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a first plurality of contacts (250) adapted to interface with the external con
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The top portion

portion (220).

one base contact (285) adapted to interface with the contact pad (130,
(220) having a first plurality of openings (240),
plurality of contacts (250) are coupled to the pri

(54) Title: SEMICONDUCTOR DEVICE HAVING SIGNAL CONTACTS AND HIGH CURRENT POWER CONTACTS

(57) Abstract: A semiconductor device (400) includes a
casing (110), a semiconductor die (150) supported by the
casing (110), at least one contact pad (420), and a plurality
of external contacts (120). The casing (110) has an opening
(410) exposing at least a portion (430) of the semiconductor
die (150). The contact pad (420) is disposed on the exposed
portion (430) of the semiconductor die (150). The plural-
ity of external contacts (120) extends from the casing (110)
and is coupled to the semiconductor die (150). The con-
tact pad (420) has a higher current-carrying capacity than
each of the external contacts (120). A circuit assembly in-
cludes a printed circuit board (300), a semiconductor de-
vice (100, 400), and a socket (200). The semiconductor
device (100, 400) includes a casing (110), a semiconductor
die (150) supported by the casing (110), at least one contact
pad (130, 420) disposed on one of the casing (110) and the
semiconductor die (150), and a plurality of external con-
tacts (120) extending from the casing (110) and being cou-
pled to the semiconductor die (150). The contact pad (130,
420) has a higher current-carrying capacity than each of the
external contacts (120). The socket (200) is coupled to the
printed circuit board (300) and adapted to receive the semi-
conductor device (100, 400). The socket (200) includes a
tacts (120) of the semiconductor device (100, 400), at least

420), a base portion (220) having a first plurality of openings
and a top portion (210) slidingly engaged with the base portion (220). The first
nted circuit board (300) and disposed within the first plurality of openings (240).
(210) includes a second plurality of openings (230) comesponding to the first plurality of openings (240) in the base
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device. As the complexity of current microprocessors increases, the power demands typically-also increase. In

20  addition, the number of pins needed for signals also increases (e.g., a 64-bit microprocessor requires more pins
than a 32-bit microprocessor). Due to the current requirements of typical microprocessors, as many as 2/3 of
the total number of pins may be dedicated for supplying power. This domination of the pins count constrains
the number of pins remaining for signals. Additional pins equate to additional size and cost. The use of larger
pins for power supply contacts to boost their current carrying capacity is impractical, as it increases the

25  complexity of the assembly process.

The present invention is directed to overcoming, or at least reducing the effects of, one or more of the
problems set forth above.
DISCLOSURE OF INVENTION
One aspect of the present invention is seen in a semiconductor device including a casing, a

30  semiconductor die supported by the casing, at least one contact pad, and a plurality of external contacts. The
casing has an opening exposing at least a portion of the semiconductor die. The contact pad is disposed on the
exposed portion of the semiconductor die. The plurality of external contacts extends from the casing and is
coupled to the semiconductor die. The contact pad has a higher current-carrying capacity than each of the
external contacts. ‘

35 Another aspect of the present invention is seen in a circuit assembly including a printed circuit board, a
semiconductor device, and a socket. The semiconductor device includes a casing, a semiconductor die
supported by the casing, at least one contact pad disposed on one of the casing and the semiconductor die, and a
plurality of external contacts extending from the casing and being coupled to the semiconductor die. The
contact pad has a higher current-carrying capacity than each of the external contacts. The socket is coupled to

