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BACKGROUND OF THE | NVENTION Fiel d of the Invention The present HAW¥Rti on
.generally relates to random access nenory (RAM assenblies and, nore
particularly, to dynam c redundancy for RAM assenblies using reduced
specification RAM chi ps where only bad celds or locations are replaced on a
real time basis rather than replacing an entire quadrant of a RAM chi p.
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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to random access memory (RAM)
assemblies and, more particularly, to dynamic redundancy for RAM assemblies using
reduced specification RAM chips where only bad cells or locations are replaced on a
real time basis rather than replacing an entire quadrant of 2 RAM chip.

Packground Description

In the manufacrure of dynamic random access memories (DRAMS), individual
chips are tested as part of the manufacturing process. Inevitably, some of the chips will
fail certain tests. Rather than simply discarding these chips, they are identified as
reduced specification memory (“yield loss"). DRAM chips are typically composed of a
plurality of banks of memory arrays, and if a failure occurred in, say, two banks of an
eight bank DRAM chip, the chip would be identified as a three qxiarter reduced
specification memory.

DRAM shortages, coupled with a never-ending suppiy of reduced specification
memory. drive the need to re-use reduced specification memory in computer
applications. Current industry practices are to utilize reduced specification DRAM
chips as "partally good" RAM chips, generally in the data dimension, and use

additional DRAM chips to replace defective bits. This technique, while making use of



pldrality of banks of menory arrays, and if a failure occurred in, say, two
banks of an ei ght bank DRAM chip, the chip would be identified as a three
quarter reduced specification nenory. DRAM shortages, coupled with a
never - endi ng supply of reduced specification nenory, drive the need to
re-use reduced specification nenory in copputer applications. Current

I ndustry practices are to utilize reduced specification DRAM chi ps as

"partially goodi,, B yg%taa'p&apsflﬁgsfeah} Y askdful i @2 AMOIhERWEH Biily @t nusre

addi ti onal M Chi s to replace defective bits. This technique, while
maki ng use of cellshad pill e dobvingradudod' trid prareerios ogpditisapd Jeviggstbsighay n-that a
RAM chip with ogng%()fr%nleadgr gggftcactgglcclus bad will be downgraded to a three

1
qu?{ter or one® 00k device, “Father than sinply replacing the defective
cel I s.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a way to more
effectively use reduced specification RAM chips in memory assemblies.

It is another object of the invention to provide 2 RAM assembly which
maximizes the use of reduced specification RAM chips.

According to the invention, an external m‘emox'y array is mapped to replace
defective memory locations on a real time basis. The major components in the
implementation of the invention are (1) a non-volatile storage device, (2) alogic device,
and (3) a volatile storage device. The non-volatile storage device, such as an
electronically programmable read only memory (EPROM), a electronically erasable and
programm;ble read only memory (EEPROM), or a flash memory chip, is used to retain
address information for all memory fails on a given assembly. In simpler
implementations, the use of specific combinations of RAM failure types can be used in
addition to a logic decode chip, with the raw card identifying to the decode chip the
failing address inforrnari;)n (via solder jumpers). The logic device is an application
specific integrated circuit (ASIC) or programmable logic device which contains the bit
steering logic and timing generation logic to redirect defective RAM addresses to an
alternate storage device for all read and write operations. The logic device can be
designed to include a non-volatile portion (e.g., flash memory). The volatile storage
device is a RAM array chat is used to replace failing address locations in the original
reduced specification memory. This array may be in the form a static random access
memory {SRAM) arrav or DRAM array. resident in the logic device described above.

The size of the device limits the amount of failing addresses that can be allowed in the



SUMVARY OF THE INVENTION It is therefore an object of the present invention
to provide a way to nore effectively use reduced specification RAMchips in
menory assenblies. It is another object of the invention to provide a RAM
assenbly which maxi m zes the use of reduced specificati on RAM chi ps.
According to the invention, an external meAory array is mapped to repl ace
defective nenory |locations on a real tinme basis. The nmajor conponents in

t he inpl enent at i reduced spedibcatiovarnémn are (1) a non-vol atile storage device,
(2) a logic device, and (3) a volatile storage device. The non-vol atile
storage device, such as am electronically programmble read only nenory
(EPROM), a electronically eBRIEFIDESCRIPTHODJOEMEDHDRAWAIGSNI Yy nenory
(EEPROVM), or a flash nmenory chip, is used to retain address information for
all nmenmory fails on a given assenbly. In sinpler inplenentations, the use

of specific conbinat !ﬂQSFOQ%O;@%foaiCL B!Sj&m@%?&&_aﬁ@ﬁﬁv@:ﬁz#?@@ﬂerbe&‘gdi tion to a
| ogi ¢ decode chip, with th aw card i'dentlifying to the decode chip the

failing address undérgpabfroro che(follevisppdedded dasaripeosdf 2 pRtferrddagibodideni afehd s an
application ) . i . :
invention with reference to the drawings, in which:
Figures IA, IB and IC are, respectively, front, side and back views ofa
4MX 32 SIMM DRAM assembly with dynamic redundancy on 4-bit boundaries
according to a preferred embodiment of the invention;

' Figure 2 1s a functional block diagram showing the relationship of the princple
components of the DRAM assembly shown in Figures IA, IB and IC;

Figure 3 is a block diagram showing in more detail the ASIC shown in Figure

Figure 4 is a memory map of the ASIC shown in Figure 2;

Figures SA and 5B are, respectively, front and back views of 2 4MX% 32 SIMM
DRAM assembly with dynamic redundancy on single bit boundaries according to a
preferred embodiment of the invention;

Figure 6 is a functional block diagram showing the relationship of the principle
componencs of the DRAM -a\ssembly shown in Figures 4A and 4B;

Figure 7 is a block diagram showing in more detail the ASJC shown in Figure
6

Figure 8 is a memory map of the ASIC shown in Figure 7;

Figures 9A to 9E are flow diagrams showing the process of RAM production,
assemblv and resting according to the invention; and

Figures 10A to 10C are flow diagrams showing the operation of the DRAM

assembly.



specific integrated circuit (ASIC) or programmabl e | ogic device which
contains the bit steering logic and timng generation logic to redirect
defective RAM addresses to an alternate storage device for all read and
wite operations. The |ogic device can be designed to include a

non-vol atile portion (e.g., flash nenory).4The volatile storage device is a
RAM array that is used to replace failing address | ocations in the original
reduced specificati on menobgTATLER DESCRYPTEON I ARPRBRERREDN a static random

access nmenory (SRAM array or_ DRA r esi| | | ogi ¢ device
descri bed- above. The size of EM%)IS{;@{E@@'%@%?%&E&V;&%@& of failing
addresses that can be allowed in the 3 reduced specification nenory.

BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her objects, aspects
and advant ages wi || Déhelpetfdred embodiments of the invenrion will now be described. In the

examples described, tradeoffs have been made to minimize the complexity of the logic
circuitry, as well as the EPROM size, in an effor to eliminace compacibiliy concerns of
the final assembly and maximize flexibility to accommodate emerging DRAM
functions (extended data out (EDO), burst EDO (BEDO), synchronous DRAM
(SDRAM)). Although the examples apply to a 72 pin single in-line memory module
(SIMM), the concepes described are easily extended to cover other assemblies and/or
daa widehs.

Referring now to the drawings, and more particularly to Figures 1A, IB and
IC, there is shown a 72 pin SIMM comprising a printed circuit board (PCB) I with a
plurality of electrical contacts I2 (72 in the example) along one edge. A plurality of
reduced specification DRAM chips 13, to 13, are mounted on the front of the PCB
I1. Mounted on the back of the PCB I1 ate an EPROM I4, and a logic circuic
implemented in an ASIC I5. A replacement array macro is incorporated into the ASIC
IS and is used to replace failing address locations in the DRAM chips. In the preferred
embodiment of the invention, the replacement array (SRAM or DRAM array) is
implemented in the ASIC. This improves performance by eliminating driver, receiver
and wiring delays.

Figure 2 shows the functional block diagram of the embodiment of Figures 1A,
IB and IC. This implementation uses X+ DRAM chips in one bank, five of the eight
chips being shown in the figure. The input to the ASIC IS are 32 bidirectional data
(DQ) lines, four from each of the DRAM chips 13, to I3, the address (ADDR), row

address strobe ( RAS ). column address strobe { CAS ), write enable ( WE ) power



understood fromthe follow ng detail ed description of a preferred

enbodi ment of the invention with reference to the drawi ngs, in which:
Figures 1A IB and IC are, respectively, front, side and back views of a 4M
X 32 SI MM DRAM assenbly with dynam c redundancy on 4-bit boundaries
according to a preferred enbodi ment of the invention; Figure 2 is a
functional bl ock diagram show ng the relationship of the principle

conmponents of the DRAM assenbly shown in Figures |A, 1B a - Figure 3 is
a bl ock di agr anestewd nkOK n) mestcand drearral Fﬁféog@*ae (éhé{)m“f ‘i%“ﬁ;ﬁfg‘tﬁe 2: Figure 4
is a menory map of the ASIC shown in Figure 2; Figures 5A and 5B are,

respectively, front and E?SC Ié%fﬁ%gf%&%ﬁn%%m%r%@%ﬁ%e assenhly i th

k
dynami ¢ redundancy oh'88i fab ari es according to a preferre

enbodi ment of t RRSAKENE kNaddFis gl 1LHRA b stc kaIBHeloF eiRadn Idadieis byliladsam showi ng
the relationship of the principle conponents of the DRAM asAsh%erly shown in
Fi gures 4A and @Bgent addressable memory (CAM) 21 with a 4-bit tag register. The CAM 1s

programined with up to sixteen failing addresses, and each failing address has a "valid"
flag bit and 3-bit chip identification (D). If the CAM 21 indicates a match between
the row address and one of the sixfeen location in the CAM, the CAM 21 outputs a
match signal on one of its sixteen match lines. In addition, the tag bits indicate (I) if
the match is valid, i.e., the address was set by the system during programming and is not
fust a match of random data, and (2) the 3-bit (one through eight binary) chip ID of
the failing chip, i.e., which location on the SIMM has the bad data at the specified row
address. The 3-bic chip ID is decoded by a 3-t0-8 decoder 23, the output of which is

an inverse output enable ( OF ) signal tha is active on a single one of eight output

lines. This OEF signal goes to one of the eight DRAM chips 13, to 134 (Figure 2) to

inhibit the output of that DRAM chip. The alctivated match line, qualified by the valid
match signal, is used as a select to one of the sixteen 2KX4 fast SRAM arrays 22. The
column address is used as an index into the selecred array for each column access that
occurs on a given row. The output of the sclected array s gated onto a larger
multiplexer, or switch 24, which connccts to any of the thirty-two data bits and replaces
the faulty DRAM read data with the correct data from the SRAM. A write operation
works exactly the same, except the dara flows inta the selected SRAM from the system.

