1 NI TROGEN OXI DATI ON OF ETCHED MOS GATE STRUCTURE TECHNI CAL FI ELD
Enmbodi ments of the present invention relate to design and manufacture of 5
sub-mi cron metal oxide seniconductors. More particularly; enbodiments of
the present invention provide nitrogen okidation to reduce encroachnent.
- BACKGROUND ART US-B-6 200 840 discloses a nethod for preventing boron
segregation and out 10 diffusion to form PMOS devices. A gate |ayer and
gate oxide layer are etched, using a patterned photoresist |ayer as a

" mask, and the phBMITROAGEN OXYPATION ORETCHEPMOSGCATE STRUQTURE! i de
oxide (NO, N20) layer is grown by rapid thermal oxidation and rapid
thermal nitridation. US-B-6 211 045 discloses a nethod for formng a
transistor gEEEHNIOMIBIEE DN 15 which a nitridized gate oxide and
polysilicon layer thereon is patterned and etched to forma gate.
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US-B-6 211 045 discloses a method for forming a transistor gate structure in

15 which a nitridized gate oxide and polysilicon layer thereon is patterned and etched to
form a gate. Polysilicon re-oxidation is then performed, initially using a standard
oxidation cycle and subsequently introducing a nitrogen-based gas to ensure that the
oxide at the oxide-silicon interface at the edges of the gate structure is nitridized
oxide.

20 Flash memory is a type of semiconductor computer memory with many
desirable characteristics. Like read only memory, ROM, it is non-volatile, nieaning
that the contents of the memory are stable and retained without applied electrical
power. _

Flash memory devices have found wide commercial success in the electronic

25 device market. A major advantage of flash over ROM is that the memory contents of
flash may be changed after the device is manufactured. Flash memory has found
wide acceptance in many types of computers, including desktop computers, mobile
phones and hand held computers. Flash memory is also widely used in digital
cameras and portable digital music players, for example “MP3” players.

30 In addition to direct flash storage applications, for example in video cameras,

flash-based storage devices are replacing rotating magnetic disks, sometimes known



~as hard drives, in many applications. Conpared to hard drives, flash is
‘significantly nore rugged, ‘quieter, |ower power, and for sone densities
such a flash based device may be smaller than a conparable hard drive.
Figure 1 shows a Metal Oxide Sem conductora (MOS) nenory cell 10 as has 5

- been well known in the conventional art. Regions 14 are the drain and/or
source regions for nenory cell 10. They nmay be used as source and/or drain
i nterchangeably. Control gate 16 is used to control the operation of menory
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reerred to as a Hloating gate. In some floating gate cells, layer 12A may be a “triple

stack” of oxide, nitride and oxide, generally known as “ONO”. Layer 12C is

commonly referred to as a tunnel oxide layer. Floating gate 12B is the storage
element of memory cell 10.

20 Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) is another common type of
flash memory cell. The SONOS stack is a gate dielectric stack and consists of a
single layer of polysilicon, a_triple stack ONO (Oxide-Nitride-Oxide) gate dielectric
layer and a MOS channel 17. The ONO structure may consist of a tunnel oxide 124,
a nitride memory storage layer 12B and a blocking oxide layer 12C.

25 Flash memory devices are typically configured as an array of many instances
of individual cells, e.g., cell 10, oriented in rows and columns. Typically, the control
gates, e.g., control gate 16 of Figure 1, of the cells in each row are connected to a
series of word lines, thus forming individual rows of cells that can be accessed by

selecting the corresponding word line. Similarly, the source and/or drain, e.g., regions
30 14, of the cells in each



colum are connected to a series of bit lines, thus form ng individual
colums of cells that can be accessed by selecting the corresponding bit
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step, thgoRh@iLpRSI st is chemically renoved. 30 Figures 2A through 2D
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subsequent processing step, the photoresist is chemically removed.

30 Figures 2A through 2D illustrate an exemplary photolithography to form a gate stack of a floating gate
memory cell 10, as is well known in the conventional art. In Figure 2A, tunnel oxide layer 212C has been grown
by conventional means over wafer 210, Polysilicon layer 212B has been deposited over tunnel oxide layer 212C.
Layer 212A, which may be an ONO stack, has been put in place, and polysilicon layer 212A has been deposited.
Note that layers 2124, 212B, 212C and 216 cover large portions of wafer 210.

35 A layer of photoresist 220 is Ehen deposited over the previously described layers. In Figure 2B, light
energy 240 is directed at photoresist layer 220. A mask structure 230 blocks some areas of photoresist layer 220
from receiving light energy 240,

In Figure 2C, the photoresist has been developed. Areas of photoresist that received (were exposed to)
the light energy 240 are removed by the developing process. Wafer 210 subsequently undergoes an etching

40  process. As described previously, an etching process removes material where photoresist material is not present.

