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1. A method used during fabrication of a semiconductor device, 

compri 	g: 	 . 

provis 	g a layer to be etched; 

forming a 	=crificial patterning layer over the layer to be etched, 

wherein the sacrific :1 patterning layer comprises a plurality of segmented 

portions having at lea 	first and second cross sectional sidewalls; 

forming a plurality o -acrificial first spacers, with one spacer 

formed on each sidewall of eah segmented portion of the sacrificial 

15 patterning layer; 

removing the sacrificial pattern 	g layer; 

forming a conformal second spacer -yer over the plurality of 

20 sacrificial first spacers; 

removing a portion of the conformal secon. spacer layer to form a 

plurality of second spacers on the sacrificial first spacers; 

25 subsequent to forming the second spacers, remo 	g the sacrificial 

first spacers; and 

etching the layer to be etched using the second spacers - 

pattern. 

30 

2. The method of claim 1 wherein each portion of the sacrificial 

patterning layer comprises a first width, and the method further 

comprises: 	 • 
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trimming the first width of each sacrificial patterning layer to have a 

sLcond width which is about 25% narrower than the first width; 

arming each of the plurality of first spacers to have a width which 

S is about 	5% of the first width; and 

etchin• the conformal second spacer layer such that the second 

spacers each h ve a width which is about 25% of the first width. 

10 3. The method • claim 2 further comprising etching the layer to be 

etched to form featur- 	from the layer to be etched, wherein each feature 

formed from the layer t. be etched comprises a width which is about 25% 

of the first width. 

15 4. The method of claim 3 	her comprising: 

forming the plurality of segm nted portions of the sacrificial layer to . 

have a pretrimmed pitch of about twi - the first width; and 

20 etching the layer to be etched to fo 	the features to have a pitch 

which is about 25% of the pretrimmed pitch •f the segmented portions of 

the sacrificial layer. 

5. The method of claim 1 further comprising: 

25 

forming the sacrificial patterning layer such that t‘e plurality of 

segmented portions have a first density; and 

etching the layer to be etched using the second spacers 	s a 

30 pattern to form a plurality of features, wherein the plurality of fe- ures 

have a second density which is about four times the first density. 
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The method of claim 1 wherein each portion of the sacrificial 

pa erning layer comprises a first width, and the method further 

corn• ices: 

5 for • ing each of the plurality of first spacers to have a width which 

is about 33' • of the first width; 

' 	 - 

etching th,  conformal second spacer layer such that the second 

spacers each have = width which is about 33% of the first width. 

10 - 

7. The method of ci = im 6 further comprising etching the layer to be 

etched to form features from the layer to be etched, wherein each feature 

formed from the layer to be -tched comprises a width which is about 33°fo 

of the first width. 

15 

8. The method of claim 7 furthe comprising: 

forming the plurality of segmente ►  portions of the sacrificial layer to 

have a predetermined pitch of about twice he first width; and 

20 

etching the layer to be etched to .form th - features to have a pitch 

which is about 33% of the predetermined pitch o the segmented portions 

of the sacrificial layer. 

25 9. The method of claim 1 further comprising: 

forming the sacrificial patterning layer such that the pl 	ality of 

segmented portions have a first density; and 

30 etching the layer to be etched using the second spacers as a 

pattern to form a plurality of features, wherein the plurality of features 

have a second density which is about three times the first density. 
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0. 	The method of claim 1 further comprising forming the sacrificial 

pa 	erning layer from photoresist. 

11. 'e method of claim 1 further comprising forming the sacrificial 

5 patterning ayer from a material selected from the group consisting of 

transparent •.rbon, multilayer resist, and bilayer resist. 

12. A method 	ed during fabrication of a semiconductor device, 

comprising: 

10 

providing a layer t•o be etched;  

forming a sacrificial pa' erning layer over the layer to be etched, 

wherein the sacrificial patternin• layer comprises a plurality of segmented 

15 

20 

portions each having a starting wi. h which is about the same, an original 

pitch which is about twice the startino width, first and second cross 

sectional sidewalls, and a starting feat 	e density; 

selecting a desired feature reduction • sing the relationship 1/2m, 

where "m" is an integer greater than or equal .o 2 and the completed 

feature density will be about 2m times the starti ! feature density and the 

completed feature pitch will be about 1/2m times t e original pitch; 

trimming the width of each segmented portion of he sacrificial first 

25 patterned layer by an amount about 1/2m times the starti • g width; 

forming a plurality of first spacers, with one spacer form,d on each 

of the first and second sidewalls and each spacer having a target 	idth 

about equal to 1/2m times the starting width; 

30 

removing the sacrificial patterning layer; 

forming a conformal second spacer layer on the plurality of first 

spacers; 
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removing a portion of the conformal second spacer layer to form a 

piu -lity of second spacers on the first spacers; 

5 s •sequent to removing the portion of the conformal second spacer 

layer: 

if "m" is an even number, removing the first spacers such 

that the second 	•acers remain; or 

10 

if "m" is 	n odd number, removing the second spacers such 

that the first spacers re 	ain; and 

etching the layer to b 	etched using the remaining spacers as a 

15 pattern. 

