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Shock compression experiments were performed to investigate optical changes in GaP under uniaxial strain.
Low-temperature transmission spectra of sulphur-doped GaP samples were obtained at longitudinal stresses up
to 5 GPa for shock wave loading along the �100�, �111�, and �110� orientations. At low uniaxial strains,
changes in the band-gap absorption edge were consistent with the calculated band-gap shifts using the pub-
lished deformation potentials. At high uniaxial strains, however, the published deformation potentials overes-
timated the shifts. This observation was confirmed by photoluminescence spectroscopy of S bound excitonic
lines in shocked GaP:S. In addition, at strains higher than a few percent, a reduction in the intrinsic excitonic
contribution to the band-gap absorption was obtained by modeling the absorption data with indirect-transition
theory.
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I. INTRODUCTION

A detailed understanding of band-gap transitions in gal-
lium phosphide �GaP� is important for a variety of optoelec-
tronic applications based on this III-V semiconductor and its
alloys. The application of external stress is a powerful ap-
proach to investigate the intrinsic properties of the electronic
bands responsible for these transitions. GaP has been studied
extensively through the application of uniaxial stress and hy-
drostatic pressure. Uniaxial stress causes biaxial strain,
thereby reducing the cubic symmetry of zinc-blende GaP.
This technique was used to determine the deformation poten-
tials of direct and indirect band states,1 reveal the detailed
structure of the indirect band edge,2 and identify the symme-
try and the ionization energies of substitutional dopants,3,4

isoelectronic impurities,5–7 and defect complexes.8 Due to
the low elastic limit of single crystals, however, the magni-
tude of uniaxial stress in GaP was usually below a one GPa
limit. This range was extended to tens of GPa by applying
hydrostatic pressure in diamond anvil cells �DACs�. The iso-
tropic strain achieved in DAC experiments further elucidated
the interactions between direct and indirect states9 and the
nonlinear behavior of excitons bound to isoelectronic traps
and their complexes.10 Hydrostatic pressure, however, does
not lift the degeneracy of electronic states in GaP, concealing
many important properties. Further insights into the nature of
band structure of GaP can be obtained combining symmetry
breaking and high stresses in a single experiment.

Shock wave experiments create conditions of uniaxial
strain along the wave propagation direction. This deforma-
tion reduces the symmetry in a crystal and exhibits a much
higher elastic limit as compared to biaxial strain.11,12 The
advantages of shock wave compression were recently dem-
onstrated for a study of deformation potentials of GaN.13 In
this work, we examined the reported deformation potentials
for band-to-band transitions in uniaxially strained GaP. At
large strains, we detected deviations from the predictions
based on the published deformation potentials. In addition,
we observed a substantial decrease in the intrinsic excitonic
contribution to the absorption edge.

II. THEORY

Band structure changes and related indirect transitions of
GaP for biaxial strain were analyzed in several papers.2,14,15

The most comprehensive set of deformation potentials �DPs�
is provided in Ref. 1; we have used the same notation. De-
scriptions of the DPs and their values are provided in Table I.

At ambient conditions, the indirect band gap of GaP origi-
nates from the maximum of the �8 valence band �VB� and
the minimum of the conduction band �CB� close to the X6
symmetry point at the zone boundary. Under nonisotropic
strain, the fourfold degenerate multiplet of the VB and the
three equivalent valleys of the CB split into several sub-
bands. This splitting is illustrated in Fig. 1 for compressive
strain oriented along the �100�, �111�, and �110� directions. In
all three orientations, the VB splits into two components
VB1 and VB2. The CB splits into two subbands CB1 and
CB2 for the �100� and �110� directions. We also consider the
lower valence band VB3, separated by �0=90 meV due to
crystalline spin-orbit coupling, which affects the band-gap
absorption edge at large strains.

The individual transitions Ik resulting from the described
subbands are shown in Fig. 1 for three orientations. The en-
ergies of these transitions shift under applied stress according
the dependencies provided in Table II. In the case of shock
compression, the X deformations are directly proportional to
the uniaxial strain e1 along the crystallographic axis parallel
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FIG. 1. Schematic illustration of split subbands and correspond-
ing transitions in GaP strained along different crystallographic axes.
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to the applied longitudinal stress. The e1 strain is obtained
from the known longitudinal stress � and the appropriate
elastic constants. For the sake of consistency with Ref. 1, we
use the same set of elastic constants C11=141.3 GPa, C12
=62.68 GPa, and C44=70.47 GPa.16 These values are within
1% of the average of reported data for GaP.17 The shift of the
transitions versus e1, calculated according Table I, is shown
in Fig. 2. We use the convention that positive e1 values in-
dicate compressive strain.