After etching, and a subsequent removal of the remaining photoresist material, substantial portions of memory cell
10 are formed.
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decreases. Defects in a tunnel oxide, for example regions 310 and 320, produce a non-uniform tunnel oxide.

30  More particularly, a tunnel oxide layer may not be the same thickness across its length and width. A non-uniform
tunnel oxide in turn produces a non-uniform field between a floating gate, e.g., floating gate 12B and a channel
region, for example channel region 210. A non-uniform field between a floating gate and a channel region
produces an unacceptably wide threshold voltage distribution during erase operations on an array of memory cells.

Figure 4 is a graph 410 of two distributions of threshold voltages for an array of floating gate memory

35  cells. The X-axis represents erase threshold voltage and the Y-axis represents a number of cells from an array
demonstrating the indicated erase threshold voltage. Distribution 420 is a desirable “tight” distribution of erase
threshold voltages corresponding to well constructed cells. Distribution 430 is an undesirable “wide” distribution
of erase threshold voltages corresponding to cells comprising tunnel oxide defects, for example due to a non-
uniform tunnel oxide across a channel.

40 A wide distribution of erase threshold voltages such as described by distribution 430 may result in
deleterious effects upon the operation of a flash memory device. For example, cells with erase threshold voltages

in region 440 of distribution 430 may erase very slowly or not at all. Cells with erase threshold voltages in region
3
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drain 14 i ?‘% 10 (Figure 1). A highly deleterious consequence of colum
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equipment without revamping well established tools and techniques.

DISCLOSURE OF THE INVENTION
Embodiments of the present invention provide a means to repair damage to gate stack oxides. Further
35  embodiments of the present invention provide for repairing gate stack oxides in flash memory devices without
contributing to wide erase threshold voltage distributions. Still further embodiments of the present invention
provide for the above mentioned solutions to be achieved with existing semiconductor processes and equipment
without revamping well established tools and techniques.
A method of manufacturing a metal oxide semiconductor is disclosed. A gate structure of the metal
40  oxide semiconductor is etched. A nitrogen-comprising gas, which may be NO or N0, is made to flow over the
metal oxide semiconductor. A pre-implant film is grown over the edges of the gate structure. The pre-implant

film may repair damage to a gate stack edge caused by an etching process. The film may be substantially silicon
4



Conventional |y, such damage was renoved by thermal cycling, also known as
‘anneal i ng, of the sem conductor wafer. Additionally, new silicon oxide was
frequently grown to fill in the gaps, for exanple regi‘ons 310.

Conventional ly, oxide, Si02, particularly5oxide to repair gate stack edge

. defects, is growmn in flowng pure nolecular oxygen, 02. This step of
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need ekd st s improwepeints iddinpares heveigalescriiedck oxi des. A further need exists
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exi sting sem conductor processes and equlpnent wthout revanping well
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to wide erase threshold voltage distributions. Stil urt her enbodi nents of
the present inverfigwg 3 Blustratgs tyvercomrpon sffoets of stchingeal gotsl siatlors aro well

rachi eved w tl&o@ﬂiﬁ%ﬁé‘&n@&iﬂ&ﬁﬂ&l‘ém or processes ‘and equi pnent
Figure 4 illustrates a graph of two distributions of threshold voltages for an

array of floating gate memory cells.

25 Figure 5 illustrates a method of manufacturing a metal oxide semiconductor,

according to an embodiment of the present invention.

Figure 6 illustrates portions of a floating gate memory cell, according to an
embodiment of the present invention.

30 BEST MODE FOR CARRYING OUT THE INVENTION



- wthaut revanping well established tools and techni ques. A nethod of

-manuf acturing a netal oxide .sem conductor is disclosed. A gate structure of
the nmetal 40 oxide sem conductor is etched. A nitrogen:conprising gas,

whi ch may be NO or N20, is made to flow @gyer the netal oxide
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according to an enbodi nent of the present invention. Figure 6 illustrates

portions of a floating gate nenory cell, according to an enbodi nent of the
present iwW¢o9bdRARg0s30 BEST MODE FOR CARRYI NG QUT THE | NYiehidGhdspagsat N t he
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layers remaining form a gate stack.

An unfortunate consequence of gate stack etching is damage to a tunnel oxide layer. It has not proven

commercially feasible to prevent such damage. Consequently, most semiconductor manufacturers include process
25  steps to repair such damage in their typical manufacturing process flow.

In step 520, a nitrogen-comprising gas is made to flow over the metal oxide semiconductor, typically as a
part of a wafer. In contrast to the conventional art method of flowing molecular oxygen, a nitrogen-comprising
gas, for example nitric oxide, NO, or nitrous oxide, N,0, is used.

