1 RF LDMOS ON PARTI AL SO SUBSTRATE FI ELD OF THE | NVENTI ON The i nvention
relates to the general field of MOSFETs with particular reference to LDD
MOSFETs and with added enphasis on inproving power and frequency

behavi our. BACKGROUND COF THE | NVENTI (F\I Inits nost general form a field
effect transistor (FET), |ocated at "an active region, consists of a

sem conduct or substr (usually silicon) on which is grown a thid UDANeR05
of insulating oxi dBF?MSSQNORA&Tth $QJSUBSARATE or heavily doped

polysilicon) called the gate electrode is deposited on top of the oxide.
Two heavily doped regions called the source and the drain are fornmed in

the substrate on either side of the gate. The source-to- drain el ectrodes
are equivalent to two PN junctions back to back. This region between the

source and drain regionsd I dgﬁ%;e nnel region. The gate el ectrode
can control the flow of a}mté?r Bﬁg&NWQNai n by varying the anount
of charge present in the channel region. 14 JAN 2005 2 Wen power is not a
concern, the nost economic |ayout for FETs is for source, gate, and drain

toall Tie irradeRRfol 3fred18" thd'odriral Sield of MOSFETs with
particular reference to LDD MOSFETs and with added emphasis on

improving power and frequency behaviour.

BACKGROUND OF THE INVENTION

In its most general form, a field effect transistor (FET), located at
an active region, consists of a semiconductor substrate (usually silicon) on
which is grown a thin layer of insulating oxide (5,0,). A conducting layer
(a metal or heavily doped polysiliéon) called the gate electrode is deposited
on top of the oxide. Two heavily doped regions Céllled the source and the
drain are formed in the substrate on either side of the gate. The source-to-
drain electrodes are-equivalent to two PN junctions back to back. This
region between the source and drain regions is called the channel region.
The gate electrode can control the flow of current from source to drain by

varying the amount of charge present in the channel region,



[ ired to operate at high power, neans nust be found for dissipating
{ﬁerggﬁerat ed hegt, particularly at the source. To acconplish this, the
design illustrated in FIG 1 has been widely adopted in the industry. In
this design, connection to the source is made though |ower area 113 wBAk IS
occupies the entire bottom of the devi ce, where it can be directly
connected to heat sink. Lower area l1lla is connect ed to source 1 |Ib
t hrough si nke? 14 POBRINIS Motza ancdrh, dhe mbstRecomvirhicclayobe¢arFE Ty r egi on 18
needs to. rounded and netallic shorting bar 13 is provided in order to
connect ¥HRT SBBI% Zafpcand gerimderalblietinghel saineeplane OfWaentthe dvicenat ur e.
ntrol,s the current flowin the body of the device 18, across

Sﬁ;ﬁnéﬁ isrcfgg ged g operate athaighrpewenhnatarissmusles Gpured fandissi ind i ghtly
doped section 1 : d on outer, heavily doped section 17. FI 2 shows the
5i val etﬁ'% %?Q%T@??égﬁaﬁhﬁaﬁé@}l@ﬂk@eﬂlﬁ powice. To nncompliishi this.t the he series
(ragsi sta . nd . a ciated with the source and drain respectively,
three pg?egszgﬁlgugtiﬂ@gd ’tnaﬁ:ig}s ﬁhﬁs besp ‘H@@Eéﬁbpm&i@ t%eb endmstey.solcﬁ g Ien gate
[ | n- It , and the source- |
capact t AhECIcEn, EFmpidich A3 BltERes MidseBovahdomes hrea derwhich | n or s
Nl . : f. the_device. Unfortunately,Cds is |arge
'n dest Gueupiet e SITR ROvsRR BF FiEavice, Wesa ieinope dictlyicapmostod i n
' : - f .. One approach that has
peen usag 4 BHRSIDRE LORRPBrd 148 %5 Pruecied 6 'sourd T1b through simker
12. Both 11a and 12 are of P+ silicon because P-region 18 needs to be
grounded and metallic shorting bar 13 is provided in order to connect 11b
to 12. The remainder of the device is of a standard nature. Gate 14
controls the current flow in the body of the device 18, across channel
region 15, into the drain which is made up of an inner, lightly doped

section 16 and on outer, heavily doped section 17.

