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721 ' THE JFET

FIELD-EFFECT TRANSISTORS {FETs)

The JFET (junction field-effect transistor) is a type of FET that operates with a
reverse-biased pn junction o control current in a channel. Depending on their
structure, JEETs fall into either of two categories, 7t channel or p channel.

After completing this section, you should be able to

Explain the operation of JFETs

m Identify the three terminals of a JEET

a Fxplain what a channel i3

u Describe the structural difference between an n-channel JFET and a p-channel JEET
B Discuss how voltage controls the current in & IFET

m Identify the symbols for n-channel and p-channet JFETs

Figure 7-1(a) shows the basic structure of an n-channel JFET (junction field-effect tran-
sistor). Wire leads are connected to each end of the yi-channel; the drain is at the upper end.
and the soarce is at the lower end. Two p-type regions ae diffused in the n-type materiat o
form a channel, and both p-type fegions are connected to the gate lead. Fov simplicity, the
gate lead is shown connected to only one of the p regions. A p-channel JFET is showan i

Figare 7-1(b).

Drain Drain

FIGURE 7-1

A representation of the basic
structure of the two types of JFET.

Source

{0} p channel

Source

(a) n channel

Basic Operation

To illustrate the operation of 2 JFET, Figure 7-2 shows dc bias voitages applied o at*
channel device. Vop provides a drain-to-source voliage and supplies current from dral
source. Vgg seis the reverse-bias voltage between the gate and the source, 48 showi.

The JFET is always operated with the gate-source pr junction reverse-biased: REET
biaging of the gate-source junction with 2 negative gate voltage produces a depletion "L“:‘“:'
along the pn junction, which extends into the # channel and thus increases its resistance
restricting the channel width.

The cannel width and thus the channel resistance can be controlied by var y1
yoltage, thereby controlling the amount of drain current, fp. Figare 7-3 illustrates tl.n.
cept. The white areas represent the depietion region created by the reverse pias. His ™7
toward the drain end of the channel because the reverse-bias voltage between the gt ¥
the drain is greater than that between the gaie and the source. We will discuss JFET"

acteristic curves and some important parameters in Section 7-2.

ng the it
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FIGURE 7-2
A biasad n-channel JFET.
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14y JFET biased for conduction

(b} Greater Vg narrows the channel {between the white
areas) which increases the resistance of the channel
and decreases Jp.

Ry

{¢) Less Vg widens the channel (between the white areas) which
decreases the resistance of the channel and increases Ip.

i FIGURE 7-3

Effects of Vi on channel width, resistance, and drain current (Veg = Vi)
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8 FIELD-EFFECT TRANSISTORS (FETs)

| SECTION 7-1
H REVIEW
Answers are at the end

of the chapter,

JFET Symbols

The schematic symbols for both n-channel and p-channel JFETs are shown in Figure T4
Notice that the arrow on the gate points “in” for n channel and “out” for p channel. '

* FIGURE 7-4 Drain (D) Drain {y
JFET schematic symbols.
Gate (G) Gate ()
Source (3} Seuree (5)
n channel p channel

1. Name the three terminals of a JFET.
2. Does an n-channel JFET require a positive or negative value for V7

3. How is the drain current controlled in a JFET?

{1 JFET CHARACTERISTICS AND PARAMETERS

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

characteristics.

After completing this section, you should be able to

# Define, discuss, and apply important JFET parameters

u Expiain ochmic area, constant-current area, and breakdown

w Define pinch-off volrage

& Describe how gate-to-scurce voltage controls the drain current
m Define curoff voltage

& Compare pinch-off and cutoff i

® Analyze a JFET transfer characteristic curve

u Use the equation for the transfer characteristic to calculate Iy
B Use a JEET data sheet

B Define transconductance

Explain and determine input resistance and capacitance

m Determine drain-to-source resistance

Consider the case when the gate-to-source voltage is zero (Vgg = 0 V). This is produced
by shorting the gate to the source, as in Figure 7--5(a) where both are grounded. As Voo (ﬂﬂd
thus Vi) is increased from 0 V, I, will increase proportionally, as shown in the graph of
Figure 7-5(b) between points A and B, In this area, the chaanel resistance is essentially co
stant because the depletion region is not large enough to have significant effect. This ¥
called the ohmic area because Vag and Iy are related by Ohm’s law.
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< FIGURE T-5

the drain characteristic curve of a JFET for Ve = 0 showing pinch-off.

Atpoint B in Figure 7-5(b), the curve levels off and I becomes essentially constant, As
', increases from point B 10 point €, the reverse-bias voltage from gate to drain (Vgp) pro-
duces a depletion region large enough to offset the increase in Vpg, thus keeping I rela-
tively constant.

' Pinch-Off Voltage

For Vg = 0OV, the value of Vg at which I, becomes essentially constant (point B on the
curve in Figure 7-5(b)) is the pinch-off voltage, V,. For a given JFET, Vphas a fixed value.
As you can see, a continued increase in Vg above the pinch-off voltage produces an almost
constant drain current. This valee of drain current is Ipss (Drain to Source current with gate
Shorted) and is always specified on JEET data sheets. Ipgg is the maxinum drain current that
aspecific JFET can produce regardless of the external circuit, and it is always specified for
the condition, Vgg = 0V,

As shown in the graph in Figure 7-5(b), breakdown occurs at point C when I, begins
{0 increase very rapidly with any further increase it Vpg. Breakdown can result in irre-
versible damage to the device, so JFETs are always operated below breakdown and within
the constant-current area (between points B and C on the graph). The JFET action that pro-
duces the drain characteristic curve to the point of breakdown for Vg = 0V s illustrated
n Fgure 7-6.

Vis Controls I

Lel’s conmect a bias voltage, Vg, from gate to souree as shown in Figure 7-7(a). As Vg i8
set 10 increasingly more negative values by adjusting Vg, a family of drain characteristic
Curves is producéd, as shown in Figure 7-7(b). Notice that I, decreases as the magnitude
of Voo is increased to larger negative values because of the narrowing of the channel. Also
‘19tice that, for each increase in Vg, the JFET reaches pinch-off (where constant cuzrent be-
gins) at values of Vpg less than Vp. Therefore, the amount of drain current is controlled by
Yas. as illustrated in Figure 7-8.
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4+
_T: "
{a) When Vi = 0. Ip= 0. (b) Iy increases praportionally with Yppg in
the ohmic area.
Toss

\\\\\\\ll ity

(¢) When Vg = Ve, Ip S consistant and equal (dy As Vs increases further, I, remnains at

to Ipss. fngs until breakdown oocurs.

FIGURE 7-6 B
|FET action that produces the characteristic curve for Ve = V.

2 l"gi Y

\ Pinch-off when Vg = -1 b9

(2) JFET biased at Vg = -1 V (b Faruily of drain characteristic curves

FIGURE 7-7
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i Dinch-off occurs at a lower Vg as Vs is increased to more negative vatues.
;
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Ipss

Wi
! In i

(b) When Vi is negative, I, decreases and is constant
above pinch-off, which is Jess than Vp.

