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The propagation delay jitter is only determined by the dynamie
range of input pulse amplitudes and rise times. Quenching circuitry
is provided to allow faultless operation of the realized unit for high
pulse rates and for high overload factors. The general characteristics
and physical dimensions of the discriminator conform to the ESONE
rules.
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SUMMARY

A window discriminator has been developed using tunnel diodes as
threshold stages. The window width is variable between 10 mV and
210 mV for a range of the base line threshold level from 10 mV to
210 mV. The thresholds remain constant for a given dial setting down
to a pulse width (FWHM) of 5 ns. The discriminator output pulses
can be used for timing to a certain extent, because of the constant
time interval between the lower threshold trigger and the output of
the discriminator due to utilization of «leading edge trigger » tech-
nique.

The propagation delay jitter is only determined by the dynamic
range of input pulse amplitudes and rise times. Quenching circuitry
is provided to allow faultless operation of the realized unit for high
pulse rates and for high overload factors. The general characteristics
and physical dimensions of the discriminator conform to the ESONE
rules. :
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WINDOW DISCRIMINATOR WITH TUNNEL DIODES (+)

1. Introduction

In nuclear physics experiments there often exists a
need for suitable fast window discriminators with suf-
ficient input sensitivity. The scope of application
can be quite large and some of the most important
examples should be mentionedé

Direct coincidence experiments with fast pulses of
small width in selected amplitude ranges and up to
high rates;

precision counting measurements where the dead time

influence of the discriminator has to be minimized;

measurements with semiconductor detectors delivering
small pulse amplitude levels. ' '

Window discriminators covering this range of application
can sometimes be used for pulsé spectrum analysis experi-
ments, but even more as two-threshold devices with a
range of the width equal to that of the base line level.

Nowadays fast discriminators can be built with tunnel
diode stages, which have the advantage of high input
sensitivity combined with sufficient threshold stability
and fast switching time. Thus the expense of preampli-
fication, with all its inherent sources of errors, can

be minimized.

Due to the fast switching time of tunnel diodes, a
dependence of the discrimination level on pulse width
is not given down to very small values.

2. Principles of Window Discriminators

The basic principle of window discriminators is well
known from the literature. Thelir task is to select
from a given amplitude spectrum, which is applied to
the input, all the pulses having a preset amplitude
range, and to deliver in form of digital signals to

(+)
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the output the information, how much of the pulses are
within this amplitude range. In order to determine an
interesting amplitude range, a window discriminator
needs two threshold stages. Their level difference
defines the "window width"; the lower threshold level
is normally called the base line level or "base line".

If "sliding window" technique is required, window width
and base line level must be adjustable independently.

For a window discriminator the two threshold stages

have to be connected to an anticoincidence device,

in order to fulfill the condition, that only those input
signals, with an amplitude within the preselected window,
deliver an output signal to the terminals. This is pos-
sible if the upper level threshold delivers an inhibiting
signal to the anticoincidence stage for each input pulse,
which has reached the upper threshold level too. This
principle of operation implies certain time problems.
Because of the rise time of the input pulses the front
edge of the inhibiting signal from the upper level
threshold can only be generated a certain time interval
later than the front edge of the lower level threshold
output.

A well known solution of that problem is the application
of the so-called trailing edge trigger technique (1).
In this case the lower level threshold stage delivers
its output signal at the moment, the trailing edge of
the input pulse crosses the lower threshold level.

By that means, the upper level threshold stage is able
to deliver the inhibiting signal early enough to obtain
sure blocking for pulses overriding the window range.
This principle has the advantage to work properly
without regard to the applied input pulse shape, but

a certain disadvantage is a considerable time Jitter

of the output signals with respect to the input pulses,
namely for an exponential decay of their trailing edge.



In such case a smaller time jitter can be reached
for window discriminators following the leading edge
trigger technique.

Here only the leading edge of the input signal is sig-
nificant. The lower level threshold stage delivers its
output signal at the moment, the leading edge of the
input pulse reaches its threshold level. For faultless
operation the lower threshold trigger has to be delayed
by a fixed time interval being greater than the length
of the leading edge of the input pulse in order to allow
blocking by the upper level threshold output.

