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PHOTODEFINED INTEGRAL CAPACITOR WITH SELF-ALIGNED 

DIELECTRIC AND ELECTRODES AND METHOD THEREFOR 

s This invention was made with Government support under 

10 

Agreement No. F33615-96-2-1838 awarded by DARPA. The Government 

has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention generally relates to electrical circuits and 

their fabrication. More particularly. this invention relates to a process for 

1s forming a microelectronic assembly with photodefined integral capacitors 

having self-aligned dielectric and electrodes. 

20 

2. DESCRIPTION OF THE PRIOR ART 

Integral capacitors for hybrid microelectronic circuits are typically 

fabricated by forming and patterning a conductive region on a substrate to 

define a bottom electrode. depositing a thin (20 to 50-micrometer) layer of 

dielectric material on the substrate and over the bottom electrode to form a 
capacitor dielectric, and then plating or otherwise metallizing the dielectric to 

2s fonn a second conductive region that is etched or otherwise patterned to 

define a top electrode. As is well known, the capacitance of an integral 

capacitor is given by 

C = KEA/t 

where K is the dielectric constant or relative permittivity of the dielectric 

30 material, Eis the pennittivity of free space (a physical constant), A is the area 

of the capacitor (that is, the area by which the top electrode overlaps the 

bottom electrode}. and tis the thickness of the dielectric. 

From the above equation. a high dielectric constant and a small 

dielectric thickness are desirable to achieve a high capacitance per unit area. 
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However. each of these approaches presents difficulties. It is well known that 
the dielectric constant of polymer materials (typically less than four) can be 
increased by filling the polymer with ceramic particles, fibers or platelets, e.g., 
barium titanate or lead titanate-doped lead magnesium niobate. Employing 

5 such a high permittivity dielectrlc, however, requires a departure from typical 
multilayer cireuit constructions; Though often don~· (and as represented in 
Figures 1 and 2 by dielectric layers identified by reference numbers 112 and 
118), it is generally undesirable to have the dielectrjc material that forms the 

. . :.: . 

capacitor dielectric present on other regions of a c!rcuit board because the 
10 dielectric ceramic filler increases parasitic capacitance between other circuit 

features. A second difficulty presented by cerami~filled resins. especially at 
high ceramic volume fills (e.g., about 30 to 60%) is th~ they cannot be 
electroplated as easily a~ pure resins ror the formation of capacitor top 
electrodes. 

15 Additional difficulties arise when the dielectric thickness is 
reduced. The thickness of a dielectric layer over features (e.g., capacitor 
electrodes) on a circuit board can be difficult to control· because dielectric 
thickness is strongly influenced by the dimensions Ot the patterned features 
over which the dielectric is deposited. As can be seen from Figure 1, a 

20 dielectric layer 112 tends to planarize weir over a n~rrow feature (e.g .• 
electrode) 114, but poorly over large features 116, ·with the result that 
dielectric thickness can vary between adjacent capacitors and possibly within 
a single capacitor electrode. This causes two probl~ms. First, there is a 
danger of metal-to-metal shorts through the very thin dielectric covering the 

25 narrow feature114. Second, desirable tolerances tOr capacitor values, e.g., 
less than 10%, are difficult to achieve for Integral capacitors on a circuit board 
that requires a wide range of capacitor values and hence electrode sizes. 

Another difficulty in achieving accep~ble capacitor tolerances 
arises as a result of the difficulty of aligning the ca~~ici~or electrodes relative to 

3o each other. As illustrated in Figure 2, even if a unlf0m1 thickness for a 
capacitor dielectric 118 can be achieved, there is a tendency for electrode 
misalignment, as represented by the bottom electrode 120 and top electrode 
122. Such misalignment alters the capacitance through reduction of the 
capacitor area ("A" in the capacitance equation above). As a partial solution, 
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the prior art has .. ~orted to making one of the etectroaes (e.g., the bottom 
electrode 124 of Figure 2) larger than the other (e.g.t the top electrode 126 of 
Figure 2) t~ prevent electrode misalignment that would reduce the effective 
capacitor value. 

s Accordingtyt it would be desirable if a method were available for 

10 

forming integral capacitors that produced capacitor dielectrics of uniform 
thickness and well-aligned electrodes in order to promote high capacitance 
density, capacitor tolerances of less than 10%, and reduced risk of interlayer 
shorts. 

