


1. INTRODUCTION

An investigation of radiation resistance of semlconductor de-
vices when exposed to different radiation 1ionization is one of
the topical problems of up-to-date electron technology [1,2].
This problem is of a significant interest for developing produc-
tion technology of devices finding use in nuclear facilities and
also in the equipment employed in space technology. It 1s worth
noting that such investigations should be carried out in the dy-
namic mode, 1.e. one should evaluate the degree of parameter deg-
radation of semiconductor devices immediately as the damage doses
are collected.

The study of radiation effects in nuclear reactors belng in
service today, presents certain difficulties assoclated with
elevated temperature in radliatlion zone; sample activation and one
should need a long period of time for collecting necessary dose.

Under neutrcn radiaticn of accelerated heavy lons, the use of
radiation effects for simulation has a number of advantages, na-
mely, a relatively low activation level, high velocities of
fluence collection, irradiation parameters which are safely cont-
rolled and moreover, there is a possibility of measuring parame-
ters of semiconductor devices with required frequency while col-~
lecting fluences.

A testing of semiconductor devices for slimulating fallures
under space radiation using heavy lons for this purpose presents
an individual direction of Iinvestigatlons, that allows one to
simulate both the energy radiation spectrum and typical flux den-
sity and types of particles. This directlon of investigations
is widely developed in a number of centres on heavy 1lons, e.g,
at GANIL (France) and such testlng is obligatory for all types of
semiconductor devices, which are going to be applied in space.

The goal of the present work is to study the possibilities of
using accelerated heavy ions for simulation of fast neutrons and
particles of space radiation spectrum influence on characteris-

tics of semiconductor devices.
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o ;‘:"‘x Monocrystal silicon, usually as plates of up to 300 um thick-;"':3‘w

w . ;‘l " ness and oxide of 511icon (SiO ) as th1n plates W1th thickness of;
5 0 1-0. 5 um produced by ox1dation or dep051ted from gas phase ontof
s1licon plates are: the baslc materials appl1ed in’ electron1cs_“;

Lately,kgall1um arsenide (GaAs) has got an application, but at‘g"

present th1s material is not W1de1y used

Single crystal silicon and SlO have a high sens1tiv1ty toi7

s s SRR

o nuclear and space; radiation ‘which; affecting these materials form ‘("

. prlmary radlation defects - Frenkel pairs 1n them‘;As a result of -
i irradlatlon the vacan01es capturing free carrier out51de are
: stabilized and turn out to be as 1solated charged centres which

,change the electron system of semiconductor and parameters of*

current carr1ers (concentration, :
complex vacancy conf1gurations with oxygen atoms always being 1n v

'h"s1llcon,lthe so- called A- centres or vacan01es w1th atoms of hyd—'~

rogen or phosphor whlch ls the alloying impurity 1n 5111con,53th

o= called E-centres and also multicomponent J(C) and; B-centre

(see e g [3]) serve as such centres‘

?.At the even distr1but10n of radiation damages by\semiconduc—

Ator volume the parame er degradation of the aterlal 1tse1f and
i of the dev1ce made of this material 1rrever51b1e 1ncreases w1th
v absorbed dose w1thin t e increase of the fluence As a rule, such -
: de—

: changes are of smooth and monotone nature Contrary fJ;

fect clusters and the so called large destruct1onal reglons the

'semi— :

w1th macroscopical 51zes of

=S of wh1ch are comparabl

esult.1n

conductor devices and large lntegrated circu1ts could r

gthe1r funct1onal failures :
Therefore, one can suppose different mechanisms of damages in

i(: sem1conductor devices ‘One should note that the above-mentioned

nvestl— L

gatlons, i of such when one can observe the rad1at1on effect

at a11 times during irradlation of semiconductor dev1ce However,ﬁ

'fﬁ,t -,prOV1de such condltions kis a difficult techn1ca1/problem
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conducting channel in silicon being under gate 1s opened and‘itf'v

