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(57) ABSTRACT 

An improved Structure and method for gated lateral bipolar 
transistorS is provided. The present invention capitalizes on 
opposing Sidewall Structures and adjacent conductive side 
wall members to conserve available Surface Space on the 
Semiconductor chips. The conserved Surface Space allows a 
higher density of Structures per chip. The conductive side 
wall members couple to the gate of the gated lateral bipolar 
transistor and, additionally, to a retrograded, more highly 
doped bottom layer. The improved structure provides for 
both metal-oxide semiconductor (MOS) type conduction 
and bipolar junction transistor (BJT) type conduction 
beneath the gate of the gated lateral bipolar transistor. 
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STRUCTURE AND METHOD FOR GATED 
LATERAL BIPOLAR TRANSISTORS 

RELATED APPLICATIONS 

0001. This application is related to the following co-filed 
and commonly assigned applications, attorney docket num 
ber 303.413us1, entitled “Circuit and Method for Low 
Voltage, Voltage Sense Amplifier, attorney docket number 
303.402us1, entitled “Circuit and Method for Low Voltage, 
Current Sense Amplifier,” and attorney docket number 
303.471us1, entitled “Circuit and Method for Gate-Body 
Structures in CMOS Technology,” which are hereby incor 
porated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to semicon 
ductor integrated circuits. More particularly, it pertains to 
the Structure and fabrication of gated lateral bipolar transis 
torS. 

BACKGROUND OF THE INVENTION 

0.003 Integrated circuit technology relies on transistors to 
formulate vast arrays of functional circuits. The complexity 
of these circuits require the use of an ever increasing number 
of linked transistors. AS the number of transistorS required 
increases, the Surface area on a Silicon chip/die that can be 
dedicated to a single transistor dwindles. It is desirable then, 
to construct transistors which occupy leSS Surface area on the 
Silicon chip/die. 
0004 Integrated circuits are predominantly designed 
with one of two types of transistors. These two types are 
metal-oxide semiconductor (MOS) transistors and bipolar 
junction transistors (BJTs). MOS transistors are prevalent in 
integrated circuit technology because they generally demand 
less power than their counterpart, bipolar transistorS. Bipolar 
transistors, on the other hand, also possess certain advan 
tages over MOS transistors, Such as Speed. Therefore, 
attempts have been made to combine the technological 
designs of bipolar transistors and MOS transistors in an 
effort to maximize the benefits of both transistor types. 
0005 Various types of lateral MOS transistors have been 
historically described and utilized in complementary metal 
oxide semiconductor (CMOS) technology. Lateral bipolar 
transistors have received renewed interest with the advent of 
bipolar complementary metal oxide Semiconductor (BiC 
MOS) technologies. Recently newer devices have been 
developed which have both MOS and bipolar characteristics 
and functionality. A more careful distinction is made 
between the different types of transistor action possible in 
the newer devices. These newer devices include the So 
called “gate-body’ connected MOS transistor and the “gated 
lateral' bipolar transistor. The term gate-body connected 
transistorS is used to describe vertical or other device 
structures where the body of the MOS transistor also serves 
as the base of a bipolar transistor but each device functions 
Separately as a normal transistor and MOS transistor action 
is dominant. A Voltage applied to the gate region of the 
Structure is also directly input into the body of the Semicon 
ductor material. This results in reducing the threshold volt 
age of the MOS transistor. 
0006. In a gated lateral transistor, not only the structures 
but also the operation is merged and most current flows 
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along the surface under the gate in either MOS or bipolar 
operation. At low gate voltages around threshold (V), the 
gated lateral bipolar transistors can act as gate-body con 
nected MOS transistors. At higher input voltages, V, or 
more, the bipolar action can dominate and they are more 
appropriately described as gated lateral bipolar transistors. 
0007 One problem with conventional designs of gate 
body and gated lateral transistorS is that they use up precious 
die Space in the fabrication of integrated circuits. What is 
needed is a structure which can offer merged transistor 
action, yet also conserve Space on the chip's Surface. Struc 
tures which conserve Space contribute toward higher density 
fabrication, and increased utility for integrated circuits. It is 
desirable that any improved configuration for transistor 
Structure be adaptable to present integrated circuit design. 
Thus, it is an objective to uncover newly configured tran 
Sistors which conserve chip Space and which can be 
employed in conventional digital circuit technology. 

SUMMARY OF THE INVENTION 

0008. In one embodiment, a gated lateral bipolar transis 
tor is provided. The gated lateral bipolar transistor is a Single 
crystalline Semiconductor Structure. The Structure has an 
upper Surface and opposing Sidewall Surfaces. The Single 
crystalline Semiconductor Structure has a retrograded and 
more highly doped bottom layer/well. There is a 
Source/emitter region and a collector/drain region on the 
upper Surface. A dielectric layer is formed on the upper 
Surface as well as on the opposing lower Sidewall Surfaces 
of the Single crystalline Semiconductor Structure. A gate is 
located above the dielectric layer, above the upper Surface of 
the Single crystalline Semiconductor Structure. Conductive 
Sidewall members are included which couples to the gate. 
This Sidewall member additionally couples to the opposing 
Sidewall Surfaces. The gated lateral bipolar transistor gives 
both BJT and MOS action. 

