; hi e3e@Q "r 6TAF Non-vol atile nenory cells 5 The invention relates to
non-vol atile nmenory cells for the permanent storage of data. The invention
relates, in particular, to nmenory cells in which the storage of data is

carried out byrmm " Qi Menory material, in particular an ovonic
solid-state nme wlmmmﬂ”mo 25 30 35 The "ovonic" elmmﬂmmmmﬂl al can
assune a hi gh-resi sf@nce state and a | owresistanc menory

material is usually an alloy which nay be present in twepshate forns: in a
| owresi stangce pol.ycr.ystalline structure and in a high-resistance anorphous
structure. | I’Srvd’é’aq_t%leoﬁwrtyhec ry material into one of the two

states, it has to be nelted and then cooled again, so that it solidifies in

one of the si o) e | JIRteri i t pidly and
o th e hgh T oV Ent SiPrel 40P BT M BYSEAY el BELIRNEY AT
menory nat ertild bpermerenbystorage iaf sdatdif e | Fmeentkornovephses,state on

cooling. 1T she Aoy B! etb AhehdrfLbedsMIe M Yend 8cboBGE! obeati ng
step with aJ]o r, supply of energy, then it assunes a pol ycrystal fl ne state
upon cool i ngatphel TepdFiedt evtabYhas a'avqgH ¢'e e ema herhel andPphous

state and adaM8cBlACHH GRloriRSIsHIaRE S tdt d MRty crystal line state.
"Reborn nory May Put Flash in Shade", | EEE spectrum March 2002, pages 20

to 21, #Pscl oses the construction of a menory cell with the aid of such an
"ovoni c" nemiiey matevomic” Thememoaty Cceahdtehbah theafi n hasswumdieat &ang

device with I pol ar..transi [_a eat|ng_resi L. eati ng
resistor is thrgglv—% € Sltr?ng’{ér e%%gtb? o%ﬁﬁft% faLE)JLVt %85%%%@%35{%%% . Hf’ﬁe menory
mat eri al andemearyheatiteyiedsi disor ugueldonnest edlilpysewhashwi may Bet he

emtter of Hiedddioldn!laps! SLeheelRRAHNT b Wigt Neby( 281 BPaRte W | LI N
is to be effected, a specific voltage Is present between that term nal of
the nenbry MRHIGTYIStRHildRS s Steuoififect@atf t ol he? 5 RégRrAESLEERBEBr and

the col | ect @mo2fpHote biskehitulrieansirst Obrdéke €dr r spinghr eHah hBRospNOry
material and _the jheati nggrem stor, cgﬂ%be controlled vlg t.he base #nput of
r

the bi pol ar "A&FiAdt o Bt0 Wen OfhetHBoTYP c SR Fus +br MARF i S PBten to,
a wite vol regeed v\ ttbmvecddbbed eadadnt ol tthge risqusokididHied hen

read-out, i | i a h cific voltage. Through activation of the
bi pol ar tra%gl%glgglr %\iﬁmet %“{Ohgst%i%% gforglsdont rol signal applied to the base

i nput, %@_ current flows through the menory elenent, the heating resistor
and the bi pQ'fartEéaﬂ@nﬁry-mJ@@rfélirQ%t H@élﬁédt hepieat) nélnde_SdiStt}Prafind t hus
t he nenory glat%y al gﬁOVId din direct proximt o the Jgeatlng resi stor.
The heati ng™§%coRPPBLYed®hby $HEBONY LS drfal };ﬁhtt‘:'he the crysta
structure of the memory material is destroyved, and it
solidifies into the amorphous state on cooling. If the
25 memory material is melted more slowly in a longer
heating step with a lower supply of  energy, then it
assumes a polycrystalline state upon cooling. The
memory material has a high resistance in the amorphous
state and a lower electrical resistance in the

30 polycrystalline state.

“Reborn Memory May Put Flash in Shade”, IEEE spectrum,
March 2002, pages 20 to 21, discloses the construction
of a memory cell with the aid of such an “ovonic”
35 memory material. The memory cell shown therein has a
heating device with a bipolar transistor and a heating
resistor. The heating resistor is provided in direct
proximity to the memory material. The memory material

and the heating resistor are connected in series with



20 base input and the nmenory material is heated in this way slowy or
rapidly until it nmelts . After cooling or resolidification, the nenory

mat eri al assunes a hi gh-resi stance anorphous or | owresistance

pol ycrystalline state. 25 Through the acetivation of the nmenory cell during
read-out with the aid of a control signal supplied via a word line to the
base input of the bipolar transistor, a different voltage drop across the
entire 30 nehs yemétketarrhbe theasbipalaspeheRRgl HRO¥ he RARANEIST t BB nenory

material . | RdihraseRfaildie id4 egrafethgonss r ugsi opeof egeBragenary cell,
the heating resistor is_arranged very near, 35 to thg bi pol ar, transi_stor, so
that the bi piestiicanéPiEagei &9 i REGFSBEhRRWIFTD FhgFedte@ht ©fsince

the melting 4@ nineporfeMpayefiher i whichhats amotcusianimidded t @obethsed, such

as e.g. an allqy conprisin er_mani anti.mon tel luriu IS, . .3

appr oxi ngt elqvag%ﬁ’é, irte%lf't%«%ge ylég’}esoc &qg?g&tort h&Fhe&fPngPrBE&For up to
thi s tenper atnansirsdoge. THewewerrersi nolerdingh f tinet mematyt pabéraatoandnt i onal
bi pol ar transjst i n q..only t0. a i f t '

over heat i ngq%#e tﬁéalﬁfs:rﬁgl Zrtg (rjsatnds}% stc(%g'Il aksr)led the tlj;oqli‘]mtﬁae %E%r etg*énégggccur.
Therefore, iinpuw &f dhedindlahdganssi@ton.nvention to provide a menory
cell arrangenent for a nenory cell of 10 the type nentioned in the

