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BIPOLAR TRANSISTOR WITH SELFALIGNED SILICIDE AND EXTRINSIC BASE

Technical Field
This invention relates to self-aligned bipolar transistor (BT) for which the extrinsic

base implant, extrinsic base silicide, and the emitter are self-aligned to-one another.

Backeround Art
Tt has been shown that introducing a SiGe epitaxial layer to serve as the base of a
bipolar transistor allows the bipolar transistor to achieve high switching speeds. By reducing

the parasitic base resistance and capacitance, one can take advantage of the speed increase to
further increase in the maximum oscillation ﬁ'eqqency (fimax). One easy approach to
accomplish this goal is to reduce the lateral dimensions of the transistor. Aligning one part of
the transistor to another is traditionally done by lithography. In designing such a structure one
inust consider the alignment-and critical dimension tolerance associated with the Tithography -
processes. Integration schemes that make use of self-alignment instead of 1ithogfaphy, where
of one part of the transistor is-used to align another feature of the transistor, have proven to be
efficient in reducing the lateral dimensions and increasing transistor performance.

For a conventional bipolar transistor, the extrinsic base layer is implanted after the .
patterning of the enﬁtter polysilicon layer. These conventional patterning processes still rely
on lithography to align the emitter polysilicon layer pattern to the emitter opening and the
subsequent contact. The emitter polysilicon layer pattern is typically large enough to allow
for tolerance in the lithographic processes for the emitter contact. Therefore, for this type of
integratioh scheme, the extrinsic base implant and silicide are non-self aligned and are spaced
far away from the emitter base junction, which results in high base resistance. The maximum
oscillation frequency of such a non-self aligned transistor is limited by a base resistance (Rb)
caused by such spacing.

The below-referenced U.S. patents disclose embodiments that were satisfactory for the

purposes for which they were intended. The disclosures of the b’elow-referenced prior U.S.
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patents, in their entireties, are hereby expressly incorporated by reference into the present
invention for purposes including, but not limited to, indicating the background of the present
invention and illustrating the state of the art.

For example, in US Patent 6,534,372, the extrinsic base is delimitated by a permanent
spacer formed around a temporary emitter pedestal or by the femporaxy emitter pedestal itself.
The temporary pedestal is later removed by lithography and etching to be replaced by a
polysilicon emitter. The permanent spacer must then be of sufficient width for the second
lithographic pattem edge with its associated critical dimensions (CD) and alignmient tolerance
to 'be' formed on top of the spacer. In addition, the spacer width has to be sufficient to provide
emitter-base isolation. This adds a structural constraint on the emitter dimension and
minimum distance between the heavy doped extrinsic base area and the emitter-base junction.
Also, the emitter polysilicon layer and the extrinsic base silicide are defined by lithography
which adds to the lateral dimension and base resistance.

In US Patent Application 6,531,720, the lateral profile of the extrinsic base doping is
determined by a dual spacer formed around a temporary emitter pedestal. The emitter
poiysilicon layer @nd the extrinsic base silicide are defined by lithography which adds to the
lateral Hﬁnension and the base iésistance. Another drawback of this integration scheme is that
the temporary pedestal lays on top of a thick stack of oxide nitride and polysilicon layers. In
this case, the stack is needed to later form the emitter-base isolation and, consequently, the
dopant implantation through such a thick stack have to be of high energy to achieve low base
resistance in the extrinsic base region. This resulis in less conirol over the doping profile and

loss of intrinsic base region due to dopant diffusion.

Disclosure of Invention

_The invention presents a method of forming a transistor in an integrated circuit
structure that begins by forming a collector in a substrate and then forming an intrinsic base
above the collector. The invention patterns an alignment layer over the substrate to have an
alignment opening and then patterns an emitter pedestal (sacrificial placeholder) on the
substrate in the alignment opening. Then, the invention can perform a first implant to form
first extrinsic base portions in regions of the substrate not protected by the emitter pedestal

and the alignment layer. Next, the invention removes the emitter pedestal and forms an
2
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emitter in the alignment opening, which is self-aligned to the first extrinsic base implant. .
After removing the alignment layer, the invention performs a second implant to form second
extrinsic base portions in regions of the substrate not protected by the emitter. Then, sidewall
spacér is formed on the emitter and a third implant is performed to form third extrinsic base
portions in regions of the substrate not protected by the emiter and the sidewall spacer.

