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Abstract. This paper describes a very economical and 
effective modernisation of a 1970 Micromass Model 602 
mass spectrometer. Performance is greatly enhanced, both 
in terms of the precision of the results obtained and in the 
provision of facilities that are expected in a modern 
instrument. 

1. Introduction 
The CSIRO Division of Exploration Geoscience was recently 
faced with the need for replacement or major upgrading of a 
Micromass Model 602 mass spectrometer, a double collector, 
60" radius, 90" sector magnetic deflection, dynamic gas 
flow instrument. Tight financial constraints dictated a careful 
evaluation of the relative merits of replacement and res- 
toration. 

The mass spectrometer in question was a 1970 instrument, 
and had been in operation for some 15 years, so some 
deterioration was to be expected. The main problem was that 
the data recording system was so time consuming and cum- 
bersome that it was an impediment to the geochemists who 
use the instrument in their research. In addition, there was an 
overall deterioration in precision, attributable to increased 
background noise. 

An assessment of the existing instrument and of the 
economics of the situation led to the following conclusions. 

(i) The general structure, mechanical hardware, vacuum 
components, etc were well maintained, and clearly maintain- 
able for some time to come. The high voltage power supplies 
and other electrical parts were old but were in reasonable 
condition and maintainable as they did not require specialised 
spare parts. Moreover, vacuum technology has not changed 
much over the years. 

(ii) The data recording system did not provide the mini- 
mum facilities considered necessary in a modern instrument, 
was in a bad state of repair, and would be unmaintainable in 
the event of a serious breakdown. The low-level amplifiers 
('head amplifiers') were in poor condition, and needed com- 
plete reconstruction. 

(iii) An improved data acquisition system built to our 
own design would have a total cost of approximately $17 000 
(Australian dollars) including the cost of labour. Capital 
expenditure would be about $3500 for digital meters and 
computer, and $1500 for small components. This compared 
very favourably with capital expenditure of approximately 
$30 000 for an inferior commercial upgrade, and costs of the 
order of $100000 for a new instrument, depending on the 
current exchange rate. The decision was made to redesign the 
data acquisition system. 
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2. Data recording and analysis 
Current specifications for a new instrument comparable to 
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our redesign would naturally include computer-controlled 
data logging. Our needs were satisfied by a locally produced 
Z80-based personal computer known as the ‘Microbee’. This 
computer is adequate for the simple computational tasks 
involved, uses the 8-bit industry standard CPM operating 
system, and is fitted with twin floppy disc drives for archival 
data storage. 

In systems of this type, there are several feasible methods 
for analogue-to-digital (AD) conversion of the data. The ratio 
of the two amplified signals may be found by analogue 
methods prior to conversion, but the increased amount of 
analogue circuitry introduces additional errors. Also, the 
flexibility of digital processing is not being fully utilised. 
Alternatively, the ratio may be calculated by the computer 
after the conversion of the two separate signals, measured 
essentially simultaneously, has been completed. The latter 
technique does not significantly degrade the result provided 
the precision of the measurement is adequate. To ensure this, 
the two input signals should be scaled before measurement so 
that the same number of significant digits is retained at all 
times, and the precision of the computer arithmetic should be 
such that roundoff error is negligible compared to the conver- 
sion quantisation error. Simultaneous measurement of both 
beams ensures that errors from beam decay, etc can be 
effectively eliminated. Three possible approaches to AD data 
conversion were considered: 

(i) standard forms of microprocessor compatible AD con- 
verters, using either pre- or post-conversion ratioing, 

(ii) ratiometric voltmeters, suitably interfaced, 
(iii) two voltmeters, of more commonplace type, suitably 

interfaced. 
There are many widely available, low-cost (usually mono- 

lithic), AD converters, designed to readily interface to micro- 
processors. However, they either do not have sufficient 
resolution or cannot be guaranteed monotonic. Very high 
precision hybrid converters are primarily intended for differ- 
ent applications and are extremely expensive. Substantial 
‘front end’ circuitry for signal conditioning and scaling would 
also be required, and we wished to avoid unnecessary design 
work. However, this conclusion must always be subject to 
reappraisal; recent introductions such as a 21 significant bit 
integrating AD converter (the AD1175) may alter this assess- 
ment. 

