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SEMICONDUCTOR DEVICE HAVING SIGNAL CONTACTS AND HIGH
CURRENT POWER CONTACTS

TECHNICAL FIELD
5 This invention relates generally to the field of electrical connectors for semiconductor devices and,
more particularly, to a semiconductor device having signal contacts and high current power contacts.
BACKGROUND ART
Typically, electrical connectors having various configurations are employed for attaching integrated-
circuit (IC) modules to printed-circuit (PC) boards. Such connectors provide versatility to computer platforms

10 by aﬂowing major components, such as microprocessors, to be easily removed and replaced with upgraded
units. For example, one type of connector that is used for such a purpose is a zero-insertion-force (ZIF) sockets.
A ZIF socket is useful in that very little downward force need be exerted as the device is being inserted or

- latched into the connector. Because no force is required, the potential for damage to the delicate signal pins of
the compbnent being inserted is reduced. The type of semiconductor device package that interfaces with a ZIF

15 socket is referred to a pin grid array (PGA). A PGA package has a plurality of signal and power pins extending
from the package, typically in a single plane.

One problem associated with a PGA package is the limited current carrying capacity of each pin.
Accordingly, many pins are needed to provide sufficient power and ground supplies for the semiconductor
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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which will vary from one implementation to another. Moreover, it will be appreciated that such a development

effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

Referring now to Figure 1, a simplified bottom view of an integrated circuit package 100 in accordance

30  with the present invention is shown. In the illustrated embodiment, the integrated circuit package 100 is a

microprocessor, although other devices may be used. The integrated circuit package 100 has a casing 110 (e.g.,

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
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similar manner. The base contacts 285 (shown in Fxgures 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,

-4- .



socket 200 for receiving the integrated circuit package 100 is shown and
described in greater detail in reference 10 to Figure 2. As showygi kPR 2004
Fi gure 2 t he socket 200 includes a top plate 210 that is slidingly

at t achedMOP206F2%e 220. The top plate 210 has a pluralityCBUSEISMNgs 230,
and the base 220 contains a corresponding plurality of openlngs 240. The
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rai sed poertipromc@idngdf, the retettiopsopgiaheeir ik @s sl ortioih the Blaidk badow.€ver 280 causes the
canshaft 260 to act 15 on the base 220, displacing the top plate 210 with
respect to base 220, which is anchored to the printed circuit board (not
shown) via the contacts 250. Wien the integrated circuit package 100 of
Figure 1 is inserted into the open socket 200, the contact pins 120 of the
integrated circuit package 100 protrude through the openings 230, 240 of
the top plate 210 and the base 220, respectively. Wth the socket 200 in
its open position, the openings 230 in the top plate 210 are 20 aligned

wi th the correspondi ng openings 240 in the base 220, but the contact pins
120 are not aligned wwth the contacts 250. As the |lever 280 is rotated
downwardly, the canshaft 260 exerts a force on the base 220, causing the
top plate 210 to translate relative to the base 220, such that the contact
pins 120 of the integrated circuit package 100 and contacts 250 align and
engage. Each of the features of the socket 200 described to this point can
be found in conventional zero insertion force sockets, such as are
avai l able from AMP, Inc. as nodel no. 25 916788-1. The socket 200 of the
instant invention further includes a base contact support nenber 282 for
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 the printed
circuit board (not shown) for providing the power and ground signals to

the contact pads 130 of the integrated circuit package 100 of Figure 1. The
base contacts extend through slots 30 292 (shown in Figures 3A and 3B)
defined in the base contact support nenber 282 and corresponding slots 294
defined in the ful crum nmenber 290. In the illustrated enbodi nent, the base
contacts 285 are cantilevered spring contacts. The base contacts 285 may
be constructed of a spring netal. The slots 294 defined in the fulcrum
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 downwardly and
pushes upwardly on the base contacts 285, urging the base 35 contacts 285
agai nst the contact pads 130. This engagenent enhances the contact between
t he base contacts 285 and the contact pads 130 of the integrated circuit
package. 100. I n sone enbodi nents, the base contact support nenber 282 nmay
be omtted and the base contacts 285 may be attached directly to the
cirtcuit board. However, the base contact support nember 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 WO 02/ 067322 PCT/ US02/ 03557 nounted to the
circuit board. The ful crum nenber 290 nay be omtted, |eaving the spring
force of the base contacts 285 alone to provide the connective force. Mny
different 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 t hout the ful crum menber 290, a small downward force may 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 crum nenber 290, the

-5-



10 position of the fulcrum nmenber 290 and the sl oge of the sloped surface
795 may be configured such that the ful crum menbBePIBCRMeBRa0R0t adsB0203567
upward force until after the contact pins 120 of t% e&gg&ﬂat ed circuit
package 100 and base contacts 250 have begun to en Q _ Bk di ngl 7.9 ARREZ00L
need for a downward insertion force may.be obviated. Turning nowto"
Figures 3A and 3B, cross section views o{f; the int egrat ed circuit package
100 and 15 socket 200 illustrating the engagenent of ‘the ful crum nenber

