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Tn dhis “idealized ! anal,s/s we agcwme T
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7he nice %'ng aboul fhe racverTer /s
that it s easy anouﬁh To allow a

f‘l’?o frons Z’fheo Fe‘f/"c’a/ amqlgsfs .

The W?WHW goa// we waanl lo achi'eve

through the Mgorons @Mcz,éag s/s  of tla—
nvertec ;s to  idents FOL" @ general meThodol TF
and a set of definibons we can apply-

to characTer e any /ag/‘c gczj& .
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Vgs,p = -—(Vop-l//n)-= V:‘n—Vop

Visip = (Voo- Vout )= Vou-lhy

where l/-,‘,,, s in ‘e r‘aﬁge, ¢ oK V/'m = Vbb

The stabkc (Dc ) cirewit chacaclerishe can
be derived bg e Va/fage ﬁams,@/ cecrve.
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The D¢ analysis consisls in plothng loul
as a funcﬁ‘oh 07[ Vin. In order o /D/o‘lf’
the vTe we need v sSolve ‘fte @uaﬁ’o“
of . drain curcenl?T I, frr  varsens
,-,,,P,,,T ‘/o//y\ge, value S,

Varying UV, the nMos aumd PMOS will
operatle  in dl'.[fk(em"[' regious .

/@egion A

0 Vin < V‘I;‘n, [Ia/s,n=o)

The nMOSFET s in cut-off /a.nd The pHOSFET
is in limear régiow ,
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E—a“’\ Mgo/qﬁ‘ap, mmmw we see Chat The
réﬁiom C  ¢exigls 01/’/7/ ﬁ;r one value aré
Vine  ( 1-MOS fbausistoy apo pPMoS  Favnsislfer
e both i saturafura Sod 7491' on%{ onée.
value of Vin).

The yTC wrrcsponalt‘rg %o r‘e’g/'ou cC /s

Covn plﬂ@% vectical.  (rn reality  the gl
Slope, /S very sleep , én7 nol /‘r;f;'m‘/E)
- we are negée&i‘?'r@ Yte channe! leng ¥
modulatvon e{‘feJ).

The possible values of Vout in region C

Com be decived fow Thi satera Nouw
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pMoS : Vds,p < Vgs,p - VT;p
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Vout < Vig — V?jp

Commn b;'m'ng, e /he?hala'ﬁés :
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the pmosS is in cul-off ( Tus,p=o) While
the nMoS is in ULvear regron .
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Physical intecprelafon of the BE paramelers

We have seen how To define aud derive Hee
stah'c paramefers of an imvecler | bul we
did nol rea//g/ undersTand a//hoi we have

chosen Fthose paramelers .

The gaa/ /s lo wundersfand whal is Yhe'r
Physica/ meamz’mﬁ So Thal we can a,p,ofecf'azg
wh# we can use ‘Yhewm [o tharaclec; e a
loase gaJe‘

r

We have q[ef,-mgcl S Pa,famefefs :

Ven swz'faéfng Yhrecho ld (gafe Hhreshold V)

Vou maximum high U-AJPMT m[haa
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—_
—_

Voo — minimuum low oulpuT Vo/flfe_
—> mayimum Jlogic O inpul
—_—

NN /aafc / fr)ﬂwr

gafe Yhreshold Vo/?‘uas, Ve

I+ represenTs the mio/Pol‘nt of e
switth chacacleci'shc . Vin is given by
the {nTé,(SCCh.olA O.F the VTC and thae
un;*"g_ line .
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The designer can dmmge ‘he lga/—e Yhreshold
volfage  throngh the ratho Bn/fr

oy (el8n ) Loty (Bnioe)*]
I+ CﬁP/ﬁn_)'/?’

the ratbo ﬁn /{39 can be drangee( Workfng on
the asped ratios Wh[ln and Wp/Lp oF
He ansistors.

As -he mho ﬂn/ﬁp is decceased The transfer
curve is shifted from left o right.

Typically we 1y & build the inverfer as symmelric
as possible since 1t allows a capacifive
Joad fo be ohafgeaf an d &'Scﬁa,(‘ged_ el
equal times ( For fn[Pe=1 we have

équa/ Source and sink carren'Z's)
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. SV
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| I'flsﬂ,s;mf)or‘famt lo nohee FuaT ‘+he '(‘empefﬁwt
has /an e{'-f'eJ en “the VTC.

We have To remewm ber ThaTl as the

teu. pecatiwce is increased the carcies
Mabi//r‘y,/u decreases ( therefore thece is &
decrease ;n 3 as wed )

ﬂ oL p X 7“-3/2‘

Summari 2/'nqg  the gale Yhreshold ve [frng e
can be in‘/‘(‘e/)r(;lécl A8 A méasare 0¢£

ﬂ»e, ”S_gmmei‘r#’ af A ga]e; behavior

Maximum /n'gh Vout & Minimum low Vout

Here e }Dhcfsl'ca/ /'n?‘&fﬂffd%bu oA Fle

twe para melters is sv‘rm‘gérﬁar‘wa/d,.

