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2_ ClEgs, § 3 :EC_'JI:E'
Problem & (2? points) Uﬁd =V =

R11% 42
R =loorls Tsec ,,El )
) - " 20 J_ ; Vout [ o
=5 e B 5nf - Vi 3;»«:4 -
= L2 {P'J' J_I..m_l-
( .
i - 200uH
£ o(p= —= | R
e | i+ [=WLC
LoCs= S Nox fs~41) Jmf& CH-LHLC
f‘:’%’lf -r,j | {
. il e = U = LE
In this problem, v,(f) = cos(®f). = o f?._ _ s / lf'r-:m"'l { K s
[0 pts.] a) What is |th(f}| foro = 07? I|' | \ \/\Lﬁu )‘? _J[LJ E'?C?
e 1
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Figure from onsemi NCP5010 verbatim

The power supply circuit above uses a transient response on an inductor L (at top) to convert from an input volt-
age Vg, toanoutput voltage up to 22 volts to drive a chain of LEDs. This power supply circuit runs at 1 MHz,

and provides a DC output. The diode symbol with the squiggle is a Schottky diode, which works like a silicon
diode except ¥ = 0.3 volts. Abbreviations: FB=feedback, SW=switch, AGND=PGND=ground, CTRL=con-

trol,

[0 pts.|

[0 pts.]

| [0pts]

[0 pts.]

| 10pts]

RON: WHAT IS @7

a) The circuit labelled 1 looks similar to a familiar op-amp circuit. What of circuit is this?
ih-llcjmj{q- Wwih lew! sedb o 1 }‘"'JL s qoe i &l ok - rar—H—

b) The circuit block labelled 2 looks similar to a familiar op-amp circuit. What type of circuit is this?
{_dv}ahl'l"'r'

¢) In circuit block 4, what would the gate voltage of the PMOSFET be to have current flow from SW
Vou? O 0 Wa=- Vo

oul ”

d) In circuit block 4, what is the function of the diode and capacitor C_,?

™

Wc{‘{:f‘r SV | L\Hﬂ“‘ EL]F}W“ '\") (onverh ’A‘(— _Iﬂ DC

e) The circuit block labelled 3 looks similar to a familiar digital circuit. What type of circuit 15 this?
| ] ¢ i
lokeh o wndockes Klip Fp
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Problem 4 (Cont.)

[10 pts.] f) Should the CTRL input be at high or low for the power supply to be working? ] LE /W
Fost s fow (0) loddr o hever Set-  Thy CTRL needs 10

5 feat MR odpt can 30 Aish whon ol mphS et b

[0 pts.] g) Typically Rpp (block 5) would be a very small value compared to the resistor on the op-amp input

-

in circuit block 1. What does the voltage across Ry tell the circuit about the chain of LEDs?
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Problem 4 — (12 points)

Accurately sketch V_ vs. V, for the CMOS circuits shown below. Let Vp = 2.5 V.

¥

250uA 210" . | -
VE noj j'“""’“ ;?*——l”"iv‘f‘:‘”’ gk 23 ¥
VDD be 0.5V7
G g i@ 150uA
I: Fheons 1
D _LJW“ﬂer :
B V A o
IN DY our

G

[ f ' -50UA |
Vosn | Vosp || Vas 3
o s | O |25
G5 ~2 ey (2.5
| 1o =S |uyoh 23V “
|§ _:I.Q HOM& |O:1V
i oS |
e |~o0|© _250pA
| b o |lolo
s -lzs Sadt sy
CMOS
2"5 ““‘
- \
V_ (volts) Hn
\
I!I
0.8 ‘\
h\““
0 V. (volts) 2.5

Linear dependence

-5 -2

0.3 1]

S5of 12



3

Problem ;- Logic Questions (?? Points)
[0 pts.] a) Itis good practice to simplify logic functions before making IC chips to realize them. Why?

Rodixe o dnastas Bed ond
Pﬂl'ép rodites c_,Ob+

cys —7es
.Iﬂl avip (pge. C | ﬁp[-ﬁ_f_r-_
[0 pts.] b) Here’s a logic function, F, of three variables A, B, and C that might represent some real-world situ-

ation. Simplify the function, if it’s possible, using either of the two methods that we described in
class and on the homework, Make your method clear to the grader.

ABC+AC+BC = P
[

D=ACHAT

[0 pts.] ¢) Draw a circuit of logic gates to realize the simplified logic function and fill in the truth table.

| A -—T—[ =4 A B C f’
B gt - e —\_. D 0 0 010
.! —‘1—5]'_'“) S R 0 0 1 |n
c 'r>a;_2 o f-" 0 1 0 :
' jr g: 1
_.__F-—,_r_ 7 P 1 0 0|1
1. & x P
1 1 0|
1 1 1|p

[0 pts.] d) Here’s a circuit for some logic function. Write a sum-of-products expression for the function.

