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$SFPACER FLASH CELL PROCESS FI ELD OF THE I NVENTION This invention relates to

the field-of processes for manufacturing sem conductor elq&tuqﬁyyqﬂQV|ces.
More particularly, this invention relates to a process for 8?n1ng flash
EPROM nenory cell§ using a spacer technﬁlogy BACKGROUND OF THE | NVENTI ON
The non-vol atile electrically preograniabl®™ and erasable nmenory devi ces
sometimes referredto apAdss FrisE cagarRoogssined in a variety of
operations ih*he prlor art. The section of this group call ed EEPROVs
generally include two serially connected N-channel netal oxide

sem conZiELE QF JTHE INWENTION whi ch one of the transistors has an

addi ti onal cqnfgnluaﬂé&imtréfaéé@aeé 'Ehe Wil T Y Yhodiesog geen (he gate
and the cha i's_used to_ stor os | Ve or ative charges
Shi ch dECORHRRERS  Set PR aHEC R A ¥iGe8nsi NOBF | 5 used f or
sel ect i panuiquisasly,l hehi:baigvmtﬂénthelét@attaga getecess dfoe fiprming

Fow er - | ' o] cLron floating gate.

The Oxi %ﬁ%eﬁ%@ﬁ%@gﬁ I:eﬁi naP* ﬁdgté%%t’? #%r?g%%éyl s around 100 A

as reported in the prior art. These conventlonal flash-devices require high

vol t agesip EERGPY OP! TREOYNIERTignand they occupy a large space due to the
| arge capaciilve coupl g that_1s required between the flqatin ate and
t he contr ol dgy%.no -volatile electrically programmable and erasable

memory devices sometimes referred to as Flash devices are
-+  explained in a variety of operations in the prior art. The
section of this group called EEPROMs genefally include two
serially connected N-channel metal oxide semiconductor
transistors, in which one of the transistors has an additional
contxol gate that is floating and is sandwiched between the
gate and the channel. This gate is used to store positive or
negative charges which determine the state-of the EEPROM. The
other transistor is used for selection purposes. The charging
- of the floating gate is done by Fowler-Nordheim tunneling of
~ electrons out of or into the floating gate. The oxide layex
between the channel and the floating gate is around 100 A as
reported in the prior art. These conventional flash devices
require high voltages, are slow for pfogramming and they
occupy a large space due to the large. capacitive coupling that
is required between the flbating,gate.and the control gate.
Another type of flash device as reported in (Intel flash
patent) utilizes a single N-MOS transistor with a floating
gate inserted between the control gate and the channel of the
device, The oxide thickness for these type of flash cells is
-also around 100 A. The storing of the negative charge into
the floating gate is achieved by injection of high energy
electrons generated in the channel during chafge transport
between the source and the drain of the transistor. This
requires a much lower voltage on the control gate but requires
a larger source to drain current. The erase or removal of the
negative charge is done exactly like .the EEPROM cell with the
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ArRot her type of flash device as reported in (Intel flash patent) utilizes a
single NN-MOS transistor with a floating gate inserted between the control
gate and the channel of the device. The oxide thickness for these type of
fl'ash cells is also around 100 A The storing of the negative charge into
the floating gate is achi eved by injectidn of high energy el ectrons
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source. usefgrb ré%%“%é‘%%é‘%%&é} source. A further complication in
this type of flash cell comes from the control of the erase
voltage Vt. Since over erase has to be avoided for all the
cells in the memory, the lower limit for the Vt of the erased
cell can not be less than 0.5 V. -Since all the cells do not
erase the same way, there can be cells in the memory with Vt
as high as 3.0 volts. A Vt of 3.0V makes it impossible to

operate the cell with 3 volts as a control voltage on the
gate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross section diagram of a cell
manufactured according to the present invention.

Figure 2 shows a geometfic layout for a portion of a
meméry array manufactured according to the present invention.

Figures 3-11 show cross sections of the semiconductor
device of Figure 1 after the various stages of the steps of a
process that embody the present invention.

BRIEF DESCRIPTION OF THE TABLE

Table I depicts a manufacturing process for building a
flash EPROM cell according to the present invention.

SUMMARY OF THE INVENTION

A flash cell is disclosed which uses a floating

polysilicon spacer as a storage element. A silicon nitride
layer is preferably used as the coupling medium between the
cell bit line and the floating storage element. The bit line
of the cell is formed by filling a trench formed in field



rt:_hi';s type of flash cell cones fromthe control of the erase voltage Vt.
Since over erase has to be avoided for all the cells in the nenory, the
lower Iimt for the Vt of the erased cell can not be less than 0.5 V. Since
all the cells do not erase the sanme way, there can be cells in the nenory
with Vt as hi gh as 3.0 volts. AVt of 330% nakes it inpossible to operate
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by a thick oxide layer. This layer reduces the coupling
between the floating. gate and the control gate in contrast to
the prior art (Intel patent) which uses a silicon
nitride/oxide layer to maximize the coupling. The low
coupling between the control gate and the floating gate keeps
the floating gate transistor "off" with a very small amount of
negative charge on the floating gate which makes the Flash
cell of the present invention program quickly with low voltage
requirements on the drain and bit line.
An erase operation is done through a thin oxide grown on
- i~ the floating gate storage element. To grow this thin’ oxide
layer, a small portion of the silicon nitride on the side of
the floating gate is removed and then the thin oxide layer is
groﬁn. The electrons trapped in the floating gate will tunnel .
through this thin oxide layer due to the application of a high
-,  voltage on the control gate while the other electrodes are
grounded. It is preferred to tunnel excess electrons from the
floating gate to leave-it positively charged. This is in
contrast to the prior art (Intel patent) which teaches away
from this phenomenon called over erase. The control gate and
the drain of the cell are not connected together. During all
programming operations, the control gate and the drain are
connected to a high voltage on the order of 10-12V. During a
read operétion the drain is coupled to a low voltage of around
2V. The bit line voltage can be zero or 2V. Connecting the
bit line to zero volt reduces the voltage coupled to the
floating gate and therefore reduces the negative voltage
requirement on the floating gate to keep the cell off even -



3

pof the cell is formed by filling a trench forned in field -3- oxide with
doped.polysilicon and then renmoving the field oxide in the cell area. The
silicon nitride insulating |ayer has a higher coupling between the bit |ine
and the floating storage el enent due to a higher dielectric constant as
conpared to silicon dioxide |ayers whirch-are used in the prior art for"
couplin I ng tes,tq cqntral ment s...The, st.ora l,ene orns a
floati ngu%g?' %tr!['r arl?g)?:set oﬁ-‘rh&"‘\(/%?n;\t 5 swqt'ﬁitge“r'?’qce% %lwt k?etsr%gncg)n (r?:o € t(%l]ﬁjéi stor. -
The gat Boge cepdeat-rol transistor is separated fromthe storage el ement by
a thick oxide |ayer. This layer reduces the coupling between the floating

gate angLE nt I te incontrast to the prior art (Intel patent) which
loes o PEIAIMENERGRGION ¢ Thi rniabiln Budio il | 1o the fow
coupl i ng bet vwhen prieseamntinvemaien abd phefétably gtk dspgatdeaf | oati ng
gate trapy . "o the By very t ‘gggg%iv , e..qn the
floating gzﬁséq\ﬂﬁeﬁg n%%s‘pjf% %a%%?%%?%%?he%? esent’ i.ﬁ'/ﬁﬁ"gnbgr ogram
qui ckl y aEREFemiw | a Rrrseryef cordinavyl shblir i rthsduh tthatethan erase
oper at i iintigANe £AUWEEs 8of NERe Of-88eft OveRtion can be applied

equally well to NMOS or PMOS processes. Additionally, it will

be understood that the present invention can be'applied to
EPROM technology. '

The cell structure.

