6/089313 A2 | IV 20 A 0 RO T

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 August 2006 (24.08.2006)

O 100 RN O

(10) International Publication Number

WO 2006/089313 A2

(51) International Patent Classification:
G11C 7/10 (2006.01) G11C 5/00 (2006.01)

(21) International Application Number:
PCT/US2006/006995

(22) International Filing Date: 3 February 2006 (03.02.2006)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/653,020 14 February 2005 (14.02.2005) US
11/128,829 13 May 2005 (13.05.2005) US

(71) Applicant (for all designated States except US): QUAL-
COMM INCORPORATED [US/US]; 5775 Morehouse
Drive, San Diego, CA 92121 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): WALKER, Robert,
Michael [US/US]; 9000 Deerland Grove Drive, Raleigh,
NC 27615 (US).

(74) Agents: WADSWORTH, Philip, R. et al.; 5775 More-
house Drive, San Diego, CA 92121 (US).

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

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: REGISTER READ FOR VOLATILE MEMORY

MEMORY MODULE
100~
116 104~  DRAM ARRAY
118 -106
TEMP 1
BANK 3
114
D
2 BANK 2
EXTENDED|
MODE
REGISTER
BANK 1
mope 110
REGISTER
BANK 0
108
CONTROL [~
s Wl ol @] @) w 5| = or @
3|5|0|x|5|3(8| |2 al, &
102
N CONTROLLER

(57) Abstract: Data not stored in the DRAM array of a SDRAM module is read from the SDRAM module in a synchronous data
& transfer. The data transfer, referred to as register read command/operation, resembles a read command/operation directed to data
& stored in the DRAM array in timing and operation. The register read command is distinguished by a unique encoding of the SDRAM
control signals and bank address bits. In one embodiment, the register read command comprises the same control signal states as a
MSR or EMSR command, with the bank address set to a unique value, such as 2’b10. The register read command may read only a
single datum, or may utilize the address bus to address a plurality of data not stored in the DRAM array. The register read operation
may be a burst read, and the burst length may be defined in a variety of ways.



WO 2006/089313 A2 I} N0V NDVYH0 T VKO V00 RO AR AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2006/089313 PCT/US2006/006995

REGISTER READ FOR VOLATILE MEMORY
RELATED APPLICATION

[0000] This application claims priority to U.S. Provisional Application No.

60/653,020 filed February 14, 2005.

BACKGROUND

[0001] The present invention relates generally to the field of memory and in
particular to a method of reading a register from a volatile memory module.

[0002] Portabl;a electronic devices have become ubiquitous accoutrements to
modern life. Two modern trends in portable electronic devices are increased
functionality and decreased size. Increased functionality demands higher computing
power and more memory. The decreasing size of portable electronic devices places a
premium on power consumption, as smaller batteries can store and deliver less power.
Thus, advances that increase performance and decrease power consumption are
advantageous for portable electronic devices.

[0003]  Most portable electronic devices include Dynamic Random Access Memory
(DRAM) to store instructions and data for a processor or other controller. DRAM is the
most cost-effective solid-state memory technology available. While the price per bit is
lower for mass storage technologies such as disk drives, the high access latency, high
power consumption, and high sensitivity to shock or vibration preclude the use of mass
storage drives in many portable electronic device applications.

[0004]  Synchronous DRAM (SDRAM) offers both improved performance and
simplified interface design over conventional DRAM by aligning all control signals and

