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1
SEMICONDUCTOR MEMORY MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 USC §119 to
German Application No. DE 10 2005 051 998.9, filed on
Oct. 31, 2005, and titled “Semiconductor Memory Module,”
the entire contents of which is hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention relates to production of semicon-
ductor components and more particularly to a semiconductor
memory module having an electronic printed circuit board
and a plurality of semiconductor memory chips of identical
type that are mounted on the printed circuit board.

BACKGROUND

In modern semiconductor memory modules, a plurality of
semiconductor memory chips, for example Dynamic Ran-
dom Access Memories (DRAMs), are mounted on an elec-
tronic printed circuit board, which semiconductor memory
chips can be operated in parallel and can simultaneously
receive electrical signals. In this case, the electronic printed
circuit board serves for distributing the electronic signals
and may itself be connected to a superordinate electronic
unit via a contact strip provided with contact terminals. To
distribute the electronic signals and to read out data, the
printed circuit board is provided with conductor tracks
which may run in a plurality of planes within the printed
circuit board.

Due to the rising demand for memory performance, it is
desired to mount an increasing number of semiconductor
memory chips on an individual semiconductor memory
module without increasing the area of the module or of the
electronic printed circuit board in the process. Moreover, the
line tracks are desired to be as short as possible to keep the
signal propagation times as short as possible.

Semiconductor memory modules are typically equipped
such that the semiconductor memory chips are arranged
symmetrically with respect to the center of the semiconduc-
tor memory module. By way of example, between the center
and an edge of the semiconductor memory module that runs
perpendicularly to the contact strip, at least eight semicon-
ductor memory chips of identical type are mounted next to
one another in two rows. In this case, only eight of the
semiconductor memory chips serve for storing data, while
one semiconductor memory chip serves as an error correc-
tion memory chip which compares the signals of the other
eight semiconductor memory chips to avoid errors during
storage and read-out.

Modern semiconductor memory chips have a square or
rectangular form. It generally holds true that the dimensions
of the semiconductor memory chips scale with the storage
capacity. In particular, modern semiconductor memory chips
with a particularly large storage capacity have compara-
tively large dimensions.

The problem arises that the electronic printed circuit
boards for semiconductor memory modules in industrial
series production have a standard size, in the case of
rectangular memory chips with a large storage capacity, e.g.,
DDR3-DRAM memory chips, can no longer be arranged in
two rows, lying one above another.
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Moreover, when arranging the memory chips, care must
be taken to ensure that an arrangement is found which
exhibits the occurrence of signal propagation times that are
as uniform as possible to all of the semiconductor memory
chips in conjunction with conductor track lengths that are, to
the greatest extent possible, identical in length. Meanwhile,
the conductor track lengths are also desired to be as short as
possible to keep the signal propagation times as short as
possible.

Accordingly, it would be desirable to have a semiconduc-
tor memory module that can be equipped with compara-
tively large rectangular semiconductor memory chips, e.g.,
DDR3-DRAM memory chips, in two rows lying one above
another, with the conductor tracks to the respective semi-
conductor memory chips being identical in length and as
short as possible.

SUMMARY

A semiconductor memory module having an electronic
printed circuit board and a plurality of semiconductor
memory chips of identical type which are mounted on at
least one external area of the printed circuit board is shown
and described according to the invention. The printed circuit
board has a contact strip that runs at a first edge of the
printed circuit board along a first lateral direction (x) and is
provided with a plurality of electrical contacts lined up along
the first lateral direction (x). The electrical printed circuit
board extends along the first lateral direction (X) between
two second edges, which usually run in a second lateral
direction (y), which is perpendicular to the first lateral
direction (x).

Between the center of the printed circuit board and the
two second edges of the printed circuit board, at least two
adjacent rows of semiconductor chips of identical type are
arranged in a manner lying one above another in the second
lateral direction (y). In each of the two rows, the semicon-
ductor memory chips of identical type are mounted next to
one another along the first lateral direction (x) on the
external area of the printed circuit board. The semiconductor
memory chips of the two adjacent rows are respectively
arranged in an opposite position.

The semiconductor memory chips of identical type have
a rectangular form, which is composed of a smaller dimen-
sion and a larger dimension, the larger dimension extending
in the direction perpendicular to the smaller dimension.

Furthermore, the semiconductor memory chips of identi-
cal type in one and the other of the at least two adjacent rows
are oriented with their smaller or larger dimensions parallel
to the contact strip, the semiconductor memory chips being
arranged in an alternate sequence of different dimensions. In
other words, within such an arrangement of rows of semi-
conductor memory chips, a smaller dimension is followed
by a larger dimension and a larger dimension is followed by
a smaller dimension. To put it in yet another way, successive
semiconductor memory chips in a row are in each case
rotated by 90° relative to one another.

Furthermore, the semiconductor memory chips are
arranged such that one semiconductor memory chip of two
semiconductor memory chips of identical type that are
arranged in an opposite position in the second lateral direc-
tion (y) in the two rows is oriented with its shorter dimension
parallel to the contact strip, while the other semiconductor
memory chip of these two semiconductor memory chips is
oriented with its longer dimension parallel to the contact
strip. In this respect, the dimensions of the semiconductor
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memory chips that are parallel to the second lateral direction
(y) alternate in terms of their magnitude in the second lateral
direction (y).

According to an exemplary embodiment of the invention,
the arrangement chosen for the semiconductor memory
chips makes it possible to achieve an optimum space utili-
zation of the entire usable area of the electronic printed
circuit board, so that rectangular semiconductor memory
chips having larger dimensioning than in the case of a
symmetrical arrangement (in which all the semiconductor
memory chips have the same orientation) of rectangular
semiconductor memory chips can be mounted onto the
electronic printed circuit board. In particular, it is possible to
mount rectangular semiconductor memory chips onto the
electronic printed circuit board whose larger dimension
would not permit a symmetrical two-row arrangement of the
semiconductor memory chips, in the case of which the
semiconductor memory chips are rotated by 0° or 180°
relative to one another, between the center and a respective
second edge of the electronic printed circuit board.

In an advantageous manner, at least four semiconductor
memory chips of identical type are mounted in a row on the
external area of the electrical printed circuit board. In
particular, here at least eight semiconductor memory chips
of identical type, distributed between two rows arranged in
a manner lying one above another in the second lateral
direction (y), are mounted on the external area of the
electronic printed circuit board.

In one advantageous refinement of the semiconductor
memory module according to the invention, the semicon-
ductor memory chips of identical type that are mounted on
the external area of the electrical printed circuit board
between the center of the printed circuit board and the
respective second edge of the printed circuit board are
connected by a line bus branching once. In this case, the
semiconductor memory chips of one row of the at least two
adjacent rows of semiconductor memory chips of identical
type are connected one after another to the line tracks of one
branch of the line bus, while the semiconductor memory
chips of the other row of the at least two adjacent rows of
semiconductor memory chips of identical type are connected
one after another to the line tracks of the other branch of the
line bus.

