to the same logic levels. Output
Inversion must be disabled when the MRS and EMRS commands must be issued to the DRAMSs, for
example, to assure that the same programming is issued to all DRAM:s in a rank.
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4.4 Dynamic 1T/3T Timing Transaction and Output Inversion Enabling/Disabling (cont’d)

With Output Inversion disabled during MRS access, in order to allow correct DRAM accesses with the
consequently increased simultaneous switching propagation delay the devices supports 3T timing. If this
feature is invoked the device drives the received data on its outputs for thee cycles instead of one. The only
exception are the QxCS[n:0] n outputs.

When the device decodes the MRS command (DRAS n=0, DCAS n=0, DWE=0 and only one
DCSn_n=0), it will disable the Output Inversion function and pass the DRAM MRS command with an
additional (one) clock delay on the appropriate QnCSx_n signal to the DRAM. Back-to-back MRS
command via the MB must have a minimum of tDRAM_MRS clock delays. The MB will automatically
enable Output Inversion if there is no DRAM MRS command tDRAM_MRS clock after the previous MRS
command. The MB will ignore commands on the tDRAM_MRS - 1) clocks following an MRS command.

The inputs and outputs relationships for 1T timing and 3T timing are shown in Figure 10, Figure 11 and
Figure 12.

Input n nt1  n+2  np+3 ntd n+5 N6 7 N8 N9 10 et peqo  N+13
ek NN NN NN
| | | Il | | | | ' | Il " ' '
DCKE[1:0] | I I I I I I I [ f 1 [ [ [
| | i | | | i i | i | | | |
DA[15:0], DBA[2:0] /
| | | I | I I I | I I | | |
DODT[1:0] __| | | | | | | | | | | | | |
DRAS | ! T\ ! ! I I ! 1 | ! !
| | | | | | | | | | | | | |
DCAS_n, DWE_n . i | |
| | i | | | i i | i | | | |
DCSOn | | | 4 | | | | i I I | i
DCS[n:1]_n@ [ [ i [ i i i i i [ [ [ i i
| | | | | | | | ! | | I ! !
T T T T T T T T T I 1 1
%uﬁits [n PHL p+2 p+3  nt4 pes B he7 M8 PO np10 g1l g2 M3
yn(
QCKE[10] | [ | | | | | | | i I I | |
| | | | | Il L
QAA[150], QABAZO], | | | e ' ' ! ! ' ' ' ! !
QBA12, QBA10, QBA[2:0] | | | [ | | | | | | | | | |
QBA15:13], QBAT1, | | | | | | | | | . .
QBA[9:3], QBBA[2:0] ' ! ! ! ' ' ! I ' '
QopT[:0] _| | | | | | | | | i I I | |
] ] | 1
aras.n 1 | | —\ i i i i | i | | | |
I I I | I I I I | I | | | |
QCAS_n, QWE_n
| | | I | | | | | | I I | |
Qcson | | i | | | i i | i | I | |
QcsnALn@ 1 | i i i | i | I i | | I I
| | | | | | | | | | | | |

(1) CK_n and Yn_n left out for better visibility

Figure 10 — 1T Timing During Normal Operation
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4.4 Dynamic 1T/3T Timing Transaction and Output Inversion Enabling/Disabling (cont’d)

Input n nt1 - n+2  n+3 nt4 p+5 N6 n+7 N8 n+9 410 n+11 ez n+13
U YA A S N A N A AN SN AN S
| [l | 1 | | | | 1 1 1 1 1
DCKE[1:0] ! I f I I I I I [ f I | [ [
I I | | I | | | | ' | | | |
DA[15:0], DBA[2:0] | | | | | / | | | | | | | | |
DODT[1:0] | | | | | utput|lnversion|DisabIed| | | | | | |
DRAS_n l ! ! \ l l :‘/lompuI InversionlenabledI l | |
| | | | | | | | | | | | |
DCAS_n, DWE_n \ . ; . .
| I I | | | I I | I | | | |
beson | N
pesiAln | | | I | | | I | I | | | |
| | | ] | | | | ! | ] 1 ! !
T T T T T T T T T T T T T T
Outputs |n P+1 p+2 P+3 [n+4  h+5 P+6 h+7 |n+8 h+9 nr10 4*11 12 nr13
@37 i
QCKE[1:0] | | | [ | | | | | | | | | |
Il Il | | 1 1
QAA[15:0], QABA[2:0], | | | | /] ! ! ! | I I [ | |
QBA12, QBA10, QBA[2:0] | | | | | | | | | | | | | |
QBA[15:13], QBA11, | | | | | | | . ,
QBA[9:3], QBBA[2:0] I [ I [ [ [ [
QoDT[:0] _| I | | | | | | | | | [ | |
! Il | 1
QRASn ! ! ! U | | | | | [ I | |
| | | | I I I I | I I I | |
QCAS_n, QWE_n ) ) | | | \
| | | | | | | | i | i i i i
acson || | N~
acsp:tLn | I i I I I I i I i | | I I
I I I | I I I I | | | | | |

(1) CK_n and Yn_n left out for better visibility.

Figure 11 — 3T Timing During DRAM MRS Command
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4.4 Dynamic 1T/3T Timing Transaction and Output Inversion Enabling/Disablin (cont’d)

Input n 1 n+2  n+3  n#4 e N6 ne7 N8 nt9  ne10  n+1 peq2 N*13
ck

| il n 4
I I [ [
L
| [ I |
Output ILversion Jnabled | |

AN

DCKE[1:0]

1
1 | | }
I I f I
| | | | | |
DA[15:0], DBA[2:0] I I | | |
| | |

| |
Outputs n |n+1 P+2 P+3 |n+4 h+5 p+6 h+7 |n+8 p+9 nrno 'I+11 n+12 n|+13

QCKE[1:0] |

DODT[1:0] } P)/Qutpud Inversion Disabled
DRAS.H | | | | | I I
| | | | | I
DCAS_n, DWE_n . . | |
I I | | | I | | I I I
s M —
DCSALn | | I I | | | | | [ |
| ] | ] | | | | l L !
T T T T T T 1 1
|

QAA[15:0], QABA[2:0], |
QBA12, QBA10, QBA[2:0] |

QBA[15:13], QBA11, |
QBA[9:3], QBBA[2:0]

I
I
|
I
QODT[:0] _| |
' I
I
I
I
[
|

QCAS_n, QWE_n

QCS[n:1]_n

(1) CK_n and Yn_n left out for better visibility
Figure 12 — 3T Timing During Multiple DRAM MRS Commands

4.5 Control Word Access Mechanism

The MB has internal control bits for adapting the configuration of certain device features. The control bits are
accessed by the simultaneous assertion of both DCS0_n and DCS1_n. MB Qn outputs including QxCKEO0, QxCKEI,
QxODTO0 and QxODT!1 remain in their previous state. Select signals QxCS[n:0] n are set to high during control word
access. Control word accesses may only occur after all previous DRAM commands have completed, including the
transfer of data.

RDIMM registers allocate 16 control words of 4 bits each. Due to the expanded configuration requirements of the
LRDIMM, the MB allocates 16 separate functions of 16 control words each. Control word 7 of each function sets the
function number, leaving 15 control words per function for the actual configuration bits. Function 0 is similar to the
RDIMM register.

The functions are named FO through F15 while the control words are named RCO through RC15. A specific register is
fully named by its function number and control word number as FxRCn. Selection of each word of control bits is
presented on inputs DAO through DA2 and DBA2. Data to be written into the configuration registers need to be
presented on DA3, DA4, DBAO and DBAL. Bits DA[15:5] must be low for a valid access. If Power-Down mode is
enabled in RCO[DBA1] at least one DCKE must be high for valid Control word access. The inputs on DRAS n,
DCAS n, DWE n and DODTJ[1:0] can be either high or low and are ignored by the MB during control word access.
In all cases Address and command parity is checked during control word write operations. ERROUT n is asserted
and the command is ignored if a parity error is detected. Using this mechanism, controllers may use the MB to
validate the address and command bus signal integrity to the module as long as one or more of the parity checked
input signals DA3..DA15, DBAO, DBA1, DRAS n, DCAS n, DWE n are kept high.
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4.6 Address Mirroring

Address mirroring allows for easier raw card routing by allowing specific pairs of address bits to be flipped on the
back side of the board. The MB allows address mirroring to be enabled on odd numbered physical ranks. Since odd
numbered physical ranks are always associated with odd numbered logical ranks (odd numbered DCSn_n inputs), it
is also true that when address mirroring is enabled, it is enabled for odd numbered logical ranks.

It is the host controller’s responsibility to switch the address bits in an MRS command to accommodate address
mirroring. This functionality is identical as to what is required for UDIMMs utilizing address mirroring. The MB
must be aware of mirroring, as it snoops MRS cycles, and is capable of generating its own MRS cycles during testing.

Table 20 is the address map for address mirroring.

Table 20 — Address Mirroring

Odd rank Odd Rank
DRAM DRAM
Even rank connection, connection,
Host bit MB DRAM Mirroring Mirroring
(MB input) | output | connection off. on Note
DAO QxA0 A0 A0 A0 A0 not flipped as it affects the burst start
DA1 QxAl Al Al Al Al not flipped as it affects the burst start
DA2 QxA2 A2 A2 A2 A2 not flipped as it affects the burst start
DA3 QxA3 A3 A3 A4
A3 and A4 flipped
DA4 QxA4 A4 A4 A3
DAS QxAS A5 AS A6 )
A5 and A6 flipped
DA6 QxA6 A6 A6 A5
DA7 QxA7 A7 A7 A8 )
A7 and A8 flipped
DAS QxA8 A8 A8 A7
DAY QxA9 A9 A9 A9
DA10 QxA10 Al10 A10 Al10 A10 cannot be flipped as it is Auto Precharge
DAI11 QxAll All All All
DA12 QxAl12 Al2 Al2 Al2 A12 cannot be flipped as it is Burst Length
DAI3 QxA13 Al3 Al3 Al3
A13 and above cannot be flipped because they
DA14 QxAl4 Al4 Ald Al4 are not present on all DRAM densities
DAIS QxAlS AlS AlS AlS
DBAO QxBAO BAO BAO BAl
BAO and BA1 flipped
DBAI QxBAIl BAI BAI BAO
DBA2 QxBA2 BA2 BA2 BA2

Address signals can only be flipped if they perform no other special function. A0-2 set the burst start location for
reads and writes, and cannot be flipped. A10 is the auto precharge bit for reads and writes. A12 is the burst length
when burst on the fly is used for reads and writes. A13 and above are not present on all DRAM densities, so they
cannot be flipped. Address signals can only be flipped in pairs as shown in the above table.

During MRS cycles, the address bits contain register information, so address all bits must be in their proper location.
This is done by having the host controller flip the bits when sending an MRS command to the DRAMs. Since MRS
cycles are not a critical path, it does not affect performance by requiring the controller (or the BIOS) to do this
muxing.

The MB will always pass the address straight through during MRS commands. The MB must know when mirroring is
being used, however, as it snoops the MRS commands in order to use this information as part of its configuration.
When Mirroring is enabled (by FORC14 DA3) the MB will flip the appropriate address bits during MRS accesses to
odd ranks before storing the bits internally.
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5 DRAM Interface Protocol and Requirement

5.1 Signals and Usage

5.1.1 Command / Address

There are two sets of Command / Address signals, for loading reasons. The two copies are identical except that the B
copy of many of the address signals are normally inverted from the A copy to lower the worst case simultaneous
switching conditions and to balance out the Vtt power supply loading.

Table 21 — Command / Address signals

Signal Description

QAA[15:0] A copy of the address bus.

QBA[15:13, 11, 9:3] B copy of the address bus which is inverted from the A
side when address inversion is enabled.

QBA[12,10,2:0] B copy of the address bus which is never inverted.
Inverting these signals would cause functional issues.

QABA[2:0] A copy of the Bank Address bus.

QBBA[2:0] B copy of the Bank Address bus. All bits are inverted
when address inversion is enabled.

QARAS n A copy of RAS

QBRAS n B copy of RAS. Always the same state as QARAS n

QACAS n A copy of CAS

QBCAS n B copy of CAS. Always the same state as QACAS n

QAWE n A copy of WE

QBWE n B copy of WE. Always the same state as QAWE n

5.1.1.1 Address Mirroring

Address mirroring allows the DRAMs on the back side of the DIMM to have some of the address bits flipped from
what they are on the front side of the DIMM. Bits can only be flipped when they cause no functional issue, so only
bits A[8:3] and BA[1:0] are mirrored. When mirroring is used, all odd numbered ranks are mirrored, and all even
numbered ranks are not mirrored.

Mirroring must be accounted for during MRS cycles, as each address bit affects specific MR bits. It is the host
controller’s responsibility to switch the address bits in an MRS command to accommodate address mirroring. The
functionality is identical as to what is required for UDIMMs utilizing address mirroring. The MB must be aware of
mirroring, as it snoops MRS cycles to determine the DRAM settings, and it is capable of generating its own MRS
cycles during training and testing.

An SPD bit determines whether the DIMM utilizes address mirroring. If mirroring is not used, all ranks are non-
mirrored. If mirroring is used, all odd numbered ranks (both logical and physical) are mirrored. Even numbered ranks
are never mirrored.

Table 22 indicates the address connections for both non-mirrored and mirrored ranks.
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51.1.1

Address Mirroring (cont’d)

Table 22 — Address Mirroring

DRAM pin, non

Buffer Output mirrored ranks | DRAM pin, mirrored ranks
Q[B:AJAO A0 A0
Q[B:A]JA1 Al Al
Q[B:AJA2 A2 A2
Q[B:AJA3 A3 A4
Q[B:A]A4 A4 A3
Q[B:AJAS A5 A6
Q[B:AJA6 A6 AS
Q[B:AJA7 A7 A8
Q[B:AJA8 A8 A7
Q[B:AJA9 A9 A9
Q[B:AJA10 Al10 A10
Q[B:AJA1l All All
Q[B:AJA12 Al12 Al12
Q[B:AJA13 Al3 Al3
Q[B:AJA14 Al4 Al4
Q[B:AJA15 AlS AlS
Q[B:A]BAO BAO BA1
Q[B:A]BA1 BA1 BAO
Q[B:A]BA2 BA2 BA2
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5.1.2 Control Signals

Table 23 — Control Signals

Signal Description.

QACS0 n/QCS0 n 4 Chip select mode: The A copy of chip selects 3:0.
QACS1_n/QCS1_n
QACS2 n/QCS2_n
QACS3 n/QCS3_n

QBCSO0 n/QCS4 n 4 Chip select mode: The B copy of chip selects 3:0.
QBCS1 n/QCS5 n Identical function as QACS[3:0] n copies.

QBCS2 n/QCS6_n
QBCS3 n/QCS7 n

QACKE][3:0] Clock Enable outputs 3:0, A side
CKEO goes to ranks 0 and 4
CKEI goes to ranks 1 and 5
CKE2 goes to ranks 2 and 6
CKE3 goes to ranks 3 and 7

8 Chip select mode: Only copy of chip selects 3:0.

8 Chip select mode: Only copy of chip selects 7:4.

QBCKE[3:0] Clock Enable output 3:0, B side. Identical function as
QACKEJ3:0].

QAODT[1:0] ODT output 1:0, A side.

QBODTJ1:0] ODT output 1:0, B side.

5.1.2.1 Chip Select outputs

The MB provides 8 chip select outputs which can be configured as either an A and B copy of four chip selects for 8
individual chip selects. For quad rank or smaller DIMMs there are two identical copies of each chip select which can
be routed to the left and right side of the DIMM. For 8 rank DIMMs, only one copy is available, which must be used
in a “T” configuration to both sides.

The chip select number indicates the physical rank number. The mapping to the DCKE inputs can be found in the
Host Interface Protocol chapter.

5.1.2.2 Clock Enable output

The MB provides 8 Clock Enable outputs which consists of an A and B copy of four independently controlled Clock
Enables. In 2 DCKE mode the CKEO and CKE2 are controlled together and CKE1 and CKE3 are controlled together.
In 4 DCKE mode or Soft CKE mode the 4 output sets are controlled together. See the Host Interface Protocol chapter
for detail. The CKEs must be routed according to the table above.

5.1.2.3 On Die Termination outputs.

The MB provides 2 sets of ODT outputs with 2 copies each. Each set is independently controlled. In general ODTO is
connected to Rank 0 and ODT1 is connected to Rank 1, but this is Raw Card dependent. Refer to the Raw Card
specifications for details.

For each set of ODT outputs there are 16 control bits to determine when it is activated. 8 bits for reads to each of the
8 physical ranks, and 8 bits for writes to each of the physical ranks.

5.1.3 Clock Outputs
There are four differential clock outputs to the DRAMs. Y[3:0] t/ Y[3:0] c.

Each clock output can be enabled or disabled independently to allow unused clocks to be disabled. The drive strength
of the clock output are controlled together as a group.
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5.1.4 Reset

The MB supplies one RESET output, labeled QRST n. This output goes to all DRAMs on the DIMM, if this output
is used. Alternatively, the RESET n signal from the DIMM connector may connect directly to the DRAM:s.

5.1.5 DRAM data bus

The DRAM data bus consists of 72 data bits and 18 strobe pairs. For x4 devices there are 4 data bits and one strobe
pair per DRAM of each rank. For x8 devices are there 8 data bits and one strobe pair per rank.

MDQS[17:9] are not used for x8 devices. The DM inputs of the DRAMs are tied to VSS.

Table 24 — Data bus connections

DRAM x4 DQ bits x4 DQS bits x8 DQ bits x8 DQS bits

0 MDQ[3:0] MDQS[0]_t/ ¢ MDQI[7:0] MDQS[0]_t/ ¢
1 MDQ[7:4] MDQS[9]_t/ ¢ MDQ[15:8] | MDQS[1] t/ ¢
2 MDQ[11:8] | MDQS[1] t/ ¢ MDQ[23:16] | MDQS[2] t/ ¢
3 MDQ[15:12] | MDQS[10] t/ ¢ MDQ[31:24] | MDQS[3] t/ ¢
4 MDQ[19:16] | MDQS[2] t/ ¢ MDQ[39:32] | MDQS[4] t/ ¢
5 MDQ[23:20] | MDQS[11]_t/ ¢ MDQ[47:40] | MDQS[5] t/ ¢
6 MDQ[27:24] | MDQS[3] t/ ¢ MDQ[55:48] | MDQS[6] t/ ¢
7 MDQ[31:28] | MDQS[12] t/ ¢ MDQ[63:56] | MDQS[7] t/ ¢
8 MDQ[35:32] | MDQS[4] t/ ¢ MDQ[71:64] | MDQS[8] t/ ¢
9 MDQ[39:36] | MDQS[13] t/ ¢ (NA) (NA)

10 MDQ[43:40] | MDQS[5] t/ ¢ (NA) (NA)

11 MDQ[47:44] | MDQS[14] t/ ¢ (NA) (NA)

12 MDQ[51:48] | MDQS[6] t/ ¢ (NA) (NA)

13 MDQ[55:52] | MDQS[15] t/ ¢ (NA) (NA)

14 MDQ[59:56] | MDQS[7] t/ ¢ (NA) (NA)

15 MDQ[63:60] | MDQS[16] t/ ¢ (NA) (NA)

16 MDQ[67:64] | MDQS[8] t/ c (NA) (NA)

17 MDQ[71:68] | MDQS[17] t/ ¢ (NA) (NA)

5.2 Turnaround Cycles

It is the host controller’s responsibility to account for data bus turnaround cycles between accesses to different
physical ranks. Normally back to back reads or back to back writes to the same rank require no turnaround cycles as
the same termination will be used, and the same DRAM s drive the bus (for a read). When rank multiplication is used,
the host controller has two choices. The controller can be designed to have knowledge of the physical ranks and their
mapping, and only add turnaround cycles when there is a switch between physical ranks. If the controller does not
have knowledge of the physical ranks it can add turnaround cycles at all times. This latter method is not as efficient,
as it adds turnaround cycles when they are not required.
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6 Initialization

6.1 Initialization Overview

The sequence of steps below is an overview of the power-up initialization of the Memory Buffer. Figure 13
shows a graphical representation of the same steps. Detailed requirements for each step are provided in the
following sections. Note that the sequence below does not distinguish between host hardware and host
software (i.e., BIOS).

1. Power-Up (Same requirements as SSTE32882)
a. Ramp of voltage rails
b. Generation of stable clock
c. De-assertion of RESET n
2. Determination of DIMM configuration via SPD read out

3. CA Clock to CMD Training'
a. Sets the optimal phase of the clock to CA and Ctrl signals.
4. Memory Buffer Initialization
a. Host initializes buffer control words
5. DRAM Initialization
a. Host initializes DRAM MRS registers
6. DRAM ZQ Calibration
a. Host issues ZQCAL command to DRAM
7. Memory Buffer to DRAM Interface Training
a. Done by the buffer, triggered by host RCW write
b. Write Leveling

c. Read Enable training

d. Read/Write DQ/DQS ’[raining2

Host can wait for a per-physical rank time-out of tCAL=10ms or periodically poll the buffer via SMBus CSR read or
wait for ERROUT n.

8. Host to Memory Buffer Interface Training3
a. Done by host

9. Normal Operation

1.This step is optional for the MB but may be done by some platforms. No special support by the MB is required.
2.This step is optional for the MB but may be required for stable DIMM operation.
3.This step is optional for the MB but may be done by some platforms.
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6.1 Initialization Overview (cont’d)

C Power-Up )

( SPD Readout )

[
Host Interface CA Clk-to-CMD Training™

MB Initialization

DRAM Initialization

DRAM Z£0Q Calibration

MB-DRAM Interface Training

N TN TN Y
NN NP N

C Host-MB Training™® >

C Hormal Operation )

* This step i= optional for the MB but may be done by some platforms

Figure 13 — Initialization Overview

6.2 Power-on Initialization

The Memory Buffer can be powered-on at 1.5 V or 1.35 V. After the voltage ramp, stable power is
provided for a minimum of 200 uS with RESET n asserted. When the reset input RESET n is LOW, all
input receivers are disabled, and can be left floating. The MB output pin QRST n follows the MB input
pin RESET n. Therefore the reference voltage (Vggg) doesn’t need to be stable. In addition, when
RESET nis LOW, all control registers are restored to their default states. The outputs QACKE[3:0] and
QBCKE[3:0] must drive LOW during reset. All other outputs must float. As long as the RESET n input is
pulled LOW, the DDR3 MB is in low power state and input termination is not present. A certain period of
time (tac7) before the RESET n input is pulled HIGH the reference voltage needs to be stable within
specification, the clock input signal must be stable, the register inputs DCS[1:0] n must be pulled HIGH to
prevent accidental access to the control registers and DCKE[2:0] as well as DCKE3/DODT[1] must be
pulled LOW.
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6.2.1 Clock Stabilization Time tgtag

During PLL stabilization time tgy5p the memory buffer is not fully operational. In order to avoid invalid
commands being sent to the DRAMs some rules apply to the inputs of the buffer:

» All DCS signals need to be kept high. No DRAM command or control word write! may take place.
+ All DCKE signals don’t change their state.
* DODTJ[0] or DODTJ[1:0] signals (depending on FORC6 setting) are kept at a stable valid logic level.

These rules apply to any instance where stabilization time tgTap is required:

+ Exit from Reset

 Exit from clock stop power down

* Changing clocking related registers (FORC2, FORC10, FORC11, FIRCS8, FIRC11-F1RC1 5)2
* Changing input clock frequency during boot or run time

Since the buffer has not reached a stable state the termination on the host interface will be undefined before
the end of the stabilization time.

After reset and after the PLL stabilization time (tgrag) the device must meet the input setup and hold

specifications, as well as accept and transfer input signals to the corresponding outputs. The RESET n
input must always be held at a valid logic level once the input clock is present.

1. No control word writes are allowed during tgrap after reset/frequency change/clock stop.
2. These requirements mean that we have to wait two tgpapg times during every initialization, one after RESET n de-
assertion and one after all the clocking related control words have been written.
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6.2.1 Clock Stabilization Time tgrag (cont’d)

Step 0,1 Step 2 Step 3 Step4 Step 5 Step 6 Step7
o AW T
Vop | l ) D Y Dy ) :
RESETn ——— . . A 5 5 5 .
DCKE[1:0] : {f— Controller guaranees low logic ., O L .
DAIC@ : : , gg Cor’trollerguarlantees vaITd logic : |\ : ) : : ) :
' ! | | T ! !
DODT[30] ; : - Controller guarantees valid logic - || - ' - '
DCS[0]n : : : gg Cor:trollerguarar]}ees higE logic . Y : Y X
oSt I : : gg ControllerguaFar]ltees highogic ) Y X ) X
Yiof®) : - S—H S S  LA\
QxCKE[3:0]_n MBY guarant:ees low Iogig - « E « : ﬂ( 5 E K( I
Qx0DT[10] ; (¢ o f g 9 '
QxCS[x0]_n - : SS : SS ) ) ' i) '
QAC® ¢ « (( High or Low (
) ) ) ) )
ERROUT_n MBJ guarantees high logic B ) 9 %

tacT=8 cycles' PLL lock 6 s '

tir = 200 s

< MB drives CKE low until ready to transfer input signals) ( MB proper function and timing starting from here>

(1) CK_c and Y[3:0]_c left out for better visibility

(%) DCKE[2:0], DCKE[3)/DODT[1], DODT[0] and DCSO[3:0]_n are not included in this range
(8) QxCKE[3:0], QxODT[1:0], QxCS[7:0]_n are not included in this range

) x = JEDEC standard DIMMs, x = 7 for non-JEDEC applications

) x = 3 for dual or quad rank DIMMs, x = 7 for octal rank DIMMs

Figure 14 — Timing of clock and data during power-on initialization sequence

From a device perspective, the initialization sequence must be as shown in Table 25.

Table 25 — MB Device Initialization Sequence?

Step Power Inputs: Signals provided by the controller Outputs: Signals provided by the device
VDD, AVDD, PVDD | RESET_n | Vref DCS DODT |DCKE |DAIC |PARIN |CK_t Qcs QoDT [QCKE |QxAlC |ERR | Y[3:0]_t
fy:oLnb | [1:01 [3:0] CK_c [y:0_n® 1:0 | 301 ouT n | Y[3:0]¢c
0 oV XorZ | XorZ | XorZ | XorZ| XorZ | XorZ| XorZ | XorZ Z z z z zZ z
1 0-->Vpp XorZ | XorZ | XorZ | XorZ| XorZ | XorZ| XorZ L XorZ |XorZ Xzor XorZ|XorZ| XorZ
Vbp
20 | 15v-->1.35v L | Xorz [ Xorz|Xorz| Xorz|Xorz]| Xorz| L z z Le z H4 z
1.35V-->1.5V
3 Voo L XorZ | XorZ | XorZ | XorZ | XorZ | XorZ | running z Z L z
4 Vop L XorZ H XorZ L XorZ | XorZ | running z Z L z
table )
v s
5 DD L voltage H X L X X running z Z L Z H Z
stable
\Y i f i
6 DD H voltage H X L X X running H L L X H running
stable . After Step 6 (Step 7 and beyond), the device outputs are as
79 Vop H voltage H X X X X | running | defined in the ‘DRAM Protocol chapter
NOTES:

a. X = Logic LOW or logic HIGH. Z = floating. o

b.y = 3 for JEDEC standard DIMM, y = 7 for non-JEDEC application

c. 11_= 3 for dual or quad rank DIMMs,_¥ =7 for octal rank DIMMs. ‘ )

d. The system ma?/ power up using either 1.5V or 1.35V. The BIOS reads the SPD and adjusts the voltage if needed from 1.35V to 1.5V or from 1.5V to 1.35V. After the voltage
transition, stable power is provided for a minimum of 200 uS with RESET _n asserted. o ) .

e. QxCKE[3:0] and ERROUT _n will be driven to these logic states by the register after RESET_n is driven LOW and VDD is 1.5V or 1.35V (nominal).

f. This indicatés the state of QxODT([1:0] after RESET_n switches from LOW-to-HIGH and before the rising CK_t edge (falling CK_c edge).

g. Step 7 is a typical usage example and is not a MB requirement.
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6.2.1 Clock Stabilization Time tgtag (cont’d)

To ensure defined outputs from the memory buffer before a stable clock has been supplied, the memory
buffer must enter the reset state during power-up. It may leave this state only after a LOW to HIGH
transition on RESET n while a stable clock signal is present on CK t and CK c. In the DDR3 LRDIMM
application, RESET n is specified to be completely asynchronous with respect to CK t and CK_c.
Therefore, no timing relationship can be guaranteed between the two.

As part of the initialization all control words are reset to their default state which is “0”, except when
explicitly defined otherwise. After initialization, the host only needs to write to those control registers
whose contents need to be changed.

6.3 Initialization with Stable Power (Soft Reset)

The timing diagram in Figure 15 depicts the initialization sequence with stable power and clock. This will
apply to the situation when we have a soft reset in the system. RESET n will be asserted for minimum
100ns. This RESET n timing is based on DDR3 DRAM Reset Initialization with Stable Power
requirement, and is a minimum requirement. Actual RESET n timing can vary base on specific system
requirement, but it cannot be less than 100ns as required by JESD79-3.

Step 0,1 Step 2 Step 3 Step 4 Step 5 Step 6 Step7
Voo, I I : ) I ) ) o ) '
RESET1 | | ] E& A 9 - 3
DCKE[30] | HorL ‘ Controllerguarantees low og|c ' gg gg ) \ gg
DAC® § T : A\ Controllerguarantees valld logic ; \ ) : : \ ]
DODT[1:0] ' : . \ Controllerguarantees vahd logic” ) 0 : : \
DCSO0_n J—IW 4'—'T|/Controllerguarantees h|gh logic 1Y) Y ) :
DCsfx1] 4 ]—I—WE 4‘—L§§—|/Controllerguarantees h|gh logic . ) ) ) .
Yol ' : /—\_j—\_ : : _/_\_J_\
QxCKE[3:0] MB guaranteles low Iogilb « : gg ' gg gg ! ' §§ :
oA , - - § High or Lyw )
QODTI1] HiZ ¢ ¢ s VI Y
QxCS[x0)_n®) Hi-Z gg gg ) i ¥ ¥
ERROUTn [ HorL V/ MB guarantees high logic B B I ) )
tacr=8cycles | PLLlock6ps |
tNIT_Power Stable = 100 nS I [
( MB drives CKE LOW until ready to transfer input signals) ( MB proper function and timing starting from here)

(1) CK_c and Y[3:0]_c left out for better visibility

@ DCKE[2:0], DCKE[3)/DODT[1], DODT[0] and DCSO0[3:0]_n are not included in this range
®) QxCKE[3:0], QxODT[1:0], QxCS[7:0]_n are not included in this range

) x = JEDEC standard DIMMs, x = 7 for non-JEDEC applications

®) n =3 for dual or quad rank DIMMs, n =7 for octal rank DIMMs.

Figure 15 — Timing of clock and data during initialization sequence with stable power
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6.3 Initialization with Stable Power (Soft Reset) (cont’d)

Table 26 — MB Device Initialization Sequence® when Power and Clock are Stable

Step | Power Inputs: Signals provided by the controller Outputs: Signals provided by the device
VDD, RESET n | Vref DCS pobT | DCKE | DAiC PARIN [cK t Qcs oobT  [acke [axac  |ERR Y[3:0] t
AVDD, fy:oLnb | [1:0] [3:0] CK_c [y:0Lnc | [1:0] [3:0] OUTn Y[3:0]_c
PVDD
stable . .
V
0 DD H voltage X X X X X running X X X X X running
table . .
v s
1 DD H voltage X X X X X running X X X X X running
table .
V S d 4
2 DD L voltage X X X X X running Z z L z H Z
stable .
V
3 DD L voltage X X X X X running Z Z L YA H Z
table .
V. s
4 DD L voltage H X L X X running YA z L YA H Z
table .
v s
5 DD L voltage H X L X X running Z z L YA H Z
stable . .
V e
6 DD H voltage H X L X X running H L L X H running
7 V. H stable H X X X X | After Step 6 (Step 7 and beyond), the device outputs are
bb voltage FUNNING 1 a5 defined in the ‘DRAM Protocol chapter

NOTES:

a. X = Logic LOW or logic HIGH. Z = floating.

b. y =3 for JEDEC standard DIMM, y = 7 for non-JEDEC application

c. y= 3 for dual or quad rank DIMMs, y = 7 for octal rank DIMMs.

d. QxCKE[3:0] and ERROUT_n will be driven to these logic states by the register after RESET_n is driven LOW and Vpp is nominal

e. This indicates the state of QxODT[1:0] after RESET_n switches from LOW-to-HIGH and before the rising CK_t edge (falling CK_c edge)

6.4 Host RCW to Configure MB

After the MB is ready to receive commands and addresses without error, the host needs to configure the
MB with register control word writes and/or SMBUS writes (step 4). At reset all RCWs had been reset to
their default state which is ‘0’ except when explicitly noted otherwise. Therefore the host only needs to
write those control words whose contents need to be changed.

For correct operation, as part of MB initialization sequence, host must write MRS Control Register
(MRS_CTRL; Address ACh) bits 2:1 to either 00b or 10b via extended control word. Host must Write
Rx_MR1,2 and MRx_Snoop registers using the correct per Rank Rtt nom values via extended control
word.

6.5 Host MRS to Configure DRAM

The host sends MRS commands to the DRAM mode registers (MR2, MR3, MR1, MRO) to configure
proper DRAM operation for all physical ranks behind the MB. The host can utilize either the MB
broadcast mode to send MRS commands to all physical ranks associated with a logical rank or the MB

physical rank mode to target MRS commands to specific physical ranks by programming the
corresponding mode to the FORC14 DRAM MRS Control bits.
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6.6 Host to DRAM ZQ Calibration

The host sends ZQCL (ZQ Calibration Long) commands to all ranks behind the MB. The MB broadcasts
ZQ calibration commands (both ZQCL and ZQCS) to all physical ranks associated with a logical rank. The
host may issue ZQ calibration commands sequentially to each logical rank (i.e., wait for tZQinit, tZQoper
or tZQCS after each ZQ calibration command before issuing the next one) or it may overlap the ZQ
calibration commands to all ranks.

The MB may or may not perform any calibration for its own I/O circuits on receipt of ZQCL or ZQCS
calibration commands.

6.7 MB-DRAM Training

After all the DRAMs are fully operational, the host triggers the DRAM interface training by setting the
control bit DA4 in FORC12. Once enabled, the MB assumes autonomous control of the Command/
Address, Control and Data/Strobe signals to the DRAMs, without any further assistance from the host.

The MB performs ‘Write Leveling’ to the DRAMs to ensure successful writes, and ‘Read Enable Training’
to ensure it can capture read data from the DRAMSs correctly, as part of the DRAM interface training.

No DRAM commands or control word writes either over the Command/Address and Control buses or via
SMBus can be issued to the MB until the MB-DRAM Interface training is complete and the DODTn inputs
must be kept low. The MB responds to SMBus CSR read accesses whether or not DRAM interface training
is active. To determine DRAM interface training completion the host may either wait for a time ‘tCAL *
number of physical ranks’ which is the maximum amount of time that the MB-DRAM Interface training is
allowed to take, or it may periodically poll the content of the MB CSR ‘Training Completion’ (see 13.7.4,
Configuration Register) over the SMBus.

In addition, training completion can be signaled by the assertion of ERROUT n. This is not the power-up
default but can be enabled by setting the DBA1 bit in the F2RC3 Training Completion Control Word.

6.8 Host-MB Training

Now the host can train the MB host interface. The host sets the ‘Connector DQ interface write leveling’
bits in FORC12 (=0bx001) in order to perform host interface write leveling. Optionally a MB may support
RDIMM backward compatible host interface write leveling by intercepting ‘Write leveling enable’ (MR1
A7) and ‘Qoff” (MR1 A12) commands to the DRAMs. The MB asynchronously feeds back CK t/CK e,
sampled with the rising edge of DQS _t/DQS _c, through the DQ bus (in the same way as a DDR3 DRAM
does). Since write leveling requests from the host terminate at the MB, multiple write leveling requests to
the MB (i.e., one per rank) will give the same result and are optional. It is sufficient to perform host
interface write leveling only once regardless of how many logical or physical ranks are supported by the
MB.
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6.8 Host-MB Training (cont’d)

MB DRAM interface training must be completed before any MB host interface read training to reflect the
correct read round trip delay to and from an LRDIMM. This delay consists of:

(1) Host to MB delay for command

(2) Command delay through the MB!

(3) MB command to DRAM delay

(4) DRAM latency

(5) DRAM data/strobe return time to MB
(6) Data/strobe delay through the MB

(7) MB to host delay for data/strobe

MB DRAM interface training must be completed before any MB host interface read or write training to
ensure that the MB DRAM interface is configured optimally for DRAM reads and writes. The host
performs normal writes to DRAM for write DQ/DQS margining, with failure occurring through incorrect
strobing of write data through the MB. The host performs read DQ/DQS margining by using normal reads
from DRAM or by using the DRAM multipurpose register (MPR) with failure occurring through invalid
DQ/DQS alignment at the host I/O pins. No special support by the MB is required for host interface read
training.

1. The data/strobe delay through the MB during writes can be different than the command delay through the MB.
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7 Electrical, Timing, Power and Thermal

This section contains a description of the LRDIMM Memory Buffer (MB) electrical DC parameters,
timing parameters, power considerations and thermal considerations.

7.1 Electrical DC and AC Parameters

7.1.1 Absolute maximum ratings

Table 27 — Absolute maximum ratings over operating free-air temperature range (V

Symbol Parameter Conditions Min Max Unit
VCCSPD | SMBus interface supply voltage -05 +4.3 v
Vio_spp ghgﬂfué\mﬁ)r input, Driver output and I/O voltage (SA[2:0], SCL, 05 +43 Vv
Vop Supply voltages (VDD, AVDD, PVDD) -0.4 +1.975 v
Vi Receiver input voltage See Note 2 and 3 -0.4 Vpp +0.5 v
Vrer | Reference voltage (VREFCA, QVREFCA, VREFDQ, QVREFDQ) -04 Vpp +0.5 v
Vo Driver output voltage See Note 2 and 3 -0.4 Vpp + 0.5 V

Ik Input clamp current Vi<0orV,>Vpp - +50 mA
lok Output clamp current Vo <0orVg>Vpp - +50 mA

lo Continuous output current 0<Vo<Vpp - +50 mA
lccc | Continuous current through each Vpp or GND pin - +100 mA
Tstg Storage temperature -65 +150 °c
Tease | Case temperature - 125 oC

NOTE 1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the
device. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those indicated under “operating conditions” is not implied. Exposure to absolute maximum rated conditions for
extended periods may affect device reliability.

NOTE 2 The input and output negative voltage ratings may be exceeded if the input and output clamp-current
ratings are observed.

NOTE 3 This value is limited to 1.975 V maximum.
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7.1.2 DC and AC Specifications

7.1.2.1 DC and AC Specifications for the SMBus Interface

This section summarizes the operating and measurement conditions, and the DC and AC characteristics of
the MB SMBus interface. The parameters in the DC and AC Characteristic tables that follow are derived
from tests performed under the Measurement Conditions summarized in the relevant tables. Designers
should check that the operating conditions in their circuit match the measurement conditions when relying
on the quoted parameters.

Table 28 — Operating Conditions for the SMBUS interface

Symbol Parameter Min | Max | Units

Vcesed Supply Voltage 3.0 36 |V

Table 29 — AC Measurement Conditions for SMBUS interface

Symbol Parameter Min Max Units

Cp Load capacitance 100 pF
Input rise and fall times -0 50 ns
Input levels 0.2 * Veespp t0 0.8 * Veespp \%
Input and output timing reference levels 0.3 * Veespp t0 0.7 * Veespp \%

Input and output timing

Input levels
reference levels

%
0.8 * vCCSPD 0.7 * VCCSPD

0.3 * VCCSPD

0.2 * vCCSPD

Figure 16 — AC Measurement I/0O Waveform

Table 30 — Input Parameters for SMBUS interface

Symbol Parameter!? Test Condition Min | Max | Units
Cin Input capacitance (SDA) -0 -0 8 pF
CiNv Input capacitance (other pins) -0 -0 6 pF
Zgyy, Ei (SA0, SA1, SA2) input impedance Vin<0.3 * Veespp 30 -0 | kQ
Zgn Ei (SA0, SA1, SA2) input impedance Vin> 0.7 * Veespp 800 -0 | kQ
NOTE 1 Tp=25°C,{f=100kHz

NOTE 2 Verified by design and characterization, not necessarily tested on all devices
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Table 31 — DC Characteristics for SMBUS interface
Test Condition (in addition to . .
Symbol Parameter those in Table 28 on page 60) Min Max Units
I Input leakage current (SCL, SDA) | Vv = Vssor Veespp -0 +5 HA
Iio Output leakage current Vour = Vss or Veespp, SDA in -0 +5 UA
Hi-Z
Ipp Supply current Veespp =33V, fc =100 kHz - 5 mA
(rise/fall time < 30 ns)
Viy = VggorV , V -0 100 A
Ippg Standby Supply current N _ S8 CCSPD ccn H
spp=3.6V
ViL Input low voltage (SCL, SDA) -0 -0.5 03* v
Veesep
Vi Input high voltage (SCL, SDA) -0 0.7* Ve Veer \%
SPD sppt 1
Vipy! SAO0 high voltage Vv - Veespp > 4.8 V 7 10
IOL =2.1 mA, -0 0.4
30V<Vccspp 3.6V
VoL Output low voltage
IOL =0.7 mA, Vespp = 3.0 [ -[J 0.2 A%
3.6V
A% 2 | Input hysteresis 005 0 A%
HYST put hy Veerp
NOTE 1 Vyy is used by SPD device. For DDR3 LRDIMM, a series resistor is connected to the Memory Buffer SAO
input (refer to “Figure 12: Schematic of SPD/Thermal Sensor and MB” in the PC3-LRDIMM Design Specification Body
V034). As such, the voltage at the MB SAO input will not be higher than 4.3v (Vig_spp(max)) €ven when Vyy is applied at
the LRDIMM SAOQ connector pin.
NOTE 2 Optional.
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7.1.2.1 DC and AC Specifications for the SMBus Interface (cont’d)

Table 32 — AC Characteristics for SMBUS interface

Veespp 230V
Symbol Parameter Min Max Units
fscr Clock frequency 10 100 kHz
tHIGH Clock pulse width high time 4000 -0 ns
3 i i -
t ow Clock pulse width low time 4700 ns
trIME OUT4,5 Detf?ct clo?k low timeout, Capabilities 10 60 ms
Register bit 6 =0
45 - T
trIMEOUT.” Detejct clo.ck low timeout, Capabilities 25 35 ms
Register bit 6 = 1
tRz SDA rise time 20 300 ns
tp? SDA fall time 20 300 ns
tSU:DAT Data in setup time 250 -0 ns
tHD-DI Data in hold time 0 -0 ns
tHD:DAT Data out hold time 300 900 ns
| I - B}
tsU-STA Start condition setup time 4700 ns
tHD:STA Start condition hold time 4000 -0 ns
tSU:STO Stop condition setup time 4000 -0 ns
tBUF Time between Stop Condition and next 4700 -] ns
Start Condition
tw Write time -0 10 ms

NOTE 1 For areSTART condition, or following a write cycle

NOTE 2 Guaranteed by design and characterization, not necessarily tested

NOTE 3 The MB SMBUS interface logic shall not initiate clock stretching

NOTE 4 Devices participating in a transfer can abort the transfer in progress and release the bus when any
single clock low interval exceeds the value of ttpyouT,MIN- After the master in a transaction detects this
condition, it must generate a stop condition within or after the current data byte in the transfer process. Devices
that have detected this condition must reset their communication and be able to receive a new START condition
no later than trppouTMmax- Typical device examples include the host controller, and embedded controller and
most devices that can master the SMBus. Some simple devices do not contain a clock low drive circuit; this
simple kind of device typically may reset its communications port after a start or a stop condition. A timeout
condition can only be ensured if the device that is forcing the timeout holds SCL low for ttp\vrouT MAX OF
longer.

NOTE 5 Bus timeout value supported depends on setting of TMOUT bit 6 in the Capabilities Register.
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7.1.2.1 DC and AC Specifications for the SMBus Interface (cont’d)

tow

scL i

tho-sTA — A tyey | tgygra = tsusTo ™
topar — |"_ tsu.par P [ typpar

?'"ﬁiﬁfﬁﬁfﬁfffﬁf{:fffﬁf

spA i/}

SCL

SoA N

STOP WRITE START
CONDITION CYCLE CONDITION

Figure 17 — AC Waveforms
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7.1.2.2 DC and AC Specifications for the Host and DRAM Interface
The DDR3 LRDIMM MB parametric values are specified for the device default control word settings,

unless otherwise stated. Note that the F[O]RC10 setting does not affect any of the parametric values.

Table 33 — Operating Electrical Characteristics

Symbol Parameter Signals Min Nom Max Unit

Voo DC Supply voltage (DDR3) VDD, VDDA,VDDP 1.425 1.5 1.575 v

DC Supply voltage (DDR3L) VDD, VDDA,VDDP 1.283 1.35 1.451 v
VCCSPD SMBus Interface Supply voltage VCCSPD 3.0 33 3.6 \
VRer DC Reference voltage 0.49 x Vpp 0.50 x Vpp 0.51 x Vpp %
Vrr DC Termination voltage® Vrer -40mV VRer VRgr t40mV | v
V|H(AC) AC HIGH-level input voltage (DDR3) CMD/ADD/CTRL inputsb VRer + 0.1 - Vpp *+ 0.4 Vv
Viyac) AC LOW-level input voltage (DDR3) CMD/ADD/CTRL inputs? 04 - VReg - 0.1 vV
ViHe) DC HIGH-level input voltage (DDR3) CMD/ADD/CTRL inputs® |~ Vrer * 0.1 - Voo v
ViLpe) DC LOW-level input voltage (DDR3) CMD/ADD/CTRL inputs® Vss - Vrer - 0.1 v
V|H(Ac)_DQ AC HIGH-level input voltage (DDR3) DQ inputs VRer +0.1 - Vpp *+ 0.4 Vv
Viac pa | AC LOW-level input voltage (DDR3) DQ inputs -0.4 - Vrer - 0.1 v
Vihpe).oa | DC HIGH-level input voltage (DDR3) DQ inputs VRer + 0.1 - Voo v
Viype).pa | DC LOW-level input voltage (DDR3) DQ inputs Vss - VRer - 0.1 v
Vihac)_mpa | AC HIGH-level input voltage (DDR3) MDQ inputs VRer 0.1 - Vpp *+0.4 v
Viyac) mpa | AC LOW-level input voltage (DDR3) MDQ inputs -0.4 - VRer - 0.1 V
ViHoc)_mpa | DC HIGH-level input voltage (DDR3) MDQ inputs VRer 0.1 - Vop v
ViLpc)mpa | DC LOW-level input voltage (DDR3) MDQ inputs Vss - VRer - 0.1 v
ViH(ac) AC HIGH-level input voltage (DDR3L) CMD/ADD/CTRL inputsb VRer +0.09 - Vpp +0.2 V
ViLac) AC LOW-level input voltage (DDR3L) CMD/ADD/CTRL inputs® 02 _ Vger - 0.09 v
ViHpo) DC HIGH-level input voltage (DDR3L) CMD/ADD/CTRL inputs® VRer +0.09 - Vop V
Viyoe) DC LOW-level input voltage (DDR3L) CMD/ADD/CTRL inputs® Vss - VRer - 0.09 v
Vihac).pa | AC HIGH-level input voltage (DDR3L) DQ inputs Vger +0.09 - Vpp *+0.2 v
Viyac)pa | AC LOW-level input voltage (DDR3L) DQ inputs -0.2 - Vger—0.09 V
ViHoc)pa | DC HIGH-level input voltage (DDR3L) DQ inputs Vger +0.09 - Vop v
Viipc)pa | DC LOW-level input voltage (DDR3L) DQ inputs Vss - Vger - 0.09 v
Viac)_mpa | AC HIGH-level input voltage (DDR3L) MDQ inputs Vger +0.09 - Vpp *+0.2 V
Viyac) mpa | AC LOW-level input voltage (DDR3L) MDQ inputs -0.2 - Vger - 0.09 V
Vipe)_mpa | DC HIGH-level input voltage (DDR3L) MDQ inputs VRrer +0.09 - Voo V
Viypc)_mpa | DC LOW-evel input voltage (DDR3L) MDQ inputs Vss - VRer - 0.09 v
V|H(CM05) HIGH-level input voltage RESET_n 0.65x VDD - Voo Vv
ViLicmos) LOW-level input voltage RESET_n 0 - 0.35x VDD \Y;
ViL (staticy | Static LOW-level input voltage® CK_t,CK c - - 0.35x VDD v
Vixac) Differential input crosspoint voltage range CK_t,CK_c 0.5xVpp- 0.2 0.5xVpp 0.5xVpp + 0.2 V
Vip(ac) Differential input voltage? (DDR3) CKt CK c 02 - Voo v
Vipac) Differential input voltage® (DDR3L) CK_t CK_c 0.18 - Voo v
Vixac)pas | Differential input crosspoint voltage range DQS_t,DQS_c 0.5xVpp-0.2 0.5xVpp 0.5xVpp + 0.2 V
Vipac) pas | Differential input voltage® (DDR3) DQS_t, DQS_c 02 - Vpp vV
Viac)_bas | Differential input voltage® (DDRS3L) DQS_t, DQS_c 0.18 - Voo v
Vix(ac)_mpas| Differential input crosspoint voltage range MDQS_t, MDQS _c 0.5xVpp-0.2 0.5xVpp 0.5xVpp + 0.2 V
Vip(ac)_Mpas| Differential input voltage’ (DDR3) MDQS_t, MDQS_c 0.2 - Voo \%
Vin(ac)_Mpas| Differential input voltage’ (DDR3L) MDQS_t, MDQS_c 0.18 - Voo v
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Table 33 — Operating Electrical Characteristics
Symbol Parameter Signals Min Nom Max Unit
lon HIGH-level output current? All CA outputs 11 - - mA
lo LOW-level output current? All CA outputs 1" - - mA
lon HIGH-level output currentd All DQ outputs -10.7 - - mA
loL LOW-level output current? All DQ outputs 10.7 - - mA
loL_grrout | LOW-level output current ERROUT_n 25 - - mA
loL_gvent | LOW-level output current EVENT 25 - - mA
Vob Differential re-driven clock swing Yn_t, Yn_c 0.45 - Vop V
Vox Differential Output Crosspoint Voltage Yn_t, Yn_c, DQS_t,
DQS_c, MDQS_t, 0.5xVpp - 0.09 - 0.5xVpp+0.09 | v
MDQS_c
Tease max) | Case temperature” - - 125 °C
NOTES:

a. VTT supply voltage specification is for QCMD/QADDR/QCTRL/Yn_t/Yn_c only

b. DCKE[2:0], DCKE[3])/DODT[1], DODT[0], DA0..DA15, DBAO..DBA2, DRAS_n, DCAS_n, DWE_n, PAR_IN, DCS[7:0]_n.

c. This spec applies only when both CK_t and CK_c are actively driven LOW. It does not apply when CK/CK# are floating.

d. VID is the magnitude of the difference between the input level on CK_t and the input level on CK_c See Diagram (Figure 48)

e. VID_DQS is the magnitude of the difference between the input level on DQS_t and the input level on DQS_c See Diagram
(Figure 48)

f. VID_MDQS is the magnitude of the difference between the input level on MDQS_t and the input level on MDQS_c See Diagram
(Figure 48)

g. Default settings

h. Measurement procedure, see JESD51-2

i. Since MB silicon is bare die on FBGA package, the assumption is Tcase (max) is very close to silicon Tj (max). Hence, tcase
(max) of 125C is used for all speed grades.
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7.1.3 DC specifications, IDD Specifications

Table 34 — DC Electrical characteristics

Symbol Parameter Conditions Min Typ Max Unit
VoH Output HIGH voltage (QCA pins) loy =-11mA Vpp-0.4 - - v
VoL Output LOW voltage (QCA pins) lop =11 mA - - 04 V

VoH_pa Output HIGH voltage (DQ pins) loy =-10.7 mA Vpp-0.4 v

VoL pa Output LOW voltage (DQ pins) loL =10.7mA - - 0.4 %

VoL_errout | Output LOW voltage (ERROUT_n pin) loL =25 mA - - 04 v

VoL event | Output LOW voltage (EVENT pin) loL =25 mA - - 0.4 v

| RsT Input current for RESET_n pin RESET_n, V| =Vpp or GND - - 15 uA
Input current for CMD, ADD, CNTRL and [ pata inputs?, V, = Vpp or GND

Ip PAR_IN input pins - - 5 UHA

Note: Spec value is for each pin

i by =
ok Ir?put current for CK_t and CK_c input CK_t, CK_c? V, = Vpp or GND 5 150 uA
- pins
Input current for DQ input pins DQ; V| = Vpp or GND
| - -
10Q Note: Spec value is for one DQ pin 78D WA
Static standby current RESET# = GND, CK_t, CK_¢=V, DQ= TBD mA
VREF =VDD/2 (i.e. MID-LEVEL)
Ipp Static operating current RESET# = Vpp, IBT OFF, Clock inputs not
switching (held static LOW), V| = Vi) or - - 8D mA
ViL(ac), DQ = VREF = VDD/2 (i.e MID-LEVEL)
Dynamic operating current — input RESET# = Vpp, for Data® and DQ inputs,
clock Only V| = VlH(AC) or VlL(AC); CK_t, CK_C SWitChing at - VsC - mA/MHz
50% duty cycle. lo = 0; Vpp = Vpp(max)
Inod Dynamic operating current — per each | RESET# = Vpp, V| = Viyac) Or Vi (acy CK_t
Data? and DQ input and CK_c switching at 50% duty cycle. One
Data® and DQ input switching at half clock - vs® - mA/MHz
frequency, 50% duty cycle.
lo = 0; Vpp = Vpp(max)
NOTES:

a. DCKE[2:0], DCKE[3)/DODT[1], DODT[0], DAO..DA15, DBAO..DBA2, DRAS_n, DCAS_n, DWE_n, PAR_IN, DCS[7:0]_n are
measured while RESET_n pin is pulled LOW.

b. The CK_t and CK_c inputs have internal pull-down resistors in the range of 10KQ to 100KQ.

c. Vendor Specific, must be supplied by register vendor for full device description.
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7.1.4 Input/Output Capacitance
Table 35 — Capacitance values
Symbol Parameter Conditions Min Typ Max Unit
Input capacitance, CA and CTRL inputs | see footnote®? i
G (with any IBT) 0.7 1.2 pF
Cck Input capacitance, CK_t, CK_c see footnote? 0.7 - 1.2 pF
Input/output capacitance DQ, DQS_tand DQS_c
C -
0 MDQ, MDQS_t and MDQS_c 14 21 PF
Delta capacitance CTRL inputs Cp cTrRL applies to DCKE[2:0], DCKE[3/DODTI[1],
CoictrL - _ 0.4 - 0.2 pF
DODT[0] and DCS[7:0]_n
c Delta capacitance CMD/ADDR inputs | Cpy app_cwmp applies to DA0..DA15, DBAQ..DBA2, 04 04 F
DLAPD_CHD DRAS_n, DCAS_n, DWE n ' ‘ P
c Delta Input/output capacitance Cpi0=Ci0(DQ) - 0.5*(Cio(DAS_t)+C)n(DQS_c)) 05 03 r
bio =C1o(MDQ) 0.5*(C/o(MDQS_{)+C,o(MDQS._c)) b ) : P
c Delta capacitance within DQS_t/DQS_c | Absolute value of C;o(DQS_t)-C,(DQS_c) or 0 015 .
bbas or MDQS_t/MDQS_c pair Co(MDQS_t)-Cjo(MDQS_c) . : P
Cock Delta capacitance between CK_t, CK_c | Absolute value of Cek - Cek ¢ 0 - 0.15 pF
Cr Input capacitance, RESET_n V| =Vpp or GND; Vpp = 1.5V - - 3 pF
NOTES:

a. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured according
to JEP147, Procedure for Measuring Input Capacitance Using a Vector Network Analyzer (VNA), with VDD, VSS applied and all other
pins floating (except the pin under test, DCKE[2:0], DCKE[3]/DODT[1], RESET_n and ODT[0] as necessary). VDD=1.5V/1.35V,
VBIAS=VDD/2 and on-die termination off. The specified values are on die cap only, and not including the package cap

b. Data inputs are DCKE[2:0], DCKE[3/DODT[1], DODT[0], DA0..DA15, DBAO0..DBA2, DRAS_n, DCAS_n, DWE_n, PAR_IN,
DCS[7:0]_n.
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7.2 AC and DC Input and Output Measurement Levels

7.2.1 Differential swing requirements for clock (CK - CK#) and strobe (DQS - DQS#)

Table 36 — Differential AC and DC Input Levels

DDR3-800/1066/1333/1600/
Symbol Parameter 1866/2133 DDR3L-800/1066/1333/1600 | ynit | Notes
Min Max Min Max
V|Hdiff Differential input high +0.200 note 2 +0.180 note 2 \Y 1
V|Lqiff Differential input logic low Note 2 -0.200 Note 2 -0.180 \Y 1
NOTE

1 Used to define a differential signal slew-rate.

NOTE 2 These values are not defined, however the single-ended signals CK_t, CK_c, DQS_t and DQS_c need to be within

the respective limits (VIH(dc) max, VIL(dc)min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to Figure 23
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Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and measured as shown in Table 37

and Figure 18.

