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(57) ABSTRACT

A semicondystor deviee, indibingan insulator formed on 2
tap surkace of 7 semicomilugior substrate, 2 semeondustor
lezyer, contaiiniing a finst region of a finst condhuttivity type,
fommed om the imsulator layer. waerdin the first remion is a P+
megion or an N+ remion. @ second reaion of 4 second

conductivity ttype in direct contactwith the first region and
forming a P-N junettion v ith the first region. wiszzin the »-N
Jnction congptises a fiest portion perallel 1 the top surface
ofthe semiconduior suthsiarte, and the second reglon is the
gemicondugitor substrsite 7nd partially coneret iy the semi-
conduetor Hayn'. 3 ffirst metallization reaion in wleptrical
contact with ‘the ifirst region and & second metallization

iregion 1. electrical contact with the second regionm
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SEMTCONDUCTOR DREVTCE ITNCTINTNG
7ENER NTONE AND METHOD OF
MANUFACTURING THEREOF

CROSS-REFFRENCF. T0 RELATED
APPLICATIONS
[0001] This application isa Continuatiom of U.S. applica-

8er X %, ] . 2%, 2014 dhe anive
i Ig?'lﬁk}ﬁ@i@@e”w%ml? incorporated by
reference o the present application.

BACKGROUND'
10002) Zemer diodes are widely wsed, in spplicatioms

inchuding regititiers and voltage regulators, for protecting
orther seniconductor devices from seifering From am unde-
sired pullse. W¥leen 2 zener diode is neverse-biased, it has the
ahility to bolldl dhevelltage on 4 centain value, thereby ftawing
wiliage-strhiliziing clemactersitics.

[0003] Zener diodes are also widely used trimming tech-
niques, wligh are ysed to madke adjustments to an integrated
cirontt after fabrication, Thidmming tethmicmes typically
include laser ,rtﬂmmg@f thin-film resistors and “zener zggg

fuse ttunmELRg. zap winnming has galned w

aceeptance beecause it is fielil progreannziile amd is less
aosslly to ifmplement. The zemsr zap mecthod uses zemer
diodes having a loow 10 mddestie brealkdown voltage a3 trim
depiges; gpmgé, # it girgpibt ineludes 2 strifrg of zengr
diodes and a sy of worespponding resistive” «lbenents
wrlere each zener diode is conmested in parallel to ome of the
resistive elements, Zemer diodes ‘are biased so that thev
hehave as an wopen rirenit as fahricated. When frimmina is
nerfarmed. the zener diode s zapped and 'the sjunction is
chart -nirmiferl. BRy sheortine et selpetive zaner diodes angd
theassoclated resistive elements, a «esired change in resis-

LELILG Celll U Qualeu,

IBRIEF DESCRIPTION OF THE DRAWINGS

[0004] For a more complete understanding of the embodi-
ments, anqd kthe advantages thereof. reference isnow made f!
the ifollowing descrintions taken 1n «onjunction with tthe
accompanying «drawings.

[0005] * FIGS. 1A-1G {]lystrte oross-sectional viewsof &
semiconductor device Esntwining u zenet diods at varions
stages of ie mennfgacturing progsss, in accordanss with
some emuriiments,

100061  FIGS. 2M-D illnctrate rroce- gectional views of &
semiconductor device at various stages of the manndsaturing
prossss, in accordance wiih some embodiinesis,

100071 FIGS. 3 illustrate % cross -sectional view of & semi-
COﬂdllCtOI’ device 1n accordance with some embodiments.

SUMMARY

[0008] An exemplary embodiment of the present disclo-
sure nrovides # semicondnetor device. "The semiconductor
device includes an insulator fenmed on @ top strfzge of a
senuconiitior suesiete. The semtisomdluclor devise also
inelades 2 ssmicondudior lyer which cortaing ¢ first region
off a first coniduciivity type and is formed om the imsulator
layar, The first regiom is a P+ regiom or am N+ region andiws
a volume of over 30-80% of thet of the seniwymibatior layer.
The semicomdiuttor device further includes 2 samond region
of a second conghuctiniity type in direct conttacy with the Tt
region, fomming a P-N junction with the first regiom, In
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abc | Possible character replacement

Jun. 21, 2018

addition, the semiconductor device includes a first metalli-
zation ragion in electrical vontact with the first reaion and a
secand metallization freqion ¥ ‘electrical contact with the
isecond regiont,

