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the high

dZnSe,S,, (0405 xS

o
Bi lll-V and Zn$ using the cubic aniil method where the pressure-induced vannnon of
resistance is measured. The transiton pressures of the samples vary linearly

composition of ZnS in the ZnSe,

with the corresponding Hugor
P-V isotherm of ZnSe,,

S, . The shock compression curves of ZnSe, S, slngle
crystals are also investigated. Te pressure-particle velocity Hugoni

found 10 agree.

ofZnS and ZnSe up to the phase transition point. The
S,,, derived from the

Hugoniot is consistent with the

calculated P-V curve based on Bricignan's static dala of ZnS and ZnSe.
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The high pressure polymorph of ZnSe and Zns,
two of the most promising materials for blue light
emitting diodes, is of considerable interest
Notwithstanding their wide bandgaps. they Lndergo

statically as in a diamond anvil cell. Furthermore, the.
effects of high pressure on band structure was studied
by Allam and Adams (1999) as they investigated the
“universal” (.. as set upon by the National Bureau of

by a fall in electrical resistance and a transiticn toa
more c\ose\y packed structure. Their pressue-induced
phase transition points are among those that made
up the fixed-pointstatic calibration curve (Decker 1966,
Le Niendre et al. 1976, Yagi & Akimoto 1976, Ruoff&
Chan 1979, Gust 1982). Most of the reporied studies
are directed toward the measurement ol the staiic

will close the wide bandgaps in ZnSe and ZnS as
‘manifested by a phase transition.

Itwill be quite noteworthy i the transition points of
ZnSe, ZnS and ZnSe,S, , are measured by the same

“This study ai
to report the pressure-induced static phase
points of ZnSe,S, , usingthe resistance

However,
disagreement in the magnitude of the transfo mation

variation method and present tne Hugoniot curves of

pressures for ZnSe and ZnS,
rent measurement methods and the
pressure versus applied load scales are revised
several times. Table | shows the lransition pressures.

ZnSe, S, derived by

0ss

Table 1. Phase transition pressures in GPa.

as obtained by various groups. Phase transition ZnSe 7S “Authors)

studies on the coexistence of two phases were also i85 |5aiehana Dickomer T86T]

conducted by Arlt and Ross (1999) by pressure 50 o [Drickamer (1970]

buffering in a diamond anvil cell. The two phases, o7 o TPlemaia s Block57E]

semiconducting and metallic, of ZnSe,$,, coexist N {Le Niendre st . (1978]
WA 2__|Vagi & AKimolo (1876)

*Coresponding author: cossip @ disu. e ph 14.6 4__|W.H. Gust (1982)
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Static Calibration Curve

Semiconductor to metal transifons are ideal
calibration markers on a fixed point pressure scale
because associated with the transitionis adecrease
in electrical resistance of several orders of magnitude
that can be easiy detected and measured (Block et
al. 1977). They provide convenient caibration points
for high pressure apparatus where the electrical
fesistance variation measurement is tlized

Sintered MgO is used as transniting medium
instead of the conventional pyrophylie since the latter

may cause a reduction of the pressure value at high
temperatures. Moreover, gaskets areused o produce
a hydrostatic environment for the sample. In

originates in the central area and decreases radially
at the edge of the anvil. There is usually a large
pressure distribution across the sample in the

nonhydrostatic conditions, the presence of stress
gradients and the unknown magnituds of stress often
cast serious doubt on the int rpretation of the desired
measurements. In the gasketted method, these
undesirable effects are efiminated. The usage of
gaskets also offers the advantage o prolonging the
useful lifetimes of the anvils and of alowing maximum
pressure to be obtained without anvi failute.

