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Glass Interposer Electromagnetic Bandgap Structure
for Efficient Suppression of Power/Ground
Noise Coupling

Youngwoo Kim, Student Member, IEEE, Jonghyun Cho, Member, IEEE, Jonghoon J. Kim, Kyungjun Cho,
Subin Kim, Srikrishna Sitaraman, Venky Sundaram, Pulugurtha Markondeya Raj. Rao R. Tummala, Fellow, IEEE,
and Joungho Kim, Fellow, IEEE

Abstract—In this paper, we propose glass inlerposer elec-
tromagnetic bandgap (EBG) structure to efficiently suppress
power/ground noise coupling. We designed, fabricated, measured,
and analyzed a glass interposer EBG structure for the first time.
Glass interposer EBG structure test vehicles were fabricated using
a thin-glass substrate, low-loss polymer layers, and periodic metal
patches with through glass vias (TGVs) in glass interposer power
distribution network. Using the dispersion characteristics, we thor-
oughly analyzed and derived fi andf;; of the glass interposer EBG
structure. We experimentally verified that the proposed glass in-
terposer EBG structure achieved power/ground noise suppression
(below —40 dB) between f; of 5.8 GHz and fy; of 9.6 GHz. Derived
Jfi andfy; based ondispersion analysis, full three-dimensional elec-
tromagnetic (3-D-EM) simulation and measurement achieved good
correlation. In the glass interposer EBG structure, tapered strue-
ture of the TGV and thickness of the low-loss polymer used for
metal-layers lamination affected the noise suppression bandgap
significantly. The effectiveness of the proposed glass interposer
EBG structure on suppression of the power/ground noise propa-
sation and coupling to high-speed TGV channel was verified with
3-D-EM simulation. As a result, the proposed glass interposer EBG
structure successfully and efficiently suppressed the power/ground
noise propagation and improved eye-diagram of the high-speed
TGV channel.

Index Terms—Electromagnetic bandgap (EBG), glass, inter-
poser, measurement, power/ground noise coupling, suppression,
through glass via (TGV).
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I. INTRODUCTION

NTERPOSER and through silicon via (TSV)-based
I 2.5-dimensional (2.5-D) integration enables realization of
high-performance electrical systems with wider bandwidth,
lower power consumption, and smaller form factors. 2.5-D in-
tegration provides promising solutions toward industrial and
technical challenges associated with the saturation of CMOS
technology [1]-[6]. Because of these merits, high-bandwidth
2.5-D products based on a silicon interposer are released and
widely adopted [7]-[9]. However, manufacturing cost still re-
mains high and suffers from signal integrity (SI) issues at high
frequency due to the finite conductivity of the silicon substrate
[10], which may not be suitable for high-frequency applications,
such as RF and mixed-signal systems. Also metal-oxide—Silicon
structure of the TSV causes hysteresis problems [L1]. Due to
these limitations, glass has gained much attention as a superior
alternative interposer substrate material to silicon.

Glass interposers have several advantages namely: Excel-
lent dimensional stability with smooth surface, closely matched
coefficient of thermal expansion to silicon, availability of ul-
trathin glass substrates in large panel sizes, availability of
doubled sided metal lamination, readiness of embedded sub-
strate processes, and finally, excellent electrical resistivity of
the glass substrate that contributes to low signal loss up to gi-
gahertz range [12]. Therefore, 2.5-D integration based on the
glass interposer is a potential means of realizing cost-effective
and high-performance electrical systems. However, in spite of
these advantages, glass interposers suffer from resonance and
power/ground noise coupling issues stemmed from the low loss
of the glass substrate [13], [14]; when the power/ground noise
in the interposer, such as simultaneous switching noise (SSN)
or coupling from signal through glass vias (TGVs) to the power
distribution network (PDN) is generated, it cannot be easily
suppressed and propagates further due to the low loss of the
glass substrate. Various types of noise sources that can cause
power/ground noise in the glass interposer PDN are depicted
in Fig. .

