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Background of the | nventi SYSERTIONFORCGERPECKETFFQR IC DEYIEBS ket system 100 of
the prior art includes a socket 102 for coupling a plurality of pins 104
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to a respective one of the contact pads 108 via a respective one of the 15
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art of i F}Bxéig rpﬁxtg?iq at%yr (3 Bﬁcﬁc@?‘ge ddsqﬁxflo%Jn td &ll% O} (Q‘dlﬁ 53g§qll i th%‘ .':u'(ii ﬁlhte rened {s eltiac% Ox‘fth
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respdct i V&d@ﬂ& oBfhe §ddRet 002N F&Ce&améi&ﬁrl% pif4 of JR@I@debiGélids 19 viehGirst IeAd 116 of
addi ti on,th o 192& ce %aOG $ m;[z#ﬁ 51 ‘%L § socket 102 with a clanping
mechani sm' 1 suc P g sl pontastRa] ol o STyt feard H ‘HFChtW?éb?EP‘E\Pé(PF‘E%d%B“Wés
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In addition, the IC device 106 is mounted to the socket 102 with a clamping mechanism 122 such that

each of the pins 104 of the IC device 106 makes electrical contact with a respective one of the leads 112 of the
socket 102. Each of the pins 104 of the IC device 106 is inserted into a respecﬁve opening within the socket
‘ 25 102 to make electrical contact with a corresponding one of the leads 112 of the socket 102. The clamping
mechanism 122 clamps down the body of the IC device 106 (i.e., the portion of the IC device not including the
pins 104) onto the socket 102.
Fig. 3 shows a cross sectional view of an example opening 124 for the first pin 114 of the IC device
106 making contact with the first contact pad 118 of the circuit board 110 via the first lead 116 of the socket
30 102. The lead 116 is within the opening 124 of the socket 102. In the prior art, the lead 116 is part of a two-
ended pogo spring mechanism including a first pogo spring 126 disposed toward the pin 114 and a second
pogo spring 128 disposed toward the contact pad 118.
Referring to Figs. 2 and 4, when the socket 102 is mounted to the circuit board 110 and the body of
the IC device 106 is clamped to the socket 102, the pin 114 is inserted into the opening 124 and makes
35  electrical contact with the top end of the lead 116. In addition, the bottom end of the lead 116 makes electrical
contact with the contact pad 118. The first pogo spring 126 is compressed and pushes the top end of the lead
116 against the bottom of the pin 114 to ensure that the top end of the lead 116 makes electrical contact with
the bottom of the pin 114. Similarly, the second pogo spring 128 is compressed and pushes the bottom end of
the lead 116 against the contact pad 118 to ensure that the bottom end of the lead 116 makes electric contact

40  with the contact pad 118.



pins 104) onto the socket 102. Fig. 3 shows a cross sectional view of an
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result, the electrical pat engt etween th evice 106 and the
cont a Ct pad In one embodiment of the present invention, a socket system and method couples a pin of an IC

(integrated circuit) device to a contact pad of a circuit board. A zif opening on a socket asserts substantially
zero force as the pin of the IC device is inserted therein, and a compression mount lead on the socket presses
against the contact pad of the circuit board.

25 In a further embodiment of the present invention, forking leads are coupled to the compression mount
lead and surround the pin within the zif opening. An actuation plate and an actuation lever press the forking
leads against the pin such that the pin is coupled to the compression mount lead via the forking leads.

In another embodiment of the present invention, top portions of the forking leads contact a top portion

of the pin toward the IC device to minimize an electrical path length between the IC device and the circuit

30  board.

In yet another embodiment of the present invention, the compression mount lead is comprised of one
of a pogo spring or a J-bend lead.

In a further embodiment of the present invention, a back plate is mounted to a back-side of the circuit
board when the socket is mounted to a front-side of the circuit board, for preventing warping of the circuit

35  board.

