EEC116 Problem Set #2 Solution

1. FET Capacitances
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Assuming an abrupt junction (m=0.5). Drain voltage is negative when the DB junction is reverse biased,
which is the case we have. (Rabaey page 76, 82, 83, 111)
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2. Enhancement Load Inverter

Problem 2.1

For V,,, The load transistor is diode connected and forced to
operate in saturation. This requires at least a threshold drop across
the transistor, and so the NMOS cannot pull the output all the way
up to V. . .
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For V., the load operates in saturation, while the driver is linear.
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Problem 2.2
NM, =V, —Vo =V, -0.23
NM y =Voy =V = 3.7V

We see that in contrast to a CMOS inverter, we can not get our
outputs to either rail. This results in reduced noise margins and
robustness of operation.

Because the outputs do not go rail to rail, and the load transistor is
always on, a constant DC current flows, resulting in constant power
dissipation, unlike a CMOS inverter.

Problem 2.3

When V, =V, the driver transistor operates in the linear region and
the current is the same through both transistors.
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3. Two Input CMOS NOR Gate

Vou = 5 volts and V,; = 0 volts

An equivalent inverter would have (%) :(¥) = %, therefore
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Now Plug (1) into (2) for Vyyr and solve for V.
- 1.25V3 + 6.07V;, —17.43 =0
Vi, =2.02volts

 Vag +Venp + kg @Voue:Vinn) 5= 0.7 + 2(2Vpy + 0.7)
e 1+ kg - 3
> Vot = 0.75V;; — 1.425  (3)

k kp 2

= @(Vin = Ve )Vour = Vour®) = 5 (Vin = Vaa = Veny)

= 40Q2Wy — 0.7 Voue — V2, = 20(V;y =5+ 0.7)%  (4)

Now plug equation (3)into(4)for V,,.and solve for Viy
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4. Two Input CMOS NAND Gate
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5. Logic Circuit

5.1 L

Remember:

— two switches in series have a logic al AND relationship,

—two switches in parallel have a logical OR relationship

So we obtain the following expression for F,

F=(A-O)+(B-(D+E)

The expression is negated (a bar on top)because the schematic given is the PDN.

5.2
The complete circuit is shown below.

The goal: size the worse case pull up and pull down path’s resistance to the resistance of a
minimum sized NMOS — W/L=10/5
To size the individual transistors, we start by assigning the minimum W/L to every transistor.
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1) Let’s find the worse case pull-down path. We notice the worse case path in the PULL
DOWN network is two transistors long, and three possible paths, AC, BD, or BE. We
double the widths of all transistors here so the worse case path will have the same
resistance as a single NMOS. So W/L of all NMOS = 20/5

2) We now move onto the PULL UP network. Let’s first account for the difference in
process parameters:

- Since lambda is zero, and the threshold voltage for PMOS and NMOS are
symmetrical (ignoring body effect), we only need to account for the difference in mu
Cox between N and P MOS. Notice the 3x relationship.

- So we increase the size of each PMOS transistor by 3 times. So W/L of all PMOS =

30/5

3) Now equalize for the worse case. The worse case here is three transistors long, and two
possible paths: ADE or CDE. We triple the sizes of each of those transistors. So W/L for
the PMOS transistor for inputs A, C, D, and E are 90/5.

4) Now we move onto the last transistor. What do we do with the PMOS for input B? This
transistor participate in the paths BC and BA where transistors A and C both have
W/L=90/5. We must make sure these two paths meet the worse case pull up resistance
requirement, too. We compare the resistance of these two paths to the resistance of a
single NMOS. We perform the following analysis:
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We see that this condition is FALSE, so W/L=30/5 is NOT OK and we need to increase it. So
let’s equate the RHS and LHS of equation (1) and solve for (%) of the B input PMOS.
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We see W/L of the PMOS for input B needs to be 45/5. A final schematic with sizes is
shown below.
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6. Ripple Carry Adder Delay

A 16-bit carry ripple adder is shown below.
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The delay for the carry output and sum output for the individual full adders are given, they are:

3.0n +3.9n

Tpsum = — = 3.45ns
3.2n +4.5n

Tp,cout = — = 3.85ns

The worse case path occurs when a change in either Cin, A0, or BO causes Carry out to toggle.
The signal change propagates from the least significant FA to the most significant FA through
the carry in and carry out ports. The delay of this path is:

Tp,worse case — Tadder = 16Tp,cout = 61.67’15



