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PONER DEVI CE. RELATED APPLI CATI ONS _ Thi's ’
application clains the priority of 5 Provi si onal Application Serial

"No. 60/039, 487/ filed February 28, 1997. . BACKGROUND OF THE

| NVENTI ON : This invention relatesjto sgiyd,.c C devi ces

and nore specifically, relates to a novel structufe fghﬁ(ﬂsll'éeé‘l'c:iB éﬁéﬁ% SG
device-in which an array of planar cells are HEReHBEn L si hgl 1
silicon wafer and are dielectrically isola.zr f%gg?%pg%%ﬁdi'"}ggﬁﬁm'ﬂ:"
i n which one or nore power devi ces can be P ed? f e 1¢ gaged £y
chip as the _ pl anar cells. 15 : BiDrawing(s) opageds..2altd paged ..0k
utilize a sem conduct or device formed of ajDaAbgractunbpedgeaf..7CChd paged ......
.Phot ovol tai c generators (PVGs), for exanple, are lell known and are
‘comonl y used for producin | I égr |d state

.relay. Such devices enpl oy%aﬁﬁr%ﬁi%ﬁ@mgﬁﬁ '}ge I nput

termnals to irradiate P S | spaced and

i nsul at ed ' phot ovol tai ¢ device. The output of the photovoltaic

devi ce may serv Al CATYGNssW t chi ng device, such as a

MOS- gat ed devi ce, typical by, ; re NQEFET r.IGB}Z 25 . i ch has | oad
term nal s_which_are swi tc%d‘%' %%\éﬁllr?a on cﬁ‘@s‘&?n 8& PLIFIERE zation of
the LED. ¥he i nBiPVafdonal Applrigatiwcer Serdad do.t 169 /08By en e fidaddat ed by
t he gap beeweasri/hes ERgadd t he photovoltaic device. Commonly,
t he photovol tai c device consists of a | arge nunber of

ACKGROUND OF THE INVENTION :

. This invention relates to semiconductor devices
and more specifically, relates to a novel structure for
10 such a device in which an array of planar cells are
formed in a single silicon wafer and are dielectrically
isolated from one another and in which one or more power

devices can be integrated into the same chip as the

planar cells.

15 It is often desirable to utilize a
semiconductor device formed of a large number of cells.
Photovoltaic generators (PVGs), for example, are well
known and axre commonly used for producing a control
signal for a solid state relay. Such devices employ an

20 LED which is energized by input terminals to irradiate

the photosensitive surface of a spaced and insulated

photevoltaic device. The output of the photovoltaic
device may serve as the input to a switching device, such
as a MOS-gated device, typically a power MOSFET or IGBT,
which has load terminals which are switched "on" in
response to the energization of the LED. The input and
output terminals of the relay are isolated by the gap
between the LED and the photovoltaic device. Commonly,
the photovoltaic device consists of a large number of
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-2, series-connected photovoltaic cells in order to produce a
voltage suff|C|entIy high to turn on the power swtching devi ce.
Such devices are well known and are sol d under t he nane "PVI"
(photovoltaic isolator) by the 5 I nternational Rectifier Corporation
of El Segundo, CA, t he assignee of the present invention.

The plural cell photogenerator can be mage_in many different ways.
One knewn generator enploys a stack “or pile of photovoltaic cells as

'shown in U S Patent 10 Nos. 4, 755,697 and 4, 996,577, both to Daniel M

Ki nzer. O her devi ces enploy a planar array of cells which are

;junption i sol ated from one another and are connected in series at
‘their surfaces. &riés%wede&ﬁCpﬁoabeoka@m cells ihNo¥kghebndiyidue! a

Solie, U oPosed, YS(oAlE SHELREEREg Aoom co hhbeOMEIAR Shvoe pygecing

i sol ated, as shdﬂﬁvi¢B{JE§u¢bI@ﬁvsces are Well KHnded,K 888 and fHo03A0um@8r The

prior art deV|ce§he name “pP@HevV hoﬂ@V@lichd{§$@§E rbegetHQ expensive to

-manuf acture as QF as havi Iom1 papufacturing yreld

Alternati Vel y, tERAt Ny BFChhot 8F oteEpRration offhbrieywideel FA. are
formed in a di eI‘tEmst rassaicjr;eé)omﬂeme presest | iseenvbder. A relatively thick

"handl e" wafer is u f thin
devi ce wafer in th§L ﬁ%e ung?lon§§%? +%9§%%é&§§é%%§%% ﬁ%ﬁ%Ji?
Patent No. 5, 5488782 44 farens éé%Yﬁ e denewn generator employs e stack .
‘however, requires pired aif \tﬂiét@o@mﬁidébéiﬁéta@(}shown inVf€l . patent

can be fa0ed ot s s e o s MY R e OF fraer

connected in  Otherpdayiaes mupleyk & Rlamepamiagnalt ferlks powssh M gat ed

deVI ce but whi cHunttaay lisdRUEREAE b biIRY ARf are connected in
series at their surfaces. Still other devices are known
in which individual cells disposed over the surface of a

15 silicon chip are junction-isolated from one another or
may be dielectrically isolated, as shown in U.S. Patehts
Nos. 4,227,098 and 4,390,790. The prior art devices,
hoﬁever, have the drawback of being axpensive to
manufacture as well as having low manufacturing yields.

20 Alternatlvely, a planar array of photovoltaic
generating cells are formed in a dielectrically bonded
silicon wafer. A relatively thick "handle" wafer is
oxide bonded to, as well as insulated from, a thin device
wafer in which the junctions are formed, as shown in U.S.

25 Patent No. 5,549,762 to the present applicant. This

- device, however, reguires a relatively expensive starting
wafexr,
It is therefore desirable to produce a

photovoltaic generator that can be formed of a'large

30 number of insulated cells which can be connected in
series to produce a turn-on signal for a power MOS-gated
device but which is easily manufactured and integratead




-3 - wi th the MOS-gated device using existing reliable

. processi ng equi pnent and techni ques. ' It is also desirable to
.produce ot her devices that can be formed of a | arge nunber of

i'nsul ated cells which can be connected but which are easily
manuf act ured and i ntegrated wi th ot her devices. BRI EF
DESCRI PTI ON OF THE | NVENTI ON In accordance with a first aspect
of the-present i nvention, theré& Ps“provided a process for
fabricating a sem conductor device in a silicon substrate of one
conductivity type, said process conprising the steps of:

patterning and etching away selected regions of said top surface of

sai d silicon SubﬁitﬁtehéOMéQf-QhﬁeBrQE%!ce using WRHiGR 6 fk'é‘isia% Qh‘”a' Ity
of cells; r of |nsulat|on mat éri1 al on

interior pﬁﬁf?isbﬂ% ﬁ%?fBﬂFéErPﬁée tgrhniagesrench:
depositing a | ayer of poIyEtllsoalsucaesmaabsaldotpeoahoe other h&vﬁbbbed;

.and v, t f o] a [ n
Siostrave gt 1eogiegte] TR S MBPRLANLTRE heituldl T
renoved. which |5 ot r R echrd nbut sk dgh aé'ﬁeé@SéF-Yt ﬁénpfégénred

‘invention, thereanad jrovxrieted with cobleet aevierisce forned ‘in a
'silicon substrate of one conductivity type, said devi ce conpri si ng:
‘a trench forned in sald S|I|con substrate mhlch separates and
surrounds each ARIRE 0 i In said substrate and

‘whi ch extends from a tOp smré agsﬁtgént inventﬁéﬁdpx?é'@:ﬁééét& ﬁSvélb@é&P&

surface of said te sul atln fornmed

the walls of saé?yﬁ%g&%e %n%ﬁﬂﬂﬁn%&ﬁpes #%rend ?%@g ethﬁBI§§|¢$%%n

formed i A%aid ﬁKeﬁ@elthricakﬁxixaakﬁthr@hérxmspﬂmtuvapcsuléaoe &0 said

bottom surface multipiedicedal %mm@wpti@@ {bS B GA[n 04 LR5H QLI NG .
pr

thereby filling _sai d trenches esent 1 nvention provides a
novel device stMictTdre

One or moxe N+ or P+ diffusions may be first
formed in a lightly doped P or N type starting wafer.

