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57 ABSTRACT 
A process for fabricating embedded ground plane and 
shielding structures using sidewall insulators in high 
frequency circuits having vias or contacts. A conduc 
tive ground plane disposed between two dielectric lay 
ers has vias formed in it by removing insulating dielec 
tric and conductive ground plane material according to 
a single photolithography masking operation. A side 
wall insulator formed on vertical sidewalls of the vias, 
electrically isolates the ground plane from interconnect 
metal passing from a lower interconnect layer to an 
upper interconnect layer through the vias. Alterna 
tively, shielding structures incorporating multiple side 
wall insulators and upper and lower shielding may be 
fabricated to entirely encapsulate the lower intercon 
nect metal from external environments. Process effi 
ciency and yield are increased due to the simplified 
processing of the embedded ground plane and shielding 
Structures. 

68 Claims, 3 Drawing Sheets 

S 
  

  

  

  

      

  

  

    

  

  

  

BOE v. Samsung IPR2025-01480 
Ex-1014



U.S. Patent Feb. 8, 1994 Sheet 1 of 3 5,285,017 

SS N NSGGN - - - 2777 ZZ 

(XéX. 

25 
Š2 O 2 SS2 ea M1, 3S12 s 

\\\\\\\\\\\\\\\\2\\\\\\\\\\\\\\\\\\\\\\\\\ 
SUBSTRATE 2 

F.G. 1B 

25s s S2 
SS 2 2 Stift S 2 2 b, 

2 22N. A4AYN2N WS25WsicaNEW 
SUBSTRATE 20 

34 

b 
32 

2% 

26% FG. 2 

    

    

  

      

    

  

    

  

  

  

  

  

  

  

  

  

BOE v. Samsung IPR2025-01480 
Ex-1014



U.S. Patent Feb. 8, 1994 Sheet 2 of 3 5,285,017 

TO EXTERNAL O 

crus 22 

Š2 zSzaba, 
Été 

SUBSTRATE 

FG. 3A 

TO EXTERNAL O 
CIRCUTRY 

d se2S2 
Y77 a 77///// 2 2 ZZZZ Xa,36X 

SUBSTRATE 

2. 
W 

F. G. 3B 

    

  

  

  

  

  

    

    

  

  

BOE v. Samsung IPR2025-01480 
Ex-1014



U.S. Patent Feb. 8, 1994 Sheet 3 of 3 5,285,017 

Process Flow for Sidewall Insulator 

Obtain (starting substrate with completed underlying circuit 
processing 

1. A - G 

2 - 

Figure 4 

    

    

    

    

    

      

  

  

  

  

  

  

BOE v. Samsung IPR2025-01480 
Ex-1014



5,285,017 
1. 

EMBEDDED GROUND PLANE AND SHIELDING 
STRUCTURES USENG SIDEWALL INSULATORS 
IN HIGH FREQUENCY CIRCUITS HAVINGVIAS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to electronic circuits, 

and more particularly relates to high speed electronic 
circuits propagating high frequency signals. 

2. Art Background 
Electronic circuits, and in particular computer and 

instrumentation circuits, have in recent years become 
increasingly powerful and fast. Driven in large part by 
customer demand, present day computer circuits are 
many times, and in cases, several orders of magnitude 
faster than their prior generation counterparts. When 
circuit frequencies and signal waveforms are suffi 
ciently low, inductive reactance is small and only the 
resistance and capacitance of wires is significant. Elec 

O 
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20 

tronic components may be represented as lumped cir 
cuit elements. However, as clock frequencies and the 
associated propagated signals exceed frequencies of 
many tens of MHz, inductive reactance increases and 
capacitance reactance decreases. The electrical wires 
are more sensitive to the surrounding geometry and 
structure and are modeled using transmission lines. For 
example, electrical signals operating at high frequen 
cies, including clock and data signals, emit electric 
fields from their associated datapaths which couple to 
and affect neighboring signals. In fact, interconnections 
are becoming the limiting factor in how fast electronic 
circuits may operate, especially in VLSI (Very Large 
Scale Integration) and ULSI (Ultra Large Scale Inte 
gration) circuits. 

In order to enhance the speed and performance of 
high speed electronic circuits, ground planes are used to 
improve the propagation of signals along electrical 
pathways. As suggested above in connection with the 
surrounding geometry of high frequency signal propa 
gation, ground planes are desirable because they help 
control the impedance presented to a signal propagating 
along a wire, thereby reducing crosstalk and reflections. 
Reflections can be caused by variations in surface to 
pography as a signal path traverses over steps, and 
other physical boundaries, or by impedance discontinu 
ities along the signal path. Ground planes ensure that 
reflections in signal datapaths from variations in geome 
try are minimized, and that signal line impedance does 
not vary substantially as the signal path traverses the 
circuitry. Further, because the high frequency electric 
field emitting from a given signal path using a ground 
plane is concentrated between that signal path and the 
ground plane, crosstalk between the given signal path 
and an adjacent signal path is commensurately reduced. 
Ground planes are frequently incorporated into high 
frequency electronic circuitry because they are effec 
tive in reducing crosstalk and reflections in high fre 
quency signal paths. For example, ground planes are 
common place in electronic circuits operating at RF 
and microwave frequencies. 
Although known in the prior art, fabrication of 

