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Figure 3

trench isolation regions on a substrate, wherein the tops of the shallow
trench isolation regions extend above the substrate by a given amount. A
portion of the substrate is oxidized to form a tunneling dielectric region. A
first set of one or more nitride layers are deposited on the tunneling dielec-
tric region and shallow trench isolation regions, wherein a thickness of the
first set of nitride layers is approximately half of the given amount that the
tops of the shallow trench isolation regions extend above the substrate. A
portion of the first set of nitride layers is etched back to the tops of the
trench isolation regions. A second set of one or more nitride layers is depos-
ited on the etched back first set of nitride layers. The second set of nitride
layers is oxidized to form a charge trapping region on the tunneling dielec -
tric region and a blocking dielectric region on the charge trapping region. A
gate region is then deposited on the blocking dielectric region.
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PROCESS MARGIN ENGINEERING IN CHARGE TRAPPING FIELD EFFECT
TRANSISTORS

BACKGROUND OF THE INVENTION

Data storage devices are an important part of numcrous electronic devices such as
computers, smart phones, digital content players (e.g., MP3 players), game consoles, control
systems, and the likc. Many clectronic devices include non-volatile solid statc memory
devicces, such as flash memory. One common type of flash memory device is-the charge
trapping (CT) NAND integrated circuit (IC). Figure 1 shows an exemplary CT-NAND based
flash memory IC. The flash memory IC 100 includes a CT-NAND memory cell array 110,
control circuits 120, column decoders 130, row decoders 140, input/output (1/0) buffers 150,
and the like fabricated on a monolithic scmiconductor substrate, The control circuits 120,
column decoders 130, row decoders 140, 1/0 buffers 150, and the like operate to rcad and write
data 160 at an address 170, 175 in the memory cell array 110 in accordance with various
control signals 180 received by, internal to, and/or output from the flash memory I1C 100. The
circuits of the flash memory IC 100 is well known in the art and therefore those aspects of the
flash memory IC 100 not particular to cmbodiments of the present technology will not be

discussed further.

Referring now to Figure 2, an exemplary memory cell array is shown. The CT-NAND
mcmofy cell array 110 includes a plurality of CT ficld effect transistors (FET) 210, a plurality
of drain sclect gates 220, a plurality of sourcc sclect gates 230, a plurality of bit lincs 240, 2
plurality of word lincs 250, a plurality of drain sclcct signal lincs 260, and a plurality of source
sclect signal lines 270. Each column of the array 110 includes a drain selcet gate 220, a
plurality of CT-FETs 210, and a sourcc sclect gate 230 scrially connccted source to drain
between a corresponding bit line 240 and a ground potential 280. The gates of cach of a
plurality of CT-FETSs 210 in cach row of thc array 110 are coupled to a corrcsponding word line
250. The gate of cach drain sclect gate 220 is connccted to a corresponding drain sclcct signal
linc 260. The gatc of cach sourcc sclect gate 230 is connccted to a corresponding drain sclect
signal line 270. In one implementation, the CT-FETs may be silicon-oxide-nitride-oxide-
silicon (SONOS) FETs or the like. The CT-NAND memory cell array 110 is well known in the
art and therefore those aspects of the CT-NAND memory ccll array 110 not particular to

cmbodiments of the present technology will not be discussed further.
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During fabrication of a CT-NAND mcmory ccll array 110 there arc variances in
various processes. For cxample, the thickness of a deposited layer may vary from onc wafer to
anothcr and from one region to another on a given wafer. Similarly, the amount of matcrial
recmoved by an ctching process may vary from onc wafer to another and from onc region to
another on a given wafer. Accordingly, there is a continued need for improved fabrication

tcchniques that can compensate for process variances in onc or more fabrication processes.

SUMMARY OF THE INVENTION

The present technology may best be understood by referring to the following
description and accompanying drawings that are uscd to illustratc embodiments of the present
technology dirccted toward process margin cngincering for fabrication of charge trapping ficld

cffect transistors.

Inonc émbodimcnt, a fabrication method includes forming a plurality of shallow
trench isolation regions on a substrate. A tunncling diclectric region is also formed on a
substrate. A first nitride laycr is formed on the tunneling dicleetric region and shallow trench
isolation rcgions. A portion of the first nitridc laycr is etched back to the tops of the trench
isolation rcgions. A second nitride layer is formed on the etched back first nitride layer.
Portions of the first and second nitride layers are oxidized to form a charge trapping region on

the tunneling diclectric region and a blocking diclectric region on the charge trapping region.

