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MICROELECTRONIC PACKAGEWITH DUAL OR MULTIPLE - ETCHED FLIP-CHIP
CONNECTORS AND CORRESPONDING MANUFACTURING METHOD

CROSS- REFERENCE  TO RELATED APPLI CATI ON

[ 0001] »The pr esent application clainms the Dbenefit of
Application Seri al No. 12/832, 376, filed July 8, 2010,
entitled Mcroelectronic Packages with Dual or Miltiple -Etched
Flip-Chip Connectors, the disclosure of which is hereby
i ncorporated herein by reference.

BACKGROUND OF THE | NVENTI ON

[ 0002] The present invention relates to microelectronic
packages, to component s for use in fabrication of
m croel ectronic packages, and to methods of making the

packages and conponents.

[ 0003] M croel ectronic devices generally conprise a thin
slab of a sem conductor material, such as silicon or gallium
ar seni de, commonly <called a die or a sem conductor chi p.
Sem conduct or chips are comonly provided as individual,
prepackaged units. In sonme wunit designs, the sem conductor

chip is munted to a substrate or chip carrier, which is in

turn mounted on a circuit panel, such as a printed circuit
boar d.

[ 0004] In one face of the sem conductor <chip is fabricated
the active circuitry. To facilitate electrical connection to

the active circuitry, the chip is provided with bond pads on
the sanme face. ‘The bond pads are typically placed in a

regular array either around the edges of the die or, for many

menory devi ces, in the die center. The bond pads are
generally nmade of a conductive netal, such as gold or
al um num around O0.5pm thick. The size of the bond pads wll
vary with the device type but wll typically neasure tens to

hundreds of mcrons on a side.

[ 0005] Flip-chip interconnection is a comonly used schene
for conductively connecting bond pads on the sem conductor
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chip to contact pads on a substrate. In flip-chip
‘i nt er connecti on, lunps of netal are typically placed on each
bond pad. The die is then inverted so the netal [unps provide
both the electrical pathway between the bond pads and the
substrate as well as the nechanical attachnent of the die to
t he substrate.

[0006] There are many variations of the flip-chip process,
but one conmmon configuration is to use solder for the |unps of
nmetal and fusion of the solder as the nethod of fastening it
to the bond pads and the substrate. When it nelts, the solder
flows to formtruncated spheres.

[0007] M crocontact elenments in the form of elongated posts
or pins may be used to connect microelectronic packages to
circuit boards and for other connections in mcroelectronic
packagi ng. In sone instances, mcrocontacts have been forned
by etching a nmetallic structure including one or nore netallic
layers to form the mcrocontacts. The etching process limts
the size of the mcrocontacts. Conventional etching processes
typically cannot form mcrocontacts wth a large ratio of
hei ght to maximum width, referred to herein as "aspect ratio" .
It has been difficult or inpossible to form arrays of
m crocontacts wth appreciable height and very small pitch or
spacing between adjacent m crocont act s. Mor eover , t he
configurations of the mcrocontacts formed by conventional
etching processes are limted.

[0008] Despite the advances that have been made in flip
chip interconnections, there is still a need for inprovenments
in order to mnimze the package thickness, while enhancing
joint reliability. These attributes of the present invention
are achieved by the construction of the mcroelectronic
packages as described hereinafter.

SUMMARY OF THE | NVENTI ON

[0009] A packaged mcroelectronic el ement includes a
m croel ectronic element having a front surface and a plurality
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of solid nmetal posts extending away from the front surface,
and a substrate having a major surface and a plurality of
conductive elenents exposed at the mjor surface. The
conductive elements can be joined to the solid netal posts.
Each solid nmetal post can include a base region adjacent the
m croelectronic elenent and a tip region, renmote from the
m croelectronic element, the base region and tip region having
respective concave circunferential surfaces. Each solid netal
post can have a horizontal dinmension which is a first function
of vertical location in the base region and which is a second
function of vertical location in the tip region.

[ 0010] Each solid nmetal post can further include at |[east
one intermediate region |ocated between the base region and

the top region. The internediate region can have a concave
circunferenti al surface. The horizontal dinmension of each
solid nmetal post can be a third function of vertical |ocation
in the internediate region. Each solid nmetal post can have a

width in a direction of the front surface and a height
extending from the front surface, wherein the height is at
| east half of the width.

[ 0011] The solid netal posts can be joined to the
conductive elenments with a fusible netal. The fusible netal
can conprise solder. The solder can cover at |east portions
of edge surfaces of each solid netal post. The packaged

m croelectronic elenent can further include a plurality of
conductive pads located at the front surface. Each solid
nmetal post can extend from a respective one of the plurality
of conductive pads. In one enbodinent, the solder may not
touch at |least one of the plurality of conductive pads.

[0012] In a particular exanple, the solder can not touch
the base region of any solid netal post. In a particular
exanple, the solder can touch only a top surface of each solid
nmetal post. A height of each sold netal post can be between
25% and 50% of the distance between the. front surface of the
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m croel ectronic el ement and the mgjor surface  of t he
substrate. A height of each sold nmetal post can be at |east
40% of the distance between the front surface of the

m croel ectronic el ement and the mgjor surface  of t he

substrate.

[0013] The solid metal posts and the conductive elenents
can be diffusion-bonded together. The first and second
functions can be substantially different. A slope of
hori zont al di mensi on versus vertical | ocation can change

abruptly at a boundary between the base and the tip regions of
the solid netal posts. The solid netal posts and the
conductive elenents can consist essentially of copper. The
conductive elements can include conductive pads, the pads
being joined to the solid nmetal posts.

[ 0014] The solid nmetal posts can be first solid netal posts
and the conductive elenents can include a plurality of second
solid metal posts extending above the major surface and joined
to the first solid netal posts. The second posts can have top
surfaces renote from the mmjor surface of the substrate and
edge surfaces extending at substantial angles away from the
top surfaces. The first solid netal posts can be joined to
the second solid netal posts wth -a fusible netal. The
fusible netal can conprise solder. The solder can cover at
| east portions of edge surfaces of each solid netal post. The
packaged m croel ectronic el enent can further include a
plurality of conductive pads located at the front surface.

Each first solid metal post can extend from a respective one

of the plurality of conductive pads. In one enbodinent, the
solder may not touch at Jleast one of the plurality of
conductive pads. In a particular exanple, the solder can
touch only a top surface of each solid netal post. The first

and second solid netal posts can be diffusion-bonded together
[ 0015] Each second solid netal post can include a base

region adjacent the substrate and a tip region, renote from
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the substrate. The base region and tip region of each second
solid metal post can have respective concave circunferential
surf aces. Each second solid netal post can have a horizontal
dinension which is a third function of vertical location in
the base region and which is a fourth function of vertical
location in the tip region. Each second post can have a width
in a direction of the major surface and a height extending
from the nmajor surface, wherein the height is at least half of
the width.

[ 0016] The first solid netal posts can be joined to the
second solid netal posts with a fusible netal. The fusible
metal can conprise sol der. The solder can cover at |east
portions of edge surfaces of each solid netal post. In a

particular exanple, the solder can not touch the base region

of any solid netal post. In a particular exanple, the solder
can touch only a top surface of each solid netal post. The
packaged m croel ectronic el enment can further i ncl ude a

plurality of conductive pads located at the front surface.

Each first solid netal post can extend from a respective one

of the plurality of conductive pads. In one enbodinent, the
solder my not touch at Jleast one of the  plurality of
conductive pads. The first and second solid netal posts can
be diffusion-bonded together. The first function can be the

same as the third function and the second function can be the
same as the fourth function.

[0017] ‘A packaged m croel ectronic el enent i ncl udes a
m croelectronic element having a front surface and a plurality
of first solid nmetal posts projecting above the front surface,
and a substrate having a major surface and a plurality of
second solid netal posts extending from the mmjor surface and
joined to the first solid netal posts. The first posts can
have top surfaces renmote from the front surface and edge
surfaces extending at substantial angles away from the front

surface. Each second solid metal post <can include a base
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region adjacent the mcroelectronic elenent and a tip region,
renote from the mcroelectronic elenent. The base region and
tip region can have respective concave circunferenti al
surf aces. Each second solid netal post can have a horizontal
dinension which is a first function of vertical Ilocation in
the base region and which is a second function of vertical
location in the tip region.

[0018] Each first post <can have a frustoconical shape.
Each second post can have a width in a direction of the major
surface and a height extending from the major surface, wherein
the height is at least half of the wdth. The first solid
netal posts can be joined to the second solid nmetal posts wth
a fusible netal. The fusible metal can conprise solder. The
sol der can cover at least portions of edge surfaces of each
solid nmetal post. The packaged microelectronic elenment can

further include a plurality of conductive pads |ocated at the

front surface. Each first solid netal post can extend from a
respective one of the plurality of conductive pads. In one
enbodi ment , the solder nmay not touch at Ileast one of the
plurality of conductive pads. In a particular exanple, the

solder can touch only a top surface of each solid metal post.

The first and second solid nmetal posts can be diffusion-bonded

t oget her
[0019] A nethod of assenbling a packaged microelectronic
el ement includes the steps of providing a mcroelectronic

elenment having a front surface and a plurality of solid netal

posts projecting in a vertical direction above the front
sur f ace, at least substantially aligning the plurality of
solid metal posts wth a plurality of conductive elenents
exposed at a mmjor surface of a substrate, and joining the
solid metal posts of the mcroelectronic element with the
conductive elements of the substrate. Each solid nmetal post
can include a base region adjacent the front surface and a tip

region, renmote from the front surface. The base region and
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the tip region can have respective concave circunferenti al

surf aces. Each solid netal post can have a horizontal

dimension which is a first function of vertical Ilocation in
the base region and which is a second function of vertical

location in the tip region.

[ 0020] The joining step of the nmethod of assenbling a
packaged mcroelectronic elenment can include heating a fusible
nmetal to a nelting tenperature, wherein the fusible netal
flows onto exposed portions of edge surfaces of the solid
nmetal posts. The fusible nethod can corrprise' sol der. The
sol der can cover at least portions of edge surfaces of each
solid netal post. The packaged mcroelectronic elenment can

further include a plurality of conductive pads |ocated at the

front surface. Each solid netal post can extend from a
respective one of the plurality of conductive pads. In one
enbodi ment , the solder my not touch at Ileast one of the
plurality of conductive pads. In a particular exanple, the

sol der can not touch the base region of any solid netal post.
In a particular exanple, the solder can touch only a top
surface of each solid netal post. A height of each sold netal
post can be between 25% and 50% of the distance between the
front surface of the mcroelectronic elenment and the mgjor
surface of the substrate. A height of each sold netal post
can be at |east 40% of the distance between the front surface
of the mcroelectronic element and the major surface of the
substrate. A passivation layer and an underbunp netallization

| ayer can be deposited over the mcroelectronic elenent .

BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0021] FI GS. 1A and |IB are sectional Vi ews of the
conponents of a mcroelectronic assenbly in accordance wth
one enbodi nent

[0022] FIG 1C is a sectional view illustrating FIGS. 1A
and |B being joined together.



WO 2012/006403 PCT/US2011/043152

[ 0023] FI G 2 is a sectional Vi ew illustrating a
m croelectronic assenbly in accordance with the enbodinment of
FIGS. |A-IC

[ 0024] FIG 2A is an exploded sectional view of a portion
of FIG 2.
[ 0025] FIG 3 is a sectional view illustrating a conpleted

m croelectronic assenbly in accordance with a variation of the
enbodi rent shown in FIG 2.

[ 0026] FIG 4 is a sectional view illustrating a conpleted
m croelectronic assenbly in accordance with in accordance wth
a variation of the enbodinent shown in FIG 2.

[ 0027] FI G 5 is a sectional view illustrating t he
conmponents of a mcroelectronic assenbly in accordance wth
anot her enbodi nment

[ 0028] FIG 6 is a sectional view illustrating conponents
of a mcroelectronic assenbly in accordance wth a variation
of the enbodinent shown in FIG 5.

[ 0029] FIG 7 is a sectional view illustrating a conpleted
m croel ectronic assenbly in accordance wi th one enbodi nment.

[ 0030] FIG 8 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her
enbodi ment

[ 0031] FIG 9 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her
enbodi ment

[ 0032] FIG 10 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her
enbodi ment

[ 0033] FIG 11 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her
enbodi ment

[ 0034] FIG 12 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her

enbodi nent



WO 2012/006403 PCT/US2011/043152

[ 0035] FIG 13 is a sectional view illustrating a conpleted
m croel ectronic assenbl y in accor dance with anot her
enmbodi ment

[ 0036] FIG 14 is a schematic illustration of a substrate.

[ 0037] FIG 15 is a schematic illustration of the substrate

of FIG 14 with a layer of photoresist.

[ 0038] FIG 16 is a perspective schematic illustration of
the substrate of FIG 14 with a layer of photoresist and a
mask.

[ 0039] FIG 17 is a schematic illustration of the substrate
of FIG 14 being etched.

[ 0040] FIG 18 is a schematic illustration of the substrate
of FIG 14 with a second photoresist.

