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Introduction:  The Chicago Instrument for Laser 

Ionization (CHILI), a new resonance ionization mass 
spectrometry (RIMS) instrument at the University of 
Chicago, is nearing completion. With a lateral resolution 
of ~10 nm, CHILI is especially designed for isotopic 
analysis at a substantially finer resolution than any in-
strument that is commercially available. In order to ac-
quire useful isotope data at such lateral resolution, the 
number of atoms within a sample volume ultimately 
becomes the major limiting factor. Therefore, high sen-
sitivity—or, more specific, high useful yield (ratio be-
tween detected and consumed atoms)—is imperative. 

The following gives a summary of the measures tak-
en to achieve the goals of ultimate lateral resolution and 
sensitivity and complements previous reports [1–4]. 

A New Home:  A thermally stabilized, low vibra-
tion, draft-free room was specifically designed and built 
to house CHILI at the University of Chicago. A rigid 
extruded aluminum grid is attached to the ceiling and 
holds power supplies, high voltage switches, computers, 
etc., as well as a platform to work on the top of the mass 
spectrometer. 

A Sturdy Base:  The entire instrument, including 
turbomolecular pumps, analysis chamber, sample stage, 
ion and electron guns, desorption and ionization lasers, 
rests on an H-shaped laser table, 4.27 m × 3.66 m in 
size, with active piezoelectric vibration cancellation. 
Great emphasis was put on creating a rigid structure that 
should minimize relative motion of the various parts and 
is isolated as a whole from possible sources of vibration. 

Vacuum System:  To further minimize noise and 
vibration, a vacuum system was designed that relies on 
magnetically levitated turbomolecular pumps with spe-
cial vibration isolation and backed by drag pumps with-
standing high fore-vacuum pressures. The drag pumps 
themselves are backed by reservoirs that need to be 
evacuated only once per month. The vacuum chamber is 
completely isolated from all sources of lubricants. In 
vacuo installed halogen lamps enable effective bake-out, 
allowing ultra-high vacuum (UHV, <10–9 hPa). 

Holding and Moving Samples:  Samples up to 
45×65 mm2 in size can be mounted horizontally on an 
Alio Industries UHV compatible, encoder-equipped, 
piezoelectric stage with sub-micrometer reproducibility. 

Ion Gun:  For maximum lateral resolution in RIMS 
analyses, CHILI uses an Orsay Physics COBRA-FIB Ga 
liquid metal ion gun that can be focused to 2.5 nm. 

Electron Gun:  An Orsay Physics e–CLIPSE Plus 
field-emission electron gun, which can be focused to 
4 nm, is integrated in CHILI. Using a secondary electron 
detector, CHILI operates as a field-emission scanning 
electron microscope for sample imaging. 

Schwarzschild Optical Microscope:  An optical 
microscope built in the Schwarzschild configuration is 
used for lower resolution, wider field-of-view sample 
imaging. The light optical axis of the microscope is col-
linear with the ion optical axis for the secondary ions. 
The resolution has been demonstrated to be <1 µm, near 
the diffraction limit. 

Desorption Laser:  In addition, the light path of the 
optical microscope is also used to focus a UV desorp-
tion laser beam from a Photonics Industries DC150-351 
(351 nm, 1.5 W) Nd:YLF laser. Laser desorption is ap-
plied to analytical problems where a lateral resolution of 
>0.5 μm is sufficient. The UV laser can deposit more 
energy in a spot than the ion beam, allowing higher 
sample removal rates for minor and trace element analy-
sis. A Nutfield Technology laser scan head allows to 
raster the beam. 

Laser Ionization:  Designs for six tunable Ti:sap-
phire lasers for resonance ionization are presently final-
ized and the lasers are being assembled. They will be 
pumped by three Photonics Industries DM40-527 
(527 nm, 40 W) Nd:YLF lasers that are already func-
tional. This will allow routine isotopic analysis of at 
least three elements simultaneously. 

