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Diode Operating Conditions/Modes

A diode has three operating Modes:

1) No bias gxxeirgi‘;
2) Reverse bias = saw""'

3) Forward bias

S~— et
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ENEE236 — Analog Electronics

Diode Operating Modes

. .. + V,=0V —
1) No Bias Condition énoblas)
o > 0
» No external voltage is applied: V,=0V E—

» There is no diode current: /,=0A
___—_____.--'

» Only a modest depletion region exists

2) Reverse Bias Condition Q Vb @

» External voltage is applied
across the p-njunction in

the oppasite polarity of the o— P |"{—o
p~ and r+type materials. o) _1__1_

(Opposite) @
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Diode Operating Modes

Reverse Bias

» The reverse voltage causes
the depletion region to
widen.

» The electrons in the r+type

material are attracted t

the positive terminal of the
voltage source.

~&— ] Minority-carrier flow

e__ Imajorily = OAq

CCOPRD@ -
aca:cm‘ @
- 1o s Pt
SE5wED

» The holes in the p-type material are attracted toward the negative

terminal of the voltage source.
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Diode Operating Modes

3) Forward Bias Condition

» External voltage is applied across the p-

njunction in the same polarity as the p-

and n-type materials.

» The forward voltage causes the
depletion region to narrow.

» The electrons and holes are
pushed toward the p-njunction.

» The electrons and holes have
sufficient energy to cross the p-n
junction

—->
Ip
o—{ P n +—o
A
: (Similar) ::

</

> Ip =T naiority — I
= [majority} D majority K

_®_®_

SIEE

4 2P R e0%.

O ORE P P
@D Sy n

epletion region

Ip Ip

.

o'
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Actual Diode Characteristics
Note the regions for no
bias, reverse bias, and N
forward bias [ e
conditions.
Carefully note the scale mmm
for each of these s —"—_.
conditions. et
(Vp :(%) mA) O
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Zener Region (Breakdown Region)

The Zener region is in the diode’s reverse-bias region.

At some point the reverse bias voltage
is so large the diode breaks down and 41
the reverse current increases
dramatically.

The maximum reverse voltage that
won't take a diode into the zener .
region is called the peak inverse 2% ¥ —
voltage or peak reverse voltage i F\ ! 0

o)
The voltage that causes a diode to Z ,’
w

enter the zener region of operationis /| |

‘ ‘J(}P n
called the zener voltage (%) or —“yﬂ*l‘

reverse breakdown voltage (V4,). T T

Summer 2021 ]_'7@ ¢ / h"k ’ daw%lb;; C.d
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Forward Bias Voltage

The point at which the diode changes from no-bias condition
to forward-bias condition occurs when the electrons and
holes are given sufficient energy to cross the p-n junction.
This energy comes from the external voltage applied across
the diode.

The forward bias voltage required for a: D‘\/
gallium arsenide diode 2 1.2 V, _
FlLY 4 Ve

> (silicon diode=0.7 Y s

germanium diode= 0.3V

—"
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Temperature Effects

As temperature increases it adds energy to the diode.

> It reduces the required forward 1y 0c Be
bias voltage for forward-bias e .
conduction.

> It increases the amount of reverse

current in the reverse-bias N
condition. P
. : G =F A \J
> It increases maximum reverse ((r 7 $
bias avalanche voltage. o

P = L7

D

Germanium diodes are more sensitive to temperature variations
than silicon or gallium arsenide diodes.

Summer 2021
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Diode Internal Resistance

Semiconductors react differently to DC and AC currents.

There are three types of resistance.

DC (static) resistance

__..-—-"')

AC (dynamic) resistance =

Average AC resistance
heh——— I
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Resistance Levels
Special Graphical
Tyvpe Equation Characteristics Determination
. Vb :
DC or static Rp = T Defined as a point on the
- -~ characteristics
Aot
o
o
5€ ?'hdslﬂ >
, AV, Lemv)= N1 ,
){ AC or dynamic Fg = ALl = 7 Defined by a tangent line
§ L at the (-point
AV, .
Average ac Fay = —— Defined by a straight » AL
~— Allpiopt line between limits of
operation J
AV,
Summer 2021
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Diode Equation

Vp(t)
(’l; =Is(e 'z J

Is: Reversésaturation current

Is= 10~12, 10~ 1*A

n:eta \‘é‘lé‘ 2

1 for Ge.
_)2 for Si (small current)

1 for Si(large current)

ip(t)

+ Vp(t) -
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V1= Thermal Voltage

T
11600

VT = ;T in kelvin

29%
At RoomIe o} T-@é@

. VT =25.69 mv at Room Temp.

