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PR . ABSTRACT

The" effects of & -p‘fopriet ary organic addition aéenié | (Cubath | Hy,
Sel Rex Co.) on electrodeposrcs from a cuprlc f'luoborate electroplatlngb
bath have been studied. A number of physical and mechanical properties
of the deposit were found to correlate with additidn agent lconcentra-
tion. At additive concentrations of 5 m_'l_/l to 15 ml/l a deposit was
producéd with a surface roughness of less than 20 u-in, g resmtinty
of dbout 1.8 u Q-cm, a ductility‘ as percent: elongation of ~12.%, and
a tensile strength of 42 to h? kpsi. A change in .mi;.cerS‘trﬁcture from

columar to fine occurred in the 1/ 2 - U ml/l eoncentration range.

?Surfac"é morphology was observed to change with microstructure. Frac-

ture surface morphology under tensile loading followed changes 1n
microstructuresand duetilityy.- Plating effici ency decreased with
increasing additive concentration.

The use of the organic a.ddltlon agent in the cupric fluoborate
éle.-'c~t'r0§.1at,i3ng, bath was found to provide aepos its which are suited

for print ederlng board and other applications at a SLgnlflcantly

improved plating rate.
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I. INTRODUCTION
| In the'manufactureofcommunicatidns'eqﬁipment,.electroplatingis
W1dely empléyed for wear and corrosion re51stance and also to form con-.
~duct1ve layers on dlelectrlc pfinted circuit nmterlals

Printed wiring boards are finding increasing use as‘interconnectian;
deviees in communiecations equipment. A.prinfed,ﬂiringzboard is an
electrically conductive pattern boﬁded to a dielectricfmaterial,'which.‘
may be either rigid or flexible.[ 1] For many- doﬁblé—Sidéd and multi-
layer prlnted'w1r1ng boards, electroplatlng is-used to rapidly huild
up conductor paths‘ln~drllled.and.chemically metallized through holes
.fqrﬂsidé-to-side@or*int;rplane;COnnections;

Recent additiVéatechniques-forwmanufacturinggprinted;wiringbaard§=
provide an economic advantage over currently employed subtractive
mé-ﬁhods but also place incr,e.ased reliance oﬁ electroplating.. Conductor
paths, which would ordinarily be formed by etchlng away unwanted
lamlnated copper: foil, are formed along with the 1nterplane through ek}
hole connectlons by initial electroless chemlcal metalllzatlon fol-
lcwedfby full_electroplatlng, |

Most electroplating technology applied to printed wiring boards
fhaSfBGEH'extendeﬂ”from metal finishing techniques for producing decora-
tive.andprotecti§e,surfaces. For copper plating, acceptable product
has been ebtained using a copper sulfate bath and organic addition
ageﬁts. However, the maximum plating,rate'for acceptable prdduct hag
reﬁainedlow in campariéon'wiﬁh other baths. In most cases printed

wiring boards which were plated in fast baths failed to meet one or
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‘more of the essentlal reqmrements for surface roughneas, conductlvlty,
ductility, and strength

-~

A.long with the continuing 'née"d; to méét product requirements for;
ﬁ'lfeveling- or surface .rdughnéss,' éon'ducti.vity~; 'ducti_li'ty-,- and strejngth,f
the _e:c;on,o,mi,c,-s‘f. of 'elefc"t?r.O]plati.ng; has Iz;ecome of increasing importance..

Copper plating baths u51ng a cuprlc fluoborate el.e_c.’cfrolyte are
reported. to eXhibit.ththighest-plating-rates because of the high
solubility of the efqpper ion in fluoborate. [l-é]- There exists some '.
évidence to show that the use of organic addition agents wi th CU(;BF’h ) 5
Will{produée_1evelfand-ductiié.depqsits aihigh.deposition fates.[7-lh]

”Evidence~for level and -ductile plating is generally qualitative.
Plating systems have been studied in relation to specific properties.
Q,ua.ntltatlve data is often absent » €specially for leveling. Current
densities and temperatures chosen for inves‘tigation vary Wlde]_y a.nd
prevent correlation of data from different sources.

C. J}Milora[BJemplOVEd’a groove test and;reporﬁeda leveling
value of 0.85 (on a scale with 1.0 as complete leveling) for a pure
cu(BFL32system.and a value of 1.0 using Cubath Hy, a proprietary
&ddi.tién agent Dby t-he Sel ?.Re,x‘“ Co., Nutley, New Jersey. Toledo[ 14]
reported bright and level dep031ts at high current densitieés usmg
a proprietary addition agent, UBAC #1,% in conjunction with a small

[11. 12]' and Brugger

[13]

amount of sulfate ions. Patents by Creutz, et al
presented addition agents for cupric fluoborate which it is claimed

produce 1eVeli;1g and ductile copper.

Udylite Corp., Detroit, Michigen. -




These patents-@6-Role report -BAYT quaRtd6aRI VoA Red ] UlRny s tRTes ti-

gators have reported the non-additive fluobgjrate ‘bath "to
produce a "smooth" dept')sit.. |

Res istifriity values :t"ér non-additive Cu(BF"lL)-2 -erosits have been
. Measured and values. of 1.T3-1.75 microohm-cm are typl‘;ca.l.“}’15 ] Duc-
tility as mea;sured? by percént elongation over 'a 2 inch gagéf‘.léﬂilggﬁh

[2,4,15]

has been reported in the 3.2 to 42% range"” over a current

[3]

.d_e;n,si-}i‘ty range of 15—,‘-?3()0~ amperes: :".jpe_r square foot (as f) 'Henricks o_'n'
reported 1.9-4.8% elongation and tensile strengths of 41 to 59 kpsi
testing thin foils produced at 120-240 asf. Tensile strength was

reported by Struyk and Carlson [2] to be 17.1 to 32.5 kpsi, utilizing

[4,10,15,16]

a current density-of 300 asf. Other investigators™ “have
reported tensile strengths of 17.1 to 38 kpsi.

— The question arises as to whether the leveling, electrical ,' and
mechanical properties of a plating system can be explained in terms
of physical properties.

The term leveling is used to describe the smoothing of a surface
by an applied deposit. This may occur on either a microscopic or a
macrogcopic scale. 'I'here are two types of leveling. Gecmetrlc
'l.ll.e,‘veli_ng ié the result of graln growth perpendicular to the r»g‘ﬁbstrate
surface. When two growing surfaces meet in a recess and fill it,
géozﬁetric levellng has oeccurred. [‘lﬂ The second type is electro-
chemical leveling. Deposition breferentially 'o‘écurs | in the; recesses

of the substrate surface. The two cases are not mutually exclusive

-~

and may ‘simulbémeously occur in some cases.




