Name:

Final Exam, ECE 137A

Thursday March 20, 2025, Noon- 3 p.m.

jdéf £,

Closed Book Exam:
Class Crib-Sheet and 2 pages (4 surfaces) of student notes permitted

Do not open this exam until instructed to do so. Use any and all reasonable

approximations (5% accuracy), after stating & justifying them.
Show your work:

Full credit will not be given for correct answers if supporting work is missing.

Good luck

Part Points Points Part Points Points
Received Possible Received Possible

la 5 2b 5

1b 5 2¢ 15

lc 5 2d 10

1d 12 3a 5

le 8 3b 10

1f 10 3c 5

2a 5

total 100




Problem 1, 45 points

This is an NOT an Op-Amp: Analyze under the assumption that the differential and

[

common mode input voltages are at zero volts.
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The NMOSFETSs have K, =10mA/V*- (W, /1um) K, =2.0mA/V -(W, /14m),
AV =0.10V, v, =0.2 V, 1/A=5V. The PMOS have identical parameters, except, of

course, V,

All transistors have |Vgs|=0.3V.
M1,2,6,7,9,10 are biased at 1,,=20 pA.

M3,5,8,11,4,12 are biased at /,, =100 pA.

The IR voltage drops across R, and R, are each 200 mV.

R, =10 kQ.

is negative. V,,,=+0.8 V, =V =-08V
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Part a, 5 points R

DC b Vin Vin+ : ov  Vou $ Ry
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. . oV > < l0 e

Find the following: O [§7 ﬁm Y,

Gate width of M2 = _ w:—_l —o.3V
Gate width of M3 = S - Tepn- l ad —or sy sh
Valueof R= & bl T | M10I o 11|1 | =<
Value of R, = ék.ﬂ- ,—-|| pu | . 1 |EL2

The NMOSFETs have K, = 10mA/V? (W, /1um) K, =2.0mA/V-(W, /1um),
AV =0.10V, ¥, =0.2V, 1/ A =5V. The PMOS have identical parameters, except, of
course, V,, is negative. V,,,=+0.8 V, =V =-08V

All transistors have [Vgs|=0.3V.

M1,2,6,7,9,10 are biased at 7,,=20 pA.

M3,5,8,11,4,12 are biased at 1, =100 pA.

The IR voltage drops across R, and R, are each 200 mV.
R, =10 kQ.

= lhs 2O 14
Vs~

7 djzfg-zl%)

2 s+ Py gV/.ij

b(/.O{)

A ) _ L
<, = z,o//vA(/ao)(V"'/ 231 AS‘?ﬁA’/V

A

:k/a/oa/l/)

/‘97"/0/ybs (uh»//y“ ﬂ./////‘/" /3}/75 a, /gjﬂﬂ\



/;W_‘} . c.ZV %g =0 2V

o.2Y
i = -Z’/s' Zk_ﬂ/

/
/0.9/,/7 /0

~—

o.(V
/2, = 1oced - sar

75
A Zo = “a %g«m/zam/w)
/21)/””/'4 - @/G,,V)z—(/.,_a.zr/;yj
yo R = L2fl S (e) (/.o?)
b, =107 ( c00) (o) et = 7.6 wAlV*
o . oSy = oAV Wy [y —2 ;@saxfm
L



Part b, 5 points
DC bias

Vss
On the circuit diagram above, label the DC voltages at ALL nodes.



Part ¢, 5 points

Find the following

MOSFET M6 T —cfmER - 280LlL
MOSFET M7 g =cdmE R —280 bkl
MOSFET M2 g = mE R.— 280l
MOSFET M3 [-"g 2w R -39 &(2
MOSFET M5 g =2mS R, =SV &2
MOSFET M8 g =25 20 &L
MOSFET M1 1 g =25 20 &2
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label the DC voltages at ALL nodes.







Part d, 12 points.

Find the following

Voltage Gain Input impedance

Transistor combination -y
M3,5,8,11 - 20 o

Note: You can analyze M3 and M5 as separate stages, or as a combined stage using
Norton/Thevenin methods. Don’t ask for hints as to how to do this.
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Part e, 8 points.

