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RESPONSE - Background of the Invention 'Y Thi s
invention relates, in general, to high frequency sem conduct or devi ces,
and nore particularly to - -a method for making a sem conductor device
havi ng an | mproved frequency response. 10 Wth the advent of the
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10 With the advent of the communications age, the
number of electronic communications products available
for consumers in the private sector has proliferated
immensely. For example, the mobile phone market accounts
for a significant portion of the sales and profits

15 realized by many segments of the electronics industry
today. Unfortunately, the increase in communications
products has meant a reduction in the number of available
radio frequencies to carry communications signals.

Hence, manufacturers of electronic communications

20 equipment have sought ways to solve this dilemma.

The approach several communications equipment
manufacturers havé'téken is to design their products to
operate at higher frequencies. Thus, the manufacturers
of semiconductor components used in communications

25 equipment must follow suit and design semiconductor
devices to accommodate these higher frequencies. 1In the
present state of the art, integrated circuit '
manufacturers have two semiconducting materials available
that are capable of operating at higher frequencies:

30 gallium arsenide and silicon. Although, gallium arsenide
can readily handle higher frequencies, the cost is
prohibitive for most applications. Silicon, on the other
hand is relatively inexpensive, however several parasitic

components inherent in silicon semiconductor devices



manuf acturers have two sem conducting materials avail abl e that are
capabl e of operating at higher frequencies: 30 galliumarsenide and
sili'eon. Al though, gallium arsenide can readily handl e hi gher
frequencies, the cost is prohibitive for nost applications. Silicon,
t he ot her hand is relatively inexpensive, however several parasitic
conponents inherent in silicon sem conductor, devices

2 surface under high frequency operatlé%; t he nost i nsi di ous of
which are the nultitude of parasitic capaci tances which ari se.
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Summary of the Invention

According to one aspect of the present invention
there is provided a method for making a semiconductor
device having an improved frequency response, comprising:

providing a semiconductor substrate having an
epitaxial layer on a top surface of the substrate;

forming at least one trough ﬁhrough the epitaxial
layer and into the semiconductor substrate wherein the at
least one trough is lined by a first dielectric material,
and filled with a second dielectric material, a top
surface of the second dielectric material being coplanar
with a top surface of the epitaxial layer;

covering the top surface of the epitaxial layer and
the top surface of the second dielectric material with a
third dielectric material; and

fabricating at least one semiconductor device in
active areas adjacent to the at least one trough, wherein
a thickness of a dielectric layer between a conductive
interconnect of the at least one semiconductor device and
the semiconductor substrate is increased, thereby
lowering a capacitance associated with the dielectric
layer and improving the frequency response of the at
least one semiconductor device.

| east one trough is lined by a

on



and f|IIed with a second dielectric material, a top 20 surface of the
second dielectric material being copl anar with a top surface of the
epi taxi al |ayer; covering the top surface of the epitaxial |ayer
and the top surface of the second dielectric nmaterial with a third
dielectric material; and 25 . fabricating at | east one sem conductor
device in actlve areas adj acent to the | east one trough, wherein

a thickness of a dielectric |ayer between a Tonductive i nt erconnect of
the at | east one sem conductor device and t he sem conductor substrate
is increased, thereby 30 | owBria§ Besapirtiemcef ddvpdizavwichas t h t he
dielectric | ayer and inproving the frequency response of the at

| east one sem conduct gor._devi ce. , .

Brief Description of £H&ESPY éﬁﬁn@%lustrate highlyenharged |GrasSite highly
enl arged cross- sectienhlonﬁéwsieﬁsaqﬁoﬁtp@mtéfwacgemidﬁﬁﬁunﬁm&u@haﬁcéeviCe

5 during fabrdca t resent I nvent i

FIG 4 shows 5 hh?gnéfF %9%g§£§$s¥% £#¢§%%£ yice w%ﬁﬁnﬁgﬁuﬂﬁﬁﬁﬁp deV|ce of
FIG 3; and 1pvenanp-5 shows a bi polar junction transistor in the 10
sem conductor device @ikl @ sRows a field effect transistor in the

semiconductor device of FIG. 3; and

3

FIG. 5 shows a bipolar junction transistor in the
10 semiconductor device of FIG. 3.

Detailed Description of the Drawings

15 Semiconductor devices are limited in their high
frequency performance by a multitude of parasitic
elements, including capacitances, that arise when
operated at higher frequencies. Manufacturers of
semiconductor devices strive to reduce, and optimally

20 eliminate, these parasitic elements; thereby improving
the frequency performance of their devices.