Table 37 — Differential Input Slew Rate Definition

Measured
Description Notes
from to
Differential input slew rate for rising edge ViLdiffmax VIHdiffmin [ViHdiffmin - ViLdiffmax] / DeltaTRdiff
(CK_t-CK_cand DQS_t- DQS_c).
Differential input slew rate for falling edge VHdiffmin V| Ldiffmax [VHdiffmin = ViLdiffmax] / DeltaTFdiff
(CK_t-CK_cand DQS_t-DQS_c).

NOTE The differential signal (i.e., CK t- CK cand DQS t-DQS c) must be linear between these thresholds

Delta TRAIff

Differential Input Voltage (i.e. DOS - DOS; CK - CK)

p—
Delta TFdIff

Figure 18 — Differential Input Slew Rate Definition for DQS_t, DQS_c, MDQS_t, MDQS c and CK t, CK ¢
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7.2.3 Single Ended AC and DC Output Levels

Table 38 shows the output levels used for measurements of single ended signals.

Table 38 — Single-ended AC and DC Output Levels

Symbol Parameter D%';g{ 225%6??030-/1180(?312113?:?/ Unit | Notes

VoHpc) |DC output high measurement level (for IV curve linearity) 0.8 x Vpp \Y,

Vompc) |DC output mid measurement level (for IV curve linearity) 0.5x Vpp \Y,

Vorpcy |DC output low measurement level (for IV curve linearity) 0.2 x Vpp \Y,

Von(ac) |AC output high measurement level (for output SR) Vi1 +0.1xVpp \Y, 1

Vorac) |AC output low measurement level (for output SR) V11-0.1xVpp V 1
NOTE 1 The swing of + 0.1 x Vpp is based on approximately 50% of the static single-ended output high or low swing

with a driver impedance of 40 Q and an effective test load of 25 Q to V11 = Vpp/2.

7.2.4 Differential AC and DC Output Levels

Table 39 shows the output levels used for measurements of differential signals.

Table 39 —Differential AC and DC Output Levels

DDR3/DDR3L-800/1066/1333/ .
Symbol Parameter 1600, and DDR3-1866/2133 Unit | Notes
Vondifiac) | AC differential output high measurement level +02xV
(for output SR) 0-2x Voo v 1
Voudifiiac)y | AC differential output low measurement level S02xV
(for output SR) 0.2 x Vpp \% 1

NOTE 1 The swing of + 0.2 x Vpp is based on approximately 50% of the static differential output high or low swing
with a driver impedance of 40 Q and an effective test load of 25 Q to V11 = Vpp/2 at each of the differential outputs.
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7.2.5 Single Ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined
and measured between Vop (ac) and Vopac) for single ended signals as shown in Table 40 and Figure 19.

Table 40 —Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VoLc) VoH(ac) [Von(ac) - VoL(ac)l / DeltaTRse
Single-ended output slew rate for falling edge VoH(ac) VoL(ac) [Vor(ac) - VoL(ac)l / DeltaTFse

NOTE Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRse
1
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I I
] i i
= |
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w _____ v . __ v
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|
I
|

Celta Tizse

Figure 19 — Single Ended Output Slew Rate Definition
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7.2.6 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined
and measured between VOLdiff(AC) and VOHdIiff(AC) for differential signals as shown in Table 41 and

Figure 20.

Table 41 — Differential Output Slew Rate Definition

Measured
Description Defined by
from to
Differential output slew rate for rising edge VOLdiff(AC) VOHdiff(AC) [VOHdiff(AC) _ VOLdiff(AC)] / DeltaTRdiff
Differential output slew rate for falllng edge VOHdiff(AC) VOLdiff(AC) [VOHdiff(AC) - VOLdiff(AC)] / DeltaTFdiff

NOTE Output slew rate is verified by design and characterization, and may not be subject to production test.

Delta TRdiff

q—hi

Qs -DOS)

oltage (i.e. D

Vopamaz

Differential Output W,

I
I
I
I
I
I
!
Delta TFdiff

Y oLamac)

Figure 20 — Differential Output Slew Rate Definition
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7.2.7 Reference Load for AC Timing and Output Slew Rate

Figure 21 represents the effective reference load of 25 ohms used in defining the relevant AC timing parame[’
ters of the device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual
load presented by a production tester. System designers should use IBIS or other simulation tools to correlate
the timing reference load to a system environment. Manufacturers correlate to their production test conditions,
generally one or more coaxial transmission lines terminated at the tester electronics.

VDDQ

DUT 25 Ohm

CK. CK DQ
pas ————\WW— vrT=vDDR2

DQSsS

——

Figure 21 — Reference Load for AC Timing and OQutput Slew Rate
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7.2.8 Overshoot and Undershoot Specifications

7.2.8.1 Address and Control Overshoot and Undershoot Specifications

Table 42 — AC overshoot/undershoot specification for Address, Command and Control pins

DDR3/3L- | DDR3/3L- | DDR3/3L- | DDR3/3L-
800 1066 1333 1600 DDR3-1866 | DDR3-2133
Maximum peak amplitude allowed for overshoot area (See Figure 22) 0.4V 0.4V 0.4V 0.4V 0.4V 0.4v
Maximum peak amplitude allowed for undershoot area (See Figure 22) 0.4V 0.4V 0.4V 0.4V 0.4V 0.4V
Maximum overshoot area above VDD (See Figure 22) 0.7V-ns 0.53V-ns 0.42V-ns 0.35V-ns 0.30V-ns 0.26V-ns
Maximum undershoot area below VSS (See Figure 22) 0.7V-ns 0.53V-ns 0.42V-ns 0.35V-ns 0.30V-ns 0.26V-ns

(DAO..DA15, DBAO..DBA2, DRAS_n, DCAS_n, DWE_n, DCS[7:0]_n, DCKE[2:0], DCKE[3]/DODT[1], DODTI[0]

Maximum Amplitude

-

Overshoot Area

e

Volts
V)
Vss

Maximum Amplitude

Figure 22 — Address, Command and Control Overshoot and Undershoot definition

Time (ns)
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7.2.8.2 Clock, Data, and Strobe Overshoot and Undershoot Specifications
Table 43 — AC overshoot/undershoot specification for Clock, Data, and Strobe
DDR3/3L- DDR3/3L- DDR3/3L- DDR3/3L-
800 1066 1333 1600 DDR3-1866 | DDR3-2133
Mammgm peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V 0.4V 0.4V 0.4V
(See Figure 23)
Mammym peak amplitude allowed for undershoot area 0.4V 0.4V 0.4V 0.4V 0.4V 0.4V
(See Figure 23)
gﬂaa')x'm“m overshoot area above VDDQ (See Figure| - 5/ o | 038vens | 0.30vens | 025Vens | 0.21Vens | 0.19Vens
2/|3a)x.mum undershoot area below VSSQ (See Figure| 5\, o | 03gvns | 0.30v-ns | 025Vens | 0.21vens | 0.19V-ns

(CK_t, CK_c, DQ, DQS_t, DQS_c,)

VDD

Maximum Amplitude

-

Overshoot Area

e

Volts
V)
Vss

N

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 23 — Clock, Data, and Strobe Overshoot and Undershoot definition
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7.3 Host Interface Electrical / Timing Specifications
This section specifies electrical and timing requirement for Memory Buffer Host interface.

7.3.1 CMD/ADDR/CTRL Input Bus Termination Requirement

Table 44 — CMD/ADDR/CTRL Input Bus Termination

DDR3/DDR3L-800/1066/1333/
Symbol Parameter 1600, and DDR3-1866/2133 Unit
Min Typ Max
IBT(300) | Termination resistance 270 300 330 Q
IBT(200) | Termination resistance 180 200 220 Q
IBT(150) [ Termination resistance 135 150 165 Q
IBT(1009) | Termination resistance 90 100 110 Q
IBToL | Termination tolerance® -10 - +10 %
AVy | Deviation of Vyy w.rt. Vpp/2° - - 25 %
2 Apply ViHac) to pin under test and measure current I ac), then apply Vi ac) to pin under
test and measure current I ac)- Rigt = (ViH(ac) - Viac)) (Hac) - liac))-
b Measure voltage (Vout = V) at test pin with no load (Igyt = 0). AVy=[2*Vy/Vpp-1|*
100%.

IBT
T G Voo
| Ipy |
] Rup |
Input | |
Circuitry r | <«
PD lout
: \l/ RDOWN : \LVPU
L — — — _— 1 VSS

Figure 24 — Input Bus Termination: Definition of Voltages and Currents
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7.3.2 DQ/DQS On-Die Termination (ODT) Requirement

Table 45 — DQ/DQS On-Die Termination

DDR3/DDR3L-800/1066/1333/1600,
Symbol Parameter and DDR3-1866/2133 Unit
Min Typ Max
Rr7(240) Termination resistance (Rzq) - DDR3 216 240 312 Q
Rr(120) Termination resistance (Rzo/2) - DDR3 108 120 156 Q
R7(e0) Termination resistance (Rzq/3) - DDR3 72 80 104 Q
Rrr(e0) Termination resistance (Rzo/4) - DDR3 54 60 78 Q
Rrr40) Termination resistance (Rzo/6) - DDR3 36 40 52 Q
Rrr30) Termination resistance (Rzo/8) - DDR3 27 30 39 Q
ODTroL | Termination tolerance? - DDR3 -10 +30 %
RTT(24O) Termination resistance (Rzq) - DDR3L 216 240 348 Q
RTT(120) Termination resistance (Rzq/2) - DDR3L 108 120 174 Q
Rr(s0) Termination resistance (Rzo/3) - DDR3L 72 80 116 Q
Rr(60) Termination resistance (Rzq/4) - DDR3L 54 60 87 Q
RT40) Termination resistance (Rzq/6) - DDR3L 36 40 58 Q
Rr730) Termination resistance (Rzo/8) - DDR3L 27 30 435 Q
ODTroL | Termination tolerance® - DDR3L -10 +45 %
AVy Deviation of Vy w.r.t. Vpp/2° 5.0 %
NOTES:

a. Measurement definition for ODT:
Apply Vip(ac) to pin under test and measure current I(Vyy5c)), then apply Vi () to pin under test and
measure current (Vi () respectively.

b. Measure voltage (Voyr = Vyy) at test pin with no load (Igyt = 0). AVy=

ODT =

VIH(ac)—VIL(ac)

I(VIH(ac))—I(VIL(ac))

12 ViV - 1] * 100%.

oD
T G Voo
| lpy |
| Rup |
Input | |
Circuitry r | <«
PD lout
| \l/ RDOWN | \L VPU
| |
L — — — _— 1 VSS

Figure 25 — On-Die Termination: Definition of Voltages and Currents
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7.3.3 DQ/DQS Output Driver DC Electrical Characteristics
Table 46 — DQ/DQS Output Driver Impedance RON Requirement

DDR3/DDR3L-800/1066/1333/1600, and
Symbol Parameter DDR3-1866/2133 Unit
Min Typ Max
Ron(w_) Very Light Drive Impedance? Rzq/5 432 48 52.8 Q
Ron) Light Drive Impedance? Rzq/6 36 40 44 Q
Ron(m) Moderate Drive Impedance? Ryq/7 30.6 34 37.4 Q
Ron(s) Strong Drive Impedance® Ryq/9 24.3 27 29.7 Q
Ron(vs) Very Strong Drive Impedance® Ryq/12 18 20 22 Q
ARpy.pp Mismatch between pull-up and pull-down impedanceb -10 - +10 %
SE Output Rising edge slew rate (default) - DDR3 2.0 - 5.0 Vins
SRse_outr
SE Output Rising edge slew rate (default)® - DDR3L 1.8 - 45 Vins
SE Output Falling edge slew rate (default)®- DDR3 20 - 5.0 Vins
SRse outr
SE Output Falling edge slew rate (default)®- DDR3L 18 - 45 Vins
ASRgg oyt | SE Output Rising-falling edge slew rate difference - - 1 Vins
DIFF Output Rising edge slew rate (default)? - DDR3 4.0 - 10 Vins
SRoiFF_outr — -
DIFF Output Rising edge slew rate (default)’- DDR3L 3.6 - 9 Vins
DIFF Output Falling edge slew rate (defaultd- DDR3 4.0 - 10 Vins
SRoiFF_outr - -
DIFF Output Falling edge slew rate (default’- DDR3L 36 - 9 Vins
ASRprr oyt | DIFF Output Rising-falling edge slew rate difference - - 2 Vins
NOTES:
a. RON is defined as small signal output resistance measured at 0.5*VDD. RZQ = 240 Q. Calibration needs to be performed before measurement are
taken.

The individual pull-up and pull-down resistors (RONp, and RONpy) are defined as follows:

VAp-V
RONPU = DDI—OUt under the condition that RONpy is turned off (1)
| Out’
RON,, , = _Out
Pd | under the condition that RONp,, is turned off 2)
Out Pu
Chip in Drive Mode
Cutput Driver
1 3 VDD
] T 1
I L.
To |1 i
other | | RONp, i
circuitry| | l
ke i j — DO
RCV, i Ij R”-’i";-,.‘_ i Ou
I I Viou
| | e :
: |
— V&S

Output Driver: Definition of Voltages and Currents

b. is defined as the mismatch between pullup and pulldown impedances: ARpy.pp=(RONpu - RONpd) / RON * 100%

c. Single-ended Output pullup and pulldown slew rate is measured into Ryt of 25 ohms to V7 (see Figure 21).The slew rate is measured between
Vor(ac) and Vopac) AC Level (see Table 38 for Vopac) and Vo ac) AC Level definition, and see Table 40 for rising and falling edges measurement
details). It is guaranteed for any pattern of data, including all outputs switching and only one output switching.

d. Differential Output pullup and pulldown slew rate is measured into Ry of 25 ohms to V7 (see Figure 21). The slew rate is measured between Vg
fiiac) and Vovgirac) AC Level (see Table 39 for Vougiiac) and Vo girac) AC Level definition, and see Table 41 for rising and falling edges measurement
details). It is guaranteed for any pattern of data, including all outputs switching and only one output switching.

0092



7.3.4 Host Interface Input Timing and DQ/DQS Output Timing

JEDEC Standard No. 82-30

Page 79

This section specifies various input timing for command/Address/Control/Clock, DQ/DQS, CA setup and hold, Data setup and hold,

initialization, control word write, power-down, write leveling, and RTT.

In addition, it also cover DQ/DQS output timing.

Table 47 — Host Interface Input Timing Parameters

DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L-
symbol D 800 1066 1333 1600 DDR3-1866 | DDR3-2133 Units
otes
Min Max Min Max Min Max Min Max Min Max Min Max
Input Clock Timing
folock Input clock frequency 300 | 810 | 300 | 810 | 300 | 810 | 300 | 810 | 300 | 945 | 300 | 1080 | MHz
frest Input clock frequency 70 300 70 300 70 300 70 300 70 300 70 300 MHz
Pulse duration, CK_t, CK_c a
ten/teL HIGH or LOW 0.4 0.6 0.4 0.6 04 0.6 04 0.6 0.4 0.6 04 0.6 tok
Initialization Timing
T \IZ/);r;tlon of reset after stable 200 200 i 200 i 200 200 200 i us
Time for VREF, DCKEX,
tacT DCSx to be stable before 8 8 - 8 - 8 8 8 - tek®
RESET _n goes HIGH
PLL lock time (for Application
s Frequency Only) 6 6 i 6 i 6 5 5 i HS
QVREFCA/QVREFDQ
tqurer voltage stable till RESET_n 1 1 - 1 - 1 1 1 - us
goes HIGH
Control Word and DRAM MRS Write Timing
Control word to control word
tvrD (or next command) 16 16 16 - 16 - 16 16 - tor®
programming delayb
DRAM MRS to MRS
tbrRAM_MRS Command programming 6 6 - 6 - 6 6 6 - tek®
delay
Power Down Timing
Input buffers (except for
CK_t/CK_c, DCKEn, DODTn a
tinDis and RESET n) disable time | | 4 ! 4 ! 4 ! 4 ! 4 ! o] e
after DCKE[1:0] is LOW
Output buffers (except for
Yn_t/Yn_c, QxCKEn
t _ Yy ) a
QDIS QxODTh) hi-z after QxCKER 15 1.5 1.5 15 15 15 1.5 15 15 15 1.5 1.5 tex
is driven LOW
Number of tCK required for
both DCKEO and DCKE1 to a
fCKofr remain LOW before both 5 5 i 5 i 5 5 5 i fex
CK_t/CK_c are driven LOW
Input buffers (DCKEOQ and
tckev DCKE1) disable time after 2 2 - 2 - 2 2 2 - te®
CK_tICK_c=LOW
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Table 47 — Host Interface Input Timing Parameters (Continued)
DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L-
symbol S 800 1066 1333 1600 DDR3-1866 | DDR3-2133 unis
otes
Min Max Min Max Min Max Min Max Min Max Min Max
Static register output after
. DCKEO or DCKE1 is HIGH a
teicedoutput at the input (exit from Power ! 3 ! 3 ! 3 ! 4 ! 4 ! S fex
saving state)
CMD/ADDR/CTL Inputs Timing
tIS (AC100) Setup time®%€ (DDR3) 100 - 100 - 100 100 80 - 70 - ps
tiH (DC100) | Hold time"%€ (DDR3) 100 - 100 - 100 100 80 - 70 - ps
tIS (AC90) Setup time®%€ (DDR3L) 110 - 10 - 110 110 90 80 - ps
tiH (DC90)  |Hold time"d€ (DDR3L) 110 - 110 - 110 110 9 80 - ps
DODTn high time without
ODTH4 write command or with write 4 - 4 - 4 4 4 - 4 - to®
command and BC4
DODTn high time without
ODTH8 write command or with write 6 - 6 - 6 6 6 - 6 - tord
command and BL8
DQ Inputs Timing
tDS (AC100) | Setup time%"' (DDR3) 45 - 45 - 30 30 TBD - TBD - ps
tDH (DC100) | Hold time M (DDR3) 45 - 45 - 30 30 TBD TBD - ps
tDS (AC90) | Setup time™9' (DDR3L) 55 . 55 . 40 40 TBD . TBD . ps
tDH (DC90) | Hold time™ (DDR3L) 55 - 55 - 40 40 TBD - TBD - ps
Data Strobe (DQS) Inputs Timing
DQS_t, DQS_c differential a
tWPRE WRITE Preamble 0.9 - 0.9 0.9 0.9 0.9 0.9 - tek
DQS_t, DQS_c differential a
tWPST WRITE Postamble 0.3 - 0.3 0.3 0.3 0.3 - 0.3 - tek
{DQSL DQS_t, DOS_cdiflerential | o 45 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | tg
input low pulse width
{DQSH DQS_t, DOS_cdiflerential | o 45 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | 045 | 055 | tg
input high pulse width
DQS_t, DQS_c rising edge
tDQSS 8.1, DA i g kg 025 | 025 | -025 | 025 | -0.25 | 025 | 027 | 027 | -027 | 027 | -027 | 027 | tg@
to CK, CK# rising edge
DQS_t, DQS_c falling edge
tDSS setup time to CK_t, CK_c 0.2 - 0.2 - 02 0.18 0.18 0.18 - to®
rising edgek
DQS_t, DQS_c falling edge
tDSH hold time to CK_t, CK_c 02 - 02 - 02 0.18 0.18 0.18 - tox®
rising edge®
Write Leveling Inputs Timing
First DQS_t, DQS_c rising
tWLMRD edge after write leveling 40 - 40 - 40 40 40 - 40 nCK
mode is programmed
DQS_t, DQS_c delay after
tWLDQSEN write leveling mode is 25 - 25 - 25 25 25 25 nCK
programmed
Write leveling setup time
twLS from rising CK_t, CK_c 35 | - | 245 | - | 195 165 140 125 | - ps
crossing to rising DQS_t,
DQS_c crossing
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Table 47 — Host Interface Input Timing Parameters (Continued)
&y N DDR3éI3(I;JR3L DDR:;,IODG%R3L DDR(;,/3[)3[§R3L DDR:;;IGE:)I?)R3L DDR3-1866 DDR3-2133 Hgtl;z
Min Max Min Max Min Max Min Max Min Max Min Max
Write leveling hold time from
rising CK_t, CK_c crossin
fWLH o risging DGS £ DAS 9 | 325 245 195 165 140 | - 125 ps
crossing
RTT Inputs Timing
tAON RTT turn-on -400 | 400 | -300 | 300 | -250 | 250 | -225 | 225 | -195 195 | -180 180 ps
RTT_Nom and RTT_WR
tAOF turn-off time from ODTLoff 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 0.3 0.7 tex®
reference
tADC RTT dynamic change skew | 03 | 07 | 03 | 07 | 03 | 07 | 03 | 07 | 03 | 07 | 03 | 07 | tgd
NOTES:

a. Clock cycle time.

b.  The minimum spacing between MRS commands and any other command to the same physical rank must be at least 16 DRAM clock cycle.

¢. Setup (tig) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Virer qc) and first crossing of Viyaqmin. Setup (tis)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrer(4c) and the first crossing of Vi ,max (see Figure ). If the actual
signal is always earlier than the nominal slew rate line between shaded ‘Vrgr(qc) to ac region’, use nominal slew rate for derating value. If the actual signal is later
than the nominal slew rate line anywhere between shaded Ve g to ac region’, the slew rate of a tangent line to the actual signal from the ac level to Vrer(q4c)
level is used for derating value (see Figure 42).

d. Setup (tis) and Hold (t;): ac/dc referenced to 1V/ns Address/Command slew rate and 2V/ns differential CK_t/CK_c slew rate.

e. These parameters are measured from a command/control/address input signal (DCKE[1:0], DODT[1:0], DCS_n[7:0], DRAS_n, DCAS_n, DWE_n, DBA[2:0],
DA[15:0]) transition edge to the rising differential input clock CK_t/CK_c crossing. For the case without induced jitter, a small amount jitter will be present in the
input clock source depending on the manufacturer of the source equipment. The input clock source jitter distribution should be characterized prior to any measurel
ment of the device. For the case of inducing jitter in the input clock signal source, a Gaussian jitter distribution should be used that does not exceed the PLL bandi
width of the device under test. The measurement for both cases is taken from the transition edge of command/control/address

signal to the mean of the input jitter distribution on the rising differential input CK_t/CK_c crossing. And, these parameters should be met whether clock jitter is
present or not.

f. Hold (t) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi ycjmax @nd the first crossing of Vrer(gc). Hold ()
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vi gcymin @nd the first crossing of Ve qc) (see Figure 41). Ifthe actual
signal is always later than the nominal slew rate line between shaded ‘dc level to Vrer(qc) region” use nominal slew rate for derating value. If the actual signal is
earlier than the nominal slew rate line anywhere between shaded ‘dc to Vger(qc) region’, the slew rate of a tangent line to the actual signal from the dc level to
VREF(dc) level is used for derating value (see Figure 43).

g. Setup (tps) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer(qc) and first crossing of Vipyaqmin. Setup (tps)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrgr(qc) and the first crossing of V) ;max. If the actual signal is
always earlier than the nominal slew rate line between shaded Vrer qc) to ac region’, use nominal slew rate for derating value (see Figure 44). If the actual signal
is later than the nominal slew rate line anywhere between shaded Ve (qc) to ac region’, the slew rate of a tangent line to the actual signal from the ac level to
VREF(dc) level is used for derating value (see Figure 46).

h. Setup (tps) and Hold (tpy): ac/dc referenced to 1V/ns DQ slew rate and 2V/ns differential DQS_t/DQS_c slew rate.

i. These parameters are measured from a data signal (DQ) transition edge to its respective data strobe (DQS_t, DQS_c) crossing. The specification values must
be met with clock jitter applied (i.e. tJIT(per), tJIT(cc), etc.), as these are relative to the DQS_t, DQS_c signals crossing. That is, these parameters should be met
whether clock jitter is present or not.

j. Hold (tp) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V) gcjmax @nd the first crossing of Vrer(4c). Hold ()
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vyqe)min and the first crossing of Ve qc) (see Figure 45). Ifthe actual
signal is always later than the nominal slew rate line between shaded ‘dc level to Vggr(qc) region’ use nominal slew rate for derating value. If the actual signal is
earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrgr(qc) region’, the slew rate of a tangent line to the actual signal from the dc level to
VREF(dc) level is used for derating value (see Figure 47).

k. These parameters are measured from any DQS_t/DQS_c crossing to the CK_t/CK_c crossing. For the case without induced jitter, a small amount jitter will be
present in the input clock source depending on the manufacturer of the source equipment. The input clock source jitter distribution should be characterized prior
to any measurement of the device. For the case of inducing jitter in the input clock signal source, a Gaussian jitter distribution should be used that does not exceed
the PLL bandwidth of the device under test. The measurement for both cases is taken from the DQS_t/DQS_c crossing to the mean of the input jitter distribution
on the rising differential input CK_t/CK_c crossing, and these parameters should be met whether clock jitter is present or not.
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Table 48 — Host Interface DQ/DQS Output Timing Parameters
DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L-
DDR3-1866 DDR3-2133 :
Symbol Pt 800 1066 1333 1600 hlgtlés;
Min Max Min Max Min Max Min Max Min Max Min Max
DQ Output Timing
DQS_t, DQS_c to DQ skew,
DasQ AS.1DAScloBQskew, | |45y || g 100 85 75 680 | ps
per byte group, per access®
DQ output hold time from
tQH 0.45 - 0.45 - 0.45 0.45 0.45 0.45 - ¢
. DQS_t, DQS_c? fex
Write Leveling Output Timing
tWLO Write leveling output delay 75 0 75 0 75 7.5 0 75 0 7.5 ns
tWLOE Write leveling output error 0 2 0 2 0 2 0 2 0 2 0 2 ns
Data Strobe (DQS) Output Timing
DQS_t, DQS_c differential
tRPRE d 0.9 - 0.9 0.9 0.9 0.9 0.9 - te®
READ Preamble
DQS_t, DQS_c differential
{RPST A5.1DAS cdfferental |5 || g3 03 03 03 03 | - | to
READ Postamble’
DQS_t, DQS_c differential
tasH 45t DAS_cdferental | 6 || o45 | - | 0as 0.46 0.46 046 | - | ¢
output high time
DQS_t, DQS_c differential
tosL 454 DAS_cfferental | 6 || o46 | - | 0as 0.46 0.46 046 | - | ¢
output low time
NOTES:

a.This skew represents the absolute output skew and contains the pad skew and package skew.

b.The specification values are NOT affected by the amount of clock jitter applied.

c.Clock cycle time.

d.The specification values are affected by the amount of clock jitter applied (i.e., tJIT(per), tJIT(cc), etc.), as MB outputs use PLL outputs. However, these
parameters must be met whether clock jitter is present or not.

Associated
DQ Pins

DQS_c = — —

_ )
DQS_t

tasH

tasL

taH

== ="

\/7 / \
NI/

taH

T tbasa

\

T tbasa

—

(XD

)

Figure 26 — Read Timing Definition
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This section specifies electrical and timing requirement for Memory Buffer DRAM interface.

7.4.1 MDQ/MDQS On-Die Termination (MODT) Requirement

Table 49 — MDQ/MDQS On-Die Termination (MODT) for READ Operation

DDR3/DDR3L-800/1066/1333/1600,
Symbol Parameter and DDR3-1866/2133 Unit
Min Typ Max
Rrr(o40) Termination resistance (Rzq) - DDR3 216 240 312 Q
Rr(120) Termination resistance (Rzo/2) - DDR3 108 120 156 Q
R7(e0) Termination resistance (Rzo/3) - DDR3 72 80 104 Q
R7(60) Termination resistance (Rzq/4) - DDR3 54 60 78 Q
Rrr40) Termination resistance (Rzo/6) - DDR3 36 40 52 Q
Rrr30) Termination resistance (Rzo/8) - DDR3 27 30 39 Q
MODTroL | Termination tolerance? - DDR3 -10 +30 %
RTT(24O) Termination resistance (Rzq) - DDR3L 216 240 348 Q
RTT“ 20) Termination resistance (Rzq/2) - DDR3L 108 120 174 Q
RTT(so) Termination resistance (Rzo/3) - DDR3L 72 80 116 Q
RTT(60) Termination resistance (Rzq/4) - DDR3L 54 60 87 Q
Rr40) Termination resistance (Rzq/6) - DDR3L 36 40 58 Q
Rrr30) Termination resistance (Rzo/8) - DDR3L 27 30 435 Q
MODTroL [ Termination tolerance? - DDR3L -10 - +45 %
AVy Deviation of Vy w.rt. Vpp/2° 5.0 %
NOTES:

a. Measurement definition for MODT:
Apply Vi(ac) to pin under test and measure current I(Vipyac)), then apply Vi (ac) to pin under test and
measure current (Vi (c)) respectively.

VIH(ac)—VIL(ac)

MODT =

I(VIH(ac)) — I(VIL(ac))

b. Measure voltage (Vo = Vi) at test pin with no load (Ioyt = 0). AViy= |2 *VyNVpp - 1] * 100%.

_ont
[~ 1 VDD
| lpy |
| Rup |
Input | |
Circuitry | | <«
| lPo | lour | v
| | Roown | PU
L — — — _— 1 VSS

Figure 27 — On-Die Termination: Definition of Voltages and Currents
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7.4.2 QCMD/QADDR/QCTRL/Yn_t/Yn_c DC and AC Output Parameters

Table 50 — QCMD/QADDR/QCTRL/Yn_t/Yn_c Ron and Output Slew Rate

DDR3/DDR3L-800/1066/1333/1600,
Symbol Parameter and DDR3-1866/2133 Unit
Min Typ Max
QCMD/QADDR/QCTRL/Yn_t/Yn_c
Ron() Light Drive Impedance? 22 26 30 Q
Ron(m) Moderate Drive Impedance? 16 19 22 Q
Ron(s) Strong Drive Impedance? 12 14 16 Q
Ron(w) Weak Drive Impedance®® 70 100 Q
Mismatch bet II- d pull-d
MRogen | ismatc Ce ween pull-up and pull-down 10 10 "
impedance
SE Output Rising edge slew rate (default)® - DDR3 2.0 5.0 Vins
SRse_outr — -
SE Output Rising edge slew rate (default) - DDR3L 1.8 5.0 Vins
SE Output Falling edge slew rate (default)? - DDR3 2.0 5.0 Vins
SRse_outr - -
SE Output Falling edge slew rate (default® - DDR3L 1.8 5.0 Vins
ASRgg oyt | SE Output Rising-falling edge slew rate difference 1 Vins
NOTES:

a. RON is defined as small signal output resistance measured at 0.5*VDD.

The individual pull-up and pull-down resistors (RONp, and RONpy) are defined as follows:

VAan-V
RONp,, = ——Q—QI————Q—E’I under the condition that RONpgq is turned off (1)
‘ Out|
%
RONp, = I—Ouf under the condition that RONp, is turned off (2)
’ Out‘
Chip in Drive Mode
QU Urver
. 3 VDD
! :
A L
To |1 i
other | | RONp, i
circuitry| | |
ike " [1 i = D¢
RCV, |1 E]R”NH i o
ol | v
R
i____________} VSS

Output Driver: Definition of Voltages and Currents

b. Output weak drive refers to allowing many A/B outputs to enter a state of higher output impedance when they are not being

used. This is to conserve power when the outputs are resistively terminated to a voltage (e.g., VTT).

c. is defined as the mismatch between pullup and pulldown impedances: ARpy.pp=(RONpu - RONpd) / RON * 100%

d. Output pullup and pulldown slew rate is measured into Ryt of 50 ohms to Vr. The slew rate is measured between Vi + AC
Level (see Figure and Figure 29) for rising and falling edges. It is guaranteed for any pattern of data, including all outputs switching
and only one output switching.
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OUTPUT -

————————— Von
+AC Level '
av _f L - - _ _ _ __ __ _ Vo7
L _AC Level!
dt_f VoL

NOTE 1 See Table 51, “AC level for Slew Rate Measurement” for AC Level value.

Figure 28 — Voltage waveforms, HIGH-to-LOW slew rate measurement

OUTPUT

dt_r

dvr - — — — —

NOTE 1 See Table 51, “AC level for Slew Rate Measurement” for AC Level value.

Figure 29 — Voltage waveforms, LOW-to-HIGH slew rate measurement

Table 51 — AC level for Slew Rate Measurement

DDR3/DDR3L-800/1066/1333/ DDR3-1866/2133
1600
AC Level (1.5V) 150 mV 135 mV
AC Level (1.35V) 135 mV TBD
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7.4.3 MDQ/MDQS DC and AC Output Parameters

Table 52 — MDQ/MDQS Ron Requirement (for DRAM Interface WRITE Operation)

DDR3/DDR3L-800/1066/1333/1600, and
Symbol Parameter DDR3-1866/2133 Unit
Min Typ | Max
MDQ/MDQS
Ronqvt) Very Light Drive Impedance? Rzq/5 43.2 48 52.8 Q
Ron) Light Drive Impedance? Ry/6 36 40 44 Q
Ron(m) Moderate Drive Impedance? Rzq/7 30.6 34 374 Q
Ron(s) Strong Drive Impedance? Rq/9 24.3 27 29.7 Q
Ron(vs) Very Strong Drive Impedance? Ryq/12 18 20 22 Q
ARpy.pp Mismatch between pull-up and pull-down impedanceb -10 - +10 %
SRst ouTR SE Output Rising edge slew rate (default)® - DDR3 20 - 5.0 Vins
N SE Output Rising edge slew rate (default)® - DDR3L 1.8 - 45 Vins
SRz Ut SE Output Falling edge slew rate (default)® - DDR3 2.0 - 5.0 Vins
- SE Output Falling edge slew rate (default) - DDR3L 1.8 - 4.5 Vins
ASRsg out SE Output Rising-Talling edge slew rate difference - - 1 Vins
SR DIFF Output Rising edge slew rate (default)® - DDR3 4.0 - 10 Vins
DIFF_OUTR — d
DIFF Output Rising edge slew rate (default) - DDR3L 36 - 9 Vins
SR DIFF Output Falling edge slew rate (default - DDR3 4.0 - 10 Vins
DIFF_OUTF - T
DIFF Output Falling edge slew rate (default’ - DDR3L 3.6 - 9 Vins
ASRpiFF_out DIFF Oufput Rising-Talling edge slew rate difference - - 2 Vins
NOTES:

a. RON is defined as small signal output resistance measured at 0.5*VDD. RZQ = 240 Q
The individual pull-up and pull-down resistors (RONp,, and RONpy) are defined as follows:

Van-V,
RONp,, = DDI—OUt under the condition that RONpy is turned off (1)
| Out‘
VOut
RONPd = under the condition that RONp,, is turned off (2)
VOut’
Chip in Drive Mode
LApi Unver
t T t VDD
I |
I
To |1 i
other E RONg, i
circuit
ike "1 i ol
RCV, E Ij Rf-’-'\";-,' E Cu
| ! Vo
| | s |
i i
1 V&S

Output Driver: Definition of Voltages and Currents

b. is defined as the mismatch between pullup and pulldown impedances: ARpy.pp=(RONpu - RONpd) / RON * 100%

¢. Single-ended Output pullup and pulldown slew rate is measured into Ry of 25 ohms to V7 (see Figure 21). The slew rate is measured between Vo)
and Vo (ac) AC Level (see Table 38 for Voac) and Vo acy AC Level definition, and see Table 40 for rising and falling edges measurement details). It is
guaranteed for any pattern of data, including all outputs switching and only one output switching.

d. Differential Output pullup and pulldown slew rate is measured into Ry of 25 ohms to Vyy (see Figure 21). The slew rate is measured between Vogiac)
and Vo gifiac) AC Level (see Table 39 for Vopgirac) and Vo girac) AC Level definition, and see Table 41 for rising and falling edges measurement details).
It is guaranteed for any pattern of data, including all outputs switching and only one output switching.
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7.4.4 DRAM Interface Input and Output Timing
This section specifies various input and output timing for DRAM interface.
p p p g
Table 53 — DRAM Interface MDQ/MDQS Input Timing Parameters
DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L-
DDR3-1866 DDR3-2133 g
Symbol Parameter 800 1066 1333 1600 Hgtléz
Min Max Min Max Min Max Min Max Min Max Min Max
MDQ Inputs Timing
Setup time®® (DDR3) 45- i 45- i 30- 30- ]
DS (AC100) {CK/4 {CK/4 {CK/4 {CK/4 TBD 18D bs
Hold time®? (DDR3) 45+ . 45+ ) 30+ 30 + ]
DH (DC100) {CK/4 {CK/4 {CK/4 {CK/4 TBD 18D bs
Setup time®° (DDR3L) 55- i 55- i 40- 40- i
(DS (AC90) {CK/4 {CK/4 {CK/4 {CK/4 TBD 18D bs
Hold time® (DDR3L) 55+ i 55+ i 40+ 40+ i
DH (DC30) {CK/4 {CK/4 {CK/4 {CK/4 TBD 18D bs
Data Strobe (MDQS) Input Timing
MDQS_t, MDQS_c d
tRPRE diferential READ Preamble | 089 - 0.89 - 0.89 0.89 0.89 - 0.89 - tox
MDQS_t, MDQS_c d
tRPST differential READ Postamble | 023 . 0.25 . 0.25 0.25 0.25 0.25 - tox
MDQS_t, MDQS_c
tDQSL differential input low pulse 036 | 0.64 | 036 | 064 | 037 | 063 | 037 | 063 | TBD | TBD | TBD | TBD | tg®
width
MDQS_t, MDQS_¢
tDQSH differential input high pulse | 0.36 | 0.64 | 036 | 064 | 037 | 063 | 037 | 063 | TBD | TBD | TBD | TBD | tgd
width
NOTES:

a. Setup (tps) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrgr(qc) and first crossing of Vipyaqmin. Setup (tps)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vrgr(qc) and the first crossing of V) max. If the actual signal is
always earlier than the nominal slew rate line between shaded Vrer qc) to ac region’, use nominal slew rate for derating value (see Figure 44). If the actual signal
is later than the nominal slew rate line anywhere between shaded Ve g to ac region’, the slew rate of a tangent line to the actual signal from the ac level to
VREF(dc) level is used for derating value (see Figure 46).

b. Setup (tps) and Hold (tpy): ac/dc referenced to 1V/ns DQ slew rate and 2V/ns differential DQS_t/DQS_c slew rate.

¢. Hold (tp) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V| gcjmax @nd the first crossing of Vrerg). Hold (tpn)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Vi gcymin @nd the first crossing of Ve qc) (see Figure 45). If the actual
signal is always later than the nominal slew rate line between shaded ‘dc level to Virer qc) region” use nominal slew rate for derating value. If the actual signal is
earlier than the nominal slew rate line anywhere between shaded ‘dc to Vger(qc) region’, the slew rate of a tangent line to the actual signal from the dc level to
VREF(dc) level is used for derating value (see Figure 47).
d. Clock cycle time
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7.4.4 DRAM Interface Input and Output Timing (cont’d)

Table 54 — Output timing requirements?*

" DDR3/DDR3L-800/1066/1333/1600, and .
Symbol Parameter Conditions DDR3-1866/2133 Unit
Min Max
Addr/CMD/Ctrl Propagation Delay Addr/CMD/Ctrl output
. 22 29 ns
@ (1.5V Operation) CK t/CK ct?
PDM : -
Addr/CMD/Ctr! Propagation Delay 99 34 ns
(1.35V Operation)
MDQS to DQS Propagation Delay MDQS output to DQS?&f9 18 +1CK/A 95 +1CK/4 ns
b ¢ | (1.5V Operation)
PDMMDQS :
MDQS to DQS Propagation Delay
(1.35V Operation) 1.8 +tCK/4 2.9 +tCK/4 ns
tors Output disable time (1/2-Clock prel | yn_t/Yn_c to output float” 0.5tCK + os
launch) tQSK1(min)
i Output enable time (1/2-Clock prel Output driving to Yn_t/ 0.5tCK -
EN launch) Yn_¢ tQSK1(max) ps
NOTES:

a.tppy range (tppm_max - tPom_min) Must remain as 350ps. For example, if topy_min for a device is 2.2ns, it's topy_may CaNNot be
more than 2.55ns. If tppy_max for a device is 3.4ns, it's tpy_min cannot be less than 3.05ns.

b. See Figure 30.

Ctppmmpas range (tepmmpas_max - tPoMMDQS_min) Must remain as 350ps. For example, if toppvpas_min for a device is 1.8 +
tCK/4 ns, it's tpppmpas_max Cannot be more than 2.15 + tCK/4 ns. If tppympas_max for a device is 2.9 + tCK/4 ns, it's tppy min

cannot be less than 2.55 + tCK/4 ns.
d.See Figure 31.

e.Minimum latency mode. Per byte, per access.
f.DQ signals are perfectly edge aligned at the input and at the output for ATE measurement.
g.No MDQS jitter at the input of the MB on DRAM interface.

h.See Figure 51.

MB Input
Timing
Host Ax

n+4

Interface

MB Output — —
Timing

DRAM
Interface

QxAx

tPDM

A
v

tPDM = Clock in to Address/CMD/Control Out

Figure 30 — tPDM Latency Measurement
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n n+2 n+4

Yn \ ‘—.". / \ —\ , .  — "ﬁ"n‘ “;'r—'-..‘ ,‘I’—‘\, ."’—n'-, y '} '_."'
ME Input I
Timing

MDQSx X XA X A A A X —
Interface DQ o vﬁi_ AL AN N A N/

Cross point
CLK—,

MB Output =
Timing
Host
Interface

tPDMMDQS

=~
< >

tPDMMDQS = MDQSx in (DRAM Interface) to DQSx (Host interface) Out

Figure 31 — tPDMMDQS Latency Measurement
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7.4.4 DRAM Interface Input and Output Timing (cont’d)

Table 55 — DRAM Interface Output Timing Parameters

Symbol

Parameter

Conditions

DDR3/
DDR3L-800

DDR3/
DDR3L-1066

DDR3/
DDR3L-1333

DDR3/
DDR3L-1600

DDR3-1866

DDR3-2133

Max

Min

Max

Max

Min

Max

Min

Max

Max

Units

Yn_t,Yn_c

Output Clock Timing

tyr(ce)

Cycle to Cycle
Period Jitter

112

12

112

96

80

64

ps

tfdyn

Dynamic phase
offset

50

-50

50

50

40

40

30

-25

25

ps

teksk

Fractional Clock
Output skew?

15

10

10

10

ps

tyr(per)

Yn Clock Period
jitter

-56

56

- 56

56

- 56

56

-48

48

-40

40

-32

32

ps

tyr(hper)

Half period jitter

-66

66

- 66

66

- 66

66

-58

58

-50

50

-42

42

ps

tewrPwL

Yn pulse width
HIGH/LOW
duration®

tPW = 1/2tCK [
[ti(hper)min| to
1121CK +
|tjit(hper)max|

1.200

1.300

0.888

0.988

0.700

0.800

0.585

0.665

0.501

0.571

0.439

0.499

ns

taski1®

Qn Output to Yn clock
tolerance (Standard 1/2
Clock Pre-Launch)

Output Inversion
enabled

-150

250

-150

250

-150

250

-140

140

-135

125

-130

120

Output Inversion
disabled

-150

350

-150

350

-150

350

-140

240

-135

225

-130

210

ps

Average delay
through the register
between the input
clock and output
clock5.(1.5V
Operation)

tstaoffd

Average delay
through the register
between the input
clock and output
clock5.(1.35V
Operation)

Standard 1/2
Clock
Pre-Launch
tstaoff =
tPDM + 1/2 tCK

345

4.15

3.14

3.84

2.95

3.65

2.83

3.53

2.74

3.44

2.67

3.37

ns

3.45

4.65

3.14

434

2.95

4.15

2.83

4.03

2.74

3.94

267

3.87

ns

MDQ Output

Timing

tDVB®

Data valid before
MDQS

475

344

275

228

193

174

ps

tDVA®

Data valid after
MDQS

475

344

275

228

193

174

ps

Data Strobe

(MDQS) Output Timing

tWPRE

MDQS_t, MDQS_c
differential WRITE
Preamble

0.95

0.95

0.95

0.95

0.95

0.95

tWPST

MDQS_t, MDQS_c
differential WRITE
Postamble

0.33

0.33

0.33

0.33

0.33

0.33

tQSL

MDQS_t, MDQS_c
differential output
low time

0.46

0.46

0.46

0.46

0.46

0.46
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Table 55 — DRAM Interface Qutput Timing Parameters (Continued)

DDR3/ DDR3/ DDR3/ DDR3/
DDR3L-800 | DDR3L-1066 | DDR3L-1333 | DDR3L-t600 | DPR3-1866 | DDR3-2133 | - .

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Symbol Parameter Conditions

MDQS_t, MDQS_c
tQSH differential output 0.46 - 0.46 - 0.46 - 0.46 - 0.46 - 0.46 - tCKf
high time

NOTES:

a. This skew represents the absolute output clock skew and contains the pad skew and package skew (See Table 38, “Clock Output (Yn) Skew”). This
parameter is specified for the clock pairs on each side of the DDR3 Memory Buffer independently. The skew is applicable to right side clock pairs between
YO/YO# and Y2/Y2#, as well as left side of the clock pairs between Y1/Y1# and Y3/Y3#. This is not a tested parameter and has to be considered as a design
goal only.

b. This parameter is a measure of the output clock pulse width HIGH/LOW. The output clock duty cycle can be calculated based on tPW. For frequency that
is not part of standard speed bin, tPWH/tPWL should be calculated base on the actual tCK value used (i.e. use formula in the “Condition” column).

c. This skew represents the cumulative of instantaneous Qn skew compared to the output clock (Yn), and contains the Memory Buffer (MB) pad skew, clock
skew, package routing skew and the output clock jitter (See Figure 39, “Qn Output Skew for Standard 1/2-Clock Pre-Launch”). This parameter applies to
each side of the MB independently. The parameter includes the skew related to simultaneous switching noise (SSO). The Qn output can either be early or
late. For outputs QxA0.. QxA15, QxBAO .. QxBA2, QxRAS_n, QxCAS_n, QxWE_n, QACS[3:0]_n/QCS[3:0]_n, QBCS[3:0]_n/QCS[7:4]_n, QxCKE[3:0],
QxODTI1:0] this parameter applies to each side of the MB independently. The parameter is measured per JEPXX-XX (procedure defined by Validation TG).

d. This parameter measures the delay from the rising differential input clock which samples incoming CA to the rising differential output clock that will be used
to sample the same CA data. tstaoff may not exceed the limits set by tstaoff(min) and tstaoff(max). See Figure 37, “Definition for tstaoff”’

e. See Figure 32, “tDVA and tDVB Timing Diagram”. The timing parameters tDVA and tDVB indicate the time the MDQ is valid after or before MDQS. tDVA is
used to indicate the time that Data is Valid After. tDVA is used for MDQ/MDQS write hold calculations (tDH). tDVB is used to indicate the time that Data is
Valid Before. tDVB is used for MDQ/MDQS write setup calculations (tDS).

f. Clock cycle time.

