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e plating engineer must develop the finishing processes which
reproducibly provide acceptable quality. To accomplish this, one must rely on
published information about the throwing power of commercially available plating
baths. However, little reliable information is available which quantifies the throwing

£ power. This is particularly true for modem electroplating solutions where high
current densities usually require high solution agitation.
Since the 1920s an apparatus known as the Haring-Blum (HB) cell has
‘been a standard tool for measuring throwing power. A schematic representation ofa
* Haring-Blum cell, 80, is shown in FIG. 8. Itis a rectangular container, 81, with
positions for one anode element, 82, and two equi-potential cathode elements, 83 and
84, placed on either side of the anode. Current to the anode element and the cathode
elements is provided from a current source 85 via conductors 86 and 87,
respectively. By moving the anode element toward one or the other cathode
clement, various ratios of distances between the anode and the two cathodes may be
preselected. The measurement is performed by weighing the deposit on each of the
two cathode elements after simultaneous deposition on both. In the case of an
"ideal” weight distribution, i.c., both deposits have equal weight. However, the

reproducibility and the measurements performed with the Harring-Blum (HB) cell




"ideal" weight distribution, i.e., both deposits have equal weight.
However, the reproducibility and the nmeasurenents perforned with the
HarringBlum (HB) cell -2- are rather limted. This is primarily due to the
‘lack of well-defined and reproduci ble hydrodynamics, inability to provide
hi gh- speed solution agitation, and inability to attain high current
densities. Many nodem el ectroplating cells enploy fluid velocities of
several neters per second, while the HB cell or simlar equipnent has a
practical limt at 20-30 cmls. Solution ad%tation is typically conducted
by means of air bubbling or by nagnetic stirrers, e.g. stirrer 88.
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The kinetics adjustments can be divided into rwo kinds: the enhanced
polarization at retained high current efficiency and enhanced polarizadon at reduced
@mtnt efficiency. This results in the so-called secondary current density

. _. dlst?i-bution. definable as a current density distribution which encompasses an
additional "resistance"” at the interface (polarization), which is not a function of part
geometry and/or interelectrode gap. Thus, the strict dependence of current density
on the part geometry and solution resistance can be reduced. An additional benefit is
obtained when the polarization brings about a non-plating process (e.g. hydrogen
evolution) so that the "excess" current is "consumed" without metal deposition.

The transport of matter is the key parameter which can influence
throwing power. Generally, the polarization of metal deposition process (assuming
the same metal in various chemical environments) is a result of two effects; one is
the coordination shell composition and the other is the presence of addidves. The
coordination shell plays a role in the steps preceding discharge and immediately
following the deposition, creating a thin solution layer which is chemically different
'than the bulk solution. Additives, byproducts and contaminants may also participate
in the mechanism of deposition. The magnitude of these effects on metal




t he coordi nation shell conposition and the other is the presence of
additives. The -.coordination shell plays a role in the steps preceding

di scharge and i mediately follow ng the deposition, creating a thin
‘'solution layer which is chemically different than the bul k sol ution.
Addi-tives; byproducts and contam nants may al so participate in the
mechani sm of deposition. The magni tude of these effects on netal -3-
distribution are a function of the tranqu;; of matter. The transport of
matter adjustment is performed with | ow corcentration of depositing netal.

Under these condikl I f.solution agitation is relatively wuniform across
t he pl ated par@,g&ltghg&iﬁca"l §‘|’§°P?fé°&h5ri§lpmﬂ of matterd current at |low current

density. This results iThetfassat 68inhest aﬁﬁfs%@r&}{s ﬁ%’lﬁéﬁx?etd vgﬁﬁ'zc'p{/\tlpﬁxw%gon

di stribution Eb]'djcbgﬁgﬁ 1] r no change in 't ransp
current density. Cross %‘%gl'ppéltdgﬁ e¥arandigaageif gplusien agitatnn isaglaiivelde of t he
excess current™ ?@@F’W&H‘Wd@dmnkonmwgdﬁrhﬂsﬁ% 1inGRAPuERht at low

e

interpretati orcutremtdkﬂsi:y_hmg/i,ggmngc,Soi_%lu\[é\ﬁliﬁ%g?% ct rggé%;_élgn sqgggorge;n%r S

such as el ect rlé)aggé&i%&f’m zation .and over

consi derat i on. tieor npchange ingbe thosportlirhited edrirdty dvhéi) adpbssithd Ef:ﬁédo”

And Throw ng Pameregartilest of thetmBafitige | d =~ Surface Finishihg, July
% %%h&gﬁ%(}[el Experinmental Cell for

of
1987, pages 67-71. Se Thi am e . ,
t he Determi nat@ié on of ?Egé W‘ﬁ&%{%ﬂvbﬂn glecEbeheimionll interpratation 36 g’ .
Journal of El BERVigmaWerain which eleytrofih PRARRIEE Alop ol RGO A lariz
Technol ogy, V4 o 1987, 5% Flestrogk golatization,
ol ced hi s el vofa fﬂ??@ﬂ??&f%m"? e e S

