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design. They are optim zed JUSP %og ctEe&c%ibh £ Mim After the Chlp
desi gn has been finished the design of the chip interconnect medi um

Design System for VLSI Chips Arranged on a Carrier and
' Module thus Designed

The invention relates to a design system for
electrical circuitry contained on very large scale
integrated (VLSI) semiconductor chips that are
packaged on a carrier medium of a higher package level
containing the necessary connection lines, and a
module especially designed in accordance with this
design system.

The design of chips and the desigﬁ of packageé
'carrying the chips up to now has been almost
independent from each other. First the chips go
through physical design. They are optimized just to
the chip optimum. After the chip design has been
finished the design of the chip interconnect medium
that means the carrier could be started. This carrier
could be multichip module or a card.

The result than ultimately is a complex wiring on the
<hip carrier. This causes wiring dongestions and long
wires. Those long wires are responsible for
considerable interconnect delay.

This design concept is gdod enough to yield optimized
chips’ and to yield optimized cards, but it is by far
not good enough to yield an optimized product, that
means the optimum for the combination of both.

For the physical VLSI-chip design a?method is known
that divides in a hierarchical top-down. design
" methodology the circuitry that is to be contained on
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’that# means the carrier could be started. This carrier could be nmultichip

nodul e or a card. The result than ultimately'is a conplex wiring on the
chip carrier. This causes w ring congestions and | ong wires. Those | ong
Wi res are responsible for consi derabl e i nterconnect del ay. Thi s

desi gn concept is good enough to yield optim zed chips and to yield
optim zed cards, but it is by far not™ good enough to yield an optim zed
product, that nmeans the optimum for the conbination of bot h. For the

P e ahi oo EBS. BRME° s8R TS s i ndt  $5S naflaBeapien.

cont ai ned on by tBE 98@SEht automatic design systems and programs.
This method is described in the European patent
appllcatlon 86 117 601.4. In accordance ‘with that
known method on the chip global wiring connection
lines are from the begirnning included into the design
of the different individual partitions of the chip and
there in those partitioﬁs they are treated in the same
way as circuits in that specific area. The different
partitions can now be designed in parallel. A floor
plan is established that gives the different
partitions a shape in such a way that they fit
together without leaving any space between the
different individua; partitions.

These known method for the physical VLSI;chip.design
concentrates on the deaign of the chip itself. It does
not take into account or into consideration the design
of the carrier onto which it is to be placed or the

design of neighbouring chips that have to cooperate
with it. '

It is the object of the present invention to providé a
design system in which from the beginning all
electrical circuitry that cooperates in one functional
unit and that needs more space than just one single
chip, is designed in optimal manner for shortest over-
all connection line length and optimized overall
vield. Furthermore it is an object of the design
system of the present invention to provide an
optimized product, including an optimized chip and an
optimized carrier in that sense that both together in
a combination provide in'combination the optimum.
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7-2- 7 the chip logically into partitions that are nanageabl e by the present
automati c design systenms and prograns. This method is described in the

Eur opean patent application 86 117 601.4. In accordance with that known

met hod on the chip global wring connection lines are fromthe begi nning

i ncluded into the design of the differengg Lndividual partitions of the chip
and there in those partitions-they are treated in the sane way as circuits
in that specific area. The different partitions can now be designed in
paral lel. A fmmcxcmmnceewiahl thbeﬁrébéhtgh.n%nitﬁérﬂltfhfe@ee'Bbjé"&ﬂé tions a

Egﬁ\agelnnt f}gcgl’% er en% | n% g?dﬁaF35§Pge%§§rﬁ§me tag%jrgé‘ %‘?8’\%% %t"r@%&‘ t he

physi cal VLSlofHilie deségentohneantibes on the design of the chip itself. It
does not take into account or into consideration the design of the carrier
onto which it_is to be placed or the design of neighbouring chi ps . t hat, have
to cooperateIMt?@YQntag¢?u$sm@ﬁéeﬁbﬁééﬁ gﬁsﬂﬁﬁ prstem inpegnatss to

provi de a desilg By elatge W4 el &amegbatheal pacREgdl lintleedlyd cal

C|rCU|try tmg é%g)Eg§%§gmlglgggd;u2%tkge initial stage so that the
chip boundaries are more or less suppressed and the
partition task is alleviated. In an synoptical manner
from the beginning the chips and their carrier
together are considered in containing the functional
unit formed by the electric circuitry. Overall less
length of connection lines are possible and also
parallel éignal transportation on a sort of wider
buses is possible ovef parallel.connection line$ via
the carrier medium that is incorporated into thé |

, design from the beginning. ' i

In accordance with a preferred embodiment of the
present invention, time-critical paths - of the
electrical circuitry are providéd on one single chip
wherever possible. Furthermotre as carrier medium of a
higher package level preferably a passive silicon
carrier PSC is provided that contains the necessary
connécting lines for the chips arranged on it. In
Principal also other carrier means as there are cards
or multilayer ceramic modules or multilayer glass
modules are possible to be used as a second level
carrier medium for the chips. Further advantageous
embodiments are laid down in the dependent subclaims.

In accordance with a further advantageous embodiment
of the present invention a semiconductor thin film
silicium multi chip module in accordance with claim 7
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gunit; and that needs nore space,than just one single chip, is designed in
opti mal manner for shortest over- all connection line |length and optim zed
overall yield. Furthernore it is an object of the design systemof the
present invention to prévide an optim zed product, including an optim zed
chip and an optim zed carrier in that segse that both together in a

conbi nation provide in conbination the opti num CGE 989 016

In accordance with a first aspect of the present invention there is

d: scl Iosed af ﬁsﬂmfmlmé@r Ftbliﬁﬂhéﬂ embuliimehtp oEdthés mduale;uam a i
plurality of se ctor, chi a_se ctor carrier for providing
chip to chip clgﬂﬁﬂ %nl mﬁ%?egﬁbgiﬁ gL% g Npri ses a)
correspondi ng contacts of adjacent chips which are arranged opposite to

each other, 15 cdinectfof &BEEGE%”Qbﬂio&@ﬂbaﬁb%ea%%e@i%%“ ed by parallel

lines via the
description of the invention and its different aspects

embodiments are described in connection with the
drawing. In the drawing there is shown in

Fig. 1 in top view and cross sectional side view
schematically the arrangement and connection
of sections of two chips on a section of a
passive silicon carrier;

. Fig. 2 schematically two chlps adjacent to each
other with associately ordered. 1nput/output
signal contacts vis- a-vis each other;

Fig. 3 a chip with partitions on it close to
associately assigned input/output contacts;

Fig. 4 a chip foot print with contact-pads arranged
on it belonging to a section of a chip;

Fig. 5 schematically the data flow of a
multichip processor in arrangement and
preparation for the synoptical -design in
accordance with the present invention;

Fig. 6 schematically in a top view the arrangement
of several multi chip processors parallel to
each other on a passive silicon carrier and
the main connection buses running over the
PSC.