13. The method of claim 12 furt -r comprising: 

selecting "m" to be an even num s er; 

20 

removing the first spacers such that t • e second spacers remain; 

and 

etching the layer to be etched using at least he second spacers as 

25 a pattern. 

14. The method of claim 13 further comprising: 

selecting the desired feature reduction to be 1/2m, whe e "m" is 2 

30 such that the completed feature density is about 4 times the sta , ing 

feature density and the completed feature pitch is about 1/4  times t , e 

original pitch; 
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removing the first spacers such that the second spacers remain; 

an. 

e• hing the layer to be etched using only the second spacers as a 

5 pattern. 

15. The met •d of claim 13 further comprising: 

selecting the •esired feature reduction to be 1/2m where "m" is an 

10 even number greater 	an or equal to 4; 

forming a conformal 	ird spacer layer over the first spacers and on 

the second spacers; 

15 removing a portion of the c• formal third spacer layer to form third 

spacers; 

forming a conformal fourth spacer ',yer over the first and second 

spacers and on the third spacers; 

20 

removing a portion of the conformal fourt 	spacer layer to form 

fourth spacers; 

removing the third and first spacers and leaving 	e second and 

25 fourth spacers; and 

etching the layer to be etched using the second and fou h spacers 

as a pattern. 

30 16. The method of claim 12 further comprising: 

selecting the desired feature reduction to be an odd number; 
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forming a third spacer layer over the first spacers and on the 

s- and spacers; 

ernoving a portion of the third spacer layer to form third spacers; 

5 

rem•ving the second spacers and leaving the first and third 

spacers; and 

etching the .yer to be etched using at least the first and third 

10 spacers as a pattern. 

17. The method of clai , 	15 further comprising: 

selecting the desired fe ture reduction to be 1/2m, where "m" is.  3 

15 such that the completed feature density is about 6 times the starting 

feature density and the complete. eature pitch is about 1/6 times the 

original pitch; and 

etching the layer to be etched usin' only the first and third spacers 

20 as a pattern. 

18. A method used during fabrication of a se , iconductor device, 

comprising: 

25 providing a layer to be etched; 

forming a sacrificial patterning layer over the layer to •e etched, 

wherein the sacrificial patterning layer comprises a plurality o - 	egmented 

portions each having a starting width which is about the same, a 	original 

30 pitch which is about twice the starting width, first arid second cros 

sectional sidewalls, and a starting feature density; 

selecting a desired feature reduction using the formula 1/(2m-1), 

where "m" is an integer greater than or equal to 2 and the completed 
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ature density will be about (2m-1) times the starting feature density and 

the completed feature pitch will be about 1/(2m-1) times the original 

pitch; 

5 for 	ng a plurality of first spacers, with one first spacer formed on 

each of the 	st and second sidewalls and each first spacer having a target 

width about eq ►  al to 1/(2m-1) times the starting width; 

removing the 	acrificial patterning layer; 

10 

forming a conform:,I second spacer layer on the plurality of first 

spacers; 

removing a portion of the onformal second spacer layer to form a 

15 plurality of second spacers on the 	rst spacers; 

subsequent to forming the Piura 	y of second spacers on the first 

spacers: 

20 if "m" is an even number, removing the first spacers such that the 

second spacers remain; or 	 . 

if "m" is an odd number, removing the second - •acers such that the 

first spacers remain; and 

25 

etching the layer to be etched using the remaining spa, ers as a 

pattern. 	 . 

19. 	The method of claim 18 further comprising: 

30 

selecting "m" to be an even number; 

removing the first spacers such that the second spacers remain; 

and 
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etching the layer to be etched using at least the second spacers as 

a pa 	ern. 

5 20. 	Th- method of claim 19 further comprising: 

selecti ! the desired feature reduction to be 1/(2m-1), where "m" 

is 2 such that t - completed feature density is about 3 times the starting 

feature density an 8  the completed feature pitch is about 1/3 times the 

10 original pitch; 

removing the first 	Pacers such that the second spacers remain; 

and 

15 etching the layer to be et 	ed using only the second spacers as a 

pattern. 

21, 	The method of claim 19 further ..mprising: 

20 selecting the desired feature reductio 	to be 1/(2m-1), where "m" 

is an even number greater than or equal to 4, 

forming a conformal third spacer layer over he first spacers and on 

the second spacers; 

25 

removing a portion of the conformal third spacer I. er to form third 

spacers; 

forming a conformal fourth spacer layer over the first an. second 

30 spacers and on the third spacers; 

removing a portion of the conformal fourth spacer layer to form 

fourth spacers; 
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removing the third and first spacers and leaving the second and 

fou , h spacers; and 

e 	king the layer to be etched using the second and fourth spacers 

5 	as a patte 	. 

