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Three Dimensional TC Package Module 

DackgroLm<l or U1c l.nvcnlion 

1. Field of Invention 

. ·111c prescnf invc11tio11 rcl:ttcs to integrated circuit packa.ging ruid iI1 particular to high 

pcrformnncc packa.ging of intcgmtcd circuit chips itr a three dimensionttl pncka.gc. 

2. Description of Relntccl i\rt 

Conventional packaging of intcgmtcd circuit chips is in individual packages which arc in 

tum mounted in n plan.'ll' fa.shion 011 a pl'intcd circuit board. O:fu..."'11 the printed circuit boru:d is in the 
fom1 of n cnrd which is plugged into :i mother board which has other cnrds mounted in a vertical 

orientation stemming from an edge connector on the cnrd. To conununicatc between chips a signal 

is passed through the signnl 1/0 of the chip. 1hcn the signal 1/0 oftllc module on.which tllc chip is 

mounted. through the wiring of a c.1rd if one exists. across the wiring of the mother bom·d and 

back through another card. tllrough the a11other module and onto another chip. Each tinie there is a. . . 

package ch.nngc, there is some fonn of a connector which limits the bandwidth and :fi:equeucy at 

which the chip to chip co1nnmnications can be performed. '11ic printed circuit wiring of the 

modules. cards and board produces delays including pcrttu·bations caused by pal'asitic impedance-

· that limits pcrfonnnncc. 'lbcsc delays anci perturbations limit the pcrfo1mancc of the signals 

outside the semiconductor chips and in tum limit tllc pcdonnancc of the system iu which the chips 
opc1·ntc. 
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In US 5.838.060 (Comer) n. st1ckcd printed circuit package is shoivn in which each printed 

circuit c!lrd in the packng.e conmins one intcg.rn.tcd circuit chip connected to n. se: of pcdphemlly 
-

loc:ltcd VO tenninals. 111e configuration allows n. very tight s.ta.cking of printed. c~cuit cards both 

in a vetticn.1 and a hoiiwntal direction. In US 5.777.345 (Loder ct al.) :m electronic pack.1.ge has a 

plurnliiy of physically stncked integrated circuit die. Within the pa.ckn.ge a. first die is mounted 

with leads ccuncctcd to bond pads. ·111e11 a second die is physically mounted on top of the first 

die :md clectt'Onicnlly connected to the first die by connecting its lends to th~ bond pads of the 

pack.age. ln US 5. 737.192 (Linde1ma11) n. s~'lck of chips arc verticn.lly mounted inn. well etched in 

a. substrate with a. patterned overla.y to provide signal connections to each of the sttcked chips. In 

US 5.682.062 (Gaul) shows a stacked set of scmico11duct01· dies \.vifu interconnections fonucd 

:from etched holes filled with a. metal stnrting at the front nnd CM-ending to the ba.ck side of the die. 

Conductive materin.1 iu 1he fo1m of prongs extending from the etched holes of a. first die arc used 

to mntc with holes of a second die tli.1t receive the prongs and fo1111 a. conductive ?a.th from the 

first die to the second die. In US 5.432.999 (Capps ct ru.) a process fa described for forming a 

stackable iutcgratcd circuit die that can ~c stacked with other similru: die. 111e iiltcgrat.cd cfreuit die 

is fonucd by first fonuing tl1e posts tli.~t arc the conductive vias which go furough. 'the die and then · 

fom1i11g the semiconductor mntcri:tl arotu1d posts upon which the intcgrn:tl::d circuit is created. In 

US 5,347.428 (Carson ct ru.) either a. vertical or a horizontal st.<tCk of memory chip mounted on a 

processor chip is dc.<>cribcd. ·me sig11als 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 nnd then to the processor 

chip. 

