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« PML2 Tool Concept
« Pattern Generation and Writing Strategy
* Electron Optics
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— APS Blanking Plate
— Optical Data Path
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m Tool Concept - Basic Principles

one source
programmable aperture plate
use of 100keV electrons
200x reduction optics

scanning stripe exposure of 300mm wafers
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Multi e-beam, single column

Single Electron source

Condenser Optic
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Programmable Aperture
Plate System (APS)

200x reduction projection
Electrostatic / Magnetic

100keV

Scanning Wafer Stage
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Dynamic Pattern Generation
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m Scanning Stripe Exposure

stripe 1
stripe 2

300mm wafer
92 dies : 22x26mm?
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Scanning Stripe Exposure
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Pixel data are shifted from
opening to next opening Data to be stored
in buffer
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m Sample Pattern Exposure

stripe 1 scanning diLection _____

“sample pattern

stripe 2

die
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m Exposure — Dose Accumulation (1x)

high redundancy
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m Exposure — Dose Accumulation (2x)

12 scan steps
(at blanking rate)
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apertures
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m Stepwise Dose Accumulation

fixed
Aperture
25nm Plate
spot size

IS

—
moving
Wafer
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m Stepwise Dose Accumulation

fixed
Aperture
Plate
:
el | =
moving
Wafer
—1
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m Stepwise Dose Accumulation

fixed
Aperture
dose at each 25nm Plate
spot can be
programmed

1
el | =
moving
Wafer
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Grey Scaling

Dose 100% | 100% 100% |100% Grey scaling simulation:
— Sum size of aperture opening
0% 0% 64 grey levels
Spot# 1 2 3 1 2 3 25nm total blur
Resist 2 7. 7 %
Line
Line position: 1-2 nm grid Line width variation: 1nm

=100
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Data Path System
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Electron Gun

Electrostatic

m Resolution Limits - Beam Blur

Condenser Optics

Aperture Plate System

Electrostatic
Accelerating Lens

crossover 1

Magnetic
Lenses and
Multipoles

crossover 2

Wafer

Sum Apertures
Field Size: 20x20 mm?

200x

Dema ication

25nm Spot Size

Exposure Field: 100x100 pm?
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Beta Tool - Blur Calculations

Blur versus Numerical Aperture
Beam current 3.5 pA
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High Emittance Electron Source

Flat Lens1 Lens2
Emitter

Condenser APS

[ +,

Source & Extraction System

Electron Source
Demonstrator

300 uA Beam current
1.2 mm mrad Emittance
< 5% Homogeneity
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MEMS Technology for
Aperture Plate System

General Process Flow
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- high rate reactive etching of apertures

- backside etch

- aperture filling e.g. copper and CMP

- realization of blanking electrodes
by surface metal micromachining

- wafer thinning

- removing aperture filling
- backside metalisation
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MEMS Technology for
Aperture Plate System

Details of Blanking Demonstrator Chip

Single aperture 7 x 7 pm? Blanking electrode array
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CMOS Electronics for
Aperture Plate System

Integrated 0.18um CMOS electronics for data shift

Electronics for blanking and data shift

Parameters

64 gray levels

« 6 bit data shift

* redundant apertures

e 2-way exposure

1 MHz exposure rate

« 2-stage demultiplexing
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Blanking Demonstrator Chip

Different wiring fields for
testing
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APS Blanking Demonstration

Test stand components Detection system
« 5keV electron gun (Schottky cathode)
* Proximity exposure

« Scintillator for beam detection

» Optical microscope & CCD camera

« x-y Stage

Target chamber
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APS Blanking Demonstration

Experimental Results

 Test stand performance
— beam diameter 0.6mm
— resolution 180nm/pixel (40x
objective)

— < 5 prad angular resolution
(deflection of COG)

Image of
apertures of
Blanking
Demonstrator
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Optical Data Path Demonstration

Free Space Data Path Demonstrator Measured Bit Error Rate (BER) at 2 Gbit/s

data rate versus receiver signal power
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Error free, 12 channel parallel optical free
space transmission

« 850nm wave length

« 500mm distance

 fibre to fibre transmission

« Bit Error Rate < 3.1 10"® at 2 GBit/s
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Specifications

Proof-of-Concept Tool

e-beam energy at wafer
resolution (iso line)

chip size at APS
number of apertures
number of grey levels
toggle rate

data rate

exposure current
exposure stripe width at wafer
length of optical column
stage speed

substrates

100 keV

32 nm

~ 20 x 20 mm

~ 290.000

64

1 MHz

25 Gbit/s
0.1-3.5uA
100 um

~1.3 m

0.5 - 25 mm/sec
200mm, 300mm wafers
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Proof-of-Concept Tool
Based on existing Platform

Control Electronic

Wafer Station (CAR) Equipment Controller
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m Development Roadmap

| 2004 2005
APS
fabrication

APS demos >

2006—|—2007—-—2008—|-——2009—{-—2010

POC Tool: 45nm node > Development 32nm node Tool>

Alpha Tool: >
45nm node

Beta Tool: >
45nm node

Production To<>l
45nm node

Definition:
45nm node = 45nm half pitch
32nm single line
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Consortium & Contributions Py

~ MEDEA+

www.medeaplus.org

Leica Microsystems

Lithography
Fraunhofer Institutes
ISiT, HHI, IOF IMS Jena
- >N EQUicon
Institute for
SR / Microelectronics
Philips :
Semiconductors r— j\{ IMS
o y Nanofabrication
STMicroelectronics 7
f CEA-LETI
Infineon
EAB-ML2 Technologies
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m Summary: Key Features

 Potential of > 5 WPH (300mm) wafer throughput for all nodes (45nm,
32nm, 22nm, and below) due to space charge minimization

» Aperture Plate enables virtually constant Exposure Latitude
vs. Line Positioning with 1 nm Address Grid and very low dose
induced LER

» Using Aperture Plates with 5um Openings and using PML2 columns with

25nm total blur, the simulations predict : 15% Exposure Latitude for the
45nm node

» Optical Wafer Alignment (combined with “Pattern Lock") to allow
Mix & Match with optical lithography and nanoimprint tools

* Projection Optics with Acceptable Working Distance and Differential
Pumping (to protect critical parts)
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m Summary: Technology Strengths

- High process yield due to redundant exposure process

- Compatible with single layer resist process
(proven in 65nm mix&match device fabrication)

- Large working distance = low contamination
 Low Coulomb interaction due to large field 200x optics
* Multi-generational technology

 Experienced consortium
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