EE 143 CTN

Isolation Technologies

[ Trolehon Techudogies|

Looes | = uhy?

o Hust fmfo»?l inorsion in Yo feld regions,
o LOCOS 5 wed a.ro;9o-m:/ to ol wolatons AGcawr- vd n‘r :mn#.
topogray.

Conside Fo Slmplest alfernafre: A

2 bt in el ogogruphy Wb greally limf_whaf com bedlre =
s = Sire of e palloms dve b frpegryhy:
@fiﬂogmq‘y: PR siep cwvorape pn‘lm + :ﬁn,w 'Bou-n'g
@ S‘(’ﬂn,erf affe dmr;rofra;’;‘c« G’M'ﬁy:

pAy
- oot ply S*/rﬂggr
EE—
510, Si0g RLE S0 S0,
@ Metad chp covenge prblems:
Sputtesd A

S":‘Ol E @a S['ﬂ;

[OCOS Sqlve.r a.m ofﬂe:e fm““’m‘ -

\ﬁ Suf Loovs intedluces l’eveu«]fm‘/omr ¢F,ﬁ- o’ (af(aad‘ G;n\onhauﬂ sem-&exa/ (,COS‘ doos)

@ Birds besk encroadmond b achie amgs: fn 0.5-0.6m Fo.~ 0.8 o 5#e oms Conchmet

o4l Erd \"'omwm/2 —
02} - '<—WEFF/2 -
— - OXIDE Everonds . -
0.0 :
5 1E16 — Oormel-hep>
O _§ o2r i,_.mfmf( S
0.4 | 4 5
i s e = 0.6 1E15 ecm-* z S
. os msussTRATE | | Ne-fSa

0.0 otz 04 06 383 10 12 14 18 18
(micron)



EE 143

Issues With LOCOS

‘_aumj ufa'ﬂ\: are farﬁ}:ﬂlarfz _Ii'b‘h#p,;{ 6}( Loces e.ucrsaoénoq?( .

"1\}}-

Bird’s Beak Encroachmnl'-‘j

'actlve dewce
Bird’s beak

C Original mask

Eg. 1£.2

@ Excorsie redistibubion rf Chonrall~tp implunt .
= e.rﬁa:f‘[ﬁf Pngmﬁc Ul/ 8 -2 MOXIMW’\'Q’?;!WJ D‘Gf{u-ﬂrm
ﬂb”'ﬂ#‘"‘d&m IMLI)LAPA am[ J&}o

Can cause Wigh ot ndbabich jumetn

S gt paraw pidh effeds due o chawrd~syp }npw encrooihmed, ar well

(fpo F{‘g {S.1 agar'u) —"—\__}"___'.%'_“ﬂ._.—f-—“"“" ..__.1 -
I 1 le— W —{
R _ \4 mised due o high g o Ho tmithtle i5
Clarnel-sty implayt Cnanfahipn Qﬁ'&ﬂwﬂy
o == C redweed

. .-":ﬁ P::!fﬂo plubons:
(J) fngh pregure. qﬂa&?’fd\ (HIPax) . grawr Loces @ QMT‘ﬁ {98‘3‘ d"fﬁtﬂw '{JM’
) 01) ute Ge~B cotmpet:

Gﬂ,@bﬁ‘{u@ ,-I'fm Jamc-ﬁm hreakdwem Volfsu }

R ditbucivity (awn i procome of Ge

£ (&) we a Cl imdunt: o¥ide graws of a fader rote — o fime-temparsfne

—'.rm%\Di-



EE 143 Semi-Recessed LOCOS CTN

(D) Planamihy of Locos b«mi;y I'had?apd, 1 subr crom needds,

= Slepper thogrphy has probloms ficusing oo excessive Topgraphy
= tho srraller o dimondons —~ Fe swollor He dllawable -fcpag,a/hy

(D Tuicknear in clachy spaced ryions lecr Thawm in gpon areas:
W Fn ol /'S;””‘ - {Eo.‘ Z{aooﬁ°
fo. °
ot —d d= 0.8 m — {4, = 29004

= caured by rediccfion hr oxldat gvailalds in swlemicom poning.. o
22 pivimin, sfoce () allowsd : 075w . SOOK Mk oxide

