e | NANNIVARS
"STRUCTURE AND FABRI CATI ON OF POAER MOSFETS, | NCLUDI NG TER@?%&§)%$T> C&)(ja,
STRUCTURES FIELD OF THE I NVENTI ON This invention relates to the structur
and fabrication of sem conductor devices and, nore particularly, to power

MOSFETs and associ ated term nation 10 structures. DESCRI PTI ON OF RELATED
A:?T tPO\Nerl 'VDSFtET d%ﬁﬁ%ﬁﬁzﬁﬁ@'%dﬁﬂ'dﬁcmmm aut onobi | e
el ectrical systens, power i es applications. Fi
1l illustrates a 15 typ|c£V %ﬁSEE?uTERVgggﬁﬁgﬁk%ﬁgﬁﬁﬁﬁﬁgé ppNCSFET An N—g
epitaxial silicon layer 1 formed over an N+ silicon substrate 2 contains
deep P+ regions 3 and 4, P body regions 5 and 6, and N+ source regions 7
and 8 for two MOSFET ceIIs In the device. A continuous source-body 20

el ectrode 12 extends across certain surface portions of epitaxial |ayer 1.
The N-tyge drain for both cells is fornmed by the portion of N epitaxial

| ayer 1 extending to the upper sem conductor surface in Fig. 1. Adrain

el ectrode (not 25 separately shown) is provided at the bottom of N+
substrate 2. An |nsulated gate structure conprising gate oxide 16 and
gate polysillicg e channel and.drain portions of the body.

Many di f f efedhiYee ‘ n used to fabricate
- This 1nvent10n relates to the structure and

_fabrication of semlconductor devices and, more
particularly, to power MOSFETs and associated termination
10 structures. '

DESCRIPTION OF RELATED ART
Power MOSFET devices are employed in applications

such as automobile electrical systems, power supplies, and
power mahagement applications. Fig. 1 illustrates a

15 typical structure for an N-channel power MOSFET. An N-
epitaxial silicon layer 1 formed over an N+ silicon
substrate 2 contains deep P+ regions 3 and 4, P body
regions 5 and 6, and N+ source regions 7 and 8 for two
MOSFET cells in the device. A continuous source-body

20 electrode 12 extends across certain surface portions of
epitaxial. layer 1. ' '

The N-type drain for both cells is formed by the
portion of N- epitaxial layer 1 extending to the upper
semiconductor surface in Fig. 1. A drain electrode (not

25 separately'shown) is provided at the bottom of N+
';' substrate 2. An.insulated gate structure comprising gate
oxide 16 and gate polysilicon 18 lies over the channel and
drain portions of the body.
Many different processes have been used to fabricate
30 power MOSFET devices.' These fabrication processes
generally employ deep diffusion. For example, in a .
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30 power MOSFET devices. These fabrication processes generally enpl oy deep
di ffusion. For exanple, in a -2- process disclosed in Lidlow et al, UK
Pat ent iPubl i cation 2,033, 658A, a deep P-type region is about 4 [err] deep,
and a 5&%%2? bodyhregion i s about 3 [éT?]‘deep A connercially avai l abl e
power Is the SNP60hDS 5 rof uct de b |co Inc .The
SVPEOND5 deRieeesmdiscinge S fe é?‘séJ b"ﬁ%’ea"tméhnol ogy
used to falzaxs ss98r, W@-mmuo:tqu aed Iayboaxtm‘lewas deerct iand dept hs

of 2.5-5.0 f lerr] for the P+ bod
cont act zonlleaé’%d @%ﬂ%'}ge&f%? err Tor tﬁ‘ our ce r.egions. SUNNAR)\/( OF
THE | NVENTI ON THe qpmma%mwam}mm MOSFER s dha SHEeAN05

gtructures f;%ocﬁ:lé?@vﬁdmrsﬁﬁ&ﬁiﬁd, fara0 amnmmemaid iqearismaTiteEnduct or

body divided into, a nain actlve | heral rmnation area.
' st L8O THReS RIS P 7 13 P e A | THE: Tor

subst ant i alﬁecmmidlj}musm¢l¢rms&hme:dﬁestnmeﬂmﬁdm em:(d:dlmfm nati on areas.

The thi ckness, of ﬂ;? fdg{su %41%{1 soroeii ezra;ﬁlg/d Sem! F5rL AL 39

angst rons. ayer CO S ltutes
body region, 5.0-6.0 um for the P+ body contact zone, and

10 0.5-1.0 pm for the N+ source regions.

SUMMARY OF THE INVENTION
The present invention furnishes a unique termination

structure for a power MOSFET created from a
monocrystalline semiconductor body divided into a main
15 active area and a peripheral termination area. '

In a first aspect of the invention, a first
insulating layer of substantially uniform thickness
overlies the active and termipation areas. The thickness
of the first insulating layer preferably is 100-1000

20 angstroms. The first insulating layer constitutes the
gate d1e1ectrlc for the power MOSFET.

A peripheral. polycrystalline semlconductor segment is
situated over the first insulating layer above the
termination area. A second insulating 1éyer overlies the

25 peripheral polycrystalline segment. A source electrode
for the MOSFET contacts the active area. A terminating
portion of the source electrode also contacts the
termination area and the peripheral polycrystalline
segment. The combination of the source-electrode

30 terminating portion,:the peripheral polycrystalline
segment, and a field ring that runs along the peripheral
polycrystalline segment below the first insulating layer
constitutes a field plate that improves MOSFET performance
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gate dielectric for the power MOSFET. A peripheral polycrystalline

sem conduct or segnent is situated over the first insulating | ayer above the
term nation area. A second insulating Layer overlies the 25 peri pheral
polycrystalline segment. A source electrode for the MOSFET contacts the

active areay, RE%%%Q@hg”thﬁeéifﬂﬂlﬁ‘f hifR aguceiel esbiadessbio contacts

t he tern1nat area an he peri pheral “pol ycrystalline segnent. The.
conbi nat i on°GCFWEKdNGour ce- el ect rode 30 term nating portion, the perlpheral
pol ycrystal | i ne gagamethegndspettebd thagihWehtions al pagrt be peripheral

I I Li
Preld ol at o TPREESIN: ByRETRERRHOBEFFEbraRLind' sohicRYahoEER bohbRes"
pnde5|rabByahegblahecedlonfthedﬁlrsbninsumatung laneanovhgrtQSpect of the
I nvention, &g Bﬁ&ha@&ohakféé"yTﬁépééébﬁﬁ HE¥§5¥ﬁhg'hthr58 EQEQECtOV

segnents 5 are §ituated irst insulatin ver the ternination
area. The s§b§n&WPnﬁeﬂXFFﬁﬁtP&}éﬂeo§€gmﬁé§sthe swdnpshec 56k pERECT

segnents. Aggi l&hbhinfléhﬁioﬁzpﬁﬁé 8butBe bneeaibas. cbheaaegreaeelaeeiﬁede

contacts the_ acti a ternm nation_.area, and one
poncrystaIPFﬁ@' %ﬁe Eermln ion area, and one’ o% ghe po?ycrystalllne

10 segments.

The other polycrystalllne segment extends over a
scribe-line section of the termination area where the
semiconductor body is cut into separate dice.

Importantly, the termination structure includes a special

15 metallic portion that contacts this second polycrystalline
segmeht. During the dicing procedure, the second
_polycrystalline segment and the overlying special metallic
portion are electrically shorted to the semiconductor
body. This allows the special metallic portion, in

20 combination with the second polycrystalline segment, to
equalize the poténtial at the outer periphery of the
MOSFET and thereby reduces the likelihood of malfunction.

In the first two aspects of the invention, a main

polycrystalline semiconductor portion overlies the first
25 insulating layer largely over the active area and contacts
a gate electrode for the MOSFET. A third aspect of the
invention deals with the structure centering around the
main polycrystalline portion, the special metallic
portion, and the polycrystalline segment that underlies
30 the special metallic portion. This structure is useful in
a wide variety of MOSFET applications, including trench-
isolated devices.
" The invention provides a streamlined process for
manufacturing the present MOSFET structure. An important
35 feature of the fabrication process centers around the
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10, ségments.- The other polycrystalline segnent extends over a scribe-line =~ =~

section of the term nation area where the sem conductor body is cut into
separate dice. Inportantly, the term nation structure includes a special 15
metallic portion that contacts this secohd-pol ycrystalline segnment. During
the dicing procedure, the second polycrystalline segment and the overlying
speci al net BFPFedpset pepdake @+%%£;i%am¢9’%?ﬁﬁ?%¥5¥%@¥¥ﬁﬁsen1conductor

body. This akhowbnéiietepetapér Nehed | $6cODohs Oébri'ésﬁ&m@i}ﬂ@iwt%m with the
t he outer

second polycrystalljne.segnent,.to equalize the potential at

o phery. SPoIREPKBERETEY BOheH o8 A hedtetty FPRErTRS MY en Tunct i on.
I'n the firsInitbaddpectie ghontronemeystah]ine ntayepoly cdgpositedeon

sem condust @he PRIELLNiRYELAL B5g 1By di I Strige ﬁ&ﬁlﬂ:@ﬁ&%o%dﬁiﬁér & Over
the active area and contacts a gate el ectrode for the FET. Athird
aspect of th® theBPabherRed stQy tFeatRe 3 tMAER R TRORMGTYFERLLIRAR t he main

pol ycryst al pofeigRrahdna HELipHeca Bl ndimdnocrpotdlDine apskctién. The

polycrystalline segnment that erlies 30 the special netajléc onéﬁon.

This st ruct‘ﬂ?’eni‘§°‘8s%?ﬁ?°¥3ﬁs‘éa o v%‘?’i’%’f?f’bf“k@kﬁ%‘bﬁ%’é For3, the

i ncl udi ng takové-mésbioned mEin qeslydtpwstallkine qoption dekargely ekhigs ned
rocess r t LIk 4 t re ' 35
p i ?ﬂgil fuélgéa r HEL e L P! €SAIL erd] :ﬁ%xﬂ-éfanﬂwé@éﬁﬁ%

feature o f i cat1 on process centers aroun
. . portion lies over the termination area. :

A second insulating layer is formed over the non-
monocrystalline portions. A metallic layer is deposited
and patterned to create the source and gate electrodes

15 and, optionally, the special metallic portion. An etching
step, commonly referfed to as a defreckle etch, is then
perfbrméd to divide the peripheral polycrystalliné'portion
into first and second non-monocrystalline segments
corresponding to the first and second peripheral

20 polycrystalline segments.

The non-monocrystalline layer preferably consists of
silicon deposited in polycrystalline form. However, the
non-monocrystalline layer could be deposited in amorphous
form. In the latter case, the normal heating operations

25 present during the MOSFET fabrication process transform
the amorphous silicon into polysilicon.

Only four masking steps are needed to fabricate the
various layers and regions described above. A final
passivation masking step brings the total number of

30 masking steps up to the very small number of five. As a
result, the fabrication process of the invention is very
efficient.
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2 4- procedure used to divide a non-nonocrystalline sem conductor |ayer into
sections corresponding to the polycrystalline portion and segnents

descri bed above. Initially, the non-nonocrystalline |layer is deposited on 5
the first insulating |ayer. The non-nonogrystalline |ayer is then patterned
to create a main non-nonocrystalline portion and a peri pheral

non- nonocr yBRAEFi DESORTPTTON OReTHRI DRAWIDNEGBNocrystal |l ine portion, whi ch
e oI over Dot igt Ty TR bHADE AL 1o RR) VELKALRLELT S RRY  pE | 2 951y

ab
lies 10 over the adfive area eral non-nonocrystal |ne portion
| i es over tgeneraki Nachannalepower sM@BSKHET: nsul ating layer is formed over

the non- nonocryghgkli BR, POBL I 883 2ﬁ*”§Ea|bFC b@yeﬁHlszﬁepﬁﬁthﬂ aaﬁd
patterned to creaté the source and g?te el ecfrodes 15 and gtlonal t he

speci al nétéMIPEepSFPﬁﬁﬁseﬁﬁlePéﬁlﬁ E?EﬂraéoﬁﬁﬁWFyrFBFQFFBH Pg as a
def reckl e esthgebsihhehepeabpiortion Of vadN-thanneli pbwesl MPSFETrystal | i ne

portion intﬁaflrgtagad ﬁegﬁggcgggﬁgngggﬁxﬁgﬁk%#ngt§3gggggs ﬁorrespondlng to

the first afig s6cof peri phera i NE segnents The
non- nnnocryscabrdnBCanéthptbeelaweytbgns|sts of silicon deposited in

pol ycrystal line £9gm j3Houeyegyrokbesectional structural view of a

10 variation of the structure in Fig. 2M.