ground planes in electronic circuits remains cumber 
some, requiring two distinct material deposition steps 
and two distinct patterning operations. In particular, a 
ground plane metal would typically be deposited upon 
a previously deposited dielectric layer, whereafter the 
ground plane metal is patterned and etched. Thereafter, 
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2 
a second dielectric layer is deposited, patterned, and 
etched in an appropriate fashion to insulate the ground 
plane metal. In order to make electrical contact with 
external control and data signals, metallic conductors 
that are below the ground plane metal must rise up and 
pass through the ground plane metallization without 
making physical contact to it. Where such underlying 
metallic conductors must pass through the ground 
plane, it is necessary to electrically insulate the conduc 
tor metal from the ground plane metal to prevent short 
ing. Accordingly, the "double deposition' and "double 
patterning' methods have been exclusively used in the 
prior art to insulate the metallic conductor passing 
through the ground plane metal. Patterning operations 
are complex in that they typically require a photolitho 
graphic process and etching process. The added com 
plexity will have an effect on the yield of the product 
and in turn, the cost. 
As will be explained in the following detailed descrip 

tion, the present invention discloses a new ground plane 
and sidewall insulator structure which may be used to 
singly or in combination to produce embedded ground 
planes or, alternatively, shielded conductor signal 
paths. Moreover, the present invention provides meth 
ods requiring fewer processing operations for produc 
ing an embedded ground plane using sidewall insulation 
for interconnections passing through the ground plane. 

SUMMARY OF THE INVENTION 

Embedded ground plane and shielding structures 
using sidewall insulators in high frequency electronic 
circuits using vias and methods for fabricating same are 
disclosed. In a first preferred embodiment, a first dielec 
tric layer is deposited over underlying circuitry formed 
on a substrate. The underlying circuitry can include a 
deposited and patterned first metallic conductor layer. 
Thereafter, a first insulating dielectric layer is depos 
ited, followed immediately by the deposition of a 
ground plane metal and a second insulating dielectric 
layer. A photoresist layer is then applied and patterned 
to define vertical interconnecting vias or contacts. All 
constituent layers of the embedded ground plane are 
etched using the defined photoresist. After the intercon 
necting vias have been opened using appropriate etch 
ing processes, a third insulating dielectric is deposited 
and anisotropically etched to produce vertically extend 
ing sidewall insulators within the previously opened 
vias or contacts. A second conductor metal is thereafter 
deposited, patterned, and etched. The second conduc 
tor metal fills the vias and forms an interconnected 
network of first and second metallic conductor signal 
and power paths joined by vias extending through and 
insulated from the embedded ground plane. Conducting 
paths may be alternatively fabricated in other ways 
including a "plug' process wherein a conducting mate 
rial fills a via and then, using a separate deposition step, 
conducting material for the signal and power paths are 
patterned and etched. 

In a second alternative preferred embodiment, the 
sidewall insulators may be fabricated multiple times to 
form shielded signal paths. A first dielectric layer is 
deposited over underlying circuitry formed on a sub 
strate. A first insulating dielectric layer is then depos 
ited, followed immediately by the deposition of a first 
shielding metal and a second insulating dielectric layer. 
A photoresist layer is then applied and patterned to 
define vertical contact openings. All constituent layers 
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of the first shielding metal structure are etched using the 
defined photoresist. After the contact openings have 
been opened using appropriate etching processes, a 
third insulating dielectric is deposited and anisotropi 
cally etched to produce vertically extending sidewall 
insulators within the previously opened contact open 
ings. A first metallic conductor layer is thereafter de 
posited, whereafter a fourth insulating dielectric layer is 
immediately deposited. A second photoresist layer is 
then applied and patterned to define first layer intercon 
nect traces together with this fourth dielectric layer. 
Thereafter, a fifth insulating dielectric layer is deposited 
and subsequently anisotropically etched to produce a 
second set of vertically extending sidewall insulators 
adjacent to the lateral edges of the first interconnect 
metal traces. A second shielding metal layer is next 
deposited followed immediately by a sixth insulating 
dielectric layer deposited above the second shielding 
metal. A third photoresist layer is applied and patterned 
to define vertically interconnecting vias. All constituent 
layers of the second shielding metal structure are etched 
using the third photoresist layer. After the interconnect 
ing vias have been opened using appropriate etching 
processors, a seventh insulating dielectric layer is de 
posited and thereafter anisotropically etched to produce 
a third set of vertically extending sidewall insulators, 
located within the previously opened vias. A second 
metallic conductor layer is thereafter deposited, pat 
terned, and etched, filling the vias and forming an inter 
connected network of first and second metallic conduc 
tor signals and power paths joined by vias extending 
through the shielding structure, surrounding the first 
metallic conductor traces. The first, second, and third 
sets of sidewall insulators permit shielding structures to 
completely surround conducting traces, thereby encap 
sulating signal traces from harmful environments. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood more fully 

from the detailed description given below and from the 
accompanying drawings of the preferred embodiment 
of the invention in which: 

FIG. 1A illustrates a cross-sectional view of the fabri 
cation of an embedded ground plane with insulating 
sidewalls, wherein a photoresist layer is used to define 
the multiple layers forming the embedded ground 
lane. 
p FIG. 1B illustrates a cross-section view of an embed 
ded ground plane having sidewall insulators as pro 
vided by the present invention. 
FIG. 2 illustrates a second alternative embodiment of 

the present invention, wherein multiple combinations of 
sidewall insulators are combined to form an encapsulat 
ing shield for an embedded conductor layer. 

