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ANVALOG AMD DIGITAL ELECTRONICS

Topics -

= analog  amplitiers

— op-amps, filters and oscllators
— combinational d{gff'al /o\gf'c

—*.fezuenﬁ'al loyf'c and data conversion
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Keep in mind -
Understand the idea before Iearm'ny the ezuaﬁ'on. Write units

with every valve and check the final s{gn.

First formula -

[ A .v = v_,o/v_,f J

First cheek -

\/eriacy the assumed transistor fejlbn atter So/w'nﬂ the bias

point.

— say the meam'nﬁ once without loov(f'nﬂ

— write the formula aym'n Hrom memory



Anal 09 A-mpl‘l;ﬁérs

/Meam'ny o=

An amP/iaq'er uses a biased nronlinear device for locally linear
ﬂat'n.

Main idea .- »

Bias, gain, lbpuf'/ouf'puf' resistance, prezuency re.sPonSe. and

ﬁéedbacb{ determine per-pormance.

{ A = u__o/u__,f J

Why it matters .-

Mo st Zuesh'ons become Simple once the deaq}m'ﬁ'on, a5$ump'h'on5

and rezw'red Zuanf’ffy are written c/early.

ﬁemember J-
\/ert'py the assumed transistor rey:'on atter Solw'nﬁ the bias

point. -

— write symbols before puf’h'nﬂ numibers
— Keep the S{?n convention on the PAage

— check the unit of the final answer

Felated idea :-
Mext. Op - /‘lmpS, Filters and Oscullators. An operaﬁ'ona/

ampltﬁer realizes h{gh—ﬂain feedpback crcuits.

Quick test -

Can L exPlat'n ama/oy amph'wct'ers without Ioot»(iny at the

formula? Then can L state when the Formula is valid?



Aralog Amplifiers : IMPORTANT POINTS
Ln onrne line :-

An  amplifier vses a biased nonlinear device +or locally linear
ﬂal}f).

What is happening .-

Bias, 9at'n,' fbpuf'/ouf'puw" resistance, prezuency response and

Qedbacb( def'ermfne Pérﬁormance.

AL = v nlu J

oo L remember (-

Write the meaning Lrst. The formula is much easier to recall

after that.

Conditions :-

Use the relation only for the model stated in the Zuesh'on.
Start from the yeneral law £ one condition chanﬁes.
— marKk all Known valves with their vrnits

— draw the 1@9ure when direction matters

— do nrot round wvalves in the middle

Quick cheek -

\/erﬁfy the asswwed' transistor reyfon atter .s'olufn\g the bias
point.

Compare -

Do not mix this with op-amps, Flters and oscllators. Virtval

short is a conseguence of negative tredback; Filters  shape

spectra and oscdullators rezw're loop conditions.



ﬁn@f@ﬁ ﬁmpﬁﬂ%r& ;. WORKINMG

Given in the Zue.sﬁ'on s

et o

Write every «nown valve in one place. Put its unit beside it

and underline the Zuanﬁ'fy fo be found.

Formula :-

L/—l___u = v_,o/u__,{ j

Steps  o-

— convert all valves to orne unit Sy stem
— rearrange the ezuaﬁbn before suvbstitution
— put valves careﬁully with brackets

— round only the final answer |
Final cheek :-

\/erf'ﬁ/ the assumed trdnsistor reyion atter solw'ny the bias

point. .

Small f'houyhf' s

Change one guantity  mentally and read the eguation again.
The answer should follow the same physical or mathematical

trend.

Also revise -

Op-Amps, Filters and Oscllators: An  operational  amplifier

realizes h{yh—ﬂair) feedback circurts.




ﬂnaﬁog /Arrmpﬁiﬂlejrs s QUICK PRACTICE
Try without loot»(fny e

/. Define analoy amplt'ﬁ'ers in one clear Ssentence.
2. Write the main Fformula and name euvery Zuanf’h‘y.