i ntroduction in which the di sadvant age_of overheating and destruction of

the trah8i stBien dhepdempsndel ITHewts ofpared 1§ evhthfeneloby2n¥BhESof t he

menory cel | s,ch% a3&Gordr iy t&osvai Bhé aredrere dididdde Chadni Ped FEbEher
advant ageous .refi neagisantéﬁc_t of ,t he_i nyent.i on arg speci fi eg.l n thf dependent
claims. 20 ANS r &L 8Er of St hBPRL&SENt 2PnvERE ofPEFOTEHesVal @ Bry cel |

for the per mmreniglstartaieatfonlabd wleh anpdbaonitransestoy et i the The
menmory materjy gan aasiBgi‘Er%ﬂ'éf%nQig%ﬂspﬁsi'éé? ge shat %a%r?—:d @nﬁ&EO”d
e. eating d

| ow-resi stance stat vice I's provided 1n 25 order to heat the
menory kot edudrent ditdws ehhreughs the angreyy asdengntengaiaat Beetinge nmenory

material hayidig dHdgh 4k Sh@NEEpET ak OWra@sliBhaRce ®d eturoott Neadgpendi ng
on the heating rate. ,The heati ng{dew ce hg{s1 a swtching device and, a
i nPR§ t 5PPRe

heating el ettt P®3¢irgct T861FE Ror PeRAF¥r i BRterhal

swi tchi ng dexickddeds in f d¢kdcef factximiansi s6 othea kst ihg egesnsodrt he
field-effect,transi,stor bein rovi ded. as at | l.eneg 35_.Su a nenory
cell has t hteI‘haed\E/HagrﬁtéLgng t]hsgtc%grﬁ%%%?nkg)gr é-‘glg orfJ qqgfrgjslsgﬁnaﬂ yafts)e@tt}%r

separ at 2d f bemet himpwrt | aadr édieonmenoriie materdadf f eet hepsrdi sitorthhan in the

case of a MepOr Y1GRlly AGCOFLhNG1Y OuhPe1PHiEOMArs . WL dB Bind todS Not
necessary to prqvide a separate ,
resolidification, the memory material assumes a
high-resistance amorphous or low-resistance
polycrystalline state.
25
Through the activation of the memory cell during
read-out with the aid of a control signal supplied via
a word line to the base input of the bipolar
transistor, a different voltage drop across the entire
30 memory cell can be measured depending on the state of

the memory material.

In the case of the integrated construction of such a
memory cell, the heating resistor is arranged very near
35 to the Dbipolar transistor, so that the Dbipolar
transistor is likewise heated to a great extent. Since
the melting point of memory materials that are
customarily to be used, such as e.g. an alloy
comprising germanium, antimon tellurium, is



4 heating elenment in the form so that the production of sinplified. Since
wirtually a field-effect transistor 5 region, the drain region ca a heating
resistor. of e.g. a heating resistor, such a nenory cell can be the entire
voltage drop in takes place in the drain,n sinultaneously be used as It may
furthernore be provided that the drain r?égi on conprises a highly doped
cont act - makidgpregimatdy 400rBKi Ag chnt Aetevshbyt A s NDS Yherterhal . |t
may furthernore be provided that the field-effect transistor is constructed
ver tical ly IHF3F MEbA TSR TGP s L8 PO in GEHDRY RN PnE PSR- o HOWEVER ol
havi ng | ow l&irndeer nethe cofaetionayityn dhi sawaygonvientdopadsi bligpolarar r ange
the nmenory c C ing t in i i int f k array
ar r angenent tgllselr\l/\%fe&ghggi negllﬁtu%teeldon&rrﬁeﬁ?al%engurﬁgé&bﬁg} cf%gl%ga?%produced
in the dbai REST onovkrheatiingl def thet bipobist transissor20ardi tthed, or is
emtted onl ye10.8-d edUcsh £8P tocd it 0 the menory material of adjacent
cells. Said insulation materi may have a silicon conpound, in particular
silicon dioxide or silicon nitride. 25 A further aspect of the present
i nvention prgydAefo.fe TBPPr YsCahl dffedthPerm@nspbssher ageeAtidat Wi th a
menory material., A heating devi i«_sl i's provided in order to heatﬂrihe menory
material at REI¥teR PEPEEY: 6© pﬁﬁggﬁﬁﬁmigq r&t HPROTY hESht By
gat er ij anohavdmﬁ E%pbi gfleri ©5015éAN AR (ﬁthéO\&rrtﬁﬁ:icﬁicﬁtﬁth aﬁhe(rjwmml' [ ﬁge
ependi ng on,the. heating rate. In.this _case, atin evi_ce s a
swi t chi ng ded\l/JiScaed‘fataﬁ'l aag%eﬁaﬁ ngoveeirglne’ean % éalnrdtec{%e %5)%’1Crtr-’1qt°§l tc?q':t hé:%ﬁermry
mat eri al . THerdresits oy elaanmsre awidbxigned as a diode or diode chain. 35 In
particul ar, the diode nmay be designed as a zener diode operated in the
reverse direction. The zener diode or the diode chain has the advantage
that the hedfhefp rakjients s aachieve@rPxdvB§ans offt Ree msmagyi ¢ellegi on of

the sw hehi ng-dpdieRy e zenen dRieadotdihdli e s is chosen such
that the largest voltage drop is present across the zener diode or the

di ode chain rather than across the switching device, 5 e.g. a transistor,
so that the Frmjthen yadtahbagebast mefdngnentys | 6ft tdedi Dtkeentsi@onueet ed i nto

heat. Consequent.y:, j,ode. serv S heating el enment for the nenory
material. 1 reJTée/lreaC%)lt}% }hee dcﬁ oé(’ile&eﬁqs@fcolfanjia by a sem conductor materi al

whi ch exhibits functionality at the programm ng tenperature. In particular,
the zengp dipdeiway bgsheefeb Y tHd | 62BsEALDI Hoverft thRdprHRd@edf gilicon
carbi de has the advantage that it is functional )
memory cell “for the permanent storage of data with an
“ovonic” memory material. The memory material can
assume a first high-resistance state and a second
low-resistance state. A heating device is provided in
25 order to heat the memory material at different rates to
a programming temperature, the memory material having
high resistance or low resistance after cooling,
depending on the heating rate. The heating device has a
switching device and a heating element in direct
30 proximity to the memory material. The switching device
has a field-effect transistor, a drain region of the
field-effect transistor being provided as heating

element.

