
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/068862 Al
16 May 2013 (16.05.2013) P O P C T

(51) International Patent Classification: (74) Agents: RAGOT, Sebastien et al; IBM Research GmbH,
G06F 12/06 (2006.01) IBM Research - Zurich, Intellectual Property Law,

Saeumerstrasse 4, CH-8803 Rueschlikon (CH).
(21) International Application Number:

PCT/IB2012/055642 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
17 October 2012 (17.10.2012) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

11188806. 1 11 November 201 1 ( 11. 11.201 1) EP NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(71) Applicant: INTERNATIONAL BUSINESS MA¬ TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
CHINES CORPORATION [US/US]; New Orchard ZM, ZW.
Road, Armonk, New York 10504 (US).

(84) Designated States (unless otherwise indicated, for every
(71) Applicants (for M G only): IBM (CHINA) INVEST¬ kind of regional protection available): ARIPO (BW, GH,

MENT COMPANY LTD. [CN/CN]; 25/F, Pangu Plaza, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
No. 27, Central North 4th Ring Road, Chaoyang District, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Beijing 100101 (CN). IBM RESEARCH GMBH TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[CH/CH]; IBM Research - Zurich, Saeumerstrasse 4, CH- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
8803 Rueschlikon (CH). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors: DOERING, Andreas; IBM Research GmbH,

ML, MR, NE, SN, TD, TG).
IBM Research - Zurich, Saeumerstrasse 4, CH-8803
Rueschlikon (CH). SAGMEISTER, Patricia Maria; IBM Published:
Research GmbH, IBM Research - Zurich, Saeumerstrasse

— with international search report (Art. 21(3))
4, CH-8803 Rueschlikon (CH). SCHMATZ, Martin Leo;
IBM Research GmbH, IBM Research - Zurich, Saeumer — before the expiration of the time limit for amending the
strasse 4, CH-8803 Rueschlikon (CH). claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

(54) Title: MEMORY MODULE AND MEMORY CONTROLLER FOR CONTROLLING A MEMORY MODULE

00
00

Fi». 1
©

(57) Abstract: The memory module has a plurality of memory chips and a plurality of connections for connecting the memory mod
o ule to a processor. At least part of the connections is configurable to be grouped into N sets of address and control connections for N

separatively controllable groups of memory chips of the plurality of memory chips (N > 2).



MEMORY MODULE AND MEMORY CONTROLLER FOR CONTROLLING A

MEMORY MODULE

FIELD OF THE INVENTION

The invention relates to a memory module and to a memory controller for controlling a

memory module. Further, the invention relates to method for controlling a memory module

having a plurality of memory chips and a plurality of connections.

BACKGROUND

Memory or computer memory, e.g. based on DRAM technology, may be built in the form of

Dual Inline Memory Modules (DIMM). Such a DIMM includes a number of memory chips

on a printed circuit board and is plugged into the main board of the computer. The number of

connections or connector contacts from the DIMM to the main board is limited by mechanical

and reliability issues.

Over time, the memory capacity has grown. A conventional DIMM containing 1 GB of

memory has 64 bidirectional data connections, 14 multiplexed address connections and

additional connections for clock, status, power and the like. For other markets, such as

servers, the format and connector assignments may be different. Since the market for memory

is very large, changing the format, including the mechanical dimensions, connector density or

type, may be difficult.

Further, depending on a current application, a computer needs to access memory in different

granularity. While some applications read and write entire cash lines of 64 bytes or 128 bytes,

other applications may need less data from each address.

However, the pin-out of conventional DEVIM fixes the ratio of address transfers and data

transfers and hence the optimal granularity. If data is accessed with lower granularity, the data

throughput will decrease, because the access rate is limited by the address wires.



In reference [1], a multiple data channel memory module architecture is described. Reference

[2] shows memory controllers, methods, and systems supporting multiple memory modes. In

reference [3], memory devices and systems including multi-speed access of memory modules

are described. Reference [4] shows stackable memory module with variable bandwidth. In

reference [5], communicating between a native fully buffered dual in-line memory module

protocol and a double data rate synchronous dynamic random access memory protocol is

described

Reference [6] mentions a solution for handling the problems and opportunities posed by

multiple on-chip memory controllers. In reference [7], interleaving granularity on high

bandwidth memory architecture for CMPs is described.

