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DC or Static Resistance:

Static resistance or DC resistance of a PN junction diode defines the diode’s resistive nature
when a DC source is connected to it. If an external DC voltage is given to the circuit in which
the semiconductor diode is a part of it, results in a Q-point or operating point on the PN junction
diode characteristic curve that does not alter with time.

The static resistance at the knee of the curve and below of it will be much greater than the
resistance values of the vertical rise section of the characteristic curve. Minimum is the current
passing through a diode maximum is the level of DC resistance.

Roc = Voc / loc



Current

Voltage

AC or Dynamic Resistance:

Dynamic resistance is derived from Shockley’s Diode Equation. It defines the diode resistive
nature when an AC source which depends on the DC polarisation of the PN junction diode is
connected to it.

If an external sinusoidal signal is given to the circuit consisting of a diode, the altering input
will shift the instantaneous Q — point slightly from the current position in the characteristics
and therefore it defines a definite change in voltage and current.

When no external alternating signal is applied, the operating point will be the Q — point (or
quiescent point) which is determined by the applied DC signal levels. The AC resistance of the
diode is increased by lowering the Q-point of operation. In short, it is equivalent to slope of
voltage — current of the PN diode

TSI @MY : (Dynamic Resistance)
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Wm‘ij_ﬁ (Shockley Equation or Rectifier equation)
For ideal diode - I = Is ("?/n — 1)
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Under reverse bias (when the n side is put at a more positive voltage than the p side) the exponential
term in the diode equation is near zero and the current is near a constant (negative) reverse current value
Of—Is. i.e., | =-ls

For even rather small forward bias voltages the exponential is very large, since the thermal voltage is
very small in comparison. The subtracted '1" in the diode equation is then negligible and the forward
diode current can be approximated by
Vp
| =1Is ewr
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2. Bridge Full wave Rectifier
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Centre-tapped Full-wave rectifier:
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Let a sinusoidal voltage V; be applied to the input of the rectifier.
Then V' =V_ sinwt

Where Vm is the maximum value of the secondary voltage.

Let the diode be idealized to piece-wise: linear approximation with resistance R¢ in the
forward direction i.e.. in the ON state and R(=) in the reverse direction i.e., in the OFF state.

Now the current ‘1" in the diode (or) in the load resistance Ry is given by

i=1, sinwt for  O<awt<ir
=0 for  w<t<2rw
v,
where [, =—2_—
R, +R;

Q) Average or dc output current (lac) for Half-wave rectifier:
1 27
Ly = 5= J id(wt)
= ,)] —;jlm sinatd (o) + 2j:[.()- d(or)
_7[‘ -

- - vd
_E[I“’( cosa)r)o |

eu UJ
== ﬁ_lm("— 1_(_ 1)]

=% (or) 03181,

Substituting the value of I,,. we get I, = B
¢ TR +R
If Rp>>R¢ then Id =_V'_"_ =0.318 &
e gt %

- Im
So, (ldc)rw = g

And (ldc)Fw :111 f: i.d(wt) = 2

T

(i)  Average or dc output voltage (Vdc) for Half-wave rectifier:

The average dc voltage is given by

V.R
VrirzldchL: IT;LXRL = m L
T R +R
VmR
=__"MmML
= Ve T R,+R
oG
IfR;>>Rg then V, = Y'i =0.318 1 LA ¢ :—IQ’i
de T m de T



Vin

n(1+Rf)

So, (Vdc)Hw =

Vim 2
=
f\m

(1+7D

And (Vdc)uw = (lac)rw . RL =

(i)  R.M.S. output current (Irms) for Half-wave rectifier:

The value of the R.M.S. current is given by

1 27 ’é
Lons —_wz” I izd((/)’)i
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7 Iz \Z

\ 4 J
= Im

2
"' IIWIS Ién (Or) 1]”]? I/I”

2 R +R,

I
So, (lrms)HW = ?m

And (Ilm)rw = |2 [T i2.d(wt) = |™ [ sin?wt d(wt) =
rms)FW — =70 . - = Jo _\/E

(iv)  R.M.S. output voltage (Vrms) for Half-wave rectifier:

