ECE334S

Digital Electronics

Problems 2

In the Weste/Harris textbook:

1) Consider the SRAM cell shown below.
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Given C,, = 2 fF/um and Cy, = 1 fF/um, estimate the capacitance at nodes V, , Vg, BL

and BL using the simple capacitance model.

2.2 Show that the current through two transistors in series 1s equal to the current
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through a single transistor of twice the length if the transistors are well described by
the Shockley model. Specifically show that Ing = Ipg In Figure 2.37 when the tran-
sistors are in their finear region: Ppg < Vop =V Vo > Ve (this s also true in satura-
tion). Hint: Express the currents of the series transistors in texms of V| and solve for

v,
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WX Current in series transi-stors

2.3 In Exercise 2.2, the body effect was ignored. If the body effect is considered, will
Ing be equal to, greater than, or less than Ipg? Explain.



2.4

2.5

2.6

2.7

2.8

A 90 nm long transistor has a gate oxide thickness of 16 A. What is its gate capaci-
tance per micron of width?

Calculate the diffusion parasitic Cy of the drain of a unit-sized contacted nMOS
transistor in a 0.6 pm process when the drain is at 0 and at V) = 5 V. Assume the
substrate is grounded. The transistor characteristics are f = 0.42 fF/ wm?, M7 =
0.44, CJSW = 0.33 ¥ /pm, MJSW=10.12, and iy = 0.98 V at room temperature.

Assume the diffusion areais 1.2um x 1.5um

Consider the nMOS transistor in a 0.6 pm process with gate oxide thickness of 100
A.The doping level is N = 2 = 107 em™ and the nominal threshold voltage is 0.7 V.
The body is tied to ground with a substrate contact. How much does the threshold
change at room temperature if the source is at 4 V instead of 07

Assume ¢ = |2¢0¢ = 0.85V andy = 0.75 v
Does the body effect of a process limit the number of transistors that can be placed
in series in a CMOS gate at low frequencies?

Sometimes the substrate is connected to a voltage called the substrate bias to alter
the threshold of the nMOS transistors. If the threshold of an nRMOS transistor is to

be raised, should a positive or negative substrate bias be used?