data transfer cycles to clock edges. Double data rate (DDR) SDRAM allows data
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transfers on both rising and falling edges of the clock, providing still higher
performance.
[0005] Most SDRAM modules include a mode register to store configurable
parameters such as CAS latency, burst length, and the like. As SDRAM technology
increased in complexity and configurability, many SDRAM modules added an extended
mode register to store additional configurable parameters such as write length, drive
strength, and the like. Both the mode register and extended mode register are write-
only. That is, there is no provision for a controller to read the contents of these
registers. With the introduction of the mode and extended registers, a DRAM module
for the first time stored information other than the data written to and read from' the
DRAM array. Consequently, a new data transfer operation was required.
[0006] Many SDRAM modules include Mode Register Set (MRS) and Extended
Mode Register Set (EMRS) operations to load the registers with the desired parameters.
These operations are commonly implemented by simultaneously driving the CS, RAS,
CAS, and WE control signals low, selecting between the MRS and EMRS with bank
address bits, and providing the information to be written to the selected register on
address lines AO — Al11l. In most implementations, all DRAM banks must be inactive at
the time of the MRS or EMRS command, and no further operation may be directed to
the SDRAM module for a specified minimum duration, such as six clock cycles. These
restrictions do not adversely impact the SDRAM performance, since due to the nature of
the mode and extended mode registers, they are written once upon initialization and
never changed.
[0007]  The third-generation Graphics Double Data Rate industry specification
(GDDR3) provides the ability to read information from an SDRAM module other than

data stored in the DRAM array. As one option during an EMRS operation, the SDRAM
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may output a vendor code and version number on the data bus (EMRS write information
is transmitted on the address bus). All of the restrictions of the EMRS operation — that
all banks be idle and that the operation is followed by a minimum duration, such as six
clock cycles, of inactivity — must be observed. Due to the static nature of the
information (vendor ID and version number), it only needs to be read once, such as
during initialization, and the limitations of the EMRS operation do not significantly
affect performance.

[0008] A basic aspect of DRAM operation is that the capacitive charge storing data
at each bit position must be periodically renewed to preserve the data state. The DRAM
array is refreshed by row; some SDRAM modules may refresh the same row in multiple
DRAM banks at the same time. Each row in the DRAM array must be refreshed within
a specified refresh period. The DRAM rows may be refreshed sequentially once per
refresh period, known as a burst refresh. However, this prevents access to the DRAM
array for the time necessary to cycle through all of the rows, and imposes a performance
degradation. Alternatively, refresh cycles directed to each row may be spread evenly
throughout the refresh period, interspersed with read and write data transfers. This is
known as distributed refresh. Distributed refresh is more commonly implemented, as it
imposes less of a performance penalty.

[0009] The total required refresh period, and hence the spacing of refresh cycles in a
distributed refresh operation, depends on the temperature of the DRAM array dye. As a
general rule of thumb, the refresh rate must be doubled for every 10° C increase in the
DRAM array die temperature. The refresh period specified for a SDRAM module is
typically that required by the DRAM at its highest anticipated operation temperature.
Thus, whenever the DRAM array die is at a lower temperature, the refresh period is

longer, and the distributed refresh cycles may be spaced further apart, thus reducing
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their impact on DRAM read and write accesses. This would both improve processor
performance and reduce power consumption by eliminating unnecessary refresh
activity.

[0010]  Co-pending U.S. Patent Application Serial No. , filed on

, assigned to the assignee of the present invention and

incorporation herein by reference in its entirety, discloses a SDRAM module having a
temperature sensor. A controller, such as a processor, may periodically read the output
of the temperature sensor and calculate the actual minimum required refresh rate. At
least during initial operation — that is, before the SDRAM module stabilizes at its
operating temperature — the controller may periodically read the temperature sensor,
such as every four to six microseconds, to dynamically optimize the refresh rate.

[0011] The output of a temperature sensor is one form of data read from a SDRAM
module that is not stored in the DRAM array. The only known means for reading such
information — “piggy backing” the read of vendor ID and version number on an EMRS
operation, as provided in the GDDR3 specification — imposes unacceptable performance
penalties. As described, in most implementations, all banks must be idle prior to the
EMRS operation, and no commands may be issued for many clock cycles after the
EMRS operation. Ideally, the read of data not stored in the DRAM array should be
performed in a synchronous data transfer that is substantially similar to a read operation
directed to data that is within the DRAM array. This would allow the read of
information not stored in the DRAM array to be seamlessly interspersed with reads and

writes of data that is stored in the DRAM array (i.e., normal DRAM accesses).
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SUMMARY

[0012] In one or more embodiments, data not stored in the DRAM array of a
SDRAM module is read from the SDRAM module in a synchronous data transfer. The
data transfer, referred to as register read command/operation, resembles a read
command/operation directed to data stored in the DRAM array in timing and operation.
The register read command is distinguished by a unique encoding of the SDRAM
control signals and bank address bits. In one embodiment, the register read command
comprises the same control signal states as a MSR or EMSR command, with the bank
address set to a unique value, such as 2°b10. The register read command may read only
a single datum, or may utilize the address bus to address a plurality of data not stored in
the DRAM array. The register read operation may be a burst read, and the burst length
may be defined in a variety of ways.