[0041] FIG 19 is a schematic illustration of the substrate
of FIG 14 having the second photoresist devel oped.

[0042] FIG 20 is a schematic illustration of the substrate
of FIG 14 being etched a second tine.

[ 0043] FIGS. 21A-21D are exanple profiles of mcrocontacts.

[ 0044] FIG 21E is an enlarged profile of the tip region of
a mcrocontact shown in FIG 2IB.

[ 0045] FIG 22 is a flowhart depicting a first enbodinment.

[ 0046] FI G 23 i's a flowhart depi cting a second
enmbodi ment

[0047] FIG 24 is a schematic illustration of a nulti-Iayer

substrate in application.

[ 0048] FI G 25 is a schematic illustration of
m croelectronic unit.

[ 0049] FIG 26 is a schematic illustration of tw adjacent

m croelectronic units.

[ 0050] FI G 27 is a schematic illustration of a
m croel ectronic assenbly.

[ 0051] FI G 28 is another schematic illustration of a

m croel ectronic assenbly.
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[ 0052] FIG 29 is yet another schematic illustration of a
nm croel ectronic assenbly.

[ 0053] FIG 30 is a sectional view illustrating a conpleted
nm croel ectronic assenbly in accordance W th anot her
enbodi nent

[ 0054] FIG 31 is a sectional view illustrating a conpleted
nm croel ectronic assenbly in accordance W th anot her
enbodi nent

[ 0055] FIG 32 is a sectional view illustrating a conpleted
nm croel ectronic assenbly in accordance W th anot her
enbodi nent

[ 0056] FIG 33 is a sectional view illustrating a conpleted
nm croel ectronic assenbl y in accordance W th anot her
enbodi nent

[ 0057] FIG 34 is a sectional view illustrating a conpleted
nm croel ectronic assenbly in accordance W th anot her
enbodi nent

[ 0058] FIG 35 is a sectional view illustrating a conpleted
nm croel ectronic assenbly in accordance W th anot her
enbodi nent

DETAI LED DESCRI PTI ON

[ 0059] Ref erence is now nmde to FIGS 1A-1C, whi ch
illustrate cross-sectional views of the conmponents of the
packaged mcroelectronic assenbly 100 shown in FIG 2. As
shown, the packaged microelectronic assenbly 100 includes a
substrate 102, a mcroelectronic element 104 in a face down or
flip-chip position, and conductive colunms 106 joining the
substrate wth the mcroelectronic elenent. The conductive
colums include conductive bunps or posts 108 which protrude
above a face 105 of the substrate 102 that are aligned wth
conductive bunps or posts 110 protruding above a face 107 of
the mcroelectronic el enent 104. The conductive colums 106
provide for increased height for chip-on- substrate packagi ng
by increasing the standoff or vertical distance between the

-10-
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m croel ectronic element 104 and substrate 102, while at the
same tinme allowing for a decrease in the center- to-center
horizontal distance or pitch P between conductive colums 106. '
As will be discussed in further detail below, the ability to
increase the distance between the substrate 102 and the
m croel ectronic elenent 104 nmay help reduce stress at the
conductive colums, nay help ease the application of underfill
material 112 (see FIG 2A) , and allow for a greater variety of
underfills to be used.

[ 0060] Wth ref erence to FIG 1A t he substrate 102
preferably includes a dielectric elenent 102A The dielectric

el enent 102A having a top surface 101 and an oppositely facing

bottom surface 103. A plurality of conductive traces 109 may
extend along. the top or bottom surfaces  —or both. The
dielectric el enent 102A may be rigid or flexible. The

dielectric element 102 nay be conprised of a polyinmde or
ot her pol ymeric sheet . Al t hough the thickness of the
dielectric elenment 102 may vary, the dielectric elenent 102A
nost typically is up to 2 mllinmeters t hi ck. The
substrate 102 nmy include other conductive elenents such as
ext er nal contacts (not shown) exposed at t he bott om
surface 103. As used in this disclosure, a conductive elenment

"exposed at" a surface of a dielectric elenent may be flush

with such surface; recessed relative to such  surface; or
pr ot rudi ng from such surface, so long. as the conductive
el enent is accessible for <contact by a theoretical poi nt

nmoving towards the surface in a direction perpendicular to
the surface . |

[ 0061] The traces and. contacts mnmy be created using the
met hods illustrated in comonly assi gned u. S Publ i shed
Application No. 11/014,439, the disclosure of which is hereby
i ncorporated by ref erence her ei n. In the parti cul ar

enbodi nment illustrated, the conductive elenents (not  shown)

are disposed on the top surface 101 of substrate 102.

-11-
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However , in other enbodi ments, the conductive elenments nay
also extend along the bottom surface 103 of substrate 102; on
both the top and bottom surfaces 101, 103 or wthin the
i nterior of the substrate 102. Thus, as used in this
di scl osur e, a statenent that a first feature is disposed "on"

a second feature should not be understood as requiring that

the first feature lie on a sUrface of the second feature. As
used herein in relation to a substrate to which t he
nm croel ectronic elenent is to be electrically connected via
posts, "top surface" and "bottom surface" are to be understood

in relation to their placenent relative to the mnicroelectronic
el enent, rather than in an gravitational frame of reference.
Thus, a "top surface" shall nean a surface of the substrate

adjacent to the front surface of the microelectronic elenent

at which contacts, e.g., bond pads, met al posts, etc. are
exposed. The "bottom surface" shall nean the surface of the
substrate which is renote from the top surface. The bottom
surface typically is a surface of the substrate on which

contacts are exposed- which can be joined wth terninals of
anot her el enent ext er nal to the packaged nm croel ectronic

el enent, such as a circuit panel. As used in this disclosure,

a "major surface" of a substrate shall nean a "top surface" of
the substrate.

[ 0062] Solid netal bumps or conductive posts 108 also
extend from the top surface 101 of the substrate 102 to form
the first portion of  the conductive colums 106 (FIGS. 2
and 2A) . The conductive posts 108 have top surfaces 111 and
edge surfaces 113 extending at substanti al angles away from
the top surface of the substrate 102 such that a distinct

angle is created where the edge surfaces 113 neet the top
surf aces 101 of +the substrate 102. For exanpl e, in the
enbodi ment shown, an angle greater than 90 degrees is created
between the top surfaces 101 of the substrate 102 and the edge

surfaces 113 of the conductive posts 108. The angle wll

-12-
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differ based upon the shape of the conductive post 108. For
exanple, a cylindrical post may have an angle of 90 degrees
between the top surface 101 of the substrate 102 and the
conductive  post 108. Exenpl ary processes and posts are
described in Provisional Applications Nos . 60/875, 730, filed
on Decenber 19, 2006, and entitled Chip Capacitor Enbedded
PWB ; 60/ 964, 916, filed on August 15, 2007, and entitled
Mul tilayer Substrate wth Interconnection Vias and Method of
Manufacturing the Sanme; 60/964,823 filed on August 15, 2007,
and entitled Interconnection Element with Posts Fornmed by
Pl ati ng; the disclosures gl | of which are incorporated herein
by reference. For exanple, the conductive posts 108 my be
formed by etching processes, as described in nore detail
her ei n. Al ternatively, conductive posts 108 may be fornmed by
el ectropl ati ng, in which posts 108 are forned by plating a
nmetal onto a base netal I|ayer through openings patterned in a
dielectric layer such as a photoresist |ayer.

[ 0063] The dinensions of the conductive posts 108 can vary
over a significant range, but nost typically the height HI of
each conductive post 108 extending from the top surface 103 of
dielectric elenment 102A is at least 50 microns and can extend
up to 300 mcroneters. These conductive posts 108 nay have a
height HI that is greater than  its dianeter or width WwWl.
However, the height HI nay also be smaller than the width w,

such as at least half the size of the width W .

[ 0064] The conductive posts 108 nay be nade from -any
electrically conductive mat eri al , such as copper, copper
al | oys, gold and conbi nations t her eof . The conductive
posts 108 mmy include at |east an exposed netal layer that is
wettabl e by solder. For exanple, the posts nay be conprised

of, copper with a layer. of gold at the surfaces of .the posts.
Addi tionally, the conductive posts 108 may include at |east
one layer of netal having a nelting tenperature that s

greater than a nelting tenperature of the solder to which it

-13-
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will be joined. For exanple, such conductive posts 108 would
include a layer of copper or be forned entirely of copper.

[ 0065] The conductive posts 108 nay also take on many
different shapes, including frustoconical . The base 114 and
tip 116 of each of t he conductive posts 108 may be
substantially circular or have a different shape, e.g. oblong.

The bases 114 of the conductive posts 108 typically are about
50-300 pym in dianeter, whereas the tips 116 typically are

about 25-200 pum in dianeter. Each conductive post 108 may
have a base 114 adjacent the dielectric substrate 102 and a
tip 116 renote from the dielectric substrate. Additionally,

the height HI of the conductive posts from the top surface 101

of the dielectric elenent 102A (excluding any solder nask)

typically ranges from as little as 30 pum up to 200 prm.

[ 0066] As shown, solder mask 118 (FIG 2) my be disposed
over the substrate 102 and adjacent the conductive posts 108.
The solder nmsk 118 helps to prevent sol der overflow and
bridging between adjacent colums 106 during the reflow phase.

[ 0067] Ref erring to FI G | B, t he m croel ectronic
element 104 has a front  surface 122 and a rear surface 124.
The mcroelectronic elenment 104 is preferably a seniconductor
chip or the like prior to its packaging and interconnection
with anot her el enent . For exanpl e, the mcroelectronic
element is a bare die.

[ 0068] Exenplary conductive posts and nethods of naking
conductive posts capable of extending from a -microelectronic
element or the like are described on the website of Advanpak
Solutions Pte. Ltd. ("Advanpak"), as well as in US.  Patent
Nos. 6, 681, 982; 6,592,109; and 6,578,754 that are assigned to

Advanpak, and the discl osures of which are incorporated herein

by reference. For exanple, the conductive posts 110 may be
f or med by etching processes. Al ternatively, conductive
posts 110 may be forned by electroplating, in which posts 110
are formed by plating a netal onto a base netal |ayer through
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openings patterned in a photoresist Ilayer. Like the conductive
posts 108 extending from the substrate, the posts 110
extending from the mcroelectronic element 104 nay have top
surfaces 111 and edge surfaces 113 extending at substanti al
angles away from the top surface 122 of the mcroelectronic
elenent such that a distinct angle is created between the
m croelectronic element and the conductive posts.

[ 0069] To provide a netal contact between the conductive

posts 110 and the mcroelectronic elenent 104, an underbunp

nmetallization | ayer 120 may be provided on the front
surface 122 of the mcroelectronic elenent 104. The under bunp
netallization layer 120, is typically conposed of a material
i ncl udi ng titani um titanium tungsten, chrom um The
underbunp netallization |ayer 120 operates as the conducting
metal contact for the conductive  colums 106. A passivation

layer 119 may also be provided on the front surface 122 of the
m croel ectronic el ement 104 bet ween the mcroelectronic -
element 104 and the wunderbunp netallization |ayer 120 using
known nethods in the art .

[ 0070] Referring to FIGS. 1B, 1Cc, and 2, the dinmensions of
the conductive posts 110 extending from the mcroelectronic
elenent 104 may also vary over a significant range, but nost
typically the height H2 of each conductive post 110 is not
less than 50 microns. The conductive posts 110 may have a
height H2 that is greater than its width W2. However , t he
height may also be snaller than the width W2, such as at |east
half the size of the w dth.

[0071] The conductive posts 110 are preferably nmade from
copper or copper al | oys, but may al so i ncl ude ot her
electrically conducti ve materi al s, such as gol d or

conmbi nations of gold and copper. Additionally, the conductive
posts 110 may include at Ileast one layer of metal having a
nmelting tenperature that is greater than a nelting tenperature

of the solder to which it will be joined. For exanple, such
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conductive posts would include a layer of copper or be forned
entirely of copper.

[0072] In a particular enbodinent, the conductive posts 110
can be cylindrical, so that the dianeter of the bases 126 of

the post and tips 128 of the posts are substantially equal.

In one enbodi nent t he bases 126 and tips 128 of t he
conductive posts can be about 30-150 um in dianeter. Each
conductive post 110 may have a base 126 adj acent t he

substrate 102 and a tip 128 renote from the substrate 102.

Al ternatively, the conductive posts 110 nay take on a variety
of shapes, such as frustoconical , rectangular, or bar-shaped.
[0073] A coating or cap of solder 130 may be attached to

the tips 128 of the conductive posts 110 or the portion of the
conductive posts that are not attached to the mnicroelectronic

el ement  104. The cap of solder 130 can have the sanme dianeter

or width w2 of the conductive posts 110 so that it becones an
extension of the conductive post 110. In one exanple, the cap
of solder 130 can have a height H3 ranging from approximtely

25-80 um.

