ASYMMETRICAL TRANSISTOR DEVICE AND METHOD OF FABRICATION
FIELD OF THE INVENTION [0001] The present invention relates to a
semiconductor device and to a method of fabricating the same. More
particularly, the invention relates to a semiconductor device having a buried
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THE RELATED ART [0002] Semiconductor integrated circuits typically
comprise a large number of MOS transistor devices. As the feature size of

devices continues to decre i a can limita
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schematic illustration of a known MOS device 5. The device 5 has a source
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drain regions 10, 30. A source side depletion region 12 is formed at a

bidiBetinnubehyeshithel sodsas dedionddtiapehadiagent semiconductor material
including the channel region 20. A drain side depletion region 32 is formed at
a junction between the drain portion 30 and adjacent semiconductor material
including the channel region 20. [0004] The presence of the depletion regions
12, 32 introduces a cdpatHBhCEIOatwESH R & HatFE® s Ichannel regions
10, 20 and between the drain and channel regions 30, 20 known as a
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any other suitable performance parameter.

[0003] FIG. 1 is a schematic illustration of a known MOS device 5. The device 5 has a
source region 10, a drain region 30 and a channel region 20 between the source and drain regions
10, 30. A source side depletion region 12 is formed at a junction between the source region 10
and adjacent semiconductor material including the channel region 20. A drain side depletion
region 32 is formed at a junction between the drain portion 30 and adjacent semiconductor
material including the channel region 20.

[0004] The presence of the depletion regions 12, 32 introduces a capacitance between the
source and channel regions 10, 20 and between the drain and channel regions 30, 20 known as a
‘junction capacitance’. The junction capacitance can limit the performance of the transistor
device.

[0005] In the course of normal operation of the MOS device, junctions between the source

and channel regions 10, 20 and between the drain and channel regions 30, 20 are reverse biased.



1 A size of the depletion regions 12, 32 increases as the magnitude of the
respective reverse bias potentials increases, thereby decreasing the junction
capacitance. [0006] The source side depletion region 12 is typically narrower
than the drain side depletion region 32. Thus capacitance introduced by the
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SUMMARY OF THE INVENTION [0007] Embodiments of the invention seek
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aving a reduced short channel effect. [0010] In accordance with an

agmkadiment kihecipvertiQa. there is provided a semiconductor device
comprising: a semiconductor substrate; a source region, a drain region and a

channel region, the channel region being provided between the source and

drain regions, the source, drain and channel regions being provided in the

substrate, the device hawibidyiMaRar OF A Hiiriddv Edstiating medium provided

below the source region and not below the drain region, the layer of buried
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lower surface of the source region. [0011] This has the advantage that a
PieRlgfitude of a junction capacitance of the device associated with the source
[Oroeo%on may be r%d ced.

ome embodiments of the invention provide a MOS transistor device structure having
a decreased junction capacitance between the source and drain regions.
[0009] Some embodiments of the invention provide a MOS transistor having a reduced short
channel effect.
[0010] In accordance with an embodiment of the invention there is provided a semiconductor
device comprising: a semiconductor substrate; a source region, a drain region and a channel
region, the channel region being provided between the source and drain regions, the source,
drain and channel regions being provided in the substrate, the device having a layer of a buried
insulating medium provided below the source region and not below the drain region, the layer of
buried insulating medium below the source region being provided in abutment with a lower
surface of the source region.
[0011] This has the advantage that a magnitude of a junction capacitance of the device
associated with the source region may be reduced.
[0012] Furthermore, since the buried insulating medium does not extend under the drain
region a thermal conductivity between the drain region and surrounding material is enhanced.

