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to thin floating-gate electrode, such that a voltage applied on the
enhancement transistor is brought to a relatively high value. Correspondmgly, when

charge is removed from the floating-gate electrode, the threshold voltage of the
25 | enhancement transistor is brought to a relatively low value. The threshold level of the
enhancement transistor determines the current flow through the transistor when the
transistor is turned on by the application of appropriate voltages to the gate and drain.
When the threshold voltage is hlgh no current WI" flow through the transustor whnch IS
defined as a logic O state. Correspond;ngly, when the threshold voltage is low, current will’
30 flow through the transistor, which is defined as a logic 1 state.
In a flash EEPROM device, electrons are transferred to a floating-gate electrode
through a dielectric layer overlying the channel region of the enhancement transistor. The
electron transfer is initiated by either hot electron injection, or by Fowler-Nordheim .
tunneling. In either electron transfer mechanism, a voltage potential is applied to the

35 floating-gate by an overlying control-gate electrode. The control-gate electrode is
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Thi s Sheet pdlastidBeapplidid theesburce and drain wili cause electrons to travel along the channel in
the opposite direction and be injected into the silicon nitride layer near the source region.
Because silicon nitride is not electrically conductive, the charge introduced into the silicon
30 nitride layer tends to remain localized. Accordingly, depending upon the application of
voltage potentials, electrical charge can be stored in discrete regions within a single
continuous silicon nitride layer.
Non-volatile memory designers have taken advantage of the localized nature of
electron storage within a silicon nitride layer and have designed memory circuits that utilize
35 two regions of stored charge within an ONO layer. This type of non-volatile memory device
is known as a two-bit EEPROM. The two-bit EEPROM is capable of storing twice as much
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fabricating a high quality top oxide layer, stored charge in the ONO structure remains
25 localized within predetermined regions in the silicon nitride layer.

In one form, a procesé. for fabricating an ONO floating-gate electrode includes
providing a semiconductor substrate, and thermally growing a first silicon oxide layer on the
semiconductor substrate. Then, a silicon nitride layer is formed to overlie the first silicon
oxide layer. A second layer of silicon oxide is then formed to overlie the silicon nitride layer

30 using a high temperature oxide (HTO) deposition process. The high temperature oxide
deposition process is carried out at a temperature of about 700 to about 800° C.
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particul ar, .the structure SUBSTI TUTE SHEET gR E 26)
eléctrode 2 to source/drain regions 12 an 14 that cause electrical charge from
25 source/drain regions 12 and 14 to propagate across channel region 18. Once the charge

encounters a sufficiently strong vertical field, the charge is either injected or tunnels from
channel region 18 into silicon nitride layer 30. For example, depending upon the particular
voltage levels applied to control-gate electrode 24 and to source/drain regions 12 and 14,
electrical charge 34 is transferred into silicon nitride layer 30 and is localized to regions in
30 proximity to either source/drain region 12, or source/drain region 14.
Those skilled in the art will recognize that the proper functioning of a two-bit
EEPROM device necessarily requires that electrical charge 34 remain isolated in the
regions of silicon nitride layer 30 to which it is initially introduced. The proper maintenance
of electrical charge 34 in localized regions of silicon nitride layer 30 is critical to the proper
35 performance of a two-bit EEPROM device. In particular, the quality of ONO structure 26
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step, and cool-down step. Preferably, the total residence time of substrate 16 in the
RTCVD apparatus is about 3 minutes. Preferably, the silicon nitride deposition step is
 completed in about 2 minutes. _
35 Alternatively, silicon nitride layer 30 can be formed by means of a

low-pressure-chemical-vapor-deposition (LPCVD) process. In the alternative method, the
5
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An important aspect of the invention includes the sequential formation of silicon
nitride layer 30 and second silicon oxide layer 32 in the absence of exposure of silicon
nitride layer 30 to ambient atmosphere. Following the deposition of silicon nitride layer 30
onto first silicon oxide layer 28, substrate 16 is transferred to an oxide deposition chamber
30 under vacuum conditions without exposing the substrate to ambient atmosphere.
Alternatively, a positive-pressure inert gas atmosphere can be introduced during wafer
transfer. The in-situ nitride and oxide deposition response can be carried out in a batch-
type LPCVD system.
Those skilled in the art will appreciate that various means exist for insuring that
35 silicon nitride layer 30 is not exposed to ambient atmosphere prior to the deposition of