In a further advantageous refinement of the semiconduc-
tor memory module according to the invention, the semi-
conductor memory chips of identical type that are mounted
on the external area of the electrical printed circuit board
between the center of the printed circuit board and the
respective second edge of the printed circuit board are
connected by a line bus, the semiconductor memory chips of
one row of the at least two adjacent rows of semiconductor
memory chips of identical type being connected one after
another to the line tracks of the line bus and the semicon-
ductor memory chips of the other row of the at least two
adjacent rows of semiconductor memory chips of identical
type being connected one after another to the line tracks of
the line bus.

In a further advantageous refinement of the semiconduc-
tor memory module according to the invention, the semi-
conductor memory chips of identical type that are mounted
on the external area of the electrical printed circuit board
between the center of the printed circuit board and the
respective second edge of the printed circuit board are
connected by a line bus, on the one hand semiconductor
memory chips that are situated oppositely in the second
lateral direction (y) and on the other hand semiconductor
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memory chips that are adjacent in a row being connected
alternately to the line tracks of the line bus.

The semiconductor memory module according to the
invention is advantageously a DIMM module standardized
according to the JEDEC (Joint Electron Device Engineering
Council) Standard (JEDEC Solid State Technology Asso-
ciation).

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in more detail on the
basis of exemplary embodiments, reference being made to
the accompanying drawings, in which:

FIGS. 1A and 1B show a schematic plan view of a front
side (FIG. 1A) and a rear side (FIG. 1B) of a conventional
memory module;

FIG. 2 shows a schematic plan view of one embodiment
of the memory module according to an exemplary embodi-
ment of the invention;

FIG. 3 shows a schematic plan view of a further embodi-
ment of the memory module according to the invention;

FIG. 4 shows a schematic plan view of a further embodi-
ment of the memory module according to the invention;

FIG. 5 shows a schematic plan view of the embodiment
of the memory module according to the invention that is
shown in FIG. 2, with schematic illustration of one configu-
ration of the line bus;

FIG. 6 shows a schematic plan view of the embodiment
of the memory module according to the invention that is
shown in FIG. 2, with schematic illustration of a further
configuration of the line bus; and

FIG. 7 shows a schematic plan view of the embodiment
of the memory Module according to the invention that is
shown in FIG. 3, with schematic illustration of a further
configuration of the line bus.

DETAILED DESCRIPTION

Identical elements are designated by identical reference
numerals in the figures.

First, reference is made to FIGS. 1A and 1B which
illustrate a schematic plan view of a front side (FIG. 1A) and
a rear side (FIG. 1B) of a conventional memory module.
Such a memory module, which is designated in its entirety
by the reference numeral 1, comprises an electronic printed
circuit board 2 with semiconductor memory chips 3 of
identical type, e.g., DRAM memory chips, mounted on the
front and back external areas of the printed circuit board.
The electrical printed circuit board 2 extends along a first
lateral direction (x) between two second edges 9 which run
in a second lateral direction (y) which is perpendicular to the
first lateral direction (x). The square-shaped semiconductor
memory chips 3 are arranged in a manner lying one above
another in the second lateral direction (y) in two adjacent
rows in each case between the center (relative to the first
lateral direction (x)) of the printed circuit board and the two
second edges 9 of the printed circuit board. In each of the
two rows, the semiconductor memory chips 3 of identical
type are mounted next to one another along the first lateral
direction (x) on the external area of the printed circuit board,
wherein the semiconductor memory chips 3 of the two
adjacent rows are respectively arranged in an opposite
position. A register component 5 which is different from the
semiconductor memory chips 3 is arranged in the center of
the electronic printed circuit board 2. A line bus 6, i.e.,
control and address bus, enters into the register component
5 from outside, splits up and makes contact with each
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individual of the semiconductor memory chips 3 in turn in
a forward loop until it leads into a termination 7, which
serves for avoiding undesirable signal reflections. From each
semiconductor memory chip 3 proceeds a data line 4, for
reading out the stored data that joins a contact strip that is not
specifically illustrated in FIG. 1. The contact strip is
arranged at a first edge 10 of the electronic printed circuit
board 2, wherein the first edge is parallel to the first lateral
direction (x) and is provided with a plurality of electrical
contacts disposed along the first lateral direction (x). The
contact strip may be plugged into a superordinate electronic
unit, e.g., a motherboard.

FIGS. 2 to 4 illustrate schematic plan views of embodi-
ments of the memory module according to the invention. A
common aspect of the respective embodiments is that a
memory module according to the invention comprises an
electronic printed circuit board 2 with semiconductor
memory chips 3 of identical type, e.g., DDR3-DRAM
memory chips, mounted on the front and back external areas
of the printed circuit board. The electrical printed circuit
board 2 extends along a first lateral direction (x) between
two second edges 9 that run in a second lateral direction (y)
that is perpendicular to the first lateral direction (x). The
rectangular shaped semiconductor memory chips 3 are
arranged in a manner lying one above another in the second
lateral direction (y) in two adjacent rows in each case
between the center, relative to the first lateral direction (x) of
the printed circuit board and the two second edges 9 of the
printed circuit board. In each of the two rows, the semicon-
ductor memory chips 3 of identical type are mounted next to
one another along the first lateral direction (x) on the
external area of the printed circuit board, wherein the
semiconductor memory chips 3 of the two adjacent rows are
respectively arranged in an opposite position. A register
component 5 which is different from the semiconductor
memory chips 3 is arranged in the center of the electronic
printed circuit board 2. From each semiconductor memory
chip proceeds a data line 4, for reading out the stored data,
which joins a contact strip 11. The contact strip 11, which is
arranged at a first edge 10 of the electronic printed circuit
board 2 and wherein the first edge is parallel to the first
lateral direction (x), is provided with a multiplicity of
electrical contacts 12 disposed along the first lateral direc-
tion (x). The contact strip may be plugged into a superor-
dinate electronic unit, e.g., a motherboard.

