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This invention was nade with Governnment support under Agreenent No.
F33615- 96- 2- 18838 awar ded by DARPA. The &dvernnment has certain rights in

t he i nvention. 1. FIELD OF THE
| NVENTI ON PO %F@? %&W@é& ly relates to
electrical circuit boards 2RGPEANAR CIRCUIRBOARR SEREA®E e particul arly,

this invention relates to a nethod for providing a planar surface on a
circuit board to allow screen printing a polynmer thick-filmresistor with
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vehi cl e an ure erial. The
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resistor nmateriar, &glcz\r}ﬁ abi Tty of 30 the resistor term nations. The
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Copper 25 Ifa polymer tthk film (PTF) ink is used. the organic binder is a polymer matrix material

and the hescmng step serves to remove the organic vehicle and cure the polymer matrix
material.

The electrical resistance of a thick-film resistor is dependent on the precision
with which the resistor is produced, the stability of the resistor material. and the stability of
30 the resistor terminations. The “x™ and “z” dimensions (the width and thickness,
respectively, of the resistor) of a rectangular PTF resistor are typically determined by a
screen printing process, while the “y” dimension (the electrical length of the resistor) is
determined by the resistor termination pattern. Conventional screen printing techniques
generally employ a template with apertures bearing the positive image of the resistor to be
35 created. The template, referred to as a screening mask, is placed above and in close
proximity to the surface of the substrate on which the resistor is to be formed. The mask is.
then loaded with a PTF resistive ink. and a squeegee blade is drawn across the surface of the
mask to press the ink through the apertures and onto the surface of the substrate. Copper
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65 SUMMARY OF THE INVENTION
According to the present invention. there is provided a method of

manufacturing a printed circuit board with a potymer thick-film (PTF) resistor whose
dimensions can be defined with improved precision by providing & circuit board
construction having a planar surface where the resistor is to be deposited. To achieve the

70 desired board construction, the interconnect for the resistor is electrolytically pattern plated
using a permanent photodielectric layer as a plating mask instead of a sacrificial plating
resist. The interconnect can be patterned before or after the PTF resistor ink is printed. The
x and z dimensions (width and thickness, respectively) of the resistor are determined by the .
deposition process, while the y dimension (electrical length) is accurately determined b;'

75 copper terminations. '



deposition process, while the y dinension (electrical length) is accurately
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advaptage of the preferred embodiment is that the PTF resistor can be tested immediately
after printing.

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

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other advantages of this invention will becomé more apparent

105 from the following description taken in conjunction with the accompanying Hrawwg, in
which:
' Figures 1 through 12 are cross-sectional and plan views-of prpcess steps
eméloyed in the fabrication of a screen-printed PTF resistor in accordance with 2 preferred
embodiment of this inveption; and

110 Figures 13 and 14 are cross-sectional and plan views, respectjvely, of an .
alternative process step to that shown in Figures 9 and 10.
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Fi gures 1lxdo8oghodet are cross-sectional and plan views, respegtéo®yssz of an
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enable the resin mixture to be readily deposited onto the surfaces of the copper film 12 ;nd
region 16 in liquid form or as a laminate to form the dielectric layer 18. Resins that could be
used include thermoplastic resins, thermosetting resins, elastomers and mixtures thereof,
which when incorporated with a photosensitive material yield a photoimageable

145 composition. Desirable properties for the thick-film polymer include physical properties
that remain stable throughout deposition and photoimaging of the dielectric layer 18 and,
because the Jayer 18 is to serve as a permanent dielectric layer of the circuit structure, also
remain stable in the operating environment of the circuit structure. For these reasons,
epoxies are particularly suitable as the resin for the dielectric layer 18, with preferred epoxy-
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areas 22 of°RPRElaXenA% 4005? éotlctspow ey ihe Aty expoped anem Melsssubauge 1001A $timble

di el ectiv§ cthiokle SIBRAY fol MY AWeSeckR :ﬁrﬂldco%ﬂeﬂ 1§ye@pw5ndt ﬁﬂs %Qoﬁba% bl ft

m cronmeters. ¢ I gures 10, the copper er 24
has been pﬁ'f‘i‘r@?’ﬁ&f to forma pair of term natlons 26 at opposi te ends

of the dielectric | alefigd8s 9dine1@ehpesppealigsr 22has Beenlifatterned td)ﬂirinedﬁhﬁi‘xdoﬂ n

