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Equalizer using PSoC

Mr. Monchar Rhadodee ID. 47015216
Mr. Rachasak Boonnoi  1D. 47015218
Assoc. Prof. Dr. Manus Sangworasilp ( Advisor)

Education Ycar 2006

Abstract

This thesis is part of studying in performance and principle of digital audio with
Programmable system on chip : PSoC Which 1s a 8 Buts microcontroller . The PSoC device
has a feature anatog block and digital block on Chip . The objective of this project is focus
to experiment with filter in PSoC microcontroller for implementation of the equalizer.

In this thesis refers to briefly essence of studying which uscful for the other application .
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wieA 191 RAM naluaina 256 Byte § 11511195 CY27-Series wag 2
KB fH3ue35 CY29-Series
mamsallsunsudoyaasginalng1iuues in - System Programming 18
Ty lusuiludesnaniwosnsinuesa
annsailsunsuiodnandeyautad |4 (Partial Flash Updates)
wanvaesu muanisfleadu (Protection Mode)

s lamufui 19089 Flash Memory iiorimnyszynd 19idl
W12a1u8151a EEPROM 18 Taolidniudesdrumofivady EEPROM

1NN UDA

8) e Tlsunsudadvumahauifuviagueslulnsaeuinsames 14

aunsodunszield 2sma v luinue GPIO
mwwadengiliuumsdhanmewaaze1dedredeass 1auA pult Up, Pull
Down, High Z, Strong, Open Drain High 123 Open Drain Low

oqudyanuawsesmualfidunwdsiwiladyaaduaosswa 1a
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9.) ningnsma Hlegluszuu lAun
- ﬂTS’a’E)f\’ﬁ!.l.‘l_l“]J PC Slave, Master La% Multi — Master
- 12995M39H1914Y03 Watchdog Uae Sleep Timer
'3 3 3 1 o/ o o Fd
- Aldmwnsofmuanszdvusduiumsiionla
~ . 1
- 112995 Supervisory Usznevagniuly
- sesfutianssdudvamoluiianuiiswns g
o o ar o g ) &
9.) Hxardnd dmdumewann T IFan 1859011 C uay Assembly Faau1sna1and
. ¥
Traa1dW3 910 www.cypressmicro.com mnuams lsuwsiuscoyg s i 1F1a
e s e ¥ P ¥y A o
AWIZN Y Assembly 1iu daun1 € i Suiludeadom 199 e Janden

godus e o lFounw c 18

2.2.2 TnssaSiameaiam3
asAnywaz %91y InsaouInsaaes Idiiads: Teminaz sz dninmgegn
¥ o a 9 - o @ o
giFnuduilufezdo mywbewsduszrouuazaaansonisludzw
o A 1 ° 1 ]
TuTninouInsmass efszannsmi hlszgedldau1fedegndouazminzavsely

dgwisuluInsnoulnsmans PSoC igtuuu Inssadisversuunioludaglf 2.9
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Porr EHPoct AMFPort T HP ot 2

== 1 TI0 I [

- oo Bytes || SSOM | Fasnasx §

CPU Core {MBC)

Heep and

: Watchoog

5

ik )

Mutpte CIOcK S
tindudes INMO LD, PLL, ang £ECO;

K Sources

 DIGITAL SYSTEM
o Oigital n

Block

Array
'..‘ {2 Rews,

8 Biackss

Block
Array

| ta Couvm O
12 ToCks) et Inous

Analog

snatog

s, |7 anaeg

Mg

1

T

=

 ADecimator

1=

POR anc LD frvema ]
T elage
Syalem Resets| Fef .

7. SYSTEM RESOURCES

511 2.9 vaonlaozunsuluinsnouInsamed PSoC

L] o
vinnmuaastimutedlsznouTaes swvesluTnsaeuinsames PSoC tuaszga

CYBC27XXX #ammnsanfinenmsyiinumoluldds

2.2.2.1 PSoC Core

L4
PSoC Core iHudinwaaunumanlumalszinanauazmugumsmaunislusiavya

duilsenaudae

w2l zurananuy M8C

I

Flash Memory ¥30Ht38a1ud1 15153

Supervisory ROM (SROM) #i1iaua i lilsunsunoivimihfinsuquizuuns

‘ﬁ'l\'i'l‘l-‘lﬂ'IUT‘I-&‘U’EN%JIF]'SFIBHI%SE‘ILETQ? {34 N5 Boot FEUY, N3 Caribrate 1Iso Y uag

n159AN1549BYa1Y Flash Memory

»
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4 Port 7 (4 Port & B Pont 5 H Port4

B . PSOC™CORE

Supecvisory ROM | Flash Nonvolatile
{SROM) Memory

sram| et CPU Core {M8C) "“*~IWatchdog |

mmmmua‘nl [hhmai_LmSuﬁ Phose Locked § | 32 XHz Crysaal
Osciliztor (MO} Osciflater (L0} Loop {PLL} Oscillaxx {ECD)

MuRiple Clock Sources

51} 2.10 PSoC Core

SRAM wiiasanud RAM mulu dwmsulflumsitudeyaszuiiansiaues
Tuhsunsunenenfimufives Stock Pointer fift P lumissanusid il drusudy

