
Presented at the IEEE Nuclear Science 
Symposium, San Francisco, CA, October 19-21, 
1977; also published In IEEE TRANSACTIONS 
ON NUCLEAR SCIENCE, Vol. NS-25. No. 2 
(April 1978) COr-AJ ~ n i o 

LBL-7281 

SOME ELECTRONIC ASPECTS OF ENERGY MEASUREMENTS 
WITH SOLID-STATE DETECTORS 

F. S. Gouldlng and D. A. Landis 

April 1977 

Prepared for the U. S. Department of Energy 
under Contract W-7405-ENG-48 

MASTER 
Dis-ran;' 





Preamplifiers 

Figure 2 shows a block diagram of the charge-
sensit ive preamplifier and two methods of competing 
the detector. In the upper c i r cu i t the detector is 
ac coupled to the preamplifier *nd while i t is dc 
coupled in the lower c i r cu i t . The ac coupling re­
quires two extra components, the detector loa-1 
resistor (RL) and the coupling capacitor (CcJ. These 
components contribute noise and increase the stray 
capacitance to ground, thereby degrading the energy 
resolution seriously in a high resolution spectro­
meter system. Furthermore, an additional d i f fe ren t ia ­
t ion Is produced in this input c i r c u i t , for these 
reasons, most high-resolution spectrometers are dc 
coupled. One disadvantage with dc coupling is that 
the detector leakage flows through the feedback 
resistor causing an offset in the output voltage of 
the preamplif ier. This is normally not a problem in 
cooled detector systems. The important components of 
the prearp l i f iers are the FET, feedback capacitor, 
and feedback resistor. The feedback capacitor 
determines the charge sens i t iv i ty of the preamplif ier. 
The feedback resistor contributes *tup noise a'* do 
leakage currents of the detector and the FET gate 
c i r c u i t . The resistor value should be large to 
minimize i t s contribution to the noise. However, 
the feedback resistor also determines the value of the 
product of input rate and average energy per pulse 
at which the preamplif ier w i l l saturate. 

Figure 3 shows the electronic resolution of a 
high-resolution s i l i con system as a function of 
shaping time (peaking time) of the main ampl i f ier . 
The one dotted l ine (N<.?) represents the step 
noise, and is proportional to the tota l leakage 
current ( I ) at the input of the preamplif ier, and 
to the shaping time (T). The noise from any paral le l 
res ist ive components in the input c i r cu i t (+feedback) 
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has the same characterist ic as leakage current noise 
and can be included with the tota l leakage according 2 ¥1 to the relat ionship 1 R = • — ~ . The dotted l ine 
marked N ' represents the high frequency or delta 
noise is mainly due to FET channel noise. The mean 
square resolution is proportional to the absolute 
temperature (T), and to the total input capacitance 
squared (C ). I t is inversely proportional to the 
tran^conductance of the FET (gm) and to the shaping 
time (T) . 

The FET is probably the most important electronic 
component in determining the electronic resolution of 
the spectrometer. In the ideal case, a FET with an 
input capacitance equal to the detector capacitance 
should be used. In practice th is is jus t a guide as 
other factors may determine the correct choice of FET. 
The resolution shown in Fig. 3 is of a F1I4416 FET 
remour.ted in a low loss header and u^ed in a low 
capacity, high resolution si l icon-detector x-ray 
spectrometer. The part icular FET was selected from . 
a large number. The FET's are f i r s t tested in the 
standard header in a test j i g that can be cooled 
quickly nearly to 773K, and the promising candidates 
are remounted in special headers and tested in a high-
resolut ion pulsed-l ight feedback1 system. Larger 
FET's than the ifl4416 are used with large planar and 
coaxial germanium detector systems. 

Very high resolution spectrometers as used in 
x-ray spectrometers do not use the resistor-feedback 
charge-sensitive preamplifiers discussed ear l ier . 
Instead the pulsed-l ight feedback method of discharg­
ing the feedback capacitor is employed. The advan­
tages of the pulsnd-l ight feedback system are that 
the stray capacitance and noise of the feedback 
resistor are el iminated, and also the decay time 
constant of the preamplif ier feedback components is 

PITECTOB BIAS I'OSITIVE 

DETECTOR BI*S .NEGATIVE. 

Fig. 2 Charge-sensitive preamplif ier configuration 
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Fig. 3 Resolution as _ 
t o r a t 77QK, FE7 5 mA/V 

function of time constant of a high-resolution s i l i con detector system. 
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eliminated so that no pole-zero correction is needed 
in the amplif ier. A block diagram of the pulsed 
light-feedback preamplifier is shown in Fig. 4. Both 
leakage current and s ignal ; from the detector cause 
the preamplifier output to move in a posit ive d i rec t ion ; 
when the output reaches an upper l eve l , a l i gh t 
directed onto the FET chip is turned on. This causes 
the FET gate current to increase, causing the feedback 
capacitor to discharge unt i l the output reaches a 
lower discriminator level . At th is po int , the l i gh t 
is turned o f f . The l igh t intensity is adjusted to 
give a reset time in the range of 5 to 10 us. Since 
the pulscd-l ight feedback preamplif ier has a fixed 
output voltage range ( in our case about 2 V). i t does 
not saturate even when high rates and high energies 
are encountered. 