2. Explain this  idea: Bt'as, ﬂat'n, chpuf'/oufpuf resistance,

L 2 Q
-Frezuency resSponse and ﬁ‘eedbacb( dew"ermme performance.

i Why £ this warnfnj important: \/eﬂ'f:y the assumed

transistor reytbn apfer‘SOIwhy the bias pofm".

s . State one difference between amz/oy amp/l'pfer.s and

op-amps, fitters and oscillators.

Hints -

An amplt'ﬁer-_uses a biased nonlinear deuvice for /ocally linear

901}0.

FA__V = v alu i ]

Before moving on -

— definition recalled without help

— formula  written with correct symbols
— units and limiting case checed

Ore last reminder :-

\/era'va/ the assumed transistor reﬂ:'on atter So/w'ny the bias

point.



Op-Amps, Filters and Oscllators

Meam'ny s-
An operational ampli@'er realizes ht;gh-ﬁain feedback  circuits.

Main idea :-
Virtval short s a conseguence of neyaﬁue peedbacb(; Filters

shape spectra and oscllators rezufre loop conditions.

(closed—/oop gain = / + ﬁ_,vc//?_,ﬁ ]

Why it matters -

Most guestions become  simple once the definition, assumptions

and rezw'red Zuanh'fy are written clear/y.

ﬁemember =

Virtval yround Is not a universal op-amp rule.

— write Symbofs before puf’h'nﬂ numbers
— Keep the ngn convention on the page
— check the unit of the final answer
Related idea .-

Next:  Combinational D{gifal Loyic : Combinational ovtputs

depend only on present inputs.

Quick fest -
[ Y

Can L explain op-amps, filters and oscllators without looing

at  the, formula? Then can I state when the Formula is

valid?




Op-Amps, Filters and Oscllators : IMPORTANT POLNTS
Ln ore line -

An operational amplifier realizes h:jh-yafn feedback  crcuits.

What is happem'nﬂ s

Virtval short is a consezuence of neyaﬁ've Feedbacb(; Filters

shape spectra and oscillators reguire loop conditions.

{ ciosed-/oop ﬂa{n =i fe_nc/ﬁ_,ﬁ J

e T remember it -
Keep the swetch beside the Hormula. It prevents ngn and

direction mistaces.

Conditions .-
Use the relation only for the model stated in the Zuesﬁon.
Start from the gereral law £ one condition chanyes.

@
— mark all Known valves with their units

— draw the f—?gure when direction matters
— do not round valves in the ruddle

Quick  cheek -

Virtval ﬁround is not a universal op-amp rule.

Compare .-
¢

86 not nix  this with combinational d{gﬂ'al loy:'c. Boolean

a/jebra, K-maps, arithmetic creuits,  multiplexers and CcM0S

jafes convert /oyt'c Specf'@'caﬁons info  hardware.



Op-Amps, Filters and Osullators : WORKIM
Given in the Zuesﬁon s

Write every Known wvalue in one place." Put its ounit beside it

and underline the Zuanf'h‘y fo be found.

Formula -

[ closed-loop gain = / 1+ fl’_,ﬁ//?_,ﬁ J

Sileps -

— convert all valves to ore uvnit sysf'em
— rearrange the ezuaﬁon betore substitution

— put valves C()!T?QJ”Y with brackets
— round on/y the Hinal answer

Final check -

Virtual 9round /s not a vuniversal op-amp rule.

Small fhouyhf J-

Change one guantity  mentally and read the eguation again.
The answer should follow the Same physfca/ or mathematical

fre nd.

Also revise .-

Combinational  Digital  Logic:  Combinational  outputs  depend

on/y on present inputs.



Qp»ﬂmps‘, Filters and Osullators : QUICK PRACTICE
Try without looking .-
/. Define op-amps, HFiters and oscllators in  one cdear

Sentence.

‘o
2. Whrite the main Formula and name euery Zuanﬁfy.

