TERNINATION STRUCTURE FOR SEM CONDUCTOR DEVI CES AND PROCESS FOR MANBAGTERE
FHEREOF BACKGROUND OF THE | NVENTI ON The present invention relates t O -ypus

sém conductor 5 devi ces ard, nore specifically, to a ternination
structure for sem conductor devices, such as MOS gate controlled

(" MOS-gated") sem conduct or qu|ﬁg§LA5@§ygﬁtgqsaeV|Q@s arg well known in

the art and include devices gﬁ “"p’§f2§ gat g%y &§§ shown in 10

U.S. patent application Seri tenber 1, 1994
(I'R-1113), the subject matte ch¥; ngg d% érein by reference.
MOS- gat ed devi ces al so i ncl e ?ﬁbVE’ %ﬁs thyristors, gate
turn-of f devices and the |i k& #pgiract  :paged.®... ed deviigegaghe
typically forned of a plurallXAtD Kﬁééﬂﬂﬁépéells MhICh |nc ude cells located
at the periphery of the die. The peripheral cells, when subject to the ful
source-to-drain voltage, are prone to aval anche breakdown between the
outernost portion of the 20 cell and the_ adjacent street. It is

t herefore necessary to provide a device strdcture that prevents breakdown
at the active peripheries of the chip. The manufacturing process for

devi ces that 25 i”C|“$§R§EﬁﬂT guggﬂﬁeg gcbg&egFﬁlegﬁbg@T@h

phot ol i t hogr aphi ¢ masking's cr|t|c gnnment st eps each of
whi ch adds manuf act uri &V b 8

sources of device defects. REPLACENENT SHEET 0 4 FEB 1997 -2-

BACKGROUND OF THE INVENTION _
The. present invention relates to semiconductor
5 devices and, more specifically, to a termination

:‘\7 ....... A

structure for semiconductor devices, such as MOS gate
controlled ("MOS-gated") semiconductor devices.

MOS-gated devices are well known in the art and
include devices such as the MOS-gated. devices shown in

10 U.S. patent application Serial No. 08/299,533, filed
September 1, 1994 (IR-1113), the subject matter of which
is incorporated herein by reference. MOS-gated devices
also include power MOSFETs, MOS-gated thyristors, gate
turn-off devices and the like.

15 The MOS-gated devices are typically formed of a
plurality of active cells which include cells located at
the periphery of the die. The peripheral cells, when
subject to the full source-to-drain voltage, are prone to
avalanche breakdown between the outermost portion of the

20 cell and the adjacent street.

It is therefore necessary to provide a device
structure that prevents breakdown at the active
peripheries of the chip.

The manufacturing process for devices that

25 include such structures includes a number of
photolithographic masking steps and critical mask
alignment steps each of which adds manufacturing time and
expense as well as provides possible sources of device

defects. e
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It is therefore also desirable to enploy a term nation structure that
occupies a mninmum surface area of the chip and does not require added
naski ng steps. 5 SUMVARY OF THE | NVENTI ON The present invention
provides for a termnation structure that term nates the active peripheries
of a sem conductor device to prevent breakdown at the peripheries of the

device. A field I0 plate |s formed of the sanme polysilicon |ayer that
forms the gate ele s the curvature of the electric fields
generated at the e sion regions. An aspect of the present
invention relates t mm I nati gn_structure for a sem conductor
device and a proces abricating the termnation structure. A |ayer of

field insulation material is forned atop a silicon substrate. One or nore
sel ected regions of the field insulation layer is patterned and etched away
to 20 format |east one opening and at | east one remaining portion. A
polysilicon |layer is depo3ttdd thetbfonpealagsdeadrabdp ttloe empi@yniang

porti ons of t heeLLgldatBsh atianeipbothal LALEhiaa"d ATRIRLAL sH¥ERS O

- the polysiliconTayer are erne

openi ngs. Eachaﬁﬁatnﬁ §p&csh19penﬂnggeﬁa§°§trﬁaaéreaaﬂﬂﬁgtmpé#ﬂnﬂbrned |n
a respective opgpepg,.of the field insulation material and is adjacent to
the field insulation nmaterial. A portion of the polysilicon layer that is

atop the field insulation |ayer defines a 30 polysilicon field plate.
First difsused. sopMARY oFcTHE TRVENTIONt roducing inmpurities of a first

conductivity type into S|Eh%o%r%%%% r%%%e%%&% c%r%%qhgg§f%ga% are
termination structure that terminates the active
peripheries of a semiconductor device to prevent
breakdown at the peripheries of the device. A field
10 plate is formed of the same polysilicon layer that forms
the gate electrode and changes the curvature of the
electric fields generated at the edge of the diffusion
regions. |
An aspect of the present invention relates to a
15 termination structure for a semiconductor device and a
process for fabricating the termination structure. A
layer of field insulation material is formed atop a
silicon substrate. One or more selected regions of the
field insulation layer is patterned and etched away to
20 form at least one opening and at least one remaining
portion. A polysilicon layer is deposited in the
openings and atop the remaining portions of the field
insulation material layer, and selected portions of the
polysilicon layer are patterned and etched away to form
25 spaced openings. Each of the spaced openings has at _
least a first part formed in a respective opening of the
field insulation material and is adjacent to the field
insulation material. A portion of the polysilicon layér
that is atop the field insulation layer defines a
30 polysilicon field plate. First diffused regions are
formed by introducing‘impurities of a first conductivity
type into silicon substrate surface regions that are
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- 3- located beneath the first part of the openings in the polysilicon

| ayer. Second diffused regions are fornmed of inpurities of a second
conductivity type, which is of opposite type to the first conductivity
type, and are 5 i ntroduced into the silicon substrate surface regions.
The first diffused tegions are deeper and w der than the second diffused
regi ons. An ov rlﬁx& s Bdas Rl ﬂ&ﬁon | ayer is deposited, and then sel ected

portions are p ed away to expose underlying surface regions
of 10 the p EN[“‘ d plate and underlying areas of the silicon
substrate surfa onductiyesl gyer is deposited over the

I nsul ation | ayer and over the underlylng polysilicon field plate surface
regions and the underlying silicon substrate surface regions. The 15
conductive layer is etched to formone or nore el ectrodes that contact the

polysilicon field plate and one or nore el ectrodes which contact the
underlying_areaSoeitéaebéhéatnntnabsiratepantfaﬁethegbpenlan dncthedance

with this aspec oﬁ?{,ﬁii‘fc ﬁef§§§¥use§ecohavsmkk§2e bsggsahxsiaw%rhaa' £

plate may overl Irst regr ons rcon fTinger
formed in a regimnurbtaeedoﬁeameeqoadregpénctvvlpuutypﬁ.opbnphggs|nfthe
pol ysilicon 'aysggo§h€emﬁg£§|rstiﬂé ?9&¥E'Ebﬁ&ﬁc£h0§€9 Eppeheantl hiel ently

smal | such that used regions of a palr of openings
overlap. An opehnhgoducedecintal BhensilacPBnShREEFRRP ﬁﬂyf§GFr66H&°Pﬁe

sem conduct or druecelfetfaiﬁrasaarﬁaglbﬁslaae aedpap aﬁalweaenttnhnrtng may
be fornmed atop the

§ g lation_matetia ang t he streeﬁ A %IOH to hoId
30 t he stregchgal A ngﬁ prggé?Pﬁéd bﬂtngF RY e HPFEME S RN

material may beissdepopited, yandctbent sehected pbupbddnsdgre pn&tempedntles
may be introducggat BeaHER LBSyStBPedp8deCunferiying surface regions of

10 the polysilicon field plate and underlying areas of the

silicon substrate surface regions. A conductive layer is
deposited over the insulation layer and over the
underlying polysilicon field plate surface regions and
the underlying silicon substrate surface regions. The
15 conductive layer is etched to form one or more electrodes
that contact the polysilicon field plate and one or more
electrodes which contact the underlying areas of the
silicon substrate surface regions.
In accordance with this aspect of the present
20 invention, the polysilicon field plate may overlap the
first diffused regions. A polysilicon finger may be
formed in a region located between a respective pair of
openings in the polysilicon layer. The width of the
‘polysilicon finger may be sufficiently small such that
25 the first diffused regions of a pair of openings overlap.
An opening in the field insulation material may
surround the semiconductor device to form a street
region, and an equipotential ring may be formed atop the
field insulation material and the street region to hold
30 the street region to a predefined potential.
The field insulation material may be
isotropically etched to have a sloped edge, and

impurities may be introduced through the sloped edge. A
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-4- polysilicon field plate may extend over the sloped edge of the field
insulation material. The first conductivity type may be P-type and the
second conductivity type nay be N-type. 5 Alternatively, the first
conductivity type is N-type, and the second conductivity type is P-type.
The polysilicon field plate-may extend over an edge of the layer of field
i nsul ation material. The openi Jois in the polysilicon |layer may 10

i ncl ude a secondrhischeet o) SeEOT med atop the remaining portion of the

| ayer of field in Yal. The field insulation material may be
silicon dioxide, | ies of first and second conductivity type
may be introduced by Inplanting the inpurity into the silicon 15
substrate and then driving in the inpurity. The overlaying insulation

| ayer may be a | owtenperature oxide |ayer. Another aspect of the present
i nvention is a sem conductor device having the term nation structure of 20
t he present i nyolkysiil bowh of 11t gslatie mdy bextoend novéi etise ns boped cédge
devi ce. The devj] ' f ' ' i ncludes a | ayer of gate

i nsul ati on mat earfg?‘?%]g%jtélf% ﬁ@éﬂ%@%@@ﬁﬁéﬁﬂl con substrate in at |east
one opening in the | ayer Bieffifskt iconductivitnttypelnapsbe P-typecand
openi ngs are f ' b4 r | lt??é eri phera

openi ngs t hat %ﬁ/%d%é%é‘gfc%glty Jb*fn% %f%% Iﬁye,qr%rlgr 0 Ig;at e_insulation

material 2nd adiHeBRativeld: e HTRE (CNWMCELVI LY | BYPeui e FatyPaycand
Third diffused t1gi SeSord econdict IviOf vegse | 1é ocp+bgpéi | i The BOlysilicon

Substrte, Sur PR ELEIGY ol eRER b 45 g e e e bp e "
di ffused regi onknsmkation material. :
The openings in the polysilicon layer may

10 include a second part that is formed atop the remaining
portion of the layer of field insulation material. The
field insulation material may be silicon dioxide, and. the
impurities of first and second conductivity type may be
introduced by implanting the impurity into the silicon

15 substrate and then driving in the impurity. The
overlaying insulation layer may be a low-temperature
oxide layer.

