v1 | “eMbsa® VOROVED DI ELECTRI CS FORMED ON A DEPCSI TED SEM CONDUCT @20 si2~4 oS
Background of the Invention Field of .the Invention’

The present invention relates to a techpique for nmaking a sem conductor 5
device that includes the formation ofT"ah Tnproved quality dielectric on a

deposi ted sem conductor | aye scrl pt] |
In the pr oduct TMRRQY W%EM %EQWE,% §N gﬁgﬂgghhgﬁe%]m@thTOR
material is often formed on a | ayer of deposited silicon. For exanple, as

shown in 10 Fig. f|r ca |tor plate may be forned by depositing a
first conductlhg_!fgﬁé‘ ﬂs' Bd polysilicon (103) on a substrate (101)

"~ havi ng a di el eField 6f tiryRvenioR) thereon The top surface of the fi rst

polysilicon |ayer is then OXId zed

(104). Then, the secon é’ﬁg‘%”fl &veﬁq%%q?és%&nﬁgﬁn@%aéﬂ@nq& %algé')seco
conduct i ve ISaydevigeltha) includes therfamationcof mntinipraveddopkity q:dbqtsmlqncaﬁcpoated gh
quality 15 ca 1b51£&ucgdr% (}tl’l c (104) is indicated by a high breakdown

vol tage and | ow current. In another device application, the
surface of a dPgss &t | ayer is oxidized to serve as the

thin "tunnel " oxide on Ih'?ﬁ‘e ﬁﬂoﬁﬁéﬁd?ﬁ)f%éﬁﬂbdﬁﬁuélﬂr 84a6&ds! 4 Tkt f a dielectric
material is often formed on a layer of deposited silicon. For example, as shown in
10 Fig. 1, a first capacitor plate may be formed by depositing a first conductive layer of
doped polysilicon (103) on a substrate (101) having a dielectric layer (102) thereon.
The top surface of the first polysilicon layer is then oxidized, to form the capacitor
dielectric (104). Then, the second capacitor plate is formed by depositing a second
conductive layer (105), which may be a metal or doped polysilicon. A high quality
15 capacitor dielectric (104) is indicated by a high breakdown voltage and low leakage
current. In another device application, the surface of a deposited polysilicon layer is
oxidized to serve as the thin "tunnel" oxide on the floating gate of an electrically
erasable programmable read only memory (EEPROM). In that case; the quality of
the dielectric is measured by the ability to allow electrons to tunnel from the floating
20 gate while erasing the memory, while preventing the loss of stored charge at other
" times. In still another device application, a field effect transistor may be formed in a
deposited silicon layer. The gate dielectric is then formed by oxidizing the top
surface of the deposited silicon layer. The quality of the gate dielectric is measured
_ in terms of low leakage current and low degree of charge trapping, while maintaining
W 25 a thin dielectric for good device characteristics. The quality of the dielectric depends
- on the substructure (state of stress, grain structure and defect state) of the top surface
of the polysilicon.
Still other device applications exist, and various criteria for a high
quality dielectric may be defined in each case. The deposited silicon layer, as noted
30 above, is typically polycrystalline silicon (polysilicon). However, the use of
deposited amorphous silicon is also known in the art. The dielectric formed may
include a silicon nitride layer in addition to, or in lieu of, the silicon dioxide layer.
The usual method of forming the dielectric layer is by heating in an ambient
comprising oxygen-(to form an oxide) or nitrogen (to form a nitride) or both (to form
35 an oxymtnde) Either a g,cy QE steam, amb@%nt,’at %ﬂ:osphenc or hyperatmosphenc
pressure, is freq Wus% for omde‘f@rmahoﬁ} Thie heatmg step may be
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The heati ng st ¢ypically byereacting it with an atmosphere comprising oxygen or nitrogen. The
~ multi-layered semiconductor is typically polycrystalline as deposited, but may
15 include one or more amorphous sub-layers. The properties of the resulting dielectric
may be chosen for a particular device application by the appropriate choice of
layering sequences for the deposited semiconductor.
Brief Description of the Drawings
Fig. 1 shows a prior art capacitor formed with a deposited semiconductor layer.
20 Fig. 2 shows one example of a periodic change in polysilicon deposition rate as a
function of time.
Fig. 3 shows deposited semiconductor sub-layers and a dielectric layer thereon.
Fig. 4 shows the change in polysilicon deposition rate for Example 1.
Detailed Description
25 The following detailed descnpnon relates to an improved method of
N\, forming a dielectric on a deposited semiconductor layer, which in the illustrative
case is silicon. In the present invention, the process conditions used to deposit the
silicon layer are varied so that sub-layering of the silicon layer occurs.
Referring to Fig. 2, the rate of depositing the polysilicon layer is varied
30 as a function of time. In the illustrative case, two periodic cycles are shown,
producing four sub-layers of deposited polysilicon. However, the number of cycles,
.and hence number of sub-layers, may be any desired number. The deposition
sequence typically begins with a low deposition rate (ﬁL), followed by a high
deposition rate (15 m), which comprises the first cycle. The sequence may continue
35 with additional cycles. Although the low deposition rate portion of each cycle are
shown as the same in Fig. 2, these values may 1n fact change from cycle to cycle.
Smﬂarly, the high depositlon*rate poruon may change from cycle to cycle.
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-2- acconplished in a convection oven over a period of an hour or

