ENEE2103- Circuits and Electronics lab

Electronics Theoretical Background Summary

1. Diode Applications
= Clipper-Limiter

B B0 0 T e I e H\. ‘hfllr-i'rﬂ'llltr Ull"-‘“|"’-'l|r l|II Ij’

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

VMV -
1.."||_t:| -
=10 sim Gt ———
1T
1) Assume diode is ON, so we replace it by 0.7 V
and ic(t) mustbe = 0 ) SV-0TV-i () R-Vi(t)=
N i (R =43V-Vi(t)
"_\ -
oft) \—]—
ﬁu Waltl= T
Q. o =220
—ll'fl sim et __/ _j R
T
«—\ - = Vi(t) < 4.3V
@ Dh-] — alt]= - - -
" y 43V when Vi(t) < 4.3V diode 15 ON at]
“t0snes J —1_—” Vo(t) = 4.3V

21 Otherwise, When Vi) is = 4.3 V. Diode will be
off and it is replaced by open circuit

 AAA— = Vi(t) > 4.3V

t\ Vo(t) = Vi(t)
@ In{t: Woelkl=Vilt]

1ﬂ1nmt J/ _jl
1
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when Vi(t) <43V _diode1s ON & Vo(t) =43V
when Vi(t) = 4.3V _ diode 1s off & Vo(t) = Vi(t)

U &

Volt)

4.3V

AN\

= Diode Clamper

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 supply it to
the load R )

k

—_— ——
T T 1
T
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Vit
- 10V +
15
. s
—sv J vy R
+ £l £z B

Oy - o

EVL around the loop: 10+5+V,(t)=0 a0V

= V,(t)=-15V <0,.". diode is OFF

Vo(t) =—V, (1) =15V

Fal

5w
+ -
 —

— o
+

b AAA
x

5 - 5
"

Cap 1s charged to 10V with shown polarity due to
diode forward current Vo(t) =0V

k14|

100 &
o H 4 . & 5
—10v ) R ‘
l 1 2 g
|:|1 3 * L
10 Y

2)for t, <t<t; wvoltagesourcereversespolarity, Vi(t) =+5V
while Cap keeps its charge Ve =10V
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Afterwords for any value of the given Vi(t) diode

remains OFF and Vo(t) = Vi(t) + 10

.. the clamper charges a cap and
uses this charge to add up to the
input to shaft it up or down
(1.e.add dc offset)

Important Note

For Proper Clamping action ,

T gischarge OUSE be large enough

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

Taischarze = R-C=10(t; +15)

= Diode Rectifier

15

I

T

Cubput peak to peak

vilt]

Woft)

volt)

TR

-1

Half Wave Rectifier

1)When Vi(t) > 0,

Diodeis ON \) 3

Vo=Vi . ||

2)When Vi(t) <0, r

Diode1s OFF

Vo=0 * /D 3
-

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

15 o
Vive =?J'Fm5’m[ﬂ:f}dt

]
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Half Wave Redctifier
Ve = %IVMSI'H(&E)dt
17 .
= ! V. Sin(6)d6

_ 2_1?[ [-7,Cos )] = :_; |- Cos (7)-(—Cos (0)]

V
Ve =—2[-(-1)-(-1
awe = 5= [(-1)--1)]
=H_”=EE|]_31ETJH
n =
T=I, and =7,

(period and frequency of the rectified waveform  is the same as ac input)

Bridge Full-Wave Rectifier

A full-wave rectifier with four diodes that are connected in a bridge

configuration

1)When Vi(t)> 0, A
D2 D3 are ON EEAVAR ' ;‘-‘*"*
D1, D4 are OFF :
= Vo) = Vi(t) _
2)When Vi(t) <0, AN
D2, D3 are OFF N
D1.D4 are ON —
|"II-I-.'|_ % o fm "
= Volf) = - Vi(t) AV S
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Ve = % =0.636V,

Tz%andfzij;