Another aspect of the present invention is a
semiconductor device having the termination structure of

20 the present invention and a process for fabricating the
semiconductor device. The device and its fabrication
process includes a layer of gate insulation material that
is formed atop the silicon substrate in at least one
opening in the layer of field insulation material.

25 Spaced openings are formed in the polysilicon layer and
include peripheral openings that have a first part formed
atop the layer of gate insulation'material and adjacent
to the remaining field insulation material layer. Third
diffused regions are also introduced into the silicon

30 substrate surface regions. The second diffused regions
have a final depth which is less than that of the third
diffused regions, and the first diffused regions are
deeper and wider than and have a lower concentration than
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deeper and w der than and have a | ower concentration than -5- the third
di ffused regions. Depressions are etched in the underlying areas of the
stlicon substrate surface regions and have a depth greater than the depth
of the second diffused regions. Further portions of the silicon 5
substrate surface—are . exposed_adjacent to and surroundi ng the depressions
in the underlying areas. The conductive | ayer conprises at |east one gate

contact which cdi tHdsBeenReplyad | i con field plate and at | east one source
contact which con d diffused regions at the 10 bot t om of
t he depressions di ffusedgregi ons at the upper portions of

e fur

the depressions and at t her portions. In accordance with this aspect
of the present invention, the gate insulation material may be silicon 15

di oxi de,. and the polysilicon field plate may extend over a portion of the
gate insulation layer. Qther features and advantages of the present

i nvention wh |l hl&ne?mi&ﬂpariﬁmhsbaoweghenbol I Udpﬁl'@s(.‘jlﬁm{s' pirieo etethedhdn

I nvention iC efers tq t.he 20 cgonpanyi.n r aw B

DESCRI PTI ON OF the BRARFIEdRT, BTeRs. AT She i ieen E@wéer{%c%ﬁebe@dﬁ&r?"é’? eat er
detail in the foegdwnsgand hiaved addepthpyreateirt thagf dhendeptdh tafe theawi ngs
In which: 25  gecond diffuskedUreglon3QVS Friher’ igotSiond JYORMIAAA M ce
according to an enbodi nent of the present invention; Figure 2 shows the

cel | topoPogy oFUPRErater SUEIgce, Areo HFPREsyadIRcnf o apgl surrounding

Figure 3 shows aher @epreedionzalinyithe @dnddiQying areas. The conductive
layer comprises at least one gate contact which contacts
the polysilicon field plate and at least one source
‘contact which contacts the third diffused regions at the

10 bottom of. the depressions and the second diffused regions
at the upper portions of the depressions and at the
further portions.

In accordance with this aspect of the present
invention, the gate insulation material may be silicon

15 dioxide, and the polysilicon field plate may extend over
a portion of the gate insulation layer.

Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the

20 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater
detail in the following detailed description with
reference to the drawings in which:

25 Figure 1 shows a top view of an MOS-gated
device according to an embodiment of the present
invention;

Figure 2 shows the cell topology of the surface
of a known MOS-gated device;

30 Figure 3 shows a cross-sectional view of the

' MOS-gated device of Figure 2 taken across section line 2-
2;
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MOS- gat ed device of Figure 2 taken across section line 2- 2; -6- Figure
4 shows the cell topology of a portion of the outernost active cells and
the term nation region of the MOS-gated device of Figure 1; Figure 5 shows
a cross-sectional view of the 5 MOS- gat ed device of Figure 4 taken
across section line 5- 5 Figure 6 shows a cross-sectional view of the
MOS- gat ed devrnxisSh‘éetHa lateaken across section line 6- 6; 10

Figure 7 shows view of a region of the MOS-gated device
of Figure 1 whi enter gate bus; Figure 8 shows an enl arged
view of the gate OXI e s ep portion of the region shown in Figure 7; 15
Figure 9 is a di agram showi ng t he | -V bt eakdown characteristics of a known
P- channel device and of a P- channel device according to an enbodi nent of

t he present invention; and Figure 10 shows an enlarged view of a gate 20
oxi de step portion of an P-channel device according to an enbodi nent of the

.invention. DETAILED DESC&“P@Q\I rsridis | thaENTS N E&popé@ﬁeef & 6ﬁti@ﬂ i's

directed to a term.nation structure, and abr i broces can 25
be used to terfhatR® FREEFIRSbrackiye Falts ?m%a’él?%et é}m‘ ’fe‘?%‘m
particul arly apgf itledMOS-egated device ofVFigueedl process such as that
described in the afore- e t& ppL | | |.a
08/ 299, 533. Figure 1 shomsﬂiﬁ %pgvéééy%fg. ﬁéigfgé%ﬁféégf &%t "Ene

S MOS-gated device of Figure 4 taken across section line 5-

57

Figure 6 shows a cross-sectional view of the
MOS-gated device of Figure 4 taken across section line 6-
6;

10 Figure 7 shows a cross-sectional view of a
region of the MOS-gated device of Figure 1 which includes
a center gate bus;

Figure 8 shows an enlarged view of the gate
oxide step portion of the region shown in Figure 7;

15 Figure 9 is a diagram showing the I-V breakdown
characteristics of a known P-channel device and of a P-
channel device according to an embodiment of the present
inventioﬁ; and

Figure 10 shows an enlarged view of a gate

20 oxide step portion of an P-channel device according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a
termination structure and a fabrication process which can
25 be used to terminate any type of semiconductor device.
However, it is particularly applicable for use with a
device and process such as that described in the afore-
mentioned U.S. patent application Serial No. 08/299,533.
Figure 1 shows a top view of a MOSFET die 20,
30 into which the termination structure of the present
invention may be incorporated. The MOSFET die 20 may be
a power MOSFET HEX 2.5 die as is sold by the
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30 into which the termnation structure of the present invention may be
" incorporated. The MOSFET die 20 may be a power MOSFET HEX 2.5 die as is
sold by the -7- International Rectifier Corporation of El Segundo,
California. Typically, the die 20 has a dinension of .110 X 140 m|s and has
a source contact surface 21, a-gate pad 22 and has gate busses 24, 25 and
26 extending 5 therefrom A drain contact (not shown) is |ocated on
the bottom OleﬁBSheaﬁasEEheR mceldde however, can have any desired junction

pattern that d d ‘MOS- gat e controlled device. Figure 2 and
Fi gure 3, mhlc ross sectlgn of Figure 2 taken across section

line 2-2, show plca Junctlon patte n which may be used as in the
circled area of Figure 1 | abelled "Figures 2 and 3", nanely that of

af orenenti oned co-pendi ng application Serial No. 08/299,533. Figures 2 and
3 show a few of the 15 paral | el connected spaced hexagonal cellular

MOSFET el ement SIN&beha%li@nEqr Redtwirtlern cor ramlw ioF B fseigwiéd,egi on 30
and whi ch incl ude enti,cal Ced Plerr S€ hannel dlfqu|on ons
20 and 41 each GRLWECERiAont TYRICAI e Fhe 836 49 hag g g g
regi on 50 that 20140 mﬂssahﬂaha@k lae lsonridec ddndracit ssmmf@s:er a}l.oras gaﬁle '

I nvertible P[er $d3§%§h§Wnrr %%ggsb%qea5§ %ﬂ%a tdndier 31 and

a polysilicon gat tenperature oxi de
| ayer (LT®) 80, t&@xe&fz'ocﬂ_TO)\ Grarin @s»mia r(mtatséls)"tﬂ)e isegmaatedion 1the

gate 25 Pol YtlomP v e3AileC 20y.event the polysilicon 32 from connecting to

the N[err] sources via the source netal (alumnum 84. The process_that
forns the Junctlon patterﬁhe device, however, can have any desired

junction pattern that defines a desired MOS-gate
controlled device. Figure 2 and Figure 3, which is a
10 cross-section of Figure 2 taken across section line 2-2,
show a typical junction pattern which may be used as in
the circled area of Figure 1 labelled "Figures 2 and 3",
namely that of aforementioned co-pending application
Serial No. 08/299,533. Figures 2 and 3 show a few of the
15 parallel connected spaced hexagonal cellular MOSFET
elements which are formed within an N epitaxially formed
region 30 and which include identical spaced P base or
channel diffusion regions 40 and 41 each of which
contains an N* source regions 51 and a P* region 50 that
20 is situated below the N* source regions. The invertible
P" channel 52 is arranged beneath a gate oxide layer 31
.and a polysilicon gate layer 32 shown in Figure 3.
A low temperature oxide layer (LTO) 80, 82, 83
(LTO) overlies and insulates the segments of the gate
25 polysilicon 32 to prevent the polysilicon 32 . from
connecting to the N* sources via the source metal
(aluminum) 84.
The process that forms the junction pattern
shown in Figures 2 and 3 is likewise described in the
30 aforementioned co-pending application Serial No.
08/299,533. According to an embodiment describe therein,
the N- body 30 shown in Fig. .3 may be an epitaxial layer
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shown in Figures 2 and 3 is |ikew se described in the 30 af orenenti oned
co- pendi ng application Serial No. 08/ 299,533. According to an enbodi nent
describe therein, the N body 30 shown in Fig. 3 may be an epitaxial |ayer
0 4 FEB 1997 grown atop an N+ substrate (not shown). A gate insulation
layer 31 is forned atop the N _body 30 and may be a thermally grown silicon
di oxi de | ayer-"The gate oxi de | ayer 31 is then covered, in turn, by a |ayer
of 5 ponsH&ng Baﬁp@ gdedf esi st | ayer is then dep05|ted atop the