Similarly, the process of forming the emitter comprises depositing an emitter material
conformally within the alignment opening. The thickness of the emitter material within the
alignment opéﬁi?:g determines the width of thé emitier. This conformal deposition process
again leaves a recess in the emitter material where the alignment opening is positioned. As
was done with the emitter pedestal, a mask is formed within the recess the emitter material not
protected by the mask is removed.

In another embodiment, the invention forms a collector in a substrate and an intrinsic
base above the collector. Then, the invention patterns an emitter pedestal for the lower

_portion of the emitter on the substrate above the intrinsic base. Before actually forming the
emitter or associated spacers, the invention forms an extrinsic base in regions of the substrate
not protected by the emitter pedestal. After this, the invention removes the emittef pedestal
and eventually forms the emitter where the emitter pedestal was positioned.

This embodiment provides a process of forming the extrinsic base that first performs a
first impurity implant into the regions of the substrate not protected by the emitter pedestal,
without any spacers present. This allows the sides of the extrinsic base regions to be directly
vertically below and directly veitically aligned with sides of the lower portion of the emitter.
Afier this first implant, the inventidn then forms first sidewall spacer on the emitter pedestal
and performs a second impurity implant into regions of the substrate not protected by the

. emitter pedestal or the first sidewall spacer. The invention then removes the first sidewall
spacer and repeats the implant process with a wider sidewall spacer. Therefore, the invention
forms second sidewall spacer on the emitter pedestal. These second sidewall spacers extend
further from the emitter pedestal than did the first sidewall spacer. Then, the invention
performs a third impurity implant into regions of the substrate not protected by the emitter.
pedestal or the second sidewall spacer.

This processing causes the extrinsic base to include multiple steps adjacent the sides of

the emitter when viewed in cross-section. These steps comprise léngths of the extrinsic base
3
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that extend different depths into the substrate, wherein each successive length of the extrinsic
base away from the emitter and the intrinsic base extend further into the substrate. Also, the
thickness of the first sidewall spacer and the second sidewall spacer is independent of the
thickness of the isolation regions that will be formed adjacent the lower portion of the emitter
later.

Before the invention removes the emitter pedestal, it forms an alignment layer
adjacent the emitter pedestal. When the emitter pedestal is removed, this leaves an emitter
opening in the alignment layer. Then, the subsequent processing forms the emitfer in the
emitter openings of the alignment layer. Also, the invention forms an etch stop layer on the
substrate and the thickness of the etch stop layer is controlled to reduce the energy required
for the process of forming the extrinsic base regions.

The-resulting structure has a collector and intrinsic base in the substrate, extrinsic base
regions in the substrate adjacent the intrinsic base, and an emitter above the intrinsic base.
The emitter has a T-shape where the upper portion is wider than the lower portion. The sides
of the extrinsic base regions can be directly vertically below and directly vertically aligned
with )the sides of a lower portion of the emitter that is directly qbo\ve the intrinsic base, or can
be positioned below the emitter. These, and other, aspects and objects of the present
* invention will be better appreciated and understood when considered in conjunction with the
foliowing description and the accompanying drawings. It should be understood, however,
that the following description, while indicating preferred embodiments of the present
invention and numeroustsp‘eciﬁc details thereof, is given by way of illustration and not of
limitation. Many changes and modifications may be made within the scope of the présent |

invention without departing from the spirit thereof, and the invention includes all such

modifications.

