ECE137B Final Exam

There are 5 problems on this exam and you have 3 hours
There are pages 1-19 in the exam: please make sure all are there.

Do not open this exam until told to do so

Show all work:

Credit will not be given for correct answers if supporting work is not shown.

Class Crib sheets and 2 pages (front and back— 4 surfaces) of your own notes permitted.
Don’t panic.

Time function LaPlace Transform
o(t) 1
[8[Q)) 1/s
e ™ - U(?) 1 or 1/«
s+a l+s/a
e cos(w,t)-U(t) st+a
(s+a) +o]
e sin(w,t)-U(t) o,
(s+a) +o’

Name:
Problem points possible Problem points possible
la 3 2 10
1b 8 3a 7
lc 5 3b 13
1d 12 4a 10
le 7 4b 5
If 5 S5a 5
5b 5
5¢ 5




Problem 1, 40 points
method of first-order and second-order time constants, some feedback theory

The circuit below is an op-amp
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Part a, 3 points
DC analysis

Find all transistor DC emitter currents, find all node voltages. Make these on the circuit diagrm.

A=1/20 V for Q3 and Q9. ‘ A =0 for all other transistors
|Vlh | =0.3 V for all transistors, g, =1 mS for all transistors.
Q5: C,=21F, C,,=0.5fF. Q6: C,=0fF, C,=0.5fF.

All other transistors: C, = C,,=0 fF.

The DC component of Vin is zero volts

The supplies are +/- 2 Volts.

Pick R3 so that the DC drain current of Q8 is 0.3 mA

R1=1 MegOhm R2=100 kOhm




Part b, 8 points
mid-band analysis

Find the low-frequency loop transmission:
T(f=0 Hz) =

To do this, you need to cut the feedback loop, thus, to find the loop transmission
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Partc, 5 points
feedback theory

At low frequencies, what is the closed-loop gain V, ,/V, ?

ut

Treat Ciyfinire as an AC short (not a capacitor) in the MOTC analysis.
V./V.,=

out




Part d. 12 points
motc

Using MOTC, you will find the frequency, in Hz (not rad/sec), of the two major poles in the

transfer function.

capacitor 1: Cgs of Q5

capacitor 2: Cgd of Q5

capacitor 3: Cgd of Q6

0 _
Rn_

Rl_

22

fp]:

Remember to treat Ciyfinire as an AC short (not a capacitor) in the MOTC analysis.







Part e, 7 points
Make accurate asymptotic plots of T. Find the phase margin and the loop bandwidth.
Phase margin = Loop bandwidth =

Draw the magnltude of T on thls pIo
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Frequency, Hz
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Part f, 5 points

What is the gain and bandwidth of the closed-loop amplifier ?

low frequency Vout/Vgen= bandwidth of Vout/Vgen=

11



Problem 2: 10 points

method of time constants analysis

R2 R7 Vout

—~ 1~
v v

R1=1 KOhm, R2=2kOhm, R3=3kOhm, R4=4 kOhm, Cl1=1 {F C2=2 {F
Using MOTC, find the coefficients al and a2 of transfer function Vout(s)/Vgen(s), given a

Vou(s) 1+bs+b,s” +...

out

Vgen (S) Vgen

tranfer function in the standard form

l+a,s+a,s’ +...
DC

0 _ 0 _ 1 _
Rll_ Rzz_ Rzz_

a, = a, =

out

gen|pe
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Problem 3: 20 points
Nodal analysis and transistor circuit models

Ignore DC bias; you don't need it.

L
S C,,=100 {F C,,=0, g, =10 mS,
Vi, 7 R, =, so you don’t need to draw it.
°Y" | R,=10 kOhm, €, =100 fF, L, =100 nH
p— §
A \4
L R

Part a, 7 points
Draw an accurate small-signal equivalent circuit model of the circuit above.