- *
A

Ahanced Seni-recessed Oxide (0ODS Tsvlatipn Procerzes

. Quecdin: why Fhe lng birdt baat ?
= [plead diffusion of reactunt updo o nifride most:
reactant

J \\/" _/‘ SE?M:/ fod Oxtle

S”—J—m

v | e ik e ik
" N L J « ;
SizNee e"égtaofyw:fhw dllows Zﬁ-\ﬂ di’ffumm o
) — T — 3 wio Hhie vekle, Fare v
\ bind's bedk I, ke vo bieds hoat

([Q?NY Shess cracks

e = if defon"f' Sighy olirectly m $iog, ,

7 T /\ Y /7 ) 1€ ) .

< gl sheis cracks in fhe S©—3 degmdes
- — Mos sieders |
= thus, need pod oxide:
as 4y 1 — shers cmoe " Tl uide ~ 200 ~ 600"
/ po wide 7 SN O
yeld

Mos perfirnance |



EE 143 Semi-Recessed LOCOS

CTN

— - - There are et hvoven, by which e pd oxide Fhiknoss upn be reclucsd: I
B [O) PofyLuHereJ Locﬂ _ e
o ___::pa_/ydmnqLMQa:mucﬂ-Fff*eqa:nWi(e ) o e
S TPuea P"I}' ~orida (ayer ‘ﬁ) Lu'&r apalm'/‘ mﬂno(e sfmi ”5°°A.F°/Y'S-/' o
1660 ~ 2004
Sty T 50104 Si, 5 ppuch lur [adeed
- L7 770777 77 dffucion ofreockat:
SRty T s e e
- - L 01 =0.2um fr 4000 Fo.
 Problors: ‘\919\ skp T—> His wafmuem |
. Trblom:_deom? redycs chamal-sty implavit encrvacﬁn,e;a‘ -
= postille Solufﬁcm n submlcion denies:  griu Hinne, Fo. (mzZoM ~ﬁs,cL)
o inlant evvior chomwel-hp dipdhg Cnc.
= ok fu cubmlcrn, sce havier doping
_ reeded fn - punchthrugh rduchion
anyway .
| Q@ Suled -Inerfoce Lind Oridgtin, (52t0) | .
e — nlMdelDoudo -dopcd .n.% resiat e ~-—»-——~-FL°3E-~-—— e RO
\ ZA nitride 11 °
A b (D Run 10208 piide layor divecty o S\
: - ..n:-m n é), ‘fﬁam.ﬂmhv'laﬁm r{f c\Ly Cw.
e _ W—.""’: s T ﬁ“ e gt
) «. titride n nibride byw Nl‘«! @kedfm‘ s
. - redures - wde@ar f;q/_‘ —
Poblorn: o 4 . [ioo %
- ' [9"]- e D LLCWD i Mo 1500 = 2000 A il -——
i
Tou 108 pej

@ latiern Player mading Gim i RTF
= gef e efehing r/.r'

©® Gmw FO. 3 get come @bt crompdoreS
- o’ Fo-dwe —fa-—-————J

Fg.153
‘LTDu tow temparature oxide T @ dmnwvj‘ﬂpl‘,:;.#a,d‘ e



EE 143 Fully-Recessed LOCOS CTN

et reclt: very Iiftle lsdowd oidy guurk —> very Mo Loces encrmchind L
P dinlebek forgth ~ 0.3m s quned by avreth b 5 @ k(P

_ Summary: S e
Phoe T procerer Work dug h lecr bbed oxide grat ar pad oxide Yhickness

0.3s SILICON NITRIDE )
- . y

0.30 OXIDE :" T _—4_—7“ o
: 550.2-5_ , ] SILICON { e
7 g 0.204 a‘r"fcrc?ng‘ 's”c

o
é 0.5
a3
3 .0l0

0.05-

o """""" - 'V """"""
0 500 1000 1500 2000
DISTANCE FROM NITRIDE EDGE (1)
Fig, AW

Bt both qo‘ﬂp Amefnmfer adro sufen from S‘kfr el ane B0 dém,‘f
— fa culmican procesres (Mw Seppars are Invived /:“/ﬁo‘grqoty)l Such :‘/eprhuﬂ(
be elimingded. - '