[V00Y]  An exemplary embodiment of the present disclo-
sure provides amethod fformanufacturina 4 semiconductor
device, The method tincludes forming am insulator om &
samiconductor substatle. The method also includes depos
ifing ¢ semuicomfhtior layer over the msulator and the
semieondisior sulmtratte. The maethog! further ineludes per
froming a first topllentation process om the ssmicondmetor
legyer to give it a finst comidoictwity type. In aifditiom, the
macthod includes patterning the semiconduetor layer such
that the semiiconginctor layer is isolated with the semieon-
dhtor substtrate By the insylator, The mutthod further
ineludss fionmimg a pwataesstt layer over the samieondustor
Sulsstaiee, and the pflabovessist Layer has an opeming exEosmg
# peortien of the semiiconviuetor layer. The maethsdl Further
imefides performing a second inpilmtttion progess on the
exposed WIﬂliOMl ﬂhe cemiicaondhntior ksver ‘ﬂlhmymﬂn ﬂ}ma
gpenimg, 1p form a region of 3 second conductivity type
the semiconductor layer: ) ) _
l[vuiv|  An exempldary embodiment of the present disclo-
sure provides amethod formanufacturing a :semiconductor
device . The method fincludes forming: am insulator o 2
semicendneter suhsiwate. The metiwd alse includes depos
itirg a semiiconthotior layer over the imsulator and the
gemcondistor sllattatte, The method further meludes per
formiing a first inyplansatom process on the samicondisior
legyer o give it 4 first conduetivity type, In adilition, the
metthod includes pattierning the semiconduetor layer such
that the semiicondhatior Teger is pattailly Josatedl om the
insulator and has an extension pattion in direst comtast pitth
the semiconduetor lapor, The meethod ingludes forming 2
ploobresint layer over the semiwandhocor susstaiee, The
plectaeedst layer has am opening exposing a postion of
exttension portion of die semicondietor hlgg@! and £ pattion
of the sentigsmilestor subuttante, The mecthod firthor ielidies
performing a second impbntiaiion process on the samiwor
dugtor sihstrte, thiough the @ﬁ@ﬂiﬂg, to form a region of
second condictivity type in the semicomthetor subsiate,
region of the seeond comdvchivity type is partilly

by the semiconductor layer,

DETRILED DESCRIPTION

1001 'The makina and using of the embodiments of the
disclosure are discussed intdetail below. It should be apore
riated . hnwever. that the emhndimentg ran he emhgdied in
2 wide variety of specific contexts. The specific embodi
ments discussed aremerely illustrative, and donot linit the
scooe of the disclosure.

100121 Ttiisto be understood thatthe followina disclosure
nravidee many different wmhndimente  ar avamnlec  Ifar
imolementing ‘different ifegtures of the disclosure, Specific
examles of comoonents «@and arrangements are described
below to simolifv the oresent disclosure. Mhese are. of
course .merelv examoles and are not.intended to belimiting.
Mnrenver. the nerfarmancenf afiret nrareaahafare 2 carnnd
process in the description that followsmay include embodi
ments in which the second process is performed immedi-
ately after tthe first process, andmav also include embodi
ments dn which additinnal nroresses mav he nerfarmed
hetween the ifirst and second nrocesses. Varions featuresmav

