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Patent applications for the L-Cell are pending.

L-Cell applications -

— Computer-based quantitative process diagnostics

0 Acceptable plating range
o Quantitative electrolyte aging/contamination indication

o Small-volume testing (50 ml sample) of electrolyte for bath
maintenance and composition adjustment

— Process parameters:

o Polarization curves

Electrode Kinetics parameters

Electrolyte conductivity

Throwing power as a function of the current density

Current efficiency as a function of the current density (after
separate measurements of the deposit thickness)

0]
0]
0
(0]

— Deposit samples across a current density range

o Template with pads are plated at different, pre-determined
current densities, for visual inspection and compositional
analysis

— Fully automated rapid experiment (Less than 3 min.)

o Automatic and comprehensive collection and storage of all
test data
o On-screen, graphical comparison with previous tests

Advantages of the L-Cell -

Quantitative analysis replacing guesswork and estimates

Completely automated — designed for rapid, effortless analysis by non-experts
Relatively inexpensive

Provides simultaneously samples plated at different, precisely measured, current
densities and quantitative electrolyte performance analysis

The L-Cell provides the 21* century replacement for the Hull-Cell
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The complete, ready-to use package, contains —

1. L-Cell —*

2. Electronics control box including power supply and data acquisition card ——

3. Temperature probe \

4. All cables

a.

b.

o

Multi-pin signal connector (connecting the electronics control box to the L-
Cell

Serial cable (for data communication between the control box and the
computer)

AC power cable (110V for US units, 220V for European Service)

Air supply tube (clear tube, connecting the air pump [within the control box]
and the cell, providing air agitation, as needed)

5. Software for data acquisition and analysis (on the accompanying CD)

6. 30 test cartridges (good for 120 tests -- additional cartridges can be purchased
from L-Chem at a nominal cost)

7. User’'s manual



Wiring Diagram —

Connect the system per the diagram:

L-Cell

Air tube

Multi-pin connector

Temperature
signal

(some
models will
not have
the inline
mini-plug )

Electronics
control box

Computer

Serial Data cable

Back of the electronics
control box

Back of
computer




Detailed initial set-up instructions:

=

Cell — Remove all packaging material and place cell on a level table-top.

Electronics control box — Set next to cell

3. AC Power line - Insert power cable (provided) to back of cell and plug to 110 V AC electric
outlet (220V in Europe).

4. Multi-pin signal connector - Insert the multi-pin connector (wide, gray PVC connector with 7

S.S. pins) into the cell (it will fit only in one correct position — do not force!). Do not tighten at

this time — and connect the second end to the matching socket on the back of the electronics
control box.

N

5. Data cable - Connect the data cable to the serial port at the back of the electronics
control box and the other end to the serial (modem) port of your computer.

Air tube
— to L-
“m" Cell

Multi-pin Serial
connector cable to
to L-Cell computer

Do not tighten before
template is inserted




6. Temperature sensor - Insert the temperature sensor into the provided cavity in the I-cell, (down
to the black insulator), hand tighten the swagelock fitting and connect the mini-plug to the
matching mini-jack attached to the multi-pin connector (some models do not have the mini plug

and are directed connected to the multi-pin connector) .

Insert this end into cavity on top-
front of the |-Cell, hand tighten
the swage-lock.

Plug into the mini-jack
on the back of the multi-
pin connector.

Note: some models do not
incorporate the mini-plug
and are ‘hard-wired’ to the
multi-pin connector

7. Air supply - Connect the air tubing that is attached to the back of the electronics control box to
the matching SS tube on the side of the cell. M ake sure that the supply valve is open and the

bleed valve is closed.

Tube from the air pump in the back
of the electronics control box |

Connect the supplied clear tube from
here to the stainless-steel bent tube

in front of the L-Cell. Make sure that

the valve is partially open

Bleed valve should be closed




8. Software — continue with the instructions on the following page.

a. Insert the installation CD with L-Cell software into the CD or DVD drive.
b. Locate the SETUP.EXE file on the CD and double click on it.
c. Follow the prompts on the screen.

Below are the prompts and the messages that should appear on the screen during a normal installation:

Copying Files, please stand by,
Processing msvbvmB0.dll (8 of 8)

Step 2.
= L-CELL 1.0 from L-Chem Inc. Setup
g Welcome ko the L-CELL 1.0 Fram L-Chem Inc, installation program.
g
Setup cannot install system files o update shared files if they are inuse,
Before proceeding, we recommend that you close any applications vou may
be running.
Exit Setup
Step 3.

