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The influence of temperature on the lonization rates,oland
A , Is studied by means of kinetic equation, The analyslis
incorporates a proposal for the [(E,T) determination which
takes Into account acoustic phonons, The results obtained
agree satisfactorlly with those of other authors.

While the field (E) dependence on the lonization rates
of electrons (o) and holes () in semiconductors has been
thoroughly studied in many papers, l.e.‘-s)etc., both the-
oretically and experimentally, It was net the case with
temperature dependences,J(T) and /3T), from the point of
view of an explicit treatment. An explicit form of these de-
pendences based on universal Baraff°s curves ) is given in
10)_

Lho= expLadx+px +cJ (1a)

U= U5 Fd7r 3905 B=46rLn.9r +L7540% C=T5or tasre4sh, (16, c,0)
where p
- 8P = Wo = . e . = Moo
r-s&&er?= 42, ; Cr=cihdie ;o= 19, =Bety(1e,f)
hdbeing optical phonon energy, As the optical phonon mean

free path and W, - the ionization threshold energy, the

I
three essential parameters of the theory.

Another approach consists of solving the kinetic equa-
tion of Davydov’s type as ln3). which leads to the relation

of the form pointed out in '8’9):

L(E, 24)= 2UELEL = A195)- (Tr FPIE Js E=EualTom 3,20, b)

where a stands for the temperature independent parameters
Ao +Aes and W , and the function ‘J’(E/Eo) depends only
on the ratio (E/Eo). Thus, the temperature dependent cuv.n-
tity In eqn. (2a) (as well as in (1a)) is C; and ': cc s-
truction of eqn. (2.) enables us to propose ‘I) .%e procedu-
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:re for the °L(E,T) determination, knowing the parameter

KR, and ol (E,T) dependence (which could be experimental
one) for only one (ambient) temperature (Tl)' Indeed, If the
form (2a,b) 1s valid, knowing an,T1) and ko, the "universal"
dependence A-¥Y(xo. % F(7) can be determined:

A~‘f’(x.}=-%‘l}’ (Crym Cr(To)= cthBida s x=-Ee) (20)

and at T-Tz,‘f(xo) will have the same value as at T=T, for

the fleld E2 from
- Loz ‘/
Ev=g2 Eoi z2Er Cra (24)
or finally,

L(EL, T )= A TR Y o) = oL (EWTi) B, (2e)

Both Baraff“s and Chuenkov‘s3) treatments leading to

.

Lot Eox
(=N x.= E;

eqds., la and 2a neglect, amonq other simplifying assumptions,
the influence of acoustic phonon and all other scattering
processes., Let us first examine this Influence considering the
kinetic equation and putting it In the following form (for

the symmetric part , fn' of the distribution function):

-g'l_ [-g-;—'—a('ll +f0£9('l’] ’-‘ﬁ-[‘j(’l)- Wz['”'{o -wr'l(u] ’ (3a)
where the electron enerqy is related to wl,ll= w/wI and
where

1 .
%535 + (%) t+{w:liﬁrfﬁfn Ll :n,, (%')'“(3"’

aw=Aslra —rL-t-ﬁl—zane-%%JI Eq Jf m= mt mf" (3c)

miwke § Fic E1s

6(n)= v, _&E'%..f.,. v.-vfl{/:ﬁ;:o-q i (Vo= |22k ), (3d)

11@‘%%” being the total relaxation time, while g,wI.fo and
"rfo are the electron generation, lonization and recombina-
tion rates, respectively.