(period and frequency of the rectified waveformis not the same as ac input)

* Ripple factor is an indicator for the
effectiveness of the filter

RMS(ripple voltage)

® 100%

n Average value of the output signal

* The output signal can be approximated as

shown . |\N\I\

« Also for a triangular signal,

RMS Value= Peak Value
J3

OR

. Peak topeak Value ¥, .
EMS Value= = —EF

2.3 243
R |
F’E_d&- = T‘fm - E er.p—p
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a) For Half Wave Rectifier
t —tIET,:,,:i
O
T, 1
Il v | ——
R ’“(RC] m(fDRCJ
b) For Full Wave Rectifier
1 1
t,-t) = =Ty =—
1"h =50 o8,
‘lep? ::1&u[:ﬂrb :]::Rﬁﬂ 1
' 2RC 2f,RC
Example

Find the ripple factorr

1 Vm
22foRy,

* Vige =Vmn — = 41.54 v

V
Virp-p = 7o = 1.7677v

EIGRLE
. Vv -
« RMS (ripple voltage) = L;%E = 0.51v rms
0.51
- — Q
41.54 X 100%
r=12277 %

ENEE2103 Circuits and Electronics Lab — Summer 2017 Nasser Ismail



= Zener Diode VR

Rs=1k{)
Example AAA
1) Determine Range of R, &J, that I—} " ]
5
will resultin V; being mamtained at 10V C)E-W Ve ,ZS, J‘ |
2) Determine the power rating of - )
. Ly =32mA RL
the zener diode i iz
SULEH 25 2) To find R, = we need I,
I)Tofind R, that will turn the '
Limin) II_I:N.I.I.'I =Isl _II{m}
zener diode OV : ' .
I = V.-V, 30-10 _ 40mA
V,=V,=— v = * R, 1k0
Re+Rs I =40-32=8mA
R— L
B, = 2V
T V, 10V
1k B, =Lt =—"=125k0

3Py = Vo lpy =10V . 32mA =320 mW

23002k, £123k0 o ) .
The zener diode 15 chosen with power rating =P,

Example
Find the range of values of Vi that will maintain the zener in
the ON (regulation ) State Rs=2200)
. R, +R IL +
mmﬁ:fﬂ Vi zﬂUE SJ’ J, V
i= L
= M W=2307TV
1200 ] Iz RL=1.2k(}
I,=I,+I -
T I, =60mA
Loy = Loy + 1o
Vo OV s6TmA
R, 12000
IL_, =60mA+1667mA=7667mA - 230TVEY, <3687
Voo = (76,67 mA).(22002)+ 20V =36.8TV

o]
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2. BJT dc analysis

Transistor biasing:

¥ In order to operate properly as an amplifier, it’s necessary to correctly
bias the two pn-junctions with external voltages.

¥ Depending upon external bias voltage polarities used; the transistor

works in one of four regions (modes). npn transistor modes of

v" For transistor to be operation

used as an Active

device (Amplifier);

the emitter-hase Saturation Mode Forwmd Fowraiard Il' '*I:._:-ﬂ'!! shoe! cwous!
Jjunction must be Ver=Vonisal)=
forward bias, while the Active Maods Forward  Reverse b proportional 10 1
collector-baze junction e €8 dafined By clrcul
must be reverse biased. Culolf Bode Roverss Foverss  Bouvelontiv epen ot

=)
O Qfaned Dy Canpust

Trvesd S Modle REvesa Forward Haredy used and sl mol be
diSCuAsed i Mid COUFLE

Basic BJT Amplifiers Circuits

BJT in Active Mode Je= e+

F=—= __common-emitter current gain

BJT DC Analysis
= Make sure the BJT current equations

and region of operation match
Vae = 0,
e <0, = Vo= g <l

I.=1.+1.=(14+p/){
= Utilize the relationships (8 and a) IE e tip =1+
between collector, base, and emitter ‘{Ic=,3f3

currents to solve for all currents _
1_I =al;
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1. In the cutoff region :
IB‘ = fc = IE =0

2. In the active region :

Ic= alg
Ie=Elg
I = (g+1)1g
Veg=0.7v , Si
Vge = —0.7v , Si

VE'E - VCE,SEIE =0.2 v

Vee < Vegsar = —0.2 v

»

3. In the saturation region :

Vee = Veesar

npn

> pop

. S, npn
s SI, pnp

4) Voltage Divider Bias

This is a very stable bias circuit.

