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" ABSTRACT

A féSt ana highly stable leading-edge pulse discrimiﬁatqr has
been designed (50 mV éensitivity;5l.2 nsec siewing; O;l mV/°C threshold
stability). The circuit is based on a cufrent swifch consi;fing of
a tunnel diode and a noniineaf load; operational amplifier stabili-

zation provides temperature stability and independance from variations

of transistor parameters without adjustments.

+ Present Address: Atominstitut"d. ast. Hochschulen
Al020 Wien, Osterreich
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-I. "INTRODUCTIOHN

Arfaét'leading-edge discriminator was required as'partbof a
modulaf‘ihstrumentafion'system. Since the rest of the system.uses
integrafedbcircuitsi anvintegréted—circuit disq:iminator would have
been desirable. Several integrated circuip designs were investigated
(fast §hitter-coupled Schmitt triggefsvand-liﬁé'réceivers, fast
differential cémparatofs) and were found -to be too slow by about an
order 6f magnitude; 'Thereforé a discrete-component tunnel-diode
discrihinétor has been designea whose output'Qoltage lévéls‘afe'
compatibl§ with emitter-coupled integfated ciréﬁits. 'The following

points were emphasized to achieve optimum perfocrmance:

1. Operating the funnel dicde with a nonlinear load line:
| to obtain high sensitivity‘and yet to'uSeﬁa high-peak current
(= high sbeed) tunnel diode,
~to achieve high'spéed by using_currenf‘switching and by
avoiding reactive components--both énhanced by the nonlinear
 16ad, | |
to-évoid problems with the “tristable characteristic" of
. tunnel. diodes, -
2. Use of operatioﬁai amplifiers for_regﬁlating the operating point
of.critical transistor stages:
.’tg obtain'good temperature and'long-term stébility,
to minimize the humber‘ofineeded trimmer potentiometers and

‘of individual adjustments.
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3. DCICOupling to allow high repetition fates.
4, Optimizing_the geometric layout for high-speed operation and

high packaging density.

'II. NONLINEAR LOAD LINE :

A nonlinear load line permits lbading the tUnnelvdiode with a
high impedance in the low-voltage state and with a low impedance in

l.3). Both are desired.

the high-voltage state
A“high ioad.impedance in the low-volfage state (before the
discriminator has triggered) makes a large fractibn of the input
current drive the tﬁnnél diode, achieving high sensitivity. In the
design discussed a sensitivity of 50 mV into 50 1 with a TD252A
tunnel diode (4.7 mA * 10%) was desired. Limiting the most sensitive
bias §f the tunnel diode to the conventional 80% of the nominal peak
curfént féquirés that the load resistor be greafer than 300 Q when
the tu@nel diode is in its low-volfage state,
A low impedance in the high-voltage staté permits an operating
‘ poinf'close to the Qalley point of the tunnel diode (steep load line#)
if the discriminator is triggered; this is necessary to obtain small
hysterésis, For a TD252A about 30 { is a maximum for the load impedance.
Only é nonlinear ioad line can truly satisfy both conditions.
An inductive load--the standard design--substitutes a dynamic load
line for the nonlinear 1oéd line. This is a good approximation if the

shape of the input pulse is always the same--the ‘same part of the
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dynémic load line will always be seen at the same time in processing
a’pulse,‘fhus appréximating‘a‘nonliﬁear\ioad‘line. (The d;sadgantage
is that thé characteristics'of‘the discrimibator,dépend.oh the‘shape
of theiinput puise; The.threshold,_for ipstahce, depends on fhe rise ”
time of the input pﬁlse.

Aﬁy kiﬁd of fast diode with a low deplefion capacity is a good
‘_implementation of the desired lbad line, No transistors witﬁ the
. requiredlspééifications were available. Fast junction diodes (MAL121)
and hot-carrier diodes ( Bp2303 ) havg beenvuéed successfully. However,
the"temﬁéréture dependence of fhe diode characfe;iStics make their'use
unsatisfa¢tory.‘ Finally a backward diode has been used.. It cémbines
.a'fairly low impedance in the reverse region with a high eﬁough
impedance in the forward.low;yoltage region to make changes of the
 fonard currenf with changing femperature hegiigible;k Figuré 1 sﬁows
~ the main elements of the discriminaf&r circuit.

