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Low-drop out volt age reg u la tors with var i ous ge om e tries and tech no log i cal reali sa tions of se -
rial pnp power tran sis tors were ex posed to ion iz ing ra di a tion. Al though de vices with ver ti cal
emit ters were con sid ered much less sus cep ti ble to the in flu ence of ra di a tion on for ward emit ter
cur rent gain than cir cuits with round emit ters, the ex per i ment showed a sim i lar deg ra da tion of
cur rent gain in both cases. The main rea son of high ra di a tion sus cep ti bil ity of the ex am ined ver -
ti cal se rial pnp tran sis tor is the im ple men ta tion of an interdigitated emit ter, with high per im e -
ter-to-area ra tio, caus ing the great in crease of se rial tran sis tor’s base cur rent, but a mi nor in flu -
ence on the max i mum out put cur rent. Tran sis tors with round emit ters with small
per im e ter-to-area ra tio ex pressed a mod er ate cur rent gain deg ra da tion, but a rapid fall of the
emit ter in jec tion ef fi ciency, caus ing a sig nif i cant de crease of the max i mum out put cur rent. Re -
gard less of the sim i lar for ward emit ter cur rent gain deg ra da tion, re li abil ity and op er a tional
char ac ter is tics of two types of low-drop out volt age reg u la tors were com pletely dif fer ent.
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IN TRO DUC TION

In the pre vi ous pa pers were pre sented the re sults of
ex am i na tions of low-drop out volt age reg u la tors “Na tional 
Semi con duc tor” LM2940CT5 and “STMicroelectronics” 
L4940V5 in ion iz ing ra di a tion fields [1-3]. It was per -
ceived that volt age reg u la tors LM2940CT5, man u fac -
tured by the use of a con ven tional mono lithic bi po lar pro -
cess with lat eral pnp tran sis tors with round emit ters,
be came unfunctional af ter the ab sorp tion of low doses of
ra di a tion – less than 300 Gy (SiO2). On the other hand,
volt age reg u la tors L4940V5, BiCMOS in te grated cir cuits
cre ated with im ple men ta tion of lo cal ox ide side iso la tion
pro cess, showed much higher ra di a tion hard ness – more
than 10 kGy (SiO2). The hy poth e sis was that the main
cause of L4940V5’s high ra di a tion hard ness was small
deg ra da tion of the se rial ver ti cal pnp tran sis tor‘s for ward
emit ter cur rent gain (b), mainly due to the shift of the cur -
rent flow from the sur face to wards the sub strate, while the
as sump tion of LM2940CT5’s low ra di a tion hard ness was
that it was caused by a rapid loss of lat eral pnp tran sis tor’s
for ward emit ter cur rent gain in an ion iz ing ra di a tion field.

For the pre cise an swer on a change of the for ward
emit ter cur rent gain of volt age reg u la tor’s pnp power
tran sis tor in a ra di a tion en vi ron ment, be side the mea -
sure ment of volt age reg u la tor’s out put cur rent, that is
the se rial tran sis tor’s col lec tor cur rent (iC), it was nec es -
sary to pro cure the data of its base cur rent (iB). The quo -
tient of these two cur rents rep re sents a for ward emit ter
cur rent gain of a se rial tran sis tor. Yet, di rect mea sure -
ment of a base cur rent in a volt age reg u la tor was not
pos si ble with out the un seal ing of an in te grated cir cuit
(IC). Even if an IC was un closed, it was not pos si ble to
per form the on-line mea sure ments of a base cur rent in a
gamma ra di a tion field, since the mea sur ing equip ment
had to be in tro duced in a ra di a tion field or the ad di tional 
new con nec tions had to be in serted, which would be
me chan i cally and elec tri cally very sen si tive.

That was the rea son why a novel method for the
mea sure ment of se rial tran sis tor’s base cur rent and
for ward emit ter cur rent gain had to be de vised.