» The equation is a non linear equation
.. The Diode is non linear Device

Yp®
» For positive VD (t), ( (t) = I (emr )

> QLrj_ggative VD(t)\ ip(t) = _IS) 7\ ”
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Diode V-l Characteristic curve

o

ip(t) 4

Break
down

0.7 ForSi
0.3 For Ge
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Fird T
v 0

The(rectifierldiode_i_s a non linear device .

There are essentially three basic approaches to the
solution of such problem :

1- The use of non linear mathematics %

2- The use of graphical techniques v

—> 3- The use of equivalent circuit (models), "‘,}/ *

Summer 2021
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For the circuit shown, find Ip and Vb

Ip = Is(e™'r

Vp
ID = IS(enVT )-'5

1)The use of non linear mathematic (shown , but not required)

Silicon:
—+ R, =1000 —r
A Is= 107 A &~
Vp=2v e 1’ 1
(e, ey
4D e S I N e . u)
VD

N

» Since the diode is forward biased , we could appr%ximate

¢
lnEZ-\—/-’-J‘
55 10

» Solving for@ n vt ln%
Summer 2021
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~.We have two equations and two unknowns
VS_RSID+VD ...................... 1<
Vb=nVrhh ... 2 J
Is
Ve=Rglp + n VT 1n§—ls> Ve

® non linear equation
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[terative Analysis

Z) ID _VS Vp
N Rs
1) LetVp =Q7v 3) ¥D=7'T‘7§1n',—’;./
Ve

Ip=227 =13 mA~ 0o

o--}

Vp =0.7882392v — The error is large
\d

—52) Let Vp =0.7882392 00027

) Let ¥p =0, v o788

Ip=12.117608 mA /

Vp=0.7862529v /Fhe error is small
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3) Let V,=0.7862529v

Ip=12.137471 mA

Vp =0.7862991V  The error getting smaller

4) Let Vp=0.7862991V
Vp=0.786298066 V /

Ip=12.137009mA

S

ID = 12.137 mA . g

V,= 0.7863v

Summer 2021
instructor: Nasser Ismail 19



BZU -ECE 7/5/2021
ENEE2360

<9
2) The use of graphical techniques
(Requires the V-l exact plot)>r¥ __ > — 1""* Vo
St ! D
Vs=Rslp* Vp ‘
4 +
Y "
« Using equation 1
o= “a5Vp+g Tp=f (Vo) . - pht
R
To= Vs -Vo
0 ____ﬁs
To=f(W) = Ns__VD_
g( Lo="7.Vo+ Y
\

Summer 2021
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)
Drawing the two equations \J

ARE
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The effect of Rs on the Qpoint

1%
i :'iV ’S
D+
D Rg Rg

Summer 2021
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The effect of Vs on Qpoint

Vg /

1
ID— R_SVD+R_S (4
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. F
Diode (l\/r)ﬂelsj_) *¥

1) Ideal Diode Model =
2) Simplified/piecewise/ knee mode/

3) Complete diode model .x P’“""jj;p
.

Summer 2021
instructor: Nasser Ismail 24



BZU -ECE
ENEE2360

ENEE236 — Analog Electronics

ldeal Diode Model
N~

\_—’

¢
« 1) if the diode is forward biased ==> diode is
replaced by short circuit
Ip _‘,\[D{:..‘D
—_— A K
A =>‘ K
+ Vb -
Rlimit
Rlinjit
Vbias V_big_s/
Vp=0+"_

[ 10=Vbias/Rlimit )
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ldeal Diode Model

« 2) if the diode is Reverse biased ==> diode is.

replaced by open circuit Lp=o
A K

Rlimi

[ vo=-vbias

ID=0
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Simplifjed / knee model
?I‘a,u'\'uaw(n
« 1) if the diode is forward biased ==> diode is
replaced by a 0.7V battery (for Si)
Ip 0.7V
— o+ ‘_K
A I>‘ K
+ Vp- FD +tW-—
Rlimit it
Vbias Vbias
Vp=0.7 V
Io=(Vbias-0.7)/Rlimit
Summer 2021
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Simplified/ knee model

« 2) if the diode is Reverse biased ==> diode is
replaced by open circuit (same as ideal model)
A K A K
t vy —

Rlimit Rlimit

O—
Vbias
VD=-Vhias
ID=0

VD

r= 0.7V

Summer 2021
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Complete Diode model

» 1) if the diode is forward biased ==> diode is.
replaced by a 0.7V battery and forward dynamic
resistancDe

= 0.7V
—_— - «
A lI>‘ K |-97
Vo ~
+ Vp -
Rlimit
Rlimit
Vbias Vbias wols of G

Vo=0.7+b.1d! / o~ '7
Ib=(Vbias-0.7)/(Rlimit+rd)

