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Analog Electronics Circuits

Chapter 1: Diode circuits

* Objective

» To understand the diode operation and its equivalent circuits
* To understand various parameters of diodes

* Loadlineanaysis

* Diode applicationsin rectifiers; HWR,FWR

* Diodetesting

» Zener diode

» Diode data sheets and specifications

» Diode applicationsin clipper circuits

e Numerica

Semiconductor diode

Diodes
Simplest Semiconductor Device
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Fig — a semiconductor diode symbol
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Basic operation
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Fig— b Vi characteristics of a diode
n-type ver sus p-type

* n-type materials make the Silicon (or Germanium) atoms more negative.
* p-type materials make the Silicon (or Germanium) atoms more positive.

» Join n-type and p-type doped Silicon (or Germanium) to form ap-n junction.

p-n junction
* When the materials are joined, the negatively charged atoms of the n-type doped side
are attracted to the positively charged atoms of the p-type doped side.
» Theelectronsin the n-type material migrate across the junction to the p-type material
(electron flow).

 the *holes’ in the p-type material migrate across the junction to the n-type material
(conventional current flow).

» Theresult isthe formation of adepletion layer around the junction.

Depletion region

N/
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Oper ating conditions

 NoBias

* Forward Bias

* ReverseBias
No bias condition

» No external voltageis applied: VD = 0V and no current isflowing ID = OA.
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Only a modest depletion layer exists

Rever se bias condition
External voltage is applied across the p-n junction in the opposite polarity of the p- and n-
type materias.

» This causes the depletion layer to widen.
» Theelectronsin the n-type materia are attracted towards the positive terminal and the

‘holes’ in the p-type material are attracted towards the negative terminal.
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Avalanche breakdown

Avalanche breakdown occurs when a high reverse voltage is applied to adiode and large
electric field is created across the depletion region. The effect is dependant on the doping
levelsin the region of the depletion layer. Minority carriersin the depletion region
associated with small leakage currents are accelerated by the field to high enough energies
so that they ionise silicon atoms when they collide with them. A new hole-electron pair are
created which accelerate in opposite directions causing further collisions and ionisation and

avalanche breakdown

Zener breakdown

Breakdown occurs with heavily doped junction regions (ie. highly doped regions are better
conductors). If areverse voltageis applied and the depletion region is too narrow for
avalanche breakdown (minority carriers cannot reach high enough energies over the distance
traveled ) the electric field will grow. However, electrons are pulled directly from the
valence band on the P side to the conduction band on the N side. Thistype of breakdown is

not destructive if the reverse current is limited.

Forward Bias Condition

» External voltageis applied across the p-n junction in the same polarity of the p- and n-
type materias.

» Thedepletion layer is narrow.

* Theélectrons from the n-type material and ‘holes’ from the p-type material have

sufficient energy to cross the junction.

o Actua v-i characteristicsis as shown in fig below
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)‘4 GETMYUNI



WWW. get myuni . con

Diode current expression:

ID=1s(evD/VT-1)
* |s: Reverse saturation current

g : Charge of an electron

k : Boltzman constant 11600/n

T : Environment temperature in °K
°K=°C+273]

n =2 for silicon, n=1 for Germanium

—

Majority and Minority Carriersin Diode

A diode, as any semiconductor device is not perfect!

There are two sets of currents:

» Majority Carriers

The electronsin the n-type and ‘holes’ in the p-type material are the source of the
majority of the current flow in adiode.

* Minority Carriers

Electronsin the p-type and ‘holes’ in the n-type materia are rebel currents. They produce

asmall amount of opposing current.
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Zener Region

Zener region
Zener diode operation:
» Thediodeisin the reverse bias condition.
» At some point the reverse bias voltage is so large the diode breaks down.
» Thereverse current increases dramatically.
» This maximum voltage is called avalanche breakdown voltage and the current is

called avalanche current.