35 Such a memory cell has the advantage that the heating
region is essentially better separated from the active
region of the field-effect transistor than in the case
of a memory cell according to the prior art.

Furthermore, it is not necessary to provide a separate



15 even at high tenperatures, i.e. at tenperatures higher than 600C.
cConsequently, the diode can be used as a heating elenent in a suitable
manner since the diode can be di nmensioned such that a | arge part of the
voltage is dropped across it, so that the power 20 consunption is greatest
across the zener diode. It nay be providéd that the switching device has a
field-effect transistfr and the gio e or the diode.chain is fo.rr{_tsad by a

| ayer sequem@ohY n8lePeRh tRgEBR 2578F °fh& Fi-e P REFHAYI (FSFRT S or. The
menory cell swcahditngth® plreduntdon ovf cauche gpr mémoey icell scapl daranner
inthis way. Preferably, ,the drain regio .fleldyeffect, transistor
and the di od%l%?{%#ég%i ogégggr é’lﬂi—'ﬁl ﬁ‘g'lye}}g%/ %Qﬁjl‘ﬁ%l }'g%gﬁégcﬁr\? i

sem conduct oa |fdekd-eEdat pdaneinailshor Iriadgielsy pdpee sémi comeluctmain ayer,
in ordergto t d sil%#r eg; th j =i fect Jfdgngjstor and
t he di odg aséﬁ%%?hggg%gaﬁgﬁé ﬁ I'n qrgeémé{ai?,gf%ulfgé%gé‘g?ﬁest% outﬁre (;elvesc{r;stS t he
heating el eneriteating x¥egisfiede, from overheating the 35 active region of
the transistor and thus to avoid the destruction or inpairment of said
transi stor. 6 Preferred enbodi nents of, the ipvention are, explained in
nore detail Pel BaYw FH HhaEirr ePeo RIRVIRRDNBRAY fdi®ir eREDS F99H%hi ch: 5
Figure 1A sheympai$89Std Uatighof gl - Wiridddte-EiRly GRididm &egor dance
with the prior, art; Figure 1B sh%/s a circuit_diagramof the nenory cell
accor di AQ t AP IFTEATE WHERCRT AT TR Yt e 1A 10 Figure 2 shows
a circuit diagramof an enbodi nent of a menory cell according to the

i nvention; F.gu 3 S$._S i r t C frauctd of the
menory cell %‘gcélrga’i nglﬁ)ﬁ?ﬁ%&%én)v%ﬁt ie%]tf\léggdé(ﬁ:o%g{&n E?%u%g%ﬂ'#%?f%%é:ure 4a
shows the citroansisterrisn eonatiuctedr vernbbaahdnt 16f aa sibstrptecand
accordi ng toj 4 N NRIMdRN: bl Jdhe fRssDvsohhanfidLitl HABRM by

further enbodi ment. of a _nenpiy cell_according to the i1nvention; and 20
Figure 35shdmRermak oSOndBEEi¥AtYr IYhthAE MM hettedfodPP®Pible £Re nenory

cel | accor digxrdgd hehé nenb @Sl ShawbBotrAifggttoe the Figuegtidnshaws a

cross section of a .no -¥0I atile 25 nmenory cell_ accordi ng to :Hng R'H or art.
The non vol &1 FFTRNSE yERER HhsdB SHEAY | FRTFPEFEFRY 0”51 Yot hed 1Pom t he
em tter regiigm@latim basteribgl oenduaes ttlattokhecthmatr egroduded Cannect ed

to the emtt r 4 j Si , | L Sy OPgr d as a
30 heating rtg{sei s?%ﬂgnﬁeﬁ?@hg?s %ﬁ?%ﬁ?\%ﬁ/gcatz ?#\%ﬁ%?% inyg%%ﬁ

Si t uat ed%at SMditedhd F iLhe eMiditadarle| EReft TeduAeth exterbpt éFPom t he

emitter 2 oftHdemdth¢®f amateansl sbr aijascent yeI1of saidoyasutatiBADIY
material 7, in which the informatign.i,s to be 35 mtagt-rraklng
Bty

stored. A_cC
layer 8 is P87t HAYR bt y ShELEPPal c?‘“?%urb‘ﬁﬁerlq opﬁﬁgécg Afact with

the nmenory celllicon dioxide or silicon nitride.

25 A further aspect of the present invention provides a
memory cell for the permanent storage of data with a
memory material. A heating device is provided in order
to heat the memory material at different rates to a
programming temperature, the memory material having

30 high resistance or 1low resistance after cooling
depending on the heating rate. In this case, the
heating device has a switching device and a heating
element in direct proximity to the memory material. The
heating element is designed as a diode or diode chain.

