
-1 REPAIRABLE MEMORY MODULE AND METHOD OF REPAIRING  MEMORY MODULES
BACKGROUND OF THE INVENTION  1. Field of the Invention: 5 This invention
relates to memory modules, and more particularly, to a repairable  memory
module, such as a DRAM (dynamic random access memory) module, and a  method
of repairing such memory modules. 2. Description of Related Art: FIG. 1 is
a schematic diagram of a conventional DRAM module which is de- 10 signed
for use with a 32-bit Pentium microprocessor on a personal computer. The
DRAM  module includes an array of eight lMx4 DRAM ICs which are used
together to constitute  a 1Mx32 SIMM (Single In-line Memory Module). FIG. 2
shows a schematic top view of the conventional DRAM module of FIG. 1'  when
assembled. As shown, the DRAM module is formed by mounting eight DRAM ICs
15 U1-U8 on a printed circuit board (PCB). The I/O (input/output) pins on
these DRAM ICs  are connected to corresponding I/O pins of the DRAM module.
Most conventional memory modules, as DRAM or flash memory modules, are
manufactured by first arranging them in packaged form on a PCB and then
separating  them from the PCB so that they can serve as individual memory
modules. These memory 20 modules are then tested respectively through the
so-called module testing process to  check for any failed memory ICs in the
module. If any memory IC is found to be failed, a  



conventional method for repairing the failed IC is simply to dismount the
failed IC and  -2- then replaced it with a new, good one. This repair work,
however, is quite laborious to  carry out. FIG. 3 is a flow diagram showing
the procedural steps involved in a conventional  module testing process to
check for any failed ICs in the modules. As shown, if a mem- 5 ory module
is OK, it is then ready for shipment to the customer; otherwise, the failed
memory IC in the memory module is dismounted and then replaced with a new,
good  one. These two steps are collectively referred to a rework process,
which is usually quite  laborious and thus cost-ineffective to carry out. A
conventional method for manufacturing low-cost memory modules is to use the
10 so-called chip-on-board (COB) technique. However, in a memory module
based on the  COB structure, the repair work for the failed ICs is
difficult to carry out even before en- capsulation is applied. After
encapsulation, the repair work would be extremely difficult  to carry out.
15 SUMMARY OF THE INVENTION It is therefore a primary objective of the
present invention to provide a repairable  memory module which allows the
failed memory ICs in the memory module, if any, to be  repaired
conveniently without having to laboriously dismounting the failed IC and
then  mounting a new, good one on the printed circuit board. 20 It is
another objective of the present invention to provide a method of repairing
memory module without having to replace the failed ICs with new, good ones.



In accordance with the foregoing and other objectives of the present
invention, a  repairable memory module and a method of repairing memory
modules are provided. -3- The repairable memory module of the invention
includes the following constitu- ent elements: (a) a printed circuit board;
(b) a plurality of regular memory ICs mounted on said printed circuit
board; 5 (c) at least one backup memory IC selectively mounted on said
printed circuit  board when required, said backup memory IC being used to
repair any failed one of said  regular memory ICs; (d) a module I/O bus
having a plurality of I/O pins for said memory module; (e) a number of UO
jumping-pad units, each I/O jumping-pad unit being associ- 10 ated with one
of said regular memory ICs, each I/O jumping-pad unit being arranged into
at least three rows of jumping pads with the number of jumping pads in each
row being  equal to the number of I/O pins on the associated memory IC; and
(f) at least one CAS jumping-pad unit associated with said backup memory
IC,  said CAS jumping-pad unit being arranged into at least two rows of
jumping pads with  15 the number of jumping pads in each row being equal to
the number of CAS pins on said  module 1/0 bus; Moreover, in each of said
I/O jumping-pad units, the first row of jumping pads are  connected
respectively to the I/O pins on the associated one of said regular memory
ICs;  the second row of jumping pads are connected respectively to the
corresponding I/O pins 20 on the module I/O bus; and the third row of
jumping pads are connected respectively to  



