
US 20020038886A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0038886 A1 

Mo (43) Pub. Date: Apr. 4, 2002 

(54) METHOD OF FORMING TRENCH Publication Classi?cation 
TRANSISTOR WITH SELF-ALIGNED 
SOURCE (51) Int. Cl.7 ........................ .. H01L 29/76; H01L 29/94; 

H01L 21/8238; H01L 21/336 
(76) Inventor. Brian SZe_Ki M0, Stanford, CA (Us) (52) US. Cl. ....................... .. 257/330; 257/328; 438/212; 

257/329; 438/259 
Correspondence Address: 
TOWNSEND AND TOWNSEND AND CREW, (57) ABSTRACT 
LLP Atrench ?eld-effect transistor With a self-aligned source. At 
TWO EMBARCADERO CENTER least a portion of the source implantation dose (604) is 
EIGHTH FLOOR implanted underneath the gate (610) of a trench transistor by 
SAN FRANCISCO, CA 94111-3834 (US) implanting an a non-orthogonal angle to the sidewall (608) 

of the trench. In one embodiment, a sloW diffuser, such as 
arsenic, is implanted to minimize the post-implant diffusion. 

(21) Appl, No; 09/953,054 The resulting structure ensures gate-source overlap, and a 
consistent, small, gate-source capacitance With a loWer 

(22) Filed: Sep. 14, 2001 thermal budget for the resultant device. The narroW depth of 
the source, in conjunction With its unique L-shape, improves 
device ruggedness because the source doping does not 

Related US. Application Data compensate the heavy body doping as much as With con 
ventional devices. In one embodiment, the substrate is 

(62) Division of application No. 09/282,274, ?led on Mar. rotated 180 degrees Within the implanter to implant both 
31, 1999, noW Pat. No. 6,316,806. sidewalls of a trench. 

€? 
7 2 

0 

o f, K‘ 1710 
'71 4 

P’ 

w // 4L 
5*0 P P 

. 6‘ J 
€ 

6 L 



Patent Application Publication Apr. 4, 2002 Sheet 1 0f 5 US 2002/0038886 A1 

-__ 2626*.) " _, ' 0y 4f ‘ I t 1H‘ M‘ I a“! 

P1‘ / . / 1* 

.713 % M‘ 
l0 p 31 ,0 / p l 

' n/ a //“ 0 

11/ AA '1“ A; 

W 
FIG. 1 



Patent Application Publication Apr. 4, 2002 Sheet 2 0f 5 US 2002/0038886 A1 

71 €? 

174 w 0 M 60;” 6% a; 

0x. /Ox p’ 1/ HO 

/ g F 2 

6L ii 

PM, 4. 



Patent Application Publication Apr. 4, 2002 Sheet 3 of 5 US 2002/0038886 A1 

Epi Growth ,- §'°° 

a 

Field Oxide Growth " S- 4 ‘f 579‘? 

i 0g 
Form Trenches /' SK 

Form Gate Dielectric c? 9’ Layer / é? 

Deposit / S’IO 
Gate Material 

Etch Gate Material /_ g‘! 3* 

implant and Drive-in f-e g [11; 
p-well .-. g 

‘, /~ 1c», - 

Implant Heavy Body 

Source Mask / ; I g 

V 

Angled Source lmplant/d 3,20 

l 
Rotate Substrate 180 f, ()3. 

Deg. about 
Implantation Axis 

Second Angled Source /- 53-4‘ 
implant 

Thermal Treatment 



Patent Application Publication Apr. 4, 2002 Sheet 4 0f 5 US 2002/0038886 A1 

614 622 

K- 600 

F16, 68. 



Patent Application Publication Apr. 4, 2002 Sheet 5 0f 5 US 2002/0038886 A1 

62.6 

PM». 6a, 

F/G, 60/ 



US 2002/0038886 A1 

METHOD OF FORMING TRENCH TRANSISTOR 
WITH SELF-ALIGNED SOURCE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general to ?eld 
effect transistors, and in particular to trench metal-oxide 
semiconductor ?eld-effect transistors (“MOSFETs”), and 
methods of their manufacture. 

