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CONSTANT 

DCBC-01 DCBC-01 

OBJECT 

To determine the forward and reverse 
characteristics of semiconductor 

diodes like 

(a Germanium Diode. 

(b) Silicon Diode. 

(c), Zener Diode (3.9V) 

(d) Light Emitting Diode 

and to calculate the Boltzmann Constant 

PACKING LIST 

Semiconducting 
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Characteristics & Boltzmann 
Constant. Model DCBC-01 

One 

THEORY 

The diode current equation expressing the relationship 
between the current flowing 

ilough he diode as a function of the voltage applied across it is given by 

= ,(e - 1) 

where I is the current flowing through the diode, lo is the dark saturation current. q is the 

charge on the electron. V is the voltage across the diode, n is the ideality factor, k= I.38x105 

IK is the Boltzmann constant and T is the absolute temperature in Kelvin. 

The ideality factor n 
indicates the nearness 

with which the diode under consideration 

hehaves with respect to the ideal diode for whichn is equal to 1. Its value increases from one 

as the difference between the behavior of the ideal diode and the diode under eonsideration 

ncreases. In diodes it varies considerably. 
while in transistors and IC"s. n is elose to 1. 

I. Diode Characteristies 

The typical 
characteristics of a 

semiconductor 
diode is shown in Fig. 1. 

In the case of germanium and silicon diodes, and light emitting diode the parameters 

of interest are cut-in voltage Ve. dynamic 
resistance ra. and the reverse saturation current lo. 

However, in a number of devices the reverse 
saturation current may be too small to be 

measured. Zener diodes on the other hand are operated in the reverse mode and the 

parameters of interest include the zener voltageV. and the zener resistance r. All the 

characteristics mentioned above may be obtaincd with the experimental unit which consists 

(a) A variable voltage supply in the range 0-5V with current limiting at 60 mA 

(approx.). 

(b) A 3 digit voltmeter with a hasic sensitivity of 200 mV which is used to measure 

all the voltages and currents. The current however is measured in two scales, viz 

200 A and 20 mA full scale. 
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Uses 
an opcrational amplificr circuit so that the current and vollagcs arc 

easurcd in almost idealized conditions, ie the input resistances of voltmeter 
and current 

nete arc 
T00 K2 and less than a ms 2 respectiveh. This ensures 

non-interlerence 

between 

Iiese incasurements, 
which is otherw ise very common. 

S, 
to get a better feel of the devices, a specially designed digital circuit has been 

ded which displays the 
forward/reverse 

characteristics of the devices on a CRO. A pair 

f calbr.aled axes (5V and 50mA) are also displaycd. 

1/tlough the reverse 
characteristies of he diwde shown m ig I is quile realis/IC, i 

hel1 tHol be wssible to view il expermetally 7he 
charucteristies up to ihe breukdonn 

/uut 
clse to l, is predicted by the diode cequation (1) and the same can be 

yrmeMally verificad by 

(11) uInNK a voltage source of upto 60 volts, the prescribed muximum limil hemg 65 

ihi cmsurmy 
thual he reverse 

currem will never 
exeeed mA, Iimiung the power 

dsupatium below 5lml so that the diwde is not destrored Agam, the geeral 

iju ) enf d constant 
reverse 

salurutun 
currei. 1, uill nI be seen In the 

/rnrntal resulls. se te reverse 
current will keep increasing slouli with 

rr vollage 

i nl the 
hreak.don n point the phy:sical process drastically changes and the diode 

pniti 
(li Iv mo longer vald Tus is an unsufe region since the power dissipation n the 

nhn ill criainly damage the devce and the 
characteristics may no1 be evaluated 

h r'e 
l setup is edesiged to operate 

nilh +51 only, which clearly shows the forvard 

ntrheristics as in Fig. 2/a). The reverse 

characteristics of Fig. 216) shows currenis in 

ul regwn 
which mcreases slightlv with voltage 

increases. 

2. Boltmann Constant 

in order to avoid uncertainty 
duc to n having any value dillerent trom one, we use for 

sin* 
determination of Boltzmann 

Constiant, a 
transistor 

(base-collector pn junction of BC-109). 

l hus withnl. the diode equation 
becomes: 

(2) 

I, (eT -1) 

Since i increase 
exponentially 

with V, we can ignore the second term in equation 

(3) 
I1,e 

ak ing 
natural logarithm of equation (3) gives 

(4) 

In In,) V 
KT 

A graph of In () vs V Is a straight line whose slope is given by q/kT. Using the slope 

carn determine the Boltumann C onstant. 
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PROCEDURE 
ED 

Silver (atyea 

.Diode and LED Characteristics 
(a) Set the selector switch to "MEASURE C 
DConncct the diode in the forward or reverse direction as desired. (See layout ig. 5) 

C current range suitably. e.g. 20 mA for forward and 200 uA for reverse 

characteristics. 

vary the voltage in small steps and record the current. Typical results in Fig 2 (a) 

C) Repeat (c) with the diode reversed. A small current (a few uA) may be observed only 

In case of germanium diodes. Typical results in Fig 2 (6). 

