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l am nating, a thin copper foil to a printed circuit board substrate. The

thin copper foil is subsequently, for exanple, selectively etched to form
the desired Badkground of the Invention

1. Field of the Invention

5 The invention relates generally to an apparatus, and a
corresponding method, for chemically etching copper foil-clad
substrates, such as copper foil-clad printed circuit board
substrates. |

10 . 2. Description of the Related Art

Thin conductive metal foils, such as thin copper foils, play
an important role in the fabrication of printed wiring circuits
on printed circuit boards. That is, such printed wiring circuits
15 are typically formed by attaching, e.g., laminating, a thin copper
foil to a printed circuit board substrate. The thin copper foil
is subsequently, for example, selectively etched to form the desired.
circuit pattern. This is accomplished by initially forming a
patterned photoresist on the copper foil and then etching the
- 20 copper foil while using the patterned photoresist as an etch
mask. Alternatively, a circuit pattern is formed by selectively
depositing additional copper onto the copper foil. In this
alternative, a patterned photoresist is also initially formed
on the copper foil. Then, additional copper is selectively deposited,
25 e.g., electroplated, onto the copper foil, portions of which copper
foil and/or deposited copper are subsequently etched away, and thus
sacrificed.
Regardless of whether selective etching or selective deposition
_is used, it is often important that the above-described copper foil be
30 as thin as possible. For example, if selective etching is used, then
the thinner the copper foil, the more closely the etched copper foil
will match the patterned photoresist. On the other hand, 1f selectlve
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circuit pattern. Thr sis accorrpl i shed by initially form N This Skt I}Em@ane laced"'”
.photoresi st on the copper 4#pil and then etching the per f
the patterned photoresist as an etch mask. Alternativelly, :a
is formed by selectively depositing additional copper. onto t ppe or
In this alternative, a patterned photoresist is also initiaIIy forrred on

t he copper f t i S v

el ectropl ate pos&&?%seﬁg%%,pg@%e porf’o%é %‘fxf 'I.Lt(::{ﬁxa %erwl and/or

deposi ted comy,artessmmmythe etehing/efytheacnprer foilsaetr damagsy.

Regar dl'ess ofy\fe, e B8R E‘&trle¥ &h&g‘&gctgi"téfaﬁ &hl | WRicHGR AR WadiRy used, it
ve-

IS oftenrrrportan hat t he abo scri er foll be as thin as
possi bl e. Fora“é%%Yﬁi?lé the gapper foibistyprystiiBed, then the thinner the

cppper foil, the n@ﬁ?réiitlss hdb dtefoﬁ%qmﬁngqmmésaeé adignlall@ ¢d the

patterned photpre ? %ptP .hand {f sel, ect Lve.,
micrometers are use orming printed wiring cir
there is a strong desire in the printed circuit board
industry to use even thinner copper foils, e.g., copper foils
having thicknesses of 9 micrometers, 5 micrometers or even

10 3 micrometers.

cuits. However,

Various attempts have been made to form copper foils having
thicknesses equal to or less than 9 micrometers on printed circuit
board substrates. In several such attempts, the copper was
sputtered directly onto the substrate. Unfortunately, the heat of the

15 sputtering process was so great as to destroy, deform or undesirably
alter the corresponding substrates;

Other attempts to form very thin copper foils have involved
chemically treating substrates and then chemically depositing
very thin copper foils onto the treated substrates. These attempts

20 proved to be very sensitive to contamination, which led to pin hole
~ voids in the deposited copper. Such pin hole voids are undesirable
because they can and do degrade the electrical performance of the

corresponding printed circuit board.

Significantly, a new method for forming a very thin copper

25 foil on a substrate is described in U.S. Patent No. 4,917,758
which issued to K. Ishizuka et al on April 17, 1990. Here, a
substrate bearing a relatively thick copper foil is chemically
etched with a spray-type etching machine in order to thin
the relatively thick copper foil. While the reported variation

30 of the thickness of the copper foil remaining after the etching
is within +/~ 2.0 micrometers, the etch rate is.less than or -
equal to 0.3 micrometers per second. Such low etch rates requlre
corresponding etch times which are much too long for many SR
commercxal applications. '

35 Thus, those engaged in the development of prmted cu'cuxt
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- Summary of the Invention

The invention involves an apparatus, and a corresponding
method, for chemically etching at least a region of a copper foil
overljring a substrate, e.g., a printed circuit board substrate, at an
etch rate which is greater than 0.3 micrometers per second, or equal
to or greater than 0.5 micrometers per second, and even as high as
about 3 micrometers per second. (For purposes of the invention,
etch rate is defined to be the average thickness of copper etched
divided by the total etching time.) Consequently, the corresponding
etch times are definitely commercially'viable and, indeed,
commercially attractive. Moreover, the chemical etching
is sufficiently uniform so that at any point, the variation in
the thickness of copper etched is within 10 percent, or even
within 6 percent, of the average thickness of copper etched over
the entire copper foil region. Thus, for example, if the initial
average thickness of the copper foil region is 18 micrometers
and the initial thickness variability is ignored, and if the thickness
of the copper foil region is to be reduced by, for example, 15
micrometers, to produce a desired final average thickness of 3
micrometers, then the corresponding variation in the thickness of
the resulting copper foil region will be within 1.5 micrometers (10
percent of 15 micrometers) of the desired final average thickness.
Similai'ly, if the initial average thickness of the copper foil region is
13 micrometers and the initial thickness variability is ignored; and if
the thickness of the copper foil region is to be reduced by, for
example, 10 micrometers, to produce a desired final average
thickness of 3 micrometers, then the correspondmg variation in the
thickness of the resulting copper foil region will be within 1
micrometer (10 percent of 10 micrometers) of the desired fmal
average thlckness
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t hi cknesses equal to or |ess than 9 mcrorreters on printed ci[cC aﬁeenRe laced
substrates. In several such a&terrpts ‘the copper was sputtereé ﬁ'ﬁﬁ
onto the substrate. Unfortunat'ely, the heat of the sputteling mﬂm :
so great as to destroy, deformor undesirably alter the corres

substrates. O her atterrpts to formvery thin copper foils have invol ved
chemcally treating Zéj 4_[at es and then chemically depositing very thin

copper foils onto the Youthe infendiverapparatus ingludepa niumelity of very -
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subgjrate is desggd l&ﬁﬂfh%’yoisggﬂ{%&rﬁg d10%b's Zx‘r’agns%'rf Bilettia WA

| shi zuka et al on
P el to an imaginary axis associated with the apparatus surfa.ce,

extending from the entrance edge to the exit edge. As the copper
foil-clad substrate moves over the apparatus surface, jets of
chemical etchant emitted by the fluid jet injectors impinge upon the

10 _ substrate, chemically etching the copper foil. |

To achieve the above-described etching characteristics, the

fluid jet injectors are arranged so that if one were to draw
an imaginary line along the apparatus surface in a direction
which is parallel to the substrate transport direction, extending

15 from the entrance edge to the exit edge and intersecting
the center of at least one fluid jet injector, then the total
number of fluid jet injector centers intersected by this imaginary line
would be the same as that intersected by any other such imaginary
line. In addition, if the distance between any two such adjacent

20 imeginary lines is denoted by S1, then the ratio S1/D should be
greater than 0 but less than or equal to about 10, and preferably less
than or equal to about 1.3. Moreover, if S2 denotes the distance
between any two adjacent fluid jet injectors, then S2/D should be
greater than about 2 but less than or equal to about 20, and

25 preferably less than or equal to about 12. It must be emphasized that
it is by virtue of this arrangement of fluid jet injectors that the
above-described combination of relatively high etch rate and
substantially uniform etching is achieved.

It should be noted that the above-described arrangement of

30 fluid jet injectors is based upon the finding that when a
jet of chemical etchant impinges upon copper foil, the chemical
etchant will etch the copper at an etch rate greater than |
0.3 micrometers per second (using the Reynolds numbers,
described below) over a circular area having a radial extent - -

35 , of about 10*D. Therefore, in the inventive apparatﬁs, the ratlo -
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In addition, it has been found that when one of the jets of chemical
etchant impinges upon a moving copper foil, that the variation in the
thickness of the copper etched is within 10 percent of the average
thickness of the ‘copper etched only over an area having a width of
about 10¥D. Therefore, to achieve such a 10 percent unifor_:mity
throughout the region of copper foil to be etched, the ratio S1/D is
required to be less than or equal to about 10. Moreover, because
each of the above-described imaginary lines intersects the same
number of fluid jet injector centers, each longitudinal strip of copper
foil etched by chemical etchant jets during the passage of the
substrate over the apparatus surface necessarily undergoes etching
by the same number of chemical etchant jets, over the same total

etching time. Consequently, each such longitudinal strip undergoes -

substantially the same integrated etch rate (integrated over the same
total etching time), and therefore substantially the same total amount
of etching, resulting in etched copper foil having the relatively low
thickness variation, described above.

Brief Description of the Drawings

The invention is described with reference to the accompanying

drawings, wherein: _

Fig. 1 is a perspective view of a preferred embodiment of
the inventive apparatus;

Fig. 2is a vertical cross-sectional view of the preferred
embodiment; and .

Fig. 3 is a top view of the pattern of fluid jet injectors
associated with the preferred embodiment.
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comercially viable time periods. Summary of the Inventi on The invention

.involves an apparatus, and a, correspondi ng net hod, for laced
at least a region of a copper foil overlying a substra H
circuit board substrate, at an etch rate which is greater

m crometers per second, or equal to or greater than 0.5 mcrorreters per
second, and even as hi gh as about 3 nicroneters per second. (For purposes
of the invention, etch rate is defined to be the average thickness of
copper et ched dietbﬂ@lﬂe;cﬁbﬁoh@fadheerﬁéféﬂﬂadEﬁBodin@iﬂsenuent|y, t he
corresponding etch tines are definitely commercially viable and, indeed,
comercially attractive. Mreover, the chemcal etching is sufficiently
uni form so that at dﬂ;ememb,ontmwol;WSmnappamtushendm cérrespondinghpper

etghed is wthighd8q g ﬁﬁgémcg.ﬁyeé{‘é&ﬁ% hb1dasP aRRiptSl'bf a¥opid® 31T 2g€

t hi ckness of copper
overlying a substrate, such as a printed circuit board substrate.

