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MULTL-CHIP MODULE o

Thrs mvenuon relates generally to the ﬁeld of semrconductor dev1ce
manufacture and more partrcularly to the packagmg of mrcroch1p devmes wrth

mtegrated c1rcu1t chrps to be used i in an electromc assembly, such asa pnnted c1rcu1t
) board L ' ' '

I the electromcs mdustry, the quest for smaller electromc devrces Whlch -

' .perform better ata Iower cost is ongomg ‘This is espec1ally true for the portable -

electromcs and w1reless communications sector wlnch has undergone recent rapid

growth In part1cu1ar there is a strong demand for very small and hght rmcrochrp

o packages One poss1b111ty to reduce the package s1ze and welght per packaged

- mlcrochrp is to combme two or more mlcrochrps in one and the same package The

resultmg package is commonly known as a multr-chrp module (MCM). or multr—chrp

o package (MCP) The mrcroclup components which are combmed during the process

15

of multr-chrp packagmg can be unpackaged mrcrochrps and/or already packed

nncroclnps, such as ch1p scale packages (CSP) ie. packages havmg about the same -~

Y '_ srze as the packaged microchips. One advantage ofaMCM i is that the

o _correspondmgly requlred space ona prmted circuit board can be reduced

R Furthermore the length of electrical mterconnectrons between the m1croch1ps msrde

20

_ | the package can. srgmﬁcantly be reduced As aresult paras1t1c electrical effects are R
' smaller and there is almost no delay in the transportatron of high-speed electrical

srgnals The types of microchips which are packaged in the same MCM can be the

. same. However in many applrcatlons the types are drfferent, for example drfferent .

B _ types of memory chips or a logic controller chip combmed w1th a memory ch1p

There are drfferent methods of producmg a MCM In stack die packagmg, at |

B least one mrcroch1p havmg a smaller cross-sectronal area than a second m1croch1p or -

" packaged mlcrochrp is mounted on the surface of the second microchip or packaged .

E m1cr °°h1P A pluralrty of electncal conducts are used to connect the' mrcrochrps wrth' P

30

extemal electncal contacts Inside the package, electncal connectlons are made

between the rmcrochrps and/or between the electncal conducts and the rmcrochlps
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After havmg establrshed the drfferent electucal mterconnectrons the rmcrochlps are |

' encapsulated, for example using a resin. ' R o o |

N In another method, the different mlcroch1ps are arranged s1de-by-srde to each : o |

other on the surface of an mterposer, 1. e a separate mounting component The '

' mterposer can be used for estabhshmg the electncal mterconnectrons between the -
-m1¢roch1ps or between the electncal conducts and the nncrochrps Ina known _

" constructlon the mterposer carnes electncally conductive tracks and contact pads

) s1m11ar toa pnnted circuit board. . L ' '

Wlth the i mcreasmg degree of i mtegratron of mtegrated c1rcu1ts the number of | =

electncal contacts ofa mrcrochrps has mcreased s1gn1ficant1y As a result there are
many electrical mterconnectrons to be estabhshed inside aMCM. Usually, very
small electncally conductive wires are used for this purpose (¢ ‘w1re bondmg”) If all
the mtemal mtercormectlons were to be estabhshed by wire bondmg the handlmg

_' -would be very dlfﬁcult and in many cases an electrical shortcut between two or more

w1res would occur due to the crossmg paths of the extens1on of the w1res

1t has therefore been proposed to avord the crossmg of wn'e paths usrng an - |

" ) 'mterposer w1th an appropnate des1gn of electncal paths on its surface and/or

I underneath its surface However, in many cases the des1gn of the lnterposer has to be 3 |

o adapted to the partrcular type of MCM Asa result, the costs of packagmg are h1gh,

20

B comphcated structure of the internal electncal lnterconnectlons the mrcroch.tps can be'_" S

_‘ especra]ly when there are many electncal mterconnectrons to be made and the B
' 1nterposer compnses more than one Iayer with electrlcally conductlve paths and/or -

| so—called vias where one electrical path bypasses another electncal path To avord a.

o re-desrgned However the costs for a re-desrgn of mlcrochrps are usually even.