This is at least in part because the buried insulating medium portion of the substrate has a lower



[0012] Furthermore, since the buried insulating medium does not extend
under the drain region a thermal conductivity between the drain region and
surrounding material is enhanced. This is at least in part because the buried
insulating medium portion of the substrate has a lower 2 thermal conductivity
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current flow in the source, channel and drain regions may be dissipated more
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junction capacitance under the gate electrode (Cis,,,g) may be achieved.
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embodiments of the invention may be considered to have an asymmetrical
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region but does not extend under the drain region. [0015] In a second aspect
may theeaiiertion there is provided a method of fabricating a semiconductor
device comprising: providing a semiconductor substrate; forming a source
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semiconductor device comprising: providing a semiconductor substrate; forming a source region,
a drain region and a channel region in the substrate, the channel region being provided between
the source and drain regions, and providing a layer of a buried insulator material below the
source region and not below the drain region, the buried insulator material being provided in
abutment with a lower surface of the source region.

[0016] Some embodiments of the invention have the advantage that a magnitude of a
junction capacitance between the source and drain regions of the transistor device may be
reduced relative to known transistor devices.

[0017] In a third aspect of the invention there is provided a semiconductor device
comprising: a semiconductor substrate comprising an upper semiconductor portion formed from
silicon and a lower semiconductor portion formed from silicon, the upper and lower portions
being separated by a layer of a buried oxide (BOX) medium; a source region, a drain region and

a channel region provided in the upper semiconductor portion, the channel region being provided

between the source and drain regions, wherein the BOX medium is provided below the source



reduced relative to known transistor devices. [0017] In a third aspect of the
invention there is provided a semiconductor device comprising: a
semiconductor substrate comprising an upper semiconductor portion formed
from silicon and a lower semiconductor portion formed from silicon, the '
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medium; a source region, a drain region and a channel region provided in
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region. [0018] In an aspect of the invention there is provided a method o
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substrate; forming a source region, a drain region and a channel region in
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drain regions, a junction between the source and channel regions having a
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material below the source region and not below the drain region thereby to
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material being provided in abutment with a lower surface of the source
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the present invention will now be described hereinafter, by way of example
SOy Wil teference to the accompanying drawings, in which: [0020] FIGURE
1 is a schematic illustration of a prior art MOS device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Embodiments of the present invention will now be described hereinafter, by way of
example only with reference to the accompanying drawings, in which:
[0020] FIGURE 1 is a schematic illustration of a prior art MOS device.
[0021] FIGURES 2 to 10 are schematic illustrations of a process of fabricating a MOS

device according to embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0022] FIG. 2 shows a structure in which a substrate 101 is provided having a buried oxide
(BOX) layer 103. The BOX layer 103 divides the substrate 101 into an upper semiconductor
region 102 and a lower semiconductor region 104.
[0023] A gate stack is provided above the upper semiconductor region 102 of the substrate

101, the gate stack comprising a gate dielectric layer 141 and a gate electrode layer 142.



[0021] FIGURES 2 to 10 are schematic illustrations of a process of

fabricating a MOS device according to embodiments of the present

invention. DETAILED DESCRIPTION OF THE INVENTION [0022] FIG. 2

shows a structure in which a substrate 101 is provided having a buried oxide
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semiconductor region 102 and a lpwer semiconductor region 104. [0023] A
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trate, 101, the gate stack comprisin ate .dielectric layer 141 and a
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silicon oxynitride and any other suitable dielectric material. [0025] The gate
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including other semiconductor materials or metallic materials. [0026] A
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The hardmask layer 153 has been patterned to expose a surface of a portion
scofitvaduope regemicngdubtoubsgion 100 2vb the dainstrgiten DD theMEYS dedinailms to be
region of the MOS device is to be formed. A gate stack spacer 151 has been
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which the drain region is to be formed. 0027CLFIG. 3 shows the structure of
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semiconductor region 102 and expose a portion of the underlying BOX layer 103. Portions of
the upper semiconductor region 102 below the gate stack spacer 151 and hardmask layer 153
remain following the etching process.

