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ABSTRACT

Charge carrier drift velocities in
semiconductor materials suitable for solid
state detectors has been reviewed. Si, Ge,
CdTe and GaAs are considered. New data for
HgI2 recently obtained are also reported. The
data cover a large range of temperatures
(6-430 K) and electric fields up to 50 KV/cm.
An anisotropy effect in the drift velocity
obtained by applying the electric field paral-
lel to different crystallographic axis is
also discussed for the case of Si and Ge.

INTRODUCTION

The use of semiconductor materials for
nuclear detectors has required a better know-
ledge of the physical properties of the mate-
rials itself. The first researches were de-
voted to correlate the numbers of the car-
riers created in the detector and the energy
loss by the impinging nuclear radiation15.
The researches in this field had as main
purpose the measurements of the mean energy
necessary to produce an electron-hole pair in
different materials and correlate such data
with the energy gap and with the energy loss
by the radiation - 3. However the use of
detectors for timing in addition to spettro-
metry has pointed out the necessity to know
the transport properties (drift velocity,
plasma time ecc.) of the charge carriers pro-
duced in the detector by the radiation1.
Charge carriers transport properties as drift
velocity, plasma time ecc. which are related
to the timing characteristics oL the detec-
tors have been investigated initially for
this reason.

Moreover detectors obtained from semi-
conductor compounds or from Ge and Si compen-
sated material have emphasized the importance
of trapping and detrapping effects1'1-16
Such effects not only affect the time respon-
se of the detector but also the numbers of
the carriers collected at the electrodes and
consequently the resolution power. It has
been shown in fact ,1416 that for having a
good resolution power it is necessary not
only to create a number of carriers as large
as possible but also to collect completely
them on suitable contacts. An easy correla-
tion between the charge collected at the
electrodes and the trapping and detrapping

effect is impossible since such correlation
depends upon the values of transit, trapping
and detrapping time of the carriers. For
istance when both the charge carriers have
transit time much shorter respect trapping and
detrapping time the effect of the latters are
negligible1'16 on the shape of the waveform
supplied by the detector; while in the case of
comparable times the above quoted correlation
is very difficult1,16. Moreover the charge
carriers transport properties strongly depen-
dent upon temperature, electric field and its
orientation respect to crystallographic axis.
Consequently the time response of the detector
depends not only from its operating conditions
(bias voltage and temperature) but also from
the special configuration (coaxial or planar)
with which it has been built. From the above
discussion we can conclude that the knowledge
of the transport properties are not only ne-
cessary for predicting the timing characte-
ristics of the detectors but also its perfor-
mance as spectrometers.

The kind of characteristics which are
relevant in the material depend upon the use
of the spectrometer. In fact if resolution is
the main task, the material should have pro-
perties which are different if an easy hand-
ling is required. Moreover the kind of radia-
tion to detect, i.e., c -rays or charged par-
ticles, requires also convenient physical pro-
perties of the material. However in order to
give an idea, the minimum requires for a de-
tector with 1 keV resolution are1:
Atomic number Z ~ 40
Detector thickness L-2 mm
Energy gap E = 1 eV
Trapping cenfer NT <5 102 cmm3
Carrier mobility /u O,100 cm2Vl1secl
Donors, acceptors INA - NDI ,5 1011 cm 3
Contacts non injecting.

The aim of this work is to show the
electron and hole transport pfoperties in se-
veral semiconductor materials useful for ma-
king nuclear solid state detectors. Together
classical semiconductor materials like silicon
and germanium other materials like CdTe, GaAs
and HgI2 are also examined.

