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Numerical Analysis of Epsilon-Near-Zero Tunnelling Phenomena in H-Shaped Waveguide with

Ferroelectrics

Mitsuo W. TAKEDA, Yosuke NAKATA, Hisashi CHIBA, and Fumiaki MIYAMARU

HoFEL ERIEIL, FER 0D TUIV ENZ (Epsilon Near Zero) B8 Cili7- Svi- 22 Cix<
DPE %IU%&“’;@ﬁ/%ﬁHm@ﬂﬁF%{ﬁﬁﬁ“n ¥, BHICEETHZENTE D, FERlIir—L Y
ROFBICEEZTRT ATV v b o ZIRBETHERISNLD A Z T U T/ X 2 FEREERDEZ < @
ENTWD, BEKRFOT7+ /v OFEBRRLe— L YRITRBEIND D, HFEAKOTx /v ERHN
ENZ F oV U TBEOHREITD R, —RITITFEBRD Ny 7 7T FRRENI L E Q HELE RN
T EMDBIEV ENZ SEEASHBL LIS WD TH D, ABFFETIE, ARV IREEEEEIC EAIREE & Ko 0k
BIROWNET + 7 > Cld ENZ WEBTEX D AREMRH L 2 & a:i.f B2, 2¥~7 U T NVEONLHYE
TIERVIBFEEM (BisTisOn 35 X U LisGerOws) % FEtH L7l 12461 2 BRI AR 4, FoIE L7k o
R (EE0ME) 287 A—4% L L7z FDTD L OVE IRERIELMEATIC L 0 iim T 5.

Summary Electromagnetic waves can propagate freely independently of the shape of waveguides in space filled
with materials whose electric permittivity is near zero (ENZ). Many experimental and theoretical studies of ENZ
tunneling have been reported for metamaterials using split-ring resonators. The dielectric function of phonon modes
in the ferroelectrics is described in terms of the Lorenz function as well as sprit-ling resonators. ENZ in ferroelectrics
is quite challenging to realize because the background of the dielectric constant is relatively large, and the Q value of
the polar phonon mode is not high. We focus on the ferroelectrics with a low-frequency polar phonon mode whose
dielectric constant is possible to be negative between TO and LO optical modes. We discuss the propagation properties
of electromagnetic waves in the H-shaped waveguide fulfilled with ENZ ferroelectrics in terms of numerical analysis.

Key Words : Epsilon Near Zero, ENZ, H-shaped Waveguide, Ferroelectrics, Polar Phonon, Finite Element Method
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Fig.1 Schematic drawing of negative refraction of light incident
from air (n1>0) to left-handed material (n2<0), where n is
refractive index. The refracted light has a reversed group velocity

to the phase velocity in material with a negative refractive index.
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Fig. 2  Schematic drawing of electromagnetic waves which

perfectly penetrate through a narrow crevice regardless of its

wavelength and a shape of waveguide.
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Fig. 3 Schematic drawing of the Lorentzian dielectric functions.
There exists a frequency region where dielectric constant &
becomes zero.
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Fig. 4 Schematic drawing of Drude-type dielectric functions.
Dielectric constant becomes negative below around plasma

frequency ap. ENZ region appears just below ax.
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Fig. 5 Schematic drawing of H-shaped waveguide. Ferroelectrics

PML-backed incident port
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is placed at the center area (indicated by blue H) of rectangular

waveguide made of metal (perfect electrical conductor).
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Fig. 6 Calculated transmission spectra by FEM for H-shaped
waveguide filled with non-dispersive dielectrics. The blue line
indicates that without dielectrics (£ = 1.0), and the green line
indicates that with ENZ material (¢’ = 0.01).
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Fig. 7 Poynting vector of electromagnetic wave at 1.0 THz
calculated by FDTD in H-shaped waveguide filled with
dielectrics whose dielectric constant is & = 0.01. The direction
and intensity of the Poynting vector are denoted by arrow and

colors, respectively.
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Fig. 8 Dielectric functions of ferroelectrics BIT estimated by
THz-TDS measurement. In the vicinity of the frequency indicated
by the arrow ENZ must be realized. A broad Lorentzian

dispersion is confirmed at around 30 cm* (0.90 THz).
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Fig. 9 Dielectric functions of ferroelectrics LGO estimated by
THz-TDS measurement. A sharp Lorentzian dispersion is
confirmed at 50 cm™ (1.50 THz).
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4. 1 BisTisOr

