Qr;,,‘gani_.c Chip Carriers For Wre Bond-Type Chips Background of the
- I on 1. Field of the Invention The i nvention pertains
generally to organic chip carriers for wire bond-type chips.

t

Organic Chip Carriers For Wire Bond-Type Chips

. oL Background of the Invention
1. Field of the Invention

The invention pertains generally to organic chip carriers for
wire bond-type chips.

2. Description of the Related Art

Semiconductor integrated circuit devices (hereinafter referred to

as semiconductor chips or just chips) are typically electronically

packaged by motinting one or several chips onto a ceramic, e.g., alumina,

chip carrier substrate and using wire bonds to electrically connect

I/0 (input/output) contact pads on each chip to corresponding contact -
pads (and therefore to corresponding fan-out circuitry) on the ceramic

chip carrier substrate. The resulting ceramic chip carrier is then

mounted onto a printed circuit board (PCB) or printed circuit card (PCC)

and (via circuitry on the PCB or PCC) thereby electrically connected to

other such ceramic chip carriers and/or other electronic components

mounted on the PCB or PCC.

While the above-described packaging scheme is certainly useful, the
use of ceramic chip carrier substrates does involve certain limitations
and drawbacks. For example, as is known, the speed of propagation of
an electrical signal through a wire on a dielectric layer, or between two
dielectric layers, is proportional to the inverse of the square root of
the dielectric constant of the dielectric layer or layers. Unfortunately,
the dielectric constants of ceramics are relatively large, e.g., the
dielectric constant of alumina is about 9, which results in ceramié chip
carriers éxhibiting relatively low, and in some cases undesirably low,
signal propagation speeds.

 The use of ceramic chip carrier substrates also leads to certain I/O
constraints. For example, a single-layer ceramic chip carrier substrate
includes but a single layer of fan-out circuitry on the upi)exj surface of
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typically electronically packaged by nounti ng one or sever
ceramc, e.g., alumna, chip carrier substrate and using wire bonds to
eléctrically connect 1/0O (input/output) contact pads on each chip to

" correspondi ng contact pads (and therefore to correspondi ng fan-out
circuitry) on the ceramic chip carrier substrate. The resulting ceramc
chip carrier is then nounted onto a printed circuit board (PCB) or printed
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the spacing between the fan-out wires, to tKe point where undesirable
cross-talk between adjacent fan-out wires has become unacceptable.
Moreover, it has become increasingly difficult, if not impossible,
to form a correspondingly large number of -contact pads around the outer
periphery of the ceramic layer. Thué, single-layer ceramic chip
carrier substrates are definitely limited in their ability to
handle high I/O chips.
Attempts to accomodate chips having relatively large numbers of
I/Os has led to the use of multilayer ceramic chip carrier substrates
employing so-called ball grid arrays (BGAs) in lieu of lead frames.
These types of ceramic chip carrier substrates differ from single-layer
ceramic chip carrier substrates in that they include two or more
layers of fan-out circuitry on two or more ceramic layers. Significantly,
these layers of fan-out circuitry are electrically interconnected by
mechanicallx drilled via holes, which are plated and/or filled
with electriéally conductive material. In addition, a certain number
of such holes extend from the layers of fan-out circuitry to lands on
the bottoms of the chip carrier substrates, on which are mounted solder
balls (formed in grid arrays, hence the term ball grid array.)
These solder balls are intended to be mechanically and electrically
connected to corresponding solderable contact pads on a PCB or PCC.
Unfortunately, the mechanically drilled holes electrically inter-
connecting the layers of fan-out circuitry have relatively large
diameters, requiring the spacing between the fan-out wires to be
relatively large. But, this relatively large spacing between fan-
out wires limits the number of chip I/Os which can be accomodated
by such multilayer ceramic chip carrier substrates.

i

Other attempts to package chips having a relatively large number of
chip 1/Os has led to the use of multi-tiered cavities in multi-layered
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of the substrate.) When using such a packaging configuration, a chip
is mounted face-up at the bottom of a multi~tiered cavity. Wire bonds
are extended from I/O contact pads on the upper surface of the chip to
contact pads on each of the exposed upper surfaces of the different

" layers of the multi~layered ceramic substrate constituting the different

tiers of the multi~tiered cavity. While this configuration does make it
possible to accomoddte a relatively large number of chip 1/0s, it does
result in relatively long wire bonds extending from the chip to the
upper tiers of the multi-tiered cavity. As a consequence, the "time of
flight" of corresponding electrical signals is undesirably increased.

Ceramic chip carrier substrates are also limited in terms of their
heat dissipation capabilities. For example, in the case of a multilayer
ceramic chip carrier having a chip positioned at the bottom of a
multi-tiered cavity, heat dissipation is typically achieved by providing .
a heat sink directly beneath the cavity. But this implies that the heat
generated by the chip must necessarily be conducted through the ceramic
layer at the bottom of the cavity before reaching the heat sink. As a
consequence, the rate of heat dissipation is limited.

Thus, those engaged in the development of chip carriers have sought,
thus far without success, chip carriers which: (1) exhibit relatively
high electrical signal propagation speeds; (2) accomodate relatively
high I/0O chips while avoiding the need for mechanically drilled holes
to interconnect different layers of fan-out circuitry; (3) exhibit a
relatively short "time of flight"; and (4) exhibit a relatively high
rate of heat dissipation.

Summary of the Invention.

The invention involves a chip carrier which: (1) exhibits relatively
high electrical signal propagation speeds; (2) accomodates relatively
high I/O chips while avoiding the need for mechanically- drilled holes
to interconnect different layers of fan-out circuitry; (3) avoids the
use of relatively long wire bonds, and thereby achieves a relatively
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el ectrically connect such a ceramic chip carrier to a PCB TPGESHEHD WASe3EEN
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t he nunber of fan-out wires, and to correspondl ngly decrease—the spacrng -
bet ween the fan-out wires, to the point where undesirable cross-talk

between adjacent fan-out wires has becone unaccept abl e. Mreover, it has
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The inventive chip carrier also"employs an organic, photoimageable
dielectric layer which serves as a film redistribution layer (FRL).
That is, this particular organic dielectric layer is sensitive to
light, and is readily selectively exposed to light through a mask,
and developed, just like a photoresist, to form via holes (which are
herein referred to as photo-vias, to distinguish them from mechanically
drilled via holes) in the photoimageable dielectric layer. Significantly,
these photo-vias are readily formed to have diameters which are much
smaller than the diameters of vias formed using conventional mechanical

drilling techniques. For example, the diameter of a conventionally

" drilled via hole is typically no smaller than about 12 mils
(0.012 inches), while the diameter of a photo-via can be as small as,
for example, 2 mils (0.002 inches). Consequently, when such a
photoimageable dielectric layer (or layers) is incorporated into the
inventive chip carrier, it becomes possible to interconnect two
(or more) layers of fan-out circuitry without limiting the spacing
between fan-out wires to the same degree as when using mechanically
drilled vias. As a result, the inventive chip carrier accomodates
chips having a larger number of I/Os than was possible with conventional
ceramic chip carriers. .

The inventive chip carrier further employs a single-tiereci cavity
to contain a chip, rather than a multi-tiered cavity. As a result,
relatively long wire bonds are avoided. Consequently, the inventive
chip carrier achieves a relatively short "time of flight" for
corresponding electrical signals.

In one embodiment of the invention, thermal via holes are provided
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correspondi ng sol derabl e contact pads on a PCB or POC. Unfortunately, the
mechanically drilled holes electrically inter- connecting the |ayers of
JJarl-qut circuitry have relatively large dianeters, requiring the spacing
between the fan-out wires to be relatively large. But, this relatively

| arge spaci ng between fan- out wires lidits the nunber of chip I/0s which
can be acconodated by such nultilayer ceramc chip carrier substrates.
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" another embodiment, a heat sink is provided directly beneath the

' thermal via holes, to further enhance heat dissipation. In still
further embodiments, the chip carrier includes a.metallic, e.g.,
copper, layer, which acts as a heat sink, and the depth of the
single-tiered cavity extends to, or even into, the metallic layer.
This results in direct physical contact between the chip in the
cavity and the heat sink, which results in even greater heat dissipation.

In yet another embodiment, the inventive chip carrier includes

at least two organic layers, with a ground plane sandwiched between
them. The single-tiered cavity associated with this embodiment has
a depth which extends at least to the ground plane. Significantly,
this embodiment also includes an almost ‘continuous metal ring which
encircles the sidewalls of the cavity and extends vertically to the
top surface of the chip carrier. The presence of this metal ring is
advantageous because it pefmits ready electrical contact_to the
ground plane while avoiding the need for a mechanically drilled
via hole extending-to the ground plane. As a consequence, the
spacing between fan-out wires may be advantageously reduced.

Brief Description of the Drawings

The invention is described with reference to the accompanying
drawings, wherein:

Fig. 1 is a cross-sectional view of a first embodiment of the
inventive chip carrier; |

Fig. 2is a cross-sectional view of a second embodiment of the
inventive chip carrier;

Flg 3 is a cross-sectional view of a third embodiment of the
inventive chip carrier;

Fig. 4 is a cross-sectional view of a fourth embodiment of the
inventive chip carrier; -

Fig. 5 is a cross~sectional view of a fifth embodiment of the
inventive chip carrier; and
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3 ceramc substrates, (As used herein, the term"cavity" denotes a
depression in a substrate, not a hole extending through the thickness of
the substrate. ) Wen using such a packaging configuration, a chip is
nounted face-up at the bottomof a nulti-tiered cavity. Wre bonds are
extended froml1/0 contact pads on the upper.surface -of the chip to contact
“pads on each of the exposed upper surfaces of the different |ayers of the
mul ti-layered ceranm c substrate constitujing the different tiers of the
multi-tiered cavity. Wile this configuration does nmake it possible to

accomodate a rel atpjel ¢ 1d 399 VLR a ?Gb&fijtaﬁ%,' é%rgti'tng fi-%:ﬁréé‘e%'éldséd"

relatively long, w re bonds_eXxtending from upper tiers of
the nmul ti-ti eletpRricate theifth embadinent of thefnventive chip eargpr: of
correspondi ng el ectrical signals is undesirably increased. Ceram c
capabi 1111 o5, DEBHGRERrBbEoR of Hue Reretre LEhEr TR cor ant ¢ chi p carri o
having a chip positioned at the bottomof a nulti-tiered cavity, heat '
ChTLh 15T b, /prEShecRSUASAEIY P1BY Sharndi gl diE g beneat
necessarily b&hichid(ir exhibitsorglativaly bighaleetrical signal propagation
' speeds; (2) readily accomodates relatively high I/O chips; (3) avoids

the need for long wire bonds, thereby achieving a relatively short

"time of flight" for electrical signals propagating through the wire

bonds; and (4) achieves a relatively high rate of heat dissipation.

