2123615 "M CROSTRIP LINES"- This.invention relates in genheral to the
fabrication of hybrid mcroelectronic circuits. Mre specifically; the
inverition relates to the fabrication 5 of mcrostrip lines using a thick
filmprocess on a hybrid-circuit substrate. It -pLovides a. novel- fab?t@tgﬁnis
techni que that requires |ess |abor and Lesslspecialized equipnent t

requi~r.ed for known thin flimtechni ques and overcones nmany of the 10

di f.figulties associ | iy hck filmefabritation techniques. éi)ma
of The pr obl ems attm&i{ﬁfﬁ l\‘i:.‘gléltlon of m crowave hybrid circuits are

di scussed in a publication entjitled THE M CROMVE HYBRI D 15 Cl RCUL.T
FABRI CATI ON- PROCESSI NG CONSITSatnmentien rielates) in\gereral aterte | m

\l\//lvlcr Fel ec]E rgni gs | fabr i dak idrbtofe diybaild migiceel eBaoniandifbei te€s Adore
eel er of Sanders e iL.SLO
Hanpshire. The aut h%é%gp%‘fé{ﬁﬁ!t r)ct(i’ﬁat MZ% %\%& &%?eﬁ? Fsgmf%l?#’b%h
a-fil m conductdr grberashinie dHness psing faectmcphﬁnbneamcesmneat
cortain requr Z“me %‘ﬁ“{t‘-f%‘?‘c’é‘ﬁq@mﬁt of‘)f S 23%25"“’2%3‘*?226’%“‘@:%"'

i ui | u i S |
~ mechani sm by 25 €\?‘P 4hen iy Ehak ﬁ/ﬁvée??e 8 g%dt he
c](c)nfluct [ ondfﬂar agt eless.lspaaﬁahzﬁed ra@iltmenu;t&amnequﬁngdafotehnamﬁn part
0 ine wi an i ng . known
copper plated 30 Silver ancﬁ&}ﬁﬁi‘% Jwﬁﬁ :@BmEQ ﬁg{]gcﬁﬁl g%ées it is:

possi bl e to fabri cALEREGLHRR 358qciated o 1=Ih| ﬂfé“’H&th °§uﬁ-l’!| ently | ow
loss and hi gh-Q as ganéication techniqua. :
R Y Some of the problems attendant the

fabrication of microwave hybrid circuits are discussed
in a publication entitled THE MICROWAVE HYBRID
15  CIRCUIT:FABRICATION-PROCESSING CONSIDERATIONS by _
' . William J. MacDonald of Film Microelectronics, Inc.,
17 A Street Burlington, Mass. and Charles A. Wheeler
' of Sanders Associ ates, Inc. Microwave Division,
' Nashua, New Hampshire. The authors point out that
20 R.F. current flowing -through a film conductor may .

. experience the "skin effect®” phencmenon. Current
concentrat:.on at the: substrate (ceramic) metallization
interface places certain requirements on £ilm

o (conductor) thickness and the bonding mechanism by

v 25 ' which the film adheres. .

’ . At microwave frequencies the conduction

characteristics of a film line are a function, at
‘least in part of line width and edge definition as
well as line thickness. uUsing known copper plated

30 silver and other thick £ilm copper techniques, it is
possible to fabricate a microstrip resonator line
having sufficiently low loé_':s. and high-Q as now



required by nodern circuit designs. However, there is insuffici'ent ability
to acg Prately control both the w dth, edge,definition and thickness of the:
thick filmline applied tothe substFate.” USTNY khown tech- 5 - ni ques, " -t.
when nul tiple |ayers of copper are printed.to develop the desired skin. _
dept h t.hi.ckness, the overlapping of layers destroys any clear definition of
édge and the MAdth of the mcrostrip |line beconmes uncertain. This reduces
the predictability of 10 - nlcrostrlF)JlgmLcharacterlstlcs It is possi