pol ysilicon | aye d usi ng an appropriate photolithographi c mask
step. Openings ai“ﬁ“ﬁ%g gh the ghotoresist to the surface of the
polysilicon | aye Fol | owi n§ the formation of openings in the
phot oresi st |ayer, an anlsotroplc etch is enployed to etch the exposed
portions of polysilicon. The etch is selective enough to renove the exposed
pol ysilicon portions but stops prior to conpletely renoving oxide 15

anywhere on thgf&he&topTaﬁrﬁ&ffs%sttﬁa%émﬁﬁd )éﬁaﬁargxpoge@aa:é l con di oxi de
may be renoved, if _desired th an isotropic wet etch, %Fver is al so

possible to | e&@éwwlg’at éamrdélrraa fermed, atop the - ¢ 0 dp A
and subsequent bg aMthernaddganirown ili¢on divfifdecilaydry. hlmfe e;aa-regy to

penetrate the gat.e oxi de. er.eaf an i ant_i.s ar nl gh t he
Wi ndows in the%b‘&ﬁ?s@%YE&-gg‘n e&."r?@{e:f?rad y ftuﬁ: mfant pecf"cel‘}sJ

Fol | owi n§ thiquthiﬁiowmeﬁablon t he photoresist 33 is stripped and the
P-type inplants are 25 p@.rdtmglrétt Q.aWrrnl@‘i:rlaeﬂ M IStk Ak 41

Then, a relatively high hH dose of arsenic or_ phosphorus is inplanted
‘through the poPRpdVsiddFon , ng1patterned using an appropriate

photolithographic mask step. Openings are formed through
the photoresist to the surface of the polysilicon layer
10 32. Following the formation of openings in the
photoresist layer, an anisotropic etch is employed to
etch the exposed portions of polysilicon. The etch is
selective enough to remove the exposed polysilicon
portions but stops prior to completely removing oxide
15 anywhere on the wafer. Thereafter, the underlying
exposed silicon dioxide may be removed, if desired, with
" an isotropic wet etch. However, it is also possible to
leave the gate oxide mostly intact at this step in the
process and subsequently implant dopants with
20 sufficiently high energy to penetrate the gate oxide.
Thereafter, an implant is carried out through
the windows in the polysilicon and employing boron as the
implant species. Following this implant operation, the
photoresist 33 is stripped and the P-type implants are
25 driven in to form the P type regions 40 and 41. Then, a
relatively high N* dose of arsenic or phosphorus is
implanted through the polysilicon windows, and,
subsequently, a Pt dose of boron is implanted through
the windows.
30 Thereafter, a layer of low temperature oxide
("LTO") 80, 82, 83 is deposited atop the surface of the
wafer, and then the N* and P* implants are driven in to
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subsequently, a P[err] dose of boron is inplanted through the w ndows. 30
Thereafter, a |ayer of |ow tenperature oxide ("LTO') 80, 82, 83 is

deposi ted atop the surface of the wafer, and then the N+ and P+ i npl ant s
are driven in to . fermregions 50 and 51. The N err] layer 51 will be

shal | ower than the P[erri la%ﬁigéo by an anount sel ected by the designer

and det erm ned bfhis nd .doses used. 5 Anot her

phot or esi st Iayer d atop the LTO | ayer 80, 82, 83 and is
patterned by a se to formwell-aligned small central openings
| ocated at the aX|s of each of the indigidual cells. The LTO | ayer 80, 82,
83 is then etched by an anisotropic 10 oxi de etch to open a central
openings to the silicon surface. Thereafter, another anisotropic etch
etches the exposed silicon surface so that holes are forned in the silicon
surface which penetrate the N+ | ayers 51 and 15 reach the Plerr] |ayer
50 for each celform Thegivher50 sandedl exprisedNt olayersslreplt het etch which

undercuts the | S| BGLe ofha f2nd%+ THE0er b6, BUOLRT ERbahe! SoTLERBRCHy AN

a source contac Such as al untf Auny " i 'S* déposi OVEr e fu
surface of the theidesignér|andndebertined bmpehengpecneshen@Tsta9er and

t he openi ngs |q%§%§ silicon substrate and to overlay the exposed silicon
shoul ders for y the undercuts in the LTO | ayer. Thus, the source
contact n®tal 84 connect sAn@ther cphoteresist  bayersisothani aPpLigdcator

underlying P[erfﬂ.erﬁﬁd>0ﬂ§ye35so 82, 83 and fsdﬁataefﬁédaayda)séeahact (not
shown) nmay "be connected to abl e,for

val l
connecti on at é??ﬁ%rsgﬁ?fEEefB¥mt“%E£ﬁ?£lgP?gtﬁBgEiVFEEgrai openings

located at the axis of each of the individual cells.. The
LTO layer 80, 82, 83 is then etched by an anisotropic

10 oxide etch to open a central openings to the silicon
surface.

Thereafter, another anisotropic_etch etches the
exposed silicon surface so that holes are formed in the
silicon surface which penetrate the Nt layers 51 and

15 reach the P* layer 50 for each cell. The wafer is then
exposed to an isotropic wet etch which undercuts the LTO
layer 80, 82, 83. Then, the photoresist is stripped, and
a source contact metal 84, such as aluminum, is deposited
over the full surface of the device to fill in the

20 openings in the LTO iayer and the openings in the silicon
substrate and to overlay the exposed silicon shoulders
formed by the undercuté in the LTO layer. Thus, the
source contact metal 84 connects the N* source regions to
their respective underlying P* regions.

25 A drain (or anode) contact (not shown) may be
connected to the N' substrate and may be available for
connection at either surface of the chip. If the device
is to be made into an IGBT, a'thin N* buffer layer and
P* bottom layer is added to the bottom of the wafer

30 structure in the conventional manner.

While the cells can have any desired
~dimensions, the cells shown in Figure 3 typically have a
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Is to be nade into an IGBT, a thin Nerr] buffer |layer and P+ bottom | ayer

Is added to the bottom of the wafer 30 structure in the conventional
manner. Wiile the cells can have any desired dinmensions, the cells shown in
Figure 3 typically have a - 10 - width of about 5.8 mcrons and a

typi cal separati-en—of—about 5.8 microns. The contact opening has a short
di mensi on of, typicall qug_ aced M crons. Each cell may be el ongated, as
shown, to a noni“b‘iiimﬁ\t mnt al 5 - dinension. Wile the above device
o
o

s shown for an WA e, it will be apparent to those skilled in
the art that the tivity,lpypes can be substituted for each
region to make the device a P--10 channel device. The conplete devices
can al so be nounted in a surface nount package or a non-surface nount
package such as a T0220 package. Figures 4-7 show an enbodi nent of a nove
term nation structure that is suitable for either Nor P 15 channel

devi ces and whiwidtianobeabourtif 58 unicromnss ngnd he sppicpl oseparatipa dbhat i s

used to make t I L Fi S 3 [ e of Figure
1, |abeled "Fi g%?%?ﬁ%@%%ﬂ :cogrr%??s%énﬁ%tt%?;r;ﬁ%é?i%%gsgrgfc’?g}:e of gate
20 bus 24 olimensien 1of, Th¥picatlyd abpeuto? wiguensi | Bachedelki gaye 7"

conprises the tgseiGhdPFed! rAstshowr! €618 hoR-EPifddaZbnoReE8htANT fi TSt
to Figure 4, tw, of the last or outernost conplete active area cells 100

and 101 a?e 25 iMERBLGM: Figure 4 shows these cells with the top of the
polysilicon |ayer 31 expowgiléoth®oabdve dbeicé £oushéwhOfor an N-

channel device, it will be apparent to those skilled in
the art that the opposite conductivity types can be
substituted for each region to make the device a P-

10 channel device. The complete devices can also be mounted
in a surface mount package or a non-surface mount package
such as a T0220 package.

Figures 4-7 show an embodiment of a novel
termination structure that is suitable for either N or P

15 channel devices and which can be manufactured using the
same process steps that is used to make the cells shown
in Figures 2 and 3.

The circled area of Figure 1, labeled "Figures
4, 5 and 6" comprises the termination structure of gate

20 bus 24 of Figure 1. The circled area of Figure 1 labeled
"Figure 7" comprises the termination structure of gate
bus 25 and 26.

Referring first to Figure 4, two of the last or
outermost complete active area cells 100 and 101 are

25 shown. Figure 4 shows these cells with the top of the
polysilicon layer 31 exposed so that the N* source 102
and P* layers of the cells are shown. The active area
cells 100 and 101 are shown in Figure 6 in a cross
section view of Figure 4 taken along line 6-6. Figure 6,

30 however, also shows the overlaying low temperature oxide
layer as well as source contact 84 and gate bus 24.