FIG. 3A illustrates a cross-sectional view of the pres 
ent invention wherein contact metallization is made to 
the ground plane by Metal 2. 
FIG. 3B illustrates a cross-sectional view of the pres 

ent invention where contact metallization is made to the 
ground plane by Metal 3. 
FIG. 4 is an exemplary process flow-chart specifying 

the operations to produce the embedded ground plane 
with vias having sidewall insulators. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An embedded ground plane with insulated vias and 
methods for fabricating same are disclosed. In the fol 
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4. 
lowing detailed specification, numerous specific details 
are set forth, such as thicknesses, materials, etc., in order 
to provide a thorough understanding of the present 
invention. It will, however, be obvious to one skilled in 
the art that the present invention may be practiced 
without specific details. In other instances, well known 
processing steps and well known device structures have 
not been described in detail in order not to unnecessar 
ily obscure the present invention. The reader will fur 
ther note that the present invention may be embodied 
within microelectronic circuits (microchips), large mul 
tichip modules (MCM), or other circuits boards/struc 
tures that require ground planes and use vias. 

Referring now to FIG. 1A, a cross-sectional illustra 
tion of the preferred embodiment of the present inven 
tion is shown. In FIG. A., an embedded ground plane 
structure is formed upon a substrate 2, wherein for 
purposes of the present detailed description it is under 
stood that substrate 2 integrally contains electronic 
circuitry elements and pathways. After processing of 
the base layer non-metallic circuitry is complete, an 
insulating dielectric 3 is deposited followed by a first 
interconnect metal layer 5. The thicknesses of dielectric 
layer 3 and interconnect metal layer 5 may be produced 
in any appropriate thickness for the specific application 
intended, and will not limit application of the present 
invention. As previously stated, it is intended that the 
present invention function equally well with microchip 
components as well as larger MCMs or printed circuit 
board applications. Following deposition of the first 
interconnect metal layer 5, it is patterned and etched to 
produce a multiplicity of interconnecting Metal 1 lines. 

After the Metal 1 lines have been formed, a lower 
ground plane insulating dielectric layer 6 is deposited. 
Significantly, the present invention provides that the 
ground plane and the associated insulating dielectric 
layers are "self-aligned'. That is, all layers forming the 
encapsulated ground plane will be deposited prior to 
any photolithographic definition of the ground plane. 
Accordingly, following deposition of the lower insulat 
ing dielectric layer 6, a suitable ground plane metal 
layer 7 and an upper insulating dielectric layer 8 are 
immediately deposited, without intervening photoli 
thography and etching operations. In the presently 
preferred embodiment of the present invention, lower 
and upper insulating dielectric layers 6 and 8 are doped 
silicon dioxide (SiO2), each of the layers being approxi 
mately 3000 angstroms thick. Unlike ground planes 
fabricated according to prior art methods, the present 
invention takes full advantage of the triple layer "sand 
wich" 15 formed by layers 6, 7, and 8 by providing that 
the constituent layers of sandwich 15 all be etched using 
a single photolithographic mask layer (not yet depos 
ited). The foregoing is significant in that two photoli 
thography steps are saved in the process, wherein each 
photolithography step actually entails multiple sub 
steps. Processing cost and cycle time are accordingly 
reduced together with fabrication yield loss associated 
with photolithography. 
With further reference to FIG. 1A, a photoresist 

layer 9a is next applied and defined where a via 9 will be 
formed. As seen in FIG. 1A, photoresist layer 9a per 
mits subsequent consecutive etch processes to sequen 
tially remove the deposited oxide, metal, and oxide 
layers 6, 7, and 8 where not masked by photoresist 9a. 
As presently preferred, three separate etch processes 
are used to etch, in order, layers 8, 7, and 6. However, 
it is anticipated that in certain circumstances all three 
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layers could be etched with a suitable single etch pro 
cess, or alternatively, three etch processes performed 
within in a single etcher or process module. One skilled 
in the art will appreciate that etching of the aforesaid 
layers 6, 7, and 8 may be accomplished in the appropri 
ate fashion for the particular materials used for such 
layers, and the layers are not limited to the SiO2 and 
aluminum materials specified in the preferred embodi 
et. 

Reference is now made to FIG. 1B. Following the 
formation of via 9 by etching lower and upper dielectric 
layers 6 and 8 and the ground plane metal 7, the photo 
resist layer 9a is removed in a photoresist strip operation 
that can include plasma dry stripping and/or an appro 
priate wet strip. Thereafter, a suitable low temperature 
oxide (LTO) insulating dielectric layer 10 is deposited, 
and in the preferred embodiment consists of 3000 ang 
strons of silicon dioxide. The dielectric layer 10 will 
form vertically extending sidewall insulators for the 
embedded ground plane. The silicon dioxide forming 
layer 10 contains both phosphorus and boron trace 
impurities for purposes more definitively explained 
below. Following deposition of dielectric layer 10, an 
anisotropic sidewall etch process is performed over the 
entire surface of substrate 2, the etch being, in effect, a 
“blanket' etch. Intervening photolithography steps and 
processing are therefore unnecessary. The trace phos 
phorous and boron concentrations increase the etch rate 
of silicon dioxide forming dielectric layer 10, and ensure 
that dielectric layer 10 is removed from all horizontal 
surfaces, particularly the bottom of via 9. As above, the 
anisotropic sidewall etch may be optimized for any 
particular materials used and etch profile desired, and 
will not be discussed in detail. However, it is important 
to note that the sidewall etch process must be suffi 
ciently anisotropic in order to retain the vertically ori 
ented portions of dielectric layer 10 necessary to isolate 
the ground plane 7 from a second interconnect metal to 
be deposited, while simultaneously removing the side 
wall insulator dielectric from the Metal 1 (formed of 
first interconnect metal layer 5) at the bottom of via 9. 
Accordingly, dielectric layer 10 will henceforth be 
referred to as sidewall insulator 10. Again, one skilled in 
the art will note that layer 10, as well as layers 6 and 8, 
are not limited to SiO2 material, and that other insulat 
ing material combinations such as silicon nitride (Si3N4) 
and silicon oxynitride (SiON) are possible. 

