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ABSTRACT

This project presents automatic volume control. It is intended to help make
everyday conversations more comfortable and to enhance the enjoyment of music.
It can reduce the music volume when receiving a 60 dB signal in the 90 - 900 Hz
frequency range and can adjust the music frequency independently. They can be
changed either from a person or from the functionality by using a hand-motion
sensor which has a function to change the frequency according to the music genre,
as follows: pop, rock, and hip-hop by hand gestures as follows swipe up, down, and
left and right.

From the experiment, the automatic volume control machine was found to
work as expected. This includes automatic increase and decrease in the volume of
headphones changing the sound band function according to the music genre using

hand gestures.
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2.2.1 2993N509AYA (Filter Circuit)
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nsUaunau (Feedback)
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Rf .
Vo = —fVl (2.1)
R1

[ =l 1

wsewneluauuandn dygiadunniudygiaednedyusiamaiu 180 a3

q q

Rf
/\/’\v/\
R1
VI—ANN L
Op-Amp

—

SUN2.13 29959818nauna

v
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2.29959818linauna (Non-inverting Amplifier) 2995u81gliinauing amsadswisasiisu

nsnAaiioulafnIng2.14 () Wewnn Vi = 0 Jeman V1 lalagldngnisudawssiulniifie

V1 *
R, -
> =+ Dy, Y
i

Vi VW |
& ik
— "A\N—— <RIl Vo
& Rf v

2 i
5UN12.14 299s5venglainquila 5U12.15 2995venglinduiaiiisunsnang

3.299508185UA YU (Summing Amplifier) 2995V8183WAYLIUAD 2935V BTAT VO
Wiy

q

WITVeTIFY Il AT 2.15 (0) TFYIdUNe 3 JeIUTEUNRT WBUAENNTIALEToU

19Rs a1l 2.15 () AUSIRT LeIan ALAAINHATINYDIDAIIVENE FRay1uBUNAYITaNY ATaunTs

3 Z(BF XA v
VO =—(-V1+_V2+-1V3) (2.2)

8
%] R

VW .

Vi=0

Vi V2 V3

JUN2.17 2995088y asauiisunsng

5U912.16 2199885 dayey0
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2.2.3 lulasaaulnsataas

=

lulasmeulnsaaas (Microcontroller) fie aunsaidiannsetindnilaswaiansueniduieas

57un30led (Integrate Circuit : 10) Fafilaseasrenegluwmiliounvlulasaouianesnusenaus e

WU

Uszanana (Processor unit), 118A2113 1 (Memory unit) waznireideunanugunsal

Aeuan (/O Port unit) Inarensealmdentdan wu MCS-51, PIC, AVR, ARM, Basic Stamp,PSoC

waz Arduinotdusu lngaraunsnidaulusunsuauA N1 ¥ILeawLUa 18 1UEn N1ednse

AMwau 9 IUTEnuds lulasreulnsamesudazasenalanmuduieldnusiudu Wealununs

yiendusuudnlud@mily Mlussuuniuauuuudnlud@le

Tassadrquazdrudsznau

- CPU - BUS

- Memory - Port

- WAL UAFYYIUUIRNN _ dawudszneaviy ¢

Y o, ' s
ntidiunies vadlulasaeulnsaans

1)

Mﬂiwﬂizmamaﬂmﬂw%%ﬁg (CPU : Central Processing Unit)

yhmthiifugusnansmuaumarnuvessruuavn Tas$uteyanngunsnisutioya n
Uszananavisolinszidesanudidaedlusunsy uazdsradndennlumineiania
nI8AINIY (Memory)

annsautsaeniiu 2 dau fle e gl idmsufiulusunsunadn (Program Memory)
Tnedeyafignuiulilududasldgymeluudliflngss wasdndumisiomioarmidoys
(Data Memory) Wifumilounnsyawmalunsdnavesdity uasduiiindeyadinsnume
yhaw uimnliflmdes degafzmely uidmsulilasaeulnsamosadell mihsamud
foyaazianidumieanudius Seoyasevmeludielailiiiss uasilussnsou (EEPROM
: Erasable Electrically Read-Only Mempry) %ﬂmmmLﬁU%@ﬁgﬁlﬁLLﬂlﬁiﬁlWLgm

a (R

drufnseriugunsalnteuen wse wasn (Port)

11 2 anwazAe WesMBUNA (INput Port) waznaindsdyauvionaineng (Output Port)

drutlazldlunisi@ousadugunsalnieuen fednduduiididguin Tdutuszninmese

dune Wesudyaanhlulssaianauazdslunasaendne iouwaning



13

4) YoanaauTesdygiad niela (BUS)

Aerdumanisuanidsudnygnadeyaszning Iy mihomnuduazwesn Wudnuurves
anedyaa wnunegngludilulasreulvsaiaes lnsuvalutadeya (Data Bus) , Ua
waALASE (Address Bus) wagdanluau (Control Bus)

5) 993N AFYYIUIRN
Fuiduauusznoud ddyuind na auni g vl 09910159 U LA AT il

(% a

lulasaeulnsataes agduegiunisimundie mndygiauinidaiiudigs dawiens

(g

v [
o =l

nufsgansariladtudwalilulasaeulnsawesiiu fanusalunisuszuanaginiy
e
6) @ulsznaudu 9