In ofder to. produce leveling Some platlng solutlons réqplre the
addltlon of an organlc agent 1n small quantities. This addltlon agent
is: 1ncoﬁporated‘int0'th¢'deposit.l;7’19’?3] In a radloisgtppic study
| Qf leveiing 1n _a._'.ni’clgel' bath . Bea;:ohp andn Ra.:'l.e’ay.."g“2 2] ;;1;;&&‘ tﬁe P
additionqégént to be preféréntiallygdepOsited at the high.pointsiOf
an irregular surface. Two theqpies,have’been-prquseg to explain
how preferential depcsifion‘may*éauSélévelingy One hypothesis
suggesis that leveling is caused by differential diffusion rates
set up by local concentrations of the addition agent. The second
hypothesis proposes that theuadsorbedédditiveleads to localized
polarization. Consequently dgposition*at’ﬁheggeak3~is inhibited
aﬂd_elgctrcplatingfcﬁrrént is divertedﬂﬁa.ﬁheghellqws.rlgféll A
numbervof:investigaﬁors[17’19'23] haVe-shoﬁnythat:leVeliﬁggaéents

increase cathode polarization.

[3]

Henrickson" =~ found that the electrical resistivity of the deposit
was a Tunction of the internal stress of the deposit. He found that

ately

o

the resistivityzof’ﬁheeleégrodeposited"capper“dr@p@éd”%@ éppr@xi
bulk value after annealing.

Deposits from'cupric fluoborate baths hgve:heentmost frequentLy
reported to exhibit a columnar microstructure. [.3’;15 ] Qther investiga—

tors have rép.orted; a. columnar to fibrous struéture. [4,16] Saubestre

[9]

and Khera presented a micrograph of a fine structure_fram a de-
posit produced with a proprietary brightening system, Enthobrite¥
Cu-942, M, R, & S.

T

'Qﬁmthone, Inc., West Héven, Connecticut.
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Although the' llterature discusses deposit propertles, :Lnformatlon
.'lS ‘generally qualltatlve rather than qua.ntltatlve.. For use With..'
printed wiring board platl.'ng, comprehenslve and quanﬁitativé data on
a, pl&ting system is e.'é;fs"énti.al. | A

The purpose of this work is to~providé-uSéful qﬁanxitétﬁvéaaatai
for a plating system which will meet minimum :rééiuirements: of leveling,
ductilit&, conductivity, and plating rate.

A cupric fluoborate electrolyte with Cubath Hy as an addltlon
agent was c¢hosen for study based upon the earlier work of Mllora[ ]%
who showed Cubath Hy in Cu(BFh )2 to produce a level deposit. The .-

. maximum acceptable surface roughness was 20 microinches, center llne |
average. A minimum elongation of 3% in a 2 inch gage length was
required. A current density of 150 asf was chosern as a minimum
economic current density. Early experiments and manufacturer's
recommendation lead to selection of a 25-26°C temperature control
point with individual baths being .reg‘Ula_;;te'd..; to il/ 2°C of the set
point. The 'ims_r’e,stifgat’i‘o'nA y'v'i'll. explore the leveling ab ility of the
plating system, the electrical and mechanical properties, and changes

1n the above properties in relation to physical properties of the

deposit.




II. CAN.LEVELING BE ACHIEVED ‘- .

The ability of a plating system to sm,oo_twh: a rqu‘gh.Sui?faée, to ‘
level, is in many applications a highly déSil'éd' propérty‘. Cubath
| Hy in c:qupei'"‘ ﬂuo’bérate is reported to p@s@ae,ssdsuch a property. [8]“
To veriii‘;}:rs this re.pc:;i:-ta and establish the parameters necessary to
achleve ileivelli;nfg;_,. the microleiréling and macroleveling properties
| Were firnfves‘t’i -g‘a’bed* ‘
Mlcrolevellng, in this usage, is the inherent a.blllty of the
bath to smooth a rough surface by preferential deposition. To test

‘this property a standard rough surface, a male record stamper, was

chosen. A record stamper is the die used to make phonograph records.

It :prosduc‘e;d a Surfac e with evenly spaced lands s ep ar;iatﬁfed by ridges
of uniform height. Samples were plated on this surface. Micro-

leveling was evaluated using the following quantitative scheme.

AN
I

B is th§ mlcrolevellng ability in percent, Hl is the platlng height
fovér thg langﬁ Iéz the deposit helght over the ridge, and t is the
ridge h._ei-g_hi; (see Figure 1). With this scheme perfect leveling
gives a value of 100% ,ppartial" leveling produces a value greater
than .zero, and a negative number represents increased roughness.
For the wamal®@7' case where the plating thickness over the land
was thicker than the plating over the ridge (see Figure 2),,- the

value was symmetrically inverted to show a partial or negative

leveling value by use.of thesetmation.

W




- CALCULATION FOR MICROLEVELING o

©  ELECTROPLATED
. COPPER . —»

~ SUBSTRATE —— 3/

Hy =Ho ,
E=-—-‘-;——2-100%

FIGURE |.




200X
A« PERFECT LEVELING

200X
B, PARTIAL LEVELING

100X

C. PARTIAL LEVELING -

ANOMALOUS CASE

FIGURE 2.  PHoToMIcROGRAPHIC CROSS-SECTIONAL VIEW OF

MICROLEVELING ABILITY




where E* is the inverted value and E the initial fv_aiue over 100%.
Figure 3 is the graph of microleveling ability versus additive
concentration. The line ig drawm to indicate the trend of the date.

el increased

. With the addition of .
small amountssdHi Cubath® Hy themmterodeveling: Fsqquis eggeéd obutggrdd-
ually decreases with further increasing concentrations of Cubath Hy.
It should be noted that these were small scale samples and were not
produced in the same apparatus as was:f used for subsequent large
scale samples. Variations in system performance will be discussed
in section IV. g
Macroleveling, as surface roughness, was determined by.the
center line average roughness as measured by a Talgsurf L.* Surface
roughne s',s:: was pl;otted against additive concentration in' Figure k.-

The line was drawn to point out the gemeral trend of the data. From

is decreasing surface roughn

It ShOuld be noted that a large amount of scatter is observed in the
1-4 m_l/l ..concen%is-;raﬁti:on iange . This scatter and -othéf agspects of the
1-4 ml/1 range will be d;ii:s‘cus;se:d in sections IV and V. At 5 ml/1

and greater the scatter is small and roughness gradually decreases
w}rith increasing Cubath Hy concentration. Beyond 5 ml/l. additive the

7

average surface roughness drops below 20 m-in, the condition it was

*Taylor-Hobson ,by Engis Equipment Co., Morton Grove, Illinois.

10




80

'MICROLEVELING - %
M
O

N
O

N
o

2

3 4 5 6 7 8 9
ADDITIVE CONCENTRATION = mi/I

FIGURE 3.

pa

10

5




SURACE ROUGHNESS - pin.

\"

- 20F

H
. O
T

120 |-

o
O
r )

@
- O
T

(),
o
-

—e——

SURFACE ROUGHNESS vs. ADDITIVE CONCENTRATION

L 1 1 1 1 L 1 1 P’

1

1

1

A

|
2 3 4 5 6 7 8 9 10 1
ADDITIVE CONCENTRATION - m& /4

FIGULRE 4

12

13

14




. desired to achieve.

