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I. Introduction 

I, June Ann Munford, do hereby declare as follows: 

1.  I am over the age of 18, have personal knowledge of the facts set forth 

herein, and am competent to testify to the same. 

2. I have been retained as an expert witness by Goodwin Procter on behalf 

of Tawain Semiconductor Manufacturing Company Ltd. (“TSMC”) for 

proceedings before the United States Patent and Trademark Office (“USPTO”) 

regarding the authenticity and public availability of certain prior art references 

discussed in this declaration in relation to U.S. Patent 8,587,076 (“the ’076 

patent”). 

3. I am being compensated for my work in this matter at my standard hourly 

rate of $200.00 per hour and am being reimbursed for any reasonable expenses 

associated with my work and my testimony in this matter. My statements are 

objective, and my compensation does not depend on the outcome of this matter.  

4. I reserve the right to supplement or amend my opinions in response to 

any additional evidence, testimony, discovery, argument, and/or other additional 

information that may be provided or that I may obtain independently after the date 

of this declaration.  
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A. Qualifications and Work Experience 

5. I earned a Master of Library and Information Science (MLIS) from the 

University of Wisconsin-Milwaukee in 2009. I have over ten years of experience in 

the library/information science field. Beginning in 2004, I have served in various 

positions in the public library sector including Assistant Librarian, Youth Services 

Librarian and Library Director. I have attached my Curriculum Vitae as Appendix 

CV.  

6. During my career in the library profession, I have been responsible for 

materials acquisition for multiple libraries. In that position, I have cataloged, 

purchased and processed incoming library works. That includes purchasing 

materials directly from vendors, recording publishing data from the material in 

question, creating detailed material records for library catalogs and physically 

preparing that material for circulation. In addition to my experience in acquisitions, 

I was also responsible for analyzing large collections of library materials, tailoring 

library records for optimal catalog, search performance and creating lending 

agreements between libraries during my time as a Library Director.  

B. MARC 

7. I am fully familiar with the catalog record creation process in the library 

sector. In preparing a material for public availability, a library catalog record 

describing that material would be created. These records are typically written using 
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Machine Readable Catalog (herein referred to as “MARC”) codes and contain 

information such as a physical description of the material, metadata from the 

material’s publisher, and date of library acquisition. 

8. I am very familiar with MARC, which became the national standard for 

sharing bibliographic data in the United States by 1971 and the international 

standard by 1973. MARC is the primary communications protocol for the transfer 

and storage of bibliographic metadata in libraries. Experts in my field reasonably 

rely upon MARC records when forming their opinions.  

9. A MARC record contains several fields, each identified by a 

standardized, unique, three-digit code corresponding to the data that follows. (See, 

Appendix XX, Parts VII to X of “Understanding MARC Bibliographic: Machine-

Readable Cataloging” (http://www.loc.gov/marc/umb/um07to10.html).) For 

example, the author of a work is recorded in Field 100, the title/attribution is 

recorded in Field 245, the publisher is recorded in Figure 260, a book’s physical 

description is record in Field 300, and Field 008 is reserved for denoting the date 

of creation of the library record itself. As this typically occurs during the process of 

preparing materials for public access, it is my experience that an item’s MARC 

record indicates the date of an item’s public availability.  

10. Typically, in creating a MARC record, a librarian would gather various 

bits of metadata such as book title, publisher and subject headings among others 



U.S. Patent 8,587,076 
IPR2025-00831 

 

- 4 - 

and assign each value to a relevant numerical field. The 008 field of the MARC 

record is reserved for denoting the creation of the library record itself. As this is 

the only date reflecting the inclusion of said materials within the library’s 

collection, it is my experience that an item’s 008 field accurately indicates the date 

of an item’s public availability. 

C. Scope of this Declaration 

11. I have been asked to offer an opinion on the authenticity and public 

availability date of the following documents: 

• Sim, J. H., et al., “Effects of ALD HfO2 thickness on charge trapping 

and mobility,” Microelectronic Engineering, Vol. 80, pp. 218-221, June 

17, 2005 (“Sim”) 

• Koyama, M., et al., “Effects of Nitrogen in HfSiON Gate Dielectric on 

the Electrical and Thermal Characteristics,” Digest of International 

Electron Devices Meeting, pp. 849-852, Dec. 8-11, 2002 (“Koyama”) 

D. Resources Consulted and Evidence Considered 

12. I am personally familiar with many online catalogs, databases, and search 

engines. In preparing this declaration, I used the following resources to search for 

records: 

• Ecosia – A search engine aggregator that provides web results for 

search queries from several sources, including Bing and Google. This 
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search engine is capable of advanced search queries and provides 

results in several multimedia formats. I used Ecosia to search for each 

document authenticated in this declaration to confirm publication 

information such as journal title, issue number, proceedings title, year 

of publication, name of publisher and related international standard 

numbers such as ISBN and ISSN. 

