UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/259,011 04/26/2016 9326381 093814-0302 5037
20277 7590 04/06/2016
MCDERMOTT WILL & EMERY LLP
The McDermott Building

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 197 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Byoung Hwa LEE, Suwon-Si, KOREA, REPUBLIC OF;

SAMSUNG ELECTRO-MECHANICS CO., LTD., Suwon-Si, KOREA, REPUBLIC OF;
Heung Kil PARK, Suwon-Si, KOREA, REPUBLIC OF;

Kyo Kwang LEE, Suwon-Si, KOREA, REPUBLIC OF;

Young Ghyu AHN, Suwon-Si, KOREA, REPUBLIC OF;

Sang Soo PARK, Suwon-S1, KOREA, REPUBLIC OF;

Soon Ju LEE, Suwon-Si, KOREA, REPUBLIC OF;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

20277 7590 01/05/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
MCDERMOTT WILL & EMERY LLP S(tiates P%Slal Stﬁrvice vlvith sufficient postage g((i)r first lglass mailbin an ?nvelopie
19 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
The McDermott Building transmitted to the USPTO (571) 273-2885, on the date indicated below.
500 North Capitol Street, N.W. —
WASHINGTON, DC 20001 Deposhiors pane)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302 5037
TITLE OF INVENTION: MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/05/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
HA,NGUYENT 2848 361-301400
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list ]
CEFR 1.363). (1) The names of up to 3 registered patent attorneys IMcDermott Will & Emery LLP
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

SAMSUNG ELECTRO-MECHANICS CO., LTD. SUWON-SI, GYEONGGI-DO, REPUBLIC OF KOREA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual &1 Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Bl Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies k) The director is hereby authorized to charge the re%uired fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number _ 50-0417  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CEFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

M h 16, 2016
Authorized Signature /Hosang Lee/ Date arc
L
Typed or printed name fosang Lee Registration No. 69,333
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

14259011

Filing Date:

22-Apr-2014

Title of Invention:

MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME
MOUNTED THEREON

First Named Inventor/Applicant Name:

Byoung Hwa LEE

Filer:

Bernard P. Codd

Attorney Docket Number:

093814-0302

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 1501 1 960 960
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

260
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Electronic Acknowledgement Receipt

EFS ID: 25228455
Application Number: 14259011
International Application Number:
Confirmation Number: 5037

Title of Invention:

MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME
MOUNTED THEREON

First Named Inventor/Applicant Name:

Byoung Hwa LEE

Customer Number:

20277

Filer:

Bernard P. Codd

Filer Authorized By:

Attorney Docket Number:

093814-0302

Receipt Date: 17-MAR-2016
Filing Date: 22-APR-2014
Time Stamp: 18:24:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 5296

Deposit Account 500417

Authorized User

AKHLAGHI, BABAK

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
87056
1 Issue Fee Payment (PTO-85B) 0938140302issuefee.pdf no 1
15721209de129%efa302a95chacd0ad73fced
Warnings:
Information:
30606
2 Fee Worksheet (SB06) fee-info.pdf no 2
dd7b2a10ea398cb80555%337d2850e306
e86bc2
Warnings:
Information:
Total Files Size (in bytes){ 117662

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302 5037
20277 7590 02/03/2016
EXAMINER
MCDERMOTT WILL & EMERY LLP | |
The McDermott Building HA,NGUYENT
500 North Capitol Street, N.-W.
WASHINGTON, DC 20001 | ART UNIT | PAPER NUMBER |
2848
| NOTIFICATION DATE | DELIVERY MODE |
02/03/2016 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ipdocketmwe @mwe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

Supplemental 14/259,011 LEE ET AL,
Notice of Allowabilit Examiner Art Unit ATA (First Inventor o
y NGUYEN T. HA 2848 File) Status

Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 1/18/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 1-19. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hltp:fwww usplo.gov/patenis/init_events/gph/indax.jsp or send an inquiry to PPHieedhack@usplo.qov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. [[] Examiner's Amendment/Comment

2. [X] Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 6/16/2015

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/NGUYEN T HA/
Primary Examiner, Art Unit 2848

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20160114
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Receipt date: 08/16/2015 14259011 - GAL: 2848
Doc Code:IDS.3P PTO/SB/429(08-12)

Document Description: Third-Party Submission Under 37 CFR 1.290 Approved for use through 07/31/2015. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

THIRD-PARTY Application Number 14259011
SUBMISSION
UNDER 37 CFR 1.290
U.S. PATENTS
Cite Kind Issue Date First Named Inventor
No Patent Number Code1 |(YYYY-MM-DD)
1 INH/ |8238116 2012-08-07 Carl Eggerding
2 INH/ 7414857 2008-08-19 Andrew Ritter
/ i
3 gt/ 5134540 1992-07-28 TRUMAN RUTT
/NH/
R 5952040 1999-09-14 TAPESH YADAV
INH/
U.S. PATENT APPLICATION PUBLICATIONS
) Publication Kind Publication Date |First Named Inventor
Cite No Number Code1 |(YYYY-MM-DD)

FOREIGN PATENTS AND PUBLISHED FOREIGN PATENT APPLICATIONS

Cite Foreign Document Country Kind  |Publication Date [Applicant, Patentee or First Named Inventor
No Number3 Code 2 Code! |(YYYY-MM-DD) T5

EFS Web 2.1.17
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UNDER 37 CFR 1.290

Receiptdate 0871872015 42550 T =GAUTZ848
THIRD-PARTY Application Number 14259011
SUBMISSION

NON-PATENT PUBLICATIONS (e.g., journal article, Office action)

Cite Author (if any), title of the publication, page(s) being submitted, publication date, T5 E6
No publisher (where available), place of publication (where available).
1 INH/ Yukio Sakabe et al.; High Frequency Performance of Multilayer Ceramic Capacitors, Document No. I:l
0569-5503/95/0000, pages 234-240, 1995 |IEEE no dated
5 ; Joseph M. Hock et al.; TecForum TF-MP2, Inductance of Bypass Capacitors How to Define, How to D
INH/ Measure, How to Simulate, DesignCon East 2005 no dated
STATEMENTS

The party making the submission is not an individual who has a duty to disclose information with respect to the above-identified
application under 37 CFR 1.56.

This submission complies with the requirements of 35 U.S.C. 122(e) and 37 CFR 1.290.

EFS Web 2.1.17
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o} LI DA VWP WXV W i
RELTIPUURE, VO 10720 T

THIRD-PARTY
SUBMISSION

Application Number

42590 T=GACT2848

14259011

UNDER 37 CFR 1.290

X The fee set forth in 37 CFR 1.290(f) has been submitted herewith.

The fee set forth in 37 CFR 1.290(f) is not required because this submission lists three or fewer total items and, to the knowledge of
{ the person signing the statement after making reasonable inquiry, this submission is the first and the only submission under 35 U.S.C
122(e) filed in the above-identified application by the party making the submission or by a party in privity with the party.

This resubmission is being made responsive to a notification of non-compliance issued for an earlier filed third-party submission.
The corrections in this resubmission are limited to addressing the non-compliance. As such, the party making this resubmission: (1)

e requests that the Office apply the previously-paid fee set forth in 37 CFR 1.290(f), or (2) states that no fee is required to accompany
this resubmission as the undersigned is again making the fee exemption statement set forth in 37 CFR 1.290(g).

Signature /Richard M. Moose/

Name/Print
RICHARD M. MOOSE

(if applicable)

Registration Number

31226

Examiner Signature /’Nguyen Ha/

Date Considered

01/14/2016

*EXAMINER: Signature indicates all documents listed above have been considered,except for citations through which a line is drawn.
Draw line through citation if not considered. Include a copy of this form with next communication to applicant. 1. If known, enter kind of
document by the appropriate symbols as indicated on the document under WIPO Standard ST.16. See MPEP 901.04(a). 2. Enter the
country or patent office that issued the document, by two-letter code under WIPO standard ST.3. See MPEP 1851. 3. For Japanese patent
documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 4. If known,
enter the kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 . See MPEP 901.04(a).
5. Check mark indicates translation attached. 6. Check mark indicates evidence of publication attached.

EFS Web 2.1.17
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
20277 7590 01/05/2016
MCDERMOTT WILL & EMERY LLP HA, NGUYEN T
The McDermott Building
500 North Capitol Street, N.-W. I ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2848
DATE MAILED: 01/05/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302 5037

TITLE OF INVENTION: MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/05/2016

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

20277 7590 01/05/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
MCDERMOTT WILL & EMERY LLP S(tiates P%Slal Stﬁrvice vlvith sufficient postage g((i)r first lglass mailbin an ?nvelopie
19 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
The McDermott Building transmitted to the USPTO (571) 273-2885, on the date indicated below.
500 North Capitol Street, N.W. —
WASHINGTON, DC 20001 Deposhiors pane)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302 5037
TITLE OF INVENTION: MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/05/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
HA,NGUYEN T 2848 361-301400
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CEFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302 5037
20277 7590 01/05/2016 I EXAMINER |
MCDERMOTT WILL & EMERY LLP HA, NGUYEN T
The McDermott Building
500 North Capitol Street, N.-W. I ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2848

DATE MAILED: 01/05/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)

14/259,011 LEE ET AL.
. s i i AlA (First Inventor to
Notice of Allowability E’g‘J\‘('EErT_ A ‘Z‘gzg"“ File) Status

Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 4/22/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 1-19. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hltp:fwww usplo.gov/patenis/init_events/gph/indax.jsp or send an inquiry to PPHieedhack@usplo.qov .

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)X Al b)[ISome *c) [] None of the:
1. [X] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiners Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [[] Examiner's Amendment/Comment

2. [X] Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/22/2014

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20151216

000016




Application/Control Number: 14/259,011 Page 2
Art Unit: 2848

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.
DETAILED ACTION
Notice of Pre-AIA or AIA Status

The present application is being examined under the pre-AlA first to invent

provisions.
Allowable Subject Matter

Claims 1-19 are allowed.

The following is an examiner’s statement of reasons for allowance:

With respect to claims 1-7, the prior art alone or in combination does not teach
the limitation of a multilayer ceramic capacitor, comprising: an active layer including a
plurality of first and second internal electrodes disposed to face each other with at least
one of the dielectric layers interposed therebetween and alternately exposed to the first
or second side surface; upper and lower cover layers disposed on and below the active
layer, respectively; and a first external electrode disposed on the first side surface of the
ceramic body and electrically connected to the first internal electrodes and a second
external electrode disposed on the second side surface and electrically connected to
the second internal electrodes, wherein when a thickness of the ceramic body is defined
as T and a width thereof is defined as W, 0.75W< T< 1.25W is satisfied, when a gap
between the first and second external electrodes is defined as G, 30um < G <0.9W is
satisfied, and an average number of dielectric grains in a single dielectric layer in a

thickness direction thereof is 2 or greater.
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Application/Control Number: 14/259,011 Page 3
Art Unit: 2848

With respect to claims 8-19, the prior art alone or in combination does not teach
the limitation of a board having a multilayer ceramic capacitor mounted thereon, the
board comprising: an active layer including a plurality of first and second internal
electrodes disposed to face each other with at least one of the dielectric layers
interposed therebetween and alternately exposed to the first or second side surface;
upper and lower cover layers disposed on and below the active layer, respectively; and
a first external electrode disposed on the first side surface of the ceramic body and
electrically connected to the first internal electrode and a second external electrode
disposed on the second side surface and electrically connected to the second internal
electrode, when a thickness of the ceramic body is defined as T and a width thereof is
defined as W, 0.75W < T < 1.25W is satisfied, when a gap between the first and second
external electrodes is defined as G, 30 um < G < 0.9W is satisfied, and an average
number of dielectric grains in a single dielectric layer in a thickness direction thereof is 2
or greater.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Citation Relevant of Prior Art

The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

a. Kim et al. (US 9,129,750).
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Application/Control Number: 14/259,011 Page 4
Art Unit: 2848

b. Milic et al. (US 9,009,240).

c. Kim et al. (US 8,737,037).

d. Kim et al. (US 8,437,115).

e. Yamaguchi et al. (US 8,383,535).

f. Dogan et al. (US 8,263,515).

g. Sekidou et al. (US 6,377,439).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NGUYEN T. HA whose telephone number is (571)272-
1974. The examiner can normally be reached on Monday-Friday from 8:30AM to
5:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Jenny L. Wagner can be reached on 571-272-5359. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
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Application/Control Number: 14/259,011 Page 5
Art Unit: 2848

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/INGUYEN T HA/
Primary Examiner, Art Unit 2848
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Application/Control No. Applican.t(s)/.Patent Under
14/259,011 E‘EZXE—?EE“O”
Notice of References Cited _ .
Examiner Art Unit
NGUYEN T. HA 2848 Page 1 of 1
U.S. PATENT DOCUMENTS
Coumfj‘g;g’;‘_m‘m“gg[‘?zi; code | MMy Name CPC Classification US Classification
A | US-9,129,750 B2 09-2015 Kim; Wi Heon H01G4/1209 11
B | US-9,009,240 B2 04-2015 Milic-Frayling; Natasa G06Q10/10 370/432
c | US-8,737,037 B2 05-2014 Kim; Jong Han H01G4/0085 361/305
D | US-8,437,115B2 05-2013 Kim; Sang Huk H01G4/30 361/305
E | US-8,383,535 B2 02-2013 Yamaguchi; Katsuyoshi C04B35/46 361/321.4
F | US-8,263,515 B2 09-2012 Dogan; Fatih B82Y30/00 501/127
G | US-6,377,439 B 04-2002 Sekidou; Hiroshi H01G4/005 361/303
H | US-
| us-
J | USs-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Counts?olgg—ilttm'\tl)i:’]z:; Code MM[?aYniYY Country Name CPC Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20151216
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Receipt date: 04/22/2014 14259011 - GAU: 2848
PTO/SB/08a (01-10)

Doc code: IDS
o — ‘ Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Tradomark Office. U.S. DEPARTMENT OF GOMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date 2014-04-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Byoung Hwa LEE
Art Unit | A

‘ Not Yet Assigned

| 093814-0302

Examiner Name

Attorney Docket Number

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
AV Patent Number Issue Date . Relevant Passages or Relevant
Initial No Cede! of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
N Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
INH/ 1 20080310074 A1l 2008-12-18 TOGASHI et al. Corresponds to JP 2008-192757 A
N |2 20080310078 Al 20081218  |Leeetal. e a0
If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2 j Code4| Date PP Passages or Relevant
Document .
Figures Appear
NH |1 | 2008182757 P A |2008-0821 |TDK Corp e | O
- . g 7 Samsung Electro- .
INH/ 2 10-2008-0063680 KR A 2008-07-07 Mechanics Co., Ltd w/English Abstract

EFS Web 2.1.17
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Receipt date: 04/22/2014

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

HEGN1Y (AL 40
[ANIViVE B R Y AV L]

Filing Date 2014-04-22
First Named Inventor ’ Byoung Hwa LEE
Art Unit | A

Examiner Name ‘ Not Yet Assigned

Attorney Docket Number

| 093814-0302

Samsung Electro-

Corresponds to US

/NH/ |3 |10-2008-0110180 KR A 2008-12-18 | yochanics Co., Ltd 2008/0310078 A O

If you wish to add additional Fareign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite o . . )

N (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
Initials No . - .

publisher, city and/or country where published.
1 ]

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature /Nguysn Ha/

Date Considered 12/21/2015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if nhot in conformance and not considered. Include copy of this form with hext communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if

English language translation is attached.