Following formation of the sidewall insulator 10 
within via 9, a second interconnect metal layer 12 is 
deposited. The second interconnect metal layer 12 is 
thereafter patterned and etched in a fashion similar to 
that employed for the first interconnect metal 5 to form 
a multiplicity of interconnecting Metal 2 lines. Impor 
tantly, the second interconnect metal layer 12 serves to 
fill the via 9 and thereby electrically connects the Metal 
2 lines to the Metal 1 lines through the via 9. As can be 
seen in FIG. 1B, Metal 2 and Metal 1 are interconnected 
through the via 9 but are insulated from the ground 
plane 7 by sidewall insulator 10, which in cross-section 
view appears on each side of the second interconnect 
metal layer 12 extending through the via 9 and contact 
ing the first interconnect metal layer 5 below. Conduct 
ing paths may be alternatively fabricated, including a 
“plug" process, wherein a conducting material is depos 
ited to fill a via, and then separately depositing and 
patterning another conducting material for the signal 
and power paths. 
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6 
Finally, an encapsulating dielectric passivation layer 

13 is deposited over all layers for subsequent levels of 
interconnections or to guard against harmful external 
environments. The above described process for produc 
ing embedded ground planes having sidewall insulators 
permits ground planes to extend over substantially the 
entire surface of the substrate, and yet simplifies fabrica 
tion of such an embedded ground plane by eliminating 
two unneeded process steps used in prior art methodol 
ogies. Using a single photoresist mask to define the 
upper and lower insulating dielectrics 6 and 8, as well as 
the via 9 within the ground plane 7 ensures that all 
levels will be self-aligned to via 9 in addition to being 
more efficiently fabricated. In the present invention, 
self-aligned dielectric layers 8 and 6 and ground plane 
layer 7 produce collinear edges, wherein the edge of 
each layer is precisely coincident with the edge of an 
adjoining layer in the triple layer sandwich 15. A signifi 
cant and principal benefit of the self-aligned edges is 
that, in contrast to prior art multiple masking operations 
used in via fabrication, the present invention eliminates 
entirely shorting of the ground plane 7 to the second 
metal layer 12 deposited within via 9 due to misalign 
ment of the ground plane 7 and dielectric layers 6 and 8 
induced by separate photolithography masking opera 
tions. Overall fabrication yield is therefore enhanced. 
The embedded ground plane can also be fabricated 

within the insulating layer 3 or within the insulating 
layer 13 with accompanying sidewall insulators. Refer 
ring now to FIG. 2, a second alternative embodiment of 
the present invention is shown. The fabrication of a 
sidewall insulator is identical in the embodiment shown 
in FIG. 2 as in FIG. 1 discussed above, except that the 
fabrication steps are repeated in order to form duplicate 
or multiple pairs of sidewall insulators to entirely sur 
round an embedded metallic conductor. The purpose of 
the multiple sidewall insulators in the second alternative 
embodiment illustrated in FIG. 2 is to provide in es 
sence a 'shield' to encapsulate critical signal pathways. 
In FIG. 2, a substrate containing non-metallic circuit 
definitions receives a first insulating dielectric layer 21, 
followed immediately by deposition of a first ground 
plane metal 23 and a second insulating dielectric layer 
24. First and second dielectric layers 21 and 24, and first 
ground plane metal 23, together comprise a first triple 
layer sandwich layer. A first interconnecting via 25 is 
fabricated according to the process described in accor 
dance with the first embodiment discussed above, 
wherein a photoresist layer is applied and all three lay 
ers 21, 23, and 24 etched, and whereafter a first sidewall 
insulator 26 is formed on the sidewalls of the via 25. A 
first interconnecting metal layer 27 is next deposited, 
followed immediately by a third dielectric insulating 
layer 29. Dielectric layer 29 and interconnect metal 27 
are subsequently patterned together and then etched 
using the same photoresist layer with appropriate pho 
tolithography and etching operations to form Metal 1 
lines which are to be shielded. Importantly, the reader 
should note that dielectric layers 24 and 29 and inter 
connect metal 27 form a second triple layer sandwich 
layer similar to the first triple layer sandwich described 
above, wherein the lateral edges of insulating dielectric 
layers 29 and interconnect metal 27 are collinear and 
coincident with each other. 

