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(57) ABSTRACT 

A structure of electronic devices integrated in a semicon 
ductor substrate With a ?rst type of conductivity comprising 
at least a ?rst HV transistor and at least a second LV 
transistor, each having a corresponding gate region. Said 
?rst HV transistor has lightly doped drain and source regions 
With a second type of conductivity, and said second LV 
transistor has respective drain and source regions With the 
second type of conductivity, each including a lightly doped 
portion adjacent to the respective gate region and a second 
portion Which is more heavily doped and comprises a 
silicide layer. 
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ELECTRONIC STRUCTURE COMPRISING HIGH 
AND LOW VOLTAGE TRANSISTORS, AND A 
CORRESPONDING FABRICATION METHOD 

TECHNICAL FIELD 

[0001] This invention relates to a structure comprising an 
HV (High Voltage) transistor and an LV (LoW Voltage) 
transistor, as Well as to a corresponding manufacturing 
method, especially in processes Wherein a silicide is used. 

[0002] The invention relates, in particular but not eXclu 
sively, to a structure to be integrated into a substrate along 
With devices Which are operated at a high voltage, such as 
non-volatile memories of the EEPROM and FLASH-EE 
PROM types. 

BACKGROUND OF THE INVENTION 

[0003] As is Well knoWn, current technologies for making 
semiconductor integrated circuits have enabled the resis 
tance of the interconnections and contact areas in the active 
areas of the individual devices to be signi?cantly reduced 
through the use of composite materials comprising silicon 
and a transition metal such as titanium or tungsten. These 
composite materials are called silicides, and are used for 
producing layers With relatively loW resistivities. 

[0004] The formation of a silicide layer over the active 
areas of MOS transistors comprises the folloWing steps, 
once the transistor gate has been formed: 

[0005] implanting ?rst portions of the source and 
drain regions With dopant at a loW concentration; 

[0006] forming spacer elements adjacent to the gate 
and the interconnection lines; 

[0007] implanting second portions, included in the 
source and drain regions of the transistor, at a high 
concentration; 

[0008] depositing a transition metal over the entire 
surface of the substrate; 

[0009] carrying out a thermal process Wherein the 
transition metal Will react selectively With the sub 
strate surface to yield the silicide. 

[0010] These process steps result in the silicide layer being 
also deposited over the polysilicon Which forms the gates 
and interconnections of the transistor, since the etching steps 
for clearing the active areas of the oXide Which is covering 
them have a similar effect on interconnections provided by 
polysilicon lines. 

[0011] These silicide layers cannot be utiliZed in the 
manufacturing of high voltage devices, speci?cally of HV 
(High Voltage) transistors either of the P-channel or N-chan 
nel type, formed using the DE (Drain Extension) technique. 
In these devices, the source and drain diffusions are provided 
as lightly doped regions to obtain HV transistors Whose 
breakdoWn voltage is set suf?ciently high to Withstand high 
bias and Working voltages. 

[0012] It is indeed in these regions that, due to their loW 
dopant concentration and relatively small thickness, the 
process for making silicide layers may develop problems. 
For eXample, in carrying out the thermal process for reacting 
the transition metal layer With the substrate surface, some of 
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the dopant in the substrate is taken up by the silicide layer 
at the expense of a substrate surface layer, so that in normal 
operation the silicide Will become shorted to the substrate. 

SUMMARY OF THE INVENTION 

[0013] An embodiment of this invention provides a struc 
ture of electronic devices comprising high and loW voltage 
transistors, Which has such structural features as to alloW the 
high voltage transistors to handle high voltages, While 
reducing the contact resistances, improving the speed of 
response of the loW voltage transistors, and overcoming the 
limitations of prior art structures. 

[0014] The structure of electronic devices is integrated in 
a semiconductor substrate With a ?rst type of conductivity 
and includes at least an HV transistor and at least an LV 
transistor, each having a corresponding gate region. The HV 
transistor has lightly doped drain and source regions With a 
second type of conductivity, and the LV transistor has 
respective drain and source regions With the second type of 
conductivity, each including a lightly doped portion adjacent 
to the respective gate region and a second portion Which is 
more heavily doped. The LV transistor has its source and 
drain regions formed With loW resistivity layers. 

