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(57) ABSTRACT 

A method of producing a Schottky varicap (25) including: 

(a) providing an epitaxial layer (12) on a semiconductor 
substrate (1); 

(b) providing an insulating layer including an oxide layer 
and a nitride layer on a predetermined area of the 
surface of the epitaxial layer (12); 

(c) depositing a polysilicon layer (6); 

(d) applying a ?rst high temperature step to diffuse a 
guard ring (10) around the ?rst predetermined area; 

(e) removing a predetermined portion of the polysilicon 
layer (6) to expose the ?rst silicon nitride ?lm (5); 

(f) implanting atoms through at least the ?rst oxide ?lm 
(4) to provide a predetermined varicap doping pro?le; 

(g) applying a second high temperature step to anneal and 
activate the varicap doping pro?le; 

(h) removing the ?rst oxide ?lm (4) to provide an exposed 
area; 

(i) providing a Schottky electrode (17) on the exposed 
area. 

varicap 
,______ 
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METHOD OF PRODUCING A SCHOTTKY 
VARICAP 

[0001] The present invention relates to a method of pro 
ducing a Schottky varicap using the following steps: 

[0002] (a) providing an epitaxial layer on a semicon 
ductor substrate, the epitaxial layer having an upper 
surface and being of a ?rst conductivity type; 

[0003] (b) implanting atoms to provide the epitaxial 
layer With a predetermined varicap doping pro?le; 

[0004] (c) providing a Schottky electrode on the epi 
taxial layer. 

[0005] Such a method is knoWn from JP-A-09/275217. In 
the knoWn method, impurity atoms are implanted in the 
epitaxial layer to generate a Gaussian distribution. The 
surface of the epitaxial layer is etched until the peak con 
centration of the Gaussian distribution is reached. Then, the 
Schottky electrode is deposited on the epitaxial layer. An 
ohmic electrode is deposited on the opposing side of the 
substrate. This method renders Schottky varicaps but is not 
Well suited to be used in an integrated process in Which also 
other components are formed at the same time. Moreover, 
since the epitaxial layer is etched itself damage may easily 
occur and it is dif?cult to obtain a pure surface on Which the 
Schottky electrode is deposited. 

[0006] In several applications, one desires to employ a 
high quality varicap for integration in a RF-process. 
Requirements regarding the varicaps may be e.g.: 

[0007] 1. by adding a varicap to the process, only a 
minimum additional complexity is accepted, prefer 
ably, no more than 1 additional mask; 

[0008] 2. full freedom to apply required doping pro?les 
in the varicap since they determine both the tuning 
range and the quality factor of the varicap for a given 
frequency; 

[0009] 3. after the varicap doping pro?le has been 
made, no long-lasting high temperature step is alloWed 
in order to avoid further diffusion into the epitaxial 
layer; 

[0010] 4. full freedom to apply doping pro?les in other 
components; 

[0011] 5. loW reverse bias leakage current in the vari 
cap. 

[0012] It is observed that it is knoWn as such to produce 
Schottky barrier diodes simultaneously With bipolar transis 
tors on a single substrate, cf. e.g. U.S. Pat. No. 5,109,256 
and Us. Pat. No. 5,583,348. The application of guard rings 
is also knoWn from these documents. 

[0013] The object of the invention is to provide a method 
of producing a varicap that can be integrated on a single chip 
With other semiconductor components like bipolar transis 
tors and high density capacitors. Basically, the inventor of 
the invention has found that the requirements listed above 
can be met by a Schottky varicap. Therefore, the invention 
provides a method of producing a Schottky varicap using the 
folloWing steps: 

[0014] (a) providing an epitaxial layer on a semicon 
ductor substrate, the epitaxial layer having an upper 
surface and being of a ?rst conductivity type; 
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[0015] (b) providing an insulating layer, and patterning 
the insulating layer to provide an insulating ?lm on a 
predetermined area of the surface of the epitaxial layer, 
the insulating ?lm comprising an oxide ?lm contacting 
the epitaxial ?lm on the predetermined area and a 
silicon nitride ?lm above the oxide ?lm; 

[0016] (c) depositing a polysilicon layer of a second 
conductivity type; 

[0017] (d) applying a ?rst high temperature step to 
diffuse a guard ring of the second conductivity type into 
the epitaxial layer around the ?rst predetermined area; 

e remov1n a re eterm1ne ort1on o t e 0018 ' g p d ' d p ' f h 

polysilicon layer to expose the ?rst silicon nitride ?lm; 

[0019] implanting atoms through at least the ?rst 
oxide ?lm to provide the epitaxial layer With a prede 
termined varicap doping pro?le; 

[0020] (g) applying a second high temperature step to 
anneal and activate the varicap doping pro?le; 

[0021] (h) removing the ?rst oxide ?lm to provide an 
exposed area of the upper surface of the epitaxial layer 
With the predetermined varicap doping pro?le; 

[0022] providing a Schottky electrode on the 
exposed area. 

