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CLAIMS
What is claimed is:
1. A method of manufacturing a memory semiconductor cell (30) comprising:
forming a first channel portion (33) to produce a first concentration of doping material, said first
channel portion (33) disposed adjacent to an edge of a channel regjon closest to and substantially parallel
to a gate region (16) of said memory semiconductor cell;
forming a second channel portion (31) to produce a second concentration of doping material,
said second portion (31) disposed substantially parallel to said first channel portion (33); and
forming a third channel portion (32), disposed between said first channel portion (33) and said
second channel portion (31), comprising a third concentration of doping material, wherein said third
concentration is lower than said first concentration and lower than said second concentration.
2. The method as described in Claim 1 further comprising implanting a halo implant (20) disposed
adjacent to a source region or a drain region of said memory semiconductor cell (30).
3. The memory semiconductor cell (30) described in Claim 1 wherein a source region of said
memory semiconductor cell comprises a source extension region (11).
4, The method as described in Claim 1 further comprising forming said second channel portion
(31) prior to the formation of said first channel portion (33).
5. The method as described in Claim 1 wherein said memory semiconductor cell (30) is non-
volatile. ‘
6. The method as described in Claim 5 wherein said memory semiconductor cell (30) comprises a
nitride layer as a storage element (12B).
7. The method as described in Claim 5 wherein said memory semiconductor cell comprises a
floating gate (12B) as a storage element.
8. A memory semiconductor cell (30) comprising:
a gate region (16), a source region (14) and a drain region (14);
a channel region (17) between said source region (14) and said drain region (14);
wherein said channel region (17) comprises:
a first channel portion (33) cdmprisihg a first concentration of doping material, said first
channel portion (33) disposed adjacent to an edge of said channel region (17) closest to and substantially
parallel to said gate region (16);
a second channel portion (31) comprising a second concentration of doping material, said
second portion (31) disposed substantially parallel to said first channel portion (33); and
a third channel portion (32), disposed between said first channel portion (33) and said second
channel portion (31), comprising a third concentration of doping material, wherein said third
concentration is lower than said first concentration and lower than said second concentration.
9. The memory semiconductor cell described in Claim 8 wherein said channel region (17) further
comprises a halo implant (20) disposed adjacent to said source region (14) or said drain region (14).
10. The memory semiconductor cell described in Claim 8 wherein said source region (17)

comprises a source extension region (11).
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Specification

(57) [Abstract] This publication is application data prior to electronic applications and so there is no abstract data
recorded.
1. Title of The Invention

Semiconductor Device

2. What is Claimed Is

(1) A semiconductor device comprising a first conduction type first area; a second conduction type second area
formed on the primary surface of one side of the first area; a first conductive type third area formed at least
partially on the upper layer of the second area; a second conductive type fourth area formed partially on the
upper layer of the third area; an insulator formed so as to cover at least from the primary surface of the second
area to the primary surface of the third area reaching the primary surface of the fourth area; a first electrode
formed on the primary surface of the other side of the first area; a second electrode formed on the primary
surface of the insulator; and a third electrode formed at least in contact with the primary surface of the fourth
area, wherein the impurity distribution of the second area comprises a gradient in the vertical direction relative
to the primary surface.

(2) The semiconductor device according to claim 1, wherein the second area is prepared as a two layer structure
of a medium concentration impurity area in contact with the first area and a low concentration impurity area in
contact with the third area and there is an impurity distribution established in the medium concentration
impurity area such that the impurity concentration decreases moving from the low concentration impurity area
towards the first area.

(3) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity
concentration is established in the medium concentration impurity area with an increase moving from the low
concentration impurity area toward the first area.

(4) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity
concentration is established in the low concentration impurity area with an increase moving from the third area
toward the medium concentration impurity area.
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(5) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity
concentration is established in the low concentration impurity area with an increase moving from the medium
concentration impurity area towards the third area.

DETAILED DESCRIPTION OF THE INVENTION

FIELD OF INDUSTRIAL USE

The present invention is related to a semiconductor device and in particular to the improving of turn-off time for an
insulated gate bipolar transistor (hereafter “IGBT”).

BACKGROUND TECHNOLOGY

FIG. 5 (a) is a cross-section view of a conventional IGBT and FIG. 5 (b) is a schematic drawing showing the impurity
distribution of each of the areas along the E-E line. In FIG. 5, 1 is a first P-type area with a P type impurity uniformly
distributed at high concentration. A first N-type area 2 is formed on the primary surface of one side of this first P-type
area 1 with N type impurities uniformly distributed at a medium concentration. In addition, a second N-type area 3 is
formed on this first N-type area 2 with N type impurities uniformly distributed at low concentration. Furthermore, a
plurality of mutually isolated second P-type areas 4 are formed on the upper layer of this second N-type area 3 with P
type impurities uniformly distributed at a medium concentration. Also, a third N-type area 5 is formed over a part of
the upper layers of the respective second P-type areas 4 with N type impurities uniformly distributed at high
concentration. Furthermore, a gate electrode 7 is formed with an insulating film 6 interposed on the main surface of
the second N-type area 3 and on a part of the main surface of the second P-type area 4. In addition, an emitter
electrode 8 is formed on the remaining part of the main surface of the second P-type area 4 and the main surface of
the third N-type area 5. On the other hand, a collector electrode 9 is formed overlain on the other primary surface of
the first P-type area 1.

Next, the operating mechanism of the IGBT above will be described. First, under normal operating conditions, relative
to the emitter electrode 8, positive high DC voltage is applied to the collector electrode 9 and further, positive
stepped constant voltage is applied to the gate electrode 7. With stepped positive voltage applied between the gate
and emitter in this manner, an N channel is formed at the boundary layer of the second P-type area 4 and insulating
film 6, and electrons are injected through this N channel from the third N-type area 5 to the second N-type area 3 and
first N-type area 2. Therefore, the potential of the second N-type area 3 and first N-type area 2 is reduced and the P-N
junction at the boundary layer of the first P-type area 1 and first N-type area 2 is biased in the forward direction
causing electron holes to be injected from the first P-type area 1 to the first N-type area 2. The injected electrons and
electron holes neutralize electrically so large numbers of electrons and electron holes are supplemented and injected
respectively from the third N-type area 5 and first P-type area 1 causing accumulation of a lot of electron holes and
electrons on the first N-type area 2 and second N-type area 3. As a result, the specific resistance of the first N-type
area 2 and second N-type area 3 is lowered setting the IGBT in conduction state with high current from the collector
electrode 9 to the emitter electrode 8.

Next, when positive voltage is no longer applied to the gate electrode 7, the N channel at the boundary layer of the
second P-type area 4 and insulating film 6 vanishes and electrons are no longer injected from the third N-type area 5
to the second N-type area 3 and first N-type area 2. The current based on this type of electron injection is equivalent
to a PNP transistor with the first P-type area 1 as the emitter, the second N-type area 3 and first N-type area 2 as
base, and the second P-type area 4 as the collector. Therefore, IGBT current in the case that electron injection is
terminated is anticipated to be approximately the equivalent of PNP transistor current for the case that base current
has been terminated for the PNP transistor. In other words, when electron injection is terminated, current flowing
through the IGBT is reduced and FIG. 6 shows a schematic of this waveform.

In FIG. 6, the vertical axis is current flowing through the IGBT and horizontal axis is time. As shown in FIG. 6, at time t
=1t,, when gate electrode positive voltage is terminated, current instantaneously drops from |, to I. and then gradually
reduces to zero.
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THE PROBLEM(S) THAT THIS INVENTION INTENDS TO RESOLVE
One of the elements that exhibits the current characteristics of this IGBT is the turn-off time t... This turn-off
time is defined as

tor=t1 - to (1)

Here, to is the time that positive voltage is terminated on the gate electrode and t; is the time that current
reaches 0.1l,.

