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ap- plication of a voltage puI se to the device, using the pul se generator,
i nduced a cuxam@ti(hn both the device and resistor [err], tnereby inducing a
vol tage groportional to this current at the oscill oscope input. Measurenent
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descri bed abmmple2Fi gure 3 curve 1 shows the device resistant against
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determ ned after eac res test are shown in figure 4.
can be seen that at a threshold voltage of about 1.6n V, the el enent
resistance is gradually increased with each successively higher voltage

until, at about 3.0 V, a final resi st andk® state of about 4x105 ohns is
achi eved. It should be noted that all the states at- EP O 471 737 B1
tai ned were non-volatile and stable, i.e. in the absence of any attenpt to

switch the elenent -(e.g. with zero



bi as or when di sconnected), it'retained the conductivity state it had | ast
been set to. Exanple 1(b) 5 In ordeepba7rfzsrey denonstrate the voltage
programability of the device an alternative method of use was tested. In

this positi ¥gure 1PRolSHSre Hrﬁngiﬂeﬁrﬁen?{?) 3.4 V was applied to the el enent

first or t'?vrrr'cm'n-atr—(g—\@—)—rrset—t element to its |low resistance state
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ERASE Pul seswilching ib theetrnggbwree ri se to a range of resis- tance val ues between 2
x 103 oh#s and 4 x [err] ohms. This denonstrates that, between the upper
and | ower s@pmparativejlestiy eshol ds, the el ement resistance is primarily a
function of applied voltage pul se, not of the nunber 15 of pul ses applied
as might be dé‘&ﬂ'&@ﬂwﬁ%ﬁ#ﬁ'g ple 1, bptwith afinal (tep) e\eiaeverof sbautRimir daposied B fos; o
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duration weelenststaierio the 8i5ixd0° chis stiate), @rlddswimesporsiing clessifigd a a digitdl dewiceand

i ncrenenti ng each successwe puI se of 0.05 Vup to 3.3 V. The el enent
resi st ane wxAPIeS:5r8apclpmppratme lestsh pul se and the results are shown 30 in
Figure 8. As before Interrredl ate resistance states are obtained forWR TE
pul ses bet weer "&mP‘?S\REfamP'ﬁ‘F \!%‘ﬁB‘F‘!? sseaAntially as farR¥ample r('et ?%%WWF‘!"&&@“&QW’
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st at e, follome se o nsec vol'tage belng %°hCr enent ed by
0.05 Vfroml.2 V to 3.4 Vbn succeSS|ve repeats. Resistance was neasured
af&g; eagh pulse and the results are shown in Figure 9; as was the case for
constant WRITE, increnental ERASE (Figure 5), the internedi ate 40

resi stance states are seen to be primarily a function of previously applied
vol tage pul se. Exanmple 2 Asanple was nade as in Exanple 1, but with a first
metal |ayer of 50 nm vanadi um deposited by thermal 45 evaporation as
defined 4n Exanple 1. a-Si deposition was done sinultaneously with Exanple
1 and the finished sanple [err] designated 779/2. An elenentof this sanple
was tested as in Exanple 1. Initially a series of 250 nsec positive voltage
pul ses were applied to the top contact, each successive pul se being of

hi ghervol tage than the | ast; el enent resistance was neasured after each

pul se. Te test was stopped once the "forning" event was seen to take place
(i.e. 50 an abrupt change in resistance to 6 x [err] ohns). The results of
this test are shown in curve 2 in Figure 3. Afurther4 experinments ((a)-(d)
defined ion Exanple 1) were then applied to the elenent to determ ne the
dependenge of the el enent resistance on previously applied voltage pul se.
Figure 10 shows the results of experinment (a), (in which after initial

VWRI TE Pul se (100 nsec, 3.4V to bottomcontact), a sequence of 100 nsec
ERASE pul ses are applied froml1l.2 Vto 3.2 Vin 0.05 V steps). 55

Figure 11 shows the results of an experinent (b) (a sequence of alternating
3.4V, 100 nsec WRI TE Pul ses, each folloWed by an incremented 100 nsec ERASE
pul se from experinent.



