Question#1 (9 pts.):

(a) [2 pts.]
Correct Diagram:

Rout

)<

Vﬂlll

(P ZEri Zx Ryl

[-1 for incorrect source]
[-0.5 for incorrect label]
[0 for simply redrawing the given diagram]

(b) [2 pts.]
The diode is OFF,

Vin = Is*Rs||Ri

Vout = Ryeli

Ii= [Rs/(Rs+Ri)] *I§

[-1 for incorrect Vin, Vout, or Ii]

.. Vout/Vin = Ryy*[Rs/(Rs+Ri)] * [1/(Rs|[R1)]
= Rm*[Rs/(RstRi)] « [Rs+Ri)/(Rs*Ri)]
=5 RM,'Ri
=400/100
=4
[-1 for incorrect Vout/Vin expression]
[-0.5 for mathematical error]

(¢) 2 pts.]
Clipping occurs when (Vout-Vin=0.7V)
[1 point for understanding this]

Vout = Ry*[Rs/(Rs+Ri)] + Is

Vin = [(Rs*Ri)/(Rs+Ri)] * Is

.. Is * [(Rp*Rs)-(Rs*Ri)/(Rs+Ri)] = 0.7

.. Is = 0.7(1.2k+100)/1.2K(400-100)
=2.53mA

[1 point for these calculations]

(d) [1pt]




In the linear region, the diode is OFF.
.. Rout =Ro =150Q2.
[No part marks]

(€) [2pts]
IL = Rpeli)/(Ro+Ry)
Ii = [Rs/(Rs+Rin)] * Is
. I/Is= Ry * Rs )/ [(Ro+Ry) * (Rs+Rin)]
=(400-1.2K) / (200+1.3K)
=1.846 A/A
[-1 for incorrect I, Ii, or I}/Is expressions;
-1.5 for 2 out 3 incorrect]
[-1 for taking Vout from the previous parts and dividing by Ry. That is incorrect]
[-0.5 for mathematical errors]




[Q2 Solution]:
a) [2 pts]

ki Curve doesn’t cross origin, -0.5 pts;
. A5 Do not mark V 4 axis correctly, -0.5 pts;
—I 171 17171 - Do not mark Vsaxis correctly, -0.5 pts;
Do not show voltage limiting on both sides, -0.5 pts;

'
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b) [4pts] Since the DC component of Vs is 0, so both D1 and D2 are OFF by
inspection, hence Ip; = Ip> = 0,

By inspection, D4 and D5 cannot be both ON.

Assume D3, D4 and D6 ON, D5 OFF.

[Find out Ip; = Ip; = 0 and made some assumptions, should get 0.5 pts;]
L 3-(V,+0.7) . 23-V,

I
s 500 500
;. 3= +0.7) _23-V,
B 1k 1k
V,=Ve+1,,x100+0.7
By KCL:

I, =1p,+1,=1,,+0.68m

Ipa+1ps=1,=10m

[Write these two sets equations right, got another 3 pts;]

Solve the above equations and got:

Vg=-084V  Ve=-21V  Vc-Vg=-1.26Vso D5 is OFF.

Ip; = 6.8mA Ipg=5.6mA Ips=0andlps =4.4mA

[Find out the final answers correct, got another 0.5 pts, so total 4 pts;]

[Note: Failed to justify the assumption, -0.5 pts;



c) [2 pts]

Vx
50 / rd4 100
A"
rd3
500

AM—AN o Vo

g 1k
rdé

1k —_

D

The small-signal must be consistent with the results in their part b). If due to the mistakes
of part b that make part ¢ any easier then expected, -1 pts;

For any single mistake in this part, -0.5 pts;
d)

(2 pts]

vo_vo v

vs VX vs§
vo _ 1k //(rd6 +1k) 1 pts
v rd4+100+1k/(rd6 +1k)
vx  (rd3+500)//(rd4+100+ 1k //(rd6 +1k))
vs 50+ (rd3+500)//(rd4 +100+1k//(rd6 +1k)) in
e) [3 pts] For D4 D5 both OFF,
|Va-Vel <07V (*)  0.5pts
Vg=3-500*;-07 (1) 0.5pts
Ve=3-1k*1;-0.7 (2) 0.5pts
Substitute (1), (2) into (*)
110500 *I)| < 0.7
18.6mA <1, < 21.4mA 1.5 pts

If only got half of the answer, should get 1.5 pts in total; And if include 18.6mA and
21.4mA as the answer, -0.5 pts;




[Q3 Solution]:
a)
[5 pts]

gm3vbel
RC1 +
vbe]% red
e gmivbe1 /
o
h vz
RIN vbe1< ret

ro2

For any mistake, - 0.5 pts;

b) Rix = Rg1 // (Rg2 + rod/rer) [ pts]
Rixa = (B+1) [res + ro3 // ((B+1) (res + rod//Re2//Ring))] (1 pts]
Rixg = (B+1) res [1 pts]
Rou = ros // Res [1 pts]
For any mistake in part a) that makes part b) easier than expected, -0.5 pts.

c) [4 pts] 1 pts for each equation, -0.5 pts for partial answers;
VX roll rel Rin

— X
vs RB2+ro2l/lrel Rs+ Rin

LA gml-(Rcl// RINA)

VX

vz __ RE2/[rodl/RINB _ _ ro3//[(p+ 1)re4 + RE2// ro4// RINB]|
vy re4+RE2//rod// RINB  re3+ro3//|(+1)re4 + RE2// ro4// RINB]|
vout

=—gm5-(Re3// ros)
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Question#6 (9 pts.):

(@) [3 pts.]
Irer = (1.8-1.2)/12K = 50pA [1 Point]

Joi may be estimated as follows:
. Wo/W, =3w/12p=25
. Joi=2.5+50pA = 125pA [1 Point]

Roi = 1/(\oi) = 1/ (0.02 * 1251) =400kQ /1 Point]

(b) [1 point]
The input resistance into a FET gate is Rin = o0 [No part marks]

(c) [3 Pts]
[Both Routl and Rout2 may be solved by symmetry/single-ended treatment. Each is
worth 1.5 points. Partial marks are given for correct method but incorrect answer]

Routl =2+ (Ry/2||[Rp) Q  [15Pts]
Rout2=2+(Roi || l/gm) @  [1.5Pts.]

(d) [3 Pts.]

[Both Vol/Vin and Vo2/Vin may be solved by symmetry/single-ended treatment. Each
is worth 1.5 points. Partial marks are given for correct method but incorrect answer]

Vol/Vin = (Vpi-Vpz)/Vin=-gm * [Ry/2 | Rp] V/V  [L5Pts.]
Vo2/Vin = (Vsi-V2)/Vin = 1/(1/gm + Roi) V/V  [L5Pis]

Alternatively, one may use voltage divider to determine Vo2, using Vol as the input
voltage. This gives the following answer:

Vo02/Vin = (Vs1-Vs2)/Vin = Roi / (1/gm + Roi) V/V  [Also acceptable for 1.5 Pts.]




