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1. Introduction

The biasing levels for a silicon transistor configuration can be obtained using the
approximate characteristic equations VBE = 0.7 V, IC = BIB, and IC = IE. The link between
input and output variables is provided by b, which is assumed to be fixed in magnitude for
the analysis to be performed. The fact that beta is a constant establishes a linear relationship

between IC and IB. Doubling the value of IB will double the level of IC, and so on.

For the field-effect transistor, the relationship between input and output quantities is
nonlinear due to the squared term in Shockley’s equation. Linear relationships result in
straight lines when plotted on a graph of one variable versus the other, whereas nonlinear
functions result in curves as obtained for the transfer characteristics of a JFET. The
nonlinear relationship between ID and VGS can complicate the mathematical approach to
the dc analysis of FET configurations. A graphical approach may limit solutions to tenths-
place accuracy, but it is a quicker method for most FET amplifiers. Since the graphical
approach is in general the most popular, the analysis of this chapter will have graphical

solutions rather than mathematical solutions.
Another distinct difference between the analysis of BJT and FET transistors is that:
The controlling variable for a BJT transistor is a current level, whereas for the FET a
voltage is the controlling variable.

In both cases, however, the controlled variable on the output side is a current level that

also defines the important voltage levels of the output circuit.

The general relationships that can be applied to the dc analysis of all FET amplifiers are

Ig = 0A (1)

Jr;; — Jr_-g,' [2'

For JFETs and depletion-type MOSFETs, Shockley’s equation is applied to relate the

input and output quantities: Voeo\2
Ip = fm‘s(l - m) (3)

Vp
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For enhancement-type MOSFETSs, the following equation is applicable:

Ip = k(Vgs — Vp)? (4)

It is particularly important to realize that all of the equations above are for the field-effect
transistor only! They do not change with each network configuration so long as the device

IS in the active region.

The solution can be determined using a mathematical or graphical approach—a fact to be
demonstrated by the first few networks to be analyzed. However, as noted earlier, the

graphical approach is the most popular for FET networks.
2 Fixed-Bias Configuration

The simplest of biasing arrangements for the n-channel JFET appears in Fig. 1. Referred
to as the fixed-bias configuration, it is one of the few FET configurations that can be solved
just as directly using either a mathematical or a graphical approach. Both methods are
included in this section to demonstrate the difference between the two methods and also to

establish the fact that the same solution can be obtained using either approach.

V.'}f]

.

FIG. 1
Fixed-bias configuration.

The configuration of Fig. 1 includes the ac levels Vi and Vo and the coupling capacitors
(C1 and C2). Recall that the coupling capacitors are “open circuits” for the dc analysis and
low impedances (essentially short circuits) for the ac analysis. The resistor RG is present
to ensure that Vi appears at the input to the FET amplifier for the ac analysis. For the dc

analysis,




CHAPTER 7 FET BIASING ASST. LECTURER AHMED SAAD

r
ll'J'ZJE'

I = 0A
Ve = IgRG = (0 A)RG = OV yio
Ry

The zero-volt drop across RG permits replacing RG by a
short-circuit equivalent, as appearing in the network of Fig. . o ;
2, specifically redrawn for the dc analysis. The fact that the + Yo 11'“:-”
negative terminal of the battery is connected directly to the Y= ‘as —qs -
defined positive potential of VGS clearly reveals that the 1 o
polarity of VGS is directly opposite to that of VGG. Applying
Kirchhoff’s voltage law in the clockwise direction of the -
indicated loop of Fig. 2 results in Network for de analysis.

—Veg — Vs =0

Vos = — Vg (3)

Since VGG is a fixed dc supply, the voltage VGS is fixed in magnitude, resulting in the
designation “fixed-bias configuration.” The resulting level of drain current ID is now

controlled by Shockley’s equation:

i"';- 2
Ipn =1 I.].‘.'.‘.‘(l — iﬁ)
/n

Since VGS is a fixed quantity for this configuration, its magnitude and sign can simply be

substituted into Shockley’s equation and the resulting level of ID calculated. This is one of
the few instances in which a mathematical solution to a FET configuration is quite direct.
A graphical analysis would require a plot of Shockley’s equation as shown in Fig. 3. Recall
that choosing VGS = VP/2 will result in a drain current of IDSS/4 when plotting the
equation. For the analysis of this chapter, the three points defined by IDSS, VP, and the
intersection just described will be sufficient for plotting the curve. In Fig. 4, the fixed level
of VGS has been superimposed as a vertical line at VGS = -VGG. At any point on the
vertical line, the level of VGS is -VGG—the level of ID must simply be determined on this
vertical line. The point where the two curves intersect is the common solution to the

configuration—commonly referred to as the quiescent or operating point.
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I (mA) & lp (mA)

'r.".i' 55 'rf.'l 55

Device .‘\\

Network-_ =
(-point |
(solution) ™~ Jrlur._r
Ipss |
4
T l .
{ . ! . .
} Vs [ sy = ~VYae 0 Vizs
FIG. 3 FIG. 4
Plotting Shockley’s equation. Finding the solution for the fixed-bias

configuration.

The subscript Q will be applied to the drain current and gate-to-source voltage to identify
their levels at the Q-point. Note in Fig. 4 that the quiescent level of ID is determined by
drawing a horizontal line from the Q-point to the vertical ID axis. It is important to realize
that once the network of Fig. 1 is constructed and operating, the dc levels of ID and VGS

that will be measured by the meters of Fig. 5 are the quiescent values defined by Fig. 4.

