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ECE 2C Final Exam

June 7, 2011

Do not open exam until instructed to.
Closed book: Crib sheet and 2 pages personal notes permitted
There are 4 problems on this exam, and you have 3 hours.

Use any and all reasonable approximations (5% accuracy is fine. ) , AFTER STATING
and approximately Justifying them. |

Name: ‘5:57’47/” CEF /4

Problem | Points Received Points Possible
la ' ' B
1b 2
lc >
1d 5
le D
1f 3
lg | 110
2a 10
2b ' 10
3a 10
3b 10
3c | 5
3d 3
3e 5
4a 10
4b 5
4¢ S
4d 5
de 5
total 100




Problem 1, 25 points

You will be working on the circuit below:

vV

Q1 is a mobility-limited FET, i.e. I, =(uc, W, /2L )V, ~V,)*(1+AV,) where
(pe,, W, /2L,)=4 mA/V*, 2=0.05V", and V,=0.30 V.

g

V,,=+2.0 volts

Cin and Cout are very big and have negligible AC impedance.
RL=10 kOhm .
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Part a, 5 points

DC bias.

Q1 1s to be biased with 1/2 mA drain current, and with 1.0 Volts drain voltage.
Ignore A while solving this part.

: ,, oy '3. 'J} " | e £

The DC voltage at the gate of Q1. = AL




Part b, 2 points

DC bias

out

On the circuit diagram above, label the DC voltages at ALL nodes and the DC currents

through ALL resistors . ) ¥
L= GrdV’ O /5
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Part ¢, 5 points

Find the small signal parameters of Q1. Use the mobility-limited model.

om= 2. € imAJ
Rds= €z éa I+




Part d. 5 points

Replacing the transistor with its small-signal model, draw a small-signal equivalent
circuit diagram for the amplifier. Give values for all elements on the diagram.
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Part e, 5 points.

Find the small signal voltage gain (Vout/Vin) of Q1.
Vout/Vin= — G L &




Part {, 3 points

Find the *** amplifier *** input resistance, Vin/Vgen, and Vout/Vgen

Rin,amplifier = L Lf2 fp T
Vin/Vgen= 2z 107

VoutVgeny= =/ 27
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Part g, 10 points

Now you must find the maximum signal swings. Find the output voltage due to the
knee voltage and due to cutoff in Q1.

Cutoff of Q1; Maximum AVout resulting = £ - 8D

Knee voltage of Q1; Maximum AVout resulting = == &« & 114
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Problem 2: 20 points
Nodal analysis, transistor circuit models

Ignore DC bias; you don't need it.

The transistors have zero C, and C,,, and

have transconductance g , and g_,. Both

have zero G,

Part a, 10 points
Draw an accurate small-signal equivalent circuit model of the circuit above.
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Part b, 10 points
Using NODAL ANALYSIS, find V. /V. . Give both an algebraic expression, then find

out

the numerical value with with gm1=10 mS, gm2=20 mS, R1=1000 Ohms, R2=10,000
Ohms. 7%/ (7&3 f-!f";,v'fg)

V F . B .
o ' /Z;x s %ég_‘@g s -, (algebraic expression)
V;n 7§ j P &L ? FATg r e /,-, . 2

Yo - - FFTS

(value with gm1=10 mS, gm2=20 mS, R1=1000 Ohms, R2=10,000 Ohms)
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Problem 3: 35 points
Nodal analysis, frequency and transient response, transistor circuit models

Ignore DC bias; you don't need it.

The transistors have zero C; and

C,,» and have transconductance

g, and g . Both have zero G

Part a, 10 points
Draw an accurate small-signal equivalent circuit model of the circuit above.

. I‘
oot e R N T R T A LA SN M T R R TR T

TR IR S AR osehmyss _ ,qe0m 2 ey e .= . At * Seses  a . et e e oo e gty .
S PRI AT AELTRE T T A TR I SR S T RO LN SRS RS T TR >

M‘W—Hr 0 d'ﬁaq-

P . 5 . e
. - .a{ .Q}\ .\."'_. /5-# = .
o =3 < ol i = A
/m?;.?f .u} f%ﬁ_ ¥z 3 46‘ i _3"{ £ :;{'* ~ = + _-g-t_ ¥ C— A_'__....":
...#_. ‘,qf?f g E‘ »&' s 4 p—y — —r .ov- v Py ¥ e - _"':* % m e :‘_.
¢ ‘ﬁf & s & q?&“ S i TET ’ i} § F 5 = il
;@Aff( FES s f T -t U mmeF S g Y # Tt

o~ .’ <, 3 53 o . ~ o

I - _-<" g i Y™ = . .= ; : =
7 S :
S < ”‘ % . ¥ o _=al
2= ST S
; ¢ ; = il =
&
v BRI Y L R ey R, T R TR

SR AT Y T TR
u&:;ﬁ‘e'ﬂf\'

_\“— b _ e . e -C—-
2 NS T R N R T Tt o T AT 0 A A T2 2 s N TR Rk

_?E = o «'/ £ /ﬁ E o i
& & 4 & & - - &3 ’ o
£ chmm &7 E £ v ?1’ A . ’é:f-*#
d ES & £
ol S




Part b, 10 points
-Using NODAL ANALYSIS, find the transfer function Vo(s)/Vgen(s)

. V.is) V [ +bs+b,s* +...
The answer must be in standard form VO( ) = VO X 1 1 - ;
gen (S) & Low— frequency-value i a]S T aZS .

V,(s) _
Vgen(8)
= O
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Part ¢, 5 points

gn=10msS, g .=>mS. R =1,0000hms. R,=10,000 Ohms. C=1 pF.
How many poles are there in the transfer function ?
Give 1ts _frequeng?/ / their frequencies: |
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d then sketch the

> points

2

Make an accurate Bode plot of Vout/Vgen, labeling all slopes, and all key gain and

frequency values. Make sure you draw the straight-line asymptot
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Part e, S points

If Vgen(t) is a 10 mV step-function, find and accurately plot Vout(t). Be sure to label

both axes and give units.
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Problem 4: 25 points
frequency and transient response

You are solving frequency and transient

L R V response of the network to the left.
our |

‘ . . ~
Vgen . C’

Parta. 10 points
Using NODAL ANALYSIS, find the transfer function Vo(s)/Vgen(s) :

Vi) V, y | +bs+b,s* +..
Von(s) ¥ l+as+a,s” +...

EM | Jow— frequency-value

The answer must be in standard form




Part b, 5 points

Now evaluate with 1L=3.98 uH, C=0.637 pF, R=1000 Ohm.

How many poles are there in the transfer function ?
If there are one or two poles, and if they are real, give f ,1 and possibly f ) :

fplz ?fp2:

If the two dominant poles are complex, give f, = /27 and( :

_ — /& % - o./
J,=w /2x , &
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frequency values. Make sure you draw the straight-line asymp

Make an accurate Bode plot of Vout/Vgen
true curve.

Part d, 5
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Part . 5 points

If Vin(t) is a 10 mV step-function,,
both axes and give units.

Vout(t)=
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