3. Explain this idea: Virtval short s a conseguence of

neyahi/e peedbacb(; Filters shape spectra and oscllators rezuire

loop conditions.

. l/\/hy s this warm'ny important: Virtual 3round is not a

universal op-amp rule.

C State one difference between op-aAmpsS, Filters and

oscllators and combinational d{gﬂ'al logic.

Hints :-

An operational amph'ﬁ;’er realizes h{gh—ﬂm'n feedpback circuits.

( closed-loop gamn = / + ff_,ﬁ/f?_.j }

Before mow’nﬂ on =

— definition recalled without help
— formula  written with correct Symbols
— units and l:'ml?'t'nﬂ case checked

One last reminder :-

Virtual 9round s not a universal op-amp rule.



Combinational D‘{fgh"a[/' Laﬁ-ﬂk
/Vieam'n‘g J-
L 1

Combinational ouvtputs c/epend only on present inputs.

Mairn idea -4
Boolean aljebra, K-maps, arithmetic arcuits, moltiplexers and

cM)S gates convert logic speciHications into  hardware.

[/—1+A‘8:A+5 j

Why it matters :-

Mo st Zueshbns becorme simple once the de@'m'ﬁon, assumptions

and rezuired Zuanf’ify are written c/early.

2

ﬁemember =
Include don't-care terms only when f'he7f Improve the

implementation.

— write Symbols before puﬁ"mj numbers
— Keep the sign convention on the page

— cheek the unit of the Hnal answer

elated idea .-
Mext: Sezuenﬁ'a/ Loyt'c and Data Conversion. Sezuenf’ta/ crcuits

refain state f'hrouyh feedback and storage.

Quick  test .-
Can L explain combinational d{gf}al /oﬂt'c without /oov(fny at

the formula? Then can L state when the formula is valid?



Combinational D{?{tﬁﬁ L@ﬁﬁc : IMPORTANT POIANTS
Ln onre line :-

Combinational outputs depend on/y on present inputs.

What s happem'nj e

Boolean a{gebra, K-maps, arithmetic circuits, moltiplexers and
cS yaf’es convert loyt'c Speciﬁcahbns into hardware.

[/—1-}—/4'8:/—]1‘"3 j

ey T remember I+ .-

Circle the Hnal uvnit. A wrong unit usual/y means one Step

was missed.

Conditions .-

Use the relation onl7 for the model/ stated in the Zuesﬁon.

Start from the ﬂeneral law £ one condition chanjes.

— mark all Known valves with their units

— draw the Qyure when direction matters
— do not round valves in the ruddle

Quick cheek /-
Include don't-care terms only when fhey improve the

timplementation.

Compare .-
Do not mix this with sezuenﬁ'al loyfc and data conversion.

/:/I'P"/:IOP.SJ counters, Finite- state machines, ADCs, DACs and

rmMemory fnf'roo(uce f’t'rm‘ny and Zuanh'zaﬁ'on constraints.

.



Combinational :D@fmf &.0\-9:-@'( ;. WORKEINMG
Given in the Zuesﬁ'on :-
Write every  Known valve in ore place. Put its ounit beside i

and underline the Zuam‘ﬁy to be found.

Formula :-

EA-I-A'B:A-{-B J

Sfeps -

— convert all wvalves fo orne uvnit sysf'em
— rearrange the ezuaﬁbn before substitution
— put valves care'pu//y with brackets

— round only the +inal answer

Final check .-

Include don't-care terms Only when f'hey Improve the

implementation.

Small f’houﬂhf’ J-
Chanﬁe one Zuanf'h"y menfa//7/ and read the ezuaﬁbn ajafn.

The answer should follow the same physical or mathematical

f'rend .

Also revise -
Sezuenﬁal Loy:'c and Data Conversion: Sezuenﬂal circuits retain

state f‘hrouﬂh f:eedbacu( and Sforaye.



e e e

Combinational D{?r'ﬁai Logw'c s QUICK PRACTICE
Try without Ioor»{:'nﬂ =

/. Define combinational d{yifa'/ loy:’c in one clear Ssentence.
2. Whrite the main Formula and name every zuan‘h'fy.

