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tween Eχ and A γ (see Figs. 12b and 
13b) have negative implications for 
the readout signal from the disk, as 
will be discussed shortly. 

To isolate the contribution to the 
M O signal made by evanescent cou
pling, we place a mask in the central 
region of the beam, blocking all the 
rays below the critical angle. Figure 
14 shows computed plots versus the 

gap-width of total reflectivity (i.e., in
tegrated |Ex|2 + |Ey|2 over the aper
ture) and total contribution to Ey by 
the MO activi ty (i.e., integrated 
|ΔEy

2|). With an increasing gap-width 
the reflectance increases, leaving less 
light to be coupled to the magnetic 
film. In consequence of this reduced 
coupling, the MO content of pro
gressively decreases; by the time the 
gap-width reaches 200 nm, there is 
hardly any Ey left from the evanes
cently-coupled MO interaction. 

A similar trend may be seen in 
the normalized differential signal, 
(S1 - S 2) /(S 1 + S 2), which is plotted 
versus the gap-width in Figure 15. 
(See Fig. 11 for the definition of S 1 , 
S2.) Again we have blocked the cen
tral region of the incident beam to 
confine our attention to the effects 
of evanescent coupl ing . 3 Wi th the 
SIL and the disk in contact, the nor
malized differential signal is close to 
its ideal value, which is twice the 
tangent of the Kerr rotation angle, 
namely, 2 tan 0.66° = 0.023. As the 
gap widens, the differentia] signal 
d r o p s sharp ly : at 1 0 0 - n m gap-
wid th , for instance, the signal is 
down by a factor of four. Roughly 
one-half of this drop may be attrib
uted to the reduction of Δ E y and 
the corresponding rise in reflectivity 
(see Fig. 14). The remaining half, 
however, is due to variations over 
the beam's cross-section of the rela
tive phase (Фx - Фy) of Eχ and Δ E y . 

It must be emphasized that the 
quadrilayer stack of Figure 10 is not 
specifically optimized for operation 
w i th the system o f F igure 3. By 
changing the thicknesses and the re
fractive indices of the various layers 
and /o r by i n t r o d u c i n g dielectr ic 
coatings at the bottom of the SIL, it 
might be possible to improve upon 
the aforement ioned performance 
figures. It is highly unlikely, howev
er, that one can achieve significant 
gains in the coupling efficiency or 
the magnitude of the M O Kerr sig
nal over what has been reported 
here. 
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Patent Design 
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with a Diffeactive 

Element 

BY J. BRIAN CALDWELL 

Patent: U.S. 5,790,321 
Issued: August 4, 1998 
Title: Imaging Optical System 
Example: #1 of 2 
Inventor: Hisashi Goto 
Assignee: Olympus Optical Co. , 

Ltd. 

The relative partial dispersion, 
Pg,F, of an optical material can 

be defined as 

where ng, nF, and nC are the indices of 
refraction at wavelengths of 435.8, 
486.1, and 656.3 nm, respectively. For 
the majority of optical materials there 
is an approximate linear relationship 
between the partial dispersion P and 
the primary dispersion nd:1 

where 

Figure 14. Tota l re f lec tance (solid) and the 
integrated intensity of the M O signal (dashed) at 
the exit pupil as funct ions of the gap-width . 
T h e s e c a l c u l a t i o n s c o r r e s p o n d to the s y s t e m of 
Figure 3 in conjunct ion with the quadri layer M O 
s t a c k of F igure 1 0 , w h e n a m a s k b l o c k s the 
centra l region of the b e a m . 

Figure 15. C o m p u t e d plot of the normal ized 
differential s igna l , (S1 - S2)/(S1 + S2). v e r s u s the 
g a p width. Th is result c o r r e s p o n d s to the s y s t e m 
of Figure 3 in con junct ion with the quadri layer M O 
s t a c k of Figure 10 and the differential d e t e c t o r of 
Figure 1 1 . A m a s k is a s s u m e d to b lock the c e n 
tral region of the incoming laser b e a m , thus 
e l iminat ing all the rays below the cr i t ical angle . 
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Figure 1. 100-mm EFL, f/2.87 telephoto lens using 
a diffractive surface on a plane parallel plate to 
correct secondary chromatic aberration. 

Figure 2. Transverse ray aberrations in millimeters for semi-field angles of 0.0, 4.8. and 6.9°. 

