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The "self-recovery" term applied to the improvement of electric 

characteristics of the devices under test (OUT) at a room tempe

rature in situations where the effects of other factors are not 

taken into consideration. The settling time for a parameter after 

the irradiation has been completed depends upon the ty.pe of the 

OUT and may vary from several minutes to weeks. Thus, the first 

test of the parameter is to be performed as soon as possible after 

the irradiation process has been completed. Such a condition makes 

difficun the testing of the self-recovery effects for these OUTs 

which.are strongly activated in the neutron flux, e.g. low·and 

medium power transistors in metal p~ckages, and integrated circuits 

in the packages of T0-99 and T0-100 type, etc. 

The term of the "improvement of ·electrical characteristics" of 

the OUT designates the process resulting from the irradiation, 

which leads to a change in the electrical characteristics in the 

positive direction. The experimental investigation of the impro

vement of characteristics requires two measurements at least: 

the first one before the irradiation process is started and the 

second one after correspondingly long time from the termination 

of the irradiation process to reach the saturation state of the 

self-recovery process. 

The self-recovery effect for the long-base diodes(known also as 

PON_)irradiated in the fast neutron flux has been quite well known 

in dosimetry laboratories. One of the experimentators (W.H.) noticed 

this effect when a Si(Li) detector was used for measuring the fast

neutron fluence in a 14 MeV fast neutron generator1). The self-
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recovery effect should not be mistaken with the known procedure 

of recovery from the radiation damages in semiconductor detectors 

by soaking them at a high temperature or by means of redrift treat

ment2-4l. 

The effect of improvement of electric characteristics resulting 

from irradiation of semiconductor devices is covered by the res

pective references but this applies only to small doses. The refe

rences available to us do not cover large neutron fluences. 

For our experiments there were employed two fast neutron sources: 

the 14 MeV neutron generator (NA-2l and at IBR-2 Pulse Reactor 

(Channel Kl) at the Joint Institute for Nuclear Research in Dubna 

(USSR) 5). The neutron output from the NA-2 Generator was about 

10 -1 · 10 n•s • The fast neutron flux density at 

(Channel Kl) was l.4xlo12 n•cm-2s-l (En) 0,5 

1,3 MeV). 

Table l 

the IBR-2 reactor 

MeV, average energy -

List of devices in which the effects of self-recovery (SR) and/or 

improvement of electrical characteristics (IEC) were observed 

while testing radiation damage in semiconductor devices 

Type 
of device 

Si(Li) 
detectors 

7404 TTL 

7473 TTL 

7493 TTL 

14 MeV neutron generator 

SR IEC 

+ 

+ + 

n.m. n.m. 

n.m. n.m. 

"+" Effect observed at least for one device; 

Reactor IBR-2 

SR IEC 

+ 

h.a. 

+ 

+ 

+ h.a. 

"-" effect not 

observed; n.m. = not measurable with the use of our neutron gene

rator due to excessively low neutron flux; h.a. = not measured 

due to high activity of the device irradiated. 

2 

~ 

The investigation of irradiation defects included 15 types of 

semiconductor devices. The tests of self-recovery effects and/or 

improvement of characteristics could be performed for four types 

(see table 1). 

Si(Li) Detectors.The energy resolution FWHM (full width at half 

maximum) was tested for the line.fl -625 Cs and o( - 5.5 MeV resul

ting from the reaction (n,cx) of 28si incorporated the detector. 

The measurement results obtained for the 14 MeV neutron generator 

are presented in table 2. Owing. to the small density of neutron 

flux the irradiation process had to last for four months. The de

tectors were used to measure the fluence1). · 

Table 2 

Self-recovery of Si(Li) detectors irradiated on the 14 MeV 

neutron generator (tc - cooling line) 

Detector Fluence 
(volume) -2 n•cm 

1 0 
(0.48 cm3) 3,109 

2.2-1010 

5°1010 

2 

(0,27 cm3 ) 0 

4•109 

4.5°1010 

l) Not measurable. 

FWHM (keV) 

/3 - 625 keV 

t = 0 
C 

15.7 
25.0 

35.0 

41.0 

16.7 

30.2 
38.0 

tc = 2 weeks 

17.2 

28.5 

30.0 

20.8 

31.0 

o( _ 5.5 MeV 

t = 0 
C 

t = 2 weeks 
C 

192 
290 210 

410 240 
n,m. 1l 290 

200 

310 220 

n.m. 280 

7404 TTL-Compatible Integrated Circuits. There were eight 7404 in

tegrated circuits (i.e., 6x8 = 48 NOT gates) irradiated in the 

neutron generator, while 16 integrated circuits (96 NOT gates) 
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Fig.l. The improvement of electrical characteristics (Iout(O)) 

for 7404 TTL-compatible Integrated Circuits irradiated 

at neutron generator (a) and reactor IBR-2 (bl versus 

fast neutron fluence (En) 0.5 MeV for the reactor flux). 

The values of I~ut(O) were measured after 2 week cooling 

time. 

were irradiated at the IBR-2 reactor. The output current Iout(O) 

from the NOT gate at its logic 11 0 11 state was the tested parameter. 

