- 1 - 15 Septenber 2003 PROCESS FOR PRODUCI NG SEM CONDUCTOR DEVI CE  AND

SEM CONDUCTOR DEVI CE PRODUCED THEREBY BACKGROUND OF THE | NVENTI ON The
present invention relates to a process for producing a sem conductor device
having a highly reliable trench isolatign structure 13 8epterabec2006ct or
device 5 produced thereby. An STI (sharlgmftrench I sol ation) structure [or
an SG@ (shallow groove isolation) structure] is now available to nake an

el ectrical isolation between adjacent elenments such as transistors, etc. on

a 10 Se”iCond“Ctorpﬁﬂgﬁﬁéﬁfg&/ oﬁﬁeﬁgsi@EEEQ%ND@%T@@,mQHQE STI structure

typically conprises a’sha rench formed on a silicon substrate 1 and an

oxi de film enbeddegyibnseiheckb8rebr 8rYTICE PrcDIITED fIMERESYi ces of up to
0:25 }gym process technol ogi es, because its processing dinmensional 15
precision is higher than that of the so for used LOCOS structure. That is,

a pad oxide film2 is.formadropniBgrsanface of a silicon substrate 1 by

thermal oxidation, and an oxrdation. prevention film3 is deposited on the

20 pad oxide film 2. T’Pﬁé"%f‘e%ﬁl:'%\béﬁ@%ﬂ i81heegedol B pReceski €6R
substrate 1 (Figs. 6A and 6B). Then, an elenent-isolating, thermally

oxi di zed filmSahsihsr dedehiicordectoenabvotet hevshhi aonighbyt ratieabléeri g.
6C). Then, "an isolation film6 is fornmed thereon and filled in the

trench iscolation structure and a semiconductor device
5 produced thereby.

An STI (shallow trench isolation) structure [or
an SGI {shallow groove isolation) structure] is now .
available to make an electricéi.isolation between
adjacent elements such as transistors, etc. on a

10 semiconductor substrate. As shown in Figs. 6A-6D,_the
STI structure typically comprises a shallow trench formed
on a silicon substrate 1 and an oxide film embedded in
the trench; and is suitable for devices of up to 0:.25 pm
process technologies, because 1ts processing dimensiénal

15 precision is highér than that of the so for used LOCOS
structure.

That is, a pad oxide film 2 is formed on the
surface of a silicon substrate 1 by thermal oxidation,
and an oxidation prevention film 3 is deposited on the

20 pad oxide f£ilm 2. Then, a shallow trench is formed in
the silicon substrate 1 (Figsﬁ 6A and 6B). Then, an
element-isolating, thermally oxidized f£ilm 5 is formed in
the trench of the silicon substrate 1 (Fig. 6C). Then,

an isolation film 6 is formed thereon and filled in the

25 +trench (Fig. 6D).




25 trench (Fig. 6D). 2 15 Septenber 2003 However, the trench of the STI
structure is forned by anisotropic dry etching (Fig. 6B), whereby corners
A are formed at the upper trench edges. when further oxidized as such, the
upper trench edges of the 5 Si substrate_akpe_soneti nmesqsidirenigdrochar p
corners 4 as shown in Fig. 6C. The presence of such sharp corners 4 at the

upper trench edges in the substrate 1 gives rise to an electric field
i n_abnor nmal

concentration or a 5tre$§g&8@§PPt£ﬁé!PPen&H §9”E5F3555L %B%%ggghﬁs for

electrical characteristics ransi stors. To SO

le, A |15, di
exanpl e Gttt 19 a@is@iré’é?@oéfyae{?éf??ﬂ?z ;E?ésr ﬁQ ékﬂﬁé‘%?%ﬁ upper

trench edges in a substrate to a desired curva gest of

| EDM ' 96, pp. cBhei®)a di@Storifed Bat SBRM &BSePr 0£688NT QagQLYI gghgncurvature
to the upper trench edges in the substrate.” A resist 13, °a TE I'lm 15 and

an oxi dation ﬂmnhhaﬁidﬁididdﬁZhsﬂsu¢ﬁntﬁﬁémﬁbééigtréﬁ&h 88ded LEER20 Tilm
12 is then formed by oxidation (Fig. 7B). The LOCOS film12 is then renoved
and an TECS f Slimsifbsitaratexiadre sdrenines fshaped abnto NSskrPrcd e s desagf the
oxidation prevention film3 (Fig. 7C) and a trench is formed (Fig. 7D)

Then, the tresdlewns igxiFdigze®Q.0 gi ve a curvature to 25 the upper trench

edges of STI (Fig. 7E). However, the process for giving a curvature to
The presence of such sharp corners 4 at the

upper trench edges in the substrate 1 gives rise to an
electric field concentration or a stress concentration,
10 sometimes resulting in abnormal electrical
characteristics of transistors.
To solve such problems, for example, A.
Chatterjee, et al propose a process for rounding the
upper trench edges in a substrate to a desired curvature
15 (Technical Digest of IEDM ‘96, pp. 829-832). Figs. 7A-7E
show the process for giving & curvature to the upper
trench edges in the substrate.
A resist 13, a TEOS film 15 and an oxidation
prevention film 3 are patterned (Fig. 7a), and a LOCOS
20 film 12 is then formed by oxidation (Fig. 7B). The LOCOS
film 12 is then removed and an TEOS film 15 (an oxide
film) is formed as a mask on the sides of the oxidation
prevention film 3 (Fig. 7C) and a trench is formed {(Fig.
7D). Then, the trench is oxidized to give a curvature to
25 the upper trench edges of STI (Fig. 7E).
However, the process for giving a curvature to

the upper trench edges in substrate requires two runs of

oxidation (Figs. 7B and 7E) and one run of film




t he upper trench edges in substrate requires two runs of oxidation (Figs.
7B and 7E) and one run of film- 3 5 15 Septenber 2003 deposition (Fig. 7C
to obtain a substrate profile with a curvature at such upper trench edges,
resulting in a conplication of process_steps. BRI EF $4g en$ber 2o 3

| NVENTI ON An object of the present invention is to provide a sinplified
process for producing a sem conductor device with round upper trench edges

of a curvat . 1.coNn devi ce produced thereby, The present

i nventi on prgﬁﬁﬁgﬁqéﬂﬁfggggg ?g?fg%3ﬁﬁ%%%%?ﬁ% %#é%ﬁﬁ% ﬁdﬂﬁ%ﬁ%lﬂev ER, awhi ch
conpri ses: t ' ' |l mon . cirecuit-formng
side of a se%ﬁ?gﬁéﬁgﬁgrﬁfbﬁr{nﬂ ear( b alp&sﬂt gegd%’lfé'f olgr)%%s"thgg e oXt ddti on

prevention ficoffip19RaltienPad Pridiedd IdPepld (¢) a step of renoving the
oxi dation prevention filmand the pad oxide filmat a desired position,

t her eby exposing the surface of the sem conductor substrate, (d) a step of
hori zontal ly recessing the pad oxide 20 film (e) a step of etching the
exposed surf BREEBf SUNMARYemIFc THEUCNYENTUSL r at e by isotropic etching, (f) a
step of formng a trench to a desired depth, wusing the oxidation prevention
filmas aS5mask, An object of the present invention is to
provide a simplified process for producing a
semiconductor device with round upper trench edges of a
curvature and a semiconductor device produced thereby.
The present invention provides a process for
10 producing a semiconductor device, which comprises:
{(a) a step of forming a pad oxide film on the
circuit-forming side of a semiconductor substrate,
(k) a step of forming an oxidation prevention film
on the pad oxide film,
15 (c) l a step of removing the oxidation prevention

film and the pad oxide film at a desired position,

thereby exposing the surface of the semiconductor

substrate,
(d) a step of horizontally recessing the pad oxide
20 film,
(e) a step of etching the exposed surface of the

semiconductor substrate by isotropic etching,
(f) a step of forming a trench to a desired depth,
using the oxidation prevention film as a mask,
25 {(g) a step of horizontally recessing the pad oxide
£ilm,

(h) a step of oxidizing the trench formed in the




25 (g) a step of horizontally recessing the pad oxide film (h) a step of
oxidizing the trench formed in the - 4 15 Septenber 2003 sem conduct or
substrate, (i) a step of enbeddi ng an enbedding isolation film in the

oxi di zed trench, (j) a step of renpving the enbeddi ng 15%@&5%&'26@35
formed on the oxidation prevention film~ (%) a step of renoving t
oxi dation prevention filmfornmed on the circuit-formng side of the

sen1conductor and (1 step of renoving the pad oxide film
formed on ﬁgé%“?EEFPrfﬁP#F# a%®e of the semniconductor substrate. The

pr esent invent| al so prayide roduced accqrding to
the aforenenti ?Qéd proc%eg\éé QFEEE‘%E@F‘%%& a%e‘ﬁqcl‘:mlﬂgﬁ\ﬁqt\{}ét %

1A-1L are strygtypal ogkgsseaeet-bapgl Vviews showing a process for produ0|ng
a trench isolation structure in a Semiconductor device according to one

enbodi nent of th@)preseﬁtstaﬁeaf'QEmOEEQPa%hbseﬁb@hﬁWn@hi%Bfg%I@n glam

process for 20 producing the trench isolation structure shown in
1A-1L. 25 Figsormédapd BBeabRigabesAl peevBWSonhewhng the function and

effect of one enbodi ment according to the
(k) a8 step of removing the oxidation prevention
film formed on the circuit-forming side of the
semiconductor substrate, and
(1) a step of removing the pad oxide film formed on
10 the circuit-forming side of the semiconductor substrate.
The present invention also provides a

semiconductor device produced according to the

aforementioned process.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figs. 1A-1L are structural cross-sectional
views showing a process for producing a trench iscolation
structure in a semiconductor device according to one |
embodiment of the present invention.

