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the diffusion capacitance formed by the depletion regions between the source or drain and
body. The diffusion capacitance is voltage-dependent, but can be modeled across the digi
tal switching voltages with an average value.

Circuit simulators use very elaborate models to calculate the currents and voltages ina
transistor. These models are too complicated to give much insight into the circuit behav-
ior. For the purpose of estimating delay, we can approximate an ON transistor with a
effective resistance such that the product of this resistance and the load capacitance
matches the gate delay. This approximation is remarkably good and will be developed fur-
ther in subsequent chapters to explain why some circuits are faster than others and to help
optimize gate delay. ‘

[Muller03] offers a comprehensive treatment of device physics at a more advanced
level. [Gray01] describes MOSFET models in more detail from the analog designers
point of view.
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21 Consider an nMOS transistor in a 0.6 wm process with W/L = 4/2 X (i.e., 1.2/0.6
). In this process, the gate oxide thickness is 100 A and the mobility of electrons
is 350 cm?/V + 5. The threshold voltage is 0.7 V. Plot I, vs. ¥ for V= 0,1,2,3,4,

and5 V. ) Bywl

22 Show that the current through two transistors in serics is equal to the current 0
through a single transistor of twice the length if the transistors are well described by b) By wi
the Shockley model. Specifically show that Ipg = Ing, in Figure 2.37 when the trar- ture 2
sistors are in their linear region: Vi < Vpp = ¥, Vpp > ¥, (this is also true in satura- ¢) By wi
tion). Hint: Express the currents of the series transistors in terms of 73 and solve for A ssur

7.

Current in series transistors

2.3 In Exercise 2.2, the body effect was ignored. If the body effect is considered, will
I, be equal to, greater than, or less than /g ? Explain.
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2.14 Peter Pitfall is offering to license to you his patented noninverting buffer circuit
shown in Figure 2.38. Graphically derive the transfer characteristics for this buffer.

‘Why is it a bad circuit idea?
Aﬂ Y

Noninverting buffer

2.15 A novel inverter has the transfer characteristics shown in Figure 2.39. What are the
values of ¥y, Vi Vos, and Py that give best noise margins? What are these high
and low noise margins?

12
0.9
0.6

03

0 v,
0 03 06 09 12

Transfer characteristics

2.16 Section 2.5.1 graphically determined the transfer characteristics of a static CMOS
inverter. Derive analytic expressions for 7, as a function of ;, for regions Band D
of the transfer function. Let |V, = ¥, and B, = B,

2.17 Using the results from Exercise 2.16, calculate the noise margin for a CMOS
inverter operating at 1.0 V with 7, = | V| =035V, B, = B,

2.18 Repeat Exercise 2.16 if the thresholds and betas of the two transistors are not neces:
sarily cqual. Also solve for the value of 77 for region G where both transistorsare
saturated.

2.19 Using the results from Exercise 2.18, calculate the noise margin for a CMOS
inverter operating at 1.0 V with 7, = |V,| = 0.35 V, B, = 0.58,.
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220 Deive 7, using the Shockley models for the pscudo-nMOS inverter from Figure

2.30 with ¥, = ¥}, as a function of the threshold voltages and beta values of the two

transistors. Assume V. < |V,,|.

21 Give an expression for the output voltage for the pass transistor networks shown in
Figure 2.40. Neglect the body effect.
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Pass transistor networks

= 222 Suppose Vpp=1.2 Vand 7, = 0.4 V. Determine 7, in Figure 2.41 for: (a) ¥, = 0 V;

(6) Viu= 0.6 V5 (0) ¥y, = 0.9 V3 and (d) ¥, = 12 V. Neglect the body cffect.
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