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8-1 ®m THE JUNCTION FIELD-EFFECT TRANSISTOR (FED)

FIGURE &-1

A representation of the basic structire of the two types of

JFET.

The junction field-effect transistor (JFET) is a type of FET that operales with g
reverse-biased junction to control current in @ channel. Depending on their structure,
JFETs fall into either of two categories, n channel or p channel.

After completing this section, you should be able to

m Explain the operation of JFETs
O Identify the three terminals of a JFET
O Explain what a channel is
O Describe the structural difference between an n-channel JFET and a p-channel
JFET
O Discuss how voltage controls the current in a JFET.
O Identify the symbols for a-channel and p-channel JFETs

Figure 8-1(z) shows the basic structure of an n-channe! junction field-effect transistor
(JFET). Wire leads are connected to each end of the n-channel; the drain is at the upper
end, and the souree is at the lower end. Two p-type regions are diffused in the n-type
matesial to form a channel, and both p-type regions are connected to the gate lead, For
simplicity, the gate lead is shown connected to only one of the p regions. A p-channel
JFET is shown in Figure 8-1(b).

Gate Gate

Source

(2) 1 channel (b) p channel

Basic Operation

To illustrate the operation of a JFET, Figure 8-2 shows bias voltages applied 1o &n
n-channel device. Vpp provides a drain-to-source voltage and supplies current from drain
10 source. Vg sets the reverse-bias voltage between the gate and the source, as shown.

The JFET is always operated with the gate-source pn junction reverse-biased.
Reverse-biasing of the gate-source junction with a negative gate voltage produces 2
depletion region along the pn junction, which extends into the n channel and thus
increases its resistance by restricting the channel width,

The channel width can be controlled by varying the gate voltage, whereby the
amount of drain current, Jp, can 2lso be controlled. Figure 8-3 illustrates this concept
The white areas represent the depletion region created by the reverse bias. It is wider
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421 = THE JUNCTION FIELD-EFFECT TRANSISTOR {JFET)

FIGURE 8-2
A biased n-channe! JFET.

Ip

(a1 JFET biasad for conduction (b) Greater Vg narrows the channe! and decreases /.

Rp

(€) Less Vg widens the channe! and increases /p.

fIGURFE 8-3 -
Effects of Vs on channel width and on drain current (Voo = Vgl
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422 w FIELD-EFFECT TRANSISTORS AND BIASING

toward the drain end of the channel because the reverse-bias voltage between the gate ang
the drain is greater than that between the gate and the source. We will discuss JFET char-

acteristic curves and some important parameters in Section 8-2.

JFET Symbols

The schematic symbols for both n-channel and p~channel JFETs are shown in Figure 84,
Notice that the arrow on the gate points “in™ for n channel and “out” for p channel.

FIGURE 84 Drain (D) Drain (D)
JFET schematic symbols.
f—
Gate (G) ——-@ Gaie (G)
Source (S} Source (5)
n channel p channel

1. Name the three terminals of & JFET.
2. Does an n-channei JFET require 2 positive or negative value for Vos?
3. How is the drain current controlled in a JFET?

8-2 ® JFET CHARACTERISTICS AND PARAMETERS

L

In this section, you will see how the JFET operates as a voltage-controlled, constant-
current device. You will also learn about cutoff and pincheoff as well as JFET transfer

characteristics.
After Fompleﬁug this section, you should be able to

B Define, discuss, and apply important J FET parameters
O Explain ohmic region, constant-current region, and breakdown
O Define pinch-off voltage
O Describe how gate-to-source voltage controls the drain current
0 Define cutoff voltage
O Compare pinch-off and cutoff
O Analyze a JFET transfer characteristic curve
O Use the equation for the transfer characteristic to calculate Ip
O Use a JFET data sheet
O Define rransconductance
O Explain and determine input resistance and capacitance
O Determine drain-to-source resistance

206 .



423 e JFET CHARACTERISTICS AND PARAMETERS

First, let's consider the case where the gate~to-source voltage is zero (Vgs = 0 V). This is
produced by shorting the gate to the source, 2s in Figure 8-5(a) where both are grounded.
As Vpp (and thus Vpg) is increased from zero, Ip will increase proportionally through the
n-type material, as shown in the graph of Figure 8-5(b) between points A and B. In this
region, the channel resistance is essentially constant because the depletion region is not
large enough to have significant effect. This is called the ohmic region because Vg and
Ip are related by Ohm’s law. '

Vo =0

€L

N =

,__..__________“L\n

/

t — r__r\‘ v, — v

\ ] L_ J D5 = bp

i) :
Vgs=0 |~ f f:’.“:::nl-———— Constantcurrent fegion ————= Bredkdown
: 44 s ' Vos

= = = 0 Vp (pinch-off voltage)
(a) JFET with Vgs = 0 V and 2 variable Vs (Vpp) (b} Drain chasacteristic

FIGURE 8-5

The drain characteristic curve of @ JFET for Vgs = 0 showing pinch-off.

