PONER LDMOS TRANSI STOR FI ELD OF THE | NVENTI ON [ 0001]

The present invention relates to sem conduct or

structures and nore particularly to laterally

di ffused MOS transistors (LDMOS),  and still nore

particularly to LDMOS transistors designed for |ow

vol tage power nanagenent applications. BACKGROUND OF
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layer and P+ substrate result in a high on resistance (Rasen} of the device, which is not
“acceptable for power management applications. Also, both device concepts lead to a
stripe layout of the drain electrode. This in turn leads to a de-biasing effect known for
lateral devices (voltage drop along a stripe electrode under high current conditions) and
limits the current handling capability of the transistor. Further, the shield gate tends to be
laterally constrained to the space between the gate and the drain electrodes and is
applicable only to a stripe layout of the drain electrode.




devi ce performance (R,,,," and Cgd) as well as

i nproved manufacturability. SUMVARY OF THE | NVENTI ON
[0005] A laterally diffused netal-oxi de-senm conduct or
transi stor device is provided conprising a doped
substrate having bottom and top surfaces and an
epitaxial |ayer thereover having an upper surface.
Source and drain regions of a first conductivity W
are fornmed in the epitaxial | ayer proximate the upper
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transistor, including over the continuous layer of conductive material, the second

insulating layer ﬁi,ling the trench, A drain electrode is electrically coupled to the drain
contact.

[0006] In embodiments of an LDMOS transistor, the drain electrode comprises a
first portion extending through the second insulating layer to electrically couple to the




[0007] The inproved LDMOS transi stor provides the

advant ageous swi tching performance of an LDMOS

transi stor while introducing a large current handling

capability due to a large vertical current flow and

| arge, continuous source and drain electrodes. At the

sane tinme, the pitch of the design of the device cell

is mnimzed by the inplenentation of the continuous

source contact structure which provides for a high

channel density (i.e., specific Rds is Rds multiplied
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[0009] The doping architecture places the body region of the LDMOS device on
the substrate, meaning minority carriers no longer need to flow laterally to the source

contact during the avalanche condition (i.e., when the electric field at the body-to-drain

PN-junction is so high that it leads to a generation of minority carriers by impact




ionization) as a shorter path is provided to the
substrate. This assures that there is no turn-on of
the parasitic bipolar transistor what woul d destroy

the device. Still further, the breakdown behavior is

i nproved by formng a junction between the lightly
doped drain region and the substrate. At high

bl ocki ng voltage, high electric fields that are spread
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[0012] The above and other features of the present invention will be better

understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.




BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The
acconpanyi ng draw ngs, which are not drawn to scale
unl ess otherwi se stated, illustrate preferred

enbodi nents of the invention, as well as other
information pertinent to the disclosure, in which:
FIG 1 is an illustration of a LDMOS transistor, FIG
2 is an illustration of an inproved LDMOS transi stor
according to the present invention; FIG 3 is an

illustratio |t t|v enbodi nent  of an

i nproved L F&i}%ﬁ@@Ts F@DEAW% a buffer
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(d) Hig. ersF%m jlidQRast of%ﬂSIﬁ&t m@éﬁaqne QfnbddihrtOoft theSprdRd

Lm } iﬁa‘s pant concentration <
EpnsisiarTor B 2F%i§]m’F‘i1@ilarlNrd§P§i@“P§t‘laﬁs%‘}dat i on of
a LDWUESS tig ad Aiustrdton G \bh CterhPlaryS@Sdithér bk ¥ Iﬁéhannel LDMOS
annel  device. The transistor structure

t“?“ls’ls{‘} ?‘icﬁlldg’gt%ﬂhf"ﬁ’éﬁs@ﬁfmﬁ?tl%r art transistor features,
such as described in U S. Patent No. 6,831,332 to
D Anna et al., and in U S, Patent No. 5,252,848 to
Adler et al., the entirety of which are hereby

incorporat ed by pefratErpOBSCRIPTIONT di scussed |ater
in nore detail. The transistor structure 10 i ncludes a

[0QL4 conddetused berbis: thet following,siripent, canpentrions| are <listinguished
ﬁﬁmmh b highly doped (P+) silicon wafer

udoped W th }Bot?%(ﬁm A source el ectrode (not shovvn) is
couf®ed Nyt onlHs sdoparhcoragnitation >k 1@ boms/ams 12 when

the @)r angi-3f PF: SdpaktCohlchitrttbnl of 1IRAPKBSLHY Roms/em®;

(¢}  NorP: dopant concentration of 5x10' to 1x10'® atoms/ecm®;
(d)  N-orP-: dopant concentration of 1x10' to 510" atoms/cm®;

(&  N--orP--: dopant concentration < 1x10'* atoms/em®.

~ [0015] FIG. 1 is an illustration of a LDMOS transistor device 10, specifically an

n-channel device. The transistor structure 10 illustrates different prior art transistor
features, such as described in U.S. Patent No. 6,831,332 to D’Anna et al,, and in U.S,
Patent No. 5,252,848 to Adler ef al., the entirety of which are hereby incorporated by
reference herein and discussed later in more detail. The transistor structure 10 includes a
semiconductor substrate 12, which, in the illustrated embodiment, is a highly doped (P+)
silicon wafer doped with boron. A source electrode (not shown) is coupled to the bottom
surface of substrate 12 when the transistor structure 10 is packaged.




[0016] A lightly doped silicon epitaxial layer 14 is
formed over the substrate 12 and has an upper surface
16. In the illustrated transistor 10, the epitaxial

| ayer 14 has a dopant concentration of P-. The
epitaxial layer 14 is relatively thick, such as having
a thickness between about 5 to 8 p.m to provide a

hi gh breakdown voltage. [0017] A conductive gate 18
overlies the upper surface 16 of the epitaxial Iayer
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the path for the current generated dunng the avalanche condition, i.c., when the electric
field at the body-to-drain PN-junction is so high that it leads to a generation of minority
carriers by impact ionization.