Following definition of layers 24, 27, and 29, a second 
sidewall insulator 28 is formed on the lateral edges of 
interconnect metal 27, in a fashion identical to that 
described with respect to sidewall insulator 26 above. 
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Thus, at this point in the processing, Metal 1 line formed 
of interconnect metal 27 is insulated from the ground 
plane below it and now has sidewall insulator 28 on 
each lateral side of it formed using an anisotropic etch 
step. Thereafter, a second ground plane metal 30 is 
deposited, followed immediately by a fourth dielectric 
insulating layer 32. Dielectric layers 29, 32, and ground 
plane metal 30 are subsequently photolithographically 
defined and etched in a manner similar to the previous 
definitions described, forming a third triple layer sand 
wich structure above the interconnect metal 27. Fol 
lowing the definition and etching of layers 29, 30, and 
32, a third sidewall insulator 34 is created in the fashion 
identical to insulating sidewall structures 28 and 26. 
Specifically, a photoresist mask is first applied above 
the fourth insulating dielectric layer 32 whereafter the 
photoresist is exposed to define a second via 33 through 
layers 29, 30, and 32. After the photoresist has been 
appropriately defined, the via 33 is opened with suitable 
etch processes for the insulating dielectric layers 29 and 
32 and the second ground plane metal 30. Thereafter, 
the third LTO dielectric layer 34 is deposited, after 
which a blanket anisotropic etch removes all of the 
LTO except on the vertical walls of the previously 
formed via 33. 
A second interconnect metal layer 35 is then depos 

ited above the fourth insulating dielectric layer 32 and 
into the previously opened via 33. The second intercon 
nect metal layer 35 is subsequently defined and etched 
to form Metal 2 lines for individual signal pathways. 
Finally, an encapsulating insulating dielectric 36 is de 
posited over the entire structure. As illustrated in FIG. 
2, the multiple sidewall structures thus formed electri 
cally insulate the Metal 1 lines from ground plane layers 
23 and 30 forming the encapsulating shield as alluded to 
above. In particular, the first interconnect metal layer 
27 is entirely surrounded by insulating dielectric layers 
24, 26, 28, and 29. The added benefit of the second 
alternative embodiment is that environmentally sensi 
tive metals or signal paths unusually sensitive to electro 
magnetic interference used for the first interconnect 
layer 27 may be essentially "hermetically sealed' within 
the aforesaid layers, thereby adding an additional mar 
gin of safety and insulation. 
The insulating sidewalls as discussed above in con 

nection with FIGS. 1B and 2 further posses the addi 
tional benefit that they are self-verifying. In both cases, 
because the sidewall insulator structures are deposited 
separately and are distinct from the laterally extending 
insulating dielectric layers, the vertically extending 
sidewall insulators may be visually verified using any of 
several known cross-sectional imaging techniques. In 
particular, the separately deposited insulating dielectric 
layers will be seen as distinct structures, permitting the 
manufacturer of components incorporating the embed 
ded ground plane of the present invention to verify 
whether products manufactured by another employ 
either the process or the sidewall structure of the pres 
ent invention. 
With brief reference to FIGS. 3A and 3B, alternative 

methods of making electrical contact with the ground 
plane of the first alternative embodiment illustrated in 
FIG. 1A are shown. However, such connections may 
not be necessary because of the large capacitance of the 
ground plane. In FIG. 3A, Metal 2 is shown to intercon 
nect to Metal 1 lines through via 9 as well as provide 
contact metallization for external circuitry. An extra 
photolithographic step may be necessary to produce the 
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8 
Metal 2 contact metallization shown in FIG. 3A. In 
FIG. 3B, contact metallization to external circuitry is 
made by a separately deposited Metal 3 layer (M3), 
Metal 2 being reserved only for interconnecting to 
Metal 1 layers below. 

Referring now to FIG. 4, generalized exemplary 
process flow specifications to fabricate embedded 
ground planes with insulating sidewall structures are 
shown. The process flow described in FIG. 4 is that 
employed to fabricate one sidewall insulator as shown 
in FIG. 1A above. Multiple sidewall insulator pairs 
forming a shielding structure as illustrated in FIG. 2 
may be obtained by repeating the appropriate fabrica 
tion operations. Nominal dimensions for process specifi 
cations have been provided, but are intended for illus 
tration purposes only, and are not intended as limits on 
the scope of the present invention. Further, it is antici 
pated that process materials other than those specifi 
cally described in FIG. 4 may be utilized to obtain the 
insulated ground plane structures of the present inven 
tion. 

The foregoing has described two alternative embodi 
ments of an embedded ground plane structure using 
sidewall insulators with an optimized processing meth 
odology. The processing steps described used to pro 
duce the embedded ground plane structure reduce pro 
cess complexity and associated costs and cycle time, as 
well as improve the fabrication yield due to the reduced 
processing required by the present invention. It is con 
templated that changes and modifications may be made 
by one of ordinary skill in the art, to the materials and 
arrangements of elements of the present invention with 
out departing from the spirit and scope of the invention. 

I claim: 
1. An embedded ground plane structure formed on a 

substrate, said substrate comprising an integrated cir 
cuit, said embedded ground plane structure comprising: 

a first dielectric layer deposited upon said substrate; 
a first electrically conductive layer deposited upon 

said first dielectric layer, said first electrically con 
ductive layer comprising a first ground plane layer; 

a second dielectric layer deposited upon said first 
electrically conductive layer; and, 

at least one first opening formed in said first dielectric 
layer, said first electrically conductive layer and 
said second dielectric layer, said first opening hav 
ing a sidewall, said sidewall having a third dielec 
tric layer deposited thereon. 

2. The embedded ground plane structure as set forth 
in claim 1, further comprising an interconnect metal 
layer disposed above said second dielectric layer. 

