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DYNAMIC CONFIGURATION OF MEMORY
MODULE USING PRESENCE DETECT DATA

FIELD OF THE INVENTION

[0001] The invention relates generally to memory mod-
ules for computer systems. More particularly, the invention
relates to techniques for system level negotiation of an
operating mode of a memory module by dynamic control of
the presence detect data.

BACKGROUND OF THE INVENTION

[0002] Computer memory comes in two basic forms:
Random Access Memory (hereinafter RAM) and Read-Only
Memory (hereinafter ROM). RAM is generally used by a
processor for reading and writing data. RAM memory is
volatile typically, meaning that the data stored in the
memory is lost when power is removed. ROM is generally
used for storing data which will never change, such as the
Basic Input/Output System (hereinafter BIOS). ROM
memory is non-volatile typically, meaning that the data
stored in the memory is not lost even if power is removed
from the memory.

[0003] Generally, RAM makes up the bulk of the com-
puter system’s memory, excluding the computer system’s
hard-drive, if one exists. RAM typically comes in the form
of dynamic RAM (hereinafter DRAM) which requires fre-
quent recharging or refreshing to preserve its contents.
Organizationally, data is typically arranged in bytes of 8 data
bits. An optional 9th bit, a parity bit, acts as a check on the
correctness of the values of the other eight bits.

[0004] As computer systems become more advanced,
there is an ever increasing demand for DRAM memory
capacity. Consequently, DRAM memory is available in
module form, in which a plurality of memory chips are
placed on a small circuit card, which card then plugs into a
memory socket connected to the computer motherboard or
memory carrier card. Examples of commercial memory
modules are SIMMs (Single In-line Memory Modules) and
DIMMs (Dual In-line Memory Modules).

[0005] In addition to an ever increasing demand for
DRAM capacity, different computer systems may also
require different memory operating modes. Present memo-
ries are designed with different modes and operational
features such as fast page mode (FPM), extended data out
(EDO), synchronous DRAM (SDRAM), double data rate
SDRAM (DDR SDRAM), parity and non-parity, error cor-
recting (ECC) and non error correcting, to name a few.
Memories also are produced with a variety of performance
characteristics such as access speeds, refresh times and so
on. Further still, a wide variety of basic memory architec-
tures are available with different device organizations,
addressing requirements and logical banks. As a result, some
memory modules may or may not have features that are
compatible with a particular computer system.

[0006] Inorder to address some of the problems associated
with the wide variety of memory chip performance, opera-
tional characteristics and compatibility with system require-
ments, memory modules are being provided with presence
detect (PD) data. PD data is stored in a non-volatile memory
such as an EEPROM on the memory module. A typical PD
data structure includes 256 eight bit bytes of information.
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Bytes 0 through 127 are generally locked by the manufac-
turer, while bytes 128 through 255 are available for system
use. Bytes 0-35 are intended to provide an in-depth summary
of the memory module architecture, allowable functions and
important timing information. PD data can be read in
parallel or series form, but serial PD (SPD) is already
commonly in use. SPD data is serially accessed by the
system memory controller during boot up across a standard
serial bus such as an [*C™ bus (referred to hereinafter as an
12C controller). The system controller then determines
whether the memory module is compatible with the system
requirements and if it is will complete a normal boot. If the
module is not compatible an error message may be issued or
other action taken.

[0007] Tt is desired, therefore, to provide a memory mod-
ule that is more flexible in terms of its compatibility with
different computer systems, and particularly that permits the
computer system dynamically to negotiate available
memory module functions and modes.

SUMMARY OF THE INVENTION

[0008] The present invention contemplates, in one
embodiment, a memory module comprising: a plurality of
memory chips on the module; first logic for configuring the
memory module to operate in a selectable mode; second
logic for storing initial presence detect (PD) data; and third
logic for storing modified PD data that corresponds to a
requested mode of operation of the memory module
received from a system controller.

[0009] The invention also contemplates the methods
embodied in the use of such a memory module, and in
another embodiment, a method for system control of an
intelligent memory module, including the steps of:

[0010] a) reading presence detect (PD) data from a
non-volatile memory on the module;

[0011] b) writing modified PD data to a volatile
memory based on requested operating mode; and

[0012] c¢) controlling transfer of PD data between the
memory module and the system controller based on
which memory stores the up-to-date PD data.

