Unit 27 Small signal diode circuits

When a diode is operated in the small sig-
nal region, the dynamic resistance or change
of voltage across the diode for a change of
current through the diode is given by.:—

dV . 25mV
dIl I
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Diode characteristic

_ 25mV
I:{dyn -
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diode / ' diode
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I = Inex )
0XP (25mV
where V is the voltage across the diode and

25 millivolts is the calculated value of ’%T at
room temperature.

Avoid large diode currents,

then the effect of the bulk resistance of the
diode can be neglected since it is small com-
pared to the junction effects.

Valid when the voltage across the diode does
not exceed the knee voltage.




Unit 27 Small signal diode circuits

Differentiate the diode current equation to
obtain the change of current with voltage.

dI d %
w = av (02 (55,7))
v . dv 25mV

o7 (38m7)
exp
25mV 25mV
1
25mV

The dynamic resistance is the reciprocal

av.__ 25mV

dar I

which, in words, is 25 millivolts divided by
the DC current through the diode.

Rdyn —
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dV _ 25mV
dIl I

Rdyn —

25 millivolts divided by the DC current through
the diode.

This equation for the dynamic resistance is a
key tool in the analysis of diode and transistor
circuits.
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§ 5kQ

SF out

Calculate the change in the voltage across
the diode if the setting of the power supply
voltage, V., is changed from 410V to 4+11V.

mA

2.06
1.86

2.5mV
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mA

2.06
1.86

2.5mV

We first make the approximation that the DC
voltage across the diode is 0.7V.

This gives the basic equation as:—

10V = 0.7 + I x 5kL2

10 — 0.7
and therefore [ = = 1.86mA
5k€2
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For a supply voltage of 11V we get

11 -0.7
I]_]_ — = 2.06mA
5kS2

The average DC current is 1.96mA ~ 2mA.

The dynamic resistance is then:—

2 2
5mV _ 5mV — 1250

I 2mA

The change in currentis 2.06—1.86 = 0.2mA.

So the change in voltage across the diode is
given by

12.502 X 0.2mA = 2.5mV
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The alternative exact approach involves solv-
ing equations of the form:—

Vs

Vidiod
upply = 5k€2 X IO exp (252‘?) —+ Vdiode

for the V4,40 fOr supply voltages of 10V and
11V and then getting the difference of the
two diode voltages. Not easy!

The linearised approach used above is signif-
icantly simpler to calculate!
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1kHz  Z 7\
250mvV._ N7

Calculate the output voltage waveform which
would be observed on an oscilloscope con-
nected to point A
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Use the principle of superposition
Calculate the DC component and
The AC component separately

Then combine the two components at the
end using the principle of superposition.
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+10v 10kQ —A\N\N—T—

1kQ
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Calculate the DC component

Forward biased diode therefore the DC volt-
age at the output is 0.7V.
The DC current through the diode is

10V — 0.7V
10k<2

= 0.93mA




Unit 27 Small signal diode circuits

A

10kQ —N\N——

1kQ

A ®250mv g o

Yy

+10V

(@) (b)

Effective circuit for the AC component of sig-
nal
The impedance of the 100uF capacitor at

1kHz is

1
Zo| = ——— = 1.6Q2
2r fC
Negligible compared to the 1k2

The dynamic resistance of the diode is
2 25mV
5mV __ 25m — 570

Ipc  0.93mA

The dynamic resistance of the diode and the
1k<2 form a potential divider
The effective circuit is shown

Rdyn —
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O'YV’/\/\N\/\/\/\/\/\/

SmV
6.5m op

oV 1
Oms 5ms

The AC component of the output is therefore:—

27
1k 4+ 27
The signal which would be observed on an
oscilloscope connected to the output at point
A is a
0.7V DC with a superimposed
6.5mVyy, 1kHz AC component




