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EECS40 Midterm Exam #2 {S oLu T_'_O N ) Spring 2000

Problem 1 Circuits with Dependent Sources [20 points]

a) Find V. 14 pts]
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sm@ 10 k> 40 kO <Y 10, = 10kQ 7,
*

0
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’ , . - f [ = — (&5m A
Cia cent divide “C’r s X fmkﬂ*i‘ﬂkﬁh( ” ) Vo= —/00 v
= | m A

V, = (- 10ixj(10k = (i< 1 mAJ(10ka) = = 100

b) In the circuit below, the independent source values and resistances are known.
Use the nodal analysis technique to write 3 equations sufficient to selve for V', ¥, and V..

To receive credit, you must write vour answer 1n the box below. [6 pts]
. ; “ "
DO NOT SOLVE THE EQUATIONS! PE— / supern sdle.

R, (/b 10

]'"Bqaé’f’encﬂ =
nede
VA |
L= % =5 Value of dependentsolHage
! fource. = /0
= 10 (Va/R,)
Write the nodal equations here: Note that She onle wumbmow s in Hrese ega s
Are
% VeV _
node & Toan + 2 = O
K?'Ld Vi = Va Vp +Vaa Ve o
2phe e?ujvwwafe: 2. 7T Ry T »,
| | Va
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EECS40 Midterm Exam #2 ' Spring 2000

Problem 1 (continued)

¢} Consider the following circuit;

0V

i) Find the voltage V ;. S pts]
, ol |

K 70 -V - v
- Vx \ : _ 7 Vx
Applying KCL Fo mode Xt~ = +204, =2 ¢, =21 L 555

TO-Ux = T = Uy = TV
7V

L, = Sen T i m A ; f,‘ﬁ':O =D ‘v;é;:?}:f? — Zﬁﬁj(gkj},x):: é,(j)\/

ii) What is the current /, when the terminals a and b are shorted together? [3 pts]

_'Zf?t:f = X0 m A

= 15 ma

""a

‘4 Cu,rrﬁn% &(f“-"*’rdf*’ %ﬂwm’w/ﬂ:

b o 2 ki
Sk ki

3

la = (""Zﬂm_lq):-')g m A

ift) Draw the Thevenin Equivalent Circuit. [2 pts]

\/ﬂ = \/c?ﬁ =t \/ﬂ ) ﬁmh pan ;(L () Thevenin Equivalent Circut:
Voc \ég, From oort (()
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Problem 2: Transient Response [30 points|

a) In the circuit below, the switch has been in the closed position for a long time.

SKO opens atf =0
—
+ J/i*t-

svi({t v 1 uH 1 kQ) Vi

+

U (0+) = (=4, (09 ) (1 kL)

i} Find the value of vy just after the switch opens (£ = 0. [3 pts] = (=1 m ,q)(;k,n_) = -1V
Before the switch is vpened , The voltage across
the inducter [s zero (Vi=LAlc-p)) (Le. the . y
| kJSL resistor [5 "shorted put” bﬂr_j; the jnduchor. ve(07) =

=>The current ﬁiﬂwiﬂj o rougin the snductor Lo(o-)= EV/5 kN = I mA

el ——

(o (o¥)=0, (0-)=1mA, s'nce inductor current cannos change Ins—f‘an-}aamw:@..

V

ii) How much energy is dissipated in the 1 k2 resistor after the switch is opened? [2 pts]
Al of ¥he enerqgy which was stored v
Yhe inductor at +=0 s dasmpﬁm’ n Encrgy dissipated = 0= & p 1
“he lkil F‘ES‘Jﬁ'f{OF ﬂqa;'f’r th e SWI‘J'CA is m’&“a’fﬂ.

! ,'IH-; o F’F L A Z .... _].. -2 —
TELL”O)] = g(m"é wilio2Aa) = T x 1o J
b) In the circuit below, the 5 LF capacitor is intttally charged to 5 V (v,(07) =5 V). (The 1 pF
capacitor is initially uncharged.) The switch is then closed at time 7 = 0. What is the final value
of VC}? 15 ptS]

—_——
—_

—W L. S&PM{-J-O ~ 15 Q/—:y
* 5
+ N

+ RS
@| | i @2.
Yer S uF Ve, T luk
- — (G/MF)UEL&,TQ,{ :(S:“ F)(s"v’)
Conservabon of charg e Ver fonat = -E'(S’V) = 4.7V

=7 &)I-Hnwl + QZ“Q',M,{ - Q' midrad
“L ——
(5:“]:)%1 finadt + “/MF’! vflz-ﬁh«i - {S;H F) UE”“!*’M

T the finad state (- 057)} the voltages
across the capacitors are equaly Lo Vop Ve g,y
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Problem 2 (continued)

¢} The following is a circuit model for an NMOS inverter, in which the transistor 1s turned on at
time ¢ = (:

VDD = .'.'J" vV
Rfrmd =90 kQ
: ?‘Rfaad - RNMO S~ 10 k&2
| VDD CD . Cfﬂﬂd: 10 nF
NMP< s -:?1011‘ =0 Crond
for $<0 R Y \1/’;6
' MNAFO! ;
=) { yos = O MO ‘I,-f_.mwas -

Lfpr t£07

i} What 1s the value of v~ at # = 077 [3 pts] |
b e In steady state (before the ve (0) = 5 v

Vos Tc::—“ﬂ: CF#M{ S ftch ch:!.u'.i}j :i'(_-, = 0
=> Ve =Vpp
ii) What is the value of iyy g at =07 [3 pts]
U (0F) = Ve (07}, since capacitor voHage cannet  liyy05(07) = 0.5 mA
Chanae f'ns+zzn+ﬂn£pw.ﬁg
fums (U"’) = Ve (D+)/RN‘H:JS = EV/iD kn
iii) What is the final value of v~7 [3 pts]

In stead b staste y Le= O final value of vy~ = 0.5 V

TI'IEFE..‘RJP'E. w2 ha_,‘;g a Silmpfg Vﬂ'l“'ii'ﬂ,‘j{ {,‘J’f;.ul'ltﬂ/ﬁr.: - N Ix v _
‘ vcfﬂa}:[mﬂhﬂf/{ﬂ”“‘?s-{- R"Jﬂﬁ)]vaﬂ Lﬂcw)-‘l‘,g*qa(s"-’r) - ang-v
iv) Neatly sketch the graph of iy05 for all ¢, labelling the axes. [S pts] N
' 20
CANMES (v A) , Cé’o) _ Vel
9, .5 “NmeS ’?Mups
. D.5V
= e—— = P, 05 mA
12 /2
>t (s)
v) Write an equation for /y;0gas a function of time, for ¢ > 0. [6 pts] {—/
i — ’ ' r i feé? Cﬂ
{NMes — 5NH95’,{},.,M+ C“NHas (Ot) T ANMOS Hnad :{ e L3

f?e? r's Eqwivafcn-f' resiStance seen 549 the capqr,x‘jl-pr- ; f'?p?'ﬁ Q;amr//..-e””m

-t q -5
0.05+ 0.945¢e /910 m A

Equatton for iyyso5

)Qez)?_: %): I /QE?C:(C?.&Q)(KQHF) = 9}(16?'—5-5
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Problem 3: Op-Amp Circuits [25 points| APPJ';) KoL at (=) qode:

Assume the op-amps in this problem are ideal.

a) Consider the following circuit: Vo~ Vn VY, m

4“' Tmme—— D
tdead op-dimp -/'cci-m'ﬁu e 20 kO Ra Ky
. currents -F}awinﬁ e I'ﬂpwf* Ferpunals = O _J\N\/i _ ] E_E (v - )-I.U
- Uﬂl*PﬂSES a-}" I‘HPH‘:" ‘Pﬂr’mfhﬂ-lf P Y ﬁq“ﬂﬁ( - Rb - V{j- Rﬂ.,_ i } [ "
Ka
10 kQ 5V | .
/Vw__.‘fn_ Sinee 1p= 0, We
2 > Can wse The velHRge -
¢ Vel, divider {ormula:
20 kQ :_} + . Ra
vb e F ‘ISV V 1}} :Rc,'l"l?z,(vb :Vn
Va( T 6V Ry < 40KQ) o
- _ L1 R
>V, 5 & [ 4”2 48, Vbj
—_—C) v & o gﬂf
= e,
- M E;*@{ b

i) Find an expression for ¥/, as a function of V. [6 pts]
“This 15 2 dﬂ";‘rcﬂr’fhﬂf- ﬂWﬁPJ!L-G‘fF e ciatt L’/Wieu'ﬂlx Lgpqrvg A teqd In 'ﬂ‘;g_ fab)

: Ra Re |
with %= Ry Z
K
V'p = '“E;" {Q*VR) - 2(9*\/&)
Expression for V, : /2 -2 \/&
ii) Find ¥, for V=2 V. [3 pts]
V,=/2-2(2) =8V Vo=__ 8V

iii} For what values of ¥, will the op-amp be saturated? [6 pts]
- -~V
Vp= 12-2Va =2 Vo = 2 |
<. 215 _
V, saturated A ISV Va € 3T~

i2~(-15) 27
Vo saturated at =I1SV: Va2 —5—— = 5TV

—

halw

v{lg-—/,f\/ - -VA > 13.5V

Values of V', for which the op-amp will be saturated:
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Problem 3 (continued)
b) In the following circuit, the op-amps are operating linearly.

RI R

¢ /
+ +
{ Vs / / v Vot
R
- - o R,
" _ - - \ _;ﬂv’ff'h'fﬁ tlwph'ﬁafﬁr"; \/)‘( = -'—é';\/z_

Find Vﬂl{f in terms of Vlr, Vz, Rir, Rz, R3, R4. [10 ptS]
(Hint: The superposition method might be helpful here.)

