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Abstract 

24 samples of the so-called Ultra-Zener, an 
integrated circui t  containing a buried Zener junction, 
type no. LTZ 1000, have been tested sin- k c h  1988. 
W i t h  some circuit modification, half of the samples 
have been found to ham an ageing rate of less than 
1.5 @year, and a l l  have ageing less than 4 ppm/ 
Par. 
Introduction 

Tha so-called Ultra-Zener is an integrated 
circuit containing a buried Zener junction, a heater 
and two sensing transistors all in a small area of 
silicon. It has data shaeta (type LTZ 1000) which 
promtse very low noise and a very small change of 
voltage w i t h  time. Tha la t te r  featura is about 
4 timas less than that achievable by certain other 
goOa reference Zeners. 

There is always a demand for better accuracy, 
lower d r i f t  with time, a better t.mperature coef- 
ficient and resistance against thermal shock, and 
l o w  source resistance from a reference element. The 
circui t  suggested by the makers ha0 been modified to 
reduce the controlled temperatun a t  which the Zener 
junction operates and to redua la fraquency noise. 

It is desirad to test a group of 7V Zeners for 
noise a t  the 0.05 ppm levml and voltage rate of 
change w i t h  t i m e  (ageing) a t  the 0.3  &year level. 
This has needed a specially developed measuring 
system, whose readings are t raoablo to  the National 
1OV level. It is equipped w i t h  a masure of "intel- 
ligence* to give confidence in the data produced. 

Development of the Zener C i r c u i t  

The Ultra-Zener is assembled on a small circui t  
board in a slightly modified circuit, Pig.1, to that 
given in the makers data sheet. It is shown in the 
centre of the diagram w i t h  the heater resistor 
between pins 1 and 2, the zener between pins 3 and 4,  
and the two npn transistors. 
right of the Zener together with the resistor R1 

The circui t  to the 
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Fig.1. The Ultra-Zener circuit diagram. 
sensing; tolerance 0.018, 1 pWoc  temperature coefficient 
R4:S = 13:l for 65OC chip and matched to 3 ppm/OC. 

R 1  is for current 
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defines a constant Zener current in the region of 
5mA. The circuit t o  the l e f t  of the Zener controls 
the tenperatwe of the integrated circuit using the 
-2mVPC b a s e d t t e r  temperature coefficient of the 
npn transistor as sensor. The choice of R4 and R5 
as 12k and lkohm define about 45OC for the chip. 
Temperatures defined by other resistor ratios are 
sham in Pig.2. 
to get best rejection of environment temperature. 
Togather w i t h  R1, which dofines the Zener current, 
and the op-amp type LT1013, premium quality tested 
componan ta are wanted so as not to &grade the 
performance of the Zener. 

T e s t s  on Zener Ageing 

ageing and how it varies f i r s t ly  with Zener tempera- 
ture, and secondly w i t h  the Zener either continuously 
powered or normally unpovmred (except for 4 to 8 hours 
on each measurement day). Some results of these tes t s  
are shown in  Pig.2. 

I dfd not have the same value resistor pairs R4 
and R5 for a l l  of the samples tested so some devices 
were run cooler than others. The trend, shown 
dotted i n  Pig.2,  is for the ageing doubling for each 
10% rise i n  temperature and this could be argued to 
be some sort of f i t  to the results. 

about 4 &year were taken off continuous power and 
were only -red one day i n  ten when they are 
maasured. Provided that  they are turned on 4 hours 
before a measurement, negligible change of voltage 
over the next 4 t o  8 hours is found. The much 
laver values for ageing are shown in Pig.2 for the 
devices operated like this. 

The Waasurenent System 

R4 and RS should be i n  one package 

Sorne investigation has started on the device 

A l l  devices are run ContinuDusly a t  the start .  

