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Abstract

A 1.8 m X-band Damped-Detune8itructure (DDS-3) has 2 CELL FABRICATION

beenfabricated and characterized part of the structure A schematic of the DDS-3 cell is shown with an
development program towards a TeV-scalte elinear isometric rendering inFigure 2. Five dimensions are
collider. In this joint venture, thecopper cells were Specified on the drawing, ‘A’, ‘B’, ‘', ‘H’,and‘L’, which
precision-fabricated byLLNL, diffusion-bondedinto a Vvary over the length of the structure. Table 1 shows the
monolithic structure by KEKandthe structurecompleted dimensions of three cells along the structurentticate

and tested bySLAC. The overall process constitutes &€ magnitudes of the variations. All dimensions are
baseline for future high-volume structure manufacture. Specified at 20C.

Thickness

1 INTRODUCTION

The US-Japan technical baseline forTaV-scale &e
linear collider builds upon a 1.8 m long X-baacktelerator
structure for the main linacs. These structuaes of the
Damped-Detunedype, wherebythe cell dimensions are
varied continuously along the length in such a way to
maintain a uniform #/3 phase advance in tlaecelerating
mode at 11.424 GHz, but distribute the first dipwiede
frequencies according to a broatyooth functiorncentered
around 15 GHz. Furthermore, the dipaledes excited by Z
off-axis bunchesare effectively coupledout to damping _. : :
manifolds,wheretheir energy propagates to terminationg,:Igure 2. Cross-section and rendedfithe DDS-3 cell.

at either end. In this way, the long-range dipobkefields 2.1 Tolerance Requirements

may be suppressed. The basic DDS concaetsliscussed _ _

in [1], and anoverall summary of the R&D oiDetuned The axisymmetric features of the DDS-3 cells have
and Damped-Detuned Structures is found in [2]. Paiser tolerances in the 0.5 to 1.0 micrometer range and surface
will focus mainly on the production of the 2@Biferent finish requirements of less than 500 A. RThe primary
coppercells. The stackingndtwo-step bonding othese and secondarglatums of the design are the flat face on the
cells into the DDS-3 structure is described in detail in [3[on-cavity side of the cell and the outside diameter of the
The actual wakefields of DDS-3 as measured inghaC Cell, respectively. Two relationships are critical to
ASSET facility is reported in [4]. A cross section of thénaintain for proper performanceélhe first is parallelism
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DDS-3 structure is shown in Figure 1. of the two bonding surfaces to 0.5 micrometer over the
diameter to prevent a variable “walk” in the straightness of

Input fundamental coupler Output fundamental coupler the structure. The secondis 1 micrometer concentricity of
Input HOM coupler the cavity and iris to the outside diameter, the radial

Output HOM coupler reference during assembly. The HOM port dimensions

have tolerances in size and position in the 20-micrometer
S range.

N Table 1: DDS-3 Cell Parameters
Cell A B t H L
No. (mm) | (mm) (mm) | (mm) | (mm)
3| 11.175] 22.311 1.05p 11.093 14.6p8
Figure 1. Cross section of the DDS 3 structufe. 103| 9.593[ 21.527% 1.45p 10.514 11.997
[ 201] 8.186] 20.853 1.876 10.3qQ0 8.8p4
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Quiality control was challengindue tothe verysmall
tolerances. Our strategy was terive most of our
Disks were first saw-cut frorannealechigh-purity copper ~accuracy from the metrology loop on the turning machine.
(UNS €10100) barstockand the axisymmetricfeatures For axial dimensions, the vacuum chuck was cut as a
turned to leaveoverstock material of 20 to 25 referencesurface andwith intimate contachbetweenthis
micrometers. The sldieaturesthat constitute thenigher Surfaceandthe part,faces could becut accurately. The
order mode (HOM) manifolds were then milled out to thelfacuum chuck wadesigned taminimize contactrea and
final finished surface. At this point, the part warmealed thus particulate contaminantsvere not likely to
in 10°® Torr vacuum at 500C for one hour, toremove compromise cell axial location. For diameters, a part that
residual Compressive stresses left in Huefacefrom the could be measured accuratms first cut. Thelifference
roughing operations. This wagcessary to prevent shapdetweenthe measured and programmed diametersttis
changes as material is removed during finishing. part contained thermal expansionand tool-spindle

