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| MPRCVED POLYTETRAFLUORCETHYLENE THI N FI LM CARRI ER .- .
Backgr ound In the field of chip carriers, it is desirable todhRavee o
carriers with fine line-circuitry, that is, circuitry having 2.0 m | impde
lines or narrower, with less than a 2.5 m| space between lines. Fine |line
circuitry permts high wireability which reduces the need for extra layers
within the carrier, and supports dense chip arrays. Such fine line"-

resol uti on has been achievable in ceranic qarriers; however, such-

resol uti-on has_not been obtai nable with conventional organic carriers.

It woul d be detMPROBEDPORYEEIRAFIJIOROEZHYLENETHIN FEM eﬁgmjAmmal

| ow dielectric constant and fine line circuitry.

Sunmar-y According to a le@kgwpé@fﬂmewlqm esent i nventi on, there

is provided an organic chip carrier conprising: a dielectric

| ayer -havi ng a dir|tker fietdnofachipl dammersmutitl. 5St@e815able to haye

a first |ak%&fﬁef%rﬁ&%ﬁrﬁiﬁgsfﬂﬁgdCQ cﬂﬁgr?dhEhéeglgo EQ?CﬂhEE?C%%N&ng

| ayer; conformational —coat avi ng'a percent
pl anari zat i%o® oRidr éide 1hees apsutnBOUPURE aWéFBI deags cthansean? - f Midom

about 1.5 igpaaR0Ulhekweerli SPOSRE. ONrihe ThiRE | aYeEudtrei r peihi¥santhilge
dielectric Bgablllty which reduces the need for extra layers within
the carrier, and supports dense chip arrays. Such fine line
resolution has been achievable in ceramic carriers; however,
such resolution has not been obtainable with conventional

organic carriers.
It would be de51rable to have an organic carrier with
fast signal speed low dielectric constant and fine line

circuitry.

Summary of the Invention

The present invention provides an organic chip carriexr
particularly useful with flip chips, comprising an organic
dielectric layer, a first layer of circuitry disposed on the
dielectric layer, an organic conformational coating disposed
over the first layer.of. dielectric, and thg‘jgzgg_;ayer of
circuitry, and a layer of fine llne c1rcuitry haﬁlng line
width of about 2.0 mil or less, preferably about 1.0 mil or
less, preferably about 0.7 mil, and a space between lines of
about 1.5 mil or less, preferably about 1.1 mil, disposed on
the conformational layer. Preferably the dielectric layer is
free of woven fiber glass. The conformational = coating
preferably has a dielectric constant of about 1.5 to about
3.5, and a percent planarization of greater than about 30%.
The invention also relates to methods of making the

dielectric coated chip ¢arrier.
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d. - a second layer of circuitry disposed on the confornational coating,
conprising Fines having a line wwdth less than 1 m| and |ine spacing of
1.5 ml or less; and e. at | east one conductive via disposed

t hrough the conformational coating to connect the first layer of circuitry
and the second layer of circuitry. According to anot her aspect of
the present invention, there is provided anZorganic chip carrier

conpri si ng: ' a conpé@wiafoDescriptiongoffi the Faguredi el ectric |ayer
on one side of sg%d conpensat or; a secondfinner %%e gctric aner

di sposed on the oiHEIFSide ¥F FonPEnSd: foction of zn ¢ °‘é+‘5?ﬁﬁj frangd?

di sposed on diganice stcarmrier dmeettingc &ayel/C chip aadseocondtgdouod paane
di sposed on ' . diele i . » a second dielectric
Tayer di sposéew%ﬁfﬁ@ed%%%}ﬁddl@r (?t?ng-‘tt% g’r%ee,%%%g:vﬁﬁgegt&f)gl’ ectric constant of
fromabout 1.5 toFidaxe 3.3s a cross gsection| afie@noforgardd tedrriepofer on
and adher i ng:4 8-y 116y S8EONEY @i ghep! 1drd | BY£" mounting to a circdit board

conformati onal coating haV|n%1a percent planarization of greater than about
30% and a dixFeR¥IIRG cemsangither sukadimeank of theoPxgseRt3igveRtipBsed on
the first layer of circuitry and the second dielectric |ayer; a

second | ayer of ci i i i
Second 12 rouitry 4l AROP L o NS oI 00l 58T O,

The present invention provides an organic chip carrier
particularly useful with £lip chips, which prefefably has a
dielectric constant of about 2 to 3, which achieves 1line
width of less than 2.5 mil, preferably about 0.7 mil, with
space between lines of less than 2.3 mil preferably about 1.1
mil. The carriers are capable of carrying at least 500 to
800 signal I/O's (input/output). Preferably the carrier has
a coefficient of thermal expansion of about 10 to about 23
ppm/° C , 'more preferably about 10 to 15 ppm/°C. Preferably
the carrier lacks a ceramic layer.

Referring to figure 1, a cross section of an embodiment
of the invention is shown. A circuitized structure 8 is
provided which--includes..a..carrier..10, .. The _.carrier 10  is
comprised of a compensator layer 12 (which will be described
in detail below) and a first inner dielectric layer 14
laminated to one side of the compensator layer 12 and a
second inner dielectric layer 16 laminated to the other side
of the compensator layer 12. A first ground or power plane
18 is disposed on the first inner dielectric layer 14 and a
second ground or power plane 20 disposed on one side of the
second inner dielectric layer 16. Disposed on one side of
first ground plane 18 is first dielectric layer 22. A
second dielectric layer 24 is disposed on one side  of the



Ilnes haV|ng aline wwdth less than 1 m | and Iine,spacingvof 1.5 ml or

| ess: and

at | east. one conductive via disposed through the

conf or mat i onal coating connecting the second |ayer of circuitry to the

first |ayer
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of circuitry Accordiig to anot her aspect of the
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conpri si ng ldimgsodeyioyy didlgwtniidtlayteas24 hamtl least one, preferably. a

plurality of vias 38 are disposed in conformational coating
34 and 36. Vias 38 connect to pads 30 and 32 and to circuitxry
25. Fine 1line circuitry 40 is disposed on conformational
coating 34, to provide a circuitized carrier which has a
dielectric constant of about 2 to 3, which achieves line
width of 1 mil or less, preferably 0.7 mil or less, with line
spacing of 1.5 or 1less, preferably 1.1 mil or less.
Optionally, an additional coating of dielectric is disposed
over the circuitry 40 on conformational coating 34. Chip 42
is attached to fine 1line circuitry 40. Solder balls 44

connect the chip 42 to the fine line circuitry 40, pads 30,-

and circuitry 25. Vias 38 are plated or filled.

Carrier 10 is attached to substrate 46, preferably by
ball grid arrays 48. Suitable substrates include, for
example, circuitized substrates, such as circuit boards,
cards, carriers, organic and inorganic single chip modules,
organic or inorganic multi-chip modules, and ceramic
carriers.

Preferably the compensator 12 is stiff to provide the
carrier 10 with rigidity. Preferred compensators are three
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mi | and:line spacing of 1.5 nil or less, disposed on the eonformational

coating: at | east one via dlsposed t hrough the
dielectric Iayer and positioned over the pad,

- 1b- a chip, disposed on the carrier and electrically and
mechani cal | connected to the fine line cirkuitry According to
anot her aspié vered EPIdmas ermtisnd efepe ﬁ’é—’%ro]ﬁm af msoPpeTef 2

gak: ngta chlbacaﬁarl;@ayeﬁnqﬂ Si {3@4 ha]glépéiog\wg ﬁtcﬁpl Salloy (whwerh]gs]pgaa
ielectric la vi ng irs rface apd a ectric, constant of from
Sbout 1 5t govEgictent? Ot 'tidinat SReendlond (BRBICGE | C1oe ) tan aeday PRy 51
surface of shed spetatcing clapger pf the carapgtyngnd ceonthirdt leyer of
coating haV| er [ e ou d
Frrst Surt acaBpRetel PR AR | Eonblndl s GobbPl800 et o 3 G |
sai d confornack@ﬂaﬁ3&oa1rqg alloy, ahgr nRRY féopper ne cﬂvcau1t§blher16h
said fine | aexdiaeas? liRe WhdiByl ess 'boBitaBil affabincgpact P&?(flﬁaf'k5
con or an ca

ml| or |ess, on sai natlon coat t ng; ectri
connecting &v@DSne fFW@<nWQﬁﬂ%ryIF§t§HmﬁnF$rst | apdiesnativedyery "the

t hrough Salédﬂpénsator is Al NeF t® afRgiher matatCkueh Gike iRRRSENt The
[nvention, tpene s S e Teledsgh Bl LA SRS ORI ith the
choice of material for the dielectric, will contrxol the
coefficient of thermal expansion (CTE) of the carrier 10.
Preferably the compensator has a thickness of £rom about
0.001 to about 0.009 inéhes, preferably about 0.006 inches.
The ground planes 18, 20 can be formed of copper or CIC or
other conductor material as is well known. _
| Referring to Figure 2, a cross section of another
embodiment of the invention, is shown. The carrier 10 is
multi-layered and is comprised of a dielectric layer 22,
again preferably polytetrafluoroethylene, a first layer of
circuitry 25 disposed on the dielectric layer 22, an organic
conformational coating 34, again preferably polyimide,
disposed over the layer of dielectric 22 and the first layer
of circuitry 25, and a second layer of circuitry 40, the fine
layer circuitry, having line width of about 1.0 wmil or less, -
preferably about 0.7 mil, and a space between lines of about
1.5 mil or less,;préferably about 1.1 mil, or less, disposed
on the conformational layer 34. All{the necessary vias and
through holes needed for electrical connections are not
shown; only via 38 is shown. A chip, (not shown), is
attached to the second layer of circuitry 40 and the carrier
10 is attached to a substrate (also not shown). The carrier
10 is suitable for attachment to substrates and to other
carriers.
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a. a circuitized substrate; and b ~an opganlc earrier,
electrlcally and nechanically connected to said circuitized substrate,

conpri si ng: a dielectric |layer; . ~at |east
one through hol e disposed in said dielectric |ayer; a pad
di sposed atop said through hol e; a conformational coating

having a dielectric constant between about 1.5 and about 3.5 and a percent
pl anari zation greater than 30% di sposed on said dielectric |ayer;

fine line circuitry conprising lines having a line wwdth less than 1 m |
and line spacing of 1.5 mls or |ess, dispogsed on said conformational

coat i ng; The Dielectric @aykeast one conductive via disposed through sald

conf t | t

A sposed on eai d i REAYERY TR 43 Mot Bt BE o oropnid motmedts " ©
said fine | magegiiaduiand. preferablmctnlblechgwn.bhanomamt:asﬁ@ae ofateérsial .