! : e e

ised his cell tﬁdg_n [

ti - conpar t r¥ftlagag Metalddistribwsion AruicFhronth £ Pé WECSTPIEOYE Bl q_:#@gg&dof
di stances, whSurfaceiBiniskink STulyi 08 9asespargers. hough —
uniformty of Lt Wﬁi@m%éy’%ﬁg}s&%gﬁ %?Fgﬁs‘?ﬁél%é‘ﬁngl‘m,um Noevel it is
still limte %x?ﬁﬂf"g PB Hic e temmination oft the TarcivingBdverofad B&Ju‘tbgia‘ﬁﬂ
vol une. SumTaSme".ﬁmwﬁﬂlbétﬁﬂ:hIﬁi@g%g&f_' Sabodi esca_new gppar at Bs
whi ch enabl esp, q,?olg&a&qu ] . 41e860 a0d: by owi ng
power under wetts diagj)t ’ Poblgseanher 1987 qiagedG11 alisel. Thi Hiaeauvisaent
t he t hrowi ng hisoawem c dgnrforahmwiy, & t 4 s neasured ip a
conpari son t @otfhs ARodR AL afiAe. oﬁpgee%%@%%&dngﬂgﬁﬁ&gf?wem cell
hi gh- speed sol utions. The inventi oNeeRBadnese of fistaneasuwhile ofimingand a net hod
of measuri ngprqvﬁ@dtbﬁ'mspgrgpmmuhbugﬂ ®e uhifoithi®f of dgitadoAHas BB fmprdved 2
form of an ebastghé Biring Blum cell, it is still limited by low solution agitation rates and

restricted solution volume. '

Summary of the Invention

This invention embodies a new apparatus which enables the
. | mcasuremen.t of the .e.lcctroplaﬁng solution’s throwing power under well-controlled
hydrodynamic conditions. With this equipment the throwing power of commercially
available solutions was measured in a comparison to the HB method for low-speed
solutiogfs. and also for high-speed solutions. -~
The invention embodies an instrument for and a method of measuring
the throwing power of clectrolytes. The instrument is in a form of an elongated
cylindrical body adapted for rotation about its longitudinal axis and includes a fixed
conductive anode element and at least two cathode elements, at least one of which is
variably spaced from the anode element. Preferably, one cathode element is fixed
relatve to the anode element a first predetermined distance and another cathode
element is spaced from the anode clement a second variable distance which is a
multiple of the first distance. The instrument also includes means for providing
current to the anode element and cqui-potentially to each of the cathode elements.
The measuring includes providing each of the cathode elements with a pre-weighed



cylindrical body adapted for rotation about its |ongitudinal axis and
i ncludes a fixed conductive anode el enent and at | east two cat hode
el enent$, at |east one of which is variabl y spaced fromthe anode el enent.
‘Preferably, one cathode elenent is fixed relative to the anode el enment a
first predéterm’ ned di stance and another cathode elenent is spaced from
t he anode el enent a second variable distance which is a nmultiple of the
first distance. The instrunent al so inckddes nmeans for providing current
to the anode el ement and equi-potentially to eachoof tlhe cat ho\c,im_etﬁl grrents.
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RCTPE for sl%Lv%?Ea : elernent ratios of from 5/1 and 3/1 and at 200 to 2,000 RPM (20-200

cm/s);

FIG. 5 is a plot of an effect of distance ratios on the throwing power for
Rochelle copper plating solutions, comparing measurement with RCTPE at low and
high-speed conditions with those of Haring Blum cell;
FIG. 6is a plot of comparison of RCTPE and Haring Blum cell
throwing power data for selected low-speed plating soludons at distance ratios of 5/1
and 3/1;
.oa. FIG. 7 is a plot of throwing power of RCTPE for select high-speed
- plating solutions, at distance ratios of 5/1 and 3/1;
FIG. 8 is a schematic representation of a Haring-Blum cell.
Detailed?Desc-ription
In FIG. 1 is shown a throwing power measuring unit, hereinafter
referred to as a Rotating Cylinder Throwing Power Electrode (RCTPE), which
allows measurements of the throwing power parameter under well-defined
hydrodynamic conditions within a wide i'angc of solution agitation. _
The (RCTPE) includes an elongated cylindrically-shaped measuring
instrument, 11, adapted for rotation about its longitudinal central axis. Instrument 11
is suspendable in an electrolyte (not shown) which may be in its own container or in
a plating tank. An arm, 12, supports instrument 11 for suspension in the electrolyte
and includes a suitable drive means, such as a belt drive or a motor (not shown),




pl ating sol utions, at distance ratios of 5/1 and 3/1; FIG 8 is a schematic
representation of a Haring-Blumcell. T Detailed DescriptionlIn FIG 1 is
_shown a-throw ng power neasuring unit, hereinafter referred to as a

