26 April 2005 1 1 Method for Chlorine Plasma Modification of Silver 2
Electrodes 3 4 This invention relates to the nodification of netal 5
el ectrodes and in particular to the chlorine plasna 6 nodification of
silver electrodes. 7 8 Silver electrodes coated with sil i de
| ayers 9 (Ag/AgCl el ectrodes) have for many years fornedﬂfégﬁﬁ%gﬁbasis for
nmedi cal el ectrodes due to the excellent 11 charge transfer characteristics
and non 12 polarisability of the silver chlbride nmaterial. The 13 nain
applications of Ag/AgCl el ectrodes concern 14 anperonetric (current
sensitive) and potentionetric 15 (voltage sensitive) sensors. |ndeed,

Ag/ AgCl | ayers 16 have fornmed the basis for many el ectrocardi gram 17 (ECG
el ectrodes and have been incorporated into 18 both sensing devices and
reference electrodes. 19 20 One common way of produci ng Ag/ AgC el ectrodes
is 21 the el ectrochem cal technique whereby chloride ions 22 are deposited
on the silver surface reacting 26 April 2005 2 1 therewith to forma silver
chloride layer(Agd ). 2 Sintered Ag/ AgC el ectrodes have been used in the
3 past as well as serigraphic inks. The latter is 4 known as "thick filnf
technol ogy and conbines a 5 m xture of silver and silver chloride particles

1 Method for Chlorine Plasma Modification of Silwver
2 Electrodes -
3,
4 This invention relates to the modification of metal
5 electrodes and in particular to the chlorine plasma
6 modification of silver electrodes.
-
8 Silver electrodes coated with silver chloride layers
S (Ag/AgCl electrodes) have for many years formed the
10 basis for medical electrodes due to the excellent
11 charge transfer characteristics and non
12 polarisability of the silver chloride material. The
13 main applications of Ag/AgCl electrodes concern
14 amperometric (current sensitive) and potentiometric
15 {(voltage sensitive) sensors. Indeed, Ag/AgCl layvers
1ls have formed the basis for many electrocardigram
17 (ECG) electrodes and have been incorporated into
i8 both sensing devices and reference eleétrodes.
19
20 Cne common way of producing Ag/AgCl electrodes is
21 the electrochemical technigque whereby chloride ions
22 are deposited on the silver surface reackting



6 trapped in a polyner. A common alternative to these 7 nmethods is

chem cal chloriding, which is a technique 8 applied in both thin and thick
filmtechnology. 9 10 The thicker the filmof silver chloride (Agd) 11
formed on the silver electrode the |less sensitive 12 thg%féectéqgge
becomes. As such, thin film 13 technol ogy i s beconing an ¥sSBil key of
sensing 14 and bi o-sensing, due to the cokcept of 15 mniaturisation.
Increasingly m croscopic scale 16 devices allow for nore accurate

readi ngs. 1y Therelesg; t N ARl gCEEadRs bavehern 1%3@19«wbpﬁd 18
adapted to thin-filmtechnology in order to be used 19 as m cro-sensors.
20 21 HoweXer, $hetoredeohy/AdCh eleatmetesdiace pesqucisrf 2 Ry Agd

el ectrodes in general_hayv een found_not .to. be ,sat i.sf ry., The
Cechnt que. of CRETRal 29 EhE GEF oP G CERRRDAE) e s o THE W et aak which i s
25 difficuld to le@smn ods anghDEkenilRsULkshnd lohe 20d omiiss od a silver
chloride filmwhich is too 27 thick and_does not have uniform properties
28 throughobt. The<twreket shever| sefl srilyerdeblaydde mRutHC gHher the

el ectrical jknpe { he e 0. i I %?9% - It iyvity.

Al so, chem g?‘:al %%@l%ﬂ%%?%‘lﬁ"ggl nvg‘l ves %Eleag'tc}r aceglgfel;isgife%ts%%%\g%f 32

chlorine on7the metiveis electhedcabdchiostidhndoeshdabAdrd la 2085hr3i quaot

2 yays brovide ApgPila MO NR: S Ro00 AN HE ki Sy face of the
9

i0 The thicker the film of silver chloride (AgCl)

11 formed on the silver électrode the less sensitive

12 the electrocde becomes. As such, thin film .

13 teéhnology is becoming an essential key of sensing
14 and bio-sensing, due to the concept of

15 miniaturisation. Increasingly microscopic scale

16 devices allow for more accurate readings.