[0002] FIG. 1 is a simpli?ed cross section of a portion of 
a typical trench MOSFET. A trench 10 is lined With an 
electrically insulating material 12 and ?lled With a conduc 
tive material 14, Which forms the gate. The trench, and hence 
the gate, eXtend into a drain region 16 (in this case an n-type 
region for an n-channel device), Which may be electrically 
contacted through the substrate of the device. A source 
region 18 opposite the drain region forms an active region 20 
adjacent the gate, betWeen the source and drain. 

[0003] The gate conductive material may be doped poly 
silicon or the like, and forms an overlap 22 With the drain 
and another overlap 24 With the source. The overlaps ensure 
that the active region turns on When voltage is applied to the 
gate. In conventional devices, the overlap is achieved by 
implanting a mobile dopant, such as phosphorous, in the 
source region, and then driving the dopant into the substrate 
such that it overlaps the gate. The dopant diffuses laterally 
as Well as vertically, thus consuming space betWeen gates of 
adjacent cells. 

[0004] Trench transistors are often used in poWer-handling 
applications, such as DC-DC conversion, poWer sWitching, 
as in a computer poWer management circuitry, for eXample. 
Trench transistors often operate at 5-100 V, as compared to 
2-5 V for a logic-type MOSFET. The gate of a trench 
transistor is made relatively “Wide” to improve the current 
handling capability of the trench transistor, and a heavy body 
30 is formed to make the device more rugged and able to 
operate more effectively during sWitching. 

[0005] Heavy body 30 is a relatively highly doped region 
of the same conductivity type as Well 32 of the device. 
Heavy body 20 suppresses the parasitic bipolar transistor 
turn on betWeen the collector and Well region 32, Which 
Would result in an uncontrolled current ?oW (i.e. not con 
trolled by the gate of the device), typically leading to cell or 
device failure. In a double-diffused (DMOS) trench FET, the 
effectiveness of the heavy body may be compromised if the 
source dopant (e.g., Phosphorus) compensates the heavy 
body dopant (e.g., Boron) resulting in lightly doped inter 
face regions.. 

[0006] The section of the trench transistor shoWn in FIG. 
1 is often referred to as a “cell”, because it contains one 
portion of the gate that is typically repeated across the die. 
Trench transistor cells are typically laid-out in either a “grid” 
pattern, as shoWn in FIG. 2, forming a “closed cell” con 
?guration, or a “stripe” pattern, as shoWn in FIG. 3, forming 
an “open cell” con?guration. In either arrangement, the 
several cells of a single trench transistor are typically biased 
With a nominal VGS and a nominal VDS that are applied to 
each cell according to knoWn methods. 

[0007] Typically, the trench is ?lled With conductive mate 
rial by conformally depositing the conductive material over 
the substrate, and then etching the conductive material off 
the surface of the substrate and into the trenches, leaving the 
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conductive material in the trenches to form a gate structure. 
The conductive material is “overetched”, that is, etched to a 
greater degree to completely remove any residue of the 
conductive material across the surface of the entire substrate. 
The degree of overetching is dif?cult to control accurately 
and can vary according to a number of parameters, such as 
the nominal thickness of the conductive material and the 
uniformity of the etch rate across the substrate. Referring 
again to FIG. 1, the depth of the top of gate 26 from the 
surface of substrate 28 can vary, as can the overlap 24 
betWeen the gate and the source. 

[0008] Thus, it is desirable to provide a method that Will 
produce a trench transistor With a large and effective heavy 
body and Wherein the gate Will reliably overlap the source 
region. It is further desirable to form the gate-source overlap 
in a controlled manner to result in devices With more 
consistent and superior performance characteristics. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a trench transistor 
With a source that is self-aligned to the gate. A self-aligned 
source is a source that has been implanted such that a gate 
material, Which is in a trench and separated from the 
substrate by a gate dielectric layer, acts as an implantation 
mask during the source implantation step. A self-aligned 
source therefore has been at least partially implanted 
through a sideWall of the trench. In one embodiment a 
gate-source overlap results from an angled implantation step 
that implants source dopant beneath a portion of the gate. 
After implanting one edge of a trench, the substrate may be 
rotated 180 degrees to implant the other edge of the trench 
Without breaking vacuum or removing the substrate from the 
ion implanter. The angled implant can provide a consistent, 
loW gate-to-source capacitance, thus resulting in a more 
uniform and predictable device With loWer parasitic capaci 
tance than conventional devices. The angled implant also 
alloWs the gate-source overlap to be formed Without relying 
on diffusing source dopant into the substrate, Which Would 
otherWise compensate the heavy body dose and reduce the 
effectiveness of the heavy body. The angle of the implant can 
be varied to control the relative doping concentration 
betWeen an active source region and a source contact region. 