In this manner, with use of the zif opening, substantially zero force is applied on the body of the IC
device that is not clamped to the socket in an embodiment of the present invention. Rather, the pin of the IC
device is compressed between the forking leads within the zif opening to be coupled to the contact pad of the
circuit board. In addition, the forking leads make electrical contact with the top portion of the pin toward the
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circuit board 0f or 0rgeevent?n i mgﬁde{ {érl rléturﬁlf' §5 board. In this

manner, with G %f’ % fAesoghief of, %&eﬁ?"ﬁ‘bfmg%‘\ﬁ%?%fhi‘éhqz}f opeiying nfaking leqtricaleamadt ed on

t he body wil a topporfids of the pin of the IC package, according to an embodiment of the present invention;

20 - Fig. 8 shows components of the socket system having the socket of Fig. 5 and including a back plate,
according to an embodiment of the present invention;
Fig. 9 shows a cross-sectional view of a compression mount lead comprised of a J-bend lead within
the zif opening of the socket, according to another embodiment of the present invention; and
Fig. 10 shows components of the socket system having the socket of Fig. 9, according to an
25  embodiment of the present invention,
The figures referred to herein are drawn for clarity of illustration and are not necessarily drawn to
scale. Elements having the same reference number in Figs. 1,2,3,4,5,6,7, 8, 9, and 10 refer to elements

having similar structure and function.

30

Detailed Description
Referring to Figs. 5 and 8, a socket system 200 includes a socket 202 for coupling the pins 104 of the

IC device 106 to the contact pads 108 of the circuit board 110, according to an embodiment of the present

invention. The mechanism within one zif (zero-insertion-force) opening 204 of the socket 202 is illustrated in
35  Fig. 5 for simplicity and clarity of illustration and description. However, the socket 202 includes a plurality of

such zif openings with each zif opening coupling a respective one of the pins 104 of the IC device 106 to a

respective one of the contact pads 108. Fig. 5 illustrates one example zif opening 204 for coupling an example

pin 114 of the IC device 106 to an example contact pad 118 of the circuit board 110.

Referring to Figs. 6 and 8, the socket 202 is mounted to the circuit board 110 with a screw mechanism
3



device that is not clanped to the socket in an enbodi nrent of the present :
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I nvent i onle forking leads. In this manner, the actuation plate 216 pushes the forking leads 212 to press against and

se and

20  make electrical contact with-the pin 114 within the zif opening 204. Thus, the pin is electrically coupled to the
contact pad 118 via the forking leads 212 and the compression mount lead 208.

In addition, the actuation plate 216 is situated such that the forking leads 212 contact a top half of the
pin 114 toward the IC device 106. Thus, the electrical path length between the IC device 106 and the contact
pad 118 is minimized in an embodiment of the present invention. In the prior art of Fig. 4, the bottom surface

25 of the pin 114 furthest from the IC device 106 makes electrical contact with the lead 116. In contrast, in Fig. 7
of the present invention, the forking leads 212 make electrical contact with the pin 114 as near the body of IC
device 106 as possible, thus minimizing the electrical path length between the IC device 106 and the contact
pad 118.

Such minimized electrical path length is advantageous for minimizing resistance and hence

30 maximizing the speed performance of the IC device 106. With such enhanced speed performance, the socket
system 200 of the present invention may advantageously be used in an IC device testing system 250 in Fig. 8
for high frequency testing of the IC device 106. In that case, an IC device test processor 220 tests for
operation of the IC device 106 with high frequency signals (such as signals with frequencies in the giga-hertz
range) applied or generated on the contact pads 108.

35 Furthermore, with a plurality of the zif opening 204 on the socket 202, substantially zero force is
inserted on the pins 104 as the pins 104 are inserted into such zif openings on the socket 202. The forking
leads 214 within the zif opening 204 assert force substantially just on the pins 104 for coupling the pins to the
contact pads 108 on the circuit board 110. Thus, the body of the IC device 106 is not clamped to the socket

202, and substantially zero force is applied on the body of the IC device 106 to preserve the integrity of the IC
4
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20 In either case of the pogo spring mechanism 210 of Fig. 6 or the J-bend lead 304 of Fig. 9, such
compression mount leads contact the contact pads of the circuit board 110 when the socket 202 or 302 is
mounted to the circuit board 110. With such compression mount leads, if the socket 202 or 302 were to
become defective, the defective socket is taken off the circuit board and is simply replaced with another non-
defective socket. Thus, the circuit board may still be reused despite a defective socket. For example, in a

25 testing system, the socket 202 or 302 may become defective after tens of thousands of IC devices are tested
thereon. Then, such a defective socket is taken off the circuit board 110, and a non-defective socket is
mounted to the circuit board 110.