SUMMARY OF THE INVENTION 
""' The sresent invention provides a method for manufacturing a 

microelectronic assembly to have aligned conductive and dielectric regions 
with desirabfe processing and dimensional characteristics. The invention is 

is particularly useful for producJng integral capacitors, with the desired 
processing and dimensional characteristics achieved with the invention 
yielding predictable electrical characteristics for the capacitors. 

The method of this invention generally entails providing a 
substrate with a first conductive layer. forming a dielectric layer on the first 

20 conductive layer, and then forming a second conductive layer on the dielectric 
layer. A first reg~~ofthe second conductive layer is-then removed to expose 
a first region of thEfaielectric layer, which in tum is removed to expose a first 
region of the first conductive layer that is also removed. From this process, a 
second region of the first conductive layer remains, which is covered by a 

25 second region of the dielectric layer. which in turn is covered by a second 
region of the second conductive layer. According to this invention, the first 

regions of the conductive and dielectric layers are each removed by using the 
overlying layer or layers as a mask, so that the remaining second regions of 
these layers are coextensive, i.e .• their perimeters are accurately aligned with 

30 each other. The resulting structure can define a capacitor, in which the 
second regions of the first and second conductive layers define capacitor 
electrodes and the second region of the dielectric layer defines a capacitor 
dielectric betw~t\jie capacitor electrodes. 

Q 
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According to this invention, the first regions of the conductive 
and dielectric layer8 are preferably removed by etching the conductive layers 

and photodefining the dielectric layer. For the latter, the dielectric layer is 

preferably formed of a positive-acting photosensitive dielectric material, and 

s the first region of the dielectric layer-is removed by_ using the second region of 
the second conductive layer as a· photomask. Also preferred is that the 
second conductive layer is a metal foil that can be laminated directly to the 
dielectric layer, as opposed to being plated or otherwise deposited. 

In view of the above, this invention makes possible Integral 
10 capacitors with self-aligned dielectric and electrodes, so that multiple 

capacitors can be formed on a microelectronic assembly,. each being 

patterned to accurately obtain desired capacitances by the ability to form 

dielectrics of uniform thickness between aligned electrodes. In particular, 
alignment between conductive .and dielectric layers is iichieved by defining 

15 each layer using its overlying layer (or layers) as a mask, while uniform 
thickness of the dielectric is achieved as a result of the .. dielectric being 
deposited on the first conductive layer while still unpattemed. The invention 
also eliminates the need to roughen· and plate the dielectric for the top 
electrode, so that the ceramic content of the dielectric is not an issue in terms 

20 of adhesion between the top electrode and the dieleCtrlc. The invention 
further enables the use of high-k ce~mics in the dieleCtric without increasing 
parasitic capacitance because the dieleCtric containing: the high-k ceramic can 

be precisely limited to the capacitor. As a result, intercc>nnect lines can be 
formed closely adjacent to the capacitor electrodes. 

2s Other objects and advantages of this invention will be better 
appreciated from the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other advantages of this invention will become 

30 more apparent from the following description taken in conjunction with the 

accompanying drawing, in which: . 
Figures 1 and 2 are cross-sectional views showing integral 

capacitor structures in accordance with the prior art; and 
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.fV<~ r.~ 1~· 
Fi9t·~~ 3 through 8 are cross-sectional views showing process 

steps for forming integral capacitors with self-aligned electrodes in 

accordance with this invention. 

s DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A process for forming integral capacitors on a multilayer 

microelectronic circuit board in accordance with this invention is represented 

in Figures 3 through 8. As shown in Figures 7 and 8, a pair of capacitors 32 

are fabricated, though any number of capacitors can be simultaneously 

10 formed within any given layer of a multilayer circuit in accordance with this 

invention. As will become apparent ffOm the following description, accurate 

physical alignment and dimensions are achieved for integral capacitor 

dielectrics and electrodes with this invention, such that integral capacitors can 

be fabricated to have accurately controlled capacitance values. While a 

ts particular configuration for the capacitors 32 is shown in Figure 8, those 

skilled in the art will appreciate that variations and modifications are possible, 

and such variations and modifications are within the scope of this invention. 

