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Fig. 3 
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SEMICONDUCTOR DEVICE SOCKET, ASSEMBLY 
AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 09/461,992, ?led Dec. 15, 1999, pending, Which is 
a continuation of application Ser. No. 09/207,646, ?led Dec. 
8, 1998, now US. Pat. No. 6,088,237, issued Jul. 11, 2000, 
Which is a continuation of application Ser. No. 09/001,300, 
?led Dec. 31, 1997, now US. Pat. No. 5,995,378, issued 
Nov. 30, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to Zero insertion force 
sockets Which receive and operatively connect one or more 
semiconductor devices to a carrier substrate. Particularly, the 
present invention relates to Zero insertion force sockets 
Which receive bare or minimally packaged, vertically 
mountable semiconductor devices. The present invention 
also relates to semiconductor devices Which are mountable 
substantially perpendicular relative to a carrier substrate and 
to devices Which secure bare or minimally packaged semi 
conductor devices to a carrier substrate. 

[0004] 2. Background of Related Art 

[0005] Zero insertion force sockets Which operatively 
attach packaged semiconductor devices to a carrier substrate 
are knoWn in the art. Typical Zero insertion force sockets 
include resilient contacts Which bias against the leads of a 
package inserted therein. An electrical contact is established 
betWeen each of the leads and its corresponding contact as 
the spring force of the contact biases the same against the 
lead. Exemplary Zero insertion force sockets Which include 
resilient contacts are disclosed in the folloWing United 
States patents: US. Pat. No. 5,466,169, issued to Kuang 
Chih Lai on Nov. 14, 1995; US. Pat. No. 5,358,421, issued 
to Kurt H. Petersen on Oct. 25, 1994; US. Pat. No. 4,889, 
499, issued to JerZy Sochor on Dec. 26, 1989; US. Pat. No. 
4,710,134, issued to Iosif Korunsky on Dec. 1, 1987; US. 
Pat. No. 4,527,850, issued to Clyde T. Carter on Jul. 9, 1985; 
US. Pat. No. 4,381,130, issued to George J. Sprenkle on 
Apr. 26, 1983; and US. Pat. No. 4,266,840, issued to Jack 
Seidler on May 12, 1981. 

[0006] Such devices Would not be useful for securing and 
operatively attaching bare or minimally packaged semicon 
ductor devices to a carrier substrate since the resilient 
contacts of some such devices are adapted to establish 
electrical contact With the elongated leads of a packaged 
semiconductor device, rather than With the bond pads of bare 
and many minimally packaged semiconductor devices. 
Other Zero insertion force sockets in the prior art include 
resilient contacts Which abut the semiconductor device dur 
ing insertion of the same into the socket. Thus, the friction 
generated by the contacts of such Zero insertion force 
sockets Would likely scratch or otherWise damage bare 
semiconductor devices and many minimally packaged semi 
conductor devices during insertion therein. 

[0007] Moreover, Zero insertion force sockets Which 
include resilient contacts are someWhat undesirable from the 
standpoint that the contacts tend to lose their resiliency over 
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time and With frequent removal and reinsertion of devices. 
Thus, the ability of many such Zero insertion force socket 
resilient contacts to establish adequate electrical connections 
With their corresponding leads of the inserted packaged 
semiconductor device diminishes over time. Moreover, such 
resilient contacts may also be damaged While inserting a 
packaged semiconductor device into the socket. 

[0008] Other Zero insertion force sockets have been devel 
oped in order to overcome the above-identi?ed shortcom 
ings of resilient contacts. Many such Zero insertion force 
sockets include contacts Which are biased against the leads 
of a packaged semiconductor device inserted therein by a 
laterally sliding mechanical actuation device. Examples of 
such devices are disclosed in the folloWing United States 
patents: Reissue 28,171, issued to John W. Anhalt; US. Pat. 
No. 4,501,461 on Sep. 24, 1974, issued to John W. Anhalt on 
Feb. 26, 1985; US. Pat. No. 4,397,512 issued to Michele 
Barraire et al. on Aug. 9, 1983; US. Pat. No. 4,391,408, 
issued to Richard J. Hanlon and Rudi O. H. Vetter on Jul. 5, 
1983; and US. Pat. No. 4,314,736, issued to Eugene F. 
Demnianiuk on Feb. 9, 1982. 

[0009] HoWever, the contacts of many such devices are 
adapted to establish an electrical connection With the leads 
of a packaged semiconductor device rather than With the 
bond pads of a bare or minimally packaged semiconductor 
device. 

[0010] Vertical surface mount packages are also knoWn in 
the art. When compared With traditional, horiZontally 
mountable semiconductor packages and horizontally ori 
ented multi-chip packages, many vertical surface mount 
packages have a superior ability to transfer heat. Vertical 
surface mount packages also consume less area on a carrier 
substrate than a horiZontally mounted package of the same 
siZe. Thus, many skilled individuals in the semiconductor 
industry are ?nding vertical surface mount packages more 
desirable than their traditional, horiZontally mountable 
counterparts. 