The cell of the preferred embodiment is shown in Figure
1. The cell is formed on a p-type semiconductor substrate 30.
The cell includes a drain 34, a source 32, a channel 40 of the
control transistor and a channel 44 of the cell’s floating
gate transistor. The drain 34 is shared with the cell located
to the right of the illustrated cell and the source 32 is
shared with the.cell located to the left of the illustrated
cell. The floating gate 42 is capacitively coupled to the bit

> line 46 via the insulator 48.

" The floating gate 42 and the channel 44 form the floating
gate transistor that determines the status of the cell.
Negative charge that is stored in the floating gate cuts off
the current flow in the channel 44, this is called the "off"
state of the cell. Positive charge on the floating gate keeps
the floating gate transistor conducting current which is
called the "on" state of the cell. The control gate 38 and
channel 40 form the control transistor that is used for cell
selection.

The insulating oxide layer 56 is formed between the
floating gate 42 and the contrxol gate 38. The thickness of
this oxide layer 56 is preferred to be more than 1000 A to
minimize the capacitive coupling between the floating gate 42
and the control gate 38 to insuré inhdependent operation of the
control transistor and the floating gate transistor.
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the floating gate storage elenent. To grow this thin oxide |ayer, a small
portion of the silicon nitride on the side of the floating gate is renoved
and then the thin oxide layer is grown. The electrons trapped in the
ftoating gate will tunnel through this thin oxide |layer due to the
application of a high voltage on the cendrol gate while the other
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by the bit line will have a sharp corner.on top. This sharp
corner will enhance the electric field in the thin oxide layer
50 which helps to reduce the erase time and erase voltage
required. _
Figure 2 shows a plan view of a portion of an array of

cells such as that shown in Figure 1. Because there are more
than one of each of the elements of Figure 1, those shown in.
Figure 2 will be labeled with alpha suffixes to distinguish
between the various similar elements. Twelve complete cells
and six partial cells are shown. It will be understood by a
person of ordinary skill in the art that a drain 34X is formed
under each bit line 46X and is thus obscured in the drawing of
Figure 2. According.to the reference numerals for the drains
34X are shown as ghosts.

" One cell will be identified. A source 32A and its drain
34B are coupled to one another via a channel 36X. A control
gate 38B is coupled to control a portion 40X of the channel
36X. A floating gate 42I is configured to control a second
portion of the channel 44X. By applying an appropriate
voltage signal to the control gate 38A the channel 36X will
provide a path for current flow from the source to the drain

depending upon whether or not the floating gate 42I has been
. programmed.

Cell Operation. )

The operation of the cell is described with reference to
the cell illustrated in Figure 1. It will be readily
understood by a person of ordinary skill in the art that these
voltages can be applied to one or more additional cells
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:DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present invention is
preferably directed toward a CMOS process and will be so described.
However, it will be apparent to a person of ordinary skill in the art that
the principle features of the present invention can be applied equally well
to NMOS or PMOS processes. Additionally6 +t will be .understood that the

pr esenbelqﬁ\é@&tﬂdlrlf%k bith gRpkdiadt QrifEPREWRC ehed fBie £edingté&ucture,
The cell Rf eferred enbodi ment is shown in Hééa . The cell is :
f or med©8a é& N HRGhdihe GY SRR HeREOTRRNCR, & Hr“i“}?é}tcﬁjm a drain

34, a source 32, a channel 40 of the control transistor and a channel 44 of

the cebl-o3f tr&“h. fitransistor. The drain 34 is shared with the cel
| ocat e X gntg%% The illustrated cell and the source 32 is shared

with the cerlIo |Rmﬂ3é%rnt% ekl | 2fYoldiage©n |thes ardery ofel30 YPel?| oating
gate 4¥dlt<LapacpplVied €OUPhedtpid ey Ridd ldle Wit Viimd hes i dsutREOr 48.

The fl oating te .42 dth cha 44, form the floatin atfe transistor
Chat doeamm s ety Line 55 ‘L Hleatiad dhte o4 i At Felored 1 n
the fl Mrcrg;]gatcmpalcistbvélyheomp&e@mofémh|¢thehe. clEimmetagdcithive i s

CoLps” i S slet Shrkben thloe BRI TSI oibbt o0t

keeps t gate transis Con curr
.75. Thus, w1th the appllcatlon of 10 to 12 V on the bit

line 46 and the drain 34, 8 to 9.6 V will appear on the
floating gate 42. At the same time the source 32 is connected
to ground and the control gate 38 is connected to 1.5 to 2 V.

This voltage is .5 to 1 V larger than the threshold voltage of
the control transistor.

Under such conditions the channel 40 is inverted and
channel 44 is very strongly inverted. This is especially true .,
since the threshold of the floating gate transistor is close
to zero, and a high voltage (8 to 9.6 V) is on the floating

—~gate 42. The gap between the channels 40 and 44 is weakly
‘inverted by fringing fields of the gates 38 and 42. Due to
high drain and low gaﬁe voltage on the control gate 38 the
electrons entering the channel 40 from the source 32,
accelerate toward the channel 44 under the high horizontal
electric field. The electric field is especially high in the
gap between channels 44 and 40. This is due to a weak '
inversion in this region which results in a small number of
electrons carrying the current, and since the total current is
constant from the source 32 and the drain 44 the electrons
have to move faster in a higher electric field. Some of these
fast moving electrons are injected into. the floating gate that
has the highest potential. As electrons are injected into the
floating gate, its potential drops to the point that the
channel region 44 cannot maintain inveréion. At this time,
the current decreases to zero and programming of the cell
stops. ' Since a slowdown in programming happens gradually, a
user need not wait for the channel to completely cut off, but



scalled the "on" state of the cell. The control gate 38 and channel 40 form
the control transistor that is used for cell selection. The insulating

oxi de layer 56 is forned between the floating gate 42 and the control gate

38. The thickness of this oxide layer 56 is preferred to be nore than 1000

A to mnimze the capacitive coupling-between the floating gate 42 and the
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Reading a cell.

To read a cell the source 32 is connected to the ground
potential, the drain 34 (and with the discretion of the user
the bit line 46). is connected to 1 to 1.5 V, and the control
gate 38 to 3 to 5 V. The capacitive coupling factor between
control gate 38 and the floating gate 42 is very small; on the
order of 0.1 to 0.15 and preferably 0.10. Under these
conditions the total voltage coupled to the floating gate 42
will be 1.1 to 1.95 volts. In an- erased cell the floating
gate usually has positive charge due to an over erase
condition that happens naturally. Over erase is not required
for the operation of the cell but during an erase cycle it
usuélly happens and no effort will be put into preventing it.
In any case; the threshold of the floating gate transistor
with the channel 44 is either zero or negative, and the
channel 44 will be inverted with proper read voltages applied
to proper cell elements. The channel 40 of the control
transistor is also inverted due to the application of 3 to 5 V
to the control gate 38. This causes the current to flow from
the drain 34 to the source 32.