J\11 electronic package pcr:fonus foul' primary fl,111ctio11s: hold. interconnect power and 

cool the semiconductor chips tha.t the package wn.s designed to accommodate. Conventional 
f 

paclc.iging. today pctfom1s these ti.)ttr basic fanction.<;. but at the limitation of pcrfom1:uicc because 
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the chips are physically and dectricnlly separated by several different packag~ levels and long 
signal wires. The electrical discontinuities at the transition from one package level to another adds -
delay caused by parasitic impedance of the package ·interfaces to an already. long wiring delay. Al 
the speed of today's chips this delay extemnl to the semiconductor chips limits the pack.'l.ged 
perfonnance below that which could otherwise be attained if everything could be _contained within 
semiconductor chips or within short distances and having a minimum number of package 

boundaries for signals to traverse.!. 

A three dimensional package, containing a stack of semiconductor chips on an extemal 
interface substrate with wiring between chips going through the stack of chips i:-:. such a way as to 

fonn 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 com:mmicate by 

fonning interstitial chip to chip vias, then the particular column location of the chip to chip via can 
be uscii 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 perfonnance between chips. In addition 
to providing tight physical packaging of semiconductor chips, a three dimensional package need 
lo accommodate a means of cooling th~ package. If a cooling capability can be integrated inlo the 
tight stacking of chips. then a complete package can be produce to support numerous high 

perf onrnmce needs: 

SUMM . ..\B.Y OF THE INVENTION 

In the present invention a three dimen~ional package is described in which semiconductor 
chips are stacked front to back and to an I/O interface substrate in a pancake like configuration. 
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The l/O interface substrate sits at the bottom of the stack and provides for power and signal 

connections from external to the stack of chips tlu·ough a pin ruTay on the side opposite to where 

co1mections art: made to the chip stack. An array of columns of chip lo chip (CTC) vias is created 

going through each semiconductor chip in the stack to carry power and signal from the I/O 

interface substrate to the chips in the stack. Signal communications between ch:ps in the stack 

also use the CTC vias. Segments of the CTC vias within each chip arc capped with solder bumps 

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

which are connected to the array ofI/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 VO 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 i..t1 the stack and the IJO 

interface substrate. 

A segment of the army of CTC vias is fonned in each chip by etching holes into the bacl5; 

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.Jo a metal land in the first level of metal 

.on the top side of the chip. An oxide insulating layer is fonned 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 ho!es on the 

top side arc opened to the second level of metal inside the chip and arc capped with a soidcr 

hump. An interleveI via between the first and second levels of metaii7.ation within the chip ' . 
completes the CTC via segment and provides elec1ricnl continuity between the solder btunps 011 

the back of the chip and the solder bumps on the front side of the chip. 

TI1e interlevel via benll/een first and iiecond levels of metalizatiop within th~ chip plays an 
! 

important role in the fanning of the array of CTC vias. 'When the interlevel via is connected 
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between the first and second levels of metalization,. 1he 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 sol.de;: bump on 

the top sid~ of a chip. When lht! interlevel via is not present. lhe CTC via is open allowing the 

column in which the open CTC exists to have interstitial coMections where the column can 
support signals of more than one function at the same time. \:v11en a CTC vias is open,. a signal for ... 
one fi.mction 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 ere. "I1ms 

formed,. the interstitial CTC vias can allow different fi.u1ctions to use the same column location,. · 
reducing the need for more CTC via holes on the stacked chips and. enhancing the vvireability 

between the stack of chips. Using the wiring levels intemal to the stacked chip and the ability to 

open a CTC via stack by leaving out the intcrlevel via. different interstitial vias in different CTC 

via stacks can be electrically connected to ft.trther enhance wireabi.Iity between chips in the stack. 

The intcmal \.\riring of the stacked chips can tic together multiple CTC via stacks as might be 
desired when distributing power,. or the intemal wiring in conjunction with th~ interlevel vias 

might be used to broadcast a signal to multiple CTC via stacks or to multiple intersti6\I vias such 

as might b~ dt!sired with a clock signal. 