pr esent | nveRll g e1iliRrS éoHVsEXthQfatﬁér&féiéét?-ﬂlétié’féi-' dfse Niaced Irzd.tf%

an organic carrier conprising
-lc- from about 1.5 to 3.5, more preferably 2 to about 3. The
thickness of the filled dielectric layers varies according to
the desired design performance characteristics of the
carrier. The dielectric does not contain woven fiberglass;
such absence of woven fiberglass enables through holes to be
closely spaced. Indeed spacing less than 100 mils,
preferably less than 50 mils, more preferably 25 mils most
preferably less than 10 mils between centers, is achievable
without shorting between the through holes. The coefficient
of thermal expansion of the dielectric layer is preferably

from about 20 to 80 ppm/°C, more preferably from about 20 to
30 ppm/°C. Preferably the particulate filler has a diameter
less than about 10pum, more preferably £rom about 5 to about
8 um. Preferably the particulate filler is present £from
about 30 to about 70 percent by weight, more preferably from
about 40 to about 60 percent by weight. Preferably the
particulate is silica. Suitable materials for the dielectric
layer include, for example, -cyanate ester and
polytetrafluorcethylene. Suitable cyanate ester is available.
under 'the . tradename Speedboard® from Gore in Eau Claire,
Wisconsin. Suitable polytetrafluorocethylene is available
under the trade name "Teflon®'. Suitable silica filled
polytetrafluoroethylene is available as HT 2800 from Roders

Corporation.

The Conformational Coating .
The conformational coating has a percent planarization

which is 30 or greater; techniques for measuring pexrcent
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at'fl'ea_s't one through hole disposed in said dielectric | ay.é_r; .

a_ pad di sposed atop said through hol e; a confornmationa
coating having a percent planarization greater than 30% di sposed on said
dielectric |ayer; fine line circuitry conprising lines

having a line width less.-than 1 m| and |igne spacing of 1.5 mil or |ess,
di sposed gn_sai.d _caqnfor i coat i,Rg; s 9. . t t
conduct i v& grd'izsa%g'ggldl%%r gl%ghdt. Eg d?gll&nfe Fi glF%@%Fns'%i goﬁpﬁ#lg?%a?ggﬁal
coating aMédduds t paekaging” .saPhipap; Garrou, pThe ProgaedingsspbBER, on
sai d carrien,ahd elggctrigal |y sademisehanicgdd y copnect edqboibhe, saignhtine

line circuitry. . According to another gspéect, of {he present
i nvent i onF%@ﬁ@%i%@%%ﬁo@WWrﬁﬁﬁ ct? cEi‘FFzé:dlest]P‘aE’Eﬂ‘F‘e

- conpri si NgubkiFce S the dielectrid confoRi8Vt6ei tHeasaffater topoPogPi 69:
a dielectric |ayer_havi ng at. | east one thrt ueqh Qol e di sggsed th rei%
a pad dis d SEEHeSErECt hrR¥SH thol €BL OP  SUXLACH Nt §Fmat FoRal

coati ng haonfprmaidicrsll ebatimg z dicdeen potateemfolran &0d6 diss poetatdvedwi d
di el ectric.l_ayer; . s f ] | ipe.eir qui QLL$i i DEes
having a Ipllr?éya\%'dt%el éislse ]Ieﬁg'r? i r%oflsl&n t:I P%etgl%ag%g&%?gg%ﬁ%nfl 8%?'£1}"§§s,
di sposed dms garefeabily nExdmwnabogbali. Agto 3.5, more prefergblwazi8 obe via
-di sposed throu Mo e Toln) ' | 5C@atipn g positioned over said pad,
and %'68. %S?g}ectriacé??%lbgﬁg r%e?hrgﬁi gglepy connecting a chip to said
fine Iine circlfhey conformatignailer coating i cRATMANEDO FAGt héF aBPbct of

the preseni ipyRid i Abwdd, e a poRtavnded 2hePtBAlohatBEhAY 85aRiggNis chip
CRr L1l RS, by, qompartonsl. 2o S SHREDS 2ol by BB
fornmi ng apirn@phtteering ehrdt rélenizyel erchiirget ey sildevwof edactirical
conpensat %ro;nnections to extend from the outer surface of the
conformational coating 34 to the first layer of circuitry 25.
Preferably the conformational coating is thermally stable for
at least 3 cycles at 350°C for five minutes, and metal
deposition for about 30 minutes, more preferably about 60
minutes, at 400°C, which are typical temperatures employed in
" chip attachment and metal deposition process. The
conformational coating is preferably substantially free of
ions and ©particulates, including for example .metal.
Preferably, the conformational coating has a coefficient of
thermal expansion of: from about - 1 ppm/°C to about- ‘50
ppm/°C, more 'preferably from about 10 to 20 ppm/°C in the x-y
direction, and about 15 to 40, more preferably from about 2.0
to 3.0 ppm/°C, in the z direction. The c'csnformational coating
preferably forms thin layers about 8 microns or less.

The conformational coating has an additional advantage
in that it protects the first dielectric layer from attack
from process chemicals used in the circuitization process
such as, for example, dodecyl benzene sulfonic acid. . The

conformational coating eliminates the need for a solder mask



appl ying a first ground pl ane on said first inner di el ectric |ayer;
applylng a second ground plane on said second inner dielectric.layer;
formng a dielectric |ayer on said second ground plane, having a dielectric

constant of fromabout 1.5 to about 3.5; formng a first |ayer of
circuitry on and adhering to said dielectric |ayer;
-1d- . appl ying a conformati onal coating having a percent

bl anar 2at | Gl 0he” SHEC (030130005 0% B00 2 Slabectide sanF ANl drom

about 1.5t of Circuitry an
| ayer; - Coattl@SnﬁJf@Oaf§é§§hénﬁa§érao$°éd¢§m¥$1§/ on said conformatlonal

coating, conpri S'S%Q.tldldl%s é!ﬁi@dl&la%ﬂdrﬁq, VESH i AR SihEBRGd, ”Ebra@dtdpﬂ.% :
spaci ng of I ess form ng at | east one conducti Ve via

a
‘through sai H°g¥ﬁf“& g&f‘FHSY‘EiIQPPFFEEH y coRRBEPFYglehrEeRRcoi®
| ayer.” of ci évau_lléblbo mm'i Dows tCHeti @ 10f Cohpy | I nder the— Eﬁﬁﬂéi MRitles Of

t he present tion provi, n organic Chl carr, ar ef ul
W thot e chYRLotensy. B Ahitants, Banviniee 8, APRLIAhLR Y Bl Bonk, gB7e,
circuitry dpepygimdden firben @.4l.echr iPordtayde , Nemowrs) samd Cm@amyrat | Thel du

coat i ng di spgsedsavsr 1Le of IdoslediaXehe 0L Rlahlil 6,300 BE. LT 56 LAYRE ©f

circuitry, ayer ine TTne circuitTy havi Ag-rine W
2.0 m| . or inssherofgr abinectlion and A4 ppmfesdn prhd ezabliredfmion 0. 2

nil, and a aﬁéﬁgggﬂ.\é’eﬁanétg € oF §b9u%.na a Ebhs@iel ﬁé&}llﬁ&e&e.rab ggggom

11m , di spose con ormatlona | ayer. Preferab the di e tric
| ayer is frggoghewo\,@ﬁltab e polyimide :LS a photosens:.tlve polyimide

commercially available under the tradename Ultradel 510 from
Amoco Chemical Compaﬁy, Alpharetta, Georgia. Polyimides can
be rendered photbsensitive by the methods described J.n ‘
“Polymer Dielectrics for multi-chip Module packaging®, Phili':p
Garrou, The Proceedings IEEE volume 80, 12, December 1992,
pp. 1942-1954, which is specifically incorporated herein.

The chip carrier of the present invention, particularly
a multi-layer structure having a compensator, dielectric and

' power planes, is manufactured according to the following
steps. A dielectric layer having a dielectric constant of
from about 1.5 to 3.5 is provided, and a first 1layer of
circuitry is formed' in the dielectric layer using .
conventional techniques, including for example, lamination,
vacuum depésition, evaporation, sputtering, seedirng Tolltowed ==
by electroless plating, plating, electron beam deposition,
laser ' deposition or by vacuum deposition followed by
electroplating.

Then, a conformational coating having a percent
planarizétion of greater than about 30 percent, is applied to
the surface of the dielectric 1layer. The conformational
coating is applied to a thickness of preferably less than one
mil, more preferably about 4 microns to about 8 mi¢rons,
preferably about 6 microns. At least one via is defined in



fiber glass. The confornmational coating preferably has a diélecfric
constant of about 1.5 to about 3.5, and a percent planarization. of greater
t han about 30% Enbodi nents of the invention also relate to nethods of

maki ng the dielectric coated chip carrier
2 Brief Description of the Figure Figure 1 is a cross
section of -an enbodi nent of an organic carr8er nounting an |/ C chip and

Tount g On En8UBsheRkRaEGRAT Aal fhd N ESEIy ANAAOna1 codiiOliEs? | o

a cross. sectron of an organic carrrer for > )

nounti ng t oSBChi BsuiRY bdatat Ertor GReieal aabERERT eRBoPhRERLMEEinge Fhedent
invention. fine line cir@igriedhBeashi BheOFiak t1hBekNWERE @N1ine wiBk®
presernt invention provides, _an qéginlc chi parrlgr part|cflarly useful, with
‘f1ip chips, LRAFcFHART &r dbily RBL 218PeI RATHRE cBhstemt BilaButleSso 3s

whi ch”achi egggmeéne vhdt hthé | esonfduiatidndl |, quafidiabl byaboetmployify! |

with” conventional techniques such as, for example, vacuum
deposition, evaporation or sputtering, seeding followed by
electroless plating, or by wvacuum deposition followed by
electroplating. The circuitry is then defined, such as by
subtractive etching. Optionally, a second conformational
coating is applied over the fine line circuitry so that the
circuitry is imbedded in the conformational coating.

The various materials, and thickness of the various
ﬁateriéls, are selected such that amohg other properties, the
resultant chip carrier will have a CTE of about 6 to about
14, and preferably about 8 to about 12.