[0013] These and other aspects and advantages of the
present invention will be readily understood and appreciated
by those skilled in the art from the following detailed
description of the preferred embodiments with the best mode
contemplated for practicing the invention in view of the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a functional block diagram of a memory

module for a computer system in accordance with the
present invention;

[0015] FIG. 2 is a flow chart for a negotiation process at
the system level with a memory module using READ/
WRITE PD data functions;

[0016] FIGS. 3A and 3B are flow charts illustrating
another aspect of the invention pertaining to a multiple step
negotiation process.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] With reference to FIG. 1, an embodiment of the
invention is illustrated in the environment of a computer
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system 10. The computer system 10 can be any computer
system that utilizes a memory module having presence
detect (PD) data and programmable or selectable memory
module functions and modes. Personal computer systems,
such as an IBM APTIVA or IBM PC-300™, could be used
for the computer system 10, to name just two of many
examples. The computer system includes a CPU/system
controller 12, and a memory controller 14. In this embodi-
ment, the computer system 10 further includes a memory
module 20, as will be further described hereinafter. The
memory controller 14 provides address, data and bus control
signals for interfacing the CPU 12 and the memory module
20. The memory controller 14 includes logic for addressing,
receiving, writing and refreshing data in the plurality of
memory chips 22 on the module 20. As will be apparent
from the following exemplary embodiments, however, the
memory module 20 may also include logic that interfaces
with or otherwise controls various functions relating to
addressing and data flow with the memory chips 22.

[0018] In accordance with one aspect of the invention, the
memory module 20 is of the type that can be generally
categorized as an “intelligent” module, in that the module 20
can operate in a plurality of selectable or programmable
modes. The programmable feature of the module 20 is
significantly advanced beyond the conventional mode selec-
tion criteria available by use of the Mode Register function
of conventional memory chips such as synchronous DRAMs
(SDRAMSs). The memory module 20 can include memory
chips such as, for example, SDRAMs with standard Mode
Register functions such as, for example, burst type, burst
length and CAS Latency. Such chips are used today on
memory modules such as, for example, Dual Inline Memory
Modules or DIMMSs. Other module architectures such as
SIMMS could also be used. However, these mode register
functions alone do not provide the level of flexibility needed
to allow system level control to optimally interface with a
number of different memory chip 22 designs and memory
module 20 capabilities.

[0019] In accordance with one aspect of the invention, the
memory module 20 includes a logic circuit 24. In the
embodiment, the logic circuit 24 is realized in the form of an
application specific integrated circuit (ASIC). A suitable
device for the ASIC 24 is a gate array ASIC such as
TOSHIBA ASIC TC160G. Suitable SDRAM devices 22 are
IBM 0316409CT3 available from IBM.

[0020] The ASIC 24 includes or communicates with a
volatile memory 26. The volatile memory is used to store
modified SPD data fields, as will be further explained herein.

[0021] The ASIC 24 further includes a Look-up cable 28
or comparable data set function that scores information
about the programmable features of the memory module 20.
The use of a logic circuit 24 provides the capability to
include a number of system level programmable or select-
able features or operating modes. For example, the ASIC 24
can be configured to allow the module 20 to operate in
several addressing modes in one embodiment, the ASIC 24
effects an address re-mapping operation. This allows the
system controller 12, for example, to select or request an
addressing option that is compatible with a mode available
on the memory module 20. For example, SDRAM memories
can include a number of banks of memory arrays. An ASIC
can be configured to allow the use of a 4 bank SDRAM in
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a system that supports only 2 bank SDRAMs, by effecting
an address re-mapping unction. This example of a program-
mable or selectable feature for the 7 memory module 20 is
more fully described in co-pending U.S. patent application
Ser. No. 09/067549 entitled “ADDRESS RE-MAPPING
FOR MEMORY MODULE USING PRESENCE DETECT
DATA” (Docket BU9-97-137) files on even date herewith,
the entire disclosure of which is fully incorporated herein by
reference and which is owned in common by the assignee of
the present invention.