= L-CELL 1.0 from I.-Chem Inc. Setup

Beqin the installation by clicking the button Below.

Click this button to install L-CELL 1.0 Fram L-Chemn Inc, software ta the
i| specified destination directory,

Directary:
Cv\Program Files\LCELL', Change Directory

Exit Setup




Step 4.

Step 5.

Step 6.

4. Reboot the computer.

= L-CELL 1.0 from L-Chem Inc. - Choose Program ... [Z|

Setup will add ikems to the group shown in the Program Group box,
¥ou can enter a new graup name or select ane From the Existing
Groups list,

Program Group:

Existing Groups:

Accessories

Daminanta

Google Deskiop Search
Lavasaft Ad-aware SE Personal
Microsoft YWeb Publishing
Skartup

Continue | Cancel

= L-CELL 1.0 from L-Chem Inc. Setup

Destination File:
Do TNDOWSY Svskem 32 msrd 235, dll

L] 6%

Cancel

L-CELL 1.0 from L-Chem, Inc. Setup

L-CELL 1.0 fram L-Chem Inc, Setup was completed successtully,

You are now ready to run the tests.




PREPARING FOR A TEST

1. Electrolyte Fill —

a. Fill the cell with a 50 ml electrolyte — note: cell will only be partially (about %) filled. Fill
only to the mark, just above the platinum anode level. If the level is incorrect, the volume can
be adjusted using a dropper or a syringe to add or remove electrolyte.

Fill the cell slowly from the end opposite to the temperature sensor.

Fill the cell carefully so that you do not to wet the contact pins holes or the plating mask.
Wetting may cause shunt currents leading to erroneous results. If wetting above the electrolyte level
occurs, open the cell and dry wetted parts above electrolyte level using an adsorbent paper
towel, or by blowing air.

Fill cell slowly here

Do not wet channels

Electrolyte level -
Make sure not to
fill above this level.

The L-Cell filled with
nickel plating solution.

Fill to this level (just
cover completely the
anode mesh)

2. Cartridge preparation — The cartridges are shipped covered with a transparent protective layer to
prevent the metal substrate from excessive oxidation. Prior to the test, use a wet, grade 600 or
grade 0 silicon carbide paper to lightly polish the surface. Do not apply excessive force to
minimize scratching of the surface.
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The cartridge is double-sided and symmetric and may be used four (4), when inserted the second
time top-down, and the third and fourth time when it is inverted to the other side. .

Never use a cartridge more than once on each side (4 times total for a double-sided cartridge).
Multiple uses (even after re-polishing) may lead to erroneous results.

The plating cartridge, should be
polished lightly (e.g., by silicon
carbide paper) prior to use.

The cartridge is symmetric and
double sided: when turned upside
down it can be used a second time.
When it is turned back-to-front it
can be used twice more.

3. Inserting the cartridge into the cell — (Important - please follow these instructions carefully):

a. Make sure that the multi-pin grey connector is loose and pulled out so that the contact pins
do not block the insertion of the cartridge. Alternatively, you may initially remove the
connector completely out of the cell.

b. Open the bolt tightening the back plate just slightly so that the back plate can be pulled
slightly away from the mask clearing a narrow slot just sufficient for inserting the cartridge
(without any slack) using a slight pushing force to overcome friction. This snug fit during
insertion is important for preventing wetting of the cartridge above the immersion depth.

A
Multi-pin B
connector )
should be Bolt should be just
loose and slightly released

pulled back to
clear the slot

Back-plate should be
pulled back just
slightly so that the C
plating cartridge can
be inserted with
some friction

c. Insert the cartridge just a little bit (~1/2 inch). Then lightly tighten the backplate bolt so
that the cartridge is held in place by slight friction.

d. Slide slowly the cartridge down towards the bottom of the cell, until it is seated all the way
in.
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e. Hand-tighten slowly the backplate bolt so that the backplate pushes and holds the cartridge
firmly against the mask. Do not over-tighten — this may damage the cell.

f.  Push in the (grey) multi-pin connector and tighten its two side-bolts. Make sure that the
connector is seated all the way against the cell.

4. Electronic control box settings —
a. Power — Switch main power switch at the back of the electronics control box to ‘on’. The
power indicator red light on the right side of the front panel will light up.

