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Q1 (a) A MOS differential pair is shown in Figure Q1.1.

(i) Design the MOS differential pair for a voltage gain of 5 and a power
dissipation of 1 mW if the equilibrium overdrive must at least 150 mV.
Assume y = A =0, unCox = 100 pA/V2, VIu=10.6 V and Vpp = 1.8 V.

(8 marks) .

Vv,
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Figure Q1.1

(ii) Determine the maximum allowable input CM level if Vtu = 0.4 V is
applied to the same circuit in Figure Q1.1.

(2 marks)”

(b) Figure Q1.2 shows the differential amplifier that uses a resistor rather than a
current source to define a tail current of 1 mA. Assuming that the circuit is
symmetrical and y = A = 0, (W/L)12 = 20/0.5, pnCox = 100 pA/VZ, Vg =0.6 V

and Vbp=3 V.
Voo
'EE Rp Rp=
Vout1o—$ X Ye¢—oVourz

Vin1 o—|[ M4 M2 o Vin2

Figure Q1.2

(1) Determine the required input CM voltage for which Rss sustains 0.5 V
and calculate the Rss value.

(8 marks),
(ii) Calculate Rp for a differential gain of 20.

(4 marks) ,
(iii)  Draw the small-signal equivalent circuit for this amplifier.

(3 marks) “
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Q2 (a) A current mirror circuit senses the reference current and generates the copy of
reference current with the same characteristics. Figure Q2.1 shows a basic
block diagram for current mirror circuit.

Vop

Irer

/ out

Copy -

Circuit

]-: -

Figure Q2.1

() Complete the circuit by drawing the ‘copy circuit’. Using the complete

circuit, prove that [,,, = %IREF

(4 marks) "

(ii)  Modify the circuit in Figure Q2.1 such that the body effect can be
ignored and constant output voltage.

(3 marks) ,

(b) The common-source stage depicted in Figure Q2.2 must be designed for a
voltage gain of 20 and a power budget of 2 mW. Assume the following:
#nCox = 100 pA/V?, (W/L); = 20/0.18,4, = 0.1V, 4, =02V Ly =0.

Vop=18V

Mger M,

Irer Vino—[,, M4

Figure Q2.2
(i) Determine the Vgsi and Ipi.
(5 marks)
- X W/L)a .
(ii)  Find Irer and T rr— if Mrer has (W /L) ggr-
(3 marks)
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Q3

(c)

(a)

A current source circuit is shown in Figure Q2.3. Given the following
parameters, (W/L); = 2, (W /L), = 10,Vpp = 2.5V, u,C, = 100uA/V?,

Vigm = 0.5V, Ay = 0.05V1, 3= 0.

(i)

(iii)

Vop
Rrer
Irer lovr +
o l_m__i Mz Vour
Ry
£
Figure Q2.3

Find the value OfRREF Such that IREF = 100],[14.
(3 marks)

Determine the value of R, that gives Iy = 40pA. Assume that Mz is in
saturation.
(4 marks)

Determine the lowest output voltage, Vour for which the circuit still acts
as a current source.

(3 marks)

Operation amplifiers (also known as op-amps) are key elements in analogue
processing systems.

()

(i)

Compare TWO (2) advantages of single stage amplifier and two stage
amplifiers.

(4 marks)

Determine the input common-mode voltage range and the closed-loop
output impedance of the unity-gain buffer depicted in Figure Q3.1.
Assume the threshold voltage, Vru = 0.7 V with supply voltage of 3V.

(4 marks)
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Vin 00—+
Vout _ —o Vout

||/

Vin —[L M, M,
Iss
) Figure Q3.1
(b) An amplifier circuit depicted in Figure Q3.2 is designed based on the following

specification. Assume M operates at the edge of saturation if the input common-
mode level is 1 V.

A; =10, P =20, 5,Cop = 2, Cope = 100 V2,

Vop =18V, Vpy, = 0.6V, Vyy, =—04V, 4, =01V 4, =02V

Figure Q3.2

(i) Find the Iss and g n).

(5 marks)

(i)  Determine (W/L)1—2 and (W/L)3_4'
(4 marks)
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Q4

(©)

()

(b)

A simple implementation of a two-stage op amp in shown in Figure Q3.3.
Assume the following parameters: (W/L);_g = 100/0.5 yIss = 1mA,
Vop =3V, Vpy=0.7V, p,Cor = 100 pA/V?, HpCox = 50 MA/V?, y=0.

Figure Q3.3

(i) Analyse the CM level that must be established at the drains of M3 and
Ms so that Ips = Ips= 1 mA.
(4 marks)

(i)  Based on part Q3(c)(i), calculate the overall voltage gain and the
maximum output swing.
(4 marks)

A comparator detects if its input (voltage or current) is higher or lower than a
reference level. Discuss TWO (2) key stage issues in comparator design and
suggest the solution for each issue.

(4 marks)
Find the propagation delay time of an open-loop comparator has a dominant

pole at 10° rad/s, DC gain of 10% slew rate 1 V/us, and a binary output voltage
swing of 1 V for an applied input voltage 10 mV.

