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OUTLINE

2

Projection Scanner Capabilities & Results

1

Throughput, CoO, and Summary

2

3

4

Enabling HI using Full-field Projection Scanner

Introduction to the Full-field UV Projection Scanner
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CHALLENGES IN ADVANCED PACKAGING

3

Advanced Packaging 
Requirements

Translate into AP Litho Tool 
Requirements

Lower Cost Lower CoO

Increased
Performance

Higher Throughput
Tighter Overlay

Increased Functionality
Heterogeneous Integration
Packages of any size
Scaling of FOWLP wafers

Yole Développement: Lithography technology and trends for « Semiconductor frontier » held by Amandine Pizzagalli on Semicon West 2016 
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Cost of Ownership 
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Mask Aligner

Stepper

Full-Field Projection Scanner

Higher T-Put
Lower CoO

Active Optical
Run-Out Correction

for FOWLP

Tailored to address typical challenges of 
Advanced Packaging

DSC300Gen3 Status

No edge exposure
Non-repeated features

Any die size
without stitching

Same printing
Performance
as 1x stepper

 UV Exposure Tool Comparison

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

4
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1X Stepper Technology

Step Field 
(53 x 33mm Field)

FULL FIELD
EXPOSURE

1X Scanner Technology

 Projection Technology Comparison 

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

5
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FULL FIELD
EXPOSURE

1X Scanner Technology

 Automated variable σ for more process control

6

R. Rogoff, 1996. Photolithography using the areal illuminator in a variable NA wafer stepper, Santa 
Clara: SPIE Symposium on Microlithography. 

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?
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Highly Uniform 
29x29mm

UV Exposure Beam

300mm Wafer

Received 2nd Part of UV 
Dose on 2nd overlapping  

Pass (bottom of diamond)

Received 2nd Part of UV 
Dose on 2nd overlapping  

PassReceived 1st Part of 
UV Dose on 1st Pass 

(top of diamond)

Received 1st Part 
of UV Dose

50% Overlap

Scanning technique results in excellent image uniformity across 300mm wafer
 No stitching
 No edge exposure / edge protection
 Dies of any size 
 Throughput is not affected by step field fill factor

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

 High Throughput Scanning Technology

Full Dose Applied Over 
2-Overlapping Passes

• Passes apply Complimentary Doses

• Pass-1 Dose + Pass-2 Dose = 100% Dose

IWLPC – International Wafer-Level Packaging Conference – October 22nd-24th, 2019 – San Jose, California – USA
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 First scan path:

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

8

∆𝑥𝑥11

∆𝑥𝑥21

∆𝑥𝑥31

𝑥̇𝑥(𝑡𝑡)

𝑃𝑃𝐷𝐷𝐷

𝑃𝑃𝐷𝐷𝐷

𝑃𝑃𝐷𝐷𝐷

What we know:
• Lamp intensity I: 5000mW/cm²

• Required exposure dose: e.g. 500mJ/cm²

• Beam width:

• ∆𝑥𝑥11: 40mm

• ∆𝑥𝑥21: 30mm

• ∆𝑥𝑥31: 5mm

𝑥̇𝑥(𝑡𝑡) =
∆𝑥𝑥11
𝑃𝑃𝐷𝐷𝐷

� 𝐼𝐼 = 400𝑚𝑚𝑚𝑚/𝑠𝑠

How fast we need to scan so point 𝑃𝑃𝐷𝐷𝐷
receives 500mJ/cm²

𝑃𝑃𝐷𝐷2 =
∆𝑥𝑥21
𝑥̇𝑥(𝑡𝑡)

� 𝐼𝐼 = 375𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

𝑃𝑃𝐷𝐷3 =
∆𝑥𝑥31
𝑥̇𝑥(𝑡𝑡)

� 𝐼𝐼 = 62.5𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

What dosage receives 𝑃𝑃𝐷𝐷𝐷 and 𝑃𝑃𝐷𝐷3 when 
scanning at 400mm/s during first scan 

Dosage Received during 
first scan:

𝑃𝑃𝐷𝐷𝐷 = 500𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 375𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 62.5𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000313



confidential  Second scan path:

WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

9

What we know:
• Lamp intensity I: 5000mW/cm²

• Required exposure dose: e.g. 500mJ/cm²

• Beam width:

• ∆𝑥𝑥12: 0mm

• ∆𝑥𝑥22: 10mm

• ∆𝑥𝑥32: 35mm

• Scan speed: 400mm/s

𝑃𝑃𝐷𝐷2 =
∆𝑥𝑥22
𝑥̇𝑥(𝑡𝑡)

� 𝐼𝐼 = 125𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

𝑃𝑃𝐷𝐷3 =
∆𝑥𝑥32
𝑥̇𝑥(𝑡𝑡)

� 𝐼𝐼 = 437.5𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

What dosage receives 𝑃𝑃𝐷𝐷1 , 𝑃𝑃𝐷𝐷𝐷 and 𝑃𝑃𝐷𝐷3 when 
scanning at 400mm/s during second scan:

𝑥̇𝑥(𝑡𝑡)

𝑃𝑃𝐷𝐷𝐷

𝑃𝑃𝐷𝐷𝐷

𝑃𝑃𝐷𝐷𝐷
∆𝑥𝑥32

∆𝑥𝑥22

∆𝑥𝑥12 = 0

𝑃𝑃𝐷𝐷1 =
∆𝑥𝑥12
𝑥̇𝑥(𝑡𝑡)

� 𝐼𝐼 = 0 𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐Dosage Received during 
first scan:

𝑃𝑃𝐷𝐷𝐷 = 500𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 375𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 62.5𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

Dosage Received during 
second scan:

𝑃𝑃𝐷𝐷𝐷 = 0 𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 125𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝐷𝐷𝐷 = 437.5𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐

Total received dosage during two paths:
𝑃𝑃𝐷𝐷1 = 𝑃𝑃𝐷𝐷2 = 𝑃𝑃𝐷𝐷𝐷 = 500𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐
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WHAT IS A FULL-FIELD UV PROJECTION SCANNER?

10

Similar full-field benefits as Mask Aligner with 1x projection performance

 Full field exposure of 1:1 mask enables non-repeating patterns

 This becomes important with the increasing introduction of heterogeneous integration!
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OUTLINE

11

DSC300 Status

Projection Scanner Capabilities & Results

Throughput, CoO, and Summary

2

3

4

Enabling HI using Full-field Projection Scanner

Introduction to the Full-field UV Projection Scanner1
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CHALLENGES FOR HETEROGENEOUS INTEGRATION

12

Dr. Burhan Bayraktaroglu, Heterogeneous Integration Technology, May 19, 2017

Larger Die and Higher 

Packaging Complexity driven 

by Heterogeneous 
Integration – More-than-
Moore – Fan-Out WLP
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 Existing 1X Projection Litho Tools were not designed to pattern Larger 

Heterogeneous Integration packages:

 Users are forced to perform Reticle Stitching with the limited size imaging fields available

INDUSTRY LITHO LIMITATIONS

13
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 RETICLE STITCHING :
 So many ERROR Combinations

1X PROJECTION STEPPER – MORE YIELD LOSS 
POTENTIAL

SUSS MicroTec DSC300 Gen3 14

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Top Negative Error (Y)
X-Error Left
0 Theta Error

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Top Positive Error (Y)
X-Error Left
0 Theta Error

Top Negative Error (Y)
0 Error (X)
0 Theta Error

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Top Positive Error (Y)
0 Error (X)
0 Theta Error

Top Negative Error (Y)
X-Error Right
0 Theta Error

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Bottom 0 Error (Y)
0 Error (X)
0 Error Theta

Top Positive Error (Y)
X-Error Right
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Negative Error (Y)
X-Error Left
0 Error Theta

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Positive Error (Y)
X-Error Left
0 Error Theta

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Negative Error (Y)
X-Error Right
0 Error Theta

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Positive Error (Y)
X-Error Right
0 Error Theta

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Negative Error (Y)
0 Error (X)
0 Error Theta

Top 0 Error (Y)
0 Error (X)
0 Theta Error

Bottom Positive Error (Y)
0 Error (X)
0 Error Theta
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 RETICLE STITCHING :
 Too many extra chances for Shorts, Opens and Pattern Irregularities

1X PROJECTION STEPPER – STITCHING DEFECTS

15

“Taken to the extreme, a large
overlap can create an electrical
short and a large gap can
create an electrical open.”

- W. Flack et al., Ultratech, Inc.