22. The met •d of claim 18 further comprising: 

selecting the •esired feature reduction to be an odd number; 

10 

forming a third s• acer layer over the first spacers and on the 

second spacers; 

removing a portion of t •e third spacer layer to form third spacers; 

15 

removing the second space 	and leaving the first and third 

spacers; and 

etching the layer to be etched usi • at least the first and third 

20 	spacers as a pattern. 

23. A method used during fabrication of an e ectronic system, 

comprising: 

25 
fabricating a semiconductor device using a met •d comprising: 

providing a layer to be etched; 

30 forming a sacrificial patterning layer over the !aye 	to be 

etched, wherein the sacrificial patterning layer comprises a plura 	of 

segmented portions having at least first and second cross sectional 

sidewalls; 
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forming a plurality of sacrificial first spacers, with one spacer  
for 	-d on each sidewall of each segmented portion of the sacrificial 

patter 	ng layer; 

5 removing the sacrificial patterning layer; 	• 

for sing a conformal second spacer layer over the plurality of 

sacrificial first spac:rs; • 

• 

10 removing . portion of the conformal second spacer layer to 

form a plurality of second 	•acers on the sacrificial first spacers; 

subsequent to for 	ing the second spacers, removing the 

sacrificial first spacers; and 

15 

etching the layer to be etched using the second spacers as a 

pattern; 

providing a microprocessor; and 

20 

• providing an electrical pathway between the 	emiconductor device 

and the microprocessor to facilitate electrical commu 	cation 

therebetween. 

25 24. 	An in-process semiconductor device, comprising: 	
• 

a layer to be etched; and 

an etch mask comprising a plurality of planarized spacers, at I-  -st  
two of the spacers of the plurality comprising different materials, the 

30 
spacers of the plurality having coplanar upper surfaces overlying the !aye 

to be etched. 
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• 

2 . 	A semiconductor device, comprising: 

n etched feature comprising a dimension which is 1/n times a 

critical di • ension of photolithography, where "n" is an integer greater 
5  than 2. 

26. The semi. onduqor device of claim 25, further comprising: 
. 	. 

the etched fe- ure comprising the dimension which is 1/n times a 
10 critical dimension of photolithography, where "n" is an odd integer greater 

than or equal to 3. 

27. An in-process sernicon . • ctor device comprising: 

15 
a layer to be etched; and 

a mask layer overlying the layer . be etched comprising a cross 

section having a plurality of separate, alte 	ating first and second mask 

20 layer portions, wherein: 

the first mask layer portions each co 	prise a single, vertically 
oriented pillar; and  

25 the second mask layer portions each compr -e a pair of 

vertically oriented pillars connected by a horizontally orient:d segment, 

28, 	The in-process semiconductor device of claim 27, further omprising 

a plurality of sacrificial spacers, with one of the plurality of sacrifice I 	. 
30  spacers interposed between each first and second mask layer portio 



The invention claimed is: 

1. A method used during fabrication of a semiconductor device, the method comprising: 

providing a layer to be etched, the layer to be etched having a substantially planar elevationally 
outermost surface; forming a plurality of sacrificial first spacers on the outermost surface; 

forming a second spacer layer over the plurality of sacrificial first spacers; 

removing a portion of the second spacer layer to form a plurality of triads of spacers on the outermost 
surface, the triads comprising the first spacer bracketed by second spacers on the surface with each 
of the spacers within the triad having a different elevational thickness and the second spacers 
contacting the first spacer; 

forming a conformal layer over the triad; 

removing a portion of the conformal layer to form groups of five adjacent spacers, the individual 
groups comprising the triad bracketed by third spacers; removing the second spacers; 

and etching the layer to be etched using the first and third spacers as a pattern to form a plurality of 
substantially similar features within the layer to be etched. 

2. The method of claim 1 wherein the etching forms recesses aligned substantially equidistant along 
the outermost surface of the layer to be etched. 

3. The method of claim 1 wherein the surfaces of all of the spacers are non-planar. 

4. The method of claim 1 wherein the forming the second spacer layer on the plurality of sacrificial 
first spacers comprises providing a spacing layer to fill between some of the first spacers but not filling 
between all of the first spacers. 

5. The method of claim 4 wherein the spacing layer alternates between filled and unfilled between first 
spacers in one cross section of the device. 

6. The method of claim 1 wherein each spacer within the group of five spacers has a different 
elevational thickness. 

7. The method of claim 1 wherein the groups of five spacers are spaced apart from one another. 

8. The method of claim 1 wherein individual spacers within the groups of five spacers contact one 
another. 

9. The method of claim 1 wherein the groups of five spacers are spaced apart from one another a 
distance that is substantially the same as the width of the second spacers. 

10. The method of claim 1 wherein upon removal of the second spacers, the remaining spacers are 
substantially equally spaced along the surface to be etched. 
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