[0028] FIG. 4 shows the structure of FIG. 3 following an isotropic etching process in which
etching of the exposed potion of the BOX layer 103 is performed in order to remove a portion of
the BOX layer 103. Because the etching process is isotropic a portion of the BOX layer
underlying the gate stack spacer 151 is also removed. This phenomenon may be referred to as
‘necking’. The purpose of removing this portion of the BOX layer 103 is to reduce a problem of
current crowding as current flows from the channel region to the drain region of the structure
(see below).

[0029] FIG. 5 shows the structure of FIG. 4 following an anisotropic (directional) etching
process in which a remainder of the BOX layer 103 not underlying the hardmask layer 153 or

gate stack spacer 151 is removed. A portion of the lower semiconductor region 104 of the

substrate 101 is thereby exposed.



remain following the etching process. [0028] FIG. 4 shows the structure of
FIG. 3 following an isotropic etching process in which etching of the exposed
potion of the BOX layer 103 is performed in order to remove a portion of the
BOX layer 103. Because the etching process is isotropic a portion of the BOX
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underlying the hardmask layer 153 or gate stack spacer 151 is removed. A
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exposed. 5 [0030] FIG. 6 shows the structure of FIG. 5 following re-growth of
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of semiconductor material is performed to a level of remaining portions of the
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following removal of the hardmask layer 153 and gate stack spacer 151. The
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upper semiconductor region 102. [0032] FIG. 8 shows the structure of FIG. 7
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[0033] In the embodiment of FIG. 8 the source and drain extension regions 114, 134 and
source and drain regions 110, 130 are formed by implantation of dopant into the substrate 101.
Other methods of introducing dopant into the substrate are also useful.

[0034] The extension regions 114, 134 may be of a different dopant concentration to the
source and drain regions 110, 130 respectively. The extension regions 114, 134 may be lightly
doped regions. The drain extension region may be a lightly doped drain (LDD) region.

[0035] FIG. 9 shows a transistor structure 200 similar to that of FIG. 8 except that the
portion of the BOX layer 203 below drain extension region 234 has not been etched to form a
necked structure.

[0036] FIG. 10 shows a transistor structure 300 similar to that of FIG. 9 except that the drain
region 330 of the structure of FIG. 10 does not extend below a depth of the BOX layer 303. In

the embodiment of FIG. 10 the drain region 330 extends to a depth below an upper surface of the

BOX layer 303 but above a lower surface of the BOX layer 303. It is to be understood that the



the embodiment of FIG. 8 has been formed to a depth below a level of the
BOX layer 103 and may be referred to as a deep drain region 130. [0033] In
the embodiment of FIG. 8 the source and drain extension regions 114, 134
and source and drain regions 110, 130 are formed by implantation of dopant
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substrate are also useful. [0034] The extension regions 114, 134 may be of a
deppUriont aBgaRYd6fcentration to the source and drain regions 110, 130

ecti . The extension reqi 114, 134 may be lightly doped regions.
[ﬂ[@draiﬁ%{e}é 5%%%%%@%% Sr(r)lé%e%lnefa lightly doped drain (LDD) region. [0035]
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the "portion of the BOX layer 203 below drain extension region 234 has not
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structure 300 similar to that of FIG. 9 except that the drain region 330 of the
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the embodiment of FIG. 10 the drain region 330 extends to a depth below an
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layer 303. It is to be understood that the 6 depth to which the drain region
p@Borextendsths Hepvridesitustueadiln part on a depth to which dopant ions
are provided. [0037] Other structures are also useful. [0038] FIG. 11 shows a
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ith like reference numerals prefixed with the numeral 4 instead of the .
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ilfl)l(s)ti}teil%)e% fh IGT%ear(ljc{ ienscribed above. Drain stressor material may subsequently be formed in
the drain stressor recess thereby to form the drain stressor 432.

[0041] Embodiments of the present invention have the advantage that a value of junction
capacitance of a transistor device may be reduced whilst maintaining a heat dissipative path from
the device to a portion of the substrate away from the upper semiconductor layer. This allows a
self heating effect associated with devices formed in relatively thin semiconductor layers such as
devices formed on silicon on insulator (SOI) structures to be suppressed.

