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= In 2inc-blencle crstzv/s Haere i's @lways a small amownt of jonic
ﬁoﬂo’:‘»g because of #he {o/fowmﬁ reason ;. One atow has 274
anol the second one bas zs249. Thus, Thare is a net e/ectronic
chame trans fer [frow Me atows Wt Z> G Fo [Me atoew un'h‘-"‘
| Z2¢4: For covalent bonds , in whict e electrons are rn%*é'ﬂ,_ﬁ
around betweeu a/zf{efend‘ éo»a’:'ng orbitals, Hare /s o»/y @
| _Fraa‘.’fonqi’ céalyz transfer Mat is given by lhe EFF&TIVE
chaRcE e* (Callen elfechve aéarge)-

i
—| The swall charye +Hransfer [eads fo an effechve olipole, whicl
| Jeads +o [finite jonic contributbow Lo He olielectrie functron .

-| The vibratons of lle erystal lathee [ead to oscillatory bedavios
of tis ofe?sofe twhich , /w fern , qeds as @ scattearing ﬁoﬂ-m‘:‘q/.

=| The coupled systew of an electrow plus Jong/tuolinal apheal
Ronons is referred fo as polaron. The electron -plionon inke-
| ractieu as applied +o the polaron problew is descrrbed &y
| #he Frohlich Hamiltorien.

> The goal of Mis sectov is thwo - folo :
() 4o find the Frshlicl Hamilbnian For e cleckon-
‘ longituolinal opheal phonow iuterachoy

(3) fo caleulate He scattering rate sut of some ruital
| state for Ms juteraction

| FRG4LICH TNTERACTION

® Since microscopic. model! /s very olifficult , a siwple a/pptmc{I
/s to econsioler a. 1D oliatomic lattice and Calewlate e iow
| contn'Gubeu Ho He fd/arz'mﬁ‘ou ﬁ;nc#au of It erysﬁ?tf.

M {—8") H.\fﬂ*) — £ =
O <@ O <@ — Q, (longitvdinal mode)
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IrTﬁe equatous of wotou for Ms ciatomic lathee, ru e
| preseuce o.{ electric .ﬁ‘efd (longituolinal modes) are;
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pIn fte case of long-waveleng pdanoag /4'?"-90) , rdenbeal
atows will be displaced by the same amount, i.e. :
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’0 The dotal dipole moment of the erystal is tHou given by

*” X

I w

| 9)5‘0’ ﬂ;e. /bofanéaﬁou ) w}l/CL -équ/s 7{‘63 0/,,90/9 rnome#‘/‘
| dlensity eﬁuq/s

| »*
; p= € Vu X [ we have assumed that all atowes are

o + 2 ..(_ —> reduced meass

Vv d.r.s,b!'acw by Ve sawe awovnt, whicl
g'ves idlendeal x . Mujs Ha # of tinit

cells ju the crystal).
By mulkplying equatiou (1) by <L*Mi | we can recast it

1uto an eejua-/-aou r Me bwe de!oenofentc of lMe polars *3%’0'

associated 't fous ru [le presence of electic feld £ :

o_étf_’;.ﬁgﬁp__:_ge“%g:e ‘v g e*E
o MV A A
where X ;s te volume of fo unifcell. Now ,assuming
harmonic variatou for [te Fa/aff&q#m , we get:
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There fore, +he [requency-olependent oljelectric funetbon €lw),
which, jucorporates He wr/en.:f electrons contribuhov via .
and the ionic contribvbon via P, ;s given by

requency (v =(Weip ;7€ will be the natura/ fre?ueno\f/ of Me
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Setting w=0 gives us the static olrelectric Afunction, e
lo) = e
g€lo)= %1 + P 2
§ 2 z /
whick gives Jor S : Bl [e) - ex]= wro €@) € (G- - L
® We now consider the case when there /s no external feeld) The

rbhraton of Me /Oﬂgf'ﬁld’:'nq/ modle ard the electric ﬁ‘e/o’ faat

appears iw (2) wrll be induced freld, i.e.
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Since M material fcrysv’q) ) contasvs no free chamges , we wws
have :
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V-D=qgD= g (¢v&ind +P)=0
S'a.ésf‘f%uﬁ‘uﬁ Lor Eind gives:

