- 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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JFETs

Why-does the drain current become almost constant? When Vpg increases,

the depletion layers expand. When Vpg = Vp, the depletion layers are almost
touching. The narrow conducting chanvel herefore pinches off or prevents a

further increase in current. This is why the current has an upper lmit of Tpgs:

The active region of a JFET is between Vo and Vnemgy, The minimuom
voltage Vp is called the pinchoff voltage, and the maximum voltage Vpstmax) 18
the breakdown voliage. Between pinchoff and breakdown, the JFET acts like a°
current source of approximately fpgs when Vg = 0.

Ipss stands for the current drain to source with a sherted gate. ﬁ"hls is the
maximum drain current a JFET can produce. The data sheet of any JFET lists
the valne of Ipgs. This is one of the most important JFET quantities, and
you should always look for it first because it is the npper limit. on the JFET
current.

The Ghmic Region

In Fig. 13-5, the pinchoff voitage separates two major operating regions of the
JFET. The almost-horizonta! region is the active region. The almost-vertical part
of the drain curve below pinchoff is called the ohunic region.

When operated in the ohmic region, a JFET is equivalent to & resistor
with a value of approximately: .

Rps =—— ' : \(13-1)

Rps is called the ohmic resistance of rhe JFET, In Fig. 13-5, V, =4 V and
Ipss = 10 mA., Therefore, the Ohl‘ﬂlC registance is:
4V

=———=4001{}
Rps T0mA 00

If the IFET is Operatmg a.nywhere in the ohmic region, it has an ohmic resistance
of 400 .

Gate Cutoff Voltage

Figure 13-5 shows the drain curves for a JFET wnh an Ings of 10 mA. The top
curve is always for Vgg = 0, the shorted-gate condition. In this example, the
pinchoff voltage is 4 V and the breakdown voltage is 30 V. The next curve down -
is for Vg = —1V, the next for Vg = —2 V, and so on. As you can see, the more
negative the gate-source voltage, the smaller the drain current.

Figure 13-5 Drain curves.

Ip ) E
VGS- ¢
1R — :
] i
5\ Ve=4V i
1 '
! { Vag=-1
5.62 mA |-4aat 3
- 3
| Vos=—2
2.5 mA 3 Ve = -4
sm 3 Ves=-3 o8
0.625 mA & y
: e Vg

429



GOOD TO KNOW

There is often a iot of confusion in

textbooks and in manufacturers'
data sheets regarding the terms
cutoff and pinchoff. Vasgem is the
value of Vgs that completely
pinzhes o ff the channel, thus

reducing thc drain current io zero,

On the pther hand, the pinchaff
voltage is the value of Vs at which
~Ip levels off with Vgg = 0 V.

GOOD TO KNOW
The transconductanice Eﬁ_r,y;__e of
JFET is unaffected by thecire
configuration in which the JF
is used.

- 430

"Fhe bottom curve is important. Notice that 2 Vgs of —4 V reduces the
drain current to almost zero. This voltage is called the gate-source cutoff voltage
and is symbolized by Vigsery on data sheets. At this cutoff voltage. the depletion -
layers touch. In effect, the conducting channel disappears. This is why the drain

. cwrent is approximately zero.

In Fig. 13-5, notice that

Vosomy = -4V and  Vp=4YV

This is not a coincidence: The two voltages always have the same magnitude
because they are the values where the depletion layers touch oralmost touch. Data |
sheets may list either quantity, and you are expected to know that the other has the
same magnitnde. As an equation;

Vs = —Vp g ' (13-2)

Examp!e 13-2

. An MPF4857 has Vp = 6 V and Ipss = 100 mA. What is the ohrmc resistance?

The gate-source cutoff voltage?

SOLUTION Tﬁg-ohmic resistance is:

6V
Rpe = o w2 60 £
257100 ma
Since the pinchoff voltage is 6 V, the gate-source cutoff voltage is:,
Voswtn = —6V .

PRACTICE PROBLEM 13~2 A2NS5484 hasa Vesotn = —3.0Vand
Inss = 5 mA. Find its ohmic resistance and V}, values.

13-3 The Transconductance Curve

The transconductance curve of a JFET is a graph of I versus Vgg. By reading
the values of I and Vg of each drain curve in Fig. 13-5, we can plot the curve of
Fig. 13-6a. Notice that the curve is nonlinear because the current increases faster
when Vi approaches zero.

; Any IFET has a transconductance curve like Fig. 13:6b. The end points
on the curve are Vg and Ipss. The equation for this graph is:

Ip =ipss (1 - Yas )2' (13-3)
‘ Vostt) .
Because of the squared quantity in this equation, JFETs are often called square-law
devices. The squaring of the quantity produces the nonlinear curve of Fig. 13-6b,
" Figure 13-6¢ shows a normalized transconductance curve. Normalized
means that we are graphing ratios like Ip/fpss and Vis/Voscom-
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