25 hlgher than the costs for the desrgn of an mterposer o

It is therefore desrrable to reduce the costs. of manufacture multr—chrp '

: modules, in partrcular if there are many eIectncal mterconnectlons to be made w1thm o

o the package Furthennore, 1t is des1rable to manufacture a small and hght MCM at

""'the same tlme )
300

Accordrngly, the folIowmg arrangement for packagmg a pluralrty of

i R O
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m1croch1ps is prov1ded The arrangement compnses
- afirst mrcrochrp, | ' _
at least onie electrlcally conductlve track Whlch is mounted on the surface of

i ithe ﬁrst rmcroch1p, and

10

15 -of the first m1croch1p In the mode which is currently considered : as the best mode, -

20

oan electncal conduct Whlch is connected to the conductlve track for electncal S |
o y connectlon of the conducuve track to the outs1de of the rmcrochrp package to be

The conductlve track can be conmdered as an extensron to the electncal

: conduct The conduct 1s, for example, part of a lead frame. Preferably, the surface of
the conductive track is not covered during the manufacturmg of the package ‘and the
l‘ conductrve track can therefore be contacted at any locat10n along the path of the

- .. _track In partrcular the track can. be connected to a wire for estabhshmg a wire bond

to.an electncal contact of the ﬁrst m1croch1p or another rmcrochrp

Preferably, the track canbea self-supportmg part which i 1s fixed to the surface .

the conductive track is ﬁxed to the surface of the first rmcrochrp by means of an

adhes1ve layer, such as an adhes1ve tape

If the conductrve track is a self—supportmg part, it can be used to hold the ﬁrst -

rmcrochlp durmg the manufacturmg ofa mult1—ch1p module. For example the track

can be firmly connected to alead frame Whlch is then used to hold the conductlve

E '_ track and, thereby, the first m1croch1p

Preferably, the conductrve track is ﬂat but has a sufﬁclently large cross- '

. .sectronal area to transmit electrrcal s1gnals w1thout s1gmﬁcant losses due to electncal e

o “25._

- resrstance The shape of the cross-sectlon 1s, for example, sumlar toa track on a

-- prmted c1rcu1t board However 1t is preferred that the track w1dth is sufﬁcrently

B 'large so that a bondmg wire can be connected to the track at any locatlon along the o

o track path On the other hand 1t is also poss1b1e that the track Wrdth is smaller but |

- that there are: several contact pads electrrcally connected to the track and that R
_— electrrcal connection to the track can be made at the contact pads - |
30

One advantage of the proposed arrangement is that the track increases the |
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' ,number of locatlons where a bonding w1re or another type of electncal connectron
" can be connected to the track and thereby to the electncal conduct wh1ch leads to the |
- outsrde of the package This helps to avo1d crossmg paths of electncal connectrons o

- of this type in regions where the connectrons are d1stant to the surface of the ﬁrst

m1croch1p and/or other rmcrochlps In partrcular, electncal shortcuts between

'_ electncal bondmg w1res or other electncal connecuon parts wh1ch are ﬂexrble can be -
' avoided, Further, the distance between these electncal mterconnectlons can be |

| lncreased As a result a wider range of types of m10roch1ps can be used i in MCM

E without the need fora re-desrgn of the rmcrochlps Furthermore the length of .

.10

15

20

: bondmg w1res or of other ﬂexrble parts of the electncal mterconnectrons can be

reduced.

The present mventmn is partlcularly useful for packagmg of mrcrochlps n -

stack d1e format In this case, there is no need for an mterposer with a substrate that o

- catries parts of the electrical mterconnectlons between the rmcrochrps or between one

of the mlcrochrps and an electrical conduct leadlng to the outside of the package or

 the package to be made. 'I'he costs for manufactunng such an mterposer are

_ comparatrvely high and mcrease the overall cost of the package Further, the

' 1nterposer must. be des1gned especrally for one type of MCM m some cases

' Moreover a stack die package is more compact than a MCM w1th mlcrochlps that -~
are arranged s1de-by-31de to each other Since the mountmg of the conductlve track . o
to the surface of the first rmcroch1p does not srgmﬁcantly 1ncrease the d1mens10ns of .
the ﬁrst mlcrochlp, the present invention can even be used in chip scale packagmg

Although the stack die format is preferred the present 1nvenuon can also be

. used in combmahon w1th an mterposer In this case, the present invention may help o N

to reduce the number of electncal paths prov1ded by the mterposer and may in-

- partlcular help to reduce the number of layers w1th electncal connectrons in the

mterposer and/or the number of vias in the mterposer _ |
The conductrve track on the surface of the ﬁrst m1croch1p may compnse a.

plurahty of branches and/or at least one b1fm'cat10n Further ‘more than one

_ electncally conductrve track can be mounted to the surface of the ﬁrst mrcrochrp
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o The track can be connected to the same and/or dlfferent electncal conducts whlch

lead to the outs1de of the package o o _ _
| Preferably, the conductwe t.rack at least partly embraces the outline of a

.surface area of the first rmcroch1p In thls area, a second mlcrochlp w1th a smaller :

. ,base area than the fu'st microchip can be mounted to the first m1croch1p If v1ewed

from an arbltrary point ms1de the surface area, wh1ch possibly comc1des with the

o location of an electncal contact of the second rmcrochlp, there isa great vanety of

pos31ble electrical connectlons from this. pomt to the conductwe track. Th1s means,

L depending c on other electncal connections to be made, that an appropnate electncal

15 .