Accordingly, it is an aspect of the present invention to provide a memory module with a

configurable ratio of address transfers and data transfers.

BRIEF SUMMARY OF THE INVENTION

According to a first aspect, a memory module is suggested. The memory module has a

plurality of memory chips and a plurality of connections for connecting the memory module

to a processor. At least a part of the connections is configurable to be grouped into N sets of

address and control connections for N separatively controllable groups of memory chips of

the plurality of memory chips (N ≥ 2).

According to some implementations, the connector assignment may be modified in the

present memory module, but the mechanical format and the electrical properties of the

connections, in particular wires, between the memory chips and the memory controller

controlling the memory module may be unchanged. Particularly, this allows building a

memory module with a configurable ratio of address transfers and data transfers. Therefore,

each customer may decide on its own how many large data granularity and how many lower

data throughput, but higher data transaction rate he chooses. A memory chip may have a

package of memory cells, in particular a matrix of memory cells. The connections may

include connectors, connector contacts and/or wires.



For the example that N = 2, a memory module format is proposed that uses two sets of

address connections and half the number of data connections such that the data throughput is

reduced, but the number of transactions is increased.

In an embodiment, said part of the connections is configurable such that each set of the N sets

of address and control connections is connectable to a respective group of the N separate

groups. Thus, each set of the N sets of address and control connections may be allocated to

one group of the N separate groups.

In a further embodiment, the memory module is a DIMM (DIMM, Dual In-Line Memory

Module).

In a further embodiment, the memory module includes a storage for storing a number of sets

of configuration data for configuring the connections.

In a further embodiment, the storage is embodied by an EEPROM (EEPROM, Electrically

Erasable Programmable Read-Only Memory).

In a further embodiment, the storage is configured to provide one selected set of the number

of sets of configuration data to a memory controller for configuring the memory module by

the selected configuration data.

In a further embodiment, the plurality of connections includes one data connection for each

memory chip of the plurality of memory chips.

In a further embodiment, each set of configuration data includes a group indication, N

member indications and N capacity indications. The group indication indicates the number N

of groups. The N member indications include one member indication for each group, wherein

the respective member indication indicates the memory chips of the respective group. The N

capacity indications include one capacity indication for each group of the N groups, wherein

the respective capacity indication indicates a capacity of the memory chips of the respective

group.



In a further embodiment, each set of configuration data further includes timing information

for the N separatively controllable groups of memory chips, power supply information,

latency information and requirements for refresh.

Any embodiment of the first aspect may be combined with any embodiment of the first aspect

to obtain another embodiment of the first aspect.

According to a second aspect, a memory controller for controlling a memory module having a

plurality of memory chips and a plurality of connections for connecting the memory module

to a processor is suggested. The memory controller includes a configurator for configuring the

memory module such that a part of the connections is grouped into N sets of address and

control connections for N separatively controllable groups of memory chips of the plurality of

memory chips (N ≥ 2).

In an embodiment of the second aspect, the memory module of the second aspect corresponds

to the memory module of the first aspect or to one of the embodiments of the first aspect.

In a further embodiment, the memory controller includes a receiver for receiving one selected

set of a number of sets of configuration data stored in a storage of the memory module for

configuring the connections, wherein the configurator is adapted to configure the plurality of

connections based on the received configuration data.

In a further embodiment, the memory controller includes a selector for transmitting a request

to the memory module for selecting one set of the number of sets of configuration data stored

in the storage of the memory module for configuring the connections.

In a further embodiment, the memory controller includes a line driver for driving the

connections, a memory protocol state machine scheduler for controlling the line driver and a

command queue for inputting address and control data to the memory protocol state machine

scheduler based on the received configuration data.

In a further embodiment, the memory controller includes a first data formatter for formatting

data to be transmitted between the memory module and the processor within each group of

the N separatively controllable groups and a second data formatter for formatting data



between the N separatively controllable groups The second data formatter may include a

concentrator for concentrating data and/or a splitter for splitting data.