the I/O pins on the backup memory IC. And in said CAS jumping-pad unit, the
first row  of jumping pads are connected together to the CAS pin on the
backup memory IC; and -4- the second row of jumping pads are connected
respectively to the corresponding CAS  pins on the module UO bus. Through
the module testing process, provided that all of the regular memory ICs
are OK, the first row of jumping pads in each of said UO jumping-pad units
are short- 5 circuited to the second row of jumping pads in the same;
whereas provided that at least one of the regular memory ICs is a failed
one, those jumping pads in the second row of  jumping pads that are
associated with the failed UO pins on the failed memory IC are
short-circuited to the corresponding jumping pads in the third row; those
jumping pads in  the first row of jumping pads that are associated with the
unfailed I/O pins on the regular 10 memory ICs are short-circuited to the
corresponding jumping pads in the second row; and  those jumping pads in
the first row of the CAS jumping-pad unit that are associated with  the
failed memory ICs are short-circuited to the corresponding jumping pads in
the sec- ond row. In various other embodiments, the regular memory ICs and
said backup memory  15 IC are mounted on the printed circuit board in
packaged form; or alternatively, said  regular memory ICs and said backup
memory IC are mounted on the printed circuit board  by chip-on-board; and
still alternatively, said regular memory ICs are mounted on said  printed
circuit board by chip-on-board while the backup memory IC is mounted on
said  printed circuit board in packaged form. 20 Moreover, the
short-circuited connections can be realized by either using a set of  



zero-ohm resistors or a set of jumpers which are mounted respectively on
the short- circuited pairs of the jumping pads. -5- The maximum repair
capacity of the foregoing. repairable memory module of the invention, i.e.,
the maximum number of failed ICs in the module that can be repaired, is
equal to the number of the 1/0 pins of the backup memory IC. In another
aspect, the invention provides a method for repairing memory modules.  5
Specifically, this method is utilized on a memory module having an array of
regular  memory ICs and a module 1/0 bus associated with the regular memory
ICs for repairing  at least one failed one of the regular memory ICs. The
method of the invention includes  the following procedural steps of: (1)
providing a backup memory IC of the same type as the regular memory ICs;
10 (2) short-circuiting the failed 1/0 pins on the failed memory IC to the
corre- sponding 1/0 pins on the backup memory IC; (3) short-circuiting the
unfailed 1/0 pins on the regular memory ICs to the corre- sponding 1/0 pins
on the module I/O bus; and (4) short-circuiting the CAS pin on the backup
memory IC to the corresponding  15 CAS pins on the module 1/0 bus that are
associated with the failed memory IC. For the realization of the
short-circuited connections, the method further includes  the following
procedural steps: providing a number of 1/0 jumping-pad units, each 1/0
jumping-pad unit being  associated with one of said regular memory ICs,
each 1/0 jumping-pad unit being ar- 20 ranged into at least three rows of
jumping pads with the number of jumping pads in each 



row being equal to the number of 1/0 pins on the associated memory IC; in
each of said  1/0 jumping-pad units, the first row of jumping pads being
connected respectively to the  1/0 pins on the associated one of said
regular memory ICs; the second row of jumping -6- pads being connected
respectively to the corresponding 1/0 pins on the module UO bus;  and the
third row of jumping pads being connected respectively to the 1/0 pins on
the  backup memory IC; and providing at least one set of CAS jumping pads
associated with said backup  5 memory IC, said CAS jumping-pad unit being
arranged into at least two rows of jumping  pads with the number of jumping
pads in each row being equal to the number of CAS  pins on said module UO
bus; in said CAS jumping-pad unit, the first row of jumping pads  being
connected together to the CAS pin on the backup memory IC; and the second
row  of jumping pads being connected respectively to the corresponding CAS
pins on the  10 module I/O bus. Moreover, the short-circuited connections
can be realized by either using a set of  zero-ohm resistors or a set of
jumpers which are mounted respectively on the short- circuited pairs of the
jumping pads. The maximum repair capacity of the foregoing re- pairable
memory module of the invention, i.e., the maximum number of failed ICs in
the 15 module that can be repaired, is equal to the number of the I/O pins
of the backup memory  IC. BRIEF DESCRIPTION OF DRAWINGS The invention can
be more fully understood by reading the following detailed de- 20 scription
of the preferred embodiments, with reference made to the accompanying draw-