As noted above, the inventive chip carrier achieves relatively

high electrical propagation speeds because it employs organic materials,

such as the epoxy/glass formulations sold under the trade names FR4 and

DriClad, in lieu of ceramic materials. The inventive chip carrier also

readily accomodates relatively high I/0 chips because it employs at

least one organic photoimageable dielectric layer in which photo~vias

have been formed, as a film redistribution layer (FRL), to electrically

interconnect two (or more) layers-of fan-out circuitry. The inventive

chip carrier avoids relatively long wire bonds, and thus achieves a

relatively short "time of flight" for electrical signals propagating

through the wire bonds, because it employs a single-tiered cavity to

contain a chip, rather than a multi-tiered cavity. Further, certain

embodiments of the inventive chip carrier also include, for example,

thermal vias, or a layer of metallic material, directly beneath the

chip to enhance heat transfer.

With reference now to Fig. 1, a first embodiment of the inventive

chip carrier 10 includes a chip carrier substrate 20 having opposed

surfaces 30 and 40. This substrate 20 also includes a plurality, e.g.,

three, of laminated, organic dielectric layers 50, 60 and 70 consisting

of, for example, the epoxy/glass formulations sold under the trade names

FR4 and DriClad. Although not clearly shown in Fig.1, the organic

dielectric layer 50 serves to support a layer 80 of fan-out circuitry

of , for example, copper. Sandwiched between the organic dielectric

layers 50 and 60 is a layer 90 of electrically conductive material,



_layer at the bottomof the cavity before reaching the heat |
consequence the rate of heat dissipation is limted.
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engaged in the devel opment of chip carriers have sought, thus Tar w thout

success, .chip carriers which: (1) exhibit relatively high electrical signal
_propagation speeds; (2) acconodate relatively high I/O chips while avoiding
the need for nmechanically drilled holes t.o interconnect different |ayers of
fan-out circuitry; (3) exhibit a relatively short "tinme of flight"; and (4)

exhibit a relatively high rate of heat dissipation.

4 e.g., copper, which serves as a power plane. Sandwiched between the
organic dielectric layers 60 and 70 is another layer 100 of electrically

conductive material, e.g., copper, which serves as a ground plane.

The thickness of each of the organic dielectric layers 50, 60 and
70 ranges from about 2 mils to about 20 mils. Thicknesses less than
about 2 mils are undesirable because the corresponding organic dielectric
layers are undesirably flimsy, unreliable and difficult to handle. Thicknesses
greater than about 20 mils are undesirable because such thick dielectric
layers are generally, unnecessary and it is difficult to drill via holes

into such thick layers.

The thickness of each ef the layers 80 (fan-out circuitry), 90
(power plane) and 100 (ground plane) of electrically conductive material
ranges from about 0.125 mils to about 2.5 mils. Thicknesses less than
about 0.125 mils are undesirable because the corresponding electrically
conductive layers often prove incapable of mthstand.mg the types
of temperature excursions to which the chip carrier is likely to be
subjected. Thicknesses greater than about 2.5 mils are undesirable
because it takes an undesirably long time to form such th}ck layers
using conventional plating techniques, and difficulties associated

with linewidth control are substantially increased.

As shown in Fig. 1, the chip carrier substrate 20 also includes an
organic photoimageable dielectric layer 110 which overlies the layer 80
of fan-out circuitry. A useful composition of the layer 110 is, for
example, that of the photoimageable cationically polymerizable epoxy
based material deseribed in U.S. Patent No. 5,026,824, which is hereby
1ncorporated by reference. This particular material includes an epoxy
resin system consisting essentially of between about 10% and about
80% by weight of a polyol resin which is a condensation product of
epichlorohydrin and bisphenol A having a molecular weight of between
about 40,000 and 130,000; between about 20% and about 90% by we'ight

" of an epoxidized octafunctional bisphenol A formaldehyde novolac resin

having a molecular weight of 4,000 to 10,000; and if flame retardancy
is required between about 35% and 50% by weight of an epoxidized glycidyl
ether of tetrabromo bisphenol A having a softening point of between about
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SUMVARY OF THE I NVENTION According to one aspect of the i E‘ﬁ‘ﬁgﬂgl _EDEEN
*di sclosed a chip carrier, conprising: . a chip carrier bstr E ch "

includes a first surface, a second surface opposed to said first surface,

and at least first and second.layers of organic material, each being from
_about 2 mils to about 20 mls thick; at least said-first layer of organic

mat eri al bei ng positioned |nned|ately adj acent said first surface, and

bei ng phot oi mageabl e and bearing a first8 | ayer of electrical circuitry,

i ncl udi ng contact pads; a single-tiered photofornmed cavity having a

depth extendo’g didPab&at ¥14°C $id aUhdRERlab WREHL %P'b@tﬁé‘&?ﬁﬂoﬁ’e‘ Gﬁ@ﬁﬁd ‘2’%'06
depth extendi,n at | east througa a_thickness of said first, photoi mageabl e

| ayer; and S PSR SYSLAD S d@ﬂlaﬁ’°“§(9silttf’@17?é’ﬁt flééé“riﬁ%"w YRightgaer 100
cavity, inclpaitagfaesin aaatipnic phdﬁnﬁiﬁhtm- lcapéiciedst mxmmdg nlmerizative chi p

cont act padsoft&l‘? %g}o?cf(imgaq'%sg{%ﬁg‘l! | 6{3 %\E}eokonggﬁgp %Aégégn b thesystem

According to ano ere s
carrier, corhfingifugther charea;temgd ch?r ha*em&mb gbsonhanghiof Hightcin,thes 330 fto (760nm

surface, a %%%ﬂo?‘!ésf@fﬁarpﬁppfﬁﬁatﬁ)osﬁwhfdkrﬁfm sBptRnsnyad ayer of

phot oi magi nabl'e organi c material having a thickness of from 2 mls to about
20 mils of rRRPFeERSIHZER SUgh asaReTHene PH#dE‘ﬁQE@VGFWPFc% HHHFRCANG)i | s t o
about and its derivatives may be added.

The organic photoimageable dielectric layer 110 is readily deposited
using conventional coating techniques, such as curtain coating and roll
coating. The thickness of the photoimageable dielectric layer 110 ranges
from about 2 mils to about 20 mils. Thicknesses less than about 2 mils
are undesirable because it is undesirably difficult to form such thin
layers while also achieving desired photoimaging and dielectric
properties. Thicknesses greater than about 20 mils are undesirable
because it is undesirably difficult to form small photo-vias in such
thick layers. -

Using conventional photolithographic techniques, the photoimageable
dielectric layer 110 is readily selectively exposed to light through a
mask, and then developed, to form photo-vias 120 in the layer 110, as
shown in Fig. 1. (It should be noted that the exposed regions undergo
cross-linking, and thus become less soluble than the unexposed regions
in relation to the developer.) These photo-vias 120 are then readily
plated with an electrically conductive material, such as copper, using
conventional plating techniques.

Although not clearly shown in Fig. 1, the photoimageable dielectric
layer 110 supports a layer of fan-out circuitry 130 of, for example,
copper, which includes contact pads. As should be obvious, the plated
photo-vias 120 in the photoimageable dielectric layer 110 serve to
electrically interconnect the layers 130 and 80 of fan-out circuitry.
Significantly, as noted above, the diameters of the photo~vias are
smaller than the diameters of mechanically drilled via holes.
Consequently, the spacing between the fan-out wires can be smaller -
than was previously the case.
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20 mls which is imediately adjacent said second surface; a
singl'e-tiered photoformed cavity having a depth extending fromsaid first
surface toward said second surface, said depth extending at |least to

| ayer of net
wthin said

cont act pads

conpri si ng:
a second sur

allic material; a sem conductor chip, positioned fac

sai d
e-up

cavity and contacting said layer of netallic material, said
chip including chip contact pads and wire bonds extending from said chip
to contact pads on said | ayexr of organic material. Accordi ng
to still another aspect of the inventi on there is disclosed a chip carrier,
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Preferably, as shown 1n Fig.'1 the chip carrier substrate 20

includes (mechanically drilled ) thermal via holes 170 which are

positioned diréctly beneath the chip 150 and extend through the
thicknesses of the organic layers 80, 90 and 100. These thermal
via holes 170 serve to vent the heat produced by the chip 150 to

the atmosphere, and thus serve to enhance heat dissipation. (It

should be noted that these thermal via holes are preferably filled
with a silver-filled epoxy paste to enhance heat transfer. It should
also be noted that in the final stages of fabrication, a layer of
solder mask material is applied to the surface 40 of the chip
carrier 10, and thus this solder mask material overlies the
silver-filled epoxy paste.) :

The diameters of the thermal via holes 170 ranges from about
6 mils to about 12 mils. Diameters smaller than about 6 mils are
undesirable because the corresponding thermal via holes achieve
undesifably little heat transfer. Diameters greatér than about
12 mils are undesirable because the layer of solder mask material
in contact with the silver-filled epoxy paste in the corresponding
thermal via holes tends to crack, and the overlying chip tends to
delaminate from the chip carrier substrate. '

‘As shown in Fig. 1, the chip carrier substrate 20 further includes
a plurality of mechanically drilled, plated via holes 180. Each such
hole 180 terminates at the surface 40, where it is encircled by an
electrically conductive land 190 of, for example, copper, attached
to the surface 40. Also attached to the surface 40 are a plurality
of electrically conductive pads 200, as well as electrical circuit
lines (not shown) of, for example, copper, which connect the pads
200 to plated via holes 180. Mounted on the lands 190 and pads 200
are solder balls 210, each having a composition which includes, for
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‘a single-tiered cavity having a depth extending fromsaid first surface

t owar'd sai d second surface, said.depth extending at |east to said |ayer of
nmetallic material; a sem conductor chip, positioned face-up wthin
said cavity and contacting said |layer of metallic material, including chip
.contact pads and wire bonds extending fromsaid chip contact pads to
contact pads of said first |layer of electrical circuitry; and a
region of electrically conductive materil@ which is in electrical contact
with said second | ayer of electrically conductive naterial, at |east

partially engkampRs dMelealdanphis tf. A9kHoeRVBY ¥oeRtsS1h8EdSofderand Onto

said first sgr{lace, awre and also extending formsaid chip to a portion
of said regi alls are &pdoef attached te gegi.emble contact pads on a PCB or PCC.
- With reference now to Fig. 2, a second embodiment of the chip

carrier 10 differs from the first embodiment in that the depth of
the single-tiered cavity 140 also extends through, for example, the
organic layers 80 and 90. In addition, a heat sinli 220 is attached
to the surface 40, substantially vertically aligned with the chip

150 and the thermal via holes 170. Moreover, the solder balls 210
are attached to lands and pads on the surface 30.

