Double Patterning process
development at IMEC



Introduction

* Objectives of this work

- budget verification for 32nm HP critical layers

e 2 flavors of double patterning: double litho, double etch (LELE)
and Self-Aligned DP (SADP)

— status and feasibility of alternative processes to reduce DPT CoO

e 32nm half pitch specs (ITRS)

Single exposure Double patterning
- CDU 2.6nm 1.3nm
— Overlay 6.4nm ~2.3nm

- LWR 1.7nm 1.7nm




outline

e Litho-Etch-Litho-Etch

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

— alternative processes (CoO)

» Self-Aligned Double Patterning

- 32nm HP process
e CDU
— alternative process (CoO)

e Conclusions




Litho-Etch-Litho-Etch

o 2D compatible processes
o double trench vs double line

— DT most intuitive for Metal layers
— DL most intuitive for Active, Poly layers

double trench approach double line approach

s Spaces on reticle E—
“ Positive resist

Print trenches and etch HM
_ Strip resist and 2" photo
u Etch HM and strip resist

H Final etch and remove HM




outline

o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
e CDU
— alternative process (CoO)

e Conclusions
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o 32nm HP poly: single oxide HM (30nm) process
o 22nm HP poly: double HM needed

32 nm dense lines 22 nm dense lines

p— 100 Nnm F— 100 Nm

STEM imaging and sample preparation at ASML e
Litho Forum 2008 B oo |



CDU 32nm LELE (raw experimental data)
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Line1:
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CD’s after final etch

Line2:
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CDU 32nm LELE applying Dosemappe)

! : NA=1.35
CD’s after final etch ann. ill. 0.8/0.5
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DPT overlay on product wafers (gate to S

Full batch DPT measured overlay on ASML XT:1700i

(NA=1.2)
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Im[+30: X =5.5nm, Y = 5.8nm

30 points per field, 87 fields per
D. Laidler, et al., SPIE 2008, 6922-23 wafer, 20 wafers.




outline

o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
e CDU
— alternative process (CoO)

e Conclusions
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LELE double trench process: 30nm HP Mée

e goal: 30nm 1:1 trenches for Single Damascene
interconnects using 1.2NA scanner (k1; =0.19)

— reqular structures, no cuts, no gaps

e DP: 30nm at pitch 120nm
for each patterning step

* LAM Motif™ shrink used \x\x x = =
because no litho process \ L
window for 30nm trench \ O

e CD target = 60nm after N\

litho, shrink to 30nm e.g. meanderforks, after split of
target design:

Trenches defined by image 1
Trenches defined by Image 2

- aenhoudt
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30nm HP M1: pics through proces Qéazsg.rzill.

k1,=0.19

85.24nm

Litho1 S | . -

120nm pitch

60nm pitch

M. Maenhoudt
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CDU 30nm HP M1

e L1 CD uniformity o L2 CD uniformity

(full wafer; 357 dies) (full wafer; 25 dies)

-litho: 30 = 2.5nm -litho: 30 = 3.1nm
-MHM etch: 30 = 2.6nm -MHM etch: 30 = 3.6nm

Counts (a.u.)

25 30 35 40 45 50 55 60 65
Trench CD (nhm)




LWR 30nm HP M1 LELE

e L1 LWR 3o:
(—200 images)

4.9nm___6.onm___o.onm__6.onm _o.0nm

litho BARC Motif Breakthrough MHM etch +
opening strip

LWR after shrink + etch comparable to after Litho
i.mGC Ifillr;:;eerc]hzo(;Jc()jet 14




outline

o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
e CDU
— alternative process (CoO)

e Conclusions
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Litho-Process-Litho-Etch

Lithol Process Litho2 Etch HM removal

in track No topo
In track Same BARC

» Thermal freezing process (Shin-Etsu)
— Exposure cure + bake cure

» Positive/negative resist (TOK)

— No process treatment needed

» Coat freezing material (JSR)
— Coat, bake, develop freezing material

* many other ...

- M. Maenhoudt
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1 NA=1.2
freezing material: resolution ~ ann.ill.

Ref. SPIE 6923-17, M. Hori et al.

