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An investigation was made of the photoconductivity a of wide-band insulators subjected to high-power 
ultraviolet (A = 0.27 and 0.35 p )  laser radiation. The dependence of o on the laser radiation intensity I were 
determined. An irreversible increase in the photoconductivity of alkali halide crystals was observed at the 
wavelength A = 0.27 p when the dependence u(I )  was recorded by reducing the intensity. A study was made 
of the influence of heating and of high-temperature annealing of cr. Possible mechanisms of the 
photoconductivity of the investigated crystals were analyzed. The experimental data on the photoconductivity 
of KDP at the A = 0 . 2 7 ~  wavelength were used to estimate the two-photon absorption coefficient a. 
PACS numbers: 72.40. + w, 72.80.J~ 

INTRODUCTION was to identify the mechanisms of the photoexcitation of 
nonequilibrium carr iers  by a detailed study of the de- 

Detection and investigation of the photoconductivity 
pendences of the photoconductivity signal amplitude a on 

excited by laser radiation1' in transparent solids is of the intensity I of the exciting laser radiation. 
considerable interest in various aspects of the physics 
of the interaction of high-power electromagnetic radia- 
tion with matter. Such investigations can give, in APPARATUS AND PHOTOCONDUCTIVITY 
particular, direct information on the ionization pro- MEASUREMENT METHOD 
cesses and they can be decisive in the determination of 
the dominant laser damage mechanism. 

Several recent experimental and theoretical investi- 
gat ion~ ' -~  have established some characteristics of the 
optical strength of transport insulators subjected to 
laser radiation. In these investigations the laser da- 
mage mechanism was determined by indirect methods: 
the temperature and frequency dependences of the 
damage threshold regarded a s  a function of the inten- 
sity of the incident radiation were found experimen- 
tally and were then compared with the corresponding 
theoretical dependences, which made it possible to 
study the damage morphology, influence of heat treat- 
ment on the optical strength, etc. However, in order 
to identify the mechanism responsible for the damage 
to transparent insulators by laser radiation, i t  is pre- 
ferable to employ methods involving direct detection 
of nonequilibrium carr iers  in the region of the interac- 
tion between laser radiation and matter. Investigations 
of the laser photoconductivity can give direct informa- 
tion on the nonequilibrium carr ier  density and can be 
used to determine the correlation between the photo- 
conductivity kinetics and the laser  damage dynamics. 
Investigations of this kind have been carried out al- 
ready (see, for example, Refs. 6-8). The role of 
seed electrons in laser  damage i s  considered in Refs. 
9-13. Studies of the laser  photoconductivity of wide- 
band insulators can also help to determine the mecha- 
nisms of nonlinear absorption in optical materials. 

We used a Q-switched YAG:Nd3+ laser whose 1.06 p 
radiation was converted, depending on the experiment, 
into the second, third, o r  fourth harmonics by doubling 
and mixing the frequencies of the fundamental and 
second harmonics in nonlinear KDP and DKDP crystals. 
Transverse and longitudinal modes were selected by 
standard methods s o  a s  to obtain single-frequency 
emission of the dominant TEM,, oscillation. A suf- 
ficiently high radiation power was achieved a t  al l  fre- 
quencies by amplifying the radiation from a master 
oscillator in three YAG : Nd3' stages. The output en- 
ergy of the radiation a t  the fundamental frequency 
(1.06 g) of this system reached 1 J and the energies 
of the radiation a t  the second, third, and fourth har- 
monics of the fundamental frequency were 0.2, 0.05, 
and 0.01 J, respectively. The duration of the ultra- 
violet radiation pulses (of the wavelengths 0.35 and 
0.27 p )  used in our experiments was 8 nsec a t  half- 
maximum and the shape of the pulses was close to 
Gaussian. When necessary, the radiation was attenu- 
ated stepwise by filters and the power could be re- 
duced continuously by altering the output energy if the 
pump lamps in the laser amplification stages. A 
special feature of the apparatus was the absence of 
noise and strays during a laser pulse, which was im- 
portant in recording weak photoconductivity signals. 
The diameter of a collimated o r  a weakly focused (by a 
long-focus KU fused quartz lens) laser beam was 0.15- 
2 mm on the surface of an investigated sample. This 
made i t  possible to measure the photoresponse in a 