be arbitrarily drawn i different scales for the sake of
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simolicitv <and claritv. Furthermore. the fformation of a irst
feature 'over or on 4 second feature in the deserintion mav
inclyde temhndimentcin which the first and second features
are farmed i direct or indirect confact.
100131 Some variationsof the embodiments are described .
Thronahout. the varions viewsand illustrative embodiments.
like reference numbers are used to «esionate like elements.
Tt is mnderst.ood that additional steps can be orovided before
during, and after the method. and some of the steos
described can be replaced or elininated 'for other embodi-
ments oI the memnoeda.
[0014] FIGS. 11-165 illirstrate cross-sectional wiews of a
semlicontiwtior device containimg a zener diode at various
stages of fhe meavdBetuwing process, in accordance wiith
sone embodimants, Retorring to FIG. 12, the semicondue-
tor device 100 includes a samicondustorsubstete 102, The
senticondluctor sitbsteate 102 mey e a silicon substrate
doved with & P -type dopant such ashoron, in which case tthe
substratez 102 is a P-type subsirate, Rteomatively. the semu-
conductor substrate 102 could be another suitable semicon-
ductor ppaterial, Hor examplle, the semicondvetor sibstraie
102 mavhe a silicon substzte dooed with an I - fvedonant,
such @asphosphorous orarsenic, in which case the substrates
1580 N"’W&?e stibsieate; The sembcondtucior substrate 102may
inplude Sther cla semiconshitor materials sueh ds
germswivm or dizamond: The seniicomthucior substrate 102
may opmonsly include & sulssuate andlor an
glloy sepiconduetor. Fanther, the semicondtor subsieste
102meay include an epitsxial Laver (epilavar). beinostrained
for verformance enhancement, and may include a silicon
on -insulator (SOT) structure,
[0015] Reftarring to FE 18, an inswlator 104 15 formed on
i toi) surface of the isemiconductor subsuste 1% [The
insulator 104maay have a finst watin W), ranging from about
1 pm to about 20 um. In spne enbedinents, the insulator
104 singlydes 2 loeal opiightiion of silicon LOCOS) stmpetyre,
oither syitable isolation strustures, or o conthination thersef,
The insulator 104 meay have # top surfage thatis higher than
o top surface of the semiconduator suthstrate 102, In sune
mmii.‘ I—}I’m imnﬂlﬂlﬂm" 104 imh}dﬂs ml]boq ?xider. silt-
com nitride silicon oxvnitride. fluoridedooed silicate ‘lass
(FSG ), & low -k dielectricmateria, other 'suitable materials,
or 4 combination thereof. In some embodiments, 'the f&ir
lator 104 15 fonmed by thenmal-growing an oxide muéetil
t‘}w}ﬁk o the semichminctor sbsipte 102, i
10016] to B, 1T,  semiicomsbtior Tayer 106 i
depusited over the insulator 164. In Bume gmﬂm@rmnnﬁ, the
semisomisior layer 106 insludios silicon, elther n p@%@rﬁ
talliine gr 3 5 fom., In alternative eniurimennts,
semiigongbottor layer 106 includes CadN, Calls or other
svitable TV semiconguttor mieiids (ie,; comppibing 2
combination of one ommere grom 111 elements with ané or
macree vewn V elesnentts ). The 117 semiconductormaterials
areparticularly =su1tableforrm1§u demiag hasause: they
have Inetier themval comfhuctintly and cam sustain higher
tempentire than silicon ean. In some embodlinems, the
semicomflucior layer 1006 s o thickness of about 2000
angstrruns to about 15000 angstroons, '
0017 Refhering to FIG5, 103, & lﬁmtm{ummﬁom process
108 is perfonmed! an the samicondystior layer 106 such that
the ssanmiconducter layer 106 has a first emdﬂn#;iii\i%cgpe,
such as an W-tyme or a P-type, After perfoyming the first
inpkmzition process 106, the semicondlitor lyjer 106 masy
have a heavy dioping comentimition. such as in g range from
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about Sel3 atbomgom? to about el atoms/om?, In some
enbodtingnts, 1n the first ingdbantation W 108, the
senicenthesenr layer 106 is exttirely impilanted wiithontr vsing
7 mask (e.g, photomsist), In sone enbwdimeents, the fintt
on process 108 uses am ion energy ranging from
abeutt § KW to abowt 250 K, Forr the sake of illustration,
an N+ semigomibocor layer 106 is shown in FiG, 1D
although itmasyhe alse firmed as a P+ semicondustior layer.
[0018] Afterwards, referring to FIG. 1E, the semiconduc-
tor layer 106 is puttterned o a semicondhatior layer 106a that
has 2 second wiiith B2 smadller than the first iihih W, of the
insulator 104. The second width W, may be in a range from
about 1 um to about 18 um. in seme embediaants, the
seniiconuugtor layer 1064 is disposed em the insulator 104
amdl phyeinailly awdl electrically isolated witth the semicon-
ductor substrate 102 by the insulator 104,
[0019] Afterwards, referring to FIG. 1F, a patterned pho-
toresist layer 11 is Formedl oyer the semicomiiustor syfasime
102. The p&t@@n{;@d pﬂv;gmhg@m ll'fasyeiwillm lhaﬁ an @;ﬁnéng %ﬁg
e 3 on of the semiiconiivetyr Iogr 106q,
mgm‘fﬁ%g of the semiconthocty Liyer i’@ is m%‘}mt
ip 2 sideysall of the senticommiuetor layer 106g., A second
mplmstion progass 114 is performed on the exposed
gmam of the semicondiutior layer 106 through the %@mng
12. The 92cond tmpilantatiion puocess 114 inplkans dopant
