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(57) ABSTRACT 
An integrated circuit and method of fabricating the inte 
grated circuit is disclosed. The integrated circuit includes 
vertical bipolar transistors (30, 50, 60), each having a buried 
collector region (26‘). A carbon-bearing diffusion barrier 
(28c) is disposed over the buried collector region (26‘), to 
inhibit the diffusion of dopant from the buried collector 
region (26‘) into the overlying epitaxial layer (28). The 
diffusion barrier (28c) may be formed by incorporating a 
carbon source into the epitaxial formation of the overlying 
layer (28), or by ion implantation. In the case of ion 
implantation of carbon or SiGeC, masks (52, 62) may be 
used to de?ne the locations of the buried collector regions 
(26‘) that are to receive the carbon; for example, portions 
underlying eventual collector contacts (33, 44c) may be 
masked from the carbon implant so that dopant from the 
buried collector region (26‘) can diffuse upward to meet the 
contact (33). MOS transistors (70, 80) including the diffu 
sion barrier (28) are also disclosed. 
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CONTROL OF DOPANT DIFFUSION FROM 
BURIED LAYERS IN BIPOLAR INTEGRATED 

CIRCUITS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] This invention is in the ?eld of semiconductor 
integrated circuits, and is more speci?cally directed to the 
formation of buried doped layers in bipolar transistors in 
such circuits. 

[0004] Modern bipolar integrated circuits noW typically 
use vertical bipolar transistors as their active elements. 
These transistors are vertical in the sense that the active base 
and emitter regions overlie the collector region, With col 
lector-emitter current traveling through the base in substan 
tially a vertical orientation relative to the plane of the surface 
of the integrated circuit at Which the transistor resides. To 
provide a robust breakdoWn voltage, the portion of the 
collector region adjacent the base is relatively lightly doped. 
This region is often referred to as the “subcollector”. These 
lightly-doped subcollectors are relatively resistive, hoWever. 
Therefore, many modern bipolar structures reduce the effec 
tive collector resistance by providing a heavily-doped buried 
collector layer underlying the subcollector. This buried 
collector layer provides a relatively loW resistance path for 
collector current betWeen the active region of the transistor 
and a collector contact located aWay from the base and 
emitter. Because the collector current need only travel a 
short distance through the lightly-doped subcollector, before 
reaching the buried collector layer, the overall collector 
resistance is minimized, While still providing a high break 
doWn voltage because of the lightly-doped subcollector. 

[0005] This construction results in a signi?cant dopant 
concentration gradient at the interface betWeen the buried 
collector regions and the much more lightly-doped overlying 
subcollector. This gradient does not itself present a problem 
in the stability of the device. HoWever, because this interface 
must be created relatively early in the manufacturing pro 
cess, subsequent high temperature processes provide the 
opportunity for dopant to diffuse from the buried collector 
region into the more lightly-doped subcollector. A particu 
larly troublesome high temperature process is the epitaxial 
formation of the subcollector itself, Which exposes the Wafer 
to high temperatures for a relatively long period of time. 
This updiffusion of dopant from the buried collector can 
cause signi?cant limitations in the performance and preci 
sion of modern bipolar circuits. 

[0006] FIG. 1a illustrates an example of this problem in 
conventional PNP bipolar transistor 10p. While transistor 
10p, in this example, is fabricated in a silicon-over-insulator 
(SOI) structure, it is to be understood that the issue of 
diffusion from the buried layer also occurs in a bulk device, 
although the diffusion deeper into the substrate is harmless. 
Buried oxide layer 4 is disposed over single-crystal silicon 
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handle Wafer 2, and under thin ?lm (single-crystal) silicon 
layer 6, 6‘. This SOI structure may be formed by Way of any 
one of the knoWn conventional techniques, including Wafer 
bonding, implanted oxygen (SIMOX), and the like. Epi 
taxial layer 8 is disposed over thin ?lm silicon layer 6, and 
extends toWard the surface of the structure as shoWn. Iso 
lation structures in transistor 10p include deep trench iso 
lation oxide structures 9, and shalloW trench isolation struc 
tures 12, both of Which are formed by etching into (and 
possibly through) epitaxial layer 8 and thin ?lm silicon layer 
6, as desired. The active portions of transistor 10p include 
the collector region formed in epitaxial layer 8 (i.e., the 
subcollector), base layer 11, and polycrystalline emitter 
electrode 15. Emitter contact E, base contacts B and collec 
tor contact C make electrical contact to the device by Way of 
a metal contact to tungsten plugs 16e, 16b, 16c, respectively. 
Diffusion of dopant from emitter electrode 15 into base layer 
11 forms the active emitter of the device, at Which location 
the bipolar transistor action takes place. 

[0007] Buried collector region 6 is a heavily doped 
(p-type, in this example) portion of thin ?lm silicon layer 6; 
portions 6‘ of this layer aWay from transistor 10p are 
relatively lightly doped, or intrinsic silicon. Buried collector 
region 6 provides a loW resistance path betWeen collector 
contact C and the active collector region. Accordingly, 
collector-emitter current is conducted vertically through 
epitaxial layer 8 from buried collector region 6 to emitter 15, 
as illustrated in FIG. 1a. The provision of buried collector 
region 6 thus improves the performance of transistor 10p by 
minimiZing series collector resistance. 

[0008] HoWever, as shoWn in FIG. 1a, dopant from buried 
collector region 6 has diffused Well into epitaxial layer 8. In 
FIG. 1a, boundary B illustrates the top surface of thin ?lm 
silicon layer 6, 6‘, from Which epitaxial layer 8 Was formed. 
As evident from FIG. 1a, even Where epitaxial layer 8 is 
intrinsic or lightly-doped When formed, boron from buried 
collector region 6 diffuses by a distance d into epitaxial layer 
8, during the high temperature epitaxial process (and during 
other subsequent high temperature processes). This updif 
fusion of dopant into epitaxial layer 8 greatly reduces the 
control of device parameters, as discussed above. Efforts to 
reduce this updiffusion are knoWn to have detrimental 
device effects. For example, reduction in the time and 
temperature of subsequent processes such as densi?cation of 
isolation structures 9, 12, can reduce the integrity of these 
oxides. Increasing the thickness of epitaxial layer 8 to 
compensate for the updiffusion effect not only exacerbates 
the diffusion itself (by increasing the time or temperature of 
the process), but also is incompatible With the fabrication of 
high performance and high-speed devices. 