Fig. 2 is a flow chart showing a process for

20 producing the trench isolation structure shown in Figs.
1A-1L.

Figs. 3A and 3B are schematic views showing the
function and effect of one embodiment according to the
present invention.

25 Figs. 4A and 4B are schematic views showing the

function and effect in detail of the one embodiment

according to the present invention.




present invention. Figs. 4A and 4B are schematic views showi ng the function
and effect in detail of the one enbodi nent according to the present
invention. - 5 15 Septenber 2003 Figs. 5A-5B are schematic views show ng

the function and effect in detail according to the ongs supesivEe Moy the
present invention. Figs. 6A-6D are schematic views showng 5 conventional
steps of producing a trench isolation structure in a sem conductor device.

Figs. 7A-7E are schemat I ews show.ng nventiqnal steps ,of producing a
trench isolation str uc?g?é] \Jé% %ET%F%E_B%%%E%I%TIVGJ@"& IMNVENA ON The
af orenent i onegly bt e6hSafh LELeBECIANGe+h1YCRLIARAAY K P Aiqed by the
follow ng process (A) for renoving corners at the upper eébes of a trench

for element éspbaimeAtOBEt BReSPEEEERLONnFeneTbroNduct or 15 substrate not by
oxi dation, but by etching: According to the present invention, a

sem conduct or device capi§e. peRJEDEabY LBBehAltheWirigwsPBeRIsig(A: (A A
process for producing a sem conductor 20 device, which conprises: 25 (a) a

step of f 0¥ magneepadonxi detépsmonprblacthyCli trkaehi AgolbEeoal a
sem conductor substrate,
structure in a semiconductor device.
Figs. 7A-7E are schematic views showing
conventional steps of producing a trench isolation

structure.

10 DETAILED DESCRIPTION OF THE INVENTION

The aforementioned objects of the preseﬁt
invention can be attained by the following process (A)
for removing corners at the upper edges of a trenchvfor
element isolation on the surface of a semiconductor

15 substrate.not by oxidation, but by etching:

According to the present invention, a
semiconductor device can be produce by the followiné
process (A):

(A) A process for producing a semiconductor

20 device, which comprises:
(a) a step of forming a pad oxide film on
the circuit-forming side of a semiconductor substrate,
(b} a step of forming an oxidation
prevention f£ilm on the pad oxide film,
25 {c} a step of removing the oxidation
prevention film and the pad oxide film at a desired

position, thereby exposing the surface of the




(b) a step of form ng an oxidation prevention filmon the pad oxide film
(c) a step of renoving the oxidation prevention filmand the pad oxide film
at a desired position, thereby exposing the surface of the 6 - 15 Septenber

2003 sem conductor substrate, (d) a step qf horizont al1?g E5dlep@dde pad
oxide film (e) a step of etching the exposed surface o t he
sem conduct or substrate by isotropic etching, (f) a step of formng a trench

to a desired ' i_dation prevention filmas a mask, (g) a
step of horizgggg%Pgdyégggs%ggsg gq%dd oxide film 10 (h) a step of

oxi di zing the trench fornggyin Sefr r rate,; (i),.a st of
enbedding (or filling) ag?er)mead%ﬁgpi g’g} g@%%%bﬁa%iﬁ%%%s%xﬁn zteh(f tspragdgch,
(j) a step ofprea®VENImt he enbedding 15 isolation filmfornmed on the

oxi dation prevention film (k) a step of renoving the oxidation prevention

filmformed on the circuitefiorai Bgepl d¢ ekchity $8Q ePILEOLLTHRSEr 3k, and

(I') a step of renoving the pad oxide film 20 fornmed on the circuit-formng
side of the semecemiicdnducsubstubberatel bowedohbyopaayverichangl, transistor
structure formation steps.
(f) a step of forming a trench to a desired
depth, using the oxidation prevention film as a mask,
(g) a step of horizontally recessing the pad
oxide film,
10 (h) a step of oxidizing the trench formed in
the semiconductor substrate,
(i) a step of embedding (or filling) an
embedding isolation film in the oxidized trench,
(j) a step of removing the embedding
15 1isolation film formed on the oxidation prevention film,
(k) a step of removing the oxidation
prevention film formed on the circuit-forming side of the
semiconductor substrate, and |
(1) a step of removing thé pad oxide film
20 formed on the circuit-forming side of the semiconductor
substrate, followed by conventional transistor structure
formation steps.
When, in the step (e} of the aforementioned
process, the exposed surface of the semiconductor
25 substrate is etched in a T/R ratio of 1.5-2.5 by

isotropic etching, where R is an etching amount of the

exposed substrate surface and T is a horizontally

recessing amount of the pad oxide film in the step (d),




When, in the step (e) of the aforenentioned 'process, t he exposed surface of
the sem conductor 25 substrate is etched in a T/Rratio of 1.5-2.5 by
i sotropic etching, where Ris an etching anount of the exposed substrate

surface and T is a horizontally recessing amount of tmegpahrRédgobhl min

the step (d), 7 15 Septenber 2003 the rounding of the upper trench edges can
be much nore assured. Wien a step (g-i) of etching back the exposed surface

of the sem cqpgu trat Y. r ppi etching_and a step -ii) of
hori zontal |y recgég%ﬁgﬂﬁié&éﬁgagd§¢%%£f?f%ﬁ%ﬁee%ﬂﬁgrgSPaggdmﬁgsmﬂéﬂethe st ep
(9) and the sten ) of the aforenentioned process, any inconvenience
appearing in the successive oxidation step can be prevented and the

roundi ng of upper trengh&igesstely @ggragﬁfrrnt@@c § egéﬂreﬁet%gsoéeeam

"horizontally recessing the pad oxi referfed to

af or ement i ONehrFREST M@ANS enfitnd e PRt 1 d O8a £ |%i§s$‘9fé§£é‘t ally etched
back to renove a portion of the pad oxide film 15 the basis of the

af or enent isoned cpriogeend e 12D AreSaNt d NVt A5h €80 Perdcdddeng effodi ed in
the follow ng processes (B)-(D): (B) A process for producing a
sem conduct opaddewiide, fillinc lrreonprdcegsir{ta)d detverenftiordaidly @pathdxi de
filmon the step (h) of the aforementioned process, any
inconvenience appearing in the successive oxidation step
can be prevented and the rounding of upper trench edges
10 can be much more assured.

The term "horizontally recessing the pad oxide
film" referred to in the aforementioned process means
that the pad oxide film is horizontally etched back to
remove a portion of the pad oxide film. |

15 On the basis of the aforementioned process, the
present invention can be fu;ther embodied in the
following processes (B)-(D):

(B) A process for producing a.semiconductor

device, which comprises:
20 (a) a step of forming a pad oxide film on
the circuit-forming side of a semiconductor substrate,
(b) a step of forming an oxidation
prevention £ilm on the pad oxide film,
{c) a step of removing the oxidation
25 prevention film and the pad oxide film at a desired
position, thereby exposing the surface of the

semiconductor substrate,

(d) a step of horizontally recessing the pad




the circuit-formng side of a sem conductor substrate, (b) a step of
formng an oxidation prevention filmon the pad oxide film (c) a step of
renoving the oxidation 25 prevention filmand the pad oxide filmat a

desired position, thereby exposing the surface of thes S&epMAIUEIOS
substrate, (d) a step of horizontally rec&ssing the pad - g oxide film 15

Sept enber 2003 (e) a step of etching the exposed surface of the

sem conductor_supstrate by isotropic etching, (f) a step of formng a trench
to a desiredox§%Gbﬁ%H?“using the oxidation prevention filmas a mask, (g) a

puep of horizontally recoisyng, Uie pad orlde 111 (Geb)o gt epeol, elghing
LT 0 37 SRS UGS Ay Ty ation BN (1) 2, BieP o
e v ool o on 1 A0 OB e SRHEN S hdndh IR st 0,
enbeddi ngs i aabahi, 00 shnlgMcher Bad aaR sldhe e WAt U RNEUd o fddum
(g) a step of horizontally recessing the pad
oxide film,
{(g-i) a step of etching back the exposed
surface of the semiconductor substrate by isotropic
10 etching so as to remove damage at the time of dry
etching,
(g-ii) a step of hofizontally recessing the
pad oxide film,
(h) a step of oxidiziﬁg the trench formed in
15 the semiconductor substrate,
(1) a step of embedding an embedding
isolation film in the oxidized trench,
{j) a step of removing the embedding
isolation £ilm formed on the oxidation prevention f£ilm,
20 (k) a step of removing the oxidation
prevention film formed on the circuit-forming side of the
semiconductor substrate, and
(1} a step of removing the pad oxide film
formed on the circuit-forming side of the semiconductor
25 substrate.

