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Electronics Theoretical Background Summary
1. Diode Applications
· Clipper-Limiter
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· Diode Clamper
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· Diode Rectifier
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· Zener Diode VR
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2. BJT dc analysis
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3. BJT amplifier ac analysis (Common Emitter, Common Collector, Common Base)
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4. FET dc analysis
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5. FET amplifier ac analysis
[image: ]
[image: ]

[image: ]

[image: ]

[image: ]
[image: ]
[image: ]












6. Op-amp circuits
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7. Voltage regulator circuits
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Clampers
Function: A Clamper shifts the input waveform up
or down (adds a dc offset) while keeping its shape
and peak to peak value unchanged
It consists of a diode and capacitor (and maybe a
series dc source ) that can be combined to “clamp”
an AC signal to a specific DC level and s
the load R

s N S
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Capis charged to 10V with shown polarity due to
diode forward current Vo(®) = 0V

)for t,<t<t; voltagesource reverses polarity, Vi(t)
while Cap keepsits charge Ve =10V
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Afterwords for any valueof the given Vi(t) diode
remains OFF and Vo(t) = Vi() +10

the clamper chargesa cap and
uses this charge to add up to the

input to shift it up or down.
(i.c.add de offset) w
Important Note b

For Proper Clamping action,

T ruge must be large cnough

(at least 10 times the period of
the input waveform)

Tasraze =R C>10(t; +1,)
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Half Wave Rectifier

=

The diode conducts only when it is forward biased, therefore only
half of the AC cycle passes through the diode to the output





image9.png
Half Wave Rectifier
.
Vi = [ VuSin(an)dt
s

15
- ;!VmSm(H)dH

=5 s @ =22 - Cos - (Cos @)

o = Y1)
Vi =52 D-(0]

B3
T=T, adf=7,
(period and frequency of the rectified waveform _is the same as ac input)
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Bridge Full-Wave Rectifier

Afull-wave rectifier ith four diodes that are connected in  bridge
configuration

1)When Vi()>0,
D2.D3are ON
D1, D4are OFF

B

= Vo()=Vi()
2)When Vi) <0, o
D2, D3 are OFF
D1,D4are ON
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=2V 2o 636v,
3

7= andf =2,

(period and frequency of the rectified waveformis not the same as ac inpuf)
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* Ripple factor is an indicator for the
effectiveness of the filter

o RMS(ripple voltage) X 100%
‘Average value of the output signal

* The output signal can be approximated as

shown p

Ripple
voltsge
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« Also for a triangular signal,
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) For Half Wave Rectifier
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) For Full Wave Rectifier
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xample
» Find the ripple factor r

o o
wQ
o Vige =V — 200 = 41540
Ldc = Vm = 237p, A
Vi
Vippop = 52— = 1.7677v
v = Fors v
Virpe
+ RMS (ripple voltage) = 222 = 0.51v rms
_ o
= e X 100%

r=12277%
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Example
1) Determine Range of R, &1, that
o Mg

2) Determine the porwer rating of
the zener diode
soLumoN DTofindR,,_, = weneedl,,.,
DTo fnd R, that will toa the Bt -
zenerdiode ON N, 0-10
0-10_4oma
v, =V, R‘}R v, k0
4R, L, -40-32-8mA
v, _10v
2500 TEmAT ke

.

R, -2
e 50-10
Py =Valyp =10V . 32mA =320mW

25005k, <1250
The zener diode s chosen with power rating > Py,
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Example

Find the range of values of Vi that will maintain the zener in

the ON (regulation ) State Rs=2200

V=R
12004220

v

20=23.07V

6.67mA

2307V <V, <3687V

= 60mA+16.67mA=T6.67mA.
6.67mA).2200)+ 20V =36.87V.

L
Vi
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Transistor biasing:

+In order to operate properly as an amplifier, it's necessary to correctly|
bias the fwo pn-junctions with external voltages.

+/Depending upon external bias voltage polarities used; the transistor
works in one of four regions (modes). non transistor modes of

¥ For transistor to be operation

used a: an Active
device (Amplifier);
the emiter-base
junction must be
forward bias, while the  ActweMode ot Revese
colfector-base junction ¥ Reven)

must be reverse biased.  coonMode  Fevese  Fovese

SutonMode Forwos  Forvess
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Basic BJT Amplifiers Circuits

BJT in Active Mode | ff/.

