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(57) Abstract: A memory expansion module with stacked memory packages. A memory module is implemented using stacked
memory packages. Each of the stacked memory packages contains multiple memory chips, typically DRAMs (dynamic random
access memory). The memory may be organized into multiple banks, wherein a given memory chip within a stacked memory package
is part of one bank, while another memory chip in the same package is part of another bank. The memory module also includes
a clock driver chip and a storage unit. The storage unit is configured to store module identification information, such as a serial
number. The storage unit is also configured to store information correlating electrical contact pads on the module with individual
signal pins on the stacked memory packages. This may allow an error to be quickly traced to a specific pin on a stacked memory
package when an error is detected on the memory bus by an error correction subsystem.
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TITLE: A MEMORY EXPANSION MODULE WITH STACKED MEMORY PACKAGES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to memory hardware for computer systems, and more specifically to

memory expansion modules for expanding memory in computer systems.

2. Description of the Related Art

Many modern computer systems allow for memory expansion by way of single inline memory modules
(SIMMs) and/or dual inline memory modules (DIMMs). SIMMs and DIMMs include small, compact circuit
boards that are designed to mount easily into an expansion socket mounted on another circuit board, typically a
computer motherboard. The circuit boards used to implement SIMMs and DIMMs include an edge connector
comprising a plurality of contact pads, with contact pads typically being present on both sides of the circuit board.
On SIMM:s, opposing contact pads are connected together (i.e. shorted), and thus carry the same signal, while at
least some opposing contact pads on DIMM:s are not connected, thus allowing different signals to be carried. Due
to this, higher signal density may be accommodated by DIMMs.

Memory elements of SIMMs and DIMMs are typically Dynamic Random Access Memory (DRAM) chips.
DRAM chips store information as a charge on a capacitor, with the charge level representing a logic one or logic
zero. Since a capacitor charge will dissipate over time, DRAM chips require refresh cycles on a periodic basis.

To access a location in a DRAM, an address must first be applied to the address inputs. This address is
then decoded, and data from the given address is accessed. In modern DRAMs, rows and columns are addressed
separately using row address strobe (RAS) and column address strobe (CAS) control signals. By using RAS and
CAS signals, row and column addresses can be time-multiplexed on common signal lines, contact pads, and pins of
the address bus. This allows a greater number of memory locations that can be addressed without a corresponding
increase in the number of required signal lines, contact pads, and pins.

To address a memory location in a DRAM as described above, a RAS signal is asserted on the RAS input
of the DRAM, and a row address is forwarded to row decode logic on a memory chip. The contents of all locations
in the addressed row will then be sent to a column decoder, which is typically a combination
multiplexer/demultiplexer. After row addressing is complete, a CAS signal is asserted, and a column address is sent
to the column decoder. The multiplexer in the column decoder will then select the corresponding column from the
addressed row, and the data from that specific row/column address is placed on the data bus for used by the
computer system.

The demand for more memory in computer systems is ever increasing. Advances in software has further
driven the demand for greater memory capacity, as complex programs require more memory space with which to
operate. Along with the demand for greater memory capacity is the need for greater reliability m computer system
operation. As the capacity of memory modules increases so to does the possibility of an error or a failure.

Tracking errors to their source on a memory module may sometimes be a difficult and time-consuming process.
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Tracing a signal from a contact on an edge connector to a specific pin on a memory device may be time consuming
even when accurate schematics are available. Furthermore, manually tracing a signal from an edge connector

contact to a pin on a memory device may be prone to human error.

SUMMARY OF THE INVENTION

The problems outlined above may in large part be solved by a memory expansion module in accordance
with the present invention. In one embodiment, a memory module includes a printed circuit board with a connector
edge adapted for insertion in an expansion socket of a computer system. Mounted upon the circuit board is a
plurality of stacked memory packages. Each stacked memory chip package contains multiple memory chips, or
die, within the package. These memory chips are typically Dynamic Random Access Memory (DRAM). In one
embodiment, each stacked memory package includes two DRAM die. The printed circuit board of this embodiment
includes 18 locations for mounting the stacked memory packages, resulting in a memory module with a total of 36
memory die. Also mounted upon the printed circuit board is at least one buffer (or line driver) chip for driving
address and control signals to the plurality of memory die contained within the stacked memory packages. A clock
driver chip is also mounted upon the printed circuit board for driving clock signals to the memory chips. Also
mounted on the printed circuit board is a storage unit, which provides module identification and signal routing
information. In one embodiment, a serial electrically erasable programmable read-only memory (SEEPROM) is
used to implement the storage unit. Information which correlates individual contact pads of the edge connector to
individual pins of the stacked memory packages may be stored in the storage unit. Using this information, an error
detected by in the memory module may be quickly traced to a specific pin of a stacked memory package.