FIG. 2 shows the equivalent circuit of the design seen in FIG. 1. In
addition to the series resistances R and R; associated with the source and
drain respectively, three parasitic capacitances can also be seen. These are
the source-gate capacitance C, the drain-gate capacitance C,,, and the
source-drain capacitance Cys-  Of these, Cy is the largest and most

important in terms of determining frequency response of the device.

Unfortunately,Cas, is large in designs of the type shown in FIG. 1
because of the relatively thin depletion layer that forms at the N+/P-
interface. One approach that has been used to overcome this problem has

been the design illustrated in FIG. 3. Here, dielectric




been the design illustrated in FIG 3. Here, dielectric 14 JAR 205 3 |ayer
33 is inserted between the source, drain and channel regions 11b, 16/17,
and 15, respectively. This ensures that the magnitude of Cds will be
determi ned by the thickness of 33 rather than by any depletion |ayeys. jan 205
VWhile this approach is effective in g?eatly reducing Cds, it has the
unfortunate side effect of blocking the flow of heat fromthe source area

11 b downdY¥ RAéals isaKedpetesnithe. sallres, diei asé ManhBETéyiBAs SN i N
FIG 3 are general ly limted to operating at |ow power |evels. 14°JAN 2005

A rout i nd s and d6, respestivety afhivesspesihande Mugniedd 6F €.609epe t hat

teach the exact processes and structures of the présent invention were

di scover déterseinedaby rtheethéckres3f of BBeFARE ) v red along
the way. For exanple, in U S Pat. No. 5,%gﬁégfga}éfglﬁplgﬁgﬁmgagéﬁ'partiaI

SO " LDMBBhilet thisxappromuteris t dfechiv@ng] . 'n@g- ce. . Pat.
No. 5, 930, 642, I\/borgpet al . describe a Lrééﬂ vmrt é@(ggféisﬂ’. ltulﬁ%ﬁe'ihéhe

channel . uhfotfufiatePside ¥ectoo0Bb L Howt S LDVOS wi t hout
oxi de under the Tx. Pein CZU. S. %%%g&%@gfﬁﬁﬁgﬁeﬁw 4?%5.0%@%. No.
5,378, 912 b doWnYRBEMCEhKat (Y. S. . N0 5, 777.365) .all show
vari ous LDMOS devi ces V\Aﬂt hodi ?k%zll' él-gta' o;‘lﬁgé’ Flgjg%?? of tﬁestypg shown 1n

FIG. 3 are generally limited to operating at low power levels.

A routine search of the prior art was performed but no references’
that teach the exact processes and structures of the present invention were
j':di:sc_:overed. Sevéral reference of interest were, however, encountered
 along the way: For example, in U.S. Pat. No. 5,554,546, Malhi shows a .

N "partiai SOI" LDMOS with oxide under the channel, drain and source. In .
: U.S. Pat. No. 5,930,642, Moore et al. describe a LDMOS with oxide :
~under the channel. In U.S. Pat. No. 5,650,354, Himi et al. show a SIO
'LDMOS without oxide under the Tx. Pein (U.S. Pat. No. 5,382,818), Pein
(U.S. Pat. No. 5,378,912), and Yamaguchi et al. (U.S. Pat. No. 5,777,365) '
all show various LDMOS devices with different oxidé layer

-configurations.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a

LDMOSFET design that has both good high performance characteristics

and good power dissipation.




