JFET Characteristics

Objective

Although arguably the first transistor invented the field-effect transistor did not become
established as an important semiconductor device until experience with the BJT had
established a broadened understanding of semiconductor phenomena and technology. In
this note distinctions between the Junction Field-Effect Transistor (JFET) and the Bipolar
Junction Transistor are examined. Static terminal characteristics of two representative
JFETs are examined using a PSpice computer analysis of a sophisticated device moddl.

Although the JFET isadifferent device from the BJT nevertheless various aspects of device
use are similar in general concept if not in precise detail. The following paragraphisa
modest paraphrase of that introducing a note on BJT Biasing.

In generd al electronic devices are nonlinear, and operating characteristics can change
significantly over the range of parameters under which the device operates. The junction
field-effect transistor, for example, hasa‘norma’ amplifier operating drain voltage range
bounded by the VCR range for low voltages and drain-gate junction breakdown for high
voltages. It aso isbounded by excessive drain current on the one hand and cutoff on the
other hand. In order to function properly the transistor must be biased properly, i.e., the
steady-state operating voltages and currents must suit the purpose involved. Our primary
concern here however is not to determine what an appropriate operating point is; that
determination depends on a particular context of use and even more so involves a degree of
judgment. Rather we consider how to go about establishing and maintaining a given
operating point. Where a specific context is needed for an illustration we assume usually
that the transistor isto provide linear voltage amplification for asymmetrical signd, i.e,, a
signal with equal positive and negative excursions about a steady-state value.

Junction Field Effect Transistor

The Junction Field-Effect Transistor (JFET) isadevice providing a controlled
transport of majority carriers through a semiconductor. The figureillustrates
the essential nature of the JFET topology, actual geometry varies depending
on the intended application and fabrication techniques. The JFET isat its
heart a nonlinear resistor fabricated from a doped semi-conductor material.
To be specific werefer to an *N-channel’ device, meaning the conducting
materia isan N-type semiconductor. Operation of the complementary P- gate
channel device operationis similar and can be inferred directly from the N-

channdl discussion. In the figure the lightly shaded region is the conducting
channel. The darker regions at the ends of the channel are relatively heavily

doped terminations for the channel to assure good connections to externaly
accessible terminals.

drain

55 channel

JoUrce

By convention the terminal designations are defined so that carriers (electrons for the N-channel device)
flow from the source and to the drain. For the N-channel device, therefore, avoltage is assumed to be
applied so that the drain is positive relative to the source.

The resistance of the channel is afunction of its geometry and the electron transport parameters of the
doped semiconductor. The device as described thus far is more or less a (temperature-sensitive) resistor.
Suppose now that the channel geometry is changed, e.g., by gouging out the white area shown on the left
side of the channel. Thisisachange of channel geometry, in particular asmaller channel crosssection,
which increases the channd resistance, and therefore for a given drain-source voltage less current will flow
after the gouging. Even less current flows with further gouging. We have then avariable resistance,
although amechanically 'gouged' the resistor would have a short service life.

On the other hand the channel cross-section can be effectively varied without physically removing material.
That is, charge carriers can be effectively removed from part of the cross-section eectrically , effectively
reducing the channel cross-section and so reducing its conductivity, without actual removal of bulk material.
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To effectively remove carriers from aregion we smply need to ‘ shove' them out of that region, and the
way to shove a charged carrier iswith an eectric force. The JFET makes use of the fact that a very strong
electric field exists across a PN junction, and that field effectively removes carriers from the junction
region. The'gate’ electrode shown in the figure isformed asa PN junction, with the channel forming one
side of thejunction. The gate side of the junction isrelatively heavily doped so that the junction depletion
region extends largely into the channel.

The width of the depletion region increases with increasing reverse-bias, extending further into the channel
and further increasing the channel resistance. For small values of drain-source voltage the JFET
characteristic islinear, asillustrated by the sketch. Increasing the magnitude of the (reverse-biased) gate-
source voltage increases the depl etion width and increases the channel resistance. The drain characteristics
correspond to avariable resistor, with a voltage-controlled resistance.