Each memory die within each stacked memory package may be individually accessed by a computer
system. Since the memory die within the stacked memory packages may be accessed individually, multiple
memory banks may be formed with each die within a given package belonging to a different memory bank. In one
embodiment, each memory die is a 32M x 8, resulting in a stacked memory package with a capacity of 64M x 8.
The total module capacity in this embodiment is 1 gigabyte. In general, the memory module is scalable and may be
implemented with various amounts of memory capacity.

Thus, in various embodiments, the memory expansion module with stacked memory packages and error
correction functionality may advantageously allow greater memory capacity. The use of stacked memory packages
may allow for greater memory capacity without the need for additional circuit board area. The use of stacked
memory packages with no more than two memory die each may advantageously reduce power consumption and

thermal output by the memory module.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the following detailed
description and upon reference to the accompanying drawings in which:

Figure 1 is a block diagram illustrating an embodiment of a computer system having a CPU, a memory
controller, a CPU bus, and a plurality of memory modules;

Figure 2 is a mechanical drawing of one embodiment of a memory module;
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Figure 3A is a block diagram illustrating the electrical connections associated with the top side of an
embodiment of the memory module;

Figure 3B is a block diagram illustrating the electrical connections associated with the bottom side of an
embodiment of the memory module;

Figure 4 is a functional block diagram of one embodiment of the memory module;

Figure 5 is a pin diagram of one embodiment of a stacked memory package;

Figure 6 is a block diagram of the internal organization of one embodiment of a stacked memory package;

Figure 7 is a drawing of one embodiment the memory module illustrating the electrical interconnections .
associated with error correction functions; and,

Figure 8 is a table illustrating exemplary entries within the storage unit correlating connector pins to
integrated circuit pins.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and description thereto are not intended to limit the invention to the
particular form disclosed, but, on the contrary, the invention is to cover all modifications, equivalents, and

alternatives falling with the spirit and scope of the present invention as defined be the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 1, an embodiment of a computer system 100 including a plurality of memory
modules 1000, as will be described below, is shown. The computer system includes a CPU 101, coupled to a
memory controller 102 through a CPU bus 103. Memory controller 102 is configured to control communications
and data transfers between CPU 101 and memory modules 1000.

Memory controller 102 is coupled to each of the memory modules 1000 through a memory bus 104.
Memory bus 104 includes a plurality of signal lines, each of which is associated with a single data bit position. The
width of memory bus 104 may be any number of bits; typical bus widths include 16 bits, 32 bits, 64 bits, and 128
bits. Some embodiments of memory bus 104 may include extra signal lines for bits that may be used by error
correction circuitry. The bits conveyed by the extra signal lines are typically referred to as check bits. For
example, one embodiment of a memory bus may be configured to convey 128 data bits and 16 check bits, for a
total bus width of 144 bits. Error detection and correction is performed by error correction subsystem 106, located
within memory controller 102.

In the embodiment shown, the memory modules are provided to expand main memory of computer system
100, and are electrically coupled to memory bus 104 through a set of expansion sockets 105. An expansion socket
105 of the embodiment shown is configured to receive an edge connector of a printed circuit board of a memory
module 1000.

Moving on to Figure 2, a mechanical drawing of one embodiment of the memory module is shown.
Memory module 1000 includes a plurality of stacked memory packages 1002 mounted upon both sides of a printed
circuit board 500. Memory module 1000 also includes two line driver chips 1003, one mounted on each side of the
printed circuit board. In this embodiment, clock driver chip 1004 is mounted on the top side of printed circuit

board 500, while a storage unit 1006 is mounted on the bottom side. Edge connector 1005 provides electrical
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contact between the various components of the module and the computer system 100 of Figure 1. In the
embodiment shown, edge connector 1005 includes 232 electrical contacts. Furthermore, a majority of opposing
electrical contacts of edge connector 1003 are not electrically connected, making this module a DIMM (dual inline
memory module).

