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SEMICONDUCTOR DEVICE WITH 
COMPENSATED THRESHOLD VOLTAGE 
AND METHOD FOR MAKING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to a semiconduc 
tor device, such as an MOS transistor, in which there is 
compensation for the drop in the threshold voltage (V th) due 
to the short-channel effects, and to a process for fabrication 
of such a semiconductor device. 

2. Description of the Related Art 

For a given nominal channel length (L) of a transistor, the 
threshold voltage (Vth) drops suddenly, in particular for 
short-channel transistors (i.e., those having a channel length 
of less than 0.25 pm and typically a channel length, L, of 
about 0.18 pm). 

The threshold voltage of a semiconductor device such as 
an MOS transistor, in particular a short-channel device, is a 
critical parameter of the device. This is because the leakage 
current of the device (for example, of the transistor) depends 
strongly on the threshold voltage. Taking into consideration 
current supply voltages and those envisaged in the future 
(from 0.9 to 1.8 volts) for such devices and the permitted 
leakage currents (Iofof approximately 1 nA/um), the thresh 
old voltage Vth must have values of approximately 0.2 to 
0.25 volts. 

The sudden voltage drop (or roll-off) in the zones of the 
channel region of the semiconductor device results in disper 
sion of the electrical characteristics of the device and makes 
it dif?cult to obtain the desired threshold voltages. 

To remedy this threshold voltage roll-off in semiconduc 
tor devices such as MOS transistors, it has been proposed, as 
described in the article “Self-Aligned Control of Threshold 
Voltages in Sub-0.02pm MOSFETs” by Hajima Kurata and 
Toshihiro Sugii, IEEE Transactions on Electron Devices, 
Vol. 45, No. Oct. 10, 1998, to form, in the channel region, 
pockets adjacent to the source and drain region junctions that 
have a conductivity of the same type as the substrate; but in 
which, the dopant concentration is greater than that of the 
substrate. 

Although this solution reduces the threshold voltage roll 
off gradient in the channel region, the short-channel effects 
lead to a more rapid roll-off of the threshold voltage, Vth, 
than the increase in the threshold voltage that can be 
obtained by incorporating the compensation pockets of the 
prior art. 

Consequently, although these compensation pockets 
allow partial local compensation for the roll-off of the 
threshold voltage, Vth, it is not possible to obtain complete 
compensation for the roll-off over the entire channel region 
range desired. 

Therefore a semiconductor device, such as an MOS 
transistor, that remedies the drawbacks of the devices of the 
prior art may be desired. 
More particularly, a semiconductor device, such as an 

MOS transistor, whose voltage threshold roll-off due to the 
short-channel effects is almost fully compensated for may be 
desired. This makes it possible to achieve channel lengths 
which are arbitrarily small but non-zero. 
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2 
Also a semiconductor device, such as an MOS transistor, 

may have a constant threshold voltage, Vth, when the chan 
nel length, L, decreases down to very small effective channel 
lengths, for example, 0.025 pm or less. 
A process for fabricating a semiconductor device may 

apply to devices having channels of arbitrarily small length, 
these being, moreover, technologically realizable. 

DESCRIPTION OF THE INVENTION 

A semiconductor device is described that may have a 
semiconductor substrate with a predetermined 
concentration, Ns, of a dopant of a ?rst conductivity type. 
The device may have source and drain regions which are 
doped with a dopant of a second conductivity type, which is 
opposite of the ?rst conductivity type. Junctions delimiting a 
channel region of predetermined nominal length, L N, may be 
de?ned in the substrate. A ?rst pocket adjacent to each of the 
junctions and having a predetermined length, Lp, may be 
de?ned. The ?rst pockets may be doped with a dopant of the 
?rst conductivity type but with a local concentration, Np, 
which locally increases the net concentration in the sub 
strate. The device may include at least one second pocket 
located adjacent to each of the junctions and stacked against 
each of the ?rst pockets. These second pockets may have a 
length, Ln, such that Ln>Lp. The second pockets may be 
doped with a dopant of the second conductivity type and 
have a concentration, Nn, such that Nn<Np. This may 
locally decrease the net concentration of the substrate with 
out changing the conductivity type. 

