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A calculator is not encouraged where not needed. Scoring distribution for each question is not
provided as it discourages students from judging the importance of a topic over another.

This solution has fourteen (14) pages, including this front cover page and the topology sheet.

DO NOT share these documents outside of https://sme.ucdavis.edu. Please do not distribute
these to other websites, including Chegg, CourseHero, Discord, Quizlet, etc. Please do not

physically print out this document. All copyrights reserved by the author.
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Note: Nodal V y in the schematics represent small signal AC inputs.

By Man Yu mnhyu@ucdavis.edu. Do not print out a physical copy. Version 1 created January 5, 2023
DO NOT distribute this document. All copyrights reserved by the author.



Solutions -

1) Short Response Questions
Explain your claim for each in one sentence.

a) True or False: the unit for pNCOX(W/LYkVTH is Q, resistance.
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b) To “diode-connect” a BJT, what two terminals of a BJT should an engineer short together?
Recall that diode-connecting a BJT directly puts the transistor at the edge of saturation.
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¢) True or False: for an emitter follower, the absolute voltage gain is always less than or equal to

one, that is, It{ls h P\o ?
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Also, EF< are not meant to be auplHiers th o 8¢ buffers
By Man Yu mnhyu@ucdavis.edu. Do not print out a physical cop¥. Version 1 cre January 5, 2023
DO NOT distribute this document. All copyrights reserved by the author.



Solutions ;

2) Diode Circuit Applications - Limiters

Using diodes with V, oy = 0.7V and a 10 Q +
resistor, engineer a limiter so V oy swings between Vi Limiter Circuit Vour

+2.1V. If Vi = 3sin(2t), sketch V and V gyp over —

time from Os <t < 1s on the same graph.
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Solutions :

3) BJT Topology and Biasing

The BJT here has V, = 5.722Y, Vgz on = 0.7V, B = 99.

a) Find Vg, so that the BJT is operating at the boundary of
saturation and forward active region. {

b) Using your Vy;,, from part a), find Ay =V gy1/V . Both

capacitors are very large and short for AC signals.
V@‘(" Rgig- V%oN-IB(P‘d)P\e': 0 l

Voi io(RptEeiRe) gy e/ "
= g (100%+ L00K) +. 1= 200 X1g+.F

—> g = (Vg—- P /200" @

Vgc<O .
Vec= Voi—Bele ~(Ve - Rels ) Ii\

Vei +ig (At ~Ra) <Vee
Ve * —r(\g'\’é;' 2 (a20-100)*< F
Va; $1.356"

)

" 592"
A =gm (Rellry) = 22981 (10* || <wzzm

- 22983 Vx b2

A= -11444

Ve T V____[

-

~a5", I -22.833"

By Man Yu mnhyu@ucdavis.edu. Do not print out a physical copy. Version 1 created January 5, 2023

DO NOT distribute this document. All copyrights reserved by the author.



Solutions s

4) Cascaded Amplifiers

I

\' The BJT here has V, = ", V =0.7Y, B = o, V. = 25"V,
(DC) I\ VgclIl $CJI ¢ BJT here has V » Veeon =0.7", B , Vr=25

Vc\l The MOS here has L = 0, Vyy; = 0.4Y, uyCox = 200 pA*V 2,
,

0 l ® and L = 45um. Cy is very large and V. = 8. Engineer this

l—?——l e cascaded amplifier by choosing all six resistor values and
C N\
\'; B | . "
™ the width of the MOS to meet all conditions. You are also
_I_ _l—
— 4 =
N allowed a large capacitor to short a resistor in AC. If you
-

choose, indicate which one resistor. Conditions:
o Vour/Vin=300.
® (W/L)y should realistically be at least 20.
e To protect each transistor, neither stage should have an absolute gain of higher than 30.
e Maximum DC power consumption is | mW.
There are many possible ways to tackle this problem. This solution is one of the very many.
Let I, be the current flowing through R; and R,. Taking the KVL of the far left branch in DC, and
since we can neglect the base current of the BJT, we have a simple voltage divider.
Vo _ _ ¥

