GATE EC HAAMDWRITTEN AITES

SIGNVALS SAMPLIM: AMD SEMEICOAMDUCTOR DEVICES

‘oRics -

— discrete-time S{gnals and Samphhﬁ
— semiconductor phy_ﬂ'c.s
— diodes and optoelectronics

—w@r and mostetr devices *

vt N

Keep in mind -

Undersf‘and the odea beﬁore Iearnmy the ezuahon Write units

wn‘h every valve and check the Hinal sgn

First formula :-

(Samph'nﬂ rate 7 2 times h{ghesf -prezuency ]

First check -
/Vyzuisf‘ rate It @ loouﬂofaryJ not a practical anfn'»altasmﬁ

marjfn.

= say the meanfny once wff'hou.f' /OOKfnﬁ

— write the formula aym'n From memory



Discrete- Tirme ﬁ?m@!fﬁ and Xampﬂﬁhﬁ
/Weant'nﬂ S

Samplfny maps a continuous 5{9nal o seguence. >

Main idea -

»

DTF7—, DFT and z2-tra n.Sporm analyze dec rete 57’51"€m5/’

alfasfnj occurs when shifred spectra overlap.

(samph'nj rate 7 2 times highest frequency j

Why it matters .-
AMost zuesﬂons become St'mple once the de‘)[:lhﬁ'lbn, assu:-npﬁ'ons

and rezuired Zuanf’h‘y are written clearly.

ﬁemember =

/Vyzufsf are e n bound&ry, not a practical an)"f'ah'asmj
mar:gfn.

— write Symbois before puf‘h'nﬂ numbers

— Keep the si'gn convention on the page

— check the unit of the Hnal answer
Felated idea :-

MNext.: Semiconductor Phy.sics. Carrier concentration and

transport create dew‘ce current.

Quick test .-
Can I explain discrete-time  signals  and sampling  without

looking at the formula? Then can L state when the formula

is vahd?



Discrete~Tirme X@naﬁs and Sampﬁrf’mﬁ : LMPORTANT POIWNTS
In ore lire :-

Samp/t'nj maps a continvous s{gna/ o . a seguence.

What s happem'ny I-
DTFT: DFT and z-transform analyze discrete sy stems;

al:'as:'nﬂ occurs when shifted spectra overlap.

fsamph’nﬂ rate 7 2 times h{ghesf‘ prezuency i]

Hoo"s remember it -

Write the meam'ny first. The formula is much easier to recall

atter that.

Conditions :-

Use the relation only for the model stated in the Zuesﬁbn.

2
Start from the yeneral law £ ore condition chanﬂes.

— marKk all Krnown valves with their units
— draw the Qyure when direction matters
— do  not round values in the middle

Quitk  check .-

/Vyzui.sf' rate 15 4 boundary, not a practical am"f'»ah}a.ﬂhy
maryl'n.

Compare .-

Do not mix this with semiconductor physics. Band structure,
drift, diffusion, gereration and recombination explain junction

and fransistor behaviovr.



Discrete- Tirme 5@%@?&’ and Eampf&hﬁ s WORKENM

Given in the Zuesﬁbn s
L

Write every ‘Unown wvalve in one place. Pot its unit beside it

L

and underline the Zuanf’h‘y fo be Found.

Formula -

l Samphhﬁ rate 7 2 times h{?hesf prezuency J

Steps -

— convert all values to one uvnit sy stem

— rearranye the ezuahbn before substitution

— put valves carefully with brackets
— round only the +inal answer

Final check :-

/Vyzufsf rate 15 a boundary, not a practical anﬁ"-ah'asinj
marﬂt'n. .

Small fhouyhf s-

Chanje one Zuanﬁfy menf'a//y and read the ezuaﬁon ayafn.
The answer should follow the same physical or mathematical

f’renc/.

Also revise -

Semiconductor Phys:'cs: Carrier concentration and transport

create device current.



