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Resistance Levels

Semiconductors react differently to DC and AC currents.

There are three types of resistance:

e DC (static) resistance
* AC (dynamic) resistance
e Average AC resistance



DC (Static) Resistance ﬂ%
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For a specific applied DC voltage VD,
the diode has a specific current ID, Es
and a specific resistance RD.

Vp (V)
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AC (Dynamic) Resistance PAY/ I, =1 (5" -1
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In the forward bias region:

AC (Dynamic) Resistance !ZV -

 The resistance depends on the amount of current (/,) in the diode.

» The voltage across the diode Is fairly constant (26 mV for 25°C).

* Iz ranges from a typical 0.1 Q for high power devices to 2 Q for

low power, general purpose diodes. In some cases rgz can be
ignored.

In the reverse bias region: -

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




Average AC Resistance I
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AC resistance can be calculated
using the current and voltage -
values for two points on the diode
characteristic curve.
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Diode Equivalent Circuit %D
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' Simplified Equivalent Circuit
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Diode Capacitance DA

In reverse bias, the depletion layer is very large.

In forward bias storage capacitance
or diffusion capacitance (Cp) exists
as the diode voltage increases.

The amount of capacitance depends on the reverse voltage.
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C(pF)

The diode’s strong positive and negative polarities create capacitance, C-.
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Reverse Recovery Time (trr) sl
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A]D

Change of state (on —- off)
Ttorward / required at 7= ¢,

Desired response

b

Reverse recovery time Is the
time required for a diode to
stop conducting once It Is
switched from forward bias — 1, »’- t—>
to reverse bias.




Diode Specification Sheets ﬂ_%

e
1. Forward Voltage (V) at a specified current and temperature.

2. Maximum forward current (I;) at a specified temperature.

3. Reverse saturation current (I;) at a specified voltage and temperature.
4. Reverse voltage rating, PIV or PRV or V(BR), at a specified temperature.
5. Maximum power dissipation at a specified temperature.

6. Capacitance levels.

7.Reverse recovery time, £,

8. Operating temperature range.
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Diode Symbol and
Packaging

1
‘ Cathode I I

The anode 1s abbreviated A
The cathode Is abbreviated K



Diode Testing %
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1. Diode Checker

« Many digital multimeters have a diode checking function.
_ _ : « Galliumarsenide=1.2V
* The diode should be tested out of circuit. . Ssilicon diode=0.7 v/

: .  Germanium diode= 0.3V
* Anormal diode exhibits its forward voltage: *

(Ohmmeter)

20 Ohmmeter Fod Iead Re]ﬂljvel}r’ % RIE];]L:L: Icad
(I l l (COMD
« An ohmmeter set on a low Ohms scale can T P -
be used to test a diode. ‘ . Relativelyhigh®R

. The diode should be tested out of circuit.  — l - l .
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3. Curve Tracer —
omi BER Y | e
» A curve tracer displays . £ gy L
the characteristic curve | [ | ¥ BIE
of a diode In the test - ]
circuit. This curve can » SIA |FHHTHHHHTHHTH T HH A
be compared to the o

specifications  of the .| — Pl

diode from a data sheet. mA ] % |
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Other Types of I
Diodes oo

1. Zener Diode

« A Zener is a diode operated in reverse bias at the Zener voltage (V2Z).
Common Zener voltages are between 1.8V and 200 V

o
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2. Light-Emitting Diode (LED) === —fp- r
D D

« An LED emits photons when it is forward biased.
* These can be in the infrared or visible spectrum.
» The forward bias voltage is usually in the range of 2V to 3 V.
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3. Diode Arrays

Multiple diodes can be packaged together In an
Integrated circuit (1C).

