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Presenter
Presentation Notes
Thank you for the introduction. Good morning everyone and welcome to my talk. I will update the progress of EUV resists towards high-NA EUV lithography. This is a join project between EUV-IL lithography at PSI and ASML. 

mailto:xiaolong.wang@psi.ch
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Outline

e EUV resist challenges

e EUV Interference lithography (EUV-IL@PSI )

e Highlights of the PSI resist screening program

 How post exposure baking (PEB) and film thickness (FT) influence dose and LWR
e Summary
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Here is the outline. I will first refresh you the challenges in EUV resists development. Then I will introduce the EUV interference lithography tool at PSI that we use to evaluate EUV resists. Following that I will show you the highlights of the PSI-ASML resist screening program.
Then I will show you some insights in EUV resist performance. Particularly, I will talk about how post exposure baking (PEB) and film thickness (FT) influence dose and LWR. 
Finally, I will summarize my talk 
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EUV resist challenges

Challenges:
e Resolution (R, HP in nm), line edge roughness (LER, 30 in nm) and sensitivity (S, dose in mJ/cm?):
challenging to improve simultaneously
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High resolution—=> high dose (S)

 Develop better high resolution resist
e Limited access to EUV scanners - expensive EUV resists evaluation

Page 3


Presenter
Presentation Notes
As EUV scanners start to deliver high volume manufacture, there are still challenges in the EUV resists development for high-NA scanners. This resolution, line edge roughness and sensitivity has this RLS trade-off, which means high dose is needed for both better LER and better resolution. However to increase the throughput, we need to bring the dose down – develop sensitive resists. Another challenge is develop good high resolution resist. Last but not least, to evaluate EUV resist performance, the resist vendors have limited access to EUV scanners which makes EUV resist evaluation very expensive
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EUV Interference lithography
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X. Wang,. et al J. Micro/Nanolith. MEMS MOEMS 18(1), 013501 (2019)
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For our resist screening work, we used EUV interference lithography tool that we developed at PSI. Briefly, the EUV light comes from stable synchrotron source and we use grating to diffract the light and the interference pattern is printed on the resist. Depending on the number of gratings, different lattice pattern can be printed. In this project we focus on two and four grating mask which print line space and contacts. We have obtained very high resolution for both line space and contact. Here you see 7 nm hp LS patterns and 11 nm CHs.
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EUV Interference lithography
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To achieve high resolution: beyond hp 10 nm, hp 8 nm for high-NA,
due to the high aspect ratio, 1°t order grating pattern collapse due to
capillary force

X. Wang,. et al J. Micro/Nanolith. MEMS MOEMS 18(1), 013501 (2019)
N. Mojarad,. et al Nanoscale 7, 4031-4037 (2015)
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For our resist screening work, we used EUV interference lithography tool that we developed at PSI. Briefly, the EUV light comes from stable synchrotron source and we use grating to diffract the light and the interference pattern is printed on the resist. Depending on the number of gratings, different lattice pattern can be printed. In this project we focus on two and four grating mask which print line space and contacts. We have obtained very high resolution for both line space and contact. Here you see 7 nm hp LS patterns and 11 nm CHs.
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SIEsy
Diffraction efficiency calculation with RCWA

E.g., to obtain hp 10 nm line/space on wafer: two ways (1) first order interference, P = 40 nm; (2)
second order P =80 nm
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For our resist screening work, we used EUV interference lithography tool that we developed at PSI. Briefly, the EUV light comes from stable synchrotron source and we use grating to diffract the light and the interference pattern is printed on the resist. Depending on the number of gratings, different lattice pattern can be printed. In this project we focus on two and four grating mask which print line space and contacts. We have obtained very high resolution for both line space and contact. Here you see 7 nm hp LS patterns and 11 nm CHs.
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We also have a nanofabrication facility for the creation of diffraction grating masks for EUV- interference lithography. 
The mask  is mounted on a special frame and installed into our EUV IL tool. 
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Why EUV-IL?
e High resolution: — theoretical limit = HP 3.5 nm — limited by material at this moment

 Well-defined aerial image: (1) aberration free, (2) no depth of focus, (3) pitch independent
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e Flexibility: accepting contaminating and out-gassing resists, amount of materials

e Low-cost for industrial users and cost-free for academic users

X. Wang,. et al J. Micro/Nanolith. MEMS MOEMS 18(1), 013501 (2019)
N. Mojarad,. et al Nanoscale 7, 4031-4037 (2015)
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EUV-IL is a very effective tool for EUV resist testing. Frist of all, we can achieve very high resolution and the theoretical resolution limit of our tool is hp 3.5 nm and it is limited by the material at this moment. Secondly, the interference pattern is well-defined aerial image which is aberration free, no depth of focus and the contrast is pitch independent. As an example you see here the interference pattern and the cross section of this pattern is a sinusoidal function and the contrast is 1 and NILS of pi. Our EUV-IL tool is very flexible, which means not limited by contaminating and out-gassing resists., or small or big volume of resists materials.  Very important point is that it is a low-cost for industrial users and cost-free for academic users.
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As I said, we operate XIL-II beamline where we have an on-site cleanroom for the preparation and development of wafers.  We can do first hand metrology and we can adjust the parameters immediately for next exposure.
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Resist Screening Program
Aims:
* Resist screening for HP 16 nm, HP 14 nm and beyond

e Support EUV resist development

e Understanding the insight of the principle of EUV resist exposure: e.g., impact of different
processing parameters on the performance

Overview last 12 months

Performance of
resists

3 resist platforms:

~40 different Molecular

resists 6 resist vendors

PEB
Inorganic

Film thickness (FT)

