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(57) ABSTRACT 

A memory module includes a plurality of signal paths that 
provide data to a memory module connector interface from a 
plurality of respective integrated circuit buffer devices that 
access data from an associated plurality of integrated circuit 
memory devices. The memory module forms a plurality of 
“data slices” or a plurality of portions of the memory module 
data bus that is coupled to the respective integrated circuit 
buffer devices. Each integrated circuit buffer device is also 
coupled to a bus that provides control information that speci 
fies an access to at least one integrated circuit memory 
devices. According to an embodiment, a SPD device stores 
information regarding configuration information of the 
memory module. In embodiments, at least one integrated 
circuit buffer devices access information stored in the SPD 
device. In a package embodiment, a package houses an inte 
grated circuit buffer die and a plurality of integrated circuit 
memory dies. 
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MEMORY MODULE INCLUDINGA 
PLURALITY OF INTEGRATED CIRCUIT 

MEMORY DEVICES AND A PLURALITY OF 
BUFFER DEVICES IN A MATRIX TOPOLOGY 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 1 1/236,401 filed on Sep. 26, 2005 
(still pending). 

FIELD OF THE INVENTION 

0002 The present invention generally relates to integrated 
circuit devices, high speed signaling of such devices, memory 
devices, and memory systems. 

BACKGROUND 

0003. Some contemporary trends predict that processors, 
Such as general purpose microprocessors and graphics pro 
cessors, will continue to increase system memory and data 
bandwidth requirements. Using parallelism in applications 
Such as multi-core processor architectures and multiple 
graphics pipelines, processors should be able to drive 
increases in system bandwidths at rates some predict will be 
doubled every three years for the next ten years. There are 
several major trends in dynamic random access memory 
(“DRAM) that may make it prohibitively costly and chal 
lenging to keep up with increasing databandwidth and system 
memory requirements. For example, transistor speed relative 
to feature size improvements in a given DRAM technology 
node, and the rising costs of capital investment required to 
move DRAM technology to greater memory densities for a 
given DRAM die adversely affect the rate at which DRAM 
technology can keep pace with the increasing databandwidth 
and system capacity requirements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Embodiments are illustrated by way of example, 
and not by way of limitation, in the figures of the accompa 
nying drawings and in which like reference numerals refer to 
similar elements and in which: 
0005 FIG. 1 illustrates a memory module topology 
including a plurality of integrated circuit memory devices and 
a plurality of integrated circuit buffer devices: 
0006 FIG. 2 illustrates a memory module topology having 
a split multi-drop control/address bus; 
0007 FIG.3 illustrates a memory module topology having 
a single multi-drop control/address bus; 
0008 FIG. 4 illustrates a memory module topology that 
provides data between each integrated circuit buffer device 
and a memory module connector interface; 
0009 FIG. 5 illustrates a memory module topology 
including a plurality of integrated circuit memory devices and 
a plurality of integrated circuit buffer devices with an inte 
grated circuit buffer device for control and address informa 
tion; 
0010 FIG. 6 illustrates termination of a control/address 
signal path in a memory module topology of FIG. 5; 
0011 FIG. 7 illustrates termination of data signal paths in 
a memory module topology of FIG. 5; 
0012 FIG. 8 illustrates termination of a split control/ad 
dress signal path in a memory module topology of FIG. 5; 
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0013 FIG. 9A illustrates a top view of a memory module 
topology including a plurality of integrated circuit memory 
devices and a plurality of integrated circuit buffer devices: 
0014 FIG.9B illustrates a side view of a memory module 
topology including a plurality of integrated circuit memory 
devices and a plurality of integrated circuit buffer devices: 
(0015 FIG.9C illustrates a bottom view of a memory mod 
ule topology including a plurality of integrated circuit 
memory devices and a plurality of integrated circuit buffer 
devices; 
0016 FIG. 10 is a block diagram illustrating a topology of 
a device having a plurality of integrated circuit memory dies 
and an integrated circuit buffer die; 
(0017 FIG. 11 illustrates a multi-chip package (“MCP”) 
device having a plurality of integrated circuit memory dies 
and an integrated circuit buffer die; 
0018 FIG. 12 illustrates a packaged device having a plu 
rality of integrated circuit memory dies and another packaged 
device having a buffer die; both packages are stacked and 
housed together in a single package-on-package (“POP”) 
device; 
0019 FIG. 13 illustrates a device having a plurality of 
integrated circuit memory devices and a buffer device that are 
disposed on a flexible tape; 
0020 FIG. 14 illustrates a device having a plurality of 
integrated circuit memory dies and a buffer die that are dis 
posed side-by-side and housed in a package; 
0021 FIG. 15 illustrates a device having a plurality of 
integrated circuit memory dies and a buffer die that are 
housed in separate packages and integrated together into a 
larger POP device: 
0022 FIG. 16 illustrates a memory module topology 
including a serial presence detect device (“SPD); 
0023 FIG. 17 illustrates a memory module topology with 
each data slice having an SPD; 
0024 FIG. 18 is a block diagram of an integrated circuit 
buffer die; 
0025 FIG. 19 is a block diagram of a memory device. 

DETAILED DESCRIPTION 

0026. According to embodiments, a memory module 
includes a plurality of signal paths that provide data to a 
memory module connector from a plurality of respective 
integrated circuit buffer devices (or dies) that access the data 
from an associated plurality of integrated circuit memory 
devices (or dies). In a specific embodiment, each integrated 
circuit buffer device is also coupled to a bussed signal path 
that provides control and/or address information that speci 
fies an access to at least one integrated circuit memory device 
associated with the respective integrated circuit buffer device. 
0027. According to embodiments, a memory module con 
nector includes a control/address interface portion and a data 
interface portion. A control/address bus couples a plurality of 
integrated circuit buffer devices to the control/address inter 
face portion. A plurality of data signal paths couple the plu 
rality of respective integrated circuit buffer devices to the data 
interface portion. Each integrated circuit buffer device 
includes 1) an interface to couple to at least one integrated 
circuit memory device, 2) an interface to couple to the con 
trol/address bus and 3) an interface to couple to a data signal 
path in the plurality of data signal paths. 
0028. According to embodiments, a memory module may 
include a non-volatile memory location, for example using an 
electrically erasable programmable read only memory (“EE 
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PROM) (also known as a Serial Presence Detect (“SPD) 
device), to store information regarding parameters and con 
figuration of the memory module. In embodiments, at least 
one integrated circuit buffer device accesses information 
Stored in the SPD device. 
0029. In a package embodiment, a package houses an inte 
grated circuit buffer die and the plurality of integrated circuit 
memory dies. In the package, a plurality of signal paths trans 
fer data (read and/or write data) between the integrated circuit 
buffer die and the plurality of integrated circuit memory dies. 
The integrated circuit buffer die provides control signals from 
an interface of the package to the plurality of integrated 
circuit memory dies. Data stored in memory arrays of the 
plurality of integrated circuit memory dies is provided to a 
signal path disposed on the memory module via the integrated 
circuit buffer die in response to the control signals. In an 
embodiment, the package may be a multichip package 
(“MCP). In an embodiment, the plurality of integrated cir 
cuit memory dies may be housed in common or separate 
packages. In an embodiment described below, the memory 
module may include a series of integrated circuit dies (i.e., 
memory die and buffer die) stacked on top of one another and 
coupled via a signal path. 
0030. As described herein, an integrated circuit buffer 
device is also referred to as a buffer or buffer device. Like 
wise, an integrated circuit memory device is also referred to 
as a memory device. 
0031. In an embodiment, an integrated circuit memory 
device is distinguished from a memory die in that a memory 
die is a monolithic integrated circuit formed from semicon 
ductor materials for storing and/or retrieving data or other 
memory functions, whereas an integrated circuit memory 
device is a memory die having at least some form of packag 
ing or interface that allows the memory die to be accessed. 
0032. Likewise in an embodiment, an integrated circuit 
buffer device is distinguished from a buffer die in that a buffer 
die is a monolithic integrated circuit formed from semicon 
ductor materials and performs at least one or more buffer 
functions described herein, whereas an integrated circuit 
buffer device is a buffer die having at least some form of 
packaging or interface that allows communication with the 
buffer die. 