configurations. SUMMARY COF THE I NVENTION It has been an object of the
present invention to provide a LDMOSFET design that has both good high

per formance characteristics and good power dissipation. 4 Another object
of the invention has been to provide a nethod for manufacturing sajjd JaN 2005
I nproved LDMOSFET. These objects havé been achi eved by using a partial SO
(silicon on insulator) approach. In the prior art LDMOSFET devi ces capabl e

of handl i ng ANgkhgfoRbieck af cheemvention as beemttd (orovite aomedRE G5t act on
the bottom surface of the device, allow ng for good heat sinking, with

connect imﬂnu&':ttbﬁingcnaidénq&gifed IbeMOSREIE, t hrough a sinker, but this
structure has poor high frequency characteristics. Also in the prior art,
good hi gh frequency performance has been achi eved by introducing a
dielectric layer imedi ately bel ow the source/drain structure (SO) but

this struct 000r | ing,capabilities. The present invention
achi eves bot lﬁrg%%é‘?ﬂgg lﬁ‘%gﬁ%ﬂ@gaﬁgﬁg‘g O3 482 AP3rtid Sjgbéﬁlbmpn

capabi | I%‘é i n the sane deyice. Instead of inserti ncgi a dielectric layer over
the enti'f&" s BRI Bt theepraniae LDMOSHEEcdevices ayarabis ofi nited to

bei ng %a ow t he heavily doped section of the drain with a small anount of
andling high power have been made by locating the source contact on the

bottom surface of the device, allowing for good heat sinking, with
connection to the source region being made through a sinker, but this
structure has poor high frequency characteristics. Also in the prior art,
good high frequency performance has been achieved by introducing a
dielectric layer immediately below the source/drain structure (SOD) but this
structure has poor power handling capabilities. The present invention
achieves both good high frequency behavior as well as good power
capability in the same device. Instead of inserting a dielectric layer over
the entire cross-section of the device, the dielectric layer is limited to being
below the heavily doped section of the drain with a small amount of
overlap of the lightly 'doped‘ section. The structure is described in detail

together with a process for manufacturing it.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one kind of LDMOSFET of the prior art.




overlap of the lightly doped section. The structure is described in detail
together with a process for manufacturing it. BRI EF DESCRI PTI ON OF THE
DRAW NGS JAN 2005 FIG 1 shows one kind of LDMOSFET of the prior art. 5 1 4
JAN 2005 FIG 2 is the equivalent circuit for FIG 1. FIG 3 shows a second
kind of LDMOSFET of the prior art. FIG 4 shows an LDMOSFET accondi nan 12005
the present inyention. FIGs. 5-7 show several stages during the

manuf acture o ﬁwe’lﬁéhﬁaﬁquimmclmmtﬂ)ﬁ@l@al and 8b conpare isotherns in
a device of the prior art and in a device nmade according to the present
i nvention, respectively. FIG 9 plots parasitic capacitance as a function
of drain voltage for two prior art devices and for the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention shows a

devi ce that cbdGi.rieshows Desdorfering 651, ' in FIG. | and
3, without suffering their disadvant agePMOSFquﬁlfﬁ?éﬁﬁ?rhd' :

FIG. 4 shows an LDMOSEET according to the present invention.

FIGs. 5-7 show several stages during the manufacture of the present

invention.

FIGs. 8a and 8b compare isotherms in a device of the prior art and

ina device made according to the present invention, respectively.
FIG. 9 plots parasitic capacitance as a function of drain voltage for
two prior art devices and for the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention shows a device that combines the best features

of the devices seen in FIGs. 1 and 3, without suffering their disadvantages.




W refer nowto FIG 4. As before, lower area 11 a, which is thﬁ Sxte:}gal
connection point for the source, can be directly nounted on a ﬁa t?h bar
It is connected to source 116 through sinker 12, and metallic sdor %@.N -
13. Also as before, the renmainder of the device is of a sta_ndar Ea“djrai n‘
Gate 14 controls the current flow acrgss channel region 15 into the

' ' I ' ' 16 and an outer,
which is made up of an inner, lightly doped section . . .
heavi |y doped séWtirefierl iow’so FIKRY4S AGt BEfref 1(}40@1‘ Wfqtlhogv}ﬂéﬁﬁéet?lﬁgte'r?gda
significant departure fromthe prior art, dielectric layer [

bet ween t hextatnal conagetion graint Her theysovrcé heasl e a;*&%@y % k& e aPT | or

