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(57) Abstract

A technique for trimming resistors and other passive circuit components buried in hybrid multilayer circuit struc-
tures. For example, resistors (13) are formed between two dielectric layers (11, 19) of a hybrid multilayer circuit structure
(10). The multilayer circuit structure with the buried resistors is appropriately processed to provide a fired multilayer cir-
cuit structure. Trimming of the buried resistors is accomplished with a laser beam that cuts through dielectric material of
the fired circuit structure to selectively remove part of the resistive material of the buried resistors. The values of the buried
resistors may be tested with conductive elements (15, 17) that are conductively coupled to the buried resistors. The dis-
closed technique also contemplates the trimming of other buried passive circuit components such as capacitors, and fur-
ther contemplates the use of other trimming methods such as abrasive, air jet, or water jet trimming.
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TRIMMING PASSIVE COMPONENTS
BURIED IN MULTILAYER STRUCTURES

BACKGROUND OF THE INVENTION
The disclosed invention generally relates to the
precision trimming of passive components in hybrid multi-
layer circuit structures, and more particularly is
directed to a technique for trimming resistors, capacitors
and other passive components buried in hybrid multilayer

circuit structures.

Hybrid multilayer circuit structures, also known as
hybrid microcircuits, implement the interconnection and
packaging of discrete circuit devices, and generally
include a plurality of dielectric layers respectively
having predetermined conductor traces and conductive vias.
Generally, the discrete circuit devices are mounted on the
top dielectric layer.

Known techniques for fabricating multilayer circuit
structures include thick film technology and dielectric
tape technology. with thick £film technology, each
dielectric layer is individually deposited in paste form
and then fired. With dielectric tape technology, each
dielectric layer is made of dielectric tape. The layers
may be sequentially applied and fired (referred to as the
tape transfer process), or the entire laminate of layers
may be fired at one time (referred to as the cofired
process) .

The use of precision resistors and/or capacitors
with hybrid multilayer circuit structures has generally
been a compromise between area available for circuit
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'elements-and'discrete circutt device packing density. For

example, precision_:esistors have been utilized in the
form of either trimmable thick film resistors printed on
the top dielectric layer (surface resistors) or discrete

chip resistors which are mounted on the top dielectric

layer along with the discrete circuit devices. Simiiarly,
trimmable capacitors may be printed on the top dielectric
layer (Surface'capacitors). Such use of the top dielec-
tric layer for resistors or capacitors reduces the area
that would otherwise be available for discrete circuit

,deVices.

In search of higher.packihg densities, efforts have
been made to include passive circuit components, such as

~ resistors and capacitors, in therprOCeseing of multilayer
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circuit structures. Such components may be buried in the

hybrid multilayer c1rcu1ts, or they may be formed on the -

top dielectric layer.
- However, the values of buried re51stors and capaci- -

‘tors made pursuant to known techniques are difficult to
_precisely -control, and ‘therefore are unsuitable where
precision resistors or capacitors are required. “Moreover,

buried resistors and capacitors have not been trimmable
since they are buried. Surface'resistors,and'capacitors
formed on,the'top dielectric,layef are amenable to laser

~ trimming ‘and are utilized ,as precision resistors and

- capacitors. . Such surface. .resistors and capacitors are’

covered with a glass'paésivation ‘layer, and trimming is

' achieved with laser equipment which cuts through the glass -
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layer to selectively remove resistive material or capa-
citor plate material. '
An 1mportant consideration. with utilizing surface

rrre51storS‘~and capacitors ‘is the reduced device packing
density that results from allocating area on the top -

dielectric layer to such passxve circuit components. A
further consideration with utilizing surface resistors and
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capacitors is the necessity of extra processing steps to
provide a glass passivation layer.
SUMMARY OF THE INVENTION
It would therefore be an advantage to provide a
technique for trimming passive components that are férmed
between dielectric layers of a hybrid multilayer circuit

structure.
It would also be an advantage to provide for trim-

mable passive circuit components in a hybrid multilayer
circuit structure which do not require glass passivation
layers.

Another advantage would be to provide for trimmable
passive components that may be buried in a hybrid multi-
layer circuit structure.

The foregoing and other advantages and features are
provided by the method of the invention which includes the
steps of (a) forming a passive circuit component between
two dielectric layers of a hybrid multilayer circuit
structure, (b) processing the multilayer circuit structure
to provide a fired multilayer circuit structure, and (c)
selectively removing part of the material of the passive
circuit component to trim the passive circuit component.