THE ORY

The for ward emit ter cur rent gain in a bi po lar
tran sis tor is de fined by the equa tion [4]
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Due to the lower com mon emit ter cur rent gain
and the lower op er at ing fre quency, pnp tran sis tors are
more sen si tive to ion iz ing ra di a tion ex po sure than npn
tran sis tors [4]. Ow ing to the sur face re com bi na tion
mech a nism, the in flu ence of ion iz ing ra di a tion is more 
ex pressed with lat eral tran sis tors, hav ing the cur rent
flow right un der the ox ide layer, com pared with ver ti -
cal sub strate tran sis tors, where the cur rent flows
through the semi con duc tor bulk [5]. The main rea son
for the high ra di a tion hard ness of a ver ti cal pnp tran -
sis tor is a high im plan ta tion of the emit ter p-type re -
gion, as well as eva sion of a cur rent flow in the prox -
im ity of the ox ide sur face [5]. Con se quently, the
spread ing of the n-type base in the highly im planted
p-type emit ter re gion is weaker ex pressed in com par i -
son with a ver ti cal npn tran sis tor, hav ing the poorly
im planted p-type base, caus ing the de ple tion re gion
spread ing on the base – the emit ter junc tion of a ver ti -
cal npn tran sis tor. Ac cord ing to the re sults pub lished
in lit er a ture, the to tal dose nec es sary to re duce the for -
ward emit ter cur rent gain of a ver ti cal pnp tran sis tor to
50% of its ini tial value may be up to 50 times higher
than in the case of the lat eral pnp tran sis tor [6]. Be side
an in crease in the ex cess base cur rent, in lat eral pnp
tran sis tors a slight de crease in the col lec tor cur rent
also con trib utes to the cur rent gain deg ra da tion. The
col lec tor cur rent changes sig nif i cantly with the to tal
dose. Since the base cur rent in creases at low to tal
doses, re duc tion of a col lec tor cur rent has a strong im -
pact on the cur rent gain deg ra da tion. Two ef fects
cause the de crease of col lec tor cur rent in the heavily
doped emit ter de vices: the re com bi na tion in the neu -
tral base re gion and the re duc tion of the emit ter in jec -
tion ef fi ciency [7].

EX PER I MENT

In te grated 5-volt pos i tive com mer cial-off-the-shelf
volt age reg u la tors “ST Mi cro elec tron ics” L4940V5 and
“Na tional Semi con duc tor” LM2940CT5 were tested in
the Vin~a In sti tute of Nu clear Sci ences, Bel grade, in Me -
trol ogy – dosimetric lab o ra tory.

As a  source of g -ra di a tion the 60Co was used and   
it was sit u ated in a de vice for the re al iza tion of g-field,
IRPIK-B. The ac cepted mean en ergy of g-pho tons was 
Eg = 1.25 MeV. The sam ples were ir ra di ated in the
mouth of the collimator.

The ex po si tion dose mea sure ment was ex erted
with the cav ity ion iz ing cham ber “Dosimentor” PTW
M23361, of the vol ume of 3×10–5 m3, with the un cer -
tainty of mea sure ment of ±2%. With the cav ity ion iz -
ing cham ber, the reader DI4 was used [8].

The sam ples of the volt age reg u la tors
LM2940CT5 and L4940V5 were ir ra di ated in groups
of four cir cuits. Ten me ter long ca bles sup plied the de -

vices. Be side the sup ply ca bles, sense ca bles of the
same length were laid. The cur rent and volt age mea -
sure ments were car ried out with lab o ra tory in stru -
ments “Fluke” 8050A and “Hewlett-Packard” 3466A.
All mea sure ments and the ir ra di a tion of the com po -
nents were per formed at a room tem per a ture of 20 °C.

The main val ues used for the de tec tion of volt age
reg u la tor’s deg ra da tion due to the ex po sure to ion iz ing
ra di a tion were for ward emit ter cur rent gain and max i -
mum load cur rent. The mea sured elec tri cal val ues were
volt age reg u la tor’s out put cur rent, out put volt age, and
qui es cent cur rent, with the pos si bil ity to cal cu late the
se rial pnp tran sis tor’s for ward emit ter cur rent gain.