3. Explain this idea: Boolean a{yebra, K-maps, arithmetic
creuits, multiplexers and cM0S gates convert ont'c

Specfﬁcahbns into hardware.

748 Why s This warm'ny important: Include don't-care terms

on/y when Huey improve the implementation.

<. State one difference between combinational d{g:'f'al onk

and Sezuenﬁ'al loﬁfc and data conuversion.

H s -

Combinational outputs depend only on present inputs.

(\A+A'8:A+8 J

Before mow'ny on -

— definition recalled without help
— formula  written with correct Symbofs
— units and h}m'h'ny case !checb(ed

One last reminder :-
Include don't-care terms only when Haey Improve the

timplementation.



Eﬁzuemﬁ@i Lo@fc and Data Conversion

/l/leam'ny o

Sezuenﬁal creuits retain state through feedback and storage.
Main idea :-

Flip-flops, counters, Finite-state machines, ADCs, DACs and

memory nhfroduce f':'mthy and Zuanﬂzaﬂon constraints.

{ Zuanftéafubn atep = £ull- scale range / levels J

Why it matters .-

Mo st guestions become Simple once the definition, assumptions

and rezw'red zuanh'fy are written clearly.

L 4

ﬁem ember -

Check  setup, hold and propagation delays.

— write Symbols bepore puf’h’ny numbers
— Keep the S{gn convention on the page
— check the unit of the Final aAnSwer

Felated idea :-
Next: Analoy Amplt'ﬁ'ers. An amph'ﬁer vses a biased

nonlinear device for /ocally linear ﬂafn.

Quick test -

Can L explain Sezuenh'a/ loyt'c and data conversion without

Ioob(t'ny at the formula? Then can I state when the formula

is valid?



Sezuenﬁ'af Loﬁi( and Data Conversion - LMPORTANT POINTS

In ore line .-

Sezuenﬁal circuits retain state f'hrouyh feedback and Sf‘oraﬂe.

What is happem'nﬂ fot s
th»ﬁops, counters, finite- state machines, ADCs, DACs and

memory introduce h'rm'nj and Zuanﬁ'zaﬁ'on constraints.

Lzuanﬂzahbn step = £ull- scale range / levels J

Hae 7 remmember I -

fead  the assumptions once more before us:'nﬂ the short

formula.

Conditions :-

(Use the relation only for the model stated in the ZUeSf'fOn-

Start from the yeneral law £ one condition chanﬂes.

— mark all Known valves with their units
— draw the Q;gure when direction matters

. .
— do not round values in the middle

Quick cheek -

Cheek setup, hold and propagation delays.

Compare o

Do not rmix this with analog amplifiers.  Bias, gain,
thpuf/ouf‘puf resistance, @fezuency response and feedpack

defermfne perﬁormance.




S‘egwenfmf &0\9& and Data Corversion : WORKIMs
Given in the Zuesf’fon J-
W rite every Unown valve in orne place. Pot its onit peside

any underline the Zuanﬁ"ly to be found.

Formula :-

{ Zuanf‘fzaﬁon step = £oll- scale ranﬁe / levels

Sleps -

— convert all valves to omne uvnit sy stem
— redarrange the ezuahbn before substitution
— put valves careRully with bracets

— round only the final answer

Final check -

Check  setup, hold and propagation delays.

Small f‘houjhf‘ i
Chanﬂe one Zuanf’h‘y mem"ally and read the ezuaﬂon ayafn.
The answer should follow the same physical or mathematical

f'renc{.

Also revise .-
Analoy Amplt'ﬁ'ers: An amplt'ﬁgk vses a biased nonlinear device

for /ocally linear 9a1h.