art device of FIG 3, layer 43 underlies only the section 17 of

by - . . . . he
i at gk, Iadsjaonmeatedirto Isopecd 106 tHreuphngnkéM 2, sadtmemIke. T
L?gc?ggligmégnt of i nnJer section 16 that is ur_ld%r! aid by dielectric quer
43 is not Fhp@ingrhar 3. 1Alsg as tefbraf theitremainder of the idevivedes I § and
nost of (16 js ,not. W nqw describe a process for manuf act uri ng thg devi ce
shown i1 %dﬂiﬁ.&m&l#@r 3§ 14 coniols theeuprent dhswiwgoss chathelt fegipnovi si on
of a bady,ef. P + sijicon.11 a, typical I%{ a wafer, onto which |ayer 18-5 of
P-si | i can ISsInE%iﬂB%Q]iram &V}Hébé%m@g: uphef reyinnexdiglhty gopeds sectiong] 6 i
di el ectriic &r %3 FI G. I S now .un&grtaken. Referring again to FI d’
oxi de Ia’.ye?ﬁ(g% i Qg V&ﬁ)@%e(il%cn% ace of 18 and then patterned an
etched to forma nmask that defines ;
| As a key feature of the invention, representing a significant
departure from the prior art, dielectric layer 43 is inserted between the
drain region and the body of the device 18. Unlike the prior art device of
Y p
FIG. 3, layer 43 underlies only the outer (N+) section 17 of the drain as
well as just a small part of the inner (N-} section 16. The precise amount
of inner section 16 that is underlaid by dielectric layer 43 is not important

as long as all of outer section 17 is underlaid and most of 16 1s not.

We now describe a process for manufacturing the device shown in
FIG. 4. Referring to FIG.5, the process begins with the provision of ‘a

body of P+ silicon 11a, typically a wafer, onto which layer 18 of P-silicon
is epitaxially deposited.

The key novel step of forming dielectric layer 43 (FIG.4) is now
undertaken. Referring again to FIG.5, oxide layer 51 is grown on the top
surface of 18 and then patterned and etched to form a mask that defines
trench 52 which runs parallel to the right edge of the figure (for this

particular view), extending leftwards therefrom by between about




‘trench 52 which runs parallel to the right edge of the figure (for this
particular view), extending |eftwards therefrom by between about 14 JAN
2005 0.3 and 1.5 microns. Trench 52 is formed by etching all silicon that
is not protected by the mask to a depth of between about 1 and 1.6

mcrons, giving the structure the appearance seen in FIG 5. Referrii nzgﬁg/
to FIG 6,g I n '?he next step a layer of silicon nitride 63 is seléd‘tggﬁl

deposi t ed I ' ' h,o2. (to. a..thi ckness between
about 1. 390 ang 1 SaBITRRs TraRS 3 Roohbd Witk seRineLdll Syicss e g eh al
surfaces and thep selectively renoving it fromthe horizontal surfaces.
That is sPW’t@SFﬁCﬂWrﬂ?@emE@kk@pﬂ depth et beewem wbbus lametl 1r6mpiGdnk! om t he
bottom of the trench. Wth silicon nitride spacer 63 in place, al [ exposed

silicon isnaubdi dc®u . .45 and 0.55 mcrons by
furnace f%ﬁﬁ%%?%gﬁr abo%tﬂ%gé@?\%{r?g%m‘ggﬁ@é@ﬂﬁa&terrperature bet ween about
1,049 and 1,051 C thereby formng oxide layer 65 at the bottomof trench
52. This gives the structure the appearance ill USt\r,\,ﬁt ed i nt EI G b6. _ Ngte
t hat al t hough have descri a_ specific process erein e burie
i nsul ation | ayBFIGISING NOBOE %ﬁ&@é i thei nextheepradiayst ofcsilivan nitridks
processes _for placing other dielectric materials could also have been used
wi t hout d@pdstsalgctively deposiped ion afl véridabwedéwalls of trench 52 (to a
thickness between about 1,350 and 1,650 Angstroms), generally by first
depositing on all surfaces and then selectively removing it from the
~ horizontal surfaces. That is silicon nitride is kept on the trench walls and
removed from the bottom of the trench. With silicon nitride spacer 63 in
place, all exposed silicon is oxidized to a depth of between about 0.45 and
0.55 microns by furnace for between about 65 and 75 minutes at a
temperature between about 1,049 and 1,051°C, thereby' forming oxide

layer 65 at the bottom of trench 52. This gives the structure the appearance

illustrated in FIG. 6.

