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Effect of Alpha Particles on the Electrical Characteristics of the
MIS: Au-Ta;0s-GaAs Devices
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Abstract: The paper aims to study the effect of alpha particles on the electrical properties of
MIS:Au-Ta,0s-GaAs devices and on the electrical current transition mechanism. The devices are
prepared by deposing a layer of gold with a thickness of 1000 A by using the thermal evaporation
method under a pressure of 107 torr to form the upper gate of the MIS construction. The prepared
devices are irradiated with alpha particles from a 2 Ra source (0.5 pCi). The irradiation is
performed under room temperature with alpha energies of (1.2, 1.8, 3, 4, 5.1) MeV for different
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times of (0-30) min. The irradiation solid angle was small to maintain the alpha particles normally
incident on the devices. The maximum energy (5.1 MeV) of the alpha particles is attenuated to lesser
energies by situating polymer sheets with different thicknesses in front of the incident particles. The
energy loss and the range of alpha particles within the layers of the device; the gold (Au), the
tantalum oxide(Ta,0s) and the gallium arsenide(GaAs), are calculated to determine the way of losing
the alpha particles of their energies, the amount of the produced damage and the point where the
maximum energy loss is taking place within the device. The irradiation showed an effect on the
electrical properties of the device, and this effect is found to be varied with the particles energy and
the irradiation time. The I-V characteristics showed that the current transition mechanism is Shottky
for most of the cases of irradiation and Poole-Frenkel for some cases. These characteristics also
showed a permanent damage in the device at energies of (1.2 and 5.1) MeV, and a temporary effect

at energies of 4 MeV, while there was no significant effect at energies of (1.8 and 3) MeV.
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ol -\-JL\:WJ‘ b & Al mhadl Go 4,8 Al
o LN S il stas 5aS s Jsan gism 14
LU sia i Tayall
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altall, Wiatadly (Au-Tay0s5-GaAs &NEN oyl
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. MeV
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LU Gl Sy oa ¥ Lonstiwad! clElhll 4le,
Joosll faal) ol Jags sy KT 685 L yioll
ade N sudy Lo nSE alilagy Gl mlaodl )
LSS iy bl Ggel adl Ll s S Ll
Adlal kil MeV (3.0 .1.8) oumilllly gl
Ll clasa 5l OF 0S5 Lo Lgeuds dacuill o yehls
(oAl Blaly b Lls dadl Ll oo Lilas caliay

el of aass MeV 1.2 il gzl wic L
gl gaads (4e)k1_<.um‘,‘,cd¢mLgsu,u“um
le il ailiad b Lasls 1l el Gkl sdg
Sl ogtilall O JS1 &l sda of Ge i)
G jlade Of Ilghe Bue LlE ) 1ia (& cund) sas
o die S 05Ky Tl
o pm 2.872 jelami ¥ 48 il e solall Jals
Cro duyd Gillall sda ol (T2;05-GaAs I sl mhdl
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~1 oguay o il (1 U<l o peak 89,1 e $uy8)
oo Wil G B oy plie] Juasy g MeV
Eaay Las Ta,05-GaAs @..Jl C_h.....n u.a d 8 dles
O SAL suaall Gey bl 15oS Laige |y
OF il sps 58 gl 0o Jolall (Galdl) ) yall
Saad dasaill yi vay Lgeds Lu»).ﬂ.: i g laly) CAPWL
o b S0 55 sda pladd) Tk OY ualy as
ol Ll o) Lty bl el
o il Gaj Ge JS le weliny MOS ailas
Al Sy alalae e dliSy (Teyall) ool
[15] J5lad) o Lgias

Gl L& Gl

4000

Oosals ol

Sl of I om edel 8, 0Sdally Glall sig! ddlal)
(traps) ailsd Slistas 05 Of (San peladd) calil)
1ol il sie sligaY el e Jass
dWh Jals Jailsdll See (uu ldag Tay0s-GaAs
dbgill Jy5 ey (TagOs) aslisall weuSs¥ sl
o J&5 Lol Lpands aals psn Baed gaadall aay
Aaaill 98 Lo ST Jay 4y 4 8ulyj ol e Ll
¥l b Jaly ele¥l Glat¥l 8 daddd) e
Lails 0Ky ol atlal o ol ¢ gunall

il L8l lass Lagile (4 ¢,d) ol L
alyall ws MIS dagall & MeV (3.0 .1.8)
g lle . Sally cole¥) dalial) dual i) bl
NS P PR S Sl s sas g [
& ol daud B Gl b‘)&.u.u‘ sl \.tya Jla o
agll o Ljlis dantial) Lilill Guelas ¥ ilejall 5045
Oty Baale yili usas pue Cui 3 daadall i
Al (aibed (8 CniiLhall