?Rgnsm t ablefn FBHGR 26 a?ldﬁgosﬁg eR¥s Rl é(iieﬂgmacquep?g.t %enclzorf)%?alager%t Ol aabe st, and

patterned in any suitable manner, such as by applying and patterning a photoresist, and then

180 etching the exposed portions of the copper layer 24. As a result of the copper layer 24 being
substantially coplanar with the dielectric layer 18 (Figure 7), the terminations 26 are also
substantially coplanar with the dielectric layer 18 as seen in Figure 9. Figures 11 and 12
illustrate the result of a final step of the process, by which a polymer thick-film resistive
material 28 has been deposited on the dielectric layer 18 and terminations 26 to form a

185 polymer thick-film resistor 30. Figure 11 illustrates the importance of patterning the”
opening 14 in the copper film 12 to prevent short circuiting between the terminations 26.



180 &tching the exposed portions of the copper layer 24. As a result of the
copper |ayer 24 being substantially coplanar with the dielectric |ayer
18 (Fi gur &vOr00/68948e t er i nati ons 26 are al so subst ant i BEFTYSWEEM6Anar
with the dielectric layer 18 as seen in Figure 9. Figures 11 and 12
illustrate the result of a final step of-&+he process, by which a pol yner
thick-filmresistive . material 28 has been deposited on the dielectric
| ayer 18 aRecapss e diglecoiclayer anddemminatiods 26 propds oeaindgaarity. theresiptateor  30.
Figure 11 inateHisl T®daelsdfeeh pHATH ARG ufifortd Y i Hobdble REth prior ant@BfReh Beinddl | N
t he copper fllulfm 12 t(? P ev?’nl_tF short Cllhr U|§|]ng betwelen th}e .tia{m nat i pns 26.
VO 00/ 68966‘: tques used to form resistors. e local plananty is also beneficial for depositing
PCTJUSQGSY Oth86ekistive material 28 by other methods, such as stenciling or direct-write depositieowith

Because the _dielectric I and term nations 26.provide | e
ol anar ty. EPigpECiand Ut Stiabfl ARAME T Bl PRBe RN TR fces. the
uni fornl y x demensioagividth) ofi théiresistar30as determmireshbypthie depasition processoviilegbey used
to form PT (A : : naryl [ e | 54 :
deposi 11 ng s PR (AEcrical MhetBSheullRRANY elodprdt RAmBENE: 58 Bhotedbcations on
st enci | i ngtheboardrstraetury Wets agepasividesamigediPy the phjoimagMgRapress U o pritraR

L 1185 { i¢ lay 2 ! terth] @ & allpfa sistbr iRk that
sui t ablygs | e R layrt SACHREANER HAtbrihl ©81%E BE ERBRIlINAG PTFSsistbi R X
di nensi on (wi dt hh%ﬁf dt he. I’%F}I stor 30 is de}'; e@ ned by th d@gom i on
process. 1B suffably depositedibyacresnopinting & the erps e thpd o Rt P shed by
t he copper exagiple ofahkonstaBle foheseen ppmahg (ke FW-00-8 ink feaiebomnmestiallycivailablaver e
accurately t ) . i j ro used to pattern 195 the
di el ectri cﬁgrgy"g%amlgsgﬁ“%l ééelg?rgl? ?bglp@éﬁﬁoa‘&%‘%%g%n be essentially any PTF
resistor ink that Inviewefthe podesasens ddppges bthranghser thenerprinationngéend t he
deposi tyhpn k8 i i it n
or 1 1 oy LEERERm G IRk By il lemaining ATBISX e AER 12k 8 i aciied pROPET,
Chenmi cal Réepesitien ofhspesisivsmmatenia) 88, Whighallows the resistor 30 to be immediately;tegigd of

the procesh #@ildRmabhe EhBodieSnilsholnah Gluled, 13tdha 1 etheraakive Afuteal 2810 2RRnt he
i nterconnect f i ons,of. the c er 24 are