Some zif openings may be found in OEM (original equipment manufacturer) systems where the lead

" within the zif opening is permanently soldered to the circuit board 110. However, such permanent soldering in

30  the prior art is disadvantageous because the whole circuit board is discarded when any mechanism within the
zif opening becomes defective. ‘

When the socket system 200 or 300 is used within a test system, millions of IC devices are tested with
such a socket system. Thus, the socket system is likely to become defective with time. With compression
mount leads for the socket, the defective socket is taken off the circuit board and is simply replaced with

35 another non-defective socket such that the circuit board may be reused.

In an alternative embodiment of the present invention, referring to Fig. 10, the socket system 200 or
300 is part of an OEM (original equipment maker) machine 350 such as a PC (personal computer). For
example, the circuit board 110 may be the mother-board of a PC. The socket system 200 or 300 using the

socket 202 or 302 with the zif openings and compression mount leads may be advantageous for lowered tariff
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of the presdit domesi@all. dmthe prior tdyehepléads df 1 socket withie tht OBM mdching diesokieded GpIEN| NY
204, s&bs | t he
201 opnt aushiltd YehBEuUeheR bl ihBlt e st dibla o8 I Bl fode dudieBB
204 to suF@Q@W*‘H@IWOQGMCSﬂmmhlshqrﬁ*gﬁms@d therein. An actuation Iever

214 and an act u@bﬁt@al@é&t&c&qa esairo@mfa@waha%qxtﬁ@soa@@zo@tniob%fém&magsdf&éds 212.
Referring to Fi er the pin IS inserted between the

forking | BEHY ‘?’%‘E‘OWSFH‘P‘HI"’E ??8?"2% ]fb°6’;5‘&ﬁ?‘Y‘?d“e°%§P‘ for paunijpg hatorshtothe it 299d.; s
pul | ed t oTipushe IChekae @Mk the eiekdd et @ 360 andrus the ciftait Bfard he mhpbddinpated &satapcadi? t 0
bend 4 he JBANRr e 216 pushes the
f or ki ndg I %afzratggsllﬁ t%gaslsgl%%rﬁénsds'ﬂ%(t)gl}d%s%ne(%mﬁsggaﬂg e eﬁ%‘%fe(ra?% rgt%ont act with-the
pin 114 withi nTlleH@e@Flg ischyy say ?@XW onlpgdis nqthéenquno podlingitinge Fprj exapiriley the pragshled
to the crMasts @adbellSreftteice ) xafnfic k&hﬂi&&@%@l&@%@ﬁ%@%@%ﬁ;@@ﬁh @dugiount
| ead 208. ]8%{‘” ddltlon the actuation, 216 is S|tuated such that the

forking | SPfeser. fivgntion may be gractieed it et"?‘i‘émecﬁ‘?“ffmi 9i4he ZARFIPEAAL™ME C devi ce
106. Thuscompiresios meat tead: Hurtigatdie, varivgs imphaibnsien forhie copabents 206, 210812124, g

cont i d n n. In
t he g%t orfﬂgrg?‘g%? lg%:§ alll ) nﬁ}vﬁgﬁﬁoa?et%m sur a(%:fg% E‘éry %]f?ui {2 EPCO?%%%%’" u¥nt &lh “from
the | C de¥® @@xeq%ew@ss@wé@? Presead invepfivn dfanentigined-fox %emﬂeraahlgllfaequqnw fe%msqelast

in Fig. 7250@1‘» thhbﬂm PReSARhiné meﬂw@eﬂ thb BRkek %&h Béb Ar@&ﬂﬁay%%smgnﬁﬂ%pt ri cal
| C device ossi bl e,

