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(57) ABSTRACT 
A Very Large Hybrid Module (VLHM) for packaging 
electronic components provides a hermetic enclosure 
formed by a hermetic substrate on which the compo 
nents are mounted together with a hermetic lid sur 
rounding groups of the components. A second substrate 
outside the hermetic enclosure is utilized for providing 
connections between the electronic components. 

7 Claims, 4 Drawing Sheets 
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HYBRO MODULE ELECTRONICS PACKAGE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
This invention relates to the packaging of electronic 

components and, more particularly, to an improved 
very large hybrid module having high density and high 
performance characteristics, 

In recent years, there have been rapid advances in the 
development of very large scale and very high speed 
integrated circuits. This has led to integrated circuit 
chips of ever increasing sizes, which has been accompa 
nied by a dramatic increase in the required number of 
input/output leads to the chips. At the same time, the 
increased functional density has resulted in a corre 
sponding increase in power dissipation requirements. 
While these developments are generally desirable, prob 
lems arise because conventional single chip packaging 
techniques do not offer interconnection systems com 
patible with high speed operation nor do they offer a 
heat removal mechanism which is required for the high 
power densities achieved by these new integrated cir 
cuit chips. At the present time, integrated circuit chips 
are typically packaged in individual cases which in turn 
are mounted to, and interconnected via, printed circuit 
boards. The increases in the functional capability and 
the input/output count of these chips continues to en 
large the chip package and the required packaging real 
estate. Typically, a two inch square is needed for a 256 
input/output pin grid array, 
As the size of integrated circuit chip packages in 

creases, the distance between the chips lengthens, the 
complexity of the printed circuit board rises, and high 
speed operation deteriorates. The larger packages also 
have cumbersome thermal interfaces with high impe 
dance thermal paths. 
To overcome interconnection length problems, the 

semiconductor industry has developed large multi-chip 
packages which employ thick or thin film interconnect 
technology, thereby eliminating individual chip pack 
ages. As a means of further improving interconnections 
and bringing the chips into closer proximity, the chips 
are often mounted on a multi-layer fine line polyimide 
dielectric. Thus, packages as large as four inches square 
and containing in excess of 100 chips in a single her 
metic enclosure have been developed. 
Although the individual chips are tested prior to 

mounting on the dielectric, testing is difficult once the 
chips are bonded to the dielectric. Probing a field clut 
tered with wire bonds or TAB connections can lead to 
subtle and not readily detectable damage, possibly initi 
ating a long term failure mechanism. After the lid of the 
hermetic enclosure is sealed, the removal of the lid, or 
impervious coatings, for repair purposes and subsequent 
resealing pose significant problems. 
A further problem with the aforedescribed arrange 

ment is that when chips are mounted on an organic 
dielectric substrate, additional thermal impedance is 
introduced and there is a potential outgassing and ionic 
contamination problem from the dielectric substrate 
within the hermetic enclosure. 
An alternative to multi-chip packaging is wafer scale 

integration wherein a two to four inch diameter wafer is 
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mounted within a hermetic enclosure or under an in 
pervious overcoat. This approach goes a long way 
toward minimizing lead length, but results in poor 
yields, testability problems and high "up front" cost. 
Another recently developed packaging technique 

which aspires to provide hermetically equivalent envi 
ronmental protection by using a topical passivation or 
overcoat results in weight savings and size advantages. 
However, cleanliness and ionic or moisture penetration 

10 represent formidable challenges. 
It is therefore a primary object of this invention to 

provide a cost effective chip package which resolves all 
of the aforedescribed outstanding problems while con 
forming to established industry standards for overall 
size and shape. 

25 

A more specific object of this invention is to provide 
an integrated circuit chip module capable of intercon 
necting a multitude of high speed devices, each having 
as many as several hundred input/output connections. 
A further object of this invention is to provide such a 

module with an appropriate heat removal mechanism. 
Yet another object of this invention is to provide such 

a module with dense hermetic packaging of a number of 
integrated circuit chips. 