0009. In another embodiment, a gated lateral bipolar 
transistor is formed on a Semiconductor Substrate. The 
transistor has a first layer of Semiconductor material extend 
ing outwardly from the substrate. The first layer of semi 
conductor material includes an upper Surface and has oppos 
ing Sidewall Surfaces. There is a Second layer of 
Semiconductor material formed on and extending outwardly 
from the upper Surface of the first layer of Semiconductor 
material. Like the first layer of Semiconductor material, the 
Second layer of Semiconductor material has opposing Side 
wall Surfaces and an upper Surface. On its upper Surface, the 
Second layer of Semiconductor material has a Source/emitter 
region and a collector/drain region. A dielectric layer is 
formed over the upper Surface of the Second layer of 
Semiconductor material and also over the opposing Sidewall 
Surfaces of both the first and Second layers of Semiconductor 
material. A gate is formed on this dielectric layer. And, a 
conductive Sidewall member is disposed adjacent to portions 
of the dielectric layer. The conductive sidewall member also 
couples to portions of the first layer of Semiconductor 
materials. 

0010. In another embodiment, the gated lateral bipolar 
transistor is formed on an insulator layer formed on a p+ 
Silicon material Substrate. A first layer of Semiconductor 
material extends outwardly from the insulator layer and has 
opposing Sidewall Surfaces and an upper Surface. A Second 
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layer of Semiconductor material extends outwardly from the 
upper Surface of the first layer of Semiconductor material 
along with opposing Sidewall Surfaces. An upper Surface of 
the Second layer of Semiconductor material is provided with 
a Source/emitter region and a collector/drain region. A 
dielectric layer formed on the upper Surface of this Second 
layer of Semiconductor material, and likewise on the oppos 
ing Sidewall Surfaces of both the first and Second layers of 
Semiconductor material. There is again a gate formed on the 
dielectric layer. Conductive Sidewall members are disposed 
adjacent to the opposing Sidewall Surfaces. The conductive 
Sidewall members additionally couple to the gate. The 
conductive Sidewall members have electrical contact to 
portions of the first layer of Semiconductor material. In this 
embodiment, the insulator layer is formed of an oxide layer, 
and the first layer of Semiconductor material is more highly 
doped than the Second layer of Semiconductor material. The 
conductive Sidewall members are formed of polysilicon. 
This gated lateral bipolar transistor gives both BJT and MOS 
action beneath the gate and is adapted to operate at a Voltage 
input no greater than 1.5 volts. 
0.011 The present invention also provides a method of 
fabrication for a gated lateral bipolar transistor. In one 
embodiment, the method of fabrication includes forming a 
planar body that extends outwardly from a Semiconductor 
Substrate. The planar body is formed to include a top Surface 
and a pair of Sidewalls. A dielectric layer is formed on the 
top Surface as well as on the pair of Sidewalls. Agate is then 
formed on the dielectric layer. Forming the gate includes 
disposing the gate adjacent to the top Surface and to the pair 
of Sidewalls of the planar body. A Source/emitter region is 
implanted into the top Surface of the planar body. A drain/ 
collector region is also implanted into the top Surface. The 
method of fabricating the gated lateral bipolar transistor 
includes providing for both bipolar junction transistor (BJT) 
and metal-oxide semiconductor (MOS) type conduction in 
the planar body. The method includes forming the planar 
body to have a retrograded well of highly doped Silicon 
material. The method of fabrication further includes adapt 
ing the gated lateral transistor to operate with Voltage input 
if no greater than 1.5 volts. 
0012 Another method of fabricating a gated lateral bipo 
lar transistor includes forming a first layer of Semiconductor 
material that extends outwardly from a Semiconductor Sub 
Strate. A Second layer of Semiconductor material is formed 
on the first layer of Semiconductor material. The Second 
layer of Semiconductor material is formed to include a 
Source/emitter region and a collector/drain region. The 
method includes forming an first insulator layer on the 
Second layer of Semiconductor material and forming a 
Second insulator layer underneath the first layer of Semicon 
ductor material. A gate is formed on the Second insulator 
layer and around portions of the first and Second layers of 
Semiconductor material. The gate is formed to couple to 
portions of the first layer of semiconductor material. This 
method includes forming the first and Second layers of 
Semiconductor material of differently doped silicon material. 
0013 Another embodiment for fabricating a gated lateral 
bipolar transistor includes forming a first body type to 
extend outwardly from a semiconductor Substrate. The first 
body type is formed with a top Surface and opposing 
Sidewall Surfaces. The method includes forming a Second 
body type on top of the first body type. The second body 
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type is similarly formed to have a top Surface and opposing 
sidewall surfaces. The second body type is also formed with 
a Source/emitter region and a collector/drain region. In this 
method, a first insulator layer is formed on the upper Surface 
of the Second body type and on portions of the opposing 
Sidewall Surfaces of the first and Second body types. A 
second insulator layer is formed between the first body type 
and the semiconductor Substrate. The method further 
includes forming a gate over the first insulator layer above 
the top surface of the second body type. Conductive sidewall 
members are formed and coupled to the gate. The method 
also includes coupling the conductive Sidewall members to 
the first layer of Semiconductor material. 
0014 Thus, an improved structure and method for fab 
ricating gated lateral bipolar transistorS is provided. The 
present invention capitalizes on opposing Sidewall Structures 
and adjacent conductive Sidewall members to conserve 
available Surface Space on the Semiconductor chips. Con 
Servation of Surface Space achieves a higher density of 
Surface Structures per chip. 
0015 These and other embodiments, aspects, advan 
tages, and features of the present invention will be set forth 
in part in the description which follows, and in part will 
become apparent to those skilled in the art by reference to 
the following description of the invention and referenced 
drawings or by practice of the invention. The aspects, 
advantages, and features of the invention are realized and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A is a perspective view of an embodiment of 
the gated lateral bipolar transistor according to the teachings 
of the present invention. 
0017 FIG. 1B is a top view of an embodiment of the 
gated lateral bipolar transistor shown in FIG. 1A. 
0018 FIG. 1C is an end view of an embodiment of the 
gated lateral bipolar transistor shown in FIG. 1A. 
0019 FIGS. 2A-2K illustrate an embodiment of the vari 
ous processing Steps for fabricating a complementary pair of 
gated lateral bipolar transistors. 

