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Lecture 23 — Summary

Learning Objectives
1. Solution of circuits with p-n junction diodes



A p-n junction is obtained when two regions of semiconductor
with different type of dopants are in contact
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The two sides have different electrochemical potential due to
the different doping and equilibrium is reached when a certain
region about the junction is depleted of holes on the p-side and
of electrons on the n-side.
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The fixed charge dipole creates a potential barrier preventing
further movement of electrons and holes across the junction
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The voltage threshold (in p-type . n-type

Volts) of the diode is a bit ) g —— ¢ B
smaller than the energy gap | W
(in electron Volts) of the Energy gap '

material used. Silicon has -

energy gap E, ~ 1.2eV and ¥

Vi~ 0.6 to 0.8V.
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Ideal diode model for circuit analysis
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Typical value for Si diodes is ¢
V=07V
Vp
VD < VF VD — VF
Diode is OFF Diode is ON




Diode circuit analysis

Diodes are non-linear devices, and we cannot state a
priori whether a diode is ON or OFF. Therefore, we can
start a problem by making an assumption.



Diode circuit analysis

Diodes are non-linear devices, and we cannot state a
priori whether a diode is ON or OFF. Therefore, we can
start a problem by making an assumption.

If we assume that a diode is conducting (ON), the
voltage from anode to cathode is “pinned” to the
threshold voltage V' and we solve the circuit with KVL
and KCL linear equations, by imposing that voltage. If
the result is physical, we accept it.
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Diode circuit analysis

Diodes are non-linear devices, and we cannot state a
priori whether a diode is ON or OFF. Therefore, we can
start a problem by making an assumption.

If we assume that a diode is conducting (ON), the
voltage from anode to cathode is “pinned” to the
threshold voltage V' and we solve the circuit with KVL
and KCL linear equations, by imposing that voltage. If
the result is physical, we accept it.

If instead the assumption has generated unphysical
results, there is a contradiction and we solve the
problem again, imposing that the diode is equivalent
to an open circuit (OFF).




Example 1A — Solve for I

A 1000 g Assume Vp=0.7V
+ Assume that the diode
I is conducting (there must
10V VDXZ D be 0.7V across the diode)

KVL VAB + VBC + VCD + VDA —_ O

D C
1001, + 0.7 — 10 = 0

Ip =9.3V/100Q = 93mA

CHECK: I, > 0 and it flows from Anode to Cathode

Results follow expected physics and there is no
contradiction. OK
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Example 1B - Solve for I,

A 1000 g Assume Vp=0.7V
+ Assume that the diode
I is conducting (there must
0.5V VDXZ D be 0.7V across the diode)

D C KVL VAB + VBC + VCD + VDA —_ O

1001, + 0.7 — 0.5 = 0

I, =(0.5V—0.7V)/100 Q = —2mA

CHECK: I'p < 0 and it flows from Cathode to Anode

Physics is incorrect. Also, DIODE cannot provide power.
There is contradiction.
Conclusion: Diode is OFF and I, = OV
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Example 2: Solve for I

200 ()

Assume Vy =0.7V
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Example 2: Solve for I

200 Q.

Thevenin source Load

Assume Vy =0.7V

Let’s solve with the I-V curve.
First, characterize the source.

16




Example 2: Solve for I

200 Q. Assume Vp =0.7V

Let’s solve with the I-V curve.
l I First, characterize the source.
D

Thevenin source
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200 ()

[ =
¢ 200

—3+4200[,+0.7=0 KVL

= 15mA

Ip

~ 200

= 11.5mA

Assume Vyp =0.7V

I, = 15mA —>
I, = 11.5mA =31

Assume that the diode is conducting

The diode is included in the KVL as a virtual
voltage source of 0.7 V.

Solution makes sense
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Now reverse the bias

200 Q AssumeVy =0.7V

The currentisIp = I3 = 0
(reverse bias current)
/| |

A

In practice, the diode behaves like an open circuit | = ISC —




Example 3: Solve for I

3V

2000y,
@ 12
05 \’
v/ l}D 50 ()

=

Assume Vy =0.7V

Assume that the diode

is conducting (there must
be 0.7V across the diode)

L _3-07_23
1= "%00 200 M
I, = — = 14mA

50
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Example 3: Solve for I

Assume Vy =0.7V

200 Q)
KD I, Assume that the diode
I_> ¢ is conducting (there must
3V v/ l}D 500  be 0.7V across the diode)
/ 3—0.7 2.3 11.5mA
1 j— p— j— . m
J__ 200 200
i I, = — = 14mA
From KCL: ? 7 50

Ip =1, — I, = —2.5mA — NOT PHYSICAL: diode not conducting
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Example 3: Solve for I

2000 y,
o
I
3V v l}D
L
From KCL:

|

50 Q

Assume Vy =0.7V

Assume that the diode
is conducting (there must

be 0.7V across the diode)
; _3—0.7_ 2.3 — 115mA
1= 7200 200 M
I, = — = 14mA
2= 759

Ip =1, — I, = —2.5mA — NOT PHYSICAL: diode not conducting

Therefore: | I =0 I, =

V, =1, x 50 = 0.6V | or:

below threshold

3
[, =—— = 12mA
2 =950 m
V—3><50—O6V
b 250

from voltage divider
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Analysis with IV curve

200 () 200 Q)
— AN
3V (%) l}D 500 = 3y 50 O XZlID

7 2000 ) A

O

3V 50 0 11,;,

O

\_ / Y

Cl
SOURCE
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200 ()

O

|
V'S

O

Thevenin Rt = 40Q = 2000//50Q
source —V/\V/\—o

Ve = 0.6V @) 1‘ > \/

50 V. = 0.6V
Voc =Vr = 3200 0" 0.6V
3 Ve 0.6
ISC =——=—=—=0.015A = 15mA

200 Ry 40 )



3V

200 Q

[, = 15mA =—>>

SOQX

V. = 0.6V

Diode is OFF

>V

T 0.7V
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3V

[, = 15mA =—>>

200 Q

50 1/ lID

ideal

actual

!

