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What is claimed is:

1. A method for forming a transistor, comprising:
forming a fin from a crystalline substrate;
forming a first source/drain region in the substrate beneath thé fin;
forming a surrounding -gate insulator around the fin;
forming a surrounding gate around the fin and separated from the fin by
the sorrounding gate insulator; and

forming a second source/drain region in a top pordon of the fin,

2. The method of claim 1, wherein the fin has /cross-sectional thickness in
a first direction corresponding to a2 minimum feapdire length and a cross-sectional
thickness in a second direction orthogonal to tHe first direction less than the

minimum feature length,

3. The method of claim 1, wherejh forming a fin from a crystalline substrate

includes forming a fin from a crystAlline silicon substrate,

4. The method of claim ¥, wherein forming a fin from a crystalline substrate

includes etching the crystaine substrate to form the fin.

5. The method of claim 1, wherein forming a first source/drain region in the
substrate beneath ffie fin includes implanting a dopant in a trench adjacent to the

substrate and djffusing the dopant underneath the fin.

6. The€ method of claim 5, wherein diffusing includes diffusing the dopant

into a héttom portion of the fin.

7 The method of claim 1, wherein forming a surrounding gate insulator

includes forming a silicon oxide.
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8. The method of claim 1, wherein forming a surrounding gate includ

forming a polysilicon gate.

. The method of claim 1, further comprising recessing the syfounding gate

such that the surrounding gate has a height less than a height of fhe fin.

10,  The method of ¢claim 1, further comprising forming/a gate contact

adjacent to and in contact with the surrounding gate.

11.  The method of claim 1, further comprising forming at least one gate line

adjacent to and in contact with the surrounding gate.

12.  The method of claim 11, wherein férming at least one gate line adjacent
to and in contact with the surrounding ghte includes forming a first gate line
adjacent to and in contact with a firsy/side of the surrounding gate and a second
gate line adjacent to and in contagtwith a second side of the surrounding gate,
the first and second sides being/fositioned on opposing sides of the fin.

13, ¥ 11, wherein the fin bas a rectangular footprint with

and in gontact with the surrounding gate includes forming a gate Iine to contact

the srrounding gate on the short side.
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15.  The method of claim 1, wherein forming a surrounding gate includes

forming a polysilicon surrounding gate.

16. A method for forming a transistor, comprising:

etching a fin from a crystalline silicon subsirate, the fin haying a cross-
sectional thickness in a first direction corresponding to a mini m feature length
and a cross-sectional thickness in a second direction orthogo a} to the first
direction less than the rninimum feature length; ‘

forming a ﬁJ;St source/drain region in the substrgte beneath the fin;

forming a surrounding gate oxide around theAin;

forming a polysilicon surrounding gate argund the fin and separated from
the fin by the surrounding gate oxide; and -

forming a second source/drain-regio in a top portion of the fin.

17.  The method of claim 16, whergin forming a surrounding gate oxide
includes therrnally oxidizing the silicon fin etched from the crystalline silicon

substrate.

18.  The method of claiph 16, wherein etching a fin from a crystalline silicon
substrate includes:

etching a hole/in a layer over the substrate; °

fdrming sigewall s;iacers in the hole;

forming/ fin pattern from tl;.e sidewall spacers; and

etchiyg into the crystalline substrate to form the fin from the substrate

using a mgsk corresponding to the fin pattern.
19. /' A method for forming a transistor, comprising:

etching a fin from a crystalline substrate, the fin having a cross-sectional

thickness in a first direction corresponding to a minimum feature length and a
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cross-sectional thickness in a second direction orthogonal to the first directig
less than the minimum feature length, wherein etching a fin includes:

etching a hole in a layer over the substrate;

forming sidewall spacers in the hole;

forming a fin pattern from the sidewall spacers;

etching into the crystalline substrate to form the fin froph the substrate

using a mask corresponding to the fin patte:

forming a first source/drain region in the substratg beneath the fin;

forming a surrounding gate insulator around thé fin;

forming a surrounding gate.around the fin gitd separated firom the fin by
the surrounding gate insulator; and

forming a second source/drain region n a top portion of the fin.

20.  The method of claim 19, whereijn forming a surrounding gate oxide
includes thermally oxidizing the siligon fin etched from the crystalline silicon

substrate.