With reference now to Fig. 3, a third embodiment of the chip
carrier 10 differs from the first and second embodiments in that
the chip carrier substrate 20 includes a relatively thick,
photoiniageable dielectric layer 110, immediately adjacent the
surface 30, and a layer 230 of metallic material, e.g., copper,
immediately adjacent the surface 40. Here, the layer 230 acts,
in part, as a stiffener and is preferably electrically grdunded.

On the other hand, as .before, the photoimageable dielecgric

layer 110 bears a layer 130 of fan-out circuitry, including

contact pads. In addition, the photoimageable dielectric layer 110
includes photo-vias 120 extending through the thickness of layer 110
to the electrically grounded metallic layer 230. Moreover, solder balls
210 are attached to some of the contact pads of the layer 130 of
fan-out circuitry. )

As shown in Fig. 3, the third embodiment of the chip carrier 10
includes a single-tiered cavity 140 which extends through the
thickness of the photbimageable dielectric layer 110 to the layer 230
of metallic material. A wire bond-type chip 150 sits in the bottom
of the cavity 140, and is thus in direct physical contact with the
metallic layer 230. As a result, heat dissipation is enhanced because
the metallic layer 230 also acts as a heat sink. )

In'this third embodiment of the chip carrier 10, the thickness of
the photoimageable dielectric layer 110 ranges from about 2 mils to
about 20 mils. Thicknesses outside this range are undesirable for the
reasons given above. _ _

The thickness of the metallic layer 230 ranges from about 4 mils



BRI EF DESCRI PTI ON OF DRAW NGS The invention is described with

tef erence to the acconpanyi ng draw ngs, wherein: Fig. 1is a
cross-sectional view of a first enmbodi nent of the inventive chip carrier;
Fig. 2 is.a cross-sectional view of a second enbodi nent of the inventive

.chi'p carrier; "Fig. 3 is a cross-sectional view of a third enbodi nent
of the inventive chip carrier; Fig. 4 is a cross-sectional view of a
fourth enbodi nent of the inventive chip darrier; Fig. 5is a

cross-sectional view of a fifth enbodi nent of the inventive chip carrier;
and to about 20 mils. Thicknesses less than about @ mils are undesirable
. because the corresponding metallic layers are undesirably lacking in
v rigidity. Thicknesses greater than about 20 mils are undesirable
because the coefficients of thermal expansion (CTEs) of the corresponding
metallic layers then dominate the CTEs of the corresponding chip
carriers substrates, which leads to CTE mismatclies between the chip
carrier substrates and the corresponding chips, which, in turn R
leads to cracking of the chips.

With reference now to Fig. 4, a fourth embodiment of the chip
carrier 10 differs from the third embodiment in that the photoimageable
dielectric layer 110 is relatively thin, and the metallic layer 230 is
relatively thick. In addition, the depth of the single-tiered cavity
140 extends through the full thickness of the photoimageable layer 110,
and partially through the thickness of the metallic layer 230.

In the fourth embodiment of the chip carrier 10, the thickness of
the photoimageable dielectric layer 110 still ranges from about 2 mils
to about 20 mils. Thicknesses outside this range are undesirable for
the reasons given above. !

The (full) thickness of the metallic layer 230 again ranges from
about 4 mils to about 20 mils. Thicknesses outside this range are
also undesirable for the reasons given above.

The (partial) thickness of the metallic layer 230 immediately
beneath the cavity 140 should be at least about 4 mils. Thicknesses
less than about 4 mils are undesirable because the corresponding
metallic layers exhibit undesirably little rigidity.

With reference now to Fig. 5, a fifth embodiment of the chip carrier

10 is similar to the first and second embodiments in that the chip

carrier substrate 20 includes a plurality, e.g., three, of laminated
organic dielectric layers 50, 60 and 70 consisting of, for example, the
epoxy/glass formulation sold under the trade name DriClad. As before,
the organic dielectric layer 50 supports a layer 80 of fan-out circuitry,
including contact pads. Sandwiched between the organic dielectric layers
50 and 60 is a layer 90 of electrically conductive material, e.g.,

copper, which serves, in this embodiment, as a ground plane. Sandwiched
between the organic dielectric layers 60 and 70 is another layer 100



Fig. 6 is atop viewof a substrate, depicting the process used to
fabri‘cate the fifth embodi nent of the inventive chip carrier. Detail ed
Description of the Preferred Enbodi nent(s) The invention involves a
chip carrier for wire bond-type chips which: (1) exhibits relatively high
el éctrical signal propagation speeds; (2) readily acconodates rel atively
“high 1/Ochips; (3) avoids the need for long wire bonds, thereby achieving
a relatively short "time of flight" for éPectrical signals propagating
t hrough the wire bonds; and (4) achieves a relatively high rate of heat

di Issi pat : On-h_of ﬁlecitri‘bﬁnﬁroéﬁiﬂ@bﬁz‘é%xaﬁéﬁhli, ré\!gg,t Egﬁp&ﬂi Whid ééﬁfesaé‘éﬂa eves:
relatively hi el ectri ropagat i or eeds because it enploys organic
mat eri al s, sﬁ’gﬂ'eﬁéiflﬂ%' gﬁﬁ&@‘}‘&p gg?%%‘? ﬁfap}eoﬁ%mé'ﬁfﬂfmt%é latergtivnanes
FR4 and Dri Ctadheisidéwalls of thekcanity 1o, ewherleas thbhoweresihhe @loehiyptcarri er
al so readily accor.r:lqﬁaa1 Y ' 1/ ' e dqt at
| east one organic p OF%E%%S%%BSI %fe{cﬁlee{%e%[}? + 8%1%'!5?‘?}33'%\%%@?\ ép?h%’?(g?\b%% have
been forned, shsilar to theseaiveny abend ohlsoaythe thithnesses of the eieatnicpily
conductive layers 80 (fan-out circuitry), 90 (ground plane) and 100
(power plane) are also similar to those given above.

The fifth embodiment of the chip carrier 10 is also similar to the
third and fourth embodiments in that the chip carrier substrate 20 also
includes a metallic layer 230, which is preferably grounded. The
thickness of the metallic layer 230 is similar to that of the metallic
layer 230 in the third embodiment.

As shown in Fig. 5, the fifth embodiment of the chip carrier 10
also includes a single-tiered cavity 140, having a depth which extends
through the thicknesses of the organic dielectric layers 50, 60 and 70 .
to the metallic layer 230. A chip 150 sits at the bottom of cavity 140,
and is therefore in direct physical contact with the metallic layer 230.
Consequently, heat dissipation is enhanced because, as before, the
metallic layer 230 acts as a heat sink.

Significantly, the fifth embodiment of the chip carrier 10 differs
from the other embodiments in that it includes an almost continuous
layer 240 of electrically conductive material, e.g., copper, which
is attached to, and encircles, the sidewalls of the cavity 140. This

“~layer 240 extends vertically from the bottom of the cavity 140 to the
top of the cavity 140, and extends laterally onto the upper surface of
the organic dielectric layer 50, adjacent to the layer 80 of fan-out"
circuitry. Because the ground plane 90 extends laterally to the
sidewalls of the cavity 140, the layer 240 is in direct physical and
electrical contact with the ground plane, and is therefore electrically
grounded. - '

The presence of the layer 240 is advantageous because the need for
a plurality of mechanically drilled via holes extending through the
thickness of the organic dielectric layer 50 to the ground plane 90
is reduced. Thus, if certain chip contact pads are to be electrically
grounded, wire bonds from these chip contact pads are extended to the



interconnect two (or nore) layers of fan-out circuitry. The inventive chip
carrler avoi ds relatlvely | ong Wi re bonds, and thus achieves a relatively
short "time of flight" for electrical S|gnals propagating through the wire
bonds, because it enploys a single-tiered cavity to contain a chip, rather
than.a multi-tiered cavity. Further, certain enbodi nents of the inventive
“chip carrier also include, for exanple, thermal vias, or a |ayer of
netallic material, directly beneath the chi to enhance heat transfer.
Wth reference nowto Fig. 1, a first enbodi ment of the inventive chip

carrier 10 '%Eﬁ@ﬁ%faﬂfehla&e?aﬂb'cﬁ{tﬁéjgﬁ{'fa%%f%g LR SRRRAEQR Surfaces 30

and 40. Thi s substrate al so i ncludes a plura

| ami nat ed, of¥¥RE 80 ’dF'%ﬂ?é‘t thao tolpads ?}U’lr‘é@gaﬁﬂcwnéﬂiié %5‘!11%‘791 for
exanpl e, t he Wykwmﬁﬁgft@rmél h@HEs Fdh'eObwr!ﬁ&fauEEQ-eldtﬁiﬁy%WE&&R4 and

011G a0, AUl PO RS AN e ey 1 B AMGhglEiL © |2ve
copper. Sandwhe specireg heeweéxh ﬁam-rcgarwn-eslmmlyehé adcantageoaslyOreatiutbed) i S a
layer 90 of el ect rIil: Cé:‘fi’1|o]ul/d. %%W%Hit‘fﬁt TRE ?ffitfillembodimélit of the chip carrier 10
includes a mechanically drilled, plated via hole 180 which extends
through the thicknesses of the organic dielectric layers 50 and 60 to
the power plane 100: Moreover, the fifth embodiment also includes a
ring 250 of metal, e.g., copper, which encircles the cavity 140 and
physically and electrically contacts the plated via hole 180 which
extends to the power plane 100. This ring 250 is advantageous because
it eliminates the need for additional via holes which extend to the
power plane. Thus, electrical contact to the power.plane 100 is
achieved merely by electrically contacting the ring 250.
A method for forming the layer 240 and ring 250 is depicted in
Fig. 6. As shown in F1g 8, when forming the cavity 140, two right-
angle slits 260 and 270 are mechanically cut through the thicknesses
of the organic dielectric layers 50, 60 and 70. The widths of these slits
ranges from about 25 mils to about 100 mils. The outer surfaces
of these slits define the sidewalls of what is to be the cavity 140.
A layer of photoresist 280 is then deposited onto the surface of the
organic dielectric layer 50. This layer of photoresist is then
exposed and developed so as to leave photoresist covering all of
the organic dielectric layer 50, with the exception of the slits
260 and 270, the area 241 on the surface of the organic dielectric
“layer 50 to be occupied by the layer 240, and the area 251 to be
occupied by the ring 250. (It should be noted that this layer of
photoresist is supported by the layers of organic dielectric
material encircled by the slits 260 and 270.) The slits 260 and 270,
the area 241 to be occupied by the layer 240, as well as the area to
be occupied by the ring 250, are then metallized using conventional
seeding and metal plating techniques. Mechanical cuts are then made
through the centerlines of the slits 260 and 270, these cuts are then
extended so as to join these centerlines, and the cut-out material