Yasiofn Rp

+
Vpp —==
(¢) As Vgg Is made more negative, Jp continues to decrease (d) Until Vigg = ~Vigsaey Ip cONtinues o decrease.
hut is constant above pinch-off, which hus also decreased. When Vs > —Vasemy In =0
. FIGURE 78

Ve, controls £,

Cutoff Voltage

The value of Vg that makes I, approximately zero is the cutoff voltage, Vascr- The JFET
must be operated between Vg = 0V and Vige,. For this range of gate-to-sonrce voltages,
Ip will vary from a maximumn of Ingg to a minimum of almost zero.

As you have seen, for an n-channel JFET, the more negative Vgs is, the smaller I, be-
comes in the constant-current area. When Vg has a 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 closes the channel, as shown in Figure 7-9.

- FIGURE 7-%9
JFET at cutoff,
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 EXAMPLE 7-1

Solution

The basic operation of 2 p-channel JFET is the same as for an n-channel device .
cept that a p-channel JFET requires a negative Vpp and a positive Vs, as ihustrated iy
Figure 7-10.

Floung 7-10 Ro
A biased p-channel JFET.

1

Comparison of Pinch-Off and Cutoff

vG G

As you have seen, there is a difference between pinch-off and cutoff. There is also a con-
nection. Vp is the value of Vs at which the drain current becomes constant and 18 always
measured at Vog =0V, However, pinch-off occurs for Vpg values Jess than Vp when Vg bs
nonzero. So, although Vp is a constant, the minimum value of Vpg at which I, becomes con-
stant varies with Vgs.

Vaseom and Vp ate always equal in magnitude but opposite in sign. A data sheet usuaity
will give either Vst OF Ver but not both. However, when you know one, you have the
other. For example, if Vasem = 5V, then Vp = +5 V, as shown in Figure T-7(0).

For the JEET in Figure T-11, Vgsesn = —4V and Ipgs = 12 mA. Determine the
wminimum value of Vop required o put the device in the constant-current asea of
operatiof.

FIGURE 7-11

Since Vosen = ~4 ¥ Ve = 4V, The minimum value of Vps for the JEET to be in iis
constant-current arca i

Vps = Ve =4V
1n the constant-current arca with Vgs = 0V,
I = Ipgs = 12 mA
The drop across the drain resistor 18
Viep™ IoRp = (12 mA)(560 Q) = 672V
Apply Kirchhoft’s 1aw around the drain circuit,

VDD = VDS + VRD: 4V + 672\] = 10.7\7

1




This is the value of Vpp to make Vps = Vpand put the device in the constant-current

area.

pelated Problem’® Tf Vyp ts increased to 15V, what is the drain curent?

“ Answers are at the end of the chapter.

T EPLE 7z
: A particular p-channel TFET has a Vasem = T4V What is I, when Vgg = +6V7
Solution  The p-channel JEET requires a positive gate-to-source voltage. The more positive the
voltage, the less the drain current. When Vgs = 4 V. Iy = 0. Any further increase in
Vs keeps the JFET cut off, so I, remains 0.

Related Problem  Whatis Vp for the JFET described in this example?

YJFET Transfer Characteristic

You have learned that arange of Vg values from zero 1o Vistam cONtrols the amount of drain
curret. For an ni-channel TFET, Vis(om 18 Degative, and for a p-channel JFET, Vs is pos-
itive. Because Vg does control fp, the relationship between these two quanfities is very im-
+ portant, Figure 7-12 is a general transfer characteristic curve that illustrates graphically the

welationship between Vgs and Ip.

I FIGURE 7-12

LI okl denli

JFET transfer characteristic curve

Inss {n-channel).

_VGS G

Yasiom

Notice that the bottom end of the cerve 1s at a point on the Vgg axis equal t0 Vagemy and
the top end of the curye is at a point 01 the I, axis equal t0 Jpgs. This curve, of course, shows
that the operating limits of  JFET are :

ID = 0 V\’heﬂ ‘jGS = VGS{ofﬂ

and

ID = IDSS when VGS =0

The transfer characteristic curve can be developed from the drain characteristic curves
by plotting values of Iy, for the values of Ve taken from the famity of drain carves at pinch-
off, as illustrated in Figure 7-13 for a specific set of curves. Each point on the transfer char-
acteristic curve corresponds to specific vatues of Vs and Ip on the drain curves. For
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| EXAMPLE 7-3

Equation 7-1

Solution

Veistom

FIGURE 7-13
Example of the development of an n-chan
drain characteristic curves (green).

nel JFET transfer characteristic curve (blue) from the jFET

example, when Vgs = v, I, = 432 mA. Also, for this specific JFET, Vs = =2V

and [pgs = 12 MA.
A JFET tzansfer characteristic

Vas )
I, =] 1 -
? DSS( Vas(off)

With Bquation 7-1, I can be determined for any Vs i Vasem and Ings are known, These
quantitics are usually availabie from the data sbeet for a given JFET. Notice the squared
terrn in the equation. Because of its form, a parabolic relationship is known as a square lav,
and therefore, JFETs and WIOSFETs are often referred to as square-law devices.

The data sheet for a typical JRET series is shown in Figure 7-14.

curve is expressed as

igure 7-14 for a SN5450 JFET indicates that typically
.8 V (maximuo)- Using these values, determine the

1V, and —4 V.

The partial data sheet inF
Inss = 9 mA and Vs =
drain current for Vgs = 9 Vv, —

For VGS = OV,

For Vgs = —1 Y, use Equation 7-1.

Vgs )2 ( —1 V)Z
~ Vo Y pomA)l - g
ID IDSS(} VGS{off) ( ) 8V
) = 6.89mA

= (9mA)(1 — 0.125)* = (9 mA}(0.766
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For Vgg = —4V,

Ip = (9mA)| 1 — _8—1 = (9mA)(1 — 0.5)% = (9mA)(0.25) = 2.25 mA

Related Problem  Determine Iy for Vigg = —3 'V for the 2N5459 JFET.