An obvious possibility was to use a suitably interfaced 
high-precision ratiometric voltmeter. Investigation of the 
instruments of this type available at the time (1986) showed 
that either the instrument was not truly ratiometric or, if truly 
ratiometric, the cost was prohibitively high. In most cases, the 
second input was of very restricted range and primarily 
designed for use with an external standard. 

We found that the optimal method, in terms of initial and 
labour costs. was to use two standard 54 digit digital volt- 
meters. Added advantages of the use of voltmeters are that 
they can be operated independently of the computer, which is 
useful for adjustment and fault location, they possess excel- 
lent common mode rejection and mains interference rejec- 
tion, and they are completely isolated from the highly noisy 
environment of the computer. Interfacing was the next con- 
sideration. For simplicity, a standard RS232 interconnection 
would have been preferred, as it is already fitted to all 
computers. The IEEE-488 interconnection appears to be 
attractive. but when the design decisions were made some 
years ago the costs of the computer and interfaces to service it 
were prohibitive. 

After a trade-off of desirable and undesirable features 
among the meters available, we selected the Hewlett Packard 
model 3468B. This instrument fulfilled our performance 

specifications, but left us with the necessity of creating a 
Hewlett Packard interface loop (HPIL) adapter for the 
Microbee, as these meters are only available with this inter- 
face. 

The serial loop nature of this interface will cause the 
measurements of the two beams to be slightly asynchronous. 
by an amount equal to the retransmission delay time of one 
instrument. This is unspecified and variable, but in the worst 
case will not be greater than a few milliseconds. The volt- 
meter integration time is 0.2 s (Hewlett Packard 1983a) so the 
timing error of a single reading will always be small compared 
to the integration period, by a factor of approximately 
1 : 1000. Naturally, the timing error is not cumulative. Thus, 
as any measurement error caused by beam current decay 
during the short period of 0.2 s will be small, any error in the 
measured ratio due to the timing error will be quite insigni- 
ficant. 

2 .  I .  The HP IL interface 
The Hewlett Packard interface loop is a two-wire serial 
intercommunication system for relatively low-cost peripherals 
and some form of system controller, in this case a small 
personal computer. The system is essentially a ring network, 
with the signals being passed from one device to another by a 
bipolar ternary code. Loop devices may be ‘listeners’. which 
only accept commands, ‘talkers’, which may generate com- 
mands, or both. There is only one system controller, which 
also has the attributes of both ‘talker’ and ‘listener’. The 
maximum data rate is stated to be 20 k bytes per second over 
a maximum distance of 10 m using a simple two-wire cable, 
which was more than adequate for our application. Details of 
the various physical and electrical parameters are specified in 
the manuals (Hewlett Packard 1982, 1983b,c, Kane et a1 
1982). 

As the electrical specification is quite complex, use of the 
system would be quite uneconomic were it not for the avail- 
ability from Hewlett Packard of special components which 
greatly simplify the electrical design. The essential parts are a 
custom-integrated circuit and a special miniature line trans- 
former. Also needed are the proprietary HP IL line connec- 
tors and the four manuals describing the system (Hewlett 
Packard 1982, 1983b, c, Kane et a1 1982). 

For our convenience, the interface circuit was constructed 
on an internal daughter board, but could equally well have 
been connected to the expansion bus, which, like most 
personal computers of this type, provides buffered Z80 chip 
signals. The interface would be readily adaptable to any 
similar 280 based personal computer, or to a system based on 
the IEEE-961 (‘sTD’) or IEEE-1000 (‘sTE’) buses, both widely 
used in industrial applications. A simple decoder for the I / O  

ports may need to be added if spare ports are not provided. In 
addition, a Z80-PI0 was added to provide 16 digital control 
lines, programmable as either inputs or outputs. At present 
only two of these lines are in use and the remainder are 
available for future enhancements in automation of the 
system. The design of this board presented no particular 
problems. The circuit diagram is shown in figure 1. 