35 In particular, the diode may be designed as a zener
diode operated in the reverse direction.

The zener diode or the diode chain has the advantage
that the heating region is even further away from the



The "ovonic" nmenory material 7 is a material fromthe group of

chal cogeni des, which are usually fornmed from alloys. Typical chal cogeni des
have materials such as e.g. germanium antinony, tellurium sulfur, etc. In
5 particular the ternary alloy germaniumanti nonytelluriumrepresents a
suitable material for the construction of this nmenory cell. The information
is stored in the nenory material 7 in 10 that the nmenory material 7 can be
transferreddcitioe Wedidd es£nthst ave tbanimg. JEhA JNOIYe NBEREF a1 dgean be

present in polycrystalljne and anprphqQus form The nenory material 7
essenti al | y%asthéw‘flé%d%t SRadn ni®t SHARSRer FUCH | PR 1 c#‘rﬁ aiar%%nti ally

has hi gh 15vro€.!.?ci€|@*eard:1&>h ﬂniéhprégemhwd fcﬁsatieheThenéirf fddreiec eott Nthesi st ance
is so consider e that it can use or_informti.Qn,storage. purposes.
The differ eg’llogteat‘é%ab’? trt?é"%e(?voﬁ%‘%n RSP nIéﬁgrisé‘flq-'F%gar eggﬁ?eved by a
procedur® i e.ghi cla t heramsistonat esoal thaits rohentajdnitmwel tefl ahbde upon
cool ing and _r |isdi_fi i Qn, : as i §hek .t { i r the
anor phous foerl%%%flﬁ%laﬁag@v%%]mﬁgt %glrlgeﬁ%%%l g'lcszr;/&;%{lal r?(:%redyélrrﬁ% eﬂgﬁgfphous
formis ass@Gengezmensdant ithid Wicsa|gervesHms R heatird oflenenhed®rng or

nel ting operald Hamody MA¢ermRAry material is heated slowy up to the
nmelting point, or to'the witing tenperature, then the nenory materi al

solidifies in an anorphous, i.e. high-resistance, state. By contrast, if 30

the menpgy mﬁ*eltf@ralbi _,fheﬁb_eddysaalrﬁ@i cﬂdkln?e_sutm? mal tégﬁi@@hﬂggtb{ﬂenht he
nmenory material solidifies.in a polycrystalline.form.and accordingly has a
| oner " resi sM&FEEean iWPYHE anBph hEZforr’ﬂun§§l P&T &Y18 %Y ust{gﬂ‘?es t he

circuit di agradgraimd ngetempereltureansin yededi ¢uldihi sthayzerdée deodey cel |

i s addressed via pne W bi ing BL., T d_Lisne IS
connect ed tg‘%’hebga\gg&%é_%é o;i)yof sgggcgppo{:grbagghsi%.t E)Eﬁo‘i&,g am%%\i% tér%nsi stor.
The col | ect eilic®ny agirkhide dlas Hdrepigsblantaganthat okt 11$ sfeaaheeral to a

ground {er mah aid hieh epbhberat€E8N 2.kS NNESHEE-duPed | hegnéer m nal
of the heating resistor 5. A secongyt erm nal,, of the heati ng?resmtor 5is
0

connect ed t &P&a"5 §00%% - { EPRFRANCRRAY 0! TR FLABRY SRRt hF al5?d &F tRhat the

heating reshea®ing heberehtowihhes nBliitablet anamey t Bineaepeatie t@idde nenory

material 7. A segond term nal pad Of}ht q:ﬁ%mam)ry mat eri al rz igfco&qgcft ed to
e

the bit 1in&3BL. °Fo FOFPUPITPRY ¢ Sor v céir 9% BRfte U5It 568 is
applied to woedthige | iise. dioppad t @onsigsageiti,s |39 getkabugthe o pewerde a
sufficizo! RRMRLPARLY k0GR RRALIEG LR Yerlch Aid@e O Teach the
melting point o 5 the nmenory material 7. Afterward, a control signal is
applied to the base region 3 of the bipolar transistor 1 via the word line
W.. The contmitolmgygnd geborabaesthd@t thdf OswatERiIngS &dwildd hast he menory
material 7. (109 QLA SLINAL;LEoEM0SER L Hidd9o3 THR8! hiSM
chain is formed by a layer sequence on the drain region
25 of the field-effect transistor. The memory cell
according to the invention can be produced in a simple
manner in this way. Preferably, the drain region of the
field-effect transistor and the diode or the diodes are
separated by a highly conductive semiconductor layer,
30 in particular a highly doped semiconductor layer, in
order to form a thermal resistor Dbetween the
field-effect transistor and the diode as heating
element. In this way, it is possible to prevent the
heating element, i.e. the diode, from overheating the
35 active region of the transistor and thus to avoid the

destruction or impairment of said transistor.




20 of information, such that it brings about a |low and relatively | engthy
current flow through the nenory material and the heating resistor 5. In
this case, however, the control signal is chosen such that the current flow
is large enough to nonentarily bring the 25 nenory material to or above its
melting point. In order to store an inverse itemof information with
respect thereto a control signal is applied to the base input 3 of the

bi pol ar trangiefedirell \énbddigneMidl df nens8Oirkenstdbd &p8t eRplaigeal iaffecting
a larger current flow, {hrough the Eeaﬂég%resis or and the nenoré
Taterial 7, MG9 HAECRR WEGHy WLER: RTSF St okPed hir 8CFRBPATYLPE ¢ he

mel ti ng poi @ravAhgd,r dsukhidhhe nenory material 7 solidifies into an

anor phous form upon cooling and 35 thereby acquires high resistance. The
menory cell can then be read by a procedure in which firstly the word |ine
W is achi viienhrend & lehdwspd aronstansitsianr df i 8 pesemvlatiyecnapbevel y

t ur ned 9 11! Nt Ric 0didan rhe i i ependent on the information
stored in t%erélr%e%r %c%t?terl acI% %Hftlhovq\:/t.ls’le\\ll\@arq’t Ilesdbrlctt’ line BL, the menory

mat eri al 7, RilganeealB nghewsi & ofibcuhtl Giediapol @f thengnenary 1cell

Consequent | yeAdieg egd- el YPride mptoriwmt E@?o?éﬁn@% REIdIor Feguby neans

of the current flowng via the bit line BL. A first enbodi nent of the

i nvention n&\ﬁiprovi des for the heating resistor 5 to be replaced by an
enl ar gedo 10 Fdigeire rediswdfa acirehde et agirair aFsisni mbddignearit cof tadi agram
according to Figure aillustﬁtes the.circuit qf such a nenory cell. Figure

