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Abstract

This project invents a hearing aid equipment for helping people who are
having hearing impairment. This equipment can be adjusted based on patients’
hearing ability. The different tones and loudness will be generated for configuring
the personal profile of each patient. The microcontroller and digital equalizer are
cooperated for automatically tuning the sound from earphone. The device will
mainly test user’s ability of hearing in five different bands of frequency and make
increasing sounds louder and stored the user pattern in the memory. In this project,
12db or 16 two decibel steps tone is the maximum gain that this device can
achieve depends on the type of hearing of different profile. In conclusion this
digital hearing aid device implemented for slight and moderate hearing loss patients
whose hearing level are under 0-50 dB cause by the capability of boosting signal
level of the equalizer.
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mi’m‘ﬁ 2.1.3.4 : SPL-HL Conversion AUURTFIUY ANSI 53.6-1996

Frequency (Hz) Sound Pressure Level (dB SPL) Hearing Level (dB HL)
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Sound Pressure Level Calculation from Microphone sensitivity

TN UAUSIENINTOF UMM TEAULSITUF e UE BN SEUUMEWANNIS VRS
Microphone sensitivity lnevialu Analog Electret wag MEMS Microphone agiianuleg
1 5 mV/Pa (-46 dBV/Pa) fi1 17.8 mV/Pa (-35 dBV/Pa) L5198@1NSOAUIMMAIDATIE I

sewdne Vy feldfsinneasvengsiequnuduas Vi panamlveslalasiviu

R, = 20logqq dB

ref

LANDATIEIUAINAIILIANUIINIAT Sound Pressure Level

SPL(dB) = Sensitivity + R, + 94 dB SPL

sregravulussuulglulasinuing Sensitivity = -46 dBV/Pa WainsyiUde udeiand
wld 2.5,

2.5
0.005
SPL(dB) = 54 + (—46) + 94 = 102 dB SPL

R'U = 2010g10( ) - 54 dB



2.3 Equalizer
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2.4 Equalizer IC TDAT317
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Graphic equalizer
Wurdlnues Equalizer Magsimsuiuudsrunnvesdayaraluudazdesnnud
(Band, Channel) azdimsfnuamuunaiuninaesgiuanudilfsunanszny, Center
Frequency Wwag 8m31ve18/an (Gain, Attenuation) el
fo = center frequency
8: : %:ﬁﬁ)at the center frequency fo

fo
fa—fi
where f2, fi = 3dB Bandwidth limits.

Q=

_IR2:C2)+(R2-C1)+(R1-C1)
(R2-C1)+(R2-C2)

Ay
_V(R1-C1-RZ-C2)
“(R2-C1)+(R2-C2)

- 1
°= 2 - V(R1-R2-C1:C2)
if C1 is fixed, then:
()2
T A-1-Q
1
(Av-1)-Q
A-1-09
Z
R1 =L1)2
A-1-Q

c2 -C1

R2=

2xn-Ct-fo-

-R2

JUT 2.4.1 gasnisAnnameanuilugung (6]
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luL'%iadE“)’m'lﬁumaLLiaﬁuq& (High Voltage Gain) Tunaizdigaldidusosmnuaunsalunis
Jrenszualnih fezdoudngevhinuvemnuiamesiveslu Class - A fufiesduisesi
iUszAMS e Ry wihnesimuseidlowesdyaaiituasmnuieuesdyaas 59

lvitneenuuuiuldfinsuaniuamuagdeidsluihildly Faiidudiunalduntnuay

gausula
2.6 137V 1ANaU (Preamplifier)

Tnenihiindngues 39959en8n1adeu (Preamplifier) s 1edaalussiua
Lﬁaiﬁﬁizﬁuﬁmmzauﬁm%’umsi’]au'sjmﬂ‘umaﬁ'u q-aoly samdn1svindduleas
Tives (Fuwy) tieideslssgUnsainadesidufuaudviaanusununelusisiule
usiulfuaransofingusedyanamdounisusuuss uas ﬂﬂiﬂgﬁLLﬁiaLﬁaa%aa'lm

o
LYY v o

Mvualiinisvenesydudyanalviadu. vialufinsvenedyaiudld

o

2.7 Analog Switch

Bilateral Switch or Analog Switch

luwamesea aindvseusuidon aind Aogunsaln1sdiannsedadivimii
pdeAdanusadiswslidduiindeulmvazinny Sslummquijtuieounden @ivtdly
anuy ON duagldfenuiuniulaguazluaniug OFF azilanusumudueietuduay
1aifl Time delay \inTulu CMOS Switches 3¥81#e MOSFET Transistor LUushsnudign
muANmBLsIaulnii (Voltage controlled oscillator) Tnaluaaiug On w84 Switch 1y
= v s 1 d. =) v =
sdlrnusnumuneluiing 10 luuagiteluanuy Off ausadeanusiumugaiu

100 MQ waziinszuaiilva (Leakage Current) sinNa15e6iU Pico ampere

MOSFET transistors @u13n3esuldaasfianiavionfeainrsaiintif Switch
useiuasnIEuaNIIuUINUIOUaUlafNe iU

MOSFET transistor  A1A21u8unuignaruaulngusafulndia (Voltage-

o e s

controlled Resistance) Favzuladiuagnlidiludadu (Non-Linear) fuszdudga iy
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Ron
PMOS A NMOS
- —
- -
SIGNAL VOLTAGE
PMOS NMOS
O—I ALTERNATE SYMBOLS O—’g

s o

U 2.7.1 drmnusiuniuued MOSFET Switch Tuaanuy ON fulseiudgyaasinuuin

o @

La¥au [8]

AN5U12995 PMOS wag NMOS 1@aaununuyiniiiinn9as Bilateral CMOS Switch

(@0991F111149) 919983 ulasNISUN AR RS HuIseanuazi lnaaa AL ULl uan U

'
o

ON ishasisdwihlianumumuiudsiutuseduussiudunamasiafmeguiudisgy

Vop (+)

SWITCH
SWITCH s
DRIVER

i{ P — CHANNEL P — CHANNEL N - CHANNEL

Q3 l +15V =15V Q4

S

Q2 e
H N - CHANNEL

Vss (=)

5U 2.7.2 Bilateral CMOS Switch Tnga fuguas NMOS uay PMOS titoanmuuusiu v

1 s s o/

AL FUNUNTiResEAULT USRI [8]
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Ron
A NMOS
PMOS
COMBINED TRANSFER
FUNCTION
4____—-—'_'-‘-_
CMOS '—/\
= =
% SIGNAL VOLTAGE +

s

U 2.7.3 Anuduiussevieeusumuagsefunssiudyanaued bilateral CMOS
Switch [8]

INNTINAINENNUTTEWI R-On ey Signal voltage @3U N-type uay P-type
Huudidvenuliifudaduvesdirudiuniutasssiud gy rdemaliiinan
HanainluaIuANILILE1v8 38y gy1ad Direct  Current LLazmmﬁmﬁawﬂmﬁagmm
Alternative Current 1319911 Bilateral CMOS Switch ansaudtaumiiinainalsl

Wudadumandlalagdunaainmiusdeuednsiv

nuulasuiinsiauinisldnures Bilateral switch Isessunisldnuliodia
vanvaeinTulaeidiunsamuainsinaueed Switch lassusadulnirdmivinly

Usvendldnuagauinuinyie

Switch
Control O I
o In
Y 1 Nis
NP T 4 o, L4
{ ‘
S
- |
. ‘—IH-liﬂ— —H
| -~ Out
¢, : ltn T Vos

]
Con\;rnfl O"‘D-}' J ! n . ; T
< | Vss |
g_| > | Vop

Vss

5U# 2.7.4 Bilateral Switch T1ulun15v1 Analog Signal Switching, Multiplexing [8]
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2.8 Microcontroller PIC16F88

Microcontroller PIC16F88 l¥munumsvinnurswunsaisegingldnien ¢ Tu
Madeufdnisiausegrnilusunss PIC C Compiler Tag PIC16F88 agiiminaainush
EEPROM mgludnuiu 256 Bytes dwsuiivdeyavinmadngla

18-Pin PDIP, SOIC

RAJANRICVRERVREF- == [] 1 i\J' 18 [T == RA1AN1
RAJIANINREFHC10UT =[] 2 17 [T == RAQIAND
RAAANATOCKICZOUT == [] 2 16 [J == RATIOSCICLKI

RASMCLR/VPP —s-[| 4 ﬁ 15 [J == RASIOSC2ICLKO
T 0 14.[] ~— Voo
RBOANTICCP1M wo [ 5 g 13 [] == RETIANEFGITIOS!
REA/SDIFSDA == 7 12 [1 == RBSANSIPGC/T10SOTICKI
RE2SDORXDT == 8 11 [J == RBS/SSITAICK
RBAPGMICCP1) =[]0 10 [T == RB4/SCKISCL