[0074] . It should be appreciated that the height H2 of the
conductive posts: 110 extending from the front surface 122 of
the mcroelectronic elenent 104 can be equal to the height HI
of the conductive posts 108 extending from the top surface 101
of the dielectric elenment 102A (FIG 1A . However , t he
heights nay alternatively differ, such that the height H2 of
the conductive 'posts 110 can be less ‘than or greater than the
hei ght HI  of the conductive . posts 108. In .a particular

illustrative exanple, the conductive posts 110 extending -from
the mcroelectronic elenent 104 nay have a height H2 of 50 um
in length, whereas the conductive posts 108 extending from the
substrate may have a height HI of 55 . um (FIG 2).

[0075] To conductively connect t he m croel ectronic
el enrent 104 and substrate 102 t oget her, t he conducti ve

posts 110 on the microelectronic elenent 104 nust be connected
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to the conductive posts 108 on the substrate 102. Referring
to FIG 1C, the mcroelectronic element 104 is inverted so
t hat t he conductive posts 110 of t he m croel ectronic

el ement 104 and the conductive posts 108 of the substrate 102
are aligned with one another and brought into close proximty.

The cap of solder 130 on the mcroelectronic element 104 is
refloned to allow the solder to wet the surfaces of the
conductive posts 110 on the mcroelectronic elenment 104 and
the conductive posts 108 on the substrate 102. As shown in
FIGS. 2-2A, the solder will wet to the exposed surfaces of the
conductive posts and <create a conductive colum 106 that
extends from the mcroelectronic element to the substrate.

The increased surface areas of the conductive colums 108, 110
on the mcroelectronic elenent 104 and substrate 102 to which

the solder is joined can help reduce the current density - at

the solder interface. Such decrease in current density may
hel p reduce el ectrom gration and provi de for greater
durability.

[ 0076] As shown,. the conductive colums 106 include solder
conductively i nterconnecti ng the conductive posts. The

standoff or height H of the <conductive colums extending
between the base of the conductive post extending from the
m croelectronic elenment and the exposed portions of the base
extending from the substrate in one exanple ranges 80-100 um.

[ 0077] As shown in FIGS. 2, 2A the walls 132 of the
conductive columms 106 can be convex or barrel shaped, wherein
the mdpoint region M of the conductive colum (i.e., between
the conductive posts 110 of the mcroelectronic - elenent and
conductive posts 108 of the substrate) has a width W that is
greater than the wdths WlI, w2 of the portions of the
conductive col umms 106 respectively adj acent t he top
surface 101 of the substrate 102 and front surface 102 of the

m croel ectronic el enent 104.
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[0078] As further shown in FIG 2A contact pads 117 may be
formed on the mcroelectronic elenent 104 and substrate 102
usi ng known et hods. In one enbodinment, the Ilower post 108
that extends away from the substrate 102, as well as the | ower

contact pad 117 nmay be formed by separate etching steps, such

as di scl osed in I nt ernati onal Application PCT .
No. WO 2008/076428, which published on June 28, 2008, and the
di sclosure of which is incorporated herein by reference. For
exanpl e, a tri-metal substrate with top and bottom netal

layers 123 and in internediate etch stop layer or interior

metal layer 121 may be utilized to create the conductive post
108 and contact pad " 117. In one such process, an exposed
nmetal layer of a three-layer .or nore |ayered nmetal structure

is etched in accordance with a photolithographically patterned
photoresist layer to form the conductive post 108, the etching
process stopping on an interior nmet al | ayer 121 of the
structure. The interior nmetal |layer 121 includes one or nore
nmetals different from that of the top and bottom netal |ayers
123, the interior netal Ilayer being of such conposition that

it is not attached by the etchant used to etch the top netal

| ayer 123. For exanple, the top netal layer 123 from which
the conductive posts 108 are etched consists essentially of
copper, the bottom  netal | ayer 123  may al so consi st
essentially of copper, and the. .interior nmet al | ayer 121
consi sts essentially of ni ckel . Ni ckel provi des good
selectivity relative to copper to avoid the nickel Jlayer from
being attached with the netal | ayer is etched to form
conductive posts . 108. To form the contact pad 117, another
etching step may be conducted in accordance wth another
phot ol i t hogr aphi cal |y patterned photoresi st | ayer. The post
108 my  be further i nt erconnect ed with other conductive
f eat ufes such as a via 115, which is, in turn, further

i nterconnected to other conductive features (not shown)
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[ 0079] Referring to FIG 3, the walls 232 of the conductive
colums 106' nmmy also be straight, such that the width W5 is
about equal to the widths W4, wW4' of the conductive colums
106 respectively adj acent the top surface 101 of the
substrate 102' and front surface 122' of the mcroelectronic
el enent 104'. It should be appreciated that the wdths W4,
W' do not need to be equal. Alternatively, the walls 232" of
the conductive colums 106' nmay be <concave (see FIG 4),
depending on the desired standoff to be achieved.

[ 0080] The conductive colums 106 in accordance wth the
present invention allow for a greater standoff height between
the dielectric element and the mcroelectronic element while
permtting a significant reduction in the pitch P (see FIGS.
IB, 2) between each of the conductive posts 110 exposed at the
front surface 122 of the microelectronic elenent 104, as well

as the pitch P between each of the conductive posts 108

exposed at the top surface 101 of the substrate 102. In one
enbodi nent, the pitch P may be as small as 50 pm or -as large
as 200 um. It should be appreciated that by virtue of the

fact that the conductive colums 108, 110 are aligned with one
another, the pitch P between each of the conductive posts 108,
110 will be equal.

[ 0081] The pitch P may also be a function  of ‘the dianeter
or width WI, W2 of the conductive posts 108, 110, such that
the dianeter W, W2 of the base of the conductive posts is up
to 75% of the pitch P. In other words, the ratio of the
dianeter WL, W2 to the pitch P can be up to 3:4. For - exanpl e,

if the pitch P is 145 pm, the dianeter W, W2 of the

conductive posts 108, 110 may range up to 108 um or 75% of the

pitch P.

[ 0082] The increased standoff height reduces the strain on
Lowk dielectric materials which can be present in the
m croel ectronic el enent. Addi tionally, the increased standoff

helps to minimze the problens typically associated wth small
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pitches, such as electromgrat ion and crowding. This is due
to the fact that the conductive columms 106 are able to wet
the surfaces of the conductive posts 108, 110

[ 0083] Referring to FIGS. 5-6, alternative arrangenents for
joining the conductive bunps on the microelectronic el enent
with the conductive bunps on the substrate are shown. Wth
reference to FIG 5, instead of +the solder cap 230 being
placed at the tip 228 of the conductive post 210 extending
from the nicroelectronic elenent 204, the solder cap 230 can
be placed at the tip 216 of the conductive post 208 extending
from the substrate 202. In one enbodi nment, the width or
dianeter W5 of the solder cap 230 is roughly equal to the
dianeter W6 of the base 214 of the conductive post 208. The
solder cap 230 therefore extends beyond the tip 216 of the
conductive post 208 extends from the substrate 202. Once the
sol der is reflowed, however , the conductive colum wll

preferably take the shape of the conductive colum shown in
FIG 2.

[ 0084] Referring to FIG 6, in yet another alternative
arrangenent, solder caps 330 -may be placed onto the conductive
posts 310, 308 ext endi ng from both the mcroelectronic

el enent 304 and the substrate 302. The conductive posts 308

310 are placed in close proxinmty to one another. Heat is
applied causing the solder caps 330 to reflow, wet, and fuse
to the conductive posts 308, 310. Once ref | owed, t he
conducti ve colum 306 will preferably be sinilar to the
conductive colum 306 shown in FIG 2.

[ 0085] Wth reference to FIG 7, an alternative arrangenent

for a mcroelectronic package is shown. The arrangenent is
simlar to the one shown in FIG 2, the only difference being
the absence of a solder mask adjacent the conductive posts
ext endi ng from the substrate. In this alternative
arrangenent, vias 307 can be used to conductively connect the

conductive colums 406 to electronic circuitry (not  shown)
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exposed at the bottom surface of the substrate 402, as opposed
to the top surface 401 of the substrate 402. The use of
vias 307 obviates the need for the sol der nmask.

[ 0086] Referring to FIG 8, an alternative enbodi nent is
shown, wherein a netal -to-netal bond between the conductive
posts is made w thout the use of solder. Instead, a bond may
be formed between the conductive posts 508, 510 by deformng
them into engagenent with each other. The conductive
posts 508, 510 are preferably formed from a nalleable material

with mninal resilience or spring-back as, for exanple,

substantially pure gol d. Furt her nore, t he conductive
posts 508, 510 may be bonded together by eutectic bonding or
anodic bonding between the posts and the naterial of the
cover. For exanple, the. tips 516, S17 of the conductive
posts 508, 510 nmay be coated with a small anmount of tin,

silicon, germanium or other material which forns a relatively
lownelting alloy wth gold, and the posts nmay be forned
entirely from gold or have a gold coating on their surfaces.

Wen the conductive posts 508, 510 are engaged wth one
another and then heated, diffusion between the nmateri al of
conductive posts 508, 510 and the material on the tips 516 of
the conductive posts forns an alloy having a nelting point

lower than the nelting points of the individual elenents at

the interfaces between the posts and walls. Wth the assenbly
held at elevated tenperature, further diffusion causes the
alloying elenent to diffuse away from the interface, into the

bulk of the gold of the posts, thereby raising the nelting
tenmperature of the material at the interface and causing the
interface to freeze, formng a solid connection between the
parts. ‘ ‘

[ 0087] Referring to FIG 9, which is identical to FIG s,
except that the conducti ve posts 608, 610 are both preferably
conprised of copper and are fused directly to one another

without the presence of a low nelting tenperature netal such
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as a solder or tin between the conductive posts. Preferably,
in order to achieve a strong bond, the joining surfaces of the
conductive posts 608, 610 nust be clean and substantially free
of oxi des, e.g., native oxi des, bef ore the conductive
posts 608, 610 are joined to the termnals. Typi cal |y, a
process characterized as a surface treatnent of etching or
mcro-etching can be perforned to renpve surface oxides of
noble netals such as copper, nickel, aluminum and others, the
surface etching process being performed w thout substantially
affecting the thicknesses of the bunps or netal layer which
underlies them This cleaning process is best perforned only
shortly before the actual joining process. Under conditions
in which the conponent parts are nmintained after cleaning in
a nornal hum dity environnent of between about 30 to 70
percent relative humidity, the cleaning process can usually be
performed up to a few hours, e.g., six hours, . before the
joining process wthout affecting the strength of the bond to
be achieved between the bunps and the capacitor termnals.
[0088] As illustrated in FIGS. 10-11, during a process
performed to join the conductive posts 608, 610, a spacer
structure 726 is -placed on the top surface 601 of the
substrate 602. The spacer structure 626 can be formed of one
or nore nmaterials such as polyimde, ceranmic or one or nore
nmetals such as copper. The mcroelectronic elenent 604 from
whi ch conductive posts 610 extend are placed above the spacer
structure 626, such that the tips 628 of the conductive
posts 610 of the mcroelectronic el ement 604 overlie the.
tips 616 of the conductive posts 608 of the substrate 602.
Ref erri ng to FIG 10, t he spacer structure 626,
m croel ectronic el ement 604 and substrate 602 are inserted
between a pair of plates 640 and heat and pressure are
si mul t aneousl y appl i ed to the conductive posts in the
directions indicated by arrows 636. As illustrated in FIG o9,
the pressure applied to plates 640 has an effect of reducing
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the height of the conductive posts to a height H6 |ower than

an original height H5 of the conductive posts 608, 610 as

originally fabricated (FIG 100 . An exenplary range of
pressure applied to during this step is between about
20 kg/cn2 and about 150 kg/cnR. The joining process is
performed at a tenperature which ranges between about 140
degrees centigrade and about 500 degrees centi grade, for
exanpl e .

[ 0089] The joining process conpresses the conductive posts

608, 610 to an extent that netal from below. the forner top
surfaces of the conductive posts 608, 610 comes into contact
and joins under heat and pressure. As a result of the joining
process, the height of the . conductive posts 608, 610 nmay
decr ease by one mcron or nore. When the conductive
posts 608, 610 consi st essential ly of copper, the joints

between the conductive posts also consist essential ly of

copper, thus formng continuous copper structures i ncl udi ng
the bunps and termnals. Ther eafter, as illustrated in
FIG 9, the plates and spacer structure are renoved, leaving a

subassenbly 250 having conductive colunms 606 forned from the
conductive joinder of the conductive posts 608, 610.

[ 0090] Referring to FIG 12, another -alternative enbodi nent
in accordance wth the present invention is shown. The only
difference here is that instead of a single layer substrate, a
mul tilayer substrate my be used, such as the nmultilayer
substrates described in US. Appln. No. | 60/ 964, 823, filed on
August 15, 2007, and entitled I nt erconnecti on El enent with
Posts Forned by Plating; Us. Appln. No. 60/964, 916 filed
August 15, 2007, and entitled Mul til ayer Substrate Wth
I nterconnection Vias and Method of Manufacturing the Sane; and
uU. S Patent  Application No. - 11/ 824, 484, filed on June 29,
2007, and entitled Mul til ayer Wring El emrent Havi ng Pin
Interface, the disclosures of which are incorporated her ei n.

