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BASIC FORMULA
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Question1  [30 marks]

The circuit parameters of a Widlar current source shown in Figure 1 are V'=+5V,and " =-5 V.
The transistor parameters are # = 120 and ¥, = 80 V. The reference current is 10 times the bias
current and is established by a resistance R;. The forward-active operation for transistor Q; is Vg
=(.7 V at 1 mA. Let the bias current Ip= 50 pA.

€)] Determine Vggy, Vaez, and Ry. [12 marks]
(b) Neglect base currents and calculate the value for emitter resistance Rg. [5 marks]
(© Determine the Widlar current source output resistance, Ry. [8 marks]
(d)  Determine the percent change in Iy if V', changes by 5 V. [5 marks]

Answer for Question 1

(2)

VBE = VT lll( Ic/ls)

Is =Ic/ {exp(VBE/ VT )}
= (1m) / {exp(0.7 / 0.026 )}
=2.03x10"° A

Io =50 nA

I =10xIp=10x 50 pA = 0.5 mA

At IREF =0.5 mA,

VBEl = VT lll( IREF / IS )
=(0.026) In( 0.5m /2.03 x 10™°)
=0.682 V

Veer =VrIn(lo/ Is)
= (0.026) In(50p /2.03 x 107%)

=0.6221V

Irgr = (V- Vel — V)/Rl

R, =(V' - Ve - V) | Irgr
= (5-0.682 +5) / (0.5m)
=18.636 kQ

(b)

IoRE = VTlll( IREF/IO)

RE =(VT/Io) lll(IREF/Io)
= (26m / 50p) In(0.5m / 50p)
=1.198 kQ

[1]
[1]
[0.5]

2]

[1]
[1]
[0.5]

[1]
[1]
[0.5]

Figure 1
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2]
[1]
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Answer for Question 1

©

i V8 _iema [1.5]
I, 50u

g,,=20 =% _1 g23man [1.5]
v, 0.026

. Ay _ (120)0.026) _ ) 1y [1.5]
I, 50u

R, =R, |1, =1.177kQ 1]

RO =r02 [1+gm2(RE||rﬂ'2 )] [1]

R, = (L.6M)[L+(1.923m)(1.198K|62.4k )| = 5.221MQ [1.5]

(d)

AL = L 5 -0958uA 3]

AVoy = ————
R, ¢ (5.221M)

2
AI, /I, =0.958y/50u =0.01916 = 1.916% 2l
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Question2  [30 marks]

The transistors in the circuit shown in Figure 2 have parameters Vin=04V, Vip=-04 V, k’, =
80 uA/V?, k’, =60 uA/V?, and A, = 1,=0. The transistor width-to-length ratios are (W/L) 2 = 15,
(W/L); =10, and (W/L)s = 5.

@ Determine the I, Ixer, and Vpgs(sat). [20 marks]

(b) Calculate the values of Vg1, Viss, and Vsea. [10 marks]

Answer for Question 2

V=5V
Q2(b)
Using the equation Ip = K’,(Vgs— Vin?’s [1]
Equation for Izer with respect to M; and M:
lper = %(%}3 (Vass — Vew)® = %(%)4 (Vsgs + Vrp)® 2]
Ipgr = WT#(]'G)E(VGJE —04)* = 62_#(5)4[:1’{‘.‘64 —0.4)° 2] :
Solving the equations in Vgg; and Vg, terms: I
Vses =1.63299V 53 — 0.25319 «..(1) 2] l lo
Equation for Izgr with respect to M; and M;.
Irer = k:_i(%)l (Vess — Vr.\-')z = k?i (%)3 (Vess — Vr.\-'jz 2] _I _’_Mz
Ipgr = BDTM (15)3(Vgsz — 0.4)* = Bz_M (10)3(Vesz — 0.4)° 2]
Vs =1.22474Vgs; — 0.08989 ...(2) 2] '
Using nodal analysis for LHS: =V
V'—Vsas— Vass— Vasi— V=05 2] lre 2
So, Vsgs + Vs +Vesi = 10 «..(3)
Substitute (1) into (3),
Vess =3.89412 — 0.37979V gs1 ee.(d) [2]
Substitute (4) into (2);
Vesi =2.483 V 1]
Vess =2.951V 1]
Vsge =4.566 V 1]
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Answer for Question 2

