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2019-2025 Thin-Film IPD market forecasts by product type

(Source: Thin-Film Integrated Passive Devices 2020, September 2020)

-- TAM thin-film IPD componants
® Offthoshelf IPD
# Custom RF IPD

2025

2019
S195M

3.2% CAGR

$360M
B8.2% CAGR
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I Antenna radiation layer
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MICRO-MECHANICS
ON STRATEGIC MATERIALS

= In stock for all vacuum and ultra vacuum applications :
(screws, nuts, rings) « Usable in Clean Rooms »

= In stock for laboratory machines :
tandard substrat ' (Molybloc)

Dimensions :

= 17%inches

= 2inches

= 3inches
Possibilitiy of substrate support with cavity and
washer, on request and according to drawings

Cleaning and Dégassing

RABOUTET SA

Avenue Louis Armand = B.P. 31 = 74301 Cluses Cedex FRANCE
+33(0)4 50 98 15 18 = info@raboutet.fr

= Stock of platens blanks for all types of MBE
from various manufacturers.

= « Usable in clean rooms »
produced according to drawings.
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» ASiCOlchip under test
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Charge 0 -1.6x10-1° Coulombs
Speed 3.0 x 108 m/s 0, or less than 3.0 x 108 m/s
1 Half
Antiparticle None positrons

I
0

LA

9x10-31 kg

m, FEAPABENGRN L, BRI
BRI, R AR R S 0T R A RCRIRE
HR, mTHAEN L12eV, EHERKTSR
AR ZARIROE T, X T AN AR RO,
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WA B X R R, I H SIC TR B2 4F
B KRN Z 1 T2 R, o SIC FEEBDET
SHIYRBE T A,

SIiC TR IZ R, Rl TE IR
T, HIXFRELRGIE SIC Ot E B
BT IRSEI R, SR, A TERRERI 3 7 T
UG TiX e, [EOAMfRR=AE R B
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220 B 5 Sl
CINEREIEIE
(pm/V) (m?/W) (eV) (dB/cm)

“ 3.5 0.6 6.7x10-18 1.12 0.3
“ 1.4 0 3x10-20 9 0.06
m 1.38 0 9x10-21 10
m 2 0.3 2.4x10719 5 0.07
m 1.8 0 7%10-20 0.06
“ 2.1 1 2.3x101° 6 0.6
- 2.1 0.34 7.23%10-1° 3.8 0.3
- 2.2 27 4 0.027
m 3.3 0 2.6x10-17 1.4-2 14
“ 3.1 82 1.2x10-17 2.26 1.2

SiC 26 50 8.6x10-1° 2.4-3.3 0.08
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» H. Ou et al. “Novel Photonic Applications of Silicon Carbide” Materials 16 1014 (2023)

» F. La Via et al. “Emerging SiC Applications beyond Power Electronic Devices” Micromachines 14 1200

(2023)

» X. Shi et al “High-performance silicon carbide polarization beam splitting based on the asymmetric

directional coupler for mode conversion” Opt. Lett. 48 616 (2023)
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» X. Shi et al. “Thermal Behaviors and Optical Parametric Oscillation in 4H-Silicon Carbide Integrated
Platforms” , Advanced Photonics Research 2100068 (2021)

» S. Castelletto et al. “Silicon Carbide Photonics Bridging Quantum Technology” ACS Photonics 9 1434 (2022)
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Resonator” APL Photonics 6 076106 (2021)
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insulator” Optics Express 27 13053 (2019)
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BEETIHEXRAERZAIERIK AIN FRERIETE]

{£% : Carsten Hartmann #1 Thomas Straubinger, 3% k& FE KRR

Fo a2 SR AIN L H =T & AlGaN H

AL MRrE, B R R 2 B LT
G — A BT SREEE . HRE LY AT A
RZ L WA SR, I Bl FapRaEs o,
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Bl: (Q#EFH, &
VA EIKZE % 6w
AR HPVTR B %,
(b) b &k FT &, S 4T
T VAR AT 3L A B
KE, R FHFHHFLC
Hartmann% A #Cryst.
Eng. Comm. 18 3488
(2016).