S _“____/71!«:': | 7 . ] o

R Elw Pecere] Onidg L0005 Tsofaton Prococses
2 L0CtS pacers, but who He Fird's head o
G decreased topography

= lers (o opide Swerrrhreat |5 Jore Coses




EE 143 Fully-Recessed LOCOS CTN

- [Siteatotucted Tnlohin (swpnr)| e
SWAMI Process R
+ e
SRO « Stress-relief oxide
a)
e - Fig1s.§
B ce 5 : , ) 7 B
O B videhow and LPcvp upbide as in cmgnimad Locos prxcess. [(0) I th_/;ffl o
@ Bl graves info 7 (wialty vz an orisdvhon-solechve silion eth, ruch qs Koy)
i SiaN C) resuls in sidemdl i €6° rhclie ubon
13N4 Si02 T Shrfing wefer s <oy T
e ' R
.\,\ ,'::"\‘ . R0 teduar otpe bbdr T
| R N T
DiSlOCGtion pits - B "(A'é’é“%‘.f 6buph&) o
Si | — = als 'h&hE‘Ffe{J“aj:W‘&‘”‘;—"-“—“”“
- B — _f{cvter-—) gel lwe Wp's ¥ comen
Rg.1€.6 Js to Shep —> '(1%, gt axcasie
me e e e e ~{ekage —Clorront—+—H—is-pecesraryto——
(@ G secm] stess yelief oyide, rourol o comers!
O epuit secmd WD aitide —> onfamilly aves all o e
 ® Dopuit CUD ok —> amin, cnfnal covage : () in FpioS]




EE 143 Fully-Recessed LOCOS CTN

@ Anisotapic M of HTo[Sisyl Hand $i0, layon donm fo _Si in Ye ficlligins
= SizNy rewains oen dokve arear and unde. oxide Spacers. ((e) in Frg. 15.5]
_@ Effﬂa‘my oxice Spacon. (Mjeu) ((J) n P? lS:J ,

@D Channd-shyp imgerit, B S L
N @GW‘HOU oxile —> Hhin pibride cidoundl (S‘Tgo),LGna/,r up (Ce)in 53. U-SJ N

@ Pemwe nitvidse[onide layars.  ((F inpprsc]
_ Result: very plaas loolofim ui excelbont dopgrahy. -

Prbloms: (D Moo coyles than Conveppored LOCOS, /"_m
@ Comer efeds — Vi luaniny af dewte edger high, £ fielol — law
-ﬁMWMWﬂSMUCAaffw)Jk {ﬁlﬁg{"cuh'ﬁ#
Q Mo arwon effeck i dichaby, Jobct

lge/ 'A’l[gnw{ Panar- Oxidafion Teahm/ogy (J‘Poﬂj

: SiSN‘ . ) ‘PNP(‘S ﬁew.-
. . ® Shndeel oas. ()]
Y Si

@ Tsotepe aido obh ur bueflered HE sohetion. @3

_ SisNe .
- (by 5_>:1' e oo oxdletin. i o et vtk layon
SiaNe ®@ trew while = cmformal depuition (]l
-Si02 () Mnisohpic ofh — rew witids sladmal by orgind
(C) $_>::L o @am.,p._p/,, jmplaat. L OCO:“'M ) Qol).]_ .

@ gk prescure Field _Ociaﬁ,‘dia_«w.@;"efc_—t ]
owT = _lecs Chonrdhio

S impland ercrradk nost

[EpU——.

 Peblom: kil got oxide oncriechmnd !

—_—




EE 143 Fully-Recessed LOCOS CTN

o _|Fuly becesss] Oxicke (FUROX)

e CvD oxide 1000A RIE
_ -LPCVD SiN | 800A i 1 o
Nitridized oude 200A %
L AL edra e A R o —

- TTTSEmRTR T - Fed onde 4500R e
- () jm@-— Field oxide T700A :

)
]: :‘ FURQX - -
Boron implant Z5Kev , 8 1102 DN - SR
_LPCVD Si3Ny 1i 4004 (9)
e - Thin oxide 100A F@.{S-y J
 Process floy. -
@ Hinimam- encriachmest LOCOS (u;mg and‘ﬁwo( dletuted previevdy, a um«? xm‘hvo(liel
- S oxide, ar Ihm a"M) o foe s m’@(ex ?‘J&Le«k
ot SR . iy
o @ grwronide 7
@lzooc - b In W/f_y o 7
@ Efch avey T firct field oxide.  (¢1]
. Ot o
o ® trew Sty — qo08. ]