29vsiiiadyganndnm dszneuaiu

-24 MHz Tnternal Main Osciltator ¥38 IMO iiiussesfuiiadganannfimfianud 24
MHz TaolisiluReal¥dgyaamniinmie X-TAL minmouen Fadeldindudiuvns
Aesfuiiadygnainfitumumeazanud g mszuenrnnms 19U
vo4luTasneuInsames 1Ret1ansufulashidulludssnegnsal lumsduiiadugia
wimonmovenuds Sranseduiianud umsiiom1dgeds 24 Mz sznoufum
Error 1189 2.5% Ssernnsaldnuiedananuainaunts feasdoyneynsu (UART) #
baud rate 57600 bps Tatludu

-Internal Low Speed Oscillator #38 ILO (Huvrduiiadya muinauididnga

nilsdsuonoeniniudasafedilulsessulladgananimifumshauees _
Watchdog a2 Sleep Timer N5HUNIV f‘inﬂﬂﬁ"agﬂgmmﬁmdauﬁ,aanmﬁtﬁaﬁmms‘Iﬁ'
fuledmsunesiadosnmiiatues

- 32 KHz Crystal Oscillator 130 ECO iy Inuamaiinuve s duiindygnst
WIRMFsaedeaiansmi X-TAL 32.768 KHz 11nauuen nﬁ'lé’fﬂus_ﬂunnf':ﬁlﬁa

1 o/ 1 i i ‘é i r
Aosms Idaudvesdygnuneuiinianuioins sgeqah 24 MHz Fadewwaterim

-
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onezaadeiungla X-TAL 32.768 KHz Ssansnad nansddyaaniitnmaetyld
qeaRa 24 MEz i munsavtansnh1Rins 1252295 PLL (Phase Lock Loop)
hrznevegmolu

- Sleep and Watchdog 1iuTnumaruguasvanTunpy Steep uazsyuuasnasy
szuunTIHnuYesszuy luTnsneu Insames A1u Watchdog

- Interrupt Controller HUIUAIUAUNIBURBITNA TasMYARIVAUAITROLAUDIAD

= dao to @ o @ o o = dar o
DULHDITHANINUHDIAWNPBLNTTIADIAUANUTIAHUUDINTIUIADTTNA

2.2.2.2 Digital System
J ci o =S8 1 - d.

durufinsiavvesszuudiaea Inodudmun1si1emn1e Hardware Hoomily
852970 PSoC Core Tassadndmihosigl¥aunsofmuaguantiadsidundm
avmoansliundnlyTnsaeuTnsameos 14 (¥u Timer, Counter, PWM, FFC tiag UART il
¥ A WY oy Qi ¥ as ¥ ) [
au e 1w lulasnew TnsawesinuauiannauaTasamuaeans Amiusniu
CY27-Series 111 1941114 8 Digital Block uaz#wgu CY29-Series annsnldam1ans 16

¥

Digital Block § i ugiauianugIuvswsazufon o Duwindeyamiiu 8 da iy

3 [
N = A o =3 o_ a
Timer YU1A 8/16 24 UA ﬂgi%ﬁ‘uﬂﬂ’]u?u 1, 2 UDE 3 vaoana1uaen
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B ) -
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1 b2 i ‘gg
- § o e “ il
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_ Row 3 4
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Goba Cignal [~
Interoonree |,

‘g‘l.lﬁ 2.11 Dagital System
Aaq1lii 2.12 naaadiag1an s muaTaRdy Timer 4 8 in $119m 2 49, PWM
WUA 8 1A 17U 298, Timer Y110 16 fia 11 1 %A 18 Counter Y119 16 Tip $107 1

4 ¥ a3 = Wﬂ!" ~ - g a a Ao
ya yaaashiniudems 198 uAivas Digital Block mnHadsumsHsuiisimua
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317 2.12 naaan s 19970 Digital Block

2.2.2.3 Analog System
FuiufimsmhemesssuyownienTasidnsasdudumsMaums Hardware
Homudas£9I PSEC Core 19UIABINUAY Digital System 108 1nsas N‘ludm{’:é“la’f
munsafmuaguaiansumduomndenusinlyinsneu Insames 1§ 1w
Amplifier, ADC liaz DAC Husu f‘hw%"u%wiu CY27-5eries UAZ CY29-Series ﬁ‘ﬁuﬁiﬁl%
au'lEnifufe 12 Analog Block, 3331/ 2.14 namsnsfmuaifesdFumshaues

Amplifier, ADC tiaz DAC
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¥ Rote #at the CYBC2 1a 3422 has Smited 2 cokunn funclionaliy.

E‘]Jﬁ 2.13 Analog System

514 2.14 nar@amy 19914 Analog Block

721272
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2.2.2.4 System Resources
1 a & 1 t o
dudamweanineniswneluszuy Sumazdiuvesszuy lulasaouInsowes
A1 R ow 3 = 8w o g/
awnsoAaRadeiu 1A IuFmALTT (System Bus) ouilsznaudiy
Digital Clocks TMIUAIUANATSHITAT N TR 1IUHNT
Multipty Accumnulate (MAC)
Decimator
o ar g k4
EC dmsumsdomsmeginuy 12C
¥ v
POR and LVD AM51AIIANTZHY Reset Udzsznuastaaeuussau Tiidosdind
MHuA
@ ¥ oo o v B s ’ @ ¥ oA
Internal Voltage Reference HTIAUDNDIN wlu dmsudimualdautiunmsdudieds
¥ ¥ =} [ a ¥ o M o A o ¥
mMylunina9es ADC niadsnius sdudBseennguIdyaaieieen Ty 1dau
k4
mMuuen Ia
- o o o ¥ o ; L c: Y
Switch Mode Pump Truaaiugumsiamdmsuyaams u Iddoaszdualdiea
] 14
ussungaiuanisswedmiumaninuesszuy luTnsnouTnsawes Iddmsuns

