NON- DESTRUCTI VE | NTERCONNECT SYSTEM FOR SENICONDUCTOR DEVICES AND A CARRI ER

ASSEMBLY FOR USE THEREW TH Fi el d of the Inv h| n rel,ates tTo
sem conduct or devi ces and, nore particularly :?f
i nt er connect system for sen1conductor devi ces and to a r asse

conprising substrate and | atch assenblies for use in such a system
Background of the Invention The sem conductor industry is entering a new
phase of packagi ng density with the devel opnent of el ectronic nodul es
containing multiple integrated circuit (l,6) die. Recent increases in

sem conductor cl ock speeds, the nunber % I nputs and out puts, die deH€sti es
and pad densities have nade it desirable to package a variety of differém.
integrated circuits, such as m croprocessors, ASIC devices and nenory

devi ces, t oget hego iz tlcirven kRrERSbiefex MobreangolyiitoNdbcibaat & hi gh

perfornance pr ogtrets:

DEVICES AND A CARRIER ASSEMBLY FOR USE THEREWITH

Field of the Invention

This invention relates to semiconductor devices and,
more particularly, to a non-destructive interconnect system
for semiconductor devices and to a carrier assembly
comprising substrate and latch assemblies for use in such a

system.

Backggpund of the Invention

The semiconductor industry is entering a new phase of
packaging demnsity with the development of electronic modules
containing multiple integrated circuit (IC) die. Recent
increagses in semiconductor clock speeds, the number of
inputs and outputs, die densities and pad demsities have
made it desirable to package a variety of different
integrated circuits, such as microprocessors, ASIC devices
and memory devices, together into multi-chip modules (MCM)

and hybrids to create high performance products.



A factor identified in the industry as critical to the successful

devel opnent of mul ti-chip nodules is the availability of "known good die"
(K@) . A known good die is a die in which there is a very high confidence
|l evel that it will operate reliably over its intended lifetinme. Wth many
die nounted into a nmulti-chip nodule, the conpound effect of the individual
yi elds of the different die becones an issue. For exanple, twenty die
assenbled into a multi-chip module (MCM havi ng individual yields of 95%
will produce an MCM first past test yield of 35% Such a lowyield wll
result in an undesirable quantity of mat€fial scrap and require very
expensi ve and | abor intensive rework. The use of known good die is required
to achieve optimal first pass test yields in producing nulti-chip nodul es
in either a chips first or chips | ast assenbly approach. Since

sem conductor die exhibit early |ife failures_when tested across tine,
"burn-in" testinglaﬁ‘GFevaiéﬁngéﬁﬁﬂﬁzﬁﬂuﬁée industery (ap iFatdicr) seottheial |y

defective di egydidksdicassRibmhést (0 RIS -ERIP HodELde QW egR0d die. The

availability of "known good die" (KGD). A known good die is
a die in which there is a very high confidence level that it
will operate reliably over its intended lifetime. With many
die mounted into a multi-chip module, the compound effect of
the individual yields of the different die becomes an issue.
For example, twenty die assembled into a muiti-chip module
(MCM) having individual yields of 95% will produce an MCM
first past test yield of 35%. Such a low yield will result
in an undesirable quantity of material scrap and require
very expensive and labor intensive rework. - The use of known
good die is required to achieve optimal first pass test
yields in prodncing multi-chip modules in either a chips
first or chips last assembly approach.

Since semiconductor die exhibit early life failures
when tested across time, "burn-in" testing at elevated
temperatures, is used to identify potentially defective die
which are separated from the remaining known good die. The
potentially defective die are discarded and only the
remaining known good die are placed in their final packaging

configuration.



potentially defective die are discarded and only the remaini ng known good
die are placed in their final packagi ng configuration. -3- In coassigned
U S. .Patent No. 5,397,245 a die level burn-in test interconnect systemis
di sct osed and cl ained for use in conventional burn-in ovens and is
non-destructive in that it allows sem conductor die to be thoroughly tested
and tonditioned w thout damagi ng-the bond?ﬁg pads or surface passivatian of
the die. The systemincludes a burn-in test board, a socket for nounting on
the burn-in test board and a die carrier assenbly for insertion into the

socket whi ch Ser ves, a5, fud SN 81X . DARKIAS NT <2 338ThgRNIUEL O The

r, die.
burn-in test board I's connected to burn-1n test "equi pnen use&ﬁﬁ? est
sem conduct or burs-int besthcinteckonveatrmayeteoh dis discliosed baxad dsladayd® ed t o

receive and S?.%%rueu'sx :{1:(1) lgon%rentional burn~-in ovens and is non-destructive
in that it allows semiconductor die to be thoroughly tested
and conditioned without damaging the bonding pads or surface
passivation of the die. The system includes a burn-in test
board, a socket for mounting on the burn-in test board and a
die carrier assembly for insertion into the socket which

serves as a temporary package for a semiconductor die.

The burn-in test board is connected to burn-in test
equipment used to test semiconductor die with the sockets
‘mounted
on the test boards adapted to receive and securely hold a
die carrier assembly containing a die to be tested. The
socket includes a plurality of conductors movable between an
open or retracted position in which a die carrier assembly
can be placed in the socket and a closed position in which
the conductors are in contact with pads on a substrate of
the die carrier assembly securely holding the assembly in
the socket. The die carrier assembly includes a substrate
asgembly on which a die to be tested is placed with bond
pads on the die aligned and engaged with contact bumps
formed on the substrate assembly and which distributes
signals from the die under test to test equipment via the

conductors in the socket to the burn-in test board. The die



die carrier assenbly containing a die to be tested. The socket includes a
plurality of conductors novabl e between an open or retracted position in
which a die carrier assenbly can be placed in the socket and a cl osed
position in which the conductors are in contact with pads on a substrate of
the die carrier assenbly securely holding the assenbly in the socket. The
die tarrier assenbly includes a substratetassenbly on whi.ch a die to be
tested is placed with bond pads on the die aligned and engaged with contact
bunps forned on the substrate assenbly and which distributes signals from

the die under tesf to test.equi t_ Vi he conductors in the socket to
the burn-in t&&F*HTaAFE Ydi"ggfgge-ﬁ-a gﬁ'&?ﬁe?"ﬁ?@#’bl?"‘ iTRHCSaBPAYLRgCh
assenbly or fmmm \ioxg smeabeﬁfgsamdw tecthel Bbatthte ldbder®igURAL! at e
assenbly and | gg | ected_force to the die. The latch assenbly
conprises a p o Qﬁgagiﬁ S iRRR® Oy theofite. The latch
assembly comprises a pair of posts extending upwardly from
. the substrate assembly and a lid.received between the posts
and disposed over the die. 1In one embodiment a spring is
biaged against the 1id through a screw mounted on a plate
which reacts against the heads of the posts. In another
embodiment a rotary latch comprises a pair of ramps having
openings through which the heads of the posts are inserted
and the latch is rotated so that the heads move up the ramp
to a detent to lock the mechanism with a spring force placed
from the 1lid to the die.