If desired, it would be possible to substitute an IBM PC or 
‘clone’. As the timing philosophy of the HPIL integrated 
circuit is compatible with any ‘80xx’ microprocessor, it would 
be a simple matter to construct the HP IL interface circuit on 
one of the general purpose experimenter’s boards which plug 
into the IBM PC bus. The software, of course, would have to 
be rewritten, but the 280 code could serve as a useful model. 

The only serious problem encountered was related to the 
programs driving the device. The manuals define the 
operation of the HPIL in detail, but in terms of state dia- 
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Figure 1. HP IL adapter schematic. 

grams, with inadequate explanations and an assumption of a 
priori knowledge. Also, in one instance, the 3468B voltmeter 
did not respond in the manner defined by the H P  IL specifica- 
tion. Nevertheless, assembly language software 'drivers' to 
control the H P  IL system were eventually written and tested. 
They were designed to  be used as subroutine calls from 
Microworld Basic, the most common high-level language 
used in the Microbee computer. Once the 'drivers' were 
operational, it was a simple task to write short programs in 
BASIC to test the system functions, and these programs then 
provided a basis for the data acquisition programs that fol- 
lowed. Listings for 'drivers' are available from the author. 

2.2.  The pre-amplifiers 
No single origin could be found for the high noise level 
existing in the old system. Surface leakage can be a substan- 
tial source of noise in very high impedance circuits. so it was a 
reasonable assumption that this mechanism was a major 
contributor to  the high background noise. The age of the 
materials, heat, and the frequent presence of possible con- 
taminants would all tend to cause a general degradation of the 
insulation used to cover or support the high impedance 
components of the head amplifier. The high value resistors 
used in this circuit were also potential suspects for progressive 
degradation. The operational amplifiers could have deterior- 
ated or been progressively damaged by small electrostatic 
discharges. 

Reconstruction was essential to complete our restoration 
of the data acquisition system. The future availability of the 
main component in the existing system. the varactor bridge 
electrometer amplifier, type AD310J, was in doubt, as it had 
been relegated to  the 'not recommended' category by its 
vendor (Analog Devices 1984). This was, and still is, an 
excellent device, but it is unique and strictly proprietary. As 
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we were proposing to  extend the life of this instrument by 
many years, an available substitute was necessary. The near- 
est readily usable equivalent appeared to be one of the 
monolithic electrometer operational amplifiers available from 
several manufacturers. Among these, the AD515K is rep- 
resentative, and is second-sourced by a number of close 
equivalents. 

In comparing the two electrometer amplifiers, only two 
parameter classes present potentially serious problems, 
namely temperature coefficients and low frequency noise. See 
references (Analog Devices 1978, 1984) for relevant data. 
Analysis of temperature coefficients tended to  show that the 
AD310J was superior (see table 1). However, the wider 
parameter spread of monolithic devices makes a true compar- 
ison difficult. In addition, the temperature coefficient was 
always positive for AD515K, and a degree of cancellation in 

Table 1. Temperature coefficients. 

Parameter Units AD515K AD310J 

Input bias current, I,, 

Temperature coefficient of 
maximum fA +150 t10 

input offset voltage, Aeos,  
maximum ,uV"C-' +15 +30 

Temperature coefficient of 
input bias current 
(linearised about 25 "C) 
current, AI,, maximum fA "C-' + 11 k 1.2 

Equivalent output voltage 
coefficient, AI& versus 
temperature, maximum pV "C-' + 1100 f 102 
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offset drift between the major and minor beams would be 
guaranteed, whereas it can be positive or negative for the 
AD310J, and the smaller drifts could be additive. Moreover, 
the temperature of the environment is stable, and the ampli- 
fier devices are embedded in a case of large thermal mass. 
Given the mode of operation of this type of mass spectro- 
meter, i.e. repetitive comparisons of a reference sample and 
the unknown sample, it is unlikely that errors arising from 
this source would be significant when using an AD515K. At 
worst, AD515K amplifiers might need to be selected indivi- 
dually to eliminate particularly bad units. Noise would be far 
more important. 

