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requi rements by reducing the feature size of sem conductor devices. 15 As

the feature size of sem conductor devices continues to be reduced,
however, gains in integrated cirglid dteffL IRBBREont Nat are normal |y
associ at e$i with a reduction in feature size, are Pess t han expect ed.
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This invention relates generally to semiconductor devices,
and more specifically to a semiconductor device having reduced
capacitance and a process for the formation thereof.

10
Background of the Invention

The semiconductor industry is continually striving to
fabricate integrated circuits with ever increasing performance
15 and higher packing densities. Traditionally, the semiconductor
industry has simultaneously met both the performance and the
packing density requirements by reducing the feature size of
semiconductor devices. As the feature size of semiconductor
devices continues to be reduced, however, gains in integrated
20 circuit performance, that are normally associated with a
reduction in device feature size, are less than expected. This
occurs because as device dimensions are reduced other effects,
such as parasitic capacitance, are no longer negligible and
increases in integrated circuit performance, resulting from a
25 reduction in device feature size, are limited by parasitic
capacitance. Therefore, the parasitic capacitance associated
with semiconductor devices must be minimized in order to
achieve integrated circuits with improved performance.
Accordingly, a need exists for semiconductor devices with
30 reduced parasitic capacitance. o TT T
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35 The previously mentioned problems with existing
semiconductor devices are overcome by the present invention. In
one embodiment of the invention, an integrated circuit is formed.
The integrated circuit has a substrate that has a semiconductor
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ot her effects, s«6h as parasitic capacitance, are no |onger negligible 20
and increases in integrated circuit performance, resulting froma
‘reduction in device feature size, are limted by parasitic
capaci tance. Therefore, the parasitic capacitance associated with
sem conduct or devices nust be mnimzed in orde ro aunEer '

ES PE?%gly a

integrated circuits with inproved perfor ce. SSHE,
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device and the doped region.

These and other features, and advantages, will be more
clearly understood from the following detailed description taken
in conjunction with the accompanying drawings. It is important

10 to point out that the illustrations may not necessarily be drawn
to scale, and that there may be other embodiments of the present
invention that are not specifically illustrated.

15 Brief Description of the Drawings

FiGs. 1-7 illustrate, in cross-section, process steps in
accordance with one embodiment of the invention.
FIG. 8 illustrates, in cross-section, a second embodiment of
20 the invention.

Detailed Description of a Preferred Embodiment

25 FIGS. 1 through 7 illustrate, in cross-section, process steps
in accordance with one embodiment of the invention wherein a
semiconductor device is formed. Shown in FIG. 1 is a portion 10
of an integrated circuit structure comprising a silicon substrate
12, a first buried layer 14, and a second buried layer 16. Silicon

30 substrate 12 preferably has p-type conductivity and is lightly
doped with boron. First buried layer 14 and second buried layer
16 are formed using conventional doping techniques such as ion
implantation or diffusion. In the preferred embodiment first
buried layer 14 has n-type conductivity and is doped with arsenic

35 and second buried layer 16, which is laterally offset from first
buried layer 14, has p-type conductivity and is doped with boron.
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-2 - a collector region of the second conductivity type |ying

wrthin a second portion of the first doped region, the collector
region having 5 a top surface and a bottom surface wherein the top
surface abuts the base region and the bottom surface abuts the first
buried | ayer; a polysilicon emtter region overlying the base
regi on; a coll ector contact reégi on extending through a third
portion of the first doped region and abutting the first buried

| ayer; and 10 a resistor. of  the second .conductivity type.lying within
a fourth por?s\g (ﬁor\vﬁé‘t‘f’inraétp@&ﬁéﬁ"}%g}%ﬁnwsaﬁu'{ﬁ %xéalp&ﬁ\?qron of
t he coldfesilimoncismtthen depbosited over silicon Bubstradadi 2t h®urirentthees,

