In the next few sections we demonstrate the impact of the models of Table 2.1 on
theanalysis of diode configurations. For those situations where the approximate equiv-
alent circuit will be employed, the diode symbol will appear as shown in Fig. 2.9a
for the silicon and germanium diodes. If conditions are such that theideal diode model
can be employed, the diode symbol will appear as shown in Fig. 2.9b.

2.4 SERIES DIODE CONFIGURATIONS
WITH DC INPUTS

In this section the approximate model is utilized to investigate a number of series
diode configurations with dc inputs. The content will establish a foundation in diode
analysis that will carry over into the sections and chapters to follow. The procedure
described can, in fact, be applied to networks with any number of diodesin a variety
of configurations.

For each configuration the state of each diode must first be determined. Which
diodes are “on” and which are “ off” ? Once determined, the appropriate equivalent as
defined in Section 2.3 can be substituted and the remaining parameters of the net-
work determined.

In general, a diode is in the “on” state if the current established by the

applied sources is such that its direction matches that of the arrow in the

diode symbol, and V, = 0.7 V for silicon and Vi, = 0.3 V for germanium.

For each configuration, mentally replace the diodes with resistive elements and
note the resulting current direction as established by the applied voltages (“ pressure”).
If the resulting direction is a “match” with the arrow in the diode symbol, conduc-
tion through the diode will occur and the device isin the “on” state. The description
aboveis, of course, contingent on the supply having a voltage greater than the “turn-
on” voltage (V+) of each diode.

If a diode is in the “on” state, one can either place a 0.7-V drop across the
element, or the network can be redrawn with the V+ equivaent circuit as defined in
Table 2.1. Intime the preference will probably smply beto includethe 0.7-V drop across
each “on” diode and draw a line through each diode in the “off” or open state. Ini-
tialy, however, the substitution method will be utilized to ensure that the proper volt-
age and current levels are determined.

The series circuit of Fig. 2.10 described in some detail in Section 2.2 will be used
to demonstrate the approach described in the paragraphs above. The state of the diode
is first determined by mentally replacing the diode with a resistive element as shown
in Fig. 2.11. The resulting direction of | is a match with the arrow in the diode sym-
bol, and since E > V4 the diode is in the “on” state. The network is then redrawn as
shown in Fig. 2.12 with the appropriate equivalent model for the forward-biased sil-
icon diode. Note for future reference that the polarity of Vp is the same as would re-
ault if in fact the diode were a resistive element. The resulting voltage and current
levels are the following:

VD = VT (24)
Vi
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Figure 2.9 (a) Approximate
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Figure 2.10 Series diode config-
uration.
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Figure 2.11 Determining the
state of the diode of Fig. 2.10.
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Figure 2.12  Substituting the
equivalent model for the “on”
diode of Fig. 2.10.
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Figure 2.13 Reversing the diode
of Fig. 2.10.
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Figure 2.15 Substituting the
equivalent model for the “off”
diode of Figure 2.13.

Figure 2.14 Determining the
state of the diode of Fig. 2.13.

In Fig. 2.13 the diode of Fig. 2.10 has been reversed. Mentally replacing the diode
with aresistive element as shown in Fig. 2.14 will revea that the resulting current di-
rection does not match the arrow in the diode symbol. The diode is in the “off” state,
resulting in the equivalent circuit of Fig. 2.15. Due to the open circuit, the diode cur-
rent is 0 A and the voltage across the resistor R is the following:

Ve=IgR=IpR=(0AR=0V

The fact that Vg = 0V will establish E volts across the open circuit as defined by
Kirchhoff’s voltage law. Always keep in mind that under any circumstances—dc, ac
instantaneous values, pulses, and so on—Kirchhoff’s voltage law must be satisfied!

EXAMPLE 2.6
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Figure 2.16 Circuit for Example

For the series diode configuration of Fig. 2.16, determine Vp, Vg, and Ip.

Solution

Since the applied voltage establishes a current in the clockwise direction to match the
arrow of the symbol and the diode is in the “on” state,

Vp =07V
Ve=E—-Vp=8V —-07V =73V
. _Ve_ 73V _

lp=lg="2 =22 5 =332mA

2.6.
EXAMPLE 2.7
Ib=0A
2,5 Hiezon
= 8V RQ22kQ Vg

Figure 2.17 Determining the
unknown quantities for Example
2.7.
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Repeat Example 2.6 with the diode reversed.