The above described latch mechanisms are effective for
placing a selected foice on the die to ensure effective
electrical connection between the die pads and the contact
bumps on the substrate assembly. However, a problem occurs
when used in high speed automated proceésing. An automated
approach for producing fully tested and burned-in "known
good die" in large volumes must be fast and efficient. The
die is placed on a carrier typically with automatic loading
equipment. As described above, appropriate pressure is
applied to the die through a lid assembly to reliably
connect the die bond pads with the substrate



the substrate assenbly and a |lid recei ved between the posts and di sposed
over the die. In one enbodinent a spring is biased against the lid through
a screw nounted on a plate which reacts agai nst the heads of the posts. In
anot her enbodinent a rotary latch conprises a pair of ranps having openings
t hrough which the heads of the posts are inserted and the latch is rotated
so that the heads nove up the ranp to a detent to | ock the nechanismwith a
spring force placed fromthe Iid to the die. The above described | atch
mechani sns are effective for placing a selected force on the die to ensure

effective elegtrlcal qine%tkgg betwgﬁp t geggdg agqﬂage cont act bunps
r e
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tested and burned-in "known good die" in |arge volunmes nust be fast and

efficient. The die is placed on a carrier typically with automatic | oading
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substrate o 11d
for a short period of time, e.g., milliseconds, causing
damage to the die or moving it out of position on the
carrier interfering with robotic retrieval. This temporary
adhesion is due, for example, to being subjected to high
temperature for extended pericds of time or small amounts of

contaminants between the l1id and die.

It is, therefore, an object of the invention to provide
a latch assembly for use with non-destructive interconnect
systems for semiconductor devices in which a semiconductor
device can be latched into a carrier system with a selected
force applied to the semiconductor device and which can then
be released from the carrier without any momentary sticking

or adhesion tendency.

Summary of the Invention

Briefly, in accordance with the invention, a carrier
assembly for carrying a semiconductor device comprises a
base, a substrate on the base having a plurality of contact

bumps on a top surface for contacting bond pads on the



bunps, on the carrier. After the final test the die nust be quickly and
automatically renoved fromthe carrier. During lid renovable, after testing
has been conpleted, it is not uncommon for the tested die to adhere to the
lid for a short period of tinme, e.g., mlliseconds, causing damage to the
die or noving it out of position on the carrier interfering with robotic
retrieval. This tenporary adhesion is duesefor exanple, to being subjected

to high tenperature for extended periods of time or small

anount s of

contam nants between the Iid and die. It is, therefore, an object of the
invention to provide a |latch assenbly for use with non-destructive

i nterconnect sYARIRRIUSTEOFAPELPRIUCIN @RiZeSL| POSHR (Irtensdmac Snouctbe
device can be bald Nadiind aeaacaaféfénéysvmm Bbkls %S| Sl l0nGe appl i ed
to the sem conductor device and which can then be rel eased fromthe carrier
wi t hout any novesnestive opepigdsrofichddidbhavindencforce applying surface

to apply a force to the semiconductor device.

A latch

having a pair of openings with a first portion larger than

the post heads and a second portion smaller than the post

heads, is disposed over the 1lid with the post heads received

through the first portion of the respective openings and

movable over the second portion to lock the latch to the

base. The 1id is provided with a bore having a first

threaded portion which receives a threaded member extending

through an opening in the latch. A second portion of the

bore in the 1lid extends through the 1lid with an ejector

member movably mounted in the second portion of the bore and

being spring biased to extend out of the 1id beyond the

force applying surface. According to a first embodiment the

ejector member is spherical in configuration and the

diameter of the bore in the 1lid at the force applying

surface is reduced to serve as a retainer ailowing the

ejector member to project beyond the force applying surface

a selected distance. According to a modified embodiment,

the second portion of the bore is chamfered at the force
applying side of the lid and the ejector member is a spring

biased piston mounted in the bore. The piston has a

radially extending flange which serves as a retainer to

limit outward movement of the piston through the bore.



Summary -of the Invention Briefly, in accordance with the invention, a
carrier assenbly for carrying a sem conductor device conprises a base, a
substrate on the base having a plurality of contact bunps on a top surface
for contacting bond pads on the -6- sem conductor device, and a pair of
posts extending fromthe base having head portions. The posts are received
I n réspective openings of a lid having a flrce applying surface to apply a
force to the sem conductor device. A latch having a pair of openings with a
first portion larger than the post heads and a second portion snaller than
t he post heads, is disposed over the lid wth the post heads received

through the fidegessdng s arothrr megidded, emBpdinerty AReERdy¥BPR over the
second porti ongspmiltaniecubey! e&&é”!uid) d paukasey &€ did i bvinded ngéi‘&a
bore having a first threaded portion which receives a threaded nenber
extending = aligned with respective seats of a like number of die are
formed in the 1id with a reduced diameter portion at the
force applying surface and with an ejector member spring
biased in each bore. The spring force placed on the ejector
member of the above embodiments is less than the primary
force applied to the semiconductor device so that the
ejector member is forced into the bore when the latch
mechanism is in the latched condition. Upon unlatching,
however, the ejector member is biased out beyond the force
applying surface of the 1lid to separate the semiconductor
device from lid.

The invention accordingly comprises the constructions
hereinafter described, the scope of the invention being
indicated in the appended claims.

