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* |Introduction/Motivation
— BAW, XBAW

— DARPA COFFEE
* P3F Technology

— Concept, History

— Approaches
 P3F Results

— As-Grown P3F
* Outlook

— SOTA

— Applications
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Piezoelectric Effect

* Electro-Mechanical Energy

Ex: Si and O atoms in quartz
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Stress/electric — direct longitudinal piezoelectricity
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Bulk Acoustic Wave
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Poly Solidly-Mounted Poly Film Bulk Acoustic High Purity Bulk Acoustic
Resonator (SMR) Resonator (FBAR) Resonator (XBAW)
POLYCRYSTAL PIEZOELEGTRIG LAYER PO"YCRVSTTR'C LAVER S ——
ERR R EIHE -
StrUCtu re . coaccoroiectogp | AIR CAVITY I BOTTOM ELECTRODE I
|
SUBSTRATE
Features . 1 Air Interface = 2 Air Interfaces = 2 Air Interfaces

= 2-sided engineering

= Smooth & continuous piezoelectric
= Choose - single crystal / PVD

= Continuously selectable Sc%

= [nitial growth layer removal

XBAW
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Unlqye! patented tral?]Sfer prOCGSS Interr_:onr_'lect electrode D_ielectric layer
« Continuous and non-interrupted - e o Comer wafer
pleZOeleCtrIC f||m E Piczoelectric layer
* Flexible materials
> AIN
» AIScN

* High Sc % polycrystalline &
single-crystalline
> Initial Layer Removal L Enabios Hogh O B High oM smooth & uninterrupted Pz i
e Sjsubstrate platform
» 150 mm today
» Scalable to 200 mm
* Bolt On Wafer Level Package

XBAW
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» Film Too THICK
» Process HARDER
> Area Too LARGE

Manufacturable
BAW

Thickness

Traditional

> Film Too THIN SAW

Why P3F ?

!

» Res. Too SMALL
> Q, Power POOR

Frequency (GHz)

A
A
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o0 IMS First Reported

e Z-cut Lithium Niobate | A s

200+

Il it
A i
rd INVERSION LAYER

— Heat treatment
— Ti diffusion

1986 ULTRASONICS SYMPOSIUM — 719

PARTIAL DOMAIN INVERSION IN LiNbOy PLATES
AND ITS APPLICATIONS TO PIEZOELECTRIC DEVICES

100 l

THICKNESS OF INVERSION LAYER (pm)

0 2 4 & 8 10
HEAT TREATMENT TIME ( h)

Fig.3 Thickness of the inversion layer in 500 pm
thick z-cut plates heat-treated at 1110°C

Kiyoshi Naekamura, Haruyasu Ande and Hireshi Shimizu in air, as a function of treatment time.
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Department of Electrical Communications, faculty of Engineering - 2nd
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Fig.1 Etched cross section (-Y face) of a z-cut FREQUENCY (MHz)
late Ti-diffused at 1030°C for 5 h. The gl T o i n g a - =
L 3 A Fig.2 Etched cross section ({+Y face) of z-cut Fig. ! CAESSEE admlttanc-:. A A Z-cut
arrows indicate the sense of the spontaneus I plate where the domain boundary is located
polarization Ps. plates heat-treated at 1110°C {a) for 4 h h i .
in Ar atmosphere and (b) for 5 h in air. eI CE R CauE]

XBAW
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* Oppositely polarized o N-pol
layers reported by
several researchers

* Electrical Poling
(Tabrizian, Olsson)

* lon beam irradiation
(Yanagitani),

* Al seed layer (Larson,
Muralt)

* Doping (Akiyama)
 Bonding (Lu)

Electrical Poling, Tabrizian, et al.
52.6nm Mo
Scg Al 7,N 39
<—Sputtered AIN film s L3 2
44.2nm Mo
SiO2 patte
: me Scg.5Al, 75N 146.1nm

AIN 58.5nm

Al-polar

N A~ O ©

(PR

N

& »

Piezoelectric response / d;; (pC/N)
o

&

Dopants ratio (Mg/Si)

XBAW
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N polar ¥

M polar

Metal
v" TEM Data directly shows polarity inversion o ——
iDPC TEM

Distribution Statement "A" (Approved for Public Release, Distribution Unlimited)

XBAW
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Simulation
g Baseline vs P3F
5 * Same total PZ thickness
% e Same Electrodes
5 * Baseline Res. 2 4GHz
) « 2 Layer P3F Res > 10.7GHz

5 10 15 20
Frequency [GHZz]

1-Layer Baseline 2-Layer P3F
4 GHz 10.7 GHz

Baseline electrode

20% Sc .
20% Sc Thickness T/2

Thickness T 20% Sc
Thickness T/2 .