DETAILED DESCRIPTION 

0020. In the following detailed description of the inven 
tion, reference is made to the accompanying drawings which 
form a part hereof, and in which is shown, by way of 
illustration, Specific embodiments in which the invention 
may be practiced. These embodiments are described in 
Sufficient detail to enable those skilled in the art to practice 
the invention. Other embodiments may be utilized and 
Structural, logical, and electrical changes may be made 
without departing from the Scope of the present invention. 
The terms wafer and Substrate used in the following descrip 
tion include any Structure having an exposed Surface with 
which to form an integrated circuit (IC) structure using the 
invention. The term Substrate is understood to include Semi 
conductor wafers. The term Substrate is also used to refer to 
Semiconductor Structures during processing, and may 
include other layers that have been fabricated thereupon. 
Both wafer and Substrate include doped and undoped Semi 
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conductors, epitaxial Semiconductor layerS Supported by a 
base Semiconductor or insulator, as well as other Semicon 
ductor structures well known to one skilled in the art. The 
term conductor is understood to include Semiconductors, 
and the term insulator is defined to include any material that 
is less electrically conductive than the materials referred to 
as conductors. The following detailed description is, there 
fore, not to be taken in a limiting Sense, and the Scope of the 
present invention is defined only by the appended claims, 
along with the full Scope of equivalents to which Such claims 
are entitled. 

Structure 

0021 FIG. 1A is a perspective view illustrating one 
embodiment of a gated lateral bipolar transistor 50, accord 
ing to the teachings of the present invention. FIG. 1A 
illustrates that the gated lateral bipolar transistor 50 has a 
Single crystalline Semiconductor Structure 60. The Single 
crystalline Semiconductor Structure 60 has an upper Surface 
70, opposing sidewall surfaces 80, and a bottom layer 190. 
The Single crystalline Semiconductor Structure 60 has a 
Source/emitter region 100 and a collector/drain region 105 
on the upper surface 70. A dielectric layer 120 is formed on 
the upper surface 70 and the opposing sidewall surfaces 80 
of the Single crystalline Semiconductor Structure 60. A gate 
130 is formed on the dielectric layer 120. Conductive 
sidewall members 140 couple to the gate 130. The conduc 
tive Sidewall members further couple to the opposing Side 
wall surfaces 80 on the bottom layer 190 via conductive 
contacts 170. The bottom layer 190 forms a retrograded, 
more highly doped, well or bottom layer to the Single 
crystalline Semiconductor Structure 60. In one embodiment, 
the retrograded bottom layer 190 of the single crystalline 
Semiconductor Structure 60 is formed of p+Silicon material. 
In an alternative embodiment, the retrograded bottom layer 
190 of the single crystalline semiconductor structure 60 is 
formed of n+ Silicon material. The gated lateral bipolar 
transistor 50 is formed on an insulator layer 160 which is 
itself formed on a p+ silicon Substrate 180. 
0022 FIG. 1B provides a top view of the structure shown 
in FIG. 1A. The FIG. 1B illustrates the Source/emitter 
region 100 and the collector/drain region 105. FIG. 1B also 
illustrates the gate 130 resting on the dielectric layer 120. 
Also shown in FIG. 1B are the conductive sidewall mem 
bers 140 which couple to the opposing sidewall surfaces 80 
of the Single crystalline Semiconductor Structure 60. 
0023 FIG. 1C provides an end view of the structure 
shown in FIG. 1A. Included in FIG. 1C is the retrograded 
bottom layer 190 of the single crystalline semiconductor 
structure 60. The end view of FIG. 1C similarly illustrates 
the gate region 130 formed on the dielectric layer 120. FIG. 
1C illustrates the conductive sidewall members 140 cou 
pling to the opposing Sidewall SurfaceS 80 at the bottom 
layer region 190 of the single crystalline silicon semicon 
ductor structure 60 via conductive contacts 170. In one 
embodiment, the gate 130 and the conductive sidewall 
members 140 are independently formed materials. In an 
alternative embodiment, the gate 130 and the conductive 
sidewall members 140 are one continuous structure. 