290 and ba LfNikacts 285 i's provided. For clarity and ease of
illustrati ﬁl‘n*rm‘[s-al | 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 cqupl egnéo a printed circuit board 300. When the socket 200 is in -
- the open positi ucagagsm compiigiopg e 3A, the ful crum nenber 290 does not

engage t he base Eo the lever 280 is rotated to the cl osed"
position the fu rum rre ves toward the base 20 contacts 285, as

seen Pn Figure- 8&m¥hﬁhctdi@eﬁb@ﬁmb§g@f é&ﬁﬁrgé%g of the ful crum nenber 230

engages beam portions_ 310 of t 285, an upward-force is
creat ed, deerc?F*f?S’gt(ﬂé 0keam portions 310 toward the contact pads .130 and
hol di ng themrnagéﬁg th The combination of the integrated
circuit package 100 an g‘igﬁg WPS@%‘]&(M@N ages. First, the

. contact pads 130 ledst omebmedlbﬁﬁh f beq %pg ref erence
‘signal s t Qo teraﬁ%em Eoﬂgﬂﬁt or- di e 15 (21 W%bl} yroﬁ1 ﬁ%# Hunber of
contact pins u@urdxerﬁhﬁﬂ),age 100. Second formng the

. contHtt pads 130phsality he, sem conduct or _di e 150 obvi at es
‘the need for two types of ext er nai s gi‘?tohc‘?‘%"‘“g’ﬂg |ﬂ’ﬁ6Wéle)|andurt -
" package 1(5’611181‘}?1“?’ tprféetsa@@oud!MacdxeS(m e EBMERED ac?g 0 gjggvxgéll crum .

menber 29 nt e s ket 200 al l om n

fabrication, Referr%'iﬁgc%’ S%Fénﬂ Hhe exteranlcputacty(120) mdt - of an

~integrated ci r@usot:kq:ta@mgecoégﬁdrﬁ 80N odi Fi gure 4,
a window 4100 s formed in -t ottom sur?‘gce 480%1(j @ﬁ@ ﬁﬁgﬁfi’?‘ié exposi ng
a portion oft esegjé?ﬂnéﬂﬁﬂﬁa?‘ﬂ‘r‘e thEsovken@OPadmpfigAgar e di sposed on a

bot tIém surface 430 Qf t di 0, .as _oppgsed to on the

bott om surface 140 of t“ne casing - %@éoﬁfg{’%t S cravith th Pexfbr@lrre 1.

The socket ZOOWM thmymineué«mwmd;e\qmw,;g@e integrated circuit

-package 100 of Figu iml nner. The base contacts 285 (shown
in Figures 3A and 3 |n¥) %38 W“?ﬁ&? &Fﬁ%&d@mﬁﬂlecﬁmacﬁﬁad

embodi ment s -of (IB0g42®s 1 and 4 are simlar in that the contact pads 130;
420 are fornmed . on a pot tom su face of the package 100, allowing themto

i ntgéf ace with the % Y%/F(ﬁrﬁg!ha'alftygﬁopaﬂin’g@mpwheﬁﬂ on
t heréto. The pihetfirstupRraliey osed ove are illustrative only,
| B e bt ¥ e

‘as the inventi dr f| ed pr SR printed ircuit hoardui val ent
manners appar eﬁa"l‘aﬁcﬁm ﬁnstphmh@réfdpaﬁhgg 2ibpeakenefit of the 40
t eachi ngs herein. Ogr%ﬁﬁ{@ DY mta%éwt; re intended to the details
of construction or de e e? Edjﬂ% bR poging (290), b 857322

PCT/ US02/. 0355P°6ﬁ1¢¥e€2110hm1mmmn& pg,r,%sr(g%@ % .is, therefore
" evident that &Pfﬁgﬁ%hg'ﬁf é enbodr nts dr scI ose ve qot ered or

rmcgcsfr ed and a PLIRcBRE bﬁ@rmdmn(ﬂﬁ@);r the scope and spirit
of he invention. whess dhd gdcket fm ought “herein is set
forth in the cI ai bgl ow " Repl acerrent paggﬁ%{;‘%z % gxe@%gp@&)éoogf -2 9
APR 2004 6 CLK om 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).

30
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— 1~~Awiwcuit assenbly, conprising a printed circuit board (300); 5 a

seéni conduct or devi ce” (100, 400), conprising: a cafeplcérhdfpage 2 U‘5'0203557
sem conduct or die (150) supported by the casing (110); at Ieast one_expose
contact pad (130, 420) disposed on a bottom surfaceZ@APRrggnpf t he &&SA'PR@[][]I,
(110) and the sem conductor die (150); 10 a plurality of external -contacts
(120) 'extending fromthe casing (1:10) and . .being coupled to the