As shown, the nultilayer -substrate 702 is joined in flip-chip
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manner Wi th a m croel ectronic el enent 704, e.g., a
sem conductor chip having active devices, passive devices, or
both active and passive devices thereon. The tips 716 of the
conductive posts 710, which protrude from the top surface 701.
of the nultilayer substrate, are joined as described herein to
‘conductive posts 710 ext endi ng from the m croel ectronic
el enent . As shown, the conductive posts 708 of the multilayer
substrate 702 can be joined  directly to the conductive
posts 710 extending from the front surface mcroelectronic
el ement , such as through a diffusion bond forned between a
finished netal at the tips 160 of the posts, e.g., gold, and
another nmetal present in the conductive pads and the posts.
Al ternatively, the conductive posts 708, 710 posts can be
joined together through a fusible netal such as a solder, tin
or a eutectic conposition, the fusible netal wetting the posts
and the pads to form wetted or soldered joints. For exanpl e,
the fusible netal can be provided in form of solder bunps (not
shown) , exposed at a front surface 722 of the nicroelectronic
el enent 704, the bunps being provided at the ends of either or
both of the tips of the conductive posts.

[ 0091] The conductive colums my also be wutilized in
st acked packagi ng, such as those packages descri bed in
cormmonly owned applications U S. Appln. No. 60/963,209, filed
August 3, 2007, and entitled Dy e Stack Package Fabricated at
the Wafer Level with Pad Extensions Applied To Reconstituted
Vaf er El enent s; u. S Appl n. No. 60/964, 069, filed
August 9, 2007, and entitled Wafer Level Stacked Packages wth
I ndi vi dual Chip Selection; U S.  Appln. No. 60/962, 200, filed

July 27, 2007, and entitled Reconstit ut ed Waf er St ack
Packaging wth After-Applied Pad Extensions; and U. S. Appln.
No. 60/936,617, filed June 20, 2007, and entitled

Reconstituted WAifer Level Stacking.
[0092] For exanpl e, w th ref erence to FIG 13, in an

alternative enbodinent, a stacked package assenbly includes a
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first subassenbly 800 and a second subassenbly 802. The first
and second subassenblies are virtually i denti cal to the
packaged microelectronic element shown in FIG 2, except for
the fact that the substrates 806, 806 extend further out to
accomuodat e conducti ve colums 808 extending bet ween t he
substrates 806, 806' of the first and second subassenblies.
The conductive colums 808 also include a conductive post 812
ext endi ng from the substrate t hat connects to vias 814
extending through the top and bottom surfaces of the substrate
on the second subassenbly.

[ 0093] FIG 14 is a schematic illustration of a tri-netal
substrate 10. The tri-metal substrate 10 has a trace |ayer
12, an etch stop layer 14, a thick layer 16, and a top surface
18. The trace layer 12 and the thick layer 16 may be forned
of a readily etchable first netal such as copper, while the
etch stop layer 14 nmay be forned of a metal, such as nickel,

which is substantially resistant to etching by a process used

to etch copper. Al t hough, copper and nickel are recited, the
substrate 10 nay be formed of any suitable nmaterial as
desired.

[ 0094] FIG 15 is a schematic illustration of the tri-netal

substrate 10 of FIG 14 with a layer of a first photoresist
20. The first photoresist 20 is deposited onto the top
surface 18. The first photoresist 20 may be any type of
material that hardens or wundergoes a chenmical reaction when
exposed to radiation such as light. Thus, any etch-resistant
mat eri al maybe wused. Positive and negative photoresists nay
also be utilized and are known in the art.

[ 0095] FIG 16 is a perspective. schematic illustration of
the tri-netal substrate of FIG 14 with the layer of first
phot or esi st 20 and a nmmsk 22. The mask 22 is often a
transparent plate wth opaque areas printed on it called a
phot omask or shadowrask, creating a pattern 24 on the mask 22

with areas covered by the msk 22, denoted by reference
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nurmeral 26, and areas not covered by the nmask 22, denoted by
reference nuneral 28. The pattern 24 with the covered and
uncover ed ar eas, 26 and 28, respectively, al | ows f or

selectively exposing parts of the first photoresist 20 to

radi ation .

[ 0096] Once the mask 22 is placed atop the first
phot or esi st 20, radi ation is provided. Most often the
radiation is in the form of ultraviolet [light. This radiation

exposes the first photoresist 20 at the wuncovered areas 28

resulting in making the uncovered areas 28 insoluble. The
opposite is true when a negative photoresist is used: the
covered areas 26 beconme insoluble. After exposing the first
photoresist 20, the mask 22 is renoved. The first photoresist

20 is then developed by washing with a solution which renoves
the first photoresist 20 in the locations where the first
phot or esi st 20 has not becone i nsol ubl e. Thus, t he
phot or esi st exposure and devel opment |eaves a pattern of
insoluble material on the top of surface 18 of the substrate
10. This pattern of insoluble material mrrors the pattern 24
of the mask 22.

[ 0097] After exposure and devel opnment of the photoresist,

the substrate is etched as shown in FIG 17. Once a certain

dept h of et chi ng is reached, the etching process is
i nterrupted. For exanpl e, the etching process can be
termnated after a predetermined tine. The etching process

| eaves first mcrocontact portions 32 projecting upwardly from
substrate 10 at the thick Ilayer 16. As the etchant attacks
the thick layer 16, it renoves material beneath the edges of
first photoresist 20 allowwing the first photoresist 20 to
project laterally from the top of first mcrocontact portions
32, denoted as overhang 30. The first photoresist 20 remains
at particular locations as determned by the mask 22.

[ 0098] Once the thick layer 16 has been etched to a desired
depth, a second |ayer of photoresist 34 (FIG 18) is deposited
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on the tri -nmetal substrate 10. In this instance, the second
phot or esi st 34 is deposited onto the thick layer 16 at the
| ocations where the thick | ayer 16 has been previously etched.
Thus, the second photoresist 34 also covers the first
mi cr ocont act portions 32. | f usi ng el ectrophoretic
phot or esi st s, the second photoresist 34, due to its inherent
chem cal properties, does not deposi t onto the first
phot or esi st  20.

[ 0099] At the next step, the substrate with the first and
second photoresists, 20 and 34 is exposed to radiation and
then the second photoresist is devel oped. As shown in FIG

19, the first photoresist 20 projects laterally over portions
of the thick layer 16, denoted by overhang 30. Thi s overhang
30 prevents the second photoresist 34 from being exposed to
radiation and thus prevents it from being developed and
renoved, causing portions of the second photoresist 34 to
adhere to the first mcrocontact portions 32. Thus, the first
photoresist 20 acts as a mask to the second photoresist 34.
The second photoresist 34 is developed by washing so as to
renove the radiation exposed second photoresist 34 . Thi s
| eaves the unexposed portions of second photoresist 34 on the
first mcrocontact portions 32.

[0100] Once portions of the second photoresist 34 have been
exposed and devel oped, a second etching process is perforned,
renoving additional portions of the thick layer 16 of the tri-
net al substrate 10, t her eby form ng second microcont act
portions 36 below the first mcrocontact portions 32 as shown
in FIG 20. During this step, the second photoresist 34,
still adhered to first mcrocontact portions 32, protécts t he
first mcrocontact portions 32 from being etched again.

[0101] These steps may be repeated as many tines as desired
to create the preferred aspect ratio and pitch. formng third,
fourth or nth mcrocontact portions. The process may be
stopped when the etch-stop layer 14 is reached. As a final
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st ep, t he first and second phot or esi sts 20 and 34,
respectively, may be stripped entirely. _
[0102] These processes result in mcrocontacts 38 shown in
FIGS. 21A through 21D These figures also illustrate the
various * profiles that my be achieved wusing the processes
descri bed her ei n. . Referring to FI GS. 21A-21C, t he
m crocontacts 38 have a first portion 32, also known as a tip
region, and a second portion 36, also referred to as the base
regi on. Provided that the spots of first photoresist wused in
the steps discussed above are circular, each mcrocontact wll
be generally in the form of a body of revolution about a
central axis 51 (FIG 21A) extending in a vertical or Z
di rection, upwardly from the remainder of the substrate and

general ly perpendi cul ar to the plane of the etch stop |ayer

14. The wdths or dianmeters X of the first and second
portions vary wth position in the Z or height direction
within each portion. Stated another way, wthin the first
portion, X=Fl1 (7, and within the second portion X=F2 (2 . The

slope or dX/dZ may change abruptly at the boundary 52 between
the first and second portions. Wthin each portion, the slope
or dX/dzZ typically does not change abruptly wth -position in
the Z direction and thus, does not define a step change.
Wthin each portion, typically the slope or dX/dZ changes at
nmost gradually wth position in the Z direction.

[0103] As further seen in FIG 21A the circunferential
surface 44 of the first portion 32 of the mcrocontact regi on
and - the circunferential surface 46 of the second portion 38
are concave - surfaces, and each has a slope or dxX/dZ which

changes at npbst gradually wth position in the Z direction.

Wth respect to each of the circunferential surfaces of the
m crocontacts described herein (e.g., surface 44, or surface
46 (FIG 21A) ), "concave" neans that at every height between
the boundaries of the circunferential surfaces (e.g., at every

hei ght 29 between an upper boundary 19 of the circunferential
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surface 44 and a |ower boundary 52 of that circunferential
surface 44 (FIG 21E) ), the circunferential surface encloses a
smaller dianeter 25 than the dianeter, at the sane height 29,

enclosed by a theoretical <conical surface defined by a series

of straight lines extending between the boundaries. For
exanpl e, every point on circunferential surface 44 between
boundaries 19, 52 lies inward from the theoretical coni cal
surface 48 defined by a series of straight Ilines extending

through the boundaries 19, 52.

[0104] The particular functions and hence the shape of the
m crocontacts are determined by the etching conditions used in
the first and second etching steps. For exanpl e, t he
conposition of the etchant and etching tenperature can be
varied to vary the rate at which the etchant attacks the netal

| ayer. Al so, the nechanics of contacting the etchant wth the
nmet al |ayer can be vari ed. The etchant can be sprayed
forcibly toward the substrate, or the substrate can be dipped
into the etchant. The etching conditions nay be the same or

different during etching of the first and second portions.

[0105] In the mcrocontacts shown in FIG 21A, t he
circunferenti al surfaces 44, 46 of each of the first and
second portions 32, 36 are concave. In addition, in the

enbodi ment of FI G 21A, the first portion 32 has a

circunferenti al surface 44 which flares outwardly in the
downward - direction, so that the nmmagnitude of the slope or
dX/dZ increases in the downward direction. The second portion

36 also has a circunferenti al surface 46 flares outwardly; the

magni tude of the slope or dX/dZ of the second is at a mninmm

at boundary 52, and progressively increases in the direction
toward the base of the post. There is a substantial change in
slope at boundary 52. The nmaxinmum width or dianmeter X of the

second portion, at the base of the mcrocontact where the
m crocont act joins layer 14, is substantial greater than the

maxi rum wi dth or dianeter -of the first portion.
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[ 0106] In each of the enbodinents seen in Figs. 21A-21D,
t he circunferential surface of each portion of each
m crocont act is concave. These enbodi ments vary in other
ways. For exanple, in FIG 21B, the maximm w dth of second

portion 36 is only slightly greater than the maximum w dth of
first portion 32 Also, the second portion has a mninmm
width at a location between the base of the post and the
boundary 52, so that the wdth gradually decreases in the
upward direction to the mnimum and then progressively

increases in the wupward direction from the mninum to the
boundary 52. Such a shape is comonly referred to as a
"cooling tower" shape. In the mcrocontacts of FIG 21B, the
slope or dX/dZ changes sign at the boundary 52 between the
portions. In FIG 21C, the second portion 36 has its m ninmm
wi dth near the base of the m crocontact

[0107] Last |y, FI G 21D illustrates a profile of a
m crocontact 38 having nore than two portions. This type of

profile may result in the event the steps of the processes

described herein are perforned nunerous tines. Thus, it can
be seen that this particular m crocont act 38 has four
portions, t he first and second portions 32 and 36,
respectively, and third and fourth portions, 40 and 42,
respectively. These . four portions my have any dinension and
be wider or slimer than another portion as desired. In this
instance, there may be greater than one boundary. FIGS. 21A-

21D are only representative profiles and a variety of profiles
may be achi eved. The first portion 32 can also be referred to
as the tip region, the fourth portion 42 can also be referred
to as the base region, and the second portion 36 and the third
portion 40 can be referred to as internediate regions.