Fig. 1 shows a section of two chips 1 and 2 that are

brovided on a section of a carrier medium 3. The upper
GE 989 016
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sem eonductor carrier, and c) signal Input/Qutput contacts are.
arranged in areas adjacent to ‘the circunferential edges of the chips,
wher eby said chips are provided with contact pads on the conplete chip
surface; and wher eby the outernpost row of cont-act pads contains power
contacts connected to a first nmetal |ay6r-of said sem conductor carrier,
and subsequent rows toward the centre of the chip are provided as S|gnal

| nput/ Qut put contact pads, connected to a second or third netal |ayer of
sai d sem corphrct oof cCBigi €l. shows thiscevrdagementt hnatwcmwaspect of the
present inv h S e d gg@@

sem conduct g'gﬂél%?%éf 8 18 gk ﬁ!ﬁ% gg@rgﬁgggdgg%ral fe?{rgrrgé{ atel y above,
sai d nethodQﬁﬁﬁﬁl%ﬁﬂgl@hélsseég yiew. In thdsi gadegvwiew diti @ incl uding

the steps Oflndlcatéaglﬁﬁhhycﬁw qi aadaadareer bbhh@&rt@a e nddrilidg y to be
‘placed on the different sem ¢onductor acrng sai d-di vi ded and

partltlcnuuj§9¥4§ﬁtpﬁléﬁ @hﬂlﬂhfFEPeﬁPr§éEFcWﬁ§& P +chi ps and
simul t aneously on said carrier, thereby arranglng corresponding
| nput / Qut put_.cont act s of dltfer nt:. chi ps Op: e to e t her,
connecting serd CoFFE8HomaR ﬁﬂmlﬁ SOPER Ak g’ it dctd t?y Sﬁ“f %l lines via

t he sen condeiclixonacareieralBSC) tha&raangbm@c&ngﬂhuJimpdnkﬁutput cont act

in circunfer g t tggﬁ%
i ntegrate tﬂgﬂégfélﬁgrggaégg ntg%fh?bgneggg 53%31#? ﬂesr n systen1

al ready at tmesulnstratesﬁaga Hbltchafthtrﬁ@ metglhdayexs L a2 or |ess
suppressed sl aaeweﬂt ats,' gala@%ktpaasalsl %.‘t'eafaﬁ(i:adg%@n Jﬁyrmsgé:al manner
fromthe begin s and

hei r |er t oget considered in
cont ai ni ng t$@4$%%c?ﬁ ﬁaP gﬁ?t°ﬂ&4ﬁ9§¥&? rqg; try. Over al

| ess | ength wdlTennegki genkratedand M&SIOM:LQ)Salld aid@ paral | el ~si gnal
transportation on a sort of w der buses is possible over parallel
connection lines via the carrier nediumthat is incorporated into the .
design from Iﬂnetbeginehafhglayer M1 rthegeord@n e onided thefpowar] enbodi nent

O (L he bresetinbVaRthORi nblaT® Widd GllacP Sl ddiril et rdig! cireuitry

are provi ded on one e chi erever
line 7 that carry the voltage. By dotted lines 8
around the areas of the power voltage lines 7 there
are provided capacitors for decoupling purposes. Those
could be provided by an n+ doped area within a p+
substrate 5. .Above the first plane Ml, the metal .plane
1 which carries the power lines, there is in a second

- plane M2 provided a set of signal lines s2.

Orthogonally arranged thereto is in a third plane
above plane M2 a further metal plane M3 in which there
are arranged signal lines S3. Between the two planes.
M2 and M3 there are provided vias V23 that conneét
certain lines in both planes. The signal lines S2 in
Plane M2 are'essentially parallel to each other and
also the signal lines S3 in plane ‘M3 are essentially
Parallellto each other but orthogonally arranged with
respect to the parallel signal lines S2 of plane M2.

The upper part of Fig. 1 shows in the top view on each
Chip four rows of contact pads that are parallel to

GE 989 016



*4 Furthernore as carrier nmediumof "a higher package level preferably a
passive silicon carrier PSCis provided that contains the necessary
connecting lines for the chips arranged on it. In principal also other
carrier neans as there are cards or nultilayer ceram c nodul es or

mul til ayer glass nodul es are possible to_be used as a second |evel carrier
medi um for the chips. - I'n connection®ith the follow ng nore specific
description, different enbodi nents of the invention are described in

connection with th I[n the_draw | ew and
Cooe et orefch GERER,| BiRy pRel ASrALBMA IR chedsobuc/didtid YPord
arrangenment amdegonfieeatbnebipsediagentotort Wb.eclﬁﬂ'p& @dge .sdhe outEr a

passi ve most ré%l 1§9nt8aﬁ.flhe6f Ehdp 3 ands@”ﬁnpctd Cf’l'ﬂ % ldgigd rates two

chi ps adj ace to each other. wth associ ately ere
i nput / out put %tgﬂB}CEOhPEBtQH&YSfQWVE§ E&CRH1SMEE Qhﬁgwh9le Radsustrates a .,

chip wth paréléh@”ﬁh@”chipcéagéstOaQ%S kebbﬁﬁﬁﬁﬁﬂhﬁk that carry

I nput / out put Cfntac ig a i.p foot, lﬂﬁﬁﬁ h c tact pads
arranged on i*LlEeFBAGLNS og5°589t95h tage, 1 B’

schemat i cal | ymintbuetrpllas shigndatte fdhewinmera aﬁjldac}hlqhz.;prtmassor in

arr angenent and p. o] Rqpt I | " e wth
the arEFa0} Bhtc psae bat g odh 4 5Es, 4 Sl R CeaEe M I,
a schematic |hoa12np lBémﬁOf1Bneaaﬁrédge¢@nﬂ4ﬁ orewhizn Imsand 2 o
processors pasah! eh3i0¢8a8HR0LRA" 20 PPN W THIF YL G Id4 pd the main

seen on Fig. 1, signal pad 121 is connected with

(

signal pad 221. by line 21, signal pad 122 is connected
to signal pad 222 by line 22 and for example signal
pad_ 132 is connected by line 32 with signal pad 232
and signal pad 142 ‘of chip 1 is connected with signal
pad 242 of chip 2 by line 42. Also for example power
pad 111 is connected by line 11 with power pad 211 and
for example power pad 115 is connected by line 15 with
power pad 215. All the connecting lines are parallel
to each other and cénnedt the associated pads on the
shortest possible way.

In accordance with the design system of the present
invention for gaining an optimal shorter length of the
overall length of the connection lines, for example
_21, 22, 32, 42 etc. and for improving the

overall performance of the finally designed product,
in the designing process the complete electrical
circuitry, that means the system logic or functional
unit, is looked at and considered synoptically. In
this synoptical design system the complete circuitry
is divided, is partitioned and is placed then on the
different semiconductor chips and simﬁltaneously on
the carrier medium 3. This dividing, partitioning and
placing is preferably done in a top-down methodology

GE 989 016



zconnection buses running over the PSC Fig. 1 shows a section of two
chips 1 and 2 that are provided on a section of a carrier nedium 3. The
upper . -b5- part of Fig. 1 shows this
arrangenment in top view whereas the | ower part shows the arrangenent in a
cross sectional side view In this side viewit is indicated, that chip 1
and 2 are connected by means of solder balls 4 with the carrier medium 3.
The carrier medium 3 shown in Fig. 1 is a passive silicon carrier (PSC
that is perfornmed_in_silicon thin filmtechnol ogy. The PSC essentially
consists of alBubbich earhyehdr f 1378 PR 1IEYPS FRIPRLABAIERE as wel |
as sol der padpa2kaige arihtgasbanly thesehibes derranged Sohheheooaeetiesn by
means of sol der DSk dea WY WiSG1d 0 SP%EBhPSedefWotas in a
combination. In this overall process of synoptically
designing the given electrical circuitry, a minimal
number and a minimal length of connection lines
between the chips is provided. Furthermore a minimal
number of input/output contacts between the chips are
provided. Furthermore it is preferable to concentrate
time-critical paths on one single chip wherever that

is possible.