Common Anode Common Cathode




1] Diode Applications : 35 ciidss

Jal a s gl pail y sl cyailiSiae cllae gl axiing
:Jaa) Jas (il Y of e Lo 20 ol g 40

)

| & +
|
~
ANN
| = +

Characteristics (device)
i

/
Q



+ Vp —
fp >
4
-8V 22 K2 Vg
i,
_
fﬂ=|:|ﬁl i
T
+y, fe=0A
+
Eo= 8V 2.2 kQ V,
—_

[Zﬁ

|

S K s il s Ve sVp

V, =0.7V
V.=E-V, =8-0.7="7.3volts
foop Vel T3V

Ve
R 22%10°Q
mA

I,=0=
E-V,-V,=0=
V,=E-V,
V,=E—-0=8volts



P

@

N 8yt +V, = +07V-
Ey =10 Vo—AAA—P oy, i NG
4.7 k& - :

(747“}
I

22k SR, V. (-\'
R, Q22kQ v, . E, == 10V 2 Yo

5V

Ey=-5V = I .

E +E, -V, 10+5-0.7 14. 31—*0!!5

R +R, 47422)%10° 69%10°Q

V,=1*R, =2.07*10" *4.7%10° =9.73volts
V,=1*R, =2.07*107 #2.2*10° = 4.55volts

V,=V,—E, =4.55-5=-0.45volts

I



> L]

+ VbDI = 30 A Ll 1 cogal) il 4 DU gl e J8 A3 dea of Jaadls
Si oje
Ip 5 ~ I, =0Amper
E = 0.5V R 1.2 kQ2 v
s V.=1,*R=1,%*R=0volts
+ V,=E-V,=0.5-0=0.5volts
Si  Ge ’ Vi e
R 1 2
+12 vo—Pp—Pp} _i’ Y G+||_ﬂ+||_g Q
- | | fe
6 KO » In 07V 03V +
£ == 12V 5.6 kQ V.,

V,=E-V, -V, =
V,=12-0.7-0.3=11volts
Vv, 11
“ R 5.6%10°

I,=1

D

=1.96mA



[
o= &)

T 5 a0 8 Ll Ll 6 1A gl il a U agal) e J8 Aokl aea of Jaads
=5 I (B Okl g k- & o

I o r o I, =0Amper
E = 05V R%I.ZKQ‘E VR=1R*R=ID*R=OVOIIS
= V,=E-V,=0.5-0=0.5volts
i ¢ Vi Vi
+12 Vo ;l ;I al—"cvn R 'Il_ o+ |'2— N @

= =1 ol o
5.6 kQ 'p 07V 03V e
§ » &= 12V 5.6 kQ V,
- o

=

Vo=E-V, -V, =
V,=12-0.7-0.3=11volts
V, 11

= gy = 196mA




Ry [> Vr,
e o 2V wosv-
P—— YW dzol s - P— Iy
+
- 20V Si ¥ D, E==20V Ve, W o7V R, & 3.3k
[D -
R2 ’ IE RZ
——AANN . " A7 Y S o e ———
I s56KkQ 5.6 kQ
— Fl +
Ve, 0.7y

= 0.212 mA

[ =2 = 3
R, 3.3*10°A

~V,+E-V, -V, =0=
V,=+E-V, -V, =20 -0.7 - 0.7 =

V, =18 .6volts
I, +1,=1,=
I, = Vs _ 18'61;3 =3.32mA 7 o
R, 5.6%10°Q I, =I1,-1 =332mA -0.212mA =3.108 mA.



o)

Si

- Characteristics (device)
(}-point

e Load line (network)

[Z Load-Line Analysis

The load line plots all possible combinations
of diode current (/5) and voltage (V) for a
given circuit. The maximum /, equals £/R,
and the maximum V/, equals £.

The point where the load line and the
characteristic curve intersect iIs the Q-point,
which identifies /, and V), for a particular

diode In a given circuit.




[Z Series Diode Configurations
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Forward Bias
Analysis (for silicon)
|, =07V (or Vo= EIf E<O0.7
»\. -F£-V,

/[ =/, =1-=V,/R
Reverse Bias _
Diodes ideally behave as open circuits

Analysis
V, =E i
V=0V
*/,=0A

Q
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