3 shows a cPEYOTYeEldn 3ERPERRG: 18 EOFFVERP™Gf such a menory cel |
accordi ng t Figure ivaitawen.a rdde seettidn nghtoegisi sher cosstonaedohy a
field-effec r&@si 0] LSkDg: Skl Leony, T i -effec nsi st or
10 is an n-E:c.’hftanr)e r?%ngc?\r s?%?fg%gégggﬁﬁgo%%drtsl'lc?u:%le‘;érrgéglfkorﬁ %L%,gg&g@doped
gate | ayer IR Figuxe 20 n-doped drain region 13 are formed. The

field-effectjigiarsi abor shBwkS egBst cyctadtventihgabhhy bR aasupsterée and is
electrically and thermally insulated_fromits surroundi n%s b\éitan oxi de

| ayer 14, pFEPSCABEPta oL B BEAOY &@llla?é’tc.or@r’rntghé?oo%ﬁ"&e 1PR/ the gate
15 is 25 ar rdrmed | Absuehowswayhthatirtugéan Biaggambodf aaseparehéenn of the

char ge car ri.gted g lfie gale o0ion A&, The.aale d5 i s prel grablyof or med
from pol ysi I con. & 6 region 1 and1 rain reg?on 13 are preferably 30
n- doped, and@nghe gate region 12 is preferably p-doped. The drain region 13

is enl aggedrighald V6 tehGanvent Lopak fideld: @k f atrddANSkBEOr Burthes
resulting in an LLDD field-effect transistor #I argel y goped drain

fiel d-ef f ecCMPPLATREESr )OF | ntBR LAS™MOT d-EFFect 285°FFART stt&r, B®arge
part of theivelehagen asdsbppadigsgegiiral 4y in the drain region during
operation on account of the electrical resistance, so that, in the event of

a current flow, the electrical power is
Figure 1A shows a cross section of a non-volatile

25 memory cell according to the prior art. The non-
volatile memory cell has a selection transistor 1
formed from the emitter region 2, the base region 3 and
the collector region 4. Connected to the emitter region
2 1s a resistance element 5, which is operated as a

30 heating resistor and which 1is surrounded by an
insulation layer 6. Situated at that end of the
resistance element 5 which is remote from the emitter 2
of the bipolar transistor 1 is a layer of an “ovonic”
memory material 7, in which the information is to be

35 stored. A contact-making layer 8 is connected to the
memory material 7 in order to make contact with the

memory cell.



10 converted into heat in the drain region. This heat is used for heating
the menory material 7. Thus, according to the invention, it is no |onger 5
necessary to provide a separate heating resistor 5, but instead an enl arged
drain region 13 across which a large part of the wite voltage is dropped
during the process of witing to the nenbry cell. In order to be able to
make better gonta we t.eri al 1 I n, a

hi ghly dopeé[%nez (?&%Ql%onﬁgglﬁ)g%a%rg la"“%r? ll‘igl S 8?%%‘%1%; é\%elr%ﬁtghe drain
region 13 arurqure aEnohp leegeniides?. whigpesrai tummllsayfcngnecﬂnatfram

p- channel ' g:ﬁfeg%pléa&ra&%éféé’ r‘ffé‘eé' $RRe Hé@grhégke%cﬁ{ Gie

n- channel effe t ransi st or ns using SI0 technology or with
semi conduct(ﬁ Srat QPF@FF}llB@heraﬁW%ﬂ | lyrdyn,j esylEnEn 9 scdpe 20 of

this inventigtikhgwres 4hend t%z@lra&yal salﬁbgur egé@mhhhuﬁtéﬁh:@mﬁﬂﬂzt-her
enbodi nents of the present invention. %[l 4A shows a cirguit dbagr amin

whi ch the h&ftiiHF? “éneﬁ?p]r'%s%t%les?gnédll e fRAMROI2L ZEREr 8P8de 20

whi ch can bedpimictd om diha gy edeatot reglili.on. A zener diode 20 has the
effect that it has an essentially current-independent voltage drop across
its termnals in reverse-biased operation. In this way, when the 30

fiel d- ef f ectTHe ansfetroatilén i $sactioratdedin t hkel| megeryamatsfridie Volithage i s

bresent 601 354 Nehg SRfo sl ofie20: 119 260eod! Bt Z0etoqr RDGCH LGN dir ot

proxi m y to Si nce e zener es up 35
virtual |y tis8ffanent p@ﬁéteoffqm% cFheermeprrn. masexiadsul t .carhebgener

di ode 20 is gdiealsd t A NeARRILATH 18 HRNT a3Rd ﬁﬁBrBﬁokﬁedeﬁ?fn heahing up
the nenory material 7. To ensure that e zene{ di ode, 20 as far as possible
Jaﬁ'ﬂ%t%?s M

does not hedEMRFY Matsrdal of rertent 1BS LA RS sIRenbEr t he
| atter non- foolistdrgreedalld riener nfEdrmt esiaidr Z2dssenti®livwr mbasa readghly