A further very important feature df the synoptical
design system of the present invention is the
input/output o;dering'on adjacent chips:. Corresponding
I/0's of different chips are arranged vis-a-vis to
each other. In Fig. 1 there ik shown, that the sighal
pads 121 of chip 1 and 221 of chip 2 are opposite to
each other. In the same way the signal pad 121 up to
12n of chip 1 is opposite to pads 221 up to 22n of
chip 2. The same is true for the row 131 up to 13n
opposite to 231 to 23n and the row signal pads 141 to

l4n of chip 1 opposite to the signal row 241 to 24n of
chip 2. '

The . same feature is shown schematically in the
representation of Fig. 2 wherein the data pads A0 to
An of chip 1lx are arranged opposite those denominated
" with A0 to An of adjacent chip 2x. By this structuring
of the input/output contacts vis-a-vis each other the
shortest possible connection between two adjacent
chips can be reached. Furthermore all the connection
lines are parallel to each other and provided in the
carrier 3 as shown in Fig. 1. There that signal plane
that is closest to the chips is preferably used, i.e.

GE 989 01e
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:In the metal layer ML there are provided the power lines-with lines 6 that

| ead ground potential and line 7 that carry the voltage.” By dotted Ilngs 8
around the areas of the power voltage li-nes 7 there are provided capacitors
for decoupling purposes. Those could be provided by an n+ doped area within
a p+ substrate 5. Above the first plane . the netal.plane 1 which carries
the power lines, there is in a second plane M2 provided a set of signha
lines S2. Orthogonally arranged thereto is in a third pl ane above plane (V%

a further net Qm%@ e r N

Bet ween t he tﬂ{o ﬂl‘%ﬂ%&% an %ﬂt lgr ie??a%&GB?g'v??fgggv?’gs9‘%2?‘[#%? connect
certain I|ned“3f|?kﬁrpﬁmaﬁéglomh@fsF@ﬁaﬁsﬁpﬁé§t89 pads| dse thmsarthe
essential |y psHett&esttposaeplet her -and also the signal lines S3 in plane M3
are essentially parallel to each other but orthogonally arranged wth
respect to the parallel signal Iines S2 of plane M. The upper part of
Fig. 1 shows A nffuheheéopimpertanteaspechi p£f che senopeficaandesiigmds t hat

are parallel do. G P89 8d8rdance with the present invention is
that circuits belonging to associated certain
input/output contacts are arranged in partitions of
the respective chip as close to the associated I/O's
as possible. To that end in Fig. 3 the chip
partitioning is shown as a function of the I/O
assighment. So for example in chip 3x there are
provided I/0's CO to Cn at the lower edge'of chip 3x
that are associated with partition 50. Than there is a
further bqrtition 60 which is associated and belonging:
to the I/0's pads DO to Dn. This partition 60 with the
associated I/0 is arranged on the right hand side of
chip 3x. On the left hand edge there is shown as
example a third partition 70 with associated
input/output pads E0 to En.

r &

The scheme shown in Fig. 3 makes_clear an other
important aspect of the present invention namely that
it is essential to design the single chips more or
less from the outside to the inner part of the chip.
That means that after the I/0 assignment in the
input/output port areas of the chips starting from
there to the inner of the chip the design' is
'performed. Here than only the chip design is performed
in so far as only connections and circuits within the
chip are concerned. The electric circuits within a
chip are arranged in considering the input/output pads
and necessities that are provided in the
circumferential areas of said specific chip.

GE 989 016



*-6-" v+ each other. They are arranged in the input/output port area of each
chip adjacent to the chip edge. The outer npbst row 111 to 11n of chip-1 and
211 to 21n of chip 2; which both only forma section.of the whol e pads
along the chip edges, are power connections that carry alternatively ground
or voltage, indicated by the mnus or plus sign. To the inner of each chip
there are provided three parallel |ines & signal pads 121 to 12n, 131 to
13n and 141 to 14n on chip 1 and 221 to 22n, 231 to 23n and 241 to 24n on

chip 2. As cap_b | naI |s connected th signal

pad 221 by i hB gf%%g'ﬁ& 5’3‘5’]"1 YOSk el&aljelu 2% i ne

22 and for expmpkensi g,naﬂen;:ta.d:»nl&he sknmmanee(amﬂgem cﬂ? tlhéh si gnal pad

232 and signa agg e}43 0 |% L :Yst%%r{n%% %e‘ﬂ té}l Q?ar? 4{?2L of chip 2
n

by |line 42. or exanp € powe 'S connect 1 wth
power pad lecaﬁalﬁé’r teﬁaﬁbmtweucqmmcr-wn dmmaxeacpdgsibhe aﬁdwl th

power pad 215474bl hhgu%ngeg,ta FHat ¥hel iRrehial | eﬂaééq rand 7
connect the a§SOC|ate ggcphé &? e%ﬂnntest pos?i#anééy n accordance

with the desi8hlsGOPBRE 1pessdift &sH@deritoRs d?osgﬁa'lrhﬁ% an opti mal
shorter |engtbepébntififg on the kind of carrier used it might be

advisably to provide the connection llnes.

predominantly in a certain plane, i.e. in M3 of PSC 3.

In the synoptical top-down design of the present
invention advantageously the following main steps are
performed: '

The logic design, electfical circuitry or functional
unit to be designed is divided in partitions-that fit

i on several chips. In'doing that chip size and
time-critical paths are considered. Having done this,
the placement of these chips on the carrier is
performed. In doing this minimum wiring length and
again timing requirements are observed and decisive
factors. Furthermore a preferred routing direction of
the wiring might be preferred so that the mass of
wiring is placed in a single signal line plane. In the
designing.according to the invention, the next main
step is the I/0 contact rad assignment in vis-a-vis
ordering on the chips to generate shortest possible
connections and/or best timing. In doing the I/O
assigning it is preferable to start with the widest
buses and go down stepwise up to single lines.

This process of synoptical top~down design ‘can be

iterated several times to reach a finally optimal ’
result.

GE 989 016



» overall length of the connection lines, for exanple 21, 22, 32, 42 etc.  and
for inproving the overall performance of the finally designed product, in
t he designing process the conplete electrical circuitry, that means the
systemlogic or functional unit, is |ooked at and consi dered synoptically.
In this synoptical design systemthe cgn?¢e1e circuitry is divided, is
partitioned and is placed then on the difterent sem conductor chips and
simul taneously on the carrier nmedium 3. This dividing, partitioning and

placing is prgf Q{a?ﬁ'ry%dﬂ‘i‘@oié’céoﬁﬂ{?'QPI’!‘tHEt?QéééaﬂﬁglgGEtQ%%dC’lG
-7- i n whi.ch each chip of said-plurali he package, that

ty of chips and t
means the cmH&PQﬁ#%REKA%EﬁF¥ﬁe°€aFP?e?YnéPElSﬁEiEPPé oWt 4R, or with
ot her words igystemrdi nehips. ohnchbisepvanabptpmatepsodiiceydeptically

conceived.