In one embodiment, arsenic (“As”) is implanted to form an 
n+ source region because of the relatively loW diffusivity of 
As in silicon, thus forming an “L-shaped” source region With 
a distinct interior corner that the heavy body can eXtend into 
to enhance ruggedness of the device. 

[0010] Accordingly, in one embodiment, the present 
invention provides a trench transistor including a substrate 
having a surface; a trench eXtending a selected depth into the 
substrate from the surface, the trench having a sideWall; a 
gate structure at least partially Within the trench; and a 
source region self-aligned to the gate. 

[0011] In another embodiment, the present invention pro 
vides a method of forming a source region in a trench 
transistor, the method including the steps of: a) forming a 
trench in a substrate, the substrate having a surface and the 
trench having a sideWall; b) forming a gate structure in the 
trench; and c) implanting source dopant such that at least a 
portion of the source dopant is implanted through the 
sideWall. 

[0012] The folloWing detailed description and the accom 
panying draWings provide a better understanding of the 
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nature and advantages of the trench transistor With self 
aligned source according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a simpli?ed cross section of a double 
diffused trench metal-oxide-semiconductor ?eld-effect tran 
sistor (“DMOS trench FET”); 

[0014] FIG. 2 is a simpli?ed cut-aWay vieW illustrating a 
closed-cell gate con?guration of a trench transistor; 

[0015] FIG. 3 is a simpli?ed cut-aWay vieW illustrating an 
open-cell gate con?guration of a trench transistor; 

[0016] FIG. 4 is a simpli?ed cross section of a trench 
transistor With a self-aligned source, according to one 
embodiment of the present invention; 

[0017] FIG. 5 is a simpli?ed ?oW chart of a process for 
making a trench transistor With a self-aligned source, 
according to an embodiment of the present invention; 

[0018] FIG. 6A is a simpli?ed representation of implant 
ing a self-aligned source region into the sideWall of a trench, 
beneath a gate structure; 

[0019] FIG. 6B is a simpli?ed cross section of the source 
and source contact region after the implantation process of 
FIG. 6A; 

[0020] FIG. 6C is a simpli?ed representation of a second 
implantation for forming a second source region into the 
opposite sideWall of the trench; and 

[0021] FIG. 6D is a simpli?ed cross section of the sources 
and source contact region after both implantation processes, 
Which are shoWn in FIGS. 6A and 6C. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0022] The present invention provides a trench transistor 
With a source region that is self-aligned to the gate. In one 
embodiment, a source implantation is performed at a non 
orthogonal angle to the surface of the substrate, thus 
implanting source dopant beneath a portion of the gate. The 
corner of the gate acts as an implantation mask such that the 
overlap betWeen the gate and the source can be controlled by 
the angle of implantation. The gate-source capacitance is 
consistent across the Wafer, and is relatively loW due to the 
small and predictable overlap of the gate and source. The 
self-aligned source also alloWs a smaller gate pitch, as the 
source regions take minimal area betWeen the gates, and 
eliminates the need for a source drive-in, thus improving the 
ef?ciency of the heavy body implant dose. 

I. Exemplary Device Cross Section 

[0023] FIG. 4 is a simpli?ed cross section of a portion of 
an exemplary n-channel trench transistor 40 according to an 
embodiment of the present invention. The n-channel trench 
transistor is fabricated in an epitaxial layer 42 that Was 
formed on an n+ single-crystal silicon Wafer 44. Trenches 46 
are formed in the epitaxial layer and a gate dielectric layer 
48, such as thermal oxide, is formed to line the trench before 
?lling the trench With a conductive material for the gate 50. 
The gate may made of doped polysilicon, for example. The 
top surface 52 of the polysilicon is recessed from the surface 
of the of the substrate 54 by an exemplary distance of about 
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0.5 pm. Adielectric layer 56 covers the trench opening and 
a portion of the silicon surface. 

