Three Dimensional IC Package Module Background of the Invention 1. Field of Invention The present
invention relates to integrated circuit packaging and in particular to high performance packaging of
integrated circuit chips in a three dimensional package. 2. Description of Related Art Conventional
packaging of integrated circuit chips is in individual packages which are in turn mounted in a planar

fashion on a printed circuit bqﬁ&fﬁﬁ@&iﬁ%ﬂ@@@@k 'g_ima{ﬂ@ of a card which is plugged

into a mother board which has other cards mounted in a vertical"orientation stemming from an edge
connector on the card. To communi (Eﬁm: s-a Sl ' ssed through the signal 1/O of the
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chips operate. In US 5,838,060 (Comer) a stacked printed circuit package is shown in which each printed

circuit card in thg_ @g&&g&igﬂné?iﬁglgpeediQ\tﬁgrated circuit chip connected

Conventional packaging of integrated circuit chips is in individual packages which

are in turn mounted in a planar fashion on a printed circuit board. Often the printed
circuit board is in the form of a card which is plugged into a mother board which has
other cards mounted in a vertical orientation stemming from an edge connector on the
card. To communicate between chips a signal is passed through the signal I/O of the
chip, then the signal I/O of the module on which the chip is mounted, through the wiring
of a card if one exists, across the wiring of the mother board and back through another
card, through the another module and onto another chip. Each time there is a package
change, there is some form of a connector which limits the bandwidth and frequency at
which the chip to chip communications can be performed. The printed circuit wiring of
the modules, cards and board produces delays including perturbations caused by
parasitic impedance that limits performance. These delays and perturbations limit the
performance of the signals outside the semiconductor chips and in turn limit the
performance of the system in which the chips operate.

In US 5,838,060 (Comer) a stacked printed circuit package is shown in which
each printed circuit card in the package contains one integrated circuit chip connected

to a set of peripherally located I/O terminals. The configuration allows a very tight



to a set of peripherally located 1/O terminals. The configuration allows a very tight 1 stacking of printed
circuit cards both in a vertical and a horizontal direction. In US 5,777,345 (Loder et al.) an electronic
package has a plurality of physically stacked integrated circuit die. Within the package a first die is
mounted with leads connected to bond pads. Then a second die is physically mounted on top of the first

die and elaekridesH yrrrearsieditedngsiivetilin Ry\eoneacing ihbadsialtbrdaimh prigSf the package.

In US 5,737,192 (Linderman) a stack of chips are vertically mounted in a well etched in a substrate with a

patterneds vEr| gy q DsediEBtHE N akCORRESIND P AL IRAGE @éstaq)ﬁya@lﬂ@cb?ﬂn%itfau{ﬁsﬁaéﬂadJGZ (Gaul)

shows a stacked set of semiconductor dies with interconnections formed from etched holes filled with a

metal stafitegratéaecirent: aird BKtBRTING patkadackifistalrf Hendignfearwitstivadsashinesidhedorm of

prongs extending from the etched holes of a first die are used to mate with holes of a second die that

receive tipe iohasamhéeran seeondusitvie patsicany thedinstediotbiesianertistigielandsS 5,432,999
(Capps et al.) a process is described for forming a stackable integrated circuit die that can be stacked

with otheg sibnitatictigly Do sewatect s st dife i/ feonrdday dist leanibtirenasia hadaed the

conductive vias which go through the die and then forming the semiconductor material around posts

upon whishdkggetegra®d ZZUIDE Crealetnim SRtk of 2Bifsaiepnatishleitheuateeriica wen
horizontal stack of memory chip mounted on a processor chip is described. The signals from the stack of

memory efdpedsihreuabkaatdaiie ggattefrratbveaaory sronitiesigeisoimctand® easnested to

bond pads and then to the processor chip.
the stacked chips. In US 5,682,062 (Gaul) shows a stacked set of semiconductor dies
with interconnections formed from etched holes filled with a metal starting at the front
and extending to the back side of the die. Conductive material in the form of prongs
extending from the etched holes of a first die are used to mate with holes of a second
die that receive the prongs and form a conductive path from the first die to the second
die. In US 5,432,999 (Capps et al.) a process is described for forming a stackable
integrated circuit die that can be stacked with other similar die. The integrated circuit die
is formed by first forming the posts that are the conductive vias which go through the die
and then forming the semiconductor material around posts upon which the integrated
circuit is created. In US 5,347,428 (Carson et al.) either a vertical or a horizontal stack
of memory chip mounted on a processor chip is described. The signals from the stack of
memory chips is brought out to the edge of each memory chip from where they can be
connected to bond pads and then to the processor chip.

An electronic package performs four primary functions; hold, interconnect, power

and cool the semiconductor chips that the package was designed to accommodate.

