MOSFET WATH SKBSTRATE SOURCE CONTACT | Field of the Invent?#h® **

Thi s |nvéqf|on 18loat.gs 0. ﬁen1conduttor devices and, 5 nore partlcularly,
to |nprov$ﬂ MBANS an dneih@d$1far4h*gh frequency and/ or hi gh power
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their wi despread use in RF appllcations whi ch require both high or very
hi gh frequenci es and Mot Weant sPOWBRIATEUEPYRCE FRinT@xanpl e, it 15 s
desirable in the RF art to use MOSFET devices in the ~grounded- source
configuration, as illustrated for exanple in t he equi val ent devi ce
circuit of FI&ieid ps Hhe InventhaprT

This invention relates to semiconductor devices and,
5 more particularly, to improved means and methods for high

frequency and/or high power MOSFET devices.

Background of the Invention

MOSFET devices are well known in the semiconductor art

10 and there is an increasing desire to use MOSFET devices in
RF applications because of their many favorable properties.
However, a number of problems inhibit their widespread use
in RF applications which require both high or wvery high
frequencies and significant power output. For example, it

15 is desirable in the RF art to use MOSFET devices in the
grounded-source configuration, as illustrated for example in
the equivalent device circuit of FIG. 1. 1In FIG. 1, MOSFET
10 has source connection 12 with parasitic impedance 13,
drain connection 14 with parasitic impedance 15 and gate

20 connection 16 with parasitic impedance 17. These parasitic
impedances have a profound affect on the performance of the
RF device in an amplifier or other circuit.

The geometric arrangement of the source, drain and gate

connections on the semiconductor die affects the utility of

25 .the MOSFET for RF applications. For example, FIG. 2 shows
prior art RF MOSFET die 19 installed in RF device package
20. MOSFET die 19 is typically mounted on metal layer 21 on
dielectric spacer 22 on metallic heatsink flange 24 which is
also the RF ground reference terminal. Wire bonds 26

30 connect the source bonding pad on the upper surface of
MOSFET die 19 to grounded package flange 24 and bridge 28.
Wire bonds 26 contribute to parasitic impedance 13. Bridge
28 is attached to or part of flange 24 and helps limit
parasitic inductance 13. Wire bond 30 connects the gate

35 Dbonding pad of die 19 to gate input lead 32 and wire bond 34
connects metal layer 21, which typically contacts the

substrate drain connection of MOSFET die 19, to drain output



10 has source connection 12 with parasitic inpedance 13, drain
connection 14 with parasitic inpedance 15 and gate 20 connection 16 with
parasitic inpedance 17. These parasitic i npedances have a prof ound
affect on the performance of the RF device in an anplifier or other
circuit. The geonetric arrangenent of the source, drain and gate
connections on the sem conductor die affects the utility of 25 the MOSFET
for RF applications. For exanple, FIG 2 shows prior art RF MOSFET die
19 installed in RF device package 20. MOSFET die 19 is typically
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inducing lateral channel current flow 50 in body 46, 47.
The source, drain and gate connections of the device of FIG.

10 3 are all on the top surface of the die and substrate
contact 51 acts as a "back gate". FIG. 4 illustrates a
further lateral device similar to that shown in FIG. 3 but
with deep substrate contact 62 extending to highly doped
substrate region 63 adjacent back-side contact 64.

15 FIG. 5 shows a prior art TMOS device comprising sources
52 with source contacts 53, drain region 54, 55 with drain
contact 56, lateral diffused region 57 in which channels are
formed under gate dielectric 59 by gate electrode 60.
Channel current 61 flows first laterally through region 57

20 into drain region 54 and then vertically downward through
the remainder of region 54 into back-side drain contact 55,
56.

FIG. 6 illustrates a prior art vertical MOSFET device
configuration comprising source regions 72 with source

25 electrodes 73 shorted to body region 74 overlying lightly
doped drain region 76 and highly doped back-side drain
contact region 77 and drain contact metallization 78. Gate
79 on gate dielectric 80 induces channel current 82 which
flows substantially vertically downward from upper surface

30 source regions 72 through body portion 74 into drain and
drain contacts 76, 77, 78. FIGS. 5 and 6 show the typical
prior art geometry of MOSFET die 40 most used for high
power, high frequency RF applications and illustrated as die
19 in RF device package 20.

35 Wire bonds 26, 30, 34 of FIG. 2 significantly increase
parasitic impedances 13, 15, 17 represented in the

equivalent device circuit of FIG. 1. Parasitic impedance 13



| ead 36. Wre bonds 30, 34 contribute to parasitic i npedances 17, 15
respectively. The geonetries of various types of prior art MOSFET
die 40 are illustrated in FIGS. 3-6. FIG 3 shows a lateral 5 DMOS
devi ce conprising source 42 with source contact 43, drain 44 with drain
contact 45, body 46 with nore heavily doped region 47, and gate 48 on
gate dielectric 49 for i nducing laterai channel current flow 50 in body
46, 47. The source, drain and gate connections of the device of FIG 10
3 are all on the top surface of the die and substrate contact 51 acts

as a *back 0at ey dni LdISRMERa ourcd UEbheLs | A A1, dey) ce si il ar

to that shown I'n FIL.G deep substrate contact 62 extending to
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76, 77, 78. FIGS. and 6 s t he txgl r|or art geonetr of MOSFET
die 40 nost used f&Peﬁths a contlnul need for mproved MOSFET devic

geometries which avoid or circumvent these and other

15 limitations of the prior art. This need becomes more
important as packaged devices capable of operating at higher
and higher frequencies and/or higher and higher power levels
are desired, for example, in the range of about 2 30 MHz and
=2 100 watts, 2 100 MHz and 2 10 watts, 2 500 MHz and = 1

20 watt, and 2 1000 MHz and 2 0.1 watt.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention

25 to provide an improved means and method for MOSFETS having a
back-side source contact. It is a further object to provide
an improved means and method for MOSFETS which can be
mounted in a grounded-source package without need for an
insulator between the MOSFET die and the package flange. It

30 is a still further object to provide an improved means and
method for MOSFETS without need for source contact
wirebonds. These improvements are especially intended for
high frequency and/or high power MOSFETS although they are
also useful at lower frequencies as well.

35 The foregoing and other objects and advantages are
provided by a vertical MOSFET device comprising a

semiconductor substrate having first and second opposed
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power; high frequency RF applications and illustrated as die 19 in RF

devi ce package 20. 35 Wre bonds 26, 30, 34 of FIG 2 significantly

i ncrease parasitic inpedances 13, 15, 17 represented in the

equi val ent device circuit of FIG 1. Parasitic inpedance 13

appearing in the grounded source lead is particularly troubl esone since
It is degenerative and substantially 5 degrades overall performance of
packaged device 20. A common failing of prior art die designs,
illustrated for exanple in FIGS. 3-6, is t hat the back-side contact to
t he seniconductor ubstrate is e|t er bqu gate, con%gct or the drain
cont act . | FHSI SOf t Hede® f&FC i &' §1FRe TOUFEE aVail abl e as

10 t he back- si@hﬁnﬂﬁdté@tmlﬂ¢uﬁ#04mi @ﬁde¢ntwn¢ﬁnhm;nghéh$m§ya§n regighi.ead n a
grounded sour C&,PAEK3dgioh n&k&@f_tl@rlnéztﬁ@dct\l&rﬁ%lb@@gﬁlng re%@oﬁughdbae

ded. Th t | ectr d
PG undesi 1 abi PGl SIECE R Y Gfheate S8 t FPirutpncRhduy qoonael s
US Patent No. Be9Vma22tgdpscheusesnatber fewrad avidgdosye IEQIdMSSforanS|stors

having a com%m@%tlhat En& Otk 1L QB e renetGRRACT LANCGE Hhogbe S &

appl i cations. anese_Pat ent Application No. JP-A-61170068 discloses a
| ateral MOS tact shorting part of the channel forming region to the

underlying source region. The source region extends to or
is contacted from the second surface.

10 The buried ohmic contact is desirably formed at the
bottom of a first cavity extending from the first surface
into the substrate to the source region and covered with a
semi-insulator or dielectric. This first cavity desirably
has a first sidewall portion adjacent the first surface

15 which is substantially wvertical and a second sidewall
portion below the first sidewall portion which is inclined
at an angle to that the PN junction between the channel
forming region and the scurce region intersects the angled
sidewall portion of the cavity. The PN junction is covered

20 with a buried conductor which makes ohmic contact to the
semiconductor on both sides of the PN junction, thereby
locally shorting the two regions together. There is no need
for this shorting conductor to extend to either surface of
the device.