- surface of the first nncroclnp

20 - packagmg a plurahty of rmcroch1ps The method compnses

- mlcroch1p, and

.'25-

'. for mountmg the second 1mcroch1p are located on oppos:te s1des of the conductlve _
~ . track. ' ' '

~ ‘suchas soldermg or weldmg, before or after mountmg the conductlve track on 'rhe I

connection of the conductrve track to an electncal contact aecess1b1e from the outs1de .
of the package to- be made -

examples onIy, w11:h reference to the accompanymg schematrc drawmgs, in whmh

connection to the conductlve track can be establ1shed Iti 1s preferred that at least one .

electncal contact for electncally connectmg the first m1croch1p and the surface area

The conducuve track can be made of the same matenal as the electncal _ _
conduct leadmg to the outsrde of the package The electncal connection, between the
conductlve track and the electrical conduct can be estabhshed by known methods

In add1t10n to the above-descnbed arrangement there is proposed amethod of S

. mountmg at least one electncally conductlve track on the surface of the ﬁrst

electncally connectmg the conductlve track to an electncal conduct for .

The present mventlon w111 now be descnbed by’ way of non-lumtatwe

Flgure 1 111ustrates the problem of crossmg wire paths in stack die packagmg, _ | o

Flgure 2 isa plan v1ew of an embodlment of the present mventlon in a top
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_ F1gure 3 shows a part of the arrangement of Frgure 2 .
- Flgure 4 shows a cross-sectlon along line IV-IV in F1gure 2
: Flgure 5 deplcts an enlarged view of apart of Flgure 4, and N
Figure 6.i is a plan v1ew of an altematlve embodrment of the present mvenuon. ._

In the descrrptlon of the drawmgs the same reference numerals refer o equal'._ '.

N and equlvalent parts

o format

Flgure 1 shows a schematlc top v1ew of the rectangular surface of a first
rmcroch1p which is referred to hereinafter as the mother dre 3. The first mrcrochrp :

L _can be an unpackaged rmcrochrp ora packaged mrcrochlp, for example in ch1p scale -

On the surface of the mother d1e 3;a plurahty of ch1p contacts 13 are

_ - .prov1ded in order to electnca.lly connect the mother die 3 with other rmcroch1ps of a
15

contacts 13 of the mother d1e 3 are arranged near the two longer edges of the

multl-chrp module to be made and/or with the extenor of the module The ch1p

' rectangular surface In practrce, there are usually more than the twelve ch1p contacts
-'shown. Flgure 1 also shows end port10ns of electrical conducts 9 whrch are mounted

BRET - on the surface of the mother die3. Onthe lefc-hand and nght—hand side of Figure 1,

g
o _-seven end port10ns of the conducts 9. In addltlon, there are each two end portrons of
- the conducts 9 next to the longer edges of the surface of the mother die. The end
' portlons extend i ina d1rect10n whrch is transverse to the drrectron of the surface '

.nexttothe shorter edges of the surface ofthe mother die 3, there is each one group of_ g o

e 'edges From the edges, the end port10ns extend towards the central areaofthe .

25

: surface of the mother die 3 but leave the blgger part of the surface free for mountmg '

o - _'of other components - Within th1s area, & second mlcroch1p, whrch is referred to

\' :' heremafter as the daughter d1e 5 1s mounted on the surface of the mother die 3. The .

daughter d1e 5 has a srgmﬁcantly smaller base area than the mother die 3. The

. ..?'. : _'daughter die 5 compnses seven ch1p contacts 13 for electncally connectmg the L

daughter die 5 w1th the mother die 3 and/or w1th the conducts 9.
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In order to 1llustrate the problems whlch rmght anse if arbrtrary electncal

o connectrons are to be made between the conducts 9 and the ch1p contacts 13 Frgure 1

- shows a pluralrty of bondmg wires 19.-It can be seen that some of the bondmg w1res '

719 cross otherbondmgwrres 19mthetop wewshowanlgurel Inthis -

19. Even 1f an electncal shortcut can be avorded durrng the w1re bondmg procedure, .- _' :

. arrangement it 1s drfﬁcult to av01d electrical shortcuts between these bondmg wrres

o further manufactunng steps, in partrcular the encapsulanon of the microchips, rrnght

kS “leadtoa shortcut A further problem is related to the d1stances of the places where - | |
o different wires 19 are connected with the same conduct 9 or the same chip contact 13. ..

