5 February. 2007 - SURFACE MOUNT TECHNOLOGY LAND GRI D ARRAY SOCKET FIELD OF
THE | NVENTI ON The i nvention relates to an el ectrical sockeFebnzary 207
conpressi ble contacts for nounting a processor on a circuit board.
BACKGROUND ART Pin grid array (PGA) sockets are used to accept electronic
packages on printed circuit boards. PGA sockets facilitate el ectrical
-conmuni cati on between a | arge nunber of pins on processors and el ectrical

conponents to WIiRhACFEMEENT AFENSORDE PUNIE GRIDSARRAASSOUKET t boar ds) .

PGA sockets may utilize a cover that is slidably novable on a base between
open and cl osed positions. The sliding novenent may be actuated, for _
exanpl e, by a lever. The cover has an array of holes configured to match an
array of &%EED%T%@\@NTWC package. Simlarly, the base has an array
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the cover. Wth the cover in the open position, the pins penetrate through

the holes, o er._j.nto the pin receiving chanbers of the base, but
~are not e&ggégbggﬁﬁﬁﬁfgﬁhnected to the pin receiving chanbers of the base.
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el ectrically connected to the base via the pinreceiving chanbers. This
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recei ving chanbers. These drawbacks are especially troubl esone in

appl i cat i dase btween gpacend gloged positiensi ubke sliding raevemenhaicicoetpaled. rigr
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holes of the cover into the pin receiving chambers of the base, but are not electrically

" connected to the pin receiving chambers of the base. When the cover is slid to the closed

position, the pins become electrically connected to the base via the pin receiving

chambers. This PGA base and cover arrangement, however, requires use of a

mechanism, such as a lever assembly, thereby introducing - additional parts and

manufacturing cost. The PGA base and cover arrangement also requires additional space

as the contacts must be able to move within the pin receiving chambers. These

drawbacks are especi'ally troublesome in applications where space is at a premium, such

~ as on motherboards for desktop and laptop computers. |

Consequently, land grid array (LGA) sockets have been developed which require

. only vertical compression to allow a processor and circuit board to electrically

- communicate. The LGA sockets do not require the lever mechanism, and can be used in

applications with more stringent space requirements. LGA sockets, however, require a

~ vertical compression force to be continuously applied to the processor to maintain proper

communication between the processor and the circuit board. The applied vertical
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conpressive force may becone excessive and danage the socket conponents if
not closely controlled. Hence, LGA sockets cannot use | dwWebostry 290iht i ng
techni ques such as solder balls which nay beconme danaged by cracks due to
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by a processor that is installed in sald processor opening, said shelves
are spaced fromsaid bottom surface at a distance which is pre-selected to
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“housing is slidably mounted in said fra
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accordance with an enbodi nent resent invention. Figure 4'is a
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~pre-selected to limit a maximum compressive load which can be applied to said contacts
when said processor is installed in said processor opening, and said housing is slidably

mounted in said frame.

DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of an electrical socket system formed in accordance
with an embodiment of the present invention. .
Figure 2 'is a perspective view of a frame formed in accordance with an
.émbodiment of the present invention. .
Figilré 3 is a top plan view of a frame formed in accordance with an embodiment
of the present invention. |
- Figure4isa sectional view of the frame taken along line 4-4 of Fig. 3.
Figure 5 is an enlarged view of a keyway from the frame of Fig. 3.
Figure 6 is an enlarged view of a key from the frame of Fig. 3.
- Figure 7 is a perspective view of a biasing spring arm formed in accordance with
- an embodiment of the present invention. |
- Figure 8 is a top plan view of a housing formed in accordance with an embodimeﬁt_

of the present invention




2 5 February 2007 Figure 9 is a sectional view of the housing of Fig. 8
showi ng contacts inside of holes. Figure 10 is an enl ar gttbvaen2@i7 a key
fromthe housing of Fig. 8. Figure 11 is an enlarged view of a keyway from
- the housing of Fig. 8 Figure 12 is a sectional view of a housing and frame
formed in accordance with an enbodi nent of the present invention. Figure
13 is a sectional view of a housing and frane forrred i n accordance with an