In an embodiment, the second pockets include a plurality 
of elementary pockets stacked against one another. Each 
elementary pocket of a given rank, i, may have a predeter 
mined length, Lni, and a predetermined concentration, Nni, 
of a dopant of the second conductivity type satisfying the 
following relationships: 

the sum, ZNni, of the concentrations of the dopant of the 
second conductivity type in the elementary pockets 
may be such that: 

In other words, the second pockets decrease the net con 
centration of dopant of the ?rst conductivity type both in the 
?rst pockets and in the channel region. However, they do not 
change the conductivity type of the ?rst pockets nor of the 
channel region. 
A process for fabricating a semiconductor device as 

de?ned above is described. The process may include the 
formation of a source region and of a drain region in a semi 
conductor substrate having a predetermined concentration, 
Ns, of a dopant of a ?rst conductivity type. The source 
region and the drain region may be doped with a dopant of a 
second conductivity type, which is opposite of the ?rst con 
ductivity type. The source and drain regions may form one 
or more junctions in the substrate such that the junctions 
delimit between them a channel region. The channel region 
may have a predetermined nominal length, LN. In the chan 
nel region in a zone adjacent to each of the junctions, one or 
more ?rst pockets may be formed having a predetermined 
length, Lp, and a predetermined concentration, Np. This 
may locally increase the net concentration in the substrate 
above Ns. The process may furthermore include the 
implantation, in the channel region, of a dopant of the sec 
ond conductivity type, which is opposite of the ?rst conduc 
tivity type. This may be done under a set of conditions such 



US RE41,764 E 
3 

that at least one second pocket is formed in the channel 
region. Each second pocket may be stacked against each of 
the ?rst pockets, respectively. The second pocket may have a 
length, Ln, such that Ln>Lp, and a concentration, Nn, of a 
dopant of the ?rst type such that Nn<Np. This may locally 
decrease the net concentration in the substrate, without 
changing the conductivity type. 

In a preferred embodiment, the implantation of the dopant 
of the second conductivity type consists of a series of suc 
cessive implantations under a set of conditions such that the 
second pockets formed each consist of a plurality of elemen 
tary pockets stacked against one another. Each elementary 
pocket of a given rank, i, may have a length, Lm, and a 
concentration, Nni, of a dopant of the second conductivity 
type satisfying the relationships: 

Lnl-_ 1 <Lni<Lni+ 1, 

Nni_1>an->Nni+l, and 
the [sun] sum, ZNni, of the concentrations of the dopant of 

the second conductivity type in the elementary pockets 
being such that: 

The lengths Lp and Ln of the pockets are taken from the 
junctions. 

Implantation of a dopant in a semiconductor substrate is a 
known process and it is possible, in the present process, to 
use any implantation process conventionally used in the 
technology of semiconductors. 
As is known, the formation of doped pockets in a semi 

conductor substrate depends on the angle of incidence of the 
implantation with respect to the normal to the substrate, on 
the implantation dose, and on the implantation energy of the 
dopant. Thus, by varying the angle of incidence and the 
dopant dose, it is possible to increase the length of the 
implanted pocket and to vary the dopant concentration. 
As a variant, in order to vary the length of the second 

implanted pockets and their dopant concentration, succes 
sive implantation steps may be carried out with the same 
angle of incidence with respect to the normal, the same dose, 
and the same implantation energy. However, subjecting the 
device to a different annealing heat treatment step after each 
successive implantation step may make the dopant 
implanted in the substrate diffuse differently for each 
implanted pocket. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The remainder of the description refers to the appended 
?gures, which show respectively: 

FIG. 1, a ?rst embodiment of a semiconductor device, 
such as an MOS transistor; 