• Worldcat – A search engine that indexes library holdings across 

thousands of different library collections. This search engine is capable 

of advanced search queries and provides results describing the library 

holdings of thousands of libraries, museums and non-profits. I used 

Worldcat to help source library copies of each reference. 

• Library Catalogs – For each library holding, I used the associated 

library catalog to locate MARC records and library holdings for each 

reference included in this declaration. The two catalogs referenced in 

this declaration  are the Penn State University Library Catalog and the 

Linda Hall Library Catalog. These catalogs function similarly to search 

engines, capable of advanced search queries and detailed results 

filtering.  

13. In preparing this declaration, I have also reviewed the documents 

referenced below and any other document that I mention herein. Each of the listed 
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documents is a type of material that experts in my field would rely upon when 

forming their opinions. 

II. Authenticity and Public Availability of Sim 

A. MARC Record 

14. Attached hereto as Appendix SIM01 is a true and correct copy of the 

MARC record for Microelectronic Engineering as held by the Penn State 

University Library. I secured this record myself from the library’s public catalog. 

The MARC record contained within Appendix SIM01 accurately describes the 

title, publisher and ISSN number of Microelectronic Engineering. The Showing 

Results field present on page 3 of this record indicates the library's collection 

includes the June 17, 2005 issue of Microelectronic Engineering containing 

"Effects of ALD HfO2 thickness on charge trapping and mobility".  

15. The 008 field of the MARC record in Appendix SIM01 indicates the date 

of record creation. The 008 field of Appendix SIM01 indicates the Penn State 

University Library first acquired Microelectronic Engineering as of May 5, 1998 

and held the journal in perpetuity until the publication of "Effects of ALD HfO2 

thickness on charge trapping and mobility". Considering this information, it is my 

determination that Microelectronic Engineering June 17, 2005 and therefore 

"Effects of ALD HfO2 thickness on charge trapping and mobility" was made 

available to the public shortly after its initial publication in June 17, 2005. 
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B. Authentication 

16. Attached hereto as Appendix SIM02 is a true and correct copy of "Effects 

of ALD HfO2 thickness on charge trapping and mobility" by J.H. Sim, et al. as 

published in the Microelectronic Engineering, June 17, 2005.  I secured this record 

myself from collection of the Penn State University’s Library.  

17. The document submitted as TSMC-1024 in the inter partes review of 

the ’076 patent is the same as the copy of Sim provided as SIM02. In comparing 

TSMC-1024 to Appendix SIM02, it is my determination that TSMC-1024 is a true 

and correct copy of “Effects of ALD HfO2 thickness on charge trapping and 

mobility” by J.H. Sim, et al as published in Microelectronic Engineering. 

III. Authenticity and Public Availability of Koyama 

A. MARC Record 

18. Attached hereto as Appendix KOYAMA01 is a true and correct copy of 

the MARC record for Proceedings of the 2002 International Electron Devices 

Meeting as held by the Linda Hall Library. I secured this record myself from the 

library’s public catalog. The MARC record contained within Appendix 

KOYAMA01 accurately describes the title, publisher and ISBN number of 

Proceedings of the 2002 International Electron Devices Meeting.  

19. The 008 field of the MARC record in Appendix KOYAMA01 indicates 

the date of record creation. The 008 field of Appendix KOYAMA01 indicates the 
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Linda Hall Library first acquired Proceedings of the 2002 International Electron 

Devices Meeting as of January 6, 2003. Considering this information, it is my 

determination that Proceedings of the 2002 International Electron Devices Meeting 

and therefore "Effects of Nitrogen in HfSiON Gate Dielectric on the Electrical and 

Thermal Characteristics" was made available to the public shortly after its initial 

publication as of January 6, 2003. 

B. Authentication 

20. Attached hereto as Appendix KOYAMA02 is a true and correct copy of 

“Effects of Nitrogen in HfSiON Gate Dielectric on the Electrical and Thermal 

Characteristics” by Masato Koyama, et al. as published in the Proceedings of the 

2002 International Electron Devices Meeting.  I secured this record myself from 

collection of the Linda Hall Library.  