'
v a

dalugdunesafimedmsunssusazdrndoya Tnedusgiunssuiunisndnvesusevi

HARMTON5ORNWUUANTUIUUTELANAN LU DAC ACD 12C SPI PWM UART 18udu
NANN139119IUU89 Arduino MEGA 2560

Arduino MEGA #a vasasulug/lunguuasa Arduino lngld Atmega2560 Liu
lilasoulvsaiaeivan slalasaeulnsaiaesimdunndiean ATmega328 fildegiu vadn
Arduino UNO lgg Arduino MEGA fiDigital Pins 971 8uwa 101vine Adnea $1uau 54 91 (Ju PwM
161 15 91) HAnalog Input 16 41 Serial UART 4 9a 12C 1 4a SPI 1 90 kaga wasdneln 5V 1uiu
3 91 aunsndeulusunsauu Arduino IDE uaglusunsaniiu USB wansdwiuiiauladusiubeus

msiaululasreulnsalassnfesnisussa Arduino 7l nisANTLazadYa1uAng o Tl

14
=
UUINYU
UNO MEGA
Microcontroller ATmega328 Microcontroller ATmegaz560
Operating Voltage S5V Operating Voltage 5V
Input Voltage 7-12V Input Voltage 7-12V
(recommended) (recommended)
Input Voltage (limits) 6-20V ) Input Voltage (limits) 6-20V
Digital 1/0 Pins 14 (of which 6 provide | Digital I/O Pins 54 (of which 15
PWM output) provide PWM output)

Analog Input Pins

6

Analog Input Pins

16

DC Current per /0 Pin 40 mA DC Current per 1/0 Pin 40 mA

DC Current for 3.3VPin | 50 mA DC Current for 3.3VPin | 50 mA

Flash Memory 32 KB (ATmega328) of | Flash Memory 256 KB of which 8 KB
which 0.5 KB used by used by bootloader
bootloader

SRAM 2 KB (ATmega328) SRAM BKB

EEPROM 1 KB (ATmega328) EEPROM 4 KB

Clock Speed 16 MHz Clock Speed 16 MHz

5U2.18 Wisulfisusening Arduino UNO fiu Arduino MEGA

U

v

(Yayaan: http://www.lungmaker.com)




Responsible for TWI (12C)

USB communication PWM Outputs

Serial
Communications

USB Connector

[ Digital
Fuse for " | Inputs/Qutputs
USB protection
Regulator 5V s
SQURCE
7T to12v
PGWer Pins Analog Inputs Reset button

Regulator 3.3V

5UT2.19 doyandnaquas Arduino MEGA 2560

v

(%'aagamn: http://www.lungmaker.com)

AMENUALAZYIV8Y Arduino MEGA 2560

o lulasmoulnsalaes : Atmega2560

o uswulni: 5 1aan

o uswilniidunmiiuda SOURCE : 7 &1 12 Taad
® Digital I / O Pins: 54 Wy

® YBUNAKUUBZLGEN: 16

® sz DC #a |/ O Pin: 20 mA

® NITUANTIEINTU 3.3V Pin: 50 mA

® pgAmNTIWaY: 256 KB

® SRAM: 8 KB

® FEPROM: 4 KB

® auSdyg RN 16 MHz

14
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b4

2.2.4 deyayraudeainugu
AAudsaRruUaduansdy
1. Amplitude 3o dB uruInANMINEoANLLTLTD IS

2. AugMAaY Wngrdudssaziumadudnuazaduiy 1 sau 1Wu 360 991 A1A1UD
deadivedu Hz vSe 1850 viuneaudn desdunianseulu 1 3w indeafunieaaneseuay
\38n71 High-pitched sound v3amauAuAge anvasdssags Ineunfudiseduidesnauilelipe

20-20000 Hz ustazldBusnngndl 500-6000 Hz

NANNMSATUIUATULEEY gnshe

(2.3)

~1a

}' & a
A9 ANUBIAAYU (M)
C 7o anusudes (m/s)

f fia AuDEES (Hz)

\ ANBIAAY {A)
le

Eifnﬂﬁgﬁ (A)

4

L,. ) /

Ausaaay (A) duudan (A)

5UN 2.20 doyeyraudes

(%'agaﬁ)'m: http://www.sat2you.com)
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Phase

=l 1 1Y =

Ao SrL11NTBIRATUAUTRIMAURAIMET 2 ATU YTBTEULIIAINSISHAUYDIAGY

]

A A o =

Fuaddss 2 AU ANNSTEEYINRe Sreziraudyg aidssiineonin 2 adudy il

| v v & L oA = A A4 o a X gv W ' '
T8HLMUTNIANULUUDIANINUINNUNBDIAN Vﬁaigﬂglﬂa’]V]ﬂaULaENLﬂWSUUISUL’Ja’W]'Nﬂ‘UL'V]’]VL‘Wi L3N

Wiguisuvseinanudlanuiividanindy (Seswes Phase tisnanunsautseanlavany 3 sUuuuy

Phase 1 Phase 2 Phase3

1.0

5UN 2.21 lavasdyauibes

(Fauavn: http://www.sat2you.com)

' v
& £ [

1. In Phase fioanwazvosnaudss 2 rdudnamiatunssuiulunanfsadulaedvinli

)

29 AnTunsIiuAe 0 oia1 Asilane AuLEDS 2 Amdudyaaieiumiuaduazlvau du

v '
@ I v oA

WU Naeais e agsaTudnvind A 3dB a5unedefe o Phase nsaiu L@esaznadulaeladl

AslasuLUas

2. Out of Phase AanwusUDInaULaed 2 A nadin lanimana uLays s esrIaedq

Aidandudie 180 aea lrmaudssnlatideauideszau 0dB Tuanudlaanuinis vilisla
gransalabudssiula Insunfidiuuinnisiia Out of Phase dudnaziinainmsiaedymiaeaay
TInu
3. Phase Shift Aednwazuasnaudss 2 Aaudygrasintulunaifinisiulaz seeeiaue s
o a 4 & v & i dl M =2 o 8 v a - &
andanduTuAuaILe 1 osrluisosqualife 180 a9 vilMAEIUTNNATULAZUINTALUN

q

a3 @elunu Live Miswhegludayaduazldaunsandnvilisoswes Phase Shift luldiae uay Phase

aa a

Shift Tunasivilmdsuinlifides Stereo Yunvinlmwasuuiiauny
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2.2.5 #annN15911v99¥84 Digital Potentionmeter