At point B in Figure 8-5(b), the curve levels off and Ip becomes essentially con-
stant. As Vpg increases from point B to point C, the reverse-bias voltage from gate to
drain (Vgp) produces a depletion region large enough to offset the increase in Vps, thus
keeping /p relatively constant.

Pinch-Off Voltage

For Vgg = 0 V, the value of Vpg at which I, becomes essentially constant (point B on the
curve in Figure 8-5(b)) is the pinch-off voltage, V. For a given JFET, Vp has a fixed
value. As you can see, a continued increase in Vps above the pinch-off voltage produces
an almost constant drain current. This value of drain current is fpss (Drain to Source cur-
rent with gate Shorted) and is always specified on JFET data shests. Jpgs is thle maximum
drain current that a specific JFET can produce regardless of the external circuit, and it is
always specified for the condition, Vs =0 V. :

As shown in the graph in Figure 8-5(b), breakdown occurs at point C when Ip
begins to increase very rapidly with any further increase in Vps. Breakdown can result in
irreversible damage to the device, so JFETs are 2lways operated below breakdown and
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424 = FIELD-EFFECT TRANSISTORS AND BIASING

L T L1

(a) When Vps = 0. I =0. (b} fp increases proportionally with
: Vps in the ohmic region.

(c) When Vg = Vp. fp = Ipss, (d)Asthmssfunha.!Dmm:insnIm
unless breakdown occurs.

FIGURE 8-6
JFET action that produces the characteristic curve JorVgs =0 V.

within the constant-current region (between points B and C on the graph). The JFET
action that produces the drain characteristic curve to the point of breakdown for Ves =

0 V is illustrated in Figure 8-6.

Ves Controls fp

Now, let’s connect a bias voltage, Voo, from gate to source as shown in Figure 8-7(2). As
Vs is set to increasingly more negative values by adjusting Ve, a family of drain char-
acteristic curves is produced, as shown in Figure 8-7(b). Notice that I, decreases as the
magnitude of Vs is increased to larger negative values because of the narrowing of the
channel. Also notice that, for each increase in Vgs, the JFET reaches pinch-off (where
constant current begins) at values of Vps less than V. So, the amount of drain current i
controlled by Vs, as illustrated in Figure 8-8.

208 .
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Ip
/
las=0
FGS ==] v
Vas=s-2V
+*
':I(' Vs =3V
| : Viu=—dV
- Vi = Vosm
¢ = Vis
— — —'-:_' Pinch-ofl when Vas ==1V
(2) JFET biased st Vg = -1 V (b) Family of drain characteristic curves

FIGURE 8-7
Pinch-off occurs at a lower Vps as Vgs is increased 1o more negative values.

(¢) I continues to decrease a5 Vg is made more negative. {d) Ip, continucs to decrease until Vs = —Vesiom, where it
becomes zero.

FIGURE 8-8
Vs controls Ip.
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426 = FIELD-EFFECT TRANSISTORS AND BIASING

Cutoff Voltage

The value of Vgs that makes Ip approximately 2ero is the cutoff voitage, Vasiom) The
JFET must be operated between Vgs =0 V and Vgsem- For this range of gate-to-source
voltages, Ip will vary from 2 maximum of Ipss 10 & minimum of almost zero.

As you have seen, for an n-channe! JFET, the more negative Vgs is, the smaller [,
becomes in the constant-current region. When Vg has 2 sufficiently large negative value,
Ip is reduced to zero. This cutoff effect is caused by the widening of the depletion region
to a point where it completely closss the channel 2s shown in Figure 8-9.

The basic operation of & p-channel JEET is the same as for an n-channel device
except that a p-channel JFET requires a negative Vpp and 2 positive Vgs, as illustrated in
Figure 8-10.

r"‘" Gslofl)"

Rp,
Fy -
t’m:'é —Vpo
..I Y
FIGURE 8-9 FIGURE 8-10
JFET at cutoff. A biased p-channel JFET.

Comparison of Pinch-Off and Cutoff

As you have seen, there is definitely a difference between pinch-off and cutoff. There Is
also a connection. Vp is the value of Vs at which the drain current becomes constant and
is always measured at Vgs = 0 V. However, pinch-off occurs for Vps values less than Vp
when Vs is nonzero. So, although Vp is a constant, the minimum value of Vps at which
Ip becomes constant varies with Vgs.

Vasiom and Vp are always equal in magnitude but opposite in sign. A data sheet usu-
ally will give either Vgsiom OF V., but not both. However, when you know one, you have
the other. For example, if Vgs@m ==3 V, then Ve=+453V.

EXAMPLE 8-1 For the JFET in Figure 8-11, Vasom = —4 V and Jpss = 12 mA. Determine the mini-
mum value of Vpp required to put the device in the constant-current region of operz-

aon.

