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This research work is carried out as a development of piezo device using semi-conductor.
And our final aim i1s new developed device will be applied for the surface charging sensor
for surface materials for spacecraft. The carried out point are as follows;

1: Development of pulsed ultrasonic waves sensor device using PN junction type and MOS
type semiconductor.

2: Measurement of charge accumulation in surface materials of spacecraft irradiated by an
electron and proton which can be used for calibration data of the developed sensor.

From our research work, we succeeded to develop a new pulsed ultrasonic waves
sensor using semi-conductor. Furthermore, we also succeeded to obtain charge
accumulation result in surface materials of spacecraft irradiated by electron and
proton. Particularly, around the world, the results of charge distribution under the
proton irradiation condition are obtained by us.

ooooo
ooooooog
ooono ooon o 0O
2008 0 0O 2,300,000 690,000 2,990,000
200900 1,000,000 300,000 1,300,000
g0
g0
00
0o 0O 3,300,000 990,000 4,290,000
ooooooo

gboobobooboobobo U goooobgoobg
gboobgboboboobuoobobboboobon



O0o000oo0ooooon
00000000000 00000000
2004 0 900000000000 ODOODO
000000000000 00000000
00000000000 000000oon
00000000000000000000
000000000000 00000000
00000000 000000O0o0ooon
(JAXA)DO 200500 0JAXADODOOOOO
000000000000 00D00000n
00000000000 00000O0o0o0n
0000000000000 000000
000000000000 000000o0n
0000@O0OO0O00000o0OO0oooooo
0000000000000 0000)0000
0000000000000 00000D
000(@O0000000000)0000
0000000000000 000000

ooo

0 O Aerospace O O Dr. Koons O 0O 000
00 NOAA(QOOODOOOOOD)oOooo
00000000000000 800000
0000000000000000o0ooon
000000020020 1200000000
000000000000 200ADEOS-IIO
020030 1000000000000000
00000000000000000000
00000000000000000000
0000000000 1300000000
00000000000000O0o0oooon
0000000000000 000000
00000000000000000o0oon
0000000000 000000o0on
0000000000 @OoOoOoO)oon
0000000000000000o0ooon
0000000000000 0o0o0o0on
000000000000 000000oon
0000000000000 00O0o0oo
O000000000000000o0n
000000000000oooooon
0000000000000 000000
00000000000000000000
0000000000000 000000
0000000000000 000000
0000000 000o00o0oO0oOoooon
00000000000000000000
oooooo

Al

goooooo
000000000000000000
00000000000 o00oDOooon
000000000000 0oDoooOn
goo0oooo0o0ooooog
000000000 0000o0onooo
0000000000000 DOoOoOon
0000000000000 O0((PEAD)O
0000000000000 Doooon
000000000 0000DoooOn
00000000 PEAOODDOODOOO
00000000000 OO0DOoOOoOoOO
0000000000000 D00000
oooo

0000000000 00O0O0oooo
0000000000000 D00000
0000000 0000O00Doooon
000000000 0000DoooOon
ooooo
0000000000Dooooooon
0000000000O0O0oooooon
0000000000000 DoooOn
000000000 00000Doooo
0000000000000 DoDooOn
0@COoo0O00o00o0oO0)Dooooono
0000000000000 DOo0OoOn
gooooooo

ooooooo
3-1. 0000000000000

00 700pm 0 SiOO@®OOO000 10
O/m)00000p+00000 PNOODO
oooooo

PN OOODOOOD0O0O0O0OOOO000
00000000000000000 Cq

01 PNOOOOOOOOO OOOO

Signal
| Sample |

ﬁ,mz ENE

| PVDF |

—&-D Pulse Voltage
generator

02 00ooooog goog




gboobobooobobooboooon
gobboooobobooobobooooobn
obooboobooboboboobooob d
gboooboobboobno cgbogo
gboobooobpPNODOOMOSODODOOOO
oooobooboobooboonn
I=dCydy)V DO O OOOODODOOOODO
ooooooon
g1o00oo0oboobobobooboooo
gboogb 200000000000 000D
gbogbobooboboobooobob
obooobooobooboboboobooon
oogooevbrhooododoo v,=200VO t,
=1lns 000000000000 OOO0O0
oo0oob Algb0O0o0obooboooon
gboobobobobobobooboon
goboobobbobooboobooboo

200000000000

U30000000000PEADODDODO
ob0ooobooobooboobobooon
gboobooboooboooboboon
gobboooboboooobbooooon
obooobboooboobooboboooo
gbooboboobobgooboobob
gboobooboboboobooboooon
oboboboobobobobooboobon
oobbooooboooobooooboo
gboobooobooboobooboon
oboooboooboooboobobooon
ooooboobobobooboooooono
gbooboobobooboboooon
ob0ooboobobobooboobooobo
oobboooobooooboooobon
gbooboobobooboobooboon
obooboobobobooboobooon

Amplifier C

EEEEE)E]