Rot ati ng Cylinder Throw ng Power Electrode (RCTPE), which allows
measurenents of the throw ng power paraneter under well-defined

hydr odynam ¢ conditions within a wide range of solution agitation. The
(RCTPE) includes an el ongated cylindrical |l shaped nmeasuring instrunent,
11, adapted for rotation about its |ongitudinal central axis. Instrunent 11
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Upper cathode element 15 which is close to the anode element is fixed at
a predetermined distance from the anode element, while lower cathode element 16
can be placed at several coaxial positions relative to the anode and the upper
cathode, such as at four exemplary positions which give 5/1, 4/1, 3/1 and 2/1

‘ | distance ratios relative to the anode position, respectively. The first number of each
ratio denotes the distance from the anode element to the lower cathode element
position and the second number of the ratio denotes the distance from the anode
clement to the upper cathode element position.

The two cathode elements are positioned on the same side of the anode
clement. This is contrary to the positioning of the anode element between the two
cathode elements, as occurs in the Haring Blum cell. In the latter arrangement, the
cathode elements have minimal interference with each other’s electric fields. In the
present arrangement the cathode element nearest to the anode element tends to
reduce the current flow to the farther cathode element. While in the Haring Blum
cell the arrangement favors a better current distribution, the present arrangement was

selected because of its practical application. This condition is more realistic than the
Haring Blum arrangement, because in reality plated parts are monolithic, facing the
anode from one side.



can be placed at several coaxial positions relative to the anode and the
upper. cathode, -such as at four exenplary positions which give 5/1, 4/1,
'3/1 and-2/1 distance ratios relative to the anode position, respectively.
The first nunber of each ratio denotes the distance fromthe anode el enent
to the | ower cathode elenent position and the second nunber of the ratio
denotes the distance fromthe anode eletr,nt to the upper cathode el enent
position. The two cathode el ements are pgsitioned on the same side of the
anode elenent. This is contrary to the positioning of the anode el enent

bet ween the two cataoge el grrentﬁ, as, occurs in the Haring Blumcell. In
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pl ati ng solution. Stainless. stee ory netals as titanium
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ratios. In this embodiment, the drive shaft 19 is provided with a shoulder portion 21

and a central shaft portion 22 of a smaller diameter than the shoulder portion. The

remainder of the cylinder is made up of annular non-conducting sections, 23, 24, 25,
. 26, and a non-conducting capping end section, 27.

Contact 17 and anode clement 14 are spaced from metallic central shaft

22, while cathode elements 15 and 16 are in tight electrical contact with shaft 22.

Each of sections 23 and 24 has a portion with a reduced diameter so that the contact

and the anode element are insulated from shaft 22. The length of cylinder section 23

is such as to avoid shorting between the shoulder portion 21 and the contact. The

length of cylinder section 24 is sufficient to permit immersion of anode element 14

in an electrolyte and yet to avoid wetting of the contact sleeve by the electrolyte.

Section 25 is of a length enabling spacing between the anode element and upper

cathode element 15 a first predetermined distance. Section 26 is of a length, which

together with section 24 and cathode element 15 adds to a spacing between the anode

clement and lower cathode element 16 a second predetermined distance equal to a
multiple of said first predetermined distances. For example, in the embodiment
shown in FIG. 2, the spacing between anode element 14 and cathode element is



anode el enment and cat hode el enments which, when used with a set of separate
i nsul ating annul-ar spacers, permt the use of the instrunent for a variety
of distance- ratios. In this enbodiment, the drive shaft 19 is provided
with a shoulder portion 21 and a central shaft portion 22 of a snaller

di aneter than the shoul der portion. The remainder of the cylinder is nade
up of annul ar non-conducti ng sections, 23, 24, 25, 26, and a

non- conducti ng cappi ng end section, 271-Contact 17 and anode el enent 14 are
spaced fromnetallic central shaft 22, while cathode el enents 15 and 16

are in tigfyal & @edridif ahit&INEASH, Whildunsh tx?égcmcgﬁ‘ino&fcl&ﬂgﬁt pg23 anc 24

has a portion with a r duced di.aneter s he cont act e anode

el ement a‘f‘aéh(?dﬁs%?@f'étdl Is GAPAAQ five Sies the.unitasy denegy. This resylts idection 23 s
such as tdisancd rhtislofist1 (modetisarent folleweh eathe® clb@khi MandilandAe efeifencoOnt act .
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conditions. This is pamcularly important for thc hlgh speed bath tests (e.g. 200

RPM and higher) and is helpful in low-speed bath tests (e.g. up to 200 RPM) where

readings can be masked by hydrogen evolution which can interfere with rotation
. generated transport conditions.

