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Research of Si, SOl and GaAs Diodes Device Using a High Energy lon Micro-Beam

Induced Charge(IBIC) Imaging
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T. NISHUIMA

H. SEKIGUCHI T. HIRAO

Silicon, Silicon On Insulator(SOIl) pn junction diode and a GaAs Schottky diode were pre-
pared for the study of the basic mechanism of charge collection followed by high energy charged
particle incidence in order to improve the resistance against single event upgeh Wice and
20um long rectangular Al electrode attached to a circular Al electrode withra Slameter was
made on a 2/ thick epilayer. Al electrodes with a @@ diameter was made on arf thick
epilayer grown on a 0.12n insulator on Si substrate(62%). And Both a Schottky electrode of
Al (5um x 11Qum) and two ohmic electrodes of AuGe/Ni (L0 x 11Qum) were made on g2n
thick epilayer grown on a semi-insulating GaAs substrate(890 The internal device structure
was examined by the IBIC (lon Beam Induced Enarge) method using a 2 MeMmie
microbeam(Zmg). IBIC images clearly show an Al electrode , the S&Dd an epilayer. These
results were then used to improve the qualities of the test diodes.
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Fig.1 Block diagram for data acuisition system.
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Fig. 2 Observed IBIC spectrum for the thin Si pn junction diode

with a 2.0 MeV Hé microbeam.
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Fig. 3 The IBIC images of thin Si pn junction diode.
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Fig.5 The IBIC images of thin SOI pn junction diode.
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is the circuit design of SOI pn junction device with the same

scale as IBIC images.
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Fig. 7 The IBIC images of the thin GaAs Schottky diode. Win-
dows A,B,C, and D of Fig. 6, respectively. Beam scanning

range was 180m x 180Qum. E is circuit design of GaAs
Schottky diode to same scale as IBIC images.

Fig. 8 An IBIC image of the thin GaAs Schottky diode with the
window A (650~1200 channels) after reducing Ni contami-

gooooboobbooboboobooobobooboooo
gooooooooboobooboobooa3oumeuoog
gboooobooboboboboobooobbooboaon
goooobboooobbooobobbouooobobooo
goododoooooooooooooooo

0O 0.0 GaAsUOUOUooooooooboobooooo
OGaAsOOOODO1x 10°Q0ecmOI0O00000O0O0OO
000000000 2umO000C000O0O 9.5x10% /cm30
goooobbooobobob110pumx 110pymbooog
dododoooooooogospuooooooon110um

M

x 5ymO00000000000Fig.60 GaAsOO OO
000000O000IBICOO0OODDOO0OOO0OOO0OO0O
00002MeVvOOOO0OO0OODDOO0O0O00OO00O00O
180umx 180umO0 0000000000 Fig.70 Fig.6 0
000000000000000IBICOO0DOO0O0O0O
Fig6 00O O0OO0OODOO0AD 6500 12000000008
012000 18000 00 0 O OCO 18000 24000000 0 O
DD 24000 350000 000000000000000
IBICOODODODADOOODODODOSx 110umO O O 120um
x 1200m0000000000000O00O000000
000000 0000000000000000000
00 15umx 170um0 0000000000000 OBO
0000000000000000000000 000
000000000000000MO000000000
0000000000000000000MO0000
0000 120umx 120umO00000000000000
00000000000000000000000000
00MO0000000000000000000000
000000000000000000 110umx 5um0
00000000 00000000000 8umd000
000000 120yim0000000000000000
0-10vO0ODOOO0OO0O00001.24pmO00000 5um 0
AlDD00O00O00O00O075umO000IBICOO0O
000008mO 000000000000 000 00
Fig.7D000O00D000O00O00O000O00O Fig.70
00000000000000000000000000
0000000000 000000000000000
0000000000000000000000000
0000025ump000000000000000000
00000000000000000000000000
0000000MOD000000000000000
000000006500 12000 00000000000
IBICOOFig.800000000000000000000
Fig7A000O0OO0OOOOOOOOOOAIOOOOO
00000@5sumx 1700mIO000000000000
00000000000 Fig7B00000000000
0000000000000000000-1000000
0000000000 10umex 100umO 0 AlO OO
130ym0000000000000000000000
00000000000000000000000