In the low-drop out volt age reg u la tors with the
se rial pnp tran sis tor, qui es cent cur rent rep re sents a
sum of in ter nal chip’s sup ply cur rent and se rial tran sis -
tor’s base cur rent. Sub tract ing a value of un loaded cir -
cuit’s qui es cent cur rent from a loaded de vice’s cur -
rent, it is pos si ble to cal cu late the se rial tran sis tor’s
base cur rent. This method is not ap pli ca ble on pos i tive
volt age reg u la tors with se rial npn tran sis tor, since the
base cur rents adds to the col lec tor cur rent, cre at ing the
emit ter cur rent, with out any im pact on the in te grated
cir cuit’s qui es cent cur rent. Also, a rel a tively small
value of the pnp tran sis tor’s for ward emit ter cur rent
gain is the cause of a rel a tively high base and, con se -
quently, qui es cent cur rent, which can be mea sured
pre cisely with the or di nary lab o ra tory equip ment, es -
pe cially due to the fact that se rial tran sis tors are made
of the great num ber of par al lel con nected el e men tary
tran sis tors. All men tioned facts pro vide the pos si bil ity
to per form sim ple mea sure ments in ir ra di ated de vices
and to cal cu late iB and b of the se rial tran sis tor, with out 
the need to per form di rect mea sure ments on a chip.

The ex am i na tion of the max i mum col lec tor cur -
rent change was per formed in the fol low ing way: for
the con stant in put volt age equal to 8 V, the load cur rent 
was  in creased  un til  the  out put  volt age  dropped  to
4.7 V. Lower out put volt ages are un ac cept able for a
volt age reg u la tor, since a de vice is be gin ning to shut -
down [9]. The next step was the mea sure ment of the
out put volt age and qui es cent cur rent for an un loaded
volt age reg u la tor, with the in put volt age of 8 V. In volt -
age reg u la tors with the se rial pnp power tran sis tor, a
qui es cent cur rent (IQ) rep re sents a sum of the con trol
cir cuit’s in ter nal con sump tion cur rent and the se rial
tran sis tor’s base cur rent. The mea sure ment of a qui es -
cent cur rent for an un loaded volt age reg u la tor (IQ0)
pro vides the value of in ter nal con sump tion, with a mi -
nor in flu ence of the se rial tran sis tor’s base cur rent.
The sub trac tion of un loaded cir cuit’s qui es cent cur -
rent from a qui es cent cur rent of the max i mally loaded
de vice, for the same in put volt ages, gives a value of the 
se rial tran sis tor’s base cur rent
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The ad di tional mea sure ment of an out put cur -
rent, i. e. se rial power tran sis tor’s col lec tor cur rent,
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gives a pos si bil ity to cal cu late the for ward emit ter cur -
rent gain of a se rial tran sis tor, both dur ing the ir ra di a -
tion and af ter the ab sorp tion of a spec i fied amount of
the to tal dose.

The de vices had been ir ra di ated un til the pre de -
ter mined to tal doses were reached. To avoid the ef fects 
of re com bi na tion in the semi con duc tor af ter the ir ra di -
a tion, all mea sure ments were per formed up to half an
hour af ter the ex po sure. The de vices in the g-ra di a tion
field were ex posed to the to tal dose of 500 Gy, with the
dose rate of 4 cGy/s.

More de tails about the ex per i ment and tech no -
log i cal pro cesses im ple mented in the man u fac tur ing
of the ex am ined cir cuits are pro vided in the ref er ences
[2, 3].

RE SULTS AND DIS CUS SION

Data pre sented in figs. 1-5 were pro cured by the
tests of cir cuits LM2940CT5 from batch PM44AE,
made by “Na tional Semi con duc tor’s” sub con trac tor in 
China. The cir cuits were pack aged in Malacca, Ma lay -
sia.

The very beggining of the ir ra di a tion of volt age
reg u la tors LM2940CT5 brought a rapid de crease of
the max i mum out put cur rent, but also the in crease of
the se rial tran sis tor’s for ward emit ter cur rent gain for
the un bi ased de vices and cir cuits op er at ing with low
cur rents.

It was per ceived ear lier [1, 3] that the volt age
reg u la tors LM2940CT5 be came unfunctional af ter the 
ab sorp tion of low doses of ra di a tion. The main rea son
for cir cuit fail ures for the low to tal doses was not the
loss of the for ward emit ter cur rent gain, but the deg ra -
da tion of the er ror am pli fier cir cuit [3].

