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EEPROMs do not have a select transistor for each floating gate transistor. flash EEPROM memory

cells cannot be individually erased and therefore must be erased in bulk, either by erasing the entire
chip or by erasing paged groups or banks of cells. Elimination of the select transistor allows for
smaller cell size and gives the flash EEPROM an advantage in terms of manufacturing yield (in terms

25  of memory capacity) over comparably sized standard EEPROMs.

Typically, a plurality of flash EEPROM cells is formed on a semiconductor substrate, which is
also known as a silicon wafer. Figure 1 illustrates a single conventional flash EEPROM memory cell
having a double-diffused source region. As shown in Figure 1, flash memory cell 100 is formed on a-
p-type substrate 110 and includes an n type double-diffused source region 102 and an n+ dmih region

30  104. The drain region 104 and the source region 102 are spaced apart from each other forming a
channel region 122. A source electrode 114 and a drain electrode 112 are connected to the source

region 102 and the drain region 104, respectively.
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After sufficient negative charge accumulates on floating gate 106, the negative potential of
25  floating gate 106 raises the threshold voltage of the stacked gate transistor and inhibits current flow
through the channel 122 during a subsequent “read” mode. The magnitude of the read current is used

to determine whether a memory cell has been programmed.

Conversely, to erase a flash memory device, electrons are typically driven out of the floating
gate 106 by biasing the control gate 108 to a large negative voltage and biasing the source region 102
30 toalow positive voltage in order to produce a sufficiently large vertical electric field in the tunnel
oxide. The large vertical field 136 in the tunnel oxide produces Fowler-Nordheim (F-N) tunneling of
electrons stored in the floating gate 106 through the tunnel oxide into the source region 102. The
tunneling of the electrons in the floating gate 106 to the source region 102 is indicate by arrows 105.

The charge removed from the floating gate 106 produces a threshold voltage shift.
‘ 2
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as measured from the control gate;

0 = the capacitive coupling coefficient from the control gate to the floating gate;
o5 = the capacitive coupling coefficient between the source and the floating gate;

op = the capacitive coupling coefficient between the substrate or-p-well and the floating gate. -

25 As technology advances, a continuing goal throughout the industry is to increase the density of .. .
memory devices. By reducing the size of a flash EEPROM device a greater memory capacity can be
achieved. As can be appreciated, the more die per wafer, the cost per die can be reduced. In addition,

using higher density memory devices may provide for a reduction in the overall power consumption. . .

In order to increase the memory density of flash EEPROM devices, the memory cells are
30 typically scaled down in size, for example the reduction in overall footprint of the device, is
accomplished by reducing the gate length (Lgare) 132. However, a problem with reducing the length -
of the memory cell gates is that the distance Leypanner 122 betwee_n the source region 102 and the . ..
drain region 104 must also be reduced. As the source region 102 approaches the drain region 104, the .-

lateral diffusion from the phosphorous in the source region 128 causes a leakage between the source
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20 Because of the source-to-substrate biasing during the erasure of the memory cell device, a
reversed-biased ﬁn junction is formed that produces band—td-band currents (also known as Zener
currents) in the source junction. The band-to-band currents are normally several orders of magnitude
larger than the Fowler-Nordheim current. This band-to-band current is hard to sustain from a circuit
design point of view and is also believed to generate detrimental reliability problems such as hole

25  trapping in the tunnel oxide.

One barrier to further decrease the size of flash memory cells is that during manufacture of the
flash memory cells, there is a phenomenon called gate-edge lifting that occurs during an oxidation
procedure. Gate-edge lifting causes the tunnel oxide to thicken at each end and is a particular problem
at the source end of the tunnel oxide through which the electrons must tunnel during Fowler-Nordheim

30  erasure. Because the gate-edge lifting is not the same for each memory cell, the erase characteristics
of each memory cell may differ and as a result the erase procedure has to be extended to ensure that all
memory cells are erased. In addition, in order for each memory cell tb be erased at the lowest possible
voltage the source region has to be extended under the gate region until the heavily doped region of

the double diffused source region reaches a region under the tunnel oxide that has not been thickened.
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The described method of tnanufacturing a flash memory cell thus provides a flash memory

cell with minimal gate edge lifting.

