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CLAIMS

‘What is claimed is:

1. A gas injector comprising:

an inlet portion including an inlet hole on an inlet face of the inlet
portion, the inlet portion 1o receive a processing gas titroduced via the inlet hole
during semiconductor processing, the inlet porfion further inchuding a conformal
channel disposed between the mlet hole and a sidewall of the wlet portion;

an outlet portion including an cutlet hole from which the processing gas
is provided from the gas injector during the senuconductor processing, the outlet
hole connected to the inlet hole; and

a collar disposed between the inlet portion and the outlet portion, the
collar having a larger diameter than the nlet portion and the outlet portion, the

conformal channel extending mio the collar.

2. The gas imjector of claim 1, wherein:
the conformal channel has a plarality of channel sections each of which
extends through the inlet portion and terminates at inlet channel ends before

reaching the inlet face.

3. The gas injector of claim 2, wherein:
cach channel section also terminates at collar channel ends betore

reaching the outlet portion.

4. The gas injector of claim 3, wherein:

alternating adjacent pairs of channel sections are connected via the mlet
channel ends such that each inlet channel end is separated from an adjacent inlet
channel end, and

at least some of adjacent pairs of chanunel sections not connected via the

inlet channel ends are connected via the collar channel ends.
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5. The gas 1jector of claim 4, wherein:
the collar further comprises a sidewall having ports connected with at
feast one of the adjacent patrs of channel sections not copnected via the nlet

channel ends.

6. The gas injector of claim 4, wherein:
the conformal channel 1s a single chavnel that extends around

substantially an entirety of the inlet hole.

7. The gas ijector of claim 4, wherein
at least one of the inlet channel ends or the collar channel ends of cach

channel section have an arcuate shape.

8. The gas injector of claim 7, wherein:

the inlet hole comprises a single mlet central bore and a plurality of
secondary et holes surrounding the nlet central bore, the secondary inlet holes
are equidistant from a center of the inlet central bore, each secondary inlet hole
is equiangular from each adjacent secondary inlet hole,

the cutlet hole comprises a single outlet contral bore connected with the
mlet central bore and a plurality of secondary outlet holes connected with the
secondary inlet holes, the secondary outlet holes are disposed on a sidewall of
the outlet portion, and

an arc of one of cach inlet channel ¢nd or cach collar channel end 1s

-entered angularly around a different secondary nlet hole.

9. The gas injector of claim 8, wherein:
an arc of at least another of each inlet channel end or each collar channel

end is centered angularly between adjacent secondary mlet holes.

10, The gas injector of claim &, wherein:
each channel section has a diameter smaller than a diameter of each

secondary miet hole.



WO 2021/206950 PCT/US2021/024744

11, The gas injector of claim |, further comprising:
a connector integrally formed with the sidewall of the mlet portion, the
connector sized to be connected to a gas manifold configured to supply the gas

to the gas myector, the gas injector formed from a ceramic material.

12, The gasnjector of claim 1, wherein:
the conformal channel 1s disposed such that at least one dimension of
maternial of the gas injector surrounding the conformal channel 1s limited to less

than about 6mm.

13, The gas mjector of claun |, wherein

a depth of damage of the gas injector is less than about 1 micron.

14, A mcthod of fabricating a coramic gas injector, the method comprising:
printing, using additive manufacturing equipment, a green part
corresponding to the gas tjector, the green part comprising a ceramic powder
and binder, the green part comprising:
an et portion comprising a central bore and a conformal
channel disposed in a sidewall, the conformal chanmel terminating before
reaching a top face; and
a collar disposed between the nlet portion and an outlet portion,
the conformal channel extending into the collar and terminating before
extending into the outlet portion, the conformal channel disposed such
that at least one dimension of material of the gas tnjector surrounding the
conformal channel is Himited to less than about 6nm;
debinding the green part to remove the binder; and
sintering the green part after the debinding to form the gas injector, the

gas mjector having a depth of damage less than about 1 micron.
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15, The method of claum 14, wherein printing the green part further
COMPIises:

printing the conformal channcl to have a plurality of channel sections
cach of which extends through the mlet portion and teominates at inlet channel
ends before reaching the top face, alternating adjacent pairs of channel sections
being connected via the mnlet channel ends such that cach inlet channel end is
separated from an adjacent inlet channel end. and all but ove adjacent pau of
channe] sections not connected via the inlet channel ends being connected via
the collar channel ends, and

printing the collar to have ports in a sidewall, the ports connected with
the one adjacent pair of channel sections not connected via the inlet channe

ends.

16, The method of claim 13, wherem:

the central bore 1s encircled by secondary inlet holes, and

printing the green part farther comprises printing the inlet channel ends
and the collar channel ends such that an arc of one of cach inlet channel end or
cach collar channel end is centered angularly around a different one of the
secondary inlet holes and an arc of at least another of cach inlet changel end or
cach collar channel end is centered angularly between adjacent ones of the

sccondary mlet holes.

17. A senuconductor processing systom comprising;
a gas manifold configured to supply gasses used during semiconductor
Processing;
a gas injector comprising:
an mlet portion coupled with the gas manifold and to which the
gasges are to be iniroduced via an inlet hole on an miet face of the inlet
portion, the inlet portion comprising a conformal chamnel disposed
between the inlet hole and a sidewall of the inlet portion, the inlet hole
comprising a single inlet central bore and a plurality of secondary mlet

holes surrounding the inlet central bore, the secondary inlet holes
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cquidistant from a center of the miet central bore, each secondary mnlet
hole equiangelar from cach adjacent secondary inlet hole;

an sutlet portion from which the gasses are provided from the gas
mmjector via an outlet hole connected to the inlet hole, the outlet hole
comprising a single outlet central bore connected with the inlet central
bore and a plurality of secondary outlet holes connected with the
secondary ndet holes, the secondary outlet holes disposed on a sidewall
of the outlet portion; and

a collar disposed between the inlet portion and the outlet portion,
the collar having a larger diameter than the inlet portion and the outlet
portion, the conformal channel extending into the coliar; and
a processing chamber within which a semiconductor wafer is disposed,

the gas injector coupled to the processing chamber such that the gasses are

provided into the processing chamber from the outlet portion.

18, The system of claim 17, wherein:

the conformal channel has a phurality of channel sections each of which
extends through the nlet portion, terminates at inlet channel ends before
reaching the inlet face, and also terminates at collar channe] ends before

reaching the cutlet portion.

19, The system of claim 18, wherein:

alternating adjacent pairs of channel sections are connected via the inlet
channel ends such that cach nlet channel end 15 separated from an adjacent inlet
channel end,

af feast some of adjacent pairs of channel sections not connected via the
mmlet channel ends are connected via the collar channel ends, and

the collar further comprises a sidewall having ports connected with at
feast one of the adjacent pairs of channel sections not connected via the infet

channel ends.
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20, The system of claim 17, further comprising:
a connector integrally formed with the sidewall of the mlet portion, the

connector sized to be connected to the gas manifold.
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