10

. - connectrons As a result, it is difficult to handle the w1res 19 durmg the bondmg

__‘In the arrangement shown in Flgure 1 there is very l1tt1e space for such mult1ple

| process and, possrbly, some of the connectlons may be faulty ot non-rehable o

Flgures 2 and 3 show the same an'angement as F1gure 1 but wrth addrtlonal_ L "

- _ | _electncally conductrve tracks 15 on the surface of the mother d1e 3. There are five

- 15

g conductlve tracks 15 which are electncally connected to each one or more than one _
L of the end portrons of the conducts 9.. As shown in Figure 2, the conducts 9 lead to '
o 'the outs1de of amultr-chrp module 1 ‘where external contacts 11 are located The -

external contacts 11 can be used for example, to connect the module 1 to a prmted

- 'c1rcu1t board

-20_..

~ The conductrve tracks 15 are drfferently shaped One of the tracks 15

i "compnses a b1furcat10n and is connected to the end portrons of different conducts 9.

_ Each one of the tracks 15 is connected to the end port10n located at the central line of | S

g a group of seven of the conducts 9 on the nght-hand and left-hand s1de next to the

o _' _pomt where two branches of the respectrve track 15 start to- extend into d1fferent :_ '_3 S

"shorter edges of the surface of the mother die 3. This pa1r of tracks 15 embraces the B
__ .outlme of the area m wh1ch the daughter die 5 is mounted on the surface of the -
| :_'-'_'mother die 3. Each of the tracks 15 of this pair of tracks comprises a b1furcat10n at a. .

- N d1rectrons towards opp031te s1des of the mountrng area for the daughter d1e 5 The

_other three tracks 15 shown 1n Flgures 2 and 3 extend w1th1n the penpheral area

30

) -deﬁned by the pair of embracmg tracks 15 Each of these three 1racks 15 partly R
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'embraces the outhne of the area for mountmg the daughter dre 5 by following a _' ;

- comered path of extensron along the outlme of the mountmg area for the daughter dre"'

5.0
Frgure 2 shows a plurahty of bondmg eres 19 (strarght, thrck, sol1d lmes)

.-These bondmg wrres 19 estabhsh, together with the conductlve tracks 15, electncal _
' _ mterconnectrons between the mother d1e 3 and the daughter die 5 and between one of |

the d1es 3,5 and the conducts 9 These mterconnectrons are equlvalent to the '

o 'electncal mterconnectlons shown in Flgure 1. However none of the paths of the

| } 10

bondmg w1res 19 crosses the path of another bondmg w1re 19 in the top view of

_' Flgure 2. Further although plural electrical connections are made to some of the
o conducts 9 the tracks 15 prov1de larger areas for thrs compared to the arrangement

- ) showanrgurel

25

In the embodunent shown in Figures 2 to 5 the conductrve tracks 15as well

.- as the end portrons of the conducts 9 are fixed to the mountmg surface 4 (Frgure 5) of _

the mother die 3 by means of adhes1ve layers 17 preferably adhesive tapes As.can

- be seen from Flgure 2 there are four areas W1th adhesrve layers. 17 each one where
N " the groups of each seven conducts 9 terminate and each one next to the longer edges
B of the mountmg surface 4 of the mother die 3. The layered configurahon of the
e | module 1 can be seen from Flgures 4 and 5 wherem Flgure 5 shows an enlarged view
20

- mountmg surface 4 are encapsulated by an encapsulant 21 such as a resm As can be e SR

_of a part of Flgure 4 The mother die 3 and the components whrch are mounted to the

“seen from F1gure 4, the electncal conducts 9 extend along a curved path to the
external contacts 1 1 wh1ch are at about the same level as the daughter d1e 3. 'I'he )
| shape of the extemal contacts 11 can be drfferent compared to the shape shown in the L

_ schematlc drawmgs of Flgures 2 to 5. For example ‘the external contacts can’

termmate on the level of the lower boundanes of the module 1in order to. facﬂltate

L .the mountmg of thie module l to a p’rmted eircuit board

In an altematrve embodlment shown in Flgure 6, only the conductlve tracks

- 15.are ﬁxed by the adheswe layers 17 to the surface of the mother d1e 3, but not the o

30 end portrons of the conducts 9. In th1s embodunent the conducts termmate outs1de
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of the outlme of the mother d1e Some electncal mterconnectlons between the

mother and daughter dies and the electrical conducts can be estabhshed by wire

. . bondmg (ormtted from Flgure 6 for clanty) It is also possible in th1s embodlment