15 Alternatively, these diffusions can be formed after the
trench processing is completed. Individual planar and
spaced cells or tubs are then formed by etching an array
of intersecting trenches which surround the Qiffusions.
The trenches extend to a predefined depth and are filled

20 with a dielectric and with polysilicon to dielectrically
insulate each of the cells. The diffusions of the
various cells are connected to one or more diffusions of
an adjacent cell to connect a predetermined number of the
cells in series or in parallel.

25 The back side of the silicon is then ground off
at least to the level of the bottom of the trenches, and
an insulating oxide may be deposited on the back surface.
A beam support may be used to insure that the trenched,
ground wafer holds together.

30 In accordance with the prasent 1nVentlon,
dielectrically isolated, planar photovoltalc generating
cells may be formed in a single wafer and, furthermore,
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4 . whigh includes a trench structure that is used to dielectrically

i sol ate the respective calls of a nmultiple cell sem conductor device forned
lin a single wafer. One or nore N+ or P+ diffusions may be first forned
inalightly doped P or Ntype starting wafer. Alternatively, these

di ffusions can be formed after the trench processing is conpl eted.

| ndi vi dual pl anar and spaced cells or tubs are then formed by etching an
array of intersecting trenches which saréotnd the diffusions. The trenches
extend to a predefined depth and are filled with a dielectric and with
polysilicon to dielectrically insulate each of the cells. The diffusions of
the various cells are connected to one or nore diffusions of an'adjacent

cell to connect a gredeteénlned nunber of the cells in series or in
paral |l el . The™BAcke st DEYFAERE WithcBRe| er( HeRegPBYRY BeViges| dnstheo

‘the level of thesémétwaref.the trenches, and an insul ating oxide may be
deposited on the back surfac r d to_insure_that
the trenched, ground mafer£ﬁ§+%@‘?§ggl gﬁﬁ? EO%?%TEC?%?%HFFQnﬁsﬁrﬁtEﬂrmﬂd
pl anar photovolthmcagbh@ht&yr@pmsdlk hpgebeofomnbypen starhjhg wafer and,

furthernore, are each enclosed b rin sh ed P+ f@r ) o ntadpy be
integrated with gn nmor e power eV|ces %% ?
b fu51on. ote that these dlffu31ons can be made at the

end of the process. Individual planar and spaced cells
or tubs are then formed by etching an array of
intersecting trenches between the B+ (or N+) contact
10 . diffusions. The trenches extend to a predefined depth
and are then filled with a dielectric and with
polysilicon. The substrate is then thinned to
dielectrically insulate each of the tubs. The N+ top
contact of each cell is connected to the P+ contact of an
15 adjacent cell to connect each of a predetermined number
of the cells in series. )
An MOS-gated device may be integrated inte the
same chip as the photovoltaic generator structure in a
trenched or an untrenched aresa of the wafer, The MOS-
20 gated device, which may a lateral or vertical MOSFET or a
! lateral or vertical IGBT, is formed prior to the grinding
: of the back side of the wafer and may be formed prior to
oxr subseguent to the formation of the photovoltaic
generator cells or may be formed by some procéssing steps
25 that are common with those of the photoveltaic gencrator
cells.
The upper surface of the device is then exposed
to light, such as the radiation output of a spaced LED,
- to produce output veltages from each of the cells, These
30 outputs, which are connected in series, produce a signal
which can control the switching of the MOS-gated device.
In accordance with a further aspect of the
invention, significantly, other devices can be integrated

This Sheet Has Been RT
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A plurakity of N+ (or P+) diffusions are forned inalightly doped P

type (or N type) starting wafer and 5 are each enclosed by a ring
.shaped P+ (or N+) contact di ffusion. Note that these diffusions can
be nade at the end of the process. Individual planar and spaced
cells or tubs are then formed by etching an array of

I ntersecting trenches between the P+ (or N+) contact 10 di ffusions. The
trenches extend to a predefined depth ~ 3 = and dre then filled with a
dielectric and with pol ysilicon. The substrate is then thinned to
dielectrically insulate each of the tubs. The N+ top contact of each
cell is connected to the P+ contact of.an 15 adjacent cell to connect

A NGB gat od devieBonginBE MardarsFigalivoieniated iR ofrpe ware-
photovol t ai ¢ genBoat exasplact MO8-gatad deviceseaubbdasr BaWsunMPSRAETed ar ea
Of e vater.  ThgaM offs and2tRd gﬁ}ebcganméCeomgaalhaaeaak PLoygEtLacal

MOSFET or a or vertica forme rior e grln I ng
of the back S|de°%¥l$h%fmbhﬁrcaﬁﬂ°ﬁay358rforﬁ@ﬂtﬁFFoFlFGults cagralso be

subsequents t o t hentegraté@nifaf otharpmgbmxaéaawéns. THengewieescel I's or
may be forned by sonme g{ﬁaess n h_those of

ste
t he photovoltaic Qﬁﬁﬁf in °gh85I§§1% can Qe 18terd Tﬁgnaﬁﬁé} Burface
of the device i sdehbmesxposedven vertibchlghondsathonsdeniceadint Whickh uthet

of 2 spaced LEDcoyyg cdfeRiASHGCuBUERUL) VObAAGEE LhOGREREDs b oa b o

These 30 out puts, are tonnec I n"series, produ a signa
whi ch can contrd¢°@?ﬁ4%wﬁtbﬂth@moﬁoﬂﬁéCWES §honif eankdy, thehertifRices

can integiated wafer can be used withNaDlOk&EIsdéchEsining! Varices at ed
écells of the mafe{rcult components to be interconnected to form a
| particular circuit.
Other features and adVantages of the present
invention will become apparent from the following
15 description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater

detail in the following detail description with reference
20 to the drawings'in which:

Figure 1 shows a cross-section view of a
portion of a device wafer following the diffusion of
spaced, shallow N+ regions. Note that this step can be
carried out after the step of Figure 5.

! 25 Figure 2 shows the wafer of Figure 1 following
i the diffusion of shallow P+ contact regions.
% Figure 3 shows the wafer of Figure 2 after the
| formation of isolation trenches which separate and define
isolated cells or tubs. _
30 Figure 4 shows the wafer of Figure 3 following
the formation of an oxide layer on the interior walls of
the trenches and a_ﬁolysilicon region within the trenches



For exappl eq MOS-gated devices such as BJTs, MOSFETs, | GBTs, GIDs

and the |like can be forned in other isolated cells of the common
wafer. Contact circuits can also be 5 integrated in other isolated
well's. The devices . integrated in other wells-can be |ateral

conducti on devi ces, or even vertical conduction devices in which the
cells containing vertical conduction devices Wil also contain a
bottomcontact. Significantly, the entiTé 10 waf er can be used with al
cells containing various circuit conmponents to be interconnected to
forma particular circuit. O her features and
-advant ages of the present ~ invention w | becone apparent fromthe

foll owi ng 15 the | n whi fers, to t.he
acconpanyi ng dr aw égehgatglca 1¥prER ﬁ%%ckgﬁTﬁﬁ% : Eﬁﬂﬁﬁ%&é§°n and
The invention mnDathemnbegdefcanbederﬂagﬁeat9m1de laye¢et@ﬂdihhatm

fol'l owing detail desagtt@tahoanw %Q&%&%&?.&cef% conth@t! ttet@rlawa

whi ch: |gure hows a-cross-section_Vi ew of
portion of a device wafer FaERE®i AgShREsdEhru¥rRToPL Flguresﬁaéé&erShallow

