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Figures 1A and |B illustrate two embodiments of prior art DIMM memory modules 100 anpd 150,

respectively. Memory modules 100 and 150, as shown, include 84 contact pads, such as contact pads 115A and
30 165A, on the front side, for 168 total contact pads. It is noted that the number of contact pads may v__ary such that
memory modules with up to 200 contact pads are available on the market.

Memory modules 100 and 150 are configured to couple to appropriate memory module connectors,
which are specifically designed to mate and secure the memory module. In general, a connector comprises a
housing including an accommodating space, which is adapted to receive a portion of the printed circuit board of

35 the memory module.

Turning to Fig. 1A in detail, memory module 100 includes a printed circuit board 110. A region 103,
shown with dashed lines, for the placement of semiconductor integrated circuits, such as DRAM memory chips or
other appropriate memory, occupies the majority of the space on a face of the printed circuit board 110. The
contact pads 115 are disposed along one edge (i.¢. the connective portion) of the printed circuit board 110 from a

40 short distance from the left end to approximately the same distance from the right end. The center of the length of
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insertion and improper connections. Thus, it can be seen that an improved memory module, connector, and

a5 system thereof with improved ease of insertion and stability are desired,

SUMMARY OF THE INVENTION

The problems outlined above are in large part solved by an improved memory module with offset
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Fig. 2B is a side view of the embodiment the memory module and connector of Fig. 2A;
Fig. 2C is a close-up view of a notch shown in Fig. 2B;
Figs. 2D and 2E are a top view and a bottom view of the connector of Fig. 2B; and
Fig. 3 is a three-dimensional cut-away view of a computer system including the memory module of Fig.
35 2A coupled to the connector of Fig. 2A.
While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be

understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
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In one embodiment, the first notch 220A is farther from the first end of the printed circuit board 210 than
from the center, while the second notch 220B is closer to the second end of said printed circuit board 210 than to
the center. In another embodiment, the plurality of contact pads 215 are configured to abut a corresponding
plurality of contacts 265 in an accommodating space 260 of 2 connector, such as connector 202, when the printed

30 circuit board 210 is received within the accommodating space 260.

Also shown in Fig. 2A is a connector 202 configured to receive a memory module such as memory
module 201. The connector 202 includes a housing 250 with a length. The center of the length is shown with the
centerline 201. The housing 250 includes a first end and a second end in a fashion that parallels the printed
circuit board 210 of the memory module 201. The housing 250 further includes an accommodating space 260,
which is adapted to accommodate a portion of a printed circuit board, such as the printed circuit board 210 of the
memory module 201. A first key 270A is disposed within the accommodating space of the housing 250,

positioned between the first end of the housing 250 and the center. A second key 270B is also disposed within



into three groups. The first group is between the first edge of the printed
circuit board 2 10 and the first notch 220A. The second grow) tf lﬂgtween
the first notch 220A and the second notch 220B. The third gr uB g et ween
20 the se Qgcdcmpu%tfh 220B and the second edge of the printed circuit board
210. Sim [af GFouBIHgEor! PhaovEpnht R deryessfte sdend g 9fhe hasin®BR and @e e URS ed
in det ai | diwerchbarespe tistiey Eidghe sbhd kImgmayadw&Mﬁng%mxus%L $Q. i ncl udes

i ndentations 2Q8A 5B, ocat ed the ends of the printed Citcuit
board 210 of the r?eggrar'ggrégr?gﬁ'ﬁ|°8“§°6%.28$Hféfffah'aém 2elpdsha PME% 0§ 4enPO3ES arepeedach

conf i gur et the pecemmodsting ener268 p Emdiomgerdnis tareORnMfired ARG Eongsgsrrdlﬁg toRfatiQfora
. In

connect Or confattGhds@$s SOELUBeB X hduR G50 fosepnector =25 20z one
enmbodi man&]n the first not g:h 220A iiﬁfogirﬁgnhtgerpnfmre%ﬁ] prhRoai2fGis p Y GFeiyep @ithin