ings, wherein: FIG. 1 is a schematic diagram of a conventional DRAM module
which is de- signed for use with a 32-bit Pentium microprocessor on a PC;
-7- FIG. 2 shows a schematic top view of the conventional DRAM module of
FIG. 1  when assembled; FIG. 3 is a flow diagram showing the procedural
steps involved in a conventional  method for repairing a conventional DRAM
module; 5 FIG. 4 is a schematic diagram showing various constituent parts
of the repairable  DRAM module of the invention; FIG. 5 shows a schematic
top view of the DRAM module of FIG. 4 when assem- bled; and FIG. 6 shows an
array of repairable DRAM module of the invention that are ar- 10 ranged
together on a printed circuit board for chip-probe testing. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS As described in the background section
of this specification, a memory module is  constructed by forming an array
of memory ICs (which are hereinafter referred to as the  15 "regular memory
ICs") on a printed circuit board (PCB). The storage capacity of the memory
module is the sum of these regular memory ICs. In accordance with the
inven- tion, at least one additional memory IC (hereinafter referred to as
"backup memory IC"),  is incorporated in the memory module. When any one of
the regular memory ICs in the  module is found to be failed, the failed IC
can be repaired by using the backup memory  20 IC in a predetermined manner
which will be described in details in the following. 



If the module is based on an array of packaged memory ICs, the backup
memory  IC needs not to be mounted on the PCB until it is necessary to do
any repairs. If the mod- ule is based on the chip-on-board (COB) structure,
the backup memory IC can be either -8- mounted along with the regular
memory ICs on the :circuit board in the manufacturing  stage, or
alternatively supplied in packaged form which is to be mounted onto a
reserved  area on the module at a later time when it is necessary to do any
repairs. Fundamentally, when any failed memory ICs are found in the module,
a set of  5 zero-ohm resistors (jumpers) are used to short-circuit a
selected number of paired jump=  ing pads provided on the PCB to thereby
redirect the connections to the 1/0 (input/output)  and CAS (column-address
strobe) pins on the failed memory IC instead to the same  nominal pins on
the backup memory IC. Preferred embodiments of the invention in ac-
cordance with this concept are disclosed in the following with reference to
FIGs. 4  10 through 6. FIG. 4 is a schematic diagram showing five
constituent parts, respectively desig- nated by (a), (b), (c), (d) and (e),
of the repairable memory module of the invention; while  FIG. 5 shows a
schematic top view of the repairable memory module when assembled. In  this
embodiment, the memory module has a nominal capacity of lMx32 which is con
15 structed by forming an array of eight 1Mx4 DRAM ICs Ul-U8 (which serve
as the regu- lar memory ICs) and one additional 1Mx4 DRAM IC U9 (which
serve as the backup  memory IC). In FIG. 4, (a) designates a module 1/0
bus; (b) designates a number of 110 jump- ing-pad units J0-J7, J9-J16,
J18-J25, J27-J34 that are to be used to connect 1/0 pins on  



20 the working DRAM chips Ul-U8 to the 1/0 pins on the module 1/0 bus; (c)
designates a CAS jumping-pad unit JP1 that is to be used to connect the CAS
(column address strobe)  pin on the backup memory chip to the corresponding
CAS pins on the module 1/0 bus; -9- (d) designates the eight regular DRAM
ICs U1-U8; and (e) designates the backup DRAM  IC U9. Moreover, as shown in
FIG. 5, each of the regular DRAM ICs U1-U8 is associ- ated with three
jumping-pad rows 510, 520, 530, each row having four jumping pads.  5 These
three jumping-pad rows 510, 520, 530 are implemented by using the 1/0
jumping pad units J0-J7, J9-J16, J18-J25, J27-J34. If the 1Mx32 module is
alternatively formed by  using two 1Mx16 DRAM ICs, each of the row should
have 16 jumping pads which cor- respond to 16 UO pins on the module I/O
bus. As shown in FIG. 4 (b), the first row of jumping pads 510 are
connected respec- 10 Lively to the 1/0 pins on the associated ones of the
regular DRAM ICs U1-U8. For exam- ple, for the first regular DRAM IC U1,
the associated four jumping pads in the first row  510 are connected
respectively to the RDO-RD3 pins on the DRAM IC U1; the associated  four
jumping pads in the second row 520 are connected respectively to the
DQO-DQ3  pins on the module 1/0 bus; and the associated four jumping pads
in the third row 530 are 15 connected respectively to the SPO-SP3 pins on
the backup DRAM IC U9. For the other  regular DRAM ICs U2-U8, the
associated jumping pads are connected in a similar man- ner. In module
testing, the jumping pads in first row 510 are also used for the chip-probe
testing on the associated ones of the regular DRAM ICs U1-U8. The backup
DRAM IC U9 is associated with two jumping-pad .rows 540, 550,  