6 EP 0 471 73’7\"1.131 Fi gur'e 12 shows the results from experinment (c)
(initial ERASE pul se of 3.4 kV, 100 ERoazq 737@1 owed by increnentally

i ncreasi ng WRI TE pul ses of 100 nsec, 1.2 Vto 3.4 Vin 0.05 V steps). 5
Figure 13 shows the results fromexperinment (d) (alternative 3.4. V, 100
nsec ERASE Pul ses foll owed by 100 nsec WRI TE Pul ses, Increnented from1l.2 V
to 3.4 Vin 0.05 V steps). Thesepgmsis show that the [err] sanple behaves
simlarly to the [err] sanple of  EXanple 1; nost im portantly, there Is no
indicatien that replacigg the first O netal layer with V induces further
(opposi te pol ar $U4rysy il tewikehing, vithediffergnt top metBds Conparative Test A A
samle Wwas madealdsthenbdEtewpbrtadts dxetchsbdfama final (top) netal |ayer of about
50 nm Cr, deposq fged: I netal |ayer. a-Si deposition
was done si nul tTEeouggvaﬁbE&%%%fgf ?gﬂah%he finished sanple 15 [err]
desi gnat®d 779/3~ 3% r@%ﬁ? m8%lt hi s sanple was tested as in Exanple 1.
Initially a series of 250 nsec positive voltage pul ses were applied to the
top contact, each successive pul se being higher than the last, until the
"form ng" event took place. The results of this test are shown in Figure
14; note_t hagzap@sl S e changes t l.gce over nar .vol tage
range t h8n inot}ﬁe cg{ggspongﬁtm teé}sﬁl;gﬁngxarrpl esz': and 2 ( |°§¥J\§és3). 20
After "form gt theomhetrent was tested using nethod (a) and nethod (c)
previously defined to deternine the presence of internediate resisfance
states. Figure,15 shqg the regsults for nmethod (1), Figure 16 the results
for methgd (c)® Note ¥hat altﬁ%ugh JIBHBLr resi s€hE [ i titermediagen in

hi sy el ement to those of exanples 1 and 2, (ie. from2 x [ersrtftﬁh?f'ésYo 3.5 X
[er?T) and sone intermvedi ate BiEat es agogyd St, they 259 yol t 3ggedrpe

overwhi ch these internedi ate states can be obtained 1sfar narrowerthan the
range of exanptes 1 afd 2, (iT-8: ci rApaloguel5-0.2 kbiSconpamwed wth circa 2. 2.
V). Thi szsmakesslit extrenely di,éfi cult to obtain reliable progranm ng of the
internediate states afl the el“&trent 20281y suitadOVfir difgefesredise, (i. e.
fromthe 2 x 193) ohmgystate 4.8, t hg, &ﬁcmnée_rr] ohns state), and is
corresponding classified as a digital deviCe. 30 Exanpl es 3-8 and
Conparati ve Tdsts A n@uwber ofT.Banpkeswiteltingnade essentially as for exanple
1, (i.e.¥glass O first conducting layer, circa 900 Angstrom a-Si:H doped
with [err]) bR a nunf®r of R-Ef er eMPBIOBYE cont act? Aed A fi | Reefersred
deposited in gl ace of pf he V f4d km of U{?ﬁ‘cﬁﬂﬁl e 1. Each sanple was then tested
as in exanple 1 and tﬁe range ol switching 35 voltages over Which
intermedjate $#tates c#uol d be bt ai ngpktasie det er maned. Devices were
accordingly classi- fied as digital (switching range 0.5 V) or anal ogue
(switching rarflge 0.5 ¥4; prefferred APAPBgue devi BB Wwere debraferteds t hose
exhibiting a itching range pf 2.0.V.or., nore. Table 1 lists the results of
this test. 2095 50 58 EP% 471 PHL TABLE 175 Survey of “[err]
-switchimg witeh diffement top netal gnabduet he bot tpgacept acts are chrom um