[0011] Exemplary vertical surface mount packages are 
disclosed in the folloWing United States patents: Re. 34,794 
(the “’794 patent”), issued to Warren M. FamWorth on Nov. 
22, 1994; US. Pat. No. 5,444,304 (the “’304 patent”), issued 
to Kouija Hara and Jun Tanabe on Aug. 22, 1995; US. Pat. 
No. 5,450,289, issued to Yooung D. KWeon and Min C. An 
on Sep. 12, 1995; US. Pat. No. 5,451,815, issued to Norio 
Taniguchi et al. on Sep. 19, 1995; US. Pat. No. 5,592,019, 
issued to Tetsuya Ueda et al. on Jan. 7, 1997; and US. Pat. 
No. 5,635,760, issued to Toru IshikaWa on Jun. 3, 1997. 

[0012] The ’794 patent discloses a vertical surface mount 
package having a gull-Wing, Zig-Zag, in-line lead con?gu 
ration and a mechanism for mounting the package to a 
printed circuit board (PCB) or other carrier substrate. The 
force With Which the package mounts to the carrier substrate 
establishes a tight interference contact betWeen the pack 
age’s leads and their corresponding terminals on the carrier 
substrate. 

[0013] The ’304 patent describes a vertical surface mount 
package Which has integrally formed ?ns radiating there 
from. The ?ns of that device facilitate the dissipation of heat 
aWay from the device. The semiconductor device is electri 
cally connected to the package’s leads by Wire bonding. The 
leads of that vertical surface mount package, Which extend 
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therefrom in an in-line con?guration, are mountable to the 
terminals of a carrier substrate by soldering. 

[0014] HoWever, many of the vertical surface mount pack 
ages in the prior art are someWhat undesirable from the 
standpoint that they permanently attach to a carrier substrate. 
Thus, those vertical surface mount packages are not readily 
user-upgradable. Moreover, many prior art vertical surface 
mount packages include relatively long leads, Which tend to 
increase the impedance of the leads and reduce the overall 
speed of systems of Which they are a part. Similarly, the Wire 
bonding typically used in many vertical surface mount 
packages increases the impedance and reduces the overall 
speed of such devices. As the speed of operation of semi 
conductor devices increases, more heat is generated by the 
semiconductor device, requiring greater heat transfer. Simi 
larly, as the speed of operation of semiconductor devices 
increases, decreasing the length of the leads regarding 
circuitry connecting the semiconductor device to other com 
ponents and, thereby, decreasing the impedance of the leads 
to increase the responsiveness of the semiconductor device 
is important. 

[0015] Thus, a need eXists for a Zero insertion force 
alignment device for bare or minimally packaged semicon 
ductor devices Which has loW impedance and Which facili 
tates the ready removal and reinstallation of the semicon 
ductor devices relative to a carrier substrate. An alignment 
and attachment device Which transfers heat aWay from the 
vertical surface mount package and establishes and main 
tains adequate electrical connections betWeen a vertical 
surface mount package and a carrier substrate is also needed. 

BRIEF SUMMARY OF THE INVENTION 

[0016] The Zero insertion force socket of the present 
invention addresses each of the foregoing needs. The Zero 
insertion force socket includes intermediate conductive ele 
ments Which are con?gured to establish an interference-type 
electrical connection With the bond pads of a bare or 
minimally packaged semiconductor device. An actuator 
moves a plate in the socket to bias the intermediate conduc 
tive elements against the bond pads of a semiconductor 
device Without rubbing against the semiconductor device 
during insertion of the same into the socket. 

[0017] In a ?rst embodiment of the Zero insertion force 
socket, the actuator moves the plate transversely relative to 
the socket body to move the intermediate conductive ele 
ments into and out of contact With the bond pads of a 
semiconductor device that is interconnected With the socket. 

[0018] In a second embodiment of the Zero insertion force 
socket, the actuator moves the plate vertically relative to the 
socket body in order to actuate movement of the interme 
diate conductive elements toWard and aWay from the bond 
pads. 
[0019] A semiconductor device Which is useful in connec 
tion With the Zero insertion force socket of the present 
invention includes all of its bond pads along a single edge 
thereof. 

[0020] The present invention also includes a method of 
securing a semiconductor device substantially perpendicu 
larly relative to a carrier substrate, and methods of designing 
and manufacturing vertically mountable bare semiconductor 
devices that are useful With the Zero insertion force socket of 
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the present invention. A computer With Which the Zero 
insertion force socket and the socket-semiconductor device 
assembly are associated is also Within the scope of the 
present invention. 

[0021] Advantages of the present invention Will become 
apparent to those of ordinary skill in the relevant art through 
a consideration of the appended draWings and the ensuing 
description. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0022] FIG. 1 is a perspective assembly vieW of a Zero 
insertion force socket and semiconductor device assembly 
according to the present invention; 

[0023] FIG. 2 is a frontal perspective vieW of a ?rst 
embodiment of a vertically mountable semiconductor device 
that is useful in the assembly of FIG. 1; 

[0024] FIG. 3 is a partial perspective vieW of a ?rst 
embodiment of a Zero insertion force socket according to the 
present invention, illustrating a transversely moveable 
actuator and omitting upper portions of the socket; 

[0025] FIG. 4a is an enlarged partial perspective vieW 
depicting the association of the transversely moveable actua 
tor of FIG. 3 With the intermediate conductive elements of 
the Zero insertion force socket, Which are shoWn in a biased 
position; 