371 2.8 PIC16F88 [9]

o PIC16F88 - anunsaldfilendu  12C - Junsdeanseunsy  wuudislasda
(Synchronous) fieldf Aasedeans sevine lulasraulysaiaeas (MCU) fugunsalnmeuen
%agﬂﬁmuwﬁu‘[ﬂauﬁﬁw Philips Semiconductors Tneldaeduananiion 2 @uwhiu fe
serial data (SDA) wazend serial clock (SCL) Feenunsn 1iendegunsal S1usuvans
Wiehefuld Vil McU liwasaifies 2 wesmviniy

2.9 I°C Bus

I BUS Wanedryaynas 2 1du A SCL SDA dwfuindugunsaiiuy 2 fiema Tay
ﬁﬂu'lé{fy,zymﬁ’a 2 9ARIRNUAIAUNILLUY pull up 2-10K Lﬁaammmﬁwmﬁﬁﬂwmuﬁu
WUU Open Darin ¥3ailuuuu Open Collector LﬁﬂiﬁLaﬁﬁme%auﬁiaﬁ'u”lﬁwawﬁa

Voo

sDa L

2-WIRE
SERIAL DATA
BUS

scL » » '

I I |

DSs000 D31307 OTHER
MICROCON- REAL TIME 2-WIRE
TROLLER CLOCK DEVICE

dl o lﬂl 1 L3 2
UM 2.9.1 anwauzn1In1siwenseguniaiuy I'C Bus [10]
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] 1 o ) 1 2
MIEU-uTayanugunIniLuy I'C Bus

i= Control Byte »
7

b 5 4 3 2 1 0
e 1 [ 1 [ 1 [ 1 [A2 [AL] 40 R ax [a]e s[a[e[s[¢ o] o]

|<— DEVICE |D—-1-— ADDRESS —r| MODE ‘ ‘-‘— DATA —r|

5U# 2.9.2 sUuuumsidsu/srudeyauuy I°C Bus [10]

ns¥u-dedioyanuy 12C Bus MCU vzi3udun1sasdayasmens
- deanuzlSuAY (START Conditions) Liewaasnisvelada

- uFmugne saRIuAN (Control Byte) Gelseneu fusvia Uszdigunsal
Device ID ,Device Address l.az Mode Iumsl,%aw?adm%aaga

- \flogunsal Sunsudh MCU #ioanns azfndesheisesdiaaiusius
(Acknowledge) w3auasln MCU %’Ufﬁﬁ’amvaﬁlﬁﬁqmﬁmmgﬂé]’aa

. LLﬁ%Lﬁ@éﬁ@ﬂmiﬁd‘ﬁ@Hﬂ MCU 9fasds aniuzAugn ( STOP Conditions) Lile
venfugunsaiin AuganisTiva

- dourdanna fie wievalaldgnldeu via SCL way SDA aadu 1 visg

U

- miﬁmumamuzL%uﬁul,t,azamuzﬁuqm‘nm |2C Bus (Start and Stop
Conditions)

: e

SEL: vt ? \\ //_ ...... ._\\‘ //

S04

START STOP
sUfl 2.9.3 °C Bus Start and Stop Conditions [10]

Y ° a w & 2
ANPUZNITNIUUAFDTUSLINAULATANUEEURAYDI | C Bus

- ilofpansdstoya MCU uspsdanuziiusu (Start Conditions) Aalvi SDA
wWasun 1 undu 0 Tuvaed scL dandu 1

di si’ v oas 173 1 ny P =) v
- Wiedugansn1sldva MCU aefiosdsaausduan ( Stop Conditions) Aalv SDA
wWaguan 0 undu My scL fandu 1
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s¥aRUANYDS I'C Bus (Control Byte)

2 1 0

a1 | a0 BN

e pE e gl ADDHESS——»I MODE ‘

gﬂﬁi 2.9.4 1°C Bus (Control Byte) [10]

@ 2 v a o w 4 ;
- IUARIUANYDY I"C Bus Usenaumesualssamntedgunsal (Device ID)
Uszneumedn 1-7 uazdn0 Wudnmusunsidousiu

- sviaUszdhvesgunsal Ussneumesiadszdndanguan Product ID 4 da
(O 4-7) Mudsuuaudlalile waz Device Address 3 T (T 1-3) Feld
aunsn ivun tadlsl sawdadusvia 7 9a 1Wssusigunsal fsieaguula aud
Aefulalle
- TnmuaunsLdeusu (Mode) O 0 tile MCU fiaamsidsutoyaludgunsal

= va & & v 1 o ¢ & 0o va & &
Awualidaiilu 0 wasidlodeiniserudeys anaunsel A vualidaiidu 1

1 L7 1 = 2/ 2
TIWIAUAIUAYBYAUDY ['C BUS

_Boanal
waguntaavaya

5D& —4:-"3(1‘_. e
SCL -} -/_ -

ﬁaa|1a1
5u davoya

Ul 2.9.5 n1ssudsdndoyaves I°C BUS [10]

4 amwm'ﬁ’u—dﬁaya aenseyiluvaiefvn SCL Wy 1

- anmgn1siasuulasdoys sznseinlurasiinn scL fu o
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N1S2NBUUKAZNITINNIILASINU

3.1 N19aanLUY
3.1.1 MsmuInAgUnsalinegidaansly

= J

TngluwsazdruanudasiansnisAuiusal

U

1% fy Ao Center Frequency
Gy #e Gain/Loss il fo
f;, f5= 3dB Bandwidth limits

G, = 20log(4,)

/ W
fo=

_ (R2C2) +(R2+ (1) +(R1+C1)

Q

24 (R2sC1) + (R2+(C2)

_ VR1eCleR2sC2
~ (R2+C1) + (R2+C2)

1
2 Y RT¥R2~ T +.C2

fo

a1 C1 1WuAfdruaLes
QZ

C2=——
o —

C1

1
R2 =

16
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MM5197 3.1.1 mfdnaldudazgruanud
F(HZ) Q R1 (K) R2 (K) C1(n) C2(n) | Av max (dB)
BAND 1 8233 1.49 ay 5:1 1 12 13.52
BAND 2 261.03 1.49 a7 5 33 44 13.63
BAND 3 1036.34 1.49 a7 54 8.2 12 13.52
BAND 4 | 3168.08 1.49 a7 54l 2T 3.9 13.57
BAND 5 57 ikl a7 7:.5 220 100 13.88
3.1.2 W93 IC

Tughun199eNUUL9AT IC MAIIINNTAUIAUAIRIANS

LEFT
tneuf

-EIH.HL 12eR

mll‘
£m12:a

MIC
EMIIEH

12¢ Bus DECODER LATCHES

2 P4 7 - F
i GRAEH 1T GRAAHIC GRAPHTTC GRAPAIC 18]
EQUAL IZER EQUALIZER EQUALIZER EQUALIZER EDURLIZER
out
nl vl nl al nl nl nl ﬁl nr

13

c11 C12 €13 Ci4
i g F o

19

C1S

T TIHE T)CI?T

w17

q19

CiB cCi9 c2e
g Eth

nui

g

aia

R2a|
NIZTDAPIL7 -84

‘;u“dﬁ' 3.1.2.1 8183935 Equalizer IC [6]

wasnfleanen9as Ahluainanelulusunsy Altium Designer udilufimusuy
AIUDIAVIDILAS

144403
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0K

[
Q
L Crane L iy
1 ———
L
% =

1 = 3

5! He B
q H T S &
4 i [

T

g‘dﬁ 3.1.2.3 81892995 PCB ¥94 Equalizer IC

9ngUT 3.1.2.3 lngvinsesnuuasifvnadn fvunawindu Siad 3 6 iiefiazein
ABNITNAW



3.1.3 293598789 Amplifier (TDA2822)
TugruraanisaanuuuNasveny AlAaNAISNeEaY

5U7l 3.1.3.2 PCB w83 Amplifier

—
<
n
n
N
O
C
—+

19



3.1.4 Flow chart

N13¥11UT4 IC Equalizer 521U Microcontroller Lieyinn1sAUMguANLRTD 4
wiliaiauly wavanunsaandgldanu

3
U

U

#

Launch default equalizer
settings

’

Overwrite user's setting
over default setting

Y

Band 1 Calibration
(8223 Hz)

|

Band 2 Calibration
(247 Hz)

!

