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ABSTRACT

A linear current-pulse discriminator consisting of a transistor monostabie rzultivibrator and a Si
tunnel diode is described. The input current pulse range is about 504A~5.23mA. The measured maxi-
mum linearity deviation is +0.75% in the input current pulse range mentioned above. The pulsz reso—
lving ability of the discriminator measured depends upon the bias current through the T.D.;and, under
the reverse bias current of 3mA, the resolving time is 2us if allow the excess pulse amplitude of 59%.

The threshold stability of the discriminator depends mainly upon the stability of the peak current

Ip of the T.D.:and, under the ambient temperature variation from 0°C to 50°C, no bigger threshold
variation than the maximum linearity deviation, i.e. +0.75%, was observed.

INTRODUCTION

A transistorized current pulse d1scr1mmator which was originated by Kandlah © has
been reported by Goulding et al @, , , _

This current pulse discriminator is essentially a transistor free running oscillator clamped’
by a pn junction diode, As the V— | characteristics of a pn junction diode is not linear, .
the linearity of the discrinimator is very poor, and moreover, When the input pulse length
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is longer than the period of the free running oscillator, may be we will have two or more
output pulses and this will lead to an incorrect result of the measurement,

The current pulse discriminator described here utilizes the V— | charaeteristics of a tunnel
diode, and a transistor monostable multivibrator which is triggered when the sum of the

input current and the bias current exceed the peak current of the T.D. used,

DESCRIPTION OF THE DISCRIMINATOR

Fig 1 shows the schematic diagram of the discriminator. The essential part of the
discriminator is the parallel connection of a Si tunnel diode (TD) and the emitter base

Jjunction of the transistor T,.
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E‘g 1. The schemetic diagram of discrimimatot.

Referring to Fig 1 and Fig 2, when the input current pulse height exceeds Ip—Is, the
current variation Ie through the emitter base junction of the transistor T, is lérge enough
to trigger the_ monostable multivibrator which is consisted of the transistors T, and Ty,

As the input pulse to the discriminator is a current pulse, and the dc operating point is
adjustable by a helical potentiomefer through an R.F, choke of 2, 5mH whose dc resistance
is 18 ohms, the ac loac line will be nearly horizontal, Therefore, referring to Fig 2, the
threshold equation of the discriminator may be written as,

In=li—I
where Iin : input current pulse

Ir : Peak current of the T.D,
Ib : dc bias current through the T.D.



86 RRBE BB 2 HR5

a.c load line when the
discrimingtoris just triggered

\\\’;—P—* d-c Load l,’ne

pPM juntion

Fig2. V' I characteristic curve
of a T.D, pn juntion and composite.

SOME CHARACTERISTICS OF THE DISCRIMINATOR

(1) Fig 8 (a) shows the theoretical and the experimental relation between the input
current pulse height and the dc bias current. The experimental relation is an excellently
straight line if we allow the linearity deviation of +0.75%. And this is shown in Fig 3(b).

The discrepancy Letween the theoretical line and the measured straight line may be caused
by the inaccurate ’knowledge about the peak current Ir of the tunnel diode and also a small
portion of the current which mignt flow through the choke ‘coil.

As the bias current flows through the voltage dividing resistors via the R.F. choke coil,
the helipot dial reading is not linearly proportional to the bias current. However, as Fig
4 shows, if we can allow +5% inaccuracy, may be the helipot dial reading could be used '

as a measure of the bias current,

(2) As the switching time of the T.D. will be shorter frhé higher the input current
pulse is, and also it is proportional to the junction capacitance of the T.D, ©, the pulse
resolving ability of the discriminator will be better when it is biased in the reverse direction
than it is biased in the forward direction. This could explain the reason why we can
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Fig3. (3) Iim vsIs. (b) Linearity dewation.

clearly notice that the resolving ability under the backward bias current of 3mA, the solid

curve in Fig 5, is better than that for no bias current, the dotted curve in Fig b.
Fig 6 shows the block diagram for the measurement of the pulse resolving ability of

the discriminator,

For this measurement, the amplitude controlling potentiometer of the HP 212A pulse
generator was replaced by a ganged 20k helipot and the helipot dial reading is calibrated
by the pulse generator NE 015A. And the output pulse of the waveform generator NE
015A was used as No.1l pulse, and that of the pulse generator HP 212A was used as
No.2 pulse. These pulses were fed to the discriminator through a mixer network which is

shown in Fig 6, The pulse spacing, Tps, was adjusted by the change of the position of
No, 2 pulse, ‘
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Fig 4. Heljpot dial reading vs Ib

(8) Though the output pulse length of the discriminator is atout 1gs, itis proportional
to the time constant C; R, of Fig 1.

(4) The threshold variation according to the ambient temperature variation of the
discriminator depends mainly upon the peak current variation of the T.D. used. And,
when the junction area is kept constant, the peak current variation will be determined by
the variation of the energy level difference (Et—E:) in the n-region and (Ev—Es) in the
p-region of the T.D,.

where Ef : Fermi level
E. : Bottom of the conduction band

Ev : Top of the valence band
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Generally, for a T.D., Et of the n-material is located akove Ec and Er of the p-material
is located below Ev; and, Et—Ev> Ec—Ev >1.12eV (the energy gap of Si) for n-material
and Ec—Ef>Ec—Ev:1,12¢V (the energy gap of Si) for p-material. Therefore, the varia-
tion of the total number of electrons, which could absorb enough thermal energy in order
to jump from Ev energy state to Er energy state in the n-material and from E¢ energy
state to Ec energy state in'the p-material, will be veryi small even when the ambient

temperature is changed from 0°C to 50°C. Actual measurement of the threshold variation
of the discriminator according to the ambient temperature variation from 0°C to £0°C

showed only a few tenth of a % of the threshold value,
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F:g 6. Block diagram for the measurement
of the pulse resolving ability of the discrrminator.
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