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Manufacturing Technology of Functional Material Films for Automotive MEMS Sensor
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In this chapter, the MEMS sensor for automotive application and related functional material films,
whose deposition technologies we develop, will be described.

Performance of automobile was improved by the control system, enabling lower fuel consumption,
higher safety and so on. MEMS sensor is essential for controlling systems as it can detect environmental
changes and feedback the information to the system. Importance of automotive MEMS sensor is getting
higher for the realization of a next-generation automobile such as an autonomous car, electric vehicle
and so on. Realization of the MEMS sensor with a new function is expected by applying a variety of
functional materials. More specifically, functional material films, PZT and VOx films which are
developed by authors are introduced. Both films are deposited by the sputtering method and films with
excellent performances can be obtained by unique sputtering and process technologies.
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Fig.1 Schematic drawing of LiDAR and its
operation. LIDAR is mainly composed of
Laser, MEMS mirror and detector.
Piezo-MEMS is used because of the demand
for a smaller and high-performance system.
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Fig.2 Schematic drawing of uncooled infrared
bolometer array. Vanadium oxide has

attracted attention for realizing of higher
performance system.

2.3 Intelligent Headlight 15

Intelligent Headlight 1%, &EAMRE L L CIdHBHIE
OHBBIT (Ny R4 ) OBEE%L £:2, Intelligent
Headlight 2SERORIERLT & B2 2 i, S0 E#R
L Iz00x Y (B AT L —4F—, LIDAR) &
WL xHEE B OLR AT E 2D, BEY (8
Wil) CEREZLTTRFLAZNVTLIENTES
ZEThHbH,

A7 34 A % LIDAR % Head-up display FI#(2, L —
F—HxEETH72012, MEMS 2 5 —=2HWwHNT
W,

2.4 Night Vision 16.17)

Night Vision (ZFFfZE L FFTH D, KIMER~
470l E, THOUHRHEFEN O BRI L D KB O
PO E BDRGEEETH 5. RIMEE ) (Infrared
- IR-) i, Nightvison, $&bL, BWiKHTonf
WAL EH T L7-0FELL Y TH L, ML~
Fid, WEYWOBRZ BRI TEL LD, BWEHTHE
EY (BFEOHLEY R L) 2T HILTE %,

FEGEHBFNERT A =7 T LA (Fig2) 1, Zh
F THHRIMIE T ZE T LW EE TR D o 7k
LARWVIZELTBY, ¥Y—%7 774, {Hbj, #Eig
OB, tF¥F2) 74 BLUOEHLZ EOHETHER
ENBZ|EIT AN DORIVEITAR Y AT 2128 L 72 By
Lo Twa B, Stk 7 ENVT 7 ALY Ay
(Amorphous Silicon, a-Si) % W72 H»dH 5 A, i
£, SRR EH T 520 ETH LML NF Y

September/2019 No. 83



TECHNICAL JOURNAL

Fig.3 Multi Chamber type Sputtering System
“SME-200"™ (Advanced Electronics
Equipment Division).

% 4 (Vanadium Oxide, VOx) 257 H & L T W %,
VOx &, 2 X D IHAENT 5. ZO|PE LAK
&, HRMEAE WD, ERkOTEVT 7 AV
YRR IR T A AR KBTS 2
ENTEDLY,

3.  E& MEMS +t > AR FHIRD
8 %5300

ARIETIZHEE MEMS & v o#lEcg534 2 Bt
DOFAy, HTHEESDPFHT L EELEBRYIEO T
BT T N2 S EHE DO PRI DWW TR 5,

" —
— Conventional =
------ : e (T
— Novel - -
= o
........ : ™~
o
=]
=
LN -
o

PZT(001) or (100)

e

Intensity (Counts/s)

20 25 30 35 40 45 50
2Theta (deg.)

Fig.4 XRD Pattern of PZT film.

(@) a and c-axis oriented PZT films can be obtained onto Pt(111) film in both cases.
(b) c-axis oriented PZT can be obtained at substrate temperature below 500°C by the novel process.

3.1 HEZE MEMS F PZT EDRZRE 2021

2HTEML72EH1Z, LIDAR HIZGHENTWD
MEMS 3 9 —TldF%E MEMS Hiffiaibh i,
RVERE) BB CRE REREN 1 2155 720, SWEEE
BEFEoOZ L, BERETCORMEREZ AT S
PZT SR 5T b,

HH 5L PZT Wx 2/8y 5 1) v 7RI K o TR
LTWwh, MRS LT, MBEORKICRELS
PEHOANY ) Y T2V 2 —VEMA < IVF
F X YNRIZA Ny F) 7 BEE [SME-200 ™ (1%
sy (Figl) 2 W CWb, PZT T 3Iv 7 ¥ —
Ty b (7)) TUVHER) FHWT RF v/ 4 ho
ARy FZ) Y7L PZT EEx L Tw b,
THEAHFAE LTIETNVNIT Y (Ar) EEEE (02) @
BAETAZHWTWD, PZT IO X, E&E
MEMS H#&EIZBWT 05~ 30 um TH b, EMRTH
& (Pt) HIEZ THERE LKL SiERE R
LTCTw5, Pt#ifEid (111) BRI TH L5, /XNy 7 7
BEE&t PZT OB 7o ALtEotHIc Ly, 3
MRE 500C LT o iRIE & ¢ #l, $74&b5 (001)
BEREMmEZERL TW5 (Figd (a) (b). B, &
BWHEIZE 2 PZT BIEBMEORID 720 O 4 f L
(K= 7)) 258 E Lk,

PZT WO BREERE 2 R T IE A WE T 5 720
12, 30mmx3mm D ¥y FLN— (FEHE) 21

= Conventional
=== Novel A

[

Intensity (Counts/s)

96 97 98 99 100
2Theta (deg.)




1E+00
1E-01
1E-02
1E-03
1E-04 |
1E-05
1E-06
1E-07
1E-08

Conventional

Leakage current density (A/cm?)

0 50 100 150 200 250
Applied voltage (V)

Fig.5 Improvement of dielectric breakdown
strength of PZT film.
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Fig.6 TCR measurement result of VOx
(thickness: 50 nm)
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Fig.7 Film deposition reliability test by short
running with 25 wafers.
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