As can be seen in FIG. 6, the turn-off time to is dependent on the current attenuation characteristics of the
attenuation region from time to to time ti1. Here, as described above, this IGBT approximates a PNP transistor so
the current waveform in the attenuation region can be approximated using

[ (t)=14exp (-——m) (2
BTy

Here, B is the grounded emitter current gain and T, is the base travel time for a PNP transistor. In formula (2), if
the value of Bty is reduced, attenuation in the attenuation region becomes remarkable enabling shortening the
turn-off time to of the IGBT. Furthermore, approximation of Btb,

'}’O.'I
y“Bt W —————— T Qv‘(3)
b b
1"'Tar

However,

2Ty

&y =s5ech { } ---(&).

Toatt

Here, y is the emitter injection efficiency of the PNP transistor. ay is the base transport efficiency of the PNP
transistor and 1. is the effective carrier lifespan inside the PNP transistor base area.

In the past, the effective carrier lifespan te inside the PNP transistor base area was reduced using electron
beam irradiation to shorten the IGBT turn off time to. In other words, reducing the effective carrier lifetime tef
in the PNP transistor base area reduces the pBt, value and as a result, current attenuation in the attenuation
region becomes remarkable and the IGBT turn-off time tof is shortened.

However, when the effective carrier lifespan Tt in the PNP transistor base area is reduce in this manner, there
was the problem that the number of electron holes and electrons accumulated on the first N-type area 2 and
second N-type area 3 was reduced while in conduction status and thus increased effective resistance.

An objective of the present invention is to resolve the problems as described above and obtain a semiconductor
device with a short turn-off time while also having a small effective resistance while in conduction state.

MEANS FOR SOLVING THE VARIOUS PROBLEMS
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The semiconductor device according to the present invention comprises a first conduction type first area; a
second conduction type second area formed on the primary surface of one side of the first area; a first
conductive type third area formed at least partially on the upper layer of the second area; a second conductive
type fourth area formed partially on the upper layer of the third area; an insulator formed so as to cover at least
from the primary surface of the second area to the primary surface of the third area reaching the primary
surface of the fourth area; a first electrode formed on the primary surface of the other side of the first area; a
second electrode formed on the primary surface of the insulator; and a third electrode formed at least in
contact with the primary surface of the fourth area, wherein the impurity distribution of the second area is
established so as to comprise a gradient in the vertical direction relative to the primary surface.

FUNCTION

Regarding the semiconductor device according to the present invention, the impurity distribution comprises a
gradient in the vertical direction relative to the primary surface generating an internal electric field in the second
area and the effective diffusion constant of carriers in the second area are controlled by this internal electric
field, shortening the turn-off time.

EMBODIMENTS

FIG. 1 (a) is a cross-section view of the IGBT that is an embodiment of this invention, and FIG. 1 (b) is a schematic
drawing showing the impurity distribution of each of the areas along the A-A line. In FIG. (1), the only point of
difference from conventional is the N-type impurity distribution of a first N-type area 2. As shown in FIG. 1 (b),
the N-type impurity concentration of the first N-type area 2 is the lowest at the boundary surface of a first P-
type area 1. The value thereof increases when approaching a second N-type area 3, and reaches a medium
concentration on the boundary surface of the second N-type area 3 in a similar manner to conventional.

In this manner, an internal electric field is generated within the first N-type area 2 by providing a slope to the N-
type impurity concentration of the first N-type area 2. The type of internal electric field that is generated based
on the slope of the N-type impurity concentration is described as follows. The relationship between this internal
electric field and the N type impurities is given by

KT 1 d N {x}

E(x) = — ¢« - ¢ ——— . {§)
q N {x} d x

Here, E(x) is the internal electric field, k is the Boltzmann's constant, T is absolute temperature, g is the amount
of electron charge, and N(x) is the N-type impurity concentration distribution. As understood from formula (5),
the internal electric field direction and the N-type impurity concentration distribution gradient are in opposite
directions. Therefore, when indicating an N-Type impurity concentration distribution such as the one shown in
FIG. 1, the internal electric field directionality is from the second N-type area 3 towards the first P-type area 1.
This type of internal electric field will act to obstruct the diffusion of electron holes that are injected through the
first P-type area 1 and attempting to diffuse to the second N-type area 3, reducing the effective electron hole
diffusion constant.

FIG. 2 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and FIG. 2 (b) is a
schematic drawing showing the impurity distribution of each of the areas along the B-B line. Regarding points of
difference from conventional in this drawing, as shown in FIG. 2 (b), the N-type impurity concentration of the
first N-type area 2 at the boundary surface with the second N-type area 3 has a low concentration in a similar
manner to the N-type impurity concentration of the second N-type area 3. With approaching the first P-type
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177 area 1, the value thereof increases, reaching a medium concentration at the boundary surface similar to

178  conventional.

179

180 By providing a slope opposite to what is shown in FIG. 1 for the N-type impurity concentration of the first N-type
181 area 2 in this manner, an internal electric field opposite of the one shown in the first drawing is generated in the
182  first N-type area 2. Therefore, as this internal electric field acts in a direction accelerating electron hole diffusion,
183  the effective electron hole diffusion constant is increased.

184

185 FIG. 3 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and (b) of the same
186 FIG. is a schematic drawing showing the impurity distribution of each of the areas along the C-C line. Regarding
187 points of difference from conventional in this drawing, as shown in FIG. 3 (b), the N-type impurity concentration
188  of the second N-type area 3 has a low concentration at the boundary surface with the second p-type area 4 in a
189  similar manner to that of conventional. With approaching the first N-type area 2, the value thereof increases,
190 reaching a medium concentration of N type impurity concentration in the first N-type area 2 at the boundary
191 surface with the first N-type area 2.

192

193 By providing a slope opposite to that shown in FIG. 1 for the N-type impurity concentration of the second N-type
194  area 3 in this manner, an internal electric field opposite of the one shown in FIG. 1 is generated in the second N-
195 type area 3. Therefore, as this internal electric field acts in a direction accelerating electron hole diffusion, the
196 effective electron hole diffusion constant is increased.

197

198 FIG. 4 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and FIG. 4 (b) is a

199 schematic drawing showing the impurity distribution of each of the areas along the D-D line. For points of

200 difference from convention in this drawing as shown in FIG. 4 (b), the N-type impurity concentration of the

201 second N-type area 3 has a low concentration at the boundary surface with the first N-type area 2 in a similar
202 manner to that of conventional. With approaching the second P-type area 4, the value thereof increases,

203  reaching a high concentration at the boundary surface with the second P-type area 4.

204

205 By providing a slope the same as that shown in FIG. 1 for the N-type impurity concentration of the second N-
206  type area 3 in this manner, an internal electric field the same as the one shown in FIG. 1 is generated in the

207  second N-type area 3. Therefore, as this internal electric field acts in the direction of obstructing electron hole
208 diffusion, the effective electron hole diffusion constant is decreased.

209

210  Asstated above, a suitable internal electric field is generated in either the first N-type area 2 or the second N-
211  type area 3 by applying a gradient to the impurity distribution of either the first N-type area 2 or the second N-
212 type area 3 in the direction vertical relative to the main surface, and the effective diffusion constant of the

213 electron holes of the first N-type area 2 or the second N-type area 3 can be controlled.

214

215 Next is a description of the theory behind shortening of the IGBT turn-off time by controlling the electron hole
216  effective diffusion constant.

217

218 Here, for the base area, or in other words when assuming that the thickness of the first N-type area 2 and the
219  second N-type area 3 do not change, the base travel time is reduced as the electron hole diffusion constant

220  becomes larger, and conversely, the base travel time increases as the electron hole diffusion constant becomes
221  smaller. In other words, the base travel time can be controlled by controlling the electron hole diffusion

222 constant. Furthermore, the IGBT turn-off time can be controlled by controlling the base travel time. Next is a
223 description of the reasons why this is the case.