[0024] A Well 58 of p-type semiconductor material is 
formed by implanting boron into the epitaxial layer, or by 
other means of doping or by forming a p-type epi layer over 
the n-type epi layer. During device operation, a channel is 
formed in the Well region adjacent the gate, betWeen the 
source region 60 and the drain region 62. Ap+ heavy body 
66 is formed in the Well region for ruggedness and for good 
electrical contact to the body of the device, and an 
“L-shaped” n+ region 68 With an interior corner 74 is formed 
near the surface of the substrate and near the Wall of the 
trench. The n+ region includes a source region 60 and a 
source contact region 70. The source contact region is 
electrically coupled to a source metal layer 72 that overlies 
a portion of the device and forms electrical connections 
betWeen the source bias connection (not shoWn) and the 
source regions of the cells of the transistor. 

[0025] The heavy body 66 preferably extends into the 
inner corners 74 of the L-shaped n+ region, Which has an 
exemplary junction depth of about 0.15 pm from the surface 
of the epi, as compared to an exemplary junction depth of 
about 1 pm for the device shoWn in FIG. 1. It is understood 
that the n+ junction depth can be varied according to the 
source implant energy, and that the depth of the n+ region 
from the trench Wall depends on the angle of implant. These 
dimensions are also slightly impacted by subsequent diffu 
sion or drive-in. The extension of the heavy body into the 
inner corners of the n+ region increases the n+ source/p-Well 
junction barrier in the bulk silicon (the silicon betWeen 
adjacent gates) and minimiZes bulk punch-through, thus 
reducing drain to source leakage current IDSS. 

[0026] The shalloW n+ implant, and hence junction depth, 
also consumes less lateral distance in the bulk silicon, 
alloWing the heavy body to be larger and more effective, 
and/or alloWing a reduced gate pitch. The result is a cell that 
can be scaled doWn for better performance, and improved 
yield, Without sacri?cing the ruggedness of the device. For 
example, a cell pitch of approximately 1.3 pm may be made 
using 0.35 pm fabrication technology. 

II. A Process For Forming A Self-Aligned Source 

[0027] FIG. 5 is a How diagram illustrating a simpli?ed 
process 500 for fabricating the exemplary n-channel trench 
transistor With a self-aligned source according to an exem 
plary embodiment of the present invention. It is noted that 
some steps that are conventional or do not require illustra 
tion are described beloW but not shoWn in the ?gures. The 
order of some of the steps shoWn in FIG. 5 can be varied, 
and some steps may be optional. 

[0028] An epitaxial layer is formed on a n++ single-crystal 
silicon Wafer substrate (step 502). The substrate may be, for 
example, about 500 pm thick and may have an exemplary 
resistivity of betWeen about 0.001-0.005 Ohm-cm. The 
epitaxial layer is, for example, about 4-20 pm thick and has 
an exemplary resistivity of about 0.1-6.0 Ohm-cm, selected 
at least partially on the intended operating voltage of the 
device. It is understood that the doping levels and types are 
given as examples, and that other doping levels or types of 
the substrate or epitaxial layer may be used, according to the 
type of device being fabricated. For example, in a dual-epi 
process (p-type epi over n-type epi, or vice versa), the ?rst 
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epitaxial layer might be thinner, or have a different doping 
concentration, as the Well layer Would not have to be formed 
by doping the ?rst epi (drain) layer. 

[0029] An oxide layer is formed on the surface of the 
epitaxial layer. The oxide layer may be, for example, about 
5-10 kA thick. Next, the oxide layer is patterned and etched 
to de?ne a mask, and a p-type dopant such as boron is 
implanted to form the p+ Well ?eld termination. An exem 
plary implant Would be a dose of 1E14 (1><1014) to 1E16 
cm at an energy of from about 40-100 keV. The p+ dopant 
is then driven into the substrate by a thermal treatment and 
a ?eld oxide layer from about 4-10 kA thick is formed over 
the p+ junction (step 504). Finally, the oxide over the active 
area of the substrate (the area Where the cell array Will be 
formed) is patterned and removed by any suitable etching 
process, leaving the ?eld oxide only in desired areas. 

[0030] Aplurality of trenches are etched into the epitaxial 
layer of the substrate using photolithography and etch meth 
ods (step 506). After trench formation, a gate dielectric layer 
is formed on the trench Walls (step 508). Preferably, the gate 
dielectric has a thickness from about 100-1000 A. 

[0031] Polysilicon is deposited to ?ll the trench and cover 
the surface of the substrate, generally to a thickness of from 
about 1 to 2 pm, depending on the trench dimensions. The 
polysilicon is then doped, such as in a POC13 process or by 
implanting phosphorus. It is understood that in-situ doped 
polysilicon, amorphous polysilicon, or other material, could 
be used for the gate. 

