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Question 1  [40 marks]

a) Explain clearly why are currents Icq and I¢c; in the basic two-transistor BJT current source
similar? [5 marks]

b) The values of £ for the transistors in Figure 1.1 are very large.

1) If @y in the Figure 1.1 is diode-connected, as shown in Figure 1.2, to provide
constant current Iggr = I1 = 0.5 mA, determine the collector currents in the other
transistors, i.e. I and I3. [6 marks]

ii) Find I; and I3 if Q, is diode-connected to provide Iggr= I, = 0.5 mA. [2 marks]

i) Find I, and I, if Q3 is diode-connected to provide Iggr= I3 = 0.5 mA. [2 marks]

Figure 1.1 Figure 1.2

Answers for Question 1

Ql(a)
e Transistors @y and @, are matched, i.e. I'sy = Is,
as well as other parameters eg , V4 and Vgg(on). [1.5]
e From the circuit, Vgg1 = Vg [1.5]
e From the equation Ic =I5 (exp(Vpe / V1)), [1]

if @1 and @, are matched and have the same Vg, then Icy = I [1]
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Figure 1.3 shows a pnp current source with transistor parameters = 50, V4 = 50 V and
VEB(on) =0.7V.

)

i)

iif)

V)

Find R; such that Iggr = 1.5 mA and find the value of I. [7 marks]

What is the maximum value of R¢2 such that @, remains in the forward-active

region? Assume Vgca(min) = Vgg(on). [3 marks]
Find the change in Iy, i.e. dly, if Vo=3.5V. [9 marks]
Calculate the percentage change in Iy for part iii) above. [3 marks]

The circuit in Figure 1.3 is modified to include a resistor Rg at the emitter of Q.
Discuss what will happen to the percentage change in Iy of the current source in this
situation. [3 marks]

Answers for Question 1 (Cont.)

QL(b)

)

ii)

iif)

IREF =Il=0.5 mA
From Figure 1.2,
I, =2Irer =21 (2]
=2 (0.5m)=1mA [1]
£ =3 Irer =311 (2]
=3 (0.5m) =1.5mA [1]
IREF =Iz=0.5 mA
Similar with above, =SV
I =1,/2 =(0.5m)/2 = 0.25 mA [1] Figure 1.3
I3 =31, =3(0.25m) = 0.75 mA [1]
IREF =I3=0.5 mA
Similar with above,
I, =15/3 =(0.5m)/3 = 0.167 mA [1]
I, =21;=2(0.167m) = 0.33 mA [1]
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Answers for Question 1 (Cont.)

Qlc(i)
V' =V (on)—=V"~
e = ez (O1) =1.5mA [2]
1
5-0.7=(=5
R = # =6.22kQ [2]
1.5m
1 1.5
g =R = 2T 1 44mA [3]
1+2/ 1+2/50
Qlc(ii)
Vi-V i
R, (max) = e (min) (2]
Iy
5-0.7
R, (max) = ——— =2.986kQ [1]
1.44mA
Q1c(iii)
dlo = dVo/Ro [2]
Ro =ro2 [1]
ro2 = Vallo = 50/(1.44m) = 34.72kQ [2]
Vo(original) = V' - Vge(min) =5 - 0.7 = 4.3V (2]
So,dVo=43V-35V=08V [1]
So, dlo = 0.8 V/34.72 kQ = 0.023 mA [1]
Qlc(iv)
% change in lo =dlo/lo x 100% [2]
=0.023m/1.44m x 100% = 1.597% [1]
Qlc(v)
e The circuit becomes the Widlar current source. [0.5]
e Widlar’s output impedance Ro is much larger, [0.5]
i.e. Ro=ro2[1 +gm(rn//Rg)]. [0.5]
e Hence, lowering the dlo. [0.5]
e So, the % change in lo will decrease, [0.5]
e thus, improving the performance of the current source in terms of stability of /o.