25 The drain region desirably comprises a lightly doped
drift region abutting the channel forming region and a more
heavily doped drain contact region abutting the drift region
and extending to the first surface. A source electrode is
provided on the second surface and a drain electrode on the

30 first surface. The gate dielectric and superposed gate
electrode are desirably formed on sidewalls of a second
cavity extending from the first surface into the substrate
to the source region. It is desirable that the portion of
the cavity sidewalls extending through the drain region

35 have a thicker insulator thereon to reduce parasitic gate-

drain capacitance.
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transistor where a netallic |ayer shorts a source electrode 20 to the

sem conduct or substrate in order to reduce the requi red occupyi ng area
of the transistor. There is however a continuing need for

i mproved MOSFET devi ce geonetries which avoid or circunvent these and
ot her limtations of the prior art. This need becones nore 25

| nportant as packaged devi ces capabl e of aoperating at higher and hi gher
frequenci es and/ or hi gher and hi gher power |evels are desired, for
exanple, in the range of about [err] 30 MHz and [err] 100 watts, [err]

100 MHz and [err] ftRewbdtesgoilngl 6L r&OOu Mz sadsf esd1yl formeWaby, a afd-HoRy I ]

1000 WHz and . watt. .30 . Su ry of the
| nventi on k§&$klgi&?§%%§?3régﬂc% %ﬁ?ﬁ$Qﬁ%§CB?Esiﬁlsﬁﬁ%&&ng?%ﬁ Yfere is

provi ded a verfiré&l ragier fafequéheyt MOBRERNdefiicet 3 ndieddiadteri zed by:
a sem conduct exterbshgat® Navirdd bhftdc4nd $8eORE regiorORROSEM siMdraces;
o0 118, 0,80 SRR A5 Ly 3L R B REL ayang LRLTEI o9 On
3a region, a third region of a second type opposite the first
type and a third conductivity underlying the second region,
and a fourth region of the first type and a fourth
conductivity underlying the third region and extending to a
10 second, opposite surface; forming one or more cavities
extending into the substrate from the first surface, wherein
first and second portions of the third region are exposed on
sides of the one or more cavities and at least a first
portion of the fourth region is also exposed; and then in
15 either order, (i) forming a gate oxide on the first portion
of the third region, and (ii) forming a non-rectifying
connection between the first portion of the fourth region
and the second portion of the third region. The method
desirably further comprises forming a gate electrode on the
20 gate oxide, a source electrode contacting the fourth region
on the second surface and a drain electrode contacting the
first region on the first surface.

It is desirable that the step of forming the one or
more cavities comprises, (i) initially etching the one or

25 more cavities by a first etch procedure to a first depth
extending at least into the second region but not into the
fourth region, and (ii) thereafter further etching the one
or more cavities by a second, different etch procedure to
extend substantially to the fourth region. The further

30 etching step should produce sloping cavity sidewalls in at
least in the lower portion of the cavity.

It is convenient that initial etching step comprises
anisotropic etching and the further etching step comprises
orientation selective etching. 1In addition, it is desirable

35 to form a dielectric isolation wall laterally surrounding

the one or more cavities. The isolation wall may be



underlying the channel formng region and a gate dielectric and

el ectrode on a portion of the channel formng region 5 between the source
and drain regions for nodul ating the conductivity therebetween; and

a buried ohm c contact shorting part of the channel formng region to
t he underlying source region such that the buried ohm c contact permts
rapi d chargi ng and di scharging 10 of the &€hannel form ng region, wherein
t he buried ohmc contact is forned in a dielectrically filled trench
regi on extending fromthe first surface into the substrate, the

di el ectrical | prbivibed besna) Raving or drapedrsidengldie wher 8r mord he
dielecrically fllkeg trench intersects a PN junction 15 between the
channel fornlng regron and the source region. An advant age of the
present invention FBetpegsdnt inveptbes dud lakei wprovied hyeandeaptoorketthod for

MOSFETS havi ng.—e&erenc@a@d; tsiedacaemgss@ywh@ﬁumésfwd f&rsc%dfsaﬂ&@:ge of the
i nvention LS %b % {ggq E i npr orreans %EQ qg&?od g for FETS
whi ch can Ate gt &ﬁ 84:so c@ PaERaGRe" PREBE AR edHor an
i nsul at or betm@endpneeﬂmiﬁﬁfﬁumberandhwdﬂylng eppokenyss f | fhge, HEL6I=a

further advantagelef 4 hg:resentxio-7,i AYENtd ofk1ig34t hate i t sRAVhEest adh

i nproved neans and t hod for FETS Wi t hout need for source contact
wi r ebonds. Thé§ewﬁ%gefﬂ%7%0¥ﬁbHpgeéﬁ%m§§débFBFI?r?ntended for high
frequency and/ or hi gh power MOSFETS al t hough they are al so useful at

| ower freggencies as well. gripF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical schematic representation of a
prior art MOSFET including parasitic impedances;

FIG. 2 is a simplified side and partially cut-away view

15 of a packaged RF MOSFET according to the prior art;

FIGS. 3-6 are simplified and schematic cross-sectional
views of MOSFET die according to the prior art;

FIGS. 7-8 are simplified and schematic cross-sectional
views of MOSFET die, similar to FIGS. 3-6, but according to

20 the present invention;

FIG. 9 is a simplified side and partially cut-away view
of a packaged RF MOSFET, similar to FIG. 2, but according to
the present invention; and

FIGS. 10-20 are simplified and schematic cross-

25 sectional views of MOSFET die according to a first
embodiment of the present invention, at various stages of
fabrication; and

FIGS. 21-22 are simplified and schematic cross-
sectional views of MOSFET die at various stages of

30 fabrication and similar to FIGS. 18-19, but according to a

further embodiment of the present invention.
DETAILED DESCRIPTION OF THE DRAWINGS
35 In FIGS. 7-8 and 10-22, typical doping of wvarious

device regions is indicated. This is merely for convenience

of explanation and is not intended to be limiting.



4 ' 5 10 The buried ohm c contact is desirably forned

at the bottomof a first cavity extending fromthe first surface

into the substrate to the source region and covered with a _

sem -insulator or dielectric. This first cavity desirably has a first
sidewal | portion adjacent the first surface 15 which is substantially
vertical and a second si dewal | portion7bel ow the first sidewall portion
which is inclined at an angle to that the PN junction between the
channel form ng region and the source region intersects the angl ed

sidewal | portion ofIthe7caviaysinfie fPhd] ancdd-orecitsosaveriedy 2 MosrhT a
buried conductgie Wi ﬁavmﬁéj%amlgec%ﬁ%é dndRe 94, SEB,LQAGUELOL on both
sides of the PI!\Jj.LlsunC'%ni) leert]teroef >{:he present invention. MOSFET die 90
comprises source region 92 with metallic source connection
5 94 on die back-side 93, body portion 95, and drain region
96, 97 comprising lightly doped drain drift region 96 and
heavily doped drain contact region 97 with metallic drain
connection or electrode 98 on front or top-side 99 of die
90. Cavity 100 extends into device 90 from top-side 99 to
10 heavily doped source region 92 adjacent back-side 93. Gate
dielectric 102 is provided on the sidewalls of cavity 100 on
body region 95. Gate electrode 104 lies on gate dielectric
102 facing body portion 95 so as to invert the sidewall
portions of body region 95 to allow upward directed channel
15 current flow 106 from source 92 to drain 96, 97. Regions
97, 96, 95, 92 are desirably doped, respectively, N*, N, P,
N* or N*,N-, P-, N* or the inverse thereof, that is, with N
and P reversed. Stated more generally, regions 97, 96, 95,
92 are desirably doped, respectively, A%, A, B, At or
20 A*,A-, B-, A* or A*, A-, B, At or AY¥, A, B-, A', where A may
be either P or N type and B is the opposite type.

While the device of FIG. 7 provides a die structure
suitable for convenient installation in a grounded source
package, it suffers from the limitation that there is no

25 ohmic connection to body region 95. Accordingly, a high
impedance will exist between the reference terminal, e.qg.,
the source, and channel 106. The produces a long time
constant for charging the capacitance of gate dielectric
102, resulting in relatively poor high frequency response.,

30 This deficiency is overcome by the arrangement of FIG. 8.

MOSFET die 105 of FIG. 8 is similar to MOSFET die 90 of
FIG. 7 but with the addition of supplementary cavity region
108 in which is provided ohmic contact 110 connecting source
region 92 with body region 95. Ohmic contact 110 may be a

35 metal, as for example, Al, Ti, W, Mo, Ta, Ni, Cr, Pt or
alloys of these and other metals, or an intermetallic formed

by reaction of these or other metals with the semiconductor



| ocally shorting the two regions together. There is no need for this
shorting conductor to extend to either surface of the device. 25

The drain region desirably conprises a lightly doped drift region
abutting the channel form ng region and a nore heavi |l y doped drain
contact region abutting the drift region and extending to the first
surface. A source electrode is provi dgd on the second surface and a
drain electrode on the 30 first surface. The gate dielectric and

super posed gate el ectrode are desirably fornmed on sidewalls of a second

cavity extendisﬁngstffacﬁe tohe af Hé@én&ﬂﬂtfea%emhﬂémﬁd'&zskblisbtﬁéf) to the
source region, S|rab e that the OitIOQHHT hat t he caV|t¥ sidewal | s
h

ext endi ng thrSﬁEﬁF ﬁ? g#afﬁ“?%ﬁﬁlve FELeRLTES a i hSut S &feon to

reduce parasi thet genreluctor #i@i nirghjsatetahyethe general symbol "M" in
5 Fhe. fOr gl REGs] r Uty @nlgs ZQ?Sféx_&b'a\h bammededyntthhod

of B Firot t yBECETRP 1 SESLBNAUET Fyor P GAGh g BrSFiTE SBurf ace, a
second regi onpefmitherdpidscharging and discharging of channel 106 and be
sufficiently resistant to temperature to withstand the
highest temperature necessary to complete fabrication of die
105 after metal 110 is formed in cavity 108. As used here,
10 the words "conductor™ or "metal" or "metals"™ and the symbol
"M" in connection with this ohmic connection are intended to
include substantially pure metals, alloys of metals,
degenerate semiconductors, intermetallics formed by reaction
of metals with semiconductors, combinations thereof, and
15 other compatible electrically conductive materials. Non-
limiting examples of suitable intermetallics and/or alloys
are PtSi, TiN, AlSi, AlCu, AuGe, and TiW. Conductor 110 is
desirably covered with semi-insulating, high resistance or
dielectric material 112, as for example, oxide, nitride,
20 glass, polysilicon and/or mixtures thereof.