_210.



427 a JFET CHARACTERISTICS AND PARAMETERS

FIGURE 6-11
Rp
i | ) 560 2

Solution Since Vgsiom = =4 V, Vp =4 V. The minimum value of Vps for the JFET to
be in its constant-current region is

Vps=Vp=4V
In the constant-current region with Vgs =0V,
Ip=Ipss=12mA
The drop across the drain resistor is
Vep=IloRp=(12mAX560 Q) =672V J
Apply Kirchhoff"s law around the drain circuit.
Voo=Vos+ Vep =4 V+6.72V=10.7V

This is the value of Vpp to make Vg = Vp and piut the device in the constant-current
region,
Related Exercise 1f Vpp is increased to 15 V, what is the drain current? j

t{ EXAMPLE 8-2

A particular pchannel JFET has 2 Vggm = +4 V. What is [p when Vgs = +6 V?

Solution The pchanne! JFET requires a positive gate-to-source voltage. The more
positive the voltage, the less the drain curmrent. When Vs = 4 V, I is 0. Any further
increase in Vgg keeps the JFET cut off, so fp remains 0,

Related Exercise 'What is Vp for the JFET described in this exampie? l

JFET Transfer Characteristic

You have leamed that a range of Vgs values from zero to Vgs o controls the amount of
drain current. For an nchannel JFET, Vgg.m is negative, and for a p-channel JFET,
Vasiom iS positive. Because Vs does control /p,, the relationship between these two quan-
tities is very important. Figure 8-12 is a typical transfer characteristic curve that illus-
trates graphically the relationship between Vgg and /.

Notice that the bottom end of the curve is at a point on the Vgs akis equal (o
Vascom, and the top end of the curve is at a point on the /p axis equal to /pgs. This curve,
of course, shows that the operating {imits of a JFET are

ID=0 \Vl’lCﬂVcs=Vm(°m
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Example of the development

428 ®© FIELD-EFFECT TRANSISTORS AND BIASING .

FIGURE 8-12 fo
JFET transfer characteristic eurve !
(n-channel).  foss
T S
R o 5
and

"D=IDSS when Vcs"'—‘o

eloped from the drain characteristic

The transfer characteristic curve can be dev
taken from the family of drain curves

curves by plotting values of I;p for the values of Vgs

in the pinch-off region, as lustrated in Figure 813 for a specific set of curves. Each

point on the transfer characieristic curve corresponds 10 specific values of Vs and Ip on
the drain curves. For example, when Vgs = “2 V, Ip = 432 mA. Also, for this specific
- JFET, Vqs{om-—-“svalldfpss: IZmA.

A JFET transfer characteristic curve is nearly parabolic in shape and can therefore

be expressed approximately as

(8-1)

Vi =0

sl

of an n-channel JFET transfer characteristic curve (left) from

the JFET drain characteristic curves (right).

R/AVAS
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With Equation (8-1), /p can be determined for any Vg if Vosom and Jpss are known.
These quantities are usually available from the data sheet for a given JFET. Notice the
squared term in the equation. Because of its form, a parabolic relationship is known as a
square law, and therefore, JFETs and MOSFETs are often referred to as square-law
devices.

The data sheet for 2 typical JFET series is shown in Figure 8-14.

FIGURE 8-14
JFET data sheet.
2ZN5457
thru
2N5459
Case 29-84,5tyle 5
TO-92 (TO-226AA}
1 Drain
Maxisum: Ratiags /.*'L
| Rating | Ssmbol | Value [ 3 —(-E)}
Drain-Source votiage I vps [ Ve Gare f
Drain-Gase volage i Voo s Vi 2 Source
Reverse guc-source volage | Ve -5 Ve
Cme cures | e } 10 mA de
Towl device dissipmion @ T, = 25°C o ' 0 v JFETs
Dermte sbove 25°C 212 AWK General Purpose
Junciion semperaue | T 135 C Deoleti
| Storage channe! semperature tange | T =45 1 +150 < N chaunel —
Electricat Characteristics (7, « 25°C unkws othenwise moted.h
[ Charnrieristic | Svmbal | Wi | Tvp | Max | Uni |
OFF Chanxcteriglics
Gate-Sourcy. breakdown vohage Vierecss =25 - - Ve
(g = =10 KA de, Vs = 0)
Gt reverse ourent lees nA de
(V“--Isv‘&vmtm - - =10
(Vo ==L5 ¥ dc, Vpe =0, T, = HO0'C) - - -0
Ganz-Source: conofl voltage ¥ Gsiom Ve
(Vpgm 15V de,fp = 10 nA de) INSST =05 - =64
INRAsE =10 - =10
INSSY =20 - %0
Gate-Source voluage LY Yde
(Vo = 15V de, Iy = 100 pA de) 2NS57 - =15 -
(Vpg = 15V de, i, » 200 pA de) INSASE - =33 -
| (Ve = 15 Y de, fp, w400 kA dc) N9 - 5 -
ON Characteristis
Zem-Gate-Voliage drain curem foss mA de
(Vog = 15V de, Ve = 0) INSASTY 1o 30 50
2NMSE 20 60 20
INMS9 40 20 16
Smali-signal Charscieristics
Forward mansfer admirtance common source sl pmboz
(Vg = 15V de, Vg =0, = 1.0 kHz) 2NS457 1000 - 5000 o
2N5458 1500 - 5500 ps
2N5459 2000 - S000
Qutput sdmittance common souree Ix, - 10 50 pimbos
(vm'lsvd:."’c_g_'o.ft 1.0 kHz) orus
Input capacituncs Cor - 45 10 pF
(Vo = 15V de, Vgy = 0, = 1.0 MHZ)
Revense iansicr capacitance Coe - 15 30 F
(Vos = 15V &, Ve =0, f= 1.0 MHz}
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KXAMPLE 8-3

