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This wraul s more Q\J.H—‘:w’r
‘o oma\\zc_ Yhon the BIT
(’ﬂuﬁ\vg\en\— )

- o simple Bessel funchon
h(pe_ o} e.xpomS\évx (Fouvier
series) does nef exist

+ A single expression dees
not dzscribe. Hhe MOSFET
operahiow v normal actwe

and et off regions

Remonke

In the Umit of large amplitudes one can use Hhe
results for ¥he BIT analysis sinw the transistor operakes
w class €. :

However, o detailed ano\\ts'\s 's possible

let Vas = Vi + Vg Gos wot
Normalize 4o v Fhe Fareshold mo\+o~8e.

T
d= l&... , wu‘h = B
vy
De.\—ur{e_ ¢ = CJ.&DH- Cma\e., The devier is ol for 6.<6 < 25-5,
Can dexive, I.

J(‘z (ec—) = Tss

: AN
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Next caleulate i (8c) as
filee) = veeaf, (o) -onise
= 1834, (e) -0-3

£2(8¢) < 200

Once. §i(8e) 's known calualare d as
d = _nvi__ §i(%)
Q‘ Vn) RIn
% Y= nd Vg

= = . 5\/
_E_&m?k_ Igs = O28mh | Raleke m=2, Ve=o b
K= BomuAly:, W .o, Voo = 8

Lm 'S ‘1"65!-&"\) C = ZDPF

%b, 20 MHz , & =003
. K ow v = 3038 HA
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2
s fatee) = 025 10 > = oot
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20-38x10°® Q-yg 16 xiv®
- ?x(.ad = 1183 (0-4) - 0+18 = 0912

ond d = 2(06.45)
(- Vﬁ lex 10> 230,38 X16®

> Vo= ndvy = 2(3-38)(0:45) = 3:04V

o-ﬂ\a) = 3.3%

SPICE Vo = 301V
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_;. Vo= 18y D.25% la(.%: 3.3V
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Consider the Yvansformer Coupled S\'nﬁ\c dowiee esciMlator. For
Some. wolues ofF +he bias cofaci-\-or (Cg or Cs) oscillaftons
buwild up ond Hhen c,o\\afse_.

X\ [\U/\U/\Unv J]Uﬁuf\vﬂvm, .

This happens due do Yhe charging and discharainy of Hhe
C &dh\’ CE or Cs 8“!’% a“na
> 2 modes of osclladon

This \)henomenon s called Squeggu
Since SC\ueaai.na s not desireable need Yo choose. G or &

Rermark
The Colpilis oscillakor does ot howe Hhais problem.

Exo.mg\c Ci= SoopF, Ca = 4500pF, L sMH + Vee
a; 750 4

Ne = C4Cy - 149 = 1O
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Ce = 4S0pF > (f" 3-36 Mz

S-‘rox*uf \ooP am'n = ﬁ(&-ﬁ) &Qﬁ_

= 4 hJ.).’L’ﬂ‘i: 52 5 “Vgg
io o/ 25.85
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SPCE . Vos 255V, HD, 2 4% | Tup= 927
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Voltage Controlled oscillators (vco)
U

These aore osellarors n whickh he firec\ue;nca‘ og- oscillahor
s conbrolled \o\ o uo\’raac..

How do we make Fne ostillakors Vveos ?
Use o woltage dependant c.a.\Do.ci*'of. The a;,&nc.\'\c.w\
c,a{ao‘dh.nu, o’( o diode 18 ‘\)o\*'aae, dependent. So s a Mos

Q.a-‘:cxci.*or . +
The. value o{- Ca depends
on o Woltage which alters Yo -
S{rgc‘u,ex\c,\( o‘— oscloiow e,
ResonaYor less  VCos i. \
~ ring oscilladors ) Ca