Digital Potentionmeter 1 udauusznaudidnnsedndiimuaudedyyiundia Ined
dnwaznisvinumdeusuvveunden dnlddmsunisusuruiadyyiueuidendsniuaulaeg

lalasmaulnsaiass
1As96519984 Digital Potentionmeter

Digital Potentionmeter gnasnsulasniseanuuulassaiianislulsenauluiieisasaiy
Auvnukuuduiulawazsesulasdyaruidnealuouiden aduvesiuladidunuazliaing
Juvesiesdudousaduiiedinmves Digital Potentiometer IngunAdnuiurastudulaazssy

fgA10nLYY 8 TaWiniu 256 Ju

Apn—1

¥;M

= 2R R R R

10080 2420 9030 684

Ui 2.23 dnvastulanidiuniu

CaN

v

(Yayan: https://th.wikinew.wiki)
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miﬂizqﬂmﬂ? Digital Potentiometer

Digital Potentiometer T9TUslnAoad d97aLyu 12C 30 Serial Peripheral Interface Bus
dwsunisdedygin vieldluslaaea Up/Down finruauladianin nsldauialives Digital
Potentiometer a@y15aUszendldlalunaies 399519 1935AUANNSVEEF YY1 2995USUaNNA

a I3 (v 1 @
LAYV UIALENLALZINATUT UMD NLYR

2.2.6 anN1511914va4 Gesture Sensor

Y o @ v v

Gesture Sensor Aatfueaiiiiilidmiunsnsiadudnuugnisindeulmvenie ude
Snwagvimisvesldnu Tnedumsnnafuieduasdunsnsn (nfrared Rays) fadfufagshli
\esanansavhaumansianwitesgldanuls wuluansvlviuunaguiiil Gesture Sensor win
gldalundhdelunsthe foreszdunsddideulugsunmdaluluunaiae’ Tnefifldaulsides

o o a

AUNANVUNBLAL LI LA DY

2x skip - SPI_MCLK
VDD > or ; # SPI_nCS
- | Power || Sensor > Frame Buffer 30x30 | SPI R
VBUS " | Block Array Ginliihisey, (Frame subtraction) Master : SPLSCK
o =2 or > SPI_DATA
i WOl
60360 [}
VLED R0 .;[ LED Driver 1 ’<—| ]
LED -t > SDA
Timing Gen. |« Reg. Bank |q—p| I*C
- SCL
p LED Driver 2 idJ I * I
Interrupt »INT

A J A ) 4

Object Gesture
Extraction Recognition

gﬂﬁ 2.24 Blockdigram 484 Gesture Sensor PAL7602

(Yoyaann: datasheet PAL7602)
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1A59a319v849 Gesture Senosr Usenauldswdiudsenaundn 2 dufe IR LEDuazdudy
Uszanana tnglR LEDIzvihmsvaeeauasdursisalunsenuingludnssezinamil uasiivteys

SMuaazviounauun WedslUuszananafTuvediwugosuue

Target 1 Target 2

IRLED 1

;s‘lJ‘ﬁ 2.25 Blockdigram @4 Gesture Sensor PAL7602
(Yayaan: Silicon Labs)

FUUszInanadzyiINITAILINIEeEII T lulAa Y198 0NN LATIE NV ANIINTS

N 4' [ v

\waeunvesingeagy 2.24 ludagduiinisusyyndld Gesture Sensor 819ULNIAIBLYY N15AAATIY

sdnvidofaaiuileidunisyauvednsdusideto n1snsRaauNIsuduauA Wudu

JUN 2.26 n13UsEENAlYY Gesture Sensor

(‘fl'a;damn: https://www.springwise.com)
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UNN 3

AsnIsAIUIY

[

nseenuULIATesIBRIUANTES U SAlLTR dldgnoonuuuliinmand Rl
1. aunsnansziudesosyilsliuazyimsaunintugou
2. annsaviinseduidssve yldlinduiniuiiimdsaunisaunu
3. annsnUsussaudesiu nas uvauls
4. annaldmsiedeulmnvesiiolumsauauilsiduuiugunnudauunmasld

3.1) N199DNKUVEAIUINIIVYY

3.1.1) n1staanaauwaud

(%

AnR Invidenidoauuandiues NE5532 a9 ntduluy dual dmsursasvuisan 14

Ilideesn dyarasuniumn

3.1.2) N15AIUINUI9ITNTBIAIUDANIHIU(EIULUE)

0.0047 uF
1l
1]
10K VREI 10K
A ]
input
a RL RH 12V
= 10K )
7 2
L 1

5U# 3.1 2993n309AUDEULUE

@

Wl la9A U NLE A8 NARDINT IUYMAMUDLAINADINTT ANEHINIILADBALUY

U
TilanseanudanniudielrauisaUsugiumnunaiisinesnsia Amplifier Nlasor

MSIAUNEY

[

YosdRanlaganunsoaualanal
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91IN9VTAIAMUA UM UTIAUA I UIIATNTDIAUNAHNUAD
R =100k + 10k + 10k = 120k