Turn on main
C_Sreen power switch
!lght in back
indicates
on-going
plating
Power
indicator
lamp

b. Pump —

c. Range - Pump

Range |, [LPUM0 4 he digital

Plate

Voltage

select
voltmeter) that is appropriate to the tested electrolyte — see table below. It is recommended
that the voltage will be selected sufficiently high as to provide the largest plating range,
(preferably corresponding to the range of plating interest) yet not exceed on the segment

pten
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with the highest current density the limiting current for the L-Cell (see below). This
limiting current in the L-Cell corresponds an equivalent, Nernst-type, boundary layer of

1.3 x102 cm.

Typical range settings:

Metal Suggested | Highest Lowest | Maximal | Limiting
Plating pH Voltage Current current voltage current
. conc. : ; i . i
solution IM] range | Setting density density settings density
[V] [mA/cm?] | [mA/cm?] [V] [mA/cm?]
Copper
sulfate 0.5 0-1 3 25 5 3.5 40-45
(Acidified)
Sameas | g9 | o1 | ~15 -8 ~2 ~1.7 8-10
above
Copper
sulfate | o5 | 2.4 | 35-4 30 6 45 60-65
(Non
Acidified)
Sameas | o1 | 5.4 12-15
above
Wats | 43 | 24 | 5-6 75 10-15 7 > 100
Nickel

d. Plate —setto ‘AUTO’
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BATH PERFORMANCE ANALYSIS —
Polarization and Kinetics

Fill up the L-Cell, insert the plating cartridge, and set the control module per instructions in the
previous section.

1. Run the control program — on the computer, click on *Start’ >’Programs’ > “L-Cell” or click on
the “‘L-Cell’ icon on your desk-top.

2. The following start-up screen will show-up.

e

File Settings Funl-Cel Help

—aoltage Y alues Among L-Cell Electrodes [T ahb)
Hlzec] | RefH | Elec. 5| Elec. 4| Elec. 3| Elec. 2 | Elec. 1| Refl | Temp. | Anode
Aygl g

—olkage Y alues Among L-Cell Electrodes [Chart]

EMF of plated matenal = W Generate Chemestry Generate Function

Conductivity = Sdom Save Compare
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3. Adjust the Settings (if necessary)

Click on “Settings’ in the main menu. Select (click on) “Electrode/solution Properties’.

w | -Cell 1.0

Settings

Fun L-Cell

Help

Electrode)Solution Properties
Effective Distances

Conkroling Resiskances

Shunt Resistances

Paolynom Deqgree

Yariation Fange

v User Specified Conduckivity

v User Specified Plated Material EMF

Elec. 2 | Elec. 1| Refl | Temp. | Anode

—%aolkage YWalues Among L-Cell Electrodes [Chart]

ERF of plated material = W Gen. Chem. B G F5 5.F 2

Conductiviy = Sdcm Ger. Cher, Lin, Save | Compare

The following sub menu will appear:
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Make sure that the following parameters are correctly X
set for the plated metal: ~ anode
EMF = 123 i
e Reference electrode EMF (standard potential) —
should be set to the same value as that of the itz lecimae
plated metal when using (as recommended) a EMF = [ .34
cartridge that is pre-plated with the same metal —Warking Electrode
as the tested metal (see below) i = [ 0% o
e Plated material EMF — type in the appropriate g
value for the tested metal (see below) EMF = I 0.54 I
— Murnber of electrones transfered
e Numbers of electrons transferred — type in the = ]
appropriate value for the tested metal (see
below) ~ Golution
Conduchiity = I J10E-02 S e
e Conductivity — enter value if accurately known. Diffusivigk = | E50E-06 om 1
Otherwise, leave the default value and the L-
e e Temperatue= [ ongs
Cell program will substitute it with a measured SR 2555 I
value (see discussion later-on) Transpart number = | 0.36
— Boundany Layer
e Transport number — see table below Delts < EEE
All other parameters — leave in default values unless —
otherwise indicated
Select List of Suggested Parameters
EME Number of
Metal V] Electrons Transport Number
Transferred
Copper, acidified
’ 0.34 2 0
(pH ~ 0)
Copper, low
acidity (pH ~ 2-4) 034 2 036
Watts Nickel -0.24 9 0.1

All other defaults values have been set and unless you make any principal
configuration changes you are not expected to change those.
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4. To run the test: from the main menu select ’Run L-Cell’. The following window will appear.