©

o i

Piezo electric ~ Lower
material Electrode

03 PEAODDOOO

S]
8

7

Upper
Electrode

~JB

toton

Voltage Vs [V]

-0.001 +
-0.002
-0.003

oobooooobooooboboooobo
gboooboobooooboooooo
gooobooobooboobooooo

oooooo
4-1.0000000000000

040 PNOOOD0DDOOO0O0O0OO0
0000000000 000000000O
0000000000000 00000
0000000000000000000
+3V00 1VO0OOOOOOooooooo
000000000000 4000000
00000000 40000000000
oooooo

00000000 0000000000
00O00000000000000000
00000000000 D00000000
0000000000000 000000
0O o0ooo0og
OPNOOOMOSOOOOOOOOOOOO
ooooooooo
OMOS-FETO OO ODOO0OD0OO0O0000-00
0oD0D0O00OoDooDoo

0O 0oooog

00000000000 30x10° em?® ~
1x10%em® OO 0000000000000
0000000000000000000
000000000 D0000D0D0O000

4-2000000000000D0O0O00O
goooo

goooooobg 1n2swumdgooog
0000000000000 Upilex® O

0.003 : y :
0.002 | 3 ]

0.001 4
o e
————————»

T00 200 300 400 500

Time t [ns]

U4 0D0OO0ODO0ODOOPNDOODOODO

oooo
O000002emO00
00000:1x107em?



o1 0oood
Current Irradiation
Energy . .
Density Time
) [MeV] [nA/cm?] [min]
oo 1 30
go 2 3 30
1.5
oo 3 0.3
oo 4 0.03 300

O rPIDOODOOOPIODOOODOODOO MLI
gboobopooboboboobooboon
000000000000 1x10°Pa0 000
ob0o0obOoobOoboolsMevOOooono
OD0D0O00 0.03 -30 nA/m’0000000
gbobooobooobooboobooobooon
oboobooboboooboobobob
00D 003 nA/em’ DDODODOODOOO00O
oooooooooooooobD o3
nA/lem* 00000000000 DO0O0O0DOO
gooobgboboboobuoo 10000
obooboobobooboo sMv oo
oboobooobooboboboobooon
gbogboobbooboobooboon
gobboooobobooobobooooon
oooobgoo

4-2-10000000000
0s5000123400000000000
OPIDO0O00O0OO0OOODOOOOOOO
000000000000 soumOO0000
00000000000000000000
0000000000 0000000000
00000000000000000000
00000000000000000000
000000000 00000o0ooo
00MmoO00000oOooPIOOOOOn
000000000000000000237
um 0000900 5 000000000
000000 3sumO000000000O0O
D000 loyumO0000000037um0O 35
um 000000000000000000
000000000 0000000o0o0o000
0000000000000 000O0o0o
000000000 oo0”000000 (@),
(¢, @I0000O0D0D00D0O0O0OOOOO0
O0UOOODOD0D00D00O00000O000O

0000000000000 00000
0000000000000 DOooOoO
oooooDo0oDo0oOoOooo
0600000000000 00PIOOO
000000000 0000DoDooOon
000000000 0000DoooOon
00000000000 0O0ODOoOOoon
0000000000000000( ), (b)
000000000000 1000000
0000000000 0.084 mC/m’0 0.063
mC/m’0000000000000000
0000000000(G), (d0oooo
oo 1/100,1/10000 000000000
0000 0050067 mC/m’0000000
goooooooo
000000000000 @OD000
0000000000000 DOoOoOn
0000000000000 DoooOn
00000000000 100000 0.055
mC/m’0000000000000000
00000000000 @0®ODOoDooO
00 10000000000000000
0000000000000 rio0000
O@O0O0000050000000000
000 1io000@OO0O0oDoDo 200
goo0oooDooooooo
00000000000 DOoODOOD
00000000000 O0OoDOoOoon
000001 0000000000000
00000000000 0O0O0O0ooOon
0000000000000 O00O0ODOn
0000000000000 DOooOn
0000000000000 DoDooOn
0000000000000 DoooOn
0000000000000 Doooon
00000000 000O00Doooon
goooooooo
000000000 0000O0nonoo
0000000000000 DoooOon
000000000 000O0O0Dooon
gooooooooog
0 000000000000 0DO0onDO
0
0 00000oooooood
0000000O00ooooooooo
0000000000000 DoooOn
0000000000000 DOooon
0000000000000 DoooOon
0000000000000 DOOoOO



] Proton

I

—_
(=]
T

: Al ]|

37 um

Charge Density p(d) [C/mq]
= j ‘

0 125
Thickness d [um]

(@00 1 30 nA/cm?

— " Proton
g '
o, 1or | Al A
S :
S .
20 | f/
g ;
a :
2 37 um !
g -10- . —
=i i
o :
0 125
Thickness d [ um ]
®O0O 2 3nAlcm?
— ; K Proton
g !
o 1op ; Al 7
S :
= :
20 LA
& :
[¥) '
210 :
= i
@] :
0 125
Thickness d [ um ]
(@00 3 0.3nAlcm?