[0026] FIG. 4b is an enlarged partial perspective vieW 
depicting the association of the transversely moveable actua 
tor of FIG. 3 With the intermediate conductive elements of 
the Zero insertion force socket, Which are shoWn in an 
insertion position; 

[0027] FIG. 5 is an enlarged partial perspective vieW 
depicting a variation of the transverse plate and intermediate 
conductive elements; 

[0028] FIG. 6a is a partial perspective vieW depicting 
another variation of the transverse plate and intermediate 
conductive elements; 

[0029] FIG. 6b is a cross-section taken along line 6b-6b of 
FIG. 6a; 

[0030] FIG. 7 is a cross-section taken along line 7-7 of 
FIG. 3, Which depicts the Zero insertion force socket and a 
semiconductor device interconnected thereWith; 

[0031] FIG. 8 is a partial perspective vieW of a second 
embodiment of a Zero insertion force socket according to the 
present invention, illustrating a vertically moveable plate 
and omitting upper portions of the socket; 

[0032] FIG. 9 is an enlarged partial perspective vieW 
depicting the association of the vertically moveable actuator 
of FIG. 8 With the intermediate conductive elements of the 
Zero insertion force socket; 

[0033] FIG. 10 is an enlarged partial perspective vieW 
depicting a variation of the intermediate conductive ele 
ments of FIG. 8; 

[0034] FIG. 11 is a cross-section taken along line 11-11 of 
FIG. 8, Which depicts the Zero insertion force socket and a 
semiconductor device interconnected thereWith; 
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[0035] FIG. 12 is a cross-sectional vieW of a variation of 
the second embodiment of the Zero insertion force socket; 

[0036] FIG. 13 is a cross-sectional vieW of another varia 
tion of the second embodiment of the Zero insertion force 

socket; 
[0037] FIGS. 14a and 14b are enlarged partial perspective 
vieWs depicting another variation of the transverse plate and 
intermediate conductive elements; 

[0038] FIG. 14c is a cross-section taken along line 14c 
14c of FIG. 14a, shoWing a socket Which includes a 
plurality of cams; and 

[0039] FIG. 15 is a schematic representation of the Zero 
insertion force socket and an interconnected semiconductor 
device in a computer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Referring to FIG. 1, an assembly 1 is shoWn Which 
includes a vertically mountable semiconductor device 10 
and a Zero insertion force socket 30. The Zero insertion force 
socket, Which is also referred to as socket 30, is attachable 
to a carrier substrate 70, such as a printed circuit board 
(PCB). Semiconductor device 10 is insertable into socket 30, 
Which is also referred to as a minimal insertion force socket, 
a reduced insertion force socket, and is frequently referred 
to as a Zero insertion force socket, Which orients the semi 
conductor device substantially perpendicularly relative to 
carrier substrate 70. 

[0041] With reference to FIG. 2, semiconductor device 10 
is a semiconductor device of the type knoWn in the industry, 
Which includes circuit traces and active elements. The bond 
pads 14a, 14b, 14c, etc., of semiconductor device 10 are 
disposed on an active surface of the same, adjacent to a 
single edge 15 of the semiconductor device. Preferably, 
bond pads 14a, 14b, 14c, etc., are arranged in-line. Bond 
pads 14a, 14b, 14c, etc., may be disposed a short distance 
from edge 15, or their loWer edges may be ?ush With the 
edge. Thus, during fabrication of semiconductor device 10, 
bond pads 14a, 14b, 14c, etc., are redirected to a location 
Which is proximate edge 15. Processes Which are knoWn to 
those of ordinary skill in the art are useful for manufacturing 
semiconductor devices 10 Which are useful in the assembly 
according to the present invention. Such processes include 
the formation of circuit traces Which lead to edge 15 and the 
fabrication of bond pads 14a, 14b, 14c, etc., adjacent to edge 
15. Preferably, the fabrication steps Which precede the 
formation of the circuit traces that lead to bond pads 14a, 
14b, 14c, etc. and the formation of the bond pads are 
unchanged from their equivalent steps in the fabrication of 
prior art semiconductor devices. Thus, existing semiconduc 
tor designs are useful in the assembly of the present inven 
tion With little or no modi?cation. 

[0042] A preferred semiconductor device 10 has a stan 
dardiZed number of bond pads 14a, 14b, 14c, etc., Which are 
laterally spaced from one another at a standardiZed pitch, 
and Which may be positioned at a speci?c location relative 
to a center line 22 of the semiconductor device, or relative 
to any other landmark on the semiconductor device, such as 
a side thereof. Alternatively, the number and pitch of bond 
pads 14a, 14b, 14c, etc., may be non-standardiZed. The 
placement of bond pads 14a, 14b, 14c, etc., proximate edge 
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15 imparts semiconductor device 10 With reduced imped 
ance as the bond pads are electrically connected to carrier 
substrate 70, relative to many vertical surface mount pack 
ages and other packaged semiconductor devices in the prior 
art. 

[0043] FIG. 3 illustrates a ?rst embodiment of socket 30, 
Which includes a body 32 including one or more receptacles 
34 formed through the top thereof, a base 36, a transverse 
plate 38, Which is also referred to as a member, positioned 
over the base and substantially parallel thereto, and inter 
mediate conductive elements 60 extending upWardly 
through base 36 and transverse plate 38. 