The (_:onventi o_nal JFET icon for'ar_] N-qhannel device

o Vog = also isshown in the figure, and isidentified asto type
by the gate terminal PN junction arrow. Note that
following common convention the drain current is

increasing positive (in the direction of the current polarity arrow
reverse-bias | "'"DS g1o_wn) for an electron carrier flow from source to
rain.
i The P-channel deviceicon would have the gate arrow

N-channel  FEversed, and the voltage polarities also would be
reversed so that normally the hole carriers flow from
source to drain, and the gate junction is reverse-biased.

The reason for the emphasis on small values of drain-source voltage in the discussion above arises from the
fact that the gate junction extends a significant distance along the channel length as well as acrossthe
channel width. Since the channel is a continuous resistor there is avoltage drop aong the length of the
channel, and so the gate reverse-bias actually varies aong the gate perimeter. The general shape of the
depleted region in the earlier illustration is not accidental. It isintended to reflect the increasing junction
reverse-bias voltage, and the consequent increasing depl etion region width, moving from the source towards
thedrain. In addition of course the reverse-bias changes as the drain-source voltage changes, and so there
is an influence of the drain-source voltage on the resistance of the channel. In this respect make careful
note of the fact that the junction voltage isnot the same as the gate-source voltage; it is the channel and not
the source terminal that forms one side of the junction. As aready noted because of the voltage variation
along the channel the width of the depletion region varies aong the channel, being larger at the drain end of
the channel. And moreover the depletion region width changes as the drain-source voltage changes.

Ip

Indeed, as the drain-source voltage increases (for an N- Vs =0

channel device) the reverse bias across the junction increases _ _
and the channel carries less current for agiven voltage than it TNCrEaZ Y
would otherwise. The drain characteristics viewed over a reverse-bias

larger range of drain-source voltage than before appear
(roughly) as shown to theright.

Asthe drain-source voltage increases further a condition
known colloquially as ‘pinch-off’ occurs; thisisthe condition
wherein (theoretically) the depletion region extends entirely Vog
across the channel. Thisoccursinitially at the drain end of the

channel since that is where the depletion width awaysiswidest. When pinch-off occurs there is ajunction
depletion region between the drain and the source end of the channel. Further increasesin drain-source
voltage are taken up primarily by depletion-width changes in this junction region, with only second-order
effects on overall channel conduction thereafter. This second order ‘channel length modulation’ effect is
considered further later. The channel current is (to first-order) fixed by the conditions when pinch-off
occurs, al carriers forming the source-end current are swept across pinch-off junction region by the strong
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eectric field. Thisis (roughly) smilar to the carrier injection through the base of a BJT, although the
mechanism of carrier injection is different.
b Moo = [ A till more extended range of variation of the drain
Gs =4 characterigticsis sketched to the right. The voltage-
TNCHESE1Ng controlled (VCR) region, i.e., operation before pinch-off, is
reverse-bias  conventionaly called (mostly) just that, i.e., VCR region.
The ‘constant’ current (pinch-off) region to theright is
‘saturation’ (probably all the remarks respecting a conflict
with BJT terminology aready have been said, repeatedly).
W

To summarize: the JFET carrier-transport channel

D3 conductivity is modified by the eectric field associated with

I the depletion region of areverse-biased junction which
extends into the channel. The nature of the control processis such that the ability of the channel to carry
current is greatest when the control junction has zero bias (or dightly positive, but well below the diode
'knee") and decreases with increasing reverse bias. A JFET thusinherently isadevice that is'full on' with
no control exerted, and isturned off with increasing reverse bias. Thisis 'depletion-mode' operation, so-
called after the nature of the physical process through which control is exerted.

The details of the physics underlying the terminal behavior are complex. However it isthe termina
behavior and not a quantitative physical explanation for that behavior that is the principal concern here. An
exact form of atheoretical expression for adrain characteristic depends on details of both geometry and
doping. However various theoretical expressions, despite mgjor differencesin mathematica appearance,
actually produce very ssimilar numerical characteristics. Thuswe describe acommonly used ‘working’
expression, aquadratic approximation for adrain characteristic in the VCR region of operation, which has
the advantage of relative smplicity and adequacy for initial design purposes. Thisworking expressionis

the quadratic equation:
Wi o WD 1 Wog 2

b =2lpss | (1-T21 T - S (52)