I‘ R4y~ Ry~ A,
We should decide R, and R, based on how much current we can have going through them. Since
there are three DC currents in this circuit, let's assume that we would like a third the current
budget for I,. We do not have to abide by this for the other two DC currents, but it is a good

measure to decide the first two resistor values. J

\ NPb“_"-__.,Ikif\_NTN—g
-I.‘ bp = " 2 1= 2.8 —p\u‘*P‘a,SO
k2
102~ 4R, @
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The voltage drop across R, should be at least 700mV to accommodate for Vg o Let's be safe
and have that voltage drop to be 800mV.
T, A= 0. g’
Since 0.8V is 10% of V , Ra
A A P\& = O i @
To satisfy equation 1 and 2 simultaneously, R, = 172.8kQ and R, = 19.2k(, and that also makes
I, =41.67 pA. Now, we should find the collector current (also the emitter current and let it be I,)
to find the appropriate bias points for the BJT. Notice that we would have to choose Ry, so we
have some freedom here as well. Per KVL around R,, Vg, and R,
Il Rl= \/E,E."' Ig P"l-
Assuming that the BJT is in the FAR (we will check this later), Vgg = 0.7V. Let's arbitrarily

choose R, to be 10k€Q2, which seems reasonable (but if it's not, we can change it later).

41.67uA (19.2ka)-0.F
10k =10puA =T,

We are allowed to have a gain of -30 in a given stage. Let's maximize that here. Using the BJT

stage is a common collector stage with a gain, we can determine R;
— & = Rﬁ = —RL’: - SO
93, +PAg l/-3,\,@} Ry & A+10ke

That makes Ry = 375kQ. Now, to verify that we are in the forward active region, so all our

equations we have used are valid, we woald want to make sure that Vg < 0.
! 2
(0L - § +3F5(00)=-2.45< Q

Let's check our power budget so far.

Pooss Vop (T,+1)- 4 Learhe10¥) 24 L533,W

142)
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Solutions -

We still have 586.67 pA left in our bank, so the drain current of the MOS would have to be at
most 73.33 uA. Remember, our goal now is to achieve at least -10 for the MOS stage to have an
ultimate gain of 300. We should be cautious here, because it is harder to achieve a gain of larger
than one if we have a common source with degeneration, so we should short out the degenerating
registor, R, using a large capacitor. With that, our gain for stage 2 is now simply AV'-'-' BMM R LY

w Reve
1
8" n-,-:l 21 }A d C‘m%lp So we simply have to decide our size ratio and drain current from that.

We have to make sure that the MOS is in saturation, and we should check to see what our limit is
\/G‘°<V1\‘t = \Vg-\|p - 445-(3~ToRs)< 04, 5o
I, Rs<4I5 ®

If we aim to have a gain of -10, then we can change the condition of equation 3 to not include Rs.

_j_o :—P\s\]l\)&/\co;clow/& ', \ﬂj;_:)q“—{’;‘j <445 @

With our maximum of I, = 73.33 pA and minimum W/L = 20, equation 4 is satisfied regardless

of what size and drain current we choose and we would remain in saturation. Let's choose a small
I, to minimize power usage, and I, = 10 pA and W/L as a minimum of 20 (so W = 900um), and
pair this with a Rs = 50kQ. This gives us a -14.14 gain, and the overall gain would be 424.3. We

Sill need to find Ry that yiclds such drain current, Lp= X A Cox{L (Vgs-Vp)*
10= £ 200<20 (Y- 047
Vas ™ 430.FmV
Vs = Va- ToRs,
AH0F=4as-1ophep  — R 458 haZ

which is shorted in AC by a parallel capacitor. In conclusion,
A= 13292 Ry = 10" Choose fa've, Cin parallel w/ R,
= goht
Po= L1242 s = B0 @ Y -/ o
A= 235 R R =453 . “Spn

And this gives us a gain of 424.3 and consumes 493.33 uW in DC.
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5) High Frequency Analysis of MOS Amplifiers
Given the amplifier below, where A = 0, Vi = 0.4Y, uyCox = 400 pA*V=2, W/L = 30, Va5 = 0.5V,
Rp = 50, and an L that (for part b and d) is super large so any AC signal will open circuit it,

a) Find the drain current in DC. cc

b) From the small signal model, find the low frequency gain V o/ V.