Methods, Results and Discussion

ZnSe and ZnS are known to undergo
semiconductor to metallic phase change. Their
pressure induced phase ransition paints are among
those that made up the fixed-point static calibration
curve (Balchan & Drickamer 1961, Diickamer 1970,
Pierm Block 1975, Le Niendreetal. 1976, Ruoff
&Chan 1979). Utlizing the transitionpressure of 20S
as obtained by Piermarini and Block(1975) and those
of Bi I-Il and B IV (as agreed won in the 1968
International Conference of the Naional Bureau of
Standards), the phase transition paints of ZnSe,S, ,
(040 < x < 1) are datermined wheren the pressure-
induced variation of electrical resistance ismeasured.
In this study, very high pressures are generated
within the 6-8 split sphere vessel vith a pressure-
transmitting medium which are finally conpressed in
a 5,000-ton uniaxial press and electrical
measurements are subsequently conducted. The
samples used are ZnSe,S, , single aystals grown by
the self-closed sublimation method with a necked
ampule. Figure 1 shows a cross seclion of the
octahedral MgO pressure-transmitting medium, which
is 14 mm 1o side. Two to four holes 0.8-mm diameter)
are drilled through the medium wherein each were
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Figure 1. Cross section of the octahedral MgO pressure-trans-
mitiing medium.

log R (RinO}
S ou » o O

o2

50 100 150

Pressure (kgt /em2)
Figure 2. Behavior of resistance with respect (o pressure.
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Figure 3. Relationship between stalic transformation pres-
sure and the ZnSe composition in ZnSe, S,



inserted with crushed crystallies of the samples ang

0 - 3.1 mm-long, Cu strip-covered pyrophyliite bars
acting as electrodes are thrust in from both ends of
each hole. The pressure-transmitting medium is than
held by a tungsten carbide cube made of 8 separate.
anvils insulated from each other by cardboard and
fluorine-enriched resined achesive tape and gaskets
made of pyrophyliite are utiized.

The variation of the electrical resistance i
observed in the loading stage for most of the samples
From 3 ~ 4 MQ, the corresponding resistances of ZnSe,
2ZnSe,S, , and ZnS dropped abruptly to about a 1000
for 2nSe and ZnSeS,., and 2 - 3 k2 for ZnS. Figure
2 shows the behavior of the resistance of ZnSs, .S,
with respect o pressure using a 10-mm octahadsa]
MgO pressure-ransmiting medium. In the loading
stage, the resistance has a very sluggish increase from
1.95 MQ 02,55 MQ and falls rapidly when the applied
oil pressure is 131 kgf/em?, afterwhich, the resistance
drop is observed for 10 min. With the pressure
released, the resistance does not immediately return
to its original value. It is only after one-third of the
pressure has been deloaded that resistance starts to
increase. After another one-third of the pressure has
been released, the resistance returns 1o its former
value at a fast rate.

The semiconductor to metalic transition pressure
of ZnSe is determined 10 be 13.0 + 0.4 GPa using as
calibration points the static transformation pressures of
of Bi 11 Bi 1V, and ZnS which are 2.550 < 0,006 GPa,
7.7 0.3 GPa, and 15.0 + 0.5 GPa, respectively.
Employing the transition pressure of ZnSe obtained in

calibration points, the phase-transition pressures of
208030800y 216,45, 1 215,455, 00204,
in units of GPa are determined as interpreted from
experimental resuls where ol pressure is measured in
kgllem?. Figure 3 shows the pressure-induced phase
wransition points of ZnSe,,S,,, ZnSe,
208,,S,, 205848, , and ZnS, respectively, Tha
ransilion pressure has an almost finear variation with
increasing ZnS compositon in ZnSeS, .

HUGONIOT GURVES OF znse,, s, ,

Aside from the measurement of the static
transformation pressure, the Hugoniot curves (shock
velocity - partcle velocity, U, - U, and pressure -
particle velocity, P~ U,) of ZnS, S, , single crystals
are determined and the aforementioned curves are
compared with those obtained by Gust (1962) and
Bridgman (1948),

To abtain the shock compression curve, a single-
stage powder gun is used. The sample assembly is
shownin Fig. . It employed the pin-contactor method
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driver plﬂ\le specimen

Figures. Schermaic diagram of a sample assembly for shock
wave lading.
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Figure 6. Pressure vs. partcle velocily relationship of
208,48, 5. S and ZnSe.