Nt regi onss Not egi-hBEih§i enel BAckaBiBe of the ¢aferednduithaf fRfrmatdont &F Of
Fi gure 5. 25 shog@ﬁ fer of Fi ure follomﬁng
IFOfs:

_ 2
the diffusion ofaEhéP§5&P5¥ngoEF¥8F P8y K7 s3de ot Cgure 3
'shows the wafer of Figure Rigfrer 6t bBows a topow&awloﬁ afpn&@h@hloﬁ the

trenches which s 8958 eof”?igﬁLbng §thﬁF8'§REagggt§§E% t %ttggﬁnegg the

Figure 4 shows t ure ormat1on of an
oxi de | ayer on tﬁEVFﬁFérlbrsﬂE B§-of the trenches and a pol ysilicon

region wiigin the trenchespigure 7 shows an alternative embodiment Bf a

; photoveltaic generator device formed in an N-type

g : substrate according to the invention.

| Figure 8 shows another embodiment of the
inventien in which a lateral MOSPET is formed in the same

i5 substrate as the device of Figure 5.
, Figure 9 shows a further embodiment of the °

invention in which a lateral IGBT is formed in the same
substrate as the device of Figure 5.

DETAILED DESCRIPTION OF DRAWINCS

20 Referring first to Figure 1, there is shown a
cross-section view of a portion of a silicon wafer
substrate 10. An implant mask layer, which is typically
silicon dioxide is grown atop the front surface of the
wafer. Then, using a suitable photolithography

25 technicque, a conventional photoresist laver is applied to

' the top surface of the oxide layer and is patterned to
form an array of rectangular or other shaped openings
therein. The exposed portions of the oxide is then
etched away, and the photoresist is stripped. N- type

30 dopants, such as phosphorous or arsenlc, are then
implanted into the silicon through the openings in the



to dielegctrically isolate the cells, the deposition and patterning
of an overl ayi ng oxide | ayer, and the deposition and patterning of a
contact netal |ayer, Figure 5 shows the wafer of Figure 4
after 5 grinding the back side of the wafer and the formation of

an insulating |layer on the back side of the wafer. Fi gure
6 shows a top view of a portion of the - device of Figure 5 show ng
the contacts that connect the - devizces in series. 10

Figure 7 shows an alternative enbodi nent of a phot ovol t ai ¢ gener at or
‘device formed in an N-type substrate according to the invention.

Fi gure 8 shows anot her enbodi nent of the I nvention in which a

| at eral MOSFET is orned t he _sane 15 substrate as the device of

“Figure 5. oxide. TLEFFEB#€“§ dfoRet AHLVREr 1nfogiteem Shpldry N+
i nvention in whidbfeusadbesabol GB1 amdfamned in the sane substrate as

the device of Figure 5. T SCRI [\

Referring first to Figure I?etﬁ g@ ?EQWEE 9@ EE ENEEESS sécpg§h%8°gh95f
a portion of a smaskbngwakide 1ayer §@b§srgrew30atnp tingl Leronaskrifager of
which S aPICAdrer 4o, ShiEEORadiGEhde LheOkapBLaboRaldaliontsysl ace

of the waf er usi ng suit |th %
t echni que, a cth%W?Y%ﬂaPrbﬂBtBPe§h§tdF&V@rlﬂsoﬁpﬂﬁléé ﬁBSlons 20t ke 2ép

surface of the cxhdeth@ysecend bsipat 1ayeed3vois grownf ebiicarantaywieh
ot heSoxte ] s PG s oREn BE LR Ny asgenkBRRELR. ThE SXPOSSd POILLOTS
N- type 30 dopant's, suhhphstphesphbréayeor1arthancdeppeithdnatcp
i;rpl antedyg Nto theidd | 14p8r 19504AE tHEnORERLAGACANtb 8erine openings for |
contact diffusions which are typically ring shaped. The
exposed portions of the oxide are then etched, the
photoresist is removed and a shallow boron does is
implanted intoe the exposed silicon surface areas to form
15 P+ contact rings 25, 26 and 27, shown in Figure 2.
Alternatively, & central P+ collecting finger that
extends from the P+ rings 25, 26 and 27 can also be
disposed at the center of each N+ diffusion. Following
the implant step, there is a drive-in of the implant.
20 The oxide layer 30 may be removed either before or after

-

the drive-in step.

It should be noted that the implant energies
and doses, as well as the drive-in times and
temperatures, can be determined based on the desired

25 dopant distributions using methods known in the art.

Thereafter, the device is processed to form a
grid of deep trench isolatjons 40 which surround and
isolate each of the P+ contact regions and extend inte
the silicon substrate 10 to a depth of about 80 to 130

30 - microns. Portions of the trench are shown in Figure 3 in
cross-section as portions 40a, 40b and 40c. The trenches
.create dielectrically isolated tubs or cells in substrate



oxi de. -

anot her

wafer 10. Alternatively, the first oxide layer 18 is renoved pri or
to the drive-in of N+ diffusions 20 to 22,
| ayer 30 is grown concurrent with

Jhe inplant is next driven in to formshallow N+ di ffusi ons
20, 21 and 22.

The oxide layer 18 is then renoved, and
maski ng oxide |l ayer 30 is grown atop the front surface of

and the second oxi de

A photeresist layer is then deposited atdp-10 oxi de layer 30 and then
patterned to define openings for contact diffusions which are
typically ring shaped. The exposed portions of the oxide are then

etched, the
i npl anted into

BT 00 B, U 4 IR AP AR Rping T,

phot oresi st is renoved and a shal |l ow boron does S

col I ecting fi ngephohatl ithographite pad thenurinth and+ etichgai Btess .and 27 can

al so be
:the inplant step, there is a drive-in Q

di sposed at A‘i:lﬂﬁrc%ﬁtee“tr‘gpc@ﬁ%‘h‘}f& Ulof fl‘és 'f‘&med:O'al ¥4 370

30 may be rennveBxéﬂ?héPYS€f8?e°GP95T@éﬁleCtr1°1¥%¥ﬁﬁwaﬂ9h REsEEPS 1s

It should be noteﬁekmaulyhgrbwnl

the drive-in ti
desired 25

Thereafter, the ﬂéV|c@hestpenchesedraothamnfalled wighi gpodfysdddicoty S2chIn
| sol ations 40 Whh8H;8#bhoeBdr2R ing. thel XaRR,C2HR %&1@%&1‘3&‘%\0%%“

regl ons and extend

80 to 130 30

at.ur can be det erm ned bas%% on the

LOERRRCH, apti B BBREN A& LeuERe 4o Se Gl o 1eVe e

['1 con substra te

fgr O|SS sec.wloln asfpenti sGer46a, o#0khantha4Q¢. ahbe aiec@@BBS removedChbyat e
dielectrically

15

20

25

30

' POLBLEY: e 81 9nEth  3na T 13URIbN ke en stops. Thus, a

plurality of identical dielectrically isolated
photovoltaic generator cells is formed in substrate 10.
The thickness of the dielectric 50 and 51 is chosen to
optimize reflectance of the radiation at the interface
with the silicon 10 to improve the efficiency of the °
device and/or increase the dielectric isclation between
cells. .

1f desired, the diffusion patterns for the
cells can be formed at this stage of the process.

