Electronics 16-1a
Semiconductors

« They “collect” a positive electric charge on a small minority of the
atoms.

 |If a voltage is applied, the electron goes to the positive terminal.
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Electronics 16-1b
Semiconductors

* |If the semiconductor is doped with atoms that have three valence
electrons, each dope atom forms three covalent bonds with its
neighboring Si or Ge atoms, resulting in one neighbor atom in the
lattice with no atom to bond with.

 |f a semiconductor is doped with atoms that have five valence
electrons, each dope atom forms four covalent bonds with its
neighbors, resulting in one unshared electron in the dope atom,
causing the dope atom to donate a free electron.
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Electronics 16-1c
Semiconductors

* p-n Junction — when p-type and n-type doping occur next to each
other in the same crystal

- Diffusion Current — free electrons from the n-type material combine
with the holes in the p-type material near the junction

- Depletion Region — area near the junction

« Drift current — the potential difference creates an electric field that
pushes electrons back toward the n-type material from the p-type
material
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Electronics 16-1d
Semiconductors

Example 1 (FEIM):
Which of the following is NOT true for intrinsic semiconductors?
(A) There are holes in intrinsic semiconductors.
(B) There are free electrons in intrinsic semiconductors.
(C) They make good insulators.
(D) Increasing thermal energy increases their conductivity.

Intrinsic semiconductors will carry current, so answer (C) is not true.

Therefore, (C) is the answer.
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Electronics 16-1e
Semiconductors

Example 2 (FEIM):

In the depletion region of a semiconductor p-n junction, there
(A) is an electric field.

(B) are more holes than outside the depletion region.
(C) are more free electrons than outside the depletion region.
(D) is current perpendicular to the current outside the depletion region.

Answers (B) and (C) are wrong because the depletion region has fewer
holes and free electrons than outside the depletion region. Answer (D) is
nonsense. However, there is an electric field.

Therefore, (A) is correct.
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Electronics 16-1f
Semiconductors

Diode Symbol
« P-type — anode
* N-type — cathode
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Electronics

16-2

P-N Junction Biasing

 Forward biased
 Reverse biased
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Electronics

16-3

Diode Characteristics

« Static forward resistance
« Breakdown voltage
For an ideal diode in series with

a voltage:
/
slope = —r—f
v, %
anode Vo I cathode
I 1
—P— 1| —W\

For an ideal diode with zero
resistance in the forward bias
direction and infinite resistance in
the reverse bias direction:

anode cathode

_N_
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Electronics 16-4a
Special Diodes

Zener Diodes
* They have a high doping concentration.
« Avalanche — the effect of the e~ in the depletion region accelerating
and colliding.
« For an ideal Zener diode, V,=0,r,=0,and r, = 0.

anode cathode
N

! K /
slope = 7,
V, v, Vv v, Vv
ope — 1
slope = .
Vo ¢
+ 1
'I |I||' /\/\/\’ N
anode cathode anode cathode
I
AM— |1 ¢ ——| I
lq v, Vv,
(a) simple model (b) ideal
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Electronics 16-4b

Special Diodes

Example (FEIM):

When a Zener diode suffers breakdown, it
(A) is immediately destroyed.
(B) behaves as a reversed biased ideal diode.
(C) becomes an open circuit.
(D) behaves as a voltage source.

Since the Zener diode is at the Zener voltage in the reverse bias
direction when it suffers breakdown, (D) is correct. Note that answers

(B) and (C) are the same (just worded differently), so they both must be
wrong.

Therefore, the answer is (D).
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Electronics

16-ba

Diode Applications

Half-Wave Rectifiers
« Half of a symmetric AC signal gets through
 Used in AC-to-DC converters
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Electronics

Diode Applications

Full-Wave (Bridge) Rectifiers

« Current is always going in the

same direction

 Used in AC-to-DC converters,

and are more efficient than
half-wave rectifiers
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Electronics

16-5¢C

Diode Applications

Clamping Circuits
Output Voltage:
Vout = Vin+ Vp - Vm

where

V., = the input voltage

V, = the clamping voltage

V., = the maximum voltage of the input

For a clamping circuit output with a sinusoidal input:
* Average Voltage: V, = V,-V,

1
« RMS Voltage: V_ =—V _ +V -V_
N
|4
i ’—HT R
Mﬂ A\ Wn
li)k:7—¥ %n + VBm \
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Electronics 16-5d
Diode Applications

Base Clipper

D
>
<
D
] <
D

\/ \/ n + out
vV, —
. T,
—AM——
Vm < Vp + - +] VOU( - Vp
vV, — vV, —
. T, . ‘T,
(a) forward biased
Vin > Vp + = Vout = Vin
Vp;
o T o - o

(b) reverse biased
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Electronics 16-5e
Diode Applications

Peak Clipper
VP
"y i
‘QU' Vin Vp.,.; Vout ’
. T .
Valley Clipper
L
‘QUJ Vin —+ Vout
Vp¥ _Vm T
1. Py,
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Electronics

16-511

Diode Applications

Combined Clipper
1. Valley clipper + peak clipper
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Electronics

16-512

Diode Applications

Combined Clipper (cont.)
2. Two Zener diodes in series in the opposite direction
The ideal model for the Zener diode:

&——AfVV ° I% *

vl ? e

V,

] 1__;Vb
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Electronics 16-59
Diode Applications

Example (FEIM):

What is the average current through the resistor in the rectifier shown?
Assume ideal diodes.

