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DYNAMIC REDUNDANCY FOR RANDOM/ 

- ACCESS MEMORY ASSEMBLIES V 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

FielJ ef rbe lnve11tion 

The present invention generally rdates 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 a RAM chip. 

Eackgrou11J Description 

In the manufacture of dynamic random access memories (DRAMs ), individual 

chips are reseed as part of the manufacturing process. Inevitably, some of the chips will 

fail certain rests. Rather than simply discarding these chips. they are identified as 

reduced specification memory ("yield loss"). DRAM chips are typically composed of a 

pluraliry of banks of memory arrays, and if a failure occurred in, say, cwo banks of an 

eight bank DRAM chip, the chip would be identified as a three quarter reduced 

specificarion memory. 

DRAM s!iorcages, coupled with a ne\•er-ending supply of reduced specification 

memory. drive the need co re-use reduced specification memory in computer 

applicarions. Currcm industry practices are co utilize reduced specification DRAM 

chips as "p.:i.rrially good" RAM chips. generally in the data dimension, and use 

additional DRAM .:hips to replace defective bics. This technique, while making use of 
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"partially good" chips. is generally wasteful in that a RAM chip with only one or more 

cells bad will be downgraded to a three quarter or one half good device, rather than 

simply replacing the defective cells. 

SUMMARY OF TI-IE 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 a RAM assembly which 

maximizes the use of reduced specification RAM chips. 

According to the invention, an external memory array is mapped to replace 

defective memory locations on a real time basis. The major components in the 

implementation of the invention are (I) a non-volatile storage device, (2) a logic device, 

and (3) a volatile storage device. The non-volatile storage device, such as an 

electronically programmable read only memory (EPROM), a dectronically erasable and 

programmable 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 infonnarion (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 that is used to replace failing address locations in the original 

reduced specification memory. This array may be in the fonn a static random access 

mcmor~· (SR.AM) a1Ta~· or DRAM array. resident in the logic de\•ice described above. 

The size of the dc,·icc limits the amount of failing addresses that can be allowed in the 
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reduced specification memory. 

BRIEF DF5CRIPTION OF THE ORA WINGS 

The foregoing and other objects, aspects and advantages will be better 

understood from the following detailed description of a preferred embodiment of the 

invention with reference to the drawings, in which: 

Figures IA, IB and IC are, respectively, front, side and back views of a 

4MX .32 SIMM DRAM assembly with dynamic redundancy on 4-bit boundaries 

according co a preferred embodiment of the invention; 

Figure 2 is a functional block diagram showing the relationship of the principle 

components of che DRAM assembly shown in Figures IA, IB and IC; 

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

2; 

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

Figures SA and 5B are, respecti\•dy, front and back views of a 4MX 32 STh1M 

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 

components of rhc DRAM ~sscmbly shown in Figures 4A and 4B; 

Figure 7 is a block diagram showing in more derail the ASIC 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, 

assembly and resting according to the inwnrion; and 

Fiourcs IOA ro IOC arc flow dia<1r;uns sholl'ino r:he operation of the DRAM ;::, :=o b 

assemblr-
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DETAILED DESCRIPTION OF A PREFERRED 

EMBODIMENTS OF THE INVENTION 

The preferred embodiments of the invention will now be described. In che 

examples described, tradeoffs have been made to minimize the complexity of che logic 

circuitry, as well as the EPROM size, in an effort to eliminate comparibilic:y concerns of 

che final assembly and maximize flexibiliry co accommodate emerging DRAM 

functions ( extendc:d data out (EDO), bursc EDO (BEDO), synchronous DRAM 

(SDRAM)). Although the examples apply to a 72 pin single in-line memory module 

(SIMM), the concepts described are easily extended to cover other assemblies and/ or 

data widths. 

Referring now to the drawings, and more partirulady to Figures IA, IB and 

IC, there is shown a 72 pin SIMM comprising a printed circuit board (PCB) I I with a 

plurality of electrical contacts I2 (72 in the example) along one edge. A plurality of 

reduced specification DRAM chips 131 to 1311 are mounted on the front of the PCB 

I I. Mounted on the back of the PCB I I are an EPROM 14, and a logic circuit 

implemented in an ASIC 15. 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 

implemcnrcd in rhc ASIC. This improves performance by eliminating driver, receiver 

and wiring delays. 