In a further embodiment, the configurator is further adapted to configure the line driver for

driving the connections, the memory protocol state machine scheduler for controlling the line

driver and the command queue for inputting address and control data to the memory protocol

state machine scheduler based on the received configuration data.

In a further embodiment, the configurator is further adapted to configure the first data

formatter for formatting data to be transmitted between the memory module and the processor

within each group of the N separatively controllable groups and the second data formatter for

formatting data between the N separatively controllable groups.

Any embodiment of the second aspect may be combined with any embodiment of the second

aspect to obtain another embodiment of the second aspect.

According to a third aspect, a system is suggested which includes a memory module of the

first aspect or of one embodiment of the first aspect and a memory controller of the second

aspect or of one embodiment of the second aspect.

According to a fourth aspect, a method for controlling a memory module having a plurality of

memory chips and a plurality of connections for connecting the memory module to a

processor is suggested. The method includes a step of configuring the memory module such

that a part of the connections is grouped into N sets of address and control connections for N

separatively controllable groups of memory chips of the plurality of memory chips (N ≥ 2).

According to a fifth aspect, the invention relates to a computer program comprising a program

code for executing the method of the fourth aspect for controlling a memory module when run

on at least one computer.

In the following, exemplary embodiments of the present invention are described with

reference to the enclosed figures.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic block diagram of a first embodiment of a memory module,

Fig. 2 shows a schematic block diagram of a second embodiment of a memory module,

Fig. 3 shows a schematic block diagram of an embodiment of a configuration data set,

Fig. 4 shows a schematic block diagram of a first embodiment of a system having the memory

module of Fig. 2 and a memory controller,

Fig. 5 shows a schematic block diagram of a second embodiment of a system having the

memory module of Fig. 2 and a memory controller,

Fig. 6 shows a schematic block diagram of an embodiment of a memory controller,

Fig. 7 shows a first embodiment of a sequence of method steps for controlling a memory

module,

Fig. 8 shows a second embodiment of a sequence of method steps for controlling a memory

module, and

Fig. 9 shows a schematic block diagram of an embodiment of a system adapted for controlling

a memory module.

Similar or functionally similar elements in the figures have been allocated the same reference

signs if not otherwise indicated.

DETAILED DESCRIPTION OF THE EMBODIMENTS

In Fig. 1, a schematic block diagram of an embodiment of a memory module 10 is depicted.

The memory module 10 has four memory chips 21-24. Further, the memory module 10 has a

plurality of connections 31, 32, 51-54. The connections 31, 32, 51-54 are adapted to connect



the memory module 10 to a processor (not shown). A part of the connections 31, 32, 51-55 is

configurable to be grouped into two sets of address and control connections 31, 32 for two

separatively controllable groups Gl, G2 of memory chips 21-24. Each set of address and

control connections 31, 32 may comprise a plurality of physical lines connectable to the

processor or to an interface for interfacing with the processor.

Without loss of generality, the memory module 10 of Fig. 1 has four memory chips 21-24.

Moreover, without loss of generality, the memory chips 21-24 are grouped into two groups

Gl, G2.

In the example of Fig. 1, a first set 3 1 of address and control connections 3 1 is connectable to

a first group Gl including a first memory chip 2 1 and a second memory chip 22. Further, a

second set 32 of address and control connections is connectable to a second group G2

including a third memory chip 23 and a fourth memory chip 24. Moreover, the plurality of

connections 31, 32, 51-54 includes one data connection 51-54 for each memory chip 21-24 of

the memory module 10. Thus, a first data connection 5 1 is provided for the first memory chip

21, for example. The memory module 10 may be embodied as a Dual In-line Memory Module

(DIMM).

Fig. 2 shows a schematic block diagram of a second embodiment of a memory module 10.

The second embodiment of the memory module 10 includes all features of the memory

module 10 of Fig. 1. Further, the memory module 10 of Fig. 2 comprises a storage 40. The

storage 40 may be embodied as an EEPROM storage. The storage 40 is configured to provide

a selected set S of configuration data for configuring the connections 31, 32, 51-54 from a

number of sets S of configuration data.