roed by,the, remai nj ng.por opper,. |l a
defined pr? Iec&’)norqo e%&g’ﬁotg? FORES" k‘\y Q‘t%e & PR QS SORREY 5}9F§1|g thgst €h all ows
t he resi st ghowdOn Figuses 13naneldlidait essgntiadiytidentical to whanisshowh ireFigates v é apdrb2di ment
shown. i-pe Fj Lsti j 28 i .
orntedr P Euald RRe HomidVE rERobdy B GELRENA, el B1gh G Bararea s L
t he st ruct Prerided for imprpgd cantrl of thethickness af the sergensprmiad resistiye materel 281 t o

what is SPHWe\i'dﬂ, SieQUltiRS lidltaAbiiskRat tHOrsiéar 30 kRbASGEwWRh ofHel SordpdrRhi3Y knee
process s

ep. of the invention.is.t | ar ger, pl anar ar .S rovi-ded
Por For ovatr B pormistincib ik el rmed B e Ralii ndh 8 e prersilh
mat eri al 28ectrical teshiogwef/tie resstorcX)dt thentime bfipdiminigon is that the resistor 30
is shorted with oth ekl ' : ' :
conductz?d\ie_ field fomggg%/%q? ﬁéehtt%gg%sefr)&ﬁéi Ver lbﬁgh{%gc%%érr&e@%ﬁ% g_%hﬂ&%% it
el ect ri cal is@peareghasothen ormsspylddie adoptad by Ree skiled infthqart. ndsengdinglyothe
Wi | e the idayesthemRagorReH belBafkl BN Bythé &N ciRigfst | cul ar enbodi nent s,
it is apparent that other forms could be adopted by one skilled in the
art. Accordingly, the scope of the invention is to be |imted only by
the follow ng clains.
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What. i s cl/4PA¥EEL: 215 1. A nethod of naﬁﬁ?@é?%?%g a
printed circuit board, the nethod cogpri sing tﬁ‘steps of:

formng a first conductive layer (12) on a diel ectrl 10), the
first conductiv havyj ng an openi ng (14) t H es a
region (16) of the Sle}b"rg?6¥ 5fla]med| t he exposed regi on*

sections separated by a md-section. the first conductive 220 Iayer havi ng
two edggregions adj gceRt,, and

separ atga by t hg og‘en%tﬁgd%rga@ﬁg&ﬁrﬂ% gééétpgrc\ﬁo t%gd éxposea regi on;
forning a d¢eeipasipeitke $tegseaf: (18) that covers the mid-section of the exposed

region of the substrabgnin E%rﬁ'c@hcﬁﬁ:ﬁ% P/E@MQF orh@\ilé?&tﬁd’%b@t?ﬁe %ﬂ};tth@ﬂzﬁstt hat
cover the two,edge regi ons o first

]S con UCtlve
conducti ve CPawlgﬁmhbavan%mpge@gr(L@ thereinghat ezzsseéﬁae&l%% of m; sab%slraéfct ric
: ayer; the exposed region havxfn@@@@sidé sét@iods %ﬁﬁw &%ﬂh&tdcﬁ@n 1By Gfst catucive at
east a urt ace

the di e%zgg{l%;eg Hf\&g)%%wo edge regions adjacent {hd rn%] IS% E}Ee etxg&e%i:'}gﬁgggnaf eCtaE' ’aéoféns
conduct i ve byayeopeairt andpbe tidsectbn bhithe fekposted remon conduct ive | ayer so as to
define a pair of ter . 230
and then Toih 8% de(c?r@ Iaf&ﬁ%)at}x&dﬁoggrstﬂ%[ m % ﬁ&x} {#{:ﬁﬁg 3 esleg/ o

mat eri al ( 2&iowpf fthnéulaﬂ*tr@teeﬁlerﬁndeqtrag/br«er havmgam@ epHeectionpthabeovsnthedwozdee o
define a polygwy ofttﬁ'é ﬁ&’t f:d)r{dﬁht'i\?é]h}séro&e ﬁ?sQ)conductxve layer having a surface regionfEg&

met hod accordl ng llarm 1, wherein the second conductive |ayer 1s 235
deposi t¥d $YPIK wala#e@rlééwnc | ayer and the second conductive |ayer

define a substanti al |d)£posmn.cz @@abﬁ@hdwrvfeasﬁr (20) on at least a portion of the s@facdhe
met hod accordi ng,.to ¢ rst, conductive layer is

