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Abstract
The method of measuring the color of electrodepdsifold films on hull cell panels is described. da&lines are also given for the
selection of locations for measurements on a pasetlell as for reporting the appropriate L* a* abd values for use in calculating
the color difference in terms dE*,, between the measured locations. By developingahtol charts ofAE*,, range and average,
the color tolerances between locations on a gokttebdeposited hull cell panel that have a briglppearance observed was
established. ThdE*,, for an ‘acceptable’ color match was found to benfr2.59 to 5.74. For the purpose of reporting thed* and
b* value for an electroplated hull cell panels, theerage value of L* a* and b* measured from altdtions in a panel should be

used.

Index Terms. color measurements, electrodeposited gold filnd, fzul cell
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1. INTRODUCTION

Hull Cells have been an indispensable tool in the
electroplating process. This gadget allows the eplab
evaluate the bath conditions by inspecting the pané make
corrections to the bath properties [2, 3]. The Hell or other
plating tests are very useful in monitoring additivand
contamination levels as well as the overall perfmmoe
characteristics, especially brightness, if they ara&de on a
regular basis and their results are correlated witiduction
experience [3, 4]. Only an experienced operatoahke to
determine the approximate limits of bright densiépnge of a
panel [7].

The brightness observed on an electroplated Hulll pamel

has always been the determining factor in assesgivher

the compositions of chemicals in the electroplatdnjution

are in a correct ratio or not. This will fulfill ¢haspect of
obtaining workable current density ranges for atipalar
electroplating solution. But the question arisedcasvhether
there is any color differences observed throughthg
workable current density range? Can acceptable rcolo
tolerances be established to determine whethecdloe of a
panel matches another panel electroplated from an
electroplating solution containing slightly differte bath
properties in terms of chemical concentration
composition?

and

CIELAB uniform color scales method which expressies
color as three-dimensional coordinates L*, a* arfd was

used to calculate the color differences observedthe
electroplated Hull cell panels produced in thisdgtuWhere
L* variables represent color brightness, with L@resenting
black and L100 representing white. The “a” variable
represents a color’'s red to green color componevitgre a
fully red color would be expressed as: a 100. Ayfgreen
color would be expressed as: a- 100. And “b” repmes the
color’s yellow to blue, ranging from 100 to —108,idustrated
in Fig. 1 [5, 6, 13]. The three numbers can be usqulot the
exact coordinates of any specific color hue on GHELAB
chart. This system facilitates the measurement fod t
difference between two color specimens (L1* alt* band
L2*, a2* b2). It can be easily calculated as v¥hetorial color
distance between them and is therefore expressegingke
parameterAE*. The total difference between two samples of
color co-ordinates L1*, al* and bl* and L2* a2nhd b2*
respectively, is given as:

AE* = [(L1* L2%)2 + (al*- a2*)2 + (b1*- b2¥)2] Y2
(1]

AE* is a quantitative measurement of color diffeen€his
feature is of great use in quality control funcsonThe
consistency of this system in measurements of lgotat has
also being verified [8].
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Figurel. Three-dimensional CIELAB system of orthogonal
color co-ordinates

Control charts provide the basis by which we casoeably
(in a statistical sense) presume that a proce%s eontrol” or
“out of control”. The difficult task in employingontrol
charts is that actual analysis must be conductedusily.
Proper analysis not only requires a thorough kndgdeand
understanding of the underlying distribution theeri
associated with control charts, but also the erpeg that
only an expert can provide. While using the conttwrts, the
judgment is usually left to the user [12]. Colotriautes can
be quantified in terms okE*; therefore control charts can be
used to determine whether color deviations occgriim a
panel or between
electroplating solutions are within the control gess limit. In
general, to construct the control charts, the X Brzharts are
used in conjunction with each other. The X- chanised to
monitor and control the process average while thehart is
used to detect variations within a sample. In ancKart,
UCL, CL, and LCL are the usual notations for uppentrol
limit, center line, and lower control limit respeely, where
UCL and LCL were calculated from X as UCL = X & 8X)
and LCL = X - 3 (X), whereo (X) is the sample standard
deviation. In an R- chart, the CL of the chartsRcalculated
as the average of the ranges of the subgroup whereange

of a subgroup is the difference between maximum and

minimum sample values. UCL and LCL of the rangehaf
chart are RD4 and RD3 respectively, where D3 andabB
appropriately calculated based on sample distobutange [9,
10, 12].

2. EXPERIMENTAL DETAILS

42 bright Hull cell panels obtained from 42 diffete
electroplating solutions were selected and sulgetdecolor
analysis. The total reflectance of the electroplgianels was
measured with a UV spectrophotometer (CARY UV 50)
equipped with a specular reflectance (SRA) attactiméth a
6 mm circular opening. The reflectivity spectrumenpwvthe
range of 380 nm to 830 nm for each electroplatetisavere

panels electroplated wusing similar

recorded and the color of the coatings was evaluate
guantitatively by employing the Cary color softwaaad
recorded as L* a* b* value using a method basedCon
llluminant and 20 visual field [11]. For the purgof
analysis, the electroplated hull cell panels wasced
horizontally on the top of the SRA attachment aswsh in
Fig. 2 and the reflectance was measured at eacdtidac
marked on the hull cell coupon as illustrated ig. Bi.

