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USI NG PARTI ALLY DEFECTIVE CHI PS 5 TECHNI CAL FI ELD The prastgusi 200gnti on
relates to the field of electronic nenory nodules. More specifically,
enbodi nmen present invention relate to the fabr] i DDR :
menory a@%{(ﬂ}g?@l ogi ¢ nodul es that selectively use op%‘?lz{dlo%gss sfegm&*nts of
a plurality of less-than- 30 perfect chips or packages exclusively, or in
conmbination with perfect ones. BACKGROUND Sem conductor manufacturing
processes have becone increasingly nore conplex. Fromthe beginning with

t he cre% ion of discrete transistors and ot her sem conductor devices is
through—ﬁﬁse RY HRBYLE A SEMEL ] USING BARTALL CDEFRETRECHPE D devi ces, the number of
transi stors or independent elenents we can fit on to a sem conductor chip
has grown exponentially each year. For exanple, the first integrated
processors conprised on the order of 2300 transistors. A recently announced
integrated circuit processor conprises nore than 220 mllion transistors.
QO her circuits are projected to contain over | billion transistors in the
foreseeable 20 future. This continued exponential growh of sem conductor
manuf ac 4@%§ﬂggéﬁ}g§§es, while contributing to the greatly decreased costs
of i ndi rrconduct or devi ces and products -has al so exacerbated many

product i on amd pie&itif@nfisroilafEt 16 H68 bPdldroniciiertyREREAIMorgem conduct or
manuf act ur.ing processes. The substantial increase in the density of

el ect r oWPElientlygmbodiments of thepressalipventien rslets toithe fabricatietofRDRMaEEDY | ng

proces j j: -t han- perfect
sem ¢ oﬁ&aﬁg ?igflogfc gﬁ%érufég ktll:lds gél&ﬁl'ﬁ?lg {lélé%g %%%egﬁeﬁgya %ﬁ‘%ﬁif@? ?egsnﬁ’%? | ess than
per faectpeshitghipa nopatkageh exchispaimerdn eomitsnation vitht peffoct oebsect roni ¢ conponent
sellers who find ways to utilize |l ess-than-perfect chips or die to assenble
wor ki ng conponents. 1 24 August 2006

BACKGROUND

Semiconductor maﬁufactun'n g processes have become increasingly more complex.
From the beginning with the creation of discrete transistors ‘and other semiconductor devices
15  through subsequent medium and large scale integrated devices, the number of transistors or
independent elements we can fit on to a semiconductor chip has grown exponentiaily cach
year. For example, the first integrated processors comprised on the order of 2300 transistors.
A recently announced integrated circuit processor comprises more than 220 million
- transistors. Other circuits are projected to contain over 1 billion transistors in the foreseeable
20 future.
This continued exponential growth of semiconductor manufacturing processes, while
contributing to the greatly decreased costs of individual semiconductor devices and products

has also exacerbated many production and testing problems associated with commercial

semiconductor manufacturing processes. The substantial increase in the density of electronic
25  circuits in the semiconductor integrated ﬂlanufactuﬁng processes has resulted in the

production of many more less-than-perfect semiconductor die or chips. This increase in the

production of less than perfect chips and die has spawned a new market for electronic

component sellers who find ways to utilize less-than-perfect chips or die to assemble working

components.




The many enhancenents and advancenents in sem conductor nanufacturing and
packagi ng processes have resulted in the creation of a npahgigwef2006i ce
sensitive sem conductor product applications for electronic parts sellers.
In particular, these electronic parts sellers develop | ow cost nenory
nodul es or other sem conductor devices through the wutilization of cost

ef fective processes and | ess-than-perfect sem conductor parts. One
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nmodul e; toadrivesel ecti vel y connecting said cl ock booster to said nenory parts

whose /O lines are utilized. 2
* C . A distorted clock signal may often cause errors when accessing memory parts which

are sensitive to the rise and fall times of the driving clock. Accordingly, there is a need to
. provide a clean clock signal capable of driving an indeterminate number of memory parts,

some or all of which may be partially defective.

In summary, there is an ongoing need in the art for means and methods of producing

~low cost semiconductor devices, particularly memory modules. Related to this is an ongoing

need to make use of modern, popular devices that are partially-defective so that such devices

are not completely wasted.

SUMMARY OF SELECTED EMBODIMENTS

According to afirst aspect of the present invention, there is provided a method for
selectively implementing a clock booster, said method comprising: mounting a clock booster
on a multi-layer circuit board; testing and patching memory parts to realize a fully-functional
memory module; and selectively connecting said clock booster to said memory parts whose

.-I/O lines are utilized.




24 August 2006 According to a second aspect of the present invention,
there is provided a nulti-later circuit board for fabrical t JRBOI Y
nodul e using a selectively operable clock booster and partially-defective
menory parts, said circuit board conprising: neans for utilizing an

i ndeterm nate nunber of nmenory parts; and neans for selectively connecting
said clock booster to said nenory parts. According to a third aspect of

modul e havi nAROTRRERLY reEglris cER PR PO AT of
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predeterm ned size nenory nodule, sai nory no e conprising: a first
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.data cl ock signgqcas a function of the nunber _of backup nenory parts

ut'i | zet EEONSATRRCIHRMGHBNY ReTKITFHyed e o prasd gircuiidsaditafam aor i nary  nenory

parts. : ; di,nent t he present invention provides a method
and app @g‘%{g&gﬂﬂ 4 ;f%?ﬁ(r?prfoml r?fl }ql%gsa;;a. %I%rfl%?f’il?f% 008’[5’8?18%1 aeé)réﬁ ‘%’8 “%%ost er for
DDR andiagélieh siie prhiéd eReli 1ord to WiiothteUhdividdfl oRay dfisailpYinfief ehbMe nmenory
parts or a conbination of partially-defective and flaw e€ss nenory parts.

The net pasts veithcenapgiudeal sscondarly beaeksp aremanp pavedonh apkinag/seedrdey and system
whi ch enabl es t he, use, qf &ﬁ@m all y-defective nenory parts w thout

distort PifgOpHRaT pei, aningy Ebién%@ma/@t\iw@m@&d iffyceena/ 05845 cl ock
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signifitantfy red Ion on a
primary part with an operable I/O line of its associated backup memory part to form a fully

functional primary/secondary memory part pairs, and a selectively operable clock booster

~ circuit to correct any degradation of a primary data clock signal as a function of the number
of backup memory parts utilized to patch any non-working I/O lines of associated primary
memory parts.

