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Lecture 25: High Frequency Circuit Analysis - - :
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4, MOS High Frequency Model
% Brute Force CE HF Analysis
% Open Circuit Time Constant (OCTC) Analysis
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4 IR + Source/Drain Junction Capacitance, Cy, & Cy.:

* These are depletion capacitors associated with
B g bulk-to-drain and bulk-to-source pn junctions

+ Bottom capacitance per unit area differs from
sidewall capacitance due to higher p+ bulk doping at
the sidewalls

* The higher doping is near the silicon surface and
designed to raise the threshold voltage in field
areas, i.e., areas between transistors

% This way unwanted inversion does not occur in
the field regions
meed

+ Take drain capacitance as an example: f 1o yort

dan v fap
Caf’quwﬂz
|

bulle-$5” ¢p)
]
! \
ot \ Shiokled 0w Yepletion, *
Ca(aaci Yorq, Oy (when Inveion

e el i beftan side
(sl = Soure—o-bulk Cay= drarntodul P+ S I—wz/’gé‘ ) aren= W(s7)
Junchin Corpecitongg Juncion QP@%Q — e
e , s
g7 A SR S ltoonao Ferinela—
S'nf-'l;: Y(;;plecjnﬂ" 1% s~ siheuwnld ca)o(;u"}'aucq_ W2

Copyright © 2019 Regents of the University of California 2



EE 105: Microelectronic Devices & Circuits CTN 10/28/19
Lecture 25w: High Frequency Circuit Analysis

Cdko | Ef- Lh'gh ﬁai. AWal\,sl': (Br-«l-eﬁarw,ﬂ

Cdb"' )+ \_/_DE 3 whé'e.:
N

Cdaog deplefion Capocitmee wr Vsg =0V
= (Juchion bottom-side areq)x ¢ 0
+ ( Jurchion outryde Pen‘vneJ?P)X Ciswo
=WISACjo + (W 2(TN)x Lo

e e wart this ﬁeo)‘«,enck;)

L —

N which Hon ghes
: us (
\ — Uy ST Au Tr 5
SJV»M' Signd_Ckt.
Rs v CA @

Copyright © 2019 Regents of the University of California 3



EE 105: Microelectronic Devices & Circuits
Lecture 25w: High Frequency Circuit Analysis

W, “Me 'V
kel ®: —'E?T =T YMia(SCr) + (i) 6k)

kel: (VieNa)(sC,) = i Vet Mo s “2 = 9V + R

CTN 10/28/19

1e"s Raliee ]
Rf%‘-
(ULe r;,nﬁ £ (Wﬂ)] Vo(5C)
L/Wv
Lo [RBhdRRgs
ivlIR511Res R! ]
I I-s EA-
,b-( )= —5)*"\2 RY ( )‘
< CS[RI(CW-‘C/‘)*R Cip FGrGu® ﬁ‘ﬂ)
+ s? R'R"CrG,
——
Py Ry(s)
iy T
_ %ormsteg)('fo“ IR [ sddels He fres, woponic
2;4— r‘?\'"?gg
Y
Conglant 2 mdlbang/
3«51'\
4

Copyright © 2019 Regents of the University of California

*&
-5 Gu
I-5 ™
Fﬂ(ﬂ: . ( y
IS [R CertG )+ R Gy t GG RV TR 'R i,
- i’_’___ % 5‘; Nes)
S T <=7 < v
(- 35 @ Dhdz)
Tns:

—

J

= dontly o RHP 220 2.7 "'%:—# (o In

Neke ot LS D Wy [nhce n 5 Jm
G G Criu

‘. Wy s & bery h[dt'ﬁeq‘

.

and Cr>3¢c, )

fiy. poles




EE 105: Microelectronic Devices & Circuits CTN 10/28/19
Lecture 25w: High Frequency Circuit Analysis

Po\e.f /I_aluz G <liten ’0‘*@ 'He ‘Far»\o-( WUy!
| = 4
= O‘HQ*\ L U<y, (e, ((:,,,\ o&;jrzh ; s d. on * T TR, -
r
(b, dommecer v wm) Lo PreCrre ‘,;w—_-gwg“
veas (1S (14 3,) L
= H—-g ¥ Can Hhaok, o He denommatn. Qs e suwn
?l %2/2 ik . of o tomotantr asmscialel wf euch of
=+ ™ + rj‘_“f— }MM:;“;&:?},M He capocifor i e ck+!
Comparty 2y Ha danaminain. o Pyl
" (
“u-pcs R Crrr ) 1R Gu T G Rl
t (
W@« (1+owr"+B1) R")