Two groups of tests have been performed. One group of tests consists

of low-speed measurements. These were used to make a comparison between the

information that was obtained from the Haring-Blum cell and the RCTPE, such as

the effects of solution agitation and the cathode distance ratio on the throwing

power. The high-speed tests were used to measure the throwing power of the high-

speed solutions and correlate the data to practical experience. The reproducibility of

the operation is excellent as shown in the following data.

3

. Low-Speed Test Matrix:
Parameters: Haring Blum Cell RCTPE
Current Density 5 ASF 5 ASF

Solution Agitation 25 cm/s (250 RPM) 5,10,25, cm/s



contact and permts the use of a non-conducting end cap 27
securable to the end of the central shaft by nmeans of matching threads.
The cap-forces individual portions of the cylinder in contact with
"shoul der 21 of drive shaft 19. The neasurenent of the throw ng power is
perfornmed. by attaching pre- weighed copper foils on two cathode el enents
and conducting the deposition under well-defined conditions of cylinder
rotation, that is, under identical nass t8ansport conditions. This is
particularly inportant for the high-speed bath tests (e.g. 200 RPM and

hi gher) and Distdiee®ado i n | ow speggl $pajh tests (e.g. t 0 wher e
r eadi ngs canrg% maﬁll%ed by hydroggsr? evg)liluti on whi ch caﬁﬂi' ﬁﬁe%?le‘&ﬁ?wth
rotation gener‘ﬁ‘frél ransport conth#0 &8s, Two groups 385 -48€1° have been

performed. One group of tests consists of |ow speed neasurenents. These
i nformati on that was obtained

were used t oSHIBY hson hetween the
| -E?%%%g??&gﬁ'ﬁ'ﬁﬁ%rwﬁgw'such as the effects of solution

fromthe Haydn ]
agi tati on antd &¢9ld Rlating Selutionsance ratio on the throwing power. The

hi gh- speed tCempon&ite used to ne e throwi ng power of the high- speed
solutions angd correl ate the dat a%?’?%?fggti cal experi eﬁgé‘.i %ﬂ‘@
r epr oduci bi | ‘fy of the operati o8&k excellent as shogwyli n the foll ow ng

data. Low Sfaed Test Matrix: Patanmeters: Haring Blu |1 RCTPE Current :
Density 5 ASE B %SF S§ol ution Agitation 25 cnfs (250 P® 10,25, cm's -8-
Di stance Rat10 brr&®f1 5/1, 4/130811 & 2/1  Tenper at3rgd 35-40 CO 35 - 40
Co Sol uti ompnpbasiego@ssibmi r Foragpations: 1. Gold Plating Solutions:

el ectri cal

onent ng,%s #Qled Hard Gold Au 8 g/I 8 g/l Co - 100 ppm Conducting Salt
g/l 130_g; f nonobasi ¢ potassium 4 g/ | phosphate - - Brightener salt
30 g/ 1 30 gPhighenepsalt adi um Pl at 3Gig/1Sol ut i ons: 30 g

2. Palladium Plating Solutions:

Component Pd Acid Pd Plate Pd Thick PdNi
Strike & Ductile NFS
Pd 3g1 5g1 5¢1 5g1
NaCl - 60 g1 - - -
Ni - - - 25g1
Dipotassium
hydrogen phosphate | - - 9%g1 90 gN -
Ammonium Chloride - - 80 g/1 80 g/
Ligand (proprietary) - 25 mi/1 - -
o Additive II
proprietary brightener - - 4 mi/1 -
Addidve IVS
proprietary brightener - ; ; 2mn
Potassium hydroxide - topH11.0 topHS8.0 topH7.7
HCl (33 %) topH3.9 - to pH 8.0 topH7.7
3. Rochelle Copper Low Speed:
Component ' Amount
Rochelle Salt 15 g1
CuCN 30 gN
KCN 50 g/l

KOH 5g1



Conponent Pd Acid Pd Plate Pd Thick PdNi  Strike & Ductile NFS Pd 3 g/1 5

g/l 5 g/l 59g/1- NaCl 60 g/l - - N - - - 2.5g/1 D potassium hydrogen
~phosphate - 90 g/1 90 g/l - Amonium Chloride - - 80 g/1 80 g/1 Ligand
(proprietary) - 25 m/1 - - Additive Il proprietary brightener - - 4 m/1 -
Additive +VS proprietary brightener - - - 2 m/1 Potassium hydroxide - to

pH 11.0 to pH 8.0 to pH 7.7 HCL (33 Oﬁj to pH3.9 - to pH8.0to pH 7.7 3.
Rochel | e Copper Low Speed: Conponent -Amount Rochelle Salt 15 g/I CuCN 30
g/1 KCN50 g/l KOHS5 g/l -9- K2 CO3 15 g/l Hi gh-Speed Test Mtrix