0024. In another embodiment, also exemplified by FIG. 
1A, the single crystalline semiconductor structure 60 of the 
gated lateral bipolar transistor 50 includes a first layer of 
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semiconductor material 190 and a second layer of semicon 
ductor material 200. The first layer of semiconductor mate 
rial 190 extends outwardly from an insulator layer 160. The 
first layer of semiconductor material 190 has opposing 
sidewall surfaces 80 and an upper surface 210. The second 
layer of semiconductor material 200 extends outwardly from 
the upper surface 210 of the first layer of semiconductor 
material 190. The second layer of semiconductor material 
200 also includes opposing sidewall surfaces 80 and has an 
upper Surface 220. The Second layer of Semiconductor 
material 200 includes a source/emitter region 100 and a 
collector/drain region 105. A dielectric layer 120 is formed 
on the upper Surface of the Second layer of Semiconductor 
material 200, as well as on the opposing sidewall surfaces 80 
of the first and second layers of semiconductor material, 190 
and 200 respectively. A gate 130 is formed on the dielectric 
layer 120. Conductive sidewall members are disposed adja 
cent to portions of the dielectric layer 120 on the opposing 
sidewall surfaces 80 of the first and second layers of 
semiconductor material, 190 and 200 respectively. The 
conductive members 140 couple to portions of the first layer 
of semiconductor material 190 via conductive contacts 170. 

0025. In one embodiment, the first layer of semiconduc 
tor material 190 of the gated lateral bipolar transistor 50 is 
a first conductivity type and the Second layer of Semicon 
ductor material 200 is of the same conductivity type. The 
substrate is formed of p-- silicon material. The first layer of 
semiconductor material 190 is a p+ silicon material. In an 
alternative embodiment, the first layer of Semiconductor 
material is an n+ Silicon material. The conductive Sidewall 
members have conductive contacts 170 to the first layer of 
semiconductor material 190. 

Operation 

0026. The operation of the gated lateral bipolar transistor 
50 is given by applying a potential to the gate 130. Applying 
potential to the gate 130 creates an inversion region in the 
second layer of semiconductor material 200 of the single 
crystalline Semiconductor Structure 60. The inversion region 
allows conduction between the source/emitter region 100 
and the collector/drain region 105. The conduction occurs 
along the upper Surface 220 of the Second layer of Semi 
conductor material 200. At low values of applied potential 
close to the threshold potential (V) the gated lateral bipolar 
transistor 50 exhibits metal oxide semiconductor (MOS) 
conduction action. In the exemplary embodiment, the gated 
lateral bipolar transistor operates at a voltage input of no 
greater than 1.5 volts. For greater applied potentials larger 
than V, the gated lateral bipolar transistor 50 exhibits 
bipolar junction transistor (BJT) conduction action in addi 
tion to the MOS conduction action. For even higher applied 
potentials much greater than V, the BJT conduction action 
dominates. At the higher applied potential levels, the bipolar 
junction transistor conduction action results from the applied 
potential being injected directly into the first layer of Semi 
conductor material 190. In both the BJT and MOS conduc 
tion modes, the conduction occurs in the upper Surface 220 
of the second layer of semiconductor material 200 beneath 
the gate 130. 

Method of Fabrication 

0027 FIGS. 2A through 2K illustrate an embodiment of 
the various processing Steps for fabricating a complementary 
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pair of gated lateral bipolar transistors. FIG. 2A begins with 
a p+ doped silicon Substrate 300. A p-layer 310 is grown 
directly on the p-- layer 300. The p-layer 310 is epitaxially 
grown to a thickness of approximately 0.5 micrometers 
(um). Next, a nitride layer 320, formed of silicon nitride 
(SiN.), is deposited on the p-layer 310. The nitride layer 
320 can be deposited through any Suitable process, Such as 
chemical vapor deposition (CVD). A photo resist is applied 
and Selectively exposed to provide a mask to define a 
p-channel metal oxide semiconductor (PMOS) device 
region 321. The nitride layer 320 is etched through a process 
Such as reactive ion etching (RIE) to expose the Silicon 
material underneath. 

