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1.2 MOS Transistors 21

To obtain the fotal gate capacitance, (1.56) should be multiplied by the effective
gate area, WL, where W is the gate width and L is the effective gate length. These
dimensions are shown in Fig. 1.10. Thus the total gate capacitance, Cgg, is given by

Cgs = WLCox : (1.57)

and the total charge of the channel, Q. is given by
Qrp = WLCoy(Vas - Vin) = WLC,, Ve (1.58)

The gate capacitance, Cgq, is one of the major load capacitances that circuits must be
capable of driving. Gate capacitances are also important when one is calculating
charge injection, which occurs when a MOS transistor is being turned off because the
channel charge, Q.p, must flow from under the gate out through the terminals to
other places in the circuit.

Next, if the drain voltage is increased above
ence exists, This difference results in current flowing from the drain to the source.

The relationship between Vpg and the drain-source current, Ip, is the same as for a
resistor, assuming Vpg is small. This relationship is given [Sze, 1981] by

W
Ip = ”'nQn'EVDS (1.59)

0 V, a drain-source potential differ-
6

= 0.06 m%/Vs is the mobility of electrons near the silicon surface, and Q,
is the charge concentration of the channel per unit arca (looking from the top down).
Note that as the channel length increases, the drain-source current decreases, whereas
this current increases as either the charge density or the transistor width increases.

Using (1.58) and (1.59) results in

where i,

W W
ID = unCoxt(VGS_th)VDS = pncox‘EVe!fVDS (1-60)

Si0,

Gate

n channel

Fig. 1.10 The imporiant-dimensions of a MOS fransistar.

6. The current is actually conducted by negative carriers {electrons) flowing from the source to the drain.
Negative carriers flowing from source to drain results in a positive current from drain to source, Ips-