BN, REOWFHER BIT OJENHEE Li-a
— L RIS R E U CER L@ s 227k
NOFERE Figllb)c~T, FiUTHW - —L 2
REEEBHN Figll@Thd, ZIT, RNTA—HT,
L=5mm, h=45mm, d=10mm, w=3.0mm, {EHE
FERIE S=25, Nv 7 7T ROBEERS =50, /N
v 7 77 ROWFHERK =2, BT+ o E—
FIEEN S w = 275 cmt, BLOHEIE T + /) o F— R
HEHy =12emtTh b, AV v b (HFOME) ©
TH (FE) g7280.02mm & 0.5 mm OEREDFERE F
NENRRRE FRCTRT, g 2N IWIE EEHREE X
EIREEUIE > TN 5728, 1.0 THz 5D ENZ 58
CTH—500dB LIEE A LB LIRS,
ZhUE, FFERKDSKE ERED BIT IZRIN ST
LESZEDRRREEZBND,

Z Y b g 2% 0.5 mm DA ENZ El O ERL

(1.01 THz) DOBESGIRIED z sy (H) OZERISA %
Figure 12 12789, Z ORNIITEIE D255 D AHHl
DIrZ o LTz, BIT OFFFE LR VEL 2SR Claimie 72
PR AL S TWND 2 E DR TE 275, BITIZ AN

DIELECTRIC FUNCTION

o

=)

z

o

7]

2]

=

7]

z

<

o

-

o

wi

2

O o}

o /

o —g=0.02mm /
| —g=0.50mm //
0.0 0.2 0.4 0.6 0.8 1.0 1.2
FREQUENCY (THz)

Fig. 11 (a) Lorentzian dispersion functions due to polar phonon
mode whose parameters are set coincident to those of
ferroelectrics BIT. (b) Calculated transmission spectra of
electromagnetic wave in H-shaped waveguide filled with
ferroelectrics BIT. The green line indicates that in the case of g =

0.02 mm, and the blue line indicates that of g = 0.5 mm.



Fig. 12 Spatial distribution of z-component of magnetic field (Hz)
of electromagnetic wave at 1.0 THz in left hand area of H-shaped
waveguide of g = 0.5 mm. Intensity of H; significantly attenuates

in the ferroelectrics.
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Fig. 13 (a) Lorentzian dispersion functions due to polar phonon
mode whose parameters are set coincident to those of
ferroelectrics LGO. (b) Calculated transmission spectra of
electromagnetic wave in H-shaped waveguide filled with
dielectrics with ferroelectrics LGO. The green line indicates that
in the case of g = 0.02 mm, and the blue line indicates that of g =
0.50 mm.
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Fig. 14 (a) Lorentzian dispersion functions due to polar phonon
mode as same as Fig. 13(a). (b) Calculated transmission spectrum
of electromagnetic wave in H-shape of L =0.50 mm, h=0.20 mm,

w =0.20 mm, d = g = 0.02 mm, respectively.
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Fig. 15  Calculated transmission spectra in the case of quite low
damping constants (y = 0.0, 0.0002, 0.002, and 0.02 cm®,
respectively). Two transmission peaks are found in the relatively

narrow frequency region.
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Development of Telemetry Unit for Hybrid Rocket