Ao v
mﬂqmmmmaﬂmaamﬂm

1 1
f = 2aRC ™ 2m(120k)(47n)

= 28.22Hz ~ 28Hz

3.1.3) NTATUIANNIINTDILUULUUNIE(RTIUNANN)

0.0047 uF
I
||
VRM1 3.9K
3.9% 100K
N | "ke A

input D VYV
input 2\ RO

0.047 uF

%

5U% 3.2 2993n309AUDEIUNANS

@

enlilagasanudnminglaganiinenslugsnuiidesnfeints AnegIndaldeaniuy

Tinsespnuinvusuunaiielvanisausuanudvesdssgrunanslagiu Amplifier Aladons

AN VDId T NanlnaunsaAuI el

YNANUNFIVDIEIUNAN

1 1

= = ~ 8683H
2nRC ~ 2m(3.9Kk)(4.7n) z

f
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YMANUDANVDILIUNAN

1 1
~ 2mRC  2m(3.9k + 100k)(22n)

f ~ 70Hz

3.1.4) AISATUINNIINTDIANUDFINU(EUUVAY)

VRTI
1.8K 100K 1.8K
. |
E—: TR T —

0.001 uF 0.0047 uF

f"_%' [

5U# 3.3 2993n309AUDEUUAL

@

dienllagannudiimielneanidesnislugienuiideiiens ausidndaldseniuy

TlensesrmnudgaruiiaWianunsausuguauasiisfeansle Amplifier Alasidasiauiey

Yosdynmanlagansaaalinal

WasuFumnuiidesgelugiuiigaiurineaiiuinsiagldpotentiometerludgeanfie

100k 9zlgmundmeen

1 1

_ _ = 332.64Hz ~ 333H
2nRC 21m(101800)(4.7n) ‘ ?

f

WassuanuiidesgalugugegauiuningaiuinnagldpotentiometerluAnngadie 0
rlanuddneel

1 1
~ 2mRC 2m(1800)(4.7n)

f = 18812.64Hz ~ 19kH
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3.2) nsesnwuudlululasaaulnsatass

Anziansilidenly IC ATMEGA328P 1iosand IC fanarudu IC dudendufuiildlunis
wAaupsmArduino uno r3 AsfufaiesoniseaniuulnmuaunisinulasutsnisyieuEy
lulasmeulnsaiaes 2 #1 Ao Arduino Mega 2 2 Taguusvmiininsvie i1 arugunis
yauuazsuevaslulasliiy wUssanandanntuisdaaluds fii2 WlomuANNITYINUT8S

Digital Potentiometer X9C

Arduino
hMega 2

Arduino
Mega 1

TRTYL

5UN 3.4 29asdrunaulnsaans
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3.3) N5 ALUIAANISINNIUVDUATIIAIUANTLAULT BTN LULR

3.3.1 WHUHAN1SYINNIUYDIATIIAIUANTZAULT BT A LULR

Covert bits to Frequency

INPUT
START Sound Covert bits to dB
Signal

dB > 60

&
100<Freq<1200

D7 = High

Check Hand

) Change
( FINISH Resistor IC

Gesture

35U 3.5 Flowchart %29 LAT99AUANTEAULHEINUTA

3.3.2 laanduaun1svinuvasdulalasinu

#include "arduinoFFT.h"

// 8984 detect Freq.

#define SAMPLES 128

#define SAMPLING_FREQUENCY 2048 // 10 bit k&N 2 494
arduinoFFT FFT = arduinoFFT();

unsigned int samplingPeriod,;

unsigned long microSeconds;

double vReal[SAMPLES];

double vimag[SAMPLES];

// daudB

const int sampleWindow = 50; // Sample window width in mS (50 mS = 20Hz)

unsigned int sample;



void setup()

Serial.begin(115200);
samplingPeriod = round(1000000*(1.0/SAMPLING_FREQUENCY));
pinMode(3,0UTPUT);
pinMode(A1,INPUT);
pinMode(A2,INPUT);

pinMode(7,0UTPUT);

void loop()

Freq();

Serial.println();

void Freq()

samplingPeriod = round(1000000*(1.0/SAMPLING_FREQUENCY));
/*éndanan/

for(int i=0; i<SAMPLES; i++)

microSeconds = micros();
vReal[i] = analogRead(0);
vimag[i] = 0;

while(micros() < (microSeconds + samplingPeriod))

//do nothing

25



/*ndamain®/

FFT.Windowing(vReal, SAMPLES, FFT_WIN_TYP_HAMMING, FFT_FORWARD);
FFT.Compute(vReal, vimag, SAMPLES, FFT_FORWARD);
FFT.ComplexToMagnitude(vReal, vimag, SAMPLES);

/* WA peak */

double peak = FFT.MajorPeak(vReal, SAMPLES, SAMPLING_FREQUENCY);
Serial.print(" peak "+ String(peak));  //Print out the most dominant frequency.
// g dB

unsigned long startMillis= millis(); // Start of sample window

unsigned int peakToPeak = 0; // peak-to-peak level

unsigned int signalMax = 0;

unsigned int signalMin = 1024;

// collect data for 50 mS

while (millis() - startMillis < sampleWindow)

sample = analogRead(A0);

if (sample < 1024) // toss out spurious readings

if (sample > signalMax)

signalMax = sample; // save just the max levels

else if (sample < signalMin)

signalMin = sample; // save just the min levels

26



peakToPeak = signalMax - signalMin; // max - min = peak-peak amplitude
double volts = (peakToPeak * 5.0) / 1024; // convert to volts

double dB = (20* log(volts/5.0))+95;