contact wt n 114 _as near

hus i i P R e PR i AL IS (RSPRESARY P e ogi e POt

t he cont aotentiqoédinitdBonlyS défined initheifdkeinglcleat pideativadatshbeleofigt h | s advant ageous
for mgni m zing resistance and hence 30 nmaxi m zing the speed performance of
the I C device 106. Wth such enhanced speed perfornmance, the socket system
200 of the present invention may advantageously be used in an | C device
testing system?250 in Fig. 8




for high frequency testing of the IC device 106. In that case, an |C device
test processor 220 tests for operation of the IC device 106 with high

f requency wogoe/@34{2uch as signals with frequencies in thacgiQsrnieiiss
range) applied or generated on the contact pads 108. 35 Furthernore, wth a
pluralityWetlaimie zif opening 204 on the socket 202, substantially zero
force is insertgg:c [ [ ' : | uch
zi f openi ngs on the&g%y%:t%g'gﬁg’gg?ﬁ%%g@pﬁgé %ﬁg“%@%’% (%{f%aésm@€'§§1h%g’ﬁég Q{z(}%? od
openi ng FOHR4BUI18) plycgrenitdapd {140k somprsing: ust on the pins 104 for coupling
t]tlet E' nls to trwzif(mm_mon@?das loﬁe%g 8204)t09?ﬁ6dk5t@0%t?{[0§bQ%ZO%Sél-tlgxgstmglﬁrizefo?&ce%)lody
o] Vi i.S .no anpe he socke , and substantially
zero ?orc%éq}? mgglﬁﬂcl?fglgIéﬁevfcﬁél%g)o‘gg‘seétf’é@ﬁ&‘“iaeddevi ce 106 to preserve the
integrity of tdnompiEssibn WO BAB(208] 3¢ 8n REJIckISR0D 40D 2B Bpfdsses dinisaie chittet pddur t her
referri nqlfggoﬂ&mﬁbbogrg(ﬁo_urther enbodi ment of the present invention, a
back plate 222 is nounted to the back side of the circuit board 110 when
the socket 202 is mounted to the front side of the <circuit board 110. The
front side of 2 e GckeCtybtbm 206,300)bl BaibASIHAS GRSt pads 108 printed

t herggn, and tfh%m§1 sdo(éﬁgg ﬁ@% [ Esﬁrmunt ed to the front side for providing

el ectrical conneCei®dn ‘16 CHH R BR FHEresyymonptiged (4985 304} anfh gprrogndime dhe pip (1dhe

| ead 208 wyhinthseif oprnloe(2090&dpushes down agai nst the contact pad 118 due to

h ¢ ; i . Wt d t .of .
I e AR e e r

integrated circuit technol € 'so
i ncreasi A4 Ych it fhe giad1ihe cqugledifo thecneppressioh oxurtt tsad@0% A04) e the iforksing leads (242)d
110. A large total conpression force fromall of such |eads fromthe socket

pushiag down gn.the cjrcui d_110_ 10 may warp and danmage the circuit
boar 315] 110. wb(é'nif . en%j’“%ig %%%%&B‘ff 3@1 oSBm  heppdn %%‘eﬂlpﬁsﬂ’é mgyat fepbis copRESEAOL pRSar d
110 pr evefrpogsspcihe D pi nbepdlepr@¥ent damage to the circuit board 110 from
such conpression force. Fig. 9 shows anot her enbodi nent of a socket system
300 with an alternative socket 302. The socket 302 of Fig. 9 is simlar to
the socket 203 &¥espskgisystam (2¢0, 30) gf chaim i fontheromptisingt y nunber ed el enent s

havi ng si ni | an backblaté¢22ay ouaied iof AGL dicRId¢ thEIOWBY Bdard (i 106 wEAGKELcK3Q20208025 %9 9

has %J-Bg&%dltoeggon§04 f%r 'th%bga? {lﬁ conpression 15 nmount | ead instead of

the Pogo Spring PBChaN! S5t " socket 202. Referring to Figs. 9 and

10, when the

5. The socket system (200, 300) of claim 1, wherein the socket (202, 302) and the circuit board (110)

are part of a test system (250) for testing the IC device (106) or are parts for an OEM (original equipment
manufacturer) machine (350).