To further study thesurface morphology scanning électr.oj micro-
- graphs were taken. A ::reﬁfé.s,éhtativét.s_urface micrograph of a .'dépos‘it
from *thé'._n0n.-.~.e_3;dditive _(311(B1%‘h)2 Beth 1s shown in Figure Sal. When
éubath Hy in concentrations of 1/2 m1/1 02 ml/1 is ’h-‘é;dded, ‘a typical
surface structure is shown by Figure 5b. The ch ange in morphology
is very distinct. With this small amount of additive the surface
is rough in gross detail, but the individual features soften and
blend into the gwess detail. With the inecrease in additive concen-
tration to 2.5 ml/1 and greater, a dramatic change in the surface
takes place. Figure 5c is typical of the surface in this concen-
tration range. At 2500X no details of the surface structure are
evident. Micrographs taken ‘at,l. 12,500X also. failed to res olve any .
surface detail. In this concentration range,_and;eSpecially*ébQVé
L ml1/1, the surface of the deposits weas specular. |

From the gbove, severlal, observations ~come forth Cubath Hy in
;a-cu(BFx)Qelectrolyte 1s capable of producing a deposit which ex-
hibitsboﬁh'mignoleveling and macroleveling properties. The amount
of leveling is deperdent ,ﬁpon the additive concentration, and a dig- |
tinct change in surface morphology occurs above a Cubath Hy con'c;erfi-u-
tration of 2.5 ml/1.

To determiné the effect of the Cubath Hy addition agent on
deposition rate, a relative plating ‘efficiency was determinéd by
normalizing the deposit thickness ~fr§m each Cubath Hy concentration

with the thickness of the non-additive deposit. Plating effici.éncy

13




2500X

A. NO ADDITIVE

2500X

B, LOW ADDITIVE CONCENTRATION, 1/2 - 2 MJ/L

FIGURE 5. ScannINe ELECTRON MicROGRAPHS OF DEPOSIT
SURFACE MORPHOLOGY
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2500X

C. ADDITIVE CONCENTRATION GREATER THAN
2.5 Mm/L

FIGURE 5 conTINUED
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Kas:plotted.as a fﬁnction,ofiadditivé concentration in Eigure 6. The
"~ line was dramn.fo.indicate.the'trend;ofAthe'data. - The plating effie

ciency decreased with: increasing additive concentration.
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III. THE PRICE OF LEVELING

s p——y

Initially, it was dete'rminedf that a cupric fluohorate hath witha

fiver. will provide

a suitable ,C:QIfi.cent,ration of Cuﬁlai:hj Hy as an &

suitable lge-ve‘lineg. F"o‘r many- applications, such as printed circuits N

3

eritical mechanical and ele ctrical properti;e;sf

Tensile tests were performed to measure tensile strength and
'd‘ﬁ@tility as determined by percent elongation to failure. Figure T
is the plot of tensile strength vefs:us;' addltlve -'con/centration.. A
curve is drawn to indicdte the general trend of the data. The mean
value of the data is shown by dots, and thebai s daﬁi‘chie the full
range of the data. The average tensile strength of a sample plated
in the standard bath with no additive was L 3 kpsi. With addition
of Cubath Hy, the tensile strength 1 nltlally dropped. The scatter
in the data showed'a Significant increase. Scatter was at a maximum
between 1/2 m1/1 and 2 ml/1 of additive. At a Cubath Hy concentra-
tion of 5 ml/1, tensile s t_reingth. v‘a;iue’sa approached the values of the
non-additive bath . Increasing additive concentration beyond this
point caused a trend of increasing tensil'ei s_'.-.tvz.'ength-,'L reaching an
observed maximum of L7 kpsi at a Cubath Hy c"on-centration oi‘ 15 mi/1.

Figure 8 shows per cent elongation as a. function of e,dditive
concentration. From an initial average Sfe;lue of 15%, percent elonga-
tion at failure (which will be used 1ntercha.ngeably 'with ductlllty)

decreased as initial small smounts of Gubath Hy were added to the

bath. With increasing additive concentration copper ductility
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ELONGATION vs. ADDITIVE CONCENTRATION
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" appeared to. go through a minimu,m' and then recover. Again it must

bé hoted that the curve is intended to indicate the lgénéral trend
of the data. N cté that récbwféry of ductility has occurred b..'eginn-i’ng-‘
with an addi%ive 'concéntra.tim of 5 ml/1 .— Above this -co_ncéntratienr
the average’ ductility rémains fairly constant.

The resistance of the deposited samples was measured so that
resistivity ‘in unlts of Iﬁi,c~roohm. 'centimeterscc@&dbbec@&&.'@i%dduﬂﬁgg
the following equation

p= 2

L

Resistivity has been plotted in Figure 9 as a function of additive

concentration. At low concentrations » 1O correlation was observed.

ever, around & concentration of 5 ml/1 the resistivity values appeared.
to stabilize and a curve has been draﬁ to indicate this trend. This
data ‘was repeatable within 2 1/2%.

It should be noted that in each of the three figures presénted s
the properties as plotted versus concentration 'exhib'it a recovery

or stability at additive concentrations of 5 ml/1 and above. The

tive deposit strength when additive concentration was greater than -

5 ml/l. Percent elongation ‘reachedss value ¢Pf124%aat @,ﬁ@ﬁaém*’a:bé;bi;g;gs.

/

above 5 ml/1. Variations were small. At additive concentrations




RESISTIVITY vs CONCENTRATION
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below L-5 ml/1, resistivity exhibited no correlation with concentra-
tion. At ._cvon;cefn'trations‘ 5 ml/1 of additive and greater the resistivity
is fairly constant.

The price of levellng in terms of observed properties is small

provided a minimum concentration of > ml of Cubath Hy per liter of
.(",'u(:B.F,_'IF ) 5 is utilized. Tensile strength for the additive bath déiios!ii
is equal or greater than the non-additive deposit. Ductility is only
slightly decreased by th'e:.:addi‘tive-., An imppotemént in elie'c"c;.rifc-al.
properties is obtained in that the resistivity of the additive deposit

was lower than the non-additive deposit resistivity.




IV. THE RELATIONSHIP BETWEEN STRUCTURE & PROPERTIES

Varistion of obserVed“propertiesLwithvadditive COneentration has
been established; These property-#arlatlons euggest a, possible alter&-g
tion 1n the structure of the electrodep051ted copper. . o

Micrographs were'made Qf’the'etructure of eaCh.af'the'selected;
additive concentrations. Two distinctstruptureS\were observed——a
columnar structure and a fine grain structure. The columnar structure
shown in Figure 10a is the structure Pproduced by -ﬂi‘e‘- nen-additiveﬁ; bath
and also the additive bath Uup to a concentration of 2.0 m1/1 of Cubath
Hy. This ié‘the~structure for cupriec fluoborate deposits reported
and illustrated in the '1iteratu:rjeg-., [3,4,7,8,15 16 The fine grain
- structure shown in Figure 10b is the structure produced by the plating
baths containing ﬁ:ml/l or more of Cubath Hy. Fine grain deposits
"from.Cu.(BFh)2 have been suggested in the llterature[T 951k,26] with
and~without the use of organic additives. The structure shown in
Figure 10b is the result Qf‘fhe chemical etching method empiQ&ed;

An obvious grain structure is not evident, but it is not columar.
Since the structure was too fine to befreSleedywith'the:methods em-.
!Ployed.itzwilljbe.celled a fine grain structure.