2N5457
thru
i 2AN5459

Case 29-04, Style 5
TO-92 (TO-226AA)

‘7 1 Drain
Abanimum Rafings
T Rating Symbo) Value Unit G3
- ate
i) ain Source vollage Vs 23 Vdc ;
rain-Gate voltage Yoo 25 Vde 23 2 Source
Reverse gae-source voltage Visk 25 Vde
Gae cutrenl I 10 mA de JFETS
Torl device dissipation @ Ty = 25°C Pp 310 mw .
Derate above 25°C 282 mWC General-Purpose
“ o .
{ Junction lemperature 75 125 N channel — Depletion
Srge channed temperaluse range Tae ~65 to+130 *C
Eletrical Characteristics (T, = 25°C unless atherwise noted.)
[r Characteristic 1 Symhol l Min | Typ l Max l Unit
{IF Characteristics
tre-Souree breakdown voltage V(BR)GSS ~25 - - Vde
{ig=~10 gAdc, Wy =0
Eiale reverse current Ioss 0 nA de
{Vgg = =15V de, Vg = 0} - - 300
(i =15V de, Viyg = 0, T, = 100°C) -
Cinte-Source culoff voltage ) "fGS(nff) Vde
{hps =15V de, Iy = 10 nA de) IN5457 -5 - -6
-1 - 1.0
25458 o
L 2N5459 -28 - -8
Gate-Source voltage Vige Vdo
(s =15V de, Iy = 100 pA do) 25457 - .25 -
2 y 35 -
(s = 15V de, I, = 200 gA do) IN3458 )
2 2 5 -
0o = 15V de, i, = 400 A do) 2N5459 - )
ON Characteristics
'fiCm-Gale-Vohage drain current Ings ma dc
2N5457 1.¢ 3. 3.0
M¥hg =15V de, Vigg = 0) 2N5458 2.0 6.0 9.0
: 2N5459 4.0 2.0 353
Small-signal Characteristics
Forward transfer admittance COMMON SOUTCE i 3’fs| pmhos
Vg =15V de, Vg = 0,7= 1.0 kHz) ZN3457 1000 - 5000 or
2N5458 1500 - 5500 HS
2N5459 2000 - 6000
Quipul admittance common source 13! _ 16 50 mhos
e & "
H‘;“_L@iw de, Vg = 0.f= 1.0 XHz) or 4S
NBUl capacitance ] Ciae 45 7.0 pE
(Vs = 15V de, Vigg = 0, f= 10 MHz)
Reverge transter capacitance c. - = 30 oF
(Vs =15 ¥ de, Vgg =0, 7= 1.0 MHz)

FIGURE 7-14

JFET partial dats sheet.
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JFET Forward Transconductance

The forward transconductance (transfer conductance), gy, is the change in drain curen,
(Alp) for a given change in gate-1o-source voltage (AVgs) with the drain-to-source voltage
constant. It is expressed as a ratio and has the unit of siemens (S).

N "":\. . AID

% :_ Em AVGS

Other common designations for this parameter ar€ gg and ¥g (forward transfer admittance),
As you will see in Chapter 8, g 18 important in FET amplifiers as a major factor in deter.
mining the voltage gain. S

Because the transfer characteristic curve for a JFET is nonlinear, g, varies in value de-
pending on the location on the curve as set by V. The value for g,; 18 greater near the top of
the curve {near Vgg = 0) than it is near the bottom {(near Visiofy): 25 illnstrated in Figure 7-15

- FIGURE 7-15 Iy
g Varies depending on the bias
point {Vs)-
Moy g D2
(=3 %4 Avﬁq
8wz~ Emt
------- Al
Al -oy
} Dt B Vs
—Yas
: Vasiofn AVas AVgs
| '\ Vas =0
' '1 i ! A data sheet norroailty gives the value of g, measured at Vs = OV (gn0)- For exampliz, the
i \ data sheet for the 2N5457 JEET specifies a minimunt gx (vg) of 1000 S with Vps = 12 V.
P 1 Civen g, you can calculate an approximaie value for g, at any point on she transk’
Pl characteristic curve using the following formula:
i
3 . _ Vas
‘s } Equation 72 € = Emoi L T v
b G${oft)

When a value of g, isnot avaiiable, you can calculate it using values of Ipgs and Vosurr b
The vertical lines indicate an absolute value (no sign). g
2IDSS

b Equation 7-3 o = T
‘1 S Vs

[EXAMPLE 7-4
: The following information is included on the data sheet in Figure 7-14 for a ZN54
JRET: typically, [pss = -0 mA, Vosen = —0V maximum, and Yagan — 5000 pS-
Using these values, determine the forward rransconductance for Vigs = ~4V,and find
I, at this point.
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Colution  Emo = Yi = 5000 3. Use Equation 7-2 to calculate g,.
Vs ) —4V
Em = Bm 1 - ::(SOOOILS 1 — T = 1667 S
D( Vs (off) ) 6V a

Next, use Equation 7-1 10 calculate I at Vgs = —4 V.

‘]GS 2 *4\[ 2
Iy = Ipss| 1 = (3.0mA)l 1 — v =333 pA

VGS(fo)

pelated Problem A given JFET has the following characteristics: fpgs = 12 mA, Vasem = —3 Vs and
g0 = 3000 p3. Tind g,, and I, when Vg = —2 V.

jnput Resistance and Capacitance

As you know, @ JEET operates with its gate-source junction reverse-biased, which makes
ihe input resistance at the gate very high. This high input resisfance is one advantage of the
JiET over the BJIT. (Recall that a bipolar junction transistor operates with a forward-biased
hasg-emifter junction.) J FET data sheets often specify the input yesistance by giving a value
for the gaie TEVEIse current, fggs, at @ certain gate-to-source voltage. The input resistance
cin then be deternined using the following equation, where the vertical lines indicate aun
Jhsolute value (no sign):

Vas
Rw =y

IGSS

For example, the 9N5457 data sheet in Figore 7_14 lists a maximum Igss of —1.0 nA for
Vo= —15Vat 25°C. I5gs INCTEASES with temperature, so the input resistance decreases.
The input capacitance, Ciesr 18 aTESULL of the JFRT operating with a severse-biased pn junction.
Recall that a reverse-biased pn junction acts as 4 capacitor whose capacitance depends on the
amount of reverse voltage. For example, the 2N5457 has a maximun Ci; of 7 pF for Vigs = 0.

EXAMPLE 7-5
A certain JFET has an gss of —2 nA for Vgg = —20V. Determine the input
resistance.

Vs

IGSS

20V
= 220 = 10,000 MQ
2 nA

Solution Rin—

Related Problem Determine the minimum inpat resistance for the IN5458 from the data sheet in
Figure 7-14. ‘

Drain-to-Source Resistance

You learned from the drain characteristic curve that, above pinch—off, the drain current is
relatively constant over arange of drain-to-source voltages. Therefore, alarge change in Vg
produces only a very small change in Ip. The ratio of these changes is the drain-to-source
resistance of the device, g

AVpg
Alp

Data sheets often specify this parameter in terms of the output conductance, g, O output
admittance, s

i

Tas

341
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T T

e

| SECTION 7-2

| REVIEW 1. The drain-to-source voltage at the pinch-off point of a particular JFET is T V. If the

gate-to-source voltage is zero, what is Vol

nes

" 2. The Vi of a certain n-channel JFET is increased negatively. Does the drain current
increase or decreasel

3. What value must Vg; have to produce cutoff in a p-channelJFET withaVe= —3V? |

4_‘_._-__*__,___._-#—«4..._7,__,__._..—_

———a e

e ———

7-3  JFET BIASING

Using some of the FET parameters discussed in fhe previous sections, you will now see
how to de-bias JFETs. Just as with the BIT, the purpose of biasing is to select the proper
de gate-to-source voltage to establish a desired value of drain current and, thus, a proper
Q-point. You will learn about two fypes of bias circuits, self-bias and voitage-divider bias.