In this regard, Fig. 3 shows a schematic diagram of an embodiment of a configuration data set

S. The configuration data set S includes a group indication Gl, a member indication MI, a

capacity indication CI, a timing information TI, a power supply information PS, a latency

information LI and refreshment requirements RR.

For example, the group indication Gl indicates the number N of groups, which is two for the

example of Fig. 1 and 2 . The member indication MI indicates the members of memory chips

21-24 for each of the groups Gl, G2. Thus, for the example of Figs. 1 and 2, the member



indication MI indicates that the first memory chip 2 1 and the second memory chip 22 are part

of the first group Gl, and the third memory chip 23 and the fourth memory chip 24 are part of

the second group G2. The capacity indication CI indicates the capacity of the memory chips

21, 22; 23, 24 of the group Gl; G2.

In Fig. 4, a schematic block diagram of the first embodiment of a system 1 having the

memory module 10 of Fig. 2 and a memory controller 60 is depicted.

The memory controller 60 has a configurator 6 1 and schematically shown memory controller

components 62, which are configured by the configurator 6 1 over a configuration interface

63. Details for the memory components 62 are given in Fig. 6.

The configurator 6 1 is adapted to configure the memory module 10 such that a part of the

connections 31, 32, 51-54 is grouped into two sets of address and control connections 31, 32

for two separatively controllable groups Gl, G2 of memory chips 21-24. The connections 31,

32, 51-54 are illustrated as a memory bus 70 in Fig. 4 . The configurator 6 1 may configure the

connections 31, 32, 51-54 of the memory bus 70 in dependence on a configuration data set S

which is requested and received from the storage 40 of the memory module 10.

To illustrate this in more detail, Fig. 5 shows a schematic block diagram of a second

embodiment of a system 1 having the memory module 10 of Fig. 2 and the memory controller

60. The configurator 6 1 of Fig. 5 has a receiver 64 and a selector 65.

The selector 65 is configured to transmit a request R to the storage 40 of the memory module

10 for selecting one set S of the stored configuration data sets. The storage 40 is adapted to

provide the selected configuration data set S to the memory controller 60, in particular to the

receiver 64. Then, the configurator 6 1 may be adapted to configure the plurality of

connections of the memory bus 70 in dependence on the received configuration data set S.

Moreover, Fig. 6 shows a schematic block diagram of an embodiment of a memory controller

60 coupled to a memory module 10 (not shown in Fig. 6) by a memory bus 70 and to a

processor (not shown in Fig. 6) by an address/control interface 101 and a data interface 102.



The memory controller 60 has the configurator 6 1 and a number of memory controller

components 62. The memory controller components 62 and the configurator 6 1 may be

coupled by means of the configuration interface 63. By means of the configuration interface

63, the configurator 6 1 may configure the memory controller components 62, in particular on

the basis of the received configuration data set S as provided by the storage 40 of the memory

module 10 (not shown).

The memory controller components 62 include a line driver 91, a memory protocol state

machine scheduler 62, a command queue 93 and a multiplexer 94 coupled between the

memory bus 70 and the address/control interface 101.

Further, the memory controller components 62 include a first data formatter 95, a second data

formatter 96 and an Error Correcting Code (ECC) entity 97 coupled between the line driver

9 1 and the data interface 102. The line driver 9 1 is configured to drive the connections of the

memory bus 70. The memory protocol state machine scheduler 92 is configured to control the

line driver 91. The command queue 93 is adapted to input address and control data received

over the address/control interface 101 and the multiplexer 94 for the memory protocol state

machine scheduler 92.

The first data formatter 95 coupled between the line driver 9 1 and the second data formatter

96 is configured to format data to be transmitted between the memory module 10 and the

processor within each group Gl, G2 of the two separatively controllable groups Gl, G2 of

memory chips 21-24. The second data formatter 96 may include a data concentrator and a

data splitter for formatting data between the separatively controllable groups Gl, G2. The

ECC 97 coupled between the second data formatter 96 and the data interface 102 may provide

error correction.

