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1 (a) What is the advantage of CMOS technology from the point of view of
voltage amplifier design with MOSFETs?

(b) Consider the CMOS active load differential amplifier shown in Fig. 1. The input
nodes receive DC voltages Vyy+ and Viy-. A bias voltage V3 is used for the MOSFET
MS5 to establish the tail current. For all MOSFETs, the gate oxide capacitance per unit
area, C,x = 400 nF/cm”. The mobility for n-MOSFETs is u, = 1000 cm®/Vs. The
mobility for p-MOSFETS is u, =250 cm®/Vs.

(1) With the inputs Viy: and Vv grounded, identify the aspect ratios for the
MOSFETs M1, M2, M3, M4 and M5 that will result in M1, M2, M3 and M4 each
conducting a current of 0.1 mA. Perform the design such that the overdrive
voltage (i.e. the absolute value of the difference between the gate-source voltage
and the threshold voltage) for each MOSFET is 0.2 V.

(1))  The small signal output impedance of MOSFETs M1, M2, M3 and M4 due
to channel length modulation is 100 kOhm. If the inputs receive small signal input
voltages +vi, and —vj, with the DC level being 0V, what is the small signal, low

frequency differential voltage gain?
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Fig. 1
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2 (a) The driver MOSFET of a common source amplifier has a significantly large
gate-drain/source overlap capacitance. If the amplifier is designed to have large gain,
explain how this might impact the frequency response? [30%]

(b)  Consider the multi-stage amplifier circuit shown in Fig. 2. The DC supply voltage
is Vpp, while vi, and vy, are the small signal input and output voltage, respectively. All
MOSFETs are in saturation mode operation and all BJTs are in active mode operation.
Ignore channel length modulation in MOSFETs and base width modulation in BJTs.
Transistors Q1, Q2, Q3 and Q4 have transconductance g1, gm2, gm3 and g4 respectively.
The parameters n and m are constant coefficients.

(1)  What is the small signal, low frequency voltage gain, vout/Vin? [35%]

(1) What is the small signal, low frequency input impedance? [35%]

Fig. 2
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3 (a) Consider the circuit shown in Fig. 3. MOSFET M1 has an aspect ratio
WI/L = 2, MOSFETs M2 and M3 have aspect ratio W/L = 1 and MOSFET M4 has an
aspect ratio W/L = 4. For all MOSFETs, the threshold voltage is V; = 1V, the mobility
is 4 = 1000 cm*/Vs and the gate capacitance per unit area is Cox = 40 nF/cm®. Ignore
channel length modulation in all MOSFETs.

(i) If M1 and M2 are to operate as a good current mirror pair, calculate the

value of the maximum resistance the resistor R can take. [25%]

(i) If resistor R has resistance 20 kOhm, what is the DC value of the voltage

Vp? [25%]

(ii1) If resistor R has resistance 10 kOhm, what is the DC value of the voltage

Vour? [25%]

(b) A two MOSFET current mirror is a useful circuit to generate bias. However,
channel length modulation results in inaccuracies. With the aid of a circuit and relevant
analysis, explain how a MOSFET cascode current mirror circuits mitigates problems

due to channel length modulation. [25%]
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Fig. 3
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4 (a) What is meant by the ‘corner frequency’ of a MOSFET in the context of
noise? [20%]

(b) Consider the circuit shown in Fig. 4. The n-channel MOSFET is in above
threshold saturation mode of operation and the load resistor has resistance R;. The DC
power supply is Vpp. Ignore channel length modulation. How does doubling the aspect
ratio of the MOSFET impact the input referred voltage noise? [40%]

(¢) In a series resistor-capacitor (RC) circuit, no signal is applied and the only source
of noise is the resistor. Analytically prove that the infinite bandwidth noise voltage (in
V?) measured at the junction of the resistor and capacitor is halved when the resistance
is halved and capacitance is doubled. [40%]

Answers to Numericals:

1.) b (i) For M1, M2, W/L=12.5
For M3, M4, W/L=50

For M5, W/L=25

(ii) Differential Gain=50

s

m |

(ii) 2.5V

VDD
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il M, 3.) a (i) 16.67kOhm
- (iii) 3.4 V

Fig. 4
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FORMULA SHEET

Bipolar Junction Transistors:

e =aig ic = Pig iy =(-a)i; ip =(B+Diy
g% =By JF o5 e300k
l-a p+1 q
gm=1_c rﬂ=& re=E r0=ﬂ
Vr B Iy I
MOSFETs:
. 2 1
ip = K[2(vgs =V, )vps = Vps'] K= E/‘Cox
: k' (W '
i =K@vg =V) === (vGS _I/t)z k™= uCoy
2\ L
V4
Em _ZK(VGS Vz) 0 _|I_|
D

Differential Amplifiers:

v, =A,v,+A4,V,

cm - cm

CMRR =20log 4, / 4, 4 = 4, =Ye—g R,
vcm d
OR OR
4 - AR, _ 2R,
BJT small signal operation: Ioy = ﬁ +iv—d iy = ﬁ _iv_d
2 2V 2 22V 2

Rid = 2(/J)+1)(I’E +RE)
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R

£ =emitter resistance

. : . 1 1 Vi
FET small signal operation: iy =—+|——
2 VG -V

Millers Theorem:

Ceq = Cbridge (1 - G)

Noise:

Thermal Noise voltage in resistor (V*/Hz): < v}f >=4kTR

Flicker Noise in MOSFET (V*/Hz): <v. >=a/(

oxX

a = Process Dependent Constant Coefficient

C. WLf)

k=138x10%J/K
Thermal Noise voltage in above threshold MOSFET (V*/Hz): < vj >=4kT(2/3)1/g,)
Thermal Noise current in above threshold MOSFET (A*/Hz): < if >=4kT(2/3)(g,)

Feedback Architectures and Properties:

Series-Shunt

Series-Series

Shunt-Series

Shunt-Shunt

Feedback signal X; Voltage Voltage Current Current
Sampled signal X, Voltage Current Current Voltage
To find input loop, set' | V=0 1,=0 1,=0 V=0

To find output loop, set' | I=0 1=0 V=0 V=0
Signal Source Thevenin Thevenin Norton Norton
B=X¢/ X, Ve/ V, Vel l, I/ 1, I:/V,
A=X,/X A, =V, Vi Gu=L,/Vi A =1/ Ry=V/]i
D= 1+BA 1+8 A, 1+B Gy 1+ A 1+ Ry
Ar A,/D Gw/D Ay/D Rum/D

Rir RiD RiD Ri/D Ri/D

Ror RJ/(+BAY) | R(1+BGwm) R,(1+BAj) Ro/(1+BRwm)
R’os=Ros \ Ry R’/D R’o(1+8Gm)/D | R’,(1+BA;)/D R’,/D

'This procedure gives the basic amplifier circuit without feedback but taking the
loading of B, Ry, and Rg into account.
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