Yoichi MATSUBARA

HoFEL N7V v Rery ORITIERORG & RERE FTHAOIBEOZDIZT LA M) 2=y
NEBR¥E LTz, RUERVY - MEEE L - Oy A nwrd - GPS #H# L, FiE/NENERET 2%
WTLIB T L ic RIcT — 2R EE21TH, £, 10msZT e HE#RET LA MY 2=y hNOSD S
— NIZRAFEL, 2=y NEMZICHIT 21T o 72, EEE 0T ERBRE1TV, T XTIV TR E R
B EIZEDSZ ENTER, 72, SD I— RiIZiZB U HERNMIREICENINTEY, a7y O
RMEREEMEATL, By FRARITRILTH Z LN TET,

Summary In this study, we developed a telemetry unit equipped with multiple sensors and using a specified low-
power radio modem, and executed multiple launch tests. The sensor information was stored on an SD card in the
telemetry unit every 10 ms and analyzed after the unit was picked up. The SD card accurately stored sensor information,
which was useful for subsequent rocket development.

Key Words : Hybrid rocket, SUWA Rocket Project, Telemetry, Specified low power radio modem
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Nagano Prefecture Nanshin Institute of Technology, GPS IZ X VRO - BREBSIOEmELHLZ &N

8304-190 Minamiminowa, Nagano, 399-4511 Japan TX 5,

-10 -



ATy hasy MAIF LA N 2=y hOR%E

——

[UART
[ 12C '3 axis Accelerometer
3-axis gyroscope
Altimeter

microcomputer
(m-bed) (pressure sensor)
Receiver (ground side)
UART GPS
SPI
DI Xbee
(Wireless module)

Transmitter (telemetry unit)

Fig. 1 Diagram of the telemetry unit
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Table 1 Devices used in telemetry unit

Type Model
Microcomputer mbed NXP LPC1768
3-axis Accelerometer ADX345
3-axis gyroscope L3G4200D
Altimeter MS5607
GPS GYSFDMAXB
Wireless module Xbee S2C (2.4GHz)
SD card Micro SD
Radio modem MU-3-429 (429MHz)
Power 006P (9V)

Fig. 2 Photograph of substrate actually manufactured. (2023)

THI LD, KRR TR LW EE
ZHNDN, K[UEE EMICHIET 27201075~
blnwz Lz,

2. 2 A a2DHERE

<A 2 OERERER, T—ZORE, i @E,
F—HREFETHD, AT DY T NTTT (X CHE
FECRR L, BARERBIIIA L TA v T—RAf
A L7,

2. 2.1 T—20OHNE

IGEEE « v A1 - HEE VB IO Xbee DT
A EIE 10ms T L IZEAY A <~ &AL CZET
Lo TRTOE Y DEEFEHAALITITE T OES
B & BT 6~7Tms 1T L5, £72, GPS
1% UART 2/ L T L TV 5 2%, UART O[5 %A
BEZ > T1RHITLIZZEFELTND,

ZAE L7=T —Z X mbed Mg A € U (TSR T
AT 5, REERIZ24X100 2 kTlicsIE L, U7
Ny 7 7B CHEAT 52T, BERHOKHNTE
LEoICL TS, 2WockSNC L7zBRHIE, SD
— F~DORAFLIR RIS IR TT — F M TE 5 &
T BTZDTH D,

2. 2. 2 HE@&E

i E~OBEIZERET L2 L TITY, v A 2

BT T A2IX UART (5 TR 5, MRET



MR —

A OBFEIEEL L 4800 bps TH H A3, FELMEIE 3400 bps
FRETHD, 1EOEFIX 255 LFETITHIREI T
W5, EEOBIEIE GPS MBS L7 - fRE L
mEE Y b BTG LTS R KOV BERERE IR
FEOHREL, 1EIHZVHK 50 LFREDREFE L L
Tn5,

2. 2. 3 T—HRE

SD 1 — F~ORAFE, SPLIEE 2 L TiThbh b,
RIFIX 1L DD 7 7 A ML F ) T =2 A CIBRT
%o BRIFIZI0T —H SoF L TEEXIAL (F—XW
5725 10 ms BkED 7= 100 ms Z & i2E & ATe) , SD
1= R~ EZAZFERE]IE 100 ms LANIZ5E T3 5728,
7 7 A V% CLOSE 3 2% MBRIZ XN 0 B 5A 08
HBD, TZT, 22L TRLELIITT—FEF% 2 &
JEIZT B 2 L TEXIATT — & fElk & JE A AT
BT — A AE ST, T2 OERME LIS EG) 72 R
5% AlREIC L7z,