17 Therefore, Ag/2gCl electrodes have been designed and

18 adapted to thin-film technology in order to be used

19 as micro-sensors.
20
21 However, the present thin film methods of producing

22 Ag/AgCl electrodes in general have been found not to
23 be satisfactory. The technigque of chemical

24 chloriding thin films is a delicate task which is
25 difficult to control and often results in the

26 formation of a silver chloride f£ilm which is too
27 thick and does not have uniform properties

28 throughout. The thicker the silver chloride layer
29 the higher the electrical impedance of the electrode
30 which reduces the sensitivity. Alsoc, chemical

31 chloriding simply involves the surface absoxrption of

32 chlorine on the silver electrode and as such does



3 4 Depositing chloride ions on the silver electrode 5 using el ectroplating
Is also a difficult process to 6 control and the resulting Ag/C |ayer is
often be 7 too thick and lacking in uniformty. It has also 8 been shown
that this techni qgue does not provide good 9 adhesion of&%ﬂg Aﬁﬁb | ayer to
the silver electrode 10 and al so induces surface cracki B gf whi ch
11 reduce the effectiveness of the electrade. 12 13 The present invention
is directed to overcom ng 14 these problens and provides a nethod which can
more 15 chosel y, fontihplyd *&J\Pirci@té:&)%&@ﬂ ehigkpesn af skhengl6 silver
chloride layer. The nmethod al so provides a 17 silver chl or|3% | ayer which
i s nore uni2f or maaiicksti®rsttablhe rswtface up €, thhesebyepr eleditrgde .nore 19
sensitive, .,stable and accurate reading. 20 21 According to a first aspect
of the preéent invention 22 there is provided a nethod for the

nodi ficatian of papod3 tSWd a0l AHide SidNErog! ertr gdevubereiptb@esurface is
24 treated with a chlorine plasma. 25 26 Control of the power, fl ux
density and timusdrgy sledtdenlet inmnbs @bsﬁndlﬂyffhéuétl@@pc§@ﬁfé@e and
28 so inplant t rine aLo n t 2 |Iv fferent
control pa%énetgggﬁbrovﬁﬁb g%lgﬁ?%%g%% éié%% lsgg a%eg ten ‘°cker or
thinner, 31 as tdesigtddkoaniedessalny 32 1216if@fmit£0051t has also

8 been shown that this technigue does not provide good
9 adhesion of the AgCl layer to the silver electrode
10 and also induces surface cracking, both of which
11 reduce the effectiveness of the electrode.
12
13 }he present invention is directed to overcoming
14 these problems and provides a method which can more
15 closely control the formation and thickness of the
16 silver Chloride.layér. The method alsorprovides a
17 silver chloride layer which is more uniform and
18 stable in structure, thereby providing a more
19 sensitive, stable and accurate reading.
20
21 According to a first aspect of the present invention
22 there is provided a method for the modification of a
23 surface of a silver electrode wherein the surface is
24 treated with a chloxrine plasma.
25
26 Control of the power, flux density and timing
27 provide the manner to modify the silver surface, and
28 so implant the chlorine atoms and ions into the
28 silver. Different control parameters provide
30 different silver surfaces, e.g. thicker or thinner,
31 as desired or necessary.

32



4 1 Preferably, the silver electrode is in the formof a 2 silver
thin-film Mre preferably, the silver 3 electrode is fabricated by the
evaporation of silver 4 onto a glass plate to forma silver thin-film The
5 glass plate is preferably cleaned and coated with a 6 A I1ic
PR

sub-layer prior to the addition of 7 silver. Preferably, ayer is a
chromumor 8 nichrone sub-layer and is cbated on the glass plate 9 using
a sputtering system 10 11 Typically, the sputtering systemcan be a

Nordi ko 12 NVEQOITFGIANA, SPLid Ll Ndepyal SELIBIR0 AN ' Aie LM and a
chromumtarget. Preferably, the 1nert 14 plasma Is argon plasma. 1 16
The nodi fi @ati osidfvarheclsinf ftknof Mbeespleferidbisi,edtheode lomy t ake pl ace
in a plas chamher. A _18 surface of e si|lver electraode is. banbarded

W th T10°t e ChitAG o, EHREreR LBy 5V L hBem BRI G Fo S e
silver eleqtrodgrakes PlaEe hiafel €4CELERA 22412 UERING (IR E) The

radi o-frequency (RF) plasma 22 chanber. Preferably, the chanber is punped
down 23 piSor wdasse misdid i vatpoefefabhe sileavedelaast codgded M 25 a

According to anqQther a t. of th resent.invention there is provided
ot ot & ¢ e TS i i S R5SE B HER BRI iR o Phe
surface is7treatdd G W thrSf HDSTR, tRO SObPLalerallsy a tdhe-daliasimdzri s in

the formof a stream i
8 nichrome sub-laver and is coated on the glass plate

9 using a sputtering system.

10

11 Typically, the sputtering system can be a Nordiko
12 NM200/RFGL250 sputterigg system using an inert
13 plasma and a chromium target. Preferably, the inert
14 plasma is argon plasma.
15 .

16 The modification of the surface of the-siiver
17 electrode can take place in a plasma chamber. A
18 surface of the silver electrode is bombarded with
19 the chlorine plasma. Preferably, the modification
20 of the silver electrode takes place in a reaction
21 ion etching (RIE) radio-freguency (RF) plasma

22 chamber. Preferably, the chamber is pumped down

23 prior to the modification of the silver electrode.
24

25 According to another aspect of the present invention
26  there is provided a method for the modification of a
27 surface of a metal wherein the surface is treated

28 with a plasma.

29
30 Preferably, the plasma is in the form of a stream
31 and is formed from a reactive gas. More preferably,

32 the reactive gas is a halogen such as chlorine gas.