21. The document submitted as TSMC-1029 in the inter partes review of 

the ’076 patent is the same as the copy of Koyama provided as KOYAMA02. In 

comparing TSMC-1029 to Appendix KOYAMA02, it is my determination that 

TSMC-1029 is a true and correct copy of “Effects of ALD HfO2 thickness on 

charge trapping and mobility” by Masato Koyama, et al as published in 

Proceedings of the 2002 International Electron Devices Meeting. 
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IV. Conclusion 

22. In signing this Declaration, I understand it will be filed as evidence in a 

contested case before the Patent Trial and Appeal Board of the United States Patent 

and Trademark Office. I understand I may be subject to cross-examination in this 

case and that cross-examination will take place within the United States. If cross-

examination is required of me, I will appear for cross-examination within the 

United States during the time allotted for cross-examination. 

23. I declare that all statements made herein of my knowledge are true, that 

all statements made on information and believe are believed to be true, and that 

these statements were made with the knowledge that willful false statements and 

the like so made are punishable by fine or imprisonment, or both, under Section 

1001 of Title 18 of the United States Code. 

 
Executed on April 3, 2025 in Pittsburgh, Pennsylvania. 

 
Respectfully submitted, 

    
 _______________________________ 
      June Ann Munford 
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Abstract 

     The effects of HfO2 thickness on charge trapping and mobility were investigated. The impact of fast transient electron 
trapping on DC measurements results in underestimating channel carrier mobility. Scaling the physical thickness of the HfO2

dielectric causes less charge trapping and higher mobility. A HfO2-based high-k solution requires fine-tuning the thickness of 
the high-k film to maintain a balance between electron trapping in thicker films and increased leakage current in thinner 
films. 

Keywords: charge trapping; mobility; high-k

1. Introduction 

     Hafnium-based high-k dielectrics and metal gate 
electrodes have been aggressively investigated to 
ensure continued scaling of CMOS technology [1-2], 
but several drawbacks such as low mobility and 
charge trapping have been identified [3-7]. Even 
though several process modifications such as 
nitridation and silicate formation have been proposed 
to overcome the limitations of high-k dielectrics, the 
effect of these changes has not been investigated 
systematically [8-11]. Recently, the reduction of 
transient charge trapping was proposed as a way to 
improve the quality of high-k dielectrics [3]. 
Transient charging, which is generally not observed 
in SiO2, complicates the evaluation of the properties 
of high-k gate stacks because the mobility of the 
high-k device is usually underestimated when DC Id-
Vg curves are used for mobility extractions.  To 

overcome the limitations of this conventional 
methodology, a pulsed Id-Vg method has been 
proposed to extract close to intrinsic channel mobility 
of high-k gate transistors [6-7, 12-14]. Using this 
new understanding and new methodologies, we have 
systematically evaluated the effects of high-k film 
thickness on charge trapping and channel carrier 
mobility and demonstrated that scaling the high-k 
dielectric is a simple, but very effective means of 
improving mobility and other reliability 
characteristics. 

2. Experimental 

     To investigate the effects of high-k thickness, 
transistor gate stacks were fabricated with 20–40Å 
thick atomic layer deposition (ALD) HfO2 films. The 
gate electrode was 10nm ALD TiN with a 150nm 
polysilicon capping layer. Equivalent oxide thickness 
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(EOT) and mobility values were extracted from the
capacitance-voltage (C-V) and current-voltage (I-V) 
data using the North Caroline State University
(NCSU) model. For mobility extraction, both DC and
pulsed Id-Vg data were used [12]. Pulse rise/fall and
width times were varied to evaluate the effects of
charge trapping on channel mobility. For the charge
trapping study, threshold voltage shifts and drain
current changes were estimated from the pulsed Id-Vg

measurements. I-V characteristics were measured on 
10 1 m (WxL) field-effect transistors (FETs). The
physical thickness of the HfO2 and interfacial sub-
oxide layer were verified by transmission electron
microscopy (TEM) measurements.

3. Results and Discussion

Raw C-V data show capacitance scaling with 
physical thicknesses of 18Å, 25Å, and 33Å as
estimated by TEM measurements (Fig. 1), which
correlate well with the extracted EOT values of 9.5Å,
10.6Å, and 11.8Å, respectively (Fig. 2).

Figure. 1: TEM images of the HfO2 gate stacks of 18Å and
33Å physical thickness.

In all stacks, the effective k value of the nitride
high-k film is about 24.  The EOT of the interfacial

yer is estimated as ~ 6.5Å due to the greater k value
of the interfacial oxide layer [13]. Gate leakage
urrent also scales with the physical thickness of 

HfO2 (inset of Fig. 2).  The gate leakage current
alues measured in this study roughly match

historical data in the literature and our own work,
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indicating these samples are very close to typical
HfO dielectrics (Fig. 3).2
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Figure. 3: Current density vs. EOT data for the HfO2 gate 
stacks studied in this work and published data at Vfb-1V.