III. EXPERIMENTS

The �100�, �111�, and �110� GaP:S samples used in this
study had sulphur concentrations of 7�1017, 12�1017, and
8�1017 cm−3 at room temperature, respectively. To evaluate
the possible effect of doping levels, the �100� orientation
transmission measurements were also carried out on a low-
doped �2�1015 cm−3� sample. Figure 3 shows absorption
spectra of the samples at ambient pressure and liquid nitro-
gen temperature �77 K�. Due to thermal broadening effects,
low temperatures are essential to reveal the detailed structure
of absorption spectra for indirect band-gap semiconductors.
At low photon energies, all spectra exhibit a roughly constant

absorption that may originate from transitions from donor
and donor-complex states within the band gap.18 At
�2.33 eV the constant absorption is overtaken by the intrin-
sic absorption edge of GaP. The peak at �2.3 eV is due to S
bound excitons �S:BEx�.19 The second peak in the doped
�100� sample, at a higher energy �2.313 eV�, arises from un-
intentional nitrogen doping.20

GaP:S band-gap states were studied as a function of
uniaxial strain using time-resolved optical transmission mea-
surements in shock-wave experiments.13 The experimental
configuration is shown schematically in Fig. 4. A 15
�15 mm sample was cut from a 400–500 �m thick GaP:S
wafer and glued by optically transparent epoxy ��2 �m
thickness bond� onto a c-cut sapphire buffer window. This
target was mechanically attached to an aluminum holder
while cooling the system with liquid nitrogen. The thermal
expansion coefficients for GaP and sapphire are similar such
that the strain due to cooling was negligible. A shock wave in
the target was produced by an impactor window �c-cut sap-
phire, z-cut quartz, or PMMA� mounted on a projectile and
accelerated by a gas gun. Collimated light from a xenon
flashlamp was reflected by two turning mirrors on the pro-
jectile, transmitted through a 3 mm diameter aperture onto
the impactor-GaP-buffer arrangement, and focused into an

TABLE I. Deformation potentials �DPs� of GaP and their values according to Ref. 1.

DP Value �eV� Description

E1+a1+a2 2.3±0.5 Hydrostatic DP of CB �E1� and VB �a1+a2�
a2 −0.4±0.3 Hydrostatic DP of VB due to spin-orbital interactions

E1+a1−3a2 3.5±0.8 Hydrostatic DP of CB and VBb

E2 6.3±0.9 Shear DP of CB

E3 13±1.5 Shear DP of CB due to X6 and X7 coupling

b1+2b2 −1.5±0.2

b1−b2 −2.1±0.3 Shear DPs of VB and VBb due to orbital �b1 ,d1�
and spin-orbital �b2 ,d2� interactionsd1+2d2 −4.6±0.2

d1−d2 −5.5±0.2

�0 0.09±0.01 Energy difference between VB and VBb ��8−�7�
	 0.5±0.05 Energy difference between CB minimum in X6 band and higher conduction band X7

TABLE II. Shifts of indirect band-gap transitions in uniaxially strained GaP with respect to the ambient band-gap.

�100� �111� �110�

Transitions I1�=Ax−B+ 2
3G−2B�2 / ��0�+B� I1=Ax−D−2D�2 / ��0�+D�− 1

9H2 /	 I1�=Ax−F+ 1
6G−2F�2 / ��0�+F�− 1

4H2 /	

I2�=Ax+B+ 2
3G I2=Ax+D− 1

9H2 /	 I2�=Ax+F+ 1
6G− 1

4H2 /	

I3�=Ax−B− 1
3G−2B�

2 / ��0�+B� I3=A0+2D�2 / ��0�+D�− 1
9H2 /	 I3�=Ax−F− 1

3G−2F�2 / ��0�+F�− 1
4H2 /	

I4�=Ax+B− 1
3G I4�=Ax+F− 1

3G− 1
4H2 /	

I5�=A0+ 2
3G+2B�2 / ��0�+B� I5�=A0+ 1

6G+2F�2 / ��0�+F�− 1
4H2 /	

I6�=A0− 1
3G+2B�2 / ��0�+B� I6�=A0− 1

3G+2F�2 / ��0�+F�− 1
4H2 /	

Components Ax= �E1+a1+a2�X1; A0= �E1+a1−2a2�X1; B= �b1+2b2�X2; G=E2X2; B�= �b1−b2�X2; �0�=�0−3a2X1;