31 and is fornmed froma reactive gas. Mre preferably, 32 the reactive gas
I s a hal ogen such as chlorine gas. 26 April 2005 5 1 The nodification of
the netal surface can take place 2 in a plasna chanmber. A surface of the
nmetal is 3 bonbarded with the plasma stream Preferably,dﬁyg A

nodi fication of the netal takes place in a reaction 5 i PE%%QR; (RIE)
radi o-frequency (RF) plasma 6 chanber. Preferably, the chanber is punped
down 7 prior to the nodification of the nmetal. 8 9 The nmethod is

sui tabl e, §0r exgEphSa: kokakienl Q4 nGal Mata Pl iRt ale cLan! Ladesoandoi N
particular for 11 the treatnent of silver electrodes 1n the o?n1o? a 12
thin-fil m2possibl § pabsmeatkdnibert he Zvapofate omf ofhe 18eth® metal onto a

glass plate. 14, 15 The.invention extends to any netal .ite e. an 16
ol ot bde, Shavi HETIAEAPRAbE HodiTh G S8 et Srert17 CRSErFBaMY” 185510 The
invention will Reaipieachsar by wiiensdood hykdBYp128: 0{ndgseeietign thereof
Wth reference to the 21 acconpanying drawings in which:- 22 23 Fig. 1(a)

is a graphSof thenieapelince (53&t madiof- fxemetnarsr (R} neiasmabef or e

Ly cat ot oot Shigelg. g oFRaARSP ol ILSLE 28 oo BhSaod{®) | 2
7 prior to the modification of the metal.
8
9 The method is suitable, for examplé, for the
10 treatment of metal electrodes and in particular for
11 the treatment of silver electrodes in the form of a
12 thin-£film, possibly fabricaEed by the evaporation of
13 the metal onto a glass plate.
14
15 The invention extends to any metal item, e.g. an
16 electrode, having a .surface modified as herein
17 described.
18 _
18 The invention will be more clearly understood by way
20 of description thereof with reference to the
21 accompanying drawings in which:*
22
23 Fig. 1({a) 1s a graph of the impedance spectrum of
24 silver thin-film before treatment according to the
25 present invention:;
26
27 Fig. 1l(b) is a graph of the impedence spectra of
28 silver thin-film after electrochloriding in a 0.5M
29 KCl solution;
30
31 Fig. 1l{c) is a graph of the impedence spectra of

32 silver



28 silver thin-filmafter electrochloriding in a 0.5M 29 KO solution; 30
31 Fig. 1(c) is a graph of the inpedence spectra of 32 silver 26 Apri
2005 6 thin-filmafter treatnment according to the present invention; Fig.
2(a) is a SEX view of the surface of silver thin- filn1af%§ 0

el ectrochloriding (x 2.5k); Fig. 2(b) is a SEMview of th éﬁP %%é of
silver thin-filmafter treatnent accordingéto the present invention (x
15k); Fig. 3 is a graph of EDX neasurenents realised on silver thin-film
showi ng specira ofnAg-FWht a)ﬁtéﬂdtr/é&@me(dte@oc&@m% ts en8rgpasehcXPS
spectra of silver thin-film nodified according to the present invention;
Fig. 5 are gfaphsisWewtagnAg 3d5/2 and Ag 3d5/2 binding energy shifts; and
Fig. 6 are aphs showinc O 2p3/2 and O 2p3/2 binding energy shifts. To
aid in the uhderstandi ng and advantages of the present invention,

experi mentalatestriig.waga)undeat skenvarwa ¢ |oies @hefacoder nedlfeed
according to the present invention (2) and conpared to identical testing
on a non-coa?ed sthierfélacrfsas, 91§m§nﬂ¢hiQﬁrg%#ge(%cgr%ﬁb with chloride
ions deposited thereon using the technique of electroplating (1).

7 Fig. 2{b) is a SEM wview of the surface of silver
8 thin-film after treatment according to the present
9  invention (x 15k};
10
11 Fig. 3 is a graph of EDX measurements reélised on
12 silver thin-film showing spectra of Ag (white} and
’ 13 AgCl (red);
14 _
15  Fig. 4 is a graph of XPS spectra of silver thin-film
16 modified'according to the preéent invention;
17

18 _ Fig. 5 are graphs showing Ag 3d45/2 and Ag 3d5/2
19 binding energy shifts; and

20

21 Fig. 6 are graphs showingy Cl 2p3/2 and Cl 2p3/2
22 binding energy shifts.

23

24 To aid in the understanding and advantages of the
25 present invention, experimental testing was

26 undertaken on a silver electrode modified according
27 to the present invention (2) and compared to

28 identical testing on a non-coated silver electrode,
29 and on a silver electrode with chloride ions