Band 3 Calibration
(1000 Hz)

L

Band 4 Calibration
(3000 Hz)

J

Band 5 Calibration
{50 Hz}

i

Save value of 5 bands setting

3.1.4.1 Flow chart N15¥N9UY04LA58969AN

20
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1. dleBun1s¥a1u Microcontroller ﬁ]xﬁau‘qﬂﬁﬂﬁ"qﬁmi’w%'uLwiwmmmaaé’cuvfgﬂm
#he Equalizer IC Ssmnuihemusimelugdadumanaaigldlsusuugls Tunsdl
figdlaifinnsuiuusislagazduyaiddli Equalizer Livenedanailag

2. gunsalazvhaumuunauglinunatuitevhnmsiassdunislédy

3. efldnavuinszsunsidBulalasroulnsaiaasazda Switch Tiidaidssann
Microphone aanluwdvinisadradanaidesfieruanudf 1 udresquens

NAdyanE1Y Equalizer 3ugldiFulagudsstugudinady

=

4. degldnusulatudswaznalililasreulnsaesavandadmsunisveny

Aryeuad nawﬁuta11”:1@31»1&;%%"1&%@@,1&1@aaLLé’aﬁﬂmsﬂ%ﬁdﬁ’mmmLﬁsa’lu
euauAdAl

5. egunsalinnamegouszAumsidtuvewldouasumnunnaiudnazveily
msvenedanalughuaudiegSlumbeausinsludwiusenlddednng

Uaasedluassinly uazdoutaasly Equalizer Usuusiinwadaayiaunuig

D

8/
(Y]

T¥lanaaaunwazrunduluvinauUnfisesumasdmsunisinsesunisladunss
sl

3.1.5 Block Diagram

ieroph 0
Emphons

Dégerst Epoatimes iC

- e,
5 |

E‘U‘ﬁ' 3.1.5 Block Diagram

1. lulasTWwvimthnsudyaradesiladunazinluainuisasvenafieussanananoly
2. 7393 Pre microphone uag Amplifier Tuagiuusnviimhivsuduiiunugaes

dygandsinazvensruatuininzaulunisusunnsdaiu



3. Equalizer iwthiiufuusdnyanandeslugiuamuiismeg

a. Amplifier ianihfivenedaeesn Equalizer L‘ﬁa%JUﬂab\huuﬁq Earphone

5. Microcontroller gunsalaisyamddliun Equalizer uazad1sdnyaaidiniy
naaevausianmlunsiaguvesldnu

6. Switch gnAuAulay Microcontroller iaidandrygandedlunisliny

3.2 Savdaniglunisneany

1) UBSANIAAEY 1 Uy
2) PIC 16F88 1M
3) TDA 7317 162
4) TDA2822 26
5) Analog switch 4066BE 161
6) UasAANsY Burn Microcontroller 16
7) Power supply 1 ¢
8) Function generator 161
9) Oscilloscope 1 ¢
10) R 9110 47K Toviu 13 6
11) R 2u19 5.1K Towy 8 6
12) R aum 5.6K Tovi 4 i
13) R au1a 10K Toviu 4
14) R e 15K Toviy 2§
15) R 9w 10 loviy 4 6
16) R vu1m 100 Loy 2 i
17) R vwa 82K Loviy 2§
18) R Usumila ww1e 10K laviy 2 ¢
19) Frufiuusgguun 1 uF 2 §n
20) sriuusyguuna 2 uF 14
21) srwfiudszquuna 0.1uF 2 #n
22) srifiudszquung 47uF 4 ¢
23) srifiudszquuna 10uF 2 6
24) sruiuusyguum 0.047uF 4 ¢y

25) srufiuuszguum 0.01 uF 4 ¢
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3.3 YUABUNISLAUNANITNAGDS
TunrsiiuranIsveanRzuUIpa Ny dalumil

[

1. NAAUNANAIDRT VLI EUDINATVEN BT U
Tnonistloudynas Sine Wave 1iluluaees Amplifier wévimsindayannd
1WA wazhuvinsiisuiteuiudunavesdayayo
2. womeuindwensdyanausazanuilunsazdunsuesvesgunan
Tunnsnaaeaiiaglif Microcontroller a$sdyaaiifaninsafugruanudies
innsvenedgneonuuazinluaIunTve1elneasInrund g unsuLaE B e
ynassiiinsvoiiodmmamiidmensvesssusassyfuauiureudes iomda
ANNEIIalunIIUYeRYnsal
3. NAADUNINANDUAUBIVDITZUL
Tun1snaaeaiesviili Microcontroller Jouyaddaiiovsedyauiionuamiud
wﬁ\mazﬂ%f”mﬁ'mfgﬂm Sine wave #38 Function Generator 713 Amplitude ATz UY
wagyinsTarune Amplitude fiudsuluiieviinisAiuaumsasnaealngayinnis
Wasuuasanudluidos e irnanavausadruivasssuy
4. eaeuHaRaUaLBIvassEULfin s mensdinsdnuedaatieite
naaasliaiasieflaimiMiasuuudsdnaiadefinisldnueidaerhnisvens

vnadyadluunazguaNuicdl

| giuAuad 1 (8223 H2) 16 dB
I Al 2 (247 Ha) .10 dB
I euANER 31243 H2) 22 dB
V. thumuddl 4 (3067 Hz) 112 dB

V. thupnuddl 5 (55 Hz) -8 dB
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undl 4
NANISNAADY

4.1 NAFIUNINIAIVLIYUBINITVE Y QYU

Tumsveaesdnd 1 duwssdunmesesdamnuansalunisvens
Fynavenssvesdygaimhnlifudygradsdasnmsaiedygia Sine  wave
9uIn 124 mV 970 Function generator wasteudmesunedyaafiannsauius
ansvenglilaveidoninuduniulsuaile

watllFinnisnesadoysumuumilisesiisnsvenesanlddoyna
lodwviganINILe 264 mV SsAmlusmieny 213 wih wie 6.57 dB ilaisudy
ﬁ@mwmﬁuwwﬁagﬂﬁ O 1

800us Measure X
| Freauency
9756.9Hz

Pi—Plk

NAAAAANNNEE

-60.0mV
A Macimum
' 64.0mV
F & +Pulse Width
532.0us

|
i
% _RiseTime

- 284.0us

5U# 4.1.1 deviuidsrannsvengliiunian
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waziiloUiudnsvenelvigeiigaladyaoioidnmuuin 8.8V dsdadusnsivene
66.67 W30 36.5 dB AagUR 4.1.2

Measure X
126 .0us)

Frequency
| 996.0Hz
| Pk=Pk

132mV

Minimum

-64.0mV

 Maximum

68.0mV
| +PulseWidth

216.0us
. RisaTime

328.0us

¢ Madify

@adl
=
=b

4.1.2 Lﬁa'u%’ULﬁ'awaﬂwwmﬂﬁﬁqﬁqﬁ
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o o %4 ] i 1 g P .
4.2 NAFIUMAIVEIA Y ALAAZAIND lULAaZTUNNT VB8 YDIDIgital equalizer
1% Microcontroller @319&UIUAIMTUNISNAGDUANNANITALUATS DUV

=

HUrelnedyananasinadudyarunianuduenmsiulaeEuandyyiaidanudaen
4 1 o s = i Vet ol 1 s Ly
qauazAssvenesyivdyaaluavgalnauansalun1sveenafladedl 5 dudall

L]

4.2.1 Microcontroller #¥198yauAina1ud 8233 Hz YUINRUUIM 268
mVpp

‘ Measure X
Freauency
89551z
b

256mvV

il

| i Minimum
u

"

-120mV
Maximum:
136mV

[ +PulseWidth
92.00uUs
Rise Time.

| 2.800us

o Modify

Ul 4.2.1.1 lold Equalizer ICUmevunILasiianuasaNg 8233 Hz

17
[

= o i < =
AT 4.2.1.1 TUINUDA fUUEUu"Im"{l’lﬂﬂ’l5‘1]8?81HLLWﬁSﬂ§GVIﬂ’N§Jﬂ 8233 Hz

ANUA(HZ) YURA I UNDUTENE(Y) 0.268
undeyavdwInuenansd 1 (v) 0.32
ndyanavdwInuenens 2 (v) 0.4
RV RINUENeAi 3 (V) 0.48

8233 PRSI INVENEAST 4 (V) 0.56
YU "mmmwé’amnmmm%ﬁ 5(V) 0.64
YU “’tymvﬂmwﬁwmmmaﬂ%ﬁ 6 (V) 0.7
YU "muzymwﬁamﬂmmaﬂ%ﬁﬁ 7(V) 0.744
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a v @ P ' ' & o ° ) A o