Find the following

Voltage Gain put impedance
Transistor combination » &
M1.,2,6,7,9,10 ~o047 = &
Overall op-amp
Ve Ui =V ad oAl

Hint: although M2 is a diode-connected FET, the small-signal
terminal element, although mostly determined by the FET tra
slightly contribution from the FET R, .
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Part f, 10 points

Maximum output voltage swings (show all your work).

magnitude and sign of
maximum output signal
swing due to cutoff

magnitude and sign of
maximum output signal
swing due to knee voltage

Transistor M6 0. €V Do not calculate
Transistor M7 —o. 78V Do not calculate
Transistor M3 —-loV Do not calculate
Transistor M5 Do not calculate 7+~ O
Transistor M8 Do not calculate - G. SV
44 meo & w7 o H
1 1-&0/44 " 1 W '
vm'o_“E ﬂ}-ovm+ 1 Vout $Rz V'".o_“Vé ﬂ|_ov'“+ Ry Vo 5’?2 V‘"Q—‘WS
M8 li e M8 l— N
Y5 G0 555 J—
\ ) ) l: J 1:

s S M 54;,‘,79 RZA
Unonsons, alet of M7 5GE 'S
AV/"%J ctl, b1 =

%

. M
+ 27 %a/ = 3 97

— = 7 Z2oud  Z4°
”Cmﬂzsfdn/y Kyt — T 970 - A3,
, o, ygmt/ « 20
= o : ,
— _ t e 78V

12



/7/1/6 cre 2”7«5’ OJCaéz/czfy. Az 6274/

%ﬂz‘:aﬂ J/SB\??% %}ﬂ /fye &

!
s ol AThzm woed. ]
Dboat 38 = (ocuA  Resgs

N > /a%ﬂ ' €oare 4
\& _ —gowl |
% d%‘v'ﬁ =dyéh{go/¢vg= ,J/
§ C"’ 4thf)(iA"7>
~ ’9 —/’dl/
L.
o

, g
7‘Q\Jﬂ/z‘g/wﬂ[i g/kﬁﬂ -‘ASM7 Vi 2471«/9(/2

714
aZLpz 7 /och ] !
% o€ - 7 - v )

Lt Lss ADa e oy
SVok = LBs - 0 M

N
% - oV /
|

13



fenes U2 /fyd A5~

JEres nzge
e[ e
T | |

|

| e | it w2t

| [ﬂy%z( = ..,LO—W/]\

i C‘;/ﬂ/a/ g /io. svd

14



Problem 2, 35 points

This is an Op-Amp---analyze the bias under the assumption that DC output voltage
V. ..1s zero volts, that the positive input Vit is zero volts, and that we must determine the
DC value of the negative input voltage (Vi- ) necessary to obtain this.

+VCC
Qll:l“liéz Q3

Q, Qg
:IQG O‘7
0, *Vee
Qg
R
+ R 1
Vin i —I:A/—VEE Vout . §
Q].O Qll Vln £V _O_VV->
-

A:I Qe ;I Q7 Qg A:I Q9 Q0
_VEE
All the transistors have the same (matched) /;, have =00, and V, =100 Volts.

Veesay =0.5V. V. is approximately 0.7 V, but use the exact relationship

V,,=(&T/q)In(1, /1) when appropriate. The supplies are +5 Volts and -5 Volts.

transistors have the same /, and all are biased at 0.1 mA collector current.
Rr=1 kOhm.

All
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All the transistors have the same (matched) 7, have f=o,and ¥, =100 Volts .
Versay = 0.5V V, is approximately 0.7 V, but use the exact relationship

Vie =(kT/q)In(1 /1) when appropriate. The supplies are +5 Volts and -5 Volts. All
transistors have the same /g, and all are biased at 0.1 mA collector current.

Ri=1 kOhm.

Part a, 5 points

DC bias
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On the circuit diagram above, label the DC voltages at ALL nodes.
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Part b, 5 points.

~
Voltage Gain Input impedance

Transistor combination o. ggs or o, 792, co (2
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Part ¢, 15 points.

Find the following
Voltage Gain _ Input impedance
Transist binati 6 ,
ransistor combination =27 - [O o
Q1,2,10,11,6 ,
Overall i)p amp 2.3 "0; o~ ¥ a
Vou ' Vs =V3) 2. lo

Note: You can analyze (Q1,2,10,11) and Q6 as separate stages, or as a combined stage
using Norton/Thevenin methods. Don’t e%sk for hints as to how to do this.
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Part d, 10 points

Maximum output voltage swings (show all your work).

magnitude and sign of maximum output signal swing
due to saturation voltage (saturation)

Transistor Q4 3.3V

Transistor Q9 & s

Note that transistors Q13 and Q19, Because of the circuit symmetry, Will give similar
answers but with a change in sign.
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Problem 3,20 points

You will be working on the circuit to the left
Ignore DC bias analysis. You don’t need it.

M, and M, have transconductances g,, and

gm2'

Both transistors have infinite R ,

...s0 you don't need to include these elements in
the circuit diagram !

Part a. 5 points
7,,, e
Draw a small-signal equivalent circuit of the circuit.
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Part b, 10 points
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Part c, 5 points

Set g,,=1mS, g,,=2mS, R, =3kQ,and R,=5kQ.
Find the numerical value of V , /V,

V= 2 L
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