To accommodate cooling each chip in the stack is made of a different size. Starting ·with 
the bottom chip and progressing to the top chip,. each successive chip is made smaller than the 
chip directly below it. but larger than the active area of the chip including the CTC via area. Vlhcu. 
!he chips are stacked together they look like steps in a stair case when viewed edge on .. The size 
dilforences in the chips and the location of the active area within the chips can create a stepped 
ammgement on any combinations of the four sides of the chips including all four sides. Solder 
bumps are deposited 01\ each chip in the area of the steps of the "stair case" which ·:xtending out \ ' 

beyond the chip mounted above it. One or more heat sinks are attache_? to the stack of chips by 
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means of the soldering the heat sinks to the solder bumps in the stepped area. Depending on the 

cooling requirements. one or more he.at sinks can be attached _to the steps of the chips. If no heat 

sinking capability is required, the chips in a stack can ail be the smne size with no stair case like 

configuration. 

BRIEF DESCB.IPTION OF THE ORA WINGS 

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

FIG. la-lg 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 011 an I/O substrate, and 

FIG. 3a-3c show the attachment of heat sinks to- the stack of sen1icolidttctcr chips. 

nETAIJ ,FD n.ESCRlPTION OF THE PREFERRED. EMBODHvfENT 

In FIG. la is shown a semiconductor substrate 10 with about 3µm and between about 

2 and 4µm of oxide 11 deposited on the back side of the substrate 10 using a plasma enhanced 

chemical vapor deposition (PECVD) process. On the top side of the substrate 10 is a field oxide 
f region 12 upon which rests a mctnl land 13 included in the first fovcl of \.vtring on the substrate 10. 
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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 inl~r metal <lidectric 16 !lrnt overlays the wiring melai!zalion 13 14 15 and the 
substrate 10. 

In FIG. I b a coating of photo resist 20 is applied to the bottom surface of the s•.tbstrate 10 
and a pattcm is applied. One or more holes 21 are etched through the oxide !ayer 11. aiigned with 
a hole pattem of one or more holes 17 on the top of the substrate TO. Shown in F!G. 1.c. 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 th.rough the substrate 

l 0 to the FOX uses a mixture of an inert gas (Ar, Ne, or Xe) and an active gas (Ch. CF.i, SF i;, or 

NF3) in a nominal ratio approximately about 1 :10 (active gas : inert gas) and ranging from 

approximately about l:O to 1 :100. A nominal gas pressure of approximately about 0.1 Pascal is 
~aintained 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 
abottt 10 SCCNfto 500 SCCM. The nominal etching selectivity of the gas is approximately about 
30 with a minimum value of approximately about 15 and a maximtun value of approximately 
about 1000. The low pressure and the physical bombardment of the back side of the wafer with 
ioni:t.ed reactive gas elches the bottom of the holes 22 and at the same time maintain the integrity 
of the walls of the holes. Maintaining the anisotropy of the etch and removal of any polymer 
mnter~nl fonned after the etch is important to the fanning of the holes 22 from the back of the 
wafer I J to the FOX 12. The etching of the holes 22 is stopped at the FOX 12 by either a timed 
etch or detecting a diminished Si signal using an optical end point detector. 



~-· nm· 

In fIG. ld the bottom of holes 22 on the backside of the substrate IO is etched through the 
FOX 12, stopping at the metal land 13 in the fir~t level of wiring of the chip fonned on the 

substrate I 0. To e!ch the FOX 12 al the bot!om of the holes 22 from the backside of lhe wafer a 

mixture of an active and an inert gas is used. The active gas is selected from one of CF.1. C:!f 6, 

CiFG. CHF3• and CI-bf'! with or without the addjtion of oxygen. The inert gas is A.r. Ne. or Xe. 

The ratio of active to inert gas is prcfem~d to be approximately about 1: 10 and falling in the range 
of approximately about.1:0 to 1:100. r11e gas pressure is preferred to be approximately about 1 
Pascal and falling within a range of approximately about·o.i Pascal to 10 Pascal. The flow of the 
gas mixture through the etching chamber is preferred to be approximately about 100 SCCM and 

foiling into a range of approximately about 10 SCCM to 500 SCCM. The selectivi'!y is preferred 

to be approximately about 10 and in a range of approximalely about 1to1000. 

In FIG. le the walls of the backside holes 22 are coated with an oxide to fonn a nominal 
thickness of approximately about Iµm and from between approximately abou_t 0:3µm to 10.0µm. 