Therefore the rise time range is restricted by the fixed
delay to be inserted.

Fast Discriminators and their Threshold Stages

It is an obvious fact, that the speed of a discri-

minator depends chiefly on the switching speed of the
threshold stages. To obtain a fast discriminator unit,

the introduction of tunnel diodes as threslold elements

is very useful. As for the threshold circuits used for
transistorized types up to now, regenerative circuits

as univibrators or Schmitt trigger elements are most
suitable and are known from the literature, e.g. (2) (3) (4)

(5).

Schmitt trigger stages (see fig. la) are more stable than
univibrators and have better linearity of their threshold
level vs. bias current. Their disadvantages are lower
threshold sensitivity and slower switching speed.

Tu order to obtain faster switching behaviour and higher
threshold sensitivity tunnel diode univibrators are
more suitable.

For the basic circuit of a tunnel diode univibrator
(fig. 1b) the relatively poor linearity of the threshold
level vs. bias setting becomes evident. This is due to




the splitting effect the bias current IB underlies,
because a considerable fraction of IB flows directly
into the (low ohmic) load of the univibrater. This
splitting ratio varies due to the nonlinear charac-
teristic of the tunnel diode. As a Schmitt trigger
the nonlinear behaviour of the tunnel diode does not
influence the linearity of bias setting if an ideal

enough current source is used for biasing.

A considerable improvement of linearity of a uni-
vibrator threshold can be reached, if provision is
made, that the total bias current IB can flow into
the tunnel diode. A capacitive coupling between load
and tunnel diode would lead to unwanted resonance ef-
fects, thus the introduction of a backward diode be-
tween tunnel diode and load is a better suitable
solution. Fig. lc shows a tunnel diode univibrator
with inserted backward diode. Here the total bias
current IB flows into the tunnel diode, because in
the quiescent state of the univibrator the potential
across the backward diode is held at zero voltage.
Small deviations from "zero" would not influence the
threshold linearity considerably, because a suitable
backward diode is high-ohmic enough around the zero
point of its characteristic.

The definition of the threshold level for univibra-
tors and for Schmitt triggers with tunnel diodes is
given by

Iin represents the necessary input current pulse am-
plitude to trigger the threshold stage, I_ is the
peak current of the chosen tunnel diode and Iy is
the bias current.

For univibrators the minimum threshold level is
limited by its requested stability, which is in-



fluenced by the temperature dependénce of I

The relation I_ > IB > IV indicates the usable thres-
hold level range. (IV is the valley current of the
tunnel diode. )

The threshold level range of the Schmitt trigger is
quite limited and can only be chosen between the
valley current IV and the maximum admitted inverse
current 'Iinv, nax of the tunnel diode:

> 1.
v B — inv,max

4, General Survey of Window Discriminators with Tunnel

Diode Thresholds and their Problems

Window discriminators with tunnel diode threshold
stages employing the trailing edge trigger technique
are quite simple to realize, if the thresholds have

Schmitt trigger behaviour.

In this case the requested time relations can be
satisfied by using directly the trailing edges of

the threshold output pulses. The principle of leading
edge trigger discriminators, however, allows to ex-
ploit the advantages of univibrators as thresholds,
but the necessary time relations for the two thres-
hold pulses must be re-established by additional cir-

cuitry, e.g. incorporation of a delay.

To make use of the advantages of the two different
threshold circuits, i.e. threshold output of a Schmitt
trigger (pulse width equals the effective trigger
pulse width), sensitivity, dynamic range and speed

of a univibrator, it is useful to simulate the re-
sponse of a Schmitt trigger element with univibrators
e.g. in order to realize a fast window discriminator
with trailing edge trigger.

It is known, that a tunnel diode univibrator delivers
a train of output pulses if the resolving time of the
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univibrator is small compared with the input pulse
width exceeding the trigger level. In this case
one obtains a simulated Schmitt trigger output, if
the pulse train is fed to an integrating circuit.
The principle of such a threshold circuit is shown
in fig. 2.

