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.- 'SUIVMARY

Alumlnum fllms 10 Pm thick with a thlckness unlformlty in the one
percent range ‘have been thalned on - the Kapton surface of a .
laminated substrate consisting of Kapten/Kapton/aluminum feil bonded
with a thermosetting adhesive.AAThe processinngf:the sdbstrates,beforeA<
deposition‘necessar&'to obtain reasonable deposition cycle'times and -
a mlnlmal amount of dep031t10n system contamination was developed |
‘ The laminated substrates required bakeouts. beth at atmosphere and in
high tacuum prior to deposition to permit evaporatlon at a pressure of
| 0.1 mPa (1 X 1076 torr). The dep031ted fllms exhlblted a hlgh speeular
reflectance and were thns mlrror-llke in appearance. Fllm re51st1v1ty

was w1th1n 10 percent of that of bulk alumlnum, and the fllms dlsplayed

a strong (111) flber texture.
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- DEPOSITION OF UNIFORM ALUMINUM FILMS ON KAPTON
‘ LAMINATES BY ELECTRON BEAM EVAPORATION

Dudley M. Sherman

" INTRODUCTION

q,:Vaeuumfdeposited aluminum is the most frequent choice for conductor. ..
7€ and for coatings of fi . rit-surface .

) mirrors.j Auminum thin films to serve as conductor lines for semiconductor
A deVices are typical;y in the 1 pm thickness range. Silicon wafers are
'oftentimeé elevated to temperatures near 250°C before aluminum

deposition to ‘obtain desired film properties. Aluminum films for mirror

applications are typically O.i'pm‘thick}'andethe substrates are not pfe—-
heated before deposition. The substrate materials in both the semiconducter

ahd'mirrorfapplications afe-compatible‘with high vacuum; i.e., they are

' thermally stable at temperatures normally . encountered in vacuum deposition

and have minimal oﬁtgassing.
This paper reports on a process for the vacuun-deposition of high ; .
quality aluminum films 10 pm thick on the interior surface of domed three-

layer laminated substfatee consisting of Kapton/Kapton/aluminum foil

bonded with a thermosetting adhesive. Thermogravimetric analysis and

mass spectrometry of the substrate materials and in—process fesidual gas .

fanelysis were used to determine the outgassing characteristiés of the

substrate -laminate and to aid in the development of suitable therumal

processing. A three-substrate planetary arréngement was used'to_atfain
' thickness‘uniformitiee'of neafly +1 percent across a 20—cm—diameter. :

.substrate. The required film propertiesAwefe,-in addition to the



stringent thickness uniformity requirement, adequate adhesion, a near
mirror-like suriace, and a resistivity approaching that of pure bulk

aluminum.

EXPERIMENTAL

A Substrates

The substrates con31sted of two layers of the polylmlde Kapton H ;
,(Du Pont)»backed by a layer of aluminumAfoll, as shown in Figure 1. - Each
layer was 0.125% mm thickfano was preSSure formed‘toAthe 15~cmfradlus
of curvature hefore bondlng with a thermosetting sheet adhesive (Pyraluk,
Du Pont). The inside‘Kapton 1ayerﬁhad a planar brim outside the active
20-cm (chord length) substrate ta facilitate.handling and fixturingr |

Thermogravlmetric_analysis.(TGA)Aof Kaoton was oerformed‘to aid in
the deVelopment of the thermal processiné‘necessary to produce alumlnum
 films with the desired propertles. 'The Kapton displayed'an'immediate
welght loss upon heatlng from room-temperature, and by 140° C there was
a weight loss of 1. percent. No further welght lOSS'WaS noted through
H;275°C'. Subsequent mass spectrometrlc analy31s indicated only a loss of ‘
moisture from,the Kapton up-to.275°C. Mass,spectrometrio analysis of the
full Kapton/Kapton/aluninum foil laminate indicated that‘n;hutanol as
twell'as water‘vapor were outgassed.in substantial quantities atvtempera-ﬂ
tures as low as 100°C, but that a hakeout prlor to analy81s was effectlve
_1n reducing out"a351ng Although overall outgasslng was mlnlmlzed by
..Vacuum-prebaking at 0.1 mPa‘(1 X 1Q -6 torr), an atmospheric bakeout at
'150 C for two hours was' found to be sufficient to result in minimal B

outgassing of n-butanol in’ subsequent vacuum exposures to 130 C.



Chamber .pressure before deposition was}t&bically in the ipw‘10 HPa (10"

B. Deposition System

R The_deposition'sysfem was a Vertically—spiit‘stainless~Steel bell

jaftchamber pumped by a liquid nitrogen-trapped 0il "diffusion pump.