of a sagond condbactiniity type into the ex penttion of the
seniizymactor layor 106g., The secomd comfluctinity type is
opmesstie to the first comdtuttinity type. For exampile, the
wecond comdoctinity type i P-type waem the firgt condye
tiwiny type is N-type, or vice versa. The pattenned pilaotoeeisl
layer 110 may e renoved after the sszond impladsatiom
process 114 is done.
{OOZO{L Affiter perfipming the secondl inpbhattatiom progess
14, the semigondlinitor Tever 106a cypntaing a first regigm
106ay of the first conductivity type and & second regiom
1]!}63‘I of the second conductivity type. In some embodi-
ments, the second region 106, has a doping consenntittion
izfiter tiian that of the first reaion 106g,, For example, the
second region 1060, may have a doping concentration
ranging from about lel3 atoms/cm? to about lel5 atoms/
em”. In some embodiments, the first region 1064, of the finst
condhuctirvity type has a wojimre of over 50-80% of the
volume of the semisomingtor layer 10 nihile the seeond
om 106z, occupies the remaining volume of the semi-
conductor layer 106e. The second region 106a7 i pertially
or exttirely sumaundedby e first region 106a,, The first arid
second region_s 1064, and 1'{6% of the semicomdwstior layer
106 sve in dirset comtett With each gther and form g P-N
fimetion 107, The first and seeond regions 106z, and 106g;
off the semisonninttor eyer 106w mudy function as @ zensr
diode, This kind of dewice is used in Tiinning circuts and
in peuticular a zener-like trimming device. In some embodi-
ments, the depth of the second region 106a, of the semi-
conductor layer 106a is subssenisilly e same #s or Jess than
of the tickimess of the semiivontthucor layer 106a. For the
sake of illustration, & P regiom 106w, is showm in FIG. IF
althovgh it mery e also fomed as am N regiom,
[0021] Afterwards, referring to FIG. 1G, an imter-la
dlidleertic {IIILD’D layer 116 is fomed over the semieondugtor
substtrate 102, A fnstrectaliizattion comtact 118 and » seeond
metetillization contact 120 are formed through the ILD layer
116 to be in electrical conviwi wiith the first region 106, and
the second region 106a, of the sentwonihutior layer 106g,
mespectively, In some emfpdimestts, the 1D layer 116
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ineludes a Tow -k dielestriemmpdeiid, silicon oxide la¥@! ora
combration thereof. The lowk diclestric mptetal has al
difknttric constant less tham about 3.0, A wiike vadiely of
low-k diedlezttric mateersils may be employed t form the
low-k dielestric laver. including Humrnated silicon olass
[FSG . carbon doved silicon oxide, Black diamond® (Av
nlied Materials inf Sanfa (lara, Cal if 1. Xernamel . Aerogel
amorphous fluorinated carbon, Parylene, BCB (bis-beran
ey@l@butem@sl)f SILK. (Dlow Ch@mtsaal, Wladland, Mileth, ),
Mglmmde  andior other future 'devel@peé Ty ézelesim-e
tells, In gume enfouiments, the D layer 116 is
fignmed iy chemiical vapor degssittion (WD), smm-om coat
ing or other suitable techniques, In same cniocdiments, the
first and sawmd metallization comtacts 118 andl 120 are
formed off a metal, wihighmaay he titenium, titnivm mitride,
tungston, alumiinum, tantalum, titwaium witride, or a combi-
nition thereaf.,
(00221 'The ssamieonduetor device 100 containing # zener
diede san be mantiaciured @@giﬂ For exanyils; the scmi-
conductor layer 1064 includes only two regions 10641 and
106a; (¢.g, the P regions and the N+ region as showm in
I, 165); The semiisomiiustor layer 1062 does not include &
tmr@ 1on gither 'ﬂhan the finst anid second regions 106g, and
, during the process of mandatuwing the
zenl@r dy@de, onily o impllantation prosssses M08 and 114
are needied! to be perfrmed on the semicomilintor layer 10,
and only onempaik q@ﬁ g, the ;ﬁmweﬁ% lk@ysr 1140 1% ne‘@ded
n these tywwo implentiefion processes 1
00231 FIGE. 2A-D {1Tctrare rrnee- can{'mm viewa nf 3
semiconductor device at various stages of manufacturmg
, 10 aceordancemtin sume emodtinentts, Reteming
o FIG, Zﬁ&a a semieonduetor diniee 200 similar to the
seniiconghucior devfige 100 a5 shown in FIEG, 1D i prowidd,
ingluding the ‘S‘@ﬂﬁ@@ﬁ&&&%@f ststte 102, Eh@ insulgtor 104
and the “semicondvstor Taysr 19 of the first condustivity
type. In sore entiuilineents, the insulator 104 hes the first
widh W,
[0024] Afterwards, referring to FIG. 2B, the semiconduc-
tor layer 106 is puitterned to a semiicondhstor layer 106 thatt
hatg a third widhth W, whigh is gregter than the Rrstabidih W,
of the insylator 1194 The third with W3 of the semicon
detior layer 106bmayy be in 2 range from aboyt 2 im to
about 25 pm. Kxecerdidly, the semticondistor layer 1065 s
an extension portion that extends over a sidewsdll of the
insylator 104 and is in direst comast with the sentisondnstor
sutsttrate 102,
[0025]  Afterwards, referring to FIG. 2C, a patterned pho-
roresm 1@{@ 210, vhich is fymedl fever the sm@mﬂm‘@f
2, has'an g ing 212 exposing ait least a
91” tihe extension ponttion ofthe semeomdu@@gr er 1066
# pontion of the s'emre@mmr ssabmte 11'!)% eem t@ ths
semiicomituttr lager 1065 In some et
EB%;!% also exposes a ‘sidiewalll of m1mdmﬂew ll?&y@r