7/ e.g., copper, which serves as a power plane. Sandw ched bﬁ%é@#@E& SBEEN
orgariic dielectric | ayers 60 and 70 is another |ayer 100 o e CRED I
conductive material, e.g., copper, which serves as a groun ane

The thi ckness of each of the organic dielectric |layers 50, 60 and 70 ranges
-fromabout 2 mils to about 20 nmils. Thicknesses |ess than about 2 nils are
undesi rabl e because the corresponding organic dielectric |ayers are
undesirably flinmsy, unreliable and diffitélt to handle. - Thicknesses
greater than about 20 mls are undesirabl e because such thick dielectric

| ayers aL e E@I‘réﬁxalvba mg%ﬁﬁﬁ_?_ﬁn&l% ﬂotrmﬁoﬂlo]fffﬂhfétdahﬁﬂﬁh ,l ilelavmgl n{égbﬁs :
into such thi e i, C S 0 t he

(Fan-out o FEFREPE SGiost soREPUSRahE R bR e BERt T i RSith ornsts to which
e; ectri cal | whemitaatidwetnatigiviallly extegdd drloundaheLmdewdeofmhe chwitgbbid. 2.5
e ssponcness ewhe tnd fAVerlioH hal kR Slrfinilly YIRS LAQ|RsDABAHSC 1 he

correspondi ng el ectric
with reference to preferred embodiments thereof it will be understood

by those skilled in the art that various changes in form and details
may be made therein without departing from the spirit and scope of
the invention. '
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conductive layers often prove incapable of w thstanding tRNeTH\GISHEEGHAS BEEN
‘tenpérature excursions to which the chip carrier is likely to bBEBUDFERL ed.

Thi cknesses greater than about 2.5 ml|s are undesirabl e because Tt Takes an
undesirably long time to formsuch thick |layers using conventional plating
.techniques, and difficulties associated with linewidth contraol are i

substantially increased. As shown in Fig. 1, the chip carrijer

substrate 20 al so includes an organi ¢ photoi nageabl e di el &kitSheet HasBeen Repjaged
which overlies the layer 80 of fan-out cipguitry. A useful H u -
the layer 110 is, for exanple, that of thé photoi nageabl e :

pol ynmeri zabl e epoxy based nmaterial described in U S. Patent No. 5, 026, 624,
which is her€®mBhcorporated by reference. This particular material
ihcludes an epoxy resin systemconsisting essentially of between about 10%
and about 80% b c\gﬁi ht of a ﬁol%/ol resin which is a condensati on product
of epichl orojnydgi BAGEBEEp FENBIISAB&hvi ng a nol ecul ar wei ght of bet ween
about 4b, 000 and 130, 08@hiheareien sabstitate Mhickn dnelades adfitsbhyuriacghib sHdcoad

ol scul ar wei ght - AP 40q apesssd 453Gl ArLCRERAETHAR R ARLLCRE BLAD 0

bet ween about 35%8¥eus Dfwrgpnicmatarial; ajleasieeid firsy legysni positionrdr of

tetrabronp bi sphepghediatiy diadentHdi Hirad sBefdde , YeiR8pHRSindiRdble and
bearing a first layer of electrical circuitry, including contact pads;

e single-tiered cavity having a depth extending from said first
surface toward said second s'urfa'ce, said depth extending at least
through a thickness of said first, photoimageable layer; and
_ a semiconductor chip, positioned face-up within said cavity,

_including chip contact pads and wire bonds extending from said chip

contact pads to contact pads on said first, photoimageable layer.

2. The chip carrier of claim 1, further comprising: _
i a second layer of electrical circuitry between said first and second
organic layers; and -
a plurality of photo-vias, containing electrically conductive
material, extending through said thickness of said first, photoimageable
layer, which serve to electrically connect said first layer of circuitry

to said second layer of circuitry.

3. The chip carrier of claim 1, wherein said depth of said single-tiered
cavity also extends through at least a portion of a thickness of said
second layer of organic material.

4. The chip carrier of claim 1, further comprising a plurality of via
 holes which extend from a bottom of said cavity, through said substrate,
to said second surface.

5. The chip carrier of claim 1, further comprising a heat sink attached
to said second surface and substantially aligned with said semiconductor
chip.

LA



8 60[err]C and about 110[err]C and a nol ecul ar wei ght of
‘and 2,500. To this resin systemis—added about 0.1 to abo
wei ght per 100 par Tiss Slfeetll-ﬁ§Bé§n d oni c photoinitiator ¢
initiating polyrrerlj

_-actinic radiation g further characterized
absor bance of |ight 700nmregion of less th

;LL %{Q{ﬁ%&%

epOXI di zed resin system upon exposure to

by having an
an 0.1 for a 2.0

ml thick film Optlonally, a photosen5|t|.’z@r such as perylene and its

derivatives or anthracene and its derivatives may be adde
organi ¢ photgi mageadlcaigicaraet rort‘cmlawr f&&ﬂef SomPREihY o

conventional coating t such rtal n coat%lng and rol
The t hi ckness of ‘?lﬁgt ?Pg{]yof’%ﬁcg‘é% %pﬁfiﬁl PF landg atiagher.fo, sgids second

. surface, and solder balls attached to said pads and

d. The

{;@Fusi ng

coat i ng.

/or lands.

7. The chip carrier of claim 1, wherein said first layer of electrically
conductive circuitry includes a plurality of electrically conductive pads
and/or lands, and wherein said chip carrier further comprises solder

balls attached to said pads and/or lands.

8. A chip carrier, comprising:’

a chip carrier substrate which includes a first surface, a second

surface opposed to said first surface, a layer of organic material

which is immediately adjacent said first surface and which bears a

layer of electrical circuitry, including contact pads, and a layer

of metallic material which is immediately adjacent said second surface;
a single-tiered cavity having a depth extending from said first

surface toward said second surface, said depth extending at least

to said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and

contacting said layer of metallic material, said chiﬁ

including chip

contact pads and wire bonds extending from said chip contact pads to

contact pads on said layer of organic material.

9. The chip carrier of claim 8, wherein said layer of metallic material

is electrically. grounded.

10. The chip carrier of claim 8, wherein said layer of organic material

isa phqtoimageable layer, and wherein said chip carrier further
comprises a plurality of photo-vias, containing electrically conductive
material, extending through a thickness of said photoimageable layer

to said layer of metallic material.

11. The chip carrier of claim 8, wherein said depth of said cavity

extends through a portion of a thickness of said layer of metallic

material.

-
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fromabout 2 mls to about 20 mls. Thicknesses | ess thag

SBRUG: 2 TWAS BEEY
“undesirabl e bech y difficult to form suc th;l mk\egers

whil e al so achi ev’!'megshd@ghsr | magi ng and dielectric 5=
Thi cknesses gr eate u,ﬂmg ﬁé m|s are undesirabl e because |t IS

.undesirably diffic | I photo-vias in such thick |ayers.
Usi ng conventi onal phi ¢ techni ques, the phot oi mageabl e
dielectric layer 110 is readily selectlvely7exposed to light through a
mask, and then devel oped, to form photo-vias 120 in the layer 110, as shown

in Fig. 1. (ﬁ Shg"ﬁtedclgﬁ Q'trf‘eq' cfthéﬁamg Be vﬁf%g?ﬁgaﬁﬁﬁﬁ ’il%e ngg&rl includes’

cross-1inking, hus” becone l'ess sof e unexposed Teglions in
relation to the dé9RP®per.) These photo-vias 120 are then readily plated
w th an electrically conductive materi al, such as copper, using

conventi onal g@% technlgues

. Al th ot cle sho in Fig.
1, the phot o?‘ chipegarzier; of ¢laim. g, I’ﬂ?rg ﬁ?}Bﬂ?yﬁr ngg"t ¥\2n out
circuitry 130 of cireuieyainehelesca phevalitytuf cllectridaligesoncinet ivet pgpdal and Asr
shoul d be obvi ousy, %:ﬂ? V, ' : [+ |
dielectric | ayer i s’e‘gj\"/‘gt""tq%rg#1 Filt%:lﬁﬁ cjag #g?%%%ﬁ%ﬁ%%g@?ﬁg %{f and
80 of fan-out cir étlached tS|S@h¢maé§r¢th°ré%n¢ﬁ)t ed above, the diameters of

the photo-vias are smaller than the dianeters of nechanically drilled via

hol es. ] .. ..
14. A chip carrier, comprising:

a chip carrier substrate which'includes a first surface, a second
surface opposed to said first surface, at least first and second layers
of organic material, said first layer, immediately adjécent said first
surface, beaﬁng a first layer of electrical circuitry, including contact
pads, with a second layer of electrically conductive material being
sandwiched between said first and second layers of organic material,
said chip carrier substrate also including a layer of metallic material
which is immediétely adjacent said second surface;

a single-tiered cavity having a depth extending from said first
surface toward said second surface, said depth extending at least to
said layer of metallic material; .

a semiconductor chip, positioned face-up within said cavity and
contacting said layer of metallic material, including chip contact
pads and wire bonds extending from said chip contact pads to contact
pads of said first layer of electrical circuitry; and

a region of electrically conductive material which is in electrical
contact with said second layer of electrically conductive material, at

-least partially encircles the sidewalls of said cavity and extends to
and onto said first surface, a wire bond also extending from said
chip toa portion of said region on said first surface.

15. The chip carrier of claim 14, wherein said second layer of
electrically conductive material is electrically grounded.