Figure 2 shows the functional block d~g:am of the embodiment of Figures IA, 

IB and IC. This implementation uses X-4- DRAM chips in one bank, five of the eight 

chips being shown in the figure. The input to the ASIC IS ai:e 32 bidirectional data 

(DQ) lines, four from each of rhe DRAM chips 131 to 1311, the address (ADDR), row 

addre:;s strnbc ( RAS ). column address srrobe ( CAS ), write enable ( WE ), power 
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on rcser ( POR ) mode and [he serial EPROM data (SDA) and clock (SCL). 

Figure 3 is a block diagram shO\\•ing in more detail the ASIC 15 in Figut;e 2. At 

RAS time, d1e row address is latched and sent ro one of sixteen locations by I I-bit 

content addressable memory (CAM) 21 with a 4-bit tag register. The CAM is 

programmed with up to sixteen failing addresses, and each failing address has a "valid" 

flag bit and 3-bir chip identification (ID). If the CAM 21 indicates a march between 

the row address and one of the sixteen 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 

just 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-bit chip ID is decoded by a 3-to-8 decoder 23, the output of which is 

an inverse output enable ( OE ) signal thar is active on a single one of eight output 

lines. This OE signal goes to one of the eight DRAM chips 131 to !38 (Figure 2) to 

inhibit the output of that DRAM chip. The activated match line, qualified by the valid 

match signal, is used as a select to one of rhc sixteen 2KX4 fast SRAM arrays 22. The 

column address is used as an index into che scb:red arrav for each column access that , 

occurs on a given row. The output of the selected array is gated onto a larger 

multiplexer, or switch 24, which connects to any of the thirty-two data bits and replaces 

the faulcy DRAM read data with the correct dara from the SRAM A write operation 

works exacdy the same, except the data flows imo the selected SRAM from the system. 

The A.._C)lC I5 can be programmed to operate in two access (read) modes. The 

firsr mode is a fasr page mode in which rhe A.SIC drives I/O bit(s) starting at the fall of 

the column address strobe (during reads~ until rhe column address strobe rises. The 

second mode is an extended clata out (EDO) m~1dc in which the ASIC drives I/O 
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bit( s) starting at the fall of the column address strobe and continues until the column 

address strobe falls again or write enable falls. 

Figure 4 shows the address map in the ASIC IS for 4-bit boundaries. ~is map 

includes entries for defective addresses. There are multiple defective address entries, 0 

to 2N-I. where 2N 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 SIMM, and 0-15 if a double bank SIMM. Finally, there are entries for 

ASIC replacement addresses, one c:nay per address and RAM position. 

This firsr embodiment is implemented as X4 DRAMs in one bank. A two 
bank i~plementation wouid have additional row address strobe lines wired from the 

.4.SlC An implementation using X8 DRAMs would have one output enable ( OE ) 

per eight bits. This embodiment provides a low cost solution with certain tradeoffs. 

Specificallr, a failing cell, word line (WL) or bit line (BL) can be replaced, but only 

across all DQs on a given DRAM chip. 
i 

Figures 5A and 'SB show an alternative embodiment. As in the fo:st 

embodiment, the implementation is a 4MX32 SIMM but the dynamic redundancy is 

on single bit boundaries. This embodiment requires four bus switches 171 to 174, as 

particularly shown in Figure SA. 

Figure 6 shows the block di:<gra,-n of the second embodiment. This 

embodimenr allows substitution of an indi,·idual bit rather than a group of four bits. 

Again. the problem is not on a write. where data can be written ro both the ASIC and 

the ORAM, but on a read, where the ASIC and DRAM both cry to drive the system 

bus, the ASTC with rhe correct data and the DRAM with the incorrect data. In order to 

isolate the ASTC and DRAM data driver.;. some kind of switch is needed. However, 

because a r~·pical 111~1ltiplexer that one wcu!d nonnall~- use incurs a dela~· of at least 

sever;;) nanoseconds. its use is precluded. The s~)Iurion is to put a bus switch device in 

between the DRAMs and the system bus .. .\ good choice would be the SN74CBT3126 
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Quadruple Bus Switch from Texas Instruments. This device, when enabled, connects 

the DRAM to ~ic system bus with a su~-nanosecond delay. When disabled, it totally 

isolates the DRAM so it docs not interfere with the ASIC. 