After forming the dielectrically isolated tubs
or cells, an overlaying oxide layer 60 is deposited atop
the front surface of the wafer 10. A photolithoqraphic'
masking step and an etching step are then used to pattern
the oxide to form contact openings to the N+ and P+
regions. _ :
Thereafter, a contact metal, layer is deposited
atop the oxide layer 60 and is etched to form contact
strips 70, 71, 72 and 73, shown in Figures 4 and 6, to
connect the N+ diffusion of a cell to the P+ contact
diffusion af an adjaéent cell.

at dewsgﬂt@a on thediatdRSeT WAI1ERIdf dhe

of about
diereRtricpbryrERsase PRES AeReRited SRolRe; ﬁr-qpi @ér &he i n

5

the drive-in of the N+ diffusions.

| .ant . THe "oxi de | ayer

Then, the wafer may be coated with a protective

-transparent coating. The back surface of the wafer is



10. «The trenches may be typically fornmed usi ng known

phot ol i t hographi ¢ patterning and etchi ng steps. After the
trench array 40 is forned, a thin oxi de layer or other dielectric

| ayer such as TECS is 5 thermally grown or deposited on the interior
wal I's of the trench and is shown in Figure 4 as oxide |ayers 50 and
51. The trenches are then filled with polysilicon 52. In addition to
filling the trench, the polysilicon and 9 - dielectric layers are al so
deposited on the top of the 10 front surface .of the wafer and are each
renoved by respective plasma planarization etch steps. Thus, a
plurality of identical dielectrically isolated phot ovol tai c
generator cells %ﬁgforned I.n_substr t hi ckness, of the

t,
diel ectric 50 ant"8% 9§°Bﬂ838ﬁa¥oufgli %BﬁtPﬁFEEmrB?IEﬁ?aﬁ e4Bf 1fhe
radi-ati on at thereatkeflaceThe portibhhofhdieléctohclDayersnpooarndt B that

efficiency of thff?e the ﬂ8¥£8ﬁ é@dQQangcﬁﬁaﬁsgBQf?ﬁ S%eféﬁbéeasﬁ ation

bet ween usi on ‘patterns
for the 20 cBPLiskang babevEnBdmicrphesobt e treneh pndcentil the

After formsng thgidiekesiei tabbysi 80l ah@dsiubse expose@roﬁeﬁhé b&Ptom of
overl ayi ng oxide_| ayer go |seg €05|te nt surface of the

waf er 10. A photB??tﬁBﬁ aphi he q“ﬂﬁ&ﬁ?ﬁ@ stgﬁuindaé%ag?ﬁh?ﬁﬁlggeﬁ are
then used to pattkeick@déss oft betwaefle750tbdo1es cobtashs opiehckgsehaindge N+

dP h
0 onosi ted | PhEPEptrer, a pagsiyasion (TeSAk 80 of £ERIAS ERLelaLoger
strips 70, 71; 7othexd dBeledtbwhci hsFignesttad apn thethrd side cofinkls t he

N+ diffusign of gagel] 5@ pbgugg gogﬁ@g& di ffusi on of an adj acent .
cel | . nay be coated wth a protective .

transparent coating. The HEE? %ﬁf?ﬁc@aﬁft ¢ RRardtced into units of a
- 9- predefined number, typically 16, of series connected

cells which have respective solder pad terminals (not
shown) te produce devices which can generate a voltage
15 when illuminated by an LED to turn on an MOS-gated power
device. *
Preferably, the grid of deep trenches 40 are
disposed along the 100 and 001 planes for a <100>
material. As an example, when <100> oriented starting
20 material is used, the scribea }ines (and trenches) are
located in the <110> and <111> planes. Because the wafer
is ground very thin by the back surface remeoval, the
trenches can be oriented at a 45¢.angle to the <110> and
<111 planes, thus increasing the mechanical ruggednass
23 ¢f the substrate.
| Figure 7 shows another embodiment of the
invention in which an array of rectangular or other
shaped shallow P+ diffusion 120 to 122 and substantially
square ring shaped N+ contact diffusions 125 to 127 are
30 formed in an N- substrate 110. The P+ diffusions and N+
contact diffusions are first formed in a manner similar
to the process shown in Figures 1 and 2 except for the
substitution of the respective dopants and the



t hen ground away until the bottom of trench 40 is reached. The

portion of dielectric |layers 50 and 51 that | ine the bottom of
"trench 40 may al so be renoved by pol i shing about 5 microns of the
trench and until the 5 dielectric layers 50 and 51 are exposed on the
bot t om of the surface of the substrate. Thus, a wafer having a

t hi ckness of between 75 to 125 mcrons thick remains. Thereafter, a
passi vation layer 80 of silicon dioxide ¥t — ot.her dielectric is
deposited on the back side of the 10 wafer, as Figure 5 shows.

The wafer may then be diced into units of a predefined nunber,
typically 16, of series connected cells which have respective sol der

pad term nal s (neBrres ondiﬁé“@%ahgeerQﬂuﬁﬁpg§¥£cﬁﬁs@hb%ésgﬁgrggnSEa%Slﬁ

vol t age 15 when i | n1na turn on an
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di sposed al ong thRrelfPoaadsO0Qtepkabetahbiadly¥lfRe same asNBhekeakhodf &R

example, when <g9e.0CLested 8 a5 bgry rnd®E8htahe’ Rabisd: ehioo8L! Do

lines (and trenc oca FaRes:
Because t h® waf eFeferencegugesahd wgryothuﬁmbyd%menﬁackesuﬁﬁaa§1nqnﬁba|

t he trenchgnecabriecaresNt ethat davibéerateaauke iAtbheoRrAdBEeaNdn

<111> pl anes, th I ncr easi t he, meghani cal edness 25 of the
substrate. ERe’ mihnide' S ﬁﬁrtn ﬁ%ﬂ%ﬁgsa%o?ﬁg enbodi nent rof the

i nvention in which an arra@dﬁantégeQHQLYartbﬁ deWeres’ shownshapEiquhes| dw
P+ diffusion 120t 0g 128 ap éﬂésﬁanéakéyned uslnéq&aéﬁmﬁla poapeth Aty

.contact djffusiops 125 to 127 are formed in an £+ strate 110, The
P+ di ffustBns antnRipensive %Bﬁfsh?ng??%Efdﬁ%u%r€g¢?? ?ngPﬁeﬂ°§ﬁ of nERfer
'sim | ar . tdevhee pr okess Shwouhel nadvaptage, ltlmdn@rexerpéngibvet he

_su?gtltutlon of LPEEESPRS SV ELOPRIES1 #'Ehd NErench formation and the
) ) trench £illing with dielectric and poly5111con, can be
formed towards the end of the process after three of the

15 five lithographic steps have been.completed and after
formation of the P+ and N+ diffusions. Thus, errors in
aligning the photolithographic masks and in deoping and
driving in the diffusions can be detected prior to
relatively more expensive trench format;on steps.

20 Figure 8 shows another embodiment of the
invention in which the photovoltaic generator cells that
are formed in the process of Figqures 1 to 6 are
integrated with a lateral high voltage N channel MOSFET
in the same P type substrate and are isolated from each

25 other by the same deep trenches that isolate the
respective PVG .cells. The PVG cells are connected to the
gate of the MOSFET to drive the MOSFET.

' The MOSFET is preferably formed of ring-shaped
polygonal cells, such as square, rectangular or hexagonal

30 - cells, though interdigitated structures may be formed.
The N channel MOSFET shewn in Figure 8 may be formed by
one of a number of known processes for forming a lateral
MOSFET. In Figure 8, for example, a uniform implant of



corkespondi ng changes in inplant dose and energy as well as drive-in
time and tenperature. The remai ning steps of the process are
Substantially the same as those shown in Figures 3 to 6 as shown by
t he regions having the same 5 reference nunerals in both enbodi nents
representing the sanme structures. The devices are al so

I nterconnected in the manner shown in Figures 5 and 6.