FIG. 2, a second embodiment of a semiconductor device; 
and 

FIG. 3, a graph of the threshold voltage (Vth) for various 
semiconductor devices as a function of the effective channel 
length. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a ?rst embodiment of a semiconductor 
device, such as an MOS transistor. The semiconductor 
device may include a semiconductor substrate 1, which may 
be, for example, a silicon substrate doped with a dopant of a 
?rst conductivity type (for example, p-type conductivity). 
Source 2 and drain 3 regions may be formed in the substrate 
1 and doped with a dopant of a second conductivity type, 
which is opposite of the ?rst conductivity type (for example, 
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4 
an n-type dopant). The source and drain regions may, in the 
substrate, de?ne junctions 4, 5 delimiting between them a 
channel region 6. 
The channel region 6 may be covered with a gate oxide 

layer 11 (for example, a thin silicon oxide layer), which is 
itself surmounted by a gate 12 (for example, a gate made of 
silicon). The gate 12 may be ?anked on two opposed sides 
by spacers 13, 14 made of a suitable dielectric. 

To reduce the rate of roll-off of the threshold voltage, Vth, 
in the channel region 6, two ?rst pockets 7, 8 are formed in 
the channel region. Each pocket may be adjacent to one of 
the junctions 4, 5, respectively. These pockets are doped by 
means of a dopant of the ?rst conductivity type, p, but with a 
concentration, Np, of dopant which locally increases the 
concentration in the substrate to above Ns and has a length, 
Lp, as short as possible. 
Two second pockets 9, 10 are formed in the channel 

region 6. The second pockets are each stacked against one of 
the ?rst pockets, but with a length, Ln, greater than the 
length, Lp, of the ?rst pockets. The second pockets are 
doped with a dopant of the second conductivity type. For 
example, the dopant may be an n-type dopant with a 
concentration, Nn, such that Nn is less than the concentra 
tion Np of dopant of the ?rst conductivity type in the sub 
strate. 

Thus, in the zones of the second pockets, the net concen 
tration of dopant of the ?rst conductivity type (for example, 
the p-type dopant) is decreased but the nature of the conduc 
tivity in the channel region is not changed. The channel may 
still remain a region of p-type conductivity. 

FIG. 2, in which the same reference numbers denote the 
same elements as previously, shows another embodiment of 
a semiconductor device. FIG. 2 shows that the second pock 
ets 9, 10 may include pluralities of elementary pockets 
stacked against one another. For example, pluralities of 
elementary pockets may include three elementary pockets as 
shown in the embodiment of FIG. 2. 
Each elementary pocket of a given rank, i, has a length, 

Lni, and a concentration, Nni, of dopant of the second con 
ductivity type which satisfy the following relationships: 

the sum Zan- of the concentrations of the dopant of the 
second conductivity type in the elementary pockets 
being such that: 

In other words, the elementary pockets stacked against the 
?rst pockets 7 and 8 are also stacked against one another. 
However, they have increasing lengths and, concurrently, 
concentrations of dopant of the ?rst conductivity type which 
decrease as their lengths increase. 

Moreover, the sum of the concentrations, ZNni, of the 
stacked elementary pockets is such that it remains less than 
the concentration, Ns, of dopant of the ?rst conductivity type 
in the substrate so that the conductivity type of the channel 
region 6 is not modi?ed. 

Thus, in the case shown in FIG. 2, in which the second 
pockets consist of three elementary pockets. The lengths and 
dopant concentrations of the elementary pockets satisfy the 
relationships: 

an>Nn2>Nn3, and 
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FIG. 3 shows simulated graphs of the threshold voltage, 
Vth, for transistors having a gate oxide layer 4 nm in thick 
ness and for a drain/source voltage of 1.5 volts as a function 
of the effective channel length. The lengths, Lp, and the 
concentrations, Np, of the ?rst pockets doped with a dopant 
of the same type as the substrate correspond to the minimum 
channel length to be obtained and the highest doping. 