2. AFdh LFET R
ER: TaCh Ay
B hass e a |t
Kk, ZZHHHL
C. Hartmann=F A 49 Appl.
Phys.Express 16 075502
(2023).

""""" TaC crucible
with W parts
graphite
susceptor

g CBCF felt

ammmm=== quartz tube

Tpyro-bottem

pumpinﬁ unit

e i S IR 75 i Y LR AR SR MO —
WA H LED,

A PVT A7 AIN % i€ #Y 55 9K 61 75 Hexat-
ech Inc., ZAEIEE T HA L 2 9a~F Hepsd
e EEAET 1 x 10* em™ [ AIN #]Ji&, Hexatech H
HITE 1) B 7E RO B A AR IR FEER AL R L

7BV RIS Crystal 1S, %2 F] 5444
JEoN T R] AR GS 80% 1Y 4 # S AIN #HE, I
AR EREE Y 3 ) AIN RIS

MR HE KU, FERZE HRZA
Gre N TR AIN KR EARRE] 4 KRS,
X LGN EI Y LRI AE B T+ 2 AR I [A) R AR 7 —
KX A, A A B B ERBORBOR,
RO RSNk B T 4R 20 0 XA s S K, X
T REEEMEER (HEIE) JFRE, (RT/N
P JEA .

FAT IKZ  (FEEAAMRIE AR JE 9 A KB
f) BB & —Fh se iR — PR Y 7%, PVT
WA FARIRATHOR AIN Sk, 1258002
T IR N B SR A ) (L 1),

FeAT B MR R R FATHH PVT A4 K
SiC #hEERIFHY L AL A, 24 SiC # ) AIN &
KiF, BAVRE TR ge, FRIREE (BOR SikEr
4E) ARE AR, AR A KR 2
h 2200°C,

AIN I SiC A K2 8] By — A 2R R 3558
e X SIC, RAMET 50 mbar B & TR,
XS T AIN, TR K 77T 400 mbar ) N, Hf
WA FTARRE, ASHT ALK SIC, s TaC
MATFAEK AN, THER, XA ERE R
KA T AR SRR 258 TR ME— T AR

R TR AR AINGE (LA EEART 150
ppm wt), AT AIN Ky ARTT 4G, BHZ A
THAe - EE GBI, FEMEEREREY, T
4 TR AR PR R R A N, 2.
R 7 TR TR, D 50 mbar
#2150 mbar——A] AR N, R 7AESR “F 7,
AR, SR BN E W BERE
FE N, THIREE I, A5 1E AIN K& _EEHr
B,

L—  ——rhombohedral grown (r domain)

& TaC seed holder pedestal

native AIN seed

[0001]

&———— prismatic grown (m domain)

K__/ N-polar grown (-¢ domain)
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Greene Tweed ®itHHIZ
FESAFIENBPRNEBEEAM A

HBERTD ZANEER A R EE R 5THY

1E# : Nick Mcneal. Thyag Sadasiwan #0 Pragati Verma,Greene Tweed
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TR 2 d AL A7 S AR RS, AL
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YA EREE,
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Plasma
Performance
Maximum
o, Temperature
Etch Rate (°C)
Plasma
(% wt. loss, 90 min (clean, 200°C
direct exposure) % wt. loss)
N Ess 1.003 0.100 260 Good
E 629 1.739 0.074 260 Good
E 657 0.417 0.053 280 Better
-qc, XPE 0.570 0.026 280 Best
Q cs7 0.670 0.089 300 Better

[ B, AT IS SR BRI 445 it < IR 1 55 22 7T
10, WA 2 AR B — 4t R o g R, 3K
1R S], #7124 FFKM T e asid T 8548,
T RER BRI AT, X2 A AR AT IE
A F 22 BN R ST — MK R 1A, 3E M
SR AE, DA b X 2 S AR 4T AR fk
GO

R, FRATIETE I K S RO AR S R bR R
R R . FOTEFEAFAfREEY), H L
TR A 0 A [R5 7 1 8 L R ) 796 o 2 200
I EAE, N, FATEE G Chemraz G57
Fe P RIATHME R B, HAFER" 5 /2 Chemraz
657, TEA& P ML 22 R 5T oA & R it 45
B,