The concentration limits of 2.0 ml/1 and 4.Q ml/1 define the
structure transition'range. Some micrographs in thiélfranéition
regime eghibit a composite fine grain and celumnsar- structure.

The eorrelatiOn between microstructure and observed properties
is definite. With the addition of Cubath Hy to the bath, the prop-

ertles of surface roughness, re513t1v1ty, tensile strength1 ductlllty

ol




A. COLUMNAR MICROSTRUCTURE

500X

B. FINE MICROSTRUCTURE

FIGURE 10, PHOTOMICROGRAPHIC CROSS-SECTIONAL VIEWS
oF DEPOSIT MICROSTRUCTURE
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500X

C. COLUMNAR AND FINE MICROSTRUCTURE

FIGURE 10 CONTINUED
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change from the initial va.lues produced. hy the non«addrtlve hath. The."
initial mcrostructure lS columna.r. At a certaln .addi‘_tive eoncent%a-x
tion the structure 13, obser’vesd to: cha'nge to 'fine | ‘At 'cencentrationa
of 5 ml/1 and higher all the :anestlgated propertles are observed

either ta undergo only small changes or follow a deflnlte trend In

~addition the microstrueture is fine grain. At 5 ml/1 and above,

average surface roughness drops below the maximum allowable value of
20 p-in, resistivity stabilizes at approximately 1.8uQ-cm, and aver-
age tensile strength recovers to a value above L42 kpsi and continues

to rise. Ductility has recovered and stabilized at about 12% elonga-

tion. It is important to note that all this occurs after the struc-

ture ehagge.

A_'Ll observed propertles of the deposit begln to alter with the

;addltlon of ‘Cubath Hy to the platlng bath. At concentrations: of: 5mmljl

and above the eb:s"e‘rve'd pr’ope'rtije"s -é"tabi*li'ze‘. However, in the initial

additive. concentration range of 1/2 to L ml/l little correlatlon be-

tween observed pr0pert1es is ev1dent. Re-s.;L,s:tl.vli_;y and surface rough-

ness vary widely. Elongat_ion appears to go through s minimum; however,

the scatter is large.  Tensile strength dips and significant scatter

exists. The microstructure changes from columnar to fine. Surface

morphology underwent a complete change from g rough, layered texture
to a very even, slightly grainy surface when viewed at 2500x in the
scanning electron microscope (Figure 5).

To further investigate the structure change and its effeet's,'

scanning electron micrographs of the tensile specimen? fracture sur-

NI
S
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pfaceel Wwere taken. Tw:o lines. of lnvestiga.tlon \tere follomed 'The
first methcd was to. observe the edge of the samples. .It was noted
during the tens:.le teste that some samples falled slowly a.nd in tear
Fallure in this case ias found to lnltlate a.nd term:mate at th_e edges.
The second approach was 1nspectlon of the' -fr_actizre 'surface ’structure.

'Fi;gﬁre 11 shows the t>0p.ography' e.t the _s:.__ample "e_dges:. The blunt
fracture surface of Figure lla’ is typical of the ._non—addi.tive dep081t .
If Cubath Hy in low concentrations is added to the bath, the fracture
"edge becomes tapered as shown in .F.igure 11b. At higher additive con-
centrations a sharp peak is formed as 1niF1gure llc. The transition
from blunt to peaked end on the tensile fracture surface fallows the
changes in microstructure that oe cur with iil‘ic.re asing additive concen-
tration.

A peak formed at the ends of the samples from baths containing

2.5 ml/1 of Cubath Hy or more. This pesk continues across the sample,

making the failure point an almost straight line across the micro-
graph. This line corresponds to 100%. reduction in area at failure,
and is exhibited by all samples produced at or above 2.5 ml/1 addltlve
Examination of the fracture surface strueture .'Sh..em; changes with
“.rﬁefSP.ect to additive "conacentration . OSome variation in fracture surfa.ee
topography between samples taken from the same sa.mple plate was ob-
served. However, a structure may be considered typlca.l for a given

additive concentration. | | 5

The fracture surface of the nori-additive deposit is dimpled.g

vy; ’?’ Y\ P B PRI e ’M\F-ﬁ"ﬁ‘
fongh e L Ry TR
BRI 7%‘.'-%.,'1’.5&313:::\?',,’%}33 £

*¥TPerminelogy used Pollowd Beachem™ and ﬁeyn., Reference 28
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LOOX

A. NO ADDITIVE - BLUNT

LOOX

B. LOW ADDITIVE CONCENTRATION - ROUNDED

FIGURE 11. ScaING ELECTRON MICROGRAPHS OF TENSILE SAMPLE
FRACTURE EDGE TOPOGRAPHY

29




Q

LOOX

C. HIGH ADDITIVE CONCENTRATION - SHARP PEAK

FIGURE 11 CONTINUED
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FIGURE 12. PERSPECTIVE OF SCANNING ELECTRON
MICROGRAPHS OF TENSILE SAMPLE

"RACTURE EDGE TOPOGRAPHY
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The drmples are elongated as uculd'he erpected fram the‘157 elongation
of the tenaile apecimen. hefore failure..'The failure mode is normal
dxmpled rupture ‘‘‘‘ gFigure 13a)

The fracture surface alters~when the plating'hathrcontained.Cur
bath Hy. The changes which occur can be correlated to. the cha.nges in
ductilltymand~additive COncentraiiOn, With.the'initial addition of
AGﬁbaihﬁHy,;theﬁdimpleé'bermé'pOOrLy definedaandﬁthe'apparent eienga-
~tiOn,mueh,greater?than.the'dimples.inxthe’non—aaditive deposit. As
additive concentration is increase&, the dimpleS'beceme less;eVident,
almost disappearing between 2.5?m1/l.and;h ml/1 éitadditiVe. Dimples
reappear at 4 ml/l of additive. These are highly elongated shear
~ruptﬁre dimples. This dimpleistructure is dominant at additive con-
centration of 5 ml/l or more. Tear dimples are seen at high additive
concentrations, particularly at the point of failure (see Figure 13c).
~These1aim@1es, whether shear ruptures or tear, are smaller than the
normal rupture dimples-of'theinon—additiverbath‘samples.

In the'lle— hwml[l_cpneentratiOn.range the mechanisms of micro-
void coalescence corresponding to extreme plastic str_a'.in[ 28] are
evident. IndrderiQf;increaeingeloCEliZEdfStrain‘thesevphenomena.
are serpentine glide, ripple, and stretch (see Figure 13b).