[0021) An insulation layer 38 is formed over the source and drain implant regions
28, 30, over the conductive gate sidewalls (forming sidewall spacers) and upper surface
of the gate 18, as well as over the enhanced drain drift region 26. A layer or layers of

conductive material is formed over the gate 18, a gate sidewall proximate to the drain




conductive material is formed over the gate 18, a gate
sidewal | proxinmate to the drain 6 inplant region 28,
and a portion of insulation |ayer 38 overlying the
enhanced drift region 26, such as described in U S,
Patent No. 5,252,848 to Adler et al. The conductive

| ayer or layers conprise a region formng a shield

el ectrode 40 and a region formng a field plate 42.
[0022] A second insulation |ayer 44 overlies the
active region, with a contact opening formed therein
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thereby minimizing the contribution of the substrate to the on-resistance of the transistor.
The substrate can be grinded and etched, or otherwise formed, to this desired thickness.
Such processes, if undertaken, would typicaily be done toward the end of the processing
of the substrate wafer,

[0026] An epitaxial layer 114 is formed over the substrate 112 and has an upper
surface 116. In certain embodiments, the epitaxial layer 114 can have dopants of N




of the substrate wafer. [0026] An epitaxial |ayer 114
is formed over the substrate 112 and has an upper
surface 116. In certain enbodi nents, the epitaxial

| ayer 114 can have dopants of N 7 (arsenic or
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thi ckness of epitaxial layer 14. In one enbodi nent,
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abutting or at least proximate fo the upper surface 116 of layer 114 and, in an exemplary
embodiment, extends for the thickness of epitaxial layer 114 down to the upper surface of
substrate 112. The lightly doped drain region 126 forms a PN junction with the substrate
112 and provides a pre-defined space between the substrate 112 and the drain confact

region 128 to pin the location of the electric breakdown of the field transistor. By doing
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abutting or at |least proximate to the upper surface

116 of layer 114 and, in an exenplary enbodi nent,
extends for the thickness of epitaxial |layer 114 down
to the upper surface of substrate 112. The lightly
doped drain region 126 fornms a PN junction with the
substrate 112 and provides a pre-defined space
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exagger ated heat dissipation and |leads to a
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[0033] Further, the value of the Coss (i.e., (Cds + Cdg)) can be adjusted by the
choice of the thickness of the insulating layer 144 between the shield electrode 154 and
“the drain electrode 148. Some applications demand a large oufput capacitance to

minimize the ringing of the drain voltage during switching. Actually a more efficient
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118 and the drain electrode 148 is cut out by the
shield el ectrode 154. Thus, the ratio of Cgd/ Cgs
capacitances is inherently small and can be further
adjusted by a reduction of the thickness of the
insulating |ayer 138 which increases the capacitance
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{one of above) and a barrier layer (e.g., T)., TiN or Ti/TiN). The continuous layer 150

forms a source contact that shorfs the source implant region 130, body region 132 and
highly doped contact region 136. Further, the continuous layer 150 extends over
insulation layer 138, over gate 118 and the sidewall spacers of the gate 118 to form a gate
shield 154, which shields the gate 118 and source 130 from the drain electrode. Still
further, the continuous layer 150 extends over a portion of the insulation layer 138 that is
formed over lightly doped region 126 to form a field plate portion 152. As those in the
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metal by CMP (Chemical-Mechanical Polish). The CMP is stopped on the surface of the
insulating layer 144 and leaves a perfectly flat surface. The W plug step is followed by a

sputter of Ti/TiN/Al metal stack 148 to form a continuous drain electrode and to
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i nsul ation |ayer may conprise one or nore dielectric

| ayers, and preferably conprises a S or Si O N
deposited at | ow tenperature and optionally foll owed

by a deposition of BPSG (Boron Doped Phosphosilicate
G ass). In exenplary enbodi nents, the dielectric

| ayer 144 has a thickness defined fromthe top surface
16 of the epitaxial layer 114 to its upper surface

bet ween about 1.0-1.51m [0039] After formation of the
insul ation |ayer 144, a drain contact opening 146
cppplptelyFoysrdysulasion ayerdd4.+ Finally thettpiz diainsugtaltis paitensg &y form a
dlthfe1a@dal pRrhALLARANY %Fs cl’%ﬁor; e g&m%ﬁaa%f 11RAdebicOf wiidtcan
drain inplant region 128. ayer of netal, referably
CORIEss Ry eelisgike omsistar 180 denigtehinFIGy Hvben packaaeﬁevmle leaving
r&ﬁpf& ioht€ dorleaetds). |'T'heste I%@Ilsvdr@c&ﬁg:teﬁﬁ:gééhkmo LiiGw B&f?l'hﬁ@l)f Wee

reci pe i ncludes a dGDOSItIO

| cmn?%ﬁécppweé tp dpomrior agf desige vathce ﬁag%ﬂynw lam@ af theydrain
e@@de Ghegtead acw&raﬁg% fRl mmhbé{aims ﬁ%d% Lo aleReedith a

he surface of insulating layer 1 4 and | eaves

V@‘%P*%ﬁﬂww@?“twﬂ%@ésmgﬁf@cw pl ug st ep is foll oned

S t | g M @I
conrlnuggé dg@% %I getio an Pﬁ éPh?t cogé?d
strueu fari thih squageegontadiy gatfishigld| and ﬁdrbpla@paszlwail s mmravedu dyain
el Jd@riﬂ@ ¢ 0MOS 966" sho glfnﬁhrh@lze FOVREE ah RBiaxial layer Iﬁt that is

stantially covers on t e active®area
ﬁﬂlef\nveréomﬂhnmumbpth 61§=rh§>dy swwaw; a;.néllightly floped tdrain tagtondli26

