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ABSTRACT 

For y-ra y spectroscopy with Ge (Li) detectors high event rates are 
often desirable, not only for their application in coincidence experiments 
but also because of the presence of large Compton background. Modern 
instrumentation techniques were applied and a fast servostabilized pulse 
height converter'4 has been used for the measurement of y-ray spectra 
up to event rates of 300 kHz. 

The features of the spectrometer are described and performance 
limitations are discussed. Limitations are introduced especially by the 
detectors, if high peak-rate-to-peak-width ratios are desired. 
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S p e c t r a l p e r f o r m a n c e of a G e ( L i ) p u i s e 
h e i g h t s p e c t r o m e t e r at h i g h e v e n t r a t e s * ) 

G e n e r a l c o n s i d e r a t i o n s 

In the past yea r s many efforts have been undertaken to utilize 
fully the high resolution capabili t ies of Ge(Li) detectors in γ-ray 
exper iments . The drawback of such detec tors , their low peak 
efficiencies (full energy- , escape peaks) decreasing with energy, 
have led to extensive studies to avoid resolution degradation 
at high event r a t e s . L> 

The general aim consis ts in reaching maximum resolution, 
i. e. minimum peak width, and maximum peak-to-background rat ios 
at maximum peak r a t e s . Only a compromise concerning the choice 
of dominant cha rac te r i s t i c s of a spec t rometer system, will allow 
optimum conditions. 

Small planar Ge-detec tors permit good resolution but involve 
high Compton backgrounds. Coaxial Ge-detec tors have worse r e ­
solution but better efficiencies, i. e. lower background. 

Spectral response is strongly influenced by the pulse shaping 
networks of the amplif iers preceding a pulse height converter . , 
By the application of po le -zero cancellation of network p a r a m e t e r s 
resolution degradation caused by pile-up of signals on long pulse 
ta i ls has been reduced to a la rge extent. 
The signal width used for pulse height analysis and the real izable 
pulse shapes a re also of great importance for obtaining a maximum 
peak ra te - to -peak width ra t io . For instance, g rea te r final shaping 
t ime constants allow better electronic resolution and smal le r in­
fluences of charge collection t ime spread on resolution because of 
detector imperfect ions. Small shaping t ime constants reduce the 
influence of pulse pi le-up distort ions on resolution and background. 

Desirable conditions, concerning the influence of pi le-up on 
spectra l performance, would be given for a signal width, not g rea te r 
than the minimum neces sa ry evaluation t ime for complete charge 
collection and maximum signal to noise rat io , i. e. the measur ing 
t ime- to -s igna l width rat io should approach unity. For instance, 
s tandard RC f i l ters have a low rat io, more complex f i l ters , p r o ­
ducing a symmet r ica l pulse shape s imilar to a cusp or t r iangle 
like RLC fi l ters proposed by Blankenship et al. ^ give a ra t io close 
to 0. 5. With t ime variant f i l ters5 a rat io of 0. 5 can also be ap ­
proached; since the filter p a r a m e t e r s a re determined by a control 
signal, such a method should allow an easy adaption of the filter 
performance to varying experimental conditions. 

Up to now studies to obtain optimum spectral performance at 
high r a t e s have taken into account to a l e s s extent the limitations 
imposed by imperfect ions of detector c ry s t a l s " " " and fabrication 
techniques^. Incomplete charge collection, resulting from too short 
measur ing t imes , can have a dominant influence on spectral p e r ­
formance at high γ - ray energies; i. e. , charge loss fluctuations 

*) Manuscript received on 2 December I968. 



have to be s m a l l e r t han a f r ac t ion of 0. 1% to r e a c h a peaK width 
(FWHM) of 0. 1%. I n c r e a s e d m e a s u r i n g t i m e s should a l low t o 
avoid the c h a r g e l o s s e s f r o m t e m p o r a r y t r a p p i n g effects o r to 
r e d u c e l o s s e s if the c h a r g e co l l ec t ion i s s lowed down b e c a u s e of 
i nhomogeneous f i e lds . In f luences of the dead l a y e r edges should 
a l s o be t a k e n into accoun t . 
At high y e n e r g i e s not only the r e s o l u t i o n d e g r a d a t i o n f r o m s m a l l 
c h a r g e l o s s e s i t se l f but a l s o t h e i r i n c r e a s e d p r o b a b i l i t y of o c c u r ­
r e n c e m u s t be c o n s i d e r e d ; at high e n e r g i e s the ion ized c h a r g e p e r 
event i s d i s t r i b u t e d o v e r a l a r g e r f r ac t ion of the s e n s i t i v e d e t e c t o r 
v o l u m e . 