Ing
V; A
iy {D Ammeter
L&
~ 7
g —

—_—

4!1»':, \ {[I_:-] Voltmeter
[ ‘-\ y

- 5 tr"“-_____'—"'-)ll
- Vi
+
L 2
FIG. 5

Measuring the quiescent values of I and V.

The drain-to-source voltage of the output section can be determined by applying

Kirchhoff’s voltage law as follows:
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+Vps + IpRp — Vpp = 0

VDS = FDD — IIDHD Hﬁl]

Recall that single-subscript voltages refer to the voltage at a point with respect to
ground. For the configuration of Fig. 2,

s =0V (7)

Using double-subscript notation, we have

Vps = Vp — Vg
Vp = Vps + Vg = Vpg + 0V

lr'JD = VDS IS]

Vas = Vg

I

Ve =Vos + Vg = Vg + 0OV

— V g

.lr’IG = VGS I{j]

The fact that VD = VDS and VG = VGS is fairly obvious from the fact that VS =0V,

EXAMPLE 1 Determine the following for the network of Fig. 6:

a. Vs, 916V
b fj_]@.
C Vj_]_ﬂ,_'.
d Vﬂ. ;2]{[2
[~ IL"rG.
£ Vs
ol
fﬂ_ﬁ-:l{}mﬁ.
Vp=-8V
Viz
1 M2 o —08
= 2V
T
T
FIG. 6

Example 1.
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Solution:
Mathematical Approach
a. Vgs, = Voo = -2V

Vas \* —2V\?
b. Ip, = Ipss| 1 — Vo) T 10 mA| 1 — =V

10 mA(1 — 0.25)° = 10 mA(0.75)> = 10 mA(0.5625)
5.625 mA

Vop — IpRp = 16 V — (5.625 mA)2 k)

16V — 1125V = 475V

d_ L‘}J == Vf_)_g — 4?5 ‘

e. Vg=Vgg = -2V

f. V=0V

c. Vpg

Graphical Approach The resulting Shockley curve and the vertical line at Vigs = -2V
are provided in Fig. 7. It 15 certainly difficult to read beyond the second place without

fﬂ_.:;_;!- = 10 mA
o
g
7
6 i,
(-point P Jl_l'J(-;_: 5.6 mA
—4
_______3____ Ings =25 mA
| —2 4
I
| —1
I l .-
& 7 6 -5 _T -3 —% -1 0 Vs
Vo =8V %—p =-4%V ""'f:.sc 1= Vo =-2V
FIG. 7

Graphical solution for the network of Fig. 6.

significantly increasing the size of the figure, but a solution of 5.6 mA from the graph of
Fig. 7 is quite acceptable.

a. Therefore,
Ves, = —Vee = -2V
b. f;;.@ = 5.6 mA

c. Vps = Vpp — IpRp = 16V — (5.6 mAN2 k(1)
=16V -112V =48Y

d. IL’rj_] — Ir"ljr_)._l,,' =48V

e. Vg=Vgg= -2V

lrlg =0V

The results clearly confirm the fact that the mathematical and graphical approaches

generate solutions that are quite close.
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3 Self-Bias Configuration

The self-bias configuration eliminates the need for two dc supplies. The controlling gate
to- source voltage is now determined by the voltage across a resistor RS introduced in the

source leg of the configuration as shown in Fig. 8.

Von

Ry
L 2
FIG. 9
FIG. 8 DC analysis of the self-bias
JFET self-bias configuration. confisuration.

For the dc analysis, the capacitors can again be replaced by “open circuits” and the resistor
RG replaced by a short-circuit equivalent since IG = 0 A. The result is the network of Fig.
9 for the important dc analysis. The current through RS is the source current IS, but IS =
ID and

Ve, = IpKg
For the indicated closed loop of Fig. 9, we find that
—]l"'(.;:\_; — ]I-"'HE =10
Vas = — Vi,
Vas = —IpRs (10)

Note in this case that VGS is a function of the output current ID and not fixed in magnitude
as occurred for the fixed-bias configuration. Equation (10) is defined by the network
configuration, and Shockley’s equation relates the input and output quantities of the device.
Both equations relate the same two variables, ID and VGS, permitting either a mathematical

or a graphical solution.
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A mathematical solution could be obtained simply by substituting Eqg. (10) into

Shockley’s equation as follows:

Vos\?
Ip = fm%(' Y, )
Ir:l
—IpRs\?
= ff;r.h':;(' ", )

InRs\?
Ip = fn.s‘s(' + )
_|I1

By performing the squaring process indicated and rearranging terms, we obtain an

equation of the following form

_ Ipss XR2 2 IpXVE Vp
ID - sz (ID Rg) - IDSSXRS - ID T ZID S
— _~Vp sz _ sz
T e /L N Kl=22 % ko=Ve

RS IDSSXRS RS IDs_gXRgv ! RSZ

I3+ K,Ip, + K, =0

The quadratic equation can then be solved for the appropriate solution for ID. The
sequence above defines the mathematical approach. The graphical approach requires that
we first establish the device transfer characteristics as shown in Fig. 10. Since Eq. (10)
defines a straight line on the same graph, let us now identify two points on the graph that
are on the line and simply draw a straight line between the two points. The most obvious
condition to apply is ID = 0 A since it results in VGS = -ID RS = (0 A)RS = 0 V. For Eq.