¢) Using your gain from part b), find the exact output and input impedance }&7

in terms of L, Cgp, Cpg, Cgs, and . Do not open circuit the inductor. ITLZ;‘ Vo
Cop= 5FF GCas=10FF (oo L | 1 ICOS
d) Approximate the output pole frequency, if 4Cgp = 2Cqs = Cpg = 20 fF. I T - EAS =

DC’ (L s s]mr’{ OM) N Vin
Q
2 Tor dpacrti )
Y D ,.
05 =L 400:30(0, 5-04)"= 60, " I
FARY Vep < Vg
0<% 0.9 Ves
Jme Poptaloc’ - Ip' =2 ¥400 /20 40P = | Amt>
AC: (Lis open 4}%]5 (vvlevo.la\n to have swll célas be Oref'

<1

1) \Ls BMV‘G.S A\I = "3 w R.D

-~

u}
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VL 3
*% SN 315_' I (j._-rC,O) - U—"/bo)
0 T Bz Mo e 5 S
= " C - -2% Cy x Cap
;FBF(J-*—\/’;) } el b
21—5,..(1+L\//§) | Yo Jwl® —i)m Jwka® 1+
L= _Z’L; -
Woh I Te B Ael@nggl
I Lo '
E%aw\las = S? é’L ::[(GD %M—)wL},“CCGD*Cw)HSOH
Outout F“lﬁ
1
L Lot M R(Ge )
L _;Lcos? n ‘.L' D . 1 ~200MN4/S
~ B50e2x2A5e-15

Cut = 22 % 10722 M
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6) Feedback

For a negative feedback amplifier with forward gain of A and feedback gain of p,

1013

(s+T )(s+10)(s+107) (s+107)

A(s) =

Find phase margin and comment on stability for each Ty and B combination below. If the open

loop system is unstable, find an extra factor, K, of gain to A(s) so the open loop system oscillates.

Ty B PM (°) - Stable? Open Loop Stability | K (if applicable)
0
9 |1 ! 2A2.5 vashible| Unstable OF |
(o]
b |10 10l O~ unstable Unstable 0.4
0
o [0 {001 122.8" stable | Unstable 01
d) Given a general amplifier (not necessarily part a-c), complete the circuit using general
v resistors to implement negative feedback. What
Voo |1
® | ! .
Vv o (kind of) value should N be?

o

Vo z,/c ’_[Dok ya; Vr-—c)
: VD¢1 IDQJ,\,@{T,

Ve I Ty b NP

Assame N-=3 \c I
e N1 SSum }\ é'é{, \, L \IMT T
4 "’—‘% | VDI"’ IDRJ \Im\T
03/[ \ID‘_r,j/ IDL\-"I’ o‘r{[
{ VT, ID,J/ NER, |
* adHe Pa‘f'[’em cam-hwes

N shodd be edd
s, Vod, Vb T PB.
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8 Tx=1 & p=4

AlS)- L — Solutions 1
Osc: |PA,,: <4 S)= (S'I'T;t) (st10) (S-(-j_?o?s(s{-ioS)
lAl= 1 = (s-q-j_) (TSG -l-j_)io (1%1-+j_)i0§ (T‘%s— "'i—) .‘LOS

%r’ _ o+ (9042)
6+4) (1641) (+4) (s +1)

3048 |

-20.B(dec
- 40dB M
2048 -
A=1
:2;6_ 1‘_ It‘) wb lolloo Td—t ‘;s II0‘° |i)"‘“
140+
180° -
ae {
45 dec
ad’ - =10
0
- ] v
1%0 H¢M=~%:‘1250
200’ -4 sl
360%4
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b) Tx=104& @=4

o8 Solutions 1
Osc: |pA|= <1 A(s) = TFTx) (st20) (s+107) (410°)
102
IAl= 4.0 -

(5 +01(7=D)10" (5 *1) 20°

%F" 10 (6bdR)
(6 +L){7+8) (o5 1)

|A|+-

0dH>
- 40 A2 /A e

83
1
.
54
éj
3,
9,

00’

-360°+

By Man Yu mnhyu@ucdavis.edu. Do not print out a physical copy. Version 1 created January 5, 2023
DO NOT distribute this document. All copyrights reserved by the author.



c) Tx=04 p=04

0l Solutions 13
Osc: |pA|=+ 1 A(s)= T Tx) (s*40) l(s;j.oi) (<t105)
0
A:100 - EDL ST (Z o

+— —{Al— ) 1o (@J&)
‘\/E‘_ ({5 +1) (TSSI*!')(]SSB" +1)

N\
0.t odgls,

SOE[ A=1.00
- 40de(dec
el [N

32:3_ £ o | & \" o ¢ o
10t

1%0° -+

ag |

ﬂoo——\ — 4_5/1:29“%0

¥ -4
U eC
360+
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Topology Sheet

Solutions 1

o (Lrgufo) (Ag || (e + R)

Bm

Va= s

"l_‘fRE

Clr + (ﬁ"'i)p\g

Common Base

ac
Emitter Follower

\"\v\
Voot
ac
\IOV‘y\I = P\E_“(O
1] \
o tREll

Bm

Common Collector

|

Novt

T .
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