
Letter from the Président 

The More Eccentric the 
theBetterforMRS 

Recently I had the opportunity to read 
the letters of the English philosopher and 
economist John Stuart Mill (1806-1873). 
As I begin a year as Président of the 
Materials Research Society, two of his 
quotations seem to resonate: 

"AU good things which exist are the 
fruits oforiginality. " 

and 

"That sofew now dare to be eccentric 
marks the chief danger ofour time. " 

It is appropriate that MRS should exam­
ine itself in the context of both of thèse 
statements. 

The applicability of the first quotation 
to MRS is obvious. In a period when 
materials research has become interna-
tionally recognized as one of the most 
enabling of technological activities, MRS 
stands out as the premier materials society 
which programs, publishes, and carries 
out other professional activities in truly 
original ways. The structure of the Spring 
and Fall Meetings, with différent groups 
of meeting chairs reinventing the program 
twice each year, al lows and even 
demands originality in the knowledge 
development the Society offers its mem-
bers. At the same time, major publications 
of the Society—the Journal of Materials 
Research, the MRS Bulletin, and more than 
500 Proceedings Volumes—capture the 
overwhelmingly interdisciplinary and 
multidisciplinary spirit and character of 

Additional Information on 
Emergence of Chalcopyrites as 
Nonlinear Optical Materials 
To the Editor: 

This is with référence to the overview of 
the review article1 on chalcopyrites as 
potential infrared nonlinear crystals. The 
objective of this letter is to provide some 
omitted information and additional data 
as an aid to more effective use of the crys­
tals, as one of the authors (GCB) has been 
associated with the developments of chal-

research reported regularly at the meet­
ings. To complément the excellence of the 
programs and publications, the basic com-
mittee structure of MRS is constantly 
evolving and strives to be inclusive in the 
goal to seek out original approaches 
toward supplying member needs. Thèse 
approaches include elecrronic publishing 
on the MRS website of rapidly evolving 
news items and technologies such as the 
MIJ-NSR Nitride Journal. 

Yet, perhaps the biggest danger to the 
remarkable success which MRS originali­
ty has engendered is the success itself. 
The Society must continue to reinvent 
itself, to dare to be différent, and to flirt 
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copyrite crystals for nonlinear optical laser 
devices since the early 1970s. The first set 
of nonlinear optical work on thèse crystals 
started in the early 1970s almost simulta-
neously at Southampton University in the 
United Kingdom and in the United States 
at Stanford University along with Bell 
Laboratories. Whereas in Southampton, 
although a systematic study of a number 
of chalcopyrite crystals was taken up, only 
AgGaS2 and AgGaSe2 emerged. 

While the overview highlighted the 
developments of chalcopyrites in the 

with failure on new, exciting, and indeed 
eccentric ventures. The second quotation 
by Mill must be taken as a challenge, lest 
it become hauntingly applicable to activi­
ties in years to corne. 

In broad terms, MRS must become 
even more dynamic and responsive to the 
newest deve lopments in mater ia ls 
research. It must welcome ail materials 
researchers to participate in ever-evolving 
types of programming and provide pro­
fessional identity and services that will 
enable members throughout their careers. 
It must lead the world by having an inter­
national perspective in ail of its activities, 
developing stratégie alliances with other 
materials societies, and providing out-
reach on materials issues to the gênerai 
public and leaders of society. 

The paths by which MRS achieves such 
goals must corne from member ideas. In 
later articles, PU share some of the ideas 
being developed in the MRS Executive 
Committee and Council. What would you 
like to see MRS do? And in what ways 
would you like to participate? Please let 
me know, either directly by e-mail, phone, 
or fax or through the MRS Headquarters 
at 506 Keystone Drive, Warrendale, PA 
15086-7573; 724-779-3003; fax 724-779-
8313. In the spirit of Mill, the more eccen­
tric the ideas, the better. 

RON GIBALA 
1999 MRS Président 

925-294-4751* 
fax 925-294-3410* 

rgibala@sandia.gov* 
*ThroughJuly31,1999 

United States (US) and former Soviet 
Union, the activities in the late 1960s and 
1970s in the United Kingdom (UK) and 
elsewhere are no less important. They 
hâve significantly contributed for further 
developments in optical properties and 
device applications.2"* 

Activities in the UK were so motivated 
that the topic eventually gave birth to a 
séries of International Conférence on Ter-
nary and Multinary Compounds (ICTMC), 
the first of which was held in the Univer­
sity of Bath in 1973 followed by Strasbourg 
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(1975), Edinburgh (1977), Tokyo (1980), 
Cagliari (1982), Caracas (1984), Snowmass 
(1986), Kishinev (1990), Yokohama (1993), 
Stuttgart (1995), Salford (1997), and the 
12th one is due in 1999 in Taiwan. 