[0108] Al though arrays including only two mcrocontacts or
posts are depicted in each of FIGS. 21A-21D, in practice, an
array of posts including numerous posts can be forned. In the
enbodi rents depicted in each of FIGS 21A-21D, - all of the
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m crocontacts or posts in the array are formed from a single
metallic layer 16 (FIG 27) . Each m crocontact overlies a

portion of the etch stop I|ayer 14 at the base of the

m cr ocont act , wher e the m crocontact connect s to metallic
| ayer 12. As discussed bel ow, the etch stop |Iayer 14
typically is renoved in regions between the mcrocontact, and

nmetallic layer 12 typically is etched or otherwise treated to
convert it into traces or other conductive features connected
to the mcrocontact. However, the body of each microcontact,
from its base to its tip, is a unitary body, free of joints
such as welds, and having substantially uniform conposition
t hr oughout . Al so, because the tip surfaces 18 of the
m crocont act s, at the ends of the mcrocontacts renmote from
»I ayers 12 and 14, are portions of the original  top surface 18
of met al |ayer 16 (FIG 14), t hese tip surfaces are
substantially flat and horizontal, and the tip surfaces of all

of the mcrocontacts are substantially copl anar with one

anot her
[0109] In an alternate enbodinent, rather than renpove the
first photoresist 20 only at selected |locations after the

first etching step, the entire first photoresist 20 may be

removed. In this instance, the second photoresist 34 may be
deposited over the entire surface of the substrate 10. Then
the mask 22 is placed onto the second photoresist 34 . The

mask 22 rnust be properly aligned so as to expose only at the
| ocati ons previ ously exposed, on the first m crocont act
portions 32. The second photoresist 34 is then devel oped and
further etching may be performed on the substrate 10.

[0110] FI G 22 is a flowhart depi cting t he first
enbodi nent . Beginning at step 1100, a substrate is provided.
Then at step - 1102,  a photoresist n is deposited onto the
substrate. Then at step 1104, a mask is placed atop the
phot or esi st n. At step 1106 the photoresist n is exposed to

radi ati on. Subsequently, at step 1108 the mask is renoved and
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then at step 1110, the photoresist n is developed at select
| ocations and the substrate is etched.

[0111] Next, another photoresist is deposited, known as n+l
at step 1112. Then, at step 1114, this n+l photoresist is
exposed to radiation. Subsequent |y, at step 1116, t he
phot or esi st ntl is renoved at select | ocati ons and the
substrate is etched again. Then, it is evaluated whether the

desired nicrocontact height has been achieved at step 1118.
If the desired nicrocontact height has not been achieved, at
step 1120, the process returns to step 1112 and another
photoresist is deposited onto the substrate. If the desired
hei ght has been achieved at step 1122, then the remaining

photoresists ‘are renpbved at step 1124 and the process ends.

[0112] FI G 23 is a flowhart depi cti ng a second
enbodi nent . Steps 1200-1210 of. the second enbodinment nmnirror

steps. 1100-1110 of the first enbodi nent. However, at step
1212, the entire photoresist n is renoved. Then, at step

1214, another |ayer of photoresist n+l is deposited onto the
substrate. Next, the nask is placed back onto the substrate
at step 1216. During this step, the mask nust be aligned such
t hat its pattern is situated in substantially the sane
| ocation as when the mask was placed on the photoresist n.
Subsequently, at step 1218, the photoresist n+l is exposed to

radiation and the mask is renpved.

[0113] Next, at step 1220, photoresist n+l is selectively
removed and the substrate is etched again. This process nay
also be repeated until the desired nicrocontact hei ght is
achi eved. Thus, at step 1222, it is evaluated whether the
desired mcrocontact height has been achieved. If the

preferred height has not been achieved at step 1224, then the
process returns to step 1212 where the photoresist is renpved
entirely and another photoresist n+l is deposited and the
steps continue thereon. However, if the desired height has
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been achieved at step 1224, the remaining photoresist is
renoved at step 1228 and the process ends.

[0114] The etch-stop layer 14 and the thin layer 12 may be
united with a dielectric layer and then thin layer 12 may be

etched to form traces so as to provide a conponent wth the

m crocontacts connect ed to t he traces and with t he
m crocontacts projecting from the dielectric |I|ayer. Such a
structure can be used, for exanple, as an el ement of a
sem conduct or chip package. For exanpl e, u. S Pat ent

Application Serial No. 11/ 318, 822, filed Decenmber 27, 2005,
the disclosure of which is hereby incorporated by reference
herein, may be used.

[0115] The structure described herein may be an integral

part of a nmultilayer substrate 10, for instance, the top |ayer

of a nmltilayer substrate 10, as shown in FIG 24,
M crocontacts 38 may be soldered to the die 54. The solder 56
may wck around a portion of the mcrocontacts 38. W cki ng

provides very good contact between the mcrocontacts 38 and
the die 54, O her bonding processes besides solder 56 may
al so be used. Surrounding the mcrocontacts 38 is underfill

58, used to adhere the die 54 to the mcrocontacts 38 and the

substrate 10. Any type of underfill 58 may be used as desired
or underfill 58 may be omtted. Bel ow the mcrocontacts 38
are traces 60 and a dielectric |ayer 62. Termnals 64 are

di sposed at the bottom of the substrate 10.

[0116] Certain packages include mcroelectronic chips that
are stacked. This allows the package to occupy a surface area
on a substrate that is less than the total surface area of the
chips in the stack. Packages which include mcrocontacts

fabricated using the processes recited herein my be stacked.

Reference is nmade to co-pending U'S. Patent Application Serial

No. 11/ 140, 312, filed My 27, 2005; and U. S Pat ent No.

6, 782,610, the disclosures of which are hereby incorporated by
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ref erence. The mcrocontact etching steps taught in these

di scl osures may be replaced by the processes discussed herein.

[0117] Although a tri-netal substrate is discussed above, a
suitable substrate having any nunber of layers may be
utilized, such as for exanple a single netal. Addi tionally,

rather than use a photoresist, an etch-resistant netal such as
gold or other netal substantially resistant to the etchant
used to etch the thick netallic layer, my be used. For
exanple, the etch-resistant nmetal can be used in place of the
first photoresist 20 discussed above. Spots of etch-resistant
netal may be plated onto the top of the thick layer 16 after
applying a mask such as a photoresist wth holes at the
desired locations for the spots. After plating the etch-
resistant netal onto the top of the thick layer, the thick
layer is etched to form the nmicrocontacts as discussed above.
The etch-resistant nmetal nmay be left in place on the tip of
the m crocontact. In the event an etch-resistant netal is
used, as a second etch-resistant material (in place of second
photoresist 34 discussed above) , a mask may be used to limt
deposition of the second etch-resistant netal to only the
first portions 32 of the mcrocontacts, so that the areas
between the mcrocontacts remain free of the etch-resistant
net al . Alternately, the entire first layer of etch-resistant
netal may be renoved upon etching first mcrocontact portions
32, then a second |ayer of etch-resistant net al may be

deposited to protect the first mcrocontact portions 32.

[ 0118] Wth reference to FIG 25, a mcroelectronic wunit 70
is shown having mcrocontacts 72. The microcontacts 72 have
an etch stop layer 74 The mcrocontacts 72 project

vertically from a netallic layer that has been formed into
traces 76. There nmay be gaps or spaces 78 between the traces
76. A first layer of dielectric 80 nmay be adhered to a bottom
side of the unit 70 adjacent the traces 76. Qpenings 82 in
the first . |ayer of‘dielectri.c 80 allow the traces 76 to form
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el ectronic contacts. A second layer of a dielectric 84 may be
formed on a top side of the unit 7o0.

[0119] The m crocontacts fornmed from these processes nay
have a typical height ranging from about 40 mcrons to about
200 m crons. Further, the typical pitch between nmicrocontacts

may be less than about 200 microns, preferably Iess than 150
m crons. In particular, in reference to FIG 26, t wo
m crocontacts are shown having a tip dianeter d and a
m crocontact height h. A pitch P is defined by the distance

between the longitudinal axes of the two mcrocontacts.

[0120] In many appl i cati ons, particularly wher e
m crocont acts are used connect ed to contacts of a
sem conduct or chip as, for exanple, in a structure as
di scussed below with reference to FIG 27, it is desirable to
provide a small pitch. However, in a process where the
m crocontacts are formed from a single netal layer by a single
etching process, it -is normally —not practical to nake the

pitch P less than a certain mnimum pitch PO which is equal to
the sum . of the diameter d plus the height hn. Thus, PO=d+h.

In theory, the minimum pitch could be reduced by reducing the
tip dianeter d. However, it is inpossible to nmake the tip
di amet er |l ess than zero. Mor eover, in nmany . cases it is
undesirable to reduce the tip diameter below about 20 or 30
m crons. For exanple, the adhesion - - between the tips of the
pins and spots of photoresist used to protect the tips during
etching is proportional to the area of the tips, and hence to
the square of the tip dianeter. Therefore, wth very snall

tip diameters, the photoresist spots can be dislodged during
processi ng. Thus, using conventional processes, it has been

difficult to form microcontacts wth very small pitch.

[0121] However, the pitch between mcrocontacts using the
process recited herein can be less than Po, (P<Po) , for
exanple, pr=(0.9P0 or |ess. For instance, if the dianeter d

of the tip is 30 mcrons. and the height h is 60 nmicrons, a
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conventional process would achieve a pitch Po of 90 mcrons.
However, the process described herein, wth at least two
etches, can achieve a pitch P of about 80 mcrons or |Iess.
Stated another way, the nulti-step etching process allows
formation of wunitary netallic mcrocontacts or posts from a
single netallic layer with conbinations of pitch, tip dianmeter
and height not attainable in conventional etching processes.
As the nunber of etching steps increases, the m ninum
attai nabl e pitch for a given tip dianeter and hei ght
decr eases .

[0122] Referring now to FIG 27, a mcroelectronic package
90 is shown wusing a package elenment or chip carrier having
m crocont acts 38 as discussed above. The chip carrier
includes a first dielectric layer 62 which may be formed from
a material such as polyimde, BT resin or other dielectric
matérial of the type commonly wused for chip carriers. The
chip carrier also includes traces 60 connected to some or all
of “the mcrocontacts 38. The traces incorporate termnals 61.
The mcrocontacts 38 project from a first side of dielectric
| ayer 62, facing upwardly as seen in FIG 27. Dielectric
| ayer 62 has openings 82, and termnals 61 are exposed at the
second or downwardly facing surface of the first dielectric
| ayer 62 through openings 82. The carrier further includes an
optional second dielectric I|ayer 8a4.

[0123] The tips of mcrocontacts 38 are bonded to contacts
55 of a mcroelectronic elenent such as a sem conductor chip
or die 54. For exanple, the tips of the mcrocontacts may be
sol der - bonded to the contacts 55 of the mcroelectronic
el enent . O her bonding processes, such as eutectic bonding or
diffusion bonding, may be enployed. The resulting packaged
m croel ectronic elenent has some or all of contacts 55 on the
m croel ectronic el enent connected to termnals 61 by the
m crocont acts and traces. The packaged m croel ectronic
elenent may be nmounted to a circuit panel 92, such. as a
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printed «circuit board by bonding termnals 61 to pads 94 on
the circuit board. For instance, pads 94 on the circuit panel

92 may be soldered to the termnals 61, at openings 82, using
sol der balls 96.

[ 0124] The connection between the mcrocontacts 38 and the
contacts 55 of the mcroelectronic el ement can provide a

reliable connection even where the contacts 55 are closely

spaced. As discussed above, the mcrocontacts 38 can be
f or med with reasonabl e tip dianmeters and hei ght . The
appreci abl e tip dianeter can provide substanti al bond area
between the tip of each mcrocontact and the contact of the
m croel ectronic el ement . In service, differential t her mal

expansi on and contraction of the .chip 54 relative to the

circuit panel 92 can be accompdated by bending and tilting of

m crocont acts 38. This action is enhanced by the height of
the mcrocontacts. Mor eover, because the microcontacts are
f or med from a conmon net al | ayer, the . heights of t he
m crocontacts are uniform to wthin a very close tolerance.

This facilitates engagenent and formation of . robust bonds

between the microcontact tips with the contacts of the chip .or
other mcroelectronic el ement
[ 0125] The structure of the <chip carrier can -be varied.

For exanpl e, the chip carrier nmay include only one dielectric

| ayer. The traces my be disposed on either side. of the
dielectric |ayer. Al ternatively, the chip carrier my include
a nulti-Ilayer dielectric, and may include  nultiple |ayers of
traces, as well as. other features such as electrically

conductive ground planes.

[0126] A process for further enbodinment of the " invention
uses a structure havi ng post portions 1550 (FIG 28)
projecting from a surface 1526 such -as a surface of dielectric

| ayer 1510. Post portions 1550 may be forned by any process,
but desirably are fornmed by an etching process simlar to

t hose discussed above. After formation of portions 1550, a

-37-



WO 2012/006403 PCT/US2011/043152

metallic or other conductive layer 1502 is applied over the
ti ps 1533 of post portions 1550. For exanple, layer 1502 may
be lamnated on the structure incorporating portions 1550, and
metallurgically bonded to the tips of post portions 1550.