The currents and
voltages are nearly
independent of any
variations in p if the
circuit is designed
properly
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Exact Analysis
We must try to make /g as '
close as possible to zero vee Vee
L
Thevenin Equivalent circuit Rz § l 'ETEé .
for the circuit left of the base o _K <
is done Vo= R,V a ,
* R|"'R: mgln "-;lh—:
R, <R, /IR, = o B
R,+R.
ViCC
WV, =LR, +V, . +[.F; £
but I, = Le "
®Tp+1 Rth |
Al =e Ve w—_
== Rth g Vih %
B+l ° i Re

3. BJT amplifier ac analysis (Common Emitter, Common Collector,

Common Base)

Common Emitter and Common Collector

Configuration
; c
+ B c
. -
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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:
I = ;;i =
o= ;JT = ;JT = hifeﬁ"?'f Iz, decvalueof base current
BQ hr:: e Iy dcvalueof collector current
h, =p

Vi =2569 mV @25°C

Common-Base Configuration

(pravides current gain and some voltage qain)

Simplified Equivalent Circuit

; WIgvIuES Ll
E_,° £, C E C
e =
-
. Ll . v -
v, V., e h, j‘.-‘_r.,_ i, Vep
i | )
- - o .
B B

V, =25.69 mV @25°C

h.

12

=hy
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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
Ai=iofii, small signal current gain

Input Impedance

2)
3) Zi
4) Zo Qutput Impedance

BJT Amplifier Analysis

Solution: (with Rs=0)

We draw the ac small signal equivalent circuit
Capacitors ==> replaced by short circuit

DC sources are killed ,

Vi - -
Iz, must be calculated from DC analysis
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14

DC Analysis
I I
DC Equivalent Circuit: —
-Cap === open
-Kill ac sources === ~
SkQ |1, kO
“WI Tmﬁ
10=5kO. I, +V, - =
o = 10-0.7 _ | g6 mA
5 kO
b = Yo _2569mV_ o000
I, 186mA
Ac ss equivalent circuit
A, = Yo s
v,
v, =i.4kQ . h i
i, =h,., |
.Y L L
1 =— = =
h l
v, v, i i N
A — o — a a g 1
R A =4kﬂ}ﬁi J
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Zi & Zo

:|E—“r

y e -. h, § hoi i+
5k l 4KO 4

3) Input Impedance

h,.5kQ
5kQ+h,

4) Output Impedance

Z =(h,/I5kQ)= [

=4kQ

allindependant sources killad (e, Vie0or shor)

3

Example: Common Emitter (CE)

29V

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

Thevenin's equivalent circuit
as seen from the base
10kQ

10k + 50 kO
R, =10 kQQ/5kQ =8.33 kO

24V =4V
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4=833k0. I, +V +22K01;

E'L'I't, IE = |:l+ ﬁ}IB
407
SolveforI. = =14mA
3'33kﬂ+2_2m
(1+50)
v, 25.69mV
R b S TRy e
l|'T.-| 2 _
31
:]—T Vis Here we have base reflected to enutter
o7V
4V R4 »
- Ry =2
F+1
Here we have emitter reflected to base
_ I
3 I. =] ="£
VR, E
T — {.'B_l'l]l
R(B+1) R.=R(B+])
-
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AC small signal Equivalent Circuit

i = o
— — C
o * - "—I +
B I SR e Pl
<+ ) E -
v
DA, == AR
i ' v, i, v
g PP
v, =—h,i.(R,//R.) = —;jﬁ_{R],.";'R_?)l hi
_ v e
i =—
’ hﬁ =—-30.(3.8 k01 kﬂ){ﬁ]z—ﬂrl?

