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EXPERIMENT

Mame
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Instructor

Diode |
‘Characteristics

To caleulate, compare, draw, and measure the characteristics of a silicon and

OBJECTIVE
a germanium diode.
EQUIPMENT REQUIRED
Instrurnents
DMM
Components
Fesistors
(1) 1-k2
(1) 1-MI02
Diodes

(1} Silieon
{1) Germanium

Supplies
DT power supply
flizcellanecus

Demonstration: 1 heat pun
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EQUIPMENT ISSUED

RESUME OF THEORY

Exp. 2 f Dicde Characteristics

ffarm Laboratory seriaf ne.
DM

DC power supply

Most modern-day digital multimeters can be used to determine the operating
condition of a dicde, They have a scale denoted by a diode symbal that will
indicate the condition of a diode in the forward and reverse-bias regions. If
connected to establish a forward-bias condition the meter will display the
forward voltage across the diode at a current level typically in the
neighborhaod of 2 mA. If connected to establish a reverse-bias condition an
“0OL” should appear on the display to support the open-circuit approximation
frequently applied to this region. If the meter does not have the diode-
checking capability the condition of the diode can also be checked by
obtaining some measure of the resistance level in the forward and reverse-
bias regions. Both techniques for checking a diode will be introduced in the
first part of the experiment.

The current—volt characteristics of a silicon or germanium diode have
the general shape shown in Fig. 2.1. Note the change in scale for both the
vertical and horizontal axes. In the reverse-biased region the reverse
saturation currents are fairly constant from 0 V to the Zener potential. In the
forward-bias region the current increases guite rapidly with increasing diode
voltage. Note that the curve iz dsing almost vertically at a forward-biased
voltage of less than 1 V. The forward-biased diode current will be limited
solely by the network in which the diode is connected or by the maximum
current or power rating of the diode,

The “firing poten-
tial” or threshold vol-
tage is determined by
extending a straight
line (dashed lines of
Fig. 2.1) tangent to
the curves until it hits
the horizontal axis.
The intersection with
the Vi axis will deter-
mine the threshold
voltage Vo at which
the current begins to
rize rapidly.
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Figure 2-1 Silicon and germanium dicds characteristios.

Vo (volts)

The DC or Static resistance of a diode at any point on the characteristics
iz determined by the ratio of the diode voltage at that peint, divided by the
diode current. That is,

Vo

s (2.1)
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The AC resistance at a particular diode current or voltage can be
determined using a tangent line drawn as shown in Fig. 2.2. The resulting
voltage (AV) and current (Al) deviations can then be measured and the

following equation applied.

ohms L‘é.i)

Dhods character
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Figure 2-2

It can be shown through the application of differential ealeulus that the
AC resistance of a diode in the vertical-rise section of the characteristics is
given by

rye =28V | i 2.)

Ip

For levels of current at and helow the Enee of the curve the AC
resistance of a silicon dicde is better approzimated hy

25 mV
T

chmas (2.4)

Part 1. Diode Test -

Diade Testing Ecale

The dicde-testing scale of a DMM can be used to determine the
operating condition of a dieds, With one polarity, the DMM should provide
the “firing potential” of the diode, while the reverse connection should result
in an “0OL” response to support the open-cirovit approximation.

Using the connsction in Fig. 2.2, the constant-current source of about 2
mA internal to the meter will forward bias the junction, and a veltage of
sbout 0.7 V (700 mV) will ke obtained for silicon and 0.3 V (300 mV) for
germanium. If the lsads are reversed, an OL indication will be obtained.
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Figure 2-3 Diode testing.

If a low reading (less than 1 V} is cbtained in both directions, the
junction is shorted internally. If an OL indication is obtained in both
directions, the junction is open.

Perform the tests of Table 2.1 for the silicon and germanium diodes,

TAELE 2.1
Test S5 Ge

Forward

Reverse

Based on the results of Takle 2.1, are both diodes in good condition?

Resistance Scales

As indicated in the Résumé of Theory section of this experiment, the
condition of a diode can also be checked using the resistance seales of a volt-
ohm-meter (VOM) or digital meter. Using the appropriate scales of the VOM
or DMM, determine the resistance levels of the forward- and reverse-bias
regions of the 8i and Ge diodes. Enter the results in Table 2.2.

TAELE 2.2

Teast Si Gz Meter
Forward VOM
Reverss DMM

Although the firing potential is not revealed using the resistance scales,
a “good™ dicde will result in a lower resistance level in the forward bias state
and a much higher resistance level when reverse-biazed. -~

Based on the results of Table 2.2, are both diodes in good condition?

Part 2, Forward-bias Dioda Characteristics

=)

In this part of the experiment we will obtain sufficient data to plot the
forward-bias characteristics of the silicon and gérmanium diodes on Fig, 2.5,

2. Construct the network of Fig, 2.4 with the supply (E) set at 0 V.
Eecord the measured value of the resistor.

Eﬂﬁﬂﬁmﬂ@‘nmﬁmm:ﬁmmmm—_
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Figure 2-4

—

b. Increase the supply voltage until Vi (not E) reads 0.1 V. Then
measure Vp and insert its voltage in Table 2.3, Calculate the value
of the correspending current I'; using the equation shown in Table