The present invention is better understood upon consideration of the detailed description
below, in conjunction with the accompanying dtawings. As will become readily apparent to those
25  skilled in the art from the following description, there is shown and described embodiments of this
invention simply by way of illustration of the best mode to carry out the invention. As will be
realized, the invention is capable of other embodiments and its several details are capable of
modifications in various obvibué aspects, all without departing from the scope of the invention.
Accordingly, the drawings and detailed description will be regafded as illustrative in nature and not as

30 restrictive.

is Sheet Has Been Replaced

SR 1111



I n anot her aspect, of the inventi on the solid source material is deposited
with dopdh® oY 48}% 2that 20 are di ffused into the substrate PETMHSAY293RL

doubl e diffused source region. The described nethod of manufacturing a

f1 ash nBrgtDesgrption of the Brayvinges a fl ash menory cell with nminimal gate edge
lifting. The present invention is better understood upon consideration of

t he detai | edTHesS &I feameabelieeéms{arabtenﬁi@w thHeGhveRflondrk ket Fdith in GeQPPeHayd E18ims.
drawings. As will becone readily apparent to those .25 skilled in the art

f r om t h&hs BVENGRR gl Basevers s \8«’41 asapEpterredsmadeise AgH rshenabisels 2nd MYAPAESSt s of

thi's i nyRRbE ¥ Eésm ﬁhd@fétomliy Rfferérck Woths lloMheetilBe dhaFitiol R BlubtatGar ry out
the i nventi on. will be realized, the invention is capable of other

nbodi newt)sdnams wtle' readd i cenjungtion itls the aecompanying dapingsydiersitat i ons i n
varl ous obvi ous aspects, all without departing fromthe scope of the

i nvention. tlssYhe stiBufdloR Whypikal AR ntbedony tgEl description will be
regarded as illustrative in nature and not as 30 restrictive. This Sheet .
Has Been Replaced 5 IL11il 1111111 1111 WO 01/33622 PCT/ USOQ 2932 Bri ef
Descri ption i’fg"mezhaw HgEaie A gomign ef a prict A PEXeisdPr e Ean ?Fé‘t"%&igfi?s?sti c of

the i nveRidofidedices;set forth in the appended clainms. The invention itself,
however,; as well as a preferred node of use, and further objects and
advant ages ere will best b nder st god ference to the foll ow ng
ot at | g des EIRUSE T4 SONS 4 BORLFRLaf AT Umam DO GG SHPoT s RYF EURPCE | o
Wi t hot hexide t‘di)ﬂi’i&ﬁdS}WhB SubdirA¥ A5 gatéRRLIET formedFindhk Ryek of inél okide cahprisidgr € of a

typical flash nme ure 2A - 2D illustrate a portion of a prior
art profeinesgle. 3 égﬁgﬁh]]paad‘fj& 8"t gfash menory devices; Figure 2A shows a

portion of a flash nenory device including a substrate, a layer of tunnel
10 oxi de f or Fighre2B shevsshdsdrtia of tiefthsimegatydiesica akshova imBiguni2 A feerbmyer of

tunnel oxide co i.sikn . £l oatin a a | ayer n cont r ol

gate; FPIpEF® rpé?f ﬁ\éor&ﬁghlﬁearyﬁ%# X%F%Pﬂ?f gt MP?%%C% gsfr °Thdwn i n

Fi gur e Z2vbseduentrioraimplanatidmpiooess;pr ocess to forma thin | ayer of oxide on the
gate stack to protect the gate stack froma subsequent ion inplantation

pr Oésaar e 2 Blil lﬁ]&é EC%EOV?SQHE %OTEIQHeOfQEe fflasﬁ) 15:31: ev1ce _P% thrcr)]wg(l)l’llr]? Igéreg%m@ﬁ%%lsngs hO\Nn
reg| onsanibngmpbntalimsthcﬁwmlstoheemddrmomgMnst he flash menory devi ce as shown in
Figure 2C after an