The semiconductor memory chips 3 of identical type have
a rectangular shape comprising a smaller (shorter) dimen-
sion a and a larger (longer) dimension b, the larger dimen-
sion b extending in the direction perpendicular to the smaller
dimension a. The semiconductor memory chips of identical
type, in the two adjacent rows on an external area of the
electronic printed circuit board 2, are oriented with their
smaller or larger dimensions parallel to the contact strip 11.
In particular, within such an arrangement of rows of semi-
conductor memory chips, a smaller dimension a is followed
by a larger dimension b and a larger dimension b is followed
by a smaller dimension a. Consequently, successive semi-
conductor memory chips 3 of a row are rotated in each case
by 90° relative to one another. Furthermore, the semicon-
ductor memory chips 3 are arranged such that one semicon-
ductor memory chip of two semiconductor memory chips of
identical type that are arranged in an opposite position in the
second lateral direction (y) in the two rows is oriented with
its shorter dimension a parallel to the contact strip 11, while
the other semiconductor memory chip of these two semi-
conductor memory chips is oriented with its longer dimen-
sion b parallel to the contact strip 11. Therefore, maximizing
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the utilization of the space available on the electronic printed
circuit board 2 can be achieved.

In the exemplary embodiments shown, the larger dimen-
sion b of the semiconductor memory chips of identical type
is dimensioned with a magnitude such that a symmetrical
arrangement of semiconductor memory chips 3 situated
oppositely in the second lateral direction (y), in the case of
which the shorter dimension of the semiconductor memory
chips 3 is in each case parallel to the contact strip 11, is not
possible. In this respect, the arrangement of the rectangular
semiconductor memory chips according to the invention
only enables an arrangement of the semiconductor memory
chips in two rows situated opposite one another in the
second lateral direction (y).

In other words, the semiconductor memory chips of
identical type each have a larger dimension b and a shorter
dimension a. In order to maintain a symmetrical arrange-
ment of the memory chips and to minimize the size of the PC
board required, the memory chips are arranged in two rows
and are situated such that the longer dimensions b of each
memory chip are placed facing a shorter dimension a of each
adjacent memory chip.

In FIGS. 2 and 3, in each case five semiconductor memory
chips are arranged next to one another in the upper rows
between the center of the electronic printed circuit board 2
and the respective second edge 9, while four semiconductor
memory chips are arranged next to one another in the lower
rows between the center of the electronic printed circuit
board 2 and the respective second edge 9. Viewed between
the center of the electronic printed circuit board 2 and a
second edge 9 thereof, only eight semiconductor memory
chips of the upper and lower rows serve for data storage,
while one semiconductor chip to the left and right of the
center of the electronic printed circuit board serves as an
error correction chip (ECC). In FIGS. 2 and 3, the semi-
conductor memory chips 3 are arranged symmetrically with
respect to the center of the electronic printed circuit board 2.

In the plan view of FIG. 4, ten semiconductor memory
chips 3 of identical type are arranged on an external area to
the left of the center of the electronic printed circuit board
2, while eight semiconductor memory chips 3 of identical
type are arranged on an external area to the right of the
center. The semiconductor memory chips identified by
“ECC” on the left-hand side each serve as an error correction
chip. Consequently, the embodiment of the memory module
according to the invention in FIG. 4 is not constructed
symmetrically with respect to its center.

Altogether, thirty six semiconductor memory chips are
mounted on the external areas of the front and rear sides of
the memory modules illustrated in FIGS. 2 to 4. In the
embodiments of FIGS. 2 and 3, respective terminations 7 for
the line bus, in particular control and address bus, are
arranged adjacent to the semiconductor memory chips of the
lower rows.

The embodiments of the memory module according to the
invention as shown in FIGS. 2 and 3 differ in that the
terminations 7 for the line bus in the embodiment shown in
FIG. 2 are arranged in the lower row in each case near to the
second edges 9 of the electronic printed circuit board 2.
Meanwhile, the terminations 7 for the line bus in the
embodiment shown in FIG. 3 are arranged in the lower row
near to the center of the electronic printed circuit board 2.
The embodiment of the memory module according to the
invention that is shown in FIG. 4 differs from the embodi-
ments of FIGS. 2 and 3 by virtue of the asymmetrical
arrangement of the semiconductor memory chips, set forth
above, and the positioning of the terminations 7, which are
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arranged next to the semiconductor memory chips of the
upper rows and above the register component 5.

A line bus, in particular a control and address bus, which
is not illustrated in FIGS. 2 to 4 enters into the register
component 5 from outside and makes contact with each
semiconductor memory chip 3 until it leads into the termi-
nations 7. The embodiments shown enable various possi-
bilities for the wiring (line bus) of the semiconductor
memory chips of identical type that are mounted thereon and
is explained in more detail with reference to FIGS. 5 to 7.

FIGS. 5 and 6 illustrate a schematic plan view of the
embodiment of the memory module according to the inven-
tion that is shown in FIG. 2, with a schematic illustration of
one configuration of the line bus. Meanwhile, FIG. 7 illus-
trates a schematic plan view of the embodiment of the
memory module according to the invention that is shown in
FIG. 3, with a schematic illustration of one configuration of
the line bus.

In order to avoid unnecessary repetition, only the line
buses are described in the forthcoming details. With regard
to the other features of the memory modules, reference is
made to the explanations given regarding the respective
FIGS. 2 and 3.

The line bus, in particular control and address bus, shown
in FIG. 5 enters into the register component 5 from outside
and makes contact with each semiconductor memory chip 3
until it leads into the terminations 7. With regard to the
semiconductor memory chips arranged between the center
of the electronic printed circuit board 2 and the respective
second edges 9, the line bus branches into a branch 13, the
upper branch in FIG. 5, and a branch 14, the lower branch
in FIG. 5. In this case, the semiconductor memory chips of
the upper row are connected to the upper branch 13 and the
semiconductor memory chips of the lower row are con-
nected to the lower branch 14. Each branch 13, 14 leads
independently into a termination 7. Such a wiring has the
advantage that conductor track lengths that are identical in
length and comparatively short can be obtained between the
semiconductor memory chips 3. In the example shown, the
conductor track length between adjacent semiconductor
memory chips is 21.0 mm. Moreover, the conductor track
length between the register component 5 and the adjacent
semiconductor memory chips is comparatively short, e.g.,
3.0 mm to the semiconductor memory chip of the upper row
and, e.g., 17.0 mm to the semiconductor memory chip of the
lower row.

The line bus 15, in particular a control and address bus,
shown in FIG. 6 enters into the register component 5 from
outside and makes contact with each semiconductor memory
chip 3 until it leads into the terminations 7. In this case, the
semiconductor memory chips of identical type that are
mounted on the external area of the electrical printed circuit
board 2 between the center of the printed circuit board 2 and
the respective second edge 9 are connected such that the
semiconductor memory chips that are situated oppositely in
the second lateral direction (y) and the semiconductor
memory chips that are adjacent in a row are connected
alternately to the line tracks of the line bus. Conductor track
lengths which run parallel to the first lateral direction (x) and
those which run parallel to the second lateral direction (y) in
this case, advantageously, have an identical and compara-
tively short length, e.g., 21.0 mm in the exemplary embodi-
ment shown.