3. The embedded ground plane structure as set forth 
in claim 2, wherein said first openings comprise a con 
ductive material, said conductive material electrically 
coupling an underlying region of said substrate and said 
interconnect metal layer. 

4. The embedded ground plane structure as set forth 
in claim 3, wherein said interconnect metal layer com 
prises said conductive material. 

5. The embedded ground plane structure as set forth 
in claim 3, wherein said first and second dielectric lay 
ers comprise phosphorous-doped low temperature sili 
con dioxide. 

6. The embedded ground plane structure as set forth 
in claim 3, wherein said first and second dielectric lay 
ers comprise low temperature silicon nitride. 
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7. The embedded ground plane structure as set forth 
in claim 3, wherein said first and second dielectric lay 
ers comprise low temperature silicon oxynitride. 

8. The embedded ground plane structure as set forth 
in claim 3, wherein said third dielectric layer comprises 
low temperature silicon dioxide doped with phospho 
rous and boron. 

9. The embedded ground plane structure as set forth 
in claim 4, wherein said interconnect metal layer and 
said first ground plane metal layer comprise aluminum. 

10. The embedded ground plane structure as set forth 
in claim 4, wherein said interconnect metal layer and 
said first ground plane metal layer comprise tungsten. 

11. An embedded ground plane structure formed on a 
substrate, said substrate comprising an integrated cir 
cuit, said integrated circuit having at least first and 
second interconnect metal layers deposited upon said 
substrate said embedded ground plane structure dis 
posed between said first and second interconnect metal 
layers, said ground plane structure comprising: 
a first dielectric layer deposited upon said first inter 

connect metal layer, 
a first ground plane layer deposited upon said first 

dielectric layer; 
a second dielectric layer deposited upon said ground 

plane layer; and, 
at least one first opening formed in said first dielectric 

layer, said first ground plane layer and said second 
dielectric layer, said first opening having a side 
wall, said sidewall having a sidewall insulator de 
posited thereon; 
said second interconnect metal layer subsequently 

deposited upon said second dielectric layer, said 
second interconnect metal layer further filling 

said first opening and contacting said first intercon 
nect metal layer therethrough; 

said sidewall insulators electrically isolating said 
first ground plane layer from said second inter 
connect metal layer deposited into said first 
opening. 

12. The ground plane structure as claimed in claim 11, 
wherein said first and second dielectric layers comprise 
phosphorous-doped low temperature silicon dioxide. 

13. The ground plane structure as claimed in claim 11, 
wherein said first and second dielectric layers comprise 
low temperature silicon nitride. 

14. The ground plane structure as claimed in claim 11, 
wherein said first and second dielectric layers comprise 
low temperature silicon oxynitride. 

15. The embedded ground plane structure as set forth 
in claim 11, wherein said third dielectric layer com 
prises low temperature silicon dioxide doped with phos 
phorous and boron. 

16. The embedded ground plane structure as set forth 
in claim 11, wherein said first and second interconnect 
metal layers and said first ground plane layer comprise 
aluminum. 

17. The embedded ground plane structure as set forth 
in claim 11, wherein said first and second interconnect 
metal layers and said first ground plane layer comprise 
tungsten. 

18. A method for embedding a ground plane structure 
comprising the steps of: 

depositing a first dielectric layer upon a substrate, 
said substrate comprising high frequency elec 
tronic circuitry; 

depositing a first electrically conductive layer upon 
said first dielectric layer; 
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10 
depositing a second dielectric layer upon said first 

electrically conductive layer; forming a patterning 
layer on said second dielectric layer, said pattern 
ing layer having at least one patterning layer open 
ing therein; and, 

etching said first dielectric layer, said first electrically 
conductive layer and said second dielectric layer to 
form at least one first opening in said first and sec 
ond dielectric layers and said first electrically con 
ductive layer corresponding to said patterning 
layer opening, said first opening having a sidewall. 

19. The method as set forth in claim 18, further com 
prising the step of depositing an interconnect metal 
layer above said second dielectric layer. 

20. The method according to claim 19, further con 
prising the steps of: 

depositing a third dielectric layer on said second 
dielectric layer and in said first opening 

anisotropically etching said third dielectric layer, 
except for a portion of said third dielectric layer 
disposed on said sidewall, to form a sidewall insula 
tor, said sidewall insulator electrically insulating 
said first electrically conductive layer from said 
interconnect metal layer. 

21. The method according to claim 20, wherein pro 
viding said interconnect metal layer comprises filling 
said first opening and electrically contacting said sub 
State. 

22. The method as set forth in claim 21, wherein 
depositing said first electrically conductive layer com 
prises depositing a first ground plane layer. 

23. The method according to claim 22, wherein de 
positing said first and second dielectric layers comprises 
depositing low temperature silicon dioxide. 

24. The method according to claim 22, wherein de 
positing said first and second dielectric layers comprises 
depositing low temperature silicon nitride. 

25. The method according to claim 22, wherein de 
positing said first and second dielectric layers comprises 
depositing low temperature silicon oxynitride. 

26. The method as set forth in claim 22, wherein 
providing said third dielectric layer comprises deposit 
ing low temperature silicon dioxide doped with phos 
phorous and boron. 

27. The method according to claim 22, wherein pro 
viding said interconnect metal layer and said first 
ground plane metal layer comprises depositing first and 
second layers of aluminum. 

28. The method according to claim 22, wherein pro 
viding said interconnect metal layer and said first 
ground plane metal layer comprises depositing first and 
second layers of tungsten. 