3. XE

3. 1 BIEMREDER

429 MHz i OHEHRE T L OWBIEMREEIET 5720,
AEHBEIC B W CGERIET A M &fTo7z, LT
7 AL MU-3-429 O HERETH 5 MU-IN TH 5, i
FIXZIEF CHERETH D, IAHHIRE DR 2% B #YIA
BomE3m MiE»r56m< 5V ICZEROT v
T EREL, BEMNET LExFEOOLAAR,
@FT o7 K, @BNFRAHEOH B 1m i
WCREE L CHlE &2 1T o7, ZEMTRAZE 5 HME 1
YU hr—% (RSSI) OfEEFANI-FER %A Table 2 (TR
T, ONANEIIAFIERED 5 km BLEH 5 23 i
BIFIZZETETCWS, ZHIEEEERH Y REL
MEWZD & PREND, @IERENENGEIIOD 3
km < S5WABEEORREEbhs, 27y Mik
100 m 2253 km O@EEE T EFR%, T a— kT
W“TFT 5, Ko dHHBE FZEE CEKREZZET

ETCVWHIEE THS ZIECTX 2720, ZOERE
FLERHALE,
3. 2 #TEHER

TULA N OBEZERT 5720, FEEor sy b
WZHSH L CHT BB 21T o 72, T BB A 6 [B1550E L
THY, —H% Table3ZRd, A 3 [EIIRKH BEReft
DS B ARG~ )ro TH EiF 7=, 4, 5EEIX
AW E DB HHT B, 6 BB IXIREHTHBED & §T
b EFTWSE, Wb T LA M) 2=y DDl

Table 2 Wireless modem communication performance

measurement results

condition

Transmission point Horizontal | Height RSSI

P distance difference || [dB]
(DTateishi Park 5670m 180m 93~

-100

@Suwakko Land 3470m Oom -105
®Around Minato
Elementary School 1300m om o7

Table 3 List of Launch Tests

Date Launch site Maximum altitude
2017.3.19 Coast of Noshiro 986m
2018.3.18 Coast of Noshiro 3500m
2019.3.17 Coast of Noshiro 2500m
2020.3.1 Suwa Lake 300m
2022.03.20 | Suwa Lake 320m
2023.03.19 | Suwa Lakeside 175m
-50
-60
__ 70 . RE=05414
i -80 f. . ® %e %
2 -9 gy e oo -
e -100 L4 s . ".". .o’o? .......... 3 .__.'.-
-110 .,
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Distance[m]

Fig. 3 Received RSSI and transmitter/receiver distance (2018)
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Fig. 4 Map showing the received rocket location (latitude and

longitude) (2018)
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Fig. 5 Rocket flight altitude. Orange markers indicate data

received on the ground. Others are data stored on SD cards.
(2018)
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Fig. 6 Altimeter and GPS altitude data stored in SD card.
(2018)

v b EFRHTIE, HETHEVZEHR T RN L
BN 5, TLANIOT T Fidarr v hiichl
BEINTEY, EFEHZT T 2GS E DM
BRI A D BN D72, ﬁ&%ﬁéh%%ﬁt
ST, WREEAH Y (Rl X 7 T 280

mis) Z & DB ENEZLND,

vy MIRE AT TR T v a— FEBET D,
%ﬁ#ékLWﬁﬁTb TLANY Erby PRI

STEEL, 200337 L a— MIOZRN ST RRETH
T?éogwkéi 7V%%J@7/7+iﬁﬁT
Mzm< Z & EEEMIR DD SBEL727-9,
ﬁ%f%bf&%#m%fwkk%zgﬂéoit,
Fig. 6 % THAOEKWEE L TRZETETND D
LD (260 BfFIT) o TRTO ERERIZIB
T, HTHEHAMETZETETEY, BIKRORHE 2[R
ST o7z (2721, 2019 FEORBRIE, HEIARSETIC
EATET= 8, E&H@~ﬁﬁ®7fbﬁﬁlﬁlﬂif‘%fotﬁ)of:) o
3.2 2 WMERET—2 CKBES