We studied the photoconductivity of alkali halide 
wide range of intensities of the laser  radiation ranging 

crystals and of transparent insulators used widely a s  from values limited by the sensitivity of the apparatus 
optical materials in lasers (A&03:Cr3+, KDP, DKDP, to those close to the surface optical strength of crys- 
CaF,). These materials were excited by ultraviolet 
radiation representing the third and fourth harmonics tals (-10' w/cm2). 

of a neodymium laser whose wavelengths were 0.35 and The investigated transparent insulator samples were 
0.27 p ,  respectively. In these investigations our aim parallelepipeds of 4 X 4 mm cross  section and 20 mm 
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long; the surfaces were either natural cleavage planes 
o r  were polished. The laser  photoconductivity signal 
was recorded using a widely employed circuit with a 
capacitative coupling of the electrodes to a crystal (see, 
for example, Ref. 14). 

Since the diameter of a laser beam on the surface of 
a sample did not exceed 2 mm, the radiation did not 
reach the electrodes directly. These electrodes were 
thin platinum plates of 2X 10 mm dimensions. These 
platinum electrodes had the highest values of the work 
function (about 5.3 eV) among the tested metals (copper, 
nickel, silver, etc.) and this value exceeded the photon 
energy of the fourth harmonic of the neodymium laser  
(approximately 4.7 eV). Therefore, platinum was 
practically the only electrode material which allowed us  
to avoid stray signals resulting from the photoelectric 
effect of the electrodes encountered in studies of the 
photoconductivity of insulators at such very high radia- 
tion frequencies. The absence of stray signals due to 
the illumination of the electrodes was checked in a 
special experiment in which a scattering quartz plate 
was inserted in a laser beam: there was no photocon- 
ductivity signal due to the scattered radiation reaching 
the electrodes (a comparison was made with the case 
when the electrodes were screened completely from the 
scattered radiation). The contribution of the surface 
conductivity was suppressed by ensuring that the end 
surfaces of the samples were outside the electric field 
and by avoiding illumination of the lateral surfaces of 
the samples . 

A high-voltage generator consisting of a pulsed high- 
voltage transformer and a rectifier, together with a 
triggering circuit for the pump lamps, produced elec- 
t r ic  pulses of amplitude up to 12 kV and duration of 
about 2 x  sec. These parameters made it possible 
to avoid creation of a space charge in the samples dur- 
ing the time between the laser  pulses (-10-15 sec), 
because the majority of the investigated insulators 
were characterized by a fairly high room-temperature 
value of the bulk conductivity (for example, of the order 
of 10'13~'1. cm-' in the case of NaC1) and a corre- 
spondingly short dielectric relaxation time (about 1 sec 
for NaCl). In the case of the processes occurring in 
times comparable with the laser  pulse duration (t, - 
sec), the high voltage applied to the sample could be 
regarded a s  constant. 

A set  of parameters was selected s o  that the voltage 
across the charging capacitor reached i t s  maximum 
value a t  the moment of generation of a giant laser pulse. 
The photoconductivity signal of a sample was recorded 
from a load resistance R, and i t  was applied to an os- 
cilloscope whose input capacitance was C i n  and input 
resistance was R ,  ; the signal reached the oscilloscope 
either directly o r  via a wide-band amplifier. The sys- 
tem for recording the laser photoconductivity allowed 
us to study the photoresponse under signal integration 
and time resolution conditions. When the conditions 
R  , << R  , and R  ,C >> t, were satisfied (carr ier  recom - 
bination time in the insulators15 was T,, - lo-" sec, and 
therefore, T,,,< t,), then the integration regime was ob- 
tained and this made i t  possible to increase the sensi- 

tivity of the detection system to small  signals, i. e . ,  
to extend the dynamic range of the laser photoconduc- 
tivity investigation. In this case the signal had a steep 
leading edge and an exponential decay characterized by 
a time constant R , C , .  