In a programmed cell the negative charge that is stored
on the floating gate 42 exceeds the capacitively coupled
positive charges from the control gate 38 and the bit line 46,
so that the channel 44 cannot become inverted, thereby
preventing current flow from the drain 34 to the source 32.
During a read operation the bit line 46 can be coupled to
ground while the drain 34 is connected to 1 to 1.5V. This -
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Fi éure 2 shows a plan view of a portion of an array of cells such as that
shown in Figure 1. Because there are nore than one of each of the elenents

of Figure 1, those shown in Figure 2 will be | abeled with al pha suffixes to
di stingui sh between the various simlar_elenents. Twel ve conplete cells and
six partial cells are shown. It wll 5e8under st ood by a person of ordinary
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at ground potential. The voltage required depends on the

erase speed requirement, faster speed requires higher voltage

on the control gate. A typical erase voltage is around 12 to

15 V for the cell of the present invention. During an erase
‘cycle the charges that are trapped in the floating gate 42
tunnel through the tunneling oxide layer 50 to leave the
", floating gate 42, thereby increasing the potential on the
floating gate 42.

As the potential on the floating gate 42 rises, the
difference between the floating -gate voltage and the control
gate voltage becomes less and less which slows the tunnelling
. process. This means that the erasure of an un-programmed cell

would not harm the cell since a positive voltage on the
floating gate 42 would build up faster and erasure stops
sooner than for a programmed cell. In this operation all the
cells sharing the same common control gate 38 will erase.

This is called a sector erase operation in priorfart, since
all the cells containing one sector worth of data have a
common control gate. Selective cell erase operation is
possible by application of proper voltage to the bit lines and
dréins of the cells that are preferred to stay programmed.

The preferred process for forming the_Flash
cell in combination with a CMOS process.

This patent document also discloses the art of making a
Flash cell of the present invention by adding process steps to
a conventional CMOS process such as those known to a person

skilled in the semiconductor prior art. The process for the



rsecihentially or in parallel with these signals for a single cell depending

upon.the system performance requirenments. Programm ng A Cell To program a
cell a voltage on the order of 10 to 12 volts is applied to the drain 34

dnd the bit line 46 of the cell. The bit line 46 and floating gate 42 are
relatively strongly capacitively coupte®l-to each other. The capacitive
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trenches to form the drain of the cell. A thin layer of |

silicon nitride on the order of 300 to 500 A is then deposited

over the entire wafer covering the field oxide and the bottom

and side walls of all the trenches, insulgting the bit lines
from the drains of the cells.

A buried contact mask can be used to connect the bit
*;  1lines to the drains of the cells. This is optional and one
could use other means of connecting the two together, as an
example metal and contacts. The trenches are then filled with
polysilicon. This is done by covering the wafer with
polysilicon. The polysilicon layer is doped with phosphorous
and is etched back to leave polysilicon only in the trenches
and thereby fill the trenches to the top. The silicon nitride
which covers the face of the wafer is also removed during this
brdéess. , '

At this point in the'ﬁrocess (step X in Table 1) an oxide
layer is grown on the wafer to consume some of the polysilicon
in the trench. The oxide layer is preferably 1000 A. After
this oxidation step the silicon nitride that was used to
define the active area is removed as is known in the prior
art. In step XI a mask is used to .selectively remove the
fiéld oxide in the cell areas, this causes the poly filled
trenches to stand out with silicon nitride covering their
sides.

A sacrificial oxide of 850 A is grown on the single
crystalliné.silicon substrate and then etched back. Since the
polysilicon is heavily doped with phosphorous, about 2600 A of
oxide grows on top of the polysilicon layer. After the etch
back step, about 1600 A of oxide is left on top of the



el ectrons entering the channel 40 fromthe source 32, accelerate toward the
channel 44 under the high horizontal electric field. The electric field is
espeC|aIIy high in the gap between channels 44 and 40. This is due to a
weak inversion in this region which results in a small nunmber of electrons
carrying the current and since the tot3 <urrent is constant fromthe
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rennv%ﬂa§geﬁfg. In the following step, all the oxide on top of the
polysilicon is dipped off and about 350 A of an oxide layer is
grown in the exposed silicon areas. This oxide layer forms

the gate oxide .for the control transistor in the cell as well

as all the transistors in the periphery that handle voltages

larger than 7 volts. Figure 10.shows how the two polysilicon -
layers are situated with respect to each other at this point

in the process. The exposed portion of the silicon nitride

then is etched in hot phosphoric acid and a tunneling oxide

layer of 200 A is grown on the polysilicon.

A third polysilicon layer now is dep051ted and defined to
form the control gate of the cell as well as high voltage
transistor gates. After the defiﬁition of this poly, the-
exposed portion of the space will be removed and self-aligns
to the control polysilicon layer as is ‘known in the prior art.

It might be necessary to use one extra mask during self
aligned etching to prevent damage to buried N+ that is used as
the source of the cell. This step is followed with an
oxidation which seals the sides of the floating polys to
prevent charges from leaking out. The rest of the processing

steps are very similar to conventional CMOS processes that are
well known in the prior art.

A more detailed description of the process relative to
the drawings of Figures 3 through 11 follows. A semiconductor
wafer is used as a substrate. The wafer is masked using any
known masking technique. '

In the description that follows, where appropriate, each
section of the text relating to an individual step of the
process illustrated in TABLE I will be begun with the



programm ng vol tages on the bit line 46 and the drain 34, approximately 3

to 4 volts of negative charge will be trapped on-the floating gate 42 which
prevents the channel 44 frominverting. Reading a cell. To read a cell the
source 32 is connected to the ground potential, the drain 34 (and with the
di scretion of the user the bit line 46F 15 -connected to 1 to 1.5 V, and the
contr ol coatrespdnidinyg (Hokan/ nuer01a0adi 1 | vithet Qitiflernd of arisedetsvepsr@ont r.ol

gate 38.apd. the floatin te 42.is very small: on dhe,order, of 0.1 to 0.15
and pre erg'%t]ﬂl% o 6:\.13%03%1??3(%%8%1%%”%}{ %i’oor?rsrlq-tlhden ‘t ot a%_\}qgl glglegc%]g%l ed to
the flo&crmgdgdthraimlvithe phatdresist IGak by inplaptiaasedesiredhe
floati ngcad SN A Ye NEntiRiddNE ChafBe Weilride (l\éﬁfexerféeaﬁ?iﬂﬂé&' on

t hat hap%s n teg]a y. Over, erase is not required H)}; thigifo:g&ra LQn of the
coll buhfumaskes e Heleckively RRevant, foRAHOLRE A KL ORfr be put
into prevedildIy inipldnic aﬁwlmmedf@hﬁrma astdped |aﬁh1i§dgﬁbeuﬁe |
transi stor. W th chanpe 4 is.either. zer . [ nd t nne
44 w | | R”quf e:l\ldn‘ver]ife.f(;' whz?hgﬁ?%ée?xjrde%%l%l Jf%gseegl%%ptp]lq?eglg} t%ﬁoﬂ'frgpg? gepﬁ A

el enent overtheotivrs odb dietwafeont riv.- t riei Eield jaxideols nmasked due to

the applgfpldiedivei Peto Q%tQEpGQ{‘ﬁé%oﬂé‘i&x@%f Whe sWsesatBe current

to flow fromthe drain” 34 to the source . )
V. Arsenic is implanted through the opening and annealed in

subsequent high temperature steps to form the drain. Two
drains are formed through each'obening.