The line bus 8, in particular a control and address bus,
shown in FIG. 7 enters into the register component 5 from
outside and makes contact with each semiconductor memory
chip 3 until it leads into the terminations 7. In this case, the
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semiconductor memory chips of the upper row, viewed in
the second lateral direction (y), of the two adjacent rows of
semiconductor memory chips 3 of identical type are con-
nected one after another to the line tracks of the line bus 8
and then the semiconductor memory chips of the lower row
of the two adjacent rows are connected one after another to
the line tracks of the line bus. Such a wiring has the
advantage that conductor track lengths that are identical in
length and comparatively short can be obtained between the
semiconductor memory chips 3. In the example shown, the
conductor track length between adjacent semiconductor
memory chips is, e.g., 21.0 mm. Moreover, the conductor
track length between the register component 5 and the
adjacent semiconductor memory chip may be comparatively
short, e.g., 3.0 mm as shown in FIG. 7.

A line bus, such as that illustrated in FIG. 7, may be used
for the embodiment of the memory module according to the
invention that is shown in FIG. 4. In this case, in contrast to
the line bus of FIG. 7, the semiconductor memory chips of
the lower row viewed in the second lateral direction (y) of
the two adjacent rows of semiconductor memory chips 3 of
identical type, are connected one after another to the line
tracks of the line bus 8 and then the semiconductor memory
chips of the upper row of the two adjacent rows are
connected one after another to the line tracks of the line bus.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof. Accordingly, it is intended that
the present invention covers the modifications and variations
of this invention provided they come within the scope of the
appended claims and their equivalents.

LIST OF REFERENCE SYMBOLS

1 Semiconductor memory module
2 Electronic printed circuit board
3 Memory chip
4 Data line
5 Register component
6 Line bus
7 Termination
8 Line bus
9 Second edge
10 First edge
11 Contact strip
12 Contact
13 Upper line bus branch
14 Lower line bus branch
15 Line bus
What is claimed is:
1. A semiconductor memory module, comprising:
an electronic printed circuit board including a contact
strip that extends at a first edge of the printed circuit
board along a first lateral direction and a plurality of
electrical contacts disposed along the first lateral direc-
tion between two second edges that extend in a second
lateral direction that is perpendicular to the first lateral
direction; and
a plurality of semiconductor memory chips of substan-
tially identical type mounted on at least one external
area of the printed circuit board and having a rectan-
gular form with a shorter dimension and a longer
dimension in a direction perpendicular to the shorter
dimension, the memory chips being arranged in at least
two rows, each row extending, in the first lateral
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direction, between a center of the printed circuit board
and a respective second edge, wherein the memory
chips in each row are arranged in an alternating
sequence of opposite orientations with the longer
dimension of each memory chip being parallel with the
shorter dimension of adjacent memory chips in the
same row, and wherein memory chips aligned in the
second lateral direction and lying in respective adjacent
rows have opposite orientations.
2. The semiconductor memory module according to claim
1, wherein the semiconductor memory chips include at least
four semiconductor memory chips that are mounted in a row
on the external area of the electrical printed circuit board.
3. The semiconductor memory module according to claim
1, wherein the semiconductor memory chips include nine
semiconductor memory chips that are distributed between
two rows arranged in a manner lying one adjacent to another
in the second lateral direction.
4. The semiconductor memory module according to claim
1, further comprising:
a branching separate line bus comprising a first branch
and a second branch;
wherein the memory chips mounted on the external area
between the center and the respective second edge of
the printed circuit board are connected by the branching
separate line bus, such that the memory chips of a first
row are connected in a series via line tracks of the first
branch of the branching separate line bus, and the
memory chips of a second row are connected in a series
via line tracks of the second branch of the branch
separate line bus.
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5. The semiconductor memory module according to claim
1, further comprising:

a separate line bus comprising line tracks;

wherein the memory chips mounted on the external area

between the center and the respective second edge of
the printed circuit board are connected by the separate
line bus, such that the memory chips of a first row are
connected in series via the line tracks of the separate
line bus and the semiconductor memory chips of an
adjacent second row are connected in series via the line
tracks of the separate line bus.

6. The semiconductor memory module according to claim
1, further comprising:

a separate line bus comprising line tracks;

wherein the memory chips mounted on the external area

between the center and the respective second edge of
the printed circuit board are connected by the separate
line bus, such that the line tracks of the separate line bus
extend in a serpentine path between the center and the
respective second edge of the printed circuit board and
connect the memory chips of first and second rows in
series, with the line tracks alternately connecting adja-
cent memory chips in the same row and adjacent
memory chips in different rows.

7. The semiconductor memory module as claimed in
claim 1, wherein the semiconductor memory module is
standardized in accordance with a Joint Electron Device
Engineering Council (JEDEC) Solid State Technology Asso-
ciation Standard.
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MEMORY MODULE WITH A CLOCK
SIGNAL REGENERATION CIRCUIT AND A
REGISTER CIRCUIT FOR TEMPORARILY
STORING THE INCOMING COMMAND AND
ADDRESS SIGNALS

FIELD OF THE INVENTION

The present invention relates to a semiconductor memory
module, wherein several semiconductor memory chips and
bus signal lines, each of which supplies an incoming clock
signal as well as incoming command and address signals to
at least the semiconductor memory chips, and a semicon-
ductor circuit which comprises a buffer register circuit and
a clock signal regeneration circuit are arranged on the
semiconductor memory module.

BACKGROUND

Present memory systems (DDR1; DDR2; DDR3) provide
the possibility of supplying the DIMM command/address
bus transferring the command and address signals (CA) with
only one version (copy) of the CA bus, for example via a
hybrid-T or fly-by bus. With further increasing speeds and
considering the high parallelism at the CA bus (for example
up to 36 memory chips per CA bus), the conventional
transfer of command and address signals is no longer
possible.

A potential solution to the above-mentioned problem lies
in using two copies of the CA bus. This, however, increases
the pin number per memory channel (for example by 25 CA
signals and the pins required for the necessary shielding).
Because of the high bit rate on the data lines, a differential
signal transfer is considered for successor technologies of
the DDR3 system, for example for DDR4. For differential
signal transfer, however, the number of pins required is
distinctly higher, the implementation thereof being very
difficult from a technical point of view (or causing high
cost). This involves the pin number at the connector of the
semiconductor memory module, the pin number at the
memory controller and the routing on the motherboard.

Since, owing to the high bit rates of the successor tech-
nologies of the DDR system, only fly-by busses or point-
to-point (P2P) busses will be possible, any clock signal
required for synchronization must also be transferred dif-
ferentially together with the CA signals.