Discrete- Tirme 3{?nﬂ$s and Sa‘mpi#}aﬁ : QUICK PRACTICE
Try without Ioob(fnj c-

/. Define discrete-time si'gnals and sampl:'nﬁ in one cdear

Sentence.
2. Whrite the main Formula and name every Zuanﬁ'fy.

3. Explain this idea: DTFT, DFT and z-transform analyze

discrete .sysfems; ah'asinﬁ occurs when shifred spectra overlap.

. Why s this warm'nj important: /Vyzuisf' rate Is A

boundary, not a practical anﬁ'-altas:'nﬂ maryt'n.

. State one difference befween discrete-time '.-si'gna/s and

Samplfnﬂ and semiconductor phy:fcs.

Hints -

Samphhﬁ maps a continvous 5{9”“/ o a sequence.

[ Samph'nﬁ rate 7 2 times hfyhesf Q—ezuency l

Before mow'ny on /-

— definition recalled without help
— formula  written with correct sy mbols
— units and h}m‘hbﬂ case checked i

One last reminder -

/Vyzw'sf' rate (s a 1::-ouncl¢$lr7/J not a pracf:)'cal anﬁ—a/tklstbj

maryt'n.



Semiconductor Phy.sw'cs
/Meam’ny o

Carrier concentration and transport create device current.

Main idea :-

Band structure, dﬂﬁ, di-ﬁru_nbn, ﬁeneraﬁon and recombination

explain \juncﬁon and transistor behaviour.

[TzznmuE J

Why it matters .-

Most guestions become simple once the definition, assumptions

and rezw'rec/ Zuanﬁ?’y are written clearly.

ﬁemember -

Use consistent carrier .si'gn and electric-Field direction.

— write symbols before pufh'nﬂ Nnumbers
— Keep the 5{9"’ convention on the page
— check the unit of the final answer

Felated idea :-
Mext: Diodes and Opfoelecfrom'cs. A pP-n \junch’on controls

carrier How f’hrouyh its depleﬁ'on rejion.

Quick  test -
Can L explain semiconductor phys:'cs without /ODthﬂ at the

formola? Then carm L state. when the farrmola is valid?



Semiconducior .Ph}/.sfcs s IMPORTANT POZINMNTS

Lrn ore line .-
&

Carrier concentration and transport create device® current.

What s happemby o

Band structure, drﬁcf', di»cpu_wbn, ﬂeneraﬂon and recombination

explain junction and transistor behaviour.

[T:anuE J

How “1 remember i+ -

Keep the sketch beside the Hormula. I prevents S{?n and

direction mistaces.

Conditions -

Use the relation on/y for the model stated in the Zueshbn.
Start from the 9eneral law £ orne condition changes.

— mark all Known valves with therr units
— draw the ﬁyure when direction matters
— do not round valves in the middle

Quick cheek /-

Use consistent carrier Sign and electric-tield direction.

Compare :-

Do nrnot p,ix this with diodes and gptoelectronics. Bias chanjes
barrier width and current; Zerer,  LED, phofodiode and

solar-cell operation Follow gunction physics.



Semiconductor P }:iyjfc.s s WORKI M
Given in the Zuesﬁ'on J-
Write every «nown value in one place. Put its unit beside it

and underl:'ne the Zuanﬁ'fy to be found.

Formula /-

szznmuE j

STeps -

— convert all values to orne vnit sy stem
—> rearranﬁe the ezc’a’ﬁbn before .sub;sﬁ'f'uﬁon
— put valves carefully with brackets

— round only the final answer

Final check -
Use consistent carrier 5{9” and electric-freld dfrecf'fon.

Small f'houﬁhf o

Chanﬂe one Zuanh'fy menfally and read the ezuah'on ajm'n.

The answer should follow the same physical or mathematical

trend.

Also revise -

Diodes and Opfoeled‘rom'cs.' A p-n \juncﬁ'on controls carrier

How f’hrouyh its deplef'ion reg:bn.