In one of many embodiments, the present invention provides a method and apparatus
for implementing a selectively operable clock booster for DDR and other memory modules,
which utilize partially-defective memory parts or a combination of partially-defective and
flawless memory parts. The method and apparatus includes an improved clocking method

and system, which enables the use of partially-defective memory parts without distorting the
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I n anot her enbodi nent, a clock booster circuit may be sel ectively operated
to allow an indeterm nate nunber of nmenory parts to be ustetustist Fooet
distorting the clock signal on s SDR (Synchronized Data Rate) nenory
nodul es. CRI PTI ON OF THE DRAW NGS The acconpanyi 89 i Ngs
illustrat g%vogr ;Hg%? enbodi nents of the present inventi onn'yd'lzlﬁ’ (Eatsg'}ga part of
the specification. Together with the foll ow ng description, the draw ngs 10
denonstrate and explain the principles of the present invention. The
illustrated enbodi nents are exanples of the present invention and do not
limt the scope of the invention. Fig. 1 is a flowhart illustrating a

net hod Veckisigsal dnenargnbediragpbaPhassdiiick Laereaichit isgnsed to significanhggdusent of t he
present .3 RV, i h']Em i graph illustrating a distortion of a clock
si gnal ‘at%cﬁgg&hc%%lkfs e\?vl.%'di@du&'g. 3 is agraph illustrating a distortion of
a cl ock si griabknatheeembodiinents a cloek boestersdrcuiFingy belseldclively pperged ta alohemat i ¢

di agram of .a Phase-Lock lLoop circuit that. b se a _clock booster
for a r’r%lnl%?‘i?c’ ’L'C;I{%Iné'm%rco " |“E°dyp%r&g?|§e ‘ésﬁ%&flﬁéﬁ‘f?’?%?‘“% ﬁ‘gcﬁfﬁ%@%’ﬁ[ Vi nventi on.
Fi g.5 5 $BR&Stlookzadi @i Rate) mbnisdymeddulg a | ayout of maj or conponents of a.
menory 20 nodul e fabricated according to one enbodi ment of the present
invention. Fig.6 is a block diagramillustrating a primary and secondary

Menory PRAIEHF DESCRIPTION'OFTME PRAWIRGgat chi ng networ k according to one
enbodi nent of the present invention. Fig. 7 is a block diagram

i | | ustrat i nghaagspmpenwnehewisecidndmioyvarieysempogiarents of theawesart drviestipmi t h

anot her i I e I the present 25
i nvent i%‘ﬁ%’%ﬂ%ﬂ %g&?%&%ﬁ@aggﬁ%ﬁ%%r&a%ﬂ} tﬁ?%gltg %g ({rgg&g’ g}r?’irlﬁnea&r%{l/mg d secondary
menmr y dearobstrate and exylain the pinciplds bf thn pichet inpaitivhl Mhe fikistraedenstodiatedisng t o

anot her enbodj nme of the presen i nyentjon. 3 August 2006 WD
03/ 073ﬁ%°’ﬁ9@1’*%%€'§? B@Bﬂ’é‘q’—“{g’g‘!" 1 do Bolihe mOBanffﬁ‘Fi“}"g’Efé"Pr ating a PLL clock
driver, whi G IMaya fRSvdhah BGisirMiigla method of fabricating a memory module according

to one embodiment of the present invention.

Fig. 2 is a graph illustrating a distortion of a clock signal due to clock skew.

15 Fig. 3 is a graph illustrating a distortion of a clock signal due to electrical noise.

Fig. 4 illustrates a schematic diagram of a Phase-Lock Loop circuit that may be used
as a clock booster for a memory module according to one embodiment of the present
invention.

- Fig. 5 is a block diagram illustrating a layout of major components of a memory
20  module fabricated according to one embodiment of the present invention.

Fig.6 is a block diagram illustrating a primary and secondary memory part in
conjunction with a patching network according to one embodiment of the present invention.

Fig. 7 is a block diagram illustrating 2 primary and secondary memory part in
conjunction with another patching network according to another embodiment of the present

25  invention.

Fig. 8 is a block diagram illustrating a primary and secondary memory patt in

conjunction with another patching network according to another embodiment of the present

invention.




connected to a nunber of primary and secondary nenory parts using sw tches
according to one enbodi ment of the present invention. Fi2g.AubdstiZ008 bl ock
diagramillustrating a PLL clock driver, which nmay be selectively 5
- connect ed“;oo E er of primary and secondary menory parts usi Sg a cl ock
pat chi ng according to another enbodi nent of t hEPFRYERE i nventi on.
Fig. 11 is a bI ock diagramillustrating a PLL clock driver, selectively
connected to a nunber of primary and secondary nmenory parts according to
one enbodi nent of the present invention. 10 Throughout the draw ngs,

i dentical reference nunbers designate sinmilar, but not necessarily

i dentical , dfigfdaedlochepmenpiburEings Phl dncloliveE WAThERYINBABIVEINTS A met hod
and app [ nory 1s
e LBl 45 0SB e LA Y 00 0 B

parti al m;ere@idﬁémtemt/dthmpkesmtmmmss menory parts. The rret hod and appar at us

I ncl ude an i ry ved Kin SYS Ies an

i ndet er m nat'é ngjn%ar’fé %ﬁ%ﬂ@ehgtr"}gsaaf{}g‘cﬁ%&t@ quch %CPB‘?I¥| ng the
cl ock stapnédied th @ namberaiTpetiarent seo@ncﬁh}aﬁ@n%%g&td-ﬁ&{g aCdI(Edklfiafchlh§ used to
significantly reduce cl‘%ck di stortion on and ot her nenory nodul es. 20