EFS Web 2.1.17
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Application Number

HEQNTY | (CALL 5040
[ANIViVE B R Y AV L]

Filing Date 2014-04-22

INFORMATION DISCLOSURE

First Named Inventor ’ Byoung Hwa LEE

STATEMENT BY APPLICANT |NIA

( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned

Attorney Docket Number | 093814-0302

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}2).

[[] See attached certification statement.
[[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Stephen A. Becker, P.C./ Date (YYYY-MM-DD) 2014-04-22

Name/Print Stephen A. Becker, P.C. Registration Number 26527

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17
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Receipt date: 04/22/2014 14259011 - GAU: 2848

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the applicaticn or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Third Party Submission for Application USSN 14/259,011

Document 1
Patent No.: US Patent 8,238,116
Inventor: Eggerding et al.
Application No.: 12/061,150
Filed: April 2, 2008
Application Publication Date: October 16, 2008
Issue Date: August 7, 2012

Concise Description:

Document 1 was published as an application and as a patent prior to the earliest
possible priority date of June 14, 2013 for the subject Application USSN 14/259,011.

The subject Application USSN 14/259,011 is entitled "Multilayer Ceramic
Capacitor and Board Having the Same Mounted Thereon." It relates in pertinent part to
a particular capacitor arrangement which results in a reverse geometry capacitor having
relatively low inductance.

Fig. 4 of subject application USSN 14/259,011 is exemplary (reproduced below):
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Examples from the specification of the subject Application USSN 14/259,011
regarding such reverse geometry feature arrangement and resulting relatively low
inductance are recited below re application Paragraphs [0050], and [0056] through
[0061] (emphasis added):

[0050] Referring to FIG. 1, in the multilayer ceramic capacitor according to
an exemplary embodiment of the present disclosure, a 'length direction’
refers to an 'L' direction, a 'width direction' refers to a 'W' direction, and a
'thickness direction' refers to a 'T' direction. Here, the 'thickness direction’
may be the same as a stacking direction in which dielectric layers are
stacked.

[0056] The first and second internal electrodes 121 and 122 may be
disposed to face each other, having at least one of the dielectric layers
111 interposed therebetween, and may be alternately exposed to the first
or second side surface S5 or S6.

[0057] The first and second internal electrodes 121 and 122 are
alternately exposed to the first or second side surface S5 or S6, such that
a reverse geometry capacitor (RGC) or low inductance chip capacitor
(LICC) may be obtained as described below.

[0058] In a general multilayer ceramic electronic component, external
electrodes may be disposed on opposing end surfaces of the ceramic
body in a length direction thereof.

[0059] In this case, when an alternative current (AC) voltage is applied to
the external electrodes, a current path is relatively long, whereby an
intensity of an induced magnetic field may be increased, resulting in an
increase in inductance.

[0060] In_order to solve this problem, the first and second external
electrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces S5 and
S6 of the ceramic body 110 opposing each other in the width direction so
as to reduce the current path.

20f6
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[0061] In this case, since a distance between the first and second
external electrodes 131 and 132 is relatively short, the current path
may be reduced, ... resulting in a reduction in inductance.

Further exemplary information from the specification of the subject Application
USSN 14/259,011 relates to dielectric grain subject matter, as recited below re
application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0088] Referring to FIG. 5, the average number of dielectric grains 111a

present in a single dielectric layer 111 in a thickness direction thereof may
be 2 or greater.

Such Fig.5 of the USSN 14/259,011 is reproduced below:

122
\,/—

4///‘*111
‘ —111a
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FIG. 5

Claim 1 of the subject Application USSN 14/259,011 relates to multilayered
ceramic capacitor subject matter, and recites in pertinent part (bracketed comments
added):

1. A multilayer ceramic capacitor, comprising:
a ceramic body [110] including dielectric layers [111] and having first
and second main surfaces [S1, S2] opposing each other, first and second
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side surfaces [S5, S6] opposing each other, and first and second end
surfaces [S3, S4] opposing each other;

an active layer including a plurality of first and second internal
electrodes [121, 122] disposed to face each other with at least one of the
dielectric layers interposed therebetween and alternately exposed to the
first or second side surface;

upper and lower cover layers [112, 113] disposed on and below the
active layer, respectively; and

a first external electrode [131] disposed on the first side surface [S3] of
the ceramic body and electrically connected to the first internal electrodes
[121] and a second external electrode [132] disposed on the second side
surface [S4] and electrically connected to the second internal electrodes
[122],

wherein when a thickness of the ceramic body is defined as T and a
width thereof is defined as W, 0.75W.ltoreq.T.ltoreq.1.25W is satisfied,

when a gap between the first and second external electrodes is
defined as G, 30 .mu.m.ltoreq.G.ltoreq.0.9W is satisfied {Fig. 4], and

an average number of dielectric grains in a single dielectric layer in a
thickness direction thereof is 2 or greater [Fig. 5].

Independent claim 8 relates to a printed circuit board having at least two
electrode pads, and such a multilayer ceramic capacitor mounted and soldered thereon.

Document 1 (D1) is entitled "Land Grid Feedthrough Low ESL Technology," and
discloses subject matter pertinent to the subject Application USSN 14/259,011. See, for
example, D1, Fig. 4a reproduced below and showing a reverse geometry multi-layer

capacitor 400 mounted via traces 442 and 444 on printed circuit board 420:

442
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Further, the D1 specification refers to reducing inductance in the context of both
reverse geometry capacitors and low aspect ratio (length to width ratio). Both such
features are pertinent to the subject Application USSN 14/259,011. See, for example,
D1, specification Col. 1, lines 33-67 (emphasis added):

There may be several strategies for reducing equivalent series
inductance, or ESL, of chip capacitors compared to standard multilayer
chip capacitors. ... A first exemplary strateqy for reducing ESL
involves reverse geometry termination, such as employed in low
inductance chip capacitor (LICC) designs. In such LICCs, electrodes
are terminated on the long side of a chip instead of the short side.
Since the total inductance of a chip capacitor is determined in part
by its lenqgth to width ratio, LICC reverse geometry termination
results in a reduction in inductance by as much as a factor of six from
conventional MLC chips.

Interdigitated capacitors (IDCs) incorporate another strategy for reducing
capacitor inductance [by] having a main portion and multiple tab portions
that connect to respective terminations formed on the capacitor periphery.

A still further technology utilized for reduction in capacitor inductance
involves [a] low inductance chip array (LICA) product, [which] achieves
low inductance values by low aspect ratio of the electrodes....

Another aspect of D1 discloses the relationship between the gap between a pair
of external electrodes (which creates a current path or loop) and the resulting
inductance of such arrangement. See, D1, Fig. 2, per below and its related description:

"FIG. 2 provides a graphical comparison of general inductance trends for low
inductance MLCC components especially depicting lumped ESL values versus
cancellation loop width for multiple exemplary LGA capacitor embodiments of differing

sizes;..."
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Thus, per the foregoing, at least the exemplary above-indicated disclosure of
Document 1 subject matter as relates to lowering inductance for a multilayer ceramic
capacitor is pertinent to the subject Application USSN 14/259,011.
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Third Party Submission for Application USSN 14/259,011

Document 2
Patent No.: US Patent 7,414,857
Inventor: Ritter et al.
Application No.: 11/588,104
Filed: October 26, 2006
Application Publication Date: May 3, 2007
Issue Date: August 19, 2008

Concise Description:

Document 2 was published as a patent prior to the earliest possible priority date
of June 14, 2013 for the subject Application USSN 14/259,011.

The subject Application USSN 14/259,011 is entitled "Multilayer Ceramic
Capacitor and Board Having the Same Mounted Thereon." It relates in pertinent part to
a particular capacitor arrangement which results in a reverse geometry capacitor having
relatively low inductance.

Fig. 4 of subject application USSN 14/259,011 is exemplary (reproduced below):
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Examples from the specification of the subject Application USSN 14/259,011
regarding such reverse geometry feature arrangement and resulting relatively low
inductance are recited below re application Paragraphs [0050], and [0056] through
[0061] (emphasis added):

[0050] Referring to FIG. 1, in the multilayer ceramic capacitor according to
an exemplary embodiment of the present disclosure, a 'length direction’
refers to an 'L' direction, a ‘width direction’ refers to a 'W' direction, and a
'thickness direction' refers to a 'T' direction. Here, the 'thickness direction’
may be the same as a stacking direction in which dielectric layers are
stacked.

[0056] The first and second internal electrodes 121 and 122 may be
disposed to face each other, having at least one of the dielectric layers
111 interposed therebetween, and may be alternately exposed to the first
or second side surface S5 or S6.

[0057] The first and second internal electrodes 121 and 122 are
alternately exposed to the first or second side surface S5 or S6, such that
a reverse geometry capacitor (RGC) or low inductance chip capacitor
(LICC) may be obtained as described below.

[0058] In a general multilayer ceramic electronic component, external
electrodes may be disposed on opposing end surfaces of the ceramic
body in a length direction thereof.

[0059] In this case, when an alternative current (AC) voltage is applied to
the external electrodes, a current path is relatively long, whereby an
intensity of an induced magnetic field may be increased, resulting in an
increase in inductance.

[0060] In order to solve this problem, the first and second external
electrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces S5 and
S6 of the ceramic body 110 opposing each other in the width direction so
as to reduce the current path.
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[0061] In this case, since a distance between the first and second
external electrodes 131 and 132 is relatively short, the current path
may be reduced, ... resulting in a reduction in inductance.

Further exemplary information from the specification of the subject Application
USSN 14/259,011 relates to dielectric grain subject matter, as recited below re
application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0088] Referring to FIG. 5, the average number of dielectric grains 111a

present in a single dielectric layer 111 in a thickness direction thereof may
be 2 or greater.

Such Fig.5 of the USSN 14/259,011 is reproduced below:

Claim 1 of the subject Application USSN 14/259,011 relates to multilayered

ceramic capacitor subject matter, and recites in pertinent part (bracketed comments
added):

1. A multilayer ceramic capacitor, comprising:
a ceramic body [110] including dielectric layers [111] and having first
and second main surfaces [S1, S2] opposing each other, first and second
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side surfaces [S5, S6] opposing each other, and first and second end
surfaces [S3, S4] opposing each other;

an active layer including a plurality of first and second internal
electrodes [121, 122] disposed to face each other with at least one of the
dielectric layers interposed therebetween and alternately exposed to the
first or second side surface;

upper and lower cover layers [112, 113] disposed on and below the
active layer, respectively; and

a first external electrode [131] disposed on the first side surface [S3] of
the ceramic body and electrically connected to the first internal electrodes
[121] and a second external electrode [132] disposed on the second side
surface [S4] and electrically connected to the second internal electrodes
[122],

wherein when a thickness of the ceramic body is defined as T and a
width thereof is defined as W, 0.75W.ltoreq.T.ltoreq.1.25W is satisfied,

when a gap between the first and second external electrodes is
defined as G, 30 .mu.m.ltoreq.G.ltoreq.0.9W is satisfied {Fig. 4], and

an average number of dielectric grains in a single dielectric layerin a
thickness direction thereof is 2 or greater [Fig. 5].

Independent claim 8 relates to a printed circuit board having at least two
electrode pads, and such a multilayer ceramic capacitor mounted and soldered thereon.

Document 2 (D2) is entitled "Multilayer Ceramic Capacitor With Internal Current
Cancellation and Bottom Terminals," and discloses subject matter pertinent to the
subject Application USSN 14/259,011. See, for example, D2, Fig. 4 reproduced below
and showing a ceramic multi-layer capacitor 42 mounted on printed circuit board 22 per

vias and solder pads.
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Further, the D2 specification refers to reducing inductance in the context of both
reverse geometry capacitors and low aspect ratio (length to width ratio). Both such
features are pertinent to the subject Application USSN 14/259,011. See, for example,
D2, specification Col. 1, lines 28-60 (emphasis added):

The prior art includes several strategies for reducing equivalent series
inductance, or ESL, of chip capacitors compared to standard multilayer
chip capacitors. A first exemplary strateqy involves reverse geometry
termination, such as employed in low inductance chip capacitor
(LICC) designs [which] are terminated on the long side of a chip
instead of the short side. Since the total inductance of a chip
capacitor is determined in part by its length to width ratio, LICC
reverse geometry termination results in a reduction in inductance by
as much as a factor of six from conventional MLC chips.

Interdigitated capacitors (IDCs) incorporate a second known strategy for
reducing capacitor inductance [by] having a main portion and multiple tab
portions that connect to respective terminations formed on the capacitor

periphery.

A still further known technology utilized for reduction in capacitor
inductance involves [a] low inductance chip array (LICA) product, [which]
achieves low inductance values by low aspect ratio of the
electrodes....

Another aspect of D2 discloses the relationship between the gap between a pair
of external electrodes (which creates a current path or loop) and the resulting
inductance of such arrangement. See, D2, Fig. 3, per beiow and its reiated description:

"FIG. 3 provides a graphical illustration of a general inductance trend for low
inductance chip capacitors, especially depicting lumped ESL values versus cancellation

loop width for multiple exemplary capacitor embodiments of differing sizes;"
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Thus, per the foregoing, at least the exemplary above-indicated disclosure of
Document 2 subject matter as relates to lowering inductance for a multilayer ceramic
capacitor is pertinent to the subject Application USSN 14/259,011.
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Third Party Submission for Application USSN 14/259,011

Document 3
Patent No.: US Patent 5,134,540
Inventor: Rutt
Application No.: 07/758,623
Filed: September 12, 1991
Issue Date: July 28, 1992

Concise Description:

Document 3 was published as a patent prior to the earliest possible priority date
of June 14, 2013 for the subject Application USSN 14/259,011.

The subject Application USSN 14/259,011 is entitled "Multilayer Ceramic
Capacitor and Board Having the Same Mounted Thereon." It relates in pertinent part to
a particular capacitor arrangement which results in a reverse geometry capacitor having
relatively low inductance.

Fig. 4 of subject application USSN 14/259,011 is exemplary (reproduced below):
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Examples from the specification of the subject Application USSN 14/259,011
regarding such reverse geometry feature arrangement and resulting relatively low
inductance are recited below re application Paragraphs [0050], and [0056] through
[0061] (emphasis added):

[0050] Referring to FIG. 1, in the multilayer ceramic capacitor according to
an exemplary embodiment of the present disclosure, a 'length direction’
refers to an 'L’ direction, a 'width direction' refers to a 'W' direction, and a
'thickness direction' refers to a 'T' direction. Here, the 'thickness direction’
may be the same as a stacking direction in which dielectric layers are
stacked.

[0056] The first and second internal electrodes 121 and 122 may be
disposed to face each other, having at least one of the dielectric layers
111 interposed therebetween, and may be alternately exposed to the first
or second side surface S5 or S6.

[0057] The first and second internal electrodes 121 and 122 are
alternately exposed to the first or second side surface S5 or S6, such that
a reverse geometry capacitor (RGC) or low inductance chip capacitor
(LICC) may be obtained as described below.

[0058] In a general multilayer ceramic electronic component, external
electrodes may be disposed on opposing end surfaces of the ceramic
body in a length direction thereof.

[0059] In this case, when an alternative current (AC) voltage is applied to
the external electrodes, a current path is relatively long, whereby an
intensity of an induced magnetic field may be increased, resulting in an
increase in inductance.

[0060] In order to solve this problem, the first and second external
electrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces S5 and
S6 of the ceramic body 110 opposing each other in the width direction so
as to reduce the current path.
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[0061] In this case, since a distance between the first and second
external electrodes 131 and 132 is relatively short, the current path
may be reduced, ... resulting in a reduction_in inductance.