Remark: values of LWR and CD are determined for PSI tool and are not cross-calibrated with other resist testing platforms slide 10
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We have a resist screening program and in this project we are aiming to screen the resist for hp 16 nm, 14 nm and beyond – down to hp 8 nm. We are supporting the EUV resist development. As the EUV scanners start to do HVM, it is critical to understand insights of EUV resist exposure, e.g., impact of different processing parameters on the resist performance in order to develop better resists for high-NA scanners. 
For this purpose, we have evaluate 40 different resists from 6 resist vendors, which categorized as 3 resist platform, molecular, CAR, and inorganic resist. I will show you first the resist performance and second how PEB and FT can influence the dose and LWR.
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This year we have resolved 9 nm for inorganic and we see good modulation at 8 nm hp. I am not giving the dose here for hp 9 nm because we want to confirm the results one more time and give the calibrated doses in more accurate way, although we expect a dose similar to higher pitches.
For contacts, we have resolved hp 20 nm for CAR contact holes and we have resolved hp 18 nm pillar for inorganic resist. 
I would like to remind that we have demonstrated very well-resolved 8 nm hp with the old inorganic resist but with a high dose of 200 mJ.
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Effect of PEB temperature (hp 16nm)

Vendor 1 - molecular resist A

T1 =no PEB

T2=90°C

Vendor 2 - inorganic resist B

T3 =160 °C

T4=170°C

Vendor 3-CARC

T5=60°C

T6=70"°C
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We typical process the materials based on the recommendations of the resist suppliers. However, we noticed that in order to improve the performance and particularly to achieve high resolution needed for high-NA lithography, we need to search for optimal parameters. for the same material the optimal parameters can be very different for different half pitches and to achieve ultimate resolution, and extensive process optimization is needed.

We see here 3 resists (molecular, inorganic and CAR resists) they all resolved hp 16 nm and we tuning the PEB here. For molecular resist we compare without and with PEB, for inorganic and CAR resists we changed the PEB for 10 C difference. 
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Effect of PEB temperature (hp 16nm) on dose and LWR
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Vendor 1 Molecular A T1 = no baking 4.9
T2=90°C 5.3 Remark: 2 times more
Vendor 2 Inorganic B T3 =160 °C 52 2.5 dose for molecular resist
T4 =170 °C 45 26 without PEB; LWR are not
Vendor 3 CAR C T5 = 60 °C 39 7.8 getting much worse
T6=70°C 31 7.9
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Here, we listed the CD and LWR to dose. You can see there is clearly difference for molecular resist, when there is no PEB and with PEB. The difference also show quite obviously for CAR. We compare the exact CD-to-size, we found out, two times more dose is required when there is no PEB for molecular resist. For inorganic resist and CAR, 20 percent more dose is needed when using 10 C lower PEB. You also can see that we can bring down the dose with higher PEB without letting the LWR get much worse. 
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Effect of FT (hp 16nm)

Vendor 4 - molecular resist D

H1=23nnm

H2=20nm

Vendor 5 - inorganic resist E

H3 =18 nm

H4 =16 nm

Vendor 6 - CARF

H5 =29 nm

H6 =19 nm
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Next, processing parameter we studied is the resist film thickness. Again, we show here 3 resists (molecular, inorganic and CAR), they are resolved hp 16 m at different thicknesses. For molecular resist, there is 3 nm FT difference and 2 nm FT difference for inorganic resist and 10 nm for CAR resists. 
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Effect of FT (hp 16nm) on dose and LWR
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We list here the CD and LWR dose dependency. We see clear difference for molecular and CAR resists. We furtherly compare the CD-to-size, we found out 20% more dose is required for 3 nm more film for molecular resist and 30 % more dose required for 10 nm more thickness for CAR. 7% more dose is required for 2 nm more thickness for inorganic resist. For LWR, we found out 10 nm more thickness would double the LWR for CAR. The general conclusion here is that thicker FT requires higher dose but lower LWR which is consist to the RLS trade off. 
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Conclusions and Outlook

Conclusions

e EUV-IL is an effective tool for resist evaluation

e Record resolution: CAR-hp 12 nm and Inorganic resist hp 9 nm (8nm for old inorganic resist)

* PEB: higher PEB-lower dose-higher LWR; particularly for molecular resist 2 times more dose required
without PEB

e FT: RLS trade off — thinner FT- lower dose-higher LWR

Outlook

* We will furtherly optimize processing parameters in order to push the resolution

* We will continue monitoring EUV resists for current and future technology nodes

 We hope to see more resist progress and we are looking forward to working with more resist
vendors
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This brings me to the conclusion and outlook. We have demonstrated you that EUV-IL is a very effective tool for resist evaluation. For the highlight, we have shown CAR resolved hp 12 nm and 9 nm for inorganic resist. 
Then I showed you higher PEB can bring the dose down for all the molecular resist, inorganic resist and CAR without making the LWR much worse. Particularly, 2 times more dose is required for molecular resist if no PEB. 

Based on our results we believe the processing parameters still could be furtherly optimized rather than use the recommended parameters from the vendors and we will continue these efforts in close collaboration with the suppliers.
 We will continue to evaluate EUV resist and thereby support the global EUV resist development for high-NA EUVL. 
We hope to see more resist progress and we are looking forward to see more resist vendors come to us. 
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Thank you for your attention!

http://www.psi.ch/sls/xil
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This work cannot be done without the support from the following people, the ASML team, the lithography team in PSI and all of our resist suppliers. I would to thank them all and I would like to thank you for your attention. I would be happy to take questions if you have. 
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