differential mode gain. (Vinn=-Vin1) (4)
(d) Derive the expression for the common mode gain. (4)
(Rp1=0Q)
(e) Derive CMRR expression. How can you improve the CMRR. (3)
(Rp1=0Q)
(f) When Rp, is 0 Q, derive the expression for differential mode gain.
(5)
(9) In the circuit, Vey=1 V, lss=1 mA, and Rp=1 kQ. What is the
minimum allowable supply voltage if the transistors must remain in
saturation? Assume V1 ,=0.5 V and Rss=c. (5)

Answer)
(a) 1) If Vpp fluctuates, it can be canceled out.
(high rejection of supply noise)
ii) the swing of Vu1-Voure €an reach 2{Vpp - (Vgs-Vin)} Which is
double the swing in a single CS amplifier.
etc.

(b) Vinl = 7Vin2
Vi =Vew +AV .V, =V, —AV
|

IDI:%+AI1 Iy, =—=—Al
Al =g,AV
o1 = In(AV —AV)), 15, =0, (AV +AV))
Al =-Alg,
gn(AV —AV ) =g, (AV +AV,)
AVp =0 (Vpisavirtual ground)

There can be other answers for this problem.
(c) Using half circuit analysis,

A/=_ngD (ro :w)

(d) If R, =0, Ry, =R,
AV, = AV +2AI1 R,

~ Al (= +2R,)
gm
Al :71AVCM
—+2R,
On
AV,
V = Avoutl VoutZ =Al DRD = % RD
—+ 2R
On
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1. For the circuit on the right, answer AV, Ry Rp
for the following questions. Assume Acv—om = =7 ¥

. AVCM 2R 2Rss
y=0 (no back-bias effect), A=0, and ——teRg
Omi=0Um2=0m for M; and M, transistors. Ny "
Also assume Rp;=Rp,=Rp. (30) (f) Vina=-Vint
(a) Briefly describe key advantages of Vo =0+ Vo =—0,RpVin,
fully symmetric differential amplifier.
(4) y y p A/ — Voutl _VouIZ — ng Vm2 —_ gm RD
(b) Prove that P is a virtual ground for Vin1 = Vin2 AL 2
small, differential inputs. (5) e A 1+29.R
(c) Derive the expression for © cMRR= = 2

M-DM

From this result, you can improve the CMRR by increasing g, and R,

©) VDD —| RD :VDS
Vps =V —Vy, (sat)

DS =

VDD—IDRDzl—O.S
V,p —05>0.5
V,, 21

DD =
. minimum allowable supply voltage is 1[V].

2. For the circuit on the right, answer for
the following questions. Assume (W/L),
and (WI/L); are different. Assume A=0 for
all transistors, and y=0 for M;. (12)

(a) Assume Rg is much larger than Rg and
R.. Also assume Rs=0 Q. Calculate small
signal voltage gain. (7)

(b) Determine the polarity of feedback
when Rg is finite. (5)

Answer)

@ (D=

Re > Ry, R, means Re path is opend.(open loop)

)3’ fp =

Io1 = 1o,

Wi,
v (VV/L)z
_WiL), _ W/,
out (W / L)2 D (W / L)Z gml m
_ Vout (W / L)S
A= v,  W/L), "

out

oV, T=1 =1,V 1,i=Vv, TV, T=1,, 7T

or

V, TV =i, i=v , TV, T=Vv, T

out

Thereby opposing the effect produced by V;,, the feedback
is therefore negative.

(1/2) Check if your name and ID are written or correct.
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3. Assume that the MOSFETSs (M; and M,)
have the same output resistance r, (A>0).
Load capacitance C_ is connected to
output. Neglect other capacitances. M; and
M, are n- and p-type MOSFETS,
respectively. Answer for the following
questions. (8)

(a) Assume that there is a capacitance (Cr)
between the gate and the drain of M;. By
using Miller theorem, calculate the input
and output capacitances. (3)

Fig. 1

(b) Estimate the -3 dB bandwidth in (a) as the r, goes to infinite (A=0).
Here assume that there is a finite input resistance connected with V;, in
series. (2)

(c) Assume that Vj, and V, are exchanged. That is to say, Vi, is
connected to the gate of M, and V, is connected to the gate of M.
Compute voltage gain at low frequency. (3)

Answer)
(a) low frequency gain, A =-g,.(r]r)= _Gnfo
m o] o 2

Using Miller’s Theorem,

Cein= 1+ gmzro )Ce

Cron =@+ i)CF +C,

m-o

(b) I, =00, afinite input resistance = R

Since Ce is infinite, the input pole is zero(v\/pm

The output pole is also zero because r, is infinite.
W, o =1/(r, /2)(C_+C¢ ;) =0)

=1/RC, , =0).