nmore. However, nore recently, the use of rapid thernmal oxidation (RTO
‘has been investigated, so that the dielectric is forned in a few
m nutes, or even a few seconds. For exagple, see the description in U

S. Patent 4,814,291, co-assigned with the present invention. 5 Althou h
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15 stress accommodation within the polysilicon layer, allowing for improved dielectric
formation. Other beneficial effects may accrue, including reduced channelling of an
ion-implanted species through the polysilicon layer. For attaining the maximum
benefits in terms of stress accommodation, and hence oxide quality formed on the
deposited polysilicon, the number of sub-layers is desirably maximized. We

20 recommend the use of at least four sub-layers.

As an additional step, a dielectric layer is formed on the deposited
polysilicon layer. This may be accomplished by heating in a reactive atmosphere,
which may be at standard atmospheric pressure, or alternatively at an elevated
pressure for a faster reaction. The reaction may also be accelerated by rapid heating

. 25 techniques known in the art. The reaction may also be assisted by a plasma,

— typically at sub-atmospheric pressure. To produce a dielectric that includes native
semiconductor material, the reactive atmosphere typically includes oxygen if an
oxide dielectric is desired, or nitrogen to form a nitride, for example. Alternatively,
the dielectric layer may be formed by deposition techniques, as by decomposing a

30 gas precursor. For example, tetraethylorthosilane (TEOS) or silane (SiH4) may be
used to deposit silicon dioxide, according to principles known in the art. In fact, it is
possible to form an improved dielectric that includes both native and deposited
semiconductor material formed in a "grow/deposit/grow" sequence; see, for
example, U. S. patent 4,851,370 co-assigned herewith.

35 The resulting structure is shown diagrammatically in Fig. 3, wherein the
first through fourth polysilicon sub-layers (31 ... 34) are shown as deposited on the
dielectric layer 30. The dielectric layer 35 is shown on top. Note that the interfaces
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felates to an inproved nmethod of formng a dielectric on a deposited
sem conductor layer, which in the illustrative case is silicon. In the
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10 formation of a dielectric (e.g., a gate oxide) on the silicon substrate, which is
typically single-crystal silicon. This simultaneous dielectric formation is known in
the art for use in the production of EEPROMS, for example. In that case, a dielectric
is formed on the top surface of the polysilicon floating gate simultaneously with the
formation of a gate dielectric on the silicon substrate for an adjacent MOS device.
15 Still other examples of simultaneous dielectric formation on differing materials are
_known in the art. However, the simultaneous formation limits the flexibility of
optimizing the process for the two different materials. For example, the time and
temperature that is suitable for forming a gate oxide of a desired thickness on a
silicon substrate may not yield the desired thickness or properties of the oxide
20 formed on an adjacent polysilicon layer. The present technique thus allows for
inﬂuéncing the quality (e.g., thickness, breakdown voltage, conformality, tunneling
characteristics, etc.) of the oxide grown on the deposited material independently of
‘the characteristics of the oxide formed simultaneously on the other material.
The above process will be more fully illustrated by means of the

25 following Examples.