—common-emitter current gain

BJT DC Analysis
= Make sure the BJT current equations
and region of operation match
Vae >0,
Vo <0, > le< o<l

I =1, +1; =+ B)I,
- Utlize the relationships (8 and @) | * ¢ % (]
between collector, base, and emitter {lc=Alz
currents to solve for all currents 1o,

o =dly
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1.In the cutoff region 3. In the saturation region :

o= le=1Ig=0 Ver = Versat

2.In the active region

Ic= alg
Ic=Bls
Tg=@gsu1s

Vps=0.7v , Si , mpn
Vpgs=—0.7v , Si , pup

Veg> Vegsat=0.2v , Si , upn
Vee< Vepsa=—0.2v , Si , pup
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4) Voltage Divider Bias

This is a very stable bias circuit.

The currents and 1
voltages are nearly .
independent of any § .
variations in B if the i
circuit s designed ——t

properly
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Exact Analysis

We must try to make /; as
close as possible to zero

Thevenin Equivalent circuit eilagd
for the circut left of the base sty
H —
isdone | _RV. LA k
“TR+R, REILI I
RR, T
R,-R,

vee veo

R,=R,/R,

vee

Vo=LR, +V, +LR,
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Common Emitter and Common Collector
Configuration





image26.png
Value of hie

Base Emitter is a pn junction similar to a diode
hie is the dynamic resistance of the pn junction

In a diode:
Vi
PN
¢ IDQ
b= ‘VT - h‘&“ I devalue of base current
o= Isq de value of collector current
N

V;=25.69 mV @25°C
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Common-Base Configuration

(provides current aain and some voltage qain)
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T
—5 c
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Simplified Equivalent Circuit
E c

Vo h, h i, Ve
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i3

by =
T I

hy=a

V;=25.69 mV @25°C

h,>h,
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BJT Amplifier Analysis

‘When Analyzing Amplifier Circuits, we usually
want to find some or all of the following
quantities:
1) Av=Vo/Vi, small signal voltage gain

2) A\ iofii, ~small signal current gain

3) Zi Input Impedance

4) Z Output Impedance
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BJT Amplifier Analysis
Solution: (with Rs=0)
We draw the ac smalll signal equivalent circuit
Capacitors ==> replaced by short circuit
DC sources are killed ,

Iyq must be calculated from DC analysis
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DC Analysis
1,

DC Equivalent Circuit
~Cap ==> open
Kill ac sources ===

10 =5k I, + Vi

EQ

_10-0.7

I, =1.86mA
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Ac ss equivalent circuit
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Zi& Zo

[0 b
1y

. hy
5kQ

3) Input Impedance

h,5kQ
! fk‘”:[m

4) Output Impedance

—|

. 1k0

aniepentnt s e 0 Victerster)

h i

4KQ
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Example: Common Emitter (CE)

1) From DC Analysis,
we find Q - point and value of
7,

=TT

Iy

Thevenin's equivalent circuit
as seen from the base
_ loke
™ 10kQ +50kQ
R =10kQQ//5kQ =8.33kQ

24V =4V
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55

Here we have base reflected to emitter

f) % "W- L= =(p+1,
RI

s
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RTH Here we have emitter reflected to base
l; e = I

(B+1)

R(B+1)  Re=R(B+1)

==
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AC small signal Equivalent Circuit

v gy

“hab RIR) oy gy, (R,,R)]—

v,
=2 . .
h, =-50.3 sm/lm){gzmj

-7
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2)Z;=Rag/h,
=833k0/9280

only clements to the right of arrow are considered

according to the given direction of the arrow

37z, 3K0

ol hinspanta sl VicDor o)

hereh, i, =0 sincei, =0 (+i=0 -killed)
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R2(+1)

ll,

lbase equivalent circuit
(reflection from emitter to base)

Here we must change i, to i, which
requires division by (i, +1) but voltage,
must remain thesame and thus the
resistance must be multiplied

by thesame factor (2, +1)

Emitter equivalent circuit
(reflection from base to emitter)

Here we must change i, to i, which requires|
imultiplication by (i, +1) but voltage must
‘remain the same and thus the resistance must
be divided by the same factor (7, +1)
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Common Collector Amplifier

Given

Find Av. Ai, Zi. Zo

AC small signal Equivalent Circuit
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i, can be found from base equivalent circuit
Ry =20k0//250k0)

Ry
(R )+ (1, +11Q01, +1)

+{R 1T, +1KOG, +D)))