A plasma enhanced chemical vapor deposition (PECVD) is used to coat the walls of the holes 22 

with a continuous and ttnifonn coating using. for instance Si&+ 02. An anisotropic etch. for 

example a CF4 plasma. is used to' 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 side holes 22 have been coated •vith an o::cidc 23 and the 

bottom of the hole has been cleaned, a metal deposited 24 into the holes 22 as shown in FIG. 1 f. -
The metal deposited into the holes 22 is one of'the following, electroless copper, electroiess 

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 112 hour and in a range from approximately about ten 
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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. lg, can adhere. for instance silver deposited from a 
silver nilrate 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 elcctroless copper and clectroless 11ickel deposited on the 

surface of the second level of metal 15 prior to a silver nitrate dip to ~ccommodate th·~ depositing 
of a solder bumps 27. The solder bumps 25 and 27 arc deposited· using a hot dip proeess. The 
chips are dipped into a molten tin/lead solder mi:-..1ure having, for example, 63~·'1 tin and 37% lead. 
This completes the fonnation of the CTC via from solder bump 25 deposited on an interface metal 
connected to the hole fill metallurgy 24 and farther connected ton. first level metal land 13, 
through a wiring via 14 to a second level metal land 15 through an interface metal 011 \.vhich is 
deposited a solder bump 27. 

In FIG. 2a is shown a cross section of a substrate 31 aligned with a set of chips 3 2. ~3, 
34. 35 and 36 over the substrate. The substrate 31 contains an array of pins that e:\."tcnd out of the 
bottom of the substrate represented by pins 37 .. 38, 39 and 40. On the top side of1he St!bs1~·ate 31 
are a set of solder bumps represented by solder bump 30 attached to pin 37. The solder bumps on 
!he subslmte 31 are aligned wilh the CTC vias contained within the semicondttc!or ch'. :)s 32, 33, 
34, 35 and 36 and represented by a closed CTC via 41 in chip 36 and open CTC via <-2 i.11 chip 
33. 111e closed CTC via 41 is continuous from the bottom solder bump to the top solder bump as 
shown in FIG. 1 g with via 14 connecting the second level metal land 15 to the first le·.:·::: I metal 
land 13. 

Continuing to refor to FIG. 2a. the open CTC via 42 is not continuous as shc\.vu in FIG. 2b 
where there is no via 46 between the first level metal land 13 and tlie second metal la.'1.d 15. This 
breaks the continuity in the CTC via stack aligried with pin 39 on1the substrate 31 and a!lows 

I 
interstiti:tl CTC vias 45 42 and 50 to use the same via column._ As an example. the signal on pin 
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39 can be com1ected 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 lo make an interstitial connection to chip 34 through lhe 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 3 5 through the closed. CTC via 47 in chip 34 and the lower connection of open 
CTC via 48 in chip 35. 

In FIG. 2c is shown a cross section of the stack of chips 32, 33, 34, 35 and 36 and the 
interface substrate 31 after the stack has been pressed together 49 at approximately about ten 
pounds force and heated to approximately about 330 degrees centigrade for benveen about 0.1 to 
I minute to reflow the solder bumps on each end of the CTC vins represented by closed CTC via 
41 and open CTC via 42. The solder reflow temperature of 330 degrees centigrade is dependent 
upon the percentage makeup of the tin and lead in the solder bumps. The column of CTC vias 
connected to pins 37 nnd 40 are continuous from the substrate 31 and through chips 32, 33, 34, 35 
and 36. As an H!t1strative example, ·pins 37 and 40 could be power and ground pins, and lhe 
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 th\! chips in 1hc stack. 111c CTC vias in the columns above pins 38 and 39 nrc not continuous as.. 
shown with CTC vias 42 and 44 and provide interstitial via capab·ility where the same via column 
is used by several different fhnctions 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 int~rface 
substrate 61. The interface substrate G 1 and !he chips 62. 63. 64 and 65 are each a different size 
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ranging from the substrate being the largest, chip 62 smaller than the substrate 6 L chip 63 smaller 
than chip 62. chip 64 smaller than chip-63, and_chip 65 smaller than chip 64. The purpose for this 
arrnngt!mt::nl is to provide a surfac.: on each chip to connect a heat sir.k. The size of :he ~hips and 
the interface substrate are sh0\'111 to vary in size for two opposite sides. but the variation ca11 be 
with one. two. tltree or all four sides of the chips and the substrate with a stair c~se Eke variation 
in similar fashion as shown in FIG. 3a. On the surface of each step in the stair case like structure 
is an an·angement o_f solder bumps 66 including the top chip in the stack 65. The arra11gement of 
solder humps G(, is shown in a row but other arrangements can be used to accommodate the heat 
sink design. 