§ 00000
z2MevOODOOOOODOOOODOOODOODOO

IBiICOOOOODODOOUODbOOOoOoOoboooooboooOoo
giBiIciooooooooobobbbbobobobboon

52 M



gooooooboooobooooobooobooooboooooobooobooo 491

0DO00000000000000000000000
0000000000 Si00000000000000
Al(0.5um)0 Si0, 000 (1gm) 000000000 LET
00000000000 00000LETO00O0000
0D000O00000O00Fg200000000 AOBOC
00000000000000MO000000o0ondg
000000000000SIi000000000000
00000000000000000000000 x
10%/cm-"0 0 0 3.52x 10%secO 00 OIBICOOOODOO
0000000000000000000000000
00
000000000000000000000 IBICO0
D0MO000000000000000000000
00000000000000000000000000
000000000000 00030ume0 000000
DAISID0OO000000000D0000000000
000000000000 GaAsOO0O0D0D0O IBICOO
0DDO00000000000000000000000
0000000000000000Fig.7AOBO IBICH
000000000000000000000MmMmO0d
0000000000MO0000000000000
0000000 000000000000000000
0000000000000000000000000
0DDO00000000000000000000000
000000 0000000000000000000
0D0000000000000000000000000
Si000O000 Fig.300 GaAsO OO 00O Fig.7A0
IBICOOOOOOOOOOOODOO0OO000O0000O
00000000000000000000000000
00000000000 2MeVOO0OOO0O0O0O SO0
7um00005umO000002umO00000000
000000MO00000000000000000
0D00000000000000GaAs00000000
0DDO00000000000000000000000
0000000000000000GaAs0000000
00000000000000000000000 OO0
00000000000000000000000000
000000000000 MO00000000000
00000000000000000000000000
DIBICODSIOGaAsO 0000000000 0000
00000000 00000000000000000
00000000000000000000000000
0000000000000 000000000000
0000000000000 IBICOOO0O0OOO0O0O0
0000000 000000000000000000
0D00000000000000000000

ggogogooboooooobobboboooooooo
gooooobobobbboooooooo@mobooooo
gooooobobob@uooooooobobbbbooooo
goobboooobbooooboobboooobboo
gboboooboooooboooboooobooobobooooo
gooooopoobobobooobobobboboboboogg
goboobbooobooboboooboobobooboo
0oooooooooooooooobobDb seudd
gooooobobobbbooooooooomooooo
ooooooOoooooooomBICOOOoUOOOOoOO
gooooobobobmooooooobobbbbooooo
goboobobooobooboboooboobobooboo
O000O0DoO0OoOoO0ooOoOgsiDGaAsODOOOOOO
gooooobbobbboooooooooboobomooo
goboboooobOo0ooDOoOoooooosicooogo
gooooobobbbmoooooobobbbooooaoa
ooooooooooon

god

goboobobooboooboboooboobobooboo
gooooomoooooooooobobbbbonoooo
oooooooooooooooooboboobobboD

googoogn

1) gobooobboobooooooo.ooobooa
000000054000 40 (1990) 395-410

2) 00000000000 0O0OoOOoODOO0: 000000
65000 20 (1996) 126-131

3) M.B.H. Breese, G.W. Grime and F. Watt, Nucl. Instr. and
Meth. B77 (1993) 301.

4)  M.B.H. Breese, J. Appl. Phys. 74 (1993) 3789.

5) B.L. Doyle, K.M. Horn, D.S. Walsh and F.W. Sexton, Nucl.
Instr. and Meth. B64 (1992) 313.

6) F.W. Sexton, K.M. Horn, B.L. Doyle, J.S. Laird, M. Cholewa,
A. Saintand G.J.F. Legge, IEEE trans. Nucl. Sci. NS40 (1993
) 1787.

7 K.M. Horn, B.L. Doyle, F.W. Sexton, J.S. Laird, A. Saint, M.
Chelowa and G.J.F. Legge, Nucl. Instr. and Method. B77
(1993) 355.

8)  M.B.H. Breese, G.W. Grime and M. Dwllith, Nucl. Instr. and
Method. B77 (1993) 332.

9) F.W. Sexton, K.M. Horn, B.L. Doyle, M.R. Shaneyfelt and
T.L. Meisenheimer, IEEE trans. Nucl. Sci. NS42 (1995) 1940.

10) M.B.H. Breese, A. Saint, F.W. Sexton, K.M. Horn, H. Schone,

0 53 ™



492

11)

12)

13)

14)

goooooobooogoboe20Cd 10110

B.L. Doyle, J.S. Laird and G.J.F. Legge, J. Appl. Phys. 77
(1995) 3734.

I. Nashiyama, T. Nishijima, H. Sekiguchi, Y. Shimano and
T.Goka, Nucl. Instr. and Meth. B54 (1991) 407.

I. Nashiyama, T. Hirao, T. Kamiya, H. Yutoh, T. Nishijima
and H. Sekiguchi, IEEE trans, Nucl. Sci. NS40 (1993) 1935.
T. Nishijima, H. Sekiguchi, S. Matsuda, M. Takeuchi, N.
Shiono, H. Anayama and A. Morio, Nucl. Instr. and Meth.
B104 (1995) 528.

T. Hirao, I. Nashiyama, T. Kamiya, T. Nishijima, Nucl. Instr.

M

15)

16)

17)

54 @

and Meth. B104 (1995) 5009.

T. Nishijima, H. Sekiguchi, T. Hirao, I. Nashiyama, N.

Nemoto, S. Matsuda, N. Shiono, Nucl. Instr. and Meth. B130

(1997) 528.

T. Nishijima, H. Sekiguchi, S. Matsuda, N. Shiono, Nucl. Instr.

and Meth. B130 (1997) 557.

G.J. F. Ziegler, TRIM-92 The Transport of lon in Matter

(Version 95.9). IBM-Research, Computer program (1995).
(1999.2.120 0)