40  the printed circuit board and adapted to receive the semiconductor device. The socket includes a first plurality
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one cont act ﬁF sposed on one asi ng and the sem conductor die,
and a plura ’I"‘?‘"&)‘I‘W@ﬂ’@lﬂfﬁé’la siphifigddoitonevieveefdn impzhiedeirctitaciageslion i assodiatzei Ng
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gglr”r)leg dm?c%pl:o&sgbg G’ tlt1e¥ devncgér}nag%g 8 The m?egr%éd Elrl.’crl}l? pacl(czagg lo%%assa casing 1 IOS (2% , ot Is
ceramic), through which a plurality of contact pins 120 extend. Typically, the contact pins 120 are adapted to
carry logic signals, addresses, data, efc. A plurality of contact pads 130 are formed on the bottom surface 140
of the ceramic casing 110. A semiconductor die 150 (shown using phantom lines) is supported by the casing
35 110 in the integrated circuit package 100. In the illustrated embodiment, the semiconductor die 150 is a flip
chip package, where the die 150 is soldered to an upper surface of the casing 110. The contact pins 120 are
coupled to the semiconductor die 150, as represented by lines 160 (i.e., only a few exemplary lines are shown).
The contact pads 130 have a higher current-carrying capacity than the contact pins 120, and, hence, are
useful for providing power and ground signals to the integrated circuit package 100. Supplying power and
40  ground signals through the contact pads 130, as opposed to the cohtact pins 120, frees up contact pin 120

2
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fulcrum member 290 include a sloped surface 296 (shown in Figures 3A and 3B) that engages the base contacts

+ 285 as the lever 280 is rotated downwardly and pushes upwardly on the base contacts 285, urging the base

35  contacts 285 against the contact pads 130. This engagement enhances the contact between the base contacts
285 and the contact pads 130 of the integrated circuit package 100. In some embodiments, the base contact
support member 282 may be omitted and the base contacts 285 may be attached directly to the circuit board.
However, the base contact support member 282 provides an assembly advantage in that it retains the base

contacts 285 with the remainder of the socket 200 such that they may be easily aligned as the socket 200 is
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t hrough the ¢ enrn he | ate 210 and the base 220,
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and cont gézgogpelgt!e%g&“ﬂggmg&%@g@augd&%}o&g t e features of the socket 200

descri be%ﬁto th 2y SPOeAon a1 zero insertion force
sockets, suc Ref%mero@gavab angli¢reative enbpdigmt ofjan integeated pirntlis backage 400A6showrG 18Be 1.
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suppor

pgrﬁon & thé semlcomsuctor die 150. Contact pads 420 are disposed on a bottom surface 430 of the
semiconductor die 150, as opposed to on the bottom surface 140 of the casing 110, as in the embodiment of
Figure 1. The socket 200 of Figure 2 may be employed with the integrated circuit package 100 of Figure 4 in a
similar manner. The base contacts 285 (shown in Figures 3A and 3B) interface with the contact pads 420. The
35  embodiments of Figures 1 and 4 are similar in that the contact pads 130, 420 are formed on a bottom surface of
the package 100, allowing them to interface with the socket 200 and providing a high current connection
thereto. _

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the

40 teachings herein. Furthermore, no limitations are intended to the details of construction or design herein shown,
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supporting a plurality of base contacts 285 (shown in Figures 3A and 3B)
and a ful crum nenber 290. The base contacts 285 are nounted to thg kpginbied
circuit board (not shown) for providing the power and ground signals to
the cont ¥A9%946%2130 of the integrated circuit package 1BOT®BO¥IBEIre 1. The
base contacts extend through slots 30 292 (shown in Figures 3A and 3B)

def i ned oinkt thdl@s RaSBediR %Qﬁfmssbglg\poﬁttls Ml% ev1ﬁ%n?’th§l% P leﬁ%BQ grlleg aRhQhs 294
defined jn the ful crum nepb 290 ustrat The base
cont act 8°%gBax% pealtersd, o T‘Mé‘ﬂd allssyich ﬁﬁ'aﬁ‘ﬁ‘ﬁ?’&éf’@‘de%@“b‘aﬁé S@Bh!lﬁé?@t ofgke may
be consinventibre dhcafrdigglys the progctior soaght heFéiRis 34 i frthiR the eigshak Bddlv.i n the ful crum
menber 290 include a sloped surface 296 (shown in Figures 3A and 3B) that
engages the base contacts 285 as the lever 280 is rotated dowwardly and
pushes upwardly on the base contacts 285, urging the base 35 contacts 285
agai nst the contact pads 130. Thi s engagenent enhances the contact between
the base contacts 285 and the contact pads 130 of the integrated circuit
package 100. In sone enbodi nents, the base contact support nenber 282 nmay
be omtted and the base contacts 285 may be attached directly to the
circuit board. However, the base contact support nmenber 282 provides an
assenbly advantage in that it retains the base contacts 285 with the

