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insulating properties comparable to pure sili- con oxide the tunnel must be
made much thicker. This invention relates to non-volatile semiconduc-   We
have discovered however that even with such tor memories and particularly
to those which store   thicker tunnels, charge transfer can be induced at
[err] volatile information as electrical charge at the  5    field
strengths lower than required for the pure surface of or within specific
layers of the device   material. These factors mean that more robust and
which are partially or wholly isolated by one    tunnels, easier to
fabricate and less liable to or more dielectric layers such as of silicon
oxide   breakdown (especially on repeated cyclic use) or silicon nitride.
can be provided. Moreover, the need for high A number of different devices
exist of the type  10    charge transfer-inducing voltages is reduced if
just described. A representative number of the       not eliminated. The
devices are inherently more most common will be briefly exemplified.
durable. One example is the FAMOS device. Avalan-             Certain of
these metal-doped (vanadium and che breakdown of a MOS channel is created
and        cobalt) amorphous silicon oxide materials have the electrons are
attracted to a floating gate sur-  15    been described in the literature
by Krishna, Deli- rounded by a dielectric layer. The electrons flow    ma,
Eze, and Owen: "Physica, 192B (1985) pp. easily through the latter layer as
a consequence     245 - 248. This latter paper describes a unique of a
capacitive positive charge impressed on the     property of the materials -
they possess predict- floating gate from an overlying control gate. When
able, stable dual (high and low) conductance the device is switched off,
the electrons remain  20    states. It is possible to switch between the
states trapped on the floating gate.                         by the
application of a high electric field. This Further examples function by
providing, in at     present invention does not take advantage of the least
some parts of the device, only a very thin       switching between the two
conductance states layer of dielectric. It is postulated that the mech-
and only employs the material in one, preferably anism for charge transfer
to a floating gate is    25    its low conductance state. When the low
conduct- electron tunnelling (known as Fowler-Nordheim        ance state is
employed, we have discovered that tunnelling) through the thin dielectric
layer. One    the material may be used as a tunnel, and charge such device
is described, for example, in the U.K.   transfer may be induced, at a
electric field Patent Specification 2 000 407A under the acro-
strength which is insufficient to cause the material nym FATMOS and a
typical commercial example    30   to switch to its high conductance state.
Is Hughes Aircraft company device HNVM 3008.            Although the work
conducted by Krishna et al. Another memory device which relies on tun-
related to amorphous silicon oxide films, we have nelling is the MNOS,
where a very thin layer of      no reason to believe that the properties
imparted silicon oxide dielectric is overlaid by a thicker    thereto by
metal doping are not also imparted to layer of silicon nitride. When an
overlying metal  35    other amorphous inorganic oxide or nitride insula-
gate of the device is negatively-biassed, elec-      tors used in the
semiconductor industry, such as trons are forced out of the nitride, tunnel
through  silicon nitride, silicon oxynitride, or aluminium the thin oxide
layer to be dissipated in the sub-    oxide. strate. This leaves a positive
charge trapped at        According to the invention there is provided a the
oxide-nitride interface which remains even  40    semiconductor memory
device wherein non-vo- after the gate bias Is removed.
latile information is retained by storage of electri- The present invention
relates to an improve-      cal charge trapped in or at a layer of the
device ment applicable to all such types of devices, but    surrounded by a
dielectric layer, at least a portion particularly (although not
exclusively) to those     of said dielectric layer comprising an amorphous
which employ thin silicon oxide dielectric layers  45    inorganic oxide
and/or nitride insulating material as tunnels for electrons.
