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R/:'SU.\IES

1969

("o;audo una gt'1/t'ralización dt' tm critt'rio /Jroput':fto rt'C;t'l1tt'lfIt'lltt' I para la

f'<;tahilidad df' la.o;,o;oluciwlt's di' la t'cuacir;1I dI' HoltzmawJ, 5f' dl'mrJl'stra qUl' la

(W\t' IICia dI' rompimit'lIto iutrí1t5t'c() 1'11/nSh, como 5l' ()ht;t'nt' dt' algunas tl'oría5

rf'c-if'lItt' .••2.J ¡".ot'it'11t' dt' no bahl'r5t' introducido cortt'5 i'1t 1'1 t'spl'ctro dl' jO'IOIIl'5.

AJJS'J'RA.C'J'

r.o;iUR a gt'lIt'ralizat;ol1 of a ri'ct'ntl)' propo5l'd critt'rirm1 for thl' 5tability

o/ tI,f' .0; o/uti()lls 01 ti,l' Ho/tzmawJ t'quathm, it is SbOfl'11 tbat tbl' abst"lct' of in.

friu_",ic hrt'ah1'Al'Il i" I"Sh as indicat"d h) rt'Cl'nt tbt'(Jrit's2,J C()ml'5 about ht'caust'

lif) (-/l/olf ;1/ /1,1' p/1()1I01lspt'ctra tl'ao; us"d.
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In a recent article! Herrera, de Alba and Martínez hove shown that a lower

limit to the breakdown critical field can be established without special os-

sumptions about the form of the electron distribution function. In the mentioned

article a criterion was established for parabolic bands; in this communication we

shall obtain the criterio for a general bond and apply them to Kane's hyperbolic

band
4

in InSb, with optica! polar phonon interaction, in order to establish why no

intrinsic breakdown occurs in the calculations for this materiaI2 •. , •

According to the criterion, no breakdown is poss ible ¡f the region of large

electron energy in momentum space has an energy content which decreases when

the field is applied.

The variation of total energy content is given by

~JE(p)/(p,I)d'p= JHP)[(?J/) ,(<JI) ,]d'P
dt ?Jt F {Jt ¡lb

(l.1 )

where E(p) is the bond energy as a function of pseudomomentum p. On a right-

hand side appear the two terms corresponding to the two mechanisms which can

alter the tota 1 energy content of the d istri bution ( fie Id 1: and phonons Ilh).

For a field Ji in the direction Z

- ~/: (1.2)

The energy change due to phonons can be written as:

J¡;(P)(~) d"p= U(p,l) (<i"'!'..(l'J) ,d"P
7)t PI, dt /l/l
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where (d'l+'/dt) p), I the rote of change

is given by5
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in energy of On electron with momentum P,

(
dW )--(p)
dT ph

:::: ,>,)(q) [Pa(p,p + q) - p.(p,p- q)]
q

(1.4 )

Here /ir,J(q) is the energy of o phonon with pseudomomentum q, while J~ and Pr
ore the probabilities of obsorption and emissíon of a phonon with pseudomomentum

q per unit time.

Using (1.2) lo (1.4) in (1.1) we oblcin:

-"-JI!(p)j(p,l)d'p= Jj(p,t) [- _1' al! +
dI apz

Hence, according to our criterion, no breokdown tS possible if

]
d' p.

Ph

(1.5)

This express ion is volid for coy type of band-interaction mechonism. The results

are not o ltered by the ex istence of ¡ntere lectronic coll is ioos or as sumptions con-

cerning the distribution function.

11. A PPLlCA TIONS TO InSb

According to Kane
4
, the energy bond in this moterial is of the form

¡'(p) = 01(/1 • Up' - 1)

249

(2.1)



DE ALBA VOL. 18

where A. ond H are constonts.

The mechanism of scattering is usually assumed to be the interaction with

polar opticol phonons, in which cose

P ( +) 277(a) p;p-q =T
r

Il(q) (_ij )S(I!(Pi q) _I!(p)" H:.,).
11 í 1

(2.2)

where H(q) is the squore of the interoction matrix, of the form6

(2.3)

ond 11¡s the phonon number ;¡= rexp !!....::... -lJ-l Using expressions (2.1) toL kJ

(2.3) and (1.4) in the expression (1.5) for our criterion, ond ossuming no phonon

cutoff, one obtains after Some integrotion

lim

P .~
Hp ij
----
2[]¡,'A'1l

X /11 "';(/1 + IIp' te)' - 1 + /iii/ +

V(vY, IlP' i e)' - 1 _ /IlP'

1"[~;e2.!.~(~ - el' - 1 ]

~llp2 _ ~(/l + 1lP' _ e)' - 1

(2.4)
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where L = J)w/ A. It is easy to see that the aboye ¡imit is ....,: that ¡s, for no

fi"ite opplied field does there exist a breakdown, os has been ohtoined without

us ing a phon on e utoff by severo I o uthors 2.) •

On the other hond, if we use a cutoff qD for the a lIowed pseudomomenta af

the phonons, we abtoin

~F <
lim Il.!/lP'

/lp'
{ - (/1 +Bp2 +e) x

/"

%
H 2 qt>

V(/l + /lp' + e)' -1 - l/lp'

%
/l'q

(/1 + /lP' - el /" D
//lp' - V-¡ ,-/-1 -+-¡-¡ p-'---e-) '---1

The right-hand side has now o fi"ite limit, so that our criterion becomes

~ 1" < /lp

2rrh4¡\2H2 15(1)

showing the existence af o theoreticol intrinsic breakdown in InSb.

The lack af a theoretical breakdown which occurs in sorne recent colcu.

lations appears to be o consequence af the ¡ncorreet assumption af On unhounded

phonon 5 pectrum.

It is to be noted that for parobolic bands the breakdown appears even

w ithout e utoff 7 •
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