Significantly, the etch rate achievable with the inventive apparatus
is greater than 0.3 micrometers per second, or equal to or greater

than 0.5 micrometers per second, and is even as high as about 3
10 micrometers per second. In addition, the 'etching is so uniform that
the variation in the thickness of copper etched is within
10 percent, or even within 6 percent, of the average thickness
of copper etched over the entire foil region. As a consequence,
the variation in the thickness of the resulting etched copper
15 foil region is within 1.5 micrometers, or even within 1 micrometer, -
of a desired final average thickness (assuming no initial
thickness variability). (Obviously, the total thickness varialbility is
the sum of the initial thickness variability and any additional
thickness variability due to the etching.)
20 With reference to Figs. 1 and 2, a first embodiment of
the inventive apparatus 10 includes at least one plenum housing
20 made, for example, of polycarbonate . This plenum housing 20
contains a plenum chamber 30 into which a chemical etchant is
fed under pressure via three feed tubes 40-1, 40-2 and 40-3 (only
25 one of which is shown in Fig. 2).
'~ The plenum chamber 30 includes three deflector plates 50-1,
50-2 and 50-3, aligned with the three feed tubes 40-1, 40-2
and 40-3, which serve to uniformly disperse chemical etchant
toward, and into, five rows 70, 80, 90, 100 and 110 of spaced-apart,
30 ' drilled holes extending from the plenum chamber 30 to the surface 60
of the plenum housing 20. Each such hole serves as a fluid jet
injector, with the corresponding fluid ]et being a ]et of chemmal
etchant. _ '
As shown more clearly in Fig. 1, the inventive arjpaﬁra_t_t_iS 10 -
35 also includes rollers 112 and 114 which serve to transport a
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the entire copper foil region. Thus, for exanple, if the: lmﬁslﬁétmymem 1ac°d
t hi ckness of the copper foil region is 18 mcroneters

t hi ckness variability is |g1)red and if the thickness f t

region is to be reduced by, for exanple, 15 microneters, roduce a

desired final average thickness of 3 microneters, then the correspondlng
variation in the thickness of the resulting copper foil regipn Il be.

within 1.5 nmi ccORBeRfQilcled subsirate 416.,18. &1 .ct sappey f9ilwplad PEIYHED| o i nal

aver age thi ckn%sﬁomem@ehustrhiet&@aldmahaé AV efragetHed vwifaes 60pf t he

copper foil region is 13 mcr rs andihe n t hi ckne ariabilit
ispPgnorelj, an I”P‘P ath‘émtrﬁFﬁ?(ﬁg gft"t%eﬂﬂﬁﬁ‘ée% fh?‘eeaﬁll |s%6t‘\(; bla rladljcgd

by, for exanpl a‘m&&mﬁmormfahe substratediléaceuss alorggla ftramsparter age
Pigkness oS SRCAQELRLS: o Rl o GRANANY Plole bt uile
(10 percent of the smfmm@@ ,ewb;choﬁxnshs aidented peripentlicularly to the
entrance and exit edges 62 and 64, and extends from the entrance
edge 62 to the exit edge 64, and beyond.
It should be noted that spent chemical etchant flows over
10 _ the entrance and exit edges 62 and 64, as well as over the
sides 66 and 68, of surface 60, into a sump (not shown)
positioned below the apparatus 10. Thus, the entrance and -
exit edges 62 and 64, as well as the sides 66 and 68, serve
as the drains of the apparatus 10.
15 With reference now to Fig. 3, the five rows 70, 80, 90,
100 and 110 of fluid jet injectors are preferably all parallel
to one another and aligned perpendicularly with respect to the
axis 118. In addition, the fluid jet injectors in each of the
rows are preferably equidistantly spaced, and the fluid jet
20 injectors in any one row are also preferably shifted relative to
the fluid jet injectors in an adjacent row so that if the former row
were to be projected onto the latter row, the fluid jet injectors in the
former row would be interdigitated with the fluid jet injectors in the
latter row. Moreover, each of the fluid jet injectors is of equal
25 diameter, D, which ranges from about.5 mils (.005 inches) to about
250 mils (.250 inches), and is preferably about 40 mils (.040 inches).
Fluid jet injectors having diameters smaller than about 5 mils are
undesirable because they are difficult to fabricate and difficult to
keep clean. On the other hand, fluid jet injectors having diameters
30 greater than about 250 mils are undesirable because they requjre an
undesirably large amount of pump flow to produce chemicgl’ etgf;g_rll_t__ :
jets. -
With reference again to Fig. 2, the drilled holes which
- constitute the fluid jet injectors are preferably all of equal .. ..~
35 length, L. In this regard, the ratio L/D ranges from about 1 S RN
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aver age t hi ckness. i REPLACEMENT SHEET -4- Significantly, m{gghdem@mé
apparatus includes a plurakity of fluid jet injectorss each m \RT

whi ch penetrate a surface of the apparatus. Rollers, p SIIIO
_entrance edge and exit edge of the apparatus surface serve
copper foil- clad substrate over thls surface -along a transport direction

surface. oxt oitmRgef Afmrerddney tpeh abagel ge cndealree i BIRHE™ fe Copper
foil-clad subShewresmunspdnﬂy dEheloppﬂa!hahnmlsalclﬁane}etg.eRatlos cheni cal
etchant- emtt %&egyer trfxanf elmbuoluq éoeérei Qﬁ&gélgar}?lelﬂ%ﬂgg tH@s? Qe&&ﬁ'e
an undesirably large amount of pump pressure to produce chemical
5 etchant jets.

As shown in Fig. 1, the rollers 112 and 114_ serve to transport
the copper foil-¢lad substrate 116 over the surface 60 of the
apparatus 10 at a height, H, above the surface 60. In this regard,

_ the ratio H/D ranges from about 0.3 to about 12. Ratios smaller than

10 about 0.3 are undesirable because they result in undesirably little
drainage of the spent chemical etchant. On the other hand, ratios
greater than about 12 are undesirable because they result in an
undesirably large loss of momentum of the chemical etchant jets
before the jets impinge upon the substrate 116.

15 Witﬁ reference again to Fig. 2, because the fluid jet injectors
are preferably all of equal diameter, D, and are all connected to
the same plenum chamber 30, the chemical etchant supplied to each
of the fluid jet injectors is necessarily essentially the same, and the
speed of the chemical etchant jets emanating from the fluid jet

20 injectors is necessarily essentially also the same. If the kinematic
viscosity of the supplied chemical etchant is denoted by nu and the
speed of the chemical etchant jets at the fluid jet injectors is denoted
by V, then the Reynolds numbers associated with each of the
chemical etchant jets, defined as the ratio V*¥D/nu, preferably

25 ranges from about 1,000 to about 15,000. Reynolds numbers less than
about 1,000 are undesirable because they result in undesirably low
etch rates, i.e., etch rates equal to or less than 0.3 micrometers per
second. While etch rates increase with increasing Reynolds
numbers, Reynolds numbers greater than about 15,000 are

30 undesirable because they require an undesirably large amount of
pump power to achieve.

In connection with the above it should be noted that_chexmcal

etchants which readily etch copper and have kmematzc vis : '

which permit ready attainment of the above-mentmned Reyn ds .

35 numbers include ferric chloride, hydrogen peroxxde and_..e__ am .
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substrate, chemcally etching the copper foil. To achieve, h«g cet Has
above-descri bed etching che.( acteristics, the fluid jetxiln

arranged so that if one weré to draw an i magi nary |ine a!;onﬂl m‘mzi‘
surface in a direction which is paraIIeI to the substrat

direction, extending fromthe entrance edge to the exit edge and

I ntersecting the g&n% of at least one fluid jet injector, then the total
nunber of fl uiRFY® ?1] ector centers intersected by this imaginary |ine

woul d be the sane a&ghtf&éantl}t,easehbwd ihyFign\8 , ofhleefluidijelt infeegowsary |ine. In
o on, 1 Bl SRR RO R L b e PR LS
or equal t o abtmdramﬁnamgmaa‘vdm 9 g.e,s'shetinmglm'yetqnall'?f)ol,aﬂoug 1. 3.
o oot or s, t nepecBERar s s ce REINEER PR HORIRE R i o o
I nJ ectors then shou greater an a | ess an_or equal
t o about 20 Sitpstrate transport du'ectmn, extending from the entrance edge 62
to the exit edge 64 end intersecting the center of at least one fluid
jet injector, e.g., injector 70-1, then the total number of fluid jet
injector centers intersected by this imaginary line would be the
10 | same as that intersected by any other such imaginary line. Thus,
for the pattern of fluid jet injectors depicted in Fig. 3, the total
number of fluid jet injector centers intersected by, for example, ‘the
imaginary line 170-1 is only one, as is the case with any other
such imaginary line, such as lines 170~2, 170-3, 170-4, etc. (Of
15 course, patterns of fluid jet injectors where the total number of
intersections is greater than one are also useful. It is believed that
such patterns of fluid jet injectors may require drain holes
interspersed among the fluid jet injectors.) In addition, if the
distance between any two such adjacent imaginary lines, e. g-s the
20 distance between imaginary lines 170~1 and 170-2, is denoted by Sl, _
then the ratio S1/D should be greater than 0 but less than or equal to
about 10, j)referably less than or equal to about 1.3. Moreover, if -
the distance between any two adjacent fluid jet injectors, e.g., the
distance between fluid jet injectors 70-2 and 80-2, is denoted by S2,
25 then the ratio S2/D should be greater than about 2, to avoid loss of
structural integrity, but less than or equal to about 20, and
preferably less than or equal to about 12.
Provided the above requirements are adhered to, the inventive
apparatus readily permits one to chemically etch at least a region
30 of the copper foil overlying the substrate 116 at an etch rate greater
than 0.3 micrometers per second, or equal to or greater than 0.5~
micrometers per second, and even as high as about 3 micrometers per
second, while achieving a relatively high 'etching uniformity. That
is, provided S2/D is less than or equal to or about 20, then the |
35 pattern of fluid jet injectors depicted in Fig. 3 readily permits one to
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uni formetching is achieved. It shoul'd be noted that the above-described

arrangenment of fluid jet injectors is based upon the finding that when a

~jet of chemcal etchant inpinges upon copper foil, the chenmical etchant
will etch the ceisbetorRerfoilatan ptahorajecgraster than 0. BmicromeIerscPer per

second (using t&&cone) M sleditionh af S2/Ba80ksd eithiP6h BYhaP¥Pibsuttis Ctthdd area

havi ng a-radi al extent of abqut 10*D. Therefore, in the inventive, .
appar gt us, the mﬁtt@) ra?e_ 8gu§l 10 or greater than 0.5 micrometers per second is

readily achieved. Moreover, further reducing this ratio results in

5 higher etch rates, with the etch rate even becoming as high as about
3 micrometers per second. In addition, provided S1/D is less than or
equal to about 10, then the variation in the thickness of the etched
copper will be less than or equal to 10 percent of the average
thickness of copper etched over the copper foil region subjected to

10 etching. If this ratio is reduced to about 1.3 or less, then the

corresponding thickness variation drops to 6 percent or less.