second silicon oxide layer 32. For example, a cluster/tool apparatus can be used in which
6
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formng a silicon nitride layer (30) overlying the first silicon oxide

| ayer (Z%OI@rigbsdepom ti'ng a second | ayer of silicon oxi depd3gsoodeysl vi ng
the silicon nitride 10 layer (30) using a high tenperature oxide

depositi on process, wherein the high tenperature oxide deposition process
Is carri e€CladiMSat a tenperature of about 700 to about 8009 C. 2. The
process of claim1, wherein the step of depositing a second oxide | ayer
(32) conprises Iow1 ressure chem cal &GL deposi tion usin nltrous OXIde

~and a second gds Brocess fegft albf'%ﬁﬁgtﬂi‘g fpatinggats elagtrede

di chl Or05'E@mM%evEB§1®r&ﬁﬁ>$§nn9fthékﬁb§102 wherein the step of dep05|t| ng a |
second oxi de | ayer rises | ow pressure chem cal vapor deposition

usi ng about 0.5 to ﬁ%ﬂ@'"gaﬁeﬁm%ﬂt’?‘@ﬁ@b%%@%nd about 10 to about 50
sccm of the second gRsrmafly Pmn@éﬁﬁ%ﬁlcgﬁ oﬁhé‘ld],?e?-(ze)‘@%l?ﬁ%’éﬂéeseﬁls&d%tor

depositing a second oxi de” ["ayer 20 conpri'ses rapi ermal chem cal
vapor dep@ﬁpﬁtr‘%‘h 18 ng nitrous oxi de and dichlorosilane. 5. The process of

claim4, wherein thaosiifga@licei® Abkdd laper (@0)6@@91999% fliat km&{ohé@)ayw{ge;;i ses
rapid thermal chem cal vapor deposition using about 1 to about Sip

nitrous @RAde and about 25 to about 75 sccm dichlorosilane to forma

SI l'i con oxide | ayer dapuiifify éseéﬁHoq Yéﬁﬁ sfitorrBREE (32) (Rel ?'Ehelél J%ﬂgﬁth&@”s

6. A process for fabricating acked-gate structure ncl udi ng an
f|dz9u ng- layel 80 ugingadigh (ezmeratﬁr%ox%dﬁms'tEEMS@W ce (10) on a

sem conduct or subst fg{feih 4 htgh?é&hﬁ@aﬁ‘:ré bkigb dgbésdldr{c}x?roeééé% che@lo P4 and

a second bit-line oxide |aye 22) therein separate substrate surface
regi on (183MPRMrA et ahqura0t ‘-h@%?oo‘a@ ONO | ayer (26) is formed on the
substrate surface region (18) by first, 30 thermally growing a first

silicon oxide lpaymfe dréS8ssdh claltft 15Wh§Hrﬁﬂﬁ stel bfeposMag Arketdi oxidé %@F‘@JQ)

formng a silicon nitride |ayer (30) overlying the first silicon oxid

| ayer ( 28)comgﬁaes gwmggsusq]gaqmlpalsvaggégemgpaé@@g | itrous oxide and a second gas

11ﬂ511111%é[b&tba1ﬂoh1ﬂnbljzérédfi&dﬂslstth lok Lildrlel and dicHio®dsifaneV! T TTTT 11T 111
SUBSTI TUTE SHEET (RULE 26 WO 01/ 31695 PCTI USOO/ 28696 third, depositing a

second I aver oty Sl e Bt 2o b b oSG2 Defotd by bl
t grrper at umemﬂz@helodqnessu?e cierpicaloaper dépds&ibhlteﬁ\glcdﬂouﬁb gao lab&ﬂ@%lgh;ﬁ’t@ow
about 700 to abqut 80 osit ate el ectrode | ayer 4
over | yi ng f‘ﬁg a&%étbf’a&/g?m(%}“g‘iﬁ t&%\sﬁﬁg@ 99%cked-gate structure on the
substrate surface region (18),

4. The process of claim 1, wherein the step of depositing a second oxide layer (32)

20 comprises rapid thermal chemical vapor deposition using nitrous oxide and dichlorosilane.

5. The process of claim 4, wherein the step of depositing a second oxide layer (32)
comprises rapid thermal chemical vapor deposition using about 1 to about 3 sipm nitrous
oxide and about 25 to about 75 sccm dichlorosilane to form a silicon oxide layer having a
thickness of about 5 to about 15 angstroms.

