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Problem 5.7

With Vgg = Vpg = 5 V the transistor operates in the
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saturation region for which we have in = K(Vgg = V)1 + AVpe) -

Solving for K and substituting values we obtain K = 31.25 uA/vz.
However we have K = (W/L) (KP/2). Solving for W/L and
substituting values we obtain W/L = 1.25. Thus for L = 2 um, we

need W = 2.5 um.

Repeating the calculations with A = 0.05, we obtain K = 25,
W/L =1 and W = 2 um.

Problem 5.13

For a device operating in the triode region with A = 0, we
have

o s i = e
ip = K[2(Vgg = Vig)Vpg = Vpsl
Assuming that Vps<< Vgs ~ vto this becomes
1D = Kz(sz - vto)vDS
Then the resistance between drain and source is given by
: 1
T, = Voo/iy = g57————
a Ds’"D ~ K2(Vg - Vi)

With the device in cutoff (i.e., Vas = Veo) s the drain
current is zero and T4 is infinite.

Evaluating we have:

sz (V) Ty (kQ)
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Problem 5.24

Many resistor values will work. In general we want to pick
values such that

RpIpg * Vpp/4

Vbsg * Vpp/?

RgIpng = Vpp/4
Thus we select Ry =Rg =3 k1. Then we have K = (KP/2) (W/L)

2 r""‘“ &
= 0.2 mA/V" and VGSQ = IDQ/K + Vto = 3.236 V. Next we compute
+ R.I.. = 6.236 V = V%D/(l + R;/R,). Solving we find

Vs = Vesg ST DQ
that we need R1/R2 = 0.924. Using nominal 5% tolerance values we

could select Rl = 910 kQ and R2 = 1 MQ.



Problem 5.25

For a source follower we do not need a drain resistor. Thus
we design for

Vibsg = Sppss = BN

RSIDSQ =61V

Thus we select Rg = 6.2 kN which is a standard 5% tolerance

value. Then we have K = (KP/2) (W/L) = 0.2 mA/V2 and VGSQ =

IDQ/K + Vto = 3.236 V. Next we compute VG = VGSQ + RSIDQ =
9.236 V = VDD/(1 + R1/R2). Solving we find that we need R, /R, =

0.299%6. Using nominal 5% tolerance values we could select Rl =
300 kQ and R2 = 1 MQ.



5 CCD

A CCD is created with square pixels measuring 7 um x 7 um and contains
an oxide layer that is 250 nm thick with an € = 3.8¢;. the oxide layer has a
maximum potential of 1 volt.

5.1 What is the capacitance per unit area?

o = € _ 3.8¢€q
t

= 1.4 Farads/m?,

where ¢ is the thickness.

5.2  What is the full well capacity?

The capacitance of a pixel is

C = CoxA __ 3.860

X (7 x 1076 m)2 = 6.6 x 1071 Farads.

The charge is

Q —CV = 3.860

x (7x10°° m>2 % 1 Volt = 6.6 x 10~ Coulombs.

The number of electrons is

o @ e (7x 107 m)" x 1 Volt

4.1 x 10%.
e 1.6 x 10~ Coulombs

5.3 Chip Size

If you utilized these pixels to build a square, 1-megapixel CCD camera, what
would its dimensions be?

One million pixels is 1000 x 1000, so there must be 1000 pixels in each
direction.

Height = Width = 1000 % 7 x 107% m = 7 mm.



Input 1 (V) | Input 2 (V) Vout(V)
0 0 5
5 0 5
0 5 5
5 5 0.4

6 Logic Gate

6.1 Truth table

Note: the last entry in the table is not 0 volts. This is acceptable as long as
any circuit that utilizes V,,; factors this in.

6.2 Current

When V,,; is high, there is no current traveling through R;. When V,,; is
low, the current through R; is

VYI - ‘/out
Ipp= ———— =04 mA
R1 R, m

6.3 No Connection

If V; and V5 do not have a power source attached, V,,; will be 5 volts. This
would be the case in the absence of Ry and Rj.