(Wrg*-wio* ) P= S (- £) =>|S= ¢ (w;oz—wrﬂ

) sabsﬂ-ﬁjﬁ-% for 8 juto the expressiov for [ statre
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® The next task is 4o calewlate the Fréchlich Ramildonian for
te electrom -phonow iuteractiou. H#Qaiv , we assume that

there are no external {ields applied. Then, e polarization
P is due to ta displacemewt of Mte atows Lrom Hair equilib
rium positiovs and sivce Hw*e are no external charges V- Y

|-9The Polanw%ou, is given ‘!’l‘j
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Expanding tte dl‘sp*aceMeu'{- in the phonon coordivates give
ig-r a4 -i4.7
P)= & WU A

| where ¢y isa u...,tmim i te direchiou of 7 .
-:_, From He conditiou that V.B <=0 ,we have that:
| 9, [suEimg + P1=0| (6)
| New let Hu electric [reld be derived from a potental , 1.p.
| Eind = -7

| and let Me a{;erqior ¥ be represen:‘eo’ 6uv.
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Since vfor /angr‘fvd?m/ p}:onon modes f Vi é; , we Lﬁ'na/{y have: :
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The interachon eneryy betwear an electron located ak F and lis
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Therefore, the electronic par!-a{ e electron - Longituding ! polar
.o)oﬁcaf Pdano::s ruteractov ;s :
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which for e coupling consiant for Z}m’- Orn' grves
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The watrix elewent or seattering betweeu some iniba r?.s/m’e
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I3 W{ il;)m /[a f/a;]cm &47)[ ]ﬁi:éf;ﬁfi



—_— - - L 8 ” s I T—

To summarite:
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SCATTERING RATE CALCULATION

once we have the expressiou -far /MR g)])* , we ean use it
¢ our caleulabou of M scattering rate wlaore Fmin ano/

Q,,,M are gf‘veu 6‘? 5

absorption: ?r:.fa = 2 /{f—%_z.—- {j
aéx =4 /T%:—_T”]
| emission : - fmi:'= ;@[1_ @]
foas < [1 415 | |

ﬂsmg fuse results we have
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For paradolie bands, Ewx = B&Yam , yhicl gives 4= fam's /i  ie.
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ENERGY RELAXATION RATE CALULATION

o Onee we haue obtained He Lxprossioy 926,- /Ky scattering my’fj
we can immeohately calculate Ne one for Ko encgy redaxabou

rate s/nce:
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MONENTUM RELAXATION RATE. |

o The momentun relaxatou rate is more diffreult fo obtain . Oue wust
wezyli-f He aé.sar,oﬁ‘au and e emissioy +erms @ e respeehve c4a»3cJ
ru e wowentva, For example an absorphoy &f a plonon 79&??42:9
atan angle 6 contributes @ f'{;acﬁ:sno/ merease of momenty
ol (/%) cos® n e direchovof . The frachoua/ ;nerease ru weo-
wentvus for Me emissiou preocess /s -(q9/f) cosB . To caleulate
the momentum refakahou rate, we wust start will ;k 9enerql
defenitiov ; and use M /ntermedrate result we oerived for “1/r(8) :
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Gmax - Imiv" = (B +5)"- (a-4)* = 49.5
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| Therefore: ‘
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Tu deﬂ'w'ug fle above txpressiov, we Lave used Mak:
| sal )= b [+ Tex7 ]
cemission : Gmin=-k 7 pojex + 2 = % - Y7 hujex
| Quex = & + LI/ B fex
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.ﬂ'fﬁﬁﬂfwg for A= m and combining Me absopphou aus/
W ewwsssiou preocess gxye.:‘/é folocwing expressiex for He ﬂﬁorxcw/bjgu

rélagatiou rate:
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