A ridge appears on the substrate side of the deposit in many of
the fracture samples. This ridge (Figure 13b) is below the failure
point and exhibits a stepped or coarse granular structure. The'frac-
ture surface of this ridge is characteristlc of a 1ese ductile fracture

than observed elsewhere ‘on .the samples. Above the ridge the'surface

32




500X

A. DIMPLED RUPTURE

600X

B. GLIDE AND STRETCH WITH RIDGE

FIGURE 13, ScamniNG ELECTRON MICROGRAPHS OF FRACTURE
SURFACE MORPHOLOGY
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1000X

C. TEAR DIMPLES AT PEAK

FIGURE 13 CONTINUED
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FIGURE 14, PERSPECTIVE OF SCANNING ELECTRON
' MICROGRAPHS OF FRACTURE SURFACE
MORPHOLOGY
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shows either ripples or atreﬁhh,vmayﬁﬁng&bétﬁeensaa@@ééé.'Twheabhhérﬁéﬂde-

of the,sample~exhibits.serpentine glide or fipple, but always a coarser

- structure than the area above the ridge. Since final failure has been

observed to occur at 100%;redﬁctionjin_aréa5fit is believed the metal

above the ridge must have failed first. This would cause greé$¢10051&

ized stréss in the adjacent material. This stress would be highér than

that experienced by the nonsubstrate side material and greater localized
plastic strain would oceur above the ridge. This would account for
the finer, smoother appearing surface.

In deposits fram‘ﬁaths.Withmmore than 4 m1/1 additive, the ridge,

if present, is less obvious and often fragmented. The additive con—

centration range of 1/2 to 4 ml/1 where the ridge is prevalent on

the fracture surfaces of the deposits corresponds: to the transition
zone of the microstructure.
A cléarAcorrelation.betweenAfracture.surfaqe and ‘Cubath Hy con-

centration was observed. However, the relation between fracture

surface and ductility was not equally evident. For the non-additive

bath samples and samples from baths containing up to 1 ml/l of ad-
ditive, the ductility was high, averaging around 15%. With increased

Cubath Hy concentration, up to 4 ml/1, the ductility of the deposit

 drops, reaching a minimum average ductility of 3%. This is the range

where no dimple structure is in evidence, and the serpentine glide,

ripple, and stretch patterns are ohserved. A dimpled structure appears

~again in deposits from baths containing § ml/1 or more of Cubath Hy.

Hére-the~ﬁuc%ilityfhas redovered.andﬁstahilized about a value of 12%.
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To investigatepossible gross‘nechanisms?operating'onior within
the sample as the microstructure changed, SEM:micrOgraphS“weré:made-

of the substrate side of the deposits (Figure 15); These wWere examined_,“

for voids and other evidence of varisbles as a function of additive
concentration or mierostructure. The deposit was foundlto replicate
the substrate surface in every case with no significant variations in

morphology.
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FIGURE 15, Scanning ELECTRON MicROGRAPH TYPICAL
OF SUBSTRATE SIDE oF DEPOSIT
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V. WHY LEVELING OCCURS

Tt ha& heen established that leveling can be achieved andc.orrela-:
tions exist'betwéen'lévéling and thé'nﬁchanical and phySical.properties.
These observations and corrélaxipna.auggéSt'méchanisms by-whiCh.leveling,
m&yioccur*and'why'prOpértiés"aré affécted; |

LEVELING .

Microleveling and ma:c;rolévéling ha'vé been shown to be properties
of deposits from Cu(BF, )2 gle'ctropiatmgrb aths when Cubath Hy is used
as an addition agénts This has been shown by'Sﬁrfacé roughness meas-
urements, leveling of a standard rough surfac:e » and SEM micrographs
:Qﬂ“ﬁhé"deposit surface. Lévé;ing appears ﬁc:fcllcw“tha,thebry of
preferential additive codeposition and inhibited deposition. 71923
This calls for the additive to be codeposited or sbsorbed into the
deposit.in,areas‘gfhigh»Current density and restrict further=
plating in these areas. High current density areas correspond to
the peaks on the microleveling samples. The filling of the lands
between the peaks as seen in Figure 2 is evidence of inhibited deposi-
tion, as the decreasing surface roughness is demonstrated in Figure
h_ana 5; Plating«efficienCy (Fﬁgure 6) was seen to fall with in-
CrEasing;additiVE concentration. This follows the fiﬁdinés of
fMilora[B] th&t.Cﬁbath Hy decreases the diffusion coefficient of -
CU(BFh)Q‘byabQut‘lO%.iP a concentration of 3.0yml/1. -

Leveiing~aﬁd microstructure are functions of additiye concentra-~
tion in that a structure change occurs beyond a certain concentration.

Before the critical concentration (between 2.0 and 2.5 ml/1 of Cubath
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HY)*"‘is_ ré‘a;chedf the Ihicroat‘ruci':urfe is the 'ty'pica.l éoiumnar grain struc-

_ture.. Thesé columnar gralns. extend from the Substrate. to the . surface

of the depos,lt.‘ At the crltlcai concentratlon a.nd beyond it is be-'
- 41J_.~1;e<ved' that the codeposited ‘a-dd:i:ti‘ve 'inté;rifer'es' with the ‘grcm;h of
the colummar grains. New grains ﬁaré 'nueléaté~d around the high current
dénsity are a.svimeﬁe? the=addi fciﬁe Listp re ﬁ.‘e ﬁeﬁt hal J:Ydié;ppas?ii$ éd ,zandaa
fine grain structure is forméd.- Supporting éviden'ce for this 1is seen
in dual columnar, arnd fine grain structures ‘ﬁ-sib..le in Figure 2a and
Figure 10c. Only the fine structure is seeh at. additive concentrations
of kml/l and up (Figure 10b). j

Resistivity varies as a function of additive concentration. Beyond
the tramsition range of Cubath Hy concentration, the re51st1v1ty is
falrly stable. In the t¥?ans’1‘t1~c’>1j;[ra:r_1‘ge 1t fluctuates widely. It is
"b'ellevefda that the resistivity varies with changes in the degree of
- perfection of the deposit. A changing, dual microstructure would
cause variations in electron scatter sites }rom_ variable grain size
an"d dislocation densities. This changing structure is seen in the
micrographs of Figure 10.
DUCTILITY
The ductility of -thé- deposit is affected by addition of Cubath. -

Hy to the bath. .Duét'fility is seen to vary as a function of a@diti*re
concentration and, therefore, strﬁcture. The effects of the struc-
ture transition are quite evident. As Cubath Hy is added to the

bath, the ductility of the deposit begins to change. In the transi-
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~ tion range the scatter is high and the var:La,tlon in the data with
chuuglng concentration is. large.. Beyond the structure trans:.tlon
range the ductility is ;falrly stahle.. This e'ffect'ma;y* bel.'attributed
to the '\lrariation in grain Sizei a.ndstructure With no .a.ddi.ti.vé.]’.in -
the bath the deposit has a homog.eneous columna.r structure and éood
ductility. As the structure cha._'ngés" ducti llty drops. BéyOnd the
'addii;ive; concentration range of the transition zo'né . thé_' grain
structure is 'c{)_n‘c:-é 'ag_.a;in. homogéneous and duetility has recovered.
The (fie'l:.cr)efé;s.e'& ductility in the tra.n31t10n range is believed due to
the inability of the dual structure to slip and deform plastically
over relatively large areaéi The mechanism of the deposits changing
.abj‘.i'li_‘ty to deform without rupture is seen in the fracture surfaces.
Dimpled rupturée Occurs in the non-additive deposit. With the ad-
.diticn'OfChbaﬁh.Hnyracturemodealters1 Highly localized deforma-
tion is observed in the forms of extreme mi crovoid codlescence [-«?8]-.- |
serpeatine glide, ripple, and st retch As Cubath Hy concentration
is increased to the high end of the transition range and above, the
localized deformation decreases; dimpledurupture‘as shear and tear
reappear, and ductility is observed to rec over '.h
STRENGTH