EXAMPLE 1
Polysilicon was deposited by the low pressure chemical vapor

deposition (LPCVD) technique onto a silicon dioxide gate dielectric layer on a

silicon substrate. The deposition was accomplished by pyrolysis of silane (SiH4).
30 During portions of the deposition, the polysilicon was doped

in situ by adding PH 3 gas diluted by nitrogen carrier gas to the silane atmosphere.

The temperature of deposition, reactor pressure, and gas flow rate were adjusted to

modulate the deposition process, as shown in Fig. 4. The first two layers (31, 32)

were deposited at the temperatures indicated, at a pressure of 280 mTorr. However,
35 the major change in the deposition rate was produced by a reduction in the silane

flow rate from 165 standard cubic centimeters per minute (sccm) for layer 31 to 65
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't an formed by oxidation in dry O at 900 C for 80 minutes. This produced an oxide
layer 42 nanometers (420 angstroms) thick on the top-doped sample, and 58.5
20 nanometers (585 angstroms) thick on the control sample. Although the top
polysilicon surfaces of both the top-doped and control samples were formed under
jdentical deposition conditions, there is a difference in the total doping concentration
of the polysilicon. This net difference in doping levels is reflected in the thickness of
oxide growh on the polysilicon. The ratio of oxide growth rates of the top-doped to
. 25 control samples was 0.72. The breakdown fields of the two samples were also
~/ determined, by depositing an additional doped polysilicon layer onto the top oxide
layer, and applying an electric field thereacross, according to techniques known in
the art. On a test vehicle consisting of two overlapping polysilicon layers, the
breakdown field of the control sample was 4.1 MV/cm, whereas for the top-doped
30 sample it was 5.0 MV/cm. Hence, a significant increase in breakdown field was
obtained with the inventive technique. Although thinner oxides are known to break
down at increased electric fields, the data suggests additional improvement with the
top-doped multilayered structure.

EXAMPLE 2



‘oxide dielectric is desired, or nitrogen to forma nitride, for exanple.

;Alter.natively, the dielectric layer may be fornmed by deposition
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. samples were also determined, as in Example 1. The breakdown field of the control
sample was 4.1 MV/CM (as above), whereas for the bottom-doped sample it was 5.6
MV/cm. Hence a significant increase in breakdown field was obtained with the

15 inventive technique.
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Fowler-Nordheim Tunneling

Although the highest quality dielectric is often the goal there are applications which
require a thin oxide with a well-controlled conductivity. Certain EEPROM designs
rely on a properly textured polysilicon surface to promote geometrically enhanced

20 Fowler-Nordheim tunneling to transfer charge from a dielectrically isolated floating
gate. Here the irregular surface of an asperity, grain boundary or defined edge of the
polysilicon floating gate can be accentuated during oxidation forming an emitting

. cathode. This effect arises from a differential growth rate of oxide due to surface
— curvature (concave and convex geometries) due to grain size and distribution,

25 crystalline orientation of the individual grains and dopant species, concentration and
distribution. In order to meet specific device requirements, the shape of and
distribution of these emitting surfaces and their oxidation must be controlled. The
goal of the polysilicon deposition and subsequent oxidations and heat treatments is
to achieve a density of appropriately shaped cathodes and dielectric capable of

30 achieving the necessary device performance. Measured electrical parameters include
tunneling voltages, trap-up rates and charge to breakdown (QBD) in addition to
breakdown voltages. These measurements are performed by stressing the dielectric
with a constant injected current. The voltage developed across the dielectric after 10
seconds defines the tunneling voltage while the trap-up rate is defined as the change

