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Background and Motivation

*  Part of a collaborative radar consortium
developing a switched-mode power supply
(SMPS)

*  SMPS components can emit EMI due to
high-frequency switching

* Sensitive RF components require shielding
to maintain signal integrity

*  Goal: Embed micro-sized Faraday cage
(MFC) for shielding directly within the LTCC
structure

— Evaluate shielding effectiveness through:

e Structural design, Electromagnetic
simulation, RF measurement

e WiFi and Bluetooth enabled module
with(L)/without(R) EMI shielding for reducing3

Concept Model
o ]
I I1 m S. Gupta, "How does Environmental EMI, Temperature, Dust, Moisture, Rain, and other conditmggﬁgtt the performance of

Universityof Aransas o High Densiy Electronics Canter -y our PCB?," Circuit Digest, Sep. 23, 2021. Inte rfe re nceS
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Design Parameters

° D u PO nt 95 1 DuPont 951 Datasheet

e =7.5 tan 6 = 0.0060

* Excellent RF performance o e aape ™ 851

* Via spacing (d < A/10) for shielding
@25GHz: A_951 =4.38mm =172.44 mil

 Distance between Via’s is 5 mil < A/10 (17.2 S el S i o

lable

Technical Data Sheet

Product Description System Capability
™ GreenTape™ 951 i3 lon-temperature The GreenTape™ 051 syctem is designed to
Green Tape

multiple thicknesses and is designed for use as an  Printing

.
m insulating layer in Follwing _blerking and _pr
I +  Multichip modules GreenTape™ 951 green sheef p |ampHﬂ
o Single chip packages direcly onto unfred
951 using thick fim printing methods and a

«  Ceramic printed board:
L RE e ed wiring boards vacuum stone or other support_structure that
uniformly distibutes vacuum.  Follow specifc

. . . . . - f .
° prining end chying revommendetions des
— F I | I ' l r I r ' ‘ The GreenTape™ 951C2, GreenTape™ 951PT
a rlcatlo LI Itatlo S- Dla eter O Vla 2 GreenTape™ 951P2 and GreenTape™ 951P>< " i 'W'"P ition product data shes e
o d on a bas
i

& fim with impro
Inspection
. . . Inspect via, conductor and other prints prior to
* Via Diameter = 10 mil by B
sed with compatible metalizations, ypical Process Flow
GroanTa ape™ 951 offer e faloving bencfe

Componem integration — buried resistors,
capacitors, and inductors.

. . « Hermetic packaging
[ ] « Lowtemperature brazing
« Cavities
+ High density interconnections
= Cofire processing and refire stabilty

— Ensure vertical vias connect top and e o 2 o

GreenTape™ 951, see the GresnTape™ Design
and Layout Guidelnes (GreerTape™ 951 secton)

bottom ground planes to enclose EM
fields

H1m DuPont. (2011). DuPont™ GreenTape™ 951 Low Temperature Ceramic S{3@p84Technical Data Sheet (MCM951 7/2011). E. |. du Pont de Nemours 4
Unvesty tvaras o Highomsty Becioncs et gl Company. http://www.mcm.dupont.com
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w Micro-Faraday Cage (MFC) Board and Design

................... Layer-by-layer View

MFC Test Coupon — 4 Panel Layout 000585 MFC 3D Close-Up — Embedded with Ag via Sidewall




Initial proof of concept
began with 4 Layers.
Bowing was noticeably
present

Top Ag

— L1
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Design Life Cycle

The overall tape count was
increased to 5 Layers to double “
the cavity height from 10 mils to v
20 mils to reduce warping;
however, bowing was still slightly ©
present. "

L1
L2
L2 Isolder Ag/Pd L —l [ L
L4 |Solder Ag/Pd
L3 vias via sidewall
— L3 | vias via sidewall
L4 ‘ Bottom Ag ;e
L5 ‘ Bottom Ag
St
——————— e A= ma
[ TTTTTTS 1 r 1 1 :
! 1 q 1 1 -
:— 1 i = 1 .
1 : 1 : LA !
) _— - —
-I'I'|D-€- Port 2 (No Port 4 5L- Portidosse
|

Metallization) (Metallization)
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(Metallization)

Top Ag

Solder Ag/Pd
—

vias

via sidewall

Bottom Ag

Board 2: No Cavity Cross Section
Top Ag <
I
—

Solder Ag/Pd
|

Top Ag

L1

L2

L3
L4

via sidewall

Bottom Ag L5

Board 1: Cavity Present

Cross Section

2 Versions were made. A
4-layer with no cavity and
a 5-layer with a smaller
cavity but more support

Tape.

Board 2

Board 1

6
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Board 1: Simulated vs Measured Results

* Board 1: Cavity Present (5 Layers)
* Reflection Coefficient (S11, S44)
* Transmission Coefficients (S41)

Reflection Coefficients 40 Transmission Coefficients
L T T
—S41VNA
10041 SIM
-50
£
60 | 1 e g
5 I i

: ! 1‘ ") - H

70 l : i ‘ it _
) @ : 'H
z z H
80 2

. 9 | o
—S11VNA N N, 1
30 | —S44 VNA P i 2100 |
0 S11SIM ~,
S44 SIM * - P4
-35 1 1 1 1 1 1 1 1 1 -110 1 1 1 1 1 1 1 1 1
20 21 22 23 24 25 26 27 28 29 30 20 21 22 23 24 25 26 27 28 29 30
Frequency (GHz) Frequency (GHz)
o= Board 1 — Reflection Coefficient Simulation vs VNA Measurement Board 1 — Transmission Coefficient Simulation vs VNA Measurement
-HiD=C- 00057
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Board 2: Simulated vs Measured Results