For leading edge trigger types with tunnel diode
univibrators, the basic circuit can be quite simple
and consists preferably of two additional pulse
shapers, each following the two threshold stages

and an anticoincidence device. These three ad-
ditional stages can be realized with tunnel diode
univibrators as well, whilst the pulse shaper
following the lower level threshold can serve,
moreover, as a delay generator to obtain the neces-~

sary delay for faultless operation.

The use of several univibrator circuits includes
certain time problems, influencing the logic function
of the discriminator which may lead to false output
signals.

Because the two pulse shapers, necessarily producing
different output pulse widths, have different resolving
times and furthermore are triggered at different moments,
there exists no time-correlation between the actions of
the threshold circuits. In such a case an input pulse,
overriding the window range, can produce an unwanted
output signal, if occurring at a moment, when the upper
level pulsc shaper is still dead dvue to a preceding
input pulse.

A second problem due to the use of the univibrators
is their multiple triggering behaviour, which is,
at any rate, forbidden for the two pulse shapers,

in order to avoid multiple outputs.
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These two considerable draw-backs of the basic circuit
can be overcome by additional logic circuitry, which
has to suppress possible multiple triggering of the
pulée shapers and, moreover, should allow time cor-
relation between actions of the two threshold cir-
cuits.

The Realized Unit

The aim of developmental work was to perfect a unit
type, capable of handling input signals down to some
nanoseconds width with sufficient accuracy, having
an;igpgﬁisensitivity of approx. 10 mV with agreeable
threshold stability and good timing accuracy. The
principle of a leading edge trigger had been chosen
and a so-called quenching arrangement was added to
the circuit to overcome the intrinsic draw-backs of
the basic unit. In fig. 3 the block diagram is shown
and fig. 4 gives the complete circuit diagram.

Principle of Operation

Referring to fig. %, the signal applied to the input
of the unit passes the input stage and reaches the
two thresholds delivering equal trigger current am-
plitudes to them.

Both the thresholds are univibrators with additional
backward diodes as shown in fig. lc. Their resolving
time is held small (approx. 20 ns), and their only

task is to indicate, whether the input signal has reached

their threshold levels or not. If the effective trigger
pulse width exceeds their resolving time, a train of
output pulses is allowea.

If an input pulse has triggered the lower level thresg-
hold (ILLT), the output pulse, resp. the first pulse of
the produced pulse train triggers via a buffer stage
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the following LL-pulse shaper, likewise a tunnel

diode univibrator.

This stage serves as a delay generator. The delay is
equal to the width of the output pulse, because the
trailing edge of it senses after differentiation the
following anticoincidence stage. If the input pulse
has reached the upper level threshold (ULT) too, the
generated pulse (or pulse train) sets a tunnel diode
flip-flop, the UL-pulse shaper, via a buffer stage.
The flip-flop, in its "set" position, inhibits the
delayed action of the LL-pulse shaper output at the
anticoincidence stage. The LL-pulse shaper output
with its trailing edge is used to reset the flip-flop.

Due to the use of a flip-flop instead of a univibrator
as UL-pulse shaper, correlation of the reset-moments
of the two pulse shapers is obtained.

The anticoincidence stage is a tunnel diode univibrator
too. Its output pulse reaches, passing an output am-
plifier, the terminal.

In addifion, a quenching arrangement is incorporated,
which has to overcome the imperfection of the basic
circuit.

When a sufficiently wide input pulse reaches the
thresholds, the pulse train from the LLT is fed to

the quenching flip-flop together with the differentiated
trailing edge of the LL~pulse shaper output pulse.

4s long as the pulse train lasts, the tunnel diode
receives a "holding current".

The trailing edge of the LL-pulse shaper output brings
the flip-flop into its "set"-position, i.e. the tunnel
diode switches into its high voltage state. In this
state of the tunnel diode both the pulse shapers be-
come inactive due to switching-off their bias currents.
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The flip-flop remains in the "set"-position as long
as the holding current is present. If the pulse
train at the LL-threshold output disappears, i.e.

the input pulse has finished, the holding current
goes back to zero and the quenching flip-flop reaches
again its initial "reset" state. At this moment the
unit is free again to accept a new input pulse.

