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Generator, andabout 60 feet of cable. The Master

Amplifiers are used to increase the pbwer level to 30
Many of the components used in the Stanford Lineawvatts. The Fiducial Generator puts a 120 wattci/2e

Collider (SLC) phasingystem date back 30 years to thdiming pulse on the RBefore it issent into theviDL for

construction of SLAC. At the start @LC the phase distribution of RF, timing and phase information in the

reference system was upgraded with many of the originkahac.

components remaining. The R.F. drisgstemphase START OF PHASE

Abstract

stability requirements becantighter with operation and A C_Rf T_I?‘f]“_li‘:TH % SECTOR 1
optimization of the SLC. This papéescribes analysis pmmmnq ! A A , SECTOR 0
done on the R.F. driveystemand interferometeisystem [(ﬁ., i T [ T “
during the 1996 run andbwn time, modifications to the Hon g ‘J /
systems during the 1996-97down time, and the €3 ‘' I
improvements in stability from the modifications. SWITCHE
L ——
1 INTRODUCTION DISTRIBUTION
CHASSIS

The sun coming up in the morning onbaautiful
sunny day for someone in Stanford, California is nc
such a nice experience if one is an operator of tHeggure: 1 SLC Old Front End Phase Distribution
Stanford Linear Collider (SLC) trying tamaintain
luminosity. The improvements on the SLC the pa
decade have decreased the emittance of the beam to aOperators constantly adjust phase toaintain
point where the existing phase variations in the RF, dueminosity during times of large outside temperature
to diurnal temperature changes, significan#§fect changes. The most common adjustments are the injection
luminosity. Theeffectsare greatest at sunrise when thephase from the damping rings to the linac anjelction
temperature gradient with respect to time is the largest.phase of positrons entering sector 1.

During the 1996-97 down time the front end phase In order toverify that thesuspectedrea of RF phase
distribution system was reconfigured. The phase criticghifts was thesection from the distribution chassis to the
pathwas moved fronthe low level RF system before the MDL, an 80k BTU heater was placed ithe sector 0O
high powered amplifier which drives th®lain Drive alcove where these electroniesid cablesare located.
Line (MDL) to the front of the MDL. The phase The heatewasturned on at 04:20AM on June 20, 1996
distribution system is described in reference [1]. Time simulate the sun coming up. The temperature in the
Delay Reflectometry (TDRjneasurements on the MDL rear of the RFeomponents rack rose from ¥5to 87F

&.1 Motivation for Changes

showed problem areas which were rebuilt. at 06:00AM at which time the heateras turned off.
Figure 2 is a plot of the phase difference between sector 2
2 FRONT END PHASING CHANGES in the linac andsector 1 from 18-June-1996 at 01:20 to

The front end phase distribution of the Sh@&sbeen 20-June-1996 at 07:20.
upgraded tomove temperature sensitive devices out ol 7] B
the phase critical path. The phase critical gabins
where the RF reference signal is first splitféed more
than one device of which relative phase is critical.
Figure 1 showsghat the point at which the phafem
the master oscillator splits feeddifferent areas was in
the distribution chassis. RF outputs of this chafesd -80 — T T T3
Sector Oand 1,CID and Damping Ringsand the Linac.
The items of interest to remove from the phase critici 18-JUN-1936 01:20 to 20-JUN-1996 07:20
path were the Master Amplifiers and Switch, the Fiducidfigure: 2 Sector 1 to Sector 2 Phase Variations
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The sharp rise and fall at the end of the graph is tt#3 Diode Delay Line Phase Shifters
he?t? ;[]urnlr:g OB a?dlghgﬁgggraﬂ dlu;r;]al p?a}je In order to make the changes to the front end phasing
variations are abou . z WIth oulsIde a5 necessary to develop a wide band phase shifter
temperature changes of°3B. With the injection phase |\ in \would be able tshift the phase of the 476MHz by
tolerance into the linac being much lekan T @ 2856 60° which shifts the 2856MHz by 380 The phase
MHz, t:fef pr|1tas_e var_lattl(_)n_ebslervgd |r_1tthe RF would shifter would need to changedstabilize phasbetween
cause difficulty In maintaining fuminosity. pulses, at 120 rep rate, within 8mS. The phase shifter
2.2 Changes to the SLC Front End Phase Distribution Must also be able taansmit the timingpulse which

o contains components much higher in frequency. A series
The phase distributiosystem waschanged to the of tyningdiodes was connected to a microstrip structure