After completing this section, you should be able to

m Discuss and analyze JEET bias circuits

w Describe self-bias

s Analyze 2 self-biased JFET circuit

m Set the self-biased Q-point

® Analyze a JFET circuit with voltage-divider bias

2 Use transfer characteristic curves to anatyze JFET bias circuits

# Discuss Q-point stability

Self-Bias

Setf-bias is the most common type of JEET bias. Recall thata] FET must be operated such
that the gafe-source junction is always reverse-biased. This condition requites a negative
Vs for an n-channel JFET and a positive Vgs for a p-chanpel JFET. This can be achieved
- using the self-bias arvangements shown in Figure 7-16. The gaie resistor, Rg, does notal

i fect the bias because it has essentially no voitage drop across it; and therefore the gate It
i D mains at O V. Ry is necessaty only to isolate an ac signal from ground in ampiifie
' applications, as you will see later.

I FIGURE 7-16 +Vop
Self-biased JFETs (ks = Iy in all FETs).

{a} n channel by p channel
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chansnel JEET in Figure 7_16(a), I produces 2 voltage drop across Rg and
Emd \]G = O, then "]S = IDRS'

uree positive with respect 10 ground. Since Ig=1Ip

ource voltage is

0 - IDRS = fIDRS

gor the 7
e {he 59

: g;lid—lO‘S

i

* Vas = Vo~ Vs ™

FHTAS
\.JGS p==] "IDRS

,-channel JFET sh
at the SOUICE, making the gate po

o the 7 own in Figare 7.16(b), the current through Rg produces a nega-
e voltage sitive with respect 10 the source. Therefore,

gueels T Ins

’ VGS — +IDRS
in the following analysis, the n-channel TRET in Figure 7-16(a) is used for illustration.
that anatysis of the p-chanael JFET is the same except for opposite-polarity

feep 0 mind
to ground is determined as follows:

(olmges. The
Vo = Voo — InRo

= IpRg, the drain-to-source yoltage is

drain voltage with respect

since Vs
Vps = VD Vs = Vpp — Iy(Rp. T Rs)

EXAMPLE 76
BT in this circuit, the internal

Find Vps and Vas in Figure 7-17. For the particalar ¥
parameter values such a8 Zum Vs and Ipgs 81€ such that a drain curvent (Ip) of

approximately 5 mA is produced. Another JFET, even of the same type, Iy not
produce the same results whei connected 1B this circuit due 0 the variations n

parameter vajues.

FiGURE 7-17

i

Solution Vg = IpRs = (5 mA)(220 Qy =11V

vy = Vo — InRo = 15V — (5mA)(1.0K1) 5V - 5V =10V

I

Therefore, :
VDS:VD—VS:10V~1.1V:s.9v T
s

Since Vo = OV, SRR
- o i
‘fctsﬁ "G"*VS-':OVfl.l\f:—"l.lv i 1

I\
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— § mA. Assume that Rp = 860 £,

Related Problem  Determine Vps and Vg in Figure 7-17 when I
Rs =390 Q, and Vpp = 12V

Oven the Multisim file E07-06 in the Exa
Iy, Vigs, and Vs and compare to the calcu

mples folder on your CD-ROM. Measure
lated vaiues from the Related Problem.

Setting the Q-Point of a Self-Biased JFET

ermine Iy, for a desired value
using the following relation-

The basic approach to establishing a JEET bias:point is to det
of Vgg or vice versa. Then caleulate the required value of Rs
ship. The vertical lines indicate an absolute value.

can be determined in either of two ways: from the trans-
articular SFET or, more practically, from Equation 7-{
ata sheet. The next two examples illustrate these

For a desired value of Vgs, Ip
fer characteristic curve for the p

using Insg and Vgsem from the JFET d

EXAMPLE 7-7

T that has the transfer

Determine the value of Ry required to self-bias an n-channel JFE

characteristic curve shown in Figure 7-18 at Vgs =

- FIGURE 7-18

—5 V. Calculate Rs.

From the graph, fp = 6.25 mA when Vgs =

Related Problem  Find Ry for Vs = -3V

Ipss
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FEXAMPLE 7-8

Determine the value of Rg required to self-bias a p-channel JFET with Ipgs = 25 mA
and Vgse = 15 V. Vs is 10 be 5V.

Colution Use Equation 7-1 to calculate /p.

Ves \° ( 5V \?
In =1 1 - ={25mA){1 — =
D DSS( VGS(off]) { ) 15V

= (25 mA)(1 — 0.333)" = 1.1 mA

Now, determine R.

5V
T 11.1mA

Vs

Iy

= 450 )

S

Refated Problem  Find the value of Ry required to seif-bias a p-channel JFET with Jpgs = 18 mA and
Y\’FGS(Oﬁ‘) — 8 V ‘jGS — 4 V

i Midpoint Bias Tt is usually desirable to bias a J FET near the midpoint of its transfer chaz-
acleristic curve where Jn = Jpge/2. Under signal conditions, midpoint bias allows the max-
s amount of drain current swing between Ipgs and 0. Using Bquation 7-1, it is shown
in Appendix B that I 1s approximately one-half of Ipss when Vgs = Vosem/ 34

’ B Vas Vo Vesem/ 3432
j b=l 5 | 7 sl ——5 1 = 0.5/pss
Vastos) Vastoff)

S0, by selecting Vs = Vs34, YOU should get a midpoint bias in terms of I,

To set the drain voltage at midpoint (Vp = Von'2), select a value of Ry, to produce the
desired voltage drop. Choose Rg arbitrarily large to prevent loading on the driving stage in
avascaded amplifier arrangement, Example 7-9 illustrates these concepis.

EXAMPLE 7-9
Select resistor values for Ry, and Rg in Figure 7-19 to set up an approximate midpoint
bias. For this particular JFET, the parameters are Ipgs = 12 mA and Vggem = —3 V-

¥, should be approximately 6 V (one-half of Vpp).

FIGURE 7-19

+12V
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Solution  For midpoint bias,

I
Ip = —]1233 = 6 mA 5
and ~
Vs (off) -3V
Vees——" = 24 = 882 mV
as = T34 34 "
Then

RS:\K@\ _82mY yra

Iy 6 mA

VD:VDD—IDRD

IDRD:VDDHVD {
Voo - Vo _ 12V 208Y _1x0

R, = =
> In 6 mA

Related Problem Select resisior yalues in Figure 7-19 to set up an approximate midpoint bias. The

JEOT parameters are Ipss = 10 mA and Vasemn = 7 10V, Vpp = 13 V.