To examine fast charge trapping effects, the time
dependence of the drain current induced by the 1.4V,
100 s width pulse (applied to the drain current and to 
NMOS with various HfO2 thicknesses) was 
monitored (Fig. 4).  In this plot, the reduction in

ependent drain current is primarily due t he
harge trapping-induced V  shift. Even within
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  Effective mobility values extracted from DC and 
pulsed Id-Vg measurements are plotted in Fig. 5. DC
mobility decreases as the HfO2 becomes thicker.
This result can be interpreted using different models.
For example, a fixed charge theory attributes this
result to increased bulk charge with thicker HfO2

samples.  A phonon scattering theory attributes it to a 
greater contribution from phonon scattering.
However, neither model can explain the dependence
of the reduced drain current on time, which is the
signature of a dynamic charging process

50

75

100

5

015

12

0 1 2 3 4 5
10

-10

10
-7

10
-4

10
-1

10
2

 EOT=11.8Å
 EOT=10.6Å
 EOT=9.5Å

C
ur

re
nt

 (
Jg

)

Gate Bias (-V)
 33Å HfO

a
n
ce

 (
p
F

)

5e-5cm
-2

100kHz



220 J.H. Sim et al. / Microelectronic Engineering 80 (2005) 218–221
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Table 1: Electrical characteristics of the s
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dynamic analysis of Id (Vg) hysteresis was proposed
in high-k dielectric devices [15].

0 200 400 600
0

100

200

300

400

5 s5 s

t
ft

r
 18Å HfO

2

 25Å HfO
2

 33Å HfO
2D

ra
in

 C
u

rr
e

n
t

[
A

]

800 1000

Stress Time

Figure. 4: Variation of the drain current during the pulsed
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  The transient charging model can explain these
results in a systematic way. Fast electron trapping 
can effectively increase the magnitude of the
threshold voltage during the DC measurements of the
drain current, resulting in overestimation of the
inversion charge and, subsequently, underestimation
of intrinsic channel carrier mobility [4].

The dependence of drain current on pulse
magnitude shows less charge trapping when the
applied gate voltage and HfO2 thickness decrease
(Fig. 6).  The thinnest HfO2 film does not exhibit a
reduction in drain current at any of the applied
voltages, indicating no appreciable charge trapping
exists in the microsecond pulse time range.
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The charge trapping effect also depends on 
harging time. As can be seen in the insert in Fig. 7, 

 (at Vg=1.8V Vd=0.05V) is a function of pulse rise
me indicating that charge trapping occurs on a time
ale of less than 10 s. Channel mobility of the 33Å

ate stack follows the pulsed I-V data of different
ulse rise time.
 The ratio of the pulsed Id-Vg and DC drain

urrents in the linear regime shows a significant gain
ith thicker HfO (Fig. 8). On the other hand, the
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t to charge trapping.
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gain in the18Å HfO2 sample is less than 1%, pointing
to a similar charge trapping effect caused by the f
pulse and DC Id-Vg measurements. The 18Å HfO2

stack demonstrated less Vth shift under DC constant
voltage stress than did thicker films (Fig. 9). Since
the electric field in the thin film during the stress was 
higher than in thicker films by 2MV/cm, one may
conclude that thinner films demonstrate better device
stability with respec
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Figure. 8: Ratio of the pulse and DC drain currents in the 
linear regime vs. pulse width time.
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Figure. 9: Under the same constant voltage stress 
condition (Vg=1.8V), 18Å HfO2 device show less threshold
voltage shift.

The threshold voltage shift in thin film devices
during constant voltage stress (CVS) indicates that
charge traps still exist in thinner films although their
effect on Vth shift is much less. Therefore, the HfO2-
based high-k solution requires fine-tuning the
thickness of the high-k film to maintain a balance
between electron trapping in thicker films and
increased leakage current in thinner films. Plasma
treatments, surface nitridation, and other processing
techniques can be used to further reduce charge
trapping in thin high-k dielectric gate stacks to 
improve device stability.

ts of HfO  thickness on charge trapping

ech. Dig., pp. 859-862, 2004.
r et al., IRW pp. 141-144, 2004.
et al., IEDM Tech. Dig.,  pp. 451-455,

2001.

im et al., Ext. Abs. of SSDM, p.214-215, 2004
1] G. Bersuker et al., Proceedings of IRPS, p.691-694, 

[15] ux et al., IEDM Tech. Dig., pp. 737-740,

4. Summary

  The effec 2

and mobility were investigated. The impact of fast 
transient electron trapping on DC measurements
results in underestimating channel carrier mobility.
Scaling the physical thickness of the HfO2 dielectric
to below 20Å causes less charge trapping and higher
mobility.
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