A B<SID |;LF/
* o | .[ o o
- )wn (& ;:Dlll .
& At Pl O
Dc r:"‘]ﬂ \_7:(_}|
O | | |6 ©
e [ o © (2 |
D= E‘B%AL [ ( ||3 O
|




Problem 5 (Cont.)

[2 pts.] e) If each gate in the circuit of Part d), above, has the same unit delay of 50 ps, what is the minimum
time before the correct output appears at D, assuming that the values of A, B, and C all appear at

time f = 07
Lowgest path from Ju pots (A B C) fo oo bput-
{:D) Joes ?éﬁr‘—zﬂc..lj( = aﬁ?‘"@"?ﬂe: = /5"@/95

[6 pts.] f) The CMOS circuit for a NOT gate is shown:

+V
dd
|

}—h To input of next inverter
(CMOS NOT gate)

l I
— L, = C, represents load presented

to gate shown by gate to
the right

This gate drives the input of an identical NOT gate. Suppose the resistance of a p-channel is 10k€2, the resis-
tance of an n-channel is 5k€, and the total gate-to-source capacitance C; is 20 fF.

(2 pts.) i) What is the value of the RC product that is used in finding the time delay of the low-to-high
transition for the NOT gate? ’

Yoot \vap ¢y cliarges Prough PMDS —>p0 prodbef &
J—L EFCE-F'GLSZi ZE)J[F': Zz{étas i R ()

(2 pts.) ii) What is the value of the RC product that is used in finding the time delay of the high-to-low
transition for the NOT gate?

V. Vop gy disc[’umrzﬁ '/_"t'l‘-""ht.lﬁtc NMES%’H%C_

, o Predetihaly :Etn-z&ﬁzlxm's:&ma

L

(4 pts.) iii) Given that ¢=0-69 = % , determine the gate propagation delay when the gate input goes from 0

to Vppp and back again. r ‘[_ ‘

Tofa] a'{wefm;( (s frii'"l‘-f t it 0 sEhaag. T B O L es

afle. ?t-\.r)u'il'— a&auﬁ es oubi| sorpuf A;’/; oI r1SeC
Voo P By = BT B 6= DSBS,

Tkl doua = £yt = 06908,y RuCL]

= - | (2]
=2 lq [:Zx'ro 'b+L~c{DJ"‘ 3x06p 10 7 of 12
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Problem ¥ — Transient Problem (?? points)

Consider a traffic light in which the yellow (caution) light is a group of LEDs wired together, and suppose that
when used, the yellow light is on for 5 seconds. Suppose further that all these LEDs operate at 1.6 volts and that
the total current they draw is 100 mA.

[0 pts.] a) What is the resistance, R, g, of this group of LEDs?

R=T T Jb

[0 pts.] b) What is the peak power, P, dissipated by these LEDs?

@EWH (6 /ﬂf"!)

[0 pts.] ¢) How much energy is consumed by the yellow light in one cycle of operation (one cycle means tran-
sition from green, to yellow, to red lights)?

{/,S:SP:) ((j{éu) = @/3\3 =

[0 pts.] d) Suppose that this energy you found in Part ¢), above, is supplied each cycle by a capacitor, C, ini-
tially charged to 10 volts. What value of C do you need?

- | 5. = [6xla? F
=34 cnr  20s) _ 16 _¢ C |

— = ®

lo*
[0 pts.] e) You need to put a resistor in series with an LED and its voltage source. Why?

TJo kzap OIvecy bourke ot LEp F;.WM _r";kw.-'-:? i

[0 pts.] f) Find the approximate resistance, Rwies, to put in series with a 10-volt battery (Rineernat = 0-162) s0

that the current through the LED is no more than 200 mA. Assume that the group of LEDs has the
I-V characteristic shown here:

X mA) VDL: fC‘V
25[}{} I.S"LZ: :‘]SC}FA
Raudl R‘rﬁ'l-'- __[’_é-tT EV = e n
150 + i o 25
100 +
50 +
: \ — V(V)
5 | 15
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Problem 1 {Cont.)
[0 pts.] g) A student from EE42/100, just hired by Berkeley’s Traffic Division, suggests running the yellow

light from a capacitor connected in series with R, ., and a circuit that recharges the capacitor to

5V just before each yellow light usage. An experienced traffic engineer thinks this 1s not a good
approach. Why?

SV- v . =34 L orh ngt b enegl,

- T

VA M il‘" LD\}'?'EJ" Qiiut; bar.