MDOS_tMDQS_c '“;:‘);;// pT T '“‘;/_,;/_/
From MB e e SR
tDVB [+——={+—=| tDva

MDG
From MB %

Figure 32 — tDVA and tDVB Timing Diagram
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7.4.4 DRAM Interface Input and Output Timing (cont’d)

Table 56 — MB Operating Spec for Different Physical Ranks

DDR3 800 DDR3 1066 DDR3 1333

Symbol | Parameter Min Max Min Max Min Max Units Notes

TWRWR | Write to Write BL2+2 BL/2+2 BL/2+2 tCK(avg) 1,2,3
Command Spacing

TRDRD | Read to Read BL/2+2 BL/2+2 BL/2+2 tCK(avg) 1,2,3
Command Spacing

TWRRD | Write to Read BL/2+2 10 BL/2+2 - BL/2+2 - tCK(avg) 1,2,3
Command Spacing | (CL-CWL) (CL-CWL) (CL-CWL)

TRDWR | Read to Write BL/2 +4+ BL/2 +4+ BL/2 +4 + tCK(avg) 1,2,3,4
Command Spacing | (CL - CWL) (CL-CWL) (CL-CWL)

NOTE 1 Operation to different Physical Rank independent of Rank multiplication or Non Rank multiplication mode of
operation.

NOTE 2 For operation to Same Physical Rank, this restriction does not apply. Host controller follows JESD79-3E. MB will
guarantee the functionality in accordance with JESD79-3E.

NOTE 3 MB will guarantee the functionality with this minimum command spacing.

NOTE 4 This is meant for MB testing on ATE environment purpose to ensure proper buffer functionality. Host controller is
likely to require additional separation to avoid the bus contention on Host controller and buffer input interface under normal
operation.

Table 57 — MB Operating Spec for Different Physical Ranks

DDR3 1600 DDR3 1866 DDR3 2133

Symbol |Parameter Min Max Min Max Min Max Units Notes

TWRWR | Write to Write BL/2+2 BL/2+2 BL/2+2 tCK(avg) 1,2,3
Command Spacing

TRDRD | Read to Read BL2+2 BL2+2 BL2+2 tCK(avg) 1,2,3
Command Spacing

TWRRD | Write to Read BL2+2 BL/2+2 - BL/2+2 - tCK(avg) 1,2,3
Command Spacing | (CL- CWL) (CL-CWL) (CL-CWL)

TRDWR | Read to Write BL/2+4+ BL/2+4+ BL/2+4 + tCK(avg) | 1,2,3,4
Command Spacing | (CL - CWL) (CL - CWL) (CL-CWL)

NOTE 1 Operation to different Physical Rank independent of Rank multiplication or Non Rank multiplication mode of
operation.

NOTE 2 For operation to Same Physical Rank, this restriction does not apply. Host controller follows DRAM JESD79-3
Revision E Specification. MB will guarantee the functionality in accordance with DRAM JESD79-3 Revision E Specification.

NOTE 3 MB will guarantee the functionality with this minimum command spacing.

NOTE 4 This is meant for MB testing on ATE environment purpose only to ensure proper buffer functionality. Host controller is
likely to require additional separation to avoid the bus contention on Host controller and buffer input interface under normal
operation.

0106



JEDEC Standard No. 82-30
Page 93

7.4.4 DRAM Interface Input and Output Timing (cont’d)

write followed by Write to Different Rank
0 2 3 6 7 8 9 10 11 12 13 14 15
CLK [\ [\ [ [ Vo [ \

i S W (N W -;'II LU S W R l"._.'ll | W S W N U A VY A W A l“.

W

w WH
D Rank x Rank ¥
i Twrwr
MDQsn O OO OO — OO —
CWL=5 CWL =5

Figure 33 — Twrwr Timing Spec

Read followed by Read to Different Rank
2 : 5 6 7 g§ 9 10 11 12 13 14 15

CIK [\ /M {._—(\ ‘f—|“ T A N 7 v 7 7Ty 7 T Ty Ty
i R I T L o S L L T T T T O T O T e T
RD Rl
D Rank X Rank Y
Trdrd
——, —r — ——{— iy
MDQSn OO OO
cL=5 .=

Figure 34 — Trdrd Timing Spec

Write followed by Read to Different Rank
] 0 1 2 3 4 r5—|, 6 7 9 10 11 12 1{; 14 15
C'LK_n'I’_\\_n'I'_‘I\_.'I I'-g'll I'I_.'Ir_‘lul () l"._.'ll l"_.' W "._."I l"._." l“._.l'h"._f [

w R
OO Rank X wrd Rank Y
MDQSn RS EEEEEE EEEEEE RN
CWL £5 cL=5§
Wi R0
D Raink X Twird Rank Y
MDQSa OO OO
cL=5
CWL + 5
bk 2>

Figure 35 — Twrrd Spec
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7.4.4 DRAM Interface Input and Output Timing (cont’d)

Read followed by Write to Different Rank
9]

5
o

6 7. 8 9 10 1

¢ 2 13 14 15
/ \ \ f \ / \ \ “'—"v :'l_". v"_" r"_‘< l"—l‘ 1‘—- :"_".
AT A WY A W Y S VN S VU S VAU A VY A VY AN VN AR VY A WY (R W |
RD WHR
CMD
Rank X Trdwr Rahk Y
. S e 7 —r Y — —
MDQSn O OO OO
CL=5§ CWL=5
i

Figure 36 — Trdwr Spec

CK_ c
CK_t X X
staoff max
tstaoff
tstaoff(min)1
Yn_t
Yn_c >< % < ><

1. tstaoff = Propagation delay for clock signal (rising CK input clock edge to rising Yn output clock edge)

Figure 37 — Definition for ty, ¢

Y2 ¢

A X

Y2 t

Y2 ¢

Y2 t L_)\_F

— —

oA XD

| X XD

Figure 38 — Clock Output (Yn) Skew
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7.4.4 DRAM Interface Input and Output Timing (cont’d)

tCK
Yn_c;—r\/———\ /i ~ = / __"\
Yn t — = \___/L\___/ /N \ ’\
CK2 | k2

Qn! 1deal < >< >< >

tQSKl max — —

wiiae G G G
ST G | S G S—

1. Outputs as specified in Table 55, “DRAM Interface Output Timing Parameters”, Footnote c

Figure 39 — Qn Output Skew for Standard 1/2-Clock Pre-Launch

Table 58 — Clock driver Characteristics at application frequency

DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L- | DDR3/DDR3L-

Symbol Parameter 800 1066 1333 1600

DDR3-1866 DDR3-2133 Unit

Min Max Min Max Min Max Min Max Min Max Min Max

The DDR3 Memory Buffer must be capable of meeting all the above test parameters while supporting SSC synthesizers with the following
parameters:

SSC modulation frequency 30 33 30 33 30 33 30 33 30 33 30 33 kHz

SSC clockinputfrequency | 00 | o5 | 000 | -05 | 000 | 05 | 000 | 05 | 000 | -05 | 000 | -05 %

deviation
DDR3 Memory Buffer PLL designs should target the values below to improve tracking between CK_t/CK_c and Yn_t/Yn_c:
PLL Loop bandwidth (-3 dB
toand | from unity gain) 252 - 302 - 357 - 402 - 45° - 50° - MHz
NOTES:

a. Implies a -3 dB bandwidth and jitter peaking of 3 dB.
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7.5 Data Setup, Hold and Slew Rate Derating

Table 59 — Derating values for DDR3-800/1066/1333/1600 tDS/tDH - (AC100)

AtDS, ADH derating in [ps] AC/DC based 2l
AC100 Threshold -> VIH(ac)=VREF(dc)+100mV, VIL(ac)=VREF(dc)-100mV

DQS, DQS# Differential Slew Rate

> 2.0 VIns <=2.0 VIns
AtDS AtDH AtDS | AtDH
5.0 60 60 5 5
4.5 58 58 - -
4.0 56 56 - -
3.5 53 53 - -
3.0 50 50 5 5
2.8 47 47 - -
2.6 46 46 - -
2.4 43 43 - -
S?Sw 2.2 40 40 - -
\'ﬁrﬁ 2.0 37 37 - -
1.8 32 32 - -
1.6 28 28 - -
14 21 21 - -
1.2 13 13 - -
1.0 0 0 - -
0.8 TBD TBD - -
0.6 TBD TBD - -
<0.6 - - - -
NOTES:

a.Cell contents shaded in red are defined as ‘not supported’.
b.This Table is for MB HOST Interface and MB DRAM Interface.
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Data Setup, Hold and Slew Rate Derating (cont’d)
Table 60 — Derating values for DDR3L-800/1066/1333/1600 tDS/tDH - (AC90)
AtDS, ADH derating in [ps] AC/DC based 2l
AC90 Threshold -> VIH(ac)=VREF(dc)+30mV, VIL(ac)=VREF(dc)-90mV
DQS, DQS# Differential Slew Rate
> 2.0 Vins <=2.0 V/ns
AtDS AtDH AtDS | AtDH
5.0 52 52 - -
4.5 50 50 - -
4.0 49 49 - -
3.5 46 46 - -
3.0 43 43 - -
2.8 41 41 - -
2.6 39 39 - -
2.4 37 37 - -
S[I)Sw 2.2 34 34 - -
\f,?;es 2.0 32 32 - -
1.8 28 28 - -
1.6 24 24 - -
1.4 18 18 - -
1.2 1 1" - -
1.0 0 0 - -
0.8 TBD TBD - -
0.6 TBD TBD - -
<0.6 - - - -
NOTES:

a.Cell contents shaded in red are defined as ‘not supported’.
b.This Table is for MB HOST Interface and MB DRAM Interface.
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7.6 Nominal and Tangent line slew rate measurement for Setup and Hold De-rating

Figure 40 through Figure 47 can be used to determine the slew rate for tIS, tIH, tDS and tDH de-rating.

CK V2 N T T
CK# = = «
VDD ______________________ - =
ViH@gmin - — — — — + — — — — — - — — — A — N\ — | -
VREF to ac
region
Vivdgymin - | _ |\ LS
\nominal
slew rate
VREFdey - " ~"—-"t+-—-—-——"""-"1P-———1+-——————
nominal
/slew rate
ViLde) max =~ — [~ V Y I
VREF to ac
region
V”_(ac)max-_--_ S S i gion__
VSS______ _______ —_ e | — = =
ATF ATR

Setup Slew Rate _ VREF(de) - ViL@a)MaX_ Setup Slew Rate _ ViH(ac)Min - VREF(dc)
Falling Signal ATF Rising Signal ATR

Figure 40 — Illustration of nominal slew rate for setup time tIS (for ADD/CMD with respect to clock)
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Hold Slew Rate _ VReF(dc) - ViL(dcymax
Rising Signal ~ ATR

slew rate ——|

ATR

Falling Signal
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nominal
slew rate

ATF
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Hold Slew Rate _  ViH(dc)Min - VREF(dc)

ATF

Figure 41 — Illustration of nominal slew rate for hold time tIH (for ADD/CMD with respect to clock).
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nominal
line
Vv mn--— - — —p—————+——F - — — N\~
lH(aC) VREF to ac
region
ViHdeymMin — — — — | — - - /- - — — —d
tangent
line
VREFdey X - —|-F-———"—"""H- G —|-———— — -\ -
ViLgeymax ~ -\ 7|~~~ — — e
VRef to ac
region
ViLacymax _ L [ - ——tt---——————-
nominal
line - —
ATR
Vs - |- f-----"--" - — - —— -
Setup Slew Rate _ tangent line[Vyacymin - VRer(de)l
Rising Signal ATR
ATF | Setup Slew Rate tangent line[Vrer(dc) - ViL(acymax]

Falling Signal ~ ATF

Figure 42 — Illustration of tangent line for setup time t;g (for ADD/CMD with respect to clock)
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nominal
line

tangent

Hold Slew Rate _ tangent line [ Viyqo)min - VReF(qo) ]

Falling Signal

ATF

Figure 43 — Illustration of tangent line for hold time t;y (for ADD/CMD with respect to clock)
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Falling Signal ATF Rising Signal ATR

Figure 44 — Illustration of nominal slew rate for setup time tpg (for DQ with respect to strobe).
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Figure 45 — Illustration of nominal slew rate for hold time tpy (for DQ with respect to strobe)
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Figure 46 — Illustration of tangent line for setup time tpg (for DQ with respect to strobe)
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Figure 47 — Illustration of tangent line for hold time tpy (for DQ with respect to strobe)
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7.7 Test circuits and switching waveforms for CMD/ADD/CNTRL/CK Inputs

7.7.1 Parameter measurement information

All input pulses are supplied by generators having the following characteristics: 300MHz < PRR < 945
MHz; Z, = 50 €; input slew rate = 1 V/ns + 20%, unless otherwise specified.

The outputs are measured one at a time with one transition per measurement.

+ Vixac + Vixac Vip

Figure 48 — Voltage waveforms; input clock

DUT

T, = 50Q

CK Testpoint R =50Q
ouT —1— Vi

C <2.5pF(" I

CK Inputs

CK#

Test point

RL =100Q

Test point Trace delay matched on load board

(1) Cy. is parasitic (probe and jig capacitance)

Figure 499 — Qn and Yn Load circuit for propagation delay and slew measurement

CK#
Vicr Vicr Vip-p)
CK
tpom1 tPom2
Q Output Vi1 Vo7

VT = Vpp/2

V|cr Cross Point Voltage

Vip-p) = 450mV

tppm1. tromz the larger number of both has to be taken when performing tpp)y max measurement, the smaller number of both has
tobe taken when performing tppyy min measurement

Figure 50 — Voltage waveforms; propagation delay times
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CK#

CK

X

DCSn \

X
/

QxCSn \

A XX
\

,

Yn#

Yn

Vob

\
X X

tois

X
.
L

Outputs

/
b
>

N /\

virtual V17 crossing !

1. See Figure 52

Figure 51 — Voltage waveforms address floating

.Enabling and disabling the CA outputs must not violate DRAM setup and hold time requirements.
Therefore a tpyg transition may not occur earlier than the earliest (HL/LH) transition and a tgy transition
may not occur later than the latest (HL/LH) transition. Regular transitions are measured between CK/CK#
and CA/Vr crossings however a Vr crossing is not available in the state where the outputs are Hi-Z. To

allow a correct and not overly conservative measurement a virtual Vpr crossing point is defined below.

The calculation of the virtual V1 crossing point is shown in Figure 52. The voltage levels for y,, and y,,
are measured from V1 (Vpp/2) and should be selected such that the region between t1 and t2 covers a

linear range and represents a typical slope of the waveform within the transition area. They have to be used
signed in the formula.
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Yn#
Uck=Ucks
Yn
ten tois
tia tip
toq o
t VOH j
Y2a Y2
Vrr | Via % Vio | Vir
actual waveform ’ Y1a y1b’
Y2a Y2
V11=Vpp/2 - VoL
ten = t1a * V1a(t1at2a)/(Y2a-Y1a) tois = t1p * Yab(t1bton)/(Y2n-Y1b)

Figure 52 — Calculating the virtual V1 crossing point
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7.7.2 Error output load circuit and voltage measurement information

All input pulses are supplied by generators having the following characteristics: 300MHz < PRR < 1080
MHz; Z, = 50 €; input slew rate = 1 V/ns + 20%, unless otherwise specified.

DUT

ouT

C_=10pF

Vob

R.=50

Test point

See Note ()

(1) Cp includes probe and jig capacitance.

Figure 53 — Load circuit, ERROUT _n Outputs

Output driver characteristics are separately controlled for outputs that are often loaded with twice as many
DRAMs as the other outputs. Outputs are grouped as follows:

CA Signals =QxA0-QxAn, QxBA0-QxBAn, QxRAS n, QxCAS_n, QxWE_n

Control Signals = QxCS n, QxCKEn, QxODTn

CK=Yn t.Ync
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8 Power Management

In order to minimize the power consumption of the Memory Buffer, the MB shall put blocks that are active
only during initialization into a reduced power quiescent state during normal operation. These include:

(1) Host interface write leveling phase detector
(2) Read training logic

(3) DRAM interface write leveling logic

(4) MemBIST

(5) Transparent mode logic

(6) LAI mode logic

In addition the MB supports the following power management features.

8.1 CKE Power Management

The Memory buffer supports both traditional CKE control via two or four DCKE input pins, see Table 61,
as well as a newly defined CKE command, see Table 62, which is defined in the same format as DRAM
commands.

Table 61 — CKE Management Control Register (in FORC6)

Input
Definition Encoding
DBA1 | DBAO | DA4 DA3
4 QxCKE outputs are conl Default:
X X 0 0 | trolled by 2 DCKE inputs DCKE[0] --> QxCKE[0] and QxCKE[2]?
DCKE[1] --> QxCKE[1] and QxCKE[3]"
X X 0 1 4 QxCKE outputs are coni DCKE[0] --> QxCKE[0]
trolled by 4 DCKE inputs DCKE[1] --> QxCKE[1]

DCKE[2] --> QxCKE[2]
DODT[1}/DCKE[3]° --> QxCKE[3]

X X 1 0 4 QxCKE outputs are See Table 62
controlled independent of 2
DCKE inputs:

Buffer only asserts or de-
asserts QxCKE[x] Ranks that
is specified by host command

a. In 2 Rank case, buffer tri-states QxCKE[2] and QxCKE[3] outputs.

b. In 4 DCKE mode (DA4:DA3="01", DODT[1]/DCKE][3] pin will be used as DCKEJ[3]. In all other cases, the pin will
be used as DODT[1] if DBAO=°1" otherwise DODT1 pin is not used and it may be tri-stated and buffer turns off IBT for
DODT1. Additionally in 4 DCKE mode (DA4:DA3 = ‘01°), bit DBAO must be ‘0.

NOTE 1 The three CKE modes are described in 8.1.1, 8.1.2, and 8.1.3.
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8.1.1 2 DCKE mode (RDIMM Compatible Mode)
This is the default mode of the DIMM following RESET.

Normal RDIMMSs have two DCKE inputs. DCKEO goes to Rank 0 and Rank 2 (quad rank DIMMs).
DCKEI goes to Rank 1 (dual or quad rank DIMMs) and Rank 3 (quad rank DIMMs). LRDIMMs use this
same configuration by default, extending it to 8 rank DIMMSs by having DCKEO go to all even numbered
ranks (both physical and logical), and DCKE!1 go to all odd numbered ranks. The DCKE input is always
sent on to the appropriate QCKE outputs in this mode.

8.1.2 4 DCKE mode

The MB may be configured to have 4 DCKE inputs for finer granularity rank control of power
management. The additional DCKE inputs are achieved by using a formerly NC/Test pin on the DIMM
connector for DCKE2 and the DODT1 pin for DCKE3. The behavior of the DCKE3/DODT]1 pin is
determined by all three defined bits in FORC6. Note that FORC6 DBAO must be set to ‘0’ in 4 DCKE
mode, otherwise the MB behavior is undefined.

8.1.3 Soft CKE mode

In Soft CKE mode the QxCKEX outputs are controlled by commands sent by the host, not directly by the
DCKEX inputs. The DCKEXx inputs do not affect the QxCKEx outputs except for the Entry and Self
Refresh Exit commands. The DCKEX inputs do affect the power state of the MB, however. The MB will
not accept commands when both DCKE inputs are low and the CKE Power Down Mode Enable bit is set.

The Soft CKE command uses a further decode of the ZQ cal command encoding, using address bits
A[15:13].

Table 62 — Soft CKE Command Definition!

Function CS_n RAS_n | CAS_n WE_n | BA[2:0] AlS Al4 Al3 A[12:11] A10 A[9:8] A[7:4] A[3:0]
ZQCL X 0 0 0 X H X X X
ZQCS X 0 0 0 X L X X X
CKE L H H L X 0 0 1 X X X TBD | QxCKE
Control [3:0]*
RSVD X 0 1 X X X X X X
RSVD X 1 X X X X X X X

a. A[3:0] during CKE control command: 0 --> de-assert corresponding QxCKEx low; 1 --> assert corresponding QxCKEXx high.

When Soft CKE is disabled, A[15:13] are ignored and all combinations are considered ZQ cal commands.
The MB will accept a Soft CKE command when any of the configured DCSx_n inputs are active. All four
QCKE outputs will be affected by the Soft CKE command regardless of which DCSx_n input was active
for the command. As usual, the soft CKE command is not accepted by the MB unless a DCSx_n input is
low and at least one of the DCKEXx inputs is high.

On a soft CKE command the QxCKEx outputs will be affected with the same timing as the address/
command signals as if it were a DRAM command. The soft CKE command only affects the QxCKEx
outputs. The address/command signals do not change and the QxCSx_n outputs are not asserted.

1.This definition only applies when FORC6 DA4:DA3 = ‘10’
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8.2 Memory Buffer Power Savings Modes

The device supports different power saving mechanisms.

When both inputs CK_t and CK_c are being held LOW the device stops operation and enters low-power
static and standby operation. It stops its PLL and floats all outputs except QACKE[3:0] and QBCKE[3:0]
which are kept driven LOW. Before the device is taken out of standby operation by applying a stable input
clock signal, the MB inputs DCS[1:0] n must be pulled HIGH to prevent accidental access to the control
registers and DCKE[2:0] as well as DCKE3/DODT[ 1] must be pulled LOW for a certain period of time
(tacT)- The input clock must be stable for a time (tgpag) before any access to the device takes place.
Stopping the clocks (CK t=CK c¢=LOW) will only put the MB in the low-power mode and will not clear
any configuration registers including SMBus registers. The control word registers will reset only when
RESET n is driven LOW.

A weak drive feature can be enabled by setting the corresponding bit in the control word FORCO. This
causes the device to monitor all the DCS[x:0]_n inputs and weakly drive outputs corresponding with the
chip select gated inputs when all the DCS[x:0] n inputs are HIGH. If any one of the DCS[x:0]_n input is
LOW, the Qn outputs will function normally.

Once all the DCS[x:0]_n inputs are HIGH, the gated address command inputs to the MB can float to
conserve input termination power. DCKE[2:0], DCKE[3]/DODT[1] and DODTO need to be driven by the
system all the time.

The RESET n input has priority over all other power saving mechanisms. When RESET n is driven
LOW, it will force the Qn outputs to float, the ERROUT n output HIGH, the QACKE[3:0] and
QBCKE]3:0] outputs LOW and disables Input Bus Termination (IBT).

8.2.1 Memory Buffer CKE Power Down

The MB monitors all DCKEXx input signals and enters into power saving state when it latches LOW on all
DCKEX inputs and at least one of the DCKEX input has transitioned from HIGH to LOW.

There are two modes of CKE Power Down selected by control word RC9. Bit DBAO in RC9 determines
whether the MB turns off IBT & DQ Rtt or keeps IBT & DQ Rtt on.

8.2.1.1 Memory Buffer CKE Power Down with IBT Off

Upon entry into CKE Power Down mode with IBT off, all MB input buffers including IBT are disabled
except for CK_t/CK_c, DCKEx and RESET_n. The MB disables input buffers within t;, ;g clocks after

latching all DCKE[x:0] inputs1 LOW. In order to eliminate any false parity check error, the PAR IN input
buffer has to be kept active for 1 tCK after the Address and Command input buffers are disabled. After
tmprs» the MB can tolerate floating input except for CK_t/CK_c¢, DCKEx and RESET n. The MB also
disables all its output buffers except for Yx_t/Yx ¢, QxODT[1:0] and QxCKE[3:0]. The state of the output
clocks Yx t/Yx_c in CKE Power Down with IBT Off mode is determined by FORC9 DA4. When
DA4=°0’ the Yx_t/Yx_c outputs continue to drive a valid phase accurate clock signal. The QxODTJ[1:0]
outputs are driven LOW. The QxCKE[3:0] outputs are driven LOW?2. The MB output buffers are hi-z topis
clock after the QxCKEJ[3:0] outputs are driven LOW. This is shown in Figure 54.

1. x=1 if FORC6 DA4:DA3="00", x = 3 if FORC6 DA4:DA3="01"
2. If FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND SRE command present
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8.2.1.1 Memory Buffer CKE Power Down with IBT Off (cont’d)

x-1 X x+4 x+8 x+12 x+16 x+20
| |
CK Mmr\wmwm
RESET_n HIGH [
|||
) esnenennsENn
omcosns (Y YN ) g
DRAS_n, . |
s YLD OO0
DWE_n T = M
Hi-z [
CUN S .. Iaaeeeannsnne
e - i
DODTx High or Low ) Hi-z { High or Low
tinDIS | [ |
DCKExX \ Low './ . At least one DCKEX input is driven HIGH
HIGH i il High
DCs[0]_n@High or Low \ -z Horl
HIGH ) L1 High
DCS[x:1] | High or Low \ Hi-z MorL | \ Low
M
x-1 X x+4 x+8 x+12 x+16 x+20

AN AYAVAWRWAW

[ I —
QA tFixedoutput
QxBAy DD{_ \<| HIghorLow|
QxRAS_n - . |
QxWE_n I

Output buffers are Hi-z

—_ |
QxODTy | High or Loy \ Low tow | / High or Low

|
|
4
QXCKEy(®:6) \\ tapis . ,/ At least one of the QxCKE[3:0] outputs is driven HIGH

High _ | High
QxCS[0L_Nn ' High or Low Hi-z see Note 3 /{/

High , ~—THigh
QX(%S[X”] High or Low / \ Hi-z see Note 37 \ Low

_n ten|

(1) x = 3 for JEDEC standard DIMMs, x = 7 for non-JEDEC applications.

(2) During CKE Power Down Entry/Exit, driving DCS[1:0]_n LOW is illegal as it will force MB into Register Control Word access mode.

(3) Upon CKE Power Down exit, QxCS[x:0]_n will be held HIGH for maximum of 1 tCK regardless of what DCSx_n input level is. For all other operation QxCSx_n
outputs will follow DCSx_n inputs.

(4) x = 3 for dual or quad-rank DIMMs, x =7 for octal rank DIMMs.

(5) DCKEX H-->L transition forwarded to QxCKEy if FORC6 DA4="0’ OR if FORC6 DA4:DA3="10" AND SRE command present

(6) DCKEX L-->H transition forwarded to QxCKEy if FORC6 DA4="0' OR if FORC6 DA4:DA3="10" AND last DCKEx H-->L transition was a SRE

Figure 54 — Power Down Mode Entry and Exit with IBT

0128



JEDEC Standard No. 82-30
Page 115

8.2.1.1 Memory Buffer CKE Power Down with IBT Off (cont’d)

When one or more of the DCKEx inputs1 are driven HIGH, the MB exits from this Power Down Mode and
valid logic levels are required at all MB inputs. Upon any one of the DCKEn inputs going HIGH, the MB

immediately starts driving HIGH on the appropriate QxCKEy signalsz. The QxCSx_n signals are driven
HIGH and QxODTy signals are driven LOW and the host interface DQ termination stays disabled. Other
output signals QxRAS n, QxCAS n, QxWE_n and QxAddr are driven either HIGH or LOW to ensure
stable valid logic on all MB outputs when QxCKEy goes HIGH. The device drives output signals to these
levels for tgjyedoutput tO allow input receivers to be stabilized. After the input receivers are stabilized, the
MB outputs follow their corresponding input levels, QxODT[1:0] is generated from the incoming
commands and host interface DQ termination is controlled by DODTx inputs. When exiting CKE power
down mode, all but one of the chip select inputs DCSx_n can be asserted for 1 tCK without causing the
corresponding QxCSx_n outputs to be asserted. The device guarantees that input receivers are stabilized
within tgjyedoutput clocks after DCKEx input is driven HIGH. This is shown in Figure 54.

DODT registered HIGH in the first clock after tg;yeqoutput Will cause the host interface DQ termination to

be turned on with synchronous ODT timing as defined for normal operation. Any read or write command
issued in the first clock cycle after tpjyeqoutput Will be forwarded to the DRAMs and the associated data will

be redriven by the MB. Since a fast MB may turn on receivers and forward signals as early as
trixedoutput(Min) the host must not send any erroneous after tgiyeqoutpus Min and the host must not send any

valid commands before tgiycdoupui(max) as a slow MB may not forward it.

8.2.1.2 Register CKE Power Down with IBT On

Upon entry into CKE Power Down Mode with IBT on, all MB input buffers excluding IBT are disabled
except for CK_t/CK_c, DCKEx, DODTx and RESET n. The MB disables input buffers within ty,pg

clocks after latching all DCKEx inputs3 LOW. In order to eliminate any false parity check error, the
PAR_IN input buffer has to be kept active for 1 tCK after the Address and Command input buffers are
disabled. After t,pig, the MB can tolerate floating input except for CK_t/CK_c¢, DCKEx, DODTx and
RESET n. The MB also disables all its output buffers except for Yx t/Yx c, QxODT[1:0] and
QxCKE[3:0]. The state of the output clocks Yx t/Yx c in CKE Power Down with IBT On mode is
determined by FORC9 DA4. When DA4=°0" the Yx_t/Yx_c outputs continue to drive a valid phase

accurate clock signal. The QxCKE][3:0] outputs are driven LOW*. The MB output buffers are hi-z tgpys
clock after QxCKE[3:0] is driven LOW. This is shown in Figure 55.

x=1 if FORC6 DA4:DA3="00", x = 3 if FORC6 DA4:DA3="01"

If FORC6 DA4=°0" OR if FORC6 DA4:DA3="10" AND last DCKEx H-->L transition was a SRE
x=1 if FORC6 DA4:DA3="00", x = 3 if FORC6 DA4:DA3="01"

If FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND SRE command present

bl S
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8.2.1.2 Register CKE Power Down with IBT On (cont’d)

x-1 X x+4 x+8 x+12 x+16 x+20
ck /Y YA WAWAWAWAWAWAWN
RESET_n
DAx,DBAX (:)( Hi-z
DRAS_n, Hiz
DCAS_n, { |
DWE_n -
PARIN { Y Hiz
DODTx [ High, Low or Toggling
tinDIS | | | | |
DCKEx Horl} ! I Low / At least one DCKEXx input is driven HIGH
High \ Hin :/ [ ] -
DCS[0] | High or Lo - Horl ig High or Low
oS0l Hghorkoy | \ g
— High Hiz } | |
DCS[x:1] _ Highorlo \ Horl High \ High or Low
nM :
x-1 X x+4 x+8 x+12 x+16 x+20

VN AYAWAY RWAW
- 1
tFixedoutput

QxBAy <:X:><_, y 'nghlqugyv

S X o ™ s Y OOOOO00)
QxCAS_| Hi-z High or Low
QxWE—nm ‘i__' . o ; J

Output buffers are Hi-z
1
QxODTy Follows Input (High, Low or Toggling)
I
CKEy®® ——— | tan!
ax y HorL Qabis Low y At least one of the QxCKE[3:0] outputs is driven HIGH
HIGH ) |
QxCS[OLn Highor Low / Hi-z see Note 3/l// High |\ Follows Input (High or Low)
__ HiGH N
. i Note 3
QxCS[n:1] “HighorLow / Hi-z See Role [y High 1\ Follows Input (High or Low)
o te

(1) x = 3 for JEDEC standard DIMMSs, x = 7 for non-JEDEC applications.

(2) During CKE Power Down Entry/Exit, driving DCS[1:0]_n LOW is illegal as it will force MB into Register Control Word access mode.

(3) Upon CKE Power Down exit, QxCSx_n will be held HIGH for maximum of 1 tCK regardless of what DCSx_n input level is. For all other operation QxCSy_n
outputs will follow DCSx_n inputs.

(4) x = 3 for dual or quad-rank DIMMs, x =7 for octal rank DIMMs.

(5) DCKEx H-->L transition forwarded to QxCKEy if FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND SRE command present

(6) DCKEX L-->H transition forwarded to QxCKEy if FORC6 DA4="0’ OR if FORC6 DA4:DA3="10" AND last DCKEn H-->L transition was a SRE

Figure 55 — Power Down Mode Entry and Exit with IBT On
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8.2.1.2 Register CKE Power Down with IBT On (cont’d)

When one or more of the DCKEx inputs1 are driven HIGH, the MB exits from this Power Down Mode
with IBT on and valid logic levels are required at all MB inputs. Upon any one of the DCKEX inputs going

HIGH, the MB immediately starts driving HIGH on the appropriate QxCKEy signalsz. The QxCSy n
signals are driven HIGH and the QxODTy signals are driven LOW. Other output signals QxRAS n,
QxCAS n, QxWE n and QxAddr are driven either HIGH or LOW to ensure stable valid logic on all
device outputs when QxCKEy goes HIGH. The device drives output signals to these levels for tgiyedoutput
to allow input receivers to be stabilized. After the input receivers are stabilized, the MB outputs follow
their corresponding input levels, QxODT][1:0] is generated from the incoming commands and host
interface DQ termination is controlled by the DODTx inputs. When exiting CKE power down mode, all
but one of the chip select inputs DCSx_n can be asserted for 1 tCK without causing the corresponding
QxCSx_n outputs to be asserted. The device guarantees that input receivers are stabilized within tgiyedoutput

clocks after DCKEn input is driven HIGH. This is shown in Figure 55.

DODT is continuously processed with synchronous ODT timing for the host interface DQ termination with
no interruption at Power Down with IBT on Exit. Any read or write command issued in the first clock
cycle after tpiyedoutput Will be forwarded to the DRAMs and the associated data will be redriven by the MB.
Since a fast MB may turn on receivers and forward signals as early as tgxedoutpue(min) the host must not
send any erroneous after tg;yedoutpue Min and the host must not send any valid commands before
tRixedoutput(Max) as a slow MB may not forward it.

8.2.2 Clock Stopped Power Down Mode

To support S3 Power Management mode, the MB supports a Clock Stopped Power Down mode. To
maximize power saving, DDR3 MB Temperature Sensor operation is not supported durlng Clock Stopped
Power Down mode. %en both inputs CK_t and CK_c are being held LOWpB/ IL (static)) Of float (Wlllp
eventually settle at LOW because of the (10K-100K Ohm) pull-down resistor in the CK_t/CK_c input
buffer), the device stops operation and enters low-power static and standby operation. The corresponding
timing requirement are shown in Figure 56, and Figure 57. The device will stop its PLL and floats all
outputs except QACKE[3:0] and QBCKE[3:0], which must be kept driven LOW. The Clock Stopped
Power Down mode can only be utilized once the DRAM received a self refresh command. In this state, the
DRAM ignores all inputs except CKE. Hence, all MB outputs besides QxCKE[3:0] can be disabled.

8.2.2.1 Clock Stopped Power Down Mode Entry

Upon entering Clock Stopped Power Down Mode, DDR3 MB must tri-state SDA output to prevent
intermittent SMBus address failure (Optional Support - only if DDR3 MB supports Clock Stopped Power
Down Mode). To enter Clock Stopped Power Down mode, the device will first enter CKE Power Down
mode. Once in CKE Power Down mode, DCKEx will continue be de-asserted for a minimum of one
tCKoff before pulling CK _t and CK ¢ LOW. After holding CK_t and CK_c LOW (V[ (static)) for at least

one tCKEYV, both CK tand CK c can be floated (because of the 10K-100K Ohm pull-down resistor in the
CK t/CK c input buffer, CK t/CK c will stay at LOW even though they are not being driven). The device
is now in Clock Stopped Power Down mode. After CK_t and CK_c are pulled LOW, DCKEx will remain
LOW for at least one tCKEV before it can float (if needed to be ﬂoated) At this point, all input receivers
and input termination of the MB are disabled. The only active input circuits are CK_t and CK_c, which are
required to detect the wake up request from the host.

1. x=1if FORC6 DA4:DA3="00", x =3 if FORC6 DA4:DA3="01"
2. If FORC6 DA4=°0’OR if FORC6 DA4:DA3="10" AND last DCKEn H-->L transition was a SRE
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8.2.2.2 Clock Stopped Power Down Mode Exit

DDR3 MB must reset SMBus state machine before exiting Clock Stopped Power Down Mode (Optional
Support - only if DDR3 MB supports Clock Stopped Power Down Mode). To wake up the MB after
entering Clock Stopped Power Down, the MB inputs DCS[1:0] n must be driven to HIGH (to prevent
accidental access to the control registers), and DCKEx to LOW. After that, a frequency and phase accurate
input clock signal must be applied. Within tACT after CK t and CK ¢ resumed normal operation, the
device outputs start becoming a function of their corresponding inputs. The state of the DCS[x:0]_n inputs
must not be changed before the end of tSTAB. If Clock Stopped Power Down mode had been entered from
CKE Power Down with IBT off mode, the host interface DQ termination is disabled until the end of tSTAB
and from then on works with synchronous timing. The input clock CK t and CK ¢ must be stable for a
time equal or greater than tSTAB before any access to the MB can take place. During PLL stabilization
time (tSTAB), all DCSn signals need to be kept high. No DRAM comman(? or control word write may take
place. During PLL stabilization time (tSTAB), all DCKEx signals maintain their state.

Input “ X Xt y v y#8
ekver_e OO CCO000 f rorrea® (OO0
RESET.n _ High gg
DA DBAX _ X X | W HLorHiZ ) Hi-2 gg gg (] ALlomz X X . X Y. X

DRAS_n, . { Hiz [ \

pcAsn | X [ X | X H.Lorkiz ID ' | (0 Atemz X X X XL X

DWE_n

- : Hi-Z .

PARIN X X | X HLorHZ | gg gg (T W LorHiz ‘\X X X X X
DODTX | Figh, Low or Toggiing Hi-Z Sg (o0 {908 00T10 HighTLoWaHzrogfiag 0DTI¢ 00T 0DTfe  0DTT [
InDIS i- ‘

DCKEX [HerL [\ | ————— Low M2( tow | (| |/[Atleastone DCKEXinputis drven HIGH [
HIGH Hi-z ); tFixedoutput
DCs[oln | HighorLOW |/ \ ( ) High High or Low [

HIGH . («
DCS[x1n@ [HighorLOW [/ Hi-Z gg a2 High \|_High or Low [
tekoff tokev ot
tsmg
Output p-1 p ptd " q q+4 q+
.

w U UYL § AN RN AT SRR ATANAWA

QxAy, Hi-Z i tF\xeduulput

aety XX X ) { (T Hanorlow [ X T X X X X
QXRAS_n iz

— \ ( ( .
geasn L X X ) i Highortow T}~ X" X" X" X

Hi-
QxoDTy | Follows Input (HIGH, LOW or Toggling) o gg ‘Z 4 X Follows Input (High, Low or Toggling) |
QxCKEy(®) [HoL  \ oo ((drivenLOW (" Follows DCKEX or Soft CKE command”) I
High ;; Wiz see No” 4
QxCS[0]_.n | Highor Low / i ) IZZEZZZZZZZA? High \JFoIIows Input (H or L) |_
SE— | L
High Wiz / see Note 4 tEn
QxCSx:1]_nHigh or Low /T gg 7 (T High \[Follows Input (HorL) |

QxCSn and QxODTn transfer from Hi-Z to HIGH/LOW with in-accurate phase

) With RC9 DBA0="0’

) x = 3 for JEDEC standard DIMMs, x = 7 for non-JEDEC applications.

) When CK_t/CK_c inputs are floated, CK_t/CK_c inputs are pulled LOW by the (10K-100K Ohm) pulldown resistor in the CK_t/CK_c input buffer.

) Upon CKE Power Down exit, QxCSy_n will be held HIGH for maximum of 1 {CK regardless of what DCSx_n input level is. For all other operation QxCSy_n
outputs will follow DCSx_n inputs.

(5) x = 3 for dual or quad-rank DIMMs, x =7 for octal rank DIMMs.

(6) DCKEx H-->L transition forwarded to QxCKEy if FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND SRE command present

(7) DCKEX L-->H transition forwarded to QxCKEy if FORC6 DA4="0’ OR if FORC6 DA4:DA3="10" AND last DCKEn H-->L transition was a SRE

1
2
3
4

D O

Figure 56 — Clock Stopped Power Down Entry and Exit with IBT On
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Input X1 X X+ y v+ y+8
oo 0000000000000 fFrerre Y OOCCOO0CCO00000000)
RESET.n _High Sg gg
Hi-Z
DAX,DBAX __ X X | X X ¥ X ) : i O XX XXX
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pcAsn T X T X | X X ¥ X 1) 2 i (X X XX X X X X
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RN XX XXX § S S S G G S
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High iz ) " Fedoupit
DCS[o]_n | High or Low gg / High
High A
DCSjx:1.n@ |HighorLow |/ \ Hi-2 gg R High Low
tekoff tekev tact
tsTag
Output pl P pHh . q a4 a7
1
wo o U\ { AN VAN AN ANANAWA
Q)(AyY HiZ i tF\xedoulpul
aeyy X X X ) § ({0 Highortow [ X | X X X X
QxRAS_n HiZ
- \ ( ( .
acasn XX X ) ) il Highortow T} " X" X" X" X
iz
ox0DTx | HIGHorLow )\ - Sg‘ (( /I High or Low [
QxCKEY® THorL \ | s ({arenLOW (/" Follows DCKEx or Soft CKE command”’ [
High . see Note 4 High
axCSpLn |Highortow [/ W gg T /zga
High Wiz see Note 4 teN High
QxCS[x:1]_ni]_High or Low TR gg Vi i //u/%z Low

QxCSn and QxODTn transfer from Hi-Z to HIGH/LOW with in-accurate phase

) With RC9 DBAO="1’

) x = 3 for JEDEC standard DIMMs, x = 7 for non-JEDEC applications.

) When CK_t/CK_c inputs are floated, CK_t/CK_c inputs are pulled LOW by the (10K-100K Ohm) pulldown resistor in the CK_t/CK_c input buffer.

) Upon CKE Power Down exit, QxCSy_n will be held HIGH for maximum of 1 {CK regardless of what DCSx_n input level is. For all other operation QxCSy_n
outputs will follow DCSx_n inputs.

(8) x = 3 for dual or quad-rank DIMMs, x =7 for octal rank DIMMs.

(6) DCKEx H-->L transition forwarded to QxCKEy if FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND SRE command present

(7) DCKEXx L-->H transition forwarded to QxCKEy if FORC6 DA4="0" OR if FORC6 DA4:DA3="10" AND last DCKEn H-->L transition was a SRE

1
2
3
4

Figure 57 — Clock Stopped Power Down Entry and Exit with IBT Off
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8.3 Dual Frequency Support

The MB supports operation at a second, i.e., lower than nominal, frequency as a means to save buffer and
DRAM power when the memory bandwidth demand allows.

To enable fast frequency switching without the need for retraining every time the frequency is changed, the
MB can be trained twice at two different frequencies at bootup time and retains register settings associated
with each of the two frequencies. These two sets of register settings include internal timings, DRAM
calibration status, etc as well as two different sets of configuration information from the SPD (programmed
into the MB once at bootup time).

Switching between the two frequency contexts is achieved by writing to control word FORC12 bit DBAL.
DBA1="0’ selects the default frequency context 1 while DBA1="1" selects frequency context 2.

Dual frequency training at bootup time requires selecting the appropriate frequency context, performing
the training at that frequency and then selecting the other frequency context and performing the training at
the other frequency. Subsequently, every time the operation frequency changes, the correct operating speed
must be set in the MB via control word write to FORC10 and the corresponding frequency context bit must
be set in the MB via control word write to FORC12, DBA1. The control word write to FORC12, DBA1
must be the last access to the MB before the input frequency on the CK_t/CK _c¢ pins changes. In addition
the DRAMSs must be put in self refresh mode before the frequency change occurs and the entire DDR3
DRAM frequency change procedure specified in JESD79-3 must be followed.
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9 Control Words

The device features a set of control words, which allow the optimization of the device properties for
different raw card designs. The different control words and settings are described below. Any change to
these control words require some time for the device to settle. For changes to the control word setting,
except for F[O]RC2 (bit DBA1 and DA3) and F[O]RC10, the controller needs to wait ty g after the last
control word access, before further access to the DRAM can take place. For any changes to the clock
timing (example: F[O]JRC2: bit DBA1 and DA3, and F[0]JRC10) this settling may take up to tgpap time. All
chip select inputs, DCS[n:0]_n, must be kept HIGH during that time. The Control Words can be accessed
and written to when running within any one defined frequency band.

9.1 Control Word Decoding

The values to be programmed into each control word are presented on signals DA3, DA4, DBAO and
DBA1 simultaneously with the assertion of the control word access through DCS0_n and DCS1_n and the
address of the control word on DAO, DA1, DA2 and DBA2.

Table 63 — Control Word Decoding

Control Word Symbol | DCS[3:0].n | DBA2 | DA2 DA1 DAO Definition
None n/a HXHX X X X X No control word access
None n/a HXXH X X X X
None n/a XHHX X X X X
None n/a XHXH X X X X
None n/a HLLL X X X X lllegal input states?
None n/a LHLL X X X X
None n/a LLHL X X X X
None n/a LLLH X X X X
none n/a LLHH X X X X
none n/a LLLL X X X X
Control Word RCx HHLL X X X X Control Word Access
a. If DCS[3:2]_n are used as Address signals then all these combinations are valid legal states. Further three combinations
HLLL, LHLL and LLLL are considered as Control Word Access.