Par amet eris, BORPE Current Densilfyn100 ASF (Unl ess ot herw se specified)
Solution Agitation 25,50,100,200 cnis Distance Ratio 5/1, 4/1, 3/1 & 2/1

Tenperature 35-40 C (Except N sul famate, which was plated at 60 CO
Solutions: 1. Soft Gold Pl at High-Speed Test:Maaiponent Soft Gold Au 25 g/1

Conduct i R rafleters30 o/ 1 RCTPE

Current Density 100 ASF (Unless otherwise specified)
Soluton Agitaton 25,50,100,200 cm/s
Distance Rato 5/1, 4/1, 3/1 & 2/1
Temperature 35-40 C° (Except Ni sulfamate, which was plated at 60 C°)
Solutions:
' 1. Soft Gold Plating Solution:
Component Soft Gold
Au 25 gN
Conducting Salt 130 g/l
monobasic potassium phosphate 4g1
Brightener salt 30g1

2. Palladium Plating Solutions:

Component Pd Acid Pd PdNi Pd Thick Pd
 Strike Plate NFS & Ductile  NFS
Pd 10 g/t 25¢g1 25 g/ 25g1
NaCl 60 g/t - - _ -
Ni - - - 15g1 -
. Dipotassium hydrogen

phosphate - 90 g/ 90 g/l - -
Ammonium Chloride - - 80 g/l 80 g1 80 g/l
Ligand (proprietary) - 50 ml - - -
Additive II proprietary

brightener - - 4 mi/ - -
Additve I'VS proprietary

brightener - - - 2 ml/l -
Additive VS proprietary

brightener - - - - 2 mi/l
Potassium hydroxide - opH11.0 topH80 topH77  topH77

HCI (33 %) topH3.9 - topH80 twpH77  topH77



nonobasi ¢ potassi um phosphate 4 g/l Brightener salt 30 g/| 2. Pall adi um
Pl ating Sol utions: Conponent Pd Acid Pd PdNi Pd Thick Pd Strike Plate NFS
& Ductile NFS Pd 10 g/l 25 g/1 25 g/1 25 g/1 NaCl1 60 g/1 - N - - - 15
"g/1 - Dipotassium hydrogen phosphate - 90 g/I 90 g/1 - - Ammoni um Chl ori de
- - 809/180g9/180 g/l Ligand (proprietary) - 50 mM/1 - - - Additive |1
proprietary brightener - - 4 mM/1 - - Additive |IVS proprietary brightener -
- - 2mM/l - Additive VS proprietary brlg‘[ptener - - - -2mnmM/1 Potassium
hydroxide - to pH 11.0 to pH 8.0 to pH 7 topH7.7 HO (33 % to pH 3.9
to pH 7.7 - 10- 3. Rochelle Copper H gh Speed:

- topH8.01to
Conponent Anéuﬁgg‘%éﬁ@rw%@ht Smeedy/|  CuCN 42 g/l KON 67 g/1 KOH 10 g/1
K2 CC3 30 g/ Cotpodenbul f amat e Ainganbpeed Sol ution: Conponent Anpunt Ni

sul famat e 60 Chl oride 10 Boric Acid 45 g/1 The neasured data
gf’gﬂé\lﬁl\g %’r#?wlth the actual ratios of the

I's presented i rical
42 g/l
KCN 67 g/l
KOH 10 gN
K2 CO; 30 g/l

4. Ni Sulfamate High Speed Solution:

Component Amount
® Ni sulfamate 600 g/1

Ni Chloride 10 g1

Boric Acid 45 g/

The measured data is presented in an empirical form with the actual ratios of the
weights obtained. Equation (1) defines the throwing power, TP, measure used in
presenting the data.

TP = WN/WF (1)
where WN is the weight of deposit at the near cathode and WF weight of deposit at
the far cathode. In each case, the number is a relative measure, in percent, of the
closeness to an ideal case of having a ratio of weights close to a unity. Thus, baths
with a good throwing power have ratios close to the unity, and baths with inefficient
throwing power have numbers which differ from unity. |

