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(57) ABSTRACT 

A method for reducing a capacitance formed on a silicon 
substrate. The capacitance has, as a dielectric material 
thereof, a silicon dioxide layer on a surface of the silicon 
substrate. The method includes the step of introducing 
hydrogen atoms into a portion of said surface to increase the 
dielectric constant of such portion of the surface increasing 
the effective thickness of the dielectric material and hence 
reducing said capacitance. The method including the step of 
forming the silicon dioxide layer With a thickness greater 
than tWo nanometers. The step of introducing hydrogen 
comprises the step of forming hydrogen atoms in the surface 
With concentrations of 1017 atoms per cubic centimeter, or 
greater. In one embodiment the hydrogen atoms are formed 
by baking in hydrogen at a temperature of 950° C. to 1100° 
C. and pressure greater than 100 Torr. A trench capacitor 
DRAM cell is provided Wherein the hydrogen provides a 
passivation layer to increase the effective capacitance 
around a collar region and thereby reduce unwanted tran 
sistor action. 
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LOW LEAKAGE CAPACITANCE ISOLATION 
MATERIAL 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to semiconductors and more 
particularly to material used in semiconductors to provide 
loW capacitance dielectric isolation. 

[0002] As is knoWn in the art, semiconductors devices 
have a Wide range of applications. Many of these applica 
tions require the use of a dielectric to provide isolation 
betWeen active devices, betWeen conductive plates of a 
capacitors of the type used in dynamic random access 
memories (DRAMs), and betWeen layers of conductive 
material, for example. Typical isolation materials are silicon 
dioxide and silicon nitride. Silicon dioxide is typically used 
to electrically isolate devices, for example. In order to obtain 
a relatively high capacitance With a relatively thin layer of 
dielectric material, silicon nitrite is typically used because it 
has a higher dielectric constant that silicon dioxide. For 
example, in a trench capacitor used in some DRAMs, a 
trench is formed in a silicon substrate, the Walls of the trench 
are then exposed to hydrogen to pre-clean or smooth the 
Walls of the trench and to thereby obtain a uniformly 
deposited (e.g. thermal and LPCVD deposited) silicon 
nitride layer over the pre-cleaned trench Walls. The hydro 
gen pre-clean is typically performed at a temperature of 700° 
C. to 950° C. and a pressure of 100 Torr for a single Wafer 
Rapid Thermal Chemical Vapor Deposition (RTCVT) or 
1-20 Torr for batch furnaces. It is noted that one or tWo 
mono-layers of native silicon dioxide (i.e., silicon dioxide 
layers beloW one nanometer thickness formed because of 
clean room oxygen Which are typically present) may be 
formed over the silicon Walls of the trench prior to the 
deposition of the silicon nitride layer. During the hydrogen 
pre-cleaning step, the thickness of any native silicon dioxide 
may be reduced thereby enabling the formation of a more 
nitrogen rich layer to thereby increase the capacitance of the 
trench capacitor. As noted above, silicon dioxide is used as 
an isolation material having thickness of at least 2-5 nanom 
eters for gate oxides; hoWever, the use of a hydrogen 
pre-clean is not used because this Would degrade implanted 
device regions by interaction of hydrogen With dopants such 
as arsenic, phosphorous and boron. 

SUMMARY OF THE INVENTION 

[0003] In accordance With one feature of the invention, a 
method is provided for reducing the capacitance of a capaci 
tor formed on a silicon substrate. The capacitor has, as a 
dielectric thereof, a silicon dioxide layer on a surface of the 
silicon substrate. The method includes the step of introduc 
ing hydrogen atoms into a portion of said surface to increase 
the dielectric constant of such portion of the surface increas 
ing the effective thickness of the dielectric and hence reduc 
ing the capacitance of said capacitor. 

[0004] In accordance With another feature of the inven 
tion, the method including the step of forming the silicon 
dioxide layer With a thickness greater than tWo nanometers. 

