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Influence of Reticle Thickness 
on Image Placement Accuracy
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Front Quality Area:
50 nm p-v flatness

Back Quality Area:
50 nm p-v flatness

Full 3-D finite element (FE) models were developed to investigate 
the effect of the EUVL reticle thickness on image placement 
accuracy during:

(a) fabrication (b) chucking (c) exposure

Freestanding 
Substrate Flatness

Stringent EUVL Mask Requirements
SEMI Standard P37

Motivation for the Research
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Mask Fabrication Parameters

Typical Mask Fabrication Process Flow

• The mechanical effects of a backside 
layer have not been included 
(backside layer material, thickness, 
and stress have not yet been 
identified).

• A rigid / flat electrostatic chuck was 
simulated in the e-beam and exposure 
/ metrology tools.
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Schematic of the Reticle
(Bright Field)• Dimensions of the reticle are 

shown in the figure.  The 
substrate material was ULE®

with thicknesses varying from 
2.3 mm to 9.0 mm. 

• The FE simulations assumed a 
“half-and-half” pattern with 100% 
absorber coverage in one half of 
the pattern area.  There was 0% 
coverage in the margin. 

• The pattern area was assumed 
to be 100 mm × 128 mm.

All dimensions in millimeters.

Description of the Model

Coverage
100%

Coverage
0%

152.4
100

128 152.4

Assumed thicknesses:  2.30, 3.05, 3.80, 6.35, 9.00 mm
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• OPD and IPD within pattern area were tracked for each of the 
processing steps.

• Process Step 5 is the e-beam mounting and Process Step 10 is the 
exposure chucking.

Tracking Distortions
FE Simulations (Mask Level)

Out-of-Plane Distortions (OPD) In-Plane Distortions (IPD)

0

20

40

60

80

100

120

140

160

180

200

220

240

1 2 3 4 5 6 7 8 9 10 11 12

Process Step
M

ax
im

u
m

 IP
D

 (
n

m
)

2.30 mm
3.05 mm
3.80 mm
6.35 mm
9.00 mm

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

1 2 3 4 5 6 7 8 9 10 11 12

Process Step

M
ax

im
u

m
 O

P
D

 (
n

m
)

2.30 mm
3.05 mm
3.80 mm
6.35 mm
9.00 mm



UW-Madison
Computational Mechanics Center Slide 6

2nd International EUVL Symposium

Maximum Pattern Transfer IPD
Mask Level

• Pattern transfer distortion is defined as the difference between the 
modeling solution of Process Step 5 (e-beam chucking) and the solution 
of Process Step 10 (exposure chucking).
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Chuck

Reticle

• Reticle / chuck material: ULE® glass

• Chuck stiffness:  30 kN-m

• Coefficient of friction:  0.3

• Clamping pressure:  up to 15 kPa

Assumptions for the Simulation

• Reticle p-v “bow”: 2.44 µm

• Completely flat chuck (no pins)

• Solid chuck (no cooling channels)

• No reticle backside layer

• Bottom surface measured experimentally

Electrostatic Chucking Response
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• Typical EUVL reticle 
shape caused by  
surface polishing and 
multilayer deposition.

• Legendre polynomials 
have been used to 
represent the 3-D 
surface. (Piston, tip, 
and tilt have been 
removed.)

Measured EUVL Reticle Shape

OPD p-v bow is 2.44 µm. 
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Representing Substrate Nonflatness
Individual Legendre Modes

• In general, the EUVL 
reticle shape is 
represented by both 
low- and high-order 
modes.

• Low-order modes are 
relatively easy to 
chuck flat, however, 
high-order modes are 
not.
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High-order modes 
(nondeformable)

Low-order modes
(deformable)

= +Reticle

shape 

Legendre 

Coeff’s 
= +

Contribution of the Individual Modes

Due to stressed 
multilayer 

Due to surface 
polishing

• Since the higher order modes will be present for reticles of any
thickness, the measured shape was used in each FE simulation.

• Magnitude of low-order 
modes will change with 
reticle thickness, but 
these are easy to flatten.
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Clamping Response
Peak-to-Valley OPD

• Plot of the chuck p-v OPD for the experimentally-measured reticle surface.  
The data are plotted over just the quality area (QA). 

• For a thickness of 4.0 mm or less, the reticle will meet the 50 nm p-v
specification of the SEMI Chucking Standard.
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• The illumination of the EUV reticles 
during exposure is a source of reticle 
heating. Thermal distortions induced 
during the exposure process can 
represent a significant portion of the 
pattern placement error budget for 
advanced masks.

Thermal Distortions During Exposure

0.062Illumination time per field (s)

2146Scan velocity on reticle (mm/s)

4.0Illumination field width (mm)

104Field height at reticle (mm)

132Field width at reticle (mm)
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0.09747Total camera attenuation factor
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120Throughput (wph)

ValueParameter
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Chuck

Input Parameters for the FE model
HVM Exposure Tool
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FE Exposure Simulation Results
Structural Response
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• With electrostatic chucking, the reticle is prevented from displacing under high 
accelerations, however, the reticle may slip relative to the chuck due to thermal 
expansion.  Thus, the expected distortion is bounded between two extreme cases, 
i.e., zero friction and infinite friction.

• Maximum IPD during exposure is plotted as a function of the reticle thickness for 
contact conductances of 50, 100, 150 W/m2-K.
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Summary and Conclusions
• During fabrication, consistency in mounting between e-beam and 

exposure tools reduces the patterning IPD, and implementation of a 
electrostatic chuck in both tools results in the smallest distortions.  Pattern 
transfer errors at the mask level are relatively small, i.e., less than 8.0 nm 
(2.0 nm wafer level) over the range of thicknesses investigated.

• The parametric study for exposure scanning showed that as the reticle 
thickness decreases, less temperature rise occurs and consequently less 
distortion occurs.  For the worst case, distortions at each reticle thickness 
are approximately 4.0 nm (1.0 nm wafer level).
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• For this representative mask, a reticle thicker than 4.0 mm will not meet the 
flatness specs of SEMI P37. If reticles thinner than 6.35 mm are not 
implemented, the stiffness of the chuck will have to be increased significantly 
and dramatic improvement will have to be made in the polishing processes.

• However, more extensive polishing may drive mask costs to unacceptable 
levels.  Consequently, the cost-effective solution may be a thinner 
reticle.

Summary and Conclusions
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