Forward Bias Voltage

* No Bias condition to Forward Bias condition happens when the electron and ‘holes’
are given sufficient energy to cross the p-n junction.

» Thisenergy comes from the external voltage applied across the diode.
The Forward bias voltage required for a

« Silicon diode VT = 0.7V

e Germanium diode VT = 0.3V
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Temperatur e Effects on perfor mance of diode

As temperature increases it adds energy to the diode.
It reduces the required Forward bias voltage in Forward Bias condition

It increases the amount of Reverse current in Reverse Bias condition

It increases maximum Reverse Bias Avalanche Voltage

» Germanium diodes are more sensitive to temperature variations than Silicon Diodes.
Resistance Levels

» Semiconductors act differently to DC and AC currents.
There are 3 types of resistances.

» DC or Static Resistance

» AC or Dynamic Resistance

* Average AC Resistance
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DC or Static Resistance

I imaj

—lo Vo (V)
RD=VD/ID
DC or static resistance

» For aspecific applied DC voltage VD, the diode will have a specific current ID,
and a specific resistance RD.

» Theamount of resistance RD, depends on the applied DC voltage.

AC or Dynamic Resistance
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Forward Biasregion:

* The resistance depends on the amount of current (ID) in the diode.
Rd=Avd/ Ald

» Theresistance depends on the amount of current (I1D) in the diode.
» Thevoltage acrossthe diodeisfairly constant (VT = 26mV for 25°C).
* ReverseBiasregion:

Rd=c0

The resistance is essentidly infinite. The diode acts like an open.

Average AC Resistance

Rac=AVd/Ald Point to point
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Diode equivalent circuits

Piece

An equivaent circuit is a combination of elements properly chosen to best represent
the actual terminal characteristics of a device, system or such a particular operating
region.

Then device symbol can be replaced with the equivalent circuit which makes the
analysis of the circuit easy and straight forward.

wise linear equivalent circuit

=+ Oi@-
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@

One technique for obtaining equivalent circuit is to approximate the characteristics of the

device by straight line segments

Simpl

Rd defines the resistance level of the device when it isin the ON state.

|deal diodeisincluded to establish that there is only one direction of conduction
through the device.

Since silicon semiconductor diode does not conduct until VD of 0.7V isreached, a

battery opposing the conduction direction isincluded.

ified equivalent circuit

In most of the applications, resistancer,, is very small in comparison to the other
elements of the network.
Removal of thisr,, from the network makes a s mplified equivalent circuit.

And an ideal diode will start conduction for zero applied voltage.

N/
0 )‘4 GETMYUNI



WWW. get myuni . con
Transition and diffusion capacitance

Biewrric-Fan ||| e

Ly . i . 1 = i jite L5

» The figure shows the capacitance v/s applied voltage across the diode.

» Shunt capacitive effects that can be ignored at very lower frequencies since Xc=1/2nfc
iIsvery large (open circuit)

» However this can not be neglected in very high frequencies since it introduces alow
reactance (shorting) path.

» Two types of capacitive effectsto be considered in FB and RB condition.

* InRB region transition or depletion region capacitance CT in FB diffusion
capacitance CD or storage capacitance.

« WktC=eA/d.

» ¢isthe permittivity of dielectric between tow plates of area A separated by distance d.

* InRB, depletion region which isfree of carriers that behaves essentialy like an
insulator between the layers of opposite charges. This depletion region width increase
with increase in RB potential.

» Sincedisincreasing, capacitance effect ismorein FB.

N/
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Diode characteristics

CURRENT

A FORWARD
A CURRENT

BREAKDOWN
YOLTAGE
Y.

LEAKAGE CURRENT VOLTAGE

AVALANCHE |
| CURRENT

N R ~——=REVERSE VOLTAGE

¥+ characterstics of an ideal diode
Y-l characteristics of a real dicdz

Diode characteristics

ip=0 ip
o —
— ([ — i} o
+ ll'lf.:" - -4 l"r} T
p<l.ip=0) (ip=0vp =0

Figure 1-3 Equivalent Circuit of Diode

Reverserecovery time

» Denoted by trr.