]
~

lszgnd ldauussau Ithonuumaes

f
| SYSTEM BUS
|
i
( | Switch ' Digitat internal : Mutiply
Mode | Clocks] | Voage | 1 [Cecimator] | JAccumdlate
Pump ".|Refererce}l § | MACs)
s : PORand| | '
128 VD
Systam
Resets
| Rm'fo{uptksczms
| mucmam
mwm “MWM“"W" L

g'ﬂﬁ 2.15 Systemn Resources
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2.2.2.5 PORT
@ 3 g Ve o - o as 1 o L=
Humndygumnilddmsunstumesialilfwsaen Tasswuvewesa 39
d? T o s A © 3 = :v r
Jusgiuweiveslulasneu Insamesndentinnldnu lnslivinadme 8 /20/28 /44
4
uaz48 ¥1 Midenldaumunnummnzanvosns Mo

ar o
Ny uel PSeC Tulasnoulnsaines

»
-

Y - o b o o o4 = s
Y1FyaUne PSoC TnnbuzadionylulnsnouInsawosesounnoing

t
ar - L o

¢ 4 o : oAy
YdygIutua YA Jilmnswimhimeaimiemhd ihimeihiouves

oo

ar 3

¥
Ty IUA19Y93 PSoC munsoagal Iddemsrsde lald

v

Pin Name: T — Degcripion WputOutpt

S Switch Mode Pump Powes

Vid Supply Volage Powkt

vss Ground Power
XRES Extenal Reset (Actve High) T

POEO} - POLY] Port O[3, 0111 Anaiag neut npulrOuiput
P2 - PS} Port 012, 03), D14], 05}, Aning InputiOmput tnputOutput
PO - PAT) Puort OfF]. 07}, Analog input InpukOutpat
il Port 1[0}, XTALOGYSDATA  2C SDA opuiOugad
il Port 11}, XTALBWSCLK T RC SO0 InaaCuipd
P12 Pot 1(2} IpOuipt
Py Port (3} InpubOutpt
PIH] Port 4§}, EXTCLK InputiOuiput
PIfSH Pust 18], FC SDA IO
Piig) Poet 18 et Oulput
P17 Port 17T, £C SCL InpufOuiid
PG~ PAY Port 2108, 211}, 2121, 203, Non-Muttiplexed Anaog nput [Swilched Capatiion InpubOutpat
P2l Pott 204}, External AGND ot
PR Post 215 npulCulput
P26 Port 2(6), Fxternal VREF npulfOuipet
P207] Pot 27 Ot
PO Port 301, 3%} 32, 33}, 4), 31, 461, 37 INOupt
PA[C}-P4T Port 4103, 414, 407, 407, 441, 4[5], 463 40 i Output
PHOFPSY Port 50, 81), 52}, A3) InputCeput

m15199 1.1 wihimshaulumazandyyiuued PSoC
o as o 3
namstdutumsfmusndygramnesguees PSeC ulasneulnsamesina
o " o 1] o e @ ¥
wedlauaziwes Ivg dumunennuImnues o lulindyanannaulsingagluaiss
] o ey o gd L ] qy ¥ o o
WUIUeS CY8C27433 1T mesa P3, P4 uaz P5 itiudy Tumiadeauilszdedaes

A o4 o o 1 ::’
CYRC27443 Hainmsdavidsne i
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11 po[7] 238 vob i
]2 pofs) 27 poi6] |
3 pM3] 26 Po[a] O
14 pof1) ispo[i 3
s p27] 24 pofa] &3
16 P25] E 23 P216} 1
7 r213) N 22p24] 1
s p21 9 2tpq21 [
—]9 sMp 5 20P2[0) 3
=3 10 P1(?] 18 XRES £
— 11 P1[5] 18 PL[§] 1
Cl12r13) 17P1[4]1 1
T 13 pi1) 16 P1[2] )
14 vss 15 Pi[o] 3

U7 2.16 MRy IUYee CY8C27443
VNBTAYBY PSoC aunsaiunBunmieviya ldedsdas: wanilundyguid
a 1 A o
#n12emsn19u 1dwatogUuuy 15 pull-up, pull down, open drain 1iuAu Fsmsiia
: " & Y ¢
asvaiilannsadeniddronszuiumsmasevdns
;:{w @ o’ ¥ =) I's o kY o @ A
wonnntims 1Fmvinesameiiunesaduyatovyana ludr vimesauisubsd
] ¥
wihfmmizote dese lulis
»
- VDD dundwivsyW@es dedu’ld 5 Taad
- GND Wuwnsd sedu 1y o Taad
ar [ = A y - =
- xrEs  Aluniudyanasie wendidluaein <17 CPU sxgn3iva
o [ g Fy A o
- po[2)-Pols] Alundmiviudygnuniewndendhuimeluierinisdszuens
dw ¥ o Y ar g ¥ ; V¥
uenaniiudrdirnsodaiyanseuiasnesn lUnsywmaiil 1§ae
o @ W o ¥ 4
- po[6]-Po7] dlundmsusudyanuneuidendnnmoluiesnmsidszuons
liieinsodednausmdensen 1114
L) Qs ¥ af A o =
- P1j0] iu1 X-TAL out 1¥dwsudedu X-TAL Waadedygnmuim
¥ ¥
T PSoC (1¥0us s pil1D) uenninfiudrnildgnlsiivundyanalums -
Sudadeyanuueyns Ui (M3 SPI Hag IC)
- pi dlun X-TAL in [dmiusedy X-TAL eadwdygrauniin s
14 *
PSoC (19915 3ufiu P1(0]) wenaniiudrniidagnidilundyanalums sy

s L

o
dgaaumEmIuTw/rseyauuuoynTy (19 SPI Upe FC)