. L-Cell Control panel x|

— Specify following properties ;

tdetal ; IUnknuwn 'I

Type: ILlnknown j

take : |Llnknown j

betal concentration : I mal/L

[+ Recommended plating time

Time : I B0| Sec

—Make sure :
1. L - Cell bow i connected 3. Inzert template and tighten clamp
- To power 4. Connect power manifold to cell
- To computer . Connect air agitation [optional]

2. Pour 780 ml golution into cell B Turn power [control bowx] 'O

CLOSE | 1

Fill in the required fields. The Metal, Type and the Make are optional identifiers that will later appear as a
combined name for the optionally saved file with the summary of the kinetics analysis. For example, the
data for low acidity 0.5 M copper solution are shown. If you want to change the default time unclick the
‘Recommended time’ check box and specify a new time.

&, | -Cell Control panel g|

Specify following properties :

tetal : Cu A
Type: Pure -
take : L-Chem Inc. -

etal concentration : 05 moldL

Jv Recommended time

Time : Sec.
Make sure :
1. L - Cell box is connected 3. Ingert template and tighten clamp
- Tao power 4. Connect power manifold to cell
- Ta computer 5. Connect air agitation [optional]
2. Pour ~B0 ml zolution inta cell E. Turn power [contral box) ‘0N
CLOSE | NexTSTEP |

For kinetics measurements the default value of 60 seconds is recommended. For long term
deposition with the objective of creating thicker deposit samples set the Time value to the desired

deposition time.
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After clicking Next Step, the following window will show:

. L-Cell's DAS Control Panel x|
— Test specifications
betal : Flating : Sec. rd COﬂdUCtiVity
= specification
Select Port IEDM'I VI || [~ Air agitation Conductivity I ‘ p
' ' () ' () = '
Ref. L Elec. 1 Elec. 2 Elec. 3 Elec. 4 Elec. 5 Ref. H
I:l " Temperature  Anode
//; Enable File Logaging | l" - | """ Start | Stop |
File specification
CLOSE HE=T STER

Conductivity:

To include the conductivity measurements, click on the “‘Conductivity’ button. A flashing red reading will
appear in the conductivity pane. Wait until flashing stops and the conductivity value turns into gray. This
reading will be incorporated in the analysis.

Please note that the built-in conductivity meter is most reliable within the range of 0.001 - 0.2 S/cm. If
you have a more accurate external reading you should skip the conductivity measurements part and enter
it in the “Settings’ menu. To access it select from the main menu: “Settings’>"Electrode/Solution
properties. A window will appear in which you can enter the externally provided conductivity value.

Data storage:

Check the Enable File Logging check box and provide a name for the file in which you want to store the
experimental results.

For kinetics measurements do NOT apply the air agitation by checking the Air agitation check box.

18



The following window shows the measured conductivity value and the file logging specification.

i, | -Cell's DAS Control Panel

Test zpecifications

b etal : I:I Test: | | Time | | Cec
Select Part : |COMI vl [ Air agitation En:nnduc:tivit_l,l| 0.186

I."“ f'“ f'“ { { 0 {
Fief. L Elec. 1 Elec. 2 Elec. 3 Elec. 4 Elec. B Fef. H

N N N N N N

I:I " Temperature " Anode
J OFF Start | |

CLOSE
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To run the test click on the Start button. The following window will show up. The numbers in the small
frames indicates the local currents on the corresponding pads. The values on the two extremes are the
reference electrode readings. The oscilloscope type graph represents the real-time reading of the current
density of the electrode which has been checked.

. | -Cell's DAS Control Panel

Test zpecifications

hetal ; I:I Test: I:I Time:l:l Sec.

Select Port : |COR1 - [ Air agitation | 0.186
[ [ [ [ [ i {

Ref. L Elec. 1 Elec. 2 Elec. 3 Elec. 4 Elec. 5 Ref. H
1256 | 506]| 8.34|| 14.26]| 18.14|| 29.09]| 1.096

3.026

22.26| " Temperature O Anode
r 40 +| |5d | swp |

e
100

Time Sec.

CLOSE

20



Once the test has been complete the ON indicator changes to red OFF. Click on the Next Step button to

continue the analysis.
= L-Cell's DAS Control Panel [X]

Test specifications

Metal:l:l Test:l:l Time:l:l Sec.