to achi eve good nequiirededyemederni cispuihddesians: cl@ruevemntthareaidisng thin

fs :DL[nt 2 reggnggggstﬂn%dﬁﬁ;t@;!ae?gr e&&e&gghd a&cGPa el r&&h@i‘ﬁ] I:?]mi GkHes i aues
requires el aboré’[r}'ékiﬁid egﬁﬁeﬂ?gg %ﬁ?ﬁl ﬁ@&ygﬁgﬁ%"ﬁﬁtgé arhe p‘f'bfrﬁ'b é e‘i\‘Pe |
except for mass linedapgplded Ao. thnespbstyataommnshmglEn¢wnptenh5s for
producing. gt hin dsi %%ﬁt Hﬁtibi%s 1%881:90'8? &Gg?é? a:efé’éiﬁ’c!&d‘wt hod

" steps: 1 Vacudm epdsi-t vapor at approxintely

500 Angstrons ofdevielam G#Foﬁ@ﬁ 5e§95§%?[QFPFhsEBB?*%SisvZEhé : 2.
Vacuum depOSI t Guealapping ofhdaveks dhbbﬁngSSnyScﬁeﬂt Cdefibni divm dtoduces

h d Ti I t I
Y R g 2 R P e
deposi t ed netalhnuzﬁntainbo Thisc xeduces tbeapredickability @ff nicrons, i.e,
25 m cr onggof Cqu ?31 QQ?%O%Ha‘i‘ict@ristIéﬁ desired:pattern |s then

phot o- produced usl ng |qU| esi st exposi ng
and devel oping to | eave e to cﬁieve,good wigth, edge .
: definition and the-thickness control using thin £ilm o

tgchniques in which chromium-gold or chromium—nickel-
gold is sputtered onto the sbstrate. However, the use
15 of thin film techniques requires elaborate and
expensive'machinéry; The costs are p:chibitivé-except
for mass producticn. '
An exemplary known ‘thin £ilm p:ecess fcz
producing thin £ilm‘miczost:£p'lines includes the
20 following method steps:
' 1. ~ Vacuum deposit, i.e., either evaporate
" ‘or sputter, approximtely 500 Angstroms
of. titanium onto . 99.5% A1203 .
oo subst:ate. :
25 ' _ 2. Vacuum deposit copper until the 'total ),
. thickness is 2 microns. This produces a
phased Cu Ti metallized layer which has
) - high adhesion to the alumina substrate.
3. Copper is then electroplated onto the
30 - deposited metallization to increase the
‘metal thickness to 27 microns, i.e, 25
microns of Cu is electrodeposited.
' 4, The desired pattern is'theq photo-
; produced using a liquid photoresist,
35 : exposing and developing to leave



3- opehi ngs in t he phot oresi st where the pattern is to remain. 5. 10-12
m.crons of gold is then electro- plated onto the exposed copper. 5

6s . The photoresist is renoved | éaving a sol id plane of coppef W tfh a gold -
pattern plated onto it. 7. The copper and tltanl um are then. etched from
the substrate. The gold pattern 10 - .- acts”as a mask so

that the copper and-titaniumunder the gold are not etched. The resul tigg
met al ki zed. pattern therefor includes 500 Angstar om Ti tani um 19, 500 Angstrom
Vacuum Deposi ted Copper 25 M cr agerim rlqplga;ee@thglgg wRebbCER@s

El ectroplated Gold The process sée&hetrr 8UI red to roduce a mcrostrip line
of this nature requires a signif % BHas Bsf | abor and. speci al i zed
equi prent. . The.thick fil m3iechiitnie su;.tcrh(uSt lp£h g@odidn 1'ssthenee1;écpte-and

requires |ess |abor and speci al |ﬁ%éaq@dygarghe RAxpEkl éag? g of U.S
ecf

patents |Ilus§rate known te hnlqr es for fabrlcatln m cr ronic 25
circuits as follows: U-S. Phtentthe Photoresist,ds %ﬁ&?vf 183¥ing & Pyt ent
3,808,049, - Caley et al (Apr|I élﬂidl.@&herS copppent witR74, g@B4a- Davi s
(Sept. 20,.1966) U.S. Patent ég(ar@;,&lc (June 21,. .L966) 30

