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Semiconductor manufacturing 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 exponentially each

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 manufacturing 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.



packagi ng processes have resulted in the creation of a nunber of price
sensitive sem conductor product applications for electronic parts sellers.
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15 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

20 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

25 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



clock signal. In one enbodi nent, a Phase-Lock Loop circuit is used to
significantly reduce clock distortion on a nenory nodule. In another
enbodi merwp oa/otd3eck booster circuit nay be sel ectively opecatusds/oss4zal | ow
an indeterm nate nunber of nmenory parts to be used without distorting the
clock signal on 5 SDR (Synchronized Data Rate) nenory nodul es. BRI EF
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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 a 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 part in

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

invention.



Fig. 9 is a block diagramillustrating a PLL clock driver, which may be
sel ectively connected to a nunber of primary and secondary nenory parts
usi ng swiwohes7amscording to one enbodi ment of the presentcCirrosesioisen. Fig.
10 is a block diagramillustrating a PLL clock driver, which may be
selectively 5 connected to a nunber of primary and secondary nenory parts
using a clock patching network according to another enbodi nent of the

present invention. Fig. 11 is a block diagramill ust rating a PLL clock
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cl ock signals capabl e of drivi tiplicity i ¢ parts wthout
cl €k di st orthrepghophthg dpvapes ¢ tl%*}%%tjﬁteﬁ’é%‘tum‘%?rtb& e ﬁzadtptci rcui t
may be C booster. During the fabri catl on process of a
nenoryﬂéé%g?lﬁ%&snﬁggéég??%@d in US Patent No. 6,119,049 or the co-pending
pat ent application referenced above, nenory parts are tested and patched
(102). The test| ng pat chi ng 102 allows a fully-functional nenory
modul e RETALED DESCRIPEION O3 (ERENIBODIMENTS parts. Due to the I oad
that _each ey par, sg&&tusa selos eéﬁeraﬁ%trﬁttuga&qh@@wm%ﬁa shdiforg! Ock
signal to those nenor are utrliz

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 illustrating 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



4 WD 03/073356 PCT/ US03/05845 be acconplished using any nunber of
swi tchi ng nmechani snms to connect or disconnect a clock signal to a nenory
part. | n womsefsss ed enbodi nent, a cl ock patching networ k PemyUuSb&oissed to
sel ectively connect or disconnect outputs of a clock booster to the nenory
parts (103). Fig. 2 is a graph illustrating a distortion of a clock signal
due to clock skew. In 5 general, clock skew may be described as a decrease
of available time in a clock cycle. As shown in Fig. 2, CLK A (201)
produces a cl ock signal vvlth a fixe fre enc and CLK 0 htly
brail s bepecaniied IRe enumyesef jiigips meghan R
synchr if
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because the ¢l ock signals are nof 1ﬁbgchron nory nodul es it

F
maybe desir dB&¢ 8 %‘H’@é%“{?ﬁmﬁédﬁo D ‘ﬁ&k?@n%ll?‘{“ﬁﬁ%g]éﬁlﬁéketw . This
makes GlAgk) %is%revs g %.bg&‘ ig earéa%ysfédansﬁe%% SHGW dysleOfAsen caused

by vari®at T ons I n Is driving, etc. In particular,
appl i cahbwnsn Bigeh, @EKDDROﬂmgtoduees atxmbdk digral with i fogddreduémly] amigClelide of a
clock are sensitive to reductions in clock period caused by clock . 15 skew.

Fig. 3(@)slighthyaily thia ggpaltphglk A&y Bp%l%ﬁ*leéwe clocks aregiRhsyrairenizs
el ectr ' {'}é?le 1&?10%?@0{15 ﬁﬁé Hogl@htrq'@ S1‘*;'0r e§axﬁgl@THwa Hlemc%gpgr'ise\gyr%%gﬁlgel ectrical

applications etrimenta ry units shown in a
cl ock sicepsadd 4t3Relgametintie, sninegwfhr(om{ak hiapthe ot}mvvwhth\(HLK B3ﬂﬁ)effetmvesclbcﬂg| c hi gh
| evel (303). Most devices, such as a_nenpry part, use a o |c t hreshol d

