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23 C-V Characteristics

Section 8.3.4 discusses SPICE perimeter capacitance models further. ‘ SR S o
The drain diffusion has a similar parasitic capacitance dependent on 4D, PD, and o et
V- Equivalent relationships hold for pMOS transistors, but doping levels differ. As the Qe P = -
capacitances are voltage- dependent the most useful information to digital designers is the P =)
value averaged across a switching transition. This is the C,;, or C value that was presented e ch »°
in Section 2.3.1. et
Side 15
Example 2.2

“Calculate the diffusion parasitic C; of the drain of a unit-sized contacted nMOS tran-

sistor in a 65 nin process when the drain is at 0 V and again at V= 1.0 V. Assume the

substrate is grounded, The diffusion region conforms to the design rules from Figure

2.8 with A = 25 nm. The transistor characteristics are Gf = 1.2 fF/um?, MJ = 0.33, 2.
QIS =0.1 fF/um, GISWG = 0.36 £F/um, MJSW = MJSWG = 0.10, and Yo = 07V" 1y s
at room temperature.

SOLUTIGN: From Figure 2.8, we ﬁnd a unit-size diffusion contact is 4 X 5 4, or 0.1 X
0.125 pm. The area is 0.0125 pm? and perlmeter is 0.35 pm plus 0.1 ym a.long the
channel. At zero bias, C/M 1.2 fF/um?, Condsee = 0.1 £F/um, and Cpyo = 0.36 £F/
tm. Hence, the total capacitance is

C,(0V)=(00125m? )[12 2]
i (2.21)

(0.35um)( 0.1£F—J+(0.1ym)(0.36£)=O.086(F ey
o o um ;

At a deain voltage of Vpp, the capacitance reduces ro

—0.33
Cylt V)z(o.o1zsym2)(1.2:;f2.](1+é_-g_] i

; (T : ‘ F 10 Yo
[(O.B'Sym)[ﬂ.l#—m]+(0.1#m)(0.36#—_mﬂ[1 - WJ =0.076 fF

For the purpose of manual performance estimation, this nonlinear capacitance is too

much effort. An effective capacitance averaged over the switching range is quite safis=y - oy
factory for digital applications. In this example, the effective drain’ capacitance would 1’

be approximated as the average of the two extremes, 0.081 I

(2.22)

Diffusion regions were historically used for short wires called runners in processes
with only one or two metal levels. Diffusion capacitance and resistance are large
enough that such practice is now discouraged; diffysion regions sheuld be kept as
small as possible on nodes that switch. Source
In summary, an MOS transistor can be viewed as a four-terminal device with
capacitances between each terminal pair, as shown in Figure 2.13. The gate capaci-
tance includes an intrinsic component (to the body, source and drain, or source alone, Body
depending on operating regime) and overlap terms with the source and drain. The FIGURE 2.13 Capacitance of an
source and drain have parasitic diffusion capacitance to the body. MOS transistor

Gate

Drain
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