Curve A corresponds to the stacking of a single second 
pocket and shows that a ?at Vth is obtained for a channel 
length down to 0.15 pm. 

Curve B corresponds to the stacking of two second pock 
ets and shows that a ?at Vth is obtained for a channel length 
down to 0.07 pm. 

Finally, curve C corresponds to the stacking of seven sec 
ond pockets and shows that a ?at Vth can be obtained for a 
channel length down to 0.025 um. 

Thus, the above curves show that the necessary doping 
levels remain reasonable and make it possible to obtain ?at 
curves of Vth as a function of the effective channel length 
down to effective lengths of 25 nm. This may be so even with 
gate oxide thicknesses of 4 nm. 
What is claimed is: 
1. A semiconductor device, comprising: 
a semiconductor substrate having a predetermined 

concentration, Ns, of a dopant of a ?rst conductivity 
type; 

a source region and a drain region doped with a dopant of 
a second conductivity type; 

junctions, wherein the junctions delimit a channel region 
of a predetermined length, L N, in the substrate, wherein 
the junctions are de?ned by the source region and the 
drain region; 

?rst pockets located adjacent to each of the junctions, 
wherein the pockets have a predetermined length, Lp, 
wherein the ?rst pockets are doped with a dopant of the 
?rst conductivity type with a dopant concentration, Np, 
which locally increases a net concentration in the sub 
strate above Ns; 

second pockets located adjacent to each of the junctions 
and stacked against each of the ?rst pockets, wherein 
the second pockets have a length, Ln, such that Ln is 
greater than Lp, and wherein the second pockets are 
doped with a dopant of the second conductivity type 
with a dopant concentration, Nn, such that Nn is less 
than Np, which locally decreases a net concentration 
without changing a conductivity type, and wherein Nn 
is less than Ns; and 

wherein an overall length of the ?rst pockets and the sec 
ond pockets is less than the length, LN, of the channel 
region. 

2. The semiconductor device of claim 1, wherein the sec 
ond pockets comprise a plurality of elementary pockets 
stacked against each other. 

3. The semiconductor device of claim 1, wherein the sec 
ond pockets comprise a plurality of elementary pockets 
stacked against each other, wherein each elementary pocket 
comprises a rank, i, and a predetermined length, Lni, 
wherein a predetermined concentration, Nni, of a dopant of 
the second conductivity type satis?es the relationships: 

Lnl-_ 1 <Lnl-<Lnl-+1 ; 
NnZ-_1>an->Nni+l; and 
wherein the sum, ZNni, of the concentrations of the 

dopant in the elementary pockets satis?es the 
relationship, ZNni<Ns. 
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4. The semiconductor device of claim 1, wherein the sec 

ond pockets comprise a plurality of elementary pockets 
stacked against each other, and wherein the plurality of 
elementary pockets comprises three elementary pockets. 

5. The semiconductor device of claim 1, wherein the 
semiconductor device comprises an MOS transistor. 

6. The semiconductor device of claim 1, wherein the ?rst 
conductivity type comprises p-type conductivity. 

7. The semiconductor device of claim 1, wherein the sec 
ond conductivity type comprises n-type conductivity. 

8. A method for fabricating a semiconductor device, com 
prising: 

forming a semiconductor substrate with a predetermined 
concentration, Ns, of a dopant of a ?rst conductivity 
type; 

forming a source region and a drain region by doping the 
source and drain regions with a dopant of a second 
conductivity type, wherein the second conductivity 
type is opposite the ?rst conductivity type, wherein the 
source and drain regions form junctions that delimit a 
channel region between them, and wherein the channel 
region comprises a predetermined length, LN; 

forming ?rst pockets adjacent to each of the junctions in 
the channel region, wherein the ?rst pockets are formed 
by doping each of the ?rst pockets with a predeter 
mined concentration, Np, of a dopant of the ?rst con 
ductivity type, which locally increases a net concentra 
tion in the substrate above Ns, and wherein each of the 
?rst pockets comprises a predetermined length, Lp; and 

