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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-
signed for use with a 32-bit Pentium microprocessor on a personal computer. The DRAM
mc_jdule includes an array of eight IMx4 DRAM ICs which are used together to constitute
a IMx32 SIMM (Single In—l_ine 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
U1-U8 on a printed circuit board (PCB). The /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

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

check for any failed nenory ICs in the
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conventional nethod for repairing the failed I'C i's sinply to di snmount the
failed 1C 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 show ng
the procedural steps involved in a conventional nodule testing process to
check for any failed I1Cs in the nodules. As shown, if a mem 5 ory nodul e
is OK, it is then ready for shipnment to the custoner; otherwi se, the failed
menory ICin the menory nodul e is disnmounted and then replaced with a new,
good one. These two steps are collectiyely referred to a rework process,
which is usually quite |[|aborious and thus cost-ineffective to carry out. A
conventional nethod for manufacturing | owcost nenory nodules is to use the
10 so-call ed chip-on-board (COB) technique. However, in a nmenory nodul e

based on thetheg@plgéerdq@wﬁ]e& h i rmwork .for .the failed ]Cs is
difficult to carry out even %ééy’f’%roéggﬁé' Té’ésprs?ml%f”f)gﬁﬂtﬂi)‘gevﬁﬁp‘ﬁiqé‘lfl‘? lagprigys to
encapsul ati ogaf g repair work would be extrenely difficult to carry out.
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memory IC in the memory module is dismounted and then replaced with a new, good

one. These two éteps 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 modaules 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 objeétive 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.



" In“accordance with the foregoi ng and ot her objectives of the present

invention, a repairable nenory nodule and a nethod of repairing nmenory
nodul es are provided. -3- The repairable nenory nodul e of the invention
includes the following constitu- ent elenents: (a) a printed circuit board;
(b) a plurality of regular nenory ICs nounted on said printed circuit

board; 5 (c) at |east one backup nenory |IC selectively nounted on said
printed circuit board when required,. said backup nmenory |IC being used to
repair any failed one of said regular-penory 1Cs; (d) a nodule 1/0 bus
having a plurality of 1/O pins for said nenory nodule; (e) a nunber of UO

j unpi ng-pad units, each 1/0O junping-pad unit being associ- 10 ated with one
of said regular nenory ICs, each |I/O junping-pad unit being arranged into
at least three rows of junping pads with the nunber of junping pads in each
row being equal to the nunmber of 1/O pins on the associated nenory |IC, and
(f) at |east one CAS junping- pad unit associ ated with said backup nmenory

I C, said CAS junpnﬁg. Abid r ed inta | east two rows of
j umpi ng pads with e?ﬁe mr}h ju%rr%ﬁﬁgmﬁgﬂéon ‘Halé%‘*éﬁﬁfi SHowEigpnetifual t o
t he nunber ofﬂ@%ﬁhﬁh@s on said nDduIe 1/0 bus; Moreover, in each of said

| /O junpi ng-pad units, the flrst row of junping pads are connected

respectively to t g)dé u? ﬁ ge associ at ed one of said regular nmenory
I Cs; the second 3 ds are connected respectively to the

cor r espondi ng |/(E§£ ns ag qg,@aggnndule |/ O bus; and the third row of
j unpi ng pads are COnhett i & memary IGsgnounted 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 /O bus having a plurality of I/O pins for said memory module;

(e) a number of /O 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 ea;:h row being
equal to the number of I/O pins on the associated memory IC; and

(D) at least one CAS jumpipg-pad unit associated with said backup memory IC,
said CAS jumping-pad unit being arranged into at least two rows of Jjumping pads with

15  the number of jumping pads in each row being equal to the number of CAS pins on said
module I/O bus;

Moreover, in each of said I/O Jjumping-pad units, the first rov&-/ of jumping pads are
connected respectively to the /O p1ns 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  onthe modu}e 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



theé 1/0 pins on the backup menory IC. And in said CAS-junping-pad unit, the
first row of junping pads are connected together to the CAS pin on the
backup nenory 1C, and -4- the second row of junping pads are connected
respectively to the corresponding CAS pins on the nodule UO bus. Through
the nodul e testing process, provided that all of the regular nenory ICs
are OK, the first row of junping pads in each of said UO junping-pad units
are short- 5 circuited to the second row of junping pads in the sang;
whereas provided that at |east one of the regular nmenory ICs is a failed
one, those junping pads in the second row of junping pads that are
associated with the failed UO pins on the failed nenory IC are
short-circuited to the corresponding junping pads in the third row, those
junping pads in the first row of junping pads that are associated with the