0028 FIG. 2B illustrates the structure after the next 
series of steps. The p-silicon layer 310 and the p+ silicon 
layer 300 are etched to a depth of approximately 0.7 um to 
form a trench 325. An oxide layer 319 is formed and 
directionally etched to leave on the vertical sidewalls of the 
trench 325 created by the previous etching step. In one 
embodiment, the oxide layer 319 is grown, such as through 
thermal oxidation. In an alternative embodiment, the oxide 
is deposited through any Suitable process, Such as chemical 
vapor deposition (CVD). The oxide layer 319 is etched 
through the process of reactive ion etching (RIE). An n-- 
layer 330 is formed within the trench 325. In one embodi 
ment, the n+ layer 330 is grown to a thickness of approxi 
mately 0.2 um through the process of epitaxial growth. In an 
alternative embodiment, the n+ layer 330 is begun with 
intrinsic epitaxial growth, followed by ion implantation of 
the n+ silicon material. Next, an n- layer 340 is formed on 
the surface of the n+ layer 330. The n- layer 340 is grown 
to a thickness of approximately 0.5 um, Sufficient to fill 
trench 325 to the same level as the original upper Surface 
345 of the p- silicon layer 310. The nitride layer 320 is 
Stripped and the upper Surface 345 is planarized through any 
Suitable process. In one embodiment, the upper Surface 345 
is planarized through the process of chemical mechanical 
polishing/planarization (CMP). The structure is now as 
shown in FIG. 2B. 

0029 FIG.2C represents the structure following the next 
Sequence of processing Steps. An oxide layer 350 is formed 
on and across the upper surface 345 of the p-layer 310 and 
the n- layer 340. A p+ polysilicon gate material 360A is 
deposited across the Surface of the oxide layer 350. The p+ 
layer 360A is formed to a thickness of approximately 0.2 
tim. The p+ gate material 360Acan be deposited through any 
Suitable method, Such as through chemical vapor deposition 
(CVD). A photoresist is applied and selectively exposed to 
provide a mask-defining an n-channel metal oxide Semicon 
ductor (NMOS) device region 322. An n+ gate material 
360B is formed in the NMOS device region 322 through a 
proceSS Such as ion implantation of n-type impurity ions. 
The structure is now as appears in FIG. 2C. 
0030 FIG. 2D illustrates the structure after the next 
Sequence of processing Steps. The photoresist has been 
Stripped, using conventional photoresist Stripping tech 
niques. A nitride pad 370 is formed on and across the surface 
of the n+ gate material 360B and the p+ gate material 360A. 
The nitride pad 370 is deposited by any suitable process, 
such as chemical vapor deposition (CVD). The nitride pad is 
deposited to a thickness of approximately 0.4 um. A pho 
toresist is applied and Selectively exposed to provide a mask 
which defines and covers the PMOS and NMOS device 
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regions, 321 and 322 respectively. The nitride cap 370 in 
between device regions, 321 and 322, is removed. The 
nitride cap 370 is removed by any suitable etching tech 
nique, such as by RIE. The p-- gate material 360A in between 
device regions, 321 and 322, is removed. And, the gate oxide 
350 in between device regions, 321 and 322, is removed. 
Each of these materials can be removed by etching using the 
RIE technique. 

0031 Still using the photoresist as a mask, the etching 
process is continued into the p-layer 310 and the p-- layer 
300 of the silicon to a depth of approximately 0.2 um below 
the bottom of the n+ layer 330. The etching is performed 
through any Suitable process, Such as by RIE. These etching 
steps leave trenches 342 between the device regions 321 and 
322. The structure is now as shown in FIG. 2D. The 
photoresist is next Stripped, using conventional photoresist 
Stripping techniques. 

0032 FIG. 2E illustrates the structure after the next 
Series of processing Steps. An insulator layer 380 is formed 
beneath the device regions, 321 and 322 respectively. The 
insulator layer 380 is formed using silicon on insulator (SOI) 
processing techniques. One skilled in the art will recognize 
that there exist various approaches to forming an insulator 
layer underneath active device regions. The insulator layer 
380 is formed using, for example, the techniques of U.S. 
application Ser. No. 08/745,708, entitled Silicon-On-Insu 
lator Islands and Method for Their Formation (the 708 
application), or U.S. Pat. No. 5,691,230, entitled Technique 
for Producing Small Islands of Silicon on Insulator (the 230 
patent). The 708 application and the 230 patent are incor 
porated by reference. 

0033. Another method or approach is known as silicon 
insulated metal-oxide (SIMOX). This method creates a 
blanket buried oxide layer within the Starting Substrate. Any 
Suitable technique may be used, and Since Such a process is 
not part of the present invention, these Steps are not recited. 
Intrinsic polysilicon 390 is deposited by any suitable meth 
ods, such as by CVD, to fill the trenches 342. Next, the 
trenches 342 are planarized stopping on the nitride pads 370. 
The intrinsic polysilicon 390 in trenches 342 can be pla 
narized by any Suitable process, Such as by chemical 
mechanical polishing/planarization (CMP). The intrinsic 
polysilicon is directionally etched back to leave approxi 
mately 0.1-0.2 um at the bottom of the trenches 342. The 
etch can be performed using any Suitable method Such as 
reactive ion etching (RIE). Oxide spacer 400 is deposited 
such as by CVD to fill trenches 342. The oxide spacer 400 
is etched back to approximately 0.4 um to the level of the top 
of the gates, 360A or 360B. A nitride spacer 403 is deposited 
such as by CVD. The nitride spacer 403 is directionally 
etched to leave on the exposed vertical sidewalls of the 
nitride pads 370. The structure is now as shown in FIG.2E. 

