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EEEB273 — Test 1 Semester 2, 2016/2017

QUESTION 1 [40 marks]

(@) Consider the three-transistor BJT current source as in Figure 1(a). All transistors have
Vge(on) = 0.6 V and Vp = 120 V. Transistors Q; and Q- are identical with g = 80, while Qs
has 3 = 50. Given V' =10V, V' =-10 V, and Io = 0.70 mA.

(i) Calculate all transistor currents in the circuit, Irer, and R. [12 marks]
(i)  What is the minimum voltage at Vc,? [2 marks]
(iii) How much reference current differs from the bias current? [2 marks]

(iv) Describe any similarity and difference of this current source with the Wilson current

source. [4 marks]

Answers for Question 1(a)

Figure 1(a)
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EEEB273 — Test 1 Semester 2, 2016/2017

Answers for Question 1(a) (Continued)

Answers for Question 1(a)

Q) Calculate all transistor currents in the circuit, Irgr, and R;. [12 marks]
||31 = ||32 [1]
lo :ﬂ Igo -> lgo=lo /ﬂ =0.7m/80 = 8.75uUA [15]
lc1 :ﬂ Igo -> lci=lo =0.7mA [1]
les =2 gz = 2(8.75u) =17.5uUA [1]
Igs = lgg/ (1 + B3) = 17.5u/51 =0.3431uA [1.5]
lrer = lc1t+ 1g3 =0.7m+0.3431u = 700.3431uA [2]
Rq = (V+ - 2VBE(On) -V ) / lrRer [2]
=(20-2(0.6)) / (0.7003431m) [2]
= 26.84 kQ
(i) What is the minimum voltage at V¢,? [2 marks]
Vo=V + VCE2(min) = -10+0.6 =-94V [2]
(iii)  How much reference current differs from the bias current? [2 marks]
Irer 1S 0.049% higher than 1o OR differs 0.3431uA [2]

(iv)  Describe any similarity and difference of this current source with the Wilson current

source. [4 marks]
1) Very close approximation of Io to Iger [2]
2) Lower output resistance by a factor of (5/ 2). [2]
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EEEB273 — Test 1 Semester 2, 2016/2017

(b) Study a multi-transistor BJT current mirror shown in Figure 1(b) thoroughly and
carefully. With circuit analysis, load current for a mirror transistor Qn can be found using

— I REF

ION T MLN)
1+(1+ N)
o4

where N is the total number of equivalent mirror transistors inside Q; to Qu in the circuit.

Every equivalent mirror transistor is matching with the reference transistor Qg,

R ERI
L

Figure 1(b)

All transistors have Vge(on) = 0.7 V, =40, and VAo = 150 V. Given V' =10V, V =-10 V,
and R; =10 kQ.

(i) What is the total number of equivalent mirror transistors (N) in the circuit?
[4 marks]
(if) Calculate Irgr, log, lo2, los, and loy in the circuit. [12 marks]

(iii) Find output resistance of the current mirror at transistor Qs (i.e. Roz). [4 marks]

Answers for Question 1(b)
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Answers for Question 1(b) (Continued)

Answers for Question 1(b)

()  What is the total number of equivalent mirror transistors (N) in the circuit? [4 marks]

N =1 (for Q1) + 3 (for Q2) + 2 (for Q3) + 1 (for QN) =7 [4]
(i) Calculate Irgr, lo1, loz, los, and loy in the circuit. [12 marks]
IREF = (V+ - VBE(on) -V ) / R1 [2]
=(10-0.7 - (-10)) / (10k) =1.93mA [2]
lon =lgee/ (L+ (1 +N)/p)
=(1.93mA)/(1+ (1 +7)/40) =1.608 mA [2] *Note
lo1 = lon =1.608 mA [2] *Note
lo2 =3 lon = 3x1.608 mA =4.824 mA [2] *Note
los =2 lon = 2x1.608 mA =3.216 mA [2] *Note

*Note: If answer for 1(b)(i) is not N = 7, may give [1.5 marks] for values of los, loz, los,

and lon based value of N given in 1(b)(i) on condition that respective formula is correct.
(iii) Find output resistance of the current mirror at transistor Qs (i.e. Roz).  [4 marks]

Ro3 = VA/ |03 [2]
= 150 /3.216m = 46.6418 kQ [2]
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QUESTION 2 [30 marks]

Figure 2 shows a MOSFET cascode current source with all transistors are regarded as identical.
The transistor parameters are: Vry = 0.5 V, K, = 80 gA/NV? and A = 0.02 V. The circuit
parameters are: V' = +7 V, V- = =7V, and lrer = 120 gA.