224
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First, differentiating the approximation formula B, (3) by the base travel time T, is

dy 2 Ty
>0 Gives e . f.f}j
d7y Catf
e (B)
av < 0 Gives i b = J»Q“
d 7y Toetf
e (7))

If equation (6) is valid, the turn-off time t.. is shortened as the base travel time 1, becomes smaller. On the other
hand, if equation (7) is valid, the turn-off time t.. is shortened as the base travel time 1, becomes larger.

By generating an internal electric field in the first N-type area 2 or the second N-type area 3 as a result of
applying a slope to the impurity concentration distribution of either the first N-type area 2 or the second N-type
area 3, the electron hole diffusion constant in addition to the base travel time can be controlled, which enables
shortening the IGBT turn-off time. In addition, the actions described above enable shortening the turn-off time
without reduction of the effective carrier lifespan of the first N-type area 2 or second N-type area 3 that was
required previously and enables suppressing the effective resistance of the first N-type area 2 or second N-type
area 3.

Next is a description based on the FIG. 1 regarding a manufacturing method of a semiconductor device
according to the present invention. First, the first N-type area 2 is formed on the first P-type area 1 using the
vapor-phase epitaxial growth method. When conducting vapor-phase epitaxial growth, the first N-type area 2
with an N-type impurity concentration distribution as shown in FIG. 1 (b) can be obtained by gradually increasing
the N-type impurity concentration in proportion to the growth film thickness. Next, the second N-type area 3 is
formed on the first N-type area 2 using the vapor-phase epitaxial growth principle. Furthermore, by applying the
manufacturing process of a normal double-diffusion-type MOS transistor, the second P-type area 4, third N-type
area 5, insulating film 6, gate electrode 7, and emitter electrode 8 are formed, and the IGBT as shown in the FIG.
can be produced.

In addition, if a gradient is applied to the N-type impurity concentration to a first N-type area 3 [sic] as shown in
FIG. 2, the N-type impurity concentration can be reduced gradually based on the growth film thickness when
forming the first N-type area 2 on the first P-type area 1 in accordance with the vapor-phase epitaxial growth
principle.

In addition, if a gradient is applied to the N-type impurity concentration of the second N-type area 3 as shown in
FIG. 3 and FIG. 4, the N-type impurity concentration can be changed gradually based on the growth film
thickness when forming the second N-type area 3 on the first N-type area 2 in accordance with the vapor-phase
epitaxial growth principle.

EFFECT OF THE INVENTION
The turn-off time is shortened for the semiconductor device of the present invention by controlling the carrier
effective diffusion constant in addition to the base travel time using the internal electric field generated by the
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263 impurity concentration distribution. This results in enabling obtaining a high-performance semiconductor device
264  without increasing the effective resistance while in a conductive state.

265

266 BRIEF DESCRIPTION OF THE DRAWINGS

267 FIG. 1 is a drawing showing an embodiment of the present invention. FIG. 2 through FIG. 4 are drawings showing

268 other embodiments of the present invention. FIG. 5 is a drawing showing a conventional example. FIG. 6 is a drawing
269 showing the relationship between the electric current and the time where voltage applied to the IGBT gate electrode
270 is stopped.

271

272 In the drawings, 1 is the first P-type area, 2 is the first N_type area, 3 is the second N-type area, 4 is the second P-type
273 area, 5 is the third N-type area, 6 is the insulating film, 7 is the gate electrode, 8 is the emitter electrode, and 9 is the
274 collector electrode

275

276 Furthermore, the same symbols in the drawings indicate the same or corresponding parts.

277

FIG. 6
A
1o
- I
c I
g 1
3 i
i
|
TR ] S A

b
¥

Time

Dell Ex. 1002
Page 128



FIG. 1

{a)

1: First P type area

3: Second N type area
5:Third N type area
7: Gate electrode

9: Collector electrode
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JP2003218356A METHOD FOR MANUFACTURING AND DESIGNING SOI TYPE
SEMICONDUCTOR DEVICE, AND SOI TYPE SEMICONDUCTOR DEVICE

The EPO does not accept responsibility for the accuracy of data originating from authorities other than the
EPO, nor does it guarantee that such data is complete, up-to-date or fit for specific purposes.

This wording has been generated by a machine translation service. It is not the original publication text.

[0001] BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to an
SOI type semiconductor device manufacturing method, design method and SOI type semiconductor device
having an SOI semiconductor layer formed on a semiconductor substrate with a buried insulating film
interposed.

[0002] 2. Description of the Related Art SOI (Silicon On Insulator) structure facilitates complete isolation from
the substrate or between elements, reducing various parasitic capacitances, and suppressing soft errors and latch-
up characteristic of CMOS transistor circuits. become. For this reason, the role that SOI isolation technology
plays in increasing the speed, lowering the voltage, and improving the reliability of so-called SOI-type CMOS
LSIs has become increasingly important.

[0003] On the other hand, in many CMOS LSIs at present, P-type and N-type wells are formed in a
semiconductor substrate (semiconductor bulk), N-type channel NMOS transistors are formed in the P-type well,
and P-type wells are formed in the N-type well. This is a so-called bulk type semiconductor device in which a
type-channel PMOS transistor is formed.

[0004] However, when designing an SOI type semiconductor device, since it has a substrate structure different
from that of a bulk type semiconductor device having the same function, an already designed bulk type
semiconductor device is provided. The layout pattern cannot be applied as it is. Therefore, in many cases, it has
been necessary to re-design the pattern for SOI type semiconductor devices. This is because the bulk
semiconductor device requires an electrode for fixing the well potential, while the SOI type semiconductor
device uses the SOI semiconductor layer in a floating state, fixes the potential, or fixes the semiconductor
substrate potential. One of the main reasons was the existence of various potential fixing methods.

[0005] The first object of the present invention is suitable, for example, when the SOI semiconductor layer is in
a floating state and the substrate potential is fixed, and the layout pattern used in the bulk type semiconductor
device is changed to the SOI type with a minimum change. An object of the present invention is to provide a
design method for converting to a layout pattern of a semiconductor device and a method for manufacturing an
SOI type semiconductor device including a step of forming a photomask using the method. A second object of
the present invention is to provide an SOI type semiconductor device having a structure capable of making
substrate contact even if the layout pattern of elements and wirings used in a bulk type semiconductor device is
applied as it is.

[0006] According to a first aspect of the present invention, there is provided an SOI type semiconductor device
manufacturing method for achieving the first object, wherein a buried insulating film is formed on a
semiconductor substrate. A method for manufacturing an SOI type semiconductor device in which elements are
integrated in an SOI semiconductor layer formed through the interposition, and corresponds to a well contact
region of a bulk type semiconductor device in which elements are integrated in a well formed ina
semiconductor substrate. A step of modifying the pattern of the element isolation insulating layer of the bulk
type semiconductor device to form a photomask so that the element isolation insulating layer is also formed at
the location, and the inside of the SOI semiconductor layer using the formed photomask Forming an element
isolation insulating layer on the substrate, dividing the SOI semiconductor layer into a plurality of active layers
in which elements are formed, and a portion corresponding to a well contact region of the bulk type
semiconductor device Etching the element isolation insulating layer and the buried insulating film therebelow to
form a substrate contact region, and utilizing a photomask for a well contact of the bulk type semiconductor
device, the substrate in the substrate contact region Forming a contact plug.