The ASIC IS can be programmed to operate in two access (read)' modes. The
ficst modc is a fast page mode in which the ASIC drives I/O bit(s) starting at the fall of
the column address strobe (during reads) until the column address strobe rises. The

sccond mode is an cxtended data out (EDQY mode in which the ASIC drives I/O



Fi gjijre 7" is a block diagramshowing in nore detail the ASIC shown in Figure
6; Figure 8 is a nenory map of the ASIC shown in Figure 7; Figures 9A to 9E
are flow di agrams showi ng the process of RAM production, assenbly and
testing according to the invention; and Figures 10A to 10C are fl ow
di agrams showi ng the operation of the DRAMpassenbly. 4 DETAI LED
DESCRI PTI ON OF A PREFERRED EMBODI MENTS OF THE | NVENTI ON The preferred
enbodi ments of tHags) saremBhi B fAlli f kheliniaadétes ekdbd@ald cdntindel Gnetl Xigagaliin
descri bed, tradeoffs have been nmade to mnimze the conplexity of the logic
address strobe falls again or write enable falls.
Figure 4 shows the address map in the ASIC IS for 4-bit boundaries. This map
includes entries for defective addresses. There are multiple defective address entries, O
to 2N-1, where 2" is the total number of addresses of the memory chip. There are also
entries for defective RAM position, one entry per address. On a X32 SIMM, 0-7 if a
single bank STMM, and 0-IS if a double bank SIMM. Finally, there are entries for
ASIC replacement addresses, one entry per address and RAM position.
This first embodiment is implemented as X4 DRAMs in one bank. A two

bank implementation would have additional row address strobe lines wired from the

ASIC. An implementation using X8 DRAMs would have one output enable { OF )

per eight bits. This embodiment provides a low cost solution with certain tradeoffs.
Specifically, a failing cell, word line (WL) or bit line (BL) can be replaced, but only
across all DQs on a given DRAM cbip.

Figures SA and 5B show an ;\ltemative embodiment. As in the first
embodiment, the implementation is a 4MX 32 SIMM but the dynamic redundancy is
on single bit boundaries. This embodiment requires four bus switches 17, to 17, as
particularly shown in Figure SA.

Figure 6 shows the block dizgram of the second embodiment. This
embodiment allows substitution of an individual bit rather than a group of four bits.
Again, the problem 1s not on a write, where data can be written ro both the ASIC and
the DRAM, but on a read, where the ASIC and DRAM both trv to drive the system
bus, the ASIC with the correct data and the DRAM with thé incorrect data. In order to
isolate the ASIC and DRAM data drivers. some kind of switch 1s needed. However,
because a tvpical multiplexer that one weuld normally use incurs a delav of at least
several nanosecends, its use is precluded. The solurion is to put a bus switch device in

between the DRAMs and the system bus. A good choice would be the SN74CBT3126



cifcuitfry, as well as the EPROM size, in an effort to eliminate

conpati bility concerns of the final assenbly and nmaximze flexibility to
accomodat e energi ng DRAM functi ons (extended data out (EDO, burst EDO
(BEDO), synchronous DRAM (SDRAM) ). Al though the exanples apply to a 72 pin
single in-line nmenory nodule (SIMM, the goncepts described are easily
extended to cover other assenblies and/or data wi dths. Referring nowto the

drawi ngs, and NQERIGA BsSuidh FymtTexksi Igddfu@Sntd. Ahis UBri@Wihen Cpablddeéctinéss shown a

72 pin SI MM co I‘ISI a printed circuit board (PCB with a plurality
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of reduced speaidiiicat! DRAJRAM:GBLOR: bixteQidihe A€ MOUNLEd on the front of
the PCB Il. Mouunted on the back of the PCB I | are an EPROM 14, -and a | ogic

circuit inplenented Ayshann ASFigut 3. LhAAS@p#tracrmrstlglahyrdefﬁermfmdm S
i ncorporated int he C. dIS to repl ac fa|I|n I ess
| ocations in tH& %Bééﬂl@f'@ﬁjlhf)g‘é‘iltz? HEYpt iﬁgt"’r‘tgd 62‘%&%?%??5 °61V ldbﬂc\h"-ant i on,

the repl acenment,ak Feamcc(dsmwspsamwbarercam te8 ad TR0t RNt aiemom&c/éSI C. This

I mproves performance by elimnati n%_ driver, receiver
four of them instead of sixteen. The first tag bic is still the "valid" bit, and the next

three tag bits are still the chip ID bits. The additional two bits point to which of the
four bits of the bus switch needs to be disabled.

As with the first embodiment, the II-bit row address is presented to the CAM
21. If that row address is found in any of the sixty-four locations, the appropriate valid

* match signal is generated. At the same time, the chip ID and bic ID associated with the
address is gated out to the output enable decoder and steering logic 23. A column
address then indexes the selected 2KX 1 SRAM array. Each new column address under
the same row address is gated out of the SRAM. The output of the SRAM goes to a I
to 32-bic multiplexer 24, which connects the SRAM output to the appropriate bit of
the system bus. This is selected by the 5-bit ficld of the chip IDs plus the bit IDs. This
5-bit field is also used to enable (bring out of tri-state) the ASIC driver while disabling
(put into tri-state) the DRAM driver by turning off one of the thirty-two output enable
lines going to the bus switches. A write ovcration works similarly, except that tri-state
control 1s not needed.

Figure 8 is the address map for the ASIC I5 for single bit boundaries in the
embodiment shown in Figure 6. As in the address map in Figure 4, this map includes
entries for defective addresses. There are multiple defective address entries, O to 2N-1,
where 2N is the total number of addresses of the memory chip. There are also entries
for defective bit positions, one entry per ad dress; on a X32 SIMM, they are 0-31.
Finally, there are entries for ASIC replacement addresses, one entry per address and bit

position.



and wiri‘ng del ays. Figure 2 shows the functional block diagramof the
enbodi nent of Figures IA [IB and IC. This inplenentation uses X + DRAM
chips in one bank, five of the eight chips being shown in the figure. The
input to the ASIC 15 are 32 bidirectional data (DQ Ilines, four from each
of the DRAM chips 13, to 13[err], the addm®ess (ADDR), row address strobe (
RAS ), colum address strobe ( CAS ), wite enable ( WE ), power on
reser ( POR) node afbe indpienzeniial oftRROMrdatrbodiSBA)s shpwn fir FAHDOREBLs)in aFi gur e

3 is a block diagram show ng jn re detail, ,the ASLC I5 in Fiqure 2. At RAS
tinme, the row aﬂ’tﬁlegé‘ggi%“‘I"g’f"E{ﬁEﬁf’qgﬂﬁ’%'gﬁfv°‘t‘lgli‘6vﬁ§d d?‘onsa‘# XU e:"(rg,‘l(rilre Sggrg Tons by

I1-bit content @ddieSeAR fe MRAN KideCAMS DRAM infpleneficalibd aridagher efticisesin The
CAMis progranmmed with up to sixteen failing addresses, and each failing
address has a "keaimplimestedig asirmilagfaghigo.phhe fesron ofdesforshue sWFSH 1 D). If the

CAM 21 i ndi cat eg, 2 AL iR W Sfection (e.5. one enable per bir). This embodiment
minimizes SRAM/ASIC size and can be applied to fast DRAMs and SDRAMs.
These 72Z-pin SIMMs are assembled using reduced specification DRAMs, with

no special care as to the failure types. At SIMM test, failing memory locations are
identificd for each memory device, and stored by the test system. The ideal case is to
store defective addresses, by device serial number, at device test. SIMM test is not
capable of some of the complex testing required to find all device fails; therefore, the
preferred embodiment identifies fails at device test. Upon test complétion. the test
system loads the failing addresses into the EPROM I4 or other non-volatile storage
device to create a memory map of the failing addresses. In these embodiments, the

failing address consists of the following:

. 10 to I1 bit address to identify the row address associared with the failing
location(s).
. All failing addresses in the defined row are replaced.
. For DRAM chips having more than 22 addresses (11/11), additional
bits arc required.
. 3 to 4 bits ro identify the failing DRAM position.
. On a X32 SIMM using X4 DRAM chips, three bits are needed to

d=code one of eight possible DRAM chips in a given bank. A fourth
bit can be used to identifv the bank in which-the fail resides (i.e., bank
I or 2). Wider input/outpur {1/O) assemblics, assemblies built with
other RAM widths or assemblies having more banks require more or
Loss bits.