unfailed I/ O fhenscena r nmenory I Cs are short-circuited to the
correspondi ng junpind%gggg%l h%ﬂg%gggbﬁﬁm%ﬁﬁk“%HH“V?%BEgwﬁ@ﬁﬁﬂm@dpgdéﬁsn
the first rowiafof he léwwmhyg-pad unit that are associated with the
failed menory 1Cs are short-circuited to the corresponding junping pads in
the sec- ond row. %ﬁﬁhgus qthet enbodi nents, the regular nenory I Cs and
sai d backup menory 1 odul {SSHiRERFORRTS:tRTRViAtd etcall of the wégulab @@entbry ICs
packaged for ternatively, said regular nenory ICs and said backup
menory | C ar reTar fr:r?ul%ﬁ lé?i%{)sﬁ r?‘ﬁé’?gﬁ/mmp%aadﬁ ipgach obwid HO jbypingipd anith errdorrand
stiII_aIt%rna§%¥§k%' ﬁaid regular menory 1Cs are nmounted on said printed
circuit boardBYE fopt-BﬁQCBB‘éFQi” fhivmpingeads i the pamenwhiereds Grovad UM £ Fe
said printed circuit board in packaged form 20 Moreover, the

short - ci r cui t%§ % SifriegtiromemerilGsds » aileil pee) thyse dirhping paksi il GhseSEikd R of

jumping pads that are associated with the failed I/0 pins on the failed hemow 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 .a:e 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 Jjumping 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 Jjumping pads.



- zero-ohmresistors or a set of junpers which are nounted respectively on
the short- circuited pairs of the junping pads. -5- The nmaxi mumrepair
capacity of the foregoing. repairable nenory nodul e of the invention, i.e.,
t he maxi mum nunber of failed 1Cs in the nodule that can be repaired, is
equal to the nunber of the 1/0 pins of the backup nenory IC. |n another
aspect, the invention provides a nethod for repairing nenory nodules. 5
Specifically, this method is utilized on a nenory nodul e having an array of
regular nenory ICs and a nodule 1/0 bug-associated with the regular nenory
ICs for repairing at |east one failed one of the regular nenory ICs. The
nmet hod of the invention includes the follow ng procedural steps of: (1)
provi ding a backup nmenory 1 C of the sane type as the regular nenory I|Cs;

10 (2) short-circuiting the failed 1/0 pins on the failed nmenory ICto the

corre- sponding IfQ i n_the bacﬁg ry.1G SQFshort-circuiting the
unfailed 1/0 pins on t glu}r%leré: T afePRe &)}H%a%geg%lngtrﬁ@gr@ M Fidrlsp IO pi ns
on the nodul g,l{Q,bus; . and ﬁﬁ short-circuiting the CAS pin on the backup
mmwl@ﬁ#ﬁ%ﬁ&%ﬁ “%%é%%ﬁﬁ%mwwmwmmmmame
associ ated w g‘thﬁ fai.l ed ry 1C. For the realization of the
short-cir cu;,\Atqﬁal 84 %Iélg‘?tiebﬂgtgg%é’x’ﬂﬁeqfﬁ]%b@kﬂptfﬂ@mrvﬁ@l udes the follow ng
rocedural steps: proyiding a nunber of 1/0 junping-pad units, each 1/0
j unpi ng- pad unit ‘BENMYET 2RECH theipuention providara iethed ifat repairingamemeyarioduless,
ceach 1/0_junping-pad unit being ar- 20 ranged into at |east three rows of
junpi ng pads REF ally, thig meshed f utjlizaghionp pamieryi module thaving an array of regular
| y gu
memory ICs and a module I/O 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 I/O pins on the failed memory IC to the corre-
sponding /0O pins on the backup memory IC;
(3) short-circuiting the unfailed I/O pins on the regular memory ICs to the corre-
sponding I/O 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 I/O 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 /O jumping-pad units, each I/O Jumping-pad unit being
associated with one of said regular memory ICs, each I/O 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 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

I/O pins on the associated one of said regular memory ICs; the second row of jumping



‘row bei ng equal to"the nunber of 1/0 pins on the associated nmenory - IC, in
each of said 1/0 junping-pad units, the first row of junping pads being
connected respectively to the 1/0 pins on the associ ated one of said
regular nmenmory |1Cs; the second row of junping -6- pads being connected
respectively to the corresponding 1/0 pins on the nodule UO bus; and the
third row of junping pads being connected respectively to the 1/0 pins on
the backup nenory IC, and providing at | east one set of CAS junping pads
associated with said backup 5 nenory l&, said CAS junping-pad unit being
arranged into at least two rows of junping pads with the nunber of junping
pads in each row being equal to the nunber of CAS pins on said nodule UO
bus; in said CAS junping-pad unit, the first row of junping pads being
connected together to the CAS pin on the backup nenory I C, and the second