[0009] The effect of diffusion from buried collector 
regions into the device subcollector becomes particularly 
dramatic in complementary bipolar structures, Which by 
de?nition include both NPN and PNP bipolar devices, and 
their respective n-type and p-type buried collector layers. 
FIG. 1b illustrates the incorporation of transistor 10p into a 
complementary structure, in Which NPN transistor 1011 is 
adjacent to transistor 10p in the same integrated circuit. The 
construction of transistors 10p, 1011 is substantially similar 
to that illustrated in FIG. 1a for transistor 10p; of course, in 
the case of transistor 1011, the conductivity type of the doped 
regions is opposite that of transistor 10p in order for tran 
sistor 1011 to be of the NPN type. 
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[0010] Typical dopant species for n-type and p-type buried 
layers 6n, 6p are arsenic and boron, respectively. These 
species differ in diffusion rate by a factor of ten, however, 
With boron diffusing much faster than arsenic under equiva 
lent conditions. This difference in diffusion rate is evident 
from FIG. 1b, in Which the collector thickness t in PNP 
transistor 10p is much shorter than the subcollector thick 
ness t in NPN transistor 1011, because boron from p-type 
buried collector region 6p diffuses much faster than arsenic 
from n-type buried collector region 611. Not only does the 
undesired diffusion from each buried layer reduce the per 
formance of individual transistors 10m 1011, but the differ 
ence in diffusion rate also causes mismatch betWeen the 
complementary transistors in a given circuit. This mismatch 
renders the delicate balance of the tradeoff betWeen NPN 
and PNP performance, and the necessary optimiZation tech 
niques, even more dif?cult. Besides compromising the ulti 
mate performance of the circuit, this device type asymmetry 
also can reduce the poWer ef?ciency of the complementary 
design. The trend toWard construction of CBiCMOS inte 
grated circuits, Which include both complementary bipolar 
and also complementary metal-oxide-semiconductor (MOS) 
transistors, Will make the effects of buried layer updiffusion 
even less tolerable. 

[0011] In addition to the loss of control over the buried 
layer-subcollector interface, undesired diffusion from 
heavily-doped buried layers can also contaminate structures 
aWay from the buried layers, due to auto-doping during 
epitaxial groWth. An example of such undesired diffusion is 
illustrated in FIG. 1b, Where isolation structure 19 includes 
dopant from both of buried collector regions 6p, 6n (trench 
isolation structure 9 being formed after the epitaxial groWth 
of layer 8. Such contamination can result in device leakage, 
shifts in threshold voltages, and poor breakdoWn character 
istics in bipolar and MOS devices, as Well as in diodes and 
passive devices. 

[0012] The sensitivity of complementary bipolar devices 
to differences in diffusion from the n-type and p-type buried 
layers is conventionally addressed by constraining the ther 
mal budget for subsequent processing, thus limiting the 
diffusion from these layers and thus limiting the resulting 
diffusion. These constraints have resulted in very complex 
processing that is not only costly, but also typically results 
in the inability to maximiZe the performance of the NPN and 
PNP devices in a symmetric manner (i.e., Without sacri?cing 
the performance of one for the performance of the other). 

[0013] Besides impacting device performance, as noted 
above, diffusion from the buried collector layers also 
impacts the breakdoWn voltage of the individual devices. In 
the complementary bipolar arrangement, in order to opti 
miZe symmetric breakdoWn behavior for the NPN and PNP 
devices, the signi?cant difference in diffusion rates neces 
sitates a tradeoff betWeen device breakdoWn for one of the 
transistor types (PNP) versus collector resistance of the 
other transistor types (NPN). In addition, the asymmetric 
diffusion of the dopant species also creates mismatching of 
the device characteristics of NPN and PNP devices in a 
complementary circuit; such mismatches are especially 
undesirable, considering that the matching of device char 
acteristics is a primary reason for realiZing a circuit in 
complementary bipolar technology in the ?rst place. In 
addition, the tight constraint on thermal budget because of 
the rapid diffusion of boron from the buried collectors of the 
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PNP devices also increases the likelihood of mismatch 
among the PNP devices themselves, as these devices can 
become quite sensitive to the processing conditions that fall 
Within the thermal budget constraints. These and other 
device sensitivities are also exacerbated as the physical 
device siZes continue to scale toWard ever decreasing dimen 
sions. 

BRIEF SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the present invention to 
provide an integrated circuit and method of fabrication that 
reduces diffusion of dopant from buried doped layers, such 
as buried collector layers in bipolar transistors. 

[0015] It is a further object of the present invention to 
provide such an integrated circuit and method that is espe 
cially Well-suited for complementary bipolar technology. 

[0016] It is a further object of the present invention to 
provide such an integrated circuit and method that retards 
the diffusion of one dopant species While enhancing the 
diffusion of a different dopant species, for example to 
provide a symmetric emitter pro?le for complementary 
devices. 

[0017] Other objects and advantages of the present inven 
tion Will be apparent to those of ordinary skill in the art 
having reference to the folloWing speci?cation together With 
its draWings. 

[0018] The present invention may be implemented by Way 
of an integrated circuit and method that incorporates carbon 
into the buried doped layers. The carbon may be incorpo 
rated as elemental carbon, or alternatively by the compound 
SiGeC. Various methods of applying the carbon may be 
used. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0019] FIGS. 1a and 1b are cross-sectional diagrams of 
conventional bipolar transistors. 

[0020] FIGS. 2a through 2g are cross-sectional diagrams 
illustrating the fabrication of a transistor according to a ?rst 
preferred embodiment of the invention. 

[0021] FIG. 3 is a plan vieW of the transistor constructed 
according to the ?rst preferred embodiment of the invention. 

[0022] FIG. 4 is a cross-sectional diagram of complemen 
tary bipolar transistors constructed according to the ?rst 
preferred embodiment of the invention. 

[0023] FIGS. 5a and 5c are cross-sectional diagrams of 
the construction of a transistor according to a second pre 
ferred embodiment of the invention. 

[0024] FIG. 5b is a plan vieW of a mask used in the 
construction of the transistor of FIGS. 5a and 5c according 
to the second preferred embodiment of the invention. 

[0025] FIG. 6 is a cross-sectional diagram of complemen 
tary bipolar transistors constructed according to the second 
preferred embodiment of the invention. 

[0026] FIGS. 7a and 7b are cross-sectional diagrams of 
the construction of bipolar transistors according to a third 
preferred embodiment of the invention. 
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[0027] FIGS. 8a and 8b are cross-sectional diagrams of 
the construction of metal-oxide-semiconductor transistors 
according to the preferred embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The present invention Will noW be described in 
connection With its preferred embodiments. These exem 
plary embodiments are directed to the fabrication of bipolar 
junction transistors in a silicon-on-insulator (SOI) structure. 
It Will be appreciated by those skilled in the art having 
reference to this speci?cation that the present invention may 
be used to form either p-n-p or n-p-n transistors, or both as 
may be used in a complementary bipolar or BiCMOS 
technology, as Well as used in other alternative structures 
and methods of fabricating such structures. In addition, 
While this invention is particularly bene?cial as applied to 
$01 structures, it is also contemplated that this invention 
may be utiliZed in bulk integrated circuit devices as Well, 
Where no buried insulator layer is present. Furthermore, 
While these embodiments are silicon or SiGe NPN and PNP 
bipolar transistors, it is contemplated that the present inven 
tion Will be equally applicable to emerging bipolar tech 
nologies such as SiGeC (silicon-germanium-carbon) and 
SiC bipolar technologies It is therefore to be understood that 
these and other alternatives to the embodiments described 
beloW are contemplated to be Within the scope of the 
invention as claimed. 

[0029] Referring ?rst to FIG. 2a, the construction of p-n-p 
transistor 30 according to the preferred embodiment of the 
invention Will noW be described in detail. The cross-section 
of transistor 30 in FIG. 2a illustrates buried insulator layer 
24 in place over substrate, or handle Wafer, 22 in the typical 
manner for silicon-on-insulator (SOI) structures. Buried 
insulator layer 24 is typically silicon dioxide, and as such is 
generally referred to as buried oxide. Single-crystal silicon 
thin ?lm layer 26 is disposed over buried oxide layer 24. 

