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polished. The apertures in the mask form a stencil
where mstallization

The masked blank

pattern corresponding to pl aces

is desired and will be deposited.
is placed in z suitable vacuum chamber. Metal is

then evaporated within the chamber andéd adheres to the

gl's surface in the places exposed by the

N
H
m ]
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rtures of the stencil. 1In such & process

n
.L"

olution is moderate at best with éimensional
ately 1/1000th

the accuracy with

-
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accuracy being only within approx

The resolution is lirmited b

et

shadow mask can be manufactured by various

etching technicgues.

The crystal's
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moTionel parametsers cetermineg "hE Cen ter ;IEUGEHC
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on, due tc thes stenciling nature of the
t all pztterns are producible by this method
the process.
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in one method for making a tape carrier for
manufacturing leads for integrated circuits, an
adhesive backed flexible insulating tape is used to
carry thin metzl sheets of foil on its surface to
produce integrated circuit leads. The insulating
tape has cne entire surface covered with adhesive and
has holes punched in its surface which allow access
he copper foil for

rt

to both sides of portions of

processing by rhotolithographic technigues. Only that
portion of the foil expcsed by the zperture in the
tzpe carrier is available for photolithographic
processi on the surface contacting the adhesive.

¢

zsserbly is not exposed to high temperatures which
woulé czuse the adhesive to loss strength. Care must
zlso bz excerciced in the selection of developing and
etching acanis ussd in the processing of the leads
also tc ensure that they do not resact adversely with

the gdhesive. -

Girt znd ¢ust vich can contaminate the chemicels used

in further processing the fapsz carrier assembly.
Elthoush other prlorrart Cevices are useful for

forming fliexible metal leafs they are no

csembly costs

er drawback of the tape

oy

unreasonably hich. & furt
carrier is that it is obviously usable only once as
attempted reuse would degrade the adhesive properties
of the tzpe carrier rendering the adhesive

vnrelizble.
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It is also known that both sides of a silicon
wafer may be exposed simultaneously using double
sided photolithogrzphy. Such exposures are normally
made using an "azlligator mask”, which holds
photolithographic masks in éirect contact with
photoresist coated silicon wafers. Other methods of
double sided photoliithocraphy zre known in the art.
Summary of the Invention
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resoiution metallization patterrs oz one or both

surfzces of 2z substrate.
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of metzllization
S

urther oXject of the present invention
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toc provide & m2thod of caotivziing & goartz crystal
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ntion is directed to providing a
aptivating 2 sukstrazte havinc two oppcsed
in & holder. The holider hazs two oppocsed

h
major surfazces and at lezst cne zperture which is
y i h

SUBSTITUTE SHEER




PCT/US83/00377

WO 83/03484

10

15

20

25

30

The substrate is placed within the aperture of the

holder and a ary film photopolymer resist is

‘laminated to at least one of the surfaces of the

holder and the substrate. The photopolymer resist,
therefore, captivates the substrate within the

dryv film photopolymer resist is then
cired areas. One of these
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ired ¢ areac should be an uninterrupted
r

o the surface of the holder to the

o
curface of the substrate. The undesired areas of the
v

Gry film photopolymer resist are then removed. This
leaves & retaining tab of resist in one
uninterrupted Sesired area extend rC

of the holder to the surface of the substrate.

Several such tabs mav be formed. The st

-

therefore cqptlvct 24 within th

h
best understood by reference te the foll
c

tior taken in ceonjunction with the &

-

drawings.

ef Decscrition of the Drzawincs

FIG. 1 shows &n exploded view of the substrate

the sub-

th

holder showing the relative locations ©
strates and photorecsist.
FIG. 2 shows the sukstrete holder of FIG. 1 after

jzmination.
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FIG. 3 shows a cross sectional view of FIG. 2
along line 3-3.
FIG. 4 illustrates the exposure process for the
dry £ilm photopolymer resist.
5 FIG. 5 shows a portion of the cross-section of
FIG. 3 after exposure and development of the photc-

polymer resist.

r

FIG. 6 shows the cross-section of FIG. 5 after

metzllizetion has beern etched zway.