The following Examples are intended to be illustrative
and not in any way limit the scope of the invention.

Example 1 '

A multi-layered structure comprising a first layer of
polytetrafluorethylene dielectric 22, a ground or power plane
18, a first inner layer of polytetrafluorethylene dielectric
14, a compensator 12, a second inner layer
polytetrafluorethylene dielectric 16, a ground or power
plane 20, ‘and a_  second polytetraflucrethylene  -dielectriec.
layer 24 was assembled. The carrier 10 was prepared as
follows: a sandwich was assembled containing: as the top
layer a first 0.7 wmil copper sheet; 'a 2 mil filled
polytetrafluoroethylene sheet 14 from Rogers, designated 2800
HT; a copper -invar -copper compensator 12 from Texas
Instruments; a 2 mil polytetrafluoroethylene sheet 16; and a
second 0.7 mil copper sheet as the bottom of the sandwich.
The compensator 12 was patterned to provide clearance holes.
The sandwich structure was placed in a lamination press, from



space ‘between lines of less than 2.3 nmil| preferably about-4.1 mit. The
Carriers are capable of carrying at |east 500 to 800 signal 1/Os
(input/output). Preferably the carrier has a coefficient of-thermal

expansi on of about 10 to about 23 ppni[err] C, nore preferably about 10 to

15 ppm [err]C.  Preferably the carrier |acks a ceramc |ayer.
Referring to figure 1, a cross section of an enbodiment of the invention is
shown. A circuitized structure 8 is provigded which includesa carrier 10.

The carrierrMdP, 1ng.COfPFi abduel FiwpMheusat at | 20GHF %dmhnodlevﬂ Il ke
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Iayer 24 is
were then placed on the exposed side of

polytetrafluoroethylene 22 and 24 and placed in the
' lamination press for about S5 hours at 700°F, to provide

copper clad laminate. Through holes 26, about 6 mil in
diameter, were mechanically drilled at a spacing of 18 mils,
on center, through the copper clad laminate and plated with
plating 28, preferably copper plating, using conventional
techniques. | :
The through holes 26 were then capped on both ends
with pads 30 and 32 in the following way. The copper plated
through holes 26 and lands on the surfaces to be capped were
plated with goid. A sheet of copper was plated with a Au and
Sn pattern of dots that match the position of through holes
26 on the multi-layer structure. The multi-layer structure
and sheet were aligned, and laminated at a temperature of
about 300 to 400°C. As a result, the plated through holes

26 and the Au Sn dots fused together. The sheet is then
‘subtractively patterned to leave "man-hole" covers, that is
pads over the plated through holes 26.

Polyamic acid designated Duporit 5878 from Dupont
Chemical Company, was diluted Withwﬁrmethyl-pyrillidone to a
viscosity suitable for spray applicatidn. The capped laminate
substrate was then sprayed one side at a time, with the
polyamic acid to provide a polyamic acid coating of about 8
to 10 microns, and dried in an oven for about 30 minutes at
100°C to evaporate the solvent. The thickness of the coating

34 ‘was about 6 microns after drying. The substrate was then



3 second ground plane 20. A layer of circuitry 25 is disposed on the first

dielectric layer 22. Through- holes 26, which are plated with conductive
pl ating * 28, are disposed in carrier 10. (Alternatively,-through holes 26
can be filled with conductive fill). Through holes 26 are blind or
extended through the carrier 10. C earance holes 29 prevent contact between
conpensator 12 and the plating 28 on the walls of the through hol es 26.

Cl earance hol es 29a-29h al so isolate the ngéhnd pl anes and power planes 18

and 20 from theough.hql es_ 2 e f o&I | taf, %ﬁ?‘g . P
and 32. are ﬁ?‘gﬁﬁggﬁdo%& %n gég’Fat E:,rq%%ghg%oﬁgg gGESE 3o/ n o%rgaii%%% A
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ey Sxbrfbilenn, Spletsitugloh rd thel oAbt oned
2onf or mat | oﬁaﬁtéﬂgt Phg She BA; }5’(‘3‘&[ ?Séﬁgfiﬁk@ﬁo‘g‘bc?‘%ﬁéyﬁ% aét{]%la&ﬁqrf&%
Sol der bal | shdd eemnpeel birerihspndg2withtpetisatutipermingandtrey st utpasts. 30,
and circuitry 25Me¥'aii'i%gt§gg plv?atlse dtﬁcranf ialplp(?l.q.'ed by sputtering a layer

of chromium followed by-a layer of copper followed by a layer

of chromium. Subtractive etching was used to define -the

metallization; a photoresist Waycoat SC-1000, was applied,

exposed through artwork and developed with xylene. The

chromium was then etched using conventional processes with an

alkaline potassium permanganate etchant, and the copper was

etched with a ferric -chloride-hydrochloric acid etchant, to .

define the circuitry 40, and the photoresist was stripped,

to provide a carriers having minimum line widths of from 0.7

to 1.0 mil, with minimum spacing between lines of about 1.1

to 1.5 mil. i

Chips 42 were then attached to the carrier 10 at
temperatures of about 350 to 400°C, using solder reflow
techniques.: The carrier was then  attached to the

substructure 46.

Example 2
Polyimide coated polytetrafluoroethylene carriers were

prepared as in Example 1, except that a photosensitive
polyimide, Ultradel 5106, from Amoco Cheﬁical Company Wwas
used as the conformational coating 34. The photosensitive
polyimide was screen coated and drawn down, then, instead of
forming the wvias 38 by laser ablation, the vias 38 were
formed by photoimaging the' photosensitive polyimide



"

Carrier 10 js attached to substrate 46, preferably by bal I--grid -arrays
48.. Suitable substrates include, for exanple, circuitized substrates,
such as circuit boards, cards, carriers, organic and inorganic single chip
nodul es, organic or inorganic multi-chip nodules, and ceram c carriers.
Preferably the conpensator 12 is stiff to provide the carrier 10 with
rigidity. Preferred canpensators are thrék

4 | ayered str \ ri a fj,rst la r, er
of 36% ni%tc ?elﬁb %q/z%io%’on al ?ggt%%%\hi cg’ﬁ ‘has a%e %‘lt(ci%gl% of&tlﬁ%?%gggigg
expansi-on (t€pbnisfues oswere zaperfiormase op¥r atempPsinger o&het hebebyinide
and a thir ¢drptimati GRAPVoat IAILHA 3 MiltiRWOTRANINE GRS a5 i@ o of
.a 36% nickel -63%_1iron alloy, . and _25% cqpper. .. A _suitabl.e 36% nickel -63%
‘iron -all oy i aVEReRpl Ehﬁnd@Plﬁ’Hﬁ‘lti?adéﬁ’E%F?gT“?r{}éPflé;r] coatdng Réaswas

| nst r urent geveloped Aviehnal i ¥emercidhe developett, orultrddslred76b afsdbmygl e

oget her WA CHSTHGAL FOMRATSH BTGt HERbRERR ot PERCORR| | Sl b~ the
methylpyrillidone and g-butyrolactone. The carrier 10 was
then rinsed and cured as in Example 1.
The carriers were then evaluated. The HAST (highly
accelerated stress test) was then conducted; no corrosion was

O

observed in the metallized carriers. Migration testing, a
biased test in which voltage applied across pairs of
conductors, was also conducted. ~ No significant change in

resistance was detected indicating no migration. Attempts to
determine the adhesion of the polyimide conformational
coating to the filled polytetrafluorocethylene layer resulted
in the cohesive failure of the polytetrafluoroethylene layer;
that is, the failure was a cohesive, rather than adhesive
failure.

The polyimide conformational coating and the
circuitization of the carrier was visually examined under a
light microscope at a magnification of 7 X, (and up to 30 X

to confirm, where required) after each processing stage in
which heat was employed; a uniform surface without voids was
observed ihdicating” 1itflé or no’ méistdre aBESTPCion:™ 'The
lines displayed minimal undercutting and no shorts between
lines. Adhesion tests indicated that the layers stayed
together through processing and that the chips adhered to the
carrier. _

| Although several embodiments of this invention has been
shown and described, various adaptations and modifications
can be made without departing from the scope of the invention

as defined in the appended claims.



coeff|C|ent of thernal expansion (CTE) of the carrier 10.--Preferably the
conpensator has a thickness of fromabout 0.001 to about Q.009 .inches,
preferably about 0.006 inches. The ground planes 18, 20 can be formed of
copper or CIC or other conductor material as is well known. Ref erring
to Figure 2, a cross section of another enbodiment of the invention, is
shown. The carrier 10 is nmulti-layered andl2s conprised of a dielectric

| ayer 22, again Pasfiegabdesquibedt thél uvorvaetthipneneit aiki nsdw | ajeimed as
circuitry 2p.¢yspased on the dielectric layer 22, an organic conformational
coating 34, again preferably polyimde, dlsposed over the |l ayer of
dielectric 22 and the first layer of circuitry 25, and a second | ayer of

Circuitry 49, thanfi ahaﬁe&hsprea&wr Bahipfﬂsiﬁ?e wi dth of about 1.0 mil
-or |ess, preferably:abo space between |ines of about 1.5

and
m!| or less, preferaf %ﬁﬁﬁﬂ ﬁ?Q.¥ﬁYero & %@% ajdigdechrds ce@stant of
conf ormat i onal | ayefrcid. aboitt 1B teessary vias and through hol es needed

chi b, (not shouky. & SAREadAsE% 6% IR FarhoRsh & '@Eﬁaﬁ%m
the carrier 10 is dt¢ dchedielectatiltstagtex;( al so not shown). The carrier
I's suitable for gttgchnqg&nfa}dgpgghyqyes égﬁtfﬁb'Othﬁé f&ér|e5§ percent
planarization of greater than about 30% and’ a
dielectric constant of from about 1.5 to about 3.5,
disposed on the first layer of circuitry and the
dielectric layer; '
d. a second layer of circuitry disposed on the
conformational coating, comprising lines having a
line width less than 1 mil and line spacing of 1.5
mil or less; and
e. at least one conductive via disposed through the
conformational coating to connect the first layer of

circuitry and the second layer of circuitry.

2. The carrier of claim 1 wherein the conformational coating
is a polyimide.

3. The carrier”of“tigimrihwheféin5Ehe dielectric -iayex:--is:
‘polytetrafluoroethylene.

4. The carrier of claim 1, wherein the dielectric layer
characterized in being filled with particulate filler and

free of woven fiberglass cloth.
S. The carrier of claim 1, wherein the conformational

coating is a polyimide, and dielectric layer is

polytetrafluoroethylene.