[0013] One embodiment relates to a method of reading data from a SDRAM
module, that is not stored in a DRAM array. Control signals are output for a
synchronous read of data from a DRAM array with a unique encoding of control
signals, and the data not stored in a DRAM array are synchronously read.

[0014] Another embodiment relates to an SDRAM memory module including a
DRAM array and a register. The module also includes control circuits operative to
perform synchronous data transfers with a controller and to read and write data from
and to the DRAM array. The control circuits are further operative to output to the

controller, in a synchronous data transfer, data not stored in the DRAM array.
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BRIEF DESCRIPTION OF DRAWINGS

[0015] Figure 1 is a functional block diagram of a processor.

[0016]  Figure 2 is a timing diagram of a register read operation.

[0017] Figure 3 is a timing diagram of a register read followed by a read.

[0018]  Figure 4 is a timing diagram of a terminated register read burst followed by a

write.

DETAILED DESCRIPTION

[0019]  Figure 1 depicts a SDRAM memory module 100 and a controller 102. The
controller may comprise a processor, digital signal processor, micro controller, state
machine, or the like. The controller 102 directs operations to the SDRAM module 100
by control signals Clock (CLK), Clock Enable (CKE), Chip Select (CS), Row Address
Strobe (RAS), Column Address Strobe (CAS), Write Enable (WE), and Data Qualifiers
(DQM) as well known in the art. The controller 102 provides a plurality of address
lines to the SDRAM module 100 and a bi-directional data bus connects the two. The
SDRAM module includes a DRAM array 104, which may be divided into a plurality of
banks 106. The DRAM array stores instructions and data, and is read from, written to,
and refreshed by control circuit 108, under the direction of the controller 102.

[0020] The SDRAM module 100 additionally includes a mode register 110 and
extended mode register 112. The SDRAM module 100 may additionally include
identification information 114, such as vendor ID and version number. The
identification information 114 may be stored in a register; alternatively, it may be
hardwired into the die.

[0021] The SDRAM module 100 additionally includes a temperature sensing circuit

116, including one or more temperature sensors such as a thermister 118 disposed
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adjacent the DRAM array 104 and operative to sense the temperature of the DRAM
array dye. The contents of the mode register 110 and extended mode register 112, the
SDRAM module identification 114 and the output of the temperature sensor 116 are all
examples of data that may be read from the SDRAM module 100, but that are not stored
in the DRAM array 104. According to one or more embodiments, an operation is
defined that effects a synchronized read of data not stored in the DRAM array 104.

[0022] SDRAM operations are defined by the state of the control signals applied to
the SDRAM module 100 by the controller 102 on a rising clock edge. Common

SDRAM operations are defined in the truth table below, where X indicates a “don’t

care” state.
CS | RAS | CAS | WE | ADDR | BANK Command

H| X X X X X Command Inhibit (SDRAM not selected)
L| H H H X X NOP

L L H H row bank | Active (row select)

L H L H col. bank | Read (data in DRAM array)

L H L L col. bank | Write (data in DRAM array)

L H H L X X Burst Terminate

L L H L TOW bank | Precharge (deactivate row)

L L L H X X Auto Refresh or Self Refresh

L L L L Vé;itt; 2’600 | Mode Register .Set (MSR)

. Extended Mode Register Set (EMSR) and
L L L L \Z;t: 2’b01 | optional Vendo’r ID and version read for
GDDR3-compliant SDRAM.

