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19.9 Salient Features of JFET

The following are some salient features of JFET:
(i) A JFETis a three-terminal voltage-controlled semiconductor device i.e. input voltage con-
trols the output characteristics of JEET.
(1)) The JFETis always operated with gate-source pn junction *reverse biased.
(iii) Ina JFET, the gate current is zero i.e. I;= 0A.
(iv) Since there is no gate current, I, = I
(v The JFET must be operated between Vi;; and V¢ (oft" For this range of gate-to-source
voltages, I, will vary from a maximum of ;¢ to a minimum of almost zero.
(vi) Because the two gates are at the same potential, both depletion layers widen or narrow
down by an equal amount.
(vi)) The JFETis not subjected to thermal runaway when the temperature of the device increases.
(viii) The drain current I, is controlled by changing the channel width.

(ix) Since JFEThas no gate current, there is no fj rating of the device. We can find drain current
I, by using the eq. mentioned in Art. 19.11.

19.10 Important Terms

In the analysis of a JFET circuit, the following important terms are often used :
1. Shorted-gate drain current (I,4)
2. Pinch off voltage (V},)
3. Gate-source cut off voltage [ Vg om]

1. Shorted-gate drain current (I,c.). It is the drain current with source short-circuited to
gate (i.e. Vo= 0) and drain voltage (Vy,g) equal to pinch off voltage. It is sometimes called zero-bias
current.

Fig 19.9 shows the JFET circuit with V;; = 0 i.e., source shorted-circuited to gate. This is
normally called shorted-gate condition. Fig. 19.10 shows the graph between I, and Vi, for the
shorted gate condition. The drain current rises rapidly at first and then levels off at pinch off voltage
Vp. The drain current has now reached the maximum value Ij .. When V), is increased beyond Vi,
the depletion layers expand at the top of the channel. The channel now acts as a current limiter and
**holds drain current constant at Ij,c..

Forward biasing gate-source pn junction may destroy the device.

** When drain voltage equals V), the channel becomes narrow and the depletion layers almost touch each
other. The channel now acts as a current limiter and holds drain current at a constant value of Ij.
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The following points may be noted carefully :

() Since Ij;gis measured under shorted gate conditions, it is the maximum drain current that
you can get with normal operation of JFET.

(if) There is a maximum drain voltage [Vys, ] that can be applied to a JFET. If the drain
voltage exceeds Vg, . JFET would breakdown as shown in Fig. 19.10.

(i) Theregion between Vi and Vig,,, (breakdown voltage) is called constant-current region
or active region. As long as Vi, is kept within this range, I, will remain constant for a constant value
of Vo In other words, in the active region, JFET behaves as a constant—current device. For proper
working of JFET, it must be operated in the active region.

2. Pinch off Voltage (V). It is the minimum drain-source voltage at which the drain current
essentially becomes constant,

Figure 19.11 shows the drain curves of a JFET. Note that pinch off voltage is V,. The
highest curve is for Vo= 0V, the shorted-gate condition. For values of Vj,, greater than Vi, the
drain current is almost constant. It is because when V. equals Vi, the channel is effectively
closed and does not allow further increase in drain current. [t may be noted that for proper
function of JFET, it is always operated for Vo> V. However, Vj,¢should not exceed V),

(max)
otherwise JFET may breakdown.,
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3. Gate-source cut off voltage V.o . It is the gate-source voltage where the channel is
completely cut off and the drain current becomes zero,

The 1dea of gate-source cut off voltage can be easily understood if we refer to the transfer char-
acteristic of a JFET shown in Fig. 19.12. As the reverse gate-source voltage is increased, the cross-
sectional area of the channel decreases. This in furn decreases the drain current. At some reverse
gate-source voltage, the depletion layers extend completely across the channel. In this condition, the
channel is cut off and the drain current reduces to zero. The gate voltage at which the channel is cut
off (i.e. channel becomes non-conducting) is called gate-source cut off voltage Vi;o

Notes. (f) It is interesting to note that Vg g will always have the same magnitude value as Vp.
For example if V, = 6 V, then Vg, = —6 V. Since these two values are always equal and
opposite, only one is listed on the specification sheet for a given JFET.