P u l s e shape d i s c r i m i n a t i o n t e c h n i q u e s wi l l a l low to r e j e c t 
s i gna l s f r om a n a l y s i s which a r e p i led up by o t h e r s - e s p e c i a l l y 
backg round s i g n a l s . In t h i s way a l s o the inf luence of i n c o m p l e t e 
c h a r g e co l l ec t ion on the r e s o l u t i o n can be r e d u c e d . P u l s e shape 
d i s c r i m i n a t i o n l i m i t s the m a x i m u m peak r a t e for a c h o s e n shap ing 
ne twork and d e t e c t o r . H igher r a t e s can be ob ta ined only by t h e 
app l i ca t ion of d e t e c t o r s with g r e a t e r eff iciency and (or) by the 
u s e of s m a l l e r m e a s u r i n g t i m e s involving w o r s e r e s o l u t i o n . 

P e a k shif ts at high r a t e s c a u s e d by c a p a c i t i v e coupl ing n e t ­
w o r k s - n o r m a l l y s i tua ted at the output s ide of a m p l i f i e r s to r e ­
ject t e m p e r a t u r e dependent dc shif ts - can be avo ided by the a p p l i ­
cat ion of su i t ab le z e r o l e v e l r e s t o r a t i o n ne tworks^» 12« 13# R e l a -
t ive ly s i m p l e c i r c u i t s , which do not d e g r a d e the s i g n a l - t o - n o i s e 
r a t i o , can be appl ied for the a n a l y s i s of u n i p o l a r p u l s e s . Long 
coupling t i m e c o n s t a n t s should be chosen to avoid p i l e - u p n o i s e . 
If a s e r v o s t a b i l i z e d a m p l i f i e r - p u l s e he ight c o n v e r t o r s y s t e m i s 
used , r e s i d u a l shifts can a l s o be s e r v o e d out s i nce the u s e d r e f e ­
r e n c e p u l s e s migh t shift in the s a m e way a s the s p e c t r u m to be 
ana lysed . 

A r e s t o r e r would not be n e c e s s a r y for b i p o l a r p u l s e s . But 
in g e n e r a l such a pu l s e shape wi l l r e d u c e the m a x i m u m u s a b l e r a t e 
b e c a u s e of a s m a l l m e a s u r i n g t i m e - t o - s i g n a l width r a t i o ; a l o w e r 
s i g n a l - t o - n o i s e r a t i o f r o m b i p o l a r p u l s e shaping can be avo ided to a 
c e r t a i n ex tent if m e t h o d s of we igh ted s igna l s a m p l i n g a r e app l i ed . 

High r a t e m e a s u r e m e n t s could a l s o be l i m i t e d by the s p e e d of 
pu l s e height c o n v e r t e r s . Howeve r , wi th m o d e r n t e c h n i q u e s and e l e ­
m e n t s c o n v e r t e r s with s m a l l p r o c e s s i n g t i m e s can be r e a l i z e d . 
Analogue window s e l e c t i o n for a n a l y s i s in l i m i t e d e n e r g y r e g i o n s 
can i m p r o v e the s i tua t ion . 

14 A fas t p u l s e he igh t c o n v e r t e r h a s been deve loped ' equipped 
with a s e r v o s t a b i l i z e r to ob ta in high s t ab i l i t y a l s o at high e n e r g i e s 
and to avoid r e s i d u a l peak shif ts at h igh r a t e s . 

The uni t con ta in s s i m p l e pu l s e shape i n s p e c t i o n c i r c u i t r y 
to r e j e c t s i g n a l s wi th n o n - u n i f o r m shape b e c a u s e of t h e i r d i s t o r t i o n 
by p i l e - u p o r c a u s e d by de l ayed c h a r g e co l l ec t ion in the d e t e c t o r . 



γ-spec t ra were measured , up to high event r a t e s , with Ge(Li) de tec­
to r s of own production. Both the performance of the instrumentat ion 
and the influence of detector imperfect ions on high ra te l imitat ions 
a re demonst ra ted . 