The structure of FIG. 8 provides power MOSFET die 105
whose channel length is determined primarily by thickness
111 of body region 95, taking into account the sidewall
angle of cavity 100 in region 95, and a channel width

25 determined by the lateral perimeter of cavity 100 in region
95 when viewed looking into cavity 100 from above surface
99. Because thickness 111 and the lateral dimensions of
cavity 100 can be easily controlled, power MOSFETS of high
gain and large power handling capacity can be readily

30 constructed.

Since the source connection in die 105 is via back-side
metallization 94 on rear face 93 of die 105, a low impedance
electrical and thermal connection may be made from socurce
contact 94 to the thermal heatsink and electrical ground

35 flange of the package. This is illustrated in FIG. 9 which
is a simplified cross-—sectional and cut-away view of power
MOSFET die 105 of FIG. 8 mounted in RF device package 115,



5 type and a | ower second conductivity underlying the first region, a

third region of a second type opposite the first type and a third
conductivity underlying the second region, and a fourth region of the
first type and a fourth conductivity underlying the third region and
extending to a 10 second, opposite surface; form ng one or nore cavities
extending into the substrate fromthe firgt surface, wherein first and
second portions of the third region are exposed on si des of the one or
nore cavities and at |east a first portion of the fourth region is also

exposed; and ;m'bg'oﬂsléo Itsaéfgg:'e 9dek, r1éi )2 f OlsuRbe AcHAlftOXkdR1 084 t he
first portion

of region, and (i rmng a non-rectifying
connecti on betheEf ﬂﬂé fFr%ﬁtﬁﬁﬂ%ﬁ il B?t?}mP?ﬁggﬁPE PRY; GrPund fiﬁa 9% he
second portionm&f typecthliy doy egilaler dheeweddidd bonddesi r d&dte furt her

conpri ses formng ;3 4@k Snel@&tcfno%‘ieoﬂotjhﬁs Q&nr&%ttédoﬁb dcfatea 1%9UEC§ead
el ectrode contacting the fourt the second surface gé
e.

drain eIeé%roHE7ébhﬁ&6?|H©n@fﬂ§8 an FF%%“r@ﬁﬁQ%+¥5ﬁt%ﬂ% 7% 1t gy #
It is desirable ddmiectbBa 86 efraifn oatphunglédd JArveber wire Wbrorde 1Q8viti es

compri ses, (1) 1niyd 'oméfst&%q%om% gng pé%&iedﬂpgsaséylga&eby a first

etch procedure to a firs ast into the second
regi on but noretatld zegéon 94fh’i|rattﬁaﬂé@fioﬁlr%ﬁﬂy( ite) fipegeditber fhHiEher
etchl ng the Oﬁﬁov1desoﬁ:h6016w§s%/|ﬁdr%%1b¥caemd:,aldhﬁﬁe&ﬁﬁceﬂa&h procedur e

tend sub tantlall to the faourth. regi t.her. et chi ng
step shoﬁll d pf%%luts:te S op| n‘éhcawut fesf:():lewaﬁs E%rthl &Fé &% |m%9th | ower

portion of thémpedAnce, aSSOClatedIﬂ?tmslé@h@%ﬁﬁ%ﬂﬂ?eﬂﬁaﬁriﬁl%3zﬂse€t§ﬁﬁng step

conpri ses 2ﬁni§%t1r19ﬁh6t§& Cd¥ NheARUntBEoh W d hRIseetBBERGL SingRdeaBPpr i Ses
orientation se%ectlve hi n Ionﬁﬁé% (f desirable 35 to forma

dielectric isBf RITHR eY?i?"ér]a}IrH )}SSGIELF8U the one or nore

cavities. The |s(ﬂQﬁheanth@hgsrhgpdgeequal dev1ce package 115 {(see FIG.

15 9) is much more compact than device package 20 (see FIG. 2)
because it is no longer necessary to leave room on flange
116 to accommodate source wire bonds 26 or bridge 28 as in
the prior art. Accordingly, the gate and drain wire bonds
can now also be made shorter. Thus, the parasitic

20 impedances of all of the device leads of the packaged MOSFET
die are reduced and the high frequency performance is
correspondingly improved. These are particular features of
the present invention.

FIGS. 10-22 are simplified and schematic die cross-

25 sections of the MOSFET of the present invention during
different stages of manufacture and according to several
embodiments. While the formation of the invented device is
described in terms of providing layers or regions of
particular conductivity and type, those of skill in the art

30 well understand that this is merely for convenience of
explanation and not intended to be limiting and that useful
devices are obtained by substituting materials of opposite
type and that differing conductivities can also be used.

Referring now to FIG. 10, highly doped (e.g., N* 2 1E19

35 /cm 3 phosphorous or arsenic doped silicon) substrate 120 of
thickness 127 (e.g., 0.25-0.75 mm depending on the wafer
diameter) is provided. Substrate 120 has backside 121.



6 - provided before, during or after formng the one or nore

cavities. The present invention will be nore fully understood by
reference to the acconpanyi ng drawi ngs and descriptions 5 thereof

provi ded bel ow. For conveni ence, the notation "xEy" I s adopted for
nunbers invol ving exponents. Thus, 1E16 = 1x10[err], 2.3E-7 =
2.3x10[err], 7E14 = 7x10[err], etc. Suchjigotation is well known and
understood in the art. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS FIG 1 is an electrical schematic representation of a

prior art MOSFET imgé uglidtacRabassiy sk dafRedanCeSposite backsbEi&S 12 15 a
sinmplified side ang pantially culsquan,yl el ; of & agkaged B, MOSFET
according to Ch&8*pFTot At rés OBEE Ht e ﬁnpﬁ
cross-sectionaiith immimitsiesf oOSHRETRPIOS isecoraliyriitvd tiyh&ypei €8 - @rt ;
FIGS. 7-8 arepgiBRlifdad Rpdnscheqatizg «Cr oghssers iQileniently
5 accomplished by ion implantation as indicated by arrows 126,
126", but other doping methods well known in the art may
alsc be used. It is desirable but not essential to perform
different implantations in the portion of the die that will
contain the MOSFET channel and the portion of the die that
10 will contain the buried source-body short. For example, a
light implant, e.g., about 5E13 /cm? boront at 50 KeV, is
conveniently provided as indicated by arrows 126 to
partially counter-doped region 131 in the right half of FIG.
10 where the MOSFET will eventually be located. A heavier
15 implant, e.g., about 5E15 /cm? boront at 50 KeV, is
conveniently provided as indicated by arrows 126' to more
strongly counter dope region 131' in the left half of FIG.
10 where the source-body short will eventually be located.
The function of these implants is discussed more fully in
20 connection with the discussion of FIG. 11. It is desirable
to anneal any implant damage so that substantially defect
free epitaxial layers may be formed on substrate 120.
Referring now to FIG. 11, comparatively lightly doped
layer or region 128 (e.g., P or P-} of thickness 130 is
25 provided on substrate 120 forming PN junction 123 therewith.
Implant atoms 126, 126' in substrate 120 will diffuse partly
into layer 128 during formation thereof and provide regions
131, 131' of enhanced P-doping adjacent PN junction 123.
It is desirable that the implant dose provided in substrate
30 120 to form doped region 122" and 131' be sufficient to
render region 131' comparatively highly doped, e.g.,P*,
since this facilitates forming ohmic contact to P region
128. It is desirable that the implant dose in substrate 120
to form doped regions 122 and 131 be less than that for
35 regions 122', 131', but sufficient to provide a local doping
gradient in region 128 where the MOSFET is tc be located.
This is helpful in adjusting the threshold voltage of the

'ed and schematic



views of MOSFET die, simlar to FIGS. 3-6, but according to 20 the present

I nventi on; FIG 9 is asinplified side and partially cut-away view
of a packaged RF MOSFET, simlar to FIG 2, but according to t he
present invention; and FIGS. 10-20 are sinplified and schematic
cross- 25 sectional views of MOSFET die according to a first

embodi ment of the present invention, at vgyious stages of fabrication;
and FIGS. 21-22 are sinplified and schenmatic cross- sect i onal

views of MOSFET die at various stages of 30 fabrication and simlar to

FI GS. 18-19, cor.di. furt epbodi_nen e sen

i nventi on. hbeEe! vﬁ.{ﬁ% Egp&ﬁﬁ%@%%&%&l g%ooﬁr%zh?géf%\ﬁh&%rte%
In FIGS. 7-8 BfAH 99t iadypi cal dopi ng of various device regions is
i ndi cated. This i scémpadatikely Coiviliyedoped lapdr explragabhor3ang .igs ,not

intended to bﬁ L%nﬁlfrg% thickness 134 is provided on region 128, forming
5 PN junction 125 therewith. Layer 128 is of opposite type to

7

substrate 120 and layer 132 is the same type as substrate
120 but more lightly doped. Layers or regions 128 and 132
are conveniently but not essentially provided by epitaxial
growth using means well known in the art. Other well known

10 techniques for forming semiconductor regions of differing
conductivity and type can also be used.

Thickness 130 of layer or region 128 substantially
determines the channel length of the finished MOSFET.
Typical values for thickness 130 suitable for high frequency

15 and high power MOSFETS are 1-3 micrometers, but larger and
smaller values can also be used. Suitable average doping
densities for layer 128 are in the range of about S5E16-5E17
/cm3, depending on the desired threshold voltage. While it
is convenient to provide locally enhanced doping in layer

20 128 adjacent junction 123 by implanting substrate 120 before
forming layer 128, the locally enhanced doping may also be
obtained by wvarying the doping during formation of layer
128. However, this requires greater control over the
epitaxial growth process for layer 128.