_Lenrautrg e B0l

—

o\
(‘)Plu??- R‘E“crrgu =2 &’1;2——' %"Cﬂ’%

wpz__. ﬂcm ‘)’—__'_ J-\[-_J—-.I—.J-)

?”Cﬂ CGr B! T opn
A
i ’Wr( Lérr‘t,u)

*- W is e otz voy hish freg > Up,
" Yaktes on domingnt pole app ox.

Copyright © 2019 Regents of the University of California 5



EE 105: Microelectronic Devices & Circuits CTN 10/28/19
Lecture 25w: High Frequency Circuit Analysis

M Thm"l. rehook ‘waa- 0o Con fMM (see @b\( }'ﬂem
Recalt fhat He Drvder dundiion of a garm owplifer ZE'C zc zu . Chyt.7)
an be epregal ar a furchion of frequoney via: St 2GRpe" =5

AG) = AMF(’fnC:)\f"Jw Wee Cj dre Cafacﬂw in¥e H.F. ckf, .g,s“‘u:ow'
Jnf#; 2 di refishae Seen ketwean
milband 9‘"" I l«fhzq e m% of Cj detormined coith
[AG)| 4 Ry i aﬂvvs @ all st (<InF) capociter opon -circuilef
[dsjlr Cs @ al IHJO'WM Sres elamlrdd G 2y sort
An : F" ) ont- Jhois! Wlige sowces, opow curved svurag
I I N @sl\u"l' alf lows (lelmlb)fauj copau*u
0-‘|-| {w) (o, >uf o 2[uF)
Mnalnoéfﬁvm( i ushg r"'-"‘ andyos ]Jacq&«&aﬂ';'ﬂau .F. m?m,muee‘ﬂo domirent
| dle opyroximodion:
High fieq. Reponce Dekeamborios Uy Opon Cl T’ﬂ F T:,.«lwnr--: o
Cawlunf lOCTC) Awlym" B o\ l
. ) Fas)= T3 ¢ = 5
P taseas® -+ > @)= 1= ] ’L:)
ﬁ’( ) I-\-b|s‘-i-b?S"+ - 4 b"p " " zimﬁ') hen ,V“H - 26 R z Go
h 0 . dfh " . [
fri) fod Gt i D e i oy
J°
- - il R l
“,-(' (f'?(”tj;,;) I Wy % #*&j:?*"""w;'&iﬁ""
A ) U o W
‘C"‘ o R . ¢ (et FYE)
.-L- - + -t = e UP‘. : Z trk
'Q = oy F e Phe ¢ ket - Now, use OCTC analysis on the CE amplifier to find
coelt oF-fhe | &£ ordey f2nm the upper cut-off frequency, oy

Copyright © 2019 Regents of the University of California 6



EE 105: Microelectronic Devices & Circuits CTN 10/28/19
Lecture 25w: High Frequency Circuit Analysis

|&F bigh Frey, Arialysic Using 0<Tc ) (& Delernie Tpp* Cp R

= Open ckt.d| C'r, 2er - gl sourees, and
delermire He dn’Vﬂ:j ?DM' imfedomz, R
R replow Crr W/ +~arf S

i T8 < IR, (1R5 = %" by frpechi)

‘Tmf (R l
(L) bd«»ﬂ}Q ‘C/Mo= C/Agjm“

= heed Ryt — Mplice G, w) a5t swuire
R Wy Ax
by = »

Sona Signed Cht.
R o

g Pgg

RB“ >Rl 1
Kb’ G"Rc

Copyright © 2019 Regents of the University of California 7



EE 105: Microelectronic Devices & Circuits CTN 10/28/19
Lecture 25w: High Frequency Circuit Analysis

*~ KWL g 4 R4 R i - gt
[“/Le“ﬁkﬁ'? ’L)/er AR+ RY Ay tiy r:?m)

S Rupd Vs . R'+ 2"+9m2'2"
Ax

| ot Cu [R'4R"4g,2RY)

() Delenmida Tpp= C Ry

)

Copyright © 2019 Regents of the University of California 8



