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conprising at | east one assenbly of: a first

el ectrode, a second el ectrode, and an internediate
solid-state electrolyte separating said first

el ectrode and said second el ectrode. The invention
also relates to an electronic device provided with
SR o AR MRLESEEP SRRE] efecirorfl HR 1Y and Qi€ of MANLRABMELy safdRBerBy
invention relates to a nmethod of manufacturing such an
e8¢t r ochem cal energy source. El ectrochem cal energy
sources based on solid-state electrolytes are known in
the art. These (planar) energy sources, or

"solid-state batteries', are constructed as stated in
the preanble. Solid- state batteries efficiently and
cleanly c ' t
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functlons as at least a part of thefirst el ectrode.

The integration of said substrate and at | east a part

of said first electrode | eads commonly to a sinpler
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an energy source accordin the invention is also
maintaining the advantage of the known ¢ ectrochemlcal energy sources.

The object of the invention is achieved by an electrochemical energy source
according to the preamble, characterized in that said first electrode is formed at least partially
by a conducting substrate on which the solid-state electrolyte and the second electrode are

deposited. In this way the electron-conducting substrate also functions as at least a part of the



sinpler, as at |east one process step can be
elimnated. The relatively sinple manufacturing nethod
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invention may furthernore | ead to significant cost
saving. Preferably, the solid-state electrolyte and
the second el ectrode are deposited on the substrate as
thin filmlayers with a thi ckrk%e_ss of approxi mately
between 0.5 and 5 microneter. Thin filmlayers result
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surface within the electrochemical energy source. In another preferred embodiment at least a

part of the cavities form slits or trenches in which the solid-state electrolyte and the second
electrode are deposited. The pattern, more particularly the cavities, on the contact surface of
the conducting substrate may be formed for exampie by way of etching.

At least one of the first electrode and the second electrode is preferably

coupled to a current collector. In the case of a silicon substrate a current collector may not be



At | east one of the first electrode and the second
el ectrode is preferably coupled to a current
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current collector nmay not beneeded for the first

el ectrode. However, for e.g. a Li-ion battery with a
Li CoCh el ectrode as second el ectrode preferably an
al um num current coll ector (Igyer) is appli ed.
Alternatively, or in addition, a current collector
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on proton conducting electrolytes is disclosed in international application WO 02/42831. The



solid-state electrolyte is Lithium Phosphorus
Oxynitride (LiPON). O her known solid-state
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(Li SiON), Lithium N obate (LiNbGa), Lithium Tantal ate
(Li TaG3), Lithiumorthotungstate (Li2W>4), and Lithium
Ger mani um Oxynitride (Li GeON) may al so be used as a

Li t hi um conducting soli d-st at e el ectrolyte. A

proton conducting electrolyte may for exanple be
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Preferably, the substrate is supported by a support
structure in order to consolidate the el ectrochem ca
In specific cases the appli cat PONIB204/051483
such a support structure may be desirable. For exanple
if atitaniumor a titaniumconprising substrate is
used for hydrogen storage in a battery with a
structure according to the inyention, a support
structure nmay be used to strengthen the construction

0 xgllh{)]@ bl Qs %Qwﬁlggthlcmgse& abcht SMm@mEtlmttﬁJ‘énH@ source may be

rMerm e manuf act ured of a (tenporary)
d‘ifaélﬁfe@ftdrw 2 sqbagﬂéerw@rﬁ thigness of qufs%b@f) Pagremetes. pgpseem thiy
Afdbgktioh BE fhe SIBRAS thd @Rovi) BGEESte Er@x%fed teEﬁnBE)E}V’ |nﬁ1y Ibay@ulemay
be renoved For furth ﬁﬁ% the t]
oubstr at o b ARErE o Rmer O clentRst ST 20 S
Sdoh&l&flﬁg lﬁrr[éﬁbayeb? @dape tb at lebst Eiﬂ?jtaﬁiﬁllyﬁﬂl‘éﬂﬁﬁe diffssias of iotercalating

he . su i i

| R st Suop el PR Bl bng el TG S0 1R prefemed
mgmemucmonﬁwmmtagewm sinveantsigiiating ddne tajging parkin the
Lgé)&é%g %f les S @lp ab%roéggucgll H @é@%&ﬁmé tquﬁﬂ\?e'hﬁ’% cff@ﬁ‘ Hiff8se into

erre strate Wth a thickness of
a‘lb@ grbstrag, KOl thag thaseieps dorno lqr@erp@ftwatmqthﬁ @e)@ar@aﬁw%??uwg

t 18 dil Hﬁﬁeﬁ @&)?agé &Eac(ty Bﬂﬂ@électrﬁélﬁ%tcﬁlasbﬁ‘cé C@rﬂlﬁfnﬂy a monocrystalhne
t echnol o In a preferred odi nment