Figs. 4A and 4B are plan views for respective
configurations of the polysilicon and metal layers in the
structure of Fig. 2M. Fig. 2M is taken through plane A-A
in Figs. 4A and 4B. . :

15 .Fig. 5 is a cross-sectional structural view for the
outer contour of the depletion region in a termination
structure of the present invention with a field plate in a
reverse biased condition.

Fig. 6 is a cross-sectional structural view for the

20 outer contour of the depletion region in a termination
structure wherein a field plate is not used.

Figs. 7A and 7B are cross-sectional structural views
representing stages in an alternative method for
completing the fabrication of a power MOSFET starting from

25 a structure similar to that of Fig. 2K but with an
additional annular opening being provided through the
outer BPSG portion and the underlying oxide in the
termination area.

Fig. 8 is a cross-sectional structural view of a

30 variation of the structure in Fig. 7B. |

Fig. 9 is a plan view for a configuration of the
metal layer in Fig. 7B. Fig. 7B is taken through plane
A-A in Fig. 9.
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non- nonocrystal line |ayer could be deposited in amorphous form In the

| atter case, the normal heating operations 25 present during the MOSFET
fabrication process transformthe anmorphous silicon into polysilicon. Only
four masking steps are needed to fabricage-the various |ayers and regions
descri bed above. A final passivation masking step brings the total nunber
of 30 nmaski ng st gjkeupefertheevsyypbsolal araunbed dh theedrAwiagseandt, the

fabrication, S vept f : BRI EF
DESCRI PTI ONir SR 2R RELOR B2 GAR bEekEbted thbbiThents 18 0 5 o,
a general Nrspasﬁentp§hersnmsFer VFr3551EAlaZBlt§@ opDitems.2F, 2G 2H, 2I
2J, 2L, and 5 2M are cross-sectional structural views representing stages
in the fabricatio; ofNa.N—channeI cower NCSFET %eV|ce and an associ at ed

t er mi nati on2 Fig. 3is a
Cross-secki onal ghr aetor8aneeewith ﬁhéOtéaChﬁthnoﬁf thbepstasanture in Fig.

2V Figs. AdodRdciBoa g DERRiNLPYR LRAAERPESLLY aBABLE0H 2ELMR O the

ers
MOSFET ("DMOSFET") is fabricated by a process that

requires only five masking steps. The DMOSFET device
consists of a group of DMOSFET cells laterally surrounded
10 by a termination structure. Figs. 2A-2M show various
stages in the fabrication of one of the outer DMOSFET
cells along with the termination structure.
Fabrication of the DMOSFET device begins with
deposition of a lightly doped N-type silicon epitaxial
15 layer 2000 on a heavily doped N-type monocrystalline
silicon substrate 2001 as shown in Fig. 2A. N- epitaxial
layer 2000 is 5-20 pm thick and has a doping concentration
of 4E15-4E16 atoms/cm’. N+ substrate 2001 has a doping
concentration of 2E19-8E19 atoms/cm’. Although substrate
20 2001 is actually about 500 um in thickness, substrate 2001
is represented here in condensed fashion to facilitate the
illustration.
The semiconductor body formed by substrate 2000 and
epitaxial layer 2001 consists of (a) a main active area in
25 which the DMOSFET cells are formed and (b) a peripheral
termination area which laterally encloses the active area.
Dashed line A in the drawings marks the division between
the active and termination areas, with the active area
lying to the left and the termination area lying to the
30 right. A scribe-line section of the termination area lies
to the right of dashed line S in the drawings.
A thin electrically insulating gate layer 2002 of
silicon dioxide is thermally grown along the entire upper

surface of epitaxial layer 2000 to a substantially uniform
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Structure of Fig. 2M Fig. 2Mis taken through plane A-Ain Figs. 4A and
4B. 15 Fig. 51is a cross-sectional structural view for the outer
contour.of the depletion region in a termnation structure of the present
invention with a field plate in a reversg biased condition. Fig. 6 is a
cross-séctional structural view for the 20 outer contour of the depletion

region in aph§idineald. Onaghlinct dee whgrebn.a ghebdopiake2bd2nek 4ded. Figs.
7A and 7B are cross-sectional, structural views representing .stages in an
al t er nat i ve 1090 GRISEE WS 5REEhng the fabrication of a power MOSFET

starting from 2523 lalyleaClofr podiyorystaldihbasidicbng (*pKlpstilicoh"anis
additional aROUAkAPRN AAiRCHATAR! I¥bdCHol BT BHIRKhBESCHECY 0BB=50BE! ! O
and the undertyrng oxide Ththe Termnation area. Fig. IS, a

cross- secbi engistaomgot udal avfdwssf maskidngastepi okhef Poh¥sidigenudayer Fig.

7B. Fig. 9 g paRitddnéacwy’ eemavengf artaihopoptibhs wgtal ahayer in Fig.
7/B. Fig. 7B_ig taken.through Ia@e A;é Ifegbgh 9.°1 s‘?ic%hkeog Egkgnce
synbol s areaﬁ§§&tFRPPEee&FgﬁPEgs hayeby g polysi p

2003A, 2003B, and 2003C, and also exposing selected

portions of underlying thin oxide 2002. See Fig. 2B.

10 Polysilicon portions 2003A and 2003B join together outside
the plane of Fig. 2B to form a single main polysilicon
portion situated largely over the active area. Peripheral
polysilicon portion 2003C overlies the termination area
and is laterally configured in the shape of a ring

15 extending around main polysilicon portion 2003A/2003B.

As a result of the etching step, an opening 2004 is
formed through the polysilicon over part of the active
area where an outer DMOSFET cell will be formed. Many
other such opehings_2004 outside the plane of Fig. 2B are

20 formed through the ﬁolysilicon over other parts of the
active area where other DMOSFET cells will be formed. An
annular opening 2005 is also formed through the
polysilicon over the termination area.

As shown in Fig. 2C, a light P-type body ion implant

25 is performed through thin oxide 2002 into epitaxial layer
2000 at openings 2004 and 2005. Remaining polysilicon
portions 2003A/2003B and 2003C act as an implant mask.
This implant is typically done with boron (in the form of
B*) at an energy of 40-50 KeV and a dose of 1E13-3El4

30 ions/cm’. ) '

The implanted boron is driven deeper into epitaxial
layer 2000 in a heating operation referred to as the body
diffusion. See Fig. 2D. The body diffusion is performed
at 1050-1200°C for 5-120 minutes until the boron has

35 diffused 0.5-2.0 pum down into epitaxial layer 2000. The
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i'n the description of the preferred embodi ments to represent the sane or
very simlar itemor itenms. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5

In accordance with the teachings of the present invention, a vertical

N- channel power doubl e-diffused MOSFEI- [gr&] is fabricated by a process
that requires only five masking steps. The DMOSFET devi ce consists of a
group of Edneell bokraheadsbydsoftisesdeatdtabyy aot £+ i 6éagmobeddwuct ure.

Fi 2A-2 '
DVDSFET ool PRBFoRE RBLRST AL OB RERRLBE <poiAL1002Cr, pPie bt df P! NG

DMOSFET devtherbégresfmrmh debosboﬂnnreglenlZgﬂﬁl?n@oéea-hrt99er§9lpbon
epitaxial 1504317000 Bicf Peaybdy fegesd 2yge sPEOLYSLeLhesassy | con

substrate 2 own In Itaxial layer 2000 _is 5-20 [err]
t hi ck and5hﬁgraeéobﬁﬁewcﬁﬁeéﬁPGEt?Bﬂ4o?u gide s/Bhe PLapg. oNuFignstPate 2001

has a dopi ”ﬁlﬁ@nﬁégibﬁt2007OiaQEﬂ:Qlﬁﬁlguf-ﬁéﬁxhdsAthéOéth.Bébsétaf/e 20 2001
i s actually_about t hp cknes substrate 2001 is represented

here in conﬁEﬁ§e8ff§§ﬁ| ﬁm¥8° gB?#?faP8§¥he illustration. The seni conduct or
body  forned by sanbserahei@09, aadgepup aaf alateyailp08épavatedtiB-of (a) a

mai n aCtivngéfgnEncgﬁ ﬁ@'ﬁgmﬁg Eﬁg?g fféisl @rfﬁéﬂgdfafda( §tofip

peri pher al M nhat Ton ar ea encl0ses the, active rea
Dashed | 1feof inackéver aethgs nBRRR %HECH%V?S?Bﬁlﬁe?ﬁﬁeﬁltuated in“an

annular row between the active cells and polysilicon ring
2003C.

An oxidizing ambient is used during part of the body
diffusion. As a result, layers 2008A, 2008B, and 2008C of

15 silicon dioxide are formed on the exposed top and side
surfaces of polysilicon portions 2003A-2003C during the
body diffusion, regardless of whether the structure
utilizes ring region 2007 or laterally separated P-
regions for inactive cells. Oxide layers 2008A and 2008B

20 join together outside the plane of Fig. 2E.

As shown in Fig. 2E, a layer of positive photoresist
is provided and subsequently developed in a second masking
step to form local blocking areas of photoresist. This
photoresist is typically 1.5 um thick. In the active

25 area, a block 2009 of photoresist is thereby formed in
part of each of openings 2004 through which the light P-
type body implaht'was previously made. The remainder of
each opening 2004 thereby constitutes an annular portion
2004A. In the termination area, a block 2010 of

30 photoresist is formed to completely cover opening 2005 in
the polysilicon. Photoresist block 2010 also extends
beyond the lateral boundary of opening 2005 over at least
a portion of polysilicon portions 2003B and 2003C so that
any misalignment of the photoresist mask to the left or

M-1530-2P/0095755/RIM



the active and ternination areas, with the active area lying to the left
and the termnation area lying to the 30 right. A scribe-line section of
the termnation area lies to the right of dashed line Sin the draw ngs. A
thin electrically insulating gate |ayer- 20Q2 of silicon dioxide is
thermal |y grown along the entire upper surface of epitaxial |ayer 2000 to a
substanti al | yigstf DANFig. - 7E d&‘é@hﬁlﬁssﬁd\gﬁ&i rﬁ.nSe&:y lF;_lbag:t 25 l@tﬁ@(l de 2002
is 100- 1000 r t.hi er of polycrystalline silicon

("polysili con 9‘?% %Ser%%s%lg}égoé‘é%en&’oxi de 2002 to a thickness of 4000-5000
5 angstrons. |n aAfswbsequent rheae -ty psdqasiéihtpidrayeircs?alb‘;;emmmed by
renovi ng cerjqi t4 s tde an ' | gé,&;alr g

pol ysi | igcon é%r%}iug‘ﬁé %2188%6\,&“ Z%E)EB ﬂgin%%ﬂég%é& gén aln'iso posi _n]'g‘1 g%?lﬂeégt ed
portions o WHIRIAGFERLE h(in el ot A& IFiaf a9 enerdyo|afs 90 d&P

portions 2000y adnsh 200ddké b $RULIFINS Olrid A2t henp! 2Bgi8hsFh@112Brk0 form
a single nmai lysilicon portion situated |argely over "the active area.

ol ysi
Peri pheral p ‘?%f RS Pt?%]rf"'ﬁ(ﬁfg@](ﬂférqﬂe&mc% A4 R area and i s
| ateral |y coplotpresist bheckguoofim tHen gt vax taared Ng BN mai n

pol ysilicon M:iér?rb&pp‘?}f‘ész_%%nnular shape as viewed from the top.

