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ABSTRACT lo, =0 �
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T'he effects of y-rays on the noise characteristics of _ 4W nd

junction field-effect transistors belonging to three lo, -I Mmd

monolithic technologies have been investigated. A
substantially different behavior of the radiation- 5.5 Mrad

induced noise in N and P-channel JFETs was
observed. Tbs ay result in interesting design I IL

considerations.

SUMMARY

Junction field-effect transistors belonging to three I 10 lo, lo, lo, lo, lo,
different monolithic processes have been exposed f [Hz]
to y-rays from a Co source and the resulting noise y-rays, for a PJFET (W/L = 1000/1.2)
degradation has been analyzed. The technologies belonging to the D41LL process. The
assumed as a base for this investigation are a P and saturation of the spectra] density at high doses
N-channel JFET, P and N-channel MOSFET is clearly shown in the figure.
process (complementary JFET-complementary
MOSFET process), a BiCNIOS - P-channel FET The characteristic frequencies of the Lorentzian
process (I)MILL), and a buried layer, N-chaimel terms differ substantially in P and N-channel
JFET-onIv process. Some interesting effects have devices. As an example, fig.2 compares the
been observed. For a better understanding of noise voltage spectra relevant to an NFET and
whether they depend on fundamental device to a PJFET, parts of the complementary JFET-
properties or bear any relationship with the complementary MOSFET process. The devices
technology, a comparison with discrete FETs have the same geometry, gate width W = 00
based upon a well-known process has been �im, gate length L = 4 pm and were operated at
continuously carried on. the same standing current ID = 800 KA. As
It has been observed that, even at very large shown in fig. 2 in the N-channel FET the
integrated doses, the y-rays affect the thermal noise highest characteristic frequency of radiation-
in the channel to a limited extent. The dominant induced Lorentzian terms is in the I kHz
effect of y-rays on JFETs is on the low-frequency region, while in a P-channel device no
noise. Exposure to y-rays results in the appearance Lorentzian terms of characteristic frequency
of Lorentzian terms with characteristic frequencies exceeding a few hundred Hz have been
that seem to be independent of the technology the observed. The noise spectrum in the P-channel
JFET is based upon. The spectra] density of the JFET is flat from I kHz on.
radiation-induced Lorentzian noise increases with
the absorbed dose up to a value where the effect
saturates, as shown in fig. .

Fig. I - Noise spectral density as a flinction of
frequency, at increasing absorbed dose of6oCo
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the equivalent noise charge ENC which is
observed in a prearriplifier exposed to y-rays is

100 actually related to the appearance of the
2) Lorentzian terms. Upon absorption of a large

N-channel integrated dose, they may affect ENC even in
-P-channel

fast charge measurements.
The different characteristic frequencies of the
Lorentzian terms in N and P-channel devices

10 suggest new design criteria that are expected to
be of some importance in the optimization of a

"A_ A A A ,Uj preamplifier in all applications where a little
I" --TT-W" noise sensitivity to the absorbed radiation is

required. The comparison of the noise spectra

I in the irradiated devices made in fig. 2 suggests,
I 10 lo, lo, lo, lo, lo, indeed, that at short processing times the N-

f RZI channel FET be preferred. This conclusion is
quite obvious, as at short times, that is, in fast
charge measurements, ENC is mostly affected
by Lhe channel thermal noise. Channel thermal

100 noise is virtually insensitive to y-rays and is

b) N-channel lower in the N-channel device by virtue of the
= P-channel higher mobility of the electrons. At longer

processing times the P-channel JFET appears to
be superior as a front-end element in a

I preamplifier which during its operative life is

'100 expected to be exposed to y-rays.

Lk k AA.

-TIP

I 102 lo I I lo, lo,

flHZl

Fig. 2 Noise voltage spectral densities relevant
to N and P channel JFETs parts of the
complementary JFET - complementary
MOSFET process: a) before irradiation b) after
exposure to I Mrad absorbed dose from a Co
source. The devices have the same geometry
(W/L = 800/4) and were operated at the same
standing current ID = 800 �tk

Verv much the same behavior was observed in
all tested N and P-channel devices either parts
of monolithic processes or discrete
components. This seems to point to the fact that
the appearance of these Lorentzian terms and
their characteristic frequencies are to a large
extent process independent. More investigation
on this issue is presently being pursued.
The wav these radiation-induced effects
deteriorate the performances of a JFET
employed as a front-end element in a
prearnplifter for radiation detectors will be
clarified. It will be shown that the increase in
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