dotai I ed dosconsplinl, dépdRifich RSt o, dopelf Veioh °2) haifl Hyb8 " "0
drawi ngs. |t ¢endugiivityais flosmed betyeen: fissi burigd dayer 114y andatsesesidray not
necessari sy BAudEyér 16, as shéMncin FId, NATHIS YR b A RENSEMe of
enbodi ment s otLet oppaneigepim Withil’!I r%\llr%?ttln?rrl]eé h%ty T ngt 5 eCI'fIICﬁ} LY
i |l ustrat ed. ying et TheBEFPRIS ofPlat!& he
Dr awi ngs during the epitaxial silicon deposition process and dope regions
surrounding first buried layer 14. The mechanism by which this
occurs is known as auto-doping. Doped region 20 is lightly doped
10 and has a lower doping concentration than first buried layer 14.
Alternatively, doped region 20 may also be formed using
conventional ion implantation techniques prior to the deposition
of the epitaxial layer of silicon. After deposition, the epitaxial
layer of silicon is then doped using conventional doping
15 techniques. This forms a doped region 18 that overlies silicon
substrate 12. Doped region 18 has p-type conductivity and is
preferably lightly doped with boron. Alternatively, doped region
18 may also be formed using an insitu-doped epitaxial silicon
deposition process. Although not shown in FIG. 2, first buried
20 layer 14 and second buried layer 16 may also extend into the
deposited epitaxial layer due to dopant diffusion.
Using conventional doping techniques a well region 22 is
then formed within a portion of doped region 18. Well region 22
is also laterally offset from first buried layer 14, as shown in
25 FIG. 3. Well region 22 has p-type conductivity and is preferably
doped with boron. A conventional isolation process such as
LOCOS is then used to form field isolation 24.
Following the formation of field isolation 24 the process
continues with the formation of an n-type conductivity collector
30 contact region 26. Collector contact region 26 extends through
doped region 18 and is electrically coupled to first buried layer
14, as shown in FIG. 4. In the preferred embodiment collector
contact region 26 overlies the entire perimeter of first buried
layer 14. Collector contact region 26 is formed using
35 conventional doping techniques and is preferably doped with
phosphorous.



20 FIG. 1-7 illustrate, in cross-section, process steps in
accordance with one enbodi nent of the invention. FIG 8
“illustrates, in cross-section, a second enbodi nent of t he inventi on.
Det ai |l ed Description of a Preferred Enbodi nent 25 FIGS 1 through 7
Illustrate, in cross-section, process steps in accordance with one
enbodi nent of the invention wherein a 4 semconductor device is forned.
Shown in FIG 1 is a portion 10 of an integrated circuit structure
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doped region 18 in order to form an extrinsic base link 29.
The process continues with the formation of a dielectric
sidewall spacer 30 adjacent to the sidewall of extrinsic base
10 region 28. Dielectric sidewall spacer 30 is formed using
conventional sidewall spacer formation techniques. Using
conventional doping techniques, intrinsic base region 32 and
collector region 34 are then formed within a portion of doped
region 18. Alternatively, intrinsic base region 32 and collector
15 region 34 may also be formed prior to the formation of sidewall
spacer 30. Intrinsic base region 32 has p-type conductivity and
is preferably doped with boron. Collector region 34 has n-type
conductivity and is preferably doped with phosphorous. The top
surface 36 of collector region 34 abuts base region 32 and the
20 bottom surface 38 of collector region 34 abuts first buried layer
14, as shown in FIG. 6.
Using conventional doping techniques an optional resistor
40 is then formed within a portion of doped region 18. Resistor
40 overlies a portion of doped region 20 and has a first terminal
25 42 and a second terminal 44. Second terminal 44 is in intimate
contact with a top portion 45 of collector contact region 26, as
shown in FIG. 7. The doping concentration of top portion 45 is
increased using conventional ion implantation techniques in order
to insure that second terminal 44 is in intimate contact with top
30 portion 45 of collector contact region 26. Top portion 45 is
preferably implanted prior to the formation of resistor 40 and
may extend beyond collector contact region 26. Resistor 40 has
n-type conductivity and is preferably doped with arsenic.
Alternatively, resistor 40 may be formed in an n-type polysilicon
35 layer overlying a portion of doped region 18. Naturally, for a pnp
bipolar transistor the resistor would have p-type conductivity.



3 Usi ng conventional processing techniques an epitaxial |ayer
of silicon is then deposited over silicon substrate 12. During the

epi taxi al deposition process a doped region 20 having n-type

conductivity is fornmed between first buried | ayer 14 and second 5 buried

| ayer 16, as shown in FIG 2. This occurs because sone of t he dopants
lying within first buried |ayer 14 beconegvolatile during the epitaxial
silicon deposition process and dope regions surrounding first buried
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substrate 12, ged £80.5" e ind AR ABIBLAN. 1 BBlwsin tipde o 20
transistor 48 and well region 22 and second buried layer 16.
Vertically stacked regions 50 are used to reduce the parasitic
capacitance of bipolar transistor 48. In the preferred

10 embodiment vertically stacked regions 50 surround bipolar
transistor 48.

