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The pa per pres ents re sults of elec tri cal break down time de lay mean value td as a func tion of
re lax ation time t (mem ory curve) for kryp ton and xe non-filled di odes at 270 Pa pres sure.
Mem ory curves were ob tained for the cases with out ra di a tion as well as in the pres ence of
gamma and UV ra di a tion. It was shown that sig nif i cant in flu ence of UV ra di a tion to td can be 
ob served for t ³ 100 ms, as well as gamma ra di a tion for t ³ 103 ms. Laue's dis tri bu tion was
also in ves ti gated for elec tri cal break down time de lay data sets td, ob tained for t ³ 150 ms,
with out ra di a tion as well as in the pres ence of gamma and UV ra di a tion. It was shown that for 
all these data sets Laue's dis tri bu tion stands, ex cept for the case when kryp ton-filled tube was
sub jected to UV ra di a tion. On the ba sis of the ob tained re sults, the through out anal y sis was
per formed with the aim to in ves ti gate pos si ble ap pli ca tion of these di odes as sen sors of
gamma and UV ra di a tion.
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IN TRO DUC TION

Kryp ton and xe non low tem per a ture plas mas
have wide ap pli ca tion in tech nol ogy and elec tron ics.
For ex am ple, glow dis charge in kryp ton and xe non
mix tures with NaCl, KCl, and CsCl va pors are used as
a source of non-co her ent UV ra di a tion [1, 2]. Kryp ton
and xe non dis charge is used for light ing pur poses in
mer cury-free flu o res cent lamps [3, 4]. Xe non at low
pres sure is also used for ex ci ta tion of phos pho rus in
op to el ec tronic de vices [5]. Kryp ton is used in flash -
lights for high-speed pic tures, in in can des cent lamps it 
leads to life time in crease in Tung sten fil a ments and
for coun ters for de tec tion of low en ergy X-ray [6].
These gases are also used for coat ing ma te ri als sput ter -
ing in plasma dis play pan els [7] as well as com po nents
in gas-filled surge ar rest ers mix tures [8, 9].

The most com monly used method for gen er a tion
and sus tain ing of low tem per a ture plasma in no ble gases
is the ap pli ca tion of elec tri cal field to the gas-filled di -
odes elec trodes. Neu tral gas in inter-elec trode space con -
tains a few elec trons and ions formed un der im pact of
cos mic rays and nat u ral ra dio ac tiv ity with gas. Elec tric
field ac cel er ates these free charge car ri ers, what fur ther
leads to gen er a tion of ad di tional charge par ti cles in col li -

sion with gas at oms. This can lead to the charged par ti -
cles av a lanche, when bal ance be tween charge car rier
cre ation and loss ap pear, so the steady-state plasma de -
vel ops. In or der to form such plasma, it is nec es sary to
elapse a cer tain pe riod of time of ten re ferred as elec tri cal
break down time de lay td. The time td is a sum of two
com po nents [10]: the sta tis ti cal time de lay, ts, de fined as
the time in ter val elapsed from the in stance of volt age
pulse ap pli ca tion un til the oc cur rence of the elec tron,
which fur ther ini ti ates the dis charge and for ma tion time,
tf, af ter which steady-state plasma de vel ops.

Dur ing the dis charge in pure no ble gases, be side
elec trons and pos i tive ions, metastable at oms, and res o -
nance ex cited states are also formed. The pres ence of
pos i tive ions and metastable states in post dis charge re -
gime (af ter glow pe riod) can in duce sec ond ary elec tron
emis sion from the gas-filled di ode cath ode (SEE),
which leads to ini ti a tion of next break down when the
volt age is re con nected to elec trodes. The pres ence of
these par ti cles in post dis charge re gime can be very ef fi -
ciently fol lowed us ing the time de lay method [11-13].
This method is based on the anal y sis of t fd = ( )t    de -
pend ence, known as the mem ory curve. The t d  is the
mean value of elec tri cal break down time de lay and t is
the in ter val be tween two suc ces sive volt age pulses ap -
pli ca tions on the gas-filled di ode elec trodes (t is of ten
re ferred as an af ter glow pe riod or re lax ation time). Us -
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ing this method, it is also pos si ble to de tect the pres ence
of gamma and UV ra di a tion, which leads to the in crease 
in elec tron yield in inter-elec trode space [6].

The aim of the pa per is to in ves ti gate the pos si -
bil ity for ap pli ca tion of kryp ton and xe non-filled di -
odes as sen sors of gamma and UV ra di a tion, us ing ex -
per i men tal data of elec tri cal break down time de lay as
a func tion of re lax ation time (mem ory curve). This de -
pend ence en ables the de ter mi na tion of re lax ation time
value for which these di odes are most sen si tive to
gamma and UV ra di a tion.