The reset default state of- all control word is “0”. Every time the device is reset, its default state is restored.
Stopping the clocks (CK t=CK c¢=LOW) to put the device in lowpower mode will not alter the control
word settings.
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9.2 Control Words Overview Map

Table 64 — F[0] Control Word Decoding

Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Global Features Control word
Control word 1 RC1 L L L L L H Clock Driver Enable Control word
Control word 2 RC2 L L L L H L Timing Control word
Control word 3 RC3 L L L L H H Address/Command & QCS_n Signals Driver Characterl
istics Control word
Control word 4 RC4 L L L H L L QxODT & QxCKE Signals Driver Characteristics Control
word
Control word 5 RC5 L L L H L H CK Driver Characteristics Control word
Control word 6 RC6 L L L H H L CKE & ODT Management Control word
Control word 7 RC7 L L L H H H Function Select Control word
Control word 8 RC8 L L H L L L IBT & Vref Settings for Address, Command, Par_in
Control word 9 RC9 L L H L L H Power Saving Settings Control word
Control word 10 RC10 L L H L H L LRDIMM Operating Speed Control word
Control word 11 RC11 L L H L H H LRDIMM Operating voltage and Parity Calculation Conl
trol word
Control word 12 RC12 L L H H L L Training Control word
Control word 13 RC13 L L H H L H DIMM Configuration Control word
Control word 14 RC14 L L H H H L DRAM Configuration & DRAM Command Control word
Control word 15 RC15 L L H H H H Rank Multiplication Control word
Table 65 — F[1] Control Word Decoding
Control Word | Symbol DC:(’— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L IBT Settings for DCS_n Pins Control Word
Control word 1 RC1 L L L L L H IBT Settings for DCKE Pins Control Word
Control word 2 RC2 L L L L H L IBT Settings for DODT Pins Control Word
Control word 3 RC3 L L L L H H Reserved
Control word 4 RC4 L L L H L L Reserved
Control word 5 RC5 L L L H L H Reserved
Control word 6 RC6 L L L H H L Reserved
Control word 7 RC7 L L L H H H Function Select Control word
Control word 8 RC8 L L H L L L Optional - Extended Delay Control Word
Control word 9 RC9 L L H L L H Refresh Stagger
Control word 10 RC10 L L H L H L Refresh Stagger Limit
Control word 11 RC11 L L H L H H Optional - Extended Delay Control Word
Control word 12 RC12 L L H H L L Additive QCA Pre-launch Control Word
Control word 13 RC13 L L H H L H Additive QCS_n Delay Control Word
Control word 14 RC14 L L H H H L Additive QODT Delay Control Word
Control word 15 RC15 L L H H H H Additive QCKE Delay Control Word
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Table 66 — F[2] Control Word Decoding

Control Word | Symbol DC:(’— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Transparent Mode
Control word 1 RC1 L L L L L H Reset Control
Control word 2 RC2 L L L L H L SMBus Access Control
Control word 3 RC3 L L L L H H Training & Errout_n Control Word
Control word 4 RC4 L L L H L L MEMBIST Rank Control Word
Control word 5 RC5 L L L H L H DRAM Row & Column Addressing
Control word 6 RC6 L L L H H L MEMBIST Control
Control word 7 RC7 L L L H H H Function Select Control word
Control word 8 RC8 L L H L L L MEMBIST 8 bit ECC pattern
Control word 9 RC9 L L H L L H MEMBIST 8 bit ECC pattern
Control word 10 RC10 L L H L H L MEMBIST 16 bit ECC pattern
Control word 11 RC11 L L H L H H MEMBIST 16 bit ECC pattern
Control word 12 RC12 L L H H L L MEMBIST 32 bit ECC pattern
Control word 13 RC13 L L H H L H MEMBIST 32 bit ECC pattern
Control word 14 RC14 L L H H H L MEMBIST 32 bit ECC pattern
Control word 15 RC15 L L H H H H MEMBIST 32 bit ECC pattern
Table 67 — F[3] Control Word Decoding
Control Word | Symbol DCnSO_ DCnS1_ DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Connector Interface DQ RTT_Nom Termination Control
Word
Control word 1 RC1 L L L L L H Connector Interface DQ RTT_WR Termination & Referl
ence Voltage Control Word
Control word 2 RC2 L L L L H L Connector Interface DQ Driver Control Word
Control word 3 RC3 L L L L H H Reserved
Control word 4 RC4 L L L H L L Reserved
Control word 5 RC5 L L L H L H Reserved
Control word 6 RC6 L L L H H L Connector Interface Misc. Control Word
Control word 7 RC7 L L L H H H Function Select Control word
Control word 8 RC8 L L H L L L DRAM Interface MDQ Termination & Reference Voltage
Control Word
Control word 9 RC9 L L H L L H DRAM Interface MDQ Driver Control Word
Control word 10 RC10 L L H L H L See Table 5 below
Control word 11 RC11 L L H L H H See Table 5 below
Control word 12 RC12 L L H H L L See Table 6 below
Control word 13 RC13 L L H H L H See Table 6 below
Control word 14 RC14 L L H H H L Reserved
Control word 15 RC15 L L H H H H Reserved
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9.2 Control Words Overview Map (cont’d)

Table 68 — F[3-10] RC[10-11] Control Word Decoding

Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
Control word 10 RC10 L L H L H L Read QODT Control Words; F[3:10] = Rank[0:7]
respectively
Control word 11 RC11 L L H L H H Write QODT Control Words; F[3:10] = Rank[0:7]
respectively
Table 69 — F[3-11] RC[12-13] Control Word Decoding
Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
Control word 12 RC12 L L H H L L Reserved
Control word 13 RC13 L L H H L H Reserved

Table 70 — F[4-11] RC][0-9, 14-15] Control Word Decoding

Control Word | Symbol DC:O_ DC:L DBA2 DA2 DA1 DAO Definition

None n/a H X X X X X No control word access

None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Reserved

Control word 1 RC1 L L L L L H Reserved

Control word 2 RC2 L L L L H L Reserved

Control word 3 RC3 L L L L H H Reserved

Control word 4 RC4 L L L H L L Reserved

Control word 5 RC5 L L L H L H Reserved

Control word 6 RC6 L L L H H L Reserved

Control word 7 RC7 L L L H H H Function Select Control Word
Control word 8 RC8 L L H L L L Reserved

Control word 9 RC9 L L H L L H Reserved

Control word 12 RC12 L L H H L L Reserved

Control word 13 RC13 L L H H L H Reserved

Control word 14 RC14 L L H H H L Reserved

Control word 15 RC15 L L H H H H Reserved

Table 71 — F[11] RC[10-11] Control Word Decoding

Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
Control word 10 RC10 L L H L H L Reserved
Control word 11 RC11 L L H L H H Reserved
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Control Word | Symbol DC:()— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Reserved
Control word 1 RC1 L L L L L H Reserved
Control word 2 RC2 L L L L H L Reserved
Control word 3 RC3 L L L L H H Reserved
Control word 4 RC4 L L L H L L Reserved
Control word 5 RC5 L L L H L H Reserved
Control word 6 RC6 L L L H H L Reserved
Control word 7 RC7 L L L H H H Function Select Control Word
Control word 8 RC8 L L H L L L Reserved
Control word 9 RC9 L L H L L H Reserved
Control word 10 RC10 L L H L H L Reserved
Control word 11 RC11 L L H L H H Reserved
Control word 12 RC12 L L H H L L Reserved
Control word 13 RC13 L L H H L H Reserved
Control word 14 RC14 L L H H H L Reserved
Control word 15 RC15 L L H H H H Reserved

Table 73 — F[13] Control Word Decoding

Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Reserved
Control word 1 RC1 L L L L L H Reserved
Control word 2 RC2 L L L L H L Reserved
Control word 3 RC3 L L L L H H Reserved
Control word 4 RC4 L L L H L L Reserved
Control word 5 RC5 L L L H L H Reserved
Control word 6 RC6 L L L H H L Reserved
Control word 7 RC7 L L L H H H Function Select Control Word
Control word 8 RC8 L L H L L L Reserved
Control word 9 RC9 L L H L L H SMBus Function Select
Control word 10 RC10 L L H L H L LSB of Register Address Port
Control word 11 RC11 L L H L H H MSB of Register Address Port
Control word 12 RC12 L L H H L L Extended Address Port
Control word 13 RC13 L L H H L H Reserved
Control word 14 RC14 L L H H H L LSB of Register Data Port
Control word 15 RC15 L L H H H H MSB of Register Data Port
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9.2 Control Words Overview Map (cont’d)

Table 74 — F[14] Control Word Decoding

Control Word | Symbol DC:O— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Veendor specific (Isb of Personality Byte 0)
Control word 1 RC1 L L L L L H Vendor specific (msb of Personality Byte 0)
Control word 2 RC2 L L L L H L Vendor specific (Isb of Personality Byte 1)
Control word 3 RC3 L L L L H H Vendor specific (msb of Personality Byte 1)
Control word 4 RC4 L L L H L L Veendor specific (Isb of Personality Byte 2)
Control word 5 RC5 L L L H L H Vendor specific (msb of Personality Byte 2)
Control word 6 RC6 L L L H H L Vendor specific (Isb of Personality Byte 3)
Control word 7 RC7 L L L H H H Function Select Control Word
Control word 8 RC8 L L H L L L Vendor specific (Isb of Personality Byte 4)
Control word 9 RC9 L L H L L H Vendor specific (msb of Personality Byte 4)
Control word 10 RC10 L L H L H L Veendor specific (Isb of Personality Byte 5)
Control word 11 RC11 L L H L H H Vendor specific (msb of Personality Byte 5)
Control word 12 RC12 L L H H L L Vendor specific (Isb of Personality Byte 6)
Control word 13 RC13 L L H H L H Vendor specific (msb of Personality Byte 6)
Control word 14 RC14 L L H H H L Vendor specific (Isb of Personality Byte 7)
Control word 15 RC15 L L H H H H Vendor specific (msb of Personality Byte 7)

Table 75 — F[15] Control Word Decoding

Control Word | Symbol DC:()— DC:L DBA2 | DA2 DA1 DAO Definition
None n/a H X X X X X No control word access
None n/a X H X X X X No control word access
Control word 0 RCO L L L L L L Veendor specific (Isb of Personality Byte 8)
Control word 1 RC1 L L L L L H Vendor specific (msb of Personality Byte 8)
Control word 2 RC2 L L L L H L Vendor specific (Isb of Personality Byte 9)
Control word 3 RC3 L L L L H H Vendor specific (msb of Personality Byte 9)
Control word 4 RC4 L L L H L L Veendor specific (Isb of Personality Byte 10)
Control word 5 RC5 L L L H L H Vendor specific (msb of Personality Byte 10)
Control word 6 RC6 L L L H H L Vendor specific (msb of Personality Byte 3)
Control word 7 RC7 L L L H H H Function Select Control Word
Control word 8 RC8 L L H L L L Vendor specific (Isb of Personality Byte 11)
Control word 9 RC9 L L H L L H Vendor specific (msb of Personality Byte 11)
Control word 10 RC10 L L H L H L Vendor specific (Isb of Personality Byte 12)
Control word 11 RC11 L L H L H H Vendor specific (msb of Personality Byte 12)
Control word 12 RC12 L L H H L L Vendor specific (Isb of Personality Byte 13)
Control word 13 RC13 L L H H L H Vendor specific (msb of Personality Byte 13)
Control word 14 RC14 L L H H H L Veendor specific (Isb of Personality Byte 14)
Control word 15 RC15 L L H H H H Vendor specific (msb of Personality Byte 14)
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Table 76 — F[0]RCO0: Global Features Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 Output Inversion Output Inversion enabled
X X X 1 Output Inversion disabled
X X 0 X Output Weak Drive Disable output weak drive
X X 1 X Enable output weak drive; 70 Ohm min; 100 Ohm max
X 0 X X QVrefCA Output Default; Enable; Drive valid and stable VrefCA
X 1 X X Disable and floating
0 X X X QVrefDQ Output Default; Enable; Drive valid and stable VrefDQ
1 X X X Disable and floating

Output weak drive refers to allowing many A/B outputs to enter a state of higher output impedance when
they are not being used. This is to conserve power when the outputs are resistively terminated to a voltage

e.g., VIT.
Table 77 — F[0]RC1: Clock Driver Enable Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 Disable YO_t/Y0_c clock YO0_t/Y0_c clock enabled
X X X 1 YO0_t/YO_c clock disabled
X X 0 X Disable Y1_t/Y1_c clock Y1_t/Y1_c clock enabled
X X 1 X Y1_t/Y1_c clock disabled
X 0 X X Disable Y2_t/Y2_c clock Y2_t/Y2_c clock enabled
X 1 X X Y2_t/Y2_c clock disabled
0 X X X Disable Y3_t/Y3_c clock Y3_t/Y3_c clock enabled
1 X X X Y3_t/Y3_c clock disabled

Output clocks may be individually turned on or off to conserve power. The system must read the module
SPD to determine which clock outputs are used by the module. The PLL remains locked on CK t/CK ¢
unless the system stops the clock inputs to the MB to enter the lowest power mode.
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9.3 Function 0 Control Word Registers (cont’d)

Table 78 — F[0]RC2: Timing Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 Address and command nets pre-launch Standard (1/2 Clock)
X X X 1 (Controlt S:lgr;a:)s (ID:X1CT?EC gﬁ?%ﬁf:om Address and command nets pre-launch conl
are controlled by F[1] RC[8, 11,13,14,15] trolled by F[1] RC[8,12]
X X 0 X Rank 1 and Rank 5 Swap? Default; Disable - No Swap between Rank 1
and Rank 5. Rank 1= QACS[1]_n; Rank 5 =
QBCS[1]_n
X X 1 X Enable - Swap Rank 1 and Rank 5. Rank 1 =
QBCS[1]_n; Rank 5 = QACS[1]_n
X 0 X X Reserved Reserved
X 1 X X Reserved
0 X X X Frequency Band Select Operation (Frequency Band 1)
1 X X X Test Mode (Frequency Band 2)
a. Host BIOS is responsible for configuring this bit based on DIMM type. DIMM SPD indicates whether DIMM has
swapped Rank 1 and Rank 5. Typically, this bit is used for 8 Rank x8 DIMM configuration.

Output driver characteristics are separately controlled for buffer Address/Command and all control
outputs. These outputs are grouped as following and also seen in the tables that follow:

Address/Command Signals: QxAn, QxBAn, QxRAS n, QxCAS n, QxWE n
Chip Select Control Signals: QxCS n

Clock Enable Control Signals: QxCKEn

On Die Termination Control Signals: QxODTn

Clock Signals =Yn_t, Yn_c

Table 79 — F[0]RC3: Address/Command & QxCS_n Signals Driver Characteristics Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Address/Command - QxAn, QxBAn, Light Drive (8 to 10 DRAM Loads)
X X 0 1 S&SAS—"Y QxCAS_n, QXWE_n Outl - ™ erate Drive (16 to 20 DRAM Loads)
X X 1 0 Strong Drive (32 to 40 DRAM Loads)
X X 1 1 Very Strong Drive (64 to 80 DRAM Loads)
0 0 X X QxCS[3:0]_n Outputs Light Drive (8 to 10 DRAM Loads)
0 1 X X Moderate Drive (16 to 20 DRAM Loads)
1 0 X X Strong Drive (32 to 40 DRAM Loads)
1 1 X X Reserved
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Table 80 — F[0]RC4: QxODT & QxCKE Signals Driver Characteristics Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 QxODT([1:0] Outputs Light Drive (8 to 10 DRAM Loads)
X X 0 1 Moderate Drive (16 to 20 DRAM Loads)
X X 1 0 Strong Drive (32 to 40 DRAM Loads)
X X 1 1 Reserved
0 0 X X QxCKE[3:0] Outputs Light Drive (8 to 10 DRAM Loads)
0 1 X X Moderate Drive (16 to 20 DRAM Loads)
1 0 X X Strong Drive (32 to 40 DRAM Loads)
1 1 X X Reserved
Table 81 — F[0]RC5: CK Driver Characteristics Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Clock Y1_t, Y1_c,Y3_t,and Y3 _c Light Drive (8 to 10 DRAM Loads)
X X 0 1 Output Drivers (A side) Moderate Drive (16 to 20 DRAM Loads)
X X 1 0 Strong Drive (32 to 40 DRAM Loads)
X X 1 1 Reserved
0 0 X X Clock YO_t, YO_c, Y2_t,and Y2_c Light Drive (8 to 10 DRAM Loads)
0 1 X X Output Drivers (B side) Moderate Drive (16 to 20 DRAM Loads)
1 0 X X Strong Drive (32 to 40 DRAM Loads)
1 1 X X Reserved

0143



JEDEC Standard No. 82-30

Page 130

9.3 Function 0 Control Word Registers (cont’d)

Table 82 — F[0]RC6: CKE and ODT Management Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
4 QxCKE outputs are controlled by 2 Default:
0 X 0 0 DCKE inputs DCKE[0] --> QxCKE[0] and QxCKE[2]?
DCKE[1] --> QxCKE[1] and QxCKE[3]?
0 X 0 1 4 QxCKE outputs are controlled by 4 DCKE[0] --> QxCKEJ0]
DCKE inputs DCKE[1] --> QxCKE[1]
DCKE[2] --> QxCKE[2]
DODT[1)/DCKE[3]? --> QxCKE[3]
0 X 1 0 4 QxCKE outputs are controlled See Table 18 for details
independent of 2 DCKE inputs:
Buffer only asserts or de-asserts
QxCKE[x] Ranks that is specified by
Host.
0 X 1 1 Reserved Reserved
0 0 X X Connector Interface DODT Control Default: Buffer only evaluates DODT[0]
0 1 X X Buffer evaluates DODT[0] & DODT[1J/DCKE[3]®
0 X X X QxCKE Control Default; DCKEO, DCKE1 inputs to the QxCKE outputs are
controlled by F[0] RC6 DA4, DA3
1 X X X QxCKEO = DCKEO + DCKE12
a. In 2 Rank case, buffer tri-states QxCKE[2] and QxCKE[3] outputs.
b. In 4 DCKE mode (DA4:DA3="01", DODT[1)/DCKEI3] pin will be used as DCKE[3]. In all other cases, the pin will be used as DODT[1] if DBAQ = 1 otherwise
DODT1 pin is not used and it may be tri-stated and buffer turns off IBT for DODT1. Additionally in 4 DCKE mode (DA4:DA3 = 01b, bit DBAO must be 0b.
c. F[0] RC6 DA4, DA3 must be configured to 00b. QxCKE[3:1] outputs are floating.
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Table 83 — Host - Buffer Interface Command Definition®P
Function |[CS_n|RAS_n|CAS_n| WE_n |[BA[2:0]| A15 | A14 | A13 |A[12:11] | A10 | A[9:8] | A[7:4] A[3:0]
ZQCL L H H L X 0 0 0 X H X X X
ZQCSs X 0 0 X L X X X
CKE X 0 1 X X X X | QxCKE[3:0]%
Control®
RSVD X 0 1 0 X X X X X
RSVD X 0 1 1 X X X X X
RSVD X 1 0 0 X X X X X
RSVD X 1 0 1 X X X X X
RSVD X 1 1 0 X X X X X
RSVD X 1 1 1 X X X X X

a. This definition only applies when F[O]RC6: DA4:DA3 = 10b

b. In F[O]RC6: DA4:DA3 = 10b mode, Self Refresh Entry command and Self Refresh Exit command is a broadcast command. Self
Refresh Entry command & Self Refresh Exit command is not Rank accessible by host memory controller. Buffer de-asserts
QxCKE[x] to all Ranks associated with DCKE[x] when it receives a Self Refresh Entry command. Buffer asserts QxCKE[X] to all
Ranks associated with DCKE[x] when it receives a Self Refresh Exit command.

. For CKE control command (Soft CKE command), buffer does not forward DCKE transitions (either high to low transition for power
down entry or low to high transition for power down exit) on its QxCKE outputs. Further buffer does not forward DCSn_n inputs on its
QxCSn_n outputs and QxCSn_n outputs are not asserted.

. A[3:0] during CKE control command:

0 =de-assert corresponding QxCKE low for Power Down Entry command

1 = assert corresponding QxCKE high for Power Down Exit command.
e. Host controller is responsible for putting all ranks behind buffer in Power down mode via Soft CKE command before putting buffer into
CKE power down mode. Host controller is not allowed to put half number of Ranks on LRDIMM in Power down mode and remaining
other half number of Ranks on LRDIMM in Self Refresh mode when putting buffer into CKE power down mode. All Ranks on
LRDIMM must be either in Power Down mode or Self Refresh mode when buffer enters into CKE power down mode.
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9.3 Function 0 Control Word Registers (cont’d)

Table 84 — F[0]JRC7: Function Select Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 0 0 Selects a bank of RC0-6, 8-15=F[0]JRC0-6, 8-15, SSTE32882 compatible function space
0 0 0 1 additional registers in the ™0 00 "8 15=F[1]RC0-6, 8-15, CA+Ctrl path for buffer
extended register space
0 0 1 0 RC0-6, 8-15=F[2]RC0-6, 8-15, CA+Ctrl path for buffer
0 0 1 1 RC0-6, 8-15=F[3]RC0-6, 8-15, DQ extensions for buffer
0 1 0 0 RC0-6, 8-15=F[4]RC0-6, 8-15, DQ extensions for buffer
0 1 0 1 RC0-6, 8-15=F[5]RC0-6, 8-15, DQ extensions for buffer
0 1 1 0 RC0-6, 8-15=F[6]RC0-6, 8-15, DQ extensions for buffer
0 1 1 1 RC0-6, 8-15=F[7]RCO0-6, 8-15, DQ extensions for buffer
1 0 0 0 RC0-6, 8-15=F[8]RCO0-6, 8-15, DQ extensions for buffer
1 0 0 1 RC0-6, 8-15=F[9]RC0-6, 8-15, DQ extensions for buffer
1 0 1 0 RC0-6, 8-15=F[10]RC0-6, 8-15, DQ extensions for buffer
1 0 1 1 RC0-6, 8-15=F[11]RCO0-6, 8-15, DQ extensions for buffer
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Vendor specific
1 1 1 1 Vendor specific

Table 85 — F[0]RCS - IBT Setting Control Word for Address, Command & PAR IN Signal & Input
reference voltage setting for Address, Command, Control & Parity inputs

Input
DBA1 | DBAO DA4 DA3 Definition Encoding
X 0 0 0 Input Bus Termination for DAn, 100 Ohm
< 0 0 y DBAn, DRAS_n, DCAS_n, DWE_n 150 Ohm
and PAR_IN
X 0 1 0 200 Ohm
X 0 1 1 300 Ohm
X 1 0 0 Reserved
X 1 0 1 Reserved
X 1 1 0 Reserved
X 1 1 1 offé
0 X X X Vref for DAn, DBAn, DRAS_n, Default; Use VrefCA input pin for receiver reference
DCAS_n, DWE_n and PAR_IN, voltage
1 X X X DCSn_n, DCKEn, DODTn Use internally generated Vref for receiver reference
voltage
a. With this setting, IBT on all inputs are turned off. IBT setting for DCSn_n, DCKEn and DODTn is controlled by control words F[1]RCO, F[1]JRC1 and
F[1]RC2 respectively.
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Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X X 0 Reserved Reserved

X X X 1 Reserved

1 X 0 X Output Clock Disable in CKE Power Y clocks stay active in CKE power down

1 X 1 X Down Mode Y clocks disabled in CKE power down

0 X X CKE Power Down Mode CKE power down with IBT ON, DQS RTT enabled

CKE power down with IBT off, DQS RTT disabled

CKE Power Down Mode Enable

Disabled

Enabled

The MB supports different power down modes. By default, the Power Down feature is disabled
(RCI[DBA1]=0). The MB ignores CKE Power Down mode setting when this function is disabled. If the

CKE Power Down mode is enabled (RC9[DBA1]=1), then power down is invoked once both DCKEO and
DCKEI are LOW. Bit DBAO selects how IBT and DQS RTT behave.

Table 87 — F[0]RC10: Encoding for LRDIMM Operating Speed

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X 0 0 0 f< 800 MT/s DDR3/DDR3L-800 (default)
X 0 0 1 800 MTS < f< 1066 MT/s DDR3/DDR3L-1066

X 0 1 0 1066 MTS < f < 1333 MT/s DDR3/DDR3L-1333

X 0 1 1 1333 MTS < f< 1600 MT/s DDR3/DDR3L-1600

X 1 0 0 1600 MTS < f < 1866 MT/s DDR3/DDR3L-1866

X 1 0 1 1866 MTS < f< 2133 MTs DDR3/DDR3L-2133

X 1 1 0 Reserved Reserved

X 1 1 1 Reserved Reserved

0 X X X Reserved Reserved

1 X X X Reserved

NOTE The encoding value is used to inform the MB the operating speed that it is being run at in a system. It is not
an indicator of how fast or slow a MB can run.
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9.3 Function 0 Control Word Registers (cont’d)

F[O]RCI11 is used to inform the MB under what operating voltage Vp will be used. MB can use the infor(]
mation to optimize their functionality and performance at DDR3L conditions.

Table 88 — F[0]RC11: Operating Voltage & Parity Calculation Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 MB VDD Operating Voltage DDR3 1.5V (default)
X X 0 1 DDR3L 1.35V mode®
X X 1 0 Reserved
X X 1 1 Reserved
0 0 X X Parity Calculation OFFb
0 1 X X A[15:0], BA[2:0], RAS_n, CAS_n, WE_n
1 0 X X A[17:0], BA[2:0], RAS_n, CAS_n, WE_n°
1 1 X X Reserved
a. DDR3L 1.35V MB is backward compatible and operable to DDR3 1.5V specification. To guarantee all timings and specification for DDR3 1.5V, the MB
must be configured with F[O]JRC11[DA4:DA3]=00b.
b. Buffer does not check for parity including control word programming commands.
c. This setting is independent from the setting in FORC15. It is the host’s responsibility to program FORC11 and FORC15 to compatible settings.

Table 89 — F[0]RC12 Training Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 Training Control Normal operating mode?
X 0 0 1 Connector DQ interface write leveling
X 0 1 0 Start DRAM interface training®
X 0 1 1 Reserved for vendor specific debug
X 1 0 0 Reserved for vendor specific debug
X 1 0 1 Reserved for vendor specific debug
X 1 1 0 Reserved for vendor specific debug
X 1 1 1 Reserved for vendor specific debug
0 X X X Context for operation training Default; Context 1 operation and storage of DRAM interface
calibration values to CSRs
1 X X X Context 2 operation and storage of DRAM interface calibration
values to CSRs
a. Buffer stops driving Errout_n Low when training had an error. Buffer stops training if it was previously started and will stop driv(]
ing Errout_n Low. Buffer resets Fail and Valid bit in F2 RC3.
b. Buffer starts driving Errout_n Low 20 clocks after receiving this command.
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9.3 Function 0 Control Word Registers (cont’d)

0 1 2 3 4 5 6 7

» i L@ILJ‘LJ‘LJ‘LJ‘LJ‘LJ‘L&ILJ}[LJ‘LJ‘I_

Trairir\g start Normal operation
RCW Commend RCW Commend
FORC12, x010b FORC12, x000b
Erroutn & gg J & :
>> V4 _">> ____________
BErout_n Low if Parity Errout_n goes Low/20 docks Buffer stops driving Errout_n Buffer stops driving Errout_n
Error during Control Word after training start command signal Low once training is signal when RCW is configured
complete *and* if there was no for normal mode of operation
error
Buffer continues to drive Low

on Errout_n signal after training
is complete if there was an error

Figure 58 — Errout_n Signal During DDR3 MB Training

Table 90 — F[0]RC13 DIMM Configuration Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X 0 0 Number of physical Ranks - Post MB? | Default; 8 Ranks; QCS[7:0]_n

X X 0 1 4 Ranks; QCS[3:0]_n

X X 1 0 2 Ranks; QCS[1:0]_n

X X 1 1 1 Rank; QCS[0]_n

0 0 X X Number of logical Ranks? Buffer evaluates DCS[0]_n

0 1 X X Buffer evaluates DCS[1:0]_n

1 0 X X Buffer evaluates DCS[3:0]_n

1 1 X X Buffer evaluates DCS[7:0]_n
a. Host controller must configure F[0] RC13 and F[0] RC15 properly for normal operation. It is illegal to have default power up
setting of 0000b in F[0] RC13 and F[0] RC15 at the same time for normal operation.
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9.3 Function 0 Control Word Registers (cont’d)

Table 91 — F[0]RC14: DRAM Configuration & DRAM Command Control Word

Input
Definition Encoding
DBA1 | DBA0' | DA4' | DA3
X X X 0 Address Mirror control for MRS Disabled
1 commands ) . 2
X X X Enabled. Buffer mirrors Address for ODD physical ranks.
X X 0 X DRAM Refresh, Precharge single & Default.Precharge single and Precharge All command is
Precharge All Command Control broadcast to all physical ranks associated with a logical Rank
as specified in F[0]JRC13. Refresh command is broadcast
command to all physical ranks associated with a logical Rank
as specified in F[0]JRC13 only when F[1]RC9 = 0000b
(default). Otherwise Refresh command is staggered as
specified in F[1]RC9.

X X 1 X Refresh, Precharge single and Precharge? All command is
issued to a specific physical rank as specified by the host
using the Rank multiplication addressing method specified in
F[O]RC15.

X 0 X X DRAM MRS Control Default. MRS command is broadcast to all physical ranks
associated with a logical Rank as specified in F[OJRC13

X 1 X X MRS command is issued to a specific physical rank as
specified by the host using the Rank multiplication addressing
method specified in F[O]RC15b

0 X X X DRAM Bus Width x4

1 X X X x8

a. Buffer evaluates address bit AQ for Precharge Single and Precharge All command. If A0=0, buffer steers Precharge Single and Precharge All command to
a Rank specified by host as defined in FO]JRC15. If A0=1, buffer broadcasts Precharge Single and Precharge All command to all physical ranks associated
with a logical rank.

b. Buffer evaluates address bit A13 for MRS command. If A13=0, buffer passes MRS command to a Rank specified by host as defined in F[0]JRC15. If
A13=1, buffer broadcasts MRS command to all physical ranks associated with a logical rank.

NOTE 1 Bit DA4 and DBAO setting is only applicable in Rank multiplication mode as selected in F[O]RC15. In
normal mode of operation (F[O]JRC15 bits DBA1, DBAO, DA4, DA3 = ‘0000’b, F[0]RC14 bits DA4 and DBAO do
not apply and must be configured as ‘0’b.

NOTE 2 This is only applicable when Buffer executes MRS command on its own under training for its DRAM
interface. Host memory controller is still responsible for Address Mirror when it issues MRS command under DRAM
initialization phase as well as normal mode of operation.
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9.3 Function 0 Control Word Registers (cont’d)

Table 92 — F[0]RC15: Rank Multiplication Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 0 0 Defines Rank select bits? Normal operating mode
0 0 0 1 A[14]; 2x multiplication, 1 Gbit DDR3 SDRAM
0 0 1 0 A[15]; 2x multiplication, 2 Gbit DDR3 SDRAM
0 0 1 1 A[16]; 2x multiplication, 4 Gbit DDR3 SDRAM
0 1 0 0 Reserved
0 1 0 1 A[15:14]; 4x multiplication, 1 Gbit DDR3 SDRAM
0 1 1 0 A[16:15]; 4x multiplication, 2 Gbit DDR3 SDRAM
0 1 1 1 A[17:16]; 4x multiplication, 4 Gbit DDR3 SDRAM
1 0 0 0 Reserved
1 0 0 1 Reserved
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved
a. Host controller must configure F[0] RC13 and F[0] RC15 properly for normal operation. It is illegal to have default power up
setting of 0000b in F[0] RC13 and F[0] RC15 at the same time for normal operation.

Address pin to Chip Select pin mapping:

Al6<-->CS2 n

A17<-->CS3 n

Buffer operation of DRAM commands in Rank Multiplication mode is as following:

Refresh command, MRS command, Precharge Single command, Precharge All command - As defined in F[O]JRC14.
ZQ calibration command (both ZQCL and ZQCS), NOP command - Buffer broadcasts these commands to all
physical ranks associated with a logical rank.

Self Refresh Entry command, Self Refresh Exit command - Buffer broadcasts these commands to all physical ranks
associated with a given DCKEx. For additional description, see F[O]RC6; bit DA4:DA3 = 10b setting note.

Activate command, Read command, Write command, Read w/ AP command, Write w/ AP command - Activate
command is as defined in Host to DRAM CS mapping table below. Upon receiving an Activate command to a given
rank from host memory controller, buffer internally stores the DRAM bank information for that Rank and passes that
Activate command to appropriate rank. Buffer allows maximum of only one row open per Bank across all physical
ranks on a given logical rank. Buffer does not allow to open the same DRAM bank across all physical ranks behind
the buffer on a given logical rank. When buffer receives a Read or Write or Read w/ AP or Write w/AP command, it
uses the internally stored bank information to pass that command to appropriate rank. Buffer does not require or look
at the Rank bits for Read or Write or Read w/ AP or Write w/AP command.

Deselect command - Buffer maintains its address, command & control signals in its previous state. It does not pass
any commands to any ranks.

Power down entry command & Power down exit command - As defined in FORC6.
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9.4 Function 1 Control Word Registers

Table 93 — F[1] RCO0: IBT Settings for DCS_n Pins Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X 0 0 0 Input Bus Termination 100 Ohm

X 0 0 1 DCS[1:0]_n and DCS[3:2]_n® 150 Ohm

X 0 1 0 200 Ohm

X 0 1 1 300 Ohm

X 1 0 0 Reserved

X 1 0 1 Reserved

X 1 1 0 Reserved

X 1 1 1 Off

0 X X X Input Bus Termination DCS[3:2]_n IBT as defined in F[1] RCO

1 X X X IBT as defined in F[0] RC8
a. IfF[1]RCO DBA1 =0
b. With this setting, IBT on all DCS_n inputs are turned Off.

Table 94 — F[1] RC1: IBT Settings for DCKE Pins Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 Input Bus Termination 100 Ohm
X 0 0 1 DCKE[1:0] and DCKE[3:2]? 150 Ohm
X 0 1 0 200 Ohm
X 0 1 1 300 Ohm
X 1 0 0 Reserved
X 1 0 1 Reserved
X 1 1 0 Reserved
X 1 1 1 Off
0 X X X Reserved Reserved
1 X X X Reserved
a. If FIOJRC6 DA4, DA3 = 01b.
b. With this setting, IBT on all DCKE inputs are turned Off.
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Table 95 — F[1] RC2: IBT Settings for DODT Pins Control Word
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Input
Definition Encoding
DBA1 DBAO DA4 DA3

X 0 0 0 Input Bus Termination 100 Ohm
X 0 0 1 DODT(1:0p 150 Ohm
X 0 1 0 200 Ohm
X 0 1 1 300 Ohm
X 1 0 0 Reserved
X 1 0 1 Reserved
X 1 1 0 Reserved
X 1 1 1 Off

0 X X X Reserved Reserved
1 X X X Reserved

a. Applies to DODT1 only if F[OJRC6 DBAO=1; otherwise IBT on DODT1 is off.
b. With this setting, IBT on all DODT inputs are turned Off.

Table 96 — F[1] RC|[3:6] Reserved

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Reserved Reserved
X X 0 1
X X 1 0
X X 1 1
X 0 X X Reserved Reserved
X 1 X X
0 X X X
1 X X X
Table 97 — F[1] RC7: Function Select Control Word (See F[0]RC7 for definition)
Input
Definition Encoding
DBA1 DBAO DA4 DA3

X

X X
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9.4 Function 1 Control Word Registers (cont’d)

Table 98 — F[1] RC8 Extended Delay Control Word - Optional

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Total Y delay = Y Delay YDextended = 0. No addition to Y Delay
X X 0 1 (F[1]RC12)+YDextended YDextended = (1/128)1CK
X X 1 0 YDextended = (2/128)*CK
X X 1 1 YDextended = (3/128)*CK
0 0 X X Total QCS delay = QCS QCSDextended = 0. No addition to QCS Delay
0 1 X X Delay (F[1]JRC13)+QCS- QCSDextended = (1/128)*CK
1 0 X X Dextended QCSDextended = (2/128)1CK
1 1 X X QCSDextended = (3/128)*CK
Table 99 — F[1] RC9 - Refresh Stagger?®
Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 Ref_Stagger = 0 clocks This setting can disable the timers.

0 0 (Broadcast refresh command to all

ranks on the same clock)
0 0 0 1 Ref_Stagger = 20 clocks
0 0 1 0 Ref_Stagger = 30 clocks
0 0 1 1 Ref_Stagger = 40 clocks
0 1 0 0 Ref_Stagger = 60 clocks
0 1 0 1 Ref_Stagger = 80 clocks
0 1 1 0 Ref_Stagger = 100 clocks
0 1 1 1 Ref_Stagger = 120 clocks
1 X X X Reserved

a. This control word is only applicable when F[0]JRC14 bit DA4 = QOb.
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Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 Ref_Jitter_Limit = unlimited
X 0 0 1 Ref_Jitter_Limit = 10 clocks
X 0 1 0 Ref_Jitter_Limit = 20 clocks
X 0 1 1 Ref_Jitter_Limit = 30 clocks
X 1 0 0 Ref_Jitter_Limit = 40 clocks
X 1 0 1 Ref_Jitter_Limit = 60 clocks
X 1 1 0 Ref_Jitter_Limit = 80 clocks
X 1 1 1 Undefined
Always start with lowest numbered
0 X X X
rank.
Start rank is the rank after the last
1 X X X refresh (start rank only changes if a
refresh was missed)

a. This control word is only applicable when F[0JRC14 bit DA4 = Ob.

Table 101 — F[1] RC11 Extended Delay Control Word - Optional

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Total QODT delay = QODT | QODTDextended = 0. No addition to QODT delay
X X 0 1 delay (F[1]RC14) + QODT | qOoDTDextended = (1/128)*CK
X X 1 0 Dextended QODTDextended = (2/128)1CK
X X 1 1 QODTDextended = (3/128)*tCK
0 0 X X Total QCKE delay = QCKE | QCKEDextended = 0. No addition to QCKE Delay
0 1 X X Delay (F[1]JRC15)+QCKE- | qCKEDextended = (1/128)CK
1 0 X X Dextended QCKEDextended = (2/128)1CK
1 1 X X QCKEDextended = (3/128)*tCK
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9.4 Function 1 Control Word Registers (cont’d)

Table 102 — F[1] RC12: Additive QCA Pre-launch Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 Delay Y Delay Y by (8/32)CK (QCA prelaunch = 0.75 tCK, n=8)?
X 0 0 1 Delay Y by (7/32)*tCK (QCA prelaunch = 0.71875 tCK, n=7)
X 0 1 0 Delay Y by (6/32)tCK (QCA prelaunch = 0.6875 tCK, n=6)
X 0 1 1 Delay Y by (5/32)*CK (QCA prelaunch = 0.65625 tCK, n=5)
X 1 0 0 Delay Y by (4/32)*tCK (QCA prelaunch = 0.625 tCK, n=4)
X 1 0 1 Delay Y by (3/32)*tCK (QCA prelaunch = 0.59375 tCK, n=3)
X 1 1 0 Delay Y by (2/32)*CK (QCA prelaunch = 0.5625 tCK, n=2)
X 1 1 1 Delay Y by (1/32)*tCK (QCA prelaunch = 0.53125 tCK, n=1)
0 X X X Reserved Reserved
1 X X X Reserved
a. If FJOJRC2 DA3=1.

Table 103 — F[1] RC13: Additive QCS_n Delay Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3

0 X X X Controls QCS_n Delay Disable QCS_n delay. Delay QCS_n by 0 tCK to Yn, (m=0)
1 X X X Enable QCS_n delay according to F[1] RC13
1 0 0 0 QCS_n Delay Delay QCS_n by (8/32)*tCK to Yn, (m=8)

1 0 0 1 Delay QCS_n by (7/32)%CK to Yn, (m=7)

1 0 1 0 Delay QCS_n by (6/32)*CK to Yn (m=6)

1 0 1 1 Delay QCS_n by (5/32)*CK to Yn (m=5)

1 1 0 0 Delay QCS_n by (4/32)CK to Yn (m=4)

1 1 0 1 Delay QCS_n by (3/32)*tCK to Yn (m=3)

1 1 1 0 Delay QCS_n by (2/32)%CK to Yn (m=2)

1 1 1 1 Delay QCS_n by (1/32)*CK to Yn, (m=1)
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Table 104 — F[1] RC14: Additive QODT Delay Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3

0 X X X Controls QODT Delay Disable QODT delay. Delay QODT by 0 tCK to Yn, (m=0)
1 X X X Enable QODT delay according to F[1] RC14

1 0 0 0 QODT Delay Delay QODT by (8/32)*CK to Yn, (m=8)

1 0 0 1 Delay QODT by (7/32)CK to Yn, (m=7)

1 0 1 0 Delay QODT by (6/32)*CK to Yn, (m=6)

1 0 1 1 Delay QODT by (5/32)*CK to Yn, (m=5)

1 1 0 0 Delay QODT by (4/32)CK to Yn, (m=4)

1 1 0 1 Delay QODT by (3/32)*CK to Yn, (m=3)

1 1 1 0 Delay QODT by (2/32)CK to Yn, (m=2)

1 1 1 1 Delay QODT by (1/32)*CK to Yn, (m=1)

Table 105 — F[1] RC15: Additive QCKE Delay Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3

0 X X X Controls QCKE Delay Disable QCKE delay. Delay QCKE by 0 tCK to Yn, (m=0)
1 X X X Enable QCKE delay according to F[1] RC15

1 0 0 0 QCKE Delay Delay QCKE by (8/32)*tCK to Yn, (m=8)

1 0 0 1 Delay QCKE by (7/32)*tCK to Yn, (m=7)

1 0 1 0 Delay QCKE by (6/32)*tCK to Yn, (m=6)

1 0 1 1 Delay QCKE by (5/32)*tCK to Yn, (m=5)

1 1 0 0 Delay QCKE by (4/32)*tCK to Yn, (m=4)

1 1 0 1 Delay QCKE by (3/32)*tCK to Yn, (m=3)

1 1 1 0 Delay QCKE by (2/32)*tCK to Yn, (m=2)

1 1 1 1 Delay QCKE by (1/32)1CK to Yn, (m=1)
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9.4 Function 1 Control Word Registers (cont’d)
Fligure 59 illustrates the QCA prelaunch, QCS _n, QODT and QCKE delay features.
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Figure 59 — QCA Prelaunch, QCS_n, QODT, and QCKE Delay Features
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Table 106 — F[2] RC0 Transparent Mode

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 Enable transparent mode Normal operation
X X X 1 Transparent mode enabled
X X 0 X Reserved
X X 1 X
0 0 X X Chip select multiplication in transparl QACSJ[3:0]_n=DCSJ[3:0]_n, QBCS[3:0] n=DCS[3:0]_n
0 1 X X ent mode QACS[3:0]_n=DCS[3:0]_n, QBCS[3:0]_n=DCS[7:4]_n
1 0 X X QACSJ[2,0]_n=DCSJ[1,0]_n, QBCS[2,0]_n=DCS[3,2]_n,
QACSJ[3,1]_n=2'b11, QBCS[3,1]_n=2'b11
1 1 X X QACS[2,0]_n=2'b11, QBCS[2,0]_n=2'b11
QACSJ[3,1]_n=DCSJ[1,0]_n, QBCS][3,1]_n=DCS[3,2]_n,
Table 107 — F[2] RC1 Reset Control
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 Soft Reset Writing a ‘0" has no effect
X X X 1 Writing a 1" initiates a Soft Reset (Self Clear in the next cycle)
X X 0 X Clear Sticky Register Bits Don't clear sticky register bits during Soft Reset
X X 1 X Clear sticky register bits during Soft Reset
X 0 X X Mask DDR Reset Soft Reset will cause assertion of the QRST_n output
X 1 X X Soft Reset will not assert the QRST_n output
0 X X X Reserved Reserved
1 X X X Reserved
Table 108 — F[2] RC2 SMBus Access Control
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 SMBus Access Control to function SMBus accesses to/from FNO are executed
space 0
X X X 1 P SMBus reads from FNO return all zeros? SMBus writes to FNO are
acknowledged but not executed
X X 0 X SMBus Access Control to function SMBus accesses to/from FN1, 3 and 5 are executed
spaces 1,3 and 5
X X 1 X P SMBus reads from FN1, 3, 5 return all zeros? SMBus writes to
FN1, 3, 5 are acknowledged but not executed
X 0 X X SMBus Access Control to function SMBus accesses to/from FN2, 4 and 6-15 are executed
X N spaces 2, 4 and 6-15 a
X 1 SMBus reads from FN2, 4, 6-15 return all zeros
SMBus writes to FN2, 4, 6-15 are acknowledged but not executed
0 X X X SMBus Access Control to SMBus accesses to/from TS are executed
N N Temperature Sensor a
1 X SMBus reads from TS return all zeros
SMBus writes to TS are acknowledged but not executed

a. MB returns the status of “Internal Target Abort”. The host controller should not try to access this through SMbus. However, if host
ignores this then MB will return all zeros.
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9.5 Function 2 Control Word Registers (cont’d)

Table 109 — F[2] RC3: Training & Errout_n Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X X 0 Training Control Normal operating mode; Reset Fail and Valid bit in F[2] RC3?

y y X 1 Normal operating mode; Do not reset Fail and Valid bit in F[2]
RC3P

X X 0 X Reserved Reserved for read only Failure bitin CSR

X X 1 X

X 0 X X Reserved Reserved for read only Valid bitin CSR

X 1 X X

0 « X X Errout_n Enable for Pisable - Errout_n is not driven Low when Training/MEMBIST

Training & MEMBIST is started

1 < X X Enable - Errout_n is driven Low when Training/MEMBIST is

started

a. Buffer stops driving Errout_n Low when training had an error. Buffer stops training if it was previously started and will stop
driving Errout_n Low. Buffer resets Fail and Valid bit in F2 RC3.
b. Buffer stops driving Errout_n Low when training had an error. Buffer stops training if it was previously started and will stop
driving Errout_n Low. Buffer does not reset Fail and Valid bit in F2 RC3.

Table 110 — F[2] RC4 MEMBIST Rank Control

Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 X X X Rank control for MEMBIST Default; MEMBIST applies to All Ranks
1 0 0 0 Rank 0
1 0 0 1 Rank 1
1 0 1 0 Rank 2
1 0 1 1 Rank 3
1 1 0 0 Rank 4
1 1 0 1 Rank 5
1 1 1 0 Rank 6
1 1 1 1 Rank 7
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Table 111 — F[2] RC5: DRAM Row & Column Addressing

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X 0 0 Number of Columns CA[9:.0]

X X 0 1 CA[11, 9:0]

X X 1 0 CA[13, 11, 9:0]

X X 1 1 CA[2:0] (8 column addresses of BL=8 page size for testing
purposes)

0 0 X X Number of Rows RA[12:0]; 8192 Rows

0 1 X X RA[13:0]; 16384 Rows

1 0 X X RA[14:0]; 32768 Rows

1 1 X X RA[15:0]; 65536 Rows

Table 112 — F[2] RC6: MEMBIST Control
Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X X 0 Reserved Reserved

X X X 1 Reserved

X X 0 X MEMBIST Algorithm Fixed Data 0's (DQ[63:0] only), Full DRAM, Write Full, Read
empty, compare, default XYZR order. X = Row (Outer most
loop), Y = Column, Z = Bank; R = Rank (Inner most loop)

X X 1 X LFSR data (DQ[71:0]), Full DRAM, Write Full, Read empty,
compare, default XYZR order. X = Row (Outer most loop), Y =
Column, Z = Bank; R = Rank (Inner most loop)

0 0 X X MEMBIST, AREF and SREF Control Default. Normal operation from RESET#.
If MEMBIST was previously started, then®:
1. Stop MEMBIST.
2. Stop AREF.

0 1 X X Stop AREF, wait till it finishes, then put All Ranks of DRAMs
into Self Refresh

1 0 X X Enable autorefresh generation engine for all physical ranks.
Start MemBIST for ranks specified in F2RC4. Autorefresh
engine will issue AREF commands as required to all physical
ranks during MemBIST operation. Autorefresh engine
continues to run after the MemBIST is complete.b

1 1 X X Reserved

a. Buffer stops driving Errout_n Low if MEMBIST had an error.
b. Buffer starts driving Errout_n Low 20 clocks after receiving this command.
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9.5 Function 2 Control Word Registers (cont’d)

Normal operation

CLK
MEMBIST start
RCW Command RCW Command
F2RCE, DEAL, DBAO=10b F2RCE, DEAL, DBAO=00b
4 s —
| I
I

¢
Errout_n
Py gy -
/ /|
| Buffer stops driving Errout_n
signal when RCW is configured

/
Buffer stops driving Emout n |
’I
for normal mode of operation

signal Low once MEMBIST is
complete *and* if there was no

erar

|

Errout_n goés Low if Parity Errout_n goes Low'20 clacks
after MEMBIST start command

emror during Control Word

]
I

|

Buffer continues to drive Low
on Errout_n signal after MEMBIST

is complate if there was an error

Figure 60 — Errout_n Signal from MBIST to Normal Operation
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9.5 Function 2 Control Word Registers (cont’d)

Table 113 — F[2] RC8: MEMBIST ECC Pattern - 1

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[67:64] ECC Pattern Lower 4 ECC bits; For F[2] RC6 DA4 = 0.

Table 114 — F[2] RC9: MEMBIST ECC Pattern - 2

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[71:68] ECC Pattern Upper 4 ECC bits; For F[2] RC6 DA4 = 0.

Table 115 — F[2] RC10: MEMBIST ECC Pattern - 3

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[67:64] ECC Pattern Lower 4 ECC bits; For F[2] RC6 DA4 = 0.

Table 116 — F[2] RC11: MEMBIST ECC Pattern - 4

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQJ[71:68] ECC Pattern Upper 4 ECC bits; For F[2] RC6 DA4 = 0.

9.5 Function 2 Control Word Registers (cont’d)

Table 117 — F[2] RC12: MEMBIST ECC Pattern - 5

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[67:64] ECC Pattern Lower 4 ECC bits; For F[2] RC6 DA4 = 0.

Table 118 — F[2] RC13: MEMBIST ECC Pattern - 6

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[71:68] ECC Pattern Upper 4 ECC bits; For F[2] RC6 DA4 = 0.
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9.5 Function 2 Control Word Registers (cont’d)

Table 119 — F[2] RC14: MEMBIST ECC Pattern - 7

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[67:64] ECC Pattern Lower 4 ECC bits; For F[2] RC6 DA4 = 0.

Table 120 — F[2] RC15: MEMBIST ECC Pattern - 8

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X DQ[71:68] ECC Pattern Upper 4 ECC bits; For F[2] RC6 DA4 = 0.

NOTE 1 Host BIOS must always program F2 RC[8-15] regardless of whether it chooses to use 8 bit ECC or 16 bit ECC or 32 bit
ECC. See Table 58, Table 59 and Table 60 as an example.

NOTE 2 For 8 bits ECC pattern host programs:
F2 RC[10, 12, 14] same as F2 RCS8
F2 R(C[11, 13, 15] same as F2 RC9.
NOTE 3 For 16 bits ECC pattern host programs:
F2 RC12 same as F2 RCS8
F2 RC14 same as F2 RC10
F2 RC13 same as F2 RC9
F2 RC15 same as F2 RC11
NOTE 4  For 32 bits ECC pattern host programs:
F2 RC[8-15] with appropriate pattern.
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9.5 Function 2 Control Word Registers (cont’d)
Table 121 — MEMBIST - 8 Bits ECC Mapping
Bit Time (Burst)
Byte Lanes (DIMM Gold 0 1 9 3 4 5 6 7

Finger)

Byte lane 0 DQ[7:0]
Byte lane 1 DQ[15:8]
Byte lane 2 DQ[23:16]
Byte lane 3 DQ[31:24]
Byte lane 4 DQ[39:32]
Byte lane 5 DQ[47:40]
Byte lane 6 DQ[55:48]
Byte lane 7 DQ[63:56]

64 bits Data | 64 bits Data | 64 bits Data | 64 bits Data | 64 bits Data | 64 bits Data | 64 bits Data | 64 bits Data

8 bits - 8 bits - 8 bits | 8 bits | 8 bits | 8 bits | 8 bits | 8 bits |
ECC Byte lane DQ[71:64] | F[2]RC8& | F2JRC10 | Fl2JRC12 | Fl2JRc14 | Fl2IRcs& | F21Rct0 | Fl21Rc12 | F21RC14
RCY &RC11 &RC13 &RC15 RCY &RC11 &RC13 &RC15

Table 122 — MEMBIST - 16 bits ECC Mapping

Bit Time (Burst)
Byte Langs (DIMM Gold 0 1 9 3 4 5 6 7
Finger)
Byte lane 0 DQ[7:0]
Byte lane 1 DQ[15:8]
Byte lane 2 DQ[23:16]
Byte lane 3 DQ[31:24]
128 bits Data 128 bits Data 128 bits Data 128 bits Data
Byte lane 4 DQ[39:32]
Byte lane 5 DQ[47:40]
Byte lane 6 DQ[55:48]
Byte lane 7 DQ[63:56]
8 bits - 8 bits 0 8 bits [ 8 bits [ 8 bits [ 8 bits - 8 bits [ 8 bits -
ECC Byte lane DQ[71:64] | F[2]RC8 & F[2]RC10 F[2] RC12 F[2] RC14 F[2] RC8 & F[2]RC10 F[2] RC12 F[2] RC14
RC9 &RC11 &RC13 &RC15 RC9 &RC11 &RC13 &RC15

Table 123 — MEMBIST - 32 bits ECC Mapping

Bit Time (Burst)
Byte Langs (DIMM Gold 0 1 9 3 4 5 6 7
Finger)
Byte lane 0 DQ[7:0]
Byte lane 1 DQ[15:8]
Byte lane 2 DQ[23:16]
Byte lane 3 DQ[31:24]
256 bits Data 256 bits Data
Byte lane 4 DQ[39:32]
Byte lane 5 DQ[47:40]
Byte lane 6 DQ[55:48]
Byte lane 7 DQ[63:56]
8 bits - 8 bits [ 8 bits [ 8 bits [ 8 bits [ 8 bits - 8 bits [ 8 bits -
ECC Byte lane DQ[71:64] | F[2]RC8& | F[2]RC10& | F[2]RC12& | F[2]RC14& F[2]RC8 & | F[2]RC10& | F[2]RC12& | F[2]RC14&
RC9 RC11 RC13 RC15 RC9 RC11 RC13 RC15
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9.6 Function [3-11] Control Word Registers

The following sections describe the contents of each control word in the function 3 to 11 sets.

Table 124 — F[3] RCO0: Connector Interface DQ RTT Nom Termination Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 RTT_Nom RTT_Nom disabled
X 0 0 1 RZQ/4 (60 Ohm)
X 0 1 0 RZQ/2 (120 Ohm)
X 0 1 1 RZQ/6 (40 Ohm)
X 1 0 0 Reserved
X 1 0 1 RZQ/8 (30 Ohm)
X 1 1 0 RZQ (240 Ohm)
X 1 1 1 RZQ/3 (80 Ohm)
0 X X X TDQS Control TDQS Disabled
1 X X X TDQS Enabled

Table 125 — F[3] RC1: Connector Interface DQ RTT_ WR Termination & Reference Voltage

Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 RTT_WR Dynamic ODT Off
X 0 0 1 RZQ/4 (60 Ohm)
X 0 1 0 RZQ/2 (120 Ohm)
X 0 1 1 RZQ/6 (40 Ohm)
X 1 0 0 Reserved
X 1 0 1 RZQ/8 (30 Ohm)
X 1 1 0 RZQ (240 Ohm)
X 1 1 1 RZQ/3 (80 Ohm)
0 X X X Vref for DQ Default; Use VrefDQ input pin for receiver reference voltage
1 X X X Use internally generated Vref for receiver reference voltage
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Table 126 — F[3] RC2: Connector Interface DQ Driver Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 Connector Interface DQ/DQS Output | RZQ/6 (40 Ohm)
M 0 0 1 Driver Impedance Control RZQI7 (34 Ohm)
X 0 1 0 RZQ/5 (48 Ohm)
X 0 1 1 RZQ/9 (27 Ohm)
X 1 0 0 RZQ/12 (20 Ohm)
X 1 0 1 Reserved
X 1 1 0 Reserved
X 1 1 1 Reserved
0 X X X Connector Interface DQ Driver Connector interface DQ/DQS drivers enabled
1 X X X Enable Connector interface DQ/DQS drivers disabled
Table 127 — F|[3] RC]3:5] Reserved
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X X Reserved Reserved
Table 128 — F|[3] RC6: Connector Interface Misc Control Word
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X 0 0 Connector Interface DQ Timing Mode | Minimum latency
X X 0 1 Minimum skew
X X 1 0 Reserved
X X 1 1 Reserved
X 0 X X Reserved Reserved
X 1 X X Reserved
0 X X X Connector Interface DRAM Width same as DRAM bus width (in F[0]RC14)
1 X X X Always 8 DQs per DQS?

face.

a. MB transmits and receives only one strobe pair per byte for Read and Write operation respectively on connector interface. MB transmits and receives one
strobe pair per DRAM for Write and Read on DRAM interface. MB turns off its input receivers and terminations for upper 9 strobe pairs on connector interl
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9.6 Function [3-11] Control Word Registers (cont’d)

Table 129 — F|[3] RC7: Function Select Control Word (see F[0] RC7 for definition)

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X 0 0

Table 130 — F[3] RC8: DRAM Interface MDQ Termination Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 DRAM Interface MDQ/MDQS ODT DRAM Interface ODT disabled
M 0 0 1 Strength for Buffer RZQ/4 (60 Ohm)
X 0 1 0 RZQ/2 (120 Ohm)
X 0 1 1 RZQ/6 (40 Ohm)
X 1 0 0 Reserved
X 1 0 1 RZQ/8 (30 Ohm)
X 1 1 0 RZQ (240 Ohm)
X 1 1 1 RZQ/3 (80 Ohm)
0 X X X Reserved Reserved
1 X X X Reserved

Table 131 — F[3] RC9: DRAM Interface MDQ Driver Control Word

Input
Definition Encoding
DBA1 DBAO DA4 DA3
X 0 0 0 DRAM Interface Output Driver RZQ/6 (40 Ohm)
X 0 0 1 Impedance RZQ/7 (34 Ohm)
X 0 1 0 RZQ/5 (48 Ohm)
X 0 1 1 RZQ/9 (27 Ohm)
X 1 0 0 RZQ/12 (20 Ohm)
X 1 0 1 Reserved
X 1 1 0 Reserved
X 1 1 1 Reserved
0 X X X DRAM Interface Output Driver DRAM interface MDQ/MDQS drivers enabled
1 X X x | Diseble DRAM interface MDQ/MDQS drivers disabled
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Table 132 — F[3-10]RC10: Read QODT Control Words; F[3:10] = Rank][0:7] respectively. F11

RC10 Reserved
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X 0 QxODT0 Not asserted during Read
X X X 1 Asserted during Read
X X 0 X QxODT1 Not asserted during Read
X X 1 X Asserted during Read
X 0 X X Reserved Reserved
X 1 X X Reserved
0 X X X Reserved Reserved
1 X X X Reserved

Table 133 — F[3-10]RC11: Write QODT Control Words; F[3-10] = Rank[0:7] respectively.