remai nder of the socket 200 such that they may be easily aligned as the
socket 200 is -3 2 9 APR 2004 WD 02/ 067322 PCT/ US02/ 03557 nmounted to the
circuit board. The ful crum nenber 290 may be omtted, |eaving the spring
force of the base contacts 285 alone to provide the connective force. Many
di fferent constructs for the base contacts 285 are possible. The base
contacts 285 may have a variety of cross-section shapes, such as, but not
limted to a c-shaped cross section, an. s-shaped cross-section, a 5

rect angul ar shaped cross-section, etc. Mreover, other neans for providing
an upward force to the base contacts 285 may be enpl oyed. In enbodi nents
wi thout the ful crum nenber 290, a snmall downward force nay be required
during the insertion of the integrated circuit package 100 into the socket
200 to ensure conpression of the base contacts 285 and full engagenent of
the contact pins 120. In enbodi nents enpl oying the ful crumnenber 290, the
10 position of the ful crum nmenber 290 and the slope of the sloped surface
295 may be configured such that the fulcrum nmenber 290 does not assert an
upward force until after the contact pins 120 of the integrated circuit
package 100 and base contacts 250 have begun to engage. Accordingly, the
need for a downward insertion force may be obviated. Turning now to
Figures 3A and 3B, cross section views of the integrated circuit package
100 and 15 socket 200 illustrating the engagenent of the ful crum nenber
290 and base contacts 285 is provided. For  clarity and ease of
illustration, not all portions of the integrated circuit package 100 and
socket 200 are depicted in the views of Figures 3A and 3B. The socket 200
i's shown coupled to a printed circuit board 300. Wen the socket 200 is in
t he open position, as shown in Figure 3A, the ful crumnenber 290 does not
engage the base contacts 285. As the |ever 280 is rotated to the cl osed
position the ful crum nmenber 290 noves toward the base 20 contacts 285, as
seen in Figure 3B. Wien the sloped surfaces 296 of the ful crum nenber 290
engages beam portions 310 of the base contacts 285, an upward force is
created, deflecting the beam portions 310 toward the contact pads 130 and
hol di ng themin engagenent therewth. '
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The' conbi nation of the integrated circuit package_100 and socket 200 has
duner 6us advant ages. First, the contact pads 130Raplpermentaasei ssi dHSQR0356
ground and power reference signals to the sem condthch A%lgl e 150" 25 wi't hout
tying up a large number of contact pins 120 on the 4 HtRGR 086 ci r cidt APR 2004
package 100. Second, form ng the contact_.pads 130 as an integral part of

t he 'sem conductor die 150 obviates the need for two types. of external
contacts on the integrated circuit package 100. Third, the base contact
support ne 2 and the fulcrum nenber 290 are integrated i.nto the-..
socket 200 g for easy fabrication. Referring te Figure 4, an '

-al ternative enbodi nent of an integrated circuit package 400 is shown In
the 30 e od| ment. of Figure 4, a window 410 is formed in the bottom

~surface 146 f ARy @nglbi)lcomppmsgng a portion of the sem conductor di e ‘
150. Cont act pa on a bottom surfacé 430 of the

sem conduct or d??“ﬁ%gc 5‘%‘%@5@@@{0 on the bottom surface 140_ of the

casi ng 110, as -aserhibenduetr @B 100 4 The socket 200 of -Figure 2

may be enployed with the integrat ed Cl ch §CKage 100 of Figure 4 in a-
simlar manner.2988ddd®;cont acts 285 (shovvn in Figures 3A and 3B) .