¢ Fkieop pondpcriup %@ftfa&d%apegﬂi? peceslegtiort GEPPSHE S {nisggyted
bafcmltseéhlﬂsamgﬂayg caecpteedmocrydtauhxeambommﬁ suffead fhoyn thls

éfsvglfa:bj]éﬁ%tqhe 1g‘ﬁer&a16t§1|gl1cinéfi (it e yree Fltl eIé/ Iggly 1n(% dsaf)s%atfé resultm% ina
suthsbd capeity Phiasl epergf wnice dFoeths @@sqnems consd@mmyag@@isyo
N ﬁ)é% @?faﬁﬂfer ofth ga(f subia Q&ﬁg&%ﬁe@gd hﬁ%repoﬁlﬁ'ifﬁgloﬁ &id thé N

es o ectrochem cal source

ambmm Mipration oHee infpalanzdensofil brbledked A ksest Php@ B by sid

S b‘a@x@etrt ia?&ez%s SR ﬁ’] Wadh rﬁlﬁiﬁ&j drefse 1QI|Q; tRBugh %Qﬁtgstrate will no longer

parti Cl pate i.n e (re)c € CyCles, .resujtl

APV BRSO glscf@aia g st i b etitepe b s

sahlfoaﬁlenﬁem rcbhge,r néesITN GRr S iuai;tiaterieadﬁptéd 10 Oiar B crechge bfi thee

:{1311 eﬁca g én% lﬂl%se e?ore ?tgs atrlsg> LP%,?sEblé/ to 4 pqi glecgmn-g(fnﬁl?cr‘mg &%Qltalsés other

cmxe:nlacon 'sﬁl’mstgtas,rlgks subbtrates enadé d)ﬁrmhs smdsthm@vnm ﬁt@p@ra Said
PR IS Qﬁe%wg@ﬁ&mﬁah%a&m ol IR RF AL oG Boimfbhidstse

tivel easl sal d substrate, resu ting In a

r @@tﬂ]@@dta’é@ﬁla@mﬂ%? o tiggiug nétds: gie wejerial of thatgpriep }ﬁyg is however

I ASRRed b tHeSe GRPSINGETRRE dondhdNAE hag @otbsantod pﬁ@@t}ya ralatlvely

barrier |ayer onto sai bstra & to
SRR S POTBTBRO R o T AT, PRSI GRam O B
t petidulat, @Ed@ﬂe&émmlmeﬁfme fhdst dlechedelfirdtek@ehpeites hieiagtealating layer

bst. |
V\Eei §Sﬁt%$r?né? %1%1 E¥ ? g% gler:rrolgﬁgsnef‘ ﬁ Sy s‘u?]sﬂ‘?tﬁ %a{d%%wcélat?% layer is
V\xhleﬂebyrmlalbtcﬂ'tg storedad ugleasettiel ng;ermlgmguqn@ tierarforagilye.ciacerdisg to this
t El’ﬂl%ld nglstgé Hrsfse%let%dre ?sttffus fg‘rrn%& b | ll laﬁ)l%t%'opéaﬁi sul%‘ﬁﬁt@ rsQfd@)%nEIO

IS NO Ion er necessary t

sl@b@: ang said in@rcalamﬂ@@r Comppgly, tho lagingfp ygbbecfvmeﬁ éy stackmg

' ﬁsﬁﬁ%ﬁﬁé taict BRS andﬁh@ﬁlf%fc@l’é@ng lifer brfto s%id%ﬁbsﬁ@t% SidWeGerlifa

ect ron-conducti ve s%b§ rares ot h er
ormed by means of implantation techniques,

pamcular embodiment the laminate can also
wherein for example a crystalline silicon substrate is bombarded with for example tantalum

jons and nitrogen ions, after which the temperature of the implanted substrate is sufficiently