35 in voltage across the dielectric per decade of time over the same 10 second interval.
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carrier gas to irEvetelti%é te%ﬂgiq%é wgﬁlptngsreemade by the conventional technique (and with
single-crystal silicon), X-ray diffraction studies were conducted. The peak profiles
of the Si (220) and Si (311) lines were determined. The inventive layered
polysilicon films produced about a two-fold reduction in polysilicon crystallites
20 strained in a direction of (110) crystal planes and a 30 percent reduction of the grain
dimension. This implies that the inventive structure contained more isotropically-
shaped crystal grains than the conventional layer. It was also found that the
inventive structures had diffraction peaks that were intermediate between those for
conventional polysilicon and single crystal silicon. Hence, the stress in the inventive
o 25 structures was significantly less than that of conventional polysilicon. The stress
N~ accommodation provided by the present layering technique reduces localized stress-
relief (weak spot) areas on the dielectric layer that is subsequently formed.
Furthermore, the stress accommodation tends to produce a structurally improved
polysilicon/dielectric interface. This has other structure and stress-related beneficial
30 effects for many types of dielectric layers formed according to the inventive
technique.

- Although the deposited silicon of the present invention has been
described above as "polysilicon”, some or all of the sub-layers may be deposited in
the form of amorphous silicon. The use of amorphous silicon has the otherwise

35 known advantage of producing a relatively smooth surface, as compared to
polysilicon. However, heating steps that are part of the normal IC production
sequence subsequent to the deposition step will cause the nucleation and growth of
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reduced the (depahié td &éboERQﬁgé@%rair@H %ly%ﬁic%ﬁ wWillOevet Prain bouniddries'for @¥en

t hough the flow rate of the) Sb ﬁg’e was |ncreq§setg tQ.240 scc‘rxngL&r that 5

| ayer. The rle!e&ewsers%wmow r RiYersods ¢amparedter the yydally-deposiig (I8WeRi ned by
an increase sub-layefs, if 6rder @\obtainca Sthodther 1Bp Saifave T6r infpraPedsdielecuRven t hough
the silane flow rate d Eﬁeegﬁoofégm. The de 03|t|f)n rate was

vari ed from!STRaipDy d%%isdqxlog'%rig q?lgﬁ 1 silicon erainssensrally festrases; o o
hi gh rate ofat werniepedidos tepferatogs mdtr)deposited silicon be¢omdésumarphotssd  of 4
of "about 200 RONBAEReEt RS eI akdn8 s7G e el ghile. P7 VS T G S e
is referi@d to as thAlso, whilddhestmiconductori@gesilicon) was in-situ doped in the
test samples of the above Examples, similar trends have been observed with
ex-situ phosphorus-doped samples. Such doping may be accomplished using ion-
implantation or gas phase diffusion using PBr3, among other techniques known in
L the art. Furthermore, while the above illustrative embodiment has been given in
15 terms of silicon as the semiconductor material and silicon dioxide as the dielectric,
' other materials are possible. For example, silicon nitride or silicon oxynitride may
be used as the dielectric in various silicon processes. In other examples, germanium
or ITI-V materials may be used as the semiconductor, and germanium oxide or III-V
oxides (e.g., gallium oxide or indium oxide) may serve as the dielectrics. The
20 above-noted advantages are expected to occur in these cases also, although the
magnitudes will likely differ from the illustrative cases shown above.




<As a‘control, a meSi licon @yer was deposited at a constant rate of 5

’gg?giﬁﬁt :Lsegﬁg\lmiﬂ “Mﬁﬂl‘!& m nute with 0.75 wei ght percent ohnmorus to

nanonet ers). The cantT,l (1] d under
15 identical conditrons to the final @/cl e (34) fﬂilﬁes_’;@%é@ed_ se*rrpl e so
l

that the top surface on which thé o €lectric |pyer [-Hed—t+s—t he
sane. On both the top-doped and control sanples, a top