Layer 1502 is selectively treated so as to renove mmterial of
the layer renote from post portions 1550, but |eave at |east
part of the layer thickness overlying post portions 1550, and
thereby form additional post portions 1504 (FIG 29) aligned
W th post portions 1550, and t hus form conposite
mcrocontacts, each including a proxinal post portion 1550
close to the substrate and a distal post portion 1504 renote
from the substrate, the distal portion projecting in the
verti cal or z direction  from the proximal portion. The
treatnment applied to layer 1502 may include an etching process
as discussed above, using spots of an etch-resistant mat eri al

1506 aligned with post portions 1550. A protective layer such
as a dielectric encapsulant 1508 may be applied to cover post
portions 1550 before etching |ayer 1502. Alternatively or
addi tional |y, post portions 1550 my be plated or - otherw se
covered wth an etch-resistant conductive material such as
ni ckel or gold before etching |ayer 1502.

[0127] The process of building up successive post portions
my be repeated so as to form additional portions on portions

1504, so that mcrocontacts of essentially any length can be

f or med. The long mcrocontacts provide increased flexibility
and novenent of the post tips. Where one or nore dielectric
encapsulant layers are left in place around the already- forned

post portions, such as layer 1508 in FIGS. 28 and 29, the

encapsul ant desirably is conpliant so that it does not
substantially limt fl exure of t he posts. In other
enbodi nent s, the encapsulant is renpbved before the conponents
are used. Al t hough the mcrocontacts are illustrated in

conjunction wth a dielectric substrate 1522 and traces 1528
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si'm'lar to those discussed above, this process can be used to
fabricate mcrocontacts on essentially any structure.

[0128] As shown in FIG 29, each mcrocontact has a
horizontal or width dinension x which varies over the vertical

or z-direction extent of the proximal post portion 1550 and
which increases abruptly, in substantially stepwi se fashion,

at the juncture between the proxinmal post portion 1550 and the

distal portion 1504, and varies along the vertical extent of

the distal portion. The slope of the variation in width wth
vertical | ocation also <changes abruptly at the juncture
between the post portions. The pattern of variation of the

hori zontal or width dinension within each post portion depends
upon the process used for etching or otherwise formng such
post portion. For exanpl e, in a further enbodinent, t he
distal post portions 1504 nay be forned by a nmulti-stage
etching process as discussed above, so that each distal post
portion i ncl udes different sub- portions W th different
functions defining the variation of width x in the vertical or
z direction.

[0129] Reference is also made to the following, which are
hereby incorporated by reference: u. S Patent  Application
Serial Nos. 10/985,126, filed Novenmber 10, 2004; 11/318, 822,
filed Decenber 27, 2005; 11/318,164, filed Decenber 23, 2005;
11/ 166, 982, filed June 24, 2005; 11/140, 312, filed My 27,
2005; and U S. Patent No. 7,176, 043.

[ 0130] Processes for formng posts such as used herein can
be as described in United States Patent Application No.
11/717,587, which is incorporated by reference herein.

[0131] Reference is now made to FIG 30, which illustrates
a cross-sectional view of a packaged mnicroelectronic assenbly
900 in accordance with a variation of the assenbly shown and
descri bed above with respect to FIGS 1A-2A, in which posts
916 extending from a front surface of the mcroelectronic

el ement. 902 include nultiple-etched conductive posts.
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[0132] As shown, in this vari ation, t he packaged
mcroelectronic assenbly 900 includes a substrate 901 such as
that shown and described above with respect to FIG 1A The
assenbly also includes a microelectronic elenment 902 in a face
down or flip-chip position and conductive colunms 903 joining
t he substrate with the mcroelectronic el ement . The
conductive colums 903 include conductive bunps or posts 912
that protrude above a mmjor surface 906 of the substrate 901
that are aligned with conductive bunps or posts 916 protruding

above a front surface 909 of the mcroelectronic elenment 902.

[0133] The m croel ectronic el ement 902 has a front
surface 909. The nicroelectronic elenent 902 preferably is a
sem conduct or chip or t he like. For exanpl e, t he
mcroelectronic element may be a bare die. The posts: 916 may

extend from bond pads 908 exposed at the front surface 909 of
the mcroelectronic elenment 902.

[0134] As shown in FIG 30, the conductive colums 903
i ncl ude solder conductively i nt erconnecting the conductive
posts 912 and 916, thereby creating the conductive colums 903

t hat ext end from the mcroelectronic el enent 902 to the

substrate  901. The conductive colunms 903 nmy be bonded
together by any process, nmaterial, or conmbination of materials
di sclosed herein wth reference to other enbodinents. For

exanpl e, the conductive colums 903 nmay be bonded together by
eutectic bonding or anodic bonding between the posts and the

material .of the cover.

[ 0135] The posts 912 nmay be any type of conductive posts,
i ncluding any type of conductive posts disclosed herein wth
reference to other enbodinents. For exanple, the posts 912
may have any shape, including frustoconical . The base and tip

of each of the <conductive ©posts 912 my be substantially
circular or have a different .shape, e.g., oblong.

[0136] More specifically, the posts 912 extending from the
substrate 901 may be the posts 108 shown in FIGS. 1A 1C, 2,
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and 2A, such that the posts 916 extending from the
m croel ectronic el enent 902 nmmy replace the corresponding
posts 110, each of which may include a cap of solder 130.

[0137] Prior to joining the posts 912 to the posts 916, the
posts 912 my be the posts 208 shown in FIG 5 and each
including a cap of solder 230, such that the posts 916 nmay
replace the corresponding posts 210. The posts 912 may be the
posts 308 shown in FIG 6 and each including a cap of solder
330, such that the posts 916 may replace the corresponding
posts 310, each of which nmay also include a cap of solder 330.
[0138] In a particular enbodinent, the posts 912 may be the
posts 508 shown in FIG 8, such that the posts 916 mmy replace
the corresponding posts 510. In such an enbodi ment, the posts
912 and 916 preferably are made from a nmlleable material wth
m ni mal resi stance or spri ng- back as, for exanpl e,
substantially pure gold, and each post is configured to be
deforned into engagement with a corresponding post wthout the

use of sol der.

[0139] The posts 912 may be the posts 608 shown in FIGS. 9-
11, such that the posts 916 may replace the corresponding
posts 610. In such an enbodinent, the posts. 912 and 916
pref erably are conprised of copper, and each post is

configured to be fused directly to a corresponding post
without the presence of a low nelting tenperature nmetal such
as a solder or tin between the conductive posts.

[0140] The posts 912 may be the posts 708 of the multilayer
substrate 702 shown in FIG 12, such that the posts 916 nay
replace the corresponding posts 710. In such an enbodinent,
the posts 912 <can be joined directly to the posts 916
extending from the mcroelectric element 902, such as through
a diffusion bond forned between a finished netal at the tips
of the posts, - e.g., gold, and another nmetal present in the
conductive pads and the posts. Al ternatively, the posts 912

and 916 can be joined together through a fusible netal such as
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a solder, tin or a eutectic conposition, the fusible netal
wetting the posts and the pads to form wetted or soldered
joints .

[0141] The posts 912 may be the posts 812 and the other‘
posts extending from the substrates 806, 806' shown in FIG
13, such that the posts 916 nmay replace the corresponding
posts 810, 810'. In such an enbodi nent, the posts 912 and 916
may be used in a stacked package assenbly such as the
assenblies 800, 800' shown in FIG 13.

[0142] The posts 912 and 916 nmay be used with a nultilayer
substrate, such as the nultilayer substrate 10 shown in FIG
24, The posts 912 may be the nicrocontacts 38 shown in FIG
24, and the posts 916 my extend from a mcroelectronic
el enent or other conponent such as the die 54, such that the
posts 912 nay be bonded to the posts 916 using solder or other
post bondi ng processes described - herein.

[0143] The posts 912 may be the nicrocontacts 72 shown in
FI G 25, where the posts 912 project vertically from a
nmetallic layer that has been fornmed into traces 76.

[ 0144] The posts 912 may be the mcrocontacts 38 shown in
FIG 27, where the posts 912 extend from a. substrate that
i ncludes traces 60, openings 82, termnals 61, and an optional
second dielectric |ayer 84.

[ 0145] The posts 916 are multiple-etched conductive posts.
As shown. in FIG 30, the posts 916 are the sane as the dual-
etched mcrocontacts 38 shown in FIG 2IB. As descri bed above
with reference to FIG 21B, each post 916 will be generally in
the form of a body of revolution about a central axi s
extending in a vertical or Z direction, downwardly from the
m croel ectronic - element 902 and generally perpendicular to the
pl ane of the front surface 909.

[ 0146] In other enbodinments (not shown) , the posts 916 nay
be any mul ti pl e-et ched conducti ve post s, i ncl udi ng for

exanple, the nultiple-etched mcrocontacts 38 shown in FIGS.
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21A, 21C, and 2ID. Al though the posts 916 are shown as being
dual -etched in FIG 30, the posts 916 may undergo nore than
two etchings, such as four etchings as shown in FIG 2ID.

[0147] The posts 916 nmy be conposite microcontacts havi hg
the structure shown in FIGS. 28 and 29, in which each post 916
i ncl udes a proxinmal post portion 1550 cl ose to the
nm croel ectronic elenent 902 and a distal post portion 1504
renote from the mcroelectronic elenent

[0148] Reference is now made to FIG 31, which illustrates
a cross-sectional view of a packaged microelectronic assenbly
920 in accordance wth a variation of the assenbly shown and
described above with respect to FIGS 1A-2A, in which posts
932 extending from a top surface of the substrate 921 include
mul ti ple-etched conductive posts.

[0149] Packaged nmnicroelectronic assenbly 920 shown in FIG
31 is substantially the sane as packaged  rmicroelectronic
assenbly 900 shown in FIG 30, except that the posts 932
ext endi ng from the substrate 921 are mul ti pl e- et ched
conductive posts, such as the dual -etched mcrocontacts 38
showmn in FIG 21B, while the posts 936 extending from the
nm croel ectronic elenment 922 may be any type of conductive
posts, including any type of conductive posts disclosed herein
with reference to other enbodinents.

[0150] As shown, in this vari ation, t he packaged
m croelectronic assenbly 920 includes a substrate 921 such as
that shown and described above with respect to FIG 1A The
assenbly also includes a mcroelectronic element 922 in a face
down or flip-chip position, —and conductive colums 923 | oining
t he substrate with the mcroelectronic el ement . The
conductive colums 923 include conductive bunps or posts 932
that protrude above a major surface 926 of the substrate 921
that are aligned with conductive bunps or posts 936 protruding

above a front surface 929 of the microelectronic elenment 922.

=43 -



WO 2012/006403 PCT/US2011/043152

[0151] As shown in FIG 31, the conductive colums 923
include solder conductively i nt erconnecti ng the conductive

posts 932 and 936, thereby creating the conductive colunns 923
that extend from the mcroelectronic el ement 922 to the
substrate  921. The conductive colums 923 may be bonded
together by any process, material, or conbination of naterials

di scl osed herein with reference to other enbodi nents.

[ 0152] The posts 932 are multiple-etched conductive posts.

As shown in FIG 31, the posts 932 are the same as the dual-

et ched m crocont acts 38 shown in FIG 21B. In other

enbodi nent s (not shown) , the posts 932 nmay be any nultiple-

etched conductive posts, including for exanple, the nultiple-

etched mcrocontacts 38 shown in FIGS  21A, 21C, and 21D

Al though the posts 932 are shown as being dual-etched in FIG

31, the posts 932 may undergo nore than two etchings, such as
four etchings as shown in FIG 2ID. The posts 932 nmay be
conposite mcrocontacts having the structure shown in FIGS 28
and 29, in which each post 932 includes a proxinal post

portion 1550 <close to the substrate 922 and a distal post

portion 1504 renote from the substrate.

[ 0153] The posts 936 nmay be any type of conductive posts,
including any type of conductive posts disclosed herein wth
reference to other enbodinents. For example, the posts 936
may  have any shape, including frustoconical . The base and tip

of each of the conductive posts 936 nay be substantially
circular or have a different shape, e.g., oblong.

[ 0154] More specifically, the posts 936 extending from the
m croel ectronic element 922 my be the posts 110 shown in
FIGS. IB, -2, and 2A such that the posts 932 extending from
the substrate 921 my replace the corresponding posts 108.
Each of the posts 936 may include a cap of solder 130.

[ 0155] Prior to joining the posts 936 to the posts 932, the
posts 936 nmay be the posts 210 shown in FIG 5, such that the

posts 932 may replace the corresponding posts 208 that include
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a cap of solder 230. The posts 936 may be the posts 310 shown
in FIG 6 and each including a cap of solder 330, such that
the posts 932 may replace the corresponding posts 308, each of
which may also include a cap of solder 33o0.

[ 0156] In a particular enbodinment, the posts 936 may be the
posts 510 shown in FIG 8, such that the posts 932 may replace
the corresponding posts 508. In such an enbodi nent, the posts
932 and 936 preferably are nmade from a nmalleable material wth
m ni mal resi stance or spri ng- back as, for exanpl e,
substantially pure gold, and each post is configured to be
defornmed into engagenment wth a corresponding post wthout the
use of sol der .