E x p e r i m e n t a l s e t u p 

Fig. 1 shows the general lay-out of the instrumentat ion used 
for y-spectroscopy up to high event r a t e s . The system consis ts of a 
preamplif ier with charge sensit ive input loop, a main amplifier, ac 
coupled near i ts output and equipped with a baseline r e s t o r e r , a 
pulse height conver ter with pi le-up inspection c i rcui t ry at its input 
and a s tore . The servo control unit in the converter del ivers 
electronic re ference pulses to the preamplif ier input. 
As basic element for signal amplification, a standard operat ional 
amplifier had been designed (Fig. 2). The main features of the unit 
a r e : high input impedance, low noise because of field effect t r a n s i s t o r s 
at the input, good zero level stability vs . t empera tu re , small non-
l inear i ty (0. 01%, closed loop conditions, signal levels up to > ± 10 V) 
and high slewing ra te (> 300 ν / μδεο). 
Only the input c i rcu i t ry of the charge sensitive loop is different from 
the standard design; four uncooled F e t ' s in paral le l a re used to ob­
tain a high s ignal- to-noise rat io also for detectors with grea te r capacity. 

To a s s u r e a negligible degradation of the s ignal- to-noise rat io 
by the amplifier s tages connected to the charge sensitive loop (in­
fluence of low frequency noise and hum), but also to avoid nonlinearity 
effects from a pi le-up of long tail pulses , predifferentiation of the 
signals is performed direct ly after the charge sensitive loop and final 
differentiation after the f irs t stage of the main amplifier. Pulse r a t e s , 
up to > 300 KHZ can be applied; all amplifier stages have a great 
dynamic range. 

Pure unipolar pulses a re obtained by pole-zero cancellation of 
network p a r a m e t e r s . For final pulse shaping a network designed by 
Blankenship et al. 4 has been pre fe r red to a simple RC filter to ob­
tain a better measur ing t ime- to -pu lse width ratio for high rate m e a ­
surements . 

A clean unipolar pulse shape, down to better than 0. 1% of the 
signal amplitude has been reached without special efforts (Fig. 3). 

The ac coupling near the amplifier output re jects the influence 
of a t empera tu re dependent zero level shift of the dc-coupled amplifier 
on the spec t rometer performance, especially at high gain sett ings. 
A r e s t o r e r vers ion has been chosen2 which will not degrade the s ig­
nal - to-noise rat io already- at low pulse r a t e s . A coupling t ime con­
stant of 10 msec is applied to avoid an important influence of p i le-
up noise on the energy resolution up to high ra tes (~ 50% duty cycle) 
and y-energies. A residual mean shift can be held small , par t icular ly 
by the high input impedance of the circuit . 



Signa l s a r e r e j e c t e d f r o m a n a l y s i s if t h e i r r i s i n g edge i s 
p i l ed up by t a i l s of p r e c e d i n g s i g n a l s o r by the r i s i n g edge of a 
s ignal a r r i v i n g l a t e r . F o r tha t p u r p o s e i n s p e c t i o n c i r c u i t r y h a s 
been app l ied being an i n t e g r a l p a r t of the deve loped p u l s e he igh t 
c o n v e r t e r . Two i n s p e c t i o n s a r e p e r f o r m e d , f i r s t , t he c o n v e r t e r -
f r ee for a n a l y s i s wil l only open the input ga te if t h e r e i s no 
s ignal l eve l above the n o i s e ; second, if a s igna l , a r r i v i n g a f t e r 
ga te opening , h a s a z e r o - t o - p e a k t i m e , g r e a t e r than a p r e s c r i b e d 
va lue , it wi l l be r e j e c t e d by the shape i n s p e c t i o n c i r c u i t . 

M e a s u r e m e n t s 

The s p e c t r o m e t e r p e r f o r m a n c e w a s m e a s u r e d with Co 
γ - r a y s at v a r i o u s input r a t e s (F ig s . 4, 5, 6). Two d e t e c t o r s of 
t yp i ca l qua l i ty wi th d i f fe ren t v o l u m e s and two shap ing n e t w o r k s 
w e r e chosen for the m e a s u r e m e n t s . 