EX PER I MEN TAL DE TAILS

The elec tri cal break down time de lay td mea sure -
ments were per formed on two geo met ri cally iden ti cal
spher i cal di odes. Di odes bulbs were made of 8245
Schott tech ni cal glass with vol ume V » 87 cm3, fig. 1.
Two cy lin dri cal iron elec trodes with 1 cm di am e ter with
hemi spher i cal peaks were placed in side the di ode with 1
mm gap. Elec trodes were made of tech ni cally pure iron
and quan ti ta tive en ergy dispersive spec tros copy (EDS)
anal y sis of the elec trode sur face has shown that it con -
tained ox y gen which fur ther in di cates the ex is tence of
iron ox ide. The pres ence of iron ox ide leads to the de -
crease in elec trode ma te rial work func tion rel a tive to
pure iron. Prior kryp ton and xe non were ad mit ted in the
di odes, they were backed out at 350 °C and pumped
down to 0.1 Pa pres sure. Af ter that, one of the di odes was 
filled with kryp ton, while the other one was filled with
xe non at 270 Pa pres sure and sealed out. Kryp ton pu rity
was 99.998 % with im pu ri ties: ar gon <0.0001 %, car bon
di ox ide <0.0001 %, car bon mon ox ide < 0.0001 %, he -
lium <0.0001 %, hy dro gen <0.0001 %, meth ane
<0.0001 %, ni tro gen <0.001 %, ox y gen <0.0002 %, wa -
ter <0.0004 % and xe non < 0.001 %. Xe non pu rity was
99.995 % with im pu ri ties: wa ter <0.0002 %, ox y gen
<0.0001 %, ni tro gen <0.0004 %, meth ane <0.00005 %,
kryp ton <0.0003 %, hy dro gen <0.0001 %, car bon mon -
ox ide <0.0003 %, car bon di ox ide <0.0003 % and ar gon
<0.0005 %.

The 88
226 Ra was used as a source of gamma ra di a -

tion with the ac tiv ity of Ag = 12 kBq. The di am e ter of
the ra dio ac tive source was 6 mm and the beam of the
source was di rected per pen dic u lar to the inter-elec -
trode space. The ex posed dose rate is cal cu lated ac -
cord ing to the ex pres sion &De = Ag G/r2, where G =
1.7×10–18 cm2kg–1 is the gamma con stant [14] and r is
the dis tance be tween the source and the inter-elec trode 
gap. Dur ing the ex per i ment, the dis tance be tween the
source and the inter-elec trode gap was main tained
con stant and the air kerma rate for this con di tions was  
&De = 652.4 nGy/h. Gamma ra di a tion leads to the in -
crease in elec tron yield through Compton's ef fect by
in ter ac tion be tween pho tons and di odes, glass and
elec trodes. The di odes ir ra di a tion was per formed per -
pen dic u lar to the inter-elec trode gap.

As a source of UV ra di a tion photo op tic lamp
Hg100 Quicksilber/Mer cury, made in Ger many, was
used. The di odes ir ra di a tion was per formed per pen dic -
u lar to the inter-elec trode gap. The lamp was de signed
to be used as a high qual ity mono chro matic light source. 
Its emis sion spec trum was mea sured us ing Avantec
spec trom e ter 3648 with a range from 200 to 850 nm
[15]. The spec trom e ter has a diffractive grat ing with
600 lines per mm and slit size of 10 mm, mak ing the
low est de tect able res o lu tion be tween two near lines
0.32 nm. Based on the pre vi ous ex per i men tal re sults
[16], the trans par ency of 8245 Schott tech ni cal glass,
for wave lengths smaller than 300 nm, was zero. In the
in ter val from 300 to 400 nm trans par ency in creases and
for l > 400 nm , it is 90 %. As it can be seen from fig. 2,
there is wave length l1 = 313 nm (3.96 eV en ergy)
whose trans par ency is 30 % and  l2 = 365.5 nm (3.38 eV 
en ergy) which has trans par ency of 90 %. These wave -
lengths prob a bly could be re spon si ble for elec tron re -
lease from the cath ode through pho to elec tric ef fect due
to the fact that iron elec trodes con tain ox ide which de -
creases work func tion. The value of pure iron
work-func tion re ported in lit er a ture var ies from 3.5 eV
[17] up to 4.3 eV [18]. Since the elec trodes con tain im -
pu ri ties, which de crease the work-func tion value, it can
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Fig ure 1. Gas-filled di odes cross-sec tion
Fig ure 2. Emis sion spec trum of Hg100 queck-silber
mer cury lamp, made in Ger many



be as sumed that the men tioned wave lengths can lead to
the re lease of elec trons through the photo-ef fect.

