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CONNECTIVITY MATTERS O

e Filter trend In 5G RF front end
* |PD solution for RF front end

» Dedicated IPD solution from Xpeedic
—HRSI-based IPD
—TGV-based IPD

* |IPD for 5G NR
e Summary
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sz Filter Trend in 5G RF Front End
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siveess OG’'s Impact on Filters

CONNECTIVITY MATTERS O

* Filter landscape is reshaping with 5G coming

* Various filter technologies such as LTCC, IPD, SAW and
BAW and their combination are needed for 5G

Filter Volume by Technology Split (mu)
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< 1PD for RE Front End

CONNECTIVITY MATTERS O

* Integrated Passive Device (IPD) advantages over discrete
—Miniaturization, high consistency, low cost, high integration,

Discrete m

088 0099
°o
* Discrete R, L,C « Multiple R, L, C
* Bulky « Small size, low profile
» Poor tolerance control « High performance

« Consistency
 High integration
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sz 1PD Evolution

CONNECTIVITY MATTERS O

* High resistivity silicon (HRSi) based IPD
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o — Xpeedic Dedicated IPD Service

CONNECTIVITY MATTERS O

* One-stop IPD service provides fast way from spec to volume
production

—Foundry eco-system and in-house dedicated EDA tools
IPD Foundries
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= 8G’s Impact on RFFE Module and Connectivity for Cell Phones, Aug 2019

CONNECTIVITY MATTERS

FILTER AND DUPLEXER SUPPLY CHAIN

Multiple possible disruption paths
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CONNECTIVITY MATTERS O
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Device Xpeedic Part NO. Size{mm?3)
X50805L960MWALS 0.8x0.5x0.35
- IPD Filter K50808L960MWASE 0.8x0.8x0.35
X50205L1G91WA4LT 0.8x0.5x0.35
: -\\ IPD Diplexer ¥516080960MWAD4 1.6x0.8x0.35
¥51511C2G12BM10 1.5x1.1=0.23
p— IPD Coupler X30808C2G12FM12 0.8x0.8x0.15

1 1
X51008C2G12FM17 1.0=0.8x0.15
E IPD Matching K50805N1GESWADS 0.8x0.5x0.35
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sz HRSI IPD Library(Contd

CONNECTIVITY MATTERS O

Balun BPF Device Xpeedic Part NO. Size(mm?)
2. 5‘3 :--—H—O Antenna X51005L2G50WAST 1.0%0.5%0.35
- X51005F2G45WAST 1.0x0.5%0.35
T , IPD Filter
Z.SGHEJ <} -0 — XS1005F5GA0WAD14 1.0x0.5x0.35
RX Diplexer
Balun LNA XSO808FSGA0WAQLE 0.8x0.8x0.35

Balun BPF

SG - . - o Matching — \ I— IPD Diplexer KS0808D2G50WAD3 0.8x0.8=0,35
[ Network
e ﬁ- IPD Balun XS50505B2G45WA20 0.5=0.5=0.35
RX | E LNA

Wireless LAN

. @ € Bluetooth I:I ' MPEEDIC
Integrated

Passive Device

Janiadsuel |

- ?
9 Lt

-,_.--

Wearable Device

@ [
& . o

@ LigBee’ Smart Appliance Wim

IW13AB: IPD for 5G RF Front-End Designs |Mms) '2'1‘32}3‘”‘!‘;22(!




\\ﬂ NIV 2

L°S ANGEL 58

CONNECTIVITY MATTERS O
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Licms HRSI-based Balun

CONNECTIVITY MATTERS O
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ﬁms HRSI-based WLAN Diplexer

CONNECTIVITY MATTERS O
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ﬁms HRSIi-based LPF + CA Diplexer

CONNECTIVITY MATTERS O
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ﬁms TGV-based IPD

CONNECTIVITY MATTERS O

Cu on Glass Agon LTCC

15kV X650  20pm 24/AUGIM7

Glass size:
*Wafers: 100-300mm
*Panels: Up to 500x500mm

Thickness: 100-500um
Positional Accuracy: <+/-10um
Pitch: Minimum 2x via diameter
Via Diameter: 100-30um

Complete LC network
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TGV device development
« Make use of TGV advantage

Glass substrate,
— Lower DK,
Less nonlinearity

Round cross-section, Q

lower resistance Solenoid type,
Higher magnetic density
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saneess TGV-based IPD(Cont'd)

TGV device measurements
* Inductor and diplexer

IMIS 21 26 June 2020, Los Angeles, CA

LD International Microwave Sy




shmees TGV Inductor

CONNECTIVITY MATTERS O
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TGV Diplexer
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Xpeedic 0 Diplexer TGV
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& -30- tem req(MHz) Min_ | Max :
Insertion 698~960 — 10.30| 0.3
— e Loss(dB) | 1800~2700 | — [0.45] 0.4
49 X422 MEAS3P Isolation | 698~960 | 25 | — | 28
X$4222_MEA S3P (dB) 1800~2700 | 25 | — 28
—dB(531)
698~960 25 | — 28
X54222 MEA.S3P :
- . . — . . . . Attenuation
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ﬁms IPD for 5G NR Sub-6GHzZ

CONNECTIVITY MATTERS O

" 5G NR Sub-6GHz

* Requirement |
—Large bandwidth - mm =
—High isolation/rejection (e

—Co-existence with WIiFI

IW13AB: IPD for 5G RF Front-End Designs IM% Intenational lt'"«;ﬂ;




s 5G NR Filter with TGV: N77

CONNECTIVITY MATTERS
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esanceless Summary

* Filter Is a critical piece for 5G RF front end.

» Various filter technologies such as LTCC, IPD, SAW and
BAW and their combination are needed for 5G.

* IPD Is indispensable for 5G RF front end.

» Xpeedic has demonstrated both HRSI- and TGV-based
IPD technologies for 5G.
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CONNECTIVITY MATTERS O ERATE YOUR |

Contact Information for Further Questions

* Please contact the email address provided below for any
follow-up questions:

support@xpeedic.com
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