(C) A process for producing a semiconductor

device, which comprises:

(a) a step of forming a pad oxide film on




20 (k) a step of renoving the oxidation prevention filmformed on the
circuit-formng side of the sem conductor substrate, and (1) a step of
removing the pad oxide film formed on the circuit-formng side of the

sem conductor 25 substrate. (C) A process for produci ¥ ap3&mbep D@ or
device, which conprises: (a) a step of formng a pad oxide filmon - 9 15
Sept enber 2003 the circuit-form ng side of a sem conductor substrate, (b) a

step of form an. oxidation prevention filmon the pad oxide film (c) a
steg of rennv?&% ?h5°6£?a§PF%£“§ BFé9eﬂfi8nSFWPﬁP§H&C¢P€ Fadséxiade .filmat a

desired position, thereb XPpOSi th urface of the em conduct or
substrate, (d) a step of %fiz%n?g?Pyo e%@EQFHS Fﬂeoﬁéga%%P&e film 10 (e) a

step of etC*”ﬂEb&{F%f&ﬁoﬁfﬂnS&ﬁf@ﬁ% ﬁgd 5, Edgeg&&gnductor substrate in a T/R
5 by [ i g, ere

ratio of 1.5-2. I sotropic etc is’a horizontally recessing

anount of the pad oxide fiimign gg@pségpréggvgﬂgt?%%ZOQ?P?QHSHing anount of

t he exposed surface of the 15 sem conductor su a step of formng

a trench 1 @udaridietbn dept. and| ide (1 o3k slad! P11 &¥CR! 5@BsFbhM a5 @ mask,
(g) a step of horizontally recessing the pad
position, thereby exposing the surface of the
semiconductor substrate,
(d) a step of horizontally recessing the pad
oxide £ilm, |
10 ' (e) a step of etching the exposed surface of
the semiconductor substrate in a T/R ratioc of 1.5-2.5 by
isotropic etching, where T is a horizontally recessing
amount of the pad oxide film in the step (d) and R is an
etching amount of the exposed-surface of the
15 semiconductor substrate,
| {(f) a step of forming a trench to a desired
depth, using the oxidation prevention film as a mask,
(g) a step of horizontally recessing the pad
oxide film,
20 (h) a step of oxidizing the trench formed in
the semiconductor substrate,
(i) a step of embedding an embedding
isolation film in the oxidized trench,
(i) a step of removing the embedding
25 isolation film in the oxidized trench,
(k) a step of removing the oxidation

prevention film formed on the circuit-forming side of the

semiconductor substrate, and




oxide film 20 (h) a step of oxidizing the trench formed in the

sem conduct or substrate, (i) a step of enbedding an enbedding isolation
filmin the oxidized trench, (j) a step of renoving the enbedding 25
isolation filmin the oxidized trench, (&3?1 a step of {gmuytBhHdreEX3 dation
prevention filmfornmed on the circuit-forfing side of the sem conductor
substrate, and - 10 15 Septenber 2003 (1) a step of renoving the pad oxide
film formed on the circ%it-fornin side of the sem conductor substrate.
(D) A process for producitlgd a%&heoffudBevigydhe Laduiie ofbi ses: (a)
a step of form a_pad,oxi fi.lmon .the ciycuit-formng side of a
seniconducto?ggﬁ%gtpgtgP% f%%c§l§f§%EHAWQN%ﬁ4%;%£1Hﬂﬁ(ﬁﬁ#kﬁPQéaﬁﬁﬂﬁion film
on the pad Oéhggt}EE§L 10 (c) a step of renoving the oxidation prevention
filmand the pad oxide filmat a desired position, thereby exposing the

surface of the ~sem copgyct ar ppybsbiaker pdbahcini LisehildAALY
recessi ng the pad 15 oxide fanl (e) a step of etching the expose& surface
of the senm genduet owhseAStbmpeikBsa T/Rratio of 1.5-2.5 by
(a) a step of forming a pad oxide film on
the circuit-forming side of a semiconductor substrate,
(b) a step of forming an oxidation
prevention film on the pad oxide film,

10 (c)r a step of removing the oxidation
prevention film and the pad oxide film.at a desired
position, thereby expdsing the surface of the
semiconductor substrate,

(d) a step‘of horizontally recessing the pad

15 oxide film,

T(e) a step of etching the exposed surface of
the semiconductor substrate in a T/R ratio of 1.5-2.5 by
isotropic etching, wheré T is a horizontally recessing
amount of the pad oxide film in the step (d) and R is an

20 etching amount of the exposed surface of the
semiconductor substrate,

(f} a step of forming a trench tc a desired
depth, using the oxidation prevention film as a mask,
(g) a step of horizontally recessing the pad

25 oxide film,

(g-i) a step of etching back the exposed

surface of the semiconductor substrate by isotropic

etching so as to remove damage at the time of dry




I sotropic etching, where T is a horizontally recessing anount of the pad
oxide filmin the step (d) and Ris an 20 etching anmount of the exposed
surface of the sem conductor substrate, (f) a step of formng a trench to a
desired depth, using the oxidation pr ev_er}1t ion filmas1g g&sdemidt)2@03t ep of
hori zontal ly recessing the pad 25 oxide fi 1m (g-i) a step of etching back
the exposed surface of the sem conductor substrate by isotropic etching so

as to renove q§$§ﬁ§1 t the tine of dry - 11 etching, 15 Septenber 2003
(g-ii) a step o orqa'zontally recessing the pad oxide film (h) a step of

oxidizing the trench for dsny 5 ] or. substrate 1) @ st of
enbeddi ng an enbeddi ng {T‘s?% z%tril)on %?E{Qnﬁcqoﬁﬁéo%%%é%%f¥ r"é%‘g?‘.%s’(?g t§§)‘“step of

renoving the eneddiing fi9ql ation filmfornmed on the oxidation prevention
film 10 (k) a step of renoving the oxidation prevention filmfornmed on the

circuit-formng side of the) semsgepdust Q{Xi%iwﬂff'-?ﬂoﬁ and {4 df}@#eeq)hice}[

renmoving the pad oxide film formed on the circul mng si
sem conduckor sehicsubgtiaire subet@adieng to the present invention, the

(i) a step of embedding an embedding
isclation film in the oxidized trench,
(j) a step of removing the embedding
isolation film formed on the oxidation prevention film,
10 _ (k) a step of removing the oxidation
prevention film formed on the circuit-forming side of the
semiconductor substrate, and
(1) a step of removing the pad oxide film
formed on the ciréuit-forming side of the semiconductor
15 substrate.
_ According to the present invention, the -
following semiconductor devices (E)-(H) can be produced
by the aforementi&ned processes {A)-{D):
(E) A semiconductor device is produced by
20 forming a pad oxide film on the circuit-forming side of a
semiconductor substrate; forming an oxidation prevention
f£film on the pad oxide film; removing the oxidation
prevention film and the pad oxide film at a desired
position, thereby exposing the surface of the
25 semiconductor substrate; horizontally recessing the pad
oxide f£ilm; etching the exposed surface of the
semiconductor substrate by isotropic etching; forming a

trench to a desired depth, using the oxidation prevention




fol l owi ng sem conductor devices (E)-(H can be produced by the
af orenmenti oned processes (A)-(D): (E) A sem conductor device is produced by
20 formng a pad oxide filmon the circuit-formng side of a sem conductor

substrate; forming an oxidation preventio filmon th?5p§%t Kigls idd _
renoving the oxidation prevention filma g 1he pad oxi de |Pm at a desired