H Ag - Digital < 0.5V - No
intermediate
states
obtained

® I a1 - No switching - -
50
Claims

1. Ananalogue memory device capable of being set and reset into a resistance which is measure of a voltage
55 applied to if, characterised in that the device comprises:
(a) a first conducting layer;
(b) a thin layer of a doped amorphous silicon above the first conducting layer;
(c) a metal top contact deposited on said amorphous silicon layer, the metal being one of V Co, Nj, Pd,
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switchinNg pzample Kétal CI ai s nal o rmry devi ce
capabl d° of b&lpng segopand rnReRia i ntrppea I’gSI stancg"it Bﬁ se of a

vol tage 55 test appdntect to It, characterised in t at the deV| ce corrprl ses:
(a) a first_conducting |layer (b\ a thin |layer of a doped anorphous silicon
above the first conducti ng I (c).a nmetal top contact deposited on said
amor phgyis si I con | ayer, taI 483 one of VO&Y Ni, Patergediatesp 0 471
737%B1 TABLE 1 Survey of [err] switching with different toﬁtqf‘éfeﬂxés*‘all t he
bottom contagts are ¢hrom um.gJ. E. aaidags mel eva tg ONn O tal. 10
S = sputtered top netal. 15 Exanpl edagNEt al BoLRtY Eréf%%quhl ng
Switching 4 Commefes or T.E. tdypalogue Met hod0.5 -Ty.pev -

Range test conta Cr  T.E Di gital < 0.5
Y% ’ I nt & nmedi at g}' T.E. Analogue 207 O Preferred
states existe3 Au V . 7.B. No Bwitching Anal ogue _>20V
Preferred 4 Fe TE . KH ogue . 05 - 1.0 V
- 25 N D Ci ET. Bo sw:.tchﬁlgal ogue- 2.0V
Preferrféd C - Au T.E No swit chi ng -
6 Co T.E. . Analogue 2.0V Preferred
E Ti T.E. Unstable - ' -
35 F Mo 5 _ Unstable - _ ’ -
7 Pd 5 Analogue 2.0V Preferred
G W s Digital - -
40 8 Mn - Analogue 0.5-1.0V -
R Ag - Digital < 0.5V - No-
intermediate
states
obtained
® I Al - No switching - -
50
Claims

1. Ananalogue memory device capable of being set and reset into a resistance which is measure of a voltage
&5 applied to it, characterised in that the device comprises:
(a) a first conducting layer;
(b) a thin layer of a doped amorphous silicon above the first conducting layer;
(c) a metal top contact deposited on said amorphous silicon layer, the metal bemg one of V Co, Ni, Pd,
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D Cu ’ T.E. * No switching - 30 6 ; _ B
T E Anal ogue ' 2.0 VEPOAM TH®Iferred E. ”'ﬂ"“"l"l“" "Ill " l",
T. E Unst abl e - F Mo S Unstdbl & Lt ®n s«
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Preferred G (d)\t¥e thin layer having being subjecg! & J\i%ltage sufficiently high to oorﬂgrt it into & analogue

