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1. 

VERTICAL TRANSISTOR HAVING AN 
UNDERLYING GATE ELECTRODE CONTACT 

This is a divisional of application Ser. No. 
07/979,073, filed Nov. 19, 1992, now U.S. Pat. No. 
5,234,673. 

FIELD OF THE INVENTION 

The present invention relates generally to semicon 
ductor technology, and more particularly, to methods 
for forming vertical transistors. 

BACKGROUND OF THE INVENTION 
Planar transistors are often used to fabricate inte 

grated circuits. A planar transistor has a diffused source 
electrode and a diffused drain electrode separated by a 
channel region. Overlying the channel region is a gate 
electrode that is separated from the channel region by a 
gate oxide. Planar transistors, although used and useful 
in many integrated circuit applications, are substrate 
area intensive. In other words, planar transistors con 
sume a large amount of substrate surface area per tran 
sistor. In addition, with integrated circuit geometries 
decreasing into sub-micron ranges, planar transistors 
have various disadvantages. At smaller geometries and 
thinner gate oxide thicknesses, well documented prob 
lems such as hot carrier injection, leakage currents, 
isolation, short channel behavior, and channel length 
variations are major problems in planar transistors. 
To overcome some of the disadvantages described 

above for planar transistors, elevated source and drain 
transistors, lightly doped drain (LDD) transistors, and 
other improvements were developed. Although the 
improvements reduced some of the disadvantages listed 
above, the improvements had some undesirable charac 
teristics. The primary undesirable characteristic is the 
fact that the improved transistors were, in most cases, as 
area intensive or more area intensive than the planar 
transistor. 

Various approaches have been used to try to reduce 
transistor surface area and increase transistor packing 
density while at the same time reducing some of the 
adverse effects described above. The surrounding gate 
transistor (SGT) was developed wherein a spacer gate 
and planar diffusions are used to form a transistor hav 
ing a vertical current flow (i.e. a vertically directed 
channel region). The SGT reduced some of the disad 
vantages that affect planar transistors and reduced sur 
face area due to a vertically positioned spacer gate. 
Topography problems and the geometry of the SGT 

usually result in source contacts, drain contacts, and 
gate contacts which are difficult to achieve and are 
difficult to consistently produce using sub-micron tech 
nology. The contact to the spacer gate is very difficult 
to manufacture due to the fact that the spacer gate is 
contacted from the top. Spacers have a small top-down 
surface area and are difficult to contact from the top. In 
addition, the source and drain must not be electrically 
short circuited when contacting the spacer gate. There 
fore, the gate contact for the SGT is extremely align 
ment and etch critical. In addition, doping of source 
regions, drain regions, and channel regions via implants 
can be difficult due to transistor geometry and may 
require special processing. 
Other vertical transistors are known in the art. These 

transistors typically require trench processing or 
polysilicon-grown gate dielectrics. Both trench pro 
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2 
cessing and polysilicon-grown gate dielectrics are unde 
sirable in most cases, primarily due to reliability con 
straints. 

In order to further increase circuit density and manu 
facturing reliability, vertical transistors structures and 
processes must improve. 

SUMMARY OF THE INVENTION 

The previously mentioned disadvantages are over 
come and other advantages achieved with the present 
invention. In one form, the present invention comprises 
a method for forming a transistor wherein a substrate is 
provided. A conductive layer is formed overlying the 
substrate. A transistor region at least partially overlying 
the substrate and laterally adjacent the conductive layer 
is formed. The transistor region has a first current elec 
trode overlying a second current electrode wherein the 
first current electrode and the second current electrode 
are separated by a channel region. A sidewall conduc 
tive control electrode is formed adjacent the channel 
region. The sidewall conductive control electrode and 
the conductive layer are selectively grown together to 
form an electrical interconnect for the sidewall conduc 
tive control electrode. Both a vertical transistor struc 
ture and a method for forming a vertical transistor 
structure are taught herein. 
The present invention will be more clearly under 

stood from the detailed description below in conjunc 
tion with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-6 illustrate, in cross-sectional form, a 
method for forming a vertical transistor in accordance 
with the present invention; 

FIGS. 7-11 illustrate, in cross-sectional form, a 
method for forming a vertical transistor over the verti 
cal transistor of FIG. 6 in accordance with the present 
invention; and 

FIGS. 12-14 illustrate, in cross-sectional form, an 
other method for forming a vertical transistor in accor 
dance with the present invention. 