Conventional packaging today performs these four basic functions, but at the limitation



An electronic package performs four primary functions; hold, interconnect, power and cool the
semiconductor chips that the package was designed to accommodate. Conventional packaging today
performs these four basic functions, but at the limitation 2 of performance because the chips are
physically and electrically separated by several different package levels and long signal wires. The

electricalfligeeriifiice ddbsudaRlen JEMOPRyRASHREHEELQ RN CEpEARERIRY saused by

parasitic impedance of the package interfaces to an already long wiring delay. At the speed of today's

chips thigiflefeneytriarldadhelsemic it sighahindinitashadankacar esntpimmesatlew that which
could otherwise be attained if everything could be contained within semiconductor chips or within short

distancegraRdifieiftera BHRIMAERAYENEREIG0 BAkRSE dHdargscialistansysoar Haversapéddries

dimensional package, containing a stack of semiconductor chips on an external interface substrate with

wiring bepivean sddRa gingethaesghdlmsinela O rormswifisg el yvav asdefesd ehipdarbiphiRs,

produces a package that has the opportunity to minimize the delay between chips. If the chip to chip vias

can be lintifedémip sixtepss! ©ine Hahrepdieeronipyiiale iidgatkagetepitiaimbncossipwias, then

the particular column location of the chip to chip via can be used for more than one chip interconnect and

the parasiiigtimpietannadbiheriniesoseagelices Pevisigiing avoiae coriseed withiance both wireability
and performance between chips. In addition to providing tight physical packaging of semiconductor chips,

a three dipeiisentAlRackagss beadtihinasitomaisidaises aRanawhgeohngitherankager bl cooling
capability can be
package boundaries for signals to traverse.

A three dimensional package, containing a stack of semiconductor chips on an
external interface substrate with wiring between chips going through the stack of chips
in such a way as to form chip to chip vias, produces a package that has the opportunity
to minimize the delay between chips. If the chip to chip vias can be limited to just those
chips that need to communicate by forming interstitial chip to chip vias, then the
particular column location of the chip to chip via can be used for more than one chip
interconnect and the parasitic impedance of the interconnect can be held to a minimum.
This can enhance both wireability and performance between chips. In addition to
providing tight physical packaging of semiconductor chips, a three dimensional package
need to accommodate a means of cooling the package. If a cooling capability can be

integrated into the tight stacking of chips, then a complete package can be produce to

support numerous high performance needs.

SUMMARY OF THE INVENTION




integrated into the tight stacking of chips, then a complete package can be produce to support numerous
high performance needs. SUMMARY OF THE INVENTION 3 In the present invention a three
dimensional package is described in which semiconductor chips are stacked front to back and to an I/O
interface substrate in a pancake like configuration. The I/O interface substrate sits at the bottom of the

stack and provigeghipRAAE MVE HIBIRAGAREE SilorRM SiIBRBLY bishees@sedf iphimsicirough a pin

array on the side opposite to where connections are made to the chip stack. An array of columns of chip

to chip (GEmistaRlicfieaifgIRBGiacREE T Bt BRIBICANd Y6tan ¢lipiMdhacdasibisredennrpwer and
signal from the I/O interface substrate to the chips in the stack. Signal communications between chips in

the stackpatnkgaikeecorifigiiatioReTMEND pitEMaEd Suvasadtbitseachs bipria erpRediask solder
bumps on both the top and bottom sides of each chip. The I/O substrate has an array of solder bumps

which are,aarpre0taesedhpaisyeid Sipiaiscena daab mateiniextarray Rtkediack sidmipisthe bottom chip
in the stack of chips. The solder bumps on the chip stack and the I/O substrate are aligned, and the stack

and substiaie gheaghnpety oaetesianbppatstd o iwieve tberrrigas hs avesmBldis takeschgh a physical

and an electrical connection between the chips in the stack and the 1/O interface substrate. A segment of

the arraysp4 6kl Arviag ay orrmaed inreaeh siiiptbycaiphioT Oplaadniocibatbagjosidaabiighseavronductor
chips until the field oxide layer under the first level of metalization is reached. Then the holes are etched
through tserfiRidreridbtahipieiahe stack to carry power and signal from the 1/O interface

substrate to the chips in the stack. Signal communications between chips in the stack

also use the CTC vias. Segments of the CTC vias within each chip are capped with

solder bumps on both the top and bottom sides of each chip. The I/O substrate has an

array of solder bumps which are connected to the array of 1/O pins and that match the

array on the back side of the bottom chip in the stack of chips. The solder bumps on the

chip stack and the I/O substrate are aligned, and the stack and substrate are clamped

together and heated to reflow the solder bumps. This makes both a physical and an

electrical connection between the chips in the stack and the I/O interface substrate.