[0044] Each receptacle 34 is an elongated opening that is 
de?ned by body 32 and extends doWnWardly into socket 30. 
Receptacles 34 are each con?gured to permit the insertion of 
a semiconductor device 10 (see FIG. 2) therethrough and 
align the same relative to carrier substrate 70 (see FIG. 1). 
Thus, in order to facilitate the insertion of a semiconductor 
device 10 into receptacle 34 and the proper alignment of the 
same relative to intermediate conductive elements 60, the 
dimensions of each receptacle are preferably slightly larger 
than the corresponding dimensions of the semiconductor 
device to be inserted therein. 

[0045] With continued reference to FIG. 3, transverse 
plate 38 is disposed above base 36. Ends 39 and 41 of 
transverse plate 38 are disposed in slots 40 and 42, Which are 
formed in surfaces 43 and 45, respectively, of body 32. Slots 
40 and 42 engage ends 39 and 41, respectively, in a manner 
Which facilitates lateral sliding of transverse plate 38 relative 
to body 32. An actuator element 46 extends from end 41 of 
transverse plate 38, and through an elongated slot 44 formed 
through body 32. Thus, movement of actuator element 46 
along slot 44 slides transverse plate 38 relative to body 32. 
Slot 44 may also include member-position retention com 
ponents 44a and 44b, Which are referred to as retention 
components for simplicity, and Which facilitate the retention 
of the position of transverse plate 38 relative to base 36. 

[0046] Transverse plate 38 includes a series of mutually 
parallel members, Which are referred to as arms 47, 48, that 
are joined by the sides 49 of the transverse plate 38. Each 
pair of adjacent arms 47 and 48 de?ne a die slot 55 
therebetWeen. With reference to FIGS. 4a and 4b, arms 47 
each have a camming edge 51a, Which includes a series of 
distinct teeth 52 extending therefrom, and an opposite edge 
51b located opposite the camming edge. Each tooth 52 is 
tapered to de?ne an insertion end 53 and a biasing end 54. 
Biasing end 54 is distanced further from opposite edge 51b 
than insertion end 53. Preferably, the number of teeth along 
each arm 47 corresponds to the number of intermediate 
conductive elements 60 extending adjacent thereto. Simi 
larly, the length of teeth 52 along arm 47 corresponds to the 
spacing betWeen the laterally adjacent intermediate conduc 
tive elements 60 Which correspond thereto. 

[0047] As illustrated by FIG. 7, intermediate conductive 
elements 60 extend through base 36, into socket 30, and 
upWard through die slot 55. Each intermediate conductive 
element 60 is adjacent an arm 47 and proximate thereto. 
Each intermediate conductive element 60 is a resilient leaf 
spring Which includes a bond pad contact end 61 that faces 
aWay from the corresponding arm 47, a segment 62 that is 
?xedly retained by base 36, and a terminal contact end 63 
adjacent segment 62 and exposed through the bottom of the 
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base. As illustrated, bond pad contact end 61 is con?gured 
to establish an electrical connection With a bumped bond 
pad. Terminal contact end 63 is electrically connected to a 
corresponding terminal 72 on carrier substrate 70. Each 
intermediate conductive element 60 is formed from a resil 
ient, electrically conductive material, such as copper, nickel, 
or palladium. Preferably, each intermediate conductive ele 
ment 60 has a length of about 1V2II1II1 or less. More prefer 
ably, each intermediate conductive element 60 has a length 
of about 1 mm or less. As those in the art are aWare, longer, 
larger Wires create greater impedance. Thus, less impedance 
is generated by shorter intermediate conductive elements 60. 
The total length of each intermediate conductive element 60 
depends on the thickness of the base of socket 30, the length 
required to establish an electrical connection With a terminal 
on the carrier substrate, and the length required to establish 
an electrical connection With the bond pads of the semicon 
ductor device. 

[0048] Turning noW to FIG. 4a, the relationship betWeen 
intermediate conductive element 60 and arm 47 is shoWn. 
Camming edge 51a of arm 47 is biased against intermediate 
conductive element 60. Speci?cally, each intermediate con 
ductive element 60 abuts a corresponding tooth 52. Since 
segment 62 (see FIG. 7) of each intermediate conductive 
element 60 is ?xedly disposed Within base 36 (see FIG. 7), 
as arm 47 is moved laterally along slots 40 and 42 (see FIG. 
3), movement of each intermediate conductive element 60 
along its corresponding tooth 52 facilitates movement of the 
top end of the respective intermediate conductive element 
60, Which is referred to as a bond pad contact end 61, in a 
direction that is substantially transverse to the movement of 
arm 47. Bond pad contact end 61 faces aWay from its 
corresponding arm 47. As depicted in FIG. 4a, arm 47 is in 
a biased position, Wherein intermediate conductive element 
60 is positioned adjacent to biasing end 54 of tooth 52, 
Which moves the intermediate conductive element aWay 
from opposite edge 51b. Thus, intermediate conductive 
element 60 has been forced outWard relative to arm 47. 