Flack, W. et al. (2014), Large Area Interposer Lithography (pg.4). Ultratech Inc., retrieved from Google March 
2019.
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 Full-Field Projection Scanner Technology:
 Eliminates the need to stitch
 Enables more complex and advanced die and package designs

ELIMINATE STITCHING

16

 No Stitching
 No additional chances 

for stich related Yield 
Loss

 Enables fast imaging of 
more complex patterns

 Unlimited die and 
package sizes

BenefitsFull-Field Scan Exposure

Start

End
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Limitless design and patterning capabilities
 Allows Dies of any size and patterning of Non-repeated Features (i.e. edge ring)
 Throughput is not die size or wafer layout dependent

HETEROGENEOUS INTEGRATION & LARGE DIE 
SOLUTION

17

No edge exposure 
No edge protection

WEE, WEP & Die By Mask
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OUTLINE

18

DSC300 Status

Projection Scanner Capabilities & Results

Throughput, CoO, and Summary

3

4

Enabling HI using Full-field Projection Scanner

Introduction to the Full-field UV Projection Scanner1

2
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UV PROJECTION SCANNER CAPABILITIES

19

• Focus Exposure Matrix (FEM) as useful evaluation tool to determine full 

process window and stability of new processes

• Principal can be adopted in an evaluation matrix to check not only dose and 

focus but also wavelength, and apertures (σ)

D
os

e 
[m

J/
cm

²]

Focus [µm]

Dose A, 
F-10

Dose A, 
F0

Dose A, 
F-5

Dose A, 
F5

Dose A, 
F10

Dose B, 
F-10

Dose B, 
F0

Dose B, 
F-5

Dose B, 
F5

Dose B, 
F10

Dose C, 
F-10

Dose C, 
F0

Dose C, 
F-5

Dose C, 
F5

Dose C, 
F10

Dose D, 
F-10

Dose D, 
F0

Dose D, 
F-5

Dose D, 
F5

Dose D, 
F10
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UV PROJECTION SCANNER CAPABILITIES

20

Micropos Position travel range up to ±2.5mm in x and y
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21

Multiple matrices across the wafer

Depending on feature size up to 50 x 50 matrix are possible 

(for 2/2µm  L/S) -> THESE ARE 2500 conditions in one matrix

For 10/10µm L/S still 900 conditions possible

Over 10000 of the matrices can be distributed across ONE

wafer

UV PROJECTION SCANNER CAPABILITIES
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22

 Combination of smart mask design, multi-scan capabilities and Vision System of Scanner for process evaluation 

 Generating over 7000 different conditions on ONE Wafer to determine full process window