[0032] The polysilicon layer is then removed from the 
surface of the substrate, such as by etching, leaving poly 
silicon in the trenches (step 512). If areas of polysilicon are 
desired on the surface of the substrate, such as for contact 
pads or a gate bus, those areas may be protected With 
patterned and developed photo resist prior to etching (not 
shoWn). Overetching is typically required to ensure that the 
polysilicon is completely removed from the surface of the 
substrate and recessed into the trench. This overetching 
results in the polysilicon in at least some of the trenches 
being recessed from the surface of the substrate. In a 
particular embodiment, the desired recess may be about 0.5 
pm. 

[0033] The p-Well is formed (step 514) by implanting e.g., 
boron at an exemplary energy of 30 to 100 keV and an 
exemplary dosage of 1E13 to 1E15, and driving it in to a 
depth of from about 1 to 3 pm using conventional tech 
niques. The p+ heavy body formation can be performed 
either before formation of the n+ source junction, or after 
Wards, but is preferably performed before the source junc 
tion formation for reasons discussed beloW. Alternatively to 
implanting the p-Well, a p-type epi layer could be groWn 
prior to trench formation. 

[0034] To form the heavy body (step 516), a mask is 
formed over the areas that Will not be doped p+. To accom 
plish this, preferably a double implant of boron is per 
formed. For example, a double implant includes ?rst boron 
implant at an energy of 150 to 200 keV and a dose of 1E15 
to 5E15, and a second boron implant at an energy of 20 to 
40 keV and a dose of 1E14 to 1E15, although other energies 
and doses may be appropriate depending on the desired 
depth, dopant pro?le, and compensation from the source 
doping process. The high energy ?rst implant brings the p+ 
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heavy body as deep as possible into the substrate, to reduce 
compensation of the n+ source junction. The second, loWer 
energy/loWer dose implant extends the p+ heavy body from 
the deep region formed during the ?rst implant up to the 
substrate surface to provide the p+ contact. The resulting p+ 
heavy body/p-Well junction is preferably about 0.4 to 1 pm 
deep at this stage of the process. The ?nal junction depth 
after drive-in is preferably about 0.5 to 1.5 pm deep. It Will 
be appreciated by those skilled in the art that the junction can 
be formed in many other Ways, e.g., by diffused dopants or 
by using a continuous dopant source at the surface, for 
example. 
[0035] The drive-in may be performed after the heavy 
body implantation, or after the source implantation, or the 
drive-in may be split into tWo thermal treatments. Conven 
tional source formation processes typically dope both the 
heavy body and the source regions, and then perform a 
single drive-in. HoWever, it may be desirable to minimiZe 
the diffusion of an angled source implant, hence the heavy 
body implantation may be driven in prior to the source 
implantation and only a brief thermal treatment to activate 
the implanted dopant is performed after the source implant. 

[0036] After the formation of the p+ heavy body, a con 
ventional resist strip process is performed to remove the 
mask, and a neW mask is patterned (step 518) to prepare the 
substrate for the formation of the n+ source junction. This 
mask is a n+ blocking mask and is patterned to cover the 
areas of the substrate surface Which are to provide p+ 
contacts. This results in a pattern of p+ and n+ contacts for 
Well and source regions. 

[0037] The n+ source regions and n+ contact are formed 
using a multiple implant process. TWo implantations are 
used to process an open-cell structure, Where the gates are 
essentially parallel, and four implantations are used to 
process a square closed-cell structure, Where the gates form 
a grid pattern. Other implantation sequences may be appro 
priate for other device con?gurations. A sequence for an 
open-cell structure Will be described, but it is understood 
that the method could be adapted to a closed-cell structure, 
or other type of trench transistor. 

[0038] FIG. 6A is a simpli?ed cross-sectional vieW of an 
angled implant into a portion of a substrate 600 With 
trenched gates 602, according to an embodiment of the 
present invention. The ion beam, represented by arroWs 604, 
impinges on the substrate at an angle of about 45 degrees, 
chosen for representative purposes only. Typically, a pre 
ferred angle for implantation is about 30 degrees from the 
surface of the epi layer. At such an angle, dopant species are 
implanted into the surface 606 of the substrate and the 
sideWall 608 of the trench in substantially equal proportions 
after the tWo implants resulting in similar doping concen 
trations. hoWever, the depth and concentration of the dopants 
on the sideWall relative to the surface may be varied as 
desired by the angle of implantation, according to trigono 
metric and crystallographic principles. Some dopant is 
implanted into the sideWall “beneath” the gate polysilicon 
610, so that an overlap of the gate and source regions Will 
be formed. The thin gate dielectric 614 has a minor effect on 
the implantation depth, Which is not shoWn for purposes of 
simplicity. 