Figures 3A and 3B are block diagrams illustrating the electrical connections associated with the top and
bottom side, respectively, of one embodiment of the memory module. Memory module 1000 includes a plurality of
stacked memory packages 1002 mounted upon each side. Memory module 1000 also includes edge connector
1005 for electrically coupling memory module 1000 to the memory bus 104 of Figure 1. Edge connector 1005
includes a plurality of electrical contacts 1015 for conveying electrical signals between memory module 1000 and
the memory bus. As in Figure 2, a majority of opposing contacts in the embodiment shown are not electrically
connected, making the module a DIMM.

On each side of memory module 1000 is mounted a line driver (or buffer) chip 1003. Line driver chip
1003-A in Figure 3A serves as an address buffer (for address signals), while line driver chip 1003-B in Figure 3B
serves as a control buffer (for control signals). Line driver chip 1003-A is configured to receive address signals
from a memory bus of a computer system, via electrical contact pads 1015 and interconnecting signal lines. In the
embodiment shown, each address signal is split into two separate signals. Those address signals labeled AO(X) are
driven to a first memory bank, while those labeled A1(X) are driven to a second memory bank. Line driver chip
1003-B is configured to receive various control signals from a memory bus. These control signals include chip
select signals; CSO and CS1 as shown. Other control signals (not shown) include row address strobe (RAS),
column address strobe (CAS), clock enable (CKE), and write enable (WE).

The top side of the module also includes clock driver chip 1004. Clock driver chip 1004 is configured to
receive clock signals from a computer system, and to drive these signals to the memory chips of the stacked
memory packages 1002. In the embodiment shown, clock driver chip 1004 actually receives two differential PECL
(pseudo emitter coupled logic) level signals, designated here as CLK+ and CLK-. These differential signals are
used as inputs to a phase-locked loop (PLL) circuit within the clock driver chip. The output of the PLL is a singular
clock signal, which is driven to each of the memory chips within the stacked memory packages 1002. Other
embodiments configured to receive a singular clock signal (rather than multiple differential clock signals) are
possible and contemplated.

A storage unit 1006 is mounted upon the bottom side of the module. In the embodiment shown, storage
unit 1006 is a serial EEPROM (electrically erasable read-only memory). Other embodiments may use a flash
memory or other type of device to implement storage unit 1006. In the embodiment shown, storage unit 1006
performs two functions. The first of these functions is module identification, as storage unit 1006 may, in one
embodiment, be configured to store a unique serial number for memory module 1000. This serial number may be
read by a computer system into which the memory module is inserted. Using the unique serial number, the module
history may be traced from its time of manufacture, including any failure information.

The second function of storage unit 1006 is the storage of error correction information. In particular, the
storage unit 1006 of the embodiment shown is configured to store information correlating pins of the connector
edge to individual pins of stacked memory packages 1002. Using this information, an error detected by an error

correction subsystem may be quickly traced to a specific pin of a specific stacked memory package 1002.
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Turning now to Figure 4, a functional block diagram of one embodiment of the memory module is shown.
Memory module 1000 includes a plurality of memory die1002U and 1002L, wherein each pair of die is part of a
stacked memory package 1002 of Figures 2 and 3. Typically, memory die 1002U and 1002L will be dynamic
random access memory (DRAM) chips. In the embodiment shown, a first bank and a second bank of memory are
present. The first bank of memory includes the shown plurality of memory die 1002U, while the second bank
includes the shown plurality of memory chips 1002L. Each memory die has a data width of 8 bits, and is coupled
to a data bus of 144 bits.

Two buffers, or line driver chips 1003 are used to drive address and control signals to the memory die
1002U and 1002L. One line driver chip 1003 is used exclusively for address signals. Each address signal received
by the line driver chip 1003 is duplicated twice and driven to a stacked memory package 1002. A second line
driver chip 1003 is used to drive control signals to the memory die 1002U and 1002L within each stacked memory
package in order to control the individual banks of memory. Each stacked memory package 1002 is configured to
receive a RAS signal (RASO or RAS1), a CAS signal (CASO or CAS1), and a WE signal (WEO or WE1). In
addition, each stacked memory package 1002 is configured to receive control signals CS0, CS1, CKEO, and CKEI.