[

- Pl[4] ﬁ‘]um%’uammmu1ﬁmmnmﬂuaﬂ

[T
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- P1[5) iluvisw/dedoyaues PC §350n31971 SDA (Series Data)
- PI[7] Wuvdudaygnaunimlunsswdadoyaves e e dmdaas
v a [ T | o A o d’i
fAsuimsswddoyaldednaoandoafu FaSonuiidm SCL (Serial Clock)

a  w 3

- p2[01-P2[3] iluwSudaanaeuidenuuy Non-Multiplexed

<

Q!

- P2[6] dhanfudyausedainmouen
2,2.2.6 Oscillator

TuTnsnounsames PSoC aunsniamlddirsesduiiannuineluldgeds 24
MHz ugpielsia n1s hsesdouiimanuianain TaolnReziie iy 2.5 % Safu
f?mﬁ'mmﬁﬁ’mmsfhmmr?iuamaqaniﬁ: aseldauassfuiianiwdnnniouen
Femnsasesiuns4nuld 2 dhyasie

- Crystal Oscillator 32KHz uni anoasiadortusuilsfuswnrnmie RTC ufh
A lumsiamesdauiy 32 iz ud luTasaeu Tnsamed psoC aunsoldidlunind
Sredsdmiundanaud 2amMHz Moy luInsaou Tnsawo? 14 Taoldqumniaves PLL

[ ¥
(Phase Lock Loop) mirtden1daeesdusianudisznnil szdpederiuvives

1ulnseeuInsames P1{o) uaz P1[1] Usznousuamiamhdmesannieusndn 2 oq

2.

JU 2.17 Crystal Tu@a PSoC
- Oscillator Module 11 1uga fufianwd eunsaviinn1éinud 1MHz-24MHz
Taeasrtumav Pif4] Awanalugyl TulasaauInsamesve 1dnaudndewdunnn
dy Ay A o da - d‘y o :
moueail iWundisadalumsheu umuauddudiediuniamely daiunny

¥ , : . & v : _ 3
H109A59903IAAUD THMTINNIUTIVUASINUANNTUDS Oscillator Module HUIDS

-
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2.2.2.7 RESET
oo = o =4 = 3
Wsudygsisaves lulasaou Insames PSoC 1301 XRES vxliofiu
r I ﬂ"! A et at l:’ Ll =y Eg 4
aau Insamosnniu sniuguitivuna 8 11wz hifindyanail mduaimiaiude

»
1A5uaeain «1” wSoussiu 'l +5v AniuresTwadsawonans lddegal

3111 2.18 Y Reset

2.3 ACTIVE FILTER

231 aanih

Active Filter ﬁmﬁ’wﬁnimmmﬁﬁr@m ihinsesidszneodaemavuise
Trapsistor H3® IC 11A2 network Lﬁ'ﬂﬂﬂﬂﬂéﬁﬁ’c{ﬁ (Frequency Selective Network) 91021
Resistor fil) Capacitor 2995 T Idamizdygna lugremudfinmus vaz@vaduee
¥4/ (block) Wivaaneudygmuenmileningamuiisindaiifilsing output

nanTaunialyl Fitter nlsoonifunarugiliny

1. Filter ¥1i@ Analog H30%1i@ Digital
2. Filter 13210 Passive 1130 Active
3. Filter dmmm?ﬁﬁ 4 (Audio Frequency) H?ﬂd]“%ﬂq (Radio Frequency)

Analog Filter o8nuu1aine 19/ dayaon Analog 64 Digital Filter 190 mfudoyg o
Analog TAEOINUINAIANI Digital U140 6 WA udy (Element) Hyiumbsznowniiy
Filter 11}900nE101/5210M Active I8 Passive 3114199371911 Passive Filter 18R
Resistor, Capacitor 1101% Inductor #7U Active Filter ﬂsznaué’f’wﬁwﬂwﬁmutymﬂ‘izmn
Transistor H30 IC °lu§‘1J Op-Amp 1102 Resistor N Capacitor M5y Resistor,
Capacitor 182 Inductor A8 uTUFUA1AI521AN Passive element M3szidonidauduaila
T Susus A Fyanuiigsin1s1Haees Filer o ungetha RC Filter 1451

tUANNDLRYS (Audio Frequency) w3019 luEUAWRA1 (Low Frequency) YN LC Filter
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130819920813 14 Crystal Filter manzfivz 15 1us mn21uB3mg (Radio Frequency) H3e
§1UANUDTS (High Frequency) oz Taniawizoi19g1ilnanna1 Q 139 Figure of merit g
¥89A7 Crystal }11¥ Crystal Filter o3 nmiin it gauing@n) LC Filter 8y
¥ »
o~ o =y 4 . . = ' =
Tuuniisvehinis Ins1zilez0anIUL RC-Active Filter %1 Analog Tuthua1ud
1 [ ¥
(F84 0170 Op-Amp 151130417 Inductor 1 1FANUDFSS tWI1ZOIUANUDANFUT]
E
Inductor Juww Ivg Funasaiidemiuaiun isnwmeaiuvina uazdanszo
[} ol o :: 1 - o 9 =
munuitanaon llseuqal sunududiunsoglnsaldiufios

=

23.2 "ﬁi)ﬂ"ll?N Active Filter ﬁfimﬁanil Passive Filter

L.