As shown in Figure 7, the ASlC structure is slightly different for this 

embodiment. The CAM 2 I is now 64X I I with a 6-bit tag. Because only a single bit is 

to be replaced, the fast SRAMs 22 arc configured as 2KX I, and there are now six:ty­

four of them instead of sixteen. The first cag bit 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 I I-bit row address is presented to the CAM 

21. If that row address is found in any of the sixry-four locations, the appropriate valid 

match signal is generated. At the same time, the chip ID and bit 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 I SRAM array. Each new colwnn address under 

the same row address is gated out of the SRAM. The output of the SRAM goes to a I 

to 32-bit multiplexer 24,: which connects the SRAM output to the appropriate bit of 

the system bus. This is selected by the 5-bir field of rhe chip IDs plus the bit IDs. This 

5-bit field is also used to enable (bring out of tri-srate) 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 wrire o~)crarion works similarly, except that tri-state 

control is not needed. 

Figure 8 is the address map for the ASIC I 5 for single bit boundaries in the 

embodiment shown in Figure 6. As in tho! address map in Figure 4, this map includes 

entries for defective addresses. There are mulriple defective address entries, 0 to 2N-I, 

where 2N is the total number of addresses of rhc memmy chip. There are also entries 

for dcfccrive bir positions, one enrry per ad:lrcss; on a X32 SIMM, they are 0-31. 

Finally. dil'IT are rnrries for A.Sf C rcplaccmmr addresses, one entry per address and bit 

posmon. 
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The implementation of the second embodiment is shown for X4 DRAMs in a 

singk bank. ~ rwo bank implementation would· have additional row address strobes 

(dotted DQs ar rhe DRAM side). A X8 DRAM implementation and other options can 

be implemented in a similar fashion. The function of che four bus switches is 

implemented with direct selection (e.g., one enable per bit). This embodiment 

minimizes 5RAM/ ASIC size and can be applied co fast DRAMs and SDRAMs. 

These 72-pm SlMMs are assembled using reduced specification ORAMs, with 

no special care as to the failure types. At SIWA: test, failing memory locations are 

idenrificd for each memory device, and stored br 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 completion, the test 

system loads the failing addresses into the EPROM 14 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: 

• IO to I I bit address to identify the roVI' address associated with the failing 

location( s ). 

• All failing addresses in the defined row are replaced. 

• For DRAM chips having more than 22 addresses (I I/I I), additional 

bits arc required. 

• J to 4 bits to identify the failing DRAM position. 

• On a X32 SIMM using X-1- DRAM chips, three bits are needed to 

d.~code one of eight possible DRAM chips in a given bank. A fourth 

bir can be used to identi~\' the bank in which-the fail resides (i.e., bank 

I or 2). Wider input/ o-:..u:pur Cl/0) assemblies, assemblies built with 

orlicr RAM •..vidths or assemblies having more banks require more or 

J.:s:; bits. 

Hence, in this example, 13 to 15 bits are required for each fail. If each DRAM chip has 
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onlv one foilino seo1m·nr. this would requin· a non-volatile device having 15 bi.ts X 16 · 
.I l:> ::> 

DRAM locations (a two bank SIMM)= 2-1-0 cdls. This can be obtained with a 256 . 
cell device cosrintr less than S0.50 in quanrit~·. 0 , 

The logic device, impkmcnred a_<; an ASIC in these embodiments, includes a 

SRAM macro configured rn direcdy replace up to eight failing RAM segments. This 

requiw; eight SRAM segments, each four bits in width and matching the depth of the 

RAM column address field (I 024 or 2048 addresses). For a one bank assembly, eight 

SRAM segments of 2048 X 4 are required for an I I/l l addressed DRAM (65K 

SRAM roral). Jn addition, rhe following circuitry is needed: 

• A power-up der:ecrion circuit similar r:o r:har: used in the ECC-On-SIMM (ECC 

is error correction code) product is used ro der:ect 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

,·olatile memory. The non-volatile me'.11ory information is loaded into the 

. address translation registers in the ASIC to allow for the remapping of niemory 

fails during operation. Once rhe full non-volatile memory address depth has 

been reached (based on a counter in the ASIC} the transfer is concluded. 

• RAM data re-mapping circuiny is implemenred as an ASIC device and dotted 

dirl·crly [,., rhl' RAM d.=viccs (all DQs'·, as well as the address bus, RAS, CAS, 

V\7E and OE signals. For every access to this assembly, a valid RAS results in 

the row address being latched and compared to rhe stored. 11 failing" address 

lo~ations. ] fa match is obtained. during CAS rime any "write" operations to 

the mem()Jy will be stored into rhc SRA~ locations mapped to replace the 

defective 111m1or~1 device, in addir.i0n ro being stored inro rhe defective array 

location. For "read" •l!··erations, dll' .SRA!\.1 is accessed similarly, bur drives the 

(bra bus insrcad of rlK defrcri1•c llh'Jl1.)I~·· dl·1·icc. In rhis case, rhe failing 

mcmorr l'•i[ be dc-garcd via rhc A.SIC acri1·aring the OE signal to the defective 
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device onlr. 