10 The outer and/or inner boundary of this annular shape may
be a polygon Such as a hexagon, a square, an octagon, or a
long strip—like-fectangular shape. The inner and outer
boundaries of annular N+ regions 2011 may have different
geometrical shapes when:viewed from the top. No N+ region

15 is formed below opening 2005 in the termination region due
to photoresist block 2010 covering the entire surface of
oxide 2002 in opening 2005. ’

Photoresist blocks 2009 and 2010 are subsequently
removed. N+ regions 2011 are driven further into P-

20 regions 2006 in the active area in a heating operation
referred to as the source diffusion. See Fig. 26. The
source diffusion is performed at 900-1000°C for 30-60
minutes in an oxidizing ambient until regions 2011 have
diffused downward 0.3-0.7 gm. .

25 After the source diffusion, a layer 2012 of
borophosphosilicate glass ("BPSG") is deposited and flowed
over the structure as depicted in Fig. 2G. BPSG layer
2012 is 1.2-1.4 pm thick.

For shallow junction applications (0.1-0.3 um), the

30 source diffusion can be omitted. N+ regions 2011 '

' substantially remain at the locations indicated by N+
region 2011 in Fig. 2F. The arsenic in N+ regions 2011 is
activated during the BPSG flow.

A third masking step is performed to create openings

35 2013A, 2013B, 2013C, 2013D, and 2013E in BPSG layer 2012,
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As a result of the etching step, an opening 2004 is fornmed through the
polysilicon over part of the active area where an outer DMOSFET cell w |
be formed. Many ot her such openings 2004 outside the plane of Fig. 2B are
20 formed through the polysilicon over gbher parts of the active area where
ot her DMOSFET cells will be formed. An annul ar opening 2005 is al so forned
through thetnetgby! LeavingeBPSGepdet ivnst 20N24) €20128, S2O¥RC) n2618D, 2C, a

| i ght P—typgoggg - 88 %HPﬁﬁnt 236 2%%§er£%r2 %ﬁpF§@ggrtQﬁgho§§§§fggg2 into

epi t axi al openi ngs efal hi Ng po
portions 20@3&&20@33 ﬁﬂEMQOOBEIQthaEP%Q l%ﬁ$§n¥°h&skﬂ thesachprant is

typically dQPéa%a{asP@éoenélﬁlms éf)rm p3:9) am]aéwfg@rgunefe@réo KeV and
a dose of 1E13-3E14 30 éerr nglanted % éﬁe jyen deeper into
p BreTr

epi t axi al 31 B3RY 9BRET; fuchy ??hﬁg% QL8 oA aRet Rt body
di ffusion. Bbg.FeH. 2D. The body diffusion is perforned at [err] for 5-120

S o e BeBEIBO Lo S seSo a6 o ol EsadrdibropLogerth o
[err] belompb@mesoﬁpr@#y%H¥lc@@c%o¢ﬁ|@n%n20@%AZQD@@CT 2%%3Eo%§nan
annular opening that encircles the active area.

10 Consequently, BSPG portions 2012D-2012F are annular
regions laterally separated from one other and from
composite BPSG portion 2012A/2012B/2012C.

Each opening 2013A lies over a portion of the surface
area_previouSly.COvered by one of photoresist blocks 2009

15 so that only an inside annular portion of underlying
annular N+ region 2011 is exposed. Opening 2013C lies
over a portion of the surface area previously covered by
photoresist block 2010 so that BPSG region 2012D extends
over a portion of oxide layer 2002 inside opening 2005 and

20 also up and over a part of polysilicon region 2003C.
Openings 2013A and 2013C extend through BPSG layer 2012
and underlying gate oxide layer 2002 down to the top of
epitaxial layer 2000. |

Each opening 2013B extends through both BPSG layer

25 2012 and oxide layer 2008B down to the top of polysilicon
portion 2003B. Layer 2008B is divided into oxide portions
2008B1 and 2008B2 that join together outside the plane of
Fig. 2H.

Openings -2013D and 2013E extend through BPSG layer

30 2012 and oxide layer 2008C down to the top of polysiiicon
portion 2003C in the termination area. In this way,
openings 2013D and 2013E expose two separate portions of a
selected area of polysilicon portion 2003C. Because
openings 2013D and 2013E are annular openings, layer 2008C
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therefore forns a P- body region 2006 and a P- ring region 2007. O her such
P- body regions 2006 are sinultaneously 5 forned bel ow openi ngs 2004
outside the plane of Fig. 2D. Ring region 2007 laterally surrounds the
entire active area of the sem conductorilody. Alternatively, a group of

| aterally separated P- regions can be formed in epitaxial |ayer 2000 for a
group 10 ofjsnagvidasdcehts. asmghax rt&eidaepmttimarmma:natwosmanamlmul ar

row bet ween_t ctive cells and lico [ 03C. An .oxidizin

ambi ent is %lgggc%‘ 1{? 1’3{ %?p?lﬁ %dé/r%mf uél%ggs aresult, la e?s
2008A, 2008B, amszmﬁwted&nlhg:onzﬂ; oxi heavy Peypedion implanbosed t op
and si de S“iégé 8&&9'&’5'&%& t étfw&&ooﬁﬁtf&é)%ﬂaﬁtnﬂnw epkPey

di f fusi on ess of whe e structure [izes g% I on 2007 or

IateralIy5s@ﬁaﬁ%ﬁ%dPFhr$%§¢%n%°96r°$rﬁRﬁ|%@F%¥ﬁl§?e¥k?ﬂ% + rBaBHBA and
I20088 2]9 Jop.ntfpg.gt%@mogfsud@ télﬁugha'igﬁ%x@fai;éﬂ b%lésl?ﬁbzmtlﬁsﬁ g. 2E, a
ayer of positive, photoresist rovj ded_and.subse t in a

second naskFﬁ@lg?%gy °?%r%%?%c \3 ?ﬁotﬁ?ﬁﬁh%r% Emd?guﬁgkﬁ%%§ﬁgté&$§|s
phot or esi stahd 1Bpi€rEly iohs/am™.] mhechmplbnttpequdesebgﬁtamea a bl ock
2009 of ph t reby %Eﬁk 0d 1 OPERS 2004

t hrough whi %ﬁéf Jéél céﬁ%é%@ € S'hgé ﬁ@:‘_gﬁ%&%\g@ ﬁé:g%} o%%igy ma&dgé The

r emai ndeto of eac’hh%pml@ﬂ @Qmew lah‘s%mti% her, inke|Br Fegiens

2006 and 2007 in a heating operation referred to as the

body contact dlffu51on. A P+ body contact zone 20142A is

thereby formed in each body reglon 2006, and an annular P+

termination contact zone 2014B is created in ring region
15 2007.- See Fig. 2J.

The body contact diffusion is performed at 900-950°C
for 30-60 minutes in an oxidizing or inert ambient. BPSG
2012 is simultaneously reflowed to remove abrupt BPSG
edges created when openings 2013A-2013E were formed in

20 BPSG 2012. This reflow allows better metal step coverage
in the final structure. A rapid thermal annealing step
may also be used to ¢ause the implanted boron to diffuse
further into regions 2006 and 2007.

A layer 2015 of metal such as 2-4 um of aluminum is

25 sputtered over the top of the structure to extend down
into openings 2013A—2013E in BPSG layer 2012. See Fig.
2K. Accordingly; metal layer 2015 contacts P+ zones 2014A
and 2014B through openings 2013A and 2013C. Metal layer
2015 contacts polysilicon portion 2003B through opening

30 2013B. Metal layer 2015 also contacts polysilicon pértion
2003C in the termination area at two selected places
through openings 2013D and 2013E.

As shown in Fig. 2L, a fourth masking step is
performed for removing selected portions of metal layer

35 2015 in a wet etch to form source metal electrode 20153,

M-1530-2P/0095755/RIM



2004A. In the termination area, a block 2010 of 30 photoresist is fornmed to
conpl etely cover opening 2005 in the polysilicon. Photoresist block 2010
al so extends beyond the |ateral boundary of opening 2005 over at |east a
portion of polysilicon portions 2003B_apg 2003C so that any m salignnent of
the photoresist mask to the left or -9- right in Fig. 2E does not result

in any partpgtal- gatagfmgé@nel?&@&r@&é o e P Ceredl tMiaJosemmMemnvy N-type
source inplant _is

p ned as,shown.i.n F..T t
typically doRtoB- vm'?‘ﬂ{%f i PR ?%f???bf%ﬁa)g%ﬁsc%%@%%%rzg@{o 80 150
KeV ?nd a dase 2015E1sr&8Eién{imudus MHtkgeach Ogidr And tterdly f&e¥Rd bel ow
annul ar opepi QHod st %;)psq hetﬁ@t
Each N+ reggoﬁggﬁ%%gﬁégégn anﬁQP%%EEég%e g@&V|eme on1t e to m%%agaga
out er and$oini epeninguRebI® b3 %W%e%mnrt%r@&o%y% ﬁbo?‘?’@%?uc%uch as

a hexagon, @¢SgERAiSnerdl g&éﬂa@ﬂn@én apé@eﬂoﬁtzwsd: | &€ ﬁl@@tWﬁroﬁ hape.
The i nner and outer boundar

I'es of annul e %i} may
di fferent geR®BLRFcAPL3RapcRechese mehdt *?¥ﬁﬁt#&9$lﬁﬁu ?%6?55515 i's
f or med bel ogm@PENaAEUREESof Nsibicodmw) nshhicam regidwe duemd inphaftersi st

bl ock 2010 govef|@gmg@§1egééﬁeéég5face of

10 In the present invention, a defreckle etch is now
performed to remove silicon residue left after the wet
metal etch and, importantly, to create an opening through
‘the part of polysilicon portion 2003C exposed by opening
2013E in BPSG layer 2012. As a result, opening 2013E is

15 extended down to the top of thin oxide layer 2002
overlying epitaxial layer 2000. An annular first
polysilicon segment 2003C1 and an annular second
polysilicon segment 2003C2 are thereby created from
original polysilicon ring 2003C. Polysilicon segment

20 2003C2 extends over the scribe-line section of the
termination area as indicated in Fig. 2L.

After the metal and defreckle etches, a passivation
layer 2018 is deposited over the entire upper surface of
the structure. See Fig. 2M. A fifth and final masking

25 step is performed to create openings through passivation
layer 2018 to reach down to a metal gate pad and a metal
source pad. These gate and source pads are situated
outside the plane of Fig. 2M. '

The bottom surface of substrate 2001 is then

30 backlapped (ground down) until the structure has a
thickness of 350-450 um. A metal drain 2017 is sputtered
onto the ground bottom surface of N+ silicon substrate
2001. Fig. 2M shows the resulting structure.