than silicon substrates, |ike substrates nade of
nmetal s, conductive polyners, et cetera. Said barrier
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of the follow ng conpounds: tantalum tantal um
nitride, and titaniumnitride. The material of the
barrier layer is however not limted to these
conmpounds. These conpounds have as comon property a
rel atively dense structure which is inperneable to the
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deposition techniques is used: Physical Vapor Deposition (PVD), Chemical Vapor
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enbodi nent the el ectronic nodule and the
el ectrochem cal energy source forma Systemin Package

w@ 30Bp272dhe package is preferably non-conduct i PQT/EB2A04/051483

forms a container for the afore nentioned conbi nation.
In this way an aut ononous ready-to-use Si P may be
provi ded in which besides the el ectronic nodul e an
energy source according to th; i nvention is provided.
The invention further relates to an el ectronic device
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At om ¢ Vapor Deposition (AVD). Exanples of PVD are
sputtering and | aser ablation, that requires comonly
trench widths of the order of > 20 m croneter.

Exanpl es tiie iG¢Dicarieillifa@V/by waychf ftedollowvingapetimDeive statnples)
WhkDh. AVD is preferably carried out at relatively |ow
pressures (approxinately 150 nbar or |ower). These

t echni quebig drSBOVWeﬂ Herspevnvievoofse elseroshagiisal enettyiseurtehe

a&cbrdﬂlg%ﬁun%lﬁtl@n pore diameter in the substrate of the
order of > Q % mcroneter. In a preferred enbodi nent

the net holi&ishpyaresectienH agqt%ele)ﬁoe*@w} egprgy source
pabiding Mo 1heindntiad, ahd2ast one cont act surface of the
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@ﬁ%ﬁlﬂt%nt an etching techni que may be used for
patterning such as wet chem cal etching and dry
etching. Well-known exanpl es of these techniques are
Rl E

Fig. 1 shows a perspective view of an electrochemical energy source 1
according to the invention, more particularly a Li-ion micro battery according to the
invention. The energy source 1 comprises a silicon substrate 2 which functions as a negative

electrode of the energy source 1. The silicon substrate 2 may for example be formed by a
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and Focused lon Beam (FIB). In an enbodi nent of the
nmet hod, the nethod conprises a step D) conprising

waamsogent | y depositing an el ectron-conduct i nBCOEB20044051483

| ayer and an intercal ation |ayer on the substrate.
Step D) may be applied prior to step A). The invention
is illustrated by way of the followng non-limtative
exanpl es, wherein: Fig. 1 shoyws a perspective view of
an el ectrochem cal energy source according to the
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positive el ectrode is preferably made of
ﬂ’(?§§‘fr@ﬂ9“r|°ﬁ ked wit h carbon fibers. Depositi on of the

el ectrol yltlg 25héch drbte-sRO6 dflaNhe El@&xbmdﬁaﬁena@& Sutl @

4 t he b t ate. pl a
ARBine i P gl RSB e SR i RbdbiYes
maelngaow eleptrode lof/ e e@kgy\sayoor 7. Both an upper surface 9 and a lower surface 10

of the substrate 8 are patterned. The patterns are formed by cavities 11, 12 etched in the

substrate 8. Both on the upper surface 9 and on the lower surface 10 an electrolytic layer 13,
14 is deposited. On top of each electrolytic layer 13, 14 subsequently a positive electrode 15,
16 is deposited. The positive electrodes 15, 16 are each (at least) partially covered by a
current collector 17, 18. Both current collectors 17, 18 are mutually coupled (not shown). The
substrate 8 is also provided with a separate current collector 19. The intercalation mechanism
applied and the materials used in this energy source 7 may vary. The energy source 7 as
shown can for example form a Li-ion (micro)battery or a NiMH battery. As already stated
above, the surfaces 9, 10 of the substrate 8 are patterned for improving the energy density of

the energy source 7. As the substrate 8, which can be used as e.g. a chip carrier at the same
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deposition, and atom c | ayer deposition. By etching
the substrate 2 the contact surface between both

web@sendes 2,6 and the el ectrolyte 5 may be i PCT/ERoeM51483

(significantly) per volume unit, resulting in an
i nproved (maxi m zed) rate capability and power density
in the energy source 1. Optionally,an al um num current
col l ector (not shown) can be goupled to the positive
el ectrode 6. The construction of the energy source 1
it SiB 0380 td Sor@iohs h adldtivey dfeefivielcbhs@MtioR il aiS érndily €ource 7 can be
%Bpst%uction, and is furthernore relatively sinple to
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wou d ?ead % a mgni}lcan? decrease of battery efficiency and battery lifetime, said barrier
layer 29 is applied. This barrier layer 29 is preferably formed by tantalum and/or titanium
containing compounds, like tantalum, tantalum nitride, titanium nitride, et cetera. These
compounds all have a relatively low specific electrical resistance. This electron-conductive

layer 29 has a relatively dense structure with reduced permeability for the intercalating