The data sheet in Figure 8-14 for a 2N545% JFET indicates that typically /pss =9 ma
and Vgsem = —8 V (maximum). Determine the drain current for Vgs =0V, =1 V, and
—4V.

Sofution ForVgs =0V, Ip=Ipgs=9 mA. For Vgs=—1V,use Equation (8-1).

_ Vos V' —1V\2
ID-IDSS(I— v ) = mA)(!-———_SV)

G5{alli
=(9 mAX1 - 0.125)° = (9 mA)(0.766) = 6.89 mA

ForVgs=-—4V:
NERVAY .
Ip=( mA)(l - I\?) =@ mAY(] - 0.5)° = (9 mAX0.25) = 2.25 mA
Related Exercise Determine Ip for Vgs ==3 V for the 2N5459 JFET. j

JFET Forward Transconductance .

The forward transfer conductance {(transconductance), £ is the change in drain current
(Alp) for a given change in gale-to-source voltage (AVgs) with the drain-to-source volt-
age constant. It is expressed as a ratio and has the unit of siemens (S)

Alp
AVes

Lm=

Other common designations for this parameter are g;, and yy (forward transfer admit-
tance). As you will see in Chapter 9. g,, is important in FET amplifiers as a2 major factor
in determining the voltage gain.

Because the transfer characteristic curve for a IFET is nonlinear, g, vares in
value depending on the location on the curve as set by Vgs. The value for g, is
greater near the top of the curve (near Vgs = 0) than it is near the bottom (near
Vasom). 25 illustrated in Figure 8-15. A data sheet normally gives the value of gn
measured at Vgs = 0 V (g.0)- For exampie, the data sheet for the 2N5457 JFET
specifies a minimum gqq () of 1000 uS with Vps =15 V.

Given g,0. YOU can calculate an approximate value for g,, at any point on the trans-
fer characteristic curve using the following formuta:

v
En=T 31:(»(1 - ‘_,,i) (8-'2)
Vasiom

When a value of g, is not available, you can calculate it using values of /pss and
Vasom. The vertical lines indicate an absolute value (no sign).

2lpss
= 23 (-3

2\
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_ S
Hms '\‘-GS
Rz ? Hant
e Ay

"t Algs

FIGURE 8-15
£ Varies depending on the bias point (Vgg).

E EXAMPLE 84

The following information is included on the data sheet in Figure 8-14 for a 2N5457
JFET: typically, Jnss = 3.0 mA, Vgsom = =6 V maximum, and yyman= 5000 pS.
Determine the forward transconductance for Vgg = —4 'V, and find /p, at this point.

Solution gmy = yp = 5000 uS. Use Equation (8-2) to calculate g,

o Ves \_ vy
g...—g,a(l = )-(5000;18)(1 —_w)_msms

GS(ofh
Next, use Equation (8-1) to calculate Ip at Vgg=—4 V.
Vas V2 -4 ¥ \2
Ip=lpss| 1 - =(BO0mA}1~—— =333
D D‘*"‘( Vc;s(om) ek )(1 —GV) HA

Related Exercise A given JFET has the following characteristics: /pgs = 12 mA,
Vgsiom =—3 V, and g, = 3000 uS. Find g, and /p when Vgs=-2 V.