Description of a Preferred Embodiment 
Illustrated in FIG. 1 is a structure suitable for forma 

tion of a vertical transistor 10. The vertical transistor 10 
has a substrate 12 having a surface and having a first 
conductivity type. Substrate 12 may be made of silicon, 
gallium arsenide, silicon on sapphire (SOS), epitaxial 
formations, germanium, germanium silicon, diamond, 
silicon on insulator (SOI) material, and/or like substrate 
materials. Preferably, the substrate 12 is made of silicon. 
In some cases, the substrate 12 may be a current elec 
trode (i.e. source or drain) of an underlying vertical 
transistor. Diffusion regions (not illustrated in FIG. 1) 
may be optionally and conventionally formed within 
the substrate 12. A first dielectric layer 14 is formed 
overlying the substrate 12. A conductive layer 16 is 
formed overlying the dielectric layer 14. In a preferred 
form, conductive layer 16 is polysilicon, but conductive 
layer 16 may be a metal, a salicide or silicide, germa 
nium silicon, a conductive oxide, or the like. A second 
dielectric layer 18 is formed overlying the conductive 
layer 16. 
The dielectric layers 14 and 18, and all other dielec 

trics described herein may vary in physical and chemi 
cal composition based upon the function they perform. 
The dielectric layers described herein may be wet or 
dry silicon dioxide (SiO2), a nitride material, tetra-ethyl 
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ortho-silicate (TEOS) based oxides, boro-phosphate 
silicate-glass (BPSG), phosphate-silicate-glass (PSG), 
boro-silicate-glass (BSG), oxide-nitride-oxide (ONO), 
tantalum pentoxide (Ta2O5), plasma enhanced silicon 
nitride (P-SiN), titanium oxide, and/or like dielectric 
materials. Specific dielectrics are noted herein when a 
specific dielectric material is preferred or required. 

In FIG. 1, an etch stop layer 20 is illustrated. The 
etch stop layer 20, which is preferably nitride, is op 
tional and is therefore not discussed in detail in subse 
quent figures. The etch stop layer 20 is used to protect 
the conductive layer 16 when the dielectric layer 18 is 
removed in FIG. 4. 

In FIG. 2, a masking layer of photoresist (not illus 
trated) is formed overlying the dielectric layer 18. The 
masking layer of photoresist (not illustrated) is conven 
tionally patterned and etched to form a mask opening 
(not illustrated) that exposes a portion of the dielectric 
layer 18. A portion of the dielectric layer 18 is etched 
selective to the conductive layer 16 to form an opening 
in the dielectric layer 18. A portion of the conductive 
layer 16 is etched selective to the dielectric layer 14 to 
deepen the opening by etching into conductive layer 16. 
A portion of the dielectric layer 14 is etched selective to 
the substrate 12 to further deepen the opening by etch 
ing into dielectric layer 14. The etching of dielectric 
layer 14 exposes a portion of the surface of the substrate 
12. The etching of the dielectric layers 14 and 18 and 
conductive layer 16 results in an opening that is self 
aligned to the photoresist mask opening (not illus 
trated). The opening is sometimes referred to as a de 
vice opening due to the fact that the opening is used to 
form one or more vertical transistor devices. It should 
be noted that non-selective etches, cluster/batch etch 
processing, and multiple etch processing steps are possi 
ble for the formation of the device opening. 

In FIG. 3, a diffusion region 24, referred to in some 
cases as a diffusion, is formed within the substrate 12 in 
one of at least two ways. In one form, the diffusion 
region 24 may be implanted or diffused into the sub 
strate selectively through the use of one of a photoresist 
mask, an oxide mask, a nitride mask or the like. Diffu 
sion region 24, in a similar manner, can be implanted 
through an oxide or like material to ensure a shallow, 
dopant-dispersed junction. This implantation or diffu 
sion occurs before the formation of the conductive layer 
16. In a second method, the diffusion region 24 may be 
implanted or diffused after the formation of the device 
opening. The second method, when using ion implanta 
tion, results in a diffusion region 24 which is self-aligned 
to the device opening. The opening can be of any geom 
etry or size but is preferably a contact of minimum 
lithographic feature size. 