Serial.print(" dB "+ String(dB));

if(l dB>60 & peak>100 & peak<1200 )

digitalwrite(7,HIGH);

elsef

digitalwrite(7,LOW);

int a = digitalRead(7);

Serial.print(" State "+ String(a));

3.3.2 1AAAUANNTSI9IUVRIEIU Gesture Sensor Wag Digital Potentiometer

#include <SPl.h>

#include <Wire.h>

#include <EEPROM.h>

#include "paj7620.h"

#include <DigiPotX9Cxxx.h>

// §9u Gesture

#define 12C_ADDR 0x27 //12C adress, you should use the code to scan the adress first (0x27) here
#define GES_REACTION_TIME 1

#define GES_ENTRY TIME 1

#define GES_QUIT_TIME 1

//'1ICR

27



DigiPot pot1(8, 9, 10);

DigiPot potBass(22, 24, 26);

DigiPot potMid(28, 30, 32);

DigiPot potTreble(34, 36, 28);

int rst = 2;

volatile int i = 0;

int wiperPos = 0;

long PotOhm = 100000 ; //x9c104

void setup() {
Serial.begin(115200);
paj7620Init();

pinMode(7,INPUT);

void loop() {

uint8 t data = 0, datal = 0, error;

error = paj7620ReadReg(0x43, 1, &data);

if (lerror)

if(data == GES_RIGHT _FLAG)

Serial.println("Right Hiphop");

MixHiphop();

else if(data == GES_LEFT_FLAG)

Serial.printin("Left Rock");

MixRock();

// Read Bank_ 0 Reg 0x43/0x44 for gesture result.

28



else if(data == GES_UP_FLAG)

Serial.printin("UP Pop");

MixPop();

else if(data == GES_DOWN_FLAG)

Serial.printn("Down Auto Manual");

LoopMixer();

void LoopMixer() { //MODE
for(int y = O;y > -1;y++)
int reset = digitalRead(3); // Td81unsraduvimsuazyinay
if(reset == LOW)
loop();

break;

elsef
int a = digitalRead(7);
//Freq();
if(a == HIGH)
//Serial.println(1);
potl.set(100);
wiperPos = potl.get();

Serial.print(wiperPos);

29



Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

else{
//Serial.println(0);
pot1.set(50);
wiperPos = potl.get();
Serial.print(wiperPos);
Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

unsigned long getOhm(int wiperPosition) {
unsigned long Ohm ;
Ohm = (long) wiperPosition * (PotOhm / 100);

return Ohmy;

float getVolt(int wiperPosition) {
float Vcc = 5.00;
float Rwl = (float)getOhm(wiperPosition);
float Vw = Ve * (Rwl / (float)PotOhm);

return Vw;

30



void MixHiphop() { //MODE
for(inty = Oy > -1;y++)X
int reset = digitalRead(3); // T¥81uns1aduviTMsvazyineu
ifreset == LOW)
loop();

break;

elsef

int a = digitalRead(7);

//Freq();

ifta == HIGH)
//Serial.println(1);
potl.set(100);
potBass.set(0);
potMid.set(50);
potTreble.set(70);
wiperPos = potl.get();
Serial.print(wiperPos);
Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

elsef{
//Serial.println(0);
potl.set(50);
potBass.set(0);

potMid.set(50);

31



32

potTreble.set(70);

wiperPos = potl.get();

Serial.print(wiperPos);

Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

void MixRock() { //MODE
for(inty = Oy > -1;y++)X
int reset = digitalRead(3); // Td81unsaaduvimisvaizinau
iflreset == LOW)
loop();

break;

elsef

int a = digitalRead(7);

//Freq();

if(a == HIGH)
//Serial.printn(1);
potl.set(100);
potBass.set(60);
potMid.set(10);
potTreble.set(30);

wiperPos = potl.get();



Serial.print(wiperPos);
Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

elsef{
//Serial.println(0);
pot1.set(50);
potBass.set(60);
potMid.set(10);
potTreble.set(30);
wiperPos = potl.get();
Serial.print(wiperPos);
Serial.print(", Ohm = " + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

void MixPop() { //MODE
for(inty = Oy > -1;y++)X
int reset = digitalRead(3); // T¥81uns1aduviTmsvazyineu
ifreset == LOW){
loop();

break;

elsef
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int a = digitalRead(7);
//Freq();
if(a == HIGH)X
//Serial.println(1);
potl.set(100);
potBass.set(60);
potMid.set(30);
potTreble.set(10);
wiperPos = potl.get();
Serial.print(wiperPos);
Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();

elsef
//Serial.println(0);
pot1.set(50);
potBass.set(60);
potMid.set(30);
potTreble.set(10);
wiperPos = potl.get();
Serial.print(wiperPos);
Serial.print(", Ohm =" + String(getOhm(wiperPos)));
Serial.print(", Volt = "); Serial.print(getVolt(wiperPos), 2);

Serial.println();
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PJ“.'] PixArt Imaging Inc.