Figure 2D shows the portion of the flash memory device as shown in Figure 2C after an

anneal process to drive the implanted ions into the substrate to form the source and drain regions;

Figures 3A - 3H illustrate a portion of a process for the manufacture of flash memory devices

20  in accordance with the present invention;

Figure 3A shows a portion of a flash memory device including a substrate, a layer of tunnel
oxide formed on the substrate and a “gate stack” formed on the layer of tunnel oxide comprising a

floating gate, a layer of ONO and a control gate;

Figure 3B shows the portion of the flash memory device as shown in Figure 3A after an
25  oxidation process to form a thin layer of oxide on the gate stack to protect the gate stack from

subsequent processes;

Figure 3C shows the portion of the flash memory device as shown in Figure 3B after an

anisotropic etch;



anneal %cess to drive the inplanted ions into the substrate to formthe
source 38?2 regions; Figures 3A - 3Hillustrate a [REOTUSHO20H29 4

process for the manufacture of flash nmenory devices 20 in accordance with
t he present Fignves3 shows theipguios of the Shashwemorp devidean shfwrein Fligurh 3Govithralaybevi ce

! Ubid skl onfed B! sifacd SMTors b 8 RO B0 dekile SUDS(ale and

a "gate stac orrre ayer nnel  oxi ising a floating
gate, a layer of ONO and a control ate, Figure 3B shows the portion of the
fl ash menor YigueedEcshows tlsmgmnuoﬁthsiﬂggwreem deviaeras shpwnig Figure| 3P updergningess to

form aqf finfa k:ﬁ%é‘s& tdjénvg)&bﬁiﬁts%n%mg ﬁ@ﬁitsguréé Aekridi Goed Elﬁ%@ﬁsﬁraﬁe?fgogﬂftﬁe sohgk from

subsequent pfocesses; Figure 3 he portion o Menory
dev? cerewnsvﬁtbwﬂaahnnqmcgnd@mss after an anisotropic etch; 6 WO 01/33622
PCT/ US00/ 29329 Figure 3D shows the portion. of the flash nenory device as

shown in Fig FxF‘e FChbivt fe onlti%}{%f h9hﬁs?|%én%r§&’éb§c€"as %%rnh Figui-@iﬁ'%h% sBE@

surface of t a.POI"[ Ion O nmenor devi ce, gur e
por t i oppusde maasiak lemetedvathihe dopble diffusgd sogmmglqwhﬂlfgdy forrpeyl mﬁﬂ@wm

anneal process to drive dopants fromthe solid source material into the

substrate t Righf3Q Eﬂﬁ%swoﬁ?on &tﬁe?ﬂkﬁﬂe@éwhgkﬂcédsmmfﬂéﬁe@F%ﬁ% Figure
3F shows the portlon of flash nenory device as shown in Figure 3E with

t he sopgcend layeg plsolicksquage; reﬂteuaém@how@ surfapreofdbs portioncnf the flashimsmarydsviee gi on
S hgg | Omcvunﬁag&ﬁgiad ﬁoéegﬁo%Hb§ B8Rk fmml%he%h@ otz e TN tnmam@ Qfl;sﬂrﬁ@toqafdd tdﬂe

flash nenory device as shown i'n Figure 3F wwth a second | ayer solid
sour cethedpussd rggion gndre fprarihe graindgegiqnef shedash memerydeyiesi aBd t he flas.h nmenor y
device 10 and undergoi ng an process to drive dopants fromthe solid source

material -i NnFgukdBH Mﬁﬂeaﬂoﬂldn%fﬂ'@d]ahpmerh&? d@ﬁé&a@@h&vﬁgh dGtwaftgé m t he
drain regﬂon of the flash nenory device; %b”e 3H shows t.he rtlon of

