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(57) Abstract

Foran integrated circuit semiconductor device (10) having a multiplicity of MOSFET elements, (14-16-1 8) voltage-inva-
riant capacitors, each with metal (38) as one plate and either polysilicon (22) or source-drain diffusion as the second plate, are
created by regrowing a thin oxide layer (34) to provide the dielectric of the capacitor during the normal MOSFET processing se-
quence.
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METHOD FOR FORMING VOLTAGE-INVARIANT CAPACITORS
FOR MOS TYPE INTEGRATED CIRCUIT DEVICE ”

SPECIFICATION

-

Background of the Invention

This invention relates to integrated circuit semi-
conductor devices having voltage invariant capacitor
elements, and more particularly, to a method for making
such devices.

In certain types of relatively large integrated
circuits, it is necessary to provide numerous voltage
invariant capacitors in addition to the many transistors
used for logic or memory sections. For example, in inte-
grated circuits such as microprocessors or devices used
for digital data transmission and communication systems,
such as coder-decoder circuits, analog to digital and/or
digital to analog converters are formed from capacitor .
ladders cemprised of large numbers of capacitors, all of
which must be sized to specifications within close
tolerance limits.

Heretofore, in order to provide the necessary capacitor
elements in an integrated circuit comprised of many tran-
sistors, separate process steps were required to form
external capacitor elements. This greatly increased the
cost of such integrated circuits. Moreover, it adversely
affected the production yield attainable because of process
complications and it required integrated circuit chips of
greater area. The present invention provides a solution
to this problem.

Brief Summary of the Invention

' It is, therefore, one object of the present invention
to provide a new and improved process for meking integrated
circuit devices with a multiplicity of transistors and
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capacitors. ' .

Another object of the present invention is to pro&ide

. a process for making MOS-type integrated circuit devices
also having numerous capacitors wherein the dielectric
layer for the capacitors is formed by an oxide regrowth -
during the processing steps for the MOS elements.

Yet another object of the present invention is to
provide a process for making MOS-type integrated circuit
devices having numerous transistors and relatively large
capacitors wherein the specified design capacitance of the
capacitors does not vary appreciably with applied voltage.

In accordance with the principles of the invention,
an integrated semi-conductor device having both transistors
and numerous capacitors is made by first using conventional
processing steps. For example, with N-channel devices,

, the P doped substrate is marked and treated in the con-

_ ventional manner to provide N+ diffused regions and field
oxide areas. Polycrystalline silicon is formed in the
gate areas for the N-channel transistors and also in

. preselected regions on the upper surface of prescribed

- field oxide areas. At this point, the device is normally

- covered with a layer of phosphorous doped oxide (vapox).

During the basic silicon gate process, a contact mask

of photoresist material is normally used with ultra-violet

" light to define gate and contact regions wherein the
phosphorous doped oxide is thereafter etched away. Fol-
lowing this etching step the oxide edges are nearly verti-
cal and the corners are too sharp to allow good metal step
coverage when metal is subsequently deposited. To remove
these edges and allow good metal step coverage, a procedure
heretofore used was to subject the wafer to heat in an

- ambient that causes the oxide to become slightly molten.

+ This so-called "reflow" process results in sloped edges
and rounded corners on the oxide material. In the present
invention, prior to any reflow step, a contact mask is
“used to define and etch away areas where capacitors are to

- be formed. Now as the aforesaid reflow step is applied at
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a controlled ambient temperature level, not only are the
sharp oxide edges rounded and smoothed off, but a thin

- OXide layer is grown in field oxide areas designated by
the contact mask to form capacitors. Thereafter, another )
oversized contact mask is used to retain the thin oxide .
layer in the capacitor areas while clearing out the oxide
in the desired contact areas. The thin oxide thus retained
in the capacitor areas forms the required dielectric
between a subsequently deposited layer of metal and the
polycrystalline silicon gate of the MOS device. The
result is an electrically efficient capacitor whose physi-
cal dimensions and electrical characteristics can be
predetermined and controlled within the required close
tolerances. Yet, the process for forming such capacitors

. on the same chip with a multiplicity of MOS transistors is
completely compatible with the conventional process.

Other objects, advantages and features of the in-

vention will become apparant from the following detailed
description presented with the accompanying drawing.