Solution

Removing the diode, we find that the direction of | is opposite to the arrow in the
diode symbol and the diode equivalent is the open circuit no matter which model is
employed. The result is the network of Fig. 2.17, where I, = 0 A due to the open cir-
cuit. Since Vg = IgR, Vr = (0)R = 0V. Applying Kirchhoff’s voltage law around the
closed loop yields

E_VD_VR=0

and Vo =E—-Vg=E-0=E=8V

Chapter 2 Diode Applications



In particular, note in Example 2.7 the high voltage across the diode even though
it isan “off” state. The current is zero, but the voltage is significant. For review pur-
poses, keep the following in mind for the analysis to follow:

1. An open circuit can have any voltage across its terminals, but the current is al-
ways 0 A.

2. A short circuit has a 0-V drop across its terminals, but the current is limited
only by the surrounding network.

In the next example the notation of Fig. 2.18 will be employed for the applied volt-

age. Itisacommon industry notation and one with which the reader should become very
familiar. Such notation and other defined voltage levels are treated further in Chapter 4.

E=+10Vo IlOV E=-5Vo :[—SV
—>EIlOV —VEISV

= Figure 2.18 Source notation.

For the series diode configuration of Fig. 2.19, determine Vp, Vg, and Ip.

i N Figure 2.19 Series diode circuit
for Example 2.8.

Solution

Although the “pressure” establishes a current with the same direction as the arrow
symbol, the level of applied voltage is insufficient to turn the silicon diode “on.” The
point of operation on the characteristics is shown in Fig. 2.20, establishing the open-
circuit equivalent as the appropriate approximation. The resulting voltage and current
levels are therefore the following:

Ib=0A
Ve=IgR=IpR=(0A)12kQ =0V
In
and Vp=E=05V ;
» s DTV Vo
Figure 2.20  Operating point Vi =0.5%
with E=0.5 V.

2.4 Series Diode Configurations with DC Inputs

EXAMPLE 2.8
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EXAMPLE 2.9 Determine V,, and I for the series circuit of Fig. 2.21.
Si LS i
12 Wo—— —l o

Al kil

Figure 2.21 Circuit for Exam-
. ple 2.9.
Solution

An attack similar to that applied in Example 2.6 will revea that the resulting current
has the same direction as the arrowheads of the symbols of both diodes, and the net-

work of Fig. 2.22 results because E =12V > (0.7 V + 0.3V) = 1 V. Note the re-
drawn supply of 12 V and the polarity of V, across the 5.6-k() resistor. The resulting

voltage
Vo=E—-Vq —-V,=12V -07V -03V =11V
V V 11V
and Ip=lg="2=-2= = 1.96 mA
PR R R 56kQ
br, ¥y
=T}
! OFrw niy s 4
3 12% A6 kL2
_ Figure 2.22  Determining the
I unknown quantities for Example
E 2 2.9.

EXAMPLE 2.10

Figure 2.23 Circuit for Exam-
ple 2.10.

Solution

Removing the diodes and determining the direction of the resulting current | will re-
sult in the circuit of Fig. 2.24. There is a match in current direction for the silicon
diode but not for the germanium diode. The combination of a short circuit in series
with an open circuit always results in an open circuit and Ip = 0 A, as shown in
Fig. 2.25.

] I_ _I _ B —

NN NN
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ET R&56kQ vV, 13y = §'EF\.I\.[] W,

Figure 2.24 Determining the state of the
diodes of Figure 2.23.

Chapter 2 Diode Applications
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Figure 2.25 Substituting the equivalent
state for the open diode.



The question remains as to what to substitute for the silicon diode. For the analy-
sis to follow in this and succeeding chapters, simply recall for the actua practical
diode that when I = 0 A, Vp = 0V (and vice versa), as described for the no-bias
situation in Chapter 1. The conditions described by I = 0A and Vp, = 0V arein-
dicated in Fig. 2.26.

Vy =0W
! falia
* -
i
By =1 +
12% == 56k ¥,
. Figure 2.26 Determining the
unknown quantities for the circuit
E of Example 2.10.
Vo=IgR=IpR=(0A)R=0V
and Vp, = Vopen dreuit = E=12V

Applying Kirchhoff’s voltage law in a clockwise direction gives us
E_VDl_VDZ_VOZO

and Vp,=E—Vp, —V,=12V -0-0
=12V
with Vo=0V

Determine |, V4, V,, and V, for the series dc configuration of Fig. 2.27.