2].  The method of clainy19, wherein forming a smrounding gate includes

etching the gate so that thé top of the gate is below the top surface of the fin,

22. A method fof forming an array of transistors, comprising:
forming g/nitride layer on a silicon wafer;
forming an amorphous silicon layer on the nitride layer;
patiéming and etching at least one hole in the amorphous silicon layer;
idizing the amorphous silicon layer, which results in oxide sidewall
spacers on sidewalls of the amorphous silicon layer;
backfilling the hole with amorphous silicon;
planarizing to expose the oxide sidewalls;
patteming and etching the oxide sidewalls into a fin pattern;

removing the amorphous silicon;
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etching the nitride layer, leaving a fin pattern of nitride beneath the fin
pattern of oxide sidewalls;

etching the silicon wafer, using the fin pattern of nitride as a mask/to
etch silicon fins from the silicon wafer;

implanting dopaut and diffusing the dopant to form a condugfion line
beneath the etched silicon fins, the dopant providing first source/drain regions
for the silicon fins;

forming a surrounding gate insulator on the silicon fins;

forning a surrounding gate around and separated/from the silicon fins by
the surrounding gate insulator;

forming gate lines adjacent to and in contagt with the swrrounding gates
for adjacent transistors in the array; and

forming second source/drain regions for the silicon fins.

23.  Themethod of claim 22, whereiA forming a surrounding gate insulator
includes thermally oxidizing the siligén fin etched from the crystalline silicon

substrate.

24.  The method of claim/22, wherein forming a surrounding gate includes

forming a polysilicon gatg!

25. A transistor,£omprising:

a crystallirie substrate, with trenches etched therein to form a crystalline
semiconductop/fin from the substrate, the fin having a cross-sectional dimension
that is less fdan a2 minimum feature size;

afirst source/drain region formed in the crystalline substrate at a bottom
of theAin, and a second source/drain region formed in a top portion of the fin. to
defific a vertically-oriented channel region in the fin between the first and second

urce/drain regions;

a gate insulator formed around the fin; and
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a surrounding gate formed around and separated from the fin by the/ate

insulator.

26. The transistor of claim 25, wherein the crystalline substrat¢/includes

silicon.

27.  The transistor of claim 25, wherein the crystalline #ubstrate isa

crystalline silicon wafer.

28.  The transistor of claim 25, wherein the syfounding gate insulator

-includes silicon oxide.

29, The transistor of claim 25, wherefn the surrounding gate includes
polysilicon. '

30.  The transistor of claim 26, wherein the surrounding gate includes metal.
31. A transistor, compyising:

a crystalline silidon wafer, with trenches etched therein to form a
crystalline semiconddctor fin from the wafer, the fin having a cross-sectional
dimension in a figgt direction that is less than a minimum feature size and a
cross-sectionaj/dimension in a second direction orthogonal to the first direction
that correspgnds to the minimum feature size;

a first source/drain region formed in the crystalline wafer at a bottom of
the fin{ and a second source/drain region formed in a top portion of the fin to
defifie a vertically-oriented channel region in the fin between the first and second

urce/drain regions;

a gate insulator formed around the fin; and

a surrounding gate formed around and separated from the fin by the gate

insulator,
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32.  The transistor of claim 31, wherein the gate insulator includes a silic

oxide.

33.  The transistor of claim 32, wherein the silicon oxide gate in

thermally-grown silicon oxide.

34.  The transistor of claim 31, wherein the surrounding gate includes a

polysilicon surrounding gate.

35,  The transistor of claim 31, wherein the surrgunding gate includes a metal

surrounding gate.

36. A semiconductor structure, compriging:
an array of transistors arranged if columns and rows, each transistor
including a first source/drain region, A second source/drain region above the first
source/drain region, and a vertically-oriented channel region between the first
and second source/drain regiong, the channel region being formed in a crystalline
semiconductor fin having a gfoss-sectional thickness that is less than a minimum
feature size, the fin being/formed from a crystalline wafer by etching trenches to
define the fin, each tragsistor further including a gate insulator formed around
the fin and a surroupding gate formed around and separated from the fin by the

gate insulator.

37.  Thestucture of claim 36, further comprising at least one gate line along

the fins jA contact with the surrounding gate.

