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57 ABSTRACT 
A circuit for processing an input signal incorporating a 
technique of constant fraction timing on the trailing 
edge of the input signal. The processing is performed 
in such a manner that the resultant timing signal is in 
dependent of the pulse shape and further incorporates 
means for adjusting the level at which the timing 
signal is derived in order to optimized the statistical or 
rms noise uncertainty and further serves to minimize 
the time delay from the peak of the input signal. 

7 Claims, 2 Drawing Figures 
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DETECTING CIRCUIT FOR INDICATING . 
OCCURRENCE OF PEAK IN AN INPUT SIGNAL 

BACKGROUND OF THE INVENTION 
This invention relates to timing circuits and more 

particularly to the formation of a timing signal derived 
from a constant fraction of the trailing edge of an input 
signal. 
There are several unique characteristics in the 

proposed signal processing circuit that distinguishes it 
from other techniques used in conjunction with timing 
single channel analyzers. A system based on the 
premise of constant fraction timing on the trailing edge. 
is useful for all shapes of signal pulses having either sin 
gle polarity or bipolar shape in that the systematic tim 
ing error may essentially be reduced to zero, for all 
such signal shapes so long as the signal bandwidth is 
constant. 
The ability to adjust the fraction of pulse height of 

fers at least three unique advantages. First, a large class 
of signals may be used, having an optimum trigger point 
which is equal to a fraction of the peak amplitude. For 
such signals the timing fraction can be adjusted to op 
timize the time resolutions. Secondly, in many applica 
tions the signal countrate is sufficiently high that pairs 
of signal pulses can occur very close together. For such 
applications the constant fraction can be adjusted to 
minimize the pulse pair resolving time. The third ad 
vantage of the variable constant fraction is that the 
time delay from the peak of the pulse can be minimized 
for the applications where this is an important parame 
ter. In general, it is believed that this is the first time ad 
justable constant fraction that has been used on the 
trailing edge of the signal pulse. 
The time derivation process described has applica 

tions in many fields where an electrical signal, in the 
form of a voltage pulse, is to be analyzed for both time 
and amplitude information. For example, in the nuclear 
field, the signals derived from a scintillation detector or 
solid state detector contains information about when 
incident radiation reaches the detector as well as the 
magnitude (amplitude) or amount of the radiation. The 
proposed circuit, when used in conjunction with a sin 
gle channel analyzer, establishes both the time and the 
amplitude information. THe use of a constant fraction 
timing technique based on the trailing edge of such 
signals would offer all the previously mentioned ad 
vantages over prior art techniques. 
The purpose of performing the timing on the trailing 

edge is to allow sufficient time for decisions to be made 
on pulse peaks. The proposed constant fraction 
technique, for all practical purposes, almost entirely 
eliminates systematic timing errors due to pulse height 
variations. The fraction of the pulse height on which 
the timing is performed may be adjusted to obtain op 
timum time resolution due to noise or statistical con 
tributions, and minimum time delay from the peak of the input signal. 

SUMMARY OF THE INVENTION 

In my circuit, a signal of a given polarity and having 
any general shape, is applied as an input to both a 
stretcher amplifier and to a comparator. In its initial 
state, in the absence of an input signal, the comparator 
is, for example, in a "high" state. However, when the 
signal level becomes more positive than a reference 
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2 
signal connected to the comparator state, the compara 
tor's output will switch from the high state to a 'low' 
state. The low state of the comparator then causes 
another gate to switch the comparator reference to a 
voltage level that is derived from the stretcher circuit. 
During this interval, the stretcher circuit is measuring 
the peak amplitude of the input signal and storing this 
information on a capacitor. Thus, the information 
stored in the capacitor which has been switched to the 
gate, is equal to a constant fraction of the input pulse 
height. The comparator remains in the low state until 
the signal becomes less positive than the voltage stored 
on the capacitor at which time the output of the com. 
parator is switched to the high state and a timing 
marker is generated. 

It is, therefore, one object of the present invention to 
provide a circuit capable of producing a timing pulse 
based on a constant fraction of the trailing edge of an 
input signal. 