* Board 2: No Cavity (4 Layers)
* Reflection Coefficient (S11, S44)
* Transmission Coefficients (S41)

Reflection Coefficients Transmission Coefficients
I 0 i > R T, 1 -40 T T T T T T
MW —S41VNA
2 B 1er.S41SIM
-50 |
-4 N
6 N
60 . |
-8 4
& 10 Lt 1 g 70 L il 1
z | Ansys =2 : s " K
f P2 "
12 Ly \ z 1
| P3 v 80 | ]
14 || Z < |
) N N
6 P1
[[—ST1VNA S b 90 | g
—S44 UNA y &pz; K
18 | |.uustiSIM “ , . ,
S44.SIM
-20 1 1 1 1 1 1 1 L L -100 L L L 1 1 1 L L L
20 21 22 23 24 25 26 27 28 29 30 20 21 22 23 24 25 26 27 28 29 30
Frequency (GHz) Frequency (GHz)
Board 2 — Reflection Coefficient Simulation vs VNA Measurement Board 2 — Transmission Coefficient Simulation vs VNA Measurement

H 1 m 000588
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LTCC Micro-Faraday Cage Assessment
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* 5-layer board shows significant warping.

— Approx. 8 mils bowing leaving a 2-mil gap
between the Lower and Upper Layers

* Conclusion from the fabrication:
— need to add extra layers for support.

Expectation fabrication

.H’DEG_ 5-Layer Board Cross Section Simple Model
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W LTCC Micro-Faraday Cage (8 Layers)
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* (L) Left side of the cavity _—
¢ (R) Mlddle Of the CaV|ty Total Magnification:6.3x

Total Magnification: Top
6.3x Side

'I'HD=€- 000590 Cross Section Cut
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Early Prototypes — Lessons Learned

4-Layer Structure
— Single cavity cutout
— The top layer collapsed during sintering
— Insufficient support for cavity width

5-Layer Structure
— 2 metallization support layers + 1 cavity cutout
— 8 mil depression from the top layer
— 2 mil air gap in cavity
— Enhanced support, though overall rigidity remains limited

Board 2

8-Layer Test Stack
— 3 metallization support layers + 2 cavity cutouts
— 4 mil cage depression
— 6 milairgap
— Better cavity formation, but lid collapse still observed in wide configurations

Key Finding
o= — The Wide cavities consistently resulted in lid collapse during fabrication S
'H'|D:€' — More support layers are needed to digtrdbute mechanical stress Board 1 11

University of Arkansas » High Density Electronics Center
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Future Work

. Dimensions: ~¥2.5inx~2.5in
— (2500 mils VS 5500 mils)

* 4 Patch Sensors (25 GHz)
— 2 Surface
— 2 Embedded (1 shielded/ 1 unshielded)

e 14 Layers Total vs 5-Layer:

— Above Sensor
e 3 Support Layers for Metallization
. i
* 5 Cavity cutouts Layers .“(:

*  Double Via Wall (12 Layers)
— 5 mil Spacing

*  Ground Plane expanded for support on top
and bottom ground plane

* Different connector type is used to ensure
the same placement each time

Dielectric Raised Deposited

Q@ R- Fill Plaatform Metal
'I'I" — 000592

e Concept Model Cross Section
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Simulation Results - Reflection Coefficients

Port 1: S11 Blue Surface Sensor Port2 .
. . & />
Port 2: S22 Orange Embedded (No Shield) o3 g - PN
Port 3: S33 Yellow Surface Sensor . \gv& Port 1
Port 4: S44 Purple Embedded (Shielded) °
¥ Port 4
Reflection Coefficients
0
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Simulation Results - Transmission Coefficients

S21 Blue Port 2
— Port 2 Embedded (No Shield) bort 3 =5
S43 Orange = <

— Port 4 Embedded (Shielded)

Transmission Coefficients
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.
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=
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Summary of Findings

* Micro-Faraday cages can be successfully
embedded in LTCC structures.

— Early iterations confirmed proof of concept

* Final Version simulations predict effective
isolation

— Expected greater than ~20dB (Pending
measurements)

e Fabrication is in work, waiting on screens to
arrive

. L
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Thank you

Questions?

000596
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Extra Slides

000597
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Final Version
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Concept Model

e (L) With Heatsink
* (R) Without Heatsink

Dielectric Thermal Raised Deposited Dielectric Raised Deposited

oIR== Fill Conductor Platform Metal Fill Platform Metal
I I1M- 000599 19

University of Arkansas » High Density Electronics Center
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Fabrication Process

. Steps:
—  Green tape punching (cavity, vias)
—  Silver paste fill
—  Screen-printed traces
—  Lamination and sintering at 850°C

. LTCC 951 stack built in-house

Mixing & Milling Cutting g Punching Via Hole Filling

gﬁpﬂ Casling w . g ‘
Sw— TTTT

rd -
o .
St
i
i
£ a

5
Fa

Inner Pattern Printing Lamination

. L)
'I'IJDEWGZ LTCC (Low Temperature Co-fired CEP%¥hics) | Orbray Co., Ltd.

20


https://orbray.com/en/product/jewel/product/ltcc.html
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What is a Faraday Cage?

* A Faraday cage is a conductive enclosure embedded within a substrate
*  Shields critical circuits from EMI

*  Our Faraday Cage = micro-sized conductive enclosure with Via sidewalls and top/bottom
ground (Silver Composite Materials)

— Built directly into LTCC layer stack

e ———————
———————————

et The Charged Particles in the wall of Electrical Fields generated inside the

o= S the Faraday Cage respond to an wall cancel out the applied field,
-I-IllD:G- AL applied ¢electrical field neutralizing the interior of the cage.

University of Arkansas » High Density Electronics Center
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