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STUDIES OF DIODE PROPERTIES IN SOLID HELIUM 

V.B. Yefimov and L.P. Mezhov-Deglin 

Solid S ta te  Physics I n s t i t u t e  Academy o f  Sciences USSR, 142432 ChernogoZovka 
Moscow d i s t r i c t ,  USSR 

Rbsumd.- On prdsente des rdsultats concernant des transports de charge dans 3 ~ e  et 4 ~ e  solides. On 
a mesurd des caract6ristiques de diode statiques J(U) 2 temperature constante, la variation thermi- 
que J(T) pour differentes tensions continues U et des caractdristiques dynamiques transitoires J(t) 
en rdponse b des tensions appliqudes en fonction de Heaviside. On compare les dnergies d'activation 
de la diffusion des charges dans 3 ~ e  avec les Lnergies d'activation pour des ddfauts ponctuels dtu- 
dies par d'autres methodes. 

Abstract.- The results of some investigations of charges movement is solid 3 ~ e  and 4 ~ e  are reported. 
It has been measured the static characteristics of diode J(U) at a constant temperature T, current 
dependencies J(T) at different voltages U applied and dynamic transitional characteristics J(t) on 
step connection of U. Activation energies of charges diffusion in 3 ~ e  are compared with the activa- 
tion energies of point defects obtained by another methods. 

Properties of a diode assembled of rectangu- 

lar plates (characteristic dimensions of a charges 

source and a collector S=6x35 mm2 with a gap L=l mm 

between them) in solid helium have been studied. 

Judging from the heat conductivity measurements (in 

4 ~ e  maximum up to 10 Wt/cm.K, mean free paths of 

phonons up to 1 mu) the samples of rather high per- 

fec tion were grown. 

Figure 1 shows the typical current dependen- 

cies J(T) in crystals 4 ~ e  and 3~e+0-2 %, 4 ~ e  at dif- 

ferent applied voltages U obtained in our experimerts. 

Fig. 1 : Dependences J(T) 
A. 4 ~ e  P=32 atm B. 3 ~ e  P=60 atm. 

It is seen that in h.c.p. 4 ~ e  samples (pressure 

range was P=32t52 atm) with increasing the applied 

electrical field it appeared a maximum on curves 

J(T) at temperatures near 0.7 + 0.8 K for charges 
of both signs / I / .  A relative height of the maxi- 

mum has reached % 4, slopes of curves J(T) on the 

right and the left from the maximum differ marke- 

dly. Under the same conditions in the samples of 

b.c.c. 3 ~ e  (P=48+95 atm) maxima were not observed. 

Assuming that the drift of charges is defined by 

their interaction with vacancies in the helium 

lattice the appearance of pecularities on curves 

J(T) in perfect crystals of the pure 4 ~ e  might be 

explained by the changing of the drift mechanisms. 

For example, in the case of a classical thermoacti- 

vated movement the vacancy mobility u %exp(-G/T), 
v 

their number nv%exp(-A/T) thus the charges mob'ili- 

ties p+ (or current through the diode) are propor- 
- 

tional to p+%pv%exp (G+A) /a . With lowering the - 
temperature one passes to quantum diffusion region. 

The vacancy mobility first increases with decrea- 

sing the temperature as p %T v -(7'9) due to the 
scattering on phonons and then it does not depend 

on temperature and is defined by the concentration 

of scattering centers (impurity atoms, dislocati- 

ons). So p+%T -(7+9) exp(-A/T)in the phonon scatte- - 
ring restricted region and p+%exp(-BIT) at lower - 
temperatures. As a result one may expect the appea- 

rance of maxima in J(T) curves of pure samples 

or changes in slopes at low temperatures in 

less pure crystals (3~e +0.2% 4~e). 

Figure 2 gives dependencies of charge mobi- 

lities p+ in b.c.c. 3 ~ e  on temperature for samples - 
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grown at various pressures. (A+: A-/3 at P = 25.6 atm) 171. 

Fig. 2 : Dependences pd (0 -positive, 0 -negative) 
solid lines and ustat (8  -positive, 0 -negative char- 
ges) dotted lines from temperature in solid 3~e. 
Sample I-P=95 atm, 2-72atm,3-54atm. 

Mobilities were estimated using both static volt- 

ampere J(U) characteristics of diode (for calcula- 

tion of the Thomson square-law formula was stat 
used /2/ and dynamic ones J(t) at a constant tem- 

perature (u was calculated from the time arri- 
dyn 

ving of the current impulse to the collector). 

The values of p and ?.I turned out to be stat dyn 
near the same on the activation parts of the curves 

p(T) and could differ an order at low temperatures 

where an exponentional dependence was replaced by 

a weaker one 131. 

Activation energies of charges A+ in 3 ~ e  esti- - 
mated from the slopes of u+(T) curves and characte- - 
ristic activation energies of point defects A. ob- 

tained by other methods (data are from the referen- 

ce 161) are shown in figure 3. At high pressures 

P 260 atm A+ are close to each other and higher - 
than Ai (approximately 1.5 times higher). At low 

P < 60 atm energies A+ > A- (at P=48atm A+z2A-), and 

A- 2 Ai. It should be noted that in '~e at the smal- 

Fig. 3 : Dependences A from molar volume V in so- 
lid 3~e. 0 - A ; 0 - A our data /3/ ; A - A+, 
A- A _ -  from /Z/  ; o - T\+ from I s /  ; , , , x, 
+ - A from 161. 
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