| evel 2ErpdEA3) moull %qqeﬁw&ecwweacmwa&a@%@t synehrenized FRY GR1Y or | ow,

For ex vice
usi ng ?ﬁajﬂ é?sglﬂrgllay e ?]g ragigggﬁ#?éé‘%;?oogée@%gﬁg’gtﬁﬂ (S %g% Q%Qﬁ}ne g%l?s?od of
el ect r igaldes lﬁQicB ekdva @B )msuttanb gesidrnoigsucsirgd @locksleve Busentdagsed|byckiriati 3R in
signal to dip below the logic threshold value (304), resultin

ext r andbeilpag treipelgis diinmg, ethe Iepastifulan, gmdwa(l%ﬁ)lc}ageapmcthé@%g%hﬁbe | ogi ¢
thres hOl d vaI kﬁl é% a?tt a( §g2~11§‘£re %CI{SﬁRJe)tO ré%ugﬁ?rgqﬁ ICR)%k ?)an&%?eﬁlrsé }al:l &9 'gs €

(306) on ¥ q may consequentry cau
falige gkewki ng, and waveformdistortion, etc. In or der to i nprove cI ock
pert ormance, Flge?y :s%egsfapsﬁul(lzlgst?;mgrzlladsisetox!tl?)g lf)%g c{occ):lcc) rglsgnal due to electrical noise.
Electrical noise is common in high frequency electrical applications, and is detrimental in
memory units. As shown in Fig. 3, a clock signal (301) is rising from a logic low level (302)
to a logic high level (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.

5



anplifiers, filters, etc., may be used. In one enbodi nent that uses a
vari abl e nunber of nenory parts, a device that strengthens a clock signal
to al | owwohBgts3munber of nenory 30 parts to be driven bycrhsbs/eisexk
signal is desirable. 5 WD 03/073356 PCT/US03/05845 Fig. 4 illustrates a
schematic di agram of a Phase-Locked Loop circuit that may be used as a

cl ock booster for a nenory nodul e according to one enbodi nent of the
present invention. As shown in Fig. 4, a PPL unit (407) may conprise a

nb f buyff t 417), PPL ci it 08),, d a 409) .
Sever al si grdé & i G Fijeba Sered et iled iood firet Patmkibadz) . e n
(403), ukéﬁ’af H18cK ﬁﬂ)er fHEmEAOR) modiIdlaldtditd 1oFRRInfbolifRe: o@fh% r&dppPl i ed as
input signals to the PPL unit (407). In this enbodi nent, 401) may be a

g | ock sigmébni Apshowtegi Fyg_efﬁ aﬂ?folczimmt/@ODDRaymompmmnmmmjbpﬁ%mfntat aft |
esl gne r ue V a as, e

180 geégb sPPEge tfné‘g%@aaélﬁ&(fe @08? éff’(éf é%ﬁ‘t% 181%{%1&& é‘{‘%ﬂs ehebSiy (421),
of (ggl’ﬂ? %IQ enﬁt 4620 FBin %@Bfﬂﬁ %B%?g@ﬁ VO e{nlaQ)lR%&tFEﬁaﬁle ﬁéﬂ) #46) are

synchr he I ncomng CLK Si gn I'nv_F I's a copy
of t he soppljpdtas dhmc kigaalgnathe PPwinkRE07). (422) , of "the PPL un|t (407) shifted

by 180 degrees.. V! 408 |npu voltage to the nux t may be
used to deté?mlﬁs%f)él@sk é@ﬁ? %\M #@ﬁgtﬁn&fﬂpv&d&ﬁﬁg{lﬂﬁt F@{VG 0(407)
or if r I ut
fromt hgﬁ%ﬁ]ﬁj&y% ‘? 8@.§defsf1g@ Qut UCEE n%gng )Qé‘ﬁ@s\z}\]‘éﬂegk C%;Kt gv:B(k:uept o]
cont r olshiftedri 80kiegieBy. KBint(4¢3403 cmm{q:fuhesompsu@m&l&gna}{IFBﬁNt (421}, of fie)PRIonpri se