interface with § 420. 35 enbodi ments of Figures 1 and 4

are simlar int t&aﬁ%‘ cor#zgso)p%‘&m Yﬁ?@%ﬂ@r med on a bot t om

surface of th@tdwkegeeiﬁﬁedabmawégaqbg%jﬁ foglcegqvﬁ socket 200
io €

.‘and ro h conne
enbo?(i’ %h?‘é"%@ﬁ‘?@‘@ﬁﬂ@@e& ¢Qm§u¢tatdxeé15ﬂ);l y as the i nventi on may be
" nmodiri@ed and Eﬁélﬁﬁ e ent nners a arent to
‘those ski Hggg,g]uzte%et ag:t:éﬁaw ngltﬁ iso@#@? e%’eg}’!mg# £asingn( ddrein..
" Furtherno 0280 FamIcan: qtorteha 280 f tion or _
ng| gn he W’c‘“{%‘hg 9 AP < V\g’gil 06732?%@%%@38%%%0![ her -
~ than as descrl I'n e° ¢ °ﬁ¢e%@ﬂ@p@ﬁa@élmaﬂnb t hat the
parti cul ar errbedmkctt ezonl)smhpmoko ﬁ{g ﬁﬁg@)&p&t %&grégﬁ) W&gat;' d and al |

such vari are.consi derred within the scope an
i'nventi on,?éck] th‘ I&S éd‘f}f“iﬁ@eﬂd‘tﬂﬁ)),stbdgwked’(é nip&gxﬁgv set forth in the

cl ailés bel ow. Repl a(maqn 0 ,APR- 04 2.9 APR 2004 6
CLAIMS: 1. A circuit asserrbl y, conpri ?E@)arép e etk the aternsl (300) ; 5
a seni conduct oFoRasts €E20) S&m&)andmmdvﬁ:b 800, a()?am ng (110); . a

'semi conduct or die (%%)@55 Hgﬁagsg %Ee caS| ng at | east one exposed
contact pad (130, 4 I'Spo Wlthdmecomtadtbed casi ng

(110) and t he. @éﬁ;ﬂﬁ)duct or die (150) 10 a pI urality of external cont acts
(120) ' extending frog;sehe casb% 1:10) and .
P ' Vmg a first plurality of openmgs (240), whereiii

a top portxon (21) sliding engaged with the base pomon (220), the top .
portion (210) mcludmg a second plurality of openings (230) cor:espondmg to
the first plurality of openmgs (240) in the base portion (220);

wherein the socket (200) further comprises a fulcrum member (290)
extending from the top portion (210), the fulcrum. member (290) being
adapted to engage the base contact (285) as the socket (200) transitions from

an open position to a closed position and deflect the base contact (285) toward
_the contact pad (130, 420).

25

30
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— being-wsoupl ed to the semi conductor die (150), the contact pad (130, 420

havi ng a . higher current-carrying capacity- t han eﬂeblacéméﬁtq;agét er naﬁJbOZ 3857
contacts (120); and a socket (200) coupled to the printed circuit board

(300) and adapted to . receive the senigconductor d2@ ABR(ZpgP. 400)73 APR 2004
t he. socket. (200) conprising: 15 a first 7pI urality of contacts- (250 adapted
to interface with the external <contacts (120) .of the seni conductor devi.ce
(100, 400); at |east one base cont act (285) adapt ed to.interface with-the

cont act pady (13 ) eriron (220) having a-first urallty of
openi ngs -(240), %hgﬁégnm%gﬁ%g% Pﬁf’%llpt gb‘h 62)33 '

~coupl ed t o ¢omprises abest (3(1»111&3&11lshpllitﬁﬁhﬂ:mbéx3 @) ard %?ﬁg, Wy n t e f' rst
plurality %@pewn s.(.240); and a top ortlon I'ng” e Rith *
the base pdftPotd( EOO%IPP%ﬁhq me(cam@;ct (286) uthié h@e&oﬁ&e@&q)pahur ality

"h ¢ ﬁi”bggi‘”‘“ﬁ.%@(‘&%@ﬂé’%ﬁ% é?%ﬁt%ﬁwciwc&e e AS5}2cf BHRpRE o ”gﬁgﬁ Feet a
ful cr un , tiROBgse camten 285) Hebpnditfored 4P %‘{ég@g L grum

nb 290 t th b t 4socket.
(200) rtﬁan?%‘folngnggtf B0 i St “Bodim, flar 33%232&%@ ﬁmslanqz flect
the b indfihic Witho t._pad (130, 420 30.. AVEN D SHEET
7 eRep?Zie(r:rggt page A\I‘é‘%cr geegﬁl@%(g @?%f—,fn@ &%fb ﬁ’f’éd S“rfﬁc‘?:i@ .
assenbl y a@@t%dm&ﬂm tbehasmcmmaw(emtowhmhse&ﬁsét;{aam ,lg9h)t her CO”P“ ses

