
- 1  Description  Hub module for connecting one or
more memory chips 5 The invention relates to a hub
module for connecting  one or more memory chips for
use in a memory module. Memory chips are frequently
used in personal computers  10 to store data which are
to be processed in the personal computer. For this
purpose, the memory chips are  combined to form memory
modules in order to satisfy the  requirements for a
high storage capacity. In order to  use the storage
capacity of a plurality of memory 15 modules,
provision is usually made of an address and  data bus,
to which the memory modules are connected,  that is to
say each of the memory modules is connected  to the
common address and data bus. On account of the  line
and input capacitances of the corresponding inputs 20
for the address and data bus on the memory modules and
on account of the signals being reflected at branches,
the maximum clock frequency at which address data and
useful data can be transmitted is limited. 25 When
using double data rate (DDR) technology, in
particular, the frequencies at which data have to be
transmitted via the address and data bus may be very
high. It is therefore appropriate, for future DDR III
or other high-performance interface technology, not to
30 operate the memory modules using a common address
and  data bus. One possible alternative address and
data bus concept  involves providing a so-called hub
module between a 



35 memory controller in the personal computer and the
memory chips, said module being using to drive one or
more memory chips. The hub module is connected to the
memory controller that controls the storage and
retrieval of data. The hub module has an input for the
- 2  address and data bus in order to receive address
data  and useful data and possibly to transmit useful
data to  the memory controller. The hub module also
has an  output, via which the address and useful data
are 5 output. The output for the address and useful
data may  be connected to an input of a further
downstream hub  module, to which memory chips are in
turn connected. The hub module has an address decoder
unit, which  10 receives the applied address and, in a
manner dependent on the address, either addresses one
of the connected  memory chips or applies the applied
address to the  address output so that it can be
forwarded to the next  hub module. In a corresponding
manner, the useful data 15 which are applied to the
data bus are either forwarded  or written to the
connected memory chips. On account of the production
technology, memory chips  cannot be produced without
defects. Defects which occur 20 are repaired at the
chip level in a plurality of steps  both in a wafer
repair step and possibly in a back-end  repair step.
Nevertheless, it may happen that further  defects
which were previously not detected can occur in  the
memory chips which have been repaired in this 25
manner (for example memory cell degradation after a
relatively long time in operation). These defects may
result in the computer system no longer operating in a



stable manner or in the possibility of defects
occurring when executing software. 30 It is an object
of the present invention to provide a  hub module,
which makes it possible for a computer  system to be
operated despite the occurrence of defects  in the
memory chips used. 35 This object is achieved by means
of the hub module as  claimed in claim 1. Further
advantageous refinements of the invention are
specified in the dependent claims. The invention
provides a hub module for connecting one  5 or more
memory chips each having at least one memory area. The
hub module has an address input for  connection to an
address bus in order to receive an  address of a
memory area to be addressed and has an  address output
for connection to a further address bus. 10 An address
decoder unit is provided in order to address  a memory
area of one of the connected memory chips  using an
address that is applied to the address input  or to
apply the applied address to the address output.  The
address decoder unit has a redundancy unit in order 15
to address a redundant memory area instead of the
addressed memory area in the event of a defect being
detected in a memory area of the one or more connected
memory chips. 20 A redundancy unit is thus provided in
the hub module  according to the invention in order to
address a memory  area that is provided in redundant
fashion instead of a  regular memory area when a
defect occurs. This makes it  



