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number of cells per unit area that can be used and it requires fewer process steps as compared to floating gate
memory. Moreover, it can be easily integrated with standard SRAM process technology. A further advantage of
using SONOS devices is their suitability for applications requiring large temperature variations and radiation
hardening. The SONOS stack is a gate dielectric stack and consists of a single layer of polysilicon, a triple stack
35  ONO (Oxide-Nitride-Oxide) gate dielectric layer and a MOS channel 17. The ONO structure may consist of a

tunnel oxide 12A, a nitride memory storage layer 12B and a blocking oxide layer 12C.

Flash memory devices are typically configured as an array of many instanced 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

40  the corresponding word line. Similarly, the source and/or drain, e.g., regions 14, of the cells in each column are
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very low power applications, for example mobile phones, due to the ability of flash to retain information without
applied power. Increases in leakage current may have a signiﬁcani deleterious effect on total power consumption of

35  the flash device and the product using the flash device. Consequently, much research and development effort has
gone into mitigating the short channel effect.

A conventional approach to mitigate the short channel effect is to have a non-uniform lateral (horizontal as
depicted in Figure 1) doping profile. Doping profile 20 illustrates such a non-uniform lateral doping profile. In the
portion of channel region 17 near source/drain regions 14 the concentration of doping material is high, for example

40  approximately in the range 1 x 10" ~ 5 x 10'® atoms/cm™. In the “middle” of channel region 17, the concentration

of doping material is Jower than the doping concentration of a non-engineered channel. A laterally non-uniform
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35  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 lateral doped channel is disclosed. A first doping material is implanted substantiaily vertically into a
region adjacent to a gate structure. A diffusion process diffuses the first doping material into a channel region
beneath the gate structure. A second doping material is implanted substantially vertically into the region adjacent to

40  a gate structure. The second implantation forms source/drain regions and may terminate the channel region. The
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30  process feature size 18 as shown in Figures 1A and 2D) in conjunction with the height of the gate structure(s)
renders conventional methods of forming a lateral doped channel, e.g., tilt angle implantation, infeasible or
commercially non-viable,

A first doping material 210, for example Boron, is implanted substantiall& vertically into a region adjacent

4 to a gate structure comprising control gate 16, insulating layers 12A and 12C and storage element (layer) 12B.

35  Regions of high doping concentration 220 are formed in the regions adjacent to the gate structure. Regions 220
may, for example, have a high concentration of P-type charge carriers.

Subsequently, a diffusion operation is performed, for example by baking a semiconductor wafer at a
temperature of approximately 800 to 950 degrees Celsius for approximately 15 minutes, according to an
embodiment of the present invention. Figure 2B illustrates regions 230 of diffused first doping material. Itis

40  appreciated that doping material diffuses underneath portions of the gate structure. For example, a portion of
regions 230 underneath the gate structure may have an increased concentration of P-type dopants. Preferably, well
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present invention are well suited to PMOS devices as well. The choices of materials, e.g., for dopants, for use with

PMOS devices are well understood in the semiconductor arts.
35 Figure 3 illustrates a process 300 for a method of manufacturing a lateral doped channel, according to an
embodiment of the present invention.

In step 310, a first doping material, for example Boron, is implanted substantially vertically into a region
adjacent to a gate structure, which may, for example, comprise control gate 16, insulating layers 12A and 12C and
storage element (layer) 12B of Figure 1A. As a result of the doping, regions of high doping concentration are

40  formed in the regions adjacent to the gate structure. These regions may, for example, have a high concentration of

P-type charge carriers.
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In Figure 4C a second doping material 540, for example Arsenic, is implanted substantially vertically into

the region adjacent to the gate structure, according to an embodiment of the present invention. Spacer 540 acts as a
35  shadow mask, preventing substantial implantation of material 540 in regions underneath spacer 540. This

implanting forms regions 550 with a high concentration of the second doping material. Regions 550 may, for

example, have a high concentration of N-type charge carriers. It is to be appreciated that due to the substantially

vertical nature of the implantation, portions of regions 520, which were formed underneath the spacer 540, are not

substantially affected by this implantation, and retain their previous characteristics. Preferably, well known process
40  variables, for example, beam energy and doping concentration, are controlled such that the charge carrier

characteristics of region 550 are substantially dominated by the second doping material 540. For example, if the -
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structure. For exanple, a portion of a region underneath the gate structure
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In step 630, a second doping material, for example Arsenic, is implanted substantially vertically into the
region adjacent to the gate structure, according to an embodiment of the present invention. The spacers constructed
in step 620 act as a shadow mask, preventing substantial implantation of the second doping material in regions

