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Series Diode Configurations

Forward Bias

Q
Q

Constants Si

» Silicon Diode: V, =0.7V + *
> Germanium Diode: V,=0.3V - R Vr
Analysis (for silicon) .L

»> Vp =07V (orVp=Eif E<0.7V) =

> Ip=ly=1;=V,/R
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|_oad-Line Analysis

The load line plots all possible
combinations of diode current (I,)
and voltage (V;) for a given circuit.
The maximum I, equals E/R, and %
the maximum V; equals E.

Characteristics (device)
/

B!

Q-point

_ — Load line (network)

The point where the load line and . - . 3
the characteristic curve intersect is

the Q-point, which identifies 15 and

V;, for a particular diode in a given

circuit.
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Series Diode Configurations

Reverse Bias
Diodes ideally behave as open circuits

O~ “ O
Si
Analysis + +
» Vp =E £~ RV,
> Ve=0V - -
> IDZOA .‘.
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Problem

» For the series diode
configuration of Fig. 2.3a . = = o]
employing the diode =% |
characteristics of Fig. 2.3b | ,. ¥ T
determine: J

> (@) Vpg and lpq. (b) Vi . e e T Yo

Figure 2.3 (a) Circult; (b) characteristics

. wim

Vp, = 0.78 V
In,=9.25 mA

Ve =IgR = Ip R = (925 mA)(1 k2) =9.25 V
Ve=E—-Vp=10V—-078V=922V
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Problem

» For the series diode configuration, e bl " S
determine Vp, Vg, and I, [—‘ 5 z

E="8V RS2k V,
" | s
Vp=0.7V IER——p—

Veg=E—-Vp=8V—-07V=73V

_ . _ Ve _ 13V _
T
» Repeat the problem with the diode * = 1¥ie=04
+
reversed. | cSaana .

E—-[ 8V ,
-
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Problem

» Determine the output .
waveform for the network anc | _swov
calculate the output dc level R
and the required PIV of each | ¥\ /7"
diode.

+0

-

o
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O
V; © * -
AY; +
2kQ 2
10V
'L'i -
. Vi
0 T t 2 kQ
2
O O -
}v,
A s :'\ '\'
0 s r ¥
2
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Half-Wave Rectification

+
+
4
|
+0
+o0
40

The diode only v
conducts when it is Vi \) R§ Vo ==V R§
forward biased,

therefore only half
of the AC cycle

passes through the =

- 4
N -T- - - v,
diode to the " " B e R§ o I/\ v,,/=0v
output. -,
— + 0| 1 f

The DC output voltage is 0.318V,, where V, = the peak AC voltage.
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PIV (PRV)

Because the diode is only forward biased for one-half of the AC cycle, it is
also reverse biased for one-half cycle.

It is important that the reverse breakdown voltage rating of the diode be
high enough to withstand the peak, reverse-biasing AC voltage.

PIV (or PRV) > V_

 PIV = Peak inverse voltage
PRV = Peak reverse voltage
« V,_,=Peak AC voltage
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Full-Wave Rectification

The rectification process can be improved by

using a full-wave rectifier circuit. . Half-wave: V. = 0.318V
- - Vdc — Y- m

Full-wave rectification produces a greater » Full-wave: Vo = 0636V,

DC output:

A " -
Yoo
O i x T
-
F
Vi
w == —_—— — V3. — 0.636V,,
O T T r
]
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Full-Wave Rectification

[ ] |
4V o A Vo
v'" T v"l
Vi
0 1‘\/ T f 0 T T f
2 l 2

Bridge Rectifier

» Four diodes are connected in a
bridge configuration

> Vpe = 0636V,
> PIV>V, N\
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Full-Wave Rectification

=

o
=

\/

Center-Tapped Transformer Rectifier

Requires
 Two diodes

o Center-tapped transformer
 PIV>2V,,

« Vpo=0636V,
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Summary of Rectifier Circuits

Rectifier Ideal V- Realistic V-
Half Wave Rectifier Vpe =0.318V,, Vpe =0.318V,, - 0.7
Bridge Rectifier Vpe =0.636V,, Vpe =0.636V,, —2(0.7 V)

Center-Tapped Transformer

Rectifier Vpe = 0.636V

Vpe = 0.636V, — 0.7V

m

V., = peak of the AC voltage.

In the center tapped transformer rectifier circuit, the peak AC voltage
Is the transformer secondary voltage to the tap.
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Zener Diodes

o 0 o T I
The Zener is a diode operated V_:x — ____+v7 x: =>‘“
In reverse bias at the Zener - - - 0
Voltage (V). ! ! ! !
(Vz>V>0V)
> When V>V, o o
< The Zener is on
“* Voltage across the Zener is V, AN ’
< Zener current: 1, = l,— I, 1
< The Zener Power: P, =V, I, L \Jj/x B
= | Pzu
» WhenV, <V,
< The Zener is off ks .

“* The Zener acts as an open circuit -
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Zener Resistor VValues

— - RLV! Y VY
V=T=Ri R, ¥ §
IZ=]R_IL -

The power dissipated by the Zener diode is determined by

Pzz VZIZ ]Lm‘x=zL=RVZ
L Y T
_ _RVZ
b =Y =7,
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Zener Resistor VValues

current is less than the minimum current rating, I,,. The minimum current is
given by:

R

B AAA .
| min= lr =l V/
. . . + b
The maximum value of resistance is: V=L v, § R,
—_— '[)
V M
_ Z
RLmax o |

Lmin i -

If R is too small, the Zener current exceeds the maximum current
rating, 1,,,. The maximum current for the circuit is given by:

_ VL _ VZ
Lmax —
RL RLmin
The minimum value of resistance is:
RV,

R =2
Lmin Vi _VZ
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EXAMPLE 2.26

> (a) For the Zener diode network of Fig. .oV -

2.109, determine V|, Vg, I, and P,. A

» (b) Repeat part (a) with R, = 3 k. 1

Va6V K=10vER  RQi12kQ |

P,,,:}Omw ==

R;V; 1.2 k(16 V) .
S— — — : 3
SRtk 1E0T 12k ¥

Since V 8.73 Vs less than V, 10V, the diode is in the “off” state

V,=V=873V
Ve=V;— V=16V —-873V =727V
I;=0A

Pz=Vidz=Vz(0A) =0W
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EXAMPLE 2.26 (cont.)

> (b)
12V

p_ RV _ 3KQQU6V) _
R+R, 1k +3k0

SinceV 12 Vs greater than V, 10V, the diode is in the “on” state

Vi=Vz=10V
Va=V;—Vpy=16V—-10V=6V
IL—%=%=3.33mA
L _Va_ 6V _
R 1 k()
Iz = Iz — I [Eq. (2.18)] Pz =Vzlz= (10 V)(2.67 mA) = 26.7 mW
=6mA —333mA
= 2.67 mA
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Practical Applications

> Rectifier Circuits

% Conversions of AC to DC for DC operated circuits

% Battery Charging Circuits

» Simple Diode Circuits

<&

)

L)

> Protective Circuits against

Overcurrent

Polarity Reversal

Currents caused by an inductive kick in a relay circuit

J J J
0.0 0.0 0.0

> Zener Circuits

% Overvoltage Protection
\/

% Setting Reference Voltages
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