13 December 2004 Three Dimensional IC Package Module Background of the Invention 1. Field of
Invention The present invention relates to integrated circuit packaging and in p t'BuIar t% hi B) 4
performance packaging of integrated circuit chips in a three dimensional pack Sf;% 91 of
Related Art Conventional packaging of integrated circuit chips is in individual packages which are in turn

mounted in a planar fashion W@érﬁﬁ@ﬁgwﬁgﬂ@mgggmgmit 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 o . Iﬂi g ﬂigu ' ﬁ#; een chips a signal is passed
through the signal 1/0 of the chip, th'Btg Ligelt f m% SP(V which the chip is mounted,
through the Wiriqg F%Ia] 8§r|(rj“}f Hﬁgnexists, across the wiring of the mother board and back through another
card, through the anot e and onto another chip. Each time there is a package change, there is
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communications can be performed. The prin Circditwiring o € mo S, car

delays ingludi i0 sed hy. itic impedance that limits perfor ce. These delays and
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performance of the system in which the chips operate. In US 5,838,060 (Comer) a stacked printed circuit

package is shown j j ' ircuit card in the package contains one integrated circuit chip
connected to a%e%%%%%%%ﬁ?%%ﬁ%g fO terminals. The configuration allows a very tight

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



1 13 December 2004 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 sta(;{;?eﬁ inteﬂgat((e]g %ﬁ:uit die.
Within the package a first die is mounted with leads connected to bond pads. The %8 8| 5

physically mounted on top of the first die and electronically connected to the first die by connecting its

leads to &adiang ergBMEMEIroGEke8s Bothsd o 9€r1i8a Giedgorzbatalasikeetiehipm asg vertically

mounted in a well etched in a substrate with a patterned overlay to provide signal connections to each of

the stackedrzhigasin d&ch 662196 (Ghastborhopackatrckad a83IafSrmis 1gliggcnish

interconnections formed from etched holes filled with a metal starting at the front and extending to the

back siderpéghatei clrantldsivemmateral pathaderanatpmna s nesteneinaitroadbs ederdteeles 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 dig Q) thedreq0ish digetdhtbdididHRAPSicRIRPRAIMEDRrRSees iRdiRrarthediar forming a

stackable integrated circuit die that can be stacked with other similar die. The integrated circuit die is

formed by|8estdarcamg dberrastuthatiasditsediomyuctinaadas yvride agstisaHebdirigiadarst then forming
the semiconductor material around posts upon which the integrated circuit is created. In US 5,347,428

(Carson ghakhgéhei BSESITEY a192 horzentahalasistatKNsioRIysCaie VIOl ancupteaarseWaNp is
described. The signals from the stack of memory chips is brought out to the edge of each memory chip

from whesecHiryigan b riteesiedd@Hrechpads andythepiovide Rigaassonabitidhg ebestiemisfpackage
performs four primary functions; hold, interconnect, power and cool the semiconductor chips that the
package iessrHgaemhiosate®e8LE062 (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



Conventional packaging today performs these four basic functions, but at the Iimitation 2 13 December
2004 of performance because the chips are physically and electrically separa sev ra é erent
package levels and long signal wires. The electrical discontinuities at the tran eﬁsmﬁ%ﬁ{egé ékage
level to another adds delay caused by parasitic impedance of the package interfaces to an already long

wiring degypdhaaRaeBeddasariscceinss tiis galacRMpEIR KIdbricaNyicepavaios ByrelBHS the

packaged performance below that which could otherwise be attained if everything could be contained

within seffifepaiustIkaRE VWit $H0G! sligtanserantnaviea ddal HBson ke f thackage
boundaries for signals to traverse. A three dimensional package, containing a stack of semiconductor

chips on gansXiefiAbinteHagekagh #eavith droftepelireadtaiPsarieg By paehsiiie staddahesips in

such a way as to form chip to chip vias, produces a package that has the opportunity to minimize the

delay betyiars phiskadbthratiede ehignvinreaal Rihiniteddaslalthmasecchirethat R/ W pynunicate

by forming interstitial chip to chip vias, then the particular column location of the chip to chip via can be

used for fARy eléan enerphitoltiereenfieshandttre RRyasitic e panre gddhseitereanse Bdiaw be held to
a minimum. This can enhance both wireability and performance between chips. In addition to providing

tight physical warkaeMngPbsrRINItesdectarthinsifalgenihg eosienss pRrekagrdeadilp accommodate a
means of cooling the package. If a cooling capability can be integrated into the tight stacking of chips,

then a cosepi@ierraeitagerdips bewitbiheade GidRRNEES aMe Iuidriioh metferinancenteeds. SUMMARY OF
THE INVENTION
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