Ol A sim a8 Gsbadl 1ia B etipl) ) O
K waw MeV (3.0 .1.8) cudlall W clesa
Ul @l S8 (sue 5l Lilus wic Bulel) 3 Lguilhs
LSl a3 il L8,all G oSy MeV (5.1 4.0)
fonyiall Gl 1) Lald 4408 0S5 sulstall @dbolall
lelall sda Jags ¥ wi gl ¥ (Gl Gl e
Iyt ¥ Les T2y05-GaAs J il mhadl ] Jsosl
OuBLhll (ady Lagd el wady Ll Zagd 8 1l
sle o Al Tl Gl ol MeV (5.1 4.0)
sle um (16.4 11.98) il Jle Lprwys (o i)l
Ta,05-GaAS il ghaudl G Sy Lo Lesi wcusiyil

[]

E?=5.1 MeV

Current, I (LA)
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Applied voltage,V (volt)
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Gl lojly W Slagun (o daliss ol dancdiall hilall d4lsd - s Lailad :(4a-€) JISEY

eiiaall sl Jaall clamys MeV (5.1-1.2)
(B il Jole clua oSay ails daslill clyiaiall
FLat¥l 5l ey Bl i Ll 8 Lo el
cabisiall sl el ol s (2) Joualls - Less

dandiall MIS dayss 6 Ll Jas N
“Ouae g e A ol J8 &) e il
oy oael i il B)ha dayo b Jese 4 5l
( Log(V)=E") Gy (4 a-¢) dlul) J<a¥)
2t Galdl) bilall ALl Jlaall 80 B Jhay Sua
il W Sleay Geadall Rilall dliey Gaatal

daniall Lililly dandiall e Loyl Ll Jeall i 2(2) Jodat)

Ll lopenany dandiadl Ll

Lol ciloseany daniiall yuz Ll

Sample No.  S-27  S-34  S-28  S-32% S22 (COm)
Ba(MeV) 51 4 3 1.8 1.2 Slope
Irrd. T¥me Slope (cm'?/ Q V'? Sample No. (em"/ Q V')

tiy (Min)

0 0314 0314 0314 0314 0314 S-32 0314
3 0393 0.304 0.345 S-27 0314
6 0379 0307 0311 0307 S-17 0314
9 0385 0348 0321 0308 0282 S-18 0314
12 0304  0.167 0.295 S-24 0314
15 0346 0372 0315 0.240 S-3 0314
18 0356  0.363 0.302 S-14 0314
22 0.068 0385 0345 0308 0254 S-7 0314
26 0077 0347 0312 0.274 S-28 0314
30 0275 0445 0322 0310 0293

After Iday ~ 0.016 0449 0323 0346 0.303

*The results of the samples are normalized according to sample S-32.
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= —F :2
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B e @) Llac Lsmnall puily g lie daniiall
Landall 2 L@l bilill o saad S eud Juse daly
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Lilht Jla ass cdandiall bilills dasdiall e dyelydll
st Ll Blall Glaally Tplall Gfedll O s

e 6.33% Selais ¥ 5Ly daadldl

ﬂSeﬁf(fbé‘Or.)=(),()34 (VO]t)“z’
ﬂ Seﬁ(eXp)=00363( ‘/0][)1/2

MeV (3 (1.8 1.2) clslall dasdual balall Lo
olas¥ (Sisd Jalad Gylie i 05Ss Bgar Jaladl ola
sie Glalill sladly Joli 5 g IS Losdianal) gaadil)
L e A A (26-9) olod MeV 1.2 ikl
woid MeV (5 4) uilhll e JS wie S ISy
Ses 4.0 MeV @l (0.0195-0.0522) V2 o
Jus ldas .5.1 MeV dlhll (0.0018-0.0454) V2
sl i) (b saS ISy 0135 Ol Gila Of le
e Mds Salall plan)) & oalaasd) il 058 wgall
il Jy5 way Sy dids (26 .22) gl O
wie Lagls 5.1 MeV Gl jady Lasd aaly asy Suel
(5) Jally .4 MeV @Glhll dabs 12 gads (0
bilill gl Gojs (B) Jaill Jole G Bl mssy
s Lo dalins olaj¥y daliss Wl oty dandiell
prddl Gl g (B JaN Jele s (6) JSad)
S Lelad Yl oile yall

1 o W g il

oA Spaaal MIS bils & oLl Jas & o
sl &las¥) i (Schottky emission) Sigd &las)
saas i QL (PN =N (thermo-ionic emission)
Lol Gaptal) ClisySIY Jansy 201 Lzl s
chudl wie (Voltage barrier) weall jals i I
(Conduction band) Jussill doja Jals A Al
U5 s 505 0 Ll 55 &1 S8 G i [21]
olall &lka L[22] oYl Lasd (Poole-Frenkel)
1217 Uslaalls Lgie uuntll (S (glpall lanidl

J=Ax T exp{(gBs V'™ )/ KT} (1)