[0049] FIG. 4b shoWs arm 47 in an insertion position, 
Wherein intermediate conductive element 60 is positioned 
adjacent to insertion end 53 of tooth 52, Which permits the 
intermediate conductive element to move back toWard oppo 
site edge 51b. Therefore, bond pad contact end 61 of 
intermediate conductive element 60 may move into a die 
insertion position (i.e., a position Which facilitates the inser 
tion of a semiconductor device 10 into socket 30). 

[0050] Turning noW to FIG. 5, a variation of the present 
embodiment of the Zero insertion force socket is shoWn, 
Wherein each of the elements is substantially the same, With 
the folloWing eXceptions. Intermediate conductive elements 
60‘ are leaf springs Which each include a bond pad contact 
end 61‘ that faces toWard arm 47‘. Each arm 47‘ includes 
teeth 52‘ on a camming edge 51a‘ thereof, and an opposite 
edge 51b‘ Which is located opposite the camming edge. Each 
of teeth 52‘ is tapered to de?ne an insertion end 53‘ and a 
biasing end 54‘. Biasing end 54‘ of each tooth 52‘ is distanced 
further from opposite edge 51b‘ than insertion end 53‘. Arm 
47‘ is also con?gured to support a semiconductor device 10 
(see FIG. 2). Thus, as intermediate conductive element 60‘ 
moves along tooth 52‘ from biasing end 54‘ to insertion end 
53‘, bond pad contact end 61‘ moves toWard opposite edge 
51b‘ and toWard a semiconductor device 10 supported by 
arm 47‘. 
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[0051] FIGS. 6a and 6b depict another variation of the 
?rst embodiment of the Zero insertion force socket 30“, 
Wherein the base 36“ of the socket, Which is also referred to 
as a member, acts as the transverse plate and is, therefore, 
moveable transversely relative to the remainder of the 
socket. Ends 39“ of base 36“ are disposed Within slots 40“, 
respectively, that are formed in opposite sides of body 32“ 
and Which facilitate the transverse movement of base 36“ 
relative to body 32“. The arroWs of FIG. 6b illustrate the 
directions that base 36“ moves relative to body 32“. Actuator 
element 46“, Which effects the movement of base 36“ along 
slots 40“ and 42“, eXtends from base 36“ and through a slot 
44“ formed through body 32“. Intermediate conductive 
elements 60“ each include a terminal contact end 63“, Which 
establishes an interference-type electrical contact With a 
corresponding terminal 72 of carrier substrate 70, a segment 
62“ that is ?Xedly retained by base 36“, and a bond pad 
contact end 61“. During transverse movement of base 36“ 
relative to socket 30“, the terminal contact end 63“ of each 
intermediate conductive element 60“ slides along its respec 
tive terminal 72 to maintain its electrical contact thereWith, 
and each bond pad contact end 61“ moves relative to its 
corresponding bond pad 14 of a semiconductor device 10 
inserted into the socket 30“. Thus, each bond pad contact end 
61“ may be oriented in either a biased position, Whereby it 
abuts and establishes an interference-type electrical contact 
With its corresponding bond pad 14, or an insertion position, 
Whereby it is moved outWard to facilitate insertion or 
removal of a semiconductor die 10 from socket 30“. 

[0052] With reference to FIG. 1, socket 30 (as Well as 
sockets 30‘ and 30“ of FIGS. 5, 6a and 6b) is manufactured 
from a material Which maintains its shape and rigidity at the 
relatively high temperatures that are generated during the 
operation of a semiconductor device. A socket material 
Which has good thermal conductivity properties and Which 
may be formed into thin layers is also preferable. Materials 
including, Without limitation, copper, aluminum, ceramic, 
glass, FR-4 board, and injection molded plastics are useful 
for manufacturing socket 30. 

[0053] Referring again to FIG. 7, as an eXample of the use 
of socket 30, actuator element 46 is positioned along slot 44 
such that transverse plate 38 and, therefore, each interme 
diate conductive element 60, is moved into an insertion 
position. A semiconductor device 10 is then inserted into 
receptacle 34 and through die insertion slot 55, so that it rests 
upon base 36. Actuator element 46 is then positioned in slot 
44 to move transverse plate 38 and each intermediate 
conductive element 60 to a biased position against its 
corresponding bond pad 14, Which establishes an electrical 
connection betWeen the bond pad 14 and its respective 
terminal 72 of carrier substrate 70. 

[0054] With reference to FIG. 8, a second embodiment of 
a Zero insertion force socket is shoWn, Which is referred to 
as socket 130. Socket 130 includes a body 132, one or more 
receptacles 134 formed into the top of the body, a base 136, 
an ejector plate 138, Which is also referred to as a member, 
disposed Within the body above the base, and intermediate 
conductive elements 160 extending upWardly through base 
136 and ejector plate 138. 

[0055] Each receptacle 134 is an elongated opening that 
eXtends doWnWardly into body 132. Each receptacle 134 is 
con?gured to receive a semiconductor device 10 (see FIG. 
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2) and align the same relative to a carrier substrate 70 (see 
FIG. 1). Therefore, the dimensions of receptacle 134 are 
slightly larger than the corresponding dimensions of semi 
conductor device 10 so as to facilitate the insertion of the 
semiconductor device thereinto and the proper alignment of 
the same With respect to carrier substrate 70. 