38

ith a long side and a short side, and the at least one gate line contacts the

The structure of claim 37, wherein the fin has a rectangular cross-section

surrounding gate on the short side.
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39, The structure of claim 37, wherein the fin has a rectangular cross-sgétion
with a long side and a short side, and the at least one gate line contacts

surrounding gate on the short side.

40. The structure of claim 37, wherein the at least one gate Hne includes two

gate lines on opposing sides of the fins.

41,  The structure of claim 36, wherein a first row gid an adjacent second row
has a center-to-center spacing of a minimum feature/size interval (NF) less the
thickness of the fin structures, and the second roy and an adjacent third xrow has
a center-to-center spacing of the minimum fe -

thickness of the fin structures.




What is claimed is:

1. A method for forming a transistor, comprising:

forming a fin from a crystalline substrate, wherein forming the fin includes:

depositing a material on the crystalline substrate;

forming a mask pattern and using the mask pattern with a minimum feature length to
etch the material to define at least two holes in the material, wherein the material provides
sidewalls that surround and define each of the at least two holes, and wherein each of the at
least two holes is one minimum feature length (F) wide and the at least two holes are
separated by one minimum feature length (F);

forming sidewall spacers on each of the sidewalls that surround and define the at least
two holes;

forming a fin pattern from the sidewall spacers, wherein forming the fin pattern
includes forming an array of sidewall spacers, wherein a first row of the array and an adjacent
second row of the array has a center-to-center spacing of the minimum feature length (F) less
a thickness of the fin (AT), and the second row and an adjacent third row of the array has a
center-to-center spacing of the minimum feature length (F) plus the thickness of the fin (AT);
and

using the fin pattern as a mask to etch the fin from the crystalline substrate,

wherein the fin has a cross-sectional thickness in a first direction corresponding to the
minimum feature length and a cross-sectional thickness in a second direction orthogonal to
the first direction less than the minimum feature length,

wherein the first direction is substantially parallel to a surface of the substrate and the
second direction is substantially parallel to the surface of the substrate;

forming a first source/drain region in the substrate beneath the fin;

forming a surrounding gate insulator around the fin;

forming a surrounding gate around the fin and separated from the fin by the
surrounding gate insulator; and

forming a second source/drain region in a top portion of the fin.

2. The method of claim 1, wherein forming the fin from the crystalline substrate includes

forming the fin from a crystalline silicon substrate.

3. The method of claim 1, wherein forming the first source/drain region in the substrate
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beneath the fin includes implanting a dopant in a trench adjacent to the substrate and

diffusing the dopant undemeath the fin.

4, The method of claim 3, wherein diffusing includes diffusing the dopant into a bottom
portion of the fin.

5. The method of claim 1, wherein forming the surrounding gate insulator includes

forming a silicon oxide.

6. The method of claim 1, wherein forming the surrounding gate includes forming a

polysilicon gate.

7. The method of claim 1, further comprising recessing the surrounding gate such that

the surrounding gate has a height less than a height of the fin.

8. The method of claim 1, further comprising forming a gate contact adjacent to and in

contact with the surrounding gate.

9. The method of claim 1, further comprising forming at least one gate line adjacent to

and in contact with the surrounding gate.

10.  The method of claim 9, wherein forming the at least one gate line adjacent to and in
contact with the surrounding gate includes forming a first gate line adjacent to and in contact
with a first side of the surrounding gate and a second gate line adjacent to and in contact with
a second side of the surrounding gate, the first and second sides being positioned on opposing

sides of the fin.

11.  The method of claim 9, wherein the fin has a rectangular footprint with a short side
and a long side, wherein forming the at least one gate line adjacent to and in contact with the
surrounding gate includes forming a gate line to contact the surrounding gate on the long

side.

12.  The method of claim 9, wherein the fin has a rectangular footprint with a short side

and a long side, wherein forming at least one gate line adjacent to and in contact with the
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surrounding gate includes forming a gate line to contact the surrounding gate on the short

side.

13. The method of claim 1, wherein forming the surrounding gate includes forming a

polysilicon surrounding gate.