Allowing for the coefficient representing the occupancy 
of the interelectrode space by radiation, k =S/af (where 
S is the cross-sectional area of the laser  beam, a and 1 
a re  the electrode width and length, and f is the distance 
between the electrodes), we could express the signal 
amplitude in the form 

where U is the voltage across  the sample (U >> u)  and o 
is the photoconductivity. 

For R , C , ,  << t, the regime of high time resolution was 
obtained. In this case the photoconductivity signal am - 
plitude was 

EXPERIMENTAL RESULTS 

The photoconductivity a t  0.27 p was observed for 
NaC1, KC1, KBr, KI, KDP, DKDP, A1,03:Cr3+, and 
CaF, crystals: for a given intensity of the laser radia- 
tion, the photoconductivity signal of alkali halide crys- 
tals was approximately an order of magnitude higher. 
The duration of the photocurrent pulses generated in 
all  our crystals was equal to the duration of the laser  
pulses. Longer (-30 nsec) signals were exhibited only 
by KDP and DKDP. 

Figure 1 shows the dependence o(I) of the laser photo- 
conductivity at the wavelength 0.27 p on the intensity 
of the laser  radiation recorded for KDP and DKDP cry- 
stals. This dependence clearly consisted of a linear 
region in the range of low (-lo3-lo5 w/cm2) laser ra- 
diation intensities, followed by a quadratic region. At 
0.35 p wavelength there was no photoconductivity in the 
case of KDP and DKDP. 

The dependence o(I) was more complex in the case of 
alkali halide crystals. At the wavelength 0.27 1 an 
increase of the laser radiation intensity revealed three 
regions: a linear one a t  low laser radiation intensities, 
a superlinear one with a power exponent 1.4-2.1 a t  
moderate intensities (-lo5-lo6 W/cm2), and another 

FIG. 1. Dependence U ( I )  for K D P  and D K D P  at h = 0.27 p. 
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FIG. 2. Dependence u(l) for KC1 at h = 0 . 2 7 ~ .  The dashed 
curve shows the irreversible increase in a when I is varied 
from high to low values (the directions of changes in I are 
denoted by arrows). 

linear region a t  high intensities (-lo7-10' w/cmZ). 
Typical results obtained for KC1 a r e  plotted in Fig. 2. 
One should point out that in the super-linear region of 
o(I) the power exponent of the l a se r  radiation inten- 
sity varied not only with the nature of the alkali halide 
crystal, but also (within a certain range) from sample 
to sample. The absolute value of the signal varied 
within one order of magnitude. 

All the o(I) dependences were recorded in the pres-  
ence of strong additional illumination of the samples 
corresponding to the absorption band of the F centers; 
this illumination was provided by a halogen incandes- 
cent lamp of 100 W power. Without this additional il- 
lumination the photoconductivity signal was 3-5 times 
greater and the nature of the dependence o(I) was the 
same. Moreover, a special experiment carried out a t  
the wavelengths of 0. 27 and 0. 53 p established that a 
strong additional illumination suppressed the F centers 
generated by ultraviolet radiation during the -10-15 sec  
intervals between the l a se r  pulses. In this experiment 
we found that the action of the 0. 27 p laser  radiation 
created the F centers, a s  deduced from the characteris- 
tic coloration of that part  of a sample which was sub- 
jected to laser  radiation (in this case the F-center con- 
centration was a t  least 1015-1016 ~ m - ~ ,  a s  estimated 
from the absorption of light). Next, l a se r  radiation of 
the 0. 53 j~ wavelength was directed to the same part of 
the sample. In the absence of a strong additional illu- 
mination the f irst  0.53 p pulses produced clearly a 
photoconductivity signal (which should be attributed to 
the presence of the F centers because without a pre- 
liminary illumination a t  the 0. 27 p wavelength there 
was no photoconductivity signal a t  0.53 p). This signal 
could be used to  estimate the F-center  concentration. 