Xbee #%& T2 1T U2 Sy B O IR AE 1% IZD2WNT,
2019 FRBR O R A Fig. 7 10”7, WE (1)
BRO2FEHOREE F 27T, WRBESIL, R
WD~ A 2 ORIBIZEAT HNERIRAE L, FEBRIC o
L Ernkkr v 7L, ZOMBRERZ R
VUV TIREED 2N H D, 2019 FORERTI
Fig. 8 I3 k91T, 2BM BEMEZERITL, &
RAHETE 1 o2 T SN T v a— b (ERRIC
AR —w—=RXWL 26H) 2L, SERN
FAEL 2o THOE 2B LV RT v a— M Elk
3%, Fig. 7 TIIBHESOREER~—D—, &
HiEkex o v 7 LEEERER~— I —TRLTW
5, EEEMTCHE1IOBELZ &, S 500 m
VTCH 2 BEDOFRS A TT, 300 m T T 2 5BEL
T ENRTEND, 52 B ERERI 3005
SEER R DT, ZA DT INEL TS, ZDk)
2, XbeeZA LT, T LA RN LiFEERIN T RN
IYBERERE DN D O A FISEE T2 2 L ITksh LT
WD, I, AR BH 2 B & L IZHGE ¢6i¢
ThDOD, BEOENHHEHEL TN D K D ITITHE A
Bz, 3256<, H24 %bt%@@ﬂ7/n
MR SN2 o7 (IR G T 72> 72) FEE
PERE <, T L BNRRETHEAEERIZIEATZ S O
EEZTWD, Jeks, BMESrEEREAEIL 2019 4 &
2020£E WEAL, W bBEIcsI L Tuno, 2020
FEIZITIBIE 3 L UM B2 D OB & T Bk /5 BE
DIEFIZEEL TWD Z L 2R TETND, ZDfh
OFT EFBETIE, 1BETART v a— 2B HFRT
HY Xbee ZHH L TV WEAELH 5,

Fig. 7 ® 2019 DT — ¥ CiL, 2018 4ED Fig. 5 & &
RO ENS BT D E THRZERENREF TH -T2,



MR —

—e—Internal status
—+—Sensing status
+— Altitude

3000
2nd

opening

command \/H 2500
t 2000
"

2nd opened ‘ \

lSﬂD

Status

Altitude[ m]

15t opening

command 1000

4

500

L -
* 0

30 40 50 60 70 80
Time[s]

Fig. 7 Separation mechanism status signal received on the

ground (2019)
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Fig. 8 Schematic diagram of separation mechanism (2019)
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Control of Resin Flow for Injection Molding by Micro-Texture on Mold Surface

Yoshikazu KOBAYASHI

HoFEL FHAEHEHMILVHEINS T I AF v 78T ETETEBELL TS, TOD
SIS, BIBBHE ORI, 77— 7 — b OSRHERLSI O LR A7 EeM OB GHERIT L & %
WLTWD, 20N T, @BNIZB T 277 AF vy 7 BIEORBIOKEL, MEOREHLEICKE 2
REERIET, AT HRESTOBIEORN Z /b3 28RO ERL . &RIFKE EORMHIMNY

I LD BRI ZHIET 2N OB R E B E LTS, A TIEERIC 2 047 2 (B L CH K
FEEBREIT S IERICOVWTHET D, 28, 2O 2/MOGRILL FOSMFOREICHIEL -,

(@B HROT 7 AF ¥ — = L INOE EEIIIED L2,

(b) BLtth < 7R DM DA = 3L LTV D,

Summary This study proposed the control of resin flow for injection molding by surface texture. The pattern of
surface texture in this study is micro-roughness pattern called nashizi shibo which is alike on the surface of the pear.
The planes to control the resin flow are the following concepts.