conductiye, _hi ter] i we t he
zener d#%de%@’q ént%%o ?nel ?ﬁgéa%gisgaot?é'loihg a/ﬁ%ee?#a r§§5| st or
21 has the tresksdfangse i ae p@s:ssllldleeraﬂvdte gl nt opanobepassedigfon only to

a slight exteHornidts I QJ?:otz% the zener diode 20 to the
field-effect tr§n5| st or %ﬁsequently the thermal resistor 21 should be

made of a material which has very 10 good el ectrical conductivity, in order
that it is heat el ffetdit | &26eHOEEI lah@ O‘Ibv@ﬁwntmeﬁxﬁoﬁflemﬁtléfﬂ&ll f1 ow, and

have a | ow t her nal re5| sf ance. Ver n+: dop l'icon is very highly
sui t abl 6)as afer AP LSS g’r ;ng dBlYe MR G ERE T ReSE

material 7 is momentarily melted and, upon cooling and
resolidification, assumes either the polycrystalline or
the amorphous form. The fact of whether the
polycrystalline or the amorphous form is assumed
25 essentially results from the nature of the heating or
melting operation. If the memory material is heated
slowly up to the melting point, or to the writing
temperature, then the memory material solidifies in an
amorphous, i.e. high-resistance, state. By contrast, if
30 the memory material is heated very rapidly to the
melting point, then the memory material solidifies in a
polycrystalline form and accordingly has a lower

resistance than in the amorphous form.

35 Figure 1B illustrates the circuit diagram of a memory
cell constructed in this way. The memory cell is
addressed via a word line WL and a bit line BL. The
word line WL is connected to the base region of the
bipolar tramsistor 1, a pnp transistor. The collector



15 The zener diode 20 is preferably produced froma sem conductor nmateri al
with which the zener diode 20 remains functional even at very high
tenperatures. The zener diode 20 should preferably be able to w thstand 20
tenperatures at which the nenory materi 7 can be witten to without the
zener diode 20 forfeiting its functionality. Silicon carbide, for exanple,
i's concei vabt&yfsn a4 SHEt @Blkee PTRAGIAl trahgttedr 4 ode 28nwBLEBghaS Reen
produced fromthe_ material _silicon 25 carbide w thstands tenperatures above
600C and i s FFRINGbFETMONES @B, sEhe hEREFRET e EFERR f%rlﬁhé’%tf%t eri al
7. T_hg zenertdli #dgi 29 neyrwonal | y£ hﬁhé_ ﬁabe&ingl s.re%gl.elagas 5di @rr@%:oﬁl lium
nitride or seni conductar terials havin arge ., ban ap..in order
Still Lo furceTBhas Ofnitindiee bt 9al Sgh Tonper 8t (FRTBHbobE £00C t o
600C. Fi §ureffrst | ustrmahed tdesl cofistthectmanony mackraabderbrysoelthaitn cross
section. Th | el d-ef.f ect LSt Qr 35 i Ss i y.sinlar to the
field-eff ec'?téér ahglagtlfg iﬂééag%%é%a%ceﬁg\nst I t 8%@8%#%% rzsaess’lssﬁ%vr\}r?el n
Figure 3. Awithnefespetit ofo21the amempaygrd mbbesighe drai A r egicomdl3 of
the fiel d-effgchi AdANSLEL 0% ke THEMOPG! ABLekE8NStHOri 21chinboEERA tlf oM &

hi ghly doped 12 silicon material, preferably an n-doped silicon material.
The size of #M ¥y BB he thermal resistor 21 is chosen such that this
region has a | owest possible electrical resistance in order to keep 5 down

the voltage drop in this regiqn and, on the other hand, in order to forma
SUTTT of ent iR it Heddn: FOu B WBEHORNe TSET . & 8L Cbr MRS 36 and the
zener di ode a&fblildd The zdrer bdtodeird. | Thieorweité r enlaapedoped larkecon

carbide layer_ 22 .and _an n-doped sili i de. | aye arr ed, above the
| atter. The %%I%qh dg8d2p$%‘?lrf§§ lS"y %ﬁg]??%c'/%{lg gp?we% %ggé%yan%‘&e% %ﬁedi rect
proxi mty tchedislneneyisterrinl ogdenstoureaghopberamedhing. pointkenturiting
to the HBNMOryhLehbmopyl ﬁ%ﬂ%r&é'it Pf APEe¥Phi@gdea dbrdS S QRRE;QCT 0SS

the zener diode 20_and thus_heats it,. A _rapid or slow heating of the menory

material 7 ARPIIRE B EREcBRER, r2I108ntY otf etl%i RiPAL2Fat&aRSISEPYUre 4B

shows a furtihegignbbei RRHd ofiddewLnveanid afontroWhsLdnal pletalrint yiesf

conventi onal_.di.odes 24?%9 Brovi deg as heati@geel enent. These, di'o es 24 are
r8 8

25 connect e(i“'l?a}‘lttﬁngﬁ direc? ﬁegn&rha t FEMP5 a{&aet%l]f]o% typi cal of
t hese di odesThesntehtdebestignah the chosierondiost cstomiirey i al firhe dopmng

thereof ogr tde Qﬁegfﬂaeiw?r%ﬁ{ﬁh TR Olﬂkesb%ﬁngget%cgedlw 8ghi es and

arranged as conpact einproximty nmenory material 7.

, as poss
The di odes Ziﬁleﬁffe“ﬁ']éévm]s%l%byan@’dr@tpn_ﬂlﬂ%r $hxpuel t kBet hBERAFYT esi st or
region 21 anghteidle e@ast tHet atbd iy Sivddigitoranper 1® g szepgkedi ode in
Figure 5. however, the control signal is chosen such that the
current flow is large enough to momentarily bring the

25 memory material to or above its melting point.

