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Question 1  [30 marks]

The circuit in Figure 1 is a BJT current source with R; = 8.6 kQ. The transistor parameters are:
Vee1 = 0.65V, V4 =100 V and f = 80. The quiescent load current, I, is 12.5 pA. Answer the
following questions:

(a) Calculate Rg. [7 marks]
(b) Find Vggs. [5 marks]
() Draw the small-signal equivalent circuit for the current source. [5 marks]
(d) Determine the output resistance, Ry, of the current source. [8 marks]
(e) Find the new load current if V¢, changes by 4 V. [5 marks]

Answers for Question 1

(a)
VT — T-"J!_F' Eiomny V- 5 - 0.65 + 5
T o - — — 1 MO N aa.
'nrr = = = Pe— = 1.uo/ A
fa ] O.DK [1,1,1]
[
F o — 1r 1, |C0ED]
Igilg = Vpul | =/ |
LIy d [1]
Vo rlo__1 (00361 [M1pa72+10"3]
n o Do _|fREF] _ AWErTEE S | I | _ n Aanor o
Lg=—iN|—7/ | =75l |—7F—=—7—-—"| = Y.£bo2K!i
- In Lip 1 (1Z.00]) | 12.5x107% | [1.1.1]
(b)
(14 5) (1+80) o )
Ig = I = x125p = 12.65621A
£ 80 [1,1,05]
Verz — Vem — IgRg [1]
Ve = 0.65 — (12.6562u)(9.20085k) = 0.5324V (1,0.5]
re 1
(c)
\/\/ - Correct connections
\ = 0.5 mark
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Answers for Question 1 (Cont.)

(d)

Vg = —i Kz [0.5]
Ve =rpaUs —gmaVi2) — Vi

Vo e T & 1T AT

Ve —dxlpz = dxlm2 Va2 Va2 [0.5]
v =Vorle + FuaTos K gl + Hgls [0.5]
1

¥y e - . ~

7 = Toz T Jm2To2fU g T Mg = Toall + Gma iU )

i (1]
b = - ko \.

Ry = Topll + G i)

__________

.= Iy = 1AA.4k0
- In 12.5u 1]
'z — (9.2005k) || 166.4k = 8.797k0 [
vy v, 100
(’L‘,——zv—: — = Higl
= cw dp 12.5p [1]
I 2.5

T~ 0020 4,8077x10°° i

= [8M)[1 + (4.8077x10°4)(8.797k)] = 41.83M0 (1]

Al _ 1

AV- Ry [2]
AV 4

Ay = —= ———=10.095€3p4

- Ry +1.03M [1,0.5]

L= 1254 + 0.09560u4 = 17503634 [1.05]
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Question 2  [30 marks]

Refer to Figure 2. The circuit parameters are: V'=5V, V' = -5V, and Iggr = 20 pA. Let K, = 80
pA/VZ Vin =1V, and A= 0.002 V! for all transistors.

(a)
(b)
(©)
(d)
(e)

Find the bias current, I.

Determine the gate-to-source voltage, Vgs, for each transistor.
Calculate the lowest possible value of Vpg4.

Draw the ac equivalent circuit of the current source.

Determine the output resistance Ry looking into the drain of My.

Answers for Question 2

V+

[2 marks]
[5 marks]
[5 marks]
[5 marks]

[13 marks]

(a) Assume all transistors are identical because parameters given are for
all transistors.

[O:IREF: 20 HA [2]
(b) Tpry = K (Vs — Vpp ) = KV — V)<
In= Iopr = K. (Voo —Vor )2 = K, (Vac: — Voo )°

Since Vgsi = Vgsz2 and Vgsi = Vass,

then Vgsi = Vs = Vess = Vesa = iu + Vry = NEry +1 =15V
[5]
(c) Vpa(min) =V + Vgs1 + Visa - Visa + Vpsa (sat) [2]
Vpa(min) =V + Vg1 + Vgsz - Vasa + (Vasa— Vin) (1]
Vpa (min) =V +2Vgs— Vin (1]
=(-5+21.5-1=-3V [1]

___
)

1

1

re 2
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Answers for Question 2 (Cont.)