As noted earlier, the inventive arrangement of fluid jet
injectors is based upon the finding that when one of the jets of
chemical etchant impinges upon copper foil, the chemical etchant will

15 only etch the copper at an etch rate greater than 0.3 micrometers per
second (using the Reynolds numbers discussed above) over a
circular area having a radial extent of about 10*D. Even higher
etching rates are achieved if the radial extent is about 6*D or less.
Therefore, in the inventive apparatus, the ratio S2/D is required to

20 be less than or equal to about 20, and preferably less than or equal
to about 12, to ensure that after impingement, any two adjacent fluid
jets will overlap each other after spreading out radially no more than
about 10*D, and preferably no more than about 6*D. In addition, it
has been found that when a jet of chemical etchant impinges upon a

25 : moving copper foil, that the variation in the thickness of the copper
etched is within 10 percent of the average thickness of the copper
etched only over an area having a width of about 10*D. Moreover, a
thickness variation of 6 percent or less is achieved over an area
having a width of about 1.3*D. Therefore, to achieve such a 10

30 percent, or 6 percent or less, thickness variation, the ratio S1/D is
required to be less than or equal to about 10, and preferably less
than or equal to about 1.3.

"~ preferably | ess than or éqtjal to about 12. It nust be errphas',z_ C Has Heer Replaced
by virtue of this arrangeng of fluid jet injectors th|t thg “h \I |
above-descri bed conbinatio f relatively high etch rate andl su I T

If the substrate 140 includes coppex; foils on its upper and
lower surfaces, and the copper foils on both these surfaces aré to
35 . be chemically etched, then the preferred embodiment of the i'n'frentive
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S2/ D is -requi'red to be | ess than or equal to about:20: to e:rm,gsﬁggﬂqasggeh% laced :T

i npirngement, any two adjacen{ fluid jets wll overlap eﬁ ot h
spreddi ng out radially no rore than about 10*D. In addit' ﬂ%
found that when one of the jets of chemical etchant inpingés u

copper foil, that the variation in the thickness of the copper etched is

- within 10 percent of the average thickness of the copper etch only over
an area having %PB&IBEHsgP phsexably includgs a-senopd nlenaemwsdg f> 8510

percent uni f or niléyictéd w@i@uu tTts segbRd pémiR BRAEiIHO120 éentatnsehched, the
because each of SRR BatBeeie 186 e Recri I oo Bude Pieestie e 1B¥EE o
nunber of fl ui dfgeet tubsgsebtloi, déﬁ-t:laand laaed. E‘hagplenminrﬂianﬁ)brllﬁomehmper
(oL fazhzspzraese@s&éﬁace R o A L
of chemical et cfeask h}bﬁssMQﬂerM@ﬁkaBdriéOt‘%I ich serve to umformly disperse
chemical etchant toward, and into, five rows 170, 180, 190, 200 and
210 of spaced-apart, drilled holes extending from the plenum
chamber 130 to the surface 160 of the plenum housing 120. Each such
10 hole serves as a fluid jet injector, with the corresponding fluid jet
being a jet of chemical etchant. The rows of fluid jet injectors 170,
180, 190, 200 and 210 are arranged in the same manner as the rows of
fluid jet injectors 70, 80, 90, 100 and 110.
Among other applications, the inventive apparatus is useful
15 in connection with the formation of a circuit pattern on a printed
circuit board substrate. That 1s, such a clrcmt pattern is readily
fabricated by laminating a relatrvely thick c0pper foil, i.e., a copper
foil having an initial average thickness greater than 9 micrometers, -
to the upper surface of the printed circuit board substrate, using
20 conventional techniques. One such commercially available, relatively
thick copper foii has an initial average thickness of about 18
micrometers, while another commercially available, relatively thick
copper foil has an initial average thickness of about 13 micrometers.
| After the lamination step, at least a region, or all, of the
25 relatively thick copper foil is chemically etched with the inventive
apparatus 10. As discussed above, this means that the relatively
thick copper foil will be etched at an etch rate which is greater than
0.3 micrometers per second, or equal to or greater than 0.5

micrometers per second, and even as high as about 3 micrometers per
30 second. In addition, the variation in the thickness of copper etched

at any point will be within 10 percent of the average thlcknes_' of g

‘copper etched over the copper foil region

35 9 micrometers but greater than or equal to about 3 i

EN994004 11



etching tine. Consequently, each such longitudinal strip Uh Been Replaced, -
substantially the sanme int-ﬁgrat ed etch rate (integr | ov | H“'alk al
etching tine), and thereforie substantially the same total g1 B( () | | P
etching, resulting in etched copper foil having the relatively | ow '
t hi ckness variation, described above. Brief Description of the Draw ngs The
invention is described with reference to the acconpanyi ng draw ngs

wherein: Fi g. Usefl finalaverageithickpesses pre, fnexswrlg, SBIIPREIRTSo! t he

i nventive appafigdditetelrs §nd3 inferomeétirs. C Als #dte8 abd96| ith8 Maridtion bi thde

prefered ootk Feta of o bedexshacfobs ol HnE he WEnRld Bolkoil U 0 T
the average thickness of copper etched over the copper foil region.
5 Therefore, if the initial average thickness of the relatively thick
copper foil is 18 micrometers (and is assumed to have no initial .
thickness variability) and the thickness of the copper foil region is
to be reduced by, for example, 9 micrometers, to produce a desired
final average thickness of 9 micrometers, then the corresponding
10 variation in the thickness of the resuiting copper foil region will be
within .9 micrometers (10 percent of 9 micrometers) of the desired
final average thickness. On the other hand, if the thickness of the
copper foil region is to be reduced by 13 micrometers, to produce a
desired final average thickness of 5 micrometers, then the
15 corresponding variation in the thickness of the resulting copper foil
region will be within 1.3 micrometers (10 percent of 13 micrometers)
of the desired final averagé thickness. Further, if the thickness of
the copper foil region is to be reduced by 15 micrometers, to
produce a desired final average thickness of 3 micrometers, then the
20 corresponding variation in the thickness of the resulting copper foil
region will be within 1.5 micrometers (10 percent of 15 micrometers)
of the desired final average thickness. :
If the initial average thickness of the relatively thick copper
foil is 13 micrometers (and is assumed to have no initial thickness
25 variability), and the thickness of the copper foil region is to be
reduced by, respectively, 4 micrometers (to achieve a desired final
average thickness of 9 micrometers), 8 micrometers (to achieve a

desired final average thickness of 5 micrometers) and 10 micrometers

(to achieve a desired final average thickness of 3 micrometers), then
30 the corresponding variation in the thickness of the resulting copper

foil region will be, respectively, 0.4 micrometers, .0_.8 micrometers B

and 1 micrometer. . o e L

After the completion of the above-d.éscrib_ed etqhihg,_{__-tﬁ_?_

reé.ulting copper foil is then processed using, for exam'p:le,l-'__-_' e

35 conventional subtractive or additive techniques, to pfoducg

EN994004 . : 12




REPLACEMENT SHEET -6- Detailed Description o f the Pr eferredTﬁ aced' 5

- The invention .involves an apparatus, and a corr espondi
- chem cally etching at least a region of a copper foil ov rIy|
substrate, such as a printed circuit "board substrate. Signific n '

etch rate achi evable with the inventive apparatus is greater than 0 3

m croneters per aond ual to or greater than 0.5 nicroneters per

second, and is- HRRAHTeH '%FP"EEP&HGHP 3 nmicroneters per second. .In addition,

the etching is so uniformthat the variation in the thickness of copper

etched is wthi peycent, or even within 6 percent, of the average

t hi ckness of copper eet ched over the entire foil region. As a consequence,

5 A relatively thick copper foil was laminated to a printed circuit
board substrate, using conventional techniques. The dimensions of
the substrate were 18 inches by 24 inches by 0.060 inches. The
thickness of the copper foil was measured to be 13 +/~ 0.36
micrometers, using a 4-point probe which had been calibrated using

10 1/2 ounce and 2 ounce copper foil laminated to an epoxy-glass
substrate. '
Using the apparatus depicted in the lower halves of Figs.
1 and 2, and in Fig. 3, the entire copper foil of the above-described,
copper foil-clad substrate was chemically etched. The chemical
15 etchant was an aqueous solution of cupric chloride, in which
o the concentration of cupric chloride was 190 grams per liter. This
aqueous solution also included a sufficient amount of hydrochloric
acid to form a corresponding 1 molar solution. In connection with the
apparatus, the diameter, D, of each of the fluid jet injectors was 40
20 : mils (0.040 inches). The corresponding ratio of L/D was 6.25. In
addition, the copper foil -clad substrate was transported over the
surface of the apparatus at a height, H, of 0.050 inches and
therefore the ratio H/D was 1.25. Moreover, the copper foil~clad
substrate was transported at a speed of 20 inches per minute.
25 In connection with the arrangement of fluid jet injectors
depicted in Fig. 3, the ratio S2/D employed was 6.25, while
the ratio S1/D employed was 1.25. The Réynolds number associated
with the corresponding chemical etchant jets was 1,750.
The resulting thickness of the etched copper foil was 3.0 +/-
30 0.46 micrometers, as measured with the 4-point probe. In addition,
the corresponding etch rate (defined as average thlckness of eopper
etched divided by total etch nme) was 0.36 mlcrometers per second

EN994004 | 13




the variation in the thickness of the resulting: etched Tpﬂler

- eePt{as e°1£‘
s within 1.5 mcroneters, ~Or even within 1 mcromet

aver age thickness (assum ng no initjal thickness varia ‘IO ﬂ
the total thickness varialbility is the sumof the initial

variability and any additional thickness variability due to the etch| ng.)
Wth reference to Figs. 1 and 2, a first enbodi nent of the inventive "
apparatus 10 includes at |east one plenum housing 20 nade, for exanple, of
pol ycar bonat e.E"FWFE‘etﬂ enum housi ng 20 contains a plenum chanber 30 into
whi ch a- chem cal etchant is fed under pressure via three feed tubes 40-1,