(A)0 A

(B) 0.76 A
(C) 3.06 A
(D) 4.80 A

120 V sin ot G%

This is a full-wave rectifier, so
2V _ (2)(120 V)

V — peak
ave J'c n
[=Vee [2480VI T ) 3064
R 7T 25Q

Therefore, (C) is correct.
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Electronics

16-6a1

Operational Amplifiers

out

* An electronic device used to perform mathematical operations on

analog signals.

- Two inputs, one output, small current, and large gain
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Electronics

16-6a2

Operational Amplifiers
EIT8 Table 51.1

Table 51.1
Operational Amplifier Circuits

Yout _ _&

Vin 1+AH Vin R;

(a) feedback system {b) inverting amplifier
Youtr _ Ry +R; vout=_31<v_‘+ﬁ+ﬁ)
Vin R; R R By
Ry Rg¢
V1 —AM—
A2
V2 e—AAN—1
Vout
+
R3
V3 e—AN—

(d) summing amplifier

(c) non-inverting amplifier

-1
Vout = E/Vindt Vour = —RC 7t

(e) integrator

(g) low-pass filter

dVin

N fin® L evou

Vout

(f) differentiator

Vour _ —Ry innsold
Vin  Ri(l + jwR;C)

I input]

——=Vout

(h) subtracting amplifier
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Electronics

16-6b

Operational Amplifiers

Example (EIT8):

Example 51.4

The circuit shown uses an ideal op amp and receives a 1 uV
signal. Find the (a) current through the feedback resistor,
(b) voltage gain, and (c) current through the load resistor.

i Ry =1MQ
== A
fin
Vin ’Z'VW A ~ 'out
: > Ty
Ri-500kn in / C e out
+
i
+L
B Wv
L R _=2ma

(solution)

(a) Since the op amp is ideal, iy =0and v4 =vp =0.
The current through the input resistor is calculated from
the voltage drop across it.
Vin = V4 =Vin —0 =i R;
Vin  1x107°V

fin = o = c———=—=2x 1077 A
TR T0xieQ

However, i3 =0, 50 if =ijp =i =2 x 1072 A,

(b) Similarly,

Vour _ —iRy —Ry

YN TR TR
_ —lxlO‘Q_ 5
T500x106Q

(c) Since v4 and vy are both zero, v¢ can be calculated
in two ways.

Ve = ifRf = iLRL
MQ
ip =i (%’) =(2x107124) (;—M—(—z)

-

=1x10"2A
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Electronics 16-7/a1
Input Impedance

Example 1 (FEIM):
What is the input impedance as seen by the source v, of the following

circuit?

10 kQ

AN

5 k() v, >
Va = 15V<> N " ,
— vb=5V_<> out

(A) 5 kQ
(B) 7.5 kQ
(C) 10 kQ
(D) 12.5 kQ
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Electronics 16-7/a2
Input Impedance

The input voltage is 15 V. The input current is

i _1dV-35V _

. 2 mA
S ke

The input impedance is the absolute value of the input voltage over the
input current. So the input impedance is

Vv, _15V

" 2mA

= 7.5 kQ

Therefore, (B) is correct.
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Electronics 16-8a
Amplifiers

Therefore,
V,=V, _V,-V,
R’I RZ
vV, = &va + ‘I+& v,
R R

1 1
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Electronics 16-8b

Amplifiers

Noninverting Amplifiers
o Va =0
° \/1 = V2
Since v, is a voltage divider circuit of the operational amplifier output,

V, = R, v
2 R2+R1 out

Since v, = v, = v,, we can substitute and solve for v_,:

_ (1 R, R,
Vout - + E Vb —’\N\,—

1
>__.
c '
\ J
Vp = Vi R1 § Vout

[ ]

[ ]
[ ]
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16-8cC

Electronics
Amplifiers
Inverting Amplifiers
. Vb =0 I\/F\";\,

* v, =Vv,=0

Since v, = v, =0,
input current: /.
R

current through the feedback resistor: i/, = =
2

Since i, = —i,
Va _ Vout _ _R2
R - R VOUt - R Va
1 2 1
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Electronics

16-8d

Amplifiers

Summing Amplifiers

» Superposition theorem — currents
can be treated as independent forces
trying to push electrons into (or out
of) node A.

—f o= i+

"4 "4 "4 "4
— _out _ 1+ 2 + 3 4.
R R R, R

For the noninverting amplifier:

Vout = (1 + &)V‘l
R1

V, e———AAN,
i >__. Vout
R3 )
V3
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Electronics 16-8e
Amplifiers

Integrating Amplifiers
« Similar to inverting amplifier, feedback current has to be equal and
opposite to the input current.
« The output voltage is the voltage across the capacitor.

