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Preamplifier Design 

Figure 1 shows a block diagram of a conventional pulsed-light feedback 
preamplifier. When the output voltage of the preamplifier exceeds a positive 
predetermined level, the charge restoration circuit is promptly activated. 
This is accomplished by turning on the LED that is optically coupled to the 
FET. The light from the LED (D) causes the drain to gate current to increases 
to a value (approximately 0.1-1 uA) many orders of magnitude greater than the 
detector leakage. This causes the preamplifier output to go in a negative 
direction. When the output voltage exceeds a predetermined lower level the 
LED is turned off. This reset time is in the range of 1 to 10 u s . 

The loss of pulses activating the reset is easily calculated. If the 
range of the preamplifier output during reset is 2 V, and each detector pulse 
produces a 0.2 V step, and if we neglect the effect of detector leakage 
current, it requires ten pulses to activate a reset. The tenth pulse would be 
lost thereby producing 10% losses. If the detector pulses were only 20 mV, a 
IS loss would result. 

A block diagram of a pulsed-light feedback preamplifier which overcomes 
this problem is shown in Fig. 2. The reset circuit has two discriminators. 
The fixed threshold discriminator has a +2 V threshold and 4 V of hysteresis. 
If the preamplifier output voltage exceeds +2 V, then the LED is turned on and 
the output voltage rapidly goes in a negative direction until it reaches 
-2 V. The LED is then turned off. The other discriminator has a threshold 
that can be varied from 0 V to about 1.8 V. The setting of this threshold is 
dependent on the maximum energy to be measured by the spectrometer. Wnen this 
discriminator fires a "Wait" one shot is triggered, and at the end of the 
"Wait" time, the fixed threshold discriminator is triggered. The "Wait" time 
is made longer than the time required to process the event in the main ampli
fier. The "Wait" time can be terminated early by a signal fnjn the main 
amplifier just after the end of the signal processing time. 

A schematic diagram of the new preamplifier is shewn in Fig. 3. The 
preamplifier is built on two boards. The linear board contains a single 
charge-sensitive loop with a bipolar output. The front-end electronics, 
consisting of the detector, feedback capacitor, LED, FET, and FET heater are 
in the cryostat cooled nearly to liquid-nitrogen temperature. This stage has 
been designed to have a faster rise tine than the usual pulsed-light feedback 
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preamplifiers used in x-ray spectrometers. It is used at shorter main ampli
fier peaking times and also in systems where fast timing information is 
required. The faster rise time is obtained by using low collector capacitance 
transistors and bootstrapping these capacitances where needed. The preampli
fier has better than 5 ns rise time when using a TIS75 FET at the input with a 
0.5 pF feedback capacitor and a detector of 15 pF capacitance. The output 
swing is limited to +2 V by the discriminator on the logic board. The output 
transistors are protected against excessive current in case the output exceeds 
+2 V. 

The logic board contains the two limit discriminators, the "Wait" one-
shot, and LED driver. The LED driver can supply a positive or negative 
current to the LED depending on the kind of LED th?* is available. For some 

g 
time we have used the TIL 205 type (Visible Red) LED without lenses. This 
type was mounted in a coaxial header with the outside grounded in our FET-LEO 
package. It required a negative current to turn on the LED. Since Texas 
Instruments no longer manufactures this device we currently use the 
Spectronics* SE 1450-2 (near I.R.) LEO, and this d"vice requires a positive 
current. The 555 circuit is used to flash an LED o.i the case of the preampli
fier to visually indicate the reset rate. 

Figure 4 shows a photograph of the detector, FET, LED, feedback capacitor, 
and FET heater assembly. Different types of FETs are used depending on the 
detector capacitance. The types used (from the smallest to the largest) are 
2H4416, BF817, TIS75 (chips), and the SFB8558. All are manufactured by Texas 
Instruments. Care must be taken to avoid any charge storage or fluorescent 
effects following a reset or the rate performance will be degraded. We have 
observed that some LEDs show light emmission after the current is shut off and 
that some capacitors exhibit charge-storage effects. This is more critical 
for ganaa-ray than x-ray spectrometers because the noise level is a much 
smaller percentage of the reset amplitude in high-energy systems, and after-

g 
ertects of the reset are more prominent . 

^Reference to a company or product name does not imply approval or recom
mendation of the product by the University of California or the U.S. Depart-
aent of Energy to the exclusion of others that may be suitable. 
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Experimental Results 

The experimental r e s u l t s presented here are rep resen ta t i ve of a cur rent 

system but not the very b e s t . The detector used was a h i g h - p u r i t y planar 

dev ice , 1.25 cm th ick and 3.8 cm in diameter. I t s capacitance was 13 pF, and 

the detector b i s : was 1500 V. The feedback capacitance was 0.5 pF. The FET 

used in th i s sys tc - 1 was a TIS75 chip mounted on a 2H4416 type header. The 

main amp l i f i e r p i l e -up r e j e c t o r and biased amp l i f i e r used i n t h i s work was our 

standard 11X8481P-5 x - ray a m p l i f i e r system used w i th p u l s e d - l i g h t feedback. 

Th is version contains an improved base- l ine res to re r of the wrap-around type . 