enbodi ment of tfhgurg@el%eanéefc{g@yr?g&&é;vg%ft@ %{{ rg1 Sﬂg‘ﬁ,ﬁl%bc% A }4518}%"() fa

cover nmounted to frame accor an € I 'meén
present irhedestion. Figure 15 is an el evation vi ew of a cover forned in

accordance with an _enbodi nent_ of the present inventiqn, DETAILED
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board 12 nm exanpl e, a nother board of a conputer. Further, the
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arns 20. The bias spring arns 20 |ocate and position the processor 18 with
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communi cati on t he processor . d the circ |t boar d %n%f ures
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St any! 46'7&55&6&1&&.@9}d:%ﬁbﬂ:%i‘ﬂofﬁld}ﬁé@n&ﬂvbﬁtmtrat es a perspective w ew of
the frane 14, with the housing 16 and bias spring arms 20. The frame 14

i ncl udes a bot thagarguk¥ acen gevatingt vissutod & eover deumad b dcaordanegh wiht we
socket 11 j t board 12 and a clanping load is
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appli ed. rame 14 includes a housing opening 32
that accepts the housing 16. Figure 3 illustrates a plan view of the frane
14, and: Fi[@%TAIHHDDEISC@ﬂB’ﬁICﬁ\ISEtTHEHbWENH@Mof the frame 14 taken al ong

oxt ends upnar d F HESEHE BhFEErICAC SR (1B IRUSNBER HRCa YL uEfited by
the four heusisBkePPERIARAH d8&rBice E%%@hﬁddﬁﬂeﬁﬂﬁ%@ﬂréérﬂ enveatibRr The @
electrical system 10 also includes a circuit board 12 to which the socket 11 is mounted.
The circuit board 12 may be, for example, a mother board of a computer. Further, the
~ electrical system 10 includes a processor 18 mounted to the socket 11. The socket 11
includes a frame 14, a housing 16 (see Fig. 2), and bias spring arms 20. The bias spring
- arms 20 locate and position the processor 18 with respect to the socket 11. The socket 11
facilitates electrical communication between the processor 18 and the circuit board 12.
Figures 2-6 illustrate various aspects of the frame 14, which may be molded of
Stanyl 46HF5040 supplied by DSM. Figure 2 illustrates a perspective view of the frame
14, with the housing 16 and bias spring arms 20. The frame 14 includes a bottom surface
30 that abuts the circuit board 12 when the socket 11 is mounted to the circuit board 12
| and a clamping load is applied. As shown in Fig. 2, the frame 14 includes a housing
i opening 32 that accepts the housing 16. |
Figure 3 illustrates a plan view of the frame 14, and Fig. 4 illustrates a sectional
view of the frame 14 taken along section line 4-4 in Fig. 3. As shown in Fig. 3, the
'ho.using opening 32 extends upward from the bottom surface 30 to a shelf 44, and is
defined by the four housing opening sides 33. Each housing opening side 33-forms a

substantially right angle with its adjacent housing opening sides 33, and the housing




substantially right angle with its adjacent housing opening sides 33, and
the housing 3 ------ R 5 February Z0E:bruaop20li’ng 32 i S
sized to accept the housing 16. The franme 14 includes an orientation point
34 | ocated proximal to the juncture of two housi ng opening sides 33. The
orientation point 34 provides a visible cue for orienting the processor

