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_ Inthe drawmgs o

Flgures 1 to 4 are partlal cross-sectrons
of a semiconductor wafer 111ustratmg the

_ steps of the present process

Frgure 4 illustrates a portlon of i, seml-
conductor wafer 10, made by ‘the ‘present
The wafer 10 includes a body

which has a surface 14’ ad;acent ‘to which
the devrces of the .integrated dircuit (not
fotmed, in known fashion. An
insulator 16 consisting, of, for’ example ‘ther-
mally grown _silicon, dioxide is disposed on
the surface 14. “A'’conductor 18 of .poly-
crystallme srllcon of P type conductmty in
this ‘example, is ‘disposed on ‘the insulator
16. The conductor 18 may 't be a gate electrode
for an MOS device or it may be an inter-
connectlon conductor or. the like.- .

- Figure 1 illustrates the cross-sectional con-
frguratlon of the. wafer 10 at’an early stage
in'the present process. The first step in this
process 'is to deposit a contlnuous filim. 20
of substantially intrinsic’ polycrystalhne
silicon’ on “the insulator 16. This" may be
accomplished’ by ‘the thermal decomposition
of silane (SiH,) “dlluted with hydrogen in

.thé manner known in the preparation of the

silicon gate MOS devices. The thickness of
the Jayer 20 may be: approxrmately 8000A.

" The next step. is to. deposit a layer 22 of
silicon ‘dioxide, for. example 'to form a dif-
fusion ‘masking ‘¢oating over ‘the poly-
crystalline silicon layer 20. This may be done
by the theimal decomposition of silane or
siloxane, also in known mannef; or, the
surface of the layer 20 may’ ‘be oxidized. An

opening 24 is then defined in the coating 22
by photolithographic techniquies at the loca-
tion desired for the conductor 18..

"The wafer ‘10 is’ next heated in. the
presence of ‘2 source of a P type impurity
such as. boron 1n -an’ oxrdlzmg atmosphere
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to- form_ a borosilicate glass coatmg 26 -
¢ "1gure 2) on the surface of the masklng .
22:arid on the exposed surface of -

roughithe film 20 to the insulator

16h o oduce a doped region 28 as shown. '

_ihpe reglon 28 becomes the conductor
he1o0llo

in a suitable solvent. The intrinsic portions-

only of the film 20 are next removed. The
invention has discovered that no etch re-

sistant mask is"required’ over the P doped -

region 28 of the film 20. It has been found
that the known solvents for silicon are selec-
tive for. substantially irifrinsic . silicon,” that
is, they are solvents in’ which intrinsic s|l1con
is relatively soluble but in which P doped
silicon is substantially inscluble. N doped
silicon, however, is relatively'soluble. Sult-
able solvents are aqueous hydrazine solu:
tions, potassium hydroxnde-propanol solu-
tions, or mixtures of hydrofluoric acid and
nitric acid, and.the like. The entire silicon

film 20 is exposed to one of ;these solvents.

The material will etch only in"its intrinsic
areas, resulting in clean, well defined edges
of the conductor 18. The ‘terms _“‘soluble”
and “insoluble” as used heréin are intended

“to mean, relatively soluble and insoluble. As

is known, doped. polycrystallme silicon can
be etched in the acidic solutions, for ex-
ample. The rate 6f etching, however is 'in-
versely proportional to the doping level and
highly doped material is extremely difficult
to etch. Conséquently,.in the performance
of the present method, the region. 28 should
be relatively highly doped.” -

In one example of the present method, the
solvent may be an aqueous solution of 64%,
hydrazine, by. volume, the doping level of the
conductor 18, that is, of the region 28,
should then amount to a surfacé concentra-
tion of -at least. about 1016 stoms/cm3. As
is known, the concentration of modifiers in
a diffused region falls off exponeritially from

a maximum concentration at the surface

through which the diffusion is carried  out
and it is common to describe doping con-
centrations in -terms of ‘the surface con-
céntration as is doné here, Under these con-
ditions, good edge defmmon may be
achieved.

The etching solutions descnbed above for
silicon do mot ‘attack silicon dioxide to an
appreciable’ extent; therefore, the removal of
the intrinsic areas of the filin 20 is effectively
self-liniiting, that is, the etching will- stop at
the surface of the coating 16. Pin holes in the
insulator 16 are not as likely to be formed
in this process as inh the prior art process
described above. Consequently, substantial
yield improvements may be expected.