40-2 and 40-3 (onIy \/\h@%l S sho in Fig, 2). The pl enum chanber 30
i ncl udes three defl®dEHIALES 6°11Pen5 ibwas daminated 1o ppriptes xe three

f ed tubes 40- mm&%aaﬁ%&ﬁng%hﬁbnﬁﬁﬁwté&m@hés}r "The dinfpeicis etheni cal
etchant the substrate were 3 inches by 3 inches by .060 inches. The
thickness of the foil was measured to be 18 +/~ 0.2 microns, by
examining cross-eections of the foil under a microscope.
Using an apparatus similar to that depicted in the lower halves

10 of Figs. 1 and 2, and in Fig. 3, a1 inch-sf;uare portion of the copper
foil surface of the above-described, copper foil-clad substrate was '
chemically etched. The chemical etchant was an aqueous solution of
190 grams per liter cupric chloride and 3 molar hydrochloric acid, at
130 degrees Fahrenheit. In connection with the apparatus, the

15 diameter, D, of each of the fluid jet injectors was 20 mils (.020
inches). The corresponding ratio of L/D was 5.0. In addition, the
copper foil-clad substrate was transported over the surface of the
apparsatus at a height, H, of .020 inches and therefore the ratio H/D
was 1.0. Moreover, the copper foil-clad substrate was transported

20 at a speed of 60 inches per minute.

In connection with the arrangement of fluid jet injectors
depicted in Fig. 3, the ratio S2/D employed was 2.0, while the ratio
S1/D employed was 1.0. The Reynolds number associated with the
corresponding chemical etchant jets was 11,532.

25 The etch rate was 2.6 microns/second, as determined by the
initial thickness and the time to completely etch through the
one-inch-square region of copper foil. The variability in etched
thickness at breakthrough was within +/- 5 percent of the average,
as determined by the time required for the lowest region of copper

30 to completely etch away vs. that required for the thickest region to
etch away. ' '
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toward, and into, five rows 70, 80, 90, 100 and 110 of 21%9 -apart, - SRHY
drilled hol es extending frqmthe plenum chanber 30 to-theSgf B lacedh o
pl enum housi ng 20.- Each such hole serves as a fluid jet]{in l ﬂ he -~ -

corresponding fluid jet being a jet of chenical etchant

clearly in Fig. 1, the inventive apparatus 10 also includes rollers 112 and.

114 which serve to transport a REPLACEMENT SHEET -7- copper foil-clad
substrate 116, e.g., a copper foil-clad printed circuit board substrate, at

a distance, H frorWhile tise idvaitidt) haé beh ParedhlaH¢ 8heWd arfl dbseriBed X
edge 64 of the .%Hl’f?ce 60. . e s
with referéence to preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in
5 form and details may be made therein without departing from the

spirit and scope of the invention.

EN994004 ' 15



This transport of the substrate 116 occurs along a transport direction -
whicch is parallel to an |rr&g{ nary axis 118 associ at ed -w. t ThisSheet HewH
which axis is oriented perpendi-cularly to the entrance and ﬁl
and 64, and extends fromthe entrance edge 62 to the exit- J’Hm“u“ﬂﬂgm
beyond. It should be noted that spent chemical etchant flows over
~entrance and exit edges 62 and 64, as well as over the sides 66 and 68, of
surface 60, into a sunp (not shown) positioned bel ow the apparatus 10.
Thus, the entraOldmand exit edges 62 and 64, as well as the sides 66 and
68, serve as the drains of the apparatus 10. Wth reference nowto Fig. 3, .
the five rows 70, 80, 90, 100 and 110 of fluid jet injectors are preferably
al I1parall el toloﬂ@mm‘atttsarcmprlahlggned perpendicularly with respect to the

axig 118. In addition, thg {dadtd fifdt dubrBsd CofrinfteCRitRn8ions) Sncluding

3 an entrance edge and an exit edge and characterized by an

4 axis extending from said entrance edge to said exit edge;
5 means for transporting a substrate over said surface at
6 a distance, H, from said surface, from said entrance
7 edge to said exit edge along a transport direction which
8 is parallel to said axis, Characterized In That
9  said apparatus further coinprises a plurality of

10 . spaced-apart fluid jet injectors, each characterized by a

11 diameter, D, and each capable of producing a fluid jet

12 which impinges upon said substrate, said plurality of

.13 fluid jet injectors being arranged so that an imaginary

14 line drawn along said surface in a direction which is

15 parallel to said transport direction, which extends from

18 said entrance edge to said exit edge, and which

17 intersects the center of at least one fluid jet injector,

18 intersects the same total number of fluid jet injector

19 centers as any other such imaginary line drawn along

20 said surface in a direction which is parallel to said

21 transport direction, which extends from said entrance

22 _ edge to said exit edge, and which intersects the center

23 ' " of at least one fluid jet injector, any two such adjacent

24 imaginary lines being spaced apart by a distance S1,

25 where S1/D is greater than 0 but less than or equal to

26 : about 10.
1 2. The apparatus of claim 1, wherein any two adjacent fluid jet
2 injectors from among said plurality are separated by a distance
3 ' S2, where S2/D is equal to or greater than about 2 but |
4 less than or equal to about 20. |

EN994004 | 18
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in-an adjacent row-so that if the former row were to be m“m
latter row, the fluid jet injectors in the former row woul
i nterdigitated with t he f|UId jet injectors in the latter row 'Mreover,

each of the fl qjt%l njectors is of equal djaneter ) ragges from

abdut 5 nils (. 05 i e eaparaiug i plaiss g, wheren S5 ﬁmf)ert@ﬁa

prej erably about 40 lets thgn @8 @quatheapoutiiudd jet injectors having
a:}maters smal l er than about 5 m|s are undesirable because they are

difTicult to fabricate and difficult to keep clean. On the other hand,

fllid jet inject.ors Daeappacitussfeclgingleattmreih@?/RDloequabt® arls are

unggsi rabl e because %!tgg | purrp 1 ow

to%roduce chem cal ®tc aél%tagoeg\??ﬂgﬁg%ée?gé%g&% Q%%ﬂﬁﬁt %

drill.ed hol es which

1 5. The apparatus of claim 1, wherein each of said fluid jets is

rows are preferably equidistantly spaced and the f1urd aschregn laced'
any one row are also preferably shifted relative- to th‘e\ ﬁ]gﬁﬁ

r o)

d

2 characterized by a fluid speed, V, at said fluid jet

3 injectors, and the fluid of said fluid jets is characterized

4 by a kinematic viscosity, nu, and wherein a Reynolds

5 number associated with each of said fluid jets, defined

6 as the ratio V*¥D/nu, ranges from about 1000 to about

7 15,000.

1 6. The apparatus of claim 1, wherein the ratio H/D ranges

2 from about 0.3 to about 12.

1 7. A method for fabricating a device, comprising the steps

2 of: -

3 providing a copper foil-clad substrate;

4 etching, and thereby thinning, at least a region

5 of said copper foil with a chemical etchant at an etch rate

6 which is greater than 0.3 micrometers per second but

7 less than or equal to about 3 micrometers per second,

8 said etching being sufficiently uniform so that the

9 variation in the thickness of copper etched at any point
10 is within 10 percent of the average thickness of copper
11 etched over said entire region.

1 8. The method of claim 7, wherein said etch rate is equal to

2 or greater than 0.5 micrometers per second but less .

3 than or equal to about 3 micrometers per second. |

EN994004 17
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constitute the fluid jet injectors are preferabl ¥ all of l;sﬁeetr}ggheenke laced
o this regard, the ratio 4D ranges from about 1 - <

Ratios | ess than about 1 aré undesirabl e because they res Itjmm“ﬁﬁ"l |||
devel oped chemi cal etchant jets. Ratios greater than about 4

undesi rabl e because they require an undesirably Iarge anount of punp
pressure to produce chem cal etchant jets. As shown in Fig. 1, the rollers
112 and 114 serve to transport the copper foil-clad substrate 116 over the
sukface 60 of 9he aPpamsthod b claim7 heibprtin sdidadtoking iwe surface 60. In

thes regard, the raghdibry Wfsiad L& THACHU vEridabg ;8004 12. Ratios

smal | er than . _ . -
3 thickness of copper etched at any point is within 6

4 percent of the average thickness of copper etched over
5 ' said entire region.

1 10. The method of claim 7, wherein said etching step

2 includes the step of impinging a plurality of fluid jets

3 upon said copper foil, the fluid of said fluid jets

4 including a chemical etchant.

11. The method of claim 7, further comprising the step of
selectively etching, or selectively depositing additional
copper onto, said thinned copper foil to form a circuit

pattern.
1 12. A method for fabricating a device, comprising the steps
2 of: _
3 providing a copper foil-clad substrate, the copper
4 foil having an initial average thickness which is greater
5 ‘than 9 micrometers H '
6 etching, and thereby thinning, at least a region
7 of said copper foil with a chemical etchant, at an etch
8 rate which is greater than 0.3 micrometers per second
L] but less than or equal to about 3 micrometers per
10 second, to a final average thickness which
11 is equal to or greater than about 3 micrometers but less
12 than or equal to about 8 micrometers, the variation in
13 the thickness of the etched copper being within about
14 1.5 micrometers of said final average thickness.
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about 0. 3 are undesirabl e because they result i n undési 'Tais Bheet Has B eplaced
dr-ai nage of the spent chem*gal etchant. On the other J';and m\ ET“
‘than about 12 are undesirable because they result in an un _
| oss of nonentum of the chem cal etchant jets before the jels 1 npinge upon
the substrate 116. Wth reference again to F|g 2, because the fluid jet '
|nJ ectors are ef erabl | 1 di rreter nd are all.connected to
hé sane pl enuﬁ]%char}@%erx‘?gl %ﬂ%%ﬁ#@ ﬁ € teds @gu8Lch of -t he
fI #djet injectors tosmmimthﬂqOe&sﬁuromdtbps pﬁsaemd bandedshe speed of

t hg; chemical et chanttP%ﬁt&, &g&?%'d&%uttraoﬁ L‘?ﬁe{%# écohaj ectors is

necessarily essentially al he "sane |c Viscosity of the
supplied chem cal etchant is denoted by nu and the speed of the chem cal

etghant jets atjqthe fhdindthéd of magﬁtﬁr Swh Qﬂé%qrmho\{lnthfé'l t he Reynol ds

nunbers associated with each of chem cal _etchant J ets, defined as the
ratd o V*D/nu, pref ertiifigpess of the etched copper is within about 1

3 micrometer of said final average thickness.