Fig. 1 ’?eéw‘?fkf‘f’ foranpibey cipbogimentotihepresestinggntionbr i cati ng a merory nodul e
according t@gg qNgs %?Bibéléjdhﬁﬁ% ilhfSfargQL T chjﬁ'dﬁverl el&tlf ﬁdﬁg&%ﬁ& gr is
mounted on a nulti-layer circurt board (101). h ooster maybe any
appar atwhenaﬂpmw‘z@c@deﬂymmmm accardingmmper twbodimentof thepregent | ock

si gnal s, capabl e of driving a multiplicity of logic parts w thout clock
distortion. I'n a preferred enbodi ment, a Phase-Locked Loop circuit may be
usedh as a CI',[dmdughGB thelibvasgihgy, ideDival RErédnbenimiized dsichaasipliag edsioof a nenory
nodul e, éi'{i }drr beg in US Patent No. 6,119,049 or the co-pendi ng patent
appl i caﬂec?f‘ﬁ LIERER gi?mﬁﬁt(ﬁve menory parts are tested and patched (102).
The testing and patching (102) allows a fully-functional mermory nodule to
be fabrrcated usrn art|aII -defectrve parts Due to the | oad that each
menor y 1% NHRESE - : bhnect the clock signal to

those menor YA B%B& aﬂtﬂfﬂ:aﬁ{ug dfﬂ&lbéeh %grg,m flnhgnurtxa%}/unng DDR and other memory

15  modules uses partially-defective memory parts or a combination of partially-defective and

flawless memory parts. The method and apparatus include an improved clocking method and
system, which enables an indeterminate number of memory parts to be used without
distorting the clock signal. In one embodiment, a Phase-Lock Loop circuit is used to
significantly reduce clock distortion on DDR and other memory modules.

20 Fig. 1 is a flowchart jllustrating a method of fabricating a memory module according
to one embodiment. As shown in Fig. 1, a clock booster is mounted on a multi-layer circuit
board (101). The clock booster may be any apparatus that receives a clock input, and outputs
one or more clock signals capable of driving a multiplicity of logic parts without clock
distortion. In a preferred embodiment, a Phase-Locked Loop circuit may be used as a clock

25 booster.

During the fabrication process of a memory module, as described in US Patent No.
6,119,049 or the co-pending patent application referenced above, memory parts are tested and
patched (102). The testing and patching (102) allows a fully-functional memory module to be
fabricated using partially-defective parts. Due to the load that each memory part adds, it is

30  desirable to only connect the clock signal to those memory parts that are utilized. ‘This may

4




24 August 2006 WD 03/ 073356 PCT/ US03/ 05845 be acconpl i shed using any
nunber of swi tching mechani snms to connect or disconnect a4cupilt2086gnal to
a nmenory part. In a preferred enbodi nent, a clock patching network nay be

used to §ﬁl)§3947§3\§§|136300nnect or di sconnect out put s of aPaFCT&%(é{/%???OSter to

the menory" par Fig. 2 is a graph illustrating %ion of a
cl ock signal due to clock skew. In s general, clock skew may be descri bed
as a decrease of available tinme in a clock cycle. As shown in Fig. 2, CLK
A (201) produces a clock signal with a fixed frequency, and CLK B (202)
slightly trails the signal for CLK A (201). Because the two clocks are not
synchr ogﬁ’ aasgmplished usingany nppler of 2‘@&9*1111&1“@011@1%1136@ ronneetiop discqupect aglaplpl e, i f

two ne b CLK A and
t he ot Hg ]Q@%}%{‘%@gﬁ ﬁ}eﬁgﬁe gcfi&\ﬁ/%)%c ock gbgk ﬁ@ﬁn%h@gr&%%\é@%ﬁﬁbe reduced
becausetotslttla:ctwedncckonsfwgm'adxscomeet outyintsofachich hoasedio tkomenmrypartsr@d®x y nodul es it
may be desi r t parts h a time. This
nmakes cl ock gﬁﬁ%ﬁéﬁ-‘ﬁf’%{}{'@ dioésé‘?fg frm‘u‘ék&gﬂ%léiuﬁ o%‘?ﬁ‘éﬁ% s often caused
by vari gériefum,&;ldcn sket“haa)l lﬁaaﬁsdrmed 8d Dfdsrense oFavaVbBg tinRi€a clbék d}@lfet iagul ar,

appl i cations such as at, use both the_ risi n and fal] IIég edge of a

cl ock athovadREig 2.k 4 (?Q-)‘d B&dP‘Eﬁﬁé closk gigpal N"“Bérﬁxé‘éi e C i s skew.
Fig. 3 {92ps 1&[1%115&1{ b Bt @BK% @osy. %&At@@th@iw@cl%l@% ok %@ﬁmﬂh’&l to

el ectrical” noi se. | ectrical noisSe s common in high frequency el ectrical
~appl i caﬁlﬁmsakﬁ-‘h@%bﬂ thetclackpenical. Honexarmimrfywwmﬁmsry pags whrsheingn Fig. 3, a

cl ock S%cgg%kd %/b%ﬁ)els)axgb fim '(ﬁle%thf Iﬁ@Aaandﬂ%loﬁl b?,Y{eé ﬂ(le qge}:twc cfoc | ogi ¢ high

| evel evl ces, suc as a nenory Use a l1oglic threshold
| eved Zﬁbz-(oa(izzo3)mmdlbst~edngam1mbnuwmaa cbclchgﬁll'saﬁemajmchﬁﬂik)d iFer tlmygh" or "l ow. "
301) reaches point 1 (.305 a device

For exa the _cl.ock s . i

usi ng t’ﬁgmﬂyd'ﬁ?{jegef&%ﬁybﬁndﬁ“apléé‘g@‘i‘fPsf pgpiq)@?qgoryp t thesame gﬁ’ﬁt Speriod of
el ect i GakesRicR SkewHGpitant fQighli Q6K sifidedsrk smls SRS CaubdaDyGaRfions i301)
signal to dip bel ow the | ogi ¢ threshol d val ue@&‘304 resul ting in

ext r aneldadoad|threqlackds drpingn eteh b pertiseler.sippjivations 3 )as&ljm thatyse bethdhet he | ogi c
ey Bkl L k0T s PO BhcALERY el ot oo
fal=e cdkeoki ng, and waveformdistortion, etc. In order to inprove clock
per formance, Fig %Vlls g Ersépﬁllllﬁtptra%%g Q Q%%o%gnoocflé%?oc{( gi%?:ﬁ due to electrical noise.
‘Electrical noise is common in high frequency electrical applications, and is defrimental in
-memory units. As shown in Fig. 3, a clock signal (301) is rising from a logic low level (302)
to a logic high evel (303). Most devices, such as a memory part, use a logic threshold level
20  (304) to distinguish when a clock signal (301) is “high” or “low.” For example, when the
clock signal (301) reaches point 1 (305), a device using the clock signal will recognize a logic
high (303), but a period of electrical noise (306) on the clock signal may cause the clock
(301) signal to dip below the logic threshold value (304), resulting in extraneous clocking
when the clock signal (301) again crosses the logic threshold value (304) at point 2 (307). A
25  period of electrical noise (306) on a clock signal (301) may consequently cause double
~clocking, false clocking, and waveform distortion, etc.
In order to improve clock performance, devices such as phase-locked loops,
amplifiers, filters, etc., may be used. In one embodiment that uses a variable number of
memory parts, a device that strengthens a clock signal to allow a high number of memory