Block di a gram of the sys tem for elec tri cal break -
down time de lay mea sure ment and data ac qui si tion is
pre sented in fig. 3. Sys tem con sists of two in te gral
parts, an a log and dig i tal. Ma jor func tion of an a log part
is to pro vide volt age Uw > Us  (Us is the static break -
down volt age) switch ing on the di ode. The core of a
dig i tal part is Micro chips PIC18F2550 microcontroller, 
re spon si ble for three im por tant tasks: di rect ing start and 
stop sig nals which pro vide volt age switch ing on the di -
ode, elec tri cal break down de tec tion and elec tri cal
break down time de lay mea sure ments. De tailed de scrip -
tion of the sys tem is given in [19]. Im proved ver sion of
the sys tem, used in this pa per, pro vides the ap plied volt -
age rise time of 20 ns and it is about four or ders of mag -
ni tude shorter than mea sured td val ues. On the ba sis of
these data, it can be con cluded that the ap plied volt age
rise time does not make sig nif i cant in flu ence on td. The
mod i fied ver sion of the sys tem en ables td mea sure -
ments for min i mal value of re lax ation time of  t  = 1 ms,
while the pre vi ous sys tem [19] pro vided the mea sure -
ments for min i mal value of re lax ation time t = 1 ms.

RE SULTS AND DIS CUS SION

Elec tri cal break down time de lay td is a sta tis ti cal
prop erty. Be cause of that, in or der to form a mem ory
curve, it is nec es sary to per form a large num ber of
mea sure ments for ev ery sin gle value of re lax ation
time t and de ter mine mean value t d . Fig ures 4 and 5

pres ent mem ory curves for kryp ton and xe non-filled
di odes, mea sured for the case when di odes were not
sub jected to any type of ra di a tion as well as for the case 
of gamma and UV ra di a tion. Mem ory curves were ob -
tained for ap plied volt age Uw = 1.5Us (Us  is the static
break down volt age). It can be seen from the fig ures
that  for  small  t val ues  (for  kryp ton-filled  tube  up to 
t » 5 ms  and  for  xe non-filled  tube  up  to t » 1 ms) the
value of t d const» . Our ear lier in ves ti ga tions for kryp -
ton-filled di ode [6] and for xe non-filled di ode [20]
have shown that such be hav ior is a con se quence of
pos i tive ions pres ence, formed dur ing pre vi ous break -
down and dis charge. It can also be seen that for such
small t val ues gamma and UV ra di a tion does n't in flu -
ence to t d . For t val ues up to sev eral mil li sec onds,
these di odes can not be used for de tec tion of gamma
and UV ra di a tion.

Rapid in crease in  t d with the in crease in t, figs. 4
and 5, is a con se quence of full re com bi na tion of pos i -
tive ions, so that the break down ini ti a tion is a con se -
quence of SEE in duced by elec tri cally neu tral ac tive
par ti cles, formed also dur ing break down and dis -
charge in the gas. Ear lier in ves ti ga tions [6, 20] have
shown that these par ti cles orig i nate from gas im pu ri -
ties, most prob a bly N2 mol e cules whose dis so ci a tion
dur ing break down leads to the cre ation of ni tro gen at -
oms in the ground state N(4S). These at oms, in col li -
sion with the cath ode, can in duce SEE pro cess. The re -
com bi na tion time of N(4S) is con sid er ably lon ger than
pos i tive ions re com bi na tion time. In this mem ory
curve, ar eas of gamma and UV ra di a tion lead to sig nif -
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Fig ure 3. Block di a gram of
elec tri cal sys tem for elec tri cal
break down de lay time
mea sure ments

Fig ure 4. Mem ory curves for kryp ton-filled di ode
with out ra di a tion and in the pres ence of gamma and UV
ra di a tion

Fig ure 5. Mem ory curves for xe non-filled di ode with out
ra di a tion and in the pres ence of gamma and UV
ra di a tion



i cant de crease in t d . On the ba sis of mem ory curves
be hav ior in figs. 4 and 5, it can be con cluded that di -
odes can be used as sen sors of UV ra di a tion for re lax -
ation times t  > 102 ms as well as gamma ra di a tion sen -
sors for t > 102 ms.