Bnef Descngtlon of the Drawings

The invention will be better understood from the following detalled descrlptlon with

reference to the drawings, in which:
Figure 1 is a schematic diagram of a partially completed bipolar transwtor accordmg to

the invention;
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Figure 2 is a schematic diagram of a partially completed bipolar transistor according to

the invention;
Figure 3 is a schematic diagram of a partially completed bipolar transistor according to

the invention;
Figure 4 is a schematic diagram of a partially completed bipolar transistor according to

the invention; A
Figure 5 is a schematic diagram of a partially completed bipolar transistor according to
theinvention; . ‘ | - - '
Figure 6 is a schematic diagram of a partially completed bipolar transistor according to
the invention; '

Figure 7 is a schematic diagram of a partially completed bipolar transistor according to

the invention;
Figure 8 is a schematic diagram of a partially completed bipolar transistor according to

the invention;
Figure 9 is a schematic diagram of a partially completed bipolar transistor according to
the invention; . . ‘
* Figure 10 is a schematic diagram of a partially completed bipolar transistor according

to the invention; o
Figure 11 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 12 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 13 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 14 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 15 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 16 is a schematic diagram of a partially completed bipolér transistor according

to the invention;
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Figure 17 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 18 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 19 is a schematic diagram of a partially completed bipolar transistor according

to the invention;

Figure 20 is a schematic diagram of a partially completed bipolar transistor according
to fe invention: o S -

Figure 21 is a schematic diagram of a partially comﬁleted bipolar transistor according
to the invention;

Figure 22 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 23 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 24 is a schematic diagram of a partially completed bipolar transistor according

to the invention; .
Figure 25 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 26 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 27 is a schemaiic diagram of a partially completed bipolar transistor according

to the invention;
Figure 28 is a schematic diagram of a partially completed bipolar transistor according

to the invention; ‘
Figure 29 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
. F iglire 30 is a schematic diagram of a partially completed bipolar transistor according

to the invention; '
Figure 31 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
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Figure 32 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 33 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 34 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 35 is a schematic diagram of a partially completed bipolar transistor according

' to the invention; i

Figure 36 is a schematic diagram of a partially completed bipolar transistor according
to the invention;

Figure 37 is a schematic diagram of a partially completed bipolar transistor according
to the inventioni

Figure 38 is a schematic diagram of a partially completed bipolar transistor according

to the invention; .
Figure 39 s a schematic diagram of a partially completed bipolar transistor according

to the invention; .
Figure 40 is a schematic diagram of a partially completed bipolar transistor according

to the invention; .
Figure 41 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 42 is a schematic diagram of a pariially completed bipolar transistor according

to the invention; |
Figure 43 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 44 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure4Sisa schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 46 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
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Figure 47 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 48 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 49 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 50 is a schematic diagram of a partially completed bipolar transistor according

e

to the invention;
* Figure 51 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 52isa schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 53 is a schematic diagram of a partially completed bipolar transistor according

to the invention; A
Figure 54 is a schematic diagram of a partially completed bipolar transistor according

to the invention; .
Figure 55 is a schematic diagram of a partially completed bipolar transistor according

to the invention;
Figure 56 is a schematic diagram of a partially completed bipolar transistor according

to the invention; and
Figure 57 is a schematic diagram of a partially completed bipolar transistor according

to the invention.

Best Mode for Carrying Out the Invention
The present invention and the various features and advantageous details thereof are

explained more fully with reference to the nonlimiting embodiments that are illustrated in the
accompanying drawings and detailed in the following description. It should be noted that the
features illustrated in the drawings are not necessarily drawn to scale. Descriptions of well-
known components and processing techniques are omitted so as to not unnecessarily obscure
the present invention. The exémplcs used herein are intended merely to facilitate an

understanding of ways in which the invention may be practiced and to further enable those of
8
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1

skill in the art to practice the invention. Accordingly, the examples should not be construed
as limiting the scope of the invention.