Lat eral pnp tran sis tors are sen si tive to the in flu -
ence of ion iz ing ra di a tion and in their ra di a tion re -
sponse dom i nate in ter face traps. In ter face traps have
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Fig ure 1. Change of mean max i mum out put cur rent in
volt age reg u la tor LM2940CT5 un der the in flu ence of
g-ra di a tion

Fig ure 2. Change of mean se rial tran sis tor's for ward
emit ter cur rent gain in volt age reg u la tor LM2940CT5
un der the in flu ence of g-ra di a tion

Fig ure 3. Change of mean qui es cent cur rent in volt age
reg u la tor LM2940CT5 un der the in flu ence of
g-ra di a tion

Fig ure 4. Change of mean quiescent cur rent in un loaded
volt age reg u la tor LM2940CT5 un der the in flu ence of
g-ra di a tion



the pri mary in flu ence on the spread of the de ple tion re -
gion on the base – the emit ter junc tion and in crease of
base cur rent. On the other hand, pos i tive trapped
charge in the ox ide has an in flu ence on the in crease of
the lat eral pnp tran sis tor’s ra di a tion hard ness, caus ing
the ac cu mu la tion of the n-type base sur face, sup press -
ing the holes to wards the sub strate. Pos i tive trapped
charge in the ox ide and in ter face traps above the
p-type emit ter area are ad di tive, caus ing the great ef fi -
ciency deg ra da tion of lightly doped emit ters [7].
There fore, the base cur rent is also af fected by the de -
crease of the emit ter in jec tion ef fi ciency.

In the beggining of the ir ra di a tion of the volt age
reg u la tor LM2940CT5, due to the slow for ma tion of
in ter face traps, ox ide traps had the dominat in flu ence,
caus ing the rapid in crease of elec tric field gen er ated
by the pos i tive trapped charge in the ox ide. The elec -
tric field caused by the pos i tive trapped charge rises
quickly in the highly con tam i nated ox ides [10-12].
Un der the in flu ence of the ex ter nal elec tric field the
trans port of holes and hy dro gen ions to wards the in ter -
face ox ide – semi con duc tor and the gen er a tion of in -
ter face traps starts. Ow ing to the in flu ence of the
“elec tro static bar rier”, gen er ated by space charges in
the ox ide, the hole and hy dro gen ion trans port to wards
the in ter face was very slow, caus ing the dom i nant in -
flu ence of ox ide trapped charge on the lat eral pnp tran -
sis tor. This ef fect in duced the abrupt re duc tion of the
emit ter ef fi ciency and the de crease of the base cur rent
due to the re duc tion of the space-charge re gion in the
base area [8]. The in crease of the ab sorbed to tal dose
caused higher elec tron in jec tion from the base into the
emit ter area, but also the lat eral pnp tran sis tor’s base
width mod u la tion, set up by the hole supression to -
wards the sub strate. Both mech a nisms had the im pact
on the in crease of the base cur rent dur ing the ir ra di a -
tion.

The spec i fied in ter pre ta tion re lates to the op er a -
tion with small emit ter cur rents. When the high cur rent 

flows through the emit ter, due to the deg ra da tion of
lightly doped emit ter, caused by the pos i tive trapped
charge in the ox ide, the space-charge re gion spreads
deep into the p-type emit ter. The ex am ined sam ples
with the load cur rent of 500 mA op er ate with the sig -
nif i cantly lower for ward emit ter cur rent gain, with the
high car rier in jec tion into the emit ter. In the case of lat -
eral pnp tran sis tors, high holes cur rent flows through
the n-type base, sup press ing the in flu ence of pos i tive
trapped charge in the ox ide on sur face ac cu mu la tion in 
the base area. The in crease of the in ter face trap con -
cen tra tion pro por tional to the to tal dose causes the ad -
di tional rise of the base cur rent and the deg ra da tion of
the for ward emit ter cur rent gain. High cur rent flow
through the lat eral pnp tran sis tors does not cause a sig -
nif i cant re com bi na tion of pos i tive trapped charge in
the ox ide be cause mi nor ity car ri ers in the pnp tran sis -
tor’s base area are holes.