Still another object of the present invention is to pro 
vide a circuit capable of producing a timing pulse based 
on a constant fraction of the trailing edge of an input 
signal wherein the systematic timing error may be es 
sentially reduced to zero for all such signal shapes hav 
ing an approximately constant bandwidth, 
The features of my invention which I believe to be 

novel are set forth with particularity in the appended 
claims. My invention itself, however, both as to its or 
ganization and method of operation, together with 
further objects and advantages thereof, may be best un 
derstood by reference to the following description 
taken in conjunction with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGs 
FIG. 1 is a partial schematic and block diagram of my 

signal processing circuit; and - 
FIG. 2 is a schematic circuit diagram of one embodi 

ment of a complete timing generator. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIG. 1 there is shown an input terminal 
10 for applying an input signal to a buffer amplifier 42 
the output of which is applied simultaneously to poten 
tiometer 26 and to comparator 14. The voltage 
developed across potentiometer 26 is applied as one 
input to a stretcher circuit consisting of amplifiers 20 
and 22 having a series diode 28 and a shunt capacitor 
30 connected between the amplifiers. Shunt capacitor 
30 has a gate circuit 38 connected parallel there with 
and a lead 44 connected to one output of gate 46. The 
output of amplifier 22 is applied as an input to amplifier 
20, by means of lead 40, and also as an input to gate 16 
by means of lead 36. Reference voltage 32 is applied as 
another input to gate 16 by means of lead 34. 

Referring now to FIG. 2 there is shown a complete 
circuit diagram of an embodiment of my invention. In 
the operation of my device, a positive going input signal 
is applied to input terminal 10 which signal is then ap 
plied as an input to buffer amplifier 42, consisting of 
active devices Q1 through Q4 arranged in a typical 
buffer configuration. The output of buffer amplifier 42 
is applied, as an input, to terminal 3 of an integrated 
circuit (IC) arranged as a comparator. In this particular 
situation, while I have choosen to use and show a 
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Fairchild u A 710 C, there are many other comparable 
circuits, manufactured by various other companies that 
will perform the same function. Simultaneous with its 
application as an input to comparator 14, the output of 
buffer amplifier 42 is applied to potentiometer 26 and 
the signal developed thereacross is applied as an input 
to a stretcher circuit consisting of amplifier 20 and a 
unity gain amplifier 22. Amplifier 20 consist of active 
devices Q1 i-Q15 with the input thereto being shown 
as a pair of N-channel field effect transistors (FET). 
While FET's Ol 1 and Q 12 are shown in a differential 
amplifier configuration, it will be obvious to those 
skilled in the art that various other types of active 
devices may be substituted for Q11 and Q12. 
The output of comparator 14 is then applied as an 

input to gate 46 consisting of Q5, Q6 and O24 and the 
cathode terminal of Zener diode D1, the anode ter 
minal of which is connected directly to timing output 
terminal 18, 
The output of amplifier 20 is applied as an input to 

unity gain amplifier 22 through a series diode 28 ar 
ranged with its anode terminal connected to amplifier 
20 and its cathode terminal connected to amplifier 22. 
Amplifier 22 consist of active devices Q18- Q23. Con 
nected between the cathode end of diode 28 and 
ground is capacitor 30, the function of which will be 
described hereinafter. 
The output of unity gain amplifier 22 is derived at the 

emitter electrode of active device Q23 and is applied to 
the gate of FET Q12 by means of lead 40 to provide a 
feedback loop for the stretcher circuit, Lead 36 is con 
nected to the junction of the gate of FET Q12 and the 
feedback loop, designated by lead 40, so as to provide 
one input to gate 16. Another input to gate 16 is pro 
vided by potentiometer 32 between a source of operat 
ing potential and ground and is applied by means of 
lead 34 to the base of active device Q10. 
Clamp 38 consists of active devices Q16 and Q17. 

which are connected in parallel with capacitor 30 and 
is provided with an input thereto, by means of lead 44, 
representing one output of detector 46. 
The gate circuit that detects the particular reference 

signal to be applied to pin 2 of comparator 14 involves 
actiye devices Q5 - Q10 (in detector 46 and gate 16). 
When comparator 14 is in a quiescent state, that is, 
with no signal applied to input terminal 10, it may be 
said to be in a high state ( s-2.5 volts) in which event, 
transistors Q5, Q9 and Q10 will be biased ON and a 
reference voltage, (E) corresponding to the leading 
edge of the input signal (derived across resistor 32) is 
applied to pin 2 by means of active devices Q10 and 
O9. Any incoming signal appearing at input terminal 
10, will switch comparator 14 to a low state ( s-0.5 
volts), in which event, active devices O5, O9 and O10 
switch to an OFF condition and active devices Q6 and 
Q7 and Q8 are then switched ON. When this latter con 
dition occurs, the reference voltage derived from lead 
36 is applied to pin 2 by means of active devices Q7 and 
O8. - 