Further exemplary information from the specification of the subject Application
USSN 14/259,011 relates to dielectric grain subject matter, as recited below re
application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0088] Referring to FIG. 5, the average number of dielectric grains 111a

present in a single dielectric layer 111 in a thickness direction thereof may
be 2 or greater.

Such Fig.5 of the USSN 14/259,011 is reproduced below:

FIG. 5

Claim 1 of the subject Application USSN 14/259,011 relates to multilayered

ceramic capacitor subject matter, and recites in pertinent part (bracketed comments
added):

1. A multilayer ceramic capacitor, comprising:
a ceramic body [110] including dielectric layers [111] and having first
and second main surfaces [S1, S2] opposing each other, first and second
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side surfaces [S5, S6] opposing each other, and first and second end
surfaces [S3, S4] opposing each other;

an active layer including a plurality of first and second internal
electrodes [121, 122] disposed to face each other with at least one of the
dielectric layers interposed therebetween and alternately exposed to the
first or second side surface;

upper and lower cover layers [112, 113] disposed on and below the
active layer, respectively; and

a first external electrode [131] disposed on the first side surface [S3] of
the ceramic body and electrically connected to the first internal electrodes
[121] and a second external electrode [132] disposed on the second side
surface [S4] and electrically connected to the second internal electrodes
[122],

wherein when a thickness of the ceramic body is defined as T and a
width thereof is defined as W, 0.75W.ltoreq.T.ltoreq.1.25W is satisfied,

when a gap between the first and second external electrodes is
defined as G, 30 .mu.m.ltoreq.G.ltoreq.0.9W is satisfied {Fig. 4], and

an average number of dielectric grains in a single dielectric layer in a
thickness direction thereof is 2 or greater [Fig. 5].

Independent claim 8 relates to a printed circuit board having at least two
electrode pads, and such a multilayer ceramic capacitor mounted and soldered thereon.

Document 3 (D3) is entitled "Varistor or Capacitor and Method of Making Same,"
and discloses subject matter pertinent to the subject Application USSN 14/259,011.
See, for example, D3, Figs. 1 and 1A reproduced below and described as "FIG. 1. is a
schematic sectional view through a capacitor or varistor in accordance with the
invention. FIG. 1A is a magnified section of the circled component portion of FIG. 1.":
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The D3 specification refers to features 13, 14, and 15 as dielectric layers, and

enlarged Fig. 1A shows grains 24 and 25 regarding one illustrated exemplary grain

boundary. See, for example, D3, specification Col. 3, lines 47-56 and Col. 4, lines 31-

40.

The D3 Abstract states in pertinent part:

In accordance with the method the ceramic layers of the varistor are
formed by providing at least two strata separated by a boundary layer
which resists grain growth thereacross. ... By this method the ceramic
layers have a predictable number of grain boundaries between adjacent
electrodes.

Since those of ordinary skill in the art understand that grain boundaries are

around grains, plural "boundaries" clearly implies plurality of grains.

Another aspect of D3 discloses more explicitly that the more grains, the higher

the break down voltage, while a singular grain is not favorable. See, D3, Col. 1, lines

57-69:

It has been experimentally determined that the breakdown voltage of a
varistor-ceramic formulation is a function of the number of grain
boundaries of the ceramic grains intervening between adjacent electrode
layers. The greater the number of boundaries between adjacent layers,
the higher the break down voltage necessary to provide a conductive path.
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Conversely, in the event of a grain size such that grains of ceramic directly
span the distance between adjacent electrodes, the device will exhibit
break down or pass current at extremely low voltages.

As stated further in D3, Col. 3, lines 15-17: "In this manner, there may be formed
a ceramic layer wherein the number of grains taken in a depth-wise direction may be
accurately controlled."

Also, D3, claim 3 states in pertinent part: "3. In a monolithic ceramic ... capacitor
comprising at least one ceramic dielectric layer, ... said layer being comprised of at
least two discrete strata, each of said strata being comprised of grains of ceramic
material, ...."

Therefore, the average number of dielectric grains is 2 or greater.

Thus, per the foregoing, at least the exemplary above-indicated disclosure of
Document 3 subject matter as relates to grain related features for a ceramic capacitor is
pertinent to the subject Application USSN 14/259,011.
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Third Party Submission for Application USSN 14/259,011

Document 4
Patent No.: US Patent 5,952,040
Inventor:; Yadav et al.
Application No.: 08/730,661
Filed: October 11, 1996
Issue Date: September 14, 1999

Concise Description:

Document 4 was published as a patent prior to the earliest possible priority date
of June 14, 2013 for the subject Application USSN 14/259,011.

The subject Application USSN 14/259,011 is entitled "Multilayer Ceramic
Capacitor and Board Having the Same Mounted Thereon." It relates in pertinent part to
a particular capacitor arrangement which results in a reverse geometry capacitor having
relatively low inductance.

Fig. 4 of subject application USSN 14/259,011 is exemplary (reproduced below):
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Examples from the specification of the subject Application USSN 14/259,011
regarding such reverse geometry feature arrangement and resulting relatively low
inductance are recited below re application Paragraphs [0050], and [0056] through
[0061] (emphasis added):

[0050] Referring to FIG. 1, in the multilayer ceramic capacitor according to
an exemplary embodiment of the present disclosure, a 'length direction’
refers to an 'L' direction, a 'width direction' refers to a 'W' direction, and a
'thickness direction' refers to a 'T' direction. Here, the 'thickness direction’
may be the same as a stacking direction in which dielectric layers are
stacked.

[0056] The first and second internal electrodes 121 and 122 may be
disposed to face each other, having at least one of the dielectric layers
111 interposed therebetween, and may be alternately exposed to the first
or second side surface S5 or S6.

[0057] The first and second internal electrodes 121 and 122 are
alternately exposed to the first or second side surface S5 or S6, such that
a reverse geometry capacitor (RGC) or low inductance chip capacitor
(LICC) may be obtained as described below.

[0058] In a general multilayer ceramic electronic component, external
electrodes may be disposed on opposing end surfaces of the ceramic
body in a length direction thereof.

[0059] In this case, when an alternative current (AC) voltage is applied to
the external electrodes, a current path is relatively long, whereby an
intensity of an induced magnetic field may be increased, resulting in an
increase in inductance.

[0060] In order to solve this problem, the first and second external
electrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces S5 and
S6 of the ceramic body 110 opposing each other in the width direction so
as to reduce the current path.
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[0061] In this case, since a distance between the first and second
external electrodes 131 and 132 is relatively short, the current path
may be reduced, ... resulting in a reduction in inductance.

Further exemplary information from the specification of the subject Application
USSN 14/259,011 relates to dielectric grain subject matter, as recited below re
application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.

[0088] Referring to FIG. 5, the average number of dielectric grains 111a
present in a single dielectric layer 111 in a thickness direction thereof may
be 2 or greater.

Such Fig.5 of the USSN 14/259,011 is reproduced below:

FIG. 5

Claim 1 of the subject Application USSN 14/259,011 relates to multilayered
ceramic capacitor subject matter, and recites in pertinent part (bracketed comments
added):

1. A multilayer ceramic capacitor, comprising:
a ceramic body [110] including dielectric layers [111] and having first
and second main surfaces [S1, S2] opposing each other, first and second
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side surfaces [S5, S6] opposing each other, and first and second end
surfaces [S3, S4] opposing each other,

an active layer including a plurality of first and second internal
electrodes [121, 122] disposed to face each other with at least one of the
dielectric layers interposed therebetween and alternately exposed to the
first or second side surface;

upper and lower cover layers [112, 113] disposed on and below the
active layer, respectively; and

a first external electrode [131] disposed on the first side surface [S3] of
the ceramic body and electrically connected to the first internal electrodes
[121] and a second external electrode [132] disposed on the second side
surface [S4] and electrically connected to the second internal electrodes
[122],

wherein when a thickness of the ceramic body is defined as T and a
width thereof is defined as W, 0.75W.ltoreq.T.ltoreq.1.25W is satisfied,

when a gap between the first and second external electrodes is
defined as G, 30 .mu.m.ltoreq.G.ltoreq.0.9W is satisfied {Fig. 4], and

an average number of dielectric grains in a single dielectric layerin a
thickness direction thereof is 2 or greater [Fig. 5].

Independent claim 8 relates to a printed circuit board having at least two
electrode pads, and such a multilayer ceramic capacitor mounted and soldered thereon.
Document 4 (D4) is entitled "Passive Electronic Components From Nano-

Precision Engineered Materials," and discloses subject matter pertinent to the subject
Application USSN 14/259,011. In particular, D4 relates in part to ceramic layers coated
with electrodes as part of passive electronic components.

See, for example, D4, specification Col. 6, lines 44-48 (emphasis added):

Therefore, according to the foregoing objectives, one aspect of this
invention involves the use of nanostructured precursors (narrowly
distributed nanosize powders with mean grain size preferably less than
100 nm and standard deviation preferably less than 25 nm) to form the
ceramic layers, electrode layers, or both, in passive electronic
components.
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Another aspect of D4 discloses the benefit of using multiple grains, indicating that
the strength is better, and that the resulting electrical parameters are improved.
See, D4, Col. 8 lines 52 through Col. 9, line 10 (emphasis added):

A primary aspect of this invention lies in the recognition that a standing
barrier to markedly improved technology in the manufacture of passive
electronic components exists in the limitations inherent with the grain size
of the ceramic and electrode material used. ... Since precursor powders
are not ductile, the films of ceramic material have to be packed several
grains thick and sintered to ensure that there are no pin-holes in the
resulting ceramic and electrode layers. Thus, even though the
theoretical limit with existing materials and manufacturing technology on
the thickness of the ceramic layer is in the 2 to 5 .mu.m range, current
passive electronic components are routinely made with 5 to 20
.mu.m thick ceramic layers. Attempts to reduce this thickness to the
theoretical limit have resulted in problems of electrical, thermal,
mechanical, or chemical breakdown with consequent reliability
issues. Thus, it is clear that the minimum thickness of ceramic and
electrode layers attainable with conventional processes is limited by
the grain size of the precursor ceramic and electrode material.

In "Example 1 — Capacitor", the subject layer was about 8 to 9 grains thick. See,
D4, Col. 15, lines 62-65.

Thus, per the foregoing, at least the exemplary above-indicated disclosure of
Document 4 subject matter as relates to grain thickness for dielectric layers of a ceramic
capacitor is pertinent to the subject Application USSN 14/259,011.
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Third Party Submission for Application USSN 14/258,011

Document 8
DesignCon East 2005
Title: TecForum TF-MP2
Subject: inductance of Bypass Capacitors; How to Define, How

{o Measure, How {o Simulate

Presenters: Joseph M. Hock st al.
Paper Publication Year, 2008

Concise Description:

Document 8 was published as a paper in 2005 prior to the sarliest possible
privty date of June 14, 2013 for the subject Application USSN 147258 011,

The subject Application USSN 147250011 is entitled "Multilayer Ceramic
Capacilor and Board Having the Same Mounted Thereon™ it relates in pertinent
part {0 a particular capacitor arrangement which resuils in a reverse geomelry
capacitor having relatively low inductance.

Fig. 4 of subject application USSN 14/258,011 is examplary {reproduced
balow):
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Examples from the specification of the subject Application USSN
14/258,011 regarding such revaerse geomeatry feature arrangement and resuiting
relatively low inductance are recited below re application Paragraphs [Q050], and
[0058] through {0061] {(emphasis added):

16050] Referring to FIG. 1, in the multilayer ceramic capacitor
according o an exemplary embodiment of the present disclosure, a
tength direction' refers to an 'L direction, a 'width direction’ refers fo
a "W direction, and a thickness direction’ refers to a 'T' direction.
Here, the 'thickness direction’ may be the same as a stacking
direction in which diglectiic layers are stackad.

{0058] The first and second internal electrodes 121 and 122 may be
disposed o face sach other, having at least ong of the dielectric
layers 111 interpossd therebetwesn, and may be alternately exposed
fo the first or second side swiace S5 or 86,

{00571 The first and second internal electrodes 121 and 122 are
alternately exposad {0 the first or sscond side surface S5 or §6, such
that a reverse geometey capacitor {RGC) or low inductance chip
capacitor {LICC) may be obiained as described below.

[0058] in a general multilayer caramic electronic componant, external
alectrodes may be disposed on opposing end swifaces of the
ceramic body in a length direction thereof.

[0058] In this case, when an alternative current (AC) voltage is
applied o the external elactrodes, a current path is ralatively long,
whereby an intensity of an induced magnetic fisld may be increased,
resulting in an increass in inductance.

{0060] In order to solve this problem, the first and second external
glectrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces 85
and 88 of the ceramic body 110 opposing each other in the width
direction 89 as to reduce the current path,
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[0081] In this case, sincs a distance between the first and second
extornal electrodes 131 and 132 is relatively short, the current
path mav be reduced, ... resulling in a reducton in inductance.

Further exemplary information from the specification of the subject
Application USSN 14/258,011 relates fo dielectric grain subject matter, as recited
below re application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Zof FIG. 4.
(0088} Referring to FIG. B, the average number of dieleciric grains

111a present in a single dieleclric layer 111 in a thickness direction
thereof may be 2 or greater.

Such Fig.5 of the USSN 14/258,011 is reproduced below:

Claim 1 of the subject Application USSN 14/2898,011 relates to multilayered
ceramic capacitor subject matter, and recites in pertinent part (bracketsd

comynents added):

1. A multifayer ceramic capacitor, comprising:
a ceramic body [114] including dielectric layers [111] and having
first and second main surfaces [81, S52] opposing each other, first
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and second side surfaces [S5, 58] opposing each other, and first and
second end surfaces [S3, 4] opposing sach other,

an active layer including a plurality of first and second internal
elentrodes {121, 122] disposed to face each other with at least one of
the disleclric lavers interposed therebetwesen and alternately
exposad {o the first or second side surface;

upper and lower cover layers {112, 113] disposead on and below
the active layer, respectively; and

a first external electrods [131] disposed on the first side surface
[53] of the ceramic body and slectrically connected {o the first
internal electrodes [121] and a second external electrode [133]
disposed on the second side surface [S4] and electrically connected
o the second internal electrodes [122),

wherein when a thickness of the ceramic body is defined as 7
and a width therecof is defined as W, 0.75W Horeg T.ltoreq. 1.20W is
satisfied,

when a gap between the first and second external elecirodes is
defined as G, 30 mu.m.ltoreq.G.Horeq.0.8W is salisfied {Fig. 4}, and

an average number of diglectric grains in a single diglectric layer
in a thickness direction thereof is 2 or greater [Fig. 5]

independeant claim 8 relates to a printed circuit board having at least two
slectrode pads, and such a multilayer ceramic capaciior mounted and soldered
thereon,

Document 5 (DS) is entitled "inductance of Bypass Capacitors; How {o
Defing, How to Measure, How to Simulate,” and discloses subject maller pertinent
to the subject Application USSN 14/258,011. See, for example, DS, page 13, and
related disclosure, in part reproduced below and relating to the use of both reverse
geomelry and lowerad aspect ratio for reducing inductance in a capacitor
{emphasis added):

The aspect ratio limitation

There is a limitation {0 how low of an inductance can be achievad
with the reverse geomestry approach. i we consider the aspest ratio
{AR] of the device as the ratio of the lenuth divided by the width,
the aspsct ratio for the reverss geomelry part previoushy
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discussed goes from 2 to 0.5 (1208 to 0612). Using the effects
astablishad with that conversion, # follows that the reduction of 50%

in ESL should decay another 50% for each halving of the aspect
ratio.

i, §§§§§§<§§§i¥§§ of low “‘§‘ “‘&%i
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\\\\\\\\\\\\\
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\\\\\\\\\\\\\\\\\\\\
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Thus, D5 shows that it s known that both reverse geometry practices and
lowered aspect ratio Tealures reduce inductance in the capacitor context.