//
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Consequent |y, the spacing between the fan-out wires can bé'&mwéﬂﬁwrbhﬁﬂuﬁgﬁi

“prevfously the case. REFLACED

As shown in Fig. 1, the chip carrier substrate 20 i ncl udeSsFrgFe=tFered
cavity 140, having a depth Whi ch extends only through the thickness of the
phot oi mageabl e dielectri¢c- Iayer 110. A wire bond-type chip 150 is

" positioned face-up in the bottomof the cavity, with wire bonds 160

extending fromcontact pads on the chip 150 to contact pads of the | ayer of
fan-out circuitry 130. Preferably, is shown in Fig. 1, the chip
carrier substrate 20 :

16. The chip carrier of claim 14, wherein said first layer of
electrical circuitry includes a plurality of electrically conductive
pads and/or lands, and wherein said chip carrier further comprises
solder balls attached to said pads and/or lands.

e
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directly beneath the chip 150 and extend through the thickne
organi.c layers 80, 90 and 100. These thermal via holes 170 -\, TEVE
t he heat produced by the chip 150 to the atnosphere, and thus serve to
enhance heat dissipation. (It should be noted that these thermal via holes
are preferably filled with a silver-fiHllged epoxy paste to enhance heat
transfer. It should also be noted that in the final stages of fabrication,
a layer of solder mask material is applied to the surface 40 of the chip
carrier 10, and thus this solder nmask material overlies the silver-filled

incl udes (mechanically drilled ) thermal via holes 170 which I-@SQ JF] gned. = =]
5Se Z'}q :
\

epoxy paste.) The dianeters of the thermal via holes 170 ranges from
about 6 mls to about 12 mls. Dianeters smaller than about 6 mls are
undesirabl e becauggdmc:gmpmlms Fbg]WikE‘B@Nb FefppRve undesirably
little heat transfer. D anmeters greater an about 1 mls are undesirable

because the layer of solder nmask material in contact with the silver-filled
epoxy paste in the corresponding thermal via holes tends to crack, and the
over | yiABSTRAEGTt ends to del anminate fromthe chip carrier substrate.

As shown in Fig. 1, the chip carrier substrate 20 further includes a
plurality of nmechanically drilled, plated via holes 180. Each such

A chip carrier (10) for wire bond-type chips is disclosed. This chip carrier (10)
employs organic dielectric materials, rather than ceramic materials, as is conventional. This
chip carrier also employs at least one organic, photoimageable dielectric layer (110), having
plated photo-vias (120), to electrically interconnect two (or more) layers of fan-out circuitry.
This chip carrier (10) further employs a single-tiered cavity (140) to contain a chip (150),
rather than a multi-tiered cavity, as is conventional. Moreover, this chip carrier (10) includes
thermal via holes (170) and/or a metallic layer (230), directly beneath the chip, to enhance

heat dissipation.

Fig. 1.

eect Has Been Replaced
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"hwole 180 ternminates at the surface 40) where it is encircled by an

el ectrically conductive |and 190 of, for exanple, copper, attached to the
surface 40. Also attached to the surface 40 are a plurality of electrically
conductive pads 200, as well as electrical circuit lines (not shown) of,
for exanple, copper, which connect the pads 200 to plated via holes 180.
Mounted on the | ands 190 and pads 200 art/Zol der balls 210, each havi ng a
conposi tion which includes, for .

10 exanple, 67% Il ead and 33%tin. As should be obvious, these solder balls
are to be attached to sol derabl e contact pads on a PCB or PCC. _




’ VVth reference nowto Fig. 2, a second enbodi ment of the chip carrier 10
differs fromthe first enbodrnent in that the depth of the single-tiered
cavity 140 al so extends through, for exanple, the organic |ayers 80 and 90.
In addition, a heat sink 220 is attached to the surface 40, substantially
vertically aligned with the chip 150 an imethernal via holes 170.
Moreover, the solder balls 210 are attacHed to | ands and pads on the
surface 30.. Wth reference nowto Fig. 3, a third enbodi ment of the
chip carrier 10 differs fromthe first and second enbodi ments in that the
chip carrier substrate 20 |ncIudes a reIatrver t hi ck, phot oi mageabl e
dielectric | ayer 10 er 230
of netallic materjal,_e.g., copper |nnedngtely adjacent t he surface 40.
Here, the layer 230 acts, in part, as a sfiffener and is preferably
[ ded. On the other hand, as before, the photoi nageapl e
10 bears d4bayer 130 of fan out crrchO&x, i ncl udi hg

dielectric | ayer

contact pads. |n gadortiom, ST Gghudes
photo-vias 120 ex|*ERgHRE . e
el ectrically groupded c |layer oa!ﬂk 210 are

af o :
attached to sone pf the contact pads of the | ayer 13ﬂ.r f & out crrruitry.
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*As shown in Fig. 3, the third enbodi nent of the chip carri‘eREam¢mﬁuﬁ§HE§T
single-tiered cavity 140 which extends through the thi ckgiss of 025314

phot oi mageabl e di el ectric layer 110 to the |layer 230 of t Batei:.cA Mal&%
A W re bond-type chip 150 sits in the bottom of the cavity=HFF—antTs thus
in direct physical contact wwth the nmetallic |ayer 230. As a result, heat
di ssipation is enhanced because the metazil ic |layer 230 al so acts as a heat
si nk. In this third enbodi ment of the chip carrier 10, the thickness
of the photoimageabl e di,electric |ayer 110 ranges fromahoyt 2 mls to
Sbout 25 oie TR era IS P el 10 B PR b P the.
reasons gi peniphieryecof the singlaeerhnidkiages. ¢A lehd frahe) havingimer?ldddsanges

- from about cénﬂi:ét%d to these peripheral contact pads, is typically used to
electrically connect such a ceramic chip carrier to a PCB or PCC.)
However, as the number of chip I/Os has increased, it has been necessary
to increase the number of fan-out wires, and to correspondingly decrease

the spacing between the fan-out wires, to the point where undesirable
cross~-talk between adjacent fan-out wires has become unacceptable.

- Moreover, it has become increasingly difficult, if not impossible,

- ~ to form a correspondingly large number of contact pads around the outer
periphery of the ceramic layer. Thus, single-layer ceramic chip
carrier substrates are-definitely limited ixi their ability to
handle high I/O chips. _
Attempts to accomodate chips having relatively large numbers of
I/Os has led to the use of multilayer ceramic chip carrier substrates
employing so-called ball grid arrays (BGAs) in lieu of lead frames.
These types of ceramic chip carrier substrates differ from single-layer
ceramic chip carrier substrates in that they include two or more
layers of fan-out circuitry on two or more ceramic layers. Significantly,
these layers of fan-out circuitry are electrically interconnected by
mechanically drilled via holes, which are plated and/or filled
with electrically conductive material. In addition, a certain number
of such holes extend from the layers of fan~-out circuitry to lands on
the bottoms of the chip carrier substrates, on which are mounted solder
balls (formed in grid arrays, hence the term ball g'rid array.)
These solder balls are intended to be meéhanically and electrically
connected to corresponding solderable ggntact pads on a PCB or PCC.
Unfortunately, the mechanically drilled holes electrically inter-
connecting the layers of fan-out circuitry have relatively large
diah;_eters, requiring the spacing between the fan-out wires to be
relatively large. But, this relatively large'spacin-g between fan-
out wires limits the number of chip I/Os which can be accomodated
by such multilayer ceramic chip carrier substrates.
Other attempts to package chips having a relatively large number of

éhip I/Os has led to the use of multi-tiered cavities in multi-layered

s . ® o
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"to about 20 mils. Thicknesses | ess thghTHISOSHERT FAS SEENE|| Ul OREPILAIHMENT SHEET
because the corresponding netallic |ayjers aREPUAGERI r abl acki n%&m
rigidity. Thicknesses greater than ab sil|rpdtbe 51996

the coefficients of thermal expansion (CTEs) of {he corr espordrrFRera e

| ayers then dom nate the CTEs of the corresponding chip carriers
substrates, which |eads to CTE ni smat éhes between the chip carrier
substrates and the correspondi ng chips, which, in turn, |eads to cracking
of the chkepsnmic substrétéed) (Afersentbermn, the Eé:gn "daviay'f denbteseabodi ment  of -

th hi ' t '

phgt gl Irrgggggééaé Re&gfL' P)li)g{ﬁsaay %tl%ﬁf’%hé}{at?a(?ﬂ%gfﬂr%%s‘ﬂ rgé%ﬁ netallic

| ayer 236f ithemathatraia.y Wh?%klsmﬁ B0l & peckaging cs@!p’;gnr@#lonh@@nngl e-tiered
cavity 1l40nRane8dTabbr gl thta.ebéﬂtbin dfhal alRetferel éalwt heirel peEabl e |ayer

i ho- 1 BEF PRI RGOt CORACE RSB FIRLPDRE: SYHE h?aheec?gpﬁt%"t he
phot oi mageatdat phds eﬁteralch ofastes expOsed upper sarfased bOrhaldifferentri | s t o about
20 I B PSS Ll ool 0 I ot DR Pl skl 250N
tiers of the multi-tiered cavity. While this configuration does make it
possible to accomodste a relatively large number of chip 1/0s, it does
result in relatively long wire bonds extending from the chip to the
upper tiers of the multi-tiered cavity. As a consequence, the "time of
flighf" of corresponding electrical signé}s is undesirably increased.
Ceramic chip carrier substrates are also limited in terms of their
heat dissipation capabilities. For example, in the case of a multilayer
ceramic chip carrier having a chip positioned at the bottom of a
multi-tiered cavity, heat dissipation is typically achieved by providing .
a heat sink directly beneath the cavity. But this'implies that the heat
generated by the chip must necessarily be conducted through the ceramic
layer at the bottom of the cavity before reaching the heat sink. As a
consequence, the rate of heat dissipation is limited. _
Thus, those engaged in the development of chip carriers have sought,
thus far without success, chip carriers which: (1) exhibit relatively
high electrical signal propagation speeds; (2) accomodate relatively
high I/O chips while avoiding the need for mechanically drilled holes
to interconnect different layers of fan-out circuitry; (3) exhibit a
relatively short "time of flight"; and (4) exhibit a relatively.high
rate of heat dissipation.

{
i

Summary of the Invention.
o
The invention involves a chip carrier which: (1) exhibits relatively
high electrical signal propagation speeds; (2) accomodates relatively
high I/0 chips while avoiding the need for mechanically drilled holes
to interconnecf different layers of fan-out circuitry; (3) avoids the
use of relatively long wire bonds, and thereby achieves a relatively

« o

. This Sheet Has Been Re’ilaced

A




* The (full) thickness of the nmetallic |ayer 230 agai n r anggsREPIOAIEPENT SHEET
mls to about 20 mls. Thicknesses outside this range arejjal so ug?ﬁ@?gaﬁ$€
for the reasons given above. The (partial) thicknesg Détet.h&. metial-pe...

| ayer 230 jnmediately beneath the cavity 140 shoul d be at

-m |s. Thicknesses | ess than about 4 m|s are undesirabl e because the
corresponding netallic |ayers exhibitz undesirably little rigidity.

