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For all problems, you can assume the following transistor parameters (unless
otherwise mentioned):

NMOS:

Vi = 0.4, K'n = 115 pA/V2, Vysar = 0.6V, A =0, y = 0.4 V', 2|0f| = 0.6V
PMOS:

V1l = 0.4V, |K’p| = 30 pA/V?, [Vysar| = 1V, L =0, |y| = 0.4 V'*, 20 = 0.6V

NAME .
Last S\o ‘w“\' tuws First
GRAD/UNDERGRAD
Problem 1: / 26
Problem 2: /16
Problem 3: /10
Total: /52
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PROBLEM 1. (26 pts) Dynamic Inverters: VTC and Delay.

For this problem only, you should assume that Ryq, = Rgqn = Ryq. In other words, an
inverter with W, = W, = 1um would have equal rising and falling delays. Note that this
means that tjpy = 2:In(2)-L-Rsq'Cg. Also, Vpp =2.5V.

The figure above shows a chain of 4 dynamic “inverters”; every cycle, before the
inverters are used, their outputs are set to a well-known state through transistors not
shown here (which you can assume are negligibly small compared to the transistors in the
inverter). Specifically, for an “n” dynamic inverter, its output starts at Vpp (2.5V), and
for a “p” dynamic inverter the output starts at Gnd (0V). So, in the figure above, nodes
“n1” and “n3” would be initially charged to Vpp, and nodes “n2” and “Out” would be
initially discharged to Gnd (0V). Once these initial voltages have been set, no transistors
drive the output until there is a rising transition at the input of an n inverter, or a falling
transition at the input of a p inverter. In other words, the inverter’s output voltage is

simply stored on the capacitance at its output.

a) (3 pts) Please draw the VTC of an n dynamic inverter as its input is swept from
OV to Vpp. Remember that the output of an n inverter is initially charged to Vpp.
Please also provide the values of Vou, Vor, Vi, and Vi

Vm\!\— Voﬂ. < VOD = ?_.gv

Vok = 0\/
Vig = \/TN = 04V
\/IL ':\/TN: 0“\\/

Vo

I s Sa—— A [
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b) (3 pts) Please draw the VTC of a p dynamic inverter as its input is swept from
Vpp to OV. Remember that the output of a p inverter is initially discharged to
Gnd. Please also provide the values of Vou, Vor, Vi, and Vyr.

V.t
1 Ve = Vop = 1.0V
Nop - Va = OV

Vig = \/00~\/1p = ?,l\l
Ve = Voo Vep = 21V

Ny~ Vp

c) (4 pts) Now we’ll look at the sizing of a chain of such dynamic inverters. Using
the RC model, write an equation for the delay of an n inverter of width W driving
a fixed capacitance Ci, with a rising step (0 = Vpp) at its input. Your expression
for the delay should be in terms of W, L, Ry, Cr, Cg (effective gate capacitance
per um of width), and Cp, (effective diffusion capacitance per um of width).

\ l C C‘(‘o‘\': CL-i WCD
—\ W P
b Riwv = Ry
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Wi, =1um W=7 !
Oy S S .
C.=512fF

d) (6 pts) Noting that the delay of a p inverter will follow the same equation you
derived in part c) for the delay of an n inverter, and assuming Cg = 1.5fF/um, size
the buffer chain shown above to minimize its delay from In rising to Out rising.

Ci~7 \‘S‘FF
C /i S G [1LSEF = 3122

£ G, = e 43

W= £wiy Width | Value (um)
- QU .
S RS
~ £ Wiy W, l&“f"\
RS S

¢) (4 pts) Using your sizing and assuming y = Cp/Cg = 0.5, what is the delay of this
inverter chain? Please provide your delay in units of tjn, = 2-In(2)-L-RqCo.

t,= N tiny (7F)
+<A w2 \N(?.\ Kst\/(,(,.\__ = “‘L-\‘w\l
for - B (054 43)
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f) (6 pts) For a constant C;/Cj,, would the optimum number of stages for minimum
delay with standard inverters be larger, smaller, or the same as the optimum
number of stages for a chain of these dynamic inverters? Which chain would
have lower delay? Be sure to explain your answers. If you are unsure about the
answers to this question, you may want to complete the rest of exam and come
back to this later.

The warbe, of Sgrmyq wonld S+u\\1 the Sarne,
becanse,. N iy et o\ 137 Clei, anmd
¥ — weither JF which  have  changed, The
delay  of Fhe dymmmic twverder chain vasld
be ki the delay f the  shandard  chuin
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PROBLEM 2. (16 pts) IV Characteristics and Power Consumption

For this problem, all transistors are minimum channel length (i.e., L = 0.25um).

VDD =2.5V

Vin —4 | 4um

Vpp L C.

a) (6 pts) Using the unified transistor IV model, how much current flows from Vpp
to Gnd when Vi, = 0V? (Hint: Think about the regions of operation — which
transistor would have more current if both devices were velocity saturated?)

Siﬂ(-( WP>> \l\[t\/ ) \'F LVA'\/\ F\f“MS}s‘*&!S Were \fel(l(,l“\\'[
Sotarated, The PMOS wald  have e cameed. Se,
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b) (6 pts) Using the detailed model of transistor capacitance discussed in Lecture 7,
please draw all of the capacitors connected to Out when Vi, = Vpp on the figure
below. You should also write out the equations you would use to calculate the
values of these capacitors — these equations should be in terms of Cy, Coy, L, Ls,
Cibottoms> Cijsidewalls Cjgate edge, and the widths of the transistors. (Note that you do
not need to plug in any numbers for these parameters — only write out the

equations.)
IJ: \/40 5 OU(\":-O\/
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In —‘—4
Coo =~ \ Out Nmos  Livewr
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c) (4 pts) Now using the simplified capacitance model with Cg = 2fF/pum and Cp =
1{fF/um, how much dynamic power would a standard CMOS inverter with the
same sizing (shown below) consume if In transitions from 0 to 1 every other clock
cycle, the clock frequency is 100MHz, and Cp = 30fF? Don’t forget to include
the power consumption from driving the inverter’s input capacitance.

4 mm
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PROBLEM 3. (10 pts) Scaling.
a) (5 pts) Let’s assume that the capacitive load that sets the delay of an inverter is
Cr, where Cp = WLCy + Cy, and Cr does not scale with technology. If in a 90nm

technology WLC,y is equal to Cy, what would WLCy be (in terms of Cy) in a
65nm technology?

WL G  Stoley &5 50 g

SO“ (\N LC‘D‘\ 6GSwm = U' (WLC"*\ A0vm

\L 69

(WLC"*\ ()SNH\: 20 ('{:

b) (5 pts) Given your answer to part a), how would the delay of an inverter with this
Cy. scale from 90nm to 65nm?

(\VP A R;N\/ CL_
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