R, 1 )
:(1kQ)(h‘+l)\(R,\+(}g_+1kﬂ(h,,+l))][Rg+\Rm (h‘+lk0(h_+l)]])l

~0915<1
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3)Z,=(R,, /lh, +1k0(h, +1))
~13.66kQ (high)

‘Emitter Equivalent Circuit
&V, =0

Ry
] (hFl)] 1kn]

Jam (lm\)
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Example
Vs =V, =Ty =-15-0=-15V

Assuming JFET is in pinch off region

N
|2
HI,= IDS[I— VL:J

:wmA[l—_l'S)

=3.9 mA
Vo =Voo ~ LR,

=16-((2k )(3.9mA))
=82V

V=4V Voo
Lo=loma {1
255 -
Re o
ne o

e e
T

15V

3)check for  [Vng|>|Vp|—[Ves| 2

[82>|-4-|-15

assumption s true
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Example
'V, must be more positive than V,
to keep the gate —source junction reverse biased

Vo=V
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Example
Ve =I,R, =(1.52mA) (2.2kQ)=3.34V

VG:AIS:I 54V
IM+6M

V,, =154-334=-18V<0 <OK

334 )52 ma
200

Vo1V
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Example 2o
Suppose that the DMOSFET is in the pinch off region
v, 05k
rpesit- Y852
Ins=Ipss(1 =222 f
Vos=Vg-Vs= Vo
N
. - Ios = 4md
ez 1a0y X
oo i Vo= 50

sub2into 1, we obtain

Ip=6.13mA 15y, I THIS IS POSSIBLE AND
'DHOSFET WILL OPERATE IN ENHANCENENT HODE

Vos=Vop-05K Ipg =893 v
Vos > Vos = Vp=6.19v.
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Example

+18v





image50.png
+18v

>
N
~
=~

solving for Vgs:
o

0.5k

>
N
]
z
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Definition: Transconductance g,

For JFETs and DMOSFETs
a, _2i, v,
g=e 2|y Vo
v wlLom
_ Ves| _ g [lo pss
gm—gmz[vﬁ} - o7 9 =
For EMOSFET ol
L= V. 5oy
- emlemy Ve
K= A Vs Vo
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AC Small Signal Equivalent Circuit
(MODEL Valid for all FET Types)

« Inac ° P

—o
i [
=iy, fries
E Lo,

« Or N s

p=g.r, -amplification factor
Lo
e
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Example: Phase Spllttlng circuit

« Two outputs:
> Vo from drain
> Va2 from source.

Find A, Ay, Z, Zep a0d Z,

Vet
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Solution: ac ss equivalent circuit

()
Rp+r+RGusD) Ot

R R
r+R DR +R
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Zopfvio = Ry /r + R (u+1D)]

e

Rs(u+1)
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Solution: continued
3) To Find Z,. Vy, Source equivalentcircuitis required
since both of these quantities are seen from the source

(3 Reflection DraintoSource.

o,

LCad ]
£

B2

CtrE]
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Solution: continued
4 ToFind Zjy-s

2 X 7 Z.]; :Rs/{r& +Ru}

d (u+1)
Rs m
v

1

201‘3 o =R //g—

Z =R, =R/IR,
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OP-AMP CONFIGURATIONS

() o Fesabic ) Negatve

onmloon Feadback () Positve Feadsack
comparatr st

- No feedback : Open loop (used in comparators)

- Negative feedback : Feedback to the inverting input (Used in
amplifiers)

- Positive feedback : Feedback to the non inverting input (Used in
oscillators) and Schmit triggers ( comparators with hysterisis)
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Example

Find the value of Vo and To and verify if the opamp is in linear
or saturation mode for two values of feedback resistor; assume

To(max)=20 mA:
1) Re=100kQ 2)Re=2MQ

v

Important

To(max) is few mA for most
opamps which limits the
values of resistors to be used
to kohm range

V,=V(+)=0r

100mV
=10
e ok M
NV, =R ~10V,=-1V|
10kQ
v, >V,
Linear mode
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i +ip

Tk
i, =104A + 1mA =1.01mA <To(max)
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eadiiipic conued

V. _100mV.
2) Re=2MQ =—t= =10
) == = 10,
T 2V, =- Re v~ 200v, =207
o,

.

Saturation mode = V, is limited to - V,
-8V

8V
1k

i 8mA

i, =10 A +8mA =8.01mA < To(max)
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Inverting Adder or Summing Amplifier

Summing Amplifier: This is an application of inverting amplifier

5 ¥, -, -0V

IfR, =R, =R, then,

Therefore, we can add signals
; 3
—[V, +V2] with an op amp
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Example: Non-inverting Amplifiers

Example: Find V, for the following op amp configuration.