Weldvuadyarandienunisaesusaassianduinmdasivensluy dB died v
reference \Junuadyaradunnazlinad ms1eil 4.2.1.2 wazedendnns Sound
Pressure Level Wag Hearing Level litouiamszaunisladudesweaywdandyaiu

NUNSVE180NUNLAGIANT 19N 4.2.1.2 uay 4.2.1.3 sua1eu

MIINT 4.2.1.2 dnsnsvenevesdynialuisazassiinnud 8233 Hz

AA (Hz)
Gain INMSVINLASI 1 (dB) 1.540303686
Gain INNISVNLAST 2 (dB) 3.478503946
Gain I3V IEAST 3 (dB) 5.062128867
8233 Gain INANSVEILAST 4 (dB) 6.40106466
Gain 99N5IE18A%T 5 (dB) 7.560903599
Gain INAITUNLATIT 6 (dB) 8.33926492
Gain 9NA3YEIERSeT 7 (dB) 8.86876283
ANS199 42,13 syduauduldesinnuE 8233 Hz
Al (Hz) flauvens (dB SPL) 78.55217468
v nveensad 1 (dB SPL) 81.09247836
VSN YENEAST 2 (dB SPL) 83.03067862
WSIINVENASad 3 (dB SPL) 84.61430354
8233 widtanuenadad 4 (dB SPL) 85.95323934
wanveIeAsad 5 (dB SPL) 87.11307828
VA19INUENAST 6 (B SPL) 87.8914396
wdtannuenuasan 7 (dB SPL) 88.42093751
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AN519N 4.2.1.4 seeunsiddunaug 8233 Hz

A (Hz) nauvens (dB HL) 63.05217468
wdrneeneesad 1 (dB HL) 65.59247836

wanveendad 2 (dB HL) 67.53067862

wasnuenenssii 3 (dB HL) 69.11430354

8233 WETINUENRSaT 4 (dB HL) 70.45323934
WERINVENEAST 5 (dB HL) 71.61307828

VERINUEEASIT 6 (dB HL) 72.3914396

MaNvEIBASIRA 7 (dB HL) 72.92093751

wazludruimaedn 5 ehuanudldudnnisAmuauazifuaaitudsaivaiuy 4.2.1

4.2.2 Microcontroller #¥19dtyayraiiaaud 247.5Hz 1u1m 264 mVpp

A A 5 )
rv | um

_ \ Measure X
_l?f;:f':_ui‘ | Frequency

Minimum
-140mV
A Maximum
124mV
- +Pulse Width
1 2.010ms
_RiseTime

160.0us
 Modify

sUN 4.22.1 We IC %wﬂuqaﬁqﬂﬁmwﬁ 247.5 Hz




M50 4.2.2.1 vinavesdauainnsvenglulsasaiifinnug 247.5Hz

29

ANA (Hz)

VURFRY YN UTEE(V) 0.264

PR YIUNE R INVENEASIT 1 (V) 0.311

PAF NG INTENEASIT 2 (V) 0.397

R Iamdineneassi 3 (V) 0.48

2475 VRETIUVERINUENeRAsT 4 (V) 0.55
YN "zgfymué’qmﬂéumaﬂ%g\iﬁ 5 (V) 0.631

YU "’mufyﬂmwﬁ'amﬂfumaﬂ%aﬁ 6 (V) 0.699
VRIS W INTENASIT T (V) 0.752

M1947 4.2.2.2 805175V 8ved Yy allunrasasaiaud 247.5 Hz

A (Hz)
Gain INN15TELAST 1 (dB) 1.423129243
Gain 9INNISVENLASIT 2 (dB) 3.543731598
Gain MNNISVBIATIT 3 (dB)r 5.19274621
24755 Gain MNMsYEEATIR 4 (dB) 6.375175252
Gain 99AN5YENERsaT 5 (dB) 7.568508647
Gain 91NNSYENERST 6 (dB) 8457464978
Gain AINN13VENLASTL 7 (dB) 9.092278274
PS8 4.2.2.3 szumnusudesiienud 247 5Hz
Al (Hz) Aeuueny (dB SPL) 79.42155733
wdsanvenensadt 1 (dB SPL) 80.84468658
wnuEeasd 2 (dB SPL) 82.96528893
WIINUUASIT 3 (dB SPL) 84.61430354
2475 WEWINUEBAST 4 (dB SPL) 85.79673259
WS NUEBAST 5 (dB SPL) 86.99006598
WSWNUENBAST 6 (dB SPL) 87.87902231
wdsnvenensadt 7 (dB SPL) 88.51383561
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AN5197 4.2.2.4 SEaUnTIAauRAMUD 247.5Hz

Aad (Hz) fiauaey (dB HL) 52.42155733
WERInvENEASIR 1 (dB HL) 53.84468658

VdINvENEASaR 2 (dB HL) 55.96528893

W9 NEEASIA 3 (dB HL) 57.61430354

2475 w9 nENEASaR 4 (dB HL) 58.79673259
V&NUEeAsd 5 (dB HL) 59.99006598

M&WNTENEATITA 6 (dB HL) 60.87902231

WaINVE8AssR 7 (dB HL) 61.51383561

4.2.3 Microcontroller #3514 “’cuusuuﬂcuﬁm'm?i 1243 Hz vu1n 256 mVpp

i G- AW W) 0 400us Measure X

126,008 i Frequency
11.243KHz
'r Pk—Pk

' 206mY

w0

Minimum
1-132mV
1 124mv

.~ +Pulse Width

. | 3940us
RiseTime

| 14.00Us

o TG

gﬂﬁ 423118 IC mmawqﬁqmﬁmmﬁl 1243 Hz



2
L

M397 4.2.3.1 auevesdyInaInnsenalulsiazAsaniannug 1243 Hz
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mmﬁ (Hz)

YR EYINoUTENB(V) 0.256
R anuvdRInvEneai 1 (v) 0.3
R anavRInveneai 2 (v) 0.354
1243 muwmﬁmmwmwﬁ'ﬂmﬂmmaﬂ%ﬁ 3(V) 0.431
YUIA “ﬂgmﬂmwﬁqmnﬂumaﬂ%ﬁ a (V) 0.491
PWNF YIRS RINVEBASIT 5 (V) 0.557
PP RINVEIERSIT 6 (V) 0.612
UM IN VRS 7 (V) 0.68

@

M13199 4.2.3.2 8psnsuenuesdynadusiayasafianad 1243 Hz

A (Hz)

Gain INN15VEEASIT 1 (dB) 1.377625788

Gain 9INNISVELASIT 2 (dB) 2.815265934

Gain 9INAITVEEASIT 3 (dB) 4.524746097

1243 Gain WINMSVEILASIT 4 (dB) 5.656830536
Gain 9NN5YEEASTE 5 (dB) 6.752304597

Gain 99NN159e18A%T 6 (dB) 7.570229137

Gain ARl 7 (dB) 8.085378948

S99 4233 syduAmuduidesiinud 1243 Hz

Aud (Hz) Aeuvee (dB SPL) 79.1542781
wdsanuenandad 1 (dB SPL) 80.53190389

widsannaenendait 2 (dB SPL) 81.96954404

vidsannaengndsit 3 (dB SPL) 83.6790242

1243 W& UEneAssf 4 (dB SPL) 84.81110864
wdtnvenensad 5 (dB SPL) 85.9065827

wNeNeASad 6 (dB SPL) 86.72450724

wdtanvenendadl 7 (dB SPL) 87.63965705
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P15199 4.2.3.4 STAUNSIABUNAINUED 1243 Hz

Al (Hz) fouveny (dB HL) 71.6542781
wdnueneadsit 1 (dB HL) 73.03190389

wdanuenendsit 2 (dB HL) 74.46954404

WSINUENEASaT 3 (dB HL) 76.1790242

1243 MERINVENEASIT 4 (dB HL) 7731110864
wdtanuenensad 5 (dB HL) 78.4065827

WSINULNLASIT 6 (dB HL) 79.22450724

W& NEI8ASaT 7 (dB HL) 80.13965705

4.2.4 Microcontroller #3719 ”cy,cuuﬂmﬁﬂ’nuﬁ 3076 Hz wu1a 256 mVpp

Measure X
Frequency

] 3.076KHz

i
|

Y/ <ERE \
NS TN

“Maxi mum
128mV
_#PulseWidth

- 154.0us
_RiseTime

- 64.00us

vy,

13U 4.2.4.1 e IC veneaugaigaiirnd 3076 Hz




AN 4.2.4.1 BunavesdggaInnsenslulsazassiaud 3076 Hz
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mmﬁ' (Hz)