row of junpi ads bei ng connected respectively to the correspondi ng CAS
pi ns on the paggb%ﬁ%ﬁ?ré“ef’?e%r‘ifﬂg".“vﬁ)’éfrt%(S‘%Fé%o,”e%H‘?éd@& t pies pw thetraetiudoHOdat] ons

can be realizgg b¥.either using a set of zero-ohmresistors or a set of
j unpers whi ¢t he g ol uepHEcRady Seipe epnnchied sespectivelyito dhs I/6cpipabn sheof t he
j unpi ng pads. The maxi numrepair capacity of the foregoing re- pairable
menory nodul clgp mefmorydGesad on, i.e., the maxi mum nunber of failed ICs in
the 15 nodule that can be repaired, is equal to the nunber of the I/O pins
of the backup ne®ryding @t 18RI e BESCRTAT|j@hbiek paRAWsbEREd WAt B Hatiap, can
be nore fully understood by reading the follow ng detailed de- 20 scription
of the pPef anemeetydGpuil GBR{enping-phd nef BiGNGRnSRKA!R 1AW GENTBEMpRE dr aw

pads with the number of Jjumping pads in each row being equal to the number of CAS

pins on said quule I/O 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 thé 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 /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;



“i'ngs, wherein: FIG"1 is a schematic diagram of a-conventional- DRAM nodul e
which is de- signed for use with a 32-bit Pentium m croprocessor on a PC
-7: FIG 2.shows a schematic top view of the conventional DRAM nodul e of
FIG 1 when assenbled; FIG 3 is a flow diagram show ng the procedural
steps involved in a conventional nethod for repairing a conventional DRAM
nodule; 5 FIG 4 is a schematic diagram showi ng vari ous constituent parts
of the repairable DRAM nodule of the invention; FIG 5 shows a schematic
top view of the DRAM nodule of FIG 4 when assem bled; and FIG 6 shows an
array of repairable DRAM nodul e of the invention that are ar- 10 ranged
together on a printed circuit board for chip-probe testing. DETAI LED

DESCRI PTI ON OF PREFERRED EMBODI MENTS As described in the background section
of this specification, a nenory nodule is constructed by form ng an array
of menory 1Cs (whla.ﬁg fre herejnafter referred to as the 15 "regular nenory
| Cs") on a printed i WS 3s5hameatic perpyiew i ghestonyeatjenal BRxMiryodale dfEGTRMOr Y
nodul e is the,sum of these regular nenory ICs. In accordance with the

i nven- tion, ™ N psg@blegne additi onal menory | C (hereinafter referred to as
"backup nenory IC'? I's incorporated in the nenory nodule. \Wen any one of
the .regul ar menor G.@&is arilophdiagramdhbwing shef rocedurtabstg® ihilveadn atcBHvécnﬂgxlla?d IC
can be repaired by using the backup nenory 20 ICin a predeterm ned manner
whi ch wi | | bBethed &riteeairinga chatventional DRAMEmb@14; 0Wi Ng.

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 (hereinafier 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  ICin a predetermined manner which will be described in details in the following.
If the module is based on an array of packaged ﬁemow 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



If the nodule i's based on an array of packaged nenory I Cs, the backup
menory | C needs not to be nounted on the PCB until it is necessary to do
any repairs. If the nod- ule is based on the chip-on-board (COB) structure,
t he backup nmenmory 1 C can be either -8- nounted along with the regular
menory ICs on the :circuit board in the manufacturing stage, or
alternatively supplied in packaged formwhich is to be nounted onto a
reserved area on the nodule at a later tine when it is necessary to do any
repairs. Fundanentally, when any fail edaenory ICs are found in the nodul e,
a set of 5 zero-ohmresistors (junpers) are used to short-circuit a
sel ected nunber of paired junp= ing pads provided on the PCB to thereby
redirect the connections to the 1/0 (input/output) and CAS (col um-address
strobe) pins on the failed nenory IC instead to the sane nom nal pins on
t he backup rrermr¥ |C. Preferred enbodi nents of the invention in ac-
cordance wit FPQURfed dengcwish ther wgdias memsndlQsrort fhe cfrolil Bdurd‘% metxlf?ar{uﬁicﬁ{n%@ce to
FIG. 4 10 through 6. FIG 4 is a schematic diagram show ng five

constituent [HEEE.LT altempiécly supblediapagkagabiond which(idlo bd ﬁbunt§@nt%gg%58%9a( €.

of the repairable nmenory nodul e of the invention; whil

schematic toﬁfﬁalw\ﬁh@hodhheatraamtﬁmbh‘ﬂexﬂﬁliﬁ}[e}fesgl}?%&’oM@ sembled. In this
enbodi ment, the nmenory nodul e has a nomi nal capacity o 32 which is con