By using a passive silicon carriér-as shown in Fig. 1
it is possible to deéign a semiconductor thin f£ilm
multichip module of an excellent overall performance
with high yield.

In connecting chips to the passive silicon carrier
provided in thin film silicon technology the chips are
fixed to the carrier by the so-called flip chip
technique by means of soldering technique using solder
balls. There, the so-called "can techﬁique is used,
that means that a collapse controlled chip connection
is provided by soldering balls, The area around the
chip as already shown in Fig. 1 is preferably used for
the input/output pads. The Fig. 4 shows beside those
three lines of signal input/output pads in the same
way as Fig. 1 the powér pads as the outer most line of
contact pads. Within the area of the three lines of
signal pads there is plenty of room for further
contact pads that are used predominantly for power
connections with ground and voltage lines. Those are
indicated by plus and minus signes in that section of
chip which is shown in the schematic top view of a
quarter of a chip of Fig. 4. It is easy possible to
have about 2500 contact pads on a chip.

The design system in accordance with the present
invention can be used for designing chips that are
applicable in data processing, in communication and in
automotive technique as well as certainly in still

GE 989 016



«desiigning the given electrical circuitry, a mnimal nunber and-a m nimal

| ength of connection |ines between the chips is provided. Furthernore a

m ni-mal nunber of input/output contacts between the chips are provided.
Furthernore it is preferable to concentrate tinme-critical paths on one
single chip wherever that is possible.- 1A further very inportant feature
of the synoptical design systemof the present invention is the

i nput/out put ordering on adjacent chips. Corresponding 1/Os of different
chips are ar rﬁiﬁgﬂﬂax\/iaﬁp:ﬂki&&idhgwﬂieﬁéhhighlﬂeﬁégtylelheteibalshomn, t hat

t he sighal 21 of 1 and 22 are opposite to each other.
In the sarre ]gggfﬁ‘psaoa]i(ilgﬂg)b aﬁa%g%g chip 1 is opposite to pads
221 up to 22n of chip 2. The sane is true for the row 131 up to 13n
opposite to ﬁqu @iﬁ? si gn t i

opposite to 5%% st gnal row 4ng ?h Pﬁgéiiﬂie ﬁgﬁiﬂcgéﬁggtgpé S
shown schenaﬁhﬁﬂngﬁsqnﬁrKQVQﬁﬁkg%n%élﬁhﬁw%lelQOHQeﬁﬁéP§|Wtheadata pads
AO to An of ehjitilchids Sriddaskieos @H@@%ﬁ@oﬁsaﬁgedeﬂ@%nahigsw tth AOto An

of adjacent chi ruct L, nput / out put contacts
vis-a-vis eacﬁ'?- rﬁarﬂl%éi%%rft‘%‘t’ H%I I-L..gﬁﬁg&?l ﬁoﬁﬁﬁggé'n-’fwo adj acent
chi ps can be pwashesti f&wtiymdptfcalldébﬁgnonnect|on

The multichip processor shown in Fig. 5 is connected
to the systém memory bus 51, 52 by means of the basic
storage module bus 53 and 54. Bus 53 is connected to
the left hand I/0 port area 5L21 of a first storage
chip L2l1. Likewise bus 54 is connected to an 1I/0 port
"-5L22 of a second storage chip L22. On the'right hand
side'storage chip L21 has an I/0 port 6L21 that is
connected by a line 55 to the I/0 port area 5L1 of a
further storage chip Ll. Likewise from the right hand
side I/0 port area 6L22 of storage L22 a connection
"line 56 leads to the I/O port area 5L1 of chip Ll.

The two storage chips L21 and L22 might have a storage
capacity of 128 kB each and be relatively slow,
whereas chip L1 might have a capacity of only 64 kB
but is a fast cash chip for example. The right hand
side of the fast cash chip L1 has an I/0O port area 6Ll
which is connected via line 57 and via line 58 with
left hand I/0 port area 5PU of a processor unit chip
'PU. This chip PU has also a right hand I/0 port area
6PU which is connected via line 59 with a left hand
I/0 port area 5ES of a further chip E/S. This chip E/S
can be an engineering and scientific proceésor unit
chip. As can be seen from the drawing, chip L1 is
furthermore connected via line 501 with chip PU and
chip E/S. '
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+ lines are parallel to each other and provided in the carrier 3.as shown in
" Fig. 1. There that signal plane that is closest to the chips is preferably
used, i.e. GE 989 016 . - 8- in the shown
enbodinent by signal lines S3 in plane M3. The connection of the associ ated
pads is thus the shortest possible. Aﬁi?rther | nportant aspect of the
synopti cal design systemin accordance h the present invention is that
circuits belonging to associated certain input/output contacts are arranged

in partiti Ons}fkﬁéat s déﬁﬂ%?“é‘@ ci’ pp el &’fSn%OthEed.a&%%%?xtte‘iﬂx{eg S as

possi bl e. chip partitioning is

function of ther 5D a23i g51$ren'-i7 Séaf 059 exafh| éndicakpptde width afe

the connection. That means that for example line 55
has the width of 8 Byte that means that there are 8
times 9 physical connection lines necessary to form
line 55. On the other hand there have to be in the I/O
port area 6Ll as well as in the I/O port area 5Ll1 on
each side 144 connection pads. The lines 58 and 501
are 4 Bytes wide, that ﬁeans that 36 physical lines
have to be provided in the carrier medium and -
corresponding 36 I/O contact pads have to be provided
on both ends of this lines that means in the other
chips L1, PU, E/S, for line 501 and in the I/O port
areas 6L1 and of chip L1l and 5PU of chip PU. All those
lines with the 4B or 8B indication aside it are merly
signal lines. B '

Fig. 6 shows s;hematically thg assembling and the
wiring of several multichip processors arranged in
parallel on a carrier 3, preferably a thin film
passive silicon carrier. In the upper row of Fig. 6.
there are shown from left to right chip L21, L22, L1,
PU and E/S. The sixth position to the right is empty.
As can be seen from Fig.6, between the chips there is
a slight distance but not very far. This distance is
pProvided so that the chips could be removed from
carrier 3 in case of malfunction. The thick lines
between the chips represent again the connections. So
they are designated with the same numbers as in the
data flow representation of Fig. 5. The thick circles
represent a connection between the chip and the
underlaying carrier 3. So for example line 55
represents the 8 Byte wide connection between chip L21
and chip L1 crossing underneath chip L22. Line 56
connects chip L22 and chip L1 and represents also an 8

Byte wide connection with 72 physical lines that run
GE 989 016



‘provided I/Os COto Cn at the | ower edge of chip 3x that are associ ated
with partition 50. Than there is a further partition 60 which is associated
and belonging to the I/Os pads DOto Dn. This partition 60 with the
associated 1/Ois arranged on the right hand side of chip 3x. On the left
hand edge there is shown as exanple a third partition 70 with associ ated