BRIEF DESCRIPTION OF THE DRAWING '

The advantages and features of the disclosed inven-
tion will readily be appreciated by persons skilled in the
art from the following detailed description when read in
conjunction with the drawing wherein:

FIG. 1 schematically illustrates a hybrid multilayer

circuit structure having buried trim resistors which may

be trimmed in accordance with the invention.
FIG. 2 schematically illustrates trimming of a
buried thick film resistor in accordance with the inven-

tion.
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. “DETAILED DESCRIPTION OF THE DISCLOSURE
In the following detailed description and in the

severalrfigu:es of the drawing, like elements are iden-
tified_with-like"teferencernumerals.' '

' Referring now to FIG. 1, illustrated fherein is an
exéloded schematic view of the layers of'a hybrid multi-
layer circuit structure 10{ By way 'ofrréxample, the
multilayerrcircuit'stfucture—lo,may be provided purSﬁantr

- to known dielettric 'tape ftechnclogy.r The multilayer

10

circuit structure 10 includes a bottom dielectric layer 11 :
on which a plurality of resistors 13 are formed. as
disdussed.furtherrhérein, another dielectric layer 19 is

- laminated on toprrof the bottbm. dielectric layer 11,

15

20

'thereby‘covering thefresistors 13 as well as other passive
circuit elements fqrmed on the bottom dielectric layer.
The resistors 13 are therefore referred to as buried
resistdrs. Although ndt_'specifically shown, buriéd
capacitors may also be formed between the dielectric
layers 11, 19. B S '

Conductor runs 15 -provide terminations for the
buried resistors 13, énd provide conductive access to the

" resistors 13. The conductor runs 15 are further conduc-

tively coupled to via metallizations 17 which pass through

‘vias to the bottom' of the bottom layer '11.' The via

25

metallizations 17 allow for,the'testing'ofrthe'values of
the buried resistors 13 for trimming purposes. Although
not shown, conductor runs may be formed on the bottom of

-the the bottom diélectricrlayer 11 to provide for con-
venient conductive access to the via metallizations 17.

30

By way of example, the buried resistors 13 may be

' fabricated_uSing standard thick film techniques, or with

35

other techniques by which'such'buriéd resistors may be
formed (e.g., thin film ﬁeChgiques). By way of specific
example, the metallization for the conductor runs 15 may
be screen printed on the top Surface'df the dielectric
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layer 11, and the resistors 13 may be screen printed on
the bottom surface of the dielectric layer 19. This would
avoid printing over paste which had only been dried, and
moreover avoids having to print on possibly uneven screen
printed thickness. It further avoids the possible re-
action of the second paste with the first paste while the
second paste is drying.

As a specific example, the dielectric layer 11 may
be formed of commercially available ceramic tape marketed
by the E. I. Du Pont De Nemours Company of Wilmington,
Delaware ("Du Pont") with the designation of #851AT. The
resistors 13 may be formed with Series 1900 resistor
material also available from Du Pont. The conductors 15
may be made of a thick film paste available from Du Pont
and designated as 5717D; and the via metallizations may be
made of thick film paste available from Du Pont and
designated as 5718D. All of the foregoing materials may
be utilized with a low temperature cofired process which
utilizes a firing temperature of about 850° C.

The hybrid multilayer circuit structure 10 further
includes internal dielectric layers 19, 21, 23 which may
be made of the same ceramic tape as the bottom dielectric
layer 11. The internal dielectric - layers 19, 21, 23
include predetermined conductor runs, via metallizations,
and buried circuit elements. The internal dielectric
layer 21 is shown as including die bond pads 29, while the
internal dielectric layer 23 is shown as including die
cutouts. A wire bond dielectric 1layer 25 including
conductor traces and via metallizations is disposed on top
of the internal dielectric layer 23, and also includes die
cutouts in alignment with those of the internal dielectric
layer 23. The die cutouts provide cavities for devices
(not shown) that are to be bonded to the die bond pads 29.
Such devices are connected to conductor traces on the wire
bond dielectric layer 25 by wire bonding.
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A package seal layer 27, which may be of glass or a
conductlve material, surrounds the outer perimeter of the
multllayer ‘circuit s;ructure 10, and is intended to accept
a cover for hermetically sealing the package after dis-
crete circuit devices (not. shown) are bonded and wired to

the multilayer circuit structure 10. In practice, further -
package seal layers may be utilized to build an enclosing

cavity.

It should be . understood that the forego;ng multi-
layer circuit structure 10 is only schematically illus-
trated and described, and actual implementations may
include different layers andpconflguratlons. For example,
the 1nternal dielectric layers and the wire bond layer may
be w1thout die cutouts, and the die bond pads would be

, included on the wire bond layer.
. After the hybrid multilayer c1rcu1t structure 10 is

appropriately fabricated with known techniques such as one
of the ceramic tape technologies, discrete circuit devices
(not shown) are bonded and wired to the multilayer circuit
structure 10, and the resuiting structure is:hermetically
sealed. The sealed package is then ready for resistor

trimming.
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Referring now to FIG. 2, the buried resistors 13 in
the hermetically sealed multilayer circuit structure 10
are trimmed with known Ilaser trimming equ;pment. The

‘out11nasof ‘the resistors 13 are visible through the bottom

of the bottom layer 11 and are aligned with the laser
trimming equipment. The laser has to cut through the
bottom dlelectrzc layer 11 as well as through ‘the resistor
material, and several passes of the laser may be required.

The values of the resistors 13, which increase pursuant to '

trlmmlng, are measured by use of the via metallizations
17. After the resistors 13 are trimmed, the laser cut
openings in the bottom dielectric layer 11 may be sealed,
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for example with a sealing glass that does not cause the
resistor material to drift.