\© cumd-sty implt (]

_ -.@,{’“_'“‘*w o of 2% gl ok vt (k55), (Vertiol oebitile s it
- Kej] :ﬁdowmg by (;t Mm(,)

@G fidaide (] N o
e ___femﬁ' __ gadd plavarity, detect-fre, -My recem?a( axi e .
o Bicd's beak ~ 0.1S 1y e

e — —2%00f ~thick—F.O—
L Trolobm widtl ~ 1.[um } I



EE 143 Fully-Recessed LOCOS CTN
OSEo I | R 7 2 7
fezed] G G B
(a) Si02 é I A\ OSELOT % -
s Z I 7
s’ SiaNg é b f'i’"’; é’
% _," ‘F___ increase in %
(b) L_J l/é‘ reduction effective isolation % -
% in bird's beak length é
Si02 'SigNa L
’ ~F o "‘H",. IS5
_ (@ S Ay frcess Flow: S
i S'becer/ BY D Stmdowl Locss opih [nbride pask: layer Formation cad
| T’" Putterning — Stohmide, 24004 U nitride
(d) @1 r:@ - :
@ first channel-shyp )'h\/b.d, — (a)
@ 2% tocu aifvide —> 20 ~Hhicke
(c) :
Ny M @ LPEVD ke —> 20004~y cke —> (b)
©) R 2% oxide gnd 280 nividy (oMinbopic ).
F!g (£9 @ REe S0 A~ 0.2 um o(a,P Coxid, pxer server ar
, mack)
@ 2% cliamd:shep implant. (b bbby of “peveh”) = ()
Wet etA remainig Sit: spacer, — (J)
(@) Grnr ST008 P field oxidg - wet Oy, (20min. € 1000°%.
. Rew. inldim longth ~ 0.8y _ _
. e«edfw ﬂrola#o‘ {%ﬂ\"’ I.x/um
Y (Fig. 15.00)
- Poblow: ST 5 BIE efeted —> sharp cimerc —>  gat- dicheabim debects hring oxide. Growh




EE 143 Trench Isolation

[Tronch Eth a_Eehill Tolaan Techmgir]

_Main_aplicubms:

Rep'a(emj ,fcdca.r -ﬁr rlation of //(’e devxer wn‘ﬁm o sarme o in oS, (I‘a//v 'h"encA)

@ Trladion I[’h—cf\amﬂ -Frmro‘omqﬂ afeu.c@_r — prevorylng {a"dfﬁgo m ch.r (’*M df% -h,

. @ degp rare —> > Zua deep, < 2umwde

[ Sullsr Trouch ord Refill Tolshon |

) _fum'ad-_QfJo I'.mfaflbl'l (M -

@ Hgh focking dons'ty Tronh ayucibory _@_W{_ (deep hock)

.3 Trexch orfegones :
O shallwr —> < Lum desp.

© rebodhedoh—> ey

Main_adeamlage: o (0cus-irduced bieds beak - highn pucking donity

decyo 'fcherJ

7 uch easion b imglomant Hhan T dogpon tromches = 90 fin devicer wikin re some b

. Procers Flawr: (‘_”’_‘_’{}"‘M ﬁ"l’(ﬁw) o
D fiselryic ofh_(RPE) = 0.5-0.8 um et

b Si subdats (0

=) e clomiad-mechanial polishg (HMP)

@fum_’fm@m

) cUp onde. — redu dd -
\@ epeliit CUP oxide. ~ reduces (ocahon (L]

@ ’?“'JV duulle layer rarit o plaraize He T

~Surfoce (first ayer refirved), How etA -
_back in ofdant ot efcher tRanl 50,

at ume ra¥e (ucvally an RIE) — (eh(d)

= bd nuch les ofedie againd lafchy . st use anothor Krehon mofhed fa letchup profecton.