25 The doping density and thickness 134 of region 132
substantially determine the breakdown voltage of the
finished MOSFET. Suitable combinations of doping and
thickness for layer 132 are about 6E15 /cm3 and about 3
micrometers for about 50 volt breakdown and about 1E14 /cm3

30 and about 25 micrometers for about 500 wvolts breakdown, but
other values can also be used. Those of skill in the art
will understand, based on the description herein, how to
choose the doping and thickness of layers 128 and 132 to
arrive at the desired device properties.

35 Referring now to FIG. 12. heavily doped layer 136
(e.g., N*) of thickness 138 is now formed in or on layer

132. This is most conveniently accomplished by ion



FIG 7 is a sinplified cross-sectional view of MOSFET di e 90 having
back-si de source contact 94, according to a first enbodi ment of the
present invention. MOSFET die 90 conprises source region 92 with

metal lic source connection 5 94 on die back-side 93, body portion 95, and
drain region 96, 97 conprising lightly doped drain drift region 96 and
heavily doped drain contact region 97 with netallic drain connecti on
or electrode 98 on front or top-side 99 % di e 90. Cavity 100 extends
into device 90 fromtop-side 99 to 10 heavily doped source region 92
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to MOSFET di eefdingife on the temperature tolerance of the passivation,

15 metallization and/or other materials, how to choose the most
desirable point in the fabrication sequence for providing
doped region 136.

Referring now to FIG. 13, masking layer 142 is provided
on upper surface 137 of layer 136. Silicon oxide, silicon

20 nitride and/or combinations thereof are suitable for masking
layer 142, but other materials such as for example,
photoresist or polyimide may also be used. It is desirable,
but not essential to form lateral boundary trench 144 of
width 145 surrounding the region intended to contain the

25 MOSFET. As shown in FIG. 14, trench 144 is then filled with
material 146 (e.g., dielectric or semi-insulating poly
and/or a combination thereof) to provide lateral isolation
of the MOSFET. Width 145 is typically in the range of 1-15
micrometers, with 2-10 micrometers being preferred, but

30 larger or smaller values may also be used. Means and
methods for providing masking layer 142 and forming and
filling trench 144 are well known in the art.

Referring now to FIG. 15, additional openings are
provided in masking layer 142 and trenches 148, 149 are

35 etched from surface 137 through region 136 and into layer or
region 132, Trenches 148, 149 are typically about 1-15

micrometers wide, with about 2-10 micrometers being



FIG 7 but with the addition of supplenentary cavity region 108 in
whi ch is provided ohmc contact 110 connecting source region 92 with
body region 95. Chnmic contact 110 may be a 35 netal, as for exanple, A,
Ti, W M, Ta, N, C, Pt or all oys of these and other netals, or an
internmetallic formed by reaction of these or other netals with the
senm conduct or 13 8

substrate or a degenerate sem conductor or other electrically
conductive materials. Al that is required is t hat conductor 110,

i ndi cated by phergensy, albu%)’ﬂ@?&e My ishaller RGud (nag)dafécﬁc‘be 18240 and 22)
form an ohm ¢ _connectj on het we i on Q%Gand ion 95
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150 of thickness 151 in trench 148 and dielectric 153 of
thickness 153 in trench 149. Thermal oxidation is a

10 convenient means of forming dielectrics 150, 152, but other
techniques well known in the art can also be used. CVD or
LPCVD are suitable examples. The semiconductor at the
bottoms of dielectric coated trenches 148, 149 should be
approximately even with interface 125 between regions 132

15 and 128. It is desirable that the bottom of trench 148 be
slightly deeper than the bottom of trench 149 and extend
slightly below interface 125 into region 132, while the
bottom of trench 149 is slightly above interface 125. This
can be accomplished by masking trench 149 during a portion

20 of the etch or oxidation steps. Means and methods for
masking etch and/or oxidation are well known in the art.

As shown in FIG. 16, dielectric 150 on the bottom of
trench 148 and dielectric 152 on the bottom of trench 149
are then removed, for example by anisotropic etching, so as

25 to leave sidewall portion 154 of dielectric 150 and sidewall
portion 156 of dielectric 152, respectively, in place in
trenches 148, 149. Trenches 148, 149 are then further
etched as shown in FIG. 17, using for example substantially
the same method as for the initial etch of trenches 148,

30 149, to increase their depth. The freshly exposed
semiconductor surfaces of trench 149 are coated with further
dielectric 160 of thickness 161. The freshly exposed
semiconductor surfaces in trench 148 may also be coated with
dielectric 158 of thickness 159, but this is not essential

35 since dielectric 158 will be subsequently removed.
Thicknesses 159, 161 are desirably less than thicknesses

151, 153. Dielectric 160 can be used as the gate dielectric



of netals with sem conductors, conbinations thereof, and 15 other

conpati ble electrically conductive materials. Non- limting exanpl es
of suitable internmetallics and/or alloys are PtSi, TiN, AISi, A Cu,
AuGe, and Ti W Conductor 110 is desirably covered with sem -insul ati ng,
hi gh resi stance or dielectric material 112, as for exanple, oxide,
nitride, 20 glass, polysilicon and/or mypgtures thereof. The
structure of FIG 8 provides power MOSFET die 105 whose channel |ength
is determined primarily by thickness 111 of body region 95 taking into

account the sidew@l MosreTadvH eneliiaané tys JrQQ,hI Bub 8gL PN %i,elae@rﬁccmnel

width 25 determ ned by the | ateral of _cavit I on
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105 of FI G 8cranon edsi.n Rexairce pPackagaickli%ably masked during this

10 operation, although it may also be formed after formation of
conductor 162. Either arrangement suffices.

Conductor 162 must make an ohmic (non-rectifying)
contact to both regions 120 and 128 so as to provide a local
short across PN junction 123. Making an ohmic contact to

15 lightly doped region 128 is facilitated by more heavily
doped region 131' provided earlier. More heavily doped
region 131' also reduced the spreading resistance associated
with the ohmic contact to region 128.

It is desirable to form conductor 162 by selective

20 deposition or reaction, that is, by deposition or reaction
on exposed semiconductor surfaces but not on exposed
dielectric surfaces. For example, conductor 162 may be
formed by depositing Pt over the entire surface of the
wafer, including the fresh semiconductor surface exposed in

25 the bottom of trench 148, mask layer 142 on surface 137, and
on sidewall oxides 154, 156, and 160. The Pt initially
adheres to all surfaces, but when heated it reacts with the
exposed semiconductor to form an intermetallic compound
capable of forming ohmic contacts to P region 128 and N

30 region 120, and does not react with the dielectric layers.
The Pt on the dielectric layers is then etched away while
the PtSi, for example, formed on the exposed silicon in the
bottom of trench 148 is not attacked by the etching reagent
and remains behind. Thus, conductor 162 may be formed by

35 this method without need for any additional masking steps.
This is particularly convenient and is preferred. While Pt

or PtSi are examples of materials suitable for use for



9 " anal ogous to package 20 of FIG 2. Source contact netal 94 - of
die 105 is attached to netal heatsink and ground fl ange 116, typically
by sol der or eutectic bonding. Gate nmetallization 104 on die 105 is
connected to gate input lead 5 117 by wire bond 118 and drain netallization
98 on die 105 is connected to drain output |lead 119 by wire bond 120.
No source wire bonds are required because;source metallization 94 is
attached directly to flange 116. This provi des the | owest parasitic

el ectrical inductance and 10 resistance in the source circuit. Further,

the thermal  .onhRpedancs, a%%ﬂ&kaécﬂﬁiu‘@tbt}s' é%z?éleo%fd'fgkﬁfﬁcf'&m%% (see Fi G

2) is elimnated so the junction to case_thermal edance of packaged
devi ce 115 i sc8PEd°rediftegaions 128 ang Héfz Y s ng’ienﬁséﬁualExa&@\}ieée
package 115 (skeré&bfohahle bBEni givarc hbnwee iooopacicttibanwieli e package 20
(see FIG 2) | 1S §o | onger necessary to |eave roomon flange
116 to accommé]zsi?ggg%él}?g}eé \%‘\,iIrbé gbnds 26 or bridge 28 as in t he prior
art. Accordingly, THRPYatlé8and Hien Mefirabhynfsiled wiiR A 296D made
shorter. Thussehhelwmmgc:naeeriampactanaﬁa piaradﬂlzaﬁ tBengevmaies heads of

the packaged mFng'? he a«;taggee_ﬁﬂ.’gqu nd 6 e h| g‘qrt];]["gg u&gss%f%rfor mance

i's correspondin e par |c’uI a eatutes o t he
present i nvenPPélﬁcrYStalllne FRGSconMicEprar ergi gt idarpguans athematic die