(10), therefore, one point on the R
straight line is defined by ID =0 A and Ipss
VGS =0V, as appearing on Fig. 10.
The second point for Eq. (10) requires

that a level of VGS or ID be chosen and ;

_____ _| Joss
the corresponding level of the other ! o _ _

| 1 Vas=0V-Ip=0A Vis=—pRy
quantity be determined using Eq. (10). — ‘L L 15 v
The resulting levels of ID and VGS 2
FIG. 10

will then define another point on the Defining a point on the self-bias line.
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straight line and permit the drawing of the straight line. Suppose, for example, that we

choose a level of ID equal to one-half the

saturation level. That is,

!i]ﬁﬁ

="
IpssRs

A

T

Vs = —IpRs = —

I

The result is a second point for the straight-line
plot as shown in Fig. 11. The straight line as
defined by Eq. (10) is then drawn and the
quiescent point obtained at the intersection of the
straight-line plot and the device characteristic

curve.

W

IFLTX

Vesg Ves
s R
Vos=- ——

FIG. 11
Sketching the self-bias line.

The quiescent values of ID and VGS can then be determined and used to find the other

quantities of interest. The level of VDS can be determined by applying Kirchhoff’s voltage

law to the output circuit, with the result that

Vi, + Vps + Ve, — Vpp =0

Vps = Vop — Ve, — Vg, = Vop — Isls — IpKp

but Ip = Iy
and Vbs = Vop — Ip(Rs + Rp)
In addition,
Vs = IpRs
V=0V
and Vp = Vps + Vs = Vpp — Vg,

(11)

(12)
(13)

(14)
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EXAMPLE 2 Determine the following for the network of Fig. 12:

Visg:
I Dy
Ds-

P T =T - - -

FIG. 12
Example 2.

Solution:

a. The gate-to-source voltage is determined by
Vs = —IpRy
Choosing Ip = 4 mA, we obtain
Vos = —(4mAX1 k() = —4V
The result is the plot of Fig. 13 as defined by the network.

ff”:};m,.x_l-'ﬂ.\_.:_g v A1, (mA)

Vs =0V, I =0 mA

Vs (V)

FIG. 13
Sketching the self-bias line for the network of Fig. 12,

If we happen to choose ID =8 mA, the resulting value of VGS would be -8 V, as shown
on the same graph. In either case, the same straight line will result, clearly demonstrating
that any appropriate value of ID can be chosen as long as the corresponding value of VGS

10
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as determined by Eq. (10) is employed. In addition, keep in mind that the value of VGS
could be chosen and the value of ID determined graphically. For Shockley’s equation, if
we choose VGS = VP/2 = -3 V, we find that ID = IDSS/4 = 8 mA/4 =2 mA, and the plot
of Fig. 14 will result, representing the characteristics of the device. The solution is obtained
by superimposing the network characteristics defined by Fig. 13 on the device
characteristics of Fig. 14 and finding the point of intersection of the two as indicated on
Fig. 15. The resulting operating point results in a quiescent value of gate-to-source voltage
of VGSQ =-2.6 V

I, (mA)
& Ip (mA)
8 (pgs) 8
7 7
6 —6
5 —5
4 —4
3 — 3
3 (%) (-point O . _E__If_]{}zz.ﬁ mA
1 | 1
- L1 1I" L -
-6 =5 -4 =3 =2 -] 0 V(W) -6 -5 -4 312 - 0 VgV
(Vi) (%) Vasg =26V
FIG. 14 FIG. 15
Sketching the device characteristics for the Determining the Q-point for the network of
JFET of Fig. 12, Fig. I2.
b. At the quiescent point
.f;;.{) = 2.6 mA
c. Eq. (11} Vps = Vpp — Ip(Rs + Rp)
= 20% — (2.6 mANI kL) + 3.3 k1)
=20V — 11.18V
= B.B2V
d. Eq. (12 Vs = IpRs
= (2.6 mA)(1 k£})
= 2.6V
e. Eq.(13): Ve =0V
f. Eq.(14): Vp = Vps + Vs = BB2V + 26V = 1142V
or Vo = Vpp — IpRp = 20V — (26 mA)3.3 k() = 1142V

11
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EXAMPLE 3 Find the quiescent point for the network of Fig. 12 if:

a. Ry = 100 Q.
b. Rs = 10kQ.

Solution: Both Rs = 100 ) and Rs = 10 k() are plotted on Fig. 16.
a. For Ry = 100 {}:

J’H@ = fH.4dmA
and from Eq. (10),
V{;g@ = —0.64V
b. For Rg=10k1}
Vs, = —4.6V

and from Eq. (10),
.Jr“_j@ = (.46 mA

In particular, note how lower levels of RS bring the load line of the network closer to

the ID axis, whereas increasing levels of RS bring the load line closer to the VGS axis.

' fﬂ (mA)

8

=

Ry =100 2

Ip=4mA,Vg5=-04V {-point _-? IDQE 6.4 mA
e
Ry =10 kg2 4

1.-‘%. =4V, .IrD = []_'j- mA

{-point

A
6 5|4 3 2 1 [0 VW)
g = ]
Vasg=—46 V
FIG. 16

Example 3.

12
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4 Voltage-Divider Biasing

The voltage-divider bias arrangement applied to BJT transistor amplifiers is also applied
to FET amplifiers as demonstrated by Fig. 17. The basic construction is exactly the same,
but the dc analysis of each is quite different. IG =0 A for FET amplifiers, but the magnitude
of IB for common-emitter BJT amplifiers can affect the dc levels of current and voltage in
both the input and output circuits. Recall that IB provides the link between input and output
circuits for the BJT voltage-divider configuration, whereas VGS does the same for the FET

configuration.

e ]
1
—

FIG. 17
Voltage-divider bias arrangement.