The exemplary arrangement of DDR2 systems according
to the state-of-the-art shown in the accompanying FIG. 4 is
a schematic layout view of a DDR2 DIMM semiconductor
memory module, wherein the CA signals CA coming from
an external CA bus and the assigned clock signals Cl on the
semiconductor circuit module are transferred to the DDR2
DIMM semiconductor memory module via a hybrid-T bus
structure (the lines transferring the differential clock signals
Cl are presented by broken lines and the lines transferring
the differential CA signals are presented by dash-dotted
lines). In the example, semiconductor memory chips 4 each
storing eight data items D and an additional error correction
chip (D-E-CC) 4a and additional passive components 5 are
arranged on the DIMM semiconductor memory module. The
data pertaining to the individual memory chips 4 and to the
D-E-CC chip 4a is each transferred with a width of eight
bits, thus being assigned to 72 connector locations or pin
contacts 8 in case of this semiconductor module.

The accompanying FIG. 5 is an exemplary schematic
view of a potential semiconductor memory module for the
DDR4 system, wherein use is being made of two copies of
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the CA bus in accordance with the above-mentioned theo-
retical solution. In the example, the differentially supplied
CA signals CA including the clock signals Cl require 25x2
(x2) connector locations or pin contacts 8 for a 2N timing.
The lines required for shielding are also necessary. In the
example shown in FIG. 5, the write and read data is supplied
to each memory chip 4, 4a of the memory channel arranged
to the left of the semiconductor memory module and of the
memory channel arranged to the right of the semiconductor
memory module with a width of two bits and differentially;
this results in an X2-based DDR4 DIMM with 2N timing of
the CA signals. In case of such a semiconductor memory
module which comprises several memory channels or
memory banks, the wide routing of the twice as many CA
and Cl lines on the semiconductor memory module would
limit the installation space for installing the passive com-
ponents 5, such as decoupling capacitors, and the space for
routing the data signal lines to the semiconductor memory
chips to an excessive degree, not to mention the increased
number of pins.

SUMMARY

Therefore, the present invention aims at specifying a
semiconductor memory module suitable for high-speed
semiconductor memory systems such that the above-men-
tioned drawbacks of the state-of-the-art can be obviated and
that the CA and Cl signals are supplied to the semiconductor
memory chips arranged on the semiconductor memory mod-
ule in a space-saving and pin-contact-saving manner and
that, at the same time, it is possible to reach the speeds
required for transferring the CA and Cl signals. Furthermore,
the invention aims at specifying a semiconductor circuit that
comprises a clock signal regeneration circuit and a register
circuit that are designed to match such a semiconductor
memory module.

According to a first aspect of the invention, there is
provided a semiconductor memory module comprising a
clock signal regeneration circuit and a register circuit
arranged on the semiconductor memory module in a com-
mon chip packing and connected to bus signal lines, in order
to condition the incoming clock signal and to temporarily
store the incoming command and address signals and to
supply the conditioned clock signal and the temporarily
stored command and address signals to semiconductor
memory chips after being multiplied by a factor of 1:X.

By using a clock signal regeneration circuit and a register
circuit that are commonly accommodated in one chip pack-
ing in the manner described above to achieve a multiplica-
tion of CA and synchronizing clock signals by a factor of
1:X, it is possible to reach the speeds required for future
memory technologies and, at the same time, save installation
space and pin contacts on the semiconductor memory mod-
ule. The combination of register circuit and clock signal
regeneration circuit in a common chip packing allows sup-
plying a complete semiconductor memory module (DIMM)
with one CA copy from the memory controller. Since the CA
signals are multiplied by a factor of 1:X, several CA copies
can be provided to several DRAM branches or channels by
local generation in the combined clock signal regeneration
and register circuit (since, owing to the high bit rates, the
higher-speed DDR memory systems succeeding the DDR3
system will facilitate only a fly-by bus structure or a point-
to-point bus structure, it is also necessary that an associated
clock signal required for synchronization be also condi-
tioned on the semiconductor memory module and transmit-
ted together with the CA signals).
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By combining the register circuit with the clock signal
regeneration circuit in a common chip packing, as is pro-
posed according to the invention, the operating temperature
of the clock signal regeneration circuit is, in addition,
lowered. Should the clock signal regeneration circuit be
provided as a single chip packing (separated from the
register circuit), the operating temperature would signifi-
cantly exceed the temperature of the memory chips and
would increase with the number of loads the clock signal
regeneration circuit has to drive. Thus, the combination of
the clock signal regeneration circuit with the register circuit
proposed by the invention allows an improved distribution
of the heat generated by the clock signal regeneration circuit.
The combination according to the invention of the clock
signal regeneration circuit and the register circuit in a
common chip packing causes the operating temperature of
the common chip packing to drop to the temperature level of
the semiconductor memory chip. Hence, the semiconductor
memory module according to the invention, comprising the
clock signal regeneration circuit that is accommodated in a
common chip packing together with the register circuit, is of
particular advantage when used in very densely packed
semiconductor memory modules, for example in DIMM
semiconductor memory modules that are fitted with several
DDR-DRAM chips of the DDR systems succeeding the
DDR3 system, because the module space saved through the
routing of the CA signals can be used for the passive and
active components in case of semiconductor modules that
are fitted with such a high component density.

Preferably, the clock signal regeneration circuit comprises
a phase locked loop (PLL) circuit. As previously mentioned,
the clock signal and the clock signal conditioned by the
clock signal regeneration circuit are each supplied via dif-
ferential clock signal lines in case of the planned high-speed
memory systems.

In one embodiment of the semiconductor memory module
according to the invention, the clock signal regeneration
circuit and the register circuit are arranged as separate partial
chips (dies) in the common packing. These partial chips
may, for example, be stacked in the chip packing.

By supplying the clock signal conditioned by the clock
signal regeneration circuit to the register circuit inside the
chip packing, the space required for these differential clock
signal lines on the semiconductor memory module is advan-
tageously reduced.

According to another embodiment of the semiconductor
memory module of the invention, the clock signal regen-
eration circuit and the register circuit are integrated on one
common chip (die) in the packing. This second embodiment
is advantageous in that the chip area of the common clock
signal regeneration and register circuit is reduced.

Preferably, the chip packing containing the clock signal
regeneration circuit and the register circuit is essentially
arranged at a central position on the semiconductor circuit
module.

In the semiconductor circuit module according to the
invention, the bus lines of the command and address signals
including the signal lines for the clock signal that is also
transferred, preferably (but not necessarily) form a fly-by
bus structure.

The register and clock signal regeneration circuits are,
preferably, designed such that they each multiply the clock
signal and the command and address signal by a factor of
1:2.