the f1 SREARdRYRSPL SOl squece %er?hfﬁm?wdrenﬁlsw'@g e;d g diffpied sQueejRgiop

solid aﬁw@goﬂr&ttﬁgm@ﬁ“{eﬁ,ﬁm&dmg%@&m&@w he doubl e di ffused source,. regl on
and the drain regl on of the flash nmenory device conpletely formed. 15

he I nyention Reference is now made in detail to -
spggi f}VE"d&‘SﬁB ﬂlgg’j‘fﬁtﬂ?ﬁﬁ' B ent invention, which illustrate the best -
node presently contenpl at ed by the inventors for practicing the invention.
Fi gures 2A Ref2inéd i ot madeinaletad td specifioémisodpnancrof shetpresemsdmestidnowhiche -

ranuf A GhuslAre t%e st} l%ﬁ(ﬂe aﬁr}gse t 8yco?] pFa E&eﬁ%{eﬁto%ﬁgf&g&ﬁing ﬂPe%%énBQg.zoo of a

flash renory

Figures 2A — 2D illustrate a portion of a prior art process for the manufacture of flash
memory devices. Figure 2A shows a portion 200 of a flash memory cell that includes a substrate 202
20  with a layer 204 of tunnel oxide formed on the surface of the substrate 202. A structure 206 known as -
a gate stack is formed on the layer 204 of tunnel oxide. As is known in the semiconductor .
manufacturing art, the gate stack 206 structure is formed by forming a layer of polysilicon that will be
the floating gate 208, layer 210 of ONO, which is a thin layer of silicon oxide, a thin layer of silicon
nitride, and a thin layer of silicon oxide, and a layer of polysilicon that will be the control gate 212.
25  After the layers of the various materials are formed, an etch process forms the gate stack as shownin .
Figure 2A.

Figure 2B shows the portion 200 of the flash memory device as shown in Figure 2A after an
. oxidation process that serves to form a protective layer 214 of oxide on the gate stack to §peciﬁca1]y
protect the exposed ends of the polysilicon material that will form the floating gate 208 and the control
30 gate 212 by forming the thin layer of oxide 214 that forms on exposed silicon surfaces. However, the
oxidation process causes gate edge lifting as shown at 216 and causes oxide to form underneatha

portion of the layer 204 of tunnel oxide as indicated at 218. As is known in the art of semiconductor
7
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ions into e substrate oformt OSp or us I Mpl a UI’C regi on
2380 anihdichted atr292nAs isikmpwva Tt thel se;menndect@regarmfacng arf; mbowhmatonprrm@s goFauses

furt heFea&W i? dr@ffic IW[} aﬁg'a Sige é:mﬁ ar (?I th&fco%fn%%thtﬁo dﬁ\Sfu@%@ aIIH.'arsenic

t hi ckness. e ‘anneal 1's an~oxlidi zing process in‘order to repair the
damageiogeean refyktiimydevble difiysed regionias shoyin byapgions 238 and 23fhiAs shewvmiwithinpircle auses

i ncr eased QR QAR at ik b HEHAURE thh&er? |0 el rOod &t VAR LBYs t he high
uich oA his bRy Grouois,

i mpurity  concentration o romthe I nplantati ons. shed |ine
238 i nifidicated at 230 enugt thgrich@pm e fldatiegsgate 204 to the source region 232 across the tunnel

25  oxide 204 during the Fowler-Nordheim erase procedure. As known in the flash memory art, the
electrons tunnel across the tunnel oxide 204 to the portion of the double diffused source region that has
arsenic ions implanted. As discussed above, the electrons have to tunnel through a thicker tunnel
oxide, which as also discussed above, may vary from memory cell to memory cell and may cause each
memory cell to have differing erase characteristics. In addition, because the electrons tunnel to the