Semiconductor P hy’sdcs s QUICK PRACTICE
Try without !ooo(fny J-

/. Define semiconductor physics in ome cear sentence.
2. Whrite the maimn formula and name every Zuanf’h‘y.

=t E xplain this  idea. Band  structure - d rf'-pf', diffusion ;

yeneraﬂon and recombination explain \juncﬁ'on and transistor

behaviovr.
- Why s this warnl'nﬂ important: Use consistent carrier

S{gn and electric-Field direction.

$. State one difhrence between semiconductor physics  and

diodes and optoelectronics.

Hints :-

Carrier concentration and transport create device current.

[TzznmuE J

Before mow'nﬂ on /-

— definition recalled without help
— formula  written with correct sy mbols
— units and h'rm'h'nﬂ case checked

Onre last reminder .-

Use consistent carrier sign and elecfw‘c‘@'e/d direction.



Diodes and @pﬁ'@@ﬁgcﬁr@nﬂh&'

Meanfnj e

A p-n Junction controls carrier How f’hrouyh its dep/eﬁon
reyf'on.

Main idea :-

Bias chanyes barrier  width and current; Zener, LED,

phof’odiode and solar-cell operation Ffollow \juncﬂon physfcs.

[I = I__S(exp(\//(el"a VN S j

Why it matters .-

Mo st Zuesﬁons become Ssimple once the de-ﬁ?hf'ﬂon, assumptions

and rezuired Zuanﬁfy are written clearly.

ﬁemember &

fdenf‘hcy the operating reﬂfon before app/yinﬂ a diode
approximation.

— write Symbols pwetore puf‘h'nﬁ numbers o

— Keep the S{gn convention on the page

— check the unit op,f'he final answer

felated idea :-

NMext: BIT and MOSFET Devices. Transistors' control current
usin\g \juncﬁon 4'r\>jecﬁ'c>n or electric Held.

Quick  test -

Can I explain diodes and opf'oe/ed'rom'cs without Ioou(fnﬁ at

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



Diodes and Optoelectronics : IMPORTANT POINTS

Ln ore line :-

A p-n Junction controls carrier How f'hrouyh its dep/ef‘fon
reytbn.

What s happening  :-

Bias chanyes barrier  width  and current': Zener, LED,

photodiode and solar-cell operation follow junction physics.

[I = I_,S(exp(\//(em VS 0 sy, ]

How & remember It .-

Circle the Final ovnit. A wrong unit uSually means one Step

was missed.

Conditions -
Use the relation only for the model stated in the Zuesh‘on.

Start from the jeneral law F ome condition chanjes-

= marKk all Known valves with their units
— draw the Qﬁure when direction matters
— do not round valves in the middle
Quick  check -
Idenh'ﬁ/ the operah'nﬂ region before applying  a diode
approximation.
Compare :-
2

Do not mix this with )yt and mostet deuices. Deuvice rejions,

Small-signal parameters and bias points  connect phy.sical

operation to amph'ﬁ'er models.



Diodes and Op-f'o«eﬂre ctronics » WORKI MG
Given in the Zuesﬁon e
W rite every Known valve in one place. Put s ounit beside it

and underline the Zuanh'fy tfo be Found.

Formula :-

[ T o= .f_,s(exp(\//(efa VTl - ) J

Sreps o=

— conwvert all walves to one vnit Sysf'em
— rearrange the ezuahbn betore substitution

— put valves carefully with brackets

— round only the final answer

Final check -
A denh'wcy the operatin g reyt'on betore apply:'ny a diode

approximation.

Small f’houjhf’ l-
Chanﬂe one Zuam"t'fy mem"ally and read the ezuaﬂon ajalh.
The answer shovld +ollow the same physical or mathematical

f'rend.
: ®
Also revise - :

BIT and MOSFET Deuvices: Transistors control current usinﬁ

\juncﬁon fQjech'on or electric Feld.



Diodes and ’@Pfa-e?’et?‘ronfcs s QUICK PRACTICE
Try without Ioob(fny s

/. Define diodes and opf’oelecf'rom'cs in one cdear sentence.

