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Show your work. Derivations are required for credit; end results are insufficient.
Closed book. No electronic mental aids, e.g., calculators.

Honor Pledge: I have neither given nor received aid in this exam.
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1. (15 total pts.) Consider the following figure.

(a) (5 pts.) What type of logic gate is this?

NAND2. The pull-up network has two PMOSFETs in parallel and the pull-
down network has two NMOSFETs in series. Interestingly, we can see that the
designer didn’t balance tphl and tplh.



(b) (10 pts.) Write an expression for the total gate output node drain capacitance as a
function of λ and constants that can be found in Section 1. Note that the transistors are
all minimal-length, i.e., L = 2λ. You needn’t do numerical calculation. You just need to
write the expression in terms of the relevant variables. Note, VCC is the system’s high
voltage. To those of you who already know about the Miller effect, you need not consider
it in this problem. Unless you are very good at measuring, you had better show your
work, e.g., by indicating your length estimates before computing capacitances based on
them.

We will need to consider the drain capacitances of two PMOSFETs and one
NMOSFET.

Ctotal =Adrain,total ,p · Cj,p +Adrain,total ,n · Cj,n+
Pdrain,total ,p · Cjsw,p + Pdrain,total ,n · Cjsw,n+
Wtotal ,p · CO,p +Wtotal ,n · CO,n+
Agate,p · ηp · Cox,p +Agate,n · ηn · Cox,n,

where ηp and ηn are 0 in cutoff or saturation, but 1/2 in the linear region. Reading
the diagram, and keeping in mind that the transistors are all 2λ long, we find
that the area and perimeter (sans channel side) for all last-stage MOSFET
drains, as well as the gate widths and areas.

Adrain,total ,p = 7 · 6 · 2λ2 = 84λ2

Adrain,total ,n = 6 · 6 + 3 · 1λ2 = 39λ2

Pdrain,total ,p = 2(7 · 2 + 6)λ = 40λ

Pdrain,total ,n = 6 · 2 + 6 + 1 · 2λ2 = 20λ2

Wtotal ,p = 6 · 2λ = 12λ
Wtotal ,n = 3λ

Agate,p = 12 · 2λ2 = 24λ

Agate,n = 3 · 2λ2 = 6λ2

Thus, we have

Ctotal =84λ2 · Cj,p + 39λ2 · Cj,n+
40λ · Cjsw,p + 20λ · Cjsw,n+
12λ · CO,p + 3λ · CO,n+

24λ2 · ηp · Cox,p + 6λ2 · ηn · Cox,n,

where ηp and ηn are 0 in cutoff or saturation, but 1/2 in the linear region.

2. (10 total pts.) Consider the following equation for some sort of power consumption in an
integrated circuit:

P? = C · VDD
2 · f ·A.

(a) (2 pts.) Use at most two sentences to explain what type of power consumption this
equation models.



Power dissipated in resistors (e.g., the channel and interconnect) due to charging
and discharging load capacitances (e.g., gate, drain, and interconnect capaci-
tances) in a synchronous system.

(b) (4 pts.) Use at most one sentence to define C in this equation. A single-word definition
would be insufficient.

Total circuit capacitive load that may be charged or discharged due to clock
transitions.

(c) (4 pts.) Use at most two sentences to describe how C might be reduced.

Make the transistors smaller or use low-κ dielectric around interconnect.

3. (10 total pts.) Consider the following transfer curve.
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(a) (2 pts.) What type of device is this?

Buffer.

(b) (4 pts.) What are its NMH and NML?

NMH ≈ 1.5 V and
NML ≈ 0.25 V

(c) (4 pts.) What is its VM and g (gain)?



VM ≈ 0.77 V and

g ≈ y2 − y1

x2 − x1

≈ 1.5 V − 0.4 V
0.7 V − 0.4 V

≈ 1.1 V
0.3 V

≈ 3.7

4. (10 pts.) Use three or fewer sentences to describe the properties of CMOS devices that
prevented their earlier widespread use? I.e., why did BJTs long remain dominant for use in
digital logic?

Slow. Poor reliability due to difficult-to-fabricate gate dielectric.

5. (10 total pts.) Draw a side view of a PMOSFET.

(a) (4 pts.) Label each region with the type of material used.

(b) (3 pts.) Label the source, drain, gate, and bulk terminals.

(c) (3 pts.) Indicate any diodes in the structure.

See the lecture notes or book.

6. (5 pts.) Use at most one sentence to describe why an extremely low VDD can result in a
higher energy consumption for a particular task than a higher, but still sub-threshold, VDD.

At extremely low VDD values, the delay increases so much that the energy con-
sumption can increase despite reduction in power consumption.

7. (10 pts.) If an NMOSFET gate’s dielectric were changed from SiO2 to a low-κ material
with half the permittivity of SiO2, what would happen to its ID? You may assume that the
NMOSFET is not velocity saturated, and that its VGS ≥ VTN . State any assumptions and
provide evidence for your answer, e.g., by writing the applicable expression for ID.

ID = k′W

L
(VGS − VT )VDS −

V 2
DS

2
or

ID = k′k
′

2
W

L
(VGS − VT )2 (1 + λVDS)

Assuming that the change does not influence VT , k′ would be halved, resulting in
ID being halved.

8. (10 total pts.) (7 pts.) List the following interconnect fabrication steps in chronological
order:



• Etch metal.

• Expose photoresist using mask.

• Remove all photoresist.

• Deposit photoresist.

• Deposit metal everywhere.

• Deposit metal everywhere.
• Deposit photoresist.
• Expose photoresist using mask.
• Etch metal.
• Remove all photoresist.

(3 pts.) What type of metal is this process appropriate for?

Al.

1 Reference material

COX CO Cj mj φb Cjsw mjsw φbsw

(fF/µm2) (fF/µm) (fF/µm2) (V) (fF/µm) (V)
NMOS 6 0.31 2 0.5 0.9 0.28 0.44 0.9
PMOS 6 0.27 1.9 0.48 0.9 0.22 0.32 0.9



Name Value
kT/q 25.875 mJ/C

NMOSFET IS 21.0 pA
PMOSFET IS 41.8 pA

n (for ID calculation) 1.5




	Reference material

