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WU —x LY ha=J ANERENS0H 5, SiC L, (LM, BAICLELTEY . & HIZANVTFRLF
— NV R¥ vy v TE2A LTS8 300°CRE O SRR T T HEIET 2 Y58K T S ZOIERMAATRETH 5.
F7o. TOSICIE SUITHAT SHRREERNA V2R L TWD, 207, FUMELZFF 72T M 2 %E
RT-WFICZEZ JE & @il T 2 B OBBIERE A /NS TE D720 T A AY A Z&/NULFRETH D, T D7,
AA o F T BA DA ARPOBI A ERTHZ LN TE D,

AT TIEA ARPURBEI RO K E 72 SiC NA R—F R T VPR ZZONWTIIRE T2 Tz, 72¥. /A K—
TRV RAZFEEL ) —~ ) — A TRIRHETH D, SIC E WA R—TF F T U AZITET B REITK
ZLAET DD, TOENE N EXF T ¥ VRRICAMMEZRINT 52 Z LIC k> TR—2 =3 v X EE
L, ZD%Ty F 74T TN—ZAEMETHIV T L THERLTWD, L L, =y F 7 &17H 2L
T, REITIEMNDTERR S VISR EBMRO BN ET A ADEFEEAEBELSETLE S, 2078, FHEIZM
METERR L7 WT S, AMERL T 0 e 2ARNETH D, 207201 2L LTA AV EANERS D, ZOA %
HEANEE, ERITR DRI R OFRIMR FRETH D | ETeAMPOERS SR 2B HET D52 &N T
XD, ZOAFUENEZ, R OREE TR OITHEEAR BN N & < BERKIC X 2 R s < & 72
W SiC TR W TRIRBIC p. n HERZ KT 2ME—DFETH L, ZOAF U EANEZH WD Z & TEHRRT
NA ARERENE, BUZ L DT A ADOWIELZB EWELLE ST DHNT A MEFOBRAARETH H, D7
HRER, KER, @IHET A AOEREZFEB S5 ENTED, AMFRETIE, 4 A EANEOLE W
4H-SiIC A R —F b T o VA X OIERNEZFENL L 2 OFT NA ADFEAZSEEL TWS 22 A E L,

(2) SiC #EEH Wz NAHR—F h T2 % (BIT) ##fi

OFEBRKIE

KE CREE #£8(0001) 4H-SiC n M= &4 % o ¥ LI (2 5um, K —JRE 1x1016/cm?) % H T BJT
BIEEIT o T, A A IEALRERL & U CEEE R I T 1150°C90 43 DAL A AT\ T > K —7 SiC Fp i 1c
10nm DESDOBALIEAK LT, Z0%, TAI =T LA T DEZEA A U IEAEZRIEARE 4.05%1012~
4.05x1013¢m2, 1EAT R/ F—170~400keV (2 TN— R HIEZ TR L1z, ~N— A EEIEME%IC, ~_— AL
WD T2 DI — AFEI A T K O IS @ IRE A FMERZ TR LT, 2 OEBIEAICIT, 2TEAR 2.6X101%/cm?2,
AT XL F—170~400keV ICTT IV = LA F L DEBFEANEIT T2 A A U IENBOIEMALD -, B
Zg1 (1x103Pa) (27T 1900°C1 73 DELER 21T > 72, =X v ZHEIRE AT D72 DI R EAE 9.2X1014/cm?,
HEATRLF—15~120keV IZTEHRA A DEBIEAETAToTe, A A HEABOIEMELIZEZEF (1x103Pa)
(2T 1900°C 1 7y BB AT o7z, £ D%, FBRFRIFHKTIT T 1150°C90 43 D ALEH 2 i FEAT U VaORESR I A
JEZ TR T D7D ORERE LT 10nm OFE S ORRLEZ A L. Hiv TR Z ERE(L T 5 7212 Spin on
Glass (SOG) Z# V2T 170nm DJEI D SiOz EZEAM LTz, 7ed6. SOG @Atk OB T ERFH I T
1000°C30 73T 72, S 6, BfbiEIca > % 7 bA— L E2 B L= v 7 LEMEZ 120nm, B 28552 CTHERS
L7 V2 FFKHIZT 1000Ch 43 OBUERZ W=y 7 V> VA REEEK Lz, 0%, B K OE
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A — vy 7EBHO&RE LTI VI =0 L@ REIC 200nm HERE L 72, BIEICERL Tk, N— AR
FEDE— 7 fiA% 11017, 2x1017, 5x1017, 1x10%8/cm3 O 4 FEEHIZ OV TRE L& ORI 2 38l L7z, RT /31
A @D, The Stopping and Range of Ion in the Matter (SRIM) v =L —y g il kbd =3I v &, EES—X
N—=2a BT MEDOA FAENRET 0 7 7 A V&M A-2-1 10T,

21
10 T T T T
Emitter c
Base Contact
b 1020 B /M Lbaeas, ]
g A AAA‘M‘AMAM A‘AA
= 1019 -’. A‘AA A‘ —]
I .
E L ' : A
j . 1018 = o L A —]
c o % 1 Base
[H) R o“o'“ o "0:0
e 107 o o, %0, . 1x10'%cm?
et * —
8 .{w'.“.o" . 'o.‘:.’.. 5x10%7/cm?
l‘,: 0’“‘
16 [ *a'e M 17 3
10 .,;. '}, 2x10/cm®
N «  1x10Y/cm?
105 1 | | [ l
0 200 400 600 800 1000
Depth (nm)

A21 AFLVEANEEST 77 A LD SRIM VI = L—3 3 U5

OES T3PS

A-2-2 |2 — R B — 7 R 1x1017/cm3 OO 21 L 7 ZEif-2 L 7 B BIERE2RT, T3 ATk
1T, = v XIE We90um, == v ¥ F Lgl0Opm TH B, X—RAEIH 10pA LU T OEKIC B W CTEHFIE 3
G, ZhUE MEICREEINTL, A A EANEEZHONT I v FEREER LT S 2T 28E (8
WA D) EHERTHLAEWVETH S,
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70 I I | | I | I 10
Ng:1x1017/cm3 16°

60

Iglc(A)

UBLAALLLL R ERAALIL B ALY N EELL) B N ARLL R AL R AL

Ng:1x1017/cm3

=
' o/
UBLALL |

fop) SRR ISRNUTIIT SSRTIT| MSERRTTTIT MSSURTITT MRTTTT SARTIT MRt

A e
Vee (V) Ve (V)
X A-2-2 =z L7 ZER—a L7 ZETLRM Ic-Ver Bt X A-2-3 HrALTaw hk

[E=Y

LorL, L7 ZEEOHEME LI a L7 ZEROMIGHER KON B ERMEOHEINZ R L T\ D, 2l
N%zﬁﬂ%%ﬁw1xmwmﬁkﬁwtw7%)M%%#t:D%¢< NR— RN ZEZ JE LD - THEZ
R—=AMFED T BT D, T — U =R LD 7= DI — AR IR 2 BN S 5 & EFEEIER A T A3
D 1o OITAN— AR E DB A NE T 5, £7o, 2 L7 ZEIRNE v ORECHEN & 227223 2 W05 mfafn

BIEDENE T DT /3 AR TIHEFITE L 2> TWE, ZOFEKIZT 2 v OB E W=D H B3 D
RRICAR—ZRERN 2 L7 ZITINLTND 72D TH D, K A-2-3 1T — 7 X— AR 1x1017cm3 DRFD 7
YANT Y FTHD, N AT Xy ZHELED 3V LLTORHICEARRF (nff) 1= L7 ZERTIE 1.5,