10 FIG. 7 shows the crystal being retazirned in the
holé=sr by retaining tzbs after exposure, development

Zeferring to FIG. 1 of the preferred embodiment,
1% the fodv 15 of z hcider 20 is preferably composed of
flexiblie stzinless steel shim stock zpproximately
3/1635th of I

fec
20 forz=t. Driv

- . . - o1 . . _
25 Zpertures 30 are of the same shaps and of

wn
i
oy
th
rt
]
3]
r"
m
fote
mn
[Wh
s }
n
o
'—(
ct
()
s
%
[
ct
o

30 proper orientztion if eppropriazte. In one
emboSiment, this process is used to produce high
n

resoiution metallization patterns on qguartz crystals.

cupsTITUTE SHEET




, PCT/US83/00377
WO 83/03484

Similar holders, however, could be manufactured for

use with ceramic, metal, or silicon substrates. The

‘pattern of holes 30 may be
intervals throughout the length of the holder.
reoccurring specific pattern of eight (8)

repeated at regular

5 Although a
holes is shown for the preferred
(=3

embodiment, any

convenient number may be uses.

In FIG. 1
the substrate 3,,

see that

& gQuartz

and zgain in FIG. 2, one car
1

which is i as

10 crystal blank unifcrmally

preferred embodi-

15 ent between the crvstal
embodiment a very tight
the

h

2C

t (hereafter calleg

in a thin sheet L

25 certain wavelengihs of light.
embodimsnt Ristorn? nmzde
it has bzen
optimum f

resists have an

30 resists in that the user &

n o
f
<
o
r'-
o
o
[t

kness with uniform

coverace on the workpiece. r polymerization the

unpolymerized arezs of the €ry resist can easily be

35

washed away by immersing the res

developer as Tecommended by ths
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As illustrated by FIG. 2 the resist is cut into
strips somewhat narrower than the width of the holder
but wide enough to completely cover all apertures 30

of the holder while not interfering with drive holes

o

5 25. The resist is then laminated, using a heat

amination process, to the holder and the substrates

.

are enclesed in the apertures of the holders. 1In the

preferred embodiment resist 40 is actually laminated

tc the lower surface of hoclider 20 before the guartz
16 crvstals 235 are placed into the apertures 30. But
be piaced ir the hclder before
ace. The vee of heat lamination

i
eliminates the sticky tzpe usel in othsr processes
-

herefere, there is no adhssive to contaminate
153 chemicals vsed later in the process and handling is
much simpler.
In the next step of ths pio:ess z second layer of

:pper surface of the

=
the substrete on both sides

holder thus ceptivating
20 with the dry resist. & frcontal view of this assembly
is shown as 60 in FIG. 2. i

It should be noted that although th

e
erbodiment shows boths sides of helder 20 laminzted
with resist, a single sided procsss is also possible

25 =ince only cone laver of rzsist ig nzcassary to cepti-

vete the substrate.
st 55 is also of narrowar width than the
th than is s

i
width of the holder 26 but crezter wid
Print 55 is also

reguired to cover all apertures 20.
a

minated to the surfzce of the holder 20 and
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the surfaces of the substrzte 35. The process may
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proceed in the following order: laminate the first

side; place substrate in aperture; laminate the
second side; the second laminating process for resist
55 (the upper side) should cause both the lower and
upper layers of resist to adhere to the crystal
substrate. The laminating process can be
accomplished by passing the laminae between heated

rollers.
% cross-sectior of assembly 60 of FIG. 2 along

ic shown in FIG. 2. Thie view more

z substrate 70 is
shown to have metallization lavers 65 anéd 75 on both
though the substrate is shown to be the

s this is not regquired

e vsed. This is beczuse of a
rt as "tenting”.

ment the

[ T o Y o
1
o]}
1]
31
H

O
§-
o
+
~
[
jm ]
H
o
(]
4o
=
(0]
=N
M
o
H
(41
[& 1)
o
=
o)
Q
Qu
e

s
'he spaces 43 beitween the holder body 15 and

the substrate 70 ray be creater than shown to allow
the resist lavers to collzpse and touch one another.
This makes a more secure bend to hold the substrate

in place.

£t thie stage of the processs the upper resist
iayer 55 is tightly bonded to the heolder body 15 and
65. The lcwer resist layer

3 = e

ization layer 75.° &lthough this
ermbodims hows that the subsirate is coated with
on layers 65 ané 75, it is not necessary
= s I

metallizat
a t is merely a

for the a
function of this embodiment since a metal etching

be evident to one skilled

=t

process to follow. It wil

A oMPI o
WiPO
&@RNAﬂO\‘Y’

SUBSTITUTE SHEET




WO 83/03484

10

- 2C

PCT/US83/00377
io

in the art that an unmetallized substrate could be
masked with resist to allow selective plating,
painting or sputtering of metal in unmasked areas.
FIG. 4 shows a photolithographic mask 80. This
mask will be used in the next step of this process.
The mask allows light to strike some portions of the
resist lavers while shading the licht from other
portions. In the preferred ermbodiment the clear
areas will allow the light to strike the resist
causing polymerization. It would be evident, how-
ever, to anvone skilled irn the art that although this
embodiment is a positive process the process could