[0023] With such a method a Schottky varicap can be 
produced that shoWs a very loW reverse bias leakage current 
due to the guard ring and due to the application of the 
insulating layer comprising an oxide layer and a nitride layer 
during the manufacturing process. The latter layers remain 
on the epitaxial surface until a very late process stage and 
protect the epitaxial layer from other process steps like 
plasma etching necessary for producing other components 
on the epitaxial layer like transistors and high density 
capacitors. Thus, the Schottky electrode Will be deposited on 
a very pure portion of the epitaxial layer Which greatly 
enhances the varicap performance. Moreover, the doping 
pro?le of the varicap can be controlled to a large extent. 
Consequently, the tuning range and quality factor of the 
Schottky varicap can be controlled optimally. 

[0024] If desired, the Schottky varicap can be connected 
such that it operates as a forWard biased diode. 

[0025] The method of the invention can advantageously be 
used to produce simultaneously a Schottky varicap and a 
transistor on a single chip. Therefore, the invention also 
relates to a method of producing a Schottky varicap simul 
taneously With a transistor on a single chip using the 
folloWing steps: 

[0026] (a) providing an epitaxial layer on a semicon 
ductor substrate, the epitaxial layer having an upper 
surface and being of a ?rst conductivity type; 

[0027] (b) providing an insulating ?lm on a ?rst prede 
termined area of the surface of the epitaxial layer, the 
insulating ?lm comprising a ?rst oxide ?lm contacting 
the epitaxial layer and a ?rst silicon nitride ?lm above 
the ?rst oxide ?lm; 

[0028] (c) depositing a polysilicon layer of a second 
conductivity type; 
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[0029] (d) providing an opening in the polysilicon layer 
at a second predetermined area of the surface of the 
epitaxial layer; 

[0030] (e) providing a base diffusion region of a second 
conductivity type in the epitaxial layer beloW the 
opening; 

[0031] applying a ?rst high temperature step to 
diffuse a guard ring of the second conductivity type into 
the epitaxial layer around the ?rst predetermined area 
and to diffuse a base contact region adjacent to the 
second predetermined area; 

[0032] (g) providing an emitter contact in the opening, 
Which emitter contact is electrically insulated from the 
polysilicon layer; 

[0033] (h) removing a predetermined portion of the 
polysilicon layer to expose the ?rst silicon nitride ?lm; 

[0034] implanting atoms through at least the ?rst 
oxide ?lm to provide the epitaxial layer With a prede 
termined varicap doping pro?le; 

[0035] applying a second high temperature step to 
diffuse an emitter region into the epitaxial layer, and to 
anneal and activate the varicap doping pro?le; 

[0036] (k) removing the ?rst oxide ?lm to provide an 
exposed area of the upper surface of the epitaxial layer 
With the predetermined varicap doping pro?le; 

[0037] (1) providing a Schottky electrode on the 
exposed area. 

[0038] HoWever, the invention can also be used to produce 
a Schottky varicap simultaneously With a high density 
capacitor, Which method uses the folloWing steps: 

[0039] (a) providing an epitaxial layer on a semicon 
ductor substrate, the epitaxial layer having an upper 
surface and being of a ?rst conductivity type; 

[0040] (b) implanting atoms in a second predetermined 
area of said upper surface to provide said epitaxial layer 
in said second predetermined area With a high doping 
concentration; 

[0041] (c) providing an insulating layer, and patterning 
the insulating layer to provide a ?rst insulating ?lm on 
a ?rst predetermined area of the surface of the epitaxial 
layer and a second insulating ?lm on a second prede 
termined area of the surface of the epitaxial layer, the 
?rst insulating ?lm comprising a ?rst oxide ?lm con 
tacting the epitaxial ?lm on the ?rst predetermined area 
and a ?rst silicon nitride ?lm above the ?rst oxide ?lm, 
the second insulating ?lm comprising a second oxide 
?lm contacting the epitaxial ?lm on the second prede 
termined area and a second silicon nitride ?lm above 
the second oxide ?lm; 