tion stability “of’ semiconductor devices to neutron radiation are' _/.'aiso‘_changes the characteristic slope of the F channel conducti—J¢

o obtained by static method This method is: in alternating of

‘f, "4, radiation and measuring of the effects from 1rradiation. the dec

il

':, rease of induced actiVity is usually achieved over this interval - v_‘f‘ e ;
Pt In the work [4] which is recognized as ‘the’ classical one in thisi Foy Ve ot }” : ‘w . : :
vregion. the limiting values of absorbed dose at which the deVice, ! :F ;’ ’ "-_ff Tl ‘.Ey\ ; ) i
~:;{ i o begins to make errors are obtained o f‘7’7'~;‘ f;'fyf“»;~ e f"»%‘,w S ; ; {fftff—?_?—fzj' N
L “ Let us’ next con51der the mechanisms of radiation influence on: S . h“g T s — - ‘ :i ;d‘f: WE 1 g
: particuiar semiconductor deVices i S . | PSR i

»The theory of radiation effects in the MOS (metal oxide semi-

conductor) structures Qis' based “on’ the following experiments,fc
“3F the

first

determined under radiation in the oxide layer:

oxide fis; grown ‘on the backing of silicon of p«type, then'the‘
constant space positive charge is formed if it is grown on 'the s

backing of n—type then the negative one 1s formed' secondly the4'

value of this charge depends on full 1ntegral radiation dose (it

doesn t depend on energ ‘dose) and tends to s aturation,

voitage on the gat

‘ﬂ saturation depends on the oxide nature ( dry ,'

on "Sign saturation value AV equal according

t

on‘ the

_depend

;) appear un er: difference,«can be: expiained qualitatively asvfoi;

adiation over all volume of the OXide layer of h thickness They1

: : évsat th ..
lows: at: negative gate polarity the charge of radiation origin is

are separated by the electric field of the gate polarization w1th e moved to- metalic gate electrode and due to high backing remote—

f ness it effects the channel conductiVity less effectively (quiteb,*

voltage V thej more mobile"electronS' elapse from the dee &F

fthrough transparent"‘contact of the OXide—metal gate and low~:

s(2 h/d —1) times less effectiveiy) than the charge being near, the

‘,mobile holes are: collecting in the layer of "d“ thickness neari‘ } backing surface (at V < 0)i :

For Simulating radiation effects in semiconductor deVices,

i; the silicon backing

The»charge 1nserted 1nto the oxide layer by radiatlon changeSf”' unden.the influence of - fast neutrons w1th the - use of accelerated“ Gt

:f heavy ions one can state the foiiowing basic criteria

fthe vaiue of threshold voltage on the gate V '% V ‘at which the




L= ratio between ion fluence and neutron one has to be in inverse

intensity"both”4at' once (direct ion beam irradiation) and with

: ”~proportion ‘to the ratio of their damaging abilities (defect, ‘; e using the technique of ion. scattering on a ‘scattering foll: (in 5'¢j'

[ - w

'production cross sections) ':our case from Au with thickness less than 5x10 cm) This allowed

;14 one to decrease the ion flux density on target approXimately 10 ,,,,,

5>—'range of accelerated ions R has to exceed the thickness of

;.jradiosenSitive region of semiconductor device (h in fig 1) times in comparison with the direct beam density and - thusr. to f‘

;p- ion irradiation should be carried out in vacuum and on- opened 'fﬁf have safely registered low intensities up to 10 ion/cmEsec)

’ Icrystal of the deVice Semiconductor detector has been set to register the energy :

" and to measure the ion flux denSity on éthe target using the

Lo method of scattering symmetrically to the ion beam aXis To~‘5k

determine parameters of irradiated semiconductor devices while

collecting necessary fluence, a special holder has been develop— SR

Radiation resistance of semiconductor dev1ces has been inves—»:AV
'1;tigated in; vacuum on heavy ion extracted beams of “the IC—IOO‘
"(ions B! Ne ' Ar® with the energies of 13 6 MeV 26 9 MeV and