1 15. The method of claim 12, wherein said initial average

thickness is about 18 micrometers.

1 16. The method of claim 12, wherein said initial average
thickness is about 13 micrometers.

17. The method of claim 12, wherein said final average
thickness is about 9 micrometers.

18. The method of claim 12, wherein said final avemge

2 thickness is about 5 micrometers.
1 18. The method of claim 12, wherein said final average
2 thickness is about 3 micrometers.
1 20. The method of claim 12, wherein said etching step
2 includes the step of impinging a plurality of fluid jets
3 upon said copper foil, the fluid of said fluid jets
4 including a chemical etchant.
1 21. The method of claim 12, further comprising the step of
2 selectively etching, or selectively depositing additional
3 copper, onto said thinned copper foil to form a circuit
4 pattern. '
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ranges fromabout 1,000 to about 15, 000 Reynol ds nunbers-d,ggﬁee geeglkg ;ced,i
1.000 are undeS|rabIe because they result i undeS|ra "
i.e., etch rates equal to of less than 0.3 mcrorreters_ per

etch rates increase wth increasing Reynol ds nunbers, Reyn
greater than about 15,000 are undesirabl e because they reqU|re an
undesirably | arge anYPa p. MNE c@ n with the
above, it should be not nga{ ha{m@hem c%?émg%&% ’ﬂﬁ' ﬂ&gﬁ%} et ch copper
and have ki nematic viscosities whiktehing Substraies attai nnent of the
above-nmenti oned Reynol ds nunbers include ferric chloride, hydrogen peroxide
and sodi um -O-

Abstract

An apparatus, and a corresponding method, for chemically
5 ' etching the copper foil of a copper foil~clad substrate are disclosed.
Significantly, this apparatus includes fluid jet injectors which
serve to produce jets of chemical etchant. These fluid jet injectors
are arranged so as to simultaneously achieve a relatively high etch
rate and a relatively high etch uniformity.
10

EN994004 ' - 20




.persulfate Significantly, as shown 'Esfbgru . hes fIULd Jjet- injectors of

t he*rows_ 70, 80, 90, 100 and 110 are arpdnged so fhat-if one | t nReplaced -
|nag|nary line, e.g., the |nag|ﬁhr9 F KOG &lloal the | H : ﬂ '
60 in-a direction which is parallelSHERhe|s@strate trans)

extending fromthe entrance edge 62 to the exit edge 64 and intersecting
the center of at |east one fluid jet injector, e.g., injector 70-1, then
the total nunber of fluid jet injector centers i nt er sect ed by this

imagi nary |line would be the sane as that intersected by any other such
imagi nary line. Thus, for the pattern of fluid jet injectors depicted in
Fig. 3, the total nunber of fluid jet injector centers intersected by, for
exanple, the inmaginary line 170-1 is only one, as is the case with any

ot her such imaginary |line, such as lines 170-2, 170-3, 170-4, etc. (O
course, patterns of fluid jet injectors where the total nunber of

O(-OO
-,-.. f—r.,

1

FIG.




intersections is great er than one are useful . It |s bel i eved -that such
patterns of fluid jet injectors may réiﬁ? dUHHI n hol es (i Pl :
the fluid jet injectors.) In adftdoRRANKOBK Mi stLaﬂCeri : lJCh
adj acent imaginary lines, e.g., th nee tween i i 1
and 170-2, is denoted by S1, then gt‘rga?lg Q?eDgghoul d be greater than O
but | ess than or equal to about 10, preferably |less than or equal to about
1.3. Moreover, if the distance between any two adjacent fluid jet
injectors, e. g., the distance between fluid jet injectors 70-2 and 80-2,
is denoted by S2, then the ratio S2/D should be greater than about 2, to
avoid loss of structural integrity, but less than or equal to about 20, and
preferably | ess than or equal to about 12. Provi ded the above requirenents
are adhered to, the inventive apparatus readily permts one to chemcally
etch at | east a region of the copper f0|I overlying the substrate 116 at an
etch rate greater

f40-1

160
60

/ /
AT VY
_Ll l l l l
\112 Ir—_— - —__/—]1/'—‘\30 L4
7 - - - = - l
L _____._r._..___r_._._____l \_20

50-1 l l\
40-1

FIG. 2



tharr’0.3 micronmeters per second, or ﬁﬁg %l'—g(? or greater than 0.5 .
ncroneters per second, and even as é A0 out 3 mcr,'_nﬁ}iseghgét SIPE opd, o
whi I-e achieving a relatively hi@hJetcRANKQBKIoreritgl. THRt | an Hift aced _
S2/Dis less than or equal to or a@y) 20, t&gn:t)he'patt rnmm | I o
injectors depicted in Fig. 3 readil A%cér m'%s, one’to REPL 10
etch copper foil at an etch rate greater than 0.3 mcroneters per second.
In addition, if S2/Dis less than or equal to about 12, then an etch rate
equal to or greater than 0.5 mcroneters per second is readily achieved.
Moreover, further reducing this ratio results in higher etch rates, with
the etch rate even becom ng as high as about ‘

62
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3'nmicrometers per second. In ad ipt f20N, iokd S1/Dis |
to dabout 10, then the vari ationc*:*pn th(!u?ﬁ’iw%kness of the:
bed | ess than or equal to 10 percent of the average thick

ess 0 $ofpRT
etched over the copper foil region subj ect]ed to etching. || Patehis - rati-e - s

| REPUAGEMENT SHEET

reduced to about 1.3 or less, then the Corréspondi ng thi cRMess varratton
drops to 6 percent -Apphestus,MAndCadespohding Metteod ,nFenChemiealimngenent of

fluid jet injectors is based upon - Lndi t when one of the jets of
chem cal etchant inpinges upon cop%{ekﬁu{l%irﬁ&’? etlggherri.cal etchant will only
etch the copper at an etch rate greater than 0. 3 mcroneters per second

(using the Rewk%oﬁﬁm&gim&g above) over a circular area having a
0 0

radi al extent ut 10*D. Even higher etching rates are achieved if the
radi al extent is about 6*D or less. Therefore, in the inventive apparatus,

the ratio S2/D i$, refldidfethd lvntigiss than or equal to about 20, and
preferably | ess than or equal
The invention relates generally to an apparatus, and a
corresponding method, for chemically etching copper foil-clad
substrates, such as copper foil-clad printed circuit board
substrates.

2. Description of the Related Art

Thin conductive metal foils, such as thin copper foils, play
an important role in the fabrication of printed wiring circuits .
on printed circuit boards. That is, such printed wiring circuits
are typically formed by attaching, e.g., laminating, a thin copper
foil to a printed circuit board substrate. The thin copper foil
is subsequently, for example, selectively etched to form the desired
circuit pattern. This is accomplished by initially forming a
patterned photoresist on the copper foil and then etching the
copper foil while using the pétterned photoresist as an etch
mask. Alternatively, a circuit pattern is formed by selectively
depositing additional copper onto the copper foil. In this
alternative, a patterned photoresist is also initially formed |
on the copper foil. Then, additional copper is seleétively deposited,
e.g., electroplated, onto the copper foil, portions of which copper
foil and/or deposited copper are subsequently etched away, and thus
sacrificed.

Regardless of whether selective etching or selective deposition
'is used, it is often important that the above-described copper foil be
as thin as pos_sible'. For example, if selective etching is used, then
the thinner the copper foil, the more closely the etched copper foil
will match the patterned photoresist. On the other hand, if selective



[

to about 12, to ensure that after inpingenent, any two e AsEMENT SHEET
will overl ap each other after spreading out radially no|fnore asggbﬁﬁ
10*D, and preferably no nore than ab(")ut_ 6*D. In addltlo_ !Dalté;‘_; ds..neellir.ou
that when a jet of chem cal etchant i npi ngE-s upon a novi= ppef=fors
that the variation in the thickness of the=cdpper etched is within 10
percent of th&eREEHIRMIS Hpedknahereftherthin sopper oit liemitimagelyvetchad ar ea

having a wi dt Gualy, 209 imbGH nt e Q8 lotcRirig b€ KN BSpNEK Al R dlnarae cONt

or less is achieyed qver an area having a W out herefore,
to achieve sufR FEBdgthesRTTespoRding: Cixpuitpattern, whigh i meze reafilyi on,
the ratio S1/ _chie'\raﬂ!ﬂeliifﬂﬁhblopb&- Fsis 3s ti?mg ﬁéir;seﬂl?]!i' tg ?bogt igb iaﬂgl Ldes
referably less th al to out. 1..3. X e substr a

Eopper foils on it%%%@?ﬂydnﬁq%?ﬁg&’éulﬁ‘gﬁg&m SSf& %ﬁ‘ﬂ%ﬁ ®%ot4d s on both
these surf acemiaremetersarehweidcial formingherintéchendringecipewits: r Howegbpdi ment
of the inventijgre is a strong desire in the printed circuit board

industry to use even thinner copper foils, e.g., copper foils
having thicknesses of 9 micrometers, 5 micrometers or even
3 micrometers. _

Various attempts have been made to form copper foils having
thicknesses equal to or less than 9 micrometers on printed circuit
board substrates. In several such attempts, the copper was
sputtered directly onto the substrate. Unfortunately, the heat of the
sputtering process was so great as to destroy, deform or undesirably
alter the corresponding substrates. .

- Other attempts to form very thin copper foils have involved
. chemically tfeating.substrates and then chemically de;iositing
very thin copper foils onto the treated substrates. These attempts
proved to be very sensitive to containination, which led to pin hole
voids in the deposited copper. Such pin hole voids are undesirable
because they can and do degrade the electrical performance of the
corresponding printed circuit board.