For ward emit ter cur rent gain deg ra da tion of the
se rial pnp tran sis tor is less than ex pected for lat eral
pnp tran sis tors with lightly doped emit ters (de crease
up to 40% in re gard to the cur rent gain be fore the ir ra -
di a tion). Any how, it ap peared that the older tech no -
log i cal pro cess, based on round, not interdigitated
emit ters, was the pri mary rea son for the mod er ate deg -
ra da tion of the for ward emit ter cur rent gain of the
power tran sis tor. On the other hand, small per im e -
ter-to-area ra tio had sig nif i cant ef fect on deg ra da tion
of the emit ter in jec tion ef fi ciency, es pe cially dur ing
the op er a tion with high cur rents, re duc ing the max i -
mum cur rent sup plied to the load. The small area of
junc tions base – emit ter in flu enced a small spread of
space-charge re gions, i. e., pre vented the great in -
crease of base cur rent, hav ing the for ward emit ter cur -
rent gain val ues ac cept able even af ter the ab sorp tion
of the to tal doses of 500 Gy (SiO2). There fore, the in -
for ma tion on for ward emit ter cur rent gain in the op er -
at ing point was not suf fi cient for the eval u a tion of se -
rial tran sis tor’s ra di a tion hard ness, de mand ing also the 
in for ma tion on max i mum cur rent.

Data shown in fig. 5 are good il lus tra tion of a
dom i nant in flu ence of the ox ide trapped charge on the
re duc tion of the base cur rent. The most sig nif i cant de -
crease of the base cur rent can be seen in the un bi ased
sam ples, less in the bi ased cir cuits with  the cur rent of
1 mA, and the least de crease of se rial pnp tran sis tor’s
base cur rent for the low-cur rent sam ples is in the case
of volt age reg u la tors with the cur rent of 100 mA. The
in crease of both in put volt age and emit ter cur rent re -
duced in flu ence of the ox ide trapped charge, hav ing an 
im pact on the base width mod u la tion and the par tial
an neal ing of ox ide traps.

Op po site to the change of power tran sis tor base
cur rent and, partly, out put cur rent, is a steady de crease
of the in te grated cir cuit’s sup ply cur rent, IQ0 (a
qiuescent cur rent re duced for the value of the se rial
tran sis tor’s base cur rent, fig. 4). The re duc tion of the
sup ply cur rent showed lit tle de pend ence on the bias
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Fig ure 5. Change of mean se rial tran sis tor's base cur rent
in volt age reg u la tor LM2940CT5 un der the in flu ence of
g-ra di a tion



con di tions and out put cur rent, in di cat ing a per ma nent
de crease of el e men tary low power tran sis tor’s for ward 
emit ter cur rent gain and emit ter in jec tion ef fi ciency.

In figs. 6-10 are pre sented data of ex am i na tions pro -
cured for volt age reg u la tors “STMicroelectronics”
L4940V5 from the batch WKOOGO 408, made in China.

De spite the ver i fied great ra di a tion hard ness of
volt age reg u la tors L4940V5, from the fig. 7 can be no -
ticed a sig nif i cant de crease of the for ward emit ter cur -
rent gain, reach ing more than 50% in re gard with the
ini tial val ues. Dur ing the first se ries of ex per i ments, it
was as sumed that the main rea son for high ra di a tion
tol er ance of volt age reg u la tors L4940V5 was a small
in flu ence of ion iz ing ra di a tion on the ver ti cal pnp tran -
sis tor's for ward emit ter cur rent gain.

The main rea son why the ra di a tion sus cep ti bil ity 
of the ex am ined ver ti cal se rial pnp tran sis tor was
higher than ex pected is the im ple men ta tion of the
interdigitated emit ter, with high per im e ter-to-area ra -
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Fig ure 6. Change of mean max i mum out put cur rent
in volt age reg u la tor L4940V5 un der the in flu ence of
g -ra di a tion

Fig ure 7. Change of mean se rial tran sis tor's for ward
emit ter cur rent gain in volt age reg u la tor L4940V5 un der
the in flu ence of g-ra di a tion

Fig ure 9. Change of mean quiescent cur rent in un loaded
volt age reg u la tor L4940V5 un der the in flu ence of
g-ra di a tion

Fig ure 10. Change of mean se rial tran sis tor's base
cur rent in volt age reg u la tor L4940V5 un der the
in flu ence of g-ra di a tion