D= ��d1+2d2� /2�3�X3; D�= ��d1−d2� /2�3�X3; H= �E3 /2�X3; F= �B+3D� /4; F�= �B�+3D�� /4

Deformations X1=X2=e1�=� /C11 X1=X3 /2=e1=3� / �C11+2C12+4C44� X1=X2=X3 /2=e1�=2� / �C11+C12+2C44�
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optical fiber. Light from the collecting fiber was spectrally
dispersed by an imaging dual-grating spectrometer, tempo-
rally dispersed by an electronic streak camera �Cordin�, and
digitally recorded by a charge-coupled device �CCD� array.
The time resolution of the system was �20 ns.

The streak camera operates by directing electrons gener-
ated on a photocathode onto the output phosphorescing
screen through a vacuum tube.20 Within the vacuum tube,
however, some of the electron beam gets scattered and in-
duces a background signal, as shown in the inset of Fig. 5 for
the case of a partially covered photocathode. This effect re-
sults in spectral broadening, as shown in Fig. 5 for the ab-
sorption spectrum of a �111� GaP:S sample taken with a
scanning spectrometer �diamond symbols� and a streak cam-
era �circle symbols�. To account for this effect, we used a
convoluting function to reproduce the light-induced back-
ground �Fig. 5, inset�. The solid line in Fig. 5 represents the
scanning spectrometer data recalculated using this function
and good agreement is observed with the streak camera spec-
trum. The same convolution function was used to model all
the absorption data in this study.

FIG. 2. Band gap changes in GaP uniaxially strained along
�100�, �111�, and �110� orientations, according to the published de-
formation potentials �Tables I and II�.

2.2 2.3 2.4

0.5

1

5

10

50

100

[100]

[110]

[100] low-dopedx0.5

x1

x0.5

x2 [111]

Energy (eV)

A
bs

or
pt

io
n

co
ef

fic
ie

nt
α

(c
m

-1
) GaP:S at 77K

FIG. 3. Spectra of GaP:S samples at ambient pressure �liquid
nitrogen temperature�.
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FIG. 4. Schematic diagram of transmission measurements in
shock-wave experiments.
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FIG. 5. Spectra of �111� GaP:S sample obtained with a scanning
spectrometer �diamond symbols� and a streak camera �circle sym-
bols�. The solid line is a model of the absorption using the appro-
priate convolution function. The inset shows the spectral response
of the streak camera with a partially covered photocathode, where
the symbols are experimental data, and the line is a data fit using the
convolution function.
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The longitudinal stress within a sample was determined
by the shock response of GaP and the window materials.
Figure 6 shows the calculated21 stress dependence for a
480-�m-thick �100� GaP:S sample bonded to a 2.5-mm-

thick sapphire buffer, arising from impact by a 3.17-mm-
thick quartz impactor with a velocity of 222 m/s. After an
initial ring-up process, due to the impedance mismatch
between the sample and the impactor/buffer materials, a
constant stress state is reached. This stress persists until
the arrival of a release wave from the nearest free surface.
The stress value was calculated to an accuracy of few percent
from the well-established shock velocities in c-cut
sapphire,22 z-cut quartz,23 and PMMA.24 The
corresponding25 temporal changes in transmission during the
shock experiment are illustrated in Fig. 6 for the spectral
regions around 2.1 and 2.34 eV. Both curves exhibit a sharp
increase in intensity at the moment of impact, due to the loss
of one interface between the sample and impactor window.
During the ring-up, the transmission changes along with the
longitudinal stress. These changes are more pronounced at
the intrinsic absorption edge of GaP �2.34 eV�, due to the red
shift of the band gap. After the final shock state is estab-
lished, the transmission maintains a constant value for
�400 ns. All transmission data for shocked GaP were col-
lected and averaged during this time window.

The absorption coefficient 
 at a photon energy �� is
obtained from the transmission T according the expressions


 = − �1/d�ln� ��1 − R1�2�1 − R2�2 + 4R1R2T2�1/2 − �1 − R1��1 − R2�
2R1R2T

�, T =
�I − Ib�
�I0 − Ib�

, �1�

where d is the sample thickness, R1 and R2 are the reflection
coefficients between the impactor-GaP and GaP-buffer inter-
faces, respectively, I is the intensity transmitted through the
shocked sample, Ib is the background intensity recorded with
the shutter of the streak camera closed, and I0 is the reference
intensity transmitted through the impactor and buffer. The
reflection coefficients are calculated according to

R = �nGaP − nW

nGaP + nW
�2

, �2�

where nGaP and nW are the refractive indices of GaP and the
window material, respectively.