FIGS. 1-5 are shown to illustrate features of the
present invention, hence the figures are not dfawn to
scale. FIGS. 1-3 illustrate highly enlarged cross-—

25 sectional views of portions of a semiconductor device
during the fabrication sequence in accordance with the
present invention. The embodiment of FIG. 1 shows a
semiconductor substrate 10 of single crystal silicon with
a <100> crystal orientation, and having a P++

30 conductivity type. Also in this embodiment, an epitaxial
layer 11 is grown over substrate 10} wherein epitaxial
layer 11 has a P-- conductivity type. Preferably, layer
11 has a thickness of approximately 15 micrometers. In a
second embodiment, substrate 10 is single crystal silicon



Det ai | ed Description of the Draw ngs 15 Sem conduct or devices are
limted in their high frequency performance by a nultitude of parasitic
el efrents, including capacitances, that arise when operat ed at hi gher
frequenci es. Manufacturers of sem conductor devices strive to reduce,
and optimally 20 elimnate, these parasitic elenents; thereby inproving
the frequency perfornmance of their devices. FIGS. 1-5 are shown to
illustrate features of the pr esent inveh%ion, hence the figures are not
drawn to scale. FIGS. 1-3 illustrate highly enlarged c¢ross- 25
sectional views #fitpost i<R8>ofrustaki evheRkdbionidatdg an dlirfi ng t he
fabrication sequeRmRAUCEiIGEY” €3PEF WALR éPEraxia PrRSAIY 11NN anl e -
enmbodi nent of FIG shqws a sem conductor substrate 10 of single
crystal silicon \ﬁot"#u‘:tl"étiflﬁﬁgecrystal orientation, and having a P++ 30
conductivity type. Alusdngn gelhiesaddpodicoeptedafialeplcabdat techrnigpms BE is
grown over supstrate. .l rei It axj : R+ 3
conductivity ?ypel% Fe%gre\é\dgﬁo,ggﬂaggrlg ngﬂe%aJéA th sltg:x]kar#é%gm%f wherein

appr oxi mat el y 15 thiecadmdeess. ons hroughsi2 cerstendpdirahia b Rurfiece 0f s

single crystal sigj;@@%ial layer 11 into substrate 10. Two troughs 42 are
illustrated in FIG. 1, although there may be only one
trough 12 or a plurality of troughs 12. Moreover, trough

10 12 may be circular in configuration thereby surrounding a
given portion of epitaxial layer 11, wherein trough 12
serves as a moat 12,

Troughs 12 typically extend approximately S
micrometers into substrate 10 and are formed by etching a

15 portion of epitaxial layer 11 and a portion of substrate
10 with an etchant that preferentially etches along the
<100> crystal plane; thereby forming an angle of
approximately 54 degrees with respect to the top surface
of epitaxial layer 11. A suitable means for

20 accomplishing this anisotropic etch is to employ a wet
etch comprising potassium hydroxide, normal propanol, and
deionized water. Hence, the maximum depth possible for
troughs 12 occurs when troughs 12 are V-shaped.

Moreover, since the angle of the etch is constant,

25 the depth of the etch is a function of the width of
troughs 12 at the top surface of epitaxial layer 11.
Thus, for troughs 12 having a depth of approximately 20
micrometers, the width of troughs 12 at the top surface
of epitaxial layer 11 are approximately 4 millimeters.

30 It will be understood that the types of substrate 10 and
epitaxial layer 11 materials, conductivity types, and
dimensions, as well as the dimensions for troughs 12 are
not limitations to the present invention.



with a <100> crystal orientation having an N++ conductivity type; with

epitaxial layer 11 having an N-- conductivity type. ; Usi ng
general |y accepted fabrication techniques at 5 | east one trough 12 is
formed in substrate 10, wherein the at | east one trough 12 extends from
a top surface of epitaxial layer 11 into substrate 10. Two troughs 12
are illustrated in FIG 1, although there may be only one trough 12
or a plurality of troughs 12. Moreover, trough 10 12 may be circular in
configuration thereby surrounding a given portion of epitaxial layer

