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Summar

Particle accelerators are becoming smaller and
are producing more intense beams; therefore, it is
critical that beam-diagnostic instrumentation provide
accelerator operators and automated control systems
with a complete set of beam information. Tradition-
ally, these beam data were collected and processed
using limited-bandwidth interceptive techniques. For
the new-generation accelerators, we are developing a
multiple-measurement microstrip probe to obtain broad-
band beam data from inside a drift tube without per-
turbing the beam. The cylindrical probe's dimensions
are 6-cm o.d. by 1.0 cm long, and the probe is mounted
inside a drift tube. The probe (and its associated
electronics) monitors bunched-beam current, energy,
and transverse position by sensing the beam's electro-
magnetic fields through the annular opening in the
drift tube. The electrical impedance is tightly con-
trolled through the full length of the probe and
transmission lines to maintain beam-induced signal
fidelity. The probe's small, cylindrical structure
is matched to beam-bunch characteristics at specific
beamline locations so that signal-to-noise ratios are
optimized. Surrounding the probe, a mechanical struc-
ture attaches to the drift-tube interior and the quad-
rupole magnets; thus, the entire assembly's mechanical
and electrical centers can be aligned and calibrated
with respect to the rest of the linac.

Probe and Environment Constraints

Accelerator operators and automated control sys-
tems require more timely beam information as demands
for increased particle-beam brightness occur. Also,
as increased beam energy is required, traditional
lTinac structures become longer and demand broad-band
beam information from within the accelerator so that
beam malfunctions can be precisely diagnosed or so
that rapid automated corrections can be implemented.
One possible area for noninterceptive beam-probe
placement is inside a drift tube that has an annular
portion of the bore removed. This geometry gives the
probe clear access to the beam but restricts both
probe materials and geometries. The measured beam
parameters for initial acceleration operation are
current, energy, and transverse position. After
stable accelerator operation has been obtained,
second-moment and phase-space information for all
three cartesian coordinates is required.

A1l of these qualifications can be supplied by
using a style of strip-line probe we call a microstrip
electromagnetic probe. It is very similar to the
classic 50-@ strip-line probe being used in many
other accelerator facilities except that it is much
smaller and is loaded with an appropriate dielectric.
The probe must be able to sense beams of B8 > 0.046,
Jrms > 5.0 mA/cm2, longitudinal bunch widths (five
standard deviations) of one-sixth an rf period, and N
(number of ions) > 5 x 100 singly charged particles.
Because the probe is open to the evacuated beam tube,
the outgas rate must be small and the probe material
must be insensitive to various, ionizing-radiation
sources (especially at the high-energy end of the
Tinac). The most stringent restriction is the amount
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of volume within the drift tube that the probe and its
signal-carrying transmission line must fit into. For
the present set of accelerators being designed at Los
Alamos, this volume has a cylindrical shape of approx—
imately 6-cm o.d. by 2-cm i.d. by 0.5 to 2.5 cm long.

Microstrip-Probe and Transmission-Line Description

The probe consists of a cylinder of polyimide
material whose inside diameter is slightly larger than
the expected bore of the drift tube. The probe's
length corresponds to between two and four standard
deviations of the phase distribution of the bunched
beam. In the bore of the probe are four (or eight)
copper strips whose azimuthal widths are selected so
as to minimize the electromagnetic coupling between
both neighboring and cross-bore microstrips. In the
case for the first operational probes, the widths of
the four strips subtended 45° of the bore diameter
with gaps of the same width between them. On the
downstream side of the cylinder are four (or eight)
chip-resistor arrays whose values are selected to
match the characteristic 1impedance of the probe
(50 @). On the upstream side of the probe, a strip-
line, transmission line is connected to the probe's
microstrips. These transmission lines carry the sig-
nals out to coaxial SMA connectors.

Figure 1 shows a conceptual model of this probe
(with a slightly different shaped probe bore) and the
first bench test of the 50-Q strip-line transmission
line. The outside diameter of the polyimide cylinder
is covered with a layer of copper to provide a ground
plane for the beam-induced signals on the copper micro-
strips. The copper on the polyimide cylinder was ion-
beam, vapor deposited to a thickness of at least three
times the skin depth at the fundamental rf frequency.
The azimuthal-width/polyimide-thickness (w/h) micro-
strip ratios were selected to match electrical impe-
dances of the connecting transmission lines. Given
that the polyimide dielectric constant is 3.55,
Edwards? suggested a w/h = 1.6 for 50-Q impedances.
Outside the probe's ground plane is another insulating
material that attaches the probe to the permanent,
split-quadrupole? magnets. This mechanical struc-
ture provides accurate alignment of the microstrip
probe and electrically isolates the probe's ground
plane from beamline ground.

Fig. 1. The microstrip probe model (shown at top)
depicts the polyimide cylinder attached to the strip-
1line transmission line. The lower device is the first
bench-test version of the strip-l1ine transmission line.