AN
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5 The Dielectric Layer The dielectric layer is conposed of -a organic
polymeric material and preferably filled with a particulate material. The -
di él ectric constant of the dietectric layer is preferably fromabout 1.5 to
3.5, nore preferably 2 to about 3. The thickness of the filled dielectric

| ayers varies according to the desired design perfornmance
characteristics of the carrier. The dielectric does not contain woven

fi berglass; such absence of woven fibergl as’$ enabl es through holes to be

closely spgceghe cahitdeedofspasingl, | fasthéharompfixingd s, preferably | ess

than 50 mls, nore preferahly 25 mJls nost ferahl y | qhﬁq m
between centers, | cHi%RF Ié’r{ﬁtﬁ‘&ﬁo orﬁ{oﬁléa be eor?%tﬁfle t rcj)%gjh héolf%s.
The coeffi cddellectriikedamierexpansi on of the dielectric layer is preferably

- f bout 20 t 0 C i
rom abou 0 fa% ?%t% epht Ptalagr edféeﬁr%%?grb¥ofar UReABREoESh L 80180 in

ppm [err]C. Prefera he parti cul at er has a diangeter |ess than
about ' 10[ er electmicalpeatengghanical, gepnection idytthe via.

7. An organic chip carrier comprising:
a compensator;
a first inner dielectric layer disposed on one side of

the compensator;

a second inner dielectric layer disposed on the other
side of compensator; .

a first ground plane disposed on the first inner
dielectric layer; ' o

a second ground plane disposed on the second inner
dielectric layer; _

a second dielectric layer disposed on the second ground
plane, having a dielectric constant of from about 1.5 to
3.5; '

a first layer of circuitry disposed on and adhering to
the second dielectric layer;

a conformational coating having a percent planarization
of greater than .about 30% and a dielectric constant of from

. about 1.5" to #bout ~3.5;*-disposed on the first layer of
circuitry and the second dielectric layer;

a second layer of «circuitry disposed on the
conformational coating, comprising lines having a line width
less than 1 mil and line spacing of 1.5 mil or less;

at least one conductive via disposed . through the
conformational coating connecting the second layer of

circuitry to the first layer of circuitry.

I



8 [err]m Preferably the particulate filler is present-frontabout 30 to
about 70 ‘percent by weight, nmore preferably from about 40 f.0 about 60 :
percent by weight. Preferably the particulate is silica. Suitable materials
for the dielectric |ayer i ncl ude, for exanpl e, cyanat e ester
and pol ytetrafl uoroet hyl ene. Suitable cyanate ester is available under the
“tradenane Speedboard[err] from Gore in Eau Caire, Wsconsin. Suitable

pol yt et r af | \@y oPhéybareies efaidlaiime TndEurther t comprising & Tot | bapetr pne

Sui tabl e silj c%%ﬁlﬁ&%oééﬁéé&il &%}Pé}f‘é‘%éc%rﬁ’@ﬂeﬁ@c%ﬁ% hi%y28Q0 from

Rogers- Corp 1%1 or ma he conformatlonal
coating has a peraenieastname zmdorﬂm%\ed saGQP/o'-'é}e Jlegaugh holeehni ques

for measuring pergent J%a one conductive via disposed tﬁrough the
~-planari zation are found 1n "Polyner Dielectri for tI-Cdp Mod

packagl ng", FoRfepNaioRAl TIROMISLedi igs | RERCtTICA MethaRical

connection with the pads. -

9. The carrier of claim 7, wherein the dielectric layer is

polytetrafluoroethylene.

10. The carrier = of claim 9, wherein the
polytetrafluoroethylené contains a silica filler.

11. The carrier of claim 7, wherein there is a plurality of o0
pads and vias and the pad diameter exceeds the via diameter.

12. The carrier of claim 7, wherein the second dielectric

layer is free of fiber glass.

13. The carrier of claim 7, wherein the conformational

coating is a polyimide.

14. The carrier of claim 7, wherein the dielectric layer is
free of fiber glass~. -+ %y loan, -

15. A method of making a chip earrier comprising the
-following steps:

providing a dielectric layer_ having a dielectric
constant of from about 1.5 to 3.5;

forming a first layer of circuitry in the dielectric

layer;

This Sheet Has Been Re?placed
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volume 80, 12, Decenber  1992; 1942-1954.  The conf or mati onal
coating is CharaCt?ﬁliﬁﬁQHh&JJﬂTﬁ e bottom surface of the dielectric

conforms to the surf the dielectric layer;- yet -the top
surface of the co mﬂﬂm
pl anar. The di el ect

ating does not conformand is relatively

the conformational coating is preferably
fromabout 1.5 to 3.5, nore preferably 2.8 1 3.6, nost preferably about
2-? t? about 3. applyibg aonéehﬂai:m?aﬁbnazgaéd;@gmg;slwlt yefneny ;ﬂ:ﬁ%edé
not strippe i on_of e conf or ional _.coating is ved
by convent: BAENSESZRIqHeEE SEERCSS waﬁb?}é?‘ﬂ%:?é‘ph%‘?otﬁ%ﬁt fhds” s The
chem cal etdhehgctirdcallbgarel ectri cal connect i ons ext end from the
outer. 'surface n t o] 3 Il;!ﬁ f t
‘circuitry 25. Pr 29@23% S@h égﬁféggra :IL%I’I glgeaté%ﬁf)os ecj"rt{rra Aoa%téﬁe for
at least 3 cycl eﬁoamasoﬁene] Tiner cﬂmmwumreand tivet illn@e;io@esu dwavieor
about 30 m nutesg NOff pf, ,aga%g al&cﬂé&l 6_p H%ﬂ“taﬁa Bl e 40%6_{,}& whi c% are

a s 1
ac d

typi cal tenperat ures e hip att eposi tion
process. Tdd eyn Gﬁﬁat i bﬁath%oa?nﬁ@rm%tmlalerwvr&bst antially free
of ions and particul ates, including for exanple netal. Preferably,

t he conformati ona coat |1¥%% % a coefficient of ther{ﬁﬂa % anS| on of: from
about 1 pphPferFPe tBet Pi50¢ C1%vor WhpFeter 4818 £roRFaptR¥eiofo 20
ppri [err] C efrthetxyy isr efdrmsd avd abmihai:ingo Weétalbie mcs:if]eraiai y thieom
about 20 to.,30 the z C nf arma |on oati ng
et er ably FEPRECERTR tayeFs SRy ireter ' ¥aid°
conformati onal coating has an additional advantage :
17. The method of c¢laim 16 wherein the conformational
"coating is a polyimide and the dielectric layer is

polytetrafluoroethylene.

18. A circuitized structure comprising:

a. a circuitized substrate; and

b. a carrier, electrically and mechanically connected
to the substrate, comprising:

a dielectric layer;

at least one through hole disposéd in the
dielectric layer;

a pad disposed atop the through hole;

& - eonformational -.coating.. hawing...a . pexcent
planarization greater than 30% disposed on the dielectric
layer; ' | -

fine line circuitry -comprising lines having

a line width less than 1 mil and line spacing of 1.5
mil or less, disposed in the conformational coating;

at least one conductive via disposed through
the dielectric layer and positioned over the pad;

c. a chip, disposed on the carrier and electrically
and mechanically connected to the fine line circuitry.

* C L M s T :
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inthat it protects the first dielectric layer from attack from process '
chem cal s used in the" CTrcmtlzatlon process such as, for exanple, dodecyl

benzene sul foni ¢ aciyfs sheefHE 5SS mational coating el i m nates-the need for
a sol der mask rret allization stage since the
conformational coatin !m;ul It ns as a sol der nask. Sui tabl e
conformati onal coati n exanpl e, polyimdes and

benzocycl obut ene. Benzocycl obut ene 161 s avail abl e from Dow Chem cal
Conmpany, under the- trade name Cyclotene. A suitable polyimde is avail able
as-du Pont 13878 [rhei miideufitdmed. |structare df Nebaims lénd chepediy The du

directi on SARPFREAAAT Bl AR SRS T I PP Constant of 2.5

‘and a tensile nodulus of 0.1 psi. Another suitable polyimde is a

phot osensi bigve popyd mc‘i‘%cﬁ%&%ﬁ' aét':hé&i‘i‘é allee UnLeh tlfse t yadeaane thgl
Utradel 510 from Anmpoco Chemn cal é phar ett a org-l a. Polyimdes

can be ren&dreF FHalaghsie |W€Eﬁ/ JE%GP ey lepie.

21. The circuitized structure of claim 18, £urther
comprising a layer of circuitry disposed on the dielectric
layer.

22. A circuitized structure comprising:
a. a carrier comprising:

a dielectric layer;

at least one through hole dlsposed in the
dielectric layer;

a pad disposed atop the through hole;

a cohformational coating having a percent.-
planarization greater than 30% disposed on the dielectric
layer;

fine line circuitry comprising lines having

.a line width less than 1 mil and line spacing of 1.5
mil or less, disposed on the conformational coating;

at least one wvia disposed through the

dielectric iayer,andvpositioned_evermtheapadaa AV it e,
b. a chip, disposed on the carrier and electrically

and mechanical connected to the fine line circuitry.

23. The circuitized structure of claim 18, wherein the

conformational coating is a polyimide.