A segment of the array of CTC vias is formed in each chip by etching holes into

the back side of the semiconductor chips until the field oxide layer under the first level of

metalization is reached. Then the holes are etched through the field oxide to a metal

land in the first level of metal on the top side of the chip. An oxide insulating layer is

formed on the walls of the holes, and each hole is filled with a metal and capped with an

solder bump. Holes on the top side of the chip located over the holes on the backside

are opened in the inter metal dielectric. These holes on the top side are opened to the

second level of metal inside the chip and are capped with a solder bump. An interlevel



land in the first level of metal on the top side of the chip. An oxide insulating layer is formed on the walls
of the holes, and each hole is filled with a metal and capped with an solder bump. Holes on the top side
of the chip located over the holes on the backside are opened in the inter metal dielectric. These holes
on the top side are opened to the second level of metal inside the chip and are capped with a solder

bump. Aniaiesigusdd tia Rrivarh dBedHENBNEISBEANELAEIEIS G Wik iZatien yitdmBisiesimeompletes

the CTC via segment and provides electrical continuity between the solder bumps on the back of the

chip and gTEGOldeidganems andiediniSitle@fit eominling ueleenl e e auftiptasiftagcond levels

of metallization within the chip plays an important role in the forming of the array of CTC vias. When the

interlevelpgaiofapensiieemetmeen s bishpadseerntidayvelaebmew@iigrsion, the CTC via is continuous
through the chip and signals appearing at a solder bump on the back side of a chip also appear at a

solder bump onThe iaeesicieerl R HuavdéheidhanatederabMievisisnsit isaaiFalioe wWikkirvikésanen
allowing the column in which the open CTC exists to have interstitial connections where the column can

support sigiaisael impestiian seenfictematdghst Seengrtipe\ETen\ade TW véastiseapastiéveignaligor one
function can enter the chip through a first part of the open CTC via and a second signal for a different

function ¢amhectenidsantietnbifirdtranasduenetondPartrbtar anrin Ghe CTosisogned, the interstitial
CTC vias can allow different functions to use the same column location, reducing the need for more CTC

via holesgymting Strcked @itk anthipnied cigd alb e ppeatiiiabatesiaetbepiachahehipskldidrgdhe wiring

levels internal to the stacked
a chip also appear at a solder bump on the top side of a chip. When the interlevel via is
not present, the CTC via is open allowing the column in which the open CTC exists to
have interstitial connections where the column can support signals of more than one
function at the same time. When a CTC vias is open, a signal for one function can enter
the chip through a first part of the open CTC via and a second signal for a different
function can be sent from the chip through the second part of the open CTC. Thus
formed, the interstitial CTC vias can allow different functions to use the same column
location, reducing the need for more CTC via holes on the stacked chips and enhancing
the wireability between the stack of chips. Using the wiring levels internal to the stacked
chip and the ability to open a CTC via stack by leaving out the interlevel via, different
interstitial vias in different CTC via stacks can be electrically connected to further
enhance wireability between chips in the stack. The internal wiring of the stacked chips
can tie together multiple CTC via stacks as might be desired when distributing power, or
the internal wiring in conjunction with the interlevel vias might be used to broadcast a

signal to multiple CTC via stacks or to multiple interstitial vias such as might be desired

with a clock signal.



chip and the ability to open a CTC via stack by leaving out the interlevel via, different interstitial vias in
different CTC via stacks can be electrically connected to further enhance wireability between chips in the
stack. The internal wiring of the stacked chips can tie together multiple CTC via stacks as might be
desired when distributing power, or the internal wiring in conjunction with the interlevel vias might be

used to broadcag aceigmahsIa EBKIRG Eadia s P ERHIBImiierslitptNarsiaizas might be

desired with a clock signal. 5 To accommodate cooling each chip in the stack is made of a different size.

Starting \@itarifig hatio e et GRDERRS NG HRLbEIBRE IR BRCBNIYICERERILE EkIRIN S gMaller than

the chip directly below it, but larger than the active area of the chip including the CTC via area. When the

chips arengtriekeht@etrRiey (pak dkesignseibwaisioi tagstem tivestiog agsw of the sHip

differences in the chips and the location of the active area within the chips can create a stepped

arrangeme¢iLamgnieCTORadRRE a0 ViR fowesitgssal ib s teitiRsd netisting: alidpussidae Seigeimumps are

deposited on each chip in the area of the steps of the "stair case" which extending out beyond the chip

mounted ABRNE daSeNRHEINER &G idRjBksnarF Indtacheditie tbRcEacHK Bfcbnpdnmeanfoehilis galdering
the heat sinks to the solder bumps in the stepped area. Depending on the cooling requirements, one or

more heahgiaksesaalke atatheddcHss sapsellieeachiospdarhas)sinkiitdbaanapiibyrbiregisned, the
chips in a stack can all be the same size with no stair case like configuration. BRIEF DESCRIPTION OF
THE DRAMH¥GSur sides of the chips including all four sides. Solder bumps are deposited on

each chip in the area of the steps of the "stair case" which extending out beyond the

chip mounted above it. One or more heat sinks are attached to the stack of chips by

means of the soldering the heat sinks to the solder bumps in the stepped area.