2. Whrite the main formula and name every Zuanfﬂy.

5, Explat'n this idea: Bias chanﬂes barrier width and current;
Zener, LED, photodiode and solar-cell operation Follow junction
phy.s:'c.s.

e Why is  this warnt'nﬂ important: l-denh'wcy the operaﬁnﬁ
region before applying a diode approximation.

$. State one diffrence between diodes and optoelectronics

and k:\>j1" and moster devices.

Hints -

A P-n \juncﬁon controls carrier How f'hrouyh its c/eple*h'on

reyion.

Ef = I__S(exp(\//(efa Ve TFh i) J

Before mow'nﬁ on .-

— definition recalled without help

— formula  written with correct symbols

— units and h'mr'h'nﬁ case checked

One last reminder .-

Identify  the operating region before applying a  diode

approxb'nahbn.



BIT and MOSFET Devices
Meant'ny =

Transistors control current usfnﬂ \juncf’t'on t}\)jecﬁbn or electric

Field.

Main t'dga o
Device reﬁ:‘ons, Small—sfgnal parameters and bias points

connect physical operation to amplt'wq'er models.

Lgdm = L ‘el T }

Why it matters -

Mo st Zuesﬁons become simple once the de@'m’h'on, assumptions

and fEZut'feo( Zuanf'h"y are written clear/y.

/?emember -

Do not vse Saf'uraﬁbn’reynbn M) ezuaﬁ’ons outside

saturation.

— wrife  Symbols before pufﬁ'nﬁ numbers
— Keep the sign convention on the page
— check the unit of the final answer
Related idea :-

Mext: Discrete-Time  Signals and Sampling. Sampling maps a

continuous st'gnal fo a Sezuence. .

Quitk  test -

Can I explain b)t and mostetr devices without loov(fnﬁ at the

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



BIT and MOSFET Devices : IMPORTANT POInNTS
Ln ore line .-

Transis$tors control current usfnﬂ \jUncﬁbn t?\vjecﬁbn or electric

Field.

What is happening ;-
Device  regions,  small-signal  parameters and  bias  points

connect physica/ operation fto amp/f?qer models.

[ g_m = Eo e T ‘J

HOW L remember (+ .-

fead the assumptions once more before using the short

formula.

Conditions -

Use the relation onl7/ for the model stated in the Zuesﬁ'on.

Start from the gereral law £ one condition changes.

— mark all Known wvalves with their units
— draw the ﬁ;"gure when direction matters
— do not round valuves in the middle

Quick  cheek -

Do not vse saturation-re j:bn V(Z0RY equ ations outside

saturation.

Compare .-
Do not pux this with discrete-time 5{9”‘9’5 and Samp/my.
07—/:'7-J DFT and 2- f‘ran.sporm analyze c/fSc rete 57/51‘—3,7;5/'

a/l'asfnﬂ occurs when shifred spectra overlap.



BIT and MISFET Devices : WORKIMG
Given in the Zuesﬁ'on s
W rite every Unown wvalue In one place. Put s unit beside it

and underline the Zuanﬁfy fo be found.

\

Formula

(-ﬁ_m = I__C/\/_,T }

Steps’ -

— convert all values to ore unit .Sysf'em

— rearrange the ezuaﬁ'on before svbstitution
— put valves carepully with brackets

— round only the +inal answer

Final cheek -
Do not use Saf'uraf'lbn'feﬂlbn M0S ezuah’ons outside

satvration.

Small f'hou‘ghf' J-

Chanye one Zuam"ffy menf'ally and read the ezuaﬁon aﬂm'n.

The answer should Follow the Same physfcal or « mathematical

f'rend.
Also revise -
Discrete-Time  Signals and Sampling: Sampling  maps  a

continuous S{?”‘” tfo a sezuence.



BIT and MISFET Deuices - QUICK PRACTICE
Try without looKl'nj e

/. Define Icgjf and mostet devices in orne clear sentence.
2. Write the main formula and name euery Zuanf'h'y.