Baseline electrode

Baseline electrode Baseline electrode

Distribution Statement "A" (Approved for Public Release, Distribution Unlimited XBAW
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Simulation ) o Measurement
3 Baseline vs P3F
2 @ 50-
5 * Same total PZ thickness © \
) T
S * Same Electrodes = ’
= . 5
5 * Baseline Res. > 4GHz .
=
e 2 Layer P3F Res = 10.7GHz 1.
5 10 15 20 | | |
Frequency [GHz] 5 10 15
Frequency [GHZz]
1-Layer Baseline Meas. 4GHz Meas. 10.7GHz 2-|_ayer P3F
704 60 -
4 GHz 601 10.7 GHz
50 {
Baseline electrode =501 - Baseline electrode
2 S, 40
40 v 20% Sc .
20% Sc ‘E 301 £ 30| Thickness T/2
Thickness T 2 2 20% Sc
20 201 Thickness T/2 .
Baseline electrode ] N | | | Baseline electrode
400 425 450 475 100 105 11.0 115
Frequency [GHz] Frequency [GHz]
Distribution Statement "A" (Approved for Public Release, Distribution Unlimited) XBAW
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_ 4 GHz Fundamental - 4 GHz, Fundamental
Y —10.7 GHz, P3F
—10.7 GHz, P3F - g
' _ 1.0
— 18 GHz, P3F 18 GHz. P3F
103 -
Interconnect electrode Dielectric layer
Passivation layer 1 Aircavity
B [lectrode mmm Carrer wafer g \
B Piesoelecinic layer 2 107 -
)
=
* 104
5.|0 7.I5 lOI.O 12I.5 15I.0 1?:.5 ZC;.O
Frequency [GHzZ] :
1.0
v" P3F Processed Just / Proof Of Concept
Like Baseline XBAW v :
18 GHz Demonstration
Distribution Statement "A" (Approved for Public Release, Distribution Unlimited) XBAW
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Table 1. Resonator performance summary and comparison with published works
Freq. Scaling .
Material Approach f,(GHz) f,(GHz) % Q. Q, ;f:']:l(; k(f:g 2 Source
(Realization) r » X5
32 % Sc-doped AIN Traditional 361 394 19.00% 776 574 109 429
[10]
32 % Sc-doped AIN Traditional 48 523 18.70% 545 630 118 617
28 % Sc-doped AIN No poling 7.04 7.32 10.10% - 115 12 85 [22]
Periodically Polarized
0 _ 0 -
28 % Sc-doped AIN (Electrically Poled) 134 13.97 10.70% 151 16 226 [22]
AIN Overtone 334 339 1.70% 110 85 1.4 49 [18]
LiNbO3 Periodically Polarized 9.05 9.9 3.71% - 636 24 234 [19]
(Bonded)
20 % Sc-doped AIN Traditional 4 425 13.80% 1271 909 125 533
_— oL .
20 % Sc-doped AIN on  Periodically Polarized 10.68 11.05 7 94% 150 342 27 300 This [Vetury,
20% Sc-doped AIN (As-Grown) ' ,
work  [NIS’23]
30% Sc-doped AINon  Periodically Polarized o
20% Sc-doped AIN (As-Grown) 18.4 19 7.55% 180 260 20 373
Distribution Statement "A" (Approved for Public Release, Distribution Unlimited) XBAW
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o0 IMS v This is Why P3F
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» Film Too THICK
» Process HARDER
> Area Too LARGE

Manufacturable
BAW

Thickness

Traditional
BAW

ttttttttt

!

» Film Too THIN |
> Res. Too SMALL Frequency (GHz)
> Q, Power POOR
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Traditional Overtone P3F

Stress Charge Stress Charge Stress Charge

v P3F - No charge cancellation - High Coupling

v P3F - Maintains thickness -> High Power, Q, Linearity
v P3F - Easy Growth + Easy Process - Manufacturable
v P3F - 18GHz Resonators - Demonstrated

$IEEE GBS Tho1E-2



o IMS Possible P3F Applications

Connecting Minds. Exchanging Ideas.

=0
SAN DIEGO

https://es.wikipedi org/wM/RM
_AESA#/media/A
WS_Radar_Clear |

SATCOM

Backhaul

Region 7 8 10 m 13 15 18 23 26 28 32 38 42 60 70/80

North America —‘ l A A
Latin America  —@
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Africa —

Mediterranean

Western and
Central Europe

Northern Europe __| ®
and Central Asia

Middle East

India

Southeast Asia

and Oceania _‘—’
Northeast Asia I

. o ll
Figure 1: Global use of microwave backhaul du Building
Qlldmg } LAN

https://www.ericsson.com/en/reports-and- By
papers/ericsson-technology-review/articles/microwave-
backhaul-gets-a-boost-with-multiband
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https://www.wifimax.nz/point-to-
point.html

XBAW
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o2 IMS Summary
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* We Need High Frequency Filters
* P3F Breaks Traditional Thickness-Frequency Trade-off

* Akoustis Developed A Manufacturable P3F Tech.
—High FoM 18GHz Resonators Demonstrated
—Low Loss 16GHz Filters Demonstrated
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