[0042] Embodiments of the invention having a necked buried insulator layer such as that
shown in FIG. 8 and FIG. 11 have the advantage that current crowding may be reduced thereby
enhancing device performance. Provision of the necked portion increases a cross-sectional area
of a flow path available for current flowing from the channel region to the drain region thereby
decreasing an external series resistance of the device. The feature of a necked buried insulator
layer is particularly useful in ultra thin body SOI transistor devices.

[0043] Embodiments of the invention having a buried insulator layer extending below the

channel region provide a fully depleted SOI structure and have the advantage that short channel



stressor portion 432 is arranged to induce a strain in the channel region 420
thereby to enhance a performance of the transistor structure 400. [0040] The
drain stressor portion 432 may be formed by performing a further etching
rocess to form a drain stressor recess following the step of re-growth of
e@%ig@ﬁdﬁd@%ﬁ% al hitudieatedl imEne b trestrisdiPastrid mplhstructures.
stressor material may subsequently be formed in the drain stressar recess
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semiconductor layer. This allows a self heating effect associated with
[odayices fermeddn: ialagiMelythif SRIMICARIMGIAL YIRS @& WISYICESmprise”
formed on silicon on insulator (SOI) structures to be suppressed. [0042]
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decreasing an external series resistance of the device. The feature of a
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gate electrode (Cis,,,g) may be
[0046] Features, integers, characteristics, compounds, chemical moieties or groups described

in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.



achieved. Cjs,,,g is understood to be a major contributor to parasitic
capacitance in advanced CMOS technologies. [0044] Throughout the
description and claims of this specification, the words "comprise" and
"contain" and variations of the words, for example "comprising” and
Whdriipirieed ieans "including but not limited to", and is not intended to (and
does not) exclude other moieties, additives, components, integers or steps.
[0045] Throughout the description aﬁ&’é@ﬂﬁs of this specification, the
singular encompasses the plural unless the context otherwise requires. In
particular, where the indefinite article is used, the specification is to be

1,U”de§E%&qc8§&9%F&Q8@t%gl%ﬁ jty as well as singularity, unless the

context requires otherwise. [0046] Features, integers, characteristics,

comppiiddseihemicabmaieties or groups described in conjunction with a
particular aspect, embodiment or example of the invention are to be

undessia@cete fierapplicable to any other aspect, embodiment or example
described herein unless incompatible therewith. 8 What is claimed is:
CLAIMBaih régmanuadnductor device comprising: a semiconductor substrate;
a source region; a drain region; and a channel region, the channel region
being: gheviget etwdeghmmelogetendxthg pafyided between the source and drain

regions, the source, drain and channel regions being provided in the substrate, the device having
a layer of a buried insulating medium provided below the source region and not below the drain
region, the layer of buried insulating medium being provided in abutment with a lower surface of

the source region.

2. A device as claimed in claim 1 wherein the layer of insulating medium extends below the

channel region.

3. A device as claimed in claim 2 wherein the device further comprises a drain extension

region between the drain region and the channel region.

4. A device as claimed in claim 3 wherein the layer of insulating medium extends below the
drain extension region, the layer of buried insulating medium being provided in abutment with a

lower surface of the drain extension region.

5. A device as claimed in claim 4 wherein a corner portion of the insulating layer under the

drain extension region is necked thereby to increase a cross-sectional area of the drain extension