3 13 December 2004 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 substrati éﬂﬁ% é)ancak\%éibg
configuration. The I/O interface substrate sits at the bottom of the stack and p eﬂb{% nd
signal connections from external to the stack of chips through a pin array on the side opposite to where

connections aretjdepie o chive SlRAa A & RS eI AIGHIR 18 8BiIBE@IVRRiishcreated going

through each semiconductor chip in the stack to carry power and signal from the 1/O interface substrate
to the chigsniicihreosiatel-chigaad reostaruBlE Al b BRkRaIheie 2 M 1Teistegk calsabisedtzeid C vias.

Segments of the CTC vias within each chip are capped with solder bumps on both the top and bottom

sides of ergitakiplikdredfPgibssateThas @ imeaddy salsiarhunps Mhitd Bsesansesiediactoe array of

I/O pins and that match the array on the back side of the bottom chip in the stack of chips. The solder

bumps oa gy @viRisEA podEhaHE Syhalieteréetrlignadntesitrasteskrnsiacosraigmye clamped

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

between gheGhiPa ivithakipenhaned died/eppuieriacs kst AienAestoneatohibaatsamhefchipC vias is

formed in each chip by etching holes into the back side of the semiconductor chips until the field oxide

layer undgtathe Arshlexploif doiairatporpreashrd(ThEN iRke oo arekieneg thveugh daetield 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 wallsgriedneigsiorrshipaiehthelsiigkiliecbudth poweteh ao G edmith@nCemestdsemp. 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 soedonieide tie empvead thdhRtack. 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



second level of metal inside the chip and are capped with a solder bump. An interlevel 4 13 December
2004 via between the first and second levels of metallization within the chip completes the Tﬁ]via
segment and provides electrical continuity between the solder bumps on the tﬁc BrAeC&i Qa ‘b the
solder bumps on the front side of the chip. The interlevel via between first and second levels of

metallizafignpethEeH eheMibstia RITHRE Msiass el eriet e o vatefiha ek ebtmpletdashiéhen the
interlevel via is connected between the first and second levels of metallization, the CTC via is continuous

through to chisasshrieniaRPPRVIBEEE e GRS JaHRLAY Brabesk sideseidarahiprps@Anpear at a

solder bump on the top side of a chip. When the interlevel via is not present, the CTC via is open

allowing te-RQIEEAB Ehip e e eRRieCBtnfdsth thruatisigesttighe @mgctions 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 enterethe v énies weaviish Piest ahthederidl (elelyisfanetalsesms wignalties arifferent
function can be sent from the chip through the second part of the open CTC. Thus formed, the interstitial

CTC viaprays alewngiderentBlectians torsadhss seeneresunCTocake wedicthe theeneed faansore CTC
via holes on the stacked chips and enhancing the wireability between the stack of chips. Using the wiring

levels integraidotdeesncked thBifirendibesabiiid tlewnsnrrieiflidatRiackbydaadivig put the interlevel via,
different interstitial vias in different CTC via stacks can be electrically connected to further enhance

wireabilitgdrgtnesusahirest httreestak ahbssigiensahppead iy Hteastarkacdothiys onah die segeasitry oultiple
CTC via stacks as might be desired when distributing power, or the internal wiring in conjunction with the
interlevelavigspgnigy Sppesecttalyorideasip 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.



