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Lecture 20: Small-Signal Analysis

For- prachcd] amplifio ieguivernentt: Comfmmide .

* Announcements:
* HW#6 online and due Friday Oct. 12 via ~ v

Gradescope O Vg 3: cc G Shartins phr
* Lab#4 (the experimental part) online very soon @ Veg = ZVec bk nof g
* I hear that those who did not have access to 125 I h o

Cory now have access @ \/Rc: .53 Vee ;‘" £
* Midterm 1 Exams coming back today -

adyuttn
%I will hand them out with solutions in the last @ 0.1Tg < I3W¢IE it ‘)wf/ “
15 minutes @"'9" daign

% Will show you Z-scores on Wednesday

oo TR i ]

* Lecture Topics: , . .
% Small Signal Analysis = aan use a silar biasivy Mﬁ? i disacle
MOS Clefy.

—Linearizing Non-Linear Elements
—DC and Small-Signal AC Components Voo
—Taylor Series Approximation

* Last Time:
* Going through biasing for discrete MOS transistors
* Now, continue with this ...

. P2 .
Voo * Vw(mz) , L0
kyL: Voo Vst TpeRe (2D

g vb\; TthD"—V"DS +ji)st+V:J‘ (”
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To 4ind He DC Sparzing pot: (_‘ry hand) + For discrete (off-chip) circuits, avoid transistors
! v . . .
@ Accume Satu rbioh can ofn "05(40(' %db.lscre're transistors are more expensive than
- iscrete resistors

I‘o\y: éL /w,&)‘!‘{- (V(,‘-V{.) { ‘ Vm—> * For integrated (on-chip) circuits, avoid resistors

= % Resistors take up much more space than

wy V—€= ~F(V <) > V‘B, 4—2’(\] 2@~ Vsg - \]'g_é_é_> transistors, and space is money

% Use lots of transistors and few if any resistors

[Curod ”.’)’r&r! & Lo m-chip
Voo

usig (3): Ve 2 Vo5 + i'/lﬂ(‘«,%(vér‘v-e)z‘% ()
@ Solve o Vog dsgumilg Ve = Vo .

B Ve Vga-Vas = Vsg® Vi-Uy, = £d Vi(Vsg) =V,
@ Blug Ug> Velisg) inde (3) = Gef Vg
@ Bock 4o B — ilevale fo C mverppce

Ves
(\Jé)| VQ.’D Vsg2™ Veg (Ihf)(
AT v
@ Chet operehivg of. — Satuzlef 7 . '1* ( ! Jf"a/Iwa‘ o™ Tenw
: ) .
wyes = dore e 11
W& no — assyme hkmr% Stort- mon P
= edins bt efechie fn discete Lie, ofF hp)
Mos CHT.

= p-chip, we gomardly we curied M. ..
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Swall-Sigud Andysss | Bamye. Tor-Termied Noy-Linear it |
- A method to solve nonlinear problems by linearizing = Givet, laok ab g linear ckt
them around a specific coordinate )
Li ] > BusH, ‘)AQ
ey RQ“IH"O\- ss + flfdf /\/8 -A&RB
. 4' .
“ :’ a Va R N =4 QR
R - l L= R IV.'B _ - ——— —
R Selve +wo <jmultanencs ]l&‘
- > - 1 eguatims: o
B . [R
Nm-’ﬂ\Qﬁr RQSI.S"'M" AfQN (&:y‘ﬂ)«r‘é
) i =) Uirth now-lhear dfh.,%injf becomg M
% e :
. diffcult:
N— 4= -F(N-) ,(a .
B 1 II/Q = /\/3 -4a8g
. _ Lq: Q)
v Re L: )
+ As we've seen, transistors are nonlinear devices g > Must sobe 4o

+ We've already experienced difficulty solving for DC

. . ; . Simulfaneas €5 ushtns
operating points for nonlinear transistors

- So solving circuits with more complex inputs, e.g., ~ Uaf Ng- £ Wa) Re
sinusoids or sums of them, will become even more . 4
difficulty NaT edsy

* Need some way to simplify these problems > o solve ! Gever: "“‘{. cat ?‘{' into
Small-Signal Analysis clored form.

+ Take a two-terminal nonlinear resistor circuit as an . > 2, 3
example: (67.3’,} 414“’)’2/\/24-”3/—* %_MB ’(ZIUQ"' ﬂ/é)ﬁsj
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* Need a convenient method to solve this nonlinear lA;fnb-H,,‘g hotahon:
circuit, i.e., need some way to linearize it -
* Such linearization is possible for analog circuits
when the signals can break down into DC and small-
signal AC components

|Signd Nemencloe | e cmpnct
Large Signd (CY
N Doversh
B P A ° ¢ Fnthis. Use Toykn Senes capay, . Fi) ardtnel
= Z\ + s V& .
% Ac small-signd Keviewy Tm,lor Jerves:
R L’,(/)?\;\or\erﬂ~ ) - ok
) L Sal-Siged () = Juvnchin £6) cen be é'fpmeQJ‘/’?(’ po
heer %4 by (m
~ L) £(0)s £) () + f;@g (- ~-~+“Cw @y
h ! i
. of
s : = .
Vg A 15 donvmbe drjf.r:;‘ - small-35n

A7

Nﬂ
- {4 () (A-a) A (¥-0):5mHl
Tohli':ghal. \DCCOMPW\M —— ) Fit
lowey cove Uan:j»(q uprar Ca_” rinbh cfar, )
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Upper case Vadable Ac Swalr- Signd
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R
Vet Vg 2y M- TR - i/\/}l
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EveQuah x R Sm'-tW'Sglea

nonlfom e Ry = asichame.
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