- Brief Description of the Drawings

In the accompanying drawings, in which several of
various possible embodiments of the invention are
illustrated:

Fig. 1 is a cross sectional view of a test interconnect

system as shown U.S. Patent No. 5,397,245 referenced above;



t hrough an opening in the latch. A second portion of the bore inthe lid
extends through the lid with an ejector nenber novably nounted in the
second portion of the bore-and being spring biased to extend out of the lid
beyond the force applying surface. According to a first enbodi ment the

ej ector nenber is spherical in configuration and the dianeter of the bore
inthe lid at the force applying surface-®s reduced to serve as a retainer
al.l owi ng the ejector nenber to project beyond the force applying surface a

sel ected distance. According to a nodified enbodi nent, the second portion
of the bore is ch

er??.at t he ffrge 3§FH§ ng side,of the |lid and the
ej ector nember is HEpA iF BPaSERIPIE RPEFBGSFATSI TP ShH R SUPBREAERSt on
has a radi al | yseehisyivpfidiaigechbi Eig Sar wystan asreébines i thienit out ward

nmovenent of the piston_through the bore. -7- Accordi ng to anot her
nodi fi ed enbo ?ﬂt,%ﬁﬂ a%ﬁgﬁgance with the invention;

Fig. 3 is an exploded perspective view of a
semiconductor carrier assembly useful in the Fig. 1

interconnect system;

Fig. 4 is an exploded view of a semiconductor carrier
assembly made in accordance with a first embodiment of the

invention;

Fig. 5 is a cross sectional view taken through a
portion of the 1id of the Fig. 4 carrier showing an ejector
member disposed therein; '

Flg. 6 is an enlarged cross sectional view taken
through a portion of a 1lid showing an ejector member used in

a second embodiment of the invention;

Fig. 7 is a cross sectional view taken through a

portion of a 1lid made in accordance with a third embodiment
of the invention;



simul taneously testing a plurality of die, two or nore bores aligned with
respective seats of a |like nunber of die are forned in the lid with a
reduced di aneter portion at the force applying surface and with an ejector
menber spring biased in each bore. The spring force placed on the ejector
menber of the above enbodinents is |less than the primary force applied to

t he sem conduct or device so that the ejéé?br menber is forced into the bore
when the latch nechanismis in the | atched condition. Upon unl atching,
however, the ejector nenber is biased out beyond the force applying surface

of the lid to sepgiate,the segm of d v'%g { ggﬂﬁ b V. I on
accordi ngly corrprigg'gs ?hésc%ngoﬁgﬁi%%sgﬁegg a g(tar es?%n‘%gg,i{ahgﬂgscope of
t he i nventi orriRei Ngembddiwment; iand he appended cl ains. Brief Description of
the Drawi ngs In the acconpanying drawi ngs, in which several of various

possi bl e enbodi nents of the invention are illustrated: Fig. 1 is a cross
sectional view of pagtest ibnactapnniest of the Fig. 8 spring member.

Corresponding reference characters indicate corresponding

parts throughout the several views of the drawings.

Detailed Description of the Preferred Embodiments

Turning now to Fig. 1, a semiconductor die carrier
assembly 10 as seen in U.S. Patent No. 5,397,245 comprises a
gsubstrate assembly 12 on which a die 14 to be tested is
placed and which distributes signals from die 14 under test
to test equipment via conductors 16 in socket 18 and
conductive traces (not shown) in burn-in test board 20. A
latch assembly or force applying mechanism 22 includes a 1lid
24, latch 26, pressure screw 28 and a spring bias tip 30.
Post members 32 extending from back plate or base 34 are
provided with heads 36 which cooperate with pressure screw
28 to apply a selected force on die 14 through 1id 24 That
is, latch plate 26 reacts against heads 36 so that a forxce
from spring biased tip 30 is applied to 1id 24.

With particular reference to Fig. 2, substrate assembly
12 includes a substrate 12a having a base 12b of metal, for

example, with a thin film interconmnect 12¢ formed over the



system as shown U.S. Patent No. 5,397,245 referenced above; -8- Fig. 2

I s an expl oded perspective view of a substrate assenbly useful in the Fig.
1 systemas well as in the system nmade in accordance with the invention;
Fig.. 3 is an expl oded perspective view of a sem conductor carrier assenbly
useful in the Fig. 1 interconnect system Fig. 4 is an exploded view of a
sem-<conductor carrier assenbly nade in accordance with a first enbodi nent
of the invention; Fig. 5 is a cross sectional viewtaken through a portion
of the Ilid of the Fig. 4 carrier show ng_an ejector nenber disposed
therein;, Fig. 6 is an enlarged cross sectfonal view taken t hrough a portion

of alid show ng an ejector nenber used in a second enbodi nent of the
i nvention;

top surface of base 12b. Thin film interconnect 1l2c¢ may,
for example, include a single layer of a polymer dielectric
£i1lm such as polyamide, on which conductive signal traces
12e are formed. An openin§ (not shown) is etched through

. 12b to produce a complaint membrane 12f in a portion of thin

£ilm interconnect 1l2c¢c.

Substrate 12a also includes a plurality of conductive
pads 12g formed on the top surface of thin film interconnect
12¢ and electrically connected to associated signal traces
12e. Pads 12g are formed around the periphery of thin £ilm
interéonnect 12¢c so that each pad 1l2¢g contacts one of the
contact portions 16a of a conductor 16 when die carrier
asgsembly 12 is inserted into socket 18, as hereinafter

described.

Substrate 12a also includes a plurality of conductive
bumps 12i formed of gold or copper, for example, on the top
surface of thin film intercomnect 1l2c and electrically
connected to associated signal traces l2e for probing or
contacting the bond pads of die 14. Bumps 12i are arranged.
in a pattern so as to contact.associated bond pads on the

bottom of die 14. Substrate assembly 12 also includes back



Fig. .7 is a cross sectional view taken through a portion of a lid nade in
accordance with a third enbodi nent of the invention; -9- Fig. 8is a
front. view of a spring nenber used in the Fig. 7 enbodinent; and Fig. 9 is
atop viewof the Fig. 8 spring nenber. Corresponding reference characters
I ndi cate correspondi ng parts throughout the several views of the draw ngs.
Det ai*l ed Description of the Preferred Entédirments Turning nowto Fig. 1, a
sem conductor die carrier assenbly 10 as seen in U S. Patent No. 5,397,245
conprises a substrate assenbly 12 on which a die 14 to be tested is placed

and which distrjbutes signa fromdie 14 und test to te equi pmrent vi a
conduc!t ors I16 ?#t:%cﬂ{ei’la%g g%ti %‘fﬁﬁﬁfé W@bgfagé§' (?I%Tprﬁ‘fﬁ\kﬁ&ei %glﬁ Fh-i nVI

test board 20.12h, 3igfidAsappbly 18n faidc BackPbYatE SFadEaniied.22ahncl udes a
lid annular spring 38, as shown in Pig. 1, may.be disposed
between back plate 34 and rigid support 12n to supply
pressure to shim elements 12k, 12m, 12n which £it into the

oﬁening in base 12b.