15 structed by f oFandagheanllarwioh f&l 49@%& ich serve
as the regu- lar nmenory IC%) andﬂigne gg;élfltql%’nIa AX%IQA I@i‘i@h(%\ﬁﬁté’
serve as % hezéraiblhupres@ie e%) -ard Bsell Itcgi‘sho‘rllz cu(cﬁx)t age%ﬁ?({lat e@er‘% ; gglg%il_ ngé/ 0

bus; (b) designates a n 110
J18-J25, J27ink3hdé pravidad 6n ¥h9 1245:) ﬁﬁﬁgel;y reqcirec{l &ce; Eonlrllcagnorx)lls Posthg Ir}O (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 follo;Jving with refer.ence to FIGs. 4

10  through 6. |
FIG. 4 is a schematic diagram showing five constituent parts, réspectively 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 1Mx32 which is con-
15 structed by forming an array of eight IMx4 DRAM ICs U1-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 I/O bus; (b) designates a number of /O Jjump-
ing-pad units J0-J7, J9-J16, J 18-J25, J27-134 that are to be used to connect I/O pins on
© 20  the working DRAM chips U1-U8 to the I/O pins on the module /O bus; (c) designafes 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 I/O bus:



20" t he wor ki ng “DRAM chi ps U - U8 to "t he"1/0 pins on the nodule 1/0 bus: (c)

desi gnates a CAS junping-pad unit JP1 that is to be used.to connect the CAS
(colum address strobe) pin on the backup menory chip to the correspondi ng
CAS pins on the nodule 1/0 bus; -9- (d) designates the eight regular DRAM

| Cs Ul-U8; and (e) designates the backup DRAM |1C U9. Moreover, as shown in
FIG 5, each of the regular DRAM I Cs Ul-U8 is associ- ated with three

j unpi ng- pad rows 510, 520, 530, each row having four junping pads. 5 These
t hree junpi ng-pad rows 510, 520, 530 arg inplenmented by using the 1/0
junmping pad units JO-J7, J9-J16, J18-J25, J27-J34. If the 1M32 nodule is
alternatively formed by wusing two 1Mk16 DRAM | Cs, each of the row should
have 16 junpi ng pads which cor- respond to 16 UO pins on the nodule I/0O
bus. As shown in FIG 4 (b), the first row of junping pads 510 are
connected respec- 10 Lively to the 1/0 pins on the associ ated ones of the
regul ar DRAMd)@ssigtiattdBhe Bight regelan DRRAS] ICs@F1-UBieantli(€)Stesipe@es! the bdoRAVDREMIL,

the associated four junping pads in the first row 510 are connected
respectivel yIC@wo he RDO- RD3 pins on the DRAMIC Ul; the associated four
junping pads in the second row 520 are connected respectively to the

DQO- DB pins on Mugedver uh ghokirPinbiis, 5288h b teasans BRAN faUr 1 ugnphLag pads
in the third row 530 are 15 connected respectively to the SPO SP3 pins on

the backup DERYWifkh #ee fultpideifaddohe510) £9Us36, W&m@h&%g%ilﬁnﬁﬁnggﬁ?sé

associ ated junping pads are connected in a si _
tosting on AL ERhR0  Bd e BRI T 0 S el @R it he VAW RDE O
DRAM 1 C W9 i %acf1 o s(.:lb-%%,e B-J\%,t Jq 85‘29, ijll-?ﬂ ?ﬂf)g ?Iglx3£ r%\gﬁulgffsodltel'SnSatq{/ely fonﬁed by
using two 1Mx16 DRAM ICs, each of the row should have 16 jumping pads which cor-
rpspond to 16 I/O pins on the module I/O bus.
As shown in FIG. 4 (b), the first row of jumping pads 510 are connected respec-
10 tively to the I/O pins on the associated ones of the regular DRAM ICs U1-U8. For exam-
ple, for the first regular DRAM IC Ul, the associated four jumping pads in the first row
510 are connected respectively to the RD0-RD3 pins on the DRAM IC Ul; the associated
four jumping pads in the second row 520 are connected respectively to the DQ0-DQ3
pins on the module I/O 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)