regions, the source, drain and channel regions being provided in the
substrate, the device having a layer of a buried insulating medium provided
below the source region and not below the drain region, the layer of buried
insulating medium being provided in abutment with a lower surface of the
regiiy B8RP Pk HEAESUAES R AlpHedan Ersitiin FHeRsiPN{EIRE Ky B¢ drain region
insulating medium extends below the channel region. 3. A device as claimed
A Gaih s iferar ine BesHES LM SHpr B SATUAASIAR ARSI Felgfotrain
lrebeotl\{veen the drain region and the channel region. 4. A device as claimed in
&laim 3 wherein the layer of insulating medium extends below the drain
extension region, the layer of buried insulating medium being provided in
abutment with a lower surface of the drain extension region. 5. A device as
6 claimgQid; Glaim HimEere O IR-BarR @a?@ﬁ'&?ﬂﬂﬁéﬁqmﬁal@ﬂgﬁl@@ﬂﬁ{ dBRprises
drain extension region is necked thereby to increase a cross-sectional area of
a hieidralneXBosipnyd region normal to a direction of current flow from the
drain extension region to the drain region thereby to reduce crowding of
current flowing from the drain extension region to the drain region. 6. A
device as claimed in claim 1 wherein the layer of buried insulating medium
Tcomphigesica dulidtheskide BOXY heyein the Arejevieeoas einesl dritedaipn gortion
wherein the drain region comprises a stressor portion arranged to induce a
argapgi(lite {RAUERANHATYEYBHCIINACHISHOR- as claimed in claim 1 wherein the
semiconductor substrate comprises an upper

8. A device as claimed in claim 1 wherein the semiconductor substrate comprises an upper
semiconductor portion and a lower semiconductor portion separated by the layer of buried
insulating medium, the source region, drain region and channel region being provided in the

upper semiconductor portion of the substrate.

9. A device as claimed in claim 1 wherein the substrate comprises silicon.

10. A method of fabricating a semiconductor device comprising:

providing a semiconductor substrate;

forming a source region, a drain region and a channel region in the substrate, the channel
region being provided between the source and drain regions; and

providing a layer of a buried insulator material below the source region and not below the
drain region, the buried insulator material being provided in abutment with a lower surface of the

source region.

10



semiconductor portion and a lower semiconductor portion separated by the
layer of buried insulating medium, the source region, drain region and
channel region being provided in the upper semiconductor portion of the
substrate. 9. A device as claimed in claim 1 wherein the substrate comprises
Ikjlicoft. method th&this ditalsimakiy areme drdtref avikingshsdrisingt buried
. providing a semiconductor substrate; forming a source region, a drain region
iSRS SR DRI I P IHE SRS PaRRY B RHRR B PELTBH Being provided
between the source and drain regions; and providing a layer of a buried
insulator material below the source region and not below the drain region,
13he burigdiipsulator matarialbeind,Aevidad B.3RWIREALWIULAQWEL FHHRFe
of the source region. 10 11. A method as claimed in claintT 10 comprising the
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region and below the channel region. 12. A method as claimed in claim 10
lowbeseitidhelsien pinoawebag i seniesoiclies beHbSIRIBEHRAISRS
providing a substrate comprising an upper semiconductor portion and a
lower semiconductor portion separated by the layer of the buried insulator
material. 13. A method as claimed in claim 12 wherein the semiconductor
13evicd matheddvathianae nsidainydgivhaninvbe sethicatchiciredivisearid arflsain extension
channel region, the method comprising: forming a gate stack above the
regiAnfAY FEBId AR geaie s padiisothipisigerg ates imsthatsiomiysingnd a gate

electrode; and forming a gate sta}lck seqacer on a drain side of the gate stack
ab ngo%%ﬁ&?t&sm above the channel region, the gate stack comprising a gate insulator

layer and a gate electrode; and
forming a gate stack spacer on a drain side of the gate stack above a portion of the

substrate in which the drain extension region is to be formed.

14. A method as claimed in claim 13 comprising the step of removing the portion of the
upper semiconductor portion of the substrate where it is required to form the drain region and
removing the portion of the buried insulator layer below said portion of the upper semiconductor

portion thereby to form a drain region void.

15. A method as claimed in claim 14 wherein the step of forming the drain region void

comprises the step of performing a directional oxide etch.