ABRTIE 2 2R LTz, ZORKE LT, SiC ERB IO A HEARORESERIMEIZER Lz N—&-x 3
v A ZEZ R O ERE COLELBROBFBEENB A OND, £, BEILERHIBWTR—XAERRIT, BN
—Z2EOY— ML B MQO) ([CXVarr ZERLY #E ERMBHEIEML TS, K A2-4 1237
H BT DB — ZGEI T ANV Z RS, BERTRINHFRIL, X1 ofThHY a7 X¥ERER
PER—Z T ANBOBEABR R EZ R TV D, ZOFRID Qe2d 1019%cm?2 L 0 & K& WIFHEERRICH - T
I L ZERILEMER—A T A VEOHWEIZF L TWB 70T A ANIFIEEMEERTEEL Wb Z &
ZRLTWD, —F, QA 1010/em2 £V /N S WRFZIXZEZ 8 OPEN 01 X > TR 2R —REN/ NS < 7
0. 3L 7 ZERITEMER— RO TS Z ERTFEIND,

_48_



Base Emitter
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L
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1 010

D.n’ v,
I =q%exp(%jA

Base Emitter
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1(_—)11
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1 012

=13
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/
/
/
[ ]
HHHI L HHM L \HHHI L HHM L \HHHl L \HHHI

1(_)14 L \\\HHI L \\\\\Hl L \\\HH:

10° 10'° 10" 10
BASE GUMMEL NUMBER Qg (/cm?)

X A-2-4 L7 ZEILORN—AT 2 A VAR X A-2-5 ~X—REFEOVEAL TV D EIE
@FHEEERE BB LR (EX)
b)FEAEREEE L2WE (FX)

(3) kR SiC BJT DTl

OFME LT BIT DR EET A ADHE

B A-2-2 |ITR LT KD ICa Ly ZE-a L7 ZEEFEICEWTT I v ZHEBOBEHIA K E WD 51
BREENRKE o TWVD Z EIFBRICR Ao, = v X P E L VIR 2720103 = v X REA NS
DMBEND LN XY v I ha—A I L DERBIEREDED N L — RFT7NREBZ 5, TO72H, =3
v FEFURHIC T = X v FHEBE RSB T 5 2 ENB 26N 5, LV RN I v ZHEBOBRIT=I v 2 T
AVERDEEIN, § 72do HA— ZEHEORIIC K 5 BICHE IR B2 W L THEEDR’ B D720 S b7 D6
D EREDH D, X A-2-5 12 SICBIT O~— R EF DAL TV D I DOERF % ISE-TCAD v X = L—Z Z
THANTFEREZ T, ZOMBELY, A A EACE > TR ENTT I v & -_— X R E DR MYIE IR —
ZERBEPLTND ZENDND, K A-2-5@)iF, Rl GEIEBE L 2Rkro~N—2EiR, X A-2-50)
IR S G B A BE LR OREON— 2B, KPS GBI A BB LR ORI — AERNA = X v & 58k
TEBIZFHN TSN, BE LRI —ABRS T X v X EBEE T TOND 2 ER0hD, 2D,
A FUFENTR— R IR A AERL LTz X5 2248 K Ba 23 26 O FERR T I — R B A BV BRI AL 72 W ATREME 23
oY EWEERME T T 52 ENTPHRIND, £ 2T, X—ABROWTN H I E = I v XK TR =3
v A NEICHAD K OICT 5 2 LI K v EREERON EAMGETE S, TOROOFEL LTI v F-X—
A MO 7 b AN — A A ICP R T A = v F o Z4EE 2 AW THI 5 %2 v Tl B SiC BJT
DORIEEIT ST,
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| I I | etched region

Metal -
] Emitter ‘R
3um
Base 300nm
4.2um
n- 1x1016/cm3
n* Substrate Collector

X A-2-6  SiC Y-8 (A2 W= BRI A IR—F 534 2Dk

OES SIS

B 4H-SiC BIT WK 2 X A-2-6 |Z~T, 7> R—7 SiC FEIZ, A A IEAGER L L CHEE T
KHNZT 1150°C90 43 DALER Z ATV 10nm DJE S OV Z TR LTz, Z D%, TV I =0 LA T DEEA T
VIEAEEEAR 1.3%10%/cm2, {EATFILX —170~600keV |2 T_—AEMZ PR LTz, ~— AL,
AN ZREISE D R E A R — A REI A A L2, 2 ORERIC 1T AT E AR 1.2X1015/cm2, {EAT R F—
170~260keV ICTT IV =T LA F U DEBIFEAZIToTo, A A IENBOTEMHAL D T OIEMEIELEE & LT
T A R AT T 1700°C30 7y DEEL AT o T2, D%, ROWT X v ZHEIRE T D 72010, BHRA A
VEMA T AT AEIT ol FOROA AU IEASMT. BREA A U EETAR 5Xx104/em?2, A
TR F—15~90keV, FoBiA 42 2 2FEAR 1X101%/ecm2, AT R/LF—260~400keV |2 TEEAEAZTT
o7, D%, ICP FIA =y F Uo7 EEEZ O TIMNEN—REIROT vy F o 7 2{Tolc, =y F U 7HERO
MRIE 3pm, E XL 420nm TH D, 72BA A EANEOTEHALD 7= DIEMHALESLEE & L CEZEH (2T 1900C1
OB AT 5T, ZOBOIERSFMHIIERME LR T E Lz, KT /34 2D SRIM ¥R 2 b—3 3 {2k
HA A EARMERE T 07 7 A NV EK A-2-TIZRT,
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P e e
Or Op Or
(6] (2] ~
L] T T
)
L L L

14
106200 400 600 800 1000

Depth (nm)
X A-2-7 R SICBITDOA AL HEATE 77 A LD SRIM ¥ = L—3 3 UfER

LBEASICBITOH L ANTay NERA-2-8|12, 2Ly ZEHR—a L s ZEEHELK A-2-9 17T, &
VANT By R D BB G E ST, MEORTIREE LI L s L 2R SRR — A ER A ST, 2L
ZEMDONH ERDICB O THER T n X 1 2780, EHERS XA TH D720 3 L7 X ERASEAER 72 E
AL TWHZ ERbnDd, £, KA-2-9 005 258 LW ERMEN GO, £/o, a7 ZEBRONE
ERVBEEN, BIE BIT 12T OV TEFIZESWTWD Z EnbREodEIRA LN TH D, ZiL, =3
ARSI EHMSEL Z LIl Eo T2y X WPIBMEBENT2ET TR I v Z T ANVBEOEEIMT K - T
AN— 2B UEIEERSEM L2720 Th 5, £z, WRM SiCBJT OFitE% ISE-TCAD v X = L —
RO THAE L RO L W LG E1To72, KB BIT OF o AvTay NERTNAADY I o
L—ya URERO T AT m B AR LT RO R A X A-2-10 12777, B SICBJT OF v A7 'm
MZBWTIE, XR—RABRE R ZEBRONSL ERVFOME NI a b —a VORERE—K LT, Bk
BEMARE S WESNIFER BN REF T TOREELE TR T VI a2 —a VOEEELWEREEL 2 &
BTET,
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Collector Current
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Vee (V)
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X A-2-8 B 4H-SiC XA R—TF F TP AZDOH ATy