[0042] (d) depositing a polysilicon layer of a second 
conductivity type; 

[0043] (e) applying a ?rst high temperature step to 
diffuse a guard ring of the second conductivity type into 
the epitaxial layer around the ?rst predetermined area; 

[0044] removing a predetermined portion of the 
polysilicon layer to expose the ?rst silicon nitride ?lm; 
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[0045] (g) implanting atoms through at least the ?rst 
oxide ?lm to provide the epitaxial layer With a prede 
termined varicap doping pro?le; 

[0046] (h) applying a second high temperature step to 
anneal and activate the varicap doping pro?le; 

[0047] removing the ?rst oxide ?lm to provide an 
exposed area of the upper surface of the epitaxial layer 
With the predetermined varicap doping pro?le; 

[0048] providing a Schottky electrode on the 
exposed area. 

[0049] In a very advantageous embodiment, the present 
invention provides a method in Which a Schottky varicap, a 
high density capacitor and a transistor are simultaneously 
formed. The steps included in this method are: 

[0050] (a) providing an epitaxial layer on a semicon 
ductor substrate, the epitaxial layer having an upper 
surface and being of a ?rst conductivity type; 

[0051] (b) implanting atoms in a second predetermined 
area of said upper surface to provide said epitaxial layer 
in said second predetermined area With a high doping 
concentration; 

[0052] (c) providing an insulating layer, and patterning 
the insulating layer to provide a ?rst insulating ?lm on 
a ?rst predetermined area of the surface of the epitaxial 
layer and a second insulating ?lm on a second prede 
termined area of the surface of the epitaxial layer, the 
?rst insulating ?lm comprising a ?rst oxide ?lm con 
tacting the epitaxial ?lm on the ?rst predetermined area 
and a ?rst silicon nitride ?lm above the ?rst oxide ?lm, 
the second insulating ?lm comprising a second oxide 
?lm contacting the epitaxial ?lm on the second prede 
termined area and a second silicon nitride ?lm above 
the second oxide ?lm; 

[0053] (d) depositing a polysilicon layer of a second 
conductivity type; 

[0054] (e) providing an opening in the polysilicon layer 
at a third predetermined area of the surface of the 
epitaxial layer; 

[0055] applying a ?rst high temperature step to 
diffuse a guard ring of the second conductivity type into 
the epitaxial layer around the ?rst predetermined area 
and to diffuse a base contact region adjacent to the third 
predetermined area; 

[0056] (g) providing a base diffusion region of a second 
conductivity type in the epitaxial layer beloW the 
opening; 

[0057] (h) providing an emitter contact in the opening, 
Which emitter contact is electrically insulated from the 
polysilicon layer; 

[0058] removing a predetermined portion of the 
polysilicon layer to expose the ?rst silicon nitride ?lm; 

[0059] implanting atoms through at least the ?rst 
oxide ?lm to provide the epitaxial layer With a prede 
termined varicap doping pro?le; 

[0060] (k) applying a second high temperature step to 
diffuse an emitter region into the epitaxial layer, and to 
anneal and activate the varicap doping pro?le; 
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[0061] (l) removing the ?rst oxide ?lm to provide an 
exposed area of the upper surface of the epitaxial layer 
With the predetermined varicap doping pro?le; 

[0062] (m)providing a Schottky electrode on the 
exposed area. 

[0063] Amethod of providing transistors and high density 
capacitors on a single chip is knoWn per se. Compared With 
this knoWn method only one additional mask is needed, i.e., 
the mask used in the step of removing the predetermined 
portion of the polysilicon layer to expose the ?rst nitride ?lm 
in the varicap area. 

[0064] In an embodiment of these inventive methods, the 
predetermined varicap doping pro?le is obtained by implant 
ing 4><1012 cm_2, 30 keV phosphor atoms in the step of 
implanting atoms through the ?rst oxide ?lm, and the 
epitaxial layer has a 5x10“15 cm'3 arsenic doping level. 
Such a varicap is optimiZed for a frequency of 1.8 GHZ, has 
a tuning range of about 10 using a voltage sWing of 0-3 V. 
The quality factor is at least 14. In an alternative embodi 
ment of these inventive methods, the predetermined varicap 
doping pro?le is obtained by implanting 5x1013 cm_2, 400 
keV phosphor atoms, 2><1012 cm_2, 200 keV phosphor 
atoms, and 4><1012 cm_2, 30 keV phosphor atoms in the step 
of implanting atoms through the ?rst oxide ?lm. Such a 
varicap is optimiZed for a frequency of 17 GHZ, has a tuning 
range of about 3 using a voltage sWing of 0-3 V. The quality 
factor is at least 16. 