24, The circuitized structure of claim 18, wherein the

first dielectric layer is polytetrafluoroethylene.

oy
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"Polymer Dielectrics for multi-chip Mdul e packagi ng", Phi-lip Garrou, The
Proceedi ngs | EEE vol une 80, 12, Decenber 1992, pp. 1942-1954, which is
specifically incorporated her ei n. . The chip carrier of the present
invention, particularly a nmulti-I|ayer structure havi ng-a conpensator,
di el ectric and power planes, is manufactured according to the follow ng
steps. A dielectric layer having a dielectayc constant of fromabout 1.5 to
3.5 is provided, and a first |ayer of circuitry is formed in the
dielectric | ayer .. using._con entlonal hnlque Udl for_.ex | e,
| ami nat i on,2%acuumt88posiTion, J.gsgporsgrru ur?puﬁ erif n'g ‘ng F%?%Ed by
el ectrol ess:qnilmnstg;g paathatyg;r afeccivrubeayn déppesedown Iti@r diepesttion or
by vacuum Ltion foll owed by el ectropl ating. Then, a
--conf or mati on coating having a percent planarization of greater than
about 30 percent, is applied to the surface of-‘the dielectric |ayer. The
conformati onal coating is appli " of preferably |ess than
one ml, nore preferably about j(m,n”mﬂw&’iﬂﬁm 8 mcrons, preferably

1 |

about 6 mcrons. At |east one via I¢ e
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8 the conformational coating, enploying conventional techniques such as by
abl ati on, chem cal etching or photoimaging. Then fine line circuitry
wherein the fine lines have a line width less than.1 m| and |ine spacing

of 1.5 ml or less, is forned on t he conformational coating by-
enpl oyi ng conventional techniques such as, for exanple, vacuum
deposi tion, evaporation or sputtering, eding foll owed by el ectrol ess

pl ati ng, or by vacuum deposition followed by electroplating. The circuitry

i s then def jMEROVED POEYIETRWFI BORORTEY L ENIOTHNFIPNACHIP GARRIERA
conformational coating is applied over the fine line circuitry so that the

ci rcui tr yABSTRA®Tded in the conformational coating. The vari ous
materials, and thickness of the various materials, are selected such that
anong ot her pr $hepresest invéntiongwavitdesan edgapic chiprdaetien(lD) partivedady G3&Eubf about
6 to about 14, and preferably about 8 to about 12. The foll ow ng
Exanpl es Wit flipchipseerrnprisiag an preanicdielpetri dayenoa firsh layey ofaiycuittyi(25k he scope
of the invention.tgxaggle,l A multi-layered stryctuyre conprising a
first | aydispesed osithe diclesfri layer ) ganicipuferaatioal opating (34) diposd Qsher
pl ane 18, ,a first | r, |.a of pol rafl oretg | e ielecrrig 14, a
conpensat BF tjlrstléyer &Qﬁelectgré?é@dand tﬂF ﬁgéﬁlayer Pgﬁ'é?m é %r}& gﬁﬁ ﬁitp)}r-"é? ene
di el ectri r : d .
pol yt ot r apFeirg R4GH REE s RME L 03,0 Off o 18R, pRIGRHIHoue L miL g Jesty 10
Was prepapReerdly about 0.7 mil, and a space between lines of about 1.5 mil or less, preferably

about 1.1 mil or less, disposed on the conformational layer. Preferably the dielectric

layer is free of woven fiber glass. The conformational coating preferably has a dielectric

constant of about 1.5 to about 3.5, and a percent planarization of greater than about

30%. - The invention also relates to methods of making the dielectric coated chip carrier.

Fig. 1 ,_
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fdollows: a sandwi ch was assenbl ed containing: as the top |ayer
0.7 ml

a first
copper sheet; ‘a 2 ml

filled polytetrafluoroethylene sheet
14 from Rogers, de5|gnated 2800 HT; a copper -invar -copper conpensator 12
from Texas Instrunents; a 2 m| polytetrafluoroethyl ene sheet 16; and a
second 0.7 m | copper sheet as the bottom of the sandw ch. The conpensat or

12 was patterned to provide clearance holes. The sandw ch structure was
placed in a |lam nation press, from

9 TMP, Inc. for about five hours at”?OO[err]F and cool ed. The copper
sheets on the outside of the sandwi ch structure were patterned by
conventional nethods to form copper ground planes 18 and 20.
Next, a 1.5 m | sheet of pol ytetgafl uoroet hyl ene 22 and 24 was

placed on the exposed sides of the coppew ground pl anes 18 and 20 and
copper sheets werewd then

pl aced t he exposed si de of .-
polytetrafluoroethﬁﬁ e 22 and 24_¢a&d “pra@ed in the lamnation press

for about 5 hours at o[gr & o] prowd
&
«
4]
o™
o
[
. 2L
3
\\*
o A
<t <
«

L
/
G
38

20A

o/
29 29
46

29

/
[/
.
\T\
26

36

\
29¢
32

N

30

\
AN
N

9B
I

&
48

Vo]
N

10
~
38

is Sheet Has Been Replaced |

BT —




~copper clad | am nate. Through holes 26, about 6 m| in dianmeter, were
mechanically drilled at a spacing of 18 mls, on center, through the copper
clad am nate and plated with plating 28, preferably copper plating, using
conventional techniques. The through holes 26 were then capped on
both ends with pads 30 and 32 in the follow ng way. The copper plated

t hrough hol es 26 and | ands on the surfaces to be capped were plated with
gol d. A sheet of copper was plated &2 h a Au and Sn pattern of dots that
mat ch the position of through holes 26 on the nulti-layer structure. The
mul ti-layer structure and sheet were aligned, and | am nated~at a
tenperature of about 300 to 400[err]C. As a result, the plated through
hol es 26 and the Au Sn dots fused together. The sheet is then
subtractively patterned to | eave "nman-hol e" covers, that is pads over the
pl ated t hrough hol es 26. Pol yam ¢ aci d desi gnated Dupont 5878 from
Dupont Chem cal Conpany, was diluted with n-nethyl-pyrillidone to a
viscosity suitable for spray application. The capped | am nate substrate was
then sprayed one side at a time, wth the polyamc acid to provide a

pol yam c acid coating of about 8 to 10 mcrons, and dried in an oven for
about 30 mnutes at 100[err]C to evaporate the solvent. The thickness of
the coating 34 was about 6 microns after drying. The substrate was then

10

/

38 40\
/ L i 1 0.1 | R I A I
34 —
1 | | 1 | —25
' —22
This ISheet Has Been Replaced
ElG. 2 A '.ﬁhw s e oy
| THIS SHEET HAS i

{ REPLACED




10 subjected to a 'second cure at 100[err]C for 30 mnutes; and a amPadTa-?
cure at 360[err]C for about 4 hours, to the forma polyimde conforsadi onal
coating 34. Vias 38 were defined in the polyimde conformational
coating 34 by |aser ablation by sweeping a shaped | aser beam from an
excinmer |laser emtting at 308 nm wavel engt t hrough artwork, to abl ate

vias 38 I ddiokfl fHohils GRRLAI BRI 0RAl0RR! R0 HdeulieyPalsy il da Rl
produced by the abfation Was then renove rinsing wfh_ potassium |
per manganat® seh@t £Axst dielgatailG AAYSh s tFRRCRHHI heledy 2fut tdriaky a
| ﬁyer,of cfa:s-tsénbtﬁmat@éd oweEt by obddi.ﬁtﬂfi\@; @Qﬁg&?gf OﬁbﬁV\Eﬁr. é)ylelai_sl@s@_ d Ofin
chrom um ubfracfive e in S ed 1.0 defiine the pgeptallizatian;
photor o1 B! 16 1000 bt ey OB dRlf Ah SrRubRl Shidsd
devel oped writh xytemductivdhef£likom umTlasughenhelebed26isiane cdhiard | @l
processes w I | p SSJ E.Q]- nga a nd, ot er
was etched%ﬁ%@eéegﬁéﬂgﬁl g?llgdg- yd'%%{:h ori c@tgm El%!t%c g’r}?,%-%tgo%grtﬁ?ne t he
circuitry 4eontactt betpieeror esompenastorr ilgpeand t her dlisddng *#f rpar $he
having mnigamaéige Wl hhbudh dbed £6.1cPelihned hB1BENREWIRSRAGE D
bet ween- i nes of about 1.1 '
) isolate the ground planes. and power planes 18 and 20 from
through holes 26 as needed for the circuitry design. Pads 30
and 32 are disposed over ends of through holes 26.
Conformational coating 34 is disposed on first
dielectric layer 22. Optionally conformational coating 36 is
disposed on dielectric layer 24. At least one, preferably.a

plurality of vias 38 are disposed in conformational coating

34 and 36. Vias 38 connect to pads 30 and 32 and to circuitry
25. Fine line circuitry 40 is disposed on conformational
coating 34, to provide a circuitized carrier which has a
dielectric constant of about 2 to 3, which achieves line
width of 1 mil or less, preferably 0.7 mil or less, with line
spacing of 1.5 or 1less, preferably 1.1 wil or less.
Optionally, an additional coating of dielectric is disposed
over the circuitry 40 on conformational coating 34. Chip 42
is attached to fine 1line circuitry 40. Solder balls 44
connect the chip 42 to the fine line circuitry 40, pads 30,
and circuitry 25. vVias 38 are plated or filled.

Carrier 10 1is attached to substrate 46, preferably by
ball grid arrays 48. Suitable substrates include, for
example, circuitized substrates, such as circuit boards,
cards, carriers, organic and inorganic single chip modules,
organic or inorganic wmulti-chip modules, and ceramic
carriers.

Preferably the compensator 12 is stiff to provide the

carrier 10 with rigidity. Preferred compensators are three




to-1:5 ml. © Chips 42 were then attached to the carrier 10 .at
tenperatures of about 350 to 400[err]C, using solder reflow techniques.
‘The: carrier was then attached to the substructure 46. Exanpl e 2
‘Pol yimi de coated polytetrafluoroethylene carriers were prepared as. in
‘Exanple 1, except that a photosensitive polyinde, Utradel 5106, from
‘Anmoco Cheni cal Conpany was used as the conformational coating 34. The
phot osensitive polyimde was screen coated and drawn down, then, instead of
formng the vias 38 by |aser ablation, the vias 38 were formed by

photoi maging the photosensitive pol yi m de '
11 conformational  coating 34. ConventioRal phot oi magi ng techni ques
wer e perfor L | yi m de conformational coating 34 to

ultraviolet |ight dhe383ellectéc layer is composed of a organic polymeric
material and preferably filled with a particulate material.
The dielectric constant of the dielectric. layer is preferably
from about 1.5 -Eo 3.5, more preferably 2 to about 3. The
thickness of the filled dielectric layers varies according to
the desired design performance characteristics of the
carrier. The. dielectric does not contain woven fiberglass;
such absence of woven fiberglass enables through holes to be
closely spaced. Indeed spacing 1less than 100 mils,
preferably less than 50 mils, more preferably 25 mils most
preferably less than 10 mils between centers, is achievable
without shorting between the through holes. The coefficient
of thermal expansion of the dielectric layer is preferably

from about 20 to 80 ppm/°C, more preferably from about 20 to
30 ppm/°C. Preferably the particulate filler has a diameter
less than about 10um, wmore preferably from about 5 to about

8 pum. Preferably the particulate filler is present from

about 30 to about 70 percent by weight, more preferably from
about 40 to about 60 percent by weight. Preferably the
particulate is silica. Suitable materials for the dielectric
layer include, for example, cyanate ester and
polytei':rafluoroethylene. Suitable cyanate ester is available.
under the . tradename Speedboard® from Gore in Eau Claire,
Wisconsin. Suitable polytetrafluoroethylene is available
under the trade name  "Teflon®'. Suitable silica filled
polytetrafluorocethylene is available as HT 2800 from Rogers
Corporation.