Open the Multisim file EO7-09 in the Examples foider o0 your CD-ROM. The
circuit bas the calculated values fof Ry, and Rg from the Related Problem. Verify
midpoint bias is established by measuring Vp and Ip-

that an approximate

Graphical Analysis of 2 Self-Biased JFET ;

You can use the transfet characteristic Curve of a JFET and certain parameters 10 determine
the Q-point (Ip and Vgg) of a self-biased circuit. A cirouit is shown in Figure 7-20(a), and
a transfer characterisfic curve is shown in Figure 7-20(b). I aqurve is not availaple fromy
data sheet, you can plot it from Rquation 7-1 using data sheet yalues for Ipss and Vstatr

FGURET-20
A self-biased JFET and its transfer

characteristic curve.

+Vop
Rp
10%0
Rg Rs
10 MO 400 Ves(V
= = Vistofty
(a) ]
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| sperming ¢he Q-point of the circuit in Figure 7-20(a), a seif-bias dc load line is es-
To ot

- ped on the graph in part (b) as follows. First, caleulate Vg when Ip 18 ZeT0.
b B

oo = ~IoRs = (0) 470 = 0V
. o pstablishes @ point at the origin on the graph Jp =0, Vs
1 € Ings, From the curve i Figure 7-20(0), Joss = 10 mA-
R, = ~(10mA) (470Q) = ~4TV

graph (Jp = 10 mA, Vs = 47 V). Now, with two
ve as shown in Figure

= (). Next, calculate Vas

BT

VGSH ]D

o establishes & second point an the
LS . ot
4 line can be drawn on the transfer characterstic Cur

it the 102 o o ; :
i 21, The point where the Jine intersects the transfer characteristic curve 18 the Q-point of

die circiit a8 shown.

. FIGURE 7-2 1

The intersection of the self-bias dc
load line and the transfer
characteristic curve is the Q-point.

b

5_ EXAMPBLE 7~10
. Determine the Q-point for the JEET circuitin Figure 7-22(a}). The ransfer

characteristic curve is given in Figure 7-22(b).

FIGURE 7-22
I {mA)

_FIGURE f7£8 L —

s Vop ;

+V

Rp v

2.2k

Lo Rs |
10 M{L 680 0 L
)

—
oy
Rty
—~
(=2
e
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Solution

Related Problem

FIELD-EFFECT TRANSISTORS {FETs)

For I, = 0,
Vgs = —IpRs = (0){(680 £L2) = oV
This gives a point at the origin. From the curve, Ipss = 4 mA; 50 Ip = Ipgs = 4 mA.
Vg = —IpRs = — (4 mA)680 Q) =-272V

This gives a second point at 4 mA and 272 V. A line is now drawn between the two
points, and the values of Ip and Vi at the intersection of the line and the curve are taken
from the graph, as illustrated in Figure 7-22(b). The Q-point values from the graph are

I, = 225 mA
VGS = —1.5 A%

If Ry is increased to 1.0 k2 in Figure 7-22(a), what is the new Q-point?

Voltage-Divider Bias

An n-channel JEET with voltage-divider bias is shown in Figure 7-23. The voltage at the
source of the JFET musi be more positive than the voltage at the gate in order to keep the
gate-source junction reverse-biased.

- FIGURE 7-23

+Vop
Cy

An n-channel JFET with voltage-
divider bias {f; = Ip}.

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:

V. = ,_RL_V
STAR 4+ Ry

The gate-to-source voltage is
Vas = Vo= Vs

and the source voltage is
Vs = Vs — Vos

The drain current can be expressed as
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qubstifuting for Vs,
VG - VGS
Yo %

b= Rs

for this particular JFET the internal parameter values are such that V=7 V.

- FIGURE 7-24

Vo — V) 12V — 1TV 5V
Solution In = DDR D= W = 33 K0 = 1.52 mA
D N .

Calculate the gate-{o-source voltage as follows:
Vg = IpRs = (152 mA)(22k0) = 3.34V

R, 1.0 M§)
= Vo = |2 12V = 154V
Vo (R, + Rz) P (7.8 MQ)I

Vag = Vg — Vs = 154V — 334V = -18V
alues could not have been

If ¥, bad not been given in this example, the Q-point v
found without the transfer charactesistic curve.

Related Problem  Given that Vp = 6V when another JFET is inserfed in the circuit of Figure 7-24,

determine the Q-point.

Graphical Analysis of a JFET with Voltage-Divider Bias

An approach similar to the one used for self-bias can be nsed with voltage-divider bias to
graphically determine the Q-point of a circuit on the transfer characteristic Curve.

Tn a JFET with voliage-divider bias whea Ip = 0, Vgg 18 not 2ero, as in the self-biased
case, becanse the voltage divider produces a voltage af the gate independent of the drain
current, The voltage-divider de load line is determined as follows.

FO{' ID = 0,

Ve

Vas

1l

IpRs = (0)Rs = OV
Vg~ Vg=Vg— 0V = Vg

It

Therefore, one point on the line is at Ip = Oand Vg = Vg

349

Determine I and Vgg for the JEET with voltage-divider bias in Figure 7-24, given that
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For VGS - 0,
Vg = Ves Vs
Iy=—/"=73
‘ " A second point on the line is at I = Vo/Rs and Vgs = 0. The generalized dc load line i

e shown in Figure 7-25. The point at which the load line intersects the transfer characteristic
; ' curve is the Q-point.

FIGURE 7-25 I
Generalized de load line for a JFET
with voltage-divider bias. ﬁ—IT'I— T'T”*—‘TT—' 7 1
- e T

—) 67
P B
~.ry
IS S \_\_\ —
u__*_% it l |
~Vgg ~— = —
Vasem ) Vo

| EXAMPLE 7-12
' Determine the approximate Q-point for the JEET with voltage-divider bias in Figure
7-26(a), given that this particutar device has a transfer characteristic curve as shown in
Figure 7-26(b}.

| 1 Ip (mA)

1&2 iD,SS

1 LN i e gy R
1 ~Vigs (V) - ! A | | 12 STl Vs (V)
! ERT ! 4
f Vasetn
| ®

FIGURE 7-26
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Cofution  Pirst, establish the two points for the bias line. For I, = 0,

R, 2.2 MO
Ve =Vg = —~ Ve, = =
68— 76 (m~+RJ ob (44MQ)8V 4V

The first point is at [ = 0 and Vgg = 4 V. For Vs = O,
_ "TG - VGS "’G 4V

= 1.2 mA

I
b R ¢ 33%0

The second point is at fp = 1.2 mA and Vgg = O.
The load line is drawn in Figure 7-26(b), and the approximafe Q-point values of
Iy= 1.8 mA and Vgs = 1.8 V are picked off the graph, as indicated.

neloted Broblern  Change Ry to 4.7 k&2 and determine the Q-point for the circuit in Figure 7-26(a).

Open the Multisim file BO7-12 in the Examples Solder on your CD-ROM. Measure ﬁ

the Q-point values of Ip and Vg and see how they compare to the graphically i

determined values from the Related Problem. J
e ,

Q-Point Stability

Unfortunately, the transfer characteristic of a JFET can differ considerably from one device
« another of the same ¥ pe. 1f, for example, a JN5459 JFET is replaced in a given bias cir-
cuit with another 2N5459, the transfer characteristic curve can vary greatly, as illusirated in
Figure 7-27(a). In this case, the maximum Ipss is 16 mA and the minimurm Jpgs 18 4 mA.
Likewise, the maximum Vs is — & V and the minimum Vst 15 72 V. This means that
il you have a selection of 2N5459s and you randomly pick one out, it can have valoes any-

whare within these ranges.