Advant dgeousl y, the devices shown in Firgdtes 1 to 6 and Figure 7 are
formed using a sinple, relatively 10 I nexpensi ve starting wafer, thus
reducing the cost of the ~  device. As a further advantage, the nore
expensi ve processing steps, nanely the trench formation and the

trench filling g?,la,sgr@ i fgig%ggoé ide£an, ﬁ@g@&e silicd®!

towards the end e process ree of the 1 ograﬁﬁlc
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integrated with a Iater&lehlgh vol tage N channel MOSFET in the sane
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t he MOS
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as squarelorect akgubefiae kdxdgomal Fhe oxidel land tﬂm:gindeﬁ]sjmglﬁlﬁn'ed :
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be formed by Known “pr ocess ormnga la eral
MOSFET. In F|gur9h8t0r6516%ahplGXPaqentherﬁndmphanﬁuaﬁace- Thereafter,

- 1 - the photoreslst 1s removed and a heavy boron dose is
implanted deep into the exposed silicon surface areas to
is form the deep central beody portions of region 232.
Following the implant'step, there is typically a short
initial drive in of the inmplant.
Thereafter, oxide segments are grown over the
P+ region 232. The P+ regions are initially driven to a
20D short depth to aveoid a substantial depletion of the
surface boron during the growth of these oxide segments.
A photoresist layer is then deposited atop the surface
and patterned to define a window pattern by which all
oxide except that overlying the P+ region 232 is etched
25 -  away. The photoresiét layer is subsequently removed and
a thin gate oxide layer 240 is grown over the fully
exposed active area of the wafer.
A polysilicon layer'242 is then deposited atop
the wafer and a photoresist layer is deposited atop the
.30 polysilicon. The photoresist is then patterned according
to another masking step forming openings and is used as a
mask to etch the polysilicon, thus forming windows above
the gate oxide layer 240. Thereafter, the gate oxide



phosphorus is first applied to the bare silicon surface over the

active regions of the MOSFET. The phosphorous i mpl ant i s next

driven deep below the top surface of the wafer 10 to form an
ultra-deep N type region 230. The 5 initial ultra-deep N err] inplant

is followed by a very |ong drive tine. ' I n the next
step in the process, an oxide |ayer Is grown atop the surface of the -
waf er, and a phot oresi st | ayer I's 8ep05|ted atop and then
appropriately patterned 10 to define windows. The oxide and the
underlying thin oxi de are then etched through the spaced wi ndows'in
the photoresist to expose the silicon surface. Thereafter,

the photoresist ig eeﬂa\ée@wntcavhewy ézasdgasiqgﬁelxsemalmng ;wi etbdieep
into the exposed Slbzl c%n urface areas_t form t.he dee q&ral body
e

portions of regi & uﬁq%vﬁ%g&i%éﬂr]ﬁﬁ%t Wrekrat
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depl eti on &f thedose- Thudest M%rﬂﬂﬁ%&urﬁﬁr@n i fffusikon of wihkb seexge galith
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and patterned to _define a w ndow pattern %i(ll de except

that overlying tﬁé’nﬁgnfté'&ltd'ﬁ’?& i'YR& cﬁ%’@d’rﬁ- reg%f35 R¥St esi st
| ayer is subsequehailjowerotddraithe P+ hody t;hdrltzg:ﬁ't exXiglodwyesl 4h ithe

grown over the f rea the £
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15 The P(~) shallow "shelves" 236, which surround
deep P+ region 232 are lightly doped channel regions °
extending beneath the gate oxide. -

It will be noted that, in each drive including
the P- drive in, all junctions continue to move deeper.

20 The M- region 230 moves to a lesser degree, and P+ region
232 move to a somewhat larger degree. It is also known
to those skilled in the art that as the diffusions drive
deeper they also move laterally, whereby the shallow
diffusion 236 ultimately diffuse under the gate oxide.

25 The surface jis then appropriately de-glassed
and arsenic atoms are implanted and are driven in to form
the annular N+ source region 250 and annular drain region
254,

Thereafter, an interlayer silicon dioxides or

30 LTO coating 60 is formed over the surface of the chip and
is then coated with a photoresist layer which is
‘photolithographically patterned to define a contact mask
opening. The surface exposed through the openings in the



weh and ,the surface of the silicon substrate, and boron Is inplanted
~through the diffusion wi ndows. The boron dose here is much | ower
than that of the heavy boron 5 dose. This boron dose, after

diffusion, will nmerge with t he hi gher-dose boron region and wl|
forma | ow concentration P- type channel region 236 which are
shal | ower than the P+ body portion 232 produced fromthe hi gher
concentration inplants. Those regions ar¥ then 10 typically driven in to
reach a predeterm ned depth. Thus, |ighter doped boron regi on 236,
whi ch are annul ar regi ons, are forned though it is clear that where
t hése regi ons overlap the P+ region 232 they merge with one

th h h d
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Thereafter, an |nterla% sil1con®dioxide or coati ng, IS fornmed
over the surfacedgPoshEednppernfhe surfape pfeiheo¥prEGTWWIA &ﬁotore5|st
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operation, the amorphous silicon may be etched with a
.suitable plasma etch.
Preferably, at least some of the implant steps

15 that form the PVG cell and those that form the MOSFET are
performed concurrently to reduce the number of masking
steps. It is also preferable that at least some of the
drive-ins are performed concurrently. Alternatively,
when one of the PVG cell or the MOSFET regions receive an

20 implant, the other one is covered with photorasist or
oxide. After the diffusion and drive-~in steps, the
deposition and patterning of the overlaying oxide layer
as well as that of the metal layer are performed for both
the PVG cell and the MOSFET at the same time,

25 It should also be noted that, as a further
alternative, the PVG cell can be integrated with a
‘vertical MOSFET in which a further trench is formed at
the same time as trench 40 and forms the gate structure
of a trench MOSFET. In this embodiment, the thin

30 dielectric layer that is formed on the walls of the
trench serves as the'gate oxide, and the trenches are
filled with doped polysilicon that serves as the gate
electrode. The p-shallow shelves are typically omitteqd



under | yi.ng i nner peripheral portions of the N+ sources 250 and 252

and the N+ drain 254. After renoving the phot oresi st, a subsequently
deposited alum numlayer is 5 t hen photolithographically patterned and
etched to form source and drain contacts 272 and 274, respectively,
as wel | as source, drain and gate el ectrodes (not shown).

An anor phous silicon |ayer (not shown) may then deposited over the
surface of the wafer which is 10 phdt&ﬁifhographically patterned and
etched to expose appropriate emtter and gate pads. During this
operation, the anorphous silicon may be etched with a sui tabl e

pl asma etch. Preferably, at |east sone of the inplant steps

15 -that formt PVG.c d S f .yE§F e _
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the invention in which the PVG cells shown. in Figures 5
and 6 are integrated with and drive a laterxal IGBT. In
15 this embodiment, a uniform implant of phosphorus is first
applied to the-bare silicon surface over the active
regions of the IGBT. The phosphorous implant is next
driven deep below the top surface of the P- wafer 10 to
form an ultra-deep N type "enhancement" region 330. The
20 initial ultra-deep N "enhancement® implant is followed by
a very long drive time. _ _
In the next step in the process, an oxide layer
is grown atop the surface of the wafer, and a photoresist
layer is deposited atop and then appropriately patterned
25 to define windows. Note that this can be done during the
trench isolation step. The oxide and the underlying thin
oxide are then etched through the spaced windows jn the
photoresist to expose the silicon surface. Therezfter,
the photoresist is removed and a heavy boron dose is
30 implanted deep into the exposed silicon surface areas to
form the deep centrai body portibns of regions 332, 334.
Following the implant step, there is a typically initial
drive of the implant, typicaily in dry nitrogen plus 1%



channel regions between the N+ source and drain regions. A further
masking step is used on the back surface of the waf er such that the
passivating oxide is only forned at 5 t he back surface beneath the PVG
cells and an additional metal contact is fornmed at the back surface
of 't he waf er adj acent to the vertical MOSFET. It
shoul d al so be noted that a simlar device can be forned in an N
type substrate in which the PVG 10 'cépl“shown in Figure 7 is integrated
with a P channel MOSFET. Figure 9 shows a stil
further enbodi ment of the invention in which the PVG cells shown in
Figures 5 and 6 are integrated with and drive a lateral IGBT. In 15