[0030] The formation of the structure of buried insulator 
layer 24 underlying thin ?lm silicon layer 26 may be 
accomplished by any one of a number of technologies. 
These technologies include the Wafer bonding approach, in 
Which tWo single-crystal silicon Wafers are bonded to one 
another on either side of a silicon oxide layer, to result in 
single-crystal layers on either side of the insulator layer. 
According to another approach, referred to in the art as 
SIMOX, a single crystal silicon Wafer is implanted With 
oxygen ions, so that a high concentration of oxygen is 
present at a selected depth Within the Wafer. The oxygen is 
thermally reacted With the silicon to form a buried oxide 
layer about the depth of implantation. These and other 
conventional techniques for fabricating an $01 structure are 
suitable for use in connection With this invention. 

[0031] For the construction of PNP transistor 30 according 
to the preferred embodiment of the invention, a p-type 
buried collector region is next formed. Referring noW to 
FIG. 2b, mask layer 28 de?nes the locations at Which the 
p-type buried collector region is to be formed by Way of ion 
implantation. In this example, mask layer 28 is preferably a 
hard mask, such as silicon dioxide; alternatively, mask layer 
28 may consist of photoresist, depending upon the energy 
and dose of the implant. In the case Where mask layer 28 is 
an oxide, mask layer 28 is formed by conventional chemical 
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vapor deposition of silicon dioxide overall, folloWed by 
photolithographic masked etching of the oxide layer to 
de?ne mask layer 28, exposing those locations of the surface 
of silicon thin ?lm layer 26 at Which the buried collector 
region is to be formed. For the fabrication of the PNP 
transistor, the structure is subjected to boron ion implanta 
tion to dope the exposed portions of silicon thin ?lm layer 
26, as shoWn in FIG. 2b. For example, the implantation of 
boron is carried out at a relatively heavy dose such as 1.0E16 
cm_2, at an energy of 30 keV. FolloWing a corresponding 
anneal and removal of mask layer 28, buried collector region 
26‘ is formed in silicon thin-?lm layer 26 as shoWn in FIG. 
2c. 

[0032] To form the active portions of eventual PNP tran 
sistor 30, epitaxial silicon is then groWn over silicon thin 
?lm layer 26, 26‘. According to a ?rst preferred embodiment 
of the invention, this epitaxial groWth begins With the 
epitaxial formation of diffusion barrier 28c, as Will noW be 
described relative to FIG. 2d. Diffusion barrier 28c is a 
silicon layer that contains dopant material that has the effect 
of retarding the diffusion of boron, such as that contained 
Within buried collector region 26‘. Examples of this retard 
ing dopant material include carbon, and silicon-germanium 
carbon (SiGeC). According to this embodiment of the inven 
tion, diffusion barrier 28c is formed by epitaxial groWth of 
silicon from silicon thin ?lm layer 26, 26‘ in the presence of 
a carbon or SiGeC source. A preferred example of the 
concentration of carbon in diffusion barrier layer 28c is 0.1% 
atomic, although this concentration may vary according to 
the particular manufacturing environment. 

[0033] FolloWing the formation of diffusion barrier 28c, 
epitaxial groWth of silicon continues in the absence of the 
diffusion-retarding dopant, until epitaxial silicon layer 28, 
including both diffusion barrier 28c and silicon layer 286, is 
present over silicon thin-?lm layer 26, 26‘ at the desired 
thickness. FIG. 26 illustrates the construction of the inte 
grated circuit structure upon completion of the epitaxial 
formation. Overlying epitaxial layer 286 may be intrinsic 
silicon, or lightly-doped, depending upon the design of the 
transistors to be formed. The doping concentration of epi 
taxial layer 286 may be set during epitaxy, or alternatively 
a subsequent doping process may be carried out. 

[0034] Upon completion of epitaxial layer 28, isolation 
structures may noW be formed to separate the individual 
devices from one another. In this embodiment of the inven 
tion, as shoWn in FIG. 2f, trench isolation structures 29 are 
formed into locations of epitaxial layer 28 and silicon thin 
?lm layer 26, extending in this example fully doWn to buried 
oxide layer 24. For example, isolation structures 29 may be 
formed by ?rst performing a masked etch of epitaxial layer 
28 to a relatively shalloW depth, and then performing a 
second masked etch through the remaining portion of epi 
taxial layer 28 Within the etched locations, and extending the 
etch until reaching buried oxide layer 24. Insulating mate 
rial, such as silicon dioxide, is then deposited overall, ?lling 
the etched trenches into and through epitaxial layer 28 and 
silicon thin ?lm layer 26. A planariZing etchback is then 
preferably performed, so that the top surfaces of trench 
isolation structures 29 are substantially coplanar With the top 
of the active region of epitaxial layer 28, as shoWn in FIG. 
2f. Accordingly, trench isolation structure 29 of this embodi 
ment of the invention each include both deep and shalloW 
portions, as shoWn in FIG. 2f. Especially in combination 
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With buried oxide layer 24, isolation structures 29 are 
effective to electrically isolate the individual transistors from 
one another. A relatively large portion of epitaxial layer 286 
remains at the surface of the structure, surrounded by 
isolation structures 29, and into Which PNP transistor 30 Will 
be formed; a smaller portion of epitaxial layer 286 also 
extends to the surface of the structure, through Which 
collector contact Will be made as Will be described in further 
detail beloW. 

[0035] The remainder of PNP transistor 30, according to 
this ?rst preferred embodiment of the invention, is noW 
completed in the conventional manner, resulting in the 
structure of FIG. 2g. Collector sinker structures 33 are 
heavily doped p-type silicon regions of epitaxial layer 286, 
and may also include a still more heavily p+ doped region 
at the surface, and perhaps silicide cladding, to further 
improve ohmic contact. 

[0036] In the active region of PNP transistor 30, intrinsic 
base region 32 is an n-type doped silicon or n-type silicon 
germanium epitaxial layer disposed at the surface of collec 
tor region 10. Extrinsic base structures 34 are heavily doped 
n-type silicon regions surrounding intrinsic base region 32, 
With silicide-clad ohmic contacts at portions of their surface. 
Extrinsic emitter 36 is disposed at the surface of intrinsic 
base region 32 betWeen extrinsic base structures 34. Extrin 
sic emitter 36 is a heavily doped p-type polysilicon structure, 
Which serves as a source of p-type dopant that diffuses into 
intrinsic base region 32 to form the emitter of the device. 
The surface of extrinsic emitter 36 is also preferably silicide 
clad. 

[0037] Transistor 30 in this embodiment of the invention 
provides external collector, base, and emitter connections by 
Way of tungsten contact plugs 42c, 42b, 426, respectively, 
each of Which extend through overlying insulator layer 41 to 
corresponding metal conductors 44c, 44b, 446, respectively. 
Conductors 44c, 44b, 446 route connections to the collector, 
base, and emitter, respectively, to and from other devices in 
the same integrated circuit as transistor 30. 