[0007] Preferably, the method further includes a step of forming a source / drain impurity region to be a source
or a drain of the insulated gate transistor in the active layer, and the same impurity is implanted from the
substrate contact region simultaneously with the formation of the source / drain impurity region. Then, impurity
regions for substrate contact connection are formed in the semiconductor substrate. Alternatively, preferably, a
step of forming a source / drain impurity region to be a source or drain of an insulated gate transistor in the
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active layer, and a step of forming a voltage supply plug connected on the source / drain impurity region; A step
of forming a voltage supply wiring layer connected on the voltage supply plug, and in the step of forming the
substrate contact plug, the well contact and source / drain impurity regions of the bulk type semiconductor
device are formed. A contact opening using a photomask for simultaneously forming a voltage supply contact is
formed, and the substrate contact plug is formed simultancously with the voltage supply plug.

[0008] Preferably, the step of forming the element isolation insulating layer includes a step of forming a mask
layer around a region where the element isolation insulating layer is to be formed, and an etching using the mask
layer to form the buried insulating film on the SOI semiconductor layer. A step of forming a trench reaching, a
step of depositing an element isolation insulating film filling the entire surface of the trench, and a step of
partially removing the element insulating film around the trench, and forming the substrate contact region,
Simultaneously with the step of removing the element isolation insulating film around the trench. In that case,
the mask layer at the time of forming the trench includes a stopper film made of a material having a high etching
selectivity with respect to the element isolation insulating film. In the step of forming the substrate contact
region, the semiconductor surface of the active layer is formed by the stopper film. It is preferable to expose the
surface portion of the semiconductor substrate to be contacted while protecting. Or after the said trench
formation, you may further have the process of removing the said embedded insulating film part exposed in the
trench by the etching using the said mask layer used for the said trench formation as it is.

[0009] An SOI type semiconductor device design method according to a second aspect of the present invention
is for achieving the first object, and a bulk type semiconductor device in which elements are integrated in a well
formed in a semiconductor substrate. The method for designing an SOI type semiconductor device includes a
step of converting a pattern for use into an SOI type semiconductor device in which elements are integrated in
an SOI semiconductor layer formed on a substrate with a buried insulating film interposed therebetween. When
the bulk type semiconductor device has a well contact, the well contact pattern is used as it is as a substrate
contact pattern reaching the semiconductor substrate of the SOI type semiconductor device in the conversion
step.

[0010] Preferably, in the conversion step, the pattern of the element isolation insulating layer of the bulk type
semiconductor device is partially modified so that the well contact region becomes the element isolation
insulating layer, and the element isolation isolation of the SOI type semiconductor device is performed.
Generating a pattern of layers. In that case, more preferably, the pattern for the bulk type semiconductor device
is a pattern for partially removing the element isolation insulator deposited so as to be embedded in the trench
when the element isolation insulating layer is formed by etching around the trench. And the conversion step
adds a pattern of openings to the pattern for removing the element isolation insulator around the trench of the
bulk semiconductor device so that the well contact region is also etched. And a step of generating a pattern for
forming an impurity region for connecting a substrate contact of the SOI type semiconductor device on the
semiconductor substrate.

[0011] In such an SOI type semiconductor device design method, a layout pattern for a bulk type semiconductor
device can be easily converted into a layout pattern for an SOI type semiconductor device with only a slight
modification of the pattern of the element isolation insulating layer. . If there is no step of removing the element
isolation insulating film around the trench, a layout pattern dedicated to the substrate contact is required
separately from this.

[0012] In addition, in the manufacturing method of the SOI type semiconductor device described above, it is
necessary to correct the photomask in one step (element isolation step), and if necessary, a new photomask is
added in one step (substrate contact region forming step). Is required. Thus, the change from the well contact to
the substrate contact is very easy.

[0013] An SOI type semiconductor device according to a third aspect of the present invention is for achieving
the second object described above, and an element is formed on an SOI semiconductor layer formed on a
semiconductor substrate with a buried insulating film interposed therebetween. An SOI type semiconductor
device in which a chip integrated with a semiconductor chip is fixed on a die pad of a lead frame in a state
where the semiconductor substrate is electrically connected to the die pad, and an element formed in the SOI
semiconductor layer and its wiring have the same function. By forming the pattern for the bulk type
semiconductor device having the island-shaped SOI semiconductor layer portion surrounded by the element
isolation insulating layer at a location corresponding to the well contact region of the bulk type semiconductor
device. Then, the island-shaped SOI semiconductor layer portion is connected to a wiring for supplying a
ground potential or a power supply voltage to the element, so that the wiring, bonding pad, It is electrically
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connected to the die pad via the Ya.

[0014] In this SOI type semiconductor device, the layout pattern at the time of forming the elements and wirings
is the same as that of the bulk type semiconductor device. Therefore, in the bulk type, an isolated SOI
semiconductor layer portion is necessarily formed at a position corresponding to the well contact region.
However, this part is not used for the substrate contact. The substrate contact is achieved by electrically
connecting the semiconductor substrate to a wiring for supplying a ground potential or a power supply voltage
to the transistor via a bonding pad, a wire, and a die pad of a lead frame.

[0015] DESCRIPTION OF THE PREFERRED EMBODIMENTS [First Embodiment] A first embodiment of
the present invention will be described below with reference to the drawings, taking as an example a CMOS
logic LSI having an SOI type substrate separation structure. FIG. 1 and FIG. 2 are an inverter and a NAND gate
showing examples of gate circuits in a CMOS logic LSI. In each figure, (A) shows each gate circuit symbol, and
(B) is a pattern plan view of each gate circuit in this embodiment adopting an SOI type substrate separation
structure.

[0016] The pattern of the inverter 1 shown in FIG. 1B includes a region (PMOS region) 2 where a P-type MOS
transistor and a region (NMOS region) 3 where an N-type MOS transistor is formed. It is divided roughly into.
An N-type active layer 21 made of a semiconductor doped with an N-type impurity is formed in the PMOS
region 2, and a P-type active layer 31 made of a semiconductor doped with a P-type impurity is formed in the
NMOS region 3. Has been. The periphery of these active layers 21 and 31 is surrounded by the element isolation
insulating layer 4 to achieve isolation between elements.

[0017] A gate electrode 5 to which an input signal of the inverter is applied is overlaid on these active layers 21
and 31. The gate electrode 5 is made of doped polycrystalline silicon to which an impurity is added, for
example, and impurities of different conductivity types are arranged as necessary. In general, in order to make
each MOS transistor a buried channel type and to be strong against a fine shape effect such as a short channel
effect, a P-type impurity is present in the gate electrode portion on the PMOS side, and an N-type impurity is
present in the gate electrode portion on the NMOS side. Is added. P-type impurities are implanted into the
surface of the N-type active layer 21 using the gate electrode 5 as a mask, thereby forming a source impurity
region S2 and a drain impurity region D2. Similarly, N-type impurities are implanted into the surface of the P-
type active layer 31 using the gate electrode 5 as a mask, thereby forming a source impurity region S3 and a
drain impurity region D3. A gate contact GC that constitutes an input terminal of the inverter is provided at the
center of the gate electrode 5.

[0018] The source impurity region S2 of the PMOS transistor is electrically connected to the supply line (VDD
line) 6 of the power supply voltage Vdd made of the upper metal layer via the source contact SCp on the PMOS
transistor. The drain impurity region D2 of the PMOS transistor is electrically connected to the drain impurity
region D3 of the NMOS transistor via the drain contact DCp, the internal connection line 7 made of an upper
metal layer, and the drain contact DCn. Further, the source impurity region S3 of the NMOS transistor is
connected to a power supply voltage GND supply line (GND line) 8 made of an upper metal layer through a
source contact SCn thereon.

[0019] In the pattern of the NAND gate 10 according to this embodiment shown in FIG. 2B, two PMOS
transistors are arranged in parallel in the N-type active layer 21. The source impurity regions S2a and S2b of the
two PMOS transistors are electrically connected to the upper VDD line 6 via source contacts SCa and SCb,
respectively. The common drain-in impurity region D2 between the two PMOS transistors is electrically
connected to the output line 9 made of the upper metal layer via the drain contact DCp.