As seen in Fig. 1, the carrier assembly 10 and latch
assembly 22 are received in a socket 18 which has a cover
18b movable from a first position shown in the figure to a
gecond position toward base 18a of the socket. As cover 18b
moves toward the base 18a, conductors 16 are cammed so that
the conductor tips 16a move upwardly and outwardly (not
shown) and as the cover is allowed to return to the first,
at rest, position conductor tips 16a move downwardly and
inwardly into engagement with respective pads 12g on a
substrate assembly 12 received in socket 18. Texrminal leads
16b are received in through holes of burn-in test board 20
and attached to traces (not shown) thereon in a

conventional manner.

Conventional vision positioning equipment (not shown)
typically place and align the die 14 on substrate 12 of die
carrier assembly 10 using known optical recognition
techniques. Lid 24, latch 22 and pressure screw 28
cooperate to apply pressure to and sgcurely hold die 14
during testing.



24, l.atch 26, pressure screw 28 and a spring bias tip 30. Post nenbers 32
extendi ng from back plate or base 34 are provided with heads 36 which
cooperate with pressure screw 28 to apply a selected force on die 14
through |id 24 That is, latch plate 26 reacts agai nst heads 36 so that a
force fromspring biased tip 30 is applied to Iid 24. Wth particul ar
reference to Fig. 2, substrate assenbly 3$22+ncludes a substrate 12a havi ng
a base 12b of netal, for exanple, with a thin filminterconnect 12c forned
over the top surface of base 12b. Thin filminterconnect 12c may, for
exanmpl e,. include a_gingle |ayer of a_polynmer dielectric filmsuch as

pol yami de, on whicﬁaﬁbnauﬁk?%% %ﬂgﬁﬁﬂ1°FPécB§rﬁ§EF%&¥FfWiFWb&ﬁ PRTDERMI NQ
(not shown) i sagiealtad 10OOHFHiIAR A QIReLANEEVE TN A dNembBYD] 3862k, I N a

portion of thin filminterconnect 12c. Substrate 12a al so inc%udes a
plurality of GSTRFEERFe2pIAEATD G MEd2on PRESY RPatui28ee sOFing 13 i | m
Interconnect and 1id 124. Latch assembly 122 provides automated or hand

assembly capability. A pair of ramps 132c are integral with
rotary latch 132 and provide a gradual increase in force
applied through preloaded spring 131 to 1lid 124 and
therefore to die 14. Ramps 132c¢ have openings 132e through
which heads of posts 32 are inserted and openings 132f which
receive the shafts of posts 32 when latch 132 is rotated.
Force is applied to 1lid 124 by rotating latch 132 so that
the heads of posts 32 move up ramps 132¢c. Post cut-outs
124a in 1id 124 receive posts 32 of substrate a#sembly 12
maintaining a desired angular orientation of 1id 124.
Threaded portion 128a of center post 128 screws into
threaded opening 124b of 1id 124.

For semiconductor die that require backside ground or
power biasing, die carrier assembly 100 may be provided with
a biasing clip 40. Biasing clip 40 is formed of a
conductive material, such as aluminum, and is sandwiched
between 1id 124 and the backside of die 14. Biasing clip 40
has conductive tabs 40a that contact those signal traces 12e
on thin £ilm intercomnect 12c¢ that supply power or ground to
provide backside ground or power biasing for semiconductor
die 14.
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12c and electrically connected to associated signal traces 12e. Pads 12g
are formed around the periphery of thin filminterconnect 12c so that each
pad 12g contacts one of the contact portions 16a of a conductor 16 when die
carrrer assenbly 12 is inserted into socket 18, as hereinafter descri bed.
Substrate 12a also includes a plurality of conductive bunps 12i fornmed of
gol d or copper, for exanple, on the top s&face of thin filminterconnect
12c and electrically connected to associated signal traces 12e for probing
or contacting the bond pads of die 14. Bunps 12i are arranged in a pattern

so as to contact associ ated bon ads .on the bottom qf di 14. Subsirate
assenbly 12 al so i i F§& 1833'8 acljb‘?‘f)‘f'att oft gge&%ﬂ‘,’rigtfp‘%cﬁ%t“ﬁ‘eﬁﬂB£yé‘ﬂ<,
conpr essi bl e | s@riatbhing mgcHanigmordrel 2ffastivacin PrividimgCehe 120. An
annul ar spring . n_Fi b

34 and rigid s%%ﬁ%ﬁ&%s égg\gga.gﬁbp?%meldtigany hegwgleg. pt(:)lfee qi eeta\gede gugggzl;a& ate
assembly, however, upon completion of the test and upon
removal of the force the die tends to adhere to the 1id for
a brief period of time, typically on the order of
milliseconds, which interferes with automated processing
equipment. With reference to Figs. 4 and 5§, a carrier
assembly 200 made in accordance with the invention is shown
comprising a rotary latch 232, 1id 224, spring 231, screw
228, ejector member 250 and ejector spring 252 in addition
to substrate assembly 12 and optional biasing clip 240.