400 T T T T 10_2 T T . T
B Collector Current 1
3%0F from 0 to 1 x 10° A T 10°k .
300 k 2x 10" Al/step 5 i ,:’ _______
10-6 B ,,, .
~ 250 F = —
< < I 1
=200} =,5°% Base Current
= 0 !
150 F . 1010_ 'll ]
100 | - B | i
107 | Dashed:SIM
50 g I I Solid :EXP
1 1 1 1 -14 1 ! 1 1
O — = <4 & 10 105 > 3 5
Vee (V) Vee (V)

A-2-9 B SiCBJT @ Ic-Ver Fifk

(4)

A-2-10 >3 2 b—3 3 2 b O

AERBHRE O S PERRLICL IR U A RN Ry » 78K 4H-SiC iz W oA A U EANRA R—F
T U DRI AER L ORHEDOREZAT 72 BN —ABIO T v F 7L I v ZRSOERIZE T
SiCBJT OEMAIFFL 3 05 25.8 ~LtE S iz, MIN—RHEZ = v F 745 2 L& > TX—2Eifl
DN L Rz = X v X IR E DT I v iR~ & B S ETIn DN — ZABR B D LERAG L S

A EMNFREIZ I o T,
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B. EAKEEDH DB THOAFTIEEEBR T O L EERER E—H—OERRH
B-1. A SEFEHW=T O X VEEEERE) A B — 0 —BREN R O A UGE FE O S

(1) Uiz

BE, EFEFIECDLDVDICT VX NVERE LTSN T D, ThuUcxtL, A =B —IRECT
0 G ERREN CTH D, MIZT VX NVDEENRANESNTNL A= —ICHERIND ETOVAT AETXTT
UHNMEETHEIT D Z EBRHKIUE DAC R T =T U I3 —TFT A AV AT AN RS T EBRHEKS,
HAIFUTOHEICEIYD A= -8R SNDIETOTIREETCT VX MEFICL VBT BT U LA
E—d =V AT LENT D A REL TV D,

ANNDOF P ANMEEDE Y FEAZ~LTFE Y FASEHBTEE L., &I 2 #a— REEEHa—
~:%@L\ONOH?%@@E%%%w?@ﬁ®ﬁ7xt~w~#%mﬁTéo?Vﬁwxf—ﬁ~yx%A
LD AUy Mo, (1) FEOERENES 22D, (2) 37 A —7—0 ON-OFF O A TE#Ei§ 2% Z &8
TEENDRPE ., (3) ASEFTNCL YV HHAES N~ LT By MU XV EET 2 2 L kD Z &2
Fond,

AT, TOANAE =T =V AT KB WTHBEE 725 RSN D FE T AT D IFREED
MR KT 2 7 A= —EHE S 57250 CMOS K7 A A[EFEIZOWTREFTT 5,

(2) BIEDA—T 4 A AT A

BUEH SN TV A= — 2 B —fRNRA—FT 4 A AT L% K B-1-1 127, CD »HlhEns
PCM E%51E, DAC IZE W TV HNETNLT a7 E5lcElmsh, BRI iE5 37 e s 77T
WSND, TOBRAEL—I—Z2EB L TEE LTERIND,

(8) FUANAE—H— AT A

FTaPRELCNWDT VX NAE =N —V AT AO7 0y 7% B-1-2127577, CD /LAY —nbDT Y
ANT—HE, FT<ALTFEY FASERBCTYLTE Y MERIZEBIND, 22Ty hEOERBIZE Y 4
U7o & TERRZEE, MBI ER A~/ A A = — 7 Sd, ZD%, 98dB ##li x5 @\ SNR # EEBLHIK S,
D%, MHEZFEEMEZITEBL QEENHRE 2 — F~0ZH#H), CMOS Ny 7 7IZ L) AE—h—%
BREN S %, Y7 A= —OFEERITETH U CHLERH L3, FREICITEREIC LI A~y FITI 0%
RRICRAZEN AL D, ZOIAT y FIIEORBELLIMIC T 5FICh D, FIZIE, 1%DOEEDRZEIL SNR %
40dB 2D &85 Z LT B,

ZOHEMALHT-DIC, Ay TF Vo —/"—%REFa— REHIE CMOS Ny 7 7 OICELS (X
B-1-3), ZOI AV Yy F v =—/—Z R0 Al O S E MR A v Rk D, AV — U — DA
FERREVE, BROIAYy TV o— =R RE L5 TL D,

(4) REFIE

TYUANAE = =T 1, 00T VHMES GEFE) TAE—h—ZE#EEST 5, Ll CMOS /Sy 7
7 CAE—H—%BRET 22, CMOS Ny 7 7y DA L BB S D%+ (LC 74V Z XA FI v I R
E——) ICXDECDIFEMBIEIC LY, MB-1-4 DX ICEENRER L TLE 9, HEROHN TZ DL K
BT D72DIZIL CMOS Ny 7 7 DY A A REL LRTUUER 6L, HEEHBHEKT D,
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X B-1-1 BAEOH—FT 4 F L AT A K B1-2 FUHNLAE—H—DT 1w 7H

TORILATESR
1 16bit
ST IV INSLIVE R
1 16bit

TILFEYRA T EFERR

I sbit

BEMO—FER

||| ............ |1%n
SATYFIT—/\—
| | | ............ |16b|t
N WAVET]
BAB A
AE—7

B-1-3 S Ay F 2= =W ET X NAEY—h—DT a vy

DI L DEBEL T D720 0H LT L LT, SRIO\ETIETIEERD CMOS /Sy 7 7 D2
DR A N[EEE A SEROMRRE AW KT A NEEE AWCHDFR T 28925 2 & TIHERBIEIC L 25
k- T A

F AEOT VA NAE = — DR TIFAE =T —1E8 >THBD T, FIANEIKIL 8 >MUEL D,
HE, MWEBEEBT DI E RIANBROI A~y FRMEE D, LrL, SEIOTFVZ LA —
=D TIE A RTANERICL DI ATy FIEIAYy T vz — =l Lo TRBMEN DD THK KT A R
FEDOI A~y FIEHEVEE LR TR,

DFIZT VA NVAE = —OERBERB IO, ##R87T 5 K7 A A\BEEIZOWTIRR S,
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DA 2%

TUHIEFTAEY — I —ZEHENET 521X, BB LS WRICEFE2EMR L T LE DD, 2OV AT
LTIE, Bl ) A R = — U TR RS (v TFEy M) ASEMSEERND

FET—& L LT LOOIET 20kHz L FOH THH DT, fEEOFBIa— 2D ) f Xy z— 7
T oAU, FEOM EEZEBTE S, AT, L0VEW A XAy =—r 7REESR L0, RE%E
Fi= 3 A SEREBEH VD (K B1-5), al, a2kWad Dz, 8, 3 & LT, BERKERD
LHEOARHELND,

X B-1-4 HJ1F#E 2L D2 X B-1-5 3&AXEHGOT v 7K

ﬁ

Y=2X+@1-2")°Q (B-1-1)

(B-1-1) k0 EHMEEZEQICA-2) L WM 1D 720, BT EiRE QI LT, 3R/ A Av =
—VE T ENTDHIENTED, FEBRIHEHTS 3 KASERGD /) A Ay =—r VTR B-1-6 (2R T
(AJ1Z 1kHz OH A %),

4 B-1-6 225 65375 £ 912, A (20kHz A F) 2BV T, 3RA ZEFIRICELY 3 RO — 28D
ARy z—Er 7HE (60dB/decade) MFHIVTWDENSND, £, ETLRRZEITH BN 2 5 R
VDT D, DD T A= —OBNEZ 5, T VX NVAE——0MRIImEL, FEELERL 2L