Q2(a)

Based on the calculations above,

lazr = kz;(%)l (Vors — Vry)? 2]

Ingr = £ (15)(2.483 — 0.4)3 2]

= 2.603 mA [1]

Io  =2.603mA 2]
and

Vps(sat) = Ves2 — Vrin 2]

=2.483 - 0.4=2.083 V 1]
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Question3  [40 marks]

€)] Figure 3a shows a circuit diagram for a BJT differential amplifier (diff-amp). Study the
circuit diagram carefully. Transistor parameters are: =  (neglect base current), V4 = oo,
and Vge(on) = 0.7 V. For the circuit also, voltages measured at v¢; and ve, are 4.5 V.
Calculate the value of Iy and v¢g,.
[10 marks]

Answer for Question 3(a)

+10V

B ol

10 kO 10 k5

Ul o—e —0 Uy

IQ
10V
Q3(a) _ Figure 3a
Given:ver =vez =45V
10-Ici Rc=vc1 =45V [2]
Ici1 =055 mA = I, (1]
IQ =Ic1 +1Ic>=1.1 mA [2]

Given: v, =45V
VCE2 = V2 - VE 2]
VE = Vg2 - VBE(OII) =0-0.7=-0.7V [2]

> vepr =ver - ve=4.5—-(-0.7) =52V [1]
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(b) For a basic BJT differential amplifier shown in Figure 3b, the circuit parameter values are:
Vi=+10 V, V' =-10 V, Ip =1 mA, and R¢ = 12 kQ. The transistor parameters in the
differential pair are # = o (neglect base currents), V4 = oo, and Vpg (0n) = 0.7 V. The
constant current source in the Figure 3b (that is providing the current Iy) is implemented
using a cascode current source.

0] For all transistors in the cascode current source, V4 = 120 V and f= 100. What is
the value of the output resistance (Ro) looking into the constant current source?
[5 marks]

(i) Calculate the differential-mode voltage gain (4,) taken as one-sided output
voltage at vca. [5 marks]

(iif)  Calculate the common-mode voltage gain (4..) using the following formula when
all transistors in the cascode current source have V, = oo (or that the cascode
current source is an ideal current source):

A4 = B ﬂRC
" r,+2(1+ PR, [5 marks]

(iv) It is given that the input voltages for the differential amplifier are vg; = 210 x 107
sin ot V and vz, = 190 x 10 sin ot V. Calculate differential-mode input voltage
(va), common-mode input voltage (v..), and the output voltage (v,) of the
differential amplifier using values of 4, and A.,, from (ii) and (iii) above.
[15 marks]

Answer for Question 3(b)

—0

L
Ui
0 Vg
VgE] — —>= | — — Upg
) 24 ) o
R ] VB2 o
G lo

Q
V-
Figure 3b

Uca

(4

||}
|||I
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Answer for Question 3 (Cont.)

Q3(b)

(1
£ =100,1Ip =1 mA
For cascode current source

Ro = (ﬂ rOCasc) [2]
= (120)/(1m) = 120 kQ 1]
Ro = (ﬂl’o(jasc) = 100 X 1201(
=12 MQ [1]
(iii)
Ad =8m RC / 2 [2]
gm2 = (IQ / 2)/ Vr [1]
=0.5 mA /26 mV =19.23 mA/V [1]
A;  =(1923mx12k)/2
=115.38 V/V (1]
(i)
For cascode current source that has transistors with V4 = oo,
Ro = (ﬂ V4 /IQ) = (100 X oo)/(lm) = 0 [2]
4 o~ PR _ —(0)d2k)
" 420+ R, +2(1+00)(0)
> Ay = {use formula} = Value / © =0 [3]
(iv)
Vd =VB1-VR2 2]
=210x10"° sin ot - 190x10°sin ot 2]
=20x 10 sin ot (V) [1]
Vem = (vBl + vBZ) / 2 [2]
= (210x107 sin ot + 190x10sin wt)/2 2]
=200 x 10 sin ot V) 1]
Vo =AgX Vg + Aem X Vem [2]
= (115.38)( 20 x 10 sin ot) + (0)( 200 x 10° sin wt) [2]
=2307.6 x 10 sin ot V [1]

Page 9



EEEB273 — Test 1

Page 10