““20" éach i'ow havi ng four junping pads. These two junping-pad rows 540, 550

are inple- nented by using the CAS junping-pad unit JP1. As showmn in FIG 4
(c), the junping pads in the top row 540 (2, 4, 6, 8 on JP1l) are connected
together to the CAS pin on the backup DRAMIC W9; while the junping pads
in the bottomrow 550 (1, 3, 5, 7 on JP1) -10- ;r. are connected to various
col um- address strobe pins on the regular DRAMICs Ul -U3 as given in the
following Table 1. Table 1: Junping Pad DRAMIC 1 (JPI) CASO (Ul & U3) 3
(JP1) CASs (U5 & U7) 5 (JPI) CAS2 (U2q18-W4) 7 (JP1l) CAS3 (U & U8) 5
After the nodule is assenbl ed, the subsequent step is to performa nodul e
testing process ti6"theck for any failed ICs in the nodule. If all of the
regular DRAMICs U-U8 in the nodule are OK (no failed one is found), a
nunber of zero-ohmresistors or junpers are used to short-circuit the
junping 10 Hagsnneated fevarious colnmmwaBdrssrserapeging stethy régdladk MVI@WO@‘QE@Q

ones in the second row 520 for all of the regular DRAM I Cs Ul-U3, but the
two rows of Bilempindbe felldwirgdipleS50 associ - ated with the backup DRAM | C U9
are not short-circuited by zero-ohmresistors (i.e., all of the paired
junping pads in JP1 shown in FIG 4 (c) remain open-circuited). This

Table 1:

Jumping Pad DRAM IC

1 (JP1) CASO (U1 & U3)

3 (JP1) cast (U5 & U7)

S (JP1) cAs2 (U2 & U4)

7 (JP1) CAS3 (U6 & U8)

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 U1-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 (¢) remain open-circuited). This
causes the first and second jumping pads in each of the /O jumping-pad units JO-J7, J9-
15 J16, J18-125, J27-J34 to be short-circuited. For the first regular DRAM ICs U1, the
| mounting of the zero-ohm resistors causes the RDO-RD3 pins on the first régular DRAM

IC Ul to be short-circuitgd respectively to the DQO-DQ3 pins on the module /O bus. For



" calses the first and second junping pads i'n“each ofthe 1/0-junpi-ng-pad-

units JO-J7, J9 15 J16, J18-J25, J27-J34 to be short-circuited. For the
figst regular DRAMICs U, the nounting of the zero-ohmresistors causes
the RDO-RD3 pins on the first regular DRAM 1 C Ul to be short-circuited
respectively to the DQO- D@ pins on the nodul e UO bus. For -11- the other
regular DRAM | Cs U2-U8, the short-circuited connections are carried out in
a simlar manner. If the nodule is based on the COB structure, the backup
DRAM | C needs not be nmounted at the time of manufacture until any failed
chips are found in-the nodule. If the 5 nodule is based on packaged DRAM
| Cs, the |layout area reserved for the backup DRAM |C can be left
unoccupi ed until any failed chips are found in the nodule. On the other

hand, if thetH¥oimreediddrSRAQ dRe ing. ning.that at.|least one

of the regul ar DRAMTCs UL- U8R?%§§% ail e?}?ﬁ(ﬁ%gg%lggﬁg%mﬁgﬁw Pt 579 94t ha used
to re- pair Lifglafablgd 1C. The repair work involved is to nount a set of
zero-ohmresistors on 10 selected pairs of the junping pads so as to

redirect the conn ' o .t he 1/ ' and col - address _strobe pin on
the failed IC i ns?g%éd%tgg‘”% R asehen &‘8%‘2%5“‘&“%{% ‘g?ng"gﬂép DM d6 morgswot b U9.
Specifically,. he.repair. work, a first set of zerg-ohmresistors are
used to shorts {é]{&F{l: i e '?' ﬁ’g c]fﬁ?ﬁ')‘flﬁ{jmbea‘ﬁg‘l ARy ?aﬂéd chipsotel fouad) in the meduds: [the d

with the fail&ﬂ L C respectjvely to the corresponding ones in the third row
G I hieE ok

530: t hert f of® ckaged ARAM IGs, thelayaut area tesgrved fasitim bagkursDRAM ar e

used to shori-ci I’Cﬁi the junping pads in the first row 510 respectively
to the corre Crgtt Brresunied yd anefadedichipsare fond mrtlie modele- ver, for the
backup DRAMIC W9, a third set of zero-ohmresistors are used to short-
circuit the junpi Q’gﬂ}@mr hend, iighdwoddefailowe B0 theassting,trhesging thad at lR&st one
correspondi ng ones in _
of the regular DRAM ICs U1-US8 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 /O 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 U1-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