IV. RESULTS

A. Luminescence of bound excitons

Figure 7 shows the calculated shifts of the I1 and I2 tran-
sitions for �111� GaP:S under uniaxial strain. The bounds of
the calculations, indicated by the dashed areas, were ob-
tained using the error range of the DPs specified in Table II.
In the case of biaxial strain, it was demonstrated that the
stress dependence of the lowest subband in GaP can be
monitored directly by tracking the S:BEx peaks.4 In the
present work, we detected the shift of S:BEx peaks in

shocked GaP:S by performing photoluminescence �PL� mea-
surements using a 514.5 nm dye laser pulse as an excitation
source. The obtained data were used to verify the accuracy of
the published DPs. Detailed PL measurements of GaP will be
presented elsewhere.

FIG. 7. Band gap changes in uniaxially strained �111� GaP:S.
The solid lines represent the calculated averages while the dashed
areas indicate the tolerance of calculation. The symbols are the
experimental data representing the shift of S:BEx peak in the PL
spectra of shocked GaP:S.
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Figure 8 shows PL spectra of �111� GaP:S at ambient
conditions and under shock compression at 2.7 and 5 GPa.
The ambient spectrum showed a narrow S:BEx peak at
2.3 eV, and a broader peak at lower energies that arises from
the recombination of free holes at neutral donor centers.26

Under uniaxial strain, the intensity of the PL signal de-
creased, but remained sufficient to observe the redshift of
both peaks. The S:BEx peak energies are plotted in Fig. 7.
The figure shows that the experimental data differ from the
calculated values. The same trend was also obtained for
�100� and �110� GaP:S. In our model, therefore, we used the
measured PL values for the lowest-energy transition �Table
IV�. For higher bands, the calculated values were used.

B. Band-gap absorption spectra

Figure 9 shows the absorption spectra for GaP:S shocked
along the three principal crystallographic axes. All spectra
show distinct red shifts with longitudinal stress. To empha-
size the quadratic increase in absorption with photon energy,
which is characteristic for indirect band-to-band transitions,
the data are plotted as 
1/2 versus energy. Under ambient
conditions �gray curves�, this results in a single linear slope
above an initial structure due to the excitonic transitions. The
shocked spectra, especially at �111� and �110� orientations,
show, in contrast, few regions with distinct slopes, indicating
the involvement of several subbands in the absorption shape
of uniaxially strained GaP.

The presence of S:BEx peaks in the shocked spectra is
clearly evident at a stress of 1 GPa in �111� GaP:S. The
2.24–2.34 eV spectral region is magnified in the inset of Fig.
9, showing a good match between the S:BEx peaks in ab-
sorption and PL spectra. At higher stresses, however, the
S:BEx absorption peaks could not be detected, apparently
due to the loss of oscillator strength �see the decreasing PL
peak intensities at high stresses in Fig. 8� and the spectral
broadening as discussed in the experiment part.

The flat absorption profile at low energies, due to the do-
nor states within the band gap, shows a tendency to decrease
slightly with increasing stress. In order to evaluate the effect
of doping on the absorption profile, the 2.7 GPa experiment
in �100� GaP was repeated for the low-doped sample. The
difference between the spectra obtained for the two samples

is notable only at the low energy side �Fig. 9�. As discussed
in the next section, this small difference can be accounted for
by adding a constant absorption level to the simulated spec-
trum.

C. Modeling

The absorption edge of indirect band-gap semiconductors
is well explained by indirect optical transition theory.27,28

The theory implies that the basic shape of the absorption
spectrum can be modeled using the following two contribu-
tions:


k = �nB +
1

2
±

1

2
��Cex

Ik 	
p

Aex
p ��� − �EG − Eex + �Edop

+ �EUS
Ik ± Ep��1/2 + CBB

Ik 	
p

ABB
p ��� − �EG + �Edop

+ �EUS
Ik ± Ep��2� , �3�

where nB= �exp�Ep /kBT�−1�−1 is the phonon population, the
p index labels a particular phonon branch with energy Ep, EG
is the ambient band gap, Eex is the exciton binding energy,
�Edop is the doping-induced band-gap narrowing, �EUS

Ik is
the shift of the subbands in uniaxially strained GaP, and the k
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FIG. 8. PL spectra of �111� GaP:S at ambient conditions and for
two shock stresses.