Lid 224 is similar to 1lid 124 of caxrrier 100 but is
shown modified to include post portion 224c integral with
the 1id. Post 224c is provided with threaded bore 224b
which receives screw 228. Rotary latch 232 is functionally
the same as latch 132 but is shown with portions of latch
132 removed to form a generally elongated member extending
between the two ramp portions 232c. It will be understood
that the latch could have a circular configuration, if
desired. Centrally located bore 232a receives post 224c
with coil spring 231 disposed around post 224c in recessed
seat portion 224d. Cut-out portions 224a, on opposed sides
of 1id 224, receive the base portions of posts 32 to

maintain a selected angular orientation of 1lid 224. As seen
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pressure to shimelenents 12k, 12m 12n which fit into the opening in base
12b. As seen in Fig. 1, the carrier assenbly 10 and | atch assenbly 22 are
received in a socket 18 which has a cover 18b novable froma first position
shown in the figure to a second position toward base 18a of the socket. As
cover 18b noves toward the base 18a, conductors 16 are camed so that the
conductor tips 16a nove upwardly and outwhtdly (not shown) and as the cover
is allowed to return to the first, at rest, position conductor tips 1l6a
nove downwardly and inwardly into engagenent with respective pads 12g on a

ecei ved | n t REORAR: nal ity G nA°HChedbha k1A% 288 Naddh Ptfemancs
(not shown) t lkreughi hid 22 tentthenabttemnefords mpplingaburisc® R24f .
Substrate 12 8P a2ka; PF SRR bbbl e Phaded Mk phaRted AAAR aon
techni ques. ListixZdcel 2245 Wiidincdepvessasca Sostminsd Coepe]éttod Gneiidyy
pressure to a@%osg%ggngdrE%fLégeezaée. A coil spring 252 is disposed in

bore 224e between ejector member 250 and screw 228. The

distal end 228a of screw 228 is preferably turned down to

form a seat for one end of spring 252 to maintain the spring

in its centered position in engagement with ejector member

250 to place a constant force on mamberizso. The particular

diameter of circular opening 224g is selected so that

ejector member 250, a spherical ball of suitable material

such as stainless steel, projects beyond surface 224f a

selected distance 4, such as 0.007 inch. Distances in the

. range of 0.004 to 0.009 inch have been found to suitable.

If a biasing clip is desired, aperture 240b is provided
in clip 240 in alignment with aperture 224g when the clip is
mounted on lid 224. |

In use, ejector member 250, when pressed against die
14, will retract into the 1id 224 and maintain a force on
the die adequate to prevent the die from sticking to the 1id
when the 1lid is quickly and automatically removed from the
carrier assembly. A force on the order of 30~60 grams has

been found to be effective. This compares to a primary



during testing. -12- Fig. 3 shows an expl oded perspective view of
carrier assenbly 100 having an alternative | atch assenbly 122 which
conprises a rotary latch 132, center post 128, spring 131 and |lid 124.
Latch assenbly 122 provi des automated or hand assenbly capability. A pair
of ranps 132c are integral with rotary latch 132 and provi de a gradual

I ncrease in force applied through prelodﬂéﬁ spring 131 to lid 124 and
therefore to die 14. Ranps 132c have openings 132e through which heads of
posts 32 are inserted and openings 132f which receive the shafts of posts

32 when latch_132 is_rot Eed a;R:RJd t §don 21 @Yo ing latch
132 so that t A8FfgaB% %ﬁpaztp)osfsgga§n%%/€e up rz?%gs?l%ggg.o%os% cu%:‘?t(?%:s 124a in
lid 124 recei wpragt33B2 of substrate assenbly 12 maintaining a desired

angul ar orientation of |id 124. Threaded portion 128a of center post 128
screws into )

Fig. 6 shows an enlarged cross sectional view of a
portion of a 1id having an ejector mechanism according to a
second embodiment of the invention. Lid 324 is formed with
bore 324e which is formed with an enlarged chamfered portion
324g at the opening formed with force applying surface 324f
of 1id 324. cChamfered portion 324g facilitates forming an

. opening of bore 324b free of any burrs which could mark the
die. Ejector member 350 is movably inserted in the bore and
comprises first and second identical pin portions 350a, 350b
extending from a £1ange.350c. Flange 350c serves as a
retainer which cooperates with ledge 324h formed between
bore portions 324b, 324e to limit the amount that pin
portions 350a can extend out beyond surface 324f, shown as d
in the figure. Coil spring 252 is disposed between reduced
diameter portion 228a of screw 228 and pin portion 350b. In
assembling the mechanism either end of ejector member 350
can be placed in bore portion 324e since both pin portions
are identical. The ocuter end of each pin portion is

provided with a smooth curved surface 3504 for applying the
ejection force to a die.

Figs. 7-9 show a third embodiment of the invention
useful when a plurality of die are to be tested

gsimultaneously. Fig. 7 is a cross sectional view taken



t hreaded opening 124b of Iid 124. For sem conductor die that require
backsi de ground or power biasing, die carrier assenbly 100 may be provided
with a biasing clip 40. Biasing clip 40 is forned of a conductive nmaterial,
such. as alum num and is sandwi ched between Iid 124 and the backsi de of die
14. Biasing clip 40 has conductive tabs 40a that contact those signal
traces 12e on thin filminterconnect 12c that supply power or ground to
provi de backsi de ground or power biasing for sem conductor die 14. - 13-
As nentioned above, the above described figrce applying and | atthing
mechani sns are effective in providing the desired electrical connection
bet ween the die and substrate assenbly, however, upon conpletion of the
test and upon renoval of the force the die tends to adhere to the lid for
brief period of tine, typically on the order of

a
through two ejector seats of 1lid 424. Chamfered bores 424e
are formed through bottom wall 4241 spaced from center post
224c in a slot 4§4j formed in 1id 424. A spherical ejector
member 250 of the same type used in the Figs. 4 and 5
embodiment is placed in each chamfered bore 424e with a leaf
spring 455 received over members 250. Leaf spring 452 has a
centrally disposed aperture 452a which receives post 224c
and preferably a small aperture 452b aligned with each bore
424e adapted to fit on top of a respective member 250 to
maintain the member in the chamfered bore 424e. Coil spring
231 is disposed on top of leaf spring 452. Leaf spring 452
is pre-biased, as indicated by dashed lines of Fig. 8, to
place a downward force on each ejector member. While only
two ejector seats are shown in Figs. 7-9 it will be
understood that the particular number can be varied
depending on the number of d;e to be tested with the

ejector seats located to be in dlignment with each die.