Pori zontal |y £ooessng the. pag -oxide (L1 otohing Lhe exposed surface o
the sem cond%%%g_rgssu srfl?ﬁlt‘_eaﬁﬁﬂ'§8f'$8éh¥ EFEﬁFﬁéng &PRi ﬁ‘&daoxtlld@ncht]?_ ?
o1 0o ey ] b oL oD REGHERL LG 215 201emer 2000 1 T
ol ation | fITaea e ety (88 Tes SIRET 89, Bbenninar hodat iR e on

filmformed @y { P ppkat d | fi L 0g xj.dation
plre\r/nent I on fﬁhn%n??r%m%ndﬁ%ﬂ%%%x?%br%%%vgﬁﬁgﬁég ?rhggcskg%nngonduct or

subst rat e;5 artso VLB Neh e Pagk @bl ecfd | oa f &4 FESh %&é@@n%&ﬁ”ﬂirﬁ orm ng

side of the sem conductor substrate, followed by ordinary necessary steps
for produci ngemaviansitieorosidaion revdnt ford o GRNEWSEOE SieVige 1S
produced by formng a pad oxide filmon the circuit-formng side of a
seni conduct ociguhsttr-doeming iy af ttaatdmrcqi@ant Gubdtitaron dhe pad
oxide film renmoving the oxidation 15 prevention filmand the pad oxide film
at a desiredremoving the pad oxide film formed on the circuit-forming
side of the semiconductor substfate, followed by ordinary
10 necessary steps for producing a transistor structure.
(F) A semiconductor device is produced by
forming a pad oxide film on the circuit-forming side of a
semiconductor substrate; forming an oxidation.prevention
film on the éad oxide film: removing the oxidation
15 prevention film and the pad oxide film at a desired
position, thereby exposing the surface of the
semiconductor substrate; horizontally recessing the pad
oxide f£ilm; étching the exposed surface of the
semiconductor substrate in a T/R ratio of 1.5-2.5 by
20 isotropic etching, where T is a horizontally recessing
amount of the pad oxide f£ilm and R is an etching amount
of the exposed surface of the semiconductor substrate;
forming a trench to a desired depth, using the oxidation
prevention film as a mask; horizontally recessing the pad
25 oxide film:; oxidizing the trench formed in the

semiconductor substrate; embedding an embedding isolation

film in the oxidized trench: removing the embedding

isclation film formed on the oxidation prevention film;




position, thereby exposing the surface of the sem conductor substrate;
hori zontal |y recessing the pad oxide film etching the exposed surface of
the sem conductor substrate in a T/Rratio of 1.5-2.5 by 20 isotropic
etching, where T is a horizontally recessing anount of stdé,Rathedoezfilm
and Ris an etching anbunt of the exposed3surface of the sem conductor
substrate; formng a trench to a desired depth, using the oxidation
prevention filmas, a nmask; horizontally recessing the pad 25 oxide film
oxi di zi ng t heT?PERERIf bPRel*iAatAen BERVESAAGS: S l8uBormede orerfiheddi ng an
enbeddi ng isol ation Eilnlin thg oxidiﬁed trench;. renovi ng the enbeddi ng

i sol ation fil \tFEYHEatBRMEAE 8%FBaPFofinfr §6BAPPBALELRK Substrate :sa@gtenber
2003 renovin dation_prevention.filmfornmed the circuit-formng
side of the sevreriibcihs SaflP¥ERE. Bk =PEnd0rRy Ehe' plachiatatormeRetor me
on the circuif;torm sLde. ] r rate. foll.owed by
ordinary 5 né%%é%a?%ng?%pg %§£%§§§E§?g58§9?¥§%§rs?g?iéFFécpﬁr8Fd9Pé$YA

sen conducd or '§§%§S LN .oxide_fi t he
circuit-f 8% ml}légi@és{él de ofSgéﬁggfnggoﬁ%%%eégéﬁgu%s??gﬁg%gﬁggms%bglﬁgg%dat i on

prevention filmon the@pad Oxé&ei Ebhdlict SFOYLPIE Nes 0] | prevention
filmand the pad oxide %i?n1at a %esire% posi tion, ?h%¥gg§b§§p% I ng the

surface of thRormsan coNshiEt i @eIbst IRt & ﬂ@éigpf&@ityféﬁﬁfﬁgaﬂaéh@fpad |
oxide film renmoving the exposed surface of the sem conductor substrate in
a T/Rratio cenicmrithfctnyr substrate; forming an oxidation prevention
£ilm on the pad oxide film:; removing the oxidation
10 prevention film and the pad oxide film at a desired
position, thereby exposing the surface of the
semiconductor substrate; horizontally recessing fhe pad
oxide fi;m; removing the exposed surface of the
' semiconductor substrate in a T/ﬁ ratio of 1.5-2.5 by
15 isotropic etching, where T is a horizontally recessing
amount of the pad oxide film and R is.an étching amount
of the exposed surface of the semiconductor substrate:
forming a trench to a desired depth, using the oxidation
prevention film as a mask; horizontally recessing the pad
20 oxide film; etching back the exposed surface of the
semiconductor substrate by isotropic etching so as to
remove damage at the time of dry etching; horizontally
recessing the pad oxide film; oxidizing the trench formed
in the semiconductor substrate; embedding an embedding
25 isolation film in the oxidized trench; removing the
embedding isclation film formed on the oxidation
prevention film; removing the oxidation prevention film

formed on the circuit-forming side of the semiconductor




15 isotropic etching, where T is a horizontally recessing anount of the pad
oxide filmand R is.an etching anount of the exposed surface of the

sem conductor substrate; formng a trench to a desired depth, using the
oxidation prevention filmas a mask; h(,}lFi zontal |y re¢cgssdgtanites 2608 20
oxide film etching back the exposed su “ace of the sem conductor substrate
by isotropic etching so as to renove danage at the tinme of dry etching;

hori zontal ly__,recessi ng the gad oxide fil OoX| iz'ng the trench forned in
the seni condifi% as'ifbf'stgaf%‘{]ef o i a?l"%n’?}’é ngtIB5EPEBEAt PBNREI m i n
t he gxi di zed, jtrengh;c removing. t he ef%iddi ng,. i s(?I a%?on f{'ﬁl {ﬁ fgr med on the
oxi dati on prlevcg“ﬁt i on 1f%lulnnc'i Fetovihg %es%rg'(?%%? BR-PT eVRRTFDRCFY | ?b forzggg
the circudy-f ' | e ] = pt enber
gﬂbst rate; ?r?t lrdewréoavir}%gst{ﬁg%a# g%%%%%%%f%%%ﬂéd%$%l§§i%-for m ng
side of the tseHGICt Q- sUlstdate, followed by ordinary necessary steps

for producing a transistor structure. (H) A sem conductor device is
producedsby forning gad 206 ddddicdtibt MewidS Uid S8 didun shyle of a

sem conductor substrate; form ng an oxidation prevention filmon the pad
oxi de filnm fioemivigng P @WidRs ifAnm Preven icirdudimashide oak ad de film
at a desired 10 position, thereby exposing the surface of the sem conductor
substrate; bemizontaldtyrr entetinag et:heé qrad ngdrdexfidagist gravedtivmexposed
surface of the
film on the pad oxide film; removing the oxidation
prevention film and the pad oxide film at a desired
10 position, thereby exposing the surface of the
semiconductor substrate: horizontally recessing the pad
oxide film; etching the exposed surface of.the
seqiconductor substrate by isotropic etching: forming a
trench to a desired depth, using the oxidatién prevention
15 film as a mask; horizontally recessing the pad oxide
film; etching back the exposed surface of the
semiconductor substrate by isotropic etching capable of
horizontally recessing the pad oxide film so as to remove
damage at the time of dry etching; horizontally recessing
20 the pad oxide film; oxidizing the trench formed in the
semiconductor substrate; embedding an embedding isolation
film in the oxidized trench: removing the embedding
isolation film formed on the oxidétion prevention f£ilm;
removing the oxidation prevention f£ilm formed on the
25 circuit-forming side of the semiconductor substrate; and

removing the pad oxide film formed on the circuit-forming

side of the semiconductor substrate, followed by ordinary

necessary steps for producing a transistor.




sem conductor substrate by isotropic etching; formng a trench to a desired
depth, using the oxidation prevention 15 filmas a mask; horizontally
recessing the pad oxide film etching back the exposed surface of the

sem conductor substrate by isotropic etgﬂb&g_capable of15 8epicrrpérbby3
recessing the pad oxide filmso as to renove danmage at the tinme of dry
etching; horizontally recessing 20 the pad oxide film oxidizing the trench

formed in the sem conductoy substrate:; enbeddi ng, an epbeddi ng i solation
filmin the oxidized tré‘hscﬁf,esrc ‘ﬂgaeq%‘ée'en% g ?gg‘F%’EY% U¥¢ |+ f or ned

th | dat i t fid re | t he oxidatjon prevention film
?gr meg g)r(1I tﬁelg%%egllr ft\éﬁ{{th[e?o%rpr‘%er#;tﬁedlecr%}/e@%es sje%%fﬁﬁfc?%? %@g%’flf?‘iee;b%nd
[ th ' foid .t ' i f- mno.  side of the
Sont conduct or PeotetPag, Pl e it ey B o e e uci ng

a transistor. in }he %J?O%%@Se'f%%r a4 G AthEL RO e ausd’&ggcs% ﬁgﬁeg{cbhy

curvature is given to the upper trench edges Iin a silicon

i sotropic etchiages andthBesieqespakyivdtldald Qan HRAE i ed Bt ARPGESS for
giving a curvature to the upper trench 5 edges in the silicon substrate can

be carried oubnenkwni,Nnresneting, ihesUmplid iidatliom ol ithat ipaidbcfsd.he process.
Enbodi nents of the present invention will be described in detail bel ow,
referring to the draw ngsbodEmgatslAflithar presentt in#lentioss wiaat benal 10
vi ews showi ng a process for producing sem conductor device according to one
enbodi nent ofdeherpbedehn detail below, referring to the drawings.
Figs. 1A-1lL are structural cross-sectional
10 views showing a process for producing semiconductof
device according to one embodiment of the present
invention, and Fig. 2 is a flow chart showing the outline
of the process. The process will be described below
along the flow chart of Fig. 2, referring to Figs. 1A-1L.
15 (1} The surface of a semiconductor substrate,
‘e.g. silicon substrate 1, is thermally oxidized under the
ordinary conditions, e.g. 800°-1000C, to form a pad
oxide film 2 having a thickness of 5-15 nm, preferably
about 10 nm (steps 101 and 102 of Fig. 2; Figs. 1A and
20 1B).
(2) An oxidation prevention film 3, e.gq. Si,N,
film, is deposited on the pad oxide film 2 to an ordinary
thickness, e.g. about 200 nm (step 103 of Fig. 2).
(3) A photoresist 13 is formed on the
25 oxidation prevention film 3 (step 104 of Fig. 2; Fig.
1C).