The Conformational Coating _
The conformational coating has a percent planarization

which is 30% or greatex; techniques for wmeasuring percent
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nm then the polyimde conformational coating 34 "was developed with
a commerci al devel oper, U tradel D760 from Anbco Cheni cal Conpany, which

contains a mxture of in n- methylpyrillidone and g- butyrol actone. The
carrier 10 was then rinsed and cured as in nmple 1. The carriers
wer € then eval uat ed. The HAST (highly accél'erated stress test) was then-

conduct ed; no §orr05| n was, observed in the netallized carriers. Mgration
testing, a bi ased test?S n W‘E‘F’F‘-WQ%gesmmtm acdsf)sscpgi.ﬁs b co?glg_ghors
was al so conkRRRRising s dhiyeéragk QJ& staﬁgé was, def ec
|nd|cat|ng|ulégégailon Attenpts to Sterm e ?oéﬁ Shnthe dAelectric
pol yi m de conf or mat i onal coating to the filled polytetrafluoroethylene

| ayer resulted in the cohesive failure of the polytetrafl uoroethyl ene

| ayer; that is, the failure was a cohesive, rather than adhesive failure.
The polyimde conformational coating and the circuitization of the
carrier was visually exam ned under a |ight mcroscope at a magnification
of 7 X, (and up to 30 X to confirm where required) after each processing
stage in which heat was enployed; a uniformsurface w thout voids was
observed indicating little or no noisture absorption. The lines displayed

m ni mal undercutting and no shorts between |ines. Adhesi on tests
i-ndi cated-that the |layers stayed together through processing and that
the chi ps adhered to the carrier. Al t hough several enbodi ments of this

inventi on has been

T
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*shown and. descri bed, various adaptations and nodifications can be magg,.

w t haut departing fromthe scope of the invention as defined in the

appended cl ai ns. 12 . FRvIng:
described the invention, it is now claimedjas follows: 1.} Bntérg

chip carrier conprising: a. a dielectric |ayer havingh(ﬁ“efectrlc
const ant of fromabout 1.5 to 3.5; b. a first AR
circuitry di sposeBMBROMED BORYTEIRAFLUOROETHYENEAHRt FILM IGARRIER ¢, |
a conformational coating having a percent pl anari Zati'6n of
greater than about 30% and a di el ectric constant_of from about
1.5 to about 3.5, di sposed on tBaclig'rﬁmid | ayer of circuitry and the

? Ihgl ectric layer; In the ﬁdeld gf chfpega%qgrs it iasy (fesn'ab(ie to ﬁa{vre%gxl’ntei'g/ w1l;€ ggglrcmg-y,

that is; circuitry having 2.0 mil wide lines or narrower, with less than a 2.5 mil space
between lines. Fine line circuitry permits high wireability which reduces the need for
extra layers within the carrier, and supports dense chip arrays. Such fine line resolution
has been achievable in ceramic carriers; however, such resolution has not been obtainable
with conventional organic carriers.

' It would be desirable to have an orgamc carrier with fast signal speed, low

dielectric constant and fine line circuitry.

Summary
According to a first aspect of the present invention, there is provided an organic

chip carrier comprising:

a. a dielectric layer having a dielectric constant of from about 1.5 to 3.5;
b. a first layer of circuitry disposed on and adhering to the dielectric layer;
c. a conformational coating having a percent planarization of greater than

about 30% and a dielectric constant of from about 1.5 to about 3.5, disposed on the first
layer of circuitry and the dielectric layer;
| d. a second layer of circuitry disposed on the conformational coating,

comprising lines having a line width less than 1 mil and line spacing of 1.5 mil or less;
and |

e. at least one conductive via disposed through the conformational coating
to connect the first layer of circuitry and the second layer of circuitry.

According to another aspect of the present invention, there is provided an
organic chip carrier comprising: |

a compensator;

a first inner dielectric layer on one side of said compensator;

a second inner dielectric layer disposed on the other side of compensator; |

a first ground plane disposed on the first inner dielectric layer;

a second ground plane disposed on the second inner dielectric layer;

a second dielectric layer disposed on the second ground plane, having a dielectric
constant of from about 1.5 to about 3.5;

a first layer of circuitry disposed on and adhering to the second dielectric layer;



‘conformational coating, conprising lines having a | ¥ ne-p:

than'd ml and |ine spacing of 1.5 ml or less; and el

one conductive via disposed through the conformatiopal coating to6" i
connect the first layer of circui tgy.and the second |pypradf M = 1
circuitry. 2. The carrier of claim1 wherein the conformatj obhal..coating :
Is a polyimde. 3. The carrier of claiml1l wherein the dielectric |ayer '
is  polytetraf| uoreenforinetienal coatingThrying: apeioent planaization of ign abowt
dielectric er racterized.i.n bein Ll Led with parki '

and free ofgay«‘b%r? ‘fcl?%‘étpﬁ ¢ E%a"@PSf‘ﬂ’.n Ho lgl%“ i about :’Qqsé 1s§$56§ Iogtiitﬂrlnglfil,Gét wglr(gfir n

t he conf or matireuittly and @rRakecor@ di¢léctrielayp@! yi m de, and dielectric |ayer
S pol ytetrafl uoroet hyl ene. . ., . . . . . .
a seconid layer of-circuitry disposed on the conformational coating, comprising
lines having a line width less than 1 mil and line spacing of 1.5 mil or less; and
at least one conductive via disposed through the conformational coating
connecting the second layer of circuitry to the first layer of circuitry.
According to another aspect of the present invention, there is provided a

circuitized structure comprising:

a. a circuitized substrate; and
b. a carrier, electrically and mechanically connected to the substrate,
comprising:
a dielectric layer;

at least one through hole disposed in the dielectric layer;
a pad disposed atop the through hole;
a conformational coating having a percent planarization greater
than 30% disposed on the dielectric layer;
fine line circuitry comprising lines having a line width less than 1
mil and line spacing of 1.5 mil or less, disposed in the conformational coating;
at least one conductive via disposed through the dielectric layer and
positioned over the pad;
c. a chip, disposed on the carrier and electrically and mechanically
connected to the fine line circuitry. '
According to another aspect of the present invention, there is provided a
circuitized structure comprising:
a. a carrier comprising:
a dielectric léyer;
at Jeast one through hole disposed in the dielectric layer;
a pad disposed atop the through hole;
a conformational coating having a percent planarization greater
than 30% disposed on the dielectric layer; '
fine line circuitry comprising lines having a line width less than 1
mil and line spacing of 1.5 mil or less, disposed on the conformational coating;
' at least one via disposed through the dielectric layer and positioned

over the pad;



'13 6. The.carrier of claim1, further conprising: at | e,asff--f@ﬁ

t hrough hol e di sposed through the dielectric |ayer; at | e}asf""'"b“n-e«---p.a.d.;..,,'_"__‘_,___
di sposed atop the through hole, in electrical and nechanical dgonneehion, .
with the via. 7. An organic chip carrierygonprising: ajcqgnpensator;”

a first inner dielectric |layer disposed on one side of the coppensaror<s. ...
a second inner dielectric layer disposed on the other side oflgonpensator; |
a first ground plarke di sposhig, shspobesl fonr the tarrier and e¢lecsticilly [ang emeT > T

second ground o%&@ faitﬁgﬁﬁeeﬁné)é}rcfﬁhﬁr second inner dielectric |ayer; a
1ry.

second di el ectrre ayer drspose t he second ground pl ane, having a
di el ectric const antAabrding tooamottes atpedt & the piesént invention,athéreris pravidedra méthod
circuitry di Scﬁ"o n? dngoar.] cl%{)] %ar%%p gcgtilgrgsir&gothe following steps:
providing a dielectric layer having a first surface and a dielectric constant of
from about 1.5 to 3.5;
forming a first layer of circuitry on said first surface of said dielectric layer;
applying a conformational coating having a percent planarization of greater than
about 30, to said first surface of said dielectric layer;
forming at least one via in said conformational coating;
forming fine line circuitry wherein said fine lines have a line width less than 1
mil and line spacing of 1.5 mil or less, on said conformational coating; and
electrically connecting said fine line circuitry to said first layer of circuitry
through said via.
According to another aspect of the present invention, there is provided a
circuitized structure comprising:
a. a circuitized substrate; and
b. an organic carrier, electrically and mechanically connected to said
circuitized substrate, comprising:

a dielectric layer;

at least one through hole disposed in said dielectric layer;

a pad disposed atop said through hole;

a conformational coating having a dielectric constant between about 1.5
and about 3.5 and a percent planarization greater than 30% disposed on said dielectric
layer;

fine line circuitry comprising lines having a line width less than 1 mil
and line spacing of 1.5 mils or less,. disposed on said conformational coating;

at least one conductive via disposed through said comformational
coating and positioned over said pad;

c. a chip disposed on said carrier and electrically and mechanically
connected to said fine line circuitry. '

According to another aspect of the present invention, there is provided a
circuitized structure comprising: '

a. an organic carrier comprising:

a dielectric layer;



et A et e rmng.