V. = 0.6V

Considering an actual |-V characteristic curve, there is
a small current flowing, but it is practically negligible.

— \/

N

0.7V
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Example 4A: Solve for I

I~

F/\/\/ P

10V© Iy 100 l’z :
|

2
711 Vp = 4V

Assume both diodes conduct

11=12+I
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Example 4A: Solve for I

100 1
A/ ™~
— )
IOV(t 1 100 €2 l’z :711 V=4V
Assume both diodes conduct L=1L+1
KvL| —-10+100/; +4+4=0
I; = ‘£ _ 20mA | | [, = L 40mA
17100 M 27100 T

Butl, >1; —> diode 2 cannot conduct I=0
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Example 4A: Solve for I

100 1
N
—VVV P

E—
+ N I, <4
10V<?> 100 © 2 :711 Vp =4V

Assume both diodes conduct L=1L+1
L] —10+ 1001, +4+4 =0
4
[, =——=20mA I, =—=40mA
1= 70~ 29MA | L2 =7 = 40m
Butl, >1; —> diode 2 cannot conduct I=0

new KVL with diode 2 open circuit

—10+100/;y +4 +100/; =0

6
[. = —— = 30mA
1= %00 .




I 3V [ 4V '
" > >
10092 1 |
' S N O .
T_\/ Vv—>o Iy I=0
| .
v+ ! 100 l’z 3V VP =4V
i 11 — 12 — 30mA
| o--Y__
Only diode 1 conducts. The A
two resistors drop 3V each.
I, = 50mA\
30mA-t---
2009
—VV\—>o°
V
-
4V Voc = 10V

(@

T equivalent source

O
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Example 4B: Solve for I

2
14V® 1 500 llz '§711 Vy =4V

The source voltage has been increased
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KVL

VF — 4‘V
Assume both diodes conduct
11 — 12 +I
~14 4500 +4+4=0
4
[, =——=12mA L =—=8mA<I
17500 " MA T gppTOmMASh

I=1,—1,=4mA
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Example 5: Solve for V ,,,;

Find V,,,: when
a) VS — 5V
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100 Q Vp =1V Example 5: Solve for V ,,;

VVV ©
+
v Ci) XZ Find V,,,: when
% a) VS =5V
out
100 % ) Vs = —12Y
o

a)) —5+100[; +1+1007 =0
200l =4 —> [=20mA
Vour =100 X 20m + 1 = 3V
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100 Q Vp =1V Example 5: Solve for V ,,;

VVV O
-+
V. CiD XZ Find V,,; when
V a) VS — 5V
out
o

a)) —=5+100, +1+1001=0
200, =4 - [=20mA
V... =100 % 20m + 1 = 3V

b) I =0A Diode does not conduct (reverse bias)

Voue = —12V
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Example 6: Solve for I'p; and Ip, Vp1 =Vpy =0.7V

5kQ) ' v,
—AM—
S
I”ll 11’21 10kQ)
15v(F \/

—10V
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Example 6: Solve for I'p; and Ip, Vp1 =Vpy =0.7V

5kQ Vl + VDZ — VZ
BRAAN OB AN (0
I’”l 11’21 10kQ
+
15v( T \/ Vb1
— 10V

e Assume both diodes are ON

° Byinspection: |V, =Vp; =0.7V| [V; -V, =0.7V

V2=V1_VD2=O7—O7=OV
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____________________

—/\/\,—+—0 supernode
miLEs o ®
th 1”21 10k0)
+
15v( T \/ Vb1
— —10V
Supernode KCL -
V, — 15 V, — (—10)
I —
sk P17 T 1ok 0
0.7—15+I +0+1O 0 I 9.3 1 86mA
— _ —_— = . m
5k P17 10k )
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____________________

\
I
I

(
5kQ | Vv Vv
| 1 2 supernode
A5 :
I | ON E___ B @/I V1 = 0.7V
IDlt I i 10kQ)
N b2 V, = OV
15v( T \/ Vb1
— —~10V
=23 _186mAl |1, =210 _ 1A
P17 5 — M [2 T 0k
15—-0.7
[ = ———=2.86mA = Ip; +Ipy

Results present no contradiction, both diodes are ON =



Right side of the circuit

+ l
b2 10kQ
V; = 0.7V (3)
10V

40



Right side of the circuit

V,3 = 10KQ X 1mA = 10V
A

A
+ D2
10kQ
V; =0.7V (3)
10V
_l_ This is the effective circuit seen by the
— 10V source
X + 10k I, — 10 = 0
=0
Because of continuity (KCL) at node 2, 10
this is the current which flows also [« | = ——=1mA
through the diode b2 10k