Figure 2 shows a cross section of the layers in
the strip-line cable with an SMA connector being
placed in the cable. The copper strips sandwiched
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between the 0.25-mm layers of sheet polyimide are
0.20 mm wide (calculated width). The full thickness
of the transmission line is approximately 0.64 mm.
The thin insulative polyimide layer on the outside

of the cable isolates the signal's ground plane from
beamline ground. The isolation is necessary because
there is always noise--usually the accelerator-drive
frequency is the largest component--on beamline ground
near intense, rf-driven accelerators. Figure 3 shows
the first manufactured test cable and its middle
strip-Tine layer. The two sets of patterns etched

on the middle layer are one single line progressing
through five increasing discrete widths and four
0.2-mm-thick lines with 0.76, 1.5, and 2.29 mm
between each line. These patterns allowed us to
check transmission-line impedance and crosstalk.

Fig. 3.
its microstrip layer, manufactured at Los Alamos.

The first strip-Tine transmission line and

Electrical Model

Figure 4 depicts an electrical model for the
microstrip probe. The solid Tines show a simplified,
lumped-circuit model of each microstrip (components
Lp and Cp); Rg is the measured dc resistance of the
flat strip-line cable and Ry is the terminating resis-
tance. The broken lines represent the coupling capa-
citances between neighboring (Cy) and opposite (Cq)
strips; Iw* is the beam's image current on each micro-
strip. This image current, Eq. (1), is an adaptation
to Eq. (27) in Ref. 3. Here L is the length of the
microstrips, and &, is the azimuthal angle subtended
by each microstrip:
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Fig. 4.
the microstrip probe includes

The proposed electrical model of
neighboring
and opposite microstrip coupling capacitances
(Cy and Cp).

The transfer function for the probe is
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c is the speed of 1light, eg is the relative dielectric
constant, and Ry = Zg = 50 Q.

Signal Processing

Using SMA coaxial vacuum feedthroughs, the four
signal transmission lines penetrate the vacuum wall
of the beamline and are brought out a short distance
(<3 m) to a passive preprocessing circuit. The
signal information from these four coax cables is
then processed and unfolded into ten separate signals.
These output signals include the following:

(1) Broad-band signal composed of four added
microstrip signals for integrated beam-
current measurement

(2) Narrow-filtered signal composed of four

added microstrip-signals for a time-of-
flight beam-energy measurement
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(3) Four separate signals whose phase differ-
ences represent signal amplitude difference
of opposite microstrips

(4) Two separate signals that represent the am-
plitude sum of opposite microstrip signals

(5) Two separate signals that represent the am-
plitude difference between opposite micro-
strip signals

Signals, as described in Item 3 above, will be

used for detecting beam position using ratios of oppo-
site microstrip signals.4 Other signals (Items 1, 4,
and 5 above) will provide second moments in all three
cartesian coordinates.ss¢ All four of the input
cables to the preprocessing circuitry are phase
matched so that errors in length do not result in
phase errors in the position measurement. The post-
processing active circuitry (which is currently being
designed) will reside outside the accelerator vault
in crates and racks, which will give personnel easy
access to rf-signal sources and electronics.

Transmission-Line Data

Figure 5 shows a time-domain-reflectometer meas-
urement of the stepped-width line in the transmission
line of Fig. 3. The trace shows a 50-Q impedance (far
right in Fig. 5), dropping from the SMA connector to
a 0.305-mm strip-line width and traveling through (and
to the left, Fig. 5) five distinct steps to a 0.102-mm
strip-Tine width. The 0.23-mm strip-line impedance
(Fig. 5.) near horizontal center is close to the
0.20-mm calculated width for a 50-Q impedance. We

Fig. 5.
to the stepped-width 1line in the stripline
transmission line shows the 50-Q impedance
line width of approximately 0.23 mm.

A time-domain reflectometer response

believe that the epoxy adhesives used to bond the lay-
ered cable altered the bulk dielectric constant and
increased the cable impedance. The series resistance
of the four 0.20-mm-thick lines was 2.1 Q. The cross-
sectional area for the final cable design should be

at least 15% larger; thus, the series dc resistance
should be approximately 1.8 Q. This resistance will
give a VSWR of 1.07:1, which is more than adequate for
frequencies below 4.0 Ghz. To measure crosstalk, we
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connected a 425-MHz, +10 dBm signal source to one of
the four 0.20-mm terminated lines and measured the
signal power on the adjacent line. These data were
then compared to several RG-178 coax cables under the
same signal-source conditions whose grounds were com-
mon. From the smallest to the largest spacing between
lines, the coupled signal strengths were -36.2, -41,
-47 dBm as compared to the -47-dBm signal power from
the coax cables. These crosstalk data demonstrate
that we can put at least four broad-band transmission
Tines within the 1.27-cm maximum cable width required
for the specific, drift-tube application.

Conclusion

We have introduced a variation to the standard,
strip-1ine noninterceptive probe for charged-particle
beam detection. This probe's attraction is its small
volume, well-defined electrical impedance, and flex-
ible strip-line transmission line. We have discussed
the strip-line transmission line and have proved its
electrical feasibility. In the future, we intend to
send several versions of the probe assembly to
Argonne National Laboratory for measurement of the
probe's frequency response.?
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