30 arsenic implanted portion of the double diffused source region, the phosphorus implanted region of the
double diffused source region must be driven further under the tunnel oxide and to maintain the
minimum required channel length the size of the memory cell cannot be decreased. Therefore, it
should be obvious that a process that does not include the second anneal/oxidation process would

allow shorter memory cells and less gate edge lifting.
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the control. e .\ - 1 | Lal.s are forned,
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shows outliee qf thetshostrat8 302 @fd thinel 6xidesi4 aershown bicthe dashedslines 3harid 326 gure 3A
afterte ciﬁey dation process that serves to forma protective |ayer 314 of
oxi de tt ‘gate stack to specifically protect the exposed ends of the
polysilicon material that will formthe floating gate 308 and the control
gat e 312 b¥ighre3f shgwatheiportion 3Q®ef the flash mgmonyidevich as shpwp irsKigure3Buafieeen si | i con -

Sy§ f aﬁrﬁﬁ)trof)ik elch pl%gés?ﬁlatt @ﬂbves exposed oxide material on horizontal surfaces. Therefore, the
portion of layer 314 on the surface of the control gate 312 is removed as is the portion of the layer 314

on the surface of the substrate 302 at 328 and at 330.

—

Figure 3D shows the portion 300 of the flash memory device as shown in Figure 3C with |

mask 334 formed on a portion of the surface of the portion 300 of the flash memory device.. The mask -
30 forms a protective layer of portions of the portion 300 of the flash memory device other than the

source region. A layer 336 of solid source material is formed on the surface of the portion 309 of the

flash memory device. The layer 336 is shown having both phosphorus ions (P) and arsenic (As) ions

embedded, however, it should be understood that the solid source material can have the phosphorus

ions and arsenic ions embedded when the layer 336 is formed or the phosphorus ions and arsenic ions
35  can be embedded after the layer 336 is formed either at the same time or during separate procedures.
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shown by the dashed lines 324 and 326, respectively. Figure 3C shows the

portion 300 of the flash nemp vi.ce as_shawn in Figur&. t 25
ani sot r opi &igwregF w@@wiﬂﬁgﬂﬁvggsﬁwwgg%% ﬁéﬁ?m 'élfﬁi‘lglﬁyegk ‘ﬁghrtﬁé;ont al
sur f a@esble dittedel k6Urés rebibs 3dPRkhédwitind shalywe fegioh/B4dand fndeeperrrégione34f t he
control gate 312 is renoved as is the portion of the layer 314 on the

surface of _the bstrate 302 3 at 330.. Figure 3 portion
300 of the _l“fs‘gsﬁﬁﬁg?fﬁ@?ea@%)f"&g‘s°a°§%§ﬁ4ﬁa\rxlﬂ'ﬁ°1%’°ﬁi“0&‘r° 8“%%%"%‘&‘%@%% ‘%@ﬁaformad
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SOUr C§n e 1 348 of Solfdabime mariklivehes it depesiet ot ire 1porembedded dthofayerti8 of | ash
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enhedded en e | aye i s f.ornme r. the 0 ar | : ni c
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tine Qouldéiezidg 382 pRY intreasps the adenicncenfrativd i0 He38gan FITf YBODLRIS @ftised-or
exanpl e, the, |l r.336 can be fornged w onl r ' . . +Q a
cUbs ocUE REAOYE. The BBCeoBAE TROEpHOrIrT Bivsril 0l 8 e £2,808ich

subst rdyif regidaevill &y &6rmé®6 renoved and a new | ayer formed, . inplanted with
arsenic ions, which are then driven into the substrate by an anneal

process. Fi gt EsSUOUS hG8G6 1 AEnAR %ot Beid SRIRFRIrLSYIER i

shown in Figl'e oI'ng an anneal process i ndicate _the arrows
338 t hetondiayee348tdisoliduosrct materialremoved @odiwith the donble diffgsddgowrseregionFder i al

220 U R kYo s il 5k e 1
doubl ecirtief¥5d sisnivsabemegion ireghicinthg 4Rctians 38&itopnel firom thtBedtingeate 30bthrogglithsnd a
deeper tuhrie? ioy?lcri'e .’?OARQO the arsenic implanted region 344 of the double diffused source region 342. It is
noted that the thickness of the tunnel oxide 304 has not thickened and that the memory device can be
25  shortened and still allow the electrons 356 to tunnel through a non-thickened tunnel oxide 304. The
thickness of the tunnel oxide 304 has not thickened because it is not necessary to conduct the second

oxidation to repair implant damage because there is no implantation process.