0033. In the embodiments described in more detail below, 
FIGS. 1-8 illustrate control/address and data signal path 
topologies including a plurality of integrated circuit memory 
devices (or dies) and a plurality of integrated circuit buffer 
devices (or dies) situated on a memory module. FIGS. 10, 18. 
and 19 also illustrate signal path topologies including inte 
grated circuit memory devices (or dies) and integrated circuit 
buffer devices (or dies) situated on a memory module as well 
as the operation of an integrated circuit buffer device (or die) 
and memory device (or die) in embodiments among other 
things. 
0034 FIG. 1 illustrates a memory module topology 
including a plurality of integrated circuit memory devices and 
a plurality of associated integrated circuit buffer devices. In 
an embodiment, a memory module 100 includes a plurality of 
buffer devices 100a-d coupled to a common address/control 
signal path 121. Each buffer device of the plurality of buffer 
devices 100a-d provides access to a plurality of respective 
integrated circuit memory devices 101a-d via signal paths 
102a-d and 103. In an embodiment, respective data slices a-d 
are formed by one of buffers 100a-d and sets of memory 
devices 101a-d. Buffer devices 100a-dare coupled to signal 
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paths 120a-d, respectively, that transfer data (read and write 
data) between the buffer devices 100a-d and a memory mod 
ule connector interface. In an embodiment, mask information 
is transferred to buffer devices 100a-d from a memory mod 
ule connector interface using signal paths 120a-d, respec 
tively. 
0035. In an embodiment, a data slice is a portion of the 
memory module data signal path (orbus) that is coupled to the 
respective integrated circuit buffer device. The data slice may 
include the full data path orportions of data paths to and from 
a single memory device disposed on the memory module. 
0036 Integrated circuit memory devices may be consid 
ered as a common class of integrated circuit devices that have 
a plurality of storage cells, collectively referred to as a 
memory array. A memory device stores data (which may be 
retrieved) associated with a particular address provided, for 
example, as part of a write or read command. Examples of 
types of memory devices include dynamic random access 
memory (“DRAM), including single and double data rate 
synchronous DRAM, static random access memory 
(“SRAM), and flash memory. A memory device typically 
includes request or command decode and array access logic 
that, among other functions, decodes request and address 
information, and controls memory transfers between a 
memory array and signal path. A memory device may include 
a transmitter circuit to output data for example, synchro 
nously with respect to rising and falling edges of a clock 
signal, (e.g., in a double data rate type of memory device). 
Similarly, the memory device may include a receiver circuit 
to receive data, for example, synchronously with respect to 
rising and falling edges of a clock signal or outputs data with 
a temporal relationship to a clock signal in an embodiment. A 
receiver circuit also may be included to receive control infor 
mation synchronously with respect to rising and falling edges 
of a clock signal. In an embodiment, strobe signals may 
accompany the data propagating to or from a memory device 
and that data may be captured by a device (e.g., memory 
device or buffer, or controller) using the strobe signal. 
0037. In an embodiment, an integrated circuit buffer 
device is an integrated circuit that acts as an interface between 
a memory module connector interface and at least one inte 
grated circuit memory device. In embodiments, the buffer 
device may store and/or route data, control information, 
address information and/or a clock signal to at least one 
integrated circuit memory device that may be housed in a 
common or separate package. In an embodiment, the buffer 
isolates, routes and/or translates data, control information and 
a clock signal, singly or in combination, between a plurality 
of memory devices and a memory module connector inter 
face. An embodiment of a memory module connector inter 
face is described below and shown in FIGS. 9A-C. 

0038. At least one signal path 121, as shown in FIG. 1, 
disposed on memory module 100, transfers control and/or 
address (control/address) information between at least one of 
the buffer devices 100a-d and a memory module connector 
interface in various embodiments. In an embodiment, signal 
path 121 is a multi-drop bus. As illustrated in FIGS. 2-8 and 
described below, alternate topologies for transferring control/ 
address information, data and clock signals between one or 
more buffer devices 100a-d and a memory module connector 
interface may be used in alternate embodiments. For 
example, a split multi-drop control/address bus, segmented 
multi-drop control/address bus, and point-to-point and/or 
daisy chain topologies for a data bus may be employed. 
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0039. In an embodiment, clock signals and/or clock infor 
mation may be transferred on at least one signal line in signal 
path 121. These clock signal(s) provide one or more clock 
signals having a known frequency and/or phase. In an 
embodiment, a clock signal is synchronized with or travels 
along side the control/address information. In an embodi 
ment, an edge of the clock signal has a temporal relationship 
with an edge of a control/address signal representing the 
control/address information. In an embodiment, a clock sig 
nal is generated by a clock source, master device (e.g., con 
troller device) and/or buffer device. 
0040. In an embodiment, a clock signal and/or clock infor 
mation may be transferred on at least one signal line in respec 
tive signal paths 120a-d. Buffer devices 100a-d may receive 
and/or transmit a clock signal with data on signal paths 120a 
b. In an embodiment, write data is provided to buffer devices 
100a-d on signal paths 120a-d and a clock signal is provided 
on signal path 120a-d along side write data. In an embodi 
ment, a clock signal (such as a clock-to-master ("CTM)) is 
provided from buffer devices 100a-d on signal path 120a-d 
along side read data on signal paths 120a-d. In an embodi 
ment, a clock signal is synchronized with or travels alongside 
the write and/or read data. An edge of the clock signal has a 
temporal relationship or is aligned with an edge of a data 
signal representing write and/or read data. Clock information 
can be embedded in data, eliminating the use of separate 
clock signals along with the data signals. 
0041. In an embodiment, a read, write and/or bi-direc 
tional strobe signal may be transferred on at least one signal 
line in respective signal paths 120a-d. Buffer devices 100a-d 
may receive and/or transmit a strobe signal with data on 
signal paths 120a-b. In an embodiment, write data is provided 
to buffer devices 100a-d on signal paths 120a-d and a strobe 
signal is provided on signal path 120a-dalongside write data. 
In an embodiment, a strobe signal is provided from buffer 
devices 100a-d on signal path 120a-d along side read data on 
signal paths 120a-d. In an embodiment, a strobe signal is 
synchronized with or travels along side the write and/or read 
data. An edge of the strobe signal has a temporal relationship 
or is aligned with an edge of a data signal representing write 
and/or read data. 

0042. In an embodiment, addresses (for example, row and/ 
or column addresses) for accessing particular memory loca 
tions in a particular integrated circuit memory device and/or 
commands are provided on signal path 121 from a memory 
module connector interface. In an embodiment, a command 
relates to a memory operation of a particular integrated circuit 
memory device. For example, a command may include a 
write command to store write data at a particular memory 
location in a particular integrated circuit memory device and/ 
or a read command for retrieving read data stored at a par 
ticular memory location from a particular integrated circuit 
memory device. Also, multiple memory devices in different 
data slices can be accessed simultaneously. In embodiments, 
a command may include row commands, column commands 
Such as read or write, mask information, precharge and/or 
sense command. In an embodiment, control information is 
transferred on signal path 121 over a common set of lines in 
the form of a time multiplexed packet where particular fields 
in the packet are used for including command operation codes 
and/or addresses. Likewise, packets of read data may be 
transferred from integrated circuit memory devices via buff 
ers 100a-d on respective signal paths 120a-d to memory 
module connector interface. In an embodiment, a packet rep 
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resents one or more signals asserted at particular bit windows 
(or a time interval) for asserting a signal on particular signal 
lines. 
0043. In embodiments, memory module 100 communi 
cates (via a memory module connector interface) with a mas 
ter device (e.g., a processor or controller). 
0044 FIG. 2 illustrates an embodiment of a memory mod 
ule topology having a split multi-drop control/address/clock 
bus. In particular, memory module 200 includes a split multi 
drop control/address bus 221 coupled to buffers 100a-danda 
memory module connector interface. With reference to FIG. 
2, a first portion of bus 221 is terminated by termination 230 
and a second portion of bus 221 is terminated by termination 
231. In an embodiment, the impedance of termination 230 
matches the impedance of the first portion of bus 221 (Z0) 
coupled to buffers 100c-d and the impedance of termination 
231 matches the impedance of the second portion of bus 221 
(Z1) coupled to buffers 100a-b. In an embodiment, imped 
ance Z0 equals impedance Z1. In embodiments, terminations 
230 and 231, singly or in combination, are disposed on 
memory module 100, buffer devices 100a and 100d or pack 
ages used to house buffer devices 100a and 100d. 
0045 FIG.3 illustrates a memory module topology having 
a single multi-drop control/address/clock bus terminated by 
termination 330. In an embodiment, the impedance of termi 
nation 330 matches the impedance of signal path 121 (or 
control/address/clock bus). In embodiments, termination 
330, singly or in combination, is disposed on memory module 
300 or on buffer device 100d. 
0046 FIG. 4 illustrates a memory module topology that 
provides data between each integrated circuit buffer device 
and a memory module connector interface. In an embodi 
ment, each signal path 120a-d is terminated by an associated 
termination 420a-d, respectively. In an embodiment, termi 
nations 420a-d have respective impedances that match the 
impedance Z0 of each of the signal paths 120a-d. In embodi 
ments, terminations 420a-d, singly or in combination, are 
disposed on memory module 400, each of buffer devices 
100a-d or packages used to house buffer devices 100a-d. 
0047 Referring to FIG. 1, a control/address signal rate 
ratio of signal path 121 to signal path 103 may be 2:1 (or other 
multiples Such as 4:1, 8:1, etc.) So that a memory module 
connector interface is able to operate as fast as specified while 
memory devices 101a-d may operate at half (quarter, eighth, 
etc) the control/address signaling rate so that relatively lower 
cost memory devices may be used. Similarly, a data signal 
rate of one of signal paths 102a-d to one of signal paths 
120a-d may be 2:1 (or other multiple such as 4:1.8:1, etc) so 
that a memory module connector interface is able to operate 
as fast as specified while memory devices 101a-d may oper 
ate at half (quarter, eighth, etc.) the data signaling rate so that 
relatively lower cost memory devices may be used. 
0048 FIG. 5 illustrates a memory module topology 
including a plurality of integrated circuit memory devices and 
a plurality of integrated circuit buffer devices with an inte 
grated circuit buffer device 501 for control, address and/or 
clock information. Memory module 500 is similar to memory 
module 100 except that buffer device 501 is coupled to signal 
paths 121 and 121a-b. Buffer device 501 outputs control, 
address and/or clock information to buffer devices 100a-b on 
signal path 121a and to buffer devices 100c-d on signal path 
121b. In an embodiment buffer device 501 copies control, 
address and/or clock information received on signal path 121 
and repeats the control, address and/or clock information on 
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signal paths 121a-b. In an embodiment, buffer device 501 is 
a clocked buffer device that provides a temporal relationship 
with control and address information provided on signal 
paths 121a-b. In an embodiment, signal paths 121a-b include 
at least one signal line to provide a clock signal and/or clock 
information. In an embodiment, buffer device 501 includes a 
clock circuit 1870 as shown in FIG. 18. In an embodiment, 
buffer device 501 receives control information, such as a 
packet request, that specifies an access to at least one of the 
integrated circuit memory devices 101a-d and outputs a cor 
responding control signal (on signal path 121a and/or 121b) 
to the specified integrated circuit memory device. 
0049 FIG. 6 illustrates a memory module topology simi 
lar to that illustrated in FIG. 5 except that a termination 601 is 
coupled to signal path 121 on memory module 600. In an 
embodiment, the impedance of termination 601 matches the 
impedance Z0 of signal path 121. In embodiments, termina 
tion 601 is disposed on memory module 600, buffer device 
501 or a package used to house buffer device 501. 
0050 FIG. 7 illustrates a memory module topology that 
provides data to and/or from each integrated circuit buffer 
device and terminations coupled to signal paths. In an 
embodiment, each signal path 120a-d is terminated by asso 
ciated terminations 701a-d, respectively. In an embodiment, 
terminations 701a-d have respective impedances that match 
the impedance Z0 of each of the signal paths 120a-d. In 
embodiments, terminations 701a-d, singly or in combination, 
are disposed on memory module 700, buffer devices 100a-d 
or packages used to house buffer devices 100a-d. 
0051 FIG. 8 illustrates a memory module topology having 
a split multi-drop signal path between a buffer device for 
control, address and/or clock information and the plurality of 
buffer devices. In particular, memory module 800 includes a 
split multi-drop control/address bus 121a-b coupled to buff 
ers 100a-d and a buffer device 501. In an embodiment, a first 
portion of bus 121a is terminated by termination 801 and a 
second portion of bus 121b is terminated by termination 802. 
In an embodiment, the impedance oftermination 801 matches 
the impedance of the first leg (Z0) and the impedance of 
termination 802 matches the impedance of the second leg 
(Z1). In an embodiment, impedance Z0 equals impedance Z1. 
In embodiments, terminations 801 and 802, singly or in com 
bination, are disposed on memory module 800, buffer devices 
100a and 100d or packages used to house buffer devices 100a 
and 100d. 