! VGS(off) VGS(QE)
— ®

|

FIGURE T-27 .
Variation in the transfer characteristic of 2N5459 JFETs and the effect on the Q-point
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i (b), the same circuit us-

as Jlustrated in Figure 7
dept

|
1t a self-bias dc Joad line 18 drawn
inga AN 5459 can have d (Q-point any where along the ine from Q1. the minimum bias point,
- 0 O, the raximun bias point. Accosdingly. the drain current ¢t be any value between Iy, S0
ot and I, a5 shOWn by the shaded area. This oeans that the de voltage at the drain can have .
e a range of values depending op 1. Also, the gate-to-sOuree yoltage can be any value be- . Al
rween Vas. and Vg, 85 indicated. e B
Figure 7-28 illustrates (Q-point stability for 2 self-biased JEET and for a JFET with o
voltage-divider bias. With voltage-divider bias, the dependency of I, on the range of - el
hecause the slope of the biag line is less than for self-bias for a given JFET, b
divider bias, [n 18 much mors el

points is reduced
Although Vs varies quite
stable with voltage—divider bias.

a bit for both self-bias and voltage-

(b} Voltage-divider bias

{a) Self-bias

FIGURE F-Z28
between the minimum auch less for a IFET with

fora self-biased JFET.

The change in o and the maximum Q-points B

vdtage—divicler bias than
Hﬂﬁ_g.ﬁf__,ﬂ_ N I R
1. Shoulda pachanne!jFET have a positive or 3 negative Ves!
2.Ina certain self-biased n-channel JFET circuit, o = 8 mA and R = 1.0 k&
nd 3 soUrE :

Determine V-
ate voltage of3Va

3. An n-channel JFET with voltage-divider bias has 2 &
voltage of 5 V. Calculate Ves
)__f_;_#__v___ii_‘r_k________,_,j____ﬁ_ﬁ_ﬁ_,)ft . _A___ﬁ_r__._’_,_,,_,._,-7-——’)"”"

eld-etfect rransistor) {5 another
in tha[ it hi

T differs from the
is from &

1 7.4 THE MOSFET
The MOSFET {mesal oxide 8
d-effect transistor. The MOSE

category of fiel
fructure; instead, the gate ©

no pr junction 8
channel by @ silicon dioxide (Si0,) layer. T
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THE MOSFET

L leuoﬁ (D) and enhancement (E). Because of the insulated gate, these devices are

cilé-gim_es cailed IGFETs.

aﬁm completing this section, you should be able to

ﬁpjéin the operation of MOSFETs

: a.DEbéTibe the structural difference between an i-channel and a p-channel depletion
MOSFET (D-MOSFET)

gExp]ﬂlﬂ the depletion mode
lIprlam the enhancement mode

_ 'd::.j:{]eﬁt.ify the symbols far n-channel and p-channel D-MOSFETs

| » Describe the structural difference between an n-channel and a p-channel
- enhancement MOSFET (E-MOSFET)

.:.a'-]:d:ci:ntify the symbols for #-channel and p-channel E-MOSFETs
& Bxplain how D-MOSFETs and E-MOSFETs differ
» Discuss power MOSFETs
e Discuss dual-gate MOSFETs

- Depletion MOSFET (D-MOSFET)

One type of MOSFET is the depletion MOSEET (D-MOSFET), and Figure 729 ilius-
saies its basic structure. The drain and source are diffused into the substrate material and
ten connected by a narrow channel adjacent to the insulated gate. Both r-channel and
p-channel devices are shown in the figure. We will use the n-channel device to describe the
hasic operation. The p-channel operation is the same, except the voltage polarities are op-
pusite those of the n-channel,

FIGURE 7-29

353

Drain Dirain

of D-MOSFET:.

P
suhsirate

Source Source

(&) n channel {b) p channel

The D-MOSFET can be operated in either of two modes—the depletion mode or the en-
hancement mode—_and is sometimes called a depletion/enhancement M OSFET, Since the
ga'te is insulated from the channel, either a positive or a negative gate voltage can be ap-
plied. The n-channel MOSFET operates in the depletion mode when a negative gate-to-
source voltage is applied and in the enhancement mode when a positive gate-to-source
voltage is applied. These devices are generally operaied in the depletion mode.

Representation of the basic structure
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Depletion Mode Visualize the gate as one plate of a parallel-plate capacitor ang th
nel as the other plate. The silicon dioxide insulating layer is the dielectric. With a
gate voltage, the negative charges on the gate repel conduction electrons from the Channe
leaving positive ions in their place. Thereby, the n chamnel is depleted of some of i, EIec.l
trons, thus decreasing the channel conductivity, The greater the negative voltage on the Site
the greater the depletion of n-channel electrons. At a sufficiently negative gate‘t()-sgm-cc‘
voltage, Vasm, the channel is totally depleted and the drain current is zero, This depletip,
mode is llustrated in Figure 7-30(a). Like the r-channel JFET, the n-channel D-MOs FET
conducts drain current for gate-to-source voltages between Vasem and zero, In addition, the
D-MOSFET conducts for values of Vs above zero.

€ chay.
nega[i\'c

il

Vog —

T

{2) Depletion mode: Vgg negative and iess than Voswem (b) Enhancement mode: Vg positive
FIGURE 7-30

Operation of n-channel D-MOSFET,

Enhancement Mode With a positive gate voltage, more conduction electrons are al-
tracted into the channel, thus increasing {enhancing) the chanpel conductivity, as illustrated :
in Figure 7-30(b). ;

D-MOSFET Symbols  The schematic symbols for both the n-channel and the p-channel de-
pletion MOSFETS are shown in Figure 7-31. The substrate, indicated by the arrow, is not-
mally (but not always) connected internally to the source. Sometimes, there is a separate
substrate pin. An inward-pointing substrate arrow is for 1 channel, and an outward-pointing
arrow is for p channel.

FIGURE 7-31 Drain Diin
D-MOSFET schematic symbals,

Gata Gute

Source Sotiree

n chanmel p channel i




Friloncement MOSFET (E-MOSFET)

The E-MOSFET operates ondy in the enhancement mode and has no depletion mode. It dif-
fers in construction from the D-MOSFET in that it has no structural channel. Notice in
pigure 7-32(a) that the substrate extends completely to the Si0, Iayer. For an n-channel de-
vice, a positive gate voltage above a threshold value fnduces a channel by creating a thin
tayer of negative charges in the substrate region adjacent to the S5i0), layer, as shown in
Fiewre. 7-32(b). The conductivity of the channel is enhanced by increasing the gate-to-
snzu'ce voltage and thus pulling more electrons into the channel area. For any gate voltage
belew the threshold value, there is no channel.

