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EEEB273 — Midterm Test Semester 3, 2018/2019

QUESTION 1 [25 marks]

Answers for Question 1

Q1l(a) [4 marks]

Each component, Vgg, Irer, lo, and power supplies will be given 0.25 marks.
Total = 4 marks.

Q1(b) [6 marks]

, ¢ Vi = Vy In (Iggp/ly) [1]
} |- Vg = Vy In (/Ig), [1]
* Vigi - Vi = Vr In (Igge/l) [1]

o, * From the circuit,
* Vg = Ve + [Rg ]

ke # and so, I,Rp = Vi 1In (Iee/ly) | [2]

| lyge

—Vee
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Answers for Question 1 (Continued)

Q1(c)

Q1(d)

[10 marks]

Basic formula: Ic = Isexp(Vge / V1)
Vge = V1 In( IREF/ |5)

From the given information Vge = 0.7 V at 1 mA,
Is =lc/{exp(Vee/ V1 )}
= (1m) / {exp(0.7/0.026 )} =2.03x 10 A

For lIrerp = lc1 =2 mA,
Veer =VriIn(lgee/ls)
=(0.026) In(2m/2.03x 10 ) =0.718 V

lrer =(V'-Vee1-0)/Ry
R1 =(V'-Vger-0)/ Irer
=(15-0.718)/ (2m) =17.14 kKQ

lo RE :VTln(|RE|:/|o)
Re :(VTllo) |n(|RE|:/|o)
= (26m / 50p) In(2m / 50p) = 1.92 kQ

[5 marks]

Ry =102[1+ gm(Rg//Tx2)]
ra=pBVr/l lo=[50(26m)]/50u =26 kQ
roo=Va/ lo =100/50u =2 MQ

gm= lo/ V1 = 50p/26m = 1.923 mAIV
Ro=2M [1 + 1.923m (1.92k || 26K)] = 8.88 MQ
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QUESTION 2 [25 marks]

Answers for Question 2 (Continued)

Q2(a) Calculate Io such that the DC currents in the diff-amp are balanced. [6 marks]
Derive formula Io = lo / # and use it

lgs+ lga=lca/ B+ lcal f=(lca+ lca)/ B [1]
Assuming base currents for transistors in the diff-amp and o are small, then

lcstlaa=lca+ =gt + 2= g

Then lgz+lgs= |Q/ﬂ [1]

For the DC currents in the diff-amp to be balanced
IO:|83+|B4:|Q/ﬂ [2]
lo=1lg/#=0.2mA/100 =0.002 mA =2 uA [2]

Q2(b) Determine the open-circuit differential-mode voltage gain, Ag. [12 marks]
ro2 = Val ICQZ =Val (|Q/2) = 100/(2“/2) =1 MQ [2]
Fog = VA/ ICQ4 = VA/ (lQ/Z) = 100/(2[1/2) =1 MQ [2]
Om2 = ICQZ/VT = |Q |2V =2 u/[2(26m)] = 3.846 mA/V [4]

Ag=0mz2(roz || ros) = (3.846m) (AM || IM) =1923 VIV  [4]
Q2(c) Find the differential-mode voltage gain if load resistance R. =250 kQ  [7 marks]

Aqd =0m2(roz || ros || RL) [3]
Aq = (3.846m) (IM || LM || 250K) =64LVIV  [4]
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QUESTION 3 [25 marks]

Answers for Question 3 (Continued)

Q3(a) [15 marks]

. _ _ (kn\ (W _ 2
My Trer = 1o = (3) (%), Wost = Vew) [1]
. _ _ (kn\ (W _ 2
M: Iggr = Ip3 = ( > ) (L)3 (Vs3 — Vrn) [1]
KVL: Vgs1 + Vesz =V+-V-=5- ('5)
- Ves3 = 10 - Vis: [1]
M1: M3;
(5) (2001 (Vse1 = 0.7)% = (B2) (3)3(Vsgs — 0.7)? [1]
\/; (Ves1 —0.7) = (10 = V1) — 0.7
Solve the equation clearly to find Vgs; = 3.1V [1]
> VG53 =10 - VGSl =10-3.1=69V [2]
lngr = Ip; = (70“) (20),(3.1 — 0.7)? = 4.032 mA [2]
Ves2 = Ves1 =31V [1]
kn
M;: Ip =Ipy = (2 )( ) (Ves2 — Vrn)? [1]
Iy =1Ip, = (70“) (12.5),(3.1 — 0.7)% = 2.520 mA [2]
Vps2 = Vps1 = Ves1 =3.1V [2]

Q3(b) [10 marks]

Ro is calculated at Vps, = Vps1 = Vst = 3.1 V where 1o =2.520 mA
1

Ry=—=——— =26455kQ [2]

Alp  0.015x2.52m

lo at Vps, = 2.5 V| is given by |lo at Vps, = 3.1 V| plus change in lo (i.e. dlo) when|

Vs changes from 3.1V to 2.5 V. [2]
dl, = sz = 25731 — 02268 mA [3]

Ro 26.455k
= llo at Vps, = 2.5 V| = 2.520 mA + (—0.02268 mA) = 2.4973 mA [3]
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QUESTION 4 [25 marks]

Answers for Question 4 (Continued)

Q4(a) [15 marks]

| VIV Vg, 20V, .
' Rl Rl

I, = KnS(VGS4 —Viy )2 1]

WV, —1V,, —-11=0

Ve, =240V B

|, =0.587 mA 2

lo=1,=0.587 mA [2]

The quiescent drain currents in M; and M:
ID1=ID2:IQ/2:O-293 mA [2]

The gate-to-source voltages are then

Vg1 =Vesy = /% +Viy = ,/% +1=271v  [2]
nl :

The quiescent values of vp; and v, are
Vo1 = Vo2 =V '~ Ip; Rp [2]
=10 -(0.293m)(16k) =5.31V [1]

Q4(b) [10 marks]
The maximum common-mode input voltage, vcy (Max), is the value at v,
when M; and M, reach the saturation point,
Vem (Max) = Vgy(max) + Vst = (Vor - Vosa(sat)) + Ves:  [2]

VDSl(Sat) = VGSl - VTN =271-1=171V [1]
Therefore,
Vem(max) =5.31-1.71+271=6.31V [2]

The minimum common-mode input voltage, veym (min), is the value at v,
when M, reaches the saturation point,
Vewm (mln) = VSl(min) + VGSl = (V“ + VD34(Sat)) + VGSl [2]

VD54(Sat) = Vgs4 - VTN =24-1=14V [1]
Therefore,
Vew (Min) = (-10) + 1.4+ 2.71 = -5.89 V 2]
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