While the invention has been described with reference
to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various
modifications and coﬁbinations of the illustrative

embodiments, as well as other embodiments of the invention,



mlliseconds, which interferes with automated processing equi pnent. Wth
reference to Figs. 4 and 5, a carrier assenbly 200 made in accordance with
the invention is shown conprising a rotary latch 232, |lid 224, spring 231,
screw 228, ejector nenber 250 and ejector spring 252 in addition to
substrate assenbly 12 and opti onal biasing clip 240. Lid 224 is simlar to
lid 124 of carrier 100 but is shown nodi fitéd to include post portion 224c
integral with the lid. Post 224c is provided with threaded bore 224b which
receives screw 228. Rotary latch 232 is functionally the same as |atch 132

but is shown w ortions tch I fo f.orm eneral ly

el ongat ed rrenb‘%#ﬁe °eﬁ&?ﬁ§e§étl\‘7\§eéexf%e%%t \ﬁg&?gg Jb%r‘f}feonasrq-? €% 1t will be
under st ood t hatefidxercat tb thel desawiption.r Cltals cesreaficrs iintendéd desdy €d.
Centrally | ocated bore .232a riéeives ost 224c with co'%:s ri.ng 231

di sposed ar ountPHARPeRRd £ia %e%'éce"(?%gggt BBY F45R oA 18HE PBrtions
224a, on opposashsdigentefl, |1 d 224, receive the base portions of posts 32 to
mai ntain a sel ected angular orientation of lid 224. As seen



-14- in Fig. 5 bore 224b has a second portion 224e whi ch extends through
lid 224 to the bottom force applying surface 224f. Bore 224e is forned
with a reduced di ameter opening 224[err] at surface 224f which serves as a
retainer for ejector nmenber 250 received in bore 224e. A coil spring 252 is
di sposed in bore 224e between ejector nmenber 250 and screw 228. The di stal
end 228a of screw 228 is preferably turned;gown to forma seat for one end
of spring 252 to maintain the spring in its centered position in engagenent

with ejector nmenber 250 to place a constant force on H”ﬁﬂu” m'
particul ar diameter of circular opening 2249 is sel ectleX ) ‘ mm)r
menber 250, awipltedscelaixmd: of suitable material such as st ai nfess steel,
proj ects beyond surface 224f a selected distance d, such as 0.007 inch.

Di stances in the range of 0.004 to 0.009 inch have been found to suitable.
If a biasing tlip is deshrearrigersaenblyfexi saproingledseniediducesed in
al i gnnment w tlz'u aag“_ég_%oggggs%n the clipis

3 a substrate a.s#emhly including a substrate, a

4 plurality of con:tact bumps on a top surface of the subgtrate

s for contacting bond pads on a semiconductor device, the

¢ substrate also including a plurality of conductive pads

7 electrically connected to the contact bumps, a back plate

8 having opposite side ends and a top and bottom surface,

9 maans for contacting a top surface of the

{0 semiconductor device to force the bond pads of the

11 semiconductor device agai.nsi: the contact bumps including,

12 a pair of posts extending from the substrate, each

13 of the posts having a shaft having a first diameter and a

14 head having a second diameter greater than the first

15 diameter. '

16 a iid having a pair of openings through which the

17 posts extend,

18 _ a latch having a pair of openings, each of the .
19 “openinqs in the latch having a first portion larger than the
20‘ head of an associated one of the posts. and a second portion
21 smaller than the head of an associated one of the posts, a



nmounted on |id 224. In use, ejector nenber 250, when pressed agai nst die
14, will retract into the lid 224 and naintain a force on the di e adequate
to prevent the die fromsticking to the lid when the lid is quickly and
automatically renoved fromthe carrier assenbly. A force on the order of
30-60 granms has been found to be effective. This conpares to a primary
force of approximately five pounds placed on lid 224 by sprlng 231. Flg 6

shows an enl arged cross sectional view of-1a-portion |n
ej ector nechani smaccording to a second enbodi nent oﬁ lt
324 is fornmed with bore 324e which is fornmed with an

portion 324g at the openjing forned with force applying surface 324f of lid

324. Chanfer *acilitates forming an opening of bore 324b

free of any burrs which could mark the die. Ejector menber 350 is novably
inserted in the bore anq:h 1id having a bore extending t:h.rough the 1id4 to

23 a lower, force applying surface,

24 an ejector member received in the bore having a

25 portion movable beyond the bore on the force applying

26 surface of the 1id, and

27 a second spring member placing a force on the

28 ejector member in a direction to move the ejector member out
29 of the bore at the force applying surface.

{ 2. A carrier assembly according to claim 1 in which

2 the ejector member is a _spherica_:.l member having a selected
3 diameter and the bore has a reduced d-i.amet:er portion having
4 a diameter less than the selected diameter.

[ 3. A carrier assembly according to claim 1 in which
2 the second spring member exerts a force in the range of
3 approximately 30-50 grams on the ejector member.

1 4. A carrier sssembly according to claim 1 in which
2 the ejecto; member is movable to extend beyond the force



conprises first and second identical pin portions 350a, 350b extending from
a flange 350c. Flange 350c serves as a retainer which cooperates with | edge
324h fornmed between bore portions 324b, 324e to limt the anmount that pin
port’i ons 350a can extend out beyond surface 324f, shown as d in the figure.
Coil spring 252 is disposed between reduced di aneter portion 228a of screw
228 .and pin portion 350b. In assenbling the nmechani.sm either__end of ejector

menber 350 can be placed in bore portion-B24e since both piﬁ“pOrtiohs are
identical. The outer end of each pin portion is prov

curved surface 350d for applying the ejection force “mm'u"’ﬁ,mﬁm 9

show a third enbodi ment of the invention useful when & plural "tySof*die are

to be tested *Fig. 7 is a cross sectional view taken -16-
through two ejector seats of |lid 424. Chanfered bores 424e

3 surface a distance in the range of approximately 0.004 -
4 0,009 inch.

| 5. A carrier assembly according to claim 1 in which

I

the ejector member 'is an elongated pin having a outwardly
extending retainer flange and the bore in the lid is formed

e

with a stop surface which cooperates with the retainer

w

flange to limit ocutward movement of the ejector member.

—

6. A carrier assembly according to claim 5 in which
the retainexr flange is centrally located along the elongated

pin so that either end of the pin can be used to engage the
die.