0052 Referring to FIG. 5, a control/address signal rate 
ratio of signal path 121 to signal path 121a (or 121b) to signal 
path 103 may be 2:1:1 (or other multiples such as 4:1:1, 8:1:1, 
etc.) So that other multi-drop bus topology embodiments 
using signal paths 121a (or 121b) and signal path 103 do not 
have to necessarily operate as high a signal rate as an embodi 
ment that uses signal path 121 as shown in FIG.1. Also like 
FIG. 1, a control/address signal rate ratio of signal path 121 to 
signal path 103 may be 2:1 (or other multiples such as 4:1, 
8:1, etc.) so that a memory module connector interface is able 
to operate as fast as specified while memory devices 101a-d 
may operate at half (or quarter, eighth, etc.) the control/ 
address signaling rate so that relatively lower cost memory 
devices may be used. Similarly, a data signal rate of one of 
signal paths 102a-d to one of signal paths 120a-d may be 2:1 
(or other multiple such as 4:1, 8:1, etc.) So that a memory 
module connector interface is able to operate as fast as the 
specified signaling rate while memory devices 101a-d may 
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operate at half (or quarter, eighth, etc.) the data signaling rate 
so that relatively lower cost memory devices may be used. 
0053 FIG. 9A illustrates a top view of a memory module 
topology including a plurality of integrated circuit memory 
devices and a plurality of integrated circuit buffer devices 
coupled to a connector interface. In an embodiment, memory 
module 900 includes a substrate 910 having a standard dual 
in-line memory module (“DIMM) form factor or other mod 
ule form factor standards, such as small outline DIMM (“SO 
DIMM) and very low profile DIMM (“VLP-DIMM). In 
alternate embodiments, substrate 910 may be, but is not lim 
ited to, a wafer, printed circuit board (PCB), package sub 
strate like BT epoxy, flex, motherboard, daughterboard or 
backplane, singly or in combination. 
0054. In an embodiment, memory module 900 includes 
pairs of memory devices 101a-b and buffer devices 100a-d 
disposed on a first side of substrate 910. In alternate embodi 
ments, more or less memory devices and buffer devices are 
used. In an embodiment, pairs of memory devices 101c-dare 
also disposed on a second side of memory module 900 as 
shown in a side and bottom view of memory module 900 in 
FIGS. 9B and 9C. In an embodiment, each memory device 
and buffer device are housed in separate packages. In alter 
nate embodiments, memory devices and buffer devices may 
be housed in MCP package embodiments described herein. 
0055 Memory module 900 includes connector interface 
920 that has different interface portions for transferring data 
and control/address/clock signals. For example, a first side of 
memory module 900 includes connector interface portions 
920a-d used to transfer data signals and a connector interface 
portion 930a used to transfer control/address signals. In an 
embodiment, connector interface portion 930a also transfers 
a clock signal and/or clock information. In an embodiment, a 
second side of memory module 900 including connector 
interface portions 920e-hare used to transfer data signals and 
a connector interface portion 930b is used to transfer control/ 
address signals. In an embodiment, connector interface por 
tion 930b also transfers a clock signal and/or clock informa 
tion. 