30  parts to be driven by that clock signal is desirable.
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anplifiers, filters, etc., may be used. In one enbodi nent that uses a

vari abl e nunber of nenory parts, a device that strengtheaswusi®mos signal
to allow a high nunber of nenory 30 parts to be driven by that clock
signal is i e. 5 24 August 2006 WO 03/073356 PCT| USO3/ 05845 Fig. 4
Il lustrat ‘é‘g)eoémg%%ermt I ¢ di agram of a Phase-Locked Loop IR tnat may be
used as a clock booster for a nenory nodul e according to one enbodi nent of
the present invention. As shown in Fig. 4, a PPL unit (407) nmay conprise a
nunber of buffer units (417), PPL circuitry (406), and a nmux (409).

Several signals, including a clock signal, CLK s (401), Inv_CLK (402), FBin

(403), | nv_ABef ijluguates a wehemptiodpsram of a Bhasphocked Joprcitaat that mapbe suppl i ed as
i nput sj ' t bt s b 01) may be a
cl ock sil%ﬁg%%l%%ul%olaggﬂ:ﬁ%%gﬁh‘%g‘rﬁr| veeacgﬁﬂhgio on%{éﬁ:%?&:ﬂn@ﬁttoorfy arstg lit at a

desi gneiavéntiogudsshownlin¥Figlhia RRIORt (467)tnkey compriseasu@ibke ¢f40ffr, unitsit  shi ft ed

180 d Bin.(4 is, a co of, t he output .cl.ock si.gnal out (421),

of 1t me Y4BT vt Erehiey e, adtgipr A2 ekt R b iR AR R, R T 416) e

synchr o@dzethvwCLK (4023, FBIE (U8 )) Gav_ BB ((1&?,[11\);%? i(fﬁ’ﬁ?,'and Dt BhaBle((488 rel S @ cOpy
, O

of the outﬁ) t ¢lock sjignal, |nv_FBout the PPL unit (407) shifted
by 180 Hephas mpyeenaiede fheFPLami#ilt vol tage to the mux (409) that nmay be

used to det & Hig\nbokiintdak I4OUD1 Yk} bddEc1sdRSiAM R abi i Id\RivEDpRIg t (407)
or if the output (418) fromthe PPL circuitry (406)"w |l be the output

f rom t hh@memery parts ab@qesigned fequpngy. EnvaBLE (¢02) 3 the bdnasas CLEh@S1), bivi ce to
control L i 0 I gnal . | - - ) conprise
o mumbor IR0 Bt PR o B Ciop? S e o fecRRou. rlt P S LY, OO0
(42D 416t (A0B, whickcia msadi ta eskucohé ﬁlﬂgﬂﬁ (4 mase)l als&iéyhbledaiz@lpv' iﬂlsthsfnc&hiﬁfg( 401) and

I nv_CL Fig.. 5 pC i amillustratin ayout of maj or

c o\r/rBo n e%#lg ?@) %igrlf‘?g nIBVJy# @B ?@hﬁlaéml’%%%%%ﬁt@ﬂ clogk E}E‘Eﬂl’ﬂg"—t%@%%ég@e‘?fect eJd

enbodi nBOPPL luilt A87) shiTell BY 1 3RIGANM. an in a or SDR
menory rmdﬂllle f‘ggr)iscat eqydg(i&rli 8I\A<ngget1{gﬂlj\?? or&%gél\{/ik( Eontégoﬁ%@gg?ts may be

i 11 ust riBatarpypp upaddo Aetermine WouH (0 bwiltbg themutpatfrern SwrPRLnRI(407) Srift he  menory
modul € S0 but'TRY) BOMRRL PR Arditly!ds0d) f be fle oGile IO HebP W3d 402! ¥ € mrermory

parts
15 Output Enable (423) allows a host device to control when the PPL unit (407) outputs a signal.

Y1-YN (411-416) comprise a number of outputs from the PPL unit (407). More specifically,
Y1-YN (411-416) are synchronized copies or phase shifted copies of CLK (401) and
Inv_CLK {402). '

Fig. 5 is a block diagram illustrating a layout of major components of a memory
20 module fabricated according to one selected embodiment. In particular, a 64M(megabytes),
128M, or 256M DDR or SDR memory module fabricated using 8Mx8, 16Mx8, or 32Mx8
memory parts may be illustrated by the memory module of Fig. 5. As shown in Fig. 5, the
- memory module (500) may comprise a multi-layer circuit board (53 1}, paired memory parts
(532), patching networks (533), and a selectively operable clock booster (507), such as the
25  PPL unit (407, Fig. 4) shown in Fig. 4. The paired memory parts (532) are designated by P1,
P2, P3, and P4, with each pair preferably comprising one primary and one secondary memory
- part.
During the fabrication process, the patching networks (533) are utilized as described

below. Once a determination of possible patching solutions is realized, the selectively