"sem conductor die (150); the cont act pad (130, 420) "having a-. higher

ekt (200 co o ANEE Asterhbig hs i5HeEln it Ty oukern sbo pocket A kter o
recei ve t hecosgmisesom ast contst? \supso r(ﬁi%ﬁxbeﬂ%? g&:dég {.tfe Qo(t?on?ﬁo S né:
nt er

ace W

15 a fifst ral,ity of. contacts (250 adapte
ext er nal c@k W%EZ piRd WPB%%WQGDMCM@aM b&Xe,cofd) sup'ptml east

b t h.th t act d 130,
420) ; aéebi%i‘gé&j%ﬁ?ﬁ?ghﬁmﬁ ot B0 defb B 46 e comish ombebiomenntis) .
wh 2 ntact(285) teinpgCdisfozsd t.h .
prle;lteled ci rcwe rgqu( 30 %( ad id]lggposed V\nthlﬁ}s%%reﬁf?%{)k&#tr afenhe? of
openi ngs (fﬁ‘i?)“ ( @oﬁg the1 @Pmdm@glbengmdtha tﬁsttﬁet '
bpent ﬁSJf?@%’i’Worresp'%o“‘pnd.“?%%“éf%&)@a&aﬂ% g 5P paB H "t¥
t he ‘base péﬁfmtmo(@ﬂogtthebasdwmacﬂzsmomeboﬁ@& % % 8§, CONPI i ses a

210) .

ful crum nmenber (290) extending fromthe top portion fthe ful crum
menber (290) being adapted to engage the base contact -(285) as the socket

(200)10t r an3i t i oAscifcuitrassaiblp BS BlaRe hic Piim 100 gﬁﬁé Q,h%gﬁ tL' %ﬂad%dieﬁf[) | gﬁtE -

t he base %)actgé) 85) toward the contact"

7 'Repl ace r15es @ WZMG@@D%EX&H&IW&O 20)° conﬁstﬁérﬁﬁl
assenbly agontdcdd Med in claim1l, wherei-n the socket (200) further - "conpri ses
-a base -contact support member (282) extending fromthe bottom Portion
(220) and being adapted to support the base contact (285), the base contact

'support’' ngnber 5 nck udi n t. slot. (292) defined *in the base
cont act support m%#@% %@% t €1t3=( inith¢ exfendabpmsants i n t he

firsdss| ot(t(qu@npmadxgmbemta 112600 31Pé1302840) dofpfiE] 'a{%ﬁeqshgné ngnd

fulcrumrre "‘éeal% theflrst slot (29
sl ot (294) Mﬁ’ Blagloed sur&ce (296) adapted to deflect t he
base contact. (285) toward the cont act pad (130 420) .

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 semtconductor die
.30 (150);
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10~ 3, Acircuit assenbly. as claimed in claiml or claim2, wherein the

- 'base contact (285) conprises --a spring contact, Renlacementqaeger nal CoMEHEP
(120) conprise- pin contacts. 4. "Acircuit assenbli as _clainmed in ZflA?ﬁ %04

1, 2 or 3, wherein the-external contactg 15 (120) Z&APRsM06i gnal :

contacts, and the contact pad (130, 420) conprises at |east one of a power

and a ground contact. 20-25 “ 5. A circuit assenbly-as clained in any one

- of clains | to %& wherein the contact pad (130, 420). is disposed on a .
" ‘bottom surface d?asbﬁnq h@tﬁ(ﬁqndl(é@)(dﬁlﬁbsed@n as claimed
i-n any one 9{“ Spg wher €i n an operﬁlgkﬂo 4&8@ d@?ﬁg‘a in-the

casi ng (118 exp05| ng % a portion . (430) of the sem eonduct or die

- (150), and the aoﬂhﬁﬂxy PAExiefdD. osed p t| on.- (430)

of the sembeonduct or die (150) }:Ohﬁcgs(gaefg%ﬁ?fg?% ec%”{ﬂgo

conpr.i'si ng. g ceuRled do thersmicondwaton dnr(dIiO)‘,@ie @B@d%gpgﬁzxpo é 3)‘ the

casing (11 ay, en| ng T| east a'
~portion (48'&{ Of&‘s{:ﬁﬁ %%cg%#aéﬁc@, coBticts (120ENDED SHEET 8

-Repl acenment page 2 0 APR-2004 uoveuoool 9 APR 2004 at |east one cont act
pad (420) . |sp ed qn the exposed portion (430) of- the sem conducter die

(150); and ‘a pl 4 g B‘ftoéﬂl@m clamﬁ:lamtdmﬁll?%egeﬁeﬁgi ﬁmgl’gdﬂtﬁ Je casi ng
- (1-10) and. lggj B;ue - he seni conductor die (150), t con pad -
(420) having a h.%ﬁ current - carrying capacity than each of the:external
contacts (120). 8. A seniconductor device as clained in claim?7, wherein

the ggternpl co tacts 120 onprise pin cont acts 10 9. A sem conduct or
devi ce asr% ai 3"7‘“’6?5 §h&m¢‘p18 claiinef 3 ¢laiin'8; R exte@af act s

-(120) conpoh@ets lgo)aéo t he, gont act pa 20) conprises at
|l east - one of asqpower and a gr oung sba?%ﬁt M@&MMmm
- one of a power andaground eontact.
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