YA UTNE(V) 0.256

PR YUV RINYEEAST 1 (V) 0.299

PRV RINUEEAsaT 2 (V) 0.344

3076 NS UVERINTEEAST 3 (V) 0.442
YU ”tymuwmwaamﬂﬂumaﬂim a.(v) 0.51

YUAF Y NUMERINTEAST 5 (V) 0.561

A ”ﬁggmmwmmﬂﬁumamm 6 (V) 0.622

PUINH YNSRIV T (V) 0.688

AN 4.2.4.2 daan1sverevesdynnluusaras sinud 3076 Hz

ANud (Hz)

Gain 91NN15VENLAS 1 (dB) 1.34862446

Gain 91NN159818AST 2 (dB) 2.566369545

Gain IINMSVIBAST 3 (dB) 4.703666081

3076 Gain ﬁ]’]ﬂﬂTi‘?JEJ’IEJﬂ;\i‘V] 4.(dB) 5.986604216
Gain INMTVINBASIT 5 (dB) 6.814457919

Gain 97nNN5YE8RST 6 (dB) 7.711008388

Gain 9InASYENEAsTt 7 (dB) 8.586969458

A5 4.2.4.3 syfuausudesiinanud 3076 Hz

AL (Hz) fouvee (dB SPL) 79.1542781
wdtnveneasadt 1 (dB SPL) 80.50290256

wdInvenenssii 2 (dB SPL) 81.72064765

v nuenendait 3 (dB SPL) 83.89792418

3076 v&nveneasadt ¢ (dB SPL) 85.14088232
W InveeAsaR 5 (dB SPL) 85.96873602

wdtnuenensad 6 (dB SPL) 86.86528649

wdtnvenensadl 7 (dB SPL) 87.74124756
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A157197 4.2.4.4 sEAUNISteBuRAINuA 3076 Hz

Aud (Hz) fouves (dB HL) 67.6542781
w9 nvEeASaR 1 (dB HL) 69.00290256

wdtanveneAsadt 2 (dB HL) 70.22064765

winugeasait 3 (dB HL) 72.39792418

3076 v nEeasadi 4 (dB HL) 7364088232
W1 INVEBASIT 5 (dB HL) 74.46873602

WAINYEEASIT 6 (dB HL) 7536528649

wdrneEAsad 7 (dB HL) 76.20124756

4.2.5 Microcontroller a¥9dqyaniia1ud 55 Hz Yu1A 332 mVpp

Measure X
Frequency
55.43Hz
Plk—Plk

33Z2mV

i Minimum
| [217émV

: Kasi mum
156mV
+Pulse Width
2.000ms

Rise Ti‘r:nﬁe_ 7

- 5.880ms
Mociify

JUN 4.2.5.1 1ile IC ve1e9ugafianiinud 55 Hz




M15199 4.2.5.1 uneddanaainnisvenslulsazasafiaud 55 Hz
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AU (Hz)

VA YN D UBEE(V) 0.332

PR IUNS N EAST 1 (V) 0.402

PAF YIS NV BAT 2 (V) 0.481

55 IR NUVERINTENEAST 3 (V) 0.567
R RInUeneasil 4 (v) 0.642

YA “@mnm%é’mmmmm%ﬁ 5(V) 0.726

dua IS InvEeassi 6 (V) 0.819
PRSIV R INVENBASIT T (V) 0.904

o

M99 4.2.5.2 dpsimsvengvesdaaluusazasaninnud 55 Hz

ANd (Hz)

B5

Gain 910N15UL8ASIN 1 (dB)

1.661759388
Gain annsveneniaft 2 (dB) 3.220139853
Gain 91NM13UEN8AsT 3 (dB) 4.648899504
Gain Anmsveneassii 4 (ds) 5.727938887
Gain 9INNSVENEAT 5 (dB) 6.79597074
Gain 9INN3VEUASIT 6 (dB) 7.842916361
Gain 9NM5VL8AS 7 (dB) 8.700606935

A15199 4.2.5.3 SEAUANAULELAAAINNED 55 Hz

AN (Hz)

Aauvey (dB SPL)

81.41224047

55

wdRINvENeAsIT 1 (dB SPL)

83.07399986
W ENEASA 2 (dB SPL) 84.63238032
wdnveendaf 3 (dB SPL) 86.06113997
wa1NveNeAsR 4 (dB SPL) 87.14017936
W& 1INUeNEASaT 5 (dB SPL) 88.20821121
W&INUENBASIA 6 (dB SPL) 89.25515683

VRN UENeASIT 7 (dB SPL)

90.11284741
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A15197 4.2.5.4 SEAUNISABUNAIIUE 55 Hz

AYE (H2) Aauene (dB HL) 3541224047
wdtanveneasad 1 (dB HL) 37.07399986

Wt Inveneassi 2 (dB HL) 38.63238032

WaINUENBASIH 3 (dB HL) 40.06113997

55 WaNUEneassi 4 (dB HL) 41.14017936
wdRINUENEASaft 5 (dB HL) 4220821121

vdsanueendsi 6 (dB HL) 43.25515683

wasnueeAsad 7 (dB HL) 44.11284741

4.3 NAFIUNINANDUFUDIVDITEUY

Tunmaneeesmaudl 4.3 e dunisvaaswnnanaUausa i aivossuy
diovnisweernnedygrafierdiurnuiileninanovauswesssuudisvesaun
Fynauiiaanuiisneg Inendnyann input uae output uazinanF N elusy
yoandiualutienud 10 - 100000 wazthalsundonnaneuauasrs s zUUldRAN

M99 4.3.1 uag N 4.3.1

A15197 4.3.1 BRsanIsveneLAssluLAgIuANLD

R | Snsmsveny | smsiniseeny ARSING DM51A15 DRSNS

(H2) | dyoaienud | dyanadn | senedyain | vengdunne | venodun
8233 Hz ANND247 Hz feud A0 fiANUR 55

(dB) (dB) 1243 Hz 3760 Hz Hz

(dB) (dB) (dB)
10 -0.294465136 0.560574472 | 0.284808782 | 0.284808782 | 1.821609387
20 0 0.560574472 | 0.560574472 | 0.284808782 | 5.105450102
30 -0.294465136 0.827853703 | 0.560574472 | 0.284808782 | 8.519374645
40 0 1.087153246 | 0.827853703 | 0.560574472 | 11.12605002
50 0 1.087153246 | 0.827853703 | 0.560574472 | 12.39577517
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60 1.087153246 2.498774732 | 1.087153246 | 0.827853703 | 13.8039216
70 0.827853703 2922560714 | 1.087153246 | 0.827853703 | 13.19198625
80 1.338935793 3521825181 | '1.338935795" | 1.087¢1532d6 | 1225567713
90 0.827853703 4.261496506 | 1.583624921 | 1.087153246 | 11.44193536
100 0.827853703 4.436974992 | 2.053246838 | 1.338935793 | 9.638402752
200 0.827853703 9.920131978 | 2.71325204 | 1.821609387 | 6.444385895
300 0.827853703 10.54400238 | 3.326628435 | 1.821609387 | 4.943092298
400 0.560574472 7.604224834 | 4.608978428 | 2.053246838 | 4.608978428
500 0.284808782 5.726134777 | 5.726134777 { 2.498774732 | 4.261496506
600 0.284808782 4.943092298 | 6.715842038 | 2.71325204 | 4.082399653
700 0.560574472 3.899532064 | 8.733851953 | 2.922560714 | 3.899532064
800 0.284808782 3.521825181 | 10.19300959 | 3.126944017 | 3.899532064
900 0.560574472 3.126944017 | 11.51914378 | 3.326628435 | 3.712731539
1000 0.560574472 2.498774732 | 1239577517 | 3.712731539 | 3712731539
2000 2.053246838 2.053246838 | 7.359535706 | 8.410116731 | 2.71325204
3000 3.326628435 1.338935793 | 4.082399653 | 11.12605002 | 2.498774732
4000 4.943092298 1.087153246 | 3.521825181 | 9.733331453 | 2.053246838
5000 6.97907096 1.087153246 | 3.326628435 | 7.10775316 | 2.053246838
6000 8.839136753 1.087153246. | 2.053246838 | 6.020599913 | 1.821609387
7000 10.28209642 1.087153246 | 1.821609387 | 4.943092298 | 1.821609387
8000 11.12605002 1.087153246 | 1.583624921 | 4.082399653 | 1.583624921
9000 11.04525046 0.827853703 | 1.338935793 | 4.082399653 | 1.338935793
10000 10.45757491 0.827853703 | 1.087153246 | 2.71325204 | 1.338935793
20000 5.575072019 0.827853703 | 1.087153246 | 2.498774732 | 1.087153246
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30000 3.126944017 0.827853703 | 1.087153246 | 2.498774732 | 1.338935793
40000 2.922560714 0.827853703 | 1.087153246 | 2.278867046 | 1.087153246
50000 2.498774732 0.560574472 | 1.087153246 | 2.053246838 | 1.087153246
60000 2.278867046 0.560574472 | 0.827853703 | 1.821609387 | 0.827853703
70000 1.821609387 0.560574472 | 0.827853703 | 1.583624921 | 1.087153246
80000 1.821609387 0.560574472 | 0.560574472 | 1.338935793 | 0.827853703
90000 1.583624921 0.284808782 | 0.560574472 | 1.087153246 | 0.560574472
100000 1.087153246 0.284808782 | 0.560574472 | 0.560574472 | 0.560574472
Filter Frequency Response
16
14 8 Band 5 Boosted
N\ Band 3 Boosted
\
| /
12 ‘ /BaTGZBoosted Band 4 Boosted
Y ™ h G } > Band 1 Boosted
10 - WY 4
/ M
o
=
o ]
& 6
4 4
2 ad
O_
"2 T T T T T
100 101 102 103 10 108 108