2.3,

TABLE 2.3
Vp versus [ for the silicon diade
Vi (V) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Vo (V)
¥,
'fD= & {mﬁ;}
MEE5
Ve (V) 0.9 7 z 3 ; G B ] ] 10
Vo (V) '
Va
= ()
o HITIBEE
¢. Repeat step b for the remaining settings of Vg, using the equation -
in Table 2.3.
d. Eeplace the silicon diode by a germanium diode and complete
Table 2.4,
TABLE 24
Vi varsus fp for the germanium diode
Ve (V) 0.1 0.2 0.3 0.4 0.5 o a7 0.8
Vo (V)
TV
o= — {mA]
1 meas
Ve (Vi 0g 1 2 g 4 5_1 & 7 a g 10
Vp (V)
o Va
5= —— {mA)
v Hm&as
e,

On Fiz. 2.5, plot Ip versus Vp for the silicon and germanium
dindes. Complete the curves by extending the lower region of each
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curve to the intersection of the axis at [y =0 mA and V= 0 V.
Label each curve and clearly indicate data points. Be neat!
f. How do the two curves differ? What are their similarities?
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Part 3, Reverse Bias

a. In Fig. 2.6 a reverse-bias condition has been established. Since the
reverse saturation current will be relatively small, a large
registanée of 1 MO is required if the voltage across R iz to be of
measurable &mphtudﬂ Construct the cireuit of Fig, 2.6 and record
the measured valne of B on the diagram.

Figure 2-6
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b. Measure the voltage V. Caleulate the reverse saturation current
from I, = Vp/(B a5 |[B,.): The internal resistance (R,) of the DMM

is included because of the large magnitude of the resistance R,
Your instructor will provide the internal resistance of the DMM
for your calculations. If unavailable, use a typical value of 10 MO

B

m —_—
Vg (measured) =

I, {ealculated) =

¢. Repeat step 3(b) for the germanium diode.

Vg (measured) =
I, {calculated) =

How do the resulting levels of I, for silicon and germanium
compare?

Determine the DC resistance levels for the silicon and germaninm
diodes using the equation

Bpp {caleulated) (5i) =
B {caleulated) (Ge) =

Are the resistance levels sufficiently high to be considered open-
cireuit equivalents if appearing in series with resistors in the low
kilohm range?
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Part 4. DC Resistance

a. Using the Si curve of Fig. 2.5 (page 18) determine the diode
voltage at dicde current levels indicated in Table 2.5. Then
determine the DC resistance at each current level. Show all

calculations.
TABLE 2.5 :
Ip{mA) Vi Ree
0.2
]
&
10

b. Repeat Part 4(a) for germanium and complete Table 2.6 (Table 2.6
is the same as Table 2.5). '

TABLE 2.6 ;
pl mA) Vo R.:}c
0.2

1

5

10

¢. Does the resistance (for Si and Ge) change as the diode current
increases and we move up the vertical-rize section of the
characteristics?

Part 5. AC Resistance

a. Using the equation ry = AV/AL (Eq. 2.2}, determine the AC
resistance of the silicon diode at fp = 9 mA using the curve of Fig.
2.5. Show all work.

rg (calealated) =

G T LTI R T < s o T e v T R e P R - [T T T e T R e L T T T T - R T T T B = R e L I e P v P L T e T e S T L R T I

F N R e a el el e el



e e e -_— w— e - - e e S e el Tl e el i g g e e e _— —_— o — = A —d "ﬁl" " T T = " T e “emgr

B L. — T e,

ol g

Exp. 2/ Procedure ' 29

b. Determine the AC resistance at I, = ¢ mA using the equation
7z =26 mV/y (mA) for the silicon dicde. Show all work.

ry (calculated) =
How do the results of Parts 5(a) and 5(b} compare?

c. Repeat step 5(a) for Ip = 2 mA for the silicon diode.

rg (calenlated) =
d. Eepeat step 5(bj for I, = 2 mA for the silicon diode. Use Eq. 2.4

rq (calculated) =
How do the results of Parts 5(¢) and 5(d) compare?

Fart€. Firing Polantial

Graphically determine the firing potential (threshold voltage) of each diode
from its characteristics as defined in the Eésumé of Theory. Show the
straight-line approximations on Fig. 2.5,
Vp (silicon) =
Vo {germanium) =

Part 7. Temperaturz Effects (Demonstration)

Eeconstruet the eireuit of Fig, 2.4 using the silicon diods. Establish a current
of about 1.mA by setting Vpto 1 V.

a. Place the DMM zeross the dicde. Select the suitable volt scale.

Vs MNote the reading as the instructor heats the diode with the heat

gun., Eecord the effect on ¥y of heating the diode,
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Let the diede conl down and then measure the voltage across the

' resistor . Note the effect on Vp of heating the diede, Since I =

Vi/R what effect on the diode current of the network results from
heating the diode?

H

Since Ryjpqe = Vp/Ip what is the effect of increasing temperature
on the resistance of the diode? 83

Does a semiconductor diode have a positive or negative
temperature coefficient? Explain,

Questions

.. Compare the characteristics of silicon and garmanium in the forward- and

reverse-bias regions. In particular, which diode is closer to the short-
circuit approximation in the forward-bias region and which is closer to the
open-circuit approxmation in the reverse-bias region? How are they
similar and what are their most noticeabls differences?

2. HResearch the effect of heat oo the terminal resistance of semiconductor

materials and briefly review why the terminal resistance will decrease
with the application of heat.

£ S ™ TR TR Y AR M ST M R, e ST R R ST T P e, A A e o e e e

A— L . I . ] e