[0015] Another embodiment of the invention is directed to 
a process for making an integrated structure in a semicon 
ductor substrate comprising at least an HV transistor and at 
least an LV transistor, each having a corresponding gate 
region. The process provides: a ?rst implantation of a ?rst 
type of dopant at a loW concentration for forming drain and 
source regions of the HV transistor and ?rst portions of drain 
and source regions of the LV transistor; the formation of an 
oXide layer over an active area of the HV transistor; and a 
second implantation of the ?rst type of dopant at a higher 
concentration than in the ?rst implant to form second 
portions of the source and drain regions of the LV transistor. 
The process also includes forming a metal layer over a 
surface of the substrate, folloWed by thermally treating the 
metal layer to selectively form a silicide layer over the 
second portions of the LV transistor 

[0016] The features and advantages of a structure accord 
ing to the invention Will be apparent from the folloWing 
description of an embodiment thereof, given by Way of 
eXample and not of limitation With reference to the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a plan vieW of a structure according to 
this invention. 

[0018] FIG. 2 is a sectional vieW of the structure in FIG. 
1, taken along line II-II. 

[0019] FIGS. 3 to 14 illustrate process steps for making 
the structure of FIG. 1. 

[0020] FIGS. 15 to 17 illustrate steps of a ?rst embodiment 
of a process for making contact regions of a structure 
according to the invention comprising devices of the N and 
P types. 

[0021] FIGS. 18 and 19 illustrate steps of a second 
embodiment of a process for making contact regions of a 
structure according to the invention comprising devices of 
the N and P types. 
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[0022] FIGS. 20 to 22 illustrate steps of a third embodi 
ment of a process for making contact regions of a structure 
according to the invention comprising devices of the N and 
P types. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Referring to the draWing vieWs, generally shoWn at 
50 is a structure of electronic devices integrated, according 
to the invention, in a semiconductor substrate 1. The struc 
ture 50 comprises at least one ?rst HV (High Voltage) 
transistor 2 and at least one second LV (LoW Voltage) 
transistor 3. 

[0024] The description Which folloWs Will make reference 
to a preferred embodiment With devices of the N type. 
Where devices of the P type are involved, the conductivity 
types mentioned should be reversed. 

[0025] The HV transistor 2 has a drain region 6 and a 
source region 7. The drain region 6 is formed by a ?rst 
implantation of the N- type in the substrate 1 of the P type. 
The source region is formed by an implantation of the N+ 
type. Advantageously, the source region 7 is also formed by 
the ?rst implantation of the N- type. These regions 6, 7 are 
separated by a channel region overlaid by a gate region 4 
Which comprises a polysilicon layer 18 isolated from the 
substrate 1 by an oXide layer 15a having a ?rst thickness. 

[0026] The LV transistor 3 comprises respective drain 8 
and source 9 regions, each having a ?rst portion 10 formed 
by the ?rst implantation of the N- type in the substrate 1 and 
a second portion 11 formed by a second implantation of the 
N+ type so as not to have the second portion 11 aligned to 
the gate 5. 

[0027] This gate region 5 comprises a polysilicon layer 18 
isolated from the substrate 1 by another oXide layer 17, 
thinner than the oXide layer 15a. The gate region 5 addi 
tionally comprises a silicide layer 23. 

[0028] This silicide layer 23 also covers the second por 
tions of the drain 8 and source 9 regions. 

[0029] Advantageously, spacer elements 5a of a dielectric 
material are provided on either sides of the respective gates 
4 and 5 of the ?rst and second transistors. 

[0030] Advantageously, the source 6 and drain 7 regions 
include contact regions 4‘ Which are more heavily doped 
than their respective source 6 and drain 7 regions. 

[0031] Advantageously, the gate 4 and contact 4‘ regions 
of the HV transistor 2 also include a silicide layer 23. 

[0032] Referring to FIGS. 3 to 14, a process according to 
a ?rst embodiment of this invention for making the structure 
described above comprises the step of selectively forming, 
over the surface of the substrate 1, a ?rst layer 12 of ?eld 
oXide having a ?rst thickness to de?ne respective ?rst 13 and 
second 14 active areas of the ?rst 2 and second 3 transistors 

(FIG. 3). 
[0033] Formed in these active areas 13, 14 is a second 
oXide layer 15 having a second thickness Which is much 
smaller than the thickness of the ?rst oXide layer 12 (FIG. 
4). 
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[0034] This layer 15 is then removed selectively from the 
active region 14 by a photolithographic process using a ?rst 
mask 16 (FIG. 5). 

[0035] A third oXide layer 17, thinner than the second 
layer 15, is then formed over the entire surface of the 
substrate 1. In this Way, the active area 13 Will be formed 
With an oXide layer 15a, thicker than the layer 17, to provide 
the gate oXide of the ?rst HV transistor 2 (FIG. 6). 