R B R R Spinp ARG RIEASHe ol (ion R M IO
deyigedl0P en thessubstiatewmisaning mmgntyfcamamg:}@ longer nesd e flowdateraily to
th‘a I%B&%@% thet hiﬁﬁgg Eﬁeoév Ehed&ﬁgﬁﬁn ‘thé Nyfien {60 AfctrkcY %éfd of the

out 0 ectro € devi ce accor
quy -tpidenin HNemqtrom ist @Idn@ thatl it leadiviamtgspeatidh of niiaority eamwns toy

LGRS 100 P O 2y o
theangrissicaiotmaion ¢fghtt m&smcqmalm ludnSIMrrlemi wowd flestroy ﬁs dsmm ce
at. e

(03T 2, st e e Brefouln i S it U tom  upetion

bdBiv@n2the ngbﬂy depedartrampeglaxx 1126 ahdyler subitdate a2, Ak high wlldcking

UG AR ecuERE B ek e8RS H S R b8, 368 pdocaties

armina thd’ jlmsh@iﬂhﬂﬂ;@pn&th@ hibkeaé umaﬁn:d the EDD hgidnolDp. B janction
00 trat
ot i e S 90 TR BB R SronPRa T gty

oft the IDMOSetraniBtod 00 tisrit Mibved ehealidt! ARKRHE fo0naiyt fran the gate
LGl.e. . wh electric field.at t bod ain

aiflis ot B3, PlORiching i cfieist iy ppbims 29biated e gt ar
devicesyi Fugthérinjore; ahé iadlanchy condifRCiugpcinbssaisi dm)artaﬁlaa interest in

-poi{:ggéﬁ E:g t[) at ?whlerse gfho% tggeedsp‘i'k%s garheocgtlzjrba?lh rtl?et t?an%ilst%r is suppsosed to

absorb the energy generated during these short time periods.

[0042] FIG. 3 is an altermnative embodiment of an improved LDMOS transistor
200. The transistor 200 is identical to the transistor 100 of FIG. 2 except for epitaxial
layer 214, which includes a buffer region 202 formed between the substrate 112 262 and
the compressed body region 232 and lightly doped drain region 226. In an exemplary
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there is no turn-on of the parasitic bipolar
transi stor what woul d destroy the device. 100411
Still further, the breakdown behavior is inproved by
formng a junction between the lightly doped drain
region 126 and the substrate 112. At hi gh bl ocki ng

- voltage, high electric fields that are spread
laterally by the field plate 152 are | ocalized around
the junction between the substrate 112 and the LDD

region 126. This_junction, goes int aval anche
EBSImER G PYFRE FoRion 792 QopRTisgs alaxeriof é‘g‘{“ﬁ‘r ppdhiiprdarantsizia

cb&bﬁ@ﬁbﬁ eduél toPér dréier ot BopamSdotddtratidd(bfake bddyFepias232.
the hot carriers far awa fronlthe ?lelectn

The puferioier 207 ApHthEiSHG AR OICAREP GPOtRe Ot |-hnd S BTGy

ferEne € AthREnsE bdtwidni 86ut Bl3tto 0616h.C &S ond:dﬂﬂ:fohﬁ{eﬁ@ e, buffidayer
aval anche_condi ti on ruggedness, i s _of

2B SRS b compoURAAHBR P ROt e el R b P14 fefre e

fSrRIaK@SofARN g AS €18, BieGutfii9ayck 205 seb¥ed o suppeb RO %elll db@mented
absorb the energ% gener at ed durln&ﬂthese short ti

szt ghapnel effests by helping to snsue the thy qepletion Tegion A5t weyiog far

id® mma@ﬂad ERIVEEITEr Nayes iaksb OfroviddOa miafk fdrambd:t&f antrol and
200 |§ i dentical to the transjstor 100

FI
ilibp Pt i) breakiayn vpliage of Jhe iy T Bﬂ'e gmds limited
b&%&ﬁhe&!% e&m&@i-?eg{darm And eleRERr lahe Fapaittenthen bitdeen the

249-2 and _ the co ressed body, regi.on 2 d I| ht
'dH’Bb%taH‘r repiqn 12} o ypper Ftﬂfbaﬁw%t}a@gwsg?tﬁ%&%&hep Fait/ e
bﬁﬁi&mﬂnl %gage % B&sﬁué Eoetge ﬁﬁﬁ?@beﬁ;@é&n wmmhs;teﬁaa régwerzsoﬁd

Siilcon ope opan S ncen a
theodiffusion Psefie ocvfm f q% fla\%yoﬁﬁéeﬂ{%?tm“? o %4“ ey We'%
bRaiowneSItasR id & priof R déﬁéﬁéﬂn th@hedknal 3f Bl ¢itaxial Bayer and on

sidewal | s of source contact. | ayer 150 and, i s

thedepiag gencpniratign e Thstiate Whigh pazaeeiers ik begrgtiplled tightly
[gogym | "lt\lﬁﬁﬁgl? Hiaﬁgineraéme& higayDbd hferted ViBF meaolawe;s channel

forimed by deep inplantation of Boron into the

- resistaneponipared)ia p-chanpehdqvises thep-dopedysehitalss of prier st grajagmel
adviéks oﬁ@x%béﬁflﬁ% er JeRi¥fahced fn AQNNESct, %ﬁéM@@J?ﬁﬁeé KighererIc. 4

docunent ed rt channel effects glng to ensure

IStanaEluxm@oru@mneﬂnercﬁmho@@%wfm@emmmr%ﬂ firgasistor whergaron-
_ cﬂalﬂﬁelqé@ﬁg 64 fablifed Y faClow! RYSENR! r§-90p@ﬁ QUbsHaR ﬁZ”e?ﬁbSdevme

for a better control and reproducibility of th
exibitslav on-rosiitangy Raod) bhiovering edesiiive vorifipytion o Hfmu'i’%?ate
_ %grnted bet ween the drain contact region 128 and the
uffer layer 202, rather than between the drain
[Gdd] act rThgiIIMOI Sraasisior Bﬂi) ofpPi&r 4sia theagamecin alltpespects to the