_4r m K 2
IE

Es oMY Lad gy bl GBS 0 J &
Ks dlhall §)l,all G0 Ty chlaadl LilgSl sl
Pos LD S By (O SIY A My Hlojilsy
sl anadl i J3lall 5 mif sl agall ala plis))
Richardson effective ) Jlaall & gwabity, culi 4%
ole Selay Eua n-GaAs 1 8 (5ol dianiy (constant
Asbaally hany Sisd Jole of L [21] L Gl

1/2
q
B .=|—
seff |:47Z'€80 dox} (3)

Lalew €05 MOS G wuuSo¥l dass dje i
(Ta;05) psallal] ween€o¥ el J3all uls €5 o |l
23 1] 25 Gy (golas aiasiiy

JGp — Js sl Ge Jeoladl alaasdl
soslsSl agall sals & (Poole—Frenkel effect)
o bl GALY) Mo (g sl il sill dailall S5l
sl ol e Jies ) @l L21] Sspa il
ot JSin T s

J=BVexp {(qfpFr V- @ pr)! KT} (4)
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g Olo3¥ dalid Wl ity danciall billls dandiall yut Loyl Lilsll () Llall Jaill Jole o 2(3) Joiat!

Ll ciloseuny daniis bl

dando yut hily

Sample No. S-27 S-34 S-28 S-32% S-22 .
(4l8)
Ea (MeV) 5.1 4 3 1.8 1.2
Irrd. Time 12 12
& i B(V'?) B(V')
0 0.0363  0.0363 0.0363 0.0363  0.0363 S-32 0.0363
3 0.0454  0.0356 0.0399 S-27  0.0363
6 0.0437 0.0347 0.0342  0.0355 S-17  0.0363
9 0.0445 0.0405 0.0354 0.0356  0.0325 S-18  0.0363
12 0.0351  0.0195 0.0341 S-24  0.0363
15 0.040  0.0433  0.0347 0.0278 S-3 0.0363
18 0.0411  0.0422 0.0349 e S-14  0.0363
22 0.0079  0.0448 0.038 0.0356  0.0293 S-7 0.0363
26 0.009 0.0404  0.0344 0.0317 S-28  0.0363
30 0.0318 0.0437 0.0353 0.0359 0.0338
After 1day  0.0018  0.0522  0.0356 0.0393  0.0351
*The results of the samples are normalized according to sample S-32.
[IRTH
MIS: B u-T 2,155 40 -
| Alphrdimadicedsainpls =
0.08 Farmikcrarsinive e -
o 1Sz VRIS ML
= o5 oo ®
=] z I
N i e
:-_-\:_GO{__;(’X y ,._\—\é//;z_"__*z,__— _;-__; “_‘_—-éir 4
2 B e el g B —__é':'_“':__..—;—_= —_
g gai't I [P
10: I Anha Encrgy === - / 3,
2 e . AN
= 007 o £4 g0 T / o
= -1 =i st / ¥
go1 ||~ 528 X ‘,/ y
—— 18 $§.3% o M
—12 _S7__ X .
g = = = = = =
G =5 (R o T VDL T Zvn 7T T Td after
Inastatiom tiire: G, -{miin)
Ll o (o alie bbby gl Gajs (B) HLll Jaill Jole s @Ml 2(5) Y

44



MIS: Au-Ta,05-GaAs Ll Lab,e<l paibadll b W oley

> 8l

IS AT 20576 Th s — I
Alpha inadiated sampls - — %
Hormali- ediclative 1o =
oGS _—:.._-—-g;-‘q? of FE= 18 MQV::‘—E
2. o
- el
Togn ¢ o
2 [0 L
E -3 - e
= T g )
o oar & —==1 .
o 0 3 . i
& —a— =
= ——9
= —o—12
—e—15 a
o1 a A s A M
0z 1 7 3 4 _ ER. 5
Moira sy E., L (MeV)
0.1 : = =
M AT, 0 =6 0 -
Apha irradiated sampla
0.05°"5 Hermalizaal according to
1

3

=

o

=

:5!0""3_:: . trradiation £
H] <} =—+=—0 min
Eoury —=-18 ..

g iz 22

e | T2
g0 30 __

= —e—ldatt] -

1 2

3 4

Alstra Eneray B, (Mol

iz mead Glojly daniadl Libill Wl legea Bllag (B) Sl Jai Jole G 8all 2(6) J<itf

Soladl 4 diyas 3i [ R Cjb’a S G dal
olall Lo dlliy yuils (oo deales (A ¥ 3hliall s
(ol I Ll slody 3 scdgpmell Lola Ll yils
aail) chal man & 35 LpsS Lols aileya 805 pe
Aol 8 oLl Jle posli Guay IS Lgds a0l
Sty L ] Obojl e @a.i‘;d‘ S¥la Gaed
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