formed by A°51ER %%ﬁce(?h%é‘ﬁ’ofp%ﬁﬁcflﬂ’és ‘8“%%% %8“ §il8¥Fng of el ectrol ess plating,
el ectropl ati ng, 240 aerdoviagh pattion@f the second conductwe layer and aapoxﬂibmoﬁdatﬁ'mst

according f Paﬁcﬁbgla%'erz%_;hg &4l ﬁe@%ﬁ#ﬂ%x@&@ﬁ?d&égﬁrﬁg by b éilelecnix sz' ted

by el ectrop accor
1, wher®Pn aﬂﬁ@epol ynmer thick-filmresistive material is dep05| ted by
screen printing. depositing a polymer thick-film resistive material (28) on the dielectric layer

and the terminations so as to define a polymer thick-film resistor (30).

2. The method according to claim 1, wherein the second conductive layer is
235 deposited so that the dielectric layer and the second conductive layer define a substantially
coplanar surface.
\
3. The method according to claim 1, wherein the first conductive layer is
formed by a method chosen from the group consisting of electroless plating, electroplating,
240 and laminating.

4. The method according to claim 1, wherein the second conductive layer is
deposited by electroplating.

245 ' 5. The method according to claim 1, wherein the polymer thick-film resistive
matcnal is deposited by screen printing.
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6. The nethod accordi md. wherein the dielectric layer is forned
by P 08/68%6h g a,mmmag@@ lmateri al on the firsPCHURMRBE e -

| ayer. and then phot oi+magi S devgl opi ng the photodielectric :
material to define the dielectric layer?®~ 7. A net hod

of manufacturing a priated circuit, board.. the method .. .C ri sing the
steps of: 6. The meifiod ?%Pm’?%mefq?‘f”r QtWh(?EFbrbg"F dielertnic %Q%ﬁsé-lf’%’%éictf}ri c
subst r at e;degafting a photodielectric mateial bhnig: f3t amendtivg layer.tand thdnr giotwoppee | ayer
to expgpse reql t : [ , j on having two

si de sieg?ft iagﬁgggéelggpggheeﬁ?d%f len%trzp?%é%p ?%tﬁ.deﬁﬁgth?;a%g%?& f’afégljt‘:opper | ayer

havi ng two edge regi ons adjacent the m d-section of the exposed regi on and

separated by the openi Rg,apg fﬂﬁﬂ%&ﬁ%&gﬁ@écimm%m?%%e&ghon:

depositing a photodielectric layer on st copper |ayer and the
exposed 2&OmprisgEdhe Beps¥He substrat e; phot oi magi ng and

devel opi ng the phot qgﬁﬂhgﬁtﬁrit(‘eo{)ﬁéﬁéyeﬁenE'd@eﬂecftr!itesubstrate;phOt odi el ectric |ayer

covers_only the md-section of.the exposed rg ion and the two ﬁgge

regi on®of the fi rste“@aﬁfé’ronea%ﬁnm T8t CRBY: f%ff{)t"t RPOPWD T ULCIIBEL i ons of

t he exposadbstag, tie exposedatglomhavinig aeeside gictibndepirared bl ashideseppat. theafyier ; 265

el'ectroplatin second copper_l.aver.. on | east . tion af th face

Fegion . copretiayel Rvipi o GEe aegistscadstsntthe pidtaestigp BF bt eRPosti aoaltn B 1o

t he phot odepdrated by thd epgaing andl thelmid-sectiorseftbe ekpoogimegionayer define a

substantially copla tod; ¢ lay L TRE DL ReRUWde@n Of
la%g?s?tgﬂogf?}glﬁﬂa o 1%]8?mcla)eronthr¢ﬁé§t copp 'Ht%/ 85 Rl %S

t he second copper 0 I'ne’a pal ermnatio
separ at%@d region pethgisbs@icel ectric | ayer; and then 270 screen

printing a polymer tﬂﬂb@'ﬁniﬁiﬁ@hﬂcﬁ&iv@kbiﬁ?_tﬁ@blﬂtbcﬂéle&ﬂc tdyer ahehodeel ectric

| ayer and the term nati ons so_ as to.(ge i.ne ol ymer thick-filmresistor.