Depending on the cooling requirements, one or more heat sinks can be attached to the

steps of the chips. If no heat sinking capability is required, the chips in a stack can all be

the same size with no stair case like configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be described with reference to the accompanying drawings,
wherein:

FIG. 1a-1g are cross section views of the method to produce a chip to chip via,

FIG. 2a-2c are cross section views of the stacking of chips on an 1/O substrate,
and

FIG. 3a-3c show the attachment of heat sinks to the stack of semiconductor

chips.



This invention will be described with reference to the accompanying drawings, wherein: FIG. la-1g are
cross section views of the method to produce a chip to chip via, FIG. 2a-2c are cross section views of the
stacking of chips on an 1/O substrate, and FIG. 3a-3c show the attachment of heat sinks to the stack of
semiconductor chips. 6 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT In FIG. 1 ais
shown a semiconductor substrate 10 with about 3um and between about 2 and 4um of oxide 11

deposited on the bapieyiAf 6D BEYCHIPEGON BMT REPRREFERREIC VBB DIRE MAPor deposition

(PECVD) process. On the topside of the substrate 10 is a field oxide region 12 upon which rests a metal

land 13 includedqrFilee st Isnelef wiskidieorbectobstipierd fometaldasdtiduinciHesdtwidersecond

level of wiring is connected to the metal land 13 in the first level of wiring by a metal via 14. A hole 17 is

opened taiBatseeprderncbmsiridand dépBymed bt dntrick slab deleetdeBéirdiatiovgsiagsahe wiring
metallization 13 14 15 and the substrate 10. In FIG. 1 b a coating of photo resist 20 is applied to the

bottom syttaeaRDEHIRIREES At EaR0E O PALPESIBRPMECS D)) prsdBese Oalesc2bssristehesbthrough the

oxide layer 11, aligned with a hole pattern of one or more holes 17 on the top of the substrate 10. Shown

in FIG. leuprestemore kofiesPexale righntl thrapeh tsicipsttate hetasiagdheshatsdadhe backside
oxide 11 as a mask and stopping at the field oxide

first level of wiring on the substrate 10. A metal land 15 included in the second level of

wiring is connected to the metal land 13 in the first level of wiring by a metal via 14. A
hole 17 is opened to the second level metal land 15 through the inter metal dielectric 16
that overlays the wiring metallization 13 14 15 and the substrate 10.

In FIG. 1b a coating of photo resist 20 is applied to the bottom surface of the
substrate 10 and a pattern is applied. One or more holes 21 are etched through the
oxide layer 11, aligned with a hole pattern of one or more holes 17 on the top of the
substrate 10. Shown in FIG. 1c, one or more holes 22 are etched through the substrate
10 using the holes in the backside oxide 11 as a mask and stopping at the field oxide

(FOX) 12. The etching of the holes 22 through the substrate 10 to the FOX uses a
mixture of an inert gas (Ar, Ne, or Xe) and an active gas (Cly, CF4, SFg, or NF3) in a

nominal ratio approximately about 1:10 (active gas : inert gas) and ranging from
approximately about 1:0 to 1:100. A nominal gas pressure of approximately about 0.1
Pascal is maintained with a range of from approximately about 0.01 Pascal to 1.0
Pascal. The flow rate of the gases has a nominal value of approximately about 100
SCCM within a range of approximately about 10 SCCM to 500 SCCM. The nominal
etching selectivity of the gas is approximately about 30 with a minimum value of

approximately about 15 and a maximum value of approximately about 1000. The low



(FOX) 12. The etching of the holes 22 through the substrate 10 to the FOX uses a mixture of an inert gas
(Ar, Ne, or Xe) and an active gas (Cl2, CF4, SF6, or NF3) in a nominal ratio approximately about 1:10
(active gas : inert gas) and ranging from approximately about 1:0 to 1:100. A nominal gas pressure of
approximately about 0.1 Pascal is maintained with a range of from approximately about 0.01 Pascal to

1.0 Pasgiieddifdland @ phitaastmadniant orihabicr s thineaiplyeaigth IHiz&CCM within a
range of approximately about 10 SCCM to 500 SCCM. The nominal etching selectivity of the gas is

approximaigdivd g Xamiel ehebonom yatHe ablaspexiftpighabathSiardadnaximiie value of
approximately about 1000. The low 7 pressure and the physical bombardment of the back side of the

wafer witihiegizgbfrarciglgas gishridbe riiom fihthehbuess3iepd Gitiihe semaniine maiatiadn the
integrity of the walls of the holes. Maintaining the anisotropy of the etch and removal of any polymer

material t@inpdlpiter IR i MBartamtenbedsinyng oo ikmhrlane iy tbethadordewafer 11 to
the FOX 12. The etching of the holes 22 is stopped at the FOX 12 by either a timed etch or detecting a

diminisheebfi fgnsdcicvitae watsal ehstneiFaieteRtaThédtthing dithectesienat Rosesppeaathe
backside of the substrate 10 is etched through the FOX 12, stopping at the metal land 13 in the first level

of wiring pfdrROpbipe feyragbaattimedbsicatordbideteigh hiemishdad St dignbptiemgpainegiieigls 22 from

the backside of the wafer a mixture of an active and an inert gas is used. The active gas is selected from
one of Clehd@dntt detésioHF3, and CH2F2 with or without the addition of