Significantly, a new method for forming a very thin copper
foil on a substrate is described in U.S. Patent No. 4,917,758
which issued to K. Ishizuka et al on April 17, 1990. Here, a
substrate bearing a relatively thick copper foil is chemically
etched with a spray-type etching machine in order to thin
the relatively thick copper foil. While the reported variation
of the thickness of the copper foil remaining after the etching
is within +/- 2.0 micrometers, the etch rate is less than or
equal to 0.3 micrometers per second. Such low etch rates require
corresponding etch times which are much too long for many
commercial applications. '

Thus, those engaged in the development of printed circuit



apparatus 10 preferably includes a-second pl enum housi ngjf IRPLAREMISR @;
in Fig. 1. This second plenum housing 120 contains a pl efium C%Tbgé ﬁ%& 1
into which fluid is fed under pressure via three feed tu Qj;,tellﬁ _________
and 140-3. The pl enum chanber 130 includes three deflect pates-—]

150-2 and 150-3, aligned with the three” d tubes 140-1, 140-2 and 14Q-3,'
whi ch serve t boaxds bere sodghpetbus faewithdutesudress, apparatusaadndit o, five

rows 170, 180 i RACELA R I o8 ext endi ng
fromthe pl enﬁﬁ%‘gﬁ%snj)?%?e%%gut %ﬁ{ Eéer siuga%f?%&t %of&{ie%oggenuﬁousi ng 120.
Each such hol eom@epeiallysvigble time pexiofdsj ector, with the corresponding fl uid

jet being a jet of chemical etchant. The rows of fluid jet injectors 170,

180, 190, 200 _and 210 fare rranged in the sane manner as the rows of
Summary of the Invention :

The invention involves an apparatus, and a corresponding
method, for chemically etching at least a region of a copper foil
overlying a substrate, e.g., a printed circuit board substrate, at an
etch rate which is greater than 0.3 micrometers per second, or equal
to or greater than 0.5 micrometers per second, and even as high as
about 3 micrometers per second. (For purposes of the invention,
etch rate is defined to be the average thickness of copper etched
divided by the total etching time.) Consequently, the corresponding
etch times are definitely commercially viable and, indeed,
commercially attractive. Moreover, the chemical etching .
is sufficiently uniform so that at any point, the variation in
the thickness of copper etched is within 10 percent, or even
within 6 percent, of the averége thickness of copper etched over
the entire copper foil region. Thus, for example, if the initial
average thickness of the copper foil region is 18 micrometers
and the initial thickness variability is ignored, and if the thickness
-of the copper foil region is to be reduced by, for example, 15
micrometers, to produce a desired final average thickness of 3
micrometers, then the corresponding variation in the thickness of
the resulting copper foil region will be within 1.5 micrometers (10
percent of 15 micrometers) of the desired final average thickness.
Similarly, if the initial average thickness of the copper foil region is
13 micrometers and the initial thickness variability is ignored, and if
the thicknesé of the copper foil region is to be reduced by, for
example, 10 micrometers, to produce a desired final average
thickness of 3 microméters, then the corresponding variation in the
thickness of the resulting copper foil region will be within 1
micrometer (10 percent of 10 micrometers) of the desired final
average thickness.
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"pattern on a printed circuit board substrate. That is,
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means that tipareBehto anlipaghierly axispessotiatéd with the appabetthsodurface) ch rate
which is greRln&f}i ' from the entrance edge to the exit edge. As the copper

foil-clad substrate moves over the apparatus surface, jets of

chemical etchant emitted by the fluid jet injectors impinge upon the

substrate, chemically etching the copper foil.

To achieve the above-described etching characteristics, the

fluid jet injectors are arranged so that if one were to draw

an imaginary line along the apparatus surface in a direction

which is parallel to the substrate transport direction, extending

from the entrance edge to the exit edge and intersecting

the center of at least one fluid jet injector, then the total .

number of fluid jet injector centers intersected by this imaginary line

would be the same as that intersected by any other such imaginary

line. In addition, if the distance between any two such adjacent

imaginary lines is denoted by S1, then the ratio S1/D should be

greater than 0 but less than or equal to about 10, and preferably less

than or equal to about 1.3. Moreover, if S2 denotes the distance

between any two adjacent fluid jet injectors, then S2/D should be

greater than about 2 but less than or equal to about 20, and

preferably less than or equal to about 12. It must be emphasized that

it is by virtue of this arrangement of fluid jet injectors that the

above-described combination of relatively high etch rate and

substantially uniform etching is achieved.

It should be noted that the above-described arrangement of

fluid jet injectors is based upon the finding that when a

jet of chemical etchant impinges upon copper foil, the chemical

etchant will etch the copper at an etch rate greater than

0.3 micrometers per second (using the Reynolds numbers,

described below) over a circular area having a radial extent

of about 10*D. Therefore, in the inventive apparatus, the ratio



0.3 microneters per second, or equal to or greater than
second, and even as high as about 3 mcroneters per sec
the variation in the thickness of copper etched at any p i
10 percent of the average thickness of co per et ched ove
region. Preferably, the relatively thick copper foil is chemcally etched
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etchant impinges upon a moving copper foil, that the variation in the
thickness of the copper etched is within 10 percent of the average
thickness of the copper etched only over an area having a width of
about 10¥D. Therefore, to achieve such a 10 percent uniformity
throughout the region of copper foil to be etched, the ratio S1/D is
required to be less than or equal to about 10. Moreover, because

~ each of the above-described imaginary lines intersects the same
number of fluid jet injector centers, each longitudinal strip of copper
foil etched by chemical etchant jets during the passage of the
substrate over the apparatus surface necessarily undergoes etching
by the same number of chemical etchant jets, over the same total
etching time. Consequently, each such longitudinal strip undergoes
substantially the same integrated etch rate (integrated over the same
total etching time), and therefore substantially the same total amount
of etching, resulting in etched copper foil having the relatively low
thickness variation, described above.

Brief Description of the Drawings

The invention is described with reference to the accompanying
drawings, wherein: '
Fig. 1 is a perspective view of a preferred embodiment of
the inventive apparatus;
Fig. 2 is a vertical cross-sectional view of the preferred
embodiment; and

Fig. 3 is a top view of the pattern of fluid jet injectors
associated with the preferred embodiment.
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is greater than 0.3 micrometers per second, or equal to or greater
than 0.5 micrometers per second, and is even as high as about 3
micrometers per second. In addition, the etching is so uniform that
the variation in the thickness of copper etched is within
10 percent, or even within 6 percent, of the average thickness
of copper etched over the entire foil region. As a consequence,
the variation in the thickness of the resulting etched copper
foil region is within 1.5 micrometers, or even within 1 micrometgr,
of a desired final average thickness (assuming no initial
thickness variability). (Obviously, the total thickness varialbility is
the sum of the initial thickness variability and any additional
thickness variability due to the etching.)

With reference to Figs. 1 and 2, a first embodiment of
the inventive apparafus 10 includes at least one plenum housing
20 made, for example, of polycarbonate. This plenum housing 20
contains a plenum chamber 30 into which a chemical etchant is
fed under pressure via three feed tubes 40-1, 40-2 and 40-3 (only
one of which is shown in Fig. 2).

The plenum chamber 30 includes three deflector plates 50-1,
50-2 and 50-3, aligned with the three feed tubes 40-1, 40-2
and 40-3, which serve to uniformly disperse chemical etchant
toward, and into, five rows 70, 80, 90, 100 and 110 of spaced-apart,
drilled holes extending from the plenum chamber 30 to the surface 60
of the plenum housing 20. Each such hole serves as a fluid jet
injector, with the corresponding fluid jet being a jet of chemical
etchant.

As shown more clearly in Fig. 1, the inventive apparatus 10
also includes rollers 112 and 114 which serve to transport a
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entrance and exit edges 62 and 64, and extends from the entrance

edge 62 to the exit edge 64, and beyond.

It should be noted that spent chemical etchant flows over
the entrance and exit edges 62 and 64, as well as over the
sides 66 and 68, of surface 60, into a sump (not shown)

positioned below the apparatus 10. Thus, the entrance and
exit edges 62 and 64, as well as the sides 66 and 68, serve
as the drains of the apparatus 10.

With reference now to Fig. 3, the five rows 70, 80, 90,
100 and 110 of fluid jet injectors are preferably all parallel e
to one another and aligned perpendicularly with respect to the
axis 118. In addition, the fluid jet injectors in each of the
rows are preferably equidistantly spaced, and the fluid jet
injectors in any one row are also preferably shifted relative to
the fluid jet injectors in an adjacent row so that if the former row
were to be projected onto the latter row, the fluid jet injectors in the
former row would be interdigitated with the fluid jet injectors in the
latter row. Moreover, each of the fluid jet injectors is of equal
diameter, D, which ranges from about 5 mils (.005 inches) to about
250 mils (.250 inches), and is preferably about 40 mils (.040 inches).
Fluid jet injectors having diameters smaller than about 5 mils are
undesirable because they are difficult to fabricate and difficult to
keep clean. On the other hand, fluid jet injectors having diameters
greater than about 250 mils are undesirable because they require an
undesirably large amount of pump flow to produce chemical etchant
jets.

With reference again to Fig. 2, the drilled holes which
constitute the fluid jet injectors are preferably all of equal
length, L. In this regard, the ratio L/D ranges from about 1
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ounce and 2 ou opper f To an epoxy-glass substrate.
greater than about 40 are undesirable because they require

an undesirably large amount of pump pressure to produce chemical
etchant jets.

As shown in Fig. 1, the rollers 112 and 114 serve to transport
the copper foil-¢lad substrate 116 over the surface 60 of the
apparatus 10 at a height, H, above the surface 60. In this regard,
the ratio H/D ranges from about 0.3 to about 12. Ratios smaller than
about 0.3 are undesirable because they result in undesirably little
drainage of the spent chemical etchant. On the other hand, ratios
greater than about 12 are undesirable because they result in an
undesirably large loss of momentum of the chemical etchant jets
before the jets impinge upon the substrate 116.

With reference again to Fig. 2, because the fluid jet injectors
are preferably all of equal diameter, D, and are all connected to
the same plenum chamber 30, the chemical etchant supplied to each
of the fluid jet injectors is necessarily essentially the same, and the
speed of the chemical etchant jets emanating from the fluid jet
injectors is necessarily essentially also the same. If the kinematic
viscosity of the supplied chemical etchant is denoted by nu and the
speed of the chemical etchant jets at the fluid jet. injectors is denoted
by V, then the Reynolds numbers associated with each of the
chemical etchant jets, defined as the ratio V*D/nu, preferably
ranges from about 1,000 to about 15,000. Reynolds numbers less than
about 1,000 are undesirable because they result in undesirably low
etch rates, i.e., etch rates equal to or less than 0.3 micrometers per
second. While etch rates increase with increasing Reynolds
numbers, Reynolds numbers greater than about 15,000 are
undesirable because they require an undesirably large amount of
pump power to achieve.