10

15

20

arbitrary, provided that the substrate is used as a
(tenporary) storage nmediumfor ions and thus functions

w@g00dm22hect rode. The el ectroni c nodul e or devPCHIB200/051483

be formed by for exanple a display, a chip, a contro
unit, et cetera. In this way nunerous autononous

(readyto- use) devices can be forned in a relatively
sinple manner. Fig. 4 shoms,@ perspective view of an
alternative mcro battery 24, in particular a Li-ion
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, resulting in_an inproved batter qp % % 8
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battery efficiency and battery lifetinme, said barrier
| ayer 29 is applied. This barrier layer 29 is
preferably formed by tantalum and/or titanium
cont ai ni ng conpounds, like tantalum tantalumnitride,
titaniumnitride, et cetera. These conpounds all have
arelatively low specific electrical resistance. This
el ectron-conductive |ayer 29 has a relatively dense
structure with reduced perneability for the
intercalatinglithiumions, which ions can therefore
hardly diffuse into said substrate 28. The
i ntercal ati on nechanismof the first electrode is
therefore substantially determ ned by said
intercalating |ayer 30, which is specifically adapted
for tenporary storage and rel ease of the intercal ating
lithiumions. The barrier layer 29 preferably has a
| ayer thickness of between 20 and 100
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nanoneters, nore preferably between 50 and 100
nanoneters. The intercalating |ayer 30 i s commonly

woraes/0oR245i | i con, preferably anorphous sili conPCTIB2004/051483

| ayer thickness of this intercalating |layer 30 is
preferably between 30 and 100 nanoneters, and is nore
preferably about 50 nanoneters. Said solid-state

el ectrolyte 27 is preferably formed by Li PON, Li NoCb,
Li TaC>3, et cetera. Said secdnd positive el ectrode 26

é]Ts 'med by a LiCo 2 conpound. The first negative
el'ec

fode 25 is connected to a connector 31, which is
positioned at an upper surface of said mcro battery
24. Optionally an additional |ayer (not shown) can be
applied on top of the shown stack of the mcrobattery
24 to provide a protection to said m'cro battery 24.
In this particular enbodi ment the top
br ef er ablBfectrenhgmigaligyergisowraiile 7 S%Paqomﬁ%ﬁl?% %feaﬁlt Wéﬁseéfli’&a?f
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sai d mi crageeat elestipdedd, DplfdBf n the freedom of
m gr at i ornGfterinB@att soligsn@lcrttiahge QSOtBS 1$)separating @id firsielegtrode
ich t ity of the mcro battery 24
@a??aﬂé ab‘{sggoélflvl@ﬁrogerﬁ ?@’ads to both an i nproved
battery ehfhdireaty tramaxdafmst icheprode 618) ip fasmedns least partigiby by 2
t e BR8] $4) ahdiné 8etohd
R B e T ot &
dfctiofe(6alsp N g bednaleppsiteda vari ety of ot her enbodi nents
are possible, which will be obvious to a person

skilled in the art, CLAl V5. ch I
3ource ( 1Elecrochsmicalegeray ?°§’f°ﬁé1 Z\’t%zf%‘:g%r m %mla"gée %Ctgx?ed w
thaf thé SéctrlyRQS,n8de) £nd theS}condelatrodn(d, ¥l &) reep@ied ®,2 qg@tact

b ¥ SRR RoB0kespl B muehapiiol 1 (o

said second electrode (6, 15, 16), characterized in

5! hat sal dElbétfm?ﬁem%a%E Q%rc@ gl' 78h) hRokiRE fRdaid R, dh@@Sterized in

parti al l a conduc substrate

th@éthsmntaétsﬁtf@?@ 8y 18 P@W%@‘bw‘(hsa plyrglity g?ﬁﬁa"‘é%%mﬁméé’gond
SlRfly s%b% sfaﬁbele&b'éolyté-@) mam)anb@meaﬁ@elsufoeejcé 1%, 16) being applied
El ect rochem cal energafsourc 22) according to