[0039] FIG. 6B is a simpli?ed cross section of the portion 
of substrate 600 after implantation shoWing a source contact 
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region 616 and a source region 618. The source region has 
a slight taper 620 from the masking effect of the corner of 
the gate 622. An overlap 624 betWeen the gate and the source 
region has been formed. 

[0040] FIG. 6C is a simpli?ed representation of a second 
angled implant into the portion of the substrate 600. A 
second ion beam, represented by arroWs 626, impinges on 
the substrate at an angle of about 45 degrees. In this case, the 
angle is complimentary to the angle of the ?rst source 
implant, so that the opposite sideWalls 628 that Were not 
implanted in the ?rst source implant Will noW be implanted. 
Note that the surface of the substrate 606 receives a second 
dose. 

[0041] FIG. 6D is a simpli?ed cross section of the portion 
of the substrate 600 after the second source implant shoWing 
source regions 618, 630, and source contact regions 632. 
The single implant dose in the source regions is represented 
by slanted lines, While the double implant dose in the source 
contact regions is represented by cross hatching. At an angle 
of 45 degrees for both the ?rst and second source implants, 
the dose in the source contact region Will be about tWice the 
dose on the sideWalls of the trenches, assuming the ?rst and 
second implants have the same nominal dose. The nominal 
dose is the dose through a plane normal to the implant 
direction. 

[0042] The relative concentration betWeen the sideWall 
dose and the surface dose can be controlled by the angle of 
implantation. The angle of implantation is the angle betWeen 
the implant direction and the surface of the substrate. If the 
angle is reduced (i.e., the substrate is tilted to a greater 
degree) relatively more dopant Will be implanted into the 
sideWall. The desired angle of implantation and dose may be 
chosen according to the desired device characteristics. 

[0043] Referring again to FIG. 5, a ?rst implant (step 520) 
of arsenic is performed at an angle of 45 degrees at a 
nominal dose of 5.0E15 and an energy of 80 keV. The 
substrate does not have to be removed from the implanter, 
but may be rotated 180 degrees (step 522) about the direc 
tion of implantation to present a complimentary angle for the 
second implant (step 524). The second implant is also an 
arsenic implant at a nominal dose of 5.0E15 and an energy 
of 80 keV. Of course, additional implants may be appropriate 
for different trench transistor structures, such as a grid 
structure. 

[0044] A thermal treatment (step 526) is performed to 
drive in and activate the arsenic and boron dopants that Were 
implanted in the heavy body and source implantation steps. 
A short cycle is used, preferably at 900-950° C., or a rapid 
thermal pulse process, so that activation occurs Without 
excessive diffusion. As discussed above, a thermal treatment 
may be performed after the heavy-body implantations and 
prior to the source implantations to drive in the boron, and 
a reduced thermal treatment after the source implantations 
may be used to activate the arsenic (or other source dopants) 
With a minimum of source dopant diffusion. 

[0045] The substrate is then processed according to knoWn 
methods. One example of such methods is found in US. 
patent application Ser. No. , by Mo et al, entitled 
FIELD EFFECT TRANSISTOR AND METHOD OF ITS 
MANUFACTURE, ?led on Nov. 17, 1997 (Attorney Docket 
No. 17732-722600), Which is hereby incorporated by refer 
ence for all purposes. 
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[0046] While the above is a complete description of spe 
ci?c embodiments of the present invention, various modi 
?cations, variations, and alternatives may be employed. For 
example, although arsenic is given as an example of an 
n-type dopant to be used in forming a self-aligned source for 
n-channel transistors, other sloW diffusers or other n-type 
dopants, such as phosphorous, or even p-type dopants for 
p-channel transistors, such as boron, could be used, depend 
ing on the device structure and thermal processing. It is 
therefore understood that a trench transistors With a self 
aligned source could be made as either an n-channel or 
p-channel device. Furthermore, it is understood that the 
choice of the dopant, implant angle, implant dose, and 
implant energy may be varied according to the desired 
electrical characteristics of the device and/or the physical 
attributes of the device. For example, although the gate 
dielectric has been described as an oxide, it may be other 
material, such as a nitride or oxy-nitride. Additionally, 
although an embodiment has been described in terms of a 
silicon Wafer, other types of substrates, such as a silicon 
germanium substrate, or a silicon carbide substrate, for 
example, could be used. Therefore, the scope of this inven 
tion should not be limited to the embodiments described, and 
should instead be de?ned by the folloWing claims. 