[0026] A second implantation process 214 is then per-

lormed on the semiconductor subsirate 102 timough the
opeming 212. The second inppraneition process 2K mtgi]}n

dogmnis of the second comtboctinity into the semicon-

ductor substrate 102. A region 202, of the second conduc-
@ 13 homed in the semicomslstor substrate 103,

m'e%@'fm seml@m%}m 8 faﬂe 102. The
second m@m@m 2

is 5malllly covared ) the
senticomidiecior layer 106. Tn"sume enl m&e@,, the sec
omd region 202; s 2 doping comsamirtion hezyiier than thalt

tivity
megr the
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of the semticondhdior Layer 106, For exanpily, the Iegm
2027 mey have » doping comestistion ranging fiom abot
513 atgnglem? 1o 4 out 8el5 atoms/em™. In some embodi-
ments, the segond impikntittion process 214 wes an ion
em% rangmg from abowt 5 Ke to ghout 200 KeV, such
pemetate tie senicondistor layer 1065
fe m'eh the mﬁ@e@é@em tybstrate 102 and Emms the
secondl region 202, near the top surface of the semiconduc-
tor syfssteaee 102, An ameziling process may e perfomed
affier the second imglntsiion process. The pattemed photo-
resist layer 210 may be removed after the second implan-
tation progess 214 is dome: Th@ semigondiator layer 1065
andl the region 202, mayy form a PNWL@H‘ 97 and
ﬁunsm@mm A zerer dmg For the sake of illustration, a P++
region 2023 is shown in FIG3, 2C althovgh it may be alsp
fmed a5 am W++ region
50027]] Afterwards, refem M to FIG. 2D, the inter-lmper
ielectric (ILD) layer 116 is fomed over the samicondweior
subsiirate 102 and the patiernsil semicondhutor Layer 1065,
The first negahllizaiion contact 118 is fomed through the
ILD) layer 1106 to e in electrical contact with the semicon-
dhstior layer 106h. A second mecaallization qontact 220 is
formed thirowgth the 11D layer 116 o in electrical conttact 2
potiion of the second region 202, that is not covared by the
samicondusttor layer 106/, The secomdmatetillizattion contact
220 dlsess ot penetutie the senticomthacior layer 1066 byt has
# hprizomal ga g ' betiveean itsglf and the semzmmm‘ebzr
layer 1065, Thedwrizonttal gap §'mary be in a mange from 0.5
um (o about 7 pm. Furthermyre:, these: is o humizontial gap ¢
between the insullstor 104 and the second region 2022, as
Sewn in FIG. 2,
[0028] The ssamiconductor device 200 contining a zemer
diode can be easily manudfatiyred. For exanpll, diving the
prosasses of maubdsturing the zeasy diode, enlly  two
implanation processes 108 and 214 are osded to be per
formes! on the semicondustior la?e'f 1065, and onlly one mask
(.2, the patiterned phetionesist layer 210) is in these:
two inmkmsition prosesses 103 and 214,
[0029]  FIGS. 3 illustrate a cross-sectional view of a semi-
conductor deyiee in areordanee With supe enthwilinents; &
senticomiinctor device 300 that is similartie the semicondue-
tor deviee 100, except that the insulator 304 is an STI
strustiure, is provided. The formation of the isolation stmg-
ture 4 inclndes natterning the semicanductar sihgtrate 100
by 4 photolithographv process, e«tchinga recess, isuch as 2
#ronnh. in. the semicondnctor suhstrate 102 [ for éxamphl.hv
nsing 4 dry etehing, wet efching, other anolicable efching
prorecses. ar @ eomhingtion thereof), and fllhnq the recess
i(for example , by using ehemigal vapor degestion).
[0030] The insulator 304 may have the first width W .
imsulator 304 may have a top surfisce level with that of the
semiiomidecor sulteatte 102, The seniicomidiosor sisstte
102 may provide a flat surface for fioming the semiconduc-
tor liayer 306a on it, The: semicondustior layer 3067 may be
maatte of the :same material and by the same formaation
maethed! g5 the semicondiuator layer 106g deseribed above:
The semicondsstor Layer 306s may have the second width