Select Part : |COMI vl [ Air agitation | 0.186
i [ [ [ [ (% [

Ref. L Elec. 1 Elec. 2 Elec. 3 Elec. 4 Elec. 5 Ref. H
1256| | 506 8.34]| 1426/ 1814|| 29.09|| 1.096

3.026

" Temperature " Anode
g 0 _+|

| Stop |

o
100

0 10 20 n 40 50 £0

Time Sec.

CLOSE | MNE=T STEF
.

Click here to proceed
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The following screen will appear.

e
fTpL-Cell 1.1

File Settings Runl-Cell Help

=101 %]

—%oltage Yalues Amonhg L-Cell Electrodes [T ab]

tisec) | RefH | Elec. 5| Elec. 4 | Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | Anode

1.00f 0.3455 05234 1.0432 06533
200 0.3440 085247 1.0443 06533
200l 034258 08211 1.0334 06515
400 03425 085133 1.0334 06503
5.00f 0.3416 085174 1.0353 06430

05100 03134 04330
05075 03172 04363
05075 03172 04363
05075 03172 04355
05075 03172 04355

29314 1.7446
29314 1.7458
29314 1.7446
29314 1.7446
29314 1.7446

-

—Yoltage Y alues Among L-Cell Electrodes [Chart)

1.5
16
1.4 — Ref H
1.2 = Elec 4
TR — Elec 4
o — Elec 3
’ == Elec 2
0 — Elec 1
04 = Ref. L
0z t t ! ! ! = Anode

1] 10 20 30

40 a0

Sampling Time [sed]

=10

EWF of plated matenial = W

Conductivity = S/cm

Generate Chemesty

[Fenenate Function

Save

Campare

To generate the polarisation data click on the Generate Chemistry button.
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The following data and graph will show.

i
File Settings FunL-Cell Help
—alkage Yalues Among L-Cell Electrodes [T ab)
tsec) | RefH | Elec 6| Elec 4| Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | Anode
1.00] 03453 08284 1.0492 06539 05100 03184 04330 29914 1.7446
200] 03440 08247 1.0443 06533 056075 03172 04363 259314 17458
00| 03428 08211 1.0394 06515 06075 03172 04363 259314 1.7446
400] 03428 08192 1.0334 06803 06075 03172 04385 259314 1.7446
500 03416 08174 1.0358 06430 05075 0.3N72 04385 29914 1.7446)
— Log[Current Denszity] vz, Owerpatential [Chart]
W Logli[&/cmz] )
A4 4
; 5I:I.IJ]B 0.0 012 014 0.1e 0.1 0.0 I:I-l:ﬂ
1B 1
1.7
1 -1.5 _I_
-14
s +
=21
R =
Crverpotential [
ErF of plated material = W Generate Ehemestryj Generate Funchian
Conductivity = SAcm Cave | /I:Dmpare

To extract the kinetics parameters click on the *generatr function’ button.

Note: that the polarization data above have been corrected for mass transport effect, i.e.,
it represents pure kinetics. One consequence is that the current densities displayed,

which correspond to the measured voltages, are higher than the measured currrent
densities.
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e
fTpL-Cell 1.1

File Settings Runl-Cell Help

=101 %]

—%oltage Yalues Amonhg L-Cell Electrodes [T ab]
tisec) | RefH | Elec. 5| Elec. 4 | Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | Anode
1.00) 03453 08234 1.0432 06533 05100 03184 04380 29314 1.7446
200) 03440 08247 1.0443 06533 06075 03172 04368 29314 1.7458
2.00) 03428 08211 1.0334 06515 06075 03172 04368 29314 1.7446
400) 03423 08198 1.0334 06503 0607E 03172 04355 29914 1.7446
5.00| 03416 085174 1.0353 O0E430 05075 03172 04355 29314 1.7446Q
— Log[Current Density] vz, Owerpatential [Chart] Faw data | Wi | T E |
¥ Logli[A/em2] )
14 4
A _SEI.IJ]B 0.10 012 014 6 0.8 il _,EI:Z
-1E f
1.7 .
-1
i e
1.9 4,7}‘/
=20 et
21 _,.../
22 :l:
=23
Owverpotential ]
i = Z20Be03
Paolyrom [ 1 - current Denzity, v - overpotential | D:D _ 15;
’7i=2.4?E-E+-3.E4E-1“_|,|+1.89E!|:|x_|,l2 C;i _ EI-33
¢ L
/
EWF of plated material = 0.340 W Generate Chemnestny
Conductivity = 0.031 Sfom Save / Compare