Claims:
oxi de layer (35) was for xi datiqn i r : 80
m nutes. This producedlaf ‘Bﬁﬁ[ﬁgg op%aﬁ}"&feﬁmﬂﬁoqﬁﬁ%ﬁé?‘%g%rhgﬁglgg%&ér{e(}?rﬁs(gf
thick on the t gepebitira semiobrductordayes ffonPa depmsitinn&gasrmd(fbaﬂi%%ﬂlﬁém 35)
thick on the caontyol_ sanple. Al tho pol ysilicon surfaces of
both the top-dSB %FFR?%@%‘PF%F%&%%?@?Q&@?‘E&&OIF &4 under i denti cal
deposi ti on condlHARNGTERIGER IN BHATf $aid stepof depaskingasemicendvctos layer (31,
concentr at .on f Ll ol 0 ks | o evel s
CoMT el ot B A2 330 MacRBinp R Y Varile e &r%ﬁﬁhgﬁ?étﬁgfg’&@si don, 2 ©
rati o of oxi de wheosinsaidaargingis achemplished hy<hanging st leass ong of Bselgeted
0.72. The br ealfggﬂ"t[}xef%rs#ﬂéo&isﬁhg%ﬂmﬁﬁﬁ 8% BT WA of the depesitomgased, by
I't1 oha

depositing an a doped polysilicon |ayer onto the top oxide
| ayer, and applying an electric field thereacross, according to techni ques

knf)vvn_:_n | the arth@mehmb od/ﬁﬂtilﬁhemm Id. %bxhpﬁsiﬁgtl’iemepmnb' hadjrigay it
pol ysilicon | ayers, .the . bre wn fie of .the.contr e was 4.
M/ cm  whdPeas 9408 tt‘ﬂémfiéﬁméﬁ?ﬂ«gﬁcakggl%y%raﬂhﬂ"g sia'ldf %é?gs%gg’nal{’ﬂ?‘}caﬁﬁ gg@#\ece, a
si gni ficant i neofeaeration bf szift dopant in &t léastase sub-layehasaionpared torat igast one

i nventive technjgue. ough thinner oxides are known to break down
at—i ncreased elogbaqr%}l%'ﬂﬁegl ds, the data suggests additional inprovenment with
t he t op-doped nultil ayered structure.
EXAWPLE 2 3. The method of claim 1 wherein said semiconductor is silicon.

15

' 4. The method of claim 3 wherein said dielectric (35) is silicon dioxide.
5. The method of claim 1 wherein said forming is accomplished
simultaneously with forming an oxide on single crystal silicon.
20

6. The method o-f-claim 5 wherein the oxide formed on single crystal
silicon is a gate oxide.

7. The method of claim 1 wherein the top sub-layer (34) is less heavily
25 doped than the underlying sub-layers.

8. The method of claim 1 wherein the bottom sub-layer (31) is less
heavily doped than the overlying sub-layers.

30 9, The method of claim 1 further comprising the step of varying the
temperature of the semiconductor during said deposition.

10. The method of claim 1 wherein at least 4 sub-layers (31, 32, 33, 34)
are deposited. '

35 -
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e sanme deposition and oxidation procedures.for test

_and c mm || lllﬂ !‘B'IJE were followed as in Exanpl e THISeXtkEpt HAQBEENHe

| ayer their order of depositipn. Tipep) At test |sanple
had a doping of the bottomlayer (31 40 - Fig. 3)Let——0—F—met+ght—percent
phosphorus, and the next layer (32) had a doping of 0.5 5 weight percent

ph]?spho(rj us. The gpper IMDAIrmthm(ko(rﬁa]nngd)semwductdndmdce qumprising ﬂleatqnse)fl s
referred to as ot.to

control sanpl eSeP%“l‘l%rpE %ﬁ?@@ayﬁj th Qﬁglﬂg&& or mad‘9 ﬁ&&ﬁ@&f@ﬂﬁ% t1gnas,
produced aand forong a dielechic (38 onﬁhmoﬁahmr&ng of saidrsilicon ﬂa}'ﬁr,o n the
bottom doped sanpl e, W sanpl e
while grow ng 25.5 nanoneqrgérlgnéggg 0 %ﬁg‘g\trorgg éﬁ?c&ﬁﬂﬁ?érqgo ed single