Tensile ~»s'-t_;rength is observed to vary as a Punction of additive

concentration. From its initial, non-additive value, tensile strength

d_rops as Cubath Hy is added to the bath, then recovers and goes hlgher

than the initial value as increasing amounts of additive are added to

the bath. -Tefn,s;il_e‘ strength is highly varisble and ‘shows little cor—
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rela.tlgn to other properties. in the additive concentration range Wh.efe |
structure Vari\éS'.' At .a.ddit}‘.ﬁré 'c:oncéntratiqns 'ab_o've. the transitien
i?qngé tenéi,lé'.-Stréngth'. incréaSé&" slowly:bu;c smoothly with concentra-

~ tion. From the studies of :fa:iluré mode the s.amplés; which falled from
dimpled rupture emibitéd' the’ gré;at,és,t."' stre_ngth.“' Those Samplés' showing
high localized deformation W,ére; Ohsré_rire.d' to ha'vé Variablé, but gener- .
ally lower strength. The fine microstriucture consi sﬁent 1y produced

a 'ten's;i<l;e. strength equal to, or ;g':’r"..éa-‘tér' than the non-additive columnar
structure.

It has been shown that the addition of Cubath Hy to the plating

has an effect on the deposit at all the concentrations studied. Re-
sistivity is the most sensitive to small amounts of the additive.
Al] properties varied significantly in the additive c@ncantratien ;
range that corresponded to change in the microstructure. All ob-
served properties correlate with the change in microstructure. Sur—
face morphology and fracture mode are &lso seen to follow the change
in ';micr;'ostructure,‘ although perhaps not as closely as the ph;?m cal
and. -me.chapical properties.

A leveling deposit does result from the addition of Cubath Hy
to a Cu(BF)), electrolyte. As a necessary part of leveling a change
in microstructure occurred. The properties of the deposit vary as
functions of the }ni_cr.o'st~ructﬁi'e present as related to additive con-
cent’rati.on. The. concentration range of transition is the same for.
all properties except microlev’eling for which the différ'ent piating

conditions required may explaiﬁ the observed. discrepancy.
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s For englneerlng use 10 ml/l of Cubath Hy in Cu(BFh)e produces

a dep051t at 150 asf with a good bhalance of prqpertles.d This concen-

of additive depletion within a usable'COnCentration’range."It pro-

duces a deposit Whichjlevels,'and.Wh@SE{phySical and meckanical

.perertigs'meet.the'réquirements for flexiblé'printedlcircuits,




VI. CONCLUSIONS

1. A number of physical and.mecﬁanicaltﬁrqperties of
the deposit from a cupric flhobor;.te. éléctroplé;ting'
bath were found to correlate With;additioE.agent
cbncentration;

Microleveling resulted thidugh the use of Cuhath
Hy, an Qrganic additioﬁ_ageht,,

Average surface roughness was less than 20. u<in,

for all deposits from'baths'CQntaining ﬁnmlfl or
more of Cubath Hy.

A significant change in surface morphology oc-
curred at addition agent concentrations of 2.5

ml/1 and greater.

A change in microstructueer fromcoblumaartbofting

was observed. The transition occurred within the
addition agent concentration range of 1/2 to 4 ml/l
DQCtility decreasediwith‘concentration'ﬁfCﬁbaih-ﬂy
of less than 3.5 ml/1, recovered with increasing
concentration, and remained at gbout 12% for addition
aagent concentrations of»S-ml/l and greater.
Resistivity was approximately 1.8uQ-cm at'additiOn
agent concentratiohs of S;mlll aéa gréater.

Tensile strength of the deposit decreased with.cgn-
centrations of Cubath Hy of 1 ml/1 or less, recovered

with increasing concentration, and equaled the non-
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additive "deposit at 5 ml/1. Tensile strength was
found to further increase with additiennagenti:cons

eentrations: greatersthanabemlyhsn 5 ml 1.

-

9. Fracture surface morphology under tensile Loading

[ %

underwent significant changes as a function of ad-

dition agent concentration.

10.. Relative plating efficiency decreased mth increaging

addition agent concentration.
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- APPENDIX I - EXPERIMENTAL PROCEDURE

I. Hull Cell

A HUll cell test was.'used to ‘initially determine the useful
addltlve concentration range and current density valuss.,

To prepare the Hull cell for use the cell was treated in ~35%
HI\IO3 for one hour. Before every plating test the cell and anode were
%thcroughly rins ed with hot water, de;ioni?z‘ed water, tr_éated for a
minimum of 3 minutes in ~25% HIB_,h_,. and rinsed in Ade'iiionized water.

The .s-iample was plated on brass ‘Caﬁh;gjdé panels using the fol-
lowing procedure:

1. Peel protective plastlc coatlng from brass panel.

2. Immerse in chemical polish until surface appears clean..

3. Rinse in deionized water.

k. TImmerse in ~15% HC1l for 3 mlnutes

5% R;ns e 1n deionized water.

6 Cheeck 'W’e’tt-ing by immersing Panel in water, removing,
and holding in a vertical position. If water on the
surface does not break within 30 secondé,_ Wetti_ng is
cbmplete. I1f panel does not wet, repeat from step L.

T. Prepare bath by dilution 2@0sml of stock Cu(BFh)2 with
100 ml deionized water in a graduated cylinder. |

8. Add Cubath Hy to bathass required.

9. Pour 267 ml of bath into Hull cei-:'L—.
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.10, Pois_,i.t'iOn anode and cathode panel in cell, retaining

L

with plastic spring clip. Care was taken that the

clips were not in contact with the bath.
11. Plate for 15 mlnut es at 5 amperes.
12.. Rinse cathode plate in deionized water.
13. Dry W1th compressed air.
1k. Determine cﬁrrent. density.
The panels from the Hull cell tests iindi:c';atézd. good results

could be obtained using the chosen additive, Cubath Hy, and 150 asf

blating current density. An additive econcentration:ramgesef-T/2,2

to 15 m1/1 was foumd to provide acceptable results mad was employed

for further studies.




II. Plating Cell. Cleaning | _, | L

The 1 1/2 liter cell and the 71/2 liter cell wére initially '. -
prepared for use in the following manner.
1 Flush in hot, running water for 30 minutes.
2. Rinse with ~10% HNO 3"
| 3. Treat with ~25% HBF), for 48 hours.
L. Rinse with -dei.oni_z,ezd‘, water.. |
Before every plating experiment, the following cleaning steps
were executed: |
1l. TFlush with hot water.
2. Rinse thoroughly in deionized water..
3." Treat with ~25% HBF) for 5 minutes..
h Rinse with deionized water. ’
The plating cel;ls were treat;ad for 5 minutes with ~35% H:NO"B';
after every third or fourth plating experiment.
Anodes were prepared by the following steps.
A. Initial degreasing:
1. Tmmerse in wtrichloreethane: for 3 minutes minimum.
2, Immerse in acetone for minimum of 1 minute.
3. Rinse thoroughly with deionized water.
B. Before every plating experiment:
1. Rinse with deionized water.
2. Immerse in chemical poliéh until a shiny surface

appears.