18. The frame 14 includes a processor opening 36 defined by four processor
openi ng [-de 2% ' t aneni ng
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frame key\eymethd offh@d ffamades. Kiy shebBi4 Risubdtindially yallgiagithgbsthen botre 30, 16.
‘The frame keyways 48 and frame keys 58 are distributed about the perineter
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along sides 50 fornmed at .an obtu angle to the housin eni ng.si de 33.
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is substanpiiphky parallel to the housing opening side 33 fromwhich the
keyway 48 extends. Protruding fromthe back 52 is a crush rib 54. The
crush rib 54 prlaeiftes Hhalsninshides bias ermimenintingaress AG Kby bieGpriemgamrseid t he
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. fastener such as a capscrew. The frame 14 also includes frame keyways 48 and frame
keys 58 for slidably engaging the housing 16. The frame keyways 48 and frame keys 58
- are distributed about the perimeter of the processor opening 36. The frame key 58
extends from a housing opening side 33. The frame keyway 48 extends horizontally
outward from a housing opening side 33 and vertically through the housing opening 32.
As illustrated in Fig. 5, the frame keyway 48 extends back from a throat 56 along
sides 50 formed at an obtuse angle to the housing opening side 33. The sides 50 are
.joined by the back 52 of the frame keyway 48. The back 52 is substantially parallel to the
- housing opening side 33 from which the keyway 48 extends. Protruding from the back 52
is a crush rib 54. The crush rib 54 provides an interference when a housing key 100
A engages the frame keyway 48. ‘
As illustrated in Fig. 6, the frame key 58 includes a neck 60 that extends to the
sides 62. The sides 62 are substantially perpendicular to the housing opening side 33 and

are joined by the front 64, which is substantially perpendicular to the sides 62.




sides 62. The sides 62 are substantially perpendicular to the housing
opening side 33 and are joined by the front 64, which i Kbostnd®i7al |y
perpendi cular to the sides 62. 4 5 February 2007 Referring back to Figs. 1
and 2, the frame 14 includes cover notches 66. The cover notches 66 extend
into the frame 14 and cooperate with a pick and place cover 22 (see Figs.
14 and 15) to maintain the pick and place cover 22 in place on the frane 14
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such as Titan LG44]1 s | i ed by East em cal. The perineter of the
housi ng 16PPEE %%ﬂ@&gﬁv %F&Pé’étl% ?regg”@ht%ﬁ eraTasponds te @B§ capReraes yith e

per pendi ¢Wig arhPrmb oSt | j Te] t ace 82
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and are sized to accept contacts 90 (see Fig. 9) before becom ng fixed in

t he hol es odahe fiereampid 4y eadinggdgso?4 edprsisdsom she eantaca face Fortafacilitate aaey

processor 1 1.Cli oard 12, and the contacts 90 provide paths
for elect |cgﬁl@gto&*m"r}§%16}é)§§§i§%1%et ween the processor 18 and the circuit board

12. | Figure 8 illustrates a plan view of the housing 16, which may be made of a plastic,

such as Titan G441 supplied by Eastman Chemical. The perimeter of the housing 16 is

defined by sides 80. ‘Each side 80 is substantially perpendicular to its adjacent sides 80.

The sides 80 join a top surface 82 and a bottom surface 84 (Fig. 9). The top surface 82

and bottom surface 84 are substantially parallel to each other and perpendicular to the

sides 80.

The. housing 16 includes holes 86 arranged in a hole array 88. The hole array 88

of the illustrated embodiment includes 735 holes 86, not all of which are shown for

. cIari‘Fy. The holes 86 éxtend through the housing 16 and are sized to accept contacts 90

(see Fig. 9) before becoming fixed in the holes 86. The hole array 88 corresponds to

: contact arrays. on the processor 18 and the circuit board 12, and the contacts 90 provide
paths for electrical cominunication between the processor 18 and the circuit board 12.

