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Abstract 

A CAMAC-based programmable wave form generator 
is described which is used to control the quadrupole and 
sextupole trim power supplies for the new 3 GeV booster 
synchrotron injector for the electron storage ring SPEAR. 
This same type of unit is used to vary the cavity voltage of 
the RF system. Memory located in the CAMAC module is 
loaded with a wave form and output to the supplies with 
an internal clock. The wave form can be loaded either 
graphically using the X-windows-based control system or 
with an ASCII text file. 

ing input connections and is addressed by the computer. 
The second is the memory storage module and talks to 
the first via a buss connector along the top back edge of 
the units. The unit can produce 1, 2 or 4 output signals 
simultaneously using a 12-bit D-A converter. The analogue 
output signals are driven by two op-amps which are each 
capable of producing f 5V signals with respect to ground, 
thus in floating mode & 1OV is possible, but for our system 
only a single & 5V driver is used. Short circuit protection 
is achieved by temperature limitation of the output driver, 
which can get quite toasty if grounded. 

I. INTRODUCTION 

We have recently completed the commissioning of a 
new 3 GeV booster synchrotron injector adjacent to t,he 
SPEAR storage ring[l]. The injector consists of a 120 MeV 
linac followed by a booster whose magnets are ramped us- 
ing a White circuit. [2] The principle of the White circuit 
is that the dipole and quadrupole magnets in the booster 
are placed in series with capacitors so that an L-C oscil- 
lating circuit is produced. For the case of the SPEAR 
injector the resonant frequency is 10 Hz. With the dipoles 
and quadrupole currents being ramped in hardware the 
only magnet supplies which must be ramped using a pro- 
grammable power supply are the quadrupole and sextupole 
trim coils. After 9 months of operation the sextupole mag- 
nets have not been utilized, so they will not be discussed 
further. The purpose of the quadrupole trim coils is to fix 
minor problems in magnetic field within the quadrupoles 
during the ramp. The specific shapes of the ramps for the 
focusing and defocusing quadrupoles are empirically deter- 
mined. The other component of the injector which needs 
an external ramp is the radio-frequency (RF) cavity volt- 
age. For this purpose one of several analytic functional 
forms are used to ramp the voltage. Thus to accomplish 
these functions a CAMAC-based programmable wave form 
generator (WFG) was selected. 

One of the surprises of the module was a transient volt- 
age spike which occurs each time the voltage is changed 
during a ramp. Since our application uses the module to 
generate a wave form that is 100 msec in length a low-pass 
filter wit,h 1 kHz time constant is sufficient to smooth out 
the signal and has no effect on operation. It might be a 
problem for higher frequency operations. 

The memory module contains 32K of static memory 
which can be parsed according to the number of signal 
channels. For our application a 1000 sample wave form 
was used, updating the wave form every 0.1 msec. 

The proper timing of the booster is critical t,o its func- 
tioning. Rather than have the WFG operate in free- 
running mode a master oscillator is used to synchronize 
all of the critical events. The WFG can operate either 
in continuously repeating mode or can output 1-15 repeti- 
tions of the form and then stop. As we have implemented 
the module it, is set up in continuous mode with a start 
pulse sent by the master oscilator. In this mode the unit 
only completes a full wave form and restarts itself if a start 
pulse is missed by the master oscillator. The start pulse 
from the master oscillator ensures that the ramp is always 
synchronized to the rest of the booster operations. 

II. HARDWARE DESCRIPTION 

The hardware requirements are best met by a wave 
form generator which is capable of producing an arbitrari- 
ly shaped function. We have chosen a commercially avail- 
able module[3] for this purpose. The package consist,s of 
two modules each occupying a single slot in the (‘AMA(1 
crate. One module has the output connections and the tim- 

memory. Unfortunately thic can not he done on t,he fly, 
rather the output of the unit must be turned off prior to 
loading wave forms. The loading procedure takes over a 
second to complete, occasionally causing time-out prob- 
lems w-ith our serial highway crat,e controller. One restric- 
tion on the flexibility of the unit. is that each of the wave 
forms must be the same length. Once the wave forms have 
hem loaded into memory the unit can he armed and t,he 
next time a start pulse from the mast,er oscillat,or is seen 
the wave form will be unloaded from memory. A soft.ware 
start is also an option aher the module has been armed. ‘Work supported by the Department of Energy, Offirr of Rn-ir 

Energy Sciences, Division of Materinl Sciences. 
tvisiting SSRL from CERN 
:Now et Gesellschaft fiir Mathenmtik und Datenverarbeit,ung 

(GMD), Bonn, Germmy 

0-7X03-0135.8/91$01.M) @IEEE 1476 

III. INITIALIZATION 

To initialize t,he unit wave forms are loaded into the 
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IV. GRAVE FORM C~REATION AND LOADING 

The user interface to the WFG is through the X- 
windows-based graphical user interface of the injec- 
tor cont,rol system.[4] For the focusing and defocusing 
quadrupoles the inputs to the final wave form are 20 ampli- 
tudes adjustable on screen using sliders (a graphical input 
ulidget provided by X-windows). Each of the 20 sliders rep- 
resents a different time with respect to the injection of the 
electron beam into the booster from the linac. There are 
additional sliders for adjusting the phase of the wave form, 
a constant offset and an overall amplitude factor. The pro- 
gram divides the 50 msec ramp time into 19 intervals and 
assigns the 20 slider values to the 20 interval borders. The 
total number of points in the wave form is 1000, so the 
first 500 are calculated as a linear interpolation between 
the slider values. The second 500 values are a smooth in- 
terpolation between the last and the first slider value while 
trying to keep the wave form amplitude low. We plan to 
replace the linear interpolation by a J-point spline inter- 
polation in the near future. The phase, offset and overall 
amplitude are applied to the total wave form before it is 
written to the data base and loaded into the WFG. A new 
wave form is calculated and loaded whenever one of t,he 
input parameters is changed. 

The RF cavity voltage depends on a number of machine 
parameters such as the AC and DC offset voltages for the 
White circuit and the linac energy. There are also para- 
meters for the rate of change of the magnetic field in the 
dipoles (B) and overall phase, offset and scale parameters. 
The program converts the White circuit voltages into ener- 
gy equivalents which are used to estimate the phase angle 
d, of the white circuit at which injection occurs. The 1000 
waveform points (to cover the 100 msec period) are calcu- 
lated by 

be calculated and written into a text file with the proper 
format and then loaded into the data base and the WFG 
module. 
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f(t) = li T,,, ti + E(t)4 tro 

where 

E(f) = ENERGYDG + ENERG&c SIN(d + 4), 

I? = w ENERGYA~ COS(d + 4), 

CT0 = Energy Loss per Turn, 

T Pet’ = Revolution time. 

Again, the phase, offset and scale factors are applied to 
the 1000 waveform points before it is written to the data 
base and loaded into the WFG. A new waveform is cal- 
culat,ed and loaded whenever one of the input parameters 
is changed. As an alternative, the program can accept as 
parameters the maximum booster energy and the rat,io of 
the AC‘ to the DC component of the magnetic field which 
it converts to the AC’ and DC voltage setpoint by using 
the calibration factors. 

The control system for the injector includes provision 
for saving to an ASCII text file a particular paralneter or 
set of paranleters. These text files can be reloaded iuto 
the data base. Thus an arbitrarily shaped wave forrn can 
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