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A high-resolution, high-intensity 3 m normal-incidence-monochromator beamline at the J. Bennett
Johnston Sr. Center for Advanced Microstructures and Devices is described. The beamline was
designed primarily for high-resolution photoelectron spectroscopy utilizing a Scienta electron
analyzer, which is permanently placed as an endstation at the beamline. In order to expand
utilization of the beamline, an additional beamline tail also has been designed. Optical design of the
beamline and preliminary performance results are discussed. © 2002 American Institute of

Physics. [DOI: 10.1063/1.1445816]

I. INTRODUCTION

The normal-incidence monochromator (NIM) has a rela-
tively long history, many instruments have been constructed
and operated successfully at synchrotron light facilities
world-wide, dating from the 1960’s.1°13 Recently, NIMs
have regained attention because the energy tunability and
high-resolution capability in the ultraviolet (UV)-vacuum ul-
traviolet (VUV) region make them well suited as excitation
sources for ultrahigh resolution photoelectron spectroscopy.
The 4 m NIM"! at the Synchrotron Radiation Center in Wis-
consin is a representative instrument that delivers tunable
monochromatic UV-VUYV photons to a Scienta electron ana-
lyzer with a resolving power greater than 30000. In this
article, we describe the design and the initial performances of
the J. Bennett Johnston Sr. Center for Advanced Microstruc-
tures and Devices (CAMD) 3 m NIM beamline, which pri-
marily targets high-resolution photoemission spectroscopy
using a Scienta SES-200.

Il. OPTICAL DESIGN

In designing the NIM beamline, high resolving power,
high-intensity photon flux, and high degree of plane polar-
ization over the range from ~3 to 40 eV were the primary
aims. Layout of the 3m-NIM beamline is shown in Fig. 1 and
detailed descriptions of optics are summarized in Table I.
Details regarding how this design resulted from consider-
ation of the stated requirements in light of coupling the ap-
ertures of the source, the monochromator, and the electron
analyzer have been published.l4 The water-cooled ellipsoidal
mirror (M) accepts full 70 mrad of horizontal radiation
from a dipole magnet. By using two cylindrical mirrors (M
and M,), each producing the same coma but oppositely
signed in the vertical direction, a coma-free image at the
entrance slit can be produced. The best monochromators,

3Author to whom correspondence should be addressed; electronic mail:
eizi@lsu.edu

0034-6748/2002/73(3)/1557/3/$19.00

16857

with regard to resolution, over the desired spectral region,
use spherical gratings with incidence angles near normal and
equal length of source and objective arms. This configuration
greatly reduces coma and other spherical aberrations intro-
duced by the grating surface figure. By considering geomet-
ric constraints of the experiment hall along with resolving
power, it was decided to utilize the McPherson mount'® with
an optimal focal length of 3.00 m. This mount requires the
rotation of the grating while translating it along the bisector
of the angle formed by the entrance and exit arms of the
reflecting system when the grating is positioned to produce
zero-order focus at the exit slit.'® These two motions are
controlled independently by stepping motors. The monocro-
mator is equipped with two interchangeable spherical grat-
ings (from Richardson Grating Laboratory, Rochester, NY)
with different blaze angles and surface coatings (see Table I).
An ellipsoidal mirror (M) focuses the beam exiting the
monochromator onto the sample position with a demagnifi-
cation factor of 0.53. The planes of incidence of all the mir-
rors and the grating are coincident; the common plane will
be termed the plane of incidence of the beamline. The optical
design was examined and optimized extensively using the
SHADOW ray-tracing calculation package.!” Theoretical re-
solving powers and polarizations of the NIM beamline at a
few photon energies are given in Table II; these were calcu-
lated from information derived by the ray tracing. All major
beamline components including mirrors were manufactured
by McPherson Inc., Chelmsford, MA.

Because a Scienta electron energy analyzer is perma-
nently placed as an endstation for high-resolution photoemis-
sion spectroscopy, a second tail for the beamline was consid-
ered to allow a broader range of scientific activity, such as
photoionization and photoabsorption spectroscopy of atoms
and molecules. The optical design of the second tail is shown
in Fig. 2 and the optical parameters are listed in Table III.
Due to space limitation around the Scienta endstation, it was
not possible to design a single-mirror configuration located
near the first tail. The beam, after passing through the exit

© 2002 American Institute of Physics



1558

Rev. Sci. Instrum., Vol. 73, No. 3, March 2002

Evans, Scott, and Morikawa

FIG. 1. Layout of the 3 m-NIM beamline at CAMD.
The beamline’s second tail is not shown here for sake of
brevity.

TABLE L Parameters of the optical components of the 3 m-NIM beamline
at CAMD.

M, Ellipsoid, copper-alloy, water-cooled, gold-coated, object
distance 2800 mm, image distance 11 760 mm, incidence
angle 82.5°, size 200 mm wideX 200 mm long.

M, Cylinder (meridian focus), Zerodur®, gold-coated, radius
3360 mm, incidence angle 73° size 150X150 mm?,
distance from My=3500 mm.

M, Bent cylinder, float-glass, radius 16047 mm, incidence
angle 76°, size 90 mm wide and 660 mm long (pole is
located 200 mm from upstream edge of mirror), distance
from M, =4449 mm.

