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Question 1 [40 marks]

(a) The Widlar current source is shown in Figure 1. It is given that V' = 12V , V' = -12V, R; =
50kQ and Vgg1 = 0.68V at 1mA.

i) By clearly stating any assumptions, derive the relationship between I, and Iger for a
Widlar current source to achieve the equation below:
[8 marks]

I
IoRe =V, In(~5F)
IO

i) Design the current source to provide output current of 3uA by determining Irer, Ic1, lc2,
Vge2 and Re. [12 marks]

Answers for Question 1(a)i)

Neglecting base currents, Ig= 0, Ic =l [1mark]
lc1=lger = len 2 = lo = le2 [1mark]
Iy = s exp(Vee1/ V1) = lrer [1mark]
lco = Is exp(Vee/ V1) = lo [1mark]

VBEl = VT In(IREF“s) and VBEZZVT In (IQ/Is) [1mark]

KVL in B-E Loop:

Vge1 = Vee2 + Ie2Re [1mark]
Vee1=Vae2 + IoRe

IoRe = VBe1-Vee2 [1mark]
= VT In(lREplls) - VT In(lolls)

=VT In(IRE;:/Io) [1mark]

Answers for Question 1(a)ii)

IREF=[V"-VBE1-V]/R1=[12-0.68 - (-12)]/50k
=0.4664 mA [2marks]

Calculate IS:

IC= 1mA when VBE1 = 0.68 V

1m = 1S exp [0.68/26m]
IS=4.308x 10" A [2marks]

Recalculate VBEL:
VBE1 = VT In (IREF/IS) = 26m In (0.4664m/4.308 x 10
=0.6602V [2marks]

Recalculate IREF:
IREF =[12 — 0.6602 — (-12)]/50k = 0.4668 mA [1mark]
Therefore, IC1 = IREF = 0.4668 mA [1mark]
IC2=10=3UuUA [1mark]
VBE2 = VT In (10/IS) = 26m In (3 uA /4.308 x 10™) = 0.5289 V [1mark]

Calculating RE:
RE =(VT /Io)ln(IREpllo) = (26m/3 U) In (04668 mA /3 UA)
=43.74 kQ [2marks]
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(b) Design a pnp version of the Wilson current source using a resistor, Ry, to establish the
current, lzgr. The circuit parameters are V' = 10 V, V- =—10 V, and the transistor parameters are:

VEB(on) =06V, ﬂ =80, and Vp = oo,
1) Sketch the circuit of the design. [8 marks]
i) What is Iger, if the load current, 1o is 0.8 mA? [8 marks]

i) Compare and contrast the stability of the Wilson current source to a three-transistor
current source. [4 marks]

Answers for Question 1(b)
0] V=10V (i) Ip = Ingr l;I ...[2 marks]
(1+ﬁfﬁ+2:|)
T For Io = 0.8 mA, substitute into egn.,
I =1 [1 + 2 ]
by . rRer = 1o 55+2)
I = (0.8 [1 : ]
rer = (0.8m) (1 + E0E2)
-
Ipgr = 0.8002 MA [2 marks]
For R1;
V' —Vge —Vges—V~
|/ R, = —ZE PR ...[2 marks]
s Iper
_ 10-0.6-0.6—(-10)
1= 0.8002m
l
" l § 2 | lF = 23.49 kQ [2 marks|
I
[
vV =10V (iii) The stability of the circuits:
Q1, Q2 and Q3 placement: [4 marks] Wilson: Ry = g?"oa , and ...[1 mark]
Insertion of R; [2 marks]
Labels of Iger and lo [2 marks] 3TCS: Ry =713 ...[1 mark]

Therefore, Wilson current source has more
stability than 3TCS by a factor of /2.
[2 marks]
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Question 2 [30 marks]

(a) Consider the basic two-transistor NMOS current source in Figure 2. The circuit parameters are
V =25V, V =-25V, and lIger = 120pA. The transistor parameters are Vyy = 0.8 V, k’, = 80
HA/NVZ (W/L); = 3, (W/L),= 4.5, and A = 0.01 VX, Calculate Ip, at Vps, = 3 V.