[0038] FIG. 3 illustrates PNP transistor 30 of FIG. 2g in 
plan vieW, at a point in the process prior to the formation of 
the metal layer used to form conductors 44; silicide cladding 
of various structures is not shoWn in FIG. 3, for purposes of 
clarity. Of course, transistor 30 may alternatively be circular 
in shape, or take such other alternative shapes depending 
upon the particular device application. 

[0039] According to this ?rst preferred embodiment of the 
invention, the provision of diffusion barrier 28c tends to 
con?ne the boron dopant of buried collector 26‘ Within the 
combination of buried collector region 26‘ and diffusion 
barrier 28c, inhibiting its diffusion into the overlying epi 
taxial layer that forms subcollector 286 of PNP transistor 30. 
As noted above, the boron dopant Within buried collector 
region 26‘ Will tend to diffuse during the high temperature 
steps of the formation of subcollector 286, the anneal to 
diffuse emitter dopant from emitter electrode 36 into base 
layer 32, and the like. According to this invention, hoWever, 
it is believed that the carbon dopant in diffusion barrier 28c 
reduces the number of interstitial locations that Would 
otherWise be used by boron diffusing upWard from buried 
collector region 26‘. The boron dopant thus remains Within 
diffusion barrier 28c instead of diffusing upWard into the 
more lightly-doped subcollector 286. 
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[0040] By controlling and limiting the diffusion from 
buried collector region 26‘ via diffusion barrier 28c, the 
subsequent high temperature processes can be optimiZed 
Without the additional thermal budget constraint that Would 
otherWise be present if updiffusion from buried collector 26‘ 
Were of concern. In addition, the thickness of the epitaxial 
layer forming subcollector 286 can be more closely opti 
miZed for device speed and breakdoWn performance, 
because of the improved control of the location of the 
interface betWeen the more lightly-doped subcollector 28c 
and buried collector region 26‘. The matching of similar 
transistors across the integrated circuit and among integrated 
circuits on the same Wafer, Which is particularly important in 
analog applications, is also contemplated to be facilitated by 
this invention, because any thermal variations across the 
Wafer provide much less effect on the devices themselves. 

[0041] This ?rst preferred embodiment of the invention 
may also be used to advantage in complementary bipolar 
integrated circuits, as Will noW be described relative to FIG. 
4. In the structure of FIG. 4, PNP transistor 30p and NPN 
transistor 3011 are formed in the same silicon-on-insulator 
integrated circuit, in Which buried oxide layer 24 is disposed 
on handle Wafer 22, as before. Transistor 30p is constructed 
in the manner described above relative to FIGS. 2a through 
2g, and transistor 3011 is constructed similarly as transistor 
30p, except that its collector and emitter structures are doped 
n-type rather than p-type, and its base structure is doped 
p-type rather than n-type, so that an n-p-n device is formed. 

[0042] As shoWn in FIG. 4, transistors 30p, 3011 have 
buried collector regions 26‘p, 26‘n, respectively. Each of 
these buried collector regions 26‘ are heavily doped portions 
of a silicon thin-?lm layer, each providing a loW resistance 
path to the respective collector contacts 44c. In this embodi 
ment of the invention, buried collector region 26‘n is 
heavily-doped With phosphorous, Which is an n-type dopant; 
buried collector region 26‘p is boron-doped, as described 
above. The doping of buried collector regions 26‘ is per 
formed by respective masked ion implant processes, fol 
loWed by one or tWo anneals to diffuse the implanted dopant 
Within the eventual buried collector regions 26‘. As 
described above relative to FIG. 2d, according to this 
embodiment of the invention, an initial stage of epitaxial 
groWth including a source of carbon is then carried out to 
form diffusion barriers 28cp, 28cn. According to this 
embodiment of the invention, the carbon source may include 
simply carbon doping of the epitaxial groWth of silicon, or 
alternatively the formation of an epitaxial layer of SiGeC. In 
either case, diffusion barriers 28cp, 28cn are formed in a 
blanket manner as portions of a thin, carbon-bearing, epi 
taxial layer overlying buried collector regions 26‘p, 26‘n. 
The epitaxial groWth of single-crystal silicon then continues, 
but in the absence of the carbon source, in the manner 
described above relative to FIG. 26, to form a silicon layer 
from Which the epitaxial regions forming subcollectors 
286p, 28en Will be de?ned. 

[0043] FolloWing the formation of this epitaxial layer, the 
construction of transistors 30p, 30n proceeds in much the 
manner as described above relative to FIGS. 2f and 2g; 
again, inverse dopant conductivity types are used to form 
NPN transistor 3011 as compared With those used in PNP 
transistor 30p. These additional processes include the for 
mation of trench isolation structures 29 that separate buried 
collector regions 26‘p, 26‘n from Within their common 
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silicon thin ?lm layer, and that separate diffusion barriers 
28cp, 2801 and subcollectors 286p, 28611 from Within their 
common epitaxial layer. Trench isolation structures 29, in 
combination With buried oxide layer 24, electrically isolate 
transistors 30p, 3011 from one another and from other devices 
in the same integrated circuit, except as intentionally inter 
connected by overlying metal conductor layers. 

[0044] Transistors 30p, 3011 of FIG. 4 both receive the 
bene?ts of diffusion barriers 28cp, 28cn, respectively, that 
are described above relative to transistor 30. In summary, 
diffusion barriers 28c con?ne or inhibit dopant diffusion 
from buried collector regions 26‘; this permits subsequent 
high temperature processes to be optimiZed Without concern 
for the effects of updiffusion from buried collector regions 
26‘. The epitaxial layer containing subcollector 286 can 
readily be optimiZed for device speed and breakdoWn per 
formance, and transistor matching is much improved over 
the integrated circuit itself and among integrated circuits on 
the same Wafer. 

[0045] Additional bene?ts are provided by the present 
invention When applied to complementary bipolar structures 
such as shoWn in FIG. 4 according to this embodiment of the 
invention. As noted above, typically boron diffuses at a 
much faster rate than n-type dopants such as arsenic and 
phosphorous; as a result, in conventional complementary 
bipolar structures having buried collector regions, not only 
Would the buried collector dopant diffuse into the collector 
regions, but this diffusion Would tend to be asymmetric 
because of the different diffusion rates. According to this 
embodiment of the invention, hoWever, because the updif 
fusion from the buried collector regions 26‘ is controlled by 
diffusion barriers 28c in both of transistors 30p, 3011, no such 
asymmetry in collector dopant pro?les occurs, regardless of 
the thermal processing carried out after the formation of 
buried collectors 26‘. Accordingly, such processes as emitter 
diffusion may be carried out simultaneously and symmetri 
cally for both of PNP and NPN transistors 30p, 30n, sim 
plifying the fabrication of these devices. In addition, the 
complementary matching betWeen similarly constructed 
transistors 30p, 3011 is made much easier because the asym 
metry of the buried collector outdiffusion is eliminated. 

[0046] Various alternatives to this embodiment of the 
invention are also contemplated. One such alternative is the 
addition of a germanium buffer layer over the buried col 
lector regions 26‘, in addition to the carbon-bearing diffusion 
barriers 286. This germanium layer, Which may be formed 
by the epitaxial deposition of SiGe, is contemplated to 
improve the quality of the epitaxial silicon formed thereover, 
and is also contemplated to further retard the diffusion of 
dopant into the epitaxial silicon. 