[ 0157] The posts 936 . may be the posts 610 shown in FIGS. 9-

11, such that the posts 932 mmy replace the corresponding
posts 608. In such an enbodinent, the posts 932 and 936
preferably are conprised of  copper, and each  post is

configured to be fused directly to a corresponding post
without the presence of a low nelting tenperature netal such
as a solder or tin between the conductive posts.

[ 0158] The posts 936 may be the posts 810, 810° shown in
FIG 13, such that the posts 932 may replace the corresponding
posts extending from the substrates 806, 806" . In such an
enbodi nent, the posts 932 and 936 may be used in a stacked
package assenbly = such as the assenblies 800, 800" shown in
FIG 13.

[ 0159] The posts 932 and 936 may be used with a multilayer
substrate, such as the nultilayer substrate 10 shown in FIG
24. The posts 932 may be the microcontacts 38 shown in FIG
24, and the posts 936 may extend from a mcroelectronic
el ement or other component such as the die 54, such that the
posts 932 may be bonded to the posts 936 using solder or- other
post bondi ng processes described herein.

[ 0160] Reference is now made to FIG 32, which illustrates

a cross-sectional view of a packaged mcroelectronic assenbly
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940 in accordance wth a variation of the assenbly shown and
described above with respect to FIGS. 1A-2A, in which posts
952 extending from a top surface of the substrate 941 and
posts 956 ext endi ng from a front surface of t he
m croelectronic element 942 include nmnultiple-etched conductive
posts .

[0161] Packaged nmnicroelectronic assenbly 940 shown in FIG
32 is substantially the same as packaged rmicroelectronic
assenbly 900 shown in FIG 30 and packaged mcroelectronic
assenbly 920 shown in FIG 31, except that both the posts 952
extending from the substrate 941 and the posts 956 extending
from the microelectronic el enent 942 are rmultiple-etched
conductive posts, such as the dual-etched mcrocontacts 38
shown in FIG 2IB.

[0162] As shown, in this vari ation, t he packaged
nm croelectronic assenbly 940 includes a substrate 941 such as
that shown and described above with respect to FIG 1A The
assenbly also includes a microelectronic element 942 in a face
down or flip-chip position, and conductive colums 943 | oining
t he substrate with the mcroelectronic el ement . The
conductive colums 943 include conductive bunps or posts 952
that protrude above a major surface 946 of the substrate 941
that are aligned with conductive bunmps or posts 956 protruding
above a front surface 949 of the microelectronic element 942.
[0163] As shown in FIG 32, the conductive colums 943
i ncl ude solder conductively i nt erconnecti ng the conductive
posts 952 and 956, thereby creating the conductive colums 943
that extend from the mcroelectronic el ement 942 to the
substrate 941. The conductive colums 943 my be bonded
toget her by any process, nmaterial, or conbination of materials
di sclosed herein with reference to other enbodinents.

[0164] The posts 952 and 956 are nultiple-etched conductive
posts. As shown in FIG 32, the posts 952 and 956 are the

sane as the dual-etched m crocontacts 38 shown in FIG 21B.
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In other enbodinents (not shown) , the posts 952 and 956 nmay be
any nmultiple-etched conductive posts, including for exanple,

the nmultiple-etched mcrocontacts 38 shown in FIGS. 21A 21C,

‘and 21D

[0165] Al though the posts 952 and 956 are shown as the sane
as the dual-etched mcrocontacts 38 showmn in FIG 21B, in
ot her enbodi nents (not shown) , the posts 952 nmay have a

different nmultiple-etched shape than the posts 956, including
for exanple, where the posts 952 are shaped as shown in FIG

21A and the posts 956 are shaped as shown in FIG 21C, such
that first and second functions that determne the shape of
the posts 952 and that are deternined by the . etching
conditions wused in the first and second etching steps of the
posts 952 mmy be different than third and fourth functions
that determine the shape of the posts 956 and that are
determined by the etching conditions wused in the first and
second etching steps of the posts 956.

[ 0166] Al though the posts 952 and 956 are shown as being
dual -etched in FIG 32, either or both the posts 952 and 956
may undergo nore than two etchings, such as four etchings as
shown in FIG. 21D The posts 952 and 956 may be conposite
m crocontacts having the structure shown in FIGS. 28 and 29,

in which each post 952 and 956 includes a proxinal post
portion 1550 close to the substrate 942 and a distal post

portion 1504 renmote from the substrate.

[0167] More specifically, either or both of the posts 952
and 956 may include a cap of solder, as shown in FIGS. 1B, 1C
5, and 6.

[0168] Simlar to the enbodinent shown in FIG 8, the posts

952 and 956 nmay be made from a nalleable material wth mninal

resistance or spring-back as, for exanple, substantially pure
gol d, and - each post is configured to- be deforned into
engagemnent with a corresponding post  without the use of

sol der .
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[0169] Simlar to the enmbodinment shown in FIG 9, the posts
952 and 956 may be conmprised of copper, and each post may be
configured to be fused directly to a corresponding post
W thout the presence of a low nelting tenperature netal such
as a solder or tin between the conductive posts.

[0170] The posts 952 and 956 may be used in a stacked
package assenbly such as the assenblies 800, 800" shown in
FIG 13. The posts 952 and 956 may be used with a nultilayer
substrate, such as the nultilayer substrate 10 shown in FIG
24 .

[0171] Reference is now made to FIG 33, which illustrates
a cross-sectional view of a packaged mcroelectronic assenbly
960 in accordance with a variation of the assenbly shown and
described above wth respect to FIGS. 1A-2A, in which posts
972 extending from a top surface of the substrate 961 include
mul tipl e-etched conductive posts.

[0172] Packaged microelectronic assenbly 960 shown in FIG
33 is substantially the same as packaged mcroelectronic
assenbly 920 shown in FIG 31, except that the posts 976
ext endi ng from the mcroelectronic el ement 962 have a
frustoconi cal shape, such as any of the frustoconical posts or
m crocontacts di scl osed herein with reference to other
enbodi ment s.

[0173] As shown, in this vari ati on, t he packaged
m croelectronic assenbly 960 includes a substrate 961 such as
that shown and described above with respect to FIG 1A The
assenbly also includes a mcroelectronic elenent 962 in a face
down or flip-chip position, and conductive colums 963 joining
t he substrate with the mcroelectronic el ement . The
conductive colums 963 include conductive bunps or posts 972
that protrude above a mmjor surface 966 of the substrate 961
that are aligned with conductive bunps or posts 976 protruding

above a front surface 969 of the mcroelectronic elenent 962.
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[0174] As shown in FIG 33 the conductive colums 963
include solder conductively i nt erconnecti ng the conductive

posts 972 and 976, thereby creating the conductive colums 963
that extend from the mcroelectronic el ement 962 to the
Substrate  961. The conductive colums 963 nay be bonded
together by any process, mterial, or conbination of materials

di sclosed herein with reference to other enbodi nents.

[0175] The posts 972 are nultiple-etched conductive posts.

As shown in FIG 33, the posts 972 are the sane as the dual-
etched microcontacts 38 showmn in FIG 21 B. In other
enbodi nent s (not shown) , the posts 972 nmay be any nmultiple-

etched conductive posts, including for exanple, the nultiple-

etched mcrocontacts 38 shown in FIGS. 21A, 21C, and 21D.

Al though the posts 972 are shown as being dual -etched in FIG

33, the posts 972 may undergo nore than two etchings, such as
four etchings as shown in FIG 2ID The posts 972 nay be
conposite microcontacts having the structure shown in FIGS. 28
and 29, in which .—each post 972 .includes a. proxinal post

portion 1550 <close to the substrate 962 and a distal post

portion 1504 renote from the substrate.

[0176] More specifically, either or both of the posts 972
and 976 may include a cap of solder, as shown in FIGS. 1B, 1C,
5, and 6.

[0177] Simlar to the enbodinment shown in FIG 8, the posts

972 and 976 may be made from a nalleable material wth mninmal

resi stance or spring-back as, for exanple, substantially pure
gol d, and each post is configured to be deforned into
engagemnent with a  corresponding post = wi t hout the wuse of
sol der .

[0178] Simlar to the enbodinment shown in FIG 9, the posts
972 and 976 may be conprised of copper, and each post may be
confi gured to be fused directly to a corresponding post
W thout the presence of a low nelting tenperature netal such

as a solder or tin between the conductive posts.
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>[0179] The posts 972 and 976 nay be wused in a stacked
package assenbly such as the assenblies 800, 800" shown in
FIG 13. The posts 972 and 976 may be used with a multilayer
substr at e, such ‘as the nultilayer substrate 10 shown in FIG
24.

[0180] Reference is now nmade to FIG 34, which illustrates
a cross-sectional view of a packaged nicroelectronic assenbly
980 in accordance wth a variation of the assenbly shown and
described above with respect to FIGS. 1A-2A, in which posts
996 extending from a front surface of the nicroel éctronic
el enent 982 include nultiple-etched conductive posts.

[0181] Packaged microelectronic assenbly 980 shown in FIG
33 is substantially the same as packaged mcroelectronic
assembly 900 shown in FIG 30, except that +the posts 912
extending from the substrate 901 in FIG 30 have been replaced
with bond pads 992 attached to the substrate 981, such as any
of . the bond pads disclosed herein- with reference to other
enbodi nent s

[0182] As shown, in this vari ation, t he packaged
m croelectronic assenbly 980 includes a substrate 981 such as
that shown and described above with respect to FIG 1A The
assenbly also includes a microelectronic element 982 in a face
down or flip-chip position, and conductive colums 983 | oining
t he substrate with the mcroelectronic el ement . The
conductive - colums 983 include conductive bond pads 992 that
are attached to a mmjor surface 986. of the substrate 981 that
are aligned wth conductive bunps or posts 996 protruding
above a front surface 989 of the mcroelectronic element 982.
[0183] As shown in FIG 34, the conductive colums 983
i nclude solder - conductively i nt erconnecting the conductive
posts 996 and pads 992, thereby <creating the conductive
colums 983 that extend from the mcroelectronic elenment 982
to the substrate 981. The conductive colums 983 my be

bonded together by any process, nmaterial, or conbination of
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material s di scl osed herein with reference to ot her
enbodi ment s

[ 0184] The posts 996 are nmultiple-etched conductive posts.
As shown in FIG 34, the posts 996 are the same as the dual-
etched microcontacts 38 shown in FIG 21B. In other
enbodi nent s (not shown) , the posts 996 nmay be any nultiple-
etched conductive posts, including for exanple, the nultiple -
etched mcrocontacts 38 showmn in FIGS. 21A, 21C, and 21D
Al though the posts 996 are shown as being dual -etched in FIG
33, the posts 996 may undergo nore than two etchings, such as
four etchings as shown in FIG 21D The posts 996 may be
conposite mcrocontacts having the structure shown in FIGS 28
and 29, in which each posts 996 includes a proxinmal post
portion 1550 close to the microelectronic element 981 and a
di st al post portion 1504 renote from the nicroelectronic
el ement

[ 0185] More specifically, either or both of the pads 992
and posts 996 may include a cap of solder, as shown in FIGS.
IB, 1C, 5, and 6.

[ 0186] Simlar to the enbodinent shown in FIG 8, the pads
992 and posts 996 may be nmade from a nmlleable material wth
m ni mal resi stance or spri ng- back as, for exanpl e,
substantially pure gold, and each post is configured to be
deformed into engagenent wth a corresponding post wthout the
use of solder.

[0187] Simlar to the enbodinent shown in FIG .9, the pads
992 and posts 996 may be conprised of copper, and each post
may be configured to be fused directly to a corresponding post
without the presence of a low nelting tenperature netal such
as a solder or tin between the conductive posts.

[0188] The pads 992  and posts 996 nay be used in a stacked
package assenbly such ‘as the assenblies 800, 800" shown in
FIG  13. The pads 992 and posts 996 may be used with a
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mul til ayer substrat e, such as the multilayer substrate 10
showmn in FIG 24.

[0189] Reference is now made to FIG 35 which iIIustrates-
a cross-sectional view of a packaged mcroelectronic assenbl y
1000 in accordance wth a variation of the assenbly shown and
described above wth respect to FIGS 1A-2A, in which. posts
1012 extending from a top surface of the substrate 1001 and
posts 1016 ext endi ng from a front surface of t he
m croel ectronic el enent 1002 i ncl ude mul ti pl e-etched
conductive posts.

