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Abstract 

The Linear Accelerator (Linac) in the Advanced Light Source 
(ALS) is designed to provide either single or multiple bunchcrs 
of 50 McV electrons for the booster synchrotron. Three cavities 
are used in theLinac for electron bunching. The two subharmonic 
bunching cavities operate at 124.914 MHz and 499.654 MHz 
respectively. The S Band bunchcr operales at 2.997924 GHz. 
The low level RF system includes a master signal source, RF 
burst generators, signal phase conuol, timing trigger generators 
and a water temperature control system. The design and pcrfor- 
mance of Ihc system will bc described. 

I. INTRODWTI~N 

The Linear Accelerator of the ALS is used to provide single 
or multiple bunches of 50 McV electrons for tic booster synchro- 
tron. Figure 1 shows the major components of the AU Linac. 
The cleclron gun serves as the source of the electrons. A series 
of up to 19 micro electron bunches or a single macroelectron 
bunch is initiated by pulsing the cathode or Sating thegrid of the 
clcclron gun, respectively. The cathode of thegun is being pulsed 
by 124.914 MHz pulses which are derived from the 499.654 
MHz Maslcr Oscillator. The electron bunches exiting the gun 

and entering the 124.914 MHz buncher[l] has a widlh of 2.5 ns. 
The first buncher compresses Ihe 2.5 ns bunch to a width of 800 
ps. The 499.654 MHz buncher[ I] further compresses the elcc- 
tron bunch to a width of 200 ps. After the 7th gap of Ihc S Band 
buncher[2] the electron bunch auains a widlh of 20 ps. Input/ 
Output ports have been provided for in all subsystems for tic 
ALS Intelligent Local Controller (ILC) in the ALS Control 
System[3] to take control of most of the functions when required. 
Local controls on all functions are provided. 

II. SYSYXM DESIGN AND OPERATION 

The 499.654 MHz master oscillator[4] is composed of two 
individual oscillators. One is a tempcraturc compcnsatcd crystal 
oscillalor (TCXO) and the olhcr is a oven controlled/voltage 
controlled crystal oscillator (OC/VCXO). The OC/VCXO pro- 
vidcs a signal tunable through a range of +/- 100 Khz via the local 
control or through the ILC LO facilitate various physics investigs- 
tars. Nine signal distribution amplifiers each producing 1 W are 
used to distribute the master oscillator signal to whcrcvcr it is 
needed. 

A 6X multiplier converts the master oscillator signal to 
2997.924 MHz for the S-Band RF system whcrcas a divider 
converts the master signal to 124.914 MHz for the first 
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Figure 1. Block Diagram of the ALS Linac RF System 
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subharmonic bunchcr RF system as well as for the Gun pulsing 
and the ALS Timing System. 

The Linac RF system opcratcs in the pulse mode. The pulsing 
frequency is 10 pulses per second. Only one of these pulses 
interacts with clcctron bunches, the other 9 pulses are used for 
calibration and tuning purposes. Three RF burst generators are 
used to drive two subharmonic bunchcrs, the S-Band buncher 
and two Linac guides. Phase adjustments and phase loops have 
been implcmcntcd in the designs to insure proper bunching and 
compensating for detuning due to various factors. The two 
subharmonic bunchers are pulsed on for 20 $S whereas the S- 
Band bunchcr and the two Linac guides arcpulscd on for 1.5 P.S. 

The Linac opcratcs at a tcmpcrature of 40 degree C. The 
water temperature is precisely controlled to within 1 dcgrcc by a 
Water Temperature Controller which compares the sensor signal 
with a stabilized voltage rcfcrcncc. The bipolar error signal is 
proccsscd by two polarized amplifiers; one for heating and one 
for cooling. The error signal is also available to the ILC. The 
ALS Linnc only rcquircs heating, therefore the cooling part of the 
dcviccisnotuscd. The hcatingcontroloutputrangeis0 to+10 V 
which is the input requirement of the SCR heater supply. The 
tcmpcraturc can bc set either locally or via the ILC. 

In the two subharmonic bunchcr systems, the outputs from 
the RF burst gcncrators drive the high power amplifiers which 
follow, producing 20 KW and 15 KW for the 124.914 MHz and 
the 499.654 MHz systems respcctivcly. Due to the low Q design 
of the buncher cavities, a phase control loop is probably not 
ncccssary and has not been implemcntcd at this time. 

In the S-Band system, the output of the 6X multiplier drives 
thcSLACsolidstlltcamplificr[51. ThcRFgateissetat8@. The 
first 5-6 PS allows the phase of the output signal to stabilize 
before the Klystron amplifier is pulsed on. A fast response phase 
shifter is built into the SLAC solid state amplifier to perform 
internal phase stabilization[fi]. The same phase shifter is also 
used for beam loading compcnsation[6] in the ALS. 