printed cPGIPIYETE P10t Misrsounpqies P2 #e prmble includds ifoanddbie E@AONTES A AILISS
220B i s clads@nplédao inad SRE0RGIRNSh. ChchSaiale Bihd: 86 Ll LS 2dpthan to
the centef,,.J N Kpo(ghrg}er . anbgd;d]Hent , ac’é he pf uFaI_i ty lofmratg%ﬂ@ao%%%%g%rgovﬁng%ff’é
conf i gureé F OB S R 8 PR ShBH AT PRY™ PYSIteR Shavpym &igs. Mo ABE dn B Gosedpagition, cach
accomodaf{dily extraior253 60operhble toc BiKIES bidde,at $ tildspadling HARRELD kuck O2ind WRERS $d3S¢
printgd ROnds hidletopO is.received wthipn the accombdati ng space
260. Also shog}lvm in FPgﬂ%Kgﬁ}g p!’iu a(l:lé'r?gseotl: °b?°mf6‘2“8€°rfﬁygﬂﬁ’eéﬁﬁ?’6#€8‘&‘\ﬁékéf‘h"
mermory noAMeE SR h TAe sldsrseypcctarp il e BiBkble Th dearaailyenbdr the Gdhnéche | 200 @Sough a
housi ng ZbfntMglslifage. | engt h. The center of the length is shown with the
centerline 201‘3$The housi ng 250 includes a first end and a second end in a
fashion that paf3FFeyge ‘H*eg“dr‘ﬁ e e Figi Hcrirrerigsnrodplo ¥ cofnettraOprpprshoyn hpdel| e

201. The amousbenge?He ndttbed 10@rand GBE keyeleR). aﬂheﬁQﬁQm% éoﬂﬂ]eép@@ﬁoﬁﬁgmuéérs%g ch
i's adapt gy 60 a portion of a printed circuit board, such as the
printed ci rgﬁfeﬁg lE‘oar gqg’iagorgf ﬁ? Re then%erﬁﬁ’fyym%htﬁoé azgh e copngqrgr P2, paghanivae apd;
di sposed SlfFtEFIn secwelydledSimorlati ng space of the housing 250, positioned
bet ween the fiif sie eRBShiRhe 1H2 B RRYSINT R - M8 hie, AnCeR0d KeY 1.270B
s al'so g sposed jiLhin 4 o5 R 00 UEuGE ?"Réld%b”g’é'gg“g S @@ plane
housi ng 250" BETHBREAE R S0 Mdhesieposimentitae pampss 9 dhe 2692 WAdnd HEB dentend frofhe
flih st fance{zetmdmimvio@e et bzelégsy ﬂ?ﬁ‘ﬁ’ pt;]alae @ﬁ%pxggt(:) i&@?/zi{oﬁnag E8ak ggy{)ﬁd@e;aéﬁ%k qf

e hgngth 0 ho .. The housin .t he  connect or
preferably al S0 %H‘% SH%EE& S yﬁf%’?%ﬁ“[“’)’/“'g?aErgWi’egé’E‘lg"d%S"%{’l‘hrlﬁﬁgzéﬁ“ i 98 sxtepdhe
acconmod&PTril SpaEredaeg spaTh e60ckayrng ttesor2B& Ay @ doamdiof bir ek . a50aktés. dn another

cor r espoBglbdagnepd, Weadrditdy &f rarfer GRRL AL birPAQSor %Sbog{ﬂr {08 B fﬁ:tmegle %i rte(l:'.Ui ! tht}so ard
artia gy fhin Irt‘he

210 when t?ﬁ%ﬁ‘gl nted circuit board 210 1s par received w

accomod&? ShUEECDEEEY IrHeserde p ieqng padphithe bausies 25¢ iindp tpFapter. ncl udes two
nodul e ext r actioyasiod aBodatihts2Hb nunRES Gi4eR! 288 wiin AR : QAR & rirs N6ach 988504322 50.