7

“torr) range;: The deposition source was a commercial 5¥cmfdiameter copper

~

hearth elédtron beam source powered by a 10‘kw supply andAcontrolled by

'Ad qudrtz cfystalAoscillatof:éontroller. The source maierial uéed‘was~

nominal 99.999 befcént pufe éiuminum. <$he-chaﬁber wéllSzand all perma-
nent chémber fixtdring in iihe of sight with the source were covered

with removable .staihlessusteel shielding»to éinimize system'downtime
fqr%cieaning and to minimize the level of particulates in the depoéition_

chamber. -Small bimetallic surface temperature’ thermometers were mounted

'on the back surface of substrates for direct temperature measﬁrehent.

A freefstanéing thermoéouple'pbsitioned adjac?nt t0 the subétratesfﬁas
correlated.Wiﬁh.actual substrate tempefafures-for ﬁse Whén suffaée
femperature_fhermgméfers were nof used. 'Quarti;;adiéht'heatérs Qéreuuseg
for chamber‘and sﬁbsfraté bakeout. Addifional hégt fqr’s§s£¢m bakeout

was furnished by resistive heaters on_the'main valve body and'hdt water

in the chambgr water' jacket and'electron beam source hearth.

C. Residual Gas Analysis ‘and Deposition Procedure

Depoéition chamber residual gases were monitored with a quadrupoie{

mass spectrometer (UTI 100C, Uthe Technology, Inc.). The outgassing

'characferistics of the substrate laminate were investigated fﬁrthef and
a procedufe was developed which permitted the depoéition of aluminum‘films

at a pressure of 0.1 mPa (1 X 10_6Atdrr).,‘A one-hour atmospheric prebake

at 150°C was found to be sﬁfficient.to'limit the outgassing of the -




‘substrate to only water vapor’(within the sensitivity'limi£ of the

, - : -11
quadrupole mass spectrometer-—about 1 nPa.(10‘T torr)).at temperatures

" below 130°C. A .low power (250 watt) vacuum bake'in the deposition'chéﬁ—

bef with tﬁe;quartz yndiaﬁt neaters fo£ thiriy mihutesnglevafed the-
subsfrdte,teﬁpéfaturg to 125?0. "This fésulté&ﬁinAsuffiéient'dégaésing
that; after é short dooling'périoa, debdsition céuid‘be berfbfﬁed at
a system pressﬁféiof_o.a mPai(T:X {Q;éitérf) orAioWef}:f  | .
The evéived sequenée‘fpr:depositigﬂ wéé‘the'folloﬁiﬁg}
1. Bake cleaned substrates (mognfed in:depésitién'fixtufe #Q faéiii—
téte Stép 2) at aﬁmospheréAfor,aAiiniﬁum of one'héur at 550°C.
2, Rapidly‘tfénsfer substrates,to'depo%ition éystem; A.roomp
femperaturé air exposﬁre'in‘excgésjpf five minutés resulted
in supstantiél moiétufe absorbtion aﬁd ékcessively loné pﬁmp—<
down tiﬁe. Pump chamber int9‘0,1 mPa (JO—6Atdrf5 range;
3. fhirty'minute 10w-powep bakeout ofisubstrates to 125°C.
4, Substrate cooldown. ' This steﬁ varied fro@.a minimuﬁiéf about
one minute to appfbkimafely’eight hours, the ﬁime #epeésaryf‘
to épol toAroém‘temperature. | A
5, Aluminum Qas débositéd at 6 nm/s'(éo z/s)'to a nominai thicknéss
| of 10 Pm; Total deposition»time wés‘thuslapproximately thirty |
minutes,.lSubstrate tempgrature riég(dufing depqéition(was
4o°cC for'sﬁbétrateé initially at room fehperafure :aﬁd aﬁbu£ :
15°C fbr~Subs£rates at 100 to 110°C before depositioﬁ.
aThe~chamber préssuré rose to about 0.1 mPa (i X-1O—6 tbfr) during
déposifioh.ihdebéﬂdenf of the base'pressuré before poweg‘was aﬁplied to

_the electron beam gun. The. source of the rgsiduai'gas is. seen from the

mass spectra in Figure 2. The upper spectrum is a typical baseline
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.. spectrum taken before deposition. The centér spectrum shows the chamber
residual gases during.éldminum deposition; the total pressﬁfe‘has
increased by a factor of five, and there'is a dramatic rise in the

cbncenﬁration of II,, CHM; Co, and CO,. -The lower spectrun was taken

uﬁhiielthe'chamber and fixturing Were-subjected to eléctrdn qubardment
from én auxiliary,théfhioﬁig‘cathodé.ioéqted a£'th§ éenﬁef:of'thé |
gh;&bér.(dépbsitiéh.gﬁnléffs:"X'cémpafi§6n<of théhéeﬁten~and'iowér sbeqfﬁa:
illustrate thét the preéSqre,fise'dgriﬁgideposition was caused by thé
" electron stimulated desogptidn‘bf gases ff&muthé éhambef walls And-
fixturing énd not}'for‘example, due,to,fhe outgassing of the dépqsifioﬁ :