It is important to keep the phase relationshipbctwcen the RF 
signal and the clcctron bunch(es) at a proper constant for maxi- 
mum bunching effect. Besides the manual or ILC adjustable 
phase shifters, provision for a phase servo loop has been set up 
to minimize the phase change from pulse to pulse. Figure 2 
shows the functional block diagram of the Signal Processor. The 
phase error signal is derived from the SLAC Phase and Ampli- 
tudc Detcctor[7]. At the moment when all signal phases have 
stabilized within Lhc 1.5 @ S-Band RF burst, a sample of the 
phase error is taken, digitized and converted to a dc error voltage 
of the opposite sign. The voltage is fed back to the loop phase 
shifter and correct the phase for the next RF pulse. Since the 
Lransfcr function of the phase and control voltage is not perfectly 
linear, the cffcctivcness of this concept still needs to bc cvalu- 
atcd. The. sampling of the phase error signal is only taken when 
thcrc is no clccuon bunch to interact with the RF pulse. Output 
of the phase error signal and input for the phase correction to and 
from the ILC have been provided for possible future compulcr 
conuol of the phase loop. 
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Figure 2. Block Diagram of the Phase Servo Signal Processor 
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Figure 3. Timing Diagram of the ALS Lnw Power KF System 

III. TIMING OPERAI-ION OF WI< SYSTEM 

Figure 3 shows the timing operation of the Linac RF system. 
The scqucncc starts with a master trigger pulse, which cithcr 
comes from the synchronized trigger generator in the Linac lest 
phase or from the ALS Timing System in final operation. The 
master triggcrpulsc is then distributed via the Master Trigger Fan 
Out Mod&. The output trigger pulses arc used to trigger the 125 
MHz and 500 MHz buncher driver with each RF gate lasting 
20 )IS. Another trigger pulse is usc.d to initiate the 11 pS delay 
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trigger for tbc S-Band solid state amplifier, which is gated on for 
8 VS. The Solid State Amplifier has an inherent delay and takes 
atotalofO.XpSfortheRFtoreachflattop. Ittakesanother4.7 pS 
for the signal phase to stabilize; a total of 5.5 PS to reach the phase 
stabilized region. 

The solid state amplifier trigger starts two other delay trig- 
gers; one is the Klystron tTigger which has a delay of 3.5 p.S and 
the other one is the signal processing hold trigger, which has a 
5.5 p.S delay. From the time the Klystron amplifier is triggered 
tomid way of the flat top portion of the Klystron RFpulse, it takes 
2 pS. Therefore at the flat top portion of the Klystron RF gate, 
the Solid State Amplifier is also in the phase stabilized region. At 
this time, 16.5 PS after the Master trigger, the Gun pulse arrives 
at the Linac. Also at this time when there is no Gun pulse, that 
is9 out of 10 pulses, the signal processing hold trigger is initiated 
to sample the phase error of the system. 500 nS after the signal 
processing hold trigger, the ADC start convert trigger is started 
and 5.5 PS after that, the DAC convert trigger is initiated. The 
output of the Signal Processing Module is a dc signal whose level 
corresponds to the phase error of the S-Band system. A dc signal 
with the opposite sign is send to the loop phase shifter correcting 
the phase for the next RF pulse. The accuracy of the correction 
depends on the linearity of the transfer function of the phase and 
control voltage of the phase shifter. 

A Gun prc-trigger signal from the Timing System is present 
whenever a gun pulse is expected. This pre-trigger pulse is used 
to start a 20 I.LS gate which inhibits the sampling of the phaseerror 
whenever beam loading is expected. This 20 &!$ gate alsoenables 
aFast PhasePulse which is necessary tocompcnsateforthcbcam 
loading effect on the accelerator RF. The timing, the width, and 
the amplitude of the Fast Phase Pulse are adjusted to obtain the 
best results in beam loading compensation. This signal is sent to 
the fast phase shifter in the front end of the solid State Amplifier 
to change the phase of the RF signal to perform this task. 

IV. CoNCLUsroNs 

The design and operation of the low power RF system for 
ALS Linac have been presented. A total of more than 30 pieces 
of electronics components have been fabricated to build the 
system. In the S-Band system, the phase shifters, the phase and 
amplitude detector and the solid state amplifier are built by 
SLAC. The Linac produced the first beam in February 1991 in 
the trial run. A 50 MeV beam was obtained as monitored by a 
Faraday Cup at end of the Linac in March 1991. The low power 
RF system electronics components, however, have been running 
since November of 1990 without any problem. Operating 
experience still have to be acquired to evaluate the effcctivencss 
of the phase loop servo in the S-Band system. 
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