TRANSPORT PROPERTIES

In a solid state detector the collection
of charge carriers created by a radiation
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mainly occurs under the effect of an applied
electric field. Such collection is mainly af-
fected by the carrier drift velocity, which
is the mean velocity that the carriers have
under the effect of electric field. The car-
rier motion can be modified by capture and
reemission on trapping centers whose presence
in the material can strongly modify the pulse
shape1,14'16. This pulse shape can also be
modified by the plasma time1 19 which
mainly occurs with heavy ions like for instan-
ce alpha particles. We want also to point out
that the thermal velocity of charge carriers
is higher or at least comparable (depending
upon the electric field and the operating
temperature) with the drift velocity. Conse-
quently the motion of the carriers due to the
diffusion, may be, in some cases, not negli-
gible20. In order to give a full picture of
the motion of carriers in the semiconductor
detector, we will now examine the transport
properties which are relevant in solid state
detectors.
a) Drift velocity.
The current density I due to the motion of
charge carriers in a semiconductor material
under the effect of an electric field E is
I = n q vd where n is the carrier density
moving with an average velocity vd and q is
the electronic charge. The drift velocity vd
is strongly affected by the electric field.
In fact:
i) It is function of the electric field.
In fact at low electric field (e.g. E 2 KV/cm
for electrons in Si at 300 K) the velocity is
proportional to E (Ohmic region), at higher
fields vd increases slower than E and reaches
a region (saturation region) where it is in-
dependent of E.
ii) It depends upon the orientation of the
electric field respect to crystallographic
axis of the material21,22
In some materials (e.g. electrons in CdTe and
GaAs) the drift velocity increases with E
until E reaches a certain value called
threshold voltage (Eth) and above this value
vd decreases giving a negative differential
mobility. Moreover the way in which drift
velocity is affected by the electric field
depends strongly upon the temperature.
b) Trapping.
The carriers, during their motion inside the
semiconductor material, can be trapped by
impurities in the crystall14'16. After spen-
ding some time in the center these trapped
carriers can be re-emitted1,14,16 into conduc-
tion (or valence) band. Such phenomena can be
described by two time constants: the mean free
drift time T and the detrapping time ' D.
i) Mean free drift time -r+.
If in the material trapping centers are
present uniformely distributed and ZD is in-
finite the numbers n of free carriers decrea-
ses with time11 416 as

n = no exp (- t/T ) = no exp (- x/A

where x = vdt, no is the total carrier created
and'A is the mean free drift length of the
carriers. Obviously only in the case where A
is much higher of the total thickness of the
detector the signal shape is not appreciable
modified.
ii) Detrapping time tD.
The carriers trapped can be reemitted in con-
duction or valence band and ag4n contribute
to the motion. If the re-emission is due to a
thermal process the probability of such
process is ? 4,16

1, - = S exp (-ET/KT)
D

where S is a "frequency factor" and ET is the
level of the trapping center. Values ofrD
can be obtained from the analysis of the cur-
rent and voltage waveforms induced at the
contacts by the motion of the charge carriers.

When r D is much larger bothv+, TR and
there is only one trapping center uniformely
distributed for the kind. of carrier considered
than the mean free drift time can be measured
in two ways16'23:
i) from the shape of the current pulse.
In fact:'

noq
I (t) = TR exp (-t/C+) for t £ TR

I(t) = 0 for t > TR

ii) from the amplitude of the voltage pulse
VM( t1)6.
In fact from the Hetch formula16'23

nO q
v(t) = TTR (1 - exp(-t/r+)) for tiTR

TR
Knowing TR and no we can obtainevt+.
In general the analysis of the current pulse
gives better results, but if e or TR are less
than 5 nsec the voltage pulse is preferable.

If the detrapping time is not negligible,
the voltage pulse has a "fast" and a "slow"
component. The fast component is given by:

n0q 'Ie
R

[
+

? e (1-exP(-t/re ))J
= >

e lC+ D

for t < TR

For the slow component (t> T ) it is impossi-
ble to give an analytical rehationship.
However the time behaviour of V(t) in the case
of "fast" and "slow" component can often16 be
characterized by a rise time t' defined as the
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time when the voltage pulse reach 72% of its
maximum value and is given by

t' JR r + T

t' is the time LCD) that the carriers spent
in the traps multiplied by the average number
of trapping events (TR/e+) plus the transit
time TR.

The electric- field E can influence - +

essentially in two ways. One is a reduction of
the potIential barrier associated to the trap-
ping center. This effect, called Poole-Frenkel
effect, causes an increase oft16 24* This
mechanism is important only when the potential
barrier is lowered by the field by a quantity
of the order of at least KT. The second
mechanism which causes a increase oftr+ is the
well known "heating" effect of the carriers by
the electric field. According to the Lax
theory25. should increases proportionally to
(TL/Ter2 where TL is the lattice temperature
and Te is the carrier temperature assuming a
maxwellian distribution function.