Figure 3 shows a cross section of'a portion of a wafer at
this stage of the process. The- cell is formed between the two
vertical lines 100 and 102 drawn as reference points only. A
thick field oxide layer 106 is formed over a P-type substrate
104. An opening 108 is formed through the field oxide layer
106 which exposes a portion of the substrate 104. A region
110 that will ultimately become the drain to two cells is

"= implanted with Arsenic.

_ VI. As shown in Figure 4, a thin layer of nitride (Si,N,)
is deposited over the surface of the structure of Figure 3.
Preferably, this layer is 300 A thick. VII. Next, a buried
contact mask is used to connect the polysilicon bit line to
the diffusion. This step can be replaced by a metal
connection to the diffusion at a later stage in the process by
any conventional technique.

VIII. A first polysilicon layer is then deposited onto
the surface of the structure as shown in Figure 5. The
deposited first polysilicon layer should be thicker than 3000
A so that the surface of the field oxide layer 106 is covered.
The first polysilicon layer is doped to be conductive.

IX. The first polysilicon layer is etched to again
expose the surface of the field oxide 106 as shown in Figure 6
and form a filled polysilicon region 116. X. Next, a 1000 A
oxidation layer 118 is grown as shown in Figure 7. The growth
of the oxidation layer 118 reduces the height of the filled
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1 n a programmed cell the negative charge that is stored on the floating
gate.42 exceeds the capacitively coupled positive charges fromthe control
gate 38 and the bit line 46, so that the channel 44 cannot becone inverted,
thereby preventing current flow fromthe drain 34 to the source 32. During
a read operation the bit line 46 can bgacoupled to ground while the drain
34 is penpagheddnd rkdi®nl -1, This -8- reduces the amount of coupled .

charge to the flQatin ate, 42 tq an even |ower |.Gh hat the
cel | needs &fen ﬁghes "%é%‘ﬁ iV '9‘?3?%‘8’ SHRME Y ooé%\is}nglt%ea}@ég}g"ur]{:@r%{@né

progr amfi de wHimuittr ansites efield coxide fsstearoyeddvamidying t¥heower drain
34 and _bi ' A6 VOl :@ﬂ&? ' : anLltireape operation is
done bf/a%tgp %dg_gstl%l%fé vo?lf %@%%ﬁ%%ﬁt?ﬁ, ate 138 whi | e t he ot her

el ect r Py sdldqan grHund FBE entd FacThEiGiR AFEide Gtf rEPR RYSE BRSt he
erase sRAAGFAWITEMEMG RSt £11B8@efolgsiliesn hi ghies tinidlagessnofhe

the. pr st it TOREn oiF o0 eRagingys) SHPRERt eFLEoY 2R8 2EB0r R L o'
in the dd asie nfiijbeé@ @dlysilicon layer 116. XIII. The wafer is then
subjected to an 850 A oxide-dip which removes all the
oxidation on the substrate 104 and ~950 A on the filled
polysilicon layer 11l6.

XIV. An implant is performed to adjust the threshold
voltage of CMOS transistors. XV. This is followed by growing
a first gate oxide layer 122 to -a thickness of 150 A. The
oxide layer 118 on the filled polysilicon layer 116 is now
approximately 1700 A as shown in Figure 8 (note that the Vt
adjustment implant is not shown to avoid obscuring the
invention with unnecessary detail) .

XVI. A second polysilicon layer is deposited. The
second polysilicon layer is 3500 A thick. It is doped to be
conductive. XVII. A thin oxide transistor mask is used to
define the low voltage CMOS transistors. A plasma etch is
used to form the gates of the CMOS transistors as well as the
polysilicon spacer 124 along the sidewalls of the nitride
layef 112 as shown in Figure ‘9.

XVIII. The circuit is-ﬁasked and a source region 126 is
implanted with arsenic, XIX. The oxide is removed from the
channel region of the ceil by an oxide dip. In the preferred
embodiment, the oxide dip is a 30 second 50:1 HF dip. Aan
oxide layer is then grown on this structure including a 325 A
oxide layer 128 is grown over the substrate 104 and a 900 A
oxide layer 130 is grown over the polysilicon spacer 124 as
shown in Figure 10.

XX. A hot phosphoric nitride etch is used to remove the
exposed portion of the nitride layer 112 that is above
remaining portions of the filled polysilicon 116 and the oxide
layer 118. XXI. A tunneling oxide layer is grown over this



« tunnel through the tunneling oxide |layer 50 to | eave the floating gate 42,
t hereby increasing the potential on the floating.gate 42. As the potenti al
on the floating gate 42 rises, the difference between the floating gate
vol tage and the control gate voltage becones |less and | ess which slows the
tunnel ling process. This means that th® erasure of an un-programed cel

woul d b g o e o e e O L S el
wou u ster, and erasure stop “
I'n thi?H%ﬁggﬁgiBﬁaglFhthaEEIP§1§ﬁaFPﬁ§kFﬁ§SsgﬂE g@%ﬂ%ﬁlﬁoﬁ?rgg°§§te 38
will er38e. AThiabpgtcabbed aoseofooxtdasksofermaedooven pheéor art, since al

the celbs1gaii 8b8hNEpRRExS8540Lo"Rhhl PhedBbachAyharfamI EpEoNt rol gate.
Sel ecti'ye Cell erase qgperation I's possl Fe y aE |Tcatron o groper vol t age
to the biPaFiRgs9ake dEH?n§Pef=et gEruetpse} hapdakhe prankrekdgnsestizpt

progr anyet. £3kmedi efier abdupr 2008sAf 4 fsabwhlnslnt i;ngilsesblceLiqo'te Q@#@@ nﬁ_t i on
in 2 SURIRBReR jIUcE 03! Rl daOLEN 0.0 PEL PSSR ' el 10
convent EbpakifyO8apeccess such as those known to a person skilled in the.
sem conduct OgyRkl O" aA2khirENpoR8I8980h00alB® is formed over the
structure of Figure 11. XXIII. The third polysilicon layer
is masked and XXXIV the mask is removed. The third poly’
silicon layer follows the contour of the floating gate so that
it is spaced apart from the floating gate.about 1000 A along
the curved surface that is oriented away from the substrate
> 104. The spacing between the floating gate and the control
gate is only about 200 A along the short léngth of overlap
along the vertical sidewall. The amount of the overlap
between the floating gate and the control gate is about 700 A.
After'the definition of Poly 3 and etching it, a self align
.~ mask is used to cover the periphery as well as the source of
the cell. Using this mark the 1000 A on to P of the floating
Poly 42 and bit line 46 will be etched off. Using a non-
vertical poly etch then the spacer 42 is remo?ed from in
between the control gates. During this etch about 3000 A of
poly will be etched away from the polysilicon filled bit lines
leaving about 2000 A of poly in the bit lines in between the
control gates. _
The remainder of the steps in the process (XXXV through
XXXXII) are for forming portions of the circuit separate and
apart from the cell. The steps listed in TABLE I are
representative of conventional steps for forming those.steps
and included only for completeness. A person of ordinary
skill in the art would readily be able to develop other steps
for forming those desired structures and circuits.
The present invention has been described relative to a
preferred embodiment. It will be readily understood that the
thicknesses and specifi¢ processing steps can and will vary:



. preferred -embodi nent is outlined in Table 1, which uses many process steps
commonly found in a conventional N-Wel|l CMOS process. After the wafer is
processed through an N-well process, diffusion masking and appropriate
‘etches, and field oxidation, a polysiljcon bit |line mask is used to nake
deep trenches in the field oxide. The ¥ &nches are etched all the way to

the S&é&seaiﬁgbs.u @ s8R nkedshe? bap pakedcunae thecuwienches to form

t he drain of e-cell. "A-thin layer of sjilicon.nitride aon rder of 300
to 508CRIBR ARG PISESS FENER Sant F%PEI*’\A&‘PSF&S\? FPhG E’ﬂ@ el d oxide

and tbecbokt apparersi d® widexrsoh alfl crddnprgnekddl dnsthet vy 9mlwit |ines
from g?ef&f @'e%%.i?{%tgiﬁscﬂﬂs%]?d%%eg o SRR WIREK nC ¥Meb&Pised: tahgonnect

t he bi Ines to - drains of t s. This_.is optional and one could
use oBREPemefnshdfs denrrntiion andk the aRsedesy €184™sy exanpl e netal and
contacts. The trenches are then filled with polysilicon. This is done by
covering the wafer with polysilicon. The polysilicon layer is doped wth
phosphorous and is etched back to | eave polysilicon only in the trenches
and thereby fill the trenches to the top. The silicon nitride which covers
the face of the wafer is also renoved during this process.



: At this point in the process (step X in Table 1) an oxide layer is grown on
the -wafer to consune sone of the polysilicon in.the trench. The oxide
layer is preferably 1000 A. After this oxidation step the silicon nitride
that was used to define the active area is renoved as is known in the prior

~art. In step XI a mask is used to setethtirvely renmove the field oxide in the
cell areas, this causes the pol ypfdld trenches to stand out with silicon
nitride covering their sides. A sacrificial oxidezof 850 Ais grown on the
single crystalline silicofrasiest Fdeehargldh®¥oeeefed back. Since the
polysilicon is heavily doped with phosphorous, about 2600 A of oxide grows

on top,of the polysilicon layer. ' Affer .the etch back step, about 1600 A of
oxi de |Is | ef t onlb%j{)e]blf ‘?‘—‘P'Fe}‘)lprqceﬁ)s}-mg’&la;;&ﬁ'i con in the trench. After

pr oper IXppl enent Aifhs vask (Mirtoside et ARitelshtiopliaatf.i r st gate oxi de of
150 A ggigrown. Ad; d1H SoPidd 5ot NEogcixzle on top of poly in the trench is
about 1700 A and is at fhe sanme |ev as the silicon nitride. A thick |ayer
of pol y¥ilicon i?%%o&%ﬁ%dﬁa%%ﬂﬁ%iqq%n is then masked to form

thin owi.de transizs oifplant/remove resist.

VI. Nitride Deposition.
VII. .Buried contact mask (to connect poly bit line to
diff.)
VIII. Poly fill/poly dope.
IX. Poly etch back.
X. Oxidation 1000 A.
XI. Field Oxide etch mask.
XI1T. Sacrificial oxide growth: 850 A on single crystal
silicon. On poly 2600 A.
XIII. Oxide dip 850 A (total oxide removed -950 A.
XIV. Vt adjustment implants. _
- XV. Gate oxide 1 150 A. (oxide on the poly 1700 A).
© XVI. Poly 2 deposition 3500 A/dope.
XVII. Thin oxide transistor mask +spacer formation.
XVIII. As implant mask/As implant.
XIX. Oxide dip/Grow gate oxide: gate oxide (high
voltage) 300 A (900 A on poly)
XX> Hot Phosphoric Nitride etch.
XXI. Tunneling oxide: 70 A on silicon 200 A on poly
(total gate oxide 350, total poly oxide 1000 A).
XXII. Poly 3 deposition/dope. (poly side)
XXIII. Poly 3 mask.
XXIV. Poly 3 removal self align mask/poly etch.
XXV. - LDD Ph. implant mask/Ph. implant.
XXVI. Spacer oxide deposition.
XXVII. Spacer etch.
XXVIII. N+ S/D implant mask/As implant.
XXIX. P+ S/D implant mask/Boron implant.

XXX. S/D oxidation.



. the periphery and poly spacers in the cell array. The source of the cel
now- s formed by the nmasking and inplantation of arsenic. In the follow ng
Step, all the oxide on top of the polysilicon is dipped off and about 350 A
‘of an oxide layer is grown in the equ;ed silicon areas. This oxide |ayer
forms the gate oxide for the control ansistor in the cell as well as al

t he tr i stors $é§§ erL hery that handl e voltages larger than 7 volts.
Flgure shows bSPyS|I|con | ayers are situated with respect.-to
each Gt¥¥HT at th¢@npechtmaakthe process. The exposed portion of the silicon
rﬂtrl(kXXfEills B chpfr LB PR tPRASRRRELA . aci d and a tunneling oxide |ayer
of 20Q A is grown on_the ponS|I|con A'third polysilicon:layer nowis
deposf%%%F%nd deM?Féa £098Brm t he control gate of the cell as well as high
voltagaunvan5|stmetgatQSmaékVetchhe definition of this poly, the exposed
porti opofsthe sgﬁﬁe g@ 1Q§05§nnved and self-aligns to the control

pol ysi'Ticon’ | ayer a RAGWIi'n t he prior art. It mght be necessary to
use oh%xxﬁlla.nagkauarangtg@nf al i gned etching to prevent damage to buried
N+ thaixx§1g§ed @gatgﬁs§gwﬁgeeththe cell. This step is followed with an
oxi datlon_which sea S|des of the floating polys to prevent charges
froml F%g out M e?ﬁi ?e Pof the processing steps are very sinmlar to
converkxxxxal CMOMepadceaswask/eaichare well known in the prior art.

XXXXI. Passgivation.
XXXXII. Pad mask.




. A nore detailed description of the process relative to the draw ngs of

Figues 3 through 11 follows. A sem conductor mafer—;j/ﬁzegﬁgg,a/SﬂbsTFate
The wafer is masked using any known masking techniqu \m |mon

that follows, where appropriate, each section of the t n

i ndi vi dual step of the process illusTrdtéd in TABLE |- * wW'th

t he correspondi ng Roman nuneral. |. The wafer is mas ed to formN-wells
of appropriate si.ze and position. The NNWells are forned through the

phot oresi st nask by inplanting a deSiha¥Sdose of N-type contaminants. |I. A

nitride |layer is applied and masked to selectively prevent formation of a
field X|de as_a channel stop is dpplied to the

waf er . 5\9?%¥?i%&£ﬂ%1?%ﬂ°?¥ gﬁ?ic??@@?§sb?%MM to 6000 A over portions

of the msfewa I\/a1w&aﬁasldubstﬂates masked and sel ectively renoved

exposi ng porg | ons; Of1bhesaDSAER! Ena 581 S60b Sl °cbPLANLEsERLRUSN (e

openi ng and anneal e AT erature steps to
drain. Two drai nswhexeinrkhe hﬁ@ﬁgﬁgeﬁéﬁeosénfﬁgmeﬁl@ﬁr% 9°§ﬁbﬂ§laecross
section of a pOftthQﬂeQiaﬁ vRber i a8t shibkrsunliagengf ahhgleceseesriyhe cell is

formed between the m?atlng material and further wherein the floating
gate has a cross section which is longer along one .
axis than it is along its other axis, the floating
gate having at least one surface parallel to the
longer axis that is substantially perpendicular 60
the substrate, the floating gate having a sharp tip
at an end of the surface furthest from the
substrate; and

c. a control gate, coupled to the substrate so that the
floating gate is between the control gate and the
substrate, wherein the control gate is spaced apart
from the floating gate by the insulating material
such that the control gate only oﬁerlaps.a portion
of the floating gdte furthest from he substrate and
only comes into close proximity with the gloating
ate in this region of overlap. '

2. The memory cell according to claim 1 wherein the cell is
electrically erasable.

3. The memory cell according to claim 2 wherein the cell is
: erased through the insulating material where the control gate

comes into close proximity with the sharp tip of the floating
gate.