/¢

\ -_"
n
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Complete Diode model

« 2) if the diode is Reverse biased ==> diode is
replaced by open circuit // to reverse resistanc@

tVo - ot

AI>‘K A K

Rlimit |D

Rlimit

Vbias

VD=-Vbias (& b)Y Rl:n;l-
ID=- p
7
vo UbtastVp - Tg fyit=o

0.7v~

Summer 2021 Enl ﬁ L2 g/?/” 2/
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Dicde Model

S ;‘“A' ¢ / y 7/5/2021

@Since VA > VK,

can be replaced by a short circuit

— T\ A—
| dcal Prackual cou-fh-,-k_ 13/ 2 /2024
ENEE236 — Analog Electronics
Example: 100 Q
Find the Q-point (Ipg and VDQ) |
~ a) Use ideal diode model
b) Use practical diode model m’do ) —-
c) Use exact model Reyerse 7 7 §-po-t
Solution Forwml Brsd = oN
* = off Yo Vp

diode is forward bla_,s_ed (ON) ==> it

VDo=Vak=0 V
IDQ=2V/100 Q=20 mA

I

instructor: Nasser Ismail

31



BZU -ECE
ENEE2360

ENEE236 — Analog Electronics

b) When using practical model , diode is replaced by

g a 0.7 V battery
—
VDQ=VaAk=0.7 V
IDQ=(2-0.7/100 = 13 mA
\’) c) Exact solution yields

VDbQ=VAak=0.786 V

IDQ = 12.14 mA -
Q o FV

Note: If applied voltage is much higher than VAK ( at
least W then ideal diode model is recommended

-~
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|y

Example: (
Find the Q-point (
(IpQ and VDQ) /
Solution

— —

—_—

It is better to convert the two loop circuit to a sing/e loop
circuit by finding Thevenin’s equivalent circuit

6 6y
VTH=6V. 20k/(20k+10k)=4 V
RTH=(10k+20k//10K)=16.67 kQ VAT L
\VDO=VAK=0.7 V Y

IDQ= (4-0.7)/16.67 k2 =0.198 mA

Summer 2021
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Example: Find I,V1,V and Vo (use simplified n(odel)g‘

+ V1 - o
El Lk

+10

Solution:

Tl

ol-
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%)
oot ? t
A= T PW
4 + + 4.7 k
+ 4.7 kO }
—— V2 10V
| 10v = 2.2kQ
==> -
= Diode is
Forward
= biased
Snte VASW
< [5-07 -3 _
|=(10+5-0.7)V/(4.7+2.2) kQ / L= é p
=2.07 mA ot
V1=l .R1=9.73 V _ _
=299 RY. 2 Vo=V2-5=-0.45V ok
V2=l .R2= 455V
=2.0Fm X 2.k /
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Solution:

Applied voltage is
suitable for forward
biasing both diodes
11= 0.7 V/3.3 kQ

=0.212 mA
l2= (20-0.7-0.7)/5.6 kO

|2=l1+Ip2.

ID2=I2-11=3.32— 0__2__1__2 e
=3.11 mA

Summer 2021
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N T P - Ve T
: - . VF AY
Diode Specification Sheets ¢,
S
Diode data sheets contain standard information, making cross-
matching of diodes for replacement or design easier. \8-
1. Forward Voltage (Vf) at a specified current and temperature
-\~___________ e —_—
2. Maximum forward current (£) at a specjfied temperature
in VevS€ yo
3. Reverse voltage rating, PIV or PRV, or V gg), at a specified temperature
. o Teerse D

4. Maximum power dissipation,at a specified temperature
5. Reverse saturation current (/) at a specifled voltage and temperature
6. Capacitance levels
7. Reverse recovery time, ¢,
8. Operating temperature range

Summer 2021
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Other Types of Diodes

There are several types of diodes besides the standard
p-njunction diode. Three of the more common are:

Zener diodes

Light-emitting diodes

Summer 2021
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Zener Diode (explained in 4p) ' °

A Zener diode is one that

T O
Is designed to safely l I,
operate in its zener v ’
region; i.e., biased at the Z ,xh___
Zener voltage (V).

Common zener diode voltage ratings - L
are between 1.8 V and 200 V

The Zener diode is used mainly for voltage regulation,
details will be discussed later

Summer 2021
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Light-Emitting Diode (LED)

An LED emits light when it is forward biased,
which can be in the infrared or visible spectrum,

-

—

(1:2 Vp
red|

The forward bias voltage is usually
In the range of‘_ZJV toa/. &—

Summer 2021
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