(8 marks)

[ TERBUKA |
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(c) The two-stage comparator shown in Figure Q4.1. Assume that this comparator
has no compensation capacitor, Cc, and the minimum value of Vgs = 0 V,
Ci1=0.2 pF and Cy = 5 pF. Use the following specifications:

A, =8000 Vpp =25V Veg= —25V GB=5MHz SR>10V /us
60° phase margin V,,,range = +2V ICMR=—-1Vto2V
Pyiss <2mW Vg =07V Be=10x10° I, =235 puA

VD
l——ld
3 4
M M [l:— -
-o—{| . MI M2 Vout
Vin l
]
M5 '

+ o
+ef
VBias "j

Vss
Figure Q4.1
(i) Determine the output range, Voun and VoL
(4 marks)
(i)  Find Vis(min), p1 and p2
(6 marks)

(iii)  Given (W/L)7 = (W/L)ﬁ, Voo =28V, Vee=—-25V, Vyu: =0V,
Determine the trip-point of inverter, V;zp at the second stage.

(3 marks)

-END OF QUESTION-

PI‘EIRBU-KA
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APPENDIX A

Constants

kT = 0.026 eV, at room temperature

k = 8.62x10-5 eV/K., Boltzman’s constant
V1 =0.026 V. thermal voltage

q=1.6x10" C (coulombs)

n; = 1.45x10wcm“s, Si at room temperature
go=8.85x10"" F/em

cox=(3.9) 8.85x10 F/em

eq=(11.8) 8.85x10"* F/em

N-channel MOSFET:

Cut-off VGS <Vr IDS =0
Linear VGS = VTJ VDS < VSG _VT w Vnsz
Ins=HnCox - {(VSG Vr)Vps-——[ (1+AVps)

i = 1 w
Saturation | Ves > Vr. Vos > Vs - Vr Ips=5 HnCox 7 (Vs V)2 (1+AVps)

w
gm=llncoxr (Vas-Vr) (1+AVps)

w w 21y
gm = MnCox - (Vas = Vo) = |2unCox-lp =y——5~  (ford=0)

P-channel MOSFET:

Cut-off VQG < IVTl ISD =i
Linear VSG >!VT|! VSD < VSG _IVTI

w Vs
ISD:upCOXf (Vs '|VT|)VSD‘T (1+AVgp)

Saturation Vse >Vl Vsp > Vg -1 V1l

1 . W )
Isp=5 MpCox 7~ (Vsg -[VeD*(1+AVsp)

Diff. Amp :
Vint — Vinz| < —w
BnCox -

1 w 4lgg w
Ipi-Ip2= 5 UnCox + (Vin1-Vinz) [——% = [MnCox +Iss(Vin1-Vin2)
2 L 1 CoxE L
T L

Kn w
Ip == (Vgs — Ven)? (1 + AVps) Kn = nCox

w
gm= |20:Cox Ip = 2K, Ip(1 + AVps)
Legs
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A4V 1
To = e Ton = T (Tonll7op)
Iy MD ’{’nﬁ'
2
Ay = gm@onllor) 9m = Tonl|Top
- — 2 ID 1 L 1 e
2stage: 4, =522 — [ -2 where 7= -
1%
B = feedba(:k faCtor = V_:. - = —(gm7 + gmB) (Ron7l |Ran8)
22
= (2 1
9m7 T Gms = Hnlox | 7 DS7,8
L/sg Zuanx(W/ L)7 B(VGS7,8 - V'r'!,a)
1
=-2pCox(W/, ). . Vbszs-
R 2y Cox (W/ L)7 B(VGS'?,B"VT?.B)
- Vbsz,s
Ves78-V17,8

Power dissipated:

Pp=Vps x Ip
P = Iss.Vpp

IssRp _ Prp
Vemout=Vop-55—
R O Bs

Ry, = [ZVDD (VDD _:CM,out)]

w w P Vi
[Av|=gmRp = |—HnCoxlssRp = |+ HnCoxlss 5— [ZVDD (——-——-—DD CM'OM)]
ke L Vbp P

Unbuffered Op-Amp:

S —
ma=|7) =|+) = : g
L Wleds K'3[Vbp-Vinmax) - Vrs |4 Vr1]

o Wy _ (W) _GEmD?
8m=GB.Cc (‘:)3— L/z  Kils

Ic MR(mm) = (W) KfsV::ss[sat]z s ( )6 3:2 (W)
gm,i

Ii:m

L
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Two-stage Op-Amp:

I
SR = C—5 where I, 515 and C;>Cc

C
R Zmi - 28m1 e 8me - Zms
1 gas2t8ase Is(l+]y) 2 gaset8asy  le(gt]y)
~Bm  _ Bms  _Bms

gme =2.2 8m2(C/C¢)

Ty r I
Positive ICMR Vm(max) ZVDD-E '[VTB3I(max)+VT1(min))

Negative ICMR Vin(max) =Vgg+ J,:,—S V11 (max) +VDss(sat))
1

Comparator
81,
Vou=Vop-(Vopo-Vesminy~|Vrel) | 1- |1- R
min )- TP
VoL = Vss % (0)
Bm1 Eme v
ro-(En i) o
. Bds2+8dsa/ \Base+8ds7 v(s) pi+1) (pi+1)
1 2
Poles: pi=s—— — T
SN P2 G (Bass +Easn)
Kn(W/L)
Vin = Vrrp = Vpp — Vel — ___W__—?(Vﬂias — Vss — Vrw)
Ke("/1),
Slew rate:
ltail Bmiloz 8m1
SR=— GBW=—=—"—
CL roZCL CL

1
T = Rout X Cour = Rout X (ng2+cgd1 (1 - A_))
v

Propagation time delay:

Vou-VoL ;
2 :Av (0)[1—& tl:'/-':C]Vin
AV Vou-VoL 1
p SR~ 2SR _Cn 1. Von-Vor
2A,(0)Vi,
Vouy—V Vin
Vin(min) = U;(O)OL where t, =tcin— 0 k="
T in(min)
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