0034 FIG. 2F illustrates the structure following the next 
sequence of process steps. The oxide 400 and intrinsic 
polysilicon 390 are directionally etched using the nitride 
Spacer 403 overhang as a mask. An n-- polysilicon layer 
410A is deposited by CVD. The n+ polysilicon 410A is 
etched, Such as by reactive ion etching, to leave on the 
vertical sidewalls of the oxide spacer 400. The n+ polysili 
con layer 410A serves as the conductive sidewall members 
for the PMOS device region 321. The structure is now as 
shown in FIG. 2F 
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0035 FIG. 2G illustrates the structure after the next 
Sequence of proceSS StepS. Silicon dioxide 405 is deposited 
in the trenches 342 and then planarized using CMP. The 
silicon dioxide 405 may be deposited by any suitable 
method, such as by CVD. A photoresist is applied and 
selectively exposed to reveal only the NMOS device regions 
322. The exposed n+ polysilicon 410A is selectively etched 
to remove from the sidewalls of the NMOS device regions 
322. A p+ polysilicon layer 410B is then deposited by CVD 
to fill the slots left from removal of the n+ polysilicon 410A 
and is then removed from the top Surface by any Suitable 
method, such as RIE or CMP. The p+ polysilicon layer 410B 
serves as the conductive sidewall members for the NMOS 
device region 322. The structure is now as shown in FIG. 
2G. 

0036 FIG.2H illustrates the structure following the next 
Sequence of process Steps. A phosphoric acid is applied to 
remove the nitride cap 370 and the nitride spacer 403 from 
the active device regions, 321 and 322 respectively. 
Removal of the nitride cap 370 and the nitride spacer 403 
exposes the p-- and n+ gate material, 360A and 360B 
respectively. A gate contact 420 is deposited, Such as by 
CVD, over the p-- and n+ gate regions, 360A and 360B 
respectively. In one embodiment, the gate contact 420 is 
formed of tungsten (W). In another embodiment, the gate 
contact 420 is any other suitable refractory metal. The gate 
contact 420 is planarized, such as by CMP, such that the gate 
contact 420 is left only over the p-- and n+ gate regions, 
360A and 360B respectively. The device is now as shown in 
FIG 2H. 

0037 FIG. 2 is a cross sectional view along cut line 
2I-2I of FIG. 2H. F.G. 2 illustrates the structure after the 
following Sequence of process Steps. A photoresist is applied 
and Selectively exposed to mask the gate regions 344. The 
exposed gate contact 420 and the n+ or p+ polysilicon gate 
material, 360B and 360A, are etched to the underlying gate 
oxide 350. The etching may be performed using RIE. 
0038 FIG. 2J is a top view of FIG. 2. Using the same 
mask, the p+ or n+ polysilicon layers 410B and 410A, 
located between the device regions 321 and 322, are 
removed by etching. The etching can be performed using 
any suitable method, such as RIE. 
0039 FIG. 2K illustrates the structure following the final 
Series of proceSS Steps. The photoresist is removed using 
conventional photoresist Stripping techniques. An anneal is 
performed to out diffuse boron from the p+ layer 305 and to 
out diffuse phosphorous (or arsenic) from n+ layer 330. The 
anneal also serves to out diffuse these same dopants from the 
p+ and n+ polysilicon layers, 410B and 410A respectively. 
Hence, the annealing Serves to dope the adjoining Sand 
wiched intrinsic polysilicon 390. Boron and phosphorus (or 
arsenic), respectively, will out diffuse into the intrinsic 
polysilicon 390 in approximately equal amounts. This pro 
ceSS Step effectively enhances the thickness of the p+ and n+ 
polysilicon conductive sidewall members, 410B and 410A 
respectively. 

0040. A photoresist is applied and exposed to cover the 
NMOS gated lateral bipolar transistor 51. Then, a p+ source/ 
emitter region 450A and a collector/drain region 451A are 
ion implanted using Self-aligning process techniques with 
the gate 360A. The photoresist is then Stripped using con 
ventional photoresist Stripping techniques. 
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0041 Another photoresist is applied and exposed, this 
time to cover the PMOS gated lateral bipolar transistor 52. 
Another ion implantation Step is used to form an n+ Source/ 
emitter region 450B and a collector/drain region 451B in the 
NMOS gated lateral bipolar transistor 52. The photoresist is 
once again removed. The structure is now as shown in FIG. 
2K. 

0042 Contact holes and wiring are achieved through 
conventional processing Steps. One skilled in the art will 
recognize the method to these StepS and, hence, they are not 
disclosed as part of this application. 

Conclusion 

0043. An improved structure and method for fabricating 
gated lateral bipolar transistorS is provided. The present 
invention capitalizes on opposing Sidewalls and adjacent 
conductive Sidewall members to conserve available Surface 
Space on the Semiconductor chips. Conservation of Surface 
Space achieves a higher density of Surface Structures per 
chip. 