Y

i 7. A carrier assembly according to claim 1 in which a

plurality of bores are formed through the 1id and an ejector
member is received in each bore and the second spring member
4s a leaf spring disposed on the 1id extending over each

~:'!')ore to place a force on each ejector member.

Ww & e N

1 8. A carrier assembly according to claim 1 in which
the 1id has a post having a longitudinal axis extending

v



are formed through bottomwall 424i spaced fromcenter post 224c in a sl ot
424j formed in lid 424. A spherical ejector nmenber 250 of the sanme type
used in the Figs. 4 and 5 enbodinment is placed in each chanfered bore 424e
witth a | eaf spring 452 received over nenbers 250. Leaf spring 452 has a
centrally disposed aperture 452a which receives post 224c and preferably a
smal | aperture 452b aligned with each bore 424e adapted to fit..on top of a
respective nenber 250 to maintain the nmenber in the ered bore 424e.
Coi | spring 231 is disposed on top of |eaflspring 45F’iﬂ m’um!”’m” 2 is
pro- bi ased, as indicated by dashed lines of Fig. 8, ! rd
force on each ejector menber. Wiile only two ejector seats ar& shown in
Figs. 7-9 it wll be od that the particular nunber can be varied
dependi ng on ME&E&Q

le to be tested with the ejector seats | ocated
to be in alignment with each die. Wiile the invention has been described

Wi th refer enge SSedrd1ySt ERb | Joute HRRHI VBN S ahhbferiBRS FoRinb@ Mt THRO!
i ntended to be constrtied 1n a I|n1t|ng sense. _Vari.ous %hflcatlons and
conbi nat i ons+of latrhs theskpre if the 1id extending through the post along

s the longitudinal axis, a portion of the bore in the post

6 being threaded and a threaded member is received in bore,

7 the second spring member extending between the threaded
§ member and the ejector member.

9. An interconnect system for providing electrical
connection to contact pads on a semiconductor device
comprising, :

a socket having a plurality of conductors, the
conductors including retractable conductor tips,

a semiconductor device carrier assembly for
carrying a semiconductor device receivablg in the socket,
the carrier assembly including a substrate, a plurality of

& 26 = O A~ W N

contact bumps on the top surface of the substrate for
contacting bond pads on a semiconductor device, the

- -
-9

“fubstrate also including a plurality of conductive pads

—
~

" electrically connected to the contact bumps, the retractable

-
(7]

conductor tips selectively engaging the conductive pads to

=

electrically connect the semiconductor device to the



enmbodi ments, as wel |l as other enbodinents of the invention, -17- will be
apparent to persons skilled in the art upon reference to the description.

It is therefore intended that the appended cl ai ns enconpass any such
nodi fications or enbodi nents. VWhat is Cained: | 1. Acarrier

assenbly for carrying a sem conductor 2 device. caonprising: 3 a
substrate assenbly including a substrate,-2a-4 plurality of contact~bunps on
a top surface of the substrate 5 for contacting b

senm conduct or device, the 6 substrate al so incl udﬂmmﬁm"m"mmw
conductive padﬁZu?lse%x{éi%%LE}' connected to the contacét bunps,s asback plate

1S conductors,

16 means for contacting a top surface of the semiconductor
17 device to force the bond pads of the semiconductor device against
18 the contact bumps including a 1id having a force applying surface
19 zeceivable on the semiconductor device, a first spring member

20 placing a force on the lid toward the semiconductor device, the
21 1id having a bore extending through the 1lid to the force applying
22 surface, an ejector member received in the bore having a portion
23 movable beyond the bore at the force applying surface, and a

24 second spring member placing a.force on the ejector member in a

25 direction to move the ejector member out of the bore at the force
26 applying surface.

1 10. An interconnect sysﬁem according to claim 9 in
which the ejector member is a spherical member having a
gsalected diameter and the bore-has a reduced diameter

o W N

portion having a diameter less than the selected diameter.

| 11. An interconnect system according to claim 9 in
- 2 which the second spring member exerts a force in the range
3" of approximately 30-50 grams on the ejector member.



8 having opposite side ends and a top and bottom surface

9

: means
for contacting a top surface of the 10 sem conductor device to force the
bond pads of the 11 sem conductor device against the .contact bunmps ___

i ncd udi ng, 12

13 of the posts having a shaft having a first dianet

a pair of posts extending fromthe substrate,

each

a second dianeter greater than the first 13 _dianeter. rlmm"mummﬂyﬂlraw "

having a pair of openings through which the 17 posts ekténds. 18 S

l'atch having a pair of openings, each of the 19

openings in the latch

having a first portion |larger than the 20 head of an associ ated one of the
posts and a second [&®.tian Ditexeehhect tduatemhaceerding tonchadw@ dned one of

the posts, a,

ext endi ng t hf ou ‘fa%rghfje gggu%%hﬁg is elon&beei* 'ﬂnhﬁisitﬂ?%ce ore

k)

4
5
6

w A Won

[38)

mqa\ﬂll#u

ower, force applyin
ocutwardly extending retainer flange an the

re in the 1id
is formed with a s!:op surface which coopera.t:es- with the

retainer flange to limit outward movement of the ejector
member.

14. An interconnect system according to claim 13 in
which the retainer flange is centrally located along the

elongated pin so that either end of the pin can be used to
engage the die.

15. An interconnect system according to claim 9 in
which a plurality of bores are formed through the 1lid and an
ejector member is received in each bore and the second
sprixig’ member is a leaf spring disposed on the 1lid extending

over each bore to place a force on each ejector member.

16. An interconnect system according to claim 9 in
which the 1id has a post having a longitudinal axis
extending upwardly, the post: received in an opening formed
in the latch, the bore and the 1id extending through the
post along the longitudinal axis, a portion of the bore and
the post being threaded and a threaded member is received in
the bore, the second spring member extending between the
threaded member and the ejector member.