. _ Since the transport of matter is apparently the key parameter in
conducting these measurements, the magnitude of this effect was established first.
The RCTPE system offers an opportunity to investigate the throwing power
dependence on solution agitation under well-defined conditions. This effect was .
measured on the Rochelle copper bath for both low and high-speed conditions. The
comparison was made for two distance ratios, 5/1 and 3/1(Figures 3 & 4). The low-
speed measurements are presented in FIG. 3. At low agitation rates of 50 and 100
RPM (5 cm/sec and 10 cm/sec) the throwing power is good (weight ratio is close to
1). With increased solution agitation the measurements diverge. At 500 RPM (50
cm/sec) the weight ratio at 5/1 distance ratio is approximately 1/2 of the weight ratio
at the 3/1 distance. The effect is possibly due to an overall lower current efficiency
of the process. At the 5/1 distance ratio the metal deposition process is clearly less
cfficient (only 1/2 the metal deposited) than at the 3/1 distance rato. This indicates
an excessive hydrogen evolution at 5/1 ratio. Data presented in Figure 3 suggest that



wei ghts obtai ned. Equation (1) defines the throw ng power, TP, neasure used
Iin presenti'ng the data. TP = W W (1) where WN is the weight of deposit
at the near cat’hode and WF wei ght of deposit at the far cathode. In each
‘case, the nunber is a relative neasure, in percent, of the closeness to an
| deal case of having a ratio of weights close to a unity. Thus, baths wth
a good throwi ng power have ratios close to the unity, and baths with
inefficient throw ng power have nunbersiwhich differ fromunity. Since
the transport of matter is apparently the key paraneter in conducting

t hese rreasurma%ﬁ:a;@ oBEaed ¢ stablished fi.rst.

The RCTPE sy. nStOeQ’ rﬂ' n op Hg?? uﬂ%‘;{nﬁr@ alﬁ%vags(%wgi%%lu %lagglﬂp%%pﬁéméﬁgmr
dependence © Qiﬁ et OQRPM @G ¢ Xonditions. This effect

wasd. t measured on t Hélcﬂid)glhqidc& m&&e?]cbéta?e fn&%"scrfl@& th #@"?a@,@nbgggnciﬁ?e?)/ 1
condi ti ons. e e.for twp dlsfance ratios
(Figures 3 & Oggo%ﬁgi%?nﬂ 9@6@@?@%%@ FRis it espepially mus fen e 1800 At
I (ﬁw agi t at i d00 amésechand20MNRPNOR00 BRNEet Hraes, %@E&i fﬁhﬂiﬁ@f‘s)cléﬁ%
t Wt
rowi ng poviRiryl ﬁ/h&‘ﬂqgat(:m%' tﬂ@%xr;r:é éaﬁﬁleg%ﬁésgféﬁ @G)f : WS@@;{% he

solution agitafion the neasure
wei ght rati cS:OHPerEFP!L“%“st%MbEatthOOQ RAM (500 mnisehg/adb’p&dﬁs thhﬂomﬁmht ratio

at the 3/1 dbhitienceloc] %&feﬂ@@"l?l’:’%n&%?ﬁ% dHife | rrent
ef ficiency 5? 1 he pr-oEgess At the 5/1 g‘m]%ance %hg c?‘ {) 1{:1%)33 tlon
process is C é‘gf’fl less efficient (only 1/2 the net aI dep05|ted) than at

the 3/1 distance ratFIﬁ SThhows thdithRinesg peWertddif 854 RinclyA LPBRbiSMALt | ON at
ratio. %%%2 H}l ureﬁ gest that -11- tﬁe | ow speed
icesses sho cf‘ngxg okt FGA0% w 8?37@?‘ SOPRAT; a5 e g Ustg, b%’bé@l bly 250
RPM (25 cni §iaging dHumeost and the RETPE) A IRiNgh e distane€ yatioWoss dHagfeds peed
measur enent gorh ence 1,S | t faor the
5/1 and t hel—l%.l: &nlﬂfsl Zﬁggﬁ%&%&h%l S y|%§%e(lsp EF%PW%E’W@? ﬁ?‘f@El (100
cni sec) and BQ%I’#‘M datyariedioyet) mugh eddertdangs forehewainghdisrate mtics, cl ose t o
uni £ whi chuggeédiaahal ive ROTPE bigtlddts Brablishag cop0d- AeLhRiROCR;Qh 1t he

Rochelle ¢ r.solution Therefore, the Spt ed as
t he nomi nal 2y gﬁqﬂ‘tgupaﬂ“‘\?éf’%%fi%ﬂm%he RCTPE neasurenents of the throw ng

power for high speedlefmhwmﬁdnmmﬁhGn R Ibbﬂs ? iihg sBRifens daka as a
function of °stt‘hﬁ‘sg‘lap fof @8‘%1’6‘[1& Q tg f‘i%rmg/B]lum ce and R(E‘TPE at dxst%.%gc g%%g%lfl ©

copper as neasur using
- FIG. 6 shows data presented in the descending order of weight ratio for

thc 5/1 d15tance ratio. Superior performance was demonstrated by Pd Thick Ductile,
PdNi NFS (non-foaming) and, as expected, Rochelle Copper. The RCTPE data was
highly convergent, while the Haring Blum data was quite divergent and spanned a
wider range of values. In addition, the range of values of the RCTPE data is

._ supported by practical experience with the tested plating solutions.