I nput/ out put pads EO to En. The scherfe hown in Fig. 3 makes cl ear an

ot her inportant aspect of the present invention nanely that it is essential
to design the

si_ngl re qr_less fromthe outside,to the inner part
of the chip. FREM ﬁ@&ﬁ’s%?”éﬂ_%" (GREGYRE a5 ARfh AR 29 R hEC| GBEPY out put
port areas of Liheorohiepehstsiida rim fadjaderer &A@ pdwet | awneds of Pabalikip t he

desion s ber {aryRd. cocaddan a0lshd ey £V Rugdesl oy e pRCLQ IR 10 SO far

as only connecti ons circuits w are concer ne
electric C|rcnrpylﬂﬁ@hﬁanHﬂMQIe%ﬁﬁ%u#dﬁnﬁipallE%ﬂ@#%ﬁ@rﬂglnhélne

i nput / out put Q@@St@n@ﬁ;em%w%tmé ﬂrgquprm&%dé\ 1RechL' eHEkarenti al
areas of said specifi cq
and fourth ine there are prov1ded addltlonal chips.
There is provided in the third line chip MBA as a
memory bus adapter chip and below that one there .is
provided an I/0 chip for controlllng the Input/Output

channals of the assembly

As furthermore can be seen from Fig. 6 in the edge
area on all four edges of carrier 3 there are provided
contact bumps 601 that connect the carrier 3 with its
contained chips with the outside. This outside
might be a simple card or another simple carrier which
is not shown in Fig. 6.

. f
Fig. 6 shows that the chips placed on carrier 3 are
connected among each other by two-dimensional lines.
Those lines predominantly are placed in only one metal
plane. Those are the lines running from left to right.
The other vertical lines are in the second metal plane
for the other signal lines.

This scheme used in reaching an arrangement as shown
in Fig. 6 allows that the wiring in the passive
silicon carrier 3 is done very completely in one layer
of metal only, preferably metal layer 3 M3. Only a few
wire crossing is required to go to the second plane of
signal layers metal layer M2. This scheme helps a lot
to reduce the wire capacity and to increase the yield.

As only a few under paths are on M2 whereas most wires
are parallel on M3.

GE 983 016



- -9-, In accordance with the synoptical design systemof the present'

I nvention the chips are arranged on the carrier tn suchaway that—between
the chips on the carrier the shortest. connection |ines

also in such a way that the overall |ength needed for alaﬂmnﬁﬂﬁm"ﬁmﬂ
I's as.short as possible. Depending on the kind of carrier*use

adV|sany to provide the connection |ineggpredomnantly in a certain plane
i..e. in M3 of PSC 3. I'n the synoptical top-down design of the present
i.nventi on advant ageously the follow ng main steps are perforned: The

| ogi ¢ desi gn,

electrical circuitry a@ fupnct il unit to be designed is

divided in partitions that fit on several chips. In doing that chip size
and time-critical paths are considered. Having done this, the placement of
t hese chi ps of.t he Desidrersystgmeriar reectrichl relrenstny nconhadhedngn

| engt h. and

ver§ large scale integrated semiconductor chips
(1, 2, 1X, 2X, 3X) that are packaged on a carrier
medium (3) of a higher package levei contéining
the necessary connection lines (S1, S2, Vv23)

the improvement comprising:

for gaining an optimal shortening of the.overall
length of connection lines, and

for improviﬂg the overall pefformanpe,
in the designing process

a) the complete electrical circuitry is looked
at and considered synoptically;

b) said circuitry is divided, partitioned and
placed such on the different semiconductor
chips and simultaneously on said carrier
medium that

c) a minimal number and a minimal length of
connection lines between chips is provided;

d) a minimal number of Input/Output contacts
(z/0's) (111 to 1lin, 121 to 12n, 131 to 13n,
141 to 14n; 211 to 21n, 221 to 22n, 231 to
23n, 241 to 24n) between chips are provided;

* This Sheet Has Been R
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. agajn timng requirenments are observed and deci sive fact urthernore a
preferred routing direction of the wiring mght be preferred so that the

mass of wiring is placed in a single signal |ine plane. J H m Emlﬁm
according to the invention, the next main step is the I/
assignnment in vis-a-vis orderlng on the chips to generate shortest "po &sibl e
connections and/or best timng. In doirglshe- |/ O assigning it is preferable
to start with the w dest buses and go down stepwi se up to single lines.
This process of synoptical top-down design can be iterated . several times to
reach a finally opeimal cogrgespondingE 1980 sOR0 to A0, Al to Al, An -
- 10 - to An; 121 to 221, 131 to 231, 141 to 241)

of different chips (1X, 2X, 1, 2) are

arranged vis-a-vis each other;

f) circuits belonging to and associated with
certain I/O's (CO0 to Cn, DO to Dn, EO to En)
are arranged in partitions (50, 60, 70) of
the respective chip (3x) or chlps as close
to said I/O's as possible;

g) the electric circuits within a chip are
arranged in considering the I/0's that are
provided at the circumferential areas -of
said chip, and '

h) saild chips are arranged on said carrier
medium of the next higher package level such
that shortest connection lines between the
carried chips and overall. are providéd.

2. Design system as in claim 1, wherein

time~-critical paths of the electrical circuitry
are provided on one single chip wherever
possible.

3. - Design system as in claim 1 or 2, wheéerein

as said carrier medium of a higher package level
a passive silicon carrier (3) is provided
containing the necessary connecting lines (S2,
S3, v23) for the chips_arranged on it.
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« By taking into account all the precedingly stated inportantaspectsof the

synoptical top.down design system of chips on carrier ' S
concei ved. By using a passive silicon carrier as: shoqmﬂmlb I"@ili mF
possi ble to design a sem conductor thin filmmultichip PEL OT'y *

excel l ent overall performance with high yield. In connecting chips to the
passive silicon carrier provided in thini€itmsilicon technol ogy the chips
are fixed to the carrier by the so-called flip chip technique by neans of
sol dering techni que using solder balls. There, the sop-called "C4" technique
i s used, thaf-neaReSigR SYSIAM Fselnkadr |2d WreBeEBnnection is provi ded
by sol dering balls, The aréa around the chip as already showmn in Fig. 1 is

preferably used for ,the input/output pads. The Fig..4 shows .besi.de those
three |ines of si&ﬁ%AT %%ﬁnﬁﬁi£?ﬁ§LF§¥F%$£ E%gelﬁa9r8¥léﬁ . *® the power

pads as the outer timst fiillme Echhwilary qauisaiMindi esséntiatayobotee t hree
| i nes of signal pg_(r]]%étgﬁe(rﬁe ) Q‘[ﬁargyfg%tlr_ %ﬁl&m&[ ﬁ‘ngf_gmegag%gt act pads t hat

i
are used predom n y for’ power” connec ] ound’ vél tage |ines.
Those are indi cat 8 )by lfiscsthcet mE signrel l1hnedal(S2écinoa secomdp whi ch

i's shown in the sehemd|GndtP Vigyer 22 Myp! t & s8koRqClER B Bignad: It is
easy possible to lines (S3) in a third plane (metal layer 3, M3},

said first and said second sets of signal lines

(S2, S3) arranged essentially orthogonally to

each other, and vias (V23) for connecting at

appropriate locations a signal line of said first

set (S2) with a signal line of said second set

(s3).