Vx = & v 20 ¥,
6k + 2k o D
V=3 ot [
S »
\A :(1 + I:{F ]\; x =
A [1 + %)3V
v, =9V

Make sure that: -V, <V, <+V..
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A W il it~ i

g
Example: Calculate and sketch Vo(t) using simplified diode model

A IVANEAN

veit)
/
\/

iy (2

1) Assume diode is ON, so we replace it by 0.7 V
andismustoe>0 SV-0.7V=-ip (R -Vi() =0

iR =43V-Vi()
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Example Consider the op amp configuration below.

Assume V,,=5V P
10 |,
AL
S
D Va .
D)3V Vo

Since Vo =-51 V' (op amp will turste s Vo will e limiced o Va0
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Schmitt trigger. 7

Example: Find and sketch Vo(t) and the
plot of Vo—f(

Solution: this is a Schmitt trigger and

o

Vo = +Vsat i -
f v
1) let 7, = +Vsat Lo e
inorder for Voto be + Vsat 2m
Va>o Rt
o
Vd= V() -V() >0 L+
V() > V) i
V) =47
Pesym k(i) 200K (V ) +
(2700 +100) (2700 +100)k * £
ook (+vsat)+ 200k (, )> ar
(2700 +100)% Q700 100)k \ £
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100 gy, 2700k, |4V
@mo0+100k ) @700+100)%

(V]> Wﬂf 100k ro\! (2700+100)%
L@roo-100k ) 2700k

when V, >3.777= Vo = +7%sar; Butwhen V, <3.777= Voswiches to ~Vsat
2)let7, =
in order for Votobe- Vsat=—=>Vd < 0 ; V() < V(=)
100E (o, 2700k (
@700+ 100)k (2700 + 100)%
1008 (), 2100k (V )( w
(2700 + 100)% (2700 +100)%

)< (100 | Jamoeions) oy,
i L2700 +100)k ) 2700k

V,»37777

Veat=(0+2) =20

V)=

when ¥ < 4074 = Vo = ~Vsat; But when¥ >4074=> Voswitches to + Vst
i i
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Conclusion

1) when Vi s decreasing s long as Vis »3.777V = Vo = +Vsat
butwhen V becomes <3.777=> Vo swiches to ~sat

2)when Viis increasing  aslong as Viss <3777V = Vo = ~Tsat;
ut when V, becomes >3.777= Voswiches to +Vsat

Vi=fiy
v p— 2 \‘\ —
[ 1 et aneon

Vo =f(Vi) Vo =H(t)
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Integrator
So far, the input and feedback components have been resistors. If the
feedback component used is a capacitor.. the resulting connection is
called an integrator.

* Recall that virtual ground means that we can consider the voltage at
the junction of Rand X to be ground (since V' = 0 V) but that no
current goes into ground at that point.

o
: S
=i =% i ° P
Vc({):é]l ()t Vit f
Vo) J
1:&(:) L:V“ﬂ' 1 L -
c I R’ Rcé I()
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Differentiator
A differentiator ,while not as useful as the
circuit forms covered above, the differentiator
does provide a useful operation, the resulting
relation for the circuit being

@
dt

ILIAG)
dr
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) 1\ The gain anatyss of ths mverti
The Active Low-pass Filter -5 "Nos o €

_ue)__Zyie) 4
U z(j0) w0ers
!

e 2ee B
JocRy 1
R e 1R
,
4
& ety
o x
m@]
K—lz
5

& cut-off frequency: @ =27f,= %‘C Ty 3"'}35
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Active Low-pass Filter: Example
« Problem: Design an active low-pass fiter
« Given Data: A 40 4B, £,=5 k0, . =2 kHz

+ Assumptions: deal op amp, specified gain represents the desired low-
frequency gain.