FIG. 7 shows the performance of a variety of high-speed solutions
mcasumg w1th the RCTPE at 1000 RPM {100 cm/s). Rochelle Copper again showed
superior performance. Soft gold and palladium nickel alloy were also quite good.
The graph also shows a clear convergence of the data, as did the low-speed data
presented in Figure 6.

A throwing power rating system, which is presented in the Table below,
was prepared to evaluate the RCTPE as a potentially useful tool for measuring
functional performance of plating solutions. The TP data were divided into
categories from excellent to poor. As a reference, the same terminology was used as
in ASTM 02.05 Designation: B-507 "Standard Practice for Design of Articles to be

Electroplated on Racks", which defines the throwing power capability of plating
solutions.




Haring Blumcell and the RCTPE. Although the distance ratio was changed
consi derably, the observed values stayed within narrow limts for the
RCTPE. The Haring Blum data varied over a nmuch w der range for the sane
“distance ratios, suggesting that the RCTPE nethod is nore internally
consistent, which is required for plating process characterization.
Reference information on a variety of |ow speed plating solutions was
est abl i shed. for conparison of the Harihy-Blumcell and RCTPE at distance
ratios of 5/1 & 3/1. FIG 6 shows data presented in the descendi ng order
of weight rati OWf?h Rdifo, Nehr@igpt ance ratio.. Supgigwing POwep RERIge Was
denonstrated by IS ‘f‘hl ck Ductile, PdN NFS (no -foam ng) and, as expected,
Rochel | e Copper0-7SFA&SRCTPE data was hi ghly con\ri%ﬁ‘:ﬁ@ while the Haring
Bl um data was qup4-e.od.ysreent and spanned a w (ﬁxsodrange of values. In
addition, the r ues of the RCTPE data supported by practi cal
experience vmtrr(?%é/(?gsqg% pl ati ng sol uti ons. #é.”' 7 shows the performance
of a variety of> Zusgh .Zpeed solutions neasured Wobh the RCTPE at 1000 RPM
(100 cm s). Rochel [ .Qft gold
and pal | adi um ni ck g%gg;/&v\erg'g&g mQX\E?t:hecSHRﬂ[ &rll%%g Hﬁegﬁz}s%éghoms a
cl ear conpdaupgrsoltions usieg et @bovagrmmmlcl 3wsg|!mmadahaR Efakted in
Figure 6. xﬁcmxg%ﬁgstpﬂwulwmeg afVALEH ot el B\ HeatlSTH the Tabl e
bel ow, cﬁ ared to evaluate the RCTPE as a potentially useful tool for
nmeasur i ng guf Hees onal performance of plating solutions. The TP data were
di vided i iHagh categori esa$§TMN excel Hamingt 0 po®faridif a RETPEence, RGTPEane

m nol ogy was used as ,ija ASTM 02,05 Desi gngtlilgln: B-507 " Standard

ctice for Design of A&‘ﬂ'&ges to B"mEI ectr p'l' ted on Racks", which
def i nes t IDisthfideoW Nng power capability of plating solutions. - 12 Wi ght
Rati o, Near Far Thr owi ng Power Rati%q 0. 75-1335 Excellse gt 3:1
1.25-2.0/ 0.9 5 Good 2.0-2.5/0.5 25 Fair ~> 2.5/ <. 25 Poor In_the table
bel ow ar eerchdthm.d_& he Exeslénts of Baitonpari sBairof varﬁxéeléempl at Fepellent

sol uti ons plsj ag:él? bove, ANbidt r ar ypsgrdl €. |t phig Cl eamEdcBidénet he RGdRHetave

:Agzl'ﬁ/lr nal | y Sog%]oshli,sLS resul ts whi chPare al so |Fn better o%%r eenent &V'ooJ' t he
Soft Gold, HS Good - - Good Good
Ni Sulfamate, LS  Fair Poor Good - Fair
Ni Sulfamate, HS  Fair - - Fair Good

Additional advantages and modifications will readily occur to those
skilled in the art. Thc.mforc, the invention in its broader aspects is not limited to the
specific details, representative devices, and illustrated examples shown and
described. Accordingly, various modifications may be made without departing from

' the spirit or scope of the general inventive concept as defined by the appended claims

and their equivalents.