GRG0 Bt HEe 0 B ety 12, OB opeg contn
regomt 36t formgl mnth&w subditrate 382, cinfif Ris deped pegién B2 Sfrmesh én the
s1§&9§£0 oﬁmj’tl&@% :1 aﬁﬂ??%l% Hl%%teflaf fao Lfge %-Iagéedvi@élgr?mt res

e priof art
_ atghoctklmsssonthcttuem@em ittecboidpland hyfier mohso'ﬁz and 202, and the metal

‘contact layer 150 creating an electric short with the source region 130 and the substrate

312. In Fig 3 the buffer layer 202 forms an intrinsic good contact to the substrate — there
is no PN barrier like in FIG. 4. In the embodiment according to FIG. 4, the buffer layer
202 has to provide enough charge to accommodate the depletion layer extending from the
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t he doping concentration in the substrate which
paraneters can not be controlled tightly. [0043)

Al t hough n-channel devices may be preferred for their

| ower channel resistance conpared to p-channe

devi ces, the p-doped substrates of prior art n-channel
devi ces offer nuch higher resistances than
n-substrates, often 2 to 3 tines higher. FIG 4 is an
illustration of another enbodi ment of an exenplary

LDMOS transistor where an n- channel device is
LI pastont B8, evd to melbie pws that dhe Gummgb pembes fos theapasasgipoNPN

bipdfr B54sER apfXit g chwweeh AW R0 E@f&cﬁ geg[bga]fizé the gdbsﬁ% 312 s

I'owering the resistive contri e substrate
- lagacenongha aypprasethe bipoler aqtignsi st or 300 of FIG 4 is the

. - . E
(RO ot " O SRRESIE ah Ol B0 R 10 dctice 0o
- signdlar irc constrediion rto 386 nfchanmeld dévices hietalled gbrysi except 851 @gscribed
| e _ ; . |
85T, COMOR Fishel 19400 i el B b rdellon 1y B Bl 412
heyingeth epifgiialnlag® 214 fenmned sherepvero theoipitivdaldayer 424 hiveP-hvdensd
i . t,al
BB oBl oAk o Bhtee e EeiSh g BBed MR B
- densdrhedy implaninresivn 433 ds tihemeduprstiallyt wnderdyigy condustivy Site ALS,
TPinE S ph e ol B0 TouftR iololy Bt 458 A BNV @ bffanced
duft regiontdRé ischrberdibebreen thebodyliegign 132 Eid3he draintinplaptriefion 428.
ool i .
B e
loprxgsistanvd comactrbkiwesiuthe selistrate #Hh ard thersdurernobiaet foredtfiom the
e N b ) ;
oA Loyt [0 A BUERP100r 405 B Apap RBRERELH B Y st
 thaw thg bodsrwsgigh 48 Disfonppd betsreehibie babstrita A1 Zutdi thebody @04 Bdhanced

%{ﬁ@eé%%ﬁr&%es an enbodi nent of .a p-channel LDMOS
evi ce Simlar in construction to the n-channel

[0846] ces dstimx dhesheblenyth of doviveplieconsadgmtticulaelg p-dhedrmehdevices,
S, transi.sfor.40Q js fabricated .on a W [ esi stance
o PG AT 3 3 Ay Sibplse | B b reSBie ot B fekisf Hates
infreasingly mbeeriepuaint. Thies distdriaxliybech ayieh edsid th st Bw Weigtbdty
rain i ant region 428 a P+ doped source inpl ant
it BB Eac Ot RER RO e ovices S Bt 5 et SRR have
2.5 dngkowordSRerfembat tied sislak nahinncldedized, yTHegmbodidisat of\FEG. 5,
ate 118., formn channel thereunder, and source
VR, AViden Brl Sonet i bR W R PungHt A By
utiliﬁig'g gnhi_ﬂz& substfay, swth a_bqaetsy\/&ﬁm428 106 ﬁmﬁﬂiﬂ/ﬁr&f@%b@ﬂzsé f(ﬂﬁrnamdu 75
the.drajn ant regjon ) [ /. do +) .
. it ! TRl S B 50 s e oo davis® A0 San ok fbicgted
hadid@ oh@esis®anb?® performance comparable to n-channel devices, as the very thin, low
resistance N+ substrate offsets the higher resistance p-channel of the device. In turn, this

enables the fabrication of complimentary metal oxide semiconductor (CMOS) power
‘devices using complimentary n and p-channel LDMOS devices, as the respective n-
channel and p-channel devices can be fabricated to have similar performances, i.e.,
‘matched.
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| ow resi stance contact between the substrate 412 and
the source contact fornmed fromthe conductive |ayer
150. A buffer layer 402 havi ng dopant concentration
equal to or greater than the body region 432 is
formed between the substrate 412 and the body and
enhanced drain drift regions 432, 426. f0046] As the
channel |ength of devices decreases, particularly

p- channel devices, the contribution of the N+

trate to th S nce f t he devi ces becqne
@H Heasi “V“ﬁlb%g? gl“"t‘%ﬁ oW f ?f%i%‘eﬂ? §?6‘P§‘Sé%‘?rf a‘ﬂ’égeﬁom
i fReddupan hrdflesgal nhpmeﬁeajr&t doﬁta&txendﬁfaammmmmedum this
.devi ces_than &% Iﬁg E%nnel V|ce channel
T N dopnprofiseas s e B GPRISF AL prior
ai‘thﬁlbtlﬁt foutca rcoﬁta&hﬁtgﬂﬂrmﬂ %lébﬁtﬁi‘é coﬂiigﬁlrd mﬁ@ds ﬂ‘Bﬁﬁlpl@fredFslo(&ce

