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Temperature Coefficient of Zener Diodes

* The temperature coefficient specifies the percent change in Zener voltage for each degree Celsius change in

temperature.
» For example, a 12 V Zener diode with a positive temperature coefficient of 0.01%/°C will exhibit a 1.2 mV increase

in VZ when the junction temperature increases one degree Celsius. The formula for calculating the change in Zener
voltage for a given junction temperature change, for a specified temperature coefficient, is

AVz = Vz X TC X AT

where VZ is the nominal Zener voltage at the reference temperature of 7C is the temperature coefficient, and A7 is the

change in temperature from the reference temperature.

In some cases, the temperature coefficient is expressed in mV/°C rather than as %/°C. For these cases, is calculated

as

AVz = TC X AT
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Zener as voltage limiters

Zener diodes can be connected together in series to produce a variety of

different reference voltage output values as shown below.

Zener Diodes Connected in Series
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The values of the individual Zener diodes can be
chosen to suit the application while the silicon
diode will always drop about 0.6 - 0.7V in the
forward bias condition. The supply voltage, Vin
must of course be higher than the largest output
reference voltage and in our example above this is

Zener as voltage limiters
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a Zener used to limit the positive peak of a signal voltage to the selected Zener voltage.
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Zener as voltage limiters

»  Two back-to-back Zeners limit both peaks to the Zener voltage +0.7 V as shown below. During
the positive alternation, D2 is functioning as the Zener limiter and D1 is functioning as a forward-
biased diode. During the negative alternation, the roles are reversed. ;0.7
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Zener as voltage limiters - Examples
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Zener Diodes as voltage regulator / stabilizer

The regulator is a circuit that maintains a constant dc voltage for variations in the input line voltage /

|

or in the load.

Transformer
roltage ;
output voltage Half-wave
rectified voltage

0 0 /\_/\_/\
120 V. 60 Hz

0 /\/\/\ ) :if Transformer Rectifier Filter

(a) Complete power supply with transformer, rectifier, filter, and regulator

Filtered voltage Regulated voltage

Regulator

Practical Part:

Part 1: Connect different Zener and rectifier diodes in series and series-opposed, measure their

total voltages and calculate their temperature coefficients.

1. Setup the circuit according to the Figure. connecting the series connections consisting of Zener
and rectifier diodes.

2. Measure voltage Utot with the multimeter and enter the measured voltages into Table 2.3.2.1.

3. Calculate the temperature-dependent voltage changes of the different circuits and enter the
values into Table 2.3.2.1 using the manufacturer specifications of Table 2.3.2.2 as a basis.

X Circuit Up V1 AU/ AS [mV /K]

0—_] 0 A
Yy
Ry X o 5

v

-
pr
(=13
o
~l
=1
5=
|

C

maini@z oy Upet
= V Tab. 2.3.2.1
NCEENAL S

V; £ hps Type 9114.14
Va2 hps Type 9114.8
A B C A 2 hps Type 9114.3

3
O
e
(@)
—

Tareq Fogha



Practical Part:

Part 1: Connect different Zener and rectifier diodes in series and series-opposed, measure their
total voltages and calculate their temperature coefficients.

To Calculate the temperature-dependent voltage changes

Uu=33V . 4 F
-3.10™ K -0.99mV /K
(hps Type 9114.14)
= Y pl
U=1ov +8.10% K" +8 mV /K
(hps Type 9114.8)
u=07V < 44 F
-3.107* K™ 24mV/K
(hps Type 9114.3)

Series Circuit A:

AU/ A8 = (AU, / A9)+ (AU, / A9)

Series Circuit B:

AU/ AS = (AU, / A9) + (AU, / A9)

Series Circuit C:

Circuit

Ut [VI

AU /A8 [mV / K]

A

B

Cc

Tab. 2.3.2.1

AU/ AY = (AU / AS) + (AU, / A9) + (AU / AS) + (AU, / AD)

This is Vz x TC

AVz = Vz X TC X AT

AVz = TC X AT

Practical Part:

Part 2: Record the characteristic U out = f (Uin) of two series opposed Zener diodes.

To prevent a rectifying effect caused by the low threshold voltage of the on-state range, two Zener diodes are connected
series-opposed and thus a voltage-limiting effect which is independent of the polarity is obtained.

1. Setup the circuit according to the Figure and adjust the DC voltages Uin one after the other as
shown in Table 2.4.2.1.

2. Measure the respective output voltages Uout with the multimeter and enter the voltage values in

Table 2.4.2.1. O 1 e}
Ry
) 330 Q SZ v,
malni@z Upc= Uin Uout
0..15V
- N V2
V; & hps Type 9114.8
O e} V, £ hps Type 9114.14
Ui, V1 0 1 2 3 4 6 7 8 g 10 11 12 13 14 15
Uout [V]
Tab. 2.4.2.1
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Practical Part:

Part 2: Record the characteristic U out = f (Uin) of two series opposed Zener diodes.

To prevent a rectifying effect caused by the low threshold voltage of the on-state range, two Zener diodes are connected
series-opposed and thus a voltage-limiting effect which is independent of the polarity is obtained.