- . -



gui delines. Bath ASTM Haring Haring RCTPE RCTPE Rating Bl um Bl um D st ance
Ratjo - 5:1<+3:1 +5:1 3:1 Rochelle Cu, LS Excellent Fair Fair Excell ent
Excel |l ent Rochelle Cu, HS Excellent Poor Fair Excellent Excellent Soft

" Gold, LS Good Poor Fair Good Good Soft Gold, HS Good - - Good Good N

Sul famate, LS Fair Poor Good - Fair N Sulfamate, HS Fair - - Fair Good
Addi ti onal advantages and nodificationg wll readily occur to those skilled
in the art. Therefore, the invention in its broader aspects is not limted
to the specific details, representative devices, and illustrated exanpl es
shown anqy, .1 bed. Accordingly, various nodifications nmay be nade

wi t hout departing from the spirit or scope of the general inventive
concept as defined by the appended clainms and their equivalents. - 13 - W

claim 1. An instrunment for neasuring throw ng power of an electrolyte,

whi ch  cdnpri $¥5: ISR n&eft dFasying difevangbedy cndefptaad ekeetroly st awhish about
t he Iongitudi@ghpﬁ§;s thereof, said cylindrical body having substantially
uni form di aneter “and conprising a plurality of netallic annular el enents

whi ch are arr angishgatedneylintitieal | taniyi ddagiedafor axiaoRfabblrethbasgif@thaphiksh ar e
separated from each ot her_ b non- conducti ng, annul ar el enents, one of said

metal |ic annulBired} eftshtylipdrical sy hawing) sybstanviatle ariéorantdiapest tangned
coaxi al | y of 'Q;B.% Fiyih% nﬁdfxfu?zﬁit %@Wﬁt&lﬂ@%ﬂu pe'fb%)&:rt @n'l?c};[ Qr%r EI\' afn’oeda Q? n at
8 meta or 2} Qn

| east two of sai Ic anhnular el enents are's netat 1 1€ cat hode

el ements posi thelegditediaxi atis pf die bty atdndidhherel epghfedofromaiach basty tyn

spaced relation each to another and to said anode el enent, said cathode
ments bei ng°NGRANYYFENGa ARNWATGHeHEShe cylindrical body relative to the

de el ement onongr ofid mdlaflicCahhade &érﬁ&lg@té %gﬂef}}gta@ué .ia?ﬁgﬁe dighapce from

the anode el ement, and the other of said cat ments berng at a
second sel ect positignedagdaxflly of the cylindrical body toward an upper end thereof, and

at least two of said metallic annular elements are short metallic cathode
elements positioned coaxially of and along the length of said body in spaced
relation each to another and to said anode element, said cathode elements being
on the same side of the cylindrical body relative to the anode element, one of
said cathode elements being at a fixed distance from the anode element, and
the other of said cathode elements being at a second selectively variable
distance from the anode, said second distance being greater than the fixed
distance and being a whole number multiple of said fixed distance, and
means for providing current to the anode element and equi-potentially to said
. cathode elements such that, upon immersion of said instrument in an electrolyte
with said anode element and the cathode elements submerged in the electrolyte,
and application of plating potential to the anode and the cathodes, an electro—

deposition takes place on the cathode elements.

2. The instrument of claim 1 in which said second distance is selected from a

range of from 2 to 5 multiples of the fixed distance from the anode element.

3. The instrument of claim 1 in which said cylindrical body comprises a drive

shaft passing through said plurality of metallic annular elements and non-



di stance fromthe anode, said second distance being greater than the fixed
di stance and. bei.ng a whol e nunber multiple of said fixed distance, and
means for providing current to the anode el enent and equi-potentially to
"said cathode el enents such that, upon inmersion of said instrunent in an
electrolyte wth said anode el enent and the cathode el ements submerged in
the electrolyte, and application of plating potential to the anode and the
cat hodes, an el ectro- deposition takes place on the cathode el enents. 2.
The instrunent of claiml in which said second distance is selected froma
range of from N il fio the. fixed. distance fromthe anode

el emrent. 3. Tﬁoe&c@ﬁtg?%@rlf? eo%“%t%ibgglfnli% &Hﬁé’ﬁogézload%%t/llnf’r?&f‘}‘lgélegﬂlfﬂﬁ/
conpri ses a drandesdiag twipas abngotducdnghnaaiad cappip@leidmyenef netal lic annul ar
el ements and non -14- conducting annul ar el ements, beginning with a

non- conducti ng annul ar el enent and ending with a non-conducting annul ar
cappi ng e} ene i d . i ,n. which one ,of said, neans
for provi%i ngn’i(;}llﬁ @gﬂ'g&? 8! &tsﬂ[él%ggp &C@Fg@l%ﬁéa ir;l“seagslh?oerﬁr%‘ﬁlg}"gncuéfe"ét%lri ve
shaft, passi ngthehratiugle daments [k wnadsiténsionf of hedavnuhadr, RkaagnhiouaAtakei ng in
electrically Cé)]ndlll,cti e contact wth the said cathode elenents. 5. The

i nstrunent of RIPEAMY PLithe dUH dempntsrandheing it Blsaeicalle rendustive rcoptaet

conprises a meyfl foklid'ameuaionsgcured to an outer surface of the cathode
element. T

5. The instrument of claim 1 in which each of said cathode elements further
' : comprises a metal foil removably secured to an outer surface of the cathode

element.