The detrapping time can be enhanced by
the electric field in two ways depending upon
the activation energy of the trap and the
magnitude of the applied electric field. The
first mechanism is the same Poole-Frenkel ef-
fect previously described which leads to a
decrease of the trap potential barrier by a
quantity proportional to E1/2 . The second
mechanism which generally occurs at electric
field much higher than the other is the tunnel
effect which leads to a temperature indepen-
dent re-emission process
c) Plasma time.
The electron and hple pairs generated by a
strongly ionizing radiation such as alpha
particles inside the detector have such a high
density (of the order of 1019 cm-3) that as
soon as the opposite charge carriers begin to
separate under the action of the electric
field a counter electric field is generated.
The drift of carriers is then substantially
blocked until, owing to diffusion, the density
falls to lower values, and carriers start to
move17,18,19. However, the charge drifted is
still slowed down by the influence on the
electric field of the density of the charges
to be collected17'19. Such phenomena beside
giving'a delay18 of the pulse with respect to
the arrival of the ionizing radiation, give an
increase of the pulse rise time17'19. These
effects generally decrease by increasing the
electric field and strongly depend upon the
kind of ionizing radiation.

DRIFT VELOCITY DATA

The major part of the experimental re-
sults reported in the following have been

obtained with the time-of-flight technique
which is the best technique to measure not
only vd but also the other quantities connec-
ted with the transport of charge carriers. The
time-of-flight technique has been extensively
described elsewhere16,30 and here we restrict
our,elf by saying that such technique is based
on the measurements of the time that electrons
or holes created by a suitable ionizing ra-
diation spend to cross under the effect of an
applied electric field E, the known thickness
W of a sample. With the time-of-flight
technique not only it is possible to use the
same type of materials used to make solid
state detectors but also the working princi-
ples are the same as in these devices. Thus
the velocity data obtained with this technique
are the ones to be vused in predicting the per-
formance of solid state detectors. Other
techniques, like for instance Hall effect,
give mobility data which are not affected by
trapping and detrapping effects31. Therefore
they are less useful, expecially in the case
of compensated materials, where such effects
are present.

The theoretical interpretation22 of the
drift velocity data can be performed by
tacking into account the band structure para-
meter and the interactions of the carriers
with the lattice, with the impurities of the
materials and among the carriers themselves.
At the present the best way to solve the
transport problem is to use a simulation Monte
Carlo technique in which the motion of a
single carrier is followed for a given length
of time together with its collisions30'32. The
reliability of such technique depends not only
upon the precision with which the simulation
is performed but also upon the knowledge of
the band structure and the different scatte-
ring mechanisms which determine such motion.

Silicon

Silicon has been intensively studied
since several years mainly because it is the
most important material in semiconductor phy-
sics and solid state electronics. Many papers
concerning the carrier transport properties
have been published33 3 but the most complete
set of data concerning a large range of tempe-
ratures (6-430 K) and electric field (1-5 x 104
V/cm) applied parallel to <111> , <100> and<110>
axis has been reported by the Modena group38-40
Their data, where a comparison is possible are
in agreement with those of other authors. The
measurements were performed with the time-of-
flight technique in high purity silicon.

In Fig. 1, 2 and 3, the electron drift
velocity is reported as a function of tempera-
ture and electric field as solid lines which
represent the average value of the experimental
data since the spread of the data obtained in
different samples is very small (within few
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percent). The electric field is applied paral-
lel to (111> and (100> crystallographic axis
in Fig. 1 and 2 respectively.

