ECE 137 A Mid-Term Exam

Tuesday February 9, 2021

Closed book: Class crib sheet and 1 page personal notes permitted.
There are 2 problems on this exam, and you have 75 minutes.

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

50LUTION

Name:
Part Points Points
Received Possible
la 9
1b 5
Ic 6
1d 15
le 15
1f 6
lg 14
2a 12
2b 13
2c 5
TOTAL 100




Problem 1, 70 points

You will be working on the circuit below:

v

DD

R, R

D2

M, _]\/‘[__”_I;
- e

gen in

as‘ = V%Z:‘ O%g\/
Vo, . -
: ) PBs- V%q= 0.55v
The transistors all have: K, = pc W, /2L, =10mA/V~ - (W, /1um)
K,=c,wv,W,=2mA/V- (W /1pm)
AV =v,.L lu=01V,V, =03V, 1/1=10V

The supplies are +1V and -1V
Rgen=100 kOhms, Rgl=1 MOhms,



Part a, 9 points

DC bias.

The sources of M1 and M2 are to be biased at -0.35 Volts
The drains of M1 and M2 are to be biased at +0.5 volts.
The gates of M3 and M4 are to be biased at -0.65 Volts.
M1 and M2 are to be biased at 0.1 mA drain current

M4 is to be biased at 0.2 mA drain current .

Find the following:

RDI= SKn— Rpy- 6K RD4— 8.2S K-

Wegl= 5.69 pm W= 5.6%um  wgi= +.5l Hm Wegd= .35 um

.
2o, = Won=1)/5, = (Iv- 0.5v)/eumA = Sk

[2‘77_ = (V‘?b - ‘/177)/ In, = Sk

204 = (Vo- Ver)/In, = (\WW + 0.65v) /0.2mA = 8.25 K

L

V‘Ss\: Vﬁ’ﬂ: V‘J%: Joq = 055V

| L V‘gs'véh‘ 0.35Vv = 0.3v = §0mV < AVzso0omv > Al FETs arc
Mob‘nm'gs«.*u:wted

Wy = ljpm X I»/Dcrk(v%- Veny (1 + Mgy |

X I Wy, = Wy, = | pm (0-1mAY/[10m AV (0.36v-0.3v) (1+ Viov™- .85 v )] = 5.6 pm

\.S [ w%-. ;'um X (o.amm/[lo«\n/va(o.aev-o.zv)“u+ V1o v-l.o,(osv)] = 3.5

\ 5 [ Wy, = | pm (0-amAY/[10mA/ A (0.36v- 0.3)3(| + io v~ . 035)] = 3. #3pm






Part b, 5 points

DC bias
‘V \v
VDD
RDI RDZ
S
O.\mA > V
R V D.S\/ o)) |W‘A Ou
8N o 33 pm
Al M, M,
oV
23 pm
R ; -0.35v
g 0-dmA

7
gen #5um Alg I—_oes_v| Eli 23 um

On the circuit diagram above (or on a hand-redrawing of the figure), label the DC
voltages at ALL nodes and the DC currents through ALL resistors. Also label all
resistor values, and the width of all MOSFETSs.

+2 VOH’C'-%UQ
tl Zesistors

¥ \ Cuxsents

¥\ widthg



Part c, 6 points

Find the small signal parameters of all FETs

Transistor M1 M2 M3 M4
gm Yms Ims gmS EmS
Rops /08.5 K 108.S ks $53.2SKse | 51.75 K
219. Z2x0.lmA
- — = z - s
Y g"l - %’Z V%‘—VH‘ (o35Vv - 0.2v) iﬂ_

| [ Ros, = @ng, = [Un + Voo ) /I, = [ 10V + 350mv]/o.lmg = 0.5 Kn

| [ Ko, = llov + 650mv] fo.2mA = 63.25 K

\ l O\DS‘t = [\OV+ %SOM\/]/o,Zm,q = 5/.7S Kow






Part d, 15 points.