- Analysis: |4, |~1044B/204B _100
Input resistance is controlled by A, and voltage gain i set by R, / R,
The cutofffrequency s then set by .
et N
S T N
C’Zrﬁkﬂilw(lkﬂz)(iﬂﬂkﬂ)"‘gpp
20LoglH(jo) -
olHi)l aods 10g(2000)=3.3
A
20dsiae
2008

Logt
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Opamp Series VR

- Resistors RI'RZ are
.. forsampling of Vo

L3 the current through these’
1 resistors must be small |

ad

v.-r %
R+

K=n@+ij
R
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« Determine the output voltage for the regulator below.
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43V-Vi()>0
= Vi) <43V

N “ when Vi(t) <43V diodeis ON
“ivinet L Vo(®) = 43V

2) Otherwise, When Vi(1) is > 4.3 V, Diode will be
offand tis replaced by open cicuil
= Vi(t)>43V

Vo(t) = Vi()

1ol
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| Opamp Series VR with current limif

Current Limiting Circuit
In order {0 protect the lransistor fom damage when a very
high current passes through it due to  short circuit or
excessive current demand at the load

1) In normal operation Q2 is off since V;,, =V, <0.7 V.

DRy = Ve 0TV
Lo Do
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Opamp Series with current limit

3) WhenT>T, .
w Q2 conducts since
- Voo =V =07V

4)Someof I, is diverted through Q2 (I,)

I,, is reduced so that I, is limited to a maximum value
v, _07V

5)Since V,, cannot exliséed 0.17% , Vi, is limited

6) This is constant current limiting

calculated as Ty =
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Voltage Regulators example
Given the following series voltage regulator

1) Complete the design of the following voltage regulator
(Find of R1, R2 and R3) assuming that the voltage across
the load resistor Ry is equal to 12V. Assume Iz(min) = 2mA.

2)Show how to modify the circuit to limit the load current to

3)Find the output voltage for the modified circuit of part 2)
when the load resistor R, =100Q ~and when R, =802

4) Choose a transistor with suitable power -
rating
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Exam|

SOLUTION
1) R, < VvD\(MmT
B Izmm)

20-4

R, 55+ =8kO in order tomakesure T, > Ly,

If I, was known . then lower limit for R3
can also be found

R,
V,:[1+E’JVI:12V mmp chooscR, =20kQ
~R,=10kQ

_RI
‘R2
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Voltage Regulators

SOLUTION

2)— The change for current limit is done
by adding Q2 and Rsc as shown
Vi _07V

——=0.70
1A

& Ry =
L)
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Ex. Continued
SOLUTION

ForR, =100ohm, Vo =12V, thenI, :%:0.121\

which is smaller than I, .

". V, =12V and is not affected by the current limit circui

ForR, :80hm,Vo:12V,thenIL:%:1.5A

which is bigger than ,,,,,..and the current limit circuit
limits the current to the maximum allowable value whichis 1A

Vo =1 ¥R, =14%80 =8V
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3 Terminal IC Voltage
Regulato

Fixed output voltage type
Two families exist

Fixed positive output (78xx ) , where xx defines
the value of output voltage such as 5, 6, 89,12 ...etc
Fixed negative output (79xx ) , where xx_defines
the value of output voltage such as -5, -6, -8,-9,-12

etc
LB 7B
STominal 1A Positve Votage Regulator

g AT .
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Positive-Voltage Regulators in the 78XX Series

IC Part
7805
7806
7808
7810
7812
7815
7818
7824

Output Voltage (V)

+5

+6

+8
+10
+12
+15
+18
+24

Minimum V, (V)
+73
+83
+105
+125
+145
77
+21.0
4271

|Vin must be higher than Vo by at east 2V for proper operation of the voltage regulator
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Adjustable-Voltage Regulator

Adjustable-Voltage Regulator

Voltage regulators are also available in circuit
configurations that allow to set the output voltage to a
desired regulated value.

The LM317 is an example of an adjustable-voltage

regulator, can be operated over the range of voltage from
1251035V
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Voltage Regulators

ladj=~ 50 uA (constant From data sheet)
Vrer=1.25 (always true for the 317 family)
Vo=~ 1.25 - 35V

Vo is defined by proper choice of R1 & R2
Vo=Vri+Vr2
Vri=Vrer=Ir1*R1

Ir1=Irer=Vrer/R1 v -

Vro=(Irer+a00)'R2
Vo=Irer*(R1+R2)+ladj*R2
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Example

Given R1=220 Q ; R2=5kQ potentiometer
ladj=~ 50 uA (constant From data sheet)
Find Vo(min) and Vo(max)

Find range of Vin ?





image85.png
Voltage Regulators

Vi _ 1.25

T, = e _
=R, 2200

Vo =Ly (R, +R,)+ Ty(R,)

Vo s = (26:66 +0.25)=29.901V

VD(MT") R0k szs' =125V

The input voltage must be higher than the output
byatleast2 V

Viomy =1.25+2=3.25V

v, 9.91+2=31.91V