D5 also dlustrated and commented on inductance in the context of a
reverse geometry capacitor having respective external electrodes which have a
gap between their respective pair. See, DS, pages 18 and 18 thereof, including
Fig. 12 as follows:

ESL changes with Frequoney

Uigper plates nautve

N fanfneianee - wivinag e
T s

Figure 12, Two distinct ESLs are apparent i measuring at self-rasonance and well
above this frequency.
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See also D5, pags 38, regarding geomatry refative fo inductance for a muli-

layer ceramic capacitor (emphasis added):

Problem definition

A simple equivalent circuit for bypass capacitors has three
major slements that users naed to consider (Figure 1) Capacitance
{C}, Eguivalent Series Resistance (ESR) and Equivalent Series
Inductance (ESL). C and ESR are primarily determined by the
capacitor itself, but since inductance is a loop property, E8L
stronaly depends on the geometry of application {Figurs 2). The
iHusiration shows 3 multi-layer ceramic capacitor {(MLEG)
meounted to 2 plane pair in the printed-circuit board {(PCB},
whaere the inductance parameter may be of the highest
imporianse fo the yser. The vertical cross-section sketch shows the
MLCOC part solderad {o pads and connected o planes with through
holes.

¢ ESR ESL

o o

Figure 1. Simple RLC equivalent circuit of a capacitor.

body length (H1) stack
cover height (V1)
thickness o .
v2) mounting

AN

;eight {(¥V3)

7

Figure 2. Vertical cross section of an MLCC mounted to PCB planes.
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Thus, per the foregoing, at least the exsmplary above-indicated disclosure
of Document 5 subject matter as relates {o lowering inductance for a multilayer

ceramic capacitor is pertinent fo the subject Application USSN 14/258,011.
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Third Party Submission for Application USSN 14/259,011

Document 6
Title: High Frequency Performance of Multilayer Ceramic
Capacitors
Authors: Sakabe et al.
Publication: 1995 IEEE document 0569-5503/95/0000 Pages 0234-0240

Concise Description:

Document 6 was published in 1995, prior to the earliest possible priority date of
June 14, 2013 for the subject Application USSN 14/259,011.

The subject Application USSN 14/259,011 is entitled "Multilayer Ceramic
Capacitor and Board Having the Same Mounted Thereon." It relates in pertinent part to
a particular capacitor arrangement which results in a reverse geometry capacitor having
relatively low inductance.

Fig. 4 of subject application USSN 14/259,011 is exemplary (reproduced below):

132 131
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122 4

N
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] ‘ ,
L. :
w A-A
FIG. 4

Examples from the specification of the subject Application USSN 14/259,011
regarding such reverse geometry feature arrangement and resulting relatively low
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inductance are recited below re application Paragraphs [0050], and [0056] through
[0061] (emphasis added):

[0050] Referring to FIG. 1, in the multilayer ceramic capacitor according to
an exemplary embodiment of the present disclosure, a 'length direction'
refers to an 'L’ direction, a 'width direction' refers to a 'W' direction, and a
'thickness direction' refers to a 'T' direction. Here, the 'thickness direction’
may be the same as a stacking direction in which dielectric layers are
stacked.

[0056] The first and second internal electrodes 121 and 122 may be
disposed to face each other, having at least one of the dielectric layers
111 interposed therebetween, and may be alternately exposed to the first
or second side surface S5 or S6.

[0057] The first and second internal electrodes 121 and 122 are
alternately exposed to the first or second side surface S5 or S6, such that
a reverse geometry capacitor (RGC) or low inductance chip capacitor
(LICC) may be obtained as described below.

[0058] In a general multilayer ceramic electronic component, external
electrodes may be disposed on opposing end surfaces of the ceramic
body in a length direction thereof.

[0059] In this case, when an alternative current (AC) voltage is applied to
the external electrodes, a current path is relatively long, whereby an
intensity of an induced magnetic field may be increased, resulting in an
increase in inductance.

[0060] In order to solve this problem, the first and second external
electrodes 131 and 132 in the exemplary embodiment of the present
disclosure may be disposed on the first and second side surfaces S5 and
S6 of the ceramic body 110 opposing each other in the width direction so
as to reduce the current path.

[0061] In this case, since a distance between the first and second
external electrodes 131 and 132 is relatively short, the current path
may be reduced, ... resulting in a reduction in inductance.
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Further exemplary information from the specification of the subject Application
USSN 14/259,011 relates to dielectric grain subject matter, as recited below re
application Paragraphs [0087] and [0088] (emphasis added):

[0087] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0088] Referring to FIG. 5, the average number of dielectric grains 111a

present in a single dielectric layer 111 in a thickness direction thereof may
be 2 or greater.

Such Fig.5 of the USSN 14/259,011 is reproduced below:

Claim 1 of the subject Application USSN 14/259,011 relates to multilayered
ceramic capacitor subject matter, and recites in pertinent part (bracketed comments
added):

1. A multilayer ceramic capacitor, comprising:

a ceramic body [110] including dielectric layers [111] and having first
and second main surfaces [S1, S2] opposing each other, first and second
side surfaces [S5, S6] opposing each other, and first and second end
surfaces [S3, S4] opposing each other;

an active layer including a plurality of first and second internal
electrodes [121, 122] disposed to face each other with at least one of the
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dielectric layers interposed therebetween and alternately exposed to the
first or second side surface:

upper and lower cover layers [112, 113] disposed on and beiow the
active layer, respectively; and

a first external electrode [131] disposed on the first side surface [S3] of
the ceramic body and electrically connected to the first internal electrodes
[121] and a second external electrode [132] disposed on the second side
surface [S4] and electrically connected to the second internal electrodes
[122],

wherein when a thickness of the ceramic body is defined as T and a
width thereof is defined as W, 0.75W.itoreq.T.itoreq.1.25W is satisfied,

when a gap between the first and second external electrodes is
defined as G, 30 .mu.m.ltoreq.G.ltoreq.0.9W is satisfied {Fig. 4], and

an average number of dielectric grains in a single dielectric layer in a
thickness direction thereof is 2 or greater [Fig. 5].

Independent claim 8 relates to a printed circuit board having at least two
electrode pads, and such a multilayer ceramic capacitor mounted and soldered thereon.

Document 6 (D6) is entitled "High Frequency Performance of Multilayer Ceramic
Capacitors," and discloses subject matter pertinent to the subject Application USSN
14/259,011. See, for example, D6, Fig. 1 reproduced below and showing pertinent
multi-layer capacitor structure:

MLC DESIGN AND EQUIVALENT CIRCUIT

The internal construction of the MLC chip is shown in

figure 1
Ceramic Dielectric
T Termination
—
Ioner
Electrode

Figure 1: Cross-section of MLC Construction
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In addition, D6 indicated a variety of structural configurations which were

considered, including a so-called "Cube" structure as illustrated in "Table 3" of D6,

reproduced hereafter:

Table 3 Samples to be measured

Temperature COG Characteristics
Characteristic (0£60 ppm/°C, -55 ~ 125°C)
Capacitance 100 pF
Type Multi Use High Frequency
Name GRM39COG 101150 { GRHII0COG 101750
Use General Circuit HF Power Circuit
o [‘; 11
g 2
Dimensions M 4
\ Pt
08 14
EIA 0603 (Units; mm) Cube:(Units: mm)
Temperature Y5V (F) Characteristic
Characteristic (+30% / -80%, -30 ~ 85°C)
Capacitance 0.01 uF
Type Ultra Compact Ultrs High Speed
Name GRM36F 103Z 25] GRB606 F 103Z 25
Use Ultra High Density High Frequency
Circuit Digital Circuit
Dimensions R ﬂ T‘I"g o
29 /’J
e
0.5
EIA 0402 (units: mm) (units: mm)

Such subject matter overlaps with low aspect ratio configurations of the subject
application USSN 14/259,011. Thus, per the foregoing, at least the exemplary above-
indicated disclosure of Document 6 subject matter as relates to structural configurations
for a multilayer ceramic capacitor is pertinent to the subject Application USSN
14/259,011.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302
CONFIRMATION NO. 5037
20277 POA ACCEPTANCE LETTER
MCDERMOTT WILL & EMERY LLP

The McDermott Building

LR
500 North Capitol Street, N.W. 000000069558817

WASHINGTON, DC 20001

Date Mailed: 07/15/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 07/10/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/ctuazon/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Linder i

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

! hereby revoke all previous powers of altomaey
under 37 CFR 3.73(c).

given in the application identified in the attached statement

I hereby appoint:

i } Praciitioners associated with Customer Number, 2027 -{7
d

i Practiioner(s) named below (if more than ten patent practitioners are o be named, then

customer number must be used)

tration Name Registration
MNumbier Nurnber

OV

«d before the United States Palent and Trademark Clfice (USPTO) in connectie
sceordiag (o the USPTO assignment records or

»with
ssignments documents

stunder 37 CFR 3.7

Firm or
individual Namg

Address

City Staie Zig

Country

;
Telephone | Emai
i

s Name and Address: SAMSUNG ELECTRO-MECHANICS CO., LTD., Masyoung-Ro 150
(Maetan-Dong), Youngtong-Gu, Suwon-Si, Gyeonggi-Do, REPUBLIC OF KOREA

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIAISE or equivalent) is reguired to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized o act on behalf of the assignee

Signature | Date

Name
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
ApplicantPatent Owner: SAMSUNG ELECTRO-MECHANICS CO., LTD.
Application No./Patent No.: _14/259.011 Filed/lssue Date: APril 22, 2014
Titled: MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON
SAMSUNG ELECTRO-MECHANICS CO., LTD. 5 Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

[_J The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose gne of options A or B below):

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 032731 , Frame 0575 , or for which a copy
thereof is attached.

B. B A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

ﬂ As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.
A A

/Bernard P. Codd/ [0/ C_ July 9, 2014

Signature Date

Bernard P. Codd 46,429

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND
DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

APRIL 23, 2014
PTAS

MCDERMOTT WILL & EMERY LLP

THE MCDERMOTT BUILDING 502778093
500 NORTH CAPITOL STREET, N.W.

WASHINGTON, DC 20001 :

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT RECORDATION BRANCH
OF THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE COPY IS AVAILABLE AT THE
ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION
CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE PATENT
AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR HAVE
QUESTIONS CONCERNING THIS NOTICE, YOU MAY CONTACT THE ASSIGNMENT RECORDATION
BRANCH AT 571-272-3350. PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT
AND TRADEMARK OFFICE, MAIL STOP: ASSIGNMENT RECORDATION BRANCH, P.O. BOX
1450, ALEXANDRIA, VA 22313.

RECORDATION DATE: 04/22/2014 REEL/FRAME: 032731/0575
NUMBER OF PAGES: 5

BRIEF: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS) .

DOCKET NUMBER: 093814-0302
ASSIGNOR:

LEE, BYOUNG HWA DOC DATE: 03/25/2014
ASSIGNOR:

PARK, HEUNG KIL DOC DATE: 03/25/2014
ASSIGNOR:

LEE, KYO KWANG DOC DATE: 03/25/2014
ASSIGNOR:

AHN, YOUNG GHYU DOC DATE: 03/25/2014
ASSIGNOR:

PARK, SANG SO0 DOC DATE: 03/25/2014
ASSIGNOR:

LEE, SOON JU DOC DATE: 03/25/2014

P.O. Box 1450, Alexandria, Virginia 22313-1450 - WWW.USPTO.GOV
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032731/0575 PAGE 2

ASSIGNEE:
SAMSUNG ELECTRO-MECHANICS CO., LTD.
MAEYOUNG-RO 150 (MAETAN-DONG),
YOUNGTONG-GU
SUWON-SI, GYEONGGI-DO, KOREA,
REPUBLIC OF

APPLICATION NUMBER: 14259011 FILING DATE:

PATENT NUMBER: ISSUE DATE:

TITLE: MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED
THEREON

ASSIGNMENT RECORDATION BRANCH
PUBLIC RECORDS DIVISION
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Electronic Acknowledgement Receipt

EFS ID: 19538683
Application Number: 14259011
International Application Number:
Confirmation Number: 5037

Title of Invention:

MOUNTED THEREON

MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME

First Named Inventor/Applicant Name:

Byoung Hwa LEE

Customer Number:

20277

Filer:

Bernard P. Codd

Filer Authorized By:

Attorney Docket Number: 093814-0302
Receipt Date: 10-JUL-2014
Filing Date: 22-APR-2014

Time Stamp: 16:26:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
882091
2014-07-10-POA-
1 yes 6

Stmt373b-093814-0302.pdf

14f0e169e6850f41d497fd424c57ded 001 3¢
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Multipart Description/PDF files in .zip description
Document Description Start End

Power of Attorney 1 1

Assignee showing of ownership per 37 CFR 3.73. 2 4

Miscellaneous Incoming Letter 5 6

Warnings:
Information:
Total Files Size (in bytes){ 882091

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/259,011 04/22/2014 Byoung Hwa LEE 093814-0302
CONFIRMATION NO. 5037
20277 IMPROPER CPOA LETTER
MCDERMOTT WILL & EMERY LLP

The McDermott Building

N AT
500 North Capitol Street, N.W. 000000068306228

WASHINGTON, DC 20001 Date Mailed: 05/09/2014

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the power of attorney filed 04/22/2014. The power of attorney in this application is not
accepted for the reason(s) listed below:

* The revocation is not signed by the applicant, the assignee of the entire interest, or one particular principal
attorney having the authority to revoke.

/tpnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/259,011 04/22/2014 1784 1600 093814-0302 19 2
CONFIRMATION NO. 5037
20277 FILING RECEIPT
MCDERMOTT WILL & EMERY LLP
The icDormot Buding R

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

Date Mailed: 05/09/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Byoung Hwa LEE, Suwon-Si, KOREA, REPUBLIC OF;

Heung Kil PARK, Suwon-Si, KOREA, REPUBLIC OF;

Kyo Kwang LEE, Suwon-Si, KOREA, REPUBLIC OF;

Young Ghyu AHN, Suwon-Si, KOREA, REPUBLIC OF;

Sang Soo PARK, Suwon-Si, KOREA, REPUBLIC OF;

Soon Ju LEE, Suwon-Si, KOREA, REPUBLIC OF;
Applicant(s)

SAMSUNG ELECTRO-MECHANICS CO., LTD., Suwon-Si, KOREA, REPUBLIC OF
Assignment For Published Patent Application

SAMSUNG ELECTRO-MECHANICS CO., LTD., Suwon-Si, KOREA, REPUBLIC OF

Power of Attorney: None

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
REPUBLIC OF KOREA 10-2013-0068498 06/14/2013

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

page 1of 4
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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 05/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/259,011

Projected Publication Date: 12/18/2014
Non-Publication Request: No

Early Publication Request: No
Title

MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON
Preliminary Class

428
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/259,011
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.16(K). ), or () N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A N/A 720
(ngg?RLglg@;MS 19 minus 20= OR [x 80 - 0.00
B IR | I
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR |[«x =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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PTO/AIA/15 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coliection of information uniess it dispiays a valid OMB control number.

UTILITY

Attorney Docket No.