In FIG. 1d the bottom of holes 22 on the backside of the substrate 10 is etched
through the FOX 12, stopping at the metal land 13 in the first level of wiring of the chip
formed on the substrate 10. To etch the FOX 12 at the bottom of the holes 22 from the

backside of the wafer a mixture of an active and an inert gas is used. The active gas is
selected from one of CF4, CoFg, C4Fg, CHF3, and CH>F» with or without the addition of

oxygen. The inert gas is Ar, Ne, or Xe. The ratio of active to inert gas is preferred to be
approximately about 1:10 and falling in the range of approximately about 1:0 to 1:100.
The gas pressure is preferred to be approximately about 1 Pascal and falling within a
range of approximately about 0.1 Pascal to 10 Pascal. The flow of the gas mixture
through the etching chamber is preferred to be approximately about 100 SCCM and
falling into a range of approximately about 10 SCCM to 500 SCCM. The selectivity is
preferred to be approximately about 10 and in a range of approximately about 1 to
1000.

In FIG. 1e the walls of the backside holes 22 are coated with an oxide to form a
nominal thickness of approximately about 1um and from between approximately about

0.3 to10um A plasma enhanced chemical vapor deposition (PECVD) is used to coat the



oxygen. The inert gas is Ar, Ne, or Xe. The ratio of active to inert gas is preferred to be approximately
about 1:10 and falling in the range of approximately about 1:0 to 1:100. The gas pressure is preferred to
be approximately about 1 Pascal and falling within a range of approximately about 0.1 Pascal to 10
Pascal. The flow of the gas mixture through the etching chamber is preferred to be approximately about

100 SCCLpad ingiBlo ranae i AROSIBARY @it Bt Lm0 fristn de s glegtivity is

preferred to be approximately about 10 and in a range of approximately about 1 to 1000. In FIG. 1 e the
walls of the backside holes 22 are coated wijth an oxide to form a nominal thickness of, roximately
about 1 (ko ASSPHORE E1EBpiTb £YATEG Aot 6135818 B8 BAHE RBLEIEEa] vapor
deposition (PECVD) is used to coat the 8 walls of the holes 22 with a continuous and uniform coating
using, forMastadye Spen HeppsradiipsiiopitisidevRirmestahpieat thedpliemfisalee®& remove any
oxide that may have been deposited from the first level metal 13 at the bottom of holes 22. After the walls
23 of the back shitehdheswallpR%aidba bastesidnthaipsoskibae beenitedstonitbran@Kele A3s been
cleaned, a metal deposited 24 into the holes 22 as shown in FIG. if. The metal deposited into the holes

22 is one2hkfRerSIRitomeR! dnechiole strsdigrnt deanrsleadnmirkbrapagiashddyisie iR A0lRp8RRSosition

or aluminum by chemical vapor deposition. After metal 24 has been deposited into the holes 22 on the
back sidshowhinrhital 1§ tBReNeiatRepPs indistethaheles 38 e Aelalbiomi®hour and in a

range from approximately about ten minutes to . N
electroless copper, electroless nickel, tungsten by chemical vapor deposition or

aluminum by chemical vapor deposition. After metal 24 has been deposited into the
holes 22 on the back side 19, the metal is etched back for a preferred time of
approximately about 1/2 hour and in a range from approximately about ten minutes to
five hours. The exposed surface of the metal in the holes 22 is coated with a metal to
which solder bumps 25, as shown in FIG. 1g, can adhere, for instance silver deposited
from a silver nitrate dip. On the top side 18 of the substrate 10 the holes 17 that are
opened over the holes 22 on the back side 19 have electroless copper and electroless
nickel deposited on the surface of the second level of metal 15 prior to a silver nitrate
dip to accommodate the depositing of a solder bumps 27. The solder bumps 25 and 27
are deposited using a hot dip process. The chips are dipped into a molten tin/lead
solder mixture having, for example, 63% tin and 37% lead. This completes the
formation of the CTC via from solder bump 25 deposited on an interface metal
connected to the hole fill metallurgy 24 and further connected to a first level metal land
13, through a wiring via 14 to a second level metal land 15 through an interface metal

on which is deposited a solder bump 27.