FIG. 3 illustrates the formation of a sidewall dielec 
tric layer 22. A sidewall dielectric layer 22 is formed on 
a sidewall of the conductive layer 16 which resulted 
from the formation of the opening in FIG. 2. The side 
wall dielectric layer 22 is in most cases a grown SiO2 
layer and/or an overetched spacer formation. The 
growth of sidewall dielectric layer 22 will result in a 
thin dielectric layer (not illustrated) being grown on 
any exposed surface of the substrate 12. 
The formation of a dielectric layer (not illustrated) on 

the substrate 12 is a side-effect that is undesirable. 
Therefore, a reactive ion etch (RIE) is used to remove 
all unwanted substrate-formed oxides while leaving the 
sidewall dielectric layer 22 relatively unchanged 
/unetched. A removable spacer (not illustrated) or a 
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like formation may be used to further protect the side 
wall dielectric layer 22. The RIE oxide/dielectric etch 
removes all oxides over vertically exposed portions of 
the substrate 12. RIE etching is inherently a downward 
directional or vertically directed etch. A spacer (not 
illustrated) or portions of a spacer (not illustrated) may 
be optionally used to further thicken the sidewall di 
electric layer 22. 

In order to more completely avoid RIE damage to 
the sidewall dielectric layer 22, FIG. 3 illustrates that an 
isotropic etch may be used to laterally recess the side 
wall of the conductive layer 16. The lateral-recessing 
isotropic etch will use the dielectric layer 14 as a protec 
tive mask for the substrate 12. This isotropic etch will 
laterally recess the sidewall of the conductive layer 16 
so that the sidewall dielectric layer 22, when formed, is 
laterally recessed away from the center of the opening. 

In FIG. 3, a first current electrode 26, referred to as 
one of either a drain or a source, and a channel region 28 
are formed. In a preferred form, a grown conductive 
transistor region (i.e. epitaxial or selectively grown 
region) is used to form the first current electrode 26 and 
the channel region 28. Preferably, the grown conduc 
tive transistor region is formed via epitaxial growth 
which duplicates a crystal orientation of the substrate 
12. 
To form the current electrode 26 and the channel 

region 28, the vertical transistor 10 is placed into a piece 
of equipment suitable for epitaxial/selective growth. 
Growth is initiated by heating vertical transistor 10 and 
subjecting exposed portions of the diffusion 24 or sub 
strate 12 to a chemical compound such as dichloro 
silane or a similar silicon source gas. 

Initially, the first current electrode 26 is formed in the 
device opening. Electrode 26 is formed of a second 
conductivity type which is opposite the first conductiv 
ity type (i.e. the conductivity type of the substrate 12). 
In order to dope the electrode 26 with dopant atoms of 
the second conductivity type, in-situ doping is preferred 
although ion implantation and/or thermal diffusion of 
dopants is possible. In-situ doping means that the elec 
trode 26 is doped during growth by a dopant gas source. 
If the second conductivity type is P type, then a boron 
containing gas or a like dopant gas is used to dope elec 
trode 26. If the second conductivity type is N type, then 
a phosphorus-containing and/or arsenic-containing or 
like dopant gas is used to dope electrode 26. Electrode 
26 is grown, with in-situ doping, until the electrode is 
adjacent or nearly adjacent a top portion of the sidewall 
dielectric 22 or is adjacent the mask layer 20. The 
height of the electrode 26 adjacent the sidewall dielec 
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tric layer 22 determines transistor capacitive coupling, 
such as Miller capacitance and/or like capacitance val 
ues. Electrode 26 is adjacent the first dielectric layer 14 
as illustrated in FIG. 3. 

