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ABSTRACT

The manufacturers' speci'fications  for temperature coefficient
of voltage and internal impedance of the compensated avalanche diode
types IN430A and IN4308 appear quite prgmising. These devices could
be used as shunt regulators in high stability power supplies if the
noise and drift rate were sufficiently small.  One investigator re-
ported the voltage   did not .drift  more than t0.002  per   cent   over   a
7,000 hour period.  Stability tests were performed on two diode sam-
ples under reasonable laboratory conditions.  The measured drift
rate did not exceed 0.005 per cent per month, and short term noise

was less than t0.002 per cent.  The actual diode drift rate may be
even lower than the measured rate.
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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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, express or implied, with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
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 ony employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission.
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Introduction

A stable voltage·source-is necessary for many measurement and control

problems.  Unsaturated cadmium cells of the Weston type are frequently used

as voltage references.  However, these cells have several limitations.  The
.*9

internal impedance is approximately 500 ohms, and the load current must not

exceed 100 microamperes at any time.  The voltage decreases 10 microvolts

per 'C temperature rise.  The voltage decreases at the rate of 100 micro-

volts per year.
/

Avalanche diodes of the JETEC type 1N430 are useful not only as volt-

age references but also as sources of power when used in properly designed·

circuits.  These diodes are temperature compensated over a range which far

exceeds the usable limits of the unsaturated standard cell, the temperature

coefficient is smaller than that of the standard cell, and the internal im-

pedance is less than 15 ohms.  The diodes are designed for a current of 10

ma and may be operated as shunt regulators.

The purpose of this investigation was to determine the noise and the

short- and long-term stability of the diode regulator voltage at operating

current.  The short- and long-term stability was measured by comparison with

an unsaturated standard cell, the most stable voltage reference available at

ORNL„  Only one standard cell was used, and this cell was thermally insulated

from room air.  Stability measurements on two samples compare well with those

of Enslein (see Appendix).  After an ageing period of about a month, the sam-
«

ples tested showed drift rates of less than *5 parts in 105 (0.005.per cent)

per month.
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Experimental Methods

Two tests were runi the first test employed a laboratory-type high

stability power supply and many precision wire wound resistors as the source

of current for the diode.  The circuit diagram is shown in Figure 1.  A frac-

tion of the avalanche diode operating voltage was obtained from a resistor

divider and bucked against a 1.019V standard cell.  The voltage difference

was applied to a one millivolt recorder.  The Helipot was adjusted to produce

mid-scale deflection at the start of the test. The half-scale deflection is

then 0.0005 volts compared to 1.019 volts, or 0.05 per cent.  Voltage varia-

tions of 5 microvolts or 0.0005 per cent were easily detectable.  The recorder

chart speed was two inches per hour, and the experiment was run for more than

two months.  The results are shown in.the graph of Figure 2 (ORNL-LR-Dwg.31171),

which was obtained from the original chart by sampling points at four-hour in-

tervals.  This graph demonstrates the feasibility of an avalanche-diode voltage

regulator for an 11 milliamperes constant-current supply.

An all-solid-state regulated power supply of simple design was then con-

structed. The circuit diagram is shown in Figure 3 (ORNL-LR-Dwg. 31170).  The

Sola transformer and three stages of avalanche diode regulators stabilize the

output against line voltage changes.  The temperature coefficients of the

avalanche diode regulators are consistent with the improvement factor of each

regulator stage.  The last two stages and the manganin resistors were immersed

in an oil bath to minimize rapid temperature changes.

The stability test on this power supply constituted the second avalanche

diode stability test.  Figure 4 is a block diagram of the experimental setup.

The working-current supply furnished the current to the battery terminals of
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the Rubicon potentiometer, and the strip chart recorder was connected to the

galvanometer terminals.  The standard cell was connected to the standard cell

terminals. The function switch was turned to "S.C." (standard cell) and the

galvanometer switch was depressed and locked down.  The series resistors were

adjusted until the strip chart recorder indicated mid-scale.

The equipment was run continuously without adjustment for more than four-

teen weeks.  The results are shown in Table 1.

Discussion of Results

The first experiment demonstrated that the avalanche diode did not ex-

hibit drift and noise greater than +0.002 per cent over the span of one week.

In fact, the noise and drift from the fifteenth through the fortieth day did

not exceed t0.002 per cent.  Enslein observed comparable.stabilities in four

samples of this type of diode regulator (see Appendix).

The potenticmeter. working current supply demonstrated an ageing effect

which seemed to stabilize after the third week.  The peak deviation from the

average drift was probably a temperature effect due to the non-zero tempera-

ture coefficients of b6th the standard cell and the reference diode.  The

variations are periodic, and a daily and weekly pattern are apparent.  The

random drift as observed in this power supply test is much greater than the

random drift in the first diode test.  The standard cell in the first experi-
-

ment was' immersed in a large oil bath, along with the most of the other com-

ponents.  It is believed that the heat-lagging in the second experiment was

insufficient to assure thermal isolation.

A gradual drift of about 0.005 per cent per month was observed in the

power supply test.  Since most standard cells exhibit a voltage decrease of
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approximately 0.001 per ceht per month, the drift was probably a real effect

in the avalanche diode.  No such drift was observed by Enslein over a period

of 7,000 hours (almost a year).

1.
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Appendix

Enslein, Kurt, I.R.E. Trans. on Instrumentation I-6 (June 1957)· 105-118.

"There is shown in Figure  27 a recording  of Ed  vs.  time  for the regulator

circuit....An analysis of many such hours of recording shows that the maximum
.                              -

deviation of the·output voltage is less than t0.002%.

ttThe voltage regulator output has been measured daily for approximately

7,000 hours at this writing.  There has been no detectable long-term drift of

the voltage up to this time.  However, there have been fluctuations of the

order of t0.015%,:attributable to temperature variationsof the early curves.

Late data shows less than *0.002% fluctuations.

"An attempt was made to measure high frequency noise present across the

»         terminals of the regulator.  This value is approximately 10 microvolts, peak-

to-peak. The bandwidth of measurement   was 10 cycles  .to 60 thousand cycles   per

second...OAn analysis of the end values of many .... ignition curves shows that

the maximum deviation   for the regulator dircuit is +0.002%."
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FIGURE 1. CIRCUIT DIAGRAM OF STABILITY TEST:OF A TYPE IN43OB AVALANCHE DIODE.
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Fig. 2. Stability Test for Type IN4308 Hoffman Avalanche Diode.
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FIGURE 4.  BLOCK DIAGRAM OF STABILITY TEST OF AVALANCHE DIODE REGULATED POTENTIOMETER CURRENT SUPPLY        '
(Q-1931-4).
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Peak Deviation Total Drift
Average Drift-During Week. From Average Drift Over Four Weeks

Week x 10-5 x 10-5. x 10-5

1                   +8                       +3-1/4

2 2-1/2 3-1/2

3                     4                           3

4           0            - 2-3/4 +14-1/2

W-5 1-1/2 2-1/2

6                    2          "2-1/4

7                    0                         2-1/4

8 2-1/4 2-3/4 5-3/4                              1

9                    2                         2-1/2

io 2-1/4 2-1/2

11                    0                         2-1/2

12                    0 1-1/2 4-1/4

TABLE 1.  DRIFT CHARACTERISTICS OF AN AVALANCHE DIODE POTENTIOMETER CURRENT
SUPPLY.
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