&9 3t f Pt AR AL Sial'ﬁicflwé?s((%ﬂe Blectrolyte (5, 13,
14) and the second el ectrode (6, 15, 16) are applied

Lo a cont et s n%mapene%;’;aﬁu?ce 9)2 facchglﬁlgwaﬁﬁlf3aéh%ra{c€’en§e)d in

chis att rne
Hlaeaticagaipenpithé caeﬂev(@y”sk?&f%@ siit§ (4).7, 22) according to
claim 2, characterized in that the contact surface (3,

, 10) is rovided wwth a plurality of cavities (t4 11, ..
$2) of lectrochemical energy source (1, 7, 22) according to any one of the preceding

claims, characterized in that at least one of the first electrode (2, 8) and the second electrode

(6, 15, 16) is coupled to a current collector (17, 18).

6. Electrochemical energy source (1, 7, 22) according to any one of the preceding

claims, characterized in that the substrate (2, 8) is adapted for storage of jons of at least one

of the following atoms: H, Li, Be, Mg, Na and K.
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arbitrary shape, said electrolyte (5, 13, 14) and said
second el ectrode (6, 15, 16) being applied to at | east
w@2@ane72¢3 an i nner surface of said cavities (HCT/IB2004/051483
12). 4. Electrochem cal energy source (1, 7, 22)
according to claim3, characterized in that at |east a
part of the cavities (4, 11, 12) formslits (4). 5.
El ectrochem cal energy sourcg (1, , 22) according to
any one of the preceding clains, characterized in that

At | east E‘Pe@ﬁoc‘ﬂgmfcgl%nér%)f s%ﬁrcceﬁl L Qf)cbg&)r(ﬁ@g to %ﬂly 3Rsbrtifreceding

second el ectrode IS . cQu ent
Jomp. gharasterigertin thzfesle supstraie)(% 8} s Bt E‘ﬁ?st afS@; fg

fodkerialse C 2) GAPSahd]pRErdbly dpad, sine of the preceding

clainms, characterized in that the substrate (2, 8) is
adapted for storage of ions of at |east one of the

.ol | ovvi n glla’itr&mBmicH endrgy soRiee (1IVH 22)Nacadiol i ay one of the preceding
sl %?%dﬁéthaﬁg% BB YR s, 13, FRnEBEAA N dediBec
th e6)9tebbpqsmde>n(nﬁlltll$) Sldes (%ﬁaﬂi of the substrafedadd. one o f t he
following materials: C, Sn, Ge, Pb and, preferably

doped, Si. 8. Electrochen1cal ener gy _source 2
%ccor di ndlecsodspicalraeray soprce (Ipf-@RRIFHGNE OGN o0e Lo the preceding

ORAE a6 r&tdriz&Cin kHat thé aibsttaltq2, B lsiatiest pr@allg beetredl iyt £bafrier
13, 14% and trie second electrode (6, 15, 16) are

H@ﬁ&??‘%ﬂm%n mul tiple sides (9, 10) of the substrate
(2, 8). 9. Electrochem cal energy source (1, , 22)

2‘% cordin gal%cgra an r% f en§r2¥e%o%rc§ @ggtzrﬂga}c%réﬁggﬁény one of th‘i precedmg

aracteri e
plaints,i chirhojerigeslie ﬂ@tj’fhwsttbﬁra@ (B isisenporteshby @ spopeyt SF"B?WFO ns.
10. El ectrochemi cal energy source (1, 7, 22) according
to any one of the preceding clains, characterlz in .
P Bfgt & Qrecedmg

that t he Bemyeehemical gy gpprce §1 SEPASFUEE [Py 08

§151§’d§ %&%ﬁc@eélzédlm tHat 6 FifsPa&aBdeqa8) emepiighs élﬁ eladtEd- c(oihducﬁng barrier
according to any one o cedin