[0005] In accordance With another feature of the inven 
tion, the step of introducing hydrogen comprises baking in 
hydrogen at a temperature of 950° C. to 1100° C. and 
pressure greater than 100 Torr. 
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[0006] In accordance With another feature of the inven 
tion, the step of introducing hydrogen comprises the step of 
forming hydrogen atoms in the surface With concentrations 
of 1017 atoms per cubic centimeter, or greater. 

[0007] In accordance With still another feature of the 
invention, a DRAM cell is provided having a transistor 
coupled to a capacitor. The cell includes a silicon substrate 
having the transistor and the capacitor disposed in the 
substrate. The transistor has source and drain regions having 
a ?rst type conductivity disposed in an upper portion of the 
substrate. The source and drain regions are disposed in a 
Well in the substrate. The Well has a conductivity type 
opposite to the ?rst type conductivity. The capacitor is a 
trench capacitor and includes a ?rst dielectric layer disposed 
on intermediate and loWer Walls of the trench. A ?rst 
conductive material is disposed in the trench on the ?rst 
dielectric layer and an upper portion of such ?rst conductive 
material. The ?rst conductive material is electrically con 
nected to one of the source and drain regions through a node 
region disposed in the substrate betWeen such one of the 
source and drain regions and the upper portion of the ?rst 
conductive material in the trench. The ?rst conductive 
material provides a ?rst electrode for the capacitor. Asecond 
conductive material is disposed in the substrate about the 
loWer portion of the trench. The second conductive material 
has the ?rst type conductivity and is dielectrically separated 
from the ?rst conductive material by the loWer portion of the 
?rst dielectric material to provide a second electrode for the 
capacitor. A second dielectric material is disposed the sub 
strate about the intermediate portion of the ?rst dielectric 
region to dielectrically isolate the node region of the trench 
from the second conductive material. A hydrogen passiva 
tion layer is disposed in the intermediate portion of the 
substrate about portions of the second dielectric material. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] Other features of the invention, as Well as the 
invention itself, Will become more readily apparent from the 
folloWing detailed description When read together With the 
accompanying draWings, in Which: 

[0009] FIGS. 1A-1E are diagrammatical, cross-sectional 
sketches of a capacitor formed in accordance With the 
present invention at various steps in the manufacture of such 
capacitor; 

[0010] FIG. 2 is a graph comparing the leakage current of 
a capacitor made in accordance With the process shoWn in 
FIGS, 1A-1E and a capacitor made according to the PRIOR 
ART; 

[0011] FIG. 3 is a graph comparing the capacitance of a 
capacitor made in accordance With the process shoWn in 
FIGS, 1A-1E and a capacitor made according to the PRIOR 
ART; 

[0012] FIG. 4 is a Secondary Ion Mass Spectroscopy 
(SIMS) plot of hydrogen concentration as a function of 
depth into a capacitor made in accordance With the process 
of FIGS. 1A-1E; 

[0013] FIGS. 5A-5C are diagrammatical, cross-sectional 
sketches of a capacitor formed in accordance With another 
embodiment of the present invention at various steps in the 
manufacture of such capacitor; 
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[0014] FIG. 6A is a diagrammatical, cross-sectional 
sketch of a DRAM cell having a trench capacitor formed in 
accordance With the PRIOR ART; 

[0015] FIG. 6B is a diagrammatical, cross-sectional 
sketch of a DRAM cell having a trench capacitor formed in 
accordance With the invention; 

[0016] FIGS. 7A-7D are diagrammatical, cross-sectional 
sketches of the DRAM cell of FIG. 6B at various steps in 
the manufacture thereof; 

[0017] FIG. 8 is a diagrammatical, cross-sectional sketch 
of a DRAM cell having a trench capacitor formed in 
accordance With another embodiment of the invention; 

[0018] FIG. 9 is a diagrammatical, cross-sectional sketch 
of a DRAM cell having a trench capacitor formed in 
accordance With still another embodiment of the invention; 

[0019] FIG. 10A is a diagrammatical, cross-sectional 
sketch of silicon body having LOCOS ?eld oxides according 
to the PRIOR ART; 

[0020] FIG. 10B is a diagrammatical, cross-sectional 
sketch of silicon body having LOCOS ?eld oxide shoWing 
a hydrogen passivation layer according to the invention; 