r rovi des _a p-channel device .on

°ﬂn*§<t5 ﬁg‘\if)e frain glecfrodesfanfigup Ea%tusﬂ B PHQF arf 05 9th qogant
ﬁbﬂwml1 N+ substrate, such as |ess than 100 pm and

erably | ess than about 75 pm and nost referably
@ﬁfﬁé S Exestplary 2aplisations thfe r»mwe‘(ﬁdceo‘md« Spgevice” is

fhtadahted azt lﬁﬂallchﬁith B%hﬁ’ﬂrtf 65btRdr ANFIBIP SHrh MR A6 Bces and packaged
co arabl e to n-channel vices, as. the Vﬁ*% thin, |ow
e

forsy asapower Ransistpp &y, fore %ga%bflwetqﬁeg% si stance

[pogpannelTiefl bdve-dRYib&E LOMOS UikhsistoRi SroviaBa the adbiigeous
fabrication of conplinentary netal ox]de_ semn cqonductor

spisiing ppdwmanceqel, e dPMOS n‘@né’é‘ﬁbl"i’]%’én’tnﬁ%ucwgaﬁ darge current
hBndkR R BARbili A0 daMES GticaP SurkeiEA 6 SREBEde) Sonfinudtl ARG and

and p- channel devicés can be fabricated to. have.

. deginysleokiodsse vt Sherfaie B, the pitch of e dengof tesd oY 50 45} is minimized
btk R dtaEeh of the &hﬁﬁoﬁ‘&‘(ﬁ’c@ EBRE A tireQfhich provides for a

transi'stors having b nproved dopant profiles and

highshepelfleagty (be. %ﬂﬁ%ﬂs 1&‘#&8 wrkipHedhibe m@tor area, so smaller

pHéH Hiednd rsﬁt%lle:I ﬂ(ﬂs%A) 'a§d RRbiife 520416 Alrestihck 'BP RV @hsistor.
dopant profil I'n connection with prior

e use
Fyyther,othe cytlw@rec% BDN@ éeeaprovidgesanaulastusing adyanagesp @a various

eleRiRhts B4 GRS frdlE o siMBle] CHRTRNES oGHMERR layep ”I‘lﬁecéonﬁi'ﬁgéd?{ of
drai n el ectrode conflguratlon can used with égﬁlor

thersubsyptede Misrovermp aesistangs of the deyice[ip @dp@?tamudﬁ kept @hp loxy ipvel
f@&zﬁg &:ﬁ&da&@ ha&;ﬁ%ﬂﬁ&ﬂlés@%%@ 1ROMRY 14 Snd %&ﬁeﬂc&b}y less than

abri cat ed h a plurality of ot

alquiy mma;ﬂdsrtqsuwf@raéh/t@ewesegofaabgwai@mged for use as a

rtr r
RROET 1 ol sl bl 6 RiBaied e 88 290 Ipreinor
destanod dewordihg tadthaneretpdionents Swint Eigs.ng pwr £ ois nenmparedf toafhe

iR b 31 b il s PHUEADE Aobidog® ourrent

Parameter Rds(2.5V) | Rds(4.5V) 1Qg(4.5V) 1Qgd

m{*cn’ mQ¥*cm’ nC/cm” nCfem®
prior Nch 0.26 0.19 400 110
Nch acc. FIG. 3 0.18 0.13 250 50
prior Pch 0.62 0.38 800 230
Pch acc. FIG. 5 0.26 0.16 280 50
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handl i ng capability due to a |large vertical current
flow and | arge, continuous source and drain

el ectrodes. At the sane time, the pitch of the design
of the device cell is mnimzed by the inplenmentation
of the continuous source contact structure which
provides for a high channel density (i.e., specific
Rds is Rds nultiplied by the transistor area, so

smal ler pitch means smaller Rds*A) and resulting

eci Iom10n resi stance of the i s
Tﬁ%ﬁ?ﬁ]{ § Tropy, gumgnc Miaﬂem% afl ﬁﬂ@? aé%w that the largest
nnmrmfmﬁt Mlﬂégzxpd%ﬁrﬂ"oﬂgE&l de¥iced dhb @aﬁceseieﬁgmtaacc@aﬁg Rethe

dfro e, t { nuous conduct.j.ve Ia
%@?ﬁe‘% forbE § 3%# Aoy FTRTReRSH, MPRGiLy qppesistance, R
spfeeﬁilc an:ﬂd ebout 4;& Qe ice@pdred YisNs-oaReUThy PdeRE Nak dévices

trates_having thicknesses
aqetlinesth s PR bR D B L B Pe s S s e
uﬁﬁmmm;and nost preferably thicknesses of about 50 m
|%%?f In the follow ng table, the forecasted
f or mar B detices Gerigned fasiaNegms of 0¥svigherremeters celleigd ingthe

abiolve taBIennelverp ibstull foP Spplitaidn iBpahBleldofomo @ﬁkﬁﬁxﬁéht liRe PDA’s,
h@ﬁ rnance of state of _the art P-channel and

e gefers andpipilgdlepespdisperially) trdgh doveps combine

the@axﬂauéya of PBw dHIeSBEn B aRHHord With VeRGb& Walu@é’ foP megate-, charge
9 400 110. Nch acc., FIG 3.0.18 13
“%?P. 4 R’b@?ﬁ cHargs (gegwhigh cnabiss thsinpisg dn swmheg applicagignp liiga

sidple bafk ao@vartbe ubifs d PES trhifsR0r BY Fbrtfo] Switdh aillla®hottky diode as

Frese t i.n.the table show that the |argest

the fes #odan pbe expected from Pch devices. The

[0051& ces ﬂﬁﬁb\%eﬁleaﬁﬁé}{ﬁéhnﬂast Qeehhﬁ'ascx%@om Q&-Hl& & @fmplary
5 show about 2x inprovenent in specif