Each,yodul.e. 3t I ad® oma SOt ational | y operable to nbve between a
cl osegnp%ugiet igg{lgt?gi%mﬂ%?ﬁ PiPgesq erafiodhmert %%‘glﬁa"ﬁ’ogicf"}”éﬁ 205RdveS 14 e A
and 2B) . onerrmbhdiment, obeplumglis iof Fadpcts @6cis disproivichinekd E@indddatdh Spacs 2@p@raakd B t 0

"l ock" i Gerg Aded 3o CRE MBSPORFI i nd. [ uch as iodentatians 5 of
10 nenor mg ulgpg 2?)1. %é ogﬁgmwkg%élﬂgﬁglf]})?ghc%& tEd(s)f:d:ef%?:odngecSour’séem%lﬁmma“:y
extend fFEPHE TSRO SPORInSH cifchig boatdahthis veakdy hpld betweh dhe satagie R6 5 i e ptimeds

280 are dpei biatd210 8 padhedownGdld peRdhRtich JollBonCORE He QFint@Q8 i HoRH MY dastically
nmoun{4 ngdc%ol%rl}:z € Contacts 265 so that the contact pads 215 of the printed circuit board 210 and the contacts 265 are
brought into contact with each other as pressed by thus yielded elastic force.

A side view 200B of the memory module 201 and connector 202 is shown in Fig. 2B. The portion 203
of the memory module 201 operable to receive semiconductor chips is shaded. The notches 220A and 220B, as
well as the contact pads 215, divided into three groups, are shown. The indentations 205A and 205B are also

35 shown here. The center of the memory module 201 is again denoted by the centerline 201. The connector 202 is
shown with the module extractors 255A and 255B on the ends and key270A and 270B on the top side extending
from the top plane (i.e. the upper edge in the side view) of the accommodating space {not shown) of the connector

202. The area around the keys 270A and 270B is cut-away to show the keys 270. The bottom side of the
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the | engtatds 215. The depth of the memory module 201 has a preferred maximum of 0.290 inches. The portion of the
printed circuit board 210 of the memory module 201 that is intended to mate with the connector 202 is preferably

0.175 inches minimum with a width of 0.050 + 0.004 inches.
Likewisc, the dimensions of the connector 202 may also vary with each embodiment. In a preferred
35 embodiment, the overall length of the housing 250 of the connector 202 is 6.914 inches, with 6.550 inches
between the centers of the two outer placement posts 285. The overall distance covered by the solder connectors

280 is 5.95 inches, with 1.525 inches from the left end to the center of the first key 270A and 0.825 inches from
the center of the second key 270B and the right end of the solder connectors 280.
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30 group is larger than the number of contacts in the first group and the second group combined. In a preferred

embediment, the first group includes at least 60 contacts, the second group includes at least 140 contacts, and the

third group includes at least 32 contacts.
It is noted that as shown, the plurality of contacts 215 is disposed within the accommodating space 260
50 as to be vertically opposed 10 each other. A portion of a printed circuit board 210, such as comprised in a
35 memory module 201, is weakly held between vertically opposed contacts in such a state where the portion of the
printed circuit board 210 is inserted into the accommodating space 260, and as the printed circuit board 210 is
pushed down to an implementation position, a tip of the printed circuit board 210 elastically deforms the contacts

265 so that the contact pads 215 of the printed circuit board and the contacts 265 are brought into contact with
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so as tofbe vertieal y opposed to each other. A portion of a printed
circuit boar dinddrus gubofimerss, &0 hpsinS 250 of the Gonnector 202 may be comprised of an electrically non-

conducting material. The electrically non-conducting material may be composed of a resin or a plastc, or another

material, as desired. In other embodiments, the memory module may be comprised of a composite including a
33 plurality of layers. The plurality of layers may include 2 plurality of layers that are non-conducting. It is noted
that in some embodiments, the numbers and placement of features on the memory module and/or the connector
may imply a corresponding number and/or placement of corresponding features on the connector or memory

module. It1s also noted that on stated measurements, where an uncertainty is not expressly stated, an uncertainty
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the connector 202 is illustrated. The centerline 201 denotes the center of
t he connector 202 is this view also. The relative |ocations of the

pl acement posts 285 and the plurality of solder 5 connectors 280 are
illustrated. Tne outer placenent posts 285A and 285D are positioned towards
the ends of the connector 202. The two inner placenent posts 285B and 285C
are positioned in the illustrated enbodinment to correspond to the top side
spaces in the contacts 215 for the keys 270. -Me dianeters of the placenent
posts 285 are preferably 0.080 0.002 inches, except for the rightnost