possible, after the memory chips have been produced 25
completely, have been tested and have been repaired in
the wafer repair step and the back-end repair step,
for  the memory chips to be operated even if a defect
occurs  in the memory chips. If, for example, one or
more  memory areas in the memory chips in a memory
module 30 fail on account of defects, it is thus
subsequently  possible to change the memory module
(without  manipulating the memory chip in question or
the memory  controller used) in such a manner that it
can still be  operated in the computer system. This is
possible by 35 providing the hub module with a
redundancy unit that  makes it possible to repair the
defect. - 4  Provision may be made for the address
decoder unit to  have a defect address input in order
to receive a  defect address. The address decoder unit
comprises a  comparator unit in order to compare the
defect address 5 with the applied address and to
address a further  redundant memory area instead of
the addressed memory  area in the event of identity
being ascertained between  the defect address and the
applied address. To this  end, a defect address memory
may preferably be provided 10 in order to store the
defect address and to provide the  address decoder
unit with said defect address. The redundant memory
area may be provided in the  connected memory chips,
or provision may be made of an 15 additional memory
chip that comprises the redundant  memory area.
Alternatively, the hub module may comprise  the
redundant memory area. This makes it possible to
provide, in a simple manner, a repair possibility for
a  



memory module that is provided with only one hub
module 20 with a redundant memory area. The memory
chips or the  memory controller need not be changed
for this. Another  aspect of the present invention
provides a memory  module having a hub module and
connected memory chips. 25 Preferred embodiments of
the invention are explained in  more detail below with
reference to the accompanying  drawings, in which:
figure 1 shows a block diagram of a memory system
having memory modules with hub modules according to
the  30 invention in accordance with a first
embodiment of the  invention; and figure 2 shows a
memory system having memory modules  with hub modules
according to the invention in  accordance with a
second embodiment. 35 Figure 1 illustrates a memory
system, for example for a  computer system. The memory
system has a memory  controller 1, to which an address
bus 2 having a number - 5  n of address lines is
connected. The memory controller  1 is capable of
driving memory chips with the aid of a  DDR memory
protocol, for example. The address lines are
connected to an input of a memory module 3. The memory
5 module 3 has a hub module 4, to which one or more
memory chips 5 are connected. The memory chips are
preferably DDR memory chips, particularly DDR DRAM
memory chips. The address input of the memory module 3
is connected to an address input of the hub module 4.
10 The hub module 4 has an address output that is
connected to a further address bus 6 via the address  



output of the memory module 3. The further address bus
6 is connected to an address input of a further memory
module. 15 The hub module has an address decoder unit
7, which  checks the addresses which are applied to
the address  bus 2 and, depending on the applied
address, addresses  the corresponding connected memory
chip 5 via a 20 respective memory chip interface 8 or
forwards the  applied address to the further address
bus 6. From the  further address bus 6, the address is
then received by  the address decoder unit of the hub
module of the next  memory module and, in the same
manner, is either used 25 there to address one of the
connected memory chips 5 or  is forwarded to a further
address bus via the address  output. Instead of
providing an individual memory chip  30 interface 8
for each of the connected memory chips 5, it is also
possible to provide a common memory chip  interface 8
that is connected to all of the connected  memory
chips 5 via a module-internal address and data  bus.
Memory chip interfaces 8 which are separate from 35
one another have the advantage that the memory chips 5
can be addressed essentially in a parallel manner or
at  a relatively high speed, while, in the case of a
memory chip interface that is designed to be common,
the  outlay on wiring can be reduced. The address
decoder unit 7 of the hub module 4 also has  5 a
redundancy unit 9, which is used to perform address
mapping, that is to say to internally replace an
applied address that addresses a defective memory area



with another address so that the defective memory area
is replaced with a redundant memory area. To this end,
10 the addresses for the defective memory areas are
stored  in the redundancy unit and said defective
memory areas  are each assigned a further redundant
memory area that  is intended to replace the defective
memory area. The  defect addresses are determined by
testing the memory 15 chips at the memory module level
and are determined  either by means of a test function
that is integrated  in the hub module or by means of
an external test  function. The defect addresses may
be provided in the  defect address memory 10 with the
aid of laser fuses or 20 electrical fuses on the hub
chip or with the aid of an  external source, for
example an EPROM, on the hub chip.  The memory areas
of the memory chips 5 are divided into  a first
regular memory area part and a second redundant
memory area part. The manner in which the memory areas
25 are divided is arbitrary and is essentially
determined  by the address decoder unit 7 of the hub
module 4.  Redundant memory areas may thus be provided
in each of  the redundant memory areas 5.
Alternatively, provision  may also be made for
redundant memory areas for 30 replacing the defective
memory areas of all of the  connected memory chips 5
to be provided in only one of  the connected memory
chips 5. The regular and the redundant memory areas in
the sense  35 of this invention do not correspond to
the regular memory areas and the redundant memory
areas in a memory  chip as occur during the wafer
repair method and the  back-end repair method. The
regular and redundant - 7  