2lso be implimented zs & negative process using the

f resist

i)
(13
0
bt

z
negative ©f this mask ané a different iy
<
i

and/or developer. One of the many zadvanitaces of

using & lithograzphic mzsk such zs mzsk &0 is that any
type of pattern which can be Grawn and/or

In one embodiment, cry
zre formed on a guartz sub
Arbitrary cofe numbers and
formed by this process. _Zs will be
these numbers and letters, &s shown, coulé no
manufactured on the finished product with a sincle
shadow Tasking process. Such photolithographic masks

f In the
In the

can be maée of any numbzr of mzterials.

preferred embodiment glass masks are used.
photolithographic process, photolithographic mask 80

is the counterpart of the shadow mask in a shadow

pse

masking process. Since it is manufactured photo-

|

graphically its resolution is approximately a factor

of ten better than that of @ mechanically bored
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or chemically etched shadow mask. This results in a
direct improvement'in the crystal's electrical
parameters.

.« stated earlier, shadow masks are typically
rade of shim stock of about 3/1000th of an inch. Due
to their very nature, long free-standing pattern
are not pessible in a production environment ;;
cince normal wear ang tear will demage or Wwear out
+hese masks in a very short period of time. Such

csuch thin material can hardly

th

iong members made O
+ their own weicght =ng are very easily damaced.

Since the patterns on photolithographic masks are
photographic, they exhibit no such problem.

in the present invention one or more clear tab
arezs 85 locat=d at the perimeter of each substirate
& on the giass mask. These tab areas 85 form
" tahs in the resist material. ‘These retain-
ing tzbs will be attached both to the substrate and
will be shown in later steps.

S
sher illusitrates the process of expos-

hews two light
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sources 100 and 10Ca, many techniques'are known and
may be used for exposing both ciges using only one
source. Aany of thcse techniques could easily serve
+he same purpose. ,

In the exposure step: holéer assembly 60 is sand-
wiched bsiween and placed in contact with photomasks
60 zné &0%. Since these are optical masks they may

be readily aligneé by any nurber of methods before
mbly 60 is placed therebetween. The captivated
cubstrate within zssembly 60 is then carefully

licned with the pre-aligned masks 80 and 80A. The
total assembly is then held rigidly in place while

exposure by light sources 100 znd 1002 takes place.
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in the preferred embodiment the light sources 100 and
1004 are short wave ultra-violet light sources. This
however, is a function of the characteristics of the
dry film photopolymer resist

Lfter exposure is complete, assembly 60 is
removed from between the glass masks. It should be
noteé that one distinct advantage of this process is

c P

that maske 80 and 80 are easily dupliczted
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resist areas is accomplisheé by expeosing the entire
asserbly 60 to an appropriate developing acent as
specified by the manufacturer of the resist. It

should be noted that holding ta>s 113 sscurely hold

shocks zné stresses if assembly 11C is Ziexed. =
thes provide support ané protection to the fragile
crystzl substrate whil llewine fliexing or rolling

a2
cws a hoiéer of c¢rest length

1
1 similaer tc rotion picture
s

as tzen dissclved to
expose metallization 65 and 75. Resist areas 120 and
125 now mask areas of metallization 65 andé 75 respec-
tively which will become upper and lower crystal
electrodes respectively. These areas will be

protected by the resist during the process steps that
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follow. In the preferreé embodiment, it is desired
h away metallization which was previously

¢ substrate 70. The chemicals

to etc
Geposited to surfaces ©
used to perform the etching process shou
the holder is to-be reused.

i1d not affect

the holder material if

1t will be evident to +hose ckilled in the art that a

her types of processes cah be
this photclithographic masking

technigue.
y 130 after an etch-

{
v
t
tn
G
55
b

FIG. 6 shows the szm
yg pProcess has taken place. The metallizetion which

D a
formerly covered &arezs 122 has been etched away by an
1

exposed. FIC. 7 shews a frontal view of asserbly
o 16 be taken along line 6-6
rig. 7. Here one€ clesrly sees retaininc tebs 115
ging crystal 155 in place within. the holder 20.
The tabes 115 are uninterrupted 1p an area from the
surface of the substrate to the curface of the
holder. Also shown is the resist covered elecirode

120 and resist covered code 1

The resist on these remzining resis 1%

can now easily be wzsheC aWay with an appropriate
solvent, thereby reiezsing the substrate from the
holder. 1In the preferred embodiment the solvent is

acetone. Alternativel’, removal from +he holéer can

be accomplished by a puanching cperation, &
operation or even cutting away the retaining tabs
with a laser. Such a ster would normally be followed
py dissolving away the remaining resist ieft on the
substrate.