* In FB condition, large number of eectrons from n-type progressing through p-type
and large number of holesin p-typeis arequirement for conduction. The electrons in
p-type and holes progressing through n-type establish a large number of minority
carriersin each material.

* Now if thediodeis changed from FB to RB

N
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The diode will not instantaneously react to this sudden change. Because of the large
number of minority carriersin each material, the current sustainsin diode for atime ts
storage time which is required for minority carriers to return to their majority carrier
state in the opposite material.

Eventually current will reduce to non conduction levels.

Thistimeistt transition interval

Hencetrr=ts+ tt

Thisis very important consideration in high frequency operation.

Commercially available diodes have reverse recovery time of few nano seconds to

1micro second.

ITec .“..[ijt
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Load line Analysis

The applied load will normally have an important impact on region of operation of
device.

If analysisis donein graphical approach, aline can be drawn on the characteristics of
the device that represents applied load.

The intersection of load line with the characteristics will determine the point of
operation.

Such an analysisis called as load-line analysis.

The intersection point is called ‘Q’ point or operating point.

N/
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Its very simple as compared to the non-linear analysis of diode which involves heavy

+ * lID
= 7

By KVL: V =Ri, +v,
By KCL :i; =i,

Both KVL and KCL must be satisfied at al times

I-v curves plotted for diode (energised by Vss)

Iy

// Diode characteristic

I-v curves plotted for resistor

N/
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i)

We can combine these curves on one plot to do a load line analysis
Load lineanalysis

i

Point B

By KVL : Vi =Rip + Vv,

'/ Diode characteristic By KCL iR — iD

/ Operating point
/ Load line

Point A
(vp=Vgs, ip=0)

L5
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Example on load line analysis

IR Assume: Vg =3V
and R =150Q.

l Whenv, =0:

+ . Vg
— Ig =lp =—==20mA
— When v, =V :
= g =l =

Ip = Vsg/R = 20mA

ip (mA)

20

Iip = 12.5mA
vp = 1.25V

Operating Point:
KVL and KCL
caticfied

TTT

[

NN S Y T Y S T Y YA O O
0 0.5 1.0 1.5 20 2.5 3.0

(2N 5] fV)
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Diode approximations

In the approximate model of diode, the r,, is not used since the value of thisry, is

much less than other series elements of the network.

e Thismodel resultsin less expenditure of time and effort to obtain results.
Unless otherwise mentioned this approximate model is used hereforth...

Series diode configuration with DC inputs

When connected to voltage sources in series, the diodeis on if the applied voltage is
in the direction of forward-bias and it is greater than the VT of the diode

* When adiodeis on, we can use the approximate model for the on state

Seriesdiode configuration

T ¢
+T Rg;; ;=
=

Q
I =+
=
A A
| = +

E

f

Here, VD =VT,VR=E - VT
ID=IR=VR/R

1l
|

| =+
VW
+ 5

N/
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Si

Here, VD=E,VR=0,ID=0
Keep in mind that KVL has to be satisfied under all

conditions

Parallel diode configuration

Determinell,VD1,VD2and VO for the parallel diode circuit in below figure

i 033K0
AAA — o+
I

E= 10V D,Y¥si  0,Y S

-
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Solution
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Examples
1. Find diode current and output voltage

""I" I".':_i A
bt | 51
+12 Vo b4 L
bl iz R
i
5.0 k2
Solution:
2. Solvefor | , vl,v2 and vo
¥,
R]
E, = 10 Vo—AAN—P oV
17kQ S r_l "
R, Q22kQ V.
Ey=—5V
. izi GETMYUNI
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3.Determine unknown parameters

y + VvV, -
—s 0.33kD
_ﬂnﬁ - - ) ==
R 'y fna
+ J’ + \
E == [0V 0.7V == - 07TV V,
- ® S .
4.Determine unknown parameters
Si
: P
P K ﬂ| 'E.E =4V
——AANN— $——
Ellzﬂ'v 2.2 k() Dj
Si