FIG. 9. Indirect absorption edge of shocked GaP at different
crystallographic orientations and different longitudinal stresses.
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index refers to a particular transition. The  sign in the
equation corresponds to phonon emission and absorption, re-
spectively. The first term in Eq. �3� represents transition to a
ground exciton state, while the second describes a band-to-
band transition. The Aex

p and ABB
p coefficients account for the

matrix elements at ambient pressure. The Cex
Ik and CBB

Ik coef-
ficients were used to account for changes in absorption in-
tensity under uniaxial strain; Cex

Ik =CBB
Ik =1 at ambient pres-

sure. Equation �3� neglects small effects such as transitions
into excited excitonic states or the excitonic continuum, ther-
mal broadening due to exciton-phonon interactions, and the
temperature dependence of transition matrix elements.29

In order to obtain the set of Aex
p and ABB

p constants, we
modeled the published intrinsic absorption-edge spectrum of
GaP at 77 K ��Edop=�EUS

Ik =0�, shown by the black symbols
in Fig. 10.30 The solid line is a fit to the experimental data
using the parameters listed in Table III. The values of Aex

p and
ABB

p obtained were then applied to model the ambient absorp-
tion spectra of our doped GaP:S samples �open symbols in
Fig. 10�. We also adjusted the �Edop values according the
relative shift of the observed S:BEx peaks, and reduced the
exciton binding energy Eex due to carrier-carrier screening
effects �Table III�. In addition to the intrinsic absorption
given by Eq. �3�, doped samples also had a constant absorp-
tion level due to the donor states �dash-dotted curve� and
Gaussian peaks due to the S:BEx, their excited states and
their phonon replicas �dashed curves�.19 As discussed previ-
ously, these S:BEx peaks disappeared upon shock compres-
sion stresses greater than 1 GPa.

The polarization of transmitted light in our experiments
was perpendicular to the direction of wave propagation. Un-
der such conditions, all transitions Ik are allowed by
symmetry.1 In our model, each transition contributes to the
absorption spectrum with an energy onset �EUS

Ik and relative
strengths Cex

Ik and CBB
Ik for the excitonic and band-to-band

components, respectively. Using the calculated values of
�EUS

Ik �Fig. 2�, in conjunction with the PL measurements, we
obtained the Cex

Ik and CBB
Ik parameters by fitting to the absorp-

tion data. In the fitting procedure, we first adjusted the band-
to-band components, starting from the lowest energy contri-

bution. The excitonic components were then added to
complete the multicomponent fit. The C constants obtained
are provided in Table IV. Our model assumes that changes in
Ep and Eex, expected to be on the order of few meV, are
negligible.

V. DISCUSSION

The results for �111� oriented GaP:S are the most straight-
forward to interpret, due to the small number of transitions
�Fig. 1�. The band-to-band transitions, described by the co-
efficients CBB

I1 and CBB
I2 , are roughly constant up to the high-

est longitudinal stress �Table IV�. The excitonic contributions
of the same transitions Cex

I1 and Cex
I2 decrease substantially

with stress. To illustrate this effect, spectra for �111� GaP:S
are shown in Fig. 11, where the I1 and I2 transition thresholds
are indicated by arrows. The lines in the figure show two
types of fits: The curves labeled “BB” were generated using
only the band-to-band contributions CBB

I1 and CBB
I2 , while the

curves labeled “EX” were the best fits given equal excitonic
and band-to-band contributions. It is clear that a nonzero
excitonic component is required to model the shape of the 1
and 2.7 GPa spectra, while adding this part for the 5 GPa
spectrum results in an overestimate of the absorption.

The excitonic reduction effect observed in �111� oriented
GaP:S also occurs for �100� and �110� orientations, although
these data are more complicated to interpret. For the �100�
orientation, we resolved only the two lowest �I1� and I2�� tran-
sitions at 2.7 GPa, and found that the single I1� transition is
sufficient to explain the spectral shape at 5 GPa. Neverthe-
less, none of these transitions showed the presence of exci-
tons. For the �110� orientation, we observed two �I1� and I2��
transitions at 2.7 GPa, while three �I1� , I2� , I4�� transitions were
detected at 4.3 GPa. All transitions resolved in the �110� ab-
sorption spectra showed the excitonic reduction effect.
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FIG. 10. Modeling �solid line� of �111� GaP:S spectra �open
symbols� using the fit �solid line� of literature data for intrinsic
absorption edge of GaP �solid symbols�. The dash-dotted curve rep-
resents the absorption due to donor states. The dashed Gaussian
peaks going from lower energies illustrate the S:BEx peak, the ex-
cited states of S:BEx complex, and the phonon replicas of S:BEx.