Wth reference nowto Fig. 5 a fifth enbodinment of the chip carrier 10 is

simlar to the first and second enbodi nepts in that the chip carrier
subst r afe€ 20 SPREFTLIGh SPEVEF BSyR PRWer Plapg, é&?dmdf%%fé«eéfgl Hyani ¢
di el ect prgahizydictedific Byean G0/dhd J0ds ahothgrdbhyer D00 o aleptxicaliyie epoxy/ gl ass

f or mul at, the tr ' AS organi c
i el oot 2oRARSAYE ey ot | AUPRORTREHA (s o BROML miaile PR T
cont act pads Tisntigkorsas obeerbaf thecongapgimdiclestrcdayersc59.a6@e8ds50 and 60 is

a | ayer 78QGa@be8!fe6h d5cilt! ¥ nBRNEYIEHOYE20RIE! MHickisBes 12PN Wi Ch serves,
in this enbodi nent, as rQun | ane. Sandw ched between the organic
i el ot RBBUT 2yBie ok SndbsHHIs bitsne toe goRRespeRfing organic dielectric
layers are undesirably flimsy, unreliable and difficult to handle.- Thicknesses
greater than about 20 mils are undesirable because such thick dielectric
layers are generally;unnecessary and it is difficult to drill via holes
- into such thick layers. : -
’ The thickness of each of the layers 80 (fan-out circuitry), 90
(power plane) and 100 (ground plane) of electrically conductive material
ranges from about 0.125 mils to about 2.5 mils. Thicknesses less than
about 0.125 mils are undesirable because the corresponding electrically
conductive layers often prove incapable of v&ithstanding the types
of temperatufe excursioné to which the chip carrier is likely to be
subjected. Thicknesses greater than about 2.5 mils are undesirable
because it takes an undesirably long time to form such thick layers

using conventional plating techniques, and difficulties associated
with linewidth control are substantially increased.
As shown in Fig. 1, the chip carrier substrate 20 also includes an

organic photoimageable dielectric layer 110 which overlies the layer 80

of fan-out circuitry. A useful composition of the layer 110 is, for

example, that of the photoimageable cationically polymerizable epoxy

based material described in U.S. Patent No. 5,026,624, which is hereby

incorporated by reference. This particular material includes an epoxy

resin systém consisting essentially of betwe?n about 10% and about

80% by weight of a polyol resin which is a condensation product of

epichlorohydrin and bisphenol A having a molecular weight of between

about '45,000 and 130,000; between about 20% and about 90% by weight

of an epoxidized octafunctional bisphenol A formaldehyde novolac resin

having a molecular weight of 4,000 to 10,0(_)0; and if flame retardancy

is required between about 35% and 50% by weight of an epoxidized glycidyl
- ether of tetrabromo bisphenol A having a softe_ning point of between about




*12  of electrically conductive material, e.g., copper, | BEPEACEMENRSHEET
power plane. It should be noted that the ground pl ane exténds IiﬁrﬁM)ﬁ bto
the sidewalls of the cavity 140, whereas the power pl ane Batenck.} 3.

The thicknesses of the organic dielectric layers 50, 60 a e—srhrtar
to those given above. Also, the thicknesses of the electrically conductive
| ayers 80 (fan-out circuitry), 90 (%round pl ane) and 100 (power plane) are
al'so sim|ar to those given above. The fifth enbodi nent of the chip
carri er 890> pRdaboyt MG apdomplpsulartveightaefobetyiernsbenb 609 ARAtB 5PN t hat t he

chi p carrd eiis vebni %ﬁtemae adldd abditllges aﬁmﬂﬁiﬁi*)bi}tﬁ Hyweighd3br ¥4u ch i's
P AUl PLOURRR, s LR SRS R abily TE bR A Fositbd 51721 O
i n Fi g. o6 saichepéxiflizederdsin isyretam upon lexpediing toctinie radiation; the system
being further characterized by having an absorbance of light in the 330 to 700nm
region of less than 0.1 for a 2.0 mil thick film. Optionally, a
photosensitizer such as perylene and its derivatives or anthracene
and its derivatives may be added.
The organic photoimageable dielectric layer 110 is readily deposited
using conventional coating techniques, such as curtain coating and roil
- coating. The thickness of the photoimageable dielectric layer 110 ranges
from about 2 mils to about 20 mils. Thicknesses less than about 2 mils
are undesirable because it is undesirably difficult to form such thin
layers while also achieving desired photoimaging and dielectric
properties. Thicknesses greater than about 20 mils are undesirable
because it is undesirably difficult to form small photo-vias in such
thick layers. . - -
Using conventional photolithographic techniques, the photoimageable
dielectric layer 110 is readily selectively exposed to light through a
mask, and then developed, to form photo-vias 120 in the layer 110, as
shown in Fig. 1. (It should be noted that the exposed regions undergo
cross~linking, and thus become less soluble than the unexposed regions
in relation to the developer.) These photo-vias 120 are then readily
plated with an electrically conductive material, such as copper, using
conventional plating techniques.
Although not clearly shown in Fig. 1, the photoimageable dielectric
layer 110 supports a layer of fan-out circuitry 130 of, for example,
copper, which includes contact pads. As should be obvious, the plated
photo-vias 120 in the photoimageable dielectri_c layer 110 serve to
electrically interconnect the lavers 130 and 80 of fan-out circuitry.
Significe,antly, as noted above, the diameters of the phqto-vias are
smaller than the diameters of mechanically drilled via holes.
Consequently, the spacing between the fan-out wires can be smaller
than was previously the case.



al so includes a si ngl e-tiered cavity 140, having a depth )
t hrough the thicknesses of the organic dielectric |ayers | %%@SSH'F%T
the netallic layer 230. A chip 150 sits at the bottom of Kayi éyZJgdp]AY mg

. is therefore in direct physical contact with the netallic lavm’ 230 |
Consequent |y, heat dissipation is enhanced because, as before, the '

metal lic layer 230 acts as a heat sink. - Significantly, the fifth
enbodi rent of the chip carrier 10 ditffers fromthe other enbodinents in
that it .incl udes an . al nost contl nuous. |ayer 240 of electrically conductive

mat er i alis remgved ¢ gz resylfy i the §°‘é¥%‘%§’6‘rﬂfdhﬁ§av§ﬁd148né‘i"?‘ﬁpéﬁetﬁ e sidewal | s
of the ecxtéhrdinpgidlmodh bontinyausZ4AGvitk tisnelecepeibhiof ahk ywafttynadrherd os wadehf t he

Coner < 138 e 08 kAR Ehably SRY e AR B G g P L
of fan-out ciWhilg the/inveationshasg @@Péﬂmliﬂlﬁﬁ@‘% t‘lﬁ?@?ﬁ% erally to the
S: de;/val |vﬁmfrefét1©n@a‘¢p ?)y-efeﬁsedtdﬁﬂ)ddw@dts 2#8rdoS, iﬂw?lhﬁeﬁhdﬁfé%tSdl)& aIt fandI |

el ectri cont 4G . e elr. electrically

gr oundeccf’%' those a"h“r‘\rf”é“BF‘ssaéﬁ Yg’flﬁ%s Fganéaesgﬂégrma v&a(%?ggeous because the
need fomasabplmadalmeyebfwmbghhdemmggmqmﬂ@dsmmamdlmpeﬁendi ng through

the thitgkiassnQbnl he organic dielectric layer 50 to the ground plane 90
is reduced. Thus, If certal n chip contact pads are to be electrically

pow
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ectric |layer
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“grounded, wire bonds fromthese chip co -
13 portion of the layer 240 on the surfja by [
50, rather than to | ands encircling nechanic ’fy""'&fmled V)

< extending to the ground plane 90. Because relatively few s

drilled via holes are needed in the fifth enbodi nent, the spacing between

fan-out wires nay be advant ageously reduced. It shoul d be noted that-

the fifth enbodi nent of the chip carrier 10 includes a n‘&ﬂm&temtejngeili\ced .
o

drilled, plated via hole 180 which e*fends through the t hi mmmmﬁm r

organic dielectric layers 50 and 60 to
Claims:

=g

1. A chip carrier, comprising:

a chip carrier substrate which includes a first surface, a second
surface opposed to said first surface, and at least first and second
layers of organic material, at least said first layer, positioned
immediately adjacent said first surface, being photoimageable and
bearing a first layer of electrical circuitry, including contact pads;

a single-tiered cavity having a depth extending from said first
surface toward said second surface , said depth extending at least
through a thickness of said first, photoimageable layer; and

a semiconductor chip, positioned face-up within said cavity,

-including chip contact pads and wire bonds extending from said chip
‘contact pads to contact pads on said first, photoimageable layer.

2. The chip carrier of claim 1, further comprising:
a second layer of electrical circuitry between said first and second
organic layers; and
a plurality of photo-vias, containing électrically conductive
material, extending through said th_ickneés of said first, photoimageable
- layer, which serve to electrically connect said first layer of circuitry
to said second layer of circuitry.

3. The chip carrier of claim 1, wherein said depth of said single~-tiered
cavity also extends through at least a portion of a thickness of said
second layer of organic material. '

' :
4. The chip carrier of claim 1, further comprising a plurality of via
holes which extend from a bottom of said cavity, through said substrate,
td said second surface. ‘

5. The chip carrier of claim 1, further comprising a heat sink attached
to said second surface and substantially aligned with said semiconductor
chip.