The network of Fig. 17 is redrawn as shown in Fig. 18 for the dc analysis. Note that all
the capacitors, including the bypass capacitor CS, have been replaced by an “open-circuit”
equivalent in Fig. 18b. In addition, the source VDD was separated into two equivalent
sources to permit a further separation of the input and output regions of the network. Since
IG =0 A, Kirchhoff’s current law requires that IR1 = IR2, and the series equivalent circuit
appearing to the left of the figure can be used to find the level of VG. The voltage VG,
equal to the voltage across R2, can be found using the voltage-divider rule and Fig. 18a as
follows:

— R:Vpp
TR+ R

(15)

13
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@ Vop

(a) (b

FIG. 18
Redrawn network of Fig. 17 for dc analysis.

Applying Kirchhoff’s voltage law in the clockwise direction to the indicated loop of
Fig. 18 results in

Vg —

F

Vos — Vg, =0
Ves = Ve — Vi

¢

Substituting Vg, = IsRs = IpRys. we have

i-'lr(;_li' - i-"r; — I'Jr_}f‘!‘s '|' I'I.r”

The result is an equation that continues to include the same two variables appearing in
Shockley’s equation: VGS and ID. The quantities VG and RS are fixed by the network
construction. Equation (16) is still the equation for a straight line, but the origin is no longer
a point in the plotting of the line. The procedure for plotting Eq. (16) is not a difficult one
and will proceed as follows. Since any straight line requires two points to be defined, let
us first use the fact that anywhere on the horizontal axis of Fig. 19 the current ID = 0 mA.
If we therefore select ID to be 0 mA, we are in essence stating that we are somewhere on
the horizontal axis. The exact location can be determined simply by substituting ID =0

mA into Eq. (16) and finding the resulting value of VGS as follows:

14
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Vs = Vg — IpRs
= Vi; — (DmA)R

Vas = Vg

Ip=0mA (17)

The result specifies that whenever we plot Eq. (16), if we choose ID = 0 mA, the value

of VVGS for the plot will be VG volts. The point just determined appears in Fig. 19.

4 g

P Ipss

In, Vee=0W,0p=VeiRe
o YaGs +Ap Gy
.-""df-)

. II'.:','.'-' - Ii'-l-; - 'ru'i '&I.‘t

;n,: ()] mA. VL':-'S -— LIG

[ T T

-
=
.H.-P'
]

Vp 0 +Vg Ves

FIG. 19
Sketching the network equation for the voltage-divider configuration.

For the other point, let us now employ the fact that at any point on the vertical axis VGS

= 0 V and solve for the resulting value of ID:

Vos = Vg — IpRg

0V = Vg — Iphs
Ve

In =— (18)

0 R‘:. Vs=0V

The result specifies that whenever we plot Eqg. (16), if VGS = 0 V, the level of ID is
determined by Eq. (18). This intersection also appears on Fig. 19. The two points defined
above permit the drawing of a straight line to represent Eq. (16). The intersection of the
straight line with the transfer curve in the region to the left of the vertical axis will define
the operating point and the corresponding levels of ID and VGS. Since the intersection on
the vertical axis is determined by ID = VG>RS and VG is fixed by the input network,

increasing values of RS will reduce the level of the ID intersection as

15
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Increasing

Rsy— values of Ry

0 Vg

FIG. 20
Effect of R on the resulting O-point.

shown in Fig. 20. It is fairly obvious from Fig. 20 that:

Increasing values of RS result in lower quiescent values of 1D and declining values
of VGS.

Once the quiescent values of IDQ and VGSQ are determined, the remaining network

analysis can be performed in the usual manner. That is,

VD- = VDD — II.DRD {2'[:”
I_g = IDRS {21]
Viop
Ig = 1lp, = —— (22)
B Rz R| -4 R}
EXAMPLE 4 Determine the following for the network of Fig. 21:
g v e
[ L"r_r,'_
d. Vps
(=9 L"rr_j( -3 R 2.4 k0
R, 32_1 MG
10 pF
i
(ot H‘—”: oV
Vio ] o fpgs = BmA
5 uF Ve=-aV
Ry & 270 kG2
Ry & 1.5k0 == 20 puF
_
FIG. 21
Exampile 4.

16
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Solution:

a. For the transfer characteristics, if Ip = Ipgs/4 = 8mA /4 = 2mA, then Vg =
Vp/2 = -4V /2 = -2 V. The resulting curve representing Shockley’s equation
appears in Fig. 22. The network equation 1s defined by

WV
Ve = R:Vpp
Ry + R
(270 KQ)16 V)
2.1 M+ 0.27 MO
= 1.82V
and Vas = Vg — IpRy

1.82V — Ip(1.5k€)

1 2
Vo=182V
'[fU:DmA}

FIG. 22
Determining the Q-point for the network of Fig. 21.
When Ip = O0mA,
Vr_';_g' = +1.82V
When V(;_r; =0 \'r,

I_,r_} — :_?i?l — 121 ms
The resulting bias line appears on Fig. 22 with quiescent values of
IDQ = 2.4 mA
and I(;_go = —18YV

b. Vp = Vpp — IpKp
= 16V — (24 mAN24k])
= 10.24 V¥V
c. Vo= IpRe = (24 mAN1.5 k)
= 36V
d. Vps = Vpp — Ip(Rp + Ry)
=16V — 24 mANZ24k0 + 1.5k0)
= 6h64V
orVps = Vp — Vo= 1024V — 36V
= h.64V
17
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e. Although seldom requested, the voltage Vi can easily be determined using
Vo = Vp — Vi
= 1024V — 182V
=842V

5 Common-Gate Configuration

The next configuration is one in which the gate terminal is grounded and the input signal
typically applied to the source terminal and the output signal obtained at the drain terminal

as shown in Fig. 23a. The network can also be drawn as shown in Fig. 23b.