crystal siliToaccomplished bywarying the d¢msnt6>rbwateo<9t the silicon dvmln s wmg is
bot t om doped-t ﬁc&ﬁgﬁlfsﬁéd Ehzgrgﬁ% at 18t Gﬁ@éﬁﬁ@‘ﬁﬁttéﬂs @él@éteﬂ’froh’ﬂﬁlet dp o

sanples were a t he

ter , as In reakdownflﬁlp
control s afpasistingo 4P¥“WTE§§P( %g@é?n-cm%tﬁn&s?é apd foprsateie d

sanple it was %e@ﬂwon—éﬂﬂtzﬁﬁin%h’@dwﬁlt@aﬁ ivgierdbycsabtlayeis (31332, 33) 34) efsaidwn
field was obtai ned with the I nventive technique.

Fowl er - Nor dhei SFPHERAGYGtRfAre form

10 and further comprising the step of including a dopant in said silicon
layer during said depositing, and varying the concentration of said dopant in at least
one sub-layer as compared to at least one other sub-layer.

12, The me‘thod of claim 11 wherein said dielectric is silicon dioxide.

13. The method of claim 11 wherein said dopant is phosphorus.

-
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*Al't hbugh the highest quality d| electric is often the goal there are
applications which require a thin oxide with I 6O
) QHE‘;?& A e%ﬁi}f

conductivity. Certain EEPROM desi gns rely on pd
pol ysilicon surface to pronote geonetri )ZI |y enh [ - Nordheim
tunneling to transfer charge froma drefectfrically isolated floating

gate. Here theApstragtbftheDisélosireof an asperity, grain boundary or defined
edge of the polysiTicon floatin at A e i

oxi dation form ng an er#tchﬂélh%“a?ﬁy d@%l‘;ﬂ'bcd@y&allﬁﬁg%@?@g{g@?{%ﬂs‘gg%?b%q%med
differential gopathultislagerafepositedesenticondoctoristiwatare (31, 32B83.34)s piceBycave and

Corvee 220 el T e P

orientation of PP ai'ns "ar ecles, _concenfrationh and
distributiors Isilicondepositionmats sosaseoiobtain adaw saessalgnsitedsilicon sBEuEs Fhe of

and di stri gy ke&sgﬁllowggéﬁgfgggﬁt@dszgtf&efe%&&sto%cfpﬁm 6n @eietpbécdopust be

controlled. The a _the” I I"L.con deposition and_ subsequen

oxi dati ons and swfage. tQnezanpligation i§ for thin Glm, raRsisar &at%leﬁ’éiﬁ-yoa\er &Bﬁf‘%@%t ely
shaped cat hode%aﬁuédfﬂagbﬁfdr diclectARANAGhe fundll 0186 bR tiebating garcf EEPROM:S.
devi ce performance. Measured el ectrical paranmeters include tunnel i ng
vol tages, trap-up rates and charge to breakdown ((BD) in addition to
breakdown vol tages. These neasurenents are perforned by stressing the
dielectric with a constant injected current. The voltage devel oped
across the dielectric after 10 seconds defines the tunneling voltage
while the trap-up rate is defined as the change 35 in voltage across the