F.in

BW =0

1
Including the impedance of C, (———),

wC,

1
Rowe =T Il o |l Jwe,

So the gain of the circuitis —g_(r |t || ;),
jwC,

At a low frequency, we can ignore CL (opened).

r

A\/=_gm5

4. For the following cascade stage, answer for the following questions.
Assumey =2 =0.(20)

(a) Describe briefly key features
of the amplifier. (5) Rp
(b). Derive an expression for low Capz |y
frequency small signal voltage gain
between nodes A and X. (5)

(c) Using Miller theorem, derive
expressions of capacitances

VDD

Vout
Vy o ——[, M, T Cos2+CL
“H—x ¥

Cas2

c
at nodes A and X. (5) . <8

(d) Supp_ose a_resisyor Rg 2 15 M == Cop + sz
appears in series with Vit Lo I

the gate of M,. Including "o Ter®

only Cgsy, neglecting
other capacitances, determine the transfer function (5)

Answer)

(a) Compared with the Miller approximation results obtained in CS stage,
the input pole has risen considerably and hence the cascode band
width is larger.

(b) A low frequency gain from A to X is
A\, = —h (rol,r02 = OO)

m2

9
© Cpr=Cqs +(1+ 71)CGD1
m2
Cy =Cpp, +Co, + (14 3m2)c  4C
X = DBl+ GSZ+( + ) GD1+ SB2
ml
(d)
Re
Vout
+
ngVQSZ
= Cgs2 Vgs2 C*b Rp

ngVgsl

gmlvin = gmzvgsz + jWCgsZVgsz :Vgsz(gmz + jWCgsZ)
\Y,

gs2 gm1 out __
- ngRD

Vin B gmz + jWCgsZ l V

gs2

Voul — _gmlngRD
Vin gmz + jWCgsZ

(2/2) Check if your name and ID are written or correct.
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5. Assume that MOS transistors M; and M, have a finite ry; and infinite
Iy, respectively. It is also assumed that current sources I, and I, are
ideal. Answer for the following questions. (30)

(@) Identify the sense and return
mechanisms. (3)

(b) Determine the polarity of
feedback. (4)

(c) Calculate open-loop Z;, and
Zoy. (3)

(d) The feedforward system in the
circuit above is a transimpedance
amplifier. Calculate the gain of
feedforward system. (4)

(e) Calculate the feedback factor K. (4)

(Hint: Note the direction or polarity of feedback quantity (I or V)

(f) Calculate open-loop and closed-loop gains. (4)

(9) Calculate closed loop Z;, and Z,,. When rol goes to infinite,
calculate again closed loop Z;, and Z,. (4)

(h) When p-type MOSFET substitutes for n-type MOSFET M,
determine the polarity of the feedback. Note the source of PMOS is
connected to Vpp. (4)

Answer)

(@)This topology employs a transimpedance amplifier as the
forward system. The feedback network sense the output voltage
and return a current to the subtractor.

(voltage-current feedback)
M, both senses the output voltage and returns a current to the
input. M, also serves as the feedback network.

(b) If I, increases, V, increases and Ip; increases. As a result,
V.. decreases(like inverter), thereby decreasing Ip,. Finally,
V, decreases. Since the current injected by M, into the input
node change in opposite directions, the feedback is negative.
lin? = VT = b1 TVoul = 2l — V|

(© Zm=i (r,, =)

ng

= r01

z

out
(d) the gain of feedforward system => open loop gain
+ Vout

Vin1

gml\/inl

Tin 1/gm2 Ro1

:

Vinl = i in
ng
g
Vout - _g_:i rollm
"R = Vout —Omilo1

)

+
{ :+ Vin2

I_ Vout ngVinZ
T Ir

IF = _gmzvinz

Vin2 :Vout

I F= _ngVout

|
.‘K=\/_F=_gm2

out

(f) open loop gain= R = “9m oy

gmz
closed loop gain \ﬂ = R, — ~OmaTor / G
n 1+ KR 1+ 9,1,
— gmlrol
gm2(1+ gmlrol)
R 1/
©) Zin closed — > = Oz =0
’ 1+KR, 1449,
Rout rol ~ 1
Zout,closed = 1+ KR = 1 =—
+ 0 + gmlrol gml
(rol - OO)
VDD
',1
oV

lin? — VpT — IpVoud = Ip21— Vp 1
Since the returned signal enhances the effect produced by I,
The polarity of feedback is positive.