Elnd the indiviaduad comtributions ot each Vﬂ/-}-ﬂg; Couvel |

[) Set V;-, +v OV VX = 0}- co Yhe circmrd <;a'mr9h'-!2>'¢5 +1s t:lms‘.lmp}t.-
Rz #’ﬂv"&'r’ﬁ'ﬂj d.mpfi"g-tr

R,

s
Vour =~ R,

-
— -
-

‘ . : ' ‘ S do simgle non-thverdin
w) Sg-{' \/' +o o\/, Clr’cul'\!' SIPHP) 'p?fﬁ ¢ ﬁhﬂph;ﬂf‘gr 5

Rz Ry Ry )
\/cr:f': "J’__RT)VX ={ "7 )( ry

/Qdaf 7‘%(’ wh'fyfrbbvbbnj a-/] fﬂcé SHArTe ﬁj&%dr—:
s ! - fz E";" )?2_ .
Vout = Vout * Vout =~ gV, — &, ( 1+ =)V

Rz /?#/ f’fﬁ
N 2 \/f_ 'Q:a"“)% /?J)\/.z_

v

ot~
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Problem 4: Semiconductor properties; p-n diodes |25 points]

a) Consider a silicon sampie maintained at 300K under equilibrium conditions, uniformiy doped
with 1x10'® ¢m™ phosphorus atoms. The surface region of the sample is additionally doped
uniformly with 5x10'® cm™? boron atoms, to a depth of 1 um, as shown in the figure below.

uniformiy doped with Phosphocus /s a donor

16 -3
1x10'? cm™ P and Boron 1 an acceptor

5x10'% em™ B \J/

- /b -3
Nb = /O - J W I P lum = ;o""f'cm
N# = 5’;{}@/6%*2 i

uniformly doped with 31 R
1x101% cm? P —>

/V,p = f"{?'ié ﬂf"""g

Schematic cross-sectional view of silicon sample

i) In the figure above, indicate the type of the regions (I and II) by labelling them as ‘;n” or “p”
type. [2 pts] |

ii) What are the electron and hole concentrations in Region I? [5 pts]
Ng>Np , ardd Ny >>n; so

/
P = Na- Ny = x0" = jx 1002 4x10"% |n= 5256  cm?

2 oy /%

/2 Gx 0’8
= 525

iii) What is the sheet resistance of Region 17 [5 pts]
) {

< '_'g;unnd*j/'pp? ﬁ?”u’p‘p R=_445¥% (Y/square
From plod on Fage Z, Mp Z 3250 cmP Vs for Nf"f+ND= L xip’Comnm2

_ X L
Ks= g~ JHept

iv) Suppose any voltage between 0 V and 5 V can be applied to Region [. What fixed voltage
(“bias™) would you apply to Region [1, to guarantee that no current would ever flow
between Region | and Region I1? Briefly explain your answer. [3 pts]

To Prawm% Cuvvent from ‘Ph?wihj)
we need Fo ensure that the Region II bias voltage= 5 V
Pfﬁ\)rwhaz)bn wil] rever be

, biased. Thus, the n-tope region must be brased
7[:’ wapdd ’ Page 9 wtr SV or higher.

Pn:-'!?;l =2 N=

'
= [(z,éﬂzxm”q)(ffﬁ?)(‘-Hﬁﬁ”’)(xﬁ"")j = G445 8/0
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Problem 4 (continued)

b} If a diode 1s operated only within a small range of forward-bias voltages, its behavior can be
accurately modeiled by a resistor, whose value is dependent on the bias voltage. Derive an
expression for the diode “small-signal” resistance:

R, , = (ﬂj -
diode av.
in terms of the éaturatien current /, the bias voltage V, and the absolute temperature 7. [5 pts]
T = ,'_Z;_; (e ﬁ“v/ﬁ:‘r‘_}
oL FVier

et i

Jv = Is {k:*r) €
7 ..3-\//;‘:1”

;?ﬂ"f-ad&: ;_7:_5 <

TN VT
Rdfode: j"Ij )E

¢) Plot v; vs. Vpyfor -10 V < Py, < 10 'V on the axes provided, for the circuit below. Note that the
diode is a perfect rectifier. Label the axes. {5 pts]

5 kO
[+
v (Z 10KQ= v,
2V )
when Dre dicde is off, we have o)
& Simple Uul-??zjt-afwiaf&r' circmt vy A
Vi T =V, “ wdle lrmifs v, o 2V
V. = 5410 V,f'.d Nl ‘1,{;” 1 I/ Dripde [2mid3

Dicde Turns On > Vv (V)
wWhen Vo reaches 2V,
] -

e whon FTV,uT 2V

or V=3V +