(4) The photoresist 13 is removed at a desired

position, using the ordinary light exposure and then the




el

invention, and Fig. 2 is a flow chart showi ng the outline of the process.
The process will be described below along the flow chart of Fig. 2,
referring to Figs. 1A-1L. 15 (1) The surface of a sem conductor substrate,

e.g. silicon substrate 1, is thermall y_oigdi_zed under¥gtseep59ﬁ@epaﬁ;003
conditions, e.g. 8000 - 1000'C, to forma ' pad oxide t1lm aving a
t hi ckness of 5-15 nm preferably about 10 nm (steps 101 and 102 of Fig. 2;

i gSs. ' I ' fi 3,.e.0.. Si3Nd fil
s depos! « ed SHOPELoBA B RREPRT FidM § BT et 8 %:f‘rﬁdt?ﬁ gﬂs@ lzﬁ .ag;akof]‘t
' r . I r 0
ot dat] on prEyhovel Bydare) e eiind, PALYT PRLEh hY bhoLBARnd) Wiy

phot oresi st 4 pasar 6avdedsaindzdeslited1B8skhions UakRaLNg ordinary Iight
exposure and then the - 16 15 Septenber 2003 oxi dation prevention film 3

and the pad exégetéhed 2se6g 1668MANAd10Y dEYrehCchbngrigt cq1pkt ching proceeds
not only on pad oxide film2, but also the Si “surface’is overetched (step

105 and 196 of Fig. 2;(%)g.TH&), Bhé5phIbepesibe phoremesbat hagregeved, and
the pad oxide film2 is horizontally recessed by HF, etc. The exposed

surface of tiwd shkxidenfsliserbsehdrisoetabed rbyeksedrvpi gretghng (dry or
wet etching)(steps 107-109 of Fig. 2; Figs. 1E and 1F). A solution for the
wet 10 et chiTie =rpdred swifadceondi xtersibicdi3subRtrand H202, etched
by isotropic etching (dry or wet etching)(steps 107-109
of Fig. 2; Figs. 1lE and 1F}). A solution for the wet
10 etching can be a solution mixture of NH,, H,0 and H,0,,
which is usually used for substrate cleaning. The
horizontally recessing amount of the pad oxide film 2 is
preferably about 10 to about 30 nm from the viewpoint of
up to 0.14 pm process technologiés, while the etching
15 (downwardly recessing) amount of the exposed surface of
the silicon substratg by isotropic etching is preferably -
about 5 to about 15 nm.
(6) A shallow trench ié formed at a specific
angle of the trench side wall to the surface of the
20 silicon substrate 1 {e.g. an angle of 90-110° at A shown
in Fig. 6B), using the oxidation prevention film 3 as a
mask (step 110 of Fig. 2; Fig. 1G).
(7) Then, the pad oxide film 2 is horizontally
recessed from the edge by a distance of 5 - 40 nm by
25 etching with HF, etc. (step 111 of Fig. 2; Fig. 1H).
(8) Then, the surface of the silicon substrate

1 is thermally oxidized to a thickness of about 10 nm,

for example, in a dry oxidative atmosphere at 900° to




which is usually used for substrate cleaning. The horizontally recessing
anount of the pgd oxide film2 is preferably about 10 to about 30 nm from
the viewpoint of up to 0.14 gm process technol ogies, while the etching 15

downwar dl'y recessing) anount of the exposed surface of 1gtdig1eilBr%0
gubstrate %y I sotropic etching is preferably about 5 to é%%ﬁ;h?% nm %6) A
shallow trench is fornmed at a specific angle of the trench side wall to the

surface of thei2Pps i y SHORIE AL Je ( 9o AN angl e of 80-110 at A shown
n Fig. 69 uslog 1o o datvor f Sert o FITAN ST iR gt ot o
FLgﬁlthe ;géekﬁi.%.di%taﬁgzoof % - 50 nn1%y nge?caﬁngfﬁAFh HED Ehe. (step

[ ' il bstrate 1
111 of Fig. 2;tdermph WHter B)1Then, Fide surfpge pfythe silicon substi
S therna?ly oxi dized to a thickness of aboﬁ? 10 nm for exanple, in a dry

oxi dative atnosphere at (00 tAn -enibteddin e STRE{ 00081 409G, ypgn dil ution

he oxygen concentration to form an elenment isolation thermalTy oxidized
19{ I ';n 5 i nyt e Sidgiach o@sitdep flilin ofetfe 9.12;ddp@s i tdd -afd) erfibe e ddi Y
isolation filmsuch as a 5 silicon oxide film etc. is deposited and
enbedded (or THililiedd) iim thee tmesrath tyy cieenticel wapar deROsi €100 ((cﬁ;\ﬂql),_,
sputtering, etc. to form an enbeddi ng |splat|on_fllq16. Slnce_the silicon
oxide film efEUtLEriBG bpteyDLo Spum @n egbestdingqrisalsitaldy Fidughs fil s,

the silicon o, ce the silicon oxide £ilm, etc. formed by CVD,

sputtering, etc. are usually fough films, the silicon

10 substrate 1 may be further oxidized in an annealing or
oxidative atmosphere at about 1,100C after the
deposition of the embedding isolation film 6 to make the
silicon oxide film, etc. compact (step 113 of Fig. 2;
Fig. 13J). |

15 (10) 'The embedding isolation film 6 is removed
by etching back?-using chemical/mechanical polishing
(CMP) or dry etching, where the oxidation prevention film
3 acts as an etching stoppef to prevent the silicon
substrate 1 under the oxidation prevention film 3 from

20 etching (step 114 of Fig. 2: Fig. 1K).

(11) Then, the oxidation prevention film 3 and
the pad oxide film 2 are removed, whereby the trench-
embedded structure is completed (step 115 of Fig. 2; Fig.
1L).

25 Then, the semiconductor device can be completed
through the ordinary necessary steps for producing a

transistor structure such as formation of a gate oxide

film and a gate electrode, introduction of impurities,




10 substrate 1 may be further oxidized in an annealing or oxidative _

at mosphere at about 1,100r after the deposition of the enbedding isolation
film6 to make the silicon oxide film etc. conpact (step 113 of Fig. 2;
Fig. 1J). 15 (10) The enbeddi ng isoIatLogéfiIn16 i's 1 qEpgethenercb6HBNT
back, using chem cal/nmechani cal polishin (CW) or dry etching, where the
oxi dation prevention film 3 acts as an etching stopper to prevent the

il ubstr 1 under the oxidation prevention film3 from 20 etching
?Ist 'e(rio?lfof 51?9.13'?551;0%0 - M4tilaysr ﬂn‘e’fﬁ‘&i HEERG S PR ¥R riWiBiNg i I m 3
and the pad ;Qxid8§ fid 2 A& 1 /£ Swh rceby ct\e trj(_aonch- enbeltljded o
structure is conpleted (step of Py, 2-°H fOrM3sion ofp sukipe

sem conduct o ' a o] ted through the ordinary necessary steps
for producingr§&¥¥§§ﬁ%igt rrgtgﬁ%fure such as formation of a gate oxide

filmand a gate el oot ehorisRhisoUid T it d BIddd Fhpdaitfnd S Sept ember
ucn as w

2003 formation of multilayer wiring structure s ring, interlayer

i sol ati onsfi hegoratiag, thorAet peesehtd isvehda®n RAlCHd ‘éﬁeéc%ﬁfed etc. .
Functions and effects of one enbodinent 5 according to the present invention
wi |l be descbehed: below. . D fferences of the one enbodi nent according to

the present invention fromthe conventional art are the
Differences of the one embodiment according to
the present invention from the conventional art are the
following 3 points:

10 (1) horizontal recessing of pad oxide film 2 in step
(d), (2) etching of exposed surface of silicon substrate
1 by isotropic etchihg in step (e) and (3) horizontal
recessing of pad oxide film 2 from the trench edge by 5-
40 nm, preferably 10—26 nm in step (g).