doped with a metal whose atomic number is 21 to Two disadvantages exist
with dielectric tunnel    28, 39 to 45, or 57 to 78. memories. Firstly, the
tunnel thicknesses are very      Preferably the inorganic insulating
material is low (typically of the order of 5 nm (50 Angstroms).  an
aluminium or silicon oxide and/or nitride - e. g. This represents a layer
only a few monolayers  50    aluminium oxide, silicon oxide, silicon
oxynitride, thick. Not only are such delicate layers difficult to  or
silicon nitride. fabricate reproducibly, but they can be prone to
The mechanism whereby the metal doping af- breakdown after extended device
cycling. Sec-        fects the conductance of the amorphous inor- ondly, in
order to induce tunnelling, relatively high  ganic insulating material is
not fully understood, voltages (typically 15 volts) are required. Since  55
but appears to be associated with the unfilled generally semiconductor
devices operate at much      electron shells of the metals in question. We
be- lower voltages - of the order of 5 volts - this      lieve that the
phenomenon Is experienced by any necessitates the need to provide voltage
amplifi-    of the transition metals or rare earth metals (lan- cation from
extra voltage pump circuitry.            thanides), although for the sake
of convenience, We have discovered that certain transition  60    economy
and safety only the most common and 



metal-doped amorphous silicon oxide materials,       easy to handle metals
are likely to be used in the whilst retaining their essentially insulating
proper-  present invention. Therefore, although we do not ties, have a
higher conductivity than the pure       exclude the use of any metal which,
as an ele- amorphous silicon oxide. If they are employed as     ment, has a
partially-filled d or f electron shell, we the tunnel material in such
memories, then to pro-  65    believe it is likely that only those from the
first 2    EP 0 231326 B1 3
4 transition metal series will be commercially attrac-  U.K. Patent
Specification 2 000 407A but with a tive.
lower control gate voltage for non-volatile read or metal dopant in the
amorphous insulating materi-    the channel 4 as illustrated and it may be
dis- al increases conductivity and enables thicker die-  5    posed
elsewhere above the MOS structure. lectric layers to be used in the tunnel.
However,       Figure 2 illustrates an MNOS memory accord- as concentration
increases so the amorphous in-     ing to the invention. Using like
numerals as Fig. sulating material loses its dielectric properties and  ure
1, it comprises MOS 2 with channel 4, source tends to behave as a metal
conductor. We have        6 and drain 8 areas. A layer of V- or co-doped
found that metal dopant concentrations of about  10    amorphous silicon
oxide 10 overlies MOS 2 and up to 10 atomic % may be employed
satisfactorily    is itself covered with a layer 14 of silicon nitride. in
the invention.                                   The latter is about 50 nm
(500 Angstroms) thick. The doped insulating layers as employed in       In
the tunnel area 18 of the metal-doped amor- the devices of the invention
may, for example, be    phous silicon oxide layer 10 the thickness is
obtained by first laying down a layer of pure  15    about 40 nm (400
Angstroms) as compared to the amorphous insulating material and then adding
2.5 nm (25 Angstroms) typically employed in the metal dopant by e. g. ion
implantation. Alter-  traditional MNOS devices. Overlying the silicon
natively the layer may be formed in one step by,     nitride is an
aluminium control gate 16. The de- for example, co-sputtering of the metal
and insu-    vice operates in exactly the same manner as the lating
material by attaching strips of the metal to  20    known MNOS device. the
oxide target, or by chemical vapour deposi- tion. After preparation the
layer may be annealed at high temperature (about 1000C) in an inert
Claims atmosphere. As prepared, the layer may be in- itially in an unstable
electrical state, but may be  25    1. A semiconductor memory device
wherein non- stabilised to the low conductance state by appli-    volatile
information is retained by storage of elec- cation of a high electric field
across the layer.   trical charge trapped in or at a layer of the device
In-current tunnel semiconductor memories the     surrounded by a dielectric
layer, at least a portion tunnel (when fabricated of silicon oxide) is
typi-   of said dielectric layer comprising an amorphous cally 4 to 8 nm
(40 to 80 Angstroms) thick. With a  30   inorganic oxide and/or nitride
insulating material corresponding metal-doped amorphous silicon
doped with a metal whose atomic number is 21 to oxide the tunnel thickness
may be increased up       28, 39 to 45, or 57 to 78. to, for example, from
20 to 100 (200 to 1000 Ang- stroms).