Epitaxial growth continues in a similar manner to 
form the channel region 28. The channel region 28 is 
formed of the first conductivity type, preferably via 
in-situ doping as described above. The doping of the 
channel region 28 may be altered to adjust the threshold 
voltage of vertical transistor 10. The channel region 28 
is grown until the channel region 28 is either substan 
tially planar with dielectric layer 18 or until a portion of 
the channel region laterally overgrows the dielectric 
layer 18 as illustrated in FIG. 3. 

In one form, as illustrated in FIG. 4, an ion implant 
step is used to form the second current electrode 30 
after formation of the channel region 28. In another 
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form, the second current electrode 30 may be epitaxi 
ally grown and in-situ doped from the channel region 28 
as taught herein. 

In FIG. 4, the dielectric layer 18 is removed via an 
etch step. The optional etch stop layer 20 is used to 
protect the conductive layer 16. A dielectric layer 32 is 
formed upon the surface of the second current electrode 
30 and the channel region 28. Preferably, the dielectric 
layer 32 is a grown silicon dioxide (SiO2) layer that 
functions as a gate oxide. Due to the fact that the dielec 
tric layer 32 functions as a gate oxide, the dielectric 
layer 32 is usually formed having a thickness within the 
range of roughly 4 nm to 30 nm. A composite oxide (i.e. 
SiO2 and a TEOS based oxide) may be used to improve 
the gate oxide quality. 

Optionally, a thick dielectric material (not illustrated) 
may be grown on the surface of the second current 
electrode in FIG. 3 to thicken the oxide over the elec 
trode 30 without affecting the thickness of the dielectric 
layer 32 (i.e. gate oxide). This initial oxide growth may 
improve capacitive coupling and help reduce electrical 
short circuits within the transistor 0. 
A conformal layer of conductive material (not specif 

ically illustrated in FIG. 4) is formed overlying the 
dielectric layer 32. The conformal layer of conductive 
material (not specifically illustrated) is etched in a man 
ner similar to spacer etch technology to form a gate 
electrode or a control electrode 34. If the second cur 
rent electrode 30 is laterally overgrown as illustrated in 
FIG. 4, the control electrode 34 is self-aligned around 
the channel region 28 as illustrated. 

In FIG. 5, after formation of the control electrode 34, 
the etch stop layer 20 is removed or partially removed 
via an wet and/or dry etch process. A brief epitaxial or 
selective growth step is used to connect the control 
electrode 34 to the conductive layer 16. This epitaxial 
connection forms a control electrode interconnection 
for the transistor 10 which is not defined by lithogra 
phy. 

It is usually advantageous to have a transistor with a 
half lightly doped drain (LDD) structure (i.e. one cur 
rent electrode has an LDD formation while the other 
current electrode does not) LDD regions result in an 
increase in series resistance. If an LDD region can be 
formed only at a source electrode, where an LDD re 
gion is most needed, the known advantages of the LDD 
structure are preserved while reducing series resistance. 
It should be noted that the source electrode and the 
drain electrode are interchangeable in the structure of 
FIG. 4. Regardless of whether the first current elec 
trode 26 or second current electrode 30 is the drain/- 
source, an LDD electrode can always be formed for 
only one of the current electrodes. It is important to 
note that LDD regions in transistor 10 are optional, and 
the doping for both the source and the drain regions 
may be constant with no LDD regions. 

Furthermore, full LDD regions may be formed for 
transistor 10. In other words, both the first current 
electrode 26 and the second current electrode 30 may 
have LDD formations. In addition, dynamic altering or 
computer control of in-situ doping will allow graded 
source and drain junctions to be formed as LDD re 
gions. 