F11RC11 Reserved

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X X 0 QxODT0 Not asserted during Write
X X X 1 Asserted during Write

X X 0 X QxODT1 Not asserted during Write
X X 1 X Asserted during Write

X 0 X X Reserved Reserved

X 1 X X Reserved

0 X X X Reserved Reserved

1 X X X Reserved
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9.6 Function [3-11] Control Word Registers (cont’d)

Table 134 — F[3-11] RC12: Reserved

Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 0 0 Reserved Reserved
0 0 0 1 Reserved
0 0 1 0 Reserved
0 0 1 1 Reserved
0 1 0 0 Reserved
0 1 0 1 Reserved
0 1 1 0 Reserved
0 1 1 1 Reserved
1 0 0 0 Reserved
1 0 0 1 Reserved
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved
Table 135 — F[3-11] RC13: Reserved
Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 0 0 Reserved Reserved
0 0 0 1 Reserved
0 0 1 0 Reserved
0 0 1 1 Reserved
0 1 0 0 Reserved
0 1 0 1 Reserved
0 1 1 0 Reserved
0 1 1 1 Reserved
1 0 0 0 Reserved
1 0 0 1 Reserved
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved
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9.6 Function [3-11] Control Word Registers (cont’d)

Table 136 — F[3] RC[14-15]: Reserved

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X Reserved Reserved

Table 137 — F[4-11] RC[0-6, 8-9, 14-15] & F[11] RC[10-11]: Reserved

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X

9.7 Function 12 Control Registers

Table 138 — F[12] RC[0:6, 8:15]: Reserved

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X

Table 139 — F[12] RC7: Function Select Control Word (see FORC?7 for definition)

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X

9.8 Function 13 Control Registers

Table 140 — F[13] RC[0:6, 8]: Reserved

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X

Table 141 — F[13] RC7: Function Select Control Word (see FORC7 for definition)

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X
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9.8 Function 13 Control Registers (cont’d)

In order to allow accesses to MB registers that are not control words, a mechanism for accessing ALL MB
CSRs via control word writes utilizing address port and data port control words has been defined. This
mechanism is similar to the common 0xCF8h/0xCFCh access mechanism used for the PCI CSR register space.
To write a specific MB CSR, the SMBus function space where the CSR resides is selected by accessing
F13RC9 and the register address within the function space is written into F13RC10 (least significant 4 bits), and
FI3RCI1 (most significant 4 bits) with four optional extended address bits[11:8] in FI3RC12. An access to
F13RC14 followed by an access to F13RC15 writes to the selected register.

Table 142 — F13 RC9: SMBus Function Select

Input
Definition Encoding
DBA1 DBAO DA4 DA3
0 0 0 0 Selects SMBus Function SMBus Function 0
0 0 0 1 SMBus Function 1
0 0 1 0 SMBus Function 2
0 0 1 1 SMBus Function 3
0 1 0 0 SMBus Function 4
0 1 0 1 SMBus Function 5
0 1 1 0 SMBus Function 6
0 1 1 1 SMBus Function 7
1 0 0 0 SMBus Function 8
1 0 0 1 SMBus Function 9
1 0 1 0 SMBus Function 10
1 0 1 1 SMBus Function 11
1 1 0 0 SMBus Function 12
1 1 0 1 SMBus Function 13
1 1 1 0 SMBus Function 14
1 1 1 1 SMBus Function 15

Table 143 — F13 RC10: LSB of Address Port

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X LSB of Register Address Port Address Bits[3:0]

Table 144 — F13 RC11: MSB of Address Port

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X MSB of Register Address Port Address bits[7:4]
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9.8 Function 13 Control Registers (cont’d)
Table 145 — F13 RC12: Extended Address Port (Optional)
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X X Vendor Specific Extended Address Port | Address Bits[11:8]
Table 146 — F13 RC13: Reserved
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X X
Table 147 — F13 RC14: LSB of Data Port
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X X X LSB of Register Data Port Data of the LSB bits of the selected register. Bits[3:0]
Table 148 — F13 RC15: MSB of Data Port
Input
Definition Encoding
DBA1 DBAO DA4 DA3
X X MSB of Register Data Port Data of the MSB bits of the selected register. Bits[7:4]
X X Triggers the Control Word Write mechanism to the address
defined in F13RC[10-12] with data from F13RC[14-15]
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9.9 Function 14 Control Word Registers
Table 149 — F[14] RC[0]: MB Vendor Specific Bytes

Input
Definition Encoding
DBA1 DBAO DA4 DA3

X X X 0 Vendor specific Bytes Disabled

X X X 1 Vendor specific Bytes Enabled

0 0 0 X Vendor Specific bits Personality Byte 0 bits [3:1]
0 0 1 X

0 1 0 X

0 1 1 X

1 0 0 X

1 0 1 X

1 1 0 X

1 1 1 X

Table 150 — F[14] RC[1]: MB Vendor Specific Bytes

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Bytes 0 bits [7:4]

Table 151 — F[14] RC|2:5]: MB Vendor Specific Bytes

Input
Definition Encoding

DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Bytes 1 to 2

Table 152 — F[14] RC]|6]: MB Vendor Specific Bits

Input
Definition Encoding

DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Byte 3 bits [3:0]

Table 153 — F[14] RC7: Function Select Control Word (see FORC7 for definition)

Input
Definition Encoding

DBA1 DBAO DA4 DA3

X X X X

Table 154 — F[14] RC[8:15]: MB Vendor Specific Bytes

Input
Definition Encoding

DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Bytes 4 to 7
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9.10 Function 15 Control Word Registers

Table 155 — F[15] RC[0:5]: MB Vendor Specific Bytes

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Bytes 8 to 10

Table 156 — F[15] RC[6]: MB Vendor Specific Bits

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Byte 3 bits [7:4]

Table 157 — F[15] RC7: Function Select Control Word (see FORC7 for definition)

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X

Table 158 — F[15] RC[8:15]: MB Vendor Specific Bytes

Input

Definition Encoding
DBA1 DBAO DA4 DA3

X X X X Vendor Specific bits Personality Bytes 11 to 14
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10 MemBIST

10.1 MemBIST - Memory Built-In Self-Test

The DDR3 Memory Buffer (MB) supports Memory Built-In Self Test (MemBIST) for memory initialization during
system boot up and for testing the installed memory. During system boot up and DIMM manufacturing, this mode
may also be used to apply tests at speed to test MB to DRAM interface. At DIMM manufacturing, MemBIST offers a
fast method to detect assembly related defects, interface defects and majority of the core-related defects during
DIMM manufacturing. This testing may be initiated either in or out of band, making MemBIST compatible with
motherboards, low cost ATE, or standalone equipment such as continuity testers.

At system level, MEMBIST may also be executed on multiple DIMMs simultaneously. This could be used to speed
up memory test during system boot. Before MemBIST can be executed DRAM must be initialised per JESD79-3
requirements and MB functions for write leveling and read training.

DDR interface testing requires stress of the MB DDR 1/O circuitry and the DDR 1/O-to-core path in the DRAM. The
test needs to be able to detect static faults (such as stuck signals) as well as dynamic faults (for example, slow timing
paths) in the logic

Testing this logic requires:
 Delivering patterns at full speed (up to 2133MTY/S, refer to Vendor Datasheet for actual speed support).

* Incrementing and decrementing addresses. The address decoders are best tested with marching or other non(
linear patterns.

» Alternating data patterns (single rotating bits, checkerboards) to detect slow nodes or capacitive coupling in the
data path.

» Using standard interface timing (nominal clock cycle time, setup, hold, pre and post-amble)

To accomplish the required testing, MemBIST has a number of modes of operation and data formats which can be
chosen to meet the specific need. In addition, MemBIST supports a variety of DRAM timings and densities.

A fundamental feature of the MemBIST architecture is that, it can control individual bits in the 72 bit DQ bus. In
addition, MemBIST can apply test patterns at a rate as high as the DRAM address rate. To accomplish this, the
MemBIST architecture provides two 72 bit words, or 144 bits of test data for each DRAM clock cycle. The data is
supplied to the DRAMs on “early” and “late” phases of the DDR clock cycle. Early data is provided on the rising
edge of CK. Late data is provided one half cycle later on the falling edge of CK. DRAM compare data is treated in a
similar manner with appropriate clock alignment.
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10.2 MemBIST Feature Summary

Table 159 lists the features of MemBIST in summary form. Each feature is explained in subsequent
sections. The registers used to control these features are detailed in the MemBIST register section.

Table 159 — MemBIST Feature Summary

Feature Feature Description

Memory Address Control

User defined start and end physical address
Fast X, Fast Y, Fast XY, XZY address modes

Address pattern in tests

Choice of incrementing or decrementing addresses

Dynamic address inversion (DAI) inverts alternate addresses

X (row) address bits Upto 16
Y (column) address bits Upto 14
Z (bank) address bits Upto3

Data Patterns

Fixed data pattern Fixed nibble data patterns (0, 3,5, 6,9, A, C, F)

144-bit user defined data pattern (defined in the
MB_USRDEF and MB USRDEF ECC registers by user)

288-bit user defined data pattern (defined in the
User defined data pattern MB_USRDEF and MB_USRDEF _ECC registers by user)

576-bit user defined data pattern (defined in the
MB_USRDEF and MB_USRDEF _ECC registers by user)

32-bit user defined circular shifted data pattern

Random data pattern derived from user-specified 32-bit seed

D ic data patt
ynamic data patterns using an LFSR (CRC32)

Data pattern inversion Any data pattern can be inverted before being applied

Programmable DRAM Timing Control

Supported by programmable registers in DDR3 MB (e.g.

DDR3 DRAM timing {RCD, tRP, tWR, tRC, tXS, tREF, tCKE, tRAS, tRTP, etc)

8 (default), other options need MRO[A1:A0] programming to
support (see JESD79-3E)

DDR3 refresh intervals programmable in DDR3 MB
registers

Burst Length

Refresh control

BIST Engine Control

Block Write, Block Read, Block Read with data compare,

Fundamental commands Block Write + Block Read with data compare

Access method All registers and settings accessible using SMBus

DRAM data width x4 or x8
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Table 159 — MemBIST Feature Summary

Feature Feature Description

DRAM initialization and mode

. Set by DDR3 MB registers
settings

A programmable number of deselect commands may be
MemBIST throttling inserted after DRAM accesses to slow down the speed of
DRAM access

HALT on error or run to completion of test

Test ABORT during the test

Execution control

Failure data logged are accessible using SMBus
Failure data access

Logging may be delayed to capture later failures

Algorithms Provided

Algorithms operate over a specified address range with a user defined data in register MBDATA.
Notation for algorithm definitions:

~ = increasing address from start to end

v = decreasing address from end to start

R/W = Read/Write

W /R = Write / Read and check

D /1= Data/ Inverted Data

number = sequence of events

(x, y) = for each address, first x is applied, then y, before continuing to next address

Scan A (WD) ); (RD,); * (WI3); * (RIy)
Init ~(WDy)
Read *(RDy)
Mats+ NWDy); ARD,, Wly); v(RI,, WDs);

A A CA }
M- D, W0 WD) KD,
Error Logging

Pass / fail indicator

Log up to 8 failing addresses
Error logging Record up to 4 sets of 144-bit failure data

144-bit failure data bit location accumulator marking bit
failures through entire test

Power Saving mode

MemBIST engine logic can be turned off during normal
operation to save power.
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10.3 Function Overview

For memory test at boot, a reduced Initialization MemBIST, which can be controlled with inband commands
(RCWs), is available. The full functionality is available out of band through SMBus.

10.3.1 Initialization MemBIST

* Addressing
— Full Row Range
— Full Column Range or Single Column
— All Banks
— All Ranks or Single Rank
— Increasing Counting Direction
— Row-Column-Bank-Rank order
* Data
— Fixed 0 for D[63:0] with 4 user defined bytes (half burst) for D[71:64]
— Random data generated from LFSR 144-bit data using 32 bit CRC
* Algorithm
— Scan for detecting Stuck-At-Faults
* Error Reporting
— Use standard MemBIST error log registers
* Refresh
— At start of MemBIST, Autorefresh Engine is enabled
— Autorefresh always covers all physical ranks and runs parallel to MemBIST (i.e. DRAM data are retained
during MemBIST)
— After finishing MemBIST test, Autorefresh continues to operate
— Issue command to put DRAMs into Self Refresh from Autorefresh State
— MemBIST and Autorefresh Engine can be disabled and the buffer returns to normal operation
» Control
— Operation can be controlled by F2 RCW registers
— Some general buffer setup variables (e.g. number of physical ranks) are also required
* Timing
— Timing parameters are given by normal MemBIST timing registers
— Reset value is set to DDR3-800. Value can be change through extended RCW interface
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10.3.2 Full MemBIST

* Addressing
— Support sweeping of rank, bank, row, column
— Support 4 sweep orders (Note: By default, Rank is in the outer loop and the rank sequence is controlled by
software. The rank is specified by F2RC4[3:0])

— (Notation: outer loop - ... - inner loop):
— X: Row, Y: Column, Z: Bank R: Rank
— Row-Bank-Column XZY
— Bank-Column-Row Fast X
— Bank-Row-Column FastY
— Bank-(Sweep Row, Column diagonal Fast XY
— Scheduling

— Maximum DQ bus utilization
— Single increment/decrement control common for all dimensions
— Address inversion every other command
— Burst length 4 and 8 supported
» Data generation
— Byte individual data configuration, generation and compare
— Per byte compare enable mask
— Data patterns
— Fixed
— 64 bit user specified data:
« full burst of 8 independent bits, repeated in time.
* 64 user bits specified globally for all 9 bytes
— Random 144 bits data generated from 32 bit CRC data
* LFSR with 32-bit CRC, providing 72 random bits per burst position
— 144 bit user defined circular shift data pattern
* LFSR with 32-bit CRC, providing 72 random bits per burst position
* Per Address commands
— Write
— Read
— Read, Modify (write inverted)
* Algorithms (sequences of basic MemBIST operations)
— Memory write (Init), memory read (Read)
— Stuck at failure testing (Scan)
— Stuck at failure testing with fast read/write turnaround (Mats+)
— Memory stress test with incrementing and decrementing addressing (MarchC)
— Programmable customer specific test patterns
* Error logging
— 8 fail addresses
— failure counters
— Early/late error bit accumulators
— 16 bit error skip counter
* Command Timing
— Simple approach: Buffer checks timing values between adjacent commands
* Registers
— FN3 (mandatory features): 55 32 bit registers
— 19 32 bit registers global functions
— 9x4 32 bit registers byte specific functions
— FNS5 (optional features): 40 32 bit registers
— 4 32 bit registers global functions
— 9x4 32 bit registers byte specific functions
* Further features
— Refresh generation
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10.4 Address Generation
10.4.1 Address Definition

All addresses in MemBIST have three components: a row address, a column address and a bank address. These
values are concatenated in a 32 bit register. Column address 0 is not stored since the MemBIST engine has an internal
144 bit architecture. Column address 10 is used for auto-precharge (always low in MemBIST) so it is not specified in
the address register. Column address 12 is used as burst length value so it is also not part of the address register.

User-defined start and end addressing is constrained to a column address modulo the bust length. For instance, at
BC4, a memory access could start at column 0. The next access would start at column 4 and so on. A burst will
always end on a page boundary, eliminating boundary checking and simplifying the MemBIST sequencer and control
logic. The address register bits will reflect these constraints. BC4 will allow specification of column bits 14..2, while
BL=8 will allow specification of column bits 15..3.

Table 160 — Memory Address Definition, BC4
Address bit
31(30(29(28|27|26|25(24{23|22{21|{20|19|18|17|16]15|14|13|12|11|10(9 |8 |7 |6 |54 |3]2|1|0

15[1413/12{11}(10/9 {8 |7 |6 |5[4|3|2[1]|OJR[R|14]|13(11]|9|8|7]6|5]4[3][2]2[1]0

Row Column Bank
NOTE Bit 14,15 “R” = Reserved for future use.

Table 161 — Memory Address Definition, BL=8
Address bit
31(30|29(28|27|26|25|24|23|22{21|{20|19|18|17|16]15|14|13|12|11|10/9 |8 |7 |6 |54 |3]2|1|0

15/14]13(12]11{10/9 |8 [7 |6 (5[4 |3 (2|1 ]|OJR|R|15[14]13]11/9|8]|7/6]5[4/3]12[1]0

Row Column Bank
NOTE Bit 14,15 “R” = Reserved for future use.

10.4.2 Row addressing

» Two values specified in register:
— Start address XS
— End address XE

* Directions
— Increment: Move in steps of 1 from start to end
— Decrement: Move in steps of 1 from end to start
— Requirement: XS<XE

10.4.3 Column addressing

» Two values specified in register:
— Start address YS
— End address YE
* Directions
— Increment: Move in steps of burst length from start to end
— Decrement: Move in steps of burst length from end to start
— Requirement: YS<YE
» Support for burst chop 4 and burst length 8
— According to DRAM MRS setting:
— Fixed burst chop 4 => BL=4
— Fixed burst length 8§ => BL=8
* Lower 2(BL=4)/3(BL=8) column address bits will stay constant ‘0’
— Transmit to DRAM
— Defines DRAM burst order
— Data pattern has to be chosen accordingly to take into account burst order scrambling
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10.4.4 Diagonal addressing (aka FastXY addressing)

Row and column addresses will be incremented/decremented simultaneously
Row address will change in steps of 1
Column address will change in steps of 4(BL=4) or 8(BL=8)
If (YE-YS)/BL=(XE-XS) (same number of increments in row and column direction)
— Buffer will count straight between (XS,YS) to (XE,YE)
« If (YE-YS)/BL!=(XE-XS)
— Buffer will start at (XS,YS) or (XE,YE)
— Buffer will increment/decrement row and column address
— Row and column address will wrap around at rectangle defined by (XS,YS) and (XE,YE)
— Algorithm finishes when row and column counters reach the target value at the same time

Straight Sequence Wraparound Sequence
Y Y
24O QOO0 @ @ 24 O O O O O C O O
g @000 Zooe o Tg-o-aefsfsiafsiais
et 0o o0 Foooeo s owsiwRMEMN
Y3 ! NN N NN
--0-0-¢ ® @ © @ ® ot o\q‘ ®
— I | }?{N}S{N}?(&}Skaﬁfln —
0 1 2 3 4 5 6 77X 0 1 2 3 4 b5 7 X
X5 X5

Figure 61 — Diagonal addressing examples

10.4.5 Bank addressing

* Sweeps full banks (default) or portion of the banks for XYZR, XZY address scheme
— Start bank, default to 0
— End bank default to 7
» Buffer test banks in increment or decrement order
— Increment: test bank in the order of (start bank,+1,+2,..,end bank)
— Decrement: test bank in the order of (end bank, -1, -2, ...., start bank)

10.4.6 Rank addressing

e Sweeps full rank when F2RC4[3:0] = 0XXX

— Number of physical rank, N, is defined FORC13[1:0]

— Increment: test rank in the order of 0,1,2....N-1

— Decrement: test rank in the order of N-1,N-2...0
* Target specific rank as defined by F2RC4[3:0]

— 1000: Rank 0

— 1001: Rank 1

— 1010: Rank 2

— 1011: Rank 3

— 1100: Rank 4

— 1101: Rank 5

— 1110: Rank 6

— 1111: Rank 7
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10.4.7 Dynamic Address inversion

To further stress the DRAM there is a control bit to invert the address lines on every access. The least significant
address bit is not inverted since it already toggles at the address rate. All address lines (X, Y, bank and rank) will be
inverted, creating a ping-pong access pattern. If the starting and ending bank addresses differ as described above, the
bank bits will also be inverted on every other access, creating a two-bank pattern. In this case, MemBIST will activate
both banks, since otherwise the DDR3 MB would be constantly activating banks. Note that two bank behavior is
limited to cases where addresses are applied column-wise, since row-wise operation requires precharge and activate
on each row. As indicated in Table 162 (shaded rows are non-inverted, non-shaded rows show inverted addresses), it
is possible to traverse 4 or 8 banks. However, only two banks (bank and bank bar) are required to be active at a given
time. There is no dependency on the order of activation or precharge between banks in two bank mode. It is possible

to activate bank a then bank b or b then a with no difference in the test result.

Also note that DAI will not invert during a single bank test and single rank FastY will not invert the rank. It is normal
to think of accesses as being restricted to the address range specified in MB_START ADDR and MB_END ADDR.
But with DAI enabled, the non-inverted accesses will be within the specified range, but the inverted accesses could

possibly fall outside of the specified address range.

Table 162 — Address Inversion

Normal Inverted, Single Bank Inverted, 4 Bank

bank | bit3 | bit2 | bit1 | bit0 | bank |not3|not2|not1|not0| bank |not 3 | not2|not1|not0
00 0 0 0 0 00 0 0 0 0 00 0 0 0 0
00 0 0 0 1 00 1 1 1 1 11 1 1 1 1
00 0 0 1 0 00 0 0 1 0 00 0 0 1 0
00 0 0 1 1 00 1 1 0 1 11 1 1 0 1
00 0 1 0 0 00 0 1 0 0 00 0 1 0 0
00 0 1 0 1 00 1 0 1 1 11 1 0 1 1
00 0 1 1 0 00 0 1 1 0 00 0 1 1 0
00 0 1 1 1 00 1 0 0 1 11 1 0 0 1
00 1 0 0 0 00 1 0 0 0 00 1 0 0 0
00 1 0 0 1 00 0 1 1 1 11 0 1 1 1
00 1 0 1 0 00 1 0 1 0 00 1 0 1 0
00 1 0 1 1 00 0 1 0 1 11 0 1 0 1
00 1 1 0 0 00 1 1 0 0 00 1 1 0 0
00 1 1 0 1 00 0 0 1 1 11 0 0 1 1
00 1 1 1 0 00 1 1 1 0 00 1 1 1 0
00 1 1 1 1 00 0 0 0 1 11 0 0 0 1
01 etc 00 etc 01 etc

01 etc 00 etc 10 etc
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10.5 Memory Data Formatting

The generation of data pattern is done on a per byte basis. During MemBIST operation, 144-bit data is used to write
to memory and to check data read from memory. The data register MBDATA allows definition of a 144-bit data
pattern. The 144-bit data will be written in two consecutive 72-bit locations within a memory burst. Since a burst is at
least 4 data word (DW), early data is written to the first and third locations in the burst and late data to the second and
fourth locations. An 8 bit burst (BL8) will be treated in similar manner.

10.5.1 Static Data Formats

MemBIST provides a number of static (or fixed) data patterns which can be selected using bits in MBCSR. Among
these are 0x00, 0x33, 0x55, 0x66, 0x99, 0xAA, 0xCC and 0xFF. A static data pattern is one in which the data remains
the same throughout the MemBIST operation. The MB_USRDETF registers can be used to supply 144/288/576 bits of
user defined data. The data from this static pattern is also concatenated together multiple times to make up the
required number of bits for MemBIST use.

10.5.2 Dynamic Data Formats

In addition to the static data formats, MemBIST has the ability to provide dynamically changing data patterns.
Dynamic data changes each time a new address is accessed. Dynamic data can be supplied by either shifted data or
pseudo-random data.

MemBIST has the ability to shift data. The 144 bits of DQ data will be circular shifted one bit to the left at the DRAM
address rate, which is once per 144 bits. This allows the creation of diagonal patterns such as walking ones or zeros.
A lone one in a field of zeros (and vice-versa) is an effective test for continuity on a DIMM DQ bus.

The final data source for dynamic data is a random data generator. This generator will create (CRC 32) pseudol’]
random patterns starting from a user-defined 32 bit seed. This type of data is useful for general memory stress
patterns. The 144 bits of random data will be updated at the DRAM address rate as with the data shifter.

10.5.3 Circular shift register

Rotating data patterns are needed for certain memory tests. One of the applications is walking a 1 or 0 across the DQ
bus to detect open or shorted data lines during DIMM manufacturing test. Another anticipated use would be creating
rotating or diagonal data patterns to test the DRAM decoders or array.

MemBIST provides a 144 bit circular shift register to allow generation of shifting or rotating data patterns. Rather
than requiring the user to load the entire 144 bits, the LFSR seed register is used to specify a 32 bit starting pattern.
The 32 bit pattern will be loaded into the least significant 32 bits (early _data[31..0]) of the shift register at the start of
test. The upper bits of the register will be cleared to all zeros at the start of test. To generate ‘1’ data, set the data
invert bit. The register will shift one position to the left every time new data is required. For example, when BL=4 the
register will shift once for the first 144 bits and again for the second 144 bits of the burst. The 144 bits are organized
as follows: Late LFSR/Circ Data [71..0] Early LFSR/Circ Data [71..0] <= shift direction.
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10.5.4 Random data generator

Random patterns are useful in situations where DRAM topology is not known. A common usage would be to write
and read the entire array with random data. Random data may be combined with various addressing modes to create a
variety of pseudo-random tests. By default MemBIST does not support random address generation so the test will not
be completely random.

The random data generator is a 32-stage LFSR conforming to the IEEE 802.3 (Ethernet) standard. Specifically the
LFSR implements the polynomial:

P(x) =x32+x26 +x23 +x22 +x16 +x12 + x11 +x10 +x8 +x7 + x5 + x4 +x2 +x + 1

At the start of random data generation the LFSR is seeded with 32 bits from the seed register as described above.
These 32 bits are also copied to the least significant bits of a 144 bits data register (MB_LFSRCIRC) The upper bits
of MB_LFSRCIRC are loaded with user-defined data. On subsequent updates the 144 bit data register is shifted one
bit to the left and the lowest 32 bits are replaced with the next CRC code determined by: invert crc32(invert(bits
31:0)). Other implementations are possible, provided the test setup is the same and the result is a pseudo-random bit
stream using the above polynomial. The value of the seed register and MB_LFSRCIRC registers at completion of an
LFSR test sequence is implementation specific. If the test is stopped (either by normal termination or an error) and
then restarted (e.g., to locate the next error) the MB must continue with the next number in the LFSR sequence. To
reset the LFSR, write a new seed in the seed register. In most cases the Scan, Mats+ and MarchC- algorithms will be
incompatible with random data. These algorithms require resetting the LFSR seed in the middle of the test or
generating different LFSR sequences for back to back write/read traversals. There is no standard mechanism to alter
LFSR generation in this way.

10.6 Error Reporting and Control

When MemBIST is enabled, DDR3 MB provides a 144 bit Failure Bit Location Accumulator. During execution, the
bits in the Failure Bit Location Accumulator are “sticky” (once set they will stay set). The bit positions will indicate
which bits have failed some time during the test. This register is used primarily for detected failed data lines to
facilitate DRAM replacement during DIMM manufacturing.

After the MBFADDRPTR (Memory Test Address Pointer Register) has counted down to zero, the first failing DQ
data is recorded in the Error Data Register (MB_ERRDATA). Unlike the Failure Bit Location Accumulator, this
register reflects only a single failure. The address corresponding to the data in the Error Data Register is also recorded
to aid in diagnosis of the failure (see Table 165 for the Fail Address register location).

Normally testing will stop on a failure, leaving appropriate information in the failing address and data registers. If the
MemBIST engine is restarted, data in these registers will be overwritten if there is a subsequent failure.
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10.6.1 Failure Address Reporting

Failure addresses are reported in a slightly different format than they are specified. The reason is there are a few more
bits needed to specify the location of a failure within the burst. Column bit 0 is not needed due to the 144bit
architecture of the MemBIST engine.

Column bit0 is not logged as it is always zero and because the address is logged per 144 bit data chunks. Column bit
Al logs failing chunk address for BL4 mode and column bits A[2:1] logs failing chuck address for BL8 mode. A10
and A12 for column address are not logged as A10 is autoprecharge bit and A12 is burst chop bit and so do not
constitute part of the column address. Row Address A16 is added for future extension.

Table 163 — Failure Address Format

Address bit
31(30(29)28|27|26|25|24|23(22(21(20(19|18|17|16|15|14|13|12]11|10|9 |8 |7 |6 |54 |3 (2|10

211]0]116[15[14[13|12|11]10/9 |8 |7 |6 |54 |3 |2|1|0]14|13|11|9|8|7|6|5|4|3|2]|1
Bank Row Column

10.6.2 Multiple Failures

Multiple failures require the ability to isolate specific failing addresses (including location in a burst). This is
accomplished with a 32 bit register that counts the number of failing 144 bit “chunks” of data.

When a failure occurs MemBIST will stop and report the Fail Address (including burst position), and failure data
recorded in the Error Data Register (MB_ERRDATA).

To record all failures the host maintains a failure counter which should be incremented by the number of failures
counted by the MB and the test restarted. This process can continue in a loop until the desired end address and burst
position (or end of memory) is reached. Internally, MemBIST will load the failure number into a counter and count
down each time it encounters a failure. MemBIST will stop at the next failure after the counter reaches zero.

The general procedure for using this feature is to run MemBIST, read and record the address and data failure
information from the logs, and then add the number of failure logs received to the value in MBFADDRPTR to cause
the failure information already captured to be ignored on the next pass. This process is repeated until MemBIST
completes with zeros in the address logs. This indicates that no further errors were detected beyond those already
logged.

To generate a complete data log of all failures, use the following procedure:

1. Define starting and ending addresses, address modes and data patterns, set MBFADDRPTR to zero, set halt on
error to 0 (don’t halt on error).

2. Start MemBIST and check the result. If pass, exit. If fail, continue.

3. Add the number of complete logs (for which both address and data were read) obtained during this pass to the
value in MBFADDRPTR so that these failures will not be seen again on the next pass of MemBIST.

4. Gotostep 2
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10.7 Per Address operations

The MemBIST engine takes an address from the address generator and performs one of four operations:
— Write
— Read
— Read, Modify (write inverted)

The engine itself takes care of issuing the appropriate command or command sequence to address a specific memory
cell in the DRAM.

In the following illustrations the timing parameter in the upper row applies if two consecutive commands go to
different ranks. If the two commands go to the same rank the lower timing parameter applies.

Different Rank | tRCDR | tw2wr | | twa2wr | tWRR
Same Rank tRCD twaw twaw tWR
T “PRE/PREA }
! i (R1,BLY1) | (R2,B2,Y2) i {(Rn-1,Bn-1,Yn-1)i  (Rn,Bn,Yn) 1} H
Figure 62 — Write Operation
Different Rank tRCDR | tR2RR | .. ... | tR2RR | tRTPR
Same Rank tR2R tR2R tRTP
""" ] . PRE/PREA  }

i (R1,B1Y1) ! (R2,B2Y2) | {(Rn-1,Bn-1,Yn-1)} _ (Rn,Bn,Yn) |}

Figure 63 — Read Operation

Different Rank tRCDR tW2RR
Same Rank tRCD tR2W tW2R tR2W
ACT WR WR
i i (R1,B1,Y1) i (R1B1Y1)  (R2B2Y2) i (R2B2)Y2) i
Different Rank tW2RR tWRR
Same Rank tW2R tR2W tWR

(Rn,Bn,Yn) H

1(Rn-1,Bn-1,Yn-1)i  (Rn,Bn,Yn) 1

Figure 64 — Read, Modify
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10.8 Algorithmic Testing

MemBIST supports several of the more common algorithmic tests. Several of the traversal methods are directed at
basic operation such as initializing memory or verifying proper connectivity of the DDR3 MB and DRAM on a
DIMM. In addition there are a few tests that are intended to perform testing of the DDR3 MB address generators and
DRAM internal address decoders, multiplexers and related logic that is not otherwise testable at speed.

The examples below use the following notation:

~ = increasing addressing. Addresses will be counted up, starting at 0,0 or the user-defined start address.

v = decreasing addressing. Addresses will be counted down, starting at the end of the array or from the user-
defined start address.

r or w = Read or Write

D or I = Data or Inverted Data

number = sequence of events

() = back to back operations. Example: (wD, rD) will read then write the same cell before moving to the next cell.

Several of these algorithms are implemented in the DDR3 Memory Buffer:

10.8.1 Initialization Tests

* Init: N(wD),
This is a simple memory initialization algorithm. Data will be written to the array with incrementing addressing
— Traverse Address Range in given Direction, do
— Write Data according to configuration

+ Read:MrD),
This test is used to verify memory contents. One use of this is data retention testing. Init may be used to write
known data in the array. The tester or system can then alter an environmental condition, or simply wait for some
period of time, and then read the array to see if the data changed.
— Traverse Address Range in given Direction, do
— Read and Compare Data (on the bytes with compare enabled) according to configuration

* Test: N(wD);; “1D),
This test writes data to the array then reads the data back. Test is a 2N pattern, meaning test time will be 2
traversals, times the size of the array (rows * columns * banks, also known as ‘N’) times the average time a read
or write operation.
— Traverse Address Range in given Direction, do
— Write Data according to configuration
— Reset data generators
— Traverse Address Range in given Direction, do
— Read and Compare Data (on the bytes with compare enabled) according to configuration

* Scan (WD) ; A(rD),; ~ (Wh)3; 7 (1),
The scan test writes data to the array then reads the data back. The second half of the test writes inverted data and
reads it back. Scan is a 4N pattern, meaning test time will be 4 traversals, times the size of the array (rows *
columns * banks, also known as ‘N’) times the average time a read or write operation.
— Traverse Address Range in given Direction, do
— Write Data according to configuration
— Reset Data Generators
— Traverse Address Range in given Direction, do
— Read Data, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits
— Traverse Address Range in given Direction, do
— Write Data according to configuration
— Reset Data Generators
— Traverse Address Range in given Direction, do
— Read Data, Compare according to compare enable
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10.8.2 Memory Stress Tests

* Mats+: N(wWD); M1D,, wl3); v(rly, wD5s)
The Mats+ algorithm initializes the array to a known data background and steps through with a read-write
sequence. The algorithm is performed with both incrementing and decrementing addressing. Mats+ will detect
stuck at faults and basic address decoder faults. The algorithm is order SN.
— Traverse Address Range in given Direction, do
— Write Data according to configuration
— Reset Data Generators
— Traverse Address Range in given Direction, do
— Read-Modify, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits, Invert Direction Control Bits
— Traverse Address Range in opposite Direction, do
— Read-Modify, Compare according to compare enable

* MarchC-: (wD); "(tDy, wl3); A(tly, wDs); v(rDg, wly); v(rlg, wDy); v(rD);q
The MarchC- algorithm initializes the array to a known data background and steps through the array in both
count-up and count-down addressing with a read-write sequence. MarchC- tests the array decoders and basic
neighboring faults. As might be determined from the sequence numbering this is a 10N pattern.
— Traverse Address Range in given Direction, do
— Write Data according to configuration
— Reset Data Generators
— Traverse Address Range in given Direction, do
— Read-Modify, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits
— Traverse Address Range in given Direction, do
— Read-Modify, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits, Invert Direction Control Bits
— Traverse Address Range in opposite Direction, do
— Read-Modify, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits
— Traverse Address Range in opposite Direction, do
— Read-Modify, Compare according to compare enable
— Reset Data Generators, Invert Byte Inversion Bits
— Traverse Address Range in opposite Direction, do
— Read, Compare according to compare enable
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10.9 MemBIST Flow Control FSM

This FSM controls the MemBIST flow and generates read/write commands for MemBIST. This is only one example
of how this functionality might be implemented.

When MBCSR bit[31] is programmed to begin execution, the MemBIST FSM will transition out of the IDLE
state to either WR_START or RD_START, depending upon the MemBIST command programmed in
MBCSR:cmd.

In WR_START state, FSM will look at the decoding of DATA type selection. If LFSR data type generation is
selected, FSM will go to WR_SEED state. If not, FSM will directly go to WR_NXTAD state.

In WR_SEED state, MemBIST will create 5 crc32 data sets and load from the initial seed register MBLFSRSED.
When 5 sets of random data are loaded into MBDATA, the FSM will transition out of this state to WR_NXTAD
state.

In the WR_NXTAD state, the next address for the operation is calculated and the address issued. The FSM then
transitions to the WR_AVAIL state immediately.

The FSM will alternate between WR_NXTAD and WR_AVAIL until all writes are issued. In the WR_AVAIL
state, a write command will be issued. Once the previous cycle’s DRAM timing requirements are met (indicated
by cget true), the FSM leaves the WR_AVAIL state. If the write command issued was not to the last address, the
FSM will transition to WR_NXTAD. If this was the last address, the FSM will go to WR_WAIT state.

In the WR_WAIT state, the FSM will wait for the timing for the last write to be met, and then will transition to
the WR_DONE state.

If this is a write only operation, then the FSM will go back to the IDLE state. If this is a write with read
comparison test, the FSM will go to the RD_START state.

In RD_START state, FSM will look at the decoding of DATA type selection. If LFSR data type generation is
selected, FSM will go to RD_SEED state. If not, FSM will directly go to RD NXTAD state.

In RD_SEED state, MemBIST will create 9 crc32 data sets (16 bits per data set) and load them into
MB_LFSRCIRCDAT ERRACC BYTE[8:0] from the initial seed register MBLFSRSED. When all 9 sets of
random data is set and loaded, FSM will transit out of this state to RD NXTAD state.

In the RD NXTAD state, the next address for the operation is calculated and the address issued. The FSM
transitions to the RD AVAIL state immediately.

The FSM will alternate between RD_NXTAD and RD AVAIL until all reads are issued. In the RD_AVAIL state,
aread command will be issued. Once the previous cycle’s DRAM timing requirements are met (indicated by cget
true), the FSM leaves the RD _AVAIL state. If the read command issued was not to the last address, the FSM will
transition to RD_NXTAD. If this was the last address, the FSM will go to RD_ WAIT state. If this is a back to
back read/write operation, the FSM will transit from the RD AVAIL state to the RD NXTWR state.

In the RD NXTWR state, the address for the write command will be issued (which is the same as the read
address previously used). The FSM then transitions to the RD  WRAVL state immediately.

From the RD_WRAVL state, if this is the last address, the FSM will go to the RD_WAIT state after meeting the
DRAM timing requirements. If this is not the last address, the FSM will go back to the RD _NXTAD state again
after meeting the DRAM timing requirements.

In the RD_WAIT state, the FSM will wait for the timing requirements for the last read or write to be met, and
then transition to the RD_DONE state.

From the RD_DONE state the FSM will always go to the IDLE state.
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core_rst_| =0

mbstart &
(wronly |
wrrdemp) Always RD_DONE
rdidle & ~rd2wr
or
'fsrdat\z: wridle & rd2wr
cget &
lastaddr & RD_WRAVL
~ Ifsrdata rd2wr
&
art
m‘o:;\ P dcmp\
Ifsrseed done cget & lastaddr & ~rdw2wr Always

wronly RD_AVAIL cget & rd2wr‘

cget & ~lastaddr ~ Always

cget & Always
~lastaddr &
~rd2wr

cget & lastaddr
‘ Ifsrseed_done

~ Ifsrdata

writeidle

Ifsrdata

~wronly: RD_START

Figure 65 — MemBIST Flow Control State Machine
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10.10 Command State Finite State Machine

DDR3 MB MemBIST CSFSM

This FSM creates DRAM commands for MemBIST.

When read or write command is available and tRP/tRC timing are met, MemBIST CSFSM will transit out of
IDLE state to ACT state.

In ACT state, FSM will wait for tRCD timing parameter qualified and go to RDWT state.

If the next coming read or write command is in same page and DRAM timing is qualified, FSM will be looping
in this state. If the next command is not in the same page or there is an auto-refresh/self-refresh request, FSM
will go to PRECHARGE state.

In PRECHARGE state, FSM always go back to IDLE state.

In IDLE state, if there is a self refresh or an auto refresh request, FSM will wait for self refresh logic accept
signal or auto refresh accept signal.
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Sref_accept Self
Refresh

core_rst_|
=0

Sref_request

Aref_accept
ACT

Activating Aref_request R':fl:teosh

Refresh interval is
Go_idle defined in
tRCD_met DAREFTC

samepage &
timing_met

Read and Write
RD/WR timing diagrams are
in the DRAM spec

~samepage &
timing_met

Precharge

Figure 66 — Command State Machine
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10.11 Timing parameters

For sending commands to the DRAMSs certain timing constraints need to be observed. Checking and optimizing all of
the various timing requirements is far beyond the capabilities of the buffer. Therefore a simplified timing is
implemented.

The buffer observes the timing between two consecutive commands and the refresh timing. The following table
shows the setup parameters for this timing:

Table 164 — Timing parameters

Row Commands

tre Activate to activate or refresh same rank, different bank

tRAS Minimum distance last activate to first precharge same rank (not checking bank)
tRP Last Precharge to first Activate same rank (independent of bank)

Refresh

tRFC Refresh to Refresh or Activate same rank

tREFI Refresh Interval

Row to Column Command

tRCD Last Activate to first Read or Write same rank
tRTP Last Read to first Precharge same rank
tWR Last Write to first Precharge same rank (as opposed to DRAM end of write burst to precharge!)

Column Command

tR2R Read to Read same rank

tR2W Read to Write same rank
tW2W Write to Write same rank
tW2R Write to Read same rank
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10.12 Memory BIST Registers

This section describes register for MemBIST engine.

Table 165 — Function 3: MemBIST Registers

MBCSR 00h MB_ERRDATA BYTE0_1 0
MB_START ADDR 04h MB_ERRDATA BYTEI 1 0
MB_END_ADDR 08h MB_ERRDATA BYTE2_ 1 0
MBFADDRPTR 0Ch MB_ERRDATA BYTE3 1 0
DAREFTC 10h MB_ERRDATA BYTE4 1 0
RESERVED 14h MB_ERRDATA BYTES 1 0
DRT 18h MB_ERRDATA BYTEG_1 0
MB_ERR_ADDRO 1Ch MB_ERRDATA BYTE7 1 0
MB_ERR_ADDRI 20h MB_ERRDATA_BYTEO 3 2
MB_ERR_ADDR2 24h MB_ERRDATA BYTEI 3 2
MB_ERR_ADDR3 28h MB_ERRDATA_BYTE2 3 2
MB_ERR_ADDR4 2Ch MB_ERRDATA BYTE3 3 2
MB_ERR_ADDRS5 30h MB_ERRDATA_BYTE4 3 2
MB_ERR_ADDRG6 34h MB_ERRDATA_BYTES 3 2
MB_ERR_ADDR7 38h MB_ERRDATA_BYTE6 3 2
RESERVED 3Ch MB_ERRDATA BYTE?7 3 2
MB_USRDEF144_288 BYTE0 40h MB_LFSRCIRCDAT ERRACC_BYTE0
MB_USRDEF144_288 BYTEI 44h MB_LFSRCIRCDAT ERRACC_BYTE1
MB_USRDEF144_288 BYTE2 48h MB_LFSRCIRCDAT ERRACC_BYTE2
MB_USRDEF144_288 BYTE3 4Ch MB_LFSRCIRCDAT ERRACC_BYTE3
MB_USRDEF144 288 BYTE4 50h MB_USRDEF144 288 BYTES
MB_USRDEF144_288 BYTES 54h MB_USRDEF576_BYTES
MB_USRDEF144_288 BYTE6 58h MB_ERRDATA BYTES 1 0
MB_USRDEF144_288 BYTE7 5Ch MB_ERRDATA_BYTES 3 2
MB_USRDEF576H_L_BYTE0 60h MB_LFSCIRCDAT ERRACC BYTES
MB_USRDEF576H_L_BYTE1 64h MBLFSRSED
MB_USRDEF576H_L_BYTE2 68h MB_LFSRCIRCDAT ERRACC_BYTE4
MB_USRDEF576H_L_BYTE3 6Ch MB_LFSRCIRCDAT ERRACC_BYTES
MB_USRDEF576H_L_BYTE4 70h MB_LFSRCIRCDAT ERRACC_BYTE6
MB_USRDEF576H_L_BYTE5 74h MB_LFSRCIRCDAT ERRACC_BYTE7
MB_USRDEF576H_L_BYTE6 78h RESERVED
MB_USRDEF576H_L_BYTE7 7Ch DRC
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10.12.1 MBCSR: MemBIST Control

Function:3
Offset:00h

Bit | Attr | Default Description

31 RWS 0 START: Start operation:
1 => Set this bit to begin MemBIST execution.
0 => Hardware will clear this bit when MemBIST execution is completed.

BIOS should poll MBCSR start bit and make sure it is reset to ‘0’ before
starting a new MemBIST operation.

BIOS should never reset this bit. This bit is always set by BIOS and reset by
hardware.

30 RW 0 PF: Fail/Pass indicator:

Write to 0 when start MemBIST. Hardware will set to 1 when a failure is
detected.

0 => Pass

1 => Fail

NOTE Read/Write for firmware debug purposes ONLY
29 RW 0 HALT: Halt on Error

0 => Operation will not halt due to a detected error.

1 => Operation will halt after read-compare data error is detected.

MemBIST will complete the current transaction before halting. This may result
in multiple errors being logged.

28 RW 0 ABORT: MemBIST test abort.

0 => Normal operation.

1 => Need to abort the test during MemBIST operation.

When this bit is set to ‘1’ by BIOS, MB will gracefully abort the current
operation and reset the MBCSR.START bit to ‘0’.

If there is any MemBIST test following the MemBIST test abort command, bit
[28] needs to be cleared.

The Write to set MBCSR .abort must occur at least tRFC after the Write to set
MBCSR start. Otherwise subsequent MemBIST operations may fail.

tRFC value is set in DAREFTC.trfc (Function3, offset70h, bit field 23:16).
27 RV 0 Reserved
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Function:3
Offset:00h

Bit

Attr

Default

Description

26:24

RW

000

ALGO: Embedded Algorithm selection:

When Embedded algorithm is applied, please program the following bits at the
same time.

« |/ Select bit[5:4] for the initial command execution mode.
« I/ Program MBCSR bit[11:10] to select FastX, FastY, FastXY

« |ll/Program proper start/end address registers and correspondent MTR value for
DIMM type. Do not leave start and end address register as default “00” or the same
value. Algorithm did not support single address mode.

* IV/ Program MBCSR bit 14 to select failure address logger or failure bits location
accumulator.

Embedded Algorithm selection:

000 => No embedded algorithm is selected. Normal command will be executed
from the selection of MBCSR bits field [5:4]

001 => Scan: * (WD1); A(RD2); » (WI3); ~ (R14)

010 => Undefined

011 => Data Retention (Step I) Write or Init: ~ (WD1);
100 => Data Retention (Step 1) Read: ~ (RD2);

101 => Mats +: N(WD1); N(RD2, WI3); v(RI4, WD5);

110 => March C-: A(WD1); A(RD2, WI3); A(RI4, WD5); v(RD6, WI7); v(RIS,
WD9); v(RD10);

111 => Undefined

23:21

RV

000

Reserved

20

RWS

MemBIST PowerSave: When set, this bit will turn off clock that is used in
DDR3 MB MemBIST logic during normal operation to save power. If the MB
automatically disables MemBIST logic clock this bit is ignored.

19

RW

INVERT: Invert data pattern when data is written out to DRAM.

18:16

RW

000

FIXED: Fixed data pattern selection for MemBIST operation
000=>0
001 =>F
010=>A
011=>5
100=>C
101 =>3
110=>9
111=>6

15:14

RW

00

DATA ENABLE: Enable user defined data patterns for memory fill write only.

00 => 144 bits user defined data pattern when MBCSR[9:8] selects user defined
data.

01 => 288 bits user defined data pattern when MBCSR[9:8] selects user defined
data.

10 => 576 bits user defined data pattern when MBCSR[9:8] selects user defined
data.

11 -> Reserved.
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Function:3
Offset:00h

Bit Attr | Default Description

13 RW 0 ABAR: MemBIST output address compliment for FastX, FastY, and FastXY.
Whenever this bit is enabled, Bank, Row, Column address will be inverted on
alternate addresses as described in the MemBIST chapter.

0 => Regular addressing
1 => Dynamic address inversion (see more description in MemBIST Chapter).

12 RW 0 ADIR: Address decode direction for FastX, Fast Y, FastXY
0 => Address increments
1 => Address decrements

11:10 | RW 00 FAST: Address sequencing

00 => addressing with XZY toggling (row-bank-column)

01 => Fast Y with fixed rank (bank-row-column)

10 => Fast X with fixed rank (bank-column-row)

11 => Fast XY with fixed rank (bank-(Sweep Row, Column diagonal))

NOTE Default value for F2RC4[3:0] is ‘0000’, MemBIST applies to All
Ranks. To select a specific Rank for MemBIST, user needs to change the value
of F2RC4[3:0].

9:8 RW 00 DTYPE: Data type selection:

00 => Fixed data pattern, selected by MBCSR bits 18:16
01 => 144 or 288 bits user defined data

10 => Circular shift data

11 => LFSR data, seeded from 32 bit LFSR seed register.

Circular shift data and LFSR data type should not be used for single address
operation (ATYPE = 01).

7:6 RW 00 ATYPE: Address type
00 => Reserved

01 => Single physical address operation, contained in MBADDR row/column/
bank.

10 => start/end physical address range defined in MB_START ADDR &
MB_END _ ADDR registers.

11 => full address range of the DIMM as defined in MTR register which
specify the number of banks, rows, and columns.

Full address test supports XZY addressing (row-bank-column) and fastX/fastY/
fastXY.

5:4 RW 00 CMD: Command execution:

00 => Read only without data comparison

01 => Write only without data comparison

10 => Read with data comparison

11 => Write followed by Read with data comparison

3:0 RV 0 Reserved
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10.12.2 MB_START_ADDR: Memory Test Start Address

MB_END ADDR row and column address must be larger than MB_ START ADDR row and column address in
either increasing or decreasing address mode.

This register is only used when MBCSR.atype = 2b’10, and when MBCSR.algo is non-zero.

Function:3
Offset:04h

Bit Attr | Default Description

31:16 | RW 0000h |ROW: MemBIST Start Row Address 15:0
15:14| RW 00 SPARE:

RW 0000h |COL: Column Address
BLS§[13:3] <==> DRAM Column Address 15:13,11,9:3
13:3 BC4[13:3] <==> DRAM Column Address 14:13,11,9:2

2:0 RW 000 BA: MemBIST Start Bank Address 2:0

10.12.3 MB_END_ADDR: Memory Test End Address

This register is only used when MBCSR.atype = 2b’10, and when MBCSR.algo is non-zero.

Function:3
Offset:08h

Bit | Attr | Default Description

31:16| RW 0000h |ROW: MemBIST End Row Address 15:0
15:14| RW 00 SPARE:

RW 0000h |COL: Column Address
BLS§[13:3] <==> DRAM Column Address 15:13,11,9:3
13:3 BC4[13:3] <==> DRAM Column Address 14:13,11,9:2

2:0 RW 000 BA: MemBIST End Bank Address 2:0
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10.12.4 MBFADDRPTR: Memory Test failure address pointer register

Function:3
Offset:0Ch

Bit | Attr | Default Description

31:16 | RW 00h | MBFADDRPTR: This 16 bit register designates which MemBIST failures to
log in the available failure address locations.

The default value of this register is zero. It means MemBIST always starts
logging on the first failure address. For example, if it is programmed to hex A
(10 in decimal), MemBIST will log failure addresses starting from thellth
failure.

The corresponding MB_ERRDATA register will log corrupted data in the first
designated failure address.

NOTE This register does not affect the MBDATA failure bit location
accumulators, neither the error count.

