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ABSTRACT

An analysis is presented for the intriusic time variance originating from
thermal noise and finite capacitances in high-speed timing circuits using tunnel
diodes. The nonlinear differential equation of the transition is solved numer-
ically for a wide range of circuit parameters,and limitations on the minimum

attainable time variance are derived.

(Submitted as a letter to the Proceedings of the IEEE)

* Work supported by the U, S. Atomic Energy Commission.



In many high-speed timing circuits significant time variance is contributed
by the triggering jitter of the tunnel-diode discriminator. Even when the input
waveform to the circuit is deterministic, there always exists a superimposed
thermal noise which results in a finite time variance if the tunnel diode has a
finite capacitance. This variance ic crmputed kers for the circuit configuration
of Fig; 2a.

A representative current vs voltage characteristic of the tunnel diode is shown
in Fig. 1. The device is biased initially at v = Vi’ Ii = Ip - Io and transition to
v > VV will take place if the voltage across the diode is increased above Vp. The
time variance of this transition will be analyzed under the following assumptions:
(@) The dc i vs v characteristic of the tunnel diode in the vicinity .of the peak cur-
rent can be approximated by the quadratic i = Ip - Io o (Vv - Vi - VO)2/V§ , where
Vo will be determined later. (b) The tunnel diode is imbedded in the circuit
shown in Fig. 2a. (c) The tunnel diode can be represented by its dc ivs v
characteristic of (a) parallel with a fixed capacitance C (see Fig. 2b). (d) The
drive current is is a ramp function: iS = Ii + Vi/R fort < 0 and is = Ii+vi/R +kt
fort > O.,1

Writing the current sum for node X in Fig. 2b, one obtains the nonlinear

differential equation

2
dv /V—Vi V—Vi v--Vi B
Cdt"lo\'—v‘;“ + 21 T + —5— -kt=0. (1)

DefiningS= 1+ VO/(2RIO) as a measure of the source impedance, x = IOSt/(CVO)
as the normalized time, y = (v - Vi)/(VOS) as the normalized voltage, and

A= kCVo/(Icz)S?)) as the normalized slope of i_, Eq. (1) becomes
dy/dx-—y2+2y—Ax=O. (2)

This nonlinear differential equation was solved nﬁmerically for y and dy/dx with
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values of A ranging from 0,01 to 1000c.2 The results, summarized in Fig. 3,

show the expected behavior. 3 In the limiting case of a slow-rising drive current
1

Al,y =1-(1- Ax)2 for 0 £ y < 1, thus following the dc characteristic;

while at y = 1, transitionto v > VV takes place. In the other extreme, when

A» 1,y = Ax2/2 for allx > O‘,4 It wae alse found that
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1
@r/dx), g~ & 1+ a/sf @)

with an error of less than 5% for 0.01 £ A < 1000.
The time jitter of a regenerative circuit, although its origin is superimposed
thermal noise, is independent of the temperaiure and depends only on the time

derivative of the damping rate (characteristic root) o. For the circuit of Fig. 2b,

@ =-1/C-dv/d), o @)

and the time spread can be written a55
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Here (da/dt) _o = da/dv)  _q - @v/dt)  _q .

With Eq. @) and assumption (a),

da/dv),_o = ~(1/C) - @h/avh) _ =

= (1/0) + @IN2) = (1/C) - AT) ©)

where V1 is a property of the tunnel diode: for germanium devices V1 ~ 70 mV.

From Eq. (3) with the definitions of x and y,
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Substituting Eqs. (6) and (7) into Eq. (8) and using the definition of A
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i, as is the case in many high -specd tir.ing circuit~, * « 26, than for germanium

tunnel diodes (V, = 70 mV)
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Thus it may be concluded that in order to have a minimum contributed time
spread orj » one should have a fast-rising drive current (large k) and a small
Cz/ Ip. It is interesting, although perhaps not too surprising, that for today's
fastest germanium and gallium-arsenide tunnel diodes, 02/ Ip is in the vicinity
of a constant 0.3 sz/mA (or Clvi/lp ~ 1.5 x 10724 Coul. sec) for peak cur-
rents ranging from Ip =1 mA to 50 mA.6 The source of this limitation was not

identified.



5.

NOTES AND REFERENCES

A current step with a finite risetime can be approximated by such a ramp if
the voltage across the tunnel diode reaches Vp ina tirﬁe less than the rise-
time. The time of v = Vp is given by the y = 1 point of Fig. 3.

Nawton’s method was used in an Aigol progrom cn the Burroughs B5500
digital computer of Stanford University.

For details of the computations and for an application, see A, Barna,

"A Subnanosecond Coincidence Circuit," SLAC Report No. 52, Stanford
Linear Accelerator Center, Stanford Universify (December 1965). |

This limiting case has been discuscod by C. Tafante and F. Pandarese,
"The Tunnel Diode as a Threshold Device: Theory and Application,"

Nuclear Electronics, Proceedings of the Belgrade Conference, 1961,

Vol. ITI, 2940, and by F. Lacour, "Utilisation des Diodes Tunnel en

Electronique Impulsionelle, ' Nuclear Electronics, Proceedings of the

Belgrade Conference, 1961, Vol, I, 179-193,

For a derivation of Eq. (5) and for references, see Chu-Sun Yen, "On the
Trigger-Time Jitter of a Regenerative Pulse-Circuit,” IEEE Convention
Records, Vol, II, Part 2, 1963,

Thus for a drive current slope of k = 10 mA /nsec, aj =~ 30 psec,



List of Figures

Tunnel-diode dc current vs voltage characteristic

(@) Tunnel-diode circuitry

(r) Equivalcnt circuit

Normalized tunnel-diode voltage y as function of normalized time Ax

with A as parameter.
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