[0056] Still referring to FIG. 8, ejector plate 138 includes 
tWo ends 139 and 141 that each include a plurality of ?ngers 
139a and 141a (not shoWn), respectively, extending there 
from. Fingers 139a and 141a are disposed Within vertical 
guide slots 140 and 142 (not shoWn), respectively, that are 
formed in body 132. Slots 140 and 142 engage ?ngers 139a 
and 141a in a manner Which facilitates vertical sliding of 
ejector plate 138 relative to body 132. An actuator element 
146 eXtends from end 141 of ejector plate 138, and through 
an elongated vertical slot 144 that is formed through body 
132. Thus, movement of actuator element 146 along slot 144 
slides ejector plate 138 vertically relative to body 132. Slots 
140, 142, and 144 each include a member-position retention 
component 140a, 142a (not shoWn), and 145, respectively, 
Which are each referred to as a retention component for 
simplicity, and each of Which are con?gured to retain ejector 
plate 138 in an upper, insertion position. As illustrated, 
actuator element 146, ?ngers 139a, 141a and ejector plate 
138 must be moved laterally relative to body 132 to retain 
the actuator element in retention component 145, the ?ngers 
in retention components 140a, 142a, respectively, and the 
ejector plate in the insertion position. 

[0057] Ejector plate 138 includes a plurality of mutually 
parallel members, Which are referred to as arms 147, 148, 
that are joined by the sides 149 and 150 (not shoWn) of the 
ejector plate. Arms 147 are each con?gured to support a 
semiconductor device 10 (see FIG. 11) disposed thereon. 
Alternatively, semiconductor device 10 may eXtend through 
an elongated slot 155, de?ned by a pair of adjacent arms 147 
or 147, 148 and rest upon base 136. Intermediate conductive 
elements 160 eXtend upWard through elongated slot 155. 
Each arm 147 includes a camming edge 151, Which abuts a 
camming section 164 of each of the corresponding interme 
diate conductive elements 160. 

[0058] Referring noW to FIG. 11, intermediate conductive 
element 160 is a leaf spring Which includes a bond pad 
contact end 161 at the top thereof and adjacent a camming 
section 164, Which is located above a segment 162 thereof 
that is ?Xedly retained Within base 136. Intermediate con 
ductive element 160 also includes a terminal contact end 163 
that eXtends from segment 162 and is eXposed through the 
bottom of base 136. Terminal contact end 163 is electrically 
connected to a corresponding terminal 72 on carrier sub 
strate 70. FIG. 9 illustrates an intermediate conductive 
element 160 Which has a substantially ?at camming section 
164 that eXtends diagonally toWard its corresponding arm 
147. Bond pad contact end 161 also eXtends toWard the arm 
147 that corresponds to intermediate conductive element 
160. FIG. 10 illustrates a variation of the intermediate 
conductive element 160‘, Which includes a camming section 
164‘ that is concavely curved relative to the corresponding 
arm 147. Thus, camming section 164‘ eXtends upWardly 
toWard arm 147. Bond pad contact end 161‘ also extends 
toWard arm 147. Preferably, each intermediate conductive 
element 160, 160‘ has a length of about 1V2II1II1 or less. More 
preferably, each intermediate conductive element 160, 160‘ 
has a length of about 1 mm or less. 
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[0059] With continued reference to FIGS. 9 and 10, as 
ejector plate 138 (see FIG. 8) is moved upWard relative to 
body 132 (see FIG. 8), camming edge 151 slides upWard 
along the camming section 164, 164‘ of intermediate con 
ductive element 160, 160‘, biasing against the camming 
section and forcing the bond pad contact end 161, 161‘ aWay 
from arm 147. Thus, upWard movement of ejector plate 138 
places intermediate conductive element 160, 160‘ into an 
insertion position. Similarly, as ejector plate 138 is posi 
tioned doWnWard relative to body 132, camming edge 151 
of arm 147 slides doWnWard along camming section 164, 
164‘, permitting the camming section to resiliently spring 
back to facilitate the movement of bond pad contact end 161, 
161‘ toWard arm 147 and into electrical contact With a 
corresponding bond pad 14 (see FIG. 2) of a semiconductor 
device 10 (see FIG. 2) supported by arm 147. Thus, loW 
ering of ejector plate 138 permits intermediate conductive 
elements 160, 160‘ to resiliently return to a biasing position. 

[0060] With reference to FIG. 12, a variation of the 
second embodiment of the Zero insertion force socket 130“ 
is depicted With the transverse plate 138“ and intermediate 
conductive elements 160“ in a biased position, Wherein each 
of the elements are substantially the same, With the folloW 
ing eXceptions. Intermediate conductive elements 160“ are 
leaf springs Which each include a camming section 164“ and 
a bond pad contact end 161“, each of Which eXtend aWay 
from arm 147“. Camming edge 151“ abuts camming section 
164“ and is positionable vertically relative thereto. As cam 
ming edge 151“ is moved upWard along camming section 
164“, bond pad contact end 161“ is biased aWay from arm 
147“ and toWard a semiconductor device 10 disposed on the 
adjacent arm 147“. Upon movement of ejector plate 138“ 
into an upper, biased position, bond pad contact end 161“ 
abuts its corresponding bond pad 14 to establish an inter 
ference-type electrical contact thereWith. The arroWs illus 
trate the direction of movement of transverse plate 138“ to 
an insertion position to facilitate placement of the interme 
diate conductive elements 160“ into an insertion position. 