W2 whils the seeomd! region 35%3 is located in the semi-
conductor |gyer, althougi the smemﬁl}mﬂ
i the third yeitth W2 while titesecond reg) emlgapm@m

like the second region 202, as shown in FIG. 2DV (in the

senfigomibocior substrate), The first region 3W6g, and the
second region 306a, fiorm a P-N jungttion 307 tmmW@Ml

and may funstion as @ zemr diode,
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[0031] Althonah the emhodiments and their advantaaes
have been described 1t detail, it 'should be understood that
variong chanaes. anhstitntinng. iand alterationaran hemade
herein without departing from the spirit and scove of the
emhgdiment e acdefined hyv the annanded rlaime Marenyer
the sscope of the present apnlication iis not intended to'be
Timited o the nartienlar emhndimenta nf the nrareca
machinemannfacture. composition ofmatter.means. meth
ndc and stane deenrihed i tha wnanifiratian De ang nf
ordinary skill in tthe art will readily avoreciate from the
disclosure .orocesses. machines.manufacture, comoositions
of matter, means.methods, or stevs, presentlv existing or
Taver to be develoved. that nerform : substantiallv the same
function or achieve :wsubstantially the same result as the
corresoonding tembodiments described herein mavbe uti
lized accordingto the disclosure.Accordingly, the appended
rlaime are iintended tn inelude within = their frane anch
processes, machines,manufacture, compositions ofmatter,
meana.methods. arstens In.addition. each wlaim . congtitntes
3 wenarate «emhndiment. and the nomhination of wariang
claims and embodiments are within the 'scopeof the disclo
sure.

What is claimed i¢

I} semiconductor device, comprising:

am insaliator 1gmed on 2 top swriace of 2 semicongimtior
ythstrate)

a samiconductor layer, containing a first region of a finst
conghuctiviity type, fumed on the insulator laysr,
Wi the first regiom is 2 P+ region or am N+ region:

 second region of @ second conductivity type in direct
contact wiith the first regiom and Fenming & P-N function
witth the first region, wheedin the P-N junction sowm
Toises a first poottion peealllel to the top surface of the
semiconductor substrate, and Hhe second region is the
ssimicondictor ssistegie and partiilly covered by the
seamieonduetor laver:

i firetmaballization iregion in electrical contact with the
first reaion ; and

3 fgannnmatallination region iivelectrical contactwith the
ssecond region,

1. 'The semiconductor device as claimed 0 clain. I,
wherein the sembesuiinstor layer i an extension porion
extending over a sidewall of the insulator and in direct
eoptast it the semiconsirior sybstrate.