 [um] V H V H V H V H V H V H V H V H V H V H V H V H V H V H V H V H V H V H V H
41.3189 3.93 6.58 6.21 6.37 7.45 7.68 8.44 8.5 9.14 9.21 9.36 9.44 10.12 9.95 9.47 9.55 9.97 9.85 10.33 10.26 10.84 10.5 10.96 10.79 11.28 9.08 11.48 9.08 11.61 9.16 11.78 9.18 12.09 9.68 12.12 10.09 12.66 10.06
40.7287 3.89 6.75 6.12 6.22 7.35 7.39 8.46 8.15 9.23 8.87 9.39 9 10.09 9.55 9.52 9.23 10 9.53 10.35 9.93 10.74 10.07 11.1 10.44 11.32 10.66 11.41 10.81 11.6 10.92 11.75 10.92 12.15 9.67 12.12 9.57 12.61 9.47
40.1384 3.97 6.67 6.18 6.37 7.51 7.74 8.56 8.59 9.26 9.33 9.4 9.36 10.02 9.95 9.63 9.61 10.07 9.99 10.38 10.37 10.74 10.45 11.08 10.82 11.27 11.07 11.39 11.16 11.55 9.23 11.71 9.34 12.11 9.88 12.1 11.81 12.61 10.28
39.5481 4.05 4.4 6.2 7.46 7.46 7.63 8.43 8.6 9.18 9.3 9.32 9.4 10.00 10.03 9.54 9.75 9.96 10.11 10.37 10.47 10.67 10.62 10.96 10.91 11.15 11.14 11.27 11.24 11.46 11.45 11.56 11.48 12.04 9.86 12.04 12 12.49 10.31
38.9578 4.12 4.33 6.22 6.36 7.45 7.65 8.39 8.54 9.15 9.35 9.3 9.48 9.91 10.06 9.47 9.73 9.85 10.07 10.23 10.43 10.61 10.6 10.99 10.92 11.13 11.14 11.28 11.31 11.41 11.52 11.52 11.54 12.01 12.05 12.03 12.04 12.46 10.22
38.3676 4.04 4.33 6.15 6.27 7.43 7.69 8.41 8.54 9.16 9.38 9.32 9.43 9.98 10.14 9.56 9.82 9.99 10.15 10.32 10.44 10.74 10.65 11.07 9.04 11.22 11.27 11.34 11.35 11.57 11.59 11.61 11.67 12.05 12.07 12.08 12.07 12.48 12.38
37.7773 3.91 4.29 6.16 6.29 7.44 7.65 8.37 8.56 9.08 9.31 9.22 9.41 9.99 10.12 9.56 9.76 10.02 10.15 10.34 10.48 10.79 10.7 11.07 11.01 11.26 8.92 11.41 9.28 11.62 11.56 11.71 11.67 12.07 12.03 12.05 12.01 12.52 12.3
37.1870 3.78 4.26 6.1 7.64 7.35 7.64 8.32 8.47 9.08 9.2 9.27 9.29 10.02 10.06 9.64 9.73 10.01 10.09 10.45 10.45 10.77 10.63 11.11 10.91 11.3 11.27 11.46 11.25 11.67 11.49 11.75 11.56 12.12 11.88 12.1 11.87 12.55 12.25
36.5968 3.77 4.34 6.05 6.32 7.29 7.61 8.33 8.49 9.08 9.11 9.22 9.26 10.03 9.96 9.66 9.74 10.07 10.03 10.45 10.37 10.84 10.53 11.11 10.79 11.34 11.11 11.38 11.12 11.67 9.24 11.7 9.32 12.07 11.69 12.05 11.67 12.52 9.83
36.0065 3.77 8.86 6.01 6.38 7.3 7.63 8.36 8.41 9.05 9.06 9.14 9.17 9.99 9.87 9.66 9.62 10.06 9.96 10.42 10.27 10.73 10.38 11.05 10.67 11.27 10.94 11.37 11.04 11.58 11.19 11.68 11.23 12 9.65 12.01 11.54 12.45 9.54
35.4162 3.53 4.45 5.71 6.47 7.06 7.67 8.11 8.43 8.87 8.99 8.97 9.09 9.83 9.83 9.47 9.49 9.89 9.81 10.27 10.14 10.62 10.24 10.92 10.56 11.19 10.78 11.23 10.88 11.46 11.06 11.6 8.98 11.93 11.45 11.96 11.43 12.39 11.73
34.8260 3.75 8.93 5.98 6.41 7.23 7.57 8.19 8.35 8.91 8.92 9.04 9.03 9.78 9.65 9.42 9.38 9.86 9.7 10.17 9.97 10.52 10.08 10.8 10.42 11.04 10.66 11.13 10.72 11.42 10.99 11.43 10.94 11.8 11.33 11.85 9.18 12.22 11.64
34.2357 3.85 4.39 6.04 7.92 7.28 7.65 8.21 8.44 8.91 8.97 9.07 9.07 9.73 9.73 9.41 9.46 9.89 9.8 10.16 10.09 10.43 10.24 10.82 10.52 10.96 10.77 11.1 10.89 11.32 11.09 11.32 11.05 11.73 9.24 11.72 9.07 12.14 9.38
33.6454 3.9 4.23 6.08 7.9 7.3 7.59 8.23 8.4 8.89 8.98 8.96 9.14 9.67 9.76 9.44 9.52 9.83 9.86 10.11 10.11 10.41 10.26 10.7 10.57 10.9 10.84 10.99 10.96 11.23 11.14 11.27 11.19 11.61 9.27 11.63 9.71 11.96 9.52
33.0551 3.94 4.16 6.07 7.84 7.3 7.55 8.13 8.39 8.79 9.01 8.9 9.14 9.58 9.80 9.34 9.52 9.67 9.86 9.98 10.19 10.26 10.33 10.52 10.62 10.73 10.93 10.83 10.97 11.08 11.19 11.07 8.94 11.45 9.72 11.44 9.38 11.82 9.44
32.4649 3.9 4.17 6.12 6.23 7.34 7.54 8.17 8.32 8.8 8.99 8.94 9.06 9.58 9.78 9.29 9.49 9.64 9.8 9.96 10.09 10.21 10.24 10.51 10.5 10.75 10.78 10.82 10.89 11.05 11.09 11.04 9.17 11.45 9.02 11.42 11.4 11.82 9.44
31.8746 3.89 4.11 6.15 8.02 7.27 7.43 8.08 8.23 8.69 8.87 8.84 8.96 9.52 9.63 9.23 9.4 9.56 9.71 9.9 9.98 10.13 10.09 10.37 10.45 10.65 10.68 10.66 10.75 10.94 9.03 10.89 10.97 11.28 9.15 11.29 11.34 11.69 9.38
31.2843 3.85 4.11 6.07 6.19 7.28 7.45 8.11 8.16 8.72 8.69 8.78 8.83 9.47 9.47 9.15 9.22 9.5 9.53 9.88 9.83 10.09 9.92 10.36 10.32 10.58 10.54 10.63 10.56 10.88 10.76 10.88 10.76 11.28 8.93 11.35 9.04 11.65 9.34
30.6941 3.89 4.35 6.16 6.52 7.32 7.6 8.14 8.28 8.72 8.77 8.89 8.94 9.44 9.49 9.14 9.19 9.5 9.53 9.81 9.78 10.04 9.83 10.33 10.18 10.6 10.41 10.6 10.45 10.88 10.65 10.81 10.58 11.25 11.04 11.28 10.98 11.63 9.24
30.1038 4.03 4.56 6.21 8.22 7.33 7.68 8.14 8.3 8.73 8.77 8.8 8.85 9.40 9.34 9.12 9.12 9.41 9.37 9.78 9.61 9.97 9.65 10.24 9.99 10.49 10.29 10.52 10.24 10.77 10.47 10.75 10.46 11.14 10.87 11.2 10.78 11.56 11.06
29.5135 4.13 4.86 6.27 8.2 7.42 7.83 8.11 8.29 8.63 8.76 8.77 8.83 9.31 9.28 9.08 9.08 9.41 9.32 9.67 9.53 9.85 9.58 9.81 9.56 10.4 10.08 10.4 10.12 10.65 10.37 10.66 10.34 11.06 10.75 11.08 10.63 11.42 10.89
28.9233 4.33 5.09 6.41 8.24 7.46 7.86 8.13 8.3 8.61 8.62 8.72 8.76 9.23 9.21 8.97 8.94 9.27 9.18 9.56 9.38 9.78 9.42 10.06 9.73 10.26 9.95 10.26 9.99 10.54 10.2 10.55 10.18 10.9 10.59 10.96 10.51 11.33 10.75
28.3330 4.45 5.06 6.44 7.02 7.44 7.85 8.11 8.36 8.62 8.69 8.78 8.81 9.20 9.17 8.94 8.98 9.21 9.26 9.55 9.43 9.76 9.53 10.04 9.79 10.26 10.03 10.24 10.07 10.49 10.32 10.53 10.32 10.9 10.67 10.97 10.58 11.29 10.85
27.7427 4.55 4.8 6.5 6.91 7.51 7.86 8.15 8.34 8.64 8.81 8.71 8.88 9.18 9.26 9 9.03 9.21 9.27 9.55 9.51 9.73 9.59 10.08 9.94 10.23 10.19 10.23 10.28 10.48 10.44 10.49 10.44 10.89 10.83 10.88 10.73 11.24 10.97
27.1524 4.64 4.72 6.53 6.95 7.48 7.84 8.12 8.36 8.6 8.81 8.74 8.94 9.12 9.30 8.97 9.17 9.19 9.4 9.54 9.61 9.78 9.73 10.03 10 10.23 10.33 10.23 10.38 10.43 10.58 10.45 10.55 10.85 10.99 10.81 10.86 11.15 8.9
26.5622 4.57 4.79 6.48 6.86 7.46 7.78 8.1 8.37 8.61 8.84 8.69 8.91 9.08 9.30 8.99 9.15 9.22 9.44 9.52 9.7 9.75 9.79 10.05 10.09 10.25 10.34 10.26 10.4 10.51 10.61 10.46 10.59 10.81 10.95 10.85 10.83 11.19 11.1
25.9719 4.53 4.77 6.48 6.85 7.44 7.81 8.16 8.38 8.66 8.78 8.73 8.93 9.10 9.32 9.03 9.14 9.26 9.47 9.53 9.76 9.87 9.78 10.12 10.15 10.29 10.38 10.35 10.44 10.52 10.63 10.58 10.61 10.82 10.96 10.92 10.89 11.24 8.92
25.3816 4.48 4.77 6.49 6.86 7.46 7.75 8.13 8.38 8.64 8.79 8.67 8.88 9.09 9.26 9.05 9.12 9.28 9.39 9.57 9.65 9.83 9.75 10.14 10.1 10.33 10.36 10.3 10.39 10.52 10.55 10.59 10.56 10.83 10.91 10.91 10.83 11.29 9.17
24.7914 4.34 4.86 6.41 6.87 7.46 7.79 8.14 8.3 8.65 8.76 8.73 8.86 9.10 9.23 8.99 9.05 9.32 9.35 9.58 9.56 9.88 9.64 10.13 9.95 10.33 10.22 10.32 10.31 10.57 10.47 10.62 10.42 10.8 10.81 10.89 10.66 11.28 11
24.2011 4.5 5.1 6.49 6.97 7.44 7.73 8.11 8.31 8.56 8.72 8.65 8.75 9.02 9.10 9 8.94 9.25 9.25 9.57 9.39 9.79 9.49 10.09 9.77 10.28 10.03 10.26 10.06 10.47 10.29 10.52 10.24 10.72 10.54 10.85 10.48 11.21 10.73
23.6108 4.57 5.37 6.44 7.06 7.4 7.86 8.04 8.22 8.5 8.6 8.61 8.79 9.04 9.06 8.95 8.84 9.17 9.11 9.46 9.37 9.69 9.4 9.98 9.66 10.19 9.9 10.21 9.95 10.39 10.08 10.47 10.11 10.64 10.43 10.69 10.27 11.13 10.59
23.0205 4.79 5.64 6.57 7.19 7.54 7.86 8.11 8.24 8.57 8.56 8.64 8.69 9.07 9.04 8.98 8.87 9.2 9.08 9.53 9.26 9.69 9.36 10.01 9.58 10.16 9.81 10.17 9.83 10.34 10.02 10.46 10.02 10.66 10.33 10.69 10.23 11.08 10.47
22.4303 4.89 5.56 6.64 7.12 7.5 7.88 8.08 8.22 8.51 8.59 8.54 8.65 8.98 8.99 8.91 8.87 9.17 9.1 9.44 9.29 9.68 9.37 9.94 9.59 10.02 9.77 10.11 9.85 10.3 10.08 10.3 9.97 10.49 10.36 10.62 10.21 10.97 10.49
21.8400 4.91 5.4 6.64 7.12 7.48 7.85 8.03 8.26 8.47 8.62 8.53 8.7 8.95 9.03 8.87 8.89 9.11 9.14 9.35 9.29 9.57 9.38 9.87 9.64 10 9.81 10.03 9.95 10.17 10.1 10.21 10.04 10.37 10.41 10.45 10.33 10.76 10.52
21.2497 5.07 5.26 6.7 7.08 7.53 7.77 8.04 8.28 8.43 8.6 8.47 8.77 8.85 9.06 8.81 8.93 9 9.12 9.23 9.35 9.5 9.44 9.68 9.67 9.84 9.87 9.91 10.02 10.03 10.2 10.02 10.11 10.25 10.49 10.4 10.31 10.63 10.62
20.6595 5.13 5.38 6.74 7.07 7.5 7.92 8.05 8.32 8.45 8.59 8.51 8.75 8.92 9.06 8.78 8.94 8.99 9.15 9.19 9.34 9.47 9.43 9.65 9.68 9.8 9.85 9.9 9.94 9.97 10.08 10.02 10.07 10.21 10.46 10.33 10.37 10.56 10.56
20.0692 5.13 5.37 6.72 7.12 7.5 7.88 8.05 8.29 8.43 8.59 8.43 8.78 8.86 9.10 8.78 8.93 9.01 9.16 9.19 9.28 9.49 9.46 9.69 9.65 9.84 9.82 9.88 9.94 10.05 10.11 10.08 10.09 10.22 10.5 10.35 10.34 10.6 10.49
19.4789 5.03 5.47 6.76 7.18 7.47 7.91 8.03 8.32 8.41 8.63 8.48 8.76 8.91 9.05 8.77 8.87 9.02 9.14 9.23 9.3 9.5 9.43 9.71 9.58 9.84 9.82 9.91 9.95 10.11 10.08 10.12 10.07 10.26 10.41 10.38 10.27 10.65 10.53
18.8887 5.01 5.6 6.7 7.14 7.52 7.92 7.99 8.22 8.43 8.53 8.48 8.72 8.88 9.02 8.77 8.83 8.99 9.03 9.21 9.17 9.44 9.33 9.67 9.57 9.85 9.7 9.92 9.78 10.06 9.95 10.08 9.91 10.23 10.21 10.44 10.12 10.64 10.38
18.2984 5 5.7 6.68 7.19 7.55 7.87 8.01 8.22 8.42 8.46 8.47 8.63 8.87 8.92 8.73 8.72 9.02 8.96 9.22 9.08 9.43 9.2 9.66 9.4 9.87 9.58 9.9 9.69 10.06 9.82 10.12 9.82 10.23 10.07 10.43 9.96 10.65 10.22
17.7081 5.15 5.89 6.7 7.23 7.51 7.84 8.04 8.19 8.4 8.44 8.43 8.62 8.86 8.90 8.73 8.69 8.99 8.95 9.2 9.06 9.42 9.1 9.64 9.35 9.82 9.51 9.8 9.56 10.05 9.72 10.08 9.69 10.22 10.03 10.4 9.85 10.68 10.2
17.1178 5.02 5.96 6.71 7.23 7.5 7.97 7.98 8.15 8.38 8.43 8.39 8.57 8.80 8.81 8.72 8.62 8.9 8.86 9.14 8.98 9.36 9.06 9.58 9.29 9.79 9.43 9.78 9.48 9.93 9.6 9.99 9.67 10.14 9.88 10.34 9.77 10.48 10.03
16.5276 5.19 5.98 6.77 7.24 7.5 7.82 8 8.15 8.41 8.42 8.41 8.55 8.81 8.84 8.66 8.64 8.94 8.86 9.09 8.99 9.29 9.04 9.55 9.2 9.62 9.42 9.67 9.46 9.84 9.61 9.88 9.65 10.08 9.87 10.31 9.85 10.43 10.08
15.9373 5.32 5.88 6.79 7.24 7.57 7.82 7.97 8.19 8.37 8.49 8.37 8.59 8.77 8.90 8.59 8.68 8.84 8.96 9.06 9.03 9.21 9.07 9.41 9.39 9.51 9.47 9.58 9.57 9.75 9.64 9.78 9.7 10.01 10.01 10.18 9.88 10.32 10.11
15.3470 5.39 5.8 6.82 7.19 7.5 7.94 7.91 8.15 8.28 8.43 8.31 8.54 8.65 8.85 8.53 8.63 8.76 8.93 8.94 9.01 9.11 9.08 9.3 9.32 9.45 9.51 9.49 9.61 9.63 9.7 9.65 9.69 9.79 9.95 9.96 9.88 10.09 10.03
14.7568 5.38 5.81 6.76 7.11 7.42 8.03 7.84 8.12 8.16 8.41 8.19 8.51 8.57 8.91 8.49 8.71 8.72 8.88 8.89 9.02 9.04 9.13 9.31 9.37 9.37 9.49 9.43 9.59 9.48 9.65 9.57 9.73 9.6 9.94 9.79 9.8 9.92 9.92
14.1665 5.35 5.91 6.78 7.12 7.43 8.01 7.83 8.09 8.18 8.36 8.17 8.47 8.56 8.80 8.46 8.69 8.69 8.89 8.91 8.99 9.05 9.08 9.27 9.3 9.41 9.43 9.42 9.51 9.54 9.55 9.57 9.61 9.63 9.83 9.83 9.71 9.92 9.88
13.5762 5.38 5.87 6.78 7.13 7.47 8.02 7.85 8.11 8.16 8.34 8.19 8.36 8.55 8.80 8.47 8.64 8.72 8.82 8.87 8.97 9.03 9 9.22 9.27 9.4 9.37 9.42 9.48 9.5 9.5 9.6 9.57 9.73 9.8 9.85 9.69 10 9.87
12.9860 5.32 5.85 6.75 7.11 7.39 7.72 7.83 8.05 8.14 8.25 8.16 8.38 8.59 8.77 8.39 8.51 8.61 8.75 8.79 8.84 8.98 8.91 9.19 9.13 9.29 9.28 9.35 9.28 9.49 9.42 9.57 9.51 9.72 9.68 9.84 9.62 9.95 9.75
12.3957 5.36 5.97 6.74 7.18 7.44 7.78 7.83 8.04 8.12 8.31 8.22 8.38 8.55 8.69 8.4 8.48 8.64 8.71 8.81 8.78 8.97 8.86 9.16 8.97 9.32 9.12 9.33 9.2 9.42 9.23 9.59 9.4 9.69 9.55 9.8 9.46 9.98 9.61
11.8054 5.46 6.14 6.84 7.18 7.46 7.72 7.84 7.96 8.14 8.22 8.18 8.35 8.57 8.59 8.38 8.39 8.6 8.66 8.76 8.72 8.94 8.69 9.16 8.89 9.26 8.98 9.31 9.08 9.39 9.13 9.5 9.23 9.64 9.38 9.8 9.28 9.96 9.48
11.2151 5.55 6.15 6.84 7.21 7.41 8.07 7.78 7.94 8.1 8.14 8.16 8.22 8.55 8.55 8.32 8.34 8.62 8.52 8.73 8.64 8.89 8.67 9.09 8.78 9.17 8.83 9.31 8.97 9.3 9.04 9.46 9.16 9.56 9.26 9.71 9.21 9.82 9.29
10.6249 5.68 6.17 6.78 7.23 7.46 7.71 7.77 7.97 8.06 8.17 8.08 8.27 8.46 8.50 8.29 8.34 8.51 8.55 8.7 8.61 8.79 8.69 9.01 8.78 9.13 8.82 9.17 8.96 9.23 8.98 9.34 9.16 9.47 9.21 9.6 9.14 9.7 9.3
10.0346 5.68 6.07 6.83 7.23 7.42 8.18 7.79 8 8 8.16 8.06 8.26 8.43 8.57 8.28 8.42 8.49 8.52 8.64 8.6 8.74 8.64 8.91 8.76 9 8.88 9.12 8.96 9.1 8.96 9.22 9.17 9.33 9.19 9.53 9.16 9.58 9.25