(K Lss { I"'"IF' _ I""'IF' 2 I""'IF' }
Vpisthe‘pinch-off’ voltage, i.e., the gate-to-drain voltage at which the channel first becomes pinched.
'Pinch-off" is defined as the point where maximum drain current (for a given gate voltage) occurs, the
current is assumed to remain substantially unaffected by the drain voltage thereafter. Differentiate the
expression to determine that the drain-source voltage at which pinch-off occursisVps =-Vp + VGS; note
(for aN-channel device) that -V p ispositive, that VGS isnegative, that 02 VGS 2 Vp, and because of all
thisthat VDS 3 0 at pinch-off!

Asthe expression indicates the drain current Ip is zero for VDS = 0 whatever the gate bias. Thisis

notably different from the BJT, where thereisasmal (millivolts) collector-emitter voltage for zero collector
current, and zero offset can be an advantage in applications where the JFET is used as an analog switch.

The maximum current for agiven gate biasoccursat VDS =VGS -VPp, i.e., a pinch-off, and is given by the
first-order expression
lpimasi=lpgs (1- s }2
e
Thislatter quadratic expression is the locus of the pinch-off points on the common source (ID vs. VDS,
with VGS as aparameter) characteristics. The theoretical equations are described graphically in the figure

following. The drain current follows the quadratic expression up to its apex (i.e., over the VCR range), at
which point pinch-off occurs and the drain current then remains roughly constant into the saturation range.
(Not shown isthe drain-gate reverse-bias breakdown at higher drain voltages, 2N3819 device
characteristics presented later show this phenomena.) The quadratic pinch-off characteristic, i.e., the locus
of the drain current at pinch-off for different gate-source voltages also is drawn on the figure.
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Straightforward cal culation shows that the extension of the tangent at the origin to the pinch-off current
level intersectsthat current where Vp S equals haf the pinch-off voltage, i.e., (- VpP+V GS)/2. The actual

current at this voltage is 3/4 the pinch-off current.
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The tangent line from the origin and the saturation current provide convenient asymptotes with which to
sketch a characterigtic fairly accurately; note again that the actua current is 3/4 that at the intersection of the

asymptotes.

Drain Characteristics for 2N5484 N-Channel JFET

Common-Source drain characteristics computed
for the 2N5484 N-channel JFET PSpice model
are plotted below over alarge voltage range; the
voltage range is chosen to provide emphasis for
certain aspects of the characteristics. Note
however that operation withVps < 0isquite
inappropriate. In effect the roles of the source
and drain are interchanged, the gate junction
becomes forward-biased , and the resulting large
gate current isvirtually certain to lead to
destruction of the device.

*JFET 2N5484 Characteristics

VDS 2 0 DC 12
VGS 1 0 0
J2N5484 2 1 0 J2N5484
.LIB EVAL.LIB

.OP

.PROBE

.DCVDS015.01 VGS -1.200.2
.END

The left half-plane isincluded only to display an effect smilar to the Early Effect for the BJT, i.e, a
second-order dependence of the drain current on the drain-source voltage. (The scaleis chosen, as stated
before, to overemphasi ze this dependence; the dope of the curves actudly is only of the order of afew
kilohms.) The ‘channel-length modulation effect causes the characteristics to converge at acommon

intersection, about -60 volts for the 2N5484.

4 .0mA
J2N5d54
M-Channel JFET

o
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To account for this effect analytically the saturation characteristics may be multiplied by afactor 1+ VDS,
essentialy the leading terms of a series expansion:

Z
o (maxi=pes i1 —%:‘ (1+A¥DaE)

=3
The channel-length modulation parameter | istheinverse of the common drain-source voltage at which the
severa curves mest.

The VCR expression is multiplied by the same factor so as to make the two expressions predict the same
current at pinch-off aswell asVps = 0.

Wes Vs 1 Wb
b =2lpss i UI-T )= - sl ) [ (1+AVDg)
o =2bsa | (1-ZE - 590 |1 .
(Notethat thevalue of | corresponding to the -60 volt common intersection for the 2N5484 is0.017.) In
generd the second-order correction is small and generally smply can be neglected for preliminary design
calculations. Computer models use these equations with the parameters IDSS, Vp, and | chosen to match

measured device characteristics.