.that at least some of the conductlve tracks are dlrectly connected, for example by
| welding or soldermg, to. the conducts. As shown the conductlve tracks 15 are
. formed as extensmns of respectlve ones of the conducts 9. However they may also

be formed separately, and may then not extend outs1de the outlme of the mother d1e, |

. _ 'W1th electncal connect10n to the respectlve conducts also made by w1re bondmg

107
N track to the exterior of a multr-ch1p module are mtegrally manufactured as one part

" Ina further alternatlve embodiment, the at least one conductrve track and the E B :'_
correspondmg electrical conduct which is used to electrically connect the conductlve o

: ie. w1thout the need for connectmg two separate parts during the manufactunng of
N the mult:l-chrp module In one variant of this embodiment, the conduct ispartofa .
_ lead frame w1th a plurallty of conducts and some of the conducts are extended by the -
15

conductrve tracks in order to facxhtate the electrical 1nterconnect10ns inside the multi~ |

_ ch1p module in the same manner as. descnbed above In particular, the conductlve o |

" tracks can have the same features as the tracks 15 shown in Figures 2 to 5 The lead e

20

frame can. be fabncated by etchmg or stampmg and can be made of any su1tab1e
o . 'metal such as copper or “alloy 42" (a mckel-1ron controlled-expansron alloy '

contammg 42% mckel) The lead frame may have a th1ckness in the range of from SO

"_.'_"'010mrnt0025mm
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L _An an'angement for packagmg a plurahty of mlcrochlps (3 5) compnsmg

e ﬁrst m1croch1p (3) | _ , :
* atleast one electncally conductlve track (15) Wh1ch is mounted on the surface g

o (4) of the first microchip (3); and

. an electrical conduct (9) whmh is connected to the conducuve track (15) for

~ electrical connectron of the conductive track (15) to the outside of the package of the’ B
' mlcrochlps G, 5) to be made : ' ' '

R ..2'. An arrangement accordmg to c1a1m 1, wherem the conducuve track (15) 1s '

fixed to the surface (4) of the first m1croch1p (3) by means of an adhes1ve layer (17)

.' 3. An arrangement accordmg to clann lor2, wherem the conductlve track (15)

' '_15 - at least partly embraces the outline of a surface area of the first mrcrochlp (3) where a' B

- second mlcrocth &) W1th a smaller base area than the first m1croch1p (3) canbe |

| mounted to the ﬁrst m1croch1p (3)

' 4 An arrangement accordmg to one of claxms 1 to 3, wherem at least one

' 20-_ | electncal contact (13) for electncally connectmg the ﬁrst rmcroch1p (3) and a surface B

area for mounnng the second mrcroch1p (5) are located on oppos1te s1des of the

o conductlve track (15)

25

30

5 ;- An an'angement accordmg to one of clarms 1 to 4 Wherem a second

mlcrochlp (5) is mounted on the surface of the ﬁrst rmcrochlp (3) and wherem S -

electncal contacts ( 13) of the first and second m1croch1ps (3,5 are electncally |

. connected to the same conducnve track (15) by means of electncal connectrons (19) - "

| 6( ' An arrangement accordmg to any one of clanns 1 to 5 wherem said electncal o

conduct (9) compnses a lead ofa 1ead frame wh1ch extends farther than other leads
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: 15

-12.

_ -of said lead frame to form sa1d electncally conductlve track ( 15)

7. A multr-ch1p module (l) wh1ch compnses an arrangement accordmg to one of

_ clalms 1 to. 6 wherem a second rmcro-chlp (5)is mounted on the surface of the first
" microchip (3) and wherem an electncal connection from at least one of the _
m1croch1ps (3 5) is made v1a the conductive track ( 15) and via the clectncal conduct R
| (9) to.an electncal contact (1 1) wh1ch can be electncally contacted from outside of

the module

8. _. : A method of packagmg a plurahty of mrcroch1ps, the method compnsmg -
R mountmg at least one electncally conductlve track ( 15) on the surface ofa
o first nncrochlp (3), and - | ' N |

-~ electrically ¢ connectmg the conduct1ve track (15) to an electncal conduct (9)

: -_for connection of the conductwe track (15) to an electncal contact (11) access1b1e B
'from the out81de of the package to be made. '

9, A method accordmg to claim 8, Wherem the ﬁrst nncrochlp (3) and/ora

- second nncrochlp (5) are/1s electncally connected to the conductlve track (15) by L '

wire bondmg

.