a nunber . of qutputs fromthe PPL unit 407 Mor e peclflcg‘l(ly, Yl.- YN
(412- 428t (499: &wém BifdZe anping Supnt éké Qhare s cdaVigytherneopues) and

| nv CLKCI.(I&?%%I) sfehflt. 1y ! dﬂ I@éﬁf& ?dgg%rf@ﬁ@ 611&}51}{%‘1&@5 gl fny %ﬁ%&%(g?ﬁ)é 3R or

conponent's a nmenory- ricated accor toone s ted
enbodi neOPPL bAit jp407) iskifiled by 180 Gégv’édfﬁegé(w (4®) is arﬂ.lﬁﬁM vo(lllagéﬁ)&h/é Bk (0@9)SDR
menory nodul e fabrl cat ed u5| (?iﬂﬂ(e 168, or ry parts nay be

i 11 ust thatappyRe ysRet ‘Wﬂ) pilfbe e OA@)‘% ﬁ@m"nthP FPE ugit (307)tqliéf menor y
I S P e
boast erOWtpit Bnabku@b3adloin’e 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 (531), 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



25 PPL unit (407, Fig. 4) shown in Fig. 4. The paired nenory parts (532)
are designated by P1, P2, P3, and P4, with each pair preferably conprising
one pri nawQ oanm3sne secondary nenory part. During the fabCcrasbi/ens4process,
t he patching networks (533) are utilized as described below Once a
determ nati on of possible patching solutions is realized, the selectively 6
WO 03/ 073356 PCT/ US03/ 05845 operabl e clock booster (507) may be used to
effectively drive the primary and secondary nenory parts (532) whose UO
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exanpl gatciidgnenmyrkl{603)e A sateectitey for the phimaty O 2ineg eadhepadg6D4e)te aviigh AJO 2b,

etc. 15 During the bricatjao raocess of .a mepory npdul e, the patching
netfor Kepaseis Packup (fd dge (1 bl 80) 18 CORTeRigAys Hﬁf%@ﬁbﬁleaw 4SePRIPIE IR an

CuLPUL NSO, WIS GRE S ERINO RIS, O VR BOpeply o
si ngl e thapad ©04) comaedted panutipun dint 0w, Ahisushfipumton & mads (6BALbed asanduct i ve
materials, e.g., solder, junper wires, etc., nmay be used to connect pads
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INis During the fabrication process of a memory module, the patching network (603) is
used to connect a primary or secondary /O line to an output line (Out1-Out8). This may be
accomplished by connecting a single pad (604) corresponding to a primary I/O line or backup
I/O line to a single pad (604) corresponding 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 I/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 (I/O 1-1/O 2)
of a primary memory part (701) may be connected to two separate pads (704) of a patching
25 network (703). Additionally, four backup I/O lines (I/O 1b-I/O 4b) are éonnected 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 I/O line. For example, Fig. 7 illustrates two primary I/O lines and four

30 backup I/O lines connected to six separate pads (704) of the patching network (703).
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conjunction with another patching network. As shown in Fig. 7, two UO |lines
(I1/O01-1/0 2) of a primary nenory part (701) naybe connected to two

separ at e wa@s/n{3384) of a patching 25 network (703). Additipomaishyossiour
backup VO lines (1/0 I b-1/0 4b) are connected to four other pads (704) of
the patching network (703). In this enbodi nent, each output |ine
(Qutl-Qut2) is connected to a series of pads (704), thus providing a
separate connective pad (704) adj acent to each pad (704) corresponding to

an UO line. For exanple, Fig lustrates two primary PO Ikﬁes and four
30 bacHKigrefore qﬁchéﬁtpébh%étcé@l%ﬁdé? ilxéﬁﬂépé)f‘éa‘ﬁéﬁ’éltm padsi(7PHe pat chi ng

net wor 05845 Therefore, each output line
is conﬁgl%gsg%}lglggg?x ﬁ%%%é%c @gacen g the pads (704) corresponding to