Frequency (Hz)

5UM 4.3.1 NI UAANEADUALDIYBNTEUY
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4.4 NAFIUNINANBUFUBIVRITEUULIRNNT VN8 du ey auiisinanulunsazgu

AU

aaadllasoaeivihmthnlnsusuunsdyarandefinisldnuaidaghnisuene
o 1 1 d‘ ot % Y o 24 s i & ¥
vndyaaluinazguanudsilaglavinnsasedyyiaiaud e aum 600 Vpp

v o ’ ° )
LU Equalizer IC LagIN1SIANANISNAGDY

L ghuaudd 1 (8223 Hz) g

I gwuanudit 2 (247 Hz) 10
Il gmAandT 3 (1243 Hz) - : 2
V. gmmudf 4 (3067 Hz) 12
V. ghuanudd 5 (55 Hz) -8

e 200mv

U7l 4.4.1 Fyaeuiianad 800 Hz

Cal}

dB
dB
dB
dB
dB

Measure X

Freauency
802.5Hz
1

S/6myv

i imum
-304mV
 Maximum

272mV

*Pulse Width

A 620.0us

Rise T ime%
S
[ Modify
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Measure X
Frequenc,

& 006KHZ
| Pk=Pl

560mV

i ,l"i'
.
Y

~ Minimum

- -320mVY
Maximum
240mV
/|- +Pulse Width

- 548.0us

RisaTime

Measure X
i Frequancy

3.030KHz

[ PPk £

£ Minimum

| Meaximum
4 3172mV.
‘ - +PulseWidth

10610us.
~ RiseTime

- 104.0us
3.00000KHz [ Modity
UM 4.4.3 doy

euiiaansE 3000 Hz

wazthaflavismumnAwamansinisvensluglreandivalutigminud 10 - 100000



A15199 4.4.1 wansonsinisvenslunsainvenslugiuanuinanaiy
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A (Hz) Case 1
10 0.284808782
20 3326628035
30 5.575072019
40 7.10775316
50 9.966211076
60 10.50089614
0 9.873807123
80 8.786653877
90 8.891304415
100 9.733331453
200 11.04525046
300 10.54400238
400 9.247959958
500 8.299466959
600 7.171386335
700 6.305408696
800 5.024650546
900 6.092682399
1000 7.543695742
2000 11.12605002
3000 12.76978514
4000 11.78409341
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5000 10.5008%9614
6000 9.445375039
7000 10.41403652
8000 9.733331453
9000 8.943160627
10000 8.943160627
20000 6.092682399
30000 4777641778
40000 4.082399653
50000 3.326628435
60000 2922560714
70000 2.278867046
80000 1.338935793
90000 1.338935793
100000 1.087153246

R U 23 dl
uwavihefldundeonvmaneuauevaszuUlbRaniu 3UN 4.4.4



Gain (dB)

Filter Frequency Response

43

14
Band 2 (247) <"1 Band 4 (1243)
12 - i
\/
Band 5 (55 e
| (65) -
8 =
6 =
4 -
ﬁ Fa)
Band 3 (1243) LI
51 Band 1 (8223)
0 -
100 10° 102 10° ol 1
Frequency (Hz)

JUN 4.4.4 anviuanmaneuauaasruulugnsIMsvesfigumsanaiy

108
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unil 5
dyUnauazUaLauaLuY

5.1 aguua
nuan1sveaadluuni 4 n1sliasvenedyarunidannuaiuisaluniseeny

o o =

Ay nugegeis 36.5 dB Wisawed miumswaenislagussauideddagsuvesUasuay
n13ld97u Digital  Equalizer Haetiuszfudayaraluuaztisnnudvinligthsarunse
Usuusmainsuenedmnlamenuieg

dothilsfidumsvhauiiaetedisuiululasroulnsamesiterhnsiuddnas
vaunazaiagamdedmiuuivuasaiiqudrainsaaiaaisatieisinadeu
aussanlumsisdudoduusazduanuvosiheuazUsualssenmeufioannsely
nEdumaazs e mavmnLiiUaslaenisinuedalaseoulnsaiaofdsaz dali
Analog switch Andgygistdssninlulasinussnnoutazas sdyyrandosniy
Equalizer wazawsvengLitonaasudlilagssugavasouiiledléifulduifeiagasuud
wazazifiumemaqBlumhesrnudimslures Microcontroller dansumsisenldiilainis
Deldaugunsatadasaly

5.2 Yolauauuy

1. evawgaussaamlunisiffuvesiihefifiauguussgedunisiuiey Digtal
equalizer IC °1ﬁﬁé’mwmsﬁ§gaﬁu

2. lilesinudssunsiudyanadsniudiinsesnuuuamsmead miunsasteis
lnsmsviuiianwiudeseanlluiiamafeniulunestislmnunmidssdiay
ANty

3. msdenldr1  Quality Factor (Q) tiefvunaamuAiswess uALETLAT
wansznulunsveneusassdyninues Equalizer Winnvaumssiadone
Q Wiuauiuardmaliduanadsaineudaitouls
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UITTUIYUNTY
[1] wamsnalnnsladuides
https://sites.google.com/site/nutchanun2432/bth-thi8-reuxng-khlun-
seiyng/xatrarew-seiyng/khwam-khem-seiyng-laea-radab-khwam-khem-
seiyng/khunlaksna-khxng-seiyng/hu-laea-klki-khxng-kar-diyin-seiyng
[2] nsesavadeunsladuy
http://www.medel.com/th/audiogram/
[3] Listening levels
https://primeloops.com/blog/blog/post/slug/the-art-of-mixing-part-3
[4] Audiogram
http://www.geocities.ws/sclegern/slp/audiogram.html
(5] Equalizer
http://www.eleccircuit.com/5-channel-graphic-equalizer-by-bc548-transistor/
[6] TDA 7317

http://www.st.com/web/en/resource/technical/document/datasheet/CD000
00149.pdf
[7] Amplifier
https://www.iconfinder.com/search/?g=audio
[8] Analog SW
http://www.alldatasheet.com/datasheet-pdf/pdf/26882/T1/CDA066.html?
[9] PIC16F88
http://www.marutsu.co.jp/contents/shop/marutsu/datasheet/PIC16F88.pdf
[10] I°C Bus
http://www.thaimicrotron.com/CCS-628/Referrence/I2CBUS.htm
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#include <16F88.h>
#device ADC=16
#FUSES NOWDT, NOBROWNQUT, NOLVP
#FUSES INTRC_IO
#use delay(internal=4000000)
fuse i2c(Master,Slow,sda=PIN_B1,scl=PIN_B4)
from 0x2100 = {0x00,0x80,0x90,0xA0,0xB0,0xC0} //Default block
#rom 0x2106 = {0x00,0x80,0x90,0xA0,0xB0,0xC0} //User block
voidswitchcontrol (intnum)
{
if (num==0)
{
output_high(PIN Al);
output low(PIN AZ2);
delay ms (250);
}
if (num==1)
{
output low(PIN Al);
output high (PIN A2);
delay ms(250);
}
i1f (num==2)
{
output_ low (PIN Al);
output low (PIN A2);
delay ms(250);
}
1
voidprogram init{) //Add more initialization
{
output float (PIN B6);//Set B6 as Button 2
delay ms (100);
}
voidrom to equalizer(int8 device address,int j) //Setting
with preset, 0 -> Default
{
TE
12€ ‘start();
i2c_write(device address);
for (i=0;1i<6;1i++)
{
i2c write(read eeprom(i+j)); //Reset all setting to be
0 for all bands
}
1lde sEepl);



voidband calibration (intnum)
{
int8 countl, flag;
int8 count?2;
12e starti() :
i2c write (0x86)
i2c write (0x00)
i2c _write (0x80);
iZ2c write (0x90);
( )
( )
( )

r

r

i2c_write (0xAO0) ;
i2c_write (0xBO
i2c write (0xCO
iZ2c stop():

flag = 0;

switch (num)