Sezwnhaf ﬁ.o\gﬂfc and Data Conversion : QUICK PRACTICE
Try without Ioom'nﬂ -
/. Define sezuem"ial Iojt'c and data conversion in one clear

Sentence.
2. Whrite the main Formula and rame et)eay Zuanﬁf’y.

s, Explat'n this idea : F:/fp~ 1570)05, counters, Finite- state
machines, ADCs, DACs and memory introduce timing and

Zua ntization constraints.

. Why i Thix warm'ny important: Check setup, hold and

propa yaﬁon delays.

s~. State onre difference between seguential  logic and data

conversion and analoy amp/hq'ers.

Hints -

Sezuenﬂal crcurts retain stafte f‘hrouyh feedback and sforaﬂe.

( Zuanﬁ"zahbn step = £oll- scale range 7 fevels ]

Before moufnﬂ on .-

— definition recalled without help
— formula  written with correct Symbols
— units and h'miﬁhﬁ case checked

Ore last reminder - ¢

Check  setup, hold and propayaﬁ'on de/ays.




FORMUOLAS T mMJST REMEMBER
Analoy Amph#ers i-

[ ke R R J

An amplt'ac;'er vses a biased nonlinear device for Iocally linear

yain.

Op-Amps, Filters and Osdllators -

[c/oszd‘loop gain = / + /?__,ﬁ/f('_,\g j

An operational amphﬁ'er realizes h{gh'ﬂain feedback  circurts.

Combinational D{gﬂ'al Loyc‘c J-

(/-I-I-A'BZ/—I'%B ]

Combinational ouvtputs c{epend only on present inputs.

Sezuenﬁal Loy:’c and Data Conversion :-

[ Zuanh'zaﬁ'on Step = Loll- scale ranye / levels l

Sezuenﬁal crcuits retaimn state f'hrouﬂh feedback and sforaje.

W hile us:‘ny them .-

— write the condition beside each +formula
— Keep units consistent from the First line

— check the S{gn and final majnﬁ'ude



covini v MirSTAKES

Do nrot 100(92?" e

Ana/oy Amplifiers.: \/eriﬂ/ the assumed transistor reﬂlbn atter

solving the bias point.

Op-Amps, Filters and Osdllators: Virtval yround /s not @

vniversal op-amp rule.

Combinational D{?H'al Loyt'c: Include don't-care

when f'hey improve the implementation.

Sezuenﬁal Logic and Data Conversion: Check setup;

propajahbn c/elays.

/1/77 vsval checks -

— read the exact guantity aswed

— copy every wvalve with its unit

— write the 5{9” convention before working
— yse brawkets o(urinﬁ substitution

— round only after the Final step

Before Submiﬁ'tbﬁ s=

ead the answer once as a Sentence. The

direction should all make sense w"oyef'her.

Good habit -

Keep one clean line  between the  given
substitution and Firnal answer. I+ maces

faster.

valve,

data,

terms on/y

hold and

unit  and

pormula,

rechecm'nﬂ much



1
MIXED PRACTICE
Short Zuesh'ons e

vil Write  the

meanin and main formula for analo
4 &

amplhc;'ers.

2. Whrite the meanfnﬂ and main formula for op-amps,

Ffilters
and oscllatorsas

3. Whrite the meanmy and main formula for combinational

d{gt'f'al loya‘c.

9. Whrite the meant'ny and main Fformula  for sequential ona'c
and data conuversion. :

Think a Ilittle -

$~. Compare analog amplifiers with combinational d{gﬁ“al logic.

6. Which condition s most important in op-amps, Lilters

and oscllators?

7. Deaw. o spnall Qyure or How sketch Hor sezuenf'fial loﬂ:'c
and data conversion.

Answer reminders -

— Verify the assumed transistor region after solving the bias point.

— Virtval ground is not a universal op-amp rule.

— Incdude don't-care terms on/y when f‘hey improve the implementation.

— Check setup, hold and propaﬁahbn o’elays.
Final lire -

IF an option has the wrong unit, S{?n or Phy;fcal f'rend,

rgect i+ before doing a long calvlation.