Drain

51004
AN

Gale l====23 | | p substrate

Source — I -

(a) Basic construction

l

(b} Induced channel (Vg > VGS(zh))

The schematic symbols for the n-channel and p-channel E-MOSFETSs are shown in
Figure 7-33. The broken lines symbolize the absence of a physical channel. Like the
D-MOSFET, some devices have a sepataie substrate connection,

Diuin FIGURE 733

E-MOSFET schematic symbols.

Lirain

i Gan

Sowarce Soree

1 channel p channel

Power MOSFET;
The ¢ . ) ‘
\“f ‘Lon\'en.‘llona} enhancement MOSFETS have a Jong thin laterai channel as shown in the
an dﬁiﬁll.al view in Figare 7-34, This results in a relatively high drain-to-source resistance
'Mits the E-MOSFET to low power applications, When the gate is positive, the chan-

His for .
formed ciose 1o the gate between the source and the drain, as shown.

ligr

THE MOSFET ® 355

FrOunn Tod

Representation of the basic
E-MOSFET construction and
operation {n-channel).
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FIGURE 7-34 Source Gate Drain

Cross section of conventional
E-MOSEET structure. Channel is

shown as white area.

Substrate

{ateral Double Diffused MOSFET /LDMOSFET) The LDMOSFET is a type of enhance-
ment MOSFET designed for power applications. This device has a shorter channel between
drain and source than does the conventional E-MOSFET. The shorter channel results i
lower resistance, which allows higher current and voltage.

Figure 7-35 shows the basic structure of an LDMOSFET. When the gate is positive, a
very short # channel is induced in the p layer between the lightly doped source and the
n~ region. There is current to the drain through the » regions and the induced channel {rom
the source, as indicated.

FIGURE 7-35 Source  Gale Drain

M - —

Cross section of LDMOSFET

structure.

VMOSFET The V-groove MOSEET is another variation of the conventional E-MOSFET
designed to achieve higher power capability by creating a shorter and wider channel with
jess resistance between the drain and source. The shorter, wider channels allow for higher
currents and, thus, greater power dissipation. Frequency response is also improved.

The VMOSFET has two source connections, a gate connection on top, and a drain con-
nection on the bottom, as shown in Figure 7-36. The channel is induced vertically along
both sides of the V-shaped groove between the drain (n' substrate where n* means a higher
doping level thag n~) and the source connections. The channel length is set by the thickness
of the Iayers, which is controlled by doping densities and diffusion time rather than by mask
dimensions.

FIGURE 7-36 Source Giate Sourcs

R MR

Cross section of VMOSFET structure.

TMOSFET TMOSFET is similar to VMOSEET except that it doesn’t use & V»ShﬂP‘fd
groove and is, therefore, easier to manufacture. The structure of TMOSFET is iflustrated "
Figure 7-37. The gate structure is embedded in a silicon dioxide layer, and the source c
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FIGURE 7-37

LA i S S

Cross section of TMOSFET structure.

Source  Gate

Drain

inuous over the entire surface area, The drain s on the bottom. TMOSFET

L is cont
es greater packing density than VMOSFET, while retaining the short vertical chan-

,;.’hif\'
nel advantage.

" pual-Gate MOSFETs |

The dual-gate MOSEET can be either a depletion or an enhancement type. The only differ-

ence is that it has two gates, as shown in Figure 7-38. As previously mentioned, one draw-

ek of a FET is its high input capacitance, which Testricts its use at higher frequencies. By

psing a dual-gate device, the input capacitance is reduced, thus making the device useful n
. high-frequency RF amplifier applications. Another advantage of the dual-gate arrangement
i« that it allows for an automatic gain control (AGC) input in certain RF amplifiers.

' D D “FIGURE 7-38
Dual-gate n-channel MOSFET
Gy G symbols.
Ga G,
S 5
{a) D-MOSFET {b) E-MOSFET

TION 7-4

| REVIEW 1, Name the two basic types_c;f MOSFET:.

7. I the gate-to-source voltage in an i-channel d_eph_etion. MOSFET is made more
negative, does the drain current increase or decrease?- e ‘

; 3. If the gate-to-source voltage in-an n-_éhann‘ei E-MOSFET is made more positive,
‘e does the drain current increase or decrease? : S

1.5 MOSFET CHARACTERISTICS AND PARAMETERS

Much of fhe discussion concerning JFET characteristics and parameters applies
equally to MOSFETS. In this section, MOSFET parameters are discussed.

After completing this section, you should be able fo
® Define, discuss, and apply important MOSFET parameters

® Analyze a D-MOSFET (ransfer characteristic curve
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FiGURE 7-37
D-MOSFET general transfer
characteristic curves.

Solution

Related Problem

» Use the equation for the D-MOSEET transter characteristic to calculate Iy
® Analyze an E-MOSFET transfer characteristic curve

a Use the equation for the B-MOSFET transfer characteristic 0 calculate I
a Use a MOSFET data sheet

Discuss handing precautions far MOS devices

D-MOSFET Transfer Characteristic

As previously discussed, the D-MOSFET can operate with either positive or negative gate voit-
ages. This is indicated on the general transfer characteristic curves in Figure 7-39 for both s-
channel and p-channel MOSFETs. The point on the cuTves where Vs = 0 corresponds to fg,
The point where =0 corresponds 0 Vs As with the JFET, Vesem = —Vp.

The square-law expression in Equation 7-1 for the JEET curve also applies to the
D-MOSFET curve, as Example 7-13 demonstrates.

"VGS
VGS(a ]

(a) n channel (b} p channel

For a certain D-MOSFET, Ings = 10 maA and Vgsiom = -8V
(a) Is this an 1-channel or a p-channel?

(b) Calculaie Ipat Vos = -3V

(¢) Calculate Ipat Vgs = +3 V.

(a) The device has a negative Vospin: therefore, it is an st-channel MOSEET.

VGS 2 ( ’_3 V z
b I = [ 1 — = = {(10mA ! — 3 = 3,91 mA
® b DSS( VGS{o[f)) (10 mA) R Tt
+3Vy
() Ip = (10 mA)(l - —:S—V—') = 18.9 mA

For a certain D-MOSFET, Ipss = 18 mA and Vasen = +10V.
(a) Is this an n-channel or a p-chzmnel‘?
(b) Determine Ip at Ves = H4V.

