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PULSED BEAM MEASUREMENT SYSTEM 

A.P. DE HAAS, J.J. LANGERAK, C.J. OSKAMP, H. DE VRIES and K. VAN DER BORG 

R.J. Van de Graaff Luboratorium Rijksuniversiteit Utrecht, P.O. Box 80.000, 3508 TA Utrecht, The Netherlands 

This article describes the elements of the pulsed beam measurement system at the AMS facility in Utrecht, in particular the 
switched power supplies and the current integrator. 

1. Introduction 

Pulsed beam measurement was proposed nearly ten 
years ago at the first AMS conference in 1978 in 
Rochester. At the AMS conferences in 1981 (Oxford) 
and 1984 (Zurich) two practical realizations of such a 
system have been described [l-3]. As our system fol- 
lows the same concept, this article concentrates mainly 
on the description of the modular high-voltage switch- 
ing power supplies and the low-drift, ultra-linear cur- 
rent integrators. 

The pulsed beam measurement system is a special 
feature of the AMS-facility in Utrecht. It is an in- 
tegrated and very versatile system which enables the 
user not only to measure the different isotopes of one 
element quasi-simultaneously by pulsing the injection 
magnet chamber but also to solve the problem encoun- 
tered with molecular ion beams such as BeO- (different 
energies of the 9Be and “Be ions after stripping in the 
tandem accelerator) by pulsing the electrostatic deflec- 
tor with a floating power supply on top of the existing 
60 kV dc power supply. Pulsed current integrators are 
used to measure the pulsed beam currents before and 
after the accelerator. Synchronization of these three 
elements in the pulsed measurement system is accom- 
plished by the beam sequencer unit which generates all 
the related timing signals [4]. 

The use of very fast switching dc power supplies 
enables the user to choose any pulse length from 100 ps 
up to cc. Rise and fall times are in the order of several 
ps and the pulse has a very stable and “flat” top. 
Control and read-out of the floating power supplies is 
done via fiber optic links. The pulsed current integrator 
is also used in a floating mode, so as to facilitate 
connection to any arbitrary earthing point in the experi- 
mental setup. The current integrator is an improved 
design based on experiments with our own prototype 
integrator with five input ranges [5] and a design idea 
from the ETH-laboratory [2]. Input range is 0.5-500 nA 
with a very high linearity. 

2. The heam sequencer 

All timing signals of the beam sequencer are derived 
from a 2 MHz master oscillator. Synchronization with 

50 Hz line frequency is realized with a phase locked 
loop, but it is also possible to introduce an extra 2 ms 
delay in every cycle to minimize mains ripple problems. 

One cycle (cycle-time to be selected in the range of 
100-900 ms) includes one or two pulses (pulse A and 
pulse B) which both can be adjusted in the ranges 
100-900 ps or lo-90 ms. Either pulse output can be 
made continuous for tuning purposes. 

For i4C measurements typical values are: pulse A 
100 ps for “C and pulse B 900 ps for i3C. During Be 
measurements only pulse A for 9Be is used. 

After a predetermined number of cycles (l-99) a 
signal is sent to the PDP 11/34 on-line computer to 
initiate readout of scalers, etc. During pulse A and B 
the scalers are inhibited and two delayed control sig- 
nals, pulse valid A and pulse valid B are sent to start 
the current integrators (fig. 1). 

3. Switched power supplies 

A simple, reliable and stable high-voltage switching 
module has been designed, which is used as the building 
block for all our pulsed power supplies. The module 
consists of a variable dc power supply with a high 
voltage transitor switch (fig. 2). Operation of the switch 
module is as follows: in the OFF state Tt is cut off and 
Tz is conducting so the output voltage will be zero. The 
diodes in parallel with T, enable current flow when 
modules are stacked. In the ON state the situation is 
reversed: Ti is conducting and Tz is cut off, so now the 
output voltage will be the same as the input voltage of 
the switch. The two varistors (1400 V) across T, and T, 
protect these transistors against high-voltage transients. 
The module can be used to a maximum of 1200 V in dc 
or pulsed mode. Pulse rise and fall times are limited 
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Fig. 1. Beam sequencer signals. 