With respect to noise performance, there was little infor- 
mation from the manufacturer in the very low frequency 
(< 1 Hz) region. The AD310J data give some specifications 
down to 0.01 Hz but the AD515K only to 0.1 Hz, and no 
additional comparative information could be obtained from 
Analog Devices. 

The noise bandwidth of the current-to-voltage converter is 
readily calculated. Given a feedback resistor of 100GR. a 
compensation capacitor of 10 pF and allowing 2 pF for stray 
capacitance, the upper break point, f 2 ,  will be approximately 
0.13Hz. The noise bandwidth is then (Motchenbacher and 
Fitchen 1972): 

1 
Af = - 1- A*( f) df -4 0 

where A ( f )  = gained response function and A. = midband 
gain= 1.51 x f =  0.2 Hz for a 6 dBioctave asymptote. 

Some rough estimates of low-frequency narrow-band 
noise density can be made. A well known rule of thumb states 
that, for typical semiconductor noise, 1 pV RMS approximates 
to 6.6pV peak to peak with 0.1% probability of error (Mot- 
chenbacher and Fitchen 1972, Garrett 1981). The estimates 

Figure 2. New head 

Table 2. Noise performance. 

Parameter Units AD515K AD310J 

Manufacturer's data 
Input voltage noise 

Wideband e,,, 

Narrowband e,,, 
f = 10 Hz 

Narrowband e,, 
f = 100 Hz 

Input current noise 
Wideband in, 

Wideband in, 

BW=0.01-1 HZ 

B\~=O.1-10 Hz 

BW=0.01-1 HZ 

Estimated parameters 
Voltage noise, e,, 

Current noise, in: 

Equivalent input, e,, 

f = 0.5 Hz 

f = 0.5 Hz 

Rf= 100 G Q  

PVP-P - 10 

- nV Hz-"~  75 

nV HZ-"~ 55 - 

- fA  P-P 3 

fAp-p - 1 

,uV H Z - ~ ' ~  0.19 1.5 

fA  Hz-1!2 0.14 0.15 

,uV Hz-'" 14 15 

are given in table 2, together with a summary of the data 
supplied by the manufacturer. 

The last two items in the table are the most significant. It 
would appear that there was no substantial difference 
between the noise performance of the two components. In 
both cases their performance was dominated by the thermal 
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Figure 3. Ncw AD51SK-bascd head amplificr. 

noise of the feedback resistor, 

e, = mf 
= 40.1 pV HZ-”*. 

We proceeded with the complete reconstruction of the 
existing head amplifier, and, to test our conclusions, designed 
and constructed a duplicate of the head amplifier using the 
AD515K. New components were used throughout and 
Teflon was used for all insulators and supports. After assem- 
bly, the whole structure was thoroughly washed with low 
residue Freon TF. Performance was so good that there was no 
need to select components. The circuit of the new head 
amplifier, which incorporates a test facility introduced some 
years ago to assist maintenance, is shown in figure 2, and the 
new amplifier itself is shown in figure 3. 

2.3. The remainder of the system 
The original equipment rack contained a large chassis called 
the ‘ratio decade unit’ which was largely redundant. The 
essential sections were reconstructed on a new and smaller 
chassis. Its two moving coil meters were retained for beam 
current monitoring purposes, as the digital meters are not 
easy to read while the system is running. The space so saved 

Figure 5. Example of old chart recording. 

was used to mount the two digital voltmeters in the equip- 
ment rack. Bit 0 of P I 0  port B was used for the gas control. 
An optical coupler was required to eliminate troublesome 
ground loops, and the circuit of the original gas control timer 
was modified for external computer control. The general 
layout of this section of the system can be seen in figure 4. 