In step 530, a pre-implant film is grown over the edges of the gate structure. Due to the presence of

30  nitrogen in the growing atmosphere, the film comprises nitrogen, rather than being substantially SiO,. More
particularly, the pre-implant “oxide” layer is substantially silicon nitride. Beneficially, silicon nitride grows more
slowly than silica, resulting in finer process control capabilities. As an advantageous consequence, a pre-implant
film may be grown in thinner layers as silicon nitride as opposed to silica. More particularly, silicon nitride film
thicknesses of less than 60 angstroms, for example 50 or 25 angstroms, are commercially feasible. Such

35  thicknesses have demonstrated the capacity to repair gate stack edge defects without deleterious consequences.

An additional benefit of silicon nitride is that it has a higher dielectric constant (7) than silica (3.9). A
higher dielectric constant contributes to lower leakage currents in areas where silicon nitride has replaced missing
silica in gate stack edge defects.

Figure 6 illustrates portions of a floating gate memory cell 650, according to an embodiment of the

40  present invention. Floating gate memory cell 650 comprises a substrate 210, a tunnel oxide 12C, and a floating
gate 12B. As illustrated in Figure 3 (conventional art), portions of floating gate 12B were damaged by an etching

process. After processing to repair gate stack etching damage, for example, by process 500 described above, a
6
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present invention. Floating gate nmenory cell 650 conprises a substrate 210,
a tunnel oxide 12C, and a floating gate 12B. As illustrated in Figure 3
(conventional art), portions of floating gate 12B were damaged by an
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process. After processing to repair gate stack etching damage, for exanple,
by process 500 descri bed above, a 6 WO 2004/ 042808 PCT/ US2003/ 018447
pre-inplant film 620 has been grown over the edges of the gate structure of
floating gate nmenory cell 650. Typically, pre-inplant filmmay al so cover
portions of substrate 210 exposed by an etching process. Notably, region
630, corresponding to edge defect 310 as depicted in Figure 3, has been
substant i LLAIMSt | | ed by growth of pre-inplant film&620. It is to be
appreciated that the gromh of pre-inplant film 620 need not 5 precisely
fill region 630 to realize beneficial results, according to an enbodi nent
of the prasent 4 pyapliPhanfifc ing%%étap&ah &%ﬂ@éﬂ&cﬂ cSHiBadhgENt S of the
present invention, sitlicon nitri a corn nnel oxi de and
a substrate, fetchmgwgdtestrutmebﬁwd&(b@alol&ﬁl&esénmoaﬂlhqtorpr otects the corner of
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the present invention nmay utilize snaller process feature sizes, resulting
in der§er Glaimajswhareinsaidame-sopldatchilon isdessithars60 angstioms Hyck.n | ower costs for
such devices and realizing a conpetitive advantage to practitioners of the
inprovenents in the arts herein described. Enbodiments of the present
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i nventton 20 provide for the above nentioned solutions to be achieved with
existing sem CC’Flﬁ:“fﬁi{feﬁ‘fodI0<5f0fh%fi@tﬁétuﬁ%%| £ US4 BRe sthichRMictdreXABRIME el |
establ i shed tools and techni ques e preferred enbodi nent of the present

i nvent i on,Claim § sdwereinsaid aitrogan-compesing gaeiscubsiatiialliN.0.s thus  descri bed.
Whil e the present invention has been described in particul ar enbodi nents,
it should be appreciated that the present invention should not be
construed 5as | iTHe g@tHod wﬁﬁn@ﬂﬁmﬁhgwm‘etalu%dé 3EhRbnARSH 43 8RiAEE @k di Ny

25 to the below clainms. 7 CLAINE: A net hod of manufacturing a netal

oxi de 28emiaimy | dugher compripiag ggplanting a source region subsequent to said growing.

6. A method of manufacturing a metal oxide semiconductor comprising:
etching a gate structure of said metal oxide semiconductor;

flowing a nitrogen-comprising gas over said metal oxide semiconductor; and

25 growing a pre-implant film over edges of said gate structure.

7. The method of manufacturing a metal oxide semiconductor as described in

claim 6 wherein said pre-implant film is less than 60 angstroms thick.