5. Design system as in anyone of claims 1 to 4,
wherein

in top-down methodology simultaneously each chip
of said plurality of chips and said package

- given by all chips arranged on the carrier
medium ~ are 6ptimizedr

6. Design system as in claim 5 or in any preceding
claim, wherein

Input/Output contact pads (A0 to An) are placed
in the I/0 port area and parallel connections
from chip (1X) to chip (2X) are provided (Fig.2).

. This Sheet Has Been Replaced
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- have about 2500 contact pads on a chip. The desi gn systemim accordance.
with the present invention can be used for designing chi
applicable in data processing, in conmunication and in 41"' ﬂ“mmm”mllque
16

as well as certainly in still GE 989
- 11 - further applications where high density electrical functlonal
units are to be appli ed. In connectienl® th Fig. 5 one possible

application for the present invention is shown in connection with a

mul tichip processor that enconpasses five chips. In Fig. 5 the data flow of
the mul ti chi p7 pr ocembeonductor thin film multichip module

containing a plurality of semiconductor chips on
a semiconductor, preferably silicon, carrier for
providing chip to chip connection,

designed especially in accordance with the design
system of anyone of claim 1 to 6,

characterizgd in that

a) corresponding Input/Output contacts (I/O's)
of different chips are arranged opposite to
each other, '

b) said corresponding I/0's are connécted by
parallel lines via the semiconductor
carrier, and

c) signal I/O's are arranged preferably in
circumferential edge areas of the chip.

8. Semiconductor thin film multichip module as in
claim 7, wherein

said chip or chips are provided with contact pads
more or less on the complete chip surface.

This Sheet Has Been Reraced "

sesois | [HNDNNT




< prepared for synoptical desi gn. The nmul tichip . processxw_:ﬂuxM144a_ELg__5
is connected to the 'system menory bus 51, 52 by neans
nodul e bus 53 and 54. Bus 53 is connected to the |eft hmﬂ um }i’
5L21 of a first storage chip L21. Likew se bus 54 is c
port 5L22 of a second storage chip L22. {p the right hand side storage chip

L21 has an I/O port 6L21 that is connected by aline 55 to the I/0O port
area 5L1 of a further storage chip L1. Likewise fromthe right hand side

I/O port are@;6L2%éﬁiéﬁﬂﬁﬁﬁﬁbf2@hfnCPﬂﬂﬁQﬁﬁPﬂlbhﬂﬁ méaheadgst gnthe 1/ 0
port area 5LI1 of gg.p L1 The two storage chips L21 and L22 mi ght have a

storage capacity Yl &5 AR be relatively slow, whereas chip L1
m ght have a capacity of only 64 kB but s a fast cash Chlp for exanpl e.

The right hand si of the fast cash ¢hi 1 ha n ort area 6L1 which
i s connected.via ﬁ? ?ﬁ;%ﬁmP§$a;?Vn8E %8&#?ﬁglé?§ hﬁﬁﬁt 18585 ea 5PU
of a processor LWHQOnta¢t$1l This chip PU has also a right -hand 1/0 port

. area 6PU which is connected via line 59 with a left hand I/O port area 5ES

of a further chip EZS. This. chip E/S can be an engineering and scientific
processor unit chighd fghe apese G@@hngr§ﬁW§héfQFaﬁKﬁQPlghtgrsﬁ)is

furthernore conneci®fhrd aché NGeRPdrVbENtRbl enky ard phoRiBed as
signal I/0 contact pads.

10. Semiconductor thin film multichip module as in
claim 9, wherein

all contact pads within the outer circumferential
rows of signal_I/O's'contaét pads~are provided as
powef contact pads either for ground or voltage.
i . f
11. Semiconductor thin film multichip module as in
claim 8, 9 or 10, wherein

each physical line that connects signal I/0O's
contact pads is provided with shielding physical
lines formed by power lines (ground or voltage),
especially upon direct chip to chip connection.

12. Semiconductor thin film multichip module as in
claim 11, wherein

'upon direct chip to chip connection of adjacent
chips the latter do not contain I/0 driver/receiver
circuits in the related I/O port areas.

—/——‘—_’_'— .
eet Has Been Rep|laced
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2 GE 989 016 - - 12 - The indication "8B"
and "4B" along-the different lines 53, 54, 55, 56, 57,- 58, 59, 501 ‘indicate
the width of the connection. That nmeans that for exanple |line 55 has, the
width of 8 Byte that nmeans that there are 8 tines 9 physical connection
| i nes necessary to form.line 55. On the other hand there have to be in the
|/ O port area 6L1 as well as in the I/Op0rT area 5L1 on each side 144
connection pads. The lines 58 and 501 are 4 Bytes wi de, that neans that 36

physi cal |ines have to be provid gv$ @g%qg % &7 medi um and correspondi ng
36 1 /0O contact pads have to be pr orh“ends of this lines that

means in the other chips L1, PU E/S, for line 501 and in the I/O port

areas 6L ?gn Daigl %é%aanfoépﬁgi éﬂirﬁf Ptz 8hbelNBACa! CART1¢! fdd'® 4B of

are nerl
Module thus DeSLgned

A system design for VLSI chips arranged on a carrier
and the module thus designed is described. In a-
top-down design system synoptically and simultaneously
an electrical circuitry is optimized by designing
synoptically the chips and the chip carrier. The
overall logic is divided in partitions which fit on
chips. A chip placement on the carrier is peffbrmed
considering minimum overall connection length and
providing preferably parallel connection. Input/Output -
contacfs-are assigned on chips vis-a~-vis each other;
when they'correspond. They are connected by parallel
lines. The design of the several chips is done from
oytside to inside, starting with the assigned I/0
contacts. Overall, in combining optimum overall design
and optimum chip design, a semiconductor thin film
silicon multichip module of high yield and performance
is provided. As carrier that is included in the design
from the beginning, preferably a thin film passive
silicon carrier is used.

—_—
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' kﬁrﬁT&G shows schematically the assenbling and the wiring of several

mul ti chi p. processors arranged in parallel on a carrier 3,.preferably a thin
fil mpassive silicon carrier. In the upper row of Fig. 6 there are shown
fromleft to right chip-L21, L22, L1, PU and E/s. The sixth position to the
right is enpty. As can be seen fron1F|g 6, between the chips there is a
slight distance but not very far. This distance is provided so that the
chi ps could be renmoved fromcarrier 3 in ¢48e of ‘mal function. The thick_,
lines between the chips represent again the connections. So they are .
designated with same nunbers as in the data flow representation of E%g.