The mean features of the experimental
results are:
i) At the highest electric field, particularly
when E is applied parallel to the <111) axis,
a region of drift velocity nearly independent
of the electric field is obtained. Saturation
drift velocity for electrons, which has been
measured also by Rodriguez and Nicolet41 bet-
ween 4.2 and 3J*0 K and by Duh and Moll42 bet-
ween 77 and 400 K, was found to be nearly
independent of temperature between 4.2 and
77 K and to decrease by increasing the tempe-
rature.
ii) The anisotropy effect (see Fig. 3) that is
the difference between the electron drift ve-
locity with the electricfield applied parallel
to 4111> (v1,) <100> (v1oo) and <110> (vllo)
crystallographic axis, is present at all
examinated temperatures. The electron drift
velocity v1ll is larger than v1oo. This ani-
sotropic effect increases and start at lower
electric field at decreasing temperatures. The
curves of the drift velocities along the two
directions (111> and (100> , tend to join
together at a value of the electric field in-
creasing with temperature, even though such
a rejoning has not been experimentally reached
at all considered temperatures.
iii) A negative differential mobility region
(NDM) was found when the electric field is
applied parallel to the <100) direction for
temperatures below 40 K. This effect is enhan-
ced by decreasing the temperature. The thre-
shold field, defined as the field where the
drift velocity has the maximum value before
the region of negative differential mobility
decreases at decreasing temperatures.
iv) For T>/45 K the Ohmic region is experi-
mentally reached and the results are in good
agreement with values for the mobility given
in literature. For T( 45 K even at lowest ap-
plied field, the drift velocity is not pro-
portional to the electric field indicating
that Ohmic conditions are not reached. However
at the lowest temperatures the data obtained
with the time-of-flight technique are the
highest ever measured.

Experimental results of hole drift ve-
locity obtained in the same wide ranges of
temperatures and electric fields applied pa-
rallel to <100> and <110> crystallographic
directions, are shown in Fig. 4, 5, 6. The
main features of the present results can be
summarized as follows:
i) Even at the highest applied field satura-
tion drift velocity was not reached in Si at
any temperature.
ii) The holes drift velocity exhibit an aniso-
tropic behaviour with v1oo higher than v1ll
contrarly to the electron case. The anisotropy

is best evidenced at the lowest temperature
(see Fig. 6 a and b) where its maximum effect
is of about 20%. Furthermore anisotropy ap-
pears to saturate at the highest fields, near
about 104 V/cm, for T < 77 K.
iii) A well defined saturation region of vd
for the three different directions shows up in
a narrow range of fields between 50 and 150
V/cm at 6 K. This effect smooths by increasing
the temperature till being no more detectable
by experiments for temperatures above about
40 K.
iv) The mobility obtained for the lowest value
of the applied electric field exhibits a sud-
dent increase for temperatures below about
30 K giving expectation of an anomalous
behaviour of the lattice controlled ohmic mo-
bility.

A quantitative analysis of these experi-
mental data is difficult and away from the
purpose of the present paper. However on the
basis of the conduction and valence band
structures of silicon a quantitative interpre-
tation is possible39. The anisotropy effect
and negative differential mobility of electrons
is predominantly due to repopulation39 of car-
riers in six equivalent valleys around the six
minima of the conduction band along the main
crystallographic direction <100> . If the elec-
tric field is not applied along a crystallo-
graphic direction which sees the valleys as
equivalent, as for example the <111> direction
in silicon, the different valleys contribute
with different partial drift velocities and,
different heating of the electrons in the dif-
ferent valleys (hot and cold) generates also a
repopulation of the valleys themselves.

The anisotropy effect of holes is mainly
due to the pronounced warping4O exhibited by
the heavy hole band which dominates the
transport properties of hot holes. The anoma-
lous behaviour in the temperature dependence
of the hole ohmic mobility and the net defined
saturation region of vd found in a narrow
range of fields at very low temperatures, may
be ascribed43 to the strong non parabolicity
of the silicon valence band structure.

Germanium

Germanium is the semiconductor material
most widely used in making solid state detec-
tors. Its properties have been extensively
studied and the results are reported in seve-
ral papers44-50, Here we report the electron
and hole drift velocities as functions of
temperature and electric field applied parallel
to <111> and <100? crystallographic directions.
Most of the data have been obtained in high
purity germanium with the time-of-flight
technique16. These data are not affected by
impurity scattering or by trapping detrapping
effect.
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In Fig. 7, 8, 9 the experimental drift
velocity of electrons is reported with the
electric field applied parallel to <111> and
(100> crystallographic axis. A set of data
are also obtained by Chang and Ruch46 and
Neukermans and Kino44 with the time-of-flight
technique. The main features of these results
are:
i) The anisotropy (see Fig. 9), that is the
difference in the drift velocity with electric
field applied parallel to the two examinated
axis, is present at all the considered tempe-
ratures. The drift velocity vll is always
larger than v1oo. This effect increases by
increasing the electric field or by decreasing
the temperature. In the ohmic region, where vd
is proportional to E, the drift velocity is
the same in both the directions.
ii) A negative differential mobility region
appears at T / 80 K for electric field higher
than 1 KV/cm applied parallel to (100> axis.
This effect increases by decreasing the tem-
perature.