In Fig. 2H, annular BPSG portion 2012E and underlying

35 thin oxide portion 2008C2 separate termination metal
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oxi de 2002 in opening 2005. Photoresist blocks 2009 and 2010 are _
subsequent|ly removed. N+ regions 2011 are driven further into P- 20 regions
2006 in the active area in a heating operation referred to as the source

di ffusi.on. See Fig. 26. The source ditfygsian is perforned at [err] for
30-60 mnutes in an oxidizing anbient until regions 2011 have diffused

downwar d 0. Bo@tiohebblsB2Brom pof%éﬁllé@ﬂ §@glﬁéﬁtd26631§10810ﬁg|ﬁuér 2012 of

T uctur o adPRYARCPagel RisFE ot endes T8 Rte o0l | oF 1888048 R, 1 ok

For shalIomAinﬁcnaanabpliBBﬁGQp@rtibn.ZDEQEeam@)QXi@e Boértibancz2008€2 usi on

can be omt r i t cations
i ndi cat ed bésﬂ&dF§8|g%iggﬁigg%xs?ugﬁé@n&é{#i%ﬁ%%ﬁ?éﬂ?ﬁékhggegﬁons 2011 is

act|vated5dﬁ¥Fﬁ§thE°BFE%5?VE@F RF%%EW%FYW@@JP@ﬂ%?%%ﬂ?%np%$$ﬁ?ﬂ%d to create
openi ngs 352@0384A, 2013B, 2013C, 2013D, and 2013E in BPSG | ayer 2012, -
B, 20 012D, 2012E, and

;81-2; hgregmléi g?aﬁﬁngwﬁsﬂ‘ﬁﬁlg‘%‘éhzg‘%@%%gel PR % ?or#a9* t A ough BPSG
| ayer 2012 abhtehpativeven which termination metal portion 2015B and
polysilicon segment 2003C2 meet along their outer

10 boundaries. The structure in Fig. 3 is created by
modifying the photoresist mask used in the BPSG etch of
the structure in Fig. 2H so as to merge openings 2013D and
2013E into a single opening 2013DE.- During the later
defreckle etch, an annular part of opening 2013DE is

15 extended through polysilicon portion 2003C to divide it
into polysilicon segments 2003Cl and 2003C2 in such a way
that termination metal 2015B extends up to opening 2013DE.
Deposition and patterning of passivation layer 2018
thereby leads to the structure shown in Fig. 3.

20 Fig. 4A depicts one possible layout of the patterned
polysilicon layer of the present invention. This
particular polysilicon layout, with a relatively small
number of openings 2004 in the active area, is provided
for explanatory purposes. Other polysilicon

25 configurations are possible.

Fig. 4B depicts a metal layout for gate finger
electrode 2016 and composite source electrode 2015A/2015B
corresponding to the polysilicon layout of Fig. 4A.
Rectangular pad 2101 in Fig. 4B indicates the overlying

30 metal gate pad. Rectangular pad 2102 indicates the '
overlying metal source pad.

High-voltage DMOSFET devices must be able to survive
conditions of high reverse bias. Under reverse bias, the
PN junction formed between the P body region of each

35 active cell and the N material of the epitaxial layer
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area outside the plane of Fig. 2H Likew se, there are 5 many other such
openi ngs 2013B outside the plane of Fig. 2H BPSG portions 2012A - 2012C
join together outside the plane of Fig. 2H Each of openings 2013C - 2013E
i s an annul ar opening that encircles thggactive area. 10 Consequently, BSPG
portions 2012D- 2012F are annul ar regions |laterally separated from one ot her
and fron1coaap;é?asEPSEGpﬁhéiBN 01241 3R 138 PEEEE. mbre han@demong &D13A |ies
over a portion of the r [ e e ot or esi st
‘bl ocks 20099589§85F53Fi§ gﬁggﬁgl %génﬁﬁ éy %@%t&o€12¥l§Hd£§ l?ﬁg annul ar
N+ regi on 28fttendsefpother épénfhgt2613€W$Yeﬁremetha penetdanef Ifie surface

area previ OusbyaeBYRESAn ¥eBROORES| 8t shboek 2RA0coRtihabuBPEErtagbon 20120
extends over a tion of oxide layer_ 2002 |nsldgg ﬁ}ﬂgng§2005 an 0 al so
e

up and ov&raasp FFaBFlﬁéiysFPPEBﬂn eBlentohpstie 0B32SERE 2013C
ext end throaaboBEﬁ&xtamé g0tfaasdofintRe | Jepleyibr pagilenl ayef, 2602 down to

BPSG | ayer She;Bthar halr (ERP 9epTonitR Hedhof idn 8 hERaRLEEFE DY, 00"
portion 20033rfhayer1@06882eé dreaaedfth@hGX|GbepbrlcoﬁseIQOBBllahg 2008B2
EQ?EnGOLErgggﬁégggcfuhébgfdiﬂﬁlPIa@ﬁeoélfiSonth thenasgteePAlragioR013E
10 w111 break gown first in these localized areas of higher
electric fields. Field plates are therefore used in
termination areas to influence the electric fields in the
underlying substrate so that the contours of the surface
of the depletion region are smoocther and so that the
15 reverse bias voltage at which the device breaks down is
higher.

In the above embodiment, polysilicon segment 2003C1
is electrically connected to P+ ring 2014B by way of
termination metal portion 2015B. P- ring 2007, P+ ring

20 2014B, metal portion 2015B, and polysilicon segment 2003C1
form a termination field plate. Polysilicon segment
2003C1 of the field plate is insulated from the underlying
epitaxial layer by thin oxide layer 2002. Under high
reverse bias, the depletion region forms along the upper

25 surface of epitaxial layer 2000 due to the influence of
overlying polysilicon segment 2003C1.

Fig. 5 shows the outline of outer contour 2100 of the
depletion region in conditions of high reverse bias, where
the voltage between the drain and the source is

30 approximately 20 volts, and where the voltage between the
gate and source is abproximately 20 volts. Fig. 6 shows
what the outer contour of the depletion region 2100 would
be at approximately the same conditions of high reverse
bias if polysilicon ring 2003C1 were not present. The

35 area of localized high electric field at which the device
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30- 2012 and oxi de | ayer 2008C down to the top of polysilicon portion 2003C
in the termnation area. In this way, openings 2013D and 2013E expose two
separate portions of a selected area of polysilicon portion 2003C. Because
openi ngs 2013D and 2013E are annul ar opd® mgs, |ayer 2008C i s divided
into annul ar oxide portions 2008C, 2008C2, and 2008C3 | ateral |y separated
from one ot hér Figs Bnapuddenosh tiﬁelzlbraaheQQVnPleﬁelP§nBl#ﬁlant i s

performed te;jpNt gogHeeel BL B@thzbwerdeeaag tREOLBR beSephitaaghiP- region
2006 of the_ aCtive area_and in the term nati on

r
area. This LA¥BENEOPY F}BPEaFP}ndgﬁééﬁniﬁyﬁﬁraﬂgfrn %ﬁ idrnPof B+) at
40- 60 KeV aﬁ61§5141h5ﬁ5fuenalclﬁg Zbe3cmpsmobthesvodesthet centourf afe

Cont act tg f’lﬁ §gp§. 6%Bag'g§ Ogegglzsgéﬁghéggogyelgela 1v§&§g§ﬂgk nt ed boron

i's driven™f I ons opéeration
referred todascpnslbudyyceﬁt&ha depletion. regbenpatiypeantaBt zone 2014A is

thereby formned '@hsasﬁeaﬂaxwge%@eaagoéf #hd ﬁasama%ar yBEthigatl nation
contact zone 2014B is created in rin 8|on See Fig. 2J. The

body cont acPMASFERsAeNire EéPfBPnEGaﬁFrF rPFtVSPn39998°ﬁFﬁGtéQuFﬁean
~oxi di zi ng ok1kBerbaanbioesh/ 2866 2Ad24araini subtepeaeskyivefl | aned go renove

abr upt BPSGiarge negative voltage is placed across the device, a
negative voltage is present between termination metal
2015B (which is electrically connected to source metal
2015A outside the plane of Fig. 5) and drain metal 2017 on
the bottom of substrate 2001. Because both oxide layer

15 2002 .and the underlying depletion region have
capacitances, the large negative voltage across the device
is dropped in part across oxide layer 2002 below
polysilicon segment 2003C1l and in part across the
depletion region in the underlying silicon. Oxide layer

20 2002 therefore need not necessarily be able to withstand
the full negative voltage in order not to breakdown and in
order to perform its function satisfactorily. '

In the foregoing process, oxide layer 2002 is
typically 500 angstroms thick and undergoes dielectric

25 breakdown when approximately 35 volts is across layer
2002. The breakdown voltage of the vertical DMOSFET
device is approximately 40 volts. In embodiments where
the dielectric breakdown requirements on oxide 2002 can be
met with a relatively thin oxide layer, the above

30 described embodiment‘éf this five-step process is
particularly advantageous.

In the final structure shown in Fig. 2M, polysilicon
ring 2003C2 in the termination area is used in part to
mask the underlying surface of epitaxial layer 2000 in the

35 scribe-line section of the termination area. If the
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edges created when openi ngs 2013A-2013E were fornmed in 20 BPSG 2012. This
reflow all ows better netal step coverage in the final structure. Arapid
thermal annealing step may al so be used to cause the inplanted boron to
di ffuse further into regions 2006 and-2G@7— A | ayer 2015 of netal such as
2-4 [err] of alumnumis 25 sputtered over the top of the structure to
ext end downstplibeopénengactdnfrofO0tRE terBPNetioyecar@flderéenoti g. 2K

Al di ngl | 4 h
opon ngs 20taRkRs SBEchefRbezFaRePebss icn P So tpALlaR Ifagde THobl O OT
2003B t hr oughudgehengoped2eisB, Ph@YB# dapant 2dusing sthe oRtt¥Pe pol ysilicon

portion 200§£E}8nih§t5§ranﬁibonzfreaA ai&Qléféeﬁﬁﬁﬂ 8 f£88nt hrough
openi ngs 201 and_201 Shown in Fig, 2L, _a_fourth nasking_step is

‘per f or med3f 6PREERBILAGreErifien Poridohe G?rﬂ%@afr?%y%? §Sgieﬂ529ﬁ1a wet
etch to forghsenecacttvel apkactoope 2845én 2006 iR theeaetlgeteréanger

Sl eotrodes oB18A BRuabial de et cROPh e n ot PSTHER HRaERereby form
a conpositessnmbeelehecseoueonDuflhgethesmsnep;onhere%taIIB theopeni ng
2013E is etghedeAaynl@neXBASCpbTfsi PPcSH £ 81§ 2003C2 is used in part
10 to prevent a P+ region from being formed in the epitaxial
part of the scribe-line region.

During the sawing apart of dice at the scribe-line
region, polysilicon ring 2003C2 becomes electrically
shorted to underlying epitaxial layer 2000. This

15 connection is useful because it prevents a charge from
developing on polysilicon ring 2003C2 and therefore
prevents a depletion region from forming below polysilicon
ring 2003C2 at the scribe line. Opening 2013E isolates
polysilicon field-plate ring 2003Cl from outer polysilicon

20 ring 2003C2 so as to prevent the connection between
polysilicon ring 2003C2 and epitaxial layer 2000 from
impairing the performance of the active MOSFET cells.

In an alternative implementation of the foregoing
process, an special metal portion is provided on the

25 termination area outside of termination metal 2015B. The
initial steps in this alternative implementation are the
same as in the first-described implementation up through
the stage shown in Fig. 2K except that the photoresist
mask used in the BPSG etch of Fig. 2H is modified to

30 enable an additional annular opening to be created tﬁrough
BPSG layer 2012 and underlying oxide layer 2008C outside
of annular opening 2013E at the desired location for the
additional metal section.