30 deposited thereon using the technique of

31 electroplating (1).
32



26 April 2005 7 1 For the purposes of this experinent, all the silver 2
el ectrodes used were fabricated by evaporating 3 silver in a form 99.99%
pure(for exanple, 99.99% 4 purity, Goodfellow Canbridge U K type
silver)to 5 forma silver thin-filmon top of a BDH pl ai? %HHL%; cope

gl ass slide. Evaporation was carried out 7 using an el ec? chanber
(Leybol d L560E-Beam), 8 at an evaporatior?rate of 100A/s9, under high
vacuum 9 (2.10-5 nbar). Prior to the evaporation stage, the 10 gl ass

sides were cl eaned angk theipddid aduicead; 4 néﬂp@rlﬁénl@or dnko tﬂl\él?%%%%@lﬁo

sputtering system using an 12 argon plasma and a chrom umtarget.
sub-layer of 13lcwiomdes weedepost tabohcahedgbys svabodatdmg t hi s 14

dt dh f th | fItth 5 gl i de wh
Hopool o Lo ol Oy 1ot 6 Y Tante ThEE HRRmed2, Jo8eBobe sannt o)
were then 417 fuyy dﬂ%gytr@%@bma oldawsryidge G9k( 1£yEleE§IB@@fEMQCAL
e

CHLORI DI NG - ELECT LATING 20 21 A portion of the ectrode sanpl es were
encapsul at ed 2£qun & s lean dﬂﬁé'mfoléllmc@llll toml pSwan§DHENPAEtve 23

el ectrode rfa C ectr [ 0.5M
pot assi um chl ori g‘éﬁfﬂf%ﬁ% 5&5?%51 St on Q‘g%%c}%é%??en?g Egg’gégam%ﬁ%s was
26 applied7or smderplar ialiechyai-mmen (cﬂSamHér 10&ybo2d 1550E28samhd 25s).

The chloride ions in the KC1 28 sol utlon %%g ed to the p05|t|ve si | ver
el ectrode 29 afF W& SHRRFATIRP ey €RI orYRERT ghsgh vacuum

S (2.10"° mbar). Prior to the evaporation stage, the
16 glass sides were cleaned and then introduced into a

11 Nordiko NM200/RFG1250 sputtering system, using an

12 argon plasma and a chromium target. LA sub~-layer of
13 chromium was deposited on the glass slide and this
14 improved the adhesion of the silver thin-film to the
15 glass slide when deposited thereon. The silver »
16 eléctrodes thus formed (electrode samples) were then
17 further treated as follows:-

18 .

159 {1) ELECTROCHEMICAL CHLORIDING - ELECTROPLATING

20

21 A portion of the electrode samples were encapsulated
22 in an electrochemical cell, allowing an active

23 electrode surface of 0.96 cm?. The electrodes were

24 dipped into a 0.5M potassium chloride (KC1l)

25 solution. An anodic current of 0.98 mAmps was
26 applied for several time durations (5s, 7s, 10s,
27 15s, 20s and 25s). The chloride ilons in the KC1

28 solution migrated to the positive silver electrode
29 and were deposited thereon. The chloride ions
30 reacted with the silver and formed a layer of silver

31 chloride (AgCl). The electrochemical chloriding was

32 performed using AutoLab™ instrumentation, for



30 reacted wth the silver and forned a | ayer of silver 31 chloride
(AgCl). The el ectrochem cal chloriding was 32 perfornmed using AutolLabTM

i nstrunmentation, for 26 April 2005 8 exanple a Ceneral Purpose

El ectrochem cal System (GPES) and Frequency Response Ana#%ggr.ééﬁyo. (2)
PLASMA MODI FI CATI ON Anot her portion of the el ectrode sanp pﬁé nodi fi ed
according to the present invention with a 8chlorine plasma stream The

pl asma stream used was a pure chlorine plasma stream in a Reaction lon
Etching (RIE) radifmdreqiansye£RF) ptgs8R shatkeiochehyit£Rl spPesmt i ng
paranmeters for the plasma chanber are given belowin Table 1. Table 1 1 to
100 niforr: & to BIRESjatand (Peedesmyy RefpoBeesdads Y santERA) cnB) of

chl ori ne: ns to 5 seconds plasna time Qperating Paraneters for preparing,
for exanpl €, a |ow inpedance electrode for a suitable system are: 10-20
mrorr -170 avat t s(5- IELzseoarodIsecandonl asma ti me EXPERI MENTAL TESTI NG The
above treated el ectrode sanples (el ectrochem cal electrode and pl asna

el ectrode) Zand the standard non-treated el ectrodes were then subjected to

the foll OV& ng tzﬁﬁattﬁiexquﬁp{ién 2(995the electrode samples were

7 modified according to the present invention with a
8 chlorine plasma stream. The plasma stream used was
g a pure chlorine plasma stream, in a Reaction Ion

10 Btching (RIE} radio-frequency (RF) plasma chamber.
11 | Typical operating parameters for the plasma chamber
12 are given below in ?able 1.

i3

14  Table 1

15 1 to 100 mTorr:

16 5 to 500 Watts (per cm®):

17 1 to 50 sccms {standard cm®) of chlorine:

18 ims to 5 seconds plasma time

19

20 Operating Parameters for preparing, for example, a
21 low impedance electrode for a suitable system, are:
22

23 10-20 mTorr

24 ~170 Watts 5-10 sccms

25 1 second plasma time

26

27 EXPERITMENTAL TESTING

28

29 The above treated electrode samples (electrochemical
30 electrode and plasma electrode) and the standard
31 non-~-treated electrodes were then subjected to the