This circuit provides current switchingvénd therefore Qery fast |
. operation, and is insensitive to temperature changés. Its character;
istics do not depend on the repetition rate ob the shape of the ihput
pulses,

When the tunnel diode switches from its low~voltége state tbiﬁhe
i'highavéltage étate it makes the backward diode iﬁ turn switch from -
the high—impedance forward région to the low-impedance backward region.
Tﬁis actién switches most of the input current frém the tunnel:dibde
to the:backward diode and the output circuit, providing the desiféd

current switching.
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VThe'cohmon—basé stage l§oks like a virtﬁal grouﬁd.witﬁﬁan
‘adjustable levei to the loéd of the tunnel diédef“ This level is
reguiafed>with an operational amplifief'and‘esfabiishes vefy stable’
operating conditions. |

The.nonlinear load itself is used as a couﬁ;ing element to the
outputuéircuit--a further'reduction of the parasitic ;6ads for’the
tunnel diode, éince it avoids the customary loading with anvoutput
circuit, This improves thefspéed and the seﬁsifi&itybof the circﬁit.

There'are two ?roblems conneéted Qith'this circuit. Once the
discriminator is triggered, most of the input.gufrent goes  through
the backward diode to the outpﬁt stage. Therefbre, above the threshold
level, the output,cuﬁrent depends.strongly on the'input-pulse height. 
 This can be easily overcome by having oné more trigger stage.. This'

. second Stage can be made very simple, since a threshold has alreédy
been_esfablished and since the second stage is ﬁsed only to stand;fdizé‘
:'theloufpﬁt pulses. |

The second problem originates from the high capacitance of all

i reasonably low-priced backward diodes, The high capacitance diffef-
entiates the voltage drop devgloped across the.tuhﬁél diode and feedé_
- the résﬁlt to the output, This differentiatién results in smail:

© current spikes at the outputueven if the discpiminator does not
trigger on an input ?ulSe.v The only way to cope with thié pfoblé@

is to wisél& select thé type of backward diode and to find a compromise
between the capacitance and the other important fgatures of the diode

(forward current, backward impedance). In this circuit a BD3 has been
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used., Thé spikes mentioned are small énough to be suppreséed in the
se;ond discriminator.stage. This second problem séems to be the major
" limit on fupther improvipg this kind éf circuit, 7

Another reason for using a nonlinear load line 1is that fast
tunnel diodes exhibit a "tristable characteristic”v(fig. 2)“’5)..‘This
can be explained as Very high frequency oscillations of. the tunnel
diode invité negative resistance region. The observed characteristic
is obtained by (automatically) integrating these oscillations. Since
the discriminator Qircuit integrates fhese osciliations too, the
‘tristable characteristic may be regarded as real fof the present
purpose. On the other hand, the'shape'of the distorted part of‘the
characteristic depends so strongly on the electrical length of thé
tunnel diode leads.that positively ﬁsing this effect does not éeem'
to be indicated. | |

Figure 2 illustrates that with a given linear load a tunnel;diode
‘can'behave‘as é monostable, a bistable, or a tristable circuit, aependm
ing only on the bias. Different input pulse heights make thé circuit.
'settle in different stable states, Figure 2 shows also that a non-
linear load line can be biased to intersect the tunnel diode.chafactér— A 
istic only outside the distorted regions, and permits safe monostable

operation.

III. USE OF OPERATIONAL AMPLIFIERS

Low cost operational amplifiers can successfully prevent temper-

ature drifts due to variations of emitter-base voltage and keep dc

{
h
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levels at a desire&.value 6>;- Such a technique'is extensively used’
in this discriminator; the excellent temperature stability is a-
dire¢£ consequehce. M2 (fig. 3) is used'exaCtly’as dgscribed in

ref, 6). It serves two purposes: terminatinglthe'input resistor

to true ground levei without requiring a ﬁoteﬁtiometer adjﬁstment, and
»eliﬁinafing the influence of the tempgratdréQaependent1emitter—base
voltage‘éf Q2 on the collector current. M3 regulates the éperating
point of Q3 (actually of Q2 and Q33 but Q2 is already étabiiized by
M2). The‘attenuation at the noninverting inpu{ neéded for correct
duty-cycle compensation ié obtained in'two stages; one stage is u;ed
in'com¢ou_ﬁith M2 to reduce loading df the input. The éttenuatioﬁ‘
.for M3 must be about twice as great as for M2 to compeﬁsate for the
attenuation at the inverting input of Mé (which is needed to establish
the proper dc level).