¥ A &

Joadmitonniigeil

- msnBoufsudanasvnoazdiumwiiludaszaei sirunsadamiasnis
YYD Op-Amp YAFINVDAI IDANDUTYR 1MVBII9T RC HIOMUSAT 15U T0vDY
N%s‘vfwmﬁ'avmsﬁ'ﬂfiﬁ“:udauqﬂﬂsaﬁuﬁmmanwwum Op-Amp LiazmsUSun/aou
anwaRegiia RC iy

-huiiidlym Loading 919P15% Op-Amp URUaNAYDI Input Impedance §4 41A2 Output
fmpedance A1 2993 Active Filter 8180 Op-Amp 99 iisRailyyn1 Loading 1 Output tiaz
nput 1047995 & §Afiv Active Filter 91 ldle

- 599N Active Filter 1511190071 Passive Filter w3512 181409810 Inductor fifiz 11

a 3 & o ¥
WA 1aza 1% Op-Amp Feilegiiusim lunesamagnunn

2.3.3 Active Filter MUARYICM 3NN
15119 Active Filter mudnvaizasiianutly 5 ¥iia
- Low Pass Filter (LPF)
- High Pass Filter (HPF)
- Band Pass Filter (BPF)
- Band Reject 150 Band Stop Filter (BSF)
- All Pass Filter
Filter IMA1510180 Resistor 40 Capacitor 14 Passive Element 1191430 Active

Element $1%30 Op-Amp 816 1C N3ifaaulia High Speed H1 Slew Rate 4 t1azUnity Gain
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Bandwidth 31194 LM 318 %30 ICL8017 veasldqueaniad unswbuazdudas s

o oad
UEIGU09 Filter @YU
. g ) t!' 4 ot
Frequency Response 484 Filter 113 5 ¥iianaaslugilfl 2.19 1duilsziaaia Response 1

11U Ideal Tumtmay] 89y Response Curve Tumisyfriduansdmduing

' .\"Df ' S ' . . G vo
CGaim g L . Gain b
(Gaim ot ' c Ve
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in . .

- Adeal respanse:”

i banﬁ ix si ba d P

: e N
RS Oop ban - Frequency o Frequency

fy :
@) tn
vu [
Gain. 5 Ciain, 1
i
Tdeal respionse
§ - - _’:‘t/ 1
Stop Siop .
0.70% ', 0.307 b
hand ad | b:md*
o x t
? ®
et .: +— Freguency Fregueney
r f. H
LS %}
ic}
Wibrz

g’ﬂ‘ﬁ 2.19 Frequency Response 4943997 Filter
31]17') 2.19(a) 1e1A4 Frequency Response ¥937995 Low Pass Filter Tvu1Ave Gain ﬂ\‘l‘ﬁ
1AAIIE O Hz Han21d High Cutoff £, #1909 Bandwidth Sariiu £, -# £, Wiedumis
ANIA High Cutoff‘l‘fu Gain 920803 3dB Hazfinwamnn £, Viufed £> f, é’ﬂﬂm'ﬁ
‘I.IU'IEJ‘HS@ Gain ﬂjﬂﬁiﬁﬂiﬂﬂﬂﬂqnﬂ‘“ﬂl Bmaﬂmummnmwnﬁmmm Input ‘YI!.‘WIH]‘L! ‘IJU

V04 Filter mammmzmn O Hz g High Cutoff Frequency °1N Gain Y9315 0ANY 3dB
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5un11 Pass Band uazdannuifigendi £, dal) FudansaaneuvesFya anmnusz
un Stop Band 910 Response AT deal Tuidutlss namaldishin Filer il ideal 228
Loss i1gudnapAY79 Pass Band 1tz Loss Hueriunlugis Stop Band usanmwanuily
WS lumalfiantddhesuniums winGnsiisFudu (Linear Network) Tiamnsaadia
qmﬁnﬁﬁmmmm"lﬂeimﬁm (Discontinuities) 18 eghals B 0199 Response
Curve TumatlfAmunduiiv1ilodif vafv Response st deal amudutse 1Biguiu
Tavorfumaiiamseenuusesiiumrudiie 1Jszﬂammiﬁaﬂéﬁﬁauqﬂﬂm‘fﬁiu
Resistor ffU Capacitor ﬁﬁmgﬂﬁamﬁum niemianaratouiigauas1¥ Op-Amp siia
High Speed

s1hruue Filter itoanihuni¥iumnlumal§5agald Response Curve szana
Indifsamangug 18ungiuun Butterworth, 31tU% Chebyshev ttagg iy Cauer oz
sUsuviigudnruzdsziduandraiuesn li Butterworth Filter 1ﬁﬂmﬁ’ﬂymwm1§a Pass
Band a2 Stop Band '17; Flat 114 Tan 193930031 Flat Flat Filter :1%51) Chebyshev Filter §
ﬂmﬁnymz Pass Band 111 Ripple 102 Stop Band NENBWE Flat @24 Cauer Filter 11?1%& Pass
Band taz Stop Band ligaidnyaziiiu Ripple mnna12 1A 2935M 4 Filter 43 B
Cauer Filter 921 Response 494 Stop Band aﬁ’c]ﬂl!.ﬁikﬁ’ﬂﬂ’Jnlﬁ:‘,ﬂ’Jﬂ‘Hﬂﬁm‘jﬂﬂﬂll‘]J‘lJ’Ni]i
15192 19 Butterworth Filter