32 following tests:-



9 1 Electrochem cal tests; 2 X-Ray Photoel ectron Spectroscopy 3
(XPS)investigations; 4 Energy D spersive X-Ray Spectroscopy (EDX) 5

anal ysis; and 6 Scanning Electron Mcroscopy (SEM analysis. 7 8 Al the
el ectrochenical tests and nmeasurenents were 9 carried oubgWikipoggs Aut oLab
apparatus (GPES and 10 FRA). A 5nV AC voltage was applied using a range of
11 frequency from 10,000Hz to 0.1Hz for alP these tests 12 and
measurenents were carried out in a phosphate 13 buffer solution (PBS), to
whi ch 0.9%NaC was agfegd:rodhedDcXPSticvesti gations were carried out on a
KRATOS XSAM 16 800 apparatus. The X-ray source was run with MgKc 17
X-rays at 240W (13. 8 kWRayghpytoge8ectgogEfnsdiassemer e t aken from a

SEM EDX sysiem an 2 .t achi _S3 N_m _croscope interfaced with an Oxford
21 Instrunﬁ%t Li nk |s&§HE%§&%%%§}$%%éP€FJ 22 23 As a standard, the

non-treateds el ect r odeEsarpy esisgdrveve N-rely Chadaddiddgsd BDX)
el ectrochem stry and 25 SEM The _silver thin-filnms (Ag TF) deposited by 26
evapor ati or® t echni queaP@¥éshs vehdsnmoot h surface and 27 react poorly wth

the electrofyte ('ar9§c'#@EE%”EE%cFrgﬁeﬁid?XE@§§ (e G Rsidd 30

After electrochemcal ¢ riding o el ectro
7 .
8 All the electrochemical tests and measurements were
5 carried out with an AutoLab apparatus (GPES and

10 FRA). A 5mV AC voltage was applied using a range of
11 freguency from 10,000Hz to 0.1Hz for all these tests

’ 12 and measurements were carried out in a phosphate
13 buffer solution (PBS), to which 0.9% NaCl was added.
14 ;
15 = XPS investigations were carried out on a KRATOS XSAM
16 800 abparatus. The X-ray source was run with MgKo
17 X-rays at 240W (13.8 kv, 18mAa).
18
18 SEM pictures were taken from a SEM/EDX system, an
20 Hitachi S3200N microscope interfaced with an Oxford
21 Instrument Link ISIS EDX spectrometer.
22
23 As a standard, the non-treated electrode samples
24 were first characterised by electrochemistry and

25 SEM. The silver thin-films {(Ag TF) deposited by

26 evaporation technique have a very smooth surface and
27 react poorly with the electrolyte (large impedance),
28 as shown in Figure 1(a}.

29

30 After electrochemical chloriding of the electrode

31 samples, SEM analysis shows large granules at the

32 surface of the silver layer, giving a very rough



31 sanples, SEM anal ysis shows |arge granules at the 32 surface of the
silver layer, giving a very rough 26 April 2005 10 1 surface topography.

| sl ands of silver chloride have 2 grown, generating a non-uniform surface
as shown in 3 Fig 2(a) at which the electrolyte can reac asi£g 4 Once
the Ag/ AgCl reduction/oxidation couple is 5 forned, a nea Qépn 05

non- pol ari sable el ectrode is 6 obtained. Thé presence of AgC |ayer which
acts as 7 a bridge between the electrode and the electrolyte 8 and the
rougheni ng af thewlRed O@kapégﬁfat@gﬁ. ares Dashig ekl ¥ihiekedntiortine eugral |

el ectrode i npedance. 10 As shown in Fig 1(b) a reduced inpedence of a
factor 11 8f 10@YowTy.edlSrswerfiong tthararanpt ef etrwceusdeset psassedwnldnin this

manner (el egtroc ) el ect r.od he i mpedence of the el ectrqchem cal
el ectrode més 14e§géggf%ﬂé%r1Qﬁéﬁﬂ %ﬁéﬁ%Fg£%f¥§93888n§$a§%degﬁ ¥-15 t hat
the inpedenge of ohides e A g QU1 NIRASESOW dRidA6ibhmeowbiiehiks an
indication that the Agd layer is 17 not stable. 18 19 For the el ectrode
sanpl es tredted &C&BIEH NG ANy TR-mesentsapleneleateplasas el ect rodes)
with a 21 chl ori l.asmp st |1 | ctli I Dy [ dence is
al so observgd. T%?g l?eafneﬁﬁﬁg Eﬁ%éﬁégnéﬁr%§€%t%é9§rsggééﬁaﬁgg§y§§cm
reacti on 27 betaedridye Sdtwerer ayter argbtiwiehhndi theaklegiro25teol ecul es

and ions present within the plasm. The 26 jnpedance is _also | ower than
that of the®sanpPBRFhg && q%/%ﬁ%?hﬂ 1%E%59 SaSUEhBRR PRSFig 1(c),

9 directly linked to the overall electrode impedance.
10 As shown in Fig 1l(b) a reduced impedence of a factor
11 cf 100 is realised for thé sample electrodes treated
12 in this manner (electrochemical electrode). The
13 impedeﬁce of the electrochemical eleptrode was
14 tested at intervals of 12 and 15 seconds and show
15 that the impedence of this electrode increases with
16 time which is én indication that the AgCl layer is
17 not stable.