The memory controller 60 may be part of a processor, network component, a graphics

accelerator or the like. The interfaces 101 und 102 provide a connection for the memory

controller to the rest of the system. Through this memory access interfaces 101, 102, the

memory controller 60 may receive requests for memory accesses, and - if the request requires

- data for this request. Further, the memory controller 60 may also provide results like

signaling completion or providing resulting data, e.g. read data through these interfaces 101,



Request information, such as operation type, address or such is stored in the command queue

93. Depending on the connected memory module, for example a conventional one with one

address/command address and control connection or a DIMM with two address and control

connections, the queue 93 is split into a number of logical queues. For example in Figs. 1 and

2, there are two queues required because of the two groups Gl, G2. In the present case of

splitting, a request distributor may control into which of the two logical queues it is put.

If data is received with the command, the ECC 97 may compute an error correction code and

data is put into one part of the data buffer dependent on the configuration. Then, the data is

formatted according to the number of data wires on the memory bus 70.

The memory protocol state machine scheduler 92 creates the signals on the address and

control lines, either for one or for two groups of memory chips on the DIMM, for example. If

there are two, it operates as two independent state machines. The detailed operations, e.g.

bank open/close, precharge, etc., are transmitted over the memory bus 70 by means of the line

driver 9 1 which guarantees the right electrical properties, for instance with respect to

termination.

For example, data wires are terminated by the memory controller 60 on a read operation, but

by the memory chip 21-24 on a write operation. Address lines are terminated on the DIMM

10, in particular outside the memory chips 21-24. For the present memory controller 60, this

is configurable, i.e. the disabling of the termination necessary for data lines on a read

operation is only used, when the wire on the memory bus 70 is used as a data wire and not as

an address and control connection.

Furthermore, Fig. 7 shows an embodiment of a sequence of method steps for controlling a

memory module.

In step 701, a memory module is provided which comprises a plurality of memory chips and a

plurality of connections for connecting the memory module to a processor.



In step 702, the memory module is configured such that a part of the connections is grouped

into N sets of address and control connections for N separatively controllable groups of

memory chips of the plurality of memory chips (N ≥ 2).

Fig. 8 shows a second embodiment of a sequence of method steps for controlling a memory

module, for example a DIMM, which includes a plurality of memory chips and a plurality of

connections for connecting the memory module to the processor. The memory module may be

embodied as shown in Fig. 1 or 2.

In step 801, a newly connected DIMM is detected during power-up of the processor.

In step 802, the configuration data set stored in the storage 40 of the memory module is read

to the configurator of the memory controller.

In step 803, the memory controller and particularly the memory module are configured. Said

step 803 particularly includes setting the line driver, setting a defined number of active state

machines, setting the queue organization of the command queue, setting the first data

formatter 95 and the second data formatter 96.

In step 804, the remaining processor system is informed about the actual connected DIMM.

In step 805, the newly connected DIMM is enabled. Thus, the configuration procedure is

completed.

Computerized devices can be suitably designed for implementing embodiments of the present

invention as described herein. In that respect, it can be appreciated that the methods described

herein are largely non-interactive and automated. In exemplary embodiments, the methods

described herein can be implemented either in an interactive, partly-interactive or non-

interactive system. The methods described herein can be implemented in software (e.g.,

firmware), hardware, or a combination thereof. In exemplary embodiments, the methods

described herein are implemented in software, as an executable program, the latter executed

by suitable digital processing devices. In further exemplary embodiments, at least one step or

all steps of above method of Figs. 7 or 8 may be implemented in software, as an executable

program, the latter executed by suitable digital processing devices. More generally,



embodiments of the present invention can be implemented wherein general-purpose digital

computers, such as personal computers, workstations, etc., are used.

For instance, the system 900 depicted in Fig. 9 schematically represents a computerized unit

901, e.g., a general-purpose computer. In exemplary embodiments, in terms of hardware

architecture, as shown in Fig. 9, the unit 901 includes a processor 905, memory 910 coupled

to a memory controller 915, and one or more input and/or output (I/O) devices 940, 945, 950,

955 (or peripherals) that are communicatively coupled via a local input/output controller 935.