this embodi ment, Quyid OB idBlAN £ HASOTUSIVS d¢ Ml m%crom@e&éed to
the bare silicon surtace qver the active regi ons of the 1 GBT. The
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- 15 - expRpgan actd vebpxied &f ithie Wafedri ve of 1-2 microneters,
A polysilicon layer 342 is then deposited atop
the wafer and a photoresist layer is deposited atop the
15 polysiiicon. The photoresist is then patterned according
to another masking step forming openings and is used s a
mask to etch the polysilicon, thus forming windows above
the gate oxide layer 340. Thereafter, the gate oxide
layer is ctched which exposes tha remaining polysilicon
20 web and the surface of the silicon substrate, and boron
is implanted through the diffusion windows. The boron
dose here is much lower than that of the heavy boron
dose. This boron dose, after diffusion, will merge with
the higher-dose boron region and will form a low
25 concentration P- type channel region 336 which surround
and are shallower than the P+ body portion 332 produced
from the higher concentration implants. These regions
are then typically driven in to reach a predetermined
depth. Thus, the lighter doped boron regions, which are
30 annular regions, are formed though it is clear that where
these regions overlap the P+ region 332 they merge with

one another.



for exapple. : Thereafter, oxide segnents are grown over the

P+ region 332. The P+ region is initially driven for a 5 short depth
to avoid a substantial depletion of the surface boron during the
growt h of these oxide segnents. A photoresist layer is then
deposited atop the surface and patterned to define a w ndow pattern
by which all oxi de except that overlying the P+ region 33Z is etched
10 away. The photoresist |ayer is subgﬁquently renoved and athin
gate oxide layer 340 is grown over the fully exposed active area of
‘the wafer. A polysilicon layer 342 is then deposited atop
the wafer and a photoresist layer is deposited atop the 15 pol ysilicon.

‘The photoresist is then pa&-%%r @'?d)agﬁgﬁ.‘ib@g"Ehelvest*'oﬁ%oﬂvﬁ‘ikh”%ﬁ&"mng ep
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Ilghtly doped chanﬁe$r$@glgngtoms are implanted and are drlven to form
the N+ source region 350 and N+ cathode region 354. A P+
‘collector or ancde region 360 is also formed in the N+
15 cathode region 354,
Thereafter, an interlayer silicon .dioxide ot
LTO coating 60 is formed over the surface of the chip and
| is then coated with a photoresist layer which is
| photolithographically patterned to define a contact mask
20 opening. The surface exposed through the openings in the
photoresist is then appropriately etched to expose the
‘underlying inner peripheral portions of the N+ sources
and cathode and thé central body of the P+ regions.
After removihg the photoresist, a subsequently
25 deposited aluminum layer is then photeolithographically
patterned ahd etched to form cmitter and anode contacts
372 and 374, respectively, as well as emitter, anode and
- gate electrodes (not shown). The aluminum emitter
electrode electrically shorts each of the P+ body regions
30 to the inner periphery of their respective annular N+
source regions. '
' An amorphous silicon layer (not shown) may then
deposited over the surface of the wafer which is



ext endi ng beneath the gate oxide. It will be noted that,
i.n each drive including 5 the P- drive in, all junctions continue to
nove deeper. The N region 330 noves to a | esser degree, and P+

regi ons 332 nove to a sonewhat |arger degree. It is also known

to those skilled in the art that as the diffusions drive deeper they
al so nove laterally, whereby the shallow 10 diffusions 336 ultimately

di ffuse” under the gate oxide. .~ 17 — The surface is then
appropriately de-gl assed and arsenic atons are inplanted and are
driven to form the N+ source region 350 and N+ cat hode region 354. A
P+ col l ector or anode region 360 is also forned in the N+ 15

cat hode regi on 354. Thereafter, an interlayer silicon

di oxi de or PQQQP%kﬁh¢¢EPEMn¢%llbrm%ﬁtQWQ¢dth@ds%¢¢h%@ 0 exrosthip and

is then coated Wdpdh@mPpd 08 esh Bt tdRyaha Wd €8 &ds. Durln this

phot ol i t hogr aphi cal | atterned to deflne a,
The surface exposoé?f%/%?’o%h 1B‘I’\ ﬁ')l on magnb%h%*f%rﬂ%%l"é’ttr}? saqt hen
appropriately et cheic:aln &xphssma h@tch. underl yi ng i nner peripheral

portions ofg the N+ sources type f@&fﬁ‘tpgéif%ﬁnﬁ 5%3 & S%gl Op%rseQUeJmel y

P+ regl ons. renovi n Ot OI’

25 deposit ed dhsritmmsuykace oF Here mﬁ)\ttﬁqetlw@fv%@m%m |5 type body

patterned and etgmﬁigﬁgfégdnﬁﬁgtégghgggié{g@ﬁgg@@tacts 372 and 374,
respectively, as en1tter ode and fate el ect rodes (not

shown). The al uni num emi t t AlEernatively, 3 JeiiRaT i 1GBY Mah e s each of
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formed on the back surface of the IGBT portion of the
wafer and the passivating oxide formed on the back
surface of the PVG cells.

15 | It should also be noted that one or more
MOSFETs or IGBTs can be integrated with the PVG cells of
the invention and can be interconnected to form various
circuit devices, such as a three-phase bridge, on a
single chip. :

20 Moreover, in all of the above devices, a
solderable metal layer may be deposited on top of the
contact metal layer.

Additionally, any of the above devices can be
mounted as a respective chip on a board and may he

25 mounted with an LED insulated therefrom but arranged to
preduce radiation which illuminates the surface of the
wafer or the chip. Any suitable LED can ba used.

Although the present invention has been
described in relation to particular embodiments thereof

30 many other variations and modifications and other_uses
will becone apparent‘to those skilled in the art. It is
preferred, therefore, that the present invention be



appropri-ate emtter and gate pads. During this operation, the

anor phous silicon may be etched with a - suitable plasma etch. 5

P type resurf region 362 may al so be forned in the top surface of

t he device between the P type body regi ons and the cat hode

di f fusion. Alternatively, a vertical |GBT may be
integrated with the PVG cells. The coIngka region is 10 formed at the
bottom’urface of the wafer and, using . appropri ate photolithographic
steps, a nmetal contact is formed on the back surface of the |1 GBT
portion of the waf er and the passivating oxide forned on the back
surface of the PVG cells. 15 It should al so be noted that one
or nore MOBERI Ge@r nb€Big €8 et i £grad oclodhRe t Her&Me, cBlit Soaly
the invention and_can be_interconnected to form various circuit

devi ces, such as &t Wec2RRaUAS r?gﬁbwsbn a single chip. 20
Moreover, in all of the above devices, a sol derabl e netal |ayer may
be deposited on top of the contact netal |ayer.

‘Addi tionally, any of the above devices can be " nounted as a
respective chip on a board and may be 25 ~nmounted with an LED insul ated
‘t herefrom but arranged to produce radiation which illum nates the
'surface of the waf-er or the chip. Any suitable LED can be used.