The active cells 100 and 101 are adjacent to
terminating half cells 103 and 104, shown in Figures 4
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and P[err] layers of the cells are shown. The active area cells 100 and 101
are shown in Figure 6 in a cross section view of Figure 4 taken along |'ine
6-6. Figure 6, 30 however, al so shows the overlaying | ow tenperature
.oxi de | ayer as wett—as—source _contact 84 and gate bus 24. The active cells
100 and 101 are djacent to termnating half cells 103 and 104, shown in
Figures 4 - Bmm laﬁdare formed during the sanme process steps
whi ch forn1ce||s |gure 5 is a cross- section view of Figure 4
t aken al ong Ilne xide | ayer 110, shown in Figs. 5 and 5

6, is formed atop the N—type ody pri-onpqta the process described in the

af orenenti oned application Serial No. 08/ 299,533. A photoresist layer is
deposited atop the field oxide and then patterned using an appropriate

phot ol i t hographic mask step to formopenings to the field 10 oxi de

. layer. The exposed portions of the field oxide are then etched away to
expose the actiamdd®yiwkichcase Forhedadbuyingntheosanei proscesst sheps

Poneoir Lo cof bl ce il Cee Ple 160 afia 10K (°piguPd)E 5 aPEEEESHT 011 S

However, an anlso%roplc et ch proces ate
oxi de Iayer i s $ﬁ@ﬁ1@$d“heﬁieg Fh@u§9t4v§aﬂevlééOEgehéneaﬁd5a ponS|I|con

| ayer is then deposited Qxefléﬁ& Gﬂiéeolaﬁéraﬂﬂof'thwﬁxhﬂth§¥€r§ ange
devi ce |s t hen progessed in the ner ﬁescr above. thfleId oxi de

d
| ayer 110%serve8r alSahosped atopgh St“o YPEy KePﬁé@ﬁ FRe™B&t BYBEESENd t he
silicon substraﬂescihbeedgﬂ bﬁetbfofenédtmundé applatationnBerndalwNoh t he

SoTrnc et TSRS AEBMABE Uhuah, ebEEBI RORIBIEHD

103 and 104 whi & eldnopade and then patterned using an approprlate
photolithographic mask step to form openings to the field

10 oxide layer. The exposed portions of the field oxide are
then etched away to expose the active device areas.
Preferably, an isotropic wet etch is employed to cause
the edges of the field oxide to have a tapered profile.
However, an anisotropic etch process may also be used.

15 The gate oxide layer is then grown atop the active device
areas, and a polysilicon layer is then deposited over the
gate oxide and field oxide layers. The device is then
processed in the manner described above.

The field oxide layer 110 serves as an

20 insulation layer between the gate bus and the silicon
substrate. The edge of the field oxide 110 also combines
with the edge of the active area polysilicon to serve as
a diffusion window to define the P, N* and P* portions
of the terminating half cells 103 and 104 which, in part,

25 underlie the field oxide 110. The top surface of field
oxide 110 is also partially covered with a polysilicon
strip 32a which is deposited and patterned in the same
process steps as the active area main polysilicon gate
32.

30 As shown in Figure 6, narrow fingers 32b of the
polysilicon layer extend from the main web 32 of the
polysilicon layer and connect to the strip 32a. The
width of the fingers should be minimized to allow the F
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25 underlie the field oxide 110. The top surface of field oxide 110 is
al so partially covered with a polysilicon strip 32a which is deposited and
patterned in the sanme process steps as the active area nmain polysilicon
gate 32. 30 As shown in Figure 6, narrow fingers 32b of the
pol ysilicon | ayer extend fromthe main web 32 of the polysilicon | ayer and
connect to the strip 32a—Tthe—w dth of the fingers should be mninmzed to

al l ow the P- Tjﬁg$%ﬂqrfgiogﬁ to diffuse together under fingers 32b and form

an uninterrupte dedge of the chip [err] in width for

exanpl e). Wder esult im R@wer aval anche voltage. The strip
32a is, in tur ' to the gate bus 24 which is sinply .an

i solated strip of the sane netal |ayer that is deposited to formthe source
contact 84. The LTO |l ayer shown in Figures 5 and 6 is deposited at the sane
time as the LTO |l ayer 80, 82, 83 in 10 Figure 3. An equipotential ring
of polysiliconX ng %9 QEfﬁq%eéF%QP?QﬁFmRP&EFi?&PQ?Eﬁf%ﬁ R form; an

aﬁtive % eaquglmiﬂ&m%dJl&eq)ﬂ&ﬁ|éestﬁéleed§béeof3ftﬁéle¢|:ﬁip| d%iﬁﬂfiﬂﬁ t1%0 as
shown. e i so contacts the, gate oxide |ayer_located ato e
regi on adj acentwﬁ%&f ﬁ’le°r15exam€§?)r‘ee[w’tcgef)r%%ﬁa'?b?%ﬁﬁ%ﬁ“g# 1) iﬂ@%’f'si on
channel , whi ch avalanche velt@ge. cUThenstrip 323acisneineturn, t bensected _
regi on tch i V4o v P | I g _ 0, e nner
i ch T he t ern o e thad e Nitleh PES MSbiily Sh ShEG1deod MEs 1%
appl i ed to t he ¥R® 38 i PRLERL| }ayer | thakais fepesitedntot Eorncthat sonrge s

or 26 |located akohtwctng€rior of the die. Thus, termnating half cells 140

and 141, which are The LTO layer shown in Figures 5 and 6 is

deposited at the same time as the LTO layer 80, 82, 83 in
10 Figure 3. An equipotential ring of polysilicon (EQR
ring) 32C is also formed during the formation of the
active area polysilicon 32 but overlies the edge of the
field oxide 110 as shown. The EQR ring also contacts the
gate oxide layer located atop the region adjacent to the
15 street to prevent formation of an inversion channel,
which can cause leakage current. It is connected to the
street region which is typically at the drain potential.
Figure 7 shows the manner in which the
termination structure of Figures 4, 5 and 6 can be
20 applied to the terminating half cells that are adjacent
to the gate bus 25 or 26 located at the interior of the
die. Thus, terminating half cells 140 and 141, which are
similar to cells 103 and 104 shown in Figures 4 and 5,
are terminated by a structure similar to the left-hand
25 symmetric side, relative to bus 24, in Figures 5 and 6.
In accordance with an important feature of the
invention, and as shown in Figures 5 and 7, the
polysilicon plate 32a should be close to, and optimally
overlies, the edge of the P base region of the terminal
30 cells 103, 104 or 140, 141. The polysilicon_acts as a
field plate to spread out the electric field produced at
- the edge cells.. A separation of several microns between
the edge of the P base region and the field plate is
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simlar to cells 103 and 104 shown in Figures 4 and 5, are termnated by a
structure simlar to the |eft-hand 25 symmetric side, relative to bus
24, in Figures 5 and 6. In accordance with an inportant feature of the

i nvention, and -as showa—+n—F-gures 5 and 7, the polysilicon plate 32a
shoul d be close to, and optimally overlies, the edge of the P base region
of the tern ritiis Has Be ced)3. 104 or 140, 141. The polysilicon acts as
a field plate m“ eﬂ‘lohe electric field produced at the edge cells.
A separation o I ns between the edge of the P- base region and
the field plate 1s - 13 - still aecegtable, but will result in

decr easi ng breakdown vol tage as the separation increases. Figure 8 shows an
enl arged view of the edge region of the.field oxide 110. As descri bed
above, the 5 field oxide is preferably isotropically etched and the

edge of the field oxide thus has a tapered profile. This taper 200 in the
fiel d oxi de is Skivbhtaccertable, NoutHahhk| regyleein hdecreasing brepkdown

i mpl anted P[ er ri{ol€4géNas stwel séparation! phéLEasds ough the taper and
surrounds the 10 source to reach the surfice. The tag r al so_w dens
the profile. of the P[errflgﬁﬁ?o% shoys | an jeutarged; Kiey ﬁpFEﬁt%ﬂthrough

the taper. Thescegionidfstivé field owikde[r10] rRgi descpibe@nabonrepnthe
re noted Bbove FEREY SFMTRLET REEFPARREy cleptPaBtfLEl efondd prdnthe aiso
applicable to Fedganet|thevfield akide sphusihaslaytapergdrprofblece Thison
oSt L oo, bt Dot S OUKE G o5eslg s ielhtiGalye spobiieD on |2
Plerr] base regfdnn@hgdevicesjhecause the deep implanted P™ region is
partially implanted through the taper and surrounds the
10 source to reach the surface. The taper also widens the
profile of the P° region that is also partially implanted
through the taper. These profiles of the P and P*
regions prevent channel leakage and reduces the base
resistance of the edge cells.
15 As noted above, the termination structure of
the present invention is also applicable to P-channel
devices. More specifically, a P* source region is
substituted for the N+ source region shown in Figure 8,
an N+ region is substituted for the P* region, an N base
20 region substituted for the P base region, and a P type
substrate is used. When the termination structure is
used with P-channel devices, however, it has been found
that the P-channel device has a "soft" I-V breakdown
characteristic shown by curve 90 in Figure 9. The soft
25 breakdown characteristic is caused in part by the abrupt
corner formed by the intersection of the polysilicon and
field oxide masks. This reduces the peak doping
concentration of the N base region at the corners, which
in turn leads to premature punch-through breakdown. This
30 effect is further strengthened by the oxide taper, which
allows the implanted P* source region to extend further
under the oxide.
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substrate is used. Wien the termnation structure is used with P-channel
devi ces, however, it has been found that the P-channel device has a "soft"

| =V breakdown characteristic shown by curve 90 in Figure 9. The soft 25
breakdown characteristic—+s—eatsed in part by the abrupt corner fornmed by
the intersection of the polysilicon and field oxide masks. This reduces the

peak dopi ng conc®ig §! Replaced\| hase region at the corners, which in
turn leads to pre n rough breakdown. This 30 effect is
further strengthe e taper, which allows the inplanted P[err]

source region to extend further under lée-oxide. - 14 - To address the
problem and in accordance with another aspect of the present invention,
the polysilicon |ayer 32a is caused to extend slightly over the edge of the
field oxide 110 (by about 0.5 micron) to "square" off 5 -the shoul der of
the field oxide taper 200 as shown in Figure 10. Though a P[err] channel
device is shown, the pol Y8 [3dakess, thes Bfehleny and ik RcgRIsiANGs Yidh |

channel devi Ceano'ﬂlfbrpdspﬁ'dfﬂ & the Byﬁsahwlméms:lﬁf ,Lhﬁaé lrtltdlyhnh icﬂﬂT ?f

dopants into t at, r.t 1 rii.o the ¢ shown.