cross- 25 segbinBisSaforde nMEEFET, af etxfaaxpméesgﬂtsdirt\émtei ARc&td ng
di ffer ent, tages o}tﬁ nu.f act ure anisljI rd| ng to sg\éera : %}n‘aodl ments.
Wil e t he ormatl obe BT PRV eh? (‘,‘eqi"1 e metatddERHRY 140 t'ér ns of
provi di ng |ay@pgvg¢e¢egp(gmgeoﬁlelectrlc 160 and drain metallizatlon 168
is provided on surface 137 in contact with highly doped
region 136. Source metallization 169 is provided in contact
with region 120 on die back-side 121. This forms MOSFET 170
15 having back-side source region 120 connected to¢ body region
128 by internal buried ohmic short 162 and with top-side
gate and drain connections 166, 168, and which is suitable
for use as MOSFET die 105 in package 115 of FIG. 9, and
which provides substantially vertically upward flowing
20 channel current 106 from back-side source 120 to top-side
drain 168. It is desirable to thin substrate 120 by
mechanical shaping before applying source metallization
layer 169.
N* region 136 has been shown as being unmasked since it
25 is automatically separated into discrete portions by filled
trench 146 and trenches 148, 149. Thus, multiple devices
may be made on the same wafer or die without having the
drains tied together, although that is not precluded.
However, use of an unmasked doping step for forming region
30 136 is not essential, and region 136 may be localized by
masking. The latter is desirable where isolation wall 146
is omitted. Drain regions 136 would then have a lateral
geometry similar to source regions 72 of FI1G. 6.
FIG. 21-22 illustrate a further embodiment of the steps
35 previously described in connection with FIGS. 16-~19. The
process in substantially the same as previously described

through the stage represented by FIG. 16. Then, instead of



particul ar conductivity and type, those of skill in the art 30 well

understand that this is nerely for conveni ence of expl anati on and not
intended to be Iimting and that useful devi ces are obtained by
substituting materials of opposite type and that differing
conductivities can al so be used. Referring nowto FIG 10, highly
doped (e.g., N [err] 1E19 35 /cm[err] plagosphorous or arsenic doped
silicon) substrate 120 of t hi ckness 127 (e.g., 0.25-0.75 mm dependi ng
on the wafer dianeter) is provided. Substrate 120 has backsi de 121.

The surface giez%%&ﬁat@]el%%cgaeoaéﬁ @@Q@h@ﬁeﬁms 149 wdeshraply but not
essentially doped_in regions 122 th urltles of the opposite

conduct i vi t y ®¥pf@lee. ghe same HSF‘%ﬁ?lt}b“’éi (Tépf“ﬁés‘i?’if’plﬂftc TAPs¥3%
convenientlyusédaEO@npheshe¢1by eooh i syEpainafiIcn. as41idi eat ed by arrows
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be used. It is desira not essenti al perform di fferent
i mpl ant at Pong 4°n teh&ubdF¥a3teh 160 - th%r%ﬁQ¥%Q%§P ﬁFF?Ctlve(ﬁﬁﬂﬁEFnaFﬁéW%EBFET
channel and tdi@wpotihi Bhe afrtt R@ddpeotidd trenches having sidewalls that

make predetermined angles with the plane of the crystal

lattice and crystal surface. This produces "V-shaped"

sidewalls 172, 174 in the bottom of trenches 148, 149 as
10 shown in FIG. 20,

While orientation selective etching is a particularly
convenient way of obtaining angled sidewalls near the trench
bottom, any method which produces angled or sloped sidewalls
is useful. What is important is having lower portions 172,

15 174 of the trench sidewalls angled or sloped so that PN
junction 123 between regions 120 and 128 intersects angled
or sloped sidewalls 172, 174 and is wvisible from above when
looking toward surface 137 into trenches 148, 149. This is
a great manufacturing convenience since it provides a means

20 for visually determining when etching of trenches 148, 149
has reached the proper depth at which some portion of region
120 is exposed in the bottom of trench 148 to form the ohmic
contact with metal 162. It is also desirable that some
small portion of substrate 120 also be exposed in the bottom

25 of trench 149 so that gate 166 on oxide 160 extends at least
to source 120. FIG. 22 illustrates the situation analogous
teo FIG. 19 in which conductor 162 has been formed in the
bottom of trench 148 and gate oxide 160 has been formed on
the sidewalls of trench 149 on body region 128 and on

30 substrate 120. The structure of FIG. 22 is then completed
in the same fashion depicted in FIG. 20.

Having thus described the present invention, it will be
apparent to those of skill in the art that the invented
structure and method provides a back-side MOSFET

35 particularly adapted for use where grounded source
arrangements are desired, as for example, in high fregquency

and/or high power RF applications. It will be further



10 will contain the buried source-body short. For exanple, a l'i ght
inplant, e.g., about 5E13 /cnR boron[err] at 50 KeV, is conveniently
provi ded as indicated by arrows 126 to partially counter-doped region
131 in the right half of FIG 10 where the MOSFET will eventually be

| ocated. A heavier 15 inplant, e.g., about 5E15 /cnferr] boron[err] at 50
KeV, is conveniently provided as indigated by arrows 126' to nore
strongly counter dope region 131" in the left half of FIG 10 where the
sour ce- body short will eventually be |ocated. The function of these

inplants is discussed gor ecfdiliehRed0: - SAMNERLLOP, M L4 ha digeugsi on of

FIG 11. It I's desirable ~to anneal any 1nplant danage so_that
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126' in sSbsthaati@a1ye=wi FRO®: fhgechatenyths, fastoreeRirser28ighr satp.
formati on t hesmphigRdbpeaxdsien rRQIL@gss are ¥bvilidd' bpftwnhareade®- dopi ng
adj acent PN hnggggnd123th It is desirable that the inplant dose
provided in Jupst &f'e 30 i%o to formdoped region 122' and 131' be
sufficient to  Theadepfreigildn in3thecanparidli vesy wn¢pnsraadpbased. ¢, P+,
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construction beside those mentioned, and that the trenches

while illustrated as sometimes having tapered or vertical

15 sidewalls may have either, and further that the trenches

while described as being etched in two stages may be formed

to substantially their final depth in a single step and that

while two trenches have been illustrated, one for the

source-body short and another for the gate region, that

20 these may be combined in a single trench wherein one

sidewall is used for the gate region and a portion of the

bottom and another sidewall contains the source-body short.

Accordingly, it is intended to include these and other

variations as will occur to those of skill in the art based

25 on the teachings herein in the claims that follow.



MOSFET. Whi,l e doped regions 131, 131' are hel pful, they are not
essential . Conparatively lightly doped | ayer or region 132 (e.g.,
N or N-) of thickness 134 is provided on region 128, formng 5 PN junction
125 therewith. Layer 128 is of opposite type to substrate 120 and | ayer

132 is the sane type as substrate 120 but rmreJiHﬂl mlnlml ,'N”H yers or
regions 128 and 132 are conveniently Ryt not e | el 3 iied by

epi t axi al growt h using means wel| known in the art.© Othet well* known 10
techni ques for form ng sem conductor regions of differing conductivity

and type can al so be used. Thi ckness 130 of |ayer or region 128
substantially determ nes the channel Ien%th of the finished MOSFET.
P

Typi cal val ued f of VAFekeRsOPEETsapYHt o For ORt Y10 ¥ rdGaerEs=4232d &yd hi gh
power MOSFETS are &- Semicsmimitens subsit rd ey g2, and) havm@alfhest val ues can

al so be used. e d It Jlayer 128 are in
the range of a ouéggkl%g%ée%%%d cz}%hg21 eog%%%%d g‘gﬁfﬁ%e ‘desired threshol d
voltage. While it 2 drainceauion dAP- %%)G)pratﬁﬂa@énFo’ém | §i rehanegrelopi ng in
layer 20 128 @dj,agen) & Udddren ¥33mbyg i Fayidmt i(mgsﬁuhﬁierrawmﬁ&éoef ore

form ng layer 128 the.loc?é_) %nhanced do ;B Q@ \?\e or btnal ned by
varyi ng the dodplﬁaﬁa GEFT Y orry%gtlfm 2of° T%‘iﬁprre 1 51%8 pagerbng
requi res greattdre cboannel Hwmringheegion (106) and a gate dielectric
(102,160) and electrode (104,166) on a portion of the
10 channel forming region (106) between the source (92,120) and
drain regions (97,136) for modulating the conductivity
therebetween; and
a buried ohmic contact (110,162) shorting part of the
channel forming region (106} to the underlying source region
15 (92,120) .

2. The device of claim 1 wherein the buried ohmic¢ contact
{(110,162) is formed in a cavity (100,108) extending from the
first surface (99,137) into the substrate (92,120) and

20 having a sidewall portion (172,174) which is inclined so
that a PN junction (123) between the channel forming region
(106) and the source (92,120) may be viewed when looking
into the cavity (100,108,148,149).

25 3. The device of claim 1 further characterized by a drift
region between the channel forming region (106} and the
drain region (97,136)

4. The device of claim 1 further characterized by a source

30 contact (94,169) extending to the second surface (93,121)
and a drain contact (928,168) extending to the first surface
(99,137) .

5. The device of claim 1 wherein the buried ohmic contact
35 {110,162) is formed in a first cavity (108,148) extending
from the first surface (99,137) into the substrate (92,120).