15 In simple formation of a curvature at the upper
french edges, it is important to remove (round) in adance
the corners of the substrate 1 formed when the oxidation
prevention film 3 is efched {e.g. A indicated in Fig.
6B}. In the conventional art, removal of the corner is

20 carried out by oxidation, but in the present invention it
is done by isotropic etching.

Function of steps (d} and (e) will be described
below, referring to Figs. 3A and 3B.
Figs. 3A and 3B schematically show test results

25 of isotropic etching of the exposed surface of the
silicon substrate 1 without horizontal recessing of the
pad oxide film 2 after the removal of the oxidation

prevention £iilm 3.




following 3 points: 16 (1) horizontal recessing of pad oxide film2 in step
15 (d), (2) etching of exposed surface of silicon substrate 1 by isotropic
etching in step (e) and (3) horizontal recessing of pad oxide film2 from

the trench edge by 5- 40 nm preferably 10-20 nmin step geptembdr 2003 e
formati on of a curvature at the upper t féhch edges, it is inportant to
renmove (round) in adance the corners of the substrate 1 fornmed when the
oxi dation prevention film3 is_ _etched (e.g. Aindicated in Fig. 6B). In

the conventi onal art rehdVAT - ofPt e %Brﬁ%ﬁ YRPOY tEPRFRJEGgE BY Bhedati on,

but in the pre en I NV

nit. i1s done I SO etchin Function of
IS:t i gg\) agcfu(es) Rjatﬁ e"bel e%cztnrtiEb(fétdtwst r%‘}slulr%z r?)ﬁ]@e %)lsot ?(Z;pll? ertacn?l ﬁg of
an J.ca
tlhgsexposed su%‘r} reﬁ[%tjtj‘nef thc\(l)gn T%t%rﬁc%ﬁ %ojcﬁ‘ T % ont al {_eces;s! Ing
f th d f \, | preyvention film
g. t (139 p?S %)gg%gﬁbgrn@ é‘(ggﬁheer I‘}té(}qc%ﬁ%@ Jtno ern:ﬁapép:)%r‘g‘][rencr}h % in the
substratesl okieantdah Wt bdihe RaAXigioddddd 2d Srd) dcthiidh ALl i1

because etching proceeds in every directions 1n the region | i-"tont act

with the padthe @¥gden§ iinMcdntRidt GiiGH rtgleorﬁlﬁﬁ‘%gé.dé" 3N dZ rqq{él%%f n the
region in contact wwth the pad oxide film t her eby

giving said sharp corner in the profile.

Thus, no such a sharp corner in the profile can
appear by horizontally recessing the pad oxide film 2
10 before the isotropic etching, and the corners can be

preferentially removed by the isotropic etching,

resulting in a‘profile without any sharp corners, as

shown in Fig. 3B, with easy formation of a curvature by

successive oxidaﬁion.

15 However, unless the horizontally recessing

amount T of the pad oxide film 2 and the etching -amount R

of the substrate surface are carried out appropriately,
corners A are fofmed again, as shown in Fig. 4A, with
difficult formation of a curvature by successive
20 oxidation.
Fig. 4B shows relations of the horizontally
recessing amount of T of the pad oxide film 2 to the
etching amount R of the substrate surface, where a T/R
ratio, i.e. a ratio of horizontally recessing amount T to
25 etching amount R, is given from 1 to 3 at intervals of |
0.5, while making the etching amount R constant.

As is evident from Fig. 4B, corner-free

substrate profiles can be obtained at T/R ratios between




giving said sharp corner in the profile. Thus, no such a sharp corner in the
profile can appear by horizontally recessing the pad oxide film2 10 before
the isotropic etching, and the corners can be preferentially renoved by the

i sotropic etching, resulting in a proflii W t hout anz5 LBy RI3  as
shown in Fig. 3B, with easy formati on of curvat ur uccessi ve

oxi dation. 15 However, unless the horizontally recessing anount T of the
pad oxide fi 2, e etching ampunt R the substrate surface are
carried out %g%rJﬁgl grygugc%rﬁsfgg ag Pﬁ%ﬁgaeagﬁP% iﬁscéﬁoﬁﬁ in Fig. 4A
with diffic [ ure by, suc SiV xi,dation. Fig.
4B shows reﬂéﬁ%%ﬁé@%QQ% g géi?%ﬁ# $£ irecégs%ng?g ﬁ% 9 5of Fhe pad

oxide film Zgo 5%:%@@ NYe RED ﬁép%%oms SYPaLagt gwgass pppere a 1/ R

ratio, i.e. a ratio of horizontal [y recessing anoun ng anount

R is given dgpads tagBidtid N ;T@ir'éf_@ie 0. ﬁ CMHJa@uP@kiEgn&P& ghching

anount R constant. As is evident omFig. 4B, corner-free substrate

profil es scandimiobtr} nedi @it IR 4ata Oﬁ/ﬂ@efa\@f@ of 2P oR 53 Seph&NPREs 2903 1.5
and 2.5. but a vertical substrate profile can be obtained at a T/R rati o of

1. At a T/ RTV/a& imatofo 3Hf an 5406 cdideprefsleablde step becones so wide that a
corner appears again in the profile. A curvature is hard to 5 obtain by
oxidation at a T/R rattluafiohsorar8] efiftedtriof step (g) will be

described below, referring to Figs. SA-S5B.

Figs. 5A and 5B show substrate profiles at the

10 end of trench formation step (f)} by dotted lines. In the
profiles shown by dotted lines, the silicon substrate 1
is horizontally recessed at the edges of the pad oxide
film 2, giving a step (or level difference)A14. When
oxidation is carried out in that state, the step will

15 have a sharp corner in the profile, as shown by a full
line in Fig. 5A, for the following reasons:-

In the regions near the edges of the pad oxide
film 2, thé oxidation prevention f£ilm 3 becomes warped by
volumic expansion (about 2-fold) due to the oxidation,

20 giving a compressive stress as a force of reaction.

It is known that when the compressive stress is
developed in the oxide f£ilm, the oxidation is suppressed,
and thus the oxidation is suppressed in the regions near
the edges of the pad oxide film 2. 1In regions a little

25 far from the edges of the pad oxide f£ilm 2, the influence

of the compressive stress becomes less, so that the

oxidation proceeds smoothly to widen the step.

Thus, as shown in Fig. 5B, when the pad oxide




T/Rratio of 1.5-2.5 is preferable. Functions and effects of step (g) will
be described below, referring to Figs. 5A-5B. Figs. 5A and 5B show
substrate profiles at the 10 end of trench formation step (f) by dotted

lines. In the profiles shown by dotted Ii B t he S|Iq5qu§gh§ygag@0j S
hori zontally recessed at the edges of the ad oxide film giving a step
(or level difference) 14. \Wen oxidation Is carried out in that state, the

t i1l 15 corn |n the r of j s shown by a full line in
IS:i Sl.o \éVIA, f or ??em‘f %| ﬁ% ’72&5‘ S iis eléi"cfﬁ‘s Hb%’ruﬁfﬁf@%ggglsl ;J/?ethe

d ide f XI pr.eve Il m
\F/)gl u%xl: 2xpaln}sL|g%% gbgafg' q%%’l %?‘ddl}gl t%tt e o ibérn(‘t%fo \@3’(1&? a‘[’;ll
conpressi ve SBée§§m8§eé BQr%ﬁe %xlﬁgQ L. géglp% %ngﬁﬁé s 2? ent

conpressive stress is developed in the oxi
suppressed, ppgrilgs the oxidation is suppressed in the regions near t he
edges of the pad oxide film2. Inregions a little 25 far fromthe edges of

the pad oxide film2, thetbpfEuengeiodf okha ¢PERERSShVenst k9gspgeones |ess,
so that the OX|dat|on proceeds snmoothly to widen the step. Thus, as shown

in Fig. 5B, whebstheteal onideep 2%),5d3kafept aFBesoR003mbL! gh%ehsto
hori zontal |y recessed, such influences will be l|ess on the Step and the
step forned bNthEr@mQMIﬂ@rﬂmté bpedrpevuhiiny the pumdaéi 6Re BhMhH8sa
snoot h substrate
the silicon substrate 1 must be etched back to a depth of
a few nm from the surface by isotropic etching, so that
10 the step in the profile of the silicon substrate 1
becomes much wider at the edges of the pad oxide film.
Thus, the step can be made narrow by further
horizontally recessing the pad oxide film 2 by HF, etc.
by thé steps (g-i) and (g-ii) before the oxidation of the
15 trench [step (h)]. Thus, when damages are given by dry
etching, it is preferable to conduct the steps (g-1) and
(g-1ii) for horizontally recessing the pad oxide film 2 so
as to.remove damage at the time of dry etching.
For the foregoing reasons, a curvature can be
20 given at the upper trench edges according to the one
embodiment of the present invention, as in the
conventional art, and the process steps can be much more
simplified in the present invention.
That is, in the one embodiment of the present
25 1invention, a curvature is given at the upper trench edges
in the substrate 1 by isotropic etching, and thus in the

steps (d)}-(h) for giving a curvature at the upper trench

edges in the substrate 1 the necessary oxidation




profile. After formation of a trench in the silicon substrate | in step
(f), danmages are sonetinmes given to the trench surface by dryetching. To
renove the danages, the silicon substrate | nust be etched back to a depth
of a fewnmfromthe surface by isotropig,etching, soiEhgdpibthidie2@bgr in
the profile of the silicon substrate 1 becCconmes nuch w der ‘at the edges of
the pad oxide film Thus, the step can be nmade narrow by further

hori zontal |y i i i F, etc._ by the sie (g-1)
and (g-ii) be;tgﬁé?%?ﬁgﬁo%aﬁ%gr@gﬂ%]&e JL{FS%tr}ri nclgﬁf [OSI%eeprlirh)ﬁsft%ué}’Dﬁhen
damages are giigpli¥ydny ehehiptbedds istdyeferable to conduct the steps