Analogously, vertically stacked regions of alternating
conductivity type can also be used to reduce the parasitic
capacitance of other semiconductor devices. Shown in FIG. 8 is a

15 portion 60 of an integrated circuit structure comprising a silicon
substrate 62 analogous to silicon substrate 12 in FIG. 7, a first
well region 64 analogous to first buried layer 14 in FIG. 7, a
second well region 66 analogous to second buried layer 16 in FIG.
7, a doped region 68 analogous to doped region 20 in FIG. 7, field
20 isolation 70 analogous to field isolation 24 in FIG. 7, a field
effect transistor 72 analogous to bipolar transistor 48 in FIG. 7,
and vertically stacked regions 74 analogous to vertically stacked
regions 50 in FIG. 7. First well region 64 and second well region
66 are formed using conventional doping techniques similar to
25 those used to form first buried layer 14 and second buried layer
16 in FIG. 7. Doped region 68, however, is preferably formed by
conventional ion implantation whereas doped region 20, is
preferably formed by the auto-doping mechanism discussed
earlier. The ion implantation energy is chosen such that doped
30 region 68 is placed at an appropriate depth below the surface of
substrate 62 resulting in the formation of three vertically
stacked regions 74 of alternating conductivity type. In contrast
to vertically stacked regions 50 in FIG. 7, the conductivity region
overlying doped region 68 is not a portion of an epitaxial layer
35 but is a portion of substrate 62, and thus has the same
conductivity as substrate 62. Additionally, the implantation dose



18 may al so be fornmed using an insitu-doped epitaxial silicon

deposition process. Although not showmn in FIG 2, first buried 20 |[|ayer 14
and second buried layer 16 nmay al so extend into the deposi ted epitaxial
| ayer due to dopant diffusion. Usi ng conventional doping
techniques a well region 22 is then formed within a portion of doped
region 18. Well region 22 Is al so Ia%;rally offset fromfirst buried

| ayer 14, as shown in 25 FIG 3. Wl region 22 has p-type conductivity
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regions. Additionally, the implantation process results in doped

region 68 being self-aligned to both of the well regions. After

10 first well region 64, second well region 66, and doped region 68
are formed, a conventional isolation process such as LOCOS is
then used to form field isolation 70. Conventional processing
techniques are then used to form field effect transistor 72.

The foregoing description and illustrations contained herein

15 demonstrate many of the advantages associated with the present
invention. Formation of the bipolar device in a p-well allows one
end of the n-type resistor to be directly merged or contacted to
the collector contact. Therefore, the area occupied by the
resistor and the bipolar transistor is minimized. Additionally,

20 since the resistor is directly contacting the collector contact the
parasitic capacitance associated with this node is reduced '
because additional metal layers are not required to connect the
resistor to the bipolar transistor. Moreover, the parasitic
capacitance of the bipolar device is minimized by placing

25 vertically stacked regions, of alternating conductivity type,
between the bipolar transistor and the offset p-type conductivity
region or regions that border the bipolar transistor. As shown in
FIG. 7, doped region 20 contacts first buried layer 14, of bipolar
transistor 48, and second buried layer 16 and well region 22.

30 Under reverse bias, doped region 20 is fully depleted because of
its light doping concentration and the parasitic capacitance
between bipolar transistor 48 and well region 22, and second
buried layer 16 is minimized. Naturally, the reduction in
parasitic capacitance is greatest when the dopant concentrations

35 of the stacked regions are optimized for the intended operating
bias. Additionally, these advantages are obtained without adding



4 An extrinsic base region 28 is then forned overlying a
portion of silicon substrate 12, as shown in FIG 5. Extrinsic base
“region 28 is forned using conventional bipolar processing  techniques
and is preferably a |am nate of p-type polysilicon and 5 silicon dioxide.
In the preferred enbodi ment, dopant fromthe p-type polysilicon is
diffused into a portion of the underlying7 doped region 18 in order to
forman extrinsic base |ink 29. The process continues with the

format on of SFAREF Hhsekino, S5, 88 Bl alia SERbe! 0o ) donel
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Al ternati vel y bipolari transisias dsr ginisnized and dous elbveoperormangarofithemy
al so be fosnewipsla?rtrafisishér i9reRHdrieR’ RI¥8YRES!, the technique of using
vertically stacked regions of alternating conductivity type to
reduce parasitic capacitance can also be applied to other
semiconductor devices such as field effect transistors.
Thus it is apparent that there has been provided, in
10 accordance with the invention, a semiconductor device that fully
meets the need and advantages set forth previously. Although the
invention has been described and illustrated with reference to
specific embodiments thereof, it is not intended that the
invention be limited to these illustrative embodiments. Those
15 skilled in the art will recognize that modifications and
variations can be made without departing from the spirit of the
invention. For example, three vertically stacked regions of
alternating conductivity type were used to reduce the parasitic
capacitance of semiconductor devices, but more than three
20 vertically stacked regions of alternating conductivity type could
also have been used to reduce the parasitic capacitance of
semiconductor devices. Additionally, although a npn bipolar
transistor was described in FIGs. 1-7, a pnp bipolar transistor
could also be fabricated in a similar manner by making the
25 appropriate changes in conductivity type. Similarly, although a
p-type field effect transistor was fabricated in FIG. 8, an n-type
field effect transistor could also have been fabricated by making
the appropriate changes in conductivity type. Furthermore,
although field effect transistor 72 is shown to be formed within
30 well region 64, it could also have been formed within well region
66. Additionally, a semiconductor device could also have been
fabricated within well region 66 in addition to field effect
transistor 72 in well region 64. Furthermore, it is envisioned
that the parasitic capacitance of other semiconductor devices
35 such as diodes, resistors, capacitors, vertical transistor
structures, et cetera could also be reduced using processes