11, wherein trough 12Now refeysingste Rt 42.a first diefentgtic 12

typically extendpapRrg%hmMEEEY Pormed bFELMBAL Y Mk RIS IAlR12@:aRd are
formed by etching a 15 _portion of epitaxjal layer 11 and a ,portion ,of

substrate 10 1GWeR 3d 8Penint trRueh 1t or MtASh it Mt ind 15
<100> crystal pl seeveshasehy finsulaging bagee I8 that aHYkeXithw alop 54

degrees with respect..tgo the top_surface f_epitaxial layer 11. A
sui tabl e maané'; fg}lr%acgcggnﬁﬂlgﬁ?{ﬁ%it%il%e%nllfs)o nragd;lrg:%(ue%%c% l?g' tofher?pl oy a
wet et ch conprefemgedoenbedimentydr birsie, dimkentiris opbesiialadd is

dei oni zed water. shignee, LBS.TBXI AN AGPL huppéaa%gse dPOlapprodinfitdlsy 12

occurs when troughs 12 are V-shaged. ] reover, "since the angl e of
the etch is consfdfrometerne Hupehess fhesetdielectriqmatediads Iondswi dt h

of troughs 13rawnt he teppevatacesosuepidbently |Rywertolavoid dilffusibar
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wel | as the dinensions for troughs ] re not" lrmtations to the
present inventiofhickness of epitaxial layer 11.
A second dielectric material 16 is formed over
15 first dielectric material 15, wherein second dielectric
material 16 fills troughs 12 and extends above the top
surface of epitaxial layer 11. A preferred material for
second dielectric material 16 is intrinsic polysilicon
having a resistivity greater than 100 ohm-cent imeter.
20 Typically, the intrinsic polysilicon is deposited
epitaxially.

Although second dielectric material 16 may comprise
any of a number of materials, there are at least three
advantages in selecting poleilicbn. The first advantage

25 is that the random structure of the polysilicon crystal
prevents formation of resonance structures that can act
as a notch filter. Second, cusping does not occur when
depositing polysilicon into troughs 12, as is possible
with other types of dielectric materials, thereby

30 preventing the creation of voids in second dielectric -
material 16. Finally, polysilicon affords the
opportunity to fabricate other electrical components in
troughs 12.



5 Now referring to FIG 2, a first dielectric material 15 is
formed over the top surface of epltaX|aI | ayer 11 and in troughs 12.
First dielectric material 15 serves as an insulating |layer 15 that
masks the top 5 surface of epitaxial layer 11 and troughs 12. In a
preferred enbodi nent, first dielectric material 15 is silicon dioxide
havi ng a thickness of approximately 1 groneter. Further, first
dielectric material 15 is grown at tenperatures sufficiently lowto
avoid diffusion 10 of an inpurity material fromsubstrate 10 into
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of epitaxial layer 11 is removed during the planarization
step.

15 A third dielectric material 17 is formed over the
continuous coplanar surface. 1In a preferred embodiment,
third dielectric matefial is silicon dioxide having a
thickness of 1 micrometer. Third dielectric material 17
serves as a field oxide for subsequent processing steps

20 in which semiconductor devices are fabricated in an
active area adjacent to troughs 12. Further, it will be
understood that the materials for first and third

' dielectric materials, 15 and 17 respectively, may be the’
same or they may be different.

25 FIG. 4 illustrates a highly enlarged cross-
sectional view of a field effect transistor embodiment of
the present invention. This embodiment decreases a
parasitic drain to substrate capacitance. In the field
effect transistor embodiment, a field effect transistor,

30 commonly referred to as a FET, is fabricated in an active
area between troughs 12. Although, the FET may be:
fabricated adjacent to a single trough 12, Further, the
FET is fabricated using generally accepted fabrication



gpportunlty to fabricate other electrical conmponents in _  troughs 12.

. As shown in FIG 3, a top surface of second - dielectric
material 16 is planarized by enploying pl anari zation techni ques that
are well know to those skilled in the art. Further, the step of
planarization 5 includes renoving a portion of both epitaxial |ayer 11
and first dielectric material. 15. Hence, the top surface of second
dielectric material 16, the top surface of 7 epitaxial layer 11, and an
exposed portion of first dielectric material 15 forma coniinuous
copl anar 10 surteckniqike whéphoarel familidngtd rhars skidilegedngthe
polishing step wheegin the coplanar surface is polished. ‘I'n yet a
further enbodi ment, "approxi mately 1 microneter of epitaxial |ayer 11 is

removed during the pIéﬁ@?ﬁ?ﬁiF@WPrlse§tépdr§5“ regiom 2}y (3 R FEFHE
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troughs 12. Furth ersto hat the materials for first
and third di dne@t prefeared EET, emBodament, r dspir 7o lpy@isk SAvEce

sane or they may g idnf 28" @3 silicon having an N+ conductivity type,

10 whereas gate region 22 comprises polysilicon 34 and gate

oxide 20.