source emitter assembly or the aluminum charge. The difference in the

ratio.of watef vapor to hydrogén<partiai pfess@res bétﬁeen the céntérA

? ' and iowér sbeétra is due.to the'diééoqiation éf'waﬁef vapor b&‘§hé-reéc—
| tive aluminu@ and the fofmatioﬁ of aluﬁinum qxide'ana‘hydrbgen in the

{ . case where aluminum is being evapbrated. 'Alfhough thiS‘deéorptioh'résuit
haslnot been‘pursued,lit’@ay bé possible'to'depbsit aluminum ih the low
_10 yPa-(1O_7 torr) rénge by aadingia‘pfoces§ing step,such,és electron
 bombardmént'deéassing or 6xygeﬁ glow discharge'cleéning éf the chamber -

- T

prior to deposition.

- . RESULTQ AND DIBCUSSION |

‘ A..Thickness Uniformity _'”
: The'thickness of tHéAéiﬁhiﬁum filmé was determined by a beta baclk-
séatfer}féchniéue developéd ap.the Kansaé City‘DivisioA,of Béndix4 in
.whigh:ﬁoﬁinally 10 pm.thick aluhinumlon Kapton-wés measgred with a .
précision of iﬁ percent. Eaéh ﬁart waé measured at thirty,p¢ints dis- ' |
;tributed achss thé dome; fhe uhiformity was exbressed as the sténdard

déviation‘of the thirty measurements. divided by the‘averagé thickness




because of the statistical-nature of the beta backscatter process. The -
~dependenCy of'aluminum'thickness uniformity.upon SOurce/substrate geometry‘

‘1s given in Flgure 3. Uniformity was sensitive'to both vertical separation

of source and substrate. (absc1ssa) and radial offset of the substrates (r); -

A'the'substrate’planetary was centered over the evaporator'hearth~andAthek
substrate Jnormal" or<blanet apindle uas.maintained‘60°ffrom yertical’,
'féf éfi exoeriments;f‘No éysfe@gtic uariatlon ln:film‘thicknessjacross',:
a'dome; such as~radial thinning.as wasfseen on non—uniform'parts, could

be inferred from the thickness measurements when optimum geometrical'

_parameters were chosen. The bar at the left of»Figure 3 denotes the range

of unlformlty values, 0.6 to 1.4 percent, obtalned for 75 parts dep031ted
“at that p081t10n' the averace uniformity for these parts was less. than

one percent.

B.uReflectance

,‘The film surface reflectance was measured by.a laser reflectometer
‘ technlque reported elsewhere.5 The total reflectance w1th a 632 8 nm
wavelength source ranged from 81 to 94 percent with the maJorlty of the
films at -89 +1 percent These results .are comparable to those reported

396’7'

for'freshly'evaporated 4 and sputter—depos'ijl:ec'18’-9 films in the 0.1 pm
(1000 Z) thickness range. The amount. of reflected”liéht that'was

| 'specularly reflected was generally in the 85 to 90 oercent range;:this-
corresponos to an”opticalcappearance of a mirror—like‘surface. The -
planar nature of a typical,film surface is seen in Figure'4; there are

' 10,1112

only a small number’ of surface roughenlng features such- as hillocks

to- dlffusely scatter 1nc1dent llght It was antlclpated that ‘specular
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reflectance. would decrease‘with increasing‘substrate temperature during
deposition, but there was no:noted variation‘in the'temperature range of'
25 to.1255g} A strong'dependency was found,vhowerer, betWeen specular
reflectance and;deposition preSSure. Al depositions yieldingbthe L
reflectance values noted above were performcd at a total pressure ncar N
A‘_O 1 mPa (1 X 10 -6 torr) nith thc re31dual gas cumposition as shown in the
center spectrum of Figure 2. When air ‘was leaked into the chamber to
maintain a pressure of 1 mPa (1 X 10 5 torr) during deposition, the total -
reflectance decreased only a: few percent but the specular reflectance

decreased to the 25 percent range (see Ref 5).

C. Electrical Re31st1v1tx

"Film sheet re31stance was determined. both by four—pOint probe measure—
ments and with suitably photoprocessed resistor patterns. Film thicknesses

were obtained by the beta backscatter technique and by 1nterferometry.