[0036] Thereafter, a polysilicon layer 18 is deposited 
Which is then removed selectively by a photolithographic 
process providing for the use of a second mask 18‘, in order 
to form the respective gate regions 4, 5 of the ?rst and 
second transistors 2, 3, and interconnection lines 19 (FIG. 
7). 
[0037] The ?rst implantation, of the N- type, is then 
effected to form the drain 6 and source 7 regions of the ?rst 
HV transistor 2 and the ?rst portions 10 of the drain 8 and 
source 9 regions of the second LV transistor 3 (FIG. 8). 

[0038] Using conventional techniques, the spacers 5a of 
dielectric material are then formed on either sides of the 
respective gates 4, 5 of the ?rst 2 and second 3 transistors, 
and on the interconnection lines 19, as shoWn in FIG. 9. 

[0039] This is folloWed by the formation of a layer 20 of 
a light-sensitive resin, Which is removed selectively from the 
active area 14 of the second LV transistor 3 to form a third 
mask effective to screen off the active area 13 of the ?rst HV 
transistor 2. 

[0040] Advantageously, this light-sensitive resin layer 20 
may be removed from the areas Where the contact regions 4‘ 
of the HV transistor 2 are to be formed. 

[0041] Subsequently, a second implantation, of the N+ 
type, is effected to form the second portions 11 of the source 
9 and drain 8 regions of the second LV transistor 3 (FIG. 
10), and optionally the contact regions 4‘. 

[0042] The process further provides for the formation of a 
fourth dielectric layer 21 over the Whole surface of the 
substrate 1 (FIG. 11). 

[0043] This layer 21 is then removed selectively from the 
active area 14 of the second LV transistor 3 by a photolitho 
graphic process using a fourth mask 25 (silicide protect). 

[0044] Advantageously, the dielectric layer 21 is also 
removed from the contact 4‘ and gate 4 regions of the HV 
transistor 2. 

[0045] A metal layer 22 is neXt formed over the Whole 
silicon surface, and a thermal treatment is applied for 
reacting the metal layer 22 With the surface of the substrate 
1 and producing a silicide layer 23 (FIG. 12). 

[0046] During the thermal treatment, the transition metal 
22 Will only react With the portion of the substrate 1 Where 
no dielectric layer 21 is present. The gate region 5 and 
second portions of the drain 8 and source 9 regions of the LV 
transistor 3, and optionally the gate 4 and contact 4‘ regions 
of the HV transistor 2, are then covered With a layer having 
relatively loW resistance. 

[0047] A?fth layer 24 of intermediate oXide is formed and 
then removed selectively to de?ne the areas Where the 
contact areas in the drain regions 6, 8 and source regions 7, 
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9 of the ?rst and second transistors 2, 3, and in the inter 
connection lines 19 (FIG. 13), are to be formed. 

[0048] If no contact regions 4‘ have been provided, a third 
N+ implantation is effected for this purpose (FIG. 14). 

[0049] The structure is then completed by conventional 
process steps. 

[0050] As said before, the foregoing description covers the 
making of an inventive structure comprising N-channel HV 
and LV transistors. In conventional CMOS processes, a 
second portion, comprising transistors of the P type inte 
grated in a buried region 1‘ of the N type implanted in the 
substrate 1 of the P type, is associated With a ?rst portion of 
N-channel devices. 

[0051] The process according to the ?rst embodiment of 
this invention for forming, in the same substrate, the struc 
ture portion relating to N-channel HV and LV transistors 2, 
3, and to P-channel HV and LV transistors 2‘, 3‘, is imple 
mented by adding conventional process steps for CMOS 
structures to those described above. 

[0052] Modi?cations are possible, on the other hand, for 
de?ning the contact areas and implanting contact regions in 
the structure comprising HV 2 and LV 3 transistors of the N 
type, and HV 2‘ and LV 3‘ transistors of the P type, the 
last-mentioned transistors having respective second source 
and drain regions 11‘ of the P+ type Which comprise a 
silicide layer 23. 

[0053] A ?rst embodiment provides, folloWing the depo 
sition of the intermediate oXide layer 24, for its selective 
removal by a photolithographic proceed using a ?fth mask 
to de?ne the contact areas (FIG. 15). 

[0054] A layer 25 of a light-sensitive resin is then formed, 
Which is removed selectively by a photolithographic process 
using a siXth mask to de?ne the area containing the N-chan 
nel HV transistor 2. An implantation of the N+ type is then 
effected to produce contact regions 4‘ of the HV transistor 2, 
of the N type (FIG. 16). 

[0055] Another layer 26 of a light-sensitive resin is formed 
and then removed selectively by a photolithographic process 
using a seventh mask to de?ne the structure portion Which 
comprises P-channel HV transistor 2‘, folloWed by an 
implantation of the P+ type to form the contact regions 4“ of 
the HV transistor 2‘ of the P type (FIG. 17). 