(¢) Determine Ip at Vs = —4 V.

i
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T Transfer Characteristic

£ MO SFE
:‘ . |:,MOSFET uses only channel enhancement, Therefore, an n-channel device requires
R source voltage, and a p-channel device requires a negative gate-to-source
7-40 shows the general transfer characteristic curves for both types of
see, there is no drain current when Vgs = 0. Therefore, the
. AjOSFET does ot have a significant Ings parameter, as do the JEET and the D-MOSFET.
o there is ideally no drain carrent until Vg reaches a certain nonzero value

: ,g-ﬁ\\ilive gaie-10-
 ypgpe. FIgUTE

; '!\_.,_\1()SFETS. As you can

- tice also that
L ed the reshold voltage, Vasqy-

FIGURE 7-40

n _HGURE 7Y

In
1 1 E-MOSFET general transfer
characteristic curves.
.//
e N

] T e

ol Vosm +Vgs Vg Vosay 10
(a) » channel (b) p channel

The equation for the parabolic transfer characteristic curve of the B-MOSFET differs
from that of the JFET and the D-MOSFET because the curve starts at Vs rather than
Vissiom O the horizontal axis and never infersects the vertical axis. The equation for the
£ MOSFET transfer characteristic curve is

I = K(Vgs — vGS({h))2 Equation 7-4
The constant K depends un the particular MOSFET and can be determined from the data

sheet by taking the specified valve of I, called Iy, af the given value of Vgs and substi-
liting the values into Equation 7—4. A typical B-MOSFET data sheet is given in Figare 7-41.

LEXAMPLE 7-14
: : The dara sheet in Figure 7-41 for a IN7008 B-MOSFET gives Ingem = 500 mA
{minimum) at Vgs = 10V and Vgg = 1 V- Determine the drain cugrent for Ve = S V.

Solution  First, solve for K using Equation 7-4.
I(on) 500mA 500 mA

K:M:

T 2 = 6.17 mA v*
{(Vas — Vcsuh})z (lov -1 V)? 31 v? /

Next, using the value of K, calculate I for Vs = 5V,

Iy = K(Vgs — Vasum)” = (6.17 mA/VH(SV — 1V)? = 987 mA

Related Problem  The data sheet for an E-MOSFET gives Ipen = 100 mA at Vg = 8 V and Vegan =
4V. Find I, when Vg = 6 V.
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o 2N7008 |
- Maximum Ratings
. Rating Symbol Value Unit Case 29-04, Style 22 :
m‘;'; Drain-Source voltage Ybss 60 Vde TO-92 (TO-226A4) !
T Drain-Gate voltage (Rgg = § M) YboR 60 Vde NS |
‘ T Gate-Source voltage Yas +40 Vde / 3 Drain 1
H , Drain correnat mAde !
i Continuous In 150 ‘
e Pulsed Ionm 1000 2

Total power dissipation @ T, = 25°C Po 400 W | Gate
Derate sbove 25°C 3.2 mW/°C Z | Source 3
Operating and storage Tr T —35 to+1350 °C 3 ;
; temperature range {
: Thermat Characteristics TN{OS FET I
Thermal resistance junction io ambient Rza 312.5 °CIwW Transistor i
Waximum lead lemperature for i3 300 °C ‘
soldering purposes, /16" from case & channel — Enhancement |
for if seconds i

Electrical Characteristies (T = 23°C unless otherwise noted.}

{ Characteristic | Symebaol [ ¥in | WMax 1 Unit i
OFY Characteristics
Drain-Source breakdown voltage Vinrypss 60 - Ve |
(Vg =0, fp = 100 wA} i
Zero gate voltage drain current Igs LA de
(Vps =30V, 5= 0) - 16
(Vg = 30V, Vg =B, T, = 125°C) - 500 ‘
Gate-Body leakage current, forward Igsse - ~100 nAde ‘
(Vggr =30V de, Vg =0) |
4
ON Characteristics
Gate threshold voliage (Vhg = Vas, fp =230 gA) Vasun 1.0 25 Vde
Static drain-source on-resistance Ds(an) Ohm
(Vs =50V de, Iy = 50 Ade) - 73
(Vos = 10V de, Iy = 500 mA do, T = 125°C) - 135
Drain-Source on-vollags Ybston) Vde
(Vi = 5.0V, Iy = 50 A - L3
(Vg = 10V, Ip = 500 mA) - 373
On-state drain curcent Tgom 500 - mA
(Vgs = 10V, Vps = 20Vpon))
Forward transconductance 85 80 - #nthos
{Vpsg 2 2.0Vngen. To = 200 mA) or {8
Dynamic Churacteristics
. ‘ Input capacitance Cis - 30 pF
P Output capacitance {VD;= ?5():'4;? =0 Coss - 25
| =1 F)
: Reverse transfer capacitance Cres - 3.0
iy Switching Chavacteristics
j T
; Turn-On delay time {Vpp =30V, ip=200mA fan - 20 as
. Tuen-OFf delay time Ryen = 25 ohins, Ry, = 150 ohms) foF - 20

- FIGURE 741
i Data sheet for the 2ZN7008 n-channel E-MOSFET (TMOSFET construction).

P ' Handling Precautions

All MOS devices are subject to damage from electrostatic discharge (ESD). Because the zate
of a MOSFET is insulated from the channel, the input resistance is extremely high (ideally 1t-
finite). The gate leakage current, Iggs, for a typical MOSYFET is in the pA range, whereas the
gate reverse current for a typical JFET is in the nA range. The input capacitance results from
the insulated gate structure. Excess static charge can be accumulated because the mnput ¢
1 pacitance combines with the very high input resistance and can result in damage to the device
To avoid damage from ESD, certain precautions should be taken when handling MOSFETS

1. MOS devices should be shipped and stored in conductive foam.

2. All instruments and metal benches used in assembly or test should be connected
to earth ground (round or third prong of 110 V wall outlets).
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" The assernbler’s or handler’s wrist should be connected to earth ground with a
of wire and a high-value series resistor.

I:{
b
K
1

B
|

i

length

4. Never 1emov® 8 MOS device (or any other device, for that matter) from the circuit
while the power is om.

Do not apply signals to a MOS device while the de power supply is off.

5

1. What is the major difference in construction of the D-MOSFET and the E-MOSFET?
2. Name two parameters of an E-MOSFET that are not specified for D-MOSFETs?
3. What is ESD?

Three ways to bias a MOSFET are zero-bias, voltage-divider bias, and drain-
(eedback bias. Biasing is important in FET amplifiers, which you will study in the
next chapter.

After completing this section, you should be able to
= Discass and analyze MOSFET bias circuits

8 Describe zero-bias of a DAMOSFET

e Analyze a zero-biased MOSFET circuit

e Describe voltage-divider bias of an B-MOSFET
¥ Describe diain-feedback bias of an E-MOSFET

D-MOSFET Bias

Recal] that D-MOSFETSs can be operated with either positive or negative values of Vg A sim-
ple bias method is to set Vg = 0 so that an ac signal at the gate varies the gate-to-source volt-
age above and below this 0 V bias point. AMOSFET with zero bias is shown in Figure 7-42(a).
Since Vgg = 0, I, = Ings as indicated. The drain-to-source voltage is expressed as follows:

Vs = Vpp — Ipssfp

The purpose of R is to accommodate an ac signal input by isolating it from ground, as
shown in Figure 7-42(b). Since there is no de gate current, Rg does not affect the zero gate-
lo-source bias.

FIGURE 7-42
A zero-biased D-MOSFET.

+Vpp
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ac 1
input
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