In connection with the above, it should be noted that chemical
etchants which readily etch copper and have kinematic viscosities .
which permit ready attainment of the above-mentioned Reynolds
numbers inch_xde ferric chloride, hydrogen peroxide and sodium
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substrate was chemically etched. The chemi cal etchant
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enpl oyed Wa%o 6Lh%5exi¥\’ghkg' 64 and intersecting the center of at least one fluid
jet injector, e.g., injector 70-1, then the total number of fluid jet
injector centers intersected by this imaginary line would be the

- same as that intersected by any other such imaginary line. Thus,
for the pattern of fluid jet injectors depicted in Fig. 3, the total
number of fluid jet injector centers intersected by, for example, the
imaginary line 170-1 is only one, as is the case with any other
such imaginary line, such as lines 170-2, 170-3, 170-4, etc. (Of
course, patterns of fluid jet injectors where the total number of
intersections is greater than one are also useful. It is believed that .
such patterns of fluid jet injectors may require drain holes
interspersed among the fluid jet injectors.) In addition, if the
distance between any two such adjacent imaginary lines, e.g., the
distance between imaginary lines 170-1 and 170-2, is denoted by S1,
then the ratio S1/D should be greater than 0 but less than or equal to
about 10, preferably less than or equal to about 1.3. Moreover, if
the distance between any two adjacent fluid jet injectors, e.g., the
distance between fluid jet injectors 70-2 and 80-2, is denoted by S2,
then the ratio S2/D should be greater than about 2, to avoid loss of
structural integrity, but less than or equal to about 20, and
preferably less than or equal to about 12.

Provided the above requirements are adhered to, the inventive

apparatus readily permits one to chemically etch at least a region |
of the copper foil overlying the substrate 116 at an etch rate greater
than 0.3 micrometers per second, or equal to or greater than 0.5

e

micrometers per second, and even as high as about 3 micrometers per .
second, while achieving a relatively high etching uniformity. That

is, provided S2/D is less than or equal to or about 20, then the
pattern of fluid jet injectors depicted in Fig. 3 readily permits one to



correspondi ng chem cal etchant jets was 1, 750. The resu
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readily achieved. Moreover, further reducing this ratio results in
higher etch rates, with the etch rate even becoming as high as about
3 micrometers per second. In addition, provided S1/D is less than or
equal to about 10, then the variation in the thickness of the etched
copper will be less than or equal to 10 percent of the average
thickness of copper etched over the copper foil region sﬁbjected to
etching. If this ratio is reduced to about 1.3 or less, then the
corresponding thickness variation drops to 6 percent or less.

As noted earlier, the inventive arrangement of fluid jet
injectors is based upon the finding that when one of the jets of
chemical etchant impinges upon copper foil, the chemical etchant will
only etch the copper at an etch rate greater than 0.3 micrometers per
second (using the Reynolds numbers discussed above) over a .
circular area having a radial extent of about 10*D. Even higher |
etching rates are achieved if the radial extent is about 6*D or less.
Therefore, in the inventive apparatus, the ratio S2/D is required to
be less than or equal to about 20, and preferably less than or equal
to about 12, to ensure that after impingement, any two adjacent fluid
jets will overlap each other after spreading out radially no more than
about 10*D, and preferably no more than about 6*D. In addition, it
has been found that when a jet of chemical etchant impinges upon a
moving copper foil, that the variation in the thickness of the copper
etched is within 10 percent of the average thickness of the copper
etched only over an area having a width of about 10*D. Moreover, a
thickness variation of 6 percent or less is achieved over an area
having a width of about 1.3*D. Therefore, to achieve such a 10
percent, or 8 percent or less, thickness variation, the ratio S1/D is
required to be less than or equal to about 10, and preferably less
than or equal to about 1.3. '

If the substrate 140 includes copper foils on its upper and
lower surfaces, and the copper foils on both these surfaces are to

be chemically etched, then the preferred embodiment of the inventive
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empl oyed was 2 0iidil diénd e tdviird] and into, five rows 170, 180, 190, 200 and
210 of spaced-apart, drilled holes extending from the plenum
chamber 130 to the surface 160 of the plenum housing 120. Each such
hole serves as a fluid jet injector, with the corresponding fluid jet
being a jet of chemical etchant. The rows of fluid jet injectors 170,
180, 190, 200 and 210 are arranged in the same manner as the rows of
fluid jet injectors 70, 80, 90, 100 and 110.

Among other applications, the inventive apparatus is useful
in connection with the formation of a circuit pattern on a printed
circuit board substrate. That is, such a circuit pattern is readily ]
fabricated by laminating a relétively thick copper foil, i.e., a copper
foil having an initial average thickness greater than 9 micrometers,
to the upper surface of the printed circuit board substrate, using
conventional techniques. One such commercially available, relatively
thick copper foil has an initial average thickness of about 18
micrometers, while another commercially available, relatively thick
copper foil has an initial average thickness of about 13 micrometers.

After the lamination step, at least a reg'ion, or all, of the
relatively thick copper foil is chemically etched with the inventive
apparatus 10. As discussed above, this means that the relatively
thick copper foil will be etched at an etch rate which is greater than
0.3 micrometers per second, or equal to or greater than 0.5
micrometers per second, and even as high as about 3 micrometers per
second. In addition, the variation in the thickness of copper e.tched
at any point will be within 10 percent of the average thickness of
copper.etched over the copper foil region.

Preferably, the relatively thick copper foil is chemically etched
to have a final average thickness which is less than or equal to about

9 micrometers but greater than or equal to about 3 micrometers.
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the average thickness of copper etched over the copper foil region.
Therefore, if the initial average thickness of the relatively thick
copper foil is 18 micrometers (and is assumed to have no initial
thickness variability) and the thickness of the copper foil region is
to be reduced by, for example, 9 micrometers, to produce a desired
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final average thickness of 9 micrometers, then the corresponding
variation in the thickness of the resulting copper foil region will be
within .9 micrometers (10 percent of 9 micrometers) of the desired
final average thickness. On the other hand, if the thickness of the
copper foil region is to be reduced by 13 micrometers, to produce a
desired final average thickness of 5 micrometers, then the
corresponding variation in the thickness of the resulting copper foil
region will be within 1.3 micrometers (10 percent of 13 micrometers) .
of the desired final average thickness. Further, if the thickness of
the copper foil region is to be reduced by 15 micrometers, to
produce a desired final average thickness of 3 micrometers, then the
corresponding variation in the thickness of the resulting copper foil
region will be within 1.5 micrometers (10 percent of 15 micrometers)
of the desired final average thickness.

If the initial average thickness of the relatively thick copper
foil is 13 micrometers (and is assumed to have no-initial thickness
variability), and the thickness of the copper foil region is to be
reduced by, respectively, 4 micrometers (to achieve a desired final
average thickness of 9 micrometers), 8 micrometers (to achieve a
desired final average thickness of 5 micrometers) and 10 micrometers
(to achieve a desired final average thickness of 3 micrometers), then
the correspond_ing variation in the thickness of the resulting copper
foil region will be, respectively, 0.4 micrometers, 0.8 micrometers
and 1 micrometer. '

After the completion of the above-described etching, the
resulting copper foil is then processed using, for example,
conventional subtractive or additive techniques, to produce
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H, fromsaid surface, fromsaid entrance edge to said exit edge along a

transport direction which
Example 1

A relatively thick copper foil was laminated to a printed circuit
board substrate, using conventional techniques. The dimensions of
the substrate were 18 inches by 24 inches by 0.060 inches. The
thickness of the copper foil was measured to be 13 +/- 0.36
micrometers, using a 4-point probe which had been calibrated using
1/2 ounce and 2 ounce copper foil laminated to an epoxy-glass
substrate. _ _

Using the apparatus depicted in the lower halves of Figs.

1 and 2, and in Fig. 3, the entire copper foil of the above-described,
copper foil-clad substrate was chemically etched. The chemical
etchant was an aqueous solution of cupric chloride, in which

the concentration of cupric chloride was 190 grams per liter. This .
aqueous solution also included a sufficient amount of hydrochloric
acid to form a corresponding 1 molar solution. In connection with the
apparatus, the diameter, D, of each of the fluid jet injectors was 40
mils (0.040 inches). The corresponding ratio of L/D was 6.25. In
addition, the copper foil -clad substrate was transported over the
surface of the apparatus at a height, H, of 0.050 inches and
therefore the ratio H/D was 1.25. Moreover, the copper foil-clad
substrate was transported at a speed of 20 inches per minute.

In connection with the arrangement of fluid jet injectors
depicted in Fig. 3, the ratio S2/D employed was 6.25, while
the ratio S1/D employed was 1.25. The Reynolds number associated
with the corresponding chemical etchant jets was 1,750.

The resulting thickness of the etched copper foil was 3.0 +/-
0.46 micrometers, as measured with the 4-point probe. In addition,
the corresponding etch rate (defined as average thickness of copper

" etched divided by total etch time) was 0.36 micrometers per second.



is parallel to said axis, Characterized In That said ap{)oRERUACEMENThSHEET
conprises a plurality of spaced-apart fluid jet injectofs, eari 3
characterized by a dianeter, D, and each capabl e of profjumdtag. 1f§grd‘9§§t
whi ch i npi nges upon said substrate, said plurality of f 5 i
bei ng arranged so that an imaginary |i-nd4drawn al ong said surface in a
direction which is parallel to said transport direction, which extends from
sai d entrance pe@efpié@ said exit edge, and which intersects the center of at
| east one fluid jet injector, intersects the sanme total nunber of fluid jet
I njector centers as any other such imaginary |line drawn al ong said surface

in a direction whi dhréfatiipithidk t6pper foil WaBIpRinatdi e peihtewdissuiext ends
fromsaid ent (ANCs AI8erdd, SHifle Bonvedtiital Lchatlhsl ' PAE'SESISichl Geoent ef
the substrate were 3 inches by 3 inches by .060 inches. The
thickness of the foil was measured to be 18 +/- 0.2 microns, by
examining cross-sections of the foil under a microscope.
Using an apparatus similar to that depicted in the lower halves
of Figs. 1 and 2, and in Fig. 3, a 1 inch~-square portion of the copper
foil surface of the above-described, copper foil-clad substrate was
chemically etched. The chemical etchant was an aqueous solution of
190 grams per liter cupric chloride and 3 molar hydrochloric acid, at
. 130 degrees Fahrenheit. In connection with the apparatus, the
diameter, D, of each of the fluid jet injectors was 20 mils (.020
inches). The corresponding ratio of L/D was 5.0. In addition, the .
copper foil-clad substrate was transported over the surface of the '
apparatus at a height, H, of .020 inches and therefore the ratio H/D
was 1.0.. Moreover, the copper foil-clad substrate was transported

. at a speed of 60 inches per minute.