[0056] This embodiment has an advantage in that it has a 
single critical mask, the ?fth, for exposing the contact areas 
in the source and drain regions and on the interconnections. 
Furthermore, this particular process sequence avoids the 
implanting of dopant in the silicide layer Which Would 
increase its resistance disadvantageously. 

[0057] A second embodiment provides for the intermedi 
ate layer 24 to be removed selectively after its deposition by 
a photolithographic process using an eighth mask to de?ne 
the contact areas of the HV and LV transistors 2 and 3 in the 
N-type structure, folloWed by an N+ implantation to form 
the contact regions 4‘ in this ?rst portion (FIG. 18). 

[0058] A layer 27 of a light-sensitive resin is formed and 
then removed selectively by a photolithographic process 
using a ninth mask to de?ne the contact areas of the 
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P-channel HV and LV transistors 2‘ and 3‘. This is folloWed 
by a P+ implantation (FIG. 19) to form the contact regions 
4“ in these transistors 2‘. 

[0059] Advantageously, this process embodiment requires 
feWer masks. 

[0060] A further embodiment for de?ning the contact 
regions provides for a selective removal, by a photolitho 
graphic process using a tenth mask, of the intermediate 
oXide layer 24 to de?ne the contact areas of the HV transistor 
2 in the N type of structure portion. An implantation of the 
N+ type is then effected to produce the contact regions 4‘ of 
HV transistor 2 of the N type (FIG. 20). 

[0061] A light-sensitive resin layer 28 is then formed, and 
selectively removed by a photolithographic process using an 
eleventh mask to de?ne the contact areas of P-channel HV 
transistor 2‘, and an implantation of the P+ type (FIG. 21) is 
subsequently effected to form the contact regions 4“ of the 
HV transistor 2‘ of the P type. 

[0062] The contact areas of both the N-channel and 
P-channel LV transistors, 3 and 3‘ (FIG. 22), are then 
de?ned by a photolithographic process using a tWelfth mask. 

[0063] In this embodiment, therefore, a more selective 
etching process may be used to form the contact areas, by 
separate application to the silicon and the silicide layer. 

[0064] Accordingly, this embodiment Will also make the 
ion implantation into the silicide layer unnecessary Which 
leads to an increase in the surface resistance of that layer. 

[0065] In summary, the structure of this invention alloWs 
both transistors formed for high voltage operation and 
transistors With good speed characteristics to be integrated in 
the same substrate With feWer process steps. 

[0066] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited eXcept as by the appended claims. 

We claim: 
1. A structure of electronic devices integrated in a semi 

conductor substrate having a ?rst type of conductivity, the 
structure comprising a high voltage transistor and a loW 
voltage transistor, each having a corresponding gate region, 
Wherein said high voltage transistor has a drain region 
lightly doped With a second type of conductivity, and said 
loW voltage transistor has respective drain and source 
regions With the second type of conductivity, each including 
a lightly doped portion adjacent to the gate region of said 
loW voltage transistor and a second portion Which is more 
heavily doped, Wherein said second portion comprises a 
silicide layer. 

2. A structure according to claim 1 Wherein said gate 
region of the loW voltage transistor comprises a silicide 
layer. 

3. A structure according to claim 1 Wherein said gate 
region of the high voltage transistor comprises a silicide 
layer. 

4. A structure according to claim 1 Wherein a source 
region of the high voltage transistor is lightly doped. 

5. A structure according claim 1 Wherein the high voltage 
transistor includes a source region, the drain and source 
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regions of the high voltage transistor each comprising a 
contact region that is more heavily doped than a remainder 
of said drain and source regions of the high voltage tran 
sistor. 

6. A structure according to claim 1 Wherein said contact 
regions of the high voltage transistor comprise a silicide 
layer. 

7. Astructure according to claim 1 Wherein the gate region 
of the high voltage transistor includes an oXide layer that is 
thicker than an oXide layer of the gate region of the loW 
voltage transistor. 

8. An electronic memory device integrated in the semi 
conductor substrate and comprising the structure recited in 
claim 1. 
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9. A structure of electronic devices integrated in a semi 
conductor substrate having a ?rst type of conductivity, the 
structure comprising: 

a high voltage transistor having gate, drain, and source 
regions, the drain being lightly doped With a second 
type of conductivity; and 

a loW voltage transistor having gate, drain, and source 
regions, the drain and source regions of the loW voltage 
transistor each having the second type of conductivity 
and each including a lightly doped portion adjacent to 
the gate region of the loW voltage transistor and a 
second portion that is more heavily doped, Wherein the 
gate, drain, and source regions of the loW voltage 
transistor are each covered by a silicide layer. 

* * * * * 