This Sheet Has Been Replaced

LT




epitaxial growth process for |ayer 128. 25 The doping density and

t hi ckness 134 of region 132 substantial ly determ ne the breakdown

vol tage of the fini shed MOSFET. Suitabl e conbinat i ons of dopi ng and

t hi ckness for layer 132 are about 6E15 /cnierr] and m cronmeters

for about 50 volt breakdown and about 1E14 /cnferr] [iw'f{ﬂlm"‘

m cronmeters for about 500 volts breakdown;gbut ot Her cva so be
used. Those of skill in the art wi |l understand, based on the *
description herein, howto choose t he doping and t hi ckness of |ayers

128 and 132 t@. A RdddoE Rt Ebemdgsid %@m@@&h&@c%@%&&%@swé”%ﬁ[s 7
Referring now to FIG 12. heavily doped Iayer g

t hi ckness 138°PETAGHEFHASAYin or on | ayer 132. This is nost
conveni ently acconptositithgby semiconductor substrate (92,120) hav1ng a

12 i mpl @mgeyp%sl%oméuas@'*féysa 318 EPbd ALl LoVt N Ry al SO

be used. Thlckness ness 134 of
| ayer 132,°e. §¥tepding = & éFSﬁ‘ét%‘%rsfa%ut(” 1 Thfr g?erse@pnénawmn val ues can

be used. |npl d86, tddesobdithe @best fygfd lankEL61éwed &ydclonar Bosaid@l)i@y No
maski ng of inHkéQLleHé the first region (97,136), a third region

(95,128) of a second type opposite the first type and a

third conductivity underlying the second region (96,132),

10 and a fourth region (92,120) of the first type and a fourth
conductivity underlying the third region (95,128) and
extending to a second, opposite surface (93,121);

forming a cavity (100,149) extending into the substrate
(92,120) from the first surface (99,137}, wherein first and

15 second portions of the third region (95,128) are exposed,
respectively, on sides of the cavity (100,149) and a first
portion of the fourth region (92,120) is also exposed in the
cavity (108,148}; and

then in either order, (i) forming a gate oxide

20 (102,160) on the first portion of the third region (95,128),
and (ii) forming a non-rectifying connection (110,162)
between the first portion of the fourth region (92,120) and
the second portion of the third region (95, 128) in the
cavity (100,108), (148,149).

25
7. The method of claim 6 further characterized by forming a
gate electrode (104,166) on the gate oxide (102,160), a
source electrode {(94,169) contacting the fourth region
(92,120) on the second surface (93,121) and a drain

30 electrode (98, 168) contacting the first region (97,136) on
the first surface (99,137).

8. The method of claim 6 wherein the step of forming the

cavity (100,108,148,149) is characterized by: (i) initially
35 etching the cavity (100,108,148,149) by a first etch

procedure to a first depth extending at least into the

second region (96,132) but not into the fourth region
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is required at this stage of the process, but it is not precl uded.

Further, while it is convenient to form(e.qg., N err]) region 136 at
this stage in the process, it is not essential . HeaV|Iy doped surface
region 136 may be fornmed 10 at any later step wher ures
necessary to i ntroduce dopant 140 into the sem ﬂ%&ﬂﬂéanneal
any dopi ng danage will not disturb previegs process stépsL

skill in the art will understand, depending for exanpl e on the

tenperature tol erance of the passivati on, 15 metallization and/or other

material s, howztnglsl90§ﬁ>dtnmn‘@abreaft@l@sw&labe a@&mncj rthteh@af;@’@yi cation
sequence for now to FI G

r n op d re |o
13, nasking | 1?529% ]p4r9§ %'ﬁ}u;%grfe%?? a%%c (?fogfag?’é er° 136.
Silicon oxidextsind cohswtmatlrlwdeoahm ofowtibiraai Pons32.H&0eef are suitable
for maski ng | ayer 142, but other materials such as for exarrpl e
phot or esi st or polyimde may_ also be used., It _is desjr
essenti al °t o Foor MPFaPeF&Pd t%ﬁr?&&?‘? B rehire it Ahgs lnltl%’ﬂdﬁ I‘?tfﬁ?)ngu?trecﬁmdl ng
t he regl on i nihrandedetbzedra rntibet 2&p MOSEEhindsastiove ifurEh&r 14, trench
144 is then fdJhadoWtfy com ts%"s' gl 1ot di®ndse Qhﬁlgte{e&ﬂg..
sem -insul ati ng poly r a co |nat|ont er eo to provide | ateral
i sol ation of the I\/DSFET Wdth 145 is typically in the range of 1-15
m croneters, M.t hTRelflethed thetceasmbeimmlelf eheethe hsie B0 fl #ogRin®ra
smal | er Iu n r,oyj,di ng
maski ng \igyeﬁ% %ggéi%? %&% 5%9 %]fﬁ?dllSr%) tlrgg‘tr:]{g% (ﬁée%g’rzgdv%‘jf' known in
the art. formmRePeliﬂ?'F?&q %WHFSIF?'@HP? O&BGPFFo*ﬂ%ﬂFWQ%bmhﬁg§X8?%6d
pr o¥i ded i3n nRsdtiiog s| ayetheldtg:é;&md tegnehe®21480) 14Rd at1ee %leaglgegluﬁrr omh
surface 137 t region 1 yer or region 132. Trenches
148, 149 are {H%ﬂgg 9 ot caf% (Wéoligra)omet ers wide, with about 2-10
m cronmeters bei ng
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13 preferred, but larger or smaller values may al so be used.

Means and net hods for etching such trenches are well known inthe art.
Ani sotropic plasma etching is a preferred met hod and is well known in
the art. O her well known 5 nethods may al so be used. The

sem conduct or exposed on the sidewalls and bottons of tenches 148, 149
is then treated to provide dielectric 150 of thickness 151 in trench
148 and dielectric 153 of t hi ckness 83 in trench 149. Ther mal
oxidation is a 10 convenient neans of formng dielectrics 150, 152, but
ot her techni ques well known in the art can also be used. CVD or

LPCVD are suitable exanp*%EFETTWETgeﬁV%%HHﬂEi§PU§FEt$ﬁyTACT bott ons of

dielectric coated trenches 148, 149 should be approximately even with

interface 125 between regi onggkddnd® oNthel 28 scrbbuks desirable that the
bottom of trench 148 be slightly deeper than the bottom of trench 149

and extend slightly below interface 125 into region 132, while the .
bott om of 5trench BASIOBEES| ( YhtllOp,aboyehawnirgy faabeck25idellicmirce coavadre

gifgg{): gf\hgge@é@ %@K;ﬁgd;%%‘%%dfgaggr (14,2 69" hQNa2in Wontlerstch or
P ,168) is provided by a structure comprising superposed N*

(97,136), N- (96,132),P- (95,128), N* (92,120) regions
arranged between top (99,137} and bottom (93,121) surfaces

10 of the semiconductor die (90,105,170). In a preferred
implementation, two trenches (100,108) (148,149) are etched
from the top surface (99,137} to the P- (95,128), N*
(92,120) interface. A buried P- (95,128), Nt (92,120} short
(110,162) is provided in one trench (108,148) and a gate

15 dielectric (102,160} and gate electrode (104,166} are
provided over the sidewall P~ (95,128) region exposed in the
other trench (100,149). This creates a vertical MOSFET
(170} 4in which the Nt substrate (92,120) forms the source
region shorted to the P- body region (95,128) in which the

20 channel (106) is created by the gate (104,166). Superior
performance is obtained in RF grounded-source circuit

applications.

Fig. 7 accompanies this abstract.
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maski ng etch and/ or oxidation are well known in the art. As shown
in FIG 16, dielectric 150 on the bottom of trench 148 and dielectric
152 on the bottom of trench 149 are then renoved, for exanple by

ani sotropic etching, so as 25 to |eave sidewall portion 154 of dielectric
150 and si dewal | portion 156 of dielectric 152, respectively, in place
I n trenches 148, 149. Trenches 148, 149 are then further etched as
shown in FIG 17, using for exanple substantially t he sane nethod as
for the initial etch of trenches 148, 30 149, to increase their depth.

The freshly exposed sem conductor surfaces of trench 149 are coated
with further dielectric 160 of thickhébs 161. The freshly exposed

sem conductor surfaces in trench 148 may al so be coated with dielectric
158 of thickness 159, but thissis ggt essential 35 since dielectryg 158
will be subsequeffl(H.r¢noved. |cknes§g 159, l@B are de5| rably |ess

t han thlcknessea 17 151[ 153. Dielfctric Sg a¥-

dielectric 32

MOSFET and sho be o quallty Di efecikiis ;
and may om'ttedzgl;u.t/WO honhergof at 5 oo 24 24
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the sane tinme as the formation of dielectric 160 does no harm 5

Referring nowto FIG 18, dielectric 158 (if any) is renmoved, as for
exanple by a dip etch while dielectric 160 is protected, and conduct or
162 fornmed on the freshly exposed portions of regions 120 and 128 in
t he bottom of trench 148. Dielectric 160 is desirably masked during

this 10 operation, although it may al so be fornmed after fornation of
conductor 162. Either arrangenent suffice Conduct or 162 nust
make an ohm c (non-rectifying) cont azi/f’fo both regions 120 and 128 so
as to provide a local o short A @ss PN jugction 123. Making an ohmc

contact to 15 || %htl98dc4dé egion| 128 isofa¢dl |gt8at99cb by nore heavily

doped region 1 aYla\1200: hEaVitH re |on 131" al so
reduced the sprieafi-ng rébu st SRERE wi fh h§ zhﬁ' Ocontact to
regi on 128. | t : f 4 orm conduct ® y selective 20

|tpion or re

drerect N céiﬁrfgc For

deposi tion or neact.i on, Pthaty g on exposed

seni conduct or %urfgayes buj é;dt 1"1//.'»'4"'

exanpl e, condudgtor 162 may iorne depositing Pt over the entire
surface of the/ waf er, _including thé fresh sentcondustor surface exposed
in 25 the bottomof Trench 148, nmaskK Tayer K ,onsurrace 137, and on

si dewal | oxi degp454, 188 and 160, The Pt initTally

-~ adheres to all
surfaces, but wyhehahea d1i1t2 rel® Wih theo, o

exposien 9S§m conductor to

formanlnter W= -m-- l—t-ho 01, 0| Tg 01T tacts to P
region 128 and NN;D N0, aNd o, Qﬁ) .,’ W Ni t he pgi tric
| ayers. The Pto dlelecrlc Xgeks H g en etched a ile
the PtSi, for exa?rpl -o onpthe &% " np|n1t1hieﬁ- dot t om of
trench 148 is {not att d Jry the efgl | -'//-f& and temal s behi nd.
Thus, conductol 162 iney be forrred b 5 thipg, nmet hé& W t hout neqd for any
addi ti onal masking steps SN 92 S
\9 =
117 4
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This is particularly convenient and is preferred. Wile Pt

exanpl es of mater
15 conduct o

contacts to regions 128 and 132 may al so be used. Exanpl es

been gi ven above
Trench 148 is the
mat erial 164 and

19). xide, nitri
conpounds and

10 Referrin
on gate diel ect
surface 137 in{cd
nmetal lization 369

7C

ials suitable for use for

r 162,

I n connection with the di scussi on of
n desirably filled with dielectric or

pl anari zed usi ng nmeans wel | known in
de, gl asses,

pol ycrys84l4 i ne semi conductor,

or PtSi are

ot her conductors capabl e of form ng ohmc

t her eof have
FIG 8. 5
sem -insul ating
the art (see FIG
organic

conbi nati ons thereof are exanples of suitable materials.