Also in this embodiment, source region 23
electrically contacts plug 24, wherein plug 24 is silicon
having a P+ conductivity type and extends into substrate

15 material 10. Plug 24 is shorted with source region 23 by
conductive material 33, thus plﬁg 24 provides electrical
coupling of source region 23 with substrate 10. What is
more, the concentration of impurity material in substrate
10 is such that substrate 10 behaves, electrically, as a

20 conductive plane. Source region 23 electrically contacts
bottom contact 18.

_ Portions of first conductive interconnect 31A are
! fofmed above at least one trough 12, wherein in this
E embodiment portions of conductive interconnect 31 A serve
| 25 as a top surface interconnection. Moreover, first

conductive interconnect 31A is coupled to drain region
21, thus a parasitic capacitance between drain region 21
and substrate 10 is formed. First conductive
interconnect 31A and substrate 10 serve as the capacitor

30 electrodes of the parasitic capécitor, and first, second,
and third dielectric materials, 15, 16, and 17
respectively serve as a dielectric material.

Typically, in a conventional device, the thickness

of the dielectric material of the parasitic capacitance



25 FIG 4 illustrates a hi ghly enl arged cross- sectional view of
a field effect transistor enbodi ment of t he present invention. This
enbodi nent decreases a parasitic drain to substrate capacitance. In the
field effect transistor enbodinent, a field effect transistor, 30
commonly referred to as a FET, is fabricated in an active area between
troughs 12. Al though, the FET may be fabéicated adj acent to a single
trough 12. Further, the FET is fabricated using generally accepted
fabrication 7 techni ques
whi ch are fani|i &M hesoesr dradn reghen 21 apdssubstrate 10Hes FET

conprises a drai %ﬂp@:@ix@lﬁla%hlyatﬁét €hieBheéBs of ERird &Mé&fﬁgltﬁt%ala

bot t tact 1 duct t t
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an N+ conductTvi ty conprises polysiticon
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23 e'ECtr'CaHé&a%QEEQPE%pBEHQaEée,“@ﬁ&eiHcEQéthg'ﬁﬁésifé cy having
a P+ conductivity t%Pe and extends into substrate 15 paterial 10.” Plug 24

is shorted with PEFEOERRGERE2S 59m10°n98ﬁ8ﬁ5t?%%F?ﬁu%ﬂ??ﬂP?E?t%qﬂﬁfqﬂ
24 provi des el ecipres@int invention.

10 FIG. 5 illustrates a highly enlarged cross-—
sectional view of a bipolar junction transistor
embodiment of the present invention. This embodiment
decreases a parasitic collector to base capacitance. 1In
the bipolar junction transistor embodiment, a bipolar

15 Jjunction transistor, commonly referred to as a bipolar
transistor, is fabricated in an active area or a region
between troughs 12, As in the FET embodiment, the
bipolar transistor may be fabricated in an active area
adjacent to a single trough 12. Further, the bipolar

20 transistor is fabricated using generally accepted
fabrication techniques which are familiar to those
skilled in the arts.

In the bipolar transistor embodiment, the
semiconductor device is a bipolar transistor having a

25 Dbase region 25, an emitter region 27, and a collector
region 28, and a bottom contact 18. Further, collector
region 28 is electrically coupled to bottom contact 18.
In a preferred bipolar transistor embodiment substrate 10
is single crystal silicon having an N++ conductivity

30 type, epitaxial layer 11 has N-- conductivity type, a
base contact region 26 has P+ conductivity type, and
enitter region 27 has N-- conductivity type.

What is more, a portion of conductive interconnect
31B is formed above a portion of trough 12 while a



coupling of source region 23 with substrate 10. What is nore, the

concentration of inpurity material in substrate 10 i s such that
substrate 10 behaves, electrically, as a 20 conductive plane. Source
region 23 electrlcally contacts bottom contact 18. Portions
of first conductive interconnect 31A are fornmed above at |east one
trough 12, wherein in this enbodi nment po&tlons of conductive

i nterconnect 31 A serve 25 as a top surface’interconnection. Moreover,
first conductive interconnect 31A is coupled to drain region 21