Table 1: Representative SDRAM Commands and Control Signals
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[0023]  According to one or more embodiments, the following operation is defined

to read data not stored in the DRAM array:

CS | RAS | CAS | WE | ADDR | BANK | Command

L L L L X 2’b10 | Register Read

Table 2: Single Register Read Command and Control Signals

[0024] The operation to read data not stored in DRAM array is referred to herein as
a “register read,” although the operation is not limited to reading data from an actual
register. For example, the output of the temperature sensing circuit 116 and the
hardwired SDRAM module ID information 114 may be read with a register read
command, although neither datum may reside in an actual register on the SDRAM
module 100.

[0025] In one embodiment, in a register read operation, the SDRAM module ID
information 114 is driven on data bus bits DQ[3:0]. The SDRAM module ID
information 114 may be in the form of the Vendor ID as specified in the GDDR3
standard. The ability to read the Vendor ID may be particularly useful in “stacked chip”
applications, wherein two or more semiconductor dice are stacked with intervening
dielectric layers, with wirebonded interconnections, and packaged in the same
integrated circuit housing. For example, a processor and a SDRAM die may be stacked
in a package. In these applications, if the vendor is not known, it may be impossible to
ascertain without being able to read the information electronically from the SDRAM
device itself.

[0026] In one embodiment, information generated by the temperature sensing circuit

116 is driven on data bus bits DQ[10:8]. In one embodiment, the temperature
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information may be expressed as a refresh rate multiplier, as defined in the following

table.

DQ[10:8] | Refresh Rate Multiplier

111 Out of Range

110 | 4x
101 | 2x
000 | 1x
001 | 1/2x
010 1/4x

011 Out of Range

Table 3: Representative Refresh Rate Multiplier Encoding

[0027] The SDRAM module ID information 114 and output of the temperature
sensing circuit 116 may be simultaneously driven on the data bus during a register read
operation. Note that the address bus is not utilized in this embodiment of the register
read command; the read is always directed to a single datum, such as a read-only status
register.

[0028] In another embodiment, the read register command is not limited to reading
a single datum. In general, the read register command may be used to read any data
from the SDRAM module 100 that is not stored in the DRAM array 104. This may
include the output of the temperature sensing circuit 116, the SDRAM module ID
information 114, the contents of the mode register 110 or extended mode register 112,
or other registers or non-registered data sources that may be added to an SDRAM
module 100 in the future. In this embodiment, at least some bits of the address bus are

not considered “don’t care” signals, but rather transmit the address of the source of the
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read register command data. The following table depicts the control signals for the

general case of a register read command.

CS | RAS | CAS | WE | ADDR | BANK Command
non- Register read of data not stored in the

L L L L |DRAM | 2’b10 | DRAM array, selected by the address non-
addr DRAM addr

Table 4: General Register Read Command and Control Signals

[0029]  Regardless of how many non-DRAM array data sources the register read
command may access, a register read proceeds in all cases as a synchronous data
transfer from the SDRAM module 100 to the controller 102. As used herein, a
“synchronous data transfer” is a SDRAM data transfer that complies with the timing
parameters and restrictions of a conventional SDRAM data transfers of data stored in a
DRAM array. As used herein, “synchronously reading” data means reading data in a
synchronous data transfer. The register read operation complies with normal read
operation pin level timings. That is, the timing and restrictions of register read
operation preceding and following normal read and write operations are the same as

those defined for normal read operation, as summarized in the following table.

Register Read Operation Combinations Timing and Restrictions Same As...
read -> register read read ->read
register read -> read read ->read
write -> register read write -> read
register read -> write read -> write

Table 5: Comparison of Register Read and DRAM Array Read Timing and Restrictions

[0030] Figure 2 is a timing diagram showing a single register read operation for a

DDR SDRAM module 100. In this case, the CAS latency is 2.5 and the burst length is
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two. The read register command is presented by the controller 102 to the SDRAM
module 100 by placing the CS, RAS, CAS, and WE control signals in the state depicted
above in Tables 2 and 4 at the rising edge of clock cycle two, and also placing the value
2°b10 on the bank address bits. In the embodiment that register read operation may read
more than a single status register, an address is additionally driven on the address bus at
this time. Following a delay determined by the CAS latency value stored in the mode
register 110, the SDRAM module 100 drives the data on the data bus, and drives the
data strobe DQS. In the embodiment depicted in Fig. 2, the register read operation is a
burst read, the burst length of which is determined by the burst length parameter stored
in the mode register 110. In other embodiments, the burst length may be determined in
a variety of ways.