Vims = Iy X R, = — " Vo
2 R+ R, 21{ - ﬁ 3
‘\ L J

v
If Ry >>Rg then V,,,s = %

So (Vrms)rw = (Irms)rw.RL = 17,,, .RL=

R
f
2(1+E)



(V) Ripple factor of Half-wave rectifier:

FHOFTINIT WEEALG ATTCHBS FGIST7 A/ FTATCOT WRANIS N 43¢ fGS SN
TR TS JH6 YFT LW, AR (P T 21 FIHF6A IeT 27| 21T TR VN TS FN
TR FFOPNL 0O FFA QG2 [T FIHFHET TN T (@ @ @F 0T 06 RS

SFEAF A

faor SIS6A (1) = (A1 31 fAF FTPMRTBT WFINIT W) / (G FTMRTET TW)

— — I%ms_ltzic
= = (|ac)/(|dc) - T
dc

The ripple factor y is given by

=p=121
_ Lims — Im/Z_E_
Form Factor F = I so, (F)nw = Tz 1.57

_Im/\/i_ T
And (F)FW_ZIm/n_ ﬁ_ 1.11

So, (Y)Fw = +/(1.11)2 — 1 = 0.48

Therefore, (Y)rw < (Y)Hw

(vi)  Rectifier Efficiency (n):

ac
I’R
Pdc = I(}(RL = ';rzL

1+ 5T
R, L
—y oy =_40.6
Rf
1+~
RL
Theoretically the maximum value of rectifier efficiency of a half-wave rectifier is 40.6%
R
when —L=0.

R,



For Full-wave rectifier,

2Im
—Pac _lac\2 1 _ 2 1
(n)FW__C_( C)' Rf_(n) Rf
Pgc Irms 1+ 2L Iﬂ 1+ L
Ry V2 Ry
= (%2 2
= —
T atg
_ 0812
- R
f
1+H
.. s 0.812
Therefore, % efficiency for Full-wave rectifier = R,%
1+-L
Ry

S0, (M)Fw =2(M)Hw

fXs=0ra: Filter
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Here, Capacitor is used as a filter which filters out ripple frequencies and provides a DC voltage with
less ripple frequency.




How exactly the capacitor filter removes the ripples in the signal?

The pulsating Direct Current (DC) produced by the full wave rectifier contains both AC and
DC components.

DC component
(Low frequency)

—

AC component —
(High frequency) C
—— Ru

We know that the capacitor allows the AC components and blocks the DC components of the
current. When the DC current that contains both DC components and AC components reaches
the filter, the DC components experience a high resistance from the capacitor whereas the AC
components experience a low resistance from the capacitor.

Electric current always prefers to flow through a low resistance path. So the AC components
will flow through the capacitor whereas the DC components are blocked by the capacitor.
Therefore, they find an alternate path and reach the output load resistor RL. The flow of AC
components through the capacitor is nothing but the charging of a capacitor.

Thus, the filter converts the pulsating DC into pure DC.
Half Wave Rectifier With filter:

I ]
DC without X
. - capacitor DCWith
AC input F| capacitor
T 1 A=
D
% H C RL§ A S S S
— J;_J

) DC output
D = Diode

C = Capacitor
Ri= Load resistor
I =Current

Half wave rectifier with capacitor filter

When AC voltage is applied, during the positive half cycle, the diode D is forward biased and
allows electric current through it.

As we already know that the capacitor provides high resistive path to dc components (low-
frequency signal) and low resistive path to ac components (high-frequency signal).

Electric current always prefers to flow through a low resistance path. So, when the electric
current reaches the filter, the dc components experience a high resistance from the capacitor
and ac components experience a low resistance from the capacitor.



The dc components do not like to flow through the capacitor (high resistance path). So, they
find an alternative path (low resistance path) and flows to the load resistor (RL) through that
path.