pl acenment post 285D, which is 0.093 :t 0.002 inches in dianeter. 10 The
sol der connectors 280 are shown in a preferred staggered configuration,
conprising four rows of solder connectors 280. Neighboring rows of sol der
connectors 280 are preferably separated by 0.075 inches, wth 0.050 inches
typical for the separation between sol der connectors 280 as neasured al ong
“the length of the connector 202. Each sol der connector 280 is preferably
0.031 + 0.002 inches in dianeter. As shown, "pin |I" and "pin 117"
correspond to the | eftnost sol der connectors 280, pin 117 over pin 1. "Pin
116" and "pin 232" 15 correspond to the rightnost sol der connectors 280,
pin 2 3 2 over pin 116. In Fig. 3, a portion of a conputer system 300 is
illustrated that includes a circuit board 3 10, a connector 202 coupled to
the circuit board 310, and a nenory nodul e 201 nmated to the connector 202.
As shown, two nodule extractors 255A and 255B are coupled to respective
ends of the housing 250 of the connector 202. Both nodul e extractors 255A
and 255B are in the | ocked position and positioned in correspondi ng

i ndentations of the 20 nenory nodul e. The edge portion of the nenory nodul e
201 is received within an accommobdati ng space of the connector 202. The
first key (shown previously) of the connector 202 is positioned within the
first notch (showmn previously) of the nenory nodul e 201. The second key of
t he connector 202 is positioned within the second notch of the nenory
nodul e 20 1. The di stance between the first key and the second key is
greater than 40% of the length of the connector, and the di stance between
the first notch and the second notch is greater than 40%of 7 5 the length
of the menory nodule. In various enbodi nents of the conputer system 300,
conpati bl e enbodi nents of the connector 202 and/or the nenory nodul e 201
descri bed above nmay be incorporated in the conputer system 250. ln one
preferred enbodi nent, the conputer system further conprises one or nore

sem conductor integrated circuits



coupled to the printed circuit board 210 of the nenory nodul e 201. One or
nore of the sem conductor 30 integrated circuits includes a plurality of
menory cells, which are electrically coupled to various ones of the
plurality of contact pads. In various enbodi nents, the housing 250 of the
connector 202 may be conprised of an electrically non- conducting material.
The el ectrically non-conducting material may be conposed of &TUeFﬁﬂpor a
pl astic, or another material, as desjbed. I n ot her enbodi nents, the nenory
nodul e may be conprised of a conposité including a 35 plurality of |ayers.
The plurality of layers may include 2 plurality of |layers that are
non-conducting. It is noted that in sone enbodi nents, the nunbers and

pl acenent of features on the nenory nodul e and/ or the connector may inply
a correspondi ng nunber and/or placenent of corresponding features on the
connector or nenory nodule. It is also rioted that on stated nmeasurenents,
where an uncertainty is not expressly stated, an uncertainty 8 0 10 CT 2003
of 5in the |ast decimal place is inplied. Nunerous other variations and
modi fications will becone apparent tdVe% &id®@sskilled in the an once the
above disclosure is fully appreciated. It is intended that the foll ow ng
clains be interpreted to enbrace all such variations and nodifications,
010CT2003 510 INedv @mpnysndlule (281 eomprisingodul e (201) conprising: a printed

circuit board (210). ¢ ri.sin irst.end, .a second end, ,a center m dway
et woen sard 1150 a8 BRIk Aol iriprsie: » SR S AR BOSRe hER (v om
said first end tmidedybeswemndideiel end 2l sdiakédoyid ehd, aad bR dgexétmdinglS)
arranged al ong said e%ge, wherein said plu 10 rality of contact pads (215)
are configured tBompaid fystgidrte sidaerordebural ity of contacts in an

accommdat | ng_SPaGRifly Br CHRRES %og% vﬁg%ﬁaﬁge‘dqla{gisafd%aaiwrfeye'zag ssilgfrd (210)