20 each row having four jumping pads. These two jumping-pad rows 540, 550
are imple- mented by using the CAS jumping-pad unit JP1. As shown in FIG. 4
(c), the jumping  pads in the top row 540 (2, 4, 6, 8 on JP1) are connected
together to the CAS pin on the  backup DRAM IC U9; while the jumping pads
in the bottom row 550 (1, 3, 5, 7 on JP1) -10- ;r. are connected to various
column-address strobe pins on the regular DRAM ICs U I -U8 as  given in the
following Table 1. Table 1: Jumping Pad DRAM IC 1 (JPI) CASO (U1 & U3)  3
(JP1) CASs (U5 & U7)  5 (JPI) CAS2 (U2 & U4)  7 (JP1) CAS3 (U6 & U8)  5
After the module is assembled, the subsequent step is to perform a module
testing  process to check for any failed ICs in the module. If all of the
regular DRAM ICs Ul-U8 in the module are OK (no failed one is  found), a
number of zero-ohm resistors or jumpers are used to short-circuit the
jumping  10 pads in the first row 510 respectively to the corresponding
ones in the second row 520 for all of the regular DRAM ICs U1-U8, but the
two rows of jumping pads 540, 550 associ- ated with the backup DRAM IC U9
are not short-circuited by zero-ohm resistors (i.e., all  of the paired
jumping pads in JP1 shown in FIG. 4 (c) remain open-circuited). This  



causes the first and second jumping pads in each of the 1/0 jumping-pad
units J0-J7, J9 15 J16, J18-J25, J27-J34 to be short-circuited. For the
first regular DRAM ICs Ul, the  mounting of the zero-ohm resistors causes
the RDO-RD3 pins on the first regular DRAM  IC U1 to be short-circuited
respectively to the DQO-DQ3 pins on the module UO bus. For -11- the other
regular DRAM ICs U2-U8, the short-circuited connections are carried out in
a  similar manner. If the module is based on the COB structure, the backup
DRAM IC needs not be  mounted at the time of manufacture until any failed
chips are found in the module. If the  5 module is based on packaged DRAM
ICs, the layout area reserved for the backup DRAM  IC can be left
unoccupied until any failed chips are found in the module. On the other
hand, if the module fails to pass the testing, meaning that at least one
of the regular DRAM ICs U1-U8 is failed, the backup DRAM IC U9 will be used
to re- pair the failed IC. The repair work involved is to mount a set of
zero-ohm resistors on 10 selected pairs of the jumping pads so as to
redirect the connections to the 1/0 pins and  column-address strobe pin on
the failed IC instead to the same nominal pins on the  backup DRAM IC U9.
Specifically, in the repair work, a first set of zero-ohm resistors  are
used to short-circuit the jumping pads in the second row 520 associated
with the  failed IC respectively to the corresponding ones in the third row
530; then for the unfailed 15 ICs, a second set of zero-ohm resistors are
used to short-circuit the jumping pads in the  first row 510 respectively
to the corresponding ones in the second row 520; and moreo- ver, for the
backup DRAM IC U9, a third set of zero-ohm resistors are used to short-
circuit the jumping pads in the bottom row 550 respectively to the
corresponding ones in  