15:0 | RW 00h [MB_ERR_CNT: This 16 bit register counts MemBIST test errors. Errors in a
144 bit data Chunk is counted as one error

10.12.4.1 DAREFTC: DRAM Auto-Refresh Timing and Control

Function:3
Offset:10h
Bit Attr Default Description
31:24 RV 0 Reserved
23:16 | RW 2Ch tRFC: DRAM refresh period
Number of Clocks required for tRFC delay
NOTE tRFC value of 110ns (or 44 nCK at DDR3-800) for 1Gb device is used
as default value.
15 RW 0 AREFEN: auto-refresh enable
NOTE This bit can also be cleared by the DDR3 MB FSM as described in
Figure 66.
14:0 RW 0C30h |tREFI: DRAM refresh interval
Number of Clocks required for tREFI delay
NOTE tREFI=7.8uS (7800ns or 3120 nCK at DDR3-800)
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10.12.4.2 DRT: DRAM Timing Control

Function:3
Offset:18h

Bit

Attr

Default

Description

31:29

RW

000

tRAS: DRAM tRAS minimum required delay from active command to
precharge command. Delay cycles based on JESD79-3E spec 37.5 ns for DDR3
800/1066, 36 ns for DDR3-1333, 35ns for DDR3-1600, 34ns for DDR3-1866
and 33ns for DDR3-2133.

tRAS(min) clocks delay:
000 => 15 for DDR3-800
001 => 20 for DDR3-1066
010 => 24 for DDR3-1333
011 => 28 for DDR3-1600
100 => 32 for DDR3-1866
101 => 35 for DDR3-2133
110 => Reserved

111 => Reserved

28:26

RW

000

tRTP: DRAM cell internal read to precharge command delay.
tRTP clocks delay:

000 =>4 for DDR3-800/1066

001 => 5 for DDR3-1333

010 => 6 for DDR3-1600

011 => 7 for DDR3-1866

100 => 8 for DDR3-2133

101 => Reserved

110 => Reserved

111 => Reserved

25:23

RW

000

BBRW: Back to Back Read-Write turn around.

This field determines the minimum number of CMDCLK between Read-Write
commands. The purpose of these 3 bits are to control the turnaround time on the
DQ bus.

Regular setting will be based on BL/2 + 2 tCK.
BL4: tR2W =4 tCK

BL8: tR2W =6 tCK

Command clocks spacing based on the following encoding:
000=>10

001=>9

010=>8

011 =>7

100 =>6

101=>5

110=>4

111 => 3 (stress mode, not recommended)
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Function:3
Offset:18h

Bit Attr | Default Description

22:20| RW 000 BBWR: Back to Back Write-Read turn around.

This field determines the minimum number of CMDCLK between Write-Read
commands. The purpose of these 3 bits are to control the turnaround time on the
DQ bus.

Regular setting will be based on (CL-1)+BL/2+tW2R.

Command clocks apart based on the following encoding:
000 => 25 for DDR3-2133

001 => 23 for DDR3-1866

010 => 20 for DDR3-1600

011 => 17 for DDR3-1333

100 => 14 for DDR3-1066

101 => 13 for DDR3-800

110=>12

111 => 11 (stress mode, not recommended

19:17| RW 000 [tWR:tWR DRAM Write Recovery delay

Overall delay clocks will be (CL+AL-1) +BL/2 + tWR from write command to
precharge command.

000 => 33 for DDR3-2133
001 => 30 for DDR3-1866
010 => 26 for DDR3-1600
011 => 22 for DDR3-1333
100 => 18 for DDR3-1066
101 => 17 for DDR3-800
110=> 14

111=>13

16:14| RW 000 [tRC: tRC DRAM activate to another activate delay
000 => 49 for DDR3-2133

001 => 45 for DDR3-1866

010 => 39 for DDR3-1600

011 => 34 for DDR3-1333

100 => 28 for DDR3-1066

101 => 21 for DDR3-800

110=>20

111=>19
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Function:3
Offset:18h

Bit

Attr

Default

Description

13:11

RW

000

tRCD: tRCD DRAM RASH# to CAS# delay

000 => 14 for DDR3-2133

001 => 13 for DDR3-1866

010 => 11 for DDR3-1600

011 => 9 for DDR3-1333

100 => 7 for DDR3-1066

101 => 6 for DDR3-800

110=>5

111=>4

If AL >=tRCD, Read/Write command will be issued right after ACT cycle.

10:8

RW

000

tRP: tRP DRAM RAS# to Precharge delay
000 => 14 for DDR3-2133

001 => 13 for DDR3-1866

010 => 11 for DDR3-1600

011 =>9 for DDR3-1333

100 => 7 for DDR3-1066

101 => 6 for DDR3-800

110=>5

111=>4

7:0

RW

00h

NOPCNT: Programmable NOP insertion (Device Deselect actually).

Number of Nops will be inserted between read/write commands to slow down
MemBIST activities.

For example:
tR2R =4 + NOPCNT (when NOPs are inserted between READ to READ)
tW2W =4 + NOPCNT (when NOPs are inserted between WRITE to WRITE)

Up to 255 clocks NOPs can be programmed to insert delay between read/write
commands. If NOPs delay is programmable less than the required DRAM
timing, Overall NOP delay from command to command will not be seen.

10.12.5 MB_ERR_ADDRO: Memory Test Failure address 0

This register stores 32 bits of the first failing memory location.

Function:3
Offset:1Ch
Bit | Attr | Default Description
31:29| RW 000b |Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address
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Function:3
Offset:20h
Bit | Attr | Default Description
31:29| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

10.12.7 MB_ERR_ADDRZ2: Memory Test Failure address 2

This register stores 32 bits of the third failing memory location.

Function:3
Offset:24h
Bit | Attr | Default Description
31:29| RW 000b |Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

10.12.8 MB_ERR_ADDR3: Memory Test Failure address 3

This register stores 32 bits of the fourth failing memory location.

Function:3
Offset:28h
Bit Attr | Default Description
31:29| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

0205



JEDEC Standard No. 82-30

Page 192

10.12.9 MB_ERR_ADDR4: Memory Test Failure address 4

This register stores 32 bits of the fifth failing memory location.

Function:3
Offset:2Ch
Bit | Attr | Default Description
31:29| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

10.12.10 MB_ERR_ADDRS: Memory Test Failure address 5

This register stores 32 bits of the sixth failing memory location.

Function:3
Offset:30h
Bit | Attr | Default Description
31:229| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

10.12.11 MB_ERR_ADDRG: Memory Test Failure address 6

This register stores 32 bits of the seventh failing memory location.

Function:3
Offset:34h
Bit Attr | Default Description
31:29| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address
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Function:3
Offset:38h
Bit | Attr | Default Description
31:29| RW 000b | Failed bank address
28:12| RW 00h  |Failed Row Address
11:0 | RW 00h  |Failed column address

10.12.12.1 MB_USRDEF144_288_BYTEO: Memory Test User Defined Data for 144 and 288

bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 40h contains bits 7:0 data.

Function:3
Offset:40h
Bit | Attr | Default Description
31:24| RW 00h  |Burst 3 user defined data for Byte 0 (288 bit mode)
23:16 | RW 00h | Burst 2 user defined data for Byte 0 (288 bit mode)
15:8 | RW 00h  |Burst 1 user defined data for Byte 0
7:0 RW 00h  |Burst 0 user defined data for Byte 0

10.12.12.2 MB_USRDEF144_288 BYTE1: Memory Test User Defined Data for 144 and 288

bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 44h contains bits 15:8 data.

Function:3
Offset:44h
Bit | Attr | Default Description
31:24| RW 00h  |Burst 3 user defined data for Byte 1 (288 bit mode)
23:16 | RW 00h | Burst 2 user defined data for Bytel (288 bit mode)
15:8 | RW 00h | Burst 1 user defined data for Byte 1
7:0 RW 00h | Burst 0 user defined data for Byte 1
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10.12.12.3 MB_USRDEF144_288 BYTE2: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 48h contains bits 23:16 data.

Function:3
Offset:48h

Bit Attr | Default Description

31:24| RW 00h | Burst 3 user defined data for Byte 2
23:16 | RW 00h | Burst 2 user defined data for Byte 2
15:8 | RW 00h | Burst 1 user defined data for Byte 2
7:0 RW 00h  |Burst 0 user defined data for Byte 2

10.12.12.4 MB_USRDEF144_288 BYTE3: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 4Ch contains bits 31:24 data.

Function:3
Offset:4Ch

Bit Attr | Default Description

31:24| RW 00h | Burst 3 user defined data for Byte 3
23:16| RW 00h | Burst 2 user defined data for Byte 3
15:8 | RW 00h | Burst 1 user defined data for Byte 3
7:0 RW 00h | Burst O user defined data for Byte 3

10.12.12.5 MB_USRDEF144_288 BYTE4: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 50h contains bits 39:32 data.

Function:3
Offset:50h

Bit | Attr | Default Description

31:24| RW 00h | Burst 3 user defined data for Byte 4
23:16 | RW 00h  |Burst 2 user defined data for Byte 4
15:8 | RW 00h  |Burst 1 user defined data for Byte 4
7:0 RW 00h | Burst 0 user defined data for Byte 4
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10.12.12.6 MB_USRDEF144_288 BYTES5: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 54h contains bits 47:40 data.

Function:3
Offset:54h

Bit Attr | Default Description

31:24| RW 00h | Burst 3 user defined data for Byte 5
23:16 | RW 00h | Burst 2 user defined data for Byte 5
15:8 | RW 00h  |Burst 1 user defined data for Byte 5
7:0 RW 00h | Burst 0 user defined data for Byte 5

10.12.12.7 MB_USRDEF144_288 BYTEG6: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 (144 bit mode) or bursts 0, 1, 2, and 3 (288 bit mode) is defined in the CSR. ECC bits are
defined in MB_USRDEF144 288 BYTES. Offset 58h contains bits 55:48 data.

Function:3
Offset:58h

Bit Attr | Default Description

31:24| RW 00h  |Burst 3 user defined data for Byte 6
23:16 | RW 00h | Burst 2 user defined data for Byte 6
15:8 | RW 00h  |Burst 1 user defined data for Byte 6
7:0 RW 00h  |Burst 0 user defined data for Byte 6

10.12.12.8 MB_USRDEF144_288 BYTE7: Memory Test User Defined Data for 144 and 288
bit mode

Data for burst 0 and burst 1 is defined in the CSR. ECC bits are defined in MB_USRDEF144 288 BYTES. Offset
5Ch contains bits 63:56 data.

Function:3
Offset:5Ch

Bit | Attr | Default Description

31:24| RW 00h  |Burst 3 user defined data for Byte 7
23:16 | RW 00h | Burst 2 user defined data for Byte 7
15:8 | RW 00h | Burst 1 user defined data for Byte 7
7:0 RW 00h  |Burst 0 user defined data for Byte 7
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10.12.12.9 MB_USRDEF576H_L_BYTEO: Memory Test User Defined Data for 576 bit mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 60h

contains bits 7:0 data.

Function:3
Offset:60h
Bit | Attr | Default Description
31:24| RW 00h | Burst 7 user defined data for Byte 0
23:16 | RW 00h  |Burst 6 user defined data for Byte 0
15:8 | RW 00h | Burst 5 user defined data for Byte 0
7:0 RW 00h | Burst 4 user defined data for Byte 0

10.12.12.10 MB_USRDEF576H_L_BYTE1: Memory Test User Defined Data for 576 bit

mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576 BYTES. Offset 64h

contains bits 15:8 data.

Function:3
Offset:64h
Bit | Attr | Default Description
31:24| RW 00h  |Burst 7 user defined data for Byte 1
23:16 | RW 00h | Burst 6 user defined data for Byte 1
15:8 | RW 00h | Burst 5 user defined data for Byte 1
7:0 RW 00h  |Burst 4 user defined data for Byte 1

10.12.12.11 MB_USRDEF576H_L_BYTE2: Memory Test User Defined Data for 576 bit

mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 68h

contains bits23:16 data.

Function:3
Offset:68h
Bit | Attr | Default Description
31:24| RW 00h  |Burst 7 user defined data for Byte 2
23:16 | RW 00h | Burst 6 user defined data for Byte 2
15:8 | RW 00h  |Burst 5 user defined data for Byte 2
7:0 RW 00h  |Burst 4 user defined data for Byte 2
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10.12.12.12 MB_USRDEF576H_L_BYTE3: Memory Test User Defined Data for 576 bit
mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 6Ch
contains bits 31:24 data.

Function:3
Offset:6Ch

Bit | Attr | Default Description

31:24| RW 00h | Burst 7 user defined data for Byte 3
23:16 | RW 00h  |Burst 6 user defined data for Byte 3
15:8 | RW 00h  |Burst 5 user defined data for Byte 3
7:0 RW 00h | Burst 4 user defined data for Byte 3

10.12.12.13 MB_USRDEF576H_L_BYTE4: Memory Test User Defined Data for 576 bit
mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576 BYTES. Offset 70h
contains bits 39:32 data.

Function:3
Offset:70h

Bit | Attr | Default Description

31:24| RW 00h  |Burst 7 user defined data for Byte 4
23:16 | RW 00h | Burst 6 user defined data for Byte 4
15:8 | RW 00h  |Burst 5 user defined data for Byte 4
7:0 RW 00h  |Burst 4 user defined data for Byte 4

10.12.12.14 MB_USRDEF576H_L_BYTE5: Memory Test User Defined Data for 576 bit
mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 74h
contains bits 47:40 data.

Function:3
Offset:74h

Bit | Attr | Default Description

31:24| RW 00h | Burst 7 user defined data for Byte 5
23:16 | RW 00h | Burst 6 user defined data for Byte 5
15:8 | RW 00h | Burst 5 user defined data for Byte 5
7:0 RW 00h | Burst 4 user defined data for Byte 5
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10.12.12.15 MB_USRDEF576H_L_BYTE6: Memory Test User Defined Data for 576 bit

mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 78h
contains bits 55:48 data.

Function:3
Offset:78h
Bit Attr | Default Description
31:24| RW 00h  |Burst 7 user defined data for Byte 6
23:16| RW 00h | Burst 6 user defined data for Byte 6
15:8 | RW 00h | Burst 5 user defined data for Byte 6
7:0 RW 00h  |Burst 4 user defined data for Byte 6

10.12.12.16 MB_USRDEF576H_L_BYTE7: Memory Test User Defined Data for 576 bit

mode

Data for bursts 4, 5, 6, and 7 is defined in the CSR. ECC bits are defined in MB_USRDEF576_BYTES. Offset 7Ch
contains bits 63:56 data.

Function:3
Offset:7Ch

Bit | Attr | Default Description
31:24| RW 00h | Burst 7 user defined data for Byte 7

23:16| RW 00h | Burst 6 user defined data for Byte 7

15:8 | RW 00h | Burst 5 user defined data for Byte 7

7:0 RW 00h | Burst 4 user defined data for Byte 7
10.12.13 MB_ERRDATA_BYTEO_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 0. ECC data is stored in MB_ERRDATA00 ECC. Offset 80h stores early and
late first and second failed data for bits 7:0.

Function:3
Offset:80h

Bit | Attr | Default Description
31:24| RW 00h | Second failed late data for Byte 0

23:16 | RW 00h | Second failed early data for Byte 0
15:8 | RW 00h | First failed late data for Byte 0
7:0 RW 00h | First failed early data for Byte 0
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10.12.14 MB_ERRDATA_BYTE1_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 1. ECC data is stored in MB_ERRDATA00 ECC. Offset 84h stores early and
late first and second failed data for bits 15:8.

Function:3
Offset:84h

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 1
23:16 | RW 00h | Second failed early data for Byte 1
15:8 | RW 00h | First failed late data for Byte 1
7:0 RW 00h | First failed early data for Byte 1

10.12.14.1 MB_ERRDATA_BYTE2_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 2. ECC data is stored in MB_ERRDATA(00 ECC. Offset 88h stores early and
late first and second failed data for bits 23:16.

Function:3
Offset:88h

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 2

23:16 | RW 00h | Second failed early data Byte 2
15:8 | RW 00h | First failed late data for Byte 2
7:0 RW 00h | First failed early data for Byte 2

10.12.14.2 MB_ERRDATA_BYTE3_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 3. ECC data is stored in MB_ERRDATA00 ECC. Offset 8ch stores early and
late first and second failed data for bits 31:24.

Function:3
Offset:8ch

Bit Attr | Default Description

31:24| RW 00h Second failed late data for Byte 3
23:16| RW 00h | Second failed early data for Byte 3
15:8 | RW 00h | First failed late data for Byte 3
7:0 RW 00h | First failed early data for Byte 3
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10.12.14.3 MB_ERRDATA_BYTE4_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 4. ECC data is stored in MB_ ERRDATA BYTES8 1 0. Offset 90h stores early
and late first and second failed data for bits 39:32.

Function:3
Offset:90h

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 4
23:16| RW 00h | Second failed early data for Byte 4
15:8 | RW 00h | First failed late data for Byte 4
7:0 RW 00h | First failed early data for Byte 4

10.12.14.4 MB_ERRDATA_BYTES5 1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 5. ECC data is stored in MB_ ERRDATA BYTES 1 0. Offset 94h stores early
and late first and second failed data for bits 47:40.

Function:3
Offset:94h

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 5
23:16 | RW 00h | Second failed early data for Byte 5
15:8 | RW 00h | First failed late data for Byte 5
7:0 RW 00h  |Fist failed early data for Byte 5

10.12.14.5 MB_ERRDATA_BYTE6 _1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 6. ECC data is stored in MB_ERRDATA BYTES8 1 0. Offset 98h stores early
and late first and second failed data for bits 55:48.

Function:3
Offset:98h

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 6

23:16 | RW 00h | Second failed early data Byte 6
15:8 | RW 00h  |First failed late data for Byte 6
7:0 RW 00h | First failed early data for Byte 6
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10.12.14.6 MB_ERRDATA_BYTE7_1_0: Memory Test Error Data 1/0

Stores 16 bits of failure data for Byte 7. ECC data is stored in MB_ERRDATA BYTES 1 0. Offset 9ch stores early
and late first and second failed data for bits 63:56.

Function:3
Offset:9Ch

Bit | Attr | Default Description

31:24| RW 00h | Second failed late data for Byte 7
23:16 | RW 00h | Second failed early data for Byte 7
15:8 | RW 00h | First failed late data for Byte 7
7:0 RW 00h | First failed early data for Byte 7

10.12.14.7 MB_ERRDATA_BYTEO_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 0. ECC data is stored in MB_ERRDATAO02 ECC. Offset AOh stores early and
late third and fourth failed data for bits 7:0.

Function:3
Offset: AOh

Bit Attr | Default Description

31:24| RW 00h  |Fourth failed late data for Byte 0

23:16 | RW 00h | Fourth failed early data for Byte 0
15:8 | RW 00h | Third failed late data for Byte 0
7:0 RW 00h | Third failed early data for Byte 0

10.12.14.8 MB_ERRDATA_BYTE1_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 1. ECC data is stored in MB_ERRDATAO02 ECC. Offset A4h stores early and
late third and fourth failed data for bits 15:8.

Function:3
Offset:Adh

Bit | Attr | Default Description

31:24| RW 00h  |Fourth failed late data for Byte 1

23:16 | RW 00h | Fourth failed early data for Byte 1
15:8 | RW 00h | Third failed late data for Byte 1
7:0 RW 00h | Third failed early data for Byte 1
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10.12.14.9 MB_ERRDATA_BYTE2_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 2. ECC data is stored in MB_ERRDATAO02 ECC. Offset A8h stores early and
late third and fourth failed data for bits 23:16.

Function:3
Offset:A8h

Bit | Attr | Default Description

31:24| RW 00h | Fourth failed late data for Byte 2

23:16| RW 00h | Fourth failed early data for Byte 2
15:8 | RW 00h | Third failed late data for Byte 2
7:0 RW 00h | Third failed early data for Byte 2

10.12.14.10 MB_ERRDATA_BYTE3_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 3. ECC data is stored in MB_ERRDATAO02 ECC. Offset Ach stores early and
late third and fourth failed data for bits 31:24.

Function:3
Offset: ACh

Bit Attr | Default Description

31:24| RW 00h | Fourth failed late data for Byte 3

23:16 | RW 00h | Fourth failed early data for Byte 3
15:8 | RW 00h | Third failed late data for Byte 3
7:0 RW 00h | Third failed early data for Byte 3

10.12.14.11 MB_ERRDATA_BYTE4_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 4. ECC data is stored in MB_ ERRDATA BYTES 3 2. Offset BOh stores early
and late third and fourth failed data for bits 39:32.

Function:3
Offset:B0Oh

Bit Attr | Default Description

31:24| RW 00h | Fourth failed late data for Byte 4

23:16 | RW 00h | Fourth failed early data for Byte 4
15:8 | RW 00h | Third failed late data for Byte 4
7:0 RW 00h | Third failed early data for Byte 4
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10.12.14.12 MB_ERRDATA_BYTES5_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 5. ECC data is stored in MB_ ERRDATA BYTES 3 2. Offset B4h stores early
and late third and fourth failed data for bits 47:40.

Function:3
Offset:B4h

Bit | Attr | Default Description

31:24| RW 00h | Fourth failed late data for Byte 5

23:16 | RW 00h | Fourth failed early data for Byte 5
15:8 | RW 00h | Third failed late data for Byte 5
7:0 RW 00h | Third failed early data for Byte 5

10.12.14.13 MB_ERRDATA_BYTE6_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 6. ECC data is stored in MB_ ERRDATA BYTES 3 2. Offset B8h stores early
and late third and fourth failed data for bits 55:48.

Function:3
Offset:B8h

Bit | Attr | Default Description

31:24| RW 00h  |Fourth failed late data for Byte 6

23:16 | RW 00h  |Fourth failed early data for Byte 6
15:8 | RW 00h | Third failed late data for Byte 6
7:0 RW 00h | Third failed early data for Byte 6

10.12.14.14 MB_ERRDATA_BYTE7_3_2: Memory Test Error Data 3/2

Stores 16 bits of failure data for Byte 7. ECC data is stored in MB_ERRDATA BYTES8 3 2. Offset BCh stores early
and late third and fourth failed data for bits 63:56.

Function:3
Offset:BCh

Bit Attr | Default Description

31:24| RW 00h  |Fourth failed late data for Byte 7

23:16| RW 00h | Fourth failed early data for Byte 7
15:8 | RW 00h | Third failed late data for Byte 7
7:0 RW 00h | Third failed early data for Byte 7
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10.12.14.15 MB_LFSRCIRCDAT_ERRACC_BYTEO: Memory Test Accumulator 0

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 0. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC BYTES. Offset COh stores error data and LFSR/
Circular shift data for bits 7:0.

Function:3
Offset:COh

Bit Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte 0
23:16 | RW 00h | Early LFSR/Circ data for Byte 0
15:8 | RW 00h  |Late error accumulator for Byte 0

7:0 RW 00h  |Early error accumulator for Byte 0

10.12.14.16 MB_LFSRCIRCDAT_ERRACC_BYTE1: Memory Test Accumulator 1

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFS/Circular shift data for Byte 1. ECC error
accumulator data is stored in MB_ LFSCIRCDAT ERRACC BYTES. Offset C4h stores error data and LFSR/
Circular shift data for bits 15:8.

Function:3
Offset:C4h

Bit | Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte |
23:16 | RW 00h |Early LFSR/Circ data for Byte 1
158 | RW 00h | Late error accumulator for Byte 1

7:0 RW 00h | Early error accumulator for Byte 1

10.12.14.17 MB_LFSRCIRCDAT_ERRACC_BYTE2: Memory Test Accumulator 2

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 2. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC_BYTES. Offset C8h stores error data and LFSR/
Circular shift data for bits 23:16.

Function:3
Offset:C8h

Bit | Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte 2
23:16 | RW 00h  |Early LFSR/Circ data for Byte 2
15:8 | RW 00h  |Late error accumulator for Byte 2

7:0 RW 00h | Early error accumulator for Byte 2
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10.12.14.18 MB_LFSRCIRCDAT_ERRACC_BYTE3: Memory Test Accumulator 3

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 3. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC BYTES. Offset CCh stores error data and LFSR/
Circular shift data for bits 31:24.

Function:3
Offset:CCh

Bit | Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte 3
23:16 | RW 00h  |Early LFSR/Circ data for Byte 3
15:8 | RW 00h |Late error accumulator for Byte 3

7:0 RW 00h | Early error accumulator for Byte 3

10.12.14.19 MB_USRDEF144_288 BYTES8: Memory Test User Defined ECC Data for 144
and 288 bit modes

Data for burst 0, burst 1, burst 2 and burst3 is defined in the CSR. Offset DOh contains ECC bits early and late data.

Function:3
Offset:D0h

Bit | Attr | Default Description

31:24| RW 00h | User defined ECC late data for 288 bit mode (burst 3)

23:16 | RW 00h | User defined ECC early data for 288 bit mode (burst 2)
15:8 | RW 00h | User defined ECC late data for 144 and 288 bit mode (burst 1)
7:0 RW 00h  |User defined ECC early data for 144 and 288 bit mode (burst 0)

10.12.14.20 MB_USRDEF576_BYTES8: Memory Test User Defined ECC Data for 576 bit
mode

Data for burst 4, burst 5, burst 6 and burst7 is defined in the CSR. Offset D4h contains ECC bits early and late data.

Function:3
Offset:D4h

Bit | Attr | Default Description

31:24| RW 00h | User defined ECC late data for 576 bit mode (burst 7)
23:16 | RW 00h | User defined ECC early data for 576 bit mode (burst 6)
15:8 | RW 00h | User defined ECC late data for 576 bit mode (burst 5)

7:0 RW 00h | User defined ECC early data for 576 bit mode (burst 4)
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10.12.14.21 MB_ERRDATA_BYTES8_1_0: Memory Test ECC Fail Data

Stores 16 bits of failure data from memory for ECC bits. Offset D8h stores early and late failed data bits.

Function:3
Offset:D8h

Bit | Attr | Default Description

31:24| RW 00h Second fail ECC late data

23:16 | RW 00h | Second fail ECC early data

15:8 RW 00h First fail ECC late data

7:0 RW 00h | First fail ECC early data

10.12.14.22 MB_ERRDATA_BYTES8_3_2: Memory Test ECC Fail Data

Stores 16 bits of failure data from memory for ECC bits. Offset DCh stores early and late failed data bits.

Function:3
Offset:DCh

Bit Attr | Default Description

31:24| RW 00h Fourth fail ECC late data

23:16 | RW 00h | Fourth fail ECC early data

15:8 RW 00h Third fail ECC late data

7:0 RW 00h | Third fail ECC early data

10.12.14.23 MB_LFSCIRCDAT_ERRACC_ BYTES8: Memory Test LFSR/Circular/
Accumulator for ECC

Stores 16 bits of accumulated bit error data for ECC bits and LFSR/Circular data for ECC byte.

Function:3
Offset:EOh

Bit | Attr | Default Description

31:24| RW 00h ECC LFSR/Circular late data

23:16 | RW 00h |ECC LFSR/Circular early data

15:8 RW 00h ECC Error Accumulator late data

7:0 RW 00h  [ECC Error Accumulator early data
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10.12.15 MBLFSRSED: Memory Test Circular Shift and LFSR Seed

Function:3
Offset:E4h

Bit | Attr | Default Description

31:0 | RW 0000h | MBLFSRSED:MemBIST LFSR Seed

This 32 bit register will be used as the initial data seed for LFSR or Circular
shift data pattern.

10.12.15.1 MB_LFSRCIRCDAT_ERRACC_BYTE4: Memory Test Accumulator 4

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 4. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC BYTES. Offset E8h stores error data and LFSR/
Circular shift data for bits 39:32.

Function:3
Offset:E8h

Bit Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte 4
23:16 | RW 00h | Early LFSR/Circ data for Byte 4
15:8 | RW 00h  |Late error accumulator for Byte 4

7:0 RW 00h  |Early error accumulator for Byte 4

10.12.15.2 MB_LFSRCIRCDAT_ERRACC_BYTES: Memory Test Accumulator 5

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 5. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC BYTES. Offset ECh stores error data and LFSR/
Circular shift data for bits 47:40.

Function:3
Offset:ECh

Bit | Attr | Default Description

31:24| RW 00h |Late LFSR/Circ data for Byte 5
23:16 | RW 00h | Early LFSR/Circ data for Byte 5
15:8 | RW 00h |Late error accumulator for Byte 5

7:0 RW 00h | Early error accumulator for Byte 5
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10.12.15.3 MB_LFSRCIRCDAT_ERRACC_BYTEG6: Memory Test Accumulator 6

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 6. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC BYTES. Offset FOh stores error data and LFSR/

Circular shift data for bits 55:48.

Function:3
Offset:FOh
Bit | Attr | Default Description
31:24| RW 00h |Late LFSR/Circ data for Byte 6
23:16 | RW 00h | Early LFSR/Circ data for Byte 6
15:8 | RW 00h | Late error accumulator for Byte 6
7:0 RW 00h  |Early error accumulator for Byte 6

10.12.15.4 MB_LFSRCIRCDAT_ERRACC_BYTE7: Memory Test Accumulator 7

Stores 16 bits of accumulated bit error data from memory and 16 bits of LFSR/Circular shift data for Byte 7. ECC
error accumulator data is stored in MB_LFSCIRCDAT ERRACC _BYTES. Offset F4h stores error data and LFSR/

Circular shift data for bits 63:56.

Function:3
Offset:F4h
Bit Attr | Default Description
31:24| RW 00h |Late LFSR/Circ data for Byte 7
23:16 | RW 00h |Early LFSR/Circ data for Byte 7
15:8 | RW 00h |Late error accumulator for Byte 7
7:0 RW 00h | Early error accumulator for Byte 7

10.12.15.5 DRC: DRAM Controller Mode Register

This register controls the mode of the DRAM Controller.

Function:3
Offset:FCh
Bit Attr | Default Description
31:30| RV 00 Reserved
29 RW 0 INITDONE: Initialization Complete. This scratch bit communicates software
state from the DDR3 MB to BIOS. BIOS sets this bit to 1 after initialization of
the DRAM memory array is complete. This bit has no effect on DDR3 MB
operation.
28:0 | RV 0 Reserved
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11 Transparent Mode

11.1 Transparent Mode

In normal operation access to the DRAMs is filtered by the memory buffer. For tests where direct access to the
DRAMs is needed the transparent mode is available.

It enables the test equipment to send commands to the DRAMs that are blocked in normal operation because they
have a special meaning for the buffer or because they violate the protocol

In transparent mode most operational functions are not available. This mode is designed such as the commands go
through the buffer with the least possible change.

11.1.1 Functions

In order to have as low impact on the normal operation as possible the transparent mode is designed to be used in the
test frequency band only.

In transparent mode many functions of the normal mode are not available:
* 3T MRS
* Rank combining
* RCW access
 Parity checking
* Powerdown
* Address Inversion

During transparent mode inband writing of the control registers is not available. The only way to change the settings
is to write them via SMBus.

The only way to leave transparent mode without SMBus is by a device reset.

Independent functions like voltage referencing and SMBus do not change in this mode.
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11.1.2 CA Signal mapping

All address and command signals are copied from the Dxy inputs to the Qxy output without modification:
* DAx -> QAAx and QBAx
* DBAx -> QABAx and QBBAx

* DRAS n->QARAS nand QBRAS n
* DCAS n->QACAs nand QBCAS n
* DWE n->QAWE nand QBWE n

For the control signals some remapping is needed because the number of independent outputs can be higher then the
number of independent inputs.

* DCKEO -> QACKEO and QBCKEO and QACKE2 and QBCKE2

+ DCKE1 -> QACKE! and QBCKE1 and QACKE3 and QBCKE3

+ DODTO -> QAODTO and QBODTO
+ DODTI1/DCKE3 -> QAODT! and QBODT1

For CS the setting of the transparent mode control word Table 166 changes the mapping of inputs to outputs:
- setting 4’b00xx:
* DCSO n->QACSO0 nand QBCSO n
* DCS1 n->QACS1 nand QBCS1 n
* DCS2 n->QACS2 nand QBCS2 n
* DCS3 n->QACS3 nand QBCS3 n
- setting 4’b01xx:
* DCSO n->QACS0 n
*+ DCS1 n->QACSI n
* DCS2 n->QACS2 n
* DCS3 n->QACS3 n
*+ DCS4 n->QBCS0 n
+ DCS5 n->QBCS1 n
+ DCS6 n->QBCS2 n
*+ DCS7 n->QBCS3 n
- setting 4’b10xx:
* DCSO n->QACS0 n
* DCS1 n->QACS2 n
* DCS2 n->QBCS0 n
*+ DCS3 n->QBCS2 n
* 1’bl > QACSI _nand QBCS1 nand QACS3 nand QBCS3 n
- setting 4’bl1xx:
*+ DCSO n->QACSI n
« DCSI n->QACS3 n
*+ DCS2 n->QBCS1 n
*+ DCS3 n->QBCS3 n
* 1’bl -> QACS0_n and QBCS0_n and QACS2 n and QBCS2 n

CA input signals will provide IBT as defined in registers FORC8, FIRCO, FIRC1, FIRC2

11.1.3 CA timing

All CA signals are sampled and retimed like in normal mode. The Clock frequency for this test mode can be between
70MHz and 300MHz.

By this the LRDIMM looks almost like a RDIMM to the tester. The exact timing of the CA signals at the DRAM does

not change from normal mode and therefore no extra trimming is needed in order for the DRAM to understand the
commands.
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11.1.4 DQ Functionality and Timing

The automatic switching between write and read of normal operation is not available. For selecting the direction of
the data bus the PAR_IN ball is used.

The switch occurs asynchronously on the change of the PAR IN signal:
*  PAR IN=1"b0: Write (DQ->MDQ)
*+ PAR IN=1"bl: Read (MDQ->DQ)

The data bus is redriven from input to output in an asynchronous way. The direction for DQ and DQS is always the
same.

DQSs are treated as differential. This means if a DQSx _t and the corresponding DQSx_c are both high or both low
the associated MDQSx_t and MDQSx_c will be invalid.

Since the inputs are directly redriven to the outputs floating inputs can generate noise on the outputs.

The termination scheme on the data bus depends on the redriving direction:
e Write direction: Host side (DQx) provides ODT with RTT _NOM value (F3RCO0)
*  Read direction: DRAM side (MDQx) provides ODT with RTT NOM value (F3RCS)

ODT can be disabled by according setting in F3RC0 and F3RC8

11.1.5 Entry Procedure

To enter the transparent mode the following procedure is used:
*  Release Reset
o LetPLL lock
*  Setup test frequency band, supply voltage and CA timing parameters
*  Let PLL relock
*  Configure IBT, ODT, Ron, Transparent mode CS settings
e Turn on transparent mode

Wait tTRMEN

11.1.6 Exit Procedure

To exit transparent mode the following procedure is used:
e Disable transparent DQ/CA mode by SM-Bus
- Ifno SM-Bus access is possible: reset the device
. Wait tSTAB
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11.1.7 Control Word

To enable transparent mode and to select the CS mapping a control word is needed:
Table 166 — F2RCO0: Transparent Mode

Input
Definition Encoding
DBA1 | DBAO | DA4 | DA3

X X X 0 Enable transparent Normal operation

X X X 1 |mode Transparent mode enabled

X X 0 X
Reserved

X X 1 X

0 0 X X QACS_n[3:0]=DCS_n[3:0], QBCS_n[3:0]=DCS_n[3:0]

0 1 X X i QACS_n[3:0]=DCS_n[3:0], QBCS_n[3:0]=DCS_n[7:4]
Chip select

1 0 X X |multiplication in QACS_n[2,0]=DCS_n[1:0], QBCS_n[2,0]=DCS_n[3:2],
transparent mode |QACS_n[3,1]=2'b11, QBCS_n[3,1]=2'b11

1 1 X X QACS_n[2,0]=2’b11, QBCS_n[2,0]=2’b11,

QACS_n[3,1]=DCS_n[1:0], QBCS_n[3,1]=DCS_n[3:2]
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11.1.8 Timing diagram

In transparent mode all command, address and control signals are sampled. The data bus is forwarded analog and the
direction of the bus is determined by the PAR IN signal.

For the switch from write to read or vice versa some timing is involved.

CkK A\ M\ SV VWY Sy SV Sy v Sy Sy Sy
*+tsutm
|" tHT™

DCA4:0] Iy Y Y Y Y Y Y VY Y Y Y Y Y

""tSTAOFF
(A IIVEVEVESAVEANEWAWIIWENAYEWEWEW]

0.5tk
troTM

QxCAl0l_ 1 &+t & & & b & & f I i |

PAR_IN [ | O /O O /O [ [ [ T O O O
_"tDRSWTM _"tDRSWTM

Direction I | Write: DQ -> MDQ [Read: MDQ -> DQ
pas_pi17.0] IR\ T\ [\ = o B AYAN
pas_N(17:0] I ] [\ \ [ = amVANA

tPDDQTM
par7+:0) R+ T '}

*|tP DDQTM | "ItPDDQTM
MDQs_P[17:0] EEIN | M1 /1 [(— [\ [\ —
MDQS_Ni17:0] I [\ [\ ey [\ [

"|tPDDQTM

MDQ(71:0] EE T T [ [ —( T [ [ —

The timing parameters used here are:
tsuTMm © Setup time in transparent mode
tyrm - hold time in transparent mode
tppT™m : CA bus propagation delay in transparent mode
tprswTMm: direction switch time
tpppgT™ : DQ bus propagation delay in transparent mode

Figure 67 — Transparent Mode Timing Diagram
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12 LAl Mode

12.1 LAI Mode Support (Optional)
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13 SMBus Interface and Temperature Sensor

For all configuration and temperature sensor registers, the Memory Buffer supports register access mechanisms
through SMBus as well as through in-band channel commands. The registers may be read by software from the
SMBus host at any time the MB is powered on, except in the MB clock stopped power down mode or when the
device RESET n pin is asserted.

The MB SMBus interface shall not initiate clock stretching.

The MB SMBus interface must co-exist with an external Temperature Sensor/SPD device on an LRDIMM and shall
not inhibit the operation of the SMBus when it has no Vpp but Voespp.

13.1 SMBus 2.0 Specification Compatibility

The principal requirement from the SMBus 2.0 specification is support of the “high power” bus electrical
specifications described in the layer 1 (Physical layer) chapter.

For the simple register access requirements of LRDIMM, no layer 2 (Link layer) or layer 3 (Network layer)
extensions provided by the 2.0 specification are used. In particular, there is no support for Address Resolution
Protocol (ARP). Additionally, only a subset of the network packet protocols described in the standard are needed and
these are described below.

MB’s are required to support read and write transactions without requiring clock stretching in order to simplify host
controller requirements. For similar reasons, MB’s shall not master SMBus transactions in normal operation.

13.2 Operating Range

The MB SMBus interface is designed to operate at a voltage range of 3.0-3.6 V and shall operate up to a maximum
frequency of 100 kHz.

13.3 External Pins

The MB SMBus interfaces uses the following five external device pins, as well as an EVENT n pin that is described
in 13.7, Temperature Sensor (TS).

13.3.1 Serial Clock (SCL)

This input signal is used to strobe all data in and out of the device. In applications where this signal is used by slave
devices to synchronize the bus to a slower clock, the bus master must have an open drain output, and a pull-up
resistor can be connected from Serial Clock (SCL) to Vcgpp. (Figure 68 indicates how the value of the pull-up
resistor can be calculated). In most applications, though, this method of synchronization is not employed, and so the
pull-up resistor is not necessary, provided that the bus master has a push-pull (rather than open drain) output.

13.3.2 Serial Data (SDA)

This bi-directional signal is used to transfer data in or out of the device. It is an open drain output that may be wire-
ORed with other open drain or open collector signals on the bus. A pull up resistor must be connected from Serial
Data (SDA) to the most positive Vcgpp in the SMBUS chain. (Figure 68 indicates how the value of the pull-up
resistor can be calculated).
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Figure 68 — Maximum Ry, Value Versus Bus Capacitance (Cgyg) for an SMBUS Bus

13.3.3 Select Address (SA0, SA1, SA2)

These input signals are used to set the value of the three least significant bits of the 7-bit Slave Address. In the Dual
Inline Memory Module (DIMM) application, the Select Address inputs SA1 and SA2 of the MB must be connected
to Vgg or Vcgpp directly (that is without using a pull-up or pull-down resistor) through the DIMM socket (see
Table 69). SAO is connected through a series resistor used during high voltage programming of the SPD device on the
DIMM. The pull-up resistors needed for correct operation of the SMBUS bus are located on the motherboard. The
device shall interpret Vcgpp on the SA[2:0] pins as a logic ‘1’ and Vgg as a logic ‘0°.

Table 167 — Unique Addressing of SPDs in DIMM Applications

DIMM Position SA2 SAl SA0
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
NOTE 0=V, 1=Vccspn

The address bits (SA0-SA2) of the buffer are connected to corresponding address pins (SA0-SA2) of the SPD and/or
TSOD device on the DIMM. The MB EVENT n pin is shared with the EVENT n pin of the external SPD/TS device,
see Figure 69.
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Figure 69 — SMBUS WIRING DIAGRAM

The EVENT _n pin is expected to be used in a wire-OR configuration with a pullup resistor to Vcgpp on the
motherboard. In this configuration, EVENT n should be programmed for the active low mode. Also note that
comparator mode or TCRIT-only mode for EVENT n on a wire-OR bus will show the combined results of all
devices wired to the EVENT n signal.

13.4 System Management Access

System Management software in the platform can initiate system management access to the configuration and
temperature sensor registers. This can be done through SMBus accesses.

Since the MB can get read or write access to the DRAMs behind the buffer through MEMBIST, access to MB SMBus
registers is controlled by access control bits - see control word and CSR chapters for details.

The mechanism for the Server Management (SM) software to access configuration registers is through a SMBus
Specification, Rev. 2.0-compliant slave port. Memory Buffer components contain this slave port and allow access to
the configuration registers.

SMBus operations are made up of two major steps: (1) writing information to registers within each component and
(2) reading configuration registers from each component. The following sections will describe the protocol for an
SMBus master to access an Memory Buffer component’s internal configuration registers. Refer to the SMBus
Specification, Rev. 2.0 for the bus protocol, timings, and waveforms.
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13.4.1 Slave Address

The 7-bit slave address used for each primitive SMBus transaction is determined by the SA[2:0] pins and the 4-bit
device address.

* Primary SMBus address (BFUNC pin strapped to Vss):
— Slave Address[6:3] = 4’b1011
— Slave Address[2:0] = SA[2:0]
* Secondary SMBus address (e.g. for a “repeater” MB; BFUNC pin strapped to Vdd):
— Slave Address[6:3] =4’b1000
— Slave Address[2:0] = SA[2:0]

13.4.2 Supported SMBus Commands

The Memory Buffer component’s SMBus Rev. 2.0 slave port supports register reads and writes built out of the
following four SMBus primitive commands:

Block Write Byte Write
Block Read Byte Read
The Memory Buffer is not required to support block accesses larger than a double word.

Each SMBus transaction has an 8-bit command driven by the master. The format for this command is illustrated in
Table 70 below.

Table 168 — SMBus command Encoding

7 6 5 4 3:2 1:0
Internal Command: SMBus Command:
00 - Read DWord 00 - Byte
Begin End Rsvd PEC_en | 01 - Write Byte 01 - Rsvd
10 - Write Word 10 - Block
11 - Write DWord 11 - Rsvd

The Begin bit indicates the first transaction of a read or write sequence.

The End bit indicates the last transaction of a read or write sequence.

The PEC en bit enables the 8-bit PEC generation and checking logic.

The Internal Command field specifies the internal command to be issued by the SMBus slave logic. Note that the
Internal Command must remain consistent (i.e. not change) during a sequence that accesses a configuration register.

Operation cannot be guaranteed if it is not consistent when the command setup sequence is done.

The SMBus Command field specifies the SMBus command to be issued on the bus. This field is used as an indication
of the length of transfer so the slave knows when to expect the PEC packet (if enabled).

Reserved bits should be written to zero to preserve future compatibility.
Hosts are required to form commands that are internally self consistent. The length indicated by the internal

command should be consistent with the byte count and the MB behavior will be undefined when the internal
command is inconsistent with the bye count.
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13.4.3 MB Register Access Protocols
Sequences of these basic commands will initiate internal accesses to the component’s configuration registers.

Each configuration read or write first consists of an SMBus write sequence which initializes the register’s address.
The term sequence is used since these variables may be written with a single block write or multiple byte writes.
Once these parameters are initialized, the SMBus master can initiate a read sequence (which performs a configuration
read) or a write sequence (which performs a configuration write).

NOTE All MB control words are located in the SMBus Function 0 address space (even the F1IRCnn to
F15RCnn control words). This leaves the address space of the other seven SMBus functions available for
vendor specific test and debug registers which are not defined in this standard.

Table 169 — SMBus Protocol Addressing fields

Address Field Bits Description
Name
Reserved 7:0 Reserved - MB may alias all these addresses to 00h
Dev 3:0 Reserved - MB may alias all these addresses to 00h
Function 3:0 Function Address
Reg Num[15:8] |7:0 Reserved - MB may alias all these addresses to 00h
Reg Num([7:0] 7:0 Register Address within Function

13.4.3.1 Configuration Register Read Protocol

Configuration reads are accomplished through an SMBus write(s) and later followed by an SMBus read. The write
sequence is used to initialize the Bus Number, Device, Function, and Register Number for the configuration access.
The writing of this information can be accomplished through any combination of the supported SMBus write
commands (Block, Byte). The Internal Command field for each write should specify Read DWord.

All SMBus configuration reads should be Dword aligned. The MB will ignore the lowest two bits of the register
address and return the four bytes within a DWord in the byte order shown in the following examples, i.e. most
significant byte (Data[31:24]) first and least significant byte (Data[7:0]) last.

After all the information is set up, the last write (End bit is set) initiates an internal configuration read. If an error
occurs during the internal access, the last write command will receive a NACK. A status field indicates abnormal
termination and contains status information such as target abort, master abort, and time-outs. The status field
encoding is defined Table 170.

Table 170 — Status Field Encoding for SMBus Reads

Bit Description
7 Reserved
6 Reserved
5 Reserved
4 Internal Target Abort
3:1 Reserved
0 Successful
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13.4.3.1 Configuration Register Read Protocol (cont’d)

Examples of configuration reads are illustrated below. All of these examples have PEC (Packet Error Code) enabled.
If the master does not support PEC, then bit 4 of the command would be cleared and there would not be a PEC phase.
For the definition of the diagram conventions below, refer to the SMBus Specification, Rev. 2.0. For SMBus read
transactions, the last byte of data (or the PEC byte if enabled) is NACKed by the master to indicate the end of the
transaction. For diagram compactness, “Register Number[]” is also sometimes referred to as “Reg Number” or “Reg
Num”.

[ TOR¥_¥F [W[A] Crd= 1010010 [A]  Bvle Court=4  [A] Fesened [A] DeviceMundtion  |A| Feg Mumber(is 4] |A|3
[ Reg Hurber 707 TA] FEC [A[F |:|
[T TOW¥E_FRl [WA] Cmd= 11070070 [AJy
[« TEFRT |[R[A[ BeCant=8 | A St [A] Dempizd]l  [A]  DeaEein |ﬁ«|q
[ Data[15:3] [A] Dataf7 0] [A] PEC M

Figure 70 — SMBus Configuration Read (Block Write / Block Read, PEC enabled)

The following example uses byte writes and reads.
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Figure 71 — SMBus Configuration Read (Write Bytes / Read Bytes, PEC enabled)
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13.4.3.2 Configuration Register Write Protocol

Configuration writes are accomplished through a series of SMBus writes. As with configuration reads, a write
sequence is first used to initialize the Bus Number, Device, Function, and Register Number for the configuration
access. The writing of this information can be accomplished through any combination of the supported SMBus write
commands (Block, Byte).

On SMBus, there is no concept of byte enables. Therefore, the Register Number written to the slave is assumed to be
aligned to the length of the Internal Command. In other words, for a Write Byte internal command, the Register
Number specifies the byte address. For a Write DWord internal command, the two least-significant bits of the
Register Number are ignored. This is different from PCI where the byte enables are used to indicate the byte of
interest.

After all the information is set up, the SMBus master initiates one or more writes which sets up the data to be written.
The final write (End bit is set) initiates an internal configuration write. If an error occurred, the SMBus interface
NACKSs the last write operation just before the stop bit.

Examples of configuration writes are illustrated below. For the definition of the diagram conventions below, refer to
the SMBus Specification, Rev. 2.0.

[E[ Twieti [WA] Grd= WOHTO [A] GyeGori=® [ Rewned  [A] ledcfuckn [A] RegNonhediZ2) [A AegWnber[O] (A  beGizd N
5 oy
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LY

Figure 72 — SMBus Configuration Double Word Write (Block Write, PEC enabled)
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[=] A DL, [w]a] cmd=00041100 [&] Registe 15 &] [&] FEC |A|PQ
[=] A DR, [w]a] cmd=00041100 [&] Register[7 0] [&] FEC [&] |='|\I
|5| A e, |1|1r|A| Cmd =00011100 |A| [ ata[31:249] |A| FEC |,nl|F'|iI
[=] A DL, [w]a] cmd=00041100 [&] [ ata[==:16] [&] FEC |A|PQ
|5| A e, |1|1r|A| Cmd =00011100 |A| D ata[152] |A| FEC |A|P|tl
[5] ORCR_FRE JnTAT  Cmd=01011100  [A] D ataf 0] [A] FEC |A|P|i|

Figure 73 — SMBus Configuration Double Word Write (Write Bytes, PEC enabled)

|s| Ao o0 |uu|a| cmd = 11004010 |n| Byk Conl-6  [A] Rezemued [A] vedeiFurclen [A] Reg Wumber[i53] [A] Reg Wumber 7 @

A TaE 1521 ] TET= ] |.&|Eh

Figure 74 — SMBus Configuration Word Write (Block Write, PEC disabled)
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13.4.3.2 Configuration Register Write Protocol (cont’d)

[=] AE_KE, [w]a]  cmd=1omomon Ja] Resanad [a]F Q
[T oo [w]a]  cmd=o0000100  JA]  CeviceFunction  [A] PQ
|s| 0K, |W|A| Cmd = 00000100 |A| Register[15:5] |A | Pm
|s| DX XK, |W|A| Cmd= 00000100 |A| Register[7 0] |F«|Pm
[=] oex o [wlAa] cmd=o0000100  JA] D ata[7:0] [a] PQ

Figure 75 — SMBus Configuration Byte Write (Write Bytes, PEC disabled)

13.5 SMBus Error Handling

The SMBus slave interface handles two types of errors: internal and PEC. These errors manifest as a Not-
Acknowledge (NACK) for the read command (End bit is set). If an internal error occurs during a configuration write,
the final write command receives a NACK just before the stop bit. If the master receives a NACK, the entire
configuration transaction should be reattempted.

If the master supports packet error checking (PEC) and the PEC_en bit in the command is set, then the PEC byte is
checked in the slave interface. If the check indicates a failure, then the slave will NACK the PEC packet.
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13.6 SMBus Resets
13.6.1 SMBus Interface State Machine Reset

The slave interface state machine can be reset by the master in two ways:

* The master holds SCL low for 35ms cumulative. Cumulative in this case means that all the “low time” for SCL is
counted between the Start and Stop bit. If this totals 35ms before reaching the Stop bit, the interface is reset.
— Timing is set up to be 35ms for 800MT/s and may scale down at higher frequencies

*26.25ms at 1066MT/s

*21ms at 1333MT/s

*17.5ms at 1600MT/s

* 15ms at 1866MT/s

*13.1ms at 2133MT/s

* The master holds SCL continuously high for 100us.

— Timing is set up to be 100us for 800MT/s and may scale down at higher frequencies
* 75us at 1066MT/s
* 60us at 1333MT/s
* 50us at 1600MT/s
* 42 9us at 1866MT/s
*37.5us at 2133MT/s

13.6.2 SMBus transactions during reset

Since the configuration registers are affected by the RESET n pin, SMBus masters will NOT be able to access the
MB registers while the device is reset.