thus a parasiticdé&fecensnperbirneehi deagnct by ontErconnecind Bkt rate 10

is formed. First £oRdee k¥epase cbRESEEOPESESn S\ anﬁnfsllb%l ash@ igerve as
the capacitor 30 electrodes of the parasitic capacitor, first, second,

and third diel ectcraipé%laé‘FFa% f?Sme‘inr‘é‘ﬂda portion r%fspsélﬁ trate 40 #8das a
dielectric materialse interconnetypBtsl ! ycom@u@tﬁmmrﬁemminedﬁvme, ande -

t hi ckness he diel ectri mat er i of _the, i ti,c _capaci e
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t he t hi ckness of pelriaisdtdicelcepacitomt ehereas thd portien qméq@sets@me 10

i nvention providgg @11%&5}5 dbf;}ed %nhnséF@éQ dbe; doledd ige theC@&‘i‘ﬁ%l%rt he

parasitic 5 capacitance forfed between drain interconneci, S1A an
substrate 10; th&leGFreser €28Pr4SLAg bartemofortact 1 [ﬁﬁ%ﬁ§QH(§e°°nd'

capaci tance, andandcte@dyidndiehectiequaaty¥rialspers ormpnemdiia
Sen1ConductO{Odevg%%éc%%%%qoraggg etgs the dielectric material.

Analogous to the FET embodiment, the thickness of
the dielectric material of the parasitic capacitance
formed between base interconnect 31B and collector 28 of
a conventional device typically has been the thickness of

15 third dielectric material 17. Thus, the present
invention provides a means to increase the dielectric
thickness of the parasitic capacitance formed between
base interconnect 31B and bottom contact 18; thereby
decreasing the value of this parasitic capacitance, and

20 increasing the frequency performance of a semiconductor
device incorporating the present invention.

Further, the embodiment shown in FIG. 5 includes a
passive circuit element 30 in at least one trough 12. It
should be understood that the dielectric material of the

25 at least one trough 12 in which a passive component is
fabricéted is polysilicon, and further that an impurity
material has been introduced into the polysilicon. 1In
one embodiment passive component 30 is a resistor. 1In
another embodiment, the at least one trough 12 forms a

30 portion of a capacitor.

It should be realized that trough 12 can be
configured wherein trough 12 surrounds an active device
area, much like a moat. Moreover, it will be understood

that the FET and bipolar transistor embodiments presented



present invention. 10 FIG 5 illustrates a highly enlarged cross-

sectional view of a bipolar junction transistor enbodi nent of the
present invention. This enbodi nent decreases a parasitic collector to
‘base capacitance. In t he bipolar junction transistor enbodi nent, a

‘bi pol ar 15 junction transistor, commonly referred to as a bi pol ar
transistor, is fabricated in an active area or a regi on bet ween troughs
12. As in the FET enbodi nent, the bi polar transistor may be fabricated
In an active area adj acent to a single trough 12. Further, the bjpolar

20 transistor i SHRINY RAEPUSMFafEnsleniopsaeepran thist ipyeRed PRt S
} ecml qges le c:pﬁﬁélfla'ﬂ:ﬂﬁrs%igtet&ctsﬁ theseskiybbedoifngéhecagfj S.And it

n e bi polar tran or i ment, the sem conduct Qr_device is a
bi pol ar transi st%}mﬁa‘%i% ' %%éﬁ@%g‘%ﬁ%%f‘aggkéﬁi ?’t“é?g%lgﬁ?té% 27, and a
col lector r edpg s 38:d aivd FLG0t4 @ndcdiGact at8. giuenhes, exanpées oand
region 28 isgel eatd grfﬁob?'inﬁ%i st%éﬂ%tﬁfg@rfégemcan%éntion.l n a preferred

bi pol ar transi stor ment substrate 1s single crystal silicon
havi ng an N++ conductByingw 3tk tshruldhe Bareqiafed thagashrre BafdheePvity

type, a  base Lopfdcd difdinirARedaenbonidesli Yht¥gtiped abdcuit
emtter region 27 has, N--_ conductjvit npre

portion of condR3RaRIe Ml REFANY at %%ll%?ﬁeé: #5?%8“85832 ?‘ﬁo?‘?i onaof

trough 12 whil e gbvious to those skilled in the arts, the cap8citance

10 value of a parasitic capacitor is inversely related to
the frequency performance of an integrated circuit
device. Further, the capacitance value of a parasitic
capacitor is inversely proportional to the dielectric
thickness of the capacitor. Hence, the cut-off frequency

15 of the integrated circuit device is also inversely
proportional to the capacitance value of the parasitic
capacitance. Moreover, increasing the effective
dielectric thickness of the parasitic capacitor decreases
the capacitancé, thereby improving the frequency

20 performance of thé semiconductor device. What is more,
the present invention can be used to increase a
dielectric thickness between any top surface
interconnection and an underlying semiconductor substrate
to reduce an associated parasitic capacitance.