5.Deter mine unknown parameters

21
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Rectifiers:

Half waverectification

| Yol
D /\
+ +
fr(“’) vm%i"{{d!) ng f",(n” \/ \ J

v )
07V
'/- Ideal diode
‘.‘ ;  —
-~ Actual
’i’ diode T
!
Diode Diode

Conducts Blocks

For the half-wave rectified signal:

Vdc=0.318Vm

If the effect of VT isalso
considered, the output of the
system will as below
Vdc=0.318 (Vm- VT)

v
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Effect of VT on half-waverectified signal

=
il
| Tl || + z I
5 + [ Ity
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1
i i -
l'. l. T o
s Ot chac s}

PIV rating of Half-wave Rectifiers

PIV rating is very important consideration for rectifier circuits
For the half-wave rectifier must be equal or must not exceed the peak value of the applied voltage
® pv=Vm

Thisisthe voltage rating that must not be exceeded in the reverse bias region

When vin is negative.

¥
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Non Ideal Waveform

v A

~Y

Half-wave Rectifier

» Thetota effect of diode on the output signal is given in below

L)

i

Average voltage V av

 Theaveraged.c. value of this half-wave-rectified sinewaveis

1|5 :
Vav =—| | Vm singdq +O}
»l

__Wm [cosp —cos0]= Vi

2p P

v
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Full-wave Rectifiers Bridge

o}
+ +
ac
line y
V1
voltage -
o,
Working :

» For the positive half of the AC cycle:
* Diode D1 and D2 gets forward biased and conducts.

Working :
» For the negative half of the AC cycle
* Diode D3 and D4 gets forward biased and conducts during this half cycle.

N
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Details of working of FWR

Weinitialy consider the diodes to be ideal, such that V=0 and R; =0

The four-diode bridge can be bought as a package During positive half cyclesv;is
positive.

Current is conducted through diodes D1, resistor R and diode D2

Meanwhile diodes D3 and D4 are reverse biased

During negative half cyclesv;is negative.

Current is conducted through diodes D3, resistor R and diode D4

Meanwhile diodes D1 and D2 are reverse biased.

Current always flows the same way through the load R.

0.1-.

e
vﬂ

t

the aVerage d.c. value of thisfull-wave-rectified sinewaveisVay =2V y/x (i.e. twice
the half-wave value)

Two diodes are in the conduction path.

Thus in the case of non-ideal diodes v, will be lower thanv; by 2V.

Asfor the half-wave rectifier areservoir capacitor can be used. In the full wave case
the dischargetimeis T/2 and

N/
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AV ~ VuT
2RC
Centre-tap FWR
I:2 i
§ v, + H
I.r,' y
IF\IH + . j 1 - H
) - W === AP
i [ | 1 _ ]
\ \/ o ‘ +
0,

» Two diodes and a center-tapped transformer are required.
 VDC=0.636(Vm)

* Notethat Vm hereisthe transformer secondary voltage to the tap.

Operation

For the positive haf of the AC cycle:
14

..". ﬁl - 3

WOV ey ety = 2%

27
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For the negative half of the AC cycle:

gt
Fy
doq
fo
..J._.Il__l. I
. I T 1
' W ¥
Summary

- .II
- 9}
]

'_ .I. I|'--.
. ¥ s o I &
_%*
i1 ; [ |
I o

Type of rectifier

Ideal Vpe

Realistic Vpe

transformer
rectifier

Half wave rectifier VDC=0.318Vm VDC=0318 Vm- 0.7V
Full wave rectifier VDe=0.630 Ym VDe=0.636 Vm - 2(0.7V)
Full wave centre tap VDC= 0636 Ym Vb= 0.636 Ym-0.7V

Note: Vm = peak of the AC voltage.