The input/output controller 935 can be, but is not limited to, one or more buses or other wired

or wireless connections, as is known in the art. The input/output controller 935 may have

additional elements, which are omitted for simplicity, such as controllers, buffers (caches),

drivers, repeaters, and receivers, to enable communications. Further, the local interface may

include address, control, and/or data connections to enable appropriate communications

among the aforementioned components. For example, the memory 910 may be embodied by

the memory module 10 of Fig. 1 or 2 . Moreover, the memory controller 915 may be

embodied by the memory controller 60 of Fig. 6.

The processor 905 is a hardware device for executing software, particularly that stored in

memory 910. The processor 905 can be any custom made or commercially available

processor, a central processing unit (CPU), an auxiliary processor among several processors

associated with the computer 901, a semiconductor based microprocessor (in the form of a

microchip or chip set), or generally any device for executing software instructions.

The memory 910 can include any one or combination of volatile memory elements (e.g.,

random access memory) and nonvolatile memory elements. Moreover, the memory 910 may

incorporate electronic, magnetic, optical, and/or other types of storage media. Note that the

memory 910 can have a distributed architecture, where various components are situated

remote from one another, but can be accessed by the processor 905.

The software in memory 910 may include one or more separate programs, each of which

comprises an ordered listing of executable instructions for implementing logical functions. In

the example of Fig. 9, the software in the memory 910 includes methods described herein in

accordance with exemplary embodiments and a suitable operating system (OS) 911. The OS

911 essentially controls the execution of other computer programs, such as the methods as



described herein (e.g., Figs. 7 or 8), and provides scheduling, input-output control, file and

data management, memory management, and communication control and related services.

The methods described herein may be in the form of a source program, executable program

(object code), script, or any other entity comprising a set of instructions to be performed.

When in a source program form, then the program needs to be translated via a compiler,

assembler, interpreter, or the like, as known per se, which may or may not be included within

the memory 910, so as to operate properly in connection with the OS 911. Furthermore, the

methods can be written as an object oriented programming language, which has classes of

data and methods, or a procedure programming language, which has routines, subroutines,

and/or functions.

Possibly, a conventional keyboard 950 and mouse 955 can be coupled to the input/output

controller 935. Other I O devices 940 - 955 may include sensors (especially in the case of

network elements), i.e., hardware devices that produce a measurable response to a change in a

physical condition like temperature or pressure (physical data to be monitored). Typically, the

analog signal produced by the sensors is digitized by an analog-to-digital converter and sent

to controllers 935 for further processing. Sensor nodes are ideally small, consume low energy,

are autonomous and operate unattended.

In addition, the I O devices 940 - 955 may further include devices that communicate both

inputs and outputs. The system 900 can further include a display controller 925 coupled to a

display 930. In exemplary embodiments, the system 900 can further include a network

interface or transceiver 960 for coupling to a network 965.

The network 965 transmits and receives data between the unit 901 and external systems. The

network 965 is possibly implemented in a wireless fashion, e.g., using wireless protocols and

technologies, such as WiFi, WiMax, etc. The network 965 may be a fixed wireless network, a

wireless local area network (LAN), a wireless wide area network (WAN) a personal area

network (PAN), a virtual private network (VPN), intranet or other suitable network system

and includes equipment for receiving and transmitting signals.

The network 965 can also be an IP-based network for communication between the unit 901

and any external server, client and the like via a broadband connection. In exemplary



embodiments, network 965 can be a managed IP network administered by a service provider.

Besides, the network 965 can be a packet-switched network such as a LAN, WAN, Internet

network, etc.

If the unit 901 is a PC, workstation, intelligent device or the like, the software in the memory

910 may further include a basic input output system (BIOS). The BIOS is stored in ROM so

that the BIOS can be executed when the computer 901 is activated.

When the unit 901 is in operation, the processor 905 is configured to execute software stored

within the memory 910, to communicate data to and from the memory 910, and to generally

control operations of the computer 901 pursuant to the software. The methods described

herein and the OS 911, in whole or in part are read by the processor 905, typically buffered

within the processor 905, and then executed. When the methods described herein (e.g. with

reference to Figs. 7 or 8) are implemented in software, the methods can be stored on any

computer readable medium, such as storage 920, for use by or in connection with any

computer related system or method.