0044) It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Combinations 
of the above embodiments, and other embodiments will be 
apparent to those of skill in the art upon reviewing the above 
description. The above Structures and fabrication methods 
have been described, by way of example, not by way of 
limitation, with respect to the transistors, gain memory cell, 
memory cell array and memory device. However, the Scope 
of the invention includes any other integrated circuit appli 
cations in which the above Structures and fabrication meth 
ods are used. Thus, the Scope of the invention is not limited 
to the particular embodiments illustrated and described 
herein. The scope of the invention should be determined 
with reference to the appended claims, along with the full 
Scope of equivalents to which Such claims are entitled. 
What is claimed is: 

1. A gated lateral bipolar transistor, comprising: 
a Single crystalline Semiconductor Structure having an 

upper Surface, opposing Sidewall Surfaces and a bottom 
layer, the Single crystalline Semiconductor Structure 
having a Source/emitter region and having a collector/ 
drain region on the upper Surface; 

a dielectric layer formed on the upper Surface and on 
portions of the opposing Sidewall Surfaces of the Single 
crystalline Semiconductor Structure, and 

a gate formed on the dielectric layer above the upper 
Surface and around portions of the opposing Sidewall 
Surfaces, the gate coupling to the bottom layer of the 
Single crystalline Semiconductor Structure, Such that the 
transistor exhibits both bipolar junction transistors 
(BJT) and metal-oxide semiconductor (MOS) action. 

2. The gated lateral bipolar transistor of claim 1, wherein 
the bottom layer is retrograded and more highly doped than 
the remainder of the Single crystalline Semiconductor Struc 
ture. 

3. The gated lateral bipolar transistor of claim 1, wherein 
the Single crystalline Semiconductor Structure has a bottom 
layer of p-- Silicon material. 

4. The gated lateral bipolar transistor of claim 1, wherein 
the Single crystalline Semiconductor Structure has a bottom 
layer of n+ Silicon material. 
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5. The gated lateral bipolar transistor of claim 1, wherein 
the bottom layer of the Single crystalline Semiconductor 
Structure is formed on an insulator layer formed on a p+ 
Silicon Substrate. 

6. A gated lateral bipolar transistor, comprising: 
a Semiconductor Substrate; 

a first layer of Semiconductor material extending out 
Wardly from a Substrate; the first layer of Semiconduc 
tor material having opposing Sidewall Surfaces and an 
upper Surface; 

a Second layer of Semiconductor material formed on and 
extending outwardly from the upper Surface of the first 
layer of Semiconductor material, the Second layer of 
Semiconductor material having opposing Sidewall Sur 
faces and an upper Surface, and the Second layer of 
Semiconductor material having a Source/emitter region 
and collector/drain region; 

a dielectric layer formed on the upper Surface of the 
Second layer of Semiconductor material and on the 
opposing Sidewall Surfaces of the first and Second 
layers of Semiconductor material; 

a gate formed on the dielectric layer; and 
conductive Sidewall members disposed adjacent to por 

tions of the dielectric layer formed on the opposing 
sidewall surfaces of the first and second layer of 
Semiconductor materials, and the conductive Sidewall 
members further coupling to portions of the first layer 
of Semiconductor material. 

7. The gated lateral bipolar transistor of claim 6, wherein 
the first layer of Semiconductor material is formed on an 
insulator layer formed on the Semiconductor Substrate. 

8. The gated lateral bipolar transistor of claim 6, wherein 
the first layer of Semiconductor material is a first conduc 
tivity type and wherein the Second layer of Semiconductor 
material is a Second conductivity type. 

9. The gated lateral bipolar transistor of claim 6, wherein 
the Semiconductor Substrate comprises p+ Silicon material. 

10. The gated lateral bipolar transistor of claim 6, wherein 
the gate couples to the conductive Sidewall members. 

11. The gated lateral bipolar transistor of claim 6, wherein 
conductive Sidewall members make conductive contact to 
the first layer of Semiconductor material. 

12. A gated lateral bipolar transistor, comprising: 

a p+ Silicon material Substrate; 
an insulator layer formed on the Substrate; 
a first layer of Semiconductor material extending out 

wardly from the insulator layer; the first layer of 
Semiconductor material having opposing Sidewall Sur 
faces and an upper Surface; 

a Second layer of Semiconductor material formed on and 
extending outwardly from the upper Surface of the first 
layer of Semiconductor material, the Second layer of 
Semiconductor material having opposing Sidewall Sur 
faces and an upper Surface, and Second layer of Semi 
conductor material having a Source/emitter region and 
collector/drain region; 

a dielectric layer formed on the upper Surface of the 
Second layer of Semiconductor material and on the 
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opposing Sidewall Surfaces of the first and Second 
layers of Semiconductor material; 

a gate formed on the dielectric layer, and 
conductive Sidewall members, the conductive Sidewall 
members coupling to the gate, and the conductive 
Sidewall members disposed adjacent to portions of the 
dielectric layer formed on the opposing Sidewall Sur 
faces of the first and Second layers of Semiconductor 
material, and the conductive Sidewall members having 
electrical contact to portions of the first layer of Semi 
conductor material, and the conductive Sidewall mem 
berS operate conjunctively with the gate Such that the 
transistor exhibits both bipolar transistor action (BJT) 
and metal-oxide semiconductor (MOS) transistor 
action. 