2. A device according to claim 1 wherein the Preferred features of the
invention will now be  35    metal is a transition metal. described by way
of example with reference to the accompanying drawing wherein: Figures 1
3. A device according to claim 2 wherein the and 2 are schematic
cross-sections through semi-     metal is from the first transition metal
series. conductor devices according to the invention. Referring to Figure
1, there is illustrated a  40    4. A device according to claim 3 wherein
the FATMOS memory of the type employed in the            metal is vanadium
or cobalt. Hughes Aircraft Company EEPROM type HNVM 3008. It comprises an
MOS structure 2 consisting     S. A device according to any of claims 1 to
4 of p-doped layer 4 serving as the channel and n     wherein the amorphous
inorganic insulating ma- source and drain areas 6 and 8. Above the MOS  45
terial is a silicon or aluminium  oxide and/or structure is a layer 10 of
V- or Co-doped amor-      nitride. phous silicon oxide (about 5 to 10
atomic % dop- ing) which encloses a polysilicon floating gate 12.  6. A
device according to claim 5 wherein the Above layer 10 is an optional layer
14 of silicon    amorphous inorganic insulating material is silicon nitride
and above the latter is an aluminium layer  50    oxide. 16 which acts as a
control gate. A portion of the floating gate 12 dips down       7. A device
according to claim 5 wherein the 



closer to the MOS structure to provide a tunnel      amorphous inorganic
insulating material is silicon area 18 in the metal-doped silicon oxide.
Where-     nitride. as in the current HNVM 3008 the tunnel thickness  55 is
below 10 nm (100 Angstroms) and a charge          8. A device according to
any of claims I to 7 transfer inducing voltage of about 15 volts on the
wherein the dopant concentration is up to 10 control gate is required, in
the presently de-       atomic percent. scribed embodiment the metal-doped
tunnel is in- creased to a thickness of 40 nm (400 Angstroms).    60    9.
A device according to any of claims 1 to 8 At this thickness it gives a
charge transfer current  which has a floating gate disposed above a thin
comparable to the known device but at a lower        layer of said
metal-doped amorphous inorganic voltage (about 8 volts).
insulating material. In use the device operates in exactly the same manner
as the FATMOS described, e. g. in    65    10. A device according to claim
9 wherein the 3    EP 0 231 326 B1 3
4 transition metal series will be commercially attrac-  U.K. Patent
Specification 2 000 407A but with a tive.
lower control gate voltage for non-volatile read or In general, an increase
In the concentration of  write. It is not essential that the tunnel be
above metal dopant in the amorphous insulating materi-   the channel 4 as
illustrated and it may be dis- al increases conductivity and enables
thicker die-  5    posed elsewhere above the MOS structure. lectric layers
to be used in the tunnel. However,      Figure 2 illustrates an MNOS memory
accord- as concentration increases so the amorphous in-    ing to the
invention. Using like numerals as Fig- sulating material loses its
dielectric properties and  ure 1, it comprises MOS 2 with channel 4, source
tends to behave as a metal conductor. We have       6 and drain 8 areas. A
layer of V- or co-doped found that metal dopant concentrations of about  10
amorphous silicon oxide 10 overlies MOS 2 and up to 10 atomic % may be
employed satisfactorily   is itself covered with a layer 14 of silicon
nitride. in the invention.                                  The latter is
about 50 nm (500 Angstroms) thick. The doped insulating layers as employed
in      In the tunnel area 18 of the metal-doped amor- the devices of the
invention may, for example, be   phous silicon oxide layer 10 the thickness
is obtained by first laying down a layer of pure  15    about 40 nm (400
Angstroms) as compared to the amorphous insulating material and then adding
2.5 nm (25 Angstroms) typically employed in the metal dopant by e. g. ion
implantation. Alter-  traditional MNOS devices. Overlying the silicon
natively the layer may be formed in one step by,    nitride is an aluminium
control gate 16. The de- for example, co-sputtering of the metal and insu-
vice operates in exactly the same manner as the lating material by
attaching strips of the metal to    20    known MNOS device. the oxide
target, or by chemical vapour deposi- tion. After preparation the layer may
be annealed at high temperature (about [err]) in an inert     Claims
atmosphere. As prepared, the layer may be in- itially in an unstable
electrical state, but may be  25    1. A semiconductor memory device
wherein non- stabilised to the low conductance state by appli-   volatile
information is retained by storage of elec- cation of a high electric field
across the layer.  trical charge trapped in or at a layer of the device
In-current tunnel semiconductor memories the    surrounded by a dielectric
layer, at least a portion tunnel (when fabricated of silicon oxide) is
typi-  of said dielectric layer comprising an amorphous cally 4 to 8 nm (40
to 80 Angstroms) thick. With a  30   inorganic oxide and/or nitride
insulating material corresponding metal-doped amorphous silicon
doped with a metal whose atomic number is 21 to oxide the tunnel thickness
may be increased up      28, 39 to 45, or 57 to 78. to, for example, from
20 to 100 (200 to 1000 Ang- stroms).