[0021] FIGS. 11A is a diagrammatical, cross-sectional 
sketches of silicon body having MOSFET formed therein 
according to the PRIOR ART; 

[0022] FIG. 11B is a diagrammatical, cross-sectional 
sketches of silicon body having MOSFET formed therein 
shoWing a hydrogen passivation layer according to the 
invention; 
[0023] FIGS. 12A and 12B are diagrammatical, cross 
sectional sketches of silicon body having gate stacks formed 
therein at various steps in the manufacture formed, FIG. 
12A shoWing such stack according to the PRIOR ART and 
FIG. 12B shoWing the stack according to the invention; 

[0024] FIGS. 13A and 13B are diagrammatical, cross 
sectional sketches of silicon body having gate stacks formed 
therein at various steps in the manufacture formed, FIG. 
13A shoWing such stack according to the PRIOR ART and 
FIG. 13B shoWing the stack according to the invention; and 

[0025] FIGS. 14A and 14B are diagrammatical, cross 
sectional sketches of silicon body having a hydrogen pas 
sivation region formed in a selected surface portion of a 
silicon substrate at various steps in the formation of such 
passivation region. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Referring noW to FIGS. 1A-1E, a semiconductor 
body 10 is shoWn. Here, in this example, the semiconductor 
body 10 is silicon having boron dopant (i.e., p type conduc 
tivity) With a doping concentration of 101°/cm3. A layer 11 
of silicon dioxide is formed by thermal oxidation to a 
thickness of about 200 A over the upper surface 12 (FIG. 
1A) of the semiconductor body 10, as shoWn in FIG. 1B. A 
layer 13 of photoresist, With an underlying antire?ection 
coating, not shoWn, is deposited over the silicon dioxide 
layer 13, and patterned using convention photolithography 
to have a circular aperture 17 formed therein, as shoWn in 
FIG. 1B The structure is then exposed to a reactive ion etch 
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(RIE) to remove the portion of the silicon dioxide layer 11 
exposed by the aperture 17. The photoresist layer 13 and 
antire?ection coating are striped. Asacri?cial silicon dioxide 
layer, not shoWn is thermally groWn over the exposed 
portion of the surface 12 of the semiconductor body. The 
sacri?cial thermally groWn silicon dioxide, not shoWn, is 
then removed to remove any damage to the surface from the 
RIE. More particularly, the upper surface 12 (FIG. 1C) of 
the silicon body 10 is then pre-cleaned With dilute hydrof 
luoric acid, here 200 parts Water to one part hydro?uoric 
acid for 60 seconds to remove any native silicon dioxide 
from such surface 12. 

[0027] Next, a silicon dioxide dielectric layer 16 (FIG. 
1D) is thermally groWn over the surface of the silicon body 
10 using rapid thermal oxidation (RTO). More particularly, 
the silicon dioxide layer 16 is groWn at 1050° C. for 48 
seconds using a ?oW rate of 5 standard liters per minute of 
oxygen. The process yield about a 6.1 nanometer thickness 
of silicon dioxide dielectric layer 16 over the surface 12 of 
the silicon body 10. 

[0028] The body 10 is then placed in a hydrogen contain 
ing furnace and baked in the hydrogen containing furnace at 
a temperature of 950° C. for one minute, at a pressure of 100 
Torr and a ?oW rate for the hydrogen gas of 10 standard liters 
per minute. The conditions may be in the range of tempera 
tures from 800° C. to 1200° C., for a time in the range of 
from 15 seconds to 5 hours, e.g., a process at 950° C. or 
1050° C. per one minute in hydrogen. 