0056. In an embodiment, connector interface 920 is dis 
posed on an edge of substrate 910. In an embodiment, a 
memory module 900 is inserted into a socket 940 disposed on 
substrate 950. In an embodiment, substrate 950 is a main 
board or PCB with signal paths 960a-b for transferring sig 
nals on substrate 950. In an embodiment, signal paths 960a 
and 960b are signal traces or wires. In an embodiment, signal 
paths 960a and 960b are coupled to other sockets disposed on 
substrate 950 that may have another memory module inserted 
and/or coupled to a master. 
0057. In an embodiment, connector interface portions 
include at least one contact or conducting element, such as a 
metal Surface, for inputting and/or outputting an electrical 
signal. In alternate embodiments, a contact may be in the form 
of a ball, Socket, Surface, signal trace, wire, a positively or 
negatively doped semiconductor region and/or pin, singly or 
in combination. In an embodiment, a connector interface as 
described herein, such as connector interface 920, is not lim 
ited to physically separable interfaces where a male connec 
tor or interface engages a female connector (or socket 940) or 
interface. A connector interface also includes any type of 
physical interface or connection, such as an interface used in 
a system-in-a-package (“SIP) where leads, solder balls or 
connections from a memory module are soldered to a circuit 
board. 
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0058. In an alternate embodiment, memory module 900 is 
included in an embedded memory Subsystem, such as one in 
a computer graphics card, video game console or a printer. In 
an alternate embodiment, memory module 900 is situated in 
a personal computer or server. 
0059. In an embodiment, a master communicates with 
memory modules illustrated in FIGS. 1-9 and 16-17. A master 
may transmit and/or receive signals to and from the memory 
modules illustrated in FIGS. 1-9 and 16-17. A master may be 
a memory controller, peer device or slave device. In embodi 
ments, a master is a memory controller, which may be an 
integrated circuit device that contains other interfaces or 
functionality, for example, a Northbridge chip of a chipset. A 
master may be integrated on a microprocessor or a graphics 
processor unit (“GPU) or visual processor unit (“VPU”). A 
master may be implemented as a field programmable gate 
array (“FPGA). Memory modules, signal paths, and a master 
may be included in various systems or Subsystems such as 
personal computers, graphics cards, set-top boxes, cable 
modems, cell phones, game consoles, digital television sets 
(for example, high definition television (“HDTV)), fax 
machines, cable modems, digital versatile disc (“DVD') 
players or network routers. 
0060. In an embodiment, a master, memory modules and 
signal paths are in one or more integrated monolithic circuits 
disposed in a common package or separate packages. 
0061 FIG. 10 is a block diagram illustrating and embodi 
ment of a device 1000 having a plurality of integrated circuit 
memory devices 101a-d and a buffer 100a. Here, data (read 
and/or write) may be transferred between the plurality of 
integrated circuit memory devices 101a-d and buffer 100a on 
a signal path 1006 (data). Signal path 1006 is a signal path 
situated internal to device 1000 and corresponds to signal 
paths 1113a-d and 1114 shown in FIG. 11. Signal path 1006 
is a bus for providing bi-directional data signals between a 
plurality of integrated circuit memory devices 101a-d and 
buffer 100a. An example of bi-directional data signals 
includes signals traveling from one or more of integrated 
circuit memory devices 101a-d to buffer 100a and also sig 
nals traveling from buffer 100a to one or more of integrated 
circuit memory devices 101a-d). Signal path 1005 is a signal 
path internal to device 1000 and corresponds to signal paths 
1116a-d and 1117 shown in FIG. 11. Signal path 1005 is abus 
for providing unidirectional control/address/clock signals 
from a buffer 100a to a plurality of integrated circuit memory 
devices 101a-d. In an example of a unidirectional bus, signals 
travel in only one direction, i.e., in this case, from only buffer 
100a to one or more of integrated circuit memory devices 
101a-d). Signal path 1005 includes individual control signal 
lines, for example, a row address Strobe line, column address 
strobe line, etc., and address signal lines. Signal path 1005 
may include a fly-by clock line to transfera clock signal from 
buffer 100a to integrated circuit memory devices 101a-d. 
Signal path 1005 may transfera clock signal from one or more 
integrated circuit memory devices 101a-d to buffer 100a. 
0062. In an embodiment, buffer 100a communicates with 
an SPD device to store and retrieve parameters and configu 
ration information regarding device 1000 and/or memory 
module 900. In an embodiment, an SPD 1002 is a non-volatile 
storage device. Signal path 1004 couples SPD 1002 to buffer 
100a. In an embodiment, signal path 1004 is an internal signal 
path for providing bi-directional signals between SPD 1002 
and buffer 100a. 
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0063. In an embodiment, SPD 1002 is an EEPROM 
device. However, other types of SPD 1002 are possible, 
including but not limited to a manual jumper or Switch set 
tings, such as pull-up or pull-down resistor networks tied to a 
particular logic level (high or low), which may change State 
when a memory module is added or removed from a system. 
0064. In an embodiment, SPD 1002 is a memory device 
that includes registers that stores configuration information 
that can be easily changed via Software during system opera 
tion, allowing a high degree of flexibility, and making con 
figuration operations that are transparent to an end user. 
0065. In an embodiment illustrated in FIG. 18, function 
ality of the SPD mentioned above may be integrated into 
buffer device 100a using a register set, Such as configuration 
register set 1881. Referring to FIG. 18, SPD logic and inter 
face 1820c may be preconfigured with information pertaining 
to the buffer and memory devices connected to the buffer, or 
may store information pertaining to only one of the memory 
devices or the buffer device 100a. Control inputs to the buffer 
may determine when a storage node within the register set 
will sample the information to preload or preconfigure the 
SPD logic and interface 1820c. The term register may apply 
either to a single-bit-wide register or multi-bit-wide register. 
0066. In an embodiment illustrated by FIG. 10, SPD 1002 
stores information relating to configuration information of 
memory module 900. For example, configuration informa 
tion may include repair and redundancy information to repair 
a defective memory device, defective memory cells or periph 
eral circuits on a memory device, and/or signal path. In an 
embodiment, SPD configuration information includes 
memory module population topology, Such as a number, a 
position and a type of memory device in a package and/or on 
a memory module, or rank, if any. In an embodiment, SPD 
configuration information includes a serialization ratio for 
interfaces in a buffer and/or information regarding configur 
ing the width of a buffer. In an embodiment, SPD configura 
tion information includes a first value that represents the 
desired width of buffer device 100a or includes multiple 
values that represent the range of possible widths of the buffer 
device 100a, and a second value that represents the desired 
width of interface 1820b as illustrated in FIG. 18. 

0067. In an embodiment, SPD configuration information 
includes timing information or parameters for accessing 
memory devices. Such as a time to access a row or the memory 
device, a time to access a column of the memory device, a 
time between a row access and a column access, a time 
between a row access and a precharge operation, a time 
between a row sense applied to a first bank of a memory array 
and a row sense applied to a second bank of the memory array 
and/or a time between a precharge operation applied to a first 
bank in a memory array and a precharge operation applied to 
a second bank of the memory array. 
0068. In an embodiment, the stored timing information 
may be expressed in terms of time units where a table of 
values maps specific time units to specific binary codes. Dur 
ing an initialization or calibration sequence, a master or a 
buffer may read SPD configuration information and deter 
mine the proper timing information for one or more memory 
devices. For example, a master may also read information 
representing the clock frequency of a clock signal from an 
SPD 1002, and divide the retrieved timing information by a 
clock period of a clock signal. (The clock period of the clock 
signal is the reciprocal of the clock frequency of the clock 
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signal). Any remainder resulting from this division may be 
rounded up to the next whole number of clock cycles of the 
clock signal. 
0069. Signal paths 120a and 121, as shown in FIG. 10, are 
coupled to buffer 100a. In an embodiment, signal path 120a 
transfers unidirectional control/address/clock signals to 
buffer 100a. In an embodiment, signal path 121 transfers 
bi-directional or unidirectional data signals to and from buffer 
100a. Other interconnect and external connect topologies 
may also be used for device 1000 in alternate embodiments. 
For example, buffer 100a may be coupled to a single multi 
drop control bus, a split multi-drop control bus, or a seg 
mented multi-drop bus. 
0070. In an embodiment, device 1000 has two separate 
power sources. Power source V1 supplies power to one or 
more memory devices (memory devices 101a-d) on memory 
module 900. Power source V2 supplies power to one or more 
buffers (buffer 100a) on memory module 900. In an embodi 
ment, the buffer 100a has internal power regulation circuits to 
supply power to the memory devices 101a-d. 
(0071 FIG. 11 illustrates a device 1100 including a plural 
ity of integrated circuit memory dies 1101a-d and a buffer die 
1100a housed in or upon a common package 1110 according 
to embodiments. As described herein in other embodiments 
and illustrated in FIGS. 12-15, a plurality of integrated circuit 
memory dies 1101a-d and buffer 1100a are disposed in mul 
tiple package type embodiments. For example, a plurality of 
integrated circuit memory dies 1101a-d and a buffer die 
1100a may be stacked, on a flexible tape, side-by-side or 
positioned in separate packages on a device Substrate. Buffer 
die 1100a is used to provide signals, including control/ad 
dress/clock information and data, between a plurality of inte 
grated circuit memory dies 1101a-d and a device interface 
1111 that includes contacts 1104af. In an embodiment, one 
or more contacts 1104a-fis similar to contacts of connector 
interface 920. Contacts 1104a-fare used to couple device 
1100 to substrate 910, and in particular to signal paths 120a 
and 121, of memory module 100 in an embodiment. Device 
interface 1111 also includes signal paths 1118 and 1115 to 
transfer signals between contacts 1104af and buffer 100a via 
buffer interface 1103. Signals are then transferred between a 
plurality of memory dies 1101a-d and buffer die 1100a via 
buffer interface 1103 and signal paths 1117 (disposed in 
device interface 1111) and 1116a-d as well as signal paths 
1114 (disposed in device interface 1111) and 1113a-d. In an 
embodiment, spacers 1102a-c are positioned between inte 
grated circuit memory dies 1101a-d. In an embodiment, spac 
ers 1102a-care positioned to dissipate heat. Similarly, buffer 
die 1100a is disposed away from a plurality of integrated 
circuit memory dies 1101a-d to alleviate heat dissipation near 
the memory devices. In an embodiment, signal paths are 
coupled to each other and integrated circuit memory dies 
1101a-d by a solder ball or solder structure. 
0072 FIG. 12 illustrates a stacked package device 1200 
having a package 1210 containing a plurality of integrated 
circuit memory dies 1101a-d and a separate package 1290 
having a buffer die 1100a. Both packages 1210 and 1290 are 
stacked and housed to make device 1200. In an embodiment, 
a plurality of integrated circuit memory dies has separate 
packages and is stacked on package 1290. Device 1200 has 
similar components illustrated in FIG. 11. Buffer die 1100a 
communicates with a plurality of integrated circuit memory 
dies 1101a-das described herein. Device 1200 has memory 
dies 1101a-d stacked upon buffer die 1100a and separated by 

