Lecture 12 - 2E14

< Analysis with mathematical model of diode

e Some Diode Circuits
e Zener Voltage Regulator Circuit

e Limiter/clipper circuits
e Clamping and peak detection circuits
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2. Analysis with mathematical model of diode

_ qvp/ nkT _13
|D:|S[(e —)andlszlo A, n=1and V; = 0.025V.

.. 13 40vp B b
|D—1O E(e —1) oer—VTDn£E+1.

_ 40v i
10v = 10° e °-1) (R+vp or 10V = 104EID+0.025In[|—[2+1j.
S

Use the Newton’s method to solve for I or Vp (should know Newton’s method
from first year calculus).

_ 40v _ 40v
f=10v-(10"mo P rle” P-1) +vp): f=amore O
f(v@)-0 f(v2)
f'(VB :TD-—TOFVE'):VB— % .
v -vi f'(v3)

1. Make an initial guess V8.

2. Evaluate f and f' for this value of Vp.

f(Vg)
fr(v3)
4. Repeat #2 and #3 until convergence is obtained.

3. Calculate a new guess for Vpusing Vi = V8 -

Lecture12 12-2



2. Analysis with mathematical model of diode

|teration # Vp f f! D
0 0.8000 [ -7.895x10% | -3.159x10° | 7.896x10"
1 0.7750 | -2.904x10% | -1.162x10° | 2.905x10"
11 05743 | -5.989x107 | -3.804x10° | 9.486x10™*
12 05742 | -1.876x10% | -3.780x10% | 9.426x10™*
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Example:

For the circuit shown, find the Q-points for the diodes
using constant voltage drop model with V,, = 0.7 V.

Assume Dq is on and D, is on,

_0.7-0.7—-(<15) _
iy, = L = 3.00mA
but 1. = 22297 _300m = —1.87mA

D1~ 10k

Therefore, assumption is wrong.

Now, assume D, is off and D, is on,
Ul =0A

_ 12-0.7-(-15)
D2 10k + 5k

I = 1.75mA

_ 4 _
Vp1 = 12-10 1y, = -5.33V
Therefore, D; is (0A,—5.33V) and D, is (1.75mA, 0.7V).
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Some Diode Circuits

Diode Switching Circuit
VsV +07V ]
Critical Value V, = 1.4V 0.43 mA
=V, = 07V
Von = 0.7V | QY
Vip = 5 0.7V
R=10kQ I
A
o K < O Vp A
V: | +
i Pl p) 0.36 mA|—
- + IA
Q3 . > Vi
& Vss=0V 0.7V

As an exercise, determine the value of V, for the following values of input

voltage V; =2V, 1V, 0V and -1V.
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Some Diode Circuits

VDD =5V
VA O II>I
R | Vv
N 02
Vor R
VB o K
Ve = OV

For the two circuits above, determine V; for all four combinations of V, and
Vg, of OV and 5V, that is (OV,0V), (OV,5V), (5V,0V) and (5V,5V). How best can

Vo1 and Vo, be written in terms of V, and Vp.
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Zener Voltage Requlator Circuit

I

VL _VZ
Vi = V717 Ry = 100400120 = 1002V]. 1 = ~-
V. =V +(| +VL_VZ)R . 1002+(005+°—2)2oo 112.2V
AN A 20/ =
V, increases by 10% to V,'; V' = 123.42
. ' VoV, . 10
v, =vL+(|L+R—Z) ERS:VL+(0.05+ 200
V' = (12342 +1000-10)/11 = 10122V = 1% change V,
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Limiter or Clipper Circuits

Used in signal processing circuits; Limits voltage between 1Ps of Op-Amp.

Provides v . v, up to a certain value(s), beyond which voltage is clipped
off.

o—AN=—9 0 V=07V V24
* R " 0.7V [
1 ¥ v ov TV
dope=1
o ® o
O—=A\/\=~—e—0 V24
+ R +
i dope=1
V1 . A Vo -O|7V >V,
. ) - 0.7V

Limiter or Clipper Circuits

Used in signal processing circuits;
Limits voltage between two inputs of Op-Amp.

Provides v . v, up to a certain value(s), beyond which voltage is clipped
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off.

O—=AA~—9 O V24
+ R +
Lo 0.7V}
Vi A Vs 0.7V, o7
dope=1 1
o . ° o - -0.7V
1
Zl \SZ\ VZZ + 0.7V |-
vy v Vz1- 0.7V -
22 /ZSI dope=1/|Vz2*t 0.1V
LV, - 0.7V
o O o

Clamping Circuits

In TV receivers, peak values of certain signals must be held clamped to pre-
determined levels

Provides v, ,, U v;,, but clamps v . to a certain value.
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In clamping, the variable component of v, . is transmitted and the dc value is

restored.
Vi A o { i o o AVZ
+
v B + C 10V
t> Vl V2
-6V ° ——o W
|v2 = vy + Ve
V A
| M
MN— === ey sy
R C y
Ow A 7 7/ 1
- O 'Vm/—
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PSPICE EXAMPLE

R1

NNV ®
1k

D2
30v +—_— Vin ’ZS/
T Dbreak g R2
10k
.

*Libraries:

* Local Libraries :

.LIB ".\example5.lib"

* From [PSPICE NETLIST] section of C:\Program Files\OrcadLite\PSpice\PSpice.ini file:
Jdib "nom.lib"

*Analysis directives:

.OP

.PROBE V(*) I(*) W(*) D(*) NOISE(*)

-INC ".\example5-SCHEMATIC1.net"

**** INCLUDING example5-SCHEMATIC1.net ****
* source EXAMPLES

R R1 NO0125 NO0O0047 1k

D D2 0 NOO0047 Dbreak
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PSPICE EXAMPLE (Cont'd)

V_Vin NOO0125 O 30v
R_R2 0 NO0047 10k

**** RESUMING example5-SCHEMAT IC1-Example5Profile.sim.cir ****
.END

kel Diode MODEL PARAMETERS

Dbreak

IS 10.000000E-15

BV 20

IBV 10.000000E-09

CJO 100.000000E-15

FoAAx SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C
FTEEEAAIAAIAEAXAAALAAXAIAEAAEAAIAAIAAXAIAAXAAAAXAIAEAAIAAIAEAAAXAIAEAAAAIAIAAAAAAAAhkAhrhkkhkkhhhkihkkihikikkiiiikx

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

(N00047) 20.3500 (N00125) 30.0000
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