Work done at Southampton includes6-8 

optical transmission range (band-edge and 
two-phonon cut-off) of a number of I-UI-V2 
crystals including the weak three-phonon 
absorption band before the onset of two-
phonon absorption transmission cut-off 
and second harmonie génération from 
CO2 laser. The three-phonon absorption 
occurs near 9.5 um in AgGaS2,9.5 um in 
ZnGeP^ 14 um in CdGeAs2 and AgGeS^ 
and can be annoying to a device nonlinear 
conversion efficiency. The work7 also 
reveals existence of a window beyond the 
two-phonon cut-off as was later exploited 
in AgGaS2 by Seymour and Zernike9 for a 
génération of 14-19 um radiation and also 
in LUO3 beyond their nominal transmis­
sion10 cut-off limit 6.8-7.8 um. The other 
important study, though not exhaustive, is 
the postgrowth quality improvement in 
AgGaS2 which was later done more sys-
tematically by Soviet researchers, eventu-
ally adopted as a standard technique by 
crystal growers. 

On the question of the so-called un-
solved problem of a CO2 laser SHG in 
ZnGeP2 crystal by Andreev et al.,11 a 
departure of (5-10°) smaller expérimental 
phase-matching angle from that of the pre-
dicted value, a significant positive tempér­
ature coefficient of biréfringence in 
ZnGeP2 leads to a decrease in phase-
matching angle with a rise in température. 
Mainly due to the decrease of phase-
matching angle with a rise in température, 
the long wavelength phase-matching cut-
off is increased. A température rise of the 
crystal by 150-200°C (per our reported12 

temperature-dependent Sellmeier) leads to 
a decrease in phase-matching angle by 6°. 
It is possible that the crystal is heated up 
while it is irradiated even for a few min­
utes with a CO2 laser radiation through its 
residual absorption. This cumulative 
absorption is sufficient to raise the tempér­
ature of the crystal by about 150°C as has 
been verified by experiment with our orig­
inal old Soviet crystal. The old Soviet crys­
tal of several mm thick has a significant 
residual absorption and while it is being 
irradiated with several watts of continuous-
wave CO2 laser radiation, it expériences 
also an additional absorption near the 9.5 m 
région due to three-phonon absorption. 
In fact in our earlier experiment, use of a 
heater is hardly needed while studying 
temperature-dependent SHG with a CQ2 
laser. The increase in discrepancy near the 
noncritical point is associated with an 
increase in phase-matched acceptance 

angle as large as 10° as one approaches the 
noncritical phase-matching angle. 

On the question of mixed chalcopyrite 
crystals, although due importance is 
attached to our pioneering work14,15 in 
AgGai_IInJSe2 crystal for near-noncritical 
SHG with CO2 laser, other crystals of 
importance hâve been left out. Hère, in 
addition to increase in conversion efficien­
cy and realization of noncritical phase 
matching (NCPM) for SHG over AgGaSe2 

crystal, NCPM for THG for C0 2 laser radi­
ation has since also been reported.16 The 
other mixed crystal of importance for 
which preliminary work has been re­
ported17- 21 and not covered in the July 1998 
issue of MRS Bulletin are AgGai-jIn^S^, 
AgGa(SiSe1.I)2, and CdGe(PIAs1.I)2. Out of 
thèse only the first one with some considér­
ation offers the possibility of NCPM with 
CO2 laser SHG as the biréfringence of 
AgInS2 is nearly zéro. The AgGa(SjSei.I)2 

crystal does not offer this possibility of 
NCPM for C0 2 laser SHG due to considér­
able biréfringence. The CdGe(P^Asi .x)2 

crystal being positively biréfringent is not 
so promising. One more member in this 
category belonging to the defect tetrahe-
dral group is Cd;cHgi_;[Ga2S4 for which 
some work has been reported by 
researchers from the former Soviet Union, 
including noncritically phase-matched 
infrared up-conversion détection. This can 
be even more promising as HgGa2S4, as a 
well-studied crystal, is characterized by a 
high laser damage threshold and the crys­
tal transmits well into the visible région 
like AgGaS2- The biréfringent of the other 
end crystal, CdGa2S4, is too small to allow 
phase matching, thereby there exists a dis­
tinct possibility for noncritical phase 
matching in a certain composition. 
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Burdwan University 

West Bengal, India 

Response 
We are well aware of Dr. Bhar's excel­

lent work on mixed chalcopyrite crystals 
and température tuning. We hâve also 
found his papers reporting Sellmeier 
expressions for the indices of thèse mate-
rials very useful. 

We disagree with Dr. Bhar's comment 
regarding the resolution of the unsolved 
problem of the phase matching angle dis­
crepancy for the case of CO2 SHG in 
ZnGeP2. We and our colleagues hâve 
carefully investigated this phenomenon. 
As a resuit, we are in a position to discard 
a number of the previous explanations as 
well as Bhar's spéculation concerning this 
interesting anomaly. 

Boyd1 stated on the basis of index meas-
urements that ZnGeP2 could not phase 
match beyond 10.4 um. Subsequently, 
Andreev et al.2 determined experimental-
ly that ZnGeP2 will phase match to 
beyond 11 um. Just as importantly, he 
found that the angle for wavelengths 
between 9 and 11 um are significantly 
smaller than predicted. For the case of 
10.3 um, the predicted angle is 86.4° and 
the observed value is 74.3°. They specu-
lated that this lower value was observed 
because the actual room température 
biréfringence of ZnGeP2 is significantly 
larger than Boyd's data indicates. 
Members of our research team hâve con-
firmed Andreev et al.'s2 tuning angle 
results.3-4 Subsequently, Fischer and 
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Ohmer5'6 directly measured the biréfrin­
gence of ZnGeP2- This work invalidated 
the spéculation of Andreev et al.7 and re-
established the phase angle anomaly. 