(a)The texture pattern and the height of summits of nashizi shibo are not changed.

(b)The slope of bumps of nashizi shibo is changed.

As a result of some experiments of injection molding, it was shown that the resin flow was changed by the difference

of micro-roughness for shibo surface.
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Summits

Center of gate

(a) Changing the slope of the summit (concept)

Present Control of summits slope

<&— Direction of flow resistance
O Summit

- - - -Boundaries of flowing resin

(b) Flow control by changing the slope of the summit

Fig. 1 Methods to control resin flowability
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Fig. 2 Nashiji- shibo pattern and measurement position
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400pix. (19.95mm)

400pix. (19.95mm)
(a)Nashiji image (b) Bird's-eye view of (a)

converted to STL

Fig. 3 Conversion from image to STL
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Fig. 4 Direction of summit slope
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(b) Slope control available
(Sample 2)

1.0

(2) No slope control
(Sample 1)

Fig. 5 Direction of summit slope
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Table 1 Measured results of machined surfaces

Measuring conditions
Measurement area : X XY =4.36X5.82mm

Height :
100.0 -50 um
Sample 1 Sample 2
A .

JENZ, JENLE B TIEE T, JIEAE C Tk
£ FHENCIOTE B (B S 3@ a8 LT
WBHZ ERPDND, LENR-T, eIz 3 Hmiz
EAHLEL M T PN T WD 2 L DR TE 1=,

F—/b RR— 2P ATEVA & EEM O 2~ 2 ERLL,
ATENA = < (23 S AR R OSSR E S 4, BEE
2= 3B A RE L ME A D KD ICRE S
TV RN (ME RV ) r— s HTA[BKT) %&
TerULH O a2~ NRE STV D, FigblZE—/L R

Fig. 6 Visualization Mold
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Textured piece
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High-speed camera
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Fig.7 Fixed insert

Fig.8 Molded part

Table 2 Molding conditions
80, 100, 150mm/s

Injection speed

Resin Polycarbonate (PC)
Mold temperature |80°C
19.95x19.95x1.0mm

Molded product
shape

Height of summit : Max100pm

CRRIE ST mTEh K ONE E R 2~ O 5L & R
To BUOBMORE S, HEXBX & S =19.95 x 19.95 x
1.00 mm & L, FHi A FRmE 7Y XLOMBEIE 1.0
mm ER5EOFE L, LiER-T, FH RN

AR 100 um 72D T, FRIEMMOKWIEIXZ D) 10 £F
L%, EEM= < Fig7 IRT L ICEIEDRN
BT RALEN L THMBICRE SN EREED X T
(Photron FASTCAM SA-X) Z#HWTHIET 5, 7,
[ E M 2~ OREE IEH D OSSR I%2 2Bl L, 7Y
A LIEJE P B E S 7oLk D7 L — M L0 [HE &
TTWb, SN EMmE Fig. 8 ICRIESME%
Table 2 12779,

N— |
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3. MMRER

AElDFERRIT MEBMLEZ: L(Sample1)] KO T3 )7
A (Sample 2) ) DOFLH S R A2 %G L L, & HEE
% 80, 100, 150 mm/s ¢ 3 FEEHIC 28k &8 T Eii Lto
— il & L CHFHEFE 150 mm/s TORAE Ot & i
7o H E A Table 312779, #iag @ IE 10,000 fpsT
b, BEOELIIEND > TWIEFRBIETHY, 5
B LEHRNOBIERFTEINTWD, K078
JEDOFNZ TR D720, BRI 2 fiE D5
Z7vy hL7zbO% Fig9 lond, (a) MERHMLE
L) @ Samplel X v (b) 3 J7mfgEARt @ Sample2 2358
I E TN D> TS Z ENE, [HOMEER
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Table 3 Sequential photographs of resin flow
(Injection speed : 150mm/s)