Input Resistance and Capacitance

A JFET operates with its gate-source junction reverse-biased. Therefore, the input resis-
tance at the gate is very high. This high input resistance is one advantage of the JFET
over the bipolar transistor. (Recall that a bipolar transistor operaies with a forward-biased
base-emitter junction.) JFET data sheets often specify the input resistance by giving a

_215_
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432 ® FIELD-EFFECT TRANSISTORS AND BIASING

value for the gate reverse current Jgss at a certain gate-to-source voliage. ‘The input resjs.
tance can then be determined using the following equation:

V,
55 (8-4)

Rms !Gss

For example, the 2N5457 data sheet in Figure 8-14 lists a maximum fggs of 1 nA for
Vgs =—15 V a1 25°C. Igss increases with temperatuse, s the input resistance decreases,

The input capacitance, C;,. is a result of the JFET operating with a reverse-biased
pn junction. Recall that a reverse-biased pn junction acts as a capacitor whose capaci-
tance depends on the amount of reverse voltage. For example, the 2N5457 has a maxi-
mum C;, of 7 pF for Vgs =0.

l EXAMPLE 8-5

A certain JFET has an /ggs of 2 aA for Vgg =-20 V. Determine the input resistance,
Ves ] _ 20V
Iess| 2nA

Related Exercise Determine the minimum input resistance for the 2N5458 from the
data sheet in Figure 8-14.

Solution

Rn= = 10,000 MQ

SECTION 8-2
REVIEW

Drain-to-Source Resistance

You learned from the drain characteristic curve that, above pinch-off, the drain current s
relatively constant over 2 range of drain-to-source voltages. Therefore, a large change in
Vps produces only a very small change in /p. The ratio of these changes is the drain-to-
source resistance of the device, rg,.

’ A"PDS

4

VA

Data shests often specify this parameter as output conductance, g, OF OUtpul admit-
tance, Yo,

L The drain-to-source voltage at the pinch-off point of a particular JFET is 7 V. If the
gate-to-source voltage is zero, what is Vp?

2. The Vs of a certain n-channel JFET is increased negatively. Does the drain current
increase or decrease?

3. What value must Vgs have to produce cutoff in a pchannel JFET with a Vp=-3 v?

216 _
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8-3 ® JFET BIASING

Using some of the FET parameters discussed in the previous sections, we will nnow see
kow to dc-bias JFETs. The purpose of biasing is to select the proper dc gate-lo-source
voltage to establish a desired value of drain current and, thus, a proper Q-point. You
will learn about two major types of bias circuits, self-bias and voltage-divider bias.

After completing this section, you should be able to e

® Discuss and analyze JFET bias circuits
D Describe self-bias
D Analyze a self-biased JFET circuit
0 Set the self-biased Q-point
O Analyze a voltage-divider-biased JFET circuit I
O Use transfer characteristic curves to analyze JFET bias circuits o
D Discuss Q-point stability

Se{f-Bias
Recall that a JFET must be operated such that the gate-source junction is always reverse-
biased. This condition requires 2 negative Vgs for an r~channel JFET and a positive Vgs
for 2 p-channel JFET. This can be achieved using the self-bias arrangements shown in
Figure 8-16. The gate resistor. Rg. doss not affect the bias because it has essentially no
voltage drop across it; and therefore the gate remains at O V. Rg is necessary only to iso- ’
late an ac signal from ground in amplifier applications, as you will se¢ later.

For the nchanne! JEET in Figure 8-16(2), Is produces a voltage drop across Rg and
makes the source positive with respect to ground. Since /s = fp and Vg = 0, then V5 =
IpRs. The gate-to-source voltage is

Vgs=Vg—Vs=0-1IpRs

FIGURE 8-16 +Vpp Voo
Self-biased JFETs (Is = Ip in all FETs). 7

NP
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For the p-channel JFET shown in Figure §-16(b), the current through Rs produces a nep.
ative voltage at the source and therefore

Vos=+pRs (8-6)

In the following analysis. the n-channel JFET in Figure 8-16(a) is used for iliustra-
tion. Keep in mind that analysis of the p-channel JFET is the same except for opposite-
polarity voltages. The drain voltage with respect to ground is determined as follows:

Vp=Vpp-IpRo
Since Vg = IpRs, the drain-to-source voltage is
VDS'-' VD_ Vs= VDD—ID(RD+RS)

EEXAMPLE 86

Find Vps and Vgs in Figure 8-17, given that In=5mA.

FIGURE 8-17 Vo
+15V
0
=R
102
Ve=0V
Rg
Rs 4705
Solution

Vs=IpRs=(S mA)470Q)=2.35V
Vp=Vpp—IpRp= 15V - (S mA)X1 kQ)=15V-5V=10V

Therefore,

Vps=Vp=Vs=10V-235V=765V
Since V=0V,

Vas=Vg—Vs=0V-235V=-235V

Related Exercise Determine Vpg and Vgs in Figure 8-17 when /p = § mA. Assume
MRD=860QR3=390QandVDD=12V. @

_218._
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Setfing the Q-Point of a Self-Biased JFET

The basic approach to establishing a JFET bias point is to determine /y, for a desired
value of Vgs or vice versa. Then calculate the required value of Rs using the relationship
derived from Equation (8-5) and stated in Equation {(8-7). The vertical lines indicate an
absolute value.