[0031] In one embodiment, the register read operation has a default burst length,
independent of the burst length parameter stored in the mode register 110. In another
embodiment, a register read burst length parameter is defined, and the value written to
the mode register 110, extended mode register 112, or other mode register on the
SDRAM module 100. Register read operations are then always the stored burst length.
In another embodiment, the burst length for each register read operation may be
communicated to the SDRAM module 100 by the controller 102 at the time of the read
register command, by encoding a burst length value on one or more unused control
signals, such as for example high order address bits.

[0032]  Figures 3 and 4 are representative timing diagrams demonstrating how the
register read operation may be seamlessly integrated into regular SDRAM read and
write operations. Figure 3 depicts a register read followed by a regular read, where both
of the read operations have a burst length of two. In this case, the CAS latency is two.

Two cycles of non-DRAM data (that is, data read from the SDRAM module 100 that is
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not stored in the DRAM array 104) are followed by two cycles of data read from the
DRAM array 104. In the embodiment that the register read operation accesses only one
location (i.e. the address bus is unused), the second transfer of non-DRAM data (or
subsequent transfers, for a longer burst length) may be a replica of the first transfer.
Alternatively, the second and any subsequent burst transfers may be 0’s, or any other
predetermined value.
[0033]  Figure 4 depicts a register read operation wherein the burst transfer is
terminated and followed by a write of data to the DRAM array 104. In this case, the
register read operation has a CAS length of three. The burst length is at least two. The
register read burst is terminated at a length of two by a burst terminate command
following the register read command. A write of data to the DRAM array 104 follows
the transfer of data read from the SDRAM module 100 that was not stored in the
DRAM array 104. The controller 102 drives data to be written to the DRAM array 104
on the DQ bus according to the timing parameter tposs, in the same manner as if the
write followed a read of data from the DRAM array 104.
[0034]  The examples depicted in Figures 3 and 4 are representative only. In
general, the register read operation conforms in all respects (other than the state of
control signals and bank address bits at the time the command is issued) to a
conventional SDRAM read operation. Accordingly, data not stored in the DRAM array
104 may be read from the SDRAM module 100 at any time, with minimal impact on
reads and writes from and to the DRAM array 104.
[0035] The term “module” is used herein in a general sense to denote a functional
SDRAM unit that includes a DRAM array 104 and control circuits 108. In particular,

the term “module” is not restricted to industry standard identifiers that include the term,
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such as Single In-line Memory Module (SIMM) or Dual In-line Memory Module
(DIMM).

[0036]  Although the present invention has been described herein with respect to
particular features, aspects and embodiments thereof, it will be apparent that numerous
variations, modifications, and other embodiments are possible within the broad scope of
the present invention, and accordingly, all variations, modifications and embodiments
are to be regarded as being within the scope of the invention. The present embodiments
are therefore to be construed in all aspects as illustrative and not restrictive and all
changes coming within the meaning and equivalency range of the appended claims are

intended to be embraced therein.
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CLAIMS

‘What is claimed is:

1. A method of reading data from a SDRAM (Synchronous Dynamic Access Ram)
module, that is not stored in a DRAM Dynamic Access Ram) array, comprising:
providing control signals for a synchronous read of data from a DRAM array
with a unique encoding of control signals; and

synchronously reading the data not stored in a DRAM array.

2. The method of claim 1 wherein synchronously reading the data not stored in a
DRAM array comprises synchronously reading the data not stored in a DRAM array

when a DRAM row is open.

3. The method of claim 1 wherein the data not stored in a DRAM atray comprises

the contents of a register.

4. The method of claim 3 wherein the register is a MSR (Mode Register Set) or

EMSR (Extended Mode Register Set).

5. The method of claim 1 wherein the data not stored in a DRAM array comprises

the output of a sensor.

6. The method of claim 5 wherein the sensor is a temperature sensor and wherein
the data not stored in a DRAM array is indicative of the internal temperature of the

memory module.
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7. The method of claim 6, wherein the data not stored in a DRAM array is a refresh

rate multiplier.