Also shown in Figure 4 is clock driver chip 1004, which is configured to receive two differential PECL
clock signals, and drive a singular clock signal to each of the memory chips, as explained above with reference to
Figure 3A.

Figure 5 is a pin diagram of one embodiment of a stacked memory package 1002. In the embodiment
shown, stacked memory package 1002 includes two memory die. Each stacked memory package is configured to
receive 8 data signals (DQ0-DQ7), 15 address signals (A0-A12 and BAO-BA1), and control signals CS0, CS1,
CKEQ, CKE1, RAS, CAS, and WE. Address signals BAO and BA1 correspond to address signals A13 and A14 as
shown in Figure 4. In general, a limitation of two memory die per stacked memory package is placed upon the
various embodiments of the memory module, due to considerations for power consumption and thermal output of
the module. Stacked packages with only two memory die may consume less power and generate less heat than
those containing three or more memory die, while still allowing additional memory capacity without the need for
additional circuit area relative to memory packages having a single memory die.

Figure 6 is a block diagram of the internal organization of one embodiment of a stacked memory package.
The embodiment shown consists of memory die 1002U and 1002L. Address signals A0-A14 are coupied to both
memory die, as are control signals CAS, RAS, and WE, and data signals DQO — DQ7. A clock signal, CLK, is also
coupled to both memory die. Control signals CKEOQ and CSO are coupled to memory die 1002U, and are asserted
during read and write operations to this memory die. Likewise, control signals CKE1 and CS1 are coupled to
memory die 1002L. Memory die 1002U and 1002L are part of a first and a second memory bank, respectively.
The memory die in this embodiment are 32M x 8 (i.e. 32 megabytes) each, resulting in a stacked memory package
with a capacity of 64 megabytes. Using a total of 18 stacked memory packages of this capacity results in a module
capacity of one gigabyte.

Figure 7 is a drawing of one embodiment the memory module illustrating the electrical interconnections
associated with error correction functions. Memory module 1000 includes a printed circuit board upon which
stacked memory packages 1002 are mounted. Each of these packages has a data width of 8 bits, and includes two

memory chips (1002U and 1002L from Figures 4 and 6). Depending on the organization of memory module 1000,
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some of these memory die may be used to store error correction check bits, while others may be used to store data
bits. Memory module 1000 also includes an edge connector 1005, with a plurality of electrical contact pads 1015.
A plurality of signal lines 1020 couples the electrical contact pads 1015 to the stacked memory packages 1002.
Data signals are conveyed along signal lines 1020 between the stacked memory packages 1002 and electrical
contact pads 1015. Data pin DO of each stacked memory package 1002 is shown coupled to electrical contact pads
1015 by signal lines 1020, with the respective position of the bit in the data word (i.e. DQO, DQ16, etc.) shown.
The most significant bit of the data, DQ143, is coupled to pin D7 of a stacked memory package 1002. In this
embodiment, 16 check bits are used to protect each data block of 128 bits, with each check word associated with
one data block only.

As previously stated, some memory die of the stacked memory packages 1002 may be used exclusively to
store check bits in this embodiment. Each of these memory die may store four check bits of each check word. In
the embodiment shown, each check word is 16 bits, and protects a data block of 128 bits. These check bits are
accessed through a plurality of pins designated CBWX[y:z]. For example, CBW1[3:0] shown in the drawing
represents four pins of a stacked memory package 1002 through which check bits 0 through 3 of check word #1 are
accessed. Similarly, CBW2[7:4] represents those pins through which check bits 4 through 7 of check word #2 are
accessed. Each of these pins is connected to a respective signal line. Representative signal lines are shown in the
drawing as CBW1 through CBW4. In general, these signal lines are routed on the printed circuit board in such a
manner that physically adjacent memory cells within each memory die store check bits corresponding to different
check words.

Figure 8 is a table illustrating exemplary entries within the storage unit correlating connector pins to
integrated circuit pins. In the table shown, each connector pad of an edge connector (such as edge connector 1005
of Figures 3A and 3B) is associated with a pin of an integrated circuit package (such as the stacked memory
packages 1002 of Figures 3A and 3B). For example, connector pad #1 is associated with integrated circuit U1, pin
5 (U1.5). Similarly, connector pad #5 is associated with integrated circuit U1, pin 9. Most if not all connector pads
may be associated with at least one pin of one integrated circuit. In many cases, certain connector pads may be
associated with a plurality of integrated circuit pins. Such connector pads may include those that carry address
signals and enable signals (e.g. chip enable and write enable signals).