I'-T'.nuv col] panel

Figure2. Cross sectional schematic of fixed angle SRA, eher
0 is the angle of incidence to the surface
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L1, L1 aand L1k represent the area with the current density of ~ 1.02 A dm
L2, L2aand L3k represent the area withthe current density of ~ 0.5 A dm™?

L3, L3aand L3b represent the area with the current density of = 0.074 A dm?

Figure3. Locations for measuring reflectance on electreplat
Hull cell panel.

3. RESULTSAND DISCUSSION

All electroplated panels analyzed here are equailght and
are considered to meet the appearance specifisatiduring
the measurement process, it was observed that*tfa¢ and
b* values recorded within the same current dersiga (e.g.
Lla, L1 and L1b) appear to be very close to eatierotin
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fact, their spectral reflectance curves were idahtiand
overlap on each other. Therefore for the purposeepbrting
the results, the values obtained at location L1ah& L3 were
selected and used to calculate th&*ab between the
locations. Since the color attributes have beemtified in
terms of AE*ab, the range (R-) and mean (x-) for the control
charts will be used to determine whether the migjaf the
samples analyzed were within the control limitot.

In an R-chart, the range is the difference betwbersmallest
AE*ab and the largeshE*ab in a panel. This range reflects
the process variability instead of the tendencyat@iva mean
value. The formulas for the determining controlitsrare as
follows;

Upper Control Limit (UCL) = D4R* [2]
Lower Control Limit (LCL) = D3 R* [3]
R is the average range (and center line) for theptsn
R*= ZR/k [4]

Where R=range of each panels
K= number of samples

D3 and D4 are values from tables used for detenginontrol
limits that have been developed based on the raabes
[10].

For every electroplated panel analyzed, the mogalid
condition is to have minimal or no variations kE*ab
between the measured locations. However, it is siimo
impossible to produce no variations in color betweae end

to the other end of the panel measured. Thereffoseems to
be more practical to use the UCL in determining the
acceptable limits forAE*ab observed for the electroplated
panels analyzed in this study.

For an (X-)-chart, the mean AE*ab measured on each panel
is computed and plotted on the chart. The formutas
determining the control limits are as follows;

Upper Control Limit (UCL) = X + A2R* [5]
Lower Control Limit (LCL) = X - A2R* [6]

X is the average of the sample means (and cengy dind R*
is the average of range value. A2 is a tabularevdtat is used
to establish the control limits. Fig. 4 shows thehrt drawn
with 42 sample ranges plotted on the chart. Alinfsoare
within the control limits and the (R-) chart showsatter
points above and below the centerline reflecting tiatural
random variation in thé&E* range [10]. Therefore, th&E*

variables observed in the panels analyzed areritralo Since

the R chart indicates that tidE* variables observed in the
panel are in control, then the X chart is now carcded. The
centerline is the mean of sample means. With n AZB3=
1.02, the control limits calculated are:

UCL or 30 = xmean_of _means + A2 x Rmean = 4.691
LCL or -30 = xmean_of_means - A2 x Rmean = 0.428

Figure 5 shows the X chart drawn with 42 sample meea
plotted on the chart. The (X-) chart also showattsec points
above and below the centerline reflecting the mhtcandom
variations in theAE* average. Both the (R-) chart and (X-)
chart are used together under the premise that thetAE*
average and variabilityAE* range) must be in control for the
color differences to be established. This is vewgidal since
the two charts measure the process differently.[18jnce
both the X and R charts exhibit no indications einlg out of
control, thus the control limits can be adoptedaastatistical
process control value for use as an acceptable tmkerance
measured on the Hull cell panel. UCL(R) value 6f37
obtained from the (R-) charts indicates tlfa¢ difference
of AE* up to 5.37 exists between the measured locations
the electroplated Hull cell panel produced irs tstudy which
can be considered to be within the acceptabteess limit.
Similarly, UCL (X) of 0.428 and 4.691 obtained frahre (X-)
charts indicates that the averaf§je* (from 0.428 to 4.691)
measured at different locations on the electrogdi&ell cell
panels produced in this study is within the acdaptarocess
limit. Therefore, if a bright panel analyzed usitige same
procedure giveAE* differences of 5.37 or less, it will still be
considered that there is no visual color differenbserved
within that panel. Likewise if two electrodepositpanels
were compared against each other whereby thEfr was
found to be 5.37 or less, the color of both panss$ches with
each other.
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Figured4 R-chart ofAE* of the electroplated Hull cell panels
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Figureb.X-chart of AE* of the electroplated Hull cell panels

CONCLUSIONS

Although there are numerous ways to specify caltarances,
one of the increasingly popular methods is usirgtal color
difference method based on the CIELAB color scald.[By
developing the control charts AE*ab range and average, the
color tolerances between locations on a gold eldeposited
hull cell panels that have a bright appearancergbden this
study were established. Thd=*ab for an ‘acceptable’ color
match was found to be from 2.59 to 5.74. For theppse of
reporting the L*, a* and b* values for an electrateld hull
cell panels, the average value of L* a* and b* noead from
all locations in a panel should be used.
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