AC small signal Equivalent Circuit

i B _, — c 2o
. |
A omzzen - i
i - l
2)Z; =Rm//hy
=833 k()/928 (2

onlv elements to the right of arrow are considered
according to the given direction of the arrow
NZ =38KO

Ozl indeperdant sourca: killed (1 e, Viel ar short)
hereh, .1, =0 sinces, =0 (vi=0 -lklled)

Nasser Ismail
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base equivalent circuit

(reflection from emitter to base)

Here we must change 1, to 1, which

requires division by {fzﬁ + l}, but voltage
must remain the same and thus the
resistance must be multiplied

by the same factor /1, +1]

Emitter equivalent circuit

(reflection from base to ematter)

Here we must change 1, to 1, which requires
multiplication by {hﬁ + l}, but voltage must
remain the same and thus the resistance must
be divided by the same factor (7, +1)

Common Collector Amplifier

Ve (Fiven
h, =1kQ
R3
e h, =£5=50

=50 20 Find Av, A1, 71, Zo

||| o3
e "L., '}—{‘tld AC small signal Equivalent Circuit
R2 Vo
20k R4 Bl

%\ als R
N g / Sk
DA, =-*% - L Zo

v, I

= ) Rl & -1—1._
v, =1kQ g, Ik .

i, =i (h, +1)

ENEE2103 Circuits and Electronics Lab — Summer 2017 Nasser Ismail



19

i, can be found from base equivalent circuit

; 5 Rm =20kC /250 k0
i i, =i R
‘ © (R )+ B, +1KQ(R, + D)
1kl =k | 1 FS

Ry +(Rpy /{1, +1k0(, +1)))

R, 1 )
= (1kQ).(h, + l}k[_ R )+ [k, +1KO(h, + 1})][& +Ro, 1M, +1KQ(R, +1) ] ;
=0.915<1

3:‘ EI = [.Rr.;r "II"';(U;I.-.B +1 kﬂ(hﬁ T 1) J }
=13.66kQ (high)

Emitter Equivalent Circuit
&V, =0

. ; &
| — {Rs Rm j+3‘i_5€ i i
v|Fr=( !

| (e D) ) .

R +
]H(}a +1) (;z +1)J (s _1)] lkﬂ] o
=3680 (low)
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4.FET dc analysis
Example
Voe =V =V =-15-0=-135V V,=—4V VoD

I..=10mA
Assuming JFET is in pinch off region bes

; 2 ZED
V.
1) ID:IDES[I—ﬂ) Ty
VP ) Vos
-1.5Y T -
=10 111A[1— ] LVl
=3.9 mA 3)check for [Vig|>|Vp|—[Ves| 2
DV, =V, —1I,R, 8.2 > |-4/—|-1.5
=16-((2k )(3.9mA)) assumptionis true
=82V
Example
V, must be more positive than V,
to keep the gate — source junction reverse biased
VS — I.DRS
P?GE — R"‘.FDD
- R+R
VEI = VE _IDRE 5 =
RV, §1 Eizn Fi—e E
V =—3*22__JTR ) 22k |7
5 Iq] +Rl D F

Vy=Vyp—I Ry =TV
Vpp—Vp _12-7

I,= = =1.52mA
R, 3300
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Example