d@l ectric per decade of tinme over the same 10 second interval.
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7o The injected current density is then increased by a factor of 100
and the total charge injected through the dielectric to initiate
breakdown i s cal cul at ed. The tunneling voltage for the
t op-doped structure (Exanple 1) was 12.3/2 V and 15.7 V for the control
and the trap-up rate was 1. 06 V/ decade he top- 5 doped structure and
1.71 for the control. For these tests-'a |lower value is desirable and
thus a clear advantage is obtained with the top-doped | ayered structure.
Char ge-t o- breakdown neasurenents for the control were 0.14 Coul onbs/cnjerr]
and 0.79 Coul onbs/cnferr] for the top-doped structure. A lower trap-up
rate and hi gher BD are indicative of greater endurance for EEPROVs.
For the bottom doped 10 sanple, (Exanple 2), the tunneling voltage was
12.3 V, and the p rage was 0.91 V/ decade (with the sanme control
- as before). Ewbre down neasurenents for the control were 0.14
Coul onbs/crr[ err Pﬁ?f@§4 | ombs/cnm{err] for the top-doped
structure. ped sanple, the bottom doped sanple
denonstr at ed superior properties relating to EEPROM endurance
characterization. 15 To conpare the stress characteristics of
polysilicon | ayers nade by the i nventive technique with those nade by
t he conventional technique (and SI nI e-crystal silicon), X-ray
diffraction studies were conf Ia il es of the Si (220)
and Si (311) lines were dete | ayered pol ysilicon
films produced about atwof \r . silicon crystallites 20

iheyrarn” P2 Mja ¥ /7 m/; e
.//// ////// /////K/////// A0
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‘shapéd crystal grains than the
t he
bet ween those for convent i
Hence, the stress in the invent
than that of conventional
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relief (weak
f or med. her
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snmoot h surface,
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€,

pol ysi licon.
| ayeri ng techni que reduces | ocalized stress-
-§pot) areas on the dielectric layer that

pol ysilicon/dielectric interface.
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as conpared to],

cause t he

It was al so found that

conventional- | ayer.

I nventive structures had diffraction peaks that were internedi ate

onal polysilicon and single crystal silicon.
ive 25 tures was significantly |ess
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silicon grains, thereby converting the anorphous silicon into pol ysi#ﬁ"i‘&n’?’w
Alternately or additionally, sone-of the deposited |ayers may be

pol ysili.con that has different silicon grain sizes as conpared to

ot her layers. For exanple, it my be _desirable to deposit

| arger-grained polysilicon wth fewer grain boundaries for the 5

| at er - deposi ted (upper) sub- layers, as conpared to the initially-deposited

(1 ower) sub-layers, in order to obtain a snoother top surface for

i nproved dielectric formation. As is known in the art, ‘the size of the
silicon grains generally decreases at | ower deposition tenperature,
and 't he deposited silicon becones anorphpus a deposition tenperatures
bel ow about 570 degrees Centigrade. 10 Al so, while the

sem conductor (e.q., silicon% was in-situ doped in the test sanpl es of
t he above ExanpiMPEOYED BIELECTREGSHAGRMED, BN e BEPASIIED SEMIGANDHCTOR  ex-si tu

phosphor us- doped sanpl es. Such doping may be acconplished using ion-

i npl-ant ati on orAbstsagtiof tite Disclosar®n usi ng PBr3, anong ot her techni ques
known in the art. Kur.thernor i.le th bove jllustrative enmbodi rent
has been given in 15 teﬁkggﬂuﬁtwﬁéfd%ﬁﬁyﬁ&&é@M%ﬁﬁf&mﬁsm ﬁ’é)txé‘fq’ mn}agﬁg&re
silicon di oxi deonssmultilayerdepositédsemiconductonstructates(3il a32 33; 84)) oypicdilye. For
exanple, silic it 1] | 1 Xy tride J & the

el ectric i odondf aflogmnos SHiboR: ¥l Ml ycturs B3RS b T e

or |11-V mat &r isdicondeposion tasel saas torabtain ailowrstrass deppsiteddsilicomstnicture.oThele or
L1l -v oxi dg& whot | G810 Bz dogts N t he
dielectrics. The ZS(gI%a Ve n.o% %%&ég@a glseu%&eax%e(fg&g%d %%ﬁ%@p&@?hese
cases al so, al tSHEfagh @neapplicatienisiforithis iiln mansister g3te @xidesr Othesapplications
'11ustrative can@aded\@ici Welectrics and the tunnel oxide on the floating gate of EEPROMs.
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-9 -. CLAI M5: 1. A nethod-of nmaking a seniconduct Of qasvi-geme
conpri.-sing the steps of depositing a sem conductor |ayer froma deposition
gas, including a conductivity-enhancing dopant in said sem conductor