25
6. A method for coupling a pin (114) of an IC (integrated circuit) device (106) to a contact pad (118)
of a circuit board (110), including the steps of:
asserting substantially zero force on the pin (114) as the pin of the IC device (106) is inserted into a
zif (zero-insertion-force) opening (204) on a socket (202, 302); and
30 pressing a compression mount lead (208, 304) on the socket (202, 302) against the contact pad (118)

of the circuit board (110).

7. The method of claim 6, further including the step of:
pressing forking leads (212) against the pin (114) within the zif opening (204) such that the pin (114)
35  iscoupled to the compression mount lead (208, 304) via the forking leads (212).

8. The method of claim 6, wherein the compression mount lead is comprised of a pogo spring (210)
or a J-bend lead (304).



socket 302 is mounted to the circuit board 110, the J-bend conpression
nmount | ead 304 is pressed down onto the contact pad 118 to nake el ectri cal
contact w Wo 2003829t act pad 118. The J-bend | ead 304 advR®OTAG2WeOL3IB771 s a
sinple alternative nmechani smfor the conpression nount |ead that contacts
the contact pad- 8l methed ef oy pfurthgrjpglyding g stepof: | n ei t her case of the pogo
spring mechani &mﬁlﬁg@a Bikk fhi@2 14 bablbﬁdobfb.eaﬁbuitga&ld (?@@3 r\:@ént!'l_ﬂs@ck_e&wgsmgisllo
conpressi on nount_ | eads .contact t ontact pads of the circuit boar

when the ZGEREC P %”égfmﬁ?ngﬁﬁﬂﬁyéd to the circuit board 110. Wth such
conpression nount |eads, if the socket 202 or 302 were to becone

def ectyve, the é&!\?\}fhg &%@hé!&f%ﬂ&l%e Rhéré% g?kéogg:it £bs, 365}%%1@1& %i&ﬁsbo%%{ 18) @\ P a

sinply repl ace anot her non- ve 'Soc , the circuit board
may stil | tepéysea(3Wiforissipe the Iadeyist €8@liovare pae ke en ORY(origiogigpipment pangfastayer)
testing syadn@R\3stne socket 202 or 302 may becone defective after tens of

t housands of |C devices are tested thereon. Then, such a defective socket
is taken off the circuit board 110, and a non-defective socket is nounted
to the circuit board 110. Sone zif openings may be found in OEM (origi na
equi pnment manuf acturer) systens where the lead wthin the zif opening is
permanent|ly soldered to the circuit board 110. However, such permanent
soldering in 30 the prior art is disadvantageous because the whole circuit
board is discarded when any nechanismw thin the zif opening becones
defective. Wien the socket system 200 or 300 is used within a test system
mllions of IC devices are tested with .such a socket system Thus, the
socket systemis likely to beconme defective with time. Wth conpression
nmount | eads for the socket, the defective socket is taken off the circuit
board and is sinply replaced with 35 anot her non-defective socket such that
the circuit board may be reused. In an alternative enbodi nent of the
present invention, referring to Fig. 10, the socket system 200 or 300 is
part of an OEM (origi nal equi pnment meker) nachi ne 350 such as a PC
(personal conputer). For exanple, the circuit board 110 may be the

not her - board of .a PC. The socket system 200 or 300 using the socket 202 or
302 with the zif openings and conpression nount | eads nay be advant ageous
for lowered tariff 5



WO 2005/ 013429 PCT/ US2004/ 023877 costs when conponents of an OEM nmachi ne
are assenbl ed donestically. Typically, the tariff rate inposed on an

i nported OEdI20wsptiB42e i S hi gher when the OEM machine is pperRssRelRs
before being inported than if the conposents of the CEM machi ne were
inported and then assenbled donestically. In the prior art, the |eads of
the socket within the CEM nmachine are soldered to the 5 circuit board.