[Z72%, ZDw, BETLHEZENT 2L, (RELETEE ) OFEBITEED

@OIAVyTF v z—r—

REFIETIIHNFZTPERLEL 72 57O HIFENE O BT OGRIITZEDONRT O LV HEERELT
Ho BIZIE, AC—=H—DOFEEREDONT OER 1%FAELTZET D & BERINIC SIN 13 40dB 2T 5 2 &
(ZR2 B NTOZN Ko THELDBMEIZALZERHDO LS IZERD ) A A 2 — B T2 52 ENARETHN
I AN OMEE 2 S ST S5 2 LRk D, BEFIETIE, FFOANTOIITI MG 2RI &
57, NSDEM (Noise Shaping Dynamic Element Matching) % f 5,

B-1-7 I NSDEM 07 1 v 7 K& mmd, HMNIATBIETNEST 2424 7D DAC £E2 5, ZUudT Y
ANAE—=A—DHI1EEZ TR (BED 0, 1 O 2 MEST 5 A —I—D72®) , NSDEM Tl /L4 %

DFERAZFT 0, LIEFEEEIEFES L. TORBRO/NIWVIEICA NI TNV EZBIRT 5, TRbLEELO
HEHOEEDTEEN —EMIT/R D X O ITHIHZNT DI Lo TV D, UKD | BEEBIIHE TN T
NIRD I/ AR == T %%T 5, 20D EREA SN TVD 1Ry =—E U 7R EZF>DEM L0 b
AN OMEST 22 Z E BN FREE 22D, £, SAY Yy F Vo — =DV = — U TRHEIERT DL
—7 7 4 nH HRIZ Ko TRESh, FHIFEENZNOEEEZ RIZGEH. V=T 7 4 V2 ORED ) 4 X
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Vr—bB U T INTEWEE D,

ERIFEHAT A IRy F = — 83— 21F, 2RO — 2D ) 4 X = — L 7 HiE% > NSDEM %
ALz, AC—D—HERDH A7 FLvEK B-1-8 12, £ LT 3% D% 5 2 72 NSDEM
DEHINIDERESNIZRED AT fLE I A~ v F vz ——7p LEHEZ G L7 b O %X B-1-9 (2R, Al
8 (20kHz LLF) IZBWT, AL EEDANT hLd | BEO L ZDARY hUTE BIT 2 KA SEM
BRI, BTONRTOXZEDMEEFICKH LTS 2RO — 2D ) 4 X2 = — 0 ZHE (40dB/decade)
WD Z & DHERHIK D,

X B-1-6 3WAXEReOHIIART hv X B-1-7 NSDEM ®»~7' 1 v 7 [¥
X B-1-8 AbE—H—HLDOHIJAT | X B-1-9 FYZNAE——2KOH ) A~T kL
X B-1-10 ftkD N7 A /3[alE X B-1-11 ##ZFED KT A 3[[E
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@ K7 A 3[El

[ B-1-10 129Kk D K7 A NEEEEZ RS, (R TIIEFEZZOEEHNTH DL, A N—F—IZL>TK
HSEEL0OEAEbES, Ty a MR TLC 74 V2 A —h—&BE LT\, Ll A 3—&
—\Z 5 CMOS DA AKHL & BRENT 5 1 TH U 2 HRIBME DB X » TN EL, MaF L o> T
710 SNR #4{b SETLE 9,

ZZTRBETETIE. FIANNERKRICBWT 2KRA SEHGBORHELZ WD Z & T, CMOS A > /X—Z—T
HECDIERIPEICH LTI Ay F o z—"—=LEL 2 RO/ A A =—E TR 5 2 RO E
AR EE D, BEFIEOEIRR R EIEAERN Z X B-1-11 1ZR T,

Fo. ABEIDO RT A ANEREFEBT HEE REICEEHWD & BT RkQDOHEBORE RO EMEHT L 2
LI DT, LD/ WEFE TR A KB T 5 72 ICibtic 2. OTA 2658 L=,

(5) ¥Ial—a kit

AEL VIalb—ya T AREOMR AN B-1-12 [ORT, Y Ial—iarTAI04 0, 3KA SEH
BNHIREF a— FEH, I A v F L 2—N—FTOTF I ZAERIL, MATLAB T I =21 —var L, 77
1 71X CADENCE #1:® Spectre # WV TIRET 2 RIA NEROT I ab—a V& ToTe, £/, 2D &
XOHAOFELELTHERT Ay b4 7 AR E 50kHz ICRE LT 4 RANF—T =R 0 —/R2A7 JLH LA
= —DFTFINEMK B-1-13 12, B— 327 4 )L F O ERBEE A X B-1-14 1R,

AEI AT % 156kHz OYA e L, Zha MATLAB @ 3 ik A SERERTT /M k> ClREH = — R 81k
D1, 0DEE~EEWT D, COREEIAY YT vz —R—=IZASIL, RT7A RO AIIEE% MATLAB
TIER L7z, Z DA% Spectre TIER L72 FTA NERKICAN LTV R alb—var Lz, ZOLEHOET
THHA—RAT A NEDANIEHD A E T E AL AL TV TR L 2 DA R — 2 — D T
R DRFERD, AREIOY I 2 b—y g UCIREREEHEDOIRR L 25, £72, £B1-1ICvyIalb—va
SrEldsd,

X B-1-12 7 VXV A E— I — 2RO 4 B-1-13 i) LPF L AL —H—DET L
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X B-1-14 LPF O &k X B-1-15 2R Tk LWk TFEO H D E
(1> A7 JEH % 50kHz) (LPF fij, 7=#h)

6) YIal—va R

YT A= D —HEOa— 2T 4 VEFIORENEEDOY I 21— g VR EZK B-1-15, 16 IZ;RL, &
—RAT A NEHDY I 2 b— g VR A B-1-17, 18 121,

0—/X2A7 4 VEFIOMDEE THHIK B-1-15 L a—" A7 0 VX %O TR TH HX B-1-17 OfE R
M HIFHRC, BERFIE LR FEOREfER ToEWISA L R Sy, LasLl, X B-1-16, X B-1-18
DEIICEABEHBEL TOVI 2L —rva UERERD L, AHEFIRNTO ) 4 X7 a7 BNERETIETITN
20dB T < EJH SN TN D DO DD, F2 AN TO SNR 21T 16.6dB OBEN R Hivlz, KIZZER
HTAE—=D—0 b ENDERTRTERIND EREL, 8 DT R TOAY—I—DH )& LT-KF
Da—RNAT 4 VAFIOH DY I 2 b—3 g UiEREZK B-1-19, 20 1277,

[ B-1-19, B-1-20 # Z AL L Thhr D X 9127 A B — I —BUROR} & [FERIZ0E R FE O a5
NTD/ARX7aT WK 20dB EFLTWBH0R0Nn5, AN TOX A+ v 7 L ViE, iEkn
64.2dB 2% L TIRETFIETIZ 80.5dB 720, 16.32dB (Al LS TW5, £7-. X B-1-19 & [X B-1-20 % I
B L CThNdE I, ERICHEANBEFETITLVHBAIGEN Y 2 — U TR 25TV D,

# B-1-1
Element number 8
Sampling frequency 5MHz
DSM order 3rd
NSDEM order 2nd
Driver circuit order 2nd

Cut-off frequency(Low-pass
50kHz
filter)