Brief Description of the Drawing

Fig. 1 is a view in elevation and is a section of a
- partially completed semiconductor device'in the process of
being formed in accordance with the principles of the
present invention;
Fig. 2 is a view similar to Fig. 1, showing portions
~of an upper layer of photoresist material etched away to
expose contact and capacitor areas;
Fig. 3 is a view similar to Fig. 2, showing a thin
oxide layer in the contact and capacitor areas; and
Fig. 4 is a view similar to Fig. 1, showing the same
section of semiconductor device as it appears when com-
pleted with its capacitor in place.
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Detailed Description of the Embodiment

With reference to the drawing, Fig. 1 shows in cross-
section, a portion of a partially fabricated N-channel MOS
device 10 as it appears before a metallization layer for -
contacts has been applied. The method steps for fabri-
cating the semiconductor structure to this point are
well-known and can be accomplished using conventional
techniques. As shown, a silicon substrate 12 typically
has spaced-apart N+ diffused regions 14 and 16 that form
the source and drain of an MOS device having a poly-
crystalline silicon gate 18 extending between these source
and drain regions. Separating MOS elements on the sub-

. strate is a relatively thick field oxide region 20 which
is also covered by a polycrystalline silicon layer 22,
having a thickness in the range of 3500 to 4500 g. Cover-~

- ing the entire chip area at this point, including N+
diffused regions, the polycrystalline gates and field
oxide layer, is another layer 24 of phosphorous doped

~oxide (vapox). This latter layer must be removed at
certain locations to expose the substrate surface and
provide areas for subsequent metal contacts with each MOS
device. Therefore, another layer 26 of polymerized photo-

- resist material is formed over the vapox layer 24. Using
' conventional techniques, this photoresist layer is con-

- verted to a contact mask by forming unpolymerized photo-
resist in selected areas so that the vapox can be removed
in these selected areas by a suitable etchant to provide
- the MOS device contact areas. In accordance with the

present invention, this contact mask is also formed with
unpolymerized areas to provide for capacitors on the poly=-

:crystalline silicon layer in the field oxide area.

Thus, after the aforesaid etching step, the structure
appears as shown in Fig. 2 with a relatively small contact
'opening 28 over the N+ diffusion 16 and a relatively large
opening 30 to the exposed polysilicon layer 22. At this
point, the etching process has created sharp edges on the
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. etched borders of the vapox layer for the openings 28 and
30. These sharp edges in the contact area are unde51rable
. because they prevent good metal step coverage and cause
possible fractures or discontinuities within subsequently
deposited metal. -
Now, to form the dielectric layer for each capacitor
of the integrated circuit device according to the invention,
a reflow cycle is performed. During this step, the entire
chip is heated in an ambient of oxygen to a temperature of
around 1070 degrees centigrade. At this point, as shown
in Fig. 3, thin oxide layers 32 and 34 are grown in the
exposed areas within the opening 28 and 30. The layer 34
will eventually form the intermediate dielectric layer for
~ the capacitor. By controlling the amount of heat, in
. other words, the time of heat application and the tempera-
; ture, the thickness of the dielectric layer 34 can be
. controlled to the desired limits (e.g., 650 to 750 A).
A When the aforesaid reflow cycle is complete, it is
~ necessary to remove the oxide layer 32 from the MOS contact
area before metal can be deposited. Thus, another mask is
utilized which has openings or features slightly larger
(e.g., 1 micron per side) than those for the contact
openings on the contact mask. This latter mask has no
opening for the capacitor areas in which the thin di-
electric layer 34 has been formed. Thus, when this latter
mask is used, the oxide layer 32 is removed from all of
the MOS contact areas, and thereafter, the device is ready
for metallization.

During conventional techniques, a layer of metal .is
deposited using a metallization mask (not shown) configured
so that a metal contact 36 is formed in the opening 28.
over an N+ diffusion region and a metal plate 38 is formed
over the thin dielectric layer to complete the capacitor.

(See Fig. 4.) The capacitor thus is comprised of the top
metal layer 38, the thin intermediate dielectric layer 34
and the bottom conductive layer 22 of polysilicon. A
suitable contact or lead extending to the top layer is not
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shown, but may be provided wherever convenient. Covering °
the entire device is a protective passivation layer 40

. which is applied in the usual manner.

From the foregoing, it should be apparent that the

" present invention provides a highly efficient and economi-

cal method for producing semiconductor devices with both

- MOS transistors and voltage invariant capacitors. The

invention thus solves the problem of economically manu-
facturing large numbers of multi-function chips wherein
logic, memory and analog-to-digital (or vice-versa) capabi-
lities, using large capacitor arrays are required.

To those skilled in the art to which this invention
relates, many changes in construction and widely differing
embodiments and applications of the invention will suggest
themselves without departing from the spirit and scope of
the invention. The disclosures and the description herein
are purely illustrative and are not intended to be in any
sense limiting.
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IN THE CLAIMS: .

1. A method for fabricating a semiconductor de;ice
having MOS transistors and voltage invariant capacitors
comprising the steps of: -

forming on a silicon substrate, pairs of preselected
diffused regions having the opposite conductivity from
that of said substrate and field oxide regions adjacent
said diffused regions;

forming a layer of conductive material in gate areas
between diffused regions of said pairs and in preselected
areas on said field oxide regions; '

covering said substrate, including said diffused
regions, said areas of conductive material and said field
oxide, with a layer of phosphorous doped oxide;

forming openings in said layer of phosphorous doped
oxide, including contact areas, aligned with preselected
diffused regions and also, preselected capacitor areas of
said layer of conductive material on said field oxide;

reflowing said phosphorous doped oxide by heating in
an oxygen ambient to reduce sharp edges at said openings
and simultaneously grow a thin oxide layer in said contact
and capacitor areas;

removing the thin oxide layer in said contact areas;

providing a layer of metal in said contact areas and
also in said capacitor areas, thereby forming the upper
conductor plate of the capacitor.