The various solutions toward improving bipolar transistors that are discussed in the
background section leave room for improvement in bipolar transistors in a number areas. For
example, there is a need for 1) the extrinsic base implant to be self-aligned to the emitter
opening; 2) the extrinsic base silicide to be self-aligned to the emitter opening; 3) the emitter
polysilicon pattetn to be self-aligned to the emitter opening; 4) the dopant profile to be
" formed i n proxumty of the emitter-base junction to optimize the base resistance and emitier-
base leakage current; and 5) the extension base implant to be performed through only a thin
oxide layer.

This disclosure describes a self-aligned transistor with an implanted extrinsic base that
addresses the points mentioned above. More specifically, as shown in the 4embodiment in
Figures 1-22, the-invention forms a transistor in an integrated circuit structure that begins by
forming a collector 12 in a substrate 10 and an intrinsic base 14 above the collector 12. |
Regions 18 are shallow trench isolation (STI) of the substrate 10 that separate the transistor
. from other structures. In this example regions 16 comprise, for example, doped polysilicon
17 and various deposited oxides 18, 19. The methodologies and materials that can be used to
form these structures are well known to those of ordinarily skilled in the art as explained in,
for example, US Patent 6,534,372, mentioned above.

As shown in Figure 2, the invention forms a thin (10-20 nm) etch stop layer 20 (such
as a deposited oxide), a nitride layer 26, and an alignment layer 22 which can Comprise any
suitable material, such as undoped polysilicon, etc. The thickness of the etch stop layer 20 is
controlled to reduce the energy required for the process of forming the extrinsic base regions
82, 172, 192 that are discussed below. Another deposited oxide layer 24 is formed over the
alignment layer 22 in the structure in Figure 2.

Next, ‘as shown in Figure 3, a photoresist 30 is patterned over the oxide layer 24 and,
as shown in Figure 4, a material removal process (such as étching) is used to pattern the oxide
layer 24, the alignment layer 22, and the nitride layer 26 stopping on the etch stop layer 20.
This process forms an alignment opening 40.

In Figure 5, a sacrificial material 50, such as undoped polysilicon, is conformally

deposited over the oxide layer and within the alignment opening 40. This sacrificial material
9
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50 will eventually become the emitter pedestal that is used to align the implants and the
emitter. This conformal deposition process forms a second opening 52 in the first opening 40.
Then, as shown in Figure 6, a mask material 60 (such as nitride) is deposited into the second
opening 52. As shown in Figure 7, the mask material 60 is used to pattern the sacrificial
material 50 into the emitter pedestal structure 50. Again, any conventional material removal
process, such as etching, etc., can be used to pattern the sacrificial material 50. With the mask
60in place above the sacrificial material 50, the first of a series of extrinsic base implant
impurity dopmg processes is performed as indicated by arrows 80 in Figure 8. This process
forms the first section of the extrinsic base 82.

In Figure 9, additional nitride 90 is deposited and is selectively removed down to a
level equal to nitride layer 26 (as shown in Figure 10) using any selective material removal
i)rocess that is designed to only attack the nitride 90 and leave the remaining structures
substantially intaet. The remaining thickness of nitride 90 will serve as an isolation dielectric
between the emitter and the base. In Figure 11, the emitter pedestal 50 is removed and in
Figure 12 both oxide 24 and oxide layer 20 are removed (again using selective removal

processes)

Then, in Flgure 13, the emitter material 130 (such as doped polys1llcon or any other
conductive material) is deposited in a conformal deposition process that produees a third
opening 132 in a similar manner to second opening 52, as described above. In a similar
manner to the previous processing, a mask material 140 such as a deposited oxide or other
masking material is formed within the third opening 132 (as shown in Figure 14) and then the
exposed portions of the emitter material 130 and the undoped polysilicon 22 are removed
using material 140 as a mask, which results in the structure shown Figure 15. In Figure 16,
this material removal process is continued (or a different material removal process can be
‘commenced) to remove the exposed portions of the nitride layer 26,90. Again, any
conventional material removal process, such as etching, can be utilized in these steps.