Figure 9 illustrates the contacts 90 when positioned in the holes 86. Each hole 86

accepts a contact 90 that includes a contact arm 92 and a solder ball 94 located at oppoéite

ends of a contact base 91. The holes 86 are sized to properly align, secure, and position
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Figure 9 illustrates the contacts 90 when positioned in the holes 86. Each
hole 86 accepts a contact 90 that includes a contact arn Béreard280%0l der
ball 94 |ocated at opposite ends of a contact base 91. The holes 86 are
sized to properly align, secure, and position 5 5 February 2007 the
contacts 90 in the desired | ocation. The contact arm 92 extends fromthe
top surface 82 of the housing 16. The contact 90 has an unl oaded cont act

hei ght 96 EasHIKEI0E | gg%%dqe\ﬂaet%fni Lﬁ‘% SAALEMPS Ly Riad Bohlifie FJ whcd he

contact arm 92 when unlo e processor 18 I's proper posi ti oned
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contacts 90 and the processor 18. The contacts 90 are selected to provide
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of a specifje l.i ¢cation., As 0 i.n, Fig. .each cont.act, .90 al
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12 and to allow electrical communication between the contacts 90 and the

circuit bdhegontacts 9 arsssiegtad th preydogeomesry toaneatthesimpedgndseindastanseeand o
accomobda i r [ I ing., After. sol de ef he
sol der ba%?%aggé&grrgﬁﬁn%?lgggvogﬁ sflp ﬁagﬁgsgﬁl ?%ﬁﬂn'sﬁg\ﬁngé‘?%l ?l A ggéa i ht%&e der ence
agai n to kisgindbydes hgoletisdlngt thet @ltanlsibeaéad s boaumi snffadeed s TR soddwd ballousi ng
keyways 18% for sljdably enqgaging . the frame 14, Figure 10 illustrates a
housi ng e Besd fopaonBting Er&glv@wgotﬁgqﬂ@a%ncyﬂéw@r Esapdhio pllowsleetsicphy 48.

The housi pgnk&¥i @rﬂﬂ{ ' _ ' [ key

100 includes a lr%c‘%pl_?[ﬁggr&t a'? Cgfri;[e%gets?Oﬁggggﬁ@itt%gﬁgﬁﬂa%%oéﬁﬁ a f%ﬁ]f?ﬁe

neck 102 etampicoimpyde wimgled. toTieosinteintel Sidher HrPbj @i Al dirdeyprobessingonAftdin e,
to the side 80 fromwhich th housi ng key

whi-ch i taptial | | el
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an interference however between the crushrib 54 and the front 106. This
i nt er f er ehewinglaymays 10h fo stidatde ehgigieg thedtamesth. t Bigoweel Cidiwstratbea housing

100 and. | Pk of sl PG bl Pps Gy &6 IR Sl o7

the mat er 1@) sxtesBdrdmb sidees0foraid@sihgd 18N AT his HagsiNE kdP 1 0®inRhds 8@Redd102 that
appropriate required force. Figure 11 illustrates a housing keyway 108
that sli dB6sly skiesdfddhat exiepd jasipy dgpm the neck 102 at an obtuse angle. “The Sides 104

are joined by the front 106, which is substantially parallel to the side 80 from which the
housing key 100 extends. The neck 102 and sides 104 are sized to provide a small
clearance from the throat 56 and sides 50 of the frame keyway 48. There is an
interference however between the crush rib 54 and the front 106. This interference results
in a force being required to overcome the interference to slide the housing 16 within the
frame 14. The housing key 100 and frame keyway 48 are sized with respect to each other
“in light of the materials used for the frame 14 and housing 16 to provide an appropriate
required force.
Figure 11 illustrates a housing keyway 108 that slidably engages frame key 58.
‘The housing keyway 108 extends from a side 80 and from the top surface .82 to the
bottom surface 84 of the housing 16. The housing keyway 108 includes a throat 114 that
leads to sides 110. The sides 110 of the housing keyway 108 are substantially
perpendicular to the side 80 of the housing 16 from which the housing keyway 108
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The housi ng keyway 108 extends froma side 80 and fromthe top surface 82
to the bottom surface 84 of the housing 16. The housi ng Xé&pnayy 20&
includes a throat 114 that |eads to sides 110. The sides 110 of the