The termination of the self-recovery process was observed after 

24-hour cooling from the termination of irradiation process on 
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Table 3. The improvement of electrical characteristics (limit 

frequency fT) for 7473 and 7493 TTL-compatible integrated 
circuits irradiated at the reactor IBR-2 versus fast 

Fluence 
2 n/cm 

0 

l.4xl013 

l,4xl014 

2. 8xl014 

neutron fluence (En) 0.5 MeV). The cooling time amounted 

to above 2 months 

fT (MHz) fT (MHz) 
for 7473 IC for 7493 IC 

20.2 19.0 

22.2 20.4 

14.2 16.4 

a.o a.a 

the ·neutron generator and SO-minute cooling from the termination 

of irradiation process at ~he reactor. The self-recovery effect 

was observed in all the gates that had been irradiated in the neut

ron generator and the reactor provided that their excited activity 

allowed for measuring the Iout(O). The values of growth in the 

self-recovery effect (increase in the current Iout(O)) were esti

mated as 15% and 10% for the NOT gates irradiated in the neutron 

generator and the reactor, respectively. The Iout(O) improvement 

was observed in 30 gates for the 48 tested gates which were irra

diated at the neutron generator, but only in 12 gates for the 

96 tested gates which were irradiated at the reactor. It was no

ticed that the improvement in the Iout(O) output characteristics 

of the gates which had been irradiated on the neutron generator 

occurred mainly in that portion of the gates for which the Iout(O) 

output parameter had been lower (before irradiation) than the 

average value of the Iout(O) for the total population under test. 

Figure 1 shows the average percentage value of the improvement 
~ . 

in the ratio of Iout(O)/I~ut(O) vs. fast neutron fluency for the 

samples irradiated in the neutron generator and the reactor(Iout(O) 
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f <. tc 

and I~ut(O) are the equivalents of _the re_adings for the currents 

before and after the irradiation process, respectively). 

7473 and 1~93 TTL-Compatible Integrated Circuits. There were eight 

7473 integrated circuits and eight 7493 integrated circuits irradia

ted at the IBR-2 reactor. Owing to the high activity (of Au mainly) 

excited in these devices it was impossible to measure the self

recovery effect. The limit frequency (fT) for both IC types was 

measured by means of the electronic counter arid oscilloscope. 

The improvement of the limit frequ~ncy for 7473 integrated cir

cuits was estimated as 8\ and 18.8\ (from 20.2 MHz up to 24 MHz) 

for the average value and maxiumum one, respectively. The suitable 

figures for 7493 integrated circuits were equal to 6\ and 13\ 

(from 19 MHz to 21.6 MHz). The results are represented in table 3. 

· ;:);'} The improvement effect was not observed for some devices under 

,. fti:1:test (20\ and 37\ for 7473 and 7493 integrated circuits, respec
Ii :c;J}1t; ;: ,~_, 
ftt;t{';'J:,tively). In a few instances the limit frequency of the tested 
:~ -tff~{I{~.( · ' 
l,,t1~,<i>t:;.;~evices became worse. 
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Xa:.1Mep B • 11 p;p. 
3KcnepHMeHTa.JibHbie pe3ynbTaTbl H3MepeHHH 
caMopereHepa~HH H ynyqmeHHH OCHOBHb!X 

EI4-90-345 

napaMeTpOB HeKOTOpbIX nonynpOBO,IJ;HHKOBbIX np116opQB 
nocne o6nyqeHHH TIOTOKOM 6bICTPbIX HeHTpOHOB 

Hccnep;oBanHCb ·nonynpOBO,IJ;HHKOBbie np116opbl /p;eTeKTOpbl 
Si-Li' ,IJ;HO,IJ;bl, TpaH3HCTOPbl H MHKpocxeMbI/ nocne o6nyqeHHH 
B Hp;epHOM peaKTOpe TIPH HHTerpanbHOM TIOTOKe p;o 

2,8,10 14 H•cM-2 /En> 0,5 M3B/ H Hei:!TpoHHOM reHepaTope 
npH HHTerpanbHOM TIOTOKe p;o 1013 H'CM-2 • IlpH H3MepeHHH 
pap;11a~HOHHbIX noBpe~eHHH y p;eTeKTopoB Si-Li H HeKoTopbIX 
MHKpocxeM 6binH o6Hapy)l(eHbl 3<pqJeKTbl CaMoperettepa~HH H 

ynyqmeHHH HX 3neKTpHqecKHX xapaKTepHCTHK, 

Pa6oTa BbmonHeHa B J1a6opa-rop1111 Hei:!TpoHHoi:i cl>H3HKH 
mum. 

IlpenpHHT 061,emmeeeoro imcnnyra RAepHhIX ucCJieAOBBHHH. ,Ily6ea .1990 

HaI!lliler W. et al. E14-90-345 
Experimental Findings on Self-Recovery and 
Improvement of Representative Parameters 
of Some Semiconductor Devices as Irradiated 
in Fast Neutron Flux 

Semiconductor devices /Si-Li detectors, diodes, tran
sistors and integrated circuits/ were irradiated at a 
nuclear reactor up to 2.8• 10 14 n·cm-2 /En> 0.5 MeV/ and 
a 14 MeV neutron generator up to 10 13 n•cm-2,While test
ing radiation damage it was seen that.some Si-Li detec
tors and integrated circuits showed the_ effects of self
recovery and improvement of electrical characteristics. 

The investigation has been performed at the Labora
tory of Neutron Physics, JINR. 
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