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Introduction


The purpose of this document is to document the current, PEP-II SLC era, functionality of the PAD and IPA.  This functionality is defined from the perspective of what is available in the current control system, the SCP or SLC Control Program.  

The IPA or I-Phi-A is the Isolator, Phase Shifter, and Attenuator used to control the klystron drive.  It consists of a “rotary field continuous phase shifter,”
 known as the FOX phase shifter, a “solid state PIN diode attenuator, and an RF voltage detector.”1  The IPA is located upstream of the klystron, in the subdrive line.

The PAD is the phase and amplitude detector used for monitoring the klystron output.  The PAD “consists of a local phase shifter, nulling detector, and amplitude monitor.”1  It utilizes a local 2856 MHz phase reference line for phase measurements.  The PAD is located downstream of the SLED cavity.

The PIOP is the Parallel Input Output Processor, which is a CAMAC module controlled by an internal 8088 microprocessor.  The PIOP contains the programs required to control and monitor the PAD and IPA.  It also contains methods to communicate with the control system.  
The Fast Time Plot


The current control system has the option to request a FTP or Fast Time Plot.  The request is started by the operator, and the SCP formulates the required fields to be sent to the PIOP.  The FTP is effectively a rudimentary sampling oscilloscope.


The FTP’s that are related to the PAD and IPA are listed in the table below.

	FTP SCP Name
	Description

	RF PHASE
	PAD phase vs. time

	RF AMPLITUDE
	PAD amplitude vs. time

	RF DRIVE
	IPA drive vs. time

	KLYSTRON SATURATION
	PAD amplitude vs. IPA drive

	360 DEGREE SCAN
	PAD phase mixer volts vs. PAD phase mixer degrees.



Besides the above given type of FTP, there are a couple of other options available to the operator.  The step size of the FTP determines the total sampling time.  The options are wide, normal, narrow and jitter.  

The FTP is limited to 64 data points, and a minimum sampling step time of 67 ns.  These limitations reflect the data request to the PIOP from the control system.  For the wide option, a total sampling time of about 8 us is requested, under normal is 6 us, narrow is about 2 us, and for jitter, the step size is simply zero.
Another field on the FTP request is the beam option.  There are two options, a particular beam code, or any beamcode.  A requirement for successful data acquisition is that the requested beam code be active on the particular klystron station.
-  PIOP control system communication. 


The PIOP and the control system communicate using a 67 word, 134 bytes, control and status block.  The control block sends requests from the control system to the PIOP.  The status block sends data and statuses back to the control system.


The control block is constructed in the control system in a manner reflecting the operator’s request.  It contains information like primary, micro and unit, and also step size.  The argument designating which, if not any, beam to sample is the BEAM_FLAG.


The status block, in the case of an FTP request contains a three word header, follow by 64 data points.  The three word header consists of a success code, an actual start time for the dependent variable, and the step size for the dependent variable.  The 64 data points are in chronological order and stored as 16 bit two’s complement integer data.  

The status block is received by the control system, where it is formatted and plotted.  Any calculations, like averaging and integrating, are done in the control system.  Therefore, the calculations for the FTP klystron energy gain are done in the control system, along with the jitter calculations. 
I-Phi-A functionality

The I-Phi-A functions can be divided into two areas, attenuator and phase shifter.  
-  Attenuation


Attenuation is done by requesting a particular percentage of the drive.  Saturation FTPs are used to set the station to maximum power output.  This is done by stepping the drive while looking at the klystron output.  RF drive FTP is another diagnostic tool.

The control current for the IPA is provided from the MKSU, the Modulator Klystron Support Unit.  A 12 bit DAC in the MKSU provides 50 uA steps, up to 200 mA, for attenuation control.  The highest current provides the lowest attenuation, thereby providing the highest drive. 

-  Phasing


The primary purpose of the phase shifter is to forward phase the station in order to maximize the power into the beam.  A standard procedure is to step the FOX phase shifter through while looking at the beam energy.  The operator then requests the control system to put the phase shifter at the value of maximum energy.  The FOX phase shifter gives a readback of its current phase location.  
Because of the 720 degree range of the phase shifter, there is a FOX HOME function available to center the shifter.  There is also a TRIM phase function that in the case of phase drifts moves the FOX phase shifter back to a desired PAD readback.
PAD functionality


The PAD monitors phase and amplitude of the klystron output.  Phase and amplitude FTPs are two common functions.   A desired phase, PDES, can be entered in the control system and when requesting a TRIM matches the PAD readback with the desired phase within a certain tolerance using the FOX phase shifter.  A higher level task is the autotrim routine that every certain amount of time checks for stations to trim if they are out of phase.