Note that although we have described a specific process wherein the
buried insulation layer is silicon oxide, it will be understood that other
processes for placing other dielectric materials could also have been used

without departing from the spirit of the invention.

Referring now to FIG. 7, all silicon nitride is then removed and
polysilicon 77 is deposited until trench 52 has been overfilled. This is
followed by etching back the polysilicon until the oxide mask has been

removed and the polysilicon’s upper surface is



Referring nowto FIG 7, all silicon nitride is then renoved and o
polysilicon 77 is deposited until trench 52 has been overfilled. This is
fol | oned by etching back the polysilicon until the oxide mask has been
removed and the polysilicon's upper surface is 8 coplanar (level) wth the5
upper surface, as shown in the figure. g4 JAN 2005 Conventi onal prp@e@%ﬂﬂ@
I's then resuned. Referring once again to FIG.f4i|S|n5er 12 3f_P+ ?hlhgg?

[ med ' ' i t hrough .a mas ol l.o y a drive-

It fe;? ;nant .%Ihg% g@@g@g@. &&o‘ﬁ?ﬁﬁeg’}réﬁ?e’ & Q@Wﬂﬁn&ﬁﬁﬁm@) bet ween about
4 and 10 mcrons, penetrating downwards to make contact with the P+ |ayer
11 a. The lightly doped drain area 16 of N- silicon is formed by ion

[ i S \ 0 d 3,500 A t and
P et 7 omGv e d?ﬁ”??%ﬁﬁ@%Vi?ﬁﬁﬁﬁ?@?@@%ﬁgkq@rﬁ%wca&g%?%aég”ﬁ; i
! ' 0 ce_a rain argeas 116 an
e onadig.oh dhkerNotf PI° %‘%‘éﬁ R Yy hp Qﬁaﬂaﬁ?%wt/&ﬁwh dgz%aﬁ for
e, o, e S S BRI
that the Sideal(ithildsnedew) sbemideri Shouf o Al Psa}&g@?rgsgp@ggg@g‘iﬂgar ea

to extend as far as buried oxide |ayer 43. A gap. rea 15,

of downwards to make contact with the P+ layer 11a. The lightly doped:

—

drain area 16 of N- silicon is formed by ion implantation. Its thickness is
between about 1,500 and 3,500 Angstroms and it extends from the right
ii side of the device to the right hand edge of the channel area 15. Then, -
heavily doped source and drain areas 116 and 17 are formed to a
thickness is between about 2,500 and 3,500 Angstroms for the source and
-between about 6,500 and 8,500 Angstroms for the drain, also by ion
implantation through a mask followed by thermal drive-in to ensure that -
the final thickness is sufficient for the heavily doped drain area 17 to |
- extend as far as buried oxide layer 43. A gap for the channel area 15, of .
between about 0.6 and 1.5 microns, is left between the source and drain
- areas. The one finger width of the source region is between about 50 and
90 microns while the one finger width of the heavily doped drain section |

is between about 50 and 90 microns.

Gate oxide layer 41 is grown over the gap following which a
metallic layer is deposited and then patterned and etched to form gate
electrode 14, shorting layer 13 (that contacts both the P+sinker and the

source region), and drain electrode 44.



between about 0.6 and 1.5 mcrons, is left between the source and drain
areas. The one finger width of the source region is between about 50 and
90 microns while the one finger width of the heavily doped drain section
I s between about 50 and 90 microns. Gate oxide Ia3d/er 31 |hs grO\tNP ove(r]I tgg
ap following which a netallic layer is deposited and then patterned a
gtghed to fo?m gate electrode 14, storting layer 13 (that cont acfs, BaX 2%
t he P+sinker and the source region), and drain electrode 44. 14 JAN 2005