{

case 1:

r

r

e -g-0.8 1= 5 412

i2c write (0x86);

i2¢c write (0x2F);

ey sEabis

delay ms (250);

for (countl=0; countl<=7;countl++)
{

if(flag == 0)

intl6d;

2= {0
iReasEast ()
i2c write(0x86) ;
i2c write (0x80+countl) ;
1.k 95 COPTA:

for (i=1;1i<19900; i++)

{
if (input_state (PIN._B6)==0)

countZ=countl;
flag=1;

output high(PIN BO):

delay us(48);
output_low (PIN BO);

delay us(48);

if (input_state (PIN B6)==0)

countZ2=countl;
flag=1;



}
1f{eountl == )
{
count2 = 7;
}
write eeprom(7,0x80+count2);//Write into temporary block
count2=0;
break;
case 2:
12c 'start (]
i2c write(0x86);
i2¢c wriketOX2F)7
12t L) ;
delay ms (250) ;
for (countl=0;countl<=7;countl++)
{
if(flag == 0)

intlei;
da=005
i2¢ start()s
i2c write (0x86) ;
i2c write(0x90+countl);
124G/ sEep s
for (i=1 i< 600 s1% )
{
if (input_state(PIN B6)==0)

count2=countl;
flag=1;

output _high (RPIN BO).;
delay ms(2);
outputilow(PIN_BO);

delay ms(2);
if(input_state (PIN B6)==0)

count2=countl;
flag=1;

}
iflecountl s=.7)

{

count?z = 7;

}

write eeprom(8,0x90+count2);



count2=0;
break;
case 3:
i2e start():;
i2c write (0x86);
i2c write (0x2F);
iZedstiopil);
delay ms (250);
for(countl=0;countl<=7;countl++)
{
f(flag == 0)

intlei;
qeii=0
i2¢ apadit ),
iZ2c write (0x86);
i2¢c write (0xAO0+countl);
A2 8Stom()F
for(i=1;1i<3000;1i++)
{
if (input state(PIN _B6)==0)

count2=countl;
flag=1l;

output high(PIN BO);
delay us (390);
output low (PIN_BO);

delay us{390y:

if (input state (PIN B6)==0)

count2=countl;
flag=1;

}
if (countl == 7)
{
count?2 = 7;
}
write eeprom(9,0xAO0+count2);
count2=0;
break;
case 4:
idieiTstamt il
i2c_write(
i2c write (
#2elstopii)s

)i
0x )
Ox

r



delay ms (250);
for (countl=0;countl<=7;countl++)

{
f(flag == 0)

intléi;

i=0;
172 seart ()
i2c_write (0x86);
i2c write(0xBO+countl);
1LZ2e step:t);

for (i=1;i%7200;i++)

{
if(input_state(PIN_B6)=:O)

count2=countl;
tlag=1;:

output high(PIN_BO);
delay us(150);

output low(PIN BO);
delay us (150);

if (input_ state (PIN B6)==0)

count2=countl;
flag=1;

}
if (countl == 7)
{
count2 = 7;
}
write eeprom(10,0xBO+count2) ;
count2=0;
break;
case 5:
g skarti)s
i2c write (0x86);
i2c write (0x2F);
iZe stop():
delay ms (250) ; 0,
for (countl=0;countl<=7;countl++)

{
f(flag == 0)

intléi;
=00k



i2ecstart ()
i2c write (0x86);
iZc write (0xCO0+countl);
126 -8top () i
for (i=1;i<140;1i++)

{
if (input state (PIN B6)==0)

countZ=countl;
flag=1;

output high(PIN BO);
delay ms(9);

output low(PIN BO);

delay ms(9);

if (input state (PIN B6)==0)

count2=countl;
flag=1;

}
if {countgll == )
{
count?2 =_7;
}
write eeprom(ll,0xC0+count2) ;
count2=0;
break;
}
}
void main()
{
rom to equalizer(0x86,0); //Default setting
switchcontrol (1) ;
rom to equalizer (0x86,6)% .//User setting
for (int cc=0;cc<=1000000;ce++)
{
if (input_state (PIN B6)==0)

{
switchcontrol (2);
switchcontrol (0) ;
delay ms (200) ;
band calibration(1):;
band calibration(2);
band callbratlon(3),
band calibration(4);
band calibration(5);



switchcontrol (2);
switchcontrol (1) ;

)
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[y-l— . TDA7317

FIVE BANDS DIGITAL CONTROLLED GRAPHIC EQUALIZER

s VOLUMECOMNTROL IN 0.375dB STEP

s FIVE BANDS STEREC GRAPHIC EQUAL-
IZER

s CENTER FREQUENCY, BANDWIDTH, MAX
BOOST/CUT DEFINED BY EXTERNAL COM-
PONENTS

s +14dB CUT/BOCOST CONTROL IN 2dBISTEP

a ALL FUNCTIONS PROGRAMMABLE VIA SE-

RIALBUS

= VERY LOWDISTORTION SDIP30
VERY LOW NOISE AND DC STEPPING BY :

" USE OF A MIXED BIPOLARICMOS TEGH ‘ ORDERING NUMBER: TDA7317
NOLOGY

DESCRIPTION tenuated up to -17.62508 in 0.375dB step

Al the functions. can be prograrmmed viz serial
The TDA7317 is:a monoidhu digially conmlled  bus making easy to build a-uP cortrolied system
graphic equaizer realized in BICMOS mixed technok Sngr'al path s designedfor very low noise and distor-
ogy. Thestereo signal, before any fitering, can be at:

BLOCK DIAGRAM

L L ] -.- = é =
Lees voLure |\ gRrapiC m:m: c‘nmr.c TGRAPMIC |
1= TN T RO% | EGURLIZER L EsuAL 1m ’EJLIHE mun 2R |

1i¢ w,- :zcunsn mcuzs

7 qn:wc [ cnnuu cnsmc
| ECJUrCiZER | EounLizEq EQUAL LZER

2rSHT
1WOUR

o=
1
EALRGARILP 814 ; L

November 1999 iz




TDAT317

PIN CONNECTION

INL O et 32 [J INR
PlIL O 2 29 [] P11R
p2iL O 3 28 [ P21R
P12L ] ¢ 27 [0 Pi2R
P22L O 5 26 [0 P22R
PIIL O 6 25 [J P13R
P2aL [ 7 24 7] P23R
Piar 8 23 O P14R
P24L [ 9 22 [0 P24R
P1SL O 18 21 [0 P15R
P25L [ 11 22 [0 P25k
puiL © 12 19 [0 QUIR
yCC [ 13 18 [J ADD
UREF [ 14 12 [0 5DA
GNDA [ 15 16 [J sCL
PIITORZIIZ 82
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unkt
Vs Supply Voitage : 10:2 v
Tep Operating Temperature Range -40 to +85 G
1 Storage Temperature Range 55 to +150 °C
Ry s Thermal Resistance Junchon ping max 85 W

ELECTRICAL CHARACTERISTICS [Tamu = 25°C, Vs = 9V, Ry = 10K, Ry = 6000 f = 1KHz Vin =
1Vrms, all controls in flatposition (AY = 0dB) urless otherwise specified)

| Symbol ] Paramefer I_ _Test Condition i Min. [ Typ. | Max. | Unit_l
SUPPLY
Vs Supply Voltage 6 g 10 V
Is Supply Current 8 14 20 mA
SVR Ripple Rejection 1= 300Hz to 10KHz 80 &0 dB

212 I <74




TDAT7317

ELECTRICAL CHARACTERISTICS {continued)