8. The method of claim 6, further comprising adjusting a refresh rate in response to

the temperature of the memory module.

0. The method of claim 1 wherein the data not stored in a DRAM array is

hardwired in the memory module.

10.  The method of claim 1 wherein the unique encoding of control signals is the
encoding for a write of a register, with a bank address distinct from any bank address

defined for a register write.

11. The method of claim 10 wherein the RAS, CAS, and WE control signals are

low, and wherein the bank address is 2'b10.

12.  The method of claim 1, further comprising reading or writing data from or to a

DRAM array immediately before or after reading the data not stored in a DRAM array.

13.  The method of claim 1 where synchronously reading the data not stored in a

DRAM array comprises reading the data not stored in 2a DRAM array in a burst.

14.  The method of claim 13 wherein the burst length is determined by the burst

length for synchronous reads of data stored in the DRAM array.
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15.  The method of claim 13 further comprising programming a burst length for read
bursts of data not stored in a DRAM array in a register on the memory module, that is
different than the burst length for synchronous reads of data stored in the DRAM array,
and wherein the burst léngth is the programmed burst length for read bursts of data not

stored in a DRAM array.

16.  The method of claim 13 wherein the burst length is a predetermined default
value, independent of a burst length for read bursts of data stored in a DRAM array that

is programmed into a register on the memory module.

17.  The method of claim 13 wherein the burst length is encoded in control signals

output to the memory module.

18.  The method of claim 13 wherein the burst length is encoded in unused address

bits.

19. An SDRAM memory module, comprising:
a DRAM array;
a register; and
control circuits operative to perform synchronous data transfers with a controller
and to read and write data from and to the DRAM array, the control
circuits further operative to output to the controller, in a synchronous

data transfer, data not stored in the DRAM array.
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20.  The memory module of claim 19 wherein the control circuits are operative to
output data not stored in the DRAM array to the controller in a synchronous data

transfer when a row of the DRAM array is open.

21.  The memory module of claim 19 wherein the synchronous data transfer includes

a unique encoding of control signals from the controller.

22.  The memory module of claim 21 wherein the unique encoding of control signals
is the encoding for a write of a register, with a bank address distinct from any bank

address defined for a register write.

23. The memory module of claim 22 wherein the RAS, CAS, and WE control

signals are low, and wherein the bank address is 2’b10.

24.  The memory module of claim 19 wherein the synchronous data transfer is a

burst transfer.

25.  The memory module of claim 24 wherein the register stores a burst length for
read transfers of data from the DRAM array, and wherein the burst length for the
synchronous data transfer of data not stored in a DRAM array is determined by the

stored burst length.

26.  The memory module of claim 24 wherein the register stores a burst length for

read transfers of data not from the DRAM array, and wherein the burst length for the
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synchronous data transfer of data not stored in a DRAM array is determined by the

stored burst length for read transfers of data not from the DRAM array.

27.  The memory module of claim 24 wherein the burst length is a predetermined

default value, independent of any burst length stored in a register.

28.  The memory module of claim 24 wherein the burst length is encoded in the

control signals from the controller.

29.  The memory module of claim 24 wherein the burst length is encoded in unused

address bits.

30.  The memory module of claim 19 wherein the data not stored in the DRAM array

comprises the contents of the register.

31.  The memory module of claim 19 wherein the data not stored in the DRAM array

is hardwired in the memory module.

32.  The memory module of claim 19 further comprising a sensor, and wherein the

data not stored in the DRAM array comprises the output of the sensor.

33.  The memory module of claim 32 wherein the sensor is a temperature sensor, and
wherein the data not stored in the DRAM array represents the internal temperature of

the memory module.



WO 2006/089313 PCT/US2006/006995

19

34.  The memory module of claim 33 wherein the data not stored in the DRAM array

is a refresh rate multiplier.

35.  The memory module of claim 19 wherein the control circuits are operative to
perform synchronous transfers of data from or to the DRAM array immediately before

or after outputting to the controller data not stored in the DRAM array.
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