The re31st1v1ty of all films, 1nclud1ng ‘those dep031ted at 1 mPa (1 X 10 =5

) torr), was Within 10 percent of that of.bulk aluminum (i.e., less than
-3 PJL—Cm at 20°C). This result is consistent with previou's‘work1 inﬂ
which the critlcal ratio of total system pressure to dep031tion rate at
which film re31st1v1ty 1ncreased was 4 mPa s/nm ( 3 X 10 -6 torr_s/A).

The ruLio for the high pressure deposit 1n.this study is 0.2 mPa s/nm

=7

(2 X 10! torr s/A). This tolerance of resistivity to higher pressure

‘is also in agreement with previous- J.nvesztigations1()’13"14 in which‘theA‘

effects of high partial pressures of H 0, 02, and N2 during depos1t10n
_.were cons1dered. It should be noted that; in the case of the air leak,

the oxygen partial pressure as medasured by -the mass spectrometer»mounted



on the depositiontchamber'was"reduced by a factor of 20 during aluminum -

deposition.

The sheet resistance of one dome was measured-at the 30 beta back-

" scatter thickness determination positions; all values were +2 percent of

the average, and eXpressed in the'same manner as the beta'backscatter

results (standard dev1at10n of 30 values divided by average sheet

res1stan"e), the unlformlty of sheet re31stance was O 8 percent The

thickness uniformity of th1s film was measured to be 0.9 percent.

D. Fiber Texture

'Seyeral segments of deposits, taken both near the dome center and

toward the outer skirt, were analyzed with a Norelco pole.figdre device

nsing Cu K__. radiation. _The crystallographlc orientation of all dep031ts

_ showed a very strong flber texture with (111) parallel to the substrate

" as 1llustrated in Figure 5, Vacnum.deposated-face—centered<cublc (FCC)

. , 4
metals often exhibit a (111) fiber texture. >

Figure 6 is a plot of .
X—ray.intensity vs’angleAfroﬁ the sample normal where the degree'of pre-

ferred orlentatlon can be seen; the high angle maximum corresponds to the

1nterp1anar angle of 70. 5° between (111) planes in FCC metals.

obl\/lM/\l\Y . R B

A process has been developed for the vacuum—dep031t10n of IO—Pm—thlck

alumlnum fllms on domed—shaped laminated Kapton substrates by electron

2 -

" beam evaporatlon. The de31red f£ilm propertles of thlckness uniformity in.

the one-percent range, a hlgh Specular reflectance, and a resistivity near

that of bulk aluminum were obtained. In addltlon, no films subJected to
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snap-pull tape adhesibn testing'failed. 'Ihe ro;atflity of the‘adhesive o
and the hygroscopic natdre of Kapton'necessitated extensire bakequt,
first at atmosphere.and thenAin high vaeuum; before aluﬁinum deposition. - o o
''he high sbecular reflectanee-of such thick films Wasvdnexbected. It

is-thought that‘the lowlpartial bressures oflsuch actfve»gases as:H20'~'

Oé, and poss1bly N2 along w1th relatlvely low substrate temperatures

‘.contrlbute to th1s effect The fllms exhlblted a. hlgh degree of preferred -

orlentatlon with (111) parallel to the substrate.
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FIGURE CAPTIONS

Schematic cross section .of substrate lamihate;ii

. Res1aual gas spectra of dep031t10n chamber after substrate bakeout -and -

before dep031t10n (top), dur1no alumlnum dep031t10n onto Kapton lamlnates at ,f
6 nm/s (center), and durlng electron bombardment of.chamber walls and
flxturlng by aux111ary fllament w1th evaporator electron emftter off"
(bottom) " The electron stlmulated desorptlon was performed with 20 mA
emission current'at an accelerating potentlal of 1 kV.A The heav1er-gases
(AMUTSO, 51, 52, 77, and 78).and-some_of the‘other smaller peaks are

attributed’ to backstreamed pump fluids. All spectra were1taken‘at_the

same mass spectrometer sensitivity.

R Film thickness‘uniformity Vs souree/substrate4vertical separatioh and

substrate radlal offset (1n the horlzontal plane) from the electron ‘beam
evaporator hearth. The vertlcal bar at the lower left 1nd1cates the<4
range of thickness uniform1ty~values obtalned for.75 domed'parts deposited

at that p031t10n.

'SEM mlcrograph of the surface of a typical 10 Pm thick dep031t

(111) X-ray. pole flgure of typlcal 10 pm thlck aluminum film on Kapton.

The shaded areas denote those reglons where the X-ray 1nten51ty was above -

backgruund.

(11%).X;ray intensity vs angle from the Sample'normal.for a tYpical'1O pm

: thick aluminumffilm on‘Kapton. This corresponds to a- plot of 1nten81ty

vs. radial’ dlstance in the pole flgure of Flgure 5
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