(Duvall & Faules 1963) to measure the shock wave
velocily hrough the specimen. A test specimen with
the sizeof approximately 5 x 5 x 2 mm? s fixed on the
rear suface of a 1.0-mm thick copper driver plate.
Three titpinseach of which is equipped with a spring
are pressecd o 12 mm-thick mylar sheets forming the
verticesa! & tiangle with the specimen at the center.
The tiit pos. function to determine the inclination or tt

a3
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Figure 7. Pressure vs. volume relalionship of Z0Seq.sS, s
Zns and ZnSe.

of the shock wavefront in the sample. The end pin
the

through the specimen is pressed on a \2 um -thick
mylar strip and @ 15 um-thick copper strip on top of
the center of the rear suriace of the specimen. The
electric signals from the pins which carry the
information of the time required for the propagation of
the shock waveiront through the sample and the
inclination of the shock wavefront are monitored from
the outgoing circuits. The sample is struck by a 2.5
mm-thick copper flyer plate accelerated by a single-
stage powder gun whereby the impact velocity is
measured by the magnet flyer method (Kondo et al.
1977).

The U, - U, Hugoniot of the specimen is shown
in Fig. 5. In thls case, the U 's are determined by the
impedance match method Using experimental data
on the shock wave velocity and the flyer impact
velocity. Normally, the impedance method used in this
data analysis produces errors in up if a compressed
material undergoes plastic deformation or phase
transition. Nevertheless, the deviation from linear
relationship may be atributed to the differences
‘among the samples used. The uniform shock wave
velosly an be explained by the fact hat only he
elastic wave velocity can be measured if
than those of the plastic and/or phase uansmen
waves.

The density, p and the pressure, P in the shock-
compressed state can be determined by employing
shock wave which are derived

fron mass and momentum conservation laws
consideringthat U, and U, are previously known. The
inial densiy of the test specimen is measured to be
5.07 glem?®.

TheP-U, Hugoniot \ranslaleﬁ from the U, - U,
Hugoniot is ‘shown in Fig. 6. Comparing th
exnenmenm results with Gusl’sda!a (1982), it can be

change. Although the pin-contractor method used in
thiswork can only measure the elastic wave, the data
exapolated agree very well with the corresponding
P, Hugoniots of ZnS and ZnSe up o the phase
transition point in the first plastic wave region
atwithstanding the fact that the impedance match
rrethod used may have produced errors if the sample
under consideration have undergone plastic

the ertors are very minimal since the experimental

e resolved from the U, - U, Hugoniot toa P = V
osme curve (Fig. 7) agrees very well with Bridgman's
irla. tis however uAresolved to take the extrapolated
cidla on the second plastic wave region since this can
nvolve substantial errors.

In order to compare the P~V Hu measured
erperimentally in this study with hoss abtained ffom
Bidgman's static pressure data, the isothermal
pessure P for the test specimen s calculated using
the following equation which is derived from
Guneisen's equation of state (Gruneisen 1926).

P=Py=p1Cy(T=Ty) m

where P is the isothermal pressure, P, is the
pressure on the Hugoniot, is the specimen's density,
gis the Gruneisen parameter, C, is the specific heat
alconstant volume, T is the room temperature and T,,
isthe temperature on the Hugoniot. T, is calculated
uing the thermodynamic equations (McQueen et al.
1§70),viz.:

@

27,,dS = (V, =V)dP+(P=P,)dV (3)

InEq, (3) dS is solved and substituted in Eq. (2) to
obtain the temperature along the Hugoniot. In this
work, the product of the Gruneisen parameter, v, and
the density, p, is calculated to be 4.07 g/cm? using
Soma's (Soma 1980) data for ZnS and ZnSe. The
specilic heat at constant volume (Soma 1980, Munson
and Schuler 1971) s calculated to be

G, =B73938XI0°T-876I0T )1 G (erg/gk) (4)

Figure 7 describes the P ~ V Hugoniots of ZnS



and ZnSe calculated from Bridgman's diaia. Also
shown are the experimental data on ZnSe,,. S, , which
are found to show good fiting to those of e, , 5,
based on Bridgman's data using Munsonand Schler s
(Munson and Schuler 1971) formulation, hus verifying
further the validity of the measured data.

Up to the phase transition point. the data dbtained
in this work are valid since the experimenial curve
resolved from the U, - U, Hugoniot to aP —V curve
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