It is still a further object of this invention to provide 
such a module wherein the interconnection system fa 
cilitates reliable chip to chip communication at greater 
than a 100 megahertz rate within a limited area, with 

30 localized sections being able to accommodate higher 
frequency circuitry utilizing GaAs chips operating at 
gigahertz rates. 

It is yet another object of this invention to provide 
such a module where the interconnection medium does 

is not introduce detrimental outgassing into the hermetic 
enclosure. 

Still a further object of this invention is to provide a 
module which permits electrical signal access to every 
one of the chip input/output pads from the outside of 

to the hermetic enclosure for rapid in-circuit electrical 
testing after sealing of the hermetic enclosure, with the 
hermetic enclosure design being able to accommodate a 
reasonable number of unseal/seal cycles. Further, it is 
desired to have the capability of external cut and 

45 jumper reworkability of the package. 
SUMMARY OF THE INVENTION 

The foregoing, and additional, objects are attained in 
accordance with the principles of this invention by 

50 providing a module of electronic circuitry comprising a 
first substrate having hermetic properties and having 
generally planar parallel first and second surfaces, a 
plurality of electronic components mounted on the first 
surface of the first substrate, the plurality of compo 

55 nents being grouped within discrete regions of the first 
surface, enclosure means for providing a plurality of 
hermetic enclosures on the first surface, each of the 
enclosures surrounding the components within a re 
spective discrete region, a second substrate having gen 

60 erally planar parallel first and second surfaces with the 
first surface of the second substrate being in intimate 
contact with and electrically interconnected to the sec 
ond surface of the first substrate, and interconnection 
means for providing connections between the plurality 

65 of electronic components through the second substrate. 
In accordance with an aspect of this invention, the 

enclosure means includes a plurality of hermetic seal 
rings hermetically mounted on the first substrate first 
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surface, each of the seal rings surrounding a respective 
discrete region, and a plurality of hermetic lid members 
each hermetically joined to a respective one of the seal 
rings so as to provide a plurality of enclosed spaces each 
containing the electronic components within the re 
spective discrete region. 

In accordance wih another aspect of this invention, 
the first substrate is formed of a ceramic, which may be 
a co-fired ceramic, and which is selected from a group 
consisting of aluminum oxide and aluminum nitride or 
other insulating material having similar physical prop 
erties. 

In accordance with a further aspect of this invention, 
the second substrate is formed from a polymer material. 

In accordance with still a further aspect of this inven 
tion, the interconnection means includes a plurality of 
conductive pads on the first substrate first surface, 
means for electrically connecting the leads of the elec 
tronic components to respective ones of the pads, a first 
plurality of metallized vias through the first substrate in 
contact with respective ones of the pads, with the first 
plurality of vias extending from the first surface to the 
second surface of the first substrate, and a plurality of 
conductive signal traces through the second substrate 
interconnecting the first plurality of vias so as to pro 
vide a desired pattern of connections between the leads 
of the electronic components. 

In accordance with still another aspect of this inven 
tion, the module further includes a second plurality of 
metallized vias through the second substrate, the second 
plurality of vias being in contact with respective ones of 
the first plurality of vias and extending from the first 
surface to the second surface of the second substrate. 

In accordance with yet another aspect of this inven 
tion, the second substrate and the plurality of conduc 
tive signal traces are together formed as a multi-layer 
conductor/polymer substrate. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoning will be more readily apparent upon 
reading the following description in conjunction with 
the drawings in which like elements in different figures 
have the same reference numeral and wherein: 

F.G. 1 schematically depicts a cross section of a 
typical prior art hybrid package; 

FIG. 2 is a partially exploded perspective view of a 
package constructed in accordance with the principles 
of this invention; 

FIG. 3 schematically depicts a partially exploded 
cross sectional view through the package of FIG. 2, 
taken along the line 3-3; 

FIGS. 4A-4E illustrate alternate configurations of 
sealing arrangements; 

FIGS. 5A-5G schematically depict the steps for an 
exemplary multi-layer conductor/polymer substrate 
fabrication; and 
FIGS. 6A-6H schematically depict the steps for an 

alternate multi-layer conductor/polymer substrate fab 
rication. 

