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Multiple Carriers and Transient Current Waveforms
in Silicone Oil
Shinnosuke ISHIL* Nuio TSUCHIDA,** Asao OHASHI,***
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(Received April 20, 1994)

By using thin film tunnel emitter (Al/Al:O3-SiO/Au), which enables an electron injection
into liquid, we succeeded in measuring the current waveforms to indicate three carrier species
in 200 cSt silicone oil. It was found that the first and the second carrier species are concerned
with volatile ions because of the decrease in current by degassing. It was postulated that the
first carrier species is ion cluster Oz~ (H20)n, the second, polaron associated with 0g~, H:0-
jons and silicone molecules, and the third, silicone molecule (or impurity) ions.
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Fig. 1 Measuring set-up.
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start of electron injection 5 ms

( pulse width = 50 pus )
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Fig. 2 Transient current waveforms corresponding

todifferent injected electron charge amounts.
Vue=673V, d=50 #m, 200 cSt silicone oil, T'=19°C.
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Fig. 3 Transient current waveform indicating three
carrier species.

Vie=669V, Veb=—16V, d=50pm, 200cSt silicone

oil, T'=47°C.
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KEAGMF 1 200eSt vV 2~ vill. Vie=669V, Ven=-12.6V, d=50 gm, FEA-SV AF t=50 us.

Fig. 4 Temperature dependence of current waveforms.
Vie=669V, Ver=-12.6V, d=50 pgm, 200 cSt silicone oil, pulse width £=50 gs.
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Fig. 5 Emitter-base voltage (Vep) dependence of current waveforms.
Vbe=468 V, d=50 #m, 200 cSt silicone oil, T=20°C, ¢=80 ps.
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start of electron injection

( pulse width = 80 us )
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Fig. 6 Base-collector voltage (Vie) dependence of current waveforms.
Veb=—12V, d=50 #m, 200 cSt silicone oil, T'=20°C, #=80 us.
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start of electron injection 5 ms

(pulse width = 50 us)
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Fig. 7 Transient current waveform of degassed
silicone oil.

Ve=669V, d=50pm, 200cSt silicone oil,

—16V, T=19°C, ¢=50 ps.

Vev=

10

— d= 5 un |
—- — Vo~ 715 V . :
T‘m . 200 ¢St silicone oil
i — 15 °C
>
s | .
" 5 __.__.__Q__.__._._,__
- 10 —
iy - #3
3 - ®
=
6 I |
1075 10 15

Blectric Field E,, [ X 10° Vea™ )

X 8 BBEIEOBARKENS
Fig. 8 Electric field dependence of mobility,

TEDWTH 7 v=v AROBEEEELYRTZ L0
5.

10 K9 DEBRERE 7T v=y A7, + L, *
¥y VT BBEOEML=FLF -2 RDILDTHLD.
HF—F ¢ ) TOBBEOEMIL= F 1~ F — 13, W=
0.19eV &igh, B IUVE=F4+ ) 7 O F R,
Wpe=Wps=0.24eV THo7. K 11 13EFo*x 4
V7 (% VTREY) monT, v - Vil
BiAALIcE EDF 4+ ) 7BEEOBERMRENER L
YOTHD. PLa A X h BEIE BT &OBERKE
W RT IO BH, BEEOKE I oW, B

HESELIE F19% H3E (19%)

Mobility # [ iV s3]

I

L] N TR R R N N T
0 10 20 30 40 50 60 70 80 90 100

Temperature T [ °C ]

X9 BEECREMXFNE
Fig. 9 Temperature dependence of mobility,

-4

10 — 200 cSt silicone oil
™ [
T . ¥ ,=0.24 eV
'T'U) "~ @2
>
g — W,3=0.24 eV W, =0.19 eV
2 5
10—
B [~
= -
E - Vo= 669 V
° [ V= -12.6 ¥
-6
10 l I
2 2.5 3 3.5 4

/T x10°% g7,

10 BEEO7v=vAT ey}
Fig. 10 Arrhenius plot of mobility.
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Fig. 11 Electric field dependence of mobility
in degassed silicone oil.
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Fig. 12 Field dependence of current by the first
carrier species of degassed silicone oil.
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Fig. 14 Transient current waveform in 50 ¢St sili-
cone oil.

(@) before degassing.

(b) after degassing.
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Fig. 15 Transient current waveform in 100 ¢St sili-
cone oil.

(@) before degassing.

(b) after degassing.
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