Referring to Figure 3, the circuit board is shown as having a 

substrate 10 on which a conductor layer 12 and a dielectric layer 14 have 

20 been formed. The substrate 1 O can be any suitable material, including a 

printed wiring board (PWB), a flexible circuit. a ceramic or silicon substrate. or 

another dielectric layer of a multilayer circuit, though other suitable substrates 

and materials could also be used. Because the conductor layer 12 will be 

patterned to formed bottom electrodes 24 for the capacitors 32 shown in 

2s Figures 7 and 8, the conductor layer 12 is preferably planar copper deposited 

on the substrate 10 by plating or by lamination of a copper foil, though it is 

foreseeable that the conductor layer 12 could be formed by different methods 

and with different materials. A suitable thickness for the conductor layer 12 is 

about five to about fifty micrometers. 

30 The dielectric layer 14 is preferably formed of a positive-acting 

thermally-curable photoresist material, such that known photoimaging and 

development techniques can be employed to pattern the dielectric layer 14. 

Particles of various ceramic materials can be dispersed in the polymer 

dielectric layer 14, with lead magnesium niobate, lead titanate and/or barium 

s 



. WO 00/41192 PCT/US99/28536 

titanate being pi:eferred. A suitable particle size for the ceramic is about 0.2 to 
5 micrometers. Suitable thick-film polymer comp~sltions fur the dielectric 
layer 14 Include a resin, photosensitive agents and h~ndener8. The resin 
component can be any suitable 'iquid resin or solid resin, so as to enable the . . . : . . . 

s resin mixture to be readily deposited onto the surfclce of the conductor layer 
12 in liquid form or as a laminate to form the dielectric layer 14. Resins that 
could be used include thermoplastic resins, thermosetting resins, elastomers 
and mixtures thereof, which when incorporated with. a photosensitive material 
yield a photoimageable composition. Desirable propt:trties for the thick-film 

10 polymer include physical properties that remain .. stable throu"hout deposition 
and photoimaging ofthe dielectric layer 14. Aecording to this invention, the 
dielectric layer 14 serves as a permanent dielectrie.layer of the circuit 
structure, such that the dielectric properties of the ihiCk~film polymer also 
preferably remain ·stable throughout the deposition and photoimaging 

ts processes. 
For the above reasons, epoxies are particularly suitable as the 

resin for the dielectric layer 14, with a preferred epoxy-base composition being 
commercially available from Ciba'-Geigy under the name PROBELEC®. 
· PROBELEC is a liquid resin that ~n be coated onto the· conductor 12 to yield 

20 a dielectric layer 14 of uniform thickness (preferably about ten to abouUorty 
micrometers), particularly since the conductor layer 12 is unpattemed at this 
point in the fabrication process. An advantage of positive-acting 
photosensitive materials such as the positive version of PROBELEC is that 

they are typically more photosensitive than negative-acting photosensitive 
. . . . 

2s materials, allowing acceptable photo$peeds at hig~· ceramic volume fills. 
Another advantage of positive-acting photosensitive materials over negative­
acting materials is reduced pinholes due to shadowing from dust particles 
during exposure. 

Due to the presence of photosensitive agents, selective 
. 30 exposure of the dieleCtric layer 14 to appropriate eleCti'.omagnetic radiation 

can be performed to precisely photochemically pattern· the dleleCtric layer 14. 
Regions of the dielectric layer 14 exposed to electromagnetic radiation 
become relatively soluble to certain developers, while uneXposed ·regions of 
the dielectric layer 14 remain relatively insoluble. After exposure, preferred 
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positive-acting thermally-curable photoresist materials are partially cured. A 

suitable treatment for partially curing the diefectric layer 14 when formed of 

the PROBELEC material is a temperature of about 11 O C maintained for 

about sixty minutes. Following deposition, exposure and partial curing of the 

s dielectric layer 14, a laminate copper foil 16 is applied to the surface of the 

dielectric layer 14. as shown in Rgure 4, which will subsequently be patterned 

to form the top electrodes 20 shown in Figure 8. The foil 16 preferably 

includes a sacrificial tayer 18 capable of protecting the copper foil 16 during a 

subsequent etch step to be described below. The sacrificial layer 18 is 

10 preferably tin, and can be plated onto the foil 16 before or after laminating the 

foil 16 to the dielectric layer 14. A preferred thickness for.the copper foil 16 is 

about ten to about fifty micrometers, and a preferred thickness for the 

sacrificial layer 18 is about five to about ten micrometers to provide adequate 

protection to the foil 16. 