By that arrangement, not only the reset-moments

the two pulse shapers, but also the dead times are
correlated and unwanted output pulses are suppressed.
In consequence the best time resolution for wide in-

put pulses is obtained.

For short input pulse widths quenching action is not
needed and will not be initiated, because the holding
current disappears earlier than the trailing edge of
the LL-pulse shaper arrives at the quenching flip-
flop. In this case the time resolution of the unit
is given by the pulse width and deadtime of the LL-
pulse shaper, which in each case determines the maxi-
mum tolerable risetime by its generated delay.

Some details of lay-out

The detailed circuit description of the realized

unit refers to the circuit diagram, fig. &.

Input stage

The input stage, consisting of 3 transistors, 2N709,
is dc-coupled and feeds the two threshold univibrators
with equal input current pulses. The conversion factor
is approx. 10 pA/mV with respect to each threshold.
The system rise time (10--90%), measured at the threo-
holds, is less than 1.8 ns. The maximum pulse current
amplitude available at the thresholds is approx. & pmA
each. By that means the thresholds are gufficiently
protected against overload.
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Threshold stages and biasing

The two threshold univibrators are represented by
a matched pair of tunnel diodes with 5 mA peak
current. (Type TDP3, General Electric). Only these
types are found to assure equal enough trigger be-
haviour of the threshold stages for sufficient

switching speed.

The univibrator with TDla works as LL-threshold
stage, the other one (TDlb) as UL-threshold. Both
the thresholds receive the same bias currents, JB,
the base line level of the discriminator. JB it~
self is determined by the output voltage of the
feedinpg emitter followers (T6, T7) and the series
resistors RB, because RB is made much larger than
the effective nonlinear resistance of the tun-
nel diode.

JB flows nearly totally into the tunnel diodes, be-
cause of the inserted backward diodes (Type BD4,
General Electric), which are held at zero voltage

by floating voltage dividers. Thus the requested
linear dependence between Jg (resp. the threshold
level) and the BASELINE potentiometer setting is
achieved. The UL-threshold, moreover, receives a
second opposite bias current,—J'B, from separate
emitter followers, which can be, likewise, set
linearly by the WINDOW WIDTH control potentiometer.
By that means, sliding window technique is achieved,
because —J'B , representing the threshold level dif-
ference of the two univibrators, defines the window
width of the discriminator and is independent on the
base line control setting.

The lower limit of the LL-threshold range is fixed
at 0.1 mA. Referred to the input a maximunm input
sensitivity of 10 mV is reached. Temperature
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stability of the threshold at lower levels is im~-

. proved by insertion of a small NTC-resistor between

T6 and T7.

The base line level and window width have equal
dynamic ranges of 21 and can be controlled from
10 mV to 210 mV.

QOverload performance and time resolution

The realized unit works in a correct way for a nearly.
unilimited pulse shape range due to the quenching ar-
rangement. Only the maximum rise time of input pulses
remains restricted. The maximum allowed input signal
amplitude is 5 volts, that means, within a dynamic
range of 500, faultless operation is reached.

For sufficient narrow input signals, if no quenching
action is necessary, the resolving time of the LL-~
pulse shaper is approx. 125 ns, which is the resolving
time of the whole unit. The width of the LL-pulse
shaper output pulse was made to be 40 ns, which is
also the maximum admitted total rise time of the in-

put signals.

Comparison with othur units known up to now

Recent literature describes already fast window dis-

criminators of the leading edge type.

One unit (6) works without quench. The device under-
lies restrictions concerning the shape of input sig-
nals, and the actions of both the thresholds are

not correlated in time.

Another unit (7) shows some conformity with the unit
described in this paper. A quenching unit is used as
well, which has nearly the same performance as the
described one. For the threshold stages so-cdlled
"hot carrier diodes" are employed instead of tunnel

diodes.