the pri mary Thedllse@eosaf FigUDisl 1hd5tﬁﬁplet'5hﬂthalt bhﬂ?tolhabammngfneﬁwgk (T03) $s
inconplete in that only one patchi nalnetwor 703 i.S. shown. In order to

use t hehovheh gpmtarye hewther pemapy Ve Imes (160 gV Oﬁbdlﬂfim@ﬂ%l|pa§?mrtsmqﬁ\gorﬂfét wor ks
= (ZO?’ 7(?3"’)% r%i’e eges?her%‘fﬁ‘”rﬁ/%' P@ﬁflﬂ li aMd E(R(h}h{gxi Iﬁﬂnésoaltlé C(;}Rl%gtgﬁ) t

i nés re co 0 éac erefore,

nmodul e ebéH Mcﬂlﬂgnét%ﬂh(mg). CTHuké fokel ahieﬁfbry &fwm USﬁlgﬁh@patEhlng\Baﬂﬁguthﬁ)fner ably
use four patching netwrks (703) for each I’In’B.I’é/ nenory part (701) and
secondéhWﬁﬁ‘rrEltgy preuld PV@g?blrziéEW fouAaaphmsﬂaMo}ks 7R8) @pa&qh@www he

ot erbAtaly BARE Bt dgrterk Ba €100 gty MR KRS PGRTRR B Rpn MO B O g

el ectr i(p@d) sBOWABEFigONSs ﬂaenm&mmdﬁﬁ;c{swéﬂly GO4 fﬁﬁﬁm&h&ﬁaﬁcﬁl bbds (7omes and
pads ( §04)) correspgﬁdl ng to output lines to be easily nade. Durdl ng the

f abei card prefoprtdy elose ke emﬁw&rayomml@mqahéorp@@mswtwmmdwp%@ is used

/
mhi s nayepwonlinedhit BirsatE§RET 0 pRrpoddink e PleftliRe ol BRIV Mo nai ngy 10
a primry | /$irdghBe BbribatdniRocdsSofld RemoREmbule e Qﬁtcﬁﬂné nb@ebsk (74041s

corresponding to each output line. Electrically conductive naterials, e.g.,

sol der ,us¢ditopronnet egsimagy or secendanbiéOdnedo ap ovlpninlenst (QuaktOut2)0 T hisghay bee

hi 703 N d VO b f
Or 1 o s by bomebine s frei B (RAT sofihbigng B SET5E5IC ot ek o'
bl gk dIRURS dile! df%ixr;?a?db (043 cHHrdspBAMn @ RFeaR R 0 QM ALNe. NEIERFiYalRAdohdhidtive

materials, e.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 I/O 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 I/O lines (I/O 1-1/O 2)
of a primary memory part (801) may be connected to two separate pads (804) of a patching
network (803). Additionally, eight backup I/O lines (/O 1b-I/O 8b) are connected to eight
other pads (804) of the patching network (803).
In this embodiment, each output line (Outl-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 I/O line. For example, Fig. 7 illustrates two primary I/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.
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20 conjunction wth anot her patching network. As shown in Fig. 8, tw 1/0
lines (1/0 1-1/0 2) of a primary nenory part (801) may be connected to two
separ at e wa@s/n{B) of a patching network (803). Additi oralriugps/esght
backup 1/0 lines (/O Ib-1/0 8b) are connected to eight other pads (804)
of the patching network (803). In this enbodi nent, each output |ine
(Qutl-Qut2) is connected to a series of pads 25 (804), thus providing a
separate connective pad (804) adjacent to each pad (804) corresponding to