$i0, N
I
(@) WAFER -

- (b) -

¢ $i02

2nd RESIST
r
(c) , % E

{ st

o cvD
$i0
o e

RESIST




EE 143 Trench Isolation CTN

- Prdlowe 4g PY Irolohm - , ,
O Vsid formafion £ CW Ol'l‘d(irw in & fromch parrver Tham 2um .

: _ Solutm: e highe Torap Cw ox:o%
— Vot a slyo e sikwedlr a bit

[

@ Tnorsim of v od sdovells:
n-we

Voo mmrm

Solubim fl) S‘lal(m’ a;vb mflM /\\4"' Chanrd - 5{"0 I»y/ad"

W e

pad oxide

(i) ure dped oxide ar iffugion source: b
(patien to ¢ 8 Affudon ~——BSG () oron source)
ly om pside) nwelf ' dshr

@wahg fiold-opida Thicknercer Ovor diffonant- arees (4., cvo oride Thickot ovon

narrw areas Fhon widon avear ).

Sollin: addifiond masking stp

s pheto nonnfaerty of folf addo  Thichesr acnss
@ OvercleA noedsd i o ,b/anaﬂ'i?aﬁou d;a — credlos Cormers in o SV Wafor
9“*[309' — /?ad.r fo hlgk ﬁ'ﬁeﬂ regine — lwon V4 jn HOS amer

o s ~ ' - —7 [qikoge curgif
\‘\ Ao

2T N ome "
OrnstA M reglm - Solutim: wro on ekh-shp = Foxss prcess

/PnoloresiSl 1400 nm

-—Pn

Mo 250 nm otoresist #2 600 nm
~—Photoresist #1 700 nm

LPCVD SigNg 25 nm : — -

-~ oI v
.‘Thermal oxige 15 nm . m
o— Mo serves as
Mo— Si trencn. 400 nm - e e orn

S adhvw areas
v \/ \ _ J=’K\\_/H_
o m-uo 720 nrry —

«-Thermal oxide 50 nm ()

(©)

Fg. 152



EE 143 Trench Isolation CTN

Hodeii- peghh Tronch Tnlstion fu CHos

«l6a

6o G J = shelaw epi layorand shallae freache;
‘ | Geatly redus amplrity of rench
[ N o Zrh and reh1l)
NS | LT
E\‘_« ) L fh@.{;{jlﬂﬂ/-'
n-substrate. NN p-wett -
Trench D Fvn piwell regiom. -
TOP XEW | @ bry et mdoitd, dog, trench ot bordew
=T 1\ L of - ard p-regions.
dm% eI a7 peltiam.
-weh | a) Ekbback ty g
- epi 4 p-well ve-a-plamantierfyer:
N - substrate —_
(b) CROSS SECTION Fig. .13

Pt d b2 2T U, oy s Lo ey A = 2 yim (Mf'f'oln" ffaC'hg)

F dyomeho Lum == d= 5.€unm

Hain_Applicati: ,phevonf— othup_and (5ot 1t awd p* regions e—

Protloym Po(y frondh refill price:s dor 1ot~ allow froncher /'70 varyig widths 3

/ = o, thir tedngee & really only usefnd fn

=2 must dlilize antlor method o jlafe devkes i g common well

& % X,
;/>/ 7 77N (2 7‘;/
T T 2 T
// LA ’
/ N At
“drsady refilled 1




EE 143 Trench Isolation CTN

o Deep, Narmw Tromeh and fefill

POLYSILICON
e 7 777 e 50 — e
,,,,,, e SizNg ] |
— o (R | 1 S —
si 12pm c) E E
b} 3Su 5004 T
| i ,
e e e e e 'F’QJS-H
. @W/d’g\# Si0,( SiMy /510, layer - M{cuﬁ' /ayer‘ﬂuf m.#‘ﬁoy Uoh gdeep KIE STekh.
- hm{ ma..tf mm:m:?er (mﬁcu‘#}n‘g Whon e-h:‘mg,
() RIE et o silicm —

= Loy requiromont: ;) smeoth, Tapored sidorallf sy ~87° angle — alines eauion peill ot mo voids
(i) high  Si:mask selechily and ne wndocuttng of mask
(i) undarroged oudly — dyyrage £i¥ induce loakeys Clmand @ thvercion
(n M dovicss.