Figs. 7A and 7B illustrate the remaining steps in the

35 alternative implementation. Item 2013F in Figs. 7A and 7B
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of peripheral polysilicon portion 2003C at the bottom of opening 2013E.
Because netal |ayer 2015 usually contains small anmounts of silicon, silicon
residue remains after the wet nmetal etch step. 10 In the present

i nvention, a defreckle etch is now perfgirmed to renove silicon residue |eft
after the wet nmetal etch and, inportantly, to create an opening through the

part of pO'XﬁahbaQasthblaaai@@éﬁéQxaﬁﬁﬁﬂaﬁyoﬁaﬁﬂn@gcﬁaaegalahﬁﬁﬁﬁhlayer

2012. As a result, o 1 t down f thi
oxi de | ayer BERGD 1OVER JPRG api axide Payer SOgbC HEG F0F PRRY (M
pol ysi | i conesepuenBP880B6ttdand anlamnufaFlgecmﬁdthetgbyIbeeomeegnent 2003C2

are thereby SEeabedy! LafhohtdhnghnBby ShbEE Pott 10nd006EaF PRNY 2005

_segrrent 20 over e SCr e section o e termnation
area as i Adivathe pAtprgative Appiementakien} athG@¥$%ckFEd%¥éHé§9

paSS|Vat'Onokiaérp39%§oh52669@§ldeFderzﬁhBeGBﬁééelﬂﬂﬁﬁéliyrfaCE of the
Structure. See Fi and final nasé $g°$§$Step Is perforned to

create open?ﬁgérFﬂF3uﬁﬁlﬂﬁsEPFgﬁPBﬁ £A08F3 288 th down to a netal
gate pad and a netigl. gaushewpatheThetalgatehaddringrtkepfdgrthe situated

out si de the o Jg a2 T u rate_2 I's then
30 backlappegsggggu &eh W @hﬁtgﬁt?géggg%é ?%?f&ﬂgétéegﬁ%cknggsgﬂ% 350- 450
[err].1 Aﬂnmaaklugaﬁ§6901metgls@éyeéré915 of Fig. 2K is selectively

etched to form source metal electrode 2015A, gate finger
metal electrode 2016, termination metal 2015B, and a
special additional metal portion 2019. During the
subsequent defreckle etch, opening 2013E is extended

15 through polysilicon portion 2003C to divide it into
segﬁents 2003C1 and 2003C2 in the way described above. As
shown in Fig. 7A, additional metal portion 2019 contacts
polysilicon portion 2003C2 in the termination area but
does not extend over the scribe-line section.

20 Passivation layer 2018 is then applied over the top
of the structure as shown in Fig. 7B. The combination of
passivation layer 2018, BPSG portion 2012G, and oxide
portion 2008C4 laterally surrounds metal portion 2019
along its outer boundary.

25 The bottom of substrate 2001 is backlapped after
which metal drain electrode 2017 is formed on the bottom
of substrate 2001. See Fig. 7B. A pad masking step is
performed outside the plane of Fig. 7B to form openings
through passivation layer 2018 to expose gate and source

30 pads 2101 and 2102 of Fig. 4B. '

The electrical conductance of additional metal
portion 2019 is considerably higher than that of
polysilicon portion 2003C2. When polysilicon ring 2003C2
becomes electrically shorted to epitaxial layer 2000

35 during die scribing, metal portion 2019 helps ensure that
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onto the ground bottom surface of N+ silicon substrate 2001. Fig. 2M shows
the resulting structure. In Fig. 2M annul ar BPSG portion 2012E and
underlying 35 thin oxide portion 2008C2 separate termn nation netal - 13
- portfon 2015B from pol ysilicon segnent; g2Q03CL al ong the inside edge
(left-hand edge in Fig. 2M of opening 2013E. Alternatively, BPSG portion

ﬁg%gF gggSEEgggfﬁﬁbéb%QeﬁQgggz1§0Hh§n981ﬁéanhﬂéﬁﬁd iﬁefbﬁtekern\naE|8803Cl
en e _outer peripher sili gnen :

Fig. 3 illuPeripbery ngﬁpétE&r@%ﬁﬁganoPrg%cﬁRSﬁ ¥389n2399§8rn whi ch

term nation netahspeithoth20tbAverdipal pei theostragtene 260BLg.neMt al ong

their outer, b arice The s e F S t by nodi fying
t he photore§ g %é%% useg1 ngfhéhgﬁgg? PbEG ?gfﬁ§°§t?§%?grgqﬁn Fig. 2H so
as to nergeuopemﬂygngzOxigeapQrZQQBEZDﬁB62acgnnyaeeépvnnﬁgeéo}BDEheDur|ng

the later dgitaeklee to%hmgn %nu' %ramt%nowaeamgza%ﬁDEnas 15 ext ended

t hrough pol ysilicon portio divide 1t into_polysilicon segnents
2003Cl and 2993621#ﬁ°§u§ﬁgﬁeﬂ&yZPHQF FEFﬁFHXtPSﬁtn§98P92§E§Bre?P§ﬁ s up to

openi ng 2013Bkjiphepasist.i onirawipalt ahfiungrobreespoyreiban2bager andls
underlying oxide portion 2008C3 can be eliminated in the
10 structure of Fig. 7B so that protective metal 2019 extends
to the inner boundary of polysilicon segment 2003C2.

Fig. 8 depicts an example of the structure in Fig. 7B
in which BPSG portions 2012E and 2012F and underlying
oxide portions 2008C2 and 2008C3 have all been eliminated.

15 The structure in Fig. 8 is created by further modifying
the photoresist employed in the BPSG etch of Fig. 2H to
merge openings 2013D-2013F into a single opening 2013DEF.
During the defreckle etch, an annular part of opening
2013DEF is extended through polysilicon portion 2003C in

20 such a way that termination metal 2015B and polysilicon
portion 2003Cl1l meet along their outer boundaries.
Additional metal 2019 and polysilicon portion 2003C2
similarly meet along their inner boundaries. Deposition
and patterning of passivation layer 2018 yields the

25 structure of Fig. 8.

Fig. 4 is a possible layout of the patterned
polysilicon layer for the structure of Fig. 7B. Fig. 9
depicts a corresponding metal layout for gate electrode
2016, composite source electrode 2015A/2015B, and metal

30 portion 2019. As indicated in Fig. 9, metal portion12019

~ constitutes a strip that laterally surrounds electrodes
2016 and 2015A/2015B.

The termination structures of the present invention
can be utilized in power MOSFETs that employ trench

35 isolation. Suitable examples of such trench-isolated
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t hereby | eads to the structure shown in Fig. 3. 20 Fig. 4A depicts one
possi bl e | ayout of the patterned polysilicon |ayer of the present

invention. This particular polysilicon layout, with a relatively small
number of openings 2004 in the active_arga, is provided for explanatory

pur poses. O her polysilicon 25 configﬁrégions are possible. Fig. 4B depicts

a netal |ayout f fLpge d '
el ectrode 2%?%%i§%ﬁ§€#§%r%€%d%%§uﬁgﬁé§ ?%ggégl3%??%@%E§?%§§U?Q%¥Cgig. 4A.
Rect angul arTerminabion nstryctures fehatht e@ntadn cReripheralomesthl gate pad.

Rect angul arpppdi SA82sh 8 43t et @1 ONEEA Y| PErtRoR! 26091 £8 Pigs . Hrgh- vol t age
DMOSFET devi ces_nust be gﬁ#e to. survive conditjons, of @i h rever etpéas.
Under rever3Bdpf sare RRFBRFHIAELY c?PRPEYREH bRt BREN R Re fgﬁﬁ%yl?%g?o% of
‘each 35 astpowercHOSERTstboL UL SatPateht o, 3he, 2pdt axi al | ayer - 14 -

depl etes. As theWE%%%Fgﬁéifﬂvgﬁeigﬁeﬁagnsge?ﬂg?ﬁgﬁfgﬁ% ?{egrféféyghgehigher

reverse bias, the I-on regron extends f urther away from
the junctiobe partheculiep| embodirentan Hais aisnselalinfoxoke nPBEROSE! f ace,

5 a substantialyy,cePstfoh £h&CLE| foti €6 dpdi bnbEreEasESt 1initing the
scope of the invention claimed below. For example, the N-
10 channel DMOSFET process can be modified to implement a P-
channel vertical DMOSFET by reversing junction polarities
and converting P type dopants to N-type dopants and vice
versa. No particular equipment type is critical in the
fabrication of the disclosed structures. Other types of
15 semiconductor materials could be used.

The various polysilicon portions could be created
from a layer originally deposited in amorphous silicon
form. Advantage could then be taken of the fact that the
heating cycles during the process are normally adequate to

20 convert the amorphous silicon into polysilicon. 1In this
regard, polysilicon and amorphous silicon constitute types
of non-monocrystalline silicon. Various modifications,
applications, and improvements can thus be made by those
skilled in the art without departing from the true scope

25 and spirit of the invention as described in the appended
claims.
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t hroughout the surface of the depletion region. ~on the other-hand;- the

depl eti on regi on has a nonuni form surface, Iocallzed

electric field will be present. Accordingly, the si I”@ﬂ lnl Q%%t'i on
region 10 will break down first in thesggl qQcalized ar ectric
fields. Field plates are therefore used in termnation areas to influence

the electrlﬁ%fbgégﬁ in the underlying substrate so that the contours of the
surface of epletion reglon are snoot her a g é&at the e¥ggse
bi as voltage at whi chAt REtBEd; ¥RiGR SREPHIRAS| g ﬁlgﬁ owig gtﬁe Bove

enbodi nent , cﬁah¢3n§|aOﬁesmgnanioﬁOQBfnctereléorracpbercMﬁSE@Eed to P+ ring

20148 by way of e%ﬂkggtéofigggakngﬁ Zgégér glo ngnZ perP+ ring 20

2014B, netal por ment 03C1 orm. a
t'er ni nat i snshréadeppst a. Sﬁmlyenﬂuéﬁﬂrsbgﬁ¥n9f290§6I55fcPﬁéuFtéWGtﬁlate i's

insulated fg tﬂsvgﬁgeal ¥hDH getieyi akehaypa RYypkbkipnexade |ayer 2002.
Under high r erse he depletion region forns al ong the upper 25

surface of éﬁF@éﬂPEP°Pa9EPaQOOO due to the influence of overlying
pol ysilicon segnaepod®@3hg. aFhen-honborgsthtlinel semicbnduceorcdayear 2100

of the depletion gi.on_in.caon i.gh reverse bias, where the
vol t age bet R¥ER Fﬁ §-5F éﬂﬁu?ﬁélg }§&ePg 30 approxi mately 20 volts, and

wher e t heovol t ag€obmiingeant bpepang atdlesgkcparswaypitbronghetheomopsl t s,
Fig. 6 Shomﬁonocrystalllne layer over the termination area;

introducing a dopant of a second conductivity type
opposite to the first conductivity type through the
opening into the semiconductor body to form a field plate
15 region of the second'cohductivity type in the termination
area; '
forming a second insulating layer along the non-
monocrystalline layer and over the opening;
selectively removing portions of at least the second
20 of the insulating layers to expose (a) at least one part
of the field plate region and (b) at least one part of the
ndn-monocrystalline layer over the termination area;
creating a patterned layer of conductive material
over the insulating layers such that a unitary portion of
25 the conductive material contacts both the field plate
region and the non-monocrystalline layer over the
termination area, an exposed portion of the non-
monocrystalline layer over the termination area
substantially laterally surrounding both the active area
30 and the unitary portion of the conductive material; énd
subsequently etching the non-monocrystalline layer at
the exposed portion to divide material of the non-
monocrystalline layer over the termination area into (a) a
first non-monocrystalline segment that contacts the
35 unitary portion of the conductive material and (b) a
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mhat the outer contour of the depletion region 2100 woul d be at

approxi mately the sane conditions of high reverse u, ’ on ring
2003Cl1 were not present. The 35 area of |ocalized lﬂﬁm”l “m lm" "E| d at
whi ch the device of Fig. 5 would mpsty;likely br €ak ‘dotn Ts Hoi*nt B in
Fig. 6 where P- ring 2007 reaches the tOp of epitaxial |ayer 2000 al ong

thin oxide i§¥8£a$9225ﬁ%9r££9d éeCQRayﬁthﬁeﬁoEkﬁggailﬂﬁezggéﬁénQWUOthes

out the contour letion reglon to elimnate the rélatively sharp
di scont i nui Ehabf suhetagpiativnlatgrakly: SpeFaengs Fhe SFEﬁFdBﬂH vol t age of

the resul tingnyeryystal 1 DheSE&dmerEl ce can be neasured between conposite
source el ectrode 2015A/2015B and drain el ectrode 2017. Wien a 10 | arge

negative voltage is placed across the device, a negative voltage is present
bet ween term nat2on ndtmétROd5s8s (whi €hain 3| wherednl thecnanected to source

met al 201§Ah82%%%9§t£fflﬂeagﬁdOﬁaffgrnéa SQQegéakasﬁﬁéﬁiv39}7cgﬂsige bot t om

of substrate Because both oxide la and t he underlying
depl eti on rEﬁ%Bﬁlﬂﬁ%éYcﬁﬁaE?%&ﬁé%§°°?h%n aPgE2hegative vol tage across the
device is dropped in part across oxide |ayer 2002 bel ow polysilicon segnent

ég?ggilgggrln paEE aCAOSStﬁ d§p£6tbfa1m gigp bnwh %eygderlying silicon.

substantially none of the conductive material overlies the
second non—monocrystalllne segment at the end of the
10 creating step.