Power/ground noise is becoming a serious problem for mixed-
signal systems with system on chips, high bandwidth mem-
ory (HBM) devices, and analogue and RF circuits. Therefore,
in order to maximize the advantages of the glass interposer-
based system integration, power/ground noise suppression must
be conducted. A well known and cost-effective solution to
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Glass Interposer Electromagnetic Bandgap Structure

for Efficient Suppression of Power/Ground
Noise Coupling

Youngwoo Kim, Student Member, IEEE, Jonghyun Cho, Member, IEEE, Jonghoon J. Kim, Kyungjun Cho,

Subin Kim, Srikrishna Sitaraman, Venky Sundaram, Pulugurtha Markondeya Raj, Rao R. Tummala, Fellow, IEEE,
and Joungho Kim, Fellow, IEEE

Abstraci—In this paper, we propose glass interposer elec-
tromagnetic bandgap (EBG) structure to efficiently suppress
power/ground noise coupling. We designed, fabricated, measured,
and analyzed a glass interposer EBG structure for the first time.
Glass interposer EBG structure test vehicles were fabricated using
a thin-glass substrate, low-loss polymer layers, and periodic metal
patches with through glass vias (TGVs) in glass interposer power
distribution network Using the dispersion characteristics, we thor-
oughly analyzed and derived f; andfi; of the glass interposer EBG
structure. We experimentally verified that the proposed glass in-
terposer EBG structure achieved power/ground noise suppression
(below —40 dB) between f;, of 5.8 GHz and f; of 9.6 GHz. Derived
Ji and fy; based on dispersion analysis, full three-dimensional elec-
tromagnetic (3-D-EM) simulation and measurement achieved good
correlation. In the glass interposer EBG structure, tapered struc-
ture of the TGV and thickness of the low-loss polymer used for
metal-layers lamination affected the noise suppression bandgap
significantly. The effectiveness of the proposed glass interposer
EBG structure on suppression of the power/ground noise propa-
gation and coupling to high-speed TGV channel was verified with
3-D-EM simulation. As a result, the proposed glass interposer EBG
structure successfully and efficiently suppressed the power/ground
noise propagation and improved eye-diagram of the high-speed
TGV channel.

Index Terms—Electromagnetic bandgap (EBG), glass, inter-
poser, measurement, power/ground noise coupling, suppression,
through glass via (TGV).
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[. INTRODUCTION

NTERPOSER and through silicon via (TSV)-based
I 2.5-dimensional (2.5-D) integration enables realization of
high-performance electrical systems with wider bandwidth,
lower power consumption, and smaller form factors. 2.5-D in-
tegration provides promising solutions toward industrial and
technical challenges associated with the saturation of CMOS
technology [1]-[{6]. Because of these merits, high-bandwidth
2.5-D products based on a silicon interposer are released and
widely adopted [7]-[9]. However, manufacturing cost still re-
mains high and suffers from signal integrity (SI) issues at high
frequency due to the finite conductivity of the silicon substrate
[10], which may not be suitable for high-frequency applications,
such as RFand mixed-signal systems. Also metal-oxide—Silicon
structure of the TSV causes hysteresis problems [L1]. Due to
these limitations, glass has gained much attention as a superior
alternative interposer substrate material to silicon.

Glass interposers have several advantages namely: Excel-
lent dimensional stability with smooth surface, closely matched
coefficient of thermal expansion to silicon, availability of ul-
trathin glass substrates in large panel sizes, availability of
doubled sided metal lamination, readiness of embedded sub-
strate processes, and finally, excellent electrical resistivity of
the glass substrate that contributes to low signal loss up to gi-
gahertz range [12]. Therefore, 2.5-D integration based on the
glass interposer is a potential means of realizing cost-effective
and high-performance electrical systems. However, in spite of
these advantages, glass interposers suffer from resonance and
power/ground noise coupling issues stemmed from the low loss
of the glass substrate [13], [14]; when the power/ground noise
in the interposer, such as simultaneous switching noise (SSN)
or coupling from signal through glass vias (TGVs) to the power
distribution network (PDN) is generated, it cannot be easily
suppressed and propagates further due to the low loss of the
glass substrate. Various types of noise sources that can cause
power/ground noise in the glass interposer PDN are depicted
in Fig. 1.