——




N -. 3. Rinse in deionized water.

L. Place in HBFA fbr at least 3 minutes,.

2. Rinse with deionized water.

The polyproPylene anode bags used with the anodes in the large _. v
plating cell were initially flushed for 30 minutes in hot water, | |
rinsed in deionized water, treated in ~25% HBFL; for 24 hours, and
rinsed with deionized water. Between each plating experiment the
following procedure was applied to the amodeshag.

1. Rinse thoroughly in het, .munning.wster.

2. Rlnse in deionize.d water.
3. Treat in hot HN 04 (~35%) until all visible trace of

sludge and oxide disappears.

L. Rinse in deionized water.
5. Treat in ~25% HBFh for 3 minutes.

6. Rinse in deionized water.

T. Place cle aned-andade in bag.




III. Plating Bath Preparation
The as-received cupric fluoborate plating both was first pumped
through a carbon étone filter. Two parts 'Cﬁu‘f(‘.1]"317',,_.}‘)‘2 (~180 g/1 of cop-

per) were diluted with one part water which had been deionized to a

18

resistivity of greater than 10 megachms. The plating solution
was prepared in 5 gallon lots.

Microleveling samples required 1500 ml of plating solution.
These samples were prepared using Cubath Hy in concentrations of
0.0, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 5.0, 6.6, 7.5, 10.0, and
15.0 ml per liter of Cu(BF h)z ~ Large plating samples needed 7 liters.
of plating solution. Samples weré produced with 0.05, 1.0, 2.0,
2:5, 2.75, 3.0, 3.5, 4.0, 5.0, 6.6, T.5, 10.0 and 15.0 ml of Cubath
Hy per liter of -Cu’(‘BEh ')-:2. .The additive was added to the plating

solution within 15 minutes of use.

50




IV. Semple Preparation

A. Microleveling Samples

The metal record stamper were cﬁtltotone square inch
sample size and the following seduence 6f.qperations eXecuted,w A1l .
cleaning step times are minimum. |

l. Degrease by immersing samples in:
a)TrichlorOethanevar.2;minutés;
?;b.)- Acetore for 1 minute | J
c) Rinse in deionized water.

2. Bolder 6 in. copper wire to back of sample.

3. Degrease as in step 1.

L., Dip in chemical poiishffor 1 minutes

5. Immerse in trichloroethane and acetone for 1

minute each..

6. Rinse in deionized water for 1 minute.

T. Activate surface for 3 minutes in 15-20% HC1.

8. Rinse in deionized water.

9. Dry with compressed air.

10. Mask back of sample mth plater's tape.

11. Insert sample into plat ing fixture.

12, Immersekip 259 HBFh for 1 minute.

13. Rinse in deionized water.

1k. Fill plating cell'with_preparedjpiating solution.

15. Position anode with 1 1/2 inches bélow the liquid

surface.
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16. Position sample holder with sample 1 in. bélow

ﬂath level.

17. ;?bsition stirring rod near one side of plating ‘ o
cell and set motor speedScantr01,£Qm65.

18. Plate sample for 38 minutes at 1.05 amps.

19. Remove sample from fixture and rinse in deionized

- water.
'295. Plate in nickel bath for 30 minutes as prbteCtion_
duriﬁg.subsegugnt-metallurgiealgpfgpaﬁaiiaﬁ; |
21, fRinseiin deionized water.
22, Dry with compressed air.
B. Large Scale Samples
Cathode plates were cut from a 3/32 in. thick 30k
sbainless steel sheet to a 6 1/2 x 9 in. size. The plates were
cleaned and prepared as follows. Times specified are minimum.
1. Wésh;Withsoaé,andiwatér. |
2. Place in boiling trichloroethane for 5 minutes.
3. Dip in acetone for 1 minute.
k, Rinse in deionized water.
5. Passivate in'hot HNO3 (~35%) for 45 minutes.
6. Rinse'With deionized water. | .

T. Dry with compressed air.
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A6 x 6 1/8 in. rectangular was masked off with plater's

tape. About-3/16 in. wés masked off the bottom and sides of the

cathode plate, and about 2 in. above the.sample. The back was masked

the same helght as the front. After taping the plate was:

1. TImmersed in~25% HIBFll for at lead 3 minutes. &z ::

2 Rinsed in deionized water.

The equipment was prepared for use in the following

1. Pour spproximately 6.5 liters of prepared
plating bath into the plating cell.

2. Position anode and cathode in bath and fasten.
with plastic spring clamps. Bsath. should be
3/4 in. above the sample area on the cathode
plate and about 6 in. of anode should be
immersed.

3. Place the temperature control sensor in &
:éorn‘er of the plating cell near ‘the cathode.
Turn on the control unit.

Y, Sgt the tjefmp‘_ejrature control sensor ’between ‘
25 and 26°C and adjust to maintain the bath
temperature within =1/2°C of the set point.

5. Clip the thermoc ouple for the temperature
jmonitoririg recorder to corner of the 'plating

cell on the anode side. The‘rinocouple tip
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\ShOﬁiﬁfbe'at:léast;i inﬁ}ﬁélQW“the bath sﬁrface.“w
Turn chart recorder om.
) o 6. Turn on nitrogen and adjust flow to 15 scfm.
7. Start stirring motor and adjust speed and posi-

tion fbr<aﬁreven;flovaattern aCcross theicathbde,_ )

8. Turn on refrigeration unit and set to 15-18°C.
The samples were plated for U5 minutes at 38 amps. The

sample was rinsed in & cascade rinse tank with air agitation. The

samplé‘was dried?with:compressed’air‘anﬂ;ﬁhg*pl&ter‘s1tapeﬁrémcvéd¢
Heand contact with the samples was avoided subsequent |

to cleaning through the use of rubber gloves.
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V. Testing '
A. Microleveli._ng:j
The' record master samples;. ’wtere marked perpendicular to
the grooves with 'the' aid of a. 's"tere.d micrOScopeat low magniflécati.on»-
The samples were sheared along this line a.nd :mo_unt’ed' in epOxy.
Standard met allographic polishing ;pro_ceduree were used and the sam-
ples etched with a solution of equa‘fl. parts NHhOH, H2O, and ;Hzo_f (3%
by volume). The samples were photographed at 200x and 500x. Ridge
heights ‘and plating thlckneSSeS over the rldges and lands were
measured with a steel rule. |
B. Surface Roughness
Surface roughness ‘was measured as center line average

with a Taylor-Hobson Talysurf L. Measurements were made with the

sample on the stairiless steel :_‘s,_tubsftratij-_ej. A minimum of 10 readings
Were taken on each. sample plate--> vertically and 5 horizontally,
each at & different positien. -
C. Resistivity

Samples were removed from the substrate by inserting a
scalpel:-blade wnder the edges and lifting gently. Nodules caused -
by uneven current distribution at the edges of ‘the samples were
removed by trlmmlng 1/8 = 1/k in. off each side. Sample strips
gbout 5 3/h in. long by 0.5  0.010 in. wide were cut lengthwise

(top to bottom with respect to oriemntation in the plating cell)