;;1]'17'; 2.19(b) 11} Response Curve Y94 High Pass Filter el fidunnuilanuas f
({14 Low Cutoff Frequency uda TN Stop Band ‘ﬂzﬂg’ﬁ O<f<f HAZY¥19UB4 Pass Band E]gﬁ
f>f

gﬂﬁ 2.19(c) eA3 Frequency Response 4937995 Band Pass Filter 434 Band Pass ()
FTHINA :nn?i Cutoff ﬁaaqﬂ"lﬁ’uﬁ High Cutoff Frequency (f,;) 11a¥ Low Cutoff Frequency (f,)
Fuilufurnish Gain 19929952077 3dB 1A¥F9 Stop Band Nereedefl 0 < £< £ uaz £>
f, f11 Bandwidth 48 Band Pass Filter INfi1 f, — £, A% Center Frequency ag}’ﬁmmﬁ f
U51ngAidumiaNana1a Band Pass wod

31/ 2.19(d) 41R9 Response 83 Band Reject Filter § Curve qaidnuaizassiud iy
Band Pass Filter 11398934 Band Stop 0551 119A M8 Cutoff gaayafe £, fU £ uazi)
29 Pass Band 00992904521 319A910% > £, 14ag O < f<f, 019500 Band Reject Filter 31
Band Stop Filter 58 Band Elimination Filter 1 14 i1 Bandwidth v04 Stop Band 1Ml £,- £,

HazAMYLININA1IV 99 Stop Band {11492108 Center Frequency "3 f.
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gﬂﬁ 2.19(e) 4aA Phase Shift 51313 Input Voltage v, 11 Output Voltage v, 493 All
Pass Filter 3995 All Pass Filter Sgaiauiiatunts Idamamnanutiiu 1 fu
nanfel v, mify v, Tugnanud Taotlsing Phase Shif Fuszming v, v, Tuona
b uAmAIAgegATe v, fu v, ﬁaﬂaﬁw1mﬁ1ﬁ'uﬁ’umjﬁuqmauﬁﬁ Unity Gain
Bandwidth Y93 Op-Amp AT Phase Shift HIAAYUTENTY v, 1l v, seiifgege

foutiudng Filter iAnzIIL ANITRIRUANYULVOI Filter Tnuimwizodiadalugig
Stop Band mngﬂ‘ﬁ 2.19(a) fa 2.19(d) gﬂi'wwm Response Curve Tu29 Stop Band ﬁ‘fi‘l
anaenTetiuiy nie ManauezuAudssa M Ao asinefimuna ey
WU0f 98731 (Rate) T3 Gain ¥04 Filter nlFonnlasluana Stop Band Sasimynlaounlag
Gain fittaR 980 Slope Y09 Curve Tu1Siny Stop Band gnA1HUA AU 1IN Order vO4
Filter UN@288613 Low Pass Filter ¥1@ Order 113 1158A23993 Gain 11923 Stop Band 210
A2 £< £, 8¢ 118AT1 20 dB/Decade AU Low Pass Filter ¥i1A Order A0afiin15annvng
Gain TMF29 W BAAUILEATY 40 dB/Decade AT ML High Pass Filter #1iA Order Wila
aefinsIRLALYDA Gain Tuas Stop Band 1INAIE O < < £, 148A31 20 dB/Decade Hiag
High Pass Filter ¥i@ Order @83 ASimsIALALY9 Gain TusanBioafn ludas i

40 dB/Decade

2.3.3.1 Low Pass Filter $1ia Order ‘Hﬁ@

213107 2.20 92183
v, /v, = B @.1)
1+ (£ /£,)
Lﬁﬁ] v, /v, = Gain Y937393
A =1+Ry/R, = Pass Band Gain ¥931397 (2.2)
f = Frequency Y94 Input Signal
f, = 142 7 R,C,) = High Cutoff Frequency (2.3)

[ »
vinaunsh (2.1) Woulugal Gain Magnitude 1A#91]
AF

N+ (£,

(1}

|v/\{n|=
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-—

=R
——
- -—

= NA
[

7114 2.20 First-Order Low Pass Butterworth Filter
158011
1. 10N High Cutoff Frequency f,

2. 190AAC, = 10/f, pFarad

Il

3. AMUIMR, = /2x £,C)
4. AU R; a2 R, #1WA1 Pass Band Gain
Ap=1+R/R,

296137 2.1 89ALIY Low Pass Filter #i Cutoff Frequency = 1 KHz # Pass Band Gain =2

o o -
Nt

a2)

1. f,= 1Ktz

2.C, = 10/1000 uF = 0,01 uF

3.R,= 1/ ({2 72 X1000)0.01 x 10°*)
=15.9kQ

4. tifoann A, =2, Fufu R, Sesdeaiiu R,

aon R, =R, = 10k
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2.3.3.2 Low Pass Filter ¥1a Order 794

‘;l‘ljﬁ 2.21 Second-Order Low Pass Butterworth Filter

angdil 2.21 9214
Ay

[ v,/ v ' - (2.5)
S 1+ gy
A
Wov, /v, = Gain Y93739935
A; = 1+ RJR, =Pass Band Gain Y8993 (2.6)
f = Frequency U84 Input Signal
f, = 1427 £,C,) = High Cutoff Frequency 2.7