4. The memory cell according to claim 1 wherein the
- substrate is formed of single crystal silicon.



.vertical lines 100 and 102 drawn as reference point S.W
oxi de layer 106 is fornmed over a“P-type substrate 104 I NQ
formed through the field oxide |ayer 106 which expose W@[wﬂm
Substrate 104. A region 110 that w IIAzltl mat el y beconme Il

cells is inplanted with Arsenic. Shomn in Figure 4, a thlnslayer of
nitride (Si rr] deposi ed over surf.ace of t ture of
Flgure%g Pr %r %W?I;tﬂ?€1|%_%?r G oh° AC |ck£l \iaed e%%x?ﬁe E% :
cont acogareskig stopmeldt of cdopedt pohegspbigsnticon bit line to the dlffusion
This step can be replaced by a nmetal connection to the diffusion at a later
stage in the ocess by any conventional techni-que,

g, le

pol ysi [8-con dRePRrYheRl 4 eBBSPrEdNEntS ?31€1§u?'f‘&](?%r%+ntﬁé SFPHEFG’lle as

shown igate gl eEdrmdeodefopetiefolysilliponysilicon | ayer should be thicker
than 3000 A so that the surface of the field oxide |layer 106 is covered.

The first polysilicon layer is doped to be conductive. I X. The first
pol ysi I7con Thgemenoryt chdd accaydingekposdaimelswheyednothehe field oxide

106 as st ing! QHE8rfadndsf %mnaaf bl 89,00l QOB I &kehe X
Next, a 1000 A OX|dat|on ayer 118 is_growh as. shown.ipn. Figure 7. The

gr owt h SHTEREe RF dheokl Pé?épglﬂatﬁeﬁbéés1Fh§“P§F§HF16F ¥he filled

perpendicular to the substrate and formed of Si0, elsewhere.

8. The memory cell according to claim 7 wherein the
insulating material formed of SiO, is formed of three separate
Si0, layers, one between the floating gate and the substrate,
one between the floating gate and.the control gate and one
along the surface of the floéting gate that is substantially
perpendicular to the substrate but not covered by Si,N,.

9. The memory cell according to claim 1 wherein the distance
between the floating gaﬁe and the control gate in the region
of the sharp tip of the spacer overlap is approximately 200 A
and approximately 1000 A elsewhere.

10. A nonvolatile memory cell comprising:

a. a planar substrate of a semiconductor material
having a surface, wherein the substrate is doped to
a first conductivity type having a drain region and
a source region space apart from one another and
formed within the surface;

b. a first conductive material having at least omne
planar first sidewall perpendicular to the
substrate, wherein the first conductive material is
formed over the drain region and spaced apart from
the drain by a first insulating layer wherein the
first insulating layer includes a substantially
planar second insulating layer along the first
sidewall that is coupled to the first'insulating '



S

.- 12 - polysilicon region 116. XI. The wafer is masked, exposing only the
cell.regions of the circuit. The field oxide is renoved by etching the

exposed single crystal substrate 104 and the fille YSi dd . X
A sacrificial oxide is grown over the substrate 10 m |Eiﬂ
pol ysilicon. The thickness of the oxi~d&? growth is «crystal

silicon and 2600 f on the filled polysilicon layer 116. XllI. The wafer .is
then subjected to 8%°830 A oxide dip which renpves all the oxidation on the
subst r at e. 10d. anda9s@candh conduidtiived magleydialli bemingyer shbgtagtially

inplant is perfor gBANG- AdéHa iASHIAShWndreght 2@ @bdoMeS transi stors.
XV. This is followed by growng a fjirst '

of 150 A The oxi FORURELVE da¥en e fﬁqil%gﬁieﬁ%%g&‘:egye sk33 éﬁolg Tgl ﬁgcvess

approxi mat el y 170@d4 srserfth@irsth dorgivct ifre( Neiyert aaid erwidemdihst ment

derail). XV A SCROHE SIS st danieg deq Dl K il audiereesa’y

pol ysilicon | ayer the 3800rqe tgion such Shidpddea sasonchrihdevabl i@ |1. A

thin oxide transi YQpT@Fkd SchSebddhd insulating layer and further

wherein the second conductive layer is surrounded by
- a third insulating layer and wherein the second

conductive layer.extends further from the substrate
than the first conductive layer leaving an exposed
and insulated portion of the second.sidewall; and

d. a third conductive,material formed over the
substrate and extending from the source region to
the drain region such that the second conductive
region is between the third-conductive region and
the substrate such that the third conductive
material is spaced aparﬁ from the second conductive .
material by a first distance along a surface of the
second conductive material away from the substrate
and the second sidewall and a second distance along
the exposed and insulated portion of the second
sidewdll wherein the second distance is less than
the first distance.

11. The memory cell according to claim 10 wherein the first
conductive material is doped polysilicon, the second
conductive material is doped polysilicon and the third
conductive material is doped polysilicon.

12. The memory cell according to claim 10 wherein the first
conductive material is electrically coupled to the drain.

13. The memory cell according to claim 10 wherein the first

insulating layer and the second insulating layer are formed of
Si,N,. ' ‘



+ define the | ow voltage CMOS transistors. A plasmaetch is used to formthe

gates of the CMOS transistors as well as the pol ygiidsl 24 a
the sidewalls of the nitride |layer 112 as shown m', @ﬂ&’i’ﬁﬂ I The
circuit is masked and a source region }g@_is I mpl anted ic XX

ong

The oxide is renmoved fromthe channel region of the cell by an oxide dip.