R

28
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Application of diode as Clippers

» Clippers have ability to “clip/remove” off a portion of the input signal without

distorting the remaining part of the alternating waveform.

« HWRissimplest form of clippers. The orientation of diodeis going to decide the part

of sinusoidal waveform to be clipped off.

Clipper configuration

Depending on the way in which the diodes are connected with the input, the clipper are

classified in to two major categories, viz.,
» Seriesconfiguration

» Paralld configuration

1. Seriesclipper example 1

e \
2 F Ee &1 PP
~ 7 | i AASY

k

2. SeriesClipper example 2

‘)

-
-
-
ﬂ—-—ﬁ—r—i o
S
E = |Eom Eo
m——— E

W
:EII E_'__.- t
l__,.-"frlJJEl:Il ) t
rd
=, T .. ~
Ei Exn Ei

L=
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3. Seriesclipper ex-3& 4

4. Seriesclipper Ex-5& 6

E i

o

e s i i i

30
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Variousclipepr examples along with transfer characteristics

Yo A Yo A
0.7 = 1 i
1 YUr — —0.7 vy
1
(a) (b)
Yo A Yo A
AT e
5 - —
+0.7 |
s 1 .
— —0.7 Z}., +5 '{J",
1
1
(c) (d)
f}{)
. - (Ve + 0.7)
1
I T —
1')1,
a1 —(Vz + 0.7)
(e)
Biased paralld clippers
L 4 O
] +
A av E
. T wao
6V = 8/
1 TS
{a) Circuit diagram
2, (V)
ISV /, \\ Portion of ¢, clipped /’
¥ A off by diode A ! Diode A on
/ A / Fan
1 A f
/ \ /
6V _‘\t : :
i -/ ; il t o, (V)
A B3 P in (
Both diodes off
2 \\ / Diode B on ok
N 4 B

(b)) Waveforms {¢) Transter characteristic

Figure 10.29 Clipper circuit.

v
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Diode testing :

1. Diode testing using multi-meter

[ OL

. e —
i F Cathode v 0 (- A

—_—

One problem with using an ohmmeter to check adiode is that the readings obtained
only have qualitative value, not quantitative. In other words, an ohmmeter only tells you
which way the diode conducts; the low-value resistance indication obtained while
conducting is useless. If an onmmeter shows a value of “1.73 ohms” while forward-biasing a
diode, that figure of 1.73 Q doesn’t represent any real-world quantity useful to us as
technicians or circuit designers.

It neither represents the forward voltage drop nor any “bulk” resistance in the
semiconductor material of the diode itself, but rather is a figure dependent upon both
quantities and will vary substantially with the particular onmmeter used to take the reading.
For this reason, some digital multimeter manufacturers equip their meters with a special
“diode check” function which displays the actual forward voltage drop of the diode in volts,
rather than a “resistance” figure in ohms. These meters work by forcing a small current
through the diode and measuring the voltage dropped between the two test leads. (Figure
below)

N/
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Anode

v

Cathode

Meter with a “Diode check” function displays the forward voltage drop of 0.548 volts instead of a low resistance.

The forward voltage reading obtained with such a meter will typically be less than the

“normal” drop of 0.7 volts for silicon and 0.3 volts for germanium, because the current

provided by the meter is of trivia proportions. If a multimeter with diode-check function

isn't available, or you would like to measure a diode's forward voltage drop at some non-

trivial current, the circuit of Figure below may be constructed using a battery, resistor, and

voltmeter

(a)

A
Yi = “erfy
V N AN
i W
\
I
LY /N
OFF
va
‘{:} A | | COM

(b)

9

Resistor

Diode

Battery

Measuring forward voltage of a diode without“diode check” meter function:
(a) Schematic diagram. (b) Pictorial diagram

33
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2.