40  underneath the spacers. This implanting forms a region of doped material with a high concentration of the second

doping material. The region may, for example, have a high concentration of N-type charge carriers. Itis to be
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chani®l |eshedimenisof tbhmseé incieftion evide fer dhgleleove ewawneaolmels m@ffwebwﬂh efifigg easi ng

the i nfl uenicshd@for bﬂaessemld é@g,mansvnmut @*a&ﬁnéj@@lleﬂgahﬂﬁd\féﬁﬁwd@échﬁ@cs whi ch agai n
:)reganE OI E\e/gﬁti:: Oﬂrc cgédee%l o] eln¥of91|e pre; %tdrcl:v% Lg’ E}e{.t'eral do u& thgnnel’ is g%ngv,?uéeoaenéhe
spacer 52%esent mm@mhe%beasde%baémaﬁﬁm@mbmteef%ﬁ@lb? appeﬂﬁlbfeél #@ﬁwsee'fmv@ﬁen
present igamdivot RRoM¥RYEd BinNBS shéhl edbodirients At réthdr btabtub @ cdrding/¥h the Belsdlnaxnt | onal
tech@Ogues e.g., tilt angle inplantation, are otherwi se feasible. It is to
be appreci at ed that channel region 517 maybe | onger than nom nal m ni num
feature size 18, according to an enbodi nent of the present invention. The
| ength of channel region 517 may be increased by approxinmately the "w dth"
of two sides of spacer 525 over the width of a gate structure. Such

i ncreased channel Ilength may further beneficially mtigate a short channel
effect by making the channel physically less short. 25 It ‘is to be

appreci ated that although an NMOS device has been illustrated herein,

enbodi ments of the present invention are well suited to PMOS devices as
wel | . The choices of materials, e.g., for dopants, for use with PMOS
devices are well understood in the sem conductor arts. Figure 5 illustrates
a process 600 for a nethod of nmanufacturing a |ateral doped channel,
according to an enbodi nent of the present invention. 30 In step 610, a
first doping material, for exanple Boron, is inplanted substantially
vertically into a region adjacent to a gate structure, which may, for
exanpl e, conprise control gate 16, insulating |layers 12A and 12C and
storage elenment (layer) 12B of Figure 1A As a result of the doping,

regi ons of high doping concentration are

—




formed in the regions adjacent to the gate structure. These regi ons may,
for exanple, have a high concentration of P-type charge carriers. 35 In
step 620, spacers are constructed adjacent to the gate structure. The
spacers, e.g., spacers 525 of Figure 4B, may be constructed froma | ayer
of nitride that is selectively etched away. In step 630, a second doping
material, for exanple Arsenic, is inplanted substantially vertically into
the regi ChAIMScent to the gate structure, according to an enbodi nent of
the present invention. The spacers constructed in step 620 act as a shadow
mask, preventing substantial inplantation of the second doping material in
regions 49 undel medbll of ManSRBRENS a 142kt dopd &ahhdldof KMIFLBITBIhRAdQ! doped
material with a high concentration of the second doping nmaterial. The

regi on napasefl dlaske readyinty, mhsrory devideg baid oratleott coatprisingof N-t ype char ge
carriers. It is t e 7 2004/ 049446 PCT/ US2003/ 021667 .appreci at ed t hat
due to’the subétpﬁﬁ{l&?ﬂ Iay\P\%Er PRILE WSEeHPE SB#’S%’%@HY n’bﬁ’é???'ﬁt l"gﬁ a J68PPons of

t he regi ongjavédht €a ¥&@EGtrudtier neat h the spacers are not substantially
affected by this inplantation, and retain their previous characteristics,
for exanpl e a Biffysing saidfiasttdaping materfal dntera phapnelwsigionkbrngpthpiaist ate