signal to multiple CTC via stacks or to multiple interstitial vias such as might be desired with a clock
signal. 5 13 December 2004 To accommodate cooling each chip in the stack i§ de of digsahe t size.
Starting with the bottom chip and progressing to the top chip, each successive g‘%%ema% £Ier than
the chip directly below it, but larger than the active area of the chip including the CTC via area. When the

chips are stackerbtagegremib@atoesdiysiarn ehip faticasecwiemuigaverrder @t dibe. size
differences in the chips and the location of the active area within the chips can create a stepped

arrangen®gkaiyanyrcaeipatenehad Bivifprsgieesing toaisdiepibplpdvrcalsipstctigng SRy bumps are
deposited on each chip in the area of the steps of the "stair case" which extending out beyond the chip

mountedabgeesihANBE ameie bieipt girdstipiecrsiRchas todif staek ohehiptveyareaasisies drgsoldering
the heat sinks to the solder bumps in the stepped area. Depending on the cooling requirements, one or

more heapsiifhgande Attaghestéa thehsiepedhiis eiipstdtred ryjinkina RN itdstegsliied, the

chips in a stack can all be the same size with no stair case like configuration. BRIEF DESCRIPTION OF

THE DRAWIAGSaddintiyeiidoneyiddsedascritrisivighditiaemnssstinthie atnipsaasting |6 canerost
wherein: FIG. 1 a-1 g are cross section views of the method to produce a chip to chip via, FIG. 2a-2c are

Cross segtemnetawsapéihwisiackirgcpishigenonyead Q sippisataraithElterfdos Qe s mitrsiynent of
heat sinks to the stack of semiconductor

of the four 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.



chips. 6 13 December 2004 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT In FIG. 1
a is shown a semiconductor substrate 10 with about 3m and between about 2 n§ 4m oboxi ]41
deposited on the back side of the substrate 10 using a plasma enhanced cheljn%'c R‘/‘&ﬁ% %re%@gl ion
(PECVD) process. On the topside of the substrate 10 is a field oxide region 12 upon which rests a metal
land 13 included in the first level of wiring on the substrate 10. A metal land 15 included in the second

level of wiring is coprepdEothe SeRIFIMAN DR theHisREFE RRFD EMBEDNFEATa 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|34 1. andighshamastiaien ool rlsbiss aeddng afith akso (@ Belm @ ilanlirseto the

bottom surface of the substrate 10 and a pattern is applied. One or more holes 21 are etched through the

oxide laygpdds aligied withh dxele natigsp &3 iaedH thensderlefdd bomiedbstafttheosuhatiate 10. Shown
in FIG. 1c, one or more holes 22 are etched through the substrate 10 using the holes in the backside
oxide 11 giaénaaskrritiestoondtaicdithedialdoyistatidh QP& YD) s edekndDn the tuperigdihrrugh 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) igubsieiiingd igtipiRIgxideaiediordeRtibda wadtve gas anestalaghandinadiaed amhe
approximately about 1:0 to 1:100. A nominal gas pressure of approximately about 0.1 Pascal is
maintaingigsvigvel Gingieing senthapiuibstrassel apaubtPkRascineddedRashal séberitPisveleof the
gases has a nominal value of approximately about 100 SCCM within a range of approximately about 10

SCCM tomfAgSE cdmnBrecaci@ith@d 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



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 7 13 December ZOOﬁgreﬁigéEélgﬁ the

physical bombardment of the back side of the wafer with ionized reactive gas 19:?.’0 §% 4of the

holes 22 and at the same time maintain the integrity of the walls of the holes. Maintaining the anisotropy

of the etghrgsslireraavahel gRysrely BihRatatiahtosmee Blek iee e npeitaniiodhgéarming of the
holes 22 from the back of the wafer 11 to the FOX 12. The etching of the holes 22 is stopped at the FOX

12 by eithgaaileged etabrsdeie ot mdminishsr Speignd HstRe aarmetitak enslmaintidetector. In FIG. 1
d the bottom of holes 22 on the backside of the substrate 10 is etched through the FOX 12, stopping at

the metaldgsgtibBdn the Wiesls rehefvoidag aidnasiRipgfaigadisstiogysobsteateckad® righiae HfOX 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 activergasoynestaniad e ioanebértine 2tén (it sidhBiank Ehirfidg ditiias wileeuzhe 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: ¥banehiaiaek vthieg angerof Rpprasimai!y 20D Bllimd: $0the Hinegasiestsispdsel preferred to
be approximately about 1 Pascal and falling within a range of approximately about 0.1 Pascal to 10

Pascal. the flyxof 2hsy aamheristtira ctheaol bt richinpchambishisoosrisiges igsheyanpaptiazately about
100 SCCM and falling into a range of approximately about 10 SCCM to 500 SCCM. The selectivity is

preferredgiadusonmderdataiely about 10 and in a range of approximately about 1 to 1000.
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