(a) Calculate the Vgs of each transistor and lo. [10 marks]
(b) If Irer symbol in the Figure 2 is replaced by another MOSFET transistor Ms (but Ms is NOT
identical to M; to My) to act like a resistor, what is the value of Vgss? [4 marks]

(c) Determine the percent change in o as Vp4 changes from -3 V to +3 V. [16 marks]

Answers for Question 2

¥}

M, |—<>—|M

l

V-

Figure 2
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Answers for Question 2 (Continued)

(2) Using the formula of Ip = K, (Ves— Vn)? [2 marks]
lrer = Kn (Vasi— Vin)? 21200 = 80p (Vast — 0.5) [2 marks]
Vst = 1.7247 V [2 marks]
Ves2 = Viess = Vasa = Vst = 1.7247 V [2 marks]
lo = lps = Ipz = Ky (Vas— Vin)? = 120 A [2 marks]

(b) V- Vess - Vess - Vas1 = V' [2 marks]

Vgss = V- Vess-Ves1-V =7 - 17247(2) - (-7) =10.5506 V [2 marks]

(©) Ro = ros + ro2(1+9m roa) [2 marks]
OR Ro = gm o4 Fo2
[Because approximation was also taught in the lecture]
m = 2/Knlp = 24/(0.08m)(0.12m) = 0.19596m7A [2 marks]
1 1
ro2=fos=—=—————=416.666 k()

Mo (0.02)(0.12m)
[2 marks]

Ro = 416.666k + 416.666K[1+(0.19596m)(416.666Kk)] = 34.854 MQ [2 marks]
OR  Ro = (0.19596m)(416.666k)(416.666K) = 34.02 MQ)

Al =222 = 3753 51721 4 [2, 2 marks]
Ro 34.854M
OR Al,==2t=2C3 = 01764 4
-— Ro 34.02M
“—0 x 100% = 01127;1” x 100% = 0.1434% [2, 2 marks]
0.1764u

OR - “0 x 100% =

e 1204

X 100% = 0.1469%
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QUESTION 3 [30 marks]

Figure 3 shows a circuit diagram for a BJT differential amplifier biased with a current source to

provide bias current lg. Study the circuit diagram carefully. Transistor parameters are Vgg(on) =
0.7V, =, and Va = .

For the circuit diagram also, voltages measured at vc; and v, are 4.5 V respectively.

(@)
(b)
(©)
(d)

(€)

Calculate the values for v, and vg. [6 marks]
Determine the value of Iq. [6 marks]
Find the value for vceo. [6 marks]

Determine the differential-mode voltage gain (Aq) of the differential amplifier for a one-
sided output taken at vc;. [6 marks]
Draw and label clearly the full circuit diagram if the differential amplifier is biased with a

Widlar current source. [6 marks]

Show clearly all your calculations. Every parameter must be written with its correct Unit.

Answers for Question 3

(a)

(b)

(©)

(d)

From Figure 3: +10V
Vg1 = Vgo = ov [2]
Vem = (VBl + VBZ) 2=0V [2]
Vg = VB1 - VB2 =0V [2]

Given: ve1 =V =45V

10-I1ciRc=vc1 =45V [2]
lci;=055mA = l¢; [2]
lo=lc1+lc2=1.1mMA [2]

Given:ve, =45V
Vce2 = Ve2 - VE [2]
VE = Vg2 - VBE(On) =0-07=-0.7V [2, l]

Veg2 = Voo - Ve = 45— (-0.7) = 5.2V [1] o
10V
Ad = (Gmz Rc)/2 [2]
Om2 = lca/ V71 [2]
=0.55m/26m = 21.153 mA/V  [1] Figure 3

Aq = (gm2 Rc)/2
= (21.153m x 10k)/2 = 105.76  [1]
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Answers for Question 3 (Continued)

(e)
+10V
lgk‘- R gl
5 10 kQ 10 kQ 5
VC1 O p—O V(a
,_| Q, . Q I__ Diff amp:
— & — 2 marks
- 7

IRH: l § Rl v v = 0.5 marks
Total: 4 marks

v Q3\| VQ s v

\/
Ri; \/

10V
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BASIC FORMULA FOR TRANSISTOR

BJT
i =1.e"=""";npn
i =1.e"="":pnp
Ic =l = fig
i =i +ig
o :—ﬂ

p+1
;Small signal
P =0ar

leq
gm - VT
L

leo
A

leq
V; =26mV

Quadratic formula :

AX* +Bx+C=0—Xx=

MOSFET

;N -MOSFET
Vps (Sat) = Vs — Vi
Ip =K, [Vgs —Viy ]2

kW
2 L
;P—MOSFET

Vp(Sat) = Vge +Vip
ip = K, [Vsg +Vip ]
_kow

L

Ky=7

; Small signal
On = 2 K?IDQ
1

r0
Al

112

DQ

_B++/B2—4AC

2A
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