(532), patching networks (533), and a sel ectively operable clock booster
(507), such as the 25 PPL unit (407, Fig. 4) shown in Fi g4 Ahgudim®opai red
menory parts (532) are designated by P1, P2, P3, and P4, with each pair

pr ef er abl Lsing one primary and one secondary ne . During

t he fabri)é‘g'%gr%&%ﬁocess, t he patchi ng networks (533) a@%@?@%@d as

descri bed below. Once a determ nation of possible patching solutions is
realized, the selectively 6 24 August 2006 WD 03/073356 PCT/ U503/ 05845
oper abl e cl ock booster (507) may be used to effectively drive the primary
and secondar menory parts (532) whgse I/O bits are accessed. Fig. 6 is a
bl ock dP&f‘gj?bA%flP?‘i mftﬁ%@PH@%%WFwaﬁmelx SEYFTRRPRMSE AR SFCUMATY i n

coNj UNCljeRdrihatid (B2PRhERIObiRGHREKsegAS shown in Fig. 6, the [/Olines (1/0
1-1/08) of 'a 5 primary nmenory part (601) nay be connected to pads (604) of
a pat chi ng négwossz bjgh dlagrammillustiating eprivoety metsecondary mepeedy ¥801) t o which a

t ' A [ O ] | (o Y abl { t
out put - FoenieiB Yih p ek £ ARl SHEVIRE Y-8 4805 °T001 O
8b) 4 r opimayeserdapat (68 Hay HeabinetiBd &) pads G04) (@ paohing aétedki(60Patis (604) of

- the pagchi net wor As, .descri bed for e primar /O lines, each
 pad (604Y° % % ﬁgﬁclflﬂ’éggéféwa‘?‘@gb%ﬂﬂﬁmfmam linerip 601?3‘%@‘1 O 8b) is
connect prfersblypdiede@s @bpyiratel ARGt ik (OUSICORBAL LadRtitnY, thelbh&@p LBSliRb@m in Fig.
6, the {)ads 604) connected to 110 lines, I/O 1 and 1/0 Fb, are close to
t he padlt-BOAP) Eemasewndary mepgrmrat (P92 are abgrcpnneyind to Rednfo04afshe on of pads

- (604)  usAGhiRSnework dggi ﬂydeagrgaéeg E&g &%ﬂﬁg@flﬁ%g@g& nﬁ%’éfm g pRf i mary 1/0

line to be replace one 1 may be
-1 eplaac estpiyptelbachup O [ineqV/Q 1h{O Bie) is emphentalds jrgferably chise teed separifs obipoi ng t he

fabricatio ocess..of menory,..nmodul e,  the .patchin twork (603) is wused
to conﬁfé%'r}séspslip]?‘?qﬁ%%}g'()ﬁr 3’588%&8%@?’?‘7568? f%@ﬂ‘ i 61(53?‘1)&61 1%@"1%’8}“ -Qut 8).
Thi s nathe bad (684)00nMcied hechthyt B0 MAL! THYcoRfigrAgndf Pt (660 43edw@ar esponding to
a primary 1/0 line %ﬁ bajg_:kug}I 110 line to_a single pad (604) corresponding
to an oRANAS Refwrrk (6P hpteierably allows gagmitpdry KO ling fodieirgplaced by gne bagkimer | | unper
wires, pbine. FR¥xREpIMIRT Iy 6ORBREL RARS 1K, 80 b, efd. net wor k
(603) to alnfow axﬁ(ﬁ;%t devi c% tf(}Baccess tHl(’e I/Omg?iljg@?&gtbgri rrar’g/tgnenory
parts (601) dpuring the fabrication process of 2 memory module, the patching network (603) is

used to connect a primary or secondary VO line to an output line (Out1-Out8). This may be
- accomplished by connecting a single pad (604) corresponding to a primary IO line or backup
1/0 line to a single pad (604) correspondfng to an output line. Electrically conductive
materials, e.g., solder, jumper wires, etc., may be used to connect pads (604) of the patching
20  network (603) to allow a host device to access the /O bits of a primary memory part (601) or
secondary memory part (602).
Fig. 7 is a block diagram illustrating a primary and secondary memory part in
conjunction with another patching network. As shown in Fig. 7, two I/O lines (/0 1-VO 2)
of a primary memory part (701) may be connected to two separate pads (704) of a patching
25  network (703). Additionally, four backup IO lines (I/O 1b-T/O 4b) are c;onnected to four .
- other pads (704) of the patching network (703).
In this embodiment, each output line (Out1-Out2) is connected to a series of pads
(704), thus providing a separate connective pad (704) adjacent to each pad (704)
corresponding to an /O line. For example, Fig. 7 illustrates two primary /O lines and four

30 backup /O lines connected to six separate pads (704) of the patching network (703).
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secondary nenory part (602). Fig. 7 is a block diagramillustrating a
primary and secondary nemory part in conjunction wth apsthgistpabshi ng
network. As shown in Fig. 7, two 1/0 lines (1/0 1-1/0 2) of a primary

menory p may be connected to two separate pads (704) of a patching
25 netmrf??“%%%’%“ Addi tional ly, four backup I/0 Iines BAGEHBP0O 4b) are

connected to four other pads (704) of the patching network (703). In this
enbodi ment, each output line (Qutl-Qut2) is connected to a series of pads
(704), thus providing a separate connective pad (704) adjacent to each pad
(704) ~corresponding to an 1/0 line. For exanple, Fig. 7 illustrates two
pri mar yThetedote] eacks output ling isrcol@clod trkaippads (V04) adisceotn tieqide(7040) si x separate
pads (70% of 'Eahﬁotggtﬁr@xi N9, et rkﬂﬁs .7 24 August 2006 WD 03/073356
PCT/ USOSPGEBR A M Pe PIray *a ol M%he is connected to six pads (704)
adj acent t o Thedllpaskion(of Oi) 7 isdadonpdieindhat @nly@nt Pachiid meawytk §703) secondary |1/ O
lines. The i|lustration of Fig. 7 .1s inconplete in. that only one, patching
net wor kS];?‘YBsgn qréer tgwﬁﬁot{lﬁ PERERVQ BnesdHOHAO B Adfitiomal w&?vgfﬁavq%es (1/0
3-1/50 8()703)%%:%&%&}'%@1?%'ﬁﬁm&ﬁrt])'@;igélanﬁ fuf Bakup /6 LRESLEESREetedMder €1 N T WO