30 8. The method of manufacturing a metal oxide semiconductor as described in

claim 6 wherein said nitrogen-comprising gas is substantially NO.



etching a gate structure of said netal oxide sem conductor; 5 flowi ng a

ni trogen-conprising gas over said netal oxide sem conductor; and growing a
pre-inplant filmover edges of said gate structure, wherein said pre-
inplant filmis conprised substantially of silicon nitride (Si3N4). 2. The
met hod of manufacturing a netal oxide sem conductor as clained in 10 Caim
1, wherein said pre-inplant filmis |less than 60 angstrons thick. 3. The
met hod of Ymanufldetmethnd of matudidctaringle metnl oxide yahondster! & de@dribed il ai m 1
wherein said rkintflogen-c ng_ri sin as i s substant.i Flly NO. 15 4. The net hod
of manuf aCtAPi hY CHEH MPRFeC SR ERAE SHosiatiallaNdRd in O aim 1 wherein
said nitrogen-conprising gas is substantially N20 5. The net hod of

manuf acturi ng a nmetal oxide sem conductor as claimed in 20 Caim1l further
conpri si nd0i nplTstmeiod of cnamdacteniion methk exjde semiconduwitat apr dascribed . A

met hod,. of n ring a.netal oxide sem candugtor conprjsing. etching a
gate str ugpéﬁrpttag @‘%kgra‘fo&%?ﬁﬁ% 1“83%%‘3@8&%“&‘3&{8%8? Blgqseql}eBngrf@{d;gm ng. °

- nitrogen-conprising gas over said netal oxide sem conductor; and 25
growing a pre-inplant filmover edges of said gate structure. 7. The nethod
of manuf adfuri fdieamethed |of granpbactening: aruetel oxide sendisondudbardas descibed in 6
wher ei n saj i.npl P i ss. than 60 angstrons thick. 30 8. The
nmet hod of %k%ﬁﬁ‘gfé%rl%S%{grgg'rlr]\l:gglglﬁglﬁagmggfﬁs%tﬁ%ﬁ%tor as described in claim
6 wherein said nitrogen-conprising gas is substantially NO 8 9. The net hod
of manufa I[Zuri ng a netal oxide sem conductor as described in claimé6

wher eil® sj' d niﬁ?d@gﬁ%mm&fw ajmetal, pxide semispnductgroas deycritRibinret hod
of Manuf gl Oy RerBsild A ilBlaRCHIT MANGAMaD AR Ghligd In S claim 6
further conprising Inplanting a source region”subsequent to said grow ng.
11. The method of manufacturing a netal oxide sem conductor as described in

claimé rein said pre-ipplant filmconprises nitrogen. 10 12. The net hod
of nanuf \gg_guri hAgm_&thr?gtoélreRﬂ[}F%‘_’ rﬁj;eﬁe&F?dH@jt%Fe S&%Ck_(f@_@@ﬂﬁl@éd in claimil
wherein sai d ppeeingPd %ferf®¥1-gi‘:fsﬁlg$§éﬁﬁ£&ﬂhb@¥§ Wit 'ghfe%?aﬂ:kgllid%é | fAfotslifito A

met hod of repairing edge deféctsin a gate stack~conpri
16 anoven;

flowing a nitrogen-comprising gas over said gate stack; and

growing a pre-implant film over edges of said gate structure to repair said edge
defects.

20 14.  The method of repairing edge defects in a gate stack as described in claim 13

wherein said pre-implant film is less than 60 angstroms thick.

15.  The method of repairing edge defects in a gate stack as described in claim 13
wherein said nitrogen-comprising gas is substantially NO.

25
16.  The method of repairing edge defects in a gate stack as described in claim 13

wherein said nitrogen-comprising gas is substantially N,O.

17.  The method of repairing edge defects in a gate stack in claim 13 further

30  comprising implanting a source region subsequent to said growing.



pl acing a wafer conprising sem conductors with gate stack edge defects into
15 an oven; flowing a nitrogen-conprising gas over said gate stack; and
growing a pre-inplant filmover edges of said gate structure to repair said
edge defects. 20 14. The nethod of repairing edge defects in a gate stack
as described in claim13 wherein said pre-inplant filmis |ess than 60
angstrons thick. 15. The nmethod of repairing edge defects in a gate stack
as descri B8d i Mhelnadthodl3f rephieingiedgs defictsiih mq@erstahrgrdesdritgddaslading 13
substantially.NO, 25 16. The nethod of repairing edge defects in a gate
stack as %?g??%ﬁpfeﬁm&ﬂlﬁ‘?t HLOMUISLEITOgER-d ni t r ogen- conpri sing gas is
substantially N2O. 17. The nethod of repairing edge defects in a gate stack
in claim13 further 30 conprising inplanting a source region subsequent to
sai d growilfAg. Jhesnetitod ofrendnudaotiring panetalngxide gemidefidictas asndaculsddeinst ack as
descriped in cl,ai;m 13 wherein sai resinplant.filmcqnprises nitrogen.

19. Th nﬁl%gsowheﬁﬂﬁﬁ?l ﬂﬁ?@ﬁ@“ﬁﬁﬁ%%ﬁubﬁg&@@y%wpﬁmg%t or as described in
5 claim 18 wherein said pre-inplant filmis substantially silicon nitride.
10
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