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AL, MEMS HRKABAE ~OMBER Y — v OFR & —IEREICBET 298 CEL, 26 FECHlkEN5.

%5 1% Hai) T, MEMS 73510 ZZBWTC, A~v— M7 4 VE~OISHABBR SN B3y 7 U —BREHATRE 22 BG5S MEMS
IZHEREY T, 5 MEMS XA 7 — 2B h, REHERY 7 I Y A— MLA—FLITC, §#%E MEMS & iz LT
TR, I BT, T8 ATHW DA TR TEA S A — BB S 1, BN O K& 22 BRI L 0 R
BEMETL, WHERTO—RKLERD. KBESMRIBICIE, SREE EHREISZEST L2 LR THLT2D, MMZmE
BREDHR STV BN, Hhk a7 — 2 OfIIRSe, BN, et 2 BEOMENRS -, £2T, A%ETIE, Y 7IVE
KABEANZ 5T 2 KEAFETRE 7R Z MG AL DO BRE &, IS5 R0 2 W T2 BEK MEMS O FEBLA i & L.

F2T L—YT VR NRFIBIC L DAY v b L AIIZMER) Tk, | OBARTE L—Y CRATNEL, REH
FINT &, SMBREN & INEEIE O B O RAET 2 IRIVBEHRIC L > TRMERER S D, AU v hLAL—FT A b
RFTINEBZ M (LAH) SBIEZIRE Lz, BRMEM-OMO OMKEED, REMABEICH T2 HEORELITY, B
(EI 2, BB 2 RIS B AN ER ARG R & VT, @ W E IR L 436.4 mTp-p 2/E U %, #BE 0.3 mm, 16 Hio
RFAH% S mm x 5 mm x t0.3 mm ¢ NdFeB B2k L THEBLL, BAHMRERBLRIEL £ T b Uic KT MmATRE F &
T B AERRIL, 81.7% & 727z

%H 3T MBI X BRER /Y — 2 —FEIR 55 T, LAH SRIECTRYE LIRS — v B0 T 5~ A ¥ —fit L 55 %t
Gl —7y WA ETR, MEMS 7' 1 22 A TR 200C L FCHIEA L, R ZIKT S8, M7 —r %4
—7y MNEAIC TGRSR Tk (MPT {R) 28R L. FEMRGEE L C3EHEOMS ¥ —r, ANTAT, T=ob
—R—= R, ALDHOBR Y = RO~ AY —Hifi %z 160°CTH —7 v MgEAIZIRE LTz, BB Y — 3B EREE T
M UTo B RRTAE S L3R — v L 7p o o)y, R ORGFHE & FREO & L CERT DEEHRN 39.7%~
66.1% L e o7z. I BIT, EM EOTOIL, MEKEHEORLE D 2 —7 y Mgt 2T, BERR~OBKEHE DR Z
L, MWIBEREZELOITE, ¥ —F Y MEADOBEERMEISCERBEREBENTSICECRERS L Z E 2R LML
7o F£1, BEFEORKEICAWD, BALIROBEE R & PR, S IRTTBGMAT 2 A58 T, MPTIETAEL
D WEAUICR & R AR & i S W F R L, IS % OREMIRE L0 2 T3 2 TR RS - MGk L7z, THIRE O/RGE
L LT, EBREER L Ll LR, NEEEE IS5l B R RRRE R G RO A — 8 L7

% 4% IMEMS A% B8 USRI 3E T B0 LS o ~NERSIE RG] T, BES MEMS -~ F aTREME S i\,
R HERE FTBE 72 IR PLD Rty 5 HMEREA TH B 728, LAH ERE & MPT ko2 W22 5% NdFeB V o Z R
SR 5 B 5 AL LR o NEIFIERRIE 2 R R LTz, LAH BREE AV 5 FiR13, BRIk L COMRREA OETIN S 18 %2
A, EWNAANCE LS ERRNE L—F T 5 2 & THLZ iz S BT, 7R o NEESIERZ KL L7z, MPT % v
DREE, 2O~ AL —RTH—7 Y MR R, B U T OISR HERE, & DOh~AY—az | KoL, ¥ —
7y NN OTENF AR 2 BN S, mNFACERT 5. 97, %5 NdFeB V v 7 SME =9.6 mm, WX =7
mm, JEE t0.3 mm (2, 40 MO Ny NS EFBL L, REERE LT, LAH BIE T L7 [FORTBEHEE 226
mTp-p, MPT {5 CIX 1.4 (FORMmMBEREE 113.6 mTp-p BFEAE LT,