... the-polycrystalline silicon layer 20. There-:
" after, the wafer 10 is heated to diffuse boron

mg coatmg 22 are next removed by etching.  steps.of: deposmng a continuous

WHAT WE CLAIM IS:—

1. A method of making a semiconductor
device including a patterned polycrystalline
silicon 'fayer on an’ insulator, comprisifig: ré-
moving portions of  said_ silicon layer .after
diffusing a P. type lmpunty mto and through
thé regions to'be retained.

2: A method of making a- semlconductor
device including a patterned pdlycrystallme
silicon Jayer.on an insulator, comy nsg%g tlll)e

suD-

' stantially ‘intrinsic_polycrystalline silicon on

said insulator; characterized by doping those
portions of said film intended to be retained
as “said’-patterned -layer with a P type im-
purity, and thereafter contacting the entire
film with a solvent for a time sufficient to
remove the substantially intrinsic _silicon,

sald_solvent hemg a solutlon in which’ su'b-

stantially. intrinsic silicon is soluble. but in
which oped silicon 'is substant’xally in-
solubl '

. ethod as clanned in cldin 2, where-

sulator is an insulating coating of
de on a suiface of a body ‘of
monocrystallme sfhcon o
4 . A method as cl ed in clalm 3 ‘where:
. t is selected from the group
aqueous ‘hydrazine solution;
a potassiufi * hydroxide-propanol 'solution;
and a mixture of hydroﬂuonc acid and mtnc

. lalm_e_d in ¢claim 2, where-
in.said doping step i§ carried out’ by diffus-
ing COnductmty ‘modifiers into’ and through
those. portlons ‘of said fﬂm ‘intended to be
retained..,
6. A method as claimed in claim 5, where-
in. said conductmty ‘modifiers” are. boroit
atoms which ‘are présent in said - portlons
after said doping step in a surface concen-
tration, of at least 1016 atoms/cm3 ‘and'said
solvent is -an aqueous solutlon of 64%
hydrazme, by volume. |

7. A method as claimed in claim 2, in-
cludmg the steps of forming a diffusion
mask on' said continuous film leaving un-
covered -the portions thereof intended to
become said patterned layer, diffusing P
type conductivity modifiers into and through
the uncovered portions of said film to form
a doped region extending eritirely through

said film, said diffusing step being carried

out in an’ oxidizing atmosphere ‘whereby
a silicate glass film is formed on the exposed
surfaces of -said diffusion mask and " said

- polycrystalline ~ silicon. * film, removing by

etching said silicate glass film and said” dif-
fusion mask, and contacting the entire silicon
film with a solvent in which intrinsic sificon
is soluble but in which P doped silicon and
the material of said insulator are substan-
tially insoluble to remove only the undoped
portions of said film.

8. A method as claimed in claim 7, where-
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to form a borosilicate glass coating 26
~(Figure 2) on the surface of the masking .

coating 22 and on the exposed surface of
the polycrystalline silicon layer 20. There-

_after, the-wafer 10 is heated to diffuse boron
- entirely through ‘the film 20 to the insulator

16 to produce a' doped region 28 as shown.

" The doped region 28 becomes the conductor
10

18 in the following steps.

* The boron glass coating 26 and the mask-
ing coating 22 are next removed by etching
in a suitable solvent. The intrinsic portions
only of the film 20 are next removed. The
invention has discoversed that no etch re-
sistant mask is required over the P doped
region 28 of the film 20. It has been found
that the known solvents for silicon are selec-
tive for substantially intrinsic silicon, that
is, they are solvents in which intrinsic silicon
is relatively soluble but in which P doped

silicon is substantially insoluble. N doped

silicon, however, is relatively soluble. Suit-
able solvents are aqueous hydrazine solu-
tions, potassium hydroxide-propanol solu-
tions, or mixtures of hydrofluoric acid and
nitric acid, and the like. The entire silicon
film 20 is exposed to one of these solvents.
The material will etch only in its intrinsic
areas, resulting in clean, well defined edges
of the conductor 18. The terms “soluble™
and “insoluble” as used herein are intended
to mean relatively soluble and insoluble. As
is known, doped polycrystalline silicon can
be etched in the acidic solutions, for -ex-
ample. The rate of etching, however, is in-

versely proportional to the doping level and

highly doped material is extremely difficult
to etch. Consequently, in the performance
of the present method, the region 28 should
be relatively highly doped.