In connection with the arrangement of fluid jet injectors
depicted in Fig. 3, the ratio S2/D employed was 2.0, while the ratio
S1/D employed was 1.0. The Reynolds number associated with the
corresponding chemical etchant jets was 11,532.

The etch rate was 2.6 microns/second, as determined by the
initial thickness and the time to completely etch through the
one-inch-square region of copper foil. The variability in etched

- thickness at breakthrough was within +/- 5 percent of the average,
as determined by the timé required for the lowest region of copper
to completely .etch away vs. that required for the thickest region to
etch away. |



of. at .l east one fluid jet injector, any two such adj acepipgpiREEMENT SHEETS
bei ng spaced apart -by a di stance Sl1, where S1/Dis gre
than or equal to about 10. 2. The apparatus of claim
adjacent fluid jet injectors fromanong said plurality & .
di stance S2, where S2/D is equal to or ggeater than about 2 but |ess than

or equal to about -20. 17 3. The apparatus of claiml, wherein S1/Dis
greater than O but agf i Antish Bhs tRedNPititicklarly shown dH& QRBRfRIQS of

claim?2, wherein S2/Dis equal to or . .
with reference to preferred embodiments thereof, it will be

understood by those skilled in the art that various changes in
form and details may be made therein without departing from the
spirit and scope of the invention.
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greater than about 2 but less than or equal to about 12. rngpﬁbgmag,ﬁgs

of claim1, wherein each of said fluid jets is characteri
speed, V, at said fluid jet injectors, and the fluid of si
characterized by a kinematic viscosity, nu, and wherein at

associated wth each of said fluid jetsy i!iéfrned as the ratio V*D/nu
ranges from about 1000 to about 15,000. 6. The apparatus of claim1,
wherein the ratgg;bkD ranges from about 0.3 to about 12. 7. A et hod for
fabricating a device, conprising the steps of.: providing a copper
foil-clad substrate; etching, and thereby thi nni ng, at |east a region of

sai d copper foiq, %bﬁr@td‘sr}eéguﬁ?ﬂisﬁ%ham at an etch rate
at least a first surface, of finite dimensions, including
an entrance edge and an exit edge and characterized by an
axis extending from said entrance edge to said exit edge;
means for transporting a substrate over said surface at
a distance, H, from said surface, from said entrance
edge to said exit edge along a transport direction which
is parallel to said axis, Characterized In That
said apparatus further comprises a plurality of
spaced-apart fluid jet injectors, each characterized by a
diameter, D, and each capable of producing a fluid jet
which impinges upon said substrate , said plurality of
fluid jet injectors being arranged so that an imaginary 4
line drawn along said surface in a direction which is
parallel to said transport direction, which extends from
said entrance edge to said exit edge, and which
intersects the center of at least one fluid jet injector,
intersects the same total number of fluid jet injector
centers as any other such imaginary line drawn along
said surface in a direction which is parallel to said
transport direction, which extends from said entrance
edge to said exit edge, and which intersects the center
of at least one fluid jet injector, any two such adjacent
imaginary lines being spaced apart by a distance Sl1,
where S1/D is greater than 0 but less than or equal to
about 10.

2. The apparatus of claim 1, wherein any two adjacent fluid jet
injectors from among said plurality are separated by a distance
S2, where S2/D is equal to or greater than about 2 but
less than or equal to about 20.

N0



whi‘ch ts greater than 0.3 mcroneters per second but Ies
about 3 mcroneters- per second, said etching being suffi
that the variation in the thickness of copper etched at J§
10 percent of the average thickness of copper etched over= :
regi on. 8. The met hod of claim7, wherein said etch rate i s equal to or
greater than 0.% i cFeerepparatusrofselaimd , bubetein S1y Bais greatguahand® bbout 3

m croneters per SecqBfs than or]%ualgco abolit6 get hod of claim7, wherein said
etching is sufficiently unifo so t hat the varlatlon in the

4. The apparatus of claim 2, wherein S2/D is equal to or
greater than about 2 but less than or equal to about 12.

5. The apparatus of claim 1, wherein each of said fluid jets is
characterized by a fluid speed, V, at said fluid jet
injectors, and the fluid of said fluid jets is characterized
by a kinematic viscosity, nu, and wherein a Reynolds
number associated with each of said fluid jets, defined
as the ratio V*D/nu, ranges from about 1000 to about

15,000.
6. The apparatus of claim 1, wherein the ratio H/D ranges

from about 0.3 to about 12. .
7. A method for fabricating a device, comprising the steps

of:

providing a copper foil-clad substrate;

etching, and thereby thinning, at least a region
of said copper foil with a chemical etchant at an etch rate
which is greater than 0.3 micrometers per second but
less than or equal to about 3 micrometers per second,
said etching being sufficiently uniform so that the
variation in the thickness of copper etched at any point
is within 10 percent of the average thickness of copper
etched over said eptire region.

8. The method of claim 7, wherein said etch rate is equal to
or greater than 0.5 micrometers per second but less

than or equal to about 3 micrometers per second.
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th| ckness of copper etched at any point is within 6 perce tREI’LA

t hi ckness of copper- etched over said entire region. 10. %J
cl-aim 7, wherein said etching step i'ncludes the step of i b&gl

pl urality of fluid jets upon said copper foil, the fluid

i ncluding a chemical etchant. 11. The npet8od of claim7, further
conprising the step of selectively etchingG,” or selectively depositing

addi tional copper oPhe médod JHEIRNRY , CRRERN aid emuﬁgrle]a circuit pattern.
12. A nethod for fabpjcating a_devide, conprisin steps of: providing

a copper foil-clad Sulfigiently “@ﬁ‘é“‘%éﬁp@atf@ﬂvﬂmmnhﬁh?m tial average
t hi ckness which is ghieRh8és of copper etched at any point is within 6

percent of the average thickness of copper etched over
said entire region.

10. The method _of claim 7, wherein said etching step
includes the step of impinging a plurality of fluid jets
upon said copper foil, the fluid of said fluid jets
including a chemical etchant.

11. The method of claim 7, further combrising the step of
selectively etching, or selectively depositing additional
copper onto, said thinned copper foil to form a circuit
pattern.

12. A method for fabricating a device, comprising the steps

of: _

providing a copper foil-clad substrate, the copper
foil having an initial average thickness which is greater
than 9 micrometers;

etching, and thereby thinning, at least a region
of said copper foil with a chemical etchant, at an etch
rate which is greater than 0.3 micrometers per second
but less than or equal to about 3 micrometers per
second; to a final average thickness which
is equal to or greater than about 3 micrometers but less
than or equal to about 9 micrometers, the variation in
the thickness of the etched copper being within about
1.5 micrometers of said final average thickness.

L) O G O



t-han 9-m croneters;

etching, and thereby thinning, at |lea tagpm-pg EET

said copper foil with a chem cal etchant, at an etch ratefwhi Chzfﬁf?
3

than 0.3 microneters per second but |ess than or equal tofjahgat

m croneters per second, to a final averagd%hi ckness whi cbB==s—eaual—tf
greater than about 3 micronmeters but |essThan or equal to about 9
m croneters, thé3var iTde mathad ofelaimi 1% rmeberain sairk etdlc batk isopgpeal bei ng

W thin sboul 1.5 m ChOURl el uigh 4.8 blBhoSREUSy IULEKARN tess 1° 13

The nethod of claim 12 er el n sal

14.

15.

16.

17.

18.

19.

20.

21.

etc
han or equal to aobut 3 micrometers per second.

The method of claim 12, wherein the variation in the
thickness of the etched copper is within about 1
micrometer of said final average thickness.

The method of claim 12, wherein said initial ‘average
thickness is about 18 micrometers.

The method of claim 12, wherein said initial average
thickness is about 13 micrometers.

The method of claim 12, wherein said final average
thickness is about 9 micrometers. .

The method of claim 12, wherein said final average
thickness is about 5 micrometers.

The method of claim 12, wherein said final average
thickness is about 3 micrometers.

The method of claim 12, wherein said etching step
includes the step of impinging a plurality of fluid jets
upon said copper foil, the fluid of said fluid jets
including a chemical etchant.

The method of clai.m 12, further comprising the step of
selectively etching, or selectively depositing additional
copper, onto said thinned copper foil to form a circuit
pattern.
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to or greater than 0.5 mcrorre‘fpefiﬂ}%w_ &ond but |ess thafrar—equa ;
aobut 3 microneters per second. 14. The nethod of clai m |l REPKACEMENTSHEET
variation in the thickness of the etched copper is wthinjabout ]1

m cronmeter of said final average thickness. 15. The net @a@r=-2+ai§§[’-1§35----
wherein said initial average thickness is about 18 mcroneters. 16. The
nmet hod of claim 12, 'wherein said initial average thickness is about 13

m cronmeters. 17. The nethod of claim 12, wherein said final average
thickness is about 9 mcroneters. 18. The nmethod of claim 12, wherein said
final average thickness is about 5 mcrometers. 19. The nethod of claim
12, wherein said final average thickness is about 3 mcroneters.

e s —
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FIG.




20. The nethod of claim 12, wherein said etching step i
impinging a plurality of fIUId j ets upon said copper foi
said fluid jets including a chenical etchant. 21. The
further conprising the step of selectively etching, or s
depositing additional copper, onto said thinned copper foi
circuit pattern. -
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. Apparatus, And Corresponding Method, For Chemiéally
Etching Substrates

Abstract

An apparatus, and a corresponding method, for chemically
etching the copper foil of a copper foil-clad substrate are disclosed.
Significantly, this apparatus includes fluid jet injectors which
serve to produce jets of chemical etchant. These fluid jet injectors
are arranged so as to simultaneously achieve a relatively high etch
rate and a relatively high etch uniformity.