-a base contact support nenber (282) extending fromthe bott’om Portion
(220) and being adapted to support the ‘base contact (285), the base contact

suppdlt . nmBrber A(Gitd 4 wehméd'ﬁ%hxzﬁlpar@%gs%ﬁ%,g%e%th base:

contact su t menper (282 the base contac in the
first slot &% PPIPESE  Rheprigncentact, sudt dhed esteotal (@thectsi 61209 doRfisé Npih he

ful crrum nemct5(290) “the first slot -(292) conmmuni cating with the second
slot (294) and incl udi ng a -sloped sur&ce (296) adapted to deflect the
‘base contact (285) toward the cont act pad-(130, 420). 10 . 3. Acircuit
assenbl y cl aj Qr |.a| m 2, wherein the base contact (285)
conpri sesa? a spgﬁg‘gkgﬁs%@ lum b2ar 3.cwhersiorthe ¢xtedpl cantyots se- pi n

cont 48t s. . (120) ‘comprise signal contacts, and the contact pad (130 420) compnses at least one
~ ofapowerandagroundcomact.

5. A circuit assembly as climed in any one ofclatms 1to4, whcrem the contact

| pad (130 420) i is dlsposed ona bottom surface (140) ofthe casmg (110)
20

6. - Acxrcuxtassemblyasclannedmanyoneofc}anns 1to5, wheremanopenmg
(410) 1s defined in the casing (110) exposing at least a portion . (430) -of ‘the
semlconductor die (150), and the contact pad-(420) is disposed on the exposed portion
(430) of the sexmconductor die (150).

25 -

- ' - 7." A semiconductor devxce.(400) oompnsmg
) a casing (110);

a semiconductor die (150) supported by the casing (110), the casmg (110)

havmg an opening (410) exposmg at least a pomon (430) of the semlconductor die
.30 (150);
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4. Acircuit assenbly as claimed in -claim1l, 2 or 3, wherein the external
‘contacts 15 (120) conprise signal contacts, and Replacementpagead (1‘38”‘51??8’
conprises at |east one of a power and a ground contact. 20 25" QA‘APR 2004
circuit assenbly as claimed in any one gf clains.l 248 APRV08k ei n th%
contact pad (130, 420). is di sposed on a bottom surface 140) of the (
casing (110). 6. A circuit assenbly as clainmed in any one of claims . 1to

-5, wherei n an openlng (410) is deflned in the casing (110) exposing at

least a porti onat ?8489918 wntatnepads(ém W%’ nﬁﬂ%ﬁ@ nt act '
ad-'(420 gngg d;.0 osed ortion 430) o e se %g ctor :
gl e ElSOg s : ﬁ@%ﬁ%%%@&@?&?‘gégw ce’ E)400|) com(Jrl SI) ng. a easing (120) a

- seni conduct or  diaeplihB) of eRfefal %@&thg?f%%(g?é #‘L?g% ﬂ?o?a%géafl nsg (110)

having an 9 nlng (410) exposi ng at
pled o

seni conduc icondiEdIDED (T _
APR 2004 Ugyeuo 'Q’QJ"K% }3@1 30231 e Sre uodiet ?Qs% c]%%lf%sed on
“the exposed portl on ¢ g WI(&QMSO) and a plurality
-of external contacts (120) extending fromthe casi ng (110) and being

coupl ed to t he sem QOI’ldUCt or die (150), the contact pad (420) having a '
hi gher . Tent @é gendger 3s clhmedaacdm@fﬂmrgﬂttﬁg % &E hsa (120).
-8.-Avsemcg clained in claim?7, wherein t |
contacts ? 20) - corrp se pl "contacts. 10 9. A seni conductor device as’
claimed in claim 7 or claim$S. wherein the external. contacts (120)
corrpi?se sggnal contacts, ar d the cont act pad. (420) conprises at |east

: _one a power % 5‘3‘[?&?? Nﬂﬁﬁﬁbﬁ%ns whcxemtheemmal

confacts (120) comprise signal contacts, and the contact pad (420) comprises at least
one of a power and a ground eontact.
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