has been foundqﬁ%&bﬁ%’as % esﬁ%g}l e?reé"\?erﬁ’%tetrﬁig s&@ﬁq‘ l’ea“'%%?/\n%hepa"r‘fqecﬁfarl y

" for P channel dde deldakickeusd?d ohy abadud .S brr:'fmd;ohjvvrto:masqimm'! aff
shown by ¢ he diye ' | QU Ak L 14 Iﬁﬁaj may

range fr ogm zero .15%18&%\%1?&%%5{ %ice?(gﬁso’éh&t\e R%pglel%rra%%%sg%u gie]n as

smal | as desi gF ¥aH%s 14 oFhaidy s H pharnekdpvieasiscabovn, hthe fiel d

stress at the PAFFiNGBERektesidrd A iAlgb RdvithtadicusStSIP ERAnnEHUCE
reliability of $he term nation due t,o hot carrier injection and

ti me- dependent VAGRS - | e polysilicon extension also masks the
introduction of dopants into the substrate for the
10 portion of the cell shown. It has been found that this

design prevents the soft breakdown, particularly for P
channel devices, and causes a more square breakdown
characteristic shown by the dotted curve 91 in Figure 9.
The polysilicon extension may range from zero

15 to several microns but, optimally, should be as small as
design rules allow because longer extensions lead to high
field stress at the step from gate oxide to field oxide.
This stress can reduce reliability of the termination due
to hot carrier injection and time-dependent dielectric

20 breakdown. It also causes a "walkout" I-V
characteristic, where the device avalanches at a reduced
voltage and then increases gradually as carriers are
injected and trapped in the oxide at the stress point.

Although the present invention has been

25 described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only

30 by the appended claims.
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20 br eakdown. It also causes a "wal kout” |-V characteristic, where the

devi ce aval anches at a redUceﬁ‘VUItage and then increases gradually as

carriers are i ngodnedy d in the oxide at the stress point.
Al t hough the preI ﬁﬂﬂmﬁﬁ aﬁas been 25 described in relation to

particul ar enbod . many other variations and nodifications and
ot her uses w || “fo those skilled in the art. It is
preferred, therefore, thaL the present i nvention be limted not by the
specific discl "Eﬁrereln but onl y 30 by the appended cl ai ns. VHAT

| S CLAI MED IS mﬂ j’, "m fabr+ 8 i-ng a ternination structure of a
sem conduct or: Ss conprising the steps of: formng a | ayer
of field insulation materia _atop a silicon substrate: patterning and

etching away at | east one selected region of said |layer of field insulation
material to format |east _one opening in said |layer of field insulation
material and atﬂﬂé39l§eS§AL§EaLE§ﬁg portion; depositing a |ayer of
polysilicon in said at |east omnepgpeessdfor tabﬁ‘llcamthE tlegind natgéinat i on
material and at field insulation

mat eri al ; patteggrﬁgtgﬁéngkgthﬁgortVggggggt§8V68 5ﬁ§d PrOSeES| ayer of

pol ysilicon to €omprisphgr thet gtepsspficed openings in said | ayer of

pol ysilicon each having af Lﬁgﬁb asBechieve1Ehhstnkah bt nMed Al ald at
of 1RRREChE Rkt iR ae B T 4

| east one _openi ng of sald I Nsu ron nmaterra acent
to said r@minif °BoPtFé%lﬁpnsﬁPHSFE?§P:of

patterning and etching away at least one
selected region of said layer of field insulation
material to form at least one opening in said layer of
field insulation material and at least one remaining

10 portion;

depositing a layer of polysilicon in said at
least one opening in said layer of field insulation
material and atop said remaining portion of said layer of
field insulation material; .

15 patterning and etching away selected portions
of said layer of polysilicon to form a plurality of
spaced openings in said layer of polysilicon each having
at least a respective first part formed in said at least
one opening of said layer of field insulation material

20 and adjacent to said remaining portion of said layer of
field insulation material, a portion of said layer of
polysilicon that is atop said layer of field insulation
material defining a polysilicon field plate;

introducing impurities of a first conductivity

25 type into surface regions of said silicon substrate
located beneath said respective first part of said plural
openings in said layer of polysilicon to form first

- diffused regions; ,
introducing impurities of a second conductivity

30 type which is of opposite conductivity type to said first
conductivity type into said corresponding surface regions
of said silicon substrate to form second diffused
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field insul atirommateriat;—aportion of said | ayer of polysilicon remaining
atop said | ayer f fi |n ulation material and defining a polysilicon
freld plate; in t ?ﬁes of a first conductivity type into
surface regions " substrate | ocated beneath said respective
first part of sa ngs in said |l ayer of polysilicon to form
first diffused regions; introducing inpurities of a second conductivity
type which is of opposite conductivity type to said first conductivity type
into said correspeﬂd+ﬂg_SULiage__eg|ons - 16 - of said silicon substrate
to forn1second |ons sai o fli& st di ffused regi ons being deeper
and wi der than b!ﬁ%’ ed regi ons; depositing an overl ayi ng

i nsul ation | ayer, etching away sal ected portions of said
overlaying insulation |ayer to formfirst openings therein which expose
underlying surface.regions I d polysilicon field plate_and second

openi ngs whi ch EXFHR re§ﬁé8tf% Eng F¥9?ﬁ3 Eﬁgégnﬁfbgépﬁ dgrPgEeandyi ons
of said siliconwidestthan; seidhsagof@patssiusad regishd;underlying areas of
said surfgce regions of s n_su to a depth.qreater than the
dept h ofssald second d.ff§§88§?§i§ aﬁ § %25?138 énigﬂﬂg&ng A¥gYér over
sai d overlaying |nsulat|onatﬁ9§nln9 BaﬂdetchsnganﬂaxeSQEQCUpdnpngtlpnssald

over | ayi ng i nsupat kgaq! QVSflaﬁilﬂgp%éﬁiQtﬂgnaﬂQ S{-CJEb Ngofiay 1 Rat! ions Of
sai d conductive Ia%er to m at "] east one el ec rode I ch contacts said

pol ysilicon fiePHePLREE Eﬂﬁrﬁ%nlﬂﬁéF af¥PAEE BnderlydrgwAnEfacentragionsai d
first and secondf said polysilicon field plate and second openings which

40 expose respective underlying areas of said surface
regions of said silicon substrate;

depositing a conductive layer over said
overlaying insulation layer and over said underlYing
surface regions of said polysilicon field plate and said
45 underlying areas of said surface regions of said silicon
substrate; and '
patterning and etching away portions of said
conductive layer to form at least one electrode which
contacts said polysilicon field plate and at least one
50 electrode which contacts said underlying areas of said
surface regions of said silicon substrate.

2. The method of claim 1 wherein a portion of
said polysilicon field plate overlies a portion of said
first diffused regions.

3. The method of claim 1 wherein a region of
said polysilicon layer located between a respective pair
of said spaced openings forms a polysilicon finger.

4. The method of claim 3 wherein the width of
said polysilicon finger is sufficiently small such that
the first diffused region of one of said respective pair
of spaced openings overlaps the first diffused region of

5 another one of said pair of respective spaced openings.
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diffused regions—in at least said depressions in said underlying areas of
said surface regions of said silicon substrate. 2. A process for
fabricating as&bsShesidlacBeon Reppvdgce having a termination structure, said
process conpri-s

: formng a layer of field insulation
material atop a te; patterning and etching away at | east one
I"aye

sel ected regi on of sal of field insulation material to format | east

one opening in said | ayer of field insulation material and at |east one
remai ni ng portion; tornmng—a-layer of gate insulation material atop said

silicon substr 3 ' ' | east omel@pening in said |ayer of field
i nsul ati on nmat m,m”mim#’m”lﬁra | ayer of polysilicon atop said remaining
portion of said™ ayerLoin i nsul ation material and said | ayer of gate
insulation material; patterning and etching away sel ected portions of said
‘layer of polysilicon to forma plurality of spaced openings in said |ayer

of polysilicon that include a plurality of peripheral openings each having
at least a respective firs} parte fmetist adPcEainl 1 pyiePdigaéLid NEayeEi on

mat eri al and adjacgnt, to, said remainin tionof said |layer of field
i nsul ation mat e#faﬁe]a pHIRY HEn %?%%ﬁ?oj'erl%&‘b%ﬁ/s?ﬁ%%#é TRBFMNY at op
said | ayer of fthatl bordegrs i saidresenicinductarefdevice cand| feirhs canstreet
pl ate; introduclfg;d 1§ i £s: of Lr BN AYA Loto surf ace
regi ons of sai ?%?ﬁ%%ﬁbﬁ#gt%&%ﬁa ecﬁ%ﬁ%‘%‘%il c?ie)'g%ée%ti&\l/e first
part of shid edquipotential ring having a first portion located atop
said layer of field insulation material and a second
portion located atop said street region to maintain said

street region at a predetermined potential.

6. The method of claim 1, wherein said step
of patterning and etching said layer of field insulation
material includes isotropically etching said field
insulation material such that an edge of said layer of

5 field insulation material that borders said first part of
said plurality of spaced openings has a sloped profile.