V.=1I,R, =(1.52mA) (2.2kQ)=3.34 V

s IM

= 15=154V
IM+6M

V.. =154-334=-18V <0 <0K

also .
-
V. 334
R, 2200
Example prze
Suppose that the DMOSFET is in the pinch off region
v 00 M § 0.5k
= _165y2 1
Ips= Ipss(1- 5= ) o
Ves=Vg -Vs= Vg E
2 Ipgs = 4mA
T G LSRR 5 B
) ’ 1M Vp=-5v

sub 2 into 1, we obtain

Ips=6.13mA >Ip.s 1| THIS IS POSSIBLE AND
DMOSFET WILL OPERATE IN ENHANCEMENT MODE

Fﬂ-\.: I'I.DD_ DSK Iﬂ_\: = 3.93 W
7
Vps =" Vgs —Vp=6.19v

ENEE2103 Circuits and Electronics Lab — Summer 2017
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Example

solving for Vgs:

ENEE2103 Circuits and Electronics Lab — Summer 2017

++1ﬂ el

F2 29 m
0.5k

-
i-l-lﬂt:'
hgﬁm
F2 922 m
0.5k
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5. FET amplifier ac analysis

Definition: Transconductance ¢,

For JFETs and DMOSFETs
il 27 F
g“ — | pim | ] — D=
ev,, W, v,
V, [, 2,
= m.1—£ = m.|i — ='oss
g. g [|: VF‘ i| g EHI III.I'.'IE'.‘.'-“ gm:l VF|
For EMOSFET ol
—_ g&: = - = EK{VES - VES-":'&' )
L=K(V,-v..J —" oV, - )
I ”{55 _I’rss"rq r= III_I:|
K= ﬂ VK
(V Vi )J — —
GE GE(IH) i L k* |
g =2K |2 =2 [% 2 1%

AC Small Signal Equivalent Circuit
(MODEL Valid for all FET Types)

[ D
« Inac g !
I ] I
—_— d — » ==
gn: - :} in‘ - g-cbg'.r ""'1"'";5
Ve
2 Tg
¥ Dr e o
o—0

M=
=g v, -amplification factor

:rfdl‘il'gE
=uNigE
2l y Qg
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Example: Phase Splitting circuit

r, =100k
« Two outputs: g_=1mS§
= Vol from drain Wiao
> Vo2 from source _T_
Find A, A, 7, .7, andZ, R1 :EEE st
I ] B L O | I E—
- +

fw.— |
= = | . Vol
i < a0k ._2.:_--'— +

Zo

vi| =

1)ToFind £,,.V,, Drainequivalent ®rcurt 15 required
since both of these quantities are seen from the drain

A N— Y
R G Ro+r,+R(u+1) :
] s v =ERRAR
v R R

Fi ik

i) :
R 4+ +R(u+l) R+ R
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2) To Find Z g, |vi-o

s
0|
MM
Foad= rds +
u v 0 R

ECI'I

; Re(u+1) ::jig-_clu] =R, .fx-[rdf +R (1 +1]]

Solution: continued
3)ToFind Z,.V,, Source equivalent circuit 1s required

since both of these quantities are seen from the source

(otl] Reflection Drain to Source a 3 .
g - ..
. uv,
.'!l'i:g.r = |:l£.|:+1:| N H‘.‘:% .-+
R, o -
Bo = Tal)
=T ro_ R, f MY ]
== Tu+l) = R +r, - L(u+1))
(u+1)y 7
R
V=V sk
: ) RlE _RI
4 = V., __H R, ) R,
o (u+1) R +r, R R +R
(u+1)
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Solution: continued

Vied
Ve=0

4) To Find Z,,,

ZO2

Rs ]

Z.=R,=R /IR,

ENEE2103 Circuits and Electronics Lab — Summer 2017

= R //|:

7, + Ry
(u+1)

"
g,
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6. Op-amp circuits

OP-AMP CONFIGURATIONS

oA~

=

{a) Mo Feedback = (b} Negative =

(open laop Feedback {c} Posifive Feedback
comparatar circuit)

* 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 Schmitt triggers | comparators with hysterisis)

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

Io(max)=20 mA:

1) R=100kQ 2)Re=2MQ T =V (D=0
o - _n
i [ VvV hW=0
j-:-kn_ * _H‘+1III£.|" R]
w WA, . . _ V. _100mV A
vl > I + 1. =1.= —= =1U
toamyi ) 5 = y i 10k 10kO
' Zown TV =1 v
S ko <
1 < J_IL E
- FTODV = V=10V =1V
[mEortant 10

Io(max) is few mA for most V. o»>-V_
opamps which limits the
values of resistors to be used
to kohm range

Linear mode
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1
i =i, +1,
1, = WV ImA
1k
1, =10uA +1mA =1.01mA < Jo(max)
rxampie conrinuea . ] V ]l][imV
2)Re=2MQ i=i=—1t= ~10
) _* 10k 10k HA
. 2 _.'J‘. ,-"".v,— R
i J: : )V =——F Y =200V, =20V
10k 1Y " 10k ‘
. A "-.-"I'."u' - \x“\\\\ .
oomy(" ) +;a*'“f=‘__,|x_+
“J -l_ --_1;:1.- :-.:: Vﬂ < —Vm
g Ry ~—
= 1k «f] 1 Ve

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

[} sat
LA
Tk
1, =10 pA + 8mA =8.01mA < [o(max)

SmA
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Inverting Adder or Summing Amplifier

Summing Amplifier: This is an application of inverting amplifier

Ra r — —
—— " Tkr1: - 1'i”r{+} =0V
——
i Ry f . "U'i I
e L= L, ==
= vy R, R,
i I\‘,ll, —
11 | - -
T " v"-‘ - _Rflf
| 1, =1, +1,

1 gl

IfR; =R, =Ry then,

Therefore, we can add signals

\'r.;] - [‘*‘Tl + Vg] with an op amp

Example: Non-inverting Amplifiers

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

\% ok 4V

" 6k + 2k o v D
V. =3V o |

X ':D“ § ki1 ; 2 Ay )
R E-m ’
V=1 2E IV, . :
R [1 + @Jav
" 5k

V. =9V

=)

Make sure that: -V <V <+V_
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Example Consider the op amp configuration below.

, r "My
. =5V%
Assume V, =5} 6 kO
1kQ |,
— "W

C—) Vin

ler) 3V
6k 6k
; =01+ E}(_E} - (E )5)

=—21-30=-51F
Since Vy=-31V

{op anp will zaturate and Vo will be lmited to -Vzat)

Schmitt trigger,

Example: Find and sketch Vo(t) and the
plot of Vio=f{Vi)
Solution: this is a Schmitt trigger and

Vo= *+Vsat
1) letr, = +Veat
in order for Vo to be + Vsat

Vd =0
Vd = V(+) - V(=) =0
Vi+) > V(=)

Wh=sVsat=__ | +
'v{_} =4 «10V I.
100k 2700k
V(+) = ————(+ It ) + (If]
+ +
(2700 + 100)k (2700 + 100)& © i
100k 2700k
— (+ I"F_'iﬂ'f} ( ]
(2700 + 100k (2700 = 100)%

ENEE2103 Circuits and Electronics Lab — Summer 2017
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1008 (10p)+— 2100 {y ) 4y
(2700 +100)% T (2700 +100)k 1
(V_]} E f 100% {lgy]l (2700+100)%

L2700+ 100)k 2700k

i
when “u'f > 3,777 =Vo = +F5af ; But when ‘Ui <377 = Voswitches to — st

]==::- V, »37777

2)lety, =-Tsat = (0+2) =2V

in order for Votobe- Veat=>Vd <0 ; ~V(+) < V(=)

100k 2700k
Fi+) = (— F’sm‘] + (F_]
(2700 + 100)k (2700 + 100)k * i
100k 27008 |
———(~Tsar)+ —[.!{)-: 47
(2700 + 100)& 772700 + 100)k © i

