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{a} (b} (c)

Fig. 3.1 Visualization of carrier drift: (a) motion of carriers within a biased semiconductor bar;
(b} drifting hole on a microscopic or atomic scale; (c) carrier drift on 2 macroscopic scale.

Fig. 3.2 Thermal motion of a carrier.

Fig. 3.3 Expzihded"view_nf a_hias.td piype sémimnc_iun:tpr'ﬁs.:r of &rnsls-sécﬂﬁnal area A,




CARRIER ACTION

1]

Anpige apoy s s Apgow uoaaaa sy s uon
=EIUIMEID .En_.._n__u DU o WOTIA] B ST Uea]IE Ul SMigom Ja1anen EEahn:.__Eu_uEEm S .&_..H

eomi) €lps 1o War

w1l ull alil wil il wildl
i HiIERE o
ITE g |
BLE e |
BlF 5911 [4
T LEF APl et all X1
R 86z £ —
SEF  CEEN T —
] 1 Hew &FEl a0l I T
- - 6w et £ —
== - dar LEED T —Jom
Bm -..lfl.f 17F 11 I mlE X1
[ [ 2 P TTEY [ganuz) Ty 30 ¥
_.......r...r.!.f...z-. ___r.__ .____1_ X —
—T
-l-nl....lul.ll-_m_u:
. o
I
.l.ll..l.l.l'r.l .G_..!v
N 00t =t LUETIRET |
LB
[

[325=4 fraa) dn gg U



(4L Bo) snsmaa f Jop o sjopd 195U SN wety apias Areaga
$tSL ()L e ot ajdums padop-ssd ag up waf of o s, way Surfues sfudep

(panupuea)  gog “Hig S(dwrms 10§ O3NS W sanMIGow Ao (Q) PUE UONAAA () Jo udpuaIp miisdmar  geg Hyg
" . ]
Lraold o
N . - - M im_ 00z o5l il 0 0 0%-
0g
(W) *
om oS e
I il
w3 w0l = ¥y
LY i
0oL THT 3
.._._ T L st = @
e
) T Tt -
U 11 |
et ol _rf.._ \ oos
: ! oz
: e T .-l:ll.l..l-l.l.l..ln-l_
0001 T = 9
i S
gt [ || Pt L || il 2 f...‘.
T T Tttt Wn .u.-n
= s g
3 T :
m L] ] um e
L - SSuy AT oos 2
III.l..I.lrl.lllu.l..l m ....WHJ. r....-r_.r B m
-...-.-.n-.ﬂ.ll_[r....lll._ " i L el =
ot = vy | il ML Loy o n._\
“..--l..j..l-.. ] .-J.r. 1 me g
= ; ._.
antR 40 (b S T
TR : ool bR 0oz o0l B g g
...HHH-... l....n:.._ ._ _ : . ..._ ;
1] B 3 {08 = Ty i -
g T i _r 000z
R ual B AL | ﬂ_.v. T
T _r_“..“..fx_.n . r:........:f.r
un 1 . N h
...r.._...”_r.‘. iy _.. _T‘ﬁr ...I.,..... A J_._ ..._ ............{
| i\ /f g [
4,
. ..M..r_...f = ._..
TN
1 f _
i 1T OO OO, - v
59 Ldidg

HOLWLIY HIIHUYD ]



31 DRIFT 71

’,-'

=
M
=

: T Silicon
1 K|
0 = =
: i
1 :r
I | | 11
E == =
E B PR
= I 1%
& i 1
o =ET s
: 1| I
| |
l{l-: ==:| =
i i
B I 11
1073 [ #
i Hi— i
I ] i
so-+ C OO T T
ml!. 1 mu LDL{- ]U" 1" 16" 1o

My o Ny fem ™)

Fig. 3.7 8i resislivity versus impurity concentration az 300 K,

Semiconductor
sample

Fig. 3.8 Schematic drawing of the probe arrangsment, placement, and biasing in the four-point
probe measurement.




3.1

DRIFT
E
[Tetal 1
tlectron E, e==3V
energy) - :
* fa}
o ‘,_'I'C'i.‘ %y
Y MKE
E'I’.‘
A KE. E‘f
1t
E-
] ‘_-
T J'
|
idy
& = adps
+H + * 5

lel

Fig, 3.9 Relationship between band bending and the electrostatic variables insids & semican-
ductor: {2) sample energy band diagram cahibiting band bending; (b) identification of the carrier
kinetlc energies; (c) specification of the electron patential energy; (d) electrostatic potential and

(¢) electric field versus position dependence deduced from and assoclated with the part () energy
band dizgram,




- 82 CARRIER ACTION

Light %\ s
E{‘
Light anq'—-— (
L7 £,

{a) Photogeneration
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(b} Direct thermal pensration

-‘i Heat o

=} Eﬂ'
Heat —= /11, : \%
. :i;ig e J .
& T St HL-‘G v

Ll

=

Heat ﬂhru\-c-

() Direct thermal recombination

Fig. 3.14 Band-to-band recombination-generation processes. Bonding model (left-hand side)
and equivalent energy band model (right-hand side) visualizations of (a) photogeneration, (b) di-
rect thermal generation, and (¢) direct thermal recombination.
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Fig. 3.15 R-G center (indirect thermal) recombination—generation. (a) Banding made] visual-
ization of recombination at a missing atom R-G center. (b) Energy band model description of
the R~ center assisted recombination and peneration of carriers. B—G centers introduce the Es
levels pictured near the center of the band gap.
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Fig. 3.16 Situation inside an n-type semiconductor after a perturbation causing the low level
injection of excess holes,