" L5
v i

b

v, Ve
: ¢

Al 5 . |
i n 1
S Ry G Rp
- +
LJ:'S 5 —
+

FIG. 23
Two versions of the commaon-gate configuration.

The network equation can be determined using Fig. 24. Applying
Kirchhoff’s voltage law in the direction shown in Fig. 24 will

FESU"I in —1—':(;5 — I_':,'R_'; + l"f.‘&-'.‘&-' =0
Vs = Vsg — IsRg

Iy = Ip

Vs = Veg — IpRg (23)

Applying the condition ID = 0 mA to Eq. 23 will result in

Vs = Vss — (0Rg

FIG. 24
Ves = Vsl — (24) Determining the neiwork
5 55 f_u OmA . .
equation for the confipuration of
Fig. 23.

Applying the condition VGS = 0 V to Eq. 23 will result in
0 = Vss — IpRs

(25)

18




CHAPTER 7 FET BIASING ASST. LECTURER AHMED SAAD

The resulting load-line appears in Fig. 25 intersecting the transfer curve for the JFET as
shown in the figure. The resulting intersection defines the operating current IDQ and

voltage VDQ for the network as also indicated in the network.

I (mA)

;.’JSS

0 |
Vas

|
|
|
|
¥
I
|
Vs

FIG. 25
Determining the Q-point for the network of Fig. 24.

Applying Kirchhoff’s voltage law around the loop containing the two sources, the JFET

and the resistors RD and RS in Fig. 23a and Fig. 23b will result in

+Vpp — IpRp — Vpg — IsRg + Vg = 0

Substituting /g = I we have
+Vpp + Veg — Vps — Ip(Rp + Rg) = 0

so that Vos = Vaop + Vs — InlRp + Ry (26)
with Vo = Vpp — IpRp (27)
and Vo = — Vg + IpKyg (28)

EXAMPLE 5 Determine the following for the common-gate configuration of Fig. 26:

12 %

=0 R0 oR
=
=]

FIG. 26
Example 5.

19
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Solution: Even though VSS is not present in this common-gate configuration the
equations derived above can still be used by simply substituting VSS = 0 V into each

equation in which it appears.

a. For the transfer characteristics Eq. 23 becomes

Vs = 0 — IpRg
Vs = —IpRs

For this equation the origin is one point on the load line while the other must be
determined at some arbitrary point. Choosing ID = 6 mA and solving for VGS will result
in the following:

Vs = —IpRs = —(6 mA)680 (1) = —4.08V

as shown in Fig. 27.

& I (mA)

FIG. 27
Determining the Q-point for the network of Fig. 20.

The device transfer curve is sketched using

_Ipss  12mA

In= = -1 3 mA(at Vp/2)
and Vs = 03Vp = 03(—-6V) = —18V (atIp = Ipgs/2)
The resulting solution 1s:
2.6V

Vs, = —
b. From Fig. 27,

Ip, = 3.8 mA

20
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12V — 38 mA)1.5k() =12V - 57V

c. Vp = Vpp — IpRp
= 63y
d_ L"r,-"; — [I 1'1.
e. Vo= IpRy = (3.8 mA)680 (1)
= 258V
f. Vps = Vp — Vs
=63V — 258V
= 372V

6 Special Case: VGS Q =

oV

A network of recurring practical value because of its relative simplicity is the
configuration of Fig. 28. Note that direct connection of the gate and source terminals to
ground resulting in VGS = 0 V. It specifies that for any dc condition the gate to source
voltage must be zero volts. This will result in a vertical load line at VGSQ = 0 V as shown

in Fig. 29.

FIG. 28
Special case Vgs, = 0V
configuration.

(-point

o

 [Dss

|- L’{;_-,_-Q = W load line

1-'"] ]

FIG.

0 Ves

29

Finding the Q-point for the network of Fig. 28.

Since the transfer curve of a JFET will cross the vertical axis at IDSS the drain current

for the network is set at that level.

Therefore,

Applying Kirchhoff's voltage law:

Voo — IpRp — Vpg = 0

D@ DES

and

Vps = Vop — IpRp

with

and

Vb = Vps

Ve=0V

21
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7 Depletion-Type MOSFETS

The similarities in appearance between the transfer curves of JFETs and depletion-type

MOSFETSs permit a similar analysis of each in the dc domain. The primary difference

between the two is the fact that depletion-type MOSFETS permit operating points with
positive values of VGS and levels of ID that exceed IDSS. In fact, for all the configurations
discussed thus far, the analysis is the same if the JFET is replaced by a depletion-type
MOSFET.

The only undefined part of the analysis is how to plot Shockley’s equation for positive

values of VGS. How far into the region of positive values of VGS and values of ID greater
than IDSS does the transfer curve have to extend? For most situations, this required range
will be fairly well defined by the MOSFET parameters and the resulting bias line of the

network. A few examples will reveal the effect of the change in device on the resulting

analysis.