5. The thick cir

[]
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connection bet n LQ] and chip ¥ EJOSSLD under neat h -chi pPER2IlLi he
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- %3 - fromchip L22 dowmn to carrier 3 and up again to chip L1, on each
side in adjacent |/O port areas. Parallel to the processor in the first
upper line there are provided 5 nore or |ess identical processors in |line
two to six below. On the right hand side in the third and fourth line there
are provided additional chips. There is provided in the third line chip MBA
as a nenory bus adapter chip and bel ow that one there is provided an 1/0O
chip for controlling the Input/CUtput chihnal s of the assenbly As

furthernore can be. seen fron1F|g in the edge area on all four edges of
carrier 3 there ake—provided contact bunps 6 arrier 3
wthits contalnld chips with t tiside. ThHig Aptside mght be p sinple
card or another ginple carrier i S not s gﬂ |n Fig. 6. Fig. 6 shows
t hat the chips pljaced on carrle rle conneqt nmong each ot her| by
t wo- di nensi onal Ifi nes Those i rledom nant VA e pla in only one
nmetal plane. Thoge an&_Lhe l'ine ning Tron1?eA to ri The ot her
vertical lines afe in the second® t—ptamefer the other signal|lines.
. O O .
e O O_o
. O -0 »
An o o An
FIG. 2
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is required to go to the second pl ane of signal

the wiring in the passive silicon carrier 3 is done very conpletely in one
| ayer of metal only, preferably netal '

~ Thiss schene used in reaching an arrangenent as shown in Fig. 6 allows that
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# by ~said corresponding contacts are connected by parallel lines via the
sem conductor carrier, and c) signal Input/CQutput contacts are
arranged in areas adjacent to the circunferential edges of the chips,
whereby said chips are provided with contact pads on the conplete chip
surface; and wher eby the outernpost row of contact pads contains power
contacts connected to a first netal |ayers4of said sem conductor carrier,
and subsequent rows toward the centre of the chip are provided as signal
| nput / Qut put contact pads, connected to a second or third netal |ayer of
sai d sem conductor carrier. 2. The nodule as clained in claim 1, wherein
all contact pads within the area surrounded by said subsequent rows of
signal Input/CQutput contact pads arF oProvi ded as power contact pads either

for ground or voltage. 3. The S”ﬁ)dUJe asss:l a| ged 5:51 clm m 15(gr 2, wtHein

each physical |ine tpat—connecti—signet:
provided with shield n%=gaﬁgﬁ§ angs
ground or voltage. 4 Ths a8l
shi el di ng physical I]n trn%Bch D .
modul e as claimed injc AT e T IHPe connectijon
of adj acent chips thg _EEL_QQ taﬂﬂ-L uft tqﬂ A /receive%
circuits in areas whgy it potaRh ' —0- )€ noaul g -ajs
claimed in any on&10[t f [ Whet n"saiﬁb.wﬁi c or caflrigr is|:
formed fromsilicon. |z} 8tf laguf asiilrings® Mlegi condlctior t hilq
filmmultichip no 2 Srti—oRe—o+ s d net hdd
conprising the stepsjp e S R Rg—He-tst-eps-4qf
| ogi cal I'y dividing afg & ir L t O | aced||p thes ||+
di fferent sem conduc}Dof g P! |fci ng eodi g d and pHl 4rr0n ¢
circuitry on the diffef naocyar__chi p3S an@puf %n?s i<d
carrier, thereby arrgng ponduing L nputiflQut put 1L R
: 8Bl o 8B} 8Bl -
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contacts of different chips opposite to each other,

15 . connecting said corresponding I nput/Qut put cont act sqblﬁ?/”b'a(rﬁmsel
lines via the sem conduct or carrier, and arrangi ng signal | nput/Qutput
.cont act m"@ c%dge areas of the chip. 8. The net hod as
claimed in cf m n said chips are packaged on a passive silicon
carrl er cont essary conneﬁ"tgi ng lines for the chips arranged on
it. 9. The method as clainmed in clai'm”8, further conprising providing

sai d carrier in thin filmtechnol ogy containing essentially power lines in
a first plane, a first set of signal lines in a second plane, a second set
of signal lines in a third plane, said first and said second sets of signal

. lines being arranged essentially orthogonally to each other, and vias for

connecti ng atmmnm@mlmnwmscmmﬂeﬂﬁm TARRIERSANTSt W th a
gignal |line of said second sej Tﬂﬁqu? NEpcl ai rred I n any one of
tho

clains 7 to 9, wherein in top ogy S|nultaneously each chip of
said plurality of chips and sald package conprising all chips arranged on
the carrier are optim sed.

ABSTRACT

A system design for VLSI chips arranged on a carrier and the module thus designed is
described. In 2 top-down design system synoptically and simultaneously an electrical
circuitry is optimiied by designing synoptically and chips (1, 2) and the chip carrier (3). |
The overall logic is divided in partitions which fit on chips (1, 2). A chip placement on the
carrier (3) is performed considering minimum overall connection length and providing
preferably parallel connection. Input/Qutput contacts are assigned on chips (1, 2) vis-a vis
each other when they correspond. They are connected by parallel lines (S5:S3). The design
of the several chips is done from outside to inside, starting with the assigned I/O contacts.
Overall, in combining optimum overall design and optimum chip design, a semiconductor
. thin film silicon multichip module of high yield and performance is provided.
Fig.1 |




.- 16 - 4. Desi gn system %?W"’l 1 1c’ci aim 3, @@e.g _|'r3:,m..~nmnd salf nagsrsr’fve
.« Silicon carrier (3) is provided in thi@ ei;x tecl@n@g@gy o€ @agal W ngy
* essentially power lines (6, 7) in a fiZst q)lﬂq .@fggtiglm_lt@)@g edL...
M), a first set of signal lines (S2) ing %éﬁ“{‘”’ ‘“"9 ? :_1_a)er
. 2, M), a second set of signal li rfes Ata tlli‘a‘r ol anggél met al

| ayer 3, M), said first and said se"ond sets of signal I|nes
. (S2, S3) arrangeRdorafentiigl h)ier bhRgo0RIthd fa e

st o seRRRaab) Bl bym mup BBt °<F4uhatc§?mg§f?% @5%1%£§?5°°du%%§§h o

Desi gn symtemmxconctucemy@memforqirawdmglcmp)totwhlp connegbion eivherein said module

t op- down gﬁ%“ﬁ dol ogy simultaneously each chip of said plurality of
chi ps an& package - given by all _ chips arranged _on the carrier
a) correspondmg contacts of adjacent chips which are arranged opposite to each
other,

b) said corresponding contacts are connected by parallel lines via the
semiconductor carrier, and
c¢) signal Input/Output contacts are arranged in areas adjacent to the
circumferential edges of the chips,
whereby said chips are provided with contact pads on the complete chip surface;
and ' '
U | whereby the outermost row of contact pads contains power contacts connected to a
first metal layer of said semiconductor carrier, and subsequent rows toward the centre of
the chip are provided as signal Input/Output contact pads, connected to a second or third
metal layer of said semiconductor carrier.

In accordance with a second aspect of the present invention there is disclosed a
method of manufacturing a semiconductor thin film multichip module as described
immediately above, said method comprising the steps of:

designing the chips, including the steps of

logically dividing and partitioning the circuitry to be placed on the different
semiconductor chips,

placing said divided and partmoned c1rcu1try on the different semiconductor chips
and simultaneously on said carrier, thereby arranging corresponding Input/Output
contacts of different chips opposite to each other,

A connecting said corresponding Input/Output contacts by parallel lines via the
semiconductor carrier, and

arranging signal Input/Output contact in circumferential edge areas of the chip.

The above aspects integrate the very large scale integration package into the design
system already at the initial stage so that the chip boundaries are more or less suppressed
and the partition task is alleviated. In an synoptical manner from the beginning the chips
and their carrier together are considered in containing the functional unit formed by the
electric circuitry. Overall less length of connection lines are possible and also parallel
signal transportation on a sort of wider buses is possible over parallel connection lines
via the carrier medium that is incorporated into the design from the beginning.