9.4443 5.8 6.04 6.84 7.23 7.43 8.16 7.75 7.99 8 8.11 8.06 8.24 8.39 8.58 8.23 8.39 8.42 8.46 8.6 8.59 8.69 8.65 8.86 8.71 8.94 8.9 9.04 8.95 9.02 8.96 9.13 9.1 9.29 9.25 9.4 9.13 9.47 9.31
8.8541 5.91 6.12 6.92 7.25 7.43 7.77 7.72 8 7.99 8.14 7.98 8.2 8.33 8.58 8.17 8.37 8.38 8.51 8.53 8.57 8.57 8.62 8.71 8.77 8.78 8.8 8.91 8.9 8.93 8.94 9.05 9.07 9.19 9.21 9.23 9.07 9.36 9.27
8.2638 5.86 6.14 6.88 7.29 7.43 8.08 7.76 7.98 7.97 8.2 7.95 8.3 8.32 8.52 8.21 8.43 8.38 8.55 8.51 8.59 8.6 8.61 8.77 8.75 8.86 8.84 8.89 8.89 8.91 8.95 9.02 9.05 9.15 9.17 9.24 9.06 9.33 9.25
7.6735 5.84 6.12 6.89 7.39 7.48 7.74 7.74 7.92 7.98 8.14 8.04 8.23 8.29 8.47 8.19 8.42 8.32 8.47 8.51 8.59 8.61 8.59 8.71 8.71 8.8 8.75 8.86 8.9 8.94 8.89 9.02 9.01 9.11 9.04 9.22 9.06 9.34 9.24
7.0833 5.88 6.31 6.94 7.28 7.46 7.76 7.75 7.98 7.99 8.09 8.06 8.2 8.26 8.45 8.2 8.29 8.33 8.49 8.47 8.59 8.59 8.58 8.7 8.65 8.86 8.75 8.88 8.87 8.93 8.85 9.03 8.97 9.19 9 9.27 9.03 9.32 9.13
6.4930 5.96 6.32 6.94 7.34 7.47 7.72 7.74 7.92 8 8.05 8.02 8.17 8.30 8.38 8.18 8.25 8.36 8.39 8.47 8.53 8.6 8.53 8.71 8.61 8.81 8.67 8.88 8.77 8.93 8.84 9.02 8.9 9.14 8.93 9.28 8.94 9.36 9.09
5.9027 5.95 6.51 6.97 7.37 7.47 7.72 7.8 7.96 8 8.12 8.06 8.16 8.31 8.35 8.19 8.35 8.4 8.41 8.45 8.55 8.59 8.54 8.71 8.61 8.83 8.7 8.87 8.74 8.96 8.85 9.1 8.88 9.19 8.84 9.25 8.9 9.39 9.03
5.3124 6.02 6.61 7.02 7.4 7.47 8.17 7.76 7.96 7.97 8.12 8.11 8.17 8.28 8.34 8.25 8.29 8.39 8.37 8.57 8.59 8.6 8.55 8.71 8.58 8.84 8.68 8.93 8.72 8.98 8.8 9.08 8.85 9.18 8.88 9.22 8.86 9.33 9.02
4.7222 5.99 6.57 6.98 7.42 7.5 7.74 7.76 7.99 7.96 8.12 8 8.14 8.23 8.36 8.17 8.29 8.38 8.34 8.52 8.47 8.52 8.54 8.7 8.6 8.74 8.71 8.83 8.71 8.9 8.79 8.98 8.92 9.05 8.89 9.16 8.89 9.27 8.98
4.1319 6.06 6.63 6.96 7.36 7.5 7.71 7.77 7.94 7.93 8.12 7.97 8.15 8.24 8.36 8.15 8.23 8.33 8.43 8.51 8.51 8.5 8.52 8.63 8.6 8.76 8.75 8.82 8.77 8.84 8.82 8.94 8.86 9.02 8.9 9.12 8.91 9.18 8.98
3.5416 6.02 6.57 6.99 7.41 7.42 7.71 7.7 7.96 7.92 8.12 7.97 8.07 8.16 8.24 8.13 8.2 8.31 8.36 8.45 8.45 8.45 8.51 8.58 8.55 8.65 8.68 8.77 8.64 8.77 8.75 8.85 8.77 8.89 8.84 8.98 8.81 9.04 8.97
2.9514 6.12 6.7 7.01 7.41 7.43 7.81 7.69 7.97 7.91 8.13 7.94 8.13 8.13 8.31 8.07 8.24 8.29 8.36 8.39 8.41 8.47 8.55 8.45 8.56 8.58 8.69 8.68 8.73 8.67 8.72 8.81 8.79 8.87 8.82 8.89 8.84 9.02 8.88
2.3611 6.09 6.67 7.06 7.4 7.47 7.71 7.71 7.95 7.89 8.1 7.93 8.18 8.14 8.29 8.12 8.21 8.27 8.36 8.41 8.44 8.43 8.51 8.49 8.56 8.59 8.7 8.66 8.69 8.7 8.71 8.78 8.79 8.82 8.84 8.9 8.8 8.99 8.94
1.7708 6.15 6.69 7.02 7.47 7.43 7.79 7.71 7.99 7.87 8.17 7.94 8.19 8.14 8.24 8.12 8.27 8.24 8.43 8.41 8.43 8.44 8.5 8.53 8.59 8.59 8.67 8.71 8.67 8.68 8.76 8.77 8.76 8.86 8.86 8.89 8.86 8.99 8.91
1.1806 6.14 6.72 7.12 7.5 7.51 7.79 7.73 7.97 7.92 8.13 7.95 8.15 8.12 8.27 8.14 8.25 8.27 8.42 8.37 8.48 8.43 8.59 8.48 8.56 8.56 8.7 8.69 8.66 8.7 8.78 8.76 8.75 8.82 8.79 8.93 8.87 8.99 9.01
0.5903 6.22 6.76 7.08 7.56 7.52 7.84 7.72 8.1 7.89 8.18 7.95 8.27 8.12 8.33 8.06 8.26 8.24 8.43 8.38 8.55 8.46 8.6 8.51 8.62 8.61 8.68 8.71 8.77 8.7 8.73 8.81 8.77 8.78 8.85 8.88 8.84 8.98 9
0.0000 6.27 6.84 7.12 7.56 7.56 7.99 7.8 8.1 7.94 8.26 7.98 8.33 8.17 8.34 8.16 8.35 8.31 8.54 8.43 8.61 8.44 8.62 8.53 8.69 8.64 8.77 8.71 8.78 8.72 8.75 8.77 8.82 8.86 8.82 8.89 8.89 8.99 8.98