[0029] It is also noted that the hydrogen incorporation can 
precede the dielectric formation. In such case, the silicon 
surface cleaning step includes use of a cleaner such as dilute 
hydro?uoric acid, hydro?uoric acid vapor, or HF/NH3 vapor 
to remove or thin doWn any pre-existing native silicon 
dioxide, as for example any remaining sacri?cial silicon 
dioxide noted above. Whether the hydrogen passivation 
region 14 is formed prior to the formation of the silicon 
dioxide layer 16 or after the formation of the silicon dioxide 
layer, the process forms a hydrogen passivation region, or 
layer 14 (FIG. 1D) in the upper surface portion of the silicon 
body 10. Next, a layer 18 of doped polycrystalline silicon 
(FIG. 1E) is chemically vapor deposited over the silicon 
dioxide layers 11 and 16. Here, the doped polycrystalline 
silicon layer 18 has a thickness of, for example, 50 nm and 
a glgoping concentration for example for phosphorous of 
10 /cm3 to 102°/cm3. Next, a metal contact layer 20, here 
aluminum or tungsten silicide, is evaporated or deposited 
over the doped polycrystalline silicon layer 18. Next, the 
layers 18 and 20 are patterned using conventional photoli 
thography to provide the structure shoWn in FIG. 1E. Here, 
the shape of the dielectric layer 16 is circular having a 
surface area of 0.001 cm2. It is noted that the metal layer 20 
and the doped polycrystalline silicon layer 18 are also 
patterned into a circular shape using conventional photoli 
thography to thereby form a capacitor 22 With a circular 
shaped dielectric provided by the silicon dioxide layer 16 
and a circular shaped upper conductor plate, or electrode 
provided by the doped polycrystalline layer 18 and the metal 
20. The other, i.e., loWer, plate of the capacitor 22 is 
provided by the doped silicon substrate, or body 10. Thus, 
one electrode for the capacitor 22 is provided by the doped 
polycrystalline silicon layer 18 and the metal layer 20, and 
the second electrode is the back surface 23 of the p doped 
substrate 10, as indicated in FIG. 1E. 
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[0030] Referring to FIG. 2, the leakage current through 
the capacitor 22 (FIG. 1E) (i.e., from the upper electrode to 
the substrate or body 10) as a function of the voltage 
betWeen the upper plate provided by the doped polycrystal 
line layer 18 and metal layer 20 and the substrate 10 is 
shoWn for the capacitor 22 shoWn and described above in 
connection With FIGS. 1A-1E by the solid curve 24 in FIG. 
2. Also shoWn by the dotted curve 26 in FIG. 2 is the leakage 
current through a capacitor (i.e., from the upper electrode to 
the substrate) as a function of the voltage betWeen the upper 
plate and the substrate With such capacitor having the same 
physical dimensions (i.e., loWer plate conductivity, ther 
mally groWn silicon dioxide dielectric layer thickness and 
surface area, and same doped polycrystalline silicon-alumi 
num upper plate conductivity, shape and surface area) as the 
capacitor 22 shoWn and described above in connection With 
FIG. 1E but Without using the hydrogen bake, i.e., Without 
the hydrogen passivation layer 14. It is noted that With the 
hydrogen passivation, for the same thickness silicon dioxide 
dielectric layers, the leakage current has decreased by at 
least an order of magnitude (i.e., a factor of at least 10) 
because of the hydrogen passivation layer for stress voltages 
across the capacitor (i.e., dielectric breakdoWn voltages) of 
5 volts, or greater. 

[0031] Referring to FIG. 3, the capacitance as a function 
of the voltage betWeen the upper plate provided by the doped 
polycrystalline 18 and metal layer 20 and the substrate 10 is 
shoWn for the capacitor 22 shoWn and described above in 
connection With FIG. 1E by the solid curve 28 in FIG. 3. 
Also shoWn by the dotted line 30 in FIG. 3 is the capacitance 
as a function of the voltage betWeen the upper plate 18 and 
the substrate 10 With such capacitor having the same physi 
cal dimensions (i.e., loWer plate conductivity, thermally 
groWn silicon dioxide dielectric layer thickness and surface 
area, and same doped polycrystalline silicon-aluminum 
upper plate conductivity, shape and surface area). It is noted 
that the maximum capacitance is only about 30-50 nano 
Farads/cm'2 for the capacitor having the hydrogen passiva 
tion layer 14 (FIG. 1E) compared to a capacitance of greater 
than 500 nanoFarads/cm'2 for the capacitance Without the 
hydrogen passivation layer 14. Thus, it is noted that With the 
hydrogen passivation, for the same thickness of the silicon 
dioxide dielectric layers, the capacitance is loWer by at least 
a factor of 10. 