25 6. A process for fabricating a stacked-gate structure including an ONO floating-
gate electrode (26) in a two-bit EEPROM device (10) on a semiconductor substrate (16)
having a first bit-line oxide layer (20) and a second bit-line oxide layer (22) therein
separated by a substrate surface region (18), characterized in that;

an ONO layer (26) is formed on the substrate surface region (18) by first,

30 thermally growing a first silicon oxide layer (28) on the substrate surface region (18),

second, forming a silicon nitride layer (30) overlying the first silicon oxide layer (28); and

—
—
——

i *
LT —— L




wherein the stacked-gate structure includes a control-gate el ectrode (24)

overlyi %@l}% floating-gate electrode (26). 7. The prtg,g?gfso@ ggeg @i m 6,

wherein of depositing a second oxide | ayer (32) conprises | ow

pr essur gnigd) %@b@sﬁt‘ing"@ﬁé&on@%&fé‘i iof SImfantSdi 30) bvelyigake diticemditriledaysr(80)gas
sel ect ed fromthe rougI con5| stin sil ane and dichlorosilane. 8. The

process usingd hightempeiakirep¥de Aep @B%‘Pce@épom ting a second oxide |ayer

(32) conprises raaméi'eahheé Aigh t&hﬁé\‘hﬁﬁé 0¥ BepeEPSHroteEs isisarigd but alaus oxi de
and di chl orosi | ane. t(fa %EﬁfFé\/lfabrlcatlng an O\IOroatlng gate
|

el ectrod@“PQ’@}ur?ﬁfﬁbQ%% devi ce (10) conprising the steps of:
prepvi ding a sem CoRppusiting a@ﬁ@éléﬁ?dﬂe(l%@l(%\dvaﬂyl td onmayaerr(fza)t;ana egion -

(18); thermally growi ng a |l i con oxi ayer ove surface
region (18); and founing gsiackeegate stiuciiEgAn ?? e@g{a %é?ﬁq '?)C@)’I ying the

silicon oxide |ayggnhdréiitthe ataakéu gé;te sfrldtleaRcladésie chrtytgafeddipctisien(gap
deposition process selected fromth e@% oup consi sting of RTCVD and LPCVD

wher ei n QvedYiBg pp QN fipatindaeate glpetrodes@P)-and the top silicon oxide layer (32)
are sequentially deposited in the absence exposure to anbi ent atnosphere;

and 25 wherein Tﬁ@p@e@s&dﬂdm a@mammb&tmﬂde@dsm aakcond exigelagen(3e) of
about 700 to about 8000- Bcess of rei ndt he RTCVD
pt@cess oHmRsiSeS oW ia'eﬁ?H‘%éh%'f'E’ﬁ' vaggag%cﬁ{s 'of‘r‘l’éf"@d'f"ﬁ‘a‘s o’?‘idrﬁg%?ﬁ?oé‘

step, a éé?é&l&dﬁérﬁ'ﬂwégmp@&ns’iamtof ildrienatidedictaordsitanec 0ol down st ep. Thl s '
Sheet Has Been Replaced AEEEEN IIIIII feeer et e rerr ettt *CLM
> g process of olaim B, Wheteln the § el_F|’E0 -I;’e(POS| %%%cond oxide layer (32)

compnses rapid thermal chemical vapor deposition using nitrous oxide and dichlorosilane.

9. A process for fabricétihg an ONO floating-gate electrode (26) in a two-bit
15 EEPROM device (10) comprising the steps of:
providing a semiconductor substrate (16) having a silicon surface region
(18); -
thermally growing a silicon oxide layer (28) overlying the surface region (18);
and '

20 ' depositing a silicon nitride layer (30) overlying the silicon oxide layer (28)
and a.top silicon oxide layer (32) using a deposition process selected from the group
consisting of RTCVD and LPCVD;

wherein the silicon nitride layer (30) and the top silicon oxide layer (32) are
sequentially deposited in the absence exposure to ambient atmosphere; and

25 wherein the deposition process is carried out at a temperature of about 700

to about 8002 C.

10. The process of claim 9, wherein the RTCVD process comprises a three step
sequence including a temperature ramp up step, a deposition step of about 1 minute, and a

cool down step.
R
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