Uo |i F 7 ill 0, | d h
backup VO | (THedlEANBE SERe §ivsprudain it fulyShe Bomghetto SR ng” © O
net wor ky, &593%% orddf¥§usd a{e%the@?ﬁmawmqineg (e 3iro Q?'&H&%ﬁ&l pta&hhpgmm (804)

adj acent to e pads orresponding to the prinmary and secondary I/0
| i nes. (&B)&re\/}@e&%ﬂeﬂ?@ﬁ&&nm/pﬁﬁﬂﬁy 0068dfss afl'ch@ll pighttsackep /Orlingt afei g. 8 i s

i | i h | 803 h r.d
use. T RECBHaRIA BERHREIRS TrHES: CU6 ST & msaory moRuE SR FETHRE wor ks
( 803) abkARLSi& §h%gﬂa\ W 8 Qoﬁfﬁ%rﬁféﬁa‘gﬁf&ée %(’)19 ﬂa%dgg%r%ﬂgorﬁls (33 Gitealickup 1/0

| ines are ~connect to each patching network Therefore, a nenory
nodul e prisiangnich®rppare (800 Yarsl seomidagumaionnpat(@0R) pair. m@im&;all\mlhledpm@‘ erably

o econdeyreTa A s 4504 ahey iR, 15 Al LA GHERIPPIStROTpal HBal bet aeeh ¢ he
pads (qglﬁ)en&lﬁ&%n a‘%’dgzg) 21§re Cife% élb B%&ﬁ% Vﬁu?%ﬁ&%ﬁ%%le@f}lcﬁl chn'ﬁe idngal

i npl enentati on re pr f er abl ose toget thus all ow ng

el ectr |bea:¢reen(pm£(&0|4pm-resp@tdvmm I taey @dppdc(BOd pspomspomiing © dlitllinees and
pads (804) corresgondi ng to output lines io to be easily made. During the

f aBPi cd® PeRasHy s of a menory nodul e, the patching network (803) is used

to connect EDLEH égrfﬁé Yal %g@%ﬁg&%g ¥f ot Rolifle e B&giﬁ?g (515*i il g g Qut2).

This may be connecting a single pond| ng to
a pri makyd &/ dbnhedw p@llinabﬁGMpondht}OI/OI lire td an ompuolinet (@ut b&LL)( GBd)may be
correspondi ng to each output line. Electrically conductive 15 materials,
e.g. sasxvca@phshpqhhyoe@nr\ﬁpm%a sipgle pad (304) perresperding taprivealy R lige prrbapkupf t he

pat ¢ hi 1 1iRE {oV\&{eg)f (t %ﬂ(ébﬁ'obf?&pénﬁlﬂg fo dRK! 'oﬁ&)uE Hné‘fi‘f@c%ﬁcatllp%oycgc@vé s of a

primary menory
15  materials, e.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 /O bits of a primary memory part (701) or
secondary memory part (702).
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
20  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
25  parts (932, 933) whose /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 a 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
30  signal, CLK (1001), from which a number of outputs (synthesized copies of the incoming
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secondary nenory part (702). Fig. 9 is a block diagramillustrating a PLL
clock driver, which may be selectively connected to a nunber of nenory
parts i n woassassct ed enbodi nent. As shown in Fig. 9, a PO0TRBL3/essiz (907),
e.g., the PPL unit (407, Fig. 4) described in Fig. 4, receives a clock
signal, CLK (901), fromwhich a nunber of outputs (synthesized copies of
the incomng clock signal) are created. These outputs are connected to
primary nmenory parts (932) and secondary nenory parts (933) through
smntches 924). The switches (924) may sel ctlvel e opened or closed,

t her ebyloskistanal grecreated kThgsg ﬁ&tlpufsdn@’d’rﬁge&? lb?"e?‘é’lné‘EfF‘gtod?ﬂIVa%nE‘WWrmr y 25

parts uni t
(907) ﬁ?ﬁr;fggeo %52%%9\{)\4} gﬁﬁoﬁ%@g a(?trs SI ngﬁﬁg&%‘n a@?g& é%&?% h%(tg 20 6 eo%% 10 is
si m | arviich ideg padd (i1 024)hakelE¢tg/elykﬁbm1ﬂeta alboedction, atraly alldwisg n atockgigaalPL L

clock driver, which may be selectively connected to a nunber of nenory
parts. tage E%meﬁefﬂbbi eply with memaspipagis (§03¢,1 Hi§?) whaseyl/O lingparppecesifdt (407,
Fig, 4) Al i y from
un n PAEREEIDHe BBy U1 () B B B St At OifnabESutchgRRE)