In order to store an inverse item of information with
respect thereto a control signal is applied to the base
input 3 of the bipolar transistor 1 via the word line
30 WL, said control signal effecting a larger current flow
through the heating resistor 5 and the memory material
7, so that the memory material 7 is heated more rapidly
to the melting point. As a result, the memory material
7 solidifies into an amorphous form upon cooling and

35 thereby acquires high resistance.

The memory cell can then be read by a procedure in
which firstly the word line WL is activated and the

bipolar transistor 1 is essentially completely turned
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13 List of Reference Synbols 1 Bipolar transistor 2 Emtter 3 Base 4
Collector 5 Heating resistor 6 Insulation |ayer 7 Menory matexial 8
Contact-making region W. Word line BL Bit line 10 Field-effect transistor
11 Source region 12 Gate region 13 Drain region 14 Oxide |layer 15 Gate 16
Cont act - maki ng regi on 20 Zener diode' 2% Thermal resistor 22 p-doped
silicon carbide |ayer 23 n-doped silicon carbide |ayer 24 D odes 14
Patent C ai wa.l.IrA thier wagel |af ourtreetpevinesient sstiepepdent dat atheth a

Toory Rt e ghahlls M ALEAD BOWIR A fabLobaics ance siate and a

second |OMFF€SIS ance st érn rovi n order to
heat the nerfivey lpdt edilme (B), atchéi fmem@-ny mt@srztai a7pr¢g)eanhenglng

L enper at Ur eyl iRy Vasgt %gg%;%éhaga\e 2 OBl SEBREEREnLAY, g

resi stance after cooling, ng on eating rate
devi ce hawi fea s9prdcPithg adevibe (1moq¢ﬁi:3aorhe§ﬁnngb%| araformeddi Pect

proximty tedhhe BBMh: Rkeen?! flbwing via the bit line BL.

A first embodiment of the invention now provides for
the heating resistor 5 to be replaced by an enlarged
10 drain region of a field-effect transistor. The circuit
diagram according to Figure 2 illustrates the circuit
of such a memory cell. Figure 3 shows a cross section
through the construction of such a memory cell
according to the invention.
15
The switching transistor is formed by a field-effect
transistor 10 comprising silicon. The field-effect
transistor 10 is an n-channel transistor and an n-doped
source region 11, a p-doped gate layer 12 and an
20 n-doped drain region 13 are formed. The field-effect
transistor 10 is constructed vertically in a substrate
and is electrically and thermally insulated from its
surroundings by an oxide layer 14, preferably a silicon
oxide layer. In the oxide layer 14, the gate 15 is
25 arranged in such a way that it can bring about a
separation of the charge carriers in the gate region
12. The gate 15 is preferably formed from polysilicon.

Source region 11 and drain region 13 are preferably
30 n-doped, and the gate region 12 is preferably p-doped.
The drain region 13 is enlarged relative to
conventional field-effect transistors, thus resulting
in an LDD field-effect transistor (largely doped drain
field-effect transistor). In an LDD field-effect
35 transistor, a 1large part of the voltage is dropped
essentially in the drain region during operation on
account of the electrical resistance, so that, in the
event of a current flow, the electrical power is



wherein 15 the switching device (10) has a field-effect transistor, a drain
region (13) of the field-effect transistor being provided as heating
region. 2. The nmenory cell as clainmed in claim1, wherein the 20 drain
region (13) conprises a highly doped contact-making region (16) for making
contact with the nenory material (7). 310The nenory cell as clainmed in

claiml or 2, 25 wherejn the field-effect transistor constructed
vertlcally|99Q¥%ﬁﬂﬂir%ﬁ%?ahﬁan%ﬂﬂ?ﬁﬁméﬁﬁl%yr&ﬁlpﬁsméﬂ%%wpﬁ%ﬁeF?aI (6)

havi ng | ow tfseidreorc breditdiigvithe nidhoky Mererdmiry7 cell as clainmed in claim
3, wherein the insulation material (6) has a silicon conmpound, in
particular silicon dioxide or silicon nitride. 5. A nenory cell for the

per manent sthbruage af:cda’dain&S bt hthe neimventnidrer i alt (4)s whoi chongarassune a

first high- ti
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rates, the rmm%;repd ag renkayged ( Braidyi meIALHh éamm whichy a

resi st ance afat i ng gengi ool bggbeati e dieds dbeidpathgg device
having a sw tag%r ng%?%ew cfe (Q%O) anln:ga heat?gng el enent (20, &24)@n direct

proxinity t®roFess vyl rhegr £8l the mepRei fethe ABatdbdifTel Wehe (20,

24) has a dlaQii% Ao k0t tdud Nedrdfhc 2Detvided. tHbemaReBy ymaekkias cl ai ned
in clai the di.,ode .or the di ode chain geiﬂ forged ay a ,sem conduct or
mat eri a Whl Toh 8RfFi bi T8 f uritti SR ty 3at g?/ogr FEAg teiper ¥hFe. 15 7.
The menory ccmlnltaa:&—niaﬂmmgd layextt hér iaf pravided bdedweenwhdreei draiw

swi tching dQ:\él (i%n( %_g) ah% en?n%n%%amglt%'}%'aslt or, in particular a

field-effect transiator ar ‘transistor. 20 8. The nenory cel
as claimed in either of clalms 5 and 6, wherein the swtching device (10)

has a fiel d‘.[%ffﬁ&éstM%ﬁb%ttorsfﬂ‘ﬂﬁn%h%ﬁ@dé Qf-é}féz‘%nﬂlo‘j?héf%élélfg@%fz‘? i's
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t her mal resﬁihQﬁ-éZfbctimrpagﬁbmnkar a highly conductive sem conduct or

| ayer (21), in particular a highly doped sem conductor |ayer (21), is
arranged 30 between the |ayer sequence of the diode or the diode chain (20,
24) and t heDeisdigmsr egsdng( 18)00of tebhbnbilebs- ebfecwithansesicondd@or 10. The

[ 1 I 3 ) o
SFSSQVCES. RBSRNEREeberaoN ] EL81 8B 0al go584R RIS Meldiosbpge or the
of this invention.