par anet er t’rthBr{? ?ﬁfirrpl e, beam energy and doping concentration, are
controll ed”such’that the charge carrier characteristics of regions adjacent
to the gate 5 smplaating & sdtohdsdopiignfifaterial ¥ulshtumtinky eertionlly heo seidomkgiodopi ng
material. For exanple, if the first doping material was a P-type material,
and t A& s@BIBRt R RS SHHEtEYSita forfma surcnidrameegion: er i al , subsequent to the
second dopi ng the doped region should have N-type characteristics. This
novel design and nmethod to inplenent a | ateral doped channel enable

decr eased?2f eat Uihe mdthad affmianufactorag edateahdoped diainned o dysctibbd $n alathn rray
reduce manyf act ur.i costs. These, beneficial results allow for less 10
expensi ve W%‘éi‘gi’r&@i"mﬁjﬂ PP R M semisogAuctersiler i ng a
conpetitive advantage to the users practicing enbodi ments of the present

i nvention. Enbodi nents of the present invention provide a neans to prevent
short 1ghadnel dhkenetbod a5 deserdleedainrcdaim 2 fwhermimsaig nwshdry sefigondentoregeblodi nent s
of the present invention prevent short channel effects in a nmanner that is
conpati bl & %‘HHV%IBWEI imentary with existing approaches to ninimze short
channel effects. Still further 15 enbodi nents of the present invention
provide for the above nentioned solutions to be achieved wth existing

seni condudt or prheanetbedandascibad ipralaim fiveherain szid vagmors gemédondecienedli shed

t ool s and hni aues, . Th referred.embodi ment of the present invention,

| at er al dg%%‘%“é Sgann%fqeq?gergﬁgg{%&aég&e}?%%ﬁi Wiile the present invention has
been described in particular enbodi nents, it should be appreciated that the
present invention should not be construed as |limted by such enbodi nments,
but rat hed- condMt ¥y efcubstantiedlysimilarsemiqonduetpngalls comprigingy Al VS 1. A
method of MRnUGRI AR Gibk@hEAIR) SHARE LeRRANARNOT Qs AWMER LRI i de-
based fl ash read-only nenory device, sald method conprising: I'mplanting a
first dopitwg oraicee sublstantibidy sinilasbdnyicomdictaraklly conprisesia pagisancture and a

channel region;
25 wherein a height dimension of said gate structure encumbers tilt angle
implantation of said channel region; and

wherein said channel region comprises a lateral doped channel.

6. The array of substantially similar semiconductor cells as described in claim 5

30  wherein said lateral doped channel is formed by a method comprising:



adj acent to a gate structure; diffusing said first doping material into a
channel region beneath said gate structure; and inplanting a second doping
material substantially vertically into said region 10 adjacent to a gate
structure to forma source/drain region. 2. The nethod of manufacturing a
| at eral doped channel as described in claim1l wherein said |ateral doped

channel is part of a menory sem conductor cell. 15 3. The nethod as
described in cl@plentingyr fissh doping matesia) substartisllyy yemicaldie|into jasregion

non-vol at iahjgicerﬁt?gﬁgg%tsﬁﬂgtu?é described in claim3 wherein said nmenory
sem conductor ce onprises’a nitride |layer as a storage el enent. 20 5.
An-array of suliiffesid sdid firsti dopirg maRfbCesIsiEd ehandel fefionbEREAth ishig: gateho OF
nmore substantially simlar sem conductor cells wherein each of said two or
nor e substsgﬁft?%*%dsi m | ar semiconductor cells conprises a gate structure

and a schannel ; 5Tk i hel: j o0 i d .structure
encunbtsar s tilt “rélﬁg‘;“gﬂg iaﬁfﬁgﬁlgﬁq%‘?%%}gb%%ﬁI\%?técglhxzi;ﬁioasﬁgﬁ\}/ﬁ%é@ei n said
channel r edjacentdongid igsestractuat ©rfatm dopeate/dranregfion.6. The array of
substantially simlar sem conductor cells as described in claim5 30
wherein said | ateral doped channel is formed by a method conprising: 9
| rplanting.a ! ITRlargRMAbARRIl AmANDRLARARLGY clRl 4! de8irbed iR i d €0! Of
adj acent to said gaté structure; diffusing sal ?I rst doping material into
sai d chanrvmerfrlegmgrﬁrmm@aﬁd igatPetype tloping urateriahnd 5 i npl anting a second
dopi ng,mat erial substantially vertically into said region adjacent to said
gate dPructure to forma source/ drain region. 7. The array of substantially
sinilar sey cormheciRl ofaubstamfalfasmilhdethibdhdabot BIf asVdséftied ifi daimld I st
doping material is a P-type doping material. 10 8. The array of
subst ant i avheyelgiswﬂlsmonéé%pmmn@lrls eeN-typadopiagoratesiah in claim 6 wherein
sai d second doping material is an N-type doping material. 9. A nmethod of
manuf acturing a | ateral doped channel conprising: 15 inplanting a first
dopi ng mat%eri alA mefiridasfimatufactig 4 Redral\dobed chaanéle@hiprisingd] acent to a gate
structure;
15