Hence, in chis example, 13 to 15 bits are required for each fail. If each DRAM chip has



the" row address and one of the sixteen location in the CAM the CAM 2
outputs a match signal on one of its sixteen match lines. In addition, the
tag bits indicate (1) if the match is valid, i.e., the address was set by
the systemduring programming and is not just a match of random data, and
(2) the 3-bit (one through eight binary) cHip ID of the failing chip, i.e.,
whi ch | ocation on the SIMM has the bad data at the specified_ row address
The 3-bit chip m»ifswcﬂfelercscreﬁmwyfassoféf‘giuavetWe‘Pazlsde‘t‘%é‘%%& biesgt Ihi ch i s

an inverse out pubp gRAREE e CQ%wlb%thﬂWiM § DAty ks At AEbOSbraned i £ 58ne Of
ei ght output lines. This - nal goes to one of the eight DRAM chi ps

| 3[err] to I3[ ercl] dfvkek gescieg Rs chan SOﬁﬁxblqvaltune out put of that DRAM chip. The
activated match line,..qgualified.by, the vali sdasa
select to one of the js]ﬁj?gé‘éﬂ“fk glﬁfmf"%fg g 'r“rgsemg)f%"ﬂfﬁ %)ihf?m addr ess
is used as an i BEeM inREQ LRfyusal 8 Cledl Qéﬁla@é’uﬁt@rexgﬁﬁﬁikhgﬂm A&RE Thist hat
occurs on a given row. The output of {he selected array is gated onto a

| arger nul tipl exau"twohsﬁﬁ{f\b’h‘fgmmcvm?@rﬁxeé’ﬁh@d‘tléfhtﬂ@ﬂ meryhipg the Heptk Rf they - t wo
data bits and r ?gAI\% mr%mtn ] drdx"ﬁlc{éy(l )r'(ﬁgd% lat %raonte ﬂa cor rglct qlgt a from

the SRAM A writ on "Wor eXact e sane, excep ago\flows
into the sel ect SﬁAWTfQﬁL@MEm K)}&E@d&;mrcd for an I11/11 addressed DRAM (65K

SRAM rotal). In addition, the following circuitry is needed: _

. A power-up detection circuit similar to that used in the ECC-On-SIMM (ECC
is error carrection code) product is used to detect the assembly has been
powered-up. Upon power-up, and prior to normal operation, this circuit
activates logic to transfer the non-volatile memory information.

. A non-volatile storage transfer circuit generates a clock signal to the non-
volatile memory. The non-volatile memory information is loaded into the

. address translation registers in the ASIC to allow for the remapping of miemory
fails during operation. Once the full non-volatile memory address depth has
beer: reached (based on a counter in the ASIC), the transfer is concluded.

. RAM data re-mapping circuitry is implemented as an ASIC device and dotted
dircetly e the RAM devices (all DQs™ as well as che address bus, RAS, CAS,
WL and OI: signals. [For every access to this assembly, a valid RAS results in
the row address being latched and compared to the stored "failing™ address
lozations. If a match is obtained. during CAS time any "write" operations to
the memory will be stored into the SRAM locations mapped to replace the
defective memory device, in additien ro being stored into the defective array
location. For "read" orerations, the SRAM 15 accessed similarly, but drives the
dara bus insread of the defective memon device. In this case, the failing

memory wili be de-gared via the ASIC activating the OF signal to the defective



The ASIC |15 can be progranmed to operate in two access (read) nodes. The
first node is a fast page node in which the ASIC drives I/O bit(s) starting
at the fall of the columm address strobe (during reads, until the colum
address strobe rises. The second node is an extended data out (EDO) node in
which the ASIC drives I/0 6 bit(s) stalting at the fall of the colum
address strobe and continues until the colum address strobe falls again or
wite enable falls. devigusrdv.4 shows the address map in the ASIC 15 for 4-bit
boundaries. This map includes entries for defective addresses. There are
mul tiple defective address entries, O to 2N-I, where 2N is the total numnber
of addresses of the m@nﬂﬁyr&hkﬂhmI&eManaﬁbdabsmaenbfwaémhmnadeﬁ@cglve RAM

position, one entry per address. 32 S| MM k S
and 0-15 if a d’(ﬁ‘éb"l"é“‘-ﬁéﬁ@l{g]W"‘F"lﬁéfsl‘ ,\E'f[H:L !waéfroéag fi}agréxgs ?%Fxgure% "W

the process of RAM product:on is shown. The memory chips are first tested by the
producer in function block 101. Failing locations are logged by device identification
(ID). The tested chips arc put in stock, separated into categories based on number of
failing cells in funcricn block 102. Chips having failures less than a pre-defined limit
(based on RAM sizc in dynamic redundancy ASIC) are released to module production
in function block 103. Chips having excessive failures are scrapped or sold into
alternative applications in function block 104.

In Figure 9B, the process of module assembly is shown. Those chips released to
module production are released to the module build area in function block 105. A chip
placemcﬁt taol is sct up to assemble modules using a mix of defective chips in function
block 106. The ASIC, EPROM and other supporr circuitry are attached to the PCB in
function block 107. The assembly is then soldered and released to the test area in
funcrion block 108.

In Figure 9C, the process of module programming is shown. The module tester
activates the module in function block 109 and reads the chip ID number. The module
tester logs chip 11D numbers and downloads defective memory locations for each chip in
function block 11C. The module tester then initiates a "write" operation to the
EPROM device, storing defective address locations for each memory chip on the
module in funcrion block 111. The module tester rerminates the "wricte™ operation in
function block 112 and removes power from the module.

In Figures 9D and 9E, the process of module test is shown. Beginning in Figure
917, the modulc tesrer then re-activares the assembled module in function block 113. In
response, the memaory module detects power and the ASIC initiates power-on

resce/time delay i function block 14, The ASIC then initates a "read" operation



ASI C repl acenent addresses, one entry per address and RAM position. This
first enbodinment is inplenmented as X4 DRAMs in one bank. A two bank

i mpl ement ati on woul d have additional row address strobe lines wired from
the ASIC. An inplenentation using X8 DRAMs woul d have one out put enable (
OE ) per eight bits. This enbodi nent provides a | ow cost solution with
certain tradeoffs. Specifically, a falllng cell, word line (W) or bit line
(BL) can be replaced, but only across al I! DQ on a given DRAM chi p. Figures
5A and 5B show an alternative enbodinment. As in the first enbodi nent, the

I mpl enentation is a 4MX32 SI MM but the dynam c redundancy is on single bit

boundari e $rom IIF}:' Q@amqtmeﬁg% :R%§ thta QchnQ%dr@sWs Tb§3 Hﬁps(tl lbz ﬁ)&fn{i er?oohlzr{eﬁtg Br]

as particul ar n"Figure SA. Figure 6 shows the bl ock diagramo t he

second eﬁb@@mgﬁmh boﬁﬁhdr? erRBERRRAITRRbr (8 kys@MSneibil) Séab Avitel od Fefi@dh opétationin indital  bi t
rat her than a group of four bits. Again, the problemis not on a wite,

wher e dat alo6auns. Dehe\ikelrbtyaiodiile istikkn ested &1 tixDlidn bioolellld 18 @ullDikdyk/phidin t@nsea TiRad,
where the ASIC and DRAM both try to drive the system
memory chip failures found during module test are compared to the initial address map in the EPROM in
function block II7 at the top of Figure 9E. If the fails are from address locations in the ASIC, the ASIC is
identified for replacement in function block II'8 and the module sent to repair. This could include re-mapping
of the ASIC memory failures into alternate ASIC storage locations. If the fails exceed ASIC/EPROM storage
limits, the module is rejected for evaluation and possible rework in function block II9 and the module sent to
repair. If the fails are from non-remapped memory locations, the EPROM is re-written in function block 120
to add new address/chip failing locations. Then the module is de-powered and re-powered in function block
I2I and re-tested. Passing modules are sent to stock in function block 122.
The process of ASIC operation is shown in Figures I0A to I0C. Beginning with Figure I0A, on
power-up, the ASIC initiates a power-on-reset to internal registers and disables outputs in function block 123.
Upon completion of power-on-reset, the EPROM is accessed and failing address locations logged for each
failing chip in function block 124. The systerr-1 executes "pump-up" cycles, per standard memory
specifications, in function block 125. Then the system begins a diagnostic routine in function block 126 to
verify memory size and ensure proper operation, typically part of system power-on self test (POST). At this
point, the module is ready to perform a "write" operation or a "read" operation.
The "write" operation is shown in Figure I0B and begins with the a "write" command with row and
column addresses for one or more memory bytes in function block 127. On each access, the ASIC compares

the system address to module address map for each activated memory device in function block 128. Upon an

address match the ASIC stores system data in SRAM (or DRAM) location(s) re-mapped via the pre-



bus, the ASIC with the correct data and the DRAMwith the incorrect data.
In order to isolate the ASIC and DRAM data drivers sone kind of switch is
needed. However, because a typical nultiplexer that one would normally use
incurs a delay of at |east several nanoseconds, its use is precluded. The
solution is to put a bus switch device inlbhetween the DRAMs and the system
bus. A good choi ce woul d be the SN74CBT3126 Quadrupl e Bus Switch from
Texas | nst r unenpogeaiihicd adtews wep infhesioe hiagl EP; Netsithaschadefasavepma ™ o t he
system bus with,a subrna oseconqmtdi(glwa}?qﬁorE\p@gd_di sabled, it totally isolates
the

the DRAM so it JOBS “AGFOIMtErfers W ASI C. As shown in Figure 7, the

ASI C structure is sliTghtkad dpéhdmnanthofvoin ififirs I&rbetheppntvith THeadlAM 21 is now

64X Il with a 6-bit tag. Because onlé/a ingle bit is tq be.r p‘I’aced, t he
fast SRAMG 22 afWBBARFGUFeddgelpRRIFreEHY THETBEMEREWIST R Y24 Bur  of
theminstead of LIS BB e.—.TJﬂ%chLs.r Al Agﬁgcc}alptarc.l che §>Isé.e}n| 2dHRS ro Rdild addtds, and

t he next
map for cach activated memo:v device in function block I31. Upon an address match,
the ASIC de-gates the outpuc driver on the defective DRAM(s) by activating output
enable {4-bit bouncary embodiment} or by disabling bit switches (single bit boundary
embodiment) in function block 132. The ASIC drives the data bus for re-mapped data
bits with data previously stored by one or mere write operations to that bit (or bits)
and address in function Elock 133. The ASIC deactivates the driver(s) upon the rise of
the column address strobe on fast page mode modules or on the subéequent fall of the
column address strobe or fall of the writc enable signal (in EDO modules) or when
RAS and CAS are both high (both modes).