-]
EXAMPLE 6 For the n-channel depletion-type MOSFET of Fig. 30, determine:

d. i;j_]g and 1‘1(;3':2.

b. Vps.
T 18V
Rp 1B kO
R, & 110 ML
D 2
T
it @
Ings = 6mA
) s
Vio H J Vo=-3V
C P
R g 10 M2 R; & 7500
FIG. 30
Example 6.
Solution:

a. For the transfer characteristics, a plot point is defined by I = Ipgs/4 = 6 mA /4 = 1.5 mA
and Vg = Vp/2 = =3V /2 = —1.5 V. Considering the level of Vp and the fact that
Shockley’s equation defines a curve that rises more rapidly as Vg5 becomes more positive,
a plot point will be defined at Vi;5 = +1 V. Substituting into Shockley’s equation yields
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Vas'\?
Ip = Ipss (' - )
P

+1VY? 1)?
=6mﬂu(| ——r) =6mA(I +§) = 6mA(1.778)

-3V
= 10.67 mA
The resulting transfer curve appears in Fig. 31. Proceeding as described for JFETs, we
have
I0ML(IE Y
Eq. (15): Vg = ( A 1.5V

10 ML + 110 MA)
Eq. [ |lfr] V{;g = V{; - "IIJRS =15V - ff){?S'D 1)

4 I (mA)

-5
-4
3 fﬂa=3.l]1'l.|‘\.

i

|

|

1

1

Ly | .
3 2 -1 |01 2 Vos
F 1
P Vs, =08V

FIG. 31

Determining the Q-point for the network of Fig. 30.

Setting I = 0 mA results in
Vs = Ve = 1.5V
Setting Viog = 0V yields

=g =750~ tmA
The plot points and resulting bias line appear in Fig. 31. The resulting operating point
15 given by
.f,r){‘, = llmA
G5, = —08V
b. Eq.(19):

Vps = Vpp — Ip(Rp + Rg)
= 18V — (3.1 mAW1.B kO + 750 1)
= 1.1V
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EXAMPLE 7 Repeat Example 6 with Ry = 150 ().

Solution:
a. The plot points are the same for the transfer curve as shown in Fig. 32. For the bias line,
Vs = Vg — IpRs = 1.5V — Ip(150 1)

Setting I = 0 mA results in

Ves =13V
Setting Vigs = 0V yields
Vi 13V
Ip = = = 10 mA
D= Ry T 1500 m

ll"rg;_i; =+035V

FIG. 32
Example 7.

The bias line is included on Fig. 32. Note in this case that the guiescent point results in
a drain current that exceeds [pgg, with a positive value for Vigg. The result is
J’;;@ = 7.6 mA
Lf’{;&_-@ = 4035V
b. Eq.(19):
'ps = Vpp — Ip(Rp + Ry)
= 18V — (7.6 mA)(1.8 k() + 150 11)
= 318V
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EXAMPLE 8 Determine the following for the network of Fig. 33:
. j”\? and V;_';gﬂ.

b. V.
o0V
Rp §a.2 kQ
&)
] It
i\ o Vs
. G I Tpss=8 mA
1r'| o }I P ™~ Vp: —E V
I 5
Re £ 1 M2 Ry &24k0
FIG. 33
Example 8.
Solution:
a. The self-bias configuration results in
Vos = —IpRg

as obtained for the JFET configuration, establishing the fact that Vi; must be less than
0 V. There is therefore no requirement to plot the transfer curve for positive values of
Vs although it was done on this occasion to complete the transfer characteristics. A
plot point for the transfer characteristics for Vg < 0V is

Irvee
,rﬂz%:g':‘ﬂ: 7 mA
Vp -8V
and I{;SZTJZT:—L“F
and for Vizg = 0V, since Vp = —8 V, we will choose
V(;_g =42V
V{;t;)z ( +2 V)E
and In=1Ipgsl | ——— ] =8mA| |l — ——
an D f.l’i'.‘:-( Vp m "8V
= 125 mA

The resulting transfer curve appears in Fig. 34. For the network bias line, at
Vs = 0V, Ip = OmA. Choosing Vg = —6 V gives

Vs —6V

— = = 25mA
Rs  24kQ0 m
The resulting (?-point is given by

Ip =

"I”t? = 1.7TmA
Vas, = =43V
b. Vp = Vpp — IpRp
20V — (1.7 mAN62 k)
=946 ¥
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The example to follow employs a design that can also be applied to JFET transistors. At

first impression it appears rather simplistic, but in fact it often causes some confusion when
first analyzed due to the special point of operation.

AT (mA)

IJ'IFII

—3 76544321 [o1 2 Vs
F Vs =43V
GSQ,
FIG. 34

Determining the Q-point for the network of Fig. 33.