29. An embedded shielding structure formed on a 
substrate, said substrate comprising an integrated cir 
cuit, said embedded shielding structure comprising: 

first, second, fourth, and sixth dielectric layers depos 
ited upon said substrate; 

a first electrically conductive layer deposited be 
tween said first and second dielectric layers, and a 
second electrically conductive layer deposited be 
tween said fourth and sixth dielectric layers; 

first and second interconnect metal layers; 
said first interconnect metal layer disposed be 
tween said second and fourth dielectric layers, 
said second interconnect metal layer disposed on 
said sixth dielectric layer, said first and said sec 
ond interconnect metal layers each having an 
edge; and 
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a fifth dielectric layer disposed along said edge of said 
first interconnect metal layer, and insulating said 
first interconnect metal layer from, said second 
electrically conductive layer. 

30. The embedded shielding structure according to 
claim 29, further comprising a third dielectric layer 
disposed on a sidewall of at least one first opening in 
said first and second dielectric layers and said first elec 
trically conductive layer, said third dielectric layer 
surrounding portions of a first conductive material ex 
tending through said first and second dielectric layers 
and said first electrically conductive layer, said first 
conductive material electrically coupling said first in 
terconnect metal layer and an underlying region of said 
substrate. 

31. The embedded shielding structure according to 
claim 29, wherein said fifth dielectric layer adjoins and 
extends substantially orthogonal to lateral edges of said 
second and fourth dielectric layers and said first inter 
connect metal layer, said fifth dielectric layer further 
disposed between said second electrically conductive 
layer and said lateral edges of said second and fourth 
dielectric layers and said first interconnect metal layer. 

32. The embedded shielding structure according to 
claim 30, further comprising a seventh dielectric layer 
disposed on a sidewall of at least one second opening in 
said fourth and sixth dielectric layers and said second 
electrically conductive layer, said seventh dielectric 
layer surrounding portions of a second conductive ma 
terial extending through said fourth and sixth dielectric 
layers and said second electrically conductive layer said 
second conductive material electrically coupling said 
second interconnect metal layer and said first intercon 
nect metal layer. 

33. The embedded shielding structure as set forth in 
claim 30, wherein said first interconnect metal layer 
comprises said first conductive material. 

34. The embedded shielding structure as set forth in 
claim 33, wherein said first electrically conductive layer 
comprises a first shielding layer. 

35. The embedded shielding structure as set forth in 
claim 34, wherein said first shielding layer comprises a 
first metal encapsulating layer. 

36. The embedded shielding structure as set forth in 
claim 32, wherein said second interconnect metal layer 
comprises said second conductive material. 

37. The embedded shielding structure as set forth in 
claim 29, wherein said second electrically conductive 
layer comprises a second shielding layer. 

38. The embedded shielding structure as set forth in 
claim 37, wherein said second electrically conductive 
layer comprises a second metal encapsulating layer. 

39. The embedded ground plane structure as set forth 
in claim 29, wherein said first, second, fourth and sixth 
dielectric layers comprise low temperature silicon diox 
ide. 

40. The embedded ground plane structure as set forth 
in claim 29, wherein said first, second, fourth and sixth 
dielectric layers comprise low temperature silicon ni 
tride. 

41. The embedded ground plane structure as set forth 
in claim 29, wherein said first, second, fourth and sixth 
dielectric layers comprise low temperature silicon oxy 
nitride. 

42. The embedded ground plane structure as set forth 
in claim 32, wherein said third, fifth and seventh dielec 
tric layers comprise low temperature silicon dioxide 
doped with phosphorous and boron. 
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43. The embedded ground plane structure as set forth 

in claim 29, wherein said first and second shielding 
metal layers, and said first and second interconnect 
metal layers, comprise aluminum. 

44. The embedded ground plane structure as set forth 
in claim 29, wherein said first and second shielding 
metal layers, and said first and second interconnect 
metal layers, comprise tungsten. 

45. An embedded shielding structure formed on a 
substrate, said substrate comprising an integrated cir 
cuit, said embedded shielding structure comprising: 

a first dielectric layer deposited upon said substrate; 
an electrically conductive first shielding layer depos 

ited upon said first insulating dielectric layer; 
a second dielectric layer deposited upon said first 

shielding layer; 
a third dielectric layer disposed on a sidewall of at 

least one first opening in said first and second di 
electric layers and said first shielding layer, said 
third dielectric layer surrounding portions of a first 
conductive material extending through said first 
and second dielectric layers and said first shielding 
layer and electrically contacting said substrate; 
a first interconnect metal layer disposed upon said 
second and third dielectric layers and electri 
cally coupled to said first conductive material; 

a fourth dielectric layer deposited upon said first 
interconnect metal layer; 

an electrically conductive second shielding layer 
deposited upon said fourth dielectric layer; 

a fifth dielectric layer adjoining and extending sub 
stantially orthogonal to lateral edges of said second 
and fourth dielectric layers and said first intercon 
nect metal layer; 
said fifth dielectric layer further disposed between 

said second shielding layer and lateral edges of 
said second and fourth dielectric layers and said 
first interconnect metal layer; 

a sixth dielectric layer deposited upon said second 
shielding layer; and 

a seventh dielectric layer disposed on a sidewall of at 
least one second opening in said fourth and sixth 
dielectric layers and said second shielding layer, 
said seventh dielectric layer surrounding portions 
of a second conductive material extending through 
said fourth and sixth dielectric layers and said sec 
ond shielding layer and electrically contacting said 
first interconnect metal layer. 