Curvetracers

e A curvetracer can display the characteristics of a host device.
e Device could be diode or transistor or other semiconductor device.
e Curvetracer by tektronix and other companies available

e Easy to use and testing with less effort and time.

Diode specifications

Data sheets provide data on specific semiconductor device.

Manufacturers provide these information

Usualy given in easy readable formats like graphs, artwork, tables and so on.,
These specifications are required for proper utilization of devices for specific
applications

| mportant data to beconsidered are

The forward voltage V¢ (at specific T)
Maximum forward current ¢
Maximum reverse saturation current Ig
The reverse voltage rating (PIV)
Maximum power dissipation
Capacitance levels

Reverse recovery timet,,

Operating temperature range
Depending on type of diode being used, additional data such as
Frequency

Noise level

Switching time

Thermal resistance

Peak repetitive values are also provided

N/
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For 1N4001 and 4007

ELECTRICAL CHARACTERISTICS+

Rating Symbal | Typ | Max | Unit
Maimum Instantanecus Forward Valiage Drop, (i = 1.0 Amp, T = 28°C) VE 08 | 11 Y
Maximum Full-Cycle Average Forward Voliage Drop, (lg = 1.0 Amp, T, = 72°C, Tinch leads) | Ve 2 0.2 y
Maimum Reverse Current (rated DC voltage) 7 WA
(Ty=25°C) 005 | 10
(T; = 100°C) 1.0 50
Maimum Ful-Cycle Average Reverss Cument, (ln = 1.0 Amg, T, = 75°C, 1 inch leads) R . N | uA
MAXIMUM RATINGS
Rating Symbol | 1N4001 | 1N4002 | 1N4003 | TN4D04 | IN4005 | TH4008 | 1N400T | Unit
tPzak Repettive Reverse \Voltage VRrM a0 100 200 400 200 200 1000 W
Working Peak Reverse Voliage VR
[0 Blocking Valtage VR
Thon-Repetitive Peak Reverss Voltage VR &l 120 240 480 720 1000 1200 W
(halfwave, single phase, 80 Hz}
tRMS Reverse Violfage VRiRKS) 35 70 140 280 420 il 700 W
thverags Rectifisd Forward Current g 1.0 A
(zingle phase, resistive load,
80 Hz, Ty = T5°C)
Thon-Repetitive Peak Surge Current ol 30 {for 1 cycle] A
{surge appied at rated load conditions)
Operating and Storage Junchion T3 -85 to +175 °G
Temperature Rangs Teig

Maximum ratings are those values beyond which device damage can occur.

N/
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10
s = =
= = =
::‘:"-: _.-""I__..-F""f ] :__r_l
IIJ.! T~ = 100 //"./‘ / ;zr-.-l
cl 1 R l.'"“il‘" — i
E & 1 Fal _.IE( i’._i‘.!
= f..-' jr.r b
g T > =
= B T =180C A J.-"' _l,.I’ E"I
T =25°C
0.1 / .-"'Il .i'fr 1
.5 0.8 0.7 0.2 0.9 1 1.1 1.2
WE INSTARTARNEOSUS FORWARD WOLTAGE (W)
Figure 1. Typical Forward Yoltage
1.0E—D4
SR —— — Tc=150°C —t—0u | |
1
. 1.0E—08 == T = 1000
!
1.0EO7F
1
:
1.0—02
£ EE = = e ———————————————————|
—= T.: =I£5‘:'ul
1.0E—05 I I

0 1030 200 300 <00 S &0 700 300 |00 1000
“r. REVYVERSE WOLTAGE (W)

Figure 2. Typical Reverse Current
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100 I T
T, =25°C

[N

Lil

[ *l
10

CAPACITAN

?f

i
!

o Z0 40 g0 20 100 120 1«40 150 120 200
Ve, BEVERSE WOLTAGE (W)

Figure Z. Typical Capacitance

Zener diodes
» By proper doping of the silicon, the “Zener Breakdown” can be made to have a very
“sharp breakdown”.
» The breakdown voltage is commonly labeled asVZ.