7

/

/

The kinetics parameters values will show at the bottom right side of the window.
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To view a non-logorythmic relationship between current densities and the overpotentials uncheck the
Log(i) check box.

i [ -Cell 1.0
File Settings RunL-Cel  Help

Yalkage Yalues Among L-Cell Electrodes [T ab)

tizec) | RefH | Elec. 5| Elec. 4 | Elec. 3| Elec. 2| Elec. 1| RefL | Temp. | Anode |
1.00] 1.2517 09797 1.073 05978 04502 02684 14054 49953 15165
200) 1.2481 09723 1.0693 05341 04477 02672 14018 49953 15152
300| 1.2468 09675 1.0651 05929 04465 02672 1.3993 49953 1.5165
400| 1.2456 09638 1.0614 05917 04453 02672 1.3993 499539 1.5165
500| 1.2444 09601 1.0590 05905 04441 02660 1.3969 49953 1.5152
EO0| 1.2420 09577 1.0565 05893 04441 02660 1.3969 49953 1.5165
7.00| 1.2420 09540 1.0553 05893 04441 02660 1.3957 49953 1.5165
annl 12407 N9504 10541 NG2AN 04479 N2RAN 13945 49959 1 R1RREY

Current Density vz, Overpotential [Chart] ietal | Wi | ) |

0.0s ’//H—
0.04 /
003

i //

0.0z ===

0.01
0.00
0.06 0.05 0410 012 014 016 01s 0.20
Cwverpotential [V]
. . . 0 = 227e-03
Palyrorn [ - current Dengity, v - overpatential |—1 Show Palynanm Alpha = 160
i = 1.96e-2+-3.56e-1"p+2 Bhely2 Bets = EI.4EI
EMF of plated material = 0.340 Gen. Chem. BY. GF&5 | GF2
Conductivity = Sdcm Gen. Chem, Lin, Save | Compare

For a polynomial representation of the kinetics data (instead of the Butler-VVolmer representation) click on
the Show Polynom check box. The following graph will show.
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. | -Cell 1.0
File Settings Funl-Cel Help

Yoltage Yalues Among L-Cell Electrades [T ab]

tzec) | RefH | Elec. 5| Elec. 4 [ Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | Anode ||~
1.00] 1.2517 05797 1.0736 05978 04502 02684 14054 49953 15165
200 1.2481 09723 10699 05341 04477 02672 14018 49953 15152
3.00| 1.2468 09675 1.0651 05929 04465 02672 1.3993 49953 15165
400 1.2456 09638 1.0614 05917 04453 02672 1.3993 49953 15165
500 1.2444 09601 1.0590 05905 04441 02660 1.3969 49953 15152
EOD| 1.2420 09577 1.0565 05893 04441 02660 1.3969 49953 15165
7.00| 1.2420 09540 1.0553 05893 04441 02660 1.3957 49953 15165
gl 17407 N9A04 1 0R41 NARBAN N4479 N2RAN 1394R 49953 1 RIRRIY

Curent Dengity va. Overpatential [Chart] ijetal | \Wa | TP |
[ Log[i[&/cm?] )

0.0s /—r
004 “
0.03 -
i
0.02 ..--"’f#
0.0 -
0.00
0.06 0.03 010 012 014 016 0.1a 0.20
Crwverpotential 4]
_ _ _ T : 0 = 227e03
Palynom [ i - current Density, v - overpotential |—W Alpha = 160
i = 1.96e-2+-3 56e-1*p+2 Bhelsy2 Bety = EI.4EI
EMF af plated material = 0.340 1 Gen. Chem, BY. GF5 | G.F2
Conductivity = 0.186 3/cm Gen. Chem. Lin. Save | Compare

To view the raw polarization data (not corrected for mass transport) click on the i(eta) button located at
the right upper corner of the screen.
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The recorded (raw) polarization data appear as follows:

=
File Settings Runl-Cell Help
—%oltage Yalues Among L-Cell Electrodes [T ab]
tizec) | RefH | Elec. 5| Elec. 4 | Elec. 3| Elec. 2 | Elec. 1| Refl | Temp. | Anode
1.00) 03453 08284 1.0492 06539 05100 03184 04380 29914 1.7446
200) 03440 08247 1.0443 0ER39 06075 03172 04368 29314 1.7488
200) 03428 08211 1.0394 0ER1S 06075 03172 04368 29914 1.7446
4.00) 034223 08198 1.0294 06502 06075 0372 04355 29314 1.7446
500 0.3416 08174 1.0353 06430 05075 03172 04355 29314 174460
— Current D.ensit_l,l [hiot comected] ve. Overpotential [Chart] Wi | TF |
[ Logli[&/cm2] |
0030 -I-
0025
0020 +
i
0ms .I_
0.010 +
0.005 +
0.0s 010 012 014 016 018 0.20 022
Cwerpotential [
i = Z206e03
Palynom [ 1 - current Denzity, v - overpotential | Q,D _ 15?3
M = = a a :
’7I=2.4?E-2+-3.E4E-1 w+1. 89e0 2 ®e = 033
EMF of plated material = 0.340 W Generate Chemesty GFenerate Function
Conductivity = 0.031 S/cm Save Compare
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To view the Wagner number and its dependance on the current density clcik oh the Wa button.

T L-Cell 1.1 m] B

File Settings Runl-Cel Help

—Yaltage Y alues Amaong L-Cell Electrades [T ab]

tisec) | RefH | Elec.5| Elec. 4 | Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | srmq{je
1.00] 0.3453 08284 1.0432 06533 05100 0.3184 04380 29914
2000 0.3440 08247 1.0443 06533 05075 0.3172 04368 29914
200 0.3428 08211 1.0334 06515 05075 0.3172 04368 29914
400 0.3428 08198 1.0334 06503 05075 0.3172 04355 29914
500] 0.3416 08174 1.0358 06490 05075 0.3172 04355 29914

— W agher Humber ws. Current Dengity [Chart] Raw data | e

0.40

035 41—

0.30 \\
0.25

Wia
0.20 \
015 x“"--..
-—_-'"—I—-—
0.05
0.005 0.0i0 0.015 0.020 0.025 0.030 0.035 0.040
Current denzity [Aom2]
i = 20ke03
Palynom [ 1 - current Density, v - overpotential | Q,D = 1 E?E
H H H a a :
|7| = 2 47e-2+-3 Bde-17+1 .89y Mo = 033
EMF of plated material = 0.340 i enerate Chemesty Generate Function
Conductivity = 0.031 Sdocm Save Compare
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To view the throwing power click on the T.P button.

=101 x|

File Settings RunLl-Cell Help
—%oltage Yalues Among L-Cell Electrodes [T ab]
Hizec) | RefH | Elec 5| Elec 4 | Elec. 3| Elec. 2 | Eles 1| RefL | Temp | Anode

1.00f 03453 08284 1.0492 06539 05100 03184 04330 29914 17446
2000 03440 08247 1.0443 06539 08075 03172 1.7458
200 03428 08211 1.0294 06515 08075 03172 1.7446
400 03428 08198 1.0294 06503 08075 03172 1.7446
500 03416 08174 1.0358 06490 08075 03172 1.7446

-

— Throwing Power w2, "W aaner Humber [Chart] Fiaw data "W
18 ~
14 -...\\
12 ‘h\
10
TP[%] TN
8 -
B \
4
2
0.005 0010 0.ms 0.020 0.025 0.030 0.035 0.040
Current denszity [&fcm 2]
i = 20Be-03
Polpnom [ - current Denzity, v - overpotential | C:x.'D _ E?E
’Vi = 2 47e-2+-3 Bde-1*y+1 89ely2 o : _ EI.33

0.340 Y

S/cm

EF of plated matenal =

Conductivity = 0.0

Generate Chemestyp

Generate Function

Save

Compare

29



To compare two current data to data that has been run previously and saved click the Compare button.
The screen below will apear. The current data will be show in red crosses and blue line and the compared
data will be shown in pink squares and dotted line. The black dashed lines indicate a 10% variation from
the current data. The 10% default value can be changed by the user in the Settings submenu.

i | -Cell 1.0
File Settings Runl-Cell Help

Yoltage Y alues Among L-Cell Electrades [T ab]

tizec) | RefH | Elec. 5| Elec. 4 | Elec. 3| Elec. 2| Elec. 1| Refl | Temp. | Anode ||~
1.00] 1.2517 05797 10736 05978 04502 0.2684 14054 49353 15165
2000 1.2481 095723 1.0693 05941 04477 02672 14018 49353 15152
3.00] 1.2468 09675 1.0651 05929 04465 02672 13993 49359 15165
400 1.2456 09638 1.0614 05917 04453 02672 13993 49353 15165
500 1.2444 05601 1.0590 05905 04441 02660 1.3969 49359 1.5152
EOD| 1.2420 095577 1.0565 05893 04441 02660 13969 49353 1.5165
7.00] 1.2420 09540 1.0553 05893 04441 02660 13957 49353 1.5165
amnl 12407 N9EN4 10541 NABAN 04479 N2RARN 13945 49979 1 RIRRIY