4. A method as in Claim 1 or 2 wherein an
additional portion of the conductive material is left over
at least part of the second non-monocrystalline segment at
the end of the creating step.

15 5. A method as in any preceding claim wherein the
exposed portion of the non-monocrystalline layer is
laterally separated from where the unitary portion of the
conductive material contacts the non-monocrystalline
layer.

20 6. A method which comprises the following steps for
creating a termination structure for a power MOSFET:
forming a first insulating layer along an upper
surface of a semiconductor body having a main active area
and a peripheral termination area;
25 depositing a non-monocrystalline semiconductor iayer
over the first insulating layer;
forming a second insulating layer along the non-

monocrystalline layer;
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20 2002 therefore need not necessarily be able to withstand the full

negative voltage in order not to breakdown and in ord
function satisfactorily. In the foregoing process, m!&ﬂ@& I
typicatly 500 angstrons thick and undergges dlelectrlc* ne en

approximately 35 volts is across Iayer ggoz The br'eakdown vol tage of the

vertical DMOSFET d;%h%ivei aggﬁg g§t§£¥§§9§¥ é%sthénsgggﬂglnents where the

di el ectric break35 requi Yefien be net with a
rel ativel y tihsnlexidg layer, tohexnpsecaBoleastrPRedPaEBo8EnERE BPITHi s

five-step p&Bﬁg%fyb%aR%hbc%9&1:yo@éi‘aﬁhégeeﬁﬁmwlbheafeaal structure
shown in Fig nation.area is used

icon rin t
in part to nmask @ﬁ@°§ﬂ&épﬂy?n5°§93F§é¥e }aXﬁFtagFﬁngéyﬁ?c?BBO in the 35

scrl I6be Isgrseéaglatlaeangf 1hpert ahmhaeéroaprsed hatebdalt 53602PN60695755/ RIM
- - I be-11ne the termnation area were not nmasked, the
scri be- I|nem§BBFF3ﬁ%8ﬁ&éBth§¥5F ‘| ayer 2000 coul d be doped with P-type
dopant during thpaEtbypangnphancosdnptoVeFigYezItOAfpama§PPF§eNPNﬂ silicon

S ControllegaEgcg| Lict-oWRY! dnfieal 9hEBHal 1 §Msbala8i08peRidl
conductive portion which (a) substantially laterally

10 surrounds the source and gate electrodes and (b) contacts
the non-monocrYstalline layer over the termination area,
an exposed portion of the non-monocrystalline layer over
the termination area substahtially'laterally surrounding
the active area; and )

15 -etching the non-monocrystalline layer at the exposed
portion to divide material of the non-monocrystalline
layer over the termination area into a first non-’
monocrystalline segment and a laterally separate second
non-monocrystalline segment that substantially laterally

20 surrounds the first non-monocrystalline segment.

7. A method as in Claim 6 wherein the non-
monocrystalline and conductive layers respectively consist
principally of polysilicon and metal.

8. A method as in Claim 6 or 7 further including
25 the step of introducing dopants into the active area for
creating active MOSFET cells.

9. A method as in any of Claims 6-8 wherein a:
portion of the source electrode is formed during the
patterning step so as to contact the non-monocrystalline

30 layer over the termination area.

M-1530-2P/0095755/RIM



in the active area to P- region 2006 in the active are

| ayer 2000, and to a P+ regi-on in the scribe-line s “H:ﬂlﬁ @
termnation area. In the present invention, polysill s used
in part 10 to prevent a P+ region fromhging forned in the epltaX|aI part
of the scribe-line region. During the saw ng apart of dice at the

scribe-line regiqp. Pal ¥sthbORsT1AICIAPHCS DREPEEA Eh&%k?@ébldv shorted to
under | yi ng epitaxi al tge is 15 _connection is geg ecause it
m

prevents a Pextderns of vEPBpPﬁ§°6ﬁYﬁBP}§FP9CBﬂYPFnQSZ &M therefore

prevents a depagaited Ifeamomiafentﬁargbﬁgcbeémwpﬁbaeu tbatactsn¢h2003C2 at
the scribe line. Openin agg%ﬁE solates polysilicon field-plate ring 2003Cl

fromouter B@Py?PPFEENS 65@52 so as to prevent the connection
bet ween polysilicon ring 2003C2 and epitaxial layer 2000 frominpairing the

per for mange of thg achi yeeNOR"EL oAl iy bR @Pathkesnabl \fckEmhewmat ation of
the foregling process, .an special neta ortion is provided on the éﬁ
S in

t er mi nat | onspecdadupor&dons of cthengeneuckavel layespisThormed 5 as

this alterngl VertiadT9Ntphiced apsrtheérsamenasteemihatiohstreascri bed
i npl ementation up through the stage shown in Fig. 2K except that the

phot oresi st mask used in the BPSG etch of Fig. 2His nodified to 30 enable
an additional annal.ar aAopethod whibh cbmprééeshthagﬁommselhgys¢e®®1ioand

underlying oXide kY s patdECuBekrede
10 forming a non-monocrystalline semiconductor layer
over a first insulating layer along a semiconductor body
of a first conductivity type having a main active area and
a peripheral termination area;
patterning the non-monocrystalllne layer to form (a)
15 an opening situated over the active area and (b) an
opening situated over the termination area and
substantiaily laterally surrounding the opening over the
active area so as to divide the non-monocrystalline layer
into (b1) a main non-monocrystalline portion largely
20 overlying the active area and (b2) a laterally separate
peripheral non-monocrystalline portion overlying the
termination area; '
introducing a dopant of a second conductivity type
- opposite to the first conductivity type through the
25 openings into the semiconductor body to form (a) a body
region of the second conductivity type in the active area
and (b) a field plate region of the second conductivity
type in the termination area; '
selectively introducing a dopant of the first
30 conductivity type through the opening over the active area
into the semiconductor body, but substantially not through
the opening over the termination area, to form a source
region of the first conductivity type in the body region;
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of annul ar opening 2013E at the desired location for the additional netal
section. Figs. 7A and 7B illustrate the renaining. sg M“““F“‘ ““\
alternative inplenmentation. Item 2013F in Figs. 7A HWH .

i ndi cates the additional annular openingscreated threugh BPSS | ayer 2012
and oxi de | ayer 2008C during the BPSG etch. BPSG portion 2012F of Fig. 2H

thereby becones kaipiall ¥ sesandt edsanvaving BRyEr povét othe2fidnF and 2012G 5
in the alternative Li kewi se,. under| yi ng, oxi de portion

|n8 enentat%on.
2008C3 of FRGNOSEYEERGHEDS| RPEFAPRS 3RPatRt BB oRPERIPBIT{ i ons 2008C3 and
2008C4. Fig. 7A shiestilelyerehoeiny portignsheffatirléastskhagsecepdin the

aIternativeoknghgﬁgﬂ%sigegﬂggﬂ?%g%é 18 %ﬁégéégaét QasfBLAL bayer o£015 of

Fig. 2K is selective etc forms ce netal electrode 2015A, gate
finger nebapacheefr5he souEce:EewinA: i Bhenfialdopiate BAgignspepfakhe

addi ti onal gRbahoRChbheBr¢8tl11bHei perthensybasguent defreckl e etch,
openi ng 2013E is_extended 15 throug go%gsi I con gortion éoogg to divide it
into segnents 2065€RtARE £BH3829RRE RiteRhYCA8stRAbeBORbRGES RRESHBHR i n

Fig. 7A, adbh-noabchpsthlpineéi porfdn, cob) aat sopptygselectroder that 2003C2
in the ternLQﬁEESEsaEﬁg Qgﬁrce region; the field plate region, and
10 the peripheral non-monocrystalline portion, and (c) a
drain electrode that contacts the semiconductor body.

13. A method as in Claim 12 further including the
step of etching the peripheral non-monocrystalline portion
through an annular opening formed through the second

15 insulating layer during or after the selectively removing
step in order to divide the peripheral non-monocrystalline
portion into (a) a first non-monocrystalline segment that
contacts the source electrode and substantially laterally
surrounds the active area and (b) a laterally separated |

20 second non-monocrystalline segment that substantially
laterally surrounds the first non-monocrystalline segment.

14. A method as in Claim 12 or 13 wherein the
thickness of the first insulating layer is 100 - 1000
angstroms.

25 15. A method as in any of Claims 12-14 wherein the
first insulating layer is of substantially uniform
thickness.

16. A method as in any of Claims 12-15 further
including the step of introducing a dopant of the second
30 conductivity type through openings created during or after

the selectively removing step to form (a) a more heavily
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does not extend over the scribe-line section. Passi vation | ayer
2018 is then applied over the top of the structurﬁmmuﬂmuug ﬂw 7B The
conbi nati on of passivation |ayer 2018, BPSG porti

portion 2008C4 | aterally surrounds netab ortion 2019 along its outer
bounddry 25 The bottom of. substrat® 2001 is backl apped after which

met al_dral Nagheal Lgﬁg eBhtakt £8hEPALAR;HIBLROYS R @ eLes BREL ?fegll%%ol See

Fig. 7B. A pa orne out si

| ane”o

g. 7Bto

forn1open|n§§dtNPéthm65§s 9&?# M fgped ﬁesédtalé%so§9n539$ &f®esource 30
pads 2101 agén€iBdook Wigh ¢Be Fhelal ptatecgkegienductance of additional
nmetal portion 2019 is considerably higher than that of polysilicon portion
2003C2. When polysilicon ring 2003C2 becones electrically shorted to

epi taxi al |ayer 2000 35methpdgadi énsClabmnys whexkipokheosoR®t@ hel ps

ensure thgt

ectiBael E‘Sn%ﬁ@%spﬂhénhbﬁ{:abé gBh@Lai ned around the outer

1l
peri phery o? the termnation area along ring 2003C2. As with the conversion

of the structure of Fig. 2Minto that of Fig. 3, annul ar

BPSG portion 2012E

and 5 underlyingigxi da pethbanad0@RCAngasrbelalimgi n1at-e¢ whelddn the

creating step comprises:

depositing a metallic layer over the insulating layer

so as to contact the source region, the field

10 region, and both non-monocrystalline portions;

plate

patterning the metallic layer to form the gate and

source electrodes; and

separately forming the drain electrode to contact the

semiconductor bbdy at a location spaced apart

from the

15 source region, the field plate region, and the two non-

monocrystalline portions.

19. A method as in Claim 18 wherein substantially

the entire portion of the metallic layer over
non-monocrystalline segment is removed during
20 metallic-layer patterning step.

the second
the

20. A method as in Claim 18 wherein an additional

poftion of the metallic layer is left over at

least part

of the second nori-monocrystalline segment during the

metallic-layer patterning step.