In summary, the present invention overcomes the limitations of the prior art and fulfills the
need for a flash memory cell that have minimal or no gate edge lifting. The described method of

30  manufacturing a flash memory cell provides a flash memory cell with minimal gate edge lifting.

The foregoing description of the embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention to

the precise form disclosed. Obvious modifications or variations are possible in light of the above
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Figure 3G shows the portion 300 of the flash nenory device as shown in
Figure WP 03382 10 second | ayer 348 of solid source naPEFUSIV/I9%8ed on
the surface of the portion 300 of the flash nmenory device. The second
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di f  ydush they 3tR E‘ély’r] ?5713“335““3?& 5& enic ions are also driven into the
substrate 302 in a region 352 in which a drain region will be forned.

Fi gure 3H shows the portion 300 of the flash nenory device as shown in
Figure 3Gwith the 20 second |ayer 348 of solid source material renoved
and with the double diffused source region 342 fully formed with the
arsenic inplanted region 344 and the phosphorus inplanted regi on 346. The
circle 354 shows the region in which the electrons 356 tunnel fromthe
floating gate 308 through the tunnel oxide 304 to the arsenic inplanted
regi on 344 of the double diffused source region 342. It is noted that the
t hi ckness of the tunnel oxide 304 has not thickened and that the nenory
device can be 25 shortened and still allow the electrons 356 to tunnel

t hrough a non-thi ckened tunnel oxide 304. The thickness of the tunnel

oxi de 304 has not thickened because it is not necessary to conduct the
second oxidation to repair inplant danmage because there is no inplantation
process. In summary, the present invention overcones the limtations of the
prior art and fulfills the need for a flash nenory cell that have m ni nal
or no gate edge lifting. The described nmethod of 30 manufacturing a flash
menory cell provides a flash menory cell with mnimal gate edge lifting.

- The foregoing description of the enbodi nents of the invention has been
presented for purposes of illustration and description. It is not intended
to be exhaustive or to limt the invention to the precise formdisclosed.-
Qobvi ous nodifications or variations are possible in |light of the above 10
WO 01/ 33622 PCT/ USOQ 29329 teachings. The enbodi nents were chosen and

described to provide the best illustration of the principles of the
invention and its practical application to thereby enable one of ordinary
skill in the art to utilize the invention in various enbodi ments and with

various nodifications as are suited to the particular use contenpl ated.
Al'l such nodifications and variations are within the scope of the 5
invention as determi ned by the appended clains when interpreted in
accordance with the breadth to
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whi ch th&éﬁ’SGZEal rl'y, legally, and equitably entitled. 1lpMRidbbr2832622
PCT/ USOO0/ 5 CLAIMS What is clainmed is: 1. A nmethod of manufacturing a

flash nenory device with mniml ggheapgge |ifting, wherein the nethod
conprises: 5 (a) formng a gate stack on a substrate wherein the gate stack
I ncl uOWhatds tlaimmed is:oxi de formed on the substrate, a floating gate fornmed on

the tunnel P 4 %%tho o{" %Xt?ﬁac?t{nng aﬁgﬁf&é&.&{yfdgﬁ@ Qltﬁ) Hﬂﬁlnﬁl éa'té’éﬂrgé ﬂﬁmg,gﬂﬁe@mﬂnd a

control gateé fTorne ectric; formng a | ayer of
oxi de theimbthed gaperiset ack and exposed portions of the substrate; (c)