housi ng keyway 108 are substantially perpendicular to the side 80 of the
housing 16 from whi ch the housing keyway 108 6 5 February 2007 extends. A
back 112 that is substantially perpendicular to the sides 110 join the

sides 11 OUS| j J : r : .ext rom
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However, the crush rib 116 provides an interference wt the fro 64 o
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the frame dfs ¢A%e le@ﬁﬁme tk!@? sRI RRvdRY, RS cARK MY @?Vﬁl@é"éﬁh@%@fﬁﬁ&%ﬁ zed

with respect to each other to provide an appropriate require orce.
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| circuit board 12. The contact arms 92 extend upward by the unloaded contact height 96.

After the socket 11, with the frame 14 and housing 16 positioned as above described, is
oriented and placed on the circuit board 12, the housing 16 may be soldered to the circuit
board 12. The solder balls 94 will no longer have the round shape illustrated after solder

reflow.

_ Next, the processor 18 may be placed as illustrated in Fig. 13. The processor 18

- encounters the leading edge 74 of the biasing spring arm 20 and/or the leading edge 40 of
- the processor opening 36 of the frame 14. As the processor 18 is lowered, the biasing
spring arms 20 will help properly orient the processor 18 with respect to the hole array 88

~ of the housing 16. Once the processor 18 is placed within the processor opening 36, a
clamping mechanism (not shown) may be used to force the processor 18 down into the
proper position and provide the desired biasing force on the contact arms 92. The
‘clamping mechanism may also include a heat sink. As the processor 18 is lowered, the

contact arms 92 are flexed in the direction of arrow A in Fig. 9. Also, the bottom surface




of the housing 16. Once the processor 18 is placed within the processor
opening 36, a clanping nmechani sm (not shown) may be usedS Fébrhoy @80T he
processor 18 down into the proper position and provide the desired biasing
force on the contact arns 92. The clanpi ng nmechani sm nmay al so i nclude a
heat sink. As the processor 18 is |lowered, the contact arns 92 are flexed
in the direction of arrow Ain Fig. 9. Also, the bottom surface
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~other. By way of exanple, the force used to bias all of the cont act ar s

92 of the P qfab% pQITtRE RS 92 ihen thersoptash ames Ypaigrigadeday s desiré amopnip dinds i s
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‘bias the contact ar y excess force app I e
sol der baltha pBevides F00pFompds bﬁ/clmnpmlfomet By wapniod examplopth® Reymael kdyerals ane
14 abutst circuit bagard 1 t her rotecting tho conpo ts from
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pounds. Thus, the 100 pounds is sufficient to move the frame 14 toward the circuit board
12 and properly bias the contact arms 92. Any excess force applied will not damage the
solder balls 94 or improperly position the contact arms 92 once the frame 14 abuts the
circuit board 12, thereby protecting those components from damage and providing prdper
- electrical communication. The ability of the frame 14 and housing 16 to move relative to
one another helps accouﬁt for potential variability in the height of the solder balls 94 after
- reflow while maintaining the force on the contacts 90 near the desired level at the loaded
_ position. '
_ The electrical system 10 may also include a pick and place cover 22 for shipping
as well as positioning the socket 11. Figures 14 and 15 illustrate the pick and place cover
22. Figure 14 illustrates a perspective view of the frame 14 with the pick and place cover
22 in place, and Fig. 15 illustrates a sectional elevation view of the pick and pIacé cover

| 22 taken along the center of the pick and place cover 22.
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position. The electrical system 10 may al so include a pick and place cover
22 for shipping as well as positioning the socket 11. Figksbesary20@hd 15

i'llustrate the pick and place cover 22. Figure 14 illustrates a
- perspective view of the frame 14 with the pick and place cover 22 in
‘place, and Fig. 15 illustrates a sectional elevation view of the pick and

pl ace cover 22 taken along the center of the pick and place cover 22. 8 5
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While particular elements, embodiments and applications of the present invention