Continuing to refer to FIG. 3a, an array of pins 67 are shown to extend below the lower 
surface of the interface substrate 61. Some of the pins are sho\vn connected by 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 nrrny 67, or may be discontinuous pennitting interstitial vias and wiring capability as 

discussed with FIG. 2a - 2c. A portion of the pin array 71 is shm.vn outside the shadow of some 
of tht! chips in !ht! slack. This S\"!fVt:S (WO purposes, a) to spread the pin array out lo accommodate 
a connt:ctor system and b) to provide more signal I/Oto accommodate the :fhnction of the chip 
stnck. 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 -
pin~ outside the CTC via columns. 

Shown in FIG 3b are two heat sinks 80 co1mected 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 cen~grade 
for between about 0.1 to 1 minute. The solder reflow teqwerature of 290 degrees centigrade is 
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dependent upon the percentage makeup of the tin and lend in the solder bumps. In fIG. 3c is 

shown a different heat sink configuration 90 that are individually mounted to the inte1face 

substrat~ 61 and ~ach chip 62, 63, 63 and 65 in the stack. The heal sinks in FIG. 3c are shown 

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

contained within the three dimensional integrated circl.lit package. 

While the invention has been particularly shO\vn and described _with reference to preferred 

embodiments thereof, it will he understood by those skilled in the art that various changes in fonn 

and details may be made without departing from the spirit and scope of the invention. 

What is claimed is: 

l \11\lll \\\I\\ Ill\\ \\Ill \\ \f I\ * C L M S 
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l. A three dimensional integrated circuit module, comprising: 

a) a number of unequal size semiconductor chips fanning a 9hip stack where s~id 

St."miconductor chips are stacked back side t~ front side and or~ered by size from a largeSt chip nt 
a bottom of said stack to a smailest chip at a top of said stack where each larger chUJ has an area 

5 extending out beyond a subsequent smaller chip in a stair case fashion, 

b) back side of said largest chip s!:ickc:d lo a front side of a substrale iarger than said 
largest chip. 

c) a first solder pad array located on said front side.of said chips electrically co:r.nected to 

intemal chip wiring and aligned with a second solder pad array on said back side of said chips 
I 0 electrically co1mected to said intemal wiring of said chips. 

d) said first solder pad array on the front side of said larger chip in the stack aligned with 
and co1mected to said second solder pad array located on the back side of a smaller chip 
positioned above and adjacent to said larger chip in said stack, 

e) a pin array on back side ofsaid substrate connected to a third solder pad array on said 
15 front side of said substrate that is aligned with and coil!lected to saiq second solder pad array 011 

back side of said largest chip, 

.!) said pin array on back side of said substrate connects power and ground, ru1d input and 
output signals to said semiconductor chips, 

g) a set of solder pads connected to a heat sink to provide cooling to said chips lpcated in 
20 the area extending beyond said subsequent smaller .chip in said chip stack. 

I \llllll \lit\\ 111\1 \\Ill \\ Ill * C L M S * iiiliii 
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2 The module of claim 1, wherein electrical co1mections can be continuous from said pin 

array on said substrate to intemal wiring of said smallest chip at top of said chip stack. 

3. The module of claim 2, wherein electrical connections made noncontinuous from said 

pin array through the pad array of each chip to said smaiiest chip at top of said chip stack provides 

5 for int~rstitial connections between circuits in said chip stack. 