(g-i) and (g-ii) fof horizontally recessing the pad oxide film2 so as to

renove damage at the timpuef, dhe oirehiond iFUenthSn YreuAidig reasons, a
curvature can be 20 given at the upper trench edges according to the one

enmbodi ment of sihplpfesdnpropesst for, pasdudihlea SRR oraldery ad the
process steps can be much nore sinplified in the present invention. That
is, in theSoneithbodiindnuppért heepchsenes2bfi avenrivaktura awavat ure i s given
at the upper trench edges in the substrate 1 by isotropic etching, and thus
in the stepsS¢@icenjucdergdeivhgeapraduaedr €eharebige upper trench edges in
the substrate 1 the necessary oxidation - 22 15 Septenber 2003 treat nent
can be carried out onl yApydeseribad| abepe(hihe presphif yhmgnthenprocess
st eps. .
P provides a process for producing a semiconductor device
without any deterioration of voltage-withstanding
10 characteristics of transistors and capacities by
effectively using isotropic etching with no increase in
the number of oxidation step, and also a semiconductor
device produced thereby. That is, the present invention
provides a simplified process for producing a
15 semiconductor device with round upper trench edges of a

curvature and a semiconductor device produced thereby.




Thus, the present invention provides a sinplified process for producing a
sem conduct or device 5 with round upper trench edges of a curvature and a
sem conduct or devi ce produced thereby. As described above, the present

invention provides a process for produci n% a sem condygtedntdryHer200s t hout
any deterioration of voltage-withstandiﬁg2 O~characteristics of transistors

and capacities by effectively using isotropic etching with no increase in
t he nunber Ofwﬂﬁhdﬁ#i _and also a sem conductor device produced
t hereby. That 7’5, e?ﬁ#§§§ﬂ¥ i nvention provides a sinplified process for
produci ng a 15 sem condyctor. devi wi_th round upper trench edges of a

1 S

curvature and 4 seni confulrSFeFEVITEE BFS FERLcondIctops desyiGavher

2003 WHAT IS ghéEyEQbmﬁriéegnocess for producing a sem conductor device,
whi ch conprises: (a) a step of forming a pad oxide filmon the

circuit-formng side of (gyseqi gepdug 0%0§§g§?r?;?ag(%&i%es%gﬂg?%ﬁf%ég%ng an
e ri e

oxi dation prevention filmon the pad oxi . cy aste OVi ng the
oxi dation preveshioncbrhihgndihbeopad gkhdeohiliial aufistihed position
S

t her eby exposing the surface of the sem conductor substra ;, (d) a step of
horizontal Iy recessing {b¢ padsteyi 8¢ Ebkiling an oxidation prevention
film on the pad oxide film,

(c) a step of removing the oxidation
prevention film and the pad oxide film at a desired
position, thereby exposing the surface of the
semiconductor substrate,

(d) a step of horizontally recessing the pad
oxide film,

(e) a step of etching the exposed surface of
the semiconductor substrate by isotropic etching,

(f) a step of forming a trench to a desire
depth. using the oxidation prevention film as a mask,

(g} a step of horizontally recessing the pad
oxide film,

(h) a step of oxidizing the trench formed in
the semiconductor substrate,

(i) a step of embedding an embedding isolation
film in the oxidized trench,

(J} a step of removing the embedding isolation
film formed on the oxidation prevention film,

(k) a step of removing the oxidation
prevention film formed on the circuit-forming side of the

semiconductor substrate, and




(e) a step of etching the exposed surface of the sem conductor substrate by
I sotropic etching, (f) a step of formng a trench to a desire depth, using
the oxidation prevention filmas a mask, (g) a step of horizontally _
recessing the pad oxide film (h) a steg of oxi di zi ng st §gptenshe2b60smed in
the sem conductor substrate, (1) a step ¢ enbeddi ng an enbeddi ng i sol ation
filmin the oxidized trench, (j) a step of renoving the en?edding isolﬁtion
filmformed on the oxi ion prevention film (k) a step of renoving the
oxi dation prevention ?ibm PortE8 B Fﬁg‘oé’lllngui(tth-ef é’laﬁii( P isted £ igm ]E he _
sem conduct o ubgtr at and - 24 15 Septenher 200 1) a step of renoving
t he pad oxidéofw?ﬁloPoﬁﬂgdcéﬁcyﬁE'éPFF&PP-F& fi R §%&e%&mﬁﬂﬂg i®onduct or
substrate. 2 u€§9%8§833 according to Gaim1l, which further conprises a
step (g-i) o? et ching back the exposed surface of the sem conductor

bstrate by,i sot [ | ~hL)x 0OfF hori.zontal Ly recessing
the. pad ox) b 111 m betvBen The arssrranBlra rredard, PRiER Shrghsrocecs

SorgtTar | SORPLIRASE SeapEGEL of 6L ERIBCHN LREC hebl BT O

T is a horizoptpadey $LCERET HEMBEBNRLCcRbrt B8hPBHate by isotropic
etching and a step {(g-ii) of horizontally recessing'the
pad oxide film between the step (g) and the step (h).
3. A process according to Claim 1 or 2, wherein
the exposed surface of the semiconductor substrate is
etched in a T/R ratio of 1.5-2.5 by isotropic etching,
where T is a horizontally recessing amount of the pad
oxide film in the step (d) and R is an etching amount of
the exposed surface of the semiconductor substrate.
4. A semiconductor device characterized by being
produced by forming a- pad oxide film on the circuit-
forming side of a semiconductor substrate; forming an
oxidation prevention film on the pad oxide film; removing
the oxidation prevention film and the pad oxide film at a
desired position, thereby exposing the surface of the
semiconductor substrate; horizontally recessing the pad
oxide film; etching the exposed surface of the
semiconductor substrate by isotropic etching; forming a
trench to a desired depth using the oxidation prevention
film as a mask: horizontally recessing the pad oxide
film; oxidizing the trench formed in the semiconductor

substrate; embedding an embedding isolation film in the

oxidized trench; removing the embedding isolation film




oxide filmin the step (d) and Ris an etching anount of the exposed
surface of the sem conductor substrate. 4. A sem conductor device
characterized by being produced by formng a-pad oxide filmon the circuit-

formng side of a sem conductor substrate, _formng an |@4d&akinRar PRyEntion
filmon the pad oxide film renoving the 8§|aat|on prevention filmand the
pad oxide filmat a desired position thereby exp05|ng the surface of the

a mask; horlzonta ly re eSS|ng t e pa

formed in thessgai 68ndHEt Qbmi SHAALERLE s mggltgg aﬂae@a g @% ftjlﬁ'”gta'dgg 15

filmin the oxidized trench; renoving t di ng |so

Sept enber 200@xi@énf:ﬂmnfébﬁeQXbﬂathencﬁfeM%tkeemih msﬂa%"g%' [Eg ”‘e
oxi dation prevention filmfornmed on the circuit-f Si

sem conduct orsembsénatetoangubetPytag the pad oxi de fl I'm forned on the
circuit-formng side of the sem conductor substrate. 5. A sem conduct or

device according to O ahnsdmicehanacoerdeetdcdyabebrdipgodycedapy gt ching.
hack the exposed surface of the semi conductor substrate by isotropic

etchi ng and hehradnagitedized duesse g t preodaced oy det ¢hl iy biedek ethde oxi dati on
of the trench. 6. A sem conductor device according to Caim4 or
exposed surface of the semiconductor substrate by
isotropic etching and horizontally recessing the pad
oxide film before the oxidation of the trench.
6. A semiconductor device according to Claim 4 or
5, characterized by being produced by etching the exposed
surface of the semiconductor substrate in a T/R ratio of
1.5-2.5 by isotropic etching, where T is an initial

horizontally recessing amount of the pad oxide film and R

is an etching amount of the exposed surface of the

semiconductor substrate.