(i) ok Hromch biffwr— minimizes Shesmindued dekds ot cam.
foam afr ax1#e groudh T

) (1) horch dyth Aabd b anifiim acrses o yiafor andl fom mpff» e
P fn PR oA _ _ o _
) pettem e Syt loyer |

(L) romne mfive Oxike aver & (BF J'Plf—' C‘?-X‘frw-dy ;mpa‘fu:f‘ .mae 1‘!« !I-E Je.Lo nwd cu’:"
e haive T T
e __N_fm oot cmgd S*"/af*ﬁf " uge _j_’?____ L
'If,?ror.r" all € €von Mpecw Qan revulf in
—_ - - - - — guf - -
—— - - ‘?}p\ .




EE 143 Trench Isolation CTN

(@) Eich wity g ligh domaly ECR n_iduchiely-cad plmg —>_high rlechity

we'gartace inbibitn €38 chomistry (Clz) - ‘"@4 ofd ¥

S dgust polymer on siualle  prowe? wnocing B P e ek

\Jal-fo + frumF(B ’7(5[’6'01 Srdewells )

= for_frepch umﬁvw/v devers To M My e NY aro widk

froncher — his is a man [imitnhign . |

(¢) Charge RIE y isvipx laorra St _at Ho boftun of Tondh — G oundai, smostlon

s ($R c‘mh’f'r) Corea

O Grow R0h oxidy —> repaer G Jorwizge couan by high ovorgy fm bombgyolmgrit ohmm

RIE fronch eH\my

@ LPCVD oyide —> ’M icke fn lf'(aﬁw', fhin ﬁwac}fm

(D Lefill Hromch uy !so(yrilt'co'n.

o f@er N ——C V?—

G Taitiad cofomlshge = (\_J

(4) Seam-famafion Sﬁ}e. ~ TN

(i) Seam-cluure Jhp_\—?/%r/[
(w) Cusp planarization stage. — 77

IS
NN\

Y

@ forarize: CMP o pesisttethback.

Admf—%_ffh‘gﬁﬂdﬂw Treudh { el _» com ge/'/‘ Lum- -wide Fromchar

ﬂvayﬁﬁfa&m, dowtfy clva o sald lffv‘bf“ffw'*m c eron an Somdard 5wk

e, ol rad e o Feaily dipod 5P

= o SR {atol=ap 27 e o ealy o <A

Probloyns: G Qmperly <— ngin rnuvm‘ﬁs'mlaﬁ'm,wwd/\ it fn DRAMS.

Cal a\(); MJ'!I‘\ alwable B GG reculf

o




EE 143

SEG Isolation

[Selechve_Eriteial Gauth Ges) Isadan|

i iy 577
" Me ne
§7h."ﬂll _js L

TR Oride

pe J
EG Sk SEG Si
\___ _psBL neBL
M’r@ p- «100> Si
imdamt”

. Basc (%L«‘Leco brocers Flaw:

®6WW6XIJQMS‘IJW

@?a-f{e,-nm,/msekﬂoxy& Ao to Sz'fnﬂ)madkdms R

® Channel-shy impfant,

Fig. (5.5

@ ll froncker wsing Ec.

@ Frocess

CNas,

AJva,dan..

(] no birds beuk

(W) Fo. fhichnes o’oer m-'f Js,ak/ulaon w:o/#, ,f-ﬂv  gpace.

(w) f@M I surface (excqef n facetr— see Le(ow')

(r) phamed—chp indamt™ cer grosl o Vb rg,m—a {e:r Q
) V(Ad ca,«‘w “b/ﬁ‘w Mrldm-oa/ton hhﬂc,, fmmﬁw wmﬂ qy /so(af)m 6eﬁm

() Facely 7

S‘»’O;

—————ee—y

Sl 02

 devicss m Ho sawe TUb .
(i) com ure” confeck flaf ﬁll“f Ha deiin § rarco ([0c05 o o Timifafiom)

= remﬁfm bad tpgraphy
S‘s/uﬁm CHP

,__(/4) Sbvrcow e'@cfr—}_/mh E-fold_at come —2 [y jin thare vgpins

— i cmmepl Icakbage carmd'r



EE 143

Silicon-On-Insulator (SOT) CTN
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