implanting a first doping material substantially vertically into a region
adjacent to a gate structure;

constructing spacers adjacent to said gate structure; and

implanting a second doping material substantially vertically into said region
adjacent to said gate structure to form a source/drain region, wherein said spacers
20  substantially prevent implantation of said second doping material into regions

substantially beneath said spacers.

10.  The method of manufacturing a lateral doped channel as described in claim 9

wherein said lateral doped channel is part of a memory semiconductor cell.

25
11. A method of manufacturing a lateral doped channel comprising:
implanting a first doping material substantially vertically into a first region
adjacent to a gate structure and into a second region adjacent to said gate structure,
wherein said first doping material is a P-type doping material;
30 constructing spacers adjacent to said gate structure; and

10



constructing spacers adjacent to said gate structure; and inplanting a
second doping naterial substantially vertically into said region adjacent
to said gate structure to forma source/drain region, wherein said spacers
20 substantially prevent inplantation of said second doping material into
regions substantially beneath said spacers. 10. The net hod of
manufacturing a | ateral doped channel as described in claim9 wherein said
| ateral doped &nplanéng assesand deping meterial, sehstrntialyl vertivally énto. saith fitst. A

Tt ot aop SO ARIHLI 8 eb €50 e R0 THo R o R PP B A ™ °
adj acent sRuaw@ab fordi 4 B6irdé fegadithndt @aih BLiGANESpEQBIcH)) vkt S0 spReial d gate

structure, ~wherein said first doping nmaterial is a I5-type doping material ;
30 const r ebstangally quevent simplartation efssid) sgeend slopingt matsnahriato 1eRIONSP| ant i ng
a secopd dopid) ' Ll ticaldy int 3G T region
adj aceﬁt S 0 sa?gﬁgg%éagi ?aﬁu&g? E%cg&tahgle%e‘rn gaqéask%%g e%’ ?1“% I?%%ﬁ%lnlsa jl\z'bé)r?t to

sai d gat e dopingunaterial, and fwiteieia saiiufegions dghedth anid spadésimainiaihi said first
respectivg}gq wherein sajd spacers sgbstantiallyﬁfrevent i npl ant ati on of
sai d secodaPH8materiales ardomingy dopantgwhereinssaid, latsralfiapsd chanmehis part of & o
spacers, %&&@eﬁ%ﬁdﬁmﬂ_ doping material is an N-type doping material,
and wherein said regions beneath said spacers maintain said first doping
material as a dom nant dopant, wherein said |ateral doped channel is part

of a _nemyry semiconductor cell.. 10.12. The .method as desc¢rihed in claim1l
wherei'fl sdPd ng%ﬂ?ﬁ facdserhadin C@émﬁl whereig s dP%fP?IIYe*F’mi@F‘HW%r %t hod as

descri bed id forcV@lhtiel2 wherein said menory sem conductor cell conprises a
nitride |layer as a storage elenment. 15 14. The nethod as described in claim
12 wherein said nenory sem conductor cell conprises a floating gate as a

st orage el,gnen 15., The t hod .of . manufacturing a lateral d d channel as
descri bed 1|§'n cfrgf M %}_’Lo‘i]%&g%ﬂg?egi " C?gpggs@&%ﬂa Sﬁ@ﬂf‘ﬂ&"%@ﬂ‘f"&%@% antially
doni nat es cbi@risdsar fiidedhydrak a sthaeatdRéntst i cs of a region inplanted by said
seconqsdoping material. 11

14.  The method as described in claim 12 wherein said memory semiconductor cell

comprises a floating gate as a storage element.

15.  The method of manufacturing a lateral doped channel as described in claim 11
20  wherein said second doping material substantially dominates the charge carrier

characteristics of a region implanted by said second doping material.

11