-the second dielectric |ayer; a conformational coating havi pg;: tCERt.
pl anari zati on of greater than about 30% and a dielectric con"’taInL.,...Q.I._._J..If'ﬁm:
about 1:5 to about 3.5, disposed on the first layer of ci rcui;.trl;y and :[‘hé"'""'

second dielectric |ayer; a second _ljgyer of  circui try Jdisspoddy oo

on the conformational coating, conprising |lines having a |i ef?w-dJ‘.JL.L.ue,_Sé__m_,:_
than 1 ml| and line spacing of 1.5 m | or |ess; at |east;one
conductive via di sposed at lehst ongthreugh hotendisposed incsaid dicleciric dayers ing the

second layer of circuitry to.the first layer circuitry. T
14 8. The carrier of cléipﬁ‘??l,sl’? ?{?Brsa@%i‘&ﬁ’ﬂz at |east one through
hol e di sposed through the Gatamdtictablcosting Baviny @ percent plaarizetici greater hdh

di sposed atop_t he through haole; . at | east one conductive via disposed
t hrough the éQ%f‘g‘FW %aalddteiemﬂgyer: in electrical and mechanical

connection w th the padsgpe tine circuitry comprising lines having a line width less than 1 mil

S

and line spacing of 1.5 mil or less, disposed on said conformational coating;
at least one conductive via disposed tiuough the dielectric layer said
conformational coating and positioned over said pad;
b. A chip, disposed on said carrier and electrically and mechanically
connected to the said fine line circuitry.
According to another aspect of the present invention, there is provided a method
of making a circuitized structure comprising the steps of:
a. providing a carrier comprising:
a dielectric layer having at least one through hole disposed therein;
a pad disposed atop said through hole;
a conformational coating having a percent planarization greater than
30% disposed on said dielectric layer;
fine line circuitry comprising lines having a line width less than 1 mil
and line spacing of 1.5 mil or less, disposed on said conformational coating;
at least one via disposed through said conformational coating and
positioned over said pad; and
b. electrically and mechanically connecting a chip to said fine line
circuitry on said carrier. '
According to another aspect of the present invention, there is provided a method
of making an organic chip carrier comprising:
providing a compensator;
forming a first inner dielectric layer on one side of said compensator;
forming a second inner dielectric layer on the other side of said compensator;
applying 2 first ground plane on said first inner dielectric layer;
applying a second ground plane on said second inner dielectric layer;
forming a dielectric layer on said second ground plane, having a dielectric
constant of from about 1.5 to about 3.5;

forming a first layer of circuitry on and adhering to said dielectric layer;



9. The carrier of claim7, wherein the dielectric |ayer is f

pol yt.et r afl uor oet hyl ene. 10. The carrier of cl ai s ‘
r -;T;.l..,;l'he _
i %i“ahd“the

wher ei n: t he pol ytetrafl uoroethyl ene contains a silica fill

N |

carrier of claim7, wherein there is a plygality of pads and
pad di aneter exceeds the via dianeter. 12. The carrier of gl armf— ot
wherein the second dielectric layer is free of fiber glass. 13. The |

carrier of clai m 7appiiagai sonfoxmationd] ceatimg hawig acmqqnhglansn%atlp@ han ... |
14. The carrif5,0ooS b Nafelecti®bétlstnt BE£8MCIoGt 11550 aBY G 3.5 In' it lafylepgf

gl ass.
circuitry and said dielectric layer;

forming a second layer of circuitry on said conformational coating, comprising
lines having a line width less than 1 mil and line spacing of 1.5 mil or less; and

forming at least one conductive via through said conformational coating
electrically connecting said second layer of circuitry to said first layer of circuitry.

Embodiments of the present invention provide an orgamic chip carrier
particularly useful with flip chips, comprising an organic dielectric layer, a first layer of
circuitry disposed on the dielectric layer, an organic conformational coating disposed over
the first layer of dielectric and the first layer of circuitry, and a layer of fine line circuitry
having line width of about 2.0 mil or less, preferably about 1.0 mil or less, preferably
about 0.7 mil, and a space between lines of about 1.5 mil or less, preferably about 1.1 mil,
disposed on the conformational layer. Preferably the dielectric layer is free of woven
fiber glass. The conformational coating preferably has a dielectric constant of about 1.5
to about 3.5, and a percent planarization of greater than about 30%. Embodiments of the

invention also relate to methods of making the dielectric coated chip carrier.



=15 - 15, A circuitized structure conprising: i
C|rCU|t|zed substrate; and b. .a carrier, elec r

1

i

mechani eal |y connected to the substrate, conprising: [ ) i
a dielectric |ayer; . at least one thro¢g E%ﬁegnh"f ;
di sposed in the dielectric |ayer; : a padldisposed_atop’ |
t he through hol e; a cdaformational coEtlng havi ng a i
percent planarizati'on greater than 30% di sposed on the diel 8etric..layer., ;

fine line ci8cuThey ceamiersiaofy ¢laies ﬁavﬁngthetlnemmrdshngesgttﬁﬁastrmme
and line spaghpgugh ﬁo§e”li'isﬁésé&5§hrgho§ﬂoéﬁg 58c4A08 S0 Qivmld ONdber

coati ng; | east” one conductlve vi a di sposed through
the dielectric’ Ia?Er1§ﬁ§tp8§ﬁtPﬁﬁeddb§EPS?ﬁeabaﬁ he through hole; 5 cpjp,

di sposed on the catri geaatd enect Idoeluat iaed m@am@dse&ommtﬁghtotﬁée

fine line circu The, circuitized.structure o
wherein the %%ﬂ# FﬁﬁFFSHﬁF cOEPFTPYs a Wbl yetegEricaly, an?1?m9%§?%ﬁ+??}ed
structure ofcohneatitdfl, wivhbr ehe padsfirst dielectric layer is

9. The carrier of claim 7, wherein the dielectric layer is
polytetrafluoroethylene.

10. The carrier ~of claim 9, wherein the

polytetrafluoroethylene contains a silica filler.

11. The carrier of claim 7, wherein there is a plurality of

pads and vias and the pad diameter exceeds the via diameter.

12. The carrier of claim 7, wherein the second dielectric

layer is free of fiber glass.

13. The carrier of claim 7, wherein the conformational

coating is a polyimide.

14. The carrier of claim 7, wherein the_ dielectric layer is
free of fiber glass-

. -

v

e



' pol ytetrafl uoroethyl ene. 18. The circuitized structur
furt’her cenprising a |ayer of circuitry disposed on the diel)
19: A circuitized structure conprising: a.

conpri si ng: a dieleggric |ayer;

at | east one through hol e disposed in the dielectric |ayer;
a pad di sposed atop the through hol e;

conf or mat i onab. coa%ungmhamdmmnmnpemeDMnglanarlzatlon gr eat ér~+han--30%. . e
di sposed on the dielectric.|aye d fine line C|rCU|try
conprising |ines hﬁV|ng ﬁﬁqWﬁ?%$%W%F4 %&8%  han 1 nil and line spaci ng of

1.5 m| or less, dpsposed @dridrhelectithlly di srehanioadyi e@inected to the substrate,

-16 - at | east one via disposed through the

di el ectric | 8&8PHSAE positi oned over the pad; b. a chip,

di sposed on the carrier and,gi#&kfd gy and nmechanical

at least one through hole disposed in the dielectric layer;

a pad disposed atop the through hole;

a conformational coating having a percent planarization greater
than 30% disposed on the dielectric layer;

fine line circuitry comprising lines having a line width less than 1
mil and line spacing of 1.5 mil or less, disposed in the conformational coating;

at least one conductive via disposed through the dielectric layer and
positioned over the pad; '

c. a chip, disposed on the carrier and electrically and mechanically

connected to the fine line circuitry.

16. The circuitized structure of claim 18, wherein the conformational coating is a

polyimide.

17. The circuitized structure of claim 18, wherein the first dielectric layer is
polytetrafluoroethylene.

18. The circuitized structure of claim 18, further comprising a layer of circuitry
disposed on the dielectric layer.

19. A circuitized structure comprising:
a. a carrier comprising:
a dielectric layer;
at least one through hole disposed in the dielectric layer;
a pad disposed atop the through hole;
a conformational coating having a percent planarization greater
than 30% disposed on the dielectric layer;
fine line circuitry compﬁsing lines having a line width less than 1

mil and line spacing of 1.5 mil or less, disposed on the conformational coating;

I



e e
it

rconnected to the fine line circuitry. 20. The mrcwhzgdq
of claim 18, wherein the conformational coating is a polyi e

The circuitized structure of claim 18, wherein the first d ekectrl c layer—-
i s pol ytetrafl uoroethyl ene. 22. The gi_rcui tized struc ufeddf Elaicm: @
18, further conprising a layer of circuitry disposed on th df..eLgctrlc o
| ayer. 23. A nethod of making a chip carrier conprisiing the folTowving

st eps: provi di ng a dt lehstohe via disposed thamighghadielectic E’kiwrtaad@_o_smdneﬂ _

dielectric constant of fromabout 1.5 to 3.5; formng a first Tayer—

of ci rcuitry°8?F‘S first surface of said dielectric |ayer;

appl ying a conformgtionah gp} ididpobadviond tie RefrfeeNind|eléviridallgt bad MbctahRal er

than about 30, to said first surface of said dielectric |ayer;

formng at | &amtectsado thedine]ingHrguidizng or mat i onal coat i ng: form ng

fine line circuitry wherein said fine lines have a line width less than 1

ml| and line spacing of 1.5 m| or Iless, on said conformational coating;

and @Dect r Toa|cirpuitigerh strudturg of laimf 1% ewhareis the rccnfonnytmr@l seatingf israst

| ayer of ci rcgiygm}a t hrough said vi a.

21. The circuitized structure of claim 18, wherein the first dielectric layer is
polytetrafluoroethylene.
22. The circuitized structure of claim 18, further comprising a layer of circuitry

disposed on the dielectric layer.

23. A method of making a chip carrier comprising the following steps:

providing a dielectric layer having a first surface and a dielectric constant of
from about 1.5 to 3.5;

~ forming a first layer of circuitry on said first surface of said dielectric layer;

applying a conformational coating having a percent planarization of greater than
about 30, to said first surface of said dielectric layer; |

forming at least one via in said conformational coating;

forming fine line circuitry wherein said fine lines have a line width less than 1
mil and line spacing of 1.5 mil or less, on said conformational coating; and

electrically connecting said fine line circuitry to said first layer of circuitry

through said via.

24, The method of claim 23, wherein said first layer of circuitry is formed by
laminating metallic foil to said dielectric layer, and subtractively etching said foil.

25. The method of claim 24 wherein applying said conformational coating includes
forming a polyimide coating on said first surface of said dielectric layer.