[0032] From the above, it is noted that the effect of the 
hydrogen passivation layer 14 is to enable the use of 
physically thinner dielectric layers (i.e., thinner by an order 
of magnitude) and still achieve the same degree of leakage 
current and With the same degree of loW capacitance. 
Consequently, achieving the same dielectric properties With 
thinner dielectric enables devices to have less physical stress 
develop in the silicon body 10 Where silicon dioxide isola 
tion regions are formed. 

[0033] The formula for capacitance C for storing electrical 
charge of the capacitor is C=EA/d, Where E is the dielectric 
constant of the capacitor dielectric material disposed 
betWeen the plates of the capacitor, A is the surface area of 
the plates and d is the thickness of the dielectric material, 
i.e., layer 16 (FIG. 1E). For a dielectric material of silicon 
dioxide (SiO2) E=3.9EO Where E0 is the dielectric constant 
of a vacuum. The comparison shoWn and described in 
connection With FIGS. 2 and 3 Were made With different 
plate areas, A, and the capacitance varied in accordance With 
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the area A in the manner set forth by the formula set forth 
above. From the above, it has been concluded that the 
portion of the near surface region exposed (i.e., the surface 
12) to the hydrogen must have been passivated by the 
hydrogen to act as an additional dielectric material thereby 
increasing the effective thickness of the capacitance dielec 
tric and thereby deceasing such capacitance. To put it 
another Way, the total capacitance in the case of the hydro 
gen pre-treated sample is thus a series of the silicon dioxide 
dielectric layer 16 and the passivation layer 14 (FIG. 1E)) 
provided by the hydrogen. The capacitance of the 
capacitor 22 having the hydrogen passivation layer 
14 may therefore be represented as: 
CHydrogen ={(dSIO2/ESIO2)+(dPL/EPL)}—1A> Where dsroz is 
the thickness of the silicon dioxide layer 16, 65102 is the 
dielectric constant of silicon dioxide layer 16, dPL is the 
thickness of the hydrogen passivation layer 14, and EFL is 
the dielectric constant of the hydrogen passivation layer 14. 
The loWering of the leakage current (FIG. 2) may thus be 
understood qualitatively as being due to the increase of the 
total effective thickness, deg, of the dielectric material, of the 
Capacitor 22> Where de?f={(dSIOZ/ESIOZ)+(dPL/EPL})ESIO2' 
Therefore, CHVdmgen=ESIO2A/dSEE Whereas the non-hydro 
gen passivated capacitor capacitance is C=ESIO2A/dSIO2 
Where dSIO2 in the example above is about 6 nm. From FIG. 
3 We knoW that CHydmgen/C is about 10_1. Therefore, 
dPL=(C/CHydrogen)_1) dsroz EPL/ESiO2=(10_ 1) (6 
nm/3.4)EPL/EO, Where E0 is the dielectric constant of a 
vacuum, for a 6 nm thick oxide With a hydrogen pre-bake. 
Thus, if EPIFEO (i.e., the theoretic minimum possible value 
of EFL) then dPL=14 nm. If €PL=10€O then dPL=140 nm. 
Thus, typically EFL Will be betWeen 4 nm and several tens, 
or a 100, nanometers. By reducing the hydrogen baking 
temperature, time and pressure (or partial pressure, (e.g., 
dilution With argon) the thickness of dPL can be reduced 
accordingly. 
[0034] FIG. 4 shoW SIMS pro?les (i.e., hydrogen con 
centration as a function of depth, Where depth 0 is the top of 
the polycrystalline silicon layer 18 (FIG. 1D), the silicon 
dioxide layer 16 starts at a depth of 0.05 microns and has a 
thickness of about 6.1 nm) for the hydrogen pre-bake sample 
(H2+RTO) after a phosphorous doped polycrystalline silicon 
gate is deposited and after a Rapid Thermal Process (RTP) 
annealing step at 900° C. to 1000° C. (Which may be 
performed to activate the dopants). It can be seen that 
hydrogen concentrations greater than 1020 cm'3 are present 
both in the near surface region of the crystalline silicon layer 
18 and also at levels betWeen 2-3 1020 cm'3 in the thermal 
SiO2 layer 16. On the other hand, there is no noticeable 
boron out-diffusion Which supports the theory that boron and 
near surface defects in the silicon body 10 have been 
passivated by the hydrogen. 
[0035] As noted above, the hydrogen anneal (i.e., pre 
bake) Was performed prior to the formation of the silicon 
dioxide dielectric layer 16, the hydrogen anneal may be 
performed after the formation of the silicon dioxide dielec 
tric layer 16. Further, pure hydrogen need not be used but, 
rather, diluted hydrogen, such as a hydrogen/argon mixture 
may also be used. Both the hydrogen baking process and the 
silicon dioxide formation may be performed in a single 
Wafer RTP, RTCVD or a batch furnace. Both dry oxygen and 
Wet oxygen (H2O) thermal oxides Without or With several % 
HCl may be used. Alternatively, nitrided oxides e.g., in N20 
or NO containing ambient are also possible. The hydrogen 
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treatment, prior or post, the dielectric formation can be 
performed in the same tool Without exposure to clean room 
air, but the process can also be performed if separate steps 
are performed. 