There is also a hardware stability check for the PAD.  This is the 360o FTP.
Trimming, knobbing, and autotrim.

The control system allows the user to trim the phase of a single station or a group of klystrons.  The trim command acts in the following manner:
1. PDES and PACT are read from the PIOP then their difference is added to the current klystron phase request value in the database.

2. The new phase request is sent to the PIOP which sends a command to the Fox phase shifter to move the phase by the desired amount.

3. The micro’s database is updated by reading the new phase, and no other iterations are executed, even if the PACT doesn’t equal PDES.

4. A status message is sent to the control system along with values to update the database.

The trimming process takes over the micro, preventing multiple trim requests.


A second option is to “knob” the phase of a single station.  In this case no trimming is done, as the desired phase is changed, the corresponding phase request is changed and sent to the PIOP.


There is also a periodic autotrim routine that is in charge or trimming stations that are out of tolerance.  This routine can either be run in the local micro, for speed, or in the control system VAX.  The routine simple sends an all station trim to the appropriate micro, or from the micro.  
Vernier klystron stations for feedback.


It is important to note that certain stations, or sometimes whole sectors, are used as energy verniers.  This is often done by changing the phase of the stations in order to match a desired energy in a certain location.  

PAD and IPA control system database.

	Database Name
	Description

	PDES
	PAD SLED Phase DESIRED from klystron

	PJIT
	PAD SLED Phase Jitter Tolerance

	PMET
	PAD SLED PHASE MEAN TOLERANCE

	PHAS
	PAD SLED PHASE PPAD + PHAS FROM MSTR + GOLD

	PJTN
	PAD SLED PHASE JITTER

	ADES
	PAD SLED Amplitude Desired from klystron

	AJTT
	PAD SLED Amplitude Jitter Tolerance

	AMET
	PAD SLED Amplitude Mean Tolerance

	AMPL
	PAD SLED Amplitude (Mean Value)

	AJTN
	PAD SLED Amplitude Jitter

	PMDL
	Phase error due to Temperature from MDL

	LCON
	Landau phase shift reference value

	LACT
	Landau phase value based on actual klystron population.

	MSTR
	Upstream phase source (p, u, s) or (‘NONE’)

	POLY
	PAD SLED Poly, true_phase = f(raw_phase)

	PRAW
	PAD SLED Phase, raw data in engineering units (degrees)

	PPAD
	PAD SLED Phase, f(PRAW) (degrees)

	GOLD
	RAE’S Magic Phase offset

	ACON
	PAD SLED Amplitude Gain for Configuration

	PCON
	PAD SLED Phase for Configuration

	AREF
	Amplitude for EREF

	EREF
	Reference energy gain of station

	ECVT
	Conversion factors: PAD% to MW, MW to GeV, Fudge

	ECON
	Energy Gain for Configuration

	ENLD
	Accepted Measured no load energy gain (MeV)

	EACT 
	Measured no load energy gain (MeV)


	DRVR
	Drive Request

	KPHR
	Klystron Phase Request (FOX Phase Shifter)


Summary


The current PAD I-Phi-A functionality is summarized in the following list.

· IPA drive percentage request and readback.

· IPA FOX phase shifter movement request in degrees and position readback.

· FOX HOME.

· Drive FTP.

· Saturation FTP utilizing the IPA attenuator and PAD amplitude reading.
· PAD phase and amplitude reading.
· TRIM phase.

· Phase and amplitude FTPs.
· 360o FTP.

SCP figures pointing out the different functionalities.
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PEP-II main index, select klystron index.
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Klystron index, select klystron sector.
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Klystron sector, select individual klystron and function.
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More klystron functions.
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Display of database and readback values, PIOP, page 1.
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Display of database and readback values, PIOP, page 2.
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Phase information display.
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Single beam code normal amplitude FTP.
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Saturation fast time plot.
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EGAIN FTP, includes trapezoidal fit.

[image: image11.jpg]=loix|

KLYS L118 11 (K-18-1) Phase Fast Time Plot

WEaN =-35 .15 STomA = 1259
sz | I | I I

50—

75—

tdeg)

00—

ale

25—

Phase An

50—

-36.75—]

-37.00—]

A T T T T T T
o 10 20 30 40 5 6
Jrtter Plot, Beom=10 thsy e+/e)

SN: 5530 SLED_P: 0.0 19-AUG-05 10:19:08






Phase jitter FTP.

� “HARDWARE UPGRADE FOR KLYSTRONS IN THE SLC,” R. K. Jobe, M. J. Browne and K. P. Slattery, SLAC PUB 3666.