- Because soldering is |abor-intensive, the socket is soldered to the circuit
board over-seas before the OEM nmachine is inported resulting in higher
tariff costs. In contrast, use of the copgy ession mount |eads in the socket
202 or 302 of enbodinents of the preseny invention is a slnpd{r(npd | ess
1abor intensive nmechani smhfor nounting the Socker to tig circdi T board.
Thus, the I C package 106,] the socket 202 or 302, and/or fthe circuit board
110 may be |nﬁggted as COTTPOTNENT ¥ 3 frenyra nbled into the OEM

‘machi ne donestigdryy, g hh he fqbgg0|-~ 22 by way
of exanple only d is n g ' Fof’exanpl- t he
present inventi i s descri b Anj at i ons of

the zif opening
be practiced w o R-G—a
conpressi on nount ad. FurthernDre, various inpl enent ati on
conponents 206, 210, |212, 214, 216, 15 and 304 of Figs. 5 #
i ndividually, are kngwn to one of ordinary skill in the art
In addition, the s0sket systen1200 or 300 of the present i pjvention is
mentioned for use w T or within an CEM
machi ne 350." However, i Aay 08 used for any
other applications using a socket for upllng pins of an IC device to
contact pads of a cirg roy e = : s, limted only as
defined in the follomnng cIa|'.&ﬂmleqU|vaIents Fhéﬂéof k8100

2005/ 013429 PCT[ US20047023877 Ve crarm 1. A soucket—syst (200, 300) for

coupling a pin (114) of aF’G| n[fg(pf,'d’g A)ri.)w ce (106) to a
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contact pad (118) of a circuit board (110), conprising: a zif
(zero-insertion-force ) opening (204) on a socket (202, 302) that asserts
subst ant i aWiO\20050134f9%0rce 5 as the pin (114) of the | C depregistdoddrss s
inserted therein; and a conpression nopst | ead (208, 304) on the socket
(202, 302) that presses against the contact pad (118) of the circuit board
(110). 2. The socket system (200, 300) of claiml1, further conprising: 10
forking | eads (212) coupled to the co éession nount | ead (208, 304) and
surrounding the pin (114) wthin the'¥Pf opening (204); and an actuation

plate (216) and an actuation |ev press the forking | eads (212)
against the pin (114) such that\Y{he pin (11 is coupl4@Qto the
conpressi on nmount | ead (208, 304)Z4ui king | eads™(Z212). 15 3. The
socket system (200, 300) of claimj erpin t he conpression nmount lead is
conprised of one of a pogo sprj A J-bend l|ead (304). 4. The

socket system (200, 300) of clgiml flgrther fconprising: a back plate (222)
mounted to a back-side of the ¢il2éupt |hoafd (E@2 when the socket (202,

302) is 20 nounted to a front4sid he cilrcuit board (110). 5. The
socket system (200, 300) of cla m 1 rein\the socket (202, 302) and the
circuit board (I 10) are part: t Y56 (250) for testing the IC

device (106) or are parts for an M {ari pgi nal \equi prent  manuf act urer)
machi ne (350). 25 6. A nethod for]_doupllinpg a pijn (114) of an IC (integrated
circuit) device (106) to a contagt p %;;?% f a circuit board (110),

i ncluding the steps of. asserting su nt i ?I zero force on the pin (114)
as the pin of the IC device (10 i seftecinto a zif
(zero-insertion-force) opening (2 4)=6n g socket (202, 302); and 30

pressing a conpression nmount | g on the socket (202, 302)
agai nst the contact pad (118) f the cM¢mi a0d (110).
FIG. 3 (Prior Art)
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7. The nethod of claim6, further including the step of. pressing forking

| eads (212) against the pin (114) wthin the zif opening (204) such that

t he pin (IW0)200561389 is coupled to the conpressi on nount Ppeaastidd8238304)
via the forking leads (212). L, 8. Thasnethod of claim6, wherein the
conpression nount lead is conprised of a pogo-spring (210) or a J-bend

| ead (304), 7 WD 2005/013429 PCT/ US2004/ 023877 9. The method of claim®6,
further including the step of: nmounting a back plate (222) to a back side
of the circuit board (110) when the sqﬁéet (202, 302) is nounted to a
front-side of the circuit board (110) The nethod of claim6, wherein
the socket (202, 302) and the ci 110) are part of a test
system (250) for testing the IC or are pari200r an CEM
(original equipnment manufacturer) 50). 8 WD 2005/013429

PCT/ US2004/ 023877 1/5 106 ,,--"119 108 110 FIG | (Prior Art) ioQ
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