2. A device according to claim 1 wherein the Preferred features of the
invention will now be  35    metal is a transition metal. described by way
of example with reference to the accompanying drawing wherein: Figures 1
3. A device according to claim 2 wherein the and 2 are schematic
cross-sections through semi-    metal is from the first transition metal
series. conductor devices according to the invention. Referring to Figure
1, there is illustrated a  40    4. A device according to claim 3 wherein
the FATMOS memory of the type employed in the           metal is vanadium
or cobalt. Hughes Aircraft Company EEPROM type HNVM 3008. It comprises an
MOS structure 2 consisting    5. A device according to any of claims 1 to 4



of p-doped layer 4 serving as the channel and [err]    wherein the
amorphous inorganic insulating ma- source and drain areas 6 and 8. Above
the MOS  45   terial is a silicon or aluminium oxide and/or structure Is a
layer 10 of V- or Co-doped amor-     nitride. phous silicon oxide (about 5
to 10 atomic % dop- ing) which encloses a polysilicon floating gate 12.  6.
A device according to claim 5 wherein the Above layer 10 is an optional
layer 14 of silicon   amorphous inorganic insulating material is silicon
nitride and above the latter is an aluminium layer    50    oxide. 16 which
acts as a control gate. A portion of the floating gate 12 dips down      7.
A device according to claim 5 wherein the closer to the MOS structure to
provide a tunnel     amorphous inorganic insulating material is silicon
area 18 in the metal-doped silicon oxide. Where-    nitride. as In the
current HNVM 3008 the tunnel thickness  55 Is below 10 nm (100 Angstroms)
and a charge         8. A device according to any of claims 1 to 7 transfer
Inducing voltage of about 15 voks on the   wherein the dopant concentration
is up to 10 control gate is required, in the presently de-      atomic
percent. scribed embodiment the metal-doped tunnel is in- creased to a
thickness of 40 nm (400 Angstroms).    60    9. A device according to any
of claims 1 to 8 At this thickness it gives a charge transfer current
which has a floating gate disposed above a thin comparable to the known
device but at a lower      layer of said metal-doped amorphous inorganic
voltage (about 8 volts).                            insulating material. In
use the device operates in exactly the same manner as the FATMOS described,
e. g. in    65    10. A device according to claim 9 wherein the    EP 0 231
326 B1 5                                                   6 thickness of
the thinnest part of said metal-doped   Dicke des dOnnsten Teiles der
metalldotierten amorphous inorganic insulating material layer is
amorphen anorganischen Isoliermaterialschicht 20 to 100 nm.
20 bis 100 nm betragt. A device according to claim 9 or 10 which is  5
11. Vorrichtung nach Anspruch 9 oder 10, die a FATMOS.
einen FATMOS darstellt. 12. A device according to any of claims 1 to 8
12. Vorrichtung nach einem der Anspr~che 1 bis which is an MNOS.
8. die elnen MNOS darstellt. 10 13. A device according to any of claims 1
to 12      13. Vorrichtung nach einem der AnsprOche 1 bis wherein said
metal-doped amorphous inorganic         12, wobei die metalldotierte
amorphe anorgani- insulating material layer has two predictable,       sche
lsoliermaterialschicht zwei vorhersehbare, stable conductance states, and
said device ope-      stabile leitende Zustande aufweist, und die Vor-
rates with said layer in the lower of said two con-  15   richtung so
betreibbar Ist, dalS sich die Schicht in ductance states.
dem unteren der beiden leitenden Zustande be- findet. PatentansprOche 20 1.