In Figure 17, a second impurity 170 is implanted into the exposed portions of the
substrate10 to form the second portion of the extrinsic base 172. After this, spacer 180 is
formed along the sidewalls of the emitter 130. The spacer 180 can comprise, for example, a
nitride (or other similar material) that is deposited and then removed in a directional removal

process (such as amsotroplc etching) that removes the nitride from horizontal surfaces at a
10



WO 2006/053257 PCT/US2005/041049

faster rate than it removes the nitride material from vertical surfaces, thereby leaving the
sidewall spacer 180 along the sidewalls of the emitter 130 as shown in Figure 18. Next, as
shown in Figure 19, a third impurity implant 190 is performed to form the third portion of the
extrinsic base implant 192.

In Figure 20, the etch stop layer 20 and the mask 140 are removed, again using any
selective material removal process, such as etching. In Figure 21 the boundary of the
conductor 17 is defined using conventional patterning processes (such as masking and
etching). In Figure 22, a silicide region 220 is formed over the conductors 17 and the
extrinsic base region 192 using well-known siliciding processes that involve applying heat in
the presence of a metal, as is well known to those ordinarily skilled in this art field. Thus, the
silicide regions 220 are formed without having to use alignmént masks, etc., and therefore,
self-aligned silicide regions or salicides 220. In other words, the silicide 220 of the extrinsic
base 192 and the top of the emitter 130 is self-aligned to the extent to base 82, 172, 192 and
the emitter 130. Thus, with the use of the spacers 180 and the alignment features (such as the
nitride 90, the emitter pedestal 50, etc.), the silicide 220, the extrinsic base 82, 172, 192, and
the emitter 130 are all self-aligned with each other and do not require the more expensivé and
less accurate mask-type alignment processes.

The resulting structure shown in Figure 22 has a collector 12 and intrinsic base 14 in
the substrate 10, extrinsic base regions 82, 172, 192 in the substrate 10 adjacent the intrinsic
base 14, an emitter 130 above the intrinsic base 14 and self-aligned silicide regions 220. The
emitier 130 has a T-shape where the upper portion is wider than the lower portion. Further,
the extrinsic base 82, 172, 192 includes multiple steps, when viewed in cross-section. These
steps comprise lengths of the extrinsic base 82, 172, 192 that extend different depths into the
substrate 10, wherein each successive length of the extrinsic base 82, 172, 192 away from
intrinsic base 14 extends further into the substrate 10 from the top of the substrate 10. ‘

The embodiment shown in Figures 23-41 produces a similar structure as the
embodiment shown in Figures 1-22, using different processing techniques. The same or
similar items that are discussed above with respect to the embodiment shown in Figures 1-22
are identified with the same identification character or number and a redundant discussion of
such elements is avoided for brevity.

The structure shown Figure 23 is similar to the structure shown in Figure 2 except that
- 11
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layers 22, 24, and 26 are replaced with layer 230 which can comprise, for example, nitride. In
Figure 24, a mask 30 is formed in a similar manner as shown below in Figure 3, and in Figure
25, the same opening 40 discussed below in Figure 4 is formed. Again in Figure 26, the
sacrificial material 50 is formed and the same is patterned in Figures 27-28 as discussed
below with respect to Figures 6 and 7. Note that in Figure 28, the mask material 60 is
removed while in Figure 7 the mask material 60 is allowed to remain. The same impurity
implant 80 is made in Figure 29 as was made in Figure 8. Then, in Figure 30, the sacrificial
material 50 is removed. -

In Figure 31, conformal nitride (310) and undoped polysilicon (312) layers are
deposited over the structure. In Figure 32, sidewall spacer 320 (such as deposited oxide) is
formed in a similar sidewall spacer formation process that formed the previous sidewall
spacer 180. In Figure 33, a selective removal process removes the undoped polysilicon layer
312. This removal process does not affect the regions of the undoped polysilicon 312 that are
protected by the spacers 320. In Figure 34, the spacers 320 are removed and in Figure 35 the
ekposed portion of the nitride layer 310 is removed. Following this, the remaining undoped -
polysilicon 312 is removed, as shown in Figure 36, and the central exposed portion of the etch
stop layer 20 is removed, again using a selective material removal 15rocesses, as shown Figure
37