Mh - memoAfHRliQQUE Ag

- : Di.gital < 0.5V No i nt er nedi ate st at es obt ai ned

45 ls 2 AdevueA|acoordmg to claim 1, whereihthe angtal of therkap contact |sVCo NiorB& Clains 1. An
anal ogue neror v1 ce ca abl e of e| ng. set and into a resistance

whi @i s medsu th%]?; "9t° ?‘%'81%“%";3 o “E‘HBF‘&'E?%W“E‘?&% n that

the device conpr% a) : gf,_f‘l &?{gi % | ayer of a
doped amor phoys ‘ﬁ(}orém o dev'%rj volh l{e uffi iz'nﬁ) ermanenﬁllreé

cont act #eposi té con Tayers i el ng-: Vv

Co, Ni, Pd, 8 . (ivy=ppl ng Bﬁu%rﬁgﬁhé Qlist&lﬂgoittm &nle er haV| ng

bei ng subj ected 10 a VO tage 5 f I ent to convert It Into an

anal ogue NME@Dr Xmethdd decording toklain's, dﬁefeusmemﬂgmag‘ea 18-H£volt3 dnd théRsrs BimiingvBitage
metal of the tisp-200id tagher thed thé, softormifd voageP,d. 3. A nmet hod of nmaki ng a devi ce
accor di ng to either claim1 or claim2, which nethod conprises: (i)
depositing a thin | ayer of doped anorphous silicon on the first conductive
| ayer, (ii) Pateptapspriipep a contact | ayer of V, Co, Ni, Pd, Fe or M on the
anor phous silicon; 10 (i) I ng sof t formng voltage to the
devi ce, gaid- v6'l'8!°ag§P°E?é?W|‘§"°§t!ﬁ‘$-id'eP‘éﬁveft‘%'dm!?mquyfzﬂmgwqué%ﬂ"t%Ph@'é
of {he device; Malh@r die gnysi ﬁgy@a@“!‘ﬂﬁtd forming voltage to further reduce
the Tesi st anced (@’;’Pﬁ%“@f@l' nd da tf"W"?FB*t"PR)ﬂ’f"é%’&or ding to claim3, wherein
the softformng L ’ rdformn Itage 15 ,
is 1-2 volts h| ?4 " °hf°htraﬁ\°§§;wqﬁpg t'el eE'ft p ok Metall
Anal oge Zpei cher ér?':‘l ﬁﬁ'@ Jﬂ ) %35?'5 f’hﬂ&"&'@g tiet, wobeldas Me
oder zur uckgeset z§ %BQ(E ch' %?‘Fb&n@ atf:s?%s[eghﬁurém rﬁéﬂ&? h)%%?ar%%as%%‘”g

I st, dadurch ge g ung au el e erst

| ei- tende Schi cht; ?ﬁ er ers en lei tenden Schi cht el ne dfl nne Schi cht
dotierten anprv&ﬁuntuSg hAanhumch{cb)nd&idaenetahﬁ&eﬁbrd\v{%&hmmma%derd@rst auf der
Schi cht #norphen Siliziuns abgel agert ist, wobei das Metall 25 V,

Co, Ni, Pd, 3FevemmenmHprsteﬂunmﬁmarwychmbeachdnwn&mn pdee2, dasauiveiste| ner Spannung
ausgeset zt wur ddi) Adagernainer diiprs Saltichhdstiprtap amorpham SUipiums ayf dar prsten laiiandencSchicht;

Spel cher vorr i cht{Agaanmeites Keniakigchioht auy N, Ga, NinPd, figjoderMmayk Hﬁ)?mﬁ‘e'ls der
das Met a& des d%n@ﬁem{sameg Btylunqgapanwng G%qv%htfgq, wobsiylie Spannung ausrelchend ist,

den Widerstand der Vorrichtung dauernd zu verringern; und
{(iv) Anlegen einer kréftigen Bildungsspannung, um den Wldersta_nd des Elements weiter zu reduzieren.

00)

4. Verfahren nach Anspruch 3, bei der die sanfte Bildungsspannung 13 - 14 V ist und die kréiftige Bildungs-
spannung 1 - 2 V héher als die sanfte Bildungsspannung liegt.