25 Further, a cost advantage is realized by this
invention because the improved frequency response is
obtained while still using silicon as the semiconductor
material, rather than the comparatively expensive gallium
arsenide.

30



di fferent portion of conductive interconnect 31B is coupl ed to base
contact’ region 26. Thus, .a parasitic capacitance is fornmed froma
portion of substrate 10 and base i nterconnect 31B. Conductive

i nterconnect 31B and 5 bottom contact 18 serve as capacitor el ectrodes of
t he parasitic capacitor, whereas the portion of substrate 10 is

hi ghly doped and serves as a portion of the;gapacitor el ectrode
conprising bottomcontact 18. First, second, and third dielectric
materials, 15, 16, and 17 10 respectivel ve as the dielectric

mat eri al . Anal ogous to the FET eﬁ%%ﬁ§%e t he thickness of

the dielectric material of the parasitic capaC|tance formed between
base interconnect 31B;and r

typically has been the th|Eg(lzdﬁéesséc,(;ff(%b§ n%rﬁ]mg X S% \é??lhgeerrg%ergiggh% :

Thus, the presenhaVlnglﬂ%eﬁ@?@ﬂﬁ?ﬁcﬁﬁ%ﬁ%ﬁ%ﬁﬁnﬁﬁﬁ?OpéevnEP@E§éS%H€ dielectric

thi ckness of g he par ?kébﬁdfﬁ@a&@éﬂﬁ@oﬁ&im baivseate (1loasaakrmhgr aannect
31B and bottom cont ac

th ereﬁl\é1r decrea5|n t he E
parasitic capaci $Bheaxiahdlayer e fy HIRe 9% &S@nBé %gFfﬁPﬁﬁ £8L%f a
sem conduct or devtsemiﬁgOapOIeasmgoﬁdaetmtﬁﬁEn(tlmn\temomgh the

Furt her, the enbodi F i,.ncl S uit
el ement 30 in atP& gefl%%e oud% %jfnﬁ? che lggﬁiﬁagdggtgﬁdgFggggé£§hat t he
dielectric materizf) of whéneePs the akakrassheong drgwoh? (1) wischiaegabyi de

conponent i§g fiégfl&féfgctéle%a/@éﬁa:pnuﬁndafdatthneahaatanal BBUGhEY
mat eri al has been I ntroduced into the onS|I|con H; enbodi nment

passi ve conponen@lsbe?grbpr@%?%%%ﬁ% {ie), aeﬂﬂﬂlﬁﬁrﬁéﬁﬁoﬁfnﬁ Sefend; | east
one trough 12 foaﬂ’élacsﬁlcp@a&é@mpf(m)camg Qfoplanar with ht tepoul d be

realized that trougP 12 ca cor]a e e|n trough 12 surrounds
an active device® aﬁ?e% %he?+?%x%. %Y Ver it will be
under st ood t hat tbevEEIngnﬂhb|popasurf@mleﬁ(ﬂhﬂﬂﬂniﬁawé@ﬂ519N@§Ented

15 (11) and the top surface of the second dielectric

material (16) with a third dielectric material (17); and
fabricating at least one semiconductor device in

active areas adjacent to the at least one trough (12),
wherein a thickness of a dielectric layer between a

20 conductive interconnect (312, 31B) of the at least one
semiconductor device and the semiconductor'substrate is
increased, thereby lowering a capacitance associated with
the dielectric layer and improving the frequency response

of the at least one semiconductor device.

25
2. The method for making a semiconductor device of
claim 1 further including depositing polysilicon as the
second dielectric material (16) wherein the polysilicon
hés a resistivity greater than 100 ohm—centimeter.
30

3. A method for increasing a thickness of
dielectric material between at least one top surface
interconnection for a semiconductor device and an

underlying semiconductor substrate (10), which comprises:

* c L M S *



10 enpl oy bottom contact devices because this invention is

particularly suited to these types of devices. And it shoul d be further
understood that the enbodi nents "described in FIG 4 and FIG5 are given
as exanples and 5 are not limtations of the present invention.