[0020] On the other hand, two NMOS transistors are arranged in parallel in the P-type active layer 31. The two
NMOS transistors are electrically connected in series, and are inserted between the output line 9 and the GND
line. That is, the drain impurity region D3 of one NMOS transistor is connected to the output line 9 via the drain
contact DCn, and the source impurity region S3 of the other NMOS transistor is connected to the GND line 8
via the source contact SCn. Since the common source / drain region SD between the two NMOS transistors is
not connected to the other, it is in a floating state when both transistors are off.

[0021] The gate electrode 4a to which the first input signal is applied from the gate contact GCa is disposed on
the left side of the figure, and the gate electrode 4b to which the second input signal is applied from the gate
contact GCb is disposed on the left side of the figure. The gate electrode intersects the N-type active layer 21
and the P-type active layer 31.
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[0022] The gate circuit configured in this way has an SOI type configuration. FIG. 3 shows a cross-sectional
structure of an inverter as a representative. This figure is a schematic cross-sectional view along the line BB in
FIG. In this embodiment, a buried insulating film 11 made of silicon dioxide or the like is formed on a
semiconductor substrate 10 made of an N-type silicon wafer or the like, and a silicon layer (hereinafter referred
to as an SOI semiconductor layer) having an SOI type substrate isolation structure formed thereon. The N-type
active layer 21, the P-type active layer 31, and the element isolation insulating layer 4 described above are
formed in 12. Further, source impurity regions S2 and S3 (and drain impurity regions D2 and D3) are formed on
the surface portion in the N-type active layer 21.

[0023] An interlayer insulating film 13 made of, for example, silicon dioxide is deposited on the entire surface
of the SOI semiconductor layer 12. Plugs made of metal, doped polycrystalline silicon, or the like are embedded
in the interlayer insulating film 13, thereby forming the source contacts SCp and SCn. The source contact SCp is
connected to the source impurity region S2 on the PMOS side, and the source contact SCn is connected to the
source impurity region S3 on the NMOS side. On the interlayer insulating film 13, the VCC line 6 connected to
the source contact SCp and the GND line 8 connected to the source contact SCn are formed. These wirings 6
and 8 are made of a metal layer such as aluminum.

[0024] By the way, in an SOI type semiconductor device, there may be a case where a substrate contact for
fixing a semiconductor substrate in potential with a constant voltage is required. An SOI-type MOS transistor
may be used when an SOI semiconductor layer is used with a potential fixed, or may be used while a potential is
floating. If the thickness of the so-called SOI semiconductor layer is reduced to about 50 nm, the SOI
semiconductor layer is completely depleted in the thickness direction during operation, resulting in a fully
depleted device. In this case, in order to suppress fluctuations in threshold value, substrate bias and It is often
performed to fix the semiconductor substrate in potential with the same idea. Even when the SOI semiconductor
layer is relatively thick and partially depleted, it is possible to fix the potential of the SOI semiconductor layer
only in a circuit portion critical to threshold fluctuations and use the other SOI semiconductor layers in a
floating state. Many. This is because the number of contacts to the SOI semiconductor layer is reduced as much
as possible to suppress an increase in area. Even in this case, a substrate bias is often applied with the intention
of suppressing threshold fluctuation as much as possible or reducing leakage at the interface between the SOI
semiconductor layer and the buried insulating film.

[0025] This embodiment corresponds to the case where the substrate bias is applied without fixing the potential
of the SOI semiconductor layer, and the ground potential VGND is applied to the semiconductor substrate 10.
Therefore, it is necessary to short-circuit the semiconductor substrate 10 with the GND line 8. Specifically, as
shown in FIG. 3, the element isolation insulating layer 4 and a portion of the buried insulating film 11
therebelow are opened, and the upper GND is placed in the interlayer insulating film 13 buried therein. A
substrate contact VSC made of a plug reaching the line 8 is formed. An N-type contact impurity region 14
having a higher concentration than the substrate bulk is formed on the surface portion in the semiconductor
substrate 10 provided with the substrate contact VSC. The reason why the element isolation insulating layer 4
and a part of the buried insulating film 11 therebelow are opened is to form the contact impurity region 14. This
formation is desirably performed simultaneously with the source impurity region S3 (and the drain impurity
region D3) of the NMOS transistor. In this sense, the semiconductor substrate 10 of this embodiment is an N

type.

[0026] When this part is seen in the plan view of FIG. 1 (A), at the branch branch point extending from the
backbone of the GND line 8 arranged in the lateral direction so as to be shared with the adjacent gate circuit (not
shown) to the NMOS side. A substrate contact VSC is provided, and a large contact impurity region 14 is
formed around the substrate contact VSC.

[0027] On the other hand, also in the VDD line 6, a contact VDC is formed at a branch branch point extending
from the trunk to the PMOS side. However, as shown in FIG. 3, the contact VDC is connected via a contact
impurity region 16 to an active layer 15 surrounded by the element isolation insulating layer 4 and in a potential
floating state. These contact VDC, active layer 15 and contact impurity region 16 are unnecessary in terms of
circuit function, and are inevitably formed by sharing a pattern with the bulk type semiconductor device of the
comparative example, as will be described later. It is a part that ends up.

[0028] In the case where it is desired to shift the circuit configuration and the threshold as a whole, the substrate
bias can be performed by applying the power supply voltage Vdd. In that case, the pattern is changed so that the
element isolation insulating layer 4 is formed also in this portion so that the contact VDC reaches the
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semiconductor substrate 10. The contact impurity region 16 is preferably formed simultaneously with the P-type
impurity region (source impurity region S2 and drain impurity region D2) of the PMOS transistor.

[0029] Next, a comparative example of a bulk structure inverter will be described in comparison with such an
SOI structure inverter.

[0030] FIG. 1C is a pattern plan view of a bulk type inverter in which the same function is formed in a
semiconductor bulk or well as a comparative example. FIG. 4 is a schematic sectional view taken along the line
CC of FIG. The plane pattern of the bulk type inverter 100 is almost the same as the plane pattern of the SOI
type inverter described above. A slightly different point is that an active layer (well) is exposed at a position
where the SOI type substrate contact VSC is provided, and a well contact impurity region 101 is formed on the
surface portion thereof. In the illustrated example, the pattern of the well contact impurity region 101 is the
same as the pattern of the substrate contact VSC in the SOI type. The other patterns are the same as those of the
bulk type, and unless otherwise specified, in FIG. 1C, the same reference numerals as those in FIG.

[0031] In the cross section of FIG. 4, the substrate structure is different from the SOI type. An N-type well 103
serving as an active layer of a PMOS transistor and a P-type well 104 serving as an active layer of an NMOS
transistor are formed on a semiconductor substrate 102 made of a silicon wafer of any conductivity type. The
surface portions in and around the wells are separated by the element isolation insulating layer 4.

[0032] Source impurity regions S2, S3 (and drain impurity regions D2, D3) are formed in the same pattern as
the SOI type on the surface portion in the N-type well 103 and the surface portion in the P-well 104. A well
contact portion is provided in each of the N well 103 and the P well 104 in a state separated from the impurity
regions of these transistors by the element isolation insulating layer 4. The well contact portion of the N well

103 is an N-type contact impurity region 16 provided on the inner surface of the well, and a plug connecting the
upper surface of the contact impurity region 16 and the upper VDD line 6. It consists of a well contact NWC.
The N well contact NWC corresponds to the SOI type contact VDC, and is embedded in the interlayer insulating
film 13.

[0033] Similarly, the well contact portion of the P well 4 is a plug provided on the inner surface of the well for
connecting the higher concentration N-type contact impurity region 101, the upper surface of the contact
impurity region 101, and the upper GND line 8. And a P-well contact NWC. The P well contact PWC is
provided in place of the SOI type substrate contact VSC, and is buried in the interlayer insulating film 13.