[0065] The present invention Will be described With ref 
erence to some draWings that are only intended to illustrate, 
not limit, the scope of protection of the invention. For 
instance, all doping pro?les p/n may be of the reverse type, 
if required. The scope of protection is only limited by the 
annexed claims. 

[0066] 
[0067] FIGS. 1-5 shoW in a very schematic Way consecu 
tive steps in a process of manufacturing simultaneously an 
npn transistor, a high density capacitor and a Schottky 
varicap; 
[0068] FIG. 6 shoWs a ?rst embodiment of a varicap 
doping pro?le optimiZed for a frequency of 1.8 GHZ, and the 
location of the depletion region; 

[0069] FIG. 7 shoWs the capacitance of the Schottky 
varicap according to FIG. 6 as a function of the applied 
voltage; 
[0070] FIG. 8 shoWs the value of the quality factor of the 
Schottky varicap according to FIG. 6 as a function of the 
applied voltage; 
[0071] FIG. 9 shoWs a second embodiment of a varicap 
doping pro?le optimiZed for a frequency of 17 GHZ, and the 
location of the depletion region; 

[0072] FIG. 10 shoWs the capacitance of the Schottky 
varicap according to FIG. 9 as a function of the applied 
voltage; 
[0073] FIG. 11 shoWs the value of the quality factor of the 
Schottky varicap according to FIG. 9 as a function of the 
applied voltage. 
[0074] In FIGS. 1 trough 5, three electronic components 
are shoWn: from right to left, a varicap 25, a high density 

In the draWings: 
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capacitor 26 and a npn transistor 27, respectively. FIGS. 1 
through 5 shoW intermediate production steps for making 
these three components simultaneously. Since they may be 
present together on a single chip, it is a desirable feature that 
the varicap 25 according to this invention can be made by 
using mainly production steps necessary for the other tWo 
components. In accordance With the invention, this is done 
in such a Way that only one extra mask is needed. In de 
folloWing description all three components are considered to 
be located on one chip. This, hoWever, is not a necessity 
since the components can be formed simultaneously on 
different silicon substrates in the same oven as Well. 

[0075] Of course, semiconductor type substrates other 
than silicon may be used instead and other components may 
be integrated on the same chip as Well. 

[0076] The structure of the high density capacitor 26 and 
the transistor 27 are in itself knoWn from the state of the art. 
The choices of the materials and doping pro?les to be used 
strongly depend on the desired properties of these compo 
nents, as is knoWn to persons skilled in the art, and therefore 
Will not be dealt With in detail. These components 26, 27 Will 
only be used to shoW hoW the production of the varicap 25 
can be integrated With the manufacture of high density 
capacitors and npn transistors since this is an advantageous 
feature of the current invention. 

[0077] FIG. 1 shoWs an initial stage in Which some 
portions of the components 25, 26, 27 have already been 
formed. Heavily n-doped, buried layers 2, 2‘, 2“ (n++) have 
been formed in a silicon substrate 1. On top of this substrate 
1, an n-type epitaxial layer 12 is groWn using a method 
knoWn from the prior art. At locations Where the varicap 25 
and transistor 27 are to be formed, this epitaxial layer 12 is 
doped lightly. Epitaxial layer 12 has a thickness of typically 
1 m and a doping concentration of 5.1015 cm_3, e.g., using 
As. 

[0078] Next, the upper surface of the epitaxial layer 12, 
12‘, 12“ is locally oxidiZed to form oxide layers 3, 3‘, 3“ 
(LOCOS). Again, this may be done using any method 
knoWn from the prior art. Where the high density capacitor 
26 is to be formed, n-type atoms are implanted to form a 
heavily doped n++ epitaxial layer 12‘, e.g., 102O cm_3. 