‘A gate region is then formed on the blocking diclectric region.

In another embodiment, a fabrication method includes forming a plurality of shallow
trench isolation regions on a substrate, wherein the tops of the shallow trench isolation regions
extend above the substrate by a given amount. A tunneling diclectric région is formedona
substrate. A nitride layer is formed on the tunneling diclectric region and shallow trench
isolation regions, whcfcin a thickness of the nitride layer is approximately half of a given
amount that the tops of the shallow trench isolation regions extend above the substrate. A
portion of the nitride laycr is ctched back to the tops of the trench isolation regions to form a
charge trapping region between the trenches. A blocking dielectric region is formed on the

charge trapping region, and a gate region is formed on the blocking diclectric region.

BRIEF DESCRIPTION OF THE DRAWINGS
. Embodiments of the present technology are illustrated by way of example and not by
way of limitation, in the figures of the accompanying drawings and in which like reference

numerals rcfer to similar clements and in which:
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Figurc | shows a block diagram of an cxcmplary CT-NAND based flash memory IC

according to the conventional art.

Figure 2 shows a block diagram of an exemplary memory ccll array according to the

conventional art.

Figure 3 shows a block diagram of a memory cell array structure, in accordance with

one cmbodiment of the present technology.

Figurcs 4A and 4B show a flow diagram of a method of fabricating a charge trapping

ficld cffect transistor, in accordance with onc cmbodiment of the present technology.

Figures SA-51 show block diagrams illustrating fabrication of a charge trapping ficld

cffect transistor, in accordance with onc cmbodiment of the present rechnology.

Figurcs 6A and 6B show block diagrams illustrating the difference in process
fabrication margins for a thin nitride layer and a thick nitride laycr used for a charge trapping

region, in accordance with onc embodiment of the present technology.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the embodiments of the present technology,
cxamples of which are illustrated in the accompanying drawings. While the present technology
will be described in conjunction with these embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and cquivalents, which may be included within the
scope of the invention as defined by the appended claims. Furthermore, in the following
dctailed description of the present technology, numcrous specific details are set forth in order to
provide a thorough understanding of the present technology. However, it is understood that the
present technology may be practiced without these specific details. In other instances, well-
known mcthads, procedures, components, and circuits have not been described in detail as not

to unncccessarily obscure aspects of the present technology.

In this application, the use of the disjunctive is intended to include the conjunctive.

The use of definite or indefinite articles is not intended to indicate cardinality. In particular, a

YRl

reference to “the™ object or “a 6bjcct is intended to denote also one of a possible plurality of

such objects.
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Referring to Figure 3, a memory ccll array structure, in accordance with onc
embodiment of the present technology, is shown. In onc implementation, the memory ccll
array may be a CT-NAND memory cell array 110. However, it is appreciated that
embodiments of the present technology may be applied to any CT-FET device. Inone
implemcentation, cach column of CT-FETs may bc scparated by a shallow trench isolation (STI)
region 305. Each CT-FET may include a drain region 310, a source region 315, a channcl
region 326. a tunneling dielcctric region 325 (also commonly referred to as a bottom diclectric
region), a charge trapping region 330, a blocking diclectric region 335 (also commonly referred
1o as a top diclcctric region), and a gate region 340. The source and drain regions 310, 315 may
be scmiconductor regions of the substrate 345 having a heavy doping concentration of a first
type of impurity. In onc implementation, the source and drain regions 310, 315 may be silicon
heavily doped with phosphorous or arsenic. The channel region 320 may be a semiconductor
region of the substrate 345 having moderate doping concentration of a second type of impurity,
disposed laterally between the source and drain regions 310, 315. In onc implementation, the
channel region 320 may be silicon modcrately doped with boron. The tunncling diclectric
region 325 may be a diclectric layer disposed over the channel region 320 and adjacent portions
of the source and drain regions 310, 315. In onc implementation, the tunncling diclectric
region 325 may be silicon oxide, oxynitride, silicon oxynitride, or the like layer. The charge
trapping region 330 may be a dielectric, scmiconductor or the like layer disposed between the
tﬁnncling diclectric region 325 and the blocking diclectric region 335. In onc implementation,
the chargé trapping region 330 may be a nitride, silicon-rich-nitride, or the like layer. The
blocking diclectric region 335 may be a diclectric layer disposed between the charge trapping
region 330 and the gatc region 340. In one implementation, the blocking diclectric region 335
may be a silicon oxide, oxynitride, silicon oxynitride, or the like layer. The gate region 340
m-ay be a scmiconductor or a conductor layer disposcd on the blocking diclectric region 335
opposite the charge trapping region 330. In onc implementation, the gate region 340 may be a

polysilicon layer having a heavy doping concentration of the first type of impurity.