-
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il lee e (e
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Problem § — Phasor Problem (?? points)

The sketch below represents part of the AC power supply system in the U.S. At the source (Bonneville Dam in
Oregon) the generators driven by falling water from a dam are rated at 35 kV. The voltage is stepped up to 140
kV for transmission to Berkeley, where the voltage is reduced to 12 kV for distribution around the city, and then
reduced again to 120 volts by a transformer just outside your house.

sk fHGL(U' T [2KV
4
I; % ‘ ‘% tra:n:: |‘ lrﬂ:]ist ‘ % I?;‘::}ég
: '5

[0 pts.] a) For transformer T1, if the primary winding has 20 turns, what is the number of turns on the
secondary? E,\D

N, N,

[0 pts.] b) Suppose you have in your garage a Bridgeport milling machine whose electric motor can be mod-

eled as a one-sixth H inductor in series with a 1£2 resistor. What is the approximate value of the
(in u:lmﬁ.%mpedancc at PGE’S 60 Hz frequency? ,V bH
\»____ ) [ "|| J
q 1..f|-— = (c‘r'. . — |
- CF f)l,} bl l
A n B

[0 pts.] ¢) Using the same parameters as in b), above, what is the approximate impedance (in A + jB form) of
the series combination of the inductor and the resistor?

ll_1 1O A .’"'\ HrJELb

[0 pts.] d) Again using the same parameters as in b), above, which of the following is correct? (Checkmark
correct answer.)

i) The phase angle of the impedance is approximately zero.
\ii) The phase angle of the impedance is almost +90° .

iii) The phase angle of the impedance is almost —90°.

[0 pts.] €) Once again using the same parameters as in b), above, what is the approximate value of the reactive
power drawn under these conditions?

! “ ; — YV =
CQ: VimsTams sn6 Re.L ?Jf’[(‘@ ?Vlﬂ} r;;:@ ; Taons = Vs

g wL
- ho-Ro.|=ZPWR  Tm= 1T 0vT?} ——
2y

[0 pts.] f) Again using the same parameters as in b), above, what might you (or, in fact, the power company)
do in order to reduce the amount of reactive power you are drawing?

/\)g/{ ﬂt.ll?"r_l" Ll o }h p‘-\f*-&i '-{"'-’1 (W(&{ 1’}:# F’t;"'t“hw

"{“Qﬁc}- g,

|5 4

Hof 13—



Problem 8 — Short Questions (12 points) I(E-L/

Note: If in answering any of these questions you feel you are making a special assumption that you want the
grader to know about, please mark that question with a big asterisk (*) in the right-hand margin and explain on
the back of the page.

(A) True/False
[1pts.] a) T__F X At very low frequency, a capacitor behaves like a short circuit.

(Ipts.] b) T__F K You can use the superposition analysis technique on any nonlinear circuit.

[Ipts.] © T i F ___ One step in superposition analysis is to turn off all voltage sources, meaning to set all
voltage sources to 0 volts.

[1pts.] d) Tx_ F___ One way to make p-type silicon is to diffuse into the silicon acceptor atoms from
group III of the periodic table, so that they ionize thermally and can then move freely
through the silicon lattice.

[Ipts.] e T K F ___ If you put an inductor in series with a capacitor, at some frequency the impedance of
the combination will equal zero.

[1pts.] f) ’I'7< F If you put an inductor in parallel with a capacitor, the frequency ., where

m?LC = 1, is the frequency at which the imaginary part of the inductor impedance is

the negative of the capacitor impedance.

[1 pts.] g) One electronic application that was the basis of a homework problem involved a o o
capacitor formed by two parallel conducting plates stuck into a tank partially filled
with a dielectric liquid (see upper sketch at right). A student in our class asked what |
would happen in a practical case — such as trying to measure water level in a tank '
being carried in a truck on a rough road, if a thin film of the water happened to
cover one of the electrodes, while the other electrode was in the air above the water L2
(see lower sketch at right):

I - X You could model this as being two capacitors in parallel, one being
water filled and one being air filled.
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‘Problem 8 (Cont.)
(B) Ring oscillator

When an engineer makes a circuit, such as a novel inverter gate that is faster than any previous circuit, she often
determines the circuit’s speed by connecting a number of these gates in series and measuring the time it takes a
signal to travel around the ring.

Here are two ring oscillators, one with 4 inverters and the other with 5.

e R

[1 pts.] a) Which circuit should she use? Explain why.

Y ivedess = ledeh,  Sinvees = osdldor

[1 pts.] b) If the frequency of oscillation of the correct ring oscillator is 500 terahertz (these are very fast

inkverters!}ﬁ what is the propagation delay of a single inverter? S o I+ Ha
._.J___‘\__—JL / =
T Tz E?(ﬁw_w IEPHH) i q 245 S’geg
SIS A {:F =25 {6542{3 Sﬁd
S ”

(C) [2 pts.] List at least 4 circuits or devices that you expect contain FETs. (Example: CMOS logic gate. And
don’t list individual types of logic gates — this sample answer covers all logic gates!)

SW) DQ,DIM s f\qw}t}[ ﬁwer hanvoldd le W/
MEW{,ﬁ/ﬁC’DC C-C”W MXFET Op aMp

(D) [1 pt.] What type of logic gate is this (e.g., OR, transmission gate, etc.)?

{3 fnpu’i’ NAND 3‘;4%

+Vdd

#E%é*

|”JI_II_ILT_IL
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