- emhodimenissit djrat limited thﬁretfs pRather; the eppended claiwg ﬁhtmiei berroggimed
brafilF QTRMARDHES vRfidn®Y anfl eRBHG Snts SFGe B 'ﬁja%et nd ng%%\ﬁuassy

accordlng to this i nvention have nuc hed
thesg skilled &y e e arithoniedepartipg from théhscopg and rangenefieguigplents of the
intddlgl] The devices designed for a Vd,,,,,,x of 20V
with paraneters collected in the above table are very
useful for application in portable electronic
equi pnent |ike PDA's, M3 players, digital caneras
and-simlar devices. Especially, the Pch devices
conbi ne the advantage of a | ow on-resistance
transistors with very | ow val ues for the gate charge
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() and MIler charge (Qd), which enables their use
in switching applications, like a sinple buck
converter using a Pch transistor as a control swtch
and a Schottky diode as the free wheeling diode.
[ 0052] Although the invention has been described in
terns of exenplary enbodinents, it is not limted
thereto. Rather, the appended clains should be
construed broadly to include other variants and
‘?%E%Hﬁneg s of the invention that nay be nade by

086 R Ted in the art without departing fromthe
scope and range of equivalents of the invention. 17

What ,i,s_clai.ned.is; |..A |lateral di ffused
ey o S EEO TR strsids PRl i Fies comprising
conprising: a doped substrate having bottom and top
sur f adepsd subgiraiehavprigthaftom hnd tap ewrfickssand e epitaxiablaye thezagver

hHAREL kS RAfffee: SOUrce and drain regions of a first
conductrvity type forned in the epitaxial |ayer
proxi mate the upper surface of said epitaxial |ayer,

sai ds¥Bgrpbdraindegiongiofa fishrapductivity ige fapad wdhe spitatisldayer

pAfRRhEihe Bt BAMCOSK sBid ePRBNE |ayrC i PRBuRE afd &85 PEHons being
conductivity formed thérebetween in sa

type T s d,
5P Biom gne angihef anddayige & ehenrrl rogiant 8 seorBr FARJUAVEB PP on
fétle® NibcBEwHOR Kaid e;sigxﬁpluf&,esamaa@ﬂ 1@ bty Sfdirgbndr ai N
~ regj.on conprises a |ightly doped drain region forned
extefidingapnden saidsapee lz,ealam@}er%@vcgqh“am, aemsempasesiafishibrdoped

&aﬁﬂ%@ﬁnﬁﬁﬁe@%&e&%m&aﬁap@t@@m region by said lightly
doped drain region; a conduct’ive gate having an upper

surface d. si dewal I. surfaces, said conductive.  .gate
F or nftPRS SiRinpog et segipRTPaceR fiom B b i ighlly
dejeddned repiej on, sai d conductive gate partially

over |l appi ng said source and drain regions; a trench

forne hr.o ai.d epitaxial |layer at |east t.o said.
t op BeiPPAEY gite Bie Alh@ KT B Syt RS nl pihlive
gido farmad swer & gate dieledtria layefonadd ovennidahtrinebregiah dadleundvetive
eqi and.said rtion qf, said channel region
e palell by ipRine sed soresu QBT SEOBR. & first i nsul ating
| ayer forned over said upper surface and si dewal
sur falmeash formedtiiakgl saidietaxiablaypa ndeashtocaiditopanoiaes df agidr

"sdgagttrage RAH GL% Sl § bt L0200 Y 2R ES AR 86F sodRd 2

region and said porfion of said channel region extending under said source region;

a first insulating layer formed over said upper surface and sidewali surfaces of

said conductive gate;

a continuous layer of conductive material forming a source contact and a gate
shield electrode, said continuous layer of conductive material formed along said bottom
surface and said sidewall of said trench and over said first insulating layer to cover said

top and sidewall surfaces of said conductive gate;
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shield el ectrode, said continuous |ayer of conductive
material fornmed al ong said bottom surface and said
sidewal | of said trench and over said first insulating
|l ayer to cover said top and sidewall surfaces of said
conductive gate; 18 a second insulating |ayer forned
over an active area of said transistor, including

over said continuous |ayer of conductive material,
said second insulating layer filling said trench; and

a drain el.ectrode electrically coupled to said drain

e ont Atepor Tl BE oo oV e Hep sl oS e
oedredill catienes igyer cfesndactvernsdterjal) shid 6ctondbdaihis hayei fillinggiid
t%%%d gecond insulating |ayer electrically coupled to
&t @rain contact and a second portion extending

over the second insulating |layer to substantially

cov e draiggledtredstelevizicallyaaupld toFhid dobaveantacof ¢l ai m 1,
wherein said substrate has a thickness of |ess than

2100 1He RPide O B0 Q! whdah sl a8 cirh e &%ﬁges AQrfMpottion The
device of claim1, wherein said second conductivity

extengang thropehesiddgeond insulpting lpyss clgpfricallyicaunlestys said drain aontact
mmébnwgbmoﬂeﬂam Rbr haboRERAMing YU shbstahdiatky¥eBer
and sai first conductivity type s N conductivity
sydppive area. The device of claim 1, futher conprising a
hi ghly doped contact region formed in said substrate
3.pr oxiiEikeicd 6f cldnft 1POhdr@R kAl subsirde hds@NRibkrRECbEIRAHAE | 00gn
sai d Cﬂlntl nuoulls {’at‘)(gé 6. The device of claiml,
%a%"raéf 28 OF eA9pS 1P @Pout XeHMat  ng | ayer conprises a
portion that at |east partially covers said drain
4.r eqiTe deved of ctabm d uehdreie said sdobmbendudisipetypes Pasonduetj vigt

t . partial Ly . over.said portion of. said.f.irst .
opE R saR ¥ eRte e R i inB B i R BB v e s
firsf condlatinmitHtypeds¥ einductiaitgdtyparti on of said insul ating

| ayer has a thickness between about 0.05-0.15 m 8.