Vos
Ip

Rg= (8-7)

For a desired value of Vgs. I, can be determined in either of two ways: from the transfer
characteristic curve for the particular JFET, or more practically, from Equation (8-1)
using fpss and Vgsiom from the JFET data sheet. The next two examples iliustrate these

procedures.

§MMPLE 8-7

Determine the value of Rg required to self-bias an n~channel JFET having the transfer
characteristic curve shown in Figure 8-18 at Vgg==5 V.

FIGURE 8-18 Io (mA)
35 Ipss
20
15
10
L2 . 6.25
/ ES
I
]
Ve (V) 4
&= -10 -5 lo
Vasam

Solution From the graph, I = 6.25 mA when Vgg = -5 V. Calculate Rg:

Vs 5V
Rs= = =800
1| 625mA 8000
Related Exercise Find R for Vgg=-3 V. I

_219.
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EEXAMPLE 8-8

Determine the value of Rg required to self-bias 2 p-channel JFET with Ipss = 25 mA
and Vgsem =15 V. Vgsistobe 5 V.

Solution Use Equation (8-1) to calculate Ip.

2 2
Ip=loss|1- Vas ¥ - s ma)1- 3V N 25 mA)1-0333) =111 mA
Vesion 15V

Now, determine Rs.
5V

Vas
= =450
i 11.1 mA S0

Since 450 Q is not a standard value, use 2 470 Q) resistor.

Related Exercise Find the value of Rs required to self-bias a p-channel JFET with
foss=lsmA3ndVGs(°m=8V.VGs‘—’4“ J

Rs=

Midpoint Bias 1t is often desirable to bias a JFET near the midpoint of its transfer char-
acteristic curve where Ip = Ipge/2. Under signal conditions, midpoint bias allows a maxi-
mum amount of drain current swing between Jogs and 0. Using Equation (8-1), it is
shown in Appendix B that I, is approximately one-half of Jpss when Vs = VasemB34.

Vas \2 V 42
1,,=1m(1- o8 ) =1m(1—£°£@—) =0.5/pss
Vasiom Vasem

So, by selecting Vs = Vasom/3-4, you get a midpoint bias in terms of /p.

To sat the drain voltage at midpoint (Vp = Vpp/2), select a value of Rp to produce
the desired voltage drop. Choose R arbitrarily lerge to prevent loading on the driving
stage in a cascaded amplifier amangement. Exampie 8-9 illustrates these concepts.

[EXAMPLE 89

Select resistor values in Figure 819 10 set up an approximate midpoint bias. The JFET
parameters are Ipss = 15 mA and Vgsom = -8 V. Vp should be 6 ¥ (one-half of Vpp)-

FIGURE 8-19 Voo
+12V
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Solution For midpoint bias,

!DEL'-S-S-=7.5mA
and
Vasom _ -8V
V. oSS 2 ° _
Gs 34 34 235V
Then
Ves 235V
Re=}j——|= =
STl 75mA 330
Vo= Vpp—IpRp

IpRp=Vpo-Vp
R _ VDD—VE_ lZV—GV
° b =~ 75mA

Use the nearest standard values of 330 £ and §20 Q2.

Related Exercise Select resistor values in Figure 8-19 to set up an approximate mid-
point bias. The JFET parameters are Ings = 10 mA and Vosiom=—10 V. Vpp =15 V. E

=800 Q

Graphical Analysis of a Self-Biased JFET

You can use the transfer characteristic curve of a JFET and certain parameters to deter-
mine the Q-point (Jp and V) of a self-biased circuit. A circuit is shown in Figure
$-20(a), and a transfer characteristic curve is shown in Figure 8-20(b). If a curve is not
available from the data sheet, you can plot it from Equation (8—1) using data sheet values

for [ DSS and Vcs(m. .
To determine the Q-point of the circuit in Figure 8-20(a), 2 self-bias dc load line is
established as follows. First, calculate Vgg when I is zero.

Vgs = -'IDRS = (0)(470 Q) =0V

This establishes a point at the origin on the graph (Ip = 0, Vg5 = 0). Next, get Ipgs from
the data sheet and calculate Vgg when Jp, = Ipgs. From the curve, Jpss = 10 mA for the
JFET in Figure 8-20.

Vgs = ~JpRs =—(10 mA)(470 Q) =—4.7 V

This establishes a second point on the graph (/p = 10 mA, Vs = —4.7 V). Now, with two
points, the load line can be drawn on the graph of the transfer characteristic curve as
shown in Figure 8-21. The point where the line intersects the transfer characteristic curve
is the Q-point of the circuit.

22t
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Ip
4
'I-Vm
[
Rp
g o
i
Re Rs
[ e
® ®
” FIGURE 8-20

A self-biased JFET and its trensfer characteristic curve.