g4fow to FI G320, gate netallizatiod*66 is,, provided
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gate and drain connections 166, 168, and which is suitable

MOSFET di e 105 in package 115 of FIG 9, and

substantially vertically upward fl ow ng 20
drain 168.

back-si de source 120 to top-side

substrate 120 by

nmetallization

mechani ca

| ayer 169

bei ng unmasked since it 25

portions by filled

devi ces
drains tied tog
an unnmasked do
regi on 136 may
i sol ation wal l

| at er al

may

i n connection
as previously
i nst ead of

geofTElR)
21-22 illustratfe a it

channel
|t

N err]

for use as

whi ch provi des

current 106 from

is desirable to thin
shapi ng before applying source

regi on 136 has been shown as

is automatically separated into discrete
rénches 148, 149. Thus, nultiple

trench 146 and

b dg7on {hg same,wafer of4die without having the
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I S . Teessd {6 ¥
perfor g the second et;;,hwof trenches 148, 1@%@[&\@;\#@1’ { exanple, the
same genhe I.klnd oﬂ anlsgtroplc Qgch as wa —tgedTor "t helinitial etch
step in F gl 16, an;, o orlentatlon sel ct|v§ gﬁg.P§7u ed to extend
trenches 148, 5 g I "'substrate 120 Orientptjo X 8FECHTVe letlches are wel |
known i h the drt! and™pFovi-de iré make
predetefm ned angles with the plane of the ctystal | attice} and crystal
surface] THi'S. prodd€esrT Vssidped” ;. si dewa T the bottom of
trenches 148ppdddiag 10 tEHedwroundBiGsodfce lead is Mhrttlacmka:eht ation
selective e L.culatly ng angl ed
sidewal | s n%%?b?%eS%ﬂ% QQBE ﬁk é% degenEQQEEﬂ g&%m@%bgg%@ﬁ%ggﬂ%ngled or
sl oped $& degigorades Q‘\@r@ééf @erfmnat@ncg Pﬁpﬁ@ﬁhﬂge@sdﬁﬁwfhgz@ov@ﬂ GIVATONS

172, 15 174590 itle def @}qlans'a@%w@hbscaaggbﬁg 011§h99§9té@ w@tefé)hple in
Junctlon 123 bet ween regions 120 and 128.infersects ang | oped

si dewal | s 1¥ZCStr78-%nd 15 tesi bhe PREKT 8h8GeCRREACT t°|66%|$ﬁﬁ% Yetor

surface 137 smmis(txfaft@ﬁQEsG%lﬂﬂ&,r #4Backhigatescontadt goLathaudivd et eshHrt
conveni ence_since it

% a.nmeans 20 for vis ﬁl I% determ nif%&v\hen
etching of tFeAchSs °f4d; %4?9 eViCR gePREEREGSt A8 B OpBYept AV at T Sone
porti onl®f lté@ dnack sitd) domtexposedhus,t ha botieontof mbuenchbhd ABOSEKET or m

the ohmic qﬂaeﬁgé%hf%éz abkagoée%ﬁgug%EbEa?b ﬂga@lé onds

smal | portlon o e ex
149 so that %awsm@eorprml@@dwoTéﬁs@ndgcaﬁasea%e par@%l%b@:r%laeqtzx)lcaﬁe

22 illustratey tiersaiudhigdas#Rdl adaUsndesik8bllCledPal8 ¥hE CHeSOBHHSLOE

162 has been forned in the bottom of trench 148 and gate oxide 160 has
been for med %n the Harﬁ%‘ag%\%"l@eof trench 149 on body region 128 and on 30
substrat® 120. T mdtaed We &, 991532222 disdlkerscanpkeetied of Vi grbbeesane

fashi on dep%&k?%ran51§%ors having a common substrate source for lower

capacitance logic gate applications. Japanese Patent
Application No. JP-A-61170068 discloses a lateral MOS
transistor where a metallic layer shorts a source electrode

20 to the semiconductor substrate in order to reduce the
required occupying area of the transistor.

There is however a continuing need for improved MOSFET
device geometries which avoid or circumvent these and other
limitations of the prior art. This need becomes more

25 important as packaged devices capable of operating at higher
and higher frequencies and/or higher and higher power levels
are desired, for example, in the range of about 2 30 MHz and
> 100 watts, = 100 MHz and > 10 watts, 2 500 MHz and = 1
watt, and 2 1000 MHz and 2 0.1 watt.

30
- Summary of the Invention
In accordance with the present invention there is
provided a vertical high frequency MOSFET device
35 characterized by: “a

a semiconductor substrate having first and second
opposed surfaces;
a drain region adjacent the first surface, a channel

forming region underlying the drain region, a source region



Havi ng thus described the present invention, it wll be apparent to
those of skill in the art that the invented structure and net hod

provi des a back-side MOSFET 35 particularly adapted for use where grounded
source arrangenents are desired, as for exanple, in high frequency
and/ or high power RF applications. It wll3ge further

17 apparent that the invented arrangenent provides die which
facilitate a particul ar conpact RF packaged devi ces havi ng | ower
parasitic themderlgndgeltdet cheanhelmiedmnogsregion and nprgated dierlfeatndace.
It will also f hat _deyi 5,hayi,ng : . engt hs,
f ast responsggﬁhggﬁggggﬁf S aa%ékﬁggﬁ.BEegﬁgo%%gé%?$2§%§m§%gq% 3§%ﬁed by
t he i nven?ed betweesgphegm@umsehead drain regippsefor medulating k&eart will

al so under st R RREGi@Y therBRterBhanghion herein that the invented
structure and 10 nethod pay be applied to other conbing;ions of P _and N.
|

regi ons and to ot FePWaiRt NFECEr SRPELRBY BREE P i ldem channgly ¢ hat
ot her net al s fathichge hreetilont s drehebandeelyingi §6urce tefbd uridtotHaesitthe

those nenti(”%%%iéﬁ“%ﬂﬁyg é&% a%%eggg%its rapid charging and discharging
10 of the channel forming region, wherein the buried ohmic
contact is formed in a dielectrically filled trench region
extending from the first surface into the substrate, the
dielectrically filled trench having v-shaped sidewalls where
the dielecrically filled trench intersects a PN junction
15 Dbetween the channel forming region and the source region.
An advantage of the present invention is that it
provides an improved means and method for MOSFETS having a
back-side source contact. A further advantage of the
invention is that it provides an improved means and method
20 for MOSFETS which can be mounted in a grounded-source package
without need for an insulator between the MOSFET die and the
package flange. S8till a further advantage of the present
invention is that it provides an improved means and method
for MOSFETS without need for source contact wirebonds. These
25 improvements are especially intended for high frequency
and/or high power MOSFETS although they are also useful at
lower frequencies as well.




while illustrated as sonetines having tapered or vertical 15 sidewalls may
have either, and further that the trenches whi l e described as being
etched in two stages may be forned to substantially their final depth
in a single step and that while two trenches have been illustrated, one
for the sour ce-body short and another for the gate region, that 20
these may be conbined in a single trench vherein one sidewal | is used
for the gate region and a portion of the bottom and anot her sidewal |
contai ns the source-body short. Accordingly, it is intended to include
t hese and ot her variations as wll occur to those of skill in the art
based 25 on the teachings herein in the clains that follow

- 18 - 1. A vertical high frequency MOSFET device

(90, 105, 170) characterized by: a sem conduct or
substrate (92, 120) having first (99, 137) and second - (92,121)
opposed sygrfaces; 5 a drain region (97,136) adjacent the first
surface (99, 137), a channel form ng region (106) underlying the
drain region (97,136), a source region (92,120) underlying the
channel formng region (106) and a gate dielectric (102, 160) and

el ectrode (104,166) on a portion of the channel form ng regi on
(106) between the source (92,120) and drain regions (97,136) for 10

nodul ating the conductivity therebetween; characterized by a

buried ohoic cont atle bhidedbhmBhaidrtEthakt a8bi S FhaMId at the fOrning
region (106) JyQ{de olfnge%li¥jsggc§\9i‘g§:eexrtee%idggg( ggbxgizt(:) e iCrhstt Q;%trfggg
into the substrate to the source region and covered with a
semi-insulator or dielectric. This first cavity desirably
has a first sidewall portion adjacent the first surface

15 which is substantially vertical and a second sidewall
portion below the first sidewall portion which is inclined
at an angle to that the PN junction between the channel
forming region and the source region intersects the angled
sidewall portion of the cavity. The PN junction is covered

20 with a buried conductor which makes ohmic contact to the
semiconductor on both sides of the PN junction, thereby
locally shorting the two regions together. There is no need
for this shorting conductor to extend to either surface of
the device.

