JFETs

13-5 Biasing in the Active Region

JFET amplifiers need to have a @ point in the active region. Because of the
large spread in JFET parameters, we cannot use gate bias. Instead, we need to
use other biasing methods, Some of these methods are smnlar to those used
with bipolar junction transistors.

" The choice of analysis technique depends on the level of accuracy
needed. For example, when doing preliminary analysis and troubleshooting of
biasing circuits, it is'often desirable to use ideal values and circuit approximations. -
In JFET circuits, this means that we will often ignore Vs values. Usually, the
ideal answers will have an error of less that 10 percent. When closer analysis is
called for, we can use graphical solutions to determine a eirenit’s @ point. If you
are designing JFET circuits or need-even greater accuracy, you should use a
circuit simulator like MultiSim (EWB).

Self-Bias

Figure 13-9z shows self-bias, Since drain current flows through the source
resistor Ry, a voltage exists between the source and ground, given by:

Vs = IpRs ' ‘ (13-6)
Since Vi is zero, ' ‘ '
Vas = —IpRs ' (13-7)

This says that the gate-source voltage equals the negative of the voltage across the
source resistor. Basically, the circuit creates its own bias by using the voltage

. developed across Rg (o reverse bias the gate.

Figure 13-9% shows the effect of different source resistors. There is a
medium value of Ry at which the gate-source voltage is half of the cutoff voltage.
An approximation for this medium resistance is:

Rs =4 Rps . (13-8)

This equation says that the source resistance should equal the chunic resistance
of the JFET. When this condition is satisfied, the Vgg is roughly half the cutoff
voltage and the drain current is roughly one-quarter of Ipgg. :

Figure 13-9  Self-bias.

' SMALL Ag _
In

MEDIUM Rg

LARGE Ry
u o VGS
Vasiom Vasion
a (b}

435



When 4 JFET’s. transconductance curves are known, we can analyze a
self-bias circnit using graphical methods. Suppose a self-bias JFET has the
transconductance carve shown in Fig. 13-10. The maximum drain current is
4 mA, and the gate voltage has to be between 0 and —2 V. By graphing Eq. (13-7),

“we can find out where it intersects the transconductance curve and determine
the values of Vigg-and Ip. Since Bq. (13-7) is a lincar equation, all we have todois -
plot two points and draw a line through them. ‘

Suppose the source resistance is 500 £}. Then Eq. (13-7) becomes:

Figure 13-10° Self-bias Cpoint.

Vg = —Ip (500 €.

Since any two points can be used, we choose the two converdent points corre-
' sponding w Ip = —(0)(500 {3) = 0, therefore, the coordinates for the first point
dre (0, 0), which is the origin. To get the second point, find Vg for Ip = Ipgs. In
this case, Iy = 4 mA and Vs = —(4 mA)500 ) = —2 'V, therefore, the coordi-
nates of the second point are at (dmA, —2V).
" We now have two points on the graph of Eq. {13-7). The two peints are
(0, 0) and (4 mA, —2 V). By plotting these two points as shown in Fig, 13-10, we
can draw a straight line through the two points as shown. This line will, of course,
intersect the transconductance curve. This intérsection point is-the operating point
of the self-biased JFET. As you can see, the drain current is slightly less than
2 mA, and the gate-source voltage is slightly less than —1V. -
. In summary, here i8 a process for finding the ¢ point of any self~ biased
JFET, provided you have the transconductance curve, If the curve is not avail-
. able, you can use the Vgsemm and Ings rated values, along with the square law
" equation (13-3}, to develop one:

1. Multiply Ipsy by Ry to get Vs for the second point.
2. Plot the second point (Ypgs, Vas)-

3. . Draw aHne through the origin and the second point.
4. Reed the coordinates of the intersection point.

The Q point with self-bias is not extremely stable. Because of this, seif-
bias is used only with small-signal amplifiers. This is why you may see self-biased
JFET circuits near the fmnt end of communication receivers where the signal is
smalL

Example 13 6

In Fig. 13-11a, whatis a medxum sousce res1sta.nce usmg thc rule dlscussed earlier? Estimate the drain voltage thh t!:us _ ‘
source resistance.

SOLUT!()N ' As discussed earlier, self bxas works fine if you use a source Tesistance equal 1o the ohmic resistance of
the JFET: . .

4V
10 mA

=400 O

Rbs

Figure 13-115 shows a source resistance of 400 . In this case, the drain current is around one«quarter of 10 mA, or
2.5 mA, and the drain voltage is roughly -

Vo =30V - 25mA)2kQ) = 25 v
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Figure 13-1 Example.
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; PRACTICE PROBLEM 13-6 Repeat Example 13-6 using a JFET with Ipss = 8 mA. Determine Ry and Vp. '

{

i Example 13- 7 : ' e mltasnn
3, Using the MultiSim circuit of Fig. 13-12a, along with the minimum and maximum transconductance curves fora

i 2N5486 JFET shown in Fig, 13-12b, determine the range of Vg and I O point values, Also, what would be the optimum
. source resistor for this } FE'I‘? ‘

4 'SOLUTION First, multipty Ipss by Rs'to get'vas': :

: Vos = —(20mAY2T0 ) = ~5.4 V

g Second, plot the second point (Ibés. Ves):

(20 mA, ~54V)

Now draw a line through the origin (0, 0) and the second pomt ‘I’hen read the coordmates of the intersection points for.the
minimum and maximuom @ point values,-
i Qpoint (min) - Vgs=—0.8V Iy =28mA
; Qpamt(max) Vs = —21V ID——SOmA
Note that the Multh:m measured values of Flg 13-12a are between the minimum and maximuin values The opumum
source resistor can be found dy:

j Rg = Yosom or Ry e
4 Ipss I D5S
. i - -
: é using minimum values;
: 2v :
- = =2500}
' Rs= S ma 0

b using maximum vakies:

6V
Rs= Soma

= 3008

‘Notice the value of Ry in Fig. 13-124 is an approximate midpoint value between Rs(miny and Rgimax).
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Figure {Ifl-ﬂ 2 (o) Self-bias e_x'afhpie; {b) transconductance curves.
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PRACTICE PROBLEM 13-7 In Fig, 13-12a, change Ry }y390 (2 and find the Q point values:

Voitageanader Bias

- . Figure 13-13a shows voltage-divider blas. The voltage diVldEI‘ produces a gate '
voltage that is a fraction of the supply voltage By subtractmg the gate source
voltage, we get the voltage across the source res1stor : : N

Vs-'VG Vas = o

.. : (13_9).
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