The common-source characteristics are redrawn below, this time to emphasize a more appropriate range of
operation. Notethat for VDS >-Vp, i.e., when the device operatesin saturation, the characteristics closaly

resemble in appearance those of the BJT. One notable distinction isthat the control parameter is gate-
source voltage, and not a (base) current asfor the BJT. Indeed the gate current of a JFET correspondsto a
reverse-biased junction, and therefore is very small.

Note also that the VCR operating range (0 £ VDS £-Vp istypically wider than the saturation range of a
BJT, so that agreater voltage margin is necessary to avoid distortion at low drain voltages.

3. mA WG5S =0
DREAIN CHARACTERISTICS 2N5454 |
D

-0.4

1. 0mA :
-0.6

=0 .0mH - T T T T . T
o 21 4 ¥pg B 21 101 Jell

The 2N5484 drain characteristics are re-plotted once again, this time to emphasize the ‘ voltage-controlled
resistance’ range. The solid circles « in the figure below mark the intersection of the pinch-off locus with
each characterigtic (i.e, where VDS = -Vp +V GS). The asymptotes for the VGS = 0 characteristic, for
example, intersect a » 0.6 valts, i.e., -Vp/2, as expected theoreticaly. The actua current at thisvoltage is »
1.8ma i.e, 0.75IpDSS, aso as expected theoretically.
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To obtain an estimate of the channel resistance in the VCR region (for small values of VpSs) we can usethe
ratio of coordinates of the asymptote intercept point, i.e., the slope of the tangent at the origin.. For the
VGS = 0 characterigtic thisestimate is (-VpP/2)/IDSS = (1.21/2)/0.00241= 251 W, the channel resistance
increases for more negative gate voltages.

2N3819 N-Channel JFET Characteristics (Another illustration)

Drain characteristics emphasizing the ‘ voltage- controlled resistance’ operating range of the 2N3918 JFET
are plotted below. The circlesidentify the intersection of the pinch-off locus with each characteristic
(i.e,whereVps =-Vp +VGS). Estimate the channel resistance in the VCR region for VGs=0 as
(3/2)/0.00118 = 1.27 KW

" T2z e
Ipss = 11.8 Ma, Y63 =0
W¥p =-3Y0OLTS
W pzipag (-2
o [ pinchoff Tocus) P
1.0
4m
-2.0
] . .
oLl 1.00 VD5 2.0 3.00 4.0u
*JFET 2N3819Characteristics
VDD 2 0 DC 12
Computed drain characteristics covering both the VGS 1 0 0
VCR range and saturation are drawn below. J2N3819 2 1 0 J2N3819
.LIB EVAL.LIB
.OP
.PROBE
.DCVDDO015.1 VGS0-3.5
.END
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Thedrain characteristics are re-plotted below over astill larger range of drain-source voltage to show the
inception of reverse-bias breakdown of the part of the gate junction near the drain for relatively large drain-
source voltages.
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JFET Amplifier

We start with an examination of amore or less specific circuit to provide R ;
abroad background for a consideration of biasing. Some distinctions D T I
from the BJT case are underlined here to call special attention to them.

Consider the simplified N-channel JFET amplifier circuit drawn to the R
right. A voltage source in the base loop reverse-biases the gatejunction, ‘s
setting the gate-source voltage to afixed value VGS £ 0. Provided the
drain source voltage is large enough, and the voltage drop across the
drain resistor is not too large, the JFET isinits normal saturated operating mode.

Thedrain current isin general afunction of the gate voltage. 1f then asmall changeismadein VGs there
isacorresponding change in drain current, and a consequent change in the voltage drop across the drain
resistor. The battery (DC) voltage Vpp provides a source of energy in the collector circuit. The battery
provides each coulomb of charge carried by the drain current around the loop with the ability to do Vpp
joules of work. Part of thiswork-doing ability, IpRD joules per coulomb, is expended in the collector
resistor. Theremainder, Vpp - IpRD joules per coulomb, is dissipated in the transistor. The rate of doing
work, i.e., power, is determined by the drain current, i.e., the rate of charge transport. Hence by controlling
the current the power provided by the battery and divided between the resistor and the transistor is
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controlled. (The power expended in the resistor should be interpreted as a general consumption of energy,
for example by aloudspeaker or asmall motor.)