Laser stability.  For high precision isotope meas-
urements, high stability of laser intensity and wavelength 
is imperative. The dedicated climate control of the 
CHILI lab should facilitate running the laser with the 
required stability. In addition, two major design features 
improve the laser stability. A new Ti:sapphire crystal 
holder has been built that allows for very effective water 
cooling. In addition, the wavelength is monitored con-
tinuously and any drift in wavelength is compensated by 
actively rotating the reflective diffraction grating in the 
laser cavities using piezoelectric actuators and feedback 
controls. An earlier version of this system has proven its 
excellent capabilities and is routinely used with older 
instruments [5]. 

Effective use of laser light.  In order to use the laser 
photons more efficiently, all six beams will be made 
collinear with a three-prism beam combiner. Then, the 
laser beams will pass eight times through the vacuum 
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chamber using multiple reflections from a set of special-
ly designed prisms. This will effectively increase the 
size of the ionization volume by a factor of eight and 
thus allows narrower laser beams with higher intensity 
than in single path instruments, where the beams are 
defocused to cover a large ionization volume. Laser port 
windows as well as beam combiner and multiple reflec-
tion prisms are tilted at Brewster’s angle to minimize 
reflective loss. 

Time-of-Flight Mass Spectrometer:  CHILI uses a 
reflectron-type time-of-flight mass spectrometer with a 
flight tube sitting vertically above the center of the laser 
table and reaching up to a height of 3.26 m above the 
laboratory floor (Fig. 1). The total height of CHILI is 
3.45 m including some light optical components sitting 
on top of the flight tube. The total length of the flight 
path for the photoions is ~3.6 m. 

Extraction.  The extraction field was optimized in 
order to make most effective use of the large ionization 
volume (6×6×3 mm3). Therefore, the acceleration volt-
age for the photoions was increased from 1 kV in previ-
ous instruments to 9 kV in CHILI. Prior experience and 
extensive ion optical simulations using SIMION (from 
Scientific Instruments Services, Inc.) give us confidence 
that a useful yield of ~40 % can be achieved. 

Reflectron.  The use of SIMION was also important 
to optimize parameters for the reflectron that should 
allow for mass resolutions (m/∆m) above 3000 at mass 
100 u without any compromise in instrument transmis-
sion. Even though selectivity is achieved during reso-
nance ionization, high mass resolution and especially the 
attenuation of peak tailing significantly increases the 
signal-to-noise ratio and improves the overall perfor-
mance of CHILI. 

Detector and Ion Counting:  CHILI is currently 
equipped with a new Photonis Gen2 UltraFast micro-
channel plate detector with a pulse width of <200 ps 
(FWHM) and that is matched with a FAST ComTec 
multiple-event time digitizer. This combination allows 
CHILI to accept counts at nearly an order of magnitude 
higher rate than previous instruments. However, count-
ing statistics limits the dynamic range as in most time-
of-flight mass spectrometers. Future detectors that are 
currently under development will be able to count more 
than one photoion reaching the detector within a time 
channel and increase the dynamic range by 2–3 orders 
of magnitude by avoiding dead time effects [6]. 

Electronics:  The increase in acceleration voltage 
for the photoions represented a major design challenge 
for CHILI. Fast switching of such high voltages requires 
special liquid-cooled solid-state switches that are pres-
ently manufactured by Behlke Power Electronics 
GmbH. As soon as they are implemented, the mass spec-

trometer should be operational at its full accelerating 
voltage. 

Software:  An instrument like CHILI generates a 
wealth of data that range from image data obtained by 
the optical or electron microscope to elemental and iso-
tope abundances within a volume element of the sample. 
Dedicated software is under development, which will 
acquire, combine, and evaluate different data. This soft-
ware is already used to run the CHILI hardware. 

Summary:  CHILI represents not just another step 
in lateral resolution for isotope analysis but reflects 
many recent developments in instrument design. In 
CHILI, most technical specifications are pushed towards 
their physical limits so that the number of atoms in a 
given sample becomes the final limitation. 

Outlook:  CHILI will be applied to a multitude of 
cosmochemical problems such as analysis of the most 
challenging samples from the Stardust mission, contem-
porary interstellar dust, presolar dust grains and sub-
grains therein, and anything else that requires ultimate 
lateral resolution and sensitivity. 
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Fig. 1: Present status of CHILI with its flight tube sit-
ting vertically above the vacuum chamber in the center 
of the laser table. 
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