only by the high voltage switch (2-3 /.Js) and stability is 
realized by the regulated dc supply. The high voltage 
pulser for the beam direction uses a stack of three of 
these modules on top of each other to achieve a maxi- 
mum pulse height of 3600 V. The stacking of these 
modules is very simple because each module is con- 
trolled by optical links. To limit switching current spikes 
and interference from the magnet chamber, the stack is 

not switched simultaneously but short delays are used 
between the switching of the modules. When using Be 
beams, the electrostatic analyzer (deflector) located be- 
hind the tandem accelerator is also switched. It was 
experimentally determined that there was no discernible 
difference between symmetrical and single-sided pulsing 
of the electrostatic deflector, so we used a negative 
switch module (max. 800 V) in series with the positive 
60 kV deflector supply (fig. 3) [6]. Large capacitors (12 
nF, 80 kV) have been connected in parallel to the 
deflector supplies to minimize transients and stabilize 
the system. Typical values during operation are f 40 kV 
deflector voltage and -600 V pulses. In the control 
room the deflector voltage (resolution 10 V) and the 
pulse voltage (resolution 1 V) can be monitored and 
adjusted continuously. Two fiber optic links are used 
for this purpose; a third link is used to transmit pulse 
timing. The measured rise time of the voltage pulse on 
the deflector plate was 3 ps for a 600 V pulse and 
stability in the order of 0.1% 

4. Pulsed current integrator 
Fig. 2. High voltage switch. 

Fig. 3. Electrostatic deflector switching. 

The pulsed current integrators [7] are a dual unit: the 
‘*C input has a 50 nA-50 PA input range and the 13C 
input has a 0.5 nA-500 nA range. The unit in front of 
the accelerator measures positive beam currents, the 
other measures negative currents. The positive current 
unit has one common input, the negative unit has 
separate inputs for ‘*C and 13C. The 13C unit has the 
following specifications. Noise and ripple are less than 
10 pA, drift is less than 5 pA under normal laboratory 
conditions (temperature 20 f 5 o C). Linearity error is 
less than 0.1% of the input current over an input range 
of 5-500 n4, or less than 0.001% full scale. 

Input capacitances as large as 200 pF give no mea- 
surable deterioration of these figures, 350 pF introduces 
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Fig. 4. Integrator input stage. 

a 0.4% error. The input stage (fig. 4) utilizes a low-input 
current, very low drift op-amp., charge injection com- 
pensation and a low leakage integrator reset switch 
consisting of two MOS-FETs in series. Voltage across 
Ti is very much reduced (which in turn reduces the 
leakage current) by the addition of T,. After 10 ps a 
sample of the integrator output is taken, which is to be 
subtracted later on from the full pulse output. In this 
way nonlinearity, offset voltages and other problems 
associated with the resetting of an integrator are largely 
eliminated [2]. 

Integrator output is passed through two sample-hold 
units; the first has a 10 ~LS sample time, the second a 1 
ms sample time. Thus - in spite of the short 10 ps 
acquisition time - very accurate sampling with a very 
low droop rate is realized. 

Finally a O-l MHz voltage to frequency (V-F) 
converter with an isolated output is used for readout in 
a frequency scaler of the on-line computer system. 

In the present design the linearity of the V-F con- 

verter is the limiting factor, it is the best unit commer- 

cially available, but its nonlinearity is stated as typical 
0.005% full scale. 

5. Conclusions 

The system as described here has proved to be very 
reliable and stable. There has been no need for a 
periodical calibration procedure of the pulsing system 
and the pulsed integrators in the past three years. We 
have experienced one failure in the deflector switch 
module due to a voltage breakdown (spark) in the 
deflector since its installation in September 1986. (Prior 
to that date, the 60 kV deflector supply itself was 
pulsed, a rather inaccurate and slow system since the 
power supply had a rise time of - 50 ms for a 600 V 
pulse.) In the near future the beam sequencer will be 
replaced by a more sophisticated unit containing a 
number of timers under software control of the on-line 
computer. Combined with the sample changer, which 
will also be controlled by the on-line computer, auto- 

mated measurements [8] are a reality. 
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