top row of 540 (as the connections given in Table 1). 20 In the foregoing
example, the backup DRAM IC U9 is used to repair one failed IC  in the
regular DRAM ICs UI-U8 only. However, the repair capability of the
repairable  memory module of the invention is not limited to this. It can
be used to repair a maxi- mum of four failed ICs in the module.
Fundamentally, the maximum repair capacity of -12- the repairable memory
module of the invention, i.e., the maximum number of failed ICs  in the
module that can be repaired, is equal to the number of the 1/0 pins of the
backup  memory IC. Two examples of such a repair work are respectively
given in Tables 2 and  3. S Table 2 Failed IC Failed I/O UI-U8 Jumper j U9
Jumper  U1 RDO DQO H SPO (JO) CASO H CAS  U1 RD1 DQ1 H SP1 (J1) CASO H CAS
U1 RD2 DQ2 H SP2 (J2) CASO H CAS  U1 RD3 DQ3 H SP3 (J3) CASO F-, CAS  Table
3 Failed IC Failed I/O U1-1-18 Jumper U9 Jumper  U1 RDO DQO H SPO (JO) CASO
H CAS  U1 RD3 DQ3 <-, SPl (J3) CASO H CAS  U3 RD4 DQ4 +-, SP2 (J4) CASO H
CAS  U3 RD7 DQ7 H SP3 (J7) CASO H CAS 



-13- Beside the connections shown in Tables 2 and 3, the jumping pads in
the first row 510 that are associated with the unfailed I/O pins. on the
unfailed ICs are connected re- spectively to the corresponding ones in the
second row 520. In the case of Table 3, the  unfailed I/O pins on the
unfailed ones of the regular DRAM ICs U1-U8 are connected as 5 follows: the
first and second jumping pads on the respective UO jumping-pad units J1,
J2,  J5, J6, J9-J16, J18-J25, J27-J34 are short-circuited to each other;
and moreover, the sec- and and third jumping pads on the I/O jumping-pad
units JO, J3, J4, J7 are also short- circuited to each other. The
repairable memory module of the invention can be arranged in an array, as
10 shown in FIG. 6, for chip-probe testing. This allows the testing to be
performed concur- rently on a number of modules. To test the I/O pins and
the column-address strobe pins, the probe can touch on  the first row of
jumping pads 510 associated with the regular DRAM ICs U1-U8 and the  first
row of jumping pads 540 associated with the backup DRAM IC U9. To test the
ad 15 dress pins and other control pins, the probe can touch the pads
associated with the I/O  pins on the module I/O bus. Alternatively, these
address pins and control pins can be ar- ranged proximate to the jumping
pads for convenient testing. In conclusion, the repairable memory module of
the invention has several obvious  advantages over the prior art. First, if
the repairable memory module is based on COB  20 structure, the backup DRAM
IC can be mounted along with the regular DRAM ICs U1 U8 or later until
failed ICs are found therein. In either case, the failed ICs can be
repaired  by using the backup DRAM IC. Second, if the repairable memory
module is constructed  



with packaged memory ICs. This can save some manufacturing cost since the
memory -14- modules need not to be mounted with the extra backup DRAM IC.
Third, the use of the  backup DRAM IC to repair the failed ones is very
convenient to carry out by the techni- cians. Fourth, if no failed ICs are
found before shipment, the layout area for the backup  DRAM IC can be
reserved until later in use any failed ICs are found. Until then, a backup
5 DRAM IC is mounted to repair the failed ICs in the failed module. Fifth,
in module test- ing, the repairable memory module can be arranged in an
array, allowing the test to be  performed concurrently on a number of
modules. This can significantly increase the effi- ciency of the testing.
The invention has been described using exemplary preferred embodiments.
How- 10 ever, it is to be understood that the scope of the invention is not
limited to the disclosed  embodiments. On the contrary, it is intended to
cover various modifications and similar  arrangements. The scope of the
claims, therefore, should be accorded the broadest inter- pretation so as
to encompass all such modifications and similar arrangements. 15 -15-
CLAIMS What is claimed is: 1. A repairable memory module, comprising:  a
printed circuit board; 5 a plurality of regular memory ICs mounted on said
printed circuit board; at least one backup memory IC selectively mounted on
said printed circuit board  



when required, said backup memory IC being used to repair any failed one of
said regular  memory ICs; a module I/O bus having a plurality of I/O pins
for said memory module; 10 a number of UO jumping-pad units, each 110
jumping-pad unit being associated  with one of said regular memory ICs,
each UO jumping-pad unit being arranged into at  least three rows of
jumping pads with the number of jumping pads in each row being  equal to
the number of 1/0 pins on the associated memory IC; and at least one CAS
jumping-pad unit associated with said backup memory IC, said  15 CAS
jumping-pad unit being arranged into at least two rows of jumping pads with
the  number of jumping pads in each row being equal to the number of CAS
pins on said  module I/O bus; wherein  in each of said 1/0 jumping-pad
units, the first row of jumping pads are connected  20 respectively to the
I/O pins on the associated one of said regular memory ICs; the second row
of jumping pads are connected respectively to the corresponding UO pins on
the  module I/O bus; and the third row of jumping pads are connected
respectively to the I/O  pins on the backup memory IC; -16- wherein in said
CAS jumping-pad unit, the first row of jumping pads are connected to-
gether to the CAS pin on the backup memory IC; and the second row of
jumping pads are  connected respectively to the corresponding CAS pins on
the module I/O bus; and 