In FIG. 1 e the walls of the backside holes 22 are coated with an oxide to form a nominal thickness of

approximately about 1m and from between approximately about 0.3 tol Om A iﬁﬁna engané(élgfhemical
vapor deposition (PECVD) is used to coat the 8 13 December 2004 walls of th ES [t

continuous and uniform coating using, for instance SiH4 + 02. An anisotropic etch, for example a CF4

plasma, ig yECfhELMAYE SONANIEHRNT"AYE bRssHAEROSISS IRy M6 IdiiaYEd SRigl LS at the

bottom of holes 22. After the walls 23 of the back side holes 22 have been coated with an oxide 23 and
the bottom of the hole has been cleaned, a metal deposited 24 into the holes 22 as shown in FIG. 1f. The
metal de iPe’EJ%’i‘t‘é‘?ﬁ@ﬁ’f&l8&052#@&%@’6#%1@%%%9?5%%&%%% R FPECEABOREIH A, tungsten
by chemical vapor deposition or aluminum by chemical vapor deposition. After metal 24 has been
depositediaYo e RERR dopasitrg ek Higdins |avehneeinis diahBteaiiony of PRiRs 4 time of
approximately about 1/2 hour and in a range from approximately about ten minutes to five hours. The
exposed surfac&BetHBanuedsi?3nef gk side el sal Bavelean caatedswitieppuMse 23 as shown
in FIG. 1 g, can adhere, for instance silver deposited from a silver nitrate dip. On the top side 18 of the
substratead the heitem piihe Aeledprmbaaivelaneashliadneta deposied SHIOhaROEsADRSS copper
and electroless nickel deposited on the surface of the second level of metal 15 prior to a silver nitrate dip
to accomPhendtdnd@epositieyerialsdrpasiachpieinerhelesiddribanpoihadeilowinge deposited using
a hot dip process. The chips are dipped into a molten tin/lead solder mixture having, for example, 63% tin
and 37%8EEIOeSS CoPRRstelapkoRsmAlRe blungHeThiLhomicalyappurfresiiepited on an

interface metal _ N o
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.



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 quiﬁlﬂgfde sitde?&)ﬁ solder
bump 27. 9 13 December 2004 In FIG. 2a is shown a cross section of a substrate 8 ﬁ a set of
chips 32, 33, 34, 35 and 36 over the substrate. The substrate 31 contains an array of pins that extend

out of the bottonh ¢f|thez RsyRENVEArese85eskRY AN /s ASstAR@8d 4llgRBHthgthiensaidst @hipe substrate

31 are a set of solder bumps represented by solder bump 30 attached to pin 37. The solder bumps on

the subsipate3d] s4e FHigrREI BV EraKelSuhtimte0 Tiaeedbaitate e GaMIGes AUCiRF-EhiI s Biat34, 35
and 36 and represented by a closed CTC via 41 in chip 36 and open CTC via 42 in chip 33. The closed

CTC via éktsnSoiIoHE BemdhePRitosuisaleae bepraderitiritep srIga7HBBEsHPUM Ofrte 1 g with
via 14 connecting the second level metal land 15 to the first level metal land 13. Continuing to refer to

FIG. 2a, thp 8RRNGETHE Widdl isdgl GRatineeus BSoReMBLIME Rprbswhrie Byaseliniagigdetween

the first level metal land 13 and the second metal land 15. This breaks the continuity in the CTC via stack
aligned vttapited2®pithe7sThsteirigh andsElewsHetsiBiipdie B3 virsaliydedaniibthtnarse thigsame via

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

closed CEénvinéd WithiptRe apmidenauabcenipRcion3d tha, aBardT3s WadtrpreseHiEbgennection of
open via 42 can be used by chip 33 to make an interstitial connection to chip 34 through the lower

connectigokeadPrEMCVia ¥irih&hihasignal e 0TRY vavhen dieg BBETHY dtbiewCTT 4%ata vpper
connection of CTC via 44, making a transition between levels of metal along the way from open CTC via
42 to opefvhiirfaous 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.
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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 n CTC via Ab%l chip
35. 10 13 December 2004 In FIG. 2c is shown a cross section of the stack of cﬁf %Fn 652 é1and 36
and the interface substrate 31 after the stack has been pressed together 49 at approximately about ten

pounds force ang Fegtezttr appiorinairly abedl s Oee eticicontaipsaonbeteds ahrisf.1 to 1
minute to reflow the solder bumps on each end of the CTC vias represented by closed CTC via 41 and

open CTgndaHRintbaadabsaiow enperahseeickifdassensressisnaggdséengngent upon the

percentage makeup of the tin and lead in the solder bumps. The column of CTC vias connected to pins