The qualitative analysis of different terms in eqns. (3)
must be done fornpx¢ , because for nadthe function fo decreas-
es rapidly and for n<{ there is no lonization at all. Thus,
putting approximately, (for Si)

k3
Ucalol' mfs, Cr=1, Hwo=2kTams=0.06 eV, Wr={eV and"”) %t.-.z-i-o.zs
we can see that the second and third members In (3b) are



-6 -
°. /N 3¢ 2nd lo i /Ag» and since

aee -ée:-%_ ( Eia J.’ E“_&‘l:!:ﬁ 2= _}i- at Tamp=300 K v (3e)

the second member can always be neglected, while the first

one Is preponderant for the fleld E> loslvlcm, Just In the
range of Interest for s§lllcon. Assuming further that all other
processes, except optical and acoustic phonon scattering are
of llttle Importance and that (for 1%4) W & Wp but 1>>w:g‘
eqn. (3b), using (3e) and (1f) can be rewrfltten as

2 N
aly)=g (-BE) At 0 v (2.55 4] (3¢

If only optlcal phonons scattering Is actual ( R=0), the
characteristic fleld E 1Is as In (2b): EO~W5, If not -eqn.

(3f) glves us
E =E,, \Cr +w(RT), (3q9)

There Is no more temperature dependent terms In (3a) because
Aac~ 1/kT (except eventually In the relation for lonlzatlon
probabllity wI), and eqns (2d) and (2e) still hold with the
transition

Cr —(Cr+wv kT ), (3n)

since L Is inversedy proportional to the drift veloclty
4O~ (CrrwnkT)?

Starting from the numerical values of the parameters
listed In Table | for silicon, taking the dependence (1a) as
‘‘exact' one for T-T,-}OOK. the famlly.i(E.Tz) for Tzaloo,
213 and 400 K Is displayed using (2d,e) (with W=0). As one
may see from Fig. 1 the agreement with the experimental
and theoretical results after lo) Is very good In the entire
fleld range (200 to 500 kV/cm), and especlally for higher
flelds, proving once again that our assumptlon (3f) Is rea-
sonable.

In order to take Into account the Influence of acous-
tic phonon scattering, using the transition (3h) In egns.
(2d, e) and considering agaln the dependence (1a) as exact for
300K, the dependence J(T) with the fleld as the parameter Is
calculated for‘lkTamb=3. 1/3, 1/19, and 1/38. The changes
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in o are negative (see Table 2 and Fig. 2) - quite In ac -
cordance with the increase of the characteristic field Eo
after (2b) (CT+‘RkT>CT). Judging from the original data lnlo)
given in Fiq. 1, the experimental points for T=loo and 213K
are always about 4 to 5.7% below of the theoretical curves

(r=0), which may be explained Just with the influence of

TABLE 1
Parameter n=-S1i p-Si Units
Noo Optical phonon mean free path 76 55 R
NI. ifonization energy 1.2 eV
ko, optical phonon energy 0.063 eV
V2 ,longitudinal velocity of sound 9.00 km/s
po.lonlzatlon parameter after 3a) 200 -

acoustic phonon scattering with the parameter ‘kTamb laying bet-

ween 1/19 and 1/3 (see Table 2; similar results are obtained
for p-Si).
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Fig. 1.The o£(1/E) dependence Fig.2. Jversus temperature
with temperature as the para- for the electric field as a
meter, after different appro = parameter: wkT . =0 and 1/19.
aches.
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Table 2 A,L/OL'J}) for n - Si

(10°v/em)| 3 3.5 4 5 6

< —0 1715 0.1 -0.36 -0.30 -0.18
, [738 1.9 [ -2.2 3.0 B -
S o 1719 T3 | -T.% 1.3 - =

2 s (173 =36 1 =20 = -
3 =178 113 =78 < <

0 0.85 -0.24 -0.0% -0.08 0.07]

x| 1738 “S0.1% -0.53] -0.62 z N
Rixl 1719 -0.13 -1.4 -1.3 - :
o (173 -lo -7.8 -6.1 - -
3 =39 =28 -21 = -

In conclusion we remark that our proposed method for the

oL.(E,T) evaluation wiht only one parameter known ( A Do ) accor-
ding to eqns, (2) Is eepecially convenient for the new material

research. From Figs 1 and 2 and quantitative data In Table 2 It

Is evident that the role of acoustic phonon In lonizatlon pro-
cesses |ls Important only In the preclise analyses.
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