_  relaxation oscillators

Reloxahon ostllotors
Recall S\'Gf\u? equ.od-\ov‘ ?z—ef vl =0
Case & 0O<E <2 Jw

hea = & ij@f ix

Case >, o

ey2 < .
= & +r o
P\t P2 3 - (%_) > .
ve  real poles in RnP

The, %muﬂ‘\n 15 limited by 4ransistors  bean cuk °H" Qscillobors
ok this nafure are Colled rcelaxahow oscillators,




There one two distnek F\'\asgs o{- oPerq\—\'OV\
- reaenero:\—\'ve. SWH’C}\;"\j (i{asi') resenerahve.
- rec_ove.ry }

e__\'ecnver/
One. con moke a reloxohow
osullator using o ve coupled \
bistoble c,\x.c;j,d‘ A -

2t

be c°u4‘>\ea bistable axeuk

D

Need o delermine Yhe +Vps
urn on voltoge. —Qor Ahe
cMos W verber .,

Vr is not a good chowee
sinee Hhe dnverter (s

not furned on 4o haowe
re_zaex\era\{vc sw't\-c,\«{ma,

Deline the *um on w\*aae_
os Phe pont ok whichh
Ve Vo (max. camr'\)

For balanced Np 4ransistors
Vx = Voo/ 2

Othher wise.,
Vx = 8 (vb" B IVTPI) TV where, $= e’ !""/L 0]
LR Ka (W/w

Anah{;‘s

ASSU-VY\& A OS—‘: + B on 4 Voo

>V, is \r\ij\r\ and  V; is low (9),
Vi 1s some tvalue thok ke.zf.s

A oH,.

Mow V, charges wp due to
Pre owveent I %\owmj -\'hrouﬂh

R wc .

Ar ‘h;ry\g L=k, , e Hurnon Verp I~~~
voltage Vx« of A s reached {
> N urns on *= B turng o“. A T

aVa = Voo 5 AV = Vi

¢ rnow charqes nn the
other direchow by I and
his brings ¥, down W
when A T Hwons OH— and
B turns on and Hais

U\C,Le fu.fea*s ‘dsd\-_

We howe duxw'j C.\'\o.rja or
d\'sc,\r\o:gae.

Wi Ve-Vor do Vy
oY Vi VitV o vy

The tume constant s RC, so

jels look ot one ok do .
vi(e) = Q/x "V::i e—h/t

T =Re
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We. now %(né e tune rgqm're_& 4o A_,_QD,N( o v Lt ws consider a ceewt Hhak possesses Phese elnaracteriskes
: + Voo
- &, :
Vx = LV‘&'VDD) e /t I = I,-2
> t, =2 T in (V\m-vm,) = Re \n (Va*'Vnn) Iva = L. +X
Va Vx Also, Vg = Ves - Lea R - Vs,
and Yhe period o\- osctllahiown is Vea = Vep —Tea R = Vggo
T= 20¢in {1+ !92) ' I Vsi= Vgo = CIQ\ "Ie:)R = ~21TR
Vx .
O.SS»\Ammj VQS\ = VGSQ.
Rernark
- For Vx= 1 vy, , T= 2Rcin(s) = 2.2Rc As I is mcxeqse&,) e current wn M| v
2 becomes zerd when I = I, Aﬁswe:dk
Curvent controlled Eﬂoj—we resistance based reloxakou ogeillator for I > 1\, Pre current I s %oru.A — }: g
= i&;g ~ '\’\m'm,ﬁ\n o \orge resistor “ N '
>V 8oe.s Posi*'we_ with a \o.rae_
S\oFe_
y > .EC.NR t Ve
['S
lei ) K 7 'W\exe_{ore, o relaxahon oscllator
c :, TIceNR .. 1S obYoun b«l c)onne.d-ug o cafad’fb* " Ma
I . ‘L belween A'wpr .
e 1 c I,
. L Re_moxk '
_ - Resonalorless oscllotors are E -
We adach o Q\:m'\n ca,‘)oc}lor across the Teng i not \Do\w.\af wn RE de.Sicdw
cedY - - 3 dv - -L A - Q@ close 4o uni .
ar dt < - - contoin many nofs\t ochve and passive desices
%‘\—/- <o ‘g"’" I >0 e. V decreases TN e S'ﬁho-\ PO.'H',
-
] ' 3 pooc Phase_ noise Pex%-ormanu_
dj‘:‘ >0 —&or I<o e, V unouweases