25 The drain region desirably comprises a lightly doped
drift region abutting the channel forming region and a more
heavily doped drain contact region abutting the drift region
and extending to the first surface. A source electrode is
provided on the second surface and a drain electrode on the

30 first surface. The gate dielectric and superposed gate
electrode are desirably formed on sidewalls of a second
cavity extending from the first surface into the substrate
to the source region. It is desirable that the portion of
the cavity sidewalls extending through the drain region

35 have a thicker insulator thereon to reduce parasitic gate-
drain capacitance.
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buried ohm c contact (110,162) permts rapid charging and di schargi ng of

the channel formng region (106), wherein the buried ohmc
(110,162) is forned in a dielectrically filled trenchU!H mm E l]l.| m
extending fromthe first surface (108, 148),gnto the's ¢ 'S , the

dielectrically filled trench having inclined sidewalls (172,174) such that

a PN junction (123) t n the channel form ng region (106) and the
source region (92, 12d) V%!Fagglg\ﬁfg'\ﬁﬂﬂeWYeW$deﬁﬁlC§c Jé%ﬂ@)fi |l ed trench
20 i nterse ' tion (123) between channel form ng region (106)
and th%*‘ai%ﬁtre??"%?on (92, 120) . 2. The device of
claim1, further chaeadtarductor Sybsirade (92,120 diawing first (99,169Padd 2pcdial ween

t he channel foyrm region, (106) and the drain region 25 (97, 136).

3. The device {lelréqépppg,seqﬂﬂg €S the drift region and the drain

(Faton, g of, Che SaRRCARRIS LI igGor ol s oo S TRRIRES O
ext endi ng to tfendagaegicu(toay anGEﬂ?rﬂr%lihéidfhiﬁ rdgRIN(OTABBHGL source region
588’ 168) exten 9|2,n19205 %rfdgglyfirllgr ?ﬁe g}lfarnnaec]? efor(rgigr{gllge?g)ic')n (106) and a gate dielectric
(102,160) and electrode (104,166) on a portion of the channel forming
region (106) between the source (92,120) and drain regions (97,136) for
10 modulating the conductivity therebetween; characterized by
a buried ohmic contact (110,162) shorting part of the channel
forming region (106) to the underlying source region (92,120) such that the
buried ohmic contact (110,162) permits rapid charging and discharging of
the channel forming region (106), wherein the buried ohmic contact
15 (110,162) is formed in a dielectrically filled trench region (108,148)
extending from the first surface (108,148) into the substrate (92,120), the
dielectrically filled trench having inclined sidewalls (172,174) such that a
PN junction (123) between the channel forming region (106) and the
source region (92,120) may be viewed where the dielectrically filled trench
20 intersects a PN junction (123) between channel forming region (106) and
the source region (92,120).

2. The device of claim 1, further characterized by a drift region
(96,132) between the channel forming region (106) and the drain region
25 (97,136).

3. The device of claim 2, wherein the drift region and the drain

region are of the same conductivity type.

30 4. The device of claim 1, 2, or 3 further characterized by a source
contact (94,169) extending to the second surface (93,121) and a drain contact
(98,168) extending to the first surface (99,137).
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5. A nmethod for formng a sem conductor device (90, 105, 170)
characterized by: provi ding a sem conductor substrate (92, 120)

extending to a first curface (99,137), a second’r eIl ﬂ’lﬂfﬂlﬁﬂlﬂﬂﬁlﬂ of the

first type and a | ower second conductivity9 undefl yf ng" t fe first region
(97,136), a third region (95,128) of a second type opposite the first
type and a third conductivity underlying the second region (96, 132), 10
and a fourthsr.egiaometBad 126y Bfrntihey hi ssmiwmcaj)tﬁ aigﬁrﬁzuét oo, 1%5,170)
conductivit phird region (95,6 128) an extending to a
second, oppg§#%3%3ur?ggga( , 121); formng a cavity (100, 149)
extendlng into t h@reubdirata Semlq9¥9u$29¥ s rdte (%238 28ur hacbng 90, 137),

wherein fi rstflak@i ¥egispcood, pay)t qun% Qirsbethhé rfhd @n@lct99id¢8) are
exposed, espe |velﬁ on_s des of e c?éb %3£&00 14%) and a, first .
portion o% t & Feyfo f%ﬁz%ﬁﬁfﬁ es {aPs s EFPARY REILOD cavity
(108, 148); an®6.132) of thenfirsteithiper aodder lokéy degromidngoadgat vy de 20

(102, 160) on Jhefivisk eaétfpflstofretgh%nt hbﬁdlﬁepl %&%%dlzélgmn and (ii)
form ng a non tifying connection (1 162 2) between the first portion
of the fourtfﬁ%ﬁéé@gﬁ 832 a158§°UhdyPe °PR€SéEEo?RF[ﬁﬁﬁﬁtoﬁYBF A8 #hird
regi on (95, 128)rd gonkdectivitavwuinider(li08gl108¢, séde] Qfon2596,138), The

hod I f r e, de
(204, 160) %on {he odte 08 Seoriba Tt act LhEGELGL Sype, HAGC é5§§§%§m)

contacting tI‘R—P“fdd’t?rt’cll‘le@gPBﬂerlY“(‘l‘)Z-hPZG)‘Wﬁ rediaecivd 1280 f ap
and a drain 3ktetldelhr @dea( 98coddB)oppitiact sugride {97,9f21negi on (97, 136) on

forming a cavity (100,149) extending into the substrate
(92,120) from the first surface (99,137), wherein first and
15 second portions of the third region (95,128) are exposed,
respectively, on sides of the cavity (100,149) and a first
portion of the fourth region (922,120) is also exposed in the
cavity (108,148); and
‘then in either order, (i)-forming a gate oxide
20 (102,160) on the first portion of the third region (95,128),
and (ii) forming a non-rectifying connection (110,162)
between the first portion of'the fourth region (92,120) and
the second portion of the third region (95, 128) in the
cavity (100,108), (148,149).
25
6 . The method of claim 5 further characterized by forming a
gate electrode (104,166} on the gate oxide (102,160), a
source electrode (94,169) contacting the fourth region
{92,120) on the second surface (93,121) and a drain
30 electrode (98, 168) contacting the first region (97,136) on
the first surface (99,137).

7. The method of claim 5 wherein the step of forming the
cavity (100,108,148,149) is characterized by: (i) initially
35 etching the cavity (100,108,148,149) by a first etch
procedure to a first depth extending at least into the
second region (96,132) but not into the fourth region
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the first surface (99, 137). 7. The nethod of claim5 wherein the step

of formng the cavity (100, 108, 148, 149) is charl
initially 35 etching the cavity (100, 108, 148, 149) m,,mmi ”!t!ﬂ

procedure to a first depth extendi ng at Iga into tthe¢ L sec

(96, 132) but not into the fourth region

20 (92,120), and (ii) thereafter further etching the cavity

(100, 108, 148 ) nd ffe rogedure t t end
substanti al | yﬁ% ltzﬁ)é’f SthE Hsg? rthg § t%e tcﬁ(‘)'é)égf claim?7

wherein the i (1GQ,a08y 1d8chAAY slbyspa seccmldar algtféereed ¢i§ch aosedugpi to
etching and t&&é&& tstﬁ%rstantlgif? 09 Sl EROTR! k8§SoR" (S2tAlg)on sel ective

et chi ng. nmet hod aim5 wherein the the step of formng a
10 non- rectlfyl ng connection (110, 162) is characterized by formng a
metal or isnteghetmld nethedt agt cheimdenwidreiexphsetinitially etching step

characterized by: anisotropic etching and the further
etching step comprises orientation selective etching.

9. The method of claim 5 wherein the the step of forming a

10 non-rectifying connection (110,162) is characterized by
forming a metal or intermetallic contact between the exposed
portions of the fourth region (92,120) and the third region
{(95,128) in the cavity (108,148).
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t ty (108, 148).
TEXT OF THE ABSTRACT

o ————r

/o nSEMRGH gg‘izgp?ég,fﬁ‘f)p)“cagﬁrhl\?'ﬁgufﬁiofd region  (95,128) i

MOSFET WITH SUBSTRATE SOURCE CONTACT

A MOSFET (90,170) having a back-side source contact (94,169) and top-side gate (104,166)
and drain contacts (98,168) is provided by a structure comprising superposed N* (97,136), N-
(96,132), P- (95,128), N* (92,120) regions arranged between top (99,137) and bottom
(93,121) surfaces of the semiconductor die. In a preferred implementation, two trenches
(100,108) (148,149) are etched from the top surface (99,137) to the P- (95,128), N* (92,120)
interface. A buried P- (95,128), N (92,120) short (I 10,162) is provided in one trench
(108,148) and a gate dielectric (102,160) and gate electrode (104,166) are provided over the
sidewall P- (95,128) region exposed in the other trench (100,149). This creates a vertical
MOSFET (90,170) in which the N* substrate (92,120) forms the source region shorted to the
P- body region (95,128) in which the channel (106) is created by the gate (104,166). Superior
performance is obtained in RF grounded-source circuit applications.

Fig. 7
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