To simplify logic and minimize EPROM size and ASIC remap size, entire
word lincs or bit lines in defective RAM(s) can be replaced. However, this will result in
the largest amount of ASIC "RAM" being reauired. For a 16 Mb DRAM, addFessed
eleven rows and eleven columns, each re-mapped word line or bit line would require
2048 ASIC cells for cach DRAM [/O keing remapped.

Adthough two preferred embaodiments have been described, the invention can be
expanded to include alternate structures and implementations. For example, emerging
structures such as EDO, Burst EDO (Pipelined Nibble), SDRAM, etc. all operate in a
similar fashion to DRAM and can be used in the same manner. In the case of EDO, the
ASIC would keep data active uncil the subsequent fall of CAS, as well as consistent
with ather contral line combinations as described in the JEDEC (Joint Electron
Devices Engineering Council of the Electronic Industries Associarion) standard for this
function. This made would be enabled via a cantrol pin on the ASIC. In the case of

BEDQ. the ASIC would include a 4-bit Lurst address counter, programmable in



three tdg bits are still the chip IDbits. The additional two bits point to
whi ch of the four bits of the bus switch needs to be disabled. As with the
first enmbodinent, the Il-bit row address is presented to the CAM 2l. If
that row address is found in any of the sixty-four |ocations, the
appropriate valid match signal is generatetR® At the sane tinme, the chip ID
and bit I D associated with the address is gated out to the output enable
decoder and st e@niefigvé Odfisequekial Addzobigimodddiie speritlvasl chatgtexscstwoaldsel ect ed

2KX | SRAM array. Each_new.col addr ess | er .the nme w address is

gated out of thé“’Sﬁ}ﬁf ‘-”ﬁ%“o‘ﬂt‘“g’[’}}l 5rehe fe "é%ﬁf%f%é e’%%%é”quqcf?i’eéaﬁ bi t

nul tipl exer 24, %k!hﬁﬂp&s‘ﬂ%‘%ﬁ@ﬁ)kh% §5§«%<Mm%mspc_a& Johfmtaﬂﬁmrd@g@@éut of
|

t he system bus. s is 'selected by the 5-bit field of the chip IDs plus
the bit |Ds. Thisgn8ardi thefriogivdlatils nagmoey desied:nd SRAM plemoryyyauligbednthesf

tri-state) the ASIC driver i | e disablin V) SR 0 rirstat t he. DRAM
driver by turni A of ?“d(‘)‘ﬁle"c%'%qpfuﬁgorttFfl’rr'?u&c-lpt‘t\%\/?)&gu %ﬂ?s' g‘ﬁ%"fb Féﬁfeierr{g’éd‘énéf‘tng to
the bus swi t chesescAbdl ik {RciOP RS BRIADN sARIKS, (B ink &Elhry?uee&%papﬁliaatotri -state
control is not needed. Figure 8 is the address map for the ASIC 15 for

single bit boun&RAM and prhgipen-volatile memories.

Additional embodiraents of the presert invention may be envisioned, for
example the invention may be used in conjunction with error checking and correction
(ECC) logic. which is well known in the art or other techniques which are separate
from the memory assembly. In an ECC application, any hard fails identified during
ready and write operations could be replaced by using a diagnostic routine identical to
that used during SIMM test, previously described. As with normal production, the
limiting factor is the size of the non-volasile and violative (SRAM) arrays. In ECC

- applications, the use of this invention could resulc in significantly improved memory
reliability as fails would be re-mapped centinucusly. If the volatile and non-volatile
arrays were to be implemented in a memory controller, instead of on the memory
module(s), the memory controller could replace failing memory locations on any
installed memory modulzs. As with the ECC svstem implementarion, the memory test
and re-mapping of fatdures would be accompiished separate from the memory
module{s) described in this invention. By replacing chese bits, the likelihood of a
catastrophic fail, duic to muitiple bit failures o a specific address, can be reduced
exponentially. Additionally, one could usc the "OE” pin to disable DRAM drivers
(DQM for SDRAMS), rather than placing the ASIC in a data path. If the ASIC is in
the data parh, signiﬁcam performance (a:.ccss_\. degradation can occur, as well as result
in timing violations berween data (DQ) and control lines to the DRAM/SDRAM.

Wirh mereasing logic :_lu'p d.:nsity. a CPU chipser could implement che

“Dynamic Redundgnev™ inrernally, and re-mzp aav fails located during “POST”



enbodi rent shown in Figure 6. As in the address map in Figure 4, this map

i ncludes entries for defective addresses. There are nmultiple defective
address entries, 0 to 2N-1, where 2N is the total nunber of addresses of
the nenory chip. There are also entries for defective bit positions, one
entry per address; on a X32 SIMM they ar¥ 0-31. Fi nally, there are entries
for ASIC replacenent addresses, one entry per, address and bijt sition.

The i npl ement at(Potieros™ stk E‘-"‘g'eg‘(’)‘f[n‘a“?e“r?bg‘ﬂF%tf’rff’“lfi@%ﬁ&w ‘“)fﬂ“‘tf?%g/% in a

si ngl e bank A tyo. Ran .|.iRhegRnk ahd FSTERRVTSJ AN mVﬁoﬁfibe&dI@ﬂﬁkh hOW addr ess
strobes (dotted DQs ‘at the DRAM side). A X8 DRAM i'npl enentati on and ot her
options can be Aerfpiremendegdicipnanasliumiah drcerfeagrl. e mimiveal addsed complen® (the f our

bus switches is;inplemented with directesel.egtion, {&19mon-AEiE QBJ) per
bit). This enbdd Crme ‘qsra“riq'ﬁ?"m' [fecél' %ﬁ}?‘fglt' S z'eA 'éﬂu CAR"Be app] l?e r?'o f ast
DRAME and SDRAMs. While the invention has been.described in terms of preferred embodimencs,

those skilled in the art will recognize that the invention can be practiced with

modification within the spirit and scope of the appended claims.



These 72-pin SIMW are assenbl ed using reduced specification DRAMs, with no
special care as to the failure types. At SIMMrest, failing nmenory

| ocations are identified for each nmenory device, and stored by the test
system TN"“FMI“&&“"EJFO store defective addresses, by device serial
nunber, MM test is not capable of sonme of the conpl ex
testlng reqwfed to fi'nd all device failg;, therefore, the preferred
.embodi ment identifies fails at device test. Upon test conpletion, the test
system | oads the failing addresses into the EPROM |14 or other non-volatile
storage device to create a nenory map of the failing addresses.-In these
enbodi nents, the failing address consictsamsf the followng: 10 to | | bit
address to identify the row address associated with the failing

| ocati on(s). [Having thus describkd ouf @vdntiorgy whal che eBBES newand ldesirel @fsequeechy LoweraPagent is
repl aced. [err] For DRAM chi ps having nore than 22 addresses (I11/11),

addi ti.ona follpwss are required. [err] 3to 4 bits to identify the
failing DRAM position.

1. A dynamic random access memory (DRAM) assembly comprising:
one or more reduced specification DRAM chips mounted on a common carrier; a non-volatile storage
device rﬁounted on said common carrier and storing address information for all memory fails of the
DRAM chips;
a logic device responsive to said non-volatile storage device and containing bit steering logic and
timing generation logic to redirect defective addresses to an alternate storage device for all read and
write operations; and
a volatile storage device used to replace failing address locations in the reduced specification DRAM

chips.:

2. The DRAM assembly recited in claim I wherein the logic device and the volatile storage device are

implemented in a single-chip application specific integrated circuit (ASIC).

3. The DRAM assembly recited in claim I which includes an error checking and correction (ECC) logic that
is used in conjunction with the logic device and volatile storage device.

4. The DRAM assembly recited in claim 2 wherein the ASIC comprises:
a content addressable memory (CAM) receiving a row address and generating a match output when
the row address matches data stored in the CAM, the CAM also generating a chip identification (ID)
output;

a decoder and steering logic receiving said chip ID output and generating a signal
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[érr] ' On a X32 SI MM using X4 DRAM chi ps, three bits are needed to
decode one of eight possible DRAM chips in a given bank. A fourth bit can
be used to identify the bank in which the fail resides (i.e., bank | or 2).

W der inp ssenblies, assenblies built with other RAM w dt hs

or assenb”mﬂ gl Hrma banks require nore or |ess bits. Hence, in this
mple, 18 to s afe required for ch fail. If each DRAM chi p has

onIy one failing segnment. this would requrre a non-volatil e device having

15 bits x 16 DRAM | ocations (a two bank SIMM [err] 240 cells. This can be
obtained with a 256 cell device costing |less than $0.50 in quantity. The

l'ogi c device, idpk %ﬂﬁ{atraﬂceaép&mcﬁ& BrARM cﬁlbﬁtg%h%mahﬁ?@tpﬁlrah ¢ L RS RagoRAM
macro configured to directly replace up to eight failing RA& segnents. This

arrays one of which is selected by said match output from the CAM, the volatile storage arrays
receiving a column address for indexing into a row of a selected array; and

a switch connected to receive outputs from the volatile storage arrays and the chip ID from the CAM,
the switch selecting one of the volatile storage arrays for output to a system bus in response to the

chip ID.

5. The DRAM assembly recited in claim 4 wherein the CAM further stores a "valid" bit, the "valid" bit and

the match signal being used to select one of said volatile storage arrays.