-0.5903 6.22 6.85 7.06 7.57 7.52 7.87 7.74 8.1 7.91 8.16 7.98 8.28 8.10 8.31 8.12 8.34 8.29 8.51 8.38 8.64 8.42 8.58 8.52 8.64 8.56 8.68 8.68 8.76 8.73 8.85 8.77 8.78 8.77 8.83 8.83 8.85 9.01 8.99
-1.1805 6.22 7.14 7.07 7.5 7.48 7.87 7.73 7.99 7.92 8.21 7.98 8.26 8.14 8.24 8.13 8.31 8.28 8.39 8.44 8.52 8.42 8.55 8.49 8.61 8.61 8.65 8.67 8.7 8.73 8.75 8.76 8.75 8.76 8.82 8.83 8.85 8.95 9.01
-1.7708 6.2 6.61 7.07 7.44 7.49 7.82 7.7 7.97 7.9 8.1 7.95 8.17 8.08 8.21 8.11 8.22 8.27 8.38 8.41 8.48 8.4 8.48 8.48 8.56 8.6 8.65 8.61 8.66 8.67 8.69 8.78 8.71 8.74 8.8 8.87 8.74 8.99 8.85
-2.3611 6.2 6.64 7.06 7.42 7.45 8.14 7.69 7.9 7.85 8.06 7.91 8.19 8.03 8.26 8.09 8.21 8.3 8.35 8.37 8.4 8.36 8.47 8.47 8.54 8.51 8.58 8.61 8.61 8.63 8.72 8.71 8.69 8.67 8.68 8.77 8.75 8.94 8.87
-2.9513 6.22 8.84 7.07 7.4 7.46 8.17 7.64 8.07 7.78 8.05 7.91 8.14 8.00 8.16 8.03 8.16 8.19 8.27 8.31 8.33 8.29 8.38 8.33 8.39 8.46 8.5 8.55 8.56 8.55 8.6 8.65 8.59 8.59 8.61 8.66 8.66 8.81 8.67
-3.5416 6.13 6.65 7.02 7.45 7.42 7.75 7.66 7.91 7.8 8.01 7.9 8.09 8.00 8.23 8.06 8.18 8.25 8.31 8.36 8.43 8.31 8.37 8.35 8.45 8.45 8.54 8.6 8.6 8.59 8.65 8.68 8.62 8.67 8.67 8.74 8.69 8.85 8.76
-4.1319 6.15 6.62 7.01 7.4 7.42 7.77 7.69 7.88 7.85 8.08 7.95 8.16 8.01 8.20 8.05 8.27 8.22 8.39 8.37 8.48 8.35 8.51 8.45 8.48 8.5 8.52 8.61 8.64 8.65 8.64 8.75 8.67 8.67 8.79 8.77 8.76 8.91 8.8
-4.7221 6.09 6.56 6.97 7.35 7.42 7.74 7.68 7.88 7.84 8.06 7.91 8.13 8.06 8.18 8.05 8.21 8.21 8.42 8.36 8.49 8.34 8.46 8.45 8.5 8.5 8.53 8.59 8.61 8.67 8.66 8.76 8.69 8.69 8.69 8.76 8.8 8.93 8.86
-5.3124 6.14 6.64 7.03 7.41 7.5 7.74 7.68 7.92 7.87 8.05 7.98 8.16 8.11 8.15 8.1 8.24 8.24 8.38 8.41 8.49 8.38 8.5 8.46 8.49 8.58 8.58 8.64 8.7 8.69 8.67 8.76 8.7 8.76 8.71 8.84 8.79 8.92 8.89
-5.9027 6.2 6.66 7.02 7.38 7.43 7.82 7.69 7.95 7.91 8.07 7.97 8.12 8.10 8.22 8.09 8.24 8.29 8.42 8.33 8.52 8.44 8.49 8.47 8.56 8.58 8.64 8.65 8.69 8.65 8.76 8.74 8.74 8.73 8.74 8.85 8.84 8.9 8.95
-6.4930 6.2 6.66 7.01 7.38 7.48 7.81 7.7 8 7.89 8.08 7.93 8.18 8.08 8.17 8.11 8.23 8.29 8.41 8.4 8.54 8.43 8.53 8.48 8.54 8.57 8.66 8.66 8.74 8.66 8.78 8.82 8.82 8.75 8.77 8.85 8.89 8.91 8.98
-7.0832 6.19 6.65 7 7.36 7.45 7.8 7.72 7.94 7.87 8.1 7.97 8.22 8.06 8.16 8.11 8.29 8.29 8.45 8.38 8.53 8.37 8.55 8.52 8.58 8.56 8.67 8.68 8.76 8.71 8.78 8.77 8.81 8.74 8.83 8.84 8.9 8.99 9
-7.6735 6.14 6.64 7.02 7.41 7.48 7.72 7.68 7.89 7.86 8.11 7.99 8.14 8.01 8.18 8.07 8.27 8.26 8.4 8.39 8.52 8.37 8.47 8.47 8.54 8.56 8.61 8.62 8.72 8.69 8.73 8.76 8.74 8.72 8.8 8.9 8.9 9 8.94
-8.2638 6.21 6.68 7.05 7.4 7.48 7.77 7.68 7.91 7.9 8.08 7.92 8.12 8.02 8.18 8.11 8.22 8.3 8.36 8.43 8.48 8.39 8.46 8.45 8.48 8.52 8.58 8.62 8.68 8.68 8.65 8.77 8.68 8.7 8.78 8.83 8.82 9.01 8.8
-8.8540 6.18 6.64 7 7.35 7.49 7.7 7.63 7.86 7.85 8.04 7.91 8.07 7.98 8.12 8.04 8.17 8.25 8.28 8.38 8.33 8.31 8.33 8.41 8.43 8.48 8.53 8.58 8.58 8.61 8.56 8.68 8.63 8.66 8.68 8.77 8.72 8.9 8.74
-9.4443 6.18 6.69 6.99 7.39 7.44 8.16 7.64 7.9 7.82 8.09 7.9 8.1 8.01 8.15 8.04 8.2 8.28 8.3 8.35 8.39 8.35 8.38 8.4 8.43 8.49 8.59 8.59 8.63 8.63 8.59 8.72 8.62 8.68 8.67 8.83 8.77 8.99 8.8