spacer 30. Intrinsic base region 32 has p-type conductivity and IS
preferably doped with boron. Collector region 34 has n-type

conductivity and is preferably doped wi th phosphorous. The top surface
36 of collector region 34 abuts base region 32 and the 20 bottom surface
38 of collector region 34 abuts first buried |ayer 14, as shown in
FIG 6. Usi ng conventional dopighg techniques an optlonal reS|stor
40 is then formed within a portlon of doped region 18. Resistor

overlies a p 2 h [ a and a
second ternlggﬁhﬁﬁ.&geqo te%%hﬁgp %%aﬁgelgﬁrﬂ?anéésﬁﬁépkﬂ' %% ﬁ%ﬁfh a
top portion 48fest t@nsistosr dowkthermpeg, dhe2iveqdion lsSnowilmﬁem ® 7. The

dopi ng Conce@lﬁﬁfé iy Qa‘alt@imear&uaatré?eé S Othek@d@ﬁ?ﬁ@su%bﬂﬁi cqpent i onal
ion inplantati L n order to insure that s cond term nal 44

tec aﬂfs s
isininti rnattQLa Bm Areenide, ingjush phpsrhida. Allieen c%'i‘l BSURIOEont act regi on
26. Top pertigarmfeniugn, et cepert,ecobldybenpsedt eThpreforef @ i éntedidert | on of

oSl shor o Al wis OEBENCBRGBRHARL 5 6 VaBBRURSIAGE% o0, 1

ar seni c. madtfmatwns/aw fall ewitBinothaOseepe bef the nappénded claimge
polysilicon 35 |ayer overlying a portion of doped region 18. Naturally,
for a pnp bi pol ar transistor the resistor would have p-type

conductivity.



5 An emtter region 46 is then fornmed using conventional bipolar

pr ocessi ng techniques. Emtter region 46 has n-type conductivity and is

preferably polysilicon. As shown in FIG 7, the resulting npn bi pol ar

transistor 48 is |laterally offset fromwell region 22 5 and second buried
and

| ayer 16. Ih add vertically stacked i )
al ternati n ﬂ UE @t\@te li e betweeny bi pol arl THIS %,H%m Ec#é%
wel | regi on uried |ayer 16. Ve tical REG! ’ér ed gi ons

50 are used to reduce the parasitic cl gﬁﬂ?ci tance of Dbipolar transistor
48. In the preferred 10 enbodi nent vertrcally stacked regions 50 surround
bi pol ar transi stor 48. Anal ogously, vertically stacked

regi ons of alterrati Ag semicoaddictdr \detvwyce ygempeising:so be used to reduce the

parasitic a substrate (12) of a first conductivity type;
5 a buried layer (14) of a second conductivity type lying
. within the substrate (12);
a first region (16/22) of the first conductivity type
laterally offset from the buried layer (14);
a second region (20) of the second conductivity type
10 lying between the buried layer (14) and the first
region (16/22);
a third region (18) of the first conductivity type
overlying the buried layer (14) and the second

D=

region (20);
15 a base region (32) lying within a portion of the third
region (18);
an emitter region (46) overlying the base region (32);
and
a collector contact region (26) extending through the
20 third region (18) and electrically coupled to the

buried layer (14).

2. The semiconductor device of claim 1 further comprising:
a resistor (40) overlying a portion of the third region
25 (18), the resistor (40) having a first terminal
(42) and a second terminal (44) wherein the
second terminal (44) of the resistor (40} is in
intimate contact with a portion of the collector
contact region (26).
30
3. A semiconductor device comprising:
a bipolar transistor (48) having a collector contact
region (26); and
a resistor (40), the resistor having a first terminal
35 (42) and a second terminal (44) wherein the
second terminal (44) of the resistor (40) is in
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capaci tance of other sem conductor devices. Shown in FIG 8 is a 15
pertion 60 of an integrated circuit structure conprising a silicon

substrate 62 ‘anal g \gal con substrate 12._in.-ELG—Z—afi . wel |
regi on 64 anjl\nmg“‘g\\a\m%&“‘)url ed layer 14 ip 1Hi$sHEET &iAS BEEegond wel |
region 66 analk iLowsesontd buried layer 16 §in Fl REPLACED a d@ped region
68 anal ogous to doped region 20 in FIG %4,nafie i anal ogous