The subj ect matter of these pat s are Aeorporated. —sher ei n by r ef er ence.
This is not intended to be &n eX@hffOERen jand kitasium arenkhensepghed of

the U. S. patents i ssued in the wa&h@rstub'ymﬁég V\Ayhghgaﬁaspgagggﬁl on
pertains. 19 acts as a mask so that the copper and
titanium under the gold are not etched.
1\ - . The resulting metallized pattern therefor
includes | . o | | |
o 500 Angé'trom_ Titanium _
19,500 Angstrom Vacutm Deposited Copper
25 Microns Blectroplated Copper
10-12 Microns Electroplated Gold
The process steps required to produce a
‘microstrip line of this nature requires a significant
20 amount of labor and specialized equipment. The thick
C - film technique set'fggth herein is more s_intple and
- requires less labor and specialized eqiipment.
' A small sample of U.S. patents illustrate
.  known technigques for fabncat:.ng mictoelectronic
1 . 25 circuits as follows: .
' - U.S. Patent 4,152,679 - chen May 1, 1979)
_ . . U.S. Patent 3,808, 949 - Caley et al (April 30, 1978)
S U.S. Patent 3,274,328 -‘Davis (Sept. 20, 1966)
- U.S. Patent 2,257,629 - Kornreich (June 21, 1966)
30 = The subject matter of these patents are incorporated.
~ herein by reference. This is not intended to be an .
exhaustive list but only a small sample of the U.S.
patents issued in the gene:al -art’ area to-which this
invention pe:tains.
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4- |In accordance with the present invention there is provided a nethod for
~fabricating a mcrostrip line, the nethod conprising printing a first *=
conductive layer of the line on a substrate, the first layer 5 having a
pkddet ernmined width and a thickness | ess than the desired thickness of the
line, printing a second conductive |ayer over the first layer, the width of
the second | ayer being | ess than that= ot =the first layer, and thereafter

“printing as many 10 addi ti onal- conductive | ayers as necessary to BBF?d

up the thickness of the line to a desired value, th f each
addi tional conductive ?ﬂy%?°8§$ﬂﬁ°?e§§£$h§hetBﬁ%sﬁ?g ﬁ%v ?g € |n one
enbodi nent of thksiprevided saheethod f£&8r fabpicatingoa. mﬂcsubtriate a first

| ayer of copper f@%&h tRs ﬁe@h&? égﬂﬁf%g?%% afgnﬁ%§%3 5FP§££a£§¥Fu§¥i§e

first layer is used {o accurate d edge
microstrip |ine. layeBeebnbhead éﬁeo?nc%pﬁébsFEaﬁﬁplphﬂ 5$é$tth%Y¢rrst | ayer.

rhls segﬁ@ﬂ 20 thabﬁﬁgraCﬁﬂe&é¥6¥ﬁih6&eﬁi&@ﬁSaﬁ&aa tRheckhéss iéysg and ath
ower a esl| on we N CO i nati on w
gﬁ% Bﬁe@?ﬁ% d %ﬁicfﬂﬁ%?e?gdtﬁ?nifﬂﬁulHr%QE%%% #i ni mum

the first |ayer
speci fication reqecoadeabaducﬂheesbayqd begerthe 2orst Lagériothei| d-up the