implanting in the channel region a dopant of the second 
conductivity type under a set of conditions such that 
second pockets are formed in the channel region, 
wherein the second pockets are stacked against each of 
the ?rst pockets, wherein the second pockets have a 
length, Ln, such that Ln is greater than Lp, wherein the 
second pockets have a concentration, Nn, of the dopant 
of the second conductivity type such that Nn is less than 
Np, which locally decreases a net concentration with 
out changing a conductivity type, wherein Nn is less 
than Ns, and wherein the overall length of the ?rst 
pockets and the second pockets is less than the nominal 
length, LN, of the channel region. 

9. The method of claim 8, wherein implanting in the chan 
nel region comprises a series of successive implanting steps 
such that the second pockets comprise a plurality of elemen 
tary pockets. 

10. The method of claim 8, wherein implanting in the 
channel region comprises a series of successive [implantion] 
implantation steps such that the second pockets [comprise] 
comprises a plurality of elementary pockets, wherein each 
elementary pocket comprises a rank, i, and a predetermined 
length, Lni, and wherein a predetermined concentration, Nni, 
of a dopant of the second conductivity type satis?es the rela 
tionships: 

wherein the sum, Zan- of the concentrations of the dopant 
in the elementary pockets satis?es the relationship, 
ZNni<Ns. 

11. The method of claim 10, further comprising increas 
ing an implantation angle of incidence with respect to the 
normal angle to the substrate with each successive [implan 
tion] implantation step and decreasing an implantation dose 
with each successive [implantion] implantation step. 

12. The method of claim 10, wherein the successive 
implanting steps comprise implanting the dopant of the sec 
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ond conductivity type using a same angle of incidence With 
respect to the normal angle to the substrate, a same implan 
tation dose, and a same implantation energy in each succes 
sive [implantion] implantation step, the method further com 
prising annealing the device in an annealing step after each 
successive [implantion] implantation step, Wherein each 
annealing step is different. 

13. The method of claim 8, Wherein the set of conditions 
comprises an implantation angle of incidence With respect to 
the normal angle to the substrate, an implantation dose, and 
an implantation energy. 

14. The method of claim 8, Wherein the set of conditions 
comprises an implantation angle of incidence With respect to 
the normal angle to the substrate. 

15. The method of claim 8, Wherein the set of conditions 
comprises an implantation dose. 

16. The method of claim 8, Wherein the set of conditions 
comprises an implantation energy. 

17. The method of claim 8, further comprising forming an 
MOS transistor With the semiconductor device. 

18. The method of claim 8, Wherein the ?rst conductivity 
type comprises p-type conductivity. 

19. The method of claim 8, Wherein the second conductiv 
ity type comprises n-type conductivity. 

20. A semiconductor device, comprising: 
a semiconductor substrate having a concentration, Ns, of a 

dopant of a ?rst conductivity type; 
a source region and a drain region doped With a dopant of 

a second conductivity type; 
junctions that de?ne a channel region of a length, LN, in 

the substrate, Wherein the junctions are de?ned by the 
source region and the drain region; 

?rst pockets located adjacent to each of the junctions, 
Wherein the ?rst pockets have a length, Lp, and Wherein 
the ?rst pockets are doped With a dopant of the ?rst 
conductivity type With a dopant concentration, Np; 

second pockets stacked against each of the ?rst pockets, 
Wherein the second pockets have a length, Ln, such that 
Ln is greater than Lp, Wherein the second pockets are 
doped With a dopant of the second conductivity type 
With a dopant concentration, Nn, such that Nn is less 
than Np; and 

Wherein an overall length of the ?rst pockets and the sec 
ond pockets is less than the length, LN, of the channel 
region. 