On the ba sis of ear lier in ves ti ga tions [6, 20] it
was con cluded that for t val ues, when rapid in crease in    
t d oc curs, figs. 4 and 5, elec tri cal break down time de -
lay is a con se quence of sta tis ti cal time de lay, ts.
Namely, in the area of t d rapid in crease with the in -
crease in t, stan dard de vi a tion is in the same or der of
mag ni tude as t d . On the other hand, s » t s (t s is the
mean value of sta tis ti cal time de lay), so it can be con -
cluded that t td s» . Such con clu sion can be proved us -
ing Laue's dis tri bu tion, which can be ex pressed as 
n t N t t t( ) / exp[ ( ) / ]= - - s s  [21], where n(t) is the
num ber of ts val ues larger than t, N is the to tal num ber
of mea sured td data. Laue's dis tri bu tion is of ten pre -
sented as lin ear de pend ence be tween ln[n(t)/N] and t
known as Lauegram.

Fig ures 6 and 7 pres ent ln[n(t)/N] = f(t) de pend -
ence for kryp ton and xe non-filled di ode, re spec tively.
For both di odes a to tal of 100 td mea sure ments were
per formed for t » 150 ms, for the cases when there was 
no ra di a tion and when the di odes were sub jected to
gamma and UV ra di a tion. It can be seen from the fig -
ures that td data can be very well de scribed by lin ear
fit, i. e. Laue's dis tri bu tion stands when di odes were
not sub jected to ra di a tion as well as when they were

sub jected to gamma ra di a tion. For the case of UV ra di -
a tion Laue's dis tri bu tion stand for xe non-filled di ode,
while for kryp ton-filled di ode it ex hib its be hav ior only 
sim i lar to Laue's dis tri bu tion for   val ues which ful fill
the con di tion that ts >> tf i. e. td » tf.

CON CLU SION

The pos si bil ity of kryp ton and xe non-filled di -
ode ap pli ca tion as sen sors of gamma and UV ra di a tion
was an a lyzed on the ba sis of elec tri cal break down time 
de lay ex per i men tal data. It was shown that these di -
odes are sen si tive to above men tioned types of ra di a -
tions for re lax ation times lon ger than pos i tive ions re -
com bi na tion time, when sta tis ti cal time de lay is lon ger 
than for ma tive time. Us ing these sen sors, it is pos si ble
to de tect low doses of gamma ra di a tion as well as UV
ra di a tion with wave lengths lon ger than 300 nm. In or -
der to make valid con clu sions re gard ing the in tro duc -
tion of these sen sors in com mer cial ap pli ca tions, it is
nec es sary to per form ad di tional in ves ti ga tions. In the
case of gamma ra di a tion, it is nec es sary to in ves ti gate,
in more de tails, the dose range in which these di odes
could be suc cess fully ap plied. For di odes ap pli ca tion
as sen sors for UV ra di a tion, ad di tional in ves ti ga tions
should be per formed with dif fer ent bulb glass in or der
to in crease the wave length in ter val which could be de -
tected. In ad di tion, it should be in ves ti gated the im pact 
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Fig ure 6. Lauegram for kryp ton-filled tube di ode with out ra di a tion and in pres ence of gamma and UV ra di a tion

Fig ure 7. Lauegram for xe non-filled tube di ode with out ra di a tion and in pres ence of gamma and UV ra di a tion



of cath ode ma te rial with small work-func tion in or der
to in crease di odes sen si tiv ity to UV ra di a tion.
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Mili} M. PEJOVI], Emilija N. @IVANOVI], ^edomir I. BELI]

MOGU]NOST  DETEKCIJE  GAMA  I  UV  ZRA^EWA  ZASNOVANE  NA
VREMENU  KA[WEWA  ELEKTRI^NOG  PROBOJA  U  DIODAMA

PUWENIM  KRIPTONOM  I  KSENONOM

Rad prikazuje rezultate sredwe vrednosti vremena ka{wewa elektri~nog proboja, td, u
funkciji vremena relaksacije t (memorijska kriva) za di ode puwene kriptonom i ksenonom, na
pritisku od 270 Pa. Memorijske krive su snimane za slu~aj kada di ode nisu ozra~ene kao i za
slu~ajeve kada su bile ozra~ivane gama i UV zra~ewem. Pokazano je da uticaj navedenih zra~ewa na  
td mo`e biti prime}en za t > 100 ms. Laueove raspodele su tako|e razmatrane za setove podataka
vremena ka{wewa elektri~nog proboja td, koji su dobijeni za t = 150 ms, bez uticaja zra~ewa kao i u
prisustvu gama i UV zra~ewa. Pokazano je da Laueova raspodela va`i za sve setove podataka sem u
slu~aju kada je dioda puwena kriptonom izlo`ena UV zra~ewu. Na osnovu dobijenih rezultata
izvr{ena je op{irna analiza sa ciqem da se ispita potencijalna primena navedenih dioda kao
senzora gama i UV zra~ewa.
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