-10.0346 6.17 6.68 7.03 7.39 7.5 7.69 7.71 7.94 7.91 8.07 7.98 8.15 8.07 8.17 8.11 8.25 8.26 8.33 8.36 8.45 8.36 8.42 8.49 8.51 8.54 8.59 8.63 8.67 8.69 8.64 8.78 8.65 8.79 8.76 8.93 8.85 9.01 8.93
-10.6248 6.06 7.22 7 7.44 7.47 8.15 7.71 7.98 7.87 8.1 7.98 8.16 8.09 8.16 8.09 8.23 8.27 8.4 8.36 8.5 8.44 8.46 8.5 8.48 8.56 8.62 8.67 8.68 8.7 8.67 8.77 8.71 8.87 8.76 9.03 8.94 9.08 9.01
-11.2151 6.09 6.57 7.01 7.42 7.48 8.06 7.75 7.99 7.9 8.12 7.99 8.19 8.07 8.19 8.09 8.29 8.27 8.43 8.39 8.5 8.45 8.49 8.46 8.51 8.56 8.63 8.69 8.75 8.74 8.7 8.81 8.78 8.82 8.87 9.07 9.07 9.12 9.18
-11.8054 6.07 8.88 6.99 8.36 7.53 7.77 7.72 8.02 7.93 8.19 8.04 8.21 8.07 8.21 8.18 8.36 8.32 8.48 8.43 8.54 8.46 8.56 8.52 8.6 8.58 8.67 8.73 8.87 8.8 8.81 8.83 8.84 8.92 8.96 9.06 9.13 9.16 9.18
-12.3957 6.06 6.43 6.94 7.33 7.4 8.16 7.71 7.89 7.86 8.12 7.94 8.21 8.00 8.18 8.11 8.31 8.27 8.43 8.39 8.52 8.4 8.57 8.45 8.62 8.59 8.67 8.68 8.79 8.72 8.8 8.77 8.83 8.79 8.91 8.96 9.04 9.05 9.19
-12.9859 6.01 6.39 6.98 7.32 7.5 7.81 7.78 8.03 7.93 8.2 7.98 8.34 8.11 8.26 8.17 8.42 8.36 8.52 8.47 8.61 8.46 8.69 8.59 8.72 8.66 8.89 8.78 9.07 8.85 9.04 8.9 9.1 8.89 9.04 9.12 9.25 9.19 9.32
-13.5762 6.08 6.43 7.04 7.33 7.45 7.73 7.75 7.96 7.94 8.12 8 8.21 8.11 8.20 8.19 8.37 8.38 8.46 8.47 8.53 8.52 8.69 8.59 8.7 8.66 8.79 8.85 8.99 8.86 8.93 8.92 9.02 8.9 9.01 9.15 9.14 9.19 9.25
-14.1665 6.02 6.37 6.99 7.25 7.41 7.69 7.69 8 7.9 8.07 7.97 8.2 8.08 8.22 8.18 8.37 8.38 8.39 8.46 8.51 8.47 8.59 8.55 8.68 8.65 8.77 8.77 8.89 8.83 8.87 8.86 8.96 8.81 8.89 8.99 9.01 9.2 9.12
-14.7567 6.05 6.32 6.93 7.21 7.43 7.62 7.67 8.11 7.83 7.98 7.94 8.01 8.09 8.13 8.19 8.26 8.38 8.24 8.46 8.36 8.48 8.48 8.53 8.51 8.54 8.61 8.74 8.68 8.81 8.67 8.85 8.72 8.74 8.68 9.01 8.84 9.1 8.84
-15.3470 6.04 6.46 6.95 7.22 7.45 7.57 7.67 7.78 7.85 7.97 7.93 8.03 8.11 8.11 8.13 8.27 8.31 8.25 8.42 8.3 8.45 8.42 8.55 8.48 8.63 8.54 8.73 8.68 8.83 8.69 8.87 8.74 8.77 8.61 9.01 8.73 9.12 8.8
-15.9373 6.06 6.38 6.94 8.53 7.43 7.63 7.7 7.82 7.92 8.06 7.99 8.15 8.15 8.19 8.19 8.31 8.35 8.35 8.45 8.44 8.53 8.52 8.65 8.58 8.68 8.65 8.84 8.76 8.87 8.83 8.94 8.9 8.91 8.84 9.1 8.93 9.2 9.06
-16.5275 6.06 6.46 6.96 7.36 7.51 7.77 7.75 7.98 7.95 8.2 8.1 8.26 8.21 8.31 8.3 8.43 8.42 8.52 8.54 8.65 8.61 8.76 8.75 8.72 8.81 8.85 8.92 9 9.09 8.97 9.11 9.07 9.03 9 9.29 9.15 9.38 9.25
-17.1178 5.94 6.39 6.9 7.32 7.44 7.71 7.71 8 7.92 8.15 8.03 8.24 8.11 8.29 8.22 8.41 8.4 8.51 8.42 8.69 8.57 8.72 8.73 8.73 8.74 8.81 8.88 9.04 8.94 9.06 9.02 9.08 9.02 9.05 9.19 9.13 9.31 9.3
-17.7081 5.9 6.31 6.87 7.26 7.41 7.75 7.71 7.9 7.95 8.12 8.03 8.26 8.13 8.27 8.16 8.42 8.42 8.5 8.5 8.62 8.54 8.73 8.68 8.77 8.73 8.87 8.88 9.1 8.98 9.05 8.98 9.11 9.02 9.06 9.18 9.24 9.3 9.42
-18.2984 6.05 6.31 6.97 7.33 7.56 7.8 7.83 8.09 8.1 8.33 8.16 8.46 8.25 8.52 8.29 8.61 8.51 8.79 8.59 8.85 8.7 9.08 8.88 9.05 8.89 9.18 9.07 9.35 9.15 9.34 9.19 9.46 9.16 9.47 9.42 9.59 9.53 9.82
-18.8886 6.02 6.2 6.99 7.3 7.56 7.94 7.88 8.12 8.07 8.42 8.21 8.55 8.26 8.57 8.37 8.68 8.58 8.81 8.65 8.95 8.82 9.13 8.92 9.13 8.97 9.27 9.14 9.51 9.19 9.53 9.24 9.62 9.21 9.64 9.48 9.73 9.68 9.94
-19.4789 5.92 6.2 6.96 7.31 7.58 7.86 7.84 8.1 8.07 8.41 8.2 8.56 8.30 8.61 8.32 8.68 8.6 8.75 8.72 8.89 8.78 9.15 8.97 9.22 8.94 9.34 9.13 9.56 9.24 9.54 9.34 9.67 9.27 9.7 9.57 9.82 9.73 10.02
-20.0692 5.9 6.23 6.98 7.3 7.59 7.87 7.9 8.12 8.11 8.4 8.25 8.55 8.33 8.58 8.36 8.74 8.61 8.71 8.72 8.85 8.78 9.07 9.06 9.2 9.06 9.28 9.23 9.5 9.28 9.46 9.33 9.59 9.37 9.66 9.65 9.8 9.85 9.88
-20.6594 5.86 6.31 6.96 7.27 7.59 7.93 7.85 8.08 8.1 8.35 8.25 8.48 8.30 8.54 8.34 8.62 8.59 8.62 8.67 8.73 8.77 9 9.06 9.06 9.05 9.23 9.24 9.38 9.31 9.43 9.32 9.46 9.34 9.59 9.63 9.65 9.88 9.75
-21.2497 5.79 6.31 6.9 7.28 7.53 7.85 7.84 8.1 8.09 8.41 8.19 8.52 8.34 8.53 8.37 8.62 8.6 8.62 8.71 8.73 8.83 9.01 9.05 9.04 9.02 9.13 9.22 9.36 9.34 9.35 9.35 9.45 9.43 9.57 9.68 9.63 9.92 9.79
-21.8400 5.78 6.19 6.88 7.27 7.55 7.8 7.88 8.12 8.15 8.39 8.29 8.53 8.43 8.56 8.35 8.65 8.69 8.79 8.8 8.89 8.96 9.06 9.15 9.09 9.18 9.22 9.38 9.4 9.49 9.45 9.53 9.53 9.6 9.65 9.87 9.81 10.04 9.85
-22.4302 5.61 6.08 6.8 7.17 7.49 7.83 7.88 8.08 8.21 8.4 8.32 8.61 8.48 8.60 8.4 8.63 8.69 8.73 8.82 8.85 9 9.09 9.21 9.12 9.23 9.24 9.45 9.48 9.54 9.47 9.58 9.59 9.67 9.71 9.96 9.79 10.14 9.98
-23.0205 5.63 5.99 6.84 7.19 7.49 7.9 7.93 8.1 8.22 8.49 8.35 8.61 8.47 8.65 8.46 8.73 8.7 8.82 8.83 8.98 8.96 9.16 9.25 9.23 9.26 9.34 9.46 9.57 9.61 9.63 9.65 9.7 9.73 9.83 9.94 9.93 10.12 10.15
-23.6108 5.59 5.9 6.82 7.19 7.5 7.85 7.89 8.14 8.21 8.46 8.3 8.65 8.50 8.77 8.46 8.82 8.72 8.88 8.92 9.09 9.03 9.26 9.3 9.35 9.24 9.5 9.49 9.77 9.63 9.76 9.62 9.82 9.73 9.96 9.93 10.09 10.14 10.3
-24.2011 5.6 5.75 6.8 8.31 7.51 7.79 7.86 8.18 8.21 8.57 8.35 8.78 8.50 8.86 8.49 8.89 8.75 9.02 8.87 9.23 9.02 9.42 9.29 9.45 9.28 9.6 9.51 9.89 9.61 9.89 9.66 10.05 9.76 10.13 9.92 10.26 10.12 10.41
-24.7913 5.46 5.56 6.81 7.05 7.48 7.76 7.89 8.17 8.2 8.6 8.33 8.77 8.56 8.89 8.52 8.89 8.75 9.1 8.93 9.24 9.09 9.48 9.4 9.6 9.32 9.69 9.62 10 9.73 10.02 9.77 10.15 9.9 10.3 10.03 10.33 10.21 10.53
-25.3816 5.45 5.48 6.77 6.88 7.56 7.86 7.89 8.23 8.3 8.69 8.42 8.77 8.63 9.02 8.58 8.99 8.86 9.12 9 9.33 9.18 9.56 9.44 9.72 9.43 9.83 9.78 10.16 9.83 10.17 9.91 10.28 9.96 10.43 10.12 10.56 10.33 10.66
-25.9719 5.32 5.44 6.71 6.97 7.5 7.78 7.95 8.19 8.37 8.62 8.42 8.76 8.67 8.98 8.62 8.98 8.96 9.08 9.06 9.25 9.22 9.53 9.56 9.73 9.53 9.77 9.81 10.05 9.96 10.09 9.95 10.25 10.04 10.42 10.23 10.5 10.49 10.57