anigsot r opi C@%Wg%hate%taglpgné Sthatd {Jh&éh% gafeck‘fgcﬁ ﬂEﬂfdb@Qﬂhﬁ’é] oRidé fodmed of the

gat'e stack rom ex os portions of the substrate; (d) formng a
| ayer mfthasnﬁ»sttatej aﬂowmatﬁbmuqdah tmumebwnda,al}ﬂ)@l‘ ofdielecrinforrmagken thelggingh a
source 9 the | ayer of solid source

for
materlﬁﬁte gt"t?(’gtgﬁ ?:tfe?fmﬁgﬁn[rf% Séécdleq cﬁ%(f) di f fusi ng the sel ected dopant
i ons into t{bkfamigtalatee of @udemnrtheagmckenql expiossdl portions of tharpubstigie:hod of C ai m

Sol 14 Sour ot RRWPPiSHIS ey EyAGE AR homihoonal G 8RE Bk R AP

dotmntfrbxﬁtéﬁpdsatlﬁordidmosmbsﬁtrsﬁite; to form a first source region; (i) doping

he | |
e LYo Ol R R B R S S m B S58RE 4PRRYbskADS v shike(|)

di ffusing t rate to forma second source
regi OnwgloaJsta;hefdmkﬂIOd of Claiml| wherein steps (d), (e) and (f) are

acco_rrpl s he?eﬂ 53’%4)@% Pag sﬁﬂw%urc {enolfwﬁ't Sse?ecteg dﬁ[%“f ﬁbﬁs erial on a

portion of sour I's t'o be fornmed, wherein
the sol i d sydiffasingthe seledted dbpdnpnmhmptﬂe sﬁbstrstbttafmnseemreébpant ions; 25
(h) di ffusing the first and second dopant ions into the substrate to
M first and second source regions. 4. The nethod of Caiml wherein
step (d) isZa&‘b@mmbcstfaﬂanhyl wB&eifgleps @) midr(f) ase dcagmplishéd biaski ng mat eri al on

the gate st ?gci laof;j‘igg the 182 yer gtdso]oé) sourc%%sate(%fal M?l? ﬁrs?b'&%htrigﬁs?; and
(h) diffusing the first dopant ions into the substrate to form a first source region;
(i) doping the layer of solid source material with second dopant jons; and

.20 (j) diffusing the second dopant ions into the substrate to form a second source region.

3. The method of Claim 1 wherein steps (d), (e) and (f) are accomplished by:
(g) forming a layer of a solid source material on a portion of the substrate in which a source
region is to be formed, wherein the solid source material is doped with first and second dopant ions;

25 and_

(h) diffusing the first and second dopant ions into the substrate to form first and second source

regions.

4. The method of Claim 1 wherein step (d) is accomplished by:
30 (g) forming a layer of ‘masking material on the gate stack and exposed portions of the
substrate; and
(h) patterning the layer of masking material and developing the patterned layer of masking

material to exposed selected portions of the substrate in which a source region is to be formed.

35 5. The method of Claim 3 wherein step (g) is accomplished by spinning on a glass material

R R R

doped with the first and second dopant ions.
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(h) patterning the | ayer of masking material and devel opi ng,the patterned
| ayer oWOMSR622g nmaterial to exposed sel ected portions 8CTMUSE0/293REtrate in
whi ch a source region is to be formed. 35 5. The nmethod of C aim 3 wherein
step (g) i6s The mempdi bfs(ﬂenh byherpinrsteptg) ivaccamplishedbyndepesiting dopetbpdysiligon h t he
first and sec 1111111111111111 Thi s Sheet
Has BBAROREPP g@%ﬂ’ iTl @ﬁﬁ%%Ti%%%%%%%&%¥ 01/ 33622 PCT/ US00/ 29329 6.’
The nethod of Claim 3 wherein step (g) is acconplished by depositing doped
polysilicon on a portion of the substrate in which a source region is to

be for ned. IIII EEREREERREEEE 111 * CL MThis Sheet Has Been

TR 111 3
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