[0034] Other configurations, that is, the gate electrode 4, the gate contact GC, the source contacts SCp and SCn,
the drain contacts DCp and DCn, the interlayer insulating film 13, the VDD line 6 and the GND line 8 are made
of the same pattern and material as the SOI type described above. .

[0035] Such a difference in pattern and structure is the same in the NAND gate circuit. The description is
abbreviate | omitted with the same code | symbol.

[0036] When a new SOI type semiconductor device having the same function is newly designed using the
existing pattern and layout data of the bulk type semiconductor device having such a configuration, a part of the
pattern of the element isolation insulating film 4 is first modified. Specifically, in the case of the illustrated
inverter, for example, the opening of the pattern of the element isolation insulating film 4 is eliminated for the P-
well contact on the NMOS side.

[0037] In addition, a pattern for partially opening the element isolation insulating layer 4 and the buried
insulating film 11 thereunder is required for the substrate contact. As will be described later, if a process for
selectively etching the insulating film deposited on the entire surface when the element isolation insulating layer
4 is formed on the active layer is necessary, the pattern at the time of the selective etching is changed. It can be
dealt with by correcting. In that case, no photomask is added. On the other hand, when such a selective etching
process is not originally performed, a new photomask is added for the substrate contact.

[0038] In this way, conversion from bulk type to SOI type can be performed by performing pattern correction
twice or by adding one pattern layer for making a new additional photomask. In addition, these pattern
corrections and creation of new patterns are simple and simple by adding at least one simple rectangular pattern.
Therefore, there is an advantage that the cost associated with the change of the substrate separation structure can
be suppressed as much as possible. In addition, since there is no change in the effective element pattern, it is
possible to easily estimate the effect of improving characteristics due to the change from the bulk type to the
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SOI type. This is because there is no change in the element characteristic parameter depending on the planar
pattern shape, and the improvement of the characteristic due to the change of the substrate separation structure is
reflected in the electric characteristic of the element as it is.

[0039] Finally, an embodiment of the method for manufacturing the SOI type semiconductor device will be
described by taking an inverter as an example. 5 to 11 are cross-sectional views in the middle of manufacturing
this inverter. First, a substrate having an SOI type substrate separation structure (SOI substrate) is formed by a
known method. For example, in the method of laminating the substrates, a buried insulating film 11 is formed
on the surface of a first silicon wafer (substrate to be polished) to be the SOI semiconductor layer 12, and
further, for example, polycrystalline silicon or the like is formed on the surface as necessary. An adhesive layer
is formed, and the surface of the adhesive layer is polished and planarized. The substrate to be polished is
bonded to the second silicon wafer (support substrate) 10 from the flattened surface and annealed to improve the
adhesive strength. When the surface of the substrate to be polished is ground and thinned to a certain extent, it is
thinned to a predetermined thickness, for example, about 100 nm by chemical mechanical polishing (CMP).
Thereby, the SOI semiconductor layer 12 is formed. A stopper 17 made of a material having a high etching
selectivity with respect to the element isolation insulating material is formed on the surface of the SOI
semiconductor layer 12. As the film material of the stopper, when the element isolation insulating material is
silicon dioxide, for example, silicon nitride can be selected. FIG. 5 is a cross-sectional view after the stopper is
formed. Note that the SOI substrate may be formed by a so-called SIMOX method.

[0040] A resist pattern is formed on the stopper film 17 using a photomask of an element isolation pattern whose
design has been partially changed, and the stopper 17 and the SOI semiconductor layer 12 therebelow are etched
by RIE or the like using this as a mask. As a result, as shown in FIG. 6, the SOI semiconductor layer 12 is
divided by the trench, and an active layer having a predetermined pattern is formed.

[0041] As shown in FIG. 7, a film 4a of element isolation insulating material is deposited so as to cover the
active layer and completely fill the trench.

[0042] Next, the insulating film 4a is polished and flattened. Before that, a resist R1 having a pattern opening
above each active layer is formed on the insulating film 4a as shown in FIG. The resist R1 is partially opened at
portions other than the active layer in order to form a substrate contact region. The photomask used for the
pattern formation of the resist R1 is prepared in advance using pattern data obtained by partially correcting an
existing bulk type pattern. Etching is performed using the resist R1 as a mask to pattern the insulating film 4a. In
the etching at this time, the surface of the active layer is protected by the presence of the stopper 17. This
etching is performed until the buried insulating film portion under the substrate contact region is further etched
and the semiconductor substrate 10 is exposed.

[0043] After removing the resist R1, the surface of the insulating film 4a is planarized by CMP or the like. If the
stopper 17 is formed of a material having high hardness, the surface of the active layer is protected by the
stopper 17 even in this CMP, and the end point of the CMP can be easily detected. As a result, the insulating
film 4a is separated at a necessary portion, and as a result, the element isolation insulating layer 4 is formed.

[0044] The stopper 17 is removed by chemical treatment. Before or after removing the stopper, N-type impurity
ions and P-type impurity ions are divided into the active layer to form the N-type active layers 21 and 15 on the
PMOS side, and the P-type active layer 31 is formed on the NMOS side. To do. Further, if necessary, the
threshold value is adjusted by introducing a P-type or N-type impurity into the surface of the active layer.
Thereafter, a gate insulating film (not shown) made of silicon dioxide or the like and a polycrystalline silicon
film are sequentially formed and patterned to form the gate electrode 5. Since the polycrystalline silicon film at
this time has not yet been doped with impurities, its conductivity is low. Further, since the gate oxide film is
formed by thermally oxidizing the surface of the active layer, it is hardly formed between the gate electrode 5 on
the element isolation insulating layer 4 as shown in FIG.

[0045] As shown in FIG. 11, resist R2 opening in the NMOS formation region 3 is formed, and using this as a
mask, low concentration ion implantation for LDD or ions for Extentio S /D having a higher concentration than
LDD in order to reduce parasitic resistance. Implantation is performed, and N-type impurities are introduced
into the exposed surface portion of the active layer. Thereby, pocket ion implantation is performed as necessary.
In this ion implantation, for example, the total dose is 1 x 10 14 / cm 2, the energy is 1 keV, and phosphorus
ions P or BF 2 ions are implanted at an implantation angle of 15 °. Further, ion implantation is performed by
dividing the wafer into eight directions from eight directions. Although not particularly illustrated, a 10 nm
TEOS film, a silicon nitride film, etc. are CVD-etched and etched back to form sidewall spacers. Using this
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sidewall spacer as a mask, an N-type impurity (for example, arsenic As) is ion-implanted at a relatively high
dose of about 3 x 10 15/ cm 2. As a result, the source impurity region S3 (and the drain impurity region D3) is
formed on the surface portion in the P-type active layer 31, and at the same time, the substrate contact impurity
region 14 is formed in the opening of the semiconductor substrate 10. Further, this NMOS gate electrode portion
is made N-type conductive.

[0046] Although not particularly shown, a resist opening on the PMOS side is formed in the same manner, and
ion implantation of P-type impurities for LDD or Extension S / D, formation of sidewall spacers, and ion
implantation for S / D are performed. In this S / D ion implantation, for example, boron BF2 is ion-implanted at
a high dose of about 3 x 10 15/ cm 2. Thereby, a source impurity region S2 (and a drain impurity region D2) is
formed on the surface portion in the N-type active layer 21. In addition, the PMOS gate electrode portion is
made P-type conductive.

[0047] Thereafter, an interlayer insulating film 13 is deposited on the entire surface, and this is opened, and a
metal material such as tungsten W or doped polycrystalline silicon or the like is buried in the opening to flatten
the surface, thereby various contacts SCn, SCp. , VSC, VDC, etc. Further, various wirings 6 and 8 made of a
metal material or the like are formed.