‘%defocusing beam khas been use at irradiation on the IC-100

".Tcyclotron Fast neutron irradiation has been‘c rried out on the

;f“ ;'lf-iéyueV 'respectively) and U -200 ° (ions c'? with the energy of 91

5 MeV) accelerators,ﬁ and 'also 4on the ,IBR—Z reactor (LNP)

o _table 1 ion beam characteristics w1th calculated values of' proJe—* The source Mineyola on the base of radioactiveAisotope ,°Co;'

: ctive range (R ) and defect production cross sections (6 ) obtai- has been applied for v irradiation (Institute of Nuclear Chemist—

'f_'ned using the TRI -

Vfry and Technology (Narsaw)) The 7 quanta energy was” 1. 25 MeV and

program are presented

the energy of radiation dose was 250 crad/hour B particlev irra—?k

“diation with the energy in the ge from -0, 2 up to “0, 8 MeV on.

the source Sr(Y °) with activity of:74 MBk has been also perform-‘
ed there —a—particle virradiation :w1th the energy of 5 5 MeV has‘

f'ion_“';;zif L Energy L fpf g R»f{»du*x L ii,8
e ,mA(MeV)i MeV/amu) :V,“(um)?ﬁ 3 B

!been carried out on radioactive source ~ Pu with efficiency' of

2x10 particles/min During irradiation with the use of radioac—

o tive' sources the square equally irradiated has been varied form ,”J;

05up to 1. cm

fig 2a. The measured

isé.b’ The measuring system is illustrated in;
: parameter was tﬁ and vt the voltage atlthe output I and II

L -

"1 (when the gate input is shorted with the

'1.13.5;

;T is in a logical state'

L1203

tfikey K1 or K2 respectively) Fig 2b shows the principle of cri—

: tical fluence determination from experimental degradation curve
. +sv “the critical

The choosing of a necessary defect production velocity (flukf;t It was assumed that at a supply voltage of

: value of this voltage is +4V

f particle Ldensity) has been realized by varying the ion beam }
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"Fig 3 Dependenc1es of decrea51ng the voltage of’ log1c ‘"unittf;atﬂ ;L

‘the output of the’ “NAND"‘loglc c1rcu1ts for, d1fferent e

,partlcle type; The values of crltlcal th‘eshold fluences

. Fig;z a) Measurlng ~system of the output voltage Uﬂ;»of loglc o
: : ""\NAND gate ‘of the MCA 54012 type b) the example of the

fthe ‘MCA 54012 type (Poland productlon) have been investlgated

‘]\‘f'g,;f'flahereof durlng fluence collecting—the dynamlcal mode of operatlon

In f1g 3 experlmental dependenc1es of decrea51ng ‘the: "un1t“'*

'}voltage fat the output ofdthe "NAND" 1ntegrated c1rcu1ts on: par

7,(;” 'U‘; fd,tlcle fluence of dlfferent types are‘ 111ustrated Accordlng t 0.

2 1x10

4.2x10°°

4 7x10

1 ax10°

2,-

coeffi=

\respect to~o e for another, whlch are presented 1n‘ table : i;s

o e 3 2:1x107
‘\"constrdcted on - experlmentally obtamed data Analogous SO

1.6x10°".

Q,lifpiosﬂ

) 1{ixipfff1‘7x10 2! leo 2. 4x10




'r_bipeiar ran51stors This 1s due to dlfferent operation of dev1-

{'ces lnvestigate . The degradation o ‘bipolar transistor

is played by charge*'
: forme » ¢ onization in the: oxide 1ayer of{
fgthe ,MOS structure, whlch cause the shift: of threshold voltage of(
the MOS FE.‘i tran51stor These ‘centres »are more effectlvely

’produced by electrons and 7 rays
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