AR



* the power plane 100. Moreover, the fitth—eabodinent—atsp inﬁtmeMENngEET
250 of netal, e.g., copper, which endj TRISESHREHTHARABEEY |14( and piu é%
and el ectrically contacts the plated|via hBEBLAGEDWhI chi et pads éi\%ffﬁg‘l
power plane 100. This ring 250 is advantageous because |t
need for additional via holes which extend to the power plane. Thus,
electrical contact to the power plane 180 i s achi eved nerely by
el ectrically contacting the ring 250. A nmethod for formng the |ayer
240 and r8ng ZHe chinlepinierd! cleim b, fugtherscoipaiging g WMivgali®, ofshen f or mi ng

the cavity 14%1eéﬂ&baﬁ1'y9€ﬁnd\ﬁ.ﬂiﬁ}é3p§&é Bﬁd/%@an?c{BjatZZ&meﬁ ﬁ: dBaharbaral |y cut
through™the thicknesses ]é’iee?%iﬁg%%lglelec r| l5 60 and 70. The
wi.dt hs of thest 'Pﬁ’sax?%ﬁﬁ Tt atiached S8 spt §a %aa 2388 mi |'s. The
outer surfaces of these slits define the sidewalls of what is to be the

cavily 14p. A TRYShidbaRfiol 8f REibl1, ety Lﬂﬁrflﬂ?ﬁé’iéﬁ&del%ﬁ@ edif} Surface

of the organic digelectr ayer . otoresist IS then
.exposed and deRPRdySEyesdrauitEy 141%1&9@8 BrRby i€ ﬁleemlmgoawc%ve pRds
organi c di el ecird/er/layés, &Ad whérein beideohip phiger Dirthee compiise® 80lcwrd 270,
the area 241 %lal*sh&tﬁé’t&%?oes%fg %% s%@f’o@i@q&% electric layer 50 to be

occupi ed by the Tayer e area 0 be occupied by the ring 250.
(I't. shoul d be noted that *this | ayer of photoresist is supported by the

-layers ofg.organiy caliméeCedhsrising:

-

a chip carrier substrate which includes a first surface; a second
surface opposed to said first surface, a layer of organic material
which is immediately adjacent said first surface and which bears a
layer of electrical circuitry, including contact pads, and a layer
of metallic material which is immediately adjacent said second surface,

a single~tiered cavity having a depth extending from said first
surface toward said second surface, said depth extending at least
to said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and
contacting said layer of metallic material, said chip including chip
contact pads and wire bonds extending from said chip contact pads to
contact pads on said layer of organic material.

9. The chip carrier of claim 8, wherein said layer of metallic material
is electrically grounded.

10.  The chip carrier of claim 8, wherein sajd layer of organic material
is a photoimageable layer, and wherein said chip carrier further
compriées a plurality of photo-vias, containing electrically conductive
ma"-terial, extending through a thickness of said photoimageable layer
(Lo said layer of metallic material.

11.  The chip carrier of claim 8, wherein said depth of said cavity

extends through a portion of a thickness of said layer of metallic

material. .
eet Has Been RTlaced
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material encircled by the slits 260 ang ——H =520 #ymiggﬁhENﬁEHEET
area 241 to be occupied by the |ayer 240THISSHEETIHARSBERR ?ea to be
occupi ed by the ring 250, are then mnet II|zeB'-'Bb$~F@Dconv n '@a?@l Zsﬁgéfbﬁ‘{nﬂﬁ

and netal plating techniques. Mechanical cuts are them madg-_throtgh
ceriterlines of the slits 260 and 270, these cuts are then extended so as to
join these centerlines, and the cut-out jpateri al

REPLACEMENT SHEET 14 is r enoved.
Thi s result G&pe fornatjon of the cavity 140, |eaving netal extending

.al nost contlin cRiR; (TR LSR8 B’He’éﬁmtsﬁlél 'E%\W‘f‘i/mégﬁriﬁa‘r@dtugeﬁhl ch the
slits did not orcogperl |y extend) around the sidewalls.of the cavity 140.
Wil e the invention has been particularly shown and descri bed

13 . The chip carrier of claim 8, wherein said layer of electrical
circuitry includes a plurality of electrically conductive pads and/or
lands, and wherein said chip carrier further comprises solder balls
attached to said pads and/or lands.

'14. A chip carrier, comprising:
a chip carrier substrate which includes a first surface, a second
surface opposed to said first surface, at least first and second layers
of organic material, said first layer, immediately ad]acent said first
surface, bearmg a first layer of electrical circuitry, including contact
pads, with a second layer of electrically conductive material being
sandwiched between said first and second layers of organic material,
said chip carrier substrate also including a layer of metallic material
which is immedietely adjacent said second surface;

a single-tiered cavity having a depth extending from said first
surface toward said second surface, said depth extending at least to
said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and
contacting said layer of metallic material, including chip contact
pads and wire bonds extending from said chip contact pads to contact
pads of said first layer of electrical circuitry; and

a region of electrically conductive material which is in electrical
contact with said second layer of electrically conductive material, at
least partially encircles the sidewalls, of said cavity and extends to
and onto said first surface, a wire bond also extending from said
chip to a portion of said region on s"aid first surface.

15. ! The chip carrier of claim 14, wherein said second layer of
electrically conductive material is electrically grounded.

-

\\\\\\\\\\\\\\f\ii\‘iiﬁii“
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- with reference to preferred enbodi ment b [ [T X s};—_ggdﬂbﬁr
_those skilled in the art. that various Fﬁd@@éEETn“f\@BFFEHn 30%% &
made therein wthout departl ng from the spi PFPLAREDscopell pfythe gmqggﬁ
15 CLAT VG 1 - ‘
carrier, comprising:
i8
16. The chip carrier of claim 14, wherein said first layer of

pom

electrical circuitry includes a plurality of electrically conductive
pads and/or lands, and wherein said chip carrier further comprises
solder balls attached to said pads and/or lands.

This Sheet Has Been Rei
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a chip carrier substrate which includes a first surface, a{Second. SULiac8es
opposed to said first surface, and at |east first and secor{diﬂg‘g‘y&e‘f%ﬂ%}rﬁoﬁ“g
organic material; each being fromabout 2 mils to about 20im,ls thaHAY 4836
| east said first layer, of organic naterial being positiondd-frmealately
adj acent said first surface, and bei ng phot oi nageabl e and bearing a first

| ayer of electrical circuitry, includintPcontact pads; a single-tiered
phot of ormed cavity having a depth extending fromsaid first surface toward
said second surface, said depth extending at |east through a thickness of
said first, photoi mageable |ayer; and a sem_conductor chip, positioned
face-up within said cavity, including chip contact pads and wire bonds
extending fromsaid chip contact Eads to cont act Iﬁads on said first,

phot oi mageabl e | ay@RGANIC CHIlHE RSFQOR WIREB@QNRr RYRE GHIP8 her
conpri sing:. ~a second |l ayer of electrical circuitry between said first
and second organic | ayers; and a plurality of photoforned vias,

cont ai niRﬂsﬁzﬁEﬁ” cally conductive material, extending through said
t hi ckness o1 said first, photoi mageabl e |ayer, which serve to electrically
connect said first layer of circuitry to said second |ayer of circuitry.
3. The chip carrier of claim 1, wherein said depth of said single-tiered
cavity al so eXichipdardidir(@O)Ofor &tire asttype ¢hipstis disclofeda THis chiip essien{103ai d
second. | ayer of organic material. S . ) .
. employs organic dielectric materials, rather than ceramic materials, as is conventional. This
chip carrier also employs at least one organic, photoimageable dielectric layer (110), having
plated photo-vias (120), to electrically interconnect two (or more) layers of fan-out circuitry.
This chip carrier (10) further employs a single-tiered cavity (140) to contain a chip (150),
rather than a multi-tiered cavity, as is conventional. Moreover, this chip carrier (10) includes
. therma] via holes (170) and/or a metallic layer (230), directly beneath the chip, to enhance

heat dissipation. 'i

Fig. 1.

~o



4. The -chip-carrier of -claim1, further conprising a Uﬁg,l,LA(yE@i—swca iz
< hol es which extend froma bottom of said cavity, through sal d subst rate

. said second surface. 5.- The chip carrier of claiml, urﬁ,@e _______ GolhR ﬂg%g
a heat sink attached to said second surface and substanti it
sal d seni conductor chip. 6. The*chi'p-carrier of claim1, further

conprising a plurality of electrically conductive pads and/ or | ands
attached to said second surface, and solder balls attached to said pads
and/ or | ands. 3

ceramic substrates, (As used herein, the term "eavity" denotes a

depression in a substrate, not a hole extending through the thi,cknéss

of the substrate.) When using such a packaging configuration, a chip

is mounted face-~up at the bottom of a multi~tiered cavity. Wire bbngis

are extended from I/O contact pads on the upper surface of the chip to

contact pads on each of the exposed upper surfaces of the different

layers of the multi-layered ceramic substrate constituting the different

tiers of the multi-tiered cavity, While this configuration does make it -

possible to accomoddte a relatively large number of chip 1/0s, it does

result in relatively long wire bonds extending from the chip to the

upper tiers of the multi-tieved cavity. As a consequence, the "“time of

flight" of corresponding electrical éigna!s is undesirably increased.
Ceramio chip carrier substrates are also limited in terms of their

heat dissipation copabilities. For example, in the case of a mulfﬂayer

ceramie chip carrler baving a chip positioned at the bottom of a

multi-tierad cavity, heat dissipation is typically achieved by providing -

a heat sink direotly beneath the cavity. But this'implies 3ha1i the heat

generatad by the chip must necsssarily be conducted through the ceramic

layer &t the bottom of the cavity before reaching the heat sink, As a

consequence, the rate of heat dissipation is Hmited. .

| Thus, those engaged in the developmant of chip carriers have sought,

thus far without success, chip carriers which: (1) exhibit relatively

high electrical signal propagation speeds; (2) accomodate relatively

high I/0 chips while avoiding the need for mechanically drilled holes

to interconnect different layers of fan-out efrcuitry; (3) exhibit a

relatively short "time of flight"; and (4) exhibit a relatively high

rate of heat dissipation.

)
)



7. -~ .The chip~carrier of claim 1, wherein said first |aydr REPLACESERT SHEEY

-conductive circuitry includes a plurality of electrically conducté\ﬁ/ﬁ\@g&g7
.and/or |ands, and wherein said chip carrier further conpri sestesol f S..

attached to sald pads and/or |ands. 8. A chip carrier, EoFpFrSHg

a chip carrier substrate which inél'udes-a first surface, a second surf ace
opposed to said first surface, a |ayer of photoi magi nabl e organic materi al
having a thickness of from2 mls to about 20 mils which i's i mediately
adj acent said first surface and which bears a | ayer of electrical
circuitry, including contact pads, and a |l ayer of netallic material having
a thickness of fromabout 4 mls to about 20 mls which is imrediately

adj acent sai d second surface; a single-tiered photoformed cavity
havi ng a SieaMAY G YHEAINVENTION d first surface toward sai d second
surface, said depth extending at |least to said |ayer of netallic material;
a sem conductor chip, positioned face-up within said cavity and contactlng

sai d | aye&ccotdmmllf‘lﬂépmoﬂhﬂ dnventios there ‘BSQ‘Q?E‘F & MR SAIST FOIBEE: pads and
wire bonds ext@ielicRiiel @heuGaR Which iiwlen ikt suekice, taosecomt urfacpapposed teai d

| aver of HLER W&f@f&ﬂ@@ﬁ@t@&@?ﬁ%&# Pyig oF i maeBin bt %ﬁ. B or
of cl ai mabdyut Mmitseton kvt POomijs whickinet: least spids first javer oF asganice magerial b
positioned immediately adjacent said first surface, and being photoimageable and bearmg a
fitst layer of electrical circuitry, including contact pads;
a single-tiered photoformed cavity having a depth extending from said first surface
toward said second surface, said depth extending at least through a thickness of said first,
photoimageable layer; and
a semiconductor chip, positioned face-up within said cavity, including chxp contact
pads and wire bonds cxtending from said chip contact pads to contact pads on said first,
photoimageable layer.