Vin >_‘_—. Vout

Assume the initial voltage on the capacitor = 0; the voltage
on the capacitor is: 1
Vout = Efl dt

Applying Ohm's law: ’
Vout = —fvin at
RC
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Electronics 16-8f

Amplifiers

Differentiating Amplifiers
» Feedback current has to be equal and opposite to the input current.
« The output voltage is the voltage across the resistor.

Sincev,=v,=0:i= CdL
dt
ituting i iR gives: dv.
Substituting into v_, = -iR gives:v_,, = _RCTtm

o

R
M\
S
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Electronics 16-89

Amplifiers

Low-Pass Filters
The output voltage divided by the feedback impedance is equal and
opposite to the input voltage divided by the input impedance.

1 1

in in in" f R,' (1+_](DC)
R

f

C
[
[

R

NN
Vin >;—. Vo ut
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Electronics

16-8h

Amplifiers

Example 1 (FEIM):

What is the input impedance of the following ideal amplifier?

(AR
(B) R,

R
C)—=2+R
(C) R1+ 3
RR,

D
( )R1+R2

IL.=1,+1

i, =0, because this is an ideal op amp.

Therefore, (B) is correct.

R2
N
>
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Electronics

16-8i

Amplifiers

Example 2 (FEIM):

What is the input impedance of the ideal amplifier shown?

(AR,
(B) Rz K
R MN
©) A
1 Vi VWV .
R ’ >
(D) —
R1 + RZ pp—
FQ = V% = bﬁm"vg

V, = 0 because this is an ideal op amp.
Substituting yields:

R.,=V, (é) -R
Therefore, (A) is correct.
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Electronics 16-8j1

Amplifiers

Example 3 (FEIM):
The 700 Hz signal shown is applied to the ideal amplifier circuit shown.
What will the output signal be?

sv E 9 kQ
NW
[\ 3 kQ
3V —AN NG A
/ / s Vout
_‘] V — \/ |
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Electronics 16-8)2

Amplifiers
(A) 15V | (C) 21V
3V\ QV/_\ /
\V

_ N\
oV ~3V |

B 3VE A~ (D) 15V |
\ 9V
—9vV 6V
&v// 3v&
—21V | 3V

The input current and feedback currents must be equal and opposite, so:

— \/in __I' \/out \/out=_9kg=

in 3 kQ feedback 9 kQ \/in 3 kQ
Both the DC and AC part are multiplied by —3.
Therefore, (B) is correct.
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Electronics 16-8k1

Amplifiers

Example 4 (FEIM):
Two AC signals V, and V,, are to be combined such that V_, = g\/2 — 2\4.

The following subtracting amplifier circuit is used. What must be the
values of R,, R,, R;, and R,?

R, R

i s—MW AMA

R
\6 Z ;::>_______* Kmt
Ry

(A) R =2kQ, R, =2kQ, R, =5kQ, R, = 3kQ
B) R, =2kQ, R, =4kQ, R, =5kQ, R, = 3kQ
(C)R, =4KkQ, R, =8kQ, R, =10k, R, = 2kQ
D) R, =5kQ, R, =3k, R, =4kQ, R, = 2kQ
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Electronics 16-8k?2

Amplifiers

V=V( R, ) 4R, = 3R,

a 2 .

R, +R, Answer (B) fits because R, = 3 kQ,

V -V V -V and R, =4 kQ.
o 1 a _ — out a . . .

Iy = T =l = (T) Plugging in to confirm,
2+5) 2 5 3 5

Solving for V_, yields: Vou = ( 2 )(4_'_3)\/2 B 5\/1 B §V2 - 5\/1

V. = Ri+R | R, \/2_&\/1=§\/2_§\/1 Therefore, (B) is correct.
““\"R \R+R,)? R T27% 2

1 1

N | O

R,
R1

So the possibilities narrow to (A),

(B), and (C).

Trying R, = 2 kQ in the other

relationship yields

R, +R, R, | (2+3) R, }_3
R, \R+R,) \ 2 \R +R,] 2

1
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Electronics

16-8I1

Amplifiers

Example 5 (FEIM):

A 30 mV sinusoidal signal must be
inverted, amplified to 6 V (peak), and
chopped at 4 V. If the following circuit is
used, what are the values of R, and R,,
and the avalanche voltage of the Zener
diodes Z? Assume —0.7 V forward bias
voltage drop and negligible diode
resistance.

AR, =1kQ, R,=20kQ, Z=4V

6V
4V

(B)R, =1k, R, =200 kQ, Z=4V omir
(C)R, =2k, R, =400k, Z=3.3V
(D)R, =2k, R, =800 kR, Z=3.3V

-30 mV
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Electronics 16-8I12

Amplifiers

The amplification without clipping is

Vout =_R2 — -6V
V. R 30x10°V
R, =200 R,

This narrows the choices to (B) and (C).

When |V, | > 2 mV, the diodes will be forward biased and reversed
biased respectively, so the voltage across the two diodes in series will
be the Zener voltage plus the forward bias voltage. Thus, the Zener
voltage is 3.3 V.

Therefore, (C) is correct.
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