[0022] Other examples of selectable or programmable
modes and functions that can be negotiated and effected
using the present invention include, for example, changing
from an unbuffered to a buffered or registered mode, and
engaging or bypassing FET switches to allow a DIMM to be
connected or disconnected electrically from a bus.

[0023] In order for the system controller 12 to be able to
take advantage of programmable modes in the memory
module 20, the system controller 12 must be able to com-
municate with the module 20 to effect a mode request. In
accordance with a significant aspect of the present invention,
a technique is provided that allows the system controller 12
to negotiate an operating mode with the memory module 20.
In the described embodiment, this negotiation is effected by
the use of the presence detect function of the memory
module 20.

[0024] Memory modules that use SDRAMs typically
include a presence detect (PD) function. A non-volatile
memory such as an EEPROM is included on the DIMM and
stores a PD data field. A typical PD data field includes 256
bytes of information which are further categorized into a
number of segments as follows:

BYTE NOS. DATA
0-35 Module functional and performance
information

36-61 Superset data
62 SPD Revision
63 Checksum for bytes 0-62

64-127 Manufacturer’s information

128-255 Reserved for system use

[0025] The PD data in bytes 0-35 can be used by a system
controller to verify compatibility of the memory module 20
and the system requirements. The PD data can be read in
serial or parallel format. Although serial PD data (SPD) is
used in the exemplary embodiments herein, those skilled in
the art will appreciate that the invention can be used with
parallel PD data.

[0026] The information contained in bytes 0-127 is gen-
erally locked by the manufacturer after completion of the
module build and test. This ensures that the data is not
corrupted or overwritten at a later time.

[0027] Inthe embodiment of FIG. 1, the system controller
12 accesses SPD data stored in a non-volatile memory 30.
The non-volatile memory 30 may be a separate memory
device such as an EEPROM, or may be a memory array that
is part of the ASIC logic device 24. A suitable EEPROM
with an integrated 12C bus controller (shown separately in
the drawing for clarity) is a FAIRCHILD part no.
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NM24CO3L. The system controller 12 reads the SPD data
stored in the non-volatile memory 30 (via a bus 30b) by
accessing the memory 30 through a standard 12C bus
controller 32 on the memory module 20 and the system
memory controller 14 which includes a corresponding 12C
controller 14a. The 12C bus 34 is an industry standard serial
bus, and the 12C bus controller 32 can be, for example, a
PHILLIPS part no. PCF8584 controller. The system 12C
controller 14a may be located on the system mother board
or integrated into the memory controller logic 14 as in FIG.
1. The system controller 12 accesses the memory controller
14 across a standard bus 44.

[0028] The memory controller 14 communicates with the
module 20 via a DATA/ADDRESS AND CONTROL bus
40. This bus 40 can interface directly with the ASIC circuit
24 as illustrated, or can interface directly with the memory
chips 22, as indicated by the phantom bus 42. Data flow
typically is accomplished directly between the memory
controller 14 and the memory chips 22, however, in some
applications the ASIC may be used to modify addresses (e.g.
as is done in the above incorporated pending application for
address re-mapping), or also for data formatting features
such as parity, error correction and so on to name a few
examples. The present invention thus is not limited in terms
of how data and control signals are exchanged between the
system and the module 20, but rather more generally to how
the system can negotiate an operating mode of the module.
Thus, although double ended arrows are used to represent
data and control flow between the ASIC 24 and the memory
chips 22, this is intended to be exemplary in nature. Those
skilled in the art will appreciate that the particular architec-
ture used will depend on the actual programmable features
incorporated into the memory module 20. In some applica-
tions, for example, the ASIC 24 will send address and
control signals to the memory chips 22, but the data will flow
directly to the memory controller 14. The module 12C bus
controller function can be and often is integrated with the
non-volatile memory 30 and/or the ASIC device 24. In
another example, the data, address and control signals will
flow directly between the memory controller 14 and the
memory chips 22, but the ASIC will provide other features
or controls. Thus, the exact flow of signals will depend on
each particular implementation, and the exemplary embodi-
ment of FIG. 1 should not be construed in a limiting sense.