[0047] Another alternative to this embodiment of the 
invention is based on the diffusion enhancing effect that 
carbon species have on arsenic dopant. It is knoWn in the art 
that boron diffuses much more readily in silicon than does 
arsenic. HoWever, While the carbon species is knoWn to 
retard the diffusion of boron, carbon is knoWn to enhance the 
diffusion of arsenic, and also antimony (also an n-type 
dopant). This enhancement is believed to be due to the 
creation of additional substitutional locations caused by the 
carbon as a dopant. According to this alternative realiZation, 
the carbon-bearing species is included in the epitaxial 
groWth of silicon over a p-type buried layer doped With 
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boron, and an n-type buried layer doped With arsenic. It is 
contemplated, according to this alternative, that the carbon 
source can be controlled during epitaxy to provide a carbon 
concentration that retards the diffusion of boron and 
enhances the diffusion of arsenic to such an extent that the 
resulting dopant concentration gradient of the tWo conduc 
tivity types is substantially equal. In this Way, matching of 
the construction and characteristics of the complementary 
bipolar devices is contemplated to be facilitated according to 
this invention. 

[0048] As is evident according to the description of these 
embodiments of the invention, the carbon-bearing diffusion 
barrier layer is formed in a blanket manner, by the epitaxial 
deposition of carbon-bearing silicon or silicon-germanium. 
Further adjustment and control of the diffusion of dopant 
from buried layers can be attained, according to the present 
invention, by forming the diffusion barrier layers only in 
selected regions, as Will noW be described in connection 
With additional alternative preferred embodiments of the 
invention. 

[0049] Referring noW to FIG. 5a, the fabrication of PNP 
transistor 50p according to an alternative embodiment of the 
invention Will noW be described. As Will be evident from the 
folloWing description, a similar approach may be used in the 
fabrication of both PNP and NPN transistors, for example in 
a complementary bipolar structure. FIG. 5a illustrates, in 
cross-section, a partially-fabricated integrated circuit struc 
ture, in Which buried insulator layer 24 in place over handle 
Wafer 22 in the typical manner for S01 structures. Single 
crystal silicon thin ?lm layer 26 is disposed over buried 
oxide layer 24, in Which buried collector region 26‘ is 
formed by Way of a masked ion-implantation and subse 
quent diffusion anneal. 

[0050] Mask layer 52 is formed over the surface of silicon 
thin ?lm layer 26 as shoWn in FIG. 5a, to expose selected 
locations of layer 26 and buried collector region 26‘ to the 
ion implantation of carbon or a carbon-bearing material such 
as SiGeC. According to this embodiment of the invention, it 
is desirable to form a diffusion barrier over the portion of 
buried collector region 26‘ that Will underlie the emitter and 
base structures, but it is also desirable to not form this 
diffusion barrier at the locations at Which the collector 
contact Will be made. To the extent that dopant diffuses from 
the buried collector region 26‘ toWard the collector contact, 
such diffusion Will help in reducing the collector resistance, 
and may additionally reduce the depth to Which the collector 
contact structure need be formed into epitaxial silicon. In 
addition, it is desirable to form a diffusion barrier along the 
edges of buried collector contact region 26‘, to inhibit lateral 
diffusion of dopant from this structure during subsequent 
silicon epitaxy. 

[0051] Accordingly, as shoWn in FIG. 5a in cross-section, 
and in FIG. 5b in plan vieW, openings are formed in mask 
layer 52 to de?ne the locations at Which the carbon-bearing 
implant is to have an effect on the structure. According to the 
preferred embodiment of the invention, mask layer 52 is 
formed of suf?ciently opaque material to the ion implanta 
tion to protect the selected underlying portions of layer 26 
from the implant. For example, mask layer 52 may be 
formed of photolithographically patterned and etched silicon 
dioxide as a hard mask layer, or alternative of photolitho 
graphically patterned photoresist of sufficient thickness to 
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stop the ion implantation carried out at the desired energy 
and dose. FIG. 5b illustrates that mask layer 52 is patterned 
to cover expose buried collector region 26‘ over its portion 
at Which the active portion of transistor 50 (including its 
subcollector) Will be formed; as evident from FIGS. 4a and 
4b, the boundaries of buried collector region 26‘ are also 
exposed to receive the carbon-bearing implant, to reduce 
lateral diffusion of dopant from buried collector region 26‘. 
Mask layer 52 covers the portion of buried collector region 
26‘ at Which the buried collector contact Will be formed. 

[0052] The diffusion barrier species to be implanted, 
according to this embodiment of the invention, is preferably 
a carbon-bearing species. Elemental carbon itself may be 
implanted, or alternatively a carbon-bearing material such as 
SiGeC may be implanted. The energy and dose of the 
carbon-bearing implant is selected, according to conven 
tional implant design techniques and depending upon the 
species being implanted; in either case, hoWever, the energy 
may be kept relatively loW because the bulk of the implanted 
carbon-bearing material preferably resides at the upper 
surface of buried collector layer 26‘, to prevent updiffusion 
of the dopant. 

[0053] After the implant of the carbon-bearing species, 
construction of PNP transistor 50p continues in similar 
manner as described above relative to FIGS. 26 through 2g. 
In summary, silicon is epitaxially groWn (in the absence of 
a diffusion-retarding dopant) to form epitaxial silicon layer 
28 of the desired thickness over silicon thin-?lm layer 26, 
26‘. As before, the doping concentration of epitaxial layer 28 
may be set during epitaxy, or alternatively a subsequent 
doping process may be carried out. Trench isolation struc 
tures 29 are then formed at the appropriate locations of 
epitaxial layer 28 and silicon thin ?lm layer 26. The remain 
der of PNP transistor 50p is then completed as before, 
resulting in the structure shoWn in FIG. 5c, With the same 
reference numerals as in FIG. 2g referring to the same 
structures if present in transistor 50p. 

[0054] As shoWn in FIG. 5c, the effect of the masked 
carbon-bearing species implant according to this embodi 
ment of the invention is to de?ne those locations at Which 
dopant in p-type buried collector region 26‘ is to be con?ned, 
and retarded from diffusing into the subcollector portion of 
epitaxial layer 28, and to also de?ne those locations at Which 
dopant in p-type buried collector region 26‘ is to be permit 
ted to updiffuse into epitaxial layer 28. As shoWn in FIG. 5c, 
updiffused dopant from buried collector layer 26‘ only 
slightly diffuses into epitaxial layer 28 at location 54 under 
lying emitter polysilicon 36, at Which is the active portion of 
transistor 50p. On the other hand, dopant has updiffused 
from buried collector layer 26‘ at location 55 of epitaxial 
layer 28. Location 55 corresponds to the portion of buried 
collector layer 26‘ that Was protected by mask layer 52 from 
the carbon-bearing species implant, and therefore there is 
substantially no barrier to updiffusion at this location. Col 
lector sinker structure 33 is thus readily able to connect to 
this more heavily doped location of epitaxial layer 28, Which 
provides a high conductivity connection betWeen conductor 
44c and buried collector layer 26‘. 