In accordance with a preferred embodiment of the present invention, time-critical
paths of the electrical circuitry are provided on one single chip wherever possible.
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medi um - are optim zed. 6. Design systemas in claim5 or in any

= precedi ng claim wherein | nput/ Qut put contact pads (AO to An)
" are placed inthe I/O port area and parallel connections from
chip (1X) to chip (2X) are provided (Fig.?2).

.- 17 -

7. Semi conductor thin filmnriltichip nodul e | containing a

plurality of sem conductor chips on a sem conductor, preferably
- sili con, Kuathermoref ay carrier nmediwmn cifreg highep packagd ilgvet preferablyoa passive silicon

carrier PSC is provided that contains the necessary connecting lines for the chips

arranged on it. In principal also other carrier means as there are cards or multilayer

ceramic modules or multilayer glass modules are possible to be used as a second level
carrier medium for the chips.

In connection with the following more specific description, different embodiments
of the invention are described in connection with the drawings. In the drawings:

Fig. 1 is a top view and cross sectional side view schematically illustrating the
arrangement and connection of sections of two chips on a section of a passive
silicon carrier;

Fig. 2 schematically illustrates two chips adjacent to each other with associately
ordered input/output signal contacts vis-a-vis each other;

Fig. 3 illustrates a chip with partitions on it close to associately assigned

input/output cz,ontacts;
Fig. 4 is a chip foot print with contact pads arrahged on it belonging to a section of
. a chip;
Fig. 5 schématically illustrates the data flow of a multichip processor in

arrangement and preparation for the synoptical design in accordance with the
preferred embodiment of the present invention;

Fig. 6 is a schematic in a top view of the arrangement of several muiti chip
processors parallel to each other on a passive silicon carrier and the main
connection buses running over the PSC.

Fig. 1 shows a section of two chips 1 and 2 that are provided on a section of a
carrier medium 3. The upper
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desi gned especially in accordance with the design system of anyone of

.claiml to 6, characterized in that
" Input/Qutput contacts (I/0 s) of dlfferent
opposite to each ot her, b) said c mg@%ﬂlﬁﬂm are
. connect ed by paral | el lines Vta the senicon
carrier, and c) signal 1/O s are arranged preferably in
. ci rcunf er@amsal edge areas of the chinp. 8. Sem conductor thin film

mul tichi g modyl gelﬁﬁO{l(ﬂlCtOd thitl i) Zmum‘ﬁfpe Hlodule cortthifigC Y p%lﬁfa ?sur faar €

provi ded W|th conta or lI'ess t he conpfete
semiconductor chlps ona sem1conductor carrier for prov1dmg ch1p to chip connectlon

wherein said module comprises
a) corresponding contacts of adjacent chips which are arranged opposite to each
other,
b) said corresponding contacts are connected by parallel lines via the
semiconductor carrier, and
¢) signal Input/Output contacts are arranged in areas adjacent to the
circumferential edges of the chips,
whereby said chips are provided with contact pads on the complete chip surface;
and '
s whereby the outermost row of contact pads contains power contacts connected to a
first metal layer of said semiconductor carrier, and subsequent rows toward the centre of
the chip are provided as éignal Input/Output contact pads, connected to a second or third
metal layer of said semiconductor carrier. .
2. The module as claimed in claim 1, wherein all contact pads within the area
surrounded by said subsequent rows of signal Input/Output contact pads are provided as
power contact pads either for ground or voltage.
3.  The module as claimed in claim 1 or 2, wherein each physical line that connects
signal Input/Output contact pads is provided with shielding physical lines formed by
power lines that can be ground or voltage.
4. The module as claimed in claim 3 wherein said shielding physical lines constitute
chip to chip connection.
5. The module as claimed in claim 4, wherein upon direct chip to chip connection of
adjacent chips the latter do not contain Input/Output driver/receiver circuits in areas
where Input/Output ports are arranged.
6. The module as claimed in any one of claims 1-5 wherein said semiconductor
carrier is formed from silicon.

(Jr
.~

7. A method of manufacturing a semiconductor thin film multichip module as claimed
in any one of claims 1 to 6, said method comprising the steps of:

designing the chips, including the steps of

logically dividing and partitioning the circuitry to be placed on the different
semiconductor chips,

placing said divided and partitioned éircﬁitry on the different semiconductor chips
and simultaneously on said carrier, thereby arranging corresponding Input/Output
contacts of different chips opposite to each other,
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- 18- 9. Sem conductor thin filmmnultichip nodule as in claim 8,

Toerat, e oot e o U S o

the center of the chip are provided as signal 1/0 contact "palls.
- Sem conductor thin filmmultichip nodule as in claim9, wherein

all contact pads within the outer circunferenti al of signal 1/0Os
- contact pads cgp%ecﬁpqua&(fo%spondmgpm Q!’&?Htaﬁqn%é’yepi“ﬁﬁgl figes g}’r“blﬂ?ﬁ or

vol t age. semiconductor carrier, and

arranging signal Input/Output contact in circumferential edge areas of the ch1p
8.  The method as claimed in claim 7, wherein said chips are packaged on a passive
silicon carrier containing the necessary connecting lines for the chips arranged on it.
9.  The method as claimed in claim 8, further comprising providing said carrier in thin
film technology containing essentially power lines in a first plane, a first set of signal
lines in a second plane, a second set of signal lines in a third plane, said first and said
second sets of signal lines being arranged essentially orthogonally to each other, and vias
for connecting at appropriate locations a signal line of said first set with a signal line of
said second set. '
10. The method as claimed in any one of claims 7 to 9, wherein in top-down
methodology simultaneously each chip of said plurality of chips and said package
comprising all chips arranged on the carrier are optimised.
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,11. Semi conductor thin filmnultichip nodule as in claim8, 9 or 10,

. Wherein each physical line that connects signal I/0Os cont act
pads is provided w th shielding physical lines fornmed by power |ines
(ground or voltage), especially upon direct chip to chip connecti on.

"12. Sem conductor thin filmmultichip nodule as in - claim 11, wherein
upon direct chip to chip connection of gjacent chips the latter do

"not contain I/O driver/receiver circuits inthe related 1/0O port
ar eas.

DESIGN SYSTEM FOR VLSI CHIPS ARRANGED ON A CARRIER AND
MODULE THUS DESIGNED

ABSTRACT

A system design for VLSI chips arranged on a carrier and the module thus designed is

- described. In a top-down design system synoptically and simultaneously an electrical
circuitry is optimized by designing synoptically and chips (1, 2) and the chip carrier (3).
The overall logic is divided in partitions which fit on chips (1, 2). A chip placement on the
carrier (3) is performed éonsidering mlmmum overall connection length and providing
preferably parallel connection. Input/Output contacts are assigned on chips (1, 2) vis-a vis
each other when they correspond. They are connected by parallel lipes (S52:S3). The design
of the several chips is done from outside to inside, starting with thé assigned I/O contacts.
Overall, in combining optimum overall design and optimum chip design, a semiconductor
thin film silicon multichip module of high yield and performance is provided.

Fig.1
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