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Emanuel Elad and Michiyuki Nakamura o o

Lawrence Radiation Laboratory.
University of California '
Berkeley, California

January 3, 1966

The excellent enéfgy resolutio‘r; of semiconductor radiation
detectors is éxperimentally limited by' ‘the resolving pow.e'r Qf the
afnplifying system and by stati"s.tical'ﬁ'ﬁctuatio_n_s.I The noise éon'— _

: tribu_’ciéﬁ of the amplifyiﬁg systexﬁ?is con‘s.tan.t iﬁ the energy dynami;
range, whereas the 'céntfibutién of the sta;tistié.s' of éleét_ro‘n-hole

formation is ‘proportional to the squafe root of the energy,

we (Wl [2.36('@;)-1/2,]_2} 1/2 |

where
W = resolution expres'sed in FWHM .
W = amplifier resolution

F = Fano factor"

E = energy in eV

t

average energy required to produce one

€
' electron-hole pair.

Thefé‘f,ére, at low energies the resolution is lir%lited by the noise of
the amfslifying sysfem, mainiy noise of the dete;for and the input
stage of the preamplifier. |

The inher'ent low néise ofthe field-effect transistor (FET)‘ |
made tﬁis device sx.lpe‘rior‘, when used as fhe_ active element of the

1;2

input stage to any low-noise tubes used previously?. We describe

here an improved version of .an FET amplifying stage4 used as an
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input stage of. a low,fnbise preamplifier szf, semiconductor rad‘iétion
"~ detectors. ;I’Ihe elimination of several noise soufces has made pos -
gible a spectrometer 'res'olution of 0.7 keV, compared_iwit.h th¢ 1.1 keV
resplution échievéd with.the basic cir‘cuitl}. The scherﬁatic of th(;
basic ciArcuit is given in fig. 1. o
| The noise of a c'ovrﬁmon-source afnplifyi’ng stagé_ is described

by the following formula®

Loy =4 KT AF[GS+G1+—g-—, (Gsfqi) 1,
where - - S
R. = 1. source resistance
S Ge : .
: S
1 . :
R1 e = gate resistance

[N

C = a constant - ' c . c

i

' AF = bandwidth.

As the noise is a hyperbolic function of the gate resistance, it is
advantageous to use high-value resistances for this purpose. However,
on analyzing the DC conditions of the stage we find that the bias of the

FET is equal to

Vo, = (I, - IR

where A v | ’ L - o
I-g = leakage current of the FET | - ; S _ ‘

I leakage current of the detector.:

D
Usually ID >Ig, and the bias is negative, The bias incfeasés Wlth R1

causing a decrease in =0 of the transistor, but also a decrease in its.
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input capacitance, Having these opposing effects, we measured the

1
leakage detector (Ig = 0.5 nA) and a 2N3823 FET to do this. The

-noise of the stage to establish the optimum R,. We used a low-

results of the me'asurement (with Hewlett-Packard's rms voltmeter
model 3400A) are given in fig. 2. The results obtained from several
detector-FET combinations show that very high resistances should be
uscd where low noise is required, .

| :Fo.r low-energy radiation measurements we were interested
in j:he lowest noise possible, and therefore we used the circuit shown
in fig, 3, The detector was a low-leakage (0.5 nA) low-c’:'apacita'nce

(2 pF) iithium-d‘riftcd silicon crystal (5 -mm diam, 3-mm thick),

. was insulated from ground by means of ceramic rods, an arrangement

which was described previously6. Tne bias voltage used was 250 V.
The operating point of the FET stage is defined by the resistahce of
the detector; for various detector-PET_combiﬂations, the FET bias

ranged from 0.2 to 0.8 V. The detector and the FET were kept close

‘to liquid ni-troge}:n temperature, ensuring stable operatzon of the ampli-

- fying stage. Alfhough the circuit was voltage sens1t1ve, no long-term

(3 months) mstab111t1es were observed. The removal of gate resistor
and feedback capacitor eliminated two soldering points on the mput lead
which create faxrly h1gh thermoelectnc electromotive forces.

The low-energy spectra. measured were the x rays of 57Co

and 241 Am, Figure 4 shows the x rays of 57 Co measured with a

'resolutxon of 0. ‘7-keV FWHM. This spectrum shows also the noise

f?
limit of the systcm as bemg approxxmately 2 keV, The 24‘IA

spcctrum (fzg. 5). which exhibits clearly the L LB’ and L.Y X ray'é. '

;5";4‘&*’

?
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also indicates intergroup separation (Lﬁz = 16.95 keV - Lﬁi = 17.76 keV,
Y6

and L, = 20.80 keV - L
Yy _
" The described system is particularly suited for an integrated

= 21.48 keV) for lines only 0.8 keV apart.
circuit arrangement that may improve further the re_sAolutidnv of nuclear
spectr‘osco’py.

‘The authors would like to écknowledge the technical assistance

of Richard C. Jared and John J. Griffin.
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Figure C'aptions
Basic ciquit of the FET input stage.
Preamplifier noise versus gate resistance of the FET.

Improved circuit of the FET input stagve'.'
| 57 |

: X-réy?spectrum of ° 'Co.

x ' 241
-ray spectrum of Am,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








