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EEEB273 Semester 1, 2012/2013 Test 2

Question 1  [40 marks]

The circuit parameters for the differential amplifier shown in Figure 1 are V' =5V, V ==5V, A
= —0.28, and Iy = 240 pA. The NMOS transistor parameters are Vv = 0.4 V, k’, = 100 |,LA/V2 ,
(W/L), =38, and A,=0.018 V!, The PMOS transistor parameters are Vrp=—-0.4 V, k’, = 40 pA/vV 2
(W/L),=10, and 4,=0.02 V"',

a) Determine the maximum common-mode voltage input, v.,(max), that can be applied
such that the transistors are still biased in saturation region. [6 marks]
b) Draw the ac equivalent circuit for the differential-mode input (v1 = +v4/2 and v, = —34/2).
Indicate the resultant ac currents in all transistors. [6 marks]
c) Determine the output resistance R, of the differential amplifier. [5 marks]
d) Calculate the small-signal differential-mode voltage gain Ag= vy/v,. [5 marks]
e) Suggest one way to increase the differential-mode voltage gain and show your new circuit
and justify the change(s). [6 marks]
f) Find the one-sided output voltage (v,) taken at vp, of the differential amplifier when v; =
(0.10 + 0.05 sin ot) mV and v, = (=0.10 + 0.05 sin ®t) mV. [12 marks]

vV

Figure 1
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EEEB273 Semester 1, 2012/2013 Test 2

Answers for Question 1

(@)  Vsgs =[NUps/K,)]- Vrp

= N/ 2)[( K’y 12)(W/LY,) - Vip @
= [\/(12()]1)/[(40},!/2)(10)]] +04
=1.175V

Vem(max) = V' - Vsga - Vpsigan + Vasi
=V"- Vsea- (Vgsi- Vin) + Ves1 = V'-Vsgz + Viy
=5-1.175+04 @
=4.225V

(b)
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EEEB273 Semester 1, 2012/2013 Test 2

Answers for Question 1 (Cont.)

(c)
roo  =1/(Adp) = [(0.018)(120p)] " = 463 kQ @
ros  =U(AIp) = [(0.02)(120p)] " = 416.7 kQ @

R,  =rofku=2193kQ @

d R, =roffos=2193kQ

gn  =2V[Kulp] =2 [(k’, 12)(W/L),(Io/2)] @
=2V [(100p /2)(8)(120p)] = 0.4382 mA/V*
A =guR, = (0.4382m)(219.3k) = 96.09 @

(e) Increase voltage gain by using cascode active load. @

Ad = ngo @
Previous R, = rya/f o4

New circuit R, = ry /R, (active load) = 7y /8mroa Fo6 = o2 @

The new R, is larger than the previous one.

-transistor type PMOS

-connection with diff-amp

1
1
|
I -within cascode connections
1
|
|
|
1

Vv
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EEEB273 Semester 1, 2012/2013

Test 2

Answers for Question 1 (Cont.)

® v =Vi-V2 @

= (0.10 +0.05 sin wt) - (=0.10 +0.05 sin wt) @
=0.20 mV

Vem =(v1+v2)/2 @

= [(0.10 +0.05 sin @t) + (=0.10 +0.05 sin wt)}/2 @

= (0.05 sin ot mV @
Yo = Advd + Acmvcm @

= (96.09)(0.2mV) + (-0.28)(0.05 sin &t mV) @
= (19.22 - 0.014 sin ot) mV @
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EEEB273 Semester 1, 2012/2013 Test 2

Question 2  [30 marks]
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Figure 3

For a simplified class-AB output stage with BJTs in Figure 3, given that Voc =5 V and R = 1 kQ.
For each transistor, the reverse-bias saturation current is Is=2 x 105 A.

a)

b)

c)

d)

What are two disadvantages of class-AB output stage compared to the class-B output
stage? [4 marks]

What is the advantage of class-AB output stage compared to the class-B output stage?
[2 marks]

Determine the value of Vpp that produces ic, = ic, = 1.1 mA when vy = 0 V. What is the
power dissipated in each transistor? [6 marks]

For vp = -3.6 V, determine i;, ic,, icp, and v;. Reiterate your calculation twice for ic, and
icp. What is the power dissipated in Qy, Q), and Ry? [18 marks]

Answers for Question 2

a) i) Required power handling capability of Qs in class-AB will be slightly larger than class-B.

ii) Power Conversion Efficiency (1) will be less than class-B.

[2 marks for each answer]

b) Eliminating crossover distortion in the class-B. [2 marks]
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Semester 1, 2012/2013

Test 2

Answers for Question 2 (Cont.)

c)

d)

icn =Isexp(Veen / V1)

Veen = VrIn(Gc, /Is)
= (0.026) In (1.1x103 / 2x10°'%) = 0.70286 V

VBr =2 VBE

=2x0.70286 = 1.40572 V

Py =icn VCE

= (1.1m)(5V = OV) = 5.5 mW

Forvp=-3.6V,

Approximation:

Then, finally

Power:
For Q,:

For Q,:

For R;:

iL
lcp
VEBp
VBEn
i Cn
lcp
VEBp
VBEn
lcn

lep

Vi

Pr1

=Yoo / RL
= (-3.6V)/(1 kQ) = -3.6 mA

=liy1=3.6 mA
= VT ln(icp /Is)