[0061] FIG. 13 illustrates another variation of the second 
embodiment of Zero insertion force socket 230 With the base 
236 and the intermediate conductive elements 260 in an 
insertion position, Wherein the base 236 of the socket, Which 
is also referred to as a member, also serves as the ejector 
plate and is, therefore, moveable vertically relative to body 
232. The arroWs illustrate the direction in Which base 236 
moves to place it and the intermediate conductive elements 
260 into a biased position. Intermediate conductive elements 
260 eXtend through base 236 and upWardly therefrom. Each 
intermediate conductive element 260 includes a terminal 
contact end 263 Which establishes an interference-type elec 
trical contact With a corresponding terminal 72 of carrier 
substrate 70, a segment 262 that is ?Xedly retained by base 
236, a camming section 264, and a bond pad contact end 
261. 

[0062] Socket 230 also includes one or more bias com 
ponents 259 that eXtend transversely across body 232. Each 
bias component 259 is positioned above base 236 and abuts 
the camming sections 264 of each group of intermediate 
conductive elements 260. The camming sections 264 are 
resiliently biased against bias component 259. Bond pad 
contact end 261 eXtends aWay from bias component 259 and 
camming section 264 eXtends upWardly toWard bias com 
ponent 259. As base 236 is moved upWard, into an insertion 
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position, relative to body 232 and bias component 259, 
intermediate conductive elements 260 spring back toWard 
their corresponding bias component 259 and aWay from a 
semiconductor device adjacent thereto. Thus, as base 236 is 
moved doWnWard relative to body 232 and bias component 
259 (i.e., into a biased position), the bias component forces 
bond pad contact end 261 aWay from the same and toWard 
a semiconductor device 10 adjacent thereto. Upon loWering 
of base 236 to a biased position, the terminal contact end 263 
of intermediate conductive element 260 contacts its corre 
sponding terminal 72 to establish an electrically conductive 
connection thereWith. Thus, as base 236 is moved into the 
biased position, an electrical connection is created betWeen 
each terminal 72 and a corresponding bond pad 14 of a 
semiconductor device 10 disposed Within socket 230. 

[0063] With reference again to FIG. 8, socket 130 (as Well 
as sockets 130‘ and 230 of FIGS. 12 and 13) is manufactured 
from a material Which maintains its shape and rigidity at the 
relatively high temperatures that are generated during the 
operation of a semiconductor device. A socket material 
Which has good thermal conductivity properties and Which 
may be formed into thin layers is also preferable. Materials 
including, Without limitation, copper, aluminum, ceramic, 
glass, FR-4 board, and injection molded plastics are useful 
for manufacturing socket 130. 

[0064] Referring again to FIG. 11, as an eXample of the 
use of socket 130, actuator element 146 is positioned upWard 
along slot 144 such that ejector plate 138 and, therefore, 
intermediate conductive elements 160, are moved into an 
insertion position. A semiconductor device 10 is then 
inserted into receptacle 134 so that it rests upon an arm 147 
of ejector plate 138. Actuator element 146 is moved in slot 
144 to place ejector plate 138 into a loWered, biased position 
(not shoWn). Thus, intermediate conductive elements 160 
are also moved into a biased position to establish an elec 
trical connection betWeen bond pads 14 of semiconductor 
device 10 and their respective terminals 72 of carrier sub 
strate 70. Subsequent placement of ejector plate 138 in an 
insertion position ejects at least a portion of each semicon 
ductor device 10 from its corresponding receptacle 134. 

[0065] Referring noW to FIGS. 14a through 14c, a third 
embodiment of a Zero insertion force socket is shoWn, Which 
is referred to as socket 430. Socket 430 includes a cam 402 
Which, When rotated along an aXis 404, actuates intermediate 
conductive elements 460 betWeen a biased position (FIG. 
14a) and an insertion position (FIG. 14b). As shoWn, cam 
402 has a circular cross-section. Thus, in order for cam 402 
to actuate intermediate conductive elements 460 betWeen the 
insertion position and the biased position, aXis 404 must be 
off-center. In variations of cam 402 Which have non-circular 
cross-sections, hoWever, aXis 404 may eXtend centrally 
through the cam. Cam 402 includes a camming surface 406 
Which biases against intermediate conductive elements 460 
as the cam is rotated to a biased position. When cam 402 is 
rotated to the insertion position, camming surface 406 
rotates aWay from intermediate conductive elements 460, 
permitting them to spring back to the insertion position. 

[0066] Alternatively, cam 402 may be positioned on the 
opposite side of intermediate conductive elements 460, such 
that When camming surface 406 biases against the interme 
diate conductive elements, they are forced aWay from the 
bond pads 14 of a semiconductor device 10 that is disposed 
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Within socket 430. Rotation of cam 402 in the opposite 
direction permits intermediate conductive elements 460 to 
resiliently bias against the bond pads 14 of semiconductor 
device 10. 

