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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 t - fin; 

forming a surrounding gate insulator around the fin; 

forming a surrounding gate around the fin and separate• from the fin by 

the surrounding gate insulator; and 

forming a second source/drain region in a top po 	on of the fm. 

2. The method of claim 1, wherein the fin has 	cross-sectional thickness in 

a first direction corresponding to a minimum fear. re  length and a cross-sectional 

thickness in a second direction orthogonal to t e first direction less than the 

minimum feature length. 

3. The method of claim 1, where 	forming a fin from a crystalline substiate 

includes forming a fin from a cryst line silicon substrate. 

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

includes etching the cryst• me substrate to form the fin. 

5. The method • claim 1, wherein forming a first source/drain region in the 

substrate beneath 	e fin includes implanting a dopant in a trench adjacent to the 

substrate and cf fusing the dopant underneath the fin. 

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

into a , • ttom 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. 

9. The method of claim 1, further comprising recessing the s 	ounding gate 

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

10. The method of claim 1, further comprising fomiin: a gate contact 

adjacent to and in contact with the surrounding gate. 

11. The method of claim 1, further comprisin • orming at least one gate line 

adjacent to and in contact with the surrounding ate. 

12. The method of claim 11, wherein . rming at least one gate line adjacent 

to and in contact with the surrounding 	to includes forming a first gate line 

adjacent to and in contact with a firs side of the surrounding gate and a second 

gate line adjacent to and in conta 	with a second side of the surrounding gate, 

the first and second sides heir"! .ositioned on opposing sides of the fin. 

13. The method of cla. 	11, wherein the fin has a rectangular footprint with 

a short side and a long ide, wherein forming at least one gate line adjacent to 

and in contact with t e surrounding gate includes forming a gate line to contact 

the surrounding 	e on the long side. 

14. The 	ethod of claim 11, wherein the fin has a rectangular footprint with 

a short s • - and a long side, wherein forming at least one gate line adjacent to 

and in • ontact with the surrounding gate includes forming a gate line to contact 

the 	rrounding 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 substrate, the fin ha 	ng a cross- 

sectional thickness in a first direction corresponding to a mini 	dm feature length 

and a cross-sectional thickness in a second direction orthogo' al to the first 

direction less than the minimum feature length; 

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

forming a surrounding gate oxide around the in; 

forming a 	surrounding 	ar• nd the fin and separated from polysilicon 	gate 

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, when in forming a surrounding gate oxide 

includes thermally oxidizing the si 	on fin etched from the crystalline silicon 

substrate. 

18. The method of clai 	16, wherein etching a fin from a crystalline silicon 

substrate includes: 

etching a hol in a layer over the substrate; • 

forming si. ewall spacers in the hole; 

fonnin: . fin pattern from the sidewall spacers; and 

etchi • g into the crystalline substrate to form the fin from the substrate 

using a m sk corresponding to the fin pattern. 

19. A method for forming a transistor, comprising: 

etching a fin from Aicrystalline 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 directio 

less than the minimum feature length, wherein etching a fin includes: 

etching a hole in a layer over the substrate; 

font-ling sidewall spacers in the hole; 

forming a fin pattern from the sidewall spacers; 

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

using a mask corresponding to the fin patte • , 

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

forming a surrounding gate insulator around 	fin; 

forming a surrounding gate.around the fin • d.separated from the fin by 

the surrounding gate insulator; and 

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

20. The method of claim 19, where' forming a surrounding gate oxide 

includes thermally oxidizing the sili • n fin etched from the crystalline silicon 

substrate. 

21. The method of clai 	9, wherein forming a surrounding gate includes 

etching the gate so that t 	top of the gate is below the top surface of the fin. 

22. A method f• forming an array of transistors, comprising: 

forming . nitride layer on a silicon wafer; 	. 

formi :. an amorphous silicon layer on the nitride layer; 

pa 	ming and etching at least one hole in the amorphous silicon layer; 

• idizing the amorphous silicon layer, which results in oxide sidewall 

spat- s on sidewalk of the amorphous silicon layer; 

backfilling the hole with amorphous silicon; 

planarizing to expose the oxide sidewalls; 

patterning and etching the oxide sidewalk 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 mas 	to 

etch silicon fins from the silicon wafer; 

implanting dopant and diffusing the dopant to form a condu 	on line 

beneath the etched silicon fins, the dopant providing first source/. rain regions 

for the silicon fins; 

forming a surrounding gate insulator on the silicon rns; 

forming a surrounding gate around and separate. . om the silicon fins by 

the surrounding gate insulator; 

forming gate lines adjacent to and in conta 	with the surrounding gates 

for adjacent transistors in the array; and 

forming second source/drain regions ir the silicon fins. 

23. The method of claim 22, wherei forming a surrounding gate insulator 

includes thermally oxidizing the sili .n fin etched from the crystalline silicon 

substrate. 

24. The method of clai 	2, wherein forming a surrounding gate includes 

forming a polysilicon gat 

25. A transistor 	omprising: 

a crystal 	e substrate, with trenches etched therein to form a crystalline 

semiconducto 	.3a from the substrate, the fin having a cross-sectional dimension 

that is less 	an a minimum feature size; 

a 	rst source/drain region formed in the crystalline substrate at a bottom 

of the 	n, and a second source/drain region formed in a top portion of the fin to 

de 	e 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 late 

insulator. 

26. The transistor of claim 25, wherein the crystalline substrata includes 

silicon. 

27. The transistor of claim 25, wherein the crystalline . ubstrate is a 

crystalline silicon wafer. 

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

includes silicon oxide. 

29. The transistor of claim 25, wher "n the surrounding gate includes 

polysilicon. 

30. The transistor of claim 	, wherein the surrounding gate includes metal. 

31. A transistor, comp sing: 

a crystalline sir on wafer, with trenches etched therein to form a 

crystalline sernicon. ,ctor fin from the wafer, the fin having a cross-sectional 

dimension in a fi .t direction that is less than a minimum feature size and a 

cross-sectiona dimension in a second direction orthogonal to the first direction 

that corresp 'suds to the minimum feature size; 

a irst source/drain region formed in the crystalline wafer at a bottom of 

the fi , and a second source/drain region formed in a top portion of the fin to 

den a 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 silica 

oxide. 

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

thermally-grown silicon oxide. 

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

polysilicon surrounding gate. 

35. The transistor of claim 31, wherein the sun',  nding gate includes a metal 

surrounding gate. 

36. A semiconductor structure, compri ng: 

an array of transistors arranged ' 	columns and rows, each transistor 

including a first source/drain region, 	second source/drain region above the first 

source/drain region, and a vertica 	-oriented channel region between the first 

and second source/drain regio :, the channel region being formed in a crystalline 

semiconductor fin having a , oss-sectional thickness that is less than a minimum 

feature size, the fin bein • ormed from a crystalline wafer by etching trenches to 

define the fin, each tra,  sistor further including a gate insulator formed around 

the fin and a surrou , ding gate formed around and separated from the fm by the 

gate insulator. 

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

the fins ' 	contact with the surrounding gate. 	 . 

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

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

surrounding gate on the short side. 
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39. The structure of claim 37, wherein the fin has a rectangular cross-s' tion 

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

surrounding gate on the short side. 

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

gate lines on opposing sides of the fins. 

41. The structure of claim 36, wherein a first row • d an adjacent second row 

has a center-to-center spacing of a minimum featur' size interval (NF) less the 

thickness of the fin structures, and the second ro 	and an adjacent third row has 

a center-to-center spacing of the minimum fe 	e size interval (NF) plus the 

thickness of the fin structures. 
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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 underneath 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 

fonning 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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