Characteristics of Zener diode

o
/
Breaks down Backward Z
atV, _-vq

Designed to — 15\/

have a very .y v
sharp reverse

breakdown
characteristic O

» Equivalent circuit consist of a constant voltage supply of V; in series with a zener

resistor r.

N/
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» The approximate model is obtained just by neglecting the effect of r, in the equivalent

model. Only a constant voltage source is used in this model.

» Thetemperature coefficients reflects the percentage change in V; with temperature
and it is defined by the relation

o T={AV Vo(T1-To) } x 100%

» AV~ changein zener potential due to temperature variation

o (T3-Tp) changein temperature

Examples

1. Det. Nominal voltage for IN961 fairchild zener diode at temp of 100°.

Solution:

AVZ:TC Vz(T]_'To)/lOO

={0.072x10V/100} (100°-25°)

= 0.54V

Therefore change in Zener voltage is 10.54V when temperatureis raised from 25°c to 100°c.

2. FindlIsand vL using zener characteristics for given data

Vgg= 24V
R=12kQ
R;= 6 kQ:
1.2 kQ

Find I and
v; using the
zener

characteristics

;
l'\\

R 5,
$—o AN\ —e
i— v, R § A
Tt

I +

 — Ry

(a) Regulator circuit with load (b) Circuit of (a) redrawn

'n vy

(¢) Circuit with linear portion
replaced by Thévenin equivalent

Figure 10.12 See Example 10.4.

3. Compute the Thevenin equivaent of the previous circuit with the zener diode as the

load

Thevenin voltage
Thevenin resistance

We can then write VT +RTiD+vD = 0 and find out vD,, iD using the zener diode

characteristics
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vL=vDandIS=VL/RL +iD
Solution

|'r| *T".'.II.’

M 18 16 14 -2 10 % -6 -4 -2 ) .
.

Bid  pi0g - [i1at

Figure 10,03 Zener-ghode charactenstgdor Example 10.4 and Exercise 10.4.

Load Line : ¥ =-Vq-Byip

iy AT

20 -8 -6 -4 -1 -0 & -6 -4 -2 2 o an
— ri

Lid oine - tdngiinil

Figure 10013 fener-ide charactensigetor Example 10.4 and Exercise 10.4.

Load Line : vy =-V¢-Brip

e VvL=10V

 IS=VL/RL +iD =10/6 +10 mA = 11.67mA
e VL=95V

« IS=VL/RL +iD =9.5/1.2+5mA =12.92mA
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4. Find currents through diode D1 and D2.

lJ'--‘]I D]
L1

™~

+
+

| 4kQ

6kQ 3V —

10V

General Approach:
® Assume the state of each of the diodes: i.e., “on” or “off”.

® Analyzethe circuit and check to see if your assumptions were correct.

® If not correct try another set of assumptions.
» Assume D1 is “off”: Replace with open
e Assume D2 is “on”: Replace with short

f,l'_}j:[}-ﬁ mA

ke -

+ 4 k2 =
10V — 6k 3V _—

vD1=10V -3V =7V
But thisis not possible since the D1 would be forward biased or “on” with vD1 = 0V,

We must try another set of assumptions

e Assume D1 is “on” and D2 is “off”

tpj
—_—
+| 40 +|
I = §6Lﬂ IV =
)
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D, is
forward

vip = 10V/I0kQ= ImA———— "™

D, is reverse

*Vp =3V -V, =3V -6V =-3V biased - OK

* We have a valid solution!

Example 2
e : AN :
2 kQ 2 kQ
+ 84V § 8.4V
— 54V - 54V
O O
(a) Circuit of Figure 10.29 with batteries replaced (b) Simpler circuit

by Zener diodes and allowance made lor a
0.6-V forward diode drop

Figure 10.30 Circuits with nearly the same performance as
the circuit of Figure 10.29.
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