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We now turn our attention to the i i
( : electrical behavior of the MOS structure under
Txt‘zrlnélly applied bias voltages. mﬁm{rthe'snb;trate'Volt:ig'e‘iVsEt'i‘f.VEE0:"and 2V o
¢t the'gate voltage'be the controlling parameter; Depending on the polarity and the 4 "’v

magnitude of v, three different operati ngregions can be observed for the MOS system:™

3.2, rﬁﬁossvsgmi@nygi External Blas/ (

[@ccumulationy depletion,and inversion. ’

géajﬂegﬂh_ve.yolfig“é“__l_/gis_ 'gp‘pliékil'fé;!ﬁé"lg“a?‘cle‘ctrode! the holes™in"thepatypen»
substrate areattracted to the semiconductor-oxideinterface? The majority carrier concen-
tration near the surface becomes larger than the equilibrium hole concentration in the
substrate; hence, this condition is called carrier accumulation on the surface (Fig. 3.5).
Note Eai‘lvn«thls casc, the oxide electric field is directed towards the gate clectrocelThep
ll_lg"ﬁ?t_l‘\{c_sul’fa—_‘qg‘ﬁétqnﬁal also causes the energy bands to bend ipward near the surface: b
While the hole dgpsity near the surface increases as a result of the appliéd ﬁcg-giivé éatc i
bias, the électron (minority carrier) concentration decreases as the negatively charged
electrons are pushed deeper into the substrate. | -
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Figure 3.5.  The €ross-sectional-view' and the"efiergy band diagrany of the MOS structure .')
operating in accumulation region.

Now consider the next case in which a s:qyl_l_lfpﬁs_itivg:gag{higs‘_}\fﬂg'_lypma_tg'_gq
gatqelectrode]Sincc the substrate bias is zero, the oxide electric field will be directed
towards the substrate in this case. Thé'pﬁsitiVe"Sﬁl‘fdﬁﬁ’}iolﬁnﬁiIm&'ﬁéf@ bands;
tojbenddownward near the surfacé, as shown in Fig. 3.6. The majority carriers, i.e., the
holes in'the'substraté, will be repelled bacK into tHe Substrate/as a result of the;positiv
gatebiasjand these holes will leavenegatively charged fixed acceptor ions beh @&Thﬁs.
a depletionitegion is created near the surfacesNote that under this bias condition, the
rcgion near the semiconductor-oxide interface is pcarly devoid of all mobile carriers.

Thethickness x; of this depletion region on the surface can easily be found as a
function’ of the surface potential 9. Es_sume that the mobile hole charge in a thin
horizontal layer parallel to the surface s
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Figure 3.6. The ¢foss¥sectionaliviey and the Enirgy:gaﬂl-giaggxp'gythc MOS structure
operating in depletion mode, under small gate bias. T

dQ=-q Ny dx (3.7)
The change in surface potential required to displace this charge sheet dQ by a distance
X away from the surface can be found by using the Poisson equation.
d “Ny-x
dp, =—x- L =LA 2 dr (3.8)

ting (3.7) along the vertical dimension (perpendicular to the surface) yields

Integral
¢s xd
Ny-x
[ao,=] L= (3.9)
o 0 S .
2
g Ny x4
-0F=" 5, (3.10)
P ¢F 255‘ ‘

Thus, the/de

_ 285( |¢l - ¢FI C‘"v (311)
= q-Ny

g which consists solely of fixed acceptor ions in

and thesdepletionregioncharge densityy whic]
this region, is given by the following expression

Scanned by CamScanner



54

CHAPTER 3

(4
fnU vuoN |,
e \/j 4
Mmeons Pro /e ur
ab' Mminoy: Mw‘;)g
po that
Jomﬁla}' e ';:-7

“bulk” rﬂjuﬂ:
(orwivs o the

;‘n* l)‘vdﬁu..

\/

t

:D \/U‘l&!ob n
(on c!;o‘!ﬂ%f?g

5:"‘!%5

, ﬂ]ﬂ- m—kfvﬂ
apgl

C;c‘tl)ﬂﬂ
Londwa‘on

IQ=‘Q'NA “Xd =‘\/2¢1'N4'5m [0, — 0|

,, 6,12
q{:ﬁ'a,

———

mﬂh is'depletion region charge plays a very importantrolein the analysis of
[threshold Voltage, as we will examine shortly. o
To complete our qualitative overview of different bias conditions and their effects
. upon the MOS system, consider nexta further ificrease in the positive gate binsy As aresult
of the increasing:surface’potential, the'downWa'rd bending of the energy bands will ¥
increase as well. Eventually, the mid-gap energy level E; becomes smaller than the Fermi »
level'E; on the surface, which;means' that the substrate semiconductor in this region
ithin this thin layer, the electron density is larger than the majority
hole density, since the positive gate potential attracts_additional minority carriers
(electrons) from the bulk substrate to the surface (Fig. 3.7). Then=type regioncreated near”
[the'surface by the positive gate bias'is'called the int{éﬁidn layer, and this condition’is™ 7
[Q@jl_gd*fqu:g inversionIt will be seen that the thin inversion layer on the surface with
a large mobile electron concentration can be utilized for conducting current between two

becomes n-typ

terminals of the MOS transistor.
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The crossssectional view and theenergy'band diagramff the MOS structure in

Figure 3.7.
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As a practical definition, the Siffaceissaid tobeinverted whenthe density of mobile 7
relectrons oA he surface becomes equal to; the density of holes-in the:bulk:(p:type)~*
" substrate. This condition requires that the surface potential has the same magnitude, but

the reverse polarity, as the bulk Fermi potential ¢,. Onceithe'surface’is inverted, any '

further increas

¢in the gate voltage leads to an increase of mobile electron concentration

@'ﬁﬁj_imﬁcé; biit'not to an increase of the depletion depth? Thus;the'depletionregion ™

‘depth, %, Which

fcondition ¢;==9p, (h

CMW&TWW’

=5 e bas 5

depth.achievedat the onsetof surface inversion is a

e e m

MOS twonsistrs.

Iso equal to the maximum depletion™ 7
“remains co’ﬁ’tff&’ﬁ’t‘féﬂﬁ?gh“e’r"ém Using- the-inversion ™
< maximum depletionregion depthiat the onset of surfaceinversion /
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