Fy =10V o —

Figure 2.27  Circuit for Exam-
Ey =8y ple 2.11.

Solution

The sources are drawn and the current direction indicated as shown in Fig. 2.28. The
diode isin the “on” state and the notation appearing in Fig. 2.29 is included to indi-
cate this state. Note that the “on” state is noted simply by the additional Vp = 0.7V

EXAMPLE 2.11

= + LTV -
b 21
o 4T kL +
i .
23 gp ' 1T R AR KWL
E F, Ny
£, 5y v E;
il $ -
Figure 2.28 Determining the state of the Figure 2.29 Determining the unknown quantities for the net-

diode for the network of Fig. 2.27. work of Fig. 2.27.

2.4 Series Diode Configurations with DC Inputs
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on the figure. This eliminates the need to redraw the network and avoids any confu-
sion that may result from the appearance of another source. As indicated in the in-
troduction to this section, this is probably the path and notation that one will take
when alevel of confidence has been established in the analysis of diode configura-
tions. In time the entire analysis will be performed simply by referring to the origi-
nal network. Recall that a reverse-biased diode can simply be indicated by a line
through the device.
The resulting current through the circuit is,

_Ei+tE—Vo _ 10V+5V-07V _ 143V

R+ R 47kQ +22kQ  69kQ
= 2.072 mA

and the voltages are

V; = IR, = (2.072 mA)(4.7 kQ) = 9.74V
Vo = IR, = (2.072 mA)(2.2 kQ) = 456 V

Applying Kirchhoff’s voltage law to the output section in the clockwise direction will
result in

_EZ + V2 - VO = O
and Vo=V, —E,=456V — 5V = =044V
The minus sign indicates that V, has a polarity opposite to that appearing in Fig. 2.27.

2.5 PARALLEL AND SERIES-PARALLEL
CONFIGURATIONS

The methods applied in Section 2.4 can be extended to the analysis of paralel and
series—parallel configurations. For each area of application, smply match the se-
guential series of steps applied to series diode configurations.
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EXAMPLE 2.12

Determine V,, |4, Ip,, and Ip, for the parallel diode configuration of Fig. 2.30.

L] 11
PP +

R
E=I0v oW D, W s

.i' —  Figure 2.30 Network for Exam-
ple 2.12.

Solution

For the applied voltage the “pressure”’ of the source is to establish a current through
each diode in the same direction as shown in Fig. 2.31. Since the resulting current di-
rection matches that of the arrow in each diode symbol and the applied voltage is
greater than 0.7 V, both diodes are in the “on” state. The voltage across parallel ele-
ments is always the same and

Vo =07V

Chapter 2 Diode Applications
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Figure 2.31 Determining the
unknown quantities for the net-
work of Example 2.12.

The current
Ve _E-Vp _10V-07V _
L= =R =T amka - B18mA
Assuming diodes of similar characteristics, we have
lo, = lp, = IEI = w = 14,09 mA

Example 2.12 demonstrated one reason for placing diodes in paralléel. If the cur-
rent rating of the diodes of Fig. 2.30 is only 20 mA, a current of 28.18 mA would
damage the device if it appeared aone in Fig. 2.30. By placing two in paralel, the
current is limited to a safe value of 14.09 mA with the same terminal voltage.

Determine the current | for the network of Fig. 2.32.

S

b
!.‘.§=-u

E = Y

Figure 2.32 Network for Exam-
Si ple 2.13.

Solution

Redrawing the network as shown in Fig. 2.33 reveals that the resulting current di-
rection is such as to turn on diode D, and turn off diode D.. The resulting current |
is then

E.—-E—-Vp_ 20V—-4V-07V

I = = = 6.95 mA
R 2.2 kQ
0y
- -
+ Vg = r_': ¢
A f —
[ F=1210 L ik
—
+ +
£, = WY £, = 4N
L L Figure 2.33 Determining the
unknown quantities for the net-
= work of Example 2.13.

EXAMPLE 2.13

2.5 Parallel and Series—Parallel Configurations
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EXAMPLE 2.14

12v

Figure 2.34 Network for Exam-
ple 2.14.

Determine the voltage V,, for the network of Fig. 2.34.