13.7 Temperature Sensor (TS)

The MB contains an SMBus accessible on-die temperature sensor that shall meet the following requirements:

Buffer temperature sensor
Grade Sensor Accuracy Supply Voltage
B 1.0 °C max from 75 °C-95 °C
2.0 °C max from 40 °C-125 °C 3.0to3.6 V
3.0 °C max from -20 °C-125 °C
C 2.0 °C max from 75 °C-95 °C
3.0 °C max from 40 °C-125 °C 30t03.6 V
4.0 °C max from -20 °C-125 °C

* Ambient temperature (TA) sense through an operating range of -20 °C to +125 °C

* Typical accuracy of 2.0 °C or 3.0 °C for the entire operating range from -20 °C to +125 °C

* Typical accuracy of 1.0 °C or 2.0 °C accuracy for the monitor range from +40 °C to +125 °C

* Support for higher accuracy of 0.5 °C or 1.0 °C (typical) over the active range from +75 °C to +95 °C
e Temperature sample rate minimum of 8 samples/s

* Selectable 0, 1.5 °C, 3 °C, 6 °C Hysteresis on set point

The MB TS continuously monitors the temperature and updates the temperature data minimum of eight times per
second. Temperature data is latched internally by the device and may be read by software from the SMBus host at any
time the MB is powered on, except in the MB clock stopped power down mode or when the device RESET n pin is
asserted. Internal registers are used to configure both the TS performance and response to over-temperature
conditions. The device contains programmable high, low, and critical temperature limits. The buffer EVENT n pin
can be configured as active high or active low and can be configured to operate as an interrupt or as a comparator
output.
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13.7.1 EVENT_n Pin

The EVENT _n pin is an open drain output that requires a pull-up to Vcgpp on the system motherboard or integrated
into the master controller. EVENT n has three operating modes, depending on configuration settings and any current
out-of-limit conditions. These modes are Interrupt, Comparator, or TCRIT Only.

In Interrupt Mode the EVENT n pin will remain asserted until it is released by writing a ‘1’ to the “Clear Event” bit
in the Status Register. The value to write is independent of the EVENT _n polarity bit.

In Comparator Mode the EVENT n pin will clear itself when the error condition that caused the pin to be asserted is
removed. When the temperature is compared against the TCRIT limit, then this mode is always used.

Finally, in the TCRIT Only Mode the EVENT n pin will only be asserted if the measured temperature exceeds the
TCRIT Limit. Once the pin has been asserted, it will remain asserted until the temperature drops below the TCRIT
Limit minus the TCRIT hysteresis. Figure 76 illustrates the operation of the different modes over time and
temperature.

Temp

TCRIT Limit | !

High Limit

| Switches to I
| Comparator |
Mode |

— e ———— ==

Low Limit
Measured Temperature

Software Clears Intermupt

[
! o L

EVENT pin in “Interrupt Mode”
(active low)

EVENT pin in “Comparator
Mode" (active low)

EVENT pin in “TCRIT only
Maode™ (active high)

Figure 76 — EVENT _n Pin Mode functionality

Systems that use the active high mode for EVENT n must be wired point to point between the buffer and the sensing
controller. Wire-OR configurations should not be used with active high EVENT n since any device pulling the
EVENT n signal low will mask the other devices on the bus. Also note that the normal state of EVENT n in active
high mode is a 0 which will constantly draw power through the pull-up resistor.
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13.7.2 TS Register Address Map

The Temperature Register Set stores the temperature data, limits, and configuration values. All 8-bit TS registers are
in the register address space from 0xAO through 0xAB (see Table 73 for detailed information), accessed through
block or byte read and write commands.

Table 171 — Temperature Register Addresses

REG
NUM | R'W NAME FUNCTION DEFAULT
AOh R Capabilities OF or 2F
LSB [7:0] Indicates the functions and capabilities of the temper[]
Alh Capabilities ature sensor 00
MSB [15:8]
A2h R/W Configuration 00
LSB [7:0] ) .
- Controls the operation of the temperature monitor
A3h Configuration 00
MSB [15:8]
Adh R/W High Limit 00
LSB [7:0] . o
- — Temperature High Limit
ASh High Limit 00
MSB [15:8]
Abh R/W Low Limit 00
LSB [7:0] o
Temperature Low Limit
A7h Low Limit 00
MSB [15:8]
A8h R/W TCRIT Limit 00
LSB [7:0] ..
Critical Temperature
A%h TCRIT Limit 00
MSB [15:8]
AAh R Ambient Temperature N/A
LSB [7:0] .
Current Ambient temperature
ABh Ambient Temperature
MSB [15:8]
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13.7.3 Capabilities Register

Table 172 — Capabilities Register

REG_
NUM | R/'W | B15/B7 | B14/B6 | B13/B5 | B12/B4 | B11 /B3 | B10/B2 | B9/B1 | B8 / B0 | DEFAULT
0 N RFU RFU RFU RFU RFU RFU RFU RFU 000F or
EVSD | TMOUT X TRES[1:0] RANGE | ACC | EVENT 002F

The Capabilities Register indicates the supported features of the temperature sensor.

Bits 15 - Bit 8 - RFU - Reserved for future use. These bits will always read ‘0’ and writing to them will have no

effect.

Bit 7- EVSD - EVENT n with Shutdown action.

‘0’ - The EVENT n output freezes in its current state when entering shutdown. Upon exiting
shutdown, the EVENT n output remains in the previous state until the next thermal sample is taken,

or possibly sooner if EVENT n is programmed for comparator mode.

‘1’ - The EVENT n output is deasserted (not driven) when entering shutdown, and remains deasserted upon
exit from shutdown until the next thermal sample is taken, or possibly sooner if EVENT n is programmed for
comparator mode.

Bit 6 - TMOUT - Bus timeout period for thermal sensor access during normal operation. Note that bus timeout
support is optional in shutdown mode.

‘0’ -NA

‘1” - Parameter typ\pour is supported within the range of 25 to 35 ms (SMBus compatible).

Bit 5 - X - May be 0 or 1; applications must accept either code.

Bits 4 - 3 - TRES[1:0] - Indicates the resolution of the temperature monitor as shown in Table 75.
Table 173 — TRES Bit Decode

TRES[1:0]
TEMPERATURE
TRES1 TRESO RESOLUTION
0 0 0.5 °C (9-bit)
0 1 0.25 °C (10-bit) (default)
1 0 0.125 °C (11-bit)

1

1

0.0625 °C (12-bit)

Bit 2 - RANGE - Indicates the supported temperature range.

‘0’ - The temperature monitor clamps values lower than 0 °C.

‘1’ - The temperature monitor can read temperatures below 0 °C and sets the sign bit appropriately.

Bit 1 - ACC - Indicates the supported temperature accuracy.

‘0’ - The temperature monitor has +2 °C typ accuracy over the active range (75 °C to 95 °C) and 3°C typ
accuracy over the monitoring range (40 °C to 125 °C)

‘1’ - The temperature monitor has +1 °C typ accuracy over the active range (75 °C to 95 °C) and 2°C typ
accuracy over the monitoring range (40 °C to 125 °C)

Bit 0 - EVENT - Indicates whether the temperature monitor supports interrupt capabilities

‘0’ -NA

‘1’ - The device supports interrupt capabilities.
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13.7.4 Configuration Register

Table 174 — Configuration Register

REG_

NUM | R/W | BI5/B7 | B14/B6 | B13/B5 | B12/B4 | B11/B3 | B10/B2 | B9/B1 | B8 /B0 | DEFAULT
RFU RFU RFU RFU RFU HYST[1:0] SHDN

Ot | RW | TCRIT_ | EVENT | . pug | EVENT | EVENT | TCRIT_ | EVENT | EVENT 0000
LOCK | LOCK STS | CTRL | ONLY | POL | MODE

The Configuration Register holds the control and status bits of the EVENT n pin as well as general hysteresis on all
limits.

Bits 15 - 11 - RFU - Reserved for future use. These bits will always read ‘0’ and writing to them will have no affect.
For future compatibility, all RFU bits must be programmed as ‘0’.

Bits 10 - 9 - HYSTJ[1:0] - Control the hysteresis that is applied to all limits as shown in Table 77. This hysteresis
applies to all limits when the temperature is dropping below the threshold so that once the temperature is above a
given threshold, it must drop below the threshold minus the hysteresis in order to be flagged as an interrupt event.
Note that hysteresis is also applied to EVENT _n pin functionality. When either of the lock bits is set, these bits cannot
be altered.

Table 175 — HYST Bit Decode

HYST][1:0]
HYST1 HYSTO HYSTERESIS
0 0 disable hysteresis (default)
0 1 1.5 °C
1 0 3°C
1 1 6 °C

Bit 8 - SHDN - Shutdown. The thermal sensing device and A/D converter are disabled to save power, no events will
be generated. When either of the lock bits is set, this bit cannot be set until unlocked. However it can be cleared at any
time. When in shutdown mode, the device still responds to commands normally, however bus timeout may or may
not be supported in this mode.

‘0’ (default) - The thermal sensor is active and converting.

‘1’ - The thermal sensor is disabled and will not generate interrupts or update the temperature data.
Bit 7 - TCRIT _LOCK - Locks the TCRIT Limit Register from being updated.

‘0’ (default) - The TCRIT Limit Register can be updated normally.

‘1’ - The TCRIT Limit Register is locked and cannot be updated. Once this bit has been set, it cannot be
cleared until an internal power on reset.

Bit 6 - EVENT LOCK - Locks the High and Low Limit Registers from being updated.
‘0’ (default) - The High and Low Limit Registers can be updated normally.

‘1’ - The High and Low Limit Registers are locked and cannot be updated. Once this bit has been set, it
cannot be cleared until an internal power on reset.
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Bit 5 - CLEAR - Clears the EVENT _n pin when it has been asserted. This bit is write only and will always read ‘0’.
‘0’ - does nothing

‘1’ - The EVENT n pin is released and will not be asserted until a new interrupt condition occurs. This bit is
ignored if the device is operating in Comparator Mode. This bit is self clearing.

Bit4 - EVENT _STS - Indicates if the EVENT n pin is asserted. This bit is read only.
‘0’ (default) - The EVENT n pin is not being asserted by the device.
‘1’ - The EVENT n pin is being asserted by the device.

Bit 3 - EVENT _CTRL - Masks the EVENT _n pin from generating an interrupt. If either of the lock bits are set (bit 7
and bit 6), then this bit cannot be altered.

‘0’ (default) - The EVENT n pin is disabled and will not generate interrupts.
‘1’ - The EVENT n pin is enabled.

Bit2 - TCRIT _ONLY - Controls whether the EVENT n pin will be asserted from a high / low out-of-limit condition.
When the EVENT _LOCK bit is set, this bit cannot be altered.

‘0’ (default) - The EVENT _n pin will be asserted if the measured temperature is above the High Limit or
below the Low Limit in addition to if the temperature is above the TCRIT Limit.

‘1’ - The EVENT n pin will only be asserted if the measured temperature is above the TCRIT Limit.

Bit 1 - EVENT POL - Controls the “active” state of the EVENT n pin. The EVENT n pin is driven to this state
when it is asserted. If either of the lock bits are set (bit 7 and bit 6), then this bit cannot be altered.

‘0’ (default) - The EVENT n pin is active low. The “active” state of the pin will be logical ‘0’.
‘1’ - The EVENT n pin is active high. The “active” state of the pin will be logical ‘1°.

Bit 0 - EVENT_MODE - Controls the behavior of the EVENT n pin. The EVENT _n pin may function in either
comparator or interrupt mode. If either of the lock bits are set (bit 7 and bit 6), then this bit cannot be altered.

‘0’ - The EVENT n pin will function in comparator mode

‘1’ - The EVENT n pin will function in interrupt mode
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13.7.5 Temperature Registers

13.7.5.1 Temperature Register Value Definitions

Temperatures in the High Limit Register, Low Limit Register, TCRIT Register, and Temperature Data Register are
expressed in two’s complement format. Bits B12 through B2 for each of these registers are defined for all device
resolutions as defined in the TRES field of the Capabilities Register, hence a 0.25 °C minimum granularity is
supported in all registers. Examples of valid settings and interpretation of temperature register bits:

Temperature Register Coding Examples

B15~B0 (binary) Value Units
xxx0 0000 0010 11xx +2.75 °C
xxx0 0000 0001 00xx +1.00 °C
xxx0 0000 0000 01xx +0.25 °C
xxx0 0000 0000 00xx 0 °C
xxx1 1111 1111 11xx -0.25 °C
xxx1 1111 1111 00xx -1.00 °C
xxx1 1111 1101 01xx -2.75 °C

The TRES field of the Capabilities Register optionally defines higher resolution devices. For compatibility and
simplicity, this additional resolution affects only the Temperature Data Register but none of the Limit Registers.
When higher resolution devices generate status or EVENT n changes, only bits B12 through B2 are used in the
comparison; however, all 11 bits (TRES[1-0] = 10) or all 12 bits (TRES[1-0] = 11) are visible in reads from the
Temperature Data Register.

When a lower resolution device is indicated in the Capabilities Register (TRES[1-0] = 00), the finest resolution
supported is 0.5 °C. When this is detected, bit 2 of all Limit Registers should be programmed to 0 to assure correct
operation of the temperature comparators.

13.7.5.2 High Limit Register

The temperature limit registers (High, Low, and TCrit) define the temperatures to be used by various on-chip
comparators to determine device temperature status and thermal EVENTs. For future compatibility, unused bits
must be programmed as 0.

[T3R L)

Table 176 — High Limit Register

REG_

NUM | R/'W | B15/B7 | B14/B6 | B13/B5 | B12/B4 | B11/B3 | B10/B2 | B9/B1 | B8/B0 | DEFAULT
- - - Sign 128 64 32 16

02 | R'W
8 4 2 1 0.5 0.25 - -

The High Limit Register holds the High Limit for the nominal operating window. When the temperature rises above
the High Limit, or drops below or equal to the High Limit, then the EVENT n pin is asserted (if enabled). If the
EVENT_LOCK bit is set in the Configuration Register see Table 76 on page 231), then this register becomes read-
only.
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13.7.5.3 Low Limit Register

Table 177 — Low Limit Register

REG_
NUM | R/'W | B15/B7 | B14/B6 | B13/B5 | B12/B4 | B11/B3 | B10/B2 | B9/B1 | B8/B0 | DEFAULT

- - - Sign 128 64 32 16
03 R/W

8 4 2 1 0.5 0.25 - -

The Low Limit Register holds the lower limit for the nominal operating window. When the temperature drops below
the Low Limit or rises up to meet or exceed the Low Limit, then the EVENT n pin is asserted (if enabled). If the
EVENT LOCK bit is set in the Configuration Register see Table 76), then this register becomes read-only.

13.7.5.4 TCRIT Limit Register
Table 178 — TCRIT Limit Register

REG _
NUM | R/W | B15/B7 | B14/B6 | B13/B5 | B12/B4 | B11/B3 | B10/B2 | B9/B1 | B8/ B0 | DEFAULT

- - - Sign 128 64 32 16
04 R/W

8 4 2 1 0.5 0.25 - -

The TCRIT Limit Register holds the TCRIT Limit. If the temperature exceeds the limit, the EVENT n pin will be
asserted. It will remain asserted until the temperature drops below or equal to the limit minus hysteresis. If the
TCRIT LOCK bit is set in the Configuration Register (see Table 76), then this register becomes read-only.
13.7.5.5 Temperature Data Register

Table 179 — Temperature Data Register

REG_

NUM | R/'W | B15/B7 | B14/B6 | B13/B5 | B12/B4 | B11/B3 | B10/B2 | B9/B1 | B8/ B0 | DEFAULT
TCRIT | HIGH LOW Sign 128 64 32 16

05 R N/A (0000)
8 4 2 1 0.5 0.25% | 0.125% | 0.0625*

* Resolution defined based on value of TRES field of the Capabilities Register. Unused/unsupported bits will read as 0.

The Temperature Data Register holds the 10-bit + sign data for the internal temperature measurement as well as the
status bits indicating which error conditions, if any, are active. The encoding of bits B12 through B0 is the same as for
the temperature limit registers.

Bit 15 - TCRIT - When set, the temperature is above the TCRIT Limit. This bit will remain set so long as the
temperature is above TCRIT and will automatically clear once the temperature has dropped below the limit minus the
hysteresis.

Bit 14 - HIGH - When set, the temperature is above the High Limit. This bit will remain set so long as the
temperature is above the HIGH limit. Once set, it will only be cleared when the temperature drops below or equal to
the HIGH Limit minus the hysteresis.

Bit 13 - LOW - When set, the temperature is below the Low Limit. This bit will remain set so long as the temperature

is below the Low Limit minus the hysteresis. Once set, it will only be cleared when the temperature meets or exceeds
the Low Limit.
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13.7.5.5 Temperature Data Register (cont’d)

Table 180 — Temperature-to-Digital Conversion Performance

Parameter Min Typ Max | Unit Test Conditions3
Temperature Sensor -0 +0.5 +1.0 °C 75 °C =T, =95 °C, Active Range
Accuracyl - 10 | 220 |°C 40 °C =T, = 125 °C, Monitor Range
(B grade)

-0 :i:20 :|:30 OC _20 OC = TA — 125 oC
Temperature Sensor -0 +1.0 +2.0 °C 75 °C =T, =95 °C, Active Range
Accuracyl N 20 |30 |°C 40 °C = T, = 125 °C, Monitor Range
(C grade)
- +3.0 +4.0 °C 20°C = TA =125°C
Resolution 0.25 °C
Conversion Time2 125 ms Worst case conversion time
1 Refer to individual vendor datasheets for explanation of accuracy testing methodology.
2 Assuming 10-bit resolution. Conversion times may range from 62.5 ms for 9-bit to 500 ms for 12-bit accuracy.
3
Veesepimy S Veesep S Veesppiax)
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14 Reset

14.1 Introduction

This chapter describes aspects of hardware reset specific to the DDR3 LRDIMM Memory Buffer (MB).

14.2 Platform Reset Functionality

The DDR3 memory channel provides a RESET n signal to initialize all DDR3 LRDIMM memory buffers on the
channel. The generation of this signal is platform dependent, and may be asynchronous to the clock. The platform
will assert RESET n at power-on.

It is possible that platform conditions cause RESET n to be asserted at any time, including in the middle of DRAM
commands. This could occur during a warm boot. Under these conditions, the DDR3 LRDIMM Memory Buffer will
be reset and the contents of memory are not guaranteed. The state of the DRAMs must be guaranteed when re-
initialized for proper response.

14.2.1 Platform RESET_n Requirements
RESET _n must be asserted at power-up, and may also be asserted at other times such as a warm boot.

During power-up, RESET n timing shall follow Figure Timing of clock and data during power-on initialization
sequence.

During reset with stable power, RESET n timing shall follow Figure 15, Timing of clock and data during
initialization sequence with stable power.

DDR3 Memory Buffer supports sticky bits in the registers to hold the results of DRAM interface training. These bits
are only cleared on a hard reset. For soft resets, the MB is required to store the settings established during a previous
DRAM interface training. This functionality enables the host to initiate multiple soft resets (if needed) during
LRDIMM initialization but only performs the time consuming DRAM interface training once.

14.2.2 DDR3 LRDIMM Memory Buffer RESET_n Requirements

RESET n is asynchronously applied to all storage elements.

Upon assertion of RESET n:
» All input receivers are disabled, and can be left floating.
* DRAM CKE and RESET n are driven LOW asynchronously.
* DQ/DQS are don’t care. All DRAM C/A inputs (except CKE) are floated.
* DRAM CK t/CK c are floated.
» All Configuration and Status Register (CSR) bits are set to their default values.
* All Control Word registers are restored to their default states.

» All internal state machines are put in their default state.
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14.2.3 Power-Up and Suspend-to-RAM Considerations

In a suspend to RAM environment the DRAMs are put into self-refresh mode. The DRAM power supply remains
active. This supply is used by the DDR3 LRDIMM memory buffer DRAM interface I/O circuits. The DDR3
LRDIMM MB QACKE[3:0] and QBCKE[3:0] pins must be kept LOW, without glitches through this transition.

During initial power-up, QACKE[3:0] and QBCKE[3:0] pins must be driven low. Once all power supplies are on and
stable, all the other command/address pins are tri-stated to reduce current drawn from the Vtt power supply.
QACKE][3:0] and QBCKE][3:0] pins maintained low during this time without glitches. The RESET n signal must
remain low during the power-up sequence, for a minimum of 200 uS after power is stable. Yn_t/Yn_c must be up and
stable at the required frequency before QACKE[3:0] and QBCKE[3:0] goes from low to high.

14.3 Reset Types

Types of reset:

* Hard resets occur when the RESET n signal is low and Vdd is being powered up or Vdd is stable.
» Soft resets are generated by setting control word F2 RC1, DA3 to ‘1°.
* SMBus resets affect only the SMBus interface.
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15 Configuration and Status Registers

15.1 Access Mechanism

For all configuration & status and temperature sensor registers, the Memory Buffer supports register access
mechanisms through SMBus as well as through in-band channel commands. The registers may be read by
software from the SMBus host at any time the MB is powered on, except in the MB clock stopped power
down mode or when the device RESET n pin is asserted.

Table 83 shows the mapping between MB control words and SMBus register numbers. The entire register
space of the MB is accessible with the SMBus Reg Num[7:0] address field.

Table 181 — Function 0 SMBus Address Map

Register CW
Address Description Df D6 D5 D4 D3 DZ D1 DO | access
iy WID[7:0 Mo
O1h Vendor [D V|D[[15:E!] No
02h ' DID[7:0 Mo
03k Device ID DlD[[15:a]] No
04h Revision 1D RID[7:0] Mo
05h Feserved Mo
0&h Reserved Reserved Mo
07k Reserved Mo
03h FORC1, FORCO FORCH FORCO (FOy, 532
09h FORC3, FORCZ FORC3 FORCZ (F0y, 552
0Ah FORCS, FORCA FORCS FORC4 (F0y, 852
0Bh FORCY , FORCEH FORCY FORCE (F0y, 552
ACh FORCS, FORCE FORCS FORCS (FOy, 532
0Dh FORC11, FORC10 FORC11 FORC10 (F0y, 552
0Eh FORC13, FORC12 FORC13 FORC12 (F0y, 852
OFh FORC15, FORC14 FORC1S FORC14 (F0y, 532
10-17h | FIRChn+1, F1RChin FIRChn+1 FIRCnhn F1,882
18-1Fh | FZRCnn+1, F2RChin F2RChn+1 F2RCnhn F2, 882
20-27h | F3RChn+1, F3RChn FIRChn+1 F3RCnn F3, 882
28-2Fh | FARCrn+1, F4RChn FA4RChn+1 F4RCnn F4, 882
30-37h | FERChn+1, FERChn FSRChn+1 FSRCnhn F5, 832
38-3Fh | FERChn+1, FERChn FERCnn+1 FERCnhn Fi, 832
40-47h | FYRChn+1, F7RCnn F7RChn+1 F7RCnn F7, 832
43-4Fh | FBRChn+1, FBRChn FERChn+1 FERCnhn F3, 832
50-57h | FIRChn+1, F3RChn FARChn+1 FARCnhn F3, 832
53-5Fh JF10RChn+1, F10RChn FI0RChn+1 F10RChn F10, 832
E0-67h JF11RChn+1, F11RChn F11RChn+1 F11RChn F11, 6832
B8-6Fh JF12RCnn+1, F12EChn Reserved Reserved F12, 882
70-77h JF13RCnn+1, F13RChn Reserved Reserved F13, 882
78-7Fh JF14RCnn+1, F14RECnn “endor specific personality bytes F14, 532
80-87/h JF15RChn+1, F15REChn “endor specific personality bytes F15, 532
88-3Fh Fesered Feserved Mo
A0-ABh T3 Temperature Sensor Registers Mo
AC-FFh Reserved Reserved Mo
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15.1 Access Mechanism (cont’d)

“Reserved” means that this register space is reserved for future extensions (that are common to all
implementations).

“Vendor specific” means that this register space is available now for vendor specific test and debug
registers.

Each byte of the MB register space has its own unique address. For CSR writes the MB registers can be
accessed in byte (8-bit), word (16-bit) or double word (32-bit) quantities. For CSR reads the MB registers
can only be accessed in double word (32-bit) quantities. See the SMBus chapter for details on accessing
MB registers through SMBus.

All multi-byte numeric fields use “little-endian” ordering (i.e., lower addresses contain the least significant
parts of the field). As an example Table 84 defines the byte order for double word accesses to the MB conl]
trol words.

In this chapter CSRs are defined as 8-bit or 16-bit registers. Since a byte is the smallest access granularity
for CSRs, a single 8-bit CSR contains two 4-bit control words.

Table 182 — Double word byte order for SMBus control word accesses

Register Cw
# Description Data[31:24] Data[23:16] Data[15:8] Datal7:0] access
g-11 FORCO-FORCY Forc7 | Force | Forcs | Forcs | Forca | Forc2 | Forct | Forco | Foy, 882

132-135 |F15RCE-F15RC15 | Fi1srRC1s]| FisrRc14] FisrRc13] FisrC12 | FisrRc11] Fisrcio] Fisrca | Fisrca | F1s, 882

15.1.1 Register Attribute Definition

All registers have Base Attributes as defined in Table 85. Some register attributes are further modified with
Attribute Modifiers, as defined in Table 86.

Table 183 — Register Base Attributes

Attribute Abbreviation Description

Read Only RO This bit can be read by software. Writes have no effect.

Read/Write RW This bit can be read or written by software.

Write Only WO This bit can only be written by software.

Reserved RV This bit is reserved for future expansion and its value must not be modified by software.

The bit will return ‘0’ when read. When writing this bit, software must preserve the value
read unless otherwise indicated.

Table 184 — Register Attribute Modifier

Attribute Abbreviation Description
Write 1 Only 10 This bit can only be set (i.e. write ‘1°) but not reset (i.e. write ‘0”) via SMBus
Sticky S The bit is “sticky” or unchanged by a device reset. This bit can only be defaulted by a

power-up reset.
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15.1.2 Number Notation

When references are made to numbers in register definitions, the following notation is used:
Binary: n’bxx

n = number of bits

b = indicates binary

xX = binary value

Hexadecimal: n’hxx
n = number of bits
h = indicates hexadecimal

xx = hexadecimal value

15.1.3 Function Spaces

The following functions are described in this chapter:
s. Function 0

Revision ID, Device ID and Vendor ID registers
JEDEC specified control words

Temperature Sensor registers

MRS snooping registers

6. Function(s) TBD

JEDEC DFX registers for MemBIST

JEDEC DFX registers for Transparent Mode
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15.2 Registers

15.2.1 Register Map

Table 185 — Control Word and Temperature Sensor Register Map

Addr Register bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
(hex) | Name bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
00h

VID Vendor ID
01lh
02h

DID Device ID
03h
04h RID Revision ID
05-
- Reserved Reserved
08h FORC1_0 Y3ClockDis Y2ClockDis Y1ClockDis YOClockDis QVrefDQ QVrefCA WeakDrive InvertDis
09h FORC3_2 QCSDrive QCADrive FreqBand Reserved R1/R5_swap | Prelaunch
0Ah FORC5_4 YOY2Drive Y1Y3Drive QCKEDrive QODTDrive
0Bh FORC7_6 FunctionSelect Reserved DODTCtrl CKEMgmtMode

CKEPD- )
0Ch FORC9_8 CKEPDENn YDis Reserved DCAVref IBTDCA
Mode

0Dh FORC11_10 Parity Calculation OpVolt Reserved OpFreq
OEh FORC13_12 NumLogRanks NumPhyRanks FreqContext TrainingControl
OFh FORC15_14 RankMultCtrl DRAMwidth MRSCtrl RefCtrl MirrorCtrl
10h F1RC1_0 Reserved IBTDCKE IBTDCS32 IBTDCS
11h F1RC3_2 Reserved Reserved IBTDODT
12h Reserved Reserved Reserved
13h F1RC7_6 FunctionSelect Reserved

14h F1RC9_8 Refresh Stagger

QCS_ExtDelay (Optional)

QCA_ExtDelay (Optional)

15h F1RC11_10 QCKE_ExtDelay (Optional)

QODT_ExtDelay (Optional)

Refresh Stagger Limit

16h F1RC13_12 QCSDENn QCSDelay Reserved YDelay
17h F1RC15_14 QCKEDEN QCKEDelay QODTDEN QODTDelay
18h F2RC1_0 Reserved Mask_QRST Clear_Sticky | Soft_Reset TM_CS_Mult Reserved TModeEn
19h F2RC3_2 ERROut_En Valid Failure TrainCtrl AccCtITS AccCtIVendor AccCtIJEDEC AccCtIFNO
1Ah F2RC5_4 NumRows NumColumns MEMBIST_RankCtrl
1Bh F2RC7_6 FunctionSelect MEMBIST_RefCtrl
1Ch F2RC9_8 ECC_Pattern2 ECC_Patternl
1Dh F2RC11_10 ECC_Pattern4d ECC_Pattern3
1Eh F2RC13_12[ ECC_Pattern6 ECC_Pattern5
1Fh F2RC15_14 ECC_Pattern8 ECC_Pattern7
20h F3RC1_0 DQVref RTT_Wr TDQS RTT_Nom
21h F3RC3_2 Reserved DQDrvDis DQDrv
22h Reserved Reserved
23h F3RC7_6 FunctionSelect Connect.or ¥ Reserved DQTiming
DRAMwidth
24h F3RC9_8 MDQDrvDis MDQDrv Reserved MBQODT
25h F3RC11 10 Reserved Rank0 Wr Rank0 Wr Reserved RankO Rd RankO Rd
B QxODT1 QxODTO QxODT1 QxODTO

26h F3RC13_12

MDQWriteDelay - Byte 0 (Optional)

MDQReadDelay - Byte 0 (Optional)

27h Reserved Reserved
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28— . .
- Reserved Reserved; FARC7 is FuncionSelect
Rank1l Wr Rankl Wr Rank1 Rd Rank1 Rd
2Dh FARC11_10 Reserved Reserved
B QxODT1 QxODTO QxODT1 QxODTO
2Eh FARC13_12 MDQWriteDelay - Byte 1 (Optional) MDQReadDelay - Byte 1 (Optional)
2Fh Reserved Reserved
32; Reserved Reserved; F5RC7 is FuncionSelect
Rank2 Wr Rank2 Wr Rank2 Rd Rank2 Rd
35h F5RC11_10 Reserved Reserved
QxODT1 QxODTO QxODT1 QxODTO
36h F5RC13_12 MDQWriteDelay - Byte 2 (Optional) MDQReadDelay - Byte 2 (Optional)
37h Reserved Reserved
zi; Reserved Reserved; F6RC7 is FuncionSelect
Rank3 Wr Rank3 Wr Rank3 Rd Rank3 Rd
3Dh F6RC11_10 Reserved Reserved
- QxODT1 QxODTO0 Qx0DT1 QxODTO0
3E F6RC13_12 MDQWriteDelay - Byte 3 (Optional) MDQReadDelay - Byte 3(Optional)
3Fh Reserved Reserved
4 )—
4Zh Reserved Reserved; F7RC7 is FuncionSelect
Rank4 Wr Rank4 Wr Rank4 Rd Rank4 Rd
45h F7RC11_10 Reserved Reserved
QxODT1 QxODTO QxODT1 QxODTO
46h F7RC13_12 MDQWriteDelay - Byte 4 (Optional) MDQReadDelay - Byte 4 (Optional)
47h Reserved Reserved
:i; Reserved Reserved; F8RC7 is FuncionSelect
Rank5 Wr Rank5 Wr Rank5 Rd Rank5 Rd
4Dh F8RC11_10 Reserved Reserved
B QxODT1 QxODTO QxODT1 QxODTO
4Eh F8RC13_12 MDQWriteDelay - Byte 5 (Optional) MDQReadDelay - Byte 5 (Optional)
4Fh Reserved Reserved
22; Reserved Reserved; FORC7 is FuncionSelect
Rank6 Wr Ranké Wr Rank6 Rd Rank6 Rd
55h FORC11_10 Reserved Reserved
- Qx0DT1 QxODTO Qx0DT1 QxODTO
56h FORC13_12 MDQWriteDelay - Byte 6 (Optional) MDQReadDelay - Byte 6 (Optional)
57h Reserved Reserved
;8; Reserved Reserved; F10RC7 is FuncionSelect
Rank7 Wr Rank7 Wr Rank7 Rd Rank7 Rd
5Dh F10RC11_10 Reserved Reserved
QxODT1 QxODTO QxODT1 QxODTO
SE F10RC13_12 MDQWriteDelay - Byte 7 (Optional) MDQReadDelay - Byte 7 (Optional)
SF Reserved Reserved
60—
— Reserved Reserved; F11RC7 is FuncionSelect
66h F11RC13_12 MDQWriteDelay - Byte 8 MDQReadDelay - Byte 8 (Optional)
67h Reserved Reserved
:zh_ Reserved Reserved; F12RC7 and F13RC7 are FunctionSelect
74h F13RC9_8 SMBus Function Reserved
75h F13RC11_10 MSB of Address Port LSB of Address Port
76h F13RC13_12 Reserved Extended Address Port
77h F13RC15_14 MSB of Data Port LSB of Data POrt
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78h F14RC1_0 Personality Byte O
79h F14RC3_2 Personality Byte 1
7Ah F14RC5_4 Personality Byte 2
7Bh F14RC7_6 FunctionSelect Personality Byte 3 bits 3:0
7Ch F14RC9_8 Personality Byte 4
7Dh F14RC11_10 Personality Byte 5
7Eh F14RC13_12 Personality Byte 6
7Fh F14RC15_14 Personality Byte 7
80h F15RC1_0 Personality Byte 8
81h F15RC3_2 Personality Byte 9
82h F15RC5_4 Personality Byte 10
83h F15RC7_6 FunctionSelect Personality Byte 3 bits 7:4
84h F15RC9_8 Personality Byte 11
85h F15RC11_10 Personality Byte 12
86h F15RC13_12 Personality Byte 13
87h F15RC15_14 Personality Byte 14
88—
- Reserved Reserved
AO- A .
Alh TS-CAP Temperature Sensor Capabilities Register
A2—- X . .
A3h TS-CONF Temperature Sensor Configuration Register
A4— . . .
ASh TS-HILIM Temperature Sensor High Limit Register
A6— L .
ATh TS-LOLIM Temperature Sensor Low Limit Register
A8- . .
ASh TS-TCRIT Temperature Sensor Critical Temperature Register
AA- . .
ABh TS-AMB Temperature Current Ambient Temperature Register
ACh MRS_CTRL MRS Control
AD-
- Reserved Reserved
RO_MR12_
B8h Rank 0 MR1,2 Register
OVER
R1_MR12
BSh - - Rank 1 MR1,2 Register
OVER
R2_MR12 .
BAh - - Rank 2 MR1,2 Register
OVER
R3_MR12 .
BBh - - Rank 3 MR1,2 Register
OVER
R4_MR12_ .
BCh Rank 4 MR1,2 Register
OVER
R5_MR12
BDh - - Rank 5 MR1,2 Register
OVER
R6_MR12 .
BEh - - Rank 6 MR1,2 Register
OVER
R7_MR12_ .
BFh Rank 7 MR1,2 Register
OVER
Cco-
— Reserved Reserved
C8- .
Coh MRO_SNOOP MRO Snoop Register
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A- .
EBh MR1_SNOOP MR1 Snoop Register
CC- .
oh MR2_SNOOP MR2 Snoop Register
CE- .
CFh MR3_SNOOP MR3 Snoop Register
DO-

- Reserved Reserved
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15.2.2 Register Description

Table 186 — Vendor ID Register

00h Vendor ID

Bits Attr Default Description
15:0 RO Vendor specific Vendor ID

Table 187 — Device ID Register

02h Device ID

Bits Attr Default Description
15:0 RO 0030h Device ID

Table 188 — Revision ID Register

04h Revision ID

Bits Attr Default Description
7:0 RO 0 Revision ID
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08h FORC1 — FORCO

Bits Attr Default Description

FORC1[3]:'

Y3 t/Y3_c Clock Disable
0: Output enabled

1: Output disabled

FORC1[2]:'!

Y2 t/Y2 c Clock Disable
0: Output enabled

1: Output disabled

FORC1[1]:'

Y1 t/Y1 c Clock Disable
0: Output enabled

1: Output disabled

FORC1[0]:'

YO t/YO c Clock Disable
0: Output enabled

1: Output disabled

FORCO[3]:

QVrefDQ Output

0: Output enabled

1: Output disabled and floating

FORCOI2]:

QVrefCA Output

0: Output enabled

1: Output disabled and floating

FORCO[1]:
Output Weak Drive>
0: Disabled
1: Enabled

FORCO[0]:
Output Inversion
0: Enabled
1: Disabled

NOTE 1 Output clocks may be individually turned on or off to conserve power. The system must read the module SPD to
determine which clock outputs are used by the module. The PLL remains locked on CK_t/CK_c unless the system stops the clock

inputs to the MB to enter the lowest power mode.

NOTE 2 Output Weak Drive is applicable only when all DCS[x:0] n are HIGH

NOTE 3 Output weak drive refers to allowing A/B outputs to enter a state of higher output impedance when they are not being
used. This is to conserve power when the outputs are resistively terminated to a voltage (e.g., VDD, VTT, or VSS). When output
Weak Drive is enabled, the following outputs (on both matching A and B outputs) are affected: QxA0, QxAl, QxA2, QxA3,
QxA4, QxA5, QxA6, QxA7, QxAS8, QxA9, QxA10/ AP, QxAll, QxA12/BC, QxA13, QxAl4, QxAlS5, QxBAO, QxBA1, QxBA2,

QxRAS n, QxCAS n, and QxWE n.
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15.2.2 Register Description (cont’d)

Table 190 — FORC3_2 Register

09h

FORC3 — FORC2

Bits

Attr

Default

Description

7:6

RW

FORC3]3:2]:

QxCS[3:0] n Outputs

00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)
10: Strong Drive (32 to 40 DRAM Loads)
11: Reserved

5:4

RW

FORC3][1:0]:

Address/Command - QxAn, QxBAn, QxRAS n, QxCAS n, QxWE_n Outputs
00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)

10: Strong Drive (32 to 40 DRAM Loads)

11: Very Strong Drive (64 to 80 DRAM Loads)

RW

FORC2[3]:

Frequency Band Select

0: Operation (Frequency Band 1)
1: Test Mode (Frequency Band 2)

RV

FORC2[2]:
Reserved

RW

FORC2[1]:

Rank 1 and Rank 5 Swalpl

0: Disabled; Rank 1 = QACS[1]_n; Rank 5=QBCS[1] n
1: Enabled; Rank 1 = QBCS[1] n; Rank 5 = QACS[1]_n

RW

FORC2[0]:

Command/Address Prelaunch!

0: Standard timing (no prelaunch)

1: Prelaunch

Address and command nets pre-launch controlled by FIRC8 and FIRC12

Control signals QxCKE, QxCS _n and QxODT controlled by F1IRCS, FIRC11 and
FIRC[15:13]

NOTE 1 Host BIOS is responsible for configuring this bit based on DIMM type. DIMM SPD indicates whether DIMM has
swapped Rank 1 and Rank 5. Typically, this bit is used for 8Rx8 DIMM configuration.
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Table 191 — FORCS_4 Register
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0Ah

FORC5 — FORC4

Bits

Attr

Default

Description

7:6

RW

FORC5]3:2]:

Clock YO t, YO ¢, Y2 t, and Y2 _c Output Drivers (B side)
00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)

10: Strong Drive (32 to 40 DRAM Loads)

11: Reserved

5:4

RW

FORCS5[1:0]:

Clock Y1_t, Y1 ¢, Y3 t,and Y3_c Output Drivers (A side)
00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)

10: Strong Drive (32 to 40 DRAM Loads)

11: Reserved

3:2

RW

FORC4[3:2]:

QxCKE[3:0] Outputs

00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)
10: Strong Drive (32 to 40 DRAM Loads)
11: Reserved

1:0

RW

FORC4[1:0]:

QxODT[1:0] Outputs

00: Light Drive (8 to 10 DRAM Loads)

01: Moderate Drive (16 to 20 DRAM Loads)
10: Strong Drive (32 to 40 DRAM Loads)
11: Reserved
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15.2.2 Register Description (cont’d)

Table 192 — FORC7_6 Register

0Bh

FORC7 — FORC6

Bits

Attr Default

Description

7:4

RW 0

FORC7[3:0]:

Function Select

0000: FO; RC0-6, 8-15=FORCO06, 8-15
0001: F1; RC0-6, 8-15=F1RCO06, 8-15
0010: F2; RC0-6, 8-15=F2RC06, 8-15
0011: F3; RCO0-6, 8-15=F3RC06, 8-15
0100: F4; RCO0-6, 8-15=F4RC06, 8-15
0101: F5; RCO0-6, 8-15=F5RC06, 8-15
0110: F6; RCO-6, 8-15=F6RC06, 8-15
0111: F7; RC0-6, 8-15=F7RCO06, 8-15
1000: F8; RC0-6, 8-15=F8RC06, 8-15
1001: F9; RCO0-6, 8-15=F9RC06, 8-15
1010: F10; RC0-6, 8-15=F10RCO06, 8-15
1011: F11; RCO0-6, 8-15=F11RCO06, 8-15
1100: F12 (Reserved)

1101: F13 (Reserved)

1110: F14 (Vendor Specific)

1111: F15 (Vendor Specific)

RV 0

FORC6[3]:
Reserved

RW 0

FORC6[2]:
DODT Control
0: Buffer only evaluates DODT|[0]

1: Buffer evaluates DODT[0] & Dodt[l]/DCKE[3]2

1:0

RW 0

FORC6[1:0]:
CKE Management Mode
00: (default) CKE outputs are directly controlled by 2 CKE inputs
DCKE[0] controls QXCKE[Z,O]1
DCKE[1] controls QXCKE[S,I]1
01: CKE outputs are directly controlled by 4 CKE inputs1
DCKE[0] controls QxCKE[0]
DCKE[1] controls QxCKE[1]
DCKE][2] controls QxCKE[2]
DODT[I]/DCKE[?&]2 controls QxCKE[3]
10: 4 QxCKE outputs controlled independently of 2 DCKE inputs. Buffer only asserts
or de-asserts QxCKE[x] Ranks that is specified by the host
11: Reserved

NOTE 1 In 2 rank case, buffer tri-states QxCKE[2] and QxCKE[3] outputs

NOTE 2 In 4 DCKE mode (bits 9:8="01), DODT[1]/DCKE[3] pin will be used for DCKE[3]. In other cases the pin will be used
as DODT[1] if bit 10=1 otherwise DODT[1] pin is not used and may be tri-stated and buffer turns off IBT for DODTJ[1].
Additionally in 4 DCKE mode (bits 9:8=’01") bit 10 must be ‘0’.
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15.2.2 Register Description (cont’d)

Table 193 — FORC9_8 Register

0Ch FORC9 — FORCS

Bits Attr Default Description

FORC9[3]:

CKE Power Down Mode Enable!

0: Disabled

1: Enabled

FORC9|2]:

CKE Power Down Mode (If CKE Power Down Enabled)

0: CKE Power Down with IBT On, DQS RTT enabled

1: CKE Power Down with IBT Off, DQS RTT disabled
FORCI[1]:

Output Clock Disable in CKE Power Down Mode

0: Y clocks stay active in CKE power down

1:'Y clocks disabled in CKE power down

FORC9[0]:

Reserved

FORCS[3]:

Vref for DAn, DBAn, DRAS n, DCAS n, DWE n and PAR IN, DCSx n,
3 RW 0 DCKEn, DODTx

0: Use VrefCA input pin for receiver reference voltage

1: Use internally generated Vref for receiver reference voltage
FORCSJ[2:0]:

Input Bus termination for DAn, DBAn, DRAS n, DCAS n, DWE n and
PAR IN

000: 100 Ohm

001: 150 Ohm

2:0 RW 0 010: 200 Ohm

011: 300 Ohm

100: Reserved

101: Reserved

110: Reserved

111; Off

NOTE 1 The MB supports different power down modes. By default, the Power Down feature is disabled (bit 7=0). The register
ignores CKE Power Down mode setting when this function is disabled. If the CKE Power Down mode is enabled (bit 7=1), then
power down is invoked once both DCKEO and DCKEI1 are low. Bit DBAO selects how IBT and DQS RTT behave and bit DA4
selects how Y clocks behave during CKE Power Down

NOTE 2 With this setting IBT on all inputs except DCSx_n, DCKEx and DODTx is turned off
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15.2.2Register Description (cont’d)

Table 194 — FORC11_10 Register

0Dh FORCI11 - FORC10
Bits Attr Default Description
FORC11[3:2]:
Parity Calculation
7:6 RW 0 00: OFF!
01: A[15:0], BA[2:0], RAS n, CAS n, WE n
10: A[17:0], BA[2:0], RAS n, CAS n, WE n
11: Reserved
FORCI11[1:0]:
MB VDD Operating Voltage
00: 1.5V DDR3 mode (default)
>4 RW 0 01: 1.35V DDR3L mode?
10: Reserved
11: Reserved
FORC10[3:0]:
DIMM Operating Speed
0000: < 800 MT/s
0001: 800 MT/s < £< 1066 MT/s
0010: 1066 MT/s < <1333 MT/s
3:0 RW 0 0011: 1333 MT/s << 1600 MT/s
0100: 1600 MT/s < f< 1866 MT/s
0101: 1866 MT/s < <2133 MT/s
0110: Reserved
0111: Reserved
1XXX: Reserved

NOTE 1 Buffer does not check for parity including control word programming commands.

NOTE 2 DDR3L 1.35V MB is backward compatible and operable to DDR3 1.5V specification. To guarantee all timings and
specification for DDR3 1.5V, the MB must be configured with bits[5:4]="00"
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15.2.2 Register Description (cont’d)

Table 195 — FORC13_12 Register

0Eh FORCI13 — FORC12

Bits Attr Default Description

FORC13[3:2]:

Number of Logical Ranks

00: Buffer evaluates DCS[0] n

01: Buffer evaluate DCS[1:0] n

10: Buffer evaluates DCS[3:0] n

11: Buffer evaluates DCS[7:0] n
FORC13[1:0]:

Number of Physical Ranks

00: 8 ranks connected to QCS[7:0]_n
01: 4 ranks connected to QxCS[3:0] n
10: 2 ranks connected to QxCS[1:0] n
11: 1 rank connected to QxCS[0] n
FORC12[3]:

Context for operating training

7:6 RW 0

5:4 RW 0

0: Context 1 operation and storage of DRAM interface calibration values to CSRs
1: Context 2 operation and storage of DRAM interface calibration values to CSRs
FORC12[2:0]:

Training Control

000: Normal operating mode'

2:0 RW 0 001: Connector DQ interface write leveling
010: Start DRAM interface training2

011: Reserved

1XX: Reserved

NOTE 1 Buffer stops driving Errout n Low when training had error. Buffer stops training if it was previously started and will
stop driving Errout_n Low. Buffer resets Fail and Valid bits in F2RC3_2 register.

NOTE 2 Buffer starts driving Errout n Low 20 clocks after receiving this command.’

0265



JEDEC Standard No. 82-30
Page 254

15.2.2 Register Description (cont’d)
Table 196 — FORC15_14 Register

0Fh FORCI15 — FORC14

Bits Attr Default Description

FORC15]3:0]:

Rank Select bits

0000: Normal operating mode

0001: RA[14]; 2x multiplication, 1 Gbit DDR3 SDRAM
0010: RA[15]; 2x multiplication, 2 Gbit DDR3 SDRAM
0011: RA[16]; 2x multiplication, 4 Gbit DDR3 SDRAM
0100: Reserved

0101: RA[15:14]; 4x multiplication, 1 Gbit DDR3 SDRAM
0110: RA[16:15]; 4x multiplication, 2 Gbit DDR3 SDRAM
0111: RA[17:16]; 4x multiplication, 4 Gbit DDR3 SDRAM
1000: Reserved

1001: Reserved

1010: Reserved

1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: Reserved

FORC14[3]:

DRAM Bus Width

0: X4

1: X8

7:4 RW 0

FORC14[2]:3

DRAM MRS Control

0: (default) MRS command is broadcast to all physical ranks associated with a logical
rank as specified in FORC13

1: MRS command is issued to a specific physical rank as specified by the host using the

Rank multiplication addressing method specified in FORC152

FORC14[1]:3

DRAM Refresh, Precharge single and Precharge All Command Control

0: (default) Refresh, Precharge single and Precharge All command is broadcast to all

1 RW 0 physical ranks associated with a logical rank as specified in FORC13

1: Refresh, Precharge single and Precharge! All command is issued to a specific
physical rank as specified by the host using the Rank multiplication addressing method
specified in FORC152

FORC14[0]:*

Address Mirroring Control

0 RW 0 0: Disabled

1: Enabled. Buffer mirrors Address for ODD Physical Ranks. Buffer interprets
information in host MRS commands to odd ranks as being mirrored.

OTE 1 Butfer evaluates address bit A13 for MRS command. If A13=0, bufter passes MRS command to a Rank specified by
host as defined in FORC15. If A13=1, buffer broadcasts MRS command to all physical ranks associated with a logical rank.
NOTE 2 Buffer evaluates address bit A0 for Precharge Single and Precharge All command. If A0=0, buffer steers Precharge
Single and Precharge All command to a Rank specified by host as defined in FORC15. If AO=1, buffer broadcasts Precharge Single
and Precharge All command to all physical ranks associated with a logical rank.

NOTE 3 Only applicable in Rank Multiplication mode as selected in FORC15. In normal mode of operation these bits do not
apply and must be configured as 0.

NOTE 4 This is only applicable when buffer executes MRS command on its own under training for its DRAM interface. Host
memory controller is still responsible for Address Mirroring when it issues MRS command under DRAM initialization phase as
well as normal mode of operation.
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15.2.2 Register Description (cont’d)

Table 197 — FIRC1_0 Register

10h F1RCI1 - F1RCO

Bits Attr Default Description
F1RC1[3]:
Reserved
F1RC1]2:0]:
Input Bus Termination DCKE[1:0] an DCKE[S:Z]1
000: 100 Ohm
001: 150 Ohm
010: 200 Ohm
011: 300 Ohm
100: Reserved
101: Reserved
110: Reserved

111: Off?

F1RCO[3]:

Input Bus Termination DCS[3:2] n
0: IBT as defined in FIRCO

1: IBT as defined in FORC8
F1RC0][2:0]:

Input Bus Termination DCS[1:0] and DCS[3:2]_n3
000: 100 Ohm

001: 150 Ohm

010: 200 Ohm

011: 300 Ohm

100: Reserved

101: Reserved

110: Reserved

111: Off*

7 RV 0

6:4 RW 0

2:0 RW 0

NOTE 1 IfFORC6[1:0]="01"
NOTE 2 With this setting, IBT on all DCKE inputs is turned off.
NOTE 3 IfFIRCO[3]="0"

NOTE 4 With this setting, IBT on all DCS_n inputs is turned off.
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15.2.2 Register Description (cont’d)

Table 198 — F1RC3_2 Register

11h F1RC3 - F1RC2

Bits Attr Default Description

FIRC3[3:2]:

T4 RV 0 Reserved

FIRC2[3]:

3 RV 0 Reserved

F1RC2[2:0]:

Input Bus Termination DODT[1 :O]1
000: 100 Ohm

001: 150 Ohm

010: 200 Ohm

011: 300 Ohm

100: Reserved

101: Reserved

110: Reserved

111: Off2

2:0 RW 0

NOTE 1 Applies to DODT[1] only if FORC6[2]="1"; otherwise IBT on DODT([1] is off.
NOTE 2 With this setting, IBT on all DODT inputs is turned off.

Table 199 — F1RC7_6 Register

13h F1RC7-F1RC6
Bits Attr Default Description
F1RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F1RC6][3:0]:
3:0 e 0 Reserved
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15.2.2 Register Description (cont’d)

Table 200 — F1RC9_8 Register
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14h

FIRC9— F1RC8

Bits

Attr Default

Description

7:4

RW 0

F1RC9[3:0]:

Refresh Stagger

0000: Ref Stagger = 0 clocks
0001: Ref Stagger = 20 clocks
0010: Ref Stagger = 30 clocks
0011: Ref Stagger = 40 clocks
0100: Ref Stagger = 60 clocks
0101: Ref Stagger = 80 clocks
0110: Ref Stagger = 100 clocks
0111: Ref Stagger = 120 clocks
1XXX: Reserved

3:2

RW 0

FIRCS8[3:2]: (Optional)

Total QCS delay = QCS Delay (F1FC13) + QCSDextended
00: QCSDextended = 0. No addition to QCS Delay

01: QCSDextended = (1/128)*tCK

10: QCSDextended = (2/128)*tCK

11: QCSDextended = (3/128)*tCK

1:0

RW 0

F1RCS8][1:0]: (Optional)

Total Y delay =Y Delay (F1FC12) + YDextended
00: YDextended = 0. No addition to Y Delay

01: YDextended = (1/128)*tCK

10: YDextended = (2/128)*tCK

11: YDextended = (3/128)*tCK
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15.2.2 Register Description (cont’d)

Table 201 — F1RC11_10 Register

15h

FIRC11—F1RCI10

Bits

Attr

Default

Description

7:6

RW

F1RC11[3:2]: (Optional)

Total QCKE delay = QCKE Delay (F1FC15) + QCKEDextended
00: QCKEDextended = 0. No addition to QCKE Delay

01: QCKEDextended = (1/128)*tCK

10: QCKEDextended = (2/128)*tCK

11: QCKEDextended = (3/128)*tCK

5:4

RW

F1RC11[1:0]: (Optional)

Total QODT delay = QODT Delay (F1FC14) + QODTDextended
00: QODTDextended = 0. No addition to QODT Delay

01: QODTDextended = (1/128)*tCK

10: QODTDextended = (2/128)*tCK

11: QODTDextended = (3/128)*tCK

RW

FIRC10[3]:
0: Always start with the lowest numbered rank

1: Start rank is the rank after the last refresh (start rank only changes if a refresh

was missed)

2:0

RW

F1RC10[2:0]:

Refresh Stagger Limit!