[0048] As a modification of this embodiment, the portion of the buried insulating film 11 opened in the trench
may be removed by etching following the formation of the element isolation trench (FIG. 6). In this case, it is
not necessary to etch the buried insulating film 11 when forming a substrate contact region (to be described
later) (FIG. 8), so that the etching amount above the active layer can be made substantially the same, which is
desirable. In this case, the etching stopper 17 can be omitted on condition that low damage etching is performed.

[0049] [Second Embodiment] In this embodiment, the substrate contact is taken from the back surface of the
chip. FIG. 12 is a view when the SOI type semiconductor chip described in the first embodiment is fixed to a
lead frame. An SOI type semiconductor chip is fixed to a die pad of a lead frame 40 made of a metal material
having a high conductivity via a conductive adhesive layer 41 such as an Ag paste, and the back surface of the
semiconductor substrate 10 is connected to the lead frame 40 with a low resistance. Conducted at. A lead frame
40 and a bonding pad 43 formed on the surface of the semiconductor chip and electrically connected to the GND
line 8 are bonded by a wire 41. Such a die-bonded lead frame is accommodated in a mold resin or other
package. At this time, the lead is pulled out of the package, but the lead to which the ground potential VGND is
applied is usually a part of the illustrated lead frame 40 having a die pad, so that the ground potential VGND is
the lead frame 40, the wire 41, and the bonding. It is supplied to the element through the pad 43, the GND line
8, the source contact SCn, and the like. At the same time, the ground potential VGND is supplied to the
semiconductor substrate 10 via the lead frame 40 and the conductive adhesive layer 41.

[0050] In the above embodiment, the substrate contact inside the chip is unnecessary, and as shown in the
figure, the contact VCS is connected only to the active layer surrounded by the element isolation insulating layer
4 and reaches the semiconductor substrate 10. Absent. Therefore, in the manufacture of such a chip, there is no
need to change the pattern, and there is an advantage that the photomask used for the bulk type manufacturing
can be used as it is.

[0051] The manufacturing method and design method of an SOI type semiconductor device according to the
present invention are used in a bulk type semiconductor device when the SOI semiconductor layer is floating
and the substrate potential is fixed. It is possible to easily manufacture the SOI type semiconductor device by
converting the layout pattern to the layout pattern of the SOI type semiconductor device with a minimum change
and forming a photomask with the converted pattern. According to the SOI semiconductor device of the present
invention, it is possible to make substrate contact by directly applying the element and wiring layout pattern
used in the bulk type semiconductor device.
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RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT
TECHNICAL FIELD
Embodiments of the present inventionsrelate to design of sub-micron metal oxide semiconductors. More
particularly, embodiments of the present invention provide retrograde channel doping to improve the short channel
effect.
BACKGROUND ART

Figure 1 shows a memory cell 10 as has been well known in the conventional art. Regions 14 are
the drain and/or source regions for memory cell 10. They may be used as source and/or drain interchangeably.
Control gate 16 is used to control the operation of memory cell 10. A channel region 17 is formed between
source/drain regions 14. Feature size 18 is the nominal size of the smallest feature that can be created by a
particular semiconductor process. In memory cells of this type, the gate 16 width and channel 17 length
typically correspond approximately to feature size 18. Memory cell 10 may also have a source/drain extension
11 structure. Source/drain extension 11 is a shallow diffusion that connects the channel 17 with the deeper
source/drain 14, typically intended to prevent degradation of drive current.

Memory cell 10 may be one of two general types of non-volatile memory, a “floating gate™ cell or a
nitride read only memory (NROM) cell. In a floating gate cell, layer 12B of the gate stack is typically
conductive polysilicon. Layers 12A and 12C are insulating materials which isolate or “float” gate layer 12B,
which is usually referred to as a floating gate. Floating gate 12B is the storage element of memory cell 10.

Silicon nitride based flash memory has many advantages as compared to its floating gate and tunneling
oxide based counterparts. Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) is potentially very dense in terms of
number of cells per unit area that can be used and it requires fewer process steps as compared to floating gate
memory. Moreover, it can be easily integrated with standard SRAM process technology. A further advantage of
using SONOS devices is their suitability for applications requiring large temperature variations and radiation
hardening. The SONOS stack is a gate dielectric stack and consists of a single layer of polysilicon, a triple stack
ONO (Oxide-Nitride-Oxide) gate dielectric layer and a MOS channel 17. The ONO structure may consist of a
tunnel oxide 12A, a nitride memory storage layer 12B and a blocking oxide layer 12C.

Memory device manufacturers are continually challenged to provide ever greater amounts of memory at
ever lower costs. Recently, Advanced Micro Devices, Incorporated of California has introduced MIRROR BIT
™ pitride-based flash ROM that stores multiple bits per memory cell 10 physically separated in nitride layer 12B.
Such storage of multiple bits per cell increases the storage density of the memory device, thereby reducing the
cost per bit of storage.

Another primary approach employed to achieve lower memory costs is the industry-wide on-going
reduction in semiconductor feature size. By making features, such as signal lines and transistors smaller, more
memory devices may be placed in a given die area, resulting in lower production costs.

However, as feature size decreases to, for example, about 0.3 microns and smaller, the channel length
also decreases. As channel length grows shorter, threshold voltage begins to decrease and leakage current
increases. These effects are commonly referred to in the semiconductor arts as the “short channel effect.” An
increase in leakage current is particularly onerous in flash memory devices as flash has found wide acceptance in
very low power applications, for example mobile phones, due to the ability of flash to retain information without

applied power. Increases in leakage current may have a significant deleterious effect on total power consumption
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of the flash device and the product using the flash device. Consequently, much research and development effort
has gone into mitigating the short channel effect.

Prior art approaches to improve leakage current and reduce the short channel effect include, for example,
“halo” doping and retrograde wells. Halo doping 20 creates a steep dopant profile at the edges of the source/drain
regions, as shown in Figure 1. A conventional retrograde well has a non-uniform doping concentration that
increases, for example, linearly with depth 22 in the channel region 17. The doping of a conventional retrograde
well generally follows a continuous, monotonically increasing profile with no abrupt changes. Conventional
retrograde wells are typically created by using a slow diffusing dopant species such as arsenic or antimony for
PMOS devices and indium for NMOS devices. Both halo doping and retrograde well profiles serve to inhibit the
flow of charge carriers, raising the threshold voltage and reducing leakage current for the device.

However, both halo doping and conventional retrograde wells, alone and in combination, are found to be
lacking. Such prior art approaches simply do not reduce leakage current to commercially acceptable levels for
flash memory at modern process feature sizes, for example, 0.17 microns and smaller.

Semiconductor processing equipment is extremely expensive. Fundamental semiconductor processing
steps, e.g., doping, typically require long periods of development and extensive qualification testing. Any solution
to the short channel effect should be compatible with existing semiconductor processes and equipment without the
need for revamping well established tools and techniques.

Thus a need exists to prevent short channel effects in memory cells. A further need exists for preventing
short channel effects in a manner that is compatible and complimentary with conventional approaches to minimize
short channel effects. A still further need exists for the above mentioned needs to be achieved with existing
semiconductor processes and equipment without revamping well established tools and techniques.

DISCLOSURE OF THE INVENTION

Embodiments of the present invention provide a means to prevent short channel effects in memory cells.
Further embodiments of the present invention prevent short channel effects in a manner that is compatible and
complimentary with existing approaches to minimize short channel effects. Still further embodiments of the

present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes

and equipment without revamping well established tools and techniques.

A memory semiconductor cell comprises a éate region, a source region and a drain region. A channel
region is formed between the source region and the drain region. The channel region comprises a first channel
portion with a first concentration of doping material, the first channel portion disposed adjacent to an edge of the
channel region closest to and substantially parallel to the gate region. The channel region further comprises a
second channel portion with a second concentration of doping material, the second portion disposed substantially
parallel to the first channel portion and a third channel portion, disposed between the first channe! portion and the
second channel portion, with a third concentration of doping material. The third concentration is lower than the
first concentration and lower than the second concentration.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a memory cell as has been well known in the conventional art.