7. The method of claim 6, wherein said steps
of introducing impurities of a first and second
conductivity type includes introducing said impurities
through said sloped edge in said layer of field

5 insulation material. '

8. The method of claim 6, wherein said
polysilicon field plate extends over said sloped edge in
said layer of field insulation material.

9. The method of claim 1 wherein said first

conductivity type is P-type and said second conductivity
type is N-type.
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peri pher al opennmgﬁe‘;tﬂas idlayer of polysilicon to formfirst diffused
regions; introdu Placedof a second conductivity type which is of
opposi te conduct said first conductivity type into said

correspondi ng su of said silicon substrate to form second
di ffused regions; introducing inpurities of said first conductivity type
into said surface regions of said silicon substrate to formthird diffused

regi ons; said second diffused lons having a final depth that is |ess

t han that of saTa’TﬁTFH—HTFFagéggtggions, said first - 18 - diffused
regi ons being de ““ﬂ“ﬂ‘mﬂﬁltﬂuw andihavi ng a | ower concentration than
that of said thiﬁu eYOns; depositing an overlaying insulation

| ayer; patterning *and efch?ng away sel ected portions of said overlaying
insulation |ayer to formfirst openings in said overlaying insulation |ayer

whi ch expose underlying surface regions of said polysilicon field plate and
second openi ngs whi ch expdfe r E8FePethedyrdcrFlpilfg 1ar wheredns sid ds firste

regi ons of sai dcahbueedvitlstypee ianf-kgpe)Jdanddeaidl secoduC kiohdiuctivity
depressions in gaid undgLI ing areas of said surface regions of said
silicon substra?@pfolﬁ e egreater than the depth of said second diffused
regions; etching said side walls to formundercut portions which expose

further portions of the s&&tacghgfggghgdsbkiE&giﬁyq%trgkéﬁgg;cgﬁﬁépareas o

adj acent to and which_surround _sai epressi ons 1 n~sdi ]
sai d surface reBPa¥s§idicen §islnh pdateuextends; over an edge of said

layer of field insulation material that adjoins said
first part of said spaced openings in said layer of
S polysilicon.

12. The method of claim 1, wherein each of
said plurality of spaced openings include, a respective
second part formed atop said remaining portion of said
layer of field insulation material.

13. The method of claim 1, wherein said field
insulation material is silicon dioxide.

14. The method of claim 1, wherein said steps
of introducing impurities of said first and second
conductivity type includes implanting each of said
impurities into said silicon substrate and then driving

5 in said impurities.

15. The method of claim 1, wherein said
overlaying insulation layer is a low temperature oxide
layer.

16. A termination structure for a
semiconductor device, said termination structure
comprising:
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depositing a conductive |ayer over said overlaying insulation | ayer and
over said undertying-surface regions of polysilicon field plate; and
patterning anqhe chlng away portions of said conductive layer to form at

| east one gate sB&nR-j. ntacts said polysilicon field plate and at

| east one sour bg contacts said third diffused regions at the

bott om of said nd said second diffused regions at the upper
portions of said depre and at said further portions of the surface of
sai d SI|ICOﬁ‘SUbS%#%&£L____h__~The met hod of claiml or 2 wherein a portion

of said polys fireld plate overLigg a portion of said first diffused
regi ons. gjﬁm im1 or 2 wherein a region of said

ponS|I|con | awy. en a respective pair of said peripheral
openings fornms a ponS|I|con finger, the width of said polysilicon finger
being sufficiently sall such that the first diffused region of one of said
respective pair of peripherhaYGQemfngbeb&eimsmﬁatimmfmaterﬂalfﬁeeﬂeﬂegion

of anotheg one é’éoﬁaéds:?\i;\‘#oﬁfsﬁ 4 Vén® gw{ﬁ%aét%&g ?ch.ﬁeﬁﬁ

nmet hod of claim.1 or erein sald step rnin
|l ayer of field ?hﬂﬁﬁ%ﬂ|%Hdd§§e¥¢%§t|9E§Lkﬁ§a4%%R9d99€§}99:etch|ng sald

field insulation materialgs ¥ et POLPSDE @bn Sdé égtga oh &aehdat

| at t | that b d f art_o lural ity of
bor pher ol operiSRRE RS SRTETRG £ aie Tayefiee FaelaGibeolatints.

wherein said stmaﬁerialramwdmbmpmsainuremafnlnj poftich efdsagdoDdyer of

conductiygty tyfféiﬁciﬁgﬁfhﬁfgﬂqﬁgféfghfajggiém&g§éfe§f polysilicon
including a plurality of spaced openings formed therein
each having at least a respective first part formed in
said at least one opening of said layer of field
insulation material and adjacent to said remaining

15 portion of said layer of field insulation material, a
portion of said layer of polysilicon that is atop said
layer of field insulation material defining a polysilicon
field plate;

first diffused regions formed of impurities of

20 a first conductivity type introduced into surface regions
of said silicon substrate located beneath said respective
first part of said plural openings in said layer of
polysilicon; ‘

second diffused regions formed of impurities of

25 a second conductivity type, which is of opposite
conductivity type to said first conductivity type,
introduced into said corresponding surface regions of
said silicon substrate, said first diffused regions being
deeper and wider than said second diffused regions;

30 an overlaying insulation layer having first
openings formed therein which expose underlying surface
regions of said polysilicon field plate and having second
openings which expose respective underlying areas of said
surface regions of said silicon substrate; and

35 a conductive layer deposited over said
overlaying insulation layer and in said first and second
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t hrough sai d stoped-edge_in said layer of field insulation material. 7.

The net hod of a|n15 mhereln said polysilicon field plate extends over
sai d sl oped ed Bhﬁ 4ﬁ field insulation material. S. The method
of claim1l or first conductivity type is Ntype, said
second condu P-type, and said polysilicon field plate

ext ends over an edge o sa ayer of field insulation material that
adjoins said first part of said spaced openings in said |ayer of

pol ysi li con, aha_TUFFﬁeF“‘rends—ever a portion of said |ayer of gate

I nsul ati on mater hod -<of2ccl-|aim 1 or 2, wherein each of said
plurality of spa ﬂﬂmm’ I"Emm udes a respective second part fornmed atop
sai d remi ni ng poftibn bf'@aﬁ ayer of field insulation material. 10. A
term nation structure for a sem conductor device, said term nation

structure conprising: a layer of field insulation material fornmed atop a
silicon substraPReRRIIRNNEREE PEeslayingoprAndatienr davennandt whagbt one

remai ni ng portlGﬁmpﬁlééyeétoieQQfYShéLéQécé?@&é'gﬁﬂg%ncgﬁggcgglES?gLﬁ?E?ng
opening in sai er.o ion_nate

pgrtlo% of saldp?giﬁflb?°?lgfﬁlé g?g BRAR iFﬁFt gﬁFdeF§95F°GP which

pol ysil i 486n i nctantagta saudahndgrmylngaandaspenlsgsdfsnﬂfdcéheéglaneaeh
havi ng at Ieast?g%&e$gfféb“e?a%£§£aggrt formed in said at |east one opening

of said |ayer o nsu ron naterial and adjacent to said remaining
portion of said |ayer of field insulation material, a

17. The device of claim 16 wherein a portion
of said polysilicon field plate overlies a portion of
said first diffused regions.

18. The device of claim 16 wherein a region of
said polysilicon layer located between a respective pair
of said spaced openings forms a polysilicon finger.

19. The device of claim 18 wherein the width
of said polysilicon finger is sufficiently small such
that the first diffused region of one of said respective
pair of spaced openings overlaps the first diffused

5 region of another one of said pair of respective spaced
openings.

20. The device of claim 16, wherein said layer
of field insulation material includes a second opening
that borders said semiconductor device and forms a street
region, and said layer of polysilicon includes an

5 equipotential ring having a first portion located atop
said layer of field insulation material and a second
portion located atop said street region to maintain said
street region at a predetermined potential.

21. The device of claim 16, wherein said
polysilicon field plate extends over said sloped edge in
said layer of field insulation material.
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portion-of said layer of polysilicon that is atop said |layer of field
insul ation material defining a polysilicon field plate; first diffused
regi ons fornmed 1qf shddPis Bhdn@Splstkd @ first conductivity type introduced into
surface regions ' ' n substrate | ocated beneath said respective
first part of saﬂmﬂﬂmuim“lmﬁl ngs in said |layer of polysilicon; second

di ffused regions urities of a second conductivity type, which
is of opposite conductivity type to said first conductivity type, :

i ntroduced igig_?éLQ_EQLLQSpﬂndLng surface regions of said silicon

substrate, sai I rst diffused regi ons ®eiAg deeper and w der than said

second diffuse “gmﬁmm\wut‘mrl aying insulation |ayer having first

openi ngs forne |“ _ "®xpose underlying surface regions of said

pol ysi licon fieFd'brdte'hna havi ng second openi ngs whi ch expose respective

underlying areas of said surface regions of said silicon substrate; said

underlying areas of said surface regions of said silicon substrate having

depressions forned therei e2af FHeddvigeedifelclidian 1 emiaih &aisniflixseond

di ffused regiong, | ve J ayer deposjted over sajd overl.ayi

i nsul ation | aye?:oan |tﬁivgi%%resﬁ'sa d%é'é’ceorﬂ‘ 5«51’162%‘?%1&95‘%#@9&19

i nsul ation | ayertyned ishilcttyeepri ses at | east one el ectrode which contacts

said polysilicon field plate and at | east another el ectrode which contacts

said first and second diffused regions in at |east said depressions in said

underlyi ng areas of said f#faddre Aaveiee & sHiaimil§ cohengin maid first

sem conduct or delsrudtiwity &ype is N-type, and said second conductivity
type is P-type.