In Figure 38, the emitter material 130 is deposited as was done in Figure 13, above. In
a similar manner to that shown Figure 14 above, in Figure 39, the mask 140 is formed in the
recess 132 ﬁf the emitter material. Next, the exposed portions of the emitter material 130 are
removed, again in a selective material removal process, as shown in Figure 40. The nitride
regions 310 and 230 are removed (again in a selective material removal process) resulting in
the structure shown in Figure 41. The structure shown in Figure 41 is substantially similar to
the structure shown in Figure 16 and processing steps similar to the those shown in Figures
17-22 are performed on the structure to complete this embodiment of the invention.

The second embodiment is shown in Figures 42-57. More specifically, as shown in
Figure 42, this process begins with a structure that is somewhat similar to that shown in
Figure 2 and includes the etch stop layer 20 and the sacrificial material 50 above the etch stop
layer 20. The sacrificial layer 50 is patterned using standard photolithographic techniques to

form an emitter pedestal 50 for the lower portion of the emitter on the substrate 10 above the
12 ’
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intrinsic base 14, as shown in Figure 43.
Before forming the emitter or associated spacers, the invention forms an extrinsic base
82, 172, 192 in regions of the substrate 10 not protected by the emitter pedestal 50, as shown
in Figures 44-46. The invention provides a process of forming the extrinsic base 82, 172, 192
that first performs a first impurity implant 80 into the regions of the substrate 10 not protected
by the emitter pedestal 50, without any spaéer present, to form the initial portion of the
extrinsic base 82, as shown in Figure 44. This allows the sides of the initial portion of the
' extrinsic base 82 to be directly vertically below and directly vertically-aligned with sides of
the lower portion of the emitter 130 (Figure 55) that will eventually replace the emitter
pedestal 50.

After this first implant 80, the invention then forms first sidewall spacer 54 on the
emitter pedestal 50 and performs a second impurity implant 170 into regions of the substrate
10 not protected by the emitter pedestal 50 or the first sidewall épacer 450, as shown Figure
45. The invention then removes the first éidebvall spacer 54 and repeats the implant process.
with a wider sidewall spacer 460, as shown Figure 46. More specifically, the invention forms
second sidewall spacer 460 on the emitter pedestal 50. The second sidewall spacer 460
extends further from the emitter pedestal 50 than did the first sidewall spacer 450. Then, the
invention performs a third impurity implant 190 into regions of the substrate 10 not protected
by the emitter pédesta] 50 or the second sidewall spacer 460. After this, and shown Figure 47,
the second sidewall spacer 460 is removed.

As shown in Figure 46, this processing causes the extrinsic base 82, 172,192 to
include multiple steps 82, 172, 192 adjacent the intrinsic base 14, when viewed in cross-
section. These steps are also referred to herein as a retrograde doping profile. These steps
comprise lengths of the extrinsic base 82, 172, 192 that extend different depths into the

_ substrate 10, wherein each,sugges,éivc length of the extrinsic base 82, 172, 192 away from the
intrinsic base 14 extend further (deeper) into the substrate 10. The intrinsic base 14 has a
shape that mirrors the multiple step shape of the extrinsic base 82, 172, 192.

