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iy o '.I‘héii'n‘hereht low noise of the field-effect transistor (FET) made = -

it an'_attfaéfive.éandida;te for the input stage of high resolution preamplifiers.

| "Recently, a number of preamplifier é:’gréuits using an FET in the input stage o

‘ L ! '
12,3 This letter describes briefly a low-noise FET

- preamplifier (pulse generator resolution 0.7 keV FWHM) with which 1.1 keV y
.‘ resolufion‘ was achieved in mea.su,remént of y-ray spectra of 57Co. The |
@?-' approach £ollow;d in the design of the described preamplifier was based on
- the opfimization of the signal-to-noise ratio, The follgwing 'steps were taken

" .'to achieve this purpose:

a. The input stage was inserted into the chamber containing the detector.
b. The input stage was simpliﬁed by insulating the detector from ground.

c. The FET was cooled to’improve its signal-to-noise performance.

d. High frequency filters were used inside the charge-sensitive amplifier, ¢ .

e, Careful layout was made for the input stage and the following sections.‘:.f_‘?' <

3

" detector was used.

The block diagram,of the preamplifier is given in Fig. 1. The detector used , | -.

- 13 a LRL-Liverrr;o%ewtype lithium-drifted germanium diode with- dimensibhs
' 3X1x0.3 cm and cg,pa.cita.nce of 1.9 p¥F, 4 The bias voltages used for this . - o

T _-": type of detector are in the range of 700 to 1500 V, and the leakage currents

P e v, B

et
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range from 0.5 to 3 nA This- low leakage is obta.med keepmg the detector
-7

o L cooled to 11qu1d mtrogen temperature in vacuum of 2X10 " mm Hg.

" ensures its charge sensitivity and the stability of output signal with changes

Fig., 2 :I‘he n-channel FET used (2N 3823) has a small mput capacitance

-

The charge signal delivered by the detector is applied to 2 charge-, '-

~

" sensitive amphﬁer composed of common-source FET stage, an integrator and _ »

" amplifier 4. The capacitive negative feedback of this high-gain configuration

of the detector' s capacitance. a

- 1
7, .

As mentioned before, the FE'I"lstage'wa.s mounted inside the -

: 'chamber containing the detector, The following advantages were gained by - o
' this mounting: B — o !

(2) Input.strayr capacitance is minimized by bringing the FET as 'close:asi : ‘
. posé_ible to the detector and eliminating the capacitance of the feed-

through terminals,
(b) The cooling of the field-effect transistor is simplified. '
i

] . (c) The mherent shielding of the input stage by the meta.l chamber con~ . ©

‘taining the detector is very effectwe in e11mmatmg the low—frequency

no1se which m1ght otherwise saturate the preamphﬁer.
L The complete c1rcu1t diagram of tha.t part of the preamphﬁer mcluded ingide

. the detector cha.mbeir (shown inside the dashed 11ne in F1g.‘. 1) is g1ven in
.,1.

(6 pF max) and a h1gl‘1 gm (3500 to 6500 p.mhos) at zero b1as and at room

temperature., The optlmum slgna.l—to—noa.se performance oftthe FET was L -
found to be at the tem{:era.ture of approximately -130°C. Also, for optimum "

4 v

" 'performafxce itiis necessary to select the FET' s, Another n—channel FET
which gavL: shghtly poorer performance was 2N3684, - 'i:-:‘

‘ : . ;:! :
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e ven U e SN, L e e LthoL Ml i
P S TS S e T B TR .

.,
R
et




UCRL-16390

e sens:.t:.ve amp11f1er was a.chleved by f11termg the output of the FET stage. _

Th1s is done by the 1ntegrator (0. 1 psec time constant) and by choosmg low-A o

fT transistors for amplifier 1, The output signal of the cha.rge-sensm.ve s <
B “ ' section is amplified by feedback amplifier 2 (gain of 10) in order to diminish . -
‘ the mfluence of low-frequency p1ckup by the ca.bles between the preamphﬁer

"+ and the main amphﬁer. ’

e

The preamplifier performance was checked with pulse generator .

J

and radioactive sources. The convent/iéna.l pulse generator test wes carried -
. out with a mercury-relay type RIDL pulse generator Model 4‘7-3. ‘An ar,no’untf;’ ‘
; | 1. N of che.rge .sir"nul'ating the y-ray energies of co was inserted in the input of - g
| | '. the FET through 0. S-pF capac1tor, which was disconnected after the test. -

No1se line W1dth of 0.7 keV FWHM was obtained w1th zero external capac1tance

’-

when the FET was cooled to its opt1mum tempera.ture.

N}
. N
A

The preamplifier assembly was checked for actual resolution with ..

60

R
- x rays of Pt and y rays of 57C6 and “"Co. The bias voltage for the detector

.Was 1200 V,and the pulse-shaping time constants of the rn_ein empliﬁer were ,
0.5 psec integration and 5 psec differentiation. The pulse-helght analyzer
| spectrum of Pt'x rays and 57Co Y rays is given in Fig, 3 . The lines shown
are K x rays (65 12 keV 66 83 keV) and Kp x rays (75.75 keV, 77.87 keV) R
C T of p1at1num. and the v rays (121, 94 keV, 136, 31 keV) of 57co. An expanded . -

: i
spectrum of the Pt x rays is shown m F1g. 4. From this sxpectrum the

sepa.ratlon of the K' group to K ay and K 2' whlch are only i 71 keV apart,

S ']
© . can be’ se n, Alsd th\e Kp group is resolved into Kﬁ& and K‘3 (2 12 keV

apart) -‘:'-_ 'he resolution measured from F1gs. 3and 4 is :l ‘.f\ ,keV FWHM.,




" be pubhshed in the near future, !
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and thh the pulse-shapmg tlme constants. , The resolutmn obtamed for the

v ra.ys (1 17 MeV and 1.33 MeV) of 6000 was 5.7 keV This degradatmn in K -

resolut1on‘1s due to the low efficiency of the detector (small size) for the

“high-energy y rays.’ o v
It is felt that the reported results can be improved beyond 1keV .
- by decreasing further the input capacitance ef the preamplifier by using inte-

‘grated circuit techniques with the FET and the-"detector deposited on the same -

wafer. Also, from comparing the pulse generator and analyzer resolut1ons, '

it can be seen that further decrease in the detector noise and capac1tance will .

- }
be welcomed. K ,

Deta11ed descnptxon of the preamphher and performance data w111

/,

The author wishes to thank Michiyuki Nakamura for ma.ny helpful

3 d1scussions, and David C. Camp and Guy A. Armantrout from the Livermore

group for prov1dmg the .germamum detector.
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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

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.