< The ' el i .| rii S L :
5ol o el Setind Ahher chbiY s HETR bR G S e i
saisasbsirate prexjinate o the botiineofieid trecioindsbathefing saidbentionons
la?i d snubber conprises a resistor forned froma

0

rtion of said continuous |ayer of conductive
material, said portion conprising at |east one

6. operfiagevienafeleim by whrgtin said frstosmlatingdaysr ¢amypsisesof portion that
at (AR PHGailY SovBRLEH dRlin region, said conductive continuous layer extending at

least partially over said portion of said first insulating layér to form a field plate.

7. The device of claim 6, wherein said portion of said insulating layer has a
thickmess between about 0.05-0.15 pm.

8. The device of claim 1, further comprising a snubber electrically coupled between

the drain and source contact regions.

9, The device of claim 8, wherein said snubber comprises a resistor formed from a
portion of said continuous layer of conductive material, said portion comprising at least

one opening formed through said continuous layer of conductive material.
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19 10, A laterally diffused netal - oxi de-sem conduct or
transi stor device conprising: a doped substrate having
bottom and top surfaces and an epitaxial |ayer

t hereover having an upper surface; source and drain
regions of a first conductivity type forned in the
epitaxial | ayer proximate the upper surface of said

10. B A TR b BURD Bl ool B PP :

a second conductivity type formed therebetween in

saiatioppd éub¥irgtt hivily@bottdh@ il ©f 3nEes BaDAOdDitARM] lagerahereover
portion étendlng under said source region, wherein

'aﬂﬁ§@B“BW3§HrW§glon conprises a lightly doped drain
region formed adjacent to said channel region; a doped

dr abhrcé @it &ein reMOhPSY SHRICQRRAdhSRNY 37 cdofidinehe @k@Nayer
by said lightly doped drain region; a source contact

proximaterthe wnpiel surkase pf saidenitexiel byes é@d S@gpwdahanéﬁamﬁé?emg
P a{?ggh’%p"‘gega“ﬁ%%fer @ﬁ’?@ ce aﬁlaéq sur éa@gs, S it%pe
formpaittiercbdtween ig abid ebnammldam,esaldachgmteé r@u&i lewing acpdragrer
fQrmed,over, said chann e conduct i
e"teﬁg’r“?i“ﬁf“frﬁal&%?rl"%be&l% Wi Sl i Bl QPP 2L Bbfed
draitReii®i Brh&PadihRnelsaideBhmiz] Afpsbn, | ght |y doped drain
reglons are doped to a depth to abut the top surface

%Tbstrate 11. The device of cIa|n1% her

& drgin cqnigeiregion|spaqef Swan said shangel regien, Py paid) Z{}g

dop&ﬁ&ﬁﬁu%@BHEd over said upper surface and sidewal |
surfaces of said conductive gate; and a shield plate
formed between said conductive gate and said drain,
el @cpursdeontaiielectrichllepepphing sad spures regionl ang chams! wgiondo

smd%ﬁb Soyree contact. 20 12. The device of claim 10,

urther conprising a trench forned through said

epltaX|aI | ayer at |east to said top surface of said
sub§pn@mévegabhaﬁngamhpmavmm@ean&eﬂtwdﬂsuﬁ&atemdmdmhmﬁve
si d t sou cere

et g iyen§ B8 AP e R RO L P RETRG o BBeiLgnguctive

gateALIAle ovedippihg salliedoaide andidehis fugione, contact conprises a
|'ayer of conductive

wherein the channel region and lightly doped drain regions are doped to a depth to
abut the top surface of said substrate.

11. The device of claim 10, further comprising
a drain electrode;

a first insulating layer formed over said upper surface and sidewall surfaces of

said conductive gate; and

a shield plate formed between said conductive gate and said drain electrode, said

shield plate electrically coupled to said source contact.
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mat eri al di sposed al ong said sidewall and said bottom
surface, wherein a remaining portion of said trench
is filled with an insulating nmaterial. 13. The device
of claim 10, wherein said channel region and lightly
doped drain region are doped to a depth equal to the
t hi ckness of said epitaxial l|layer. 14. The device of
claim 10, wherein said first conductivity type is P
12. cofhadevive oﬁlclai;zplao fiatier samprisuhs tremhdoimgeddbpagh vaid hpitaxial

d f d d t
tayeE SRR By i GBSt g SRRt B ga Dollghgitate and
a sidesall tcoath &tidpadi d@urte rbliGK ARESIDorties 6f dabtPdhanfd] r&qetdéxtéMling
about 100 m, 15. The device of claim 10, wherein said
undersaid sopce regigrs pherein sid sauateroatachgomprises 2 ypr frconduetixe
matdrfil agﬁéyged idfg %Ld%ﬁieg/ﬁll L34 &fi@bbilorl s éése‘gherem a remaining

nmet al - oxi de- Sem conductor transistor device

portipared sdid itiggeh i flleg edthswlistulating niweriahg bot t om and t op
surfaces and an epitaxial Iayer t hereover having an
up -

13. CORBEGPHES Bpio R BB el bR R o dop bl

regiqr @ idopddetotandepthpquasl ts thicf thknet of sdidl ep;uxieai{ayai | ayer,
said source and drain reglons bei ng spaced from one

T

[ .an | n a_second ..
14. 2o MhE PSR, 0 et st EePRtly She 83 hauctivity ype
and &fd bubsirade id 8 withadopa®ih aN§ed sdc8fd edhdiaiwifydyge, RSt lsbcddd
ext endi ng_ under said source region, wherein said drain