‘Al t hough the present invention has been described in relation to
particul ar enbodi nents thereof, 30 many ot her variations and
modi fi cati ons and ot her uses w || becone apparent to those skilled
inthe art. It is preferred, therefore, that the present invention
be _ ' 04 DEC

- 19- CLAI M5 1. A
process for fabricating a sem conduct or device in a silicon
substrate of one conductivity type, sai d process conprising the
'steps of : patterning and etching away sel ected regions of
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5 . said top surface of said silicon substrate to forma trench

whi'ch defines a plurality of cells; formng a | ayer of
“insulation material on the i nterior malls and bottom surface of said
trench; : depositing a | ayer of polysilicon such that 10
said trench is filled; and ' renovi ng mm)m“mmmottom
surface of said silicon substrate at | east untrn"ﬂu face
of . said trench is renoved. -19~ 2* °The ptocdess of
claim 1 which includes the steps of: i ntroduci ng
i mpurities of one of said one conductivity type and anot her
~conductivity typgaTWRECRLAIMED 1s5:0f opposite conductivity type to said one
.conductivity type, into Sel ected regi ons of a top surface of said

'silicon substrate to formtfirsf BEPCESEd Afediddirdcating a semiconductor

' deposi ting an oseviegi mg angillatonn shdikefra®; said piddbdsPRednpdiafgig 10
‘patterning and gﬂchlgg ¥ sel ected portions of said overlaylng
i nsul ation | aye Pt 8t ‘1 east an opening to one of said first
diffused regions in a patterpéoyi wadoetchingaiatrayesled extebchtrdggasts of

anot her ogeni nga top sﬁffacéesengaQafE&i&éohegh%@t&gt%na@ﬂfafm'%Jeygaaﬁ

said 15 cells depositing a conductive | ayer
patterning and ‘é@é‘ﬁhnbsaﬁﬁ9°ﬁ9r FFSHsani vhiig encmé‘&ﬁd&cﬁl\léqoéyé‘ﬁ%@nfrorm

at | east one intkeceBPeLdbrRfng at leastr sk WBbiAteantaans :f@r@hlfdgr $in
.di ffused reglon - 20

:respectlve cel l Ré%fgggﬁ %%¥8ﬁd°8|FPﬁse81}8gP8ﬁ Bptggpdsurface £&<ﬁaﬁ%ng

cell. trench.and3on aTherpiovess theckepnsdrfacehef sarigri sing
the step@f pl an@béétfFe SBhEL! 2R §HpéesﬁtOEoSQaﬁaswhuiengf &d_%%aﬁb@ate

by renoving portions, of said_polysilicon { I NSu i'ng
| ayer that are $ePPRHtiRP R shpyeropl polysilicon on said top surface of

said substrate and in said trench such that said trench
is filled; and removing a. portion of said polysilicon
layer that is formed atop said top surface of said

15 substrate.

2. The process of claim 1 which includes the
| step of intrbducing-impurities of one of said one
| conductivity type and another coﬁductivity type, which is
of opposite conductivity type to said one conductivity
5 type, into selected regions of a top surface of said
' silicon substrate to form first diffused regions.

3. The process of claim 2 which includes the
further steps of: .
L depositing an ovcrlaylng insulation layer on
: said top surface,

an

patterning and etching away selected portions
of said overlaying insulation layer to form at least an
opening to one of said first diffused regions in a
respectiVe'one of said cells and at least another opening
to a second diffused region in an adjoining one of said
10 cells; ‘
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5 ., syrface of said substrate prior to said step of depositing an

.overlaying insulation |ayer. 4., The process of claim1l
further conprising "the step of coating said top surface of said
substrate with a protective coating prior t movi ng

a portion of said bottomsurface of said si I | con |m“|m'| mﬁ) ﬂle

5. The process of claim1 wherein said tr <100>
crystalF orientation of said substraPeoand S orlented along one of a
<110> 30 degrees plane and a <111> 30 degrees plane of said 5
silicon.substrate. depositing aGzonduskiveohavetrpr device fornmed.in
a silicon substrat . rgjl?&‘t y. S L.C :

conpri si ng: epﬁ%é)ﬁle%h or éé’(ﬁ"lﬁ?ﬁ Qﬁ?%y ﬁ’?ggﬁxéuggt ?g%ce‘

whi ch 5 separenductineg s\ayeruies koh F eeskore intesrpanesting

in said substrateysbtiititiexdansictd ogaiadtﬂprwrdﬂ::ﬁu@éd reglonsardaaid
.Substrate to a botton1surfa1§%Pf %fld s bstr

i nsul ati Mg | ayer* ¥R HEd 6h Secdn é%&%ﬁ??%$cﬁegéﬂﬂ %5 %42l

a regi on of pol ysdjdioindg areded. i n said trench and extending fromsaid
top surface to said bottom surface of said substrate between said
| ayer of insulating material, thereby filling

7. The device of claim 6 4wer @he Rracess Fhelain 1 fuskher ceppprising
conprises a firsihd agied) &f ﬂﬂsﬁqé&fuﬁﬁlgﬂ U tap &ﬁf‘&’é’@téﬂléé{:.&YQﬂlﬁ@anf

-anot her conductivity type, of op congduct § Vlt

sai d one conduct¥ "V?%/ Ey{e by ’ie;’wl‘?%rm}r‘??%a?pﬁ ﬁ%’pds%‘? %%% ’5 #‘%Y
_S|I|cpn : &uﬁB&ﬁﬂME;nzuiatlnq layer that ahn(fmmmedeatqptﬁexd top
conprises.s surface of said substrate prior to said step of

depositing an overlaying insulation layer.

5. .The process of claim 1 further comprising
the step of coating said top surface of said substrate
with a protective coating prior to said step of removing
a portion of said bottom surface of said silicon

5 substrate. |

6. The process of claim 1 wherein said trench
is formed in a <100> crystal orientation of said
substrate and is oriented along one of a <110> # 30
degrees plane and a <111> % 30 degrees plane of said

5 silicon substrate.

7: A semiconductor device formed in a silicon
substrate of one conductjvity type, said device

comprising: _
' '~ a trench formed in said silicon substrate which
) scparates and surrounds each of at least two cells formed

in said substrate and which extends from a top surface of
said substrate to a bottom surface of said substrate;
a wall insulating layer formed on the walls of

sajd trench;
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an ,overl,aying insulation |layer fornmed atop said top surface of said

.silicon substrate and having at |east 10 an opegLﬂgﬁ£9ﬁ§ng,iLLs%—region
in a respective one of said cells and at |ea ot her opening. to a
second region in an adjoining one of said cell \ 3&‘3

a conductive layer conprising at |east one I nt a‘“/ l‘m ct

whi ch connects said first.region 15 of said respec & cel | "and said
second-region of said. adjoining cell._59- 8. The
device of claim6 wherein said wall . insulating layer is selected

fromthe gpoup consisti ng af reglon oFi be?Bldb.@&tho%ﬂ@dTEQSsald trench
‘9.  The device of ¢l ai

passi,va | ayer
formed on said b8 oﬁngPﬁé Foya?ggd Eop" EPFFéBﬁ é’%Q
10. The device oturfar316fwhendlBubsthaaetbeheeen saldfxame&-@a S
conpri ses: of r fi which is
of opposite condUEFP%aFln? ﬁak?%gé% dtgﬁgggg g EQHQ %§EYtE¥%%m ormed in
said top surface of sald sa sieask; one of said cellsacgwmra@unmeglén*@m

sai d anot her CO“QEQEbM'BY one oftgaeafehaeeohauéehdlh pt§§bf%%% pd being
nore heavily | ayer of said anot conguctivity type;

i anot RBE  GoRGurPESvORY oF Ry (vBAERC SRABEL PPPOF HFpe. 10
formed in said topnductiacttgndypei bg sa&dednéroahdndt1v1ty typer, o fotimed
sai d contact regkgqn; o n L¢ _anot her
conductivity iﬁ S?ld t?%r ?ﬁea°§ ?%ngﬁifggg §L8%% g&ﬁon at said
t op surface and fornnngvar&hEHHGI1n§gl®h10n éavertﬁprmadfateplsald

between sppd souteg £€0FQBe28f 88LE L£8YfLon substrate and havinkea®l gehkede

di sposed atop said top surface
an opening to said first region in a respective one of

said cells and at least another opening to a second

reglon in an adjoining one of said cells; and
a conductive layer comprising at least one
25 interconnecting contact which connects said first region
of said respective c¢ell and sald second region of said
adjoining cell. ¥

8. The device of clalm 7 whersin said wall
insulating layer is selected from the group consisting of
silicon dioxide and TEOS.