Referring now to Figures 4A-4B, a mcthod of fabricating a CT-FET, in accordance
with onc embodiment of the present technology, is shown. The method of fabricating the CT-
FET will be further explained with reference to Figurces SA-51, which illustrates fabrication of
the CT-FET, in accordance with one embodiment of the present technology. As depicted in
Figurcs 4A and SA, the process begins, at 405, with various initial processes upon a
semiconductor wafer substrate 502, such as clcaning, depositing, doping, etching and/or the

likc to form onc or morce rcgions. The substrate 502 may be a semiconductor doped at a first

PCT/US2011/065923



WO 2012/087974

10

20

25

30

PCT/US2011/065923

conccatration with a first dopant typc. In onc implementation, the substratc 502 may be silicon

modcratcly doped with boron (P).

At 410, a plurality of shallow trench isolation regions arc formed. Inonc
implementation, a sacriﬁcial‘ oxide 504 may be formed on the substrate 502 by any well known
oxidation proctss. A photo resist is then deposited on the sacrificial oxide and patterned by any
well known photolithography process to form a shallow trench isolation (ST1) mask 506, The ‘
substrate 502 and sacrificial oxide 504 in thc memory ccll array region cxposcd by the STI
mask 506 is then selectively etched by any well known etching process to form a plurality of
trenches 508. Referring now to Figure 5B, the trenches 508 may be filled with a diclectric 510.
In onc implcmentation, a conformal oxide, spin on glass or the like is deposited. Referring now
to Figurc 5C, the diclectric layer 510 may then be ctched back, by any well known ctching
process or chemical mechanical polishing (CMP) process, to form shallow trench isolation
regions 512 having a portion that extends above the substrate by a given amount commonly
referred to a STI mesa. The STI mask 506 may then be removed by any well known process
such as resist striping or resist ashing. The sacrificial oxide 504 may also be removed by any

well known selective ctching process.

Referring now to Figure 5D, a tunncling dielcctric region 514 is formed on the.
substrate 502, at415. In onc implementation, the tunncling dielectric region 514 may be
formed by oxidizing the exposed surface of the substrate 502 in the memory cell array region
by any well known thermal oxidation process. In another implementation, the tunncling
diclectric region 514 may be formed by depositing a silicon oxynitride film by any well known
chemical vapor deposition process. In one implementation, the tunncling diclectric region 514

may be formed to a thickness of about 3 to 8 nanometers.

Referring now to Figure SE, a first sct of one or more nitride and/or the like layers 516
is formed on the tunncling diclectric region 514, at 420. In onc implementation, the first sct of
onc or morc nitride or the like layers 516 is formed by depositing a nitride and/or the like by
any well known process such as chemical vapor deposition (CVD) or atomic layer deposition
(ALD), on the tunncling diclcctric region 514, The first nitride or the like laycr 516 may
include silicon-rich-nitride having an atomic ratio of silicon to nitrogen that is about 3:4 or
greater. In onc implementation, the thickness of the first sct of onc or more nitride and/or the
like layers may have a thickness that is approximatcly onc third to two thirds of the height that

the tops of the shallow trench isolation regions cxtend above the substrate. A sacrificial oxide
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laycr 518 may be formed on the first nitride laycr 516 by any wcll known proccss such as

oxidation.

Referring now to Figurc SF, a portion of the first sct of one or more nitride and/or the
like layers and a portion of the sacrificial oxide laycr are etched back 520 to the tops of the
shallow trench isolation regions 512, at 425. The remaining portion of the sacrificial oxide

layer is then removed after the ctch-back proccess.