When the samples were illuminated strongly with ad- 
ditional light from a halogen lamp, the photoconduc- 
tivity signal a t  the 0.53 p wavelength (after a preli- 
minary illumination a t  0.27 p) was no longer observed, 
indicating that the F centers disappeared. 

In the case of alkali halide crystals  illuminated with 
the 0.27 p wavelength it was found that when the de- 
pendence of the photoconductivity on the illumination 
intensity was recorded by reducing this intensity from 

FIG. 3. Form of the photoconductivity signal observed on 
heating alkali halide crystals to the following temperatures: 
a) T FJ 80O0K; b) 820°K (TI - lo-' sec, T2 - 2 x lom6 sec); 
C )  840°K; d) 860°K; e) 900°K (7,  - 10-I sec, r2 - 3 x 10-I 

sec), where r1 and r2 are the time cmstants of the first and 
second exponential functions. 

high to low values, the photoconductivity did not re-  
turn to  the superlinear part of the dependence but re-  
mained a practically linear function of the intensity 
right down to low values of the latter (dashed line in 
Fig. 2). We thus established that illumination of al- 
kali halide crystals  with l a se r  radiation of the 0.27 L( 
wavelength increased irreversibly the photoconduc- 
tivity. This increase was stable and was retained for 
a long time (in excess of 100 h) even when the samples 
were subjected to prolonged bleaching with light from a 
high-power quartz lamp emitting in a wide range of 
frequencies. 

In a study of the influence of heating on the photocon- 
ductivity of alkali halides a t  the wavelength 0. 27 p it  
was established that when the temperature of the sam- 
ples was about 700 "K the photoconductivity signal de- 
creased by a factor of 7-10 compared with the room- 
temperature value. At about 850 O K  the photoconduc- 
tivity signalwas in the form of two exponential functions 
and a further increase in temperature reduced rapidly 
the time constant of the second function (Fig. 3). The 
second function could be attributed to thermal ioniza- 
tion of lattice defects o r  t raps  of different kind whose 
energy levels were filled during a laser  pulse. 

Annealing in a i r  a t  a temperature close to the melting 
point of a crystal, followed by rapid cooling, again re-  
duced the photoconductivity signal (compared with that 
exhibited by a nonannealed sample). F o r  example, in 
the case of KC1 the signal fell by a factor of 8. 

The l a se r  photoconductivity of NaCl and KC1 a t  the 

6, rel. units 

I I I I I 1 I 
I 10 10 " 

I,. rel. unlts 

FIG. 4. Dependence ~(1) for NaCl and KC1 at h = 0.35 p (after 
preliminary illumination at h = 0.27 p). 
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FIG. 5 .  Influence of high-temperature annealing on the depen- 
dence u ( I )  for KBr. The dashed lines show u(Z) for the anneal- 
ed crystals. The arrows indicate the direction of changes in 
the intensity of A = 0.35 p laser radiation. 

wavelength 0.35 p was 2-3 orders of magnitude less  
than at 0.27 p .  A strong photoconductivity of NaCl and 
KC1 at the 0.35 p wavelength appeared only after pre- 
liminary illumination a t  0.27 p .  The dependence o(Z) 
at the wavelength of 0.35 p was in this case linear for 
the Torward" and "reverse" intensity dependences 
(Fig. 4), and the absolute photoconductivity signal was 
approximately equal to the signal exhibited by KBr and 
KI a t  0.35 p .  

In the case of KBr and KI illuminated with the 0.35 p 
wavelength the nature of the dependence o(I) was the 
same a s  that obtained for 0.27 p (Fig. 2). High-tem- 
perature annealing reduced by a factor of 2-5 the ab- 
solute photoconductivity signal at low and moderate 
illumination intensities, and had practically no influ- 
ence a t  higfier intensities (see Fig. 5 for K B ~ ) .  