primary 1/0 l'ines and four backup 1 I nes are connected to each patching

net wor keaglyprighingmebyerk §708). Therafororamerpelty ineodylsivsige the@atghing kenfiguraiah i gur at i on
h [ ' 7, - f tchi t f h
or 1 o y ot i Eif: 7, Wl BEbphable 4R Mbu Bl GORDE B MBET el 07 €2C
-Addi t i qael(Vel) abdecapagy megndyepas@02)fae. PakdiiondlFOthy ssbmgbetweet-ihgpads i s for
i|lust ' Ly. | | i tatjon, pads (704) i

or ef or 420 BB a6 gas fEroratie Puphn ey, o Lnr P amo R Bt A bet veen
pads ( Aedprefefadly @268 epeingg tHudallming t18@ScaR BshnBaibss hefWéeh pady reppondi ng to

output lines to be easily made. During the fabrication process of a nenory
nodul e, corrppopding toi (Y lings elgbpads (7PABgomespanding te eutpus finesce baeasily mads: or

secondary | [farihbk B8 ARica pUtorl 06, bl TSRy .sacconpl i shed
by connecting aksi ngl-g pé] (0704) cor roé)ggo%lg%g‘%ag agg}%l rrarg/%%lls | ine or
backup us¢dsto tomnect spnmay onscapflary 140 ipwds a @AYt line (Qwbibu)i Alstnmydech out put

7, S S RITY e A MRl
15 VO line to one of six pads (704) corresponding to each output line. Electrically conductive
materials, .g., solder, jumper wires, etc., may be used to connect pads (704) of the patching
network (703) to allow a host device to access the 1/0 bits of a primary memory part (701) or
secondary memory part (702).
Fig. 8 is a block diagram illustrating a primary and secondary memory part in
20  conjunction with another patching network. As shown in Fig. 8, two J/O lines (VO 1-I/O 2)
of a primary memory part (801) may be connected to two separate pads (804) of a patching
network (803). Additionally, eight backup /O lines (I/O 1b-I/O 8b) are connected to eight
other pads (804) of the patching network (803).
In this embodiment, each output line (Out1-Out2) is connected to a series of pads
25  (804), thus providing a separate connective pad (804) adjacent to each pad (804)
corresponding to an /O line. For example, Fig. 7 illustrates two primary /O lines and eight
backup I/O lines connected to ten separate pads (804) of the patching network (803).
Therefore, each output line is connected to ten pads (804) adjacent to the pads (804)
corresponding to the primary and secondary I/O lines.

30




network (703) to allow a host device to access the 1/0 bits of a primary
menory part (701) or secondary nenory part (702). Fig. 84iseasttPoogk
diagramillustrating a primary and secondary nenory part in 20 conjunction
wi t h anot her patching network. As shown in Fig. 8, tw I/Olines (1/0 1-1/0
- 2) of aprimary nenory part (801) nmay be connected to two separate pads
(804) of a patching network (803). Additionally, eight backup 1/0 |ines
(I/O1b-1/0 8b) are connected to eight other pads (804) of the patching
net work (803 In this enpbadinent, each oytput line (Qutl-Qut2) is
connected t o)lge g@fqaggn%ﬁqggdssm%l%’@ afo‘hlﬁggewwg&%ﬁﬁﬁ%{g@ébsar ate
f:onnect ishmpadorl(l&(ﬁcm)se&réjo&emrhnl i 4rpl/©%as (POG-UGMAdditiendl pﬁ&l b l(cjsi 0 aR 1/0
ine. F xampl.e, Fi.g. .7 illustr st rimary | lines and eight
backip (PO MRt B L RS Sl ol S Eackulid 1o Fhe. pat oh ng
ng_tworko@ﬁi&’o‘t)ec;lltoem?a&hmgacmeﬂqbosgmwdqrb,iaﬁ@m'%ﬁ@mn@ﬁ I@c{bélsaédhm@ pags (8(371)0
adj acent_to the pads. cqrresponding to the pripmar nd secondary
i nes.  SOMEEURON P]’Et“g%é woyllg WQ?Waﬁclmg PPk 503 Bisedhop et o 1 n
that onlpyimanangiire parn@oT) ehid ¥t dadar @norBpaBiis0M pait. RdditisiRIly, iR SE&QIgE 2833“ her

S are

dbry
primary |/ O 1]nes 3-1/.0.8),.addjtional patching networ
pref er r &8 %@FBW%MS. Wﬁ%ﬁ‘ﬁ-&ﬁ%ﬂd%&%ﬁvﬂ?ﬂmﬂ@ﬁo’élv rhckup 1/0 1] nes are
connect ggplb@eaioh, padd (8t4) B pRENY Ko er, HASAR G lec@icAlRREMoAP Ul € usi ng
l.gurati on shown in Fi 8. woul se four

the patchin onf g. preferably u

“patchin WM&%@WW%&?Q% #@G(ﬁ%ﬁ?wp&@gé%@%ﬁ)“tﬁ?ﬁﬁ secondary
menory pebdeatifQgadepai r. Additionally, the spacing between the pads (804)
shown in Fig, 8 is for illustrative purposes only. In a real

i npl enent at i BAMEhefebreatuppreges of p ercaionngduls, te patehgegadieerk §08kis al | owi ng
el eCtr | 63 (S QRAEE s bty oPELURRS) IR M. tb 40 AkpSHnl @g@@f%ﬁ&akﬁ li nes and

pads (804) corresponding to output Iines e ring the
f abri cafeewpishedtissoonucrting asnglsnad (R9d) toespopdinga e ptimaty Ligblinesr kack®03) is  used
Thi o o Xl Bl pal (1RY SO Sf0babiet R Bub 198 EMMRA BRI pondi b to
a pri mamatenialg elg, seldesyjumper adrss, etc., may be used to connect pads (804) of the patching
. network (803} to allow a host device to access the VO bits of a primary memory part (801) or
secondary memory part (802).
Fig. 9 is a block diagram illustrating a PLL clock driver, which may be selectively
connected to a number of memory parts in one selected embodiment. As shown in Fig. 9,a
PPL unit (907), e.g., the PPL unit (407, Fig. 4) described in Fig. 4, receives a clock signal,
CLK (901), from which a number of outputs (synthesized copies of the incoming clock

signal) are created. These outputs are connected to primary memory parts (932) and
. secondary memory parts (933) through switches (924). The switches (924) may selectively be
. opened or closed, thereby allowing a clock signal to be used preferably only with memory
parts (932,933) whose I/O lines are accessed. Additionally, the PPL unit (907) may be
enabled or disabled using an enable switch (926).

