Product Description

X-Ray Diode Array XUV-007
SEVEN-CHANNEL DETECTOR OF HIGH-
INTENSITY RADIATION

The XUV-007 biplanar x-ray diode (XRD) array is a compact, ultra-high-vacuum
(UHV) compatible instrument capable of measuring the VUV to soft x-ray spectrum
from 10 eV to 10 keV. The XUV-007 has a broad range of applications as a spectro-
scopic survey diagnostic, from estimating spectral shape to monitoring flux from an
x-ray source in normally hostile environments. Unlike conventional silicon diodes,
the XUV-007 offers key performance advantages such as high flux measurements,
resistance to neutron damage, and insensitivity to gamma flux.

* Seven Channels. The seven filterable biplanar XRD channels are arranged in
the most compact package available. The instrument is mounted on a 2.75 in.
OD copper gasket flange (ISO standard 38 mm).

» Stable Efficiencies. Diamond-turned aluminum cathode surfaces result in stable
efficiencies. The XUV-007 has been tested with frequent vacuum cycling over a
six-month period.

* Ambient Field Isolation. A Faraday shield is included for ambient field isola-
tion.

* Ultra-High-Vacuum Compatible. The XUV-007 is made of aluminum, stainless
steel, and ceramics for compatibility with clean vacuum operations. Its UHV
components allow for high-temperature bakeout.

* Common Anode Configuration. There is a common anode configuration for the
seven independent cathodes; the instrument uses a single +300 V supply.

* Rugged and Reliable. The XUV-007 is shock resistant for reliable operation and
can operate in high magnetic fields.

* Convenient. The XUV-007 is ready to install and use and is easy to operate.
* Many Available Accessories. Accessories for the XUV-007 include a carefully
selected filter set, a ceramic break stand-off for ground isolation, and a cable

harness for easy attachment of data and power cables.

Contact KMS for suggestions on filter choices to meet specific needs.




BrightCam, BrightView, and VIA are trademarks (TM) of KMS Fusion, Inc.

Copyright 1991 by KMS Fusion, Inc. All rights reserved. No part of this brochure
may be reproduced by any means without written permission of KMS Fusion, Inc.
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Product Description

1 Unit Description

The XUV-007, shown in Figure 1, is a seven-channel soft x-ray biplanar diode
(XRD) used to monitor photon fluxes with low energy resolution. The principle of
operation of an XRD is discussed in sec-
tion 6. The device features the most com-
pactarray of XRD channels available today,
mounted on a standard ultra-high-vacuum
(UHV) compatible flange that is sealed with
acopper gasket. With the exception of user-
specified filters, all components in the XUV-
007 are stainless steel, aluminum, copper,
nickel, and ceramic. This allows the unit to
be baked for UHV uses, such as beam-line
monitors or magnetic fusion plasma emis-
sion. The XUV-007 has successfully ac-
quired data from magnetic and inertial fu-
sion projects!-2 and has been used as a beam
monitor for other x-ray sources. The unit is
shown at full scale in Figure 2 with impor-
tant dimensions displayed.

Figure 1. X-ray diode array XUV-007.

Each of the seven biplanar diodes consists of an aluminum active photocathode
surface with a nickel mesh screen mounted above the cathode to maintain the voltage
differential. The 90% transparent mesh provides little attenuation to the incident flux.
The filter is mounted above the mesh and, when matched to the cathode in the manner
described in section 6, provides energy resolution for the channel. A suggested set of
filters is given in section 7. The XUV-007 features diamond-milled cathode surfaces
to provide long-term stability in the quantum yield of the device. These ultra-flat
surfaces have a very thin equilibrium surface depth for Al;03 and have no rough
points to encourage continued oxidation.

The anode is connected to approximately +300 V through either of the two high-
voltage feedthrough pins shown in Figure 2. This is sufficient to collect all electrons
emitted by the cathode in response to the incident photon flux.

The signal is connected to laboratory instruments through standard SMA connector
high-vacuum feedthroughs. To eliminate signal reflections, the external circuit
should terminate the connecting cables with the resistance to ground equal to the
cable impedance. Because cathode current is measured, the signal is a positive-going
voltage. This is discussed in section 6.

The entire XRD array is placed inside a Faraday shield to block the DC anode poten-
tial from the source vacuum. This prevents stray charges from entering the diode and
adding noise to the data signal. The shield has an open mesh across the active end of
the array and is in contact with the XUV-007 flange. We suggest that the array be 1
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Figure 2. Seven-channel x-ray diode array XUV-007 (actual size).
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electrically isolated from the test chamber to eliminate ground loops. An accessory is
available to provide ground isolation.

A special option is available for the XUV-007 for additional shielding against EMP
disruption of the signal. The /S option offers the additional protection of a set of
miniature capacitors between the anode and the electrical common plane of the
flange. This efficiently shunts electrical noise to ground. Since the XRD provides a
very low-power signal, large EMP can mask the data unless the shield is in place.
This is especially true for signals from high-energy channels using thick filters.
Frequently, such channels are used to detect the weak end of an emission spectrum,
and the resulting signal is easily dominated by radiated noise. It has been empirically
demonstrated that many magnetic fusion devices, such as tokamaks or reverse field
pinches, do not require this option. The extra shielding is needed in laser-plasma
environments due to the typical level of the EMP generated. It should be noted that,
with the /S option, the temperature of the device should not be raised above 120°C.
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2 SPECIFICATIONS

Table 1. Specifications for X-Ray Diode Array XUV-007.