20V
. Lska
EXAMPLE 9 Determine Vpy for the network of Fig. 35.
Solution: The direct connection between the gate and source terminals requires that D
V(;_.,- =0V +
. ) ) ) » . Ipgs=10mA
Since Vg is fixed at 0 V, the drain current must be Ipg (by definition). In other words, G Vs Vo= 4V
if(;_s-q - (:' I\ -
5
and ID@ = 10 mA
There is therefore no need to draw the transfer curve, and
L’r]_] = Ff)f) — If_).RD — 20 vV — 1: |D mA}115 k.ﬂ.]
=20V - 15V
=35V FIG. 35
Example 9.
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8 Enhancement-Type MOSFETS

The transfer characteristics of the enhancement-type MOSFET are quite different from
those encountered for the JFET and depletion-type MOSFETS, resulting in a graphical
solution quite different from those of the preceding sections. First and foremost, recall that
for the n-channel enhancement-type MOSFET, the drain current is zero for levels of gate
to- source voltage less than the threshold level VGS(Th), as shown in Fig. 36. For levels
of VGS greater than VGS(Th), the drain current is defined by

Ip = k(Vgs — Vgsemy)? (33)

Since specification sheets typically provide the threshold voltage and a level of drain
current (ID(on)) and its corresponding level of VGS(on), two points are defined
immediately as shown in Fig. 36. To complete the curve, the constant k of Eq. (33) must
be determined from the specification sheet data by substituting into Eg. (33) and solving

for k as follows:

Ip = k(Vgs — Vesem)?

Inony = KVasiony — Vesimy)

& I (mA)

Ip=k(Vgs — Vasm P _

T

'|I.|.' il

Ip,

/ Vesim)

.|I|r_:|={] mA

FIG. 36

1 Dion)

k = (34)

- 2
(Vasiony — Vasem)”
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Once k is defined, other levels of ID can be determined for chosen values of VGS.
Typically, a point between VGS(Th) and VGS(on) and one just greater than VGS(on) will
provide a sufficient number of points to plot Eg. (33) (note ID1 and ID2 on Fig. 36).

8.1 Feedback biasing arrangement

A popular biasing arrangement for enhancement-type MOSFETS is provided in Fig. 37.
The resistor RG brings a suitably large voltage to the gate to drive the MOSFET “on.”
Since IG =0 mA, VRG =0V and the dc equivalent network appears as shown in Fig. 38.

Voo o Voo
I
R
b § R
R ]

Y.
=
1 —

jl)
+

oV, Io=0A

7 Vos
Vo 1 N I . —(;——I
i i + —
G § Vas — 5
FIG. 37 FIG. 38
Feedback biasing arrangement. DC equivalent of the

network of Fig. 37,
A direct connection now exists between drain and gate, resulting in

Vb = Vg

r

FJ.I'Id 'IHE' = VI.'-}.? {_‘5'

For the output circuit,

Vs = Vop — IpRp

which becomes the following after substituting Eq. (27):

Vs = Vop — Ipkp (36)

The result is an equation that relates ID to VGS, permitting the plot of both on the same
set of axes. Since Eq. (36) is that of a straight line, the same procedure described earlier
can be employed to determine the two points that will define the plot on the graph.
Substituting ID = 0 mA into Eq. (36) gives
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Vas = Vopli,—oma (37)

Substituting V5 = 0V into Eq. (36), we have

V
I, =-22 (38)
Rp lyg=o0v

The plots defined by Eqgs. (33) and (36) appear in Fig. 39 with the resulting operating
point.

0 Vasm)

FIG. 39
Determining the Q-point for the network of Fig. 37.

EXAMPLE 10 Determine 11)‘2 and VDSQ for the enhancement-type MOSFET of Fig. 40.

Q Vu
10 MQ
c, lmao =6mA
Vosom =8V
¥i | 7 Vesomy =3 V
1 uF
FIG. 40

Example 10.

Solution:
plotting the transfer Curve Two points are defined immediately as shown in Fig. 41.

Solving for k, we obtain
29




CHAPTER 7 FET BIASING ASST. LECTURER AHMED SAAD

ri
Eq. (34): &k — Drom _
(Vgsiom — Vascmy)™
6 mA 6 = 103
— — AT
(BYV — 3W)2 25 !

= 0.24 = 10— A v2

L I
= Vs = 10 WV, ip = 11.76 mA
11—
1y —
Q —
3 fb—
".'||' —
—_—_—————— e e e ————— —-—
5 =
&G4 =
I 1
2 Vs =16 WV, Ip = 2,16 mA
i - :
L1 [ I T I -
O 1 2 ? =+ ] a7 !IS L
Vs Vizsion

FiIG. 41
Plorfing the transfer curve for thhe MOSFET of Fig. 40,

For V;¢ = 6V (between 3 and 8 V):
Ip =024 x 106V — 3V)Y = 0.24 x 107°(9)
= 2. 16 mA
as shown on Fig. 41. For Vigg = 10V (slightly greater than Vi;gem)).
Ip =024 x 107010V — 3V) = 024 x 107°(49)
= 11.76 mA

as also appearing on Fig. 41. The four points are sufficient to plot the full curve for the
range of interest as shown in Fig. 41.

For the Network Bias Line
Vas = Vpop — IpRp
— 12V — I2kQ)
Eq. 37): Vgs = Vpp = 12V|jp—oma
Vop 12V

38 Ip=——=—=—=06mA|y_—ov

The resulting bias line appears in Fig. 42.
At the operating point,
.’DQ = 275 mA
and VGE'Q =64V
with V:-"SQ — VG.‘:-{;. =64V
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A fp=mA

]
)] 1 2 3 4 5 [ 7 g 9 10 11 12
e AN (Von)
Vs, = 6.4V

FIG. 42
Determining the OQ-point for the network of Fig. 40.

