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ever, since /5 can extend bevond the [ level, another point is normally provided
that reflects a typical value of [, for some positive veltage (for an n-channel device).
For the unit of Fig. 5.30, /5 is specified as /pen, = 9 mA de, with Fpg= 10V and
V{;_y =35V

5.8 ENHANCEMENT-TYPE MOSFET

Although there are some similarities in construction and mode of operation between
depletion-type and enhancement-type MOSFETS, the characteristics of the enhance-
ment-type MOSFET are quite different from anything obtained thus far. The transfer
curve is not defined by Shockley’s equation, and the drain current 1s now cut off un-
til the gate-to-source voltage reaches a specific magnitude. In particular, current con-
trol in an n-channel device is now effected by a positive gate-to-source voltage rather
than the range of negative voltages encountered for n-channel JFETs and s-channel
depletion-type MOSFETs.

Basic Construction

The basic construction of the n-channel enhancement-type MOSFET is provided in
Fig. 3.31. A slab of p-type material is formed from a silicon base and is again re-
ferred to as the substrate, As with the depletion-type MOSFET, the substrate is some-
times internally connected to the source terminal, while in other cases a fourth lead
is made available for external control of its potential level. The source and drain ter-
minals are again connected through metallic contacts to n-doped regions, but note in
Fig. 5.31 the absence of a channel between the two i#-doped regions. This is the pri-
mary difference between the construction of depletion-type and enhancement-type
MOSFETs—the absence of a channel as a constructed component of the device. The
Si0; layer is still present to isolate the gate metallic platform from the region be-
tween the drain and source, but now it is simply separated from a section of the
p-type material. In summary, therefore, the construction of an enhancement-type
MOSFET is quite similar to that of the depletion-type MOSFET, except for the ab-
sence of a channel between the drain and source terminals.
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Figure 5.31  n-Channel enhancement-type MOSFET
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Basic Operation and Characteristics

If Fgsis set at 0V and a voltage applied between the drain and source of the device
of Fig. 5.31, the absence of an n-channel (with its generous number of free carriers)
will result in a current of effectively zero amperes—quite different from the deple-
tion-type MOSFET and JFET where I, = fpss. [t is not sufficient to have a large ac-
cumulation of carriers (electrons) at the drain and source (due to the n-doped regions)
if a path fails to exist between the two. With Fj,5 some positive voltage, Vg at 0V,
and terminal 55 directly connected to the source, there are m fact two reverse-biased
p-n junctions between the n-doped regions and the p-substrate to oppose any sigmf-
icant flow between drain and source.

In Fig. 5.32 both Vs and Vs have been set at some positive voltage greater than
0V, establishing the drain and gate at a positive potential with respect to the source.
The positive potential at the gate will pressure the holes (since like charges repel) in
the p-substrate along the edge of the Si0); layer to leave the area and enter deeper re-
gions of the p-substrate, as shown in the figure. The result is a depletion region near
the SiO; insulating layer void of holes. However, the electrons in the p-substrate (the
minority carriers of the material) will be attracted to the positive gate and accumu-
late in the region near the surface of the 8i0, layer, The Si10; layer and its insulat-
ing qualities will prevent the negative carriers from being absorbed at the gate termi-
nal. As Vg increases in magnitude, the concentration of electrons near the Si0; surface
increases until eventually the induced n-type region can support a measurable flow
between drain and source. The level of Vi that results in the significant increase in
drain current is called the threshold voltage and is given the symbol V7 On specifi-
cation sheets it is referred to as Fegyy. although V7 is less unwieldy and will be used
in the analysis to follow. Since the channel is nonexistent with Vv = 0V and “en-
hanced” by the application of a positive gate-to-source voltage, this type of MOSFET
is called an enhancement-type MOSFET. Both depletion- and enhancement-type MOS-
FETs have enhancement-type regions, but the label was applied to the latter since it
15 its only mode of operation.
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As Vg is increased beyond the threshold level, the density of free carriers in the
induced channel will increase, resulting in an increased level of drain current. How-
ever, if we hold Fge constant and increase the level of Fpg, the drain current will
eventually reach a saturation level as occurred for the JFET and depletion-type MOS-
FET. The leveling off of {;, is due to a pinching-off process depicted by the narrower
channel at the drain end of the induced channel as shown in Fig, 5.33. Applying Kirch-
hoff’s voltage law to the terminal voltages of the MOSFET of Fig. 5.33, we find that

Vo = Vps — Vas (5.11)
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Figure 5,33 Change in channel
and depletion region with increas-
ing level of Vipg for a fixed value
of Vis.

If Vi;s 15 held fixed at some value such as 8 V and V)4 is increased from 2 to 5
V, the voltage Vy,; [by Eq. (5.11)] will drop from —6 to —3 V and the gate will be-
come less and less positive with respect to the drain. This reduction in gate-to-drain
voltage will in turn reduce the attractive forces for free carriers (electrons) in this re-
gion of the induced channel, causing a reduction in the effective channel width. Even-
tually, the channel will be reduced to the point of pinch-off and a saturation condi-
tion will be established as described earlier for the JFET and depletion-type MOSFET.
In other words, any further increase in Vs at the fixed value of Vg will not affect
the saturation level of [, until breakdown conditions are encountered,

The drain characteristics of Fig. 534 reveal that for the device of Fig. 5.33 with
Vs = 8V, saturation occurred at a level of Vg = 6 V. In fact, the saturation level
for Vg is related to the level of applied Vs by

V.D'Sgnt = Vr_;s — FT (5.[2]

Obviously, therefore, for a fixed value of Py, then the higher the level of Vs, the more
the saturation level for Vg as shown in Fig. 5.33 by the locus of saturation levels.
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