memory areas in one of the memory chips 5 represent
only a logical organization of the memory areas (which
have been tested and found to be operational) in the
memory chips 5. Both regular and redundant memory
areas 5 in the sense of the invention correspond to
the memory  areas (which have been tested and found to
be free of  defects) in the respective memory chips 5.
The redundancy unit 9 may comprise a defect address
10 memory 10 or may be connected to a defect address
memory 10 that is likewise provided in the hub module
4  or is externally provided. The defect address
memory 10  is used to store defect addresses which
specify which  of the applied addresses must be
assigned to a 15 redundant memory area since the
regular memory area at  the applied address is
defective. To this end, the  redundancy unit 9
preferably has a comparator unit (not  shown) that
compares the applied address with the  defect
addresses stored in the defect address memory 10 20
and addresses the corresponding regular memory area
that is addressed in accordance with the address or
the  redundant memory area in one of the connected
memory  chips 5 depending on whether or not a defect
has been  detected. 25 Figure 2 illustrates a further
embodiment of a hub  module according to the
invention. In addition to the  redundancy unit 9, the
hub module 20 has redundant  memory areas 21 which are
integrated in the hub module 30 20. This makes it
possible to avoid providing  additional memory chips 5
having redundant memory areas  which must be connected
to the hub modules 20. Since  



the failure rate of memory areas is usually very low
after the memory chips 5 have been tested, it is 35
possible to provide redundant memory areas 21 in the
hub module 20 so that it is possible to rapidly access
the redundant memory areas 21. The additional
redundant - 8  memory areas 21 may be provided in the
address decoder  unit 7 or at another location in the
hub module 20. The additional redundant memory areas
21 may be  5 connected to the data bus (which is not
shown and is connected to the memory module 3) via a
multiplexer  (not shown) in order to transmit the
useful data if an  address that is to be replaced with
a redundant memory  area is applied to the address bus
2. 10 - 9  Patent Claims 1. A hub module (4) for
connecting one or more memory  5 chips (5), said
module having an address input for connection to  an
address bus in order to receive an address of the
memory area to be addressed and having an address
output for connection to a further address bus, and 10
having an address decoder unit (7) in order to address
one of the connected memory chips (5) using an address
that is applied to the address input or to apply the
applied address to the address output, characterized
in that 15 the address decoder unit (7) has a
redundancy unit (9)  in order to address a redundant
memory area instead of  the addressed memory area in
the event of a defect  



being detected in a memory area of the one or more
connected memory chips (5). 20 2. The hub module (4)
as claimed in claim 1,  characterized in that the
address decoder unit (7) has  a defect address input
in order to receive a defect  address, the address
decoder unit (7) comprising a 25 comparator unit in
order to compare the defect address  with the applied
address and to address a further  redundant memory
area instead of the addressed memory  area in the
event of identity being ascertained between  the
defect address and the applied address. 30 3. The hub
module (4) as claimed in claim 2,  characterized in
that a defect address memory (10) is  provided in
order to store the defect address and to  provide the
address decoder unit (7) with said defect  35 address.
- 10  4. The hub module (4) as claimed in claim 2 or
3,  characterized in that the redundant memory area is
provided in the connected memory chips (5). 5 5. The
hub module (4) as claimed in claim 2 or 3,
characterized in that the hub module (4) comprises the
redundant memory area. 