(d)

\/\/ - Correct connections

2
.||:|_
el

i_i

- \ = 0.5 mark

Simplified to
—
[1] for drawing
Vosa = —IiTy2 1]
Vi = (Ix — 8m4 Vgs4) Fo4— Vgs4 [1]
Vi = Li¥os — Qe 1::;4— Yog — V;J— 1]
V\ — fl_rr.:.:. + s Irraf Yoi — I.rrof [1]
v, |
RG =T = Tous + ?"_.,::l + Oma ro-é.:] = JmToaToz
£ [1,1,1]
Foa=rop= /G Ip) = 1/(0.002 x 20y) = 25 MQ [1,1,0.5]
Gmas — 2 K 15 — 2}‘;-"'(80;4)(20;&) —801,1A/V2 [1,0.5]
Ro= (80n)(25M)(25M) = 50000 MQ [0.5, 0.5]
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Question 3  [40 marks]

(a) Figure 3a shows a circuit diagram for a BJT differential amplifier (diff-amp). Study the
circuit diagram carefully. Transistor parameters are: f = oo (neglect base current), V4 = o,
and Vpg(on) = 0.7 V. For the circuit also, voltages measured at vy and vz are +3.5 V.

(i) What are the values for v, and v4? Show clearly your calculations.

(ii) Find Io.

(iii) Find vcgr.

[5 marks]
[5 marks]

[5 marks]

(iv) Determine the differential mode voltage gain (A,4) for a one-sided output taken at v¢;.

Answers for Question 3a

[5 marks]

(1)
VB1 =VB2 = 03V
Ven =p1+vp)/2=(03+03)/2=03V
Vg = (vBl - sz) = (0.3 - 0.3) =0V
(i)
Irc  =[(+10)-vc1 ]/ Rc=[(+10) - vc2 1/ Rc
=[(+10) - 3.5 ]/ (10Kk) = 0.65 mA
IQ =21RC=2 (0.65[11) = 1.3 mA
(iii)
VCE1 =VYc1—VEl1
=vc1 — (V1 — VBEL)
=35-(03-0.7)=39V
(iv)
Ag =(@mRc)/2=UgRc)/ (4 Vr)

Em2 =102/VT=IQ/2VT
= (1.3m) / (2 x 26m) = 0.025 A/V

Ag =(0.025 x 10k) / 2 = 125

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

(1]
[0.5, 0.5]

[2,1]

[1.5]
[1.5]
[2]

[2]

[1]
[1]

(1]

v

re 3a

Page 6



(b) The BJT differential amplifier shown in Figure 3b is biased by a 0.20 mA constant current
source (i.e. Ip = 0.20 mA). It is to be redesigned to use an active load in order to increase its
differential-mode voltage gain (A4). The active load to be used is a BJT cascode current
source using pnp transistors to replace the collector resistors (R¢) in the differential
amplifier, as graphically shown in Figure 3b.

The transistor parameters are ff = 150, Vpr(on) = Vgg(on) = 0.7V, Vyy =120V, and Vsp =
100 V. The one-sided output voltage taken at v¢z can be calculated using Equation (1):

Vo =Vc2 = 8gm2Va (o2 Il Roar) 1
where Roar is the output resistance of the BJT cascode current source.

(i) Draw the new circuit incorporating the active load’s full circuit diagram. Label the
circuit correctly and clearly with appropriate symbols and numbering for transistors

used in circuit. Leave Iy symbol as it is in Figure 3b. [10 marks]
(i1) Find the output resistance of the BJT cascode current source (Ropar). [5 marks]
(iii) Determine the differential-mode voltage gain (A,4) of the new circuit. [5 marks]

Collector resistors (Rc¢) are replaced by
an active load using a BJT cascode
current source (using pnp transistors)

UVBE?2

i ip>

G Ip =020mA

O
V-
Figure 3b

Answers for Question 3b
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Answers for Question 3b (Cont.)

(@)

(ii)

(iii)

v

f

\/
W Qj}_tgs W

Roar =pPros
=B (VaalIcs) = (B Var)/ Ug/2)

Vg2

V' = 0.5 mark

[2]
[2]

= (150 x 100) / (0.20m / 2) = 150 M [1]

vo=vc2=8m2Va o2 Il Roar)
Ag =v0/Va=8m2 (ro2 Il Roar)

8m2 =lcoa/ Vr=1Ip/2Vy

[1]
[1]

= (0.20m)/(2x26m) = 3.846 mA/V [0.5]

roz =VarlIca=Van)/ (IQ /2)
=(120)/(0.20m /2) =1.2 MQ

ro2 Il Roar =1.2M [ 15S0M = 1.19 MQ =

Ag = (3.846m)(1.2M Il 150M)
= 4578.57

(1]
[0.5]

ro2

(1]
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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

Em = 2Kn(VGSQ _VTN): 2\/K I, DO

L
Ay

I

5
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