configuration shown in figure 3. in a three layer FR4 board. Figure 5 iscapeimage of
OLD START OF PHASE the timing pulse intand out of the phase shifter. The
. CRITICAL PATH pulse outhasbeen scaled to the same height aspiilse
[‘E: J e [ [ [ % A — in, to better see any distortionLossthrough the phase
—H shifter is 6dB.
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Figure 3. SLC Front End RF Distribution ; T
The phase critical patmow starts after the old bbbt conn b b dns

distribution chassis, ~theower amplifiers, thepower  Figure 5. Fiducial Pulse Through the Phase Shifter.
amplifier switch, the fiducial generatoand many

connectors and cables. The phase critical path now sta2t4 Phase Variations After Changes

at the front 01_‘ the MDL where the d_istr_ibut_ion chassi_s is The variation in phase as seen by the sector 2 to
a 6 fpot HeI|a>§ cable awz_ay.T_he distribution cha35|s_ sector 1 phase monitor hagnificantly decreased since
contains on a single FR4 circuit board the phase sensitiye

. e i e upgrade. Diurnal variations whighould cause 15
interferometer components and amplifier, two wide bandhase variation at 2856MHz now only causepbase
tuning diode phase shifters, splittensd amplifiers. N- P y

. ; . Kariation.
type connectors mount to an aluminum housing whic

supports the board. The aluminum h(_)usmg is then 3 INTERFEROMETER UPGRADES
mounted on a water temperature stabilized plate. A

5.25-19 inch rack mount chassis, 8 inches deep, houses The interferometer system is used to measure the
the unit, figure 4. electrical length of the MDL. Variations in the electrical

length of theMDL to each sector from sector 2 are
calculated assuming that the variation is distributed
uniformly. The calculated phase variation is then used to
correct the phase of the sector.

3.1 Interferometer System

The interferometer system, figure 6, uses a dual
directional coupler at the front of the MDL to measure
RF into and out of th&IDL. At sector30, about 9700 ft
later, the RF icoupled off, phase modulated by 18
8 750Hz, run through a nulling phase shifter, amplified
Figure 4. RF Distribution Chassis and sentackthrough theMDL to the front. Avector
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sum of the modulated 750Hz signal from sector 30 and These expansion joints when examined were found to
the forward RF into thé/DL is run through a7r50Hz have a reversed center conductor. The outer diameter of
bandpass filtemnd feedbackamplifiers. The output is the center conductor is matched to the inner diameter of
used to adjust the nulling phase shifter in se8fr The the outer conductor to maintain a 50 ohm line. Figure 8
variation inMDL phase is measured by 1/2 the amourghows the construction of the expansion joint. The joints
the nulling phase shifter mushove to adjust for the exhibited reflection of -11dB when tested on the bench.
electrical length of the RF path up and back the MDL. With the expansion joints expanding and contracting
about 1 cm diurnally, the phase of the reflection could
change by 10 Thiscould cause a°4phase change at
2856MHz. Expansion joints in sectors 2 to 9, 17, 21,
22, and 24 were rebuilt during the down time.

L

MDL

Null FB

| [750Hz Osc. |

Sector 0 Sector 30

Figure 6 Interferometer System

Matches throughout thsystemare critical if phase
errors are to be kept tevels of T 2856MHz or 0.17
476MHz. The amount gbowerrequired to change the
phase of an RF signal by 0°1i& -50dB relative to the
RF signal, if the phase wff by 9C°. A fixed reflection Figure 8. SLC MDL Expansion Joint.
would justadd anoffsetand noteffectthe relative phase
measurement, but in a system which is changing up to 4 4 PROSPECTS
diurnally a reflection of -14dB could cause a phase
change of 0.17 which would be T of the frequency
multiplied by 6.

To reduce some errors in the interferomesgstem,
the MDL input dual coupler and phase sensitive
electronics were moved fromhe sector O alcove, about
50 feet of Heliax away téhe input of theMDL. The
phase sensitive electronics were maplart of the
temperature stable CID RF Distribution chassis.

Beam based phase measurements shasiguas of
phase variation in the phase reference system, reference
[3]. With refinement of beam based phase
measurements, locations of phase instabilities may
becomemore apparent. The work done so far should
increase stabilityand will be most noticed with the
startup of SLC in June of 1997. We expect to see
significant improvements in the positron injection phase
stability.

3.2 Main Drive Line Maintenance

TheMDL is almost about the same asvias 30 years ) ° ACKNOWLED_GMENTS o
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Figure 7. TDR from Sector 30 to Sector 21.
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