Power/ground noise is becoming a serious problem for mixed-
signal systems with system on chips, high bandwidth mem-
ory (HBM) devices, and analogue and RF circuits. Therefore,
in order to maximize the advantages of the glass interposer-
based system integration, power/ground noise suppression must
be conducted. A well known and cost-effective solution to

- 905 -
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Retrieve Electronic Priority Application(s) (PTC/SB/38 or its equivalent). Consequently, the USPTO will attempt
lo electronically retrieve these priority documents.
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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 nol ekminate the need of applicants to file addstional documents and fees in countries where patent
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In various respects from the patent law of the United States, applicants are advised to seek guidance lrom specilic
foreign countries o ensure that patent rights are not lost prematurely
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Filing Receipt United Kingdor:
Telsphone +44 (0) 8458 600505

Minicom =44 (0) 8458 222260
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Your Rei. : P107508GB0OD Dats : 01-Jul-2009

We have received your request for grant of a paient and recorded its details as follows :

Ping Dase = w-{ gelg |
!‘ﬁﬂfh‘wm 3 ~Nov—2008 SRt iodreTy

Applicant{sWeontact point : | POSTECH Academy-Industry Foundation |

Application Fee Paid
Description (number of pages)

Yes
9
Claims (number of pages) 2
Drawings(number of pages) 5
Abstract (number of pages) 1
Suement of inventorship (Form 7). & jyg Must be submitted by 10~Mar-2010
Reques: for search (Form $A) ! Yag

Reques: for examination (Form 10) i

Priority doctsments : Eaa

Other attachments received -

Plesse quots the application numbser in the heading whenever you contact us abott this application.

If you have any queries about the accuracy of this receipt please phone the Document Reception Manager on +44 (0} 1633 814570,
Far all other queries, pleass phons our Central Enquiry Unit on 08459 500 505 if you ars calling from the UK, or +44 1633 813530 if
you wre callin g from owside ha UK. Or email enguiries @igo.gov.uk.

*  This filing date is provisional. We may havs 1o change it if we find during preliminary examination that the application

doss nes satisfy section 15(1) of the Patents Act 1977 or if we re~date the application to the dare when we gst any later
filed documents,

FR2 intellectusl Property Offics is an cperating name of the Patent Office
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PATENT APPLICATION (NP1) NUMBERI0912816.6

We have received your request for grant of a patent (entenng te national phase) and recorded its details

as follows:

International Application Number PCT/KR2008/000405

International Publication Number WO2008/091104

International Filing Date 22 January 2008 "_’"—i'-:ﬂ:a'"'!

Date lodged with Office 23Juty2009) =

Appiicanis) [Gnerco o} S

Statement of inventorship (Form 7) None

Request for search (Form 9A) Yes

Request for examination (Form 10) Yes

Priority Documents None

Other Attachments Received Fee Sneet FeeSheet paf
‘Vahdation Log ValidLog pdf

Signed by CN=H. Sherrard-Smith 6499,0=Appleyard
Lees C=GB

Submitted by A. Peaker 97560

Timestamp of Recaipt 23 Juty 2009, 14:45:05 (BST)
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TELECOMMUNICATION
STANDARDIZATION SECTOR

STUDY PERIOD 2013-2016

STUDY GROUP 17
#Edz | TD 2811
English only

Original: English

Question(s): 617 Geneva, 29 August — 7 September 2016
™ HEYXR
Source: Editors
BEEY
Title: The second revised baseline text for X.itssec-2

In the interim Q6/SG 17 Rapporteur group meeting (Seoul, Republic of Korea, June 2016), Q6/17
discussed a contribution from South Korea and agreed to provide the revised baseline text for

further study.
The main revised contents are as follows:

- Baseline text of clause 7.1
- Baseline text of clause 8.1

Attachment 1: The second revised text for X.itssec-2.

Contact:

Contact:

Atiention: This is not a publscatsan made available to the public. but an internal ITU-T Document intended only for use by the
Member States of ITU, by ITU-T Sector Members and Assocmtes, and their respective staff and collaborators in their ITU related
work. It shall not be made avalable to, and used by, any other persons or entstses without the prior written consent of 1TU-T.
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