6. The DRAM assembly recited in claim 5 wherein there are eight reduced specification DRAM chips, the
i CAM is a 16XII array with a 4-bit tag, one bit of the 4-bit tag being the "valid" bit and three bits of
the 4-bit tag being the chip ID, the decoder and steering logic decodes one of eight outputs to the
DRAM chips, and the nonvolatile storage arrays are sixteen 2KX4 fast static random access memory

(SRAM) arrays.

7. The DRAM assembly recited in claim 6 further comprising a bus switch connected between the reduced
specification DRAM chips and a system bus, said ASIC controlling said bus switch to allow

substitution of an individual bit.

8. The DRAM assembly recited in claim 7 wherein there are eight reduced specification DRAM chips, the
CAM is a 16XII array with a 6-bit tag, one bit of the 6-bit tag being the "valid" bit, three bits of the
6-bit tag being the chip ID and two bits of the 6-bit tag being a bit ID, the decoder and steering logic

further receives the bit ID and decodes one of thirty-two outputs to the bus switch, and the nonvolatile

s S I‘F'KHdS Bee Replaced
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r equi res ei ght SRAM segnents. each four bits in width and matching the
depth of the RAM col um address field (1024 or 2048 addresses). For a one
bank assenbly, eight SRAM segnents of 2048 x 4 are required for an 11/11

addr essemlmwwmmnzmu otal). In addition, the following circuitry is
needed: detection circuit simlar to that used in the
ECC- On- SIWC( EGC I's ®rror correction code) product is used to detect the
assenbly has been powered-up. Upon power-up, and prior to normal operation,
this circuit activates logic to transfer the non-volatile nmenory
information. A non-volatile storage transfer circuit generates a clock
signal to the Q&kge a@ysatd sixey-FRIIKXY fastlshéic AGdmEOeatneh@ry TBRANM yariapd. Or mat i on i s
| oaded into the address translation registers in the ASICto allow for the
remappi ng of menory fails during operation. Once the full non-volatile
menory address depth has been reached (based on a counter in the ASIC) the
transfer 9 .sThedRAM dwseinbly weited in claim 8 Ryhdreid aidlogiedeniapis congectsil toca iiriclugedi ig a memory

i mpl enented as an ASIC device and dotted directly to the RAM devices (all
D@) as wel | a@neellsr whjelr weuld lgqg&anq:gqg}ap@glg;,es anywhere in the memory space.

10. A method of assembling dynamic random access memory (DRAM) modules using one or more reduced
specification DRAM chips comprising the steps of:
testing DRAM chips and logging failed locations by device identification (ID);
placing DRAM chips on a common carrier using a mix of reduced specification DRAM chips;
mounting a non-volatile storage device on said common carrier;
storing in said non-volatile storage device address information for all memory fails logged for the
DRAM chips mounted on the common carrier;
mounting a logic device on the common carrier and connecting the logic device to the non-volatile
storage device to redirect defective addresses to an altema;e_: storage device for all read and write
operations; and
mounting a volatile storage device on the common carrier to replace failing address locations in the

reduced specification DRAM chips.

II. The method of assembling DRAM modules recited in claim I0 wherein the logic device and the volatile

storage device are a single chip application specific integrated circuit (ASIC).
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WE and OF signals. For every access to this assenbly, a valid RAS results
I n the row address being | atched and conpared to the stored "failing"
address locations. If a match is obtained. during CAS tine any "wite"
operations to the menory will be stored into the SRAM | ocati ons mapped to
repl ace the defective nenrory device, in addition to being stored into the
defective array |l ocation. For "read" opéBations, else SRAMis accessed

i this et NAMEREDIRIENGY Yim RANEOMChotaSs NaM kY At B 6S. | ng

t he CE si g%%ll%%ggihe defective device only. Referring now to Figures 9A

to 9E,

the P es of production, assenbling and testing the DRAM

E thETpr o sserb test] _
o ocess of v ieBeSRerton BKAMS (g S0 300 i Bk bbelibisk HE,

t he

such a way as to maximize the use of the good cells in the reduced specification DRAM
chips (131, ..13g). An external memory array is mapped to replace defective memory
locations on a real time basis. The major components are (I) a non-volatile storage
device (14), (2) a logic device (15), and (3) a volatile storage device. The non-volatile
storage device (14), such as an EPROM, EEPROM, or a flash memory chip, is used to
retain address information for all memory fails on a given assembly. The logic device
(15) is an ASIC or programmable logic device which contains the bit steering logic and
timing generation logic to redirect defective RAM addresses to an alternate storage
device for all read and write operations. The volatile storage device is a RAM array that
is used to replace failing address locations in the original reduced specification memory.
This array may be in the form a static random access memory (SRAM or DRAM) array,
resident in the logic device (15) described above. The size of the device determines the
amount of failing addresses that can be allowed in the reduced specification memory.

Fig. 1
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2
Pr oditer in function bl ock-101. Faili ng | ocations are | ogged by device
identification (ID). The tested chips are put in stock, separated into
categories based on nunber of failing cells in function block 102. Chips
having failures less than a pre-defined limt (based on RAM size in dynam c
redundancy ASIC) are rel eased to nodul e production in function block 103.
Chi ps having excessive failures are scrldg%ed or sold into alternative
applications in function block 104-. In Figure 9B, the process of nodul e
assenbly is shown. Those (f ips released to nodul e production are rel eased
to the modul e build area iy function block 105. A chip placenent togl is -
set up to assenb no e ng m f d cti C sinf tildn bl ock
106. The ASIC, E‘:I%C]\/I ggh su1§ Or>135| rc%é9 mie |1]Bé)ached 1’ the P@EB in
function blo g bUI(UbI S oulu (I eteased fo thEhest
area in functi . 5€) theprocgsg-ofy nydul Ir i ng
is shown. Th r agtijvatps| the podyl ¢ i fluncfi gn bl 09 fand
reads the chi . [The |mpdul  ftesfef 1dg$ chig 11)Onunber d
downl oads deffecjti vg | ogafi ong Jf or Jepch |chip |in

12 asic 15 EPROM 14

FG.1C



function block 11C. The nodule tester then initiates a "wite" operation to
t he EPROM devi ce, storing defective address | ocations for each nenory chip
on the nmodule in function block 111. The nodule tester term nates the
"wite" operation in function block 112 and renoves power fromthe nodul e.
In Figures 9D and 9E, the process of nodpjse test is shown. Beginning in
Figure 9D. the nodul e tester then-r s the assenbl ed nodul egpn
function block 113. In response t R oRy e[ detects power and“fhe
ASICinitiates power-on reser/ti | a& in f ion block 114 FheSASIC
then initiates a "read" operationgs Xr g t he creating a rrermUPy map
of the defective addressgs by chi pa-( bit bou ment) or bit
(single bit boundary enpodi ment), —prifor to system nenory‘r‘ea'mlﬂt*l‘?e‘:‘for
refresh operations in ftmction bl esk]1135 The nenory noditre 793 ken test ed
in function bl ocks116 tEfull vol %g( %em t eskT set. Thasmdfdry CHip
failures found d&i ng,nﬁ?iul e testl*'érq 3 ared B he i Nk l88dFe&nap
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.function block 117 at the top of Figure 9E. If the fails are from address
| ocations in the ASIC, the ASICis identified for replacenent in function
bl ock 118 and the nodule sent to repair. This could include re-mappi ng of
the ASIC nenory failures into alternate ASIC storage |locations. If the
fails exceed ASIC/EPROM storage |imts %{;e nodule is rejected for _
eval uation and possible rework in func?f bl ock 119 and the nodul e sent to
repair. If the fails are from non-remapped nmenory | ocations, a4 he EPROM i s
re-witten in function block 120 to add new adﬂé chip fai?' g |l ocations.
Then the nodule is de-powered and re-powered i tion bl
re-tested. Passing nodules are sent to stock inAQDRnce']
process of ASIC operation is shown in Figures 1 to . ﬁ%@ﬁ A vl h
Figure 10A, on power-up, the ASIC initiates ?gﬁ r- on-TEesg ‘

]

regi sters and didlapl es outputs in function b 23. Upon|conpl gti0

power-on-reset, the EBAIM i s Xcéessed and fai Li\dgZaddi ¥R L@ﬂ?t bons | ogged
for each faiROWg C:gdgrria S(un tgnefabopk 124. Tﬂ?j]ys ex dd " punp- up”
cycl es, per Aggandag y4‘pc\ i cations, ijn 4t [lon b CI{}ZS. Then t he
system begi;;g;%di agnostifc reutine in functign Ak Zﬁe*no%ver' fy nmenory

size and e roper operation, typically gart of owerl-on self

test (POST). A t he modul GIATRH 02 réﬁ(} wi t 94
P I'S showni/felgure

hi s poi

Lto p
e+

operation or a "r on. The "wite
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+col uim addresses for one or nore nenory bytes in function block 127.
the ASIC conpares the system address to nodul e address
each activated nmenory device in function block 128. Upon an address
the ASIC stores systemdata in SRAM (or DRAM | ocation(s) re-nmapped
12 programred address map in function block 129. Note that the

nor be used. The

each access,

pre-

defective nenory device will also be wgrist en,
"read" operation is shown in Figure 10C and begins with a "read" command
and row and col umm addresses for one or nore nenory bytes in function bl ock

130. On each access,

but it wll

On
map for
mat ch
via the

the ASIC conpares the system address to nodul e address

map for each activated nenory device in function block 131. Upon an address
match, the ASIC de-gates the output driver on the defective DRAM's) by

activating out

swi t ches (singﬂelﬁmgﬂgnwpary

t—boundary enho

irmnf) Qr hy di

DEFECTVE | ASIC REPLACEMENT
ADDRESS RAM POSTION ADDRESS
MULTIPLE v | ONE EnTRY ONE ENTRY
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«enbodi nent) in function block 132. The ASIC drives the data bus for
re-mapped data bits with data previously stored by one or nore wite
operations to that bit (or bits) and address in function block 133. The