1s Figure 5 represents the result of etching the foil 16 to define the 

top electrodes 20. Etching of the foil 16 first requires application and 

patterning of a temporary photoresist. and then wet etching of the sacrificial 

layer 18 and the foil 16. The etchant used to remove the exposed portions of 

the foil 16 must not attack the underlying dielectric layer 14. Cupric chloride 

20 will etch both the tin sacrificial layer 18 and the copper foil 16; alternatively, 

ammonium bifluoride can be used for the tin sacrificial layer 18 and 

ammonium hydroxide for the copper foil 16. It is foreseeable that other 

etchants could be used. From Figure 5, it can be seen that the electrodes 20 

cover two limited regions of the dielectric layer 14 while exposing the 

2s remainder of the layer 14. Due to the presence of photosensitive agents in 

the dielectric layer 14t exposure of the dielectric layer 14 to appropriate 

electromagnetic radiation can be performed using the electrodes 20 as 

photomasks to precisely photochemically pattern the dielectric layer 14 to 

yield capacitor dielectrics 22 shown in Figure 8. Because the dielectric layer 

30 14 is formed of a positive-acting photosensitive material. irradiation at a 

frequency, propagational direction and intensity sufficient to activate the 

photosensitive characteristics of the dielectric layer 14 material yields a 

relatively more soluble state in the exposed regions of the dielectric layer 14, 

while the portions of the layer 14 covered by the electrodes 20 remain 
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insoluble (polymerized). As represented in Figure 6, the exposed regions of 
the dielectric layer 14 can then be removed by a suita~le developer, e.g., 
gamma butylactone (GBL) if PROBELEC is used as the material for the 
dielecbic layer 14, with the polymerized regions of the dielectric layer 14 

5 remaining as a result of being relatively insoluble to th~ developer. As can be 

readily appreciated from this proeess, the electrodes 2Clestablish the widths 
and lengths of their respective und~rlying portions of t~e dielectric layer 14, 
and therefore the widths and lengths of the capacitor dielecbics 22. 

Figure 7 represents the result of a second etch step by which 
1 o the dielectrics 22 serve as etch masks for the c0ndlJ.ct~r layer 12, which• as a 

result of this etch· defines the bottom electrodes 24 C>f the ;capacitors 32. The 
conductor layer 12 is etched with a suitable etchant' that attacks the layer 12 
but not the sacrificial layer 18 protecting the foil· 1 a, so ~hat only those portions 
of the conductor layer 12 left exposed by the dielectric$ 22 are removed 

15 during etching. For a conductor layer 12 and foil 16 :for'med of copper and a 
sacrificial layer 18 formed· of tin, ·a suitable etchant for this step is ammonium 
hydroxide, which attackS capper but not tin .. It is foreseeable that other 
etchants .could be used. As again can be readHy apJ>r~ciated from this 
process, the widths and lengths of the bottom electrodes 24 are determined 

20 by their respective overlying dielectric8·22, which in tum were defined by the 
top electrodes 20. As a result, the capacitor electrode$'. 20 and 24 and 
dielectrics 22 are· self-aligned, s0 that rriisalignmenfbetWeen the electrodes 
20 and 24 is avoided. 

FolloWing the etch step shown in Figure 7, the sacrificial layer 18 
25 is stripped from the top electrodes 20, and build-up of the circuit continues. 

As portrayed In Figure 8, a second photodefinable d!el~ctrlc layer 26 can be 
applied and patterned over the capacitOrs 32, and metallization 28 formed that 
makes contact to the top electrodes· 20 through vias· 30 in the dielectric layer 
26. 