Fig. 10 is similar to Fig, 9 in that Fig. 10 is a block diagram illustrating a PLL clock
driver, which may be selectively connected to 2 number of memory parts. As shown in Fig.
10, a PPL unit (1007), e.g., the PPL unit (407, Fig, 4) described in Fig. 4, receives a clock
signal, CLK (1001), from which 2 number of outputs (synthesized copies of the incoming




1/0 Iine to one of ten pads (804) corresponding to each output I|ine.
Electrically conductive nmaterials, e.g., solder, junper Mifg@&st®06., May
be used to connect pads (804) of the patching network (803) to allow a .
host device to access the 1/0 bits of a primary nmenory part (801) or
secondary nenory part (802). Fig. 9 is a block diagramillustrating a PLL
clock driver, which may be selectively connected to a nunber of nenory
parts in one sel ected enbodinent. As shown in Fig. 9, a PPL unit (907),

S G et e e B R belshonsta <R BRI SR copi e of

the |ncmgo&l)@u&swmdggmhe)nmym(%)gﬁougﬁhm&ekpat&ﬁmgx&m%m(l@mﬁ)ﬂect eﬂ to
t .t
Gl 1 ces D A (152 Rl oo BRERAS Srith Penn e ket el osed.

t her eby talbt used prpfesablyt antkwith g:nmbmpanin(eommm)pﬁlﬁ)fsﬂ/elhhgs addcyesvddt h nmenory

parts ( nes,are sed Addltl naII PPL unit
(907) naés&%t%%ﬁgh BP@S““‘WQ@E&‘P’S‘&“@E ‘Eﬁ&%%‘r %@Q@? Fig. 10 is
simlar to FiFg lasabloth&hg;anguus&ﬁmgammtoananﬁ&aaeai%lylobmmecatblang a PLL

cl ock dr| e V\/mch sel con ted t unb r of nmenory
‘parts. go % L 6$§7) "eggt?‘ Eﬂ: Tunit (407,
Fig. 4) H@g):dds&r&dihmg:ng'eceﬁv&shebﬁté@ﬁl ekl (PRN), foORELh a ftkibet 4001) , from
which a n nggﬁ tﬁ t uts é}rﬁnt hesi COpI es of the incomng 9 24 August
2006 I°3§’ My ‘éﬁ"ieg igoalbare ereatad: ThessrogipysMAYbe connect ed

to pri mfeye:mrwwm@ateaﬁ) ﬁ% O sEBARIY mBRbly D 1333% through a
cl ock pat chi % net 102 b}} |ch uses pads (1024) to0 selectively
conpl et 3“% %& 23 YVhigh wgs pads 8%@F%Velymmn!@%sed

pr ef erabbmmh,xﬂlefw mﬂgwoeﬁg {0 3dod PRERILIYOAT it nidnjofiss ar € accessed.
Addi tionally, the PPL unrt 10052?]@ be%)enabl ed gr di sabl'ed usi ng an

enabl e §WBLdR3Y) 1bow)lO ey arei‘iceﬁ ef\dél‘]%ﬂﬂysdh@tﬁlalwﬁ (11073 menbe gbled PLL cl ock

drlver,oﬁﬁgﬁﬁgw@%eﬁm Ribg.a nunber of menory parts. As shown in
Fig. 11, a PPL unit (1107), e.qg., the PPL unit (407, Fig. 4) described in

Fig. 4, receWithsonneetingprdsdi %IOHC Qﬁ_SKve(’d 1ethpds thayoln wskd. &is illuswatediar  of
ookt srley e oo B OR ShoSAERE 2 ¢,
and seconrilylR8hegyahamally carali@inaterial, may be used to physically protect jumper
wires (1128), solder dots (1127), etc.
As also shown in Fig. 8, all of the memory parts (1132,1133) are connected to a clock
output from the PPL (1107) with exception of the secondary memory part (1133) associated
with the memory part pair, P2. As described above, this illustration is preferable if /O lines
- of all memory parts are utilized to create a fully-functional memory module except the
secondary memory part of P2,
The preceding description has been presented only to illustrate and describe
_embodiments of invention. It is not intended to be exhaustive or to limit the invention to any
- precise form disclosed. Many modifications and variations are possible in light of the above
teaching. It is intended that the scope of the invention be defined by the following claims.
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t hrough a clock patching network (1125), which uses pads (1124) to
selectively conplete a connection, thereby allow ng a clackskanms to be
used preferably only with menory parts (1132, 1133) whose 1/0 lines are

accessed. iLtionally, the PPL unit (1107) maybe enabl r, di sabl ed
using an ﬁ‘g’(ﬁtéhg% tch (1126). Wth connecting pads (11 ,S%gﬂsg“%f sever al

nmet hods may be used. As illustrated in Fig. 11, solder dots (1127) or
junper wires (1128) nay be used. Additionally, a protective naterial
(1129), e.g., athermally curable material, may be used to physically

pr ot ect gquer W res 51128), sol der dots (1127), etc. As also shown in
Fig. 8, C iryparts (1132,1133) are connected to a clock output
fromthe PPL (1107) with exception of the secondary nenory part (1133)
associated wth the nenory part pair, P2. As described above, this
illustrationlis pxekéhodirseelectivdly @npleinesingafclak boostansaid makdds are utilized

to create a fully-functional nmenory nodul e except the secondary nmenory
part of P2. “PRP™S&cedi ng description has been presented only to illustrate

and glescri bano@igdcloBNbdosef orl AVBILIapd cirbilit Bodrdiot i ntended to be exhaustive
or tolimt the invention to any precise formdisclosed. Mn

-

. l y

nodi fi cat i orfestigs@nd/patehing memaory patsde seglis fully-fancieral sremenanedys; and ¢ eachi ng.
It is inten : iSEQRE: i i i e follow ng
clains. 10 %EQCA%g s‘i"hg%%'? ml%/ﬂé’g%%ﬂggg%@%‘%%@/a&g 4%&%%{95%% CLAI MED 1 S:

1. A neuthigedfor selectively inplenenting a clock booster, said nethod
conprising: 5 nounting a clock booster on a nulti-layer circuit board;
testing and patching nenory parts to realize a fully-functional nenory

nmodid e; and 2.sel ahk imetod o£QMIREY ihivgirsaidkledkdokstirRombses h®hssaildckednory parts
whose 150 lines are wutilized. 10 2. The nethod of claim1l, wherein said
cl ock t¥FUtonpri ses a Phase- Locked Loop circuit.