to field isolation 24 in FIG 7, a field effect transistor 72 anal ogous

to bipolar transistor 48 i : 7, ert.calk e |ons 74
anal ogous to vertically st gg&%te Cor{’éﬁ?@%t%oéi hgﬁjf@( 3‘1 qﬁ?r gpfl%gfqr regi on
64 and second well region contaétaregionr (@%).usi ng conventi onal dopi ng
techniques simlar to 25 those used to formfirst buried | ayer 14 and
second buried | ayer 16 in FIG 7. Doped regi.on 68, however, is
preferably fornmeddoy A semicanrdugtppndevicen COMAIFNE: i on wher eas doped

region 20,51s ~ pref ar ghbstraes ngi@)byf t fefiritt eoAgatidtyEgpeni sm di scussed
earlier. The ion inplant aﬁl an e@&r y {0@ chosen suc thgt PO.Qeq 30 r.egl on
68 is placed at an appr8pPHEEE ﬁgh( | Blv & RLCOfk GRRAYFUVILY YRR LiNG ¢ 62
resulting in the formati on withir hthee sudvstratzl 1(112); stacked regi ons 74 of

al ternating conductivit 0N t v, I a4 ked
regions 50 in FIG 7, t eaégﬁgutﬁl\?}ﬁt 5)"?)2 o|fotnhe fhrt ove’ﬁ@rl\{gydgggeg regi on

68 is not a portion of an epyYerying thaysubshateu(12); a portion of substrate
62, and tfgs has the sagebase region (32) lying within a portion of the doped

region (18);
a collector region (34) of the second conductivity
type lying within the doped region (18), the
collector region (34) having a top surface (36)
15 and a bottom surface (38) wherein the top
surface (36) abuts the base region (32) and the
bottom surface (38) abuts the buried layer (14);
an emitter region (46) overlying the base region (32);
and
20 a collector contact region (26) extending through the
doped region (18) and electrically coupled to the
first buried layer (14).

5. The semiconductor device of claim 4 further comprising:
25 a resistor (40) overlying a portion of the doped region
(18), the resistor (40) having a first terminal
(42) and a second terminal (44) wherein the
second terminal (44) of the resistor (40) is in
intimate contact with a portion of the collector
30 contact region (26).
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conductivity as substrate 62. Additionally, the inplantation dose
6 I s chosen such that the doping concentration of doped region 68
is much |ower than the doping concentrations of either first well

region 64 or second well region 66. Therefore, @-ﬁ
h geﬁ‘
the fa‘i’rl

‘' may be

T 68
formed either before or after the formation of } g?" Bhd] wi t hout
the use of an additional masking step beﬁause ot concentration
of doped region 68 will not del eteriously effect the dop| ng profiles of

cither of he veb!  a, wigtlhnn, SH0CR Sk ighiob oPL BBk RpalBiSH
regions. After 10 fthesstems lofregi on 64, second well region 66, and doped
region 68 are for myde ik Y ©8ibSRate ' 2)2bt W fRCESAdTLEiItyS LOCS I's
type;
5 forming a buried layer (14) of a second conductivity
e L type lying within the substrate (12);
l ,",", mm "I” ”m " ,", forming a first region (16/22) of the first
P conductivity type laterally offset from the buried
layer (14);
10 forming a second region (20) of the second
conductivity type lying between the buried layer
(14) and the first region (16/22);
forming a third region (18) of the first conductivity
type overlying the buried layer (14) and the
15 second region (20);
forming a base region (32) lying within a portion of
the third region (18);
forming an emitter region (46) overlying the base
region (32); and
20 forming a collector contact region (26) extending
through the third region (18) and electrically
coupled to the buried layer (14).

7. The method of claim 6 further comprising the step of:

25 forming a resistor (40) overlying a portion of the
third region (18), the resistor (40) having a first
terminal (42) and a second terminal (44) wherein
the second terminal (44) of the resistor (40) is in
intimate contact with a portion of the collector

30 contact region (26). |

8. The method of claim 6 wherein the step of forming the
second region (20) is further characterized as forming
the second region (20) such that it contacts the buried