N e x t  some of the &vices which were ageing a t  

My cowuter-aided measuremsnt system contains 
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Pig.2: Ageing of 14 samples of LTZ 1000 a t  
various chip teqeraturas: continuous 
operation except for devices denoted by@. 
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a t  its heart a high grade voltmeter. It  is simpli- 
s t i c  to use this directly as  t h i s  j u s t  compares the 
Zener under t e s t  w i t h  the reference in the instru- 
ment: i f  noise or a step change is seen, it is not 
certain which Zener has caused it. Instead, a known 
fraction of the voltage of a 1OV standard is derived 
from resistive voltage dividers, and 7.14 or 7.0 V 
are available with dividers made of 7 or 10 resistors 
respectively. 
can be used to  measure the difference between the 
Zener diode and the "divided-down standard" and it 
does so w i t h  a 0.1 uv resolution. The voltmeter 
needs very high input resistance t o  avoid loading 
errors. The 6% decade voltmeter used for 10 years 
has just  been changed to an & decade type, whose 
lower noise and calibration errors, etc., 
should give smaller measurement uncertainty. 

Now the voltmeter an its 0.1V range 

TO ens- reliability and good measurement 
repeatability each divider must be regularly C a l i -  
brated and a l l  the 1OV standards mrut be infer-- 
ared and assigned a value. 
the system comprising a 16/way 4 pole scanner, a 
personal computer and a printex perform in a 3 s u p  
process using the IEEE-488 bus to interconnect the 
System. 

This is what-the rest of 

Step 1. A group of eight 1OV standards contain three 
portable units which are assigned a value traceable 
to  the National standard of voltaga about every 9 
mnths .  Four of the group of 1OV standards, selected 
as being those of lowest noise, are intercompared 
continmusly by the double-differanca method. 
allows any noise t o  be unambiguously traced t o  the 
u n i t  causing it. 

Step 2. 'puo separate resistive dividers across two 
of the 1OV standards are calibrated a t  the start of 
every measurement session and i f  necessary during the 
session to give accurately defined N and 7.142V 
levels. 
about 7.1V. 
Step 3. 
Zener reference and both calibrated dividers are taken 
24 times in sets lasting about half a minute. From 
th is  is calculated a mean voltage for the Zener and 
a standard deviation of each reading set. 
l a t t e r  is typically 0.3 vV on the N level and 
contains contributions from the 1OV standard, the 
divider the Ultra-Zener. 

This 

The nominal output of the Ultra-Zener is 

Lastly the voltago differences between each 

The 

VOLTAGE (T.07 .) 
Fig.3. Measured voltage 
of one sample of the 
Ultra-Zener over a pariod 
of 14 wnths. 

The computer uses a cross-correlation program 
which is actually fed w i t h  the average voltage of 
the two dividers. 
each Zener, the program calculates the mean of the 
group of Zeners being measured. Then the results 
of step 3 of the process are used in reverse to  
calculate back t o  the voltage of each divider tap. 
If  these are not both correct t o  0.5 uV, the measure- 
ment is repeated (or the DVM calibration is checked 
or the dividers recalibrated). This  back check is 
an important component in giving confidence to  the 
measured data. 

After calculating the voltage of 

Rasults 
A l ine f i t  t o  the measUremDnts w i l l  give an 

"ageing" rate, see Fig.). 
errors from a constant voltage or a constant smooth 
change w i l l  indicate the suitabil i ty of the device 
to be used i n  a voltage standard. It is now held 
that no =re than t ppm per year for the rate of 
change of voltage is &sirable. Any errors from a 
smoth rate of change may of course be caused by 
uncertainties in the system or environment. A fu l l  
uncertainty budget for the system has been determined 
as 23 ~v or ' j u s t  under 0.5 ppm a t  the N level. In 
the event, errors of about half of this are inferred 
from the scatter of points from the linear ageing 
trend, Fig.3. 

The largest long-term error is caused by the 
step change every 9 months when the 1OV group is 
traced in value to the National level a t  the 
National Physical Laboratory. 

More importantly, the 

Conclusion 
Initial tes ts  indicate that the Ultra-Zener 

seems to have no serious disadvantages as a voltage 
standard apart from price and soma added circuit  
complexity. "his is a good omen for the performance 
of sevural new commercial instruments which contain 
it. 
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