Elapsed No slope control Slope control available
time (Sample 1) (Sample 2)
5ms

15ms

25ms

35ms




/INRRZEFR

S
o |lsms

20ms |

25ms |~

Ir/
30ms
A -~ -
N —{50ms

(a-1) Injection speed : 150mm/s (b-1) Injection speed / 150mm/s

40ms
60ms
40ms 80ms
100ms
60ms 120ms
80ms 140ms
160ms

(a-2) Injection speed : 100mm/s (b-2) Injection speed : 100mm/s

40ms 60ms
0 80ms
60ms
m BT
100ms \_\//
120ms \_-/_/K/}g e
140ms W; Ty
160ms \—\’—\_____\_———//#2 i
240ms

(a-3) Injection speed : 80mm/s  (b-3) Tnjection speed : 80mm/s

(a) Sample 1 (b)Sample 2

Fig.9 Behavior of resin flow
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Crystallization of CasNbGasSi2O14 by Directional Solidification

Kenichi KUDO, Kenji KAKIUCHI

HoElL TFUoTVA FMEEROFR T, 1325°Co LEFIKRELS 2> CasNbGasSi;0 (CNGS) #idd
DOBEWAZ B E LT, {bFEHER O HEF R 2 P T — kel &8, 5 bk omEe
FARE, BAROFES 2, HZ 2.0 mmh O 5] T E THEE S B2 A, sy 2 LIRS
72 CNGS #db28faH U, fEdnflim & NEITAB O Si 213 & A EE £V R, K&EETIICI
Ca;NbO;, CayGasSiO;, SiO 3T L7z, 0.5 mm/h TEEFE S E7-54, faflmicIZBFRTmICH - T
FARDHTH L7223, WNE O BAROHTHIEIA LT, —FIAEEEIC £ - TR S 7z CNGS s & ffi1- &
LCHRET Y v IV AR L o THREB R LTCRER, —7mEE OGA & RIS AT L7223,

—HCEE ALY 2 LT-EH 7 CNGS i3S oz,

Summary For the purpose of growing CasNbGasSi2014 (CNGS) crystal, which has a relatively low melting point
of 1325deg among langasite crystals, a starting material with a stoichiometric composition is directionally solidified
in a Pt crucible, and the resulting crystal is the structure, composition, presence or absence of foreign phases, etc. were

investigated. When solidified at 2.0 mm/h, a pale yellow, opaque CNGS crystal was crystallized, the sides and interior
of the crystal were a cloudy heterophase containing almost no Si, and Ca:NbO7, Ca2Ga:SiO7, and SiO2 were
precipitated in the final solidified part. When solidified at 0.5 mm/h, different phases precipitated on the side surfaces

along the growth direction, but the precipitation of different phases inside decreased. As a result of crystal growth
using the vertical Bridgman method using the CNGS crystal obtained by directional solidification as a seed, a
transparent CNGS crystal with a pale yellow color was obtained in some parts, although other phases were precipitated

as well.
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Stoichiometric composition
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Solidification direction 10 mm

(a) Photograph of boule.

(b) Middle part.
Fig. 2 Boule crystallized by directional solidification at 2.0

(c) Termination part.

mm/h.

3§

LT

<

COMP image

SEM image

(b) Near the circumference

Fig. 3 EPMA analysis of directionally solidified crystal at
2.0mm/h.
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(b) Middle part.
Fig. 4 Boule crystallized by directional solidification at 0.5

(c) Termination part.

mm/h.

(a) Photograph of diffraction. (b) Calculated diffraction.
Fig. 5 Back Laue diffraction pattern of crystal solidified at 0.5
mm/h
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10 mm

(b) Termination part.
Fig. 6 Boule grown by Vertical Bridgman method at 0.2

mm/h.
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Fig.1 Drive Master RC overview
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Fig.3 Drive Master RC system diagram
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Fig.5 Mecanum wheels
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Fig.6 ALOHA system diagram
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Fiog.10 Transmission mechanism
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