15 a




Part b, 13 points
Using NODAL ANALYSIS, find the transfer function Vout(s)/Vin(s)

V.u(s) V. y 1+b,s+b,s* +...

out

2
V;n (S) V;” midband 1 + alS + aZS +...

The answer must be in standard form

3

Vout(s)/Vin(s)=

16
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Problem 4, 15 points
negative feedback

part a, 10 points

n V
+ out

§R2

A4

To repeat:

The amplifier has a differential gain of 10*.
R1=9 kOhm, R2=1 kOhm. The op-amp has
infinite differential input impedance and zero
differential output impedance.

The differential amplifier has 2 poles in its open-
loop transfer function.

One, the dominant pole, is at a low frequency,
and can be adjusted by appropriately adjusting a
compensation capacitor internal to the op-amp.
The second one is at 200 MHz

f,1= dominant pole frequency= you must find the required value

f,»= second pole frequency= 200 MHz

PICK f, so that the phase margin is 161.6 degrees.

Using the Bode plot on the next page, plot the open-loop gain (4, or 4, ,), the inverse of the
feedback factor (1/ ), closed loop gain ( 4, ). Label all axes, slopes, pole/zero frequencies,

etc. Determine the following:

So= Loop bandwidth=

Vout/Vgen at DC=

18 a
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part b, 5 points
What is the gain and bandwidth of the closed-loop amplifier ?

low frequency Vout/Vgen= bandwidth of Vout/Vgen=

Draw a plot of the closed loop gain, labeling all axes, slopes, pole/zero frequencies, etc.

draw closed loop gain on this bode plot

IR Y71 RO O W E Y| BN SO W E V1] SN SR N U UT] O MR W R IT1 B N S WU 1T B B N URTT .

TTTTIT T TTTTI

Frequency, Hz

20 a




Problem 5: 15 points
transfer functions

Part a, 5 points

A transistor circuit has a step response (input is a 1-V step function) as shown.

2\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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210°-110° o 110° 210° 310®° 410° 510° 610°
time, seconds

Determine the frequency and damping factor of the dominant poles of the transfer function.
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Part b, 5 points

Give the transfer function

Vout(S) _ V

out

Vgen (S) Vgen

1+bs+b,s” +...

Vout(s)/Vgen(s). Give the answer in standard form

l+a,s+a,s’ +...
DC

Vout(s)/Vgen(s)=

22 a



Part ¢, 5 points

Draw an accurate Bode plot of the transfer function. LABEL AXES precisely

T T I
iTia s T
|
'

'
|

S - A

BRI o
[t R
[Jmy e e S
!
|
R I I
!

[ S ]

i

!

T

|

]

T

T
[ R R
[y R |

T

|

|

]

L

|

n

g Lo

T TaT T
e I b

|

|

L

|
RS R R S

L
[ P R S|
[ R
[y Ry

|

|
[ R -

|

T

—A A

s I s
miTea T o

|

|

T

|

|

T

T
[ SR R
CaZid Tala D

T

|

|

]

e e e e R T e T R B R T I R A e ir- - Tt
I e e B | (N T [ I [ e S A O O B (A B (NN B
T B N B IR S B B L C a1 oo 1l vl D DD vCCaiaaa Dol o T a1 1
e 4% = % m e kSRR o — e —im e i m = —m d Sl R R - - - s [P

e e e e R T e T R B R T I I R e R R R T Tt
7 "7 T T T T T T T T v T T T X R T IR N e e X oo T T B
I B B R D D S B R U N I O T S T N O B R DA B B B O AW RN BB U [T

i
!
T
|
]
T
T
[ i PR
[ D R E i Dy RS
T
|
|
]
L
|
L
Siotg Lsioia ot

CiTaTiTiaT
== rmisia

"

"

4L

"
e R I I

L
iZld Lsioia L
R I
[ R DR Y
[y e Ry puy o

|

|
[ I

|

T
EE R RN I

|

|

]

|

misra T omamia
[ R SR R
[Imy ey e ey Y
!
|
[ I I
!

-
g

T

'

|

'

J
o
"

oL

-
.
T
L
+
.
T
L

T
ST Tt T
[t e B e e T

'

'

T

[

'

T

T
[ R e P Y
[ R R Y

T

'

|

'

L

!

!