The transistor provides the current-control capability by acting as a current valve; a change in gate voltage
causes a corresponding drain current change. The change in power expended in the drain resistor can be
considerably greater than the power needed to cause the change. Because the gate junction is (supposed to
be) reverse-biased thereis only avery small gate current. Moreover only asmall gate-source voltage
change is needed to change drain current significantly. The power that must be provided at the transistor
gate to effect a power change in the collector loop is therefore the product of a quite small gate current and
asmall gate voltage change. On the other hand not only isthe drain current much larger than the gate
current but also the battery voltage ordinarily is much larger than the base voltage and can support larger
voltage changes.

To solve for the loop current one could write in the usual manner aKVL loop equation Vps =Vpp-IpRp,
and substitute for Vpg from the volt-ampere relation of the transistor. It is convenient to illustrate the
solution graphically, particularly so because the | .
transistor volt-ampere relation is nonlinear. D Increasing
Thusthe transistor collector characteristicsare *DT ¥z5=0 reverse-bias
drawn (sans numerical valuesfor smplicity), Rp
and superimposed on the plot is agraph of the

KVL loop equation. Thislatter equation plots as
aline; aconvenient way of doing thisis by Yisg
locating the axis intercepts as shown. Since the
initia gate voltage is V gsg the operating point
(solution) must lie somewhere along the
emphasized collector characteristic curve; in
other words the transistor volt-ampere
relationship must be satisfied. Concurrently the
KVL expression must be satisfied; the operating
point also must lie on the ‘load’ line. Therefore
the operating point must be the intersection of y
the two curves, i.e., the point Q (for ‘ quiescent’). DD

YEsg +

+ slope = -1/Rp

Yo

Suppose now the gate voltage is changed, say increased (i.e., made less negative) to VGS+. Thereisa
conseguent increase in drain current, an increase in the voltage drop across the drain resistor, and a decrease
in the drain-source voltage. Locating the new operating point graphically isamatter of moving ‘up’ the
load lineto the transistor characteristic identified by the gate voltage VG S+.

Biasing the JFET Amplifier

The converse of analyzing a specified amplifier circuit to determine the quiescent point is ‘biasing’ the
transistor, i.e., arranging for a specified quiescent point. There are two aspectsto this synthesis. first
deciding where the quiescent point is to be located, and then locating it there.

Thereis no unequivocal choice as to the proper quiescent point; it depends on what performance the
amplifier isto provide. For example suppose the amplifier isto provide a symmetrical voltage swing about
the Q point. For amaximum symmetrical swing the Q point should be located at roughly (Vpp—Vp)/2; the
(negative) pinch-off voltage provides an offset for the nonlinear VCR range. For alesser amplitude swing
the Q point might be located lower down on the load line; thiswould involve lower drain currents and
therefore lowered requirements on the power supply.

For the present purpose we need not be overly concerned with a specific location of the Q point. Rather we
concern ourselves here with just the means for establishing a given operating point, and not what the Q
point values are. Morethan just this. Transistor parameters have significant uncertainties; parameters are
quite temperature sensitive, and in addition have large manufacturing tolerances. Not only must a specified
Q point be implemented with uncertain circuit element parameters but also it must be maintained during
environmental changes and despite device manufacturing tolerances.
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The theoretical relationship between the JFET drain current in saturation, neglecting the second-order lope
of the characterigtics, isaquadratic, shown below plotted onthe ID-VGS plane. Itisnot difficult to verify

that the tangent at VGS = 0 intercepts the abscissa at V p/2; the current for this gate voltageisIpss/4. The
asymptote and the Vp intercept are hel pful in sketching the quadratic.

gate Toad Tine I
I =¥55 /Ry Ipss VDD

R l|[:-
D

The source resistor R accomplishesthe
biasing (within limitationsto be
discussed)s. Because of the negligible

—tangent

gate current the source and drain e 2 (at Wgg=0)

currents are essentially equal, andthe  Ip = ipgg (1 - —22 +
voltage drop across the source resistor Ve Yos
provides the reverse-bias for the gate. \\. ---------- IDss + 17
Thisgate load ling' alsoisshownin .. I 4 Voo == RS
thefigure. The operating point isat the L -

intercept Q. Note: Because the gate ! ,?!
often serves as an input, for example for VP -
an incremental signal, the short-circuit connection really isingppropriate. However the gate leakage current
isquite small (about 1 nanoampere for the 2N5484) so that arather large resistor can replace the short-
circuit connection to provide an input resistance across which thereis a negligible voltage drop due to the
gate current.