35 layer (14) and the first region (16/22).
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then used to formfield isolation 70. Conventional processing

techni ques are then used to formfield effect transistor 72. ' The
foregoi ng description and illustrations contained herein 15 denonstrate
many of the advantages associated with the preseft -EOr mat i on
of the bipolar device in a p-well allows one | EMS GHEEM@IAS- B | esi st or
to be directly nmerged or contacted to the cofl| ect RERIg@EIEt . Thierefore,
the area occupied by the resistor an t he bi S

m nimzed. Additdong|| inge th S di,rect| contactlng t he
col l ector contact t S S e I S node
i A Hettioy B feiming. 5 Blca e Re HEF R SoRRHSDg o nod
I s reduced becaheestmbdﬂ ofonal net aI | ayers are not required to connect

t he resistor tot ' t 0 J}Fdlﬁﬁ jtic
capaci tance of the bi p@ @glla%egq@?é% ﬁ%ﬁ% \fﬁg%:iéng Na@rt ically

stacked regions, of al territiiQig conductivity type, bet ween t he bi pol ar
transistoy and the of f ffiniA tapauﬁeadwy@rww of a sfe%ln@c@hdueﬁvnys t hat

boﬁmf ne bipotar Lranel SR SR e cubdifdle (200750 'S0, 20
M‘"m wefdrmingi and@bedS@eglldlmdﬂB) eofethe fhsascomkdlmtdntyegl on 20
is ful Fy Hept etsed ecause &be overl'yiﬁ% h%htsu%gwaqg centration and the

parasitic capacitance ar transi st 48 and wel | region
22, and second bufargtingagebase tagiann(3A)zking Netttbtfhla yportiae etduction

in 10 the doped region (18);
forming a collector region (34) of the second
conductivity type lying within the doped region
(18), the collector (34) region having a top
surface (36) and a bottom surface (38) wherein
15 the top surface (36) abuts the base region (32)
and the bottom surface (38) abuts the buried
layer (14);
forming an emitter region (46) overlying the base
region (32); and
20 forming a collector contact region (26) extending
through the doped region (18) and electrically
coupled to the buried layer (14).

10. The method of claim 9 further comprising the step of:

25 forming a resistor (40) overlying a portion of the
doped region (18), the resistor (40) having a first
terminal (42) and a second terminal (44) wherein
the second terminal (44) of the resistor (40) is in
intimate contact with a portion of the collector

30 contact region (26).
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parasitic capacitance is greatest when the dopant concentrations 35 of the
stacked regions are optimzed for the intended operating bi as.
Additionally, these advantages are obtained w thout adding

7 addi ti onal masking steps to the fabrication process. Furt her nore,
since collector region 34 abuts first buried |ayer 14 and intrinsic
base region 32, the collector resistancq:?f t he bi pol ar transistor is
m nim zed and thus the performance of the” 5 bipolar transistor is
enhanced. Mreover, the technique of using vertically stacked regions
of alternating conductivity type to reduce parasitic capacitance can

al so be appl i edSEMIGQNDUCTAIR PEVIGE: AND METHQD O, FORMATION; 1 o
transi stors. Thus it is apparent that there has been provided, in
10 accordance with the invention, a sem conductor device that fully

5 Abstract of the Disclosure

Vertically stacked regions (50 or 74) of n-type and p-type
conductivity are formed around bipolar (48) and field effect (72)
transistors to reduce parasitic capacitance between the

10 semiconductor device and surrounding well regions. Under
reverse bias a portion of the vertically stacked region (50 or 74)
is fully depleted and thus reduces the parasitic capacitance
between the semiconductor device and the well region.

15 FIG. 7 accompanies this abstract.



meets the need and advantages set forth previously. Although the

invention has been described and illustrated with reference to specific
enbodi nents thereof, it is not intended that the invention be limted
to these illustrative enbodi nents. Those 15 skilled in the art wll
recogni ze that nodifications and vari ations can be nmade w t hout
departing fromthe spirit of the i nvention. For exanple, three
vertically stacked regi ons of alternating conductivity type were used
to reduce the parasitic capaci tance of sem conductor devices, but nore
than three 20 vertically stacked regions df2 alternating conductivity type
could al so have been used to reduce the parasitic capacitance of

sem conduct or dewieges. Additionally, although a npn bipolar transi stor
was described in FIG. 1-7, a pnp bipolar transistor could al so be
fabricated in a simlar manner maki ng the 25 appropri atediéanges in
conductivity typp. Sg@i?ﬁi?&%é%%@?gg@éﬁgngp-type 1 st or
was fabricated ip F d effect $$§§g§SE§§E§§§§g§3|SO
have been fabricpted by naking t he appropriatégchanges in conductiyity
type. Furthernoré€; artnoug T erg el rect tranststor 72 15 sShowT to be
formed within 30 well region 64, it jzﬁj?, ve been fornmed within
wel | region 66. Additionally, a se 1 devi ce could al so have
been fabricated within well region 66 in addition to field effect
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transistor 72 in well
parasitic capacitance of other sem conductor devices 35
resistors,
al so be reduced using processes
simlar to those described for the bipolar transistor or the field
the invention is not limted to
QO her substrates coul d such