PAJ7620U2 General Datasheet

Integrated Gesture Recognition Sensor

PAJ7620U2: Integrated Gesture Recognition Sensor

General Description

The PAC7620 integrates gesture recognition function
with general 1°C interface into a single chip forming an
image analytic sensor system. It can recognize 9 human
hand gesticulations such as moving up, down, left, right,
forward, backward, circle-clockwise, circle-counter
clockwise, and waving. It also offers built-in proximity
detection in sensing approaching or departing object
from the sensor. The PAC7620 is designed with great
flexibility in power-saving mechanism, well suit for low
power battery operated HMI devices. The PAJ7620 is
packaged into module form in-built with IR LED and optics
lens as a complete sensor solution

Key Features

= Gesture/Cursor/Image modes
=  Built-in proximity detection
= Gesture speed is 60~600°/s in Normal Mode and
60~1200°/s in Gaming Mode
= Flexible power saving scheme
= Communication interface options
= |2C (for Gesture/Cursor mode)
= 4-wire SPI (for Image mode)
* |?’Cinterface up to 400 Kbit/s
=  SPlinterface range from
= 22~48 MHz (Frame subtraction mode)
= 44~48 MHz (Raw data mode)
= Ambient light immunity
=  Ambient light noise cancellation

Version 1.0 | 29 Mar 2016 | 41002AEN

Applications

=  PAD Phone
= Tablet Personal Computer
= Automobile Application

Key Parameters

Parameter ‘ Value

Array Size 60x60 pixels
Pixel Size 20x20 pum?
720 fps @ 240 report rate

Max Frame Rate

Input Clock 22MHz for SPI Image Out
44MHz for SPI raw data mode
Supply Voltage VDD: 2.8~3.6V

VBUS: 1.8~3.3V

VLED: 3.0~4.2V

Current Operation State:2.82 mA
Consumption Standby 1 State: 2.3mA
Standby 2 State: 1.5mA
Package Dimensions | 5.2x3x1.88 mm?

Ordering Information

Part Number ‘
PAJ7620U2

Package Type
13-pins LGA Module

/ Lead (Pb) Free p
/% (a RoHS 6 fully e’

compliant

For any additional inquiries, please contact us at
http://www.pixart.com/contact.asp.

SEE. FEEL. TOUCH.

PixArt Imaging Inc. http://www.pixart.com

All rights reserved. Any portion in this paper shall not be reproduced, copied, or transformed to any other forms without permission. 1
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1.0 Sensor Overview
1.1 Gesture Mode

For Gesture Mode, there are 9 gestures recognition being embedded in the sensor including move up, move down, move
left, move right, move forward, move backward, circle-clockwise, circle-counter clockwise, and wave. These gestures
information can be simply accessed by register reading via I1°C bus. The normal gesture detecting range from 5 to 15 cm
from where PAC7620 is located through the operating view angle of diagonally 60° respectively. Additionally, The PAC7620
can be configured as Normal Mode (Gesture speed is 60°/s - 600°/s) or Gaming Mode (Gesture speed is 60°/s - 1200°/s) for
different applications. The PAC7620 also offer built-in proximity detection for the purpose of sensing object approaching or
departing.

Table 1. Gesture Detecting Range and View Angle

Part Number Detecting Range View Angle (Diagonal)
PAJ7620U2 5to15cm 60°

1.2 Image Mode

For image mode, the typical report rate is 120Hz with image size equals 30x30 (Frame subtraction mode, WOI) or 30x30
(Raw data mode, WOI). The depth of pixel data depth is 9 bit and output through the SPI bus. The SCK rate of SPI bus equals
to the external SPI clock input ranging from 22 to 48 MHz (Frame subtraction mode) or 44 to 48 MHz (Raw data mode). By
programming the internal register set via 1°C serial control bus, it performs on-chip report rate, exposure time, gain
adjustment, array skip mode, and array average mode.

1.3  Architecture Block Diagram

2x skip - SPI_MCLK
VDD > - or » SPI_nCS
Power | | Sensor 9bit | Frame Buffer 30x3Q | SPI -
VBUS > Rt P 2X2 average ¥ - > » SPI SCK
Arra A/D Frame subtraction Master —
GND | BIOK Y ! ( ) » SPI_DATA
A 60X60 A
VLED —— | IR 940nm »-| LED Driver 1 |« |
LED ) . 2 -< » SDA
Timing Gen. «+® Reg.Bank |«—| [I°C
LED Driver 2 <J_ 7y i SC
Interrupt »INT
A A4 Y
Object _ Gesture
Extraction *"| Recognition
Figure 1. Architecture Block Diagram
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1.4 Signal Description
Table 2. Signal Description

Signal Name Description

SDA I2C data pin
SCL 12C clk pin
INT_N Interrupt pin (Active low) for Gesture Mode.

GPIO3(SPI_DATA)

Data out of SPI master for image mode

GPIO2(SPI_SCK)

SCK signal of SPI master for image mode

GPIO1(SPI_nCS)

nCS signal of SPI master for image mode

GPIOO(SPI_MCLK)

External clock input of SPI master for image mode

1.5 Pin Configuration

Table 3. PAJ7620U2 Pin Definition

Pin No. Symbol Type Function
1 Veus POWER BUS power supply
2 SDA IN/OUT I2C data pin (Open Drain)
3 INT_N ouT Interrupt pin (Active low) (Open Drain)
4 TESTMD IN For Module Test Only
5 SCL IN 12C clock pin (Open Drain)
6, 10 GND GND Ground
SPI Mode : OUT SPI Mode : Data out of SPI t
7 GPIO3 (SPI_DATA) ode ode : Data out o master
GPIO Mode : IN/OUT GPIO Mode : GPIO
SPI Mode : OUT SPI Mode : SCK signal of SPI master
8 GPIO2 (SPI_SCK
(SPISCK) GPIO Mode : IN/OUT GPIO Mode : GPIO
SPI Mode : OUT SPI Mode : Chip select signal of SPI master (Active Low)
9 GPIO1 (SPI_nCS
(SPL_nGS) GPIO Mode : IN/OUT  |GPIO Mode : GPIO
11 Vieo POWER LED power input
12 Vop POWER Main power supply
SPI'Mode : IN SPI Mode : External clock input for SPI
13 GPI1OO0 (SPI_MCLK
(SPL ) GPIO Mode : IN/OUT GPIO Mode : GPIO