Low-pass Butterworth filter
4th
order

Supply voltage (Driver circuit) | 3.3V

TSMC 0.35um
CMOS

Device model
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X B-1-16 f2ETIE LR TED X B-1-17 2R FE L ERFIEOH HEIE
H o =2~27 ~ v (LPF i) (LPF #, 7=#h)

X B-1-18 REFELMEETEOH ALY Fv (LPF #)

X B-1-19 fEkFiEOH I AT hL X B-1-20 &L FEOHII AT hL
(8 F 1A ik, LPF A (8 F 1A Hkftk, LPF A
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(7)

AT, 7 VX NVEEREBR A EC— I —IZ 2 R A A = — L TRk E R o 72 tH ) BT A Bl % H
W5 Z ETHIBD CMOS O A RBTIC X B IR L 2 AR5 2 & 2424 L7, Spectre &\
v Ial—yarilBNWT, EFEIZL > TSNR Y 7 AL — I —HEORFT 16.6dB, 8 DD A B — 41—
12 A R L72REC 16.3dB OB A MG T 5 Z L3RIz, £/, 8 DDOH N A G LIk, 1ERFIETIEA
KDy == ZRHELIEL THWD DI LT, SBEFIETIE, RE<IEIL Tz (MB-1-17,18) , i
LD &G, REFIEL CMOS O A AERHUC L D IR KX 2B LT 2850 L LTRZITHY . &
PV TR AR LR AN TH D Z LB ot

B-2. 7 & VIEAEEREN 2 v — ) — % FA T R T P A

(1) IZLoic

BUE, FRIAMERIE A & — 3 AT DI~ et CHLEE & STV D, FIX RS TOEFEN, £7- 5.1ch
R—LT T H =V AT LThH, HEMEHEA == 2T ARHIUE 1 DOAE—H—TEBRTE S, Lo
L. @FRAEA Y= —OEBUT, EEOAE —h—CERBLETH 508, 2SR CHILTE 2R
PERIEI A = — Y AT MIEAEHTH D, EBIT, ZOXIRF—F 4 F AT LEFEHRT LB, BIERE
AN D MERN D D,

BE, fbh b4 —F 4 AV AT LA TORMERIEE TR, 7ha ZREREL fibhTng, 7-u s
KT T O XNV AT 2 HF F L i L6 AicRES EEREHELS | FIRAKOB TH KR
ZU,

Tz, BAMEOFEZIT ) 720720, 7ra 70 —7 27 DAC RAE—H—T LI BEZ/R->TLE
Yo RICTPENDEFEEBANENTNG, AV =D —IHERENDETOUVRAT AR, £TCT VX MVES
THEBEHE TS Z L AHENE, DACRT Fa s U —7 v F et —F 4 AV AT ALY R Z & Ak
D

FEEICIE, PLFORRT [FOFNAE— I — v AT A TORMMERIE) 2R,

(1) AOTVENMEFE~YATEy MALERGBETE Yy MEET 5 (Fa—%), (2) o 2 #Ea—F
ZIREEFH 2 — NIZAEH L, on-off BXEh DRI A HWWC, HEOEELOY T A= —nbl T2, 3) &b
ZHRIAPERIE 21T 5 72, I A~V v F T o—s3—L CMOS N 7 7 ORIICIEIESR 2 AT 5,

UTIZRETD [TUOXNAE—D—V AT A TORMERIE] 18052 Y v hERT,
CBRARIFTRTCT AN D (T r ZEEAR)

T A —H —X on-off DA TEREI SN D

< BN E D

- BRENEIEE O IERIEE D RN/ I

c A=A —ZLIZDAC, T EIBINT DI
< BIERR A BN 7200 T, FRIAMEOHIENS FEETH 5

AR TIIA—T 4 AT 7, DAC BREERNE WD T VXNV AE— I —ORHIZFEH L, RO In~o
IS ERF Lo, MAHE CH D MIZER L, fRmtEoRIEN, tieom B2 B L T, #ifc el iEmEE, 2
B—h—a=y hERAWET X LAY — B — O BMERIENE I OV TRETT 5,
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(2) TEkRFIE

A== ZFUIEROA—T 4 T A7 LTORMMERIEEL X B-2-1 12577, CD (£ 7 V204 —
TAFTT LAY —) oD PCM EH1E, £ TENENOEBELRICAT) S 4L, DAC IZLY TV X NAZEN
ST Fu BRIl B ENS BRI NTERTI HHOLNARNEN D T Fa 7 U —7 o P THIESN S,
FRIMERIEZ1T O 56, 77, DAC IZA =N —DORIZTHEIRD, D%, TR 7 Av—h—%#L
THHEFRIEE LT hEND, 22T, A=W —L L THRERMEIILLTO LY Th 5,

 BHDLAYLHMEN

- [EERHEE L (SNR) A3E

TAF I LU UBRIRN
© JEEECR I REPHIC DT o T Ty R TH D

L
N
4 — .
Z—fg_”' ______________________ - ' I CDjI/l/r‘\;z(:Hjjj I :
." \ i - —= :
o CD FLA ¥ — i i | V“““f;”iif* |:
! T6bit PCM i i ! !
i ' i : [ =isevrazzmas |
H JEL%% JEL%% """ JEE%% . | -
I i i Y sBit I
! i L ERTUFLT—/8— | 1
1 | pac || pPAc | & ¢ ¢ ¢ o . . -
! 1] © ] I i
| SO R [ | :
Sy Eppiiply Eppivipispisuiuisuionl N | SEIESR | !
: FT FF | e e e e e e b i | I I ...... I I
! I i | CMOS/SwI7 | !
! - N J
= - R ) S [y N
. 1
NS _ =N F=N
Fras SA—FLARE —F—
B B-2-1 fERDFRmMERIETTE M B-2-2 FUHNLAE—T—L AT LD

Fe A M A

(8) F ¥ X VIEIEERE A v — B — Z O T AR I

TUHNAE = —IZBT DRRMMERENED 7 e v 7 X% | X B-2-2 [TR T, 37 U ZOVIEEERRE) A B —
W= AT AT, BilkgeE I ATy TF L 2—X—E CMOS Ny 77 OIZMAZ T2 D THDH, LT, AL—
N—a=y T4 T LA DOFHIZESE M EICERRELZbDOTH D, 22T, Fll, MO OHE, A
E— 0 —lRER EEZBE L, BIEHIC Lo TEAEY =D —DHNEELE L Z & TRmMSIEETT 5,

A RIOWFZETIE, fRIAEOFIEMR L O, HRED M EA2RHT 5720, T2 AE—h — T A v —
H—FHNT=T LA A= —%BR LT, ek, A= —Zida—rRMA—h—RHnHLN TS, L
L. 2OARE—=A—TI7v—7 17 u—>7 (AL O G FICA U D) BEELLT . S HICEEN
PEORBUIEHE L o7, 22T, Zb—T 47— 03HIC <, B—THIRMERROFEEE A E—5—0
ICHZEZ X T2, TNoETA T LA DOFEICHESE BE L2 02T 5,

UTFIZT U NVAE = —IZBT D mMEREEO E2aM R R 5 JONBIER, FrE A v —h—IZBI1T 5
B DOFEDHAIIZ DN TIRAR S,

DIATyF v =z=—r3—

BRERFIETIE, WHFRFPERLEL 25, 2 TOHFRFBFER URETHIVUIREITE Z 7200 I REN
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EORTOLGEITIE, ZONTOXICIVHEERAEL D, 2T, A= —OFEREDNT DE DR 1%FE
L7zl 25 E, HERIIC SIN X 40dB I T 5 Z L2/ D, FRFDNTHOEIZL > TELDAEIIH LT,
ASEROEINZERD ) A Xy =¥ 7 oD 5 2 EBNARETHIUL, AIHEHHRNOMES %2 X SICHD &8
HZENHKD, BETIETIE, BIORTOXZL2HE LIRSS 729IC Noise Shaping Dynamic
Element Matching (NSDEM) % AW TW 3,