In Fig. 10, 11, 12 the results obtained
for holes are shown at different temperatures
and for electric field applied parallel to
the <111> and <100> crystallographic axes. The
hole drift velocity in Ge, contrarly at what
happens in silicon, shows a continuous
increase with electric field up to the satu-
ration. The values of drift velocity indicate
that saturation is obtained for field strenghs
greater than about 5 103 V/cm at temperatures
below 100 K. These limiting values range from
1.1 107 cm/sec at 100 K to 1.3 107 cm/sec at
8 K for E //(100> and 9 106 cm/sec at 80 K to
9.5 106 cm/sec at 40 K for E //I11>. The
anisotropic effect is clearly evidenced in
Fig. 12 and increases by decreasing the tem-
perature.

Like in the case of silicon, the aniso-
tropy in the hole drift velocity is due to the
warped shape of germanium valence band51. The
negative differential mobility found for elec-
trons is due to the transfer of electrons from
the <111> minima to the higher <100> minima.
The separation of these two minima is 0.21 eV
and the ratio of the effective masses makes
the situation similar to the intervalley
transfer mechanism leading to NDM in GaAs or
CdTe.

A second region of NDM at electric field
lower than 10 V cm1i applied parallel to <111>
axis for temperatures below 30 K was also
found52. The effect is due, like in silicon,
to the heating of electrons and to the con-
sequent transitions of these electrons from
valleys which have a lower value of the ef-
fective mass in the direction of the applied
field to valley which have in the same direc-
tion an higher value of the effective mass.

Cadmium Telluride

Cadmium telluride is the most promising
semiconducting material for making Y -ray

53detectors working at room temperature
Altough the device performance at present is
inadeguate because of poor charge transport,
due to the quality of the material, it is
improving. The limitation is mainly due to
the low iu't value for hole. The measurements
reportedO44SS here have been performed in high
resistivity material, Cl or In doped, with the
time-of-flight technique. While the results
for electrons approaches, expecially at high
field (f.i. at 300 K, E 2 KV/cm) the pure
lattice drift velocity the data for holes
show clearly a strong dependence of trapping
detrapping effect55. An overall picture of
the measured electron drift velocities as a
function of electric field and for temperatu-
res ranging from 77 to 370 K is shown in Fig.
13 where a smooth curve was drawn through the
data points. These curves clearly show a NDM
and a peak velocity increasing from 1.25 107
cm/sec at 370 K to 2.5 107 cm/sec at 77 K.
The value of the electric field Eth correspon-
ding to the maximum drift velocity decreases
from 16 KV/cm at 370 K to 11 KV/cm at 77 K.

The NDM is due to intervalley transi-
tions between the central valley and secondary
minima56. The threshold field Eth decrease
with decreasing temperature because the con-
tribution of the polar optical phonons to the
total scattering process decreases with tempe-
rature and the instability situation, cor-
responding to a dramatic increase of electron
energy is reached at lower electric field.
For electric fields equal to or larger than
Eth the mobility is determined by both inter-
valley and polar optical mode scattering. This
explains the increase of both the maximum
value of the drift velocity and the slope of
the drift velocity in NDM region with de-
creasing temperature. For applied electric
field below E and for temperatures lower
than 370 K dr9t velocity increases faster
than a linear relation with E (super-Ohmic
behaviour). This effect seems due to a combi-
ned effect of polar optical phonon scattering
and ionized impurities scattering56. The lat-
ter is predominant at lower temperatures.
Further evidence of the ionized impurity ef-
fect is shown in Fig. 14 where the theoretical
mobility57 is compared, as a function of the
temperature, with the experimental data
obtained by the ratio vd/E evaluated at
2 KY/cm.