DETALED DESCRIPTION 

FIG. 1 schematically illustrates a cross-section of a 
typical prior art hybrid package, designated generally 
by the reference numeral 10. The package 10 includes a 
case 12, typically formed of Kovar alloy, to which is 
metallurgically joined a lid 14 to form a hermetic enclo 
sure. A ceramic substrate 16 is bonded to the case 12 
and has mounted thereon a plurality of semiconductor 
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4. 
chips 18 which are wire bonded to signal traces (not 
shown) on the surface of the substrate 16 in a conven 
tional manner. To provide input/output connections to 
and from the chips 18, appropriate ones of the signal 
traces are wire bonded to leads 20. The leads 20 pass 
through the case 12 via glass-to-metal seals 22 in order 
to maintain the hermeticity of the package 10. The leads 
20 are then prepared for subsequent solder attachment 
to a printed wiring board. 
Known disadvantages of the aforedescribed type of 

package include a limit to the allowable number of 
input/output connections leaving the hermetic enclo 
sure for a given package size. Further, the interconnec 
tion seals are a significant source of herinetic seal fail 
ure. Another problem is that reworking and repairing 
the hybrid circuit is difficult and there is a limit to the 
testing and fault isolation which ca be performed after 
sealing of the package. Still further, the substrate typi 
cally possesses poor electrical characteristics, especially 
regarding high speed transmission and shielding. 
To overcome the aforementioned disadvantages, the 

very large hybrid module package depicted in FIGS. 2 
and 3 was developed. This package, designated gener 
ally by the reference numeral 24, utilizes a dual sub 
strate approach. As will be described in full detail here 
inafter, the first substrate is used for mounting the elec 
tronic components, attaching the lid, and providing part 
of the hermetic barrier. The second substrate is outside 
the hermetic closure and is used for providing intercon 
nections between the electronic components. 
As shown in the drawings, the package 24 includes a 

first substrate 26 and a second substrate 28. In accor 
dance with this invention, the first substrate 26 has 
hermetic properties and is generally planar with parallel 
first and second surfaces 30 and 32, respectively. The 
first surface 30 has a plurality of electronic components 
34 mounted thereon, the electronic components 34 
being grouped within discrete regions of the first sur 
face 30. Each of the regions is surrounded by a seal ring 
36 which is hernetically mounted on the surface 30. 
Hermetically joined to each of the seal rings 36 is a 
hermetic lid member 38. Accordingly, all of the elec 
tronic components 34 mounted within a discrete region 
are contained within a hermetic enclosure, formed by 
the first substrate 26, a respective seal ring 36, and a 
respective lid member 38. 
As mentioned above, the first substrate 26 provides a 

hermetic barrier. Preferably, the substrate 26 is formed 
of a ceramic. More particularly, the substrate 26 is actu 
ally several co-fired layers of ceramic with metalliza 
tion. Preferred ceramics are aluminum oxide and alumi 
num nitride. On the surface 30 of the substrate 26, there 
are various areas of metallization. These include input 
/output connector lands 40, component interconnect 
pads 42 to which the leads of the components 34 are 
electrically connected, as well as the seal rings 36. A 
majority of interconnections between these areas of 
metallization are effected through the second substrate 
28, although the first substrate 26 may contain internal 
power and/or ground planes and/or some functional 
interconnect. Accordingly, the first substrate 26 has a 
first plurality of metallized vias 44 extending there 
through from the first surface 30 to the second surface 
32. These vias 44 are in electrical contact with the areas 
of metallization on the first surface 30. The vias 44 
illustratively are formed during the co-firing of the 
ceramic substrate 26. Alternatively, the vias could be 
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formed by laser drilling and subsequent metallization of 
pre-fired ceramic. 
The second substrate 28 is generally planar with par 