[0029] The ASIC 24 also has access to data in the non-
volatile memory 30, via a bus 30a. This is provided so that
the ASIC 24 can, in some applications, be used to re-write
the original PD data in the non-volatile memory 30. Fur-
thermore, in the case where the ASIC device 24 directs PD
data to be read from the volatile memory 26, the appropriate
control signal, such as the 12C clock, is simply withheld
from the non-volatile memory 30 by the ASIC 24.

[0030] It is further noted that the various circuits indicated
as discrete functional blocks, such as blocks 26, 28, 30 and
32 may be part of the overall ASIC device 24, as represented
by the dashed box 24a around those components.

[0031] The system controller 12 initially obtains the SPD
data from the non-volatile memory 30 during boot-up after
the computer 10 is powered up. A power on reset (POR)
operation occurs which resets the module 20 logic to ensure
that the preset module operation mode is initiated using the
initial or original SPD data stored in the non-volatile
memory 30.
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[0032] 1t is another aspect of the invention that the system
12 can originate a negotiation of memory module 20 func-
tions or modes “on the fly”, not just during a power on
sequence. Although the embodiment described herein is
explained in the context of a power on or boot up sequence,
this is merely for convenience of explanation, and those
skilled in the art will appreciate that the techniques and
apparatus described herein allow the system 12 to negotiate
a module 20 mode at any time by initiating a new SPD
read/write operation.

[0033] In order to effect a negotiation between the system
12 and the memory module 20, it is preferred but not
required that the system controller 12 be able to ascertain
whether the module 20 includes programmable features. It is
contemplated that one of the PD data bytes, such as byte 61
in the address range for “Superset” will be designated to
indicate that the memory module 20 has one or more
programmable features (such as, for example, address re-
mapping). One reason that it may not be required to include
programmable information in a PD data byte is that the
system 12 can be designed to request a mode change if
needed and the logic device 24 could simply accept or reject
the request based on the features available on the module 20.
The use of a byte such as byte 61 to indicate programmable
features could speed up the negotiation process, particularly
where the module 20 does not have programmable features.

[0034] Based on the initial PD data from the non-volatile
memory 30, the system controller 12 can compare the
module 20 performance and operational features with the
system requirements. This comparison can be effected by the
system BIOS as is known. If the module 20 is compatible
with the system 12 requirements, normal boot up and
operation follows. If, however, the module 20 has module or
device functions that are inconsistent with the system level
requirements, and if the PD data indicates that the module 20
has one or more programmable features, then a negotiation
process can be executed by the system 12. Again, the latter
requirement of an affirmative indication in the PD data of
programmable features is not required in order to carry out
the present invention but is a preferred embodiment.

[0035] A negotiation process between the system control-
ler 12 and the module 20 can be implemented as follows.
Based on the system requirements, the system controller 12
writes or transfers modified or requested PD data to the
module 20. The modified PD data corresponds with a
requested operating mode or function and can be transferred
by a complete PD data field write of all 255 bytes, or
alternatively the system controller 12 could write data for
only the PD data entries that the system controller 12 desires
to change. In either case, the modified PD data is generally
transmitted to the logic device 24 by the memory controller
14 and the 12C controller 32. The ASIC logic device 24
stores the modified PD data in the volatile memory 26. A
volatile memory 26 can be used to store the new PD data
because when power is removed it will be preferred to effect
a start up sequence with the “original” or initial PD data in
the EEPPROM 30. Thus, it is further contemplated that for
a system level negotiation, modified or requested PD data
will not be written to the EEPROM 30 because it is desirable
not to lose the original PD data therein. But, alternative
techniques for preserving the original PD data while using
the non-volatile memory 30 for the modified PD data, and
then re-writing the original PD data back to the memory 30
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could be implemented if needed, although such a process
may not be feasible in some applications.