By now it should be appreciated that there has been provi ded an

| mproved sem conductor integrated circuit capabl e of operating at

hi gher frequencies. As is obvious to those skilled in the arts, the

capaci tance 10 value of a ggnasitic calgaci tor is inversely related to
the frequency perfor maREEVIFIEA FREJPAtEANARFLRF Subst & Ofurther, the
capaci tance val ue of agpawdabt af epitafpatilayer S(11veassad gy cuarflacenalf t o

the dielectric . thickn of, t he_capacitor nce, the cut-off frequency
15 of the integr aFES glgg%glg?dld%t\-‘/?ﬁes‘?bsg% LYol hlv r'sely proportional to
t he capacitance val ue dbrmisgpatadeast one tupaght thide. imnviitheover,

i ncreasing thes ef tepkb¥Rductofll ShESE Fafe | NAESS 1Qfe td1e RAASidreC trough
capaci tor decreases t he capacitance, thereby inproving the frequency 20
per formance of t h&X§ERASOHAAR: Br toRyPRELaGH LT jthensRitaxia) H@Yﬁrregéﬁt)
i nvention can be ufaed thel BemgasAdactor shigdterdtd C(1d) ,ckness between any
top surface interconngction gnd an Tgnderl i%sen;j_é:ond tor sub Lnate
to reduce an associ at eH‘aS ragi i ogaﬁ‘éf 7&hce CPLILARRT néY St ogt
advant age i s real rpddtby &hi $east omeentowgh betthuss tinsulgidiengedayesquency
response is 1h0 OQEQWEd while still using silicon as the sem conduct or

er t

material, rat an the conparatively expensive gallium ar seni de.
: depositing a second dielectric material (16) over

the insulating layer (15), wherein the second dielectric
material (16) fills the at least one trough (12) and
extends above the insulating layer (15);

15 removing a portion of the second dielectric
material (16) wherein the removing step comprises a two
step operation of removing and polishing the second
dielectric material (16);

growing a field oxide (17) over a top surface of
20 the second dielectric material (16); and
fabricating at least one semiconductor device in a
region adjacent to the at least one trough (12), wherein
the at least one top surface interconnection (31a, 31B)
for a semiconductor device is above the at least one
25 trough (12). '

4. The method for increasing a thickness of
i dielectric material of claim 3 further including
depositing polysilicon as the second dielectric material
30 (16) .

5. A semiconductor device comprising:

a semiconductor substrate material (10) having an
epitaxial layer (11) on a top surface;

e
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30 S CLAI V5 1. A nethod
for maki'ng a semniconductor device havi ng an i nproved frequency
response, conprising: 5 provi ding a sem conduct or substrate (10)
havi ng an epitaxial layer (11) on a top surface of the substrate;
formng at | east one trough (12) through the epitaxial layer and into
the sem conductor substrate (10), mherel the at | east one trough (12)
is lined by a 10 first dielectric nmateri al %15) and filled with a second
dielectric material (16),. a top surface of t he se dielectric
material (16) being cd%g Foaky (12) §6FF39én8ffFﬂ@ pFPRxPAFERGS er
(ﬁl) f C @ riHg etﬁie;abagus:mfy&ee (Qﬁ)thﬁtspthéxs%lb@y@lﬁ%ﬁéﬁr (11) and
the top surface q eco i electri a.l

J bigééi {##), %he’ at EFSSFI moalét %9%.?e g, flfﬁeg

diel ectric materiat
sem conduct or devixe idielectatid mtgn:eaéladpacemn tbetdeehecteastmmlal

trough (12), s  mhengd %tﬂ&%ﬂqa%T)oEna di QEESB&' C16AY&ie PELYELD @ 20

conductive interconnect (31A, 31B) | east one sem conduct or
devi ce and the sd#AMSHHdRIGt or substrate is i ncreased, thereby |lowering a

capaci tance associ at ech WHikrd didiRetdi® acleiréalayer) an8vedPhgVvangophe

frequency reSponSurface of the epitaxial layer (11) and a top surface of
the second (16) dielectric material; and

10 at least one semiconductor device, wherein portions
of conductive interconnects (31A, 31B) of the
semiconductor device are above the at least one moat

(12).

15 6. The semiconductor device of claim 5 wherein the
second dielectric material (16) is polysilicon having a
resistivity greater than 100 ohm-centimeter.

7. The semiconductor device of claim 6 wherein the

20 semiconductor device is a bottom contact device (18).