ef fect transistor.
crystal silicon substrates.
I ndi um phosphi de,
coul d be used. Therefore,

all such vari
appended cl ai

ar seni de,

region 64. Furthernore,

capacitors, vertical transistor

Fur t her nor e,

silicon on insul ator,
it is intended
nodi fi cati ons és

it is envisioned

structures,

gal | i um

5 germanium et cetera,
that this invention enconpass

that the
such as di odes,
et cetera could

singl e
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Clains. 5 1. A sem conductor device conpri s N
a substrate of a first conductivity type; a ‘LACEMEL L‘Ir}rgayer
~of a second conductivity type within a first portibpn} of the subst\rlate;

a first doped region of the first conductivity type fto] 29 0CT 1997
overlying the first buried | ayer; base reqgion
first portion of the first doped -1- regi on;

a collector region of the second conductivity type |V

2ol I ect or S?ZS.”Snpﬁéﬁ?*ﬁ@"'?‘?'ﬁ@%*?i@@ﬂ@%‘@ﬁ @@I“Bﬁ o FoRmATION

5 Field of the Invention
This invention relates generally to semiconductor devices, and
more specifically to a semiconductor device having reduced
capacitance and a process for formation thereof.
Background of the Invention
10 The semiconductor industry is continually striving to fabricate
integrated circuits with ever increasing performance and higher
packing densities. Traditionally, the semiconductor industry has
simultaneously met both the performance and the packing density
requirements by reducing the feature size of semiconductor devices.
15  As the feature size of semiconductor devices continues to be
reduced, however, gains in integrated circuit performance, that are
normally associated with a reduction in feature size, are less than
expected. This occurs because as device dimensions are reduced
other effects, such as parasitic capacitance, are no longer negligible
20 and increases in integrated circuit performance, resulting from a
reduction in device feature size, are limited by parasitic
capacitance. Therefore, the parasitic capacitance associated with
semiconductor devices must be minimized in order to achieve
integrated circuits with improved performance.
25 Accordingly, a need exists for semiconductor devices with
reduced parasitic capacitance.
Summary of the Invention
Accordingly, the present invention provides a semiconductor
device comprising:
30 a substrate of a first conductivity type;
a first buried layer of a second conductivity type within a first
portion of the substrate;
a first doped region of the first conductivity type overlying the
first buried layer;
35 a base region within a first portion of the first doped region;

i tthin a




surface wherein the top surface abuts the base

regi on and the bottom surface abuts the first buri 'LTBLACEMENT SHEET

| ayer; a polysilicon emtter relrpa-evertyrmgtihg base
region; 20 a collector contact reg|oh extwgﬁf raqugh a
third portion of tRe first d?pélﬁ i 171 an
abutting the first“buried bayer: and

a resistor of the second conductivity type lying within a

: A . d co . (R
2 borti on of -t hex Sollbetol Fabiofiifie s8bAY cEREuBivly e g Wi &
seni conduct oseaeRnd pertian ef tenlirst doped iegiono the calieqior region having a

second bigi eg thpyRirfarle ANEaIRARIMN sGFAEE WHatbin/tHeV P surface abuts the
within a secBnd portion Cfﬁwqtﬁe substgate 0

V\h%eln ied | )
the second bRRPEJEHIANAN pitom surfage alisipg firstRuried layer;
first buried | ayampolysilicon emitter rdgionTbeerdying tioe basé eegidayi ce of claim 2,

oLt SO ot Blector conact region extendinBJRISLAE 8RR PERISH P bo, o5
| ayer and t hthefirsiicidped region and abutting the first buried dayeryand wherein t he
first dogpd regi giegié r't%]ﬁﬁe second conductivity type lying WilinSEfdutth doped region
and a first portron ' he . ) ;
portion of ’8\9 ftlrst doped region and abutting a portion of the
collector contact region.
These and other features, and advantages, will be more clearly
understood from the following detailed description taken in
15 conjunction with the accompanying drawings. It is important to
point out that the illustrations may not necessarily be drawn to
scale, and that there may be other embodiments of the present
invention that are not specifically iliustrated.
Brief Description of the Drawings
20 FIGs. 1-7 illustrate, in cross-section, process steps in
accordance with one embodiment of the invention.
FIG. 8 illustrates, in cross-section, a second embodiment of
the invention.
Detailed Description of a Preferred Embodiment
25 FIGS 1 through 7 illustrate, in cross-section, process steps in
accordance with one embodiment of the invention wherein a
semiconductor device is formed. Shown in FIG. 1 is a portion 10 of
an integrated circuit structure comprising a silicon substrate 12, a
first buried layer 14, and a second buried layer 16. Silicon
30 substrate 12 preferably has p-type conductivity and is lightly doped
with boron. First buried layer 14 and second buried layer 16 are
formed using conventional techniques such as ion implantation or
diffusion. In the preferred embodiment first buried layer 14 has n-
type conductivity and is doped with arsenic and second buried layer
35 16, which is laterally offfset from first buried layer 14, has p-type
conductivity and is doped with boron.