T UL NAE = —DOJFE T, BIEZ L o THERAMEEZ DT TV D RSN T, RO A = —0 b DOfF
FICHRFRIZEDE T, HEE DR TBRICF v A S THES RN AL L TLE S TR H D, L, S AF Y
F v 2= R=PNBIERRORE SN TEY | AC—H—BEHNICH LTS /A X == 73D Db, LIEH
ST, FRAMEZ ST o RS TH, HEE DO LA ZR/NRIZIA D ZENTE D,

Qb —L2FTT U2 (ERAAHT LA)

AENE, FEEAE =D =% TA T LA A= —L LD 2T lE LCORAENRS 252 L %
L, BAMOESGEE LT, E—2AT T V7 HRERH Uiz, X B-2-3 I A RT, Ziuk, AE
0 OFFNZENAFADOF WD 41D £ H 12, BIEZRZ K> Tk E KT 2 b D TH 5,

@FA LT LA AL —H—

a) 74T LA DKEH

—fREY IR A= —OEA . BN 2 512722 LU ERIETERE - AKEHIME S 2 (522D T2 O mREIE 4 15
LY XEREMS T OFBI RV T 457 1128 D, —FH. FA T LA A= — DS HEEIL, KFE
FINTIER ST, SREFAOHR 245 E 70D, LizBno T, HETRXLX —OREIL 775,

Z ORI, FRAMERIEICE LTV D7D, ARTIETIA VT LA A= —%2 ALz, 40T LA A
— A —DFEDIEHNRY F %X B-2-4 |ZRT,

b) A B ——

EHIZHRWRAMEEZ FBLT 5720, Fileh A —H—2=y & LT, FlEEAY—I—%28RHAT L, ZDOX
=t BEORA A3 Vb DANFERAR T, FE ORI AmDD, ZOXIITTHI LT, Rk
IS WEEEZ TN TES, (X B-2-5)

Z OB G | BERRIFIZOME 00T < BB X 2N D0 80 S R A RO, O FE D P A
BB —1 O TITA LT LA AE—H—D L 5 7B % B

INLEMEICEBEL, 7407 LA A= —%ER LT, ZAUTBIESRIC KX DN ARGIE AT 5 2 & TR
MPEDFEB A HE Lc, SEL El LI FREA Y= —Z2 AW T4 07 LA A= — %X B-2-6 [Z/”7,
RO R E LT LR T A4 7 LA A= —% K B-2-7 ITR T,

(4) FEBRAS R

PR LT A v — 0 — O MR & feB 3 5 7o DI EEIC X D MGEE 1T o 72,

ANZCD F LA ¥ —m5 SPDIF TAE#H LG5 LT . ZOF VX NVAE—h— AT Lk FPGAR— K,
CMOS Ny 77, FALVT VAR =D —IZLoTHEELL, ZOTVHNVAE—D—V AT LAEKOT B Y
7 K%, K B-2-8 (R T,
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07 mrAmrAm‘ 7‘\\ 7‘\\ #‘ﬂ
290787070100 074

YT Y Y Y Y Y .

X B-2-3 bE—ARTT U O K B24 FALT VLA AE—H—DFEDIENY )5

—_— —
#—}

—)

X B-2-5 WVHEHPEAE =D —DFEDILNY ) X B-2-6 ASEEELEZTA T LA AE—H—

o -
cD > FAL—H—
FA— »  SPDF s {m}

yd  mrmememee yomT T
/
Sz FPGA i SAVTLA
S ¥ o—rE ) CMOS/ o7 RE—H—
(B
I_._._._._._._._._._.; e \
[}
! " IRTYF
: AT TR il BER :
6 !
X B-2-7 fERDOTA T LA AL —T1— X B-2-8 IELI=v AT LD71my7[X

ANNTOENF =T 4 FT—=2E Ty T TV 7T DI F =R —a T OXNVT 4 VH
—%#@L. LR16 £ b®D PCM EBICE#T 5, ZOT v 7V FLENTEEZ mEy b 3 RASEH
WIANT D, 22 TRE—I—D2=y FOEEN 8 OGS, 8HO==y FRRIEHKLHETIL 0 NG 8
DY LrIVBREETIR D, LIEAR->T, ASEMBEOH AL LTI, 209 L AERBT L0248y b
MEILI2 D, DFED, ZZTANEY MDD 16y M, W TAE—T—% KNI 738 572DD 4y MT
BRbEnd Z Lk s,

HADAE—H—2i%, FHEAE = —ICLDT7A4 T A AE—h— (X B-26) M L7, /=, 3
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WATERERL ., 2 kA —"2ZMI A~y F v z—s3— BIEZT FPGA (270277 AL TEL, SHIOELE
I, FPGA IZNEEENTWAH 7 1 v 7 RAM 2 L7-, FPGA >0 DO J1% CMOS /N 7 7 THERK L 7= 5%
KETHNT 5, BREMIZ, FAE—D—HIDBERTERIND Z LT, nEFEHAESN N, HIEFIX
on-off {5 572 7= ORI N v 7 7 K S,

BETHAE— D=V AT LD EZ . X B-2-9 O5METHIE Lz, BIEIE, A —0—72bEE R K

(4 El% 8kHz, 8kHz) O sin &) S¥, fLEOAEIZB W Im EDO~A 7 T10 EI LI, HKROFE
WD FiEER-T7-, (X B-2-10)

AlENX, FREMEE DT TWRnE & (LUF, @EERE) &-45 1R, 60 FEEHAIZHRMENR S < X9 ICHIE L
L0 ERE L, 3kHz OV A U faHh LIzt ED, a— I A4 T4 AE—D— (LUF, /ERFIE)
TOR—F % — %K B-2-11, FHEHETA T LA A—H— (LLF, ##2FE) TOR—IF— %K
B-2-12 (27”7,

E5EREHE 7_::)9)b
peed))

RAYTCARBELEE
BILCRR

=TT +544%—

X B-2-9 H|ER X B-2-10 f5AMEORIE Hik

polar pattern: f = 3 [kHz] (flat panel speaker)

polar pattern: f = 3 [kHz] (corn type speaker)

-90°

== normal = normal
~beam forming -45° ~beam forming -45°
= beam forming 60° = beam forming 60°

X B-2-11 #~—F /3% —> 3kHz ({ERF1E) X B-2-12 H~—F /3% —> 3kHz (#ERTF1E)
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polar pattern: f = 8 [kHz] (corn type speaker)

0° polar pattern: f = 8 [kHz] (flat panel speaker)

N
x{\\\”g///v
\7 S Y\\,\\g/y\// AP =
_/:]\\\\\\\W////v,/\r/\f I

-90° Se=ro0 90° o® 90°
= normal —— normal
=beam forming -45° ~beam forming -45°
= beam forming 60° = beam forming 60°

X B-2-13 #~—F /3% —> 8kHz ({ERTF1E) X B-2-14 H~—F /3% —> 8kHz (HERTF1H)

INHOXNG, BROFENREMEZ I TE TS 2 L AR TE 5, HERTIETIZ LSO JF IR
WHRFMER DWW T LESI VL —TFT 47— RRAELTLESTNDHDOICX L, IERTFIETHHITE TV 5,
Foa—TMEIZONWTHRERTIEL T, vy =R TND I N nhd,