High-Rate Performance 

The main amplif ier used with the pulsed-light 
feedback preamplifier must be able to handle the 
large overload produced by d i f fe rent ia t ion of the fast 
reset waveform from the preamplifier and recover 
rapidly from i t . The amplif ier used by us produces a 
nearly Gaussian shape and has a recover time to within 
about 0.1U of the baseline of less than four times 
the peaking time. The peaking time can be changed to 
optimize the output rate and resolution when used at 
high rates. Figure 5 compares the input rate with the 
output rate and resolution of a s i l i con pulsed-light 
feedback system of an Fe' : i ) 6 keV x-ray source, A p i l e -
up rejector removes i n t e r f e r i n g pulses. The output 
rate for this part icular system can be doubled by 
reducing the 17 us peaking time to 9 ys with only 

about 35 eV degradation in resolut ion in the 6 keV 
x-ray peaks. 

Some FET's, when reset with the l i g h t , have a 
low level a f te r -e f fec t that can last for several 
mil l iseconds. With care this can be compensated 
e lect ron ica l ly to reduce the ef fect to a time less 
than 100 us. Much care must be taken to reduce 
after-e-ffects in the whole system to obtain good 
energy resolut ion far high energy signals at high 
rates. For example, i f there are many slow pulses 
from the uncompensated or dead regions in the detector, 
the resolution is degraded at high rates. Planar 
high-puri ty germanium detectors produce pract ica l ly 
no slow pulses compared with L i -d r i f t ed germanium 
detectors and therefore produce better spectra .it 
high rates. 

While very low noise and good electronic resolu­
t ion is most important in low energy spectroscopy 
other factors become important at high energy and high 
counting rates. Figure 6 shows the var iat ion in 
energy resolution of a cooled s i l i con detector as a 
function of energy due to s t a t i s t i ca l effects of 
charge production in the detector and for various 
values of electronic resolut ion. The curves assume 
a Fano factor of 0.12 for s i l i c o n . The energy range 
is from 100 eV to 100 keV. Note that at 100 keV, i f 
the electronic resolution is under 50 ei/, the spectro­
meter resolut ion is 500 eV, and i f the electronic 
resolution is 250 eV, the to ta l resolut ion is about 
550 eV- This 50 eV change ir, only 0.05?: of the total 
energy. At high rates, the resolution can easi ly 
degrade much more than t h i r . i f care is not taken 
to minimize a l l a f ter -e f fects in the system. 
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Fig. 4 Pulse light method of discharging the feedback capacitor. 
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5 Shows the effect of counting rate on resolution on Nn x-rays for different Gaussian peaking times. The 
output counting rate is also shown. 
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Fig. 6 Energy resolution of a s i l i con detector system as a function of energy anJ electronic resolution in the 
range of 0.1 to 100 keV. The best achievable germanium detector resolut ion is also shown. 

These include slow pulses from the detector, l i gh t 
af ter-ef fects in the FIT and detector in a pulsed-
l i gh t feedback system, non-perfect feedback resistors 
in resistor systems, l i near i t y and temperature effects 
in the transistors and integrated c i rcu i ts of the 
preamplifier and main amplif ier and effects in base­
l ine recovery and l inear gate c i r cu i t s . With care 
spectrometers can be made that give very good resolu­
t ion at high rates and high energies. As an example, 
an 8 cc planar high-purity germanium detector system 
with a cooled FET in a pulsed light-feedback system 
which exhibits an electronic resolution of about 900 
eV at 6 us peaking time gives 1.64 keV at energy of 
1.33 HeV at low rates and the resolution degrades to 
only 1.65 keV at 100,000 counts per second. This 
part icular system uses a gated, wrap-a-round baseline 
restorer that exhibits negligible peak sh i f t from 
low to high rates. 

Pile-up rejectors must be included in a l l systems 
to be used at high rates. Figure 7 shows a block dia­
gram of one type of pile-up rejector. Signals from 
the preamplifier are di f ferent iated or clipped by a 
delay l ine to short pulses that feed the input of the 
c i r c u i t . These pulses tr igger an updating one-shot 
whose width is equal to the tota l width of the pulses 
in the shaping ampli f ier. The short pulses and the 
updating one-shot output are fed to an AND gate. 
Any output from the AND gate indicates t h i t two pulses 
came wi th in one inspection time. The short delay 
prevents an output from the AND gate from the i n i t i a l 
pulse. ( I f the one-shot is triggered on the back 
edge of the clipped pulse, no delay is needed.) The 
AND gate output sets a f l i p - f l o p which when set , 
inh ib i ts the linear gate and prevents the piled-up 
signals from being measured. Figure 8 i l lus t ra tes 
the effect of such a pile-up c i r c u i t . A cooled 
s i l i con x-ray pulsed-light feedback system with a 
Gaussian-shaped pulse that peaks at 4.5 us and has a 
to ta l width of about 12 us was operated at an output 
rate of 260,000 :9ur.ts/sec from an Fe , j b !(-ray source. 
The two spectre *-ere run for the same counting time. 
The part icular pile-up rejector had a resolving time 
of about W0 n-i. This means that i f two or more 

pulses occur w i th in 300 ns of each other the rejector 
cannot recognize the interference and the pulses would 
be measured as a single sum pulse. The spectrum with 
the pi le-up rejector shows these sum pulses with double, 
t r i p l e , and quadruple pi le-ups. When the rejector is 
not used, the background at energies higher than the 
x-ray peaks, was almost two orders of magnitude larger. 
Consequently, weak peaks at energies higher than strong 
peak tend to be los t in the pi le-up background i f no 
pi le-up rejector is used. Note that the counting 
rate in the main x-ray peaks is roughly the same with 
or without the pi le-up rejector. 
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Fig. 7 Shows thi' operation of a pi le-up rejector 
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Fig. 8 I l lus t ra tes the effect of a pile-up rejector on a Mn x-ray spectrum taken at an input rate of 260,000 
counts per second. 
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