46. The embedded shielding structure as set forth in 
claim 45, wherein said first interconnect metal layer 
comprises said first conductive layer. 

47. The embedded shielding structure as set forth in 
claim 46, wherein said first shielding layer comprises a 
first metal layer. 

48. The embedded shielding structure as set forth in 
claim 45, wherein said second shielding layer comprises 
a second metal layer. 

49. The embedded shielding structure as set forth in 
claim 45, wherein said second interconnect metal layer 
comprises said second conductive material. 

50. The embedded shielding structure as set forth in 
claim 45, wherein said first, second, fourth, and sixth 
dielectric layers comprise phosphorous-doped low tem 
perature silicon dioxide. w 

51. The embedded shielding structure as set forth in 
claim 45, wherein said first, second, fourth, and sixth 
dielectric layers comprise low temperature silicon ni 
tride. 
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52. The embedded shielding structure as set forth in 
claim 45, wherein said first, second, fourth, and sixth 
dielectric layers comprise low temperature silicon oxy 
nitride. 

53. The embedded shielding structure as set forth in 
claim 45, wherein said third, fifth, and seventh dielectric 
layers comprise low temperature silicon dioxide doped 
with phosphorous and boron. 

54. The embedded shielding structure as set forth in 
claim 45, wherein said first and second shielding layers 
comprise aluminum. 

55. The embedded shielding structure as set forth in 
claim 45, wherein said first and second interconnect 
metal layers comprise aluminum. 

56. The embedded shielding structure as set forth in 
claim 45, wherein said first and second shielding layers 
comprise tungsten. 

57. The embedded shielding structure as set forth in 
claim 45, wherein said first and second interconnect 
metal layers comprise tungsten. 

58. A method for embedding an encapsulating shield 
ing structure comprising the steps of: 

providing a substrate, said substrate comprising high 
frequency electronic circuitry; 

depositing a first dielectric layer on said substrate; 
depositing a first electrically conductive layer on said 

first dielectric layer; 
depositing a second dielectric layer on said first elec 

trically conductive layer; 
forming a first patterning layer on said second dielec 

tric layer, said first patterning layer having at least 
one first patterning layer opening therein; 

etching said first dielectric layer, said first electrically 
conductive layer and said second dielectric layer to 
form at least one first opening in said first and sec 
ond dielectric layers and said first electrically con 
ductive layer corresponding to said first patterning 
layer opening, said first opening having a sidewall; 

depositing a third dielectric layer on said first open 
ing sidewall; 

depositing a first conductive material in said first 
opening, said first conductive material being elec 
trically coupled to an underlying region of said 
substrate; 

depositing a first interconnect metal layer on said 
second dielectric layer and electrically coupled to 
said first conductive material; 

depositing a fourth dielectric layer on said first inter 
connect metal layer; 

depositing a fifth dielectric layer along an edge of 
said second and fourth dielectric layers and said 
first interconnect metal layer; 

depositing a second electrically conductive layer on 
said fourth dielectric layer; 

depositing a sixth dielectric layer on said second elec 
trically conductive layer; 
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forming a second patterning layer on said sixth di 

electric layer, said second patterning layer having 
at least one second patterning layer opening 
therein; 

etching said sixth dielectric layer, said second electri 
cally conductive layer and said fourth dielectric 
layer to form at least one second opening in said 
fourth and sixth dielectric layers and said second 
electrically conductive layer corresponding to said 
second patterning layer opening, said second open 
ing having a sidewall; 

depositing a seventh dielectric layer on said second 
sidewall; 

depositing a second conductive material in said sec 
ond opening, said second conductive material 
being electrically coupled to said first metal inter 
connect layer; 

depositing a second metal interconnect layer on said 
sixth dielectric layer and electrically coupled to 
said second conductive material. 

59. The method as set forth in claim 58, wherein said 
first electrically conductive layer comprises a first 
shielding layer. 

60. The method as set forth in claim 59, wherein said 
first shielding layer comprises a first metal encapsulat 
ing layer. 

61. The method as set forth in claim 58, wherein said 
Second electrically conductive layer comprises a second 
shielding layer. 

62. The method as set forth in claim 61, wherein said 
second electrically conductive layer comprises a second 
Inetal encapsulating layer. 

63. The method as set forth in claim 58, wherein 
depositing said first, second, fourth, and sixth dielectric 
layers comprises depositing phosphorous-doped low 
temperature silicon dioxide. 

64. The method as set forth in claim 58, wherein 
depositing said first, second, fourth, and sixth dielectric 
layers comprises depositing low temperature silicon 
nitride. 

65. The method as set forth in claim 58, wherein 
depositing said first, second, fourth, and sixth dielectric 
layers comprises depositing low temperature silicon 
oxynitride. 

66. The method as set forth in claim 58, wherein 
depositing said third, fifth, and seventh dielectric layers 
comprises depositing low temperature silicon dioxide 
doped with phosphorous and boron. 

67. The method as set forth in claim 58, wherein 
providing said first and second shielding metal layers, 
and said first and second interconnect metal layers, 
comprises depositing aluminum. 

68. The method as set forth in claim 58, wherein 
providing said first and second shielding metal layers, 
and said first and second interconnect metal layers, 
comprises depositing tungsten. 
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