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MAGIC “MAsk less lithoGraphy for IC manufacturing”

A European initiative on ML2 technology started in
January 2008

Push the insertion of European ML2 technology for IC
manufacturing

Support credible projects (timing, scalability) in respect to
semiconductor market needs

Develop ML2 equipments

Build a complete infrastructure for a fast and secure
start-up of these future industrial platforms :
process, data preparation, proximity effect controls...

Deliver a ML2 alpha tool to industry with its entire
Infrastructure for 32nm hp technology in 2010

Strengthen leadership of Europe on ML2
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European project « MAGIC » on multibeam
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European project « MAGIC » on multibeam
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The MAPPER technology

110 beam

demonstrator

MAPPER concept :
single source
Low accelerating voltage
Nno crossover
massive parallel approach

Technology aligned on the roadmap
Throughput capability
Scalability
Throughput

Technology node
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The IMS nano technology
PML2

IMS Nanofabrication

Electron
Source
tem
200x 5 keV
Reduction
Electron Beam
Optics > <
50 keV <2 pum
(with further
Wafer development)
Stage
<2pum
4 N
£ 32nm hp node
" 200x
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Experimental conditions

POL tool
110 beams writing the same data
Each beam writes 2um stripe & separated by 150pm
Exposure Field size is 2um*2um
Spot size of 35nm
Sample size : 1.5*1.5mm?
Wafers exposed in Delft
Resists :
e HSQ
« PMMA
Metrology at Leti
o Sample of 1,5*1,5mm?2
» fixed on 100mm wafer
Test structures 28 test structures with

9 dose variation
Isolated lines : 20, 30, 40, 45, 50, 60, 80, 100, 500, 1000

Dense lines : 20, 30, 40, 45, 50, 100, 500, 1000
CNT/dots : 50 (isolated and dense)

45nm rotated in X and Y

6 tests for iso-bias, LES
Total : 256 possibilities
ceC
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Results : Mapper 5keV POL

|solated lines : ¢
X/Y difference
corner rounding

Line end shortening
Improvement needed for CDuniformity Q

Improvement needed in the
field of exposure

&I

1st demo results with difficult
conditions

Process not fixed

Metrology difficult

Several wafers to have a dose

variation
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0.24u

m2 SRAM cell capabillity
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Mapper 5keV pre-Alpha tool: dose & PSF parameters
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CD (nm)

|Isolated-dense bias
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Portion of a circuit

8
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isolines Isodense

IMS-nano @ 15kV (POL tool) — NEG resist

Conditions :
Resist
e PMMA : 60nm thickness
 HSQ : 50nm thickness

e ZEP520D : 55nm
thickness

EBPC results (NEG):
Resolution : lines @ 35nm
Large Iso-dense bias :
» dose modulation is needed
to correct the bias

Large deviations from target CD to
measured CD

X/Y issue

cC

oute reproduction totale ou partielle
| rights reserved. Any reproduction 200 250 300 350

Dose: 538uC/cmz

2.3
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IMS-nano @ 15kV (POL tool) - POS resist

EBPC results (POS):
Resolution : lines @ 35nm
Large Isodense bias :
» dose modulation is needed to
correct the bias

Large deviations from target CD to
measured CD

X/Y issue

EBPC is needed
Difficult conditions
Not enough test structures
Robust dose modulation tool is needed

Complementary test for geometrical
correction option

Need 50KV results !

Target CD ===+=--
Target CD «eeeessseeess .

Target CD

Dose: 115uC/cm? Dose: 77uCl/cm?

@

-B-isodense45
-B-isodense35
—&—is065
—k—iso045
—&—is035

—

Iso-dense bias

100 150 200 250
Dose (uC/cm?) réservés.
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IMS-nano @ 50keV (pre-alpha tool) : Iso-dense bias

Positive and Negative tone nCAR resists

100 100
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|Isolated dense bias for both resists
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IMS-nano @ 50keV (pre-Alpha tool) : resolution

! * 23 * 2.3
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Intensity [a.u.]

IMS-Nano pre-alpha results : PSF parameters
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Pec status

Proximity effects
Dose matching biasing
X/Y biasing issue
CD uniformity
Isodense bias
LES
Corner rounding

Some of these issues will be corrected by tool and
process stability but to overcome all issues a proximity
effects correction methodology is mandatory

EBPC

Dose modulation
Geometrical correction solution
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Data preparation flow

Fast PSF extraction
Determine the diffusion length

Dose modulation option
Lower need for Mapper
Higher need for IMS-Nano

Geometrical correction
Higher need for Mapper
Lower need for IMS-Nano

 R-Based
 model based

0
o [

” Resist modeling

Dose modulation

// . .
Geometrical correction
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1 91
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CONCLUSIONS

First results with MAPPER 5kV POL & pre-alpha tools
Capability to write a 45nm SRAM cells or portion of logic
circuit

First results with IMS-nano 15kV POL & pre-alpha tool
(50kV)

Investigation of Proximity effects correction

EBPC : correction strategy based on a dose modulation
and a design correction solution

© CEA 2008. Tous droits réserveés.

oute reproduction totale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA



AKNOWLEDGMENT

The research leading to these results has
received funding from the European
Community's Seventh Framework Programme

(FP7/2007-2013) under grant agreement n°
214945 - MAGIC

N © CEA 2008. Tous droits réserveés.
@J oute reproduction totale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
I rights reserved. Any reproduction in whole or in part on any medium or use of the information contained herein is prohibited without the prior written consent of



e

Thank you

© CEA 2008. Tous droits réserveés.
oute reproduction totale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
| rights reserved. Any reproduction in whole or in part on any medium or use of the information contained herein is prohibited without the prior written consent of CEA

28