[0036] After receiving the modified or requested PD data
from the system controller 12, the ASIC logic device 24 can
compare the new PD data and its corresponding modes or
functions, with permitted modes or functions that are sup-
ported by the ASIC device 24. The permitted functions can
be obtained, for example, from the look-up table 28. This
process does not require a “translation” per se of PD data to
corresponding functions. For example, the ASIC device 24
can be provided with a look up table 28 or other suitable
stored data format that indicates PD data values that it can
support. The look-up table 28 may also store data that
indicates various operational parameters of the memory
chips, which data can be used to analyze additional com-
patibility features that might otherwise not be available from
the conventional PD data and mode register functions.

[0037] In the case where the modified PD data corre-
sponds to functions supported on the module 20, the modi-
fied or new PD data is saved in the volatile memory 26 and
normal start-up and operation continues under the new mode
or function. Thereafter, the ASIC logic device controls the
transfer of PD data either from the non-volatile memory 30
or the volatile memory 26 depending on which memory
holds the most up-to-date PD data for each PD data byte.
The volatile memory 26 can be designed to store all the PD
data field entries, in which case PD data transfer can occur
from the volatile memory 26 alone. Alternatively, the vola-
tile memory 26 can be used to store only the new up-to-date
PD data entries, in which case the ASIC device 24 will use
both the non-volatile memory 30 and the volatile memory 26
to transfer PD data to the system controller 12. In the latter
case, it is contemplated that the ASIC device 24 will set a
“flag” bit for each SPD address that is rewritten by the
system 12. This bit can then be used to direct any future
“SPD READ” operations to use the PD data contained in the
volatile memory 26 for those addresses.

[0038] The system controller 12 may elect to verify that
the new mode or function has been entered. In this case, the
system performs a READ of the PD data to verify compat-
ible functions are in use. In general, the system controller 12
would then initiate a power on self test (POST) to ensure the
memory module 20 is fully functional.

[0039] In the event that the module 20 is not program-
mable or does not have requested programmable functions
supported by the ASIC logic device 24, the system controller
12 will continue the boot up process with appropriate
diagnostics or other initialization processes as normally
occurs when incompatible memory devices are detected
during power up.

[0040] With reference to FIG. 2, a suitable control process
in accordance with the invention is provided. At step 200 a
POR sequence is performed to initialize the memory module
20. At step 202 the system controller 12 accesses the initial
PD data stored in the non-volatile memory 30. In the
described embodiment, step 202 is a serial PD READ
operation via the 12C bus 34 and I12C controller 32.

[0041] At step 204 the system controller 12 determines
whether the initial operating modes and functions of the
memory module 20 are compatible with system level
requirements. If YES, normal operation continues at step
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206. If NO, the system controller 12 at step 208 writes
modified or new PD data to the memory module 20, which
new PD data is stored in the volatile memory 26. Shown in
dashed lines on FIG. 2 is a related step 208a for systems
wherein a PD data entry is used as a flag or marker to
indicate to the system controller 12 whether the module 20
supports programmable functions or modes. If NO, the
system enters its normal diagnostic and configuration func-
tions at step 210 under control of the BIOS.

[0042] At step 212 the ASIC logic device 24 determines
whether the requested function, as indicated by the modified
PD data, is supported on the memory module 20. If YES, the
up-to-date PD data is stored (step 214) and provided during
subsequent READ operations (step 216) during normal
operation (step 206). If the requested function is not sup-
ported by the memory module 20 as determined at step 212,
the system enters the normal diagnostic/configuration func-
tions at step 210, as is the case from step 208a if the module
20 is not programmable. Note that at step 214 the requested
mode change is also effected. It is at this point, for example,
that the system may perform a self-test to verify that the
requested change has been implemented.

[0043] Those skilled in the art will appreciate that the
exemplary embodiment of FIG. 2 illustrates a negotiation
process involving a single request step by the system con-
troller 12. In accordance with another aspect of the inven-
tion, the negotiation process can include a number of
exchanges between the system 12 and the ASIC 24 in an
attempt to find a compatible set of operating parameters.
This aspect of the invention assumes that the memory
module includes programmable features.

[0044] FIGS. 3A and 3B illustrate this aspect of the
invention. FIG. 3A shows a suitable process flow for the
system 12 and FIG. 3B shows a suitable process flow for the
memory module 20, in particular the ASIC control 24. Note
that the functions identified in FIG. 2 can also be incorpo-
rated as required for the alternative embodiment, with FIGS.
3A and 3B illustrating additional and/or alternative steps for
carrying out a multiple step negotiation process.