[0079] Next, a rather thin oxide layer, e.g., 20 nm, is 
groWn on the entire structure folloWed by a nitride layer of, 
e.g., 50 nm. Both layers are etched such that the structure of 
FIG. 1 comes into being. Ie, the epitaxial layer 12‘ of the 
high density capacitor 26 is entirely covered With a thin 
oxide ?lm 4‘ and a nitride ?lm 5‘ above it. The varicap 25 
also has a double ?lm comprising an oxide ?lm 4 and a 
nitride ?lm 5 on its epitaxial layer surface 12 but a portion 
of the epitaxial layer surface betWeen this double ?lm 4, 5 
and the LOCOS 3 is exposed. Films 4, 5 of the varicap 25 
Will not be part of the ?nal component, but Will be used as 
a diffusion and etching mask later in the production. Since 
the formation of both the oxide 4, 4‘, and nitride layers 5, 5‘ 
is necessary for the high density capacitor 26, so far the 
varicap 25 has been produced Without an extra step and no 
extra mask is required. 

[0080] In the next step, see FIG. 2, a polysilicon layer 6 
of typically 300 nm is groWn over al three components 25, 
26, 27. This is necessary anyWay for both the high density 
capacitor 26 and transistor 27. For the high density capacitor 
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26, the polysilicon layer 6 Will be necessary to form one of 
its contacts. For the transistor 27, the polysilicon layer 6 Will 
be needed as a base contact. The polysilicon layer 6 is 
heavily doped With acceptor particles, preferably p++, for all 
three components 25, 26, 27. Then an oXide layer 7 is groWn 
on top of the polysilicon layer 6. Using a lithographic 
process, emitter contact opening A is formed in the poly 
silicon layer 6 and the oXide layer 7. 

[0081] The eXposed silicon in opening A is oXidiZed to 
form a thin, e.g., 20 nm, silicon oXide layer. This oXide layer 
is formed in a high temperature step of typically 900° C. in 
02 during 30 minutes. This high temperature causes diffu 
sion of p-type atoms from polysilicon layer 6 into the 
epitaXial layer 12 to form base contact 14 in the transistor 27 
and guard ring 10 in the varicap 25. Then, self-aligned 
L-shaped spacers 9 are produced surrounding opening A. 
These L-shaped spacers 9 comprise the thin oXide SiO2 layer 
of typically 20 nm referred to above and a thin Si3N4 layer 
above it, as is knoWn to persons skilled in the art. Thus, a 
neW opening A‘ remains Which is surrounded by L-shaped 
spacers 9 and Which causes the substrate surface to be 
eXposed. 
[0082] Then, a second polysilicon layer, n++ doped (typi 
cally 200 nm, 10 cm As), is deposited and emitter contact 8 
is formed using a lithographic process. In this same process, 
oXide layer 7 is etched such that emitter contact 8 is 
separated from the base contact 6 through a spacer com 
prising the remainder of oXide layers 7, 9. NoW, a situation 
eXists in Which, in order to complete the transistor 27, only 
an emitter RTA diffusion step need be carried out. 

[0083] The varicap structure 25 shoWn in FIG. 4, is 
obtained by ?rst etching both the oXide layer 7 and the 
polysilicon layer 6 using an additional photolithographic 
mask. The nitride ?lm 5 is still intact and operates as a very 
good etching stop. Due to this nitride ?lm 5, the etching does 
not affect the epitaXial silicon layer 12 underneath it. Since 
this is the site Where a Schottky junction is going to be 
formed, this is very desirable. Due to the good surface 
quality of the silicon, its properties are locally very Well 
knoWn, Which helps to form a Well-de?ned junction. This 
etching step requires the only eXtra mask needed to form the 
varicap 25. 

[0084] NoW the nitride ?lm 5 is removed by means of a 
Wet etching step. After the nitride ?lm 5 has been removed, 
implantations needed for the varicap 25 can be applied. For 
instance, an n-type doped region 16 can be formed under 
neath the oXide ?lm 4. This can be done by implanting donor 
atoms through the oXide ?lm 4 into the, still pure, epitaXial 
silicon layer 12 underneath it. In an alternative embodiment, 
the donor atoms are implanted prior to removing the nitride 
?lm 5, i.e., through both the nitride ?lm 5 and oXide ?lm 4. 