D e t e c t o r s : 
3 

1) P l a n a r t ype : Geli 20a, 8 m m s e n s i t i v e depth, 2. 5 c m s e n s i t i v e 
v o l u m e 

2) Double ended coax ia l t ype : Geli 17, 7-9 m m s e n s i t i v e depth , 
16 cm-5 s e n s i t i v e v o l u m e . 

Shaping n e t w o r k s : 

R L C F i l t e r , n o i s e c o r n e r t i m e cons t an t , 0. 5 μεβο. and 1. 0 μββο. 

The bes t r e s o l u t i o n at l o w e r r a t e s i s ob ta ined with the s m a l l 
d e t e c t o r and the g r e a t e r shaping t i m e cons t an t (F ig . 4a) , a s to be 
expec ted . At the h ighes t r a t e s the s m a l l e r shaping t i m e c o n s t a n t s 
give b e t t e r r e s u l t s : the peak width b 1 oaden ing due to the non idea l 
p e r f o r m a n c e of the p u l s e i n s p e c t i o n c i r c u i t s m u s t be of l e s s i m ­
p o r t a n c e b e c a u s e of the s m a l l e r duty c y c l e . F o r the s a m e r e a s o n s , 
a l s o the p e a k - t o - b a c k g r o u n d r a t i o i s g r e a t e r for the s m a l l e r t i m e 
cons tan t at the h ighes t r a t e s (Fig . 4b). 
The h ighes t peak r a t e s can be a c h i e v e d with the coax ia l d e t e c t o r 
(Fig . 5a); if one def ines the r a t i o , peak r a t e - t o - p e a k width , a s a 
qual i ty f ac to r , the h ighes t v a l u e i s ob ta ined wi th the coax ia l d e ­
t e c t o r and 0. 5 \isec shaping t i m e cons t an t (Fig . 5b). 
B e c a u s e of the a v a i l a b l e s e r v o s t a b i l i z e r p e a k - s h i f t s w e r e s m a l l e r 
than 0. 04% up to the h ighes t r a t e s (Fig . 5c). However , t he r e g u ­
la t ion r a t e wil l be r e d u c e d at h igh input r a t e s s i nce p i l ed up l e g u -
la t ion p u l s e s a r e r e j e c t e d in the s a m e way a s the s i g n a l s f r o m 
r a d i a t i o n . 

F o r one d e t e c t o r the s p e c t r a l shape of the 1. 33 MeV peak 
at v a r i o u s r a t e s i s shown in F ig . 6. The m e a s u r e m e n t at 150 KHZ 
without p u l s e i n s p e c t i o n s shows the eff iciency of tha t c i r c u i t r y . 

The p o s s i b l e in f luence of the d e t e c t o r qual i ty on the s p e c t r a l 
p e r f o r m a n c e can be d e m o n s t r a t e d by m e a s u r i n g the r e s o l u t i o n at 
v a r i o u s p u l s e s h a p e s and d e t e c t o r b i a s v o l t a g e s (F ig . 7). 



The reduction of the s igna l - to -no ise - ra t io with dec easing shaping 
time constants (Fig. 7a) is small in comparison with the resolution 
degradation introduced by the radiation. A factor F x has been derived 
from the m e a s u r e m e n t s which becomes the Fano factor (F) if an 
ideal detector would be available. 

R = Resolution [FWHM, keV] 
with radiation of an energy 

(R2 - R2 J E £MeV3 
x v g el 

F = ^~z R = electronic resolution 
2. 36 · e E e [FWHM, keV] 

e = energy conversion 
factor ~ 2. 9 eV per 
unity charge for 
germanium. 

For the s t ronger inc rease of F for shaping constants, < 1 μsec, 
which is to a f i rs t o rde r independent of bias voltage and energy, 
t empora ry trapping and edge effects might be responsible in t ro ­
ducing an inc rease of charge collection t ime spread. 
F x will become g rea t e r at low bias voltages m a i n i / due to an in­
c rease of the charge collection t ime. The spread of the charge 
collection t ime is equivalent to a fluctuation of charge losses since 
it is converted by the filter networks into a fluctuation of signal 
ampli tudes. The worse resu l t s at higher energies demonstra te the 
increasing probabili ty of such loss fluctuations introduced by the 
bigger charge clouds. 
It should be noted, that the resu l t s given for one detector a re 
typical also for other de tec tors fabricated from different c rys ta l s . 

