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Abstract

In the X-band accelerator system for the Next Linear Collider Test
Accderator (NLCTA), the Low Levd RF (LLRF) drive system must be
very phase stable, but concurrently, be very phase agile. Phase agility is
needed to make the Stanford Linear Doubler (SLED) power multiplier
systems Energy work and to shape the RF waveforms to compensate beam
loading in the accelerator sections. Similarly, precision fast phase and
amplitude monitors are required to view, track, and feed back on RF signals
a various locations throughout the system. The LLRF is composed of
severa subsystems. the RF Reference System generates and distributes a
reference 11.424GHz signal to all of the RF stations, the Signal Processing
Chassis creates the RF waveforms with the appropriate phase modulation,
and the Phase Detector Assembly measures the amplitude and phase of
monitored RF signals. The LLRF is run via VXI instrumentation. These
instruments are controlled using HP VEE graphical programming software.
Programs have been developed to shape the RF waveform, cdlibrate the
phase modulators and demodulators, and display the measured waveforms.
This paper describes these and other components of the LLRF system.
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Abstract CW signal is processed through a train of preamps, level-
set attenuators, and mixers to produce signals at 2856MHz
In the X-band accelerator system for the Next Lineand 11.424GHz, in the power range of 10 to 20dBm. The
Collider Test Accelerator (NLCTA), the Low Level RF2856MHz signal is used for phase-reference purposes.
(LLRF) drive system must be very phase stable, bdthe 11.424GHz signal is transmitted to each Signal
concurrently, be very phase agile. Phase agility is needBtbcessing Chassis where it is phase modulated, and to
to make the Stanford Linear Energy Doubler (SLEDgach Phase Detector Assembly where it is a reference
power multiplier systems work and to shape the RBignal that is used to precisely measure the amplitude and
waveforms to compensate beam loading in the accelerafrase of several RF monitoring points in the RF system.
sections. Similarly, precision fast phase and amplitud&fter further amplification, the modulated 11.424GHz
monitors are required to view, track, and feed back on Rdgnal is transmitted to the klystrons.
signals at various locations throughout the system. The
LLRF is composed of several subsystems: the RF 3 SIGNAL PROCESSING CHASSIS
Reference System generates and distributes a reference )
11.424GHz signal to all of the RF stations, the Signdkr Phase and amplitude are coded as two orthogonal
Processing Chassis creates the RF waveforms with thgmponents: | (in phase) and Q (in quadrature), where
appropriate phase modulation, and the Phase Detechl2Se is arctan(Q/l) and amplitude iS+(?)™2 A signal
Assembly measures the amplitude and phase of monitor@cessing chassis for each NLCTA RF Station contains
RF signals. The LLRF is run via VXI instrumentation the low-level microwave electronics neede_d to create an
These instruments are controlled using HP VEE graphicBF ©utput with arbitrary phase modulation.  An 1/Q
programming software. Programs have been developed@dulator in the signal processing chassis up-converts
shape the RF waveform, calibrate the phase modulatdt@seband | and Q signals into an appropriately phase
and demodulators, and display the measured waveforfieodulated, 10mW RF signal for driving the TWT that

This paper describes these and other components of fi¥/€s a SOMW Klystron at X-band. Because the klystron
LLRF system. is operated in saturation, the 1/Q modulator is used as a

fast phase shifter only, with its RF output kept at is a
1 INTRODUCTION constant power level [3]. Figure dhowsthe HP VEE

. i graphical interface used to calibrate the phase modulators.
The Next Linear Collider Test Accelerator (NLCTA)

is an experimental high-gradient X-band linacSMAC | ] s
designed to integrate the technologies of X—ban‘:, =
accelerators, klystrons, and RF pulse compression syste|f—=g——"——"— = Fifeae
The NLCTA will serve as a test bed as the design of th|—=|[ ] [Costaca | [Chetca ]
Next Linear Collider (NLC) evolves. The Low-Level RF|j=| ] I — T —m—
(LLRF) Signal Processing System was designed {[Fod T | Lo | [ osesn |
. . . . il 1] E_aa | E_Aa |
produce and monitor the highly phase agile RF drive S m— —ul  Comess | [ e |
achigve the small{.1%) bunch-to-bunch energy spread — N —
required for the NLC [1]. e e et [N N L I By B2
|_Rm‘ = E® ] EL ® ]
2 11.424GHz RF REFERENCE SYSTEM | | Losmem ] [ozses ]
. . . [ oo &t E i'-"zszg:sm I\ i}.l‘o439%1 I\
A single RF Drive System supplies RF to all of thg — — 18]
NLCTA high-power RF stations [2]. This RF drive systen e
derived from a 476MHz drive-line signal. TH&6MHz Figure 1. Phase Modulator Calibration Software