One of the benefits of this aspect of the invention is that the thicknesses of the first
sidewall spacer 450 and the second sidewall spacer 460 are independent of the thickness of
the isolation regions 20, 480 (shown in Figure 57) that will be formed adjacent the lower

portion of the emitter 130 later. ‘Therefore, unlike conventional methodologies, with the
13
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invention the dimensions of the steps in the extrinsic base 82, 172, 192 is completely
independeht of the spacer or isolation regions that will be formed next to the lower portion of
the emitter 130. Thus, the invention can position the edges of the extrinsic base wherever
-neceséaxy to optimize the performance of the transistor, without regard to the dimensions of
the isolation regions 20, 480 that will be positioned adjacent to the lower portion of'the T-
shaped emitter 130.
In Figures 48-53, the invention prepares a layer 480 for the emitter 130 that will be
formed in Figure 55. More speéiﬁcally, in Figure 48 conformai nitride 480 and oxide 482
layers are formed over the structure. In Figure 49, the oxide layer 482 is patterned to expose a
portion of the nitride layer 480. Next, in Figure 50, additional nitride is added to the previous
nitride layer 480 to form a thicker nitride layer 500. In Figure 51, the nitride 480, 500 is
etched down to a level below the top of the emitter pedestal 50. Then, in Figure 52, the ox1de ‘
layer 482 is removed. Finally, in Figure 53, the emitter pedestal 50 is removed leaving ,
opening 530. Figure 54 illustrates an optional embodiment that forms sidewall spacer 540 on
the sidewalls of layer 480. If this sidewall spacer 540 is utilized, when the emitter 130 is
formed, it will be spaced from the side of the extrinsic base 82, 172, 1 92.' In this description,
the "side" of the extrinsic base is the vertical portion of region 482 that it is adjacent to the
intrinsic base 14. Therefore, these optional sidewall spacer 540 can be used, when necaésary,
to provide additional control regarding the horizontal spacing between the side of the extrinsic
base 82, 172, 192 and the sides of the lower portion of the T-shaped emitter structure 130.
The various material deposition and removal processes that are discussed above are well
known to those ordinarily skilled in the art and will vary depending upon which materials are
used in the specific design, and a detailed discussion of the same is avoided herein for brevity.
Thus, as shown above, before the invention removes the emitter pedestal 50, it forms a
_ layer 480 adjacent the emitter pedestal 50. When the emitter pedestal 50 is removed, this
leaves an emitter opening 530 in the layer 480. Note that the position of the emitter opening
530 in the layer 480 is completely self aligned by previously formed structures and does not
require any lithographic-type structures, which avoids many problems of conventional
methodologies. ‘
As shown in Figure 55, the invention forms the T-shaped emitter 130 where the

emitter pedestal 50 was positioned. Once again, one ordinarily skilled in the art would
14
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understand that the emitter 130 can be formed of many useful conductors, such as polysilicon.
Next, in Figure 56, the exposed portion of layer 480 is removed, and in Figure 57, the exposed
portion of the etch stop layer 20 is removed. These processing steps form isolation regions
20, 480 that isolates the emitter 130 from the extrinsic base 82, 172, 192.

In this embodiment, the sides of the extrinsic base region 82 are directly vertically
below and directly horizontally aligned with the sides of a lower portion of the emitter 130
that is directly above the intrinsic base 14. Thus, the top of the intrinsic base 14 has the same
width as the lower section of the emitter 130 and the extrinsic base regions 14 do not extend
below the lower portion of the emitter 130.

Therefore, as shown above, in this embodiment, the lateral dimension of the transistor
is roduced by maximizing the use of self-alignment. The extrinsic base 82, 172, 192 is
partially implanted prior to the polysilicon emitter 130 formation to form a doping profile in
proximity of the emitter-base junction. Thus, with the invention, the emitter polysilicon 130
pattern is self-aligned to the emitter opening 130 and the extrinsic baseimplant 82, 172, 192.
Further, the temporary emitter pedestal 50 lays on the thin etch stop layer 20 which allows for
low energy ion implantation, which provides better control of the extrinsic base doping profile
depth and lateral diffusion. The use of the disposable pedestal 50 to form the extrinsic base
82, 172, 192 doping allows for an optimum ‘proﬁle' that is independent of other structures of

the transistor such as emitter-base isolation regions 20, 100.

Industrial Applicability
This invention is applicable to the manufacture of very-large-scale integrated circuits
in which high switching speeds are desired, and particularly in the manufacture of high-

performance computing devices.
 While the invention has been described in terms of preferred embodiments, those
skilled in the art will recognize that the invention can be practiced with modification within

the spirit and scope of the appended claims.