18

19 For the electrode samples treated according to the
20 present invention (plasma electrodes) with a

21 chlorine plasma stream, a similar reduction in

22 impedence is alsoc observed. This treatment

23 apparently created a singular physical reaction

24 between the silver layer and the chlorine atoms,

25 molecules and ions present within the plasma. The
26 impedance is also lower than that of the sample

27 electrodes by a factor of 100 as shown in Fig 1l(c),
28 and this can be achieved only if a "bridge" behaving
29 compound, able of exchanging charges with the

30 electrolyte, is created.

31



28 and this can be achieved only if a "bridge" behaving 29 conpound, able
of exchanging charges with the 30 electrolyte, is created. 31 26 Apri

2005 11 1 SEM anal ysis of the plasma el ectrode show pictures 2 of a
"cauliflower” like structure simlar to that of 3 the elgﬁh$ﬁg5&ﬂjcal

el ectrode. However, in the case 4 of a plasma electrode the layer forned
thereon is 5 thinner, nore uniformand norklcontrollable. The 6 |ayer
so-formed includes what appears to be a 7 conmbination of an AgCl film a
chloride form of gfvchhati9es(6k) tard gindind dinadc G It 9B bigh 9 are
enbedded in the surface of the silver. 10 11 The simlarity in behaviour
and structu?e obehiaefcaudislowert'hd ik shmattmre ssinidamne (Habovd

possi bly sug t that a simlar Agd .filmwas, created in each 14 case.
However , Eéi neagﬁée ﬁ?ér8?ﬁ?ﬁécﬁﬁa %§9ﬁ§Q§%ﬂn:kﬁﬂfv%$wa“i i 5258, show
the presencg of o#6argrakninglebkebidee tMeOMayidt il facer&inthe 17
silver electrode, which supports the feasibility of 18 creating an AgC
filmusing This FREaRaEntMOTe unpfxrmn wpsk magremontnalelaizke i edla@it on
several sanple eclr r it hanpl t r than 22
chl orine plngsrra Tg%y%%d%r’ ?gﬁﬁg%}erggn&%gdt\@ﬁe wg%et?n %esajgzcgat{\%thgér gaeand physi cal
structure ol thecdginadbionfofman2dgidr fad of,r emdiiesienonth Ani esff ment

rocess. The 25 plasmas used were fr im |l.ar reacti ve gases such
P § ghfbg?he ?Cf) an ln%ghidual chlorine aé%ms which

9 are embedded in the surface of the silver.

10

11 The similarity in behaviour and structure 5btained
’ 12 after the two treatments,(l) and (2)above possibly
| 13 suggest that a similar AgCl film was created in each

14 case. However, EDX measurements of the plasma

15 electrode, shown in Fig. 3, show the presence of

16 "remaining chlorine atoms in the-surface of the

17 silver electrode, which supports the feasibility of

13 ~creating an AgCl film using this treatment.

19

20 XPS measurements were carried out on several sample

21 electrodes treated with plasma streams cother than

22 chlorine plasma in order to determine the chemical

23 nature and physical structufe of the agCl thin film

24 formed from the second treatment process. The

25 plasmas used were from similar reactive gases such

26 as fluorine (Fl) as AgCl can be approximated to

27 behave as any other form of silver halide; their

28 electronic structure being very similar. The XPS

29 results show energy peaks related to the Ag 3d and

30 the Cl 2p electronic orbits as shown in Fig 4.

31




26 as fluorine (FI) as AgCl can be approximated to 27 behave as any ot her
formof silver halide; their 28 electronic structure being very simlar.
The XPS 29 results show energy peaks related to the Ag 3d and 30 the C

2p electronic orbits as shown in Fig 4. 31 26 April 2005 %% 1 hlftS in
energy are related to changes within 2 these electronic épf |rst of
all, as shown by 3 EDX neasurenents chl atZne peaks on spectra shOM/that 4

the surface nodification conmpound remains at the 5 surface of the el ectrode

sanpl e after pl@BeRshitteateRher @r@%a%@rw%ﬁaﬂgéﬁ YgEpgaks are
7 shifted towards | ower energies. Fig 5 and 6 conpare e va ue of these
peaks to pdre stheee &ﬁ@c@ﬁp®ﬁﬂn@rh;QHK%NR&I&QJo@eakk as sbbenr &g i n

literatures[refgnyl Fb boo Si l.ver halide Ag] an F)