5 wherein provided that all of the regular memory ICs are OK, the first row
of jumping pads  in each of said 1/0 jumping-pad units are short-circuited
to the second row of jumping  pads in the same; and provided that at least
one of the regular memory ICs is a failed one, those jumping  10 pads in
the second row of jumping pads that are associated with the failed UO pins
on the  failed memory IC are short-circuited to the corresponding jumping
pads in the third row;  those jumping pads in the first row of jumping pads
that are associated with the unfailed  I/O pins on the regular memory ICs
are short-circuited to the corresponding jumping pads  in the second row;
and those jumping pads in the first row of the CAS jumping-pad unit 15 that
are associated with the failed memory ICs are short-circuited to the
corresponding  jumping pads in the second row. 2. The memory module of
claim 1, wherein said regular memory ICs and said  backup memory IC are
mounted on the printed circuit board in packaged form. 3. The memory module
of claim 1, wherein said regular memory ICs and said  20 backup memory IC
are mounted on the printed circuit board by chip-on-board. 4. The memory
module of claim 1, wherein said regular memory ICs are mounted on  said
printed circuit board by chip-on-board while the backup memory IC is
mounted on  said printed circuit board in packaged form. -17- 5. The memory
module of claim 1, wherein the short-circuited connections are real- ized
by using a set of zero-ohm resistors. 6. The memory module of claim 1,
wherein the short-circuited connections are real- 



ized by using a set of jumpers. 5 7. A method for use on a memory module
having an array of regular .memory ICs  and a module 1/0 bus associated
with the regular memory ICs for repairing at least one  failed one of the
regular memory ICs in the memory module, said method comprising the  steps
of. (1) providing a backup memory IC of the same type as the regular memory
ICs;  10 (2) short-circuiting the failed I/O pins on the failed memory IC
to the corre- sponding UO pins on the backup memory IC; (3)
short-circuiting the unfailed 1/0 pins on the regular memory ICs to the
corre- sponding I/O pins on the module 1/0 bus; and (4) short-circuiting
the CAS pin on the backup memory IC to the corresponding  15 CAS pins on
the module 1/0 bus that are associated with the failed memory IC. 8. The
method of claim 7, further comprising the steps of: providing a number of
I/O jumping-pad units, each 1/0 jumping-pad unit being  associated with one
of said regular memory ICs, each I/O jumping-pad unit being ar- ranged into
at least three rows of jumping pads with the number of jumping pads in each
20 row being equal to the number of I/O pins on the associated memory IC;
in each of said  I/O jumping-pad units, the first row of jumping pads being
connected respectively to the  UO pins on the associated one of said
regular memory ICs; the second row of jumping  pads being connected
respectively to the corresponding 1/0 pins on the module I/O bus; -18- and
the third row of jumping pads being connected respectively to the I/O pins
on the  backup memory IC; and 



providing at least one set of CAS jumping pads associated with said backup
memory IC, said CAS jumping-pad unit being arranged into at least two rows
of jumping  5 pads with the number of jumping pads in each row being equal
to the number of CAS pins on said module 110 bus; in said CAS jumping-pad
unit, the first row of jumping pads  being connected together to the CAS
pin on the backup memory IC; and the second row  of jumping pads being
connected respectively to the corresponding CAS pins on the  module I/O
bus. 10 9. The memory module of claim 8, wherein the short-circuited
connections are real- ized by mounting a set of zero-ohm resistors
respectively on the short-circuited pairs of  the jumping pads. 10. The
memory module of claim 8, wherein the short-circuited connections are real-
ized by mounting a set of jumpers respectively on the short-circuited pairs
of the jumping  15 pads. 


