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EEEB273 — Test 2 Semester 2, 2017/2018

QUESTION 1 [20 marks]

Answers for Question 1

(a) New diff-amp with BJT Wilson current source as active load drawing

S

—0 Vo
VB1
[4]
() A= Gna (Fez | Row) [2]
Om = leo/VT = (0.23m/2)/0.026 = 4.423 MA/V [, 1, 1]
lo2 = VAZ/ICQ = 100/(023”]/2) =0.8696 MQ [l, 1, 1]
ROAL = (ﬁ/Z) loga = (ﬁ/Z) VA4/ ICQ = (120/2)*120/(023m/2)
= 62.609 MQ 2]
S0, Ag = (4.423m)(0.8696M || 62.609M)
= (4.423m)(0.8577M) = 3.793 2]

(c) With the 3-transistor current source active load:
Ag = 0m2 (o2 || RoaL) = 9mz (o2 || Yos)
Foa = Vaal Icg =120/(0.23m/2) = 1.043 MQ
So, Aqg =(4.423m)(0.8696M || 1.043M) = 2.097 Calculation [2]

Thus, the differential-mode gain with a three-transistor current source active load is reduced
approximately 45% because Ro of the 3-transistor current source active load is lower by /2
compared to the Ro of the Wilson CS. [2]
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EEEB273 — Test 2

Semester 2, 2017/2018

QUESTION 2 [35 marks]

Answers for Question 2

(a) Vess = Vg7 {Identical transistors}

Vass + Vas7 =2 Vass = V-V =10 - (-10) =20 V
Vess = 10V = Vgsy

Iy = Kn (Vass - Vin)* = Kn (Vas7 - Vn)°

I; = (0.2m)(10-2)* = 12.8 mA

lo=1;=12.8 mMA

Ips =% lg = 6.4 MA

(b) Vo = (Gm)Vd (Foz || Tos || RL) therefore Aq = (gm)(Foz || oz || RL)
gm = 2V(Ky 1p1) = 2V[(0.2m)(6.4m)] = 2.26 mA/V

Foz = 1/( A Ip1) = 1/(0.02)(6.4m) = 7.812 kQ

Foa = 1/( X Ip1) = 1/(0.015)(6.4m) = 10.417 kQ

(Fo2 || Tos || RL) = (7.812K)||(10.417K)||(100k) = 4.273 kQ

Ad = (2.26 mA/V) x (4.273 k) = 9.668

(c) CMRR = 20 log [Aq/ Acr] = 60 dB
Acm = Ad / [10°(60/20)] = 9.668x107(-3)

(d) Select two answers: [2 marks]

Increase the current source output resistance.

Increase the diff amp output resistance by using cascode active loads.

Reduce the loading effect by increasing load resistance, R,.
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EEEB273 — Test 2 Semester 2, 2017/2018

Answers for Question 2 (Continued)

(€)

Vvr=10V "L__.l F—| s

lj |——|[T
!

Vi=-10V

Biasing [5], Diff Amp [5], Cascode Active Load [5]
Total [15 marks]
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EEEB273 — Test 2 Semester 2, 2017/2018

QUESTION 3 [20 marks]

Answers for Question 3

I, =0.307mA
lep = Iy = o /2=0.1531mA [1]
le =1, =0.307mA [1]
log = I, /(L+ B) =0.307m/121 = 2.537uA 1, 1]
|C8=V°F;4V_ :0;\:_ —~10/5k = 2mA 1]

Calculation for R;:

_ PV _ (120)(0.026) _1.999MO
2.537u

[1]

76
IC6

_ AV _(120)0026) 101616,

= 1
0.307m =

r/r7 I
Cc7

R =r_+@+A)r, =1.229M + (121)(10.16k) = 2.459MQ2 [1, 1]

Calculation for Rc11:

ra1 =B Vr/ lg= (120x0.026)/(0.307m) = 10.16 kQ [1]

R’z =10.16k || 0.1k =99 Q [1]

Omi1 = lg/ V1 = 0.307m/0.026 = 11.81 mA/V [1]

lo11 = Va/ lg=100/0.307m = 325.7 kQ [1]
Therefore, Re11 = o1 (1 + gm11 R ) = 706.5 kQ [1, 0.5]
Calculation for Rps:

s = Vr/ lcs = (100)(0.026)/(2m) = 1.3 kQ [1]

Ros = Izg+(1+p)Rq = 1.3k+(121)(5k) = 606.3 kQ [1,0.5]

Ri7 = Re1 || Rus = 706.5k || 606.3k = 326.3 kQ [1]

lo7 = Four = Va/ lg=100/0.307m = 325.7 kQ [1]

A = [BA+P)(ro7 [ RL)] T Ri
Ay = [(120)(121)(326.3K|[325.7K)] / 2.459M = 958.49  [1]
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EEEB273 — Test 2 Semester 2, 2017/2018

QUESTION 4 [25 marks]

Answers for Question 4

4(a)

¥ o O
111 R, ,’/-|
\ <

0,

I

lﬂ l\l -

}
SV

3-transistor current source [2]
Emitter follower with VI, VO and RL [2]
Correct connection between EF & CS [1]
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EEEB273 — Test 2 Semester 2, 2017/2018

Answers for Question 4 (Continued)

Answers to QUESTION 4(b) [20 marks]

(i) Calculation of i, icp, icn, and v;. [12 marks]

Vo=-4V =Ii_R_L

> iL=Vo/RL= (-4V) /(1kQ) = -4 mA [1]
Therefore, Q, is conducting and Q, is OFF.
Approximate value i = icp = Isexp(Vese /VT) =4 MA [1]
Vese = V1 In(icp/ Is) = (26m) In(4m/ 2x10™°) = 0.7364 V [1]
Veen = Ves - Vesp = 1.4-0.7364 = 0.6636 V [1]

2 icn= Isexp(Veen /V1) = (2x10™°) exp(0.6636 /0.026) = 0.2429 mA [1]
icn=lcp+ L [1]
Actual value of icp = icn— i = 0.2429m — (-4m) = 4.2429 mA [1]
Vesp = V1 In(icp/ Is) = (26m) In(4.2429 m/ 2x10™°) = 0.73796 V [1]
Veen = Ves - Vegp = 1.4 - 0.73796 = 0.66204 V [1]

2 icn= Isexp(Veen/Vr) = (2x10™7°) exp(0.66204 /0.026) = 0.2288 mA [1]
Vi =Vo + Veen - Vs /2=-4+0.66204 - 0.7 =-4.03796 V

OR v =vp -Vgep +Vgg/2=-4-0.73796 + 0.7 =-4.03796 V [2]

(i) Calculation of power dissipation in transistor Qn, and Qp: [8 marks]

Pan = icn Veen [2]
Veen=+Vec—Vo=+6—-(-4) =10V [1]

2  Pgn=(0.2288 mA)(10 V) = 2.288 mW [1]
Paop = icp VEcp [2]
Vecp =Vo—(-Vcc) =-4-(-6) =2V [1]

2 Pop=(4.2429 mA)(2 V) = 8.4858 mW [1]
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