-26.5621 5.23 5.55 6.7 7.06 7.48 7.84 7.97 8.22 8.38 8.6 8.41 8.76 8.70 9.00 8.63 8.93 8.93 9.11 9.11 9.23 9.29 9.52 9.59 9.69 9.56 9.72 9.91 10.05 9.99 10.05 10.05 10.26 10.15 10.38 10.28 10.45 10.6 10.54
-27.1524 5.08 5.42 6.66 8.28 7.49 7.76 7.96 8.18 8.39 8.61 8.45 8.72 8.74 9.01 8.65 8.96 8.94 9.08 9.13 9.27 9.33 9.53 9.65 9.63 9.63 9.7 9.92 10.05 10.05 10.01 10.07 10.15 10.2 10.38 10.32 10.48 10.68 10.55
-27.7427 4.8 5.25 6.59 6.85 7.44 7.81 8.05 8.3 8.48 8.68 8.58 8.83 8.85 9.06 8.76 9.03 9.1 9.2 9.26 9.36 9.48 9.6 9.85 9.77 9.8 9.89 10.19 10.24 10.3 10.15 10.27 10.36 10.41 10.52 10.55 10.6 10.86 10.78
-28.3329 4.81 5.18 6.57 6.82 7.47 7.76 8.04 8.28 8.54 8.72 8.62 8.88 8.90 9.14 8.82 9.06 9.12 9.32 9.34 9.44 9.59 9.69 9.88 9.88 9.89 9.99 10.26 10.27 10.45 10.35 10.37 10.42 10.54 10.54 10.68 10.68 10.88 10.87
-28.9232 4.69 5.02 6.54 6.79 7.47 7.77 8.04 8.21 8.54 8.81 8.66 8.89 8.95 9.17 8.92 9.17 9.19 9.35 9.44 9.55 9.67 9.82 10.02 10.01 10 10.13 10.36 10.34 10.45 10.39 10.49 10.54 10.65 10.74 10.73 10.88 11.01 10.97
-29.5135 4.68 4.79 6.54 6.68 7.43 7.71 8.09 8.3 8.57 8.88 8.66 8.95 8.99 9.20 8.9 9.27 9.28 9.56 9.49 9.69 9.76 9.98 10.1 10.23 10.12 10.25 10.37 10.61 10.53 10.64 10.51 10.79 10.69 10.93 10.71 10.99 10.99 9.11
-30.1038 4.74 4.66 6.52 6.61 7.48 7.73 8.09 8.35 8.56 8.94 8.71 9.02 9.05 9.39 9.01 9.47 9.3 9.66 9.52 9.84 9.77 10.13 10.16 10.31 10.09 10.43 10.36 10.74 10.57 10.75 10.6 10.89 10.71 11.06 10.77 11.12 11.04 9.19
-30.6940 4.74 4.62 6.57 6.63 7.48 7.71 8.12 8.37 8.63 9.01 8.71 9.13 9.07 9.48 9.05 9.53 9.4 9.74 9.57 9.96 9.89 10.24 10.18 10.45 10.17 10.52 10.45 10.83 10.62 10.97 10.64 11.04 10.78 11.23 10.83 11.29 11.11 11.49
-31.2843 4.66 4.59 6.5 7.87 7.46 7.67 8.11 8.31 8.61 8.97 8.74 9.18 9.04 9.44 9.07 9.52 9.36 9.72 9.61 9.97 9.93 10.27 10.18 10.51 10.17 10.57 10.43 10.86 10.64 10.97 10.63 11.05 10.75 11.19 10.84 9.6 11.14 9.31
-31.8746 4.63 4.58 6.52 6.59 7.44 7.68 8.09 8.32 8.62 9.01 8.7 9.14 9.13 9.41 9.02 9.44 9.4 9.69 9.6 9.86 9.87 10.25 10.16 10.47 10.17 10.51 10.42 10.82 10.65 10.87 10.67 10.96 10.81 11.23 10.83 9.23 11.18 11.47
-32.4648 4.67 4.74 6.47 7.9 7.49 7.71 8.12 8.37 8.69 8.94 8.73 9.1 9.07 9.34 9.03 9.32 9.36 9.57 9.63 9.74 9.84 10.04 10.19 10.3 10.19 10.4 10.41 10.58 10.62 10.7 10.62 10.8 10.82 10.95 10.84 11.15 11.21 11.28
-33.0551 4.72 4.87 6.58 7.99 7.48 7.74 8.11 8.36 8.59 8.92 8.72 9.05 9.04 9.31 8.95 9.29 9.3 9.44 9.57 9.73 9.79 9.95 10.07 10.2 10.12 10.3 10.39 10.49 10.6 10.56 10.57 10.7 10.78 10.93 10.79 11.01 11.11 11.09
-33.6454 4.61 4.87 6.48 6.77 7.44 7.77 8.11 8.39 8.65 8.87 8.77 9.05 9.13 9.31 9.08 9.33 9.38 9.55 9.66 9.7 9.89 10 10.19 10.25 10.27 10.31 10.5 10.54 10.75 10.61 10.73 10.77 10.92 10.9 10.95 11.12 11.27 11.19
-34.2356 4.53 4.87 6.46 6.72 7.47 7.72 8.15 8.35 8.75 8.94 8.83 9.04 9.18 9.34 9.12 9.36 9.48 9.59 9.74 9.77 9.96 10.04 10.26 10.33 10.31 10.37 10.63 10.61 10.88 10.66 10.85 10.8 11.05 11.01 11.05 11.16 11.41 11.35
-34.8259 4.57 4.76 6.43 6.72 7.51 7.74 8.19 8.36 8.75 8.97 8.84 9.14 9.20 9.38 9.15 9.41 9.5 9.64 9.75 9.87 10.04 10.11 10.36 10.37 10.4 10.41 10.69 10.67 10.95 10.89 10.93 11.02 11.15 9.02 11.13 11.26 11.45 11.45
-35.4162 4.52 4.72 6.43 6.64 7.51 7.72 8.18 8.42 8.74 9.09 8.88 9.27 9.22 9.50 9.18 9.5 9.48 9.8 9.79 10.07 10.02 10.33 10.38 10.55 10.45 10.59 10.73 10.92 10.93 11.06 10.96 8.91 11.19 11.37 11.13 11.5 11.51 11.63
-36.0065 4.56 8.69 6.51 6.55 7.61 7.8 8.25 8.52 8.86 9.24 8.95 9.36 9.37 9.66 9.29 9.69 9.59 9.95 9.96 10.2 10.14 10.47 10.5 10.74 10.57 10.85 10.81 11.09 11.07 11.25 11.06 11.36 11.26 11.53 11.3 11.67 11.61 9.9
-36.5967 4.56 4.56 6.48 7.5 7.62 7.76 8.3 8.56 8.89 9.22 9.01 9.45 9.42 9.76 9.39 9.72 9.71 10.12 10.02 10.38 10.19 10.6 10.51 10.94 10.65 11.02 10.89 11.32 11.12 11.44 11.12 11.57 11.44 11.71 11.4 11.73 11.78 12.06
-37.1870 4.58 4.56 6.52 7.43 7.63 7.75 8.35 8.61 8.99 9.33 9.07 9.5 9.46 9.86 9.34 9.74 9.66 10.08 10.01 10.4 10.14 10.6 10.47 11.02 10.61 11.03 10.93 11.35 11.11 11.45 11.15 11.65 11.48 11.85 11.5 12.05 11.85 12.24
-37.7773 4.6 4.61 6.5 6.5 7.68 7.82 8.41 8.65 9.05 9.37 9.15 9.49 9.63 9.94 9.4 9.77 9.7 10.03 10.04 10.32 10.24 10.64 10.57 10.94 10.68 11.05 11.01 11.38 11.23 11.48 11.24 11.67 11.57 11.93 11.63 12.09 12.04 12.34
-38.3675 4.49 4.68 6.52 6.55 7.7 7.87 8.43 8.65 9.11 9.38 9.26 9.6 9.65 9.90 9.46 9.78 9.77 9.99 10.15 10.4 10.31 10.55 10.63 10.94 10.75 10.98 11.13 11.36 11.41 11.44 11.33 9.68 11.7 11.89 11.72 12.17 12.16 12.25
-38.9578 4.5 4.73 6.56 6.27 7.78 7.93 8.48 8.7 9.16 9.3 9.31 9.57 9.71 9.86 9.53 9.78 9.94 10.08 10.18 10.34 10.37 10.59 10.75 10.99 10.87 11.01 11.24 11.42 11.44 11.5 11.45 11.6 11.81 11.91 11.82 12.09 12.31 12.14
-39.5481 4.3 4.61 6.39 6.46 7.69 7.81 8.55 8.71 9.28 9.35 9.4 9.61 9.88 10.02 9.74 10.01 10.13 10.28 10.42 10.56 10.77 10.87 11.11 11.25 11.26 11.25 11.56 9.32 11.78 11.65 11.8 11.77 12.05 12.02 12.15 12.18 12.55 12.37
-40.1383 4.2 4.56 6.36 12.48 7.71 7.75 8.6 8.66 9.42 9.48 9.5 9.64 9.93 9.99 9.93 10.08 10.23 10.41 10.59 10.69 10.9 11.08 11.31 9.28 11.42 9.22 11.72 9.48 11.88 10 11.88 10.13 12.09 9.81 12.13 10.21 12.63 12.42
-40.7286 4.07 6.12 6.33 11.94 7.73 7.71 8.68 8.82 9.44 9.43 9.55 9.66 10.02 10.19 9.92 10.06 10.27 10.41 10.67 10.75 10.92 9.08 11.25 9.41 11.47 9.31 11.7 9.82 11.87 10.09 11.98 10.02 12.27 12.2 12.27 10.19 12.76 10.73
-41.3189 4.16 4.56 6.38 12.3 7.81 7.74 8.57 8.64 9.4 9.58 9.57 9.75 10.08 10.10 9.95 10.14 10.31 10.54 10.74 10.88 10.97 9.26 11.38 9.82 11.54 9.57 11.9 10.01 12.1 10.07 12.14 10.46 12.35 10.64 12.43 10.65 12.93 10.88