allel first and second surfaces 46 and 48, respectively. 
The first surface 46 of the second substrate 28 is in 
intimate contact with the second surface 32 of the first 
substrate 26. A second plurality of metallized vias 50 
extend from the first surface 46 to the second surface 48 
of the second substrate 28 and are in effect, extensions of 
the first plurality of metallized vias 44. To effect a de 
sired connection pattern between the electronic compo 
nents 34, the second substrate 28 is formed with conduc 
tive signal traces between appropriate ones of the sec 
ond plurality of metallized vias 50. Thus, to effect con 
nections to the input/output connector lands 40, input 
?output signal traces 52 are provided. To make connec 
tions between electronic components within a discrete 
region, intra-region signal traces 54 of minimized inter 
connect length are provided. Finally, to make connec 
tions between electronic components in different re 
gions, inter-region signal traces 56 are provided. 

FIGS. 4A-4E illustrate alternative configurations for 
the lid 38 joined to the metallized seal ring 36 on the 
surface 30. FIG. 4A shows a deep drawn lid 38 without 
a flange that is soldered to the seal ring 46. FIG. 4B 
shows a deep drawn lid 38 with a flange that is soldered 
to the seal ring 36. In FIGS. 4C, 4D and 4E, intermedi 
ate seal ring members 58, 60 and 62, respectively, are 
brazed to the seal ring 36 and are then joined to the lid 
38 by solder or a weld, 
FIGS. 5A-5G illustrate the steps for forming the 

Second substrate 28 using a plated post via method. As 
shown in FIG. 5A, initially the first substrate 26 is ob 
tained and placed with the component mounting sur 
face 30 on the bottom. Next, as shown in FIG. 5B, a 
conductive adhesion layer is sputtered to the surface 32. 
As shown in FIG. 5C, photoresist is applied and pat 
terned, and the via pads are plated. As shown in FIG. 
5D, the resist is removed, photoresist is applied and 
patterned, and the via posts are plated. As shown in 
FIG. 5E, the resist is removed, the adhesion layer is 
etched, liquid polymer is spin coated on the surface, and 
the polymer is cured. As shown in FIG. 5F, the poly 
mer surface is "planarized' by a lapping process to 
expose the via posts. As shown in FIG. 5G, the afore 
described steps are repeated to build additional layers, 

FIGS. 6A-6H illustrate the steps in obtaining an 
etched via substrate 28. As shown in FIG. 6A, initially 
the first substrate 26 is placed with its component 
mounting surface 30 on the bottom. As shown in FIG. 
6B, a conductive adhesion layer is sputtered onto the 
surface 32. As shown in FIG. 6C, photoresist is applied 
and patterned, and the via pads are plated. As shown in 
FIG. 6D, the resist is removed, the adhesion layer is 
etched, liquid polymer is spin coated on the surface, and 
the polymer is cured. As shown in FIG. 6E, the vias are 
either reactive ion etched (RIE) or laser drilled. As 
shown in F.G. 6F, an adhesion layer is then sputtered 
onto the surface. As shown in FIG. 6G, photoresist is 
applied and patterned, and a conductor pattern is 
plated. As shown in FIG. 6H, the aforedescribed steps 
are repeated to build additional layers for the substrate 
28. 

In accordance with this invention, the second plural 
ity of metallized vias 50 are exposed at the second sur 
face 48 of the second substrate 28. Accordingly, after 
the components 34 are mounted on the surface 30, the 
module may be electrically tested from the surface 48. 
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6 
Then, the hermetic lid members 38 are sealed the mod 
ule is re-tested from the second surface 48. If a compo 
nent is found to be defective, the appropriate lid 38 can 
be removed, the component replaced, and the lid re 
sealed. Furthermore, if it is desired to change the inter 
connection pattern, the second substrate 28 is accessible 
so that the signal traces can be cut and jumpers in 
stalled, all without requiring removal of the lid mem 
bers 38. After all testing has been performed and any 
desired changes to the interconnection pattern have 
been effected, the second surface 48 may have an insu 
lating overcoat applied. 