8. The semiconductor device of claim 7 wherein the
semiconductor device is a bipolar junction transistor
having a collector region (28), a base region and an

25 enmitter region (27).

9. The semiconductor device of claim 7 wherein the
semiconductor device is a field effect transistor having
; a drain region (21), a source region (23), and a gate
% 30 region (22).

10. The semiconductor device of claim 9 wherein the
source region (23) is electrically coupled to a bottom
contact.

. * c L M s *



of the at |east one sem conductor device. 25 2. The nethod for
maki ng a sem conductor devi ce of claim1 further including depositing
pol ysilicon as the second dielectric material (16) wherein the

pol ysilicon has a resistivity greater than 100 ohmcentineter. 30

3. A nethod for increasing a thickness of dielectric material between
at | east one top surface i nterconnectiojy for a sem conductor device and
an under | yi ng sem conductor substrate (10), which conprises:

12 pr o\d 4} C b 1Q). ; . Ng
an epitaxial | ay\egrﬂ/j(%ﬁca)%%%tmg%%}&%f (2@5}’ Ig# %‘%ﬁ{)ﬁgg sgﬁggﬁﬁﬁ%tﬁsgéﬁé\#rat e
(10); formng at | east one trough (12) in the 5 sem conductor ..
substrate, wherein the at |east one trough extends froma top surface
of the epitaxial layer (11) into the sem conductor substrate (10);
masking a top surface of the ephREbFagt |k drhg PHsSclosunfy the at | east one
trough wiwth gan insulating |ayer 10 (15); depositing a second

ool ectr) € et e Al (e e i S el BBl PAIEREPHE
ext ends above t e semsidcaidurg drayevicesemplbying silégoni ag theorti on of the
second dieleCtriéémiconductor material. Parasitic components inherent in
semiconductor devices degrade the performance of these
10 devices at higher frequencies. Typically, a parasitic
capacitor includes a dielectric'material sandwiched
between a conductive interconnect (31A, 31B) and a
substrate (10) or a bottom contact (18). Further, in the
past,'the thickness of this dielectric material has been
15 similar to that of the third dielectric material (17) of
the present invention. However, in the present invention
' the effective thickness of the dielectric material has
been increased by including a first and second dielectric
material (15, 16) as well as the third dielectric
20 material (17). Increasing the thickness of the
dielectric of a parasitic capacitor decreases the value
of the parasitic capacitance; and therefore increases the
cut—-off frequency of the semiconductor device.

(FIGs. 4 and 5 accompany this abstract)



material (16) wherein the renoving step conprises.a two  step operation .~

of renoving and polishing the second ‘dielectric material (16); -
growing a field oxide (17) over a top surface of 20 the second dielectric
material (16); and fabricating at | east one sem. conductor device
in a region adjacent to the at |east one trough (12), wherein t he
at |l east one top surface interconnection (31A, 31B) for a sem conduct or
device is above the at |east one 25 trough (12). 4. The

met hod for increasing a thickness of dielectric material of claim3
further including depositing polysilicon # the second dielectric
material 30 (16). 5. A sem conduct or device conpri sing:

a sem conductor substrate material (10) having an epitaxial |ayer (11)
on a top surface 13

| east one noat ( t he epitaxia
(11) into the sgqm conductor I2 subgtrate (10), the at I'Qast ord@€ noat
being filled ielectric terial, wherein the di® ectric mat
5 includes a firpt (15) \and a segond (16) dielectric

1 4
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mat eri al ; athird dielectric materi.al (17) covering ‘a top
surface’ of the epitaxial layer (11) and a top surface of t he. second
(16) dielectric material; and 10 at | east one sem conductor device,
wherein portions of conductive interconnects (31A, 31B) of the

sem conduct or device are above the at |east one npat (12). 15

6. The sem conductor device of claim5 wherein the second dielectric
material (16) is polysilicon having a resistivity greater than 100

ohm centineter. 7. The senlconq#gtor device of claim6 wherein
the 20 sem conductor device is a bottom contfact device (18).

8. The sem conductor device of claim7 wherein-the sem conduct or
device is a bipolar junction transistor having a col |l ector region (28)
a base region and an 25 emtter region (27). 9. The

sem conductor device of claim7 wherein the sem conductor device is a
field effect transistor having a draba rfgl n 21) a source region
(23), and a gate 3331 eqgi onl 22). $e seni conductpr device
of claim9 wher 7 ectrically cogypled to a
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