-t hi ckness of the e j N 23 r e (5) skin
dept hs at 150 nfgk&?ﬁ BP ghg §Eé§ ﬁngr ﬁgﬁﬂﬁh $8t§ gﬁ#?t gss t han
the width of thethergirshy avewhusngethersafherfprintiageaStmanmnt|nue 30

to definesphe wi Q&&ﬁﬂensﬂgeoeau&afvm 259&1»5' 8s! h8gessalPorbhbaiigchni que
it is pOSSIb|e to achi eve: al of double printing thICk fLJﬂ

copper such as nEPtFBPetQ*Pﬁnﬁéﬁtﬁg tpﬁmﬁiﬁ?stanﬂ ﬂF@ﬁrEFmF?%Bﬁt
detrinental effeqtdthfoffoeltth additional conductive layer being less

than that of the first layer.
In one'emBCdiment ¢£-the invention there is
15 printed on a Substrafe a first layer of copper which
has a high adhesion to an A1203 substrate. This first
layer is used to accurately define the width and
edge of the micrqstrip line. A second layer of:
copper is applied over the first layer. This second
+ 20 - layer can have a lower loss than the first layer and
' a lower adhésion to}A12Q3 than the first layer..
However, in combination with the first layer, the
adhesion of the completed line would exceed minimum
specificabion.reduirements.. The second layer is
25 - used to build-up the. thicknéss of the line to a
desired lgvel,:sueh'as for example five (5) skin
depths at 150 mHz. It is applied with a width
that is slightly less than the width of the first
_ 1ayer."This permits the first layer to continue
30 " to define the width and edge of the microstrip line.
Using-this technique it is possible to achieve
all of the benefits .of double printing thick film
copper such as multiple skin depths, low loss and
, ~ high Q without the detrimental effects of double
35 . printing, namely loss of width control and edge
definition.



*35. _printing, “nanely loss of width control and edge definition. -5- By

way of exanple only, an enbodi nent, of the invention will now be described
‘W th reference to the acconpanying drawings, in which:- FIGURE 1iis a
cutamay side view of a mcrostrip 5 line after a first |ayer has been

applied for accura- tely defining its edge ahd width; and FIGURE 2 is a
cutaway side view of the nicrostrip line after application of a second

| ayer. having a width narr y
. bevn/g used to increase th ckness e%ﬁlt%%qlfe%rvﬁt ot gl%q{édoyl nget he
- edge defini-tion of itwrﬁim Wid@ernow e slasany rad st tho rEifeummcE fithe

“fabrication procesa;t{@ggd&,m/ygﬁyﬂdp dHAMIng O 16 @lwv.ent i onal 15

substrate 10. Substrate E;I]E%ﬁg a convent i on al‘fﬁg ubstrate used in
known hybrid c¢ircuit fabr n Lulavay § id MR iRy er
" 12 is applied.5  Thildnd iaﬂiem(x)[ﬁrrdta)amyexs mrsefbyeiblaypﬁlalﬂd daire @ daura-DP

o oduct of the £ 1 Eey Sbeiighe 44 B KA W diTRIR {00 T PEED°
described in its data shdSiGURE 27ds (@/cudaway siste viaw afpfihemikinastrip
precise control of ﬂﬂfelﬁfﬁe:ﬁr&bﬂmtmgeoﬂoq tsé?mdlékawi» Huvingd 50 as to
achi eve- preC|se control over .the w dth
width narrower than the first layer, the second layer
10 - being used to increase the thickness of the line
without destroying the edge definition of the first
layer. .
Referring first to FIGURE 1, the fabrication
- process begins with the provision of a conventional
15 substrate 10. Substrate 10 can be a conventional
~alumina substrate used in known hybrid circuit.
fabrication processes. A first thick film copper
layer 12 is applied. This Ffirst copper layer is
preferably fabricated from DP 9923 glass frit bonded
20  thick film conductor composition. DP 9923 is a
product of the E.I., DuPont Neumors Company, Inc.
(DuPont) and is fully described in its data sheet
#E-11728 (9/76). Layer 12. is applied with precise
control of the left and right edge portions 14 and