Log(Current Dengity] ws. Owerpotential [Chart] ilstal | \Wia | TP |
[v Logl i [&fem?2] )
1.0 4
120.!]]5 EI.IJ]E 0.0 02 014 016 01s D.._D,z”qdi
. f-' - . | -'_'_,_,-F
-1.4 - =17
16 e, Sl
i T
13 .,-—;’fr’ F
20 ”i - ]
it
22 a_f"
-24
Cverpotential [V]
. . . 0 = 1.8903
Folyniorn [ i - current Density, w - overpotential | flpha = 157
i =1.96e-2+-3 BBe-1"y+2 Bhel=y2 Beta = EI.43
EMF of plated materal = 0.340 W Gen. Chem. B, G.F.5 G.F. 2
Conductivity = 0.186 S/cm Gen. Chem. Lin. Save
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BATH PERFORMANCE ANALYSIS —
Interpretation of the Results

Since variations between different commercial bath formulation can be large, it is recommended that the
L-Cell not be used in an absolute mode but rather as a tool for comparing bath characteristics. To this end,
it is advisable that the user establishes a standard, perhaps, a newly mixed or a well performing bath, to
which other baths be compared.

Setting a standard:

Mix a new electrolyte and test its performance in plating a typical part. If performance appears good,

Comparing a production solution to the standard:
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BATH PERFORMANCE ANALYSIS —
Generation of plated samples

The kinetics measurements are completed in one minute and therefore the plated cartridge may not
provide sample with adequate deposit thickness.

In order to perform longer plating tests start as indicated above, except that in the test specification page
(shown below) uncheck the’ recommended plating time’ and specify an appropriate (longer) plating time.

i, L-Cell Control panel x|

— Specity following properties :

hdetal : I nknowe VI

Type: IUnknu:uwn j

Make : ILInknu:uwn j

Metal concentration : I rmal/L

v Recommended plating time

Time : I B0| Sec.

— Make zure :
1. L - Cell box iz connected 3. Inzert template and tighten clamp
- To power 4. Connect power manifold to cell
- Ta camputer 5. Connect air agitation [optional]

2. Pour ~A0 ml zolution into cell 6. Tum power [contral box) 'O

CLOSE { MEXT STEF §

Click on the ‘next step” button’ and in the following menu click “start’. Recording the conductivity data
and saving the file are optional.

You may want to check the “air agitation’ check box to provide air agitation for enhanced mass transport.

The air flow, directed to the first and second segments where the current density is highest, can be
adjusted using the valves in front of the cell. It is recommended to use only moderate air bubbling.
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DEFAULT SETTINGS —

All defaults values have been set and unless you make any configuration
changes you are not expected to change those. Do not change those
without first consulting with L-Chem.

The following windows show the default settings.

5 . 1 iw, Effective P b o
CTT— = x

Shurk Besi — Effective Distances
L
i Tiesanees Electrode To Anode = I TE2R cm
@ Electrode 1 = 2967 UOhm Reference To Elechode = I B245 oM
@ Electrode 2 = 054  Ohm
Anode Wire Besist = I
@ Elechiode 3 = Iiﬁllﬂ Ohm node Wwire B esistance 25 Ohm
Cathode 'wire Resistance = |—22 Ohm
@ Electrode 4 = Eigs  Ohm
@ Electrode b = ROG7  Ohm Yoltage Multiplier = | 2006
Temperature Multiplier = I—I:I‘I
o] cancel | Hi Reference Multipier = | 4

Lo Reference Multiplier = I 4
Anode Area Fraction = I 34

Controling Resistances Walume Exchange Fraction = |—5
@ Elechiode 1 = 0z2o  Ohm — Conductivity lingar interpalation
@ Electrode 2 = o200 Ohm a 5 b 2 __C d
K=[ 1.312 *W'+[1.622 *W +[ 2336 *¥ +|-1086. S/em
@ Electrode 3 = 50.63  Ohm where Y - D& conductivity reading
@ Electrode 4 = g 77 Ohm 0k |
@ Electrode & = 19974  Ohkm
Lok ] cancel |
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