093814-0302

PATENT APPLICATION

First Named Inventor

Byoung Hwa LEE

TRANSMITTAL

(ONLY FOR NEW NONPROVISIONAL APPLICATIONS UNDER

Title

MULTILAYER CERAMIC CAPACITOR AND BOARD
HAVING THE SAME MOUNTED THEREON

37 CFR 1.53(B))

Express Mail Label No.

APPLICATION ELEMENTS
See MPEP chapter 600 concerning utility patent application contents.

Commissioner for Patents
ADDRESS TO: P.O.Box 1450
Alexandria, VA 22313-1450

Fee Transmittal Form

ACCOMPANYING APPLICATION PARTS

(PTO/SB/17 or equivalent)
Applicant asserts small entity status.

2 See 37 CFR 127

3 Applicant certifies micro entity status. See 37 CFR 1.29.
' Applicant must attach form PTO/SB/15A or B or equivalent.

4. Specification [Total Pages 39 ]

Both the claims and abstract must start on a new page.
{See MPEP § 608.01(a) for information on the preferred arrangement)

5, Drawing(s) (35U.S.C. 113)  [Total Sheets 5

6. Inventor's Oath or Declaration [Total Pages 3 ]

(including substitute statements under 37 CFR 1.64 and assignments serving as an
oath or declaration under 37 CFR 1.63(e})

a. Newly executed (original or copy)

b. D A copy from a prior application (37 CFR 1.63(d))
7. Application Data Sheet *See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

8 CD-ROM or CD-R
' In duplicate, large table, or Computer Program (Appendix)

D Landscape Tabie on CD

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — ¢. are required)

a. D Computer Readable Form {(CRF)

b. Specification Sequence Listing on:
i [:I CD-ROM or CD-R (2 copies); or . [] Paper

10. D Assignment Papers

(cover sheet & document(s))

Name of Assignee

SAMSUNG ELECTRO-MECHANICS CO., LTD.

1. D Power of Attorney

12. D English Translation Document (if applicable)

13 Information Disclosure Statement
. (PTO/SB/08 or PTO-1449)

Copies of citations attached

37 CFR 3.73(c) Statement
(when there is an assignee)

14. D Preliminary Amendment

15. Return Receipt Postcard

{MPEP § 503) (Should be specifically itemized)
16. D Certified Copy of Priority Document(s)
(if foreign priority is claimed)

17 Nonpublication Request
' Under 35 U.S.C.122 (b)(2)(B)(i). Applicant must attach form PTO/SB/35 or
equivalent.

18. D Other:

c. D Statements verifying identity of above copies

*Note:

interest in the matter. See 37 CFR 1.46(b).

(1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be inciuded in an Appiication Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary

18. CORRESPONDENCE ADDRESS

/Stephen A. Becker, P.C./

Signature

The address associated with Customer Number: 20277 ‘ OR D Correspondence address below
Name
Address
City l State I { Zip Code I
Country Telephone Email

Date April 22, 2014

Name

| Name ey | Stephen A. Becker, P.C.

Registration No.

| Regstation Mo | 26,527
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PTO/SB/17 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person are required to respond to a collection of information unless it displays a vaiid OMB control number

Complete if known

Application Number Not Yet Assigned
FEE TRANSMITTAL A 22, 2014

Filing Date

First Named Inventor Byoung Hwa LEE
D Applicant asserts small entity status. See 37 CFR 1.27 Examiner Name Not Yet Assigned
[:] Applicant certifies micro entity status. See 37 CFR 1.29. | Art Unit Not Yet Assigned

Form PTO/SB/15A or B or equivalent must either be enclosed
or have been submitted previousi

Practitioner Docket No. 093814-0302

TOTAL AMOUNT OF PAYMENT ($) 1,600.00
e
METHOD OF PAYMENT (check all that apply)

D Check DCredit Card D Money Order D None D Other (please identify):

Deposit Account Deposit Account Number; 50-0417 Deposit Account Name: McDermott Will & Emery LLP
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
Charge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee
Charge any additional fee(s) or underpayment of Credit any overpayment of fee(s)

fee(s) under 37 CFR 1.16 and 1.17
WARNING: Information on this form may become public. Credit card information shouid not be included on this form. Provide credit card
information and authorization on PTO-2038.
FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)

FILING FEES SEARCH FEES EXAMINATION FEES
Application Type U ($) S($) M_($) u(s) S($ M_($) um® S($) M ($) Fees Paid ($)
Utility 280 140* 70 600 300 150 720 360 180 1,600.00
Design 180 90 45 120 60 30 460 230 115
Plant 180 90 45 380 190 95 580 290 145
Reissue 280 140 70 600 300 150 2,160 1,080 540
Provisional 260 130 65 0 0 0 0 0 0

* The $140 smali entity status filing fee for a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web.
2. EXCESS CLAIM FEES

Fee Description Undiscounted Fee ($) Small Entity Fee ($) Micro Entity Fee ($)
Each claim over 20 (including Reissues) 80 40 20
Each independent claim over 3 (including Reissues) 420 210 105
Multiple dependent claims 780 390 195

Total Claims Extra Claims Fee ($) Fee Paid ($) Muitiple Dependent Claims

19 -200rHP = X = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee (§) Fee Paid ($)
2 -30rHP = x =

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)), the application size
fee due is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Eee Paid ($)
44 -100 = 150 = (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)

Non-English specification, $130 fee (no small or micro entity discount)
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity)
Other (e.g., late filing surcharge):
L —————~

SUBMITTED BY

Signature /Stephen A. Becker, P.C./ ¢ B oy 26,527 | Telephone  (202) 756-8608

Name (Prin/Type)| Stephen A. Becker, P.C. Date April 22, 2014
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Doc Code: PA. PTO/AIA/B2A (07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number Not Yet Assigned

Filing Date April 22, 2014

First Named Inventor Byoung Hwa LEE

Title ggLTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED,
Art Unit Not Yet Assigned

Examiner Name Not Yet Assigned

Attorney Docket Number | 093814-0302

SIGNATURE of Applicant or Patent Practitioner

/Stephen A. Becker, P.C./ /5 April 22, 2014
Signature ‘ Date

Stephen A. Becker, P.C. (202) 756-8608
Name Telephone
Registration Number 26,527

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

*Total of 1 forms are submitted.
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: PTQIAIAIB28(07- 12)
Approved for use through 11/30/2014. QM8 0651-0035 -
‘ . U.8, Palent and Trademark Office; U.S. DEPARTMENT OF COMMERCE -
Under the Paperwork Reduction Act of 1995, no persons are required to respond to & collection of information unjess it displays a valid OMB contro! number,

POWER OF ATTORNEY BY APPLICANT

I hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter:

(W] hereby appoint Practitioner(s) associated with the following Custorer Number as mylour attormey(s) or agent(s), and to.

- tansact all business in the United States Patent and Trademark Office connedted therewith for the application referenced

~ in the attached transmittal letter (form PTO/AIA/B2A or squivalent): PR ; ST
" 20277

. DII heieby appoint Practitioner(s) named below as my/our aﬂdrney(s) or agent(s), and fo fransact 'av!! business in the
) United States Patent and Trademark-Office connected therewith for the application referenced in:the attached . - :
transriittal letter (form PTO/AIA/S2A or equivalent): R . o R

Registration Name Reglstration

: Narme Number B C | Number

| Please recognize or change the correspondence address for the application identified in the attached
.| transmittal letter to: RN -
The adiress associated with-the above-mentioned Customer Number.

oR 38 ockte !

_‘ ‘v ] The éddres; as‘sociataq with éu‘s‘tomer Number: 2 0277

OR

Firm or f
Individuat Neme

Address

City c " f . ! State i } 7 l
Country - ] =
Telephone - : f Einail |
I am the Applicant;

D Inventor or Joint Inventor

BLegal Representative of a Deceased or Legally Incapacitated Inventor

[ Assignee or Person {6 Wham the Inventor is Under an Obiigation to Assign

Person Who Otherwise Shows Sufficient Proprietary Interest (.e.g,.’ a petition under 37 CFR 1‘46(b)(2)' was
granted in the application or is concurrently being filed with this document) ) o
SIGNATURE of Applicant for Patent

Signature 7‘”1 Y2 %' Date . G D, 2ol
| Name Jin Wook CHOI Telephone -
Title and Company_ | Leader of intelfectual Frogérty Group (SAMSUNG ELECTRO-MECHANICS CO.. LTD.)

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1 4 for signature requirements and
certifications. Submit multipie forms for more than one slgnature, see below . .. E

{] “Total of - forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information s required to obtain or retain & benerit By the pudlic which s to fife (and by the
USPTO to process) an application, Confidentiality is governed by 35 U.S.€. 122 and 37 CFR 1.11 and 1.14. This collection is estimated o take 3 minutes to compiete,
including gathering, praparing, and.submitting the completed application form to the USPTO. Time will vary depending upon.the individual casa. Any commenis on
the amaunt of time. you require to complete this fom andior suggestions far reducing this durden, should be sent.to the Chilef Information Officer. U.S. Patent and:"
Trademark Office, U.S, Départment of Compnerce, P.O. Box 1450, Alsxandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS'
ADDRESS, SEND TO; Commissionar for Patents, P.0, Box 1450, Alexandria, VA 22313-1450. .

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/14 (03-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persens are required to respond to a collection of informatien unless it contains a valid OMB control number.

) ) Attorney Docket Number | 093814-0302
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Mr. Byoung Hwa LEE
Residence Information (Select One) () US Residency  (¢) Non US Residency () Active US Military Service
City  |suwon-Si, Gyeonggi-Do Country of Residence i KR

Mailing Address of Inventor:

Address 1 SAMSUNG ELECTRO-MECHANICS CQ_, LTD.

Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu

City Suwon-Si, Gyeonggi-Do | State/Province |
Postal Code | Country i | KR

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Heung Kil PARK
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service
City | suwon-Si, Gyeonggi-Do Country of Residence i KR

Mailing Address of Inventor:

Address 1 SAMSUNG ELECTRO-MECHANICS CC_, LTD.

Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu

City Suwon-Si, Gyeonggi-Do | State/Province |
Postal Code | Country i | KR

R
Inhventor 3

Legal Name

EFSWeb226
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PTO/AIA/14 (03-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

093814-0302

Application Number

Title of Invention

MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON

Prefix| Given Name

Middle Name

Family Name

Suffix

Kyo Kwang

LEE

Residence Information {Select One) () US Residency

(® Non US Residency () Active US Military Service

City Suwon-Si, Gyeonggi-Do

Country of Residence i

KR

Mailing Address of Inventor:

Address 1 SAMSUNG ELECTRO-MECHANICS CC_, LTD.
Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu
City Suwon-Si, Gyeonggi-Do | State/Province |
Postal Code | Country i | KR
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Young Ghyu AHN
Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service
City  |suwon-Si, Gyeonggi-Do Country of Residence i KR
Mailing Address of Inventor:
Address 1 SAMSUNG ELECTRO-MECHANICS CC., LTD.
Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu
City Suwon-Si, Gyeonggi-Do | State/Province |
Postal Code | Country i KR
Inventor &
Legal Name
Prefix| Given Name Middle Name Family Name Suffix

Sang Soo

PARK

Residence Information {Select One) () US Residency

(® Non US Residency () Active US Military Service

City Suwon-5i, Gyeonggi-Do

Country of Residence i

KR

Mailing Address of Inventor:

Address 1 SAMSUNG ELECTRO-MECHANICS CO., LTD.

Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu

City Suwon-8i, Gyeonggi-Do | State/Province |
Postal Code | Country i | KR

EFS Web 226
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PTO/AIA/14 (03-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 093814-0302

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON

Remove
Inventor 6

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Mr. Soon Ju LEE
Residence Information (Select One) () US Residency (8 Non US Residency () Active US Military Service
City | Ssuwon-Si, Gyeonggi-Do Country of Residence i KR

Mailing Address of Inventor:

Address 1 SAMSUNG ELECTRO-MECHANICS CO., TLD.

Address 2 Maeyoung-Ro 150 (Maetan-Dong), Youngtong-Gu

City Suwon-8i, Gyeonggi-Do | State/Province |

Postal Code | | Country i | KR

All Inventorg I_Vlust_ Be Listed - Additional Inventor Information blocks may be o

generated within this form by selecting the Add button.
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 20277

Email Address ipdocketmwe@mwe.com | | Add Email | |Remove Email
Application Information:

Title of the Invention MULTILAYER CERAMIC CAPACITOR AND BOARD HAVING THE SAME MOUNTED THEREON

Attorney Docket Number| 093814-0302 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets {if any) 5 Suggested Figure for Publication (if any)

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

[] 35U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
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MULTILAYER CERAMIC CAPACITOR AND

BOARD HAVING THE SAME MOUNTED THEREON

CROSS—-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0068498 filed on June 14, 2013, with
the Korean Intellectual Property Office, the disclosure of

which is incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to a multilayer ceramic
capacitor and a board having the same mounted thereon.
[0003] In accordance with the recent trend toward
miniaturization and high capacitance of electronic products,
electronic components used 1in the electronic products are
required to have a small size and high capacitance. Therefore,
a demand for a multilayer ceramic electronic component has been
increased.

[0004] In the case of a multilayer ceramic capacitor, as
equivalent series inductance (hereinafter, referred to as
“ESL”) increases, performance of an electronic product may
deteriorate. In addition, in a case in which an electronic
component isminiaturized and capacitance thereof is increased,
the influence of an increase in ESL on deterioration in

performance of the electronic product has relatively increased.
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[0005] A so-called “low inductance chip capacitor (LICC)” is
to decrease inductance by decreasing a distance between
external terminals to shorten a current flow path.

[0006] Meanwhile, the multilayer ceramic capacitor may have
a structure in which a plurality of dielectric layers and
internal electrodes having opposite polarities and having at
least one of the dielectric layers interposed therebetween are
alternately stacked.

[0007] Since the dielectric layers have piezoelectric and
electrostrictive properties, when direct current (DC) or
alternating current (AC) voltage is applied to the multilayer
ceramic capacitor, apiezoelectric phenomenon may occur between
the internal electrodes, causing vibrations.

[0008] Such vibrations may be transferred to a printed circuit
board on which the multilayer ceramic capacitor is mounted
through a solder, such that the entire printed circuit board
may become an acoustic reflection surface to transmit the sound
of vibrations as noise.

[0009] Vibration noise may have a frequency corresponding to
an audio frequency within a range of 20 to 20000 Hz, potentially
causing listener discomfort. The vibration noise causing
listener discomfort, as described above, is known as acoustic
noise.

[0010] Research into a technology of reducing the acoustic

noise in a multilayer ceramic capacitor is still demanded.
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SUMMARY

[0011] An aspect of the present disclosure may provide a
multilayer ceramic capacitor and a board having the same mounted
thereon.

[0012] According to an aspect of the present disclosure, a
multilayer ceramic capacitor may include: a ceramic body
including dielectric layers and having first and second main
surfaces opposing each other, first and second side surfaces
opposing each other, and first and second end surfaces opposing
each other; an active layer configured to form capacitance by
including a plurality of first and second internal electrodes
disposed to face each other with at least one of the dielectric
layers interposed therebetween and alternately exposed to the
first or second side surface; upper and lower cover layers
disposed on and below the active layer, respectively; and a
first external electrode disposed on the first side surface of
the ceramic body and electrically connected to the first
internal electrodes and a second external electrode disposed
on the second side surface and electrically connected to the
second internal electrodes, wherein when a thickness of the
ceramic body is defined as T and a width thereof is defined as
W, 0.75W £ T £ 1.25W may be satisfied, when a gap between the
first and second external electrodes is defined as G, 30um <

G £ 0.9W may be satisfied, and an average number of dielectric
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grains in a single dielectric layer in a thickness direction
thereof may be 2 or greater.