3. "The semiconductor device as claimed n clain 1,
wherein the secondmetallization contact Isphg¥dtesl eomrast
Tt amotion of the senond region that 15 not covered by the
semiconsineior ayer,

4, The semicondwstor device as claimed i1 clainm 3,
wherein the secondl matefilimation comtact hws a horizomtal
gap witth the semicondvetor layer,

3, The semiconductor device as claimed dn ¢lain: 1,
Wiheedm uhe semiconmmtior laver compraes silicon.

b. The semiconductor device as claimed dn clain: 1,
whereint Wie semilsomiiuelor layer eompies Oalk, Cals or
gther 1Y seapicondustor paberigls.

7. The semiconductor device as claimed 41 claim: I,
wherein tthe insulator comppimes a local opddittion of siiiwn
stryeture:

4. “The ‘semiconductor wevice as claimed in «lain? 1L,
wibesdm the insvlator comppives u shallow trendn isolation
strugture.,
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9. The semiconductor device as claimed in clain: 1,
wherein & first bop surface of wie insigtor is Mgher inn 2
seeond 1gp surface of the spmiconductor subsirafle,
10, The semieomstieior doviee o5 claimed in ofpim 1
wiheedin a thickness of the samicondwtior Tayer i about
2000 angstucons to about 1500 angstroens.

11. The senticondnctor depice g5 elaimed in elaim 1,
wberdim & seeond wiiitth of dhe semicondwtor keyer is greater
tham g first widkth of the fnsulatar,

12, The semiconduutior device as claiimed in claim 11,
whbesein the first wiighth Is ranging from gbowe 1 pm to about
20 pm, and the second width is ranging from about 2 pm to
about 25 pm.

13, The semicomshatior device as elaifmed in ciim 1,
further comppiising an iner-layer dighetite layer formed
Qver the semlieombestr subsirate, wheedn the interlayer
dielestric layer direstly conttacts the semitpmiduttr sy
sitrte, the insplator. and the semieondietor layer

14, The semiconductor «device as claimed in- claim2 I,
wherein 2 seeond doping eoneeritration of the second region
s heandier tian a first doping comesnteation of the first regiom,

15, Tie semicomilutior device as claiimed in claim 14,
wibeee the secomsl doping conssatuztion is in a range from
abontt Sel3 atcons/em? to about 8els atoms/em?

16, Ama¢thod formannfdatiuring the sanicondusitor device
of ¢laiim 1, conppiising:

fomning an insulator on » senticonsincior suhsteate;

degesiiting 2 senicongbocenr layer over the insulator and

the semieondiaior sikshate;
performing a first fmgikntettion provess om the semicon-
ductor layer to give if a first comshacinity type;

pa@temingi the semiconghutior layar such that the semicon
ductor layer is paretisilly located on the insulator and has
an extension pertion in lirest contaet with the semi-
conductor substrate;

forming a photoresist laver over the semiconductor sub-

strate, whheredin Hhe photioresist layer has an opemin
exposing a portion of extensiom %ymiom of th@pgmg
@@ﬁh@@f 1;5@! and a portion of the semticongluctior
Sytate; g I .
-omn‘ng?ac ssoond {ngibntetion process on the sami-

condinttor subsstrate. thromeh the oveming, to fomnm a
region of & second conductivity type in the semicom-
doctor substrtie, wihesdm the ezion of the seeond
contfutiintty type is psntially covered by the semicon-
ductor layer, wherein the region of the second conduc-
tivity in direct comtact wiith the samicondwstor
layer of the first comtbotiivity type to form a P-N
junction, andl wibeedin the P-N junction is pasille] to a
top surfage of the semicondueior substote.

17, Themethod as clained b clain 16, further compris-

mng:

removing the photoresist layer after performing the sec-

ond implantation process:

forming an inter-layer dielectric layer over the semicon-

ductor uhsirte and the semisondhetor layer;
forming » first nercgblfizattion eontact and a second metalk
lization contact in electrical contact with the semicon-
ductor |; st iy he regd
of the oo R e, Ty 0%

18, TThemethod as claimed i «claint 1§, wherein the
second tmplentiaiion progess uses an ion emergy manging
firom about 5 KeW to abouts 250 Ke'W,
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19, The method as «claimed ir- claint 16, wherein the
senbeondustor kayer 15 emorsy implanted winkout using &
masdic in dhe first Impllantiation process. ‘

20, The npethod @5 elaitned in elgim 15, wherdin the
opeming of the photoresist layer conpprsss expesing a side-

wall of the semiconductor layer.

% % % %
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