ASI C deactivates the driver(s) upon the rise of the columm address strobe
on fast page node nodul es or on the subsequent fall of the columm address
strobe or fall of the wite enable sig'-?/zi—l-r’ (i n EDO nodul es) or when RAS and
CAS are both high (both nodes). To sinplify logic and m nimze EPROM si ze
and ASIC remap size, entire word lines or bit lines in defective RAI\/(s) can
be replaced. However, this will result in the |argest armunt of ASI C " RAM
bei ng required. For.,a 16 ess&d ele n ro el even col umms,
each re-mapped V\DI‘(]SHI ne1 bi t¥3i nefj-{m 5requ¥ cell's for each
DRAM 1/ 0 ,\ﬂ% mapped. )Altho gh _twd preflerred errbodl)rrenté have been
descri bed, theYi nvdntion{can bé expahded {o inc{ude alternhate sfructures
and i npl enent atjNops. r exanpl e, ¢ner §i hg sk rjuct yr ¢s spich as| EDO, Bur st
EDO ( Pi pal i ned &able .| SDRAM etic.{ al | pperjatle in sim|ar fcss hion to
DRAM and ppa~bg™ised jnf thg game {mannef. I n jthe cds¢ of | PO, (Mg

a T, O T

‘7, ‘17,
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ASI C woul d keep data active until the subsequent fall of CAS, as well as
“consistent with other control |ine conbinations as described in the JEDEC
(Joint Electron Devices Engineering Council of the Eletronic Industries
Associ ation) standard for this function. This node woul d be enabled via a
control pin on the ASIC. In the case of gBEDO the ASIC would include a 4-bit

burst address counter, progranrmbl e “"_LQ"T%?' eave and sequent ial
addr essi ng nodes. The operati onaIOchat:ac rist J C
standards. In the case of SDRAKR “he ASI& would operate synchronous to

the SDRAM clock, and agai n opgfdafie ¥nststentfy[W th the JEDEC st andard.
The non-vol atile nmenory gevi ce%ﬁ’d SRAM nenory uld be further segnented

to include support for rmultipl & DRAMf&ainks. Al t hough t he lenbodjdresta-
described is spccific t GNDRAM gtj,regct Lr:r-ce,gml_,, t hg, same t echnilgues- gan.be
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..SRAM and ot her non-volatile nmenories. Additional enbodinents of the
present invention may be envisioned, for exanple the invention may be used
in conjunction with error checking and correction (ECC) logic which is well
known in the art or other techniques which are separate fromthe nenory
assenbly. In an ECC application, any hard fails identified during ready and
write operations could be replaced by using a diagnostic routine identical
to that used during SI MM test, previousiAtSdescribed. As with nornal
production, the limting factor is the size of the non-volatile and

viol ative (SRAM arrays. .In ECC applications, the use of this invention
could result in significantly inproved nmenory reliability as fails would be
re- mapped continuously. If the volatile and non-volatile arrays were to be
i npl enented in g,(rrermry controller, instead of on t rrermry nodul e(s), the
menory controll 1\coul d repl ace falllng menory Ioca ns on any installed
menory nodul es. Astwith the ECC systen1|nplenentat|on the nmenory test and

re- mappi ng ®OW aill yres | djbe- | i4s s arni menor y
modul e(s) dABBR i qé’% Xt Uhbs Frventonn lybfg% aﬁ—?% ﬁ%g t he
i kel i hoodper—aN  CAM BT D 10F 4 —— DECODE = sUs switck
1L54 l VALID CHITSJ&IBFITS Jm’s
MATCH SELECTS / 04
COLUMN
KX4p XKXi
ADDRESS : SRAM i AESR?YAS
VALID MATCH 1 ] sci ] T
VALID MATCH 2 39
VALID MATCH 3 ] MULTIPLEXER @

VALID MATCH 64

PO

FIG.7




.. catastrophic fail, due to nultiple bit failures on a specific address, can
be reduced exponentially. Additionally, one could use die "OE" pinto

di sable DRAM drivers (DQV for SDRAMS), rather than placing the ASICin a
data path. If the ASICis in the data path significant performance (access)
degradati on can occur, as well as result in timng violations between data
(DQ and control lines to the DRAM SDRAM Wth increasing logic chip
density. a CPU chipser could i npl ement®/the "Dynani ¢ Redundance"

internally, and re-map any fails |ocated during "POST" 14 (power-on self
test). By doing so, the CPU could operate normally in spite of the

exi stence of nenory fails in one or nore banks of nenory nodules, wth no
per f or mance degradation n hurranMwbéYrv(ﬁ_wg on, anfd m ni nal added conplexity

(to the chipser design). Iin this ' ASI C nmay al so include the
non-vol atilc nenory. TESTED BY PRODUCER /101
FAILING LOCATIONS LOGGED
BY DEVICE ID

CHIPS ALL CONTAIN
UNIQUE D INFORMATION

A

CHIPS PUT TO_STOCK, 102
SEPARATED INTO e
CATEGORIES BASED ON
# FAILING CELLS

103 '\ / \ /r1 04

CHIPS HAVING CHIPS HAVING
FAILURES LESS THAN EXCESSIVE FAILURES
PRE—DEFINED UMIT _ SCRAPPED OR SOLD
BASED ON DYNAMIC INTO ALTERNATE
REDUNDANCY ASIC APPLICATIONS.

RELEASED TO MODULE

PRODUCTION
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- Wiile the invention has been described in terns of preferred enbodi nents,
those skilled in the art wll recognize chat the invention can be practiced
with nodification within the spirit and scope of the appended cl ai ns.
CLAI M5 A dynam ¢ random access nenory (DRAM assenbly conprising: one or
nore reduced specification DRAM chi ps nounted on a conmon carrier; a
non-vol atil e storage device nounted ogyigai d conmon carrier and storing
address information for all nmenory fails of DRAM chips; a | ogic device
responsive to said non-vol atile storage device and containing bit steering
| ogic and tim ng generat4on |ogic which redirect defective addresses of the
DRAM chi ps as derived fromsaid-address

MEMORY CHIP LOTS /105
RELEASED TO MODULE
BUILD AREA

CHIP PLACEMENT TOOL
SET-UP TO ASSEMBLE 106
- MODULES USING MIX /

OF DEFECTIVE CHIPS

CHIPS W/ LARGER # FALS
MIXED W/ LOW FAL CHIPS

1

ASIC, EPROM & ANY 107
OTHER SUPPORT CIRCUITRY / |
ATTACHED

ASSEMBLY SOLDERED, | 108
RELEASED TO TEST
AREA
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infermation to respective alternate storage addresses during at |east one
of a read operation and a wite operation; and a bus switch connected

bet ween the reduced specification DRAM chi ps and a system bus and
controlled by said logic device to allow substitution of an individual bit
at one of said alternate storage addresses. 2. The DRAM assenbly as
recited in claiml, further conprisingigasvolatile storage device
containing said alternate storage addresses into which the defective
addresses of the DRAM chips are redirected by said bit steering | ogic and
timng generation logic, and wherein the logic device and the volatile
storage device are inpl enent go—Tm a strgtechirp—appttcpti on specific
integrated circuit (A9 ~3.| MODUe TEBHER LOWs@8Ty refited in claim 1,
further conprising error EREekA@gWﬁEg MODULECREADS (ECC)| | ogi ¢ arranged to
provi de address information tOCgﬁianﬂﬂMﬁﬂk?tile storape device. 4. The
DRAM assenbly recited in claijm 2 wherein the ASIC conpfi ses:

|

110 ~_| MODULE TESTER LOGS
CHIP ID's, DOWNLOADS
DEFECTIVE MEMORY
LOCATIONS FOR EACH
CHIP

MODULE TESTER
TS NATES "WRITE' oPERATION
'T0 EPROM DEVICE — STORING
DEFECTIVE ADDRESS LOCATIONS
FOR EACH MEMORY CHIP

ON MODULE

112 ~| MODULE TESTER TERMINATES
'WRITE' OPERATION, AND
REMOVES POWER FROM
MODULE

FIG.9C



-16 a-content addressable nenory (CAM receiving a row address and
generating a match out put when the row address matches data stored in the
CAM the CAM al so generating a chip identification (ID) output; a decoder
and steering logic receiving said chip ID output and generating a signal to
one of said reduced specification DRAM chips to inhibit an output; a
plurality of volatile storage arrays ? of which is selected. by said match
output fromthe CAM the volatile sto j;(éé arrays receiving a-colum address
for indexing into a row of a selected array; and a switch connected to
receive outputs fromthe volatile storage arrays and the chip ID fromthe
CAM the switch selecting one of the

113 —~_| MODULE TESTER REACTIVATES
ASSEMBLED MODULE BY
APPLYING POWER

L

41 WEMORY MODULE DETECTS
POWER, ASIC INTATES
POWER—ON RESET/TIME DELAY

|

ASIC INITIATES 'READ'
51 OPERATION FROM EPRON,
CREATING A MEMORY MAP
OF DEFECTVE ADDRESSES
BY *CHIP OR *8T PROR
T0 SYSTEM MEMORY
READ/WRTTE OR REFRESH
OPERATIONS