FIG. 8 shows the rinicshed crystal product 190.
Metallization areas 165 remain where +he retaining
tabs 115 once were- This tab metallization should be

either stratigically placed so as not to interefere

o THITE SHEET
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with the operation of the crystzl (or other device),
or removed by some means. Rlternztively, the
metallization areas 165 can be used as a portion of
the substrate electrodes or metal patterns

themselves. In this manner they will serve a

R4

multiple function and removal is not necessary or

Gesired. .
Front electrode 170 and backsi

now constitute exposel metalliz

before they were covered wit

illustrative purpcses cofe letters

hzve been shown on the finished p

cotid not hazve been profuced by shadcw mask
stenciling. This is duve tc the stenciling nature of
the shadcw mzsk process. Similarly, freestanding

er
vsing photelithocrephy. Such patterns could only
¢

One can therefore see the atove method indeed

he substrate during processing. The

-

-
[
hoider can be rsus=¢ many times, &and there is no

ntaminate the process. In ' E

4
[t
(i
(o]
0
0

i
it has been found that pattern resolution
with the photolithographic process'is approximately
10 times better. than with shadow masks. Dimensions
can be held to within 1/10,000th inch with

photolithocraphy compared to 1/1000th inch with

SUBRSTITUTE SHEET
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2also photolithocraphy leands itself to
taininc good frent to back

shadow masks.

many known methods of at
211 these factors contribute to direct

electrical performance.
there has been provided

allignment.
improvement in & crystal's
Thus it is apparent that

in accordance with the invention & method that fully

satisfies the objects, aims, ané advantaces set forth

above. Wnhile thes invention has been described in

conjunction with specific erbodiments therecf, it is

evident that many alternatives, modifications

ana

variations would be apparent to those skilleé in the

art in licht of the foregoinc Cescription.

tn
o
0
jogd

accordingly, it is intended to embrace all

zlternatives, modifications and vzriations as fall
within the spirit ané broaé sccpe of the zppended
clzims.

We Clzim:
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Clzims:

1. 2 method of captivating a substrate within a
holder for photolithographic processing comprising
the steps of:

placing & substrate having two opposed major
a

é holder having two

wn
0]
£
"
Fh
o
)
0
tn
%
b=t
r'.
o
e
8]

i
oppcsed major surfaces ané at least cone aperture
r ac

n
10 at least one suriace

cne uninterrupted area extending from one surface of
20 szid holéer to one surface of szid subsirate.
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2. 2 method in accordance with claim 1 wherein
said polymerizing step ie accomplished by exposing
said dry film photopolymer resist to light of an
appropriate wavelength for an appropriate length of
time.

3. Armet i in accordance with claim 2 wherein
the laminating step is accomplished by 2 heat lamina-

ting process.

4. . method in accoréance with clzim 3 further
nc said substrate from

c removes firom undesired

h c
e from szidé h

[
ct

5. 2 method in acccrdéance w

the step of removing sald substra o
s which cuts saié retain-

(o

- -

is accomplished by & proces
ing tabs.

6. 2 method in accordance with claim 4 wherein

the step of removing sazié substrate from szid holder

s

is accomplished by a punching proces

ordance with clazim 4 further

7. A method in ac
g s t from the

including the ieseclving all resis
surfaces of sai@ substrate with an zppropriate sol-
vent as the last step.

8. 2 method in accordance with claim 7 further
including the step of selecting an acetone solution
for said solvent prior to said éiessolving step.

o A method in accordance with claim 7 wherein

- -

said dry film photopolymer resist is exposed by

cuBSTITUTE SHEET
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passing light through photolithographic masks during

the exposing step.

10. 2 method in accordance with claim ¢ wherein

said photolithographic masks are in contact with said

"

dry film photopolymer resist during the exposing

step.

11. Zz method in accordance with claim 10 further
including the step of, providinc said holder with
Grive holes spaced at regular intervals along the
length and nezr an edge of said holder, pricr to the

placing ster.

12. 2 methof in accordance with claim 11 wherein

2
szid drive holes are compatible with 35mm phote-

13. 2 msthod irn accordance with claim 11 Ffurther
including the step of choosing stainless steel for
the material from which sai s made prior to

é
the step of providing said holde

14, 2 m=thod in
4

-
m=tal on & surface of

including the s i
said substrate after resist is removed from undesired

areas.