[0.5]
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Question 2  [30 marks]

The current equation for an NMOS transistor is given by:

ipb =K, (VGS — Vi )2 (1 + /h}DS )

k (W
where Kn = ?"(I)

Consider the basic MOSFET two-transistor current source in Figure 2. The circuit parameters
are V"= ;5 V, V' =-3V, and Iggr = 120 pA; and the transistor parameters are Vyy = 0.8 V and k', =
80 pA/V-.

a) Give another name for the MOSFET current source. [1 mark]
b) For the basic two-transistor NMOS current source, find the relationship between Iy and
IRgr. [5 marks]
c) Find Vg1, Vesz, Vpsi, and Ip at A= 0 for the following transistor aspect ratios:
1) (W/L); = (W/L), =4.5 [8 marks]
i) (W/L);1 = 4.5 and (W/L), = 2.25 [8 marks]

d) For (W/L); = 4.5, (W/L);, = 2.25 and A4 = 0.02 V', calculate the change in Iy if Vpg,
changes by 0.75 Volts. [8 marks]

Answers for Question 2

Q2(a)

Current mirror III |
I 1"1}2 =1lo
|

Q2(b)
Lper =K, (VGS1 — Vi )2 (1 + /11VD51) EI ]

+
I, =K, (VGS2 ~Vina )2 (1 + /12VDS2) III _"_l E2 Vbs2

IREF _ Knl(VGSl _VTN1)2(1+ﬂ’1VDSl) _ (W/L)1(1+/11V051) Ves

Iy Ky (Voss =Vis V(14 AV,5,) - WIL), (14 A,V,,) —F
_ {(W/L)z(lwvm)}
10 _IREF III

(W/L)l(l + AIVDSI)

Figure 2
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Answers for Question 2 (Cont.)

Q2(c)(1)
2
Ipgp = Knl(VGSl _VTNI)
I
VGSl =VTN1 + IgEF
nl
Vo =08+ |—2M  _(840.8165=1.6165V
(80% j(4.5)
Viss =Vas1 =Vps; =1.6165V
W/L),1+AV,,)
I =1 D52 [ ]
o RE{(W/L)I(HAVDSI)
I, =1, =120pA [ ]
Q2(c)(i1)
Iopr = Knl(VGSI _VTN1)2 III
I
VGSI =VTN1 + IgEF
nl
Vi, =0.8+ 20 64 0.8165=1.6165V
(80% )(4.5)
Vs = Vs = Vg, =1.6165V
Iy w/L),
o TR (WL,
1 =120u 22 | = 60uA
o =14UH 4_5 =Oun
Q2(d)
Viss =V =1.6165V [ ]
1,=% (Kj Voss Vi ' =22 (2.25)(0.8165)° = 60pA
2\ L), 2
1 1
= = = 833kQ 15
02 = a1, T (0.02)(60p) [
R,=1,, III
o Ly, @)
dV,, R, (Ry)
(0.75)
[ = =0.9003uA
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Question 3  [30 marks]

a) Figure 3.1 shows a basic BJT differential pair.

Assume that @7 and Q) are matched pair and operating at the same temperature.

i) By defining

Va = Vge1 ~ Vae2

Show that
[10 marks]
i) What happen when differential-mode input voltage (v4) is zero? Show how the
answer is obtained and explain your answer.
[4 marks]

Answers for Question 3

Figure 3.1
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b) Figure 3.2 shows the small-signal equivalent circuit for basic BJT differential pair of
Figure 3.1, where vp; and vp; in the Figure 3.1 are represented by 2 input signals Vj; and
Vya respectively, and their input signal resistors Rp in the Figure 3.2.