24. The device of claim 23, wherein said
polysilicon field plate extends over an edge of said
layer of field insulation material that adjoins said
first part of said spaced openings in said layer of

S polysilicon.

25. The devicg of claim 16, wherein each of
said plurality of spaced openings include, a respective
second part formed atop said remaining portion-of said
layer of field insulation material.

26. The device of claim 16, wherein said field
insulation material is silicon dioxide.

27. The device of claim 16, wherein said

overlaying insulation layer is a low temperature oxide
layer.

28. A process for fabricating a semiconductor
device having a termination structure, said process
comprising the steps of:

fofming a layer of field insulation material

5 atop a silicon substrate;
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termnation structure, said device conprising: a layer of field insulation
material formed.atgop a silicon substrate and having at | east one opening

therein and at [|'§3saee Beee Reiab1g porti on; - 22 - a layer of gate

insul ation materi ﬂ said silicon substrata in said at |east one
opening in said | gyl i nsulation material; a layer of polysilicon
deposited atop said renaini- ortion of said layer of f ild insulation

material and said layer of gate insulation material, said |ayer of
pol ysilicon co ising a plurdlity of spaced openings that include a
plurality of periaheral openi ngs eack Rkaving at | east a respective first

part fornmed atop ,ﬂ m uum,ﬁ e insulation material and adj acent to
- er of field insulation material, a

sai d remai ni ng po A _ al,
portion of said | ayer of p5|y§iITcon that is atop said |layer of field
insulation material defining a polysilicon field plate; first diffused
regi ons formed of inpuritPeEterningiand etchilnygavay aypteaatroneced into

surf ace regi onsséfected SbyioRNosUbS1d af SybPCat ofi DeACRABu AL opeSPECt i Ve
first part of said er%pger I openlﬂgs in said IaXer of goL¥S|I|con; second
di ff used regioﬂ@i?%fﬁ% ? o2t LSa%t AN RBARIRBNANCERIR JaYEOLwhi ch
is of opposite £heldicinsulytigpematesiall 4nd satcheastt bnet yemgpringnt o said
correspo?@ing sgﬁéégghregions of said silicon substrate; third diffused

regi ons torned rmputities of said first conductivity type introduced -
into said surface regi onsferming daslayennof uate ainsuiatilonewahdrialf used

atop said silicon substrate in said at least one opening
in said layer of field insulation material;
depositing a layer of polysilicon atop said
15 remaining portion of said layer of field insulation
material and said layer of gate insulation material; |
patterning and etching away selected portions
of said layer of polysilicon to form a plurality of
spaced openings in said layer of polysilicon that include
20 a plurality of peripheral openings each having at least a
respective first part formed atop said layer of gate
insulation material and adjacent to said remaining
portion of said layer of field insulation material, a
portion of said layer of polysilicon that is atop said
25 layer of field insulation material thereby defining a
polysilicon field plate;
introducing impurities of a first conductivity
type into surface regions of said silicon substrate
located beneath said respective first part of said
30 peripheral openings in said layer of polysilicon to form
first diffused regions;

- introducing impﬁrities of a second conductivity
type which is of opposite conductivity type to said first
conductivity type into said corresponding surface regions

35 of said silicon substrate to form second diffused
regions;
introducing impurities of said first
‘conductivity type into said surface regions of said
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regions having a final'depth that is |ess than that of said third diffused
regions, said frrst-dtf%used—fegfﬂns belnﬁ dgege;fanddmﬁder t han and haV|ng
a' | ower concent hat of said thir i ffused regions; an
overl ayi ng |nsu:Crﬁ)i Qm& &wnk ‘ﬁg first openings formed therein which
expose underlyln 23 - regions of said polysilicon field plate
and second openi e respective underlying areas of said
surface regi ons of said S|I|con substrate; said underlying areas of said
surface regi ons—ef—said silicon substrate having depressions formed therein
of a depth great t he de th of sa&3 second di ffused regions; said
second openi ngs m& ,’ﬂ 'ﬂport lons of the surface of said silicon
substrate which a nd whi ch surround said depressions in said
under|ying areas of sald surface regions of said silicon substrata; and a
conductive |ayer ,deposited over said overlaying insulation |ayer and in
said first and $éddR@NopukEkyaten teaferay thixgd A fifusedariegdong e saidd
FTeld plare and comme e o e eeaa- Geotl Rt Ie, e,
ie ate an 0 ses S rce
third glffused Fgagg%ba§t°? §aﬂgt% gfgggﬁHs&QpF@§§P8ﬁs gad s fiigrstecond
di f f used regi ondi&fuskd upg&nnpobbungsdebpealdndepﬁd&&l&hanahﬁdahaﬁﬂgé.a
rther portion t c t . e evi ce
fu p ﬁ% BBneunt2aeih thad %hgh 8, 340 (AiGa ﬂié.fg?\_: 2a

of claim 10 or e el n portion o sal I 'con _ _
overlies a port¥egienssai d flrst di ffused regions. 13. The device of claim
10 or 1llgsherein a depositing an overlaying insulation layer;

patterning and etching away selected portions
of said overlaying insulation layer to form first
openings in said overlaying insulation layer which expose
underlying surface regions of said polysilicon field
50 plate and second openings which expose respective
underlying areas of said surface regions of said silicon
substrate and having side walls; -
etching depressions in said underlying areas of
said surface regions of said silicon substrate to a depth
55 greater than the depth of said second diffused regions;
etching said side walls to form undercut _
portions which expose further portions of the surface of
said silicon substrate which are adjacent to and which
surround said depressions in said underlying areas of
60 said surface regibns of said silicon substfate;
depositing a conductive layer over said
overlaying insulation layer and over said underlying
surface regions of polysilicon field plate, said third
diffused regions at the bottom of said depressions, and
65 said second diffused regions at the upper portions of
said depressions and at said further portions of the
surface of said silicon substrate; and
patterning and etching away portions of said
conductive layer to form at least one gate contact which
70 contacts said polysilicon field plate and at least one
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region of said ngysLLLcon_La¥EL_LQcated bet ween a respective pair of said
peri pher al openin s forns a palysilicon finger, and the width of said

pol ysilicon finge hi %6 mal | such that the first diffused region
of one of said res I ’ peripheral - - 24 - openings overl aps
the first dlffused her one of said pair of respective

peri pheral openings. 14. The device of claim 10 or 11, wherein said |ayer

of field insulation—ﬁa%eFLaL;Lnbnggs a second opening that borders said

sem conduct or dth ;a street region, and said | ayer of
polysilicon inclu m # ﬂmﬁ al=rasg-having a first portion | ocated
atop said | ayer of |eI mat eri al and a second portion | ocated

atop said street region to na|nta|n said street region at a predeterm ned
potential. 15. The device of claim10 or 11, wherein said polysilicon field

pl ate extends over said sloped edge in said |layer of. field insulation
material . 16. TﬁQ“HE9|GS“SPCEIHP#FEOCSPtEEtswﬁéﬂélﬁe§9P§ andstthdadduct i vity

type is N-type, digfdseaceegieasductivity type is P-type, and said
polysilican field plate extends over an edge of said |ayer of field

i nsulation material that adjoins said first part of said spaced openings in
sai d layer of polysilicon29andTher methodxbenddadwesawhetreion a0poidiidn ayer

a gate | nsul at onof3hepbalyeiieol$15H B9a0h SALTIA 8 phleifiery N cach

of said plurality o sTincl a resp
forned atop salﬁaﬂénﬁﬁﬁﬁﬁgdéSfPFGﬁ segdonsg.| ayer of field insulation
material. 8 JUN 199

30. The method of claim 28 wherein a region of
said polysilicon layer located between a respective pair
of said peripheral openings forms a polysilicon finger.

31. The method of claim 30 wherein the width
of said polysilicon finger is sufficiently small such
that the first diffused region of one of said respective
pair of peripheral openings overlaps the first diffused

5 region of another one of said pair of respective
peripheral openings.

32. The method of claim 28, wherein said layer
of field insulation material includes a second opening
that borders said semiconductor device and forms a street
region, and said layer of polysilicon includes an

5 equipotehtial ring having a first portion located atop
said layer of field insulation material and a second
portion located atop said street region to maintain said
street regidn at a predetermined potential.

33. The method of claim 28, wherein said step
of patterning and etching said layer of field insulation
material includes isotropically etching said field
insulation material such that an edge of said layer of

5 field insulation material that borders said first part of
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- 25 - said_plurality of peripheral openings has a sloped profile. 34.

The nethod of claim 33, wherein—said steps of introducing inpurities of a
first and secoﬁﬂw@hﬁdﬂﬁh&%Q&ﬁhgype i ncl udes introducing said inmpurities

t hrough said- sl i d | ayer of field 5 i nsulation materia
35. The net hod lmerel n said polysilicon field plate extends
over said sl ope | ayer of field insulation material. 36. The

nmet hod of cIa|n128 mhereln said first conductivity type is P-type and said
second conduchVTTV‘TypE-Ts-ﬁ#%ype. 37. The nethod of claim 28, wherein

said first con?ﬂuﬂ N-typegsand said second conductivity type
is P-type. "wuu' ’Hf"”@ aiim 37, wherein said polysilicon field plate
ext ends over an *ed§e bf msalsd yer of field insulation material that
adjoins said first part of said spaced openings in said |ayer of 5
polysilicon. 39. The nethod of claim28, wherein each of said plurality of
spaced openi ngsSiHrﬂ:Imbéralalﬁés%cm!mepls&%)hdomnlngwm atshoped d

remai ning portigFofisai d | ayer of field insulation material. - 2 6

- 40. The nethod of claim 28, wherein said | ayer of gate insulation
material is silicon dioxide.