[0055] According to this embodiment of the invention, 
therefore, the selective masked implant of the diffusion 
retarding carbon-bearing species alloWs selection of those 
locations at Which upd?ffusion from the underlying buried 
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layer is to be inhibited, and those locations at Which such 
updiffusion is to be permitted. As shoWn in FIG. 5c, this 
selective implant alloWs for the active portion of the tran 
sistor to be protected from updiffusion from the buried layer, 
While still permitting updiffusion at collector contact loca 
tions to provide a loW resistance connection to the buried 
collector layer Without the necessity of additional processing 
to provide such a heavily doped connector, such additional 
processing including a high energy, high dose, masked 
implant for making the collector contact. 

[0056] The selective masking of the carbon-bearing 
implant can also be used to advantage in complementary 
bipolar structures, in particular to improve the matching of 
dopant diffusion betWeen the transistors of different conduc 
tivity types. 

[0057] FIG. 6 illustrates, in cross-section, an example of 
a complementary bipolar integrated circuit according to this 
embodiment of the invention, in Which a masked carbon 
bearing implant is applied to selectively inhibit diffusion of 
dopant from buried collector layers, While permitting such 
updiffusion in other locations. In the integrated circuit of 
FIG. 6, PNP transistor 50p and NPN transistor 5011 are 
shoWn. PNP transistor 50p is constructed in the manner 
described above relative to FIGS. 5a through 5c. NPN 
transistor 5011 is constructed similarly as PNP transistor 50p, 
but of course With the opposite conductivity type. 

[0058] Transistors 50p, 50n therefore have respective bur 
ied collector regions 26‘p, 26‘n, that consist of heavily doped 
portions of a silicon thin-?lm layer, each providing a loW 
resistance path to the respective collector contacts 44c. In 
this embodiment of the invention, buried collector region 
26‘n is heavily-doped With phosphorous or antimony, While 
buried collector region 26‘p is boron-doped, as described 
above. As in the previously described examples, the doping 
of buried collector regions 26‘ is performed by respective 
masked ion implant processes and subsequent anneals. The 
updiffusion of dopant from buried collector regions 26‘n, 
26‘p is inhibited, at locations underlying the eventual emitter 
region, by Way of a masked ion implant of a carbon-bearing 
species, as described above relative to FIGS. 5a and 5b. It 
is contemplated that a single masked implant of the carbon 
bearing species may be performed for both the NPN and 
PNP devices. In each of transistors 50p, 5011, however, those 
portions of the buried collector regions 26‘p, 26‘n at Which 
collector contacts are to be formed are protected from this 
implant according to this embodiment of the invention. As 
a result, subsequent processing, including the epitaxial 
groWth of layer 28, results in diffusion of the phosphorous 
or antimony dopant from buried collector layer 26‘n in NPN 
transistor 5011, and diffusion of boron dopant from buried 
collector layer 26‘p in PNP transistor 50p, forming heavily 
doped regions 55n, 55p, respectively, to Which collector 
contacts are made, as shoWn in FIG. 6. 

[0059] In this complementary bipolar realiZation, there 
fore, selective masked carbon-bearing species ion implan 
tation provides good matching of the PNP and NPN devices 
to one another, Without the differences that arise in conven 
tional complementary devices due to the differential updif 
fusion of dopant from buried collector layers depending 
upon the dopant species. This matching is accomplished in 
this embodiment of the invention because the updiffusion in 
these “safe” areas facilitates the formation of collector 
contacts to the buried collector layers. 
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[0060] The concept of the masked implant of the carbon 
bearing species may also be used to advantage in the 
formation of transistors of different electrical and perfor 
mance characteristics, as Will noW be described relative to 
another alternative embodiment of the invention, relative to 
FIGS. 7a and 7b. In the example of FIGS. 7a and 7b, the 
construction of PNP transistors 60HV and 60LV Will be 
described, it being understood that this embodiment of the 
invention may also be directly applied to the fabrication of 
NPN transistors, as Well. 

[0061] As shoWn in FIG. 7a, high voltage region HV and 
loW voltage LV each have a buried collector region 26‘ 
formed Within a thin ?lm silicon layer 26, by Way of ion 
implantation as described above. Implant mask 62 is formed 
over the surface of thin ?lm silicon layer 26 to expose 
selected locations of thin ?lm silicon layer 26 to receive ion 
implantation of a carbon-bearing species. Implant mask 62 
may be formed of photolithographically patterned photore 
sist of adequate thickness to stop the implant, or alterna 
tively by Way of a hard mask, such as formed of silicon 
dioxide that is photolithographically patterned and etched. 
In this embodiment of the invention, mask layer 62 protects 
one portion of buried collector region 26‘ in high voltage 
region HV, but exposes another portion of region 26‘. In 
contrast, in loW voltage region LV, mask layer 62 covers 
almost the entirety of buried collector region 26‘, except 
perhaps at the edges (to inhibit lateral diffusion of dopant). 
Ion implantation of a carbon-bearing species, such as 
elemental carbon or alternatively SiGeC, is then performed, 
as suggested by FIG. 7a. According to this embodiment of 
the invention, therefore, the carbon-bearing species is 
implanted into the buried collector region 26‘ of the high 
voltage region HV, and Will inhibit updiffusion of the 
(boron) dopant into a subsequently formed epitaxial layer at 
that implanted location. This updiffusion is not inhibited in 
loW voltage region LV, as no implant reaches buried collec 
tor region 26‘ in that region. 

[0062] FIG. 7b shoWs, in cross-section, completed tran 
sistors 60HV, 60LV, the construction of Which is performed 
in similar manner as described above relative to FIGS. 26 
through 2g, and FIG. 5c. In summary, silicon is epitaxially 
groWn (in the absence of a diffusion-retarding dopant) to 
form an epitaxial silicon layer 28 of the desired thickness 
over silicon thin-?lm layer 26, 26‘. As before, the doping 
concentration of epitaxial layer 28 may be set during epit 
axy, or alternatively a subsequent doping process may be 
carried out. Trench isolation structures 29 are formed at the 
appropriate locations of epitaxial layer 28 and silicon thin 
?lm layer 26. Transistors 60HV, 60LV then are completed as 
before, resulting in the structure shoWn in FIG. 7b, With the 
same reference numerals as used before referring to the same 
structures if present in transistors 60HV, 60LV. 

[0063] As shoWn in FIG. 7b, the masked carbon-bearing 
species implant according to this embodiment of the inven 
tion inhibits diffusion of dopant from buried collector region 
26‘ at the location underlying emitter electrode 36 in tran 
sistor 60HV, leaving a relatively lightly-doped subcollector 
68 for this transistor 60HV. On the other hand, because no 
such implant Was applied to virtually the entirety of buried 
collector region 26‘ of eventual transistor 60LV, dopant from 
its buried collector region 26‘ diffuses upWardly into epi 
taxial layer 28 during its formation, and during other high 
temperature processes, forming a heavily doped region 65 
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Within the collector of transistor 60LV. A similar heavily 
doped region 65 is formed in transistor 60HV, aWay from the 
active region of the device and located near the location of 
its collector sinker structure 33. Locations 65 of course 
correspond to the portions of buried collector layer 26‘ that 
Were protected by mask layer 62 from the carbon-bearing 
species implant, and therefore there is substantially no 
barrier to updiffusion at these locations. 