3. Explain this idea: Device regions, small-signal parameters
and bias points  connect physical operation to amph'ﬁ}'er

models.

= w hy < this wa rnfny important: Do not vse

Saf’uraﬁ'onfreﬂion V(ZRY ezuahbns outside saturation.
.v

$. State one difference .between k)t and mostet devices and

discrete-time siﬂnals and Samp/thy.

Hints -

Transistors control current usiny \junch’on inecﬁ'on or electric

Field.

[ dea = = clV T J

Before mow'nj o - =

— definition recalled without help

— formula  written with correct S‘/mbois

— units and h'mfh}qy case checed

Ore last reminder .-

Do nrot use  saturation- region VZIRY eguations  ov tside

saturation.



FORMUILAS T MUST REMEMBER

2

Discrete- Time S{gnals and Samplt'ny

| Samph'ny rate 7 2 times h{'ﬂhesf frezuency

Sampling maps a continvous signal to a seguence.

<+

Semiconductor Physics

-

szznmuE J

Carrier concentration and fransport create dew'ce current.

Diodes and Optoelectronics

? -

LI == I_,S(exp(\//(ef'a Vs T ] J

A p-n Jgunction  controls

carrier How f’hrouyh its depleﬁon
reﬁfon.
BJIT and ANSFET Deuvices .-
[ 9w = E J

4

Transistors control current usthﬁ \juncﬁon fr\)jech'on or electric

Feld.

W hile usfnﬁ them -

— write the condition beside each +formula

— Keep vnits consistent from the first line

— cheek  the ngn and final mdﬂm’f’ua’e



cCOmm v MISTAKES
Do not ﬁo:»:gef ;-

Discrete-Time S{'gnals and Samp/lhﬁ.’ /Vyzw'.n" rafte /s A

boundary, not a practical anti-aliasing margin.

Semiconductor Physics.' Use consistent carrier 5{9” and

electric-tield direction.

Diodes and Opi'oelecf'rom'cs.' Idenﬁa%r the operah'nﬁ rejt'on

before app/ythy a diode ap;'a',roxmqaﬁbn.

BIT and MOSFET Devices: Do not use saf'urahbn‘reyt'on

V(Z0RY ezum"fons outside saturation.

My vsval cheeks -

— read the exact Zuanﬁ'fy asked

—* copy every valve with ts unit

— write the Sign convention before woru(f'ny
— uSe braclets o’un'ny substitution

— round only after the final step

Betfore svbmitting .-

fead the answer omce as a Sentence. The valve, unit and

direction should all make sense fojef‘her.

Good habit :-

Keep one clean  line befween the y:’uen daf'a, pormula,

substitution and Final answer. It maces rechecvo'nj much

faster.



MIXED PRACTICE
Short Zuesﬁons s-

L. Wirte the meam'ny and main formula  for discrete-time

signals and  sampling.

2. Whfte fthe meam'ny and main Fformula  for  semiconductor
physics.

3. Whrite fthe meambﬂ and main formula  For disdes and
optoelectronics.

<. Whrite the meam'nj and main formula for k)t and mostet
devices.

Think a Iittle :-

$~. Compare discrete-time Sfynals and Samplfnﬂ with diodes
and optoelectronics.

6. -Which condition s most important in semiconductor
phy sics?

7. Draw a small 1@9ure or How sketch for k)t and mostet
devices.

Answer reml'nders s~

— Myquist rate is a boundary, not a practical anti-aliasing margin.

— (Jse consistent carrier S{gn and electric-Feld direction.

v Idenﬁfy the operaﬁhy rey:‘on before applyu'ny a diocde approximation.

— Do not uvse Saf‘urahbn—reyrbn M0S ezuah'ons oufside saturation.

Final ling -

If an option has the wrong unit, sign or physical trend,

rgjecf‘ i+ betore dm'ny a Ionﬁ calculation.