03/ 073356 PETg, U$QBA @ﬁﬁnalagedmﬂhs&a@@d I’LEFCEJCE rdﬁ&éledeleéfhel?e:oﬁﬂéqmdtﬁ aray

preferably be connected to Erlna arts (1032) and secondary
nenor y YEPEEO{MEBay RAKS 0 AGI§ %W’él ig. b]at h@tl s R-8( IIW%BL uniffdlh uses

d 2 I QW | ock
O anal Tee) geRuBE e kIR RS %ﬂ%f’“dl% i P ) LT

l'i nes @h@u@@(@ﬁ&ﬁ&ﬂzed&opﬁdbfth@nﬂdn}ing tidek Ell‘g‘hawmnetcrc(ai&lomhe@ayutpas engbl ed or
di sabl ed using an enable switch (1026). Fig. 11 is a bl ock diagram
i | tast maeferablysbemonneqtestie paimaye memosy parts (J&P3) and seroadeay npeanery patsbldS3bf

(207 ” BRRERy oloRi RN BB o5y PilllhocdBads (1D sttty dalfipbiEs, O !
f rom vwébﬁlliecﬁoﬂuﬁa@gy aiow@ghrawcﬁ s{g@hmt'b@%sé@ﬁeﬁ@ihl%&nl@fwﬁmﬁwmﬁﬁ,%ﬁn@g cl ock

gnhal ) are create These outputs may 10 prefera be connected to

prl mar \(83@$83 ) wheset 4D [inas3ny acogesed e AddtimngllyrgliroPBL pmt(1§0(7)111133)>e epapleslgrh a
cl ock net wor 5 i ch uses pads (1124) to selectively
conpl e?iasagg ngeagteplﬁ g‘fvﬁéfgwg\gl |l owi ng a clock signal to be used
preterably opltl cwhidtin® II@tgt&ne df8Sveral@dsthoddhiRsEod¥delll ABSIhRtBtedGgeSSEd.

Addi tionally, the PPL unlt may be enabl ed or
Fig. 11, solder dots (1127) or jumper wires (1 128) may be used. Additionally, a protectlve

material (1129), e.g., a thermally curable material, 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
20  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 I/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
25  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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di sabl ed using an enable swtch (1126). 15 Wth connecting pads (1124), one
of several nethods nay be used. As illustrated in Fig. 11, solder dots
(1127) orwpuwajpessseM res (1128) may be used. Additionally, acprusbgessive
material (1129), e.g., a thermally curable material, nay be used to
physically protect junper wres (1128), solder dots (1127), etc. As also
showmn in Fig. 8, all of the nmenory parts (1132, 1133) are connected to a
clock 20 output fromthe PPL (1107) with exception of the secondary nenory
part (1133) associated wth the nenory part pair, P2. As described above,
this il T b eferable if UOlines of all nenory parts are
utilized to create a fully-functional nmenory nodul e except the secondary
menory part of P2. The precedi ng description has been presented only to
illustrate and deseatfethod febsetuttioely implementing mvienk bosster] $aid metiotd i nt ended to
be exhaustive or,to limt the invention to any precise formdisclosed.
Many nodi fi camPgad8and vari ati ons are possible in Iight of the above

teaching. It _is.i > invention be defined by the
f ol T owi ng cf“é‘%‘?r‘é‘l“g%%%%8%}%%@“@%%5‘8@8%@3‘? WHAT IS CLAIMED IS: 1. A
met hod for sedtgtahd phtghingpdeditan parigtodedlizeakiuhpdaicabnal S@énbriydidunde; and
conprising: 5 nmounting a_clock booster on a multi-layer circuit board;
testing and spleciétalneormsptingsajshelock bapstes t sapbmsmpry pastsrulinse VEhlanes shor y
rmdule;-%ng(1 sel ectively connecting said clock booster to said nenory parts
whose V8f%es are utiiized. 10 2. The method of claim1l, wherein said

cl ock booster conprises a Phase-Locked Loop circuit. 3. The nethod of
claim1l, wherein said testing conprises UO |ine functionalitx tests., 15 4.
Théonet hod & cl aihemethotheldaim Layhereiasadclagk bpodegeamrisaya Bhasedekkebost er

Loop circuit.