Version 1.0 | 29 Mar 2016 | 41002AEN
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Figure 2. PAJ7620U2 Module Pin Configuration (BTM VIEW)
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2.0 Mechanical Specifications
2.1 Package Dimension

ul o
n (@) O\ ©
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- ® Ll 13 1 o
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| : 2l | i
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= el D
4 /
\ N |
% |
Sensor Arpay ° § Fl Fl
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— TOR/ MW = == BIM_VEN —
I =~ [T o TOLERANCE SIZE:
i o X TTE02 |%, s
| o ,XX ig% X1
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\ = (Ao
| i
%
W
v
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Figure 3. PAJ7620U2 Package QOutline Diagram
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2.2 Recommend Mechanical Design
PXI suggest mechanical design as below to optimize the performance.

ul
n
o
- o
<— N —o————— t—o 1
o o |
0
(=) Note:
- w
u | 1. Recommended Cover Glass Material: Glass or PC
o f
2. Clear Glass Part Transparency: > 90%
[ [\ W ,
wﬂ 8 3. Cover Glass Thickness < 0.7mm
4. Cover Glass and PAJ7620U2 are close as much as
possible. Air Gap <0.2mm
\—Sensor Array
Cover Glass < 0./mm

Air Gap < 0.2mm

Figure 4. PAJ7620U2 Mechanical Design Guide
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u
v =
(=]
- v
) —pfa— D> —— ]
o N
o o |
& Note:
? o
a @ 1. Ifthickness of cover glass <0.7mm, and Air Gap
o ‘ f <0.2mm, the black Ink region is not necessary.
L i ) o 2 F Ink b
&ﬂ g or appearance reason, Ink on cover may be
necessary. Please follow the IR Ink spectrum
\ above
\—Sensor Array
Cover Glass <0.7mm
L Air Gap <0.2mm

. Black Ink Region (Opaque)
D Clear Glass for Gesture Sensor

|:| IR Ink or Clear Glass for IR LED

@ >=1.2mm

@ >=1.8mm
Figure 5. PAJ7620U2 Mechanical Design Guide (IR Ink Suggestion)
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2.3 Recommended IR Ink Spectrum
IR Ink Vendor: Teikoku Ink

PAJ7620U2 General Datasheet

Integrated Gesture Recognition Sensor

100 940nm
80
60
]
40
2 /J\/\//\/W/
0
380400 600 1000 1200
Wavelength [nm]
Figure 6. IR Ink Spectrum
SEE. FEEL. TOUCH.
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3.0 Reference Schematics

PAJ7620U2 General Datasheet
Integrated Gesture Recognition Sensor

——COVLED
DD
GPIO0_SPI_MCLK
u1l - o~ ©
PAJ7 62002 Sl )
8 8 8 ET
= 7 &
191 b veus |- OVBUS
_I GPIO1_SPI_nCS 9 | wsioi NG | /] o SpA -2 SDA
GND GPIO2_SPI_SCK 8 GPIO2 INT N 3 INT_N
(=]
8 g £
S T
5 8 3 H Top View
~[ o « <f|
GPIO3 SPIL_DATA x
GND
SCL
u3 u2 vBUS
LDO-3.3v LDO-3.3v (e}
| Enmea| FIv tAD]
) 5 o 5
r4 =z <y = = 3 -— - -
5§ 5 B gy = > R1 R2 R3
<1 «l = _I 1 2.2k> 2.2k> 2.2k
GND 3.3V jLED GND 3.3V scl > £ 2
5V Hv I SDA
Cc2 C3 C1
| TuF 10uF | TuF INT_N
GNTD Gﬁ‘l’) GNTD
3.3V_VLED LED 3.3 BUS
In the power—-on DsDequance, E Slave ID = 0.73
LED peak current ~800mA. , VBUS must be power on before (2) Open Drain I/0 (Pull high with
VLED must be idependent VDD, At least, must be 2.2k resustir ti VBUS)
power supply- simultanecusly. (3) Iterrupt pin is active low.
Figure 7. PAI7620U2 Application Circuit
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4.0 Sensor Specifications
4.1 Absolute Maximum Ratings, Ta = 27°C

Parameters ‘ Symbol Min. \EVE Unit Conditions
Supply Voltage Vob - 4 \
LED Supply Voltage Vieo - 4.6 \
LED Pulse Current ILep - 2 A |Pulse Width < 500us, Duty Cycle < 5%
I2C Pin, INT_N Pin Voltage VBus -0.3 Vpp+0.3 V |SCL, SDA, INT_N
I2C Pin, INT_N Pin Current laus - 10 mA |SCL, SDA, INT_N
I/O Pin Voltage Vobio -0.3 Vpo+0.3 V |SPIM_CLK, SPI_SCK, SPI_DATA, SPI_nCS
|/O Pin Current Iopio - 10 mA |SPIM_CLK, SPI_SCK, SPI_DATA, SPI_nCS
ESD, human body model ESDham - 2 kv
ESD, Machine model ESDmm - 200 V

Notes:
1. Maximum Ratings are those values beyond which damage to the device may occur.

2. Exposure to these conditions or conditions beyond those indicated may adversely affect device reliability.
3. Functional operation under absolute maximum-rated conditions is not implied. Functional operation should be
restricted to the Recommended Operating Conditions.