A T TaTiaT
miTia TmaTiaT
|
'

!
|
I R e I
L
[ R R P RS

T

|

|

]

L

|

i
ciTaT
iAot
"

"
4L

"
[
a
[P
=i
[N
[SIEE
|

|

(S P
|

T
=i
T

|

|

]
ciTiaT
—isiar
"

"

i

"
=i

=imiaT
[
[ gy
!
|
R
!
==t

:

|

!

bl

i

|

a

a
[P
[ RS

a3

|

|

]

a

|

1
[P

AT
s

'

'

T

'

[

g

T
[EYPREEYE
i3 3L

T

'

|

'
[N EEES

T
|
|
]

L
|
i

ciTaT
=it
"
"
4L
"
[T
2
[P
=i
[N
[y gy
|
|
(B
|
l
=i

T
|
|
]
|
|
|

—iaT
[
[y
!
|
[T
!
=it

1

|

!

hl

i

|

T

o
[P
[

S

|

|

]

2

|

o
[P

it
st T

'

'

l

'

[

T

a
[P
[
" a

'

|

'
iTiaT
miTiaT

|

'

|
AR
(B

T
|
|
]
L
|
i
CiTaT
=isiar
"
"
4L
"
[
a
[P
=i
[P
[STE=E
|
|
(S
|
T
=i
T
|
|
]
siTiar
—isiar
"
"
Vo
"
=i

iAo
[
(S g
!
|
[
!
==l

-

|

!

bl

i

|

a

K
[P
[ RS

a3

|

|

]

a

|

1
[P
miteaT
miteaT

|

|

bl

i

|

g

g
[P
a3 L

a

|

|

]
[P

414 4 ke + A4 Erad - - . [ 404 s + e +
B ek T e Gt e e I Bttt iyt Tt B 1 f e Bt S e R e St St Sl S St B ot e kT Sl kB B e Y B [ B el ArT s oo oT - T
I T T A O B T O S B A e e B A B A A I I R I T
T S B B T B B D S R U I N B MY U o T N N I RN R
L S T I B B B B e I B R e B R T I T T B I S S S S S I L o e S B e R e FLRL = = ol = R e |
B ek T e Gt e e I Bttt iyt Tt B 1 f e Bt S e R e St St Sl S St B ot e kT Sl kB B e Y B I B el AT T S T ST T oramir
A T T T T e A O B T O S I S O B R L B A R B A O I R I R A A B N I A
T S B S B T B A B S R A A I N B N BT o B R A R W R

v

'

|

'

L

!

!
iTiaT
SIS
[

"

'

[
[CAEES
2
ot d L

=i
[P
[y
|
|
(S
|
l
=i

=14 +
S
cimiar
Sia T
!

!
nl
|
|
S
S
=11 J L
CinaI

ST
C
C
'
cimia T
cisiar
[}
C
'
[}
[

iAo
[
(ST
!
|
[
!
i
I

1

|

!

hl

i

|

T

o
[P
[

S

|

|

]

2

|

o
[P

ot d L

414 4 ke + A4 Erad - - . [ 404 s + e
B ek T e Gt e e I Bttt iyt Tt B 1 f e Bt S e R e St St Sl S St B ot e kT Sl kB B e Y B [ B el ArmT c ST ST
I T T A O B T O S B A e e B A B A A I I R I
T S B B T B B D S R U I N B MY U o T N N I RN R
L S T I B B B B e I B R e B R T I T T B I S S S S S I L o e S B e R e FLRL = = ol = R e |
B ek T e Gt e e I Bttt iyt Tt B 1 f e Bt S e R e St St Sl S St B ot e kT Sl kB B e Y B I B el AT T S T ST T oramir
A T T T T e A O B T O S I S O B R L B A R B A O I R I R R A T O O Y A I B
T S B S B T B A B S R A A I N B N BT o B R A R W R

i
!
B
i
)
T
T
—
I
T
|
|
]
L
i
n
L
T
.
|
|
L
|
— o+
L
L
—
n
n
|
|
— o+
|
T
—
.
T
—
T
|
|
T
i
¢
n
T
|
|
]
L
i
|
L
T
—r
|
|
:
|
—
L
L
— T
T
T
!
|
— o+
!
T
—

Frequency, Hz

23 a