F7, FRIARHEZ L LT o< 5720, 3kHz O A Va2 M LizBE o, feitE g =5
MTOHELELY, ZNEh#kE B-2-1, £B-22IR7, Zbnb, ERISOAEICHRRMEL 728 %, Bl
FINZBWT, IBEFEFERFIEICHAT, 16dBU EEERNHMEL TWD Z &R gnd, £, -45 EHM
WM 72 & 20130 5dB. 60 EE L RICHENT 2 & &, £ 10dB 1Z EfRmitEs > - AEICB W T, BERELEOF
JEEPERTIEL AR TREL RS TND Z LRG0 5,

[ARIZ, 8kHz DY A L EEH I LIz 2O, 1ERTFIETOR—F /3% — %K B-2-18, 2R TFIEOR—F %
Z— %X B-2-14 |ZRT, 3kHz & [FBROIEMMNHER TE, v —7IRIZHOVWTHIZIERKRTH L, 7 Lb—T
47 a—7ZHoOW T 8kHz ORHE S IIMETE TORWLA, IERFELY b IMETE TWD I ENHN5,
PLEoRE%:, ZB-2-1,2ICF LT,

# B-2-1 faAMEZ RO IALEOETE ERFIE) # B-2-2 fRMAMEZ RO IANEOEFE (REFE)

sound pressure level (8kHz) sound pressure level (8kHz)
at 0° at -45° at 60° at 0° at -45° at 60°
Normal 88dB 78dB 79dB Normal 84dB 57dB 58dB
Beam-45° 82dB 90dB 81dB Beam-45° 62dB 83dB 64dB
Beam60° 81dB 80dB 92dB Beam60° 61dB 63dB 83dB

(5) il

ABFFETIE, EMHERE D 18455 C b % PR BERERLE 7 & 2 JVIELEEERE) A &' — 1 — D JEHEBATE 2 b 7o, B
TiE, KESMEDIREZESED Z L TEFRORMELHIE L TV D25, ABFETIE, ZhafifilL, 720
15 5 ) DR BRI B 2 WS W REZRIBIE SR F- 2 BiE L £ 727 O Z VIEEREVR AR A ©— I — 7 LA Z B3
L. fEMMEO Y Ex 2Rl L, &Sm0 EB %2 B LT,
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FPGA #HWHEIEFR LYV, AV —F—a=y MOEREA Y= —%5 Z & T, ERFiEL LT
KT, —45 JFEEH AT 72 & &1389 18dB, & LT 60 EHMICHIT - & & T, 1 11dB IF EFEENKE L
o TWD I EPMERSNT-, T2, n—TMELER LTS poT, BT b—T 4T u—T%2z
DR DR TE I, ZHDHDOZ ENDIREFEIL, BAMEZHIE L, 2B omiEmtEa EBIT 2 FBELE LT
HHhThdZ LEnMERINT,

35 SHRORE

AL, AR FICUETH LT A A0mEE, @INEREZ RWET2DIic, A RV Ry v 7
HHER GaN CTRUE L 72 @BEEERZIR 7 00X % HEMT O miRENERMEZ TG L, Z&E L CENIERTRE R
TNAA ZADRMEL BILRETIT o7, £lo. 77 Fax—2EEOEKRE(LZ B s LEisE A/D 3 XU D/IA A
g L~ A 7 uF v T ellE L OREZRHE Lo, SREEURIILL T OREIZ W TG 21D 5,

TR 23 FE

AERAEBRAEEERE) T A 2D E& AR L, 731 A7 b CNCBUE TROGE(LSMF 2 M9 2, RIEL
12T 3 2R 200 ELL B LY 100V LU EO @R, SlERMFORE FCTHE L, €ORENS, ~A 2
nY 7 Fax—5%D MEMS 7 /31 ZITHREFRER T A AMED KLz X 5, S 5123t ¥ —HmbkiE
AD B LU DIA BB AR LTz~ A 7 0T v 7T EdME L2 OREEZRIET 5,

TR 24 EFE

RAAEE OMIFEOMIEL L OMEZ B L, LTOBRRE LT, ~M 7 ut ¥, 77 F oz —FEITmEERE
F =T U TN EACTEE LSS BRSBTS AW~ s Ty TEEBT D, S
LIz, A7 v=7 bR EETDEMEEMBEES N T~ o BRILARSIFEL, #T 2170, EREEE D
O~ BB OEMEIN AT 5, £io, —HEOREAED HfE TR Sz, B L <BSRT R pieiE
P R L, ARSI MR 2R T D, ZAVE TOMERCRZHRIET 5 L2, 2 6 ONFFER
RAEFFFTFREC TN U EELE LT, kxR THEITE LT 5,
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The Micro-Nanotechnology Research Center of Hosei University
was established in 2003, following the adoption of MEXT (Ministry
of Education, Culture, Sports, Science and Technology)'s "High-
Tech Research Center" Project for Private Universities. Since then,
our Research Center has conducted nanotechnology research into this
fundamental common technology with the potential to push back the
boundaries of traditional techniques, under the founding spirit of Hosei
University, "freedom and progress", around three research projects:
developing high-functional nano materials and researching micro-nano

mechatro devices, researching distributed environmental nano electronic

2 RESEARCH CENTER FOR MICRO-NANO TECHNOLOGY
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devices, researching nanobiologies of bioinformatics and bodily function.

In 2008, the research under the fundamental theme of "Developing
Intracellular Operational Technique and Bodily Function Simulated
Techniques using Micro-Nanotechnology" was adopted for MEXT's
"Strategic Research Foundation Grant-Aided Project for Private
Universities". Our research has focused on the invention of significant
nano-bio devices for intracellular operations including the research
and development of systems such as intracellular material transport,
intracellular environment observation, and intracellular local material

injection. Combining and based on the accomplishments of micro-



MISSION AND THEMES

Development of micro-nanotechnology intracellular operational techniques and

bodily function simulated techniques using micro-nanotechnology

—( Mission and Themes )

(Current Projects)

Fabrication of Nano-Bio Devices

Research on Intracellular Micro-Nano Structure Manipulation

Development of Simulated Physiological Functions and
Related Technologies and Devices

High Functional Intelligence Acquired Bodily
Simulated Machines (nano, mi milli level)

Establishing Intracellular Operation Techniques

Intracellular Material Transport, Intracellular Environment
Observation and Intracellular Local Material Injection

Atom and Nano-Engineering

Research and Development of the System to Fabricate Essential
Nano-Bio Devices for Intracellular Operation

Development of a Future Support System for the
Physically-Disabled

( Our Aim )

nanotechnology gained for the last five years, we have reinforced research

with the aim of establishing intracellular operational techniques and
applying them to future cellular medical care. Moreover, we aim to
develop high functional intelligence-acquired bodily simulated machines

(nano-, micro-, and milli- level) which simulate or replace the excellent

features and structures of vital functions daily from various layers, and also Jp—
expand them as a useful technology for the actual life and social welfare ‘/%M %g L

such as support systems for the physically-disabled.

Executive Member of the Board of Trustees

Akira Tokuyasu

www.hosei.ac.jp/nano/en/ 3
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icro-Nano Technology of Hosei University is one of the nation’s top research universities. Our project assumes a role
bjective by its commitment to developing the intracellular operational technique and bodily function simulated technique

hnology. In this research center, our project has a clean room of over 297 m2 gross floor area and process and evaluation devices

emiconductor devices.