Figure 4. System front panel, voltmeter chassis. 
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Figure 6. Example of computer output. 
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Anyone interested in implementing a similar restoration is 
invited to contact the author for further details. 

3. Typical ratio measurements 
Figure S is a typical example of the original method of ratio 
determination using a ratiometric recorder with the ratio 
partially determined by the settings of a three-decade 
Kelvin-Varley divider. The fifth digit was estimated visually, 
a subjective process. 

Figure 6 is an example of the current computer printout, 
with the standard error expressed as 20 per mil with respect to 
the reference ratio. When larger standard errors occur, 
repeated trials clearly show that they are traceable to ion 
source contamination or sample preparation factors. As an 
illustration of the basic precision of the instrument, analysis 
of the raw reference ratio without drift correction for the 
cases illustrated in figure 6 gives a standard deviation of 
6.5169 x lo-' and 7.3061 x respectively. 

4. Conclusions 
The results of this economical redesign of the data acquisition 
section of this old instrument were very satisfactory. Its 
stability and ease of use now compare very favourably indeed 
with much more modern and costly equipment. 
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Abstract. A simple device has been used to measure the 
desorption rate of 13X molecular sieves at high 
temperatures and the air adsorption isotherm at low 
temperatures and pressures. The desorption rate is found to 
drop exponentially at high temperatures, and the adsorption 
isotherm at low temperatures and pressures is lower than 
those of Stern and Dipaolo and Jackel and Bartel. 

1. Introduction 
It is well known that a molecular sieve can be used as an 
adsorption pump. Up to now, there has been quite a lot of 
research on the nature of molecular sieves (Rudzinski and 
Jangieffo 1982, Jiang et a1 1983, Bi and Qiang 1986). Most 
published work has been on the SA molecular sieve, some on 
the 13X molecular sieve and some on the air adsorption and 
desorption functions of the 13X molecular sieve. In our 
laboratory conditions, experiments have been done on the 
desorption rate at high temperatures and the air adsorption 
isotherm at low temperatures (77K) and low pressures 
(< 1 Pa). (The adsorption isotherm of pure nitrogen is similar 
to that of Jackel and Bartel and no further explanation will be 
given - see curve D of figure 4.) We find that the adsorption 
isotherm is lower than that of Stern and Dipaolo (1967) and 
similar to that of Jackel and Bartel (1980). When the balance 
pressure is lower than Pa, our curve is lower than both of 
these. The desorption rate decreases linearly at room temper- 
ature (20 "C) and exponentially at high temperatures (200- 
300 "C). 

2. Device and method 
Figure 1 shows the experimental device, which is a high 
vacuum system made of glass. Valves 10, 11, 12 and 13 are 
JB-type high vacuum valves. The IG-3H gauge (7), DL-3 
gauge (8) and DL-8 gauge (9) can be calibrated by direct 
comparison with a reference gauge in nitrogen and air. The 
accuracy of calibration is t 5%. The volume of the measuring 
chamber is V,=2.81 and that of the specimen chamber is 
V, = 0.35 1. All the parts behind the diffusion pump can be 
baked out (i.e. evacuated at high temperature). The back- 
ground outgassing rate of the experimental system must be 
reduced as far as possible. First, the mechanical pump is used 
and the balance pressure reaches 0.4 Pa. Then the diffusion 
pump is used and the limited high vacuum pressure reaches 
1.6 X Pa. Finally the liquid nitrogen trap is inserted and 
the pressure goes down to 6.7 X 10-'Pa. The device adopts 
the constant volume method. 

2.1. Measurement of the desorption rate 
After our experimental system has. been baked out at 400 "C 
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