The ef f ecti vehBsselfectinengmsesftic present iiaveash BenIReSed M id e ¢RER
presented in the followng two figures. In FIGs. 8a and 8b plots of

| sot her nBresgatast anethe Hobloghingt twoil figaen) By F1CRMIU ethd 8b alsigvbee of
prior art design (SO -LDMXS), such as shown in FIG 3, and a device built

accor di ni§OtReTie (genetated shifugthetipmedaton) kre eohipaned Faktd dbyisel of LDVOS) as
shown in FIG 4. In both cases, the isothernms center around an area

| ocat ed BELOF gt dlesign (R daDMAS )y suchgs steweh int P 8h albdt & desidaul at ed
devi ces were run c¥vas 20 volts. As can be seen by following arrows 81 and
82, the [CRY @&CoF 1Rt} the rteaghings sofa ther grasentdimenpiani PartcdSOIL i ty such
that wh ting in thi ower range (between about 15 and 60 watts),

t he mx?ﬂlﬁﬁﬁﬁe&s Brgthh e 4t e both cerey the dsathemme reensdroatowl and 50C

whereas for, 8.0 o\éia ed %l%i ll;l;[e' Fain ?‘(iagni%nt. OTle evcElteaagCeh ilgxgesl at which both
stimulated devices were run was 20 volts. As can be seen by following
arrows 81 and 82, the device of the prior art has a thermal dissipation
capability such that when operating in this power range (between about 15
and 60 watts), the maximum inner temperature at equilibrium is between
about 40 and 50°C whereas for a device built according to the teachings

of the present invention the equivalent maximum inner temperature at

equilibrium was between about 80 and 90°C.

FIG. 9 compares plots of the total parasitic capacitance (mainly due
to‘cas); for several LDFET designs. Curve 91 is for the structure seen in
FIG. 1, curve 92 is for the structure of FIG. 3, and curve 93 is for the
structure of the present invention (FIG. 4). As can be seen, for low drain
voltages curve 91 is about five times larger than that associated with the
other structures and even for large applied voltages it remains about twice
as large. On the other hand, there is very littIe. difference at low voltages,
and no difference at large voltages, between the SOI-LDMOS structure of
the prior art and the Partial SOI-LDMOS structure of the present
invention. Because of this, a field effect transistor having a cutoff
frequency greater then about 7 Ghz can be made which is also capable of

handling power levels up to about 60 watts.



‘of the present invention the equival ent maxi nruminner tenperature at

equi l i briumwas between about 80 and 90'C. FIG 9 conpares plots of the
total parasitic capacitance (mainly due to Cds) for several LDFET designs.
Curve 91 is for the structure seen in FIG 1, curve 92 is for the&_S JAN T
structure of FIG 3, and curve 93 is {@r the structure of the pré % @N
invention (FIG 4) As can be seen, for low drain voltages curve 91 is

gi@%ﬁ: f Iﬁiﬁ}l""fﬁ %gWhag é i}%%‘iﬁ?ﬂ%@ i 5@2@#@5@&%@5@ a‘é@&rﬂa%&ﬁ:ﬁr the
Ty ol TS, SR b i s o
gLoLPI ? a fi gtfc} Pflect G Fansrstor &ﬁuﬁv&%ﬁ{%l %ﬂ%ﬂ@gjﬁfg%?e\elgl tshﬁn
to about qg%d&a&{i}%tgéuﬁﬁg%ﬂhg IPI‘héﬁ |tﬁé§g’%ﬁggﬁﬁ Sgoﬁéé)rﬁqggﬂb{'%gql M y shown andp

described with reference to the preferred enbodi ments thereof, it will be
understood by those skilled in the art that various changes in form and
details may be nade w thout departi ng fromthe spirit and scope of the
invention. 11 dains