L;- 25 16 so as to achieve-precise_cohtrol over the width
18 of

30
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the layer. The. DP 9923 has sufficient adhesion to firmly attach to
substrate 10. Referring now to FIGURE 2, the remaining fabrication steps .
arg ghown. After layer 10 is 5 fired, a second layer 20 is printed over™
“th irst layer. Layer 20 is applied to build-up the total thickness of

the mcrostrip line to the desired nunber of skin depths. This second | ayer
20 is preferably DP 9925 which is a reacti We=bonded. 10 (oxi de copper) ...
copper conductor conposition having a |ower |oss than the DP 9923. used™ier

| ayer 12. The DP 9925 is_al so r adu f duPont,..Layer 20.is_ applied such
that its width 22 ?§e|£§¥efhan%RFdﬁﬁ §éagfhPayﬁP%§§9g¥ﬂﬁs?gPﬁéiBgecise
control 15 ovetowfiirisl¥8akhhdchhboedybstieatei 0on. 14 and 16 thereof are
not interfered with. The LSt I C tL] ' det er mi ned
by edge definition and mﬁg?ﬁyggggcgﬁ r§P|ggcgggtE3t£§§rf?§%k%$ﬁ§he l'i ne

cl osest to the subfabrieatdonpptansgi agel ghewnz0 AftepolaneropQols| ayer 12,
the desired giunber rFoheaki A d8BbRa 2apebe20Diai ppenteliheverseakl Figsgy the
preci se width and edge defnition.control %ffo deg gé t he gse of a

preci sely contrQIIiﬁgsrnedLﬁﬁFFoaolgﬁePpEé §ﬂcﬁ°a uppdoypsthgpperal |

FI GURE 2, 25 t BRickhesbao€ bheemiérbstrtpnliagets tBeaddsibeds shown
dotted. The DP 992'“Qﬂg*ngfaﬁ§§?e§$5§§§~fa9h9§g9§8§nifgﬁ&g§ Ear tion of

| ayer 20 without the require reci sé " edge cont as needed for
| ayer 12. |f necebtafgraddyt PBn8B2baybichcia aoreacth¥eppbonded. on top of

llayer 20 in4grder kexhublépbpekbeersbbeéoaHEEtG%pthsaskeﬂsnaﬁabﬁﬁg :
additional layers have a widih that Is |less_than that of |ayer 12 sO0O as not
to interfere with Rt 3OPPECEO8Sc§hanqEhenPFi §R233ysed for layer 12. o/
The DP 9925 is also a product of duPont. Layer 20 '
is applied such that its width 22 is less than
width 18 of layer 12. Thus, the precise control
15 over width 18 and the edge definition T4 and 16
thereof are not interfered with. The characteristics
of the microstrip line determined by edge definition
. and width are controlled by that portion of the
. line closest to the substrate 10. By adding layer
20 .20 on top of layer 12, the desired number of skin
' depths can be obté;ned without sacrificing the
precise width and edge definition control afforded
by the use of a precisely controllable medium for PR
layer 12 such as DP 9923 copper. In FIGURE 2, o
25 the interface line 24 between layers 12 and 20 is
shown dotted. The DP 9925 having a lower loss
can be used for the formation of layer 20 without
the requirement of prebise édge control as needed
_ for layer 12. If necessary additional layers can-
30 be printed on top of layer 20 in order to build
' up the desired skin-depth as long as the additional
layers have a width that is less than that of
layer 12 so as not to interfere with its precise
edge definition.
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~-7-'CLAI.MS 1. A method' for fabricating a mcrostrip |line,
conprising the steps of: (a) providing a substrate; (b) printing a first
- conductive layer of the 5 line on the substrate, the first |ayer having.
*‘a pre- determned width and a thickness |ess than the desired t higkness of
the line; (c) printing an additional conducti e |ayer over

Iayer the w dth of the second |ayer 10 being | ess thagﬂgﬂﬂw Ef the first

Iayer and - (d) repeating step (a) asg, fte <neces Iﬂﬂlmﬂ' he
_ thitkness of the lin-e to a desired vakeg—-e;eﬁaédth'o
conductive. | ayer being |less than that of the first |ayer.