6. Measurements and Tests

To examine the performance of the unit,pulses with a
width of 5, 10 and 20 ns and a width-to-rise time
ratio between < 2 and 20 were used. (Rise and decay

time of the input pulses were equal.)

6.1. Linearity

The integral linearity error A Ci for the base line
was determined by measuring the conversion factor Ci’
(i.e. the scale reading of the control potentiometer
versus the pulse amplitude which is necessary just

to trigger the threshold)at 10 equidistant points of
the lower threshold level range.

For C, the mean value of C,, it follows

10

T C. (1)

T - -+ .
10 i=1 *

The integral linearity error /\Ci is then given by

ACi Ci

- = (:— - 1) X 100% (2)
C C

The measuring results are shown with fig 5.

It is seen that for a given pulse width a change of
input rise time has no influence on the integral
linearity error, which remains between + 1% down

to a pulse width of 5 to 10 ns.

6.2. Constancy of the base line (lower threshold) level

vs. pulse shape

The constancy of the base line vs. input pulse shape
was measured.

In fig. 6, the dependence of the threshold level vs.
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pulse width (at minimum rise time) is shown. The
deviation for small input pulse widths is due to the
rise time of the input stage and the charge sensiti-
vity of the tunrel diode threshold stage because of
the capacitance of the diode. The results are valid
for arbitrary base line settings, at least between
10 and 100% of the maximum value.

In fig. 7/, the stability of the base line vs. pulse
rise time is given. The pulse width was set at 20 ns.
The influence of different rise times on the base line
stability is practically negligible up to nearly
triangular shapes.

The obtained results show a further advantage of the
employed threshold stages. Due to the inserted back-
ward diode, the trigger behaviour of the tunnel diode
is not affected by the low-pass characteristic of

the load. The result is a quite stable threshold level
up to considerably long signal rise times.

Window width, variation vs. pulse shape and base line

setting

The constancy of the window width vs. base line setting

was measured. Typical results are shown in fig. 8 a-c.
The deviations must be explained by a slightly dif-
ferent switching characteristic of thresholds when

set at different levels together with small gain dif-
ferences of the input stage for its two outputs.

6.4, Propagation delay

6. 5.

The propagation delay, chiefly given by the width of
the LL-pulse shaper, was measured vs. overdrive factor
for minimum threshold level and a width and rise time
of the input signals of 5 and 3 ns resp. (Fig. 9)

Temperature test

Care was taken for the lay-out of the different
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stages of the unit to assure faultless operation
between 10° and 50°C.

The stability of the base line level was measured
to be better than -0.15 mV/°C at the lower limit,
continuously varying to + 0.08 mV/°C towards the

upper limit of the range.

The window width has a temperature dependence of
better than + 0.2 mV/°C at the lower limit, resp.
+ 0.3 mV/°C at the upper limit of the range at ar-
bitrary base line setting.

A test of propagation delay vs.temperature was carried
out as well. The input pulse conditions were as given
in 6.4. (Pulses, 50% greater than the threshold level,
with a fixed overdrive factor of 1.5 were used at the

threshold.) The stability was better than 1 ns between
10 and 50°C.

Conclusions

Discussion

The versatility of the discriminator can be further

improved when necessary.

Because the LL-pulse shaper defines the maximum ad-
mitted input rise time as well as the time resolution
of the whole unit, the utilisation of a "deadtime-
less" LL-pulse shaper circuitry would either improve
the time resolution or increase the max. total input
rise time by a factor of two to three.

A better timing accuracy of the realized unit can be
reached by reduction of the propagation walk within
the dynamic range of pulses for instance by intro-
duction of an additional threshold, triggering always
at a small percentage of pulse amplitude.
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Future work

Work is in preparation to realize a simple (but slower)
type of window discriminator with integrated circuits.
For instance an available comparator circuit, (type

prA 710, Fairchild) is suited to obtain stable and sen-
sitive thresholds. A unit with 100 ns resolving time,
e.g. of the trailing edge type, would be advantageous
for general purpose applications.
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