5 N Proton

—_
(=
T
>
—_
1

37um

L}
'

(=)
T

Charge Density p(d) [C/m3]
(=)

0 . 125
Thickness d [um]
(OO0 4 0.03 nA/cm?

s obooooooooobobono

oboooobobobobooboobon
goboooobobooobboooob
gbooboobooooobooboon
gdoooooooooooRopoon
gboooboobooboobooboon
gboobobooobgooobooo
gbobde6 @ubOoOdbOoOo ooood

Amount of Charge [rrC/mz]

Amount of Charge [mCYnzl]

Amount of Charge [mC/rrzl]

2

Amount of Charge [mC/ni]

o

Irradiation

Relaxation

0.08+ L
0.06+ L
0.04+ -
0.02- L
O L L g
0 10 20 30 40
Time t [min]
(@ 00 1 30nA/cm?
Irradiation Relaxation
0.1
0.08+ L
0.06-{ L
0.04+ L
0.02- \ L
0
0 10 20 30 40
Time t [min]
() 00 2 3nAlem?
Irradiation Relaxation
0.1
0.081 q
0.06- B
0.04r q
0.02} o
0 ‘ i
10 20 30 40
Time t [min]
(© 00 3 0.3nA/cm?
Irradiation Relaxation
0.1
0.08-
0.06
0.04+ “W»W,WMM,
0.02
0
0 1 2 3 4 5 6
Time t [hour]

(d OO0 4 0.083nA/cm?

e ODOOODODOOOO

gbooobooobooboobooooooo
goboboooobboooboogobn
googoboobooobgooo
oooobOOoo0ooooOorOoOCOoDO
oooooooboobobooooooo
OO0O0opooogOo proboOO0Olo00 OO
gbooobooboobooooboooo



gbooboobobooboooboon
gobbooooboboooobobooooon
ob0oobobobobooobg

gogn

(1) H. C. Koons, J. E. Mazur, R. S. Selesnick, J.
B. Blake, J. F. Fennell, J. L. Roeder and P. C.
Anderson, “The Impact of the Space
Environment on Space Systems”,
Proceedings of the 6th Spacecraft Charging
Technology Conference, Air Force Research
Laboratory, pp.7-11, 1998.

(2) V. Griseri, C. Perrin, K. Fukunaga, T. Maeno,
D. Payan, L. Levy and C. Laurent,
“ Analysis of Electron Behavior in Polymeric
Films During Electronic Irradiation 7, 2005
Annual Report CEIDP, pp 645-648, 2005

(3) Tatsuo TAKADA, Hiroaki MIYAKE, and
Yasuhiro TANAKA, “Pulse Acoustic
Technology for Measurement of Charge
Distribution in Dielectric Materials for
Spacecraft”, IEEE NPSC Transactions on
Plasma Science, Vol. 34, No. 5,
pp-2176-2184, 2006

(4) M. Honjoh, S. Maruta, Y. Tanaka, T. Takada
and R. Watanabe, “Measurement of Charge
Accumulation in Electron Beam irradiation
Dielectric  Materials for  Spacecraft,”
Proceedings of the 10th Space Craft
Charging Technology Conference,
Biarritz-France, pp.18-21, 2007.

(5) T.Takada, “Acoustic and Optical Methods
for Measuring Electric Charge Distributions
in Dielectrics”, IEEE Trans. DEI, Vol.6,
No.5, pp.519-547, 1999

(6) J. F. Ziegler, J. P. Biersack and U. Littmark,
"The Stopping and Range of Ions in Solids",
Pergamon Press, New York, 1985.

(7) T. Takada, H. Miyake and Y. Tanaka, “Pulse
Acoustic Technology for Measurement of
Charge Distribution in Dielectric materials
for Spacecraft”, IEEE Trans. PS, Vol. 34, No.
S, pp-2176-2184 (2006)

googooboooog
gboooboooboooboobooobon
ogogno

ooooomoi10o

O Kenichiro Nagasawa, Masato Honjoh,
Hiroaki Miyake, Rikio Watanabe, Yasuhiro
Tanaka, Tatsuo Takada, “Charge
Accumulation in Election Beam Irradiated
Various Polymers”, IEEJ Transactions on
Electrical and Electronic Engineering, U [J

0, 2010, a09-023

goooomg 400

0 goopgooooboooboo, 0o
goobogoobooobooobooobo
ug,dedoboooobooboo,
20090 100 300, ODOODOO

g godoogooooobooobog, oo
gobogooboooboooboooo
goobooo, gobdg booooo
0, 20090110140, DODOOOO

U goboooopgoobooobo, 0o
gooboobooobooobooobo
gooooo, obog booobo
ooooo, 20090 120 40, OO
g

U gooboogoopgooobooobo, 0o
gooboobooobooobooobo
goooogooo, bobob ooo
0, 2010030170, 0000

oooooo
(Hooooo
OO0 OOOMIYAKE HIROAKID
O000000O0000oo
000000 60421864