[0045] In essence, the system controller 12 makes a num-
ber of attempts to find a compatible configuration within the
programmable features of the DIMM. This is effected in the
FIGS. 3A and 3B embodiment as follows. On the system 12
end (FIG. 3A), at step 300 the system 12 reads the serial
presence detect data from the DIMM, through the bus
controller 14a and the SPD READ/WRITE bus 34. If at step
302 the SPD data indicates that the memory module 20 is
compatible with system requirements, then at step 304
normal boot proceeds. If the result at step 302 is negative,
then the system 12, at step 306, updates its memory function
requirements list and if no further options are available the
system 12 will de-allocate and proceed to a diagnostic
routine or operate under the final negotiated parameters if
permitted. If at step 306 there are additional options, then the
system writes at step 308 the next choice of SPD data to the
memory module 20, in a manner, for example, as previously
described herein before. After step 308 the system returns to
step 300 to verify whether the latest requested SPD data has
been successfully accepted by the DIMM.

[0046] On the DIMM side, as in FIG. 3B for example, one
aspect of this embodiment is that not only does the ASIC 24
analyze the requested SPD data from the system 12 as
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written to and stored in the volatile memory 26, but if the
requested data is not available the ASIC 24 can modify the
data in the memory 26 based on its next available option as
identified from its look-up table 28. The system 12 then
reads this latest information (at step 300 in FIG. 3A) to
determine if it is compatible. Thus, the negotiation process
is dynamically implemented by the ASIC 24 and the system
controller 12. The process flows of FIGS. 3A and 3B thus
operate together, although they are illustrated for conve-
nience as separate flow diagrams.

[0047] 1In FIG. 3B then, at step 400, the ASIC 24 sets the
normal DIMM operating mode and permits an SPD read
operation by the system 12. The ASIC 24 then waits for an
SPD write operation at step 402 as will be effected by the
system 12 from the process of FIG. 3A if the DIMM normal
mode is not compatible with the system 12 requirements. If
the DIMM can support the SPD request from the system 12,
then at step 404 the program advances to step 406 and the
memory module 20 operates under the new SPD parameters.
If the result at step 404 is negative, then at step 408 the ASIC
24 writes modified SPD data to the volatile memory 26 and
then at step 406 waits for the next SPD read by the system
12.

[0048] Thus the process of FIGS. 3A and 3B can continue
until either a compatible set of parameters is negotiated, or
until the system 12 and/or the DIMM 20 options (as stored
in their respective look-up tables) are exhausted.

[0049] As an example of a multiple step negotiation
process, a DIMM may have hard programmed operating
functions such as a 100 megahertz clock, CL.=3 and Tac=5
nanoseconds (“100 M/3/5”). The DIMM SPD support list
(such as can be stored as part of the look-up table 28 for
example) may indicate that the DIMM can accept different
modes such as 125 M/4/6 (i.e. 125 megahertz clock, CL=4
and Tac=06), 125 M/3/6, 100 M/4/7, 100 M/3/7, 83 M/2/8, 66
M/1/7 and so forth. On the other hand, the system 12
requirements list may include 100 M/2/4.5, 100 M/3/6.5, 83
M/2/9, 66 M/1/12 and so on. Thus the DIMM and system
can exercise a multiple step negotiation process by which
the ASIC and system scan their respective support lists and
write modified PD data in an effort to find a compatible
match.

[0050] The invention thus provides techniques for system
level negotiation with a programmable memory module by
using PD READ/WRITE functions.

[0051] While the invention has been shown and described
with respect to specific embodiments thereof, this is for the
purpose of illustration rather than limitation, and other
variations and modifications of the specific embodiments
herein shown and described will be apparent to those skilled
in the art within the intended spirit and scope of the
invention as set forth in the appended claims.

1. A memory module comprising: a plurality of memory
chips on the module; first logic for configuring the memory
module to operate in a selectable mode; second logic for
storing initial presence detect (PD) data; and third logic for
storing modified PD data that corresponds to a requested
mode of operation of the memory module received from a
system controller.

