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- OBUECTIVE

EXPERIMENT

‘Name
Date

Instructor

JFET

‘Characteristics

To obtain the output and transfer characteristics for a JFET transistor.

EQUIPMENT REQUIRED

—t

Insfruments
DMM , .
Curve tracer (if available)
Components

Resistors

(1) 100-Q2
(D) 1-kO
(1) 10-kQ
(1) 5-kQ potentiometer
(1) 1-MQ potentiometer

Transistor }
(1) 2N 4416 (or eqmvalent)

Suppiaes A
.DC power sapply .

9V battory W1t}w sz‘”ap oxL,leads' o
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Exp. 12/ JFET Characteristics

EQUIPMENT ISSUED

RESUME OF THEORY

PROCEDURE

Item L Laboratory serial no.
- DMM
DC power supply

2

The junction field-effect transistor (JFET) is a uﬁipolar conduction device.
- The current carriers are either electrons in an n-channel JFET or holes in a

p-channel JFET. In the n-channel JFET the conduction path is an n-doped
material, germamum or silicon, while in the p-channel the conduction path is

p-doped germanium or silicon. Conduction through the channel is controlled

by the depletion region established by oppositely doped regions in the
channel. The channel is connected to two terminals, referred to as the drain
and the source, respectively. For n-channel JFETS, the drain is connected to

a positive voltage, and the source to a negative voltage, to establish a flow 6f
conventional current in the channel. The polarities of the applied voltages for -

the p-channel JFET are opposite to those of the n-channel JFET.

A third terminal, referred to as the gate terminal, provides a
mechanism for controlling the depletion region and thereby the width of the
channel through which conventional flow can exist between the drain and
source terminals. For an n-channel JFET, the more negative the gate-to-
source voltage is, the smaller the channel width is and the less the drain-to-
source current is.

This experiment will estabhsh the relationships between thie various ¢
voltages and currents flowing in a JFET. The nature of these relatlonshlps
determmes the range of JFET apphcatlons :

Part 1. Measurement of the Saturation Current ng's ‘
and Pinch-Off Voltage Vp

N

a. Construct the network of Fig. 12.1. Insert the measured value of
R. The 10-kQ resistor in the input circuit is included to protect the
gate circuit if the 9 V battery is applied with the wrong. polanty
and the potentiometer is set on its maximum value :

5kQ
potentiometer

10k0

I-MQ
potentiometer

Figure 12-1
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Vary the 1-MQ potentiometer until Ves = 0 V. Recall that Ip =
IDSS when VGS =0V, ’ )

Set Vpgto 8 V by varying the 5-kQ potentiometer. Measure the
voltage V. I o ' :

_ , Vz (measured) = L
Calculate the saturation current from I pss = Ip = Vp/R using the .
measured resistor value and record below. o

Ipgs (from measured) =

e. Maintain Vpg at about 8 V and reduce Vg until Vz drops to 1 mV.

At this level I, = Vp/R = 1 mV/100 Q = 10 HA = 0 mA. Recall that C
Vp is the voltage Vs that results in I, = 0 mA. Record the pinch- ) b
off voltage below: : . ST s

Vp (measured) = :

Check with two other groups in your laboratory area and record

 their levels of Ingg and V.

1. Ipss= ., Vp=__
2. Ipgg = , Va=_ .

Based on the above, are Ipss and Vp the same for all 2N4416

——

transistors? ..

Using the determined values of Ingg and Vp, sketch the transfer !
characteristics for the device in Fig. 12.2 using Shockley’s I
equation. Plot at least 5 points on the curve.

2. \
ID=IDSS( -——~) S (12.1).
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Figure 12-2 Transfer characterlstlcsi 2N4416

Partz Output Ch«:racter:stscs ‘

Thls part of the experunent wnl determme the I, versus Vpg characteristics
for an n- chalmel JFET

a. Usmg the network of Fig. 12.1, vary the two potenuometers untll
Vgs =0V and Vg = 0 V. Determine Iy, from I, = VR/R usmg the
measured value of R and record in Table 12.1.

'b. Maintain Vag at 0 V- and increase Vps through 14V (m 1 volt’

steps) and record the calculatéd value of Ip. Be sure to use the
o measured value of the 100-Q resistance in your calculations: -

c. Vary the 1-MQ potentiometer until Vgs =-1V. Mauntammg VGS
at this level, vary Vpg through the levels of Table 12.1 and record
the calculated value of Ip.

d. Repeat step 2(c) for the values of Vg appearmg in Table 12.1.
Discontinue the process once Vg exceeds Vp.

e. Plot the output characteristics for the JFET on the graph of F1g B

12.3.
"~ f. Does the plot verify the conclusions of Part 1? That is, is the
average value of Iy, for Vgg = 0 V relatively close to IDSS? Is the
_ value of VGS that results inlp=0 mA close to Vp -
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TABLE 12.1

W | ma) | may | ) | ) | | my | o

8.0

9.0

10.0

11.0

12.0

130

14.0

- Ipgs (Figi12.3)= -
Ipgs (Part 1) =
Vp (Fig. 12.3) =
VP (Part 1) =

Part 3. Transfer Characteristics

' This part of the experiment will determine the Ip vs. VGS transfer
" characteristics frequently used in the analysis of JFET networks. Ideally, the

transfer characteristics as determined by Shockley’s equation assume_that

the effect of VDS can be ignored and the characteristic curves of Fig, 113 for
“a given Vg are considered horizontal. The followitg ‘will show that the-
transfer curve does vary slightly with VD s but not to the point where concern
should develop about using Shockley’s equation. '

For this part of the experiment all the data can be obtamed from Table
12.1. There isno expenmental wo:fk in this part.
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Figure 12-3 " Drain-current curve: 2N4416,

12.2 usmg the data of Table 12.1.