five hours. The exposed surface of the metal in the holes 22 is coated with a metal to which solder
bumps 25, as shown in FIG. 1g, can adhere, for instance silver deposited from a silver nitrate dip. On the
top side 18 of the substrate 10 the holes 17 that are opened over the holes 22 on the back side 19 have
electroless copper and electroless nickel deposited on the surface of the second level of metal 15 prior to

a silver nitrate Q{pRGACEOBEIRGRIE dherdepeuingrobpsslfatkueds dilgdds walklardaopsnissand 27
are deposited using a hot dip process. The chips are dipped into a molten tin/lead solder mixture having,

for example, £3%84ire81%h3736 Basth thbis GostRIRICTHBES fBEMIALOD PEMANEaMIia oS @i thdmp 25

deposited on an interface metal connected to the hole fill metallurgy 24 and further connected to a first

level metgkiang ckd.dhfre WoaomI sl ier s eeprskisvRiatsipif g7l 3gh vy ahdamierage metal

on which is deposited a solder bump 27. 9 In FIG. 2a is shown a cross section of a substrate 31 aligned

with a setq) shipofIBeFbkhald aNdRAS P¥er Hieskistmimpbhe srissrate by eiRinBanmeay of pins
that extend out of the bottom of the substrate represented by pins 37, 38, 39 and 40. On the top side of

the substsgiecRéde pineI R HRddss BEMRsHpBresentegubssatdes bereaignatiasiethe OMGViakhe solder

bumps on the substrate 31 are aligned with the CTC vias contained within the semiconductor chips 32,

33, 34, 3bcdidecihirpIes riettbyidusiesenissTS2 VR4 B4n 3hiprRb 3B drmpaipfeEeritiddsia chip 33.
The closed CTC via 41 is continuous from the bottom solder bump to the top solder bump as shown in
FIG. 1 g ordded@TT€ ceanectingHipesseand bgyeiCTelalitand ikbdieitraafirehicrrIsvetanandal 31 is

continuous from the bottom solder bump to the top solder bump as shown in FIG. 1g

with via 14 connecting the second level metal land 15 to the first level metal land 13.

Continuing to refer to FIG. 2a, the open CTC via 42 is not continuous as shown

in FIG. 2b where there is no via 46 between the first level metal land 13 and the second

metal land 15. This breaks the continuity in the CTC via stack aligned with pin 39 on the

substrate 31 and allows interstitial CTC vias 45 42 and 50 to use the same via column.

As an example, the signal on pin 39 can be connected to the wiring in chip 33 through

the closed CTC via 45 in chip 32 and the lower connection of the open CTC via 42. The

upper connection of open via 42 can be used by chip 33 to make an interstitial

connection to chip 34 through the lower connection in open CTC via 50. The signal on

pin 39 can then be routed by chip wiring 43 to upper connection of CTC via 44, making

a transition between levels of metal along the way from open CTC via 42 to open CTC

via 44. The upper connection of the open CTC via 44 will connect the signal on pin 39 to

the wiring in chip 35 through the closed CTC via 47 in chip 34 and the lower connection

of open CTC via 48 in chip 35.

10



Continuing to refer to FIG. 2a, the open CTC via 42 is not continuous as shown in FIG. 2b where there is
no via 46 between the first level metal land 13 and the second metal land 15. This breaks the continuity
in the CTC via stack aligned with pin 39 on the substrate 31 and allows interstitial CTC vias 45 42 and 50
to use the same via column. As an example, the signal on pin 39 can be connected to the wiring in chip

33 through  the pigsigsl @d {s ¥idothminChligsdZaBach ol e s eINECERIpO BB CH oM@ 98- The

upper connection of open via 42 can be used by chip 33 to make an interstitial connection to chip 34

through thedaneinenaeetionistene s € AkeyiteGtdtie IFENse on ppes SeCiy dirarkmrauted by chip wiring
43 to upper connection of CTC via 44, making a transition between levels of metal along the way from

open CTgpfitodiriateReaboliCeripddnd$ eorwpanadivtaeion el tatndéh ebdatBBudasneesct the
signal on pin 39 to the wiring in chip 35 through the closed CTC via 47 in chip 34 and the lower

connectigrbigeRed forl bevivedd luhip 831 D 1miitatc2ifcioavih & sonrfsr $ratps ehtbadshaskdof chips 32,
33, 34, 35 and 36 and the interface substrate 31 after the stack has been pressed together 49 at

approximsftéf aPCtVRIS PepRste ELRIANE BIRAISTTIC aRPIXENAeERPCTIC3 I deyreRs wernsgrade for

between about 0.1 to 1 minute to reflow the solder bumps on each end of the CTC vias represented by