top row of 540 (as the connect i ons given'in Table 1). 20 In the foregoing
exanpl e, the backup DRAMIC U9 is used to repair one failed IC in the
regular DRAM I Cs U -U8 only. However, the repair capability of the
repairable nmenory nodule of the invention is not limted to this. It can
be used to repair a maxi- mumof four failed ICs in the nodul e.
Fundanental |y, the maximumrepair capacity of -12- the repairable nenory
nodul e of the invention, i.e., the maxi mum nunber of failed 1Cs in the
modul e that can be repaired, is equal to2the nunber of the 1/0 pins of the
backup nenory I1C. Two exanples of such a repair work are respectively
given in Tables 2 and 3. S Table 2 Failed IC Failed I/O U -U8 Junper j W9
Junmper Ul R g%) H})ISPO (JO CASOHCAS Ul RD1 DQL H SP1 (J1) CASO H CAS
UL RD2 D@ H Yr2ple ASDI n@AiSle dfthdRAPeddQR, i Tabl e
3 Failed IC F%Bg%/? ghl 1-18 Junper U9 Jurrptl;ér SE@MR%%”E@%%& §§§C@§§é§s CASO
H CAS Ul RD3 uleSPht dad B¢ r {Sgal—!; SP2 (J4) CASO H
CAS U3 RD7 DO7 H SP3 (J7) CASO% &l toRe %Mthe /O pins o the backup

memory IC. Two examples of SUCh a repair work are respectively given in Tables 2 and

3.
5
Table 2
Failed IC | Failed I/0O U‘i-U8 Jumper | U9 Jumper
U1 RDO DQO <SP0 (J0) | -CASO <> CAs
U1 RDI DQl & SP1 (J1) CAS0 < Cas
U1 'RD2 DQ2 & SP2 (J2) CASO < CAS
Ut [Rrp3 |DQ3 & sP3 (03) CAS0 <> CAS
Table 3 B
Failed IC | Failed I/O U1-U8 Jumper U9 Jumper
U1 RDO DQO & SPO (J0) CAS0 <> CAS
U1 RD3 DQ3 & SP1 (J3) CAS0 <> CAS
u3 RD4 DQ4 < SP2 (J4) CAS0 <> CAS
us RD7 DQ7SP3 (J7) | CASO < Cas




-13- Beside the connections shown in Tables 2 and 3, -t-he junpi ng pads in
the first row 510 that are associated with the unfailed I/O pins. on the
unfailed I Cs are connected re- spectively to the corresponding ones in the
second row 520. In the case of Table 3, the wunfailed I/O pins on the
unfailed ones of the regular DRAM I Cs Ul-U8 are connected as 5 follows: the
first and second junping pads on the respective UO junping-pad units J1,

J2, J5, J6, J9-J16, J18-J25, J27-J34 are short-circuited to each other
and noreover, the sec- and and third jrgi ng pads on the 1/O junping-pad
units JO J3, J4, J7 are also short- circuited to each other. The
repairabl e nmenory nodul e of the invention can be arranged in an array, as

10 shown in FIG 6BesfRthCtnRadp: sting. Jhis allows the testing to be
performed concur- rently on a 1%&%%’8&&6? Ir%%ﬁﬁﬁ @?.3’%JP’é‘§t“gtH§éS In/ti@g pishewand

the col um- adnass St ' he probe can touch on the first row of
junpi ng pads 510 assoc%iggtagtgh\?\‘ﬁﬁ tihhtk? He aﬂﬁgﬁ?ﬁnmfm ueiiled ICBarandntdezd réd r st

row of junpi ¥e) ssociated with the backup DRAMIC W9. To test the
ad 15 dress %? %s@glrs{déég%g?mé%%’?%lonﬁf Hsthe secong reyn §2@.dn the cash of Mablpad she

associated w . [.O pins on the module 1/0O bus. Alternatively, these
addr ess pins Jg%éfegg/rﬁ P'8§ Ong}ﬁémg%l‘ﬁd pres o therrggiardRAMKIGSHT BUS ard dv@nédiiRisNg
pads for gon\églﬂgvgngg'\tfesti Qg I n. concl usion, the repairable nmenory nodul e of
the invenfion has Bptn WPWPIMﬁngesesw@iVeﬂmuﬂ@i@rpa@mts Rigst, if
t he repai rabljg’t]geggﬁ%nrmdul e is based on COB 20 structure, the backug DRAM
| C can be mourt'€d”’al On gl 825hIA7H84 raegyshostreitomend tb @achlbthddBal mbRLEL, %&QYSLJ-
failed I Cs are fou?d, therein. In either case, the failed ICs can be
repaired by pd |aﬂ‘b fNﬁ’eﬂUﬁ’di’dlﬂeupidE)Iéllkl\‘/hd 0 jEmpingchad ivhitd I y8epairs ghl AsJTRIRrY
~nmodul e is constructed

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 tﬁe 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-US8 and the
first row of Jumping pads 540 associated with the backub DRAM IC U9. To test the ad-

15  dress pins and other control pins, the probe can touch the pads associated with the /O
pins on the module /O bus. Alteratively, 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 Ul-