2. The apparatus of claim 1 wherein said second logic
comprises a non-volatile memory and said third logic com-
prises a volatile memory; and further wherein a system
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controller operates to read the initial PD data and to write
modified PD data to said volatile memory; said modified PD
data corresponding to a requested operating mode of the
module by the system controller; said first logic operating to
accept said modified PD data when the requested mode is
available in the module.

3. The apparatus of claim 2 wherein said first logic
operates to control PD data transfer to the system controller
from said volatile and non-volatile memories based on
which memory stores up-to-date PD data.

4. The apparatus of claim 1 wherein said PD data is
accessed with a serial bus controller that interfaces with the
system controller.

5. The apparatus of claim 1 wherein said second logic
comprises an EEPROM that stores original serial PD data.

6. The apparatus of claim 1 wherein said first logic
comprises an ASIC logic device and includes a non-volatile
memory that stores original serial PD data.

7. The apparatus of claim 1 comprising an [12C bus
controller and an 12C bus; said system controller reading
serial PD data from a non-volatile memory after memory
power up, and determining compatibility of memory module
functions with system requirements.

8. The apparatus of claim 2 wherein said system controller
writes modified PD data to said volatile memory that cor-
responds to a desired operating mode of the memory module
based on system requirements.

9. The apparatus of claim 8 wherein said first logic
operates to accept said modified PD data when the corre-
sponding requested mode is available in the module and
writes modified SPD data when the requested mode is not
available, said first logic and a system controller operating
to effect a dynamic negotiation of a compatible operating
mode.

10. The apparatus of claim 2 wherein said first logic
operates to control PD data transfer to the system controller
from said volatile memory and said non-volatile memory
based on which memory stores up-to-date PD data, said
logic circuit setting a flag bit for each modified PD data entry
so that PD data that has been modified is read by the system
controller from said volatile memory.

11. The apparatus of claim 1 comprising a serial bus and
serial bus controller for interfacing a system controller with
the module so that the system controller can read and write
serial PD data of the module to negotiate an operating mode
for the module.

12. A computer system comprising: a system controller
and a memory module; the memory module comprising a
plurality of memory chips on the module, and a memory
module logic circuit for configuring the memory module to
operate in a selectable mode; said system controller nego-
tiating an operating mode of the memory module by reading
and writing presence detect (PD) data of the memory
module.

13. The computer of claim 12 comprising a serial bus
controller for interfacing the module with the system con-
troller; and wherein said system controller operates to read
and write serial PD data of the memory module.

14. The computer of claim 12 wherein said memory
module comprises a volatile memory that stores modified
PD data written by said system controller that corresponds
to a requested operating mode, and a non-volatile memory
that stores initial PD data.



US 2001/0000822 Al

15. The apparatus of claim 14 wherein said memory
module comprises a logic circuit that accepts said modified
PD data when the requested mode is available in the module,
and controls the transfer of PD data from said volatile and
non-volatile memories based on which memory stores up-to-
date data with respect to each PD data entry.

16. A method for system control of an intelligent memory
module, comprising:

a) reading presence detect (PD) data from a non-volatile
memory on the module;

b) writing modified PD data to a volatile memory based
on requested operating mode; and

¢) controlling transfer of PD data between the memory

module and the system controller based on which
memory stores the up-to-date PD data.

17. The method of claim 16 wherein a logic circuit on the

module determines whether a requested mode is available on

May 3, 2001

the module, and uses the modified PD data in the volatile
memory to maintain up-to-date PD data entries.

18. The method of claim 17 wherein the logic circuit sets
a flag for each PD data entry that is modified in response to
a request for a programmable mode from the system con-
troller.

19. The apparatus of claim 12 wherein said selectable
mode comprises an address re-mapping function.

20. The method of claim 16 wherein said requested
operating mode comprises an address re-mapping function.

21. The method of claim 16 comprising a multiple step
negotiation between the system controller and the memory
module by using both circuits to write modified PD data to
the volatile memory until a compatible mode is found or
until support lists are exhausted.