In th
oxi de

ayer

e8! o1 #hE foRBROILIRA! o NS AHIAS ILR iy 3030r88eand 3 LS P

| ayer

Is t

own on t ucture i ncClu InNng a

An

128 i sippehAtdngr layersdssSifke 104 and a 900 A oxide layer 130 is grown
over the polysilicon spacer 124 as shown in Figure 10. XX. A hot phosp

de_etch, is _used to renove t expose ortion of the nitrjde |aye
i gs abogger@ﬁﬁ‘lof'ﬁy n§ Spor ﬁcﬁ?éf%gr“q Fe quﬁplga WOW%FFFBOE?’PlG%%t he
oxi de fligban¢elisxXAppraximatelng omd de dmey ahe segondn ddetiaride Sis - )
structy *h8atBhCkB jover the substrate is between 50 - 70 A so that
t he gat%ﬁggideathigtnggz or the cell is about 350 A About 150 - 200 of

oxide is formed over the polysilicon spacer 124 so that the spaci ng between
16. The memory cell according to claim 10 wherein a

capacitive coupling between the first conductive material and
the second conductive material ié approximately 0.75 and the
capacitive coupling between the second conductive material and
the third conductive material is approximately 0.15.

nitri
t hat

t he

17. The memory cell according to claim 10 wherein the cell
cannot overcome erase.

18. A method of forming a nonvolatile memory cell comprising
the steps of: .

a.

forming a planar substrate of a semiconductor
material having a surface, wherein the substrate is
doped to a first conductivity type having a drain
region and a source region spaced apart from one
another and formed within the surface;

forming a first conductive material having at least
one planar first sidewall perpendicular to the
substrate, wherein the first conductive material is
formed over the drain region and spaced apart from
the drain by a first insulating layer wherein the-
first insulating layer includes a substantially
planar second insulating layer along the first
sidewall that is .coupled to the first insulating
layer;_

forming a second conductive material having a
substantially planar second sidewall, wherein the

second conductive layer is formed over the substrate

. adjacent first conductive layer and between the

drain and the source regions but spaced apart from

hori c
r 112 .

13 -



.floating gate (the space structure) and the control —gate—({mot—yet—forned)
is about 1000 A as shown in Figure 11. Note that. a t hummmnmmlml]
formed over the vertical sidewall of the floatlng gat
pol ysilicon layer is formed over the structure of Figufe 91." XN 1P The
third polysilicon |ayer is masked and” YAXrv the mask is renoved. The third

poly silicon |ay o, t t e floatln hat it iIs
spaced apart froﬁgt é+€¥gt|9§gg§€e§§%othig %\%T%% ég%ﬁg%%d *8urface
that is oriented SBBLedoRPt B esﬁ%@?ﬁdtenﬁulatIHMelenetl%@dbﬁvmébﬁrthe

floating gate andﬂmﬂﬁeiﬂntHQISQQbﬁdléoﬁ&h&tﬂ@@uiaﬁgg fsaé@fﬁohﬁaeahﬁﬁﬂ

I th of I th I I
betvoen the 11 oalt ngbaRc BN FHESEOREYOF SRR-VIeralB iR 0B ROR (o 1 he

definition of Polgordauptivechaygri extandsl fFuathegn fimol theusebisteatever the
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process ( XXXV thrbhghdraln region such that the second conductive
region is between the third conductive region and
the substrate such that the third conductive
material is spaced apart from the second conductive
material by a first dietanée_along a surface of the
second conductive material away from the substrate
and the second. sidewall and a second distance along
the exposed and insulated portion of the second .

sidewall wherein the second distance is less than
the first distance.

19. A method of forming a nonvolatile memory cell comprising
the steps of:

a. forming a field oxide layer on a semiconductor
- substrate; '

b. forming an opening having sidewalls through the
field oxide layer to expose.a portion of the
substrate; |

c. doping a portion of the substrate through the
opening for forming a drain;

d. depositing a thin first insulating layer over the
exposed portion of the substrate and the sidewalls;
e. forming a first doped'polysilicon layer within the

opening and spaced apart from the field oxide layer
and the substrate by the first insulating layer such
that a portion of the first insulating layer is
exposed within the opening;

£. removing the field oxide layer exposing.that portion



S XXXXI1) are for forming portions of the circuit Separate—ane—apart fromthe
cell. The steps listed in TABLE | are representatlvﬂ”uﬂy steps
for form ng those steps and included only for conpl ﬂ@' HEWL

ordinary skill in the art would readily,be able to devél ob ot eps for

form ng those desired structures and cifcuits. The present |nvent|on has
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cl ai ms. -gi5 chmLEgl aSpacendFinshlaeingptaressover the expose
substrate;
h. forﬁing a doped polysilicon spacer along the outside
sidewall and over the second insulating layer;
i. removing the exposed portion of the first insulating
layer;

j. surrounding all exposed surfaces of the spacer w1th
a third insulating layer such that the third
1nsu1at1ng layer is a first thlckness where the
exposed portlon of the first 1nsulat1ng layer was
. removed and a second thickness elsewhere such that
‘ the second thickness is thicker than the first
thickness; and
k. selectively covering the structure resulting from
step j with a second doped polysilicon layer.



L N-Vél | mask/ process/inplants. I1. _ Diff. mask/Nitride

etchitField inplant. [11. Fiel d Oxi dati on 6000 A. 1|V. Poly bit
|ine mask/ plasma etch. V. As inplant/renove resist. V.

Nitride Deposition. VII. Buried c tact mask (to connect poly bit line
to diff.) VIII. Poly fill/poly dbgg Poly etch back. X

Oxi dati on 1000 A Xl . Field Oxi de etch mask. Xl I. Sacrificial.

oxide growth: 850 A on snﬁg&mtyéﬁ%%ﬁ'ﬁtgeﬁbs&h poly 2600 A XIII.
Oxi de dip-850 A (total ox r enoved XI'V Vt adj ust ment

I mpl ants. XV. Gat e e on the poly 1700 A). XVI. .
Poly 2 depo@i tfilersl8SRIPROM dogkl H@éla reducBu ree cﬁzter gﬁt&hcmﬁsg tspacer

o T 50 coup i B gekn AL Pl Pl i, < 24 LY O
PhosphSHEdNg RYQEr IR XX| 'The erase oRstatyiakiide dormobtydmxmumg 200 A
on pol vf electrons from the sharp tip of the Poly spacer to the

control gate. The cell is adapted so that the source for each

cell within the array is the source of an adjacent cell and

the drain is the drain to another adjacent cell. The cell is

formed by forming the drain regions into the substrate througﬁ

openings in a first insulator thiat is preferably the field

oxide. A second insulator is deposited over the first

insulator, over the substrate and along the side walls of the

openings and is preferably a thin layef so that the opening is

covered with a thin insulating layer. The insulated opening

is filled with a first doped polysilicon layer. The field

oxide is selectively removed. A gate oxide is grown and a

second polysilicon layer is formed and then etched to form

- Spacers along the edges of the first.polysilicon/éecond
insulator structure. The second polysilicon is selectively
etched and a tunneling insulator layer is formed thereover. A

third polysilicon layer is formed over the tunneling
insulator.

(Figure 1)
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deposition/dope. (poly side) XXIII. Poly 3 mask. XXIV. Poly 3
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deposition. XXXII. Contact mask. XXXII1. Ti sputter/Nitradization.
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meno+vy cell conpri si

Passi vati on.

XXXXI |

ng: a.