116 —~_| MEMORY MODULE TESTED
TO FULL VOLTAGE/PATTERN
TEST SET

FG.9D



-volatile storage arrays for output to a systembus in response to the chip
I D. 5. The DRAM assenbly recited in claim4 wherein the CAM furt her
stores a "valid" bit, the "valid" bit and the match signal being used to
sel ect one of said volatile storage arrays. 6. The DRAM assenbly
recited in elaim 5 wherein there are eight reduced specificati on DRAM
chips, the CAMis a 16XIl array with gaakdit tag, one bit of the 4-bit tag
being the "valid" bit and three bits of the 4-bit tag being the chip ID,

t he decoder and steering | ogic decodes one of eight outputs to the DRAM
chips, and the non-vol atile storage arrays are -si xteen 2KX4 fast static
random access nenory (SRAM arrays. 7. The DRAM assenbly recited in
claim5 wherein said ASIC controls said bus switch to allow substitution of

an individual bit.
117 '\ MEMORY CHIP FAILURES
FOUND DURING MODULE
TEST COMPARED TO
INITIAL ADDRESS MAP

118 / \ 2
IF FALLS ARE IF FALS ARE FROM
FROM ADDRESS | NON—REMAPPED MEMORY
LOCATIONS IN ASIC, LOCATIONS, EPROM IS
ASIC IS IDENTIFIED RE-WRITTEN TO ADD
FOR REPLACEMENT* ‘| NEW ADDRESS/CHIP
FAILING LOCATIONS
l AN
REPAR " /[
\ MODULE DE~POWERED,
IF FAILS EXCEED ?,ESTE%WERED' THEN
ASIC/EPROM STORAGE | |
LIMITS, MODULE IS 122 1
RESELECTED FOR AN
EVALUTION/REWORK PASSING MODULES
SENT TO WORK

FIG.9E



.82 .« The DRAM assenbly recited in claim?7 whereinthere are eight reduced
specification DRAM chips, the CAMis a 16XIl array with a 6-bit tag, one
bit of the 6-bit tag being the "valid" bit, three bits of the 6-bit tag
being the chip ID and two bits of the 6-bit tag being a bit ID, the decoder
and steering logic further receives the bit 1D and decodes one of
thirty-two outputs to the bus switch, apdshe non-volatile storage arrays
are sixty-four 2KXlI fast static random access nenory (SRAM arrays. 9.

The DRAM assenbly recited in claim8 wherein said | ogic device is connected
to or included in a nenory controller which would | ocate and re-map

failures anywhere in the nmenory : t hod of |lassenbling dynanm c
random access nenory ( DREN j&ﬁ’@iﬂcﬁgw “lépne& nore redquced specification

DRAM chi ps conpri sing the st ep)‘s INTIATESe POWER-@RARESERI 15 arjd 1 oggi ng

| ocations of nmenory fails basef [NiERNAEREGRTERS igon (I D) information assi gned
to each of said DRAM chips; pl aqsap PRAYIPOTPS on a conmgn carrier using a
m x of reduced

124 ~| UPON COMPLETION OF P.OR.,
EPROM IS ACCESSED AND
FAILING ADDRESS LOCATIONS -
LOGGED FOR EACH FAILING CHIP

|

125 ~| SYSTEM EXECUTES 'PUMP-UP’
CYCLES PER STANDARD MEMORY
SPECIFICATIONS

126~ sySTEM BEGINS DIAGNOSTIC

TO VERIFY MEMORY SIZE &
ENSURE PROPER OPERATION

|

T0 'WRITE' OPERATION & 'READ'
OPERATION DIAGRAMS
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specirficati on DRAM chi ps; nounting a non-vol atile storage device on said
common carrier; storing in said non-volatile storage device address
information for said nenory fails |ogged for the DRAM chi ps nounted on the
common carrier, said address information for said nenory fails being stored
in said non-vol atile storage device based on the identification (ID)

i nformati on assigned to the DRAM chi ps; nting a |l ogic device on the
comon carrier and connecting the Iogiclgﬁgice to the non-vol atil e storage
device to redirect the addresses 18 corresponding to the | ocations of
said nmenory fails to alternate addresses for read and wite operations; and

127'\ MODULE RECENES 'WRITE'

COMMAND & ROW/COLUMN
ADDRESS, FOR ONE OR MORE
MEMORY BYTES

|

ASIC COMPARES SYSTEM

128 aN ADDRESS TO MODULE ADDRESS
MAP, FOR EACH ACTIVATED
MEMORY DEVICE

|

199 ~ | UPON ADDRESS MATCH,
"\ ASIC STORES SYSTEM DATA

IN SRAM LOCATION(S) REMAPPED

VIA PRE-PROGRAMMED ADDRESS

MAP (MEMORY DEVICE MAY

ALSO BE WRITTEN, BUT WILL

NOT BE USED)

FIG.10B



-mounting a volatile storage device on the common carrier to replace the
addresses corresponding to the |ocations of said nenory fails in the
reduced specificati on DRAM chi ps, said volatile storage devi ce contai ni ng
said alternate addresses. 11. The met hod of assenbl i ng DRAM nodul es
recited in claim10 wherein the logic device and the volatile storage
device are a single chip application spessifsic integrated circuit (ASIC)

12. A DRAM subsystem conpri sing: one or nore DRAM chi ps nounted on a
common carrier, an error checking and correction circuit which identifies a
merory fail in at |east one of said one or nore DRAM chi ps; a non-volatile
storage neans for storing addr } } } enory fail; a logic

. ( . ( ¢Ss—-R-orrat-on—{-or—saa— . ; .
circuit which, in respOﬂgp O $ajODEIF RECEVESCHRFAD' and cdrrection circuit,
redirects a defective ad fgéi\fOCéﬁmﬂaﬁ @@WV@O&%MP addrjess information to
ADDRESS, FOR ONE & MORE
MEMORY BYTES

|

131 \ ASIC COMPARES SYSTEM

ADDRESS TO MODULE ADDRESS
MAP, FOR EACH ACTIVATED
MEMORY DEVICE

|

UPON ADDRESS MATCH,

132 ’\ ASIC DE—GATES OUTPUT
DRVER ON DEFECTVE

DRAMS, BY ACTVATING

OF OUTPUT ENABLE., OR

BY DISABLING BIT SWITCH(ES)

FOR FIGURES 3 & 4

RESPECTVELY

|

133 ASIC DRIVES DATA BUS,
\ FOR RE—MAPPED DATA BITS,
STORED BY ONE OR MORE
WRITE OPERATIONS TO THAT
BT OR BITS AND ADDRESS
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an alternate storage address for read and wite operations; a vc()? /I“)”}
storage device used to replace failing address |ocations on 5:( (E‘U‘nlﬁ n‘ub%\‘f?
basi s, sai d volatile storage device containing said alternate storage

addr ess; ﬁmm nnect ed between said one or nore DRAM chi ps
and a syste m,’ EWI tch being controlled by said |ogic device to
al | ow substi tutfort ofM ara i Adi vi dual bitiat said alternate st orage address.
19 13. The DRAM assenbly recited in claim1l, further conprising: an
alternate storage device for replacing failing address |ocations in the
DRAM chi ps, said alternate storage déli&M$ncluding said alternate storage
addr esses. 14. The DRAM assenbly recited in claim 13, wherein said

al ter nat e st or agdynsenit emdom Acess memory (DRAM) assembly comprising:

one or more reduced specification DRAM chips mounted on a
common carrier;

a non-volatile storage device mounted on said common carrier and
storing address information for all memory fails of DRAM chips;

a logic device responsive to said non-volatile storage device and
containing bit steering logic and timing generation logic which redirect
defective addresses of the DRAM chips as derived from said address
information to respective alternate storage addresses during at least one of a
read operation and a write operation; and

a bus switch connected between the reduced specification DRAM
chips and a system bus and controlled by said logic device to allow
substitution of an individual bit at one of said alternate storage addresses.

2. The DRAM assembly as recited in claim 1, further comprising:

a volatile storage device containing said alternate storage addresses
into which the defective addresses of the DRAM chips are redirected by
said bit steering logic and timing generation logic, and wherein the logic
device and the volatiie storage device are implemented in a single chip
application specific integrated circuit (ASIC).

3 The DRAM assembly recited in claim 1, further comprising error checking and
correction (ECC) logic arranged to provide address information to said ron-volatiie

1

storage device.
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vol atil e storage device nmounted on said common carrier. 15. The DRAM
assenbly recited in claim 1, wherein said error checking and correction

| ogi c al so fails during a diagnostic routine perforned
during poszmIm ”'HE\'KQE ﬂ[gouéal d assenbly. 16. The DRAM assenbly recited in
claiml1, wheérefrn,t bit steering logic and timng generation |ogic
r edi rects sai d defective addresses to sai.d respective alternate storage
addresses, said logic device inhibits t 8 out put of the one or nore DRAM

chi ps havi ng the defective addresses. he DRAM assenbly reci ted in
claim1, wherein said I og|ac°°@F°|ﬂ&Eﬁ‘?esﬁ@l%ﬁﬁ'ﬁt’@d%\’%%ﬁ"(E’Sri’n’ﬁW 3d4ress apd 18,
The DRAM assenbly recited in claiml, wherein said volatile storage device

is mounted on said c@eneatizze mash oupyt wherTe roRAldressSRsittiey datastoredinithe cl ai m
1, wherein said assenbly is configured as a single inline nmenory nodul e or
a doubl e inline nenorGAMpthel@AM20so gendtitengrnahipodentdcatiadDhowpwi m 10,
wherein said identification information

a decoder and steering logic receiving said chip ID output and
generating a signal to one of said reduced specification DRAM chips to
inhibit an output,

a plurality of volatile storage arrays one of which is selected by said .
match output from the CAM, the volatile storage arrays receiving a column
address for indexing into a row of a selected array; and

a switch connected to receive outputs from the volatile storage
arrays and the chip ID from the CAM, the switch selecting one of the
volatile storage arrays for output 1o a system bus in response to the chip ID.

5. The DRAM assembly recited in claim 4 wherein the CAM further stores a “valid”
bit, the “valid” bit and the match signal being used o select one of said volatile
storage arrays.

5. The DRAM assembly recited in claim 5 wherein there are eight reduced
specification DRAM chips, the CAM is a 16XII array with a 4-bit tag, one bit of
the 4-bit tag being the “valid” bit and three bits of the 4-bit tag being the chip ID,
the decoder and steering logic decodes one of eight outputs to the DRAM chips,
and the non-volatile storage arrays are sixteen 2KX4 fast static random access
memory (SRAM) arrays.