Revendications

1. Undispositif de mémoire analogique susceptible d’étre défini et redéfini & une résistance qui est une me-

45 sure d’'une tension qui est appliquée, caractérisé en ce que le dispositif comprend:
() une premiére couche conductrice; '
(b) une couche mince d’un silicium amorphe dopé au-dessus de la premiére couche conductrice;
(¢) un contact métallique supérieur déposé sur ladite couche de silicium amorphe, le métal étant choisi
parmi V, Co, Ni, Pd, Fe ou Mn; et

50 {(d) la couche mince étant soumise & une tenslon suffisamment élevée pour la convertir en un dispositif
de mémoire analogique.

2. Un dispositif selon la revendication 1, dans lequel le métal du contact supérieur est V, Co, Ni ou Pd.

Un procédé de fabrication d’un dispositif selon I'une des revendications 1 ou 2, procédé qui comprend
les étapes consistant a:

() déposer une couche mince de silicium amorphe dopée sur la premiére couche conductrice;

(ii) déposer une couche de contact en V, Co, Ni, Pd, Fe ou Mn sur le siliclum amorphe;
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3. Verfahren zur’ Herstell ung ei nerVorrichtung nach Anspr ﬂ -
aufweist. (1) Ablagern el ner dfl nneep8amshBidotierten a tﬂlﬂmnmzﬂl ma",
auf der ersten leitenden Schicht; (ii) Ablagern einer Konta t sSchitcht' abis Vv,
Co, N, Pd, Fe %ﬂ%ppumr mfmngﬁm&meﬁ iorviat digoobiF] ladith lehsionnEatifiBank pdtireduire

sanften Bil dungg g@gwn,gma,ﬁe, reRistiRolal Bibllodiillet WODEI die Spannung ausrei chend
e

Ist, 35 pliglier BRebridIR dtE lie fofRatidnGiih UVAdI UiRbA1h rédktanBs dd 18@Men. und
(|v) Anl egen elner raftlgen Bi | dungespannung, um den W derstand des

El enent s5weitt evzprocédikelon arevendiostion\dedahsilaquelia teasidn déurs de foriatih estxie|13 & d4 vaits et la
sanfte Bi | dungtessinadure defofiationlest apérivtre dentia & veits Riatnsiog doug lefonmgtion. spannung 1
- 23\, hoher als die sanfte Blidungsspannung liegt. 40 Revendicatlons 1. Un
di spositif de nmbnoire anal ogi que susceptible d etre defini et red6fini a
une resistance qui est une nme- 45 ~sure d'une tension qui est
appi | qué®, caract6ris6 en ce que le dispositif conprend: (a) une premere
couche conductrice; (b) une couche mnce d' un sillcium anorphe dop6

au- dessus de |la prem ere couche conductrice; (c) un contact netallique
sup6ri eur dépose sur ladite couche de siliclumanorphe, Ie nbtal etant
cholsi parm V, Co, N, Pd, Fe ou Wh; et 50 (d) la couche m nce

6t ant solinise A une tension sufflsannent el evbe pour la convertir en un

di spositif de nbnoire anal ogique. 2. Un dispositif selon |la revendication
1, dans lequel le netal du contact superieur est V, Co, Ni ou Pd. ss 3.
Un proced6 de fabrication d un dispositif slon |'une des revendications |
ou 2, prgcedb qui conprend lee etapes consistent A: (i) d6poser une couche
m nce de silicium anorphe' dop6e sur |a premere couche conductri ce; (i)
d6poser une couche de contact en V, Co, Ni, Pd, Fe ou Mh sur le siliclum
anor phe; 9 EP 0 471 737 Bl (iii) appliquer une tension douce de
formation au dispositif, |adibt tension etant suffisante pour r6duire de
facon pesgsmanente | a resistance du dispositif; et (iv) appliquer une tension
dure de formation afin de reduire encore |la resistance de |'el6ment. 5 4.
Un proced6 selon | a revendication 3, dans bequel |a tension douce de
formation est de 13 A 14 volts et la tension dure de formati on est
supbrieure de | a 2 volts A la tension douce de formation. 10 15 20 25 30
35 40 45%S0 55 10
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