I I I I I 
NI 10 

'16 1, W / c m ~  
10 ' 

FIG. 6. Dependence u ( I )  for ruby at h = 0.27 p. 

FIG. 7 .  Reduction in the photocurrent j of ruby as a result of 
formation of a space charge inside a crystal (1) and the photo- 
current in ruby due to the presence of a space charge ( 2 ) .  
Here, M is the number of laser pulses. 

In the case of CaF, crystals the laser photoconduc- 
tivity a t  the 0.27 p wavelength was observed only a t  
very high intensities (-10' W/cm2 or  higher). The 
range of the laser radiation intensities exciting the 
photoconductivity was found to be very narrow, be- 
cause i t  was limited from above by the optical strength 
of the CaF, samples. 

The dependence o(Z) of ruby crystals was linear (Fig. 
6) throughout the investigated range of laser  radiation 
intensities (wavelength 0.27 k ) .  However, repeated 
illumination of ruby samples with ultraviolet radiation 
of constant intensity a t  the 0.27 p wavelength revealed 
a reduction in the photoconductivity with time. When 
an external electric field applied to  a sample was 
switched off, the polarity of the photoconductivity signal 
became reversed and eventually decreased to zero on 
increase in the number of laser  pulses (Fig. 7). Bear- 
ing in mind the relatively low ionic conductivity of ruby 
a t  room temperature (-10-"%2-' cm"-Ref. 16) and the 
long dielectric relaxation time (-lo3 sec),  the observed 
effect could be attributed to the formation of a space 
charge under the influence of ultraviolet photons and 
the field of such a charge was directed opposite to the 
external field. The effect allowed us to determine ex- 
perimentally the conductivity of ruby from the rate of 
relaxation of the space charge (when the external field 
was switched off, this was achieved by occasional 
probing of a sample with light pulses and the process of 
relaxation of the space charge was governed by the in- 
ternal bulk conductivity of a crystal and not by the pho- 
toconductivity). It should also be pointed out that ne- 
glect of this effect could distort greatly the investiga- 
ted dependences o(Z) of crystals with a low bulk conduc- 
tivity. On the other hand, the effect was unimportant 
in the laser  photoconductivity of alkali halide and KDP 
(or DKDP) crystals, because they were characterized 
by a considerably higher ionic conductivity 
(-10'13Sl-1 . cm") than ruby and by a much shorter 
(-1 sec) dielectric relaxation time. 
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DISCUSSION OF RESULTS 

The photoconductivity of alkali halides a t  the 0.27 p 
wavelength (its typical intensity dependence is shown in 
Fig. 5) can be explained if we assume that the ca r r i e r  
recombination time T,,, is independent of the ca r r i e r  
density: the effect can be attributed to multistage exci- 
tation of ca r r i e r s  by transitions from the valence to the 
conduction band via stable intermediate energy levels of 
impurity states. 

Multistage transitions account, in particular, for  the 
observed difference (within the range 1.4-2.1) between 
the power exponents in the superlinear part of the de- 
pendence ~ ( 1 ) .  At high (-lo7 w/cm2) laser  radiation in- 
tensities the intermediate energy levels clearly become 
saturated. The linear nature of the dependence u(I) a t  
low intensities (-lo3-lo4 w/cm2) may be attributed to 
one-photon ionization of impurities o r  defects. 

The irreversible increase in the photoconductivity 
observed when the dependence u(I) i s  recorded by re-  
ducing the intensity (which can be regarded a s  a char- 
acteristic optical hysteresis of linear nature) is due to 
the presence of filled intermediate energy levels. The 
same explanation accounts for the linear intensity de- 
pendence of the photoconductivity a t  the 0.35 C( wave- 
length exhibited by NaCl and KC1 samples subjected 
previously to illumination a t  0.27 p (Fig. 4). 