In one example of the present method, the
solvent may be an aqueous solution of 64%
hydrazine, by volume; the doping level of the
conductor 18, that is, of the region 28,
should then amount to a surface concentra-
tion of at least about 1016 atoms/cm3. As
is known, the concentration of modifiers in
a diffused region falls off exponentially from
a maximum concentration at the surface
through which the diffusion is carried out
and it is common to describe doping con-
centrations in terms of the surface con-
centration as is done here. Under these con-
ditions, good edge definition may be
achieved.

The etching solutions described above for
silicon do not attack silicon dioxide to an
appreciable extent; therefore, the removal of
the intrinsic areas of the film 20 is effectively
self-limiting, that is, the etching will stop at
the surface of the coating 16. Pin holes in the
insulator 16 are not as likely to be formed
in this process as in the prior art process
described . above. Consequently, substantial
yield improvements may be expected.

WHAT WE CLAIM IS: —
1. A method of making a semiconductor

" device including a patterned polycrystalline

silicon layer on an insulator, comprising re-

—moving portions of said silicon layer after

diffusing a P type impurity into and through
the regions to be retained.
2. A method of making a semiconductor

device including a patterned polycrystalline

silicon layer on an insulator, comprising the
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steps of depositing a continuous film of sub- .

stantially intrinsic polycrystalline silicon on
said insulator, characterized by doping those

_ portions of said film intended to be retained

as said patterned layer with a P type im-
purity, and thereafter contacting the entire
film with a solvent for a time sufficient to
remove the substantially intrinsic silicon,
said solvent being a solution in shich sub-
stantially intrinsic silicon is soluble but in
which P doped silicon is substantially in-
soluble. ' o

3. A method as claimed in claim 2, where-
in said insulator is an insulating coating of
silicon dioxide on a surface of a body of
monocrystalline silicon. R

4. A method as claimed in claim 3, where-
in said solvent is selected from the group
consisting of an aqueous hydrazine solution;
a potassium hydroxide-propanol - solution;
and a mixture of hydrofluoric acid and nitri¢
acid. ' ' e

5. A method as claimed in claim 2, where-
in said doping step is carried out by diffus-

ing conductivity modifiers into and thto'u%h'
e

those portions of said film intended to b
retained. o

6. A method as claimed in claim 5, where-
in said conductivity modifiers are boron
atoms which are present in said portions

after said doping step in a surface concen- -

tration of at least 1016 atoms/cm3, and said
solvent is an aqueous solution of 64%
hydrazine, by volume. o

7. A method as claimed in claim 2, in-

" cluding the steps of forming a diffusion

mask on said continuous film leaving un-
covered the portions thereof intended to
become said patterned layer, diffusing P
type conductivity modifiers into and through
the uncovered portions of said film to form
a doped region extending entirely through
said film, said diffusing step being carried
out in an oxidizing atmosphere whereby
a silicate glass film is formed on the exposed
surfaces of said diffusion mask and said
polycrystalline silicon film, removing by
etching said silicate glass film and said dif-
fusion mask, and contacting the entire silicon
film with a solvent in which intrinsic silicon
is soluble but in which P doped silicon and
the material of said insulator are substan-
tially insoluble to remove only the undoped
portions of said film.

8. A method as claimed in claim 7, where-
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in said insulator is an insulating coating of
siicon dioxide on a surface of a body of
monocrystalline silicon.

9. A method as claimed in claim 7, where-
in said solvent is an aqueous hydrazine solu-
tion, a potassiurn hydroxide-propanol solu-
tion, or a mixture of hydrofluoric acid and
nitric acid.

10. A method as claimed in claim 7,
wherein said polycrystalline silicon film is
about 8000 A thick and is formed by heating
said insulator in an atmosphere comprising
silane diluted with hydrogen.

" 11. A method as claimed in claim 7,

wherein said conductvity modifiers are boron
atoms and said doped region contains said
boron atoms in a maximum concentration
of at least 10'¢ atoms/cm3 after the per-
formance of said doping step.

12. A method of making a semicoductor
device substantially as hereinbefore de-
scribed.
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