G Spherical grating, radius 2998.3 mm, 1200 g/mm, size 60
mm wide and 110 mm long, Al+MgF, overcoat, blaze
angle 4.7° (3—12 V), gold coated, blaze angle 2.0° (10-40
eV).

M, Ellipsoid, Zerodur®, gold coated, object distance 1500 mm,
image distance 800 mm, incidence angle 78° size
75 mm wide X 190 mm long.

TABLE IL Theoretical resolving power and polarization at exit slit of the 3
m-NIM beamline (calculated with 25 mrad of radiation from CAMD ring).

Energy Resolving power

V) 500 um slits to min Polarization degree
5 4000-60 000 0.99

73 2400-50 000 0.96

15 1100-30 000 0.88

25 700-14 000 0.81

40 500-10 000 0.74

TABLE III. Parameters of the optical components of the second tail.

M, Cylinder (tangential focus), retractable, Zerodur®, gold-
coated, radius 1322 mm, incidence angle 11°, size 60 mm
X 60 mm?, distance from exit slit 100 cm, image distance
185 cm.

M; Toroid, Zerodur®, gold-coated, radius 5531, 371 mm,
incidence angle 78°, size 60 mm wideX 120 long mm?,
distance from M4 =300 cm, image distance 115 cm.
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FIG. 2. Optical layout of the second tail of the 3 m-NIM beamline.

slit, is reflected by a (retractable) cylindrical mirror, the in-
cidence angle of this reflection is relatively small and the
plane of incidence is orthogonal to the plane of incidence of
the (original) beamline. The beam is then reflected up verti-
cally by a toroidal mirror; the output beam is parallel to the
floor with a reasonable beam height for most endstations. A
total demagnification of 3.48 is achieved in the horizontal
direction. In the vertical direction, an intermediate focus is
made between the cylindrical and the toroidal mirrors, which
allows the use of a relatively small toroidal mirror. The total
magnification in the vertical direction is 1.85. Throughput
from the second tail is expected to be about 2—3 times less
intense than that of the first tail over the range <30 eV, and
is about one order of magnitude less for energies >30 eV;
attenuation is a result of the extra reflection having a small
incidence angle. The radiation densities at the two sample
positions (first and second tails) are approximately the same
owing to the larger horizontal demagnification of the second
tail.

ll. PERFORMANCE

The absolute photon flux from the NIM beamline is pre-
sented in Fig. 3. Photon intensity at the sample position (en-
trance and exit slits, 100 um) was measured by a windowless
photodiode (GaAsP, Hamamatsu model 1127-04) with the
CAMD ring operated at 1.3 GeV. The measured flux was
normalized to ring current of 100 mA and corrected by ab-
solute quantum efficiency of the diode, which has been
published.'® As seen from Fig. 3, accessible energy in the
high energy region extends to about 30 eV using the high-
energy grating supplied.

A Hg lamp (Pen-Ray lamp No. 90-0012-01, UVP Inc.)
was used as a source for evaluating the monochromator reso-
lution as well as accuracy of the wavelength-scan mecha-
nism. In Fig. 4, the width [a full width at half maximum
(FWHM)] of a major intense line (2536.5 A) from the Hg
lamp was measured as a function of the monochromator slit
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FIG. 3. Measured photon flux at the sample position of the 3 m-NIM beam-
line (first tail). Left (right) curve corresponds to the low (high) energy grat-
ing. Both the entrance and exit slits were set at 100 um. The flux was
normalized to the ring current at 100 mA.
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FIG. 4. Width of the Hg-lamp line (2536.5 A) measured as a function of the
monochromator slit widths for the HEG. A Gaussian fit was used to evaluate
a FWHM of the measured line width. The linear fit (solid line) extrapolates
to 0.10 A for zero slit width. The measured spectra are shown for 5 xm (a)
and for 300 um (b) widths of the entrance and exit slits.

widths. In general, a spectral linewidth is determined by con-
volution of the limiting resolution of the monochromator (the
instrumental resolution), the bandpass determined by the
monochromator slits, and the natural width of the spectral
line. By using the zero slit width value (0.10 A FWHM from
extrapolating the plot in Fig. 4) and assuming a natural width
of the Hg line as 0.09 A FWHM, the instrumental resolution
is evaluated to be 0.044 A FWHM at the wavelength of
2536.5 A (4.89 eV), which corresponds to the resolving
power A/AN=57 600. This obtained instrumental resolving
power is in good agreement with the theoretical value listed
in Table II.

A very fine step size in scanning the wavelength was
realized with the LabView™-based control software pro-
vided by McPherson. It was found that the monochromator
can be scanned in steps as small as 0.001 Austep (at 2536.5
A). However, the scan motion is rather slow and it takes ~4
s/step. Wavelength reproducibility of the monochromator
was also evaluated by scanning the Hg line. Several consecu-
tive scans demonstrated very accurate wavelength reproduc-
ibility of 0.005 A (at 2536.5 A). However, it became worse,
0.058 A, when the line was scanned after homing the mono-
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chromator each time. Since an increment encoder is em-
ployed for the wavelength scan motion, a reference position
provided by an optical limit switch is needed for a wave-
length calibration. Thus, reproducibility of the homing pro-
cess determines overall accuracy in absolute wavelength of
the instrument.
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