The reduction in the photoconductivity of alkali hali- 
des a t  the 0.27 p wavelength observed on increase in 
the temperature and the reduction after high-temper- 
ature annealing, a s  well a s  the reduction a t  low and 
moderate intensities of the 0. 35 p radiation in the case 
of annealed crystals  (Fig. 5), al l  indicate emptying of 
the intermediate levels a s  a result of their thermal ion- 
ization. It i s  probable that a process of this type is al-  
so  observed in the study of the high-temperature photo- 
conductivity (Fig. 3). 

The major part of the experimental results  on alkali 
halides, particularly those obtained a t  high laser  radia- 
tion intensities, can be explained by the "activation" a t  
ca r r i e r  densities N  - 10" cm-3 of quadratic recombina- 
tion processes characterized by T,,, mN'l .  In this case 
the superlinear part  of the dependence a(I) can be ex- 
plained by multistage transitions and also by two-pho- 
ton ionization, and the change to linearity at I > lo7 
w/cm2 may be explained by quadratic recombination of 
car r iers .  l7 However, it  should be pointed out that this 
model fails to account for the irreversible increase in 
the photoconductivity in the case when the dependence is 
recorded by reducing the intensity; moreover, i t  does 
not explain optical hysteresis  a s  well a s  other features 
observed a t  low intensities. Clearly, these features 
a r e  associated with the dynamics of the filling and emp- 
tying of the intermediate energy levels located in the 
band gap and with a possible change in the recombina- 
tion time of nonequilibrium ca r r i e r s  after laser  i r r a -  
diation creating high ca r r i e r  densities. F o r  example, 
the reduction in the photoconductivity signal after  high- 
temperature annealing (Fig. 5) may be associated with 
the emptying of traps o r  with a reduction in the ca r r i e r  
recombination time. At high laser  radiation intensi- 

t ies the curves for the annealed and nonannealed samples 
approach one another (Fig. 5) and this can easily be 
explained by the onset of quadratic recombination a t  
these intensities when the individual features of the 
samples a r e  no longer important. 

In the case of DKP and DKDP crystals  the initial li- 
near part  of the dependence o(I) (observed a t  low laser 
radiation intensities also in the case of alkali halides) 
can be explained by one-photon ionization of impurities 
o r  defects. The following quadratic region (I >lo5 
W/cm2) can be attributed to  two-photon energy absorp- 
tion processes. A simple analysis makes it possible 
to find the two-phonon absorption coefficient B from the 
experimentally determined photoconductivity. 

Since o =  e N b ,  where N  is the electron density, e is 
the electron charge, IJ. i s  the ca r r i e r  mobility, 
1 = e  ~, , , /m *, T,,, is the relaxation time between elec- 
tron-phonon collisions, and m*  i s  the effective elec- 
tron mass ,  it  follows that 

If we substitute a =  2 in the general formula for many- 
photon processes a = a, + PI"-', where a! is the absorp- 
tion coefficient, a, is the linear part of the absorption 
coefficient, and n is the number of absorbed photons, 
we find the two-photon absorption coefficient 

where 2Aw i s  the energy absorbed by one electron in a 
two-photon process and ri is the limiting time of the 
process, which i s  the shor ter  of the two times: the la- 
s e r  pulse duration t ,  and the ca r r i e r  recombination 
time T,,. Finally, using Eqs. (1) and (3), we obtain 

In Eq. (5) the symbol r2 denotes the photoconductivity 
lifetime, i . e . ,  the longer of the t imes t, and T ,,,. 

If we assume U~at  in the case of KDP the recombina- 
tion time obeys T,, >t, (this hypothesis is supported by 
the experimentally determined duration of the photore- 
sponse of KDP amounting to 30 nsec) and if we postu- 
late that the ca r r i e r  mobility2) i s  p = 10 cm2. V-'. sec-', 
we find that an estimate based on Eq. (5) yields 
p cm/MW. This i s  five orders  of magnitude less  
than the value given in Ref. 18, where the two-photon 
absorption coefficient was determined by measuring 
nonlinear absorption of light and i t s  value was found to 
be 2 . 7 x  cm/MW. 