16. A method as claimed in claim 14 wherein the step of removing the portion of the upper

semiconductor portion where it is required to form the drain region is performed by means of an
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substrate in which the drain extension region is to be formed. 14. A method
as claimed in claim 13 comprising the step of removing the portion of the
upper semiconductor portion of the substrate where it is required to form the
_drain region and removing the portion of the buried insulator layer below said
ispeRiTetshipid (e ehifeendREtbe DosHaBRTtHSrREICtbIHSHF Y Hsmbrdgiorrid
void. 15. A method as claimed in claim 14 wherein the step of forming the
PYHIR F¥YRRoid comprises the step of performing a directional oxide etch.
16. Amethiod as, diaimed in-claim 1 wherein the step of remoying the portion, o,
of the upper®semiconductor portion wheré i |s¥eq ired to form the dfain
Jfggion is performed by means of an 11 isotropic etch and the step of
removing the portion of the buried insulator layer below said portion
COMRESRS MU g&%‘h%@rt‘ii@'B&Te@&QHH@QI&%H&I%|§ﬁéefﬁ1§’6/p8}§éﬁ‘§rfafnot
an isotropic oxide etch; and removing a second portion of the buried
bénsulatogdayeichelRietha fitrstpoitian anthd gitdgiowbinmgaicostaditcsnasaroflie
the drain side of the gate stack by means of a directional oxide etch. 17. A
ethhethod as claimed in claim 14 comprising the step of filling the drain portion
void with a semiconductor material. 18. A method as claimed in claim 16
wherein the step of removing the first portion of the buried insulator layer by
means of an isotropic etch includes the step of removing a portion of the
Tburied msthedds Hysaddpiriniltgmnstseg %ﬁé&faqﬁ@}@w{@ fBRiA ROFERKEYd

bHried insulator .
with a semiconductor material.

]

18. A method as claimed in claim 16 wherein the step of removing the first portion of the
buried insulator layer by means of an isotropic etch includes the step of removing a portion of
the buried insulator layer below said gate stack spacer thereby to form a necked buried insulator

layer.

19. A method a claimed in claim 18 comprising the step of filling the portion of the buried
insulator layer below the gate stack spacer removed by means of the isotropic etch with

semiconductor material.

20. A method as claimed in claim 10 comprising forming a source extension implant and a

drain extension implant.

21. A method as claimed in claim 10 further comprising forming the source region by

implantation of dopant ions and forming a drain region by implantation of dopant ions, the
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layer. 19. A method a claimed in claim 18 comprising the step of filling the
portion of the buried insulator layer below the gate stack spacer removed by
means of the isotropic etch with semiconductor material. 20. A method as
claimed in claim 10 comprising forming a source extension implant and a

maragA BKtRSTSIOMRRTNEAP PN HTHGH WeCIRiATetS I SRIREILD fisikiobghe gate stack
comprising forming the source region by implantation of dopant ions and

and ARG SR b g Rk B SY d¥pant ions, the 12 method further
comprising forming gate stack spacers on a source region side of the gate
stack and a drain region side of the gate stack respectively. 22. A

2§emi%ogkqlﬁ%%g&g}ca%\gg%gﬁjﬂ%g semiconductor substrate comprising an

upper semiconductor portion formed from silicon and a lower semiconductor

portigndarned fermsatican (B8 MRRY AN IRMEIRAUHARSDRIRD SERAIEISRY

a layer of a buried oxide (BOX) medium; and a source region, a drain region
sidtéhahanne regiad ey 9dib e Rt e RIIkoAdhe t@fpaaiitDWRE ortions

channel region being provided between the source and drain regions,
baitergiariie BOXaymeditinbisigtovide dBsElountdeisounde region and the

channel region and not below the drain region, the BOX medium being

provideeliseabeivnentmithegionand sghkivelof g souided ayibnun®r semiconductor
portion, the channel region being provided between the source and drain regions,

wherein the BOX medium is provided below the source region and the channel region

and not below the drain region, the BOX medium being provided in abutment with a lower

surface of the source region.
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