Fast and Accurate Deposit Internal Stress Determination

Berl Sein, CEF, NiCoForm, Inc., Rochester, NY

Internal stress in plated deposits is a common problem that unchecked may affect the coating
functionality and cause digtortionsin electroformed items. Ahility to determine deposit stressin real
time offerstheplater atool for preventing rejects before they occur. A modified bent strip technique
for conducting stress measurements directly in the plating tank, developed severd years ago and
proven in a number of critical applications, will be described and compared to the traditional spiral
contractometer method.
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Virtually all dectro-, electroless and conversion
coatings are deposited with some degree of internal
stress. As plating and surface finishing applications
diversfy, more and more deposits must be obtained in
alow stressor stress-free condition in order tofunction
correctly. Electroforming impaoses even more gringent
requirements in terms of freedom from gress due to
the heavy thicknesses of dectrodeposits obtained and
tight dimendonal tolerances of electroformsin many
applications.

Table 1 summarizes general guidelines assuring the
quality of eledrodeposits and integrity and
dimendonal stability of electroforms obtained under
the listed internal stress conditions.

Tablel
General Stress Guidelinesfor Quality
Electroplating

Internal
Type of Application/Deposit Thickness | Stress
Range,
MPa
Electroless or electroplating, 3- 5 pm <500

Electroless or electroplating, up to 25 um <100

Heavy dectrodeposition, up to 100 pm <+/-30

General electroforming, 1 - 2 mm <+/-15-
20

Optical electroforming, 1 - 2 mm <+/-5

The demand for tighter deposit stress control in
themore critica applications created aneed for afad,
accurate and simple internal stress measurement
method that could be used by line personnd in real
time under actual manufacturing conditions. Such a
test method, described below, has been recently
developed by incorporating anumber of improvements
into the oldest stress measurement technique described
by G. G. Stoney in 19009.

Stoney's original idea was to coat one side of a
thin metal strip with a non-conductive varnish and
plate the expased surfaceto the desired thicknessin a
particular plating bath. Theradiusof curvaturethat the
plated strip assumed asthe deposited |ayer underwent
expansion or contraction under the influence of its
internal stressin conjunction with the deposit and strip

thickness and their mechanical properties could then

—

Figure1l- Test Strip on Stand

be usedto cal culatedeposit internal stress®. Difficulties
associated with accurately measuring the radius of
curvaureof asinglestrip must havecontributed tothe
fact that this simple, sensitive and graightforward
method had been all but abandoned in favor of the
s p i r a |l

contractometer that B
had become the
approved
instrument® for
testing plating baths
for internal stress. |

But a simple

improvement,
proposed in 1982 by
Frank Leaman of
Electrochemical Co.,
Inc., saved the old
bent strip test.
Adding a second
strip fadng in the
opposite direction
and a scale that the
plated specimen
could be mounted on

Figure 2 - Test Cell



(see Fig. 1) dlowed to use a linear separation
measurement instead of egtimating the radius of
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Figure 3 - Stress Testing Schematic

curvaure of a single strip. The additional benefit of

this approach came from the fact the two strips were
facing in opposite directions and, therefore, averaged
the conditions in the plating cell (agitation and flow
patter ns, anode-to-cathodedi stance, etc.) providingfor
a more representative reading. Finally, since
conditions in the plating tank can never be exactly
duplicated in a test cell and one needs to have a
measurement reflecting true tank conditions, a
miniaturein-tank test cell*wasdevel oped in 1995 (see
Fig. 2).

Testing with the modern incarnation of the
century-old idea is carried out directly in a plating
tank, using tank anodes and a small separate power
supply (see Fg.3). A study carried out to compare the
spiral contractometer and the modernized bent strip
method® resulted in data presented in Table 2.

Theimproved speed, convenienceand accuracy of
the bent strip stress testing method opened up new
opportunities to the engineer who can now not only

Table 2. Summary of characteristics of two stress measurement methods

Bent Strip Spiral Contractometer
Resolution (4pm/.00015 in deposit) ~OMRa ~SHMR
Resalution (8um deposit) ~MRa ~UMR
Resolution (1§1m depoaosit) --- ~MRa
Typicd Setup Time 5min 25 min
Typica Test Duration ~20 min ~60 min
Maximum Test Frequency 2 per hour 1 per day per available helix
Substrate cost $3.00 ea. $75.00 ea. (reusable)
Ability to Use Different Substrates Limi(t:es 10SS& | ves, with purchase of add-l helix
Cost of Measuring System <$250 $1000 ($2000 w/ ext. Anode)

measure gressin abath at a given set of conditions,
but quickly record bath stress profiles, define process
windows and sdect the optimum plating parameters

based on this data. As an example, stress profiles for
sulfamate nickel and nickd-cobalt baths are shown in
Fig. 4. Obviously, the nickel-cabalt bath exhibits a
wider process window offering greater process
flexibility.



Stress Profiles and Process Windows
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Figure 4

The advantages of the dual bent strip gress testing
method may well change our approach to both
monitoringand controllingtheperformanceof existing
processes and developing new ones. As daily stress
monitoring becomes a routine 20-minute operation,
having a stress higory of a chemistry's performance
will alow the chemist to spot early changes in the
tank’s behavior and develop quantitative methodsfor
mai ntai ning or restoring the desired stress level in the
tank. Daily accurate control of electroforming tanks
makes it possible to achieve higher reproduction

fiddity for sensitive opticd and electronics
applications, opening up to dectroforming a whole
new range of products. And, finaly, when new
processes are devel oped, alow stress requirement can
be incorporated into the design with little additional
expense.
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