In one embodiment, the semiconductor memory module
can be an RDIMM module and can be fitted with DDR-
DRAM semiconductor memory chips.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantageous elements of a semi-
conductor memory module according to the invention as
well as of an appropriate semiconductor circuit comprising
a clock signal regeneration circuit and a register circuit are
illustrated in more detail in the following description, with
reference being made to the accompanying drawing,
wherein:

FIG. 1 is a schematic layout view of a first embodiment
of a semiconductor memory module according to the inven-
tion;

FIG. 2 is a schematic top view of the clock signal
regeneration circuit and register circuit in a common chip
packing according to a first executive example;

FIG. 3 is a schematic layout view of a second embodiment
of a semiconductor memory module according to the inven-
tion;

FIG. 4 is a schematic layout view of the afore described
semiconductor memory module with hybrid-T bus structure
for the clock signal and command and address signal lines;
and

FIG. 5 is a schematic layout view of the afore described
semiconductor memory module with fly-by bus structure
with two copies of the clock signal and command and
address signal bus.

DETAILED DESCRIPTION

In the first embodiment of the invention which is sche-
matically shown in FIG. 1, a chip packing 11 (shown in
detail in FIG. 2) that contains a clock signal regeneration
circuit 12 together with a register circuit 13 is arranged on
the semiconductor memory module 10, an RDIMM module
in this example, which is fitted with DDR-DRAM chips 4
each storing eight data items D and a further DDR-DRAM
chip 4a for error correction (DE_CC), at an approximately
central position on the semiconductor memory module 10.
External to the semiconductor memory module 10, 8-bit-
wide data line sections supply write and read data to the
DDR-DRAM chips 4 and 4a. From pin contacts 8, differ-
ential clock signal input lines 61 supply a clock signal Cl to
the common chip packing 11, and a line section 71 with a
specific bit width supplies the command and address input
signals CA, also from pin contacts 8 to the common chip
packing 11. It can be seen in FIG. 2 that, in this example, the
clock signal regeneration circuit 12 and the register circuit
13 multiply the clock signals 61 and the CA signals 71 by a
factor of 1:2 for the command and address signals. Starting
at the clock signal regeneration circuit 12 which is, for
example, a phase locked loop (PLL) circuit, differential
clock signal lines 62 supply the conditioned clock signal to
all of the memory chips 4, 4a, each to the left and the right
of the module 10. In addition, differential clock signal lines
63 in the common chip packing 11 supply the conditioned
clock signal to the register circuit 13, as shown in FIG. 2.
From the register circuit 13, temporarily stored (buffered)
command and address signals run via differential command
and address signal lines 72 on the semiconductor memory
module to the semiconductor memory chips 4, 4a, each to
the left and the right of the semiconductor memory module
10.

The solution proposed according to the invention and
comprising the operation of accommodating the clock signal
regeneration circuit and the register circuit 13 in a common
chip packing 11 is advantageous in that space is saved on the
semiconductor memory module 10, this space saving being
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increasingly important the more semiconductor memory
chips 4 are arranged on the semiconductor memory module
10.

By accommodating the clock signal regeneration circuit
12 and the register circuit 13 in a common chip packing 11,
the temperature of the clock signal regeneration circuit 12
will, during operation, assume approximately the same value
as the temperature of the semiconductor memory chips 4,
4a.

A comparison of the bus structure with that of the semi-
conductor memory module already described above in con-
nection with FIG. 4 shows that the first embodiment of the
semiconductor memory module 10 according to the inven-
tion also implements a hybrid-T bus structure for the clock
signal lines and the CA signal lines.

In a first executive example, the clock signal regeneration
circuit 12 and the register circuit 13 can be arranged in the
common chip packing 11 according to FIG. 2, i.e., either
next to each other as separate partial chips (dies) or stacked
one above the other as separate partial chips (dies) in a
space-saving manner (not shown in FIG. 2).

The accompanying FIG. 3 shows a schematic layout view
of a second embodiment of a semiconductor memory mod-
ule 100 according to the invention. In case of this second
embodiment, the semiconductor memory chips 4, 4a that are
arranged on the semiconductor memory module 100 form a
DDR4-DIMM module based on a x2 data structure (as
shown) or a x4 data structure (not shown). A common chip
packing 111 which is arranged at an approximately central
position on the semiconductor memory module 100, as was
the case in the first embodiment according to FIG. 1,
accommodates a clock signal regeneration circuit 12 and an
address and command signal register circuit 13, each for
multiplying a clock signal Cl supplied via differential clock
signal input lines 61 by a factor of 1:2 as well as for
temporarily storing/buffering and multiplying command and
address signals CA that are supplied to the module 100 via
CA lines 71 by a factor of 1:2. In the second embodiment of
the semiconductor memory module 100 shown in FIG. 3, the
differential command and address signals CA are supplied
via the input CA lines 71 and the differential clock signal C1
and via the differential clock signal input lines 61 by means
of a fly-by or point-to-point bus structure, because a fly-by
bus or point-to-point (P2P) bus is the only bus structure that
is possible with the high bit rates of the DDR systems
succeeding the DDR3 system. In the second embodiment of
the semiconductor memory module 100 shown in FIG. 3, the
timing of the CA signals CA through the clock signals Cl is
achieved by means of 1N timing, this, however, not limiting
the scope of the present invention.

In the second embodiment shown in FIG. 3, the clock
signal conditioning and command and address signal regis-
ter circuits accommodated in the common chip packing 111
each multiply the CA signals CA and the clock signals C1 by
a factor of 1:2 by supplying, via differential clock signal
lines, the clock signals Cl conditioned by the clock signal
conditioning circuit in the common chip packing 111 to the
semiconductor memory chips 4, 4a that are each arranged to
the left and the right of the semiconductor memory module
100. The same applies to the temporarily stored/buffered CA
signals.

In general, the invention proposes to arrange on the
semiconductor memory module a clock signal regeneration
circuit and a register circuit in a common chip packing and
to connect them to the bus signal lines 61, 71 supplying the
command address signals CA and the clock signal Cl such
that the incoming clock signal Cl is conditioned and the
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incoming command and address signals CA are temporarily
stored, in order to multiply these signals by a factor of 1:X
and to supply the conditioned clock signal Cl and the
temporarily stored command and address signals CA to X
semiconductor memory chip groups that are arranged on the
semiconductor memory module. Although only two semi-
conductor memory chip groups are provided in the two
embodiments of the semiconductor memory module 10 and
100 shown as examples in FIGS. 1 and 3, those skilled in the
art will immediately see that it is also possible to arrange
more than two semiconductor memory chip groups or
DRAM branches on the semiconductor memory module,
which can then be activated by means of the clock signals
and command and address signals that are multiplied by a
factor of 1:X by the clock signal conditioning circuit and the
command and address signal register circuit. This allows
supplying a complete DIMM with only one CA copy from
a memory controller (not shown). By the CA and CI1 signals
being multiplied by a factor of 1:X, several DRAM groups
can be supplied by means of the local generation of several
CA and Cl copies. The drawback of the double pin number
of the pin contacts 8, an element that is characteristic of the
semiconductor memory module shown in FIG. 5 where two
copies of the CA bus signals and the Cl bus signals must be
supplied, has been obviated in the embodiments of the
invention that have been described above in connection with
FIGS. 1-3. Furthermore, the high speeds required for future
memory technologies can be reached by using a combined
clock signal conditioning and register circuit 11, 111 for
multiplying the CA signals and clock signals by a factor of
1:X, as is proposed according to the invention.