The co»‘)o.c»‘.‘\'ov ollows a coushant vo\’rOﬂe, +ansition



Phase Noige

Tuned oscillodor:

. \m'j‘r\-Q fank  crcaul abtentuates ;,?ec_\-r-a\ Components
Q.L.UO-A( %mm .\\o = disterhion s Suf?ressed Y
waubko«.m s sinusoidal Yo on excellent PP rox

« lhe \m‘j\n—Q ‘tank also S,uf\:resses s_\ped-ra.l components

due ‘o nNoise sources. This novse perfurbs oty
e QmP“\-ud&— and phase. .

Tdeal vscillotor
‘\T‘(E) a A Sinwek
Ackual oscillator
v(e) - (A4 e®) Sinfwot +e(t))
Remar ks .

- The ampitude Wucluahons oxe obrenuakd due
do e am?\\‘hdn.“m'\\'\:"ﬂ Mechanism i Hae
oseiWodor

- The phase nvariohous are Yeamed P\ma.se noise
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Recsuie Yoth .
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Thws  Phase noise deamc\es Hie SNR o{— recoers

Phase Noise Megsurement

__ Pc = cornér power

— Pc -P.‘(A*)

Noise PouJer s
w.rkt. corner power

P,,ég) = foise power measured

" O Wz bondwid¥y

L AN

ot GookHz oHse\-
48 below carrier power
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General (Simple.) Considernhons Rernaris

Consider on RLC dircuilr used i an osallatbor, ~ The v\O\se--\-o—s\‘avxa\ robo 15 ec\ua\ Yo the roho o\.
The tonk cutast is connecked o o V\Eﬂa:\-u.}e resishance. : Hermal enerqy o Yre stored enexgy.
element Fhor contrioules no noise o\_ s own, - To ™Minimize

noise  Wwe Whape ‘o moximize

: he enexs\ 0\— Hae Siﬂvxa\_
R% J—rc é\— \ Norseless

b let us now consider power Ais§\‘>a\-16m
Recall Q- wk > E = QR
Paiss ’ «
The  negotwe resiskance element \)'us\" &“F\}\\é'& eno‘.ﬁ\n enemy
o Phe rank Yo com\Densak -&or s Yosses \'QSLL\“‘L.nj Wi a and N = KT L kI W
constont om‘)\\\uc\e osaWation . < E 6 fucs
or S/N = Q Puiss
The Yank R 5 nowey V- Wi
The enery 0-* Fre sx_‘jv\a\ shored th the fank s For our @H—iu'.z,n\' osalllator  Paiss = Peonsumed
E - L CV:K ]
> . > _sN_ = Q°f
- gc(ﬁv,m) = Vems = QN @
Remorx k.s
) meah;iclu.are. siﬂml MOH"QSQ s Q - The power vec\\u‘re_c\ %or on osallator wikth o
Vsig = E ' wen noise level v dnvexsel \)\‘DPOH’\OV\Q\ toa.
¢ -~  Hgher Q resounaiovz > better noise Pe(tom\anu_
Since. R contrbutes Hrermol noise e %'md e mean
Squore noise vo\\-o.se.

J{or o %we’n power \evel

> Now we consider the o»d-‘:u.i- SPec\'cum ?or ¥ne tdeal oscillabor
v We skl assume Hhat the onl
e thermal nose due 4o R
oy
At

o = Kkt

=
5 Kt KT, - Due to My cwuunt nNoise, a
Vs < & /00\%&3& noise |s deue\o\:ca

= bkTR. K 4 - kKT
2 2RRC <
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