[0190] Packaged mcroelectronic assenbly 1000 shown in FIG
35 is substantially the same as packaged m croel ectronic
assenmbly 940 shown in FIG 32, except that the solder included
in the conductive colums 1003 that conductively interconnect
the conductive posts 1012 and 1016 does not touch the
conductive pads 1008 of the mcroelectronic el enent 1002. In
a particular enbodi nent, the solder included in the conductive
colums 1003 does not touch the mjor surface 1006 of the
substrate 1001 or does not touch the  pads (not shown) from
which posts 1012 of the substrate can extend, such pads that
my be exposed at the mmjor surface 1006 of the substrate.
[0191] The conductive colums 903, 923, 943, 963, and 983
shown in FIGS 30-34 provide for i ncreased hei ght for
chi p-on- substrate packagi ng by increasing the standoff or
vertical distance between the mcroelectronic el ement and the
substrat e, while at the sane tinme allowing for a decrease in
the center-to-center hori zont al distance or pitch between the
conductive colums. The ability to increase the distance
between the substrate and the mcroelectronic el enent may help
reduce stress at the conductive colums, may -help ease the
application of underfill (see, for exanple, FIG 2A) , and
allow for a greater variety of underfills to be used.

[0192] The posts 912 and 916 shown in FIG 30, the posts
932 and 936 shown in FIG 31, the posts 952 and 956 shown in
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FIG 32, the posts 972 and 976 shown in FIG 33, and the bond
pads 992 and the posts 996 shown in FIG 34 may be made from
any electrically conductive material, such as copper, copper

all oys, gold and conbinations thereof. The posts 932 and 936
shown in FIG 31, the posts 952 and 956 shown in FIG 32, the
posts 972 and 976 shown in FIG 33, and the bond pads 992 and
the posts 996 shown in FIG 34 may include an exposed netal

layer that is wettable by sol der . For exanple, the posts may
be conprised of copper with a layer of gold at the surfaces of
t he posts. Additionally, the posts 932 and 936 shown in FIG

31, the posts 952 and 956 shown in FIG 32, the posts 972 and
976 shown in FIG 33, and the bond pads 992 and the posts 996
shown in FIG 34 my include at Ileast one layer of netal

having a nelting tenperature that is greater than a nelting
tenperature of the solder to which it wll be joined. For
exanpl e, such conductive posts would include a |ayer of copper

or be formed entirely of copper.

[0193] The dinmensions = of the posts 932 and 936 shown in
FIG 31, the posts 952 and 956 shown in FIG 32, the posts 972
and 976 shown in FIG 33, and the posts 996 shown in FIG 34
can vary over a significant range, but nost typically the

hei ght of each post extending from the front surfaces of the

substrate and the mcroelectronic element s at least 30
mcrons and can extend up to 300 mcrons. These posts nmay
have a height (approxi mtely perpendi cul ar to the front

surfaces of the substrate and. the mcroelectronic el enent,

respectively) that is greater than its dianeter or wdth
(approximtely parallel to the front surfaces of the substrate
and the mcroelectronic element, respectively) . However, the
height may also be smaller than the wdth, such as at |east
half the size of the w dth.

[ 0194] Processes for electrically connecting a
nm croel ectronic el ement such as a sem conductor chip to a

substrate, e.g., chip carrier, can be as further described in
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United States Patent Application No. 12/ 286,102, which is

i ncorporated by reference herein.

[ 0195] Al though the invention herein has been described
with reference to particular enbodi nent s, it is to be
understood that these enbodinments are nerely illustrative of
the principles and applications of the present invention. It

is therefore to be understood that nunerous nodifications nay
be made to the illustrative enbodinents and that other
arrangenents may be devised without departing from the spirit
and scope of the present invention as defined by the appended
clains.

[ 0196] It will be appreciated that the various dependent
clains and the features set forth therein can be conbined in
different ways than presented in the initial clains. It will
al so be appreciated that the features described in connection
with individual enbodinents may be shared with others of the

descri bed enbodi nents.
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CLAI M5

1. A packaged mi croel ectronic el ement, conpri sing:

a mcroelectronic elenent having a front surface and a
plurality of solid nmetal posts extending away from the front
surface; and

a substrate having a mpjor surface and a plurality of
conductive elenents exposed at the mgjor sur f ace, t he
conductive elenments being joined to the solid netal posts;

each solid metal post including a base region adjacent
the mcroelectronic element and a tip region, renote from the
m croel ectronic elenment, the base region and tip region having
respective concave circunferential surfaces;

each solid nmetal post having a horizontal dinmension which
is a first function of vertical Ilocation in the base region
and which is a second function of vertical location in the tip
regi on.

2. The packaged mcroelectronic elenent of <claimaz1,
wherein each solid nmetal post further includes at |east one
intermediate region |ocated between the base region and the
top region, t he i nternmedi ate region having a concave
circunferenti al sur f ace, the horizontal di nension of each
solid nmetal post being a third function of vertical |ocation
in the internedi ate region.

3. The packaged microelectronic elenent of <claimz1,
wherein each solid nmetal post has a width in a direction of
the front surface and a height extending from the front
surface, wherein the height is at least half of the wdth.

4, The packaged microelectronic elenent of <claimz1,
wherein the solid netal posts are joined to the conductive
elements with a fusible netal.

5. The packaged mcroelectronic element of <claim 4,
wherein the fusible netal conprises solder, and the solder
covers at | east poftions of edge surfaces of each solid netal

post .
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6 . The packaged mcroelectronic element of <claim s,
further conmprising a plurality of conductive pads |ocated at
the front surface, wherein each solid netal post extends from
a respective one of the plurality of conductive pads and the
sol der does not touch at Ieast one of the plurality of
conductive pads. ,

7. The packaged mcroelectronic element of <claim 5,
wherein the solder does not touch the base region of any solid
nmetal post .

8 . The packaged mcroelectronic element of <claim 4,
wherein the fusible netal conprises solder, and the solder
touches only a top surface of each solid netal post.

9. The packaged mcroelectronic element of claim 1,
wherein a height of each solid metal post is between 25% and
50% of the distance between the front surface of the
m croel ectronic el enent and the nmgjor surface of t he
substrate .

10. The packaged mcroelectronic element of «claim 1,
wherein a height of each solid netal post is at |east 40% of
the distance between the front surface of the mcroelectronic
el enent and the mmjor surface of the substrate.

11. The packaged mcroelectronic element of «claim 1,
wherein the solid nmetal posts and the conductive elenents are
di f f usi on-bonded together.

12. The packaged mcroelectronic element . of claim 1,
wherein the first and second functions are substantially
different.

13. The packaged mcroelectronic element of claim 1,
wherein a slope of horizontal di rension versus vertical
| ocation changes abruptly at a boundary between the base and
the tip regions of the solid netal posts.

14. The packaged mcroelectronic element of claim 1,
wherein the solid netal posts and the conductive elenents

consi st essentially of copper.
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15. The packaged mcroelectronic element of <claim 1,
wherein the conductive elenents include conductive pads, the
pads being joined to the solid netal posts.

16. The packaged mcroelectronic elenment of <claim 1,
wherein the solid nmetal posts are first solid netal posts and
the conductive elenents include a plurality of second solid
netal posts extending above the mmjor surface and joined to
the first solid netal posts, the second posts having top
surfaces renote from the major surface of the substrate and
edge surfaces extending at substantial angles away from the
top surfaces.

17. The packaged mcroelectronic elenent of claim 16,
wherein the first solid netal posts are joined to the second
solid nmetal posts with a fusible netal.

18. The packaged mcroelectronic elenment of claim 17,
wherein the fusible metal conprises solder, and -the solder
covers at |east portions of edge surfaces of each solid netal
post .

19. The packaged microelectronic elenent of claim 1s,
further conprising a plurality of conductive pads |ocated at
the front surface, wherein each first solid nmetal post extends
from a respective one of the plurality of conductive pads and
the solder does not touch at |east one of the plurality of
conductive pads.

20. The packaged mcroelectronic element of claim 17,
wherein the fusible netal conprises solder, and the solder
touches only a top surface of each solid netal post.

21. The packaged mcroelectronic elenment of claim 16,
wher ei n the first and second solid netal posts are
di ffusi on- bonded together

22. The packaged mcroelectronic elenment of claim 16,
wherein each second solid netal post includes a base region
adj acent the substrate and a tip region, renote from the

substrate, the base region and tip region of each second solid
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netal post having respective concave cjrcunferential surf aces,
each second solid netal post having a horizontal dinmension
which is a third function of vertical location in the base
region and which is a fourth function of vertical Ilocation in
the tip region.

23. The packaged mcroelectronic elenment of claim 22,
wherein each second post has a width in a direction of the
maj or surface and a height extending from the nmajor surface,
wherein the height is at least half of the width

24. The packaged mcroelectronic elenent of claim 22,
wherein the first solid nmetal posts are joined to the second
solid netal posts with a fusible netal.

25. The packaged mcroelectronic elenment of claim 24,
wherein the fusible nmetal conprises solder, and the solder
covers at least portions of edge surfaces of each solid netal
post;

26. The packaged mcroelectronic elenment of claim 25,
further conprising a plurality of conductive pads located. at
the front surface, wherein each first solid nmetal post extends
from a respective one of the plurality of conductive pads and
the solder does not touch at least one of the plurality of
conductive pads.

27. The packaged mcroelectronic elenent of claim 25,
wherein the solder does not touch the base region of any solid
netal post .

28. The packaged mcroelectronic elenent -of claim 24,
wherein the fusible metal conprises solder, and the solder
touches only a top surface of each solid netal post.

29. The packaged mcroelectronic elenent of claim 22,
wher ei n the first and second solid netal post s are
di f f usi on- bonded toget her.

30. The packaged mcroelectronic elenent of claim 22,
wherein the first function is the same as the third function

and the second function is the sane as the fourth function.
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31. A packaged mcroelectronic elenment, conprising:

a mcroelectronic elenment having a front surface and a
plurality of first solid netal posts projecting above the
front surface, the first posts having top surfaces renote from
the front surface and edge surfaces extending at substanti al
angles away fromthe front surface; and

a substrate having a mmjor surface and a plurality of
second solid netal posts extending from the major surface and
joined to the first solid netal posts;

each second solid nmetal post including a base region
adjacent the mcroelectronic element and a tip region, renote
from the mcroelectronic element, the base region and tip
region having respective concave circunferential surfaces;

each second solid netal post having a horizontal
dinension which is a first function of vertical location in
the base region and which is a second function of vertical
location in the tip region.

32. The packaged mcroelectronic elenment of claim 31,
wherein each first post has a frustoconical shape.

33. The packaged mcroelectronic element of claim 31,
wherein each second post has a width in a direction of the
maj or surface and a height extending from the nmajor surface,
wherein the height is at least half of the wdth.

34. The packaged mcroelectronic elenent of claim 31,
wherein the first solid netal posts are joined to the second
solid nmetal posts with a fusible netal

35. The packaged mcroelectronic elenent of claim 34,
wherein the fusible netal conprises solder, and the solder
covers at |least portions of edge surfaces of each solid netal
post .

36. The packaged mcroelectronic elenment of claim 35,
further conprising a plurality of conductive pads |ocated  at
the front surface, wherein each first solid nmetal post extends
from a respective one of the plurality of conductive pads and
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the solder does not touch at least one of the plurality of
conductive pads.

37. The packaged mcroelectronic elenment of claim 34,
wherein the fusible netal conprises solder, and the solder
touches only a top surface of each solid netal post

38. The packaged microelectronic elenment of claim 31,
wher ei n t he first and second solid net al posts are
di ffusi on-bonded together.

39. A method of assenbling a packaged mcroelectronic
el ement conpri sing:

(a) providing a mcroelectronic elenment having a front
surface and a plurality. of solid netal posts projecting in a
vertical direction above the front surface, each solid netal
post including a base region adjacent the front surface and a
tip region, renote from the front surface, the base region and
the tip region having respective concave circunferenti al
surfaces, each solid netal post having a horizontal dinension
which is a first function of vertical location in the base
region and which is a second function of vertical location in
the tip region;

(b at least substantially aligning the plurality of
solid nmetal posts wth a plurality of conductive elenents
exposed at a mmjor surface of a substrate; and

(¢) joining the solid nmetal posts of the mcroelectronic
element with the conductive elenents of the substrate.

40. The method of claim 39, wherein step (c¢)  includes
heating a fusible netal to a nelting tenperature, wherein the
fusible netal flows onto exposed portions of edge surfaces of
the solid netal posts.

41. The method of claim 40, wherein the fusible netal
conprises solder, and the solder covers at least portions of.
edge surfaces of each solid nmetal post.

42. The nethod of claim 41, further conpri si ng a

plurality of conductive pads |located at the front surface,
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wherein each solid netal post extends from a respective one of
the plurality of conductive pads and the solder does not touch
at least one of the plurality of conductive pads.

43. The nmethod of claim 41, wherein the solder does not
touch the base region of any solid nmetal post.

44, The nethod of claim 40, wherein the fusible netal
conprises solder, and the solder touches only a top surface of
each solid netal post.

45. The nmethod of claim 39, wherein a height of each
sold netal post is between 25% and 50% of the distance between
the front surface of the microelectronic elenent and the mgjor
surface of the substrate.

46. The nmethod of claim 39, wherein a height of each
sold netal post is at least 40% of the distance between the
front surface of the mcroelectronic element and the major
surface of the substrate.

47. The nethod of claim 39, wherein a passivation |ayer
and an underbunp netallization |ayer are deposited over the
m croel ectronic el enment .
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