000: Ref Stagger = unlimited
001: Ref Stagger = 10 clocks
010: Ref Stagger = 20 clocks
011: Ref Stagger = 30 clocks
100: Ref Stagger = 40 clocks
101: Ref Stagger = 60 clocks
110: Ref Stagger = 80 clocks
111: Reserved

NOTE 1

This control word is only applicable when FORC14[0]="0"
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15.2.2 Register Description (cont’d)

Table 202 — F1RC13_12 Register
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16h

FIRC13 —FIRCI2

Bits

Attr Default | Description

FI1RC13[3]:

Controls QCS_n Delay

0: Disable QCS_n delay. Delay QCS_n by 0 tCK to Yn (m=0)
1: Enable QCS_n delay according to FIRC13

RW 0

6:4

F1RC13]2:0]:

Delay QCS n

000: Delay QCS by (8/32)*tCK to Yx (m=8)
001: Delay QCS by (7/32)*tCK to Yx (m=7)
010: Delay QCS by (6/32)* tCK to Yx (m=6)
011: Delay QCS by (5/32)*tCK to Yx (m=5)

100: Delay QCS by (4/32)*tCK to Yx (m=4)
101: Delay QCS by (3/32)*tCK to Yx (m=3)
110: Delay QCS by (2/32)*tCK to Yx (m=2)

111: Delay QCS by (1/32)*tCK to Yx (m=1)

RW 0

FIRCI12[3]:

RV 0 Reserved

2:0

FI1RC12[3]:
Delay Y

000: Delay Y by (8/32)*CK (QCA prelaunch = 0.75 tCK, n:8)1

001: Delay Y by (7/32)*tCK (QCA prelaunch = 0.71875 tCK, n=7) !
010: Delay Y by (6/32)*tCK (QCA prelaunch = 0.6875 tCK, n=6) !
011: Delay Y by (5/32)*tCK (QCA prelaunch = 0.65625 tCK, n=5) !
100: Delay Y by (4/32)*tCK (QCA prelaunch = 0.625 tCK, n=4)!
101: Delay Y by (3/32)*tCK (QCA prelaunch = 0.59375 tCK, n=3) !
110: Delay Y by (2/32)*tCK (QCA prelaunch = 0.5625 tCK, n=2) !
111: Delay Y by (1/32)*tCK (QCA prelaunch = 0.53125 tCK, n:0)1

RW 0

NOTE 1

If FORC2[0] = 1
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15.2.2 Register Description (cont’d)

Table 203 — F1IRC15_14 Register

17h FIRC15 - FIRCI14

Bits Attr Default | Description

F1RC15|3]:

Controls QCKE Delay

0: Disable QCKE delay QCKE by 0 tCK to Yx (m=0)
1: Enable QCKE delay according to FIRC15

7 RW 0

FI1RC15][2:0]:

Delay QCKE

000: Delay QCKE by (8/32)*tCK to Yx (m=8)
001: Delay QCKE by (7/32)*tCK to Yx (m=7)
010: Delay QCKE by (6/32)*tCK to Yx (m=6)
011: Delay QCKE by (5/32)*tCK to Yx (m=5)
100: Delay QCKE by (4/32)*tCK to Yx (m=4)
101: Delay QCKE by (3/32)*tCK to Yx (m=3)
110: Delay QCKE by (2/32)*tCK to Yx (m=2)
111: Delay QCKE by (1/32)*tCK to Yx (m=1)

6:4 RW 0

FIRC14[3]:

Controls QODT Delay

0: Disable QODT delay QODT by 0 tCK to Yx (m=0)
1: Enable QODT delay according to FIRC14

F1RC14][2:0]:

Delay QODT

000: Delay QODT by (8/32)*tCK to Yx (m=28)
001: Delay QODT by (7/32)*tCK to Yx (m=7)
010: Delay QODT by (6/32)*tCK to Yx (m=6)
011: Delay QODT by (5/32)*tCK to Yx (m=5)
100: Delay QODT by (4/32)*tCK to Yx (m=4)
101: Delay QODT by (3/32)*tCK to Yx (m=3)
110: Delay QODT by (2/32)*tCK to Yx (m=2)
111: Delay QODT by (1/32)*tCK to Yx (m=1)

2:0 RW 0

0272



JEDEC Standard No. 82-30
Page 261

15.2.2 Register Description (cont’d)

Table 204 — F2RC1_0 Register

18h F2RC1 - F2RC0

Bits Attr Default Description

F2RC1[3]:

Reserved

F2RC1[2]:

Mask DDR Reset

0: Soft Reset will cause assertion of the QRST n output
1: Soft Reset will not assert the QRST n output
F2RC1[1]:

Clear Sticky Register Bits

0: Don’t clear sticky register bits during Soft Reset

7 RV 0

6 RWS 0

1: Clear sticky register bits during Soft Reset

F2RC1]0]:

Soft Reset?

0: Writing a ‘0’ has no effect

1: Writing a ‘1’ initiates a Soft Reset

F2RC0[3:2]:

Chip select multiplication in transparent mode

00: QACS[3:0]_n=DCS[3:0]_n, QBCS[3:0]_n=DCS[3:0]_n

01: QACS[3:0]_n=DCS[3:0]_n, QBCS[3:0]_n=DCS[7:4]_n
10: QACS[2,0]_n=DCS[1,0]_n, QBCS[2,0] n=DCS[3:2] n
QACS[3,1]_n=2’b11, QBS[3,1]_n=2’bll
11: QACS[2,0] n=2’b11, QBS[2,0] n=2’b11
QACS[3,1] n=DCSJ[1,0] n, QBCS[3,1] n=DCS[3:2] n
F1RCO[1]:
Reserved
F1RCO[0]:
Enable transparent mode
0: Normal operation
1: Transparent mode enabled
a. Valid clock with stable frequency needs to be supplied to MB until at least MB tMRD + DRAM tMOD + 100ns after writ[]
inga ‘1’ to bit 4.

3:2 RW 0

0 RW 0
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Table 205 — F2RC3_2 Register

19h F2RC3 — F2RC2

Bits Attr Default Description

F2RC3[3]:

Errout_n Enable for Training & MEMBIST

0: Disable - Errout_n is not driven Low when Training/MEMBIST is started
1: Enable - Errout_n is driven Low when Training/MEMBIST is started

F2RC3[2]:
Valid Bit
6 ROS 0 0: Training still running or results are not valid

1: Training completed and results are valid

F2RC3][1]:
Failure Bit
0: Pass

1: Failure

5 ROS 0

F2RC3[0]:
Training Control
0: Training not running; writing ‘0’ will stop training and clear Failure and Valid bits!

1: Training running; writing ‘1° will stop training but not clear Failure and Valid bits”

F2RC2[3]:
SMBus Access control to Temperature Sensor

This bit can only be written by control word write

3 RW10 0 0: SMBus accesses to/from TS are executed’

1: SMBus reads from TS return all zeros
SMBus writes to TS are acknowledged but not executed

F2RC2[2]:
SMBus Access control to function spaces 2, 4, 6-15 (Vendor specific)
This bit can only be written by control word write
0: SMBus accesses to FN[2,4,6-15] are executed
1: SMBus reads from FN[2,4,6-15] return all zeros
SMBus writes to FN[2,4,6-15] are acknowledged but not executed

2 RW10 0

F2RC2[1]:
SMBus Access control to function spaces 1, 3, 5 (JEDEC)
This bit can only be written by control word write
0: SMBus accesses to FN[1,3,5] are executed
1: SMBus reads from FN[1,3,5] return all zeros
SMBus writes to FN[1,3,5] are acknowledged but not executed

1 RWI10 0

F2RC2[0]:
SMBus Access control to function space 0 (except TS)4
This bit can only be written by control word write
0: SMBus accesses to/from FNO are executed
1: All SMBus reads from FNO return zeros
All SMBus writes to FNO are acknowledged but not executed

0 RWI10 0

NOTE 1 Buffer stops driving Errout n Low when training had error. Buffer stops training if it was previously started and will
stop driving Errout_n Low. Buffer resets Failure and Valid bits.

NOTE 2 Buffer stops driving Errout n Low when training had error. Buffer stops training if it was previously started and will
stop driving Errout_n Low. Buffer does not reset Failure and Valid bits.

NOTE 3 Write accesses to the TS Critical, High and Low Limit registers are controlled by the TCRIT_LOCK and
EVENT LOCK bits in the TS Configuration register

NOTE 4 Accesses to TS registers are unaffected by this bit
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15.2.2 Register Description (cont’d)

Table 206 — F2RCS_4 Register

1Ah

F2RCS5 — F2RC4

Bits

Attr

Default

Description

7:6

RW

F2RC5]3:2]:

Number of Rows

00: 8192 Rows; RA[12:0]
01: 16384 Rows; RA[13:0]
10: 32768 Rows; RA[14:0]
11: 65536 Rows; RA[15:0]

5:4

RW

F2RC5]1:0]:

Number of Columns(=Page Size)

00: 1K; CA[9:0]

01: 2K; CA[11,9:0]

10: 4K; CA[13,11,9:0]

11: 8K; CA[2:0] (8 column addresses of BL=8 page size for testing purposes)

3:0

RW

F2RC4[3:0]:

Rank control for MEMBIST
0XXX:MEMBIST applies to All Ranks
1000: Rank 0

1001: Rank 1

1010: Rank 2

1011: Rank 3

1100: Rank 4

1101: Rank 5

1110: Rank 6

1111: Rank 7
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15.2.2 Register Description (cont’d)

Table 207 — F2RC7_6 Register

1Bh F2RC7 - F2RC6

Bits Attr Default Description

F2RC7[3:0]:

74 RW 0 Function Select (see FORC7[3:0] for definition)

F2RC6[3]:

3 RV 0 Reserved

F2RC6[2]:

MEMBIST Algorithm

0: Fixed Data 0’s (DQ[63:0] only), Full DRAM, Write Full, Read empty, compare,
default XYZR order, all physical ranks

1: LFSR data (DQ[71:0]), Full DRAM, Write Full, Read empty, compare, default
XYZR order, all physical ranks

F2RC6][1:0]:
MEMBIST, AREF and SREF Control
00: Normal operation from RESET n. If MEMBIST was previously started, then'
1. Stop MEMBIST
1:0 RW 0 2. Stop AREF
01: Stop AREF, wait till it finishes, then put all ranks of DRAMs into SR
10: Start AREF for all ranks ignoring any rank specified in F2RC4, then start MEM[]
BIST using F2RC4. AREF continues to run after the MEMBIST is complete.2
11: Reserved

NOTE 1 Buffer stops driving Errout n Low if MEMBIST had an error.

NOTE 2 Buffer starts driving Errout_n Low 20 clocks after receiving this command.

Table 208 — F2RC9_8 Register

1Ch F2RC9 — F2RCS8
Bits Attr Default Description
F2R(C9[3:0]:
7:4 RW 0 DQ[71:68] ECC Pattern 2 (see control word definition for details)
F2RCS8|3:0]:
3:0 RW 0 DQJ[67:64] ECC Pattern 1 (see control word definition for details)

Table 209 — F2RC11_10 Register

1Dh F2RC11 - F2RC10
Bits Attr Default Description
F2RC11[3:0]:
7:4 RW 0 . . .
DQ[71:68] ECC Pattern 4 (see control word definition for details)
F2RC10([3:0]:
3:0 RW 0 DQ[67:64] ECC Pattern 3 (see control word definition for details)
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15.2.2 Register Description (cont’d)

Table 210 — F2RC13_12 Register
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1Eh

F2RC13 —F2RC12

Bits

Attr

Default

Description

7:4

RW

0

F2RC13(3:0]:
DQ[71:68] ECC Pattern 6 (see control word definition for details)

3:0

RW

F2RC12[3:0]:
DQ[67:64] ECC Pattern 5 (see control word definition for details)

Table 211 — F2RC15_14 Register

1Fh

F2RC15 - F2RC14

Bits

Attr

Default

Description

7:4

RW

0

F2RC15[3:0]:
DQ[71:68] ECC Pattern 8 (see control word definition for details)

3:0

RW

F2RC14[3:0]:
DQ[67:64] ECC Pattern 7 (see control word definition for details)

Table 212 — F3RC1_0 Register

20h

F3RC1 - F3RCO

Bits

Attr

Default

Description

RW

F3RC1]3]:

Vref for DQ

0: Use VrefDQ input pin for receiver reference voltage

1: Use internally generated Vref for receiver reference voltage

6:4

RW

F3RC1][2:0]:

RTT WR

000: Dynamic ODT off
001: RZQ/4 (60 Ohm)
010: RZQ/2 (120 Ohm)

011:
100:
101:

RZQ/6 (40 Ohm)
Reserved
RZQ/8 (30 Ohm)

110: RZQ (240 Ohm)
111: RZQ/3 (80 Ohm)

RW

F3RCO[3]:
TDQS Enable

0: TDQS disabled
1: TDQS enabled

2:0

F3RCO0[2:0]:
RTT Nom

RW 0

000:
001:
010:
011:
100:
101:
110:
111:

RTT Nom disabled
RZQ/4 (60 Ohm)
RZQ/2 (120 Ohm)
RZQ/6 (40 Ohm)
Reserved

RZQ/8 (30 Ohm)
RZQ (240 Ohm)
RZQ/3 (80 Ohm)
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15.2.2 Register Description (cont’d)

Table 213 — F3RC3_2 Register

21h F3RC3 — F3RC2

Bits Attr Default Description

F3RC3[3:0]:

74 RV 0 Reserved

F3RC2[3]:

Connector Interface DQ Driver Enable

0: Connector interface DQ/DQS drivers enabled
1: Connector interface DQ/DQS drivers disabled

F3RC2[2:0]:

Connector Interface DQ/DQS Output Driver Impedance Control
000: RZQ/6 (40 Ohm)

001: RZQ/7 (34 Ohm)

010: RZQ/5 (48 Ohm)

011: RZQ/9 (27 Ohm)

100: RZQ/12 (20 Ohm)

101: Reserved

110: Reserved

111: Reserved

2:0 RW 0

Table 214 — F3RC7_6 Register

23h F3RC7 - F3RC6

Bits Attr Default Description

F3RC7[3:0]:

7:4 RW 0 Function Select (see FORC7[3:0] for definition)

F3RC6[3]:
Connector Interface DRAM Width
0: same as DRAM bus width (in FORC14)

1: Always 8 DQs per DQS!

F3RC6][2]:
Reserved

F3RC6[1:0]:

Connector Interface DQ Timing Mode
00: Minimum latency

10 RW 0 01: Minimum skew
10: Reserved

11: Reserved

NOTE 1 MB transmits and receives only one strobe per byte for Read and Write operation respectively on connector interface.
MB transmits and receives one strobe pair per DRAM for Write and Read on DRAM interface. MB turns off its input receivers
and terminations for upper 9 strobe pairs on connector interface.
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Table 215 — F3RCY9_8 Register
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24h

F3RC9 — F3RC8

Bits

Attr

Default

Description

RW

F3RC9[3]:

DRAM Interface Output Driver Disable

0: DRAM interface MDQ/MDQS output drivers enabled
1: DRAM interface MDQ/MDQS output drivers disabled

6:4

RW

F3RC9][2:0]:

DRAM Interface Output Driver Impedance Control
000: RZQ/6 (40 Ohm)

001: RZQ/7 (34 Ohm)

010: RZQ/5 (48 Ohm)

011: RZQ/9 (27 Ohm)

100: RZQ/12 (20 Ohm)

101: Reserved

110: Reserved

111: Reserved

RV

F3RC8J[3]:
Reserved

2:0

RW

F3RC8[2:0]:

DRAM Interface MDQ/MDQS ODT Strength
000: DRAM interface ODT disabled

001: RZQ/4 (60 Ohm)

010: RZQ/2 (120 Ohm)

011: RZQ/6 (40 Ohm)

100: Reserved

101: RZQ/8 (30 Ohm)

110: RZQ (240 Ohm)

111: RZQ/3 (80 Ohm)

Table 216 — F3RC11_10 Register

25h

F3RCl11

— F3RC10

Bits

Attr

Default

Description

7:6

RV

0

F3RC11]3:2]:
Reserved

RW

F3RCI1[1]:

Rank0 Write QxODT1 Control
0: Not asserted during Write

1: Asserted during Write

RW

F3RCI11[0]:

Rank0 Write QxODTO0 Control
0: Not asserted during Write

1: Asserted during Write

3:2

RV

F3RC10[3:2]:
Reserved

RW

F3RCI0[1]:
Rank0 Read QxODT]1 Control
0: Not asserted during Read

1: Asserted during Read

RW

F3RC10[0]:

Rank0 Read QxODTO0 Control
0: Not asserted during Read

1: Asserted during Read
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15.2.2 Register Description (cont’d)

Table 217 — F3RC13_12 Register

26h

F3RC13 - F3RC12

Bits

Attr Default

Description

7:4

RW 0

F3RC13][3:0]:

Byte 0 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F3RC12[3:0]:

Byte 0 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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15.2.2 Register Description (cont’d)

Table 218 — F4RC7_6 Register

2Bh F4RC7 — FARC6
Bits Attr Default Description
F4RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F4RC6[3:0]:
3:0 L 0 Reserved

Table 219 — F4RC11_10 Register

2Dh F4RC11 — F4RCI10

Bits Attr Default Description

F4RC11[3:2]:

Reserved

F4RCI11[1]:

Rank1 Write QxODT1 Control
0: Not asserted during write

1: Asserted during write

7:6 RV 0

F4RC11[0]:

Rank1 Write QxODTO0 Control
0: Not asserted during write

1: Asserted during write
F4RC10[3:2]:

Reserved

3:2 RV 0

F4RC10[1]:

Rankl Read QxODT1 Control
0: Not asserted during read

1: Asserted during read

F4RC10[0]:
Rank1 Read QxODTO0 Control
0: Not asserted during read

1: Asserted during read
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15.2.2 Register Description (cont’d)

Table 220 — F4RC13_12 Register

2Eh

F4RC13 — F4RC12

Bits

Attr Default

Description

7:4

RW 0

F4RC13][3:0]:

Byte 1 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F4RC12[3:0]:

Byte 1 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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15.2.2 Register Description (cont’d)

Table 221 — FSRC7_6 Register

33h F5RC7 — F5RC6
Bits Attr Default Description
F5RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F5RC6[3:0]:
3:0 L 0 Reserved

Table 222 — F5RC11_10 Register

35h F5RC11 — F5RCS8

Bits Attr Default Description
F5RC11][3:2]:
Reserved

7:6 RV 0

F5RCI11[1]:

Rank2 Write QxODT1 Control
0: Not asserted during write

1: Asserted during write

FSRC11[0]:

Rank2 Write QxODTO0 Control
0: Not asserted during write

1: Asserted during write
FS5RC10[3:2]:

Reserved

3:2 RV 0

FSRC10[1]:

Rank2 Read QxODT1 Control
0: Not asserted during read

1: Asserted during read

F5RC10[0]:
Rank2 Read QxODTO0 Control
0: Not asserted during read

1: Asserted during read
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15.2.2 Register Description (cont’d)

Table 223 — FSRC13_12 Register

36h

F5RCI13 - F5RC12

Bits

Attr Default

Description

7:4

RW 0

F5RC13][3:0]:

Byte 2 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F5RC12[3:0]:

Byte 2 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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15.2.2 Register Description (cont’d)

Table 224 — F6RC7_6 Register

3Bh F6RC7 — F6RC6
Bits Attr Default Description
F6RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F6RC6[3:0]:
3:0 L 0 Reserved

Table 225 — F6RC11_10 Register

3Dh F6RC11 — F6RCI10

Bits Attr Default Description
F6RC11[3:2]:
Reserved

7:6 RV 0

F6RCI11[1]:

Rank3 Write QxODT1 Control
0: Not asserted during write

1: Asserted during write

F6RC11[0]:

Rank3 Write QxODTO0 Control
0: Not asserted during write

1: Asserted during write
F6RC10[3:2]:

Reserved

3:2 RV 0

F6RC10[1]:

Rank3 Read QxODT1 Control
0: Not asserted during read

1: Asserted during read

F6RC10[0]:
Rank3 Read QxODTO0 Control
0: Not asserted during read

1: Asserted during read
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15.2.2 Register Description (cont’d)

Table 226 — F6RC13_12 Register

3Eh

F6RC13 —F6RC12

Bits

Attr Default

Description

7:4

RW 0

F6RC13][3:0]:

Byte 3 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F6RC12[3:0]:

Byte 3 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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43h F7RC7 — F7RC6
Bits Attr Default Description
F7RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F7RC6[3:0]:
A LY L Reserved
Table 228 — F7RC11_10 Register
45h F7RCI11-F7RC10
Bits Attr Default Description
F7RC11][3:2]:
[ LY b Reserved
F7RCI11[1]:
Rank4 Write QxODT1 Control
15 RW 0 0: Not asserted during write
1: Asserted during write
F7RC11[0]:
Rank4 Write QxODTO0 Control
4 RW 0 0: Not asserted during write
1: Asserted during write
F7RC10[3:2]:
= L ¢ Reserved
F7RC10[1]:
Rank4 Read QxODT1 Control
! RW 0 0: Not asserted during read
1: Asserted during read
F7RC10[0]:
Rank4 Read QxODTO0 Control
0 RW 0

0: Not asserted during read
1: Asserted during read
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Table 229 — F7RC13_12 Register

46h

F7RCI13 - F7RC12

Bits

Attr Default

Description

7:4

RW 0

F7RC13][3:0]:

Byte 4 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F7RC12[3:0]:

Byte 4 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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4Bh F8RC7 — F8RC6
Bits Attr Default Description
F8RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F8RC6][3:0]:
S0 L8 v Reserved
Table 231 — F8RC11_10 Register
4Dh FSRCI11-F8RC10
Bits Attr Default Description
F8RC11[3:2]:
[ L&Y v Reserved
F8RCI11[1]:
Rank5 Write QxODT1 Control
3 RW 0 0: Not asserted during write
1: Asserted during write
F8RC11[0]:
Rank5 Write QxODTO0 Control
4 RW 0 0: Not asserted during write
1: Asserted during write
F8RC10[3:2]:
= Y v Reserved
F8RC10[1]:
Rank5 Read QxODT1 Control
! RW 0 0: Not asserted during read
1: Asserted during read
F8RC10[0]:
Rank5 Read QxODTO0 Control
0 RW 0

0: Not asserted during read
1: Asserted during read
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Table 232 — F8RC13_12 Register

4Eh

F8RC13 — F8RC12

Bits

Attr Default

Description

7:4

RW 0

F8RC13][3:0]:

Byte 5 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F8RC12[3:0]:

Byte 5 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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53h FORC7 — FORC6
Bits Attr Default Description
F9RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
FI9RC6][3:0]:
S0 L8 v Reserved
Table 234 — FIRC11_10 Register
55h FORCI11-FI9RC10
Bits Attr Default Description
F9RC11[3:2]:
[ L&Y v Reserved
FIRCI11[1]:
Rank6 Write QxODT1 Control
3 RW 0 0: Not asserted during write
1: Asserted during write
FIRC11[0]:
Rank6 Write QxODTO0 Control
4 RW 0 0: Not asserted during write
1: Asserted during write
F9RC10[3:2]:
= Y v Reserved
F9RC10[1]:
Rank6 Read QxODT1 Control
! RW 0 0: Not asserted during read
1: Asserted during read
F9RC10[0]:
Rank6 Read QxODTO0 Control
0 RW 0

0: Not asserted during read
1: Asserted during read
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Table 235 — FOIRC13_12 Register

56h

FORC13 —F9RC12

Bits

Attr Default

Description

7:4

RW 0

FIRC13][3:0]:

Byte 6 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

FI9RC12[3:0]:

Byte 6 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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5Bh F10RC7 — F10RC6
Bits Attr Default Description
F10RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F10RC6[3:0]:
S0 L8 v Reserved
Table 237 — F10RC11_10 Register
SDh FI10RC11 —F10RC10
Bits Attr Default Description
F10RC11[3:2]:
[ L&Y v Reserved
F10RC11[1]:
Rank7 Write QxODT1 Control
3 RW 0 0: Not asserted during write
1: Asserted during write
F10RC11[0]:
Rank7 Write QxODTO0 Control
4 RW 0 0: Not asserted during write
1: Asserted during write
F10RC10[3:2]:
= Y v Reserved
F10RC10[1]:
Rank7 Read QxODT1 Control
! RW 0 0: Not asserted during read
1: Asserted during read
F10RC10[0]:
Rank7 Read QxODTO0 Control
0 RW 0

0: Not asserted during read
1: Asserted during read
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Table 238 — F10RC13_12 Register

SEh

FI0RC13 —F10RC12

Bits

Attr Default

Description

7:4

RW 0

F10RC13[3:0]:

Byte 7 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F10RC12[3:0]:

Byte 7 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK
0010: tROFFSET=2/16 tCK
0011: tROFFSET=3/16 tCK
0100: tROFFSET=4/16 tCK
0101: tROFFSET=5/16 tCK
0110: tROFFSET=6/16 tCK
0111: tROFFSET=7/16 tCK
1000: tROFFSET=8/16 tCK
1001: tROFFSET=9/16 tCK
1010: tROFFSET=10/16 tCK
1011: tROFFSET=11/16 tCK
1100: tROFFSET=12/16 tCK
1101: tROFFSET=13/16 tCK
1110: tROFFSET=14/16 tCK
1111: tROFFSET=15/16 tCK
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63h F5RC7 — F5RC6
Bits Attr Default Description
F11RC7][3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
F11RC6]3:0]:
3:0 RV 0 R
eserved
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Table 240 — F11RC13_12 Register

66h

F11RC13 —F11RC12

Bits

Attr Default

Description

15:8

RO 0

F11RC15[3:0] - FIIRC14[3:0]:
Reserved

7:4

RW 0

F11RC13[3:0]:

Byte 8 Minimum Skew Mode Additive Write Offset
0000: tWOFFSET=0

0001: tWOFFSET=1/16 tCK
0010: tWOFFSET=2/16 tCK
0011: tWOFFSET=3/16 tCK
0100: tWOFFSET=4/16 tCK
0101: tWOFFSET=5/16 tCK
0110: tWOFFSET=6/16 tCK
0111: tWOFFSET=7/16 tCK
1000: tWOFFSET=8/16 tCK
1001: tWOFFSET=9/16 tCK
1010: tWOFFSET=10/16 tCK
1011: tWOFFSET=11/16 tCK
1100: tWOFFSET=12/16 tCK
1101: tWOFFSET=13/16 tCK
1110: tWOFFSET=14/16 tCK
1111: tWOFFSET=15/16 tCK

3:0

RW 0

F11RC12[3:0]:
Byte 8 Minimum Skew Mode Additive Read Offset
0000: tROFFSET=0

0001: tROFFSET=1/16 tCK

0010: tROFFSET=2/16 tCK

0011: tROFFSET=3/16 tCK

0100: tROFFSET=4/16 tCK

0101: tROFFSET=5/16 tCK

0110: tROFFSET=6/16 tCK

0111: tROFFSET=7/16 tCK

1000: tROFFSET=8/16 tCK

1001: tROFFSET=9/16 tCK

1010: tROFFSET=10/16 tCK

1011: tROFFSET=11/16 tCK

1100: tROFFSET=12/16 tCK

1101: tROFFSET=13/16 tCK

1110: tROFFSET=14/16 tCK

1111: tROFFSET=15/16 tCK
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74h

FI13RC9 — F13RC8

Bits

Attr Default Description

7:4

F13RC9[3:0]:

Selects SMBus Function
0000: SMBus Function 0
0001: SMBus Function 1
0010: SMBus Function 2
0011: SMBus Function 3
0100: SMBus Function 4
0101: SMBus Function 5
0110: SMBus Function 6
0111: SMBus Function 7
1000: SMBus Function 8
1001: SMBus Function 9
1010: SMBus Function 10
1011: SMBus Function 11
1100: SMBus Function 12
1101: SMBus Function 13
1110: SMBus Function 14
1111: SMBus Function 15

RW 0

3:0

F13RCS8|3:0]:

RV 0 Reserved

Table 242 — F13RC11_10 Register

75h

F13RC11 -F13RC10

Bits

Attr Default Description

7:4

F13RC11[3:0]:

RW 0 MSB of Register Address Port (Address Bits[7:4])

3:0

F13RC10[3:0]:

RW 0 LSB of Register Address Port (Address Bits[3:0])

Table 243 — F13RC13_12 Register

76h

F13RC13 - F13RC12

Bits

Attr Default Description

7:4

F13RC13][3:0]

. 0 Reserved

3:0

F13RC12([3:0]:

RW 0 Extended Address Port (Bits[11:8])
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Table 244 — F13RC15_14 Register
77h F13RC15-F13RC14
Bits Attr Default Description
. F13RC15]3:0]:
7:4 RW 0 MSB of Data Port
. F13RC14][3:0]:
3:0 RW 0 LSB of Data Port
Table 245 — F14RC1_0 Register
78h F14RC1 - F14RCO
Bits Attr Default Description
F14RC1[3:0]:
7:4 RW 0 Personality Byte 0 bits 7:4
. F14RCO[3:0]:
3:0 RW 0 Personality Byte 0 bits 3:0
Table 246 — F14RC3_2 Register
79h F14RC3 — F14RC2
Bits Attr Default Description
F14RC3[3:0]:
7:4 RW 0 Personality Byte 1 bits 7:4
F14RC2[3:0]:
3:0 RW 0 Personality Byte 1 bits 3:0

Table 247 — F14RC5_4 Register

7Ah F14RC5 — F14RC4

Bits Attr Default Description

F14RC5]3:0]:

7:4 RW 0 Personality Byte 2 bits 7:4

F14RC4[3:0]:

3:0 RW 0 Personality Byte 2 bits 3:0

Table 248 — F14RC7_6 Register

7Bh F14RC7 - F14RC6

Bits Attr Default Description

F14RC7][3:0]:

7:4 RW 0 Function Select (see FORC7[3:0] for definition)

F14RC6]3:0]:

3:0 RV 0 Personality Byte 3 bits 3:0

Table 249 — F14RC9_8 Register

7Ch F14RC9 — F14RCS8

Bits Attr Default Description

F14RC9]3:0]:

74 RW 0 Personality Byte 4 bits 7:4

F14RCS8|3:0]:

3:0 RW 0 Personality Byte 4 bits 3:0
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7Dh F14RC11 - F14RC10
Bits Attr Default Description
F14RC11[3:0]:
7:4 RW 0 Personality Byte 5 bits 7:4
_ F14RC10[3:0]:
3:0 RW 0 Personality Byte 5 bits 3:0
Table 251 — F14RC13_12 Register
7Eh F14RC13 - F14RC12
Bits Attr Default Description
. F14RC13[3:0]:
7:4 e 0 Personality Byte 6 bits 7:4
F14RC12[3:0]:
3:0 RW 0 Personality Byte 6 bits 3:0
Table 252 — F14RC15_14 Register
7Fh F14RC15 - F14RC14
Bits Attr Default Description
F14RC15[3:0]:
7:4 RW 0 Personality Byte 7 bits 7:4
F14RC14[3:0]:
3:0 RW 0 Personality Byte 7 bits 3:0
Table 253 — F15RC1_0 Register
80h F15RC1 - FI5RCO
Bits Attr Default Description
_ F15RC1[3:0]:
74 RW 0 Personality Byte 8 bits 7:4
F15RC0[3:0]:
3:0 RW 0 Personality Byte 8 bits 3:0
Table 254 — F15RC3_2 Register
81h F15RC3 — FI15RC2
Bits Attr Default Description
F15RC3[3:0]:
7:4 RW 0 Personality Byte 9 bits 7:4
F15RC2[3:0]:
3:0 RW 0 Personality Byte 9 bits 3:0
Table 255 — F15RC5_4 Register
82h F15RCS5 — F15RC4
Bits Attr Default Description
F15RC5[3:0]:
7:4 RW 0 Personality Byte 10 bits 7:4
F15RC4[3:0]:
3:0 RW 0

Personality Byte 10 bits 3:0
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Table 256 — F15RC7_6 Register
83h F15RC7 — F15RC6
Bits Attr Default Description
. F15RC7[3:0]:
7:4 RW 0 Function Select (see FORC7[3:0] for definition)
. F15RC6]3:0]:
3:0 RV 0 Personality Byte 3 bits 7:4
Table 257 — F15RC9_8 Register
84h F15RC9 — FI5RCS
Bits Attr Default Description
F15RC9[3:0]:
7:4 RW 0 Personality Byte 11 bits 7:4
. F15RCS8|3:0]:
3:0 RW 0 Personality Byte 11 bits 3:0
Table 258 — F15RC11_10 Register
85h F15RC11 - F15RC10
Bits Attr Default Description
F15RC11[3:0]:
7:4 RW 0 Personality Byte 12 bits 7:4
F15RC10[3:0]:
3:0 RW 0 Personality Byte 12 bits 3:0
Table 259 — F15RC13_12 Register
86h F15RC13 - F15RC12
Bits Attr Default Description
. F15RC13][3:0]:
7:4 RW 0 Personality Byte 13 bits 7:4
_ F15RC12[3:0]:
3:0 RW 0 Personality Byte 13 bits 3:0
Table 260 — F15RC15_14 Register
87h F15RC15 - F15RC14
Bits Attr Default Description
. F15RC15[3:0]:
74 RW 0 Personality Byte 14 bits 7:4
. F15RC14[3:0]:
3:0 RW 0 Personality Byte 14 bits 3:0
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Table 261 — TS Capabilities Register

A1:A0h | TS Capabilities

Bits Attr Default Description

15:8 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.

EVSD - EVENT _n with Shutdown action

‘0’ (default) - The EVENT n output freezes in its current state when entering
shutdown. Upon exiting shutdown, the EVENT n output remains in the
previous state until the next thermal sample is taken, or possibly sooner if

7 RO 0 EVENT n is programmed for comparator mode.

‘1’ - The EVENT _n output is deasserted (not driven) when entering shutdown, and
remains deasserted upon exit from shutdown until the next thermal sample
is taken, or possibly sooner if EVENT n is programmed for comparator
mode.

TMOUT - Bus timeout period for thermal sensor access during normal operation.
Note that bus timeout support is optional in shutdown mode.

6 RO 0 ‘0’ (default) - Parameter tpjpout is supported within the range of 10 to 60 ms.

‘1’ - Parameter tty\goyt 1S supported within the range of 25 to 35 ms (SMBus
compatible).

5 RV X X - May be 0 or 1; applications must accept either code.

TRES[1:0] - Indicates the resolution of the temperature monitor.

43 RO 0 See Temperature Sensor section for details.

RANGE - Indicates the supported temperature range.
‘0’ - The temperature monitor clamps values lower than 0 °C.

‘1’ (default) - The temperature monitor can read temperatures below 0 °C and sets
the sign bit appropriately.

ACC - Indicates the supported temperature accuracy.
‘0’ -NA
‘1’ (default) - The temperature monitor has +1 °C accuracy over the active range (75

°C to 95 °C) and 2°C accuracy over the monitoring range (40 °C to 125
OC)

EVENT - Indicates whether the temperature monitor supports interrupt capabilities

0 RO 1 ‘0°-NA

‘1’ (default) - The device supports interrupt capabilities.
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Table 262 — TS Configuration Register

A3:A2h

TS Configuration

Bits

Attr

Default

Description

15:11

RV

0

Reserved. Must be programmed as ‘0’ for future compatibility.

10:9

RW

0

HYSTERESIS bits. See Temperature Sensor section for details.

RW

SHDN - Shutdown. The thermal sensing device and A/D converter are disabled to save
power, no events will be generated. When either of the lock bits is set, this bit cannot be
set until unlocked. However it can be cleared at any time. When in shutdown mode, the
device still responds to commands normally, however, bus timeout may or may not be
supported in this mode.

‘0’ (default) - The thermal sensor is active and converting.
‘1’ - The thermal sensor is disabled and will not generate interrupts or update the
temperature data.

RW

TCRIT_LOCK - Locks the TCRIT Limit Register from being updated.

‘0’ (default) - The TCRIT Limit Register can be updated normally.
‘1’ - The TCRIT Limit Register is locked and cannot be updated. Once this bit has been
set, it cannot be cleared until an internal power on reset.

RW

EVENT_LOCK - Locks the High and Low Limit Registers from being updated.

‘0’ (default) - The High and Low Limit Registers can be updated normally.
‘1’ - The High and Low Limit Registers are locked and cannot be updated. Once this bit
has been set, it cannot be cleared until an internal power on reset.

wO

CLEAR - Clears the EVENT n pin when 1t has been asserted. This bit is write only and
will always read “0°.

‘0’ - does nothing

‘1’ - The EVENT n pin is released and will not be asserted until a new interrupt
condition occurs. This bit is ignored if the device is operating in Comparator
Mode. This bit is self clearing.

RO

EVENT _STS - Indicates if the EVENT n pin 1s asserted. This bit 1s read only.

‘0’ (default) - The EVENT n pin is not being asserted by the device.
‘1’ - The EVENT n pin is being asserted by the device.

RW

EVENT_CTRL - Masks the EVENT _n pin from generating an interrupt. If either of the
lock bits are set (bit 7 and bit 6), then this bit cannot be altered.

‘0’ (default) - The EVENT n pin is disabled and will not generate interrupts.
‘1’ - The EVENT _n pin is enabled.

RW

TCRIT_ONLY - Controls whether the EVENT n pin will be asserted from a high / low
out-of-limit condition. When the EVENT_LOCK bit is set, this bit cannot be altered.

‘0’ (default) - The EVENT n pin will be asserted if the measured temperature is above
the High Limit or below the Low Limit in addition to if the temperature is
above the TCRIT Limit.

‘1’ - The EVENT _n pin will only be asserted if the measured temperature is above the
TCRIT Limit.

RW

EVENT POL - Controls the “active” state of the EVENT n pin. The EVENT n pin 1s
driven to this state when it is asserted. If either of the lock bits are set (bit 7 and bit 6),
then this bit cannot be altered.

‘0’ (default) - The EVENT n pin is active low. The “active” state of the pin will be
logical ‘0°.
‘1’ - The EVENT n pin is active high. The “active” state of the pin will be logical “1°.

RW

EVENT_MODE - Controls the behavior of the EVENT n pin. The EVENT _n pin may
function in either comparator or interrupt mode. If either of the lock bits are set (bit 7
and bit 6), then this bit cannot be altered.

‘0’ - The EVENT _n pin will function in comparator mode
‘1’ - The EVENT _n pin will function in interrupt mode
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Table 263 — TS High Limit Register

A5:A4h | TS High Limit
Bits Attr Default Description®
15:13 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
12 RW 0 Sign
11 RW 0 128
10 RW 0 64
9 RW 0 32
8 RW 0 16
7 RW 0 8
6 RW 0 4
5 RW 0 2
4 RW 0 1
3 RW 0 0.5
2 RW 0 0.25
1:0 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
NOTES:

a. Temperature is in two’s complement format. See Temperature Sensor section for details.

Table 264 — TS Low Limit Register

A7:A6h | TS Low Limit
Bits Attr Default Description®
15:13 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
12 RW 0 Sign
11 RW 0 128
10 RW 0 64
9 RW 0 32
8 RW 0 16
7 RW 0 8
6 RW 0 4
5 RW 0 2
4 RW 0 1
3 RW 0 0.5
2 RW 0 0.25
1:0 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
NOTES:

a. Temperature is in two’s complement format. See Temperature Sensor section for details.
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Table 265 — TS Critical Temperature Register

A9:A8h | TS Critical Temperature
Bits Attr Default Descriptiona
15:13 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
12 RW 0 Sign
11 RW 0 128
10 RW 0 64
9 RW 0 32
8 RW 0 16
7 RW 0 8
6 RW 0 4
5 RW 0 2
4 RW 0 1
3 RW 0 0.5
2 RW 0 0.25
1:0 RV 0 Reserved. Must be programmed as ‘0’ for future compatibility.
NOTES:

a. Temperature is in two’s complement format. See Temperature Sensor section for details.
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Table 266 — TS Current Ambient Temperature Register

AB:AAh TS Current Ambient Temperature
Bits Attr Default Description®

TCRIT - When set, the temperature is above the TCRIT Limit. This bit will remain

15 RO set so long as the temperature is above TCRIT and will automatically clear once the
temperature has dropped below the limit minus the hysteresis.
HIGH - When set, the temperature is above the High Limit. This bit will remain set

14 RO so long as the temperature is above the HIGH limit. Once set, it will only be cleared
when the temperature drops below or equal to the HIGH Limit minus the hysteresis.
LOW - When set, the temperature is below the Low Limit. This bit will remain set so

13 RO long as the temperature is below the Low Limit minus the hysteresis. Once set, it will
only be cleared when the temperature meets or exceeds the Low Limit.

12 RO Sign

11 RO 128

10 RO 64

9 RO 32

8 RO 16

7 RO 8

6 RO 4

5 RO 2

4 RO 1

3 RO 0.5

2 RO 0.25*

1 RO 0.125%

0 RO 0.0625*

NOTES:

a. Temperature is in two’s complement format. See Temperature Sensor section for details.
* Resolution based on value of TRES field of the Capabilities Register.
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Table 267 — MRS Control Register

ACh MRS CTRL
Bits Attr Default Description

MRS_CTRL7:6]:

[ L8 v Reserved
MRS_CTRL[5:4]:
MRS Broadcast Control
00: Per RCW FORC14 - DRAM MRS Control

>4 RW 0 01: Reserved
10: All physical ranks at the same time (optional)
11: Reserved
MRS_CTRL[3]:
Host Bus Write Leveling Control

3 RW 0 0: Never perform host bus write leveling based on MR1 decode

1: Decode MR1 from host, perform host bus write leveling (optional)
MRS_CTRLI[2:1]:
Host MRS Snooping/Forwarding
00: Snoop host MRS, store & forward to DRAM bus

2l RW 0 01: Snoop host MRS, store, do not forward to DRAM bus (optional)
10: Forward host MRS to DRAM but do not store
11: Block host MRS commands and do not store (optional)
MRS_CTRL[0]:
MRS Register Source

0 RW 0 0: MRx_SNOOP + RxMR12

1: Reserved

For proper MB operation, host controller is responsible for configuring Rx MR1,2 and MRx_Snoop
registers as described in 6.4 and 6.5.
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B8h

RO MRI2

Bits

Attr

Default

Description

7:6

RW

RO_MR12[7:6]:
Rtt. WR

00: Dynamic ODT Off (Write does not affect Rtt value)

01: RZQ/4
10: RZQ/2
11: Reserved

RV

RO_MRI12[5]:
Reserved

4:2

RW

R0_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

1:0

RW

R0_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD
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Table 269 — Rank 1 MR1,2 Register

B%h R1 MRI12

Bits Attr Default Description

R1_MR12[7:6]:

Rtt WR

00: Dynamic ODT Off (Write does not affect Rtt value)
01: RZQ/4

10: RZQ/2

11: Reserved

7:6 RW 0

R1_MRI12[5]:
Reserved

R1_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

4:2 RW 0

R1_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD

1:0 RW 0
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BAh

R2 MR12

Bits

Attr Default

Description

7:6

RW 0

R2_MRI12[7:6]:
Rtt WR

00: Dynamic ODT Off (Write does not affect Rtt value)

01: RZQ/4
10: RZQ/2
11: Reserved

RV 0

R2_MRI12[5]:
Reserved

4:2

RW 0

R2_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

1:0

RW 0

R2_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD
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Table 271 — Rank 3 MR1,2 Register

BBh | R3 MRI2

Bits Attr Default Description

R3_MRI12[7:6]:

Rit WR

00: Dynamic ODT Off (Write does not affect Rtt value)
01: RZQ/4

10: RZQ/2

11: Reserved

7:6 RW 0

R3_MRI12[5]:
Reserved

R3_MRI12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

4:2 RW 0

R3_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD

1:0 RW 0
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BCh

R4 MRI2

Bits

Attr Default

Description

7:6

RW 0

R4_MRI12[7:6]:
Rtt WR

00: Dynamic ODT Off (Write does not affect Rtt value)

01: RZQ/4
10: RZQ/2
11: Reserved

RV 0

R4_MRI12[5]:
Reserved

4:2

RW 0

R4_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

1:0

RW 0

R4_MRI12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD
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Table 273 — Rank 5 MR1,2 Register

BDh R5 MRI12

Bits Attr Default Description

R5_MR12[7:6]:

Rtt WR

00: Dynamic ODT Off (Write does not affect Rtt value)
01: RZQ/4

10: RZQ/2

11: Reserved

7:6 RW 0

R5_MRI12[5]:
Reserved

R5_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

4:2 RW 0

R5_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD

1:0 RW 0

0312



Table 274 — Rank 6 MR1,2 Register

JEDEC Standard No. 82-30
Page 301

BEh

R6 MRI2

Bits

Attr

Default

Description

7:6

RW

R6_MR12[7:6]:
Rtt. WR

00: Dynamic ODT Off (Write does not affect Rtt value)

01: RZQ/4
10: RZQ/2
11: Reserved

RV

R6_MRI12[5]:
Reserved

4:2

RW

R6_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

1:0

RW

R6_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD
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Table 275 — Rank 7 MR1,2 Register

BFh R7 MRI12

Bits Attr Default Description

R7_MR12[7:6]:

Rtt WR

00: Dynamic ODT Off (Write does not affect Rtt value)
01: RZQ/4

10: RZQ/2

11: Reserved

7:6 RW 0

R7_MRI12[5]:
Reserved

R7_MR12[4:2]:

Rtt Nom

000: Rtt Nom disabled
001: RZQ/4

010: RZQ/2

011: RZQ/6

100: RZQ/12

101: RZQ/8

110: Reserved

111: Reserved

4:2 RW 0

R7_MR12[1:0]:

Output Driver Impedance Control
00: RZQ/6

01: RZQ/7

10: RZQ/TBD

11: RZQ/TBD

1:0 RW 0
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C9:C8h

MRO SNOOP (common to all Ranks)

Bits

Attr

Default

Description

15:13

RW

MRO_Snoop|[15:13]:
A[15:13] Captured from host
These bits have no function, but the MB captures what the host sent

12

RW

MRO_Snoop[12]:

A[12] DLL Control for Precharge Power Down
0: Slow Exit (DLL Off)

1: Fast Exit (DLL On)

RW

MRO_Snoop|[11:9]:

A[11:9] Write Recovery for Auto Precharge
000: 16 cycles

001: 5 cycles

010: 6 cycles

011: 7 cycles

100: 8 cycles

101: 10 cycles

110: 12 cycles

111: 14 cycles

RW

MRO_Snoop|8]
A[8] DLL Reset
0: No
1: Yes

RW

MRO_Snoop|7]
A[7] Mode

0: Normal

1: Test

6:3

RW

MRO_Snoop[6:3]:
A[6,5,4,2] CAS Latency

0000:
0010:
0100:
0110:
1000:
1010:
1100:
1110:
0001:
0011:
0101:

Reserved
5 cycles
6 cycles
7 cycles
8 cycles
9 cycles
10 cycles
11 cycles
12 cycles
13 cycles
14 cycles

0111: Reserved for 15 cycles
1001: Reserved for 16 cycles
1011: Reserved
1101: Reserved
1111: Reserved

RW

MRO_Snoop|[2]:
A[3] Read Burst Type
0: Nibble sequential
1: Interleaved

1:0

RW

MRO_Snoop[1:0]:
A[1:0] Burst Length

00: 8 (Fixed)

01: BC4 or 8 (on the fly)
10: BC4 (Fixed)

11: Reserved

0315



JEDEC Standard No. 82-30

Page 304

Table 277 — MR1 Snoop Register

CB:CAh

MR1 SNOOP (common to all Ranks)

Bits

Attr

Default

Description

15:13

RW

0

MR1_Snoop|[15:13]:
These bits have no function, but the MB captures what the host sent

12

RV

MR1_Snoop|[12]:
Reserved
A[12] Qoff bit is captured per physical rank

11

RW

MR1_Snoop[11]:
A[11] TDQS Enable
0: Disabled

1: Enabled

10

RW

MR1_Snoop[10]
A[10] Captured from host
This bit has no function, but the MB captures what the host sent

RV

MR1_Snoop[9]
Reserved
This bit is captured per physical rank

RW

MR1_Snoop[8]
A[8] Captured from host
This bit has no function, but the MB captures what the host sent

RV

MR1_Snoop|7]
Reserved
A[7] Write Leveling Enable bit is captured per physical rank

RV

MR1_Snoop[6]
Reserved
This bit is captured per physical rank

RV

MR1_Snoop[S]
Reserved
This bit is captured per physical rank

4:3

RW

MR1_Snoop|4:3]:
A[4:3] Additive Latency
00: 0 (AL disabled)

01: CL-1

10: CL-2

11: Reserved

RV

MR1_Snoop|2]
Reserved
This bit is captured per physical rank

RV

MR1_Snoop|1]
Reserved
This bit is captured per physical rank

RW

MR1_Snoop|0]:
A[0] DLL Enable
0: Enabled
1: Disabled
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Table 278 — MR2 Snoop Register

CD:CCh MR2 SNOOP (common to all Ranks)

Bits Attr Default Description

MR2_Snoop|[15:11]:

15:11 RW 0 These bits have no function, but the MB captures what the host sent

MR2_Snoop[10:9]:
10:9 RV 0 Reserved
A[10:9] Rtt WRT bits are captured per physical rank

MR2_Snoop|8]
8 RW 0 A[8] Captured from host
This bit has no function, but the MB captures what the host sent

MR2_Snoop|7]

Self Refresh Temperature Range
0: Normal operating temp range
1: Extended operating temp range

MR2_Snoop|6]

Auto Self Refresh

0: Manual SR Reference (SRT)

1: Auto Self Refresh enabled (optional)

MR2_Snoop|5:3]:

A[5:3] CAS Write Latency
000: 5 cycles

001: 6 cycles

010: 7 cycles

011: 8 cycles

100: 9 cycles

101: 10 cycles

110: 11 cycles

111: 12 cycles

5:3 RW 0

MR2_Snoop|2:0]:

A[2:0] Partial Array Self Refresh

000: Full Array

001: Half Array (BA[2:0] =000, 001, 010, 011)

010: Quarter Array (BA[2:0] = 000, 001)

011:1/8th Array (BA[2:0] = 000)

100: 3/4 Array (BA[2:0] =010, 0111, 100, 101, 110, 111)
101: Half Array (BA[2:0] =100, 101, 110, 111)

110: Quarter Array (BA[2:0] =110, 111)

111: 1/8th Array (BA[2:0] = 111)

2:0 RW 0

Table 279 — MR3 Snoop Register

CF:CEh MR3 SNOOP (common to all Ranks)

Bits Attr Default Description

MR3_Snoop|[15:3]:

15:3 RW 0 These bits have no function, but the MB captures what the host sent
MR3_Snoop|2]:
A[2] MPR
2 RV 0

0: Normal Operation
1: Dataflow from MPR
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Annex A (informative) Differences between Document Revisions

A1

Initial Release JESD82-30

Table 1 — Changes from JESD82-30

Changes

Sections Affected

Description of Changes
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