30 While our invention has been described in terms of particular 

embodiments, it is apparentthat other forms could be adopted by one skilled 
in the art. For example, materials other than those· noted could be used. 
Accordingly, the scope of our invention is to be limited only by the following 
claims. 
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Wh,,claimed is: 

~·· :.· .. ~ .. =:-•.. 
. f . "' 

1. A method of manufacturing a circuit bo_ard, the method 

comprising the steps of: 

s providing a substrate with a first conductive layer having first and 

10 

second regions; 
applying a dielectric material to the first conductive layer to form 

a dielectric layer thereon; 

applying a second conductive layer to the dielectric layer; 

removing a first region of the second conductive layer to expose 

a first region of the dielectric layer, a second region of the second conductive 

layer remaining and covering a second region of the dielectric layer; 

removing the first region of the dielectric layer to expose the first 

region of the first conductive layer, the second region of the dielectric layer 

1s remaining and covering the second region of the first conductive layer; and 

then 

20 

25 

removing the first region of the first conductive layer so that the 

second regions of the first conductive layer, the dielectric layer, and the 

second conductive layer are coextensive. 

2. The method according to claim 1, wherein the step of 

removing the first region of the dielectric layer is a development step that 

employs the second region of the second conductive layer as a photomask. 

3. The method according to claim 1, wherein the step of 
removing the first region of the first conductive layer is an etching step that 
employs the second region of the dielectric layer as a mask. 

4. The method according to claim 1, wherein the second 

30 conductive layer is a metal foil comprising a copper layer laminated to the 

dielectric layer and a tin layer plated onto the upper layer opposite the 

dielectric layer. 
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5. The method according to claim 1, further comprising the 
steps of: 

forming a sec0nd dielectric layer that covers and surrounds the 
second regions of the first conductive layer, the dielectric layer and the 

s second conductive ·1ayer; and then 
forming ~ contact to the second region of the second conductive 

layer through the second dielectric layer. 

6. The method according to claim 1, wherein the dielectric 
10 material is a positive photosensitive dielectric material containing a dispersion 

of ceramic particles. 

7. The method according to claim 1, Wherein the second 
regions of the first and second conductive·layers define first and second 

1s capacitor electrodes, respectively, and the seeond regi~n of the dielectric 
layer defines a capacitor dielecbic between the first and second capacitor 
electrodes. 

8. A method of manufacturing a cireuit board, the method 
20 comprising the steps of: 

providing a substrate· with a copper layer ~aving first and second 
regions; 

applying a positive-acting photosensitive dielectric material to 
the first and second regions of the copper layer to form. a dielectric layer 

2s thereon, the photosensitive dielectric material containing ceramic particles in 
an epoxy-base matrix; 

laminating to the dielectric layer a copper foll having a sac_rificial 
layer; 

etching a first region of the copper foil through the sacrificial 
Jo layer to expose a first region of the dielectric layer, a remaining portfon of the 

sacrificial layer and a second region of the copperroil remaining and covering 
a second region of the dielectric layer, 

exposing and developing the first region of the dielectric layer 
using the remaining portion of the sacrificial layer and ~he second region of the 

10 
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copper foil as a pff~tomask, the first region of the dielectric layer being 

removed to expose the first region of the copper layer, the second region of 

the dielectric layer remaining and covering the second region of the copper 

layer; 
s removing the first region of the copper layer using the second 

10 
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r~gion of the dielectric 1ayer as an etch mask so that the second regions of the 

copper layer, the dielectric layer, and the copper foil are coextensive; 

removing the remaining portion of the sacrificial layer from the 

copper foil; 

forming a second dielectric layer that covers and surrounds the 

second regions of the copper layer, the dielectric layer and the copper foil; 

and then 
forming a contact to the copper foil through the second dielectric 

layer. 

9. The method according to claim 15, wherein the second 

regions of the copper foil and the copper layer define first and second 

capacitor electrodes, respectively, and the second region of the dielectric 

layer defines a capacitor dielectric between the first and second capacitor 

20 electrodes. 

10. A circuit board comprising: 

a first conductive region; 

a dielectric region on the first conductive region, the dielectric 

25 region being formed of a photosensitive material containing ceramic particles; 

a second conductive region on the dielectric region, the 

dielectric region being between the first and second conductive regions and 

being coextensive with the first and second conductive regions; 

a dielectric layer that covers and surrounds the first and second 

30 conductive regions and the dielectric region; and 

a contact to the first conductive region through the dielectric 

layer. 
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