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1 (a) With the aid of one of more circuit schematics, describe the operating
principle of a current mirror. State one application of the current mirror in an amplifier

circuit. [25%]

(b) The circuit shown in Fig. 1 is an integrated MOS current mirror. The transistors in

the circuit have the following parameters: (W/L)o1 = 50pum/Sum, |Vl = V.| =200V,
Vi=1V, pnCox=20 pA-V? and with a reference current of 100 uA. Assuming that

there are no channel length modulation effects:

(i)  what is the value of Vs, [10%]
(i) what is the lowest possible value of ¥V, for the mirror to supply a constant
current output, [10%]
(i) show that, TV = Vs fhen b 0/,

Lee  (W/L)g: | [15%]
(iv) what is the output resistance of the current mirror at 7, = 100 pA. [15%)]

¢) If the output voltage increases by 20% from its value in part (iii) at 7, =100 pA,
p 2 p 0 =

what will be the corresponding change in output current? Discuss the physical

implications of your result. [25%]
Irer = 100 HACD
+
vl
| v,
o JH— e
+
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=
Fig. 1
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2 (a) Whatis a multi-stage amplifier? [10%)]

(b) Explain why multistage amplifiers are necessary from the standpoint of circuit
characteristics. [10%]

(¢) The two-stage CMOS op-amp in Fig. 2 is fabricated in a 0.18 um technology
having k, =4k, =400 pA/V?, V,, = -V, =04 V. With A and B grounded, perform

a DC design that will result in each of Q1, Q2, Q3 and Q4 conducting a drain current of
200 pA . Design so that all transistors operate at 0.2 V overdrive voltage. Assume that

the current through Q6 and Q7 is 2Irer.

(i)  Specify the W/L ratio in tabular form required for each MOSFET. [15%]
(ii) What is the DC voltage at the output ideally? [15%]
(iii)) Calculate the input common mode range. [15%]
(iv) Find the allowable range of the output voltage. [15%]

(d) With v4 = vig/2 and vp = -vig/2, find the voltage gain vo/Viq. Assume an Early

voltage of 5V. [20%]
|
|
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Fig. 2
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3  (a) Name three sources of noise that are commonly found in integrated circuit
components. [20%]

(b) What is meant by the noise figure of an amplifier and describe how you would
measure it. [30%]

(c) A parallel combination of identical resistors are connected between the input and
ground terminals of a low noise amplifier. The output of the amplifier has a flat
spectrum with value —100 dB/Hz. If the voltage gain of the amplifier is 1000, calculate
the resistor values. In your calculations, assume that the amplifier is ideal (i.e.,
noiseless). [20%]

(d) A filter or network has an equivalent noise bandwidth B, which can be stated as:

e
|4,

[J1anP af

where A4, denotes the transmission (voltage or current) magnitude, A(f) the transfer
function, and f'the frequency. The above equation yields the same results as the actual
non-ideal bandwidth the filter or network has in practice.

For the single-pole filter shbwn in Fig. 3, show that the noise equivalent bandwidth B is
7
B = E jfo

where f; is the -3 dB bandwidth 1/(2zRC). In calculating B, you can use the following
relation,

B= azj:’(az +b°)db=a[2dg

where g is a dummy variable. [30%]
= v@v 2
i
\Z =_ v,
(e, O
Fig. 3
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4  (a) Explain how the design principle of the current-steering circuit differs from
that of a current mirror.

(b) The current-steering circuit shown in Fig. 4 is fabricated in a CMOS technology
for which pnCox = 200 pA/V?, upCox = 80 PA/V2, Vin=0.6 V, V3 = -0.6 V, and the Early
voltages are Vi, = 10 V/um, |Vap | = [12| V/um. If the channel length L of all devices is
0.8 um, design the circuit so that Jrer = 20 yA, L =100 uA, =1 =20 yA and Is =
50 uA. Use minimum possible device widths needed to achieve proper operation of the
current source Q2 for voltages at its drain as high as +1.3V and proper operation of the
current sink Qs with voltages at its drain as low as -1.3V.

(i)  Specify the widths of all devices and the value of R.
(i) Find the output resistance of the current source Q>.

(iii) Find the output resistance of the current sink Qs.

+15V
o i [0 10,
IRer ¢ I
"
R | %
|
== Oa (] Os
—-15V
Fig. 4

Page 5 of 6 (TURN OVER



Version AN/2

5 Consider the circuit of Fig. 5, in which an NMOS transistor M/ is connected in a
circuit designed to provide a reference voltage Vrer.

(a) Derive an expression relating Vger with the drain current I, the transistor
parameters and other circuit constants. [20%]

(b) For transistor MI, the channel dimensions # and L are chosen as 40 um and 4 pm,
respectively, V; = +1 V,and ¥’ = 20 x 10°® AV Vppand Vssare 6 V and 0 V
respectively.

Deduce a suitable value for R if Vrer isto be 2 V, and determine the drain current I~ [20%]

(¢) What is meant by the following terms in the context of the performance of voltage
references, and why are they important?

(1) Power supply sensitivity.
(i) Fractional temperature coefficient. [20%]

(d) Write a short account of the approaches available to the CMOS IC designer for
generating stable reference voltages for use in integrated circuit design. Your account
should mention power consumption, stability, area occupied, and any other factors you
consider to be important. [40%]

© Vpp

e
—s]
— v,
W REF
-0 Vg
Fig. 5
END OF PAPER
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FORMULA SHEET
Bipolar Junction Transistors:
ic =i ic = Pig ip =(1-a)ig ip =(f+Dig
B =Ly oM s my ar300K
1~ p+1 q
ngI_c rn':ﬁ re:& roz—KA—
Ve Iy Iy Ie
MOSFETs:
: 1 w
ip = KI2(Ves =V, )Vos = Vas'] K=5ﬂcm(~z
, K\ :
ip=Kgs =V) == — (vGS_Vt)2 k' = pC o
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Va
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Differential Amplifiers:
vo i Advd i Acmvcm
CMRR =20log|d, / 4,,| . = A,=22=g R
vcm vd
OR OR
= AR, _ 2R,
“ 2R ‘3R,
BJT small signal operation: i = ﬂ + a_] Ya Ien 9‘1 —i Ya
2 2V 2 2 2V, 2

FET small signal operation:

Millers Theorem:

Thermal Noise:

<v,? >= 4kTBR

R, =2(B+D(r, + Rg)

. 1 1 Vi
o Vv )2
GS "t

(1-K)

bridge

c,=C

. I d Wy
Ip» NE" e
Ves =V, | 2

R =emitter resistance

t

K=

N [,\N

k=1.38x102J/K



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, V=0 I=0 I,=0 V=0
set!

To find output loop, | ;=0 [=0 Vi=0 Vi=0

set!

Signal Source Thevenin Thevenin Norton Norton
B=X¢/ Xo Ve/ Vo Ve/lo It/ 1o It/ V,
A=X,/Xi Ay =V, /V; Gv=1o/Vi Ar= L/l Rv=V/li
D= 1+BA 1+ A, 148 Gum 1+ A; 1+B Rm
Ar AJ/D Gw/D Ay/D Rw/D

Rif RD RiD Ri/D Ri/D

Rot Ro/(1+BAv) Ro(1+BGm) Ro(1+BA)) Ro/(1+3Rwm)
R’or=Ror \RL R’»/D Ro(14BGM)/D | R°(1+BA)D | R’Y/D

IThis procedure gives the basic amplifier circuit without feedback but taking the

loading of B, Ry, and Rs into account.