[0085] Then, a short emitter RTA diffusion step, typically 
10 seconds at 1050° C., is carried out to form emitter 18 of 
transistor 27. This step also anneals and activates the varicap 
doping pro?les. The thin oXide ?lm 4 is removed using a Wet 
chemical etching step folloWed by silicidiZing all eXposed 
silicon to provide a silicide layer 17 on the entire chip 
surface, as shoWn in FIG. 5. The silicide layer 17 is 
preferably made of PtSi but any other silicide may be chosen 
instead. 

[0086] The PtSi 17 and the n-type region 16 Will form 
Schottky varicap structure 25. It is important that the n-type 
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region 16 in the varicap structure has a carrier concentration 
of less than 1017 per cubic centimeter on the surface of the 
epitaXial layer 12. At a higher concentration, hardly any, or 
no, Schottky junction Would be formed betWeen this region 
and the PtSi layer, resulting in an ohmic contact instead of 
a Schottky contact. 

[0087] It is observed that, as a side effect of this invention, 
the base and emitter polysilicon contacts 6, 8 of the tran 
sistor 27 are also covered With PtSi layer 17. This is 
advantageous because it Will reduce parasitic base and 
emitter series resistances. 

[0088] The form of the doping pro?les of the varicap 25 
strongly depends on the design characteristics. FIG. 6 shoWs 
a doping pro?le for the varicap 25, designed to be used for 
signals With a frequency of around 1.8 Giga HerZ, and to 
have a tuning range of 10 using a voltage sWing of 0-3 V, and 
a quality factor of at least 14. Such design features can be 
obtained by implanting 4><1012 cm_2, 30 keV phosphor 
atoms and by having an epitaXial layer background doping 
level of about 1016 cm“3 (e.g. doped With 5><105 cm“3 
arsenic), as shoWn in FIG. 6. 

[0089] FIGS. 7 and 8, shoW, respectively the capacitance 
value at 10-15 Farad/ptm2 and the quality factor in depen 
dence on the voltage across the varicap 25 With the doping 
pro?le of FIG. 6. 

[0090] For higher frequencies, it becomes harder to design 
a varicap With both a large tuning range and a high quality 
factor. FIG. 9 shoWs a doping pro?le for a varicap frequency 
of 17 GHZ. The pro?le is made With three implantations of 
phosphor: 4><102 cm_2, 30 keV Which provides a higher 
concentration n-type layer near the surface, 2><1012 cm_2, 
200 keV Which provides a deeper located n-type layer, and 
5><1013 cm_2, 400 keV Which provides a high peak still 
deeper n-type layer, as shoWn in FIG. 9. 

[0091] The turning range obtained by the pro?le of FIG. 
9 is 3.25 in a range of 0-3 V (FIG. 10), and the quality factor 
is at least 16 (FIG. 11). 

1. A method of producing a Schottky varicap (25) using 
the folloWing steps: 

(a) providing an epitaxial layer (12) on a semiconductor 
substrate (1), the epitaXial layer (12) having an upper 
surface and being of a ?rst conductivity type; 

(b) providing an insulating layer, and patterning the 
insulating layer to provide an insulating ?lm on a 
predetermined area of said surface of said epitaXial 
layer (12), said insulating ?lm comprising an oXide ?lm 
(4) contacting the epitaxial ?lm (12) on said predeter 
mined area and a silicon nitride ?lm (5) above the oXide 
?lm (4); 

(c) depositing a polysilicon layer (6) of a second conduc 
tivity type; 

(d) applying a ?rst high temperature step to diffuse a 
guard ring (10) of said second conductivity type into 
the epitaXial layer (12) around said ?rst predetermined 
area; 

(e) removing a predetermined portion of said polysilicon 
layer (6) to eXpose said ?rst silicon nitride ?lm (5); 
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(f) implanting atoms through at least said ?rst oxide ?lm 
(4) to provide said epitaxial layer With a predetermined 
varicap doping pro?le; 

(g) applying a second high temperature step to anneal and 
activate said varicap doping pro?le; 

(h) removing said ?rst oxide ?lm (4) to provide an 
exposed area of said upper surface of said epitaxial 
layer (12) With the predetermined varicap doping pro 
?le; 

(i) providing a Schottky electrode (17) on said exposed 
area. 

2. A method according to claim 1, Wherein said Schottky 
electrode is made of a metal silicide. 

3. A method according to claim 3, Wherein said metal 
silicide is PtSi. 

4. Amethod according to any one of the preceding claims, 
Wherein said predetermined varicap doping pro?le is 
obtained by implanting 4><1012 cm_2, 30 keV phosphor 
atoms in step b, and said epitaxial layer has a 5x1015 cm'3 
arsenic doping level. 