(i) There is a distinct difference between Vi and Vg, - Note that V; is the value of Vjcthat
causes the JEFT to become a constant current device. It is measured at Vo= 0V and will have a
constant drain current = I;.. However, Vo o is the value of Vi that causes [}; to drop to nearly
ZET,

19.11 Expression for Drain Current (/)

The relation between I .and V; is shown in Fig. 19.13. We note that gate-source cut off voltage [i.e.
Vis(om] on the transfer characteristic is equal to pinch off voltage V; on the drain characteristic f.e.

Ve = | Vm{nm|
For example, if a JFET has Vgg g = —4V, then V, = 4V.

The transfer characteristic of JFET shown in Fig. 19.13 is part of a parabola. A rather complex
mathematical analysis vields the following expression for drain current :
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Example 19.1. Fig. 19.14 shows the transfer charac-

e . . . 1
teristic curve of 8 JFET. Write the equation for drain D
current.

Solution. Referring to the transfer characteristic curve s 12 mA
in Fig. 19.14, we have,
Ipeg = 12mA
Vﬂs{m = -5V
z
Vas
T
n Dss Ve (of) G5 4 e 0
V. 2

or I, = 12 [HTGE] mA Ans. Fig. 19.14

Example 19.2. AJFET has the following parameters: Ipgg = 32mA; Vggom = —8V) Vg
= — 4.5 V Find the value of drain current.

Vv 2
Solution. Iy = Ipg [] - Vi:|
GS (off)

_ -457

6.12 mA

Example 19.3. AJFEThas a drain current of 5 mA Iflp.. = 10mAand Vie . =— 6 V find the
value of (i) Vg and (i) V.

V 2
Solution. I, = I 1——“5]
n DSSI: VﬂS{ﬂf}
V 2
or 3 = ](}[14._&5]
6
or 1+%’i = 5710 = 0.707
o - Vg = —L76V
(i) and Vo = = Vaso = 6V

Example 19.4. For the JFET in Fig. 19.15, Vg o = —4Vand Ige = 12 mA Determine the
minimum value of Vi, required to put the device in the constant-current region of operation.

Solution. Since Vg5 = — 4V, Vp = 4V. The minimum value of Vjg for the JFET to be in
constant-current region is
Vog = Vp=4V
In the constant current region with Vi, = 0V,
Ip = Ing=12mA
Applying Kirchhoffs voltage law around the drain circuit, we have,
Vop = Vos* Vg, = Vst Ip fp
4V + (12 mA) (56062) = 4V + 6.72V = 10.72V
This is the value of Vi, to make Vo= Vj and put the device in the constant-current region.
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Example 19.5. Determine the value of drain current for the circuit shown in Fig. 19.16.
Solution. Itis clear from Fig. 19.16 that V ;= —2V. The drain current for the circuit is given by;

2
Vasom

ImA [| - ﬁ]l
-6V
(3 mA) (0.444) = 1.33 mA
Example 19.6. Aparticular p-channel JFET has & Vg, =+ 4V What is I, when Vo= + 6V!
Solution. The p-channel JFET requires a positive gate-to-source voltage to pass drain current

I} The more the positive voltage, the less the drain current. When V.. =4V, I,=0 and JFETis cut
off. Any further increase in Vi, keeps the JFET cut off. Therefore, at V,.= + 6V, I,,= DA,

19.12 Advantages of JFET

A JFET ig a voltage controlled, constant current device (similar to a vacuum pentode) in which
variations in input voltage control the output current. It combines the many advantages of both
bipolar transistor and vacuum pentode. Some of the advantages of a JFET are :

(i) It has a very high input impedance (of the order of 100 ML), This permits high degree of
isolation between the input and output circuits.

(if) The operation of a JFET depends upon the bulk material current carriers that do not cross
Junctions. Therefore, the inherent noise of tubes (due to high-temperature operation) and those of
transistors (due to junction transitions) are not present in a JFET.

(iif) A JFEThas anegative temperature co-cfficient of resistance. This avoids the risk of thermal
TUnaway.
{ivy A JFEThas a very high power gain. This eliminates the necessity of using driver stages.
(v} A JFEThas a smaller size, longer life and high efficiency.

19.13 Parameters of JFET
Like vacuum tubes, a JEET has certain parameters which determine its performance in a eircuit. The
main parameters of a JFET are (1) a.c. drain resistance (1) transconductance (iif) amplification factor.

(i) a.c. drain resistance (r ). Corresponding to the a.c. plate resistance, we have a.c. drain
resistance in a JFET, 1t may be defined as follows
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