second doped region abuts the first buried | ayer and L *

-10- a second portion of the second doped region abuts
the 5 second buried | ayer. 4, A neth T for
form ng sem conduct or device conprising the

providing a substrate of a first conductivity type; 1(REPLACEMW SHEE
forming a first buried |layer of a second c¢cBnductivity |type

within a first portion of the substrate; Z‘XB@'ﬁimgjaflrst
doped region of the first conductivity Claims t.ype

—h

overlying the first buried |ayer;
within a first portion of the first

5 1. A semiconductor device comprising:
... .. . .. asubstrate of a first conductivity type;
a first buried layer of a second conductivity type within
‘ |“|“| m“j l“ll “llsl “ |!|| a first portion of the substrate;
: a first doped region of the first conductivity type
10 overlying the first buried layer;
a base region within a first portion of the first doped
region;
a collector region of the second conductivity type lying
within a second portion of the first doped region, the
15 collector region having a top surface and a bottom
surface wherein the top surface abuts the base
region and the bottom surface abuts the first buried
layer;
a polysilicon emitter region overlying the base region;
20 a collector contact region extending through a third
portion of the first doped region and abutting the
first buried layer; and
a resistor of the second conductivity type lying within a
fourth portion of the first doped region and abutting
25 a portion of the collector contact region.

orm ng a base regijon

2. The semiconductor device of claim 1, further comprising:
a second buried layer of the second conductivity type
within a second portion of the substrate, wherein
30 the second buried layer is laterally offset from the
first buried layer.

3. The semiconductor device of claim 2, further comprising:
a second doped region of the second conductivity type
35 lying between the first buried layer and the second
buried layer, wherein the first doped region overlies
the second doped region and a first portion of the
second doped region abuts the first buried layer and



15 . doped regi on; form.ng a

col.lector region of the second conduct i vi ty REPLACEMENT Sﬁf“ﬁ? pe

lying Wi thin a-second. portion of the first doped

reglﬂ or region having a top surface and

a bo mmm Mﬂb ein the top surface abuts the 20f 29 0CT 1997

base edion a ottom surface abuts the first

buried | ayer; formng aipel ysiligon emtter reglion

overlying the base regi on; ===

formng a collector contact regi on extending through a 25

third portion of the farsacondgeertionsfthe seaonddopedgegion abuts the

the firstg buried | ayer; ané'e%ond buried layer. formng a resistor of the
n

second conductivity type wt a fourth portion of
the first doped region, wherein the resistor abuts

a portion of the4colAgréthoddorfdaiing@emiconductor device o'o%‘pn%lng the
5. The nethod of cI |m4 further conprising the step o

form ng a second bur 88 Igyer of the first conductivity
type within a second pprovidingod substratebsfta fitst codductivity type;

:‘A/pg:nelt R e1t Ier ztecgﬂ‘rjl 23r F&%lhﬁ%ﬁrs't buliBbgayer of £55660d conductivity type
within a first portion of the substrate;
forming a first doped region of the first conductivity
type overlying the first buried layer;
forming a base region within a first portion of the first
15 doped region;
forming a collector region of the second conductivity
type lying within a second portion of the first doped
region, the collector region having a top surface and
a bottom surface wherein the top surface abuts the
20 base region and the bottom surface abuts the first
buried layer,;
forming a polysilicon emitter region overlying the base
region;
forming a collector contact region extending through a
25 third portion of the first doped region and abutting
the first buried layer; and
forming a resistor of the second conductivity type within
a fourth portion of the first doped region, wherein
the resistor abuts a portion of the collector contact
30 ~ region.

5. The method of claim 4, further comprising the step of:
forming a second buried layer of the first conductivity
type within a second portion of the substrate,
35 wherein the second buried layer is laterally offset
from the first buried layer.

6. The method of claim 5, further comprising the step of:



6. The nmethod of claim5, further conprising thg IONT OO
form ng a second._doped region of the second cond&gﬂi@ujﬁﬂENl ShEET

"type between the first buried | ayer and the secadn

5
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se¢ontl dopéd regifon abuts the first buried |ayer and
a second portion of the second doped region abutis-.the

second buried layer. forming a second doped region of the second conductivity
type between the first buried layer and the second
5 buried layer, wherein first doped region overlies the
second doped region, and a first portion of the
second doped region abuts the first buried layer and
a second portion of the second doped region abuts the
second buried layer.