SBEIRHR, PRIRATR S R, AN
A T A5 b A B s RS R ), RS BT
S SRR PR R E RO BE R B, FRAT SR B R
WAL B i T AL LR AL M T, %L
J B TR ARAE R s, AR TIRT
A PR R AT R R e B B iR Chemraz 77 (i 2, &
SRy 2 A N T G E B PR RR I, 3R
TR RE A% BT A AP HRAIL Y R 5K . SO RAE P RS
TR 1% A2 AT Hsf ]

VO T K SRS rh Y B S — TS R R
[ S0h, AR E R, . BalTkAiTiE
TEBSL A TG EAE, DAMT 415 9 A8 6% sl [ 8 i
JEASKRBITE R, M EFRATHH T, X — 24855
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& EFYRATBER
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36

(a) Oxide

W

E -y

Vacuum
e./\ e 7 ol A S._(n* GaN
f/phonon @ ‘?’2- y
Semiconductor channel impurity 5 @ e N
@ =
[
(b) Scattering-free transport in vacuum  |H0F—= E \
o T CF
I
= S (¥} N e
Vﬁéﬁunlchanﬁaf i 2 0 : ¢

Z (nm)

Material properties

Electron affinity (eV)

3.8 (Ga-polar) 1 or below 1

SBLH) 3.3 (N-polar)

KGR AR T AR

JE MR ANTESE R S A TR A B
KAy, EOFETARSESE “B FmE” #7594
B X SRR R ARG, BT EE AL
PR AR F Rl 3 R T LA AR Wi S LA 254

R 2 5 =N b TR E R, R
T HAETE I T R DR BORAS I AT
T3 R S I A B

TE R TR, FRATIRRAE B2 e g A A
—EAETF AR T IR R A B S i
ZEnRE . ORI TAEEHEHE N T =K
SEPRHOTIF SO BeA R Rk S P i . (1) 3Kz
9 EXTHERM 5 (2) 38U SRR IR B B39 5
(3) SR (WA 2),

T ROk AR e B IR T R AR 3 Bk

R FATRIRIAR A T B LR /7534,
(TR TR AL = 454 AP 1Y) GaN 378Uk 3 1
B, FAAEIX LS K FED L GURRITE LCT AR
HEMR 25, (BT REREFE (R T 100 V i1 T A A
A R TR B H €5 R AR, 42 ) 5 T A M) A
FRFE o

B TSI B XHHEMIN Z A, 3 U AR i
R 359 I PRIV B B2 1 e X 4R i T 3 B S Y
HAERAE Rt EXEE, A THREL
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R TREE S &, XA T RRE AL X
WEA TR, BIHRISEGR, BT R
1o 3T DASE I PO A S AR AR B D TR R R
SRALYG. I, 3957 BARBLAY R TAE A BUK
SHEESIRSEES S BT R B R E R, AR

AR B - e = A R, FRATA SRS I R,
B & T BT HEMR S5 . T —FF R, Tl AT = T2 R Uk T M AR 455 48 A
T AN R R &R A BUR SR A B GaN RS RImZ 5 W5 R BH PR S 18 2
Compact structure with Sharp and uniform Integrated anode
self-aligned gate field emitter tips T e
Anode - Ly
9'\ ] Vacuum
Gate
Emitter
GaN
Digital etching for
precise nm-level sharpening
» Reduce anode voltage
+ Transistor behavior + Reduce gate voltage » Scale-up potential/capability
* Reduce gate voltage « Increase current density * In-situ vacuum package
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(1) Tip formation by ICP-RIE and DE

(2)400 nm SiO,, and ALD ALO,
(3)TEOS and Cr deposition G)
(4)TEOS planarization

(5)Etch Cr and TEOS outside
(6)Contact on GaN and gate

(7)Etch to expose tip
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AR E LT RAAAK
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.

Win ¥
| Y |
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< @

TN E RS e Gl RBGX— R,
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WA o

X7 T T AR EFAT RS W] SEth A =7
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DAE i 7 #5443 R B 2 A S RO U T
ERE., ROV TEERME T HE E A R,
MTTTRCTE T3 23 55 1 L B AR A R Al . 3
TR AR R AT AR SR B AR BN E R, FF ik
HA g PR RERY 2

A GHESIH&
b Z R I A TR T RS FATAY LR

W ABCR I EEE OB R EZLROMR, &
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