In order to achromatize an opti
cal system at more than two wave
lengths, it is necessary that at least 
one of the optical materials deviate 
from the linear approximation. 

Secondary spectrum is particu
larly troublesome in fast telephoto 
lenses, and these systems frequently 
use one or more positive elements 
made of fluoride crown glass or 
crystalline calcium fluoride, both of 
which have a partial dispersion sub
stantially larger than that predicted 
by Eq. 2. Another possibility is to 
use a diffractive element with very 
unusual dispersion properties. The 
amount of refraction at a diffractive 
surface is proportional to the wave
length of light, which is the opposite 
of what happens at an ordinary glass 
surface. Thus, the dispersion, n d , of 
a diffractive surface is given by 
5875.618/(4861.327 - 6562.725) = 
-3.4534, so that an achromat can be 
made by adding positive diffractive 
power to a system containing no 
negative elements. In addition, the 
partial dispersion of a diffractive 
surface departs strongly from the 
normal glass line, so that secondary 
color corrections are also possible. 

This month's design (see Fig. 1), 
is a very well corrected f/2.8 tele
photo Jens covering a full field of 
13.8° in which secondary color is 
corrected by the use of a diffractive 
surface placed on a flat glass plate. 
Such a lens is suitable for the 
35-mm format if scaled to a focal 
length of 180 mm. The telephoto 
form is relatively well suited to the 
use of diffractive surfaces because 
the field angles are small, which will 
minimize loss of diffraction efficien
cy for off-axis field points. 

In addition to the diffractive 
plate are five fairly high index con
ventional elements, which perform 
most of the monochromatic and 
primary chromatic corrections. 
Conventional apochromatic tele
photo designs must use low index 
glass to correct secondary color, and 
the ability to use high index glass for 
all of the conventional elements 
provides advantages in correcting 
monochromatic aberrations. Since 
the diffractive element is only used 
to correct secondary spectrum, its 
optical power is about 1/40th of the 
total power of the system, and is 
thus practical to fabricate. 

One naturally wonders about 
how stray light, due to imperfect 
diffraction efficiency over a wide 
waveband, will affect the final pho
tograph. The inventor hints at po
tential problems by suggesting that 
"an influence due to flare can be re
duced by selecting a 
rather less exposure at a 
photographing stage, us
ing a photographic pa
per having high contrast 
at a stage to print the 
image from a photo
graphic paper, or select
ing a rather long time 
with less exposure at a 
development stage." 

The transverse ray 
aberrations in Figure 2 
show that the main 
residual aberration is 
spherochromatism, with 
smaller amounts of lat

eral color and chromatic variation 
of field curvature and astigmatism. 
The focal position versus wave
length curve in Figure 3 indicates 
that the design is an apochromat in 
the sense that axial chromatic aber
ration is corrected at three widely 

Figure 3. Focal shift as a function of wavelength for an 
axial ray at the 0.4 relative pupil zone. The cubic shape of 
the curve means that rays at three different wavelengths 
can be brought to a common focus. 

Table 1. Optical prescription for the objective where measurements are given in 
millimeters. Focal length is 100 mm, aperture is f /2.87, and the full field-of-
view is 13 .8° . 
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spaced wavelengths in the visible 
band. 

The focal length of the objective is 
100 mm, the aperture is f/2.87, and 
the full field-of-view is 13.8°. The op
tical prescription is given in Table 1 
(see page 39). The third surface is 
diffractive, and the focal length of the 
plane parallel element with this sur
face is 4264.11 mm. The patent pre
scription only provides focal length 
data for the diffractive surface. In cal
culating data for Figures 2 and 3 the 
Sweatt model for diffractive surfaces 
is used, with refractive indices equal 
to the wavelength in angstroms. The 
glasses indicated in Table 1 are Hoya 
glasses, which best match the index 
and dispersion data given in the orig
inal patent prescription. 

Reference 
1. Schott glass catalog. 

OPN Contributing Editor J. Brian Caldwell is president 
of Optical Data Solutions Inc. Comments and sugges
tions are welcome at caldwell@ods-inc.com. 