24 an ejector nenber received in the bore having a 25 portion y
novabl e beyond the bore on the force applying 26 surface of the Iid, and 27
a segond spring nenber placing a force on the 28 ejector nenber in a
direction to nove the ej ector nenber out 29 of the bore at the force
applying surface. 1 2. A carrier assenbly according to claim1l in
which 2 the ejector nenber is a spherical nenber having a selected 3

di aneter and the bore has a reduced di aneter portion having 4 a dianeter

| ess than the selected dianmeter. 1 3. A carrier assenbly according to
claim1 in which 2 the second spring nenber exerts a force in the range of
3 approxinmately 30-50 grans on the ejector nenber. 1 4. A carrier
assenbly according to claim1 in which 2-the ejector nmenber is novable to
extend beyond the force  -20- O aim4_ggntinued:

NON-DESTRUCTIVE INTERCONNECT SYSTEM FOR SEMICONDUCTOR
DEVICES AND A CARRIER ASSEMBLY FOR USE THEREWITH

Abstract of the Disclosure

An interconmect system for providing electrical connection
to bond pads of a semiconductor device (14) includes a socket
(18) having a plurality of conductors (16) and a carrier assembly
{10) receivable in the socket (18) carrying a semiconductor

device (14). The carrier assembly comprises a substrate assembly
(12) and a latch assembly (22, 122, 222). The substrate agsgsembly
(12) includes a sgubstrate (12a) having a complaint membrane {12£)
and a plurality of contact bumps (121) on a top surface of the
complaint membrane (12c) for contacting bond pads on the
semiconductor device (14). The force applying latch assembiy
(22, 122, 222) applies pressure in making a temporary electrical
connection het:n'reen contact bumps (12i) and the bond pads of
semiconductor device (14). Latch assembly 222 comprises a latch
(232) which cooperates with a spring (231) to pla.ce a force on a
li.d (224, 324, 424) which in turn places a force on the
semiconductor device (14). An ejector member (250, 350) is
mounted on the 1:Ld.- to apply a force on the semiconductor device
to separate the semiconductor from the 1id upon removal of the
144 from the carrier assembly (10).

Figure 4



3 surface a distance in the range of approximately 0.004 - 4 0.009 inch. 1
5. A carrier assenbly according to claiml1 in which 2 the ejector nenber is
an el ongated pin having a outwardly 3 extending retainer flange and the
borein the lidis fornmed 4 wth a stop surface which cooperates with the
retainer 5 flange to linmt outward novenent of the ejector nenber. 1

6. A carrier assenbly according to claim5 in which 2 the retainer flange
is centrally |ocated along the elongated 314?n so that either end of the
pin can be used to engage the 4 die. 1 7. A carrier assenbly
according to claim1 in which a 2 pl#a@Iexyf bores are forned through the
lid and an ejector 3 nefld&. ik recei ved Bgch bore and the second spring
menber 4 is a | eaf sprisgoddnaposed on t § extending over each 5 - bore
to place a force on each ejector nenber. ..n A Carrier assenbly
according to claim1 in mhlch 2> t B 2k iagl RRELXRY aael ng a |omegi t udi na
axi s extendi ng _ ] I ¥ M e

4 4\-’_,/[.




-21- G aim8 continued: 3 upwardly, the post received in an opening forned
inthe 4 latch, the bore in the Iid extending through the post along S the
| ongi tudi nal axis, a portion of -the bore in the post 6 being threaded and a
t hr'eaded menber is received in bore, 7 the second spring menber extending
between the threaded 8 nenber and the ejector nenber. | 9. An

i nterconnect system for providing electrical 2 connection to contact pads
on a sem conductor device 3 conprising, 4 a socket having a
plurality of conductors, the 5 conductoiss including retractabl e
conductor tips, 6 : a sem conductor device carrier assenbly for 7
carrying a sem conductor device receivable in the socket, 8 the carrier
assenbly including a substrate, a plurality of 9 contact bunps on the top
surface of the substrate for 10 contacting bond pads on a sem conduct or
device, the 11 substrate @gso i ding a plurality of conductive pads

-

12

FIG. 3

PRIOR ART



12 electrically connected to the contact bunps, the retractable 13
conductor tips selectively engaging the conductive pads to 14 electrically
connect the sem conductor device to the -22- Caim9 continued: 15
conductors, 16 means for contacting a top surface of the
sem;conductor 17 device to force the bond pads of the sem conductor device
against is the contact bunps including a igg havi ng a force applying
surface 19 receivabl e on the seni conduct or3% vice, a first spring nenber 20
placing a force on the lid towar sem condwH device, the 21 lid
havi ng a bore extendi ng throug th%z$id 0 e forcd applying 22 surface,
an ejector nenber received in {he BOr aﬁ?ng a portion 23 novabl e beyond
the bore at the force applying|surface, ~a@a 24 secpnd spring nenber
pl acing a force on the ejector| nmenber
menber out of the bore at the jforce
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1 10. An interconnect systemaccording to claim9 in 2 which the
ej ector nenber is a spherical nenber having a 3 selected dianmeter and the
bore has a reduced dianmeter 4 portion having a dianeter |ess than the

selected dianeter. 1 11. An interconnect system according to claim?9
in-2 whi ch the second spring nenber exerts a force in the range 3 of
approxi mately 30-50 grans on the ejector nenber. -23 -1 13. An

i nt'er connect system according to claim9 in 2 which the ejector nmenber is
an el ongated pin having an 3 outwardly eft/@nding retainer flange and the
bore in the lid 4 is formed wwth a stop surface which cooperates with the 5
retainer flange to limt outward novenent of the_ejector 6 nenber. 1

14. An interconnect system accordpsg to claim 13%% 2 which the retainer
flange is centrally | ocated al ong Phg 3 elongat#gd pin so that either end of
the pin can be used to

h)
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4 engage the die. | 15. An interconnect system according to claim?9
in 2 which a plurality of bores are fornmed through the Iid and an 3 ejector
ménber is received in each bore and the second 4 spring nenber is a | eaf
spri°’ng di sposed on the |id extending 5 over each bore to place a force on
each ejector nenber. 1 16. An interconnect system according to claim
9im 2 which the |lid has a post having a Iongitudinal axi s 3 extending
upwardly, the post received in an openingfarmed 4 in the latch, the bore
and the lid extending through the 5 post gl ng the longitudinal axis, a
portion of the bore and 6 the post being threaded and a threaded nenber IS

received in 7 the bore, the second spring nenber extendi ng between the 8
t hreaded nenber and the ejector nenber

| P —— — i | — ¥ 11
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