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Aopn Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

V,=0 o.

YTIOBETOUPE OTL Py = Pg (AEV LOXVEL OTN YEVIKN TIEPITTTWON)

H octa®pun Fermi Tou peTAAAOU Kal TOU RHLaywyou eivat
oto 1810 eminedo
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

TuOa yivelL av epappocw pia apvntikn Taon oTo HETAAA0?

V<0

p type
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Omeg EAkovtal otn dletiidAvela nUaywyov/HovwTn)

Accumulation
layer of holes

H cuyKevTpwon Twv oTtwyv otnv etiidavela avéavet
o€ oxeon pe to urtootpwpa (Accumulation)

NMwcg Ba aAAA&eL To evepyeELaKO dlaypappa?



Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

\V g<O Ektocg O.1
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

Tu0a yiverav epappocw Hia OeTiKN TAcH 0To HETAAAO?

V>0

i + X, I : +
‘ l E-field — v —— e m—
p type , E— —
| - p type -
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Induced space

charge region
Ot oTteg amopakpuvovtal amo tn dletdavela 2xnuatidetal pia mePLoxXn ArtoyUUVWOonG amo OTEC

NULaywyou/povwTn otnv emidpavela (Induced Space Change Region)

Awakpivoupe duo dpacelg avaloya Ue TV T tou V,

NMwcg Ba aAAa&el o evepyeLako diaypappa?



Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)
\V g> 0 Ektocg O.1
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Weak inversion

H cuykevipwaon Twv NAEKTpoviwy otnV eTPAVELA TIAPAPEVEL UIKPOTEPN ATIO TN
OUYKEVTPWON TWV OTtWYV 0To BAaB0o¢ Tou nuIaywyou

Ers — Ei)

n=niexp( T

Nsurface < PBulk — N4

Strong inversion

H cuykevtpwon Twyv nAeKTpoviwy otnv etiidavela yivetal peyaAutepn amo tn
OUYKEVTPWON TWV OTIWYV 0To BAB0¢ Tou NuIaywyou

Nsurface = PBulk = Na



Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

2TN YEVIKN TiEpimtwon oy # dg o.l

Ec H otaBun Fermi tou petdAAoOU Kal Tou NULaywyou dev ival
oto Lo emimedo
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Evepyelako duaypappa dopng Metal-Insulator(Oxide)-Semiconductor (MIS/MOS)

2TN YEVIKN TiEpimtwon oy # dg o.l

Ec H otaBun Fermi tou petdAAoOU Kal Tou NULaywyou dev ival
oto Lo emimedo
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Me epappoyng piag taong V.=V HTtopw va ETITUXW oL (wveg va eivat opiovtieg (Flat-Band)



Entiduon e€iowong Poisson otn doun MIS/MOS

Silicon E;i(x)
(X)) = —
surface Yi(x) q
’/ D=, (-, (x=e0)
/ i Ec
quw(x) o _Eg £ To Y(x) eival BeTIKO OTaV Ol OTABUEC YEPVOUV TIPOC
qV T qugt i TA KATW
(":: 0) | d f
/ Er
N 2UvopLlakn ocuvenkn
Oxide p-type silicon .
i P(0)=yg Yg: Surface potential
o b(e0)=0




Entiduon e€iowong Poisson otn doun MIS/MOS

d2 dE
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>tnv emipAveld Tou nuaywyou (x=0) .oxvel E(x =0) = E. kat P(x = 0) = g

Edappolw to vopo tou Gauss yla tig 6€oelg x=0 Kal x=o

To cUVOALKO $OPTIO OTO NULIAYWYO diveTal aro Tn oxeon

_ays ny [ avs
Qs = —&g;&5 = i\/ZESikTNA e kT + Vs -1 +—l2 e kT —
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qys
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1Q,| (C/em?)

EEaptnon dpoptiou amo to eTdpaveELaKO dSUVAULKO

10~
p-type Si (300 K)
N,=4x10"% cm™
10-5 ~ exp (g / 2kT)
(Strong inversion)
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Depletion approximation

PA
A Q= gN, W,
Wy &= aN,(Wy- x)/z
g w=qN_(W, - x)?2¢
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Condition for strong inversion

Silicon

surface | T I\Iﬂ
/ W (inv)=2y,=2—1I1
q n;

7 | B i < Akt G
(= [])“ R l f

E,
/ And the electron

concentration at the

Oxide )-type silicon
bl surface equals the hole
;qncentratlon in the bulk
X .