2. The method as described in Claim 1, whereln said
thin oxide layer to a thickness between 650-750 A.

3. The method as described in Claim 1, wherein said
layer of conductive material with polycrystalllne silicon,
having a thickness in the range of 3500 to 4500 A

4. The method as described in Claim 1, wherein the
removal of the thin oxide layer in said contact areas is
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- accomplished with a mark having openings for the contact
. areas that are slightly larger than the openings in the
..mark for originally forming the openings in the phospho-
-rous doped oxide.

BUREAD
OMP]

\\ p, WO o

Al



WO 81/00171 PCT/US80/00803

{71

‘}
“~L2
<
N
N
N
N
[y
\
\
\
N
N
N
N
N
N
N
\
\

FIG 2

22 0
/

24 I8 I T IN A

&% 20

N+ N+ \ N+

N (- - E— J

40 38 34
24 40 A /,/
7777777777 777777777771

//@Aa

(@) &431
———
. Py, !
\,'c’?")r,hv‘urc RN



INTERNATIONAL SEARCH REPORT
International Application No PCT /US80/00803

I. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, Indicate all) 3 )
According to lnteréatlonal Ratent Classification (IPC) or to both National Classification and IPC

INT. CLY HO1L 21/283; HO1L 21/306 o
US. 29/571,576C,577,578; 148/1.5,174,187; 156/653,657, ¥CONT,

Il. FIELDS SEARCHED

>

Minimum Documentation Searched 4

Classification System I Classification Symbols

29/571, 576, 577, 578 357/23, 45, 51, 54, 59
Us 148/1.5, 174, 187 427/86, 93
156/653, 657, 662

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched &

. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category * Citation of Document, 18 with indication, where appropriate, of the relevant passages 17 Relevant to Claim No. 18

X |UuS, A, 3,860,836 Published 14 January 1975 1
Pedersen

A us, A, 3,893,146 Published 01 July 1975 -1
Heeren

X us, A, 3,986,903 Published 19 October 1976 1
Watrous, dJr.

A us, A, 4,035,820 Published 12 July 1977 1
Matzen

A |US, A, 4,055,444 Published 25 October 1977 1

N Rao

A Us, A, 4,102,733 Published 25 July 1978 1
De La Moneda

A |US, A, 4,110,776 Published 29 August 1978 1
Rao

A US, A, 4,125,933 Published 21 November 1978 1
Baldwin

P us, 4, 4,191,603 Published 04 March 1980 1
Garbarino

P Us, A, 4,204,894 Published 27 May 1980 _ 1
Komeda

E lgs, A, 4,214,917 Published 29 July 1980 1
Clark

1}
i

* Special categories of cited documents: 15

“A" document defining the general state of the art “P" document published prior to the international filing date but

“E" :aylier document but published on or after the international on or after the priority date ciaimed
- ling date . . “T" later document published on or after the international filing
L" document cited for special reason other than those referred date or priority date and not in conflict with the application,
to in the other categories but cited to understand the principle or theory underlying
" " . I the invention
*O" document referring to an oral disclosure, use, exhibition or
other means “X” document of particular relevance
IV. CERTIFICATION
Date of the Actual Completion of the Internationa! Search 2 Date of Mailing of this International Search Report 2
.0V-1380°
20 October 1980 05 N0V-198

International Searching Authority 1 | Signature of Authorized Officer 20
f-7 &() ﬁ’#ﬁ/‘ S~
Us

W. Tupman

Form PCT/ISA[210 (second sheet) (October 1977)




l

International Application No. >
i PCT/US80/00803
FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET )

*

% 662; 357/23,45,51,54,59; 427/86,93

V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 10 _

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:
1.[] Claim numbers __________. , because they relate to subject matter12 not required to be searched by this Authority, namely:

2.D Claim numbers________, because they relate to parts of the international application that do not comply with the prescribed require-
ments to such an extent that no meaningful international search can be carried out 13, gpecifically:

Vl.D OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 11

This International Searching Authority found muitiple inventions in this international application as follows:

1.D As all required additional search fees were timely paid by the applicant, this international search report covers ail searchable claims
of the international application.

Z.D As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the international application for which fees were paid, specifically claims:

3.]:] No required additional search fees were timely paid by the applicant. Consequently, this international search raport is restricted to
the Invention first mentioned in the claims; it is covered by claim numbers:

Remark on Protest
D The additional search fees were accompanied by applicant's protest.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA[210 (supplemental sheet (2)) (October 1977) -

-



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