7. The DRAM assembly recited in claim 5 wherein said ASIC controls said bus

)

switch to allow substitution of an individua!l bit.
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corresponding to respective ones of DRAM chips is logged in said

non-vol at i A nmenory assenbly, conprising: at |east
one rrermry m ﬁmﬂ Hmn a carri er; 20 an error checki ng and
correction €lrcul entifies a menory fail in said nenory device; a

non-vol atil e storage devi ce which stbres address information correspondi ng

devi ce, said non-vol ati.l st.or

error checking and correction circuit, nmaps a defective address
cor r espondi sRgcifiisatien BRAgYwhips, the CAM | is a 16XI1 array with a 6-bit tag, one bit of

the 6-bit tag being the “valid” bit, three bits of the 6-bit tag being the chip ID and

two bits of the 6-bit tag being a bit ID, the decoder and steering logic further

receives the bit ID and decodes one of thirty-two outputs to the bus switch, and the

non-volatile storage arrays are sixty-four 2KX1 fast static random access memory

(SRAM) arrays.

9. The DRAM assembly recited in claim 8 wherein said logic device is connected to

or included in a memory controller which would locate and re-map failures

anywhere in the memory space.

10.

A method of assembling dynamic random access memory (DRAM) modules using

one or more reduced specification DRAM chips comprising the steps of:

testing DRAM chips and logging locations of memory fails based on
identification (ID) information assigned to each of said DRAM chips;

placing DRAM chips on a common carrier using a mix of reduced
specification DRAM chips;

mounting a non-volatile storage device on said common carrier;

storing in said non-volatile storage device address information for
said memory fails logged for the DRAM chips mounted on the common
carrier, said address information for said memory fails being stored in said
non-volatile storage device based on the identification (ID) information
assigned to the DRAM chips;

mounting a logic device on the common carrier and connecting the

4
logic device ‘0 the ncn-volatile storage device to redirect the addresses
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fail in said nenory device to a replacenent address when one of a read
operation and a wite operation is perforned for the defective address in

said nmenory g ' switch connected between said at |east one
rrermry devi c mum’mnm y’@ said bus switch being controlled by said

| ogi ¢ device t'o &l | 6w ®al ectlve address to be mapped to an individual
bit at said replacenent address. Thédnenory assenbly recited in claim
21, further conprising: a replacenent storage device containing said

repl acenent address. 2&rrespdifdéngmenthe Yocatsmesndi] syidreembydails wchlanm® 2ddredsey ei n
sai d replacenent storage device is a volatile storage device nmounted on

said carrier. 24. Th@rn@mﬁuaﬁé;emﬂmng%uted in claim21, wherein said
| ogi c device inhibits said menory device fromoutputting information when

sai d | ogic device maps the ﬁlﬁuxﬁﬁ{g' avﬁlﬁﬁéjﬁtgﬁge EQ@JB?\ REd5 8280 'c5h1§@iodreplace

repl acenent storage devi ce. e nenory assenbly recited 1n clalm 21,
wherein said |ogic devéhgeadhlses@%hggbogﬁmg to the locations of said memory fails in the

reduced specification DRAM chips, said volatile storage device containing

said alternate addresses.

11.  The method of assembling.DRAM modules recited in claim-10.wherein the logic
device and the volatile storage device are a single chip application specific
integrated circuit (ASIC).

12. A DRAM subsystem comprising:

one or more DRAM chips mounted on a common carrier,
an error checking and correction circuit which identifies 2 memory fail in at least
one of said cne or more DRAM chips;

a non-volatile storage means for storicg address information for said
memory fail;

a logic circuit which, in response o said error checking and correction
circuit, redirects a defective address corresponding to said address information to
an alternate storage address for read and write operations;

a volatile storage device used to replace failing address locations on 2
continuous basis, said volanle storage device containing said alternate storage
address; and

a bus switch connected betweern said one or more DRAM chips and a

system bus said bus switch being controlied by said logic dévice to ailow

substitution of an individual it at said alternate storage address.




said carrier. 26. The menory assenbly recited in claim21 , wherein
sai d replacenent storage device is a volatile storage device. 27. The
menory assenbly recited in claim?2l, wherein said nenory assenbly is

conflgur edlmlmluﬂ"muﬂll lzl!te menory nodul e or a double inline nmenory
nodul e. enbly recited in claim?21, wherein said nmenory
device is ore Sel bct®d From a group consisting of a DRAM an EDO, a Burst

EDO (pi pelined nibble), and an SDRAM ,39. The net hod of claim 10, wherein
said IDinformation is a serial nunber uni gquel y assigned by a manufact urer

(o, cach o he BB B Ry 1L R Pl 10 vher ol sl d o
at least one Rt ea(ft%;n% te sthea%e Sdte\?ige féjturrepf?a&ng failing address locations in the DRAM
chips, said alternate storage device including said altemate storage addresses.

14. The DRAM assembly recited in claim 13, wherein said alternate storage device is a
volatile storage device mounted on said common carrier.

15. The DRAM assembly recited in claim 1, wherein said error checking and
cormrection logic also identifies memory fails during a diagnostic routine performed
during power-on testing of said assembly.

16.  The DRAM assembly recited in claim 1, wherein, when said bit steering logic and
timing generation logic redirects said defective addresses to said respective
alternate storage addresses, said logic device inhibits the output of the one or more
DRAM chips having the defective addresses.

17.  The DRAM assembly recited in claim 1, wherein said logic circuit is mounted on
said common carrier.

18, The DRAM assembly recited in claim 1, wherein said volatile storage device is
mounted on said common carrier.

19.  The DRAM assembly recited in claim 1, wherein said assembly is configured as a
single inline memory module or a double inline memory module.

20. . The method recited in claim 10, wherein said identification information
corresponding to respective ones of DRAM chips is logged in said non-volatile
storage device.

21. A memory assembly, comprising: .

at least one memory device mournted on a carricr;




assenbling of said dynam c access nenory nodul es. 31. The nethod of claim
30, wherein said at | east one predeterm ned stage includes
iRl AR SHRET

a wafer stage,
10, wherei W"ﬂ’t esting, |ogging, placing, storing, and rroufntl ng steps arie

all perfor
non-vol atil

The method of claim'0,® fdrther conpri sing: nounting a bus} sWTth betweemn

nodul e stage, and burn-in stage. 32. The

wﬂﬂﬁlﬂﬂuurer of the DRAM chips, and wheri ( &g 1899
I s al so produced by said manuf ac urer 33.

the DRAM chi ps and a system bus, said |ogic device controlling_the bus
switch to allow substitution of individaal bits in the DRAM chi ps which
have a data bit |length greater than one bit.

22,

23.

24.

25.

i
|
{

(

|

|

an error checking and correction circuit which identifies a memory
fail in said memory device;

a non-volatile storage device which stores address information
corresponding to the memory fail in said memory device, said non-volatile
storage device being mounted on said carrier;

a logic device which, in response to said error checking and
correction circuit, maps a defective address corresponding to said memory.
fail in said memory device to a replacement address when one of a read
operation and a write operation is performed for the defective address in
said memory device; and

a bus switch connected between said at least one memory device and
a system bus said bus switch being controlled by said logic device to allow
said defective address to be mapped to an individual bit at said replacement
address.

The memory assembly recited in claim 21, further comprising:

a replacement storage device containing said replacement address.
The memory assembly recited in claim 22, wherein said replacement storage device
is a volatile storage device mounted on said carrier.
The memory assembly recited in claim 21, whersin said logic device inhibits said
memory device from outputting information when said logic device maps the
defective address to the address in said replacement storage device.
The memory assembly recited in claim 21, wherein said logic device is ;nounted on

said carrier.



T

26.

28.

29.

30.

32,

33.

L
The memory assembly recited in claim 21, wherein said replacement slorage device
is a volatile storage device. -
The memory assembly recited in claim 21, wherein said memory assembly is
configured as a single inline memory module or a double inline memory module.
The memory assembly recited in claim 21, wherein said memory device is one
selected from a group consisting of 2a DRAM, an EDO, a Burst EDO (pipelined
nibble), and an SDRAM.
The method of claim 10, wherein said ID information is a serial number uniquely
assigned by a manufacturer to each of the DRAM chips.
The method of claim 10, wherein said DRAM chips are tested and the locations of
said memory fails are logged during at least one predetermined stage during
assembling of said dynamic access memory modules.
The method of claim 30, wherein said at least one predetermined stage includes at
least one of a wafer stage, r-nodule stage, and burn-in stage.
The method of claim 10, wherein said testing, logging, placing, storing, and
mounting steps are all performed by a manufacturer of the DRAM chips, and
wherein said non-volatile storage device is also produced by said manufacturer.
The method of claim 10, further comprising:
mounting a bus switch between the DRAM chips and 2 system bus,
said logic device controiling the bus switch to allow substitution of
individual bits in the DRAM chips which have a data bit length greater than

one bit.

1
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22
DYNAMIC REDUNDANCY FOR RANDOM ACCESS MEMORY ASSEMBLIES
ABSTRACT -

Reduced specification DRAMSs (13, ..13g) are used in memory assemblies in
such a way as to maximize the use of the good cells in the reduced specification DRAM
chips (131, ..13g). An extermal memory array is mapped to replace defective memory
locations on a real time basis. The major components are (I) a non-volatile storage
device (14), (2) a logic device (15), and (3) a volatile storage device. The non-volatile
storage device (14), such as an EPROM, EEPROM, or a flash memory chip, is used to
retain address information for all memory fails on a given assembly. The logic device
(15) is an ASIC or programmable logic device which contains the bit steering logic and
timing generation logic to redirect defective RAM addresses to an alternate storage
device for all read and write operations. The volatile storage device is a RAM array that
is used to replace failing address locations in the original reduced specification memory.
This array may be in the form a static random access memory (SRAM or DRAM) array,
resident in the logic device (15) described above. The size of the device determines the
amount of failing addresses that can be allowed in the reduced specification memory.

Fig. 1
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