met hod according to Caim 1 Waeekidal Far! E&gyibaxiﬁgcam&bgﬁé.;w 9923 9' ass

frit bonded thick_fiilmco according to am T
wherein the or ea&ﬁ“&ddPPB%H&PipéyépecéﬁﬁPPs€§ *DP 9925 reactive 20 bonded
copper. 4. A n1crostr|maD|nprwheuihgraedubptaameghod according to any one

of the Clains 1 to 3.' I tr| I.n a_su at e,
a first thick filmcond ctlvé %%gifor%% bpﬁgﬂgﬁgaprg?gertﬁg %Pfst
| ayer having & préinseparﬁhﬁeaumﬁ&rntean@h& fdcshd lalreck haviingl aypreappl i ed
over the first 'aﬁ%%e%BQnQth&Qt% Wg ) kﬁi%#h@i% &Pﬁh %Baﬁotnetggsﬁbéﬁt

: layer. 6. A mcrostrip l'ine accor aim5 turther inclu one or
more additional t fhdekness of) she ﬂéﬂﬁad over the second |ayer, each such

. additional layer having (a ¢rinteag ahodddidionbl conductive layer

| over the first layer, the width of the second layer

10 being less than that of the first layer; and ._

' (d) repeating step (¢) as often as necessary
to build-up the thickness of the line to a desired-
value, the width of each additional conductive layer

. being less than that of the first layer.

15 2. A method according to Claim 1 wherein
‘the first layer comprises DP 9923 glass frit bonded
thick film copper. :

3. A method aécording to Claim 1 or 2 wherein
- the or each additional layer comprises DP 9925 reactive

20 bonded copper.

' Y., A microstrip line when formed by a method

_ ‘according to any one of the Claims 1 to 3.

&J 5. A microstrip line, comprising:

_ a substrate; "
25 a first thick film conductive layer formed
3 on the substrate, the first layer having a pre-
. determined width; and |
. _ . " a second thick film layer applied over the
first layer and having a width less than that of
30 the first layer. ' )

6. A microstrip line according to Claim.5
further including one or more additional thick film
layers formed over the second layer, each such

. additional layer having a width less than that of
35 the first layer.



.35 the first |ayer. -8- 7. A mcrostrip line accordfng to Claih15

or 6- mhgrein the first layer is glass frit .bonde . .
A mcrgstrip line according to daim?7 5 V\herelamﬂj&‘mﬂﬂmaﬁﬂ i s DP e
9923. 9. A mcrostrip line according to any o 5to 8 :
wherei-n the second | ayer is reactive bonded copper-. A mcrostrip .
I}ne according to Caim9 10 wherein Lhg Leactive bonded copper -is DP 9925 .

' A mcrostrip line according to Claim6 wherein the additional Iayerghw
are reactive bonded copper. 12. A microstrip line according to Claim 11

'%Sb wherein the reactyye boadaflcpospeipi 3ihe 882brdifdg toAChmimof of
ot eronce fo t heFaBoBRERR P ngad, RFRE. 18Y5¥ 18 PERSETFFEEIbLAEL D oiiaiy
as herein 20 dbh&ckbﬁﬂlmnchppererence to the acconpanylng drawi ngs. 25 30
35 8. A microstrip line according to Claim 7
5 wherein the first layer is DP 9923.
9. A microstrip line according to any one of
the Claims 5 to 8 wherein the second layer is reactive
bonded copper.
10. A microstrip line according to Claim 9 .
'10 wherein the reactive bonded copper is DP 9925.

11. A microstrip line according to €laim 6 )
wherein the additional layers are reactive bonded
copper. ' '

12. A microstrip line according to Claim 11
15 wherein the reactive bonded copper'is DP 9925.
13. A method of fabricating a microstrip
line substantially as herein described with reference
to the aecompanying drawings.
14. A microstrip line substantially as herein
20 described with reference to the accompanying drawings.

25
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