- TABLE 12.2

13

14

“Vps(Vy

a. At VDS .3 \% record the Values of Ip for the range of VGS in Table é '

Vs

3V

6V

9V

12v

Ves

Ip(mA)

Ip(mA)

Ip(mA)

Ip(mA)

oV

-1V

-2V

-3V

4V

5V

'—6V

o e e
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b. Repeat Part 3(a) for Vps=6YV, 9 V and 12V,
c. For each level of Vpg plot I vs. Vg on the graph of Fig. 12. 4. Plot
each curve carefully and label each curve with the value of Vpg.
'd. Is it reasonable (on an abproximate basis) to assume the family of

curves of Fig. 12.4 can be replaced by a single curve deﬁned by
Shockley’s equatlon? :
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@ Figure 12-4 " Pinch-off voltage curve: 2N4416.
I ‘ .

Part 4. Determmataon of the JFET Characteristics

Usmg a Commerc:ai Curve Tracer -

‘% a. If available, use the curve tracer to obtain an output set (I, vs.
» Vpg) of charactenstlcs for the 2N4416 JFET.
k3 ~b. Reproduce the characteristics on the graph of F1g 12.5.
" c. Compare the characteristics to those obtained in Part 2, Fig. 12.3.
~ Note that the scales are tbe same to perrrnt a dn‘ect com- panson
3
)
) . d. From your data obtained in Fig. 12.5 draw the transfer
. i - characteristics in Fig. 12.6. Compare this graph with Fig. 12.4 in
@ - g g -Part 3. Use as many data points from Fig. 12.5 as you feel are
). required to obtain the desired curves.
)
)y
)

e



« i

L Y ™ 1 I T A Rt ™ R N N N T L N O T e

{s :
(pﬂ g i
Q
~
0
L
=
R .
S ] T
- <+ [ BHA
8 = = >
rnm ) [ <t J
< ) LE '
O - L2 e o L S
m © i .
Tl o HHH ©
b 3 H g
2 z T [ S
S o o - =
. o “t N
-t -+ e
mn (=] m __.-Il .m
S T 8
[« . H Q-
: B
o e
© H [3] i
S0 L o
. SHﬁI f]
3 3
~ g HHH 2
3 117 @
= CH =
v B e
(] Tt
: SHH @
T e
% SR
o TH 2
+ @ ‘o
5 9
) b -
= iL
o™ .
- .
.
— R
&
2
- O ¥ &N © ow w <+ o . O
— -1 —t .-

148.



e e .y.“.'

Exp.12/ProblemsandE3<ercilse’s R T Lo ’ 149

Problems and Exercises

1. Givenlj and Vs at a particular pomt on Shockley s curve can the values
of Ingg and Vp be determined? If so; how? If not, why not? )

2. a. Wnte Shockley’s equatxon in a form that Wﬂl prov1de Vgs in terms of
Ipss, Vp, and Ip. ‘

' b. GivenIpgg = 10 mA, Vp= -5V, and Ip = 4 mA, find the value of Vgg.

VGS (calculated) =

3.. The trmsconductance &> of a JFET is an important quantity in ‘the AC-

analysis of JFET amplifiers. Its magnitude is defined by the slope of

. Shockley’s equation at a point on the characteristics. The “application of

calculus teéchniques to Shockley s equatmn Wﬂl result in the following
equation for g, -

Em =8mo (1"'VG.S'/VP) . - (12.1)

= . with
? o 2 Ipss 122
v 7 A : gmo = IVprl 4

which is the transconductance at Vgg=0V. .
o a. ;U_sing the experimental results of Part 1-determine g,

N . Emo (calculated) =
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b. Referring to the transfer curve of Fig. 12.2, is the slope of Shockley’s - { }

* equation a maximum at Vg =0 v?

%

Based on the above, can we assume that &m0 calculated in Exercise
3(a) is the maximum value of g,,7 ‘ - : RS

" ¢. Determine g, at Vgs = Vp.

Em (célculated) =

Referring to the tranSfef curve of Fig. 12.2, is the slope of Shockley’s
equation a minimum at Vgg = Vp? In fact, what slope would you
~ expectit to have exactly at Vgg = Vp? 2

d. Determine g,, at Vg = /4 Vp, 12 Vp, and 3/4 Vp, and plot the curve of
- gmon Fig. 12.7. :
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Figure 127 Transconductance versus Vgs of 2N4416. '
e. Referring to the transfer curve of Fig. 12.2, does the slope increase

with less negative values of Vigs? Is yot clusi n verified by the
plot of Fig. 12.7?" B T =

f. What does the fact that the graph of Fig. 12.7 is a straight line tell you
about the curve resulting from Shockley’s equation?