By way of example, an Electro Scientific Industries,
Inc., Model 44 laser trimmer may be used with the follow-
ing trim parameters: L-cut trimming mode, 13.5 Amps, 5000
Hz laser pulse rate, 0.5 mm/sec speed, and =-15% cutoff.
The -15% cutoff indicates that trimming is terminated when
the value of the resistor being trimmed reaches a value of
15% less than the desired value.

The foregoing technique of trimming buried resistors
is further utilized with buried capacitors, which are
fabricated with known processes. Generally, a buried
capacitor includes two conductive plates separated by a
dielectric. For example, one conductive plate may be a
conductive area screen printed on the top surface of a
lower dielectric layer, and the dielectric may be a
dielectric region screen printed over the screen printed
conductive area. The other conductive plate may be a
conductive area screen printed on the bottom surface of a
dielectric layer that overlies the lower dielectric layer
in registration with the conductive area and dielectric
region screen printed on the lower dielectric layer.
Alternatively, the dielectric region may comprise
dielectric tape.

A buried capacitor is trimmed by selectively remov-
ing part of one or both of the capacitor plates after the
hybrid circuit containing the buried capacitor has been
fired and sealed. Trimming a buried capacitor in such
manner reduces its capacitance.

While the foregoing has been generally directed to a
hybrid package, it should be appreciated that the inven-
tion is applicable to other hybrid multilayer circuit
structures.

It should also be understood that the invention is
not limited to buried trim resistors and capacitors formed
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oh'the,bottom dielectric layer of a laminated ceramic tape
structure. For example, buried trim resistors or capaci-
tors may be formed on the internal dielectric 1layer
immediately beneath the wire bond layer 25. The trim
areas of such buried .resistofs' or 1capacit6fs -would be

dielectric layer 25 would not ‘destroy or damage any

“conductor runs, via metallizations or passive circuit

‘10

15 -

components (e;g.,"resistors) formed on- the wire bond
dielectric layer. Buried resistors or capacitors formed

adjacent to the wire bond layer 25 would be particularly

advantageous for. hybtid <mnltilayer ‘circuit .structures
fabricated with standard ‘thick film technlques which
utlllze an insulating substrate.

It should further be understood that the 1nventlon'

-is appllcable to any buried resistors or capacxtors which

have trim areas that are access1b1e by laser cutting that

does not damage or destroy conductlve or circuit struc-

20
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tures formed on dielectric layers that are affected by the
laser cutting. In - other" -words, the trim areas of the

buried resistors or’capecito:s have to be'approprietelyr

located. , ,

While the foregoxng has been . dlrected to trimming
buried~resistors and capacitors with a laser, the inven-
tion contemplates the use of other techniques for selec-

tively removing resistor and capacitor material, 1nclud1ng

- abrasive, air jet, or waterjet trimmlng. Alse, the

30

35

invention eontemplates trimming other passive circuit

components that may be burled, in a hybrid multilayer
“circuit structure. '

Theyjbregoing”desc:ibed'invention provides several
advantages ‘including the following. It provides for trim
iesistors and capacitorsrwhich do not utiiize valuable top
layer area, thereby allowing for denser discrete device
packing. The invention further provides for trim

“
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resistors and capacitors which do not require extra
processing steps for passivation. Also, the invention
provides for trim resistors and capacitors which may be
fabricated with known hybrid techniques.

Although the foregoing has been a description and
illustration of specific embodiments of the invention,
various modifications and changes thereto can be made by
persons skilled in the art without departing from the
scope and spirit of the invention as defined by the

following claims.
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CLAIMS

"What is claimedris: N

1. A process for' trimming a passive circuit

component . formed within a hybrid mnltilayerr circuit
~ structure, compris;ng the steps of:
formlng a buried pas51ve circuit component.

between two dlelectrlc layers of a hybrid multllayer
, c1rcuit structure;
processing the multllayer ‘circuit structure to
~ provide a fired multilayer circuit structure; and

~ selectively trimming the buried passive circuit

component.

2. The process of Claim 1 “wherein the step of

 trimming the buried»bassive-circuit component includes the

step of selectively removing part of the material of the

~buried passive circuit component.

3. The process of Tlaim 2 wherein the step of

selectively removing pert of the’material of the buried

pa551ve circuit component includes the step of selectlvely

removing part of the material of the buried passive

circuit component with a laser;beam.'

| 4, The process of Claim 3 further includlng the
step of sealing openlngs in the multilayer circuit struc-

‘ture made by the selective removal of part of the material
of the buried passive circuit component.- '

5. - “The process of. -Claim 1 -wherein the step of

forming a buried passive circuit component includes the

step of formlng a buried resistor.

1
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6. The process of Claim 2 wherein

the step of

forming a buried resistor includes the step of forming a

thick film resistor.

7. The process of Claim 1 wherein
forming a buried passive circuit component
step of forming a buried capacitor.

the step of
includes the
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