In the same paper Andreev et al.2 

report that heating the sample to 160-
180°C produces a broad maximum in 
conversion efficiency due to an increasing 
biréfringence with increasing tempéra­
ture. They clearly reject Bhar's conjecture 
of a rise in température as the source of 
the anomalously low phase matching 
angle at room température. The resuïts of 
CO2 SHG experiments performed by 
Schunemann4 at 77 K (liquid nitrogen 
température) are in even more remark-
able disagreement with prédictions and 
Bhar's spéculation. Schunemann found 
that the SHG at 77 K was twice as effi­
cient. The angle was 63.6° for 9.3 pm, only 
2.3° larger than the room température 
value. Even at a température of -196°C, 
the angle is still 2.9° below the predicted 
room température value of 65.5°. 

One possible source of the anomaly 
may be nonlinear absorption effects. SHG 
experiments in Te7 and CdGeAs28 indi-
cate that the best performance occurs at 
angles slightly off of the phasematching 
angle. In thèse works, rime resolved puise 
shape measurements clearly indicate that 
performance saturâtes due to an interac­

tion between the second harmonie and 
photo-induced free carriers. The same sit­
uation should exist for ZnGeP2. 

Références 
1. G.D. Boyd, E. Buehler, and F.G. Storz, 
Appl. Phys. Lett. 18 (1971) p. 301. 
2.Yu.M. Andreev, V.G. Voevodin, A.I. 
Gribenyukov, O.Ya. Zyryanov, 1.1. 
Ippolitov, A.N. Morozov, A.V. Sosin, and 
G.S. Khmel'nitshii, Sov. ]. Quantum 
Electron. 14 (1984) p. 1021. 
3. H.M. Hobgood, T. Henningsen, R.N. 
Thomas, R.H. Hopkins, M.C. Ohmer, 
W.C. Mitchel, D.W. Fischer, and S.M. 
Hegde, /. Appl. Phys. 73 (1993) p. 4030. 
4. P.G. Schunemann, Private 
Communication. 
5. D.W. Fischer, M.C. Ohmer, P.G. 
Schunemann, and T.M. Pollak, /. Appl. 
Phys. 77 (1995) p. 5942. 
6. D.W. Fischer, M.C. Ohmer, /. Appl. 
Phys. 81 (1997) p. 425. 
7. W.B. Gandrud and R.L. Abrams, Appl. 
Phy. Lett. 17 (1970) p. 302. 
8. H. Kildal and J.C. Mikkelsen, Opt. 
Commun. 10 (1974) p. 306.0 

Melvin C. Ohmer 
Air Force Research Laboratory 
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RESEARCH/RESEARCHERS 

Alicyclic Polymers Designed 
for 193-nm Wavelength Resist 
Applications 

Photoresist compositions designed for 
193-nm lithography by sdentists from the 
Department of Chemistry and Biochemis-
try at the University of Texas—Austin 
were fabricated from a séries of cydoali-
phatic co- and terpolymers of caibo-tert-
butoxynorbornene, norbornene carboxylic 
add, methyltetracyclododecene carboxylic 
add, 5-norbornene-2-methanol, and male­
ic anhydride, which were synthesize by 
free radical, Pd(II)-catalyzed addition and 
ring-opening metathesis polymerization 
(ROMP) techniques. The purpose of 
developing lithographie technologies with 
réduction in exposure wavelengths is to 
continue to provide higher resolution. 
While 193-nm lens Systems hâve been 
developed, the damage threshold for the 
glass limits the exposure power that can 
be delivered to the wafer, so highly sensi-
tive resists are necessary to enable 193-nm 
imaging technology. According to a 
report published in the November 1998 
issue of Chemistry of Materials, the sden­

tists at Texas hâve demonstrated resists 
with high sensitivities of 3-15 mj/cm2 

with 0.16 um features resolved. 
The resist solutions were spin-coated at 

2500 rpm to produce ~0.7-pm thick films 
on 8 in. double-polished silicon wafers. 
Following exposure to doses ranging from 
0 to 50 mj/cm2 on a 248-nm or 193-nm 
excimer laser stepper, the wafer was 
baked for 60 s at 150°C with postexposure 
bake températures of 140,130, and 120°C. 

Lithographie évaluation shows that 
resists formulated with poly(CBN-co-
NBCA) experienced cracking and adhé­
sion problems; specifically features with 
dimensions below 0.6 pm lose adhésion to 
the substrate. The sdentists condude that 
resists made from free radical polymers 
containing maleic anhydride units show 
the best resolution and adhésion; those 
made from Pd(II)-catalyzed addit ion 
polymerization suffer from adhésion 
problems; and resists formulated from 
ROMP-derived polymers hâve poor reso­
lution and suffer from phase incompatibil-
ity with conventional onium-based pho-
toadd generators. 
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