2]. A semiconductor device, comprising: 
a semiconductor substrate having a concentration, Ns, of 

a dopant of a ?rst conductivity type; 
a source region and a drain region doped with a dopant of 

a second conductivity type; 
junctions that de?ne a channel region of a length, L , in 

the substrate, wherein the junctions are de?ned by the 
source region and the drain region; 

?rstpockets including apocket located adjacent to each of 
the junctions, wherein each of the ?rst pockets is doped 
with a dopant of the ?rst conductivity type with a 
dopant concentration, Np; 

second pockets including one pocket stacked against each 
of the ?rst pockets, wherein each of the second pockets 
is doped with a dopant of the second conductivity type 
with a dopant concentration, Nn; and 

wherein an overall length of the ?rst pockets and the sec 
ond pockets is less than the length, L , ofthe channel 
region. 

22. The semiconductor device of claim 2], wherein the 
?rst pockets each have a length, Lp, and the second pockets 
each have a length, Ln, and wherein Ln is greater than Lp. 
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23. The semiconductor device ofclaim 2], wherein Nn is 

less than Np. 
24. The semiconductor device ofclaim 2], wherein each 

of the second pockets comprise a plurality of elementary 
pockets stacked against each other. 

25. The semiconductor device ofclaim 2], wherein each 
of the second pockets comprises a plurality of elementary 
pockets stacked against each other, wherein each elementary 
pocket in one of the second pockets has a rank, i, a length, 
Lni, and a concentration, Nni, of a dopant of the second 
conductivity type satisjying the relationships: 

wherein the sum, ZNni, ofthe concentrations ofthe dopant 
in the elementary pockets in one of the second pockets 
satisfies the relationship, ZNni<Ns. 

26. The semiconductor device ofclaim 2], wherein each 
of the second pockets comprises a plurality of elementary 
pockets stacked against each other, and wherein the plurality 
of elementary pockets comprises three elementary pockets. 

27. The semiconductor device of claim 2], wherein the 
semiconductor device comprises an MOS transistor. 

28. The semiconductor device of claim 2], wherein the 
?rst conductivity type is p-type conductivity. 

29. The semiconductor device of claim 2], wherein the 
second conductivity type is n-type conductivity. 

30. A method for fabricating a semiconductor device, 
comprising: 
forming a semiconductor substrate with a concentration, 

Ns, of a dopant of a ?rst conductivity type; 
forming a source region and a drain region by doping the 

source and drain regions with a dopant of a second 
conductivity type, wherein the second conductivity type 
is opposite the ?rst conductivity type, wherein the 
source and drain regionsform junctions that delimit a 
channel region between them, and wherein the channel 
region comprises a length, LN; 

forming ?rst pockets including a pocket adjacent to each 
ofthejunctions in the channel region, wherein each of 
the ?rst pockets is formed by doping each of the ?rst 
pockets with a concentration, Np, ofa dopant ofthe?rst 
conductivity type; and 

implanting in the channel region a dopant ofthe second 
conductivity type under a set of conditions such that 
second pockets are formed in the channel region, 
wherein the second pockets include a pocket stacked 
against each of the ?rst pockets, wherein the second 
pockets have a concentration, Nn, of the dopant of the 
second conductivity type, and wherein the overall 
length ofthe?rstpockets and the secondpockets is less 
than the length, L , ofthe channel region. 

3]. The method of claim 30, wherein forming the ?rst 
pockets with the concentration, Np, locally increases a net 
concentration in the substrate above Ns. 

32. The method of claim 30, wherein each of the ?rst 
pockets has a length, Lp, and each of the second pockets 
have a length, Ln, and wherein Ln is greater than Lp. 

33. The method ofclaim 30, wherein Nn is less than Np 
which locally decreases a net concentration without chang 
ing a conductivity type. 

34. The method ofclaim 30, wherein Nn is less than Ns. 
35. The method of claim 30, wherein implanting in the 

channel region comprises a series of successive implanting 
steps such that each of the second pockets comprises a plu 
rality of elementary pockets. 

in; and 
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36. The method of claim 30, wherein implanting in the 
channel region comprises a series of successive implanta 
tion steps such that each of the second pockets comprises a 
plurality of elementary pockets, wherein each elementary 
pocket has a rank, i, a length, Lni, and a concentration, Nni, 
of a dopant of the second conductivity type satis?/ing the 
relationships: 

wherein the sum, ZNni, of the concentrations of the dopant 
in the elementary pockets in each of the second pockets 
satis?es the relationship, ZNni<Ns. 