[0067] In sockets 430 Which include a plurality of cams 
402, each of the cams may be interconnected, such that they 
rotate in unison. 

[0068] FIG. 15 illustrates a computer 300 including a 
carrier substrate 310. Socket 30 is secured to carrier sub 
strate 310. Semiconductor device 10 is insertable into socket 
30, Which establishes an electrical connection betWeen the 
semiconductor device and carrier substrate 310. Thus, semi 
conductor device 10 is operatively associated With computer 
300. 

[0069] Although the foregoing description contains many 
speci?cities, these should not be construed as limiting the 
scope of the present invention, but merely as providing 
illustrations of some of the presently preferred embodi 
ments. Similarly, other embodiments of the invention may 
be devised Which do not depart from the spirit or scope of 
the present invention. The scope of the invention is, there 
fore, indicated and limited only by the appended claims and 
their legal equivalents, rather than by the foregoing descrip 
tion. All additions, deletions and modi?cations to the inven 
tion as disclosed herein Which fall Within the meaning and 
scope of the claims are embraced Within their scope. 

What is claimed is: 
1. Asocket for orienting a semiconductor device substan 

tially perpendicularly relative to a substrate, comprising: 

a receptacle for receiving the semiconductor device; 

an intermediate conductive element Within said recep 
tacle, said intermediate conductive element being con 
?gured to be positioned against a contact pad of the 
semiconductor device; and 

a biasing member for positioning said intermediate con 
ductive element against the contact pad, said biasing 
member being con?gured to receive at least a portion of 
the semiconductor device. 

2. The socket of claim 1, Wherein said biasing member 
moves at least partially in a direction substantially parallel to 
a plane of the substrate. 

3. The socket of claim 1, Wherein said biasing member 
moves at least partially in a direction substantially perpen 
dicular to a plane of the substrate. 

4. The socket of claim 1, Wherein said biasing member 
comprises a rotatable cam. 

5. The socket of claim 4, Wherein said rotatable cam 
rotates about an off-center aXis. 

6. The socket of claim 1, further comprising an actuator 
element associated With said biasing member so as to control 
movement of said biasing member. 

7. The socket of claim 6, further comprising a retention 
component for maintaining a position of said biasing mem 
ber. 

8. The socket of claim 1, Wherein said intermediate 
conductive element comprises a leaf spring. 

9. The socket of claim 1, Wherein said biasing member is 
con?gured to move said intermediate conductive element 
aWay from the contact pad of the semiconductor device. 
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10. The socket of claim 1, wherein said biasing member 
is con?gured to at least partially eject the semiconductor 
device from said receptacle. 

11. The socket of claim 1, Wherein said biasing member 
includes a biasing edge. 

12. The socket of claim 11, Wherein said biasing edge 
includes at least one tooth With a biasing end and an 
insertion end. 

13. The socket of claim 12, Wherein said biasing end 
biases said intermediate conductive element against the 
contact pad of the semiconductor device Within said recep 
tacle. 

14. The socket of claim 12, Wherein said insertion end 
facilitates the movement of said intermediate conductive 
element aWay from the contact pad of the semiconductor 
device Within the receptacle. 

15. A socket for orienting a semiconductor device sub 
stantially perpendicularly relative to a substrate, comprising: 

a receptacle for receiving the semiconductor device; 

an intermediate conductive element Within said recep 
tacle, said intermediate conductive element being con 
?gured to be positioned against a contact pad of the 
semiconductor device; and 

a biasing member for positioning said intermediate con 
ductive element against the contact pad, said biasing 
member being con?gured to at least partially support 
the semiconductor device. 

16. The socket of claim 15, Wherein said biasing member 
moves at least partially in a direction substantially parallel to 
a plane of the substrate. 

17. The socket of claim 15, Wherein said biasing member 
moves at least partially in a direction substantially perpen 
dicular to a plane of the substrate. 
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18. The socket of claim 15, Wherein said biasing member 
comprises a rotatable cam. 

19. The socket of claim 18, Wherein said rotatable cam 
rotates about an off-center aXis. 

20. The socket of claim 15, further comprising an actuator 
element associated With said biasing member so as to control 
movement of said biasing member. 

21. The socket of claim 20, further comprising a retention 
component for maintaining a position of said biasing mem 
ber. 

22. The socket of claim 15, Wherein said intermediate 
conductive element comprises a leaf spring. 

23. The socket of claim 15, Wherein said biasing member 
is con?gured to move said intermediate conductive element 
aWay from the contact pad of the semiconductor device. 

24. The socket of claim 15, Wherein said biasing member 
is con?gured to at least partially eject the semiconductor 
device from said receptacle. 

25. The socket of claim 15, Wherein said biasing member 
includes a biasing edge. 

26. The socket of claim 25, Wherein said biasing edge 
includes at least one tooth With a biasing end and an 
insertion end. 

27. The socket of claim 26, Wherein said biasing end 
biases said intermediate conductive element against the 
contact pad of the semiconductor device Within said recep 
tacle. 

28. The socket of claim 12, Wherein said insertion end 
facilitates the movement of said intermediate conductive 
element aWay from the contact pad of the semiconductor 
device Within the receptacle. 