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



wi th packaged nenory | Cs. This can save sé6ire “rmantif-act:uri-ng costsi nce the
menory -14- nodul es need not to be nounted with the extra backup DRAM | C.
Third, the use of the backup DRAMIC to repair the failed ones is very
convenient to carry out by the techni- cians. Fourth, if no failed ICs are
found before shipnent, the |ayout area for the backup DRAM I C can be
reserved until later in use any failed ICs are found. Until then, a backup
5 DRAMIC is nmounted to repair the failed 1Cs in the failed nodule. Fifth,
in nodule test- ing, the repairable nemgry nodul e can be arranged in an
array, allowng the test to be perforned concurrently on a nunber of

nodul es. This can significantly increase the effi- ciency of the testing.
The invention has been described using exenplary preferred enbodi nents.
How 10 ever, it is to be understood that the scope of the invention is not
limted to the disclosed enbodinents. On the contrary, it is intended to
cover variou Lfications and sim./|ar arrangenents. The scope of the
clains, ther g}og‘r]fey,s fng a‘grllj tgo Eeemz%’&tS dah theextigrbagkipPRAM K.-Thindethatusonf se as
to enconpassbﬁ&h ifications and simlar arrangenents. 15 -15-

CLAI M5B What 1S ¢lai sto repairghe E4lgd prasiie vers eomyenivotitol carry oonpy ihsite@ini. a
printed circuit Epard; 5 aplurality of regular nmenory I Cs nounted on said
printed circtps BHFHﬂfQ?ﬁP§Q§€SGﬁ owulchelqre whipment, HE Ispiueateh V& the BRIKAS €d ON
sai d printedD¥ircuit board _ _

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. F ifth, 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



" whéen requiréd; “sai d backup menory | C being used to repair any failed one of
said regular nenory ICs; a nodule |I/O bus having a plurality of 1/0O pins
fof said menory nodule; 10 a nunmber of UO junping-pad units, each 110
j unpi ng-pad unit being associated wth one of said regular nenory ICs,
each UO junping-pad unit being arranged into at |east three rows of
junping pads with the nunber of junping pads in each row being equal to
t he nunber of 1/0 pins on the associated nenory IC, and at | east one CAS
junpi ng-pad unit associated with said lyackup nmenory 1C, said 15 CAS
j unpi ng-pad unit being arranged into at |east two rows of junping pads with
the nunber of junping pads in each row being equal to the nunber of CAS
pins on said nodule I/O bus; wherein in each of said 1/0 junping-pad
units, the fCLafMSow of junping pads are connected 20 respectively to the
I/ O pins on the associated one of said regular nmenory 1Cs; the second row
of junping padat BRimanRected respectively to-the correspondi ng UO pins on
the nodule 1/0 bus; and the third row of junping pads are connected
respectivelyjto t j n e backup menory I1C, -16- wherein in said
CAS j unpi ng- pad uﬁ?%‘{a{r%ﬂee%ﬁlﬁgfm?%u\?\?’S?mi’%ﬁ‘r‘gﬁ:ng pads are connected to-

gether to the CAS gl he backup nenory I C, and the second row of
j unpi ng pads are @gﬂ%§§¥%ﬁg?g vectively to the correspondi ng CAS pins on

t he nodulse 1/ O buys;
| 5 Lﬁsplur%ﬁgl 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 I/O jumping-pad units, each /O jumping-pad unit being associated
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

at least one CAS jumping-pad unit asso.ciated 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 I/O jumping-pad units, the first row of Jumping pads are connected
20  respectively to the /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 on the

module I/O bus; and the third row of Jjumping pads are connected respectively to the I/O

pins on the backup memory IC;




5 herein provided that all of the regul ar menbry 1Cs are OK ~the first-row

of junping pads in each of said 1/0 junping-pad units are short-circuited
to,the second row of junping pads in the same; and provided that at | east
one of the regular nmenory 1Cs is a failed one, those junping 10 pads in
the second row of junping pads that are associated with the failed UO pins
on the failed nenory IC are short-circuited to the correspondi ng junping
pads in the third row, those junping pads in the first row of junping pads
that are associated with the unfailed-16£O pins on the regular nenory |Cs
are short-circuited to the corresponding junping pads in the second row,
and those junping pads in the first row of the CAS junping-pad unit 15 that
are associated with the failed nmenory I Cs are short-circuited to the
correspondi ng junBin% pads in the second row. 2. The nmenory nodul e of
claim1, wherein ¥378"regul ar nenory ICs and said backup nenory IC are
mounted on the printed circuit board in packaged form 3. The nenory nodul e
of claim1, wherelrsakhtASriegaingrpadwnits the Ifies rawchf Japing 2AdDaekisAndmiDiy | C
are nounted on the printed circuit board by chi p-on-board. 4. The nenory
modul e of cl &thAr 10 theekepin os dhebackguhemonyd@pind mmc@fd&owmﬁxﬁﬁkng gadssa?é d
printed circuit board by chip-on-board while the backup nenory 'S

mount ed on %ANertgstiespeetivaly foahé torfesmnding TASSio@Ede fRule 170 ¥as: Ang ThE Menory
modul e of claim 1, wherein the short-circuited connections aré real- ized

by using>a set ofwlreein- ohmresistors. 6. The nenory nmodule of claim1l
wherein the short-circuited connections are real -

provided that all of the regular memory ICs are OK, the first row of jumping pads
in each of said I/Q 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 /O 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
/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 fajled merﬁory ICs are short-circuited to the correéponding .
Jjumping 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.