is received wth Sald accommo pace; a first n8t'ch A) "positioned
on sai d ed§e bet mwéitho Sainthef pads {2 IdhdreabnSgired toprtiung ectresporsiimg plomditydof 210)
and said center; and 15 a second, notch 2§OB§HFo§itioned on Fiipcepge

bet ween said secSHPENT BALANIPE 3Pash O F FEHICEOR SAFY S RETEA SHCWY ¢
center; wherein goadd 218 &reieiedBaith Sad sbchinhfoldativil placd; 220A) and sai d second
notch (220B) is greater than 40% of the |ength of said edge; wherein said
first notch (220alrshaetch 49ApesHensdancRIdcaze Bywern sad fiesh e pf s3ud

printed circuit bpard (210) and said center; and
13 a second notch (220B) positioned on said edge between said second end of
said printed circuit board (210) and said center;
wherein a distance between said first notch (220A) and said second notch
(220B) is greater than 40% of the length of said edge;
wherein said first notch (220A) and said second notch (220B) divide said plu-
20 rality of contact pads (215) into three groupings of contact pads (213),
wherein said three groupings of contact pads (215) include a first grouping po-
sitioned between said first end and said first notch (220A), a second grouping
positioned between said first notch (220A) and said second notch (220B), and
a third grouping positioned between said second notch (220B) and said second
| 25 end; and
wherein said second grouping comprises a continuous series of evenly spaced
contact pads (215) between 40% and 70% of the length of said edge.




20 rality of contact pads (215) into three groupings of contact pads (215),

wherein said three groupings of contact pads (215) include a first grouping

po- sitioned between said first end and said first notch (220A), a second

grouping positioned between said first notch (220A) and saidﬂgﬁﬁﬁqﬁgnotch
t

(220B), and a third grouping positioned between said second

and said second 25 end; and wherein said second grouping conprises a
continuous series of evenly spaced contact pads (215) between 40% and 70%
of the length of said edge. 010CT2003°H11- 2. The menory nodul e (201) of

claim1l1, wherein d fi Q 0A),is far t. fromsaid first end of
said printed c‘irgﬁflkgg]g?{%%?@iwg F(’ig?z'nla‘l“% bnstrig S%‘Bﬁ{mt“@?c,h (g‘n MR&ein said
second notch (2208) frbS:_sﬁld(l&@trenﬁ:l(l\f@ﬂh%riﬁ@@@ﬂﬁ'ui?@&r@h1@?‘&‘3:} (R S enCi reui t
board (210) than to said center. 5 3. The nenory nodule (201) of claim2,

wherein said fir%6aR8tdsransndsecoad getch (22880 isiclagotd saisheesordandiodasid fir st
end, and wherei n,saigl.; ﬁﬁq I} j}h 0] is, _at least 0.750 inches from
sai d second end.pto 4.Cl§ e (rarred;@trl& né%ésg}d(?ﬂﬁ‘ of claim2, wherein said
first notclh (220A) and said second notch (220B) are each at |east 1.140
i nches in depth. y nodule (201) of claim11, wherein said

5. Th
plurality of con WeﬁgﬁsﬁQQEQOI?HE?lm% vatepeip 6HE eyt npwl 423003y at 15 6. The
nmemory modul e (2R4s: 19450GhHe M Frdm wlies Sl %dsﬁi@wﬂérﬁa%giidts oot n%&@t(gﬁ Rgds
J edsge e and a back 'si cPe)

(215) are disposed al ong sal on a front si So as to
be vertically oPpensed7bdingbesHram kad seashderd.n sai d edge of said printed
circuit board (210) is weakly held between said contacts in said
accomodating 20 space in a state where said edge of said printed circuit
board (21Q) is4.i Themieatbry iﬂbﬁ@!ef’(@@lqo@@ﬁﬁﬂ@dﬁéﬂeﬁ%aﬁﬂ%ﬁaot@{‘ﬁiwﬂﬂﬂ n, as
said printed circuit board 210) is pushed down to an inplenentation
position, said e&yeé S%ﬁonéamshéﬁ )@t cagh pelgast 138 nreheeinglepdt. asti cal | y
deforns said contacts so that the 'contact pads (215) of said printed
circuit board (210) and said contacts are brought into 25 contact with each

ot her as pressedThynichissy yicdlid€201glofiskaim 1f wherein séid plinelityasfebytacqgdds e (201)
of claim 1, wher alg) En@?ua%gg?fgon?;ct SSA@Q?%. pads