As will be appreciated by one skilled in the art, aspects of the present invention may be

embodied as a system, method or computer program product. Accordingly, aspects of the

present invention may take the form of an entirely hardware embodiment, an entirely software

embodiment (including firmware, resident software, micro-code, etc.) or an embodiment

combining software and hardware aspects. Furthermore, aspects of the present invention may

take the form of a computer program product embodied in one or more computer readable

medium(s) having computer readable program code embodied thereon. Any combination of

one or more computer readable medium(s) may be utilized. The computer readable medium

may be a computer readable signal medium or a computer readable storage medium. A

computer readable storage medium may be, for example, but not limited to, an electronic,

magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, or device, or

any suitable combination of the foregoing. More specific examples (a non-exhaustive list) of

the computer readable storage medium would include the following: an electrical connection

having one or more wires, a hard disk, a random access memory (RAM), a read-only memory

(ROM), an erasable programmable read-only memory (EPROM or Flash memory), an optical

fiber, a portable compact disc read-only memory (CD-ROM), an optical storage device, a

magnetic storage device, or any suitable combination of the foregoing. In the context of this



document, a computer readable storage medium may be any tangible medium that can

contain, or store a program for use by or in connection with an instruction execution system,

apparatus, or device.

A computer readable signal medium may include a propagated data signal with computer

readable program code embodied therein, for example, in baseband or as part of a carrier

wave. Such a propagated signal may take any of a variety of forms, including, but not limited

to, electro-magnetic, optical, or any suitable combination thereof. A computer readable signal

medium may be any computer readable medium that is not a computer readable storage

medium and that can communicate, propagate, or transport a program for use by or in

connection with an instruction execution system, apparatus, or device. Program code

embodied on a computer readable medium may be transmitted using any appropriate medium,

including but not limited to wireless, wireline, optical fiber cable, RF, etc., or any suitable

combination of the foregoing. Computer program code for carrying out operations for aspects

of the present invention may be written in any combination of one or more programming

languages, including an object oriented programming language such as Java, Smalltalk, C++

or the like and conventional procedural programming languages, such as the "C"

programming language or similar programming languages. The program code may execute

entirely on the unit 901, partly thereon, partly on a unit 901 and another unit 901, similar or

not.

Aspects of the present invention are described above with reference to flowchart illustrations

and/or block diagrams of methods, apparatus (systems) and computer program products

according to embodiments of the invention. It will be understood that each block of the

flowchart illustrations and/or block diagrams can be implemented by one or more computer

program instructions. These computer program instructions may be provided to a processor of

a general purpose computer, special purpose computer, or other programmable data

processing apparatus to produce a machine, such that the instructions, which execute via the

processor of the computer or other programmable data processing apparatus, create means for

implementing the functions/acts specified in the flowchart and/or block diagram block or

blocks. The computer program instructions may also be loaded onto a computer, other

programmable data processing apparatus, or other devices to cause a series of operational

steps to be performed on the computer, other programmable apparatus or other devices to

produce a computer implemented process such that the instructions which execute on the



computer or other programmable apparatus provide processes for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate the architecture, functionality, and

operation of possible implementations of systems, methods and computer program products

according to various embodiments of the present invention. In this regard, each block in the

flowchart or block diagrams may represent a module, segment, or portion of code, which

comprises one or more executable instructions for implementing the specified logical

function(s). It should also be noted that, in some alternative implementations, the functions

noted in the blocks may occur out of the order noted in the figures. For example, two blocks

shown in succession may, in fact, be executed substantially concurrently, or the blocks may

sometimes be executed in the reverse order, depending upon the functionality involved and

algorithm optimization. It will also be noted that each block of the block diagrams and/or

flowchart illustration, and combinations of blocks in the block diagrams and/or flowchart

illustration, can be implemented by special purpose hardware-based systems that perform the

specified functions or acts, or combinations of special purpose hardware and computer

instructions.