Fig ure 8. Change of mean qui es cent cur rent in volt age
reg u la tor L4940V5 un der the in flu ence of g-ra di a tion



tio, ap plied in or der to in crease the emit ter ef fi ciency
dur ing the op er a tion with high cur rents. In to tal, 36
groups of el e men tary pnp tran sis tors oc cupy large
chip area, with very high per im e ter-to-area ra tio [2].
Con se quently, pos i tive trapped charge in the ox ide has 
the great im pact on the emit ter in jec tion ef fi ciency and
a spread of space-charge re gion deep into the emit ter
area. Af ter the ini tial rapid de crease, for ward emit ter
cur rent gain fell on a half of the ini tial value (for the
sam ples with low load cur rents) af ter the ab sorp tion of
the to tal dose of 200 Gy (SiO2), re main ing in the sat u -
ra tion for higher doses. Yet, for the ex act eval u a tion of
the for ward emit ter cur rent gain deg ra da tion, the data
on the se rial tran sis tor’s base – emit ter volt age (VBE)
are nec es sary. Al though the base and emit ter cur rents
are known val ues, volt age VBE dur ing the mea sure -
ment of the se rial tran sis tor’s col lec tor and base cur -
rent re mained un known, since it was not pos si ble to
mea sure this value dur ing the ex per i ment. Only if the
val ues of cur rent gain were known in var i ous con di -
tions for the con stant val ues of VBE, the re con struc tion
of a char ac ter is tic b(IE) could be pos si ble. There fore,
the con clu sion is that ow ing to the negative feed back
re ac tion the se rial tran sis tor’s op er at ing point moved
away from the max i mum of char ac ter is tic b(IE), and
not for all val ues of emit ter cur rent two fold de crease of 
the for ward emit ter cur rent gain ap peared [8].

The ex am i na tions of the max i mum out put cur -
rent (fig. 6) pointed to a small change of this pa ram e -
ter, al though the for ward emit ter cur rent gain was
halfed in some cases. The ex am i na tions of the max i -
mum out put cur rent de mand se rial tran sis tor op er a tion 
in the high level in jec tion mode (ideality fac tor n = 2).
In this mode a se rial tran sis tor op er ates in the far right
part of the char ac ter is tic b(VBE), where the change of
VBE has the least in flu ence on for ward emit ter cur rent
gain. Some au thors con sider the re duc tion of a volt age
reg u la tor’s max i mum out put cur rent pro por tional to
the se rial tran sis tor’s for ward emit ter cur rent gain
[13], so a change of for ward emit ter cur rent gain in the
high-level in jec tion mode of op er a tion may be con sid -
ered a base for a mu tual com par i son of sam ple’s ra di a -
tion tol er ance. In the worst case, the de cline of the
max i mum out put cur rent of the volt age reg u la tor
L4940V5 did n’t ex ceed 7%. The in crease of the base
cur rent, also as a sta ble reg u la tion of the out put volt -
age pointed to the pri mary sig nif i cance of the driver
tran sis tor and con trol cir cuits (es pe cially the volt age
ref er ence and er ror am pli fier) on the volt age reg u la -
tor’s ra di a tion hard ness, while the cur rent gain loss of
the se rial pnp tran sis tor had less in flu ence.

The men tioned ef fects did not have any in flu -
ence on a proper func tion ing of cir cuit L4940V5, even 
af ter the ab sorp tion of very high to tal doses.

Sim i lar i ties in ra di a tion re sponses be tween two
types of low-drop out volt age reg u la tors were the char -
ac ter is tics of the sam ples that op er ated with high load
cur rents dur ing the ir ra di a tion and change of the volt -

age reg u la tor’s con trol cir cuit’s sup ply cur rent. In se -
rial tran sis tors op er at ing in the con di tions of the
high-level car ri ers in jec tion in the emit ter (a to tal cir -
cuit’s cur rent of 500 mA), the no ticed de cline of lat eral 
se rial tran sis tor’s for ward emit ter cur rent gain (volt -
age reg u la tor LM2940CT5) was some 40%, while the
cur rent gain de cline of the ver ti cal tran sis tor, sit u ated
in the cir cuit L4940V5, was about 30%. Volt age reg u -
la tors L4940V5 showed the same trend of sup ply cur -
rent decrease (fig. 9) as their coun ter parts with lat eral
tran sis tors, but with a slightly more ex pressed de -
crease of un bi ased sam ples sup ply cur rent.