37. The method ofclaim 36,further comprising increasing 
an implantation angle ofincidence with respect to the nor 
mal angle to the substrate with each successive implantation 
step and decreasing an implantation dose with each succes 
sive implantation step. 

38. The method of claim 36, wherein the successive 
implanting steps comprise implanting the dopant ofthe sec 
ond conductivity type using a same angle ofincidence with 
respect to the normal angle to the substrate, a same implan 
tation dose, and a same implantation energy in each succes 
sive implantation step, the method further comprising 
annealing the device in an annealing step after each succes 
sive implantation step, wherein each annealing step is di er 
ent. 

39. The method ofclaim 30, wherein the set ofconditions 
comprises an implantation angle of incidence with respect to 
the normal angle to the substrate. 

40. The method ofclaim 30, wherein the set ofconditions 
relates to an implantation dose. 

4]. The method ofclaim 30, wherein the set ofconditions 
relates to an implantation energy. 

42. The method ofclaim 30, further comprisingforming a 
MOS transistor with the semiconductor device. 

43. The method ofclaim 30, wherein the?rst conductivity 
type is p-type conductivity. 

44. The method ofclaim 43, wherein the second conduc 
tivity type is n-type conductivity. 

45. A semiconductor device, comprising: 
a semiconductor substrate having a concentration, Ns, of 

a dopant of a ?rst conductivity type; 
a source region and a drain region doped with a dopant of 

a second conductivity type; 
?rst and second junctions that de?ne a channel region of a 

length, L , in the substrate, wherein the ?rst and seocnd 
junctions are de?ned by the source region and the drain 
region, respectively; 
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a ?rst set of pockets that includes a ?rst pocket and a 

second pocket, wherein the ?rst and second pockets are 
located adjacent to the ?rst and second junctions, 
respectively, and wherein each of the ?rst set of pockets 
is doped with a dopant of the ?rst conductivity type with 
a dopant concentration, Np; 

a second set of pockets that includes at least one pocket in 
the channel region adjacent to the ?rst pocket, and at 
least one pocket in the channel region adjacent to the 
second pocket, wherein each of the second set of pock 
ets is doped with a dopant of the second conductivity 
type with a dopant concentration, Nn; and 

wherein an overall length of the ?rst set of pockets and the 
second set of pockets is less than the length, L , of the 
channel region. 

46. The semiconductor device ofclaim 45, wherein each 
of the ?rst set of pockets has a length, Lp, and each of the 
second set of pockets has a length, Ln, and wherein Ln is 
greater than Lp. 

47. The semiconductor device ofclaim 45, wherein Nn is 
less than Np. 

48. The semiconductor device of claim 45, wherein the 
second set of pockets includes: 

a ?rst group of at least two pockets located adjacent to the 
?rst pocket in the channel region, wherein the ?rst 
group of at least two pockets are stacked against one 
another; 

a second group of at least two pockets located adjacent to 
the second pocket in the channel region, wherein the 
second group of at least two pockets are stacked against 
one andother; 

49. The semiconductor device of claim 45, wherein the 
second set of pockets includes at least two pockets stacked 
against each of the ?rst set of pockets, wherein each of the at 
least two pockets stacked against each of the ?rst set of 
pockets has a rank, i, and a length, Lni, and a concentration, 
Nni, ofa dopant ofthe second conductivity type that satisfy 
the relationship: 

Lnl-_1<Lnl-<Lnl-+l; 
an-_l>an->Nn 
wherein the sum, ZNni, ofthe concentrations ofthe dopant 

in the second set of pockets satisfies the relationship, 
ZNni<Ns. 

H1; and 
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