4.2 Recommended Operating Condition

Parameters Symbol Min. \ . Conditions
Supply Voltage Vop 2.8 - 3.6 V
LED Supply Voltage Vieo 3 - 4.2 V
. A 0,
Peak LED Driver 1/ 2 Current o . 360 430 A Pulse Width < 500us, Duty Cycle < 5%
Pulse
12C Pin, INT_N Pin Voltage Vaus 1.8 ! 3.3 V. |SCL, SDA, INT_N
I2C Pin, INT_N Pin Current lsus - - 5 mA  |SCL, SDA, INT_N
. SPIM_CLK, SPI_SCK, SPI_DATA,
I/O Pin Voltage Voo 1.8 - 3.3 \Y, SPI_NCS
SPIM_CLK, SPI_SCK, SPI_DATA
I/O Pin Current Iobio s - 5 mA - T =T = !
SPI_nCS
Frame
Frequency of |subtraction 22 - 48
external SPI  |mode fspy MHz
clock input . * i =
p Raw data 44 or 22 i 48 If using EXT CLK En=1 and EXT CLK IN
mode =4 MHz
Operating Temperature Top -40 - 85 °C
Storage Temperature Tstorage -40 - 125 °C
Version 1.0 | 29 Mar 2016 | 41002AEN SEE. FEEL. TOUCH.
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4.3  Electrical Specifications, Vpp=2.8V, Ta = 27°C

Parameters in. . . i Conditions
Supply Voltage Vop 2.8 - 3.6 Vv
LED Supply Voltage Vieo 3.0 - 4.2 \ LED Supply Voltage
12C, INT_N Pin Pull-
I PUUp Vaus 1.8 - 3.3 v
Voltage
Under Normal Mode. Including LED
PAJ7620U2 I - 2.82 - A
Current 176200 o 8 m current (Peak = 760mA)
Consumption Average | i 1 i mA Excluding IR LED. 120Hz report rate.
for Operation Mode DD_Avg_Mode 2x2 pixel average mode
Modes Excluding IR LED. 120H trat
Skip Mode |Ioo_ sk sode i 08 i A XC u.dlng . 120Hz report rate.
2x skip mode
Suspend Current Iop_sus - 15 - LA
Current Consumption for Refer to Operating Principle
lpp_sT1 - 2.3 - mA
Standby State 1 4 1. Under Normal Mode
2 Sl, Response Factor =0.5
Current Consumption for 3. Sy, Response Factor =0.25
lpp_sT2 - 1.5 - mA .
Standby State 2 < 4. Including LED current @ Peak =
760mA
c c on f . Detecting Rate = 10Hz
urrgn’F onsumptlon 9 lps 0.2 mA |2. LED peak current = 600mA
Proximity Detection )
LED on time = 6.8us
I°C Bus Input High Voltage Vin_nc | 0.7* Vaus S Vgus +0.3 V
I2C Bus Input Low Voltage Vi_iac -0.3 - 0.3* Vaus v
V
Output Low Voltage PLSDA - - 0.1* Vaus Vv For INT_N, SDA
VoL INT N
|/O Input High Voltage Vi 0.7* Vooio - Vopio +0.3 \Y
I/O Input Low Voltage Vi -0.3 - 0.2* Vopio Vv
I/O Output High Voltage Von Vopio- 0.3 - - V
I/O Output Low Voltage Vou - - 0.3 v
Version 1.0 | 29 Mar 2016 | 41002AEN SEE. FEEL. TOUCH.
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4.4 Gesture Functional Specifications

Parameters in. . . i Condition
Gesture Detecting Range dor 5 i 15 om Calculated from PAJ7620U2 sensor
center
Gest Detecting Vi
esIUre Detecting View Bor - 60 - degree |Calculated diagonally
Angle
60 600 Angular velocity under Normal Mode
Gesture Speed Response w degree/s|Angular velocity under Gamming
60 1200
Mode
120 Hz for Normal Mode
Gesture Update Rat fupdate - 120 240 H .
esture Update Rate Updat ‘ 240 Hz for Gaming Mode
LED View Angle 201, 60 degree
LED Peak Wavelength A 940 nm

4.5 Interface AC Specifications

Parameters in. f , Conditions
I°C Speed Siac - 100 400 Kbit/s
Frequency of External SPI 22 - 48 MHz  |Frame subtraction mode
Clock Input 44 - 48 MHz |Raw data mode
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5.0 Register Tables
5.1 Register Bank Select

Bank ‘ Address ‘

Register Name

‘DefauItValue R/W

0/1 OxEF R_RegBankSel[0] 0x00 R/W
1 Ox7F R_RegBankSel[0] 0x00 R/W
5.2 Image Size Setting

Bank Address Register Name Default Value R/W
0 OxAA R_ImageHeight[5:0] . OxIE R/W

0 OxAB R_ImageWidth[5:0] Ox1E R/W

1 0x00 Cmd_HSize[5:0] Ox1E R/W

1 0x01 Cmd_VSize[5:0] Ox1E R/W

1 0x02 Cmd_HStart[5:0] 0x00 R/W

1 0x03 Cmd_VStart[5:0] 0x00 R/W

1 0x04 Cmd_ASkip_VI[5] 0x01 R/W

1 0x04 Cmd_ASkip_H[4] 0x01 R/W

1 0x04 Cmd_DAvg VI[3] 0x00 R/W

1 0x04 Cmd_VFlip[1] 0x00 R/W

1 0x04 Cmd_HFlip[0] 0x00 R/W

5.3 Setting 30x30 Pixels Image Output Mode

Bank Address Bit
0 OxAA 5:0
0 OxAB 5:0
1 0x00 5:0
1 0x01 5:0
1 0x02 5:0
1 0x03 5:0
1 7
1 6
1 5
1 0x04 2
1 3
1 2