14 JAN 2 1. A process for manufacturing a field effect transistor,
conprising: providing a body of P+ silicon having left and right edges;
epitaxially depositing a |ayer of P- silicon, having a first upper

surface, on the P+ silicon body; for 'Eg a dielectric layer having a second
upper surface that runs parallel to said first upper surface copkifao@8ito
the right edge and that extends away fromthe right edge by a first

amount, s@iginsecond upper surface being at a depth bel ow said first upper
surface; then formng a sinker of P+ silicon contiguous to the |left edge
that extends away fromthe |l eft edge by a second anount and downwar ds
fromsaid first upper surface into the P+ body; formng a | ayer of N

silicon, having a tAi goeess | fgs mhaofsgutngdept field heffeetx tigmdistapay from
the right edge by a third amount; through a mask, formng first and second

areas of eompyisimgf N+ silicon that has a thickness equal to said depth,
the first area extendi ng away fromthe right edge for a first width that
is | ess than uovidingra Odwmﬁ/RJraﬂwthawgdn& ancrghtedgesidj acent to, and
extendi ng away from. the sinker for a second wi dth whereby a gap is |eft
betveen the fIGHIAHMY deRopinga dayes of b- silicon, having a first upper

surface, on the P+ silicon body;

forming a dielectric layer having a second upper surface that runs
parallel to said first upper surface contiguous to the right edge and that
extends away from the right edge by a first amount, said second upper
surface being at a depth below said first uppef surface;

then forming a sinker of P+ silicon contiguous to the left edge that
extends away from the left edge by a second amount and downwards
from said first upper surface into the P+ body;

| forming a layer of N- silicon, having a thickness less than said

depth, that extends away from the right edge by a third amount;

through a mask, forming first and second areas of a layer of N+
silicon that has a thickness equal to said depth, the first area extending
away from the right edge for a first width that is less than said third
amount and the second area being adjacent to, and extending away from,
the sinker for a second width whereby a gap is left between the first and
second N+ a:rezis;

forming a layer of gate oxide over said gap and depositing a gate
electrode over the gate oxide;

forming a layer of a conductive material on said first upper surface
that contacts both the P+ sinker and the source region; and

forming a drain electrode over the second N+ drain region.




formng a | ayer of gate oxide over said gap and depositing a gate

el ectrode over the gate oxide; formng a |ayer of a conductive material on
said first upper surface that contacts both the P+ sinker and the source
region; and formng a drain el ectrode %er the second N+ drain reglpgﬁww
14 JAN 2005 2. The process of claim1l erein the step of formng the .
dielectric layer further conprises: formng a |ayer of oxide on said first

upper surface 2nd {The pRRELeoT omiafd SyREND he! Step biorrAyRE i Torm 2

mask that defines a trench running parallel to sa| r|g ht rm.ng

the trenatichoctdt dhyarofistieraompripept ect ed by the mask down to said depth;
sel ectively depositing a layer of silicon nitride on all vertical

si dewal | s of ingeaclayeoxoflicxide @hlsadpﬁsﬂduF?bxr sonfdce andethon of
bet ween about 0.45 and 0.55 microns; renoving all silicon nitride;

deposi ti reptpshing Iamdoatalnmglsaucﬂaeomdenlabrehate foran aoveaski thaddefines aet chi ng
Pk e i running patallel {o said right edges - "
forming the trench by etching silicon unprotected by the mask
down to said depth;
selectively depositing a layer of silicon nitride on all vertical
sidewalls of said trench;
Oxidizing all exposed silicon to a depth of between about 0.45 and
0.55 microns;
removing all silicon nitride;
depositing polysilicon until the trench has been overfilled; and
etching back the polysilicon until the oxide mask has been
removed and the polysilicon has an upper surface that is coplanar with

said first upper surface.

3. The process of claim 2 wherein the step of oxidizing all
exposed silicon further comprises furnance heating for between about 65

and 75 minutes at a femperature between about 1,049 and 1,051°C.

4, The process of claim 1 wherein said second amount that the
sinker of P+ silicon extends away from the left edge is between about 4

and 10 microns.

5. The process of claim 1 wherein the depth below said first
upper surface of the second upper surface is between about 8,000 and
9,000 Angstroms.




removed and the polysilicon has an upper surface that is coplanar with
said first upper surface. 3. The process of claim 2 wherein the step of
oxidizing all exposed silicon further conprises furnance heating for

bet ween about 65 and 75 m nutes at a tenperature between about 1, 049 ﬁ%ﬁﬁ
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layer extends away from the right edge is between about 2 and 4.5

microns.