L higure s o
The intersection of the self-bias dc load Iine and the
H : transfer characteristic curve is the -point. e B Sk S
: lpgs = 10 mA

i
4

507 mA

%o

l-J;':';

L 1=

lo

———1

. EXAMPLE 8-10  Determine the Q-point for the JFET circuit in Figure 8-22(a). The transfer characteris-
l tic curve is given in Figure 8-22(b).

U : Solution Forlp=0,
L Vos =~IpRs = (0)(680 Q) =0V

- _222_
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This gives a point at the origin. From the curve, Inss =4 mA. So for Ip =lpgs =4 mA.
Vs = =IpRs =—(4 mA}680 Q)=-2.72V

This gives a second point at 4 mA and ~2.72 V. A line is now drawn between the two
points, and the values of fr, and Vgs at the intersection of the line and the curve are
taken from the graph, as illustrated in Figure 8-22(b). The Q-point values from the
graph are I =225 mA and Vgs=-1.5 V.

Ip
Voo
+0V T\' _____ ;JIJEE =4 mA
¢\ -/
[ \ /
Rp A / l
2210 I i\
|0 Womel225ma
| s
|
i

(x) (b}
FIGURE 8-22

Related Exercise If Rs is increased to 1 kQ in Figure 8-22(a), what is the new

Q-point? E

Voltage-Divider Bias

An n-chanpe} JFET with voltage-divider bias is shown in Figure 8-23. The voltage at the
source of the JFET must be more positive than the voltage at the gate in order to keep the
gate-source junction reverse-biased.

FIGURE 8-23
An n-channel JFET with voliage-divider
bias (I; = Ip)-
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The source voltage is
Vs=IpRs

The gate voltage is set by resistors R, and R, as expressed by the following equation
using the voltage-divider formula:

Ry
Vo= Vi
(S ( R, + R:) DD (8-8)
The gate-to-source voltage is
Vas=Vg—Vs
and the source voltage is
. VS = VG - Vcs
The drain current can be expressed as
Vs.
Ih= Rs
Substituting for Vs,
Vi = Wik
Ip= —‘;—E;—“ (8-9)

FXAMPI.E 8-11

Determine Ip and Vgs for the JFET with voltage-divider bias in Figure 8-24, given
that VD =7 V.

FIGURE 8-24

5V

Solution -
3.3k

=,1.52 mA

-22L -
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Calculate the gate-to-source voltage as follows:
Ve=lIpRs=(1.52 mAY1.8kQ) =274V

R, 1 MQ
Vo={ ———|Vpp= V= \Y
c (R.+n,) po (7.3Mn)'2 154
Vas=Ve=Vs=154V-274V=-12V
If Vp had not been given in this example, the Q-point values could not have been
found without the transfer characteristic curve.

Related Exercise Given that Vp = 6 V in Figure 8-24, determine the Q-point. E:

]
4]

FIGURE 8-25

DC load line for a JFET with voltage-divider

bias.

Graphical Analysis of a JFET with Voltage-Divider Bias

An approach similar to the one used for self-bias can be used with volhiage-divider bias to
graphically determine the Q-point of  circuit on the transfer characteristic curve,

In a JFET with voltage-divider bias when Jp = 0, Vg is not zerc, as in the self-
biased case, because the voltage divider produces a voltage at the gate independent of the
drain current. The voltage-divider dc load fine is determined as follows.

Forlp=0,

Vs=IpRs=(0Rs=0V
VGS=VG_VS=VG-0V=VG
Therefore, one point on the line is at Jp =8 and Vs = V.
FOI‘VGS=0.

Yo-Vos _ Yo
Rs R

A second point on the line is at Jp = Vg/Rs and Vigs = 0. The de load line is shown in Fig-
ure 8-25.

fp‘—'

—Vos
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]

F;AMPLE 812  Determine the Q-point fo
T

the wansfer characteristic curve in Figure 8-26(b).
Solution First, establish the two points for the bias line.
For ], p= 0,
2.2 MQ

R
Ves=Vo=(7ers Voo = (Sinim

The first point is at Jp = 0 and Vgs =4 V.
FOqus=0.

)8V=4V

Ve—Ves Vo 4V
fn=7ig§=-é= g = 2mA

The second point is at Ip = 1.2mAand Vgs=0.
The load line is drawn in Figure 8-26(b), and the Q
and Vgs ==2 V are picked off the graph, as indicated.

r the JFET with voltage-divider bias in Figure 8-26(a), given

-poinf values of /p=1.7mA

ircuit in

_

Iy
Voo R S 2 B !ms-.ss mA
+EV E
R, Ro
22 MQ <~ 68040
Rs Rs
22 M0 = 33kQ -
@
FiGURE 8-26
Related Exercise Change Rg to 4.7 k€ and determine the Q-point for the ¢
Figure 8-26(a).
Q-Point Stability

Unfortunately, the transfer characteristic of a

JFET can differ considerably from oné

device to another of the same type. If, for example, a 2N5459 JFET is replaced in a given
bias circuit with another 2N5459, the wransfer characteristic curve can vary greatly as

illustrated in Figure 8-27(a). In this case, the maxim

226 .

um Ipss is 16 mA and the minimum
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—
e CERL 7 SRRy Ipss =4 mA
_E._. "—z/ T
iy AN v
s <V 0 as
Vesiom
{2) )
FIGURE 8-27

Variation in the transfer characteristic of 2N545% JFETs and the effect on the (-point.