[0064] The selective inhibition of dopant diffusion near 
the active emitter regions provide a differential performance 
characteristic for transistors 60HV, 60LV in this embodi 
ment of the invention, even Where transistors 60HV, 60LV 
are otherWise similarly constructed. Subcollector 68 of tran 
sistor 60HV is relatively thick, because of the carbon 
bearing species implant that inhibits diffusion, and yields a 
high breakdoWn voltage for this device, rendering it suitable 
for use in high bias voltage applications. This high break 
doWn voltage comes at a cost of relatively high collector 
series resistance, hoWever, because of the distance that 
current must travel through thick subcollector 68. Even in 
transistor 60HV, hoWever, the masking of implant from 
portions of buried collector region 26‘ at Which collector 
sinker structure 33 is to be formed facilitates the making of 
a good, loW resistance, collector contact aWay from the 
active region of the device. 

[0065] On the other hand, because heavily doped regions 
65 are formed by the updiffusion of dopant from buried 
collector region 26‘ in transistor 60LV, the distance betWeen 
the active region of the device and heavily doped region 65 
(i.e., the thickness of its subcollector) is much shorter. 
Accordingly, transistor 60LV has a loWer breakdoWn voltage 
than does transistor 60HV; hoWever, this shorter distance of 
the current path before reaching heavily doped region 65 
yields a loWer series collector resistance for transistor 60LV. 
Transistor 60LV is therefore more suitable for high perfor 
mance and high speed applications in Which the bias volt 
ages can be kept loW. 

[0066] According to each of the embodiments of this 
invention, as described above, numerous advantages are 
provided. The ability to control the diffusion of dopant from 
heavily doped buried layers, such as buried collectors in 
bipolar devices, provided by this invention permits 
improved control in the determination of the operating 
characteristics of these devices, and improved matching of 
device characteristics, especially in the complementary 
bipolar context. Pressure on the thermal budget arising from 
the problem of diffusion from buried layers is also relieved. 
Selective application of the diffusion retardant permits fur 
ther control in the relative diffusion of dopant from buried 
layers also permits design ?exibility in the fabrication of 
different transistors in the same integrated circuit, both in the 
context of complementary bipolar devices and also in the 
context of transistors having different tradeoffs betWeen 
breakdoWn voltage and collector resistance. 

[0067] It is also contemplated that the present invention 
may also be of bene?t When applied to metal-oxide-semi 
conductor (MOS) transistors, either in a purely MOS inte 
grated circuit, or in an integrated circuit that includes both 
bipolar and MOS devices (such as BiCMOS or CBiCMOS 
devices). FIGS. 8a and 8b illustrate examples of embodi 
ments of this invention as used in connection With MOS 
devices. 
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[0068] FIG. 8a is a cross-sectional diagram of n-channel 
MOS transistor 70. Transistor 70 in this example can be 
formed in the same integrated circuit as PNP transistor 30 of 
FIG. 2g; similar structures are referred to With the same 
reference numerals as in FIG. 2g and the other drawings 
discussed above. In this example, therefore, transistor 70 is 
formed in a silicon layer that overlies buried insulator 24, 
supported by handle Wafer 22. This silicon layer includes the 
silicon layers 26, 28 to Which reference is made relative to 
FIGS. 2a through 2g above. The active elements of tran 
sistor 70 include gate electrode 75, Which overlies p-Well 
28c and is separated therefrom by gate oxide 73. On either 
side of the channel underlying gate electrode 35, are source 
region 74s and drain region 74d. According to this embodi 
ment of the invention, source and drain regions 74s, 74d are 
n-type doped regions formed by ion implantation in the 
conventional self-aligned manner relative to gate electrode 
75 and its sideWall spacers 77. Source and drain regions 74s, 
74d, and gate electrode 75, may be silicide-clad as shoWn, 
if desired. Electrical contact to source and drain regions 74s, 
74d and gate electrode 75 may be made by Way of corre 
sponding plugs 42 through overlying insulator layer 41, With 
metalliZation connections 44s, 44d, 44g in contact With the 
corresponding plugs 42. 

[0069] It is contemplated that many of the elements of 
transistor 70 may be made simultaneously With elements of 
bipolar transistor 20 described above. For example, plugs 42 
in both transistors may be formed simultaneously. Emitter 
electrode 35 and gate electrode 75 may also be formed from 
the same polysilicon layer, With the difference that emitter 
electrode 35 is in contact With base layer 32 While gate 
electrode 75 is insulated from the underlying silicon. Addi 
tionally, p-Well 286 is effectively the same silicon layer as 
subcollector 286 in bipolar transistor 20, and therefore is 
similarly doped and formed by Way of epitaxy. 

[0070] According to this embodiment of the invention, 
p-type buried collector region 26‘ also resides under n-chan 
nel MOS transistor 70. While, in this MOS case, no tran 
sistor current is intended to be conducted by buried region 
26‘, the presence of a conductive ground plane beneath the 
channel region of an MOS device has been found to be 
bene?cial. Such a ground plan ensures the proper body node 
bias, by providing a loW-resistance body contact to a loca 
tion that is directly in contact With the body node under the 
channel region. In addition, the ground plane provided by 
buried region 26‘ also effects good shielding of the MOS 
device from noise generated elseWhere in the integrated 
circuit. 

[0071] Also in this embodiment of the invention, diffusion 
barrier 28c is present in transistor 70, overlying buried 
region 26‘. Diffusion barrier 28c is formed in the same 
manner, and at the same time, as for any bipolar devices in 
the same integrated circuit With transistor 70, either by Way 
of a carbon-bearing source during epitaxy of p-Well 286, or 
by Way of a blanket or masked ion implantation. The 
presence of the carbon in diffusion barrier 28c con?nes the 
dopant of buried region 26‘, Which in this case is boron, from 
updiffusing toWard the channel of transistor 70. As a result, 
buried region 26‘ serves as a conductive ground plane, and 
can be placed at a controlled depth beloW source and drain 
regions 26‘. The tradeoff betWeen leakage current and break 
doWn voltage, on the one hand, and proximity of buried 
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region 26‘ to the channel, on the other hand, can therefore be 
closely controlled according to this embodiment of the 
invention. 

[0072] According to another embodiment of the invention, 
Which is speci?cally directed to MOS transistors, the car 
bon-bearing diffusion barrier layer can be placed extremely 
close to the active regions of the device, as Will noW be 
described relative to transistor 80 of FIG. 8b. In FIG. 8b, the 
same elements as shoWn in FIG. 8a Will be referred to by the 
same reference numerals. 