] i !
100k (0| (2700 +100)k
[1:{]-:: ay —| —20F__(yp)| | 2100+ 100)% =V, < 40747
i (2700 + 1000k ) 2700k

when I < 40747 = Vo = —[sar; But when " >4.074 = Voswitches to + Frat
i i

Conclusion

Iy when Vi e decreasing _aslong as Vis >3.777TV = Vo = +Fsar;
but when Vi becomes < 3.777 = Vo switches to — Frar

2ywhen Vi ereasie aslong asVis <3777V = Vo = —Frar;
but when Vi becomes > 3.777 = Vo switches to + Fsar

Vi =fit)
Wi . )
ve Hsat=+10V I '-/ SVA AN A
e . - a A -
| L 3TN
" | Two separata
Hysberisis I | levels of detection
=4.074-3.777 4 | for rising and
| [.alhﬂg Wi
i | )
-vsats+zy I o '
w1 7 L ra .'-'1 +100
1 1
! ' no ascillations
3TN 4,074V of Vo
W
R
t
Vo =f(Vi) Vo =f(t)
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Integrator

called an wmnregrator

current goes into ground at that point.
V.

S [
1. =1_.=
i f R

o1t
Ifc(r}=E£r f (f)ddt

V=Vl l

VA i§
jf—a':=—LjF(rjdr

R RC i
07 0

Fo=-

."- y ."ﬁ'- r
- L—’ YAy
)

* 50 far, the input and feedback components have been resistors. If the
feedback component used 1s a capacitor,, the resulting connection 1s

* Recall that virtual ground means that we can consider the voltage at
the junction of R and X° to be ground (since V7 = 0 V) but that no

Wit
+ -

ii
o
A,

c!

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

dl () F
i_ =f =i _ = —! — 'n"\." 4
1 f C dt ) i
li=ic .
L] i
Ve(t) = — (i .(t)dt v{t}(L . T
Cof O N M
- o FL :'-:"-
F =-i ()R < Voit)
, =1 l
[ dv()) AV
. f =
F’g=_| c—L ‘{R}= _Rfjﬁ
dt ' dt
A
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The gain analysis of this inverting

The Active Low-pass Filter e votes-io.

E] =ifa|:;mj=_32(fm) Z
. NI TR
D N Rz 1
o 2jec _ &
= Hu®) 1 joCR +1

b

- +
P RA Jol
A2
- R (1+ jeaCH
ch | (5 jeCR,)
3 By = _K
b - . 1+~'m’]
L, k]
Q > U
- L _F:-RE
) ' g

- - 1 _._ 1
& cut-off frequency: mc_zsgfc_%c "fC_J;.—R,C

Active Low-pass Filter: Example

+ Problem: Design an active low-pass filter
= Given Data: 4,=40dB, A,,=5 k), f. =2 kHz
+ Assumptions: |deal op amp, specified gain represents the desired low-

frequency gain.
* Analysis: .‘iv =1040dB/20dB =100
Input resistance is controlled by R, and voltage gain is set by R, / R,.

The cutoff frequency is then set by C.
A [=—2
v

R1=Rm=5kﬂ and :>R2=1GQE1=5EIDH1

c= 4R, 2a(2kHz)(300K0) =159pF

20Log|Hij
calkige] aods log(2000) = 3.3
{_;-F

ode T

Log f

ENEE2103 Circuits and Electronics Lab — Summer 2017
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7. Voltage regulator circuits

Opamp Series VR

Resistors Rl.R 5 are

., forsampling of Vo
13~ the current through these’
resistors must be small |

v, =V,
R+R

K=K@+§J
R

Determine the output voltage for the regulator below.