34. The method of claim 33, wherein said steps
of introducing impurities of a first and second
conductivity type includes introducing said impurities
through said sloped edge in said layer of field

5 insulation material.

35. The method of claim 33, wherein said
polysilicon field plate extends over said sloped edge in
said layer of field insulation material.

36. The method of claim 28 wherein said first

conductivity type is P-type and said second conductivity
type is N-type.

37. " The method of claim 28, wherein said first

conductivity type is N-type, and said second conductivity
type is P-type.

38. The method of claim 37, wherein said
polysilicon field plate extends over an edge of said
layer of field insulation material that adjoins said
first part of said spaced openings in said layer of

5 polysilicon.

39. The method of claim 28, wherein each of
said plurality of spaced openings include, a respective
second part formed atop said remaining portion of said
layer of field insulation material.
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41. The nethod of claim 38, wherein said polysilicon field plate further
extends over a portlon of said layer at gate insulation material. 42. A
sem conduct or Ths\E £p CE’E‘ermnatlon structure, said device

.conprising: a I nsul ation material fornmed atop a silicon
substrate and h

Iw one opening 5 ~therein and at | east one
remai ni ng portion; a layer of gate insulation material forned atop said
silicon substrate in said at | east one opening in said |layer of field

i nsul ati on rial; a layerizof polysilicon deposited atop said 10

remai ni ng port of f+4 edgl 4 nsul-ation material and said | ayer
of gate insul m“m‘m“mm““ml d layer of polysilicon conprising a
plurality of spaced dpehi nYys that include a plurality of peripheral

openi ngs each having at' l'east a respective first part formed atop 15

said layer of gate insulation material and adjacent to said remaining
portion of said |ayer of4prelEhﬁn§8F§Pﬂoﬁfnﬁié#Pa?8'aWBGFFPBnSGﬂds&PﬂeFayer
of polysiliconothghtesinkapatibf maxeriahl fikekdlieon dibsidenterial
defining a polysilicon field plate; 20 first diffused regions
formed of inpurities of a first conductivity type introduced into surface
regions of said silicon gabst Caeemethaticdfbeladmh383i wherejacsaid fir st
part of said p p S a r Y et qn

Cecond it usoforasisdeobtleies piacstiefrthLE oRtehile) Syl Apcttion of
which is of oppggdt dayer. atpgate. wsnda@tlpw mateygalto said first
conductivity type, into said corresponding surface regions of said silicon

42. A semiconductor device having a
termination structure, said device comprising:

a layer of field insulation material formed
atop a silicon substrate and having at least one opening

5 therein and at least one remaining portion;

a layer of gate insulation material formed atop
said silicon substrate in said at least one opening in
said layer of field insulation material;

a layer of polysilicon deposited atop said

10 remaining portion of said layer of field insulation
material and said layer of gate insulation material, said
layer of polysilicon comprising a plurality of spaced
openings that include a plurality of peripheral openings
each having at least a respective first part formed atop

15 said layer of gate insulation material and adjacent to
said remaining portion of said layer of field insulation
material, a portion of said layer of polysilicon that is
atop said layer of field insulation material defining a
polysilicon field plate;

20 first diffused regions formed of impurities of
a first conductivity type introduced into surface regions
of said silicon substrate located beneath said respective
first part of said peripheral openings in said layer of
polysilicon;

25 second diffused regions formed of impurities of
a second conductivity type, which is of opposite
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shbstrate; 30 ) third diffused regions formed of inpurities of
said first conductivity type.introduced into said surface regions of said
st | i con subst r atThis Shet HasBeex®epladdd f f used regi ons having a final depth that

Is less than that di ffused regions, said first diffused
wi der than and having a | ower concentration
ra ditru

regions 35 be MI

than that of said | sed regions; an overlaying insulation |ayer
having first openings formed therein which expose underlying surface
regions of said polysilicon field plate and second 40 openi ngs whi ch
expose respective underlyi .areas of- o d- surface regions of said silicon

| yi n
substrate; said UU MJFHIJBMEH f said surface regions of said silicon
substrat e havi ng ' nsimior (e d therein of a depth greater than the
depth of said second di fTused regi ons; 45 sai d second openi ngs exposing

further portions of the surface of said silicon substrate which are
adj acent to andcondugativityutivpeard gapdefirshscondugtdvityetlypengiateas of

sai d surface resagasceiréabdnaihbceﬁrEHEétfé&?bn§n8F5Qaid silicon &
conductive | ayer ge osjted oversaid overlaying insulation [ayer and in said
first and secong% ﬁgﬁ?ﬁﬁs in said overlaying insulation |ayer and which

conprisesoat |east one gathirdnda€fusbichegbhacEsrmatidoroli hkﬁt?&sfbg|d.d
Pt A COM k3E BhrkeaskoBlE OGO s ipcrBRUERR! sHULCLaSATL AR 2ea
di ffused regi ontegionfgeofippaidpsilionn sabstrdtdepsaidi secondddif fusied
further portiongegioh8€navihgC8 finadl depth' ERARLSYRS§1E8ECthan that of
said third diffused regions, said first diffused regions
35 being deeper and wider than and having a lower
concentration than that of said third diffused regions;
an overlaying insulation layer having first
openings formed therein which expose underlying surface
regions of said polysilicon field plate and second
40 openings which expose respective underlying areas of said
surface regions of said silicon substrate; said

underlying areas of said surface regions of said silicon
substrate having depressions formed therein of a depth
greater than the depth of said second diffused regions;

45 said second openings exposing further portions of the
surface.of said silicon substrate which are adjacent to
and which surround said depressions in said underlying
areas of said surface regions of said silicon substrate;
and

50 a conductive layer deposited over said
overlaying insulation layer and in said first and second
openings in said overlaying insulation layer and which
comprises at least one gate contact which contacts said
polysilicon field plate and comprises at least one source

55 contact which contacts said third diffused regions at the
bottom of said depressions and said second diffused
regions at the upper portions of said depressions and at
said further portions of the surface of said silicon
substrate.
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43. The device of claim42 wherein a portion of said polysilicon field

pl ate overlies arhp(srléetmménl%aln@dfl rst diffused regions. 44. The device of.
claim42 mhereln |d_ponS|I|con | ayer | ocated between a
respective pair o raI openings fornms a polysilicon finger. 45.
The device of cl a|n1 ereln the width of said polysilicon finger is
sufficiently small such that the first diffused region of one of said
respective pair_of peripheral openings overlaps the first diffused 5
region of another one of said pair of respective peripheral openings. 46.
The device of clmmmm“mmm Hutal d-l ager of field insulation nateri al

I ncl udes a secon rders said sem conductor device and forns
a street region, o said | ayer of polysilicon includes an 5

equi potenti al rlng haV|ng a first portion located atop said |ayer of field
i nsul ation material and a second portion |ocated atop said street region to
mai ntain said street region at a predetermned potential.. 47. The device

of claim42, wherein sai Ch:po| VP i %{églgfpé?éf%eﬁ %ﬂqé’:&(ﬁr Sg?fjtf.!:f?ped

edge in sald | ayer of field jnsulatlon nat er | devi ce

wher ei n sai d f|¥§t5%1 d POLYFAiEon | -}e}?pﬂlﬁ'éeFQY?ﬁbl%ﬁdasa‘Pﬁtb%oﬁﬁ
conductivity tygeid sEivrdtypbiffusdd. rddifoeyi ce of claim42, wherein said
first conductivity type is N-type, and said second conductivity type is
P-type. 50. The device of claim49, wherein said polysilicon field plate
ext ends over an edge of sé4d |Eyerdevicecofl clhaithad2 owhereini al région of

adjoins said gajd polysilicon layer located between a respective pair
of said peripheral openings forms a polysilicon finger.

45. The device of claim 44 wherein fhe width
of said polysilicon finger is sufficiently small such
that the first diffused region of one of said respective
pair of peripheral openings overlaps the first diffused

5 region of another one of said pair of respective
peripheral openings.

| ~46. The device of claim 42, wherein said layer

of field insulation material includes a second opening
that borders said semiconductor device and forms a street
region, and said layer of polysilicon includes an

5 . equipotential ring having a first portion located atop
said layer of field insulation material and a second
portion located atop said street region to maintain said
street region at a predetermined potential.

47. The device of claim 42, wherein said
polysilicon field plate extends over said sloped edge in
said layer of field insulation material.

48. The device of claim 42 wherein said first

5 conductivity type is P-type and sald second conductivity
type is N-type.
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first part of said spaced openings in said |ayer of 5 pol ysilicon. 51.
The device of claim42, wherein each of said plurality of spaced openings
include, a respective “second- part forned atop said remaining portion of
said | ayer of frhlgzglsieﬂmsnéeal{emahat erial. 52. The device of claim42,

wherein said |l a ulatlon material is silicon dioxide. 53. The
device of claim |d polysilicon field plate further extends
over a portlon 0 ayer at gate i nsul ation materi al .

{1 \\\l\\ |||\\ \\I\l i

49. The device of claim 42, wherein said first
conductivity type is N-type, and said second conductivity
type is P-type.

50. The device of claim 49, wherein said
polysilicon field plate extends over an edge of said
layer of field insulation material that adjoins said
first part of said spaced openings in said layer of

5 polysilicon.

51. The device of claim 42, wherein each of
said plurality of spaced openings include, a respective
second part formed atop said remaining portion of sald
layer of field insulation material.

52. The device of claim 42, wherein said layer
of gate insulation material is silicon dioxide.

53. The device of claim 49, wherein said

polysilicon field plate further extends over a portion of
said layer at gate insulation material.
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