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System 5000+



EBPG Historic Overview

- 1976
- 1978
- 1986
- 1988
- 1989

- 1990

- 2007
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Signetics first commercial EBPG-3
D601 EBPG-3 (tungsten/20kV)
D615 EBPG-4 (IGV/20-50kV)
D624 EBPG-4 to 5 upgrade
D630 EBPG-5 (HS / HR /100kV)

Philips ebeam group becomes Leica,

formerly Cambridge Instruments

Leica E-Beam Lithography systems becomes
Vistec Lithography Ltd. based in Albany, NY
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EBPG ~ VB ‘ EBMF

-1999 B001 EBPG-5000 (clean pumping system/PLC/
some FEG)

-2001 BO10 EBPG-5000+ ( FEG, fast 60 st
2"32 clocks, 16 bit patterns)
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E-Beam tool classifications

Beam Shape
A Gaussian - Nano-meter scale Resolution i Lower throughput
A Variable shape i Higher throughput - Limited resolution
Patterning Strategy
A Raster scan - Pattern information turns the beam on/off
A Vector scani Pattern Information guides the beam on substrate

A Stage scan i Pattern information moves the stage i beam remains
static

Beam Energy

A Low Energy i lower proximity effect and penetrationdepth i Thin
film exposure

A Medium Energy i Maximum Proximity effect i Mask writing

A High Energy 1 High resolution , low proximity effect, large aspect
ratio structures

Substrate movement

A Step and Repeati No exposure during stage movementi Lower
throughput 7 better line width control

A Write-on-fly i Pattern exposure during stage travel i High
throughput
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E-Beam types
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L
l_ Temperature stability: 21 0.01°C
EBPG 5000+ Acoustic noise < 65 dB

Mechanical vibrations << 10 pm/s
Max. magnetic dc field << 0.8 mG
Max. stray EM fields << 0.5 mG

10-holder Airlock

Vacuum
Control Panel

Holder
Loader
mechanism

Electronic Racks
1&2

Electronics Operator terminal
SEM monitor
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E-Beam 5000+ components

Ernitt er

C1 - dectrostatic Sumessw:;t
gunlens Esdractor | _—Y—_ I

A The Electron Source

(FEG) 1e10 Torr lon Getter Pump e
G ali g erk Tilt |
coils
A The EO-Column le8 Torr lon Getter Pump st

A Substrate transfer 5e7 Torr Turbo Pump
Stage-chamber

C2 - mageic lens

Blanking cell

Blanking aperture

Sprav apertire

Upper main def ector
Subfigl d deflectar
L cewer rrait defl eckor

Fast focus &stigmation E ::_

C3 - mametic lens

Substrat e/
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Specs. for different models

5000+ HR
20kV 50kV 100kV

Max main field (um)

Max trap field (um)
Main bits

Trap bits

Main resol. range (nm

Trap resol. range(nm)
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512 512 512

8 6.4 4525

16 16 16

14 14 14

12571 7.8125

|0.078125-0.48828125

5000+ ES HR

20kv 50kV  100kV

5000+ ES HS
20kV 50kV 100kV
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512 409.6 256

8 6.4 4.525

16 16 16

14 14 14

1.2571 7.8125

0.078125-0.48828125

512 409.6 256

8 6.4 4.525

16 16 16
14 14 14
2571 15.625

0.078125-0.48828125
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Positioning system

Beam location system

The beam location system consists of 3 basic levels:

X-Y stage movement

The stage movement covers the whole
direction.

The movement is performed by DC motors and is therefore relatively
slow.

Main deflection

The main deflection covers a range of Imm in X and also ImminY
direction. These ranges can vary depending on the kV setting of the
machine.

When the main beam deflection is active, there is no stage movement.
The stage is moved only when a main field is completed and the next
main field has to be written.

Trapezium deflection

The trapezium deflection is actually being used for the writing of patterns.
It is fast (max 50Mhz), but the range is limited to an area of 8um square.
(or smaller dependant on the kV setting)
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Main field

\| Substratel

» X

‘ X-Y stage I

X- stage positionl
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EXposure strategy
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g
\ Main field double-lever

[] / scan coils deflect beam
O to start position of shape.

BN

Final lens

AN

Main fietld— |
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X | X The Trapezium Deflector
| scans the required
u I8 H lithography within the
X Main Field.
— JFinal lens

Main field——F—

Trapezium shape
1024x1024 steps
maximum size

‘\
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Pattern generator

A The Layout patterns are split

Into fields ( a) 

Each Field consists of
several sub-fields (b) and

the pattern Genera
Fills up individual
patterns within the sub
field by guiding the
electron beam
A The Layout data from the
CAD files are processed at
several stages and finally
are used to drive the
Deflection Circuits, Blanking
set up and the Stage system
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Meander scan of rectangular shape

Blank
beam and
stop scan

Unblank
beam and

—

start scan Beam Step Size
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T
Beam Off
This pattern T
element composed
of four basic
ATrapezi umo -
shapes \ ~Beam Off

B
==
=
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Standard Operation steps