Maximum depletion width

In contrast to p-n junctions, W,  '°f

S

S

™~

SN

reaches a maximum value W, & |
at the onset of strong inversion = \
when T
v, = 2y = 2(KTIg)In(N,/n): &
4z kTIn(N, /n) =
:Hf:fm =\/ = n( : H?) 0.01 —

g : Jwra

1.0E+14 1.0E+15 1.0E+16 1.0E+17 1.0E+18 1.0E+19

Substrate Doping Concentration (cm™)

This defines the threshold condition of a MOSFET.

W, also plays a key role in the short-channel

scaling of a MOSFET, namely, L

min

:{Wd .



Electron concentration, 7n(x) (cm=)
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Xwpntukotnta otn dopun MIS/MOS

Metal Oxide p-tvpe
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Xwpntukotnta otn dopun MIS/MOS

Gate (Gate Small signal capacitance
oV, OV,
A0
- dr,
1% =
- Coy —m—
- L de0)
(inversion) C,=
__________ dy,
|
| L |
_— Cd — T — T CI
0. ;
=s Qn' : 9 I 1 " dy,
(low freq.) | cC C_ d-0,)
|
p-type p-type n™ - C O

substrate substrate channel



Xwpntukotnta otn dopun MIS/MOS

C=C. C=Cyy

1.0
Accumulation \
0.8 Cp, (flat-band —>

capacnancc)

4 a) Low frequency or quasistatic

> 0.6 | i [
8 V=Vl b) High frequency
0.4 | -
C ¥
min C) Deep depletion
02 | i
Semiconductor oy |
breakdown
0 I ‘
_Vg -« 0 Vi T +VR
V,(V)

* |n accumulation, Q.cexp(-qw/2kT),

1 1. 2kT/
so C.=-dQJdy.=(qI2kT)Q, = S=o1+ 1
(q/2kT)Cox| Vg Wsl | fi 18 V" N WS




Xwpntukotnta otn dopun MIS/MOS

" C=C, C=C,
Y,=0
08 |- C,,,(ﬂat-band W, o \‘ (a) ot
capacitance)
t{): 06 e V’; =2 wu~ ‘,-1//5 = 2"’[3 =
/ (b)
0.4 |- — ¥ -
('nu'n)' & (C)
02 -
Semiconductor »
breakdown
0 \
=Yg e 0 v, —p +V,
V.(V)

= At flatband voltage, qu/kT<<1, - L o e
therefore, Q.=—(&,q*°N /KT)"?y.. C, C. "\s4’N, €

a ox



Xwpntukotnta otn dopun MIS/MOS

* [n depletion,
C= Cox C=Cy
1 | |
ccte
Cy, (flat-band —» = ' o a
capacitance)
where
Dej
V=V C. = d(-Qd) i gsina s Esi
ll d - dWS - ZWS N W:j
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\
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Xwpntukotnta otn dopun MIS/MOS

C ot COX
Cﬂ,(ﬂat-band\———» E
capacitance)
V= Yyl
ad \
Semiconductor -
brcakldown
-—Vg W O V’ — .},‘/‘g
V,(V)
. : 1 | r 2kT / g —|
Like accumulation, —=—| 1+ —"%
C Cox ‘Vg = Ws

= Inversion, high freq.:
Inversion charge
cannot respond,

1 1 4kTIn(N, /n.)
= - =
Cmin Cox \ 851-(1‘Na

* Inversion, low freq.,
or connected to a

reservoir:;
1 1 |
i +
C Cox Ca’ * Cz‘
where
A d(_Qz) _ Qi
* dwy  2KL/q

is the inv. layer cap.
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Xwpntukotnta otn dopun MIS/MOS

H kapmuAn CV umtoAoyiletat edappolovtag
C=Cy Comby pia evaAaocoopevn tadon (ac) avw o€ pia

1.0 —

\ S otaBepr] TAon TTOU AVEAVEL YPAUMIKA (ramp)
0.8 |- Cp (flat-band —>Y* (@) !
CRPACHIANCE) ‘Otav o pubpuocg petaBoAng tng otabepng taong
hi — elval 1o ypnyopog (MIKPOTEPOC XPOVog) amo
O - = /= M y ’ v
V=V, i ; TO XPOVO avIidpaonc Twv Gopewy
(b) , . .
oa L < v i HElovVOTNTAG TOoTE eXoupe deep depletion.
('mnrY & (C)
H katdotaon autn eivat actabnc.
02 -
Semiconductor !
brcakldown I)eep Depletlon
Y

-V, «<— 0 v, —> +V,
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