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Example '13-4 
A 2N5459 haS Vcs(offJ = -8 V and fvss = 16 rnA. 'What is the di-ain current at 
the half cutoff point? 

SOLUTION The drain current is one quarter of the maximum, or: 

lv ~ 4mA 

The gate-source voltage that produces this current is -4 V, half of the cutoff 
voltage. 

PRACTICE PROBLEM 13-4 Repeat Example 13-4 using a JFET with 
Vos(off) = -6 V and IDss = 12 rnA. 

13-4 Biasing in the Ohmic Region 
The JFET can be biased in the ohmic:: or in the active region. \Vhen biased in the 
ohmic region, the JFET is equivalent to a resistance. When biased in the active 
region, the JFET is equivalent to a current source. In this section, we discuss 
gate bias, the inethod used to bias a JFET in the ohmic region. 

Gate Bias 
Figure 13-7a shows gate bias. A negative gate voltage of -V00 is applied to the 
gate through biasing resistor Ra. This sets up . .it drain current that is less than loss. 
When the drain current flows through Rn, it sets up a drain voltage of: 

Vn-= Vno -InRn (13-4) 

Gate bias is the worst way to bias a JFET in the active region because the Q point 
is too un'stable. 

For exampl~. a 2N5459 ·has the following spreads between minimum 
and maximum: .Joss varies from 4 to 16 mA, and Vas( off) varies from -2 to -8 V. 
Figure 13·7b shows the minimum and maximum transconductance c'urves. If a 
gate bias of -1 V is used with this JFET, we get the minimum and maximum 
Q points shown. Q1 has a drain current of 12.3 rnA. and Q2 has a drain current of 
only I rnA. 

Hard Saturation 
Although not suitable for active-region biasing, gate bias is perfect for ohmic. 
region biasing because stability of the Q point does not matter. Figure 13-7c 
shows how to bias a JFET in the ohmic regi(!ri. The upper end of the de load line 
has a drain saturation· current of: 

Vw 
ln(sat) = -

Rv 

To ensure that a JFET is biased-in the ohniic region, all we need to do is use Vas = 
0 and: 

ln(sat) << Inss (13-5) 
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. Example 1 :3...:5 
What is the dnlin voltage in Fig. 13-8a? 

Figure 13.., 7 {a) Gtlte bias; (b) 0 point unstable in active region; (c) biased in ohmic 
region; (d) JFET is equivalent to resistance. 

16mA 

+Voo 12.3 mA 

Ra 

4mA 

1·mA 

-SV -2V-1V 
Vcs 

)a) lbl 

+Voo 

Vas "'0 

Ra 

ID{sat) 

Ras 

Vas -=-
Vaa 

lei (d) 

The symbol << means "much less than." This equation says that the drain satura
tion current must be much less than the maximum drain current. For instance, if a 
JFET has foss= 10 rnA, hard saturation will occur if Vas= 0 and /o(sat) =- 1 rnA 

When a JFET is biased in the ohmic region, we can replace it by a resis
tance of Ros, as shown in Fig. 13-7d. With this equivalent circuit, we can calcu
late the drain voltage. When Ros is much smaller than R0 , the drain voltage is 
close to zero . 

SOlUTION Since Vp = 4 V, Vas(off) = -4 V. Before point A in time, the input voltage is -10 V and the JFET is cut 
off. In this case, the drain voltage is: . 

Vo ~lOY 
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Figure 13-8 Example. 
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Between points A and B, the input voltage is 0 V. The upper end/of the de load line has a saturation current of: 

lOY 
lv(sat) = lO kfl = 1 mA 

Figure 13~8b shows the. de load line. 'Since ln{sat)-is much les~/t~an lvss. the JFET.is ,in hard saturation. 

The ohmic resistance is: 

4V Rns = --= 400!1 
lOrnA 

In the equivalent circuit of Fig. 13-Sc, the drain voltage is: 

Vv 
400 !1 10 v = 0.385 v 

10 kl1 + 400 !1 

~RACTICE PROBLEM 13-5 Using Fig. 13-Sa, find Rns and Vn if V, = 3 V. 
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