It is also important to note that epitaxial growth re 
quires a clean surface, therefore before initiating 
growth a cleaning cycle, such as a conventional RCA 
oxidizing clean, an Ishizaka-Shiraki clean, or an equiva 
lent cleaning cycle, is performed. In addition, a thin film 
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6 
transistor (TFT) can be formed by the epitaxial process 
taught above. If the substrate 12 is polysilicon instead of 
single crystalline silicon, then polysilicon electrode 
regions and channel regions may be epitaxially grown. 
This polysilicon growth forms a vertical TFT that will 
be similar in structure to the transistor 10 of FIG. 4. A 
vertical TFT can be helpful in terms of saving area in 
memory cell designs. 
The transistor 10 has several advantages over other 

vertical transistor structures. The transistor 10 has a 
gate dielectric which is preferably silicon dioxide 
grown from a single crystalline silicon material. The 
fact that the gate oxide is a thin layer of silicon dioxide 
grown from a pure silicon material results in a higher 
quality oxide than a polysilicon-formed oxide or a ni 
tride. Therefore, the transistor 10 is more compatible 
with conventional planar transistor technology, and is 
more reliable than other vertical metal oxide semicon 
ductor (MOS) transistors. 
Most transistors which have a spacer-like structure as 

a gate (for example, the SGT) are electrically contacted 
from the top by a conductive layer. This contact may 
result in the gate easily being electrically short circuited 
to the second current electrode. Also, the contact may 
not electrically connect to the gate due to the fact that 
a spacer has a small top-down surface area which may 
be used for contacting in a top-down manner. This small 
top-down surface contact area is difficult to lithographi 
cally align and reliably contact. Transistor 10 has a gate 
electrode contact which is not lithographically limited 
and not subject to electrical short circuits. 
The lateral overgrowth of the second current elec 

trode 30 results in the second current electrode 30 hav 
ing a larger contact area. In addition, the chances of 
electrically short circuiting the control electrode 34 
with the second current electrode 30 are reduced or 
eliminated due to the lateral overgrowth of electrode 
30. The surrounding gate transistor (SGT) and other 
vertical transistors do not have a lateral overgrowth 
feature. 

In FIG. 6, a reflowed glass, a spin-on glass, a plana 
rized layer, a planar material, or a dielectric region 
referred to as dielectric layer 36 is formed overlying the 
conductive layer 16. Planarization, reflow, or lithogra 
phy and etching are used to expose the second current 
electrode 30. A polysilicon, metal, or a like conductive 
layer (not illustrated) may be used to electrically 
contact the electrode 30. 
FIGS. 7-11 illustrate that a second transistor 11 may 

be formed over the transistor 10 of FIG. 6. Due to the 
fact that the process for transistor 11 is similar to the 
process of FIGS. 1-6, a detailed process flow for tran 
sistor 11 is not provided. 

In FIG. 7, dielectric layers 38, 40, and 46 are formed. 
Dielectric layers 38 and 40 may be a single layer. A 
conductive layer 42 is formed and an etch stop layer 44 
is optionally formed. 

In FIG. 8, an opening is formed in a manner similar to 
FIG. 2, and a sidewall dielectric layer 48 is formed. The 
opening exposes a portion of the second current elec 
trode 30. 

In FIG. 9, a first current electrode 50, a channel 
region 52, and a second current electrode 54 are formed 
as taught in FIG. 3. 

In FIG. 10, a gate oxide layer 56 and a control elec 
trode 58 are formed as taught in FIG. 4. The masking 
layer 44 is removed as taught herein and an epitaxial or 
selective growth process is used to form an electrical 
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interconnection between the conductive layer 40 and 
the control electrode 58. 

In FIG. 11, a dielectric layer 60 is used to passivate 
the transistor 11. 
FIGS. 1-11 illustrate that vertical transistors may be 

vertically stacked. These vertically stacked structures 
may be used to form compact inverter circuits, switch 
networks, memory devices, flip flops, or the like. 
FIGS. 12-14 illustrate a method for forming a verti 

cal transistor 13 in accordance with the present inven 
tion. FIG. 12 illustrates the substrate 12, dielectric layer 
14, conductive layer 16, masking layer 20, dielectric 
layer 18, and sidewall dielectric layer 22 as illustrated in 
FIG. 2. In FIG. 12, an epitaxial or selective growth 
process is used to form the first current electrode 26 and 
the channel region 28 as illustrated. The second current 
electrode 30 is formed via epitaxial/selective growth, 
ion implantation, diffusion, and/or like formation tech 
niques. 