The clock signal conditioning circuit and the register
circuit can be arranged either next to each other as separate
partial chips, as is shown in FIG. 2, or stacked one above the
other as separate partial chips. An alternative proposed by
the invention provides that the two functionalities of the
clock signal conditioning circuit and the register circuit are
integrated on a common chip (combined die).

Having described preferred embodiments of a new and
improved semiconductor memory module, it is believed that
other modifications, variations and changes will be sug-
gested to those skilled in the art in view of the teachings set
forth herein. It is therefore to be understood that all such
variations, modifications and changes are believed to fall
within the scope of the present invention as defined by the
appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

LIST OF REFERENCE SYMBOLS

4, 4a Semiconductor memory chips

5 Passive components

8 Pin contacts

10, 100 Semiconductor memory module
11, 111 Common chip packing

12 Clock signal regeneration circuit

13 Register circuit

61, 62, 63 Differential clock signal lines
71, 72 Command and address signal lines
CA Command and address signals

Cl Clock signal

D Data memory chips

DE_C_C Error correction data memory
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What is claimed is:

1. A memory module, comprising:

a plurality of memory chips arranged on the memory
module;

a plurality of bus signal lines operable to supply an
incoming clock signal and incoming command and
address signals to at least the memory chips;

a clock signal regeneration circuit configured to generate
a plurality of copies of the incoming clock signal and
to supply the copies of the incoming clock signal to the
memory chips, the copies of the incoming clock signal
having a same frequency as the incoming clock signal;
and

a register circuit arrange on the memory module in a
common chip packing with the clock regeneration
circuit and configured to receive one of the copies of
the incoming clock signal from the clock regeneration
circuit, the register circuit being further configured to
temporarily store the incoming command and address
signals and to generate a plurality of copies of the
incoming command and address signals and supply the
copies of the incoming command and address signals to
the memory chips, the copies of the incoming com-
mand and address signals having a same frequency as
the incoming command and address signals.

2. The memory module according to claim 1, wherein the
clock signal regeneration circuit comprises a phase locked
loop (PLL) circuit.

3. The memory module according to claim 1, wherein the
incoming clock signal and the copies of the incoming clock
signal are each supplied via differential clock signal lines.

4. The memory module according to claim 1, wherein the
clock signal regeneration circuit and the register circuit are
arranged as separate partial chips in the common chip
packing.

5. The memory module according to claim 1, wherein the
clock signal regeneration circuit and the register circuit are
integrated on a common chip in the common chip packing.

6. The memory module according to claim 1, wherein the
common chip packing is arranged essentially at a central
position on the memory module.

7. The memory module according to claim 1, wherein the
bus signal lines of the command and address signals com-
prise a hybrid-T bus structure.

8. The memory module according to claim 1, wherein the
bus signal lines of the command and address signals com-
prise a fly-by bus structure.
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9. The memory module according to claim 1, wherein the
clock signal regeneration circuit and the register circuit
respectively generate two copies of the clock signal and the
command and address signals for distribution to the memory
chips.

10. The memory module according to claim 1, wherein
the memory module comprises an RDIMM module.

11. The memory module according to claim 1, wherein the
memory chips comprise DDR-DRAM memories.

12. An integrated circuit, comprising:

a clock signal regeneration circuit configured to generate

a plurality of copies of a clock signal, wherein the
copies of the clock signal have a same frequency as the
clock signal; and

a register circuit arranged in a common chip packing with

the clock signal regeneration circuit and configured to
temporarily store incoming command and address sig-
nals and to generate a plurality of copies of the incom-
ing command and address signals, wherein the copies
of the incoming command and address signals have a
same frequency as the incoming command and address
signals, and

wherein the clock signal regeneration circuit supplies one

of the copies of the clock signal to the register circuit.

13. The integrated circuit according to claim 12, wherein
the clock signal regeneration circuit comprises a phase
locked loop (PLL) circuit.

14. The integrated circuit according to claim 13, wherein
the clock signal regeneration circuit supplies the clock signal
as a differential clock signals on differential clock signal
lines.

15. The integrated circuit according to claim 14, wherein
the clock signal regeneration circuit and the register circuit
are arranged as separate partial chips in the common chip
packing.

16. The integrated circuit according to claim 14, wherein
the clock signal regeneration circuit and the register circuit
are integrated on a common chip in the common chip
packing.

17. The integrated circuit according to claim 12, wherein
the clock signal regeneration circuit and the register circuit
respectively generate two copies of the clock signal and the
command and address signals for distribution external to the
common chip packing.

* * * #* #*
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por correo postal.

Antes de lai ion, visite Kingston. Y

SLOVENSKY

ZHRANUTIE DOZIVOTNEJ ZARUKY: Zéruka je obmedzena na vymenu vadnéha vyrobku alebo na
vratenie jeho ,mznmn:m hodnoty (iimitovane zaplatenou cencu), v zikonne paovelenom rozsahu a
nie Je prenasitel'nd. Plna zaruka na webovej stranke Ki ton. /wa alebo i
posty.

Pred inStaldcios navitivie webovd stranku Kingston,

DEUTSCH

ZUSAMMENFASSLUING ZUR LEBENSLANGEN GARANTIE: Die Garantie ist begrenzt auf den Ersatz
defekter Produkte oder die Ruckzahlung des aktuellen Wertes (beschrankt auf den Kaufpreis)

acia pamate}

soweit w%moﬂ:n: 2ulassig. Sie ist nicht ghar. Die erhalten
Sie auf Kingston.com/wa oder per Post.
Besuchen Sie vor der Kingston.