Solution

Initially, it would appear that the applied voltage will turn both diodes “on.” However,
if both were “on,” the 0.7-V drop across the silicon diode would not match the 0.3V
across the germanium diode as required by the fact that the voltage across parallel el-
ements must be the same. The resulting action can be explained simply by realizing
that when the supply is turned on it will increase from O to 12 V over a period of
time—although probably measurable in milliseconds. At the instant during the rise
that 0.3V is established across the germanium diode it will turn “on” and maintain
alevel of 0.3 V. The silicon diode will never have the opportunity to capture its re-
quired 0.7 V and therefore remains in its open-circuit state as shown in Fig. 2.35. The
result:

Vo=12V - 03V =117V

Si

Figure 2.35 Determining V,
for the network of Fig. 2.34.

EXAMPLE 2.15

&y
5 15k

x I
J: X0,

E=wV §
‘ & |
L
-

56 k2

Figure 2.36 Network for Ex-
ample 2.15.
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Determine the currents |4, 15, and Ip, for the network of Fig. 2.36.

Solution

The applied voltage (pressure) is such as to turn both diodes on, as noted by the re-
sulting current directions in the network of Fig. 2.37. Note the use of the abbreviated
notation for “on” diodes and that the solution is obtained through an application of
techniques applied to dc series—parallel networks.

_ Ve _ 07V

I = = 0.212 mA
YR 33kQ
K
# 07 -
I } k
+
E== 2V Vi, W o " g.!..! kLl
b R
e WAy W TS CLTTITELET (0 Figure 2.37 Determining the
56 Kbk unknown quantities for Example
= W + 2.15.
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Applying Kirchhoff’s voltage law around the indicated loop in the clockwise direc-
tion yields

_V2+E_VT1_VT2:0

and Vo =E— V.~ Vr, =20V — 0.7V — 0.7V = 186V
. V, 186V

th L =Ya _ —332mA
w 2=R, “ Bk oM

At the bottom node (a),
ID2 + Il = |2
and Ip,=l>— 11 =3.32mA — 0.212 mA = 3.108 mA

2.6 AND/OR GATES

The tools of analysis are now at our disposal, and the opportunity to investigate a
computer configuration is one that will demonstrate the range of applications of this
relatively simple device. Our analysis will be limited to determining the voltage lev-
els and will not include a detailed discussion of Boolean algebra or positive and neg-
ative logic.

The network to be analyzed in Example 2.16 is an OR gate for positive logic.
That is, the 10-V level of Fig. 2.38 is assigned a “1” for Boolean algebra while the
0-V input is assigned a “0.” An OR gate is such that the output voltage level will be
alif either or both inputsisa 1. The output is a 0 if both inputs are at the O level.

The analysis of AND/OR gates is made measurably easier by using the approxi-
mate equivalent for a diode rather than the ideal because we can stipulate that the
voltage across the diode must be 0.7 V positive for the silicon diode (0.3 V for Ge)
to switch to the “on” state.

In general, the best approach is simply to establish a*gut” feeling for the state of
the diodes by noting the direction and the “pressure” established by the applied po-
tentials. The analysis will then verify or negate your initial assumptions.

Figure 2.38 Positive logic OR
gate.

Determine V, for the network of Fig. 2.38.

Solution

First note that there is only one applied potential; 10V at terminal 1. Terminal 2 with
a0-V input is essentialy at ground potential, as shown in the redrawn network of Fig.
2.39. Figure 2.39 “suggests’ that D is probably in the “on” state due to the applied
10V while D, with its “positive” sideat 0V is probably “off.” Assuming these states
will result in the configuration of Fig. 2.40.

The next step is simply to check that there is no contradiction to our assumptions.
That is, note that the polarity across D, is such asto turn it on and the polarity across
D, is such as to turn it off. For D, the “on” state establishes V, at V, = E — Vp =
10V — 0.7V =93 V. With 9.3V at the cathode (—) side of D, and 0V at the an-
ode (+) side, D, is definitely in the “off” state. The current direction and the result-
ing continuous path for conduction further confirm our assumption that D, is con-
ducting. Our assumptions seem confirmed by the resulting voltages and current, and
our initial analysis can be assumed to be correct. The output voltage level is not 10
V as defined for an input of 1, but the 9.3 V is sufficiently large to be considered a
1 level. The output is therefore at a 1 level with only one input, which suggests that

2.6 And/Or Gates

EXAMPLE 2.16

+ b —
Dl
E—=10V Vo
== D,
R 1kQ
'\

Figure 2.39 Redrawn network
of Fig. 2.38.
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