‘ized by using a set of junpers. 5 7. A nethod for use ‘on a nenory: nodul e
having an array of regular .nmenory I1Cs and a nodule 1/0 bus associ at ed
wifh the regular nenory ICs for repairing at | east one failed one of the
regular nmenory 1Cs in the nmenory nodul e, said method conprising the steps
of . (1) providing a backup nenory IC of the sanme type as the regular nenory
I Cs; 10 (2) short-circuiting the failed 1/O pins on the failed nenory IC
to the corre- sponding UO pins on the backup nmenory 1C, (3)
short-circuiting the unfailed 1/0 pins1@n the regular nenory I1Cs to the
corre- sponding I/O pins on the nodule 1/0 bus; and (4) short-circuiting
the CAS pin on ithe-dpackup nenory I1C to the corresponding 15 CAS pins on
the nodule 1/0 bus that are associated with the failed nmenory I1C. 8. The
met hod of claim7, further conprising the steps of: providing a nunber of
| / O junpi ng- pad umhé¢ fenB FUDDI Ng-pad uni ei ng .associated with one
of said regular nenory | gaoédalgﬁfl&l% jpgyrr}%? eﬁ%ﬂl ﬁa?ho'{?'ﬁir?gﬁﬁgicﬂ’g’eatt‘QnSraém@eld into

at | east threedbgwsingh sbtWipiy ith the nunber of junping pads in each
20 row bei ng equal t% t he nungggloéﬂw%o pins on the associated nenory |G

in each of sgid i i d.uynits, the first row of junping pads being
connect ed respect Téﬁn&ﬁ&tﬁ}g) r@ﬁ%ﬁé‘%‘fﬁ% vgireih the st eirquited cenmectivis e wdal-
regul ar menogyg ﬁnépgﬂ%§cond row of junping pads being connected

e

respectively to orr espOHifng 1/0 pins on the module I/0 bus; -18- and

the third roy of j i n ads bei ng connected respectively to the I/0O pins
on the backlp rre}ﬁg.[lly ?%0? 4fgon a memory module having an array of regular ‘memory.ICs

and a module I/O 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 /O pins on the failed memory IC to the corre-
sponding I/O pins on the backup memory IC;
(3) short-circuiting the unfailed /O pins on the regular memory ICs to the corre-
sponding I/O 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 I/O bus that are associated with the failed memory IC.
8. The method of claim 7, further compn'sing the steps of:
providing a number of /O jumping-pad units, each /O Jjumping-pad unit being
associated with one of said regular memory ICs, each I/O jumping—pa.d 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 /O pins on the associated memory IC; in each of said
I/O jumping-pad units, the first row of ju;nping pads being connected respectively to the
/O pins on the associated one of said regular memory ICs; the second row of Jjumping

pads being connected respectively to the corresponding I/O pins on the module I/O bus:



providing at | east one set of CAS junping pads associated with said backup
menory | C, said CAS junping-pad unit being arranged into at | east two rows
of;jumping 5 pads with the nunber of junping pads in each row being equal
to the nunber of CAS pins on said nodule 110 bus; in said CAS junping-pad
unit, the first row of junping pads being connected together to the CAS
pin on the backup nmenory IC, and the second row of junping pads being
connected respectively to the corresponding CAS pins on the nodule I/0O
bus. 10 9. The nmenory nodul e of cl ai m-8-wherein the short-circuited
connections are real- ized by nmounting a set of zero-ohmresistors
respectively on'thé short-circuited pairs of the junping pads. 10. The
menory nodul e of claim8, wherein the short-circuited connections are real -
i zed by nDuntin% a set of junpers respectively on the short-circuited pairs
of the junpi 74 thsthiyddew of jumping pads being connected respectively to the I/O pins on the

backup memory IC; and
providing at least one set of CAS Jjumping 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 /O bus; in said CAS Jjumping-pad unit, the first row of Jjumping pads
being connected together to the CAS pin on the backup memory IC; and the second row
of jurhping pads béing conﬁected respectively to the corresponding CAS pins on the
module I/O bus.

10 O 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 shc;rt-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.