Referring now to Figures 9A to l)E, dlc processes of production, assembling 

and tcsri1w che DRAM assi:-mblies is illustrated bv wav of flow diagrams. In Figure 9A, 
b I .I 

the process of RAM production is shown. Thi.' memory chips are first tested by the 

producer in function block I 0 L Failing locations are logged by device identification 

(ID). The tested chips arc· pur in stock, separated into categories based on number of 

failing cells in funcrion block I 02. Chips having failures less than a pre-defined limit 

(based on RAM size in dynamic redundancy ASIC) are released to module production 

in function block 103. Chips having excessive failures are scrapped or sold into 

alternative applicarions in function block I 04-. 

Jn Figure 9B, the process of module assembly is shown. Those chips rdeased to 

module production arc released to the module build acea in function block 105. A chip 

placement tool i.s set up to assemble modules using a mix of defective chips in function 

block 106. The ASIC. EPROM and other support circuitry are attached to the PCB in 

function block 107. The. assembly is then soldered and tdeased to the test area in 

funC[ion block 108. 

In Figure 9C, the proo~ss of module programming is shown. The module tester 

activates the module in function block 109 and reads the chip ID number. The module 

cc;o;ter logs chip ID numbers and downloads dcfecti\'e memory locations for each chip in 

function block I IC. The module tester d1c11 initiates a "write" operation to the 

EPROM de,•ice, storing defective address kxacions for each memory chip on the 

moduk in funcrion block 11 I. The moduk cester cerminates the "write" operation in 

function block I 12 and removes power from the module. 

In Figures 90 and 9E, the process 0f module test is shown. Beginning in Figure 

9D. rlw module w;r,·r rh~·n rc-acti\'ares rhc ass,·mbkd moduk in hmction block I 13. In 

n'.'spons.:-. rhc memmy llll)dulc detects po11'lT and the ASIC initiarcs power-on 

reser/ time dday in fi.mction block I J 4. The ASIC then initiates a "read" operation 
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from the EPROM, creating a memory map of the defective addresses by chip (4-bit boundary embodiment) or 

bit (single bit boundary embodiment), prior to system memory read/write or refresh operations in function 

block 115. The memory module is then tested in function block 116 to full voltage/pattern test set. The 

memory chip failures found during module test are compared to the initial address map in the EPROM in 

function block 117 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 118 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 119 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 I22. 

The process of ASIC operation is shown in Figures IOA to IOC. Beginning with Figure IOA, 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 I24. The system executes "pump-up" cycles, per standard memory 

specifications, in function block 125. Then the system begins a diagnostic routine in function block I26 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 IOB 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 I28. Upon an 

address match the ASIC stores system data in SRAM (or DRAM) location(s) re-mapped via the pre-
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programmed address map in function block T29. Note that the defective memory 

device will a1so b.; w1;rrcn, bur ir will nor be used-

The "read" operation is shown in Figure IOC and begins with a "read" 

command :ind row and column addresses fi)r one or more memory bytes in function 

block 130. On ec.ch access, rhe ASIC compares the system address to module address 

map ti.)r each activated memo:-~· device in funcrion block 131. Upon an address match, 

the ASIC de-gates the output dri\•er on the defective DRAM(s) by activating output 

enable ( 4-bir boum~ary embodiment~ or br disabling bit switches (single bit boundary 

embodiment) in fimction block I32. The ASIC drives the data bus for re-mapped ckta 

bits with data prc\•iously srorcd by one or n1c-re write operations to that bit (or bits) 

and address in function block 133. The ASIC deactivates the driver(s) upon the rise of 

the column address strobe on f.-ist page ml)dc modules or on the subsequent fall of the 

column address strobe or fall of the write enable signal (in EDO modules) or when 

RAS and CAS arc both high (both modes). 