Referring now to Figure 5G, a sccond set of one or more nitride and/or the like layers
522 is formed on the etched back first set of one or more nitride and/or the like layers 520, at
430. Inonc im;)lcmcntation, the second sct of one or more nitride and/or the like layers 522 is
formed by depositing a nitride or the like by any well known process such as chemical vapor
deposition (CVD), on the ctched back first sct of nitride or the like layer 520. The sccond sct of
nitride or the like layer 522 may include silicon-rich-nitride having an atomic ratio of silicon to

nitrogen that is about 3:4 or grcater.

Referring not to Figures 4B and 5H, portions of the first and second nitride or the like
layers 520, 522, arc oxidized to form a charge trapping region 524 on the tunncling diclectric
rcgion 514 and a blocking diclectric region 526 on the charge trapping region 524, at 435. In
onc implementation, the nitride or silicon-rich-nitride 520, 522 is oxidized down to the tops of
the shallow trench isolation region 512 to form oxynitride or silicon oxynitride. In onc
implementation, the resulting charge trapping region 524 may be formed to a thickness of about
4 to 15 nanometers and the resulting blocking diclectric region 524 may be formed to a

thickness of about 3 1o 8 nanometers.

The use of a relatively thin first and second nitride or the like layers advantageously
increascs the ctch back process margin. For the purpose of scaling the CT-FET, the process of
depositing a thin first nitride or the like layer, ctching back a portion thereof, depositing a thin
sccond nitride or the like layer and oxidizing, advantagcously reduccs the wing height of the
charge trapping region proximate the STI regions and reducces intcr-cell coupling/interference.
Furthcrmorc, because the thin second nitride or the like layer is consumed to form the blocking

diclectric region, there is no additional process complications or ctch back nceded.

In another implementation, the processes of forming a sccond nitride laycr and
oxidization thereof at 430-435 may be climinated. Instead, the ctched back first nitride layer
may form the charge trapping region and a diclectric may be deposited to form the blocking

diclectric region.
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Referring now to Figurc 51, a gatc rcgion 528 is formed on the blocking diclectric
rcgion 524, at 440. In onc implementation, a polysilicon layer 528 is deposited, by any well
known process such as chemical vapor deposition, on the oxynitride or silicon oxynitride layer
526.

At 445, the process continues with various subsequent processces, such as implanting,
doping, ctching, clcaning and/or the like, to further form the charge trapping, blocking
diclectric, and gate regions and/or onc or morc additional regions, such as gatc, sourcc and
drain contacts, peripheral circuits, interconnects, vias, passivation layer and/or the like. Itis
appreciated that the above described method of fabricating a CT-FET may also include other
additional processes and that the order of the processes may vary from the order described
above.

Referring now to Figures 6A and 6B, exemplary gate stacks manufactured using thin
and thick nitride or the like laycrs is shown. Figure 6A illustrates the gate stack of a CT-FET
fabricated by depositing a thin first nitride or the like layer 516 that will then be partially etched
back before a thin sccond nitride or the like layer is deposited and oxidized. The ctch back
process margin is illustrated at 610. Figure 6B illustrates the gate stack fabricated by
depositing a thick nitride or the like laycr 620 that will then be partially ctched back before it is
partially oxidized. The smaller etch back process margin for the single thick nitride or the like
layer 620 is illustrated at 630. The larger process margin 610 of embodiments of the present
technology illustrated in Figurc 6A as compared to Figure 6B compensates for other process
varianccs, thereby advantagceously improving fabrication and performancc of the CT-FET. For
instancc, the process of depositing a thin first nitride or the like layer 516, ctching back a
portion thereof, depositing a thin sccond nitride or the like layer and oxidizing, advantagcously
reduces the wing height of the charge trapping region proximate the STI regions and reduccs

inter-ccll coupling/interference.

The forcgoing dcscrippions of specific embediments of the present technology have
been presented for purposcs of illustration and description. They are not intended to be
cxhaustive or to limit the invention to the precise forms disclosed, and obviously many
modifications and variatio‘ns arc possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the principles of the present technology and
its practical application, to thercby cnable others skilled in the art to best utilize the present

tcchnology and various embodiments with various modifications as arc suited to the particular
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usc contcmplated. Tt is intended that the scope of the invention be defined by the claims

appended hereto and their equivalents.
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CLAIMS
What is claimed is:

1. A mcthod comprising:
forming a plurality of shallow trench isolation regions on a substrate;
5 forming a tunncling diclectric rcgion on a substratc;

forming a first nitride layer on the tunneling dielectric region and shallow trench
isolation rcgions; ‘

ctching back a portion of the first nitride laycr to the tops of the trench isolation
rcgions; |

10 forming a sccond nitride laycr on the ctched back first nitride laycr;

oxidizing portions of the first and sccond nitride layers to form a charge trapping
region on the tunneling dielectric region and a blocking dielectric region on the charge trapping
region; and A

forming a gate region on the blocking diclectric region.

