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mal fields?

Many tools are available for studying solids in order
to provide answers to these questions. X-ray diffraction
studies can determine the crystal structure of solids
ad show how the different atoms are arranged to

| lorm a lattice. Increasing the temperature causes a

ureater deviation of the atoms from their equilibrium
positions in the lattice, and the effect on the lattice and

- the electrons in the lattice can be studied. The en-

vironment of the lattice can be changed by applying
tleetrical, magnetic, and thermal fields, and the effect

' ol this change on the lattice and the electrons can be

unvestigated. The application of high pressure to solids
s another tool that can be used in answering these
Juestions,

Ilicii-Pressure REcroNs AND THEIR USEFULNESS

To be able to determine the effect of pressure on
“lids, the changes produced obviously must be large
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this range by compressing a fluid; since a fluid can-
not transmit shear forces, the effect on a solid im-

‘mersed in the fluid is a simple reduction in volume

with no distortion of crystal structure. The range of
attainable fluid pressures is generally limited by the
freezing pressure of the fluid.

The second region is usually called the ultrahigh-
pressure region. In this case, the pressure-transmitting
medium is a solid, and hence the pressure transmitted
is only quasi-hydrostatic—i.e., there is some shearing
of the solid immersed in the medium. The solid me-
dium usually is compressed in a die by two opposed
pistons. One such device is a cylindrical die into
which two cylindrical pistons are inserted. The die is
filled with a material of low shear strength, such as
pyrophyllite—a soft machinable micaceous aluminum
silicate—and the solid to be studied is immersed in
this material. The pressure range available with solid-
media devices is 0-300 kb. :

The highest attainable pressures are produced by
the use of shock waves. A shaped explosive is deto-




Energy gap is a function of volume
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the change of E; with tempera-
ture at constant pressure

the change of E; with tempera-
ture at constant volume

the change of E; with pressure at
constant temperature
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Fig. 1. Contributions to the Variation of Energy Gap (E;). Term
1 on the left side of the equation and term 3 on the right are
experimentally measured quantities. Terms 2 and 3 are the quan-
tities of theoretical interest; for they determine the change of the
band structure of a semiconductor as a function of volume and
of temperature. Only through the use of high pressure can these
values be determined.
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Fig. 2. Variation of Semiconductor E, of Germanium as a Func-
tion of Pressure and Temperature. The curve 8E, vs P shows
the increase in E, as the hydrostatic pressure is increased. The
curve 8E, vs T indicates the decrease in E, as temperature is
increased. The changes are relative to a value of E, = 0.66 ev
measured at room temperature and at one atmosphere of

pressure.

nated near the material to be studied. This generates a
wave of high compression that passes through the
material in a matter of microseconds. By measuring
the shock wave velocity and the particle velocity of the
material as the wave passes through it, the pressure
and density of the material can be calculated. Pres-
sures in the megabar range can be produced using this
technique, and the basic relationship of pressure, tem-
perature, and density of solids can be determined.
The usefulness of high pressure is twofold. First, it
provides a precise and controllable means of varying
the interatomic spacing or density of the crystal lattice
and thus of varying all properties of a solid that de-
pend on density. When a property of a solid is ex-
plicitly dependent on density, the use of high pressure
to vary the density is required to investigate this
dependence. However, the properties of a solid often
are not explicitly expressed in terms of density, and
the dependence is only implicit through other param-
eters, as is illustrated in the second example below.
In these cases, pressure provides a means for varying
these parameters. By measuring parameter variations
in independent experiments, the dependence of a prop-
ertly on these parameters can be examined. Thus,
through the use of high pressure, a controlled and con-
“tinuous variation of the properties of solids can be
achieved.
Second, high pressure can be used to change the
crystal structure of certain solids. Many solids are
polymorphic—i.e., they may have more than one

. a—

e T — ......‘

v

N N R S ——

-p”

T — T S —— | B

r

——— . S—
e P — -

atomic array for a given composition. When sub-
jected to high pressure, some bf these solids transform »

to a new crystal structure. This polymorphic character |
of solids permits the study of the properties of a chemi. |

cal substance under conditions of variable crystl |
)

structure. ;
These two uses of high pressure can be applied in )
many of the branches of solid-state research. The fol
lowing section will discuss three specific examples of |
high-pressure research that utilize the ideas expresse |
above. i
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One of the important parameters that characterix |
a semiconductor is the energy gap (E,). Its vali |
determines, among other things, the temperature d
pendence of the resistance of the intrinsic materii
the characteristics of diodes made of the material, ar |
the optical absorption of the material. It is known th
the value of E; depends on temperature,® and th |
dependence can be measured readily. A partial f‘»:,
planation of this dependence is that the electrons lf
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