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The MosS “Pansistor /s a device 1 which
the currenl f/au//'m? m a cano/ucﬁ'm?,
chan nel be'?LWCUA Source aud dra.,’»m
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1o the ga;fe.
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p-channel MosFeT

In an n-channel mMOSFeT the majar;r‘g carriers

are electons.
If we apply a pos/hve voltage belween the
gaf& and the substraTe ( also called ba,/k_)

‘the humbper a[ elfecrons m the channel
(EOne twnder the ga]e) /S incréa sed .
fFor gaife Vo/z‘a.?es smaller thaw a threshold

Ve  the channel s " cut ott”

The IS therefore ampentsunt

-fh,f‘e_s‘/,,afol VO/fage



the woltage at which the Pansistor begins
te conducT ( the ansistor ;s terned 014).

The P-oha.nne/ MOSFET workKs ana/ogaus/y,.
The cf«f-ff&feuw rs  fha? fhe MQJ“O/‘/IL‘J/
carrrers aré nhow  holes and thalr we

need o apply a nega Ave Vo/ﬁkge beTwezn
ga/?ke— aud swbstratfe o enhauce the
newm ber e/ carriecs tle chacinel.

It /s POS‘S/‘A/& lo 64(,4/4 dey/'cej fha_?" COM.&ICZ-
when the gJe voltage is zero .
The odevices tha7 are normia //7 Turned OAC

(non canducﬁ'mg) with  zer, gaTc Va/fzzge,
ace  called ”er)hanCe,tMenT”/ while Yhose
devices ot ace furned oa [Ca//,o/ucﬁ'h?)
with  peco gle voltage are catled
"depleton - mode .
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7he mos 7‘0’414.8 /r's fvr Can 0,06(0/76 mm 3
vol 7‘13& we  apply o ;T

cu?"-oﬁf region ( or sabthreshold regfak,)
Vgs— V-r < ©

Linear r'egfo o

0 < Wgs < Vgs—l/r

Saterabhon ﬁ:’g:'«on

o< Vas- Vp < V.
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the behavio, Of R p-Mos device

ceel 0/7[‘ réqs oy

Vgs < VT

The condrol Va//z‘ge a,,opbfec{ Vas /s not
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Linear r‘ejfom [nan -Sa ﬁtfaﬁ’Oh regl‘o.,,)

Vgs > Vr  amd Iy < Vas - Vo

. = channel /&nj%
W: WIJ%

fa)( = oxide th rekn ess

£ we ﬂpplg on the ga/f& @ poS;qf)rue'VO/qu& b{’yger
than a threshold vglne Vr, the L

toliryWbigee  nature of the charge.
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The inversien of dvafge forms a cona/ucﬁhaq
ohanm&//[/'n e rt?gtbn below e g@?e.)
between source aund dpzi .

APPI&I’I’)? a Va/f‘age be Pwee u cffal“m awd
Source we cau dr'ft the charge

in e channed and Yherefpre fPro e ca
a carrentl  [low  petween sprarn ownd
Souce (movemenT of elechrowns /4’”0“"
source [ drain )
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Let'!s 71'1@ now To %ho/ oul an eouatioy
{"or fhe carrent Iy . We'll do it in
an  intuihve way  first  aud ja a
more r/’gorous way [aler,

We can see the central parl of the
MOS,(thgh/y)qs a simple cach('?lof".

The Géafge Accecpa fafe o by Fins Capqa'l‘o(‘
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We need to qpp!
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than V= Le re. we
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The current flow 1gs s given by the
Amounl of charge (&/E&ffahs) we are

able o drift {mol/e) 740144 Sowurce Lo
drain  jn the wuwmit 07[ “rse

T = transit time = Eime Taken by the
ranss me éleclrons o go ﬁ,am
Source To drai.

—_ _04'872;/7“ between sowrce and dravin
V&/ao{/g of the electroess o

The drift velocify  we Impose on Ythe elechons
depenal_? on the electrong’ mc:b///fy, e
(physical chacacTer;spc of the maller )
amd on e Vo//*o\ﬁe_ we ‘ZPPL:/ belhvee o,
sonrce aund diais,

( more precisely e
elechric fredd )
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In dhe gm'n fn&fvl’ fhece is a /Oa,r/‘ YtioA~

dcpehds on the ?eamefry . Z”_‘/_ e d
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To be very mTuifve buTilss no? vesy
/n c.ompu?‘fﬂg the channel! C»"’Mﬁ&
Accuroll. Lwe ‘shou'ld  comsider Zhe effecl

01[ +he Vo/ﬁ’\gc across Yhe channel when

a Vo/f‘uge, is applied hetween dyod., cd
Sourece . h
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/2.

saturation regiou

Vgs > Vi amd Vs = oo Vi

As Yhe drain VO/IIZT?C, /S /n&(‘eqpea// the
jnversion /ay&f‘ région o/:a/gc and He channed
def)'ﬂ\ a] %6 dra:'m end S_/Z?/(‘t 7‘0 GI?CfeﬂzS& )

For Vis = Vds,swt the invecsion Maf?c, at

the deaim s reduced 1 © (Pr'nch—aﬁflooin’é),
. Vgs>l/r |

r i + Vas= Vds, sal
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&L)=0
P-type

I

The Sq?‘ura‘l‘fou conds Rhoun Carrespono/s b a
channel I/O/'fuge, 01[ (/(?;-L): Va(S,SdI So

that ih& nmveéers I.ap; Ma,(‘g& VA
&Hly=t)=c

(/” e real’fy  the chacge does rof become |
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/3.

whi'ch SMASA‘/”‘A.“g in Z?maﬁom o’[ﬂv&
nvecsion O‘raxge. v e channel :

Ry)= - Cox [ Vps-Ve- V(y)]
g;’ves ot +he caturaPron l/o/?‘uﬁf, /S :

(Q(%F’—): ~ (o [ VﬁS-VT - VdS,Sai']

' = V?S_l/.r. — %/S,Sai'

‘4(5, sat = V?s - VT‘

The channel is reduced tvo its msnmicen
thickness.

As Vys rmereace , the effect've /emg#t
of Fhe  channel  drerea se .
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The P'.MC}FO# Poinr movés ﬁ‘om«. ﬂ\.LdfaAn
end Toward The source mcréa S'/'ng Vo(g_

The Par?l‘)'bm 07[ chavnel betweess, The /)/‘,,,&/,_0’4'(‘

porat  and e draim will be in Hee
Q‘f/p/eﬁ’om mode .
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e cein combine '/ﬁe 'fh/o eyuaﬁ'a'—us:
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P-nype, enhancemenl MOS
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L cef- 01[75 reg/'on
Vgs 2 V-r-
Ids = ©
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E — 3

V?S & VT‘ aﬂcl VCIS' > Vs- VT

Tc = /48:%_1/\_/- _ - VL
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3. satTuraton regiow

Vgs < Vp and Vs < Vs I
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