While the present invention has been described with reference to particular embodiments, it will be
understood that the embodiments are illustrative and that the invention scope is not so limited. Any variations,
modifications, additions, and improvements to the embodiments described are possible. These variations,
modifications, additions, and improvements may fall within the scope of the inventions as detailed within the

following claims.
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WHAT IS CLAIMED IS:

A memory module comprising:

a printed circuit board including a connector edge adapted for insertion within a socket of a computer
system;

a plurality of stacked memory packages mounted upon said printed circuit board, each of said stacked
memory packages including a first memory die and a second memory die, and wherein said first memory
die of each of said stacked memory packages forms a portion of a first bank of memory and said second
memory die of each of said stacked memory packages forms a portion of a second bank of memory;

a clock driver chip;

a storage unit for providing module identification and error correction check bit information; and,

at least one line driver chip configured to drive control signals and/or address signals.

The memory module as recited in claim 1, wherein said edge connector includes a plurality of electrical

contact pads for conveying electrical signals.

The memory module as recited in claim 2, wherein said edge connector has 232 of said electrical contact

pads.

The memory module as recited in claim 2, wherein said connector edge includes contact pads for receiving
control signals, said control signals comprising at least one row address strobe (RAS) signal, at least one
column address strobe (CAS) signal, at least one write enable (WE) signal, at least one clock enable

(CKE) signal, and a least one chip select (CS) signal.

The memory module as recited in claim 2, wherein said electrical signals include a plurality of address

signals, and wherein said plurality of address signals form an address bus.

The memory module as recited in claim 5, wherein said address bus is 14 bits wide.

The memory module as recited in claim 2, wherein said electrical signals include a plurality of data

signals, and wherein said plurality of data signals form a data path.
The memory module as recited in claim 6, wherein said data path is 144 bits wide.
The memory module as recited in claim 1, wherein said memory module is configured for use in a system

having an error correction subsystem, said error correction subsystem configured to generate a plurality of

check words corresponding to a plurality of data blocks.
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The memory module as recited in claim 2, wherein said storage unit is configured to store signal line
routing information which correlates each of said contact pads of said edge connector to a pin of a said

stacked memory package.

The memory module as recited in claim 1, wherein said storage unit is configured to store module

identification information.

The memory module as recited in claim 11, wherein said storage unit is a serial electrically erasable

programmable read-only memory (SEEPROM).

The memory module as recited in claim 1, wherein said first memory die and said second memory die are

dynamic random access memory (DRAM) chips.

The memory module as recited in claim 1, wherein said memory module is a dual-inline memory module

(DIMM).

The memory module as recited in claim 1, wherein said memory module has a memory capacity of one

gigabyte.

The memory module as recited in claim 1, wherein each of said stacked memory packages includes two

memory die.

A memory module comprising:

a printed circuit board including a plurality of signal lines for conveying electrical signals and a connector
edge adapted for insertion within a socket of a computer system, said edge connector having a plurality of
contact pads for conveying said electrical signals between said memory module and a memory bus;

a plurality of stacked memory packages, each having two memory die, mounted upon said printed circuit
board, each of said stacked memory packages having a plurality of signal pins;

a clock driver chip;

a storage unit for storing module identification and information which correlates said electrical contact
pads to said signal pins; and,

at least one line driver chip for driving electrical signals to said stacked memory packages.

The memory module as recited in claim 17, wherein said electrical signals include a plurality of control

signals, a plurality of data signals, and a plurality of address signals.

The memory module as recited in claim 18, wherein said plurality of data signals form a data path, said

data path 144 bits wide.
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The memory module as recited in claim 18, wherein said plurality of address signals form an address bus

said address bus 14 bits wide.
The memory module as recited in claim 18, wherein said control signals include two column address
strobe (CAS) signals, two row address strobe (RAS) signals, two write enable (WE) signals, two chip

select (CS) signals, and two clock enable (CKE) signals.

The memory module as recited in claim 17, wherein said memory module is a2 Dual Inline Memory

Module (DIMM).

The memory module as recited in claim 17, wherein said memory die are synchronous dynamic random

access memory (SDRAM) chips.

The memory module as recited in claim 17m wherein said memory module has 232 of said contact pads.

>
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