Figures 4A and 5 and also Figure 4B illustrate further
embodiments of the present invention. Figure 4A shows a
circuit diagram in which the heating element 1is

25 designed in the form of a zener diode 20 which can be
operated in the reverse direction. A zener diode 20 has
the effect that it has an essentially
current-independent voltage drop across its terminals
in reverse-biased operation. In this way, when the

30 field-effect transistor 10 is activated, the large part
of the voltage is present across the zener diode 20.

The zener diode 20 is arranged in direct proximity to
the memory material 7 since the zener diode 20 takes up
35 wvirtually the entire power of this current path. As a
result, the zener diode 20 is heated to the greatest
extent and can be used for heating up the memory
material 7. To ensure that the zener diode 20 as far as
possible does not heat up the field-effect transistor
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10 good electrical conductivity, in order that it is
heated as little as possible on account of the current
flow, and have a low thermal resistance. Very highly
n'-doped silicon is very highly suitable as thermal
resistor.

15
The zener diode 20 is preferably produced from a
semiconductor material with which the zener diode 20
remains functional even at very high temperatures. The
zener diode 20 should preferably be able to withstand

20 temperatures at which the memory material 7 can be
written to without the 2zener diode 20 forfeiting its
functionality. Silicon carbide, for example, is
conceivable as a suitable material. A zener diode 20
which has been produced from the material silicon

25 carbide withstands temperatures above 600°C and is thus
able to serve as a heating element for the memory
material 7. The =zener diode 20 may equally have
materials such as diamond, gallium nitride or
semiconductor materials having a 1large band gap in

30 order still to function as semiconductors at high

temperatures of above 400°C to 600°C.

Figure 5 illustrates the construction of such a memory
cell in cross section. The field-effect transistor 20
35 1is essentially similar to the field-effect transistor
in accordance with the embodiment as shown in Figure 3.
A thermal resistor 21 is arranged above the drain
region 13 of the field-effect transistor 10. The
thermal resistor 21 is formed £from a highly doped
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hand, in order to form a sufficient thermal isolation
between the field-effect transistor 10 and the =zener
diode 20.

The zener diode 20 is formed from a p-doped silicon
carbide layer 22 and an n-doped silicon carbide layer
23 arranged above the latter. The zener diode formed by
the layers 22, 23 is arranged in direct proximity to

the memory material 7.

During operation, i.e. when writing to the memory cell,
a large part of the voltage, then, is dropped across
the zener diode 20 and thus heats it. A rapid or slow
heating of the memory material 7 can thus be effected,

controlled via the gate 15.

Figure 4B shows a further embodiment of the invention,
in which a plurality of conventional diodes 24 are
provided as heating element. These diodes 24 are
connected in the forward direction and have the voltage
drop typical of these diodes, which depends on the
semiconductor material, the doping thereof or the band
gap thereof. The diodes 24 are connected in series and
arranged as compactly as possible in proximity to the
memory material 7. The diodes 24 are likewise arranged
as pn layers above the thermal resistor region 21 and

can be constructed in a similar manner to the zener

diode in Figure 5.
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14 Oxide layer
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16 Contact-making region
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21 Thermal resistor

22 p-doped silicon carbide layer
23 n-doped silicon carbide layer
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programming temperature, the memory material (7) having

memoé% materlal (7) at different rates to a

high resistance or 1low resistance after cooling,
10 depending on the heating rate,
the heating device having a switching device (10) and a
heating element in direct proximity to the memory
material (7),
wherein
15 the switching device (10) has a field-effect
transistor, a drain region (13) of the field-effect

transistor being provided as heating region.

2. The memory cell as claimed in claim 1, wherein the
20 drain region (13) comprises a highly doped
contact-making region (16) for making contact with the

memory material (7).

3. The memory cell as claimed in claim 1 or 2,
25 wherein the field-effect transistor (10) is constructed

vertically in a substrate and is surrounded by an

insulation material (6) having low thermal
conductivity.
30 4. The memory cell as claimed in claim 3, wherein the

insulation material (6) has a silicon compound, in

particular silicon dioxide or silicon nitride.

5. A memory cell for the permanent storage of data
35 with a memory material (7), which can assume a first
high-resistance state and a second low-resistance
state, a heating device being provided in order to heat

the memory material (7) at different rates, the memory
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the heating device having a switching device (10) and a
heating element (20, 24) in direct proximity to the

5 memory material (7),
wherein
the heating element (20, 24) has a diode or a diode
chain (20, 24).

10 6. The memory cell as claimed in claim 5, the diode
or the diode chain being formed by a semiconductor
material which exhibits functionality at the

programming temperature.

15 7. The memory cell as claimed in either of claims 5
and 6, wherein the switching device (20) is formed by a
transistor, in particular a field-effect transistor

(10) or a bipolar transistor.

20 8. The memory cell as claimed in either of claims 5
and 6, wherein the switching device (10) has a
field-effect transistor and the diode or the diode
chain (20, 24) is formed by a layer sequence on the
drain region (13) of the field-effect transistor (10).

25
9. The memory cell as claimed in claim 8, wherein a
thermal resistor (21), in particular a  highly
conductive semiconductor 1layer (21), in particular a
highly doped semiconductor layer (21), is arranged

30 between the layer sequence of the diode or the diode
chain (20, 24) and the drain region (13) of the
field-effect transistor (10).

10. The memory cell as claimed in one of claims 5 to
35 9, wherein the diode or the diode chain (20, 24) has

one or more zener diodes.