* 44nm HP using NA=1.2, annular illumination

L1+L2: 40nm HP

after etch into poly

M. Maenhoudt
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NA=1.2
CDU freezing material: 44nm HP ann. ill.

manual coatings

Combined populations

Histogram

2 populations after L1+freezing+L2
Pop 1 Pop 2
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JSR i M. Maenhoudt
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2D logic cells with freezing materiz o i

Non-optimized OPC

Litho-etch-litho-etch

32nm node logic structures etched into 60nm poly using APF/SiOC HM
JoR Micro s |




outline

o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
o CDU
- alternative process (CoO)

e Conclusions
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Positive Self-Aligned Double Patterning

Process (SADP)

Sacrificial Spacer
HM etch Deposition

Etchback +

SHM removal

-

Pattern
transfer

E im mask + mask for non-critical iph n : :
xtra tri as ask for non-critical periphery needed Final profile

. d U
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Impact of the Dose on space CD

[

26 27 28 29 30 31 32 33 34
Dose (mJ)

—*Line1 —*=Line2
—*—Space1 —< Space2

~700 measurements/data point

- | NA=1.2
0.8/0.5 ann.

AccY Spot lfagn |Det WD Exp FH——
500K/ 30 866604 TLD 25 1 hitp:ifwww.imec.be

Space2
Line2
— Spacel
» Linel
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CDU of lines and spaces for 32nm HP proc

NA=1.2
spacer dep05|t|on n 0.8/0.5 ann.

Linel
CD = 32.8nm
T 30 = 2.8nm
Spacer deposition and etch
Line2

uniformity is important for D = 32 8nm
definition of the final poly  _ _. e 3 = 2.6nm
width. ' '

Dose control and etch
uniformity is critical for
space CD control (pattern

Spacel
placement). 0

. ' CD=29.8nm
m 15mm edge excl. 3G= 3 .4nm

Space2
CD=32.4nm

HM etch space 1 ‘ : - ) 3G=5-9nm
non-optimised etch - .

- :‘-l 'h 5 7dt
LMGC e _206108 23




LWR/LER for SADP 150 images/set
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Average LWR Average LWR Average LWR

= (5.59 £ 1.08)nm (6.43 £ 2.94)nm = (3.53 £ 0.52)Nm
Average LER Average LER Average LER

= (3.7 £ 0.45)nm = (3.9 £ 0.34)nm = (4.1 £ 0.54)nm

LWR of the final pattern is half of the LWR after litho.
LER of the different steps is comparable!

M. Maenhoudt
© imec 2008 24




outline

o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
o CDU
- alternative process (CoO)

e Conclusions
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Dual Tone development

* Principle: Positive + Negative (Dual)-Tone
Development on single exposed wafer
Frequency doubling in a single exposure!

\—_—_—_—‘

Ep
Resist mmmp
Sinusoid
Aerial
Image
EN

- houdt
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Dual Tone Development as alternative fc

Self- Aligned DP process
o Self Aligned double patterning

1. litho :_%an lines 2 Etched 32rym 3. Deposit _ 4. Etch back spacers
at 1:3 pitch lines at 1:3 pitch spacer material
5. Remove HM lines etch HM

e Dual Tone development

7. Remove remainin

spacer material

1. litho+double dev. 3. Remove remainin
HM material

- IViaenhoudt
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Dual Tone Development Challenge:
Need to match sensitivities

——positive
——negative

normalized film thickness
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On PAS5500/1100
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Line ends:

Negative + Positive development

15.00 mJd/icm?

14.6 mJ/cm?

Ref. SPIE 6923-14, S. Tarutani et al.
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1st results Dual Tone Development k1<0.

e e

60nm HP at 0.75NA 50nm HP at 0.85NA

200Nnm

Pitch 240nm
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g 7 l : &
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: 3

:
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Potential for further resolution
240nm improvements of the process

- ‘Maenhoudt
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o LELE

— double line process for Active/Poly
e CDU
e overlay

— double trench process for M1

- alternative processes (CoO)

e SADP

- 32nm HP process
o CDU
- alternative process (CoO)

e Conclusions
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Conclusions

e LELE

1. The obtained results demonstrate that LELE double
patterning will be able to meet the specs for 32nm half pitch
critical layers, using state-of-the-art scanners.

2. Very promising alternative processes are coming up to
improve the costs and logistics for DPT

e SADP

1. Very powerful for excellent CD control and not sensitive to
interlayer alignment

2. Placement accuracy of the lines requires champion dose
control

3. Dual tone development needs to be accelerated to reduce
the cost of SADP (many process steps)

1 houdt
\MmeccC c2008 | 32
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