Ipss is 4 mA. Likewise, the maximum Vogim is —8 V and the minimum Vegon, is -2 V.
This means that if you have a selection of 2N5459s and you randomly pick one out, it can
have values anywhere within these ranges.

If a self-bias dc foad line is drawn as illustrated in Figure 8-27(b), the same circuit
using 2 2N5459 can have a Q-point anywhere along the line from Q,, the minimum bias
point, to O, the maximum bias point. Accordingly, the drain current can be any value
between Ip; and Ipy, 25 shown. This means that the dc voltage at the drain can have a
range of values depending on Ip. Also, the gate-to-source voltage can be any value
between Vigs; and Ve, as indicated.

With voltage-divider bias, the dependency of Jp on the range of Q-points is reduced
because the slope of the bias line is less than for self-bias. Although Vg varies quite a bit
for both self-bias and voltage-divider bias, [y, is much more stable with voltage-divider
bias, as illustrated in Figure 8-28.

227
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=Vas

{2) Self-bias {b) Volage-divider bias

FIGURE 8-28
The change in Ip, between the minimum and the maximum Q-points is much less for a

JFET with voltage-divider bias than for a self-biased JFET.

SECTION 8—3 L Should a pchannel JFET have a positive or a negative Vgs?
REVIEW 2.Inaommnsclfbmedn—channel]F‘EI‘cu'cmt,ID—SmAandRs—lkﬂ.Dctcr
- mine Vgs.
3. An a-channel JFET with voltagc-dmdcr bias has a gate voltage of 3 V and a source
voltage of 5 V. Calculate Vgs. .

228 .
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SUMMARY OF FIELD-EFFECT TRANSISTORS

JFETs

=i
—

D-MOSFETs

B Gate-source junction must be reverse-biased.

B Vg controls Iy,

B Value of Vs at which Ip becomes constant is the pinch-off
voltage.,

@ Value of Vgg at which Jp becomes zero is the cutoff voltage,
Vascony

R [pys is drain current when Vigs = 0.

B Transfer characteristic:
Ip =I DSS (1 - V_‘:is)2

Vasion
@ Forward transconductance:

Vos
Em=Lm 1 - )
'0( Vaswmn

2pss

mo = o
PI;GS{OE}I

D-MOSFETs
Drain

g

Source Source
# channel b channel

Except that it can be operated in enhancement mode, the D-
MOSFET characteristics are the same as JFET.

B Depletion mode:
n channel: Vgg negative
p channel: V¢ positive
¥ Enhancement mode:
n channel: Vg positive
p channel: V¢ negative
W Vgs controls /.
W Value of Vgs at which I, becomes zero is the cutoff voltage,
Vasem-
W [pss is drain current when Vg = 0.
B Transfer characteristic:

2
.r,,=1w(1 _ Yo )
Vasm

-229_
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SUMMARY OF FIELD-EFFECT TRANSISTORS, continued

Gate Garte

E-MOSFETs
Drain Drain

Source Source
o channcl p channel

—

There is no depletion mode and charactenistics differ from D-
MOSFET.
B Enhancement mode:
r channel: Vgg positive
p channel: Vgg negative
B Vg controls Ip.
M Value of Vgs at which Ip starts to flow is the threshold voltage,
Vasuny
B Transfer characteristic:
Iy = K(Vos — Vosa)” _
8 X in formula can be calculated by substituting data sheet values
Ipcony fOr Ip and Vs at which Jpom 18 specified for Vgs-

AStNG (voltage polarities and current directions reverse for p channel)

Sell-bius Valtage=divider
bias

D-MOSFET E-MOSFET
+VDD +VDD +VD'D
R
Rg =
Zuyer biaas dramtecdihah A gage-divide)
| SH LHIS

_230_



8-4 SMALL-SIGNAL FET AMPLIFIERS

8-4-1 JFET Common-Source Amplifier

| _
SR Sk =G SR Tk
NN

||i

FIGURE 8-12 FICURE 9-13
JFET common-source amplifier. DC equivalent cireuit for the amplifier in Figure 9-12.

8-4-2 JFET Common-Drain Amplifier

FIGURE 9-22 +Vip
JFET common-drain amplifier
{source-follower).

< P
¥ I( 4
m iy _t\L— C2 v

8-4-3 JFET Common-Gate Amplifier

FGURE 9-26 +Vpp
JFET common-gate amplifier. ;
By ¢
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