M4 and M5 do not need duty-cycle compensafion; They regulate
~auxiliary dc leyels which do not influence the-thresﬁold and dovnot
require'gréat accuracy. Lssentially these two operational amplifiers
replace trimmer potentiometers. M4 determines the bias voltage |
‘across the’backwardrdibde, M5 regulates the_dc-level of the oﬁtput

‘pulses to ground level.
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IV. dc COUPLING, PULSE CLIPPING

dc Coupling is a standard féature of most fast-pulse circuits,
It prevents baée—liné shifting'prob;ems at high repetition rates,
The entire discriminator is dc coupled. The onlyiexception is the
clipping~line transfopmér in the output circuit, which is used to
provide narrow output pulses independently from the input pulses. A
clipping line intréduces a .minimum of problems for high repetition
rates in cbmparison with other means of differentiation.

It will be noted that the termination of the clipping line looks
highly artificial.,  This termination definitely does not provide
optimumvspeed, but it prevents losing too much signal into ferminating
resistors (with 50-f1 terminations an additionai:amplifier stage would
have been necessary)., This part of the circuit 1imits the resolution
of the wﬁole discriminator. But since the resdlutiOn is good enough,
this términation has been selected as the cheaper solution, However,
to take full advantage of the possibilities'of.the first discriminator

stage, a more sophisticated output circuit would be necessary.

V. GEOMETRIC LAYOUT

For high-speed circuits it is important to have a very low-
inductance ground conductor and short signal leads., Short leads as
well as the demand for small physical dimensions require close spacing

between components. But the closer the components get to each other,
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fhe less space remains for a godd ground plane.

Theréfbre a combination of priﬁted circuitubbard énd;éérdwood
.techniquexhés been used for the layout of ihe:diSCriminat§fy (fig. 4).
All comﬁoﬁents in the direct signal path pf the.aC'signalyare'on one
small printed circuit board; This béébd does not contain ény dc
biasing circuits or dc leads., This leaves enough ébaég_for the
grdund plane. A second board cpntains.all ﬁecesséry biasing circuits;
' Aand has printed circuit conductors to points opéosité the placeé on.

“the firsf,boardthere a de voltage»is»neededev Connection between;the
'_two bqards is made.with pairs of Ordinafy connéctof pins. The use

of theée‘pins instead of straight wifes»allows connecting and di37 
"COnnecting the twb boards as needed for debugging. The pins-are‘:

‘rigid enough to provide safe connection.

V1. PERFORMANCE

The féllowing values have‘been measured as typical performance
data., |

SenSitivity: adjustable between 50 and 500 mV (inpﬁt impedancé ;lv}
- 50 Q); édjustment is pérformed by varying the dc current into the.
Athreshpid input between 0 and 2 mA (threshold input is a virtuai
':ground and can be used as a summing point for a digital—to—analog -
_converter to provide remote digital controi).

Slewing:»i.Q nsec for input pulse-height Qariations of 50 to 500 mV.
Pulse delay: 8 nsec (leading edge of input pulse to leading edge gfb |

outpuf pulse measured on printed circuit board).
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Output pulse: negative, from 0 to -0.8 V (loaded with 500 §,
compatible with MECL III*), 0.8 nsec rise time (leading edge), 5 nsec
pulse Qiéth.

Temﬁerature stability of threshold: 0.1l mV/°C,

Influence of supply voltages on threshold: 6 mV/% of supply

voltage variation,
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FIGURE CAPTIONS

Tunnel diode with nonlinear load as current switch
Iristable Characteristic of tunnel diode with nonlinear
and linear load lines.

Schematic of the discriminator.

Discriminator plug-in unit.
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Non linear load line
U — — — Linear load line

XBL699-3679

Figure 2
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: ‘

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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