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solid m
[LTRASONIC attenuation 'ion scattering and absorption) in

so materials has been studied as a funct
sonic fre uenc and
material for a number of materials. Tn

th t d'ffa i erences in the state of a s
eria s. In particular, it has been found

b L
a semiconductor can be examined

y these attenuation measurements. ' Sin le crn s. mg e crystals of germanium2

various istories were examined over
o c,~sec. The attenuation measurements show lar e

b thb ho y eat treatment and b im
g rmanium samples; differences caused

Fi 1 h
y impurities deliberately introduced.

igure s ows the attenuation as a fun

c sec. The top curve, marked 1, was obtained from measure-
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FtG. 1. Ultrasoni ic attenuation in germanium, as a function of fr
Propagation normal to 100 planes

40

ments on a sample of i7 t ep ype germanium with resistivity p—0.6
o m cm. This sample had a lot of S type impurities deliberatel
introduced. Curve number 2 was obtained from
a sam le of P t

s o arne rom measurements on

p e o type germanium, in this case with a lot of P type
impurities deliberately introduced and again with p=0.6 ohm cm.

an amount of impurities as can readil be obtain
The resistivity was 12.7 ohm cm Th, r

p ra ure o 915 C for one hour and quenched; The final er-

manium crystal was P type with =0.2 h
sin le

wi p= . o m cm. All of these

g e crystals were carefully oriented so that the
normal to the 100 planes

the
It is clear that above 20 Mc/sec the

'
I

' d'll'ereisa arge i erenceamon
e samples as far as ultrasonic attenuation

concerned. It seem
enua on measurements are

seems reasonable that curves 1 and 2 should give

of the magnetic field. This appears to bepp o o " gy o-

detailed discussion of the henomenon
tromagnet' ic waves in a gaseous dischar
lished at a later date

ischarge plasma will be pub-
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rise to higher attenuation 'than curve 3, since the former

haps surprising that the pure german
o ype s ould have lower-atten

~ t } ~ ~ lla, especia y since the heat treatment 'nment included quenching.
a s eat treatment has removed some of h

defects from the germanium, but it is di
o t e

~, ut it is dificult to dete mine, the
e e ects."It is of interest to note that

P type impurities the resistivity

t 35 M
m, e attenuation difI'ers b

The dae ata pertaining to curve 4 is not uite as
rega'rds accuracy' as th h

o qui e as satisfactory as

y as e ot er ata for the remainin three
b tth 1 ti o itio of 4 itho curve wit respect to the other curves

It is believed that the at
o s ow relative amounts or nu

attenuation measurements can be dn e use

sirable of
or numbers of defects present. It is de-

sira e, of course, to separate or sort out the relu e relative amounts of
s o e ects. easurements over a wi

quency and over a set of s
wi e range of fre-

r a se o specially prepared sam les ma e
this separation or sorting of types of defects

~ H. Roderick and R. Truell, J. A 1. P
II The ger

'
1 in thss experiment wer ki dlium smg e crystals used i

so o t e ell Telephone Laboratories.' n va ues are at present difFicult to measure
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'

~ VIDENCE indicating the existence of tra in
recom ination centers for minority carriers in

germanium and -silicon has bee bt ' cit
measurements. Specifically in -t '1'

en o aine from drift velocitcity
, in — ype si icon at room tern erat

and e-type germanium at —80'C
of the carriers appeared to ff dd' ' '

in eir
and lower tern eratures

su er an a itional time dela in their
transit between emitter and coll Th' eco ector. is straggle could be
e minated by increasing the ambient li ht falling g on the semi

tions was m
p imens. A qualitative explanation f th b

s made in terms of a simple tra model. F
o ese o serva-

illumination some of th
p mo e. or low external

ome o e carriers are caught in "traps" where the
sit for a time and then are ejected back

' t th d

ig external illumination, however create K '

o eep t e traps filled, and no straggle is observed.

y a ]usting the external illumination so that f
'

g a e collector are trapped once and the rest are not
trapped at all, an estimate of the mean lifet'

be made.
ean

'
e ime in a trap, v „can

Photoconductivit andy lifetime experiments recentl h
furnished independent evidence for the

y ave
ence or t e existence of traps and

ve e o a quantitative empirical description of tra s in a

e si'con crystal is the following. The darken

unction o time. Tt f ' e. T"e decay occurs in three well-defined ste s:
as a

first comes a rapid decrease in conductivit
ere o lows a slower decrease in conductivit which

asymptotically is exponential with a finia wi a nal time constant of 10 '
c; sis o owedb aver s

a a time constant of 260 sec.
y y s ow decrease m conductivity with

rp as follows. Illumination createse experiment is inte reted a
e ec ron- o e pairs at a rate sufhcient to fill two

an s a ow, and also add electrons to the conduction
an . en the illumination is removed, the electrons in the

conduction band recombine (v =20 bpsec efore the occupancy