3. Subsequently reverse the polarity of the input voltage Uin and repeat the measurements above.
Enter the respective output voltages Uout in Table 2.4.2.2.

L O

O
Ry
| - 30 Y v,
mami@z Upc= Uin Uout
0..15V

AN V2

+ V; £ hps Type 9114.8
e 0 V, 2 hps Type 9114.14
U
-U;, V] 0 1 2 3 4 5 6 7 8 9 10 i 12 13 14 15
Uyt V]
Tab. 2.4.2.2
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Practical Part:

Part 2: Record the characteristic U out = f (Uin) of two series opposed Zener diodes.

4. Show the dependence of the output voltage Uout on the input voltage Uin by plotting a graph in
the grid of diagram 2.4.2.2.

Uout [V]*

Uin V] Ujp V]

Yout [V]+
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3. Then increase the input voltage to Uin rms = 10 V.
4. Repeat the measurements above and enter the values in the diagram of Fig. 2.4.2.5.

Practical Part:

Part 3: Examine the voltage limiting effect of two series opposed Zener diodes with an oscilloscope.

1. Apply a sinusoid AC voltage Urms = 10 V; f = 50 Hz to the circuit (Fig. 2.4.2.3) and set an input voltage of Uinrms=2V

with the potentiometer

2. Record the input voltage Uin and the output voltage Uout with the oscillos¢ope and plot a graph in diagram of Fig.

2.4.2.4.
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Practical Part:

Part 3: Examine the voltage limiting effect of two series opposed Zener diodes with an oscilloscope.

—-0(Yq)

=0(Yy)

0(Yy)

—-0(Yy)

Fig. 2.4.2.4

Settings:

X =5ms/div.

Y, =2V/dv.
Y, =2V/div.

Remarks:
Y, = input voltage U;,
Y, = output voltage U,

Fig. 2.4.2.5

Settings:

X =5ms/div.
Y, =20V/div.

Y, =5V/div.

Remarks:
Y, = input voltage U;,,
Y, = output voltage U,
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Practical Part:

Part 4: Examine the stabilizing effect of a Zener diode on a DC voltage with pronounced ripple.

™~
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ma‘“_iZl: Upmg =24V
=50 Hz

Cs =10 uF
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V1 £ hps Type 91143

V& hps Type 9114.8
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Practical Part:

Part 4: Examine the stabilizing effect of a Zener diode on a DC voltage with pronounced ripple.

Fig. 2.5.2.2

Settings:

X =5ms/div.
Y, =10V /div.

Y, =5V/div.
(inputs on DC)

Remarks:
Y4 = voltage U,
Y, = voltage U,

~0(Yy)

-0(Y)

=0(Yy)

-0(Yy)

Fig. 2.5.2.3

Settings:

X =5ms/div
Y, =5V/div.
Y, =0.1V/div.
(inputs on AC)

Remarks:

Y, = voltage U;,
without DC component
Y, = voltage Ug
without DC component
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Practical Part:

Part 4: Examine the stabilizing effect of a Zener diode on a DC voltage with pronounced ripple.

Question 1: How high is the ripple voltage AU;, on
the smoothing capacitor Cg (measure in Fig. 2.5.2.2)?

Question 3: What is the value of the smoothing fac-
tor G (absolute stabilizing factor)?

Anwer:
AU, =

AU, = peak-to-peak value of the input voltage U;,

in

Answer:

AU,
AUy

G = smoothing factor

Question 2: How high is the ripple voltage AU, on
the Zener diode (measure in Fig. 2.5.2.3)?

Question 4: What is the value of the relative stabiliz-
ing factor §?

Answer:

AUy, =

AU, = peak-to-peak value of the output voltage
out

Answer:
S:Aum'uour =G_Uou1' =
AUum k Um Ui

S = relative stabilizing factor

Measure the voltages U;, and U, with the multimeter.
L

Practical Part:

Part 4: Examine the stabilizing effect of a Zener diode on a DC voltage with pronounced ripple.

on the Zener diode has practically none.

ANENIAY |
[ T |
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] ] J J -0 (Y,) N~ NI J.\I:'\
0(Y,) === 0(Y,)
— — — 7 ~ o =0(Yp) -
- ESS S \JPW"
0(Y) 0(Y2)
Fig. 2.5.2.2 Fig. 2.5.2.3 Fig. 2522
Settings: Remarks: Settings: Remarks: Settings: ) Remarks:
X =5ms/div. Y = voltage Uj, X =5ms/div. Y, = voltage U;, z :E\TT:;*W' :’ = vo;lage 3‘"
Y, =2V/div. ¥, = voltage Uy, Y, =5V/di. without DC - ;gv L e
Y, =2V/div. Yz =0.1V/div. Y2 =Spannung Ug, Inz;uls ondC
Inputs on DC Inputon AC without DC
The input voltage U;, contains ripple components S = AUjp - Ug _ G -
which are still clearly visible; the output voltage Uy, AUy + Upy
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Practical Part:

Part 4: Examine the stabilizing effect of a Zener diode on a DC voltage with pronounced ripple.

Tektronix osciloscope-ASC1 X Tektronix oscilloscope-XSC1 X

[ Toldronix 204 e e | o TR R e Tektronix 1052024 B e B
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