The hole mobility is strongly affected
by trapping and detrapping effect5 . A typical
set of data obtained in high resistivity ma-
terial is shown in Fig. 15 as a function of
temperature and electric field. These data,
which represent the situation up to date,
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show:
a) at a fixed electric field the mobility de-
creases with decreasing temperature,
b) at a fixed temperature the mobility in-
crease with increasing electric field.
These behaviour, which is not due to the pure
lattice scattering, is interpreted as due to
trapping and detrapping effect and by the
influence on these effects of the electric
field throught the Poole-Frenkel mechanism.
The continuous lines in Fig. 15 ar 6the3
theoretical results assuming 5 10 cm 55
trapping centers with a level of 140 meV55
The temperature dependence of the mobility
measured at the lowest applied electric field
is reported in Fig. 16 compared with other
experimental data and theoretical expectation
considering only lattice scattering mechanism.
Only around room temperature the data from
high resistivity material approach the theore-
tical limit indicating that a considerable
number of ionized impurities acting both as
traps and as coulombic scattering center are
present.

Gallium Arsenide

Of all semiconductor compounds GaAs has
received the most attention30, primarily due
to its numerous device applications. While the
earlier boat grown material exhibited a too
high trap density to be useful as radiation
detector, the much purer epitaxial material
available today has demonstrated its ability
to provide spectrometer performance. The
transport properties of the electrons in GaAs
reported here in Fig. 17 have been investiga-
ted with the time-go-flight technique by I.G.
Ruch and G.S. Kino . The data show a linear
increase of drift velocity at increasing elec-
tric field up to the threshold field 3 + 3.5
KV/cm and above this value the drift velocity
decr edse. The large spread of the experimental
data obtained with many different techniques
and in high or low resistivity material may be
attributed to the amount of impurities present
in the material. Let us remember that the ne-
gative differential mobility in GaAs is due to
the band structure of this material characte-
rized by a low-mass, high mobility valley,
lying lower in enery than other high-mass,
low mobility valleygZ. The energy separation
of these twovalleys lower in GaAs than in
CdTe, justifies the smaller threshold field
in GaAs.

In spite of its large importance very
few measurements of hole mobility as a func-
tion of electric field and temperature are
reported in literature. The drift velocity
field curve for holes in p-GaAs has been
experimentally determined, with ac conducti-
vity technique at 300 K on <111> oriented
samples, by V.L. Dalal60, and is reported in
Fig. 18. The drift velocity becomes a

sublinear function of field around E = 1.5 104
V/cm, but no saturation was observed up to
6 104 V/cm.

Mercury Iodide

The use of HgI as a radiation detector
was introduced by Wifling and Roth61. Very
recently several measurement6265 of carrier
drift velocity in HgI2 have been performed
with the time of flight technique. The exami-
nated material was grown by vapour phase
transport under a controlled thermal gradient.
From crystals several cm3 in size, samples
have been cleaved with a thickness ranging
from 40 to 500 1um. The main source of error
in determining the drift velocity of charge
carriers is due to the difficulties to measu-
re the thickness of the cleaved sample.

In Fig. 19 and 20 are plotted the depen-
dence of the mobility on the temperature for
electrons and holes respectively. The results
can be summarized as follows. The drift velo-
city of electrons is proportional to the
electric field between 1.8 KV/cm and 40 KV/cm
in the full examinated temperature range
(80-350 K). The mobility increases with de-
creasing temperature following a power law
T-0.9. Its vajue aj room temperature is equal
to 100 cm2 V sec .

Recently Martin et al. 2 have found for
electrons a negative differential mobility for
electric field higher than 80 KV/cm.

The mean free drift time of the holes
in the examinated material was as low as
few nsec. For this reason we could perform
only measurements using very high electric
fields at which the transit time Tr is less
than the free drift time. The dependence of
the hole mobility upon the temperature shows
two different regions; a sloie T-'75 between
140 and 240 K and a slope T- *5 between 240
and 350 K has been found. At room temperature
the hole mobility is 4 cm2 VW sec1.

CONCLUSIONS

The charge carrier transport properties
of semiconductor materials suitable for making
&-ray detectors have been revised. Together
with classical materials like silicon and
germanium, other materials like CdTe, GaAs and
HgI2 have also been analyzed.