[0013] The lower cover layer may have a thickness of 10 um to
100 num.

[0014] When the thickness of the ceramic body is a distance
between the first and second main surfaces, the width of the
ceramic body is a distance between the first side surface on
which the first external electrode is formed and the second side
surface on which the second external electrode is formed, and
a length of the ceramic body is a distance between the first
and second end surfaces, the distance between the first and
second side surfaces may be shorter than or equal to the distance
between the first and second end surfaces.

[0015] When the length and the width of the ceramic body are
defined as L and W, respectively, 0.5L < W < L may be satisfied.
[0016] An average grain size of the dielectric grains may be
50 nm to 500 nm.

[0017] The first and second internal electrodes may be spaced
apart from the first and second end surfaces of the ceramic body
by a predetermined distance.

[0018] The first and second external electrodes may be extended
to portions of the first and second main surfaces of the ceramic
body.

[0019] According to another aspect of the present disclosure,

a board having a multilayer ceramic capacitor mounted thereon
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may include: a printed circuit board having two or more
electrode pads formed thereon; themultilayer ceramic capacitor
mounted on the printed circuit board; and a solder connecting
the electrode pads and the multilayer ceramic capacitor,
wherein themultilayer ceramic capacitor may include: a ceramic
body including dielectric layers and having first and second
main surfaces opposing each other, first and second side
surfaces opposing each other, and first and second end surfaces
opposing each other; an active layer configured to form
capacitance by including a plurality of first and second
internal electrodes disposed to face each other with at least
one of the dielectric layers interposed therebetween and
alternately exposed to the first or second side surface; upper
and lower cover layers disposed on and below the active layer,
respectively; and a first external electrode disposed on the
first side surface of the ceramic body and electrically
connected to the first internal electrodes and a second external
electrode disposed on the second side surface and electrically
connected to the second internal electrodes, wherein when a
thickness of the ceramic body is defined as T and a width thereof
is defined as W, 0.75W < T < 1.25W may be satisfied, when a gap
between the first and second external electrodes is defined as
G, 30um £ G £ 0.9W may be satisfied, and an average number of
dielectric grains in a single dielectric layer in a thickness

direction thereof may be 2 or greater.
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[0020] The lower cover layer may have a thickness of 10 um to
100 pum.

[0021] When the thickness of the ceramic body is a distance
between the first and second main surfaces, the width of the
ceramic body is a distance between the first side surface on
which the first external electrode is formed and the second side
surface on which the second external electrode is formed, and
a length of the ceramic body is a distance between the first
and second end surfaces, the distance between the first and
second side surfaces may be shorter than or equal to the distance
between the first and second end surfaces.

[0022] When the length and the width of the ceramic body are
defined as L and W, respectively, 0.5L £ W £ L may be satisfied.
[0023] An average grain size of the dielectric grains may be
50nm to 500nm.

[0024] The first and second internal electrodes may be spaced
apart from the first and second end surfaces of the ceramic body
by a predetermined distance.

[0025] The first and second external electrodes may be extended
to portions of the first and second main surfaces of the ceramic
body.

[0026] The solder may be disposed around portions of the first
and second external electrodes of the multilayer ceramic
capacitor.

[0027] The solder may be disposed around central portions of
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the first and second external electrodes of the multilayer
ceramic capacitor.

[0028] The electrode pads may include first and second
electrode pads connected to the first and second external
electrodes of the multilayer ceramic capacitor, respectively.
[0029] The first and second electrode pads may be offset to
each other in a width direction of the multilayer ceramic
capacitor.

[0030] The electrode pads may include first and second
electrode pads connected to the first external electrode of the
multilayer ceramic capacitor and third and fourth electrode
pads connected to the second external electrode of the

multilayer ceramic capacitor.

BRIEF DESCRIPTION OF DRAWINGS
[0031] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view showing a multilayer ceramic
capacitor according to an exemplary embodiment of the present
disclosure;

FIG. 2 is a view showing a ceramic body according to an
exemplary embodiment of the present disclosure;

FIG. 3 is an exploded perspective view of FIG. 2;
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FIG. 4 is a cross-sectional view taken along line A-A’
of FIG. 1;

FIG. 5 is an enlarged view of part Z of FIG. 4;

FIG. 6 is a perspective view showing a structure in which
the multilayer ceramic capacitor of FIG. 1 is mounted on a
printed circuit board;

FIG. 7 is a plan view of FIG. 6;

FIG. 8 is a plan view of FIG. 6 according to another
exemplary embodiment of the present disclosure; and

FIG. 9 is a plan view of FIG. 6 according to another

exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0032] Exemplary embodiments of the present disclosure will
now be described in detail with reference to the accompanying
drawings.

[0033] The disclosure may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the disclosure to
those skilled in the art.

[0034] In the drawings, the shapes and dimensions of elements
may be exaggerated for clarity, and the same reference numerals

will be used throughout to designate the same or like elements.
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Multilayer Ceramic Capacitor

[0035] FIG. 1 is a perspective view showing a multilayer
ceramic capacitor according to an exemplary embodiment of the
present disclosure.

[0036] FIG. 2 is a view showing a ceramic body according to
an exemplary embodiment of the present disclosure.

[0037] FIG. 3 is an exploded perspective view of FIG. 2.
[0038] FIG. 4 is a cross—sectional view taken along line A-A’
of FIG. 1.

[0039] Referring to FIGS. 1 through 4, a multilayer ceramic
capacitor 100 according to an exemplary embodiment of the
present disclosure may include a ceramic body 110 including
dielectric layers 111 and having first and second main surfaces
S1 and S2 opposing each other, first and second side surfaces
S5 and S6 opposing each other, and first and second end surfaces
S3 and S4 opposing each other; an active layer A configured to
form capacitance by including a plurality of first and second
internal electrodes 121 and 122 disposed to face each other,
having at least one of the dielectric layers 111 interposed
therebetween, and alternately exposed to the first or second
side surface S5 or S6; upper and lower cover layers 112 and 113
formed on and below the active layer A; and a first external
electrode 131 formed on the first side surface S5 of the ceramic
body 110 and electrically connected to the first internal

electrode 121 and a second external electrode 132 formed on the
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second side surface S6 and electrically connected to the second
internal electrode 122, wherein when a thickness of the ceramic
body 110 is defined as T and a width thereof is defined as W,
T and W satisfy 0.75W < T £ 1.25W, when a gap between the first
and second external electrodes 131 and 132 is defined as G, the
gap G satisfies 30pum £ G £ 0.9W, and the average number of
dielectric grains 11la present in a single dielectric layer in
a thickness direction thereof is 2 or greater.

[0040] Hereinafter, amultilayer ceramic electronic component
according to an exemplary embodiment of the present disclosure
will be described. Particularly, a multilayer ceramic
capacitor will be described, but the present disclosure is not
limited thereto.

[0041] ReferringtoFIG. 1, inthemultilayer ceramic capacitor
according to an exemplary embodiment of the present disclosure,
a ‘length direction’ refers to an ‘L’ direction, a ‘width
direction’ refers to a ‘W’ direction, and a ‘thickness
direction’ refers to a ‘T’ direction. Here, the ‘thickness
direction’ may be the same as a stacking direction in which
dielectric layers are stacked.

[0042] Referring to FIG. 2, in the exemplary embodiment of the
present disclosure, the ceramic body 110 may have the first and
secondmain surfaces S1 and S2 opposing each other, and the first
and second side surfaces S5 and S6 and the first and second end

surfaces S3 and S4 that connect the first and second main
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surfaces S1 and S2 to each other. A shape of the ceramic body
110 is not particularly limited, but may be a hexahedral shape
as shown.

[0043] Referring to FIG. 3, a raw material forming the
dielectric layers 111 is not particularly limited as long as
sufficient capacitance may be obtained, but may be, for example,
barium titanate (BaTiO;) powder.

[0044] The material forming the dielectric layer 111 may
further contain various ceramic additives, organic solvents,
plasticizers, binders, dispersing agents, or the 1like,
according to intended use of the capacitor, in addition to
ceramic powder such as barium titanate (BaTiOs;) powder, or the
like.

[0045] An average particle size of the ceramic powder used to
form the dielectric layers 111 is not particularly limited and
may be controlled, for example, to be 400nm or less.

[0046] A material for the first and second internal electrodes
121 and 122 is not particularly limited. For example, the first
and second internal electrodes 121 and 122 may be formed of a
conductive paste including at least one of a noble metal
material such as palladium (Pd), a palladium-silver (Pd-AQg)
alloy, or the like, nickel (Ni), and copper (Cu).

[0047] The first and second internal electrodes 121 and 122
may be disposed to face each other, having at least one of the

dielectric layers 111 interposed therebetween, and may be
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alternately exposed to the first or second side surface S5 or
S6.

[0048] The first and second internal electrodes 121 and 122
are alternately exposed to the first or second side surface S5
or S6, such that a reverse geometry capacitor (RGC) or low
inductance chip capacitor (LICC) may be obtained as described
below.

[0049] In a general multilayer ceramic electronic component,
external electrodes may be disposed on opposing end surfaces
of the ceramic body in a length direction thereof.

[0050] In this case, when an alternative current (AC) voltage
is applied to the external electrodes, a current path is
relatively long, whereby an intensity of an induced magnetic
field may be increased, resulting in an increase in inductance.
[0051] In order to solve this problem, the first and second
external electrodes 131 and 132 in the exemplary embodiment of
the present disclosure may be disposed on the first and second
side surfaces S5 and S6 of the ceramic body 110 opposing each
other in the width direction so as to reduce the current path.
[0052] In this case, since a distance between the first and
second external electrodes 131 and 132 is relatively short, the
current path may be reduced, the current path may be reduced,
resulting in a reduction in inductance.

[0053] As described above, the first and second external

electrodes 131 and 132 may be formed on the first and second
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side surfaces S5 and S6 of the ceramic body 110 opposing each
other in the width direction and may be electrically connected
to the first and second internal electrodes 121 and 122 in order
to form capacitance.

[0054] The first and second external electrodes 131 and 132
may be formed of the same conductive material as that of the
first and second internal electrodes 121 and 122 but are not
limited thereto. For example, the first and second external
electrodes 131 and 132 may be formed of a metal powder including
copper (Cu), silver (Ag), nickel (Ni), or the like.

[0055] The first and second external electrodes 131 and 132
may be formed by applying a conductive paste prepared by adding
glass frits to the metal powder and then sintering the applied
conductive paste.

[0056] A width W of the ceramic body 110 may be a distance
between the first side surface S5 on which the first external
electrode 131 is formed and the second side surface S6 on which
the second external electrode 132 is formed, and a length L of
the ceramic body 110 may be a distance between the first and
second end surfaces S3 and S4.

[0057] According to the exemplary embodiment of the present
disclosure, the distance between the first and second side
surfaces 5 and 6 on which the first and second external
electrodes 131 and 132 are formed, respectively, may be less

than or equal to the distance between the first and second end
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surfaces 3 and 4.

[0058] Since the distance between the first and second external
electrodes 131 and 132 is shortened, the current path may be
shortened, resulting in a reduction in inductance.

[0059] As described above, the multilayer ceramic capacitor,
in which the first and second external electrodes 131 and 132
are formed on the first and second side surfaces 5 and 6 of the
ceramic body 110, may be a reverse geometry capacitor (RGC) or
low inductance chip capacitor (LICC).

[0060] Referring to FIG. 4, the ceramic body 110 may include
the active layer A contributing to forming capacitance of the
capacitor and the upper and lower cover layers 112 and 113 formed
on and below the active layer A, respectively, as upper and lower
margin parts.

[0061] The active layer A may be formed by repeatedly stacking
the plurality of first and second internal electrodes 121 and
122, having at least one of the dielectric layers 111 interposed
therebetween.

[0062] Meanwhile, in the multilayer ceramic capacitor
according to the exemplary embodiment of the present disclosure,
when the thickness and the width of the ceramic body 110 are
defined as T and W, respectively, 0.75W < T < 1.25W may be
satisfied.

[0063] Acoustic noise may be reduced by controlling the

thickness T and the width W of the ceramic body 110 to satisfy
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0.75W < T £ 1.25W.

[0064] In the case in which the thickness T of the ceramic body
is less than 0.75W, target capacitance may not be generated in
the multilayer ceramic capacitor.

[0065] In the case in which the thickness T of the ceramic body
110 is greater than 1.25W, the multilayer ceramic capacitor may
be inclined when being mounted on a board, , whereby a mounting
defect may occur.

[0066] Meanwhile, when the gap between the first and second
external electrodes 131 and 132 is defined as G, 30um < G < 0.9W
may be satisfied.

[0067] Acoustic noise may be reduced by controlling the gap
G between the first and second external electrodes 131 and 132
to satisfy 30um < G < 0.9W.

[0068] In the case in which the gap G between the first and
second external electrodes 131 and 132 is less than 30um, the
G between the first and second external electrodes 131 and 132
is excessively narrow, such that a short circuit may occur.
[0069] In the case in which the gap G between the first and
second external electrodes 131 and 132 is greater than 0.9W,
a width of the first and second external electrodes 131 and 132
may be reduced to thereby reduce a mounting area when being
mounted on the board, causing a defect resulting from poor
adhesive strength.

[0070] Further, when the length and width of the ceramic body
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110 are defined as L and W, respectively, 0.5L £ W < L may be
satisfied. However, the present disclosure 1s not limited
thereto.

[0071] Inductance of the multilayer ceramic capacitor may be
reduced by controlling the length and the width of the ceramic
body to satisfy 0.5L < W £ L.

[0072] Therefore, low inductance may be implemented in the
multilayer ceramic electronic component according to the
exemplary embodiment of the present disclosure, whereby
electric performance may be improved.

[0073] Meanwhile, according to the exemplary embodiment of the
present disclosure, the thickness of the lower cover layer 113
may be 10 um to 100 um.

[0074] When the thickness of the lower cover layer 113 is
controlled to be 10 um to 100 um, acoustic noise may be reduced
and excellent reliability may be implemented in the multilayer
ceramic capacitor.

[0075] In the case in which the thickness of the lower cover
layer 113 is less than 10um, such an excessively thin cover layer
may result in the occurrence of a moisture resistance defect.
[0076] In the case in which the thickness of the lower cover
layer 113 is greater than 100um, acoustic noise may be rapidly
increased due to displacement of the lower cover layer.
[0077] A thickness of the upper cover layer 112 1is not

particularly limited, and may be equal to or similar to that
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of the lower cover layer 113. The thickness of the upper cover
layer 112 may be within a range preventing the occurrence of
the moisture resistance defect.

[0078] FIG. 5 is an enlarged view of part Z of FIG. 4.
[0079] Referring to FIG. 5, the average number of dielectric
grains 1llla present in a single dielectric layer 111 in a
thickness direction thereof may be 2 or greater.

[0080] Acoustic noise may be reduced by controlling the average
number of dielectric grains 1llla present 1in the single
dielectric layer in the thickness direction thereof to be 2 or
greater.

[0081] In the case in which the average number of dielectric
grains 11la in the single dielectric layer 111 in the thickness
direction thereof is less than 2, the number of grain boundaries
is reduced, and when voltage is applied to the internal
electrodes, a displacement of the dielectric layer may be
increased, resulting in an increase in a displacement of the
multilayer ceramic capacitor, whereby acoustic noise may be
increased.

[0082] Meanwhile, an average grain size of the dielectric
grains 1lla may be 50nm to 500nm.