[0036] To put it another Way, the method described above 
reduces the capacitance of a capacitor formed on a silicon 
substrate. The capacitor has, as a dielectric material thereof, 
a silicon dioxide layer on a surface of the silicon substrate. 
The method includes the step of introducing hydrogen atoms 
into a portion of said surface to increase the dielectric 
constant of such portion of the surface increasing the effec 
tive thickness of the dielectric material and hence reducing 
the capacitance of such capacitor. 

[0037] Referring noW to FIGS. 5A-5C, an alternative 
embodiment is shoWn for forming the hydrogen passivation 
layer 14. Here, the silicon substrate 10 (FIG. 5A) is 
implanted With hydrogen ions Which provides additional 
controllability of the hydrogen depth pro?le and siZe of the 
passivation layer, dPL. As an example, Plasma Doping 
(PLAD) or Plasma Immersion Ion Implantation (PIII) can be 
performed eg through a 2-5 nm thick silicon dioxide layer 
16 at an energy of 0.5-0.7 keV and a dose of 3x1014 cm_2, 
Which yields a junction depth of 15-50 nm depending on the 
pressure. Typically, a triangular distribution of hydrogen 
atoms is formed by PIII or PLAD. Typically, a range of 
doses from 1><1013 cm'2 or greater by several order of 
magnitudes such as, for example 1017 cm_2, can be 
achieved. In another example, a beam line ion implanter 
may be used Which yields a Gaussian-type distribution (e.g., 
10 keV, 3><1O14 cm'2) and ajunction depth of about 0.16 pm. 
In this embodiment, the silicon dioxide layer 16 acts as a 
screen layer during the hydrogen implantation and is 
stripped e. g., by a Wet etch in buffered hydro?uoric acid, and 
then, after the hydrogen implantation, another dielectric 
layer of silicon dioxide is formed. The concentration of 
hydrogen atoms in the passivation layer is in the order of 
10 atoms per cubic centimeter, or higher. 

[0038] Alternatively, hydrogen is implanted through the 
silicon dioxide layer Which is not stripped but may be 
annealed after the hydrogen implantation to heal any 
implantation damage to the silicon substrate 10. Anneal 
temperatures may range from 650° C. to 950° C. and times 
from 1 minute to 1 hour, although other annealing conditions 
are also possible to produce the structure shoWn in FIG. SC. 

[0039] Since, as noted above, the hydrogen passivation 
effect has not been observed for nitrides, the use of thermal 
silicon dioxide or chemically vapor deposited (CVD) or 
plasma enhanced chemically vapor deposited (PECVD) 
silicon dioxide or oxynitride is preferred as the dielectric 
material, although the use of other dielectric materials may 
be used is also possible. 