13. The gated lateral bipolar transistor of claim 12, 
wherein the insulator layer formed on the Semiconductor 
Substrate comprises an oxide layer. 

14. The gated lateral bipolar transistor of claim 12, 
wherein the first layer of Semiconductor material is more 
highly doped than the Second layer of Semiconductor mate 
rial. 

15. The gated lateral bipolar transistor of claim 12, 
wherein conductive Sidewall members are polysilicon. 

16. The gated lateral bipolar transistor of claim 12, 
wherein the electrical contact of the conductive Sidewall 
members to the first layer of Semiconductor material gives 
bipolar junction transistor (BJT) action beneath the gate. 

17. A method of fabricating a gated lateral bipolar tran 
Sistor, the method comprising: 

forming a planar body that extends outwardly from a 
Semiconductor Substrate, wherein the planar body 
includes a top Surface and a pair of Sidewalls, 

forming an insulator layer on the top Surface and on the 
pair of Sidewalls of the planar body; 

forming a gate outwardly from the insulator layer; 

implanting a Source/emitter region into the top Surface of 
the planar body; and 

implanting a drain/collector region into the top Surface of 
the planar body such that the transistor provides both 
bipolar junction transistor (BJT) and metal-oxide Semi 
conductor (MOS) action. 

18. The method of fabricating a gated lateral bipolar 
transistor of claim 17, wherein forming the planar body 
comprises forming a retrograded well of highly doped 
Silicon material. 

19. The method of fabricating a gated lateral bipolar 
transistor of claim 17, wherein forming the gate comprises 
polysilicon. 

20. The method of fabricating a gated lateral bipolar 
transistor of claim 17, wherein forming the gate comprises 
forming a first conductivity type material on the top Surface 
of the planar body and forming a Second conductivity type 
material on the pair of Sidewalls of the planar body. 

21. The method of fabricating a gated lateral bipolar 
transistor of claim 17, wherein forming the gate comprises 
coupling the gate to the pair of Sidewalls. 

22. A method of fabricating a gated lateral bipolar tran 
Sistor, the method comprising: 
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forming a first layer of Semiconductor material that 
extends outwardly from a Semiconductor Substrate; 

forming a Second layer of Semiconductor material out 
Wardly from the first layer of Semiconductor material; 

forming a Source/emitter region on the Second layer; 
forming a collector/drain region on the Second layer; 
forming a first insulator layer on the Second layer of 

Semiconductor material; and 
forming a gate that extends over a portion of the first 

insulator layer above the Second layer of Semiconductor 
material, around portions of the first and Second layers 
of Semiconductor material, and that couples to portions 
of the first layer of Semiconductor material. 

23. The method of fabricating a gated lateral bipolar 
transistor of claim 22, wherein the method further comprises 
forming a Second insulator layer underneath the first layer of 
Semiconductor material. 

24. The method of fabricating a gated lateral bipolar 
transistor of claim 22, wherein forming the first and Second 
layers of Semiconductor material comprises forming oppo 
Sitely doped layers of Silicon material. 

25. The method of fabricating a gated lateral bipolar 
transistor of claim 22, wherein forming the first layer of 
Semiconductor material comprises forming a layer of Semi 
conductor material with a higher doping concentration than 
the Second layer of Semiconductor material. 

26. A method of fabricating a gated lateral bipolar tran 
Sistor, the method comprising: 

forming a first layer of Semiconductor material that 
extends outwardly from a Semiconductor Substrate, 
wherein the first layer of Semiconductor material 
includes a top Surface and opposing Sidewall Surfaces, 

forming a Second layer of Semiconductor material on the 
first layer of Semiconductor material, wherein the Sec 
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Ond layer of Semiconductor material includes a top 
Surface and opposing Sidewall Surfaces, 

forming a Source/emitter region in the top Surface of the 
Second layer of Semiconductor material; 

forming a collector/drain region in the top Surface of the 
Second layer of Semiconductor material; 

forming a first insulator layer on the upper Surface of the 
Second layer of Semiconductor material and on portions 
of the opposing Sidewall Surfaces of the first and Second 
layers of Semiconductor materials, 

forming a gate over the first insulator layer on the top 
Surface of the Second layer of Semiconductor material; 
and 

forming conductive Sidewall members, wherein the con 
ductive Sidewall members couple to the gate, and 
wherein the conductive sidewall members couple to the 
first layer of Semiconductor material. 

27. The method of fabricating a gated lateral bipolar 
transistor of claim 26, wherein the method further comprises 
forming a Second insulator layer Sandwiched between the 
first layer of Semiconductor material and the Semiconductor 
Substrate. 

28. The method of fabricating a gated lateral bipolar 
transistor of claim 26, wherein forming the first and Second 
layers of Semiconductor material comprises forming oppo 
Sitely doped layers of Silicon material. 

29. The method of fabricating a gated lateral bipolar 
transistor of claim 26, wherein forming the first layer of 
Semiconductor material comprises forming a layer of Semi 
conductor material with a higher doping concentration than 
the Second layer of Semiconductor material. 