[0083] Acoustic noise may be reduced by controlling the average
grain size of the dielectric grains 111la to be 50nm to 500nm.
[0084] In the case in which the average grain size of the

dielectric grains 11la is less than 50nm, such an excessively
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small grain size may cause a reduction in permittivity, whereby
target capacitance of themultilayer ceramic capacitor required
by a power terminal may not be generated.

[0085] In the case in which the average grain size of the
dielectric grains 1lla 1is greater than 500nm, such an
excessively large grain size may increase a region in which a
single dielectric grain occupies in a single dielectric layer,
whereby acoustic noise may be increased.

[0086] A method of measuring the average number of the
dielectric grains 1lla in the single dielectric layer in the
thickness direction thereof and the average grain size of the
dielectric grains 1ll1lla is not particularly limited, but the
average number and the average grain size of the dielectric
grains 111la may be measured from an image obtained by scanning
a cross-section of the ceramic body 110 in the width direction
thereof using a scanning electron microscope (SEM) as shown in
FIG. 4.

[0087] For example, as shown in FIG. 4, with respect to any
dielectric layer randomly selected from an image obtained by
scanning a cross-section of the ceramic body 10 in
width-thickness (W-T) directions thereof after being cut in
a central portion of the ceramic body 10 in the length (L)
direction thereof, using a scanning electron microscope (SEM),
the average number of the dielectric grains 111la in the single

dielectric layer and the average grain size of the dielectric
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grains llamay be measured at thirty equidistant points thereof.
[0088] The thirty equidistant points may be disposed in the
active layer A, in which the internal electrodes 121 and 122
are overlapped with each other.

[0089] The first and second internal electrodes 121 and 122
may be spaced part from the first and second end surfaces S3
and S4 of the ceramic body 110 by a predetermined distance, but
are not limited thereto.

[0090] Meanwhile, the first and second external electrodes 131
and 132 may be extended to portions of the first and second main
surfaces S1 and $S2 of the ceramic body, but are not limited
thereto.

[0091] Hereinafter, a method of manufacturing a multilayer
ceramic capacitor according to an exemplary embodiment of the
present disclosure will be described, but 1s not limited
thereto.

[0092] In the method of manufacturing the multilayer ceramic
capacitor according to the exemplary embodiment of the present
disclosure, first, slurry containing powder such as barium
titanate (BaTiO;) powder, or the like, may be applied to carrier
films and dried to prepare a plurality of ceramic green sheets,
thereby forming dielectric layers.

[0093] The ceramic green sheet may be manufactured by mixing
the ceramic powder, a binder, and a solvent to prepare the slurry

and forming the prepared slurry as sheets having a thickness
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of several um by a doctor blade method.

[0094] Next, a conductive paste for internal electrodes may
be prepared to contain 40 to 50 parts by weight of nickel powder,
in which an average particle size of nickel powder is 0.1 um
to 0.2 um.

[0095] After the conductive paste for internal electrodes is
applied to the green sheets through a screen printing method
to form internal electrodes, 400 to 500 green sheets on which
the internal electrodes have been formed may be stacked to form
an active layer, and then the ceramic green sheets may be stacked
on and below the active layer to form cover layers, thereby
forming a ceramic body having first and second main surfaces
opposing each other, first and second side surfaces opposing
each other, and first and second end surfaces opposing each
other.

[0096] Then, first and second external electrodes may be formed
on the first and second side surfaces of the ceramic body.
[0097] Hereafter, although the present disclosure will Dbe
described in detail with reference to Inventive Examples, the
present inventive concept is not limited thereto.

Experimental Example

[0098] Multilayer ceramic capacitors according to Inventive
Examples and Comparative Examples were manufactured as follows.
[0099] Slurry containing powder such as Dbarium titanate

(BaTiO3), or the like, was applied to carrier films and dried
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to prepare a plurality of ceramic green sheets having a
thickness of 1.8um.

[00100] Next, a nickel conductive paste for internal
electrodes was applied to the ceramic green sheets using a
screen to form internal electrodes.

[00101] About 200 ceramic green sheets were stacked to form
a multilayer body. Here, the number of ceramic green sheets
having no internal electrode disposed at a lower portion of the
multilayer body below the stacked ceramic green sheets having
the internal electrodes formed thereon was greater than the
number of ceramic green sheets having no internal electrode
disposed at an upper portion of the multilayer body above the
stacked ceramic green sheets having the internal electrodes
formed thereon. Isostatic pressing was performed on the
multilayer body at 85T and 1000kgf/cm?.

[00102] The pressed ceramic multilayer body was cut into
individual chips, and each chip was subjected to a de-binding
process by being maintained at 230C for 60 hours under air
atmosphere.

[00103] Then, the chip was sintered at 1200C wunder
reduction atmosphere having oxygen partial pressure of 10 Matm
to 10 'Yatm lower than Ni-NiO equilibrium oxygen partial
pressure so that the internal electrodes were not oxidized.
After sintering, a size of the multilayer chip capacitor was

about 1.0 mm x0.5 mm (LengthxWidth (LxW), 1005 size). Here,
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a manufacturing tolerance was within a range of 0.1 mm
(LengthxWidth (LxW)), and experiments were performed on samples
satisfying such a tolerance range to test acoustic noise,
moisture resistance, mounting defects and adhesion strength of
each sample.

[00104] The following Tables 1 through 3 shows an acoustic
noise measurement value, the occurrence of moisture resistance
defects, and the occurrence of mounting defects according to
a ratio (T/W) of a thickness T to a width W of the multilayer
ceramic capacitor and a thickness of a lower cover layer.
[00105] Here, the experiments were performed in a state in
which the average number of dielectric grains in a single

dielectric layer in a thickness direction thereof was about 2.

[Table 1]
-~ THICKNESS OF ACOUSTIC MOISTURE MOUNTING
LOW COVER LAYERm] | NOISE[dB] RESISTANCE DEFECT DEFECT

5 215 X 0
10 226 0 0
20 23.1 © 0
30 237 0 0
40 238 © 0
50 242 0 0

10 60 253 0 0
70 2.1 © 0
80 2.6 0 0
%0 26.9 © 0
100 276 0 0
120 33.2 0 0
150 36.4 0 0

x: Defect Rate of 50% or greater
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A: Defect Rate of 1%

to 50%

o: Defect Rate of 0.01% to 1%

©: Defect Rate less than 0.01%

[Table 2]

™ THICKNESS OF ACOUSTIC MOISTURE MOUNTING
LOW COVER LAYER[m] NOISE[d8] RESISTANCE DEFECT DEFECT

5 20.7 X ©

10 214 0 ©)

20 225 ©) @

30 22.9 © €]

40 229 ©] Q

50 23.9 © ¢

1.25 60 242 © 0

70 2.7 0 @

80 259 © 0

90 26.2 0 ©]

100 219 0 @

120 33.4 © 0

150 34.1 0 @

x: Defect Rate of 50% or greater

A: Defect Rate of 1%

to 50%

o: Defect Rate of 0.01% to 1%

©: Defect Rate less than 0.01%

[Table 3]
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W THICKNESS OF ACQUSTIC MOISTURE MOUNTING
LOW CQOVER LAYER[m] NOISE[d8] RESISTANCE DEFECT DEFECT

5 20.4 X X

10 215 0 X

20 22.7 © X

30 23.1 © X

40 23.7 ©] X

50 24.5 0 X

1.30 60 249 © X

70 252 ©) X

80 2326 © X

90 259 0 X

100 2l © X

120 33.7 © X

150 36.1 © X

x: Defect Rate of 50% or greater

A: Defect Rate of 1% to 50%

o: Defect Rate of 0.01% to 1%

©: pefect Rate less than 0.01%

[00106] Referring to Tables 1 through 3, it can be seen that
in the case inwhich the thickness T and the width W of the ceramic
body satisfied 0.75W < T £ 1.25W, acoustic noise was reduced.
[00107] Particularly, it can be seen from Table 3 that in
the case in which the thickness T of the ceramic body was 1.30W,
the mounting defect that the multilayer ceramic capacitor was
inclined when being mounted on a board occurred.

[00108] Further, referring to Tables 1 through 3, it can
be seen that in the case in which the thickness of the lower
cover layer was 10 um to 100 um, acoustic noise was reduced and

reliability was excellent.

Page 24

000189



10

15

[00109] It can be seen that in the case in which the thickness
of the lower cover layer was 5 um, which was out of the
above-mentioned numerical range, there was a problem in
reliability due to the moisture resistance defect, and in the
cases in which the thickness of the lower cover layer was 120
um or 150 um, acoustic noise was increased.

[00110] The following Tables 4 shows an acoustic noise
measurement value, the occurrence of moisture resistance
defects, and the occurrence of mounting defects according to
aratio (T/W) of athickness TtoawidthWof amultilayer ceramic
capacitor and a thickness of a lower cover layer, in the case
in which the average number of dielectric grains in a single

dielectric layer in a thickness direction thereof was less than

2.
[Table 4]
W THICKNESS OF ACOUSTIC MOISTURE MOUNTING
LOW COVER LAYER[ 4] NOISE[d8] RESISTANCE DEFECT DEFECT
5 26.7 X 0
10 27.1 0 Q
20 217 © 0
30 285 ¢] 0
40 28.8 © 0
50 29.1 © ¢
1.0 60 30.6 0] 0
70 31.3 © €]
80 31.6 0 0
90 32.3 © ©)
100 32.5 © 0
120 38.1 © 0
150 40.0 © O
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x: Defect Rate of 50% or greater

A Defect Rate of 1% to 50%

0: Defect Rate of 0.01% to 1%

©: Defect Rate less than 0.01%

[00111] Referring to Table 4, it can be seen that in the
case in which the average number of the dielectric grains 1llla
in a single dielectric layer in the thickness direction thereof
was less than 2, the number of grain boundaries was reduced,
and when voltage was applied to the internal electrodes, a
displacement of the dielectric layer was increased, resulting
in an increase in a displacement of the multilayer ceramic
capacitor, whereby acoustic noise was increased.

[00112] The following Table 5 shows an acoustic noise
measurement value, and the occurrence of mounting defects and
adhesion strength defect according to the width W of the
multilayer ceramic capacitor and a gap G between first and
second external electrodes.

[Table 5]
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W(m) GAP(G) BETWEEN GW ACOUSTIC MOUNTING ADHESION

EXTERNAL ELECTRODES NOISE[B] DEFECT(SHORT) STRENGTH
650 25 0.04 217 X ©)
650 30 0.05 22.0 0 0
650 40 0.08 22.1 0 0
650 50 0.12 225 0 0
650 80 0.18 231 ©) ©)
650 120 0.25 23.6 0 0
650 160 0.32 245 0 ©
650 210 0.40 249 ©) 0
650 260 0.48 252 0 0
650 310 0.55 256 0 0
650 450 0.69 259 0 0
650 550 0.85 25.9 0 0
650 580 0.89 26.2 0 0
650 620 0.95 26.5 0 X

x: Defect Rate of 50% or greater

A: Defect Rate of 1% to 50%

o: Defect Rate of 0.01% to 1%

©: Defect Rate less than 0.01%

[00113] Referring to Table 5, it can be seen that in the
case in which the gap G between the first and second external
electrodes satisfied 30um< G £ 0.9W, acoustic noise was reduced
and reliability was excellent.

[00114] It can be seen that in the case in which the gap
G between the first and second external electrodes was less than
30um, that is, the gap G was 25um, the short defect occurred.
[00115] Meanwhile, it can be seen that in the case in which
the gap G between the first and second external electrodes was

greater than 0.9W, that is, the gap G was 0.95W, adhesion
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strength was low when the multilayer ceramic capacitor was
mounted on a board, resulting in a defect.

Board Having Multilayer Ceramic Capacitor Mounted Thereon

[00116] FIG. 6 is a perspective view showing a structure
in which the multilayer ceramic capacitor of FIG. 1 is mounted
on a printed circuit board.

[00117] FIG. 7 is a plan view of FIG. 6.

[00118] FIG. 8 is a plan view of FIG. 6 according to another
exemplary embodiment of the present disclosure.

[00119] FIG. 9 is a plan view of FIG. 6 according to another
exemplary embodiment of the present disclosure.

[00120] Referring to FIGS. 6 and 7, a board 200 having the
multilayer ceramic capacitor 100 mounted thereon according to
this exemplary embodiment may include a printed circuit board
210 on which the multilayer ceramic capacitor 100 1is
horizontally mounted, and two or more electrode pads 221 and
222 formed on the printed circuit board 210 to be spaced apart
from each other.

[00121] The electrode pads may include first and second
electrode pads 221 and 222 connected to the first and second
external electrodes 131 and 132 of the multilayer ceramic
capacitor 100, respectively.

[00122] In this case, the multilayer ceramic capacitor 100
may be electrically connected to the printed circuit board 210

by a solder 230 in a state in which the lower cover layer 113
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is disposed downwards and the first and second external
electrodes 131 and 132 are positioned to contact the first and
second electrode pads 221 and 222, respectively.

[00123] In the board 200 having the multilayer ceramic
capacitor 100 mounted thereon according to another exemplary
embodiment of the present disclosure, the solder 230 may be
formed on portions of the first and second external electrodes
131 and 132 of the multilayer ceramic capacitor 100, but is not
limited thereto.

[00124] Particularly, referring to FIGS. 6 and 7, the solder
230 may be disposed around central portions of the first and
second external electrodes 131 and 132 of themultilayer ceramic
capacitor 100.

[00125] When voltage is applied in a state in which the
multilayer ceramic capacitor 100 is mounted on the printed
circuit board 210 as described above, acoustic noise may be
generated.

[00126] Here, sizes of the first and second electrode pads
221 and 222 may become an indicator for determining an amount
of the solder 230 connecting the first and second external
electrodes 131 and 132 of the multilayer ceramic capacitor 100
to the first and second electrode pads 221 and 222, and a level
of the acoustic noise may be controlled according to the amount
of the solder 230.

[00127] When voltages having different polarities are
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applied to the first and second external electrodes 131 and 132
formed on both side surfaces of themultilayer ceramic capacitor
100 in a state in which the multilayer ceramic capacitor 100
is mounted on the printed circuit board 210, the ceramic body
110 may be expanded and contracted in a thickness direction by
an inverse piezoelectric effect of the dielectric layers 111,
and both side portions of the ceramic body 110 having the first
and second external electrodes 131 and 132 formed thereon may
be contracted and expanded by a poisson effect as opposed to
the expansion and contraction of the ceramic body 110 in the
thickness direction.

[00128] More specifically, the contraction and expansion
of the ceramic body may occur with a displacement of about 20nm
in the thickness direction of themultilayer ceramic capacitor,
a displacement of about 4nm in the length direction thereof,
and a displacement of about 2nm in the width direction thereof.
[00129] Here, in themultilayer ceramic capacitor according
to the exemplary embodiment of the present disclosure, since
the first and second external electrodes are formed on both side
surfaces of the ceramic body in the width direction of the
multilayer ceramic capacitor, displacement in contraction and
expansion may be significantly decreased, whereby acoustic
noise may be reduced.

[00130] Referring toFIG. 8, in another exemplary embodiment

of the present disclosure, the electrode pads may include first
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and second electrode pads 221’ and 222’ connected to the first
external electrode 131 of the multilayer ceramic capacitor 100
and third and fourth electrode pads 223’ and 224’ connected to
the second external electrode 132.