Halbleiterspeichervorrichtung, bei der nicht-     Revendleatlons flOchtige
Information zurOckgehaften ist durch Speichern einer elektrischen Ladung,
die in oder     1. Dispositif a m6moire a semi-conducteur, carac- bei oiner
Schicht der Vorrichtung, welche von        terise en ce que l'information
non volatile est con- einer dielektrischen Schicht umgeben ist, gefan-  25
serv6e par stockage d'une charge 6lectrique gen ist, wobei zumindest ein
Abschnitt der           pi6g6e dons une couche, ou & la surface d'une
dielektrischen Schicht ein amorphes anorga-          couche du dispositif
entouree d'une couche di6- nisches Oxid undloder Nitridisoliermaterial auf-
lectrique, au moins une partie de cette couche weist, welches mit elnem
Metall dotiert Ist,        dielectrique comprenant une matibre isolante
dessen Ordnungszahl 21 bis 28, 39 bis 45, oder  30    constitu6e d'oxyde
et/ou de nitrure inorganique 57 bis 78 betragt.
amorphe et dopee avec un metal dont le numero atomique est 21 A 28, 39 & 45
ou 57 A 78. 2. Vorrichtung nach Anspruch 1, wobei das Metall ein
Obergangsmetall ist.                      2. Dispositi- salon la
rovendication 1, caracteris6 35    en cc que Is m6tal est un m6tal de
transition. 3. Vorrichtung nach Anspruch 2, wobei das Metall aus der Reihe
der ersten [bergangsmetal-      3. Dispositif sclon la revendication 2,
caracteris6 le ist.                                              en co quo
Is metal est choisi a partir de la pro- 



miere s6rie des m6taux de transition. 4. Vorrichtung nach Anspruch 3, wobei
das     40 Metall Vanadium oder Kobalt ist.                     4.
Dispositif selon la revendication 3, caract6rise en ce que le m6tal est le
vanadium ou lo cobalt. 5. Vorrichtung nach einem der Anspruche I bis 4,
wobei das amorphe anorganische Isoliermate-       5. Dispositif salon rune
des revendications pr6- rial ein Silizium- odor ein Aluminiumoxid und/oder
45    c6dentes, caract~ris6 en ce quo la matiere isolan- ein Nitrid ist.
te inorganique amorphe est un oxyde etlou un nitrure de silicium ou
d'aluminium. 6. Vorrichtung nach Anspruch 5, wobei das amorphe anorganische
Isoliermaterial Silizium-       6. Dispositif scion la revendication 5,
caract&eis oxid ist.                                     50    en ce quo la
matibre isolante inorganique amorphe est lroxyde de silicium. 7.
Vorrichtung nach Anspruch 5, wobei das amorphe anorganische Isoliermaterial
Siliziumni-     7. Dispositif selon la revendication 5. caract6ris6 trid
ist.                                            en ce quo la matibre
isolante inorganique 55    amorphe est le nitrure de silicium. 8.
Vorrichtung nach einem der Anspriche 1 bis 7, wobei die Dotierkonzentration
bis zu 10 Atom-     8. Dispositif sclon l'une des revendications pre-
prozente betragt.                                    cedentes, caracterise
en co que la concentration de dopant atteint 10 en valour atomique. 9.
Vorrichtung nach einem der AnsprOche 1 bis    60 8, die sin Ober elner
dOnnen Schicht des metall-     9. Dispositif solon l'une des revendications
pr6- dotierten amorphen anorganischen Isoliermate-        c6dentes,
caracterise en ce qu'il comport. une riales angeordnetes Schwebegate
aufweist.           grille flottanto dispos6e au-dessus d'une mince couche
de la matiere isolante inorganique 10. Vorrichtung nach Anspruch 9, wobei
die    65    amorphe dopee avoc un m6tal. 4               11111113 h1l1111
iii 111111    EP   231 t26 BI 7 10. Dispositil salon la revendication 9,
caracteri- s6 on co quo l'paissour do Ia partie la plus mince de la couche
de matibre isolanto inorgani- quo amorphe dop6e avoc un m6tal est de 20 a
100 nanometres.                               5 11. DispositH solon la
revendication 9 ou 10, ca- ract6ris6 on co qu'il est un dispositif FATMOS.
12. Dispositif solon l'une des revendications 1 a  10 8, caract6ris6 on co
qu'il est un dispositi MNOS. 13. Dispositif solon l'une des revendications
pre- cedontes, caracteris6 on co quo la couche de matiere isolante
inorganique amorphe dop~e    15 avec du m6tal a deux 6tats de conductance
stables et previsibles, et quo Ie dispositif fonction- no avoc la couch.
isolante dans I'etat inf6rieur parmi les deux etats de conductance. 20 25
30 35 40 45 50 55 60 65    