15

20B)

6. The memory module (201) of claim 1, wherein said plurality of contact pads

(215} are disposed along said edge on a front side and a back side so as to be
vertically opposed to each other, wherein said edge of said printed circuit -
board (210} is weakly held between said contacts in said accommodating

20 space in a state where said edge of said printed circuit board (210) is inserted
into said accommodating space, and wherein, as said printed circuit board
{210) is pushed down to an implementation position, said edge of said printed
circuit board (210} elastically deforms said contacts so that the contact pads
{(215) of said printed circuit board (210) and said contacts are brought into

25 contact with each other as pressed by thus yielded elastic force.

7. The memory module (201) of claim 1, wherein the number of contact pads
(215) in said second grouping is larger than the number of contact pads (215)
in either said first grouping or said third grouping,.
30



(215) "in said second grouping is larger than the nunber of contact pads
(215) in either said first grouping or said third grouping. 30 01 OCT 2003
-12 S. "The mermory nodul e (201) of claim7, wherein said first grouping

i ncludes at feast 60 contact pads (215), wherein said second grouping
includes at feast 140 contact pads (215), and wherein sai d18CT @ggr oupi ng
i ncludes at least 32 contact pads (215). 5 9. The nenory nodul e (201) of
claim?7, wherein said nunber of contact pads (215) in said second grouping
is larger than said nunber of contact -pads (215) in said first groupi ng
and said third_grouping conbined. 10 10. The nenory nodule (201) of claim
1, wherein said f f?"s‘fmﬁ@)"t}dﬁﬂct@fz@ﬂjwfsﬁullm/ ediceah fad fiseprol g amdudbdh of said

| ength of said edg ggoq};aéu&ﬁed ;rom saj ﬁjd’fl rst end of fa,l d er nt ed

circuit board (210); MNEFE R Fal s iy CCHBtERURDD B8NPSRt ed al ong

said length of saidd oedget padt yEeN aﬁ5%h@fb€h Sidthirler. &? b iheNgdshy 12 yyeasur ed
fromsaid first end of said s)rlnted circuit board 15 7(210). 11. The menory

nodul e (201) of qug}aﬁﬁaads]{.drs her conprising: one or nore indentations
positionedson said first end or said second end, wherein said one or nore
i ndentations are configured to receive nodule ex- 20 tractors in a closed

position. 12. ?heTmemqrynmIdMee(ZZ(]M)clm7Chlabdﬂrﬂsa1d/m.ﬁﬁiféir6f@oxﬁéc$bé’d’ice
bet ween said fi r%P not cgé said second notch (220B) is greater
than 50% of said ‘FERgP fAd fcon 8 “BF‘igrﬁ laecE thap spid e EweRl(coRmpt pagds (A15) The

menory nodul e (2G4 kai@first loajuink4and WRag S L is at least 5.950
i nches, and wherein sai dgdl gltn{agnce bet vvee ggllg% ?ﬂ?%?d notch (220A) and said

second notch (220B) is greater than 3.000 inches.

10 10. The memory module (201) of claim 1, wherein said first notch (220A) is lo-
cated between 15% and 35% of said length of said edge, as measured from
said first end of said printed circuit board (210); and wherein said second
notch (220B) is located along said length of said edge between 65% and 85%

of said length, as measured from said first end of said printed circuit board
15 (210).

11. The memory module (201) of claim 1, further comprising:
one or more indentations positioned on said first end or said second end,
wherein said one or more indentations are configured to receive module ex-

20 tractors in a closed position.

12. The memory module (201) of claim 1, wherein a distance between said first
notch (220A) and said second notch (220B) is greater than 50% of said length
of said printed circuit board (210).
25
13. The memory module (201) of claim 12, wherein said length is at least 5.950
inches, and wherein said distance between said first notch (220A) and said
second notch (220B) is greater than 3.000 inches.