C o n c l u s i o n s 
It has been shown that an acceptable high ra te performance 

with a Ge(Li) spec t romete r of modern but standard design can be 
reached if the right compromise between various influencing pa ra ­
m e t e r s is chosen. Especial ly the strong influence of the detector 
quality on experimental r esu l t s must be taken into account for further 
improvements . F a s t e r and more complex equipment for pulse shape 
inspection should reduce resolution degradation at the high rate l imi t s . 
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PREAMPLIFIER MAIN AMPLIFIER 

τ = α25-2μ$βε 

DETECTOR 

REFERENCE SIGNALS 
FOR SERVO CONTROL 

PULSE HEIGHT CONVERTER 

Fig.1 GELI SPECTROMETER, EXPERIMENTAL SET UP 

T1: Tis 68 
T 2 , : A , T 5 , T 9 : 2N3904 
T3.T6.T10: 2N3906 
T7 2N2219A 
T8 2N2905A 

Dy.i,: IN9M (si) 
D5 : AAZ18 (Ge) 
M, WW : PRECISION RESISTORS 

Fig. 2 STANDARD OPERATIONAL AMPLIFIER 
FOR HIGH RESOLUTION SPECTROMETERS 
CIRCUIT DIAGRAM 

5 K) t [MS] 

Fig.3 PULSE SHAPE FROM AMPUFIER 
WITH DIFFERENT SHAPING 
NETWORKS (RLC FILTER.RC FILTER) 



IO 

GELI 20a 

GELI 17 

Fig. Aa 
RESOLUTION [FWHM] 
VS. INPUT RATE 

PEAK-T0-6ACKGR0UND 
RATIO VS. INPUT RATE 

Fig.A SPECTROMETER PERFORMANCE VERSUS INPUT RATE 
Detectors: GELI 20a [2.5cm3, planar] .GELI 17 [double ended coaxial, 16 cm3] 

60Co Y-rays. full energy peaks at 1.17 and 1.33 MeV 
Pulse shaping : RLC Filter, noise corner time constant. Τ =05;1MS 
Pulse shape inspection circuitry : properly adjusted. 
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Fig 5a PEAK RATE VS. INPUT RATE Fig.5b PEAK RATE-TO-PEAK WIDTH RATIO VS INPUT RATE 
[PEAK RATE = SUM OF PEAKS AT 1.17 AND 133 MeV] [MEAN VALUES OF PEAK RATES AND PEAKWIDTH 

AT 1.17 AND 1.33 MeV WERE TAKEN] 
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o 133 MeV 
χ 1.17 MeV 
Δ133 MeV 

α 

>1us 

IBTv 
>05μ* 

1.17 MeV ' 

GELI 17 

10 10J i 5 
Fig. 5c RESIDUAL PEAK SHIFT VS INPUT RATE 

Fig.5 SPECTROMETER PERFORMANCE VERSUS INPUT RATE 
(EXPERIMENTAL CONDITIONS AS IN Fig. 4) 
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Fig.6.SPECTROMETER RESOLUTION AT DIFFERENT INPUT RATES [60Co 1,33MeV PEAK] 
DetectonGELI 20a [2.5cm3 planar] Pulse shaping: 1 με . R LC Filter 

With pulse shape inspection: 2 66KHI O) 
56 KHz b) 

150 KHz cl 
Without pulse shape inspection: iso KHZ d) 

0.9 

at 
0.7 

06 

05 

04 

03 

02 

01 

0 

F* [FICTIVE FANOFACTOR] 

Φ 

05 2 Χ m 

Fig. 7a ELECTRONIC RESOLUTION 
VS. PULSE SHAPE 

[influence of detector bias 
neglegibte] 

x 1.83MeV [ β β γ ] 
Δ 1.33 MeV [ 6 0 C o ] 

O 0.66MeV [ ' 37 C s ] 

600 V 

-1200 V 
Detector bias voltagt 

Fig. 7b FICTIVE FANO FACTOR F« VS. 
PULSE SHAPE AT DIFFERENT 
Y.RAY ENERGIES 

Fig.7 DETECTOR RESOLUTION VERSUS PULSE SHAPE 
Detector: GELI 20b [26cm3 planar , 8mm sensitive depth] 

Pulse shaping -. R LC Filter. T = 0 . 5 ; 1 : 2 μ5 noise corner «me constant 
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