9. The device of claim 7 further comprising a
passivation layer formed on said bottom surface of said
silicon substrate.

10. A semiconductor device formed in a silicon
substrate of one conductivity typa, said device
comprising:

a trench formed in said silicon substrate which

5 separates and surrounds each of at least two cells formed
in said substrate ané which extands from a top surface of
said substrate to a bottom surface of said substrate;
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and. overd ayi ng and being insulated from sai d channel regi on and

bei ng operable to invert said channel region I n response to a
suitabl e gate voltage supplied thereto; 20 _,_,———iﬁrTKRTTﬁyTﬁg

i nsul ation |ayer being further formed atop sald d t op
surface of said silicon substrate and at op m&w de and
havi ng at | east one opening to said source east

one op€ning to said contact region; 25 -22- Ieast one source

contact fornmed of a conductive layer in said openlng to said source
regi on; and a wall atsuledsinonayknaifomomd aor floe neslbé s d

conductive |ayer dty $aid openi to said contact region.
11. The seni conduct or evice of claimé wherein at | east one of said

cel I's conp@ ses: | a regign |ofy grolafs distanerf aamnflicin waid thpench

:;Ahl ch }S | Ofa@@ﬁiérﬁlﬁ]gﬁcﬂf‘dn{ Wd g e s{tﬁ:ﬁﬂiéﬂ m%&m%&ﬁt&hty S
type, forned in saj rfac ai r at
cat hode regi on of° & a(fegrﬂ# {Geﬁ’dh%t asﬁ&’ ween S3dd (JRYARK 9%, g4 d t op

surface and bei ngdnsnlatigayinaterial, meméhyuﬁlkimnylsqm& toferszhak anot her
conductivity type; t least Ph AN 5 rggégi {g&q,@.onduct Ivity
top sur

type 10 formed in said catho e region at sail ace,

a body redi®on of said one GAdY&M \ﬂﬂ Bnogher condqqtrhmdzm e d Whokeh is

surface and bei ndfsn@ﬁﬁ&ﬁtreoramcnvnysltww %183'&43%1-%?&(:&13&1:?"
- 23 - a source re | of sald another cond}cT|V|t 5
type fornmed in a Y& (’J‘r?rd‘leds%“dsﬁd-g&/ BgisH FAC S Bt stradifik ace and

form ng a channel region i a santactp ragibacef said dmﬂhh§ﬂ1cnndhchmvxhy

Tegion and sald W34 forneq in said top 3uIRLeCELER salncanns skl Y sai d

over nsul ate sal d chann
doped than gald ayer of Sald another conductivity type,

a body region of said one conductivity type
formed in said top surface and being spaced from and

top surface
20

“surrounding said'contact-region;
_ a source region of said another conductivity
25 type formed in a portion of said body region at said top
surface and forming a channel region in said tdp surface
between said source region and said layer;
a gate electrode disposed atop said top surfaca
and overlaying and being insulated from said channel
30 region and being operable to invert said channel region
in response to a suitable gate voltage supplied thereto;
an overlaying insulation layer being further
formed atop said layer on said top surface of said
silicon substrate and atop said gate electrode and having
35 at least one opening to said source region and at least
one opening to said contact region; '
at least one source contact formed of a
conductive layer in said opening to said source region;
and )
a0 at least one drain contact foxrmed of said
conductive layer in said opening to said contact region.
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20 Jegion and being operable to invert said channeL\Lengn“‘\\N\ rn
response to a suitable gate voltage supplied thereto;

overlaying.insulation |ayer being further jm d | ayer on
said top surface of said silicon substrate tl Wﬂ

el ectrode and having 25 at | east one opening to *safd & on and
at | east one opening-to said anode region; at | east
one seurce contact fornmed of a conductsve |ayer in said opening to
sai d source region; and 30 at | east one anode cont act
fornmed of said condiict i V& sewkrondustord dgeidagtoomsdi in anosiElicon
regi on 33

11. A senlcondwﬁﬂﬁsgﬁgh%xs (ﬁ?ﬁxfonduCtl lt type, salg S lc?e of one

conductivity tyﬁ?mﬁﬁ%%}WEwlce conpr|S|ng. a
trench formed in said sil lacafreatmstf@treedmmhsaﬁd sil FEPRI LSSt which

surrounds each Is or e in said subsirate an
whi ch ext ends f%or%%tratte%%srsatﬂ ?um;b each of aatsu]oes??%arew?o %\f%% % ‘9
surface of sai d%lé‘@thdatsélbstrate and which extends |from a itep |swefadorokd
on the walls of said subtirdtd & LMD surface of said ém%fg

polysilicon formed in sald trenc exten rom to
surface to said bottom %‘Q\Jrlfnef’ég'%ffnsgadltf séjqra{‘?"é’{tfﬂvékﬁ] ]83 125 er
of ' i nsul grilAg tirenehizaland hereby filling said trenches;

at. | east ygne of said Ce' | % ‘i@@lrdrﬁ'd”fg Jl%s:.llcon rmed 31 @’a%rd Y- HG her
conductivity type, whic of _“opposite con UCtIVH5¥ type to sard

one conducti vit$nd exte“@y}ﬁ‘@ fF'(S\“htﬁiuldn toR Furircutioade igt bafitemsubstrat e;
a cat hode regi osupffasei dfasatidesubzticitie/ iHatween saﬂ@qxaggywagiln said top

surface and bei 19<094€:A5HELE-ASY, crlged AN o Ly Sl lral,d another

conductivity ty one
~conductivity type B&r Aeasitn oag d’fcétatk%é’erlé@i eempr isding ¢t op surface;

a body region of said oneacoaguet Ofi bhothR® conductivity type, which is
of opposite conductivity type to said one conductivity
type, formed in said top surface of said substrate;

a cathode reglon of said another conduct1v1ty
type formed in said top surface and being more heavily

20 doped than said layer of said another conductivity type;

an anode region of said one conductivity type
formed in said cathode region at said top surface;

a body region of said one conductivity type
formed in sajid top surface and being spaced from and

25 surrounding said contact region;

a source region of said another conductivity
type formed in a'portion of said body region at said top
surface and forming a channel region in said top surface
between said source region and said layer;

30 " a gate electrode disposed atop said top surface
and overlaying and being insulated from said channel
region and being operable to invert said channel region
in responsec to a suitable gate voltage supplied thereto;

an overlaying insulation layer being further

35 formed atop said layer on said top surface of said
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forned im said top surface and being spaced from and 25 surroundi ng

sai d contact region; a source region_ni~§ng_§39£?E;af
conductivity type forned in a portion of said body reglon a

top . surface and form ng a channel reg| on in sa”m"mm[
bet ween said source region and said | ayer; Qﬂ
el ectrode di sposed atop said top surface and overFayPng’amd ng

i nsul at'ed from sai d channel . regi on angdabei ng operable to invert said
channel region in response to a suitable gate voltage supplied

t her et o; silicon smtmaa:rd ayridn gitiops Waatd Gjaﬁea)eelecktﬂmma fand Nayviiy
formed atop said

_ ayer surfac

- 24- si | P%onegﬁ % gﬁ (f{gf'acﬁkdceef FSTER A 3% \I‘I&ﬁ1

at | east one opennﬁgop@nsagdtSO@m@dlaﬂgdﬁ1nﬁuiqn,Ieast one openi ng
to said anode. region; at least ¢one %todr"c@tcd?ﬂ?aé@%d?ﬁné@@iag for med

of a 40 conduct i ve | ayer in sald opening to sald source region;
and . 40 condugt ivgadBYeRe 1in Gdd & onading frep st spunge region;
conductive | ayerah@ said opening to said anode region.

at least one anode contact formed of said
conductive layer in said opening to said anode region.

—_—
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