] ?'*Engis Equ:meent Co., Morton Grove, Illinois
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with a doub&e‘bladed cutter“pérASTM E 3h5-69 for‘a-fype'B sampie.'
Six or seven samples were cut from each sample plate. o
Resistivity was determined.qsing a Leeds-Northrup Kelvin
Bridge and a L-poiat knife edge probe. The knife edge‘spacing'was
~. 10 em. Resisti%ity*was measured twice on each of two samples from
each sample plate.
D. Mechanical Tes;iﬂg
Tensile and elongation data wemss obtained with an
Instron Model TM tester. iThe,samples were tested in tWD?grQupﬁi
The first group employed both 3 and L inggage lengths.y Bolster plates
of'électrodepésited.copper=were4fasteneq“to'fhe grip area with East-—
man 910 adhesive. Samples were held in air operated serrated grips
with 40-50 psi line pressure. The second group used a L in. gagé
length and smooth face grips;wi%h 8O Psi;}ine pressure.
The test conditions were as ‘follows:
Chart speed 10/in/min
Chart scale 200 1bs full
Cross head speed 0.2 in/min
No significant difference was observed between the two groups.
E. Microstruecture
MicrostrucﬁuresampleS'Weré taken,from.the'cénters of
the sample plates. Samples were moumted;in‘e@@xxywﬁﬁhhannBGOmashh

ceramic filler for edge retension. Samples were polished by standard

methods and,etched'with~theNHhOH-HZOz-HQO selution previously speci-
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~
fied. Samplés were photographed with a Le itz metallograph on - ,,, S
Polaroid f£ilm.
'F. Electron Micrographs
Scanning éleétroh micr_ographs were made of the sample
plate surface, the subS-ﬁ'rat.e fs_ide of‘ the sample, and the tensile
fracture surface of .each sample :_p_'late « A Ca.mbrldge scanning .elec-_-

tron microscope (SEM), operated at 20 KV in the secondary emission

mode with a 45° stage tilt, was used. Surface samples were taken

from the center of each sample plate. Fracture surface samplés
were obs erved by mounting 1/ in. specimens vertlcally in groups.

The photographs were made using Polaroid f£ilm.




APPENDIX II - APPARATUS

I. ©Small Scale Plating
A.  Plating Cell
. A6 xk 1/2 X 5 in. cell fabricated of 1/4 in. polypropy-
lene was used. The cell ca.pa01ty was 1500 m1.
B Platlng Fixture
A plating fixture was made from a 5 x 2 in. strip of 1/
in. podypropylene. A 2 x 1/2 in. strip was welded to one end of
the piece. Above this bottom strip a 2 x 1/2 in. st,rip was welded
to form a 1 x 2 in. weetangle which wontdsheldethé tbamplégwiti-ac -
11ght ‘friction fit.
C. Anode
The anode was a 1 x 6 x 1/L in. piece of oxygen free high
| conductlwty (OFHC) c,;obper
D. .As"s“ocﬁiated Equipment
l. Power supplya*'
2. OStirring mo_torb and plastic stlrrlng rod with. .h-va.ne
propellor.

3. Ammeterc

¥Superscripts refer to the key in part III - Plating Equipment.
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II. Large Scale Plating

A. Plating Cell

An 11 x5 1/2 x 10 1/4 in. tank was fabricated of 1/4 in.

- in. polypropylene. Internal separators and constraints were pro-

-

Be

L)

vided to position a flexible heat exthanger bundle:along the inside

periphery of the cell. Lower ,p(_;)S}itiOninig rails were provided for
the anode and cathode plates.

o Anodes were cut from OFHC eopper sheet to a 6 x 9 in.
size.

B.. Temperature Control Systém

The temperature control requirement was ¥ 1/2°C of the

- set point. A Thermo ‘-*0"-‘Wa’c"ch~d} electronic controller with a 20-50°C

thermometer was chosen as the basic feedback control unit. The
section of the thermometer immersed in the plé;ti;n‘g bath was covered
with thin Teflon heat shrinkable tubing. The electronie controller
was connected to a circulating f?pumpe in a ‘tank which functioned as
a chilled water reservoir. The water was cooled with & consta.nt
flow portable cooling unit. f The ch‘iﬂllef;d water was pumped through
a Teflon bundle heat :exchangerg coil contained within the plating
cell. Mixing was via mechanical Jagita?aiéﬁg?and nltrogen bubbleé
through a polypropylene sparger tube (#Th -holeS{}),. Temperature
was visually monitored using a charé recordefh and an ifon—
constantan thermocouple covered with heat shrinkable TFE tubing. :
In operation the electronic corﬂ:r’oller was set té. the cbntrol
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CHART RECORDER
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temperature and_'.‘"t_‘he control band a'd,justed to less than :;’L/Q°C.
~ tecuperat ‘ | | | | -
When the bath temperature rose above the upper control unit, the |

sensing unit in the plating cell would activiate the relay to start

the ¢irculating pump. Chilled water was circulated through the

heat exchanger in the plating cell, cooling t‘he"ba‘.t‘h. When the b&th
temperature dropped Lb'e,,loﬁ the ;Lower teﬁperature conteol point, the |
sensing unit a.c;ti'vat?e;d the relay to cut off the 'pump . Visual moni-
toring with the cart recorder trace provided a verification of
broper operation and relative control limits.

C. As.-s:oéira;te d Equipment

1. Power supply - 0-60 amps.,

2. Flow-control meter - 0-50 sofh.
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III. Plating Equipment

. Ke¥

a.

b.

d.

wm—— -

Power Supply

Stirring motor ~

Ammeter
Electronic temperature

controller

Circulating pump & tank

Portable cooling unit

Teflon bundle heat

Chart recorder

Power supply

Flow Contrgl me.t er
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Manufacturer/Model

Kepco Current Regulator 0-2A
Talboy's Engineering Corp.,

" Model 101
Wessem:Industries, Inec.

2

IR, Model I—6

Sethco Model ZDX-50 from

Plating Products
Blue M Electric Co., Model

PCC-24A-2

E. I. du Pont
Varian, model A-4223A
Sorensen Nobatron, DCRLO-60A

F. W. Dwyer, 0-50 scfh




IV. Test Equipment

A. Surface roughness - Talysurf L, Taylor-Hobson by Engis

Bquipment:Eompany

Kelvin bridge - Leeds & Northrup, Model Lo8T
C. Tensile tester - Instron Model ™™ with 200 1b. load cell

1. Serf%ﬁedggrips - Instron Type 1C

2, Smooth‘grips'- Instron Type 3CA

\ i
)\
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V. Plating Supplies

10.

11.

%2

Cupric fluoborate - .LL-lh&Y purified, Baker &_Adamscsn
Fluoboric acid - 48-50%,Baker & Adamson

Cubath Hy - Stock No. lO,90b Sel-Rex Co.

Chemical polish - Chem-Polish 1k, Shipley Co., Inc.
Acetone

—-

Trichloroethane

- Hydrochloric aecid

Nitric acid

Plater's tape,- No. L470-3VEA, 3M Company

Record. stampers - Diskmakers, Inc.

OFHC copper

N
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