ION IMPLANTATION AREA (CLEAN RooM, CLASS 10,000) DEVICE PROCESS AREA (CLEAN RooM, CLASS 10,000)

[MEDIUM CURRENT ION IMPLANTATION] [EBAS (Electron Bombardment Annealing System)]
Sample Size: 5 mm x 5 mm chip to 3 inch wafer In the EBAS, the rapid heating up to 1900 °C in a vacuum is possible. The EBAS is a device
Kinds of Materials: Si, SiC, GaN, Quartz and others used in SiC that needs annealing at the high temperature more than 1500 “C . EBAS is a key
Implantation Energy: 30 to 200 keV at room temperature device for high temperature activation annealing of semiconductors.
Ton species: Si, Ny, Ar, O,

OPTICAL MEASURING ROOM

BIO-MAGNETIC
RESONANCE LAB.

NANO-BIO DEVICE NANO-BIO DEVICE DNA TEST ROOM \

DEVICE PACKAGING ROOM

4 RESEARCH CENTER FOR MICRO-NANO TECHNOLOGY
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DELIVERABLES OF THIS FLOOR

LITHOGRAPHY AREA (CLEAN RooM, CLASS 100)

[ELECTRON BEAM LITHOGRAPHY]
An electron beam is accelerated by applying high voltage. Microscopic patterns less than 100
nm from on a substrate. The pattern is formed by scanning the electron beam on the substrate

to expose the resist covering its surface.

ION IMPLANTATION

AREA
(CLEAN RooM, CLASS 10,000)

[1.DEVICE SIMULATIONI

[An advanced multidimensional (1D/2D/3D) device simulator]

The semiconductor devices can be simulated by advanced quantization models
including rigorous Schrédinger solutions and complex tunneling mechanisms for
transport of carriers in heterostructure devices like HEMTs and HBTs made from,
but not limited to, GaAs, InP, GaN, SiGe, SiC, AIGaAs, InGaAs, AlGaN and InGaN.

MRS Proceedings, Vol.1195, B08-04 (2009)

[2.DESIGNINGI]

Lithography process masks of devices and circuits are designed using layout
programs and made using e-beam lithography.

[3.DEVICE FABRICATIONI

GaN-based HEMTs (High Electron Mobility Transistors) with significantly low
source and drain contact resistances were fabricated and applied to the
integrated circuits.

We also produced 4H-SiC BJTs using ion implantation technology with a high
breakdown voltage and a high current gain.

GaN device: IEEE EDL, Vol.28, No.11, 939-941 (2007)

SiC device: Materials Science Forum, Vols.645-648, 1065-1067 (2010)

[4.PACKAGING]

This device is an operating amplifier integrating D-mode 1/I GaN/AIGaN/ GaN
HEMTs, 450 Q resistors, and a level-shift circuit. The device including 7 HEMTs, 5
resistors and 10 diodes, operated in good condition at temperatures shifting from
room temperature to 200 °C .

Phys. Status Solidi C7, No.7-8, 1952-1954 (2010)

Mana Uchinoi BSc Electronics, Electrical and Computer Engineering
Research Theme: GaN Bipolar Junction Transistors

[The joy which my research of it is accepted and can be presented in a
conference is a motive power to the further work.]

T decided to do my master degree at Hosei University because it is one
of the top research universities in Japan. Now that I'm here I believe
that it will provide me with great job opportunities after graduation,

and I am really happy with my decision.

SEMICONDUCTOR ANALYSIS ROOM

[SIMS (Secondary lon Mass Spectrometer)]
SIMS is a very sensitive surface analysis technique that can detect a minimal amount of
elements in the substrate. The impurity distribution in semiconductors can be measured to

form the microstructure.

DEVICE ANALYSIS AREA
(CLEAN RooM, CLASS 1,000)

DEVICE PROCESS

AREA
(CLEAN RooM, CLASS 10,000)

DEVICE PROCESS

AREA
(CLEAN RooM, CLASS 10,000)

CLEAN ROOM (Gross Floor Area 297m?)
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SEMICONDUCTOR
ANALYSIS ROOM

LITHOGRAPHY AREA
(CLEAN RooM, CLASS 100)

www.hosei.ac.jp/nano/en/



2ND
FLOOR

inYourdailydlivesiweluscivarious products which were created through electric and electronic engineering, for example, PC, cell-phones, digital cameras,
fcquipmentycteylheplechnology which communicates with the precise signal processing in the electronic circuit which made the input signal the
fSoundiwavesatsereenyimage, an optical radiation, etc., and an external network is required. Furthermore, improving reliability and saving energy are also

bimportantYnfordedto live more comfortably and conveniently by improving product performance, we are conducting researching with graduate and

undergraduate students.

ELECTROMAGNETIC SHIELDED ROOM DEVICE MEASURING ROOM

[Electromagnetic Shielded Room] [Network Analyzer]
Frequency Range: 200 KHz to 10 GHz, Attenuation: 60 to 100 dB” High frequency measurement equipment manufactured by Agilent Technologies. (~50 GHz)

1/f low noise characteristics for GaN HEMTs and MISFETs are

measured in an EM shielded room. Surface fabrication conditions, surface

[Mixed-Signal Active Load Pull System]

Fabricated devices are analyzed using Maury automated fundamental and harmonic source and load pull systems.

state density strongly affect the 1/f characteristics.
(0.8 GHz~26.5 GHz)

IEEE EDL, Vol.29, No.8, 827-829 (2008)
INORGANIC SYNTHESIS TEST ROOM

Low TEMPERATURE
TEST RooMm
SPECTROSCOPIC SAMPLE PREPARATION SPECTROSCOPIC
MEASURING ROOM Room MEASURING ROOM
CONSTANT TEMPERATURE
'AI'EST Room

ORGANIC SYNTHESIS TEST ROOM

6 RESEARCH CENTER FOR MICRO-NANO TECHNOLOGY,
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DELIVERABLES OF THIS FLOOR

TIMEAINTERLEAVED DELTA-SIGMA

ADC WITH VECTOR FILTERS

REDUCED CIRCUIT AREA

TIAX ADC can improve both conversion speed and precision. However, increase of circuit area and power
introduces a novel method to reduce the circuit size of TIAX ADC with a vector filter maintaining its

performance. It can remove half of the active circuit.

A NOVEL BEAM-FORMING
LOUDSPEAKER SYSTEM USING

A NOVEL USB-POWRED DIGITALLY-DRIVEN DIGITALLY-DRIVEN SPEAKER
SPEAKER SYSTEM We propose a beam-forming speaker based on a digitally
We propose a novel, digitally-driven speaker system (DDSP) in which a direct-driven speaker system (digital-SP); the proposed
newly devised mismatch shaper method, multi-level noise shaping dynamic speaker employs multi-bit delta-sigma modulation in addition
element matching (ML-NSDEM) process, is utilized so as to realize high to a line speaker array and a delay circuit. The proposed
fidelity, high sound power level (SPL), and low power dissipation. speaker can be realized only by D flip-flops and digital-SP.

Mitsuhiro Iwaide MSc Electrical Engineering
Research Theme: Novel USB-Power Digitally-Driven Speaker System
[Those who perform love what they're doing.]

I study a digitally-driven speaker system. Why I'm interested in the study because I
have liked music since I was a child. The system is new technique of driven speaker. We
can use it something because the system is low power and compact size.

Our research center has a variety of research equipment. For example, we can measure

to use an anechoic box when the system of measurement. We are enjoying doing study

in the research equipment.
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