8.2 Voltage-Divider Biasing Arrangement

A second popular biasing arrangement for the enhancement-type MOSFET appears in

Fig. 43. The fact that IG = 0 mA results in the following equation for VGG as derived from

an application of the voltage-divider rule: |
_ RiVop "
Vg = R R (39) Rp
R
Applying Kirchhoff’s voltage law around the indicated loop of 1§ D

Fig. 43 results in I:\ |

G
+1P",;'; — V,( 5 — Fﬂ_y =10

T Ve —9s
Vos = Vg — Vi, ng
m Ry
Vs = Vg — IpRg
-

For the output section,

vy , _. FIG. 43
rs + Vs + Vi, = Vpp = 0 ‘oltage-divider biasing
Vps = Vop — Vi, — Vi, arrangement for an n-channel

enhancement MOSFET.

Vos = Vop — Ip(Rs + Rp) (41)

Since the characteristics are a plot of ID versus VGS and Eq. (40) relates the same two
variables, the two curves can be plotted on the same graph and a solution determined at
their intersection. Once IDQ and VGSQ are known, all the remaining quantities of the

network such as VDS, VD, and VS can be determined.
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EXAMPLE 11
Solution:
Network

Determine J’;;.@ Vf;s@: and Vpg for the network of Fig. 44.

0) V. — R:Vpp - (18 ML2)(40 V) — 18V
Ba- (9 Vo = o 0 =m0 + 1sM0
Eq. (40): Vs = Vi — IpRs = 18V — I(0.82 k)

T-‘IJD\"

k0

22 MQ2 g l’f D
D 0
+  aN4as)

I L =3V
W, (Th)
4 G s f_,l_} ) ImA
+ at Vs (o = 10V
L'L;.s,? Y

18 ML2
(.82 kL2

FIG. 44
Example 11.

When Ip = 0 mA,

‘s = 18V — (OmAX0.82k{)) = I8V
as appearing on Fig. 45. When Vg = 0V,
Vgs = 18V — Ip(0.82k2)
0 =18V — Ip(0.82kL})
18V

In = 082k 21.95 mA

as appearing on Fig. 45.

L InimA)

10
Ip =6TmA |+ ———————————>
Dl‘;-" m

& I
0 5 10

|
|
: .
15 | 20 25

1‘:.'.'?.Il-i-.”.'ll LGSIE: = 12.5 ."r 1‘"{; = 13 V

FIG. 45
Determining the Q-point for the network of Example 1 1.
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Device
Vasem = 3V, Inony = 3mA with Vg, = 10V
Ino
Eq.(34): k= — R
(Veson — Vesem))
I mA ,
= ——— =012 X 10 FAV?
(10V — 5V)-
and In = KVgs — L'rt'}S[Thﬂz

= 0.12 % 1073%(Vgs — 5)2

which is plotted on the same graph (Fig. 45). From Fig. 45,
Ip, = 6.7mA
1;"[;5'? =125V
Eq. (41} Vps = Vpp — Ip(Rs + Rp)
=40V — (6.7mAN082 k(] + 3.0k))
=40V — 256V
= 144V

9 Summary Table

Now that the dc analysis of a variety of BJT and FET configurations is established, the
opportunity to analyze networks with both types of devices presents itself. Fundamentally,
the analysis simply requires that we first approach the device that will provide a terminal
voltage or current level. The door is then usually open to calculating other quantities and
concentrating on the remaining unknowns. These are usually particularly interesting
problems due to the challenge of finding the opening and then using the results of the past
few sections to find the important quantities for each device. The equations and
relationships used are simply those we have employed on more than one occasion—there

IS no need to develop any new methods of analysis.
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TABLE 1
FET Bias Configurations
Type Configuration Pertinent Equations Graphical Solution
l'lﬂ'? fﬂ
gfeﬂ Ipgs
JFET Vas, = —Voo
Fixed-bias iﬁr Vos = Vop — IpRs (-paint
F{:c: )
?LT !DSS
JFET 1"’(:-6" = —.I‘DHS
Sc]f—hia}; 1"}1‘- = "II_}D - !fJ{RD ol R\J
%Rc iR
5
oV RV
JFET R $Ro Vo= o ip
Voltage-divider ) P
bias R, ip Vs = Vg — Ipks
s Vps = Vpp — Ip(Rp + Ry)
Voo Ip
Ry Ipss
JFET Vaos = Vs — IpRs . Vi
CUmmUn-gﬂlC - VDS = VDD Ar 1-’J_l;5 - fnt_Rn AF RS} Q-pﬂmt /RS
5
i
v ; Io
‘g 2 Vs = —IpKs Ings
JFET o Vo = Vop
(Rp =011) ﬂ' Vs = IpRs
1 Vos = Vop — IRy
- FD
JEET , {-point Fss
. Vigs, = 0V ,
Special case | ﬂ= I /lm{f ov
LVI:','SQ =0 V,’I D(; 0SS -
fﬂ
(3-point

Depletion-type

I'I.I'?D
MOSFET Vas, = tVog
Fixed-bias R; ip Vps = Vop — IpRs
{and MESFET5) L3 -
Depletion-type Voo RV Voud o
MOSFET Ir, i Vg = ﬁ s I @-point
Voltage-divider | 1+ 8 Ipss
bias R Vas = Vg — IRy
ias % 2 SR 5 = VG ~ s
{and MESFETS) 1 Vps = Vop — Ip(Rp + Rs)
Enhancement E Vap
type MOSFET R 3Ro -
Feedback Dj V.. =‘*~"v _”5} 2
configuration a | G5 bp — DD
(and MESFETs) L
Enhancement 3Vop
type MOSFET R, iRy Voo = R:Vpp
Voltage-divider i—‘ R +R,
bias Ry iR, Vs = Vg — IpRs _
(and MESFETs) =
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