Con%tjvlahtye% Rifpe Seconguetiviityne. srid é‘dvstraﬁeéluaﬁmg adhigknesypiigss than
fCRhke f0d Bl d channel region; a doped drain contact
reglon spaced from said channel region by said lightly
ed drain region;, a source contact electricall _
15. ¢ oB‘b@ deigeasef daigolfl, stioreasaihepitiiat s artbigkanss oéless than or
eqmﬁﬁi oﬁygﬁﬁ[_te 21 a conductive gate having an upper
surface and 'sidewal | surfaces, said conductive gate
formed over a gate dielectric layer fornmed over said
16. chanaetallyetiffosed nsaalebxiderabitondectogaimsigpardeiiab bymprising:
over | appi ng sai d source and drain regions; and a
buffer i.on ond co duct | . an
o apdBe BiREhieRt Fior §ESES i hitsHRElRR e hergover
havigbstippeak@fabannel region, said buffer region forned
over said top surface of said substrate between said

top surface .of said substrate and said channe
Eource and drain regsmons ofa fbrst conduct1v1ty type formeda the epitaxial layer

-
A

proximate the upper surface of said epitaxial layer, said source and drain regions being
spaced from one another and having a channel region of a second conductivity type
formed therebetween in said epitaxial layer, said channel region having a portion
extending under said source region, wherein said drain region comprises a lightly doped

~ drain region formed adjacent to said channel region;

a doped drain contact region spaced from said channel region by said lightly

doped drain region;

a source contact electrically coupling said source region and channel region to

said substrate;
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region and lightly doped drain region, wherein the
channel region and |ightly doped drain regions are
doped to a depth to abut said buffer region. 17. The
device of claim 16, further conprising a drain
electrode; a first insulating |ayer forned over said
upper surface and sidewall surfaces of said

conductive gate; and a shield plate formed betwe
s ai tFPgHHYE ERipdayas & AP SWiTepegnd FHew Pl Bifas e Sa1§ spuluctive

gatSTorRbdloRlr %t&%te‘?iuﬁ&t i gl ﬂﬂnﬁ&y@s}eg ehidi ShatAkheSioH! rs%ﬁl conductive

cont act . devi Ce of claim 16, wherein sa
gatesparonly ©srepning said sourcgped idgaimragiomdLandi vi t y type and
said substrate is doped with dopants of said second

N Clfte Hieioh 4R SBORATBhSheu U Abe SRTINTRY Ml otiBcdafion
gredtenthimeor aqomtpto iabout gaid charealcdegioas sagﬂbuffur mgr@t]l:naﬁxahet% 0\;6; Is:alid top
surfGl A uberta iy o i i g 2 B0 SOESIS RS G itrie

regioh deMEflCAuptdataid@gRa] d source region and said
portion of said channel reglon extending under said

source T e[eln source contact conprises
yehergip t eltecf%aiaﬁmf? ﬁa #omdsdﬁagéﬁal%scﬁﬁag@s#ao a depth to
ﬂmﬁgﬂfﬁﬁhﬁr@ﬂgLsald botton1surface wherein a remaining

portion of said trench is filled with an insul ating
material . 20, The device of claim19, 22 wherein said

17. sec di@ deviaeiekelaivn 16, Tyrfhsecompisispnduct i vity type and
said substrate is doped with dopants of said first

condigihicYdciydd:ype, said first conductivity type being
N conduct|V|ty type, said device further conprising
an i npl ant qlon of said second conductivity fornmed

i n afiet issdeting lyes formed @verseitcuppaneirtace avdisideyalk wifasesiof

| t hrough said buffer region to, or
smd%%ﬁ&&ﬁﬂeg%% Zglr‘thhe top surface of said substrate. 21

The device of claim 16, wherein the buffer region is
an a shjﬂlthpllaterfegmﬂbmvedm saidsmnductapighi@xind lsaifl dyzdm ele@pnde, said

16,, wherein said first
shick{ Rl Fefl e5isted b e sBghertafty 't ype and sai ¢
substrate is doped with dopants of said second
18. coMtiealevive bfclhinpBs, wiRtdin 64¢ 6@nd conductivity type is P conductivity

type and said substrate is doped with dopants of said second conductivity type and said

first conductivity type is N conductivity type.

19. The device of claim 16, further comprising a trench formed through said epitaxial
layer at least to said top surface of said substrate, said trench having a bottom surface and
a sidewall contacting said source region and said portion of said channel region extending
- under said source region, wherein said source contact comprises a layer of conductive
material disposed along said sidewall and said bottom surface, wherein a remaining

portion of said trench is filled with an insulating material.

20. The device of claim 19,
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conductivity type is N-conductivity type. 23. The

device of claim22, further conprising a trench forned

through said epitaxial |ayer at least to said top

surface of said substrate, said trench having a bottom

surface and a sidewall contacting said source region

and said portion of said channel region extending

under said source region, wherein sajid source contact

c oripiidreip saig s¢capéd ponsiuciigholipe isweconduativity aypeding seid substrate is

; . . ] , ot t ; _ 5

dopy B8 SRS S SR cofBRan Al Syl t P B RaHOR Bt R
contmsivitptypeg material. 24. The device of claim 16,

wherein said buffer region has a thickness of between
aboslé{}d <93V1%_e %h%e;n con%;grising an implant region of said second conductivity
formed in the sidewall of said trench and extending from said channel region through said

buffer region to, or proximate to, the top surface of said substrate.

21.  The device of claim 16, wherein the buffer region is an implant region within said

epitaxial layer.

22.  The device of claim 16, wherein said first conductivity type is P conductivity type
and said substrate is doped with dopants of said second conductivity type, said second

conductivity type is N conductivity type.

23.  The device of claim 22, further comprising a trench formed through said epitaxial
layer at least to said top surface of said substrate, said trench having a bottom surface and
a sidewall contacting said source region and said portion of said channel region extending
under said source region, wherein said source contact comprises a layer of conductive
material disposed along said sidewall and said bottom surface, wherein a remaining

portion of said trench is filled with an insulating material.

24.  The device of claim 16, wherein said buffer region has a thickness of between

about 0.3-0.6 pm.
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