GOOD TO KNOW

In general, JFETs are more .
temperature stable than bipolar.

transistors. Furthermore, JFETs + ° -

are typicatly much smaller than
bipolar transistors, This size

difference makes them particu!ar:i- '

suitable for.use in ICs, where the
size of each component is very
critical,
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13-1 Basic ideas

Figure 13-1a shows a piece of n-type semiconductor. The lower end is called the
source, and the upper end is called the drain. The supply voltage Vpp forces free-
electrons to flow from the source to the drain. To produce a JFET, a manufacturer
diffuses two areas of p-type semiconductor into the r-type semiconductor, as
shown in Fig. 13-1h. These p regions are connected internally to get a single

‘external gate lead,

Field Effect

Figure 13-2 shows the normal biasing voitages for a JFET. The drain supply voliage
1s positive, and the gate supply voltage isnegative. The term field effect is related to
the depletion layers around each’ pregion. These dejiletion layers exist because free
clectrons diffuse from the » regions into the p regions. The fecombination of

free electrons and holes creates the depletion layers shown by the colored areas. '

Reverse Blas of Gate

In Fig. 13 2, the p- type gate and the n-type source form the gate-source diode.
With a JEET, we always reverse-bias the gate-source diode. Because of revetse
bias, the gate current [¢; is approximately zero, which is equivalent to saying that
the JFET has an almost infinite input resistance.

Figure 13-1 (o} Pert of JFET; (5) single-gate JFET.
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Figure 12-2 Norma! biasing of JFET.
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GOOD TO KNOW

“The depletion layers are actually ...
wider near the top of the p-type

materials and narrower at the i
bottom. The reason for the change. ..

in the width can be understood by

realizing that the drain current ly- -
witl produce a voltage drop along,
the length of the channel. Wlth i
respect to the source, 2 more +
positive voltage is present as you:
move up the channel teward the "
drain end. Since the width ofé
depletion tayer is proportional to--
the amount of reverse-bias voltag
the depletion layer of the pn "~
junction must be wider at t_hf: to
where the amount of  * -
reverse-bias voltage is grf‘:at‘é'r,:r -

JFETs

A typical JFET has an input resistance in the hundreds of megohms. This
is the big advantage that a JFET has over a bipolar transistor. It is the reason that
JFETs excel in applications in which a high input impedance is required. One of
the most important applications of the JFET is the source jollower, a circuit like

the emitter follower, except that the input impedance is in the hundreds of -

megohms for lower frequencies,

Gate Voltage Controls Drain Current

In Fig. 13-2, electrons flowing fiom the source to the drain must pass through the
narrow chanmel between the depletion layers, When the gate voltage becomes
more negative, the depletion layers expand and the conducting channel becomes

" narrower. The more negative the gate voltage, the smaller the current between the

source and the drain,

The JFET is a voltage-condrolied device because an inpui voltage con- .
trols an output current. In a JFET, the gate-to-source voltdge Vs determines how
much cumrent flows between the source and the drain. When Vg is zero, maxi-
mum drain current flows through the JFET. This is why a JFET is referred to as a
normally on device. On the other hand, if Vg is negatlve enough, the depletion
layers touch and the drain current is cut off,

Schematic Symbal ,

The JFET of Fig. 13-2 is an n-channel JFET because the channel between the .
source and the drain is an n-type -semiconductor, Figure 13-3a shows the

schematic symbol for an »-channel JFET. In many low-frequency applications,

the' source and the drain are interchangeable because you can use either end

as the source and the other end as the drain.

The source and drain terminals are not interchangeable at high frequen-
cies. Almost always, the manufacturer minimizes the internal capacitance on the
drain side of the JFET. In other words, the capacitance between the gate and the
drain is smaller than the capacitance between the gate and the source. You will learn
more about internal capacitances and their effect on circuit action in a fater chapter.

. Figure 13-3b shows an alternative symbol for an n-channel JFET. This
symbol with its offset gate is preferred by many engineets and technicians. The
offset gate points to the sonrce end of the device, a definite advantage in compli-
cated multistage circuits.

There is also a p-channel JFET. The schematic symbol for a p-channel
JFET, shown in Fig. 13-3c, is similar to that for the n-channel JFET, except that
the gafe arrow points in the opposite direction. The action of a p-channel JFET
is complementary; that is, all voltages and currents are reversed. To reverse bias a
p-channel JFET, the gate is made positive in respect to the source. Therefore, Vgs
is made posmve

Figure 13-3 (0} Sch_eg'_natiﬂc‘s_\{mbol:(b}_offset-gate symbul'; {c) p-channel symbol,
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- GOOD TO KNOW
The pinchoff voltage Ve is the point
at which further increases in Vps are
offset by a proportional increase in
the channel's resistaﬁ'c.e.lThis means
that if the channel resistance is
incréasing in direct pruportion to -
Vps above Ve, ip must remain the -
same above Ve
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Example 13-1

A 2N5486 JFET has a gate current of | nA when the reverse gate voltage is
20 V. What is the input resistance of this JFET?

SOLUTION  Use Ohm’s law to calculate:
20V

Rin = —— = 20,000 MO .
InA i

PRACTICE PROBLEM 13-1 In Exa.mple'B 1, caleulate the mput
registance if the JFET s gate current is2 A,

13-2 Drain Curves

Figure 13-4a shows a JFET with normal biasing voltages. In this circuit, the gate-
source voltage Vg equals the gate supply voltage Vi, and the d.ram~source
voltage Vpg equals the drain supply voltage Vpp: . —-

Maxtmum Drain Current

" If we short the gate to the source, as shown in Fig. 13-4b, we wilt get maximum

drain. cul:rent because Vs = 0. F1gure 13 4¢ shows the' grapb gf_d;;am current I

. drain current increases rapidly and then becomes “Almost horlzontal when Vpg is

greater than Vp.

Figure 13-4 (o) Normal bias; (6) zero gate voitage; {c] shorted gate drain current.
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