On the other hand, the ac components experience a low resistance from the capacitor. So the
ac components easily passes through the capacitor. Only a small part of the ac components
passes through the load resistor (RL) producing a small ripple voltage at the output.

The passage of ac components through the capacitor is nothing but charging of the capacitor.
In simple words, the ac components is nothing but an excess current that flows through the
capacitor and charges it. This prevents any sudden change in the voltage at the output.

During the conduction period, the capacitor charges to the maximum value of the supply
voltage. When the voltage between the plates of the capacitor is equal to the supply voltage,
the capacitor is said to be fully charged.

Voltage

AC input /\ /\ [\ Time
\V IR VARV

DC output F/ Time

Charging

Discharging

Half wave rectifier with filter o/p waveforms

When the capacitor is fully charged, it holds the charge until the input AC supply to the rectifier
reaches the negative half cycle.

When the negative half cycle is reached, the diode D gets reverse biased and stops allowing
electric current through it. During this non-conduction period, the input voltage is less than that
of the capacitor voltage. So, the capacitor discharges all the stored charges through the load
resistor R.. This prevents the output load voltage from falling to zero.

The capacitor discharges until the input supply voltage is less than the capacitor voltage. When
the input supply voltage is greater than the capacitor voltage, the capacitor again starts
charging.

When the positive half cycle is reached again, the diode D is forward biased and allows electric
current. This makes capacitor to charge again.

The capacitor filter with a large discharge time constant will produce a very smooth DC
voltage. Thus, a smooth and steady DC voltage is obtained by using the filter.

Full wave rectifier with filter:

Here, a center tapped full wave rectifier with a filter made up of capacitor and resistor is
explained. The filter made up of capacitor and resistor is known as capacitor filter. In the circuit
diagram, the capacitor C is placed across the load resistor Ry.



The main duty of the capacitor filter is to short the ripples to the ground and blocks the pure
DC (DC components), so that it flows through the alternate path and reaches output load
resistor Ry.

When input AC voltage is applied, during the positive half cycle, the diode D1 is forward biased
and allows electric current whereas the diode D is reverse biased and blocks electric current.
On the other hand, during the negative half cycle the diode D is forward biased (allows electric
current) and the diode D; is reverse biased (blocks electric current).

AC |npul gHé

‘ T DC output
- ( BN A VN
RL§

e —— —

Full wave rectifier with capacitor filter

During the positive half cycle, the diode (D1) current reaches the filter and charges the
capacitor. However, the charging of the capacitor happens only when the applied AC voltage
is greater than the capacitor voltage.

Initially, the capacitor is uncharged. That means no voltage exists between the plates of the
capacitor. So when the voltage is turned on, the charging of the capacitor happens immediately.

During this conduction period, the capacitor charges to the maximum value of the input supply
voltage. The capacitor stores a maximum charge exactly at the quarter positive half cycle in
the waveform. At this point, the supply voltage is equal to the capacitor voltage.

Voltage
/

AC input \//\\/ Time

Discharging

N/
Y

DC output Time

When the AC voltage starts decreasing and becomes less than the capacitor voltage, then the
capacitor starts slowly discharging.

The discharging of the capacitor is very slow as compared to the charging of the capacitor. So
the capacitor does not get enough time to completely discharged. Before the complete
discharge of the capacitor happens, the charging again takes place. So only half or more than
half of the capacitor charge get discharged.

When the input AC supply voltage reaches the negative half cycle, the diode D; is reverse
biased (blocks electric current) whereas the diode D is forward biased (allows electric current).
During the negative half cycle, the diode (D2) current reaches the filter and charges the
capacitor. However, the charging of the capacitor happens only when the applied AC voltage
is greater than the capacitor voltage.



The capacitor is not completely uncharged, so the charging of the capacitor does not happens

immediately. When the supply voltage becomes greater than the capacitor voltage, the
capacitor again starts charging.

In both positive and negative half cycles, the current flows in the same direction across the load
resistor Rr. So, we get either complete positive half cycles or negative half cycles. In our case,
they are complete positive half cycles.