= (0.026) In(3.6x107 / 2x10"%) = 0.73369 V

= Vpp - VEBp

= 1.40572 - 0.73369 = 0.67203 V

=Isexp(Vpe. / Vr)

= (2x10™") exp(0.67203 / 0.026) = 0.336026 mA

Ricy -IL

= (0.336026m) - (-3.6m) = 3.936026 mA

= VrIn(ic, /Is)

= (0.026) In(3.936026x107 / 2x10™") = 0.73601 V
= Vpp - VEBp

= 1.40572 - 0.73601 = 0.66971 V

=Isexp(Vpen, / V1)

= (2x10™") exp(0.66971 / 0.026) = 0.307341 mA
= iCn - iL

= (0.307341m) - (-3.6m) = 3.907341 mA

=Vo-VEpp + VBB/2

=(-3.6) - 0.73601 + 1.40572/2 = -3.63315 V

= icn VCEn
= (0.307341m)(5-(-3.6)) = 2.643 mW

= iCp VECp
= (3.907341m)(-3.6-(-5)) = 5.470 mW

=i, Ry,
= (-3.6 mA) *(1 kQ) = 12.96 mW

[1]
[0.5, 0.5]
[1]
[0.5, 0.5]

[1]
[0.5, 0.5]

(1]
[0.5, 0.5]

(1]
[0.5]
[0.5]
(1]
[0.5]
[1]
[0.5]

(1]
[0.5]

[0.5]
[0.5]
[0.5]
[0.5]

[1]

[0.5]

(1]

[0.5, 0.5]

(1]
[0.5, 0.5]

[1]
[0.5, 0.5]
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Question 3  [30 marks]

§R|= .-'L-,l Re= Re=
S 19.3kQ 20kQ  20kQ

Vo2
J

R?:
5kQ

Oy |
R: = I R; =

| 59.6 Q : 59.6 Q
| 1
| l |
| I
| Vi=-10V |
| I
|

~—— Differential Amplifier —————<=—— Gain Stage —|<—— Output Stage ——>

Refer to Figure 3. It is given that Ip = Ir4 = Irs = 0.4 mA, and Ig7 = 2 mA. Neglect base currents
and assume Vpgg(on) = 0.7 V for all transistors except Qs and Qy in the Widlar circuit.

a) List all transistors and resistors forming the biasing stage of the circuit in the Figure 3?
[3 marks]
b) Calculate the common-mode input range. State your assumptions. [7 marks]

c) Calculate overall gain of the circuit. Assume f = 100 and V4 = . It is given that the gain of

the Darlington Pair can be calculated using 7 [18 marks]
AVZ - ( ‘R/4 \J(RS ” Ri3)
d) Comment on the loading effect of the output stage onto the gain stage. [2 marks]
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EEEB273 Semester 1, 2012/2013 Test 2

Answers for Question 3

a)
07, Ry, O3, Rz, Q9 and R;. [0.5 mark each]
b)
V.m(max) = V¢, assume Veg(min) = Ve(on) [1]
Ver=V-Ieg Re =10 - (0.2m)(20k) = 6 V [2]
Vem(min) = V' + Vg + Vipgs [2]
assume neglect Vg, [0.5]
Vem(min) = -10 + 0.7 + 0.7 = -8.6 V [1.5]
)
\% \% \%
A=A AL A, = —2— || = | o
d dl v2 v3 (Vl_vzj[vﬂj[vﬁj [2]
Voo |_ 8&n
Ay = (_2] = _(Rc ||Ri2 ) [2]
v, 2
Ry =1+ (14 B)r,, 2]
1o = PV, 11, =(100)(0.026)/0.4m = 6.5kQ [0.5]
1= BV, 11, =(100)*(0.026)/0.4m = 650kQ [1.5]
R, = 650k +(101)(6.5k) = 1307k [0.5]
g, =1,/(2V;)=0.4m/(2x0.026) = 7.70mA/V [0.5]
- A, =(7.70m/2)(20k 11307k) = 75.8 [1]
Ri3:r7r5+(1+ﬂ)[R6+r7r6+(l+ﬁ)R7] 2]
r.s = BV, 11, =(100)(0.026)/0.4m = 6.5kQ [0.5]
1o = PV, 11, =(100)(0.026)/2m =1.3kQ [0.5]
R, = 6.5k +(1+100)[16.5k + 1.3k + (1+100)5k | = 52.8MQ  [1]
Iy, 0.4m
L, =L (R R, )= ———(5k[52.8M)=38.5 [1]
A\Z 2VT ( 5|| 13) 2(0.026)( || )
Av3 =1 1]
A, =(75.8)(38.5)(1) = 2918 [2]
d)

Since R;3 >> Rs, the output stage does not load down the gain stage [2]
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Appendix: BASIC FORMULA

BJT

. v !Vr .
i =1ge™ " ;npn

. TYAT
i =1,e™ " ;pnp

=:BiB
i, =iy +i,
__B

p+1
;Small signal
B=38,n
LBV

I,
)
ro=—%

I

MOSFET

; N —MOSFET

Vps(sat) =v o — Vo,

ip =K, [vgs _VTN]2

K kW
2 L
; P—MOSFET

Vep(sat) =ve. +V,,

i,=K [vSG +V, I

K =—»."
"2 L

;Small signal

g, =2K, (VGSQ _VTN): 2\/ KnIDQ

L
Ay

I

5
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