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Example 13-4

. A 2N3459 has Vggrry = —8 V and Ipgs = 16 MmA. What is the dram cutrent at

the hatf cutoff point?

SOQEUTION  The drain current is one guarter of the maximurn, or:
S Ip=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
Vosioty = —6 'V and Ipgs = 12 mA.

13-4 Biasing in the Ohmic Region

- The JFET can be biased in the ohmic or in the active region. When biased in the

okmic region, the JFET is equivalent to a resistance. When biased in the active
réegion, the JFET is equivalent to a current source. In this section, we discuss

. gate bias, the method used to hias a JFET in the chmic region.

Gaté Bias

Figure 13-7a shows gate bias. A negative gate voltage of — Vg is applied o the
gate through biasing resistor Rg. This sets up.a drain current that is less than Ings.
When the drain current flows through Ry, it sets up a drain veltage of:

Vo= Vpp — InRp R (13-4)

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

For example, a 2N5459 has the following spreads between minimum
and maximum: Jdpgs varies from 4 to 16 mA, and Viseotry varies from —210 ~8 V.
Figure 13-7b shows the minisiium and maximum transconductance curves, If a
gate bias of —1 V is used with this JFET, we get the minimum and maximum
¢ points shown, {4 has a drain cun'ent of 12.3 mA, and O has a drain current of
only 1 mA. :

Hard Saturation

Although not suitable for active-region biasing, gat_e bias is perfect for ohmic-
region biasing because stability of the ( point does not matter. Figure 13-7¢
shows how to bias a JFET in the ohmic regier. The upper-end of the dc load line
has a drain saturation current of:
' ID( 9= _Y.QD_
s Saf RD

To ensure that 2 JFET is biased:i in the ohmic regxon all we need to-do is use Vg =
0 and: .

Il?%sat) < Ipss o (13-5)
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Figure 13+7 {g) Gete bias; (6) Q point unstable in active region; {d biased in ohmic
region; (o) JFET is equivalent to resistance. -

+Voo

FIXED /

GATE
VOLTAGE

G- 12.3maA

¥ V,
av 2VV cs
(&) (h)
Ip
L +VDD
Ipss Ves =0
fip
Ipisan § Q
! RUS
.
i
|
1 ! —
o Vs =
< Lofns Voo
{c) (d}

The symbol <=l 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 Ipss == 10 mA, hard saturation will occur if Vs = 0 and Ipgag = 1 mA.
When a JFET is biased in the ohmic region, we can replace it by a resis-
tance of Rps, as shown in Fig. 13-7d. With this equivalent circuit, we can calcu-
late the drain voltage. When Rpg is much smaller than Rp, the drain voltage is

close to zero.

Example 13-5

‘ Whatis the drain voltage in Fig, 13-8a?

]

SOLUT!ON Since Vp = 4V, Vastomy = ﬁ4 V. Before point A in time, the input voltage is —10V and the ]'FET is cut

off. In this case, the drain voltage is:

JFETs

=10V
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Figure 13-8 Example,

+10V
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Between points A and B, the input voltage is O V. The upper e,nd,of/the dc load line has a saturation current of:

. vy
1; =————= ] mA
T
i Figure 13-80 shows the dc load Hine. Since Fo(saeyis much lesé,/'fhan Ings, the J_FET.is_ in hard saturation.

The ohmic resistance is:

_ RDSE =400\Q“

10 mA
In the equivalent circuit of Fig. 13-8c, the drain voltage is:
1
400 O

Vp=——2ith 10V = 0385V
27 10k0 ¥ 40002

PRACTICE PROBLEM 13-5 Using Fig. 13-84, find Rps and Vi if V, = 3 V.
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