5. A method according to any one of the claims 1-3, 
Wherein said predetermined varicap doping pro?le is 
obtained by implanting 5x1013 cm_2, 400 keV phosphor 
atoms, 2><1012 cm_2, 200 keV phosphor atoms, and 4><1012 
cm_2, 30 keV phosphor atoms in step b. 

6. A method of producing a Schottky varicap (25) simul 
taneously With a transistor (27) on a single chip using the 
folloWing steps: 

(a) providing an epitaxial layer (12) on a semiconductor 
substrate (1), the epitaxial layer (12) having an upper 
surface and being of a ?rst conductivity type; 

(b) providing an insulating ?lm on a ?rst predetermined 
area of said surface of said epitaxial layer (12), said 
insulating ?lm comprising a ?rst oxide ?lm (4) con 
tacting the epitaxial layer (12) and a ?rst silicon nitride 
?lm (5) above the ?rst oxide ?lm (4); 

(c) depositing a polysilicon layer (6) of a second conduc 
tivity type; (d) providing an opening (A) in said poly 
silicon layer (6) at a second predetermined area of said 
surface of said epitaxial layer (12); 

(e) applying a ?rst high temperature step to diffuse a guard 
ring (10) of said second conductivity type into the 
epitaxial layer (12) around said ?rst predetermined area 
and to diffuse a base contact region (14) adjacent to said 
second predetermined area; 

(f) providing a base diffusion region (15) of a second 
conductivity type in said epitaxial layer (12) beloW said 
opening (A); 

(g) providing an emitter contact (8) in said opening (A), 
Which emitter contact is electrically insulated from said 
polysilicon layer (6); 

(h) removing a predetermined portion of said polysilicon 
layer (6) to expose said ?rst silicon nitride ?lm (5); 

(i) implanting atoms through at least said ?rst oxide ?lm 
(4) to provide said epitaxial layer With a predetermined 
varicap doping pro?le; 
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applying a second high temperature step to diffuse an 
emitter region (18) into said epitaxial layer (12), and to 
anneal and activate said varicap doping pro?le; 

(k) removing said ?rst oxide ?lm (4) to provide an 
exposed area of said upper surface of said epitaxial 
layer (12) With the predetermined varicap doping pro 
?le; 

(l) providing a Schottky electrode (17) on said exposed 
area. 

7. A method according to claim 6, Wherein said predeter 
mined2 varicap doping pro?le is obtained by implanting 
4x10 cm_2, 30 keV phosphor atoms in step j, and said 
epitaxial layer has a 5x1015 cm'3 arsenic doping level. 

8. A method according to claim 6, Wherein said predeter 
mined3 varicap doping pro?le is obtained by implanting 
5x10 cm_2, 400 keV phosphor atoms, 2><1012 cm_2, 200 
keV phosphor atoms, and 4><1012 cm_2, 30 keV phosphor 
atoms in step j. 

9. A method of producing a Schottky varicap (25) simul 
taneously With a high density capacitor (26) using the 
folloWing steps: 

(a) providing an epitaxial layer (12) on a semiconductor 
substrate (1), the epitaxial layer (12) having an upper 
surface and being of a ?rst conductivity type; 

(b) implanting atoms in a second predetermined area of 
said upper surface to provide said epitaxial layer in said 
second predetermined area With a high doping concen 
tration; 

(c) providing an insulating layer, and patterning the 
insulating layer to provide a ?rst insulating ?lm on a 
?rst predetermined area of said surface of said epitaxial 
layer (12) and a second insulating ?lm on said second 
predetermined area of said surface of said epitaxial 
layer (12), said ?rst insulating ?lm comprising a ?rst 
oxide ?lm (4) contacting the epitaxial ?lm (12) on said 
?rst predetermined area and a ?rst silicon nitride ?lm 
(5) above the ?rst oxide ?lm (4), said second insulating 
?lm comprising a second oxide ?lm (4‘) contacting the 
epitaxial ?lm (12) on said second predetermined area 
and a second silicon nitride ?lm (5‘) above the second 
oxide ?lm (4‘); 

(d) depositing a polysilicon layer (6) of a second conduc 
tivity type; 

(e) applying a ?rst high temperature step to diffuse a guard 
ring (10) of said second conductivity type into the 
epitaxial layer (12) around said ?rst predetermined 
area; 