This latter reference voltage (E) is obtained from 
the peak detector and stretcher circuits (20, 22). The 
incoming attenuated input signal is applied to the dif 
ferential pair Q11 and Q12 (by means of potentiometer 
26) thus causing active devices Q14 and Q15 to be 
switched ON allowing capacitor 30 to be charged to a 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
positive voltage. Capacitor 30 continues to be charged 
until the peak of the signal is reached at which time, a 
voltage equal to the capacitor voltage appears at the 
output of unity gain amplifier 22 and is fed back to the 
other input (the gate of Q12) of the differential pair 
Q11 and Q12. After the peak is reached and the signal 
is slightly less than the peak voltage, diode 28 is 
reversed biased causing the charge on capacitor 30 to 
be stored as it no longer has a leakage path. When this 
occurs, the voltage at the output of unity gain amplifier 
22 becomes greater than the signal applied to the gate 
of Q11 and the differential pair (Q11 and Q12) are 
switched OFF. Thus, when the voltage stored on 
capacitor 30 appears at the emitter of active device 
Q23 (in unity gain amplifier 22) it will be proportional 
to the peak of the input signal. In this manner, the 
signal previously referred to as reference signal E is 
applied as one input to pin 2 of comparator 14 to 
generate a timing signal or marker. Thus, when a timing 
signal is generated and applied to output terminal 18 
the timing pulse is applied, by means of lead 44, as an 
input to Q17 of clamp 38 to restore the voltage on 
capacitor 30 to zero, signifying that the processing is 
completed. 
While I have described what is presently considered 

the preferred embodiment of my invention, it will be 
obvious to those skilled in the art that various other 
changes and modifications may be made therein 
without departing from the inventive concept, and it is 
aimed, therefore, to cover all such changes and modifi 
cations that may fall within the true spirit and scope of 
my invention. 
What is claimed is: 
1. A circuit for detecting an input signal and produc 

ing an output signal to indicate the occurrence of a 
peak in the input signal, comprising: 

a comparator having first and second inputs and an 
output, said first input being responsive to the 
input signal; 

a stretcher circuit having an input responsive to the 
input signal and an output for producing a signal 
proportional to the peak amplitude of the input 
signal; and 

means for applying a predetermined reference volt 
age to the sccond input of said comparator while 
the amplitude of the input signal is less than the 
reference voltage and for applying the signal 
produced by said stretcher circuit to the second 
input of said comparator when the amplitude of 
the input signal exceeds the reference voltage, the 
output of said comparator thereafter changing 
state when the amplitude of the input signal 
decreases to the amplitude of the signal produced 
by said stretcher circuit to indicate the occurrence 
of a peak in the input signal. 

2. The circuit of claim 1, wherein said means com 
prises: 
a source for generating a predetermined reference 

voltage; and 
a gating circuit having a first input responsive to the 

output of said comparator, a second input for 
receiving the predetermined reference voltage 
from said source, a third input responsive to the 
output of said stretcher circuit, and an output cou 
pled to the second input of said comparator for 
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selectively applying the predetermined reference 
voltage and the signal produced by said stretcher 
circuit to the second input of said comparator in 
response to signals produced by said comparator. 

3. The circuit of claim 1, which includes: 5 
a buffer amplifier having an input responsive to the 

input signal and an output coupled to the first 
input of said comparator and the input of said 
stretcher circuit. 

4. The circuit of claim 1, which includes: 
a potentiometer coupled to the input of said 

stretcher circuit and responsive to the input signal 
for applying a signal proportional to the input 
signal to said stretcher circuit. 

5. The circuit of claim l, wherein said stretcher cir 
cuit comprises: 

a first amplifier having an input responsive to the 
input signal and an output; 

a second amplifier having an input and an output; 
a diode having an anode terminal connected to the 

output of said first amplifier and a cathode ter 
minal connected to the input of said second ampli 
fier; and 

a capacitance responsive to the cathode terminal of 
said diode for storing a signal proportional to the 25 
peak amplitude of the input signal. 

6. The circuit of claim 5, which includes: 
a switch connected in parallel with said capacitance 
and responsive to the output of said comparator 
for discharging said capacitance when the input 30 
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6 
signal at the first input of said comparator is less 
than the signal applied to its second input. 

7. The circuit of claim 6, wherein said means respon 
sive to the output of said comparator comprises: 

a source for generating a predetermined reference 
voltage, and 

a gating circuit having a first input responsive to the 
output of said comparator, a second input for 
receiving the predetermined reference voltage 
from said source, a third input responsive to the 
output of said second amplifier in said stretcher 
circuit, and an output coupled to the second input 
of said comparator for selectively applying the 
predetermined reference voltage and the signal 
produced by said stretcher circuit to the second 
input of said comparator: and which includes 

a detector responsive to the output of said compara 
tor for controlling the operation of said gating cir 
cuit to apply the reference voltage to the second 
input of said comparator while the amplitude of 
the input signal is less than the reference voltage 
and to apply the output signal produced by said 
stretcher circuit to the second input of the com 
parator when the amplitude of the input signal ex 
ceeds the reference voltage and for operating said 
switch to discharge said capacitance when the 
input signal is less than the signal applied to the 
second input of said comparator. 
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