15
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What is claimed is:

1. A bipolar transistor comprising:
a substrate (10);
a collector (12) in said substrate;
an intrinsic base (14) above said collector;
an extrinsic base adjacent said intrinsic base; and
an emitter (130) above said intrinsic base, | )
wherein said extrinsic base includes extrinsic base implant regions (82, 172, 192)

adjacent said intrinsic base, when viewed in cross-section.

2. The bipolar transistor in claim 1, wherein the top of said intrinsic base (14) has the

same width as a lower section of said emitter (130) that is directly above said intrinsic base.

3. The bipolar transistor in claim 1, wherein said extrinsic base implant regions (82,172,
192) do not extend below a lower portion of said emitter that is directly above said intrinsic

base.

4. The bipolar transistor in claim 1, wherein said extrinsic base implant regions are

aligned with sides of said emitter.

5. The bipolar transistor in claim 1, wherein

said extrinsic base implant regions comprise lengﬁls of said extrinsic base that
extend different depths into said substrate, and )

each successive length of said extrinsic base away from said intrinsic base

extends deeper into said substrate.

6. The bipolar transistor in claim 4, further comprising isolation regions (90) adjacent a
lower portion of said emitter that is directly above said intrinsic base, wherein the lengths of

said extrinsic base implant regions are independent of the size of said isolation regions.

16
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7. The b'ipoiar mnsistdr in claim 1, wherein
. said emitter (130) comprises a lower portion and an upper portion that is wider than
said lower portion, and

said sides of said emitter comprise sides of said lower portion of said emitter. -

8. The bipolar transistor in claim 1, further comprising silicide regions (220) above said
extrinsic base and said emitter, -
- wherein said silicide regions, said extrinsic base, and said emitter are all self-aligned

with each other.

9. A method of forming a bipolar transistor structure, said method coxﬁprising:
forming a collector (12) in a substrate (10);
forming an intrinsic base (14) above said collector;
patterning an emitter pedestal (50) on said substrate above said intrinsic base;
forming an extrinsic base implant (80, 170, 190) in regions of said substrate not
* protected by said emitter pedestal; |
removing said emitter pedestal; and

forming an emitter (130) where said emitter pedestal was positioned.

10.  The method in claim 9, further comprising, before removing said emitter pedestal,

forming an isolation layer (90) adjacent said emitter pedestal.

11.  The method in claim 10, wherein said process of removing said emitter pedestal leaves
an emitter opening in said alignment layer, and wherein said process of forming said emitter

forms said emitter in said emitter opening of said alignment layer.

12.  The method in claim 9, wherein said process of forming said extrinsic base comprises:
performing a first impurity implant (80) into regions (82) of said substrate not
protected by said emitter pedestal;

forming a first sidewall spacer (450) on said emitter pedestal;
17
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performing a second impurity implant (170) into regions (172) of said substrate not
protected by said emitter pedestal and said first sidewall spacer;

removmg said first sidewall spacer;

forming a second sidewall spacer (460) on said emitter pedestal wherein said second
sidewall spacer extends further from said emitter pedestal than did said first sidewall spacer;

and
performing a third impurity implant (190) into regions (192) of said substrate not

-~

protected by said emitter pedestal and said second sidewall spacer.

13.  The method in claim 12, further comprising:

removing said second sidewall spacer; and

after forming said emitter, forming an isolation region (480) directly adjacent said
emitter,

wherein. the thicknesses of said first sidewall spacer and said second sidewall spacer

and their related implants are independent of the thickness of said isolation region.

14.  ‘The method in claim 9, further comprising, before patterning said emitter pedestal on
said substrate, forming an etch stop layer (20) over said substrate.

15. The method in claim 14, wherein the thickness of said etch stop layer is controlled to

reduce the energy required for said process of forming said extrinsic base regions.

18
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