The inTeresh‘y.g; %rg» o nolNce ;s thatl
e maximum h,,’ah VouT 7s given when
the aMoS /s in  ced- eff regien BN
while +the MiATvum  fon Voul J< gi‘a/m
when the PMOS s in  ced- a// re j’/btv«,

» |n botth pages thece 1S ne currenl
drawn frou—» fle  power s’u_pply_ (*Aefeﬁfc
in  those sTeady stales the power dissipatioy
s negh‘g/b/&) .



Vo currenT Llow means no Va/fu7¢ dreps
So we can r&/g/ o g nll o‘uﬁuT I/O//Dsﬁe gw/'nj/
between /agl'c O and /ogic / ( /’u I outpn?

volfnge  swing behveen o V' aud 1, )

V/L anc/ l//H

The maxi mum /oafc 0 inpuf V. awnd tl
MU MU /ogfc I fapuT  express 7l
né/h'ﬁj_, of the gchc Yo /‘nfer/of‘et i
;V\PmT vo/"u.?& withimn a cerfain ranf&

Qs a loal‘c 0 or as a /og,‘c /.

Thiy's ﬂél'ull'?_ allows «a ce,r‘fau'v\ tolecauvice.
tv external noise

~— Interconnec
/\D - /v - DO—
Norse.

VIL is the waximum a/lau/a. ble Vo/fhge. at
the inpwl o,[' a ?Je, +thal can St/ he.
in Te(pre ted as a /egic ©O.

Viw 1s the mmimum allowa ble Va/ﬁge al
He  nput of oo logic gav?‘e thal can b
fwT&/‘Pf?l‘Cd as a /031':. l.
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The o p@fnme{&”s Vie and Viy o/e,q'nl'h'an

oo (us/nd e slope condition dVoul _ _ /)
] au;

/s  based on noise cons/derahons 7
The anTPla7 t/b/ﬁkée- 0,[ an /'mfe("e(', m”m S/eozcly_
stale condithons /s a func/ﬁ'ow of the
fnpm-l' Vb/d‘?\g&

Vout = £ (V)

/7£ Fhe 'nphT l/a/h /S’ a//fB('e:[ b} a neife
The oun hpaT \/o/faye, w///,/a//.(‘a altered

(sltered)

Vout = 7C( n noz.S‘c)

27[ Wwe ap'o(‘a—k]mav/ﬁ- 71‘\—6 a/{)(e('eo/ 001_750147-
‘Mf‘ongh Toylor series expansion :

(alteced)
‘/O“t = -([%n)-{— aul" A\/-P
dVin 7
higher
oroesr
Yerm S
Sinee Sout /'&,ofe.fenfg Yhe :/&/r‘age ge,‘n—

o/ Vi
07[' the ,,I:/z('}‘é(‘ ( for a smal S(jna«l cenleced

around e o,oemﬁng peinT ), we can
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énS/'/g_ see thal if the nmam.ﬁtdz of the
Vp”'uge 941';4 /S smaller Yhan uni/y, Hee_
inpnT f)erﬁbfbah‘om /s noT 4m/oL,'q4‘ed and
wh.{‘e‘?u%ﬂy the ouTpuT pecVecs bavior,

remaon s o‘,m'r—é Small.

[7%/'5. 'erp/a,’n w/yg nwe  uUse-  as boanda(:{,

o Vin
Vin
Vi .
un cerfain ,‘g—
reg 1on
[/“_ .........

The Va/hgc range Vig < Viw « Vi rqorfsenz
a Fejfam thal we. do neT Krnoun /)awz;

integprel ( legic © ov logrc | ?)

gr +thaT reason, in /afaaffaz,/ one a/ e c{e&gn
ob jec/f‘{Ves s to h-&, o reduce the widly
of the uncerlain regron as mnch as /:as*sfévl—c.
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The Prepaga bion of a signal a,lan; a wire
depends mainly  on Ahe ofstribuTed cesistame
and  capacitance of +the wice.

/-F “the fVITéf‘CaVIV)eJ /s Vé{y Aakz;‘ i¥ IS no
lonae( pessible # neglecd ‘e sty buTed
noture of R and &  and we need 75

moded the I'nT&(‘COMMecJI'an 7%/‘0@/; a

Wansmission line (rathe~ tha., o Simple
/umpeo( Rc mode/)

z
rCiZ.:CIV 6“)

X = disTance of the imTerco nnecl
r= res;istance Pezum‘t‘ /enyﬂ,
¢ = capacitanc. per unit [ength

The solv FAou of &) for a Va//‘uge slep shows
that the Proepagapon, d(,/qg__ -é,P 7%'1 a
wire  of length s ;s

~ rc &
zl'P I 7&/“/-;__, quadfa e with
the di'sSTan ce
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Intecconnecd del can be & Major /r$Su&
n Y’Tging o achieve Jour crrced 7‘7""“’%
goaJs.

Thi's 8 espec:‘a,uy frne ﬂ)r‘ sub-mireron
‘fechna/ogfes where  The /'nTeKCanned—
0(’//@2( dominefes e logre gches dz/a?,