TABLE III. Parameters used in modeling the band-gap absorp-
tion of GaP.

Parameter Value

EG �at 85 K� 2.331 eVa

ETA 12.8 meVa

ELA 31.3 meVa

ETO 46.5 meVa

Eex �intrinsic and 2�1015 cm−3� 10 meVa,b

Eex �7–8�1017 cm−3� 4 meV

Eex �12�1017 cm−3� 3 meV

Aex
TA 20 eV−1/2 cm−1

Aex
LA 50 eV−1/2 cm−1

Aex
TO 20 eV−1/2 cm−1

ABB
p /Aex

p 55 eV−3/2

�Edop �2�1015 cm−3� 1 meV

�Edop �7–8�1017 cm−3� 6 meV

�Edop �12�1017 cm−3� 12 meV

aDean et al. �Ref. 30�.
bRef. 31.
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Indications of excitonic reduction for biaxial strains �1%
were reported in Ref. 2. The authors observed substantial
broadening and eventual vanishing of fine exciton absorption
peaks in the transitions related to the VB2 valence band. This
effect was attributed to mixing of VB2 excitons with the
quasicontinuum of excited states of VB1 excitons. The re-
duction of excitonic components detected for I2, I2�, and I2�
transitions for strains �1% in our work is consistent with
such an effect. However, for uniaxial strains �2%, we also
observe a substantial reduction in I1, I1�, and I1� excitonic

contributions, which originate from the VB1 band. This ob-
servation suggests that large anisotropic strains cause the dis-
sociation of bound excitonic states. Another possibility is
that Eq. �3�, which is based on the assumption of parabolic
bands near the band edges, may not accurately model the
absorption data at large strains.

VI. CONCLUSIONS

The changes in the absorption spectra of GaP:S were ob-
served, using time-resolved measurements in shock wave
compression experiments. These results were modeled using
the known deformation potentials in conjunction with PL
measurements. At high uniaxial strains, the absorption and
PL spectra indicate that the published deformation potentials
overestimate the band-gap shifts. In addition, the set of co-
efficients that describe band-to-band transitions in GaP
showed a substantial decrease in the intrinsic excitonic con-
tribution to the absorption edge.
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TABLE IV. Coefficients Cex and CBB used to model the band-gap absorption in GaP shocked along
different crystallographic axes.

Orientation
Longitudinal
stress �GPa�

Shift of I1 from
PL data �meV�

Excitonic
components �a.u.�

Band-to-band
components �a.u.�

�111� 1 −25±2 Cex
I1 =0.2±0.05 CBB

I1 =0.2±0.05

Cex
I2 =0.55±0.1 CBB

I2 =0.55±0.1

2.7 −102±2 Cex
I1 =0.12±0.03 CBB

I1 =0.18±0.05

Cex
I2 =0.1±0.1 CBB

I2 =0.5±0.1

5 −215±2 Cex
I1 =0+0.02 CBB

I1 =0.11±0.05

Cex
I2 =0.2±0.1 CBB

I2 =0.5±0.1

�100� 2.7 −162±5 Cex
I1� =0.12±0.02 CBB

I1� =0.12±0.02

Cex
I2� =0+0.05 CBB

I2� =0.1+0.05

5 −310±20 Cex
I1� =0.04±0.04 CBB

I1� =0.09±0.01

Cex
I2� =0+0.01 CBB

I2� =0+0.02

�110� 2.7 −102±5 Cex
I1� =0.1±0.03 CBB

I1� =0.1±0.03

Cex
I2� =0.1±0.1 CBB

I2� =0.4±0.1

4.3 −160±20 Cex
I1� =0.05±0.05 CBB

I1� =0.1±0.02

Cex
I2� =0+0.1 CBB

I2� =0.1±0.1

Cex
I4� =0+0.2 CBB

I4� =0.3±0.3
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FIG. 11. The �111� GaP:S shock data �open symbols� at 1 GPa
�sifted down by 1.5 cm−1/2�, 2.7 GPa, and 5 GPa �sifted up by
1.5 cm−1/2� longitudinal stresses, and their respective fits including
the intrinsic excitonic transitions �the “EX” labeled curves� or tak-
ing only the band-to-band contributions �the “BB” labeled curves�.
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