[0040] Referring noW to FIGS. 6A and 6B shoW a com 
parison betWeen dynamic random access memory (DRAM) 
cells 32A, 32B With (FIG. 6B) and Without (FIG. 6A) the 
above described hydrogen passivation layer 14. The DRAM 
cells 32A, 32B includes a MOSFET 34 and connected 
capacitors 36A, 36B, respectively, as shoWn. Here, the 
capacitors 36A, 36B are trench capacitors. An example of a 
DRAM cell 32A having a trench capacitor 36A is described 
in a paper entitled “A 0.6 pm 256 Mb Trench DRAM Cell 
With Self-Aligned Buried Strap (BESTT’ by Nesbit et al., 
published in IEDM 93-627. 
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[0041] The DRAM cells 32A, 32B comprises a trench 
capacitor 36A, 36B formed in a substrate 10, here silicon. As 
noted above, the substrate 10 is lightly doped With p-type 
dopants (p‘), such as boron. The trench 60 is ?lled With, 
typically, polycrystalline silicon 40 heavily doped With 
n-dopant (n’'), such as arsenic or phosphorous. Optionally, a 
buried plate 42 doped With, for example, arsenic, is provided 
in the substrate 10 surrounding the loWer portion of the 
trench. The arsenic is diffused into the silicon substrate 10 
from a dopant source, such as arsenic doped glass arsenic 
doped silica glass (ASG), that is formed on the sideWalls of 
the trench, and then stripped after the arsenic is diffused into 
the silicon Walls of the trench to form the capacitor’s plate 
42 diffusion. The polycrystalline silicon 40 and buried plate 
42 serves as the electrodes of the capacitor 36A, 36B. Anode 
dielectric 44 separates the electrodes (i.e., plates 40, 42) of 
the capacitors 36A, 36B. 

[0042] The DRAM cell also includes the transistor 34 
(MOSFET). The transistor 34 includes a gate region 45 and 
source/drain regions 46, 48. The source/drain regions 46, 38, 
Which are separated by the gate, or channel, region 45, are 
formed by implanting dopant such as boron in a Well 47 
having a conductivity type opposite to the conductivity type 
of the source and drain regions Which use, for example, 
phosphorous or arsenic. A node region 50, referred to as a 
“node junction”50 couples the capacitors 36A, 36B to the 
transistor 34. The “node junction” diffusion region 50 is 
formed by out-diffusing the dopants from the trench poly 
crystalline silicon 40 through a buried strap 41. 

[0043] Adielectric collar 56A, 56B, is formed at the upper 
portion of the trenches of cells 32A, 32B, respectively, as 
indicated in FIGS. 6A and 6B, respectively. As used herein, 
the upper portion 58 of the trench refers to that section that 
includes the collar 32A, 32B and the loWer portion 60 
includes that section of the trench beloW the collar 32A, 
34B. The collar 32A, 32B prevents leakage of the “node 
junction”50 to the buried plate 42. Leakage is undesirable as 
it degrades the retention time of the DRAM cell 32A, 32B, 
increasing the refresh frequency Which adversely impacts 
performance. 
[0044] A buried Well 60 comprising n-type dopants, such 
as phosphorous or arsenic, is provided beloW the surface of 
the substrate 10. The peak concentration of dopants in the 
buried n-Well 60 is about the bottom of the collar 56A, 56B. 
Typically, the Well 60 is lightly doped compared to the 
buried plate 42. The buried Well 60 serves to connect the 
buried plates 42 of other DRAM cells in an array, not shoWn. 

[0045] Activation of the transistor 34 by providing the 
appropriate voltages at the gate electrode 66 and bitline 68 
accesses the trench capacitor 32A, 32B. Generally, the gate 
forms a Wordline and source/drain region 46 is coupled to 
the bitline 68 in the DRAM array via a contact. The bitline 
68 is isolated from the source/drain region 48 by an inter 
level dielectric layer 70. 

[0046] AShalloW Trench Isolation (STI) 72 is provided to 
isolate the DRAM cell 34A, 34B from other cells or devices, 
not shoWn, formed in the substrate 10. As shoWn, a Wordline 
69 is formed over the trench and isolated therefrom by the 
STI 72. Wordline 69 is referred to as a “passing Wordline” 
and is connected to a neighboring DRAM cell, not shoWn. 
Such a con?guration is referred to as a folded bitline 
architecture. 