A Pattern processing

A Achieving Vacuum Levels Required

A Beam Formation

A Substrate Loading

A System calibration and Substrate Mapping
A Pattern Exposure

A Post exposure Processing
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During an E-Beam writing action, the following takes places

A  Stage is moved to the desired position

A Main beam deflection is set to the starting point of the trapezium
A Beam is turned on with the beam blanker and the trapezium
deflection increases in discrete steps

Stepsize and stepping frequency depends on:

Required writing quality
Resist sensitivity, R
Beam current, Ig

Beam Stepping Frequency (BSF) = 0.1* I; /R*B..?
MSF = 1,2,3,6é.255)
BSF=1kHzO bsf O 50 MHz
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When a trapezium is finished then:

A The beam is switched off by the beam blanker
A The trapezium deflection is set to ZERO

A The beam is deflected by the main deflection:

to the starting point of the next trapezium. (Sometimes a stage
move is needed to reach the next trapezium position

or set to zero deflection, when the pattern is written completely)

The trapezium generator uses a double buffer system: The next
trapezium to be written was already loaded, processed and set
ready. In this way a wait time is avoided between successive
trapezia writings

A Dynamic behavior of trapezium determined by beam delay times.
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Basic deflection system

. O
Main X
Ik
Pattern MainY >
J Pt
Computer Generatof 2
— 5
Clock rapezium H Trap X>— T 2
Generator (o) E
Beam Beam
Blanking I I Blanker
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Multiple field patterns

The required accuracy for Trapezium

positioning is determined by the Main Field
Size.

The CAD Pattern Data Is fractured into N -
Blocks by the CATS converter. i '

Each Block area is exposed in sequence
using stage movements to position the

substrate. A .
(Not all the available Main Field area is used

B Block

unless the Block size is made equal to the Size
Main Field Size) “Main Field
The required accuracy of the Trapezium Size

shapes is determined by the Beam Step Size

Aju Jugessur E-Beam Nanolithography Training



"
Writing strategy

Fields positioned by
stage movement

+Y

— — - Field ——_—

— Boundary —
Block

Substrate on the Holder,
on the Stage

]

Trapezia
- Positioned by main
deflection

-Written by Trapezia
Scan

Field Size

Shape positioning resolution =

Beam Step Size defines 65536

Trapezia
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Main field deflection errors

-+ e X, y axis gain errors

s L X,Y axis rotation errors

— Field keystone errors

— Field distortion errors or pincushion (up
until third order)
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eam errors caused by main deflection errors

Final Aperture

Substrate
; Surface
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Main beam deflection errors

|

|

|

I Beam focused to form
. round spot at Field

l centre.
|
|
|
|
|
|

| Spot defocused and astigmatic
/ when deflected from centre.
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Errors due to substrate height variations

Watch out for:

ASlope of sample

AFixing sample too tight on holder
ABack-side of sample clean

Scan pivot point —

Substrate surface

Calibration
Calibration Wafer Wafer surface
i / Plane
Holder :
I Y
Reduced Field-size Calibrated
due to change in Field-size

Height of Substrate

Changes in Substrate surface height relative to plane of the
Calibration Wafer result in

a) Incorrect Field size

b) Defocused beam
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Laser Height Sensor

System reads
change in spot
position on Dual
Diode detector

. Signals from Dual-diode detector
Laser projects

determines distance moved
spot onto surface
by laser beam.
of substrate.

Reflected

Substratel :
Laser spot
movement due to Laser spot reflected
change in height of onto detector.

substrate surface.
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Corrections are applied in real time for: -
A Main field scan corrections

Gain, rotation, keystone and Distortion over the main field

>

Trapezium field scan corrections
Scale, rotation over the main field

A Focus and Astigmatism
Focus and Stigmation correction over main field
Focus correction dependant on substrate height
Pull-in (Beam Error Feedback)

Gain and Rotation corrections dependant on amount of
deflection supplied to the beam via main field coils.

Height

Real time or Pre-map corrections of focus and main deflection
gain and rotation

Stage Position
Beam Error Feedback ( up to 10 khz)
Magnetic effect
Orthogonality
Machine mapping

p>

>

p>
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Stage control

A Fast Stage Movement
Achieved by dc precision controlled motors.
A Stage Position Measurement
By laser interferometer measured to 0.6nm accuracy.

A Position Error Feedback-A P 4 Inlo

Continuous monitoring of errors. Continuous correction of errors by
APuil ho
Range of Pull-in £20um
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Stage system

A Typically the E-beam tool
consists of a two axis stage
for Substrate positioning

A The relative movement of the

E-beam

4

Z

Substrate Holder

stage is continuously A
monitored using a 2 axis X
laser Interferometer system

Laser

>

Miror Block

O

Interferometers
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LANE MIRROR

LASER HEAD

S

2
v \\'/,o

Vel

BEAM BENDER 1

-
e

4 INTERFEROMETER
—X- INTERFEROMETER
Y-RECEIVER

BEAM BENDER 3

X-RECEIVER \Q

50% BEAM SPLITTER

BEAM BENDER 2
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Airlock and stage

Aju Jugessur

Chamber

Gate Valve (V4)

Airlock Door
(on top of
Airlock.)

Loader Arm
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Airlock
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