1 Sketch the V-I characteristics and extend the linear portion of the curve downward to 

oblain the cut-in voltage V. The slope of the linear portion gives the dynamic 

resistance rs of the diode. 

II Zener Diode Characteristics 

i4) Sct the selector switeh to MEASURE" 

hyConnect the zener diode in the reverse direction. 

( Set current to 200 uA range. Change the range to 20 mA as soon as there is meter 

overflow 

td Vary the voltage in steps of l volt and measure the current. Tabulate the readings. 

NOTE For low voitages the reverse current may be too smal to be read 

(c) The reverse current would tend to rise steeply after the breakdown (change current 

range to 20 mA). 

!) Plot the reverse 
characteristics and obtain from the graph the 

i) Value of reverse saturation current lo 

(i1) Zener voltage V 
(iii) Zener resistance r 

The forw ard 
characteristics of a zener diode may also be plotted as in l above. 

I11. Boltzman Constant 

(a) As explained in theory. pertorm this expcriment uSing a transistor and its base-

collector junction as a diode. 

h Pertorm experiment only tor forward characteristries as per steps given in (). Use base 

as cathode and collector as anode for npn transistor. Typical results are given in Fig. 3 

for BC-109, 

CRO DISPLAY 

(a Connect the X. Y and ground ierminals on the panel to a CRO in X-y mode. Set the 

sensitivity to emV for both channels. 

b Set the selector switch to (CRO display. The x and y axes should be displayed. 
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onnect the diode in the appropriate terminals in forward/reverse mode as desircd. 

(d A CRO display of the characteristics will be seen. Typical traces are given in Fig s 

a). (b) & (c). Rough measurements are possible on the sereen since the x and y axes 

are calibrated to 7V and 70mA respectively. 
(c)The y -di splay however has been limited to 5V 

PRECAUTIONS 

A Set the current switch properly. An incorrect setting may not give accurate readings. 

bTo sketch the characteristics accurately near the sharp bends (around the cul-in and 

break down points) a larger number of readings may be necessary. 

TYPICAL RESULTS 

Germanium Diode (Type 1N34) 

(.4orward Characteristies (V. Volts vs. I, mA) 

0.00 0.10 0.20 0.3 0.40 0.60 0.80 

VV) 

0.00 0.04 26 0.62 1.09 2.26 3.87 

I (mA) 2.40 
1.25 1.50 1.75 2.00 2.25 

VV) 00 
12.14 14.8 17.91 19.77 

I(mA) 5.24 7.37 9.58 

bReverse Characteristics 

0.20 0.30 0.40 0.60 

VV) 0.00 0.10 
1.5 1.6 1.8 

0.0 1.3 1.4 
T (uA) 2.00 

1.20 .40 I.60 

0.80 I.00 
VV) 3.0 

2.3 2.5 
2.0 2.1 

I (uA) 

I1. Zener Diode (Type 3.9V) 

a Forward Characteristics 0.78 0.79 0.77 
0.60 

0.65 0.70 0.75 

V(V)0.00 
0.25 0.50 15.95 

3.33 6.34 9.23 
0.00 0.00 0.01 0.03 0.12 0.53 

I (mA) 

b) Reverse Characteristies 30 
2.00 2.50 3.00 

I.00 1.50 
0.50 V(V 0.00 0.540 190 

0.020 0.123 
0.000 

0.002 

I(mA) 0.0 000 0.000 
4.00 4.10 4.20 

3.70 3.80 

VV) 3.50 3.60 
| 6.970 9.180 12.290 

2.520 3.250 4.160 
I (mA) 994) 

hic sbae 
characteristics are plotted in Fig. 2a). (b). (C) & (d) A variation of 20"o 1 tne 

Eadigs 
Is ormal in semiconductor devices ol the same type nunber. 
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Fig 2(a): Forward Characteristics 
Sample: Germanium Diode (IN34) 
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Fig. 2(b): Reverse 
Characteristics 

Sample: 
Germanium Diode (IN34) 
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Fig. 2 (c) Forward Characteristics 

Sample Zener Diode (3.9V) 
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Fig. 2(d) Reverse 
Characteristics 

Sample Zener Diode 3 9V 
1.0 0. 2 3 

12 

Voltage. Vs (volt) 



oltumann Constant 

Voltage 
(V 

0 44 

0 45 )4 (992 

0 46 

0 47 )9 

0 48 4 03 34 

049 20 0.69 

0.50 113 

051 40 .39 

052 8 76 

8.3 212 0 53 

11.1 241 0.54 

16.0 2.77 

temperalure 26°C 

spe of the straight line graph in Fig. 3 36.9 volt 
SKop 

it ts cqual to q kT 
1x3 

theretore (26 273)N36 9 

299 69 

45 10 JK 

.and.ard valuc of k 38 10 JK 

IV. CRO display of the fonward 
characteristics of the Germanium and LED 

diodes is shown in Fig. 4(a) and 4(b) and forward and reverse 

characteristics of Zener diode is shown in Fig 4(c) and 4(0) 

Nole 

h The reverse chuura terinits of ce1 tfinmle ng fiunt st int fh gtols he 

essentialh les m the thir. ytutre nu 
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Fig. 3: Boltzmann Constant 
Sample Transistor BC-109 
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