A (rough) illustrative design using the 2N5484 JFET in the circuit described above follows; the common
source characteristics (PSpice model) for the 2N5484 are reproduced below.

2. 0mA

o MGESE =0
DRAIN CHARACTERISTICS ZNS4E4 |
— Ipss = 2.41 M, ¥Yp=-12vOLTS | | -0z
0y

-0.4
1.0mHA : S
-06 -
-1.0.
. ! ! . -1
—0.0mA T T T T T

oLl 21 4 ¥pg B = 101 121)

Suppose VDD is 12 volts. The pinch-off voltage for the JFET isVp = -1.2 volts, and to avoid low current

nonlinearities near cutoff alow (say) adrain voltage maximum of 11 volts. Then for asymmetrical voltage
swing over the remaining 9.8 volt range bias the JFET at about 1.2+(9.8/2) = 6.1 volts. From the
characteristics we might chose anomina middle’ current of 1 ma, with the gate-source voltage needed
being about -0.38 volts. This means we need a source resistance of 0.38/1 or 380W, 390Wis the closest
10% standard value. Finally to drop 4.9 volts with adrain current of Imarequires 4.9K; use Rp = 4.7K

Recalculated values for the specified circuit parameters (substitute into and solve the quadratic expression
using the smaller root (why?) are: Ip = 1.048 ma, VGS = - 0.408 volt, and VD = 7.074 volts. A PSpice

computation (see netlist following) sets the operating point for the specified circuit parametersat Ip =
1.1 ma, VGS = -0.43 volts, and VD = 6.83 volts.
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The PSpice netlist for the computation is:
*JFET Biaslllustration

VDD3 3 0 DC 12

RS 1 0 390
J2N5484 2 0 1 J2N5484
RD 3 2 4.7K
LIB EVAL.LIB

.OP

.PROBE

.END

The biasing analysis may be computed by calculating the drain current (saturation) as afunction of the
gate-source voltage; the plot below isfor VDS = 12 volts. Note that IDSS differs somewhat from the

nomina value of 2.41 mabecause of the channel length modulation.

Rs = 2200

Io=lpgs (1-

[ pinchoff Tocus) Ve \

VoS

2

!

—1.0u

—-0. 2

0. &l

-1.21
Ugs

Biasing the JFET Better

=0 .41

-0, 2

G.0m

- 2. 0m

1.1 ddma

The preceding illustration may imply an impressive computational accuracy but it is not aoverly practical
calculation. In practice thetransistor characteristics will be uncertain, particularly because of manufacturing
tolerances. Thefigureto theright illustrates the problem this creates. Transistors manufactured to provide

certain nomina characteristics actualy will show a spread
of gate characteristics from device to device roughly
bounded asindicated. (Actualy the characteristic with the
most negative V p does not necessarily correspond to the
characteristic with the largest IDSS. However itis
conservative to presume this, the actual device characteristic
then falls somewhere between the bounds. The difficulty,
of course, isthat except for the bounds the actual
characteristic is not predictable.)

The biasload linelabeled ‘A’ corresponds to providing the
biaswith just a source resistor; theload line in this case

IC:
B A Ipssi
bS5z
Vg \
VP Yz YiGG

passes through the origin. Note that there is a difference in the drain current, depending on whether the
deviceinvolved liesto one side or the other within the bounding gate characteristics. Note also that aload
linesuch as ‘B’ has asmaller range of uncertainty; the gate-source biasthen isVGG -IDRS, where VGG

isthe intercept on the abscissa. Thelarger VGG the less the slope of the load line, and therefore the
smaller the spread between the current intercepts on the bounding curves.
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VoD A bias configuration to provide the VGG offset is shown to theleft. The R1, R2

l | resistors form avoltage divider (the gate current is negligible if the resistors carry,

Fp L' say, amicroampere or more of current) to bias the gate by Vpp (R2/(R1+R2)); this

Ry== corresponds to VGG. Note the trade-off. VGG should be high to reduce the current
+ intercept spread. But operation in saturation requires the drain voltage to exceed the
YOS gatevoltage by at least the pinch-off voltage magnitude, and the gate bias should not

force an excessive VpD for agiven drain voltage swing.