Jun. 19, 2008 

contacts 1201a-d. In an embodiment, contacts 1201a-dare 
solder balls that couple signal paths 1117 and 1114 to signal 
paths 1202 and 1203 that are coupled to bufferinterface 1103. 
(0073 FIG. 13 illustrates devices 1300 and 1301 having a 
plurality of integrated circuit memory devices 101a-b 
(101a-c in device 1301) and a buffer device 100a that are 
disposed on a flexible tape 1302 according to embodiments. 
Buffer device 100a communicates with a plurality of inte 
grated circuit memory devices as described herein. Signal 
path 1305 disposed on or in flexible tape 1302 transfers sig 
nals between a plurality of integrated circuit memory devices 
101a-c and buffer 100a. Contacts, such as a grid array ofballs 
1304, couple each integrated circuit memory device in a 
plurality of integrated circuit memory devices 101a-c and a 
buffer 100a to signal path 1305 in flexible tape 1302 in an 
embodiment. Adhesive 1303 may be used to couple a plural 
ity of integrated circuit memory devices 101a-c to each other 
and to a buffer 100a in an embodiment. Device 1300 and 1301 
are disposed in common package in an embodiment. 
0074 FIG. 14 illustrates a device 1400 having a plurality 
of integrated circuit memory dies 1101a-d and 1401a-danda 
buffer die 1100a that are disposed side-by-side and housed in 
a package 1410. Device 1400 has similar components illus 
trated in FIG. 11. Buffer die 1100a communicates with a 
plurality of integrated circuit memory dies 1101a-d and 
1401a-das described herein. In an embodiment, a plurality of 
integrated circuit memory dies 1101a-d and 1401a-d and a 
buffer die 1100a are disposed side-by-side on a substrate 
1450 that is coupled to device interface 1411. A plurality of 
integrated circuit memory dies 1401a-dis separated by spac 
ers 1402a-c. In an embodiment, a single integrated circuit 
memory die 1101d and a single integrated circuit memory die 
1401d are disposed side-by-side with buffer die 1100a. 
Device interface 1411 includes contacts 1104a-f. Signals are 
transferred between buffer interface 1103 and contacts 
1104alf by signal paths 1418 and 1415. Signals are trans 
ferred between buffer interface 1103 and signal paths 
1116a-d (or integrated circuit memory dies 1101a-d) by sig 
nal path 1417. Similarly, signals are transferred between 
buffer interface 1103 and signal paths 1113a-d (or integrated 
circuit memory dies 1401a-d) by signal path 1414. 
(0075 FIG. 15 illustrates a device 1500 having a plurality 
of integrated circuit memory dies 1101a-band a buffer die 
1100a that are housed in separate packages 1501, 1505 and 
1520, respectively. Device 1500 has similar components 
illustrated in FIG. 11. Buffer die 1100a communicates with 
integrated circuit memory dies 1101a-b as described herein. 
Integrated circuit memory dies 1101a-b and a buffer die 
1100a are disposed on substrate 1530 that includes signal 
paths 1504, 1509, 1515 and 1518. Integrated circuit memory 
die 1101a includes memory interface 1507 having contacts 
1508. Integrated circuit memory die 1101b includes memory 
interface 1503 having contacts 1541. Buffer die 1100a 
includes a buffer interface 1103 having contacts 1560. Sig 
nals are transferred between buffer interface 1103 and con 
tacts 1104alf by signal paths 1515 and 1518. Signals are 
transferred between buffer interface 1103 and integrated cir 
cuit memory die 1101 a by signal path 1509 via memory 
interface 1507 and contacts 1508. Similarly, signals are trans 
ferred between buffer interface 1103 and integrated circuit 
memory die 1101b by signal path 1504 via memory interface 
1503 and contacts 1541. As described herein, device 1500 is 
coupled to a memory module 900 via contacts 1104af 
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0076 FIG.16 illustrates a memory module having an SPD 
1603 according to an embodiment. Memory module 1610 
includes a plurality of integrated circuit memory devices (or 
dies) and buffer devices (or dies) disposed on substrate 930 
along with SPD 1603. FIG. 16 illustrates a memory module 
1610 having a single SPD 1603 that can be accessed by each 
buffer device 100a-b positioned on substrate 930. Signal path 
1601 allows access to SPD 1603 from connector interface 920 
and one or more buffers 100a-b. In an embodiment, signal 
path 1601 is a bus. SPD 1603 may have configuration and/or 
parameter information written to or read by a master by way 
of connector interface 920 and signal path 1601. Likewise, 
buffers 100a-b may write to or read from SPD 1603 via signal 
path 1601. 
0077 FIG. 17 illustrates a memory module 1710 with each 
device 1711a-b or data slice a-b having an associated SPD 
1720a-b, buffer device (or die) 100a-band at least one inte 
grated circuit memory device 101a (or die) according to an 
embodiment. The plurality of buffers 100a-band associated 
plurality of SPDs 1720a-b are disposed on substrate 930. 
Configuration and/or parameter information is accessed from 
SPDs 1720a-busing signal path 1701, which is coupled, to 
connector interface 920 and each SPD 1720a-b. In particular, 
signal path 1701 couples SPD 1720a-b of device 1711a-b to 
connector interface 920. In an embodiment, signal path 1701 
is a bus. In an alternate embodiment, signal path 1701 couples 
SPD 1720a and SPD 1720bina daisy chain or serial topology. 
In an embodiment, one or more buffer devices 100a-b of 
devices 1711a-b may access (read and/or write) respective 
SPDs 1720a-b. Likewise, a master may access (read and/or 
write) respective SPDs 1720a-busing signal path 1701. In an 
embodiment, configuration and/or parameter information is 
transferred using aheader field or other identifier so that SPDs 
coupled in a daisy chain may forward the SPD information to 
the intended destination SPD. 

0078 FIG. 18 illustrates a block diagram of a buffer device 
100a (or die, such as buffer die 1100a) according to embodi 
ments. Buffer 100a includes buffer interface 1103a, inter 
faces 1820a-c, redundancy and repair circuit 1883, multi 
plexer 1830, request and address logic circuit 1840, data 
cache and tags circuit 1860, computations circuit 1865, con 
figuration register set 1881, and clock circuit 1870, singly or 
in combination. 
0079. In a memory read operation embodiment, buffer 
100a receives control information (including address infor 
mation) that may be in a packet format from a masteron signal 
path 121 and in response, transmits corresponding signals to 
one or more, or all of memory devices 101a-don one or more 
signal paths 1005. One or more of memory devices 101a-d 
may respond by transmitting data to buffer 100a which 
receives the data via one or more signal paths 1006 and in 
response, transmits corresponding signals to a master (or 
other buffer). A master transmits the control information via 
one or more signal paths 121 and receives the data via one or 
more signal paths 120a. 
0080. By bundling control and address information in 
packets, protocols required to communicate to memory 
devices 101a-d are independent of the physical control/ad 
dress interface implementation. 
0081. In a memory write operation embodiment, buffer 
100a receives control information (including address infor 
mation) that may be in a packet format from a masteron signal 
path 121 and receives the write data for one or more memory 
devices 101a-d that may be in a packet format from a master 
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on signal path 120a. Buffer 100a then transmits correspond 
ing signals to one or more, or all of memory devices 101a-d 
on one or more signal paths 1006 so that the write data may be 
stored. 

0082. A master transmits the control/address/clock infor 
mation via one or more signal paths 121 and transmits the 
write data via one or more signal paths 120a. 
0083. In an embodiment, simultaneous write and/or read 
operations may occur for different memory devices in 
memory devices 101a-d. 
I0084. In an embodiment, control information that is pro 
vided to buffer 100a causes one or more memory operations 
(such as write and/or read operations) of one or more memory 
devices 100a-d, while the same control information may be 
provided to buffer 100b which causes the same memory 
operations of one or more memory devices 100a-dassociated 
with buffer 100b. In another embodiment, the same control 
information may be provided to buffer 100a and buffer 100b, 
yet different memory operations occur for the one or more 
memory devices 100a-dassociated with each buffer 100a-b. 
In an embodiment, buffer interface 1103a couples signal 
paths 121 and 120a to buffer 100a as shown in FIG. 10. In an 
embodiment, buffer interface 1103a corresponds to buffer 
interface 1103 shown in FIGS. 11, 12, 14 and 15. In an 
embodiment, buffer interface 1103a includes at least one 
transceiver 1875 (i.e. transmit and receive circuit) coupled to 
signal path 120a to transmit and receive data and at least one 
receiver circuit 1892 coupled to signal path 121 to receive 
control/address/clock information. In an embodiment, signal 
paths 121 and 120a include point-to-point links. Buffer inter 
face 1103a includes a port having at least one transceiver 
1875 that connects to a point-to-point link. In an embodiment, 
a point-to-point link comprises one or a plurality of signal 
lines, each signal line having no more than two transceiver 
connection points. One of the two transceiver connection 
points is included on buffer interface 1103a. Buffer interface 
1103a may include additional ports to couple additional 
point-to-point links between buffer 100a and other buffer 
devices on other devices and/or memory modules. These 
additional ports may be employed to expand memory capac 
ity as is described in more detail below. Buffer 100a may 
function as a transceiver between a point-to-point link and 
other point-to-point links. In an embodiment, buffer interface 
1103a includes a repeater circuit 1899 to repeat data, control 
information and/or a clock signal. In an embodiment, buffer 
interface 1103a includes a bypass circuit 1898 to transfer 
signals between connector interface portions. 
I0085. In an embodiment, termination 1880 is disposed on 
buffer 100a and is connected to transceiver 1875 and signal 
path 120a. In this embodiment, transceiver 1875 includes an 
output driver and a receiver. Termination 1880 may dissipate 
signal energy reflected (i.e., a Voltage reflection) from trans 
ceiver 1875. Termination 1880, as well as other termination 
described herein, may be a resistor or capacitor or inductor, 
singly or a series/parallel combination thereof. In alternate 
embodiments, termination 1880 may be external to buffer 
100a. For example, termination 1880 may be disposed on a 
substrate 910 of a memory module 900 or on a package used 
to house buffer 100a. 