LAFRI ISR

1. 1Henf High Cutoff Frequency f,,

it

2. 1H9NA C, = 10/f, pFarad

3. AUIWR, = /2 (,C)

4. AUIURIAT R, 40 R, ATUAY Pass Band Gain

A =1+ R/R,
A29019% 2.2 DOALI Low Pass Filter 182 Cutoff Frequency = 1 KHz il Pass Band Gain =2
Sy o
TEN
1. f; = 1KHz

2. C, = 10/1000 uF = 0.01uF
3. R, = /(2 7 )(1000)0.01x107)
= 159k
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4. 1lmn A, = 2, AniU R, SadeurAy R,

il

@8n R, = Rl = 10kQ

if

2.3.3.3 High Pass Filter ¥HA Order %4

Eﬂ‘ﬁ 2.22 First Order High Pass Butterworth Filter
931 2.22 92147
AR/

o Vig 1+ (T /f, ) {2.8)
gf}a v,/ v, = Gain Y9333%3
A. = 1+R/R, = Pass Band Gain U937393 (2.9)
f = Frequency V849 Input Signal
f, = 1/2 7 R,C,) = Low Cutoff Frequency (2.10)

wnaumsinauy Fevlugy Gain Magnitude 18R
Ap(f /1))

i (2.11)
J1+(f /£,)?

0

%=

NI DBNLUL

1. B0AA1 Low Cutoft Frequency f;

2. DNA1C, = 10/ pFarad

3. AR,

Il

12xfC,)
4. AMIUMAIR, 1482 R, @101 Pass Band Gain

A, =1+R/R,
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v
o 1 =f

19NN 2.3 20NILUL High Pass Filter ‘ﬁ Cutoff Frequency = 1 KHz ﬁ Pass Band Gain =2
T
1. f = 1KHz
2. C, = 10/1000 uF = 0.01 pF

3R,

i

142 7 Y(1000)(0.01x10))

Il

15.9kQ2
= o ww <2 ¥ i ar
4. WDININ A, = 2, AIUU R, 3900AUNINY R,

on R, = R, = 10kQ

2.3.3.4 High Pass Filter ¥1# Order 803

AN
R, R,
A, Vg
Al hY!
/b /1
a .
g R ? R, R
317 2.23 Second Order High Pass Butterworth Filter
91519 2.23 921871
A
|/, |- @.12)
NG
B0 v, /v, = Gain Y9395
A; = 1+R/R, = Pass Band Gain Y0497 (2.13)
f = Frequency %403 Input Signal

f, = V27 R,C,) = Low Cutoff Frequency (2.14)
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ATeanluuy
1. 1§0nfi1 Low Cutoff Frequency f;

2. 1H0nA1C, = 10/, pFarad

If

3. AWIUR, = Q27 f,C)

4. A R; 402 R, ATUA1 Pass Band Gain

A; = 1+ RR,
A00199 2.4 DOALUY High Pass Filter 1 Cutoff Frequency = 1 KHz 11 Pass Band Gain = 2
Aad o
I8N
1. f = 1KHz

2. C, = 10/1000 pF = 0.01 pF
3. R, = 1/(Q2 7 )(1000)(0.01x10™))
= 159kQ
4. 1iloenn A, = 2, ER R, shouIny R,

@on R, = R, = 10kQ

2.3.3.5 Band Pass Filter

fJ‘:‘“z T R,

317 2.24 Band Pass Filter

1in3lh 2.24 918N

| /¥ | = A /) (2.15)

I+ (E P+ (E /)]

1398 v, / v, = Gain Y¥947303

A, = Total Pass Band Gain Y9473995

= A, x A, (2.16)
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Tao A;, = (i +R/R,) ¥4 Stage A, (2.17)
Ap, = (1+R/R) %03 Stage A, (2.18)
f = Frequency %89 Input Signal

f, = Low Cutoff Frequency

= 12z R,C,) v03 Stage A, (2.19)
f, = High Cutoff Frequency
= /(2 mR,C,) 103 Stage A, (2.20)
f, = Center Frequency = \ﬁH/_fL 2.21)
NI RN

1. 1880A1 Low Cutoff Frequency f
2. 1fonm High Cutoff Frequency f;

3. 1onA1C,

C, = 10/f, U043 Stage A,
C, = 10/f, 993 Stage A,
4. A1

R, = 1/(27 £ C,) Y93 Stage A,
R, = 1427 £,C,) UB3 Stage A,

5. riveanuazaInlumsseniun W A=A,
AN AT RF Uag R1 A1UA1 Pass Band Gain
A2 = Ay, = A, = 1+RJ/R,

Tao 4183 2 Stage

f398199 2.5 99ALUY Band Pass Filter i f,, =1 KHz llaz f = 200 Hz, Pass Band Gain =4

T
1L = 200 Hz,
2. fH = 1 KHz
3. Cypy = 107200 = 0.05 pF
Coay = 10/1000 = 0.01 uF
4. Ry, = MQ27)(200)0.05%10)

= 159kQ)
142 7 )(1000)(0.01x10°%)

Roa
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= 159kQ
5 A, -4
AFI = AF2 = 2

]
L]

wmlpuBuRrMLAD R, ABui R,

@ONR, = R, = 10kQ
2.3.3.6 Band Reject Filter
Ap1-(FAF, 1))
iy = 1= (/(8,5,)