26. The method of claim 23, wherein providing said dielectric layer comprises

A O

providing a layer of polytetrafluoroethylene.
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‘24, The met hod of claim 23, wherein said first |ayer of G

formed byl am nati’ ng"'r'rét'al"I"'|'"6_"'f'di"I""""fo said dielectric layer| aAdee ...
subtractively et Chl The met hod of cla % V\/@@r ehlwnn
appl yi ng said conf e“'ﬂc“! ”I‘I i ncl ¢es form ng a poly coatl ng
on said first surface af  sal selectric ayer Th el—ﬂ%{-h@d Of...

claim 23, wherein providing said dielectric |ayer corrprl sep provi di ng a
l'ayer of pol 91.et r aTheionethodydfenleim 23, whereir? providinghsaidredi

wherein providing s di el.egtric_Layer .further s fi
diel ectric |8 taﬁlﬁég B%{fit deqtdg de fﬂlg‘rafpﬁg'@ %?nm} ﬁe‘fl erglegsfib%éﬁgﬁs
28. The nﬁbﬂpd of claim 23, wherein providing said dielectric |ayer

further conprises the step of form ng at | east one plated through hol e
di sposed through said dielectric |ayer.

28. The method of claim 23, wherein providing said dielectric layer further
comprises the step of forming at least one plated through hole disposed through said
dielectric layer.

29. The method of claim 28, wherein said forming said first layer of circuitry on said
first surface of said dielectric layer further comprises the step of forming at least one pad
disposed atop said plated through hole so as to make electrical and mechanical connection

with said via.
30. A circuitized structure comprising:
a. a circuitized substrate; and
b. an organic carrier, elecirically and mechanically connected to said

circuitized substrate, comprising:

a dielectric layer;

at least one through hole disposed in said dielectric layer;

a pad disposed atop said through hole;

a conformational coating having a dielectric constant between about 1.5
and about 3.5 and a percent planarization greater than 30% disposed on said dielectric
layer; '

fine line circuitry comprising lines having a line width less than 1 mil
and line spacing of 1.5 mils or less, disposed on said conformational coating;

at least one conductive via disposed through said comformational
coating and positioned over said pad;

c. a chip disposed on said carrier and electrically and mechanically

connected to said fine line circuitry.

31. The circuitized structure of claim 30, wherein said conformational coating is a

polyimide.

32. The circuitized structure of claim 30, wherein said dielectric layer is

polytetrafluoroethylene.

-
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©29. ©  The method of claim28, wherein said formng said first flay
circuitry-on said-fi- rst surface of said dielectric |ayer further .conpri e

the step of fo | east” one pad di sposed atop said plat edétlglrguggh ho "'_f
so as to make Hm chanl cal cegnection with said v! a ' .’
Acircuitized s |ng a. aC|rCU|t|zeel--~Mm s}
substrate; and an organic carrier, electricallly and

mechani cal 'y connect ed to sald C|rCU|t|zed substrate, conpri si‘ng:

a dielectric #ayeayg? circuitized structure ofa clai eggt ebfgglé)gggipghoia}eg iO? Ef?l%ﬁ

sai d dlelect?

hol e; disposed on Saldqhgéﬁhfi@[alg;g{t I onal coating having a dielectric
constant between about 1.5 and about 3.5 and a percent planarization
greater than 30% di sposed on said dielectric |ayer; fine

line circuit comr i Jine width less than 1 m | and
2.4 "gdu%uﬂﬂe&é ess@@(‘fd)hggo

I|ne spaci ng”of 1 d on said conformational coating;
| east one conduative aiergaiis pasietcamprisingy sai d conf ormati onal coating
and posi ti oned over said a chip disposed on said
carrier and electricalIyagﬁgmﬁggﬁgﬁﬁcally connected to said fine |line
circuitry. 31. The atiléasubﬁd thﬂﬂ;ghhbmﬁsproeedmh saidaliete@fic laylegr ei n sai d

conformati onal coating i Sp;h(ﬁ c}ée({natop ‘said through hole;

a conformational coating having a percent planarization greater than

30% disposed on said dielectric layer;
fine line circuitry comprising lines having a line width less than 1 mil
and line spacing of 1.5 mil or less, disposed on said conformational coating;
at least one conductive via disposed through the dielectric layer said
conformational coating and positioned over said pad;
b. A chip, disposed on said carrier and electrically and mechanically

connected to the said fine line circuitry.

35. The circuitized structure of claim 34, wherein said conformational coating is a

polyimide.

36. The circuitized structure of claim 34, wherein the first said.dielectn'c layer is
polytetrafluoroethylene. '

37. The circuitized structure of claim 34, further comprising a layer of circuitry

disposed on said dielectric layer.

38. A method of making a circuitized structure comprising the steps of:
a. providing a carrier comprising:
a dielectric layer having at least one through hole disposed therein;
a pad disposed atop said through hole; .
a conformational coating having a percent planarization greater than
30% disposed on said dielectric layer; |
fine line circuitry comprising lines having a line width less than 1 mil

and hine spacing of 1.5 mil or less, disposed on said conformational coating;



"32. ° The circuitized structure of claim 30, wherein said

| ayer i s polytetrafl uoroethyl ene. 33. The circul'ti 2
structure of claim 30, further conprising a |ayer of circuitr yg di sposed on
said dielectric |ayer. 34, A circuiyézed structure conpri s1 Hg:F!t 7501
a. an organic carrier conprising: a difeliectric. I ayer

at | east one through hole disposed in said dielectric |ayer;

a pad di sposed at op sai datt leastugte kial disposed through said confamaticdadreoatingrend

coating havin rcent (Pa%nard zation greater than 30% di sposed on said
dielectric |BQ% over said p fine line circuitry conprising lines

having a line w dtth |eSSelédiﬁéhl%' Bhd A&RahicAlSy TeAfdcHAg O c,lup% 131 5ai@' fih® Ifne
di sposed on sai d confornational coating; | east one

conduct i ve vFiEcUrEp®sadciebugh the diel ectric |ayer said

39. The method of claim 38 wherein providing said dielectric layer comprises

providing a layer of polytetrafluoroethylene.

40. The method of claim 38 wherein providing said dielectric layer further comprises

providing said dielectric layer with a particulate filler free of woven fiberglass cloth.

41. The method of claim 38 wherein providing said conformational coating

comprises providing a polyimide coating.

42. A method of making an organic chip carrier comprising:

providing a compensator;

forming a first inner dielectric layer on one side of said compensator;

forming a second inner dielectric layer on the other side of said compensator;

applying a first ground plane on said first inner dielectric layer;

applying a second ground plane on said second inner dielectric layer;

forming a dielectric layer on said second ground plane, having a dielectric
constant of from about 1.5 to about 3.5;

forming a first layer of circuitry on and adhering to said dielectric layer;

applying a conformational coating having a percent planarization of greater than
about 30% and a dielectric constant of from about 1.5 to about 3.5 on said first layer of
circuitry and said dielectric layer;

forming a second layer of circuitry on said conformational coating, comprising
lines having a line width less than 1 mil and line spacing of 1.5 mil or less; and

forming at least one conductive via through said conformational coating

electrically connecting said second layer of circuitry to said first layer of circuitry.

L
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*conformational coating and positioned over said pad, b. A
chip, disposed on said carrier and electrically and mechanj ¢ally  Coril
to-the said fine line circuitry. 35. The circuitized; struc ,
claim 34, wherein said conformational coapjng is a polyimfe: "36. " "The !
circuitized structure of claim34, wherein the first said diel 8rii¢: ["ayer:
I s pol ytetrafl uoroet hyl ene. 37. The circuitized struptare of claim ;
34, further conpriMPRQVED PQEY TETRARLIIOROETHY(ENE THIN HEMICARRIERt ric ¢
| ayer. 38. A method of making a circuitized structurg.conprising the 1
steps of: a. providing a carrier conprising:

a dielectric |ayer having at | east onespérengir hol e di sposed therein;

a pad di sposed atop said through hole; o ~a conformational
coating having a pERepresens|inyeafips providespneenganic wohithcauos (03 mestcylasly wseful
dielectric | Il . . O L L cui g : |.S/ |4
having a |i n‘gﬁ\%%{) ﬁhfpes's STI%%%hﬁp AR cg{ri} n%élsﬁ ?&é@ |H r%é%%tﬁgwe#ﬁ % Tigsrt ! %bg?,f
di sposed on sizduitre §2)odispused oal the didléatr layer, an organic conformational coating (34)

disposed over the first layer of dielectric (22) and the first layer of circuitry, and a layer of

fine line circuitry (40) disposed on the conformational layer. The fine line circuitry line
width of about 2.0 mil or less, preferably about 1.0 mil or less, and more preferably about
0.7 mil, and a space between lines of about 1.5 mil or less, preferably about 1.1 mil or
less. Preferably the dielectric layer is free of woven fiber glass. The conformational
coating preferably has a dielectric constant of about 1.5 to about 3.5, and a percent
planarization of greater than about 30%. The invention also relates to methods 6f making
the dielectric coated chip carrier.

Fig. 1



T-19- i . at | east one via disposed through saijt
confermational coating and positioned-over said pad;. and
electrically and nmechanically connecting a chip to said fing |§fAg”

on said carrier. - 39. ° The nethod of g¢)aim 38 wherein prlovi d ng 1sai d
dielectric layer conprises providing a | ayer of polytetrafl yorpethylene.
40.  The nmethod of claim38 wherein providing said dielectjyric Tayéer
further conprises providing said dielectric |ayer with a particulate filler |
free of woven fiberglass cloth. 41. Theget hod of claim 38 wherein
provi di ng sai d conformgyi onal coating conpr i¥es oorovi di ng a polyimde
coati ng. 42. A met®qd of making an orgapi cechip carrier conprising:
provi di ng a conpensat or; < aprnd-gqacfni re] kpner dielectric |ayer on
one side of said compensat.ox;® N T\ ToMime R{sétond .inner dielectric

| ayer on the other side of s& o\ conpenshtbr : .
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. applying a first ground plane on said first inner dielectrichayer;m
appl ying.a second ground pl ane on said second inner dlelecti gk ayer::
fornlng a dielectri.c layer on said second ground pl ane, havgn ,a di’el e¢

constant of fromabout 1.5 to about 3.5; formng a fi Iayer of R

circuitry on and adhering to said dielectric |ayer; §a phylng a:
conformational coating having a percent planarization of grea .er..t.han. about
30% and a dielectric constant of fromabout 1.5 to about 3.5 on-said first
| ayer of circuitry and said dielect I‘I% | ayer; form ng-—-a« second...

| ayer of circuitry on said conformati fal coating, conprising |ines haV|ng
aline wwdth less than 1 m| and |ine spacing of 1.5 ml or less; and
form ng at | east one conductive via through said conformational coating

el ectrically connecting said second layer of circuitry-to said first |ayer
of circuitry. : :
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