[ symbol | Par I Test Conditlon 1 Min. l Typ. I hax. | Unit |
INPUT
Ry Input Resistance 20 20 40 KO
Ve s }ax |nput Signal THD = 0.3% 2 25 Vs
bis Input Separation (1) 20 100 dB
VOLUME CONTROL
Cranat Control Range 17,625 dB
Al Min, Attenuation 0.5 0 0.5 dB
Ainias Max. Altenuation 16.7 [ave25| 1886 dB
Asres Step Resalution ; ! 0175 | 0375 | o575 | oB
Ex Attenuation Sat Emer -1 1 dB8
Er Tracking Error 0.5 dB
Woe CC Steps adjacent attenuation steps 0 3 my
GRAPHIC EQUALIZER
THD Distortion 0.01 0.1 %
Ci Channel Separation 20 100 dB
ey Qutput Noise B = 20Hz to 20KH2 8 20 | w
flat, AV = OdB
A Cunve. G uV
BW = 20Hz to 20KHz AV = 0dB
All bands = max. boost 24 uv
£ Al gands = max. cut B uv
s | Signaito Noise Ratia Ay = DBV Wi 00 B
Busec Step Resolution / 1 2 3 dB
Ckandt Conftrol Range max boostcut 2 114 16 dB |
vDC DC Steps Adiacent Controt Steps 05 3 my
AUDIO OUTPUTS
¥a Output Voltaga THD=03% 2 25 Vews
R Output Load Resmstance 2 Ko |
Ci Output Load Capacitance . 10 nF
R Output Resistance 5 10 20 [¢]
Vour OC Voltage Level 42 45 4.8 v
BUS INPUTS
Vi InputLowVoltage 1 v
Vi Input High Voltage 3 W
I Input Current <5 +5
Va Cutput Voltage SDA In = 1.6mA 0.4 v
Acknowledge
ADDRESS PIN (internal 50K pull down resistor)
W Input Low Voltage 1 W
Vi Input High Voltage Ve =1V v

MNOTE: The input is grounded thru the 2. 2P capacitors

(571 wiz
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CD4066B
CMOS QUAD BILATERAL SWITCH

SCHS051D - NOVEMBER 1988 = REVISED SEPTEMBER 2003
e T ——

® 15-V Digital or +7.5-V Peak-to-Peak ® Matched Control-Input to Signal-Output
Switching Capacitance: Reduces Output Signal
® 125.0 Typical On-State Resistance for 15-V Transients
Operation ® Frequency Response, Switch On = 40 MHz
® Switch On-State Resistance Matched to Typical
Within 5 © Over 15-V Signal-Input Range ® 100% Tested for Quiescent Currentat 20V
® On-State Resistance Flat Over Full ® 5-V, 10-V, and 15-V Parametric Ratings
Peak-to-Peak Signal Range ® Meets All Requirements of JEDEC Tentative
¢ High On/Off Output-Voltage Ratio: 80 dB Standard No. 13-B, Standard Specifications
Typical at fig = 10 kHz, R = 1 kQ for Description of "B” Series CMOS
® High Degree of Linearity: <0.5% Distortion Devices
Typical at fig =1 kHz, Vig =5V p-p, ® Applications:
Vpp ~Vss > 10V, Ry =10 k02 = Analog Signal Switching/Multiplexing:
® Extremely Low Off-State Switch Leakage, Signal Gating, Modulator, Squelch
Resulting in Very Low Offset Gurrent and Control, Demodulator, Chopper,
High Effective Off-State Resistance; 10 pA Commutating Switch :
® Extremely High Control Input Impedance F Ok g:c
(Control Circuit Isolated From Signal _ C g‘;:':’g;;f“‘“' T Cigkalgonelon

Circuit): 1012 0 Typical
® Low Crosstalk Between Switches: =50 dB
Typicalat fi; =8MHz, R =1k

= Digital Control of Frequency, Impadance,
Phase, and Analog-Signal Gain

E, F, M, NS, OR PW PACKAGE
[TOR VIEWY)

SIGA INOUT [ Voo
SIGAOUTAN 12 15[} CONTROL A
SIGBOUTAN [I 3 12[] CONTRCL D
SIG B INOUT [} 4 11} siG D nouT
CONTROL B [}5 10f] SIG D OUTAN
CONTROL C [}& sl siG couTan
Vgs[I7 8]} SiG € IN/ouT

descriptionfordering information

The CD40G5B is a quad bilateral switch infended for the transmission or multiplexing of analog or digital signals
It is pin-for-pin compatible with the CD40168, but exhibits a much lower on-state resistance Iy addition, the
on-state resistance is relatively constant over the full signal-input range.

The CD40668 consists of four bilateral switches, each with independent controls, Both the p and the n devices
in a given Switch are biased on or off simultaneously by the control signal. As shown in Figure 1, the well of the
n-channel device on each switch is tied to either the input {when the switch s on) or {6 Vgg (when the switch
is off). This configuration eliminates the variation of the switch-transistor threshold voltage with input signal and,
thus, keeps the on-state resistance low over the full operating-signal range

The advantages over single-channel switches include peak input-signal voitage swings equal to the full supply
voltage and more constant on-state impedance over the input-signal range. However, for sample-and-hold
applications, the CO40168B is recommended

Please be aware that an important notice conceming availability, standard wamanty. and use in calical applications of
Texas instrumnents semiconductor products and disclaimers thereto appears al the end of this data sheet

PROCUCTION DATA imhrmation in curmmt a3 of i
Profucts conferm & sperAcaions per B leems of Texas lnatromests

:-o_::f:rn; Praduction pacesen] dats rot e etaady inlsde % TEXAS
INSTRUMENTS

CFFICE BOX 655303 ® DALLAS, TEXAS 7594 1

Copynight © 2003, Texas Instruments Incorporated
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MICROCHIP

PIC16F87/88

18/20/28-Pin Enhanced Flash MCUs with nanoWatt Technology

Low-Power Features:

Power-Managed modes:

- Primary Run: RC oscillator, 76 pA, 1 MHz, 2V
- RC_RUN: 7 pA, 31.25 kHz, 2V

- SEC_RUN: 8 A, 32 kHz, 2V

- Sleep: 0.1 uA, 2V

Timer1 Oscillator: 1.8 pA, 32 kHz, 2V
Watchdog Timer: 2.2 A, 2V

Two-Speed Cscillator Start-up

Oscillators:

* Three Crystal modes:
- LP XT, HS: up to 20 MHz
* Two External RC modes
= One External Clock mede:
- ECIO: up to 20 MHz
= Internal oscillator block:
- 8 user selectable frequencies: 31 kHz,
125 kHz, 250 kHz, 500 kHz, 1 MHz, 2 MHz,
4 MHz, 8 MHz

Peripheral Features:

Capture, Compare, PWM (CCP) module:

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit, 7-channel Analog-to-Digital Converter

Synchronous Serial Port (SSP) with SPI™

(Master/Slave) and 12C™ (Slave)

Addressable Universal Synchronous

Asynchronous Receiver Transmitter

(AUSART/SCI) with 9-bit address detection:

- RS-232 operation using internal oscillator
(no external crystal required)

Dual Analog Comparator module:

- Programmable on-chip voltage reference

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

— — . _— ——§
Pin Diagram
18-Pin PDIP, SOIC
szm&gﬁ_fﬂt 1~ 18] == RA1/AN1
R-"‘““”é’fg# —-=[]2 17[] == RAD/AND
RA4/AN4/TOCKI/
conT""E 3 16[] =+— RA7/OSC1/CLKI
RASMCLRAVPP —=[14 @ 1501 —= RABOSCCLKO
i
Vvss —=[]5 (Po 14[] =— VoD
(4}
g . RB7/ANG/PGD/
RBUINTICCPI w6 7 13]-.-“05'
REBIANS/PGC/
RE1/SDVSDA ==[]7 12[] = REENIPOC
RB2SDO/RX/DT =[] 8 11[] == RBS/SSITXICK
RB3/PGM/CCP1(" ==[]g 10[] == RB4/SCK/SCL
Note1: - The CCP1 pin is determined by the CCPMX bit in
Configuration Word 1 register.

Special Microcontroller Features:

+ 100,000 erasefwrite cycles Enhanced Flash
program memory typical

1,000,000 typical erasefwrite cycles EEPROM
data memory typical

EEPROM Data Retention: > 40 years
In-Circuit Serial Programming™ (ICSP™)

via two pins

Processoer readhwrite access to program memory
Low-Voltage Programming

In-Cirguit Debugging via two pins

Extended Watchdog Timer (WDT):

- Programmable period from 1 ms to 268s
Wide operating voltage range: 2.0V to 5.5V

.

Program Memory Data Memory
= rvo 10-bit CcCP Timers
Device | pjach | #Single-Word | SRAM |EEPROM| Pins | A/D (ch) (PwM) |AVSART| Comparators ( SSP | o)) o
(bytes) | Instructions | (bytes) | (bytes)
PIC16F87 | 7168 4096 368 256 16 N/A 1 Y 2 Y 211
PIC16F88 | 7168 4086 368 256 16 1 1 Y 2 Y 211

@ 2005 Microchip Technology Inc.

DS30487C-page 1