Figure 2 illustrates a memory cell with a retrograde channel, according to an embodiment of the present
invention.

Figure 3 illustrates an exemplary profile of doping concentration in a channel region versus channel

depth, according to an embodiment of the present invention.
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Figures 4A, 4B and 4C illustrate a charge carrier flow through a channel region of a memory cell,
according to an embodiment of the present invention.

BEST MODE FOR CARRYING OQUT THE INVENTION

In the following detailed description of the present invention, retrograde channel doping to improve short
channel effect, numerous specific details are set forth in order to provide a thorough understanding of the present
invention. However, it will be recognized by one skilled in the art that the present invention may be practiced
without these specific details or with equivalents thereof. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail so as not to unnecessarily obscure aspects of the
present invention.

RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT

Embodiments of the present invention are described in the context of design and operation of flash
memory devices. However, it is appreciated that embodiments of the present invention may be utilized in other
areas of electronic design and operation.

Figure 2 illustrates a memory cell 30 with a novel retrograde channel, according to an embodiment of the
present invention. The channel region comprises three portions, 31, 32 and 33. Channel portion 33 is closest to
gate 16 and substantially parallel to the long axis of gate 16. Channel portion 32 is substantially parallel to
channel portion 33 and at a greater depth into the substrate material than channel portion 32. Channel portion 31
is substantially parallel to channel portion 32 and at a still greater depth into the substrate material. Channel
portion 32 is disposed between channel portions 31 and 33. It is appreciated that memory cell 30 is shown with
source/drain extensions 11 and halo implant regions 20. Embodiments of the present invention are well suited to
memory cells with or without these features. If one or both were absent, channel portions 31, 32 and 33 would
extend horizontally to the halo implant or the source drain extension or the source/drain.

By well known semiconductor processing techniques, for example implantation and diffusion, channel
portion 33 may be constructed and given a particular concentration of doping material. Likewise, channel portion
31 may be constructed and given a particular concentration of doping material. In general, no specific operétions
are performed to construct channel portion 32, rather channel portion 32 is a result of constructing portions 31 and
33 with no overlap. The bottom of channel portion 31 may be, for example, 0.1 pim from the top edge of the
substrate. ' ' 7 '

According to an embodiment of the present invention, the doping concentration in both channel portion
31 and channel portion 33 is higher than the doping concentration of channel portion 32. Graph 40 of Figure 3
illustrates an exemplary profile 41 of doping concentration in a channel region versus channel depth. Channel
portion 33 may have a doping concentration as depicted by profile 41 in region 33A. Channel portion 32 may
have a doping concentration as depicted by profile 41 in region 32A. Channel portion 31 may have a doping
concentration as depicted by profile 41 in region 31A.

It is to be appreciated that, in contrast to conventional retrograde wells, the doping profile of this novel
well is neither monotonic nor necessarily continuous, according to an embodiment of the present invention. There
may be relatively abrupt (as allowed by semiconductor physics) changes in doping profile at the boundaries
between channel portions, for example between channel portions 31 and 32, and between channel portions 32 and
33.

In channel portions 31 and 33 charge carrier migration is hindered due to the to relatively high

concentration of doping material(s). Consequently, the effective channel region is reduced to approximately
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channel portion 32. For example, channel portion 32 may form a “tunnel” (not to be confused with quantum
effect tunneling) between channel portions 31 and 33. As a beneficial result of the reduced effective channel,
threshg)ld voltage is increased and leakage current is decreased, reducing or eliminating the short channel effect.
It is to be appreciated that the depths, thickness and doping concentrations of the respective channel portions will
vary according to a wide range of variables including, for example, source/drain thickness, channel length,
operating voltage, doping materials and whether the device operates as a P channel or an N channel.

Channel portion 31 may be initially formed by using a slow diffusing dopant species, for example,
arsenic or antimony fof PMOS devices. Such a diffusion process may enable high concentrations of doping
material to reach the channel depths required. Channel portion 33 may be formed by using faster diffusing
dopants, e.g., boron. A shorter diffusion may produce a high concentration of doping material at relatively
shallow depths in the channel region.

Figures 4A, 4B and 4C further illustrate a charge carrier flow through a channel region of memory cell
30, according to an embodiment of the present invention. In Figure 4A, charge carriers, for example, electrons
403 attempt to flow from source/drain region 401 to source/drain region 402. Electrons are impeded from flowing
into channel portion 33 due to a high concentration of doping material. Likewise, electrons 405 are impeded from
flowing into channel portion 31 due to a high concentration of doping material. In contrast, electrons 404 are able
to overcome a relatively small energy barrier and flow into channel portion 32.

As shown in Figure 4B, electrons 403, otherwise disposed to travel horizontally (as depicted) into
channel region 33, must change direction to travel around the “corner” of channel region 33 in order to enter
channel region 32, wherein electrons are more able to flow. Such changes of direction require energy, resulting in
a higher energy budget for electrons traversing a complex path, in contrast to electrons which may be able to
travel in substantially a straight line. In addition, because region 401 is fully populated with charge carrijers, e.g.,
electrons 404 and 405, additional energy is required to overcome the electrostatic repulsion of like charges in
order to move the charge carriers closer together. As a beneficial result of the increased path length, the indirect
nature of the path, as well as electrostatic repulsion, electrons 403 require more energy to travel from region 401
to 402 and consequently have a beneficially higher threshold voltage for embodiments of the present invention
when compared to the prior art.

In a similar manner, electron$ 405 must change direction and overcome electrostatic repulsion in order to
travel into channel portion 32 from their original positions adjacent to channel portion 31. Consequently,
electrons 405 have a higher threshold voltage than would otherwise be required.

Electrons 404, while disposed adjacent to channel portion 32, are also beneficially affected by
embodiments of the present invention. Although electrons 404 are not obviously redirected to avoid channel
portions of higher doping concentration, electrons 404 are affected by the localized increased concentration of
charge carriers resulting in electrostatic forces acting upon electrons 404 in a similar manner to the electrostatic
forces acting upon electrons 403 and 405.

Figure 4C shows a cumulative effect of the present retrograde channel on charge carrier flow, according
to an embodiment of the present invention. Electrons in region 401 are inhibited from flowing in channel portions
33 and 31, favoring channel portion 32. However, due to the physically constrictive nature of channel portion 32
combined with electrostatic forces acting upon the like charge carriers, the electrons tend to “bunch up” at the
interface between region 401 and channel portion 32. The net effect of “bunching up” is seen externally as a

desirable increase in threshold voltage, and a corresponding decrease in leakage current.
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It is to be appreciated that although a PMOS device has been illustrated herein, embodiments of the
present invention are well suited to NMOS devices as well. The choices of materials, e.g., for dopants, for use
with NMOS devices are well understood in the semiconductor arts.

This novel design and method to implement this design reduce and/or eliminate the short channel effect,
allowing for decreased feature size and increased density of memory cells. These beneficial results allow for less
expensive memory devices with lower power consumption, rendering a competitive advantage to the users
practicing embodiments of the present invention.

Embodiments of the present invention provide a means to prevent short channel effects in memory cells.
Further embodiments of the present invention prevent short channel effects in a manner that is compatible and
complimentary with existing approaches to minimize short channel effects. Still further embodiments of the
present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes
and equipment without revamping well established tools and techniques.

The preferred embodiment of the present invention retrograde channel doping to improve short channel
effect is thus described. While the present invention has been described in particular embodiments, it should be
appreciated that the present invention should not be construed as limited by such embodiments, but rather

construed according to the below claims.
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