| ayer, p contact to said sem conductor | ayer, and
fo)r/m ng - a”m“”mnllﬁml ”me exposed surface of sai d Wsl”gglayer
‘Characterized it tMat Sthe sai'd step of <d@positing a sem (ofo) 0 yer is
acconpl i shed by varying the deposition rate of the sem conductor, wherein
said varying is acconplished by changing at | east one of the factors

sel ected fromthe group consisting of partial pressure and flow rate of the
deposi tion ¢axIMswhereby at |east four sub-layers of said sem conductor

| ayer are forned. 2. The nethod of claim1 further conprising the
step of varying the concentration of said dopant in at |east one sub-Iayer

as conpared to ay |LaztnRi'6r MRy £sbtnicddilctor device comprising the steps of
depositing a semiconductor layer from a deposition gas, including a
conductivity-enhancing dopant in said semiconductor layer, providing electrical
contact to said semiconductor layer, and forming a dielectric on the exposed
surface of said semiconductor layer,

Characterized in that the said step of depositing a semiconducbor
layer is accomplished by varying the deposition rate of the semiconductor,
wherein said varying is accomplished by changing at least one of the factors
selected from the group consisting of: partial pressure and flow rate of the
deposition gas, whereby at least four sub-layers of said semiconductor layer are
formed.

2. The method of claim 1 further comprising the step of varying the
concentration of said dopant in at least one sub-layer as compared to at least one
other sub-layer. .

- 3. The method of claim 1 wherein said semiconductor is silicon.

4. The method of claim 3 wherein said dielectric is silicon dioxide.

5. The method of claim 1 wherein said forming a dielectric on the
deposited semiconductor layer is accomplished simultaneously with forming a
dielectricon a single-crystal substrate underlying the deposited semiconductor
layer.

6. The method of claim 5 wherein the dielectxic formed on the single
crystal substrate is a gate dielectric.

7. The method of claim 1 wherein the sub-layer that is last deposited is
less heavily doped than the sub-layer that is first deposited.

8. The method of claim 1 wherein the sub-layer that is first deposited is =~
less heavily doped than the sub-layer that is last deposited.

9. The method of claim 1 further comprising the step of varying the
temperature of the semiconductor during deposition.

—
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3. The nethod 'of claim 1l wherein ' said sem conductor is silicon. 4.
The nethod of claim 3 wherein said-“diel éctric is silicon dioxide. 5.
The. net hod of claim 1 wherein said formng a dielectric on the deposited
sem conductor |ayer is acconplished sinmultaneously with formng a

dielectric on a single-cystal substrate underlying the SJ :
sem conduct or | ayer. - 6. The nethod of claim5 mﬁ@f@-‘ﬁ@fmm&&ﬁm c

formed on the single crystal substrate is a gate dielectric 7. The
met hod of claim 1l wherein the sub-layer that is |ast deposited is |ess
heavily doped than the sub-layer that is first deposited. 8. The
met hod of claim1 wherein the sub-layec ighat is first deposited is |ess
heavi |y doped than the sub-layer that is |ast deposited. 9. The

met hod of claim1 further conprising the step of varying the tenperature of
t he sem conductIMPRQYED i IFLEETRIESt FGRMED ON A DEPOSITED SEMICONDUCTOR

Abstract of the Disclosure
A high quality dielectric layer (35), typically silicon dioxide, is formed

on a multi-layer deposited semiconductor structure (31, 32, 33, 34), typically

polysilicon or amorphous silicon. The multi-layer structure is formed by varying the
5 silicon deposition rate so as to obtain a low stress deposited silicon structure. The

low stress allows for a higher quality dielectric to be formed on the exposed top

surface. One application is for thin film transistor gate oxides. Other applications

included capacitor dielectrics and the tunnel oxide on the floating gate of EEPROMs.

FIGURE 3
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