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Digital Logic Gate [24 points]
y, [nm]

A
12 -

Process Sequence:

Starting material: phosphorus-doped silicon, concentration 5 x 10+ cm™®

1.
2.
3.

4.
S.

6.

Deposit 500 nm of silicon dioxide and pattern using the oxide mask (dark field)
Grow 5 nm of thermal silicon dioxide.

Deposit 500 nm of boron-doped polysilicon and pattern using the poly mask

(clear field).

Implant boron and anneal (depth 250 nm and concentration = 1.25 x 10™® cm™))
Deposit 500 nm of silicon dioxide and etch 505 nm of oxide using the contact mask
(dark field).

Deposit 500 nm of aluminum and pattern using the metal mask (clear field).

Given: polysilicon sheet resistance: Ry = 25 W/, e, = 3.45 x 102 F/em,

Ron = 150 W (on resistance for MOSFET)
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(a) [6 pts.] Sketch the cross section A-A’ on the graph below. [dentify al layers clearly.
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(b) [6 pts.] Sketch the cross section B-B’ on the graph below. Identify all layers clearly.
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(c) [5 pts] Given: metal lines 1-5 on the layout are connected as listed:
1. vina 2. Vin2 3. Vop=25V 4. Vout 5. Ground.

First, draw the circuit model for the physical structures between nodes 1, 2, 3, and 4 using
the correct MOSFET symbol. Second, redraw the circuit model using the “switch

model” for the transistors. Give numerical values for any resistors or capacitors; you can
neglect the drain-to-bulk capacitors.



(d) [4 pts] Draw the circuit model for the physical structures between nodes 4 and 5 only.
Given: for finding the resistance, there are 70 squares of polysilicon between nodes 4
and 5. Hint: it isnot necessary to use multiple lumps here.

(F) [4 pts.] What is the maximum value of the output voltage in Volts?



2. CMOS digital circuit [20 points]

VDD =25V

1
“regular”

Ve ‘o( CMOS
logic gate

“pad driver”
inverter
Va 40‘ ': VB 40( A B
VouT1 Vout2
‘ —1=vine ?
interconnect ||
Va 4‘ B 4' —
—C, =
[ 10 pF
Ve 4‘ . Vc 4‘
_T:__ @
“Regular” PMOS: I nterconnect: “Pad Driver” PMOS:
Gate capacitance: Cox = 2 fF/mm? Gate capacitance: Cox = 2 fF/mm?
Width =W, = 3 mm Cint = 0.2 fF /rm Width =W, = 150 nm
Length =L, = 0.5 nm Rine = 0.1 W/mm Length =L, = 0.5 nm
“on” resistance = R, = 300 W L =800 nm “on” resistance= R, =15 W
“Pad Driver” NMOS:

“Regular” NMOS:

Gate capacitance: Cox = 2 fF/mm?
Width =W, =2 mm

Length =L, = 0.5 mm

“on” resistance= R, =200 W

VTh =19 V, VT| =06V

Gate capacitance: Cox = 2 fF/mm?
Width = W, = 100 mm

Length =L, = 0.5 mm

“on” resistance=R,= 10W

Vihn=14V,Vn =11V




The waveforms for va(t), vs(t), and ve(t) are:
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(@) [2 pts.] The input voltages to this circuit have been constant for along timefor t <O.
What are the numerical values of the voltages vour: and vour, for t <0?

(b) [4 pts.] Find the waveform vouri(t) for thetimeinterval 0 <t < 0.4 ns.

(c) [4 pts] Find the waveform voyro(t) for thetimeinterval 0<t < 0.4 ns.



(d) [4 pts.] Find the waveform voyri(t) for the timeinterval 0.4 <t < 0.8 ns. If you
couldn’t solve part (b), you can assume for this part that voyt1(0.8 ns) =2.5V.

(e) [6 pts.] Sketch the waveforms vouTi(t) and voutz(t) on the graphs below over the

interval 0 <t < 1.8 ns. Note that the logic thresholds for the pad driver are different
from those of the regular CMOS logic gate. Y our sketch should be consistent with

your answers for (a) — (d).
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3. Linear circuit analysis [20 points]

N
10 mA CD 1 kW

V1 Re
2 kW Vi T

(Load)
1V

w O

(@) [8 pts.] What isthe numerical value of the Norton equivalent current Iy for this two-
terminal linear network?

10



(b) [8 pts.] What isthe numerical value of the Thevenin equivalent resistance Ry for this
two-terminal linear network?

(©) [4 pts.] What is the numerical value of the maximum power that can be extracted from
this two-terminal network in Watts? What is the numerical value of the load resistance R.
required for this case? If you couldn’t solve parts (@) and (b), you can assume for this part

that Iy = 20 mA and Ry, = 8 kKW.
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4. Inductor-resistor circuit analysis [20 points]

2 kw
AAA OJ4A -
t=0
- 1 kw
(7 'Li 20 nH
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W 2mA
O O

t=10 ps

(@) [4 pts.] What isthe numerical value of the inductor current i, (0) whent = 0.

(b) [4 pts] Find the numerical value of the final inductor current, i (t® ¥).
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(c) [6 pts] Find the inductor current iy (t) for O£t £10ps.

(d) [6 pts] Find the inductor current i (t) for t 3 10ps.
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5. Capacitive coupling [15 points]

Silicon dioxide

surrounds metal
lines
s=250 nm
T
1 5 3 t t =500 nm
/ / d =250 nm

— M W — —b s — —fd

W =250 nm
Silicon substrate (ground)

[¢— 200 MM —p|

P >
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InvertersA andB: R, =R,=100W Vpp =25V
CGn + CGp = 25 ﬂ:

The interconnect (line 1) between inverters A and B runs close by lines 2 and 3, as shown
in the cross section, for a distance of 200 mm. The interconnects are surrounded by SiO..
Lines 2 and 3 are floating (not connected to anything at either end).

(@) [5 pts.] Draw the circuit model for the pull-up transition of inverter A. Include the
numerical values of the capacitors between lines 1, 2, and 3 (and between them and
the grounded substrate); you can neglect the interconnect resistance.

Given: e,= 3.45x 10" Flcm.

14



(b) [5 pts.] Find the peak voltage v, max ON line 2 after the pull-up transition of inverter A.

(c) [5 pts.] Find the peak voltage vz max On line 3 after the pull-up transition of inverter A.
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