CON CLU SIONS

The im ple men ta tion of a novel method for ex am i -
na tion of low-drop out volt age reg u la tor’s char ac ter is tics
in ra di a tion en vi ron ment gave the pos si bil ity to trace a
change of base cur rent and for ward emit ter cur rent gain
of a power pnp tran sis tor in an in te grated cir cuit with out
di rect mea sure ments on a chip. The volt age reg u la tors
“Na tional Semi con duc tor” LM2940CT5, made by the
use of con ven tional mono lithic bi po lar pro cess with lat -
eral pnp tran sis tors and round emit ters, showed the less
deg ra da tion of the lat eral pnp tran sis tor’s for ward emit ter 
cur rent gain than ex pected. How ever, all sam ples had a
func tional fail ure af ter the ex po sure to low to tal doses of
me dium-dose-rate ion iz ing ra di a tion. On the other hand,
the volt age reg u la tors “STMicroelectronics” L4940V5,
BiCMOS in te grated cir cuits cre ated by the use of ver ti cal 
pro cess with side lo cal ox ides, con firmed high ra di a tion
hard ness.

The in crease of the ab sorbed to tal dose caused the
higher elec tron in jec tion from the base into the emit ter
area of lat eral pnp tran sis tors, but also the base width
mod u la tion, set up by the hole supression to wards the
sub strate. Both mech a nisms had an im pact on the in -
crease of the lat eral pnp tran sis tor’s base cur rent dur ing
the ir ra di a tion in volt age reg u la tors LM2940CT5.

De tailed ex am i na tions of the volt age reg u la tor
L4940V5 pointed to the sig nif i cant deg ra da tion of se -
rial tran sis tor’s for ward emit ter cur rent gain, that ex -
erted by the great in crease of volt age reg u la tor’s qui es -
cent cur rent. Nev er the less, this ef fect did n’t af fect
de vice’s proper func tion ing. The main rea son for the
no ticed sen si tiv ity of the ex am ined ver ti cal se rial pnp
tran sis tor was the ap pli ca tion of the interdigitated
emit ter, with the great per im e ter-to-area ra tio, used to
in crease the emit ter in jec tion ef fi ciency.

The ex per i ment pointed to the great in flu ence of
the emit ter ge om e try on char ac ter is tics of a power
tran sis tor, com pa ra ble with the in flu ence of the im ple -
mented tech no log i cal pro cess. Like wise, it was no -
ticed that the changes of se rial tran sis tor’s pa ram e ters
did not need to be the de ci sive fac tor in the cor rect op -
er a tion of in te grated low-drop out volt age reg u la tors in 
the ra di a tion en vi ron ment.
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Vladi mir VUKI], Predrag V. OSMOKROVI]

UTICAJ  KOEFICIJENTA  STRUJNOG  POJA^AWA  I
GEOMETRIJE  PNP  TRANZISTORA  SNAGE  NA  RADIJACIONU

OTPORNOST  STABILIZATORA  NAPONA

Stabilizatori napona napravqeni primenom razli~itih tehnolo{kih postupaka i
geometrijskih rasporeda bili su izlo`eni jonizuju}em zra~ewu. Iako su tranzistori sa vertikalnim 
emitorima smatrani mawe osetqivim na uticaj zra~ewa na koeficijent strujnog poja~awa u odnosu
na komponente sa lateralnim okruglim emitorima, eksperiment je ukazao na sli~an nivo degradacije
strujnog poja~awa u oba slu~aja. Osnovni razlog velike osetqivosti ispitivanih vertikalnih
serijskih pnp tranzistora je primena “testerastih” emitora, sa velikim odnosom obim–povr{ina.
Zbog toga dolazi do velikog pove}awa struje baze rednog tranzistora, ali je uticaj na maksimalnu
izlaznu struju bio zanemarqiv. Stabilizatori napona sa pnp tranzistorima sa okruglim emitorima
i malim odnosom obim–povr{ina ispoqili su umerenu degradaciju koeficijenta strujnog poja~awa,
ali veliki pad efikasnosti emitora, uti~u}i na zna~ajno smawewe maksimalne izlazne struje. Bez
obzira na sli~nu degradaciju koeficijenta strujnog poja~awa, pouzdanost i funkcionalnost
ispitivanih stabilizatora napona bile su potpuno razli~ite.

Kqu~ne re~i: koeficijent strujnog poja~awa, pnp tranzistor snage, lateralni tranzistor, 
,,,,,,,,,,,,,,,,,,,,,,,,,vertikalni tranzistor, stabilizator napona, gama zra~ewe, struja sopstvene
.........................potro{we