Better-Biasing I llustration

The manufacturer’ s datafor the 2N5484 JFET indicates that the pinch-off voltage
varies between -3 voltsand -0.3 volts, and that IDSS varies between about Imaand 5 ma. Asnoted before
these data are interpreted conservatively by assuming that the extremes are correlated. Quadratic
expressions using the respective pairs of parameters are plotted in the figure following as bounds on the
actual gate characteristic. The nomina characteristic, computed from the PSpice model usng Vp =-1.2

voltsand IDSS = 2.41ma, aso is plotted.

More or less arbitrarily, in lieu of an explicit specification, anominal operating point isassumed at VGS = -
0.5 volt (roughly centered). A load linewith a5 volt offset (again amore or less arbitrary choice) is drawn.
The intercepts with the bounding curves as noted were determined (using the cursor capability of Probe).
Note the comparatively modest range of current variation (0.836 mato 1.17ma) for devices within the
manufacturing tolerance limits. For comparison the load line for smple source biasing aso is drawn
(dotted); note the much larger range of current variation predicted.

= . 0m
ZM54a4 JFET
Biazing MMusiration
D (-1.55, 1.17m} 2.41m
/ (-0.5, 0,985
1
-0.03, 0.8362
- 3w
|:| 1 . T 1 1
-4 U -2.0U -03y oU pe 2.0U 4.0U 6. 0u

JFET Incremental Parameter Equivalent Circuit
The formal development of an incremental parameter circuit for the JFET is essentialy the same for the
BJT. In both cases device characteristics in a small region about a DC operating point are approximated by

tangent lines, and the topology of linear equivaent circuit representations isthe same. There are, of course,
significant differencesin circuit element values for different devices.

A smplified incremental parameter circuit commonly used for JFET design ‘1
calculationsis as drawn to theright. For aJFET theinput resistance isthat of a Ty Y3
reverse-biased junction diode, and is ordinarily so large compared to other circuit Y3

resistancesin series with or shunting the gate-source terminalsthat it smply may be -~
neglected.

In the saturation range of operation, and neglecting second order channel-length modulation

ID(mad=Ipss (1- 425
=]
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Approximate this quadratic at a particular DC bias point by a tangent whose sope (the relation between an
incremental change in gate-source voltage vgs and an associated incremental changein drain currentid is

obtained by differentiating the quadratic:

jg=2 Y1055 1D
_'|||'F|
The coefficient gm is the incremental transconductance of the JFET. Unlike the BJT the JFET isby its

nature a (gate-source) voltage-controlled device. As noted above the incrementa input resistance of the
JFET correspondsto areverse-biased diode, and except for very specia casesthe input current is
negligible.

I‘."gﬂ g gm ""IIJS

If the channel-length modulation is to be accounted for then a gate-drain resistor (not shown above) is
added, i.e., the drain current includes a small dependence on the drain-source voltage. To account for this
include the factor 1+ | VDS factor in the expression for drain current, i.e.,
2
Iotmax)=lpss (1-+22 1" (142 ¥DS)
=3
Calculate theincremental drain resistance

W3 _ 1 !

i z Al
4 l|[:-55{1—t,£} AlDss
=]

For the 2N5484 JFET for example IDSS=2.41maand | » 1/60; theminimum rgs is» 25KW.) Thisis
rarely important for preliminary design calculations for reasons similar to those applied to the BJT Early
Effect. In general aJJFET would be designed to transfer drain current into some sort of load and a
comparatively low resistance load would be used. In any event initial design calculations would be adjusted
by computer calculations using models which include various second order effects.

A more complete model accounts for small gate-drain and gate-source capacitances. However asfor the
BJT introduction of inherent reactive effectsis postponed.
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