W (MBI O~A 7 a7 XYV 7T v 7 AE—4] Ti¥, LAH HFMIECHMSmER SN Y v I Baz2a7
b, w47 av—42 0%, BEETo7-. BUEL-®—21E, n—X & LTINS Y o 7, AT —X1%, Si R E
WICHRES NS 2 I~ 7T o aq i, Vo TRaoMEEBEARB e L THBIET 2R TR EIN 5.
AL 9.6mm, N Tmm, JEE t03mm DV > 7 EAICx LT, 8OMICAREEM L. 2P~ 27 a3 7 ¥ a1,
Si JMKIZ Deep-RIE THI L L7=MEITHROWEE, SiA v X THOIATLZ ECTEIELE. 2O ZEHWT, v~/ 775y hE—
L EBIELTC. a4 VIR TEICERE LTz, 2 2OFR—AVFEHEEEHWT, BEEAEDO T +— RNy 7 filiflEFEh L=, H
HEE9° DAT v TN, BERM 0.18sec L7eo7-. HBIZZOT—FOWMAB L LT, 4P 15mm A, BHAROT~O
0.8 mm, X 0.8mm DA~—h7 42 H AT AKOEEEZRIEL, &Y ORPABRE %2 FH L.

%65 (i) T, RRSUCTHLNERBREEZRIEL, SHOBEERRD.
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Chapter 1 introduced magnetic MEMS, which were expected to be used in smartphones and other battery-powered
devices. The magnets used in these devices are flat and uniformly magnetized in the thickness direction. The large self-
demagnetization field inside the magnet caused the surface magnetic flux density to decrease, which resulted in reduced
power output. Therefore, this study aimed to develop a mass-producible fine multi-pole magnetization method for sub-
millimeter-thick permanent magnets and to realize magnetic MEMS using fine multi-pole magnetized magnets.

Chapter 2 proposed a slitless laser-assisted local heating fine multi-pole (LAH) magnetization method in which a laser
locally heats the surface of a magnet, the coercivity was lowered, and magnetization was reversed by an external reverse
magnetic field and leakage flux generated from adjacent parts of the heated area. The effects of magnetization conditions
and magnetic properties of the magnet on magnetization were investigated, and high surface magnetic flux density was
obtained by using an external distributed magnetic field that promotes magnetization reversal and reduces thermal
demagnetization.

Chapter 3 proposed an MPT method in which a master magnet with a magnetic pattern fabricated by the LAH
magnetization method and a target magnet to be transferred were stacked and heated, and the coercivity was lowered so that
the magnetic pattern can be transferred to the target magnet in a batch. As a verification of principle, a master magnet with
three different magnetic patterns was transferred to a target magnet. The effects of magnetic properties on the transfer results
were also investigated using target magnets with different magnetic properties. Furthermore, a prediction method for the
transfer state of the MPT method was proposed by combining the measured magnetization curves and three-dimensional
magnetic field analysis.

Chapter 4 proposed a circular fine Halbach array magnetization method for isotropic NdFeB ring magnets using the LAH
magnetization method and the MPT method, respectively, because thick-film PLD magnets were isotropic magnets that can
be deposited at high speed and had high potential for application in magnetic MEMS.

Chapter 5 described the design and fabrication of a micromotor with fine multi-pole magnetized ring magnets. The stator
consists of a two-phase planar micro meander coil fabricated by Deep-RIE and copper plating on a Si substrate and a
magnetic fluid that served as lubrication and thickness direction support for the ring magnet. Finally, as an example of the
application of this motor, a prototype aperture mechanism for a thin smartphone camera was fabricated to drive the opening
and closing of the aperture.

Chapter 6 described the summary and future issues.
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