Ag 3d512 peaks S %mﬁggggrfyés Shi r&ﬁ?ﬁ§)ﬁﬁnipei§ré gb@W gﬁﬁg S|Iver
peak of the pI asma snefhed madaamlam@rﬁcddngﬂﬁmé sahdigd By gheut 0.4 for
the 14 sa 3d5/ 2 peak. The energy shift spread is 15 simlar to the

ot her silver ha??ﬁ §C?e§?e8heA@éﬁctf@d@aﬁaﬁéﬂékﬁ@%&%ﬁ rdaswhave in a
simlar magner {poglhcpiher s Si I ide;as.the electronic 18
structure of eache%%eeégry g%%? aF%Eﬁe53¥%h é%ﬁ?nd i%%re93%% Sv3ffies can
not be dedﬂctedshsfhgdthewﬁﬁdenébgﬁrp&&br@dhuas(ﬁlgfﬁéaﬁ@ea Sbhp8Ee

hal i des, byt does &r V|gg a cl ose_enough idea of the expected 22
energy shi VEDFEhBF nbPES SqREAKST FeaBlUs® otilver tard grhieréne

el ement s e%iStiiﬁb@&etb@a§“ﬁééﬁ§,oﬁs referred in literature [ref.
10 Web + XPS Handbook]. Silver halides (AgT and AgF)
11 Ag 3ds,; peaks show a * 0.27eV shift compared to pure
12 silver. The silver peak of the plasma treated
13 sample electrode is shifted by about &+ 0.4 for the

14 same Ag 3ds/;; peak. The energy shift spread is

15 similar to the other silver halides tested. AgCl
16 can be expected to behave in a similaf manner to

17 other forms of silver halide as the electronic

18 structure of each are very similar. Nevertheless,
18 the exact values can not be deducted using the

20 energy peak values of the other silver halides, but
21 does provide a close enough idea of the expected

22 energy shift range. Furthermore, quantification of
23 the different elements existing at the surface of
24 the silver thin~film, showed that silver and

25 chlorine are the main species (respectively 75% to

26 80% and 12% to 17%), and only very few contaminants
27 are present (i.e. carbom and oxygen). Thus, only
28 few oxide forms of silver must be created, leaving
29 the shift in the peaks under the influence of the
30 chlorine ions.
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24 the silver thin-film showed that silver and 25 chlorine are the main
species (respectively 75% to 26 80% and 12%to 17%, and only very few
contam nants 27 are present (i.e. carbon and oxygen). Thus, only 28 few
oxide forms of silver must be created, leaving 29 the shift i. peaks
under the influence of the 30 chlorine ions. 31 26 Apri I%é@'g“?%@&%hl orine
was al so detected in a chloride form as 1Bhe C 2p32 peaks are within the
same region of binding energy as the alkali chloride, as shown in Fig 5,
wi th an energy %Hiér?ﬁeaxpé’é’talﬁ%zééyecgégnlnl b thilsradeoriattn shidt is
conpared to a non-netal chloride form one can still assune that the
structure of AgCGhandl Nag, . araaks caee enbighn t Bhe; %@mearﬁgwnsi?i@\ I ar

el ectronic distripution of the ul bi ),
anal ogous shi ft W%Jjen 9 PSS TR l?ﬁ 8&& 83 tcéﬁsogpl}{lggrt a[% E ea t at t he
chlorine ipns widin, th@tﬂlaﬁnanefggcgh@mnb@alabpum 40 t?.fﬁea\rm |Brezn sur f ace

and create a halide silver/alkali chloride structure type. The texture and
macr o- apped¥ ancelbfthhe phhensdeecrbeéfFodss CaFPaFEE SHid PR TS

el ectrochery cal <51 8810085 Andhb! sobssehear b el qamarison  of Fig
| es

2(a) and Fig 2(b | 58Ha’ el gave a matt yellow sh col our, as
described fpr abpeisehty eferycbchhdr Nded elrectrloges envu@ierergisre

8 a very similar electronic distribution of the

2 molecular orbits {M.0.), and hence an analogous

10 shift value.

11

12 . DISCUSSION

13

14 = These results support the idea that the chlorine

15 ions within the plasma, react chemically with the

16 silver surface and create a halide silver/alkali

17 chloride structure type.

18 7

18 The texture and macro-appearance of the plasma
.20 electrodes are not similar to the electrochemical

21 electrodes and this is clearly shown by comparison
22 of Fig 2{a) and Fig 2(b). The plasma electrodes
23 gave a matt yellowish colour, as described for

24 abnormally electrochlorided electrodes in Crenner et
25 al. When increasing the chloriding time for a given
26 input power and chlorine £lux, the colour of the

27 sample electrodes turn from a white/yellowish shade
28 to a brown/plum tint. It has been reported

29 {Yalcinkaya and Power (1997), Janz and Ives

30 (1968)and Beck and Rice (1984)) that the latter tint
31 is characteristic of a further reduction of AgCl to

32 free interstitial ag, and that "the white allotropic



al . When increasing the chloriding tinme for a given input power and
chlorine flux, the colour of the sanple electrodes turn froma
white/yell owi sh shade to a brown/plumtint. it has been reported
(Yal ci nkaya and Power (1997), Janz and lIves (1968)and Beﬂi ang @%fe
(1984)) that the latter tint is characteristic of a furthef*PREEYion of
AgCl to free interstitial Ag, and that "the white allotropic 26 April 2005
14 1 formof AgCl does not correspond to the standard 2 state for
crystalline silv | Oof i den a : ( d edition
reported thé? "pﬁ$§ﬁy49£i e% @ﬁ %r# é Férgﬁgggggg%%ﬂﬁg%ea%%g%%%éges dark 5
grey because2 of fatmeepafdr ctegsbhliiheesilvéesdldridargh apdtwslly,
observations, are _consi st ent mﬁih the_ 7 _fact that none or poor crystalline