According to another aspect of the invention there is disclosed a chip carrier, comprising:

a chip carrier substrate which includes a first surface, a second surface opposed to
sajd first surface, a layer of photoimaginable organic material having a thickness of from 2
mils to about 20 mils of metallic material having a thickness of from about 4 mils to about
20 mils which is immediately adjacent said second surface;

a single-tlered photoformed cavity having a depth extending from said first surface
toward said second surface, said depth extending at least to said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and contacting said layer
of metallic material, said chip including chip contact pads and wire bonds extending from
said chip contact pads to contact pads on said layer of organic material.

According to still another aspect of the invention there is disclosed a chip carrier,
comprising:

a chip carrier substrate which includes a first surface, a second surface opposed to
said first surfuce, at least first and second layers of organic material, said first layer,
immediately adjacent suid first surface, bearing a fist layer of electrical circuitry, including
contact pads, with a second layer of electrically conductive material being sandwiched .
between said first and second layers of organic material said second layer of electrically
conductive material being other than a layer of fan-out circuitry, said chip carrler substrate
also including a layer of metallic materlal which is immediately adjacent said second
surface;
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plurality*of photopatternabl e photo-vias, containing el ecfTical ?é“:.ﬁ a1
ﬁﬁg;\ E

conductive material, extending through a thickness of sai eabl & ﬂ

.layer to said layer of netallic material. 11. The chip cgr ai er 1§ MARalg9978,
wherein said depth of said cavity extends through a portin 3 A THUCKRESST
of said layer of nmetallic material.® 12 The chip carrier of claimS8,

wherein said netallic material includes copper. 13. The chip carrier. of
claim8, wherein said |ayer of electrigal circuitry includes a plurality of
el ectrically conductive pads and/or |ands, and wherein said chip carrier
further conprises solder balls attached to said pads and/or lands. .14. A
chip carrier, conprising: a chip carrier substrate which includes a
first surface, a second surface opposed to gsaid first surface, at |ead

first and sequighlé-Abred cuvity RGN Qleptht extonding from dattli first surface towandnsaitl at el y
o e qBetndl shithid! wild s BxvelRiAY A Whafo il Hhyet B krafhl Bl ' 021 o1 roul Ty,
' a semiconductor chip, positioned face-up within said cavity and contacting said layer
of metallic material, includipg chip contact pads and wire bonds extending from said chip
contact pads to contact pads of said first layer of electrical circuitry; and
a region of electrically conductive material which is in electrical contact with said
second layer of electrically conductive material, at least partially encircles the sidewalls of
said cavity and extends to and onto said first surface, a wire and also extending form said
chip to a portion of said region on said first surface.

BRIEF DESCRIPTION OF DRAWINGS

The invention is described with reference to the accompanying drawings, wherein:

Fig. 1 is a cross-sectional view of a first embodiment of the inventive chip carrier;

Fig. 2 is a cross-sectional view of a second embodiment of the inventive chip carrier;

Fig. 3 is a cross-sectional view of a third embodiment of the inventive chip carrier;

Pig. 4 is a cross-sectional view of a fourth embodiment of the inventive chip carrier;

Pig. 5 is a cross-sectional view of a fifth embodiment of the inventive chip carrier;
and



.17 contact ‘pads, with a second |layer of electrically con
bei ng sandw ched between said first and second | ayers of
:said second | ayer of electrically conductive material bei
| ayer of fan-out circuitry, said chip carrier substrate al
| ayer of metallic material which i's i mmedi atel y adj acent sai d second
surface; a single-tiered cavity having a depth extending fromsaid
first surface toward said second surfat®, said depth extending at least to
said layer of netallic material,; a sem conductor chip, positioned
face-up within said cavity and contacting said |ayer of netallic material,
~including chip contact pads and wire 2 extending fromsaid chip contact
pads to contact pads of said first | f electrical circuitry; and
a region of electrically conductive material which is in electrical contact
with said second | ayer of electrically conductive material, at |east
partially encfrcles the sidewalls of said cavity and extends to and onto
said firsy sdFUPSATET,GOMPTBIOEY ) so extending formsaid chip to a portion
of .sai d regi anchip camied shbsirate which dludes a first surface, a second surface opposed to

said first surface, and at least first and second layers of organic material; each being from
about 2 mils to about 20 mils thick, at least said first layer, of organic material being
positioned immediately adjacent said first surface, and being photoimageable and bearing a
first layer of electrical cirenitry, including contact pads;

a single-ticred photoformed cavity having a depth extending from said first surface
toward said second surface, said depth extending at least through a thickness of said first,
photoimageable layer; and

a semiconductor chip, positioned face-up within said cavity, including chip contact
pads and wire bonds extending from said chip contact pads to contact pads on said first,
photoimageable layer. !

' BLericdleet
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2. The chip carrier of claim 1, further comprising: : J
a secord layer of electrical circuitry between said first and second organic layers; and
a plurality of photoformed vias, containing electrically conductive material, éxtending
through said thickness of said first, photoimageable layer, which serve to. electrically
connect said first layer of circuitry to said second layer of circuitry,

3. The chip carrier of claim 1, wherein said depth of said single-tiered cavity also
extends through at least a portion of a thickness of said second layer of organic matetial.

4. The chip carrier of claim 1, further comprising a plurality of via holes which extend
from a bottom of said cavity, through said substrate, to said second surface.

3. The chip carrier of ¢laim 1, further comprising a heat sink attached to said second
surface and substantinlly aligned with said semiconductor chip. '

6.  The chip carrier of claim 1, further comprising a plurality of electrically conductive
pads and/or lands attached to said second surface, and solder balls attached to said pads -
and/or lands. .
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_15. The chip ‘carrier of claim14, wherein said second |ay p&prﬁb%ﬁFlNT@éE?l'
conductive material is electrically grounded. 16. The chijp carrier of
claim 14, wherein said first layer of electrical circuitry|igpeude AR .1997...

plurality of electrically conductive pads and/or |ands, an Ay

chip carrier further conprises sol der ‘balls attached to said pads and/or

| ands. 17. The chip carrier of claim 14, further conprising: athird
| ayer of organic material, with a thiné | ayer of electrically conductive
mat eri al being sandw ched between said second and third Iayers of organic
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first suchipcare? fohed chiprists sotyexrballl awdcieak wisaid lpags mdrviumdsve nat er i aI and
aring of electrically conductive material on said first surface whi ch
encircles said cavity and el ectrically contacts the electrically conductive
materi al 8 n Aship cartier; Spaptisiny  The chip carrier of claim 17, wherein said

third | ayer afchi)) aftied fibbirdte GHChUBEING AT8EE sinddce] & sl oREfacd oppdsed to

said first surface, a layer of photoimaginable organic material having a thickness of from 2
mils to about 20 mils which is immediately adjacent said first surface and which bears a
layer of electrical éirc_uitry. including contact pads, and a layer of metallic material having a
thickness of from about 4 mils to about 20 mils which is immediately adjacent sajd second
surface;

a single-tiered photoformed cavity having a depth extending from said first surface
toward said second surface, said depth extending at least to said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and contacting said layer
of metallic material, said chip including chip contact pads and wire bonds extending from
said chip contact pads Lo contact pads on said layer of organic material.

; 9. The chip carrler of claim 8, wherein said layer of metallic material is electrically
grounded, '

10. The chip carrier of claim 8, wherein said organic material further comprises a
plurality of photopatternable photo-vias, coataining electrically conductive material,
extending throngh a thickness of said photoimageable layer to said layer of metallic
material, .

11. The chip carrier of claim 8, wherein said depth of said cavity extends through a
- portion of a thickness of said layer of metallic material,

12. The chip carrier of claim 8, wherei_n said metallic material includes copper.

13. The chip carricr of claim 8, wherein said layer of electrical circuitry includes a
. plurality of electrically conductive pads and/or lands, and wherein said chip-carrier further
comprises solder balls attached to said pads and/or lands.

14. A chip carrier, comprising:

a chip carrier substrate which includes a first surface, a second surface apposed to
said first surface, at least first and second layers of organic material, said first layer,
immediately adjacent said first surface, bearing a first layer of electrical circuitry, including
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;16 . The’ ch‘T“p carrler of claim 14, wherein said first |ayer u’

el ect rical circuitry includes a plurality of electri Cﬁ.| ly CBEB%CE{?%ENT S"’EET
:pads and/or |ands, and wherein said chip carrier further go rl_spg MAR

sol der balls attached to said pads and/or | ands. g‘}*)e'"—-f --------- '199?
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contact pads, with a second layer of electrically conductive material being sandwiched
between said first and second layers of organic material, said second layer of electrically
conductive material being other than a layer of fan-out circuitty: said chip carrier substrate
also including a layer of metallic material which is immediately adjacent said second
surface;

a single-tiered cavity having a depth extending from said first surface toward said
second surface, said depth extending at least to said layer of metallic material;

a semiconductor chip, positioned face-up within said cavity and contacting said layer
of metallic material, including chip contact pads and wire bonds extending from said chip
contact pads to contact pads of said first layer of electrical circuitry; and

a region of electrically conductive material which is in electrical contact with said
second layer of electrically conductive material, at least partially encircles the sidewalls of
said cavity and extends to and onto said first surface, a wire bond also extending form said
chiptoa portmn of said region on said first surface

15. The chip carrier of clnim 14, wherein said second layer of electrically conductive
material is electrically grounded.

16. The chip carrier of claim 14, Whereiﬁ said first layer of electrical circuitry includes a
plurality of electrically conductive pads and/or lands, and wherein said chip carrier further
comprises solder balls nttached to said pads and/or lands.

17. The chip carrier of claim 14, further comprising: _

a third layer of organic material, with a third layer of electrically conductive material
being sandwiched between said second and third layers of organic material, said third layer
of electrically copductive material being other than a layer of fan-out circuitry, said chip
carrier also including a via hole, containing electricaily conductive material, extending from
said first surface to said third layer of electrically conductive material, and a ring of
electrically conductive material on said first surface which encircles said cavity and
electrically contacts the electrically conductive material in said via hole.

18, The chip carrier of claim 17, wherein said third layer of electrically conductive
material is a power plane
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