0.086 Interface 1820a includes at least one transmitter 
circuit 1893 coupled to signal path 1005 to transmit control/ 
address/clock information to one or more memory devices. In 
an embodiment, interface 1820a includes a transceiver that 



US 2008/0144411 A1 

may transfer control/address/clock information between 
buffers disposed on a common memory module or different 
memory modules. 
I0087 Interface 1820b includes a transceiver 1894 coupled 
to signal path 1006 to transfer data between buffer 100a and 
one or more memory devices 101a-das illustrated in FIG. 10. 
SPD logic and interface 1820c includes a transceiver 1896 
coupled to signal path 1004 to transfer configuration and/or 
parameter information between buffer 100a and an SPD 1002 
as illustrated in FIG.10. In an embodiment, interface 1820C is 
used to transfer configuration and/or parameter information 
as illustrated in FIGS. 16 and 17. 
0088 According to an embodiment, multiplexer 1830 
may perform bandwidth-concentrating operations between 
bufferinterface 100a and interface 1820b as well as route data 
from an appropriate source (i.e. target a Subset of data from 
memory devices, internal data, cache or write buffer). The 
concept of bandwidth concentration involves combining the 
(Smaller) bandwidth of each data path coupled to a memory 
device in a multiple data signal path embodiment to match the 
(higher) overall bandwidth utilized by bufferinterface 1103a. 
In an embodiment, multiplexing and demultiplexing of 
throughput between the multiple signal paths that may be 
coupled to interface 1820 band bufferinterface 1103a is used. 
In an embodiment, buffer 101a utilizes the combined band 
width of multiple data paths coupled to interface 1820b to 
match the bandwidth of interface buffer interface 1103a. 
0089. In an embodiment, data cache and tags circuit 1860 
(or cache 1860) may improve memory access time by pro 
viding storage of most frequently referenced data and asso 
ciated tag addresses with lower access latency characteristics 
than those of the plurality of memory devices. In an embodi 
ment, cache 1860 includes a write buffer that may improve 
interfacing efficiency by utilizing available data transport 
windows over an external signal path to receive write data and 
address/mask information. Once received, this information is 
temporarily stored in a write buffer until it is ready to be 
transferred to at least one memory device over interface 
1820b. 
0090 Computations circuit 1865 may include a processor 
or controller unit, a compression/decompression engine, etc., 
to further enhance the performance and/or functionality of 
buffer 100a. In an embodiment, computations circuit 1865 
controls the transfer of control/address/clock information and 
data between buffer interface 1103a and interfaces 1820a-C. 
0091 Clock circuit 1870 may include a clock generator 
circuit (e.g., Direct Rambus(R) Clock Generator), which may 
be incorporated onto buffer 101a and thus may eliminate the 
need for a separate clock generating device. 
0092. In an alternate embodiment, clock circuit 1870 
include clock alignment circuits for phase or delay adjusting 
an internal clock signal with respect to an external clock 
signal, such as a phase lock loop (“PLL) circuit or delay lock 
loop (“DLL) circuit. Clock alignment circuits may utilize an 
external clock from an existing clock generator, oran internal 
clock generator to provide an internal clock, to generate inter 
nal synchronizing clock signals having a predetermined tem 
poral relationship with received and transmitted data and/or 
control information. 
0093. In an embodiment, clock circuit 1870 receives a first 
clock signal having a first frequency via signal path 121 and 
generates a second clock signal (via interface 1820a) to 
memory device 101 a using the first clock signal and also 
generates a third clock signal (via interface 1820a) to memory 
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device 101b using the first clock signal. In an embodiment, 
the second and third clock signals have a predetermined tem 
poral (phase or delay) relationship with the first clock signal. 
0094. In an embodiment, a transmit circuit (such as in 
transceivers 1875, 1896 and 1894 shown in FIG. 18) transmits 
a differential signal that includes encoded clock information 
and a receiver circuit (such as in transceiver 1875, 1896 and 
1894) receives a differential signal that includes encoded 
clock information. In this embodiment, a clock and data 
recovery circuit (such as clock circuit 1870) is included to 
extract the clock information encoded with the data received 
by the receiver circuit. Likewise, clock information may be 
encoded with data transmitted by the transmit circuit. For 
example, clock information may be encoded onto a data sig 
nal, by ensuring that a minimum number of signal transitions 
occur in a given number of data bits. 
0.095. In an embodiment, a transceiver 1875 transmits and 
receives a first type of signal (for example, a signal having 
specified voltage levels and timing), while transceivers 1894 
(and/or transmit circuit 1893) transmits and receives a second 
different type of signal. For example, transceiver 1875 may 
transmit and receive signals for a DDR2 memory device and 
transceivers 1894 may transmit and receive signals for a 
DDR3 memory device. 
0096. In an embodiment, the control information and/or 
data that is provided to buffer 100a (by way of signal paths 
121 and 120) may be in a different protocol format or have 
different protocol features than the control information and/ 
or data provided to one or more memory devices 100a-d from 
buffer 100a. Logic (for example computation circuit 1865) in 
buffer 100a performs this protocol translation between the 
control information and/or data received and transmitted. A 
combination of the different electrical/signaling and control/ 
data protocol constitute an interface standard in an embodi 
ment. Buffer 100a can function as a translator between dif 
ferent interface standards—one for the memory module 
interface (for example connector interface 920) and another 
for one or more memory devices 100a-d. For example, one 
memory module interface standard may require reading a 
particular register in a particular memory device disposed on 
the memory module. Yet, a memory module may be popu 
lated with memory devices that do not include the register 
required by the memory module interface standard. In an 
embodiment, buffer 100a may emulate the register required 
by the memory module interface standard and thus allow for 
the use of memory devices 100a-d that operates under a 
different interface standard. This buffer functionality, com 
bined with the module topology and architecture, enables a 
memory module to be socket compatible with one interface 
standard, while using memory devices with a different inter 
face standard. 

0097. In an embodiment, buffer 100a includes a redun 
dancy and repair circuit 1883 to test and repair the function 
ality of memory cells, rows or banks of a memory device, 
entire memory devices (or periphery circuits) and/or signal 
paths between buffer 100a and memory devices 101a-d. In an 
embodiment, redundancy and repair circuit 1883 periodi 
cally, during a calibration operation and/or during initializa 
tion, tests one or more of memory devices 101a-d by writing 
a predetermined plurality of values to a storage location in a 
selected memory device (for example, using transceiver 1894 
and a look-up table storing the predetermined values) using a 
selected data path and then reading back the stored predeter 
mined plurality of values from the selected memory device 
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using the selected data path. In an embodiment, when the 
values read from the storage location of the selected memory 
device do not match the values written to the storage location, 
redundancy and repair circuit 1883 eliminates access by 
buffer 100a to the selected memory device and/or selected 
signal path. In an embodiment, a different signal path to a 
different memory device may be selected and this testing 
function may be performed again. If selecting the different 
signal path results in an accurate comparison of read prede 
termined values to the predetermined values in redundancy 
and repair circuit 1883 (or a pass of the test), the different 
memory address to a different memory location, within or to 
another memory device, is selected or mapped thereafter. 
Accordingly, future write and/or read operations to the defec 
tive memory location will not occur. 
0098. In an embodiment, any multiplexed combination of 
control information (including address information) and data 
intended for memory devices 101a-d coupled with buffer 
100a is received via buffer interface 1103a, which may, for 
example extract the address and control information from the 
data. For example, control information and address informa 
tion may be decoded and separated from multiplexed data on 
signal path 120a and provided on signal path 1895 to request 
and address logic circuit 1840 from buffer interface 1103a. 
The data may then be provided to configurable serialization/ 
deserialization circuit 1891. Request and address logic circuit 
1840 generates one or more control signals to transmitter 
circuit 1893. 