180 190 200 210120 130 140 150 160 17040 50 60 70 80 90 100 100 110

Dose Variation

Fo
cu

s 
Va

ria
tio

n

CD Size

UV PROJECTION SCANNER CAPABILITIES

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000327



confidential

23

WEE – Wafer Edge Exposure
 Over-scan and intelligent mask design results in WEE during processing

 Case 1: Exposure energy is high enough to expose and eliminate edge beat fully

 Case 2: Pre-exposure of edge reduces process time of Wafer Edge Exposure Unit 

(WEEU)

UV PROJECTION SCANNER CAPABILITIES
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RESOLUTION FOR HETEROGENEOUS INTEGRATION
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TOK PW-1000T 

 Film Thickness 7.0µm

 2/2µm line and space

 Side Wall angle (SWA) > 87°

AZ4620

 Film Thickness 15.0µm

 5/5µm line and space

 Side Wall angle (SWA) > 87°
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Sumitomo’s PXi-105J12US

 Film Thickness: 2µm

 CD Size: 1.5/1.5µm L/S

 Side Wall Angle: >89°

RESOLUTION FOR HETEROGENEOUS INTEGRATION
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PROCESS WINDOW FOR HETEROGENEOUS INTEGRATION
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Sumitomo’s PXi-105J12US

 Film Thickness: 5µm

 CD Size: 2/2µm L/S

Process Window:

 DOF >12µm 

 Dose Latitude > 90mJ/cm²

 Side Wall Angle > 88°
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HIGH ASPECT RATIO FOR HETEROGENEOUS 
INTEGRATION

27

TOK’s CR- 4000

 FT 70µm, 15µm Via
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HIGH ACCURACY OVERLAY
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Exposed at best condition, then stepped in Y, aligned and exposed again on top of existing 

patterns

• The feature is at every 20mm interval in X or Y. 

• Separate testing is done by stepping in X 
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HIGH ACCURACY OVERLAY FOR HETEROGENEOUS 
INTEGRATION
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- Sample Size: 454 measurements on six different substrates

- Overall 3σ ≤ 0.75µm 
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DSC300 Status

Projection Scanner Capabilities & Results

Throughput, CoO, and Summary4

Enabling HI using Full-field Projection Scanner

Introduction to the Full-field UV Projection Scanner1

2

3
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PROJECTION SCANNER THROUGHPUT FOR 300MM 
WAFERS
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Throughput on stepper depends on additional parameters:
 Die size matching of step window (“fill factor”)
 Additional time for edge exposure

Throughput is Not Size or 
Pattern dependent

300mm Throughput (wph @ 300mJ/cm2 dose)

Stepper Same Stepper Scanner

100
90
80
70
60
50
40
30
20
10

W
PH

70~85

45~55

Effective Field Size = 60.3 x 15

THROUGHPUT SCANNER VS. 1X STEPPER
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CHALLENGES in Advanced Packaging

Advanced Packaging 
Requirements

Translate into AP Litho Tool 
Requirements

Satisfies New AP Litho
Needs

Increased
Performance Higher Throughput

Lower Cost Lower CoO

Increased
Functionality

Heterogeneous Integration -
Packages of any size

Scaling of FOWLP wafers

Yole Développement: Lithography technology and trends for « Semiconductor frontier » held by Amandine Pizzagalli on Semicon West 2016 

Projection Scanner

Projection Scanner

Projection Scanner

Projection Scanner

SUMMARY 1X PROJECTION SCANNER
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 The projection scanner system enables high resolution, depth of focus and overlay 

accuracy and opens new capabilities like limitless design with no stitching

ENABLING HI USING PROJECTION SCANNER 
SYSTEM

34
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SÜSS MicroTec Photonic Systems 35

SÜSS MicroTec Photonic Systems
220 Klug Circle
Corona, CA 92880

www.suss.com
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