4) The module of claim 1, wherein indiv1dual heat sinks are connected to said set of solder 

pnds nt edge of each chip to provide additional cooling to said chips. 

5) The module of claim 1. wherein said pin array on said substrate is larger than said 

solder pad army on said chips to accommodate a connector system where said substrate 

10 redistributes connections between said pin array and said solder pad array. 

6) The module of claim 1, wherein all chips are a same size. ·without said heat sink and. 

attached to a substrate adequately_ sized to accommodate said pin array. 

7. A method to c01mect pads on front side of a chip to pads on back side of said chip, 

comprising: 

15 a) fonning multi-levels of metalization over a field oxide on a :front side of a silicon 

suh!;frnte with metalized vias connecting levels of metalization and with an intennetal dielectric 

(IMD) between and over said metalization. 
! 
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b) fom1ing an oxide on back.i::ide of said silicon substrate using plasma enhanced chemical 
vapor deposition (PECVD), 

c) fonning a first opening in said !MD on a front side of said siiicon substrate to create a 
first hole over a second level metal land connected by means of a via to a fir$t levei metal land 011 

5 top of said fo~ld oxide . 

. d) fonning a second openi.ng 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, 

10 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 PEG'VD to 
produce a continuous and unifonn coating, 

h) depositing electroless copper or electroless nickel in said second hole to fill said second 
hole from said first level metal land to said backside of said silicon substrate, 

15 i) etching back said metal in said second hole, 

j) preparing said first hole and said second hole for a solder bump. 

j) depositing said solder bump onto metalization in said first hole 011 front side of said 
silicon substrate using a hot solder dip, 

k) depositing said solder bump onto metalization in said second hole on said backside of • 
20 said silicon substrate using a hot solder dip. 

This Sheet Has Been Replaced 
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8. The method of claim 7, wherein fom1ing multiple levels of metalizatio~-;, ':)Ver a field 

oxide on the front s_ide of the silicon substrate without a metalized vias connecting bet\'v'een said 

first and second metal lands creates a capability to forn1 an interstitial chip to chip via to allow 

communication between chips. 

5 9. The method of claim 7, wherein depositing said oxide coating and -perfonning said 

plasma etch back produces an oxide wall within said second hole in the silicon substrate that is 

nominally I micrometer thick and between about 0 .8 to 1.2 micrometers, and producing a 

diameter of said second hole between about 10 and 20 micrometers. 

10 TI1e method of claim 7. wherein depositing a metal in said second hole is done by 

10 chemical vapor deposition of tungsten or chemical vapor deposition of aluminum to fill said 

second hole from said first level metal land to said backside of said silicon substrate. 

11. A method of stacking integra_ted circuit chips to form a three dimensional integrated 

circuit module, comprising: 

a) creating a stack of integrated circuit chips of diITerent sizes with solder bumps on a 

15 front side of each chip electrically c01mected to some solder bumps located on a back side of each 

chip, 

b) ordering said stack of chips a~ording to size with a smallest chip on top and a largest 

chip on bottom, 

I lllllll 11111l lllll lllll II llll * C L M S * 
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c) aligning said chips such that the solder bumps on the back side of a first chip align with 

the solder bumps on the front side of a second chip that is below said first chip, 

d) aligning solder bumps on bac~ side 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 back side of said 
5 substrate, 

~) pressing together said slack of integrated circuit chips and said substrate, and heating 

said stack to reflow said solder bumps, 

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. 

10 12. The method of claim 11, wherein creating said stack of integrated circuit chips is made 

of chips of a same size and requires no heat sink. 

13. 'lne method of claims 11 and 12, wherein pressing together said stack ofintegrateq 

circuit chips and said substrate is done with approxi~ately about ten potmds of force and at a 

temperature approximately about 330 degrees centigrade. 

15 14. TI1e method of claim 11, wherein soldering said heat sink is done at a temperature of 
approximately about 290 degrees centigrade. 

15. The method of claim 11, wherein soldering individual heat sinks to each chip is done 
using a temperature of approximately about 290 degrees centigrade. 
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