25 21. A method as in Claim 20 wherein the
portion of the metallic layer is formed so as

additional
to be

vertically spaced apart from the termination area.

22. A meéethod as in any of Claims .12-21 wherein the

selectively removing step entails removing parts of at
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structure of Fig. 7B. Termination netal 2015B and pol ysilicon segient 2003C

t hereby neet along their outer peripheries. Likew se, rtion
2012F and underlyi ng oxi de portion 2008C3 can be eli @ﬂﬁﬂ!‘ﬁgﬂmﬂg
structure of Fig. 7B so that protectiwvegetal 2019 e e | nner
boundary of polysilicon segnent 2003C2. Fig. 8 depicts an exanple of the

structure ImeEsﬁ thB béc&ﬁ&CBfBeﬁg Qﬁéhl&ﬂin&o18Fe§§dt30£35mand underlying
QX|d¢ port| ggﬁ 2 % %3ﬁg€ e all been_.e n&na&g 15 _The structure
'n Fig o i EPeraEhEaugh {a)t AeFURbAFF,PREMEAT PRYPOFBSFEE SRRESFed in t he
BPSG et ch otefgiign, 2kb) oanéngthepeopaging0de@n2063Ehenfdeddspaglte openi ng
2013DEF. Du he frec t I [ &2 Fis
Laggﬁh (Qg hE kbese sne Bcengy! abeﬂﬁﬁg ﬁawﬁpea Bl Qa3RE

extended thro I con porti
tern1nat|énnﬂérﬁanGIBBtaﬁélﬁel99¥F%€6n pBdt (8 EGOéE&SHEBPeaﬁHF§h@ﬁé|r

outer boundgpefsngAdeivhi @8athaepaligRdPadnfonchyabtirgeBap@iheon 2003C2
simlarly neet_along their inner boundaries. Deposition and patterning of

passi vat i onPPEFEPP2018 yields the 25 structure of Fig. 8. Fig. 4 is a
possi bl e | ayout of the patterned polysilicon |ayer for the structure of

Fig. 7B. Fig. 9 pi C4S r Layout for gate el ectrode
2016, conposite ggurcé E e%?r%ggpgglggﬁgg?ézhgand nmetal 30 portion 2019. As

i ndi cated in Fig2 §emhﬁ?§¢u§5P¥|BﬁdYOEQVéBﬁsﬁlPEFEsaﬁtéYﬁlﬁrﬁﬁa?npa?eralIy
. surroundgoebepipRELSl termination area;

at least one source region situated in the active
area;

a first insulating layer overlying the active and
termination areas;

15 a main polycrystalline semiconductor portion situated
over the first insulating layer largely above the active
area; '

a peripheral polycrystalline semiconductor segment
situated over the first insulating layer above the

20 termination area and laterally separated from the main
polycrystalline portion;

a second insulating layer'overlying the main
polycrystalline portion and the peripheral polycrystalline
segment; _ ]

25 a gate electrode contacting the main polycrystalline
portion;

a source electrode contacting each source region} and

a metallic portion contacting the peripheral
polycrystalline segment, the metallic portion being

30 laterally separated from the source and gate electrodes,
the peripherél polycrystalline segment extending over a
scribe-line section of the termination area so as to be
scribed during a scribing operation.
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2016 and 2015A/ 2015B. The termination structures of- the—prESéﬁf"TﬁVEntion

can be utilized in power MOSFETs that enploy tren Sui t abl e
exanpl es of such trench-isol ated - 19 - power . Eﬂﬁ HE ﬁ“ “g@ Ilbed in
U.S. Ratent 5,316,959. Ternination stru ures t ha )

ers p eral

portions such as speci al met al portlon 19 in Figs. 7B and 8 are

par ti cul ar |y apps gpr i 2t godar HbErit 6 NLh SEL ARG MMELIMERETS of U.S

Pat ent 5, 316, 959

particul ar

pebiphetal SoolyFEyFialline Segrent SURS RREL

i's not to bguppsshaseehd@smaini pbIgciPetaTDPee opottbonnvention clai med
exanple, the N- 10 channel DMOSFET process can be nodified to

i npl ement a P- channel vertical DMOSFET by reversing junction polarities
-and converting FzsypeAdponersMOSFBmtgpmpﬁb@thS and vice versa. No

eqUngEgémigg ﬁ?gg 'ﬁb é@lﬁ?e a [ RPLh C ﬁfaeogrégeaﬂd5£|053d

bel ow. For

parti cul
structurgé

O her €s o sen1c uct

‘vari ous poIysripbenabot@rmhsaébgndabéabreated froma layer originally

?ngs'tthgf' 'tﬂeam)aehj?H&sélbhéO@oﬁ@éa\ rd§¥ant ageusesd dis heme bect bken of the

10

15

20

25

30

array; _

a field plate region situated in the termination
area;

a first insulating layer overlying the active and
termination areas;

a main polycrystalline semiconductor portion situated
over -the first insulating layer largely above the active
area;

first and second peripheral polycrystalline
semiconductor segments situated over the first insulating
layer above the termination area and laterally separated
from each other and from the main polycrystalline portion;

a second insulating layer overlying the main
polycrystalline portion and the peripheral polycrystalline
segments;

a gate electrode contacting the main polycrystalline
pértion;

a source electrode contacting the source regions, the
field plate region, and the first polycrystalline segment;

a drain electrode contacting the semiconductor bddy;
and .

a metallic portion contacting the second
polycrystalline segment, the metallic portion being
laterally separated'from the source and gate electrodes,
the second polycrystalline segment extending over a
scribe-line section of the termination area so as to be

scribed during a scribing operation.
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heating cycles during the process are normally adequate to 20 convert t he
anor phous silicon into polysilicon. In this regar ‘m“““‘m

anor phous silicon constitute types of non-nonocr ‘u“1\ Y Various
nodi fi cations, applications, and |nprqy§%fnts can thus Be Madé by those
skilled in the art wi thout departing fr the true scope 25 and spirit of

the invention as fescr gs%t‘é,#wpbgﬁggf%gn%dc&' Q"5 wnexdln HE GuALM 1.

A et hod which conprlse e ste creating a termnation
structure f @Y PRT2INGOEETeIMENS FY §tﬁPF§P1#NSGP§FFﬁé APPSR TRUBAS an
upper 5 surftaiéema‘lrﬂp%ﬂrycﬁ%&u%mheb%ttqbna fahasu:n@o@?mavi ty type having
a main active area peri phe roin ; sitin

non- nonocry§F&mq4¥§£§;%¥eﬁn§&§P8P%l5?& %ﬁaﬁﬁ #P%?F% uﬁ&FF%Enpﬁyer 10
f'orm ng as dahenifigsitt podysrysialldnet segmentt.ne non- nonocrystalline | ayer
over the termnation area; introducing a dopant of ‘a second conductivity

type opposite to the first conductivity type through the opening into the
seni conduct or bo@y -t o & Poifex MOSFETppgt dn Claim 25 or 26 wherein the

field plate region comprises an annular field ring that

runs substantially along and at least partly below the

first polycrystailine segment and forms a PN junction with
10 adjoining material of the termination area outside the

field ring.

28. A power MOSFET as in any. of Claims 23-27 wherein
the second insulating layer also extends over the scribe-
line section so as to be scribed during the scribing

15 operation.

29. A power MOSFET as in any of Claims 23-28 wherein
the metallic portion substantially laterally surrounds the
source and gate electrodes.

30. A power MOSFET as in Claim 29 wherein insulating
20 material laterally surrounds the metallic portlon along
its outer periphery.

31. A power MOSFET as in any of Claims 23-30 wherein
the metallic portion is vertically spaced apart from the

termination area.

25 32. A power MOSFET comprising:
a semiconductor body having a main active area and a
peripheral termination area;
~at least one source region situated in the active.

area;
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15 region of the second conductivity type in the 't &r hi Aat i on area; formng

a second insulating |ayer along the non- nonocrysj 4§ ' over the
openi ng; sel ectively renoving portions of at Ieasfﬂmﬂ"m‘a‘ﬂ%m}ﬂi f the
insulating | ayers to expose (a) at IegsEger part of theLfiwe pkat e region
and (b) at |east one part of the non-nonocrystalline |ayer over the

termnation area, gtgghi 9,goPALYPERCHLANEE Oln CORUC e BLGAI al Over

the insulating |ayers su | unitary portion of 25 the .conductive
mat eri al cod¥&efs both the field plate region and the non-nonocrystalline

| ayer over the tgrgipsti PAsdl&BingNl&y¥epsetf pabstantiallpeundorn
nonocrystalljne | ayer ove

th I nat i b '
Sur T oundi ngtBotimeEe SuFFieias chiacraftvEnatnPe Rk iRRET e s e ©
-conduct i ve nat er aahaiandotybspsgtabline esehiognductonrpophienysitwated | ayer
at the exposedyPELL 9, LP 9ﬁ§%9§%§ﬁ%e;?f§¥oiafeélfoﬁbovaneﬁéyééeibéne layer

over t he tern1nat|pn area |1 non=nonhocrystal l i ne segnent that
contacts thare8iunitary portion of the conductive material and (b) a

-21- laterally sgppe2igHef8E0pE1PEPySCALLIiNE S8bhisondegtdrt segment
situated over the first insulating layer above the
10 termination area and laterally separated from the main
polycrystalline portion;

a second insulating layer overlying the main
polycrystalline portion and the peripheral polycrystalline
segment; ' :

15 a gate electrode contacting the main polycrystalline
portion; |

a source electrode contacting the field plate region,
the peripheral polycrystalline segment, and each source
region, the peripheral polycrystalline segment being

20 laterally spaced apart from where the source electrode
contacts the field plate region; and |

a drain electrode contacting the semiconductor body.

33. A power MOSFET as in Claim 32 wherein the
thickness of the first insulating layer is 100 - 1000
25 angstroms.

34. A power MOSFET as in Claim 32 or 33 wherein the
field plate region comprises an annular field ring that
runs substantially along and at least partly below tﬁe
peripheral polycrystalline segment and forms a PN junction

30 with adjoining material of the termination area outside
the field ring. '
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t hat substantially laterally surrounds the first n N1y

segnent. 2. A nethod as in Caim1l wherein the ngn-
patterned | ayers respectively consist principally
3. A'method as in daim1l or 2 whereipgubstantially none 0
conductive material overlies the second non-nonocrystalline segnment at the

egg_ ?T thf 10 ;:reat 's]gﬂtnﬁ:trm AND FABREthQQpﬁSo:I"nPGWEanbSPIET;S,Y\/ﬂer?i han
additional portion o V. r [ r at |east part o
t he second non- rmnocryst l]? e é%r@#%ﬁ#ﬁ@é##@&iqﬁfcreatl ng step. 15
5. A method as in any preceding claimwherein the exposed portion of the
non-nonocrystalline layer is laterally separated fromwhere the unitary
portion of the conductive material contacts the non-nonocrystalline |ayer.
20 6.5 A nmethod which conprises the follow ng steps for creating a
termnation structure for a power MOSFET: forming a first insulating |ayer
al ong an upper surface of a sem conductor body having a main active area
and a peripheral term nation area; 25 depositing a non-nonocrystalline
seni conduct or | ayer over theAHBSTRACT rORIITHE DS gormng a second

I nsul ati ng layera?k%@%rtﬁﬁs%%&'is created from a semiconductor body
(2000 and 2001) having a main active area and a peripheral
termination area. A first insulating layer (2002)- of

10 substantially uniform thickness lies over the active and

termination areas. A main polycrystalline portion

(2003A/2003B) lies over the first insulating layer largely

above the active area. First and second peripheral

polycrystalline segments (2003C1l and 2003C2) lie over the
15 first insulating layer above the termination area.’