AgCl woul d be 8 &lpEaedtPafowaP Phe?sustide: S ¥RROFRPH Fhpim "Bure
produci ng a gmtt I i ri«F r i ne

pl asnmy, whiéﬂ%:s%ﬁ%ﬁﬁ%yéﬁiéfégg,l?1H%%Eﬁdcggeg§§%§§¥%gﬁég%%ﬁ§% uéggsilver
sputtering d@ l1ZmaExlbecpiss ¢f Lanebpaobseilesd odn giler<EM piThases). 13
Therefore, it is _possible th ag incrgasing nunber .1%:of silver_particles
coul d be tré%ped Y9 PRECAS CPREFEaCEPPSePIENFERTS Cadi T (% dar ker
col our 16 speci figett cnde nohersti pbak sri¥enillbe WydheyPirs e
invention provides a method for 19 providing silver nodification by
chlorine, t&# 20 gpsfikad the re¥evnati Eher seréaceodds thia HEhinvefiim,21

control l ed syffagg.ooleih £l LHL00CF$28wRPERVESSouy .  Further exposure

10 te the chlorine plasma, which is highly reactive,

11 could be susceptible to induce silver spﬁttering ox
. 12 etching (as it can be_observed on the SEM pictures).

13 Therefore, it is possible that an increasing number

14 of silver particles could be trapped within the

15  c¢reated silver chloride, leading to a darker colour
16 specific to the interstitial Silver.

17

18 The present invention provides a method for

19 providing silver modification by chlorine, to

20 produce thin-film silver electrodes with a very

21 controlled surface. Such electrodes can provide

22 quantitative quality of measurement.



22 quantitative quality of neasurenment. 26 April 2005 15 1 Cains 2 3 1. A
nmet hod for the nodification of a surface of a 4 silver el ectrode wherein
the surface is treated 5 with a chlorine plasma in a plasnma chanber, the

6 operating tine is within the range Ins to 5 7 seconds p&ga@ g and
the operating pressure 8 in the plasma chanber is within T %i l1to 9
100 mlorr. 10 11 2. A nethod as cl ai in Caiml wherein the 12 silver
electrode is in the formof a silver 13 thin-film 14 15 3. A nethod as
clainmed in JaigPaierein the 16 electrode is fabricated by an
evaporation of 17 silver onto a glass plate. 18 19 4. A nethod as cl ai ned
in Oaim34herein the 20 glass plate is coated with a thin metallic sub-
21 layer prjor tpo th n | Lv : ) ai,med in
Claim4 whejr ein ]%)he %g,gg&ﬂg,@ag(g% ?%éaﬁéc%%%%nc%lrgﬁ'??gg ﬁléc Eﬂ?@a % E%6[&16 A
met hod as d ai med i n €l brer 5o et eode t Miee setha Qﬁelayeface msateéauadthe

| ass plate using a 28, utt n s st
9 P % 9 Wit %hio fﬁsma in a plasma chamber, the

6 operating time is within the range 1lms to 5
7 ' seconds plasma time, and the operating pressure
8 in the plasma chamber is within the range 1 to
9 ' 100 mTorr.

10

11 2. A method as claimed in Claim 1 wherein the

12 silver electrode is in the form of a silver

" 13 thin-film. |

la

15 3. A method as claimed in Claim 2 wherein the

16 ) eleétrdde is fabricated by an evaporation of

17 silver onto a glass plate.

18

1s 4. A method as claimed in Claim 3 wherein the

20 glass plate is coated with a thin metallic sub-

21 layer prior to the addition of silver.

22

23 5. A method as claimed in Claim 4 wherein the sub-

24 layer is a chromium or nichrome.

25

26 6. A method as claimed in Claim 5 wherein the sub-

27 layer is coated on the glass plate using a

28 sputtering system.

29

30 7. A method as claimed in any one of the preceding

31 Claims wherein the operating power is in the

32 range of 5 to 500 Watts (per cm?).



29 30 7. A method as clained in any one of the preceding 31 C ains wherein
the operating power is in the 32 range of 5 to 500 Watts (per cnR). 26
April 2005 16 1 2 8. A nethod as clainmed in any one of the preceding 3
Clainms wherein the operating flux density 4 nethod is mﬁtgggﬂ}hgogénge lto
50 sccns of 5 gas. 6 7 9. Anethod as clainmed in Claim 54 ' the gas
8 is chlorine. 9 10 10. A silver electqyde whenever obtainable by a 11
met hod as clainmed in any one of Cains to 9. 12 13 11. A silver
el ectrode having a silver chloride 14 surface |ayer provided by plasna
nodi fication. 15 16
2 8. A method as claimed in any one of the preceding

3 Claims wherein the operating flux density

4 methed is within the range 1 to 50 sccms of

5 gas.

&

7 9. A method as claimed in Claim 8 wherein the gas
8 is chlorine.

9

10 10, A silver electrode whenever obtainable by a

11 'method as claimed in any one of Claims 1 to 9.
12

13 11. A silver electrode ha;ing a silver chloride
14 - surface layer provided by plasma modification.
15
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