3. The method of claim 1, wherein said testing comprises /O line functionality
tests. |
15
4. The method of claim 1, wherein said selectively connecting a clock booster

comprises using a clock patching network to connect a clock signal to said memory parts.

5. The method of claim 4, wherein said clock signal comprises an output from

20  said clock booster,

6. A memory module fabricated according to the method of claim 1.

7. A multi-later circuit board for fabricating a memory module using a selectively
25  operable clock booster and partially-defective memory parts, said circuit board comprising:
means for utilizing an indeterminate number of memory parts; and

means for selectively connecting said clock booster to said memory parts.

- 11




3. The nmethod of claim1, wherein said testing conprises 1/0 line
functionality tests. is 4. The nethod of claim1, wherei2d saueh Z8kectively
connecting a clock booster conprises using a clock patching network to
connect a‘ﬁl)%ﬁ%%i gnal to said nenory parts. 5. The nethod of claim4,
wherein sald &]'0ck signal conprises an output from 20 ¥FHUPOPBE booster.
6. A nmenory nodul e fabricated according to the nethod of claiml. 7. A
multi-later circuit board for fabricating a nenory nodul e using a
selectively 25 operable clock booster and partially-defective nenory
parts, said circuit board conprising: means for utilizing an indeterm nate
nunber of me¥rory Themudti-layercinuibbeard of claim % wherein|syid owansdor utiigingand ¢l ock
booster to said nenory parts. 11 24 August 2006 WD 03/073356

PCT/ USOBWetssvibat8 nuniber offkindrylpagecontprisespatchingaetvodfs. cl ai m 7, wherein said
means for utilizing an indeterm nate nunber of menory parts conprises
patching networks. 9. The nmulti-layer circuit board of claim?7, wherein
said neans for selectively s connecting said clock booster to said nmenory

parts conpriges arehQff et iblinthaRes il 7, whieinAfid ¥Risq¥edicsfvdly onduct or
menory nodul e having a plurality of primary nenory parts and a plurality of

s econdagonnBamk YRd AREPbbskAlsTid M 23 ! it pard to forma
predet erm nedgsi ze mam)rsy r(r)osdul e, sapﬂgngﬁ]gl?{/egﬁ%ﬁglf@t%‘o&hﬁﬁeﬁ?ng: 10 a fast
conductor |ayout on said printed circuit board to associate individual ones
of said primary nenory parts with an individual secondary backup nenory
part to for prJi_nary/ secondary  nmenor art pai.d, an i.ndi.vi.dual bit

pat chi ng netWor k A;{‘slg‘&}é‘ivﬁ‘ﬁ %e(?“\:/ﬁnfj%:t%rafgﬂn%?' %?&Plﬁﬁg‘@%?ﬁgﬁab& o BPPARA 1o
facilitate replacement of any inoperable 110 output |ine of a primary part
is wit Hnﬁmma’;?pé%&‘}dé jrgiity pfeetondant backpapeiory BHtspERYd S AERBie cBEt to form a

fully functional primary/secondary nmenory part pairs, and
board to form a predeterniined size memory module, said memory module comprising:

10 : a first conductor layout on said printed circuit board to associate
individual ones of said primary memory parts with an individual secondary backup
memory part to form a primary/secondary memory part paid,
an individual bit patching network associated with each primary/secondary
part pair to facilitate replacement of any inoperable I/O output line of a primary part
15 - 'with an operable I/O line of its associated backup memory part to form a fuily
- functional primary/secondary memory part pairs, and
a selectively operable clock booster circuit to correct any degradation of a
primary data clock signal as a function of the number of backup memory parts utilized
to patch any non-working I/O lines of associated primary memory parts.
20
11.  The improved memory module of claim 10 wherein said memory module

comprises a DDR memory module.
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a selectively operable clock booster circuit to correct any degradation of
a primary data clock signal as a function of the nunber XMfAdksekoocnenory
parts utilized to patch any non-working 1/0 |lines of associated primary
menory pagdcasmdfdsetl- The inproved nenory nodul e of cl ai];&%‘% %;Sg&ei n said
menory nodul e conprises a DDR nenory nodul e. 12 24 Augus 5 WO

03/ 073356 PCTI US03/05845 12. The inproved nenory nodul e of claim 10,
wherein said nenory nodule conprises a SDR nenory nodul e. 13. The inproved
menory nodul e of claim 10, wherein said clock booster circuit 5 conprises
a phase | ock |oop anplifier for generating a revitalized and resynchronized
cl ock circuik2-f orfheimrrpyed memaremet e abelainnkds whireis spid mermopamgduecondar y
menory part pairs. 14. The inproved nenory nodul e of claim10 further
conpri sing: chipasesRaPIR memery mpidulg. pl urality of parallel arranged printed
circuit board nenbers; a plurality of said primary nenory parts and of said
secondary backup nenory parts arranged on each PC board to forma
predeterm ned total nenory capacity; a menory nodul e data cl ock booster
circuit |ocaed UheBiprbwdstenORemodulsaf daifl 10 whiréid sAk closk BEdsge cikGitboar d
menbers; and 15 a switch for selectively actuating said clock booster
CirGuit as aofupfsdsaPhaselock 1043 ERRifierdbr bRl RAISECARIANMHIRIRGY Parts
utilized to provide operable 1/0 lines to form a fully operable nenory

7 modul e. 13 ¢lock circuit for driving predetermined ones of said primary/secondary memory part

pairs.

14.  The improved memory module of claim 10 further comprising:

10 a stack array of a plurality of parallel arranged printed circuit board members;
a plurality of said primary memory parts and of said secondary backup memory parts

arranged on each PC board to form a predetermined total memory capacity;

a memory module data clock booster circuit located on at least one of said plurality of
stacked PC board members; and

15 a switch for selectively actuating said clock booster circuit as a function of a number
of primary and secondary memory parts utilized to provide operable I/O lines to form

a fully operable memory module.

13