Find the small signal voltage gain (Vd2/Vs2) of M2 and M2's small-signal input
resistance.

vavs- 17116 VIv

Rin,m2= 260. L SN

Va,
R Tve"
v V-V, (@ 3"\17}53 %Rma gp‘%

o)

d? Vea

\Y

(Vsy - Vag)/ Rasat Imbha = Vaa/Ryy,  (Modall)
(Vsz = Vag) Rort PnBaRaca o, = Uty Ry
(USQ( \+ %gﬂdga)\’xﬁz = ’vda(f)\’\)z + Rdsa)

L V2 /0, = (49D R, (/4 4mS » J0BSKRS(SKNY = 1906 VN
Poyet Rasy JOS.SK + SKI

5 l 'p\in'Ma= f\baxvs—a = (5k)(11.16) = Z260.9 s

Vda

or ¢ o Raot Boo
w‘\,Ma gMszSz



Part e, 15 points

Find the small signal voltage gain (Vs1/Vgl) of M1 and the *** amplifier *** input

resistance.
vsivgl=__ 081 v/v
Rin,amplifier = | ML

% I R“\,“Mp = ﬂ‘a. | Zin,M\ = Mol = (Mo

=

@n, o

+
Vars, | Ros 1LY
Y | \ \ \
o— =N " §é % %
Ve

izs, = p‘in,»-\-‘ " Rds3

Vo = G Vers, (Rs Il 2,
= I (Ve V6 (Re 1 Ros,)
= P (e Pos ) Ve, — 9, (R Ros ) ve,

G (RS 20s,) = (A2
G, (B3 1| s ) + | (A s )+ Vg,

p\:n,Mz“'ﬂ\dS'; “ p‘dS( p“'",M‘L

v5|/vs' =

o¢

N p\;n,Mz“lﬂ‘dsz“ p“’Sq + '/gml ()\:“IM7.+ \/3”"0

26 ("

i 26|52+ '/‘HwS

= 0.5/ vjy



Part f. 6 points

Find (Vout/Vin), (Vin/Vgen) and (Vout/Vgen)
VourViny=  7.77 VIV
Vinvgenm = 0- U vv

(Vout/Vgen) = &.9 v/v

iy l\lw/\/m = (Vv )(Viz/165) = (H.w)(o.ss) = 9.3% vy

A 2
a\ V / = m,Amp - gl /
infV = = - M s _
I 8“ T‘k'm,/“mp +ﬂaen ﬂg‘ + Rgl"l JMST + JO0KA = o041 V/V

9~ [VOM'/Vﬂm = VOW:/VM X VM/Vaen = (‘7-77')(0."//) = 89 v/v
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Part g. 14 points

Now you must find the maximum signal swings.
Give the sign (+ or -) in your answers below.

Cutoff of M1; Maximum AVout resulting =~ ©- Sv

Knee voltage of M1; Maximum AVout resulting = +/5.% V

Cutoff of M2; Maximum AVout resulting = 10.5V

Knee of M2; Maximum AVout resulting = -0.85V

T M CwosE —> Ip =0, I5,= 0.2mA

Vour = Vo = I, Poy = IV = (02mAN(SKAY = v

@ Mo = — 0.8V

My Cwosf —> T, = OmA, ooy = Vo= |V

NAVour = + 0.5V

V Kaee Vo\haa,M‘: Vag, = Vi = 0.35v - 0.3V = SOmV

V'os,"- 0.5v -(-035v) = 0.85V

Ve, goex up 0.8V

AVoux = Ve x 0.5v = (17.16)(0-8v)
Vsz

L = +/5.3V D\O\I‘.ouls\-é_ 7ouu‘ll Cakurote



T
Knee Votege, M, : Vgg,- Vi, = SOMV

\/Déuman = - th‘ =—-0.%v

L Avouut- = -0.3v-0.Sv =-0.8\

12
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Problem 2, 30 points
nodal analysis

V You will be working on the circuit to the
OV it left
R] Ignore DC bias analysis. You don’t need it.
The transistor has transconductance gml.
n M ] ) The drain-source resistance Rds is infinity
(so you don’t need to draw it!)
sk
v

Parta, 12 points

Draw the small-signal equivalent circuit

M ®

O Vowr

AY

A+\L either model %

14 b



Part b.13 points

Find, by nodal analysis, a small-signal expression for Vout/Vin.

Vout/Vin= %(at"’al)/ ( | +ng7)

2
- VO) V.-.,\ = /Q,_}_leowl— —V;

%

Vas

VOUJ(’ = - g"“'v%éau"' QZ) = V%,gz g'";e“"e N VOu:\'
ot ey

[___,_ + I Voow = \+ %ﬂﬂz
g"\(ﬂl+el) R."' R, Out %(ﬂ‘l+o\z) VO«L* = Vin

(R, + Ry
b+ 9mfe

VOM/VM =
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Part c, 5 points

gm= 1 mS , R1=90kOhm, R2=10kOhm
Give a numerical value for Vout/Vin.

Vout/Vin= q il VIV

Vo, = 9’\"(&‘;5\2)
mmne

— UmsS)(oo k=)

| + (Im3) (0K

= 7.09 viv
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