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ELEC 312: ELECTRONICS — Il (ASSIGNMENT Set#1)
Department of Electrical and Computer Engineering
Winter 2011-2012

7.46_Solution:

lo=1lp= 1 Ko (K) \/20V form this equation we can get the value of V,, =0.25 V. Now
2 L

Vps= Vs =Vi + Vo, =0.75 V and hence R = M =10.5 kQ
ref

The lowest Vywill be when Vpgy = Vov=0.25 V

Ro=24L =50kQand Alp=22=10 pA
Ip Ro
7.51 Solution:

From the figure p7.51 we can write Vosz & Vgso— Vpt = Vpsmax= Vasz - Vi therefore we get
VG51 =-0.8V

Now for Q;:
Ip1 =20 pA == X 80 X =% x (=0.8 +0.6)* and hence W1 =10 ym
I, =5 Iggr so W, =5W;- 50 um
I; = Ipgr 50 W3=W,- 10 um and W4=W3Z—: =4 um
For Qs :
Vbss = Vgss - Vi, for lowest V)
Is =50 pA =2 X 200 X =2 x (0.8 — 0.6)? therefore Ws= 10 um
Now we calculate R:
VoL VysL

Ve =1.5-0.8=0.7V : R= I"ﬂ =35 kQ and Rpp="22= = 96k and Ros=4

REF 2 5

=160 kQ.

7.55_Solution:
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Let IC] = IC and Icz = I()

Irgr = Ic + IEC + %’ ----- (1) and since Is; = m Ig; therefore Ic= I;" ———-(2)
Substituting (2) into (1) we will get - = ——
IR 1+ e

Now if Bmin = 50 and we want to limit the transfer error to 10%, consider that if >> 1

Io

——~m Doping 10%, would mean that (0.90) m = ﬁ and therefore we will get m = 4.56.
REF Q%
B
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ELEC 312: ELECTRONICS — |11 ASSIGNMENT -Set#2
Department of Electrical and Computer Engineering
Winter —2012

1. Find an expression for the differential gain of the following circuit, where ideal
current sources are used as loads to maximize the gain. Vi1, Vinz may be assumed
to be balanced differential signals.

° Vin2

Hints:
With ideal current sources, the Early effect in Q; and Q, cannot be neglected, and the half
circuits must be visualized as depicted in the following figure:

Vout

Vin1 roi o Vin2
Q=< = o Qp

Voutt = =OmloVint, Voutz = -OmloVin2, and hence (Vout1 - Vout2) / (Vint - Vinz) = - Omlo

2. The following figure illustrates an implementation of a differential amplifier with
active load using complementary BJT devices. Calculate the differential voltage

gain Vout/( Vinl - Vin2)
Vee

© Vin2

Hints:
We will assume (since it is not stated otherwise) that the input signals are balanced-
differential. Sp node P is at virtual ground.
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Noting that each pnp device introduces a resistances a resistance of rop at the output
nodes and drawing the half circuit as the bellow figure, we have (considering each half-
circuit and combining differentially at the end)

Vout

Vin1
Q=

(Vout1 - Vout2) / (Vin1 - Vinz) = - Om (ron// rop). Where roy denotes the output impedance of
the npn transistors.

3. Determine the gain of the emitter degenerated differential pairs shown in the
following figure. Assume Vp = .

Vee
Rc= =R
b e Vout e
Vln1 01 02 Vin2
Re Foy, Re
EE

Hints:
In the 1% figure, node P is a virtual ground, yielding the half circuit depicted in the
following figure,

we have (like a CE amplifier with emitter load)

A, =-Rc/ (Rc + 1/gnm).

In the 2" figure, the line of symmetry passes through the “midpoint” of Re. In other
words, if Re is regarded as two Rg/2 units in series, then the node between the units acts
as a virtual ground as the following figure,
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Vin1

We have, A, = - Rc / (Re/2+ 1/gm).

4. Assuming A = 0, compute the voltage gain of the following circuit. Iss; IS used to
bias the transistors Msand M,. Consider all I-sources are identical.

Voo
® .
JF__" Vout r
Vln1 °'_“-: M3 L FHVmZ
Q
!

P
@ ISSI ? SS2

Hints:
Assume balanced differential operation. Identifying both nodes P and Q as virtual
grounds, we construct the half circuit shown in the following figure,

Voutt
Vin1 D_{ My M,

And we have, Ay = - Om1 / 9m3
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