Calibrations are done to characterize the I/Q modulator 4 PHASE DETECTOR ASSEMBLY

accurately at a single RF output level. On-line calibrations

(using a designated detector in the Phase Detector Chassis) There is one Phase Detector Assembly per NLCTA
must be done everyday to correct for changes in theF Station, consisting of eight I/Q demodulators. These

modulator characteristics. I/Q demodulators are used to downconvert RF signals for
precision amplitude and phase measurements. The RF
3.1 Phase Profiles signals that are measured are from various monitor points

in the RF system. (e.g., Vector Modulator Output, TWT

Two programmable ~ Arbitrary  Function  Generatorsy, it Klystron Output, Accelerator Input). The pairs of
(AFG's) produce the | and Q waveforms that used by 4onconverted 1/Q signals from one Phase Detector

the Signal Processing Chassis to modulate the phase of ssis Assembly are multiplexed into two digitizer

RF that drives a saturated TWT (and klystron) [4]. Th%hannels and simultaneously sampled at 1GHz.
phase modulation is eventually converted, by a high-power

pulse compression system (SLED-II, described by Tanta\a/i
et al., in these proceedings [5]) to amplitude modulation
which compensates for transient beam loading in tHEhe Calibrations of both the Modulator and Demodulators
accelerator (see Adolphsen &k, in these proceedings are done through HP VEE software. The software
[6]). Figure 2 shows an example of a phase profile and tbgerations performed upon the I/Q data include data
predicted RF amplitude waveform that results after higkeorrection, data conversion, and data display. Figure 3

1 Software Calibrations

power RF pulse compression. showsthe software algorithm for the 1/Q demodulator.
The data correction step consists of four multiply and two
T —rr mhesemele add operations. The six constants used in this correction
sordl fe (I, Ql, 1Q, QQ, loffset, and Qoffset) are determined by a
=== |- N N N calibration algorithm that is described below. The data
3 v/ conversion step performs the non-linear operations that
! E'Ii : : — : —m convert 1/Q to amplitude/phase. The algorithm in Figure 3
[Buto Semie JT Time | oawv is performed upon each measured | and Q in the data
=L = ji Predistod SLED Wavetorm sample.
I—OSVEIEI; . L L. L L S
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Figure 2. Example of a Phase Profile produced with the CORRECTION. o |CONVERSION
AFG's and the SLED Waveform it is predicted to generate. = A=V(12+ Q) » A
Ic I Ql | +loff
QC]{lQ QQ]X[Q+Qoﬁ] Qc
3.2 Station Phase Qup. ¢ = atan (Q/1)

Real-time adjustments of the station phase is provided

compensate for phase drifts and drifts caused by thern

expansion. In order to accomplish this, the station pha Figure 3. Software algorithm for the 1/Q Demodulators

adjustment has been divided into two hardware devices:

fixed phase setpoint incorporated in tAEG waveform

and an analog phase shifter that allows +/-180 degrees ..

phase adjustments to be performed in real time. The fixed

phase setpoint incorporated into tA&G is accomplished TO measure the six calibration constants of a demodulator

through software during initial turn-on and remains fixe@n 11.414GHz source switched into the RF input of the

thereafter.  Real-time adjustments of +/-180 degre€emodulator. The calibration signal is offset bfyMHz

around the station phase setpoints are accomplished witdm the RF center frequency, resulting TOMHz

an analog phase shifter that is driven by a VXI modulé&inusoids on the output | and Q signals from the I/Q

This analog phase shifter allows an operator to adjustdg@modulator. The calibration signal is digitized over three

knob and see phase changes occur in real-time. complete cycles of the 10MHz sinusoids. This data is then
analyzed to find the six constants in Figure 3 that make Ic



and Qc orthoginal sinusoids of equal amplitude and zero
offset.

6 CONCLUSIONS
5 VXI INSTRUMENTATION

The design of the LLRF Signal Processing system for
Each NLCTA RF Station consists of a VXI Cratethe Next Linear Collider will be based heavily on
containing one GPIB controlled command module, twexperience gained from existing systems developed for the
analog multiplexers (MUX's), one Digitizing Ocilloscope,NLCTA. The experimental program of the LLRF system
and two Arbitrary Function Generator's (AFG's). Anfor NLCTA has been successful in acheiving the ability to
additional VXI Crate, which is used for other purposesnake RF phase and amplitude measurements with time
contains a HPUX processtirat is used to control the RF resolutions comparable to the NLC bunch spacing (1.4ns).
VXI Crates via GPIB and HP's VEE graphical interfacéJpon completion of the NLCTA the design of the NLC
software. TheAFG's are programmed to output user-will progress with a better understanding of X-band LLRF
defined arbitrary waveforms which go into the SignaSignal Processing systems.
Processing Chassis Phase Modulator. The | (in-phase) and
Q (quadrature) waveforms from the Phase Detector
Assembly are multiplexed using the MUX's. Figure 4 is

the output display of the amplitude and phase for one fi] Physics and Technology of the Next Linear Collider:
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5.1 Timing

There is one Camac Simple Timing Buffer (STB) card per
RF station that provides the NIM-level triggers used for
synchronization of the LLRF system [7]. The VXI scope
trigger starts the digitizer data acquisition cycle at the
normal machine repetition rate. The Calibration trigger
enables the on-line calibration of the 1/Q demodulators by
switching on a calibration source. The ARB Trigger
initiates theAFG's waveform outputsThe LLRF Trigger

is used by the RF Trigger Chassis to create the RF Gate
pulse. This RF Gate is used by the RF Signal Processing
Chassis to pulse modulate the LLRF output.
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