To simpli~· logic and minimizc EPROM siz,e and ASIC remap size, entire 

word lincs or bit lines in defective R.A.M(s) can be replaced. However, this will result in 

the largest amount of ASIC "RAM" being required. For a 16 Mb DR.AM, add~essed 

el~ven rows and deven columns. each re-mapped word line or bit line would require 

2048 ASIC cells for each DRAM I/O hing remapped. 

Aithnugh n1·0 prefrrr,-cl t•mbodiml''lLS lia\•e been described, the invention can be 

expandl-cl rn inclw.:k ahcrnarc smJCtures and implementations. for example, emerging 

structures such as EDO. Rurst EDO (Pipe>lincd Nibble), SDRAM, etc. all operate in a 

similar fashion to DRAlv1 and can be w;.-d in die same manner. In the case ofEDO, the 

ASIC would keep d:ira acciw until the subscqucnr fall of CAS, as well as consistent 

with mlwr conm-.1 !inc com~1i11:irions as ci.:scribcd in the JEDEC Ooint Electron 

Devices E!lginl'Cri:1~ C,1~111cil ,if rhe Elccrnmic I ndustrics Association) standard for this 

(uncci,1;i. Ti1is mc,ie would b( t'nablcd via.:\ .-nnrrd pin on the ASIC. In the case of 

BEDO. rh,- ASIC 11 oulcl includ,· a 4-bir cursr address counter, programmable in 
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imerlcavc and scqucmial addressing modes. The operational characteristics would 

march rill' Jl:DEC ~.randards. In the case ofSDRAM, the ASIC would operate 

synchronouslr to the SDRAM clock, and again operate consistently with the JEDEC 

standard. The nnn-volarilr memory device ;ind SRAM memory would be further 

segmenred co include supporr for multiple DRAM banks. Although the embodiment 

described is specific to DRAM structures, rhc same techniques can be applied to 

SRAM and other non-\•olatilc memories. 

Additional embodiments of the prcscr..t invention may be envisioned, for 

example the invc-nrion may be used in .::onjunccion with error checking and correction 

(ECC) logic. which is wdl known in the arr or ocher techniques which are separate 

from chc memory assembly. In an ECC application, any hard fails identified during 

ready and write operations could be replaced b.~: using a diagnostic routine identical to 

that used during Sl~AM test, previously dcscribl!'d. As with normal production, the 

limiting facror is rhc size of che non-vob:ile and ,•iolative (SRAM) arrays. In ECC 

applica[ions, the m.: of this invention could result in significantly improved memory 

reliabilicr as foils w-:mld be re-mapped ccntinucusly. If the volatile and non-volatile 

arrays were to be implemcrn:ed in a memory controller, instead of on the memory 

moduk($), rhe memory contrvller could rC}'lac.: failing memmy locations on any 

insr.'.llled mcmorr mt)duJ . .::.s. A.s with rhe ECC s1·srem implemenrarion, the memory test 

module(~) d~scribcd in rhis ir.\'<.::ntion. B:· rq1ia.:ing these bits, the likelihood of a 

catastrophic fail. due to multiple bit failui·e~: nn a specific address, ~an be reduced 

exponcmially. Addi[ionally. one could use the ··oE" pin to disable DRAM drivers 

(DQM for SORA1'.1S), rather than placing rh·~ . .\SIC in a da1:a path. If the ASIC is in 

the data iurh . .si~niiicam prrtonnancc (a.~c~ss) d,·~radation can occur, as well as result 

in timin~ ,·iolatit111s !xrwc·cn d:1ta (DQ) an.1 ci•r:tr<)l lincs to the DRAM/SDRAM. 

\\'irh increasing logii: :-11ip d.:nsity. a CPU chipcr could implement che 
. I 

"Dy1umi.: 1-~cdund.;.nc~-'' inrcrnally, and re-m:.p a:l~' fails located during "POST" 
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(power-on sdf test). By doing so, the CPU could operate nonnally in spite of the 

exisrcncc· of meml)r_v fails i1~ one or more banks of memory modules, with no 

performance degr;id:ition. no human inccrwmi()Jl, and minimal added complexity (to 

the chipsct d~sign). In rhis ca~c. the ASI( ma~.' also include the non-volatile memory. 

V..lbilc the invention h;1s been .dl·s~ribcd in terms of preferred embodiments, 

chose skilled in the arr will n~cognizc char rhc inn:ntion can be practiced with 

modification within che spirit and scope l,f rht appended claims. 
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CLAIMS 

Having thus described our invention, what we claim as new and desire to secure by Letters Patent is 

as follows: 

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 mounted 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 

Th' S' .. • ·!5 • .~ect lias Been Replact.•J 

lilf Wllllil 11111111111 . 
f
--·--- .. --------~ 
THiS SHEET HAS BEEM I 

! REPLACED ! 
l-----·-----------J 
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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 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 S 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 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 l6XII 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 
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storage arrays are sixty-four 2KXI 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 ch~ps 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 alternatt; storage device for all read and wrice 

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 IO wherein the logic device and the volatile 

storage device are a single chip application specific integrated circuit (ASIC). 
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