R, 10k
I;'r = 1+_ V = _ = '
0 { R, z Vo=11+ e 5.1=10.2V
V & » 0
l;"I.:IH! "
glrltl;kil
o,
50N P

K
100 ki
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ENEE2103 Circuits and Electronics Lab — Summer 2017

[ Opamp Series VR with current limit }

Current Limiting Circuit

In order to protect the transistor from damage when a very
high current passes through it due to a short circuit or
excessive current demand at the load

L
=R

'UI“_-;_-_ s R .
[t
1) In normal operation Q2 1s off since V,, =7, <0.7V
V. 0.7V
2) Ry = —2 =
Losy ligey
[ Opamp Series with current limit ]
i :- x[z | \ | |° 3)WhenlI>1,,,.
= L “cpams N 1 | » Q2 conductssince
I : 1.7 Viu=04.=07V

4)Some of I, 1s diverted th.l'l‘t;llgh Q2 (I.,)
I;, 1s reduced so that I, 1s limited to a maximum value
V, 0.7V

[

calculatedas:I . = R
5)Since V,, cannot exceed D% v, Vg, 1s limited
6) This 1s constant current limiting

Nasser Ismail
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Voltage Regulators example

iven 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 R is equal to 12V. Assume lz{min) = 2mA.
2)show how to modify the circuit to limit the load current to
1A

J)Find the output voltage for the modified circuit of part 2)
when the load resistor R =100 and when R =80

4) Choose a transistor with suitable power =
rating +
L L 1 o
Vi = e
200 1o 250 I‘: o
Example Continued
SOLUTION N
DR, < —v”"imj " Vs .
) Z{dim) =
R, < iﬂ‘r;: =8kQ in order to makesurel, > I
1

If I, was known . then lower limit for R3

can also be found

R
I{,=(I+E]JVE=IEV mmp chooseR, =20k

- 0 ~R,=10kQ
=0 1=22_1=2
R2 TV, 4
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Voltage Regulators
SOLUTION

2) — The change for current limit i1s done
by adding Q2 and Rsc as shown

Ve 0.7V
1A

& R, = = 0.70

IL{Maﬁ)

Ex. Continued
SOLUTION

ForR, =100 ohm. Vo =12V, thenl, = %

=0.12A

which 1s smaller than I, ..

~.V, =12V and is not affected by the current limit circuit,

12V

ForR, =8ohm, Vo=12V, thenl = - =1.5A

which is bigger than I and the current limit circuit

Li{max)>
limits the current to the maximum allowable value whichi1s1 A
SN =T *RL=1A*SQ=BV

o L{ M)
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3 Terminal IC Voltage
Regulators

Fixed output voltage type
Two families exist:

Fixed positive output  (78xx ) , where x¢ 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, -6 -9-12

...etc

LMTEIO | LMTEIOGA
3-Terminal 1 A Positive Voltage Regulator

s

Positive-Voltage Regulators in the 78XX Series

IC Part Output Voltage (V) Minimum V, (V)
7805 +5 +7.3
7806 +6 +8.3
7808 +8 +10.5
7810 +10 +12.5
7812 +12 +14 5
7815 +15 +17.7
7818 +18 +21.0
7824 +24 +27 1

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

desired regulated value.

1251035V

- LMalT

)
—

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

Adjustable-Voltage Regulator

The LM317 is an example of an adjustable-voltage
regulator, can be operated over the range of voltage from

Voltage Regulators

Vo=~ 1.25 -35V

Vo=Vr1+Vr2
Vr1=Vrer=Ir1*R1
Ir1=Irer=Vrer/R1
Vr2=(Irer+lans)*R2
Vo=Irer*(R1+R2)+ladj*R2

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

Vo is defined by proper choice of R1 & R2

ENEE2103 Circuits and Electronics Lab — Summer 2017
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Given R1=220 Q ; R2=5kQ potentiometer
ladj=~ 50 uA (constant From data sheet)
Find Vo(min) and Vo(max)

Find range of Vin ?

— M M7 - -

Voltage Requlators

L Ve _ 125

=R, 2200
V, =L (R, +R,)+I(R,)
Voaiss s = (26.66 +0.25)=20.91V
Voo waom = Veer =1-25V

The input voltage must be higher than the output
by atleast 2V

Vigamy =1.25+2=3.25V

Voaansn =2991+2=31901V
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