(f) removing a predetermined portion of said polysilicon 
layer (6) to expose said ?rst silicon nitride ?lm (5); 

(g) implanting atoms through at least said ?rst oxide ?lm 
(4) to provide said epitaxial layer With a predetermined 
varicap doping pro?le; 

(h) applying a second high temperature step to anneal and 
activate said varicap doping pro?le; 

(i) removing said ?rst oxide ?lm (4) to provide an exposed 
area of said upper surface of said epitaxial layer (12) 
With the predetermined varicap doping pro?le; 

providing a Schottky electrode (17) on said exposed 
area. 
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10. A method according to claim 9, wherein said prede 
termi1r21ed varicap doping pro?le is obtained by implanting 
4x10 cm_2, 30 keV phosphor atoms in step g, and said 
epitaxial layer has a 5x1015 cm'3 arsenic doping level. 

11. A method according to claim 9, Wherein said prede 
termi1r31ed varicap doping pro?le is obtained by implanting 
5x10 cm_2, 400 keV phosphor atoms, 2><1012 cm_2, 200 
keV phosphor atoms, and 4><1012 cm_2, 30 keV phosphor 
atoms in step g. 

12. A method of producing a Schottky varicap (25) 
simultaneously With a transistor (27) and a high density 
capacitor on a single chip using the folloWing steps: 

(a) providing an epitaxial layer (12) on a semiconductor 
substrate (1), the epitaxial layer (12) having an upper 
surface and being of a ?rst conductivity type; 

(b) implanting atoms in a second predetermined area of 
said upper surface to provide said epitaxial layer in said 
second predetermined area With a high doping concen 
tration; 

(c) providing an insulating layer, and patterning the 
insulating layer to provide a ?rst insulating ?lm on a 
?rst predetermined area of said surface of said epitaxial 
layer (12) and a second insulating ?lm on a second 
predetermined area of said surface of said epitaxial 
layer (12), said ?rst insulating ?lm comprising a ?rst 
oxide ?lm (4) contacting the epitaxial ?lm (12) on said 
?rst predetermined area and a ?rst silicon nitride ?lm 
(5) above the ?rst oxide ?lm (4), said second insulating 
?lm comprising a second oxide ?lm (4‘) contacting the 
epitaxial ?lm (12) on said second predetermined area 
and a second silicon nitride ?lm (5‘) above the second 
oxide ?lm (4‘); 

(d) depositing a polysilicon layer (6) of a second conduc 
tivity type; 

(e) providing an opening (A) in said polysilicon layer (6) 
at a third predetermined area of said surface of said 
epitaxial layer (12); 
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(f) applying a ?rst high temperature step to diffuse a guard 
ring (10) of said second conductivity type into the 
epitaxial layer (12) around said ?rst predetermined area 
and to diffuse a base contact region (14) adjacent to said 
third predetermined area; 

(g) providing a base diffusion region (15) of a second 
conductivity type in said epitaxial layer (12) beloW said 
opening (A); 

(h) providing an emitter contact (8) in said opening (A), 
Which emitter contact is electrically insulated from said 
polysilicon layer (6); 

(i) removing a predetermined portion of said polysilicon 
layer (6) to expose said ?rst silicon nitride ?lm (5); 

implanting atoms through at least said ?rst oxide ?lm 
(4) to provide said epitaxial layer With a predetermined 
varicap doping pro?le; 

(k) applying a second high temperature step to diffuse an 
emitter region (18) into said epitaxial layer (12), and to 
anneal and activate said varicap doping pro?le; 

(l) removing said ?rst oxide ?lm (4) to provide an exposed 
area of said upper surface of said epitaxial layer (12) 
With the predetermined varicap doping pro?le; 

(m)providing a Schottky electrode (17) on said exposed 
area. 

13. A method according to claim 12, Wherein said prede 
termined varicap doping pro?le is obtained by implanting 
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4x10 cm2, 30 keV phosphor atoms in step j, and said 
epitaxial layer has a 5x1015 cm'3 arsenic doping level. 

14. A method according to claim 12, Wherein said prede 
termi1r31ed varicap doping pro?le is obtained by implanting 
5x10 cm2, 400 keV phosphor atoms, 2><1012 cm2, 200 keV 
phosphor atoms, and 4><1012 cm_2, 30 keV phosphor atoms 
in step j. 