[15 marks]

(b) Redesign the NMOS current source circuit in Figure 2 such that the minimum voltage at Vp;
=-2.0V, lrer = 60 YA, and the load current 1o = 100 pA. [15 marks]

Answers for Question 2(a)

K. (W
IREF = ? (le(\/GM _VTN )2 @
21 2(1201)
Vo, = |[——FF 4V = [ 22 108=2/
<tk wrL), ™ \ (80)(3) @
VGSl :VGSZ
Iy, = %(V—\L’j (Vegp —Vn ¥ = 807“(4.5)(2—1)2 _iga O
2

I, =180uAatVyg, = 2V
AV, =3V

AV
Ioognewy = To2 + Al =180uA + RDsz

0

1 1
My, (0.01)(1804)
AVy, =3-2=1V

I D2(new) = 1SOIUA+

where R = = 555.6kQ2

1 —_—
555.6k

181.84A

OIONORO
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Answers for Question 2 (b)

VD2 =VDS2 + VS2 = VDS2 + V-

VD2min = VDS2(sat) + V-

VDS2(sat) = VD2min — V-
=-2-(-2.5)=0.5V

Also, VDS2(sat) = VGS2 — VTN
VGS2 = VDS2(sat) + VTN
=05+0.8=1.3V=VGS1

ID1 = IREF = 60 uA

ID1 = (kn’/2)(W/L);(VGS1-VTN)?

60u = (80u/2) (W/L)(1.3-0.8)
(W/L), =6

ID2 = 10 = 100 uA

ID2 = (kn’/2)(W/L),(VGS2-VTN)?

100u = (80u/2) (W/L),(1.3-0.8)?
(W/L),= 10

R= [VJr -VGS1 -V /IREF
=[2.5- 13— (-12)]/60u
=61.67kQ

[3marks]

[3marks]

[3marks]

[3marks]

[3marks]

Page 5



Question 3  [30 marks]

The basic BJT differential pair is shown in Figure 3. The circuit parameter values are: V' = +12 V,
V' =-12V, Ig = 1.2 mA, and Rc = 12 kQ. The transistor parameters in the differential pair are g =
oo (neglect base currents), Va = o, and Vge (on) = 0.7 V. The constant current source in Figure 3
that is providing the current lq is implemented using the cascode current source.

@ Sketch the full differential pair circuit that includes the circuit for the cascode current
source. [10 marks]

(b) Determine ic; and vcez for common-mode voltages vy = Vg = Vem =-3.5 V.
[10 marks]

(© It is given that the input voltages for the differential amplifier are vg; = 210 x 10° sin ot V
and vg; = 180 x 10° sin ot V. Calculate the differential-mode input voltage (vg) and
common-mode input voltage (vcm) of the differential amplifier. Then, find the maximum
and minimum values of v4 and v¢n,.

[10 marks]
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Answers for Question 3

()

W

For original Diff Amp

Vpa

1.2 mA 12V

\
V] o) J

\/

h
\ Qi"l N I\Wﬂs N
N
12V
v = 0.5 mark
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(b)

f=oo
ic1 = iEl = |Q [12=1.2m/2 =0.6 mA
VB1 = VB2 = Vcwm
icz = iCl =0.6 mA
V2 =V —ic2Rc
=12 — (0.6m)(12K) =48V
For vem = -3.5V
VE =vewm — Vee (0n)
=-35-0.7 =-42V
Vce2 =Vc2—VE
=4.8-(-3.5) =83V
()
Vd =Vg1 - VB2
=210x10° sin ot - 180x10°%sin ot
=30x107° sin 0t V
va(max) = 30x10° (1) =30 uv {sin ot =1}
va(min) = 30x10°® (-1) =-30 uv {sin ot = -1}
Vem = (Ve1 +Vg2) /2
= (210x10°® sin @t + 180x10 °sin wt)/2
= 195x10°° sin ot
Vem(max) = 195x10°° (1) =195V {sin wt=1}
Vem(Min) = 195x10°(-1)  =-195 pV

[1,1]

[1]
[1]
[1]

[1]
[1]

[2]
[1]

[1]
[1]
[1]
[1]
[1]

[1]
[1]
[1]
[1]

{sin ot =-1} [1]
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