Recent Research 

SUMMARIZED BY GEORGE LEOPOLD 

The following postdeadline papers were 
presented at the Diffractive Optics and 
Micro-Optics Conference, June 8—11, 

1998, Kailua-Kona, Hawaii 

ELECTROMAGNETIC ANALYSIS OF 
AXIALLY-SYMMETRIC DOEs USING THE 

FDTD METHOD 

Diffractive optical elements 
(DOEs) that contain axial sym

metry, such as lenses and mode-
shaping elements, are typically ana
lyzed using scalar-based diffraction 
theory. This is due primarily to the 
lack of efficient rigorous diffraction 
models suitable for their analysis. 
However, the Delaware team reports 
an alternative technique based on 
the finite-difference time-domain 
(FDTD) method that they say is 
computationally more efficient and 
has broader applications. Their im
plementation of the FDTD limits the 
computational region to that just be

yond the DOE and used a propaga
tion algorithm to compute fields in 
the focal plane. This, they say, af
fords a significant reduction in the 
computational cost associated with 
obtaining a solution. They apply the 
model to the analysis of eight-level, 
binary, and subwavelength diffrac
tive lenses, having f numbers of 0.6. 
Even though scalar theory is not 
valid for the analysis of these lenses, 
the researchers note that an increase 
in efficiency from 46-66% is consis
tent with expectations. 

Dennis W. Prather and Shouyuan Shi, Dept. of Electri
cal and Computer Engineering, Univ. of Delaware, 
Newark, DE. 

DIFFRACTIVE OPTICS REPLICATED 
IN AMORPHOUS IR GLASSES 

Few intrinsically transparent ma
terials are available in the spec

tral region from about 2 μm to far-
IR. Amorphous IR glasses may be 
slumped into lenses and diffractive 
optics using fused silica and other 
glass master molds. 

Writing gratings in photoresist, 
etching the substrates, and then 
heating the IR glasses under pres
sure until the pattern transferred, 
the Utah researchers produced zone 
plates and gratings interferometri
cally and by other means. They pri
marily etched with HF in solution 
and with vapors. The work focused 
on two materials, AMTIR 1 and 
arsenic trisulfide. The latter is a brit
tle red material with an index of 
refraction in the IR of about 2.4. 
They initially recorded gratings- in 
2- to 4-mm-thick pieces of the IR 
glass using a 488-nm laser light at 
room temperature. AMTIR 1 was han
dled similarly, except that the oven had 
to be raised to 450°C over one hour. 

Both materials offer a satisfactory 
means of producing diffractive and 
hybrid optics for the IR and near-IR 
without the need for machining each 
piece. Further, the investigators say 
mass-produced optics are possible 
using a simple molding procedure. 

Richard D. Rall ison, Ralcon Development Lab, 
Paradise, UT. 

HIGH-EFFICIENCY GUIDED-MODE 
RESONANCE LASER MIRROR 

Studies indicate that with appro
priate materials and geometrical 

parameters, guided-mode reso
nance (GMR) can be exploited to 
design polarized, narrowband re
flection filters with efficiencies of 
100%. The Texas researchers sought 
to develop reflection filters with 
high efficiency and low, extended 
sidebands using simple structures 
and fabrication methods. They re
port development of a resonance 
filter with a peak efficiency of 98%. 
They also demonstrate its use as an 
output coupler in a laser cavity. 

The device is fabricated by de
positing a layer of HfO 2 on a fused-
silica substrate by e-beam evapora
tion and subsequent recording of a 
holographic grating in a photoresist 
on top of the HfO 2 layer. The GMR 
reflection filter is used to realize a 
GMR laser mirror. A double-layer 
GMR filter with efficiency approach
ing the theoretical limit exhibited low 
reflectance sidebands in a 100-nm 
spectral region and ~2 nm linewidth. 
The researchers say GMR filters fab
ricated using durable materials may 
usher in a variety of active and pas
sive devices for lightwave communi
cations and laser technology. 

Z.S. Liu, S. Tlbuleac, D. Shin, P.P. Young, and R. Mag-
nusson, Dept. of Electrical Engineering, Univ. of Texas 
at Arlington, Arlington, TX. 

The following postdeadline papers were 
presented at the International Optical 
Design Conference, June 8—12, 1998, 

Kailua-Kona, Hawaii 

A PRACTICAL STRATEGY FOR GLOBAL 
OPTIMIZATION OF ZOOM LENSES 

Many global optimization algo
rithms do not consistently de

liver new solutions for zoom lenses. 
In many cases, the difficulty can be 
traced to how effective focal length 
(EFL) is controlled across zoom 
positions. Improvements to the 
global synthesis (GS) algorithm in 
Code V, together with a revised 
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