Size Seven-channel array in 35 mm | See Figure 2.
diameter, 25 mm high housing
mounted on standard 2.75 in.
(ISO 38 mm) UHV flange.
Weight 375 g (0.83 1b).
Temperature 350°C maximum bakeout Bakeout temperature speci-
temperature. fied for unit without filters.
Connectors One SMA connector for each Power connected to either
of seven channels; two single- of the two voltage feed-
pin voltage feedthroughs. throughs.
Photocathode Diamond-milled aluminum, Ultra-flat surface stabilizes
seven total. efficiency.
Power Supply One required: = +200 V. Use of battery stack advised.
Storage Clean, low-humidity Some filters require vacuum
environment. storage. Store in oil-free
atmosphere to avoid photo-
cathode contamination.
Features Compatible with ultra-clean vacuum and magnetic field opera-
tion. Operation demonstrated at 10~ Torr, 2 T fields. Ultimate
limits not established.
Capable of spectral survey in low- and high-flux environments.
Seven channels for spectrum sampling. See section 5 for
dynamic range considerations.
Operates in hostile environments. Biplanar design is naturally
Rgs hardened against gamma and neutron radiation. Voltage shield-
S ing at all frequencies available. DC Faraday shield provided
S with unit, voltage isolation and capacitance shunting available.
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3 ACCESSORIES

Several accessories are available to enhance the operation of the XUV-007 array. All
are designed to enhance the unit’s capabilities or to provide convenience in opera-
tions. Contact the Manager of KMS X-Ray and Specialty Instruments for further
information and for price lists.

e Filters [part number 218-xx, where xx is the filter identification discussed in
section 7, Table 3]. Material foils placed between the radiation source and the
photocathode provide spectral sensitivity for a channel. Filters may be ordered
when the unit is ordered, or at any time thereafter. Section 7 gives the standard
filters for the unit; the recommended analysis method using these filters is given in
section 6.4.

« Ceramic Break [part no. 208-CB]. The DC ground of the unit should be isolated
from the ground of the source. This special copper-sealed UHV isolation unit
provides this isolation while maintaining a bakeable, clean vacuum system. The
XUV-007 is designed for insertion into standard ISO tubes. The XUV-007 cannot
be used with commercial ceramic voltage isolators (called “ceramic breaks”)
because of their restricted open diameter.

« Cable Harness [part no. 208-H]. As shown in Figure 2, the cables are located in a
very restricted part of the flange. Although not required for satisfactory operation,
the press-on cable harness shown in Figure 3 is a convenient accessory. It has
three functions:

1. Increases convenience in using the unit. All SMA and voltage cables are
connected with a single action by the user. The harness is terminated in stan-
dard BNC connectors for general use.

2. Protects connectors from accidental damage. A metal shell encloses all con-
nections.

3. Provides extra shielding for the data path. The voltage connector and seven
coaxial data cables pass through an outer braid sleeve for additional noise
isolation. The harness shell is pressed inside the XUV-007 guard ring, and the
flange ground reference is provided by the harness braid shield. Mounting
screws make firm electrical and mechanical contact with the flange.
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Figure 3. Cable harness accessory for the XRD array.




Product Description

4 ORDER INFORMATION

The X-Ray Diode Array XUV-007 is shipped fully assembled with all ordered filters
mounted, extra rings, special tools for disassembly, and detailed manual.

Note: Filters are considered to be “consumable” items with a finite shelf life. The
unit and all extra filters ordered should be removed from the shipping container and
stored in a clean, dry environment until ready for use. Certain metal foil filters will
survive best if stored in a clean, oil-free vacuum, or in dry nitrogen.

Table 2. Model and Part Numbers.

Model Part No. Description

XUV-007 400208 Fully assembled seven-channel XRD unit.
Standard unit includes Faraday shield, an extra
cathode in the storage container, and extra mesh
and filter rings for later use. A total of eight
rings are supplied; one is solid filter i

XUV-007/S 400208/S Standard unit (as above) with EMP shield added
to anode.

218-xx Filter mounted on support ring. A total of seven
may be mounted into the XUV-007. Additional
filters will be supplied in the storage case. Refer
to the specific filter code (xx) shown in section 7,

Table 3.

208-CB Ceramic break for voltage isolation.

208-H Cable harness for convenient laboratory cable
connections.
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5 PRINCIPLE OF OPERATION

A biplanar x-ray diode (XRD) is used to measure the Photons
intensity of light between UV energies (above ap-
proximately 6 eV) and x-ray energies in excess of
10 keV. As depicted in Figure 4, a beam of photons
is incident on a metal surface (the cathode). The
absorption by the surface generates a photocurrent of
ejected secondary electrons. The beam intensity is
proportional to this current, which is measured. The
quantum efficiency QE of the cathode surface is
defined as the number of ejected electrons per pho-
ton incident on the surface and is used with the
measured current to estimate the incident intensity.

Figure 4. XRD operation.

5.1 XRD Yield

The diagram in Figure 4 depicts a grounded cathode XRD. The cathode is placed
inside a cavity in the anode. Light enters the system through a window in the anode
wall. Energy resolution for the XRD channel is a result of the combined properties of
the filter transmission and the cathode absorption. The total XRD response, called its
yield 9{E) (in electrons per photon incident on the XRD window), is the product of
the transmission efficiency T(E) of the filter and the quantum efficiency QE(E) of the
cathode, where E is the photon energy,

NE) = T(E) QHE).

If O(E) is the number of photons per second per eV incident on the filtered window,
the total current out of the XRD channel is

Iigp = e[ NE)NE)IE .

Many other references# express the XRD yield Y in units of amperes per watt, or the
equivalent coulombs per joule. The current yield, ¥ in amperes per watt, is related to
the XRD yield in electrons emitted per incident photon used here by

Y(E) = NE)/E.














