Coediota = b bR PR EE B PERER e o s

SubBsRitd (3,689, said bekiedhyeobeigoipplisd bitn spidaubstiagr(2,8yer adapt ed

to at least substantially preclude diffusion of

intercalating ions into said substrate (2, 8),
barri er |Elgamoctsmicabenenspbduesd (loit28) acgprding quéqlfna]tlec}(a@ctenzed

) that %ﬁrs@l@&%ﬁ@ﬁﬁﬁépc&%ns@s@ﬁ ErfifcaB@HE afer Gdpositedotito a side of said
accor laim 11, characterized in that the first

é?fé%ftlfryé‘bfé’r"fsﬂ? forfhe subB#sr i ses an i ntercal ating | ayer
deposited onto a side of said barrier |ayer opposite

to the substrate. 13. Electr ener, 0

(li.’ 7, 2 lec‘ére%%aﬁedlerlgés so&xrcgl ﬁ? %g%cc%rdlngcot éa%%zléda{a?a%terlzed
B4t s8dintircalatigy layek &tat gyt $ubgtantiallysnagle of stlivon, preferably amorphous
%Hg%tantially made of silicon, preferably anorphous

14. Electrochemical energy source (1, 7, 22) according to any one of claims 11-13,

characterized in that said barrier layer is deposited onto said substrate.

15. Electrochemical energy source (1, 7, 22) according to any one of claims 11-14,
characterized in that said barrier layer is at least substantially made of at least one of the

following compounds: tantalum, tantalum nitride, titanium, and titanium nitride.
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silicon. 14. Electrochem cal energy source (1, 7, 22)
according to any one of clains 11-13, characterized in

w0 bas/osaisl barrier layer is deposited onto saiBCT/IB2004/051483

substrate. 15. El ectrochem cal energy source (1, 7,
22) according to any one of clains 1-14, characterized
in that said barrier layer is at |east substantially
made of at |east one of the follow ng conpounds:
tantalum tantalumnitride, titanium and titanium
nitride.16. Electronic device (21) pr ovi ded vvi th at
| east one el ectrochem cal ener g{ ; ]g %
Kecor di ngleeBomsipvishe Lorrovidediwig @ 1eT§ onel ec rE‘fh@E’{cP ey
gt ge7,02)laccadisdiodinnghe bbclgmaims16, characterized in
that the electronic device is forned by an integrated
circuit (1C. 18. Electronic device (21) according to
tl. ai m 16 Hié)rorid deife (2P) aecatiiag watadm il@ cchatasterizad in thitéhe
ct.r oni v chem cal energy
Se‘:%om Vfg %gmjfg?y ?mgtn‘%rgtg égctﬁ ggnb n Package (SiP) (20).
19 I\/bt hod of manufacturing an el ectrochem cal energy

gource (Jgechoniddovict 09 szcgdr@igg %Qla@tﬁ Y6 Qner of (%5, |cﬁdr£@enle<ﬂ15 that
conprising the steps of

: e05|t|n 22 d- staate
@rs eleqtqoexp gevice@nd thaéectrwfmzf PEEY gq&ff?t@ ff%m aaéys orify
SYsipqeent |y depositing the second el ectrode (6,
15 16) on the substrate (2, 8). 20. Method according
to claim19, characterized in that the nethod is
p.ovi ded Mkthdal @mmfa@)urm@amiécsbdgmtchberpwyE@rrwi (hg, 83) apgording

%%}%g)e% 1ms rl]t § coingrligr%?ﬁ;e ste%?of 10) of the substrat e

I|ed prior to step A.
A) Met hod cbmﬁmathn elidestage] eéacmlmsg (o 3.20) o tha pubstrals 2z?8daqdn

Ef‘ at the sﬂﬁstecﬁlfggtly' Rpddty ind @&oﬂ& dirsdee@, 3, 100Me stbsidte (2, 8).
subsequent |y depositing a n el ectron- conductlng

barrier layer and an intercal ation |ayer on the
sabst r at eviétRod 23Jordidde ElginiN1 9% tiRpacld)izedSin @fapiht ethpd is rovided

\Sz’vgt}? Etep%)' comprising the patterning of at least one contact surface (3, 9, 10) of the
substrate (2, 8), wherein step C) is applied prior to step A).

21. Method according to claim 19 or 20, characterized in that the method is
provided with step D) comprising subsequently depositing an electron-conducting barrier
layer and an intercalation layer on the substrate (2, 8), wherein step D) is applied prior to step

A).