A gate electrode (2016) contacts the main
polycrystalline portion. A source electrode (2015A/2015B)
contacts the active area, the termination area, and the
first polycrystalline segment. An optional additional

20 metal portion (2019) contacts the second polycrystalline
segment.

The MOSFET is typically created by a five-mask
process. A defreckle etch is performed subsequent to
metal deposition and patterning to define the two

25 peripheral polycrystalline segments.
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nmonocrystal line | ayer; -22- selectively renoving material of the second
insulating |layer to expose at | east one part of the non- nonocrystalline

| ayer over the termination area; depositing a conductive |ayer over the
second 5 insulating | ayer and over exposed material of the non-

nonocrystal line |ayer; patterning the con ctive layer to form source and
gate electrodes and a laterally separate Gfhci al conducti ve portion which
(a) substantially laterally 10 surrounds the source and gate el ectrodes and
(b) contacts the non-nonocrystalline |ayer over the term nation area, an
exposed portion of the non-nonocrystalline |ayer over the termnation area
substantially laterally surrounding the active area; and 15 et ching the
non- nonocrystal line | ayer at the exposed portion to divide naterial of the
non- nonocrystal line | ayer over the ternlnatlon area intoga first non-
nonocrystal |l i ne segnent ag% a y 56 segond n nonocrystal |l i ne

segnent that substantiall ™\l afe
non- nonocrystal | i ne $ggﬁa ot A Iwhq9e|n t he non-

o \J

— Ta 72
FIG. 1
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nmonocrystal line and conductive | ayers respectively consist principally of
polysilicon and netal. A nethod as in aimé6 or 7 further including 25 the
step of introducing dopants into the active area for creating active MOSFET

cells. 9. A nmethod as in any of Clains 6-8 wherein a portion of the
source electrode is forned during the patgggning step so as to contact the
non- nonocrystalline 30 | ayer over the termnation area. - 23 - 10. A

method as in Caim9 wherein the exposed portion of the non-nmp (ztﬁggstal l'i ne
| ayer is laterally separated fromwhere the source el ectrodg”contacts the
non- nonocr yst al Erayer. 5 LI, A Netnoad as T any or o args 6-10
wherein the spgcial portion of the conductive layer is forned so @s to be
vertically spaded apart fromAke~tlerm nation area. 12. A ne§hkod i
conprises the ffoll owi ng steps for :creati ng a pqyer MOSFET: 10 : f%bror(r]\ ng
a non- nonocr ystret-ne—sencontucto ey et—over—a—+st—asut-athgs aiﬁd

al ong a sem conducror_pody or 2 7 onau VITy TYype Naving a 1ai 1

active area and a peri pheral term'F:EIth 2rAa; N+
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patterning the non-nonocrystalline layer to form(a) 15 an opening situated
over the active area and (b) an opening situated over the term nation area
and substantially laterally surrounding the opening over the active area so
as to divide the non-nonocrystalline layer into (bl) a nmain

non- nonocrystalline portion largely 20 overlying the active area and (b2) a
| ateral |y separate peripheral non-nonocrys¥H) |ine portion overlying the
term nati on areggo3ant r o2a08i ng azume@a% &{‘ a s&énd conzbest i Vi~téoqtaﬁ

opposite tq%)bgi fNrst conducti vit\y 0 hr ough) t he 25 openi to the

sem conduct ormi(a jon of’ th j \B00%/
type in the act | '

conductivity type - Lnatj on areq. \selPectively introducingl a dopant
of the first 30jconductivjty/typel through the opening over the act ve area
into the sem copductor b Y but isubst aR0e| | y not through the obe‘ﬁmoo)ver
the termnation{area, to formA~3bource region og the first coRdumétjvity
type in the boditegion: =24 + formng a second j9sulating [avler over

t he non- nonocr ystal line portions and i IFIG O?EHQS\
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selectively renoving portions of at |east the second of the insulating

| ayers to expose at | east one part of 5 each of the source region, the
field plate region, and the two non-nonocrystalline portions; and creating
(a) a gate electrode that contacts the main non-nonocrystalline portion,

(b) a source electrode that contacts the source region, the field plate
regi on, and 10 the peripheral non-rmonocryt&l |ine portion, and (c) adrain
el ectrode that contacts the seniconductor body. 13. A nethod as in Oaim 12
further including the step gf§i3Bt chi nisde peri pheral non %cr ystalline
portion through an annul ar opening forped through 14943 e c 15 insul ating
| ayer during or B¥IMBLANThEOI2B| axti el y KemodPR® St ep [ n2YPBef to divide the

ggguﬁgﬂter?:]gp nbbdyitlam&dee iegﬂt#ﬂ(b)& h lrf 4#5 $g é@;@gg:éﬂtzgl li ne
surrounds the gest=ug 2 N ' (el Jll NP

non- nonocr ystAal e Segienttit=s Cel i 1 ) atllrd $udeld
first non-R8édry : e At B i : ?BS?

wherein the thlckness of te f|r % Phsul at i ng Ia07

angstrons. 25 15.  A20P6t od:as in any of Gaims 12-14 wher @i hogghe
first insul ati ris of 1'r.:an'rlﬂllV upniformthickness°~8. | A met hod
as in any of C'stre—t2-—t5—Ftrthe = 1

"FIG.2] e
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I ncluding the step of introducing a dopant of the second 30 conductivity
type through openings created during or after the selectively renoving step
to form(a) a nore heavily - 25 - doped body contact zone conti nuous
with the body region and (b) a nore heavily doped field plate contact zone
continuous with the field plate region. 17. A nmethod as in Caim 16 wherein
the source 5 el ectrode contacts thesggpmtact zone. 18. A nethod as in any of
Clainms 12-17 wherein the creating step conprises: depositing a netallic

| ayer over the insulating |ayer so as to contact the source region, the
field plate 10 regi on, and both non-nonocrystalline portions; patterning
the netallic layer to formthe gate and source el ectrodes; and -separately
form ng the drain ehgﬁ rode to contact the sem conductor body at a | ocation
spaced apart fromt 5 source region, the field plate region, and the two
non- nonocrystalline pgttions. 19. A nethod as in Claim 18 wherein

substantially thg re porti t he l'1c layer ove e s
non- nonocrystal | i n%@egmgy s%r]l fgmg(ﬁg dlrjnré % gge 2012D iméé;owE 566@@3
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20 netallic-layer patterning step. 20. A nethod as in Claim 18 wherein an
additional portion of the netallic layer is left over at |east part of the
second non-nonocrystalline segnent during the netallic-layer patterning
step. 25 21. A nmethod as in Claim20 wherein the additional portion
of the metallic layer is fornmed so as to be vertically spaced apart from
the termnation area. 22. A nmethod as gfgany of Caims 12-21 wherein the
selectively renoving step entails renoving parts of at - .26 - least

t he second of the insulating |ayers to formtherethro% (a) a further
openi ng down to the source region, (b) a further opefl gpown to the field
plate region, (c) at |east one further opening down [{fo P1e mainb5 |

non- nmonocrystal line portion, and (d) at ghesst~ one f 12804 openi ng down to
t he peripheral non-nonocrystalline pordgpysn. . A L¢P OMeBOOBBSFET conpri si ng:
a sen cond | | ' Q. Rerinheral
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a first insulating |layer overlying the active and term nation areas; 15

a main polycrystalline sem conductor portion situated over the first
insulating layer |argely above the active area; a peripheral

pol ycrystal |l i ne sem conductor segnment situated over the first insulating

| ayer above the 20 termination area and |aterally separated fromthe main
pol ycrystalline portion; a second ins@diing | ayer overlying the nain

pol ycrystalline portion and the peripheral polycrystalline segnent; 25

a gate el ectrode contacting the main polycrystalline portion; a source

el ectrode contacting each source region; and a npetallic portion contacting
t he peripheral polycrystalline segnent, the met A% c portion being 30
|aterally separated fromthe source and gate el ectfodes, the peripheral

pol ycrystalll i ne segnent extendi ng over a scribe-li&e section of the
termnatiop area so as to be scribed during a scriping operation. 24. A
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surrounds the main polycrystalline portion. 25. A power MOSFET conpri sing:
5 . a sem conductor body having a main active area and a peri pheral
term nation area; at |east one source region situated in the active array;
a field plate region situated in the termnation 10 area; a first
insulating |layer overlying the actigg@nd termnation areas; a main

pol ycrystal | i ne sem conductor portion situated over the first insulating

| ayer | argely above the active 15 area; first and second peri pheral

pol ycrystal Il i ne sem conduct or segnents situated over the first insulating
| ayer above the term nation area and laterally separated from each ot her
‘and fromthe main polycrystalline portion; 20 a second insulating

| ayer overlying the main polycrystalline portion and the peri pheral

pol ycrystal line segnents; a gate el ectrode contacting the main
polycrystallin%p1 ortion; 25 a source el ectrode contacting the source
regions, the field plate region, and the first polycrystalline segnent; a

drain el ectrode [contacting the sem conductor body, and
2015A 2016 20158
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a netallic portion contacting the second 30 pol ycrystalline segnent,

t he

netallic portion being laterally separated fromthe source and gate

el ect r odes,

t he second pol ycrystal line segnent extending over a scribe-line

section of the term nation area so as to be scribed during a scribing

oper ati on.

26. A power
pol ycrystal | i ne segnent substanti all

aim 25 wherein the first
eral |y s@ofaguQds t hg2haF n

MOSFET as

U

pol ycrystalline portion, and the second pol ycr 28RBtK ne\ segnen}-2013F
substantially laterally surromndB S5 the firstoopghygrysta\line fsegggnt. 27.
A power MOSFET og3a-0 02'05?25 0 v;zo'n h ha fielNd tel redion
conpri ses an annul ar ﬁ’l ng runs 3 Cant i aI | o ‘; ang2at2d east
partly below th N ‘e' ““*& PN finction with
.10 adj oi ni ngyosmRi2 g \ %\~‘§“- f *i: F@OOSQ%
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pol'ycrystalline portion; a second insulating |ayer overlying the main
pol ycrystal line portion and the peripheral polycrystalline-segnment; 15

a gate el ectrode contacting the main polycrystalline porti By UrGe

el ectrode contacting the field plate region, the peripheral® | SHERT
segnent, and each source region, the per pieral polycrysta]lf ne segnen l
being 20 laterally spaced apart from where the source el ecfrjod FR0 §8§

the field plate regi oBTRHABURE JANP nFABRECADBERN cof t BRWER M M con fcn
body. 33. A power MOSFET aSidrvpIng HERMINASTONN SRGCUREENESS of —the—f+St
insulating layer is 100 - 1000 25 angstroms. 34.. A power FET as in

Claim 32 or 33 wherein the field plate region conprises an annul ar frerd
ring that runs substantially along and at |east partly bel ow the peri pheral
polycrystaL#ine segnent and fornms a PN junction 30 with adjoining materi al
of the ternfnation area outside the field ring.

BSTRACT OF THE SCLOSURE

A power MOSFET is created from a semiconductor body
(2000 and 2001) having a main active area and a peripheral
termination area. A first insulating layer (2002) of

10 substantially uniform thickness lies over the active and
termination areas. A main polycrystalline portion
(2003A/2003B) lies over the first insulating layer largely
above the active area. First and second peripheral
polycrystalline segments (2003C1 and 2003C2) lie over the

15 first insulating layer above the termination area.’

A gate electrode (2016) contacts the main
polycrystalline portion. A source electrode (2015A/2015B)
contacts the active area, the termination area, and the
first polycrystalline segment. An optional additional

20 metal portion (2019) contacts the second polycrystalline
segment.

The MOSFET is typically created by a five-mask
process. A defreckle etch is performed subsequent to
metal deposition and patterning to define the two

25 peripheral polycrystalline segments.