3. The method of claim 1, wherein said testing comprises I/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.
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conprises using a clock patching network to connect a clock signal to said
menory parts. 5. The nmethod of claim4, wherein said clock signha

conpri seswanspusput from 20 said clock booster. 6. A menmpCy/usoziedses
fabricated according to the nethod of claim1. 7. Anulti-later circuit
board for fabricating a menory nodul e using a selectively 25 operable

cl ock booster and partially-defective nenory parts, said circuit board
conprising: nmeans for utilizing an indeterm nate nunber of nenory parts;

and neans faor selectively connectin id c¢lock booster tq sai.d nenory
parts. 11 WD OSIWMB'I@@TF%B%?@S%Q‘?}M@ %‘I"ﬁléer?fﬂlsf‘ -q‘eéi‘%?ordit et boar d of
claim?7, wherein said neans for utilizing an indeterm nate nunber of

menor y indetdaicoapuibeof panudty pertnesmowisks patehing hetweotkst i - | ayer circuit board
of claim?7, wherein said neans for selectively 5 connecting said clock
booster to said nenory parts conprises a clock patching network. 10. An

i nproved sem conductor nenory nodul e having a plurality of primry nenory

parts and a gl urgﬂﬁ'fetrxumha%eg%gaﬁmar@af&% TR SnRald el EE IR p;i nt ed

circuit board t orma predetermned Size nenbory no sala menor
nodul e conprising: ip.a first .conductor |ayout on sajd inted cjrcuit
boafd €ONBESLBE S Elack APsEr I8isaid FRamery Pay CPTRRHSR AR RBTE)ISAENT ¢ h an

i ndi vi dual secondary backup nenory part to forma primry/secondary nenory
part paid, an individual bit patching network associated with each

pri mary/secondary part pair to facilitate replacenent of any inoperable UO

output |ine 10f a A im@byedidicontibctet inemary mpeaiilahbeng@plirakty@f ptitrary
associ at ed backup nmenory part to forma fully functional primary/secondary

nmenor i : i el G kit t O
y Iﬂéﬁ&ry@ggg g%dagpﬁuﬁu ‘81; §ebhd4 Mac‘i&ﬁﬁhj%ﬁlol?% gé&%ﬁﬁ%@ﬁ@ brifited Cthit

correct any on o primary data c k signal as a function of
| nes OPAELESRPaE S S ARIEY SHERSTYP T aIEE: st BER Rk o 808 Meror y modul e
of claim 10 wherein said nenory nodul e o .
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 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.
20

11. The improved memory module of claim 10 wherein said memory module

comprises a DDR memory module.
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conprises a DDR nmenory nodule. 12 WO 03/ 073356 PCT/ US03/ 05845 12. The

i nproved nmenory nodul e of claim 10, wherein said nenory nodule conprises a
SDR nenorwomwsdudsss 13. The inproved nenory nodul e of cl ai rcT@Soswsss®ei n sai d
cl ock booster circuit 5 conprises a phase |ock |oop anplifier for
generating a revitalized and resynchronized clock circuit for driving
predeterm ned ones of said primary/secondary nenory part pairs. 14. The

i nproved nenory nodul e of claim10 further conprising: 10 a stack array of
a plurality of parallel arranged printed circuit board nenbers; a plurality
of said priréry rdwomprqyad memenymefulefglainad@nwherginsatdampmapriBeduipar t s
arranged on each PC board to forma predeterm ned total nenory capacity; a
menory nodulcempaites £$ORndmogherdutd. rcuit | ocated on at | east one of said
plurality of stacked PC board nenbers; and 15 a switch for selectively
actuating said clock booster circuit as a function of a nunber of primry
and secondary nenory parts utilized to provide operable 1/0 lines to form

a fully oper1§p| € fﬂ%qr?lrb}/ovgggnuelmedry %%dule of claim 10, wherein said clock booster circuit
5 comprises a phase lock loop amplifier for generating a revitalized and resynchronized

clock 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.
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