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5.2 CURRENT-VOLTAGE CHARACTERISTICS OF THE ENHANCEMENT MOSFET 367

The ip=vps Characteristics

Figure 5.11(a) shows an n-channel enhancement-type MOSFET with voltages vgs and upg
applied and with the normal directions of current flow indicated. This conceptual circuit
can be used to measure the ip—upg characteristics, which are a family of curves, each
measured at a constant vgs. From the study of physical operation in the previous section,
we expect each of the ip—wps curves to have the shape shown in Fig. 5.6. This indeed is
the case, as is evident from Fig. 5.11(b) which shows a typical set of ip—upg characteristics.
A thorough understanding of the MOSFET terminal characteristics is essential for the reader
who intends to design MOS circuits.

The characteristic curves in Fig. 5.11(b) indicate that there are three distinct regions of
operation: the cutoff region, the triode region, and the saturation region. The saturation
region is used if the FET is to operate as an amplifier. For operation as a switch, the cutoff
and triode regions are utilized. The device is cut off when vgs < V,. To operate the MOS-
FET in the triode region we must first induce a channel,

vgs = V,; (Induced channel) (5.8)

and then keep vpg small enough so that the channel remains continuous. This is achieved
by ensuring that the gate-to-drain voltage is

vgp > V, (Continuous channel) (5.9)
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Fig. 5.11 (a) An n-channel enhancement-type MOSFET with ugs and vps applied and with the
normal directions of current flow indicated. (b) The ip—wvps characteristics for a device with V, =
1V and kj(W/L) = 0.5 mA/V?.
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