closed Cldfoin téinpedonedf 380virdid b eesigieidcaaye peimpenaiwe s pslegraageentigrade is
dependent upon the percentage makeup of the tin and lead in the solder bumps. The column of CTC vias
connectes dkepin® Bih @it 4hdle K9 Mite 8s lHenbiessIbeies Rvanditarnoghaehtemadc®d B4, 35

pins 37 and 40 are continuous from the substrate 31 and through chips 32, 33, 34, 35

and 36. As an illustrative example, pins 37 and 40 could be power and ground pins,

and the continuous connection allows power and ground to be distributed to all chip in

the stack. Other pins and CTC vias not shown may also need to be continuous to help

distribute power and ground to the chips in the stack. The CTC vias in the columns

above pins 38 and 39 are not continuous as shown with CTC vias 42 and 44 and

provide interstitial via capability where the same via column is used by several different

functions as discussed previously with CTC vias 42, 44, 47, 48 and 50.

In FIG. 3a is shown a stack of semiconductor chips 62, 63, 64 and 65, and an

interface substrate 61. The interface substrate 61 and the chips 62, 63, 64 and 65 are

each a different size ranging from the substrate being the largest, chip 62 smaller than

the substrate 61, chip 63 smaller than chip 62, chip 64 smaller than chip 63, and chip 65

smaller than chip 64. The purpose for this arrangement is to provide a surface on each

chip to connect a heat sink. The size of the chips and the interface substrate are shown

to vary in size for two opposite sides, but the variation can be with one, two, three or all

four sides of the chips and the substrate with a stair case like variation in similar fashion
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and 36. As an illustrative example, pins 37 and 40 could be power and ground pins, and the continuous
connection allows power and ground to be distributed to all chip in the stack. Other pins and CTC vias
not shown may also need to be continuous to help distribute power and ground to the chips in the stack.
The CTC vias in the columns above pins 38 and 39 are not continuous as shown with CTC vias 42 and

44 and pig\yABMeRsHI@! Ba RakdiBuWhEsINEBANR R ORI BIISd1RRAIRY SEYRaKdiléesant functions
as discussed previously with CTC vias 42, 44, 47, 48 and 50. In FIG. 3a is shown a stack of

semiconieipehien 685 §Sided 5SS 68MNEANdIRGEIRCR B UMY aietd stk ipEerfare substrate 61 and the
chips 62, 63, 64 and 65 are each a different size ranging from the substrate being the largest, chip 62

smaller tharariferaehstatd Ribraiinds sealehdian ishiored: shinfiepaadagdermbipdfiBbankelip 65

smaller than chip 64. The purpose for this arrangement is to provide a surface on each chip to connect a

heat sinkioThecazfriidar ChinheacsiAR d¥sigace substrate are shown to vary in size for two opposite
sides, but the variation can be with one, two, three or all four sides of the chips and the substrate with a

stair case like v@tttuingtaiafdashPIG daaaskevay iof bifs 8. 496 shewHrfacsrrppbIsterHs the stair
case like structure is an arrangement of solder bumps 66 including the top chip in the stack 65. The

arrangementptaeides birmpsifieimsbaubdirfe®1 bEmieopirangamarishaowhevaagctocsgommodate
the heat sink design. Continuing to refer to FIG. 3a, an array of pins 67 are shown to extend below the
lower surdReded thee B8fac thaukisitiatentinfz069e0pf the 1D S arsb @i theasnatas Biyip 65. The
dashed lines 68 represent columns of CTC vias which may be continuous from a solder
bump 69 on the top chip 65 to the pin array 67, or may be discontinuous permitting
interstitial vias and wiring capability as discussed with FIG. 2a - 2c. A portion of the pin
array 71 is shown outside the shadow of some of the chips in the stack. This serves two
purposes, a) to spread the pin array out to accommodate a connector system and b) to
provide more signal I/O to accommodate the function of the chip stack. Pins outside the
array of CTC via columns are connected to the CTC via columns by means of a
redistribution of wiring (not shown) in the substrate 61 or any chip which sits above
these pins outside the CTC via columns.
Shown in FIG 3b are two heat sinks 80 connected to the chip stack 62, 63,
64,and 65, and the interface substrate 61 by pressing the heat sinks to the stack with
approximately about ten pounds of force and heating the stack and the heat sinks to
between about 290 degrees centigrade for between about 0.1 to 1 minute. The solder
reflow temperature of 290 degrees centigrade is dependent upon the percentage

makeup of the tin and lead in the solder bumps. In FIG. 3c is shown a different heat sink

configuration 90 that are individually mounted to the interface substrate 61 and each

12



dashed lines 68 to the solder bumps 69 on the top surface of the smallest chip 65. The dashed lines 68
represent columns of CTC vias which may be continuous from a solder bump 69 on the top chip 65 to the
pin array 67, or may be discontinuous permitting interstitial vias and wiring capability as discussed with
FIG. 2a - 2c. A portion of the pin array 71 is shown outside the shadow of some of the chips in the stack.