[0073] Transistor 80 is an n-channel transistor, in Which 
gate electrode 75 and the overlying connections thereto, and 
to the source and drain, are identical to that in the case of 
transistor 70 described above. According to this embodiment 
of the invention, hoWever, transistor 80 is formed at a 
surface of p-Well 86, Which is a lightly-doped p-type region; 
p-Well 86 may be an implanted diffused region of a bulk 
silicon Wafer, a region in a silicon-on-insulator (SOI) device 
as described above, or further in the alternative may simply 
be the substrate on Which the entire integrated circuit is 
formed. Super steep retrograde Well 88 overlies p-Well 86, in 
a manner that is con?ned betWeen isolation structures 20. 
According to this embodiment of the invention, retrograde 
Well 88 is also a p-type region, but has a super-steep 
retrograde dopant pro?le, in Which the dopant concentration 
in Well 88 increases steeply With increasing depth into the 
Wafer. As is knoWn in the art, retrograde Wells such as Well 
88 are useful in improving electrical isolation among tran 
sistors in the same substrate. 

[0074] According to this embodiment of the invention, 
diffusion barrier 85 is disposed at the surface of retrograde 
Well 88. Diffusion barrier 85 is formed in the manner 
described above, either by Way of including a carbon source 
during epitaxial groWth of silicon or by Way of a blanket or 
masked ion implantation. In this example, diffusion barrier 
85 is extremely close to the surface of the structure, and in 
fact is Within the region at Which the source and drain 
junctions Would otherWise extend so that the source and 
drain regions actually abut diffusion barrier 85 as shoWn in 
FIG. 8b. Diffusion barrier 85 in this embodiment therefore 
provides a barrier both to updiffusion from the super steep 
retrograde pro?le of Well 88, and also to the diffusion of 
implanted source/drain dopant. As a result, the excellent 
isolation characteristics provided by super steep retrograde 
Well 88 are maintained Without adversely affecting the 
leakage current or breakdoWn characteristics of transistor 
80. In addition, the depth to Which the n-type source/drain 
dopant (typically phosphorous) diffuses to form the source/ 
drain junctions is kept shalloW, as is bene?cial for high 
performance transistors. This reduction in junction depth is 
achieved While still permitting the lateral diffusion of the 
source/drain dopant under sideWall spacers 77, so that 
transistor 80 can turn on in response to the appropriate gate 
voltage. It is therefore contemplated that transistor 80 Will be 
of particular bene?t in high performance MOS transistors. 

[0075] According to these additional embodiments of the 
invention relative to MOS transistors, the bene?ts of diffu 
sion barriers in the underlying single-crystal silicon include 
improved process control, and less pressure on thermal 
budget, as achieved With the bipolar transistors described 
above. In some cases, the present invention can result in 
improved device performance, as Well. 
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[0076] While the present invention has been described 
according to its preferred embodiments, it is of course 
contemplated that modi?cations of, and alternatives to, these 
embodiments, such modi?cations and alternatives obtaining 
the advantages and bene?ts of this invention, Will be appar 
ent to those of ordinary skill in the art having reference to 
this speci?cation and its draWings. It is contemplated that 
such modi?cations and alternatives are Within the scope of 
this invention as subsequently claimed herein. 

1-13. (canceled) 
14. An integrated circuit comprising at least a ?rst bipolar 

transistor, comprising 
a ?rst buried collector region substantially free of carbon; 

an epitaXially-groWn silicon-containing layer, substan 
tially free of carbon, overlying the ?rst buried collector 
region; 

a diffusion barrier layer comprised of a carbon-bearing 
substance disposed near an interface betWeen the ?rst 
buried collector region and the silicon-containing layer; 

a ?rst base layer, substantially free of carbon, at a surface 
of the silicon-containing layer overlying the ?rst buried 
collector region; and 

a ?rst emitter, substantially free of carbon, at a surface of 
the ?rst base layer overlying the ?rst buried collector 
region. 

15. The integrated circuit of claim 14, further comprising: 

a collector contact extending from a surface of the inte 
grated circuit toward the ?rst buried collector region; 

Wherein the diffusion barrier is located at selected loca 
tions of the interface betWeen the ?rst buried collector 
region and the silicon-containing layer, the selected 
locations including locations underlying the ?rst emit 
ter and not including locations betWeen the ?rst buried 
collector region and the collector contact. 

16. The integrated circuit of claim 14, Wherein the ?rst 
buried collector region and the ?rst emitter are of a ?rst 
conductivity type; 

and Wherein the ?rst base layer is of a second conductivity 
type; 

and further comprising a second bipolar transistor, the 
second bipolar transistor comprising: 

a second buried collector region of the second conduc 
tivity type, underlying the epitaXially-groWn silicon 
containing layer; 

a diffusion barrier comprised of a carbon-bearing sub 
stance disposed near an interface betWeen the second 
buried collector region and the silicon-containing layer; 

a second base layer, of the ?rst conductivity type, at a 
surface of the silicon-containing layer overlying the 
second buried collector region; and 

a second emitter, of the second conductivity type, dis 
posed at a surface of the second base layer overlying 
the second buried collector region. 

17. The integrated circuit of claim 16, Wherein the ?rst 
buried collector region comprises a region of the semicon 
ductor layer that is doped With boron; 
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and Wherein the second buried collector region comprises 
a region of the semiconductor layer that is doped With 
arsenic. 

18. The integrated circuit of claim 14, Wherein the ?rst 
buried collector region and the ?rst emitter are of a ?rst 
conductivity type; 

and Wherein the ?rst base layer is of a second conductivity 
type; 

and further comprising a second bipolar transistor, the 
second bipolar transistor comprising: 

a second buried collector region of the ?rst conductivity 
type, underlying the epitaXially-groWn silicon-contain 
ing layer; 

a second base layer, of the second conductivity type, at a 
surface of the silicon-containing layer overlying the 
second buried collector region; and 

a second emitter, of the ?rst conductivity type, disposed 
at a surface of the second base layer overlying the 
second buried collector region; 

Wherein the diffusion barrier is located at selected loca 
tions of the interface betWeen the ?rst buried collector 
region and the silicon-containing layer, the selected 
locations including locations underlying the ?rst emit 
ter and not including locations betWeen the second 
buried collector region and the second emitter. 

19. The integrated circuit of claim 14, further comprising: 

a buried insulator layer disposed under the semiconductor 
layer. 

20. The integrated circuit of claim 14, further comprising: 

an MOS transistor Within another portion of the epitaxi 
ally-groWn silicon-containing layer at a location over a 
second buried collector region, Wherein the diffusion 
barrier is disposed near an interface betWeen the second 
buried collector region and the silicon-containing layer, 
the MOS transistor comprising: 

a source region, disposed at a surface of the silicon 
containing layer; 

a drain region, disposed at a surface of the silicon 
containing layer; and 

a gate electrode, insulatively disposed over the surface of 
the silicon-containing region at a location betWeen the 
source and drain regions. 

21. A metal-oxide-semiconductor transistor, comprising: 

a source region, disposed at a surface of a semiconducting 
portion of a substrate; 

a drain region, disposed at the surface of the semicon 
ducting portion; 

a gate electrode, insulatively disposed over the surface of 
the semiconducting portion at a channel location 
betWeen the source and drain regions. 

a carbon-containing layer disposed in the semiconducting 
portion beloW the channel location; and 

a heavily-doped region disposed in the semiconducting 
portion beloW the carbon-containing layer. 

22. The transistor of claim 21, further comprising: 

a Well region, disposed in the semiconducting portion 
beloW the heavily-doped region. 