15 2. The method according to Claim I, wherein the first nitride layer compriscs a silicon-

rich-nitride layer.

3. The method according to Claim 1, whercin the second nitride layer compriscs a

silicon-rich-nitride layer.

4. The method according to Claim 1, wherein the charge trapping region compriscs

20  silicon nitride.

5. The mcthod according to Claim 1, whercin the tunncling diclectric region compriscs

silicon oxidc.

6. The method according to Claim 1, wherein the blocking diclectric region compriscs

silicon oxynitridc.

25 7. The method according to Claim 1, whercin the blocking diclectric region comprises

oxyaitride.

8. A mcthod comprising:
forming a plurality of shallow trench isolation regions on a substrate, whercin the tops
of the shallow trench isolation regions extend above the substrate by a given amount;

30 oxidizing a portion of the substratc to form a blocking diclectric region;
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dcpositing a first sct of onc or morc nitride laycrs on the blocking diclectric region and
shallow trench isolation regions, wherein a thickness of the first set of nitride layers is
approximately half of the given amount; .

ctching back a portion of the first sct of onc or more nitride laycrs to the tops of the

5  trench isolation regions; ‘

depositing a sccond sct of one or morc nitride laycrs on the ctched back first sct of onc
or morc nitride laycrs;

oxidizing the sccond sct of one or more nitride laycrs to form a charge trapping region
on the tunneling diclectric region and a blocking diclectric region on the charge trapping

10 region; and

depositing a gate region on the blocking diclectric region.

9. The mcthod according to Claim 8, wherein forming the shallow trench isolation
regions COmMpriscs:
ctching a plurality of trenches;
15 depositing a diclectric layer in the trenches; and
etching back the dielectric layer to form the shallow trench isolation regions in the

trenches.

10 The method according to Claim 8, wherein depositing the first set of one or morc

nitride layers comprises chemical vapor depositing a first silicon-rich-nitride layer.

20 11. The method according to Claim 10, wherein depositing the second sct of one or

more nitride layers comprises chemical vapor depositing a second silicon-rich-nitride layer.

12. The mcthod according to Claim 8, wherein the charge trapping region compriscs

silicon nitride.

13. The mcthed according to Claim 8, wherein the blocking diclectric region

25  compriscs silicon oxynitride.

14. The method according to Claim 8, wherein the blocking dielectric region

compriscs oxynitride.

15. A method comprising:
forming a plurality of shallow trench isolation rcgions on a substratc having a mesa
30  hcight that cxtends above the substrate by a given amount;

forming a tunncling diclectric region on a substratc;

10
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forming'a nitridc laycr on the tunncling diclectric region and shallow trench isolation
regions, whercein a thickness of the nitride laycer is approximatcly haif of given amount;
ctching back a portion of the nitride laycr to the tops of the mesas of the trench
isolation rcgions to form a charge trapping region between the trenches;
5 forming a blocking diclcctric region on the charge trapping region; and

forming a gate region on the blocking diclectric region.

16. The mcthod according to Claim 15, whercin forming the charge trapping region

compriscs chemical vapor depositing a silicon-rich-nitride layer.

17. The mcthod according to Claim 15, wherein forming the blocking diclectric region

10 comprises chemical vapor depositing a silicon nitride or silicon oxynitride layer.

18. The method according to Claim 15, wherein forming the gate region compriscs

chemical vapor depositing a polysilicon.

19. The method according to Claim 15, whercin forming the tunncling diclectric

rcgion compriscs oxidizing a portion of the substrate.

15 20. The mcthod according to Claim 15, whercin forming the shallow trench isolation
regions comprises:
ctching a plurality of trenches;
depositing a diclectric layer in the trenches; and
ctching back the dicleetric layer to form the shallow trench isolation regions in the

20  twenches.

1
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