[00131] According to the exemplary embodiment of the present
disclosure shown in FIG. 8, two electrode pads for the same
external electrode are spaced apart from each other, so that
a difference in displacement of contraction and expansion may
be decreased, whereby an effect of reducing acoustic noise may
be further excellent.

[00132] Referring to FIG. 9, according to another exemplary
embodiment of the present disclosure, first and second
electrode pads 221" and 222" may be offset to each other in the
width direction of the multilayer ceramic capacitor.

[00133] According to the exemplary embodiment of the present
disclosure shown in FIG. 9, since the first and second electrode
pads 221”7 and 222" may be offset to each other in the width
direction of themultilayer ceramic capacitor, contraction and
expansion may be offset to each other, such that an effect of
reducing acoustic noise may be further excellent.

[00134] As set forth above, according to exemplary
embodiments of the present disclosure, since a gap between
external electrodes 1is relatively short, an amount of
vibrations generated in a multilayer ceramic capacitor

transferred to a board may be reduced, whereby acoustic noise
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may be reduced.

[00135] Further, when the multilayer ceramic capacitor is
mounted on the board, a mounting area may be reduced.
[00136] While exemplary embodiments have been shown and
described above, it will be apparent to those skilled in the
art that modifications and variations could be made without
departing from the spirit and scope of the present disclosure

as defined by the appended claims.
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What Is Claimed Is:

1. A multilayer ceramic capacitor, comprising:

a ceramic body including dielectric layers and having
first and second main surfaces opposing each other, first and
second side surfaces opposing each other, and first and second
end surfaces opposing each other;

an active layer including a plurality of first and second
internal electrodes disposed to face each other with at least
one of the dielectric layers interposed therebetween and
alternately exposed to the first or second side surface;

upper and lower cover layers disposed on and below the
active layer, respectively; and

a first external electrode disposed on the first side
surface of the ceramic body and electrically connected to the
first internal electrodes and a second external electrode
disposed on the second side surface and electrically connected
to the second internal electrodes,

wherein when a thickness of the ceramic body is defined
as T and a width thereof is defined as W, 0.75W < T £ 1.25W is
satisfied,

when a gap between the first and second external
electrodes is defined as G, 30um £ G £ 0.9W is satisfied, and

an average number of dielectric grains in a single
dielectric layer in a thickness direction thereof is 2 or

greater.
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2. The multilayer ceramic capacitor of claim 1, wherein

the lower cover layer has a thickness of 10 um to 100 um.

3. The multilayer ceramic capacitor of claim 1, wherein
when the thickness of the ceramic body is a distance between
the first and second main surfaces, the width of the ceramic
body is a distance between the first side surface on which the
first external electrode is formed and the second side surface
on which the second external electrode is formed, and a length
of the ceramic body is a distance between the first and second
end surfaces, the distance between the first and second side
surfaces is shorter than or equal to the distance between the

first and second end surfaces.

4. The multilayer ceramic capacitor of claim 3, wherein

when the length and the width of the ceramic body are defined

as L and W, respectively, 0.5L £ W £ L, is satisfied.

5. The multilayer ceramic capacitor of claim 1, wherein

an average grain size of the dielectric grains is 50 nm to 500

nm.

6. The multilayer ceramic capacitor of claim 1, wherein

the first and second internal electrodes are spaced apart from
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the first and second end surfaces of the ceramic body by a

predetermined distance.

7. The multilayer ceramic capacitor of claim 1, wherein
the first and second external electrodes are extended to
portions of the first and second main surfaces of the ceramic

body.

8. A board having amultilayer ceramic capacitor mounted
thereon, the board comprising:

a printed circuit board having two or more electrode pads
formed thereon;

the multilayer ceramic capacitor mounted on the printed
circuit board; and

a solder connecting the electrode pads and the multilayer
ceramic capacitor,

wherein the multilayer ceramic capacitor includes:

ceramic body including dielectric layers and having first
and second main surfaces opposing each other, first and second
side surfaces opposing each other, and first and second end
surfaces opposing each other;

an active layer including a plurality of first and second
internal electrodes disposed to face each other with at least
one of the dielectric layers interposed therebetween and

alternately exposed to the first or second side surface;
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upper and lower cover layers disposed on and below the
active layer, respectively; and

a first external electrode disposed on the first side
surface of the ceramic body and electrically connected to the
first internal electrode and a second external electrode
disposed on the second side surface and electrically connected
to the second internal electrode,

when a thickness of the ceramic body is defined as T and
a width thereof is defined as W, 0.75W < T < 1.25W is satisfied,

when a gap between the first and second external
electrodes is defined as G, 30um £ G £ 0.9W is satisfied, and

an average number of dielectric grains in a single
dielectric layer in a thickness direction thereof is 2 or

greater.

9. The board of claim 8, wherein the lower cover layer

has a thickness of 10 um to 100 um.

10. The board of claim 8, wherein when the thickness of
the ceramic body is a distance between the first and second main
surfaces, the width of the ceramic body is a distance between
the first side surface on which the first external electrode
is formed and the second side surface on which the second
external electrode is formed, and a length of the ceramic body

is a distance between the first and second end surfaces, the
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distance between the first and second side surfaces is shorter
than or equal to the distance between the first and second end

surfaces.

11. The board of claim 10, wherein when the length and
the width of the ceramic body are defined as L and W, respectively,

0.5L < W < L is satisfied.

12. The board of claim 8, wherein an average grain size

of the dielectric grains is 50 nm to 500 nm.

13. The board of claim 8, wherein the first and second
internal electrodes are spaced apart from the first and second

end surfaces of the ceramic body by a predetermined distance.

14. The board of claim 8, wherein the first and second

external electrodes are extended to portions of the first and

second main surfaces of the ceramic body.

15. The board of claim 8, wherein the solder is disposed

around portions of the first and second external electrodes of

the multilayer ceramic capacitor.

16. The board of claim 8, wherein the solder is disposed

around central portions of the first and second external
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electrodes of the multilayer ceramic capacitor.

wherein the electrode pads

17. The board of claim 8,

include first and second electrode pads connected to the first

and second external electrodes of the multilayer ceramic

capacitor, respectively.
18. The board of claim 17, wherein the first and second
electrode pads are offset to each other in a width direction
10 of the multilayer ceramic capacitor.

The board of claim 8, wherein the electrode pads

19.
include:
first and second electrode pads connected to the first
and

external electrode of the multilayer ceramic capacitor;

15
third and fourth electrode pads connected to the second

external electrode of the multilayer ceramic capacitor.
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ABSTRACT

Amultilayer ceramic capacitor may include: a ceramic body
including dielectric layers and having first and second main
surfaces opposing each other, first and second side surfaces
opposing each other, and first and second end surfaces opposing
each other; an active layer configured to form capacitance by
including first and second internal electrodes facing each
other with one dielectric layer therebetween and alternately
exposed to the first or second side surface; upper and lower
cover layers disposed on and below the active layer; and a first
external electrode disposed on the first side surface and a
second external electrode disposed on the second side surface.
Thickness T and width W of the ceramic body satisfy
0.75WST<1.25W, gap G between the first and second external
electrodes satisfies 30um<G=0.9W, and an average number of
dielectric grains in a single dielectric layer in a thickness

direction thereof is 2 or greater.
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Attorney Docket No.

COMBINED DECLARATION AND ASSIGNMENT FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:

{ believe T am the original or an original joint inventor of a claimed invention in the
application for which a patent is sought on the invention entitled:

MULTILAYER CERAMIC CAPACITOR AND
BOARD HAVING THE SAME MOUNTED THEREON

§ attached, or

[ ] United States application number or PCT international application
number filed on

The above-identified application was made or authorized to be made by me.

in the event that the filing date and/or application number are not entered above at the time 1
execute this document, and if such information is deemed necessary, I hereby authorize and
request the registered practitioners of MeDermott Will & Emery LLP, associated with the

Customer Number 20277, to insert above the filing date and/or application number of the
application.

I hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both.
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Attorney Docket No.

ASSIGNMENT

For good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, I hereby assign to

SAMSUNG ELECTRO-MECHANICS CO., LTD.

having an address at Maeyoung-Ro 150 (Maetan-Dong). Youngtong-Gu, Suwon-Si,
Gyeonggi-Do, Republic of Korea (hereinafter designated as the Assignee), the entire (100%)
right, title and interest for the United States as defined in 35 USC §100, in the invention
described in the application identified in this document.

i hereby confirm any prior assignment to Assignee, and to the extent that [ have not already
done so, agree to assign, and hereby do, sell, assign and transfer unto Assignee and its
successors in interest, the full and exclusive right, title and interest in the United States of
America, including the right to claim priority under the laws of the United States, the Paris
Convention, and any foreign countries, to the inventions as described in the aforesaid
application, to the aforesaid application itself, and all divisions, continuations, continuations-
in-part, or other applications claiming priority directly or indirectly {rom the aforesaid
application, and any United States or foreign Letters Patent, utility model, or other similar
rights which may be granted thereon, including reissues, reexaminations and extensions
thereof, and all copyright rights in the aforesaid application and the subject matter disclosed
therein, these rights, title and interest to be held and enjoyed by Assignee to the full end of the
term for which the Letters Patent, utility model, or other similar rights, are granted and any
extensions thereo{ as fully and entirely as the same would have been held by the undersigned
had this assignment and sale not been made, and the right to sue for, and recover for past
infringements of, or liabilities for, any of the rights relating to any of the applications, patents,
utility models, or other similar rights, resulting therefrom, and the copyright rights;

i hereby covenant and agree to execute all instruments or documents required or requested for
the making and prosecution of any applications of any type for patent, utility model, or other
similar rights, and for copyright, in the United States and in all foreign countries including,

but not limited to, any provisional, continuation, continuation-in-part, divisional, renewal or
substitute thereof, and as to letters patent any reissue, re-examination, or extension thereof,
and for litigation regarding, or for the purpose of protecting title and to the said invention, the
United States application for patent, or Letters Patent therefor, and to testify in support thereof,
for the benefit of Assignee without further or other compensation than that above set forth;

T hereby covenant that no assignment, sale, license, agreement or encumbrance has been or
will be entered into which would conflict with this Assignment.
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Legal name of first inventor

LEE, Byoung Hwa

First inventor’s signature

B

Legal name of second inventor

PARK, Heung Kil
Second inventor’s signgture Date
2z, ' .
el 308
Legal name of third inventor
LEE, Kyo Kwang
Third in\ﬁtp?"/s/signature | Date ‘
. | g 4
//% : ;\c/(;/,/-‘ é l\
- §
Legal name of fourth inventor
AHN, Young Ghyu
Date

Fourth inventor’s signature
v f‘ .

e

LYY AN RN

Legal name of fifth inventor

PARK, Sang Soo

Fifth inventor’s signature

W—/

Date

>olt >, {7

Legal name of sixth inventor

LEE, Soon Ju

Sixth inventor’s signature

1A%

Date

relt, 3. 25
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
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result in termination of proceedings or abandonment of the application or expiration of the patent.
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1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act
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court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
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Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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REDUCING A LENGTH OF A CURRENT PATH

(57) Abstract:

PURPOSE: A multilayer chip capacitor is provided to reduce

power loss by decreasing ESR(Equivalent Series Resistance)

through frequency attenuation characteristic and a rescnance
frequency characteristic.

CONSTITUTION: A multilayer chip capacitor(100) includes a
main body(101), a plurality of first and second inner electrodes
(103a,104a), and first and second outer electrodes(103,104).
The main body is formed by stacking a plurality of dielectric
layers(103b,104b) and has first and fourth sides(S1-84) in
parallel with a stacking direction. The first and second sides
face each other and the third and fourth sides face each other.
The first and second inner electrodes are alternately stacked by
being separated by the dielectric layers in the main body. The
first and second outer electrodes are formed on the first and
second sides respectively and have diftferent polarity.
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Attorney Docket No.

COMBINED DECLARATION AND ASSIGNMENT FOR PATENT APPLICATION

As a below named inventor, 1 hereby declare that;

1 behieve T aro the original or an original joint inventor of a clatmed invention in the
application for which a patent is sought oo the Invention entitied:

MULTILAYER CERAMIC CAPACITOR AND
BOARD HAVING THE SAME MOUNTED THEREON

N attached, or

[ United States application number or PCT international application
mumber filed on___

The above-identified application was made or authorized to be made by me.

{n the event that the filing date and/or application number are not entered above at the tme 1
execute this document, and if such information s deermed necesaary, I hereby authorize and
request the registered practitioners of MeDermott Will & Emery LLP, associated with the
Custornser Number 20277, to insert above the filing date and/or application number of the
application,

1 hereby acknowiedge that any willful false statement made in this declaration is punishable
under 18 1L8.C. 1001 by fine or iraprisonment of not more than five (5) years, or both.
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Attorney Docket No.
ASSIGNMENT
For good and valuable consideration, the receipt and sufficiency of which is hereby
acknowledged, I hereby assign to

SAMSUNG ELECTRO-MECHANICS CC., LTD.

having an address at Maeyoung-Re 150 (Maetan-Dong). Youngtong-Gu, Sawon-Si,
Gyeongei-Dio, Republic of Korea (hereinafter designated as the Assignee), the entire {100%)
right, title and interest for the United States as defined in 35 USC §100, in the invention
described in the application identified in this document.

{ hereby confirm any prior assignment {0 Assignee, and to the exient that T have not already
done so, agree to assign, and hereby do, sell, assign and transfer unto Assignee and its
successors in interest, the full and exclusive right, title and interest in the United States of
Ameriea, including the right to claim priority under the laws of the United States, the Puris
Convention, and any foreign countries, to the inventions as described in the aforesaid
application, to the aforesaid application tiself, and all divisions, continuations, continuations-
in-part, or other applications claiming priority directly or indirectly from the aforesaid
application, and any United States or foreign Letters Patent, utility niodel, or other similar
rights which may be granted thereon, including reissues, reexaminations and exiensions
thereof, and ali copyright rights in the aforesaid application and the subject matter disciosed
thersin, these rights, title and irterest to be held and enjoved by Assignee to the full end of the
term for which the Letters Patent, utility model, or other similar rights, are granted and any
extensions thereof as fully and entirely as the same would have been held by the undersigned
had this assignment and sale not been made, and the right to sue for, and recover for past
infringements of, or liabilities for, any of the rights relating to any of the applications, patents,
utitity models, or other similar rights, resulting therefrom, and the copyright rights;

{ hereby covenant and agree to execute all instruments or documents required or requesied for
the making and prosecution of any applications of any type for patent, wiility model, or other
similar rights, and for copyright, in the United States and in all foreign countries including,

but not limited to, any provisional, continuation, continuation-in-part, divisional, renewal or
substitute thereot, and as to letlers patent any reissue, re-examination, or extension thereof,
and for litigation regarding, or for the purpose of protecting title and to the said invention, the
United States application for patent, or Letters Patent therefor, and to tesiify in support thereot,
for the benefit of Assignee without further or other compensation than that above set forth

1 hereby covenant that no assigonment, sale, license, agreement or encurabrance has been or
will be entered into which would conflict with this Assignment.
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Legal name of first inventor

LEE, Byoung Hwa

Fust inventor’s signature

Date

Legal name of second inventor

PARK, Heung Kil

Second inventor's:

e ]

Lezgal name of third mventor
LEE, Kyo Kwang

Third i;wen‘tfop"s’}‘rgnatm'e
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L

Lepalname.of fourth inventor

AHN, Young Ghyu

Fourth inventor’s signatuse

i Date

e
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me of fifth inventor

PARK, Sang Soo

Fifth inventor’s signature
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Date

Legal narge of sixth inventor

LEE, SoonJu

Sixth mventor's signature
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