In the case of ruby the linear nature of the depen- 
dence o(I) observed over several  orders  of magnitude 
of the intensity of the 0.27 p radiation could be explain- 
ed by one-photon ionization of impurity levels. These 
levels were clearly due to  the Cr3+ ions which should be 
located a t  -4. 5 eV in ruby. 

CONCLUSIONS 

The reported investigation of the l a se r  photoconduc- 
tivity revealed the main features of the ultraviolet 
photoexcitation of nonequilibriwn carr iers .  Of special 
interest were the dependences of the photoconductivity 
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on the intensity of laser radiation @(I), which were very 
characteristic and made i t  possible to find the non- 
equilibrium carr ier  density N from the experimental 
values of the photoconductivity. We shall now list the 
most important experimental results. 

1. In the case of alkali halide crystals the photocon- 
ductivity observed a t  the wavelength h = 0 .27  p is char- 
acterized by a dependence o(I) with three clearly dif- 
ferentiated regions: a linear one in the range 
I - lo3-lo4 w/cm2, a superlinear one a t  I - lo4- lo6 
W/cm2, and another linear one a t  I - lo6-lo7 w/cm2. 

2. The photoconductivity of alkali halides a t  the 
h =O. 27 p wavelength recorded by lowering the inten- 
sity of the laser  radiation produces an irreversible sta- 
ble increase in the photoconductivity, which is a form 
of optical hysteresis. The o(I) dependence is then li- 
near. 

3. Crystals of KDP and DKDP exhibit a t  h =O. 27 p a 
dependence o(I) with two regions: a linear one a t  
1 - lo3-lo4 W/cm2 and a quadratic one a t  I > lo5 W/cm2. 
There is no hysteresis in this case. 

4. The photoconductivity of ruby (A = 0.27 p )  is char- 
acterized by a o(I) dependence linear over four orders 
of magnitude of the intensity. No hysteresis is ob- 
served. However, ruby exhibits a reduction in the las- 
e r  photoconductivity after a large number (a few tens) 
of ultraviolet excitation pulses of constant intensity. 
This effect can be used to estimate experimentally the 
bulk conductivity of ruby. 

The experimental results on the laser photoconduc- 
tivity of the investigated alkali halide crystals taken a s  
a whole lead to the hypothesis that in the absence of the 
dependence of the carr ier  recombination time T,,, on the 
carr ier  density N the photoconductivity of alkali halide 
crystals at h = 0 .27  p (for I - lo5-lo7 w/cm2 and, cor- 
respondingly, N - 10'-10" ~ m - ~ )  is governed by multi- 
stage excitation of carr iers  a s  a result of interband 
transitions. If, however, T,,, G= N-', the dependence 
o(I) for alkali halide crystals with N - 10'' cm-3 can be 
interpreted a s  two-photon ionization of ca r r i e r s  in the 
presence of quadratic recombination. 

Crystals of KDP and DKDP investigated in the range 
I > lo5 W/cm2(h = 0 .27  p)  exhibit two-photon absorption 
of energy. The experimentally determined photocon- 
ductivity of KDP (DKDP) can be used to estimate the 
two-photon absorption coefficient a. If we assume that 
the carr ier  mobility in KDP is 10 cm2.V-'. sec-', we 
find that 6 - lom9 c m / M ~ .  

') The photoconductivity excited by laser radiation will be 
called the "laser photoconductivity." 

2 ) ~ e  found no published information on the ca r r i e r  mobility 

in KDP crystals but the value@ = 10 crn2.v-'.set-' seems 
to be quite reasonable if we assume that m*/m,  -1 and - 10-15 sec. Moreover, the measured value of the mobi- 
lity in alkali halide crystals amounts to 10 cm2.v-'. sec-' 
(Ref. 19). If we use the experimental mobility of electrons 
in sapphire, which is  p = 5.2 x10-' cm2 'v-'- sec-' (Ref. 20), 
we find that an  estimate of P yields - cm/MW, which 
is  still two orders  of magnitude less  than the value given in 
Ref. 18. 
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