V-T2, E) +(FI/E,) + (UF)D)
Gain U9974999

il

4
Wwe v, /v,

A, = Total Pass Band Gain U9373493

=AF[=A

F2

3109 2.25 Band Reject Filter

Tao A, = (1+RJ/R) V09 Stage A,
A, = (1+R/R,) 89 Stage A,
f = Frequency U84 Input Signal

f, = Low Cutoff Frequency

1/((2 7 R,C,) U019 Stage A,

(2.22)

{2.23)

(2.24)
(2.25)

(2.26)
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f; = High Cutoff Frequency
= 1/(21R,C,) U3 Stage A, (227
f = Center Frequency = f, 1) (2.28)

MIDBNLVY
1. 1fBnA1 Low Cutoff Frequency f;
2. 189nm High Cutoff Frequency f,
3. 1AenA1C,
C, = 10/f, Y93 Stage A,
C, = 10/f, 993 Stage A,
4. MU
R, = 142 f,C,) U409 Stage A,
R, = 142 7 {,C,) U0 Stage A,
5. ienamazaanlumsesnuvy WA, - A,
fiTUIBNIAY R, 1182 R, AI1AT Pass Band Gain
App = Ay = A = T+RJR,
Taold&va 2 Stage

#1861 2.6 BN Band Reject Filter 91 , = 1 KHz @ £, = 200 Hz, Pass Band Gain = 2

ST
1 £, = 1 KHz
2. f, = 200 Hz
3. Cyay = 107200 = 0.05 uF
Conpy = 101000 = 0.01 uF
4. Ry, = LA(27)(200)0.05x10-6)
= 159k
Ry = A2 7)(1000)(0.01x10-6))
= 159kQ
5. A, =2,A, = A, =2

- @ A =3 9 1w
HUDUHAUTNIRIULIAD RF ABANINY R,

@enR, = R, = 10kQ
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2.3.3.7 All Pass Filter

All Pass Filter i1l 17l1ae1 Phase vasdayaiar vV idgunu v, aanns ihiasesin

|3 1 1 4
1915@ Phase Shift Yn5ENIN v, i V. 8178 Network 483 RC Al input 97 Noninverting

Y89 Op-Amp

2337-1 058 v, wmda v,
91037 2.26 9147
Ji+@rfR,C)) 1

| v/, =
J1+@27fR,C,)
¢ = -2tan Q7 RC)
lf}il v, /v, = Gain Y9INU;
¢ = Phase Shift 5¥HIW v, Al v,

'__...Dl}o

5U% 2.26 All Pass Filter

2337-2 058 vV thwmin v,
1ngU 227 02 1d
J+@rfR,C,) 1

vivi=
%% JI+@QrfR,C))
¢ = 180-2tan (2 T fR,C,)

(2.29)

(2.30)

(2.31)

(2.32)
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Uint+

71111 2.27 All Pass Filter
#iov, /v, = Gain ¥832993

¢
M3FDONNYL

It

Phase Shift 3¥H9 v, fU v,

1. (fioNA1 Phase Shift (4) Y09 V, Houfiu v,
2. 1d0nA1 Frequency Input (f)
3. 1@enA1C,
c,= 10/f
4. 05 ¢ >0nSev vimily,
R, = tan(180 - ¢ /2)/(2 7 1C,)
A3l 4 <OW30 v, BMAI Y,
R, = tan(-¢ /22 7 fC,)

L ¥ n:i.. t:i = A = ¥ 4
#A2001N 2.7 000 All Pass Filter M1 v, 3 Phase RIDINBUNY v, =-90 # £=1000 Hz

B
1. 4 = -90
2. f = 1000 Hz

3. C, = 10/1000 = 0.01 uF
= [ & I as
4. MUY ¢ <O HTO v, DIHOT YV,
R, = tan(-(-90)2)((2 7 }1000)(0.01x10))
= 159kQ



37

2.3.4 #8811V Filter 12 Curve !!ﬁﬂdﬂﬂ!ﬁﬂﬂﬂ!gﬂmd Filter

97

&
u

Curve ﬁ’ﬂﬂ"ﬂblﬂ

I'$

#3989 Filter LD LULUU NTAIATM

[ Y

=31

1y

AUDNYUY

oy

2.3.4.1 Low Pass Filter ¥1a Order i1l

Rf

Ri

Circuit Specification :
RE = 10000 Ohm

R!I = 10000 Ohm
R2 = 15000 Ohm

0.010 Microfarad

o

13
k]
*

3
i3
¥

dabligennndunnaiagl

3

3
H
-
1
H
H
“
H
H
:
H
H
¥
-
s
<
~
3
-~
H
-
H
K
F
-
g

35
26.8

20.00

FREQUENCY {in hertz)

Hertz

High Cutoff Frequency = 1061.00 Hertz

Initial Frequency = |
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2.3.4.2 Low Pass Filter ¥1iet Order &94

[V

Cirot Spectication

RE = KUK

: 1
, R
2

fi

0

10008
{3000

N0 Microfarsd

Ohm
Ohm
hm

ve

P PP o R P N N L T TL o

FRESFE SRR AU P T,

Hi1 o

FREQUENCY n heri2t

tpaind Freguensy = 0 Henr
High Cuioff Frequency -~ 1alid Hetz

GAlN

iz dB

RS
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P
Hi

lter ¥HA Order #

2.3.4.3 High Pass F

Z
7
3

Ri

Circuit Specification :

Ohm

FO0O0G
10006 Ohm

R¥
R}

15000 Ohm

2

R

0.010 Microfarad

Cz

oA
PR S
IR . N
G e e m e
3 + 