This servgsiiveR, BIPOSeHRBPirRFRASIARR P EHaRBIhke ACFICIRAHNE she iR eyRiafaand b) to
provide more signal I/O to accommodate the function of the chip stack. Pins outside the array of CTC via

columns &g saraeetetbiprhiade dedifarRlHEvdHRY éﬁﬁﬁbﬂigf i sepisbibotigealnetioa curitahaen) in the
e

substrate 61 or any chip which sits above these pins outside the CTC via columns. Shown in FIG 3b are

two heat giftis BeCenractemhthdieehiprigetdd chduifdardd®. and the interface substrate 61 by

pressing the heat sinks to the stack with approximately about ten pounds of force and heating the stack
and the heat sinfmir PrRIVRRMBOE WadWedegianicoriligErdavioahatvessiBbaulBlrédckaninite. The

solder reflow temperature of 290 degrees centigrade is dependent upon the percentage makeup of the

tin and legdieriad sottRydimemns. therdor, 3ons Brwunde Siteie ByneaksirkilkenfiothationtBgithat are
individually mounted to the interface substrate 61 and each 12 chip 62, 63, 63 and 65 in the stack. The

heat sinkgdndu$ecRgrajgsshawmdiionaeraitd anaivise sHeaeasitecuiovige atdtiesdl eroipgicanability in
support of the function contained within the three dimensional integrated circuit package. While the
inventiondaap def theairigsaidy shown and described with reference to
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preferred embodiments thereof, it will be understood by those skilled in the art that various changes in
form and details may be made without departing from the spirit and scope of the invention. 13 What is
claimed is: 1. A method of stacking integrated circuit chips to form a three dimensional integrated circuit
module, comprising: 5 a) creating a stack of integrated circuit chips of different sizes with solder bumps
on a front surface of each chip electrically connected to solder bumps located on a back surface of each
chip, whéhdipt iberlailmetestrical connectivity between solder bumps on said front and back surfaces and
between internal circuitry of said integrated circuit chips and said solder bumps, 10 b) ordering said stack
of chips according to size with a smallest chip on top and a largest chip on bottom, c) aligning said chips

such that the sofdey hiaTHRssT tia KR PHERRRcR! aifiisk ShipAliom i iecollRdeaRs on the front

surface of a second chip that is below said first chip, 15 d) aligning solder bumps on the back surface of
said larggsiefiRda sRlaf rhyaps, @M HiIhgide of a substrate that is larger than said largest chip and

that has a pin array on a back side of said substrate, e) pressing together said stack of integrated circuit
chipg and said syhsisaitPadtheRIGIGBalt g icieuriiannsald SelRPYRBS with solder bumps
on a front surface of each chip electrically connected to solder bumps located on a
back surface of each chip, whereby there is electrical connectivity between solder
bumps on said front and back surfaces and between internal circuitry of said integrated
circuit chips and said solder bumps,
10 b) ordering said stack of chips according to size with a smallest chip on top and a
largest chip on bottom,

c) aligning said chips such that the solder bumps on the back surface of a first
chip align with the solder bumps on the front surface of a second chip that is below said
first chip,

15 d) aligning solder bumps on the back surface of said largest chip to solder
bumps on a front side of a substrate that is larger than said largest chip and that has a
pin array on a back side of said substrate,

e) pressing together said stack of integrated circuit chips and said substrate, and

heating said stack to reflow said solder bumps,

20 f) soldering a heat sink to an area of solder bumps on each chip and said

substrate that extends outward from the edge of a smaller chip mounted above.
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20 f) soldering a heat sink to an area of solder bumps on each chip and said substrate that extends
outward from the edge of a smaller chip mounted above. 14 2. The method of claim 1, wherein creating
said stack of integrated circuit chips is made of chips of a same size and requires no heat sink. 3. The
method of claims 1 and 2, wherein pressing together said stack of 5 integrated circuit chips and said
substrate is done with approximately about ten pounds of force and at a temperature approximately
about 330 degre:d bentigithde. &f. daenniethbdrefrciaieatingvbeic st ackderintp gaaddueait sunkakipe e at a
temperature of approximately about 290 degrees centigrade. 10 5. The method of claim 1, wherein
solderingnizdigidéizhipsidsmksatocesich ahnig ieqdiree neihgat inkperature of approximately about 290
degrees centigrade. 15
3. The method of claims 1 and 2, wherein pressing together said stack of
5 integrated circuit chips and said substrate is done with approximately about ten pounds

of force and at a temperature approximately about 330 degrees centigrade.

4. The method of claim 1, wherein soldering said heat sink is done at a
temperature of approximately about 290 degrees centigrade.
10
5. The method of claim 1, wherein soldering individual heat sinks to each chip is

done using a temperature of approximately about 290 degrees centigrade.
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