37 and 4g@sposamtmIpuDEoMehpeURaabrcElaarAHEEME fochiifs i BlaBou B8R0 fre s

illustrative example, pins 37 and 40 could be power and ground pins, and the continuous connection
allows pawetigreberimsktaberdimsutod teoall ehis ttheeaaekhe it emsuanss ©hediEs a1 shown

may also need to be continuous to help distribute power and ground to the chips in the stack. The CTC

vias in thefebIOTE ARV prassiiaind\38esed O TONIRUAUSRECHTEIVO TCINie 1S, Tas 43iase 44 and
provide interstitial via capability where the same via column is used by several different functions as

discussegbpieavimialyanit e OF 33asdbyréés £erigraiae %9 depEHdertupshane sestapkarfesemiconductor
chips 62, 63, 64 and 65, and an interface substrate 61. The interface substrate 61 and the chips 62, 63,

64 and 6makeugrehthdliffeseiRt Bizg e gdiden therpsh Striedeins ibledagassschinbdcsstiter than the
substrate 61, chip 63 smaller than chip 62, chip 64 smaller than chip 63, and chip 65

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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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 {ze for two opposite
sides, but the variation can be with one, two, three or all four sides of the chipi (?‘fﬁ@?l%&p%[gwith a
stair case like variation in similar fashion 11 13 December 2004 as shown in FIG. 3a. On the surface of

each stepinsthewiiail Fase SkeGHuRbIsRIHaeR cirsaracssnantPirestairizve 5Iesd dneledirgighgntop chip in
the stack 65. The arrangement of solder bumps 66 is shown in a row but other arrangements can be

used to ageMYBIRdAtDR RRARINHASSIDIRCRANIG WO 'ehes 1e fH&sBrkaBBATAY Of pins 67 are shown

to extend below the lower surface of the interface substrate 61. Some of the pins are shown connected

by dashegrlinge® e dheSalsieh tpes6 BBhBentap Svohmasuobihe saraliegé flupteahhse desled lines

68 represent columns of CTC vias which may be continuous from a solder bump 69 on the top chip 65 to

the pin afey oM@t o eHE eeamtisiHRWEeBRyMItting 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 servesiiau Ry ReseferabteIeRread dneapiayesraymibioaecshonadateacenberiar pgstem and
b) to provide more signal 1/0 to accommodate the function of the chip stack. Pins outside the array of

CTC via palenearediesontiesiakiiade SubSindte @1 unSwiyy sneanpinbareediaiupugonrioctdtnsy (not
shown) in the substrate 61 or any chip which sits above these pins outside the CTC via columns. Shown

in FIG 3daghbudineseBrisstte seldee e e the chithstask §218ce ehenshtdlicyndltisasteTiase

substrate 61 by pressing the heat sinks to the stack with
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
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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 tempgjéure of 29%5863rees
centigrade is dependent upon the percentage makeup of the tin and lead in th ﬁféerrBB% .10 FIG. 3¢
is shown a different heat sink configuration 90 that are individually mounted to the interface substrate 61

and eachchp 52 Dsgesnban @884 i 62adid Tioatshbsinkdin FRGK3E ke sabwinkath e 35aATe shown

with more than two surfaces to provide additional cooling capability in support of the function contained

within theWer eareiixes ©op)vidie HAGRLAEF dib Ptk aapabiitjanhg pyemtdnrar Repsneshesiged shown

and described with reference to preferred embodiments thereof, it will be understood by those skilled in

the art thajthiariees ehasahmenomarnetslaiaids pryUrepAaRywithout departing from the spirit and scope
of the invention. What is claimed is: 13 13 December 2004 1. A method to connect pads on front side of a

chip to pads on wasilesifls ialsatbrehils er@pHiRGt A9 SHBA Mt auelsipbmnalializeféopetx field
oxide on a front side of a silicon substrate with metalized vias connecting levels of metallization and with