Accordingly, there has been disclosed an improved 
hybrid module electronics package. While illustrative 
embodiments of the present invention have been dis 
closed herein, it will be apparent to those of ordinary 
skill in the art that various modifications and adapta 
tions to those embodiments are possible and it is only 
intended that the present invention be limited by the 
scope of the appended claims. 
We claim: 
1. A hybrid module of electronic circuitry compris 

ling: 
a first substrate having hermetic properties, said first 

substrate having generally planar parallel first and 
second surfaces; 

a plurality of electronic components mounted on the 
first surface of said first substrate, said plurality of 
components being grouped within discrete regions 
of said first surface; 

enclosure means for providing a plurality of hermetic 
enclosures on said first surface, each of said her 
metic enclosures surrounding the components 
within a respective discrete region; 
second substrate having organic properties, said 
second substrate having generally planar parallel 
first and second surfaces, the first surface of said 
second substrate being in intimate contact with and 
electrically interconnected to the second surface of 
said first substrate; and 

interconnection means for providing connections 
between said plurality of electronic components 
through said second substrate so that testing of said 
electronic components can be effected without 
invasion said hermetic enclosures 

a plurality of component interconnect pads on said first 
substrate first surface 

means for electrically connecting the leads of said elec 
tronic components to respective ones of said compo 
nent interconnect pads 

a first plurality of metalized vias through said first 
substrate in contact with respective ones of said corn 
ponent interconnect pads, said first plurality of vias 
extending fron said first surface to said second sur 
face of said first substrate 

a second plurality of metalized vias through said second 
substrate, said second plurality of vias being in contact 
with respective ones of said first plurality of vias, ex 
tending from said first surface to said second surface 
of said second substrate, and exposed to said second 
substrate second surface, and 

a plurality of conductive signal traces within said second 
substrate interconnecting said second plurality of vias 
so as to provide a desired pattern of connections be 
hween the leads of said electronic components 

whereby testing of said electronic components can be 
effected from said second substrate second surface 
without invasion of said hernetic enclosures. 
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2. A module according to claim 1, wherein said enclo 
sure means includes: 

a plurality of hermetic seal rings hermetically 
mounted on said first substrate first surface, each of 
said seal rings surrounding a respective discrete 
region; and 

a plurality of hermetic lid members each hermetically 
joined to a respective one of said seal rings so as to 
provide a plurality of enclosed spaces each contain 
ing the electronic components within a respective 
discrete region. 

3. A module according to claim 1 wherein said first 
substrate is formed of a ceramic. 

4. A module according to claim 3 wherein said ce 
ramic is a co-fired ceramic. 

5. A module according to claim 4 wherein said ce 
ranic is selected from the group consisting of aluminum 
oxide and aluminum nitride. 

6. A module according to claim 1 wherein said or 
ganic material is a polymer. 

7. A module according to claim 1 wherein said 
interconnection means includes: 

a plurality of conductive pads on said first substrate 
first surface; 
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8 
means for electrically connecting the leads of said 

electronic components to respective ones of Said 
pads; 

a first plurality of metallized vias through said first 
substrate in contact with respective ones of said 
pads, said first plurality of vias extending from said 
first surface to said second surface of said first 
substrate; 

a second plurality of metallized vias through said 
second substrate, said second plurality of vias being 
in contact with respective ones of said first plural 
ity of vias and extending from said first surface to 
said second surface of said second substrate; and 

a plurality of conductive signal traces through said 
second substrate interconnecting said second plu 
rality of vias so as to provide a desired pattern of 
connections between the leads of said electronic 
components. 

8. A module according to claim 71 wherein said 
second substrate, said plurality of conductive signal 
traces and said second plurality of metallized vias are 
together formed as a multi-layer conductor/polymer 
substrate. 