ITALIANO

GARANZIA A VITA IN BREVE: la garanzia, non trasferibile, copre ia sostituzione del prodotto
difetioso o il rimborso del valore attualé (per un imporfo won superiore al prézze pagato
alfacquisto), nei limiti consentit datia fegge. Le condizioni della garanzia sono consultabili per

intera sul sito Kingston.com/wa, oppure possono essere richieste per posta.
Prima defl'i i visitare Kingston. y
NEDERLANDS

SAMENVATTING LEVENSLANGE GARANTIE: De garantie is beperkt tot de vervanging van

defecte producten of de restitutie van de huidige waarde ?m%na.» tot het aankoopbedra MEE

zover is toegestaan onder .omvvms_ﬁx recht en is niet overdraagbaar De volledige
iin op it /wa of via de post.

Alvorens de instaliatie uit te voeren, ga naar Kingston.com/instalimemory

NORSK
NDRAG AV L} : tien er be 1) ing av defekt produkt efler
refundering av den na verdien il pris :__w. jen utstrekning det er
tillatt ifolge tov og er ikke overforbar. Fulistendig garanti pa Kingston.com/wa eller via vaniig post.
For s jon, besek Ki i y

TURKISH

OMUR BOYU GARANT! OZET!: Garanti, anzah Griin degisimi veya kanunlarn
rin bedel 5 g

POLSKI
PODSUMOWANIE GWARANCY]I WIECZYSTE): Gwarancja Ogranicza sie do wymiany
uszkodzonego Faaczc fub 2wroty biezagej wartosci i j do ceny W
zakresie dozwolonym przez prawo i nie podlega przemesieniu 0a jnne osaby. Peine warunki

gwarancji znajduja sig na stronie Kingston.com/via lub przesylane sq poczig.
Przed iem instalacyi, prosit iledzit strong Kingst

) MAGYAR

ELETHOSSZIG TARTO JOTALLAS OSSZEFOGLALAS: A iétallds a meghibasodott termékek
csersiére, vagy az akiudlis énték visszatéritésére korlatozodik (leafeliebb a tarmok megvas arlasi
ardig), 65 nom Alruhazhats. A Jotalias tefjes szovegét a Kingston.com/wa oldalon olvashatia el,
vagy kérheti elkildését postan.

Telepités elott el a Kingston, oldalra

PORTUGUES
RESUMO DA GARANTIA VITALICIA: As obrigagdes de garantia da Kingston se limita a0 repard,
substituigido ou reembolso do preco pago pelo produto defeituoso, na medida do que 2 lat
permitin, A garantia é sujeita a termos e condigoes adict s, que estdo todos disponiveis
através do site www.kingston.comywa

Antes de proceder  instatagao, visite Kingston, y

GREEK

EYNOVHITOBIAZ EMTYHEHE: H orydnon nepiopileras oy avimendotcart oy Serapanuc) g
A T f £youaas ey omy T 1oy i oto pat
enpEne © Voo kai bev zvar petofiidonin. H miipnc eyyonon Sianberar o Sedduvan
Kingston,Com/wa 1 Bnopei va 0aG ancotais] TaxvSpopikas,

 SieuBuvon Kingst i Yy

SVENSKA
I: garantin &r begrinsad till utbyte av defekia

Mpw aié v

ATTNING AV LIVSTID <
produkter eller aterbetalning av det aktuefia vardet (begransat til det betalda beloppet) enligt
gillande lagsiftning och kan, € Sveriorss. Fullstandiga garantivillkor finns att fasa pa

ingston.com/wa elfer kan bestillas via post.

innan i ion, besék Kingston, y

SuUoMI
YHTEENVETO ELINIKAISESTA TAKUUSTA: Takuu rajoittuy viallisten tuotteiden vaibtoon tai

{bdenen teratle sineh olmak Uzere) geri ddenm
devredilemez. Garantinin tararmin Kingston.com/wa adresinden veya e-mail yoluyia afabilirsiniz,

Kurutum & inde ltfen Kingston, adresini ziyaret ediniz.

RUSSIAN

NOMU3HEH I : rapanivn AT A % xoropan
NOQNEAMT 3IMEHE WAM BOIMGWCHWIO G [CHEMHON CTOMMOCTA (R0 TeKyWed iiene), COmacKo
i TBy. [ApaNTHA H3 He 140eT BhiTb nepefana Apyromy futy.

& wa caiite Kingston.com/wa,

MonMas ©

Fo Hasana yeranosxu noceniTe Kingston.comfinstatimemory

HINDI
s e e el e e e s e bR o , 2 v g e s b
e =, T el s Kingston.cOmJwa w & & iy g e e €1

Instaiation 3 @ gt Kingston.comfinsialimemoty 2 a1t

THAL

. - =) & i
" gmislEa o 10 qun

fuyaat nalaqlu (g myaatiida) sl 0
fasia vayan’ 11a# Kingston.com/wa

tanguiouasinay

Aawisiads Auntiaya e Kingston.com/instalimemory

14 Kingston convinstalimemory
TRADITIONAL CHINESE

- SRS CUIHEMNER)
BAOEI ~ SER PR E BN Kingston.comfwa + BRATE;

nykyisen arvon palautukseen (enintaan tuotteesta maksefty hinta)
rajoissa eika se ole Taydet Kingston.com/wa
1ai postitse.

Vierail i Kingston.

DANSK
LIYSTIDSGARANTI, SAMMENDRAG: Garantien daskker udskiftning af det defekie produkt eller
refundaring af den akiyelle veeri (begraensat il den betalte pris) i et omtang loven Hisiger, og
kan ikke overdrages. Fuld garantiordyd findes pa Kingston.com/wa elier kan tilsendes
ordinasr post.
For Installationen anbelales at besage Kingston.com/instalimemory

o GESKY
SQUHAN DOZIVOTNI ZARUKY: Zdruka je omezena na vymeény vadného z«.EU_E nebo na
vrdcen jeho sougasné hodnoty (limitovana splacenou cenou), v zékonna povoleném rozsahu a
neni prenosnd. Pina zdruka na webove strance Eznwnoz.oes\iu nebo piostrednictvim posty.

Pred instalacl navitivie webovou strinku Kingston.com/installmemory [instalace parfieti}

ingston.comfinstalimemory

JAPANESE
EEREOEE | QERETERHSATVIREANT, TREROKR. FHUERGEED
BE PASIIER SEA . WRY 5T LETE FtA, BEEREIKingston.comwa
TERBRF A - ML >TIHONET

4 R b—LORIZ. Kingston.comiinstalimemoryl=7 7 £ AL T REEL

ARABIC
alasd slasy o I gl Jlagdand ple glewall juaiky 3L gal glesdf juazss
L.wbhxm Ligi3 @ aamndl 2 2IL oLl dostaww @ gidt jasdl s peadin) LU
3 x.;mmno?noamzm Lol o Jal Sl plowtall phe Juadt Ko i iyl LuLp_r.»v
RO N0
Kingston.com/instalimemory g3l 8,Ls -cupitll Jud- i
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