0099 Interfaces 1820a and 1820b include programmable 
features in embodiments. A number of control signal lines 
and/or data signal lines between buffer 100a and memory 
devices 101a-dare programmable in order to accommodate 
different numbers of memory devices. Thus, more dedicated 
control signal lines are available with an increased number of 
memory devices. Using programmable dedicated control 
lines and/or data lines avoids any possible load issues that 
may occur when using a bus to transfer control signals 
between memory devices and a buffer 100a. In another 
embodiment, additional data strobe signals for each byte of 
each memory device may be programmed at interface 1820b 
to accommodate different types of memory devices. Such as 
legacy memory devices that require such a signal. In still a 
further embodiment, interface 1820a and 1820b are program 
mable to access different memory device widths. For 
example, interfaces 1820a and 1820b may be programmed to 
connect to 16"x4" width memory devices, 8"x8" width 
memory devices or 4"x 16" width memory devices. Likewise, 
buffer interface 1103a has a programmable width for signal 
path 120a. 
0100 Configurable serialization/deserialization circuit 
1891 performs serialization and deserialization functions 
depending upon a stored serialization ratio. As a memory 
device access width is reduced from its maximum value, 
memory device access granularity (measured in quanta of 
data) is commensurately reduced, and an access interleaving 
or multiplexing scheme may be employed to ensure that all 
storage locations within memory devices 101a-d can be 
accessed. The number of signal paths 1006 may be increased 
or decreased as the memory device access width changes. 
Signal path 1006 may be subdivided into several addressable 
subsets. The address of the transaction will determine which 
target subset of signal path 1006 will be utilized for the data 
transfer portion of the transaction. In addition, the number of 
transceiver, transmitter and/or receiver circuits included in 
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interfaces 1820a and 1820b that are employed to communi 
cate with one or more memory devices 101a-d may be con 
figured based on the desired serialization ratio. Typically, 
configuration of the transceivers may be effectuated by 
enabling or disabling how many transceivers are active in a 
given transfer between one or more memory devices 101a-d 
and buffer interface 1103a. In an embodiment, a data rate of 
transferring data at buffer interface 1103a is a multiple or 
ratio of a data rate of transferring data on one or more signal 
paths 1006 coupled to memory devices 101a-d. 
0101 Buffer 100a provides a high degree of system flex 

ibility. New interface standards of memory devices may be 
phased in to operate with a master or a memory system that 
supports older interface standards by modifying buffer 100a. 
In an embodiment, a memory module may be inserted using 
an older memory module interface or socket, while newer 
generation memory devices may be disposed on the memory 
module. Backward compatibility with existing generations of 
memory devices may be preserved. Similarly, new genera 
tions of masters, or controllers, may be phased in which 
exploit features of new generations of memory devices while 
retaining backward compatibility with existing generations 
of memory devices. Similarly, different types of memory 
devices that have different costs, power requirements and 
access times may be included in a single common package for 
specific applications. 
0102 FIG. 19 illustrates an integrated circuit memory 
device 1900 (or a memory die) in an embodiment. Integrated 
circuit memory device 1900 corresponds to one or more 
integrated circuit memory devices 101a-d in embodiments. 
Integrated circuit memory device 1900 includes a memory 
core 1900b and a memory interface 1900a. Signal paths 
1950a-b, 1951a-b, 1952 and 1953 are coupled to memory 
interface 1900a. Signal paths 1950a-b transfer read and write 
data. Signal paths 1951a-b transfer address information, such 
as a row address and a column address in packets, respec 
tively. Signal path 1952 transfers control information. Signal 
path 1953 transfers one or more clock signals. In an embodi 
ment, signal paths 1950a-b correspond to signal path 120a 
shown in FIG. 10 and signal paths 1951a-b, 1952 and 1953 
correspond to signal path 121 in FIG. 10. 
0103 Memory interface 1900a includes at least one trans 
mitter and/or receiver for transferring signals between 
memory device 1900 and signal paths 1950a-b, 1951a-b, 
1952 and 1953. Write demultiplexer (“demux”) 1920 and 
read multiplexer (“mux') 1922 are coupled to signal path 
1950a, while write demux 1921 and read mux 1923 are 
coupled to signal path 1950b. Write demux 1920-21 provide 
write data from signal paths 1950a-b to memory core 1900b 
(in particular sense amplifiers 0-2a and 0-2b). Read mux 
1922-23 provide read data from memory core 1900b to signal 
paths 1950a-b (in particular sense amplifiers Na and Nb). 
0104 Demux and row packet decoder 1910 is coupled to 
signal path 1951a and Demux and column packet decoder 
1913 is coupled to signal path 1951b. Demux and row packet 
decoder 1910 decodes a packet and provides a row address to 
row decoder 1914. Demux and Column packet decoder 1913 
provides a column address and mask information to column 
and mask decoder 1915. 
0105 Control registers are coupled to signal path 1952 
and provide control signals to row decoder 1914 and column 
and mask decoder 1915 in response to register values. 
0106. A clock circuit is coupled to signal path 1953 to 
provide a transmit clock signal TCLK and a receive clock 
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signal RCLK in response to one or more clock signals trans 
ferred on signal path 1953. In an embodiment, write demux 
1920 and 1921 provide write data from signal paths 1950a-b 
to memory core 1900b in response to an edge of receive clock 
signal RCLK. In an embodiment, read mux 1922 and 1923 
provide read data from memory core 1900b to signal paths 
1950a-b in response to an edge of a transmit clock signal 
TCLK. In an embodiment, clock circuit generates a clock 
signal on signal path 1953 (to a buffer device) that has a 
temporal relationship with read data that are output on signal 
paths 1950a-b. 
0107 Row decoder 1914 and column and mask decoder 
1915 provide control signals to memory core 1900b. For 
example, data stored in a plurality of storage cells in a 
memory bank is sensed using sense amplifiers in response to 
a row command. A row to be sensed is identified by a row 
address provided to row decoder 1914 from demux and row 
packet decoder 1910. A subset of the data sensed by a sense 
amplifier is selected in response to a column address (and 
possible mask information) provided by demux and column 
packet decoder 1913. 
0108. A memory bank in memory banks 0-N of memory 
core 1900b includes a memory array having a two dimen 
sional array of storage cells. In embodiments, memory banks 
0-N include storage cells that may be DRAM cells, SRAM 
cells, FLASH cells, ferroelectric RAM (FRAM) cells, mag 
netoresistive or magnetic RAM (MRAM) cells, or other 
equivalent types of memory storage cells. In an embodiment, 
integrated circuit memory device 1900 is a DDR integrated 
circuit memory device or later generation memory device 
(e.g., DDR2 or DDR3). In an alternate embodiment, inte 
grated circuit memory device 1900 is an XDRTM DRAM 
integrated circuit memory device or Direct Rambus(R DRAM 
(“DRDRAM) memory device. In an embodiment, inte 
grated circuit memory device 1900 includes different types of 
memory devices having different types of storage cells 
housed in a common package. 
0109 Signals described herein may be transmitted or 
received between and within devices/circuits using signal 
paths and generated using any number of signaling tech 
niques including without limitation, modulating the Voltage 
or current level of an electrical signal. The signals may rep 
resent any type of control and timing information (e.g. com 
mands, address values, clock signals, and configuration/pa 
rameter information) as well as data. In an embodiment, a 
signal described herein may be an optical signal. 
0110. A variety of signals may be transferred on signal 
paths as described herein. For example, types of signals 
include differential (over a pair of signal lines), non-return to 
Zero (“NRZ'), multi-level pulse amplitude modulation 
(PAM), phase shift keying, delay or time modulation, 
quadrature amplitude modulation (“OAM) and Trellis cod 
ing. 
0111. In an embodiment employing multi-level PAM sig 
naling, a data rate may be increased without increasing either 
the system clock frequency or the number of signal lines by 
employing multiple Voltage levels to encode unique sets of 
consecutive digital values or symbols. That is, each unique 
combination of consecutive digital symbols may be assigned 
to a unique Voltage level, or pattern of Voltage levels. For 
example, a 4-level PAM scheme may employ four distinct 
Voltage ranges to distinguish between a pair of consecutive 
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digital values or symbols such as 00, 01, 10 and 11. Here, each 
Voltage range would correspond to one of the unique pairs of 
consecutive symbols. 
0112 In an embodiment, a clock signal is used to synchro 
nize events in a memory module and/or device such as Syn 
chronizing receiving and transmitting data and/or control 
information. In an embodiment, globally synchronous clock 
ing is used (i.e., where a single clock frequency source is 
distributed to various devices in a memory module/system). 
In an embodiment, Source synchronous clocking is used (i.e., 
where data is transported alongside a clock signal from a 
Source to a destination Such that a clock signal and data 
become skew tolerant). In an embodiment, encoding data and 
a clock signal is used. In alternate embodiments, combina 
tions of clocking or synchronization described herein are 
used. 