14. A method for forming a transistor, comprising:

etching a fin from a crystalline silicon substrate, wherein etching the fin from the
crystalline substrate includes:

depositing a material on the crystalline substrate;

forming a mask pattern and using the mask pattern with a minimum feature length to
etch the material to define at least two holes in the material, wherein the material provides
sidewalls that surround and define each of the at least two holes, and wherein each of the at
least two holes is one minimum feature length (F) wide and the at least two holes are
separated by one minimum feature length (F); and

forming sidewall spacers on each of the sidewalls that surround and define the at least
two holes;

forming a fin pattern from the sidewall spacers, wherein forming the fin pattern
includes forming an array of sidewall spacers, wherein a first row of the array and an adjacent
second row of the array has a center-to-center spacing of the minimum feature length (F) less
a thickness of the fin (AT), and the second row and an adjacent third row of the array has a
center-to-center spacing of the minimum feature length (F) plus the thickness of the fin (AT);

using the fin pattern as a mask to etch the fin,

wherein the fin has a cross-sectional thickness in a first direction corresponding to the
minimum feature length and a cross-sectional thickness in a second direction orthogonal to
the first direction less than the minimum feature length, and

wherein the first direction is substantially parallel to a surface of the substrate and the
second direction is substantially parallel to the surface of the substrate;

forming a first source/drain region in the substrate beneath the fin;

forming a surrounding gate oxide around the fin;

forming a polysilicon surrounding gate around the fin and separated from the fin by
the surrounding gate oxide; and

forming a second source/drain region in a top portion of the fin.
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15.  The method of claim 14, wherein forming the surrounding gate oxide includes

thermally oxidizing the silicon fin etched from the crystalline silicon substrate.

16.  The method of claim 14, wherein etching the fin from the crystalline silicon substrate
includes:

etching a hole in a layer over the substrate;

forming sidewall spacers in the hole;

forming a fin pattern from the sidewall spacers; and

etching into the crystalline substrate to form the fin from the substrate using a mask

corresponding to the fin pattern.

17. A method for forming an array of transistors, comprising;

forming a nitride layer on a silicon wafer;

forming an amorphous silicon layer on the nitride layer;

patterning and etching at least two holes in the amorphous silicon layer, wherein
patterning includes using a mask pattern with a minimum feature length to pattern the at least
two holes and etching includes using the mask pattern to etch the at least two holes, wherein
the amorphous silicon layer provides sidewalls that surround and define each of the at least
two holes, and wherein each of the at least two holes is one minimum feature length (F) wide
and the at least two holes are separated by one minimum feature length (F);

oxidizing the amorphous silicon layer, which results in oxide sidewall spacers on each
of the sidewalls of the amorphous silicon layer that surround and define the at least two holes;

backfilling the at least two holes with amorphous silicon;

planarizing to expose oxide sidewalls;

patterning and etching the oxide sidewalls into a fin pattern, wherein the fin pattern
provides an array of sidewall spacers, wherein a first row of the array and an adjacent second
row of the array has a center-to-center spacing of the minimum feature length (F) less a
thickness of the fin (AT), and the second row and an adjacent third row of the array has a
center-to-center spacing of the minimum feature length (F) plus a thickness of the fin (AT);

removing the amorphous silicon;

etching the nitride layer, leaving a fin pattern of nitride beneath the fin pattern of
oxide sidewalls;

etching the silicon wafer, using the fin pattern of nitride as a mask, to etch silicon fins

from the silicon wafer, wherein each of the silicon fins has a cross-sectional thickness in a
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first direction corresponding to the minimum feature length and a cross-sectional thickness in
a second direction orthogonal to the first direction less than the minimum feature length,
wherein the first direction is substantially parallel to a surface of the silicon wafer and the
second direction is substantially parallel to the surface of the silicon wafer;

implanting dopant and diffusing the dopant to form a conduction line beneath the
etched silicon fins, the dopant providing first source/drain regions for the silicon fins;

forming a surrounding gate insulator on the silicon fins;

forming surrounding gates, wherein each surrounding gate is formed around and
separated from one of the silicon fins by the surrounding gate insulator;

forming gate lines adjacent to and in contact with the surrounding gates for adjacent
transistors in the array; and

forming second source/drain regions for the silicon fins.

18.  The method of claim 17, wherein forming the surrounding gate insulator includes

thermally oxidizing the silicon fin etched from the crystalline silicon substrate.

19. The method of claim 17, wherein forming the surrounding gates includes forming

polysilicon gates.
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