In FIG. 13, a dielectric layer 32 is formed overlying 
the channel region 28 and the second current electrode 
30. A conformal layer of material (not illustrated), 
which is preferably polysilicon or a similar silicon-com 
prising material, is formed overlying the dielectric layer 
32. The conformal layer of material (not illustrated) is 
etched using spacer etch technology to form a conduc 
tive spacer 34 as a gate electrode. 

In FIG. 14, the masking layer 20 is removed as taught 
herein and an epitaxial/selective growth step electri 
cally contacts the conductive layer 16 to the conductive 
layer 34. A dielectric layer 36 is formed to protect and 
insulate the transistor 13. 

Transistor 13 is similar to the transistor 10 in that the 
gate formation and the gate interconnection does not 
require lithography. In addition, electrical short circuits 
between the gate connection and the second current 
electrode connection of transistors 10, 11, and 13 are 
reduced when compared to other known vertical tran 
sistors. 
While the present invention has been illustrated and 

described with reference to specific embodiments, fur 
ther modifications and improvements will occur to 
those skilled in the art. For example, any conductive or 
semiconductive material may be selectively or epitaxi 
ally grown to form the vertical transistor taught herein. 
Epitaxial/selective growth methods vary in tempera 
ture, doping mechanisms, length of growth time, proce 
dures, and chemistry, and most of these epitaxial/selec 
tive processes are capable of forming the source and 
drain electrodes and channel regions of the inventive 
transistor. Many circuit applications exist for the inven 
tive transistor. Many cleaning cycles exist for imple 
menting the described epitaxial/selective growth proce 
dures. 

Sidewall dielectrics may be formed in one of several 
ways and may be used as sidewall gate dielectrics or as 
isolation oxides. Both N-channel and P-channel devices 
can be manufactured with the inventive process. The 
inventive transistor taught herein is compatible with 
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8 
several known bipolar transistors. Therefore, bipolar 
complementary metal oxide semiconductor (BiCMOS) 
devices may be manufactured. A deposited conductive 
layer may be used to form the control electrode inter 
connection. It is to be understood, therefore, that this 
invention is not limited to the particular forms illus 
trated and that it is intended in the appended claims to 
cover all modifications that do not depart from the 
spirit and scope of this invention. 
We claim: 
1. A transistor comprising: 
a substrate formed of a semiconductor material; 
a dielectric layer formed overlying the substrate and 
having a first portion of an opening which exposes 
a portion of the substrate to form an exposed sub 
strate portion; 

a conductive interconnect layer formed overlying the 
dielectric layer, the conductive layer having a sec 
ond portion of an opening horizontally aligned 
with the first portion of the opening; 

a vertically raised region made of the semiconductor 
material and overlying the exposed substrate por 
tion and lying within the first portion and second 
portion of the opening, the vertically raised region 
having a first electrode, a second electrode overly 
ing the first electrode, and a channel region sepa 
rating the first electrode and the second electrode; 

a gate electrode dielectric layer formed adjacent the 
channel region and overlying the conductive inter 
connect layer; 

a gate electrode formed overlying the conductive 
interconnect layer and being laterally adjacent the 
gate electrode dielectric layer for selectively alter 
ing a current flow through the channel region in 
response to a voltage applied to the gate electrode; 
and 

a contact region wherein a bottom portion of the gate 
electrode contacts a top portion of the conductive 
interconnect layer. 

2. The transistor of claim 1 wherein one of either the 
gate electrode or the conductive interconnect layer is 
made of a material which will selectively grow in a 
selected environment. 

3. The transistor of claim 1 wherein a doped diffusion 
region is formed within the substrate and coupled to the 
first electrode. 

4. The transistor of claim 1 wherein the gate elec 
trode is formed as a sidewall spacer structure. 

5. The transistor of claim 1 wherein the first electrode 
is an electrode formed having a lightly doped drain 
sub-region and a heavily doped drain sub-region. 

6. The transistor of claim 1 wherein the second elec 
trode is an electrode formed having a lightly doped 
drain sub-region and a heavily doped drain sub-region. 

7. The transistor of claim 1 wherein a lateral over 
growth region of the second electrode is used to define 
a geometric width of the gate electrode. 
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