0113. In embodiments, signal paths described herein 
include one or more conducting elements, such as a plurality 
of wires, metal traces (internal or external), signal lines or 
doped regions (positively or negatively enhanced), as well as 
one or more optical fibers or optical pathways, singly or in 
combination. In embodiments, multiple signal paths may 
replace a single signal path illustrated in the Figures and a 
single signal path may replace multiple signal paths illus 
trated in the Figures. In embodiments, a signal path may 
include a bus and/or point-to-point connection. In an embodi 
ment, signal paths include signal paths for transferring con 
trol and data signals. In an alternate embodiment, signal paths 
include only signals paths for transferring data signals or only 
signal paths for transferring control signals. In still other 
embodiments, signal paths transfer unidirectional signals 
(signals that travel in one direction) or bi-directional signals 
(signals that travel in two directions) or combinations of both 
unidirectional and bi-directional signals. 
0114. It should be noted that the various circuits disclosed 
herein may be described using computer aided design tools 
and expressed (or represented) as data and/or instructions 
embodied in various computer-readable media, in terms of 
their behavior, register transfer, logic component, transistor, 
layout geometries, and/or other characteristics. Formats of 
files and other objects in which Such circuit expressions may 
be implemented include, but are not limited to: formats sup 
porting behavioral languages such as C. Verilog, and HLDL: 
formats Supporting register level description languages like 
RTL, formats Supporting geometry description languages 
such as GDSII, GDSIII, GDSIV, CIF, MEBES; and any other 
Suitable formats and languages. Computer-readable media in 
which such formatted data and/or instructions may be embod 
ied include, but are not limited to, non-volatile storage media 
in various forms (e.g., optical, magnetic or semiconductor 
storage media) and carrier waves that may be used to transfer 
Such formatted data and/or instructions through wireless, 
optical, or wired signaling media or any combination thereof. 
Examples of transfers of such formatted data and/or instruc 
tions by carrier waves include, but are not limited to, transfers 
(uploads, downloads, e-mail, etc.) over the Internet and/or 
other computer networks via one or more data transfer pro 
tocols (e.g., HTTP, FTP, SMTP, etc.). When received within a 
computer system via one or more computer-readable media, 
Such data and/or instruction-based expressions of the above 
described circuits may be processed by a processing entity 
(e.g., one or more processors) within the computer system in 
conjunction with execution of one or more other computer 
programs including, without limitation, netlist generation 
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programs, place and route programs and the like, to generate 
a representation or image of a physical manifestation of Such 
circuits. Such representation or image may thereafter be used 
in device fabrication, for example, by enabling generation of 
one or more masks that are used to form various components 
of the circuits in a device fabrication process. 
0115 The foregoing description of several embodiments 
has been provided for the purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit the embodi 
ments to the precise forms disclosed. Modifications and 
variations will be apparent to practitioners skilled in the art. 
The embodiments were chosen and described in order to 
explain inventive principles and practical applications, 
thereby enabling others skilled in the art to understand vari 
ous embodiments and with the various modifications as are 
Suited to the particular use contemplated. It is intended that 
the scope of the invention be defined by the following claims 
and their equivalents. 
What is claimed is: 
1. A memory module comprising: 
an integrated circuit memory device; and 
an integrated circuit buffer device coupled to the integrated 

circuit memory device, wherein a memory access to the 
integrated circuit memory device is performed via the 
integrated circuit buffer device, the integrated circuit 
buffer device including a storage circuit to store redun 
dancy information pertaining to a defective memory cell 
of the integrated circuit memory device such that the 
integrated circuit buffer device reroutes a memory 
access having an address associated with the defective 
memory cell. 

2. The memory module of claim 1, wherein the integrated 
circuit buffer device reroutes the memory access having the 
address associated with the defective memory cell to another 
integrated circuit memory device. 

3. The memory module of claim 1, wherein the integrated 
circuit buffer device reroutes the memory access having the 
address associated with the defective memory cell to another 
address of the integrated circuit memory device. 

4. The memory module of claim 1, wherein a first plurality 
of values is written to the address and then a second plurality 
of values is read from the address to detect the defective 
memory cell, wherein the defective memory cell is detected 
when the first plurality of values does not match the second 
plurality of values. 

5. The memory module of claim 1, wherein the integrated 
circuit memory device and integrated circuit buffer device are 
included in a single common package. 

6. A memory module comprising: 
a plurality of integrated circuit memory devices, each inte 

grated circuit memory device of the plurality of inte 
grated circuit memory devices having an array of 
memory cells; and 

an integrated circuit buffer device coupled to the plurality 
of integrated circuit memory devices, whereina memory 
access to the plurality of integrated circuit memory 
devices is performed via the integrated circuit buffer 
device, the integrated circuit buffer device including a 
storage circuit to store information pertaining to at least 
one defective memory cell location of at least one array 
of memory cells. 

7. The memory module of claim 6, wherein a first plurality 
of values is written to an address of an integrated circuit 
memory device in the plurality of integrated circuit memory 
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devices and then a second plurality of values is read from the 
address of the integrated circuit memory device to detect the 
at least one defective memory cell location, wherein the 
defective memory cell location is detected when the first 
plurality of values does not match the second plurality of 
values. 

8. The memory module of claim 7, wherein, during initial 
ization of the plurality of integrated circuit memory devices, 
both the first plurality of values is written and the second 
plurality of values is read. 

9. The memory module of claim 6, wherein the integrated 
circuit buffer device is included in a plurality of integrated 
circuit buffer devices, each integrated circuit buffer devices of 
the plurality of integrated circuit buffer devices coupled to a 
corresponding plurality of integrated circuit memory devices, 
wherein a memory access to each plurality of integrated cir 
cuit memory devices is performed via a corresponding inte 
grated circuit buffer device in the plurality of integrated cir 
cuit buffer devices. 

10. The memory module of claim 9, further comprising a 
bus coupled to the plurality of integrated circuit buffer 
devices, the bus to provide control information associated 
with the memory access to the plurality of integrated circuit 
buffer devices. 

11. A memory module comprising: 
a plurality of integrated circuit memory devices, each inte 

grated circuit memory device of the plurality of inte 
grated circuit memory devices having an array of 
memory cells; 

an integrated circuit buffer device coupled to the plurality 
of integrated circuit memory devices, whereina memory 
access to the plurality of integrated circuit memory 
devices is performed via the integrated circuit buffer 
device; and 

an integrated circuit storage device coupled to the inte 
grated circuit buffer device, the integrated circuit storage 
device to store information pertaining to at least one 
defective memory cell location of at least one array of 
memory cells of the plurality of integrated circuit 
memory devices. 

12. The memory module of claim 11, when the information 
pertaining to at least one defective cell location is obtained 
during initialization of the memory module. 

13. The memory module of claim 11, wherein a first plu 
rality of values is written to an address of an integrated circuit 
memory device in the plurality of integrated circuit memory 
devices and then a second plurality of values is read from the 
address of the integrated circuit memory device to detect the 
at least one defective memory cell location, wherein the 
defective memory cell location is detected when the first 
plurality of values does not match the second plurality of 
values. 

14. The memory module of claim 11, wherein the array of 
memory cells include dynamic random access memory cells. 

15. The memory module of claim 11, wherein the inte 
grated circuit buffer device reroutes a memory access having 
an address associated with the defective memory cell location 
to another address in the plurality of integrated circuit 
memory devices. 

16. A system housed in a single semiconductor package, 
the system comprising: 

a first integrated circuit memory die having an array of 
memory cells; and 
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a integrated circuit buffer die coupled to the integrated 
circuit memory die, wherein a memory access to the 
integrated circuit memory die is performed via the inte 
grated circuit buffer die, the integrated circuit buffer die 
including a storage circuit to store information pertain 
ing to at least one defective memory cell location in the 
array of memory cells. 

17. The system of claim 16, wherein the array of memory 
cells includes dynamic random access memory cells. 

18. The system of claim 17, wherein the storage circuit is a 
register. 

19. The system of claim 16, wherein the integrated circuit 
buffer die reroutes the memory access to another memory 
location in the array of memory cells in response to the 
information pertaining to at least one defective memory cell 
location. 

20. The system of claim 16, further comprising a second 
integrated circuit memory die having an array of memory 
cells, wherein the integrated circuit buffer die reroutes the 
memory access to array of memory cells of the second inte 
grated circuit memory die in response to the information 
pertaining to the at least one defective memory cell location. 

21. A system comprising: 
a plurality of integrated circuit memory devices, each inte 

grated circuit memory device of the plurality of inte 
grated circuit memory devices having an array of 
memory cells; and 
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a plurality of integrated circuit buffer devices coupled to 
the plurality of integrated circuit memory devices, 
wherein a memory access to an integrated circuit 
memory device of the plurality of integrated circuit 
memory devices is performed via a corresponding inte 
grated circuit buffer device of the plurality of integrated 
circuit buffer devices, the corresponding integrated cir 
cuit buffer device including a storage circuit to store 
information pertaining to at least one defective memory 
cell location of at least one array of memory cells. 

22. The system of claim 21, wherein the corresponding 
integrated circuit buffer device accesses a first set of inte 
grated circuit memory devices in the plurality of integrated 
circuit memory devices. 

23. The system of claim 21, further comprising a bus 
coupled to the plurality of integrated circuit buffer devices, 
the bus to provide control information associated with the 
memory access to the plurality of integrated circuit buffer 
devices. 

24. The system of claim 21, wherein the storage circuit 
includes a register to store the information pertaining to at the 
least one defective memory cell location. 

25. The system of claim 21, wherein the corresponding 
integrated circuit buffer device reroutes the memory access to 
another memory location in the at least one array of memory 
cells in response to the information pertaining to the at least 
one defective memory cell location. 
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