L

bute
*

15. A method in accordance w claim 11 Ffurther
s

h
including the step of metal plating said substrate on
at least one surface prior to the step of placing

szid substrate.

16. A method in accordance with claim 15 further
including the step of etching said metal plating

after resist is removed from unGéesired areas.
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17. & method in accordance with claim 15 further
including the step of selecting aluminum for said

metal prior to the plating step.

18. E method in accoréance with claim 14 or 16

5 further including the step of selecting guartz for
the subsirate materiel as z first step in the

process.

1%. Z substrate processed in accordance with the

‘method of claim 1.
Vi
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20. 2 method of captivating a guartz crystal
device within ‘a holder for photolithographic
processing comprising the steps of:

placing a guartz crystal having two opposed
major surfaces, at least one of said surfaces being
uniformly plated with aluminum, within a holder
having two oppcsed major surfaces, said holder having
at least one aperture appropriately dimensioned for

accepting said crystal;

2]
0

s

st to

(=

laminating a dry £ilm photopolymer

0
ot

at least one surface of szié holder and at least one
aluminum plated surface of saié guartz crystai,
thereby captivating said guartz crystal within the

aperture of said holéer;

a photolithographi

éesired areas including at

arez extending

surface of said guar
removing unpeolvmerizsl resist, thereby

leaving retaining ta

area extending from the surfzce of saié h

F. “
vSC3 i,

surface of szid quartz cr

Vot

etching away said ziuminum from arezs expesed

by removing unpolymerized resist.

SUBSTITUTE SHEET

”y



WO 83/03484 PCT/US83/00377

21

21. & quartz crystal device processed in

accordance with claim 20.
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22. A method of captivating a quartz crystal
within a holder for photolithographic proéessing
comprising the steps of:

providing a quartz crystal having two opposed
5 major surfaces, said surfaces being uniformly
aluminum plated
providing z stainless steel holder having two
opposed major suriaces and drive holes spaced at

he length of szid holder
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10 near its edges renderinc szié holder compatible with

35¥M photographic rive eguipment, saié holder

a
having a plurality cf apertures appropriately dimen-

15 +ture of sz

heat laminztinc a &ry film photopclymer
resist to both surfaces of saié first assembly by
passing said first assembly with resist on each sur-

20 face between heated rollers to form z sacondé
S

sandwiching saié sscond assembly between and
substantially in centact with two photoiithograph
glass masks, '

25 polymerizing desired areas of szid resist on
both surfaces si Y
light through szid masks inc
uninterrupted arez extending from the surface of said
holder to the surface of szid crystal,

30 passing said second assembly through a
Geveloping agent suitable for removing unpolymerized
resist,

passing said second assembly through a
solution suitable for etching aluminum,

35 removing szid crystal from said holder,

dissolving polymarized resist using acetone.
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23. & guartz crystal device comprising:

a quartz substrate having 2 opposed major
surfaces and an edge extending around the periphery
of said substrate;

5 a metallization pattern disposed on at least-
one surface of said substrate;

at least one metallizeé tab arez dispesed on
at least one surface adjacent the edge of said
substrate,

10 whereby szid metallized tzb area results from
a process which uses a corresponding photopolymer
resist retaining tab to captivate szid substrate to a

.holder during processing.
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2. 7The cuartz crystal device of clair 2: whereir
seid metelilizetion gatiern further cormr-rises an
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AMENDED CLAIMS
[received by the International Bureau on 23 August 1983 (23.08.83) ;;
original claim 24 amended, claims 26 and 27 new]

24. The guartz crystal device of claim 23 wherein
at least one of said metal tab areas is ¢onnected by
metallization to said metallization pattern. .

25. The quartz crystal device of claim 23 wherein

5 said metallization pattern further comprises an
unmetallized area completely surrounded by metal-

lization.
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26. A method of captivating a substrate within a holder for
photolithographic processing comprising the steps of:

piacing a substrate having two opposed major surfaces
within a holder, said holder having two opposed ma jor surfaces
and at least one aperture appropriately dimensioned for accept-
ing said substrate;

laminating a dry film photopolymer Eesist to at least one
surface of said holder and said substrate, thereby captivating
said substrate in the aperture of said holder;

polymerizing said resist in a manner which allows removal
of resist in certain areas while leaving at least one uninter-
rupted area extending from surface of said holder to a corres-—
ponding surface of said substrate; and

removing resiét in éertain area, thefeby leaving a retain-
ing tab of resist in at least one uninterrupted area extending

from one surface of said holder to one surface of said sub-

strate.

27. A substrate processed in accordance with claim 26.
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