8. A ot NERCBRISREHIR AETGPYHS oY gt RIGEECHPT aUIHE BRI RA bR e Edee

conpri si ngegitues sfttbpfrsotoppairlayer while exposing the twb eideisegioas bf thstexpored vegion e

| ayer on %Qia%ﬁ%]erz%&ioﬁHpﬁnterfﬂét‘%o%ﬁé??arfe}f st conductive | ayer having an
i at~expose gl O

openi ng therein S a T df the substrate, the exposed region’
havi ng266wo si de sectelesigpleéneas sacerd esppar layer-onait 19asis portien ¢f the surdassdesion ve

| ayer haviaBfacém@he two enf@36&idns Of PR UiALACRYEr bliRar m@b&wél_@dmeiafyemdem@os ed
regi on and segarate e md-section of the exposed

by ,t he openin and t
regi on; 28€° COPPerqa)'e}/defl‘]“e arsg*gwgﬂa cQPBPESPHRE: | ayer that covers the
m d-section of the exposrgapegioanfdfe second dopperdapes ba & te, defihea gaiebfctri c

| ayer hav%iﬁwngg%ga?%vwg PfrlQg&iepe%ﬁrl%);ep;eanﬁ\%)enedge regi ons of t he

first con rve e’ conductl ve T ayer having a surface region
| eft e¥Posed by screprepHntizgaqalymer thigkrfilm resisuve material on the photodielectric

layer and the terminations so as to define a polymer thick-film resistor.
\
8. A method of manufacturing a printed circuit board, the method
comprising the steps of:

275 forming a first conductive layer on a dielectric substrate, the first conductive
layer having an opening therein that exposes a region of the substrate. the exposed region
having two side sections separated by a mid-section, the first conductive layer having two
edge regions adjacent the mid-section of the exposed region and separated by the opening
and the mid-section of the exposed region;

280 forming a dielectric layer that covers the mid-section of the exposed region of
the substrate, the dielectric layer having two end sections that cover the two edge regions of
the first conductive layer, the first conductive Jayer having a surface region left exposed by
the dielectric layer; - .
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WO 00/ 68960 PCTLUS00/ 04862 depositing a second
conductive lrayer on at |east a portion of the surface 285 regi on adj acent

oo e RIS e
and the second cohddctitve®| ayer: and9t-hen removi ng

a portion of the second conductive |ayer and a portion of the first
conductive |ayer so alspesitiried seaendcqaucticf layeroman pslarsepaf tt surfizy t he
di el ect4yiC ' stive material and the
term na%slkorl{ég?dﬁ ??J%%e%?thgggoggé &r&%ﬂg %&F Fél&%crﬁ% esi stor.

9. The net hod accordldﬁgosﬂté}lgfﬁmlmg thigkefilen resistiee metcoaPncbadistedmelavenasd i s

deposi ted g debattd ggﬁ@u@{h%h%}rdngt},ayer and the second conductive | ayer
define a substantiall I anar surface The

met hod according to 6¥%?W%a PRROR& H’etgr?é"’fq sapductiyisdayer Ardba Parfion Oiféhe frs‘
fornmed by aomHOGIaQHOM td defifet gt O einiGanG]sStpargte®by ﬂieezﬁélé@hemep kigd i ng,

| ect t t t hod
cceor o b phBHes e ek ARk and e wraminicer defning pobame ioliip0e ( o
by el ect r op¢sastomg. 12. The method according to claim

8. wherein the polyner thick-film 305 resistive material is deposited by
screen printing. ~ 13. The nethod according to claim 8.
wherein the diel ect r 9c Thayethddeactendingdo claim &wharepode staegd sopdustiveliaykrist r i c

mat eri al ogepdifed id St O AKHVBydraNEthe &REnd BFRuARRIS BRI ADa subsianﬁﬂg
devel op| ngc;t)p ana@gg}fggl electric nmaterial to define the dielectric [ayer

10. The method according to claim 8. wherein the first conductive layer is
formed by a method chosen from the group consisting of electroless plating, electroplating,
and laminating.

11. The method according to claim 8. wherein the second conductive layer is
deposited by electroplating.

12. The method according to claim 8. wherein the polymer thick-film
305 resistive material is deposited by screen printing.

13. The method according to claim 8. wherein the dielectric layer is formed
by depositing a photodielectric material on the first conductive layer, and then photoimaging
and developing the photodielectric material to define the dielectric layer.