Pad mask.

a pl anar substrate;

- 17 -

b. a

CLAI M5 A nonvol atil e

floating gate that

Is coupled to the substrate, wherein the floating gate is forned of a

conductive materi al
mat eri al

t hat

iIs along its

having at | east one surface parallel to the |longer axis that is
substantially perpendicular to the substrate, the floating gate having a
sharp tip at an end jof the surfaceg furthegt fromthe sulfstrate; and c. a
control gate, coupldd té& thel sdbstfrate so it hat tlhe floatiing gate is between
the control gate and 1 he subptrate, whereijn the jcontrol |gate is spaced
apart fromthe floatling gate|by the insul&ting naterial iy
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other axis, t

P

I's surrounded by an electrically insulating
and further wherein the floabypg gate has a cross section which is
| onger al ong one axis than it

he floating gate




. such that the control gate only overlaps a portion of the floating gate
furthest fromhe substrate and only cones into close proximty wth the
gloating ate in this region of overlap. 2. The nenory cell according to
claim1l wherein the cell is electrically erasable. 3. The nenory cel
according to claim2 wherein the cell 3y¢ erased through the insulating
mat eri al where the control gate cones Into close proximty wth the sharp

tip of the floating gate. 4. The nenory cell according to claim1 wherein
the substrate is fornmed of single crystal silicon. - 18 - 5. The '
menory cell according to claim1l wherqin the floafing gate is forned of
doped pol ysilicon. 6. The nmenory cel|l accordingjto claim1l wherein the _
control gate is forned of doped pol ysi|licon. 7. The nenory cell according

to claim1l wherein the insulating matgrial is forfred of Si[err]Nerr] along
a portion of the surface of the floatijng gate that is subst@antially
perpendi cul arr to the substrate and forjmed of Sierr] el sevhere.
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. 8. The menory cell according to claim7 wherein the insulating materi al
formed of SiJerr] is formed of three separate SiJerr] |ayers, one between
the floating gate and the substrate, one between the floating gate and the
control gate and one along the surface of the floating gate that is
substantial ly perpendicular to the sulgyfate but not covered by
Siferr]NJerr]. 9. The nmenory cell according to claim1l wherein the

di stance between the floating gate and the control gate in the regi on of
the sharp-tip of the spacer overlap is approxi mtely 200 A and

approxi mately 1000 A el sewhere. 10. A nonvol atile nenory cell conprising:

a. a planar substrate of a sem condugtor material having a surface,
wherein the substrate is doped to a figst conductipity type having a drain
region and a source region space apart ffrom one anpther and formed wi thin

t he surface; b. a first conductive nfterial haviphg at | east one planar
first sidewall perpendicular to the sul§strate, whefein the first conductive
material is fornmed over the drain regiqn andispacej apart fromthe drain by
a first insulating layer wherein the fijrst ifsulat|{ng layer includes a
substantially planar second insul ati ng &y H t he firgt sidewall that
is coupled to the first insulating ha :

300 A Si3N4

FIGURE 4
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.. - 19 - layer; c. a second conductive materi.al having a substantially
pl anar second sidewall, wherein the second conductive layer is fornmed over

the substrate adjacent first conductive |ayer and between the drain and the
“source regions but spaced apart fromthe source-region such that the second
sidewal| is coupled to the second ingpfati-ng |ayer and further wherein the
second conductive layer is surrounded by a third insulating |ayer and -
wherein the second conductive |ayer extends further fromthe substrate than
the first conductive |ayer |eaving an exposed and insul ated portion of the
second sidewal I ; and d. a thj opductive material fornmed over the

()
substrate and extending from ;égﬁva'e region tojthe drain region such
~ that the second conductive re%j;jé}

,4
¢%€Hween the fhird conductive region
%

/

//

and the substrate such that tg?é;;zgé'conductive material is spaced apart

fromthe second conducti ve. g/é/aé//%y a first djstance along a surface of
//
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second conductive material away fromthe substrate and the second sidewal |
and-a second di stance al ong the exposed and insul ated portion of the second
,Sidewal | wherein the second distance is less than the first distance. 11.
The nenory cell according to claim10 wherein the first conductive materi al
i s doped pol ysilicon, the second conddfive material is doped polysilicon
and the third conductive material is doped polysilicon. 12. "The nenory.
cell according to claim 10 wherein the first conductive material is

el ectrically coupled to the drain. 13. The nenory cell according to claim
10 wherein the first insulating |ayer and the second insulating | ayer are
formed of Si[err]Nerr]. - 20 - 14., The nenoryycell according to claim
10 wherein'the third insulating layer s SiJerr]| 15. The nenory cel
according to claim 10 wherein the firsit distance §s approxinmately 1000 A
and the second distance is approximately 200 A 16. The nenory cel
according to claim 10 wherein a
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capacitive coupling between the first conductive material and the second
conductive material is approximately 0.75 and the capacitive coupling

bet ween the second conductive material and the third conductive material is
approximately 0.15. 17. The nenory cell according to claim 10 wherein the
cell cannot overcone erase. 18. A nethod of formi ng a nonvolatile nmenory
cell conprising the steps of: a. formdMd a pl anar substrate of a

sem conductor nmaterial having a surface, wherein the substrate is doped to
a first conductivity type having a drain region and a source regi on spaced
apart fromone another and fornmed within the surface; b. formng a first
conductive material having at |east one planar first sidewall perpendicular
to the substrate, wherein the first condyctive materjial is forned over the
drain region and spaced apart fromthe dfain by a filrst insulating.layer
wherein the first insulating |ayer incluges a substantially planar second
insulating layer along the first sidewallf that is cdupled to the first

i nsul ating | ayer; c. form ng a second ¢onductive nmterial having a
substantially pfanar second sidewall, wh¢rein the
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4

second conductive layer is fornmed over the substrate adjacent first
conductive | ayer and between the drain and the source regions but spaced
apart from - 21 - the source region such that the second sidewall is

“coupled to the second insulating l.ayer and further wherein the second

conductive layer is surrounded by a @gird insulating | ayer and wherein the
second conductive | ayer extends further fromthe substrate than the first
conductive |l ayer |eaving an exposed and insul ated portion of the second
sidewal I ; and d. forming a third conductive material forned over the
substrate and extending fromthe source region to the drain region such
that the second conductive region is between the third conductive region
and the substrate such that the third conductive,nmaterial is spaced apart
fromthe second conductive material by a first djjstance al ong a surface of
t he second conductive material away fromthe subgtrate and the second
sidewal | and a second di stance al ong the exposed{jand i nsul ated portion of
t he second \
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sidewal | wherein the second distance is less than the first distance. 19. A
- met,hod of formng a nonvolatile nenory cell conprising the steps of: a.
forming a field oxide |layer on a sem conductor substrate; b. form ng an
openi ng having sidewalls through the field oxide |ayer to expose a portion
of the substrate; c. doping a portgmqn of the substrate through the
opening for formng a drain; d. depositing a thin first insulating l'ayer
over the exposed portion of the substrate and the sidewalls; e. formng a
first doped polysilicon |ayer within the opening and spaced apart fromthe
field oxide | ayer and the substrate by the first insulating |ayer such that
a portion of the first insulating |ayer is exposed within the opening; f.
renoving the field oxide layer exposing that portion -22- of the
substrate not covered by the first doped
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H

pol ysilicon |ayer and the first I nsul ating | ayer and exposi ng an outside
sidewal | of the first insulating |ayer; g. formng a second insulating

layer over the exposed substrate; h. form ng a doped polysilicon spacer

al ong the outside sidewall and over the second insulating |ayer; i.

removi ng the exposed portion of the fiofyst insulating |ayer; |

surroundi ng all exposed surfaces of the spacer with a third insulating-

| ayer such that the third insulating layer is a first thickness where the
exposed portion of the first insulating |ayer was renoved and a second

t hi ckness el sewhere such that the second thickness is thicker than the
first thickness; and k. sel ectively covering the structure-resulting from
step j with a second doped pol ysilicon Iayg‘cr.
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FIGURE 11
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