What is claimed is: 
1. A trench transistor comprising: 

a substrate having a surface; 

a trench extending a selected depth into the substrate from 
the surface, the trench having a sideWall; 

a gate structure at least partially Within the trench; and 

a source region self-aligned to the gate. 
2. The trench transistor of claim 1 Wherein the source 

region overlaps a portion of the gate structure. 
3. The trench transistor of claim 2 Wherein a gate-to 

source capacitance arises from the overlap betWeen the gate 
structure and the source region, the gate-to-source capaci 
tance being selected according to the overlap. 

4. The trench transistor of claim 1 Wherein the source 
region forms a p-n junction in the substrate at a selected 
distance from the sideWall, the p-n junction, at least a portion 
of the p-n junction being essentially parallel to the sideWall. 

5. The trench transistor of claim 1 further comprising a 
source contact region, the source contact region extending a 
selected distance into the substrate from the surface, Wherein 
the source contact region forms an inner corner With the 
source region. 

6. The trench transistor of claim 5 Wherein the distance of 
the source p-n junction from the sideWall is essentially equal 
to the distance of the extension of the source contact region 
from the surface. 

7. The trench transistor of claim 5 Wherein both the 
distance of the source p-n junction from the sideWall and the 
distance of the extension of the source contact region from 
the surface is less than or equal to about 0.15 microns. 

8. The trench transistor of claim 1 Wherein the gate 
structure is recessed from the surface. 

9. The trench transistor of claim 6 further comprising a 
heavy body, the heavy body extending into the inner corner 
formed by the source region and the source contact region. 

10. A trench transistor comprising: 

a substrate having a surface; 
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a trench extending a selected distance into the substrate 
from the surface, the trench having a sidewall; 

a gate structure at least partially Within the trench, the gate 
structure being recessed from the surface; 

a source region self-aligned to the gate structure, the 
source region overlapping a portion of the gate struc 
ture and forming a p-n junction at a selected distance of 
less than or equal to about 0.15 microns from the 
sideWall, at least a portion of the p-n junction being 
parallel to the sideWall; 

a source contact region extending less than or equal to 
about 0.15 microns from the surface, the source contact 
region forming an inner corner With the source region; 
and 

a heavy body extending into the inner corner. 
11. A method of forming a source region in a trench 

transistor, the method comprising: 

a) forming a trench in a substrate, the substrate having a 
surface and the trench having a sideWall; 

b) forming a gate structure in the trench; and 

c) irnplanting source dopant such that at least a portion of 
the source dopant is implanted through the sideWall. 

12. The method of claim 11 Wherein a further portion of 
the source dopant is implanted opposite a portion of the gate 
structure. 

13. The method of claim 11 further comprising, after the 
step (c), 
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d) irnplanting source dopant such that a second portion of 
the source dopant is implanted through a second side 
Wall of the trench. 

14. The method of claim 13 further comprising, betWeen 
the steps (c) and (d), rotating the substrate 180 degrees about 
an aXis of implantation. 

15. The method of claim 11 Wherein the source dopant is 
arsenic. 

16. A method of forming a source region in a trench 
transistor, the method comprising: 

a) forming a trench in a substrate, the substrate having a 
surface and the trench having a ?rst sideWall and a 
second sideWall; 

b) forming a gate structure in the trench; 

c) irnplanting a ?rst dose of arsenic such that a portion of 
the ?rst dose is implanted through the ?rst sideWall, and 
a further portion of the ?rst dose is implanted through 
the surface; 

d) rotating the substrate 180 degrees about an aXis of 
implantation; and 

e) irnplanting a second dose of arsenic such that a portion 
of the second dose is implanted through the second 
sideWall, and a further portion of the second dose is 
implanted through the surface. 