an 5 intgsraesalatialestielitiéhishekyesh aAneipyersrigmtotliBatinoss)sikedna anecxdttan backside of
said silicon substrate using plasma enhanced chemical vapor deposition (PECVD),

various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed is:
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c) forming a first opening in said IMD on a front side of said silicon substrate to create a first hole over a
second level metal land connected by means of a via to a first 10 level metal | on top of i§ field
oxide, d) forming a second opening in the oxide on the backside of said wafer i%g%%%"%ﬁﬁ%ﬁ t40pening,
e) etching a second hole from backside of said silicon substrate to said field oxide using oxide on back
side of said silicon substrate as a mask, 15 f) etching said second hole into said field oxide and stopping
at said first levell .Meta¢inad,tg)cdepesitipgdmnorxident sadingfom ehitiscpadsl crbactt bae bfsaehns of a
PECVD to produce a continuous and uniform coating, h) depositing electroless copper or electroless
nickel in shig,semoptidintg to fill 20 said second hole from said first level metal land to said backside of
said silicon substrate, i) etching back said metal in said second hole, 14 13 December 2004 j) preparing

said first hole ar( Rsrishisgcondtinelciorct saiddliition.dydeadritingadis soldeoptsideotametallization in
said first hole on front side of said silicon substrate using a hot solder dip, k) depositing said solder bump

onto metgllizatasuibsFaie saeRtbhgliecansaidc rbrekisig ecvicsaisk s sahsH 2ied iy gnhot solder dip.
2. The method of claim 1, wherein forming multiple levels of metallization over a field oxide on the front
sidenf thatileetas drsEatRNIND) Femriahzatvie EaRRERIERIliZation,
b) forming an oxide on backside of said silicon substrate using plasma enhanced
chemical vapor deposition (PECVD),
c¢) forming a first opening in said IMD on a front side of said silicon substrate to
create a first hole over a second level metal land connected by means of a via to a first
10 level metal land on top of said field oxide,
d) forming a second opening in the oxide on the backside of said wafer opposite
said first opening,
e) etching a second hole from backside of said silicon substrate to said field
oxide using oxide on back side of said silicon substrate as a mask,
15 f) etching said second hole into said field oxide and stopping at said first level
metal land,
g) depositing an oxide coating on walls of said second hole by means of a
PECVD to produce a continuous and uniform coating,
h) depositing electroless copper or electroless nickel in said second hole to fill
20 said second hole from said first level metal land to said backside of said silicon

substrate,

i) etching back said metal in said second hole,
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between said first and second metal lands creates a capability to form an interstitial chip 10 to chip via to
allow communication between chips. 3. The method of claim 1, wherein deposﬂ]téng said (Eg)é?id gting and
performing said plasma etch back produces an oxide wall within said second hol FEERRs, ubstrate
that is nominally 1 micrometer thick and between about 0.8 to 1.2 15 micrometers, and producing a
diameter of said second hole between about 10 and 20 micrometers. 4. The method of claim 1, wherein
depositing a mejlabresmiich g azia dilst leole doks by ceeonchhuipiordepoklBobhiingsten or chemical
vapor deposition of aluminum to 20 fill said second hole from said first level metal land to said backside
of said silicon sjbdépdsitiiy said solder bump onto metallization in said first hole on front side of

said silicon substrate using a hot solder dip,

k) depositing said solder bump onto metallization in said second hole on said

5 backside of said silicon substrate using a hot solder dip.

2. The method of claim 1, wherein forming multiple levels of metallization over a
field oxide on the front side of the silicon substrate without a metalized vias connecting
between said first and second metal lands creates a capability to form an interstitial chip

10  to chip via to allow communication between chips.

3. The method of claim 1, wherein depositing said oxide coating and performing
said plasma etch back produces an oxide wall within said second hole in the silicon
substrate that is nominally 1 micrometer thick and between about 0.8 to 1.2

15  micrometers, and producing a diameter of said second hole between about 10 and 20

micrometers.

4. The method of claim 1, wherein depositing a metal in said second hole is done
by chemical vapor deposition of tungsten or chemical vapor deposition of aluminum to
20 fill said second hole from said first level metal land to said backside of said silicon

substrate.
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