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1. Fig. 1.1 on p. 7 shows the layout of a circuit fabricated in an n-well CMOS technology similar to that used in
Lab 2. The layout is not complete: the p+ mask is not shown. Draw the outline of this region (or regions) on
the layout, and indicate the interior of the region. (Note: In this CMOS technology, by default any region
that is not covered by the p+ layer receives the n+ implant) 4 marks

2. In the space provided next to the layout in Fig. 1.1, careﬁilly sketch a cross-section through the integrated
circuit along line X-Y (i.e., show how the IC would look if cut along line X-Y and viewed from the side).

Indicate the n-well and n+ and p+ regions on your cross-section. 16 marks

3.a) Underneath the layout of Fig. 1.1, draw the circuit schematic corresponding to the layout. Show the

substrate (body) connection for each transistor. 12 marks
b) Determine the /L ratio for each transistor and write it on the circuit schematic. 2 marks
¢) On the circuit schematic, circle the transistors that are subject to the body effect. 2 marks

d) Complete the truth table in Fig. 1.2 on p. 7. What Jogic function does this circuit perform? 70 marks
’ K(;-:ﬁ\.

e) Suppose input A is held low while input B is switched from low to high. Have the transistor sizes been
chosen correctly so that Vour is at midrail when B is at midrail (Vbo/2)? Explain. 4 marks
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4. A student now in third year is planning to take ELEC4609 next year. They ask you for advice on how to
complete the IC design project to produce a working design with as little effort as possible. On the basis of
your experience, what advice would you give them? 5 marks
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5. Fig. 5.1 shows the schematic for a sense amplifier for a DRAM. The LATCH signal instructs the amplifier
to sense the voltage difference between the left and right bit lines. Transistor M3 has [ =2 pm and W =
6 pm. The gate oxide thickness fos =25 nm. Vi, = -V = 0.5 V and Py = 2,= 600 cm?V-!s?, Vpp=3 V.
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Fig. 5.1

a) Suppose the voltage Vier: on the left bit line is exactly 2.010 V when LATCH starts to rise, while the voltage
Viright on the right bit line is 2.000 V. Complete Fig. 5.2 below showing how Vie and Viight change with time
as LATCH rises. Briefly explain your answer. No calculations are necessary. 3 marks
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b) For the amplifier to work properly, LATCH must not rise too quickly. Find values for W/L for M1 and M2
so that the voltage Viatcu at node X rises at 10® Vs when LATCH is 0 and Viaten =1 V. I[gnore source
and drain junction capacitances and the capacitance of interconnect lines The W/L values should also be

chosen so that LATCH is at mid-rail when LATCH is at mid-rail. 14 marks
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¢) In answering part (b) you should find that very small W/L ratios are required for M1 and M2. How could you
lay out a transistor with very small /L while minimizing the total area required for the transistor? You may

want to make a sketch to illustrate your answer. 3 marks
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6. Although it has probably never been done commercially, it is possible to develop a CMOS technology in
which the nMOS transistors and pMOS transistors both have p+ poly gates as suggested in Fig. 6.1. This
unusual approach might actually give higher performance nMOSFETSs compared to conventional technology.
In Fig. 6.1, suppose that the substrate is uniformly doped with boron and has 10 Qcm resistivity. The net
doping concentration at the surface of the n-well is 10'° cm™. The gate oxide thickness is 25 nm.

a) A threshold adjust implant carried out after gate oxidation and before gate poly deposition is used to set
Vi = -Vrp,. Which element should be implanted? What dose is required? What value of Vy, results?
Suggest a suitable implant energy. : 15 marks
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b) The n-well is formed by implanting phosphorus and then driving in the dopant at 1150°C. At the end of the
drive-in the depth of the metallurgical junction between the n-well and the p-type substrate is 4 pum What

implant dose should be used to form the n-well? What time is required for the drive-in? 8 marks
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c¢) What is the sheet resistance of the n-well? 2 marks
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Cross-Section:
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Table 1.1 Truth table for Fig 1.1

X0
A B Vout
0 0 0
E 0 &\
0 1 %1
1 1 0 |
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Equations and Constants

Physical constants: g =1.6x10"C k=138x102JK"' ¢ =8.85x10"Fm" = 8.85x10" Fcm
1eV=1.6x10"J £kT/q=0.0259 V at room temperature 0°C = 273K

Data for silicon at 300K n=100cm?® E;=1.12eV Ne=28x10%cm™® N,=1x10" ¢m3
gs=119g p,=1350cm’V's! p, =480 cm?V's! g, =3.9¢
in lightly doped material p, = 1350 cm*V's"  p, = 480 cm?*V's™!

\/285 gN 4(2¢p +Vsp) _ qump
Cox Cox

nMOS threshold voltage: Vg, =Vgp +2¢p +

kT N
where &5 =?ln( 4

&
ox
) and Cyo=——
n; IOJC

26 .gN (2 +V qD;
pMOS threshold voltage: V7, =Vpp — 2¢p — V254N D (245 +Vsp) L

COJC COI
kK", N
where @p :—111(—D
q i
Resistivity: 2 !
esistivity: p=——=
Y guN
2
Saturation drain current: 7, :Pz 1, C o E@ZV—T)

: w vV
Triode drain current: /p = -Epn(lox Vs —Vr —%) Vps

In the following Qi is the implanted dopant dose (ions/cm?):

; 2
Drive-in diffusion profile: C(x)= %ﬁ% e ~* 4D
7T

OQimpl ~ _(x-Rp)> 2
Ton implant profile: C(X):\/E_—:TZ—R—E STl U™
P

1

heet resistance: Rs =~ ———
S qu Qi.ﬂnp.’

Diffusion coefficient: D=D,e """

Boron: Dy=1.0cm?*s' E,=35¢eV Phosphorus: Dy =4.7 cm’s’  E;=3.68 eV

(“Intrinsic” diffusion coefficient for lightly-doped material)
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Graphical Data
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