have been shown and described, it will be understood, of course, that the invention is not
limited fhereto since modifications may be made by those skilled in the art, particularly in
light of the foregoing teachings. For example, a different surface other than the bottom
surface of the processor may be used to contact the frame, thereby changing the location
of the shelf, or using a different contacting surface on the frame to be contacted by the
processor. It is therefore contemplated by the appended claims to cover such
- modifications as incorporate those features which come within the spirit and scope of the

invention,




nodi fications as incorporate those features which come wthin the spirit
and scope of the invention. 9 5 February 2007 CLAI M5 1.5 Pebredre2007 cal
socket conprising a frane having a bottom surface configured to abut
against a circuit board, said frame including sides surrounding a processor
opening, a housing nounted in said frane bel ow said processor opening, said
housing having an array of conpressible contacts that extend into said
processor opening and bel ow sai d €bAiMf surface, characterized in that:
said sides include shelves extending parallel to said bottomsurface, said
shel ves are arranged to be contacted by a processor that is installed in
sai d prodessorAn @sridcal gocksBedinireloefafie Bavipag bottdih urfsei ddnfigiredm sur f ace
at a dlstance which is pre- selected to linmt a maxi mum conpressive | oad
whi ch cafb¥egansha ‘é@utté’oéfé]v grid Famgdeduding gHesAQUARIBE BPLHCSTES | nstal | ed in

d d
sal pro%ﬁ%ﬁe % eg%lbgﬁlouﬂ{%ﬂ ngz'%lﬁo sy éla?c\ll\ﬂeréééé‘% eng@gmﬁoasmgsa'

frame. 2 cal soc clarm el n ousing I's
i nt er f er dadieg hn ttreylof compmedsiblé cartasts thireaxedny istofseidgqrocassir openiagphd ed t o

slide sa housj idframe., 3., The electrical socket of claiml or 2
wher ei n h?d]l? iléq%@ ?“5%8 a{%aragfﬁflaedlﬁ ing has a key, and the other of
said franme an@m&@id@s HeHRkE @Helbé’ssex?enﬂﬁffgﬁﬁﬁﬂ’féﬂt@'sﬁﬂl btV RifakfRhidi S slidable in
said key. 4. The electrical socket of claim3 wherein said keyway has a

~crush ri bhtﬂh@tare mm@&bfawntaﬂ@bmmc@swthﬁ 1smstallkéyn sm%mo@@yora force

nust be a ied t i de said, .hous n d frame ctrical
Tooket - o BRIbE Saik nfivesite Sftcha fPRESd Wbt Rbe bl AL anSe e i8S ot oot
i ncl udes s@leqted @m0 anaxiBimeBaPaishige 1036 wHiftCetintb lied, endidecon@stsl i ent
contact armfor engaging the processor. 6. The electrical socket of any

one of tﬁ@e@ﬁ@é@tnCﬁ@,SOasanwlqdumsﬁérprqqq&qonapwgng, Bnégarﬁaowm&wrmunt ed to said
frame an%%ﬂgﬁg (gglsg{&)ﬁ&gg a force that orients said processor in said
i cal 'socket. ’

electric

2. The electrical socket of claim 1 wherein said housing is interference fitted in

said frame, whereby a force must be applied to slide said housing in said frame.

3. The electrical socket of claim 1 or 2 wherein one of said frame and said
housing has a key, and the other of said frame and said housing has a corresponding

keyway that is slidable in said key.

4. The electrical socket of claim 3 wherein said keyway has a crush rib that
- provides an interference with said key, whereby a force must be applied to slide said

housing in said frame.

5. The electrical socket of any one of the preceding claims wherein cach of said
contacts includes a solder ball for engaging the circuit board and a resilient contact

arm for engaging the Processor.

6. The electrical socket of any one of the preceding claims further including
biasing arms mounted to said frame and arranged to provide a force that orients said
processor in said electrical socket.
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