More generally, while the present invention has been described with reference to certain

embodiments, it will be understood by those skilled in the art that various changes may be

made and equivalents may be substituted without departing from the scope of the present

invention. In addition, many modifications may be made to adapt a particular situation to the

teachings of the present invention without departing from its scope. Therefore, it is intended

that the present invention not be limited to the particular embodiments disclosed, but that the

present invention will include all embodiments falling within the scope of the appended

claims.
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CLAIMS

1. A memory module (10), comprising:

a plurality of memory chips (21-24), a plurality of connections (31, 32, 51-54) for connecting

the memory module (10) to a processor, wherein a part of the connections (31, 32, 51-54) is

configurable to be grouped into N sets of address and control connections (31, 32) for N

separatively controllable groups (Gl, G2) of memory chips (21-24) of the plurality of

memory chips, N > 2.

2 . The memory module of claim 1,

wherein said part of the connections (31, 32, 51-54) is configurable such that each set of the

N sets of address and control connections (31, 32) is connectable to a respective group (Gl,

G2) of the N separate groups (Gl, G2).

3. The memory module of claim 2, further comprising:

a storage (40) for storing a number of sets (S) of configuration data for configuring the

connections (31, 32, 51-54).

4. The memory module of claim 3,

wherein the storage (40) is configured to provide one selected set (S) of the number of sets of

configuration data to a memory controller (60) for configuring the memory module (10) by

the selected configuration data.

5. The memory module of claim 3 or 4,

wherein each set (S) of configuration data includes a group indication (Gl) indicating the

number N of groups (Gl, G2), a member indication (MI) for each group of the N groups (Gl,

G2), the member indication (MI) indicating the memory chips (21-24) of the group (Gl, G2),

and a capacity indication (CI) for each group of the N groups (Gl, G2), the capacity

indication indicating a capacity of the memory chips (21-24) of the group (Gl, G2).

6. The memory module of claim 5,

wherein each set of configuration data further includes timing information (TI) for the N

separatively controllable groups (Gl, G2) of memory chips (21-24), power supply

information (PS), latency information (LI) and/or requirements (RR) for refresh.



7. The memory module of one of claims 1 to 6,

wherein the plurality of connections (31, 32, 51-54) includes one data connection (51-54) for

each memory chip (21-24) of the plurality of memory chips (21-24).

8. The memory module of one of claims 3 to 7,

wherein the storage (40) is an EEPROM storage.

9. The memory module of one of claims 1 to 8,

wherein the memory module (10) is a Dual In-Line Memory Module (DIMM).

10. A memory controller (60) for controlling a memory module (10) having a plurality of

memory chips (21-24) and a plurality of connections (31, 32, 51-54) for connecting the

memory module (10) to a processor, the memory controller (60) comprising:

a configurator (61) for configuring the memory module (10) such that a part of the

connections (31, 32, 51-54) is grouped into N sets of address and control connections (31, 32)

for N separatively controllable groups (Gl, G2) of memory chips (21-24) of the plurality of

memory chips (21-24), N > 2 .

11. The memory controller of claim 10, further comprising:

a receiver (64) for receiving one selected set of a number of sets (S) of configuration data

stored in a storage (40) of the memory module (10) for configuring the connections (31, 32,

51-54), wherein the configurator (61) is adapted to configure the plurality of connections (31,

32, 51-54) based on the received configuration data (S).

12. The memory controller of claim 11, further comprising:

a selector (65) for transmitting a request (R) to the memory module (10) for selecting one set

(S) of the number of sets of configuration data stored in the storage (40) of the memory

module (10) for configuring the connections (31, 32, 51-54).

13. The memory controller of claim 11 or 12,

wherein the configurator (61) is further adapted to configure a line driver (91) for driving the

connections (31, 32, 51-54), a memory protocol state machine scheduler (92) for controlling



the line driver (91) and a command queue (93) for inputting address and control data to the

memory protocol state machine scheduler (92) based on the received configuration data (S).

14. The memory controller of claim 11 to 13,

wherein the configurator (61) is further adapted to configure a first data formatter (95) for

formatting data to be transmitted between the memory module (10) and the processor within

each group (Gl, G2) of the N separatively controllable groups (Gl, G2) and a second data

formatter (96) for formatting data between the N separatively controllable groups (Gl, G2).

15. A system (1) comprising:

a memory module (10) according to one of claims 1 to 9, and

a memory controller (60) according to one of claims 10 to 14 for controlling the memory

module (10).
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