Materials like silicon and germanium are
available at so high purity level that charge
carriers transport properties are not affected
by impurities down to about 20 K. As general
behaviour the drift velocity increases by
decreasing the temperature or increasing the
electric field. However the variation is
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stronger at low electric field and at high
temperature. The anisotropic effect is in-
vestigated both in silicon and germanium. For
the case of germanium the percentage variation
of the drift velocity with electric field
applied parallel to (111> and <100> axis is
25% for electrons and 20% for holes at 77 K.
In all the case v111 C v1oo.

Cadmium telluride, the most promising
semiconductor material for x-ray detectors
working at room temperature, exhibits tran-
sport properties which are affected by scat-
tering with impurities for electrons and by
trapping and detrapping effects for holes.
These effects, negligible at room temperature,
depend strongly by the electric field and
temperature. We must also point out that while
the timing properties are controlled by the
shallow levels (20 meV for electrons and 140
meV for holes) the resolution power (FWHM) is
determined by deeper levels (50 meV for elec-
trons and 400 meV for holes). The level at
400 meV seems the one responsible for the low
/urtproduct for holes which limits at present
the performance of the spectrometer.

The electron transport properties in
GaAs are controlled below the threshold field
by impurities even at room temperature. Very
little is known about transport properties of
holes and the only available measurements were
obtained in low resistivity material at room
temperature. A big effort should be made
before GaAs becomes competitive with CdTe.

Mercury iodide is the most recent mate-
rial available for making Y -ray detectors.
Its transport properties seem controlled by
lattice scattering and no effect of impurities
have been detected. However the low values of
mobilities (100 cm2 V-1 sec-1 for electrons
and 4 cm2 V-1 sec-1 for holes at room tempera-
ture) limits strongly its application field.
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Fig. 1 - Experimental electron drift velocity
in silicon as a function of electric
field applied parallel to C111>
direction at different temperatures.
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Fig. 3 - Experimental electron drift velocity

in silicon as a function of electric
field at T = 8 K with the field
applied parallel to (1101>, 4100> and
<110> directions as indicated to the
figures.
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Fig. 2 - Experimental electron drift velocity
in silicon as a function of electric
field applied parallel to (100>
direction at different temperatures.
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Fig. 8 - Experimental electron drift velocity
in germanium as a functiol of elec-
tric field applied parallel to (100?
direction at different temperatures.
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Fig. 10 - Experimental hole drift velocity in
germanium as a function of the elec-
tric field applied parallel to
<111> crystallographic axis at dif-
ferent temperatures.
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Fig. 9 - Elettrons drift velocity in germanium

with electric field applied parallel
to (111> and (100 axis at 80K.
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Fig. 11 - Experimental hole drift velocity in

germanium as a function of electric
field applied parallel to (100>
axis at different temperatures.
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Fig. 12 - Holes drift velocity in germanium
with electric field applied parallel
to <111> and <100> trystallographic
axis at 77 and 190 K.
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Fig. 13 - Electron drift velocity in Cdle as

a function of electric field at
different temperatures.
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Fig. 14 -
Electron drift mobility in CdTe as
a function of temperature evaluated
at 2 KV/cm. The continuous lines are
theoretical data without impurities
by Segall et al.57 in agreement with
experimental data obtained in low
resistivity material and using Hall
effect.
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Fig. 15 - Hole mobility in CdTe as a function

of electric field at different tem-
peratures. Full lines show the
theoretical results taking into
account Poole-Frenkel effect.
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Fig. 16 - Hole mobility in CdTe as a function

of temperature. Closed circle refers
to our experimental data open
circles are from Yamada5 . The solid
line is the theoretical drift mobi-
lity obtained with the Monte Carlo
calculations56 while the dashed line
came from58/u=57 (exp(252/71) .
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Fig. 17 - Electrons drift velocity in GaAs as

a function of electric field at five
different temperatures obtained by
Ruch and Kino9.
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Fig. 18 - Hole drift velocity in GaAs as a

function of electric field at room
temperature obtained by Dalal60.
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Fig. 19 - Electrons mobility in HgI as a

function of temperature. Mhe elec-
tric field was applied parallel and
perpendicular to C axis.
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Fig. 20 - Hole mobility in HgI2 at different
temperatures.
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