Re Re
Vo Ve
RB »—é Cc)—i RB
+ + gmvrr2 +
Vi1 Vm2 ' [ n S Vo Vin
_ v, _
RO
Figure 3.2

With small-signal analysis, it can be found that one-sided output (V,) taken at collector of
0> (i.e. V) is given by:

r +R
V, 1+-2 "B |_
R
’ r71'+RB 2+ﬂ
(1+B)R,

If differential-mode input is V= vgg1— vega = (V1= Ve) = (Vi — Ve) = Vi1 — Vi and an
ideal constant-current source is used to bias the BJT differential pair, show that the
differential-mode gain is
W Ve PR
Ty 2(r + R )
d V.4 B

[4 marks]

c) For the differential amplifier shown in Figure 3.1, given that ig; = 0.4 mA and R¢ = 12 kQ.
The transistor parameters are f = 100 and V4 = co. Assume the output resistance looking
into the constant-current source is R, = 25 kQ and the input signal resistors Rp are zero.
The common-mode gain is given by:

— g mRC
A == 2(1+ )R
1+—— ==
r, + R,
Consider a one-sided output taken at v¢,. Calculate:
1) The differential-mode gain. [4 marks]
ii) The common-mode gain. [5 marks]
1i1) The common-mode rejection ratio (CMRR). [3 marks]
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Answers for Question 3 (Cont.)

Q3a(1)
. YAVANEN IV
lCl = ISeVB.';l \Z ’lcz — ISeva" Vr
I, =i, +igy = Igfe" " + e |
; Ve IV Va1 IVy Vi IV
lC_IZ ISe BE1/ VT _ Is(e BE1 l)/e BE1/ VT _ n
1 1 I_evBEl/VT + EVBEZ/VTJ i le"BEI/VT + e"BEz/VT ]/e"Bm/VT 1+ e("BEz“’Bm)/Vr
0 s s -
] 2 /Vr 2V IV,
ley _ eV _ I (""" )] "' _
1 1 I_EVBEI/VT + evBEZ/VT] I I.e"BEl/VT + e"BEZ/VT J/ e"BEz/VT 1+ e—("BEz_"Bm)/VT
Qo N s
Veer ~Vee2 = Va
C1 1+€(VB“_VB“)/VT 1+€_Vd/VT
c2 1+ e_(VBEZ_VBEl)/VT 1+ e+vd/VT
Q3a(ii)
i = Iy L _I_Q )
= v = 7 = =
T+e 1+ 141 2

Iy ly I, 1y

l = = = =
eV 14+ 141 2

When vg= 0, ic;=ic2=19/2 > current I splits evenly between i¢; and ic,

For ideal constant-current source R, = o

Q3b

r +R
V. I1+~2—2 |-V
V _ —ﬂRC b2|: (1+ﬁ)R0:| bl

° r.+R, 24 r,+R,
(1+P)R,
R =0V = _IBRC {Vbz_vm}: _IBRC {_Vd}
! * r,+R, 2 r,+R, | 2

_V.__ BR
YTV TG R
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Q3c(i)

2
2(r, +R,)

RB=0—>Ad=%

Either:

gm =__)Ad =T

p
L

gy =2 =le 04 s agsman [1.05
.V, 0026

_ 8.Rc _ (15.385m)(12k)

2 2

ﬁ ngC
V

A, =923 [ 105 |

BV, BV, (100)(0.026)
= = = =6.5kQ -1 0.5
& 1 j 0.4m

co Lgy
PR. _ (100)(12K) _ . | —— |
2(r,)  2(6.5k) o

/2

A, =

Q3c(i)
ngC

Ao =7 204 BIR,
1+M

r,+ R,
R

RB=0_)A —_ gm C

- 1+2711+ﬁ jRo

rﬂ'

I

g, =-2=lo 04m _ 5 38smav

V, V, 0026
o BV BV:_ (10000.026) (oo

S

co ip 4m

_ g.Rc _(15.385m)(12k) _

SO (£ A (E3T) - S
T 6.5k

T

Q3c(iii)
Ad

92.3
A,| |-0237

CMRR = =389
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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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