The finishing operation wasompleted on a Precitechrelationship errors. The machine thatnedthe DDS-3
T-base diamond-turnindathe. This lathe has amir- parts did not have good temperatureontrol and the
bearing spindle, oilhydrostatic slidewaybearings, and temperature othe parthad to beestimated to correct for
Zerodurglass scales with resolution of 8.4 nanometerfie thermal error. Afterapplying this correction, the
Of course, machin&iccuracy is Significanﬂy poorer, remainingerror in the test part waslue tothe tool not
largely due to thermal errors. Single crystamondtools being registered to the spindle centerline. Tni®r causes
with a 0.25-millimeter radius and the rake set tdefrees inside and outside diametersize errorsthat are equal in
were used for finishing. The usual procedure was to fini§hagnitudebut opposite in sign. By contrasthermal
the non-cavity side of the part first, holding the part witRrrors areproportional to theadius ofthe featureand are
a collet on the larger outside diametseeFigure 2). This Of the same sign. These references, the axial facanci
step resulted in precision finisheslurfaces orthe smaller test part diameter, must be set each time that a new tool is
outside diameter, one flaurface,andhalf of the iris. In installed on the machine. With the precisiomachine
the secondstep, the part wasixtured with a vacuum metrologyfound on diamond-turnintathes, thisstrategy
chuck on the side turned flat in the first operation and wii®n result in more accurate dimensions throughoupaine
a close-fitting (0 to 0.5 micrometers clearance) @ngund than can be measured by other means.
the smaller outside di_ame_te'l’he vacuum chuck, collet, 2.3 Metrology
and a part are shown in Figure 3.

This method can yield venaccurateparts because it Sufficiently accuratemetrology was one of the major
allows the datum (larger outside diameter), cadtydhalf shortcomings in cell fabrication. The onfgaturesthat
of the iris to be cut in a single setugon-concentricities could be measured to tlaecuracy othe specifications on
of thesefeaturesshould only result from themachine the drawing werethe cell flathessand outside diameters.
spindle errors which are quiggnall. The onlyfeaturethat Being a fastand inexpensive procedure,flatness was
could be significantly non-concentric is the half of the irimmeasured frequentlwith a Zygo Mark IVinterferometer.
that is cut during the first operation. Additionallyecause Typical cell interferogramareshown in Figure 4most
the secondset of axialsurfaces iscut when the part is cells were flat to less than 0.4 micrometers over the
located on a machined-in-plagacuum chuck, parallelism bonding surface. A ‘bookshelving’ errorwhere the
should also be very good. About half the pawsre individual cell axes are not parallel with the structares,
finished with only two setups; the other haléquired wasnoted duringpost-assembly tests. It is unlikely that
successive operations. non-parallelism in the cells would yielthe character of
the error seen in the data. Furthermore, the parallelism for
each cell wasneasured aKEK prior to assemblyand all
were less than 2 micrometers parallel (acrosdiameter)
with the averagevalue and standardeviation being 0.45-
and 0.44-micrometers, respectively.

The only dimension that waseasured in aomewhat
in-process manner was the outside diametdich was
also the setupdiameterfor the quality control on the
machine. LLNL has the capability tmeasure outside
diameters inthis size range with accuracy to0.125-
micrometers,NIST-traceable. Atthat level of accuracy
however, the measurement is not fast enough toebe
useful in an in-process sense. Thus only a limited
number were measured, these data shown in Figure 5. The
outside diameters ofmore partswere checkedwith a

2.2 Fabrication Procedure

Figure 3: DDS-3 cell with diamond-turning fixtures.
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comparison gauge that compares the diameter totéiact important conclusionsesultedfrom this project.First,
part; repeatability of this instrument was in the 0.12%arge-volume structure manufacturing carot require
micrometer range. machining with high absolutésub-micrometerpaccuracy.
On the other hand, were optimistic that the right
strategy will be torequire only that the machining is
highly reproducibleandthe error in absolute dimensions
will be driven to zero by feedback froatcuratefunctional
metrology in the production line. Second, ttederances
for DDS-3 werespecified astop-hat’ distributions, but it
is now thought that this is overly restrictive. As
structuresare ensembles of a large number of cells,
tolerances could be specified terms of a mearerror
Figure 4: |nterferogram Showing better than 0.3- within a well-behaved errodistribution.  This should
micrometer flatness on each side of cell #178. resultin a much more relaxed machining procedurégdh
o » ] . it may be essential for mass production. How thduild
Independentlyverlfymg the o_ther critical axisymmetric actually be implemented has not yenconsidered in
cell features to a higher precision than canmagle on the jgt4il.
d|amond-turn|ng lathe is dlﬁ_‘lcult;_we relied _heaV|Iy on the One further outcome from this work hdmen to
quality control procesdescribed inthe previous section. gyamine the possibility of making the cells with
For large-volume production, the emphasis will be Oferiocking features (see Fig. 6). Such a design should be
microwave qualification, both single-celend full- .\ \-h moreamenable torobotic assembly, as well as
structure, more closelyelated to actual performance. gjiminate ‘bookshelving’ of cells within the structure.

Functional tests thatvere performed includedingle-cell Tooling and cells are being fabricated for a teshés idea
and bead-perturbation microwaveests and the ASSET , 5 sub-section prototype.

wakefield characterization [2,4]. ‘
7 /

Figure 6: An interlocking cell with RDDS cavities.
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