The peaking time used f o r a l l measurements except f o r the e lec t ron ic reso lu 

t i o n was 4.5 us , w i t h the shaping c i r c u i t trimmed to have no under-shoot. 

Measurements were made of the e lec t ron i c reso lu t i on as a func t i on of the 

peaking t ime, of the gamna-ray reso lu t ion at low and high r a t e s , of any 

energy-dependent losses and also of the coincidence t im ing r e s o l u t i o n . 

( i ) E lec t ron ic Energy Reso lu t ion 

The e lec t ron ic energy r e s o l u t i o n was measured using an RMS voltmeter w i t h 

the amp l i f i e r gain normal ized using the to 60 keV gamaa-ray. 
2 

Figure 5 shows two curves of the (FHHH energy r e s o l u t i o n ) versus the 
peaking time of the shaper i n the main a m p l i f i e r . The lower curve is the 

e l e c t r o n i c reso lu t i on of the spectrometer wi th the f i n a l germanium detec tor ; 

wh i l e the upper curve is the reso lu t i on when using a cooled l i t h i u m - d r i f t e d 

s i l i c o n tes t detector having about the same capacitance as the germanium 

de tec to r . This tes t i s performed to make sure tha t the f i n a l germanium system 

e x h i b i t s no add i t iona l noise due to series res is tance or other po ten t ia l noise 

sources in the de tec to r . The 20% reduct ion in r e s o l u t i o n shown in the german

ium detector curve (due t J the lower average energy per . o l e - e l e c t r o n pa i r ) 

ind ica tes that no add i t i ona l noise sources are p resent . The general shape of 

these curves (eV p ropo r t i ona l to 1/ t ) shows the advantage of pu l sed - l i gh t 

feedback in prevent ing add i t i ona l low frequency noise due to the charge 

r e s t o r a t i o n system. This system "s capable of ob ta in ing a reso lu t ion of 

500 eV at very low energ ies . 
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H i ) High-Rate Performance 

The values in T.ble 1 illustrate the rate performance of the spectrometer 
for two different ganna-ray energies ( Co and Co), at low rates, and at 
100 K counts per second. 

TABLE 1 

LOW RATE-5 kc/s HIGH RATE-100 kc/s 
SOURCE FWHM keV FKTM keV FWHM keV FWTH keV 

« C o 
122 keV 

6°Co 
1.17 HeV 

0.836 

1.80 

1.55 

3.63 

0.836 

1.80 

1.55 

3.71 

We observed no change in the measurment of the FWHH resolution (within the 
accuracy of the measurement (1-23)) for count rates up to lOOkc/s. The full-
width at tenth maximum (FWTH) resolution did increase at the higher energy due 
to low-energy pulse pile-up. The resolution is worse than would be expected 
because the 848 amplifier contributes some noise at the short peaking times. 
We are developing a new amplifier with less input noise at high frequencies 
for use in high-energy spectrometers. 

(iii) Enerqy-Oependent Dead-Time Losses 

The prennplifier was fitted with a switch to permit operating the reset 
circuit with either delayed or prompt reset. Measurements were made using a 
pulse generator mixed with a gamma source at low rates and comparing the two 
operating aodes. The input and output rates of the pulser counts were deter
mined. As was expected, the delayed reset mode showed negligible losser 
compared to the prompt reset mode. A C (Y,n) 0 source producing 
6.13 KeV gamma-rays was used to make the comparison at high energy. The most 
prominent peak at high energy was the double escape peak from the 6.13 HeV 
gamma-ray (at about 5.1 MeV). The prompt reset mode exhibited a loss of 25% 
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of the counts in the 5.1 HeV peak. This is compared w i t h zero losses in the 

delayed reset mode. This r e s u l t was expected since the t o t a l ramp at the 

p r e a m p l i f i e r output corresponded to 20 HeV ( i . e . fou r t imes the signal s i z e ) . 

H v ) Timing Resolut ion 

The coincidence t ime r e s o l u t i o n was measured using a Co source. The 

second t iming input was der ived from a 2" x 2 U ME 213 l i q u i d s c i n t i l l a t o r and 

8575 pho tomu l t ip l i e r tube. The p reamp l i f i e r output was d i f f e r e n t i a t e d and 

app l ied to a standard constant f r a c t i o n d isc r im ina to r w i t h i t s threshold set 

t o 1 HeV. The PMT anode was connected to another CFD w i t h i t s threshold also 

se t t o 1 HeV. The r e l a t i v e t im ing was measured using a standard TAC and PHA. 

The FWHM of the t im ing r e s o l u t i o n curve was 0.8 ns. 

Conclusions 

The pu l sed - l i gh t rese t p reamp l i f i e r described i n the paper gives exce l len t 

r e s o l u t i o n at high ra tes w i t hou t in t roduc ing the energy dependent losses 

associated wi th the loss o f pulses tha t t r i g g e r the rese t i n a conventional 

p u l s e d - l i g h t reset p r e a m p l i f i e r . 
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F i g . 4 . Photograph o f c r y s t a l chamber contain ing 
the detector and FET-LtD assembly. 
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Fig. 5. Plot of (energy resolution) versus 
the peaking tine of main amplifier 
shaping tiiae. 