5, characterized by being produced by etching the exposed surface of the

sem conductor substrate in a T/Rratio of 1.5-2.5 by isotropic etching,
where T is an initial horizontally recessing anount of the pad oxide film
and R is an etching anount of the ex ed surface of bGP s or
substrate. 25a 15' Septenber 2003 7. Aﬂginiconductor dei?gg?ﬁg F%ﬁ conpri ses
bei ng produced by formng a pad oxide filmon the circuit-formng side of a
sem conductor substrate; form ng an oxidation prevention filmon the pad
oxide film renoving the oxidation prevention filmand the pad oxide film
at a desired position, thereby exposing the surface of the sem conductor

substrat ez hop geemtehdottd-eeRs] Weich f&@m@ﬁ@e@%éiﬂ%pf’dd@@edQigqbidﬂﬁgfa?%d exposed
surface of the sem conductor substrate in a T/Rratio of 1.5-2.5 by

| SOLT 0! Coicl il d¥ine WhEliRfoFmirty AudBf b LOMRIYctbESARTING BfiHglancl [ he pad

oxide filmand Ri1s an etching anmount of the exposed surfac t he

sem condygt ol ﬁ%?&ia{wrﬁ%@ﬁlnﬁa&ﬁ e p& %idé‘ﬂ%-é@@%t@i'rn ﬁr&%‘éﬁiﬁéﬁérﬁ‘rekﬂﬁﬁ d oxide

film after {'Re P56 I'c etchi'ng, tTormr to a desired depth,
usi ng said oxi iLon _pr ntion filmas. sk; horizontal | r ssing the
pad ox; a1 AR BT el Bealed PRSI oY R B et T B batr oo
enbeddi ng an enpeddi ng isolation filmin the oxidized trench; renmoving the
enbeddi nerUET R o SPOR A drseanaly frestas S Pt OHPE Heh NG et emovi ng.
the oxidation prevention fi|mfornmed on the circuit-formng side of the
seni condl¥pesed 3 s SRAGOPNRIY: SHYSIRE IBAJ'/BXAkR of ﬁlﬂ-ﬁ%ﬂdﬁ%ﬁw t he
circuit-formng side of the sem conductor substrate, whereby upper edges of
t he trendiching whsiad. is @ hotzewallc wrasene Am@en! efdhe pRH @xideolitfy 3neeR iHan ng
produced by forming a pad oxide filmon the circuit-formng side of a
seni condeithing siosnt efttbe ekpeseidryriane obliedzenmiopnductyravbisvatef Eften said t he pad
oxide film renoving the oxidation prevention filmon the pad oxide film at
a desi r echopiasntailprecessieg deypakmids filgn; tditer Swritaicaiottohivg, faawigadgoch or
substrate; horizontally recessing the pad oxide film renoving the 25b

to a desired depth, using said oxidation prevention film as a mask; horizontally

recessing the pad oxide film; oxidizing the trench formed in the semiconductor

substrate; embedding an embedding isolation film in the oxidized trench; removing

the embedding isolation film formed on the oxidation prevention film; removing the

oxidation prevention film formed on the circuit-forming side of the semiconductor

substrate; and removing the pad oxide film formed on the circuit-forming side of the

semiconductor substrate, whereby upper edges of th_e trench are round.

8. A semiconductor device, which comprises being produced by forming a pad
oxide film on the circuit-forming side of a semiconductor substrate; forming an
oxidation prevention film on the pad oxide film; removing the oxidation prevention

film on the pad oxide film at a desired position, thereby exposing the surface of the

semiconductor substrate; horizontally recessing the pad oxide film; removing the




e

15 Sept enber 2003 exposed surface of the sem conductor substrate in a ratio
of T/R of 1.5-2.5 by isotropic etching, where T is a horizontally recessing
anount of the pad oxide film and R is an etching anmount of the exposed
surface of the sem conductor substrabey after said hasi Sgmerhber 2608ssi ng
the pad oxide film after the isotropic etching. formng a trench to a
desired depidsedusifage séine sexiicatduator gubstent iroa rétid oh BR ¢f NRSlG by hori zont al |y
recessing the pad oxide film etching back the exposed surface of t he

senmi COﬂdUEsb@:bpla'élflﬁﬁrﬂg?lﬁA&]eJaUﬂ@Q%ﬂEthrﬁaW@héé@n%ﬁﬁbbﬁp@\‘ttﬁé| P¥dRERSHNNY the pad
oxide film oxidizing the trench formed in the sem conductor substrate;

embeddi nga @R ieBReAdifAg ahsahadfiAg ekbddBd dhriahe o@medé&ﬁéoﬁ&%%b%ﬁ%\“ ng the

enbeddi ng i sol ation I'm formed on the oxidation prevention t enovi ng

the oxi daLian.p £ r%&én@ rbdsng B e Qi SRESHE Tk BB AghiRh A° oF 1 he

sem conduct or substrate; ad ox 'd on the

circuit- f se onduct or. strate edges of
the trenc :thgga géﬁ% %ﬁ'lég dg]@ﬁblféf”@rsad%ex'a%”%%r&yamf?@ {!'5' %ﬁ %ﬁ%‘c’(f wherein
in renovi oxi dat i prevention fi t sgid desired posif{jon, a

r emai ni ngR% F%[H r%?esﬁﬁ‘@()tﬂ%??gé’f‘id&ﬁrﬁr%@E'ﬁs%@ﬁk%‘q ﬁ¥9°§epé‘7'f1ffa°%8f @er emai ni ng
portion being used as said mask in formng said trench. 10. The

seni condu%%falﬁoa@%t%@%%?ecnmaotmpl% Pbﬁhmgshow&éwwﬁemswr@m@mg Qdfie

oxi dation prevention filmat said desired position, a remaining portion of
the oxi &M GNICHNG/ EattTessN foTmad ig tﬂ\%ﬁemlO@aﬁ@dﬁemsﬁfﬁm epdradiding 47ei ng used as
said mask in formng said trench. 25c 15 Septenber 2003 11. A sem conduct or
devi ce, whinbeddogmoldies fieimtheprdderdtiengn; femaving the patdedding dwldtiohm on t he
circuit-formng side of a sem conductor substrate; form ng an oxidation
prevent i ofiinf fofmedpntthe ogiddtiaxprdeertidnnfilmy esmonimytHehexidatiotatre eantiphdient i on
filmand the pad oxide filmat a desired position, thereby exposing the
surface oforbé onseeiceandivehpg ssddstthatsemidtpduziontabdtiaté enrisehit¥idgtae pad
oxide film etching the exposed surface of the sem conductor substrate in a
T/ R rati opgf olid®idn forbiedi rohe @RHeGit-forming side of the semiconductor substrate,

whereby upper edges of the trench are round.

8.  The semiconductor device according to claim T, wherein in removing the
oxidation prevention film ‘at said desired position, a remaining portion of the
oxidation prevention film is left, said remaining portion being used as said mask in

forming said trench.

10.  The semiconductor device according to claim 8, wherein in removing the
oxidation prevention film at said desired position, a remaining portion of the

oxidation prevention film is left, said remaining portion being used as said mask in

forming said trench.




etching, where T is a horizontally recessing anount of the pad oxide film
and Ris an etching anmount of the exposed surface of the sem conductor
substrate, after said horizontally recessing the pad oxide film after the
i sotropic etching, formng a trench 2% a desired deptfs Jepiémpet 2003

recessing the pad oxide film oxidizing the trench forned in the
sem conduct or substrate; enbeddi ng an enbedding isolation filmin the
oxi di zed trench; renoving the enbedding isolation filmformed on the
oxi dati on 1hr eve@MEaNE UG en daviteowhing admeprises datriggmopu@adeny foomirig 4 pad or ned on
the circuit-forming side of the sem conductor substrate; and renoving the
pad oxi de ®didenfilfroemtie ortifierming sidaid efseritagiusicteudétratbeiopmmgeanduct or
substrate, whereby upper edges of the trench are round.
oxidation prevention film on the pad oxide film; removing the oxidation prevention
fitm and the pad oxide film at a desired position, thereby exposing the surface of the
semiconductor substrate; horizontally recessing the pad oxide film; etching the
exposed surface of the semiconductor substrate in a T/R ratio of 1.5-2.5 by isotropic
etching, where T is a horizontally recessing amount of the pad oxide film and R is an
eiching amount of the exposed surface of the semiconductor substrate, after said
horizontally recessing the pad oxide film; after the isotropic etching, forming a trench
to a desired depth; horizontally recessing the pad oxide fiim; oxidizing the trench
formed in the semiconductor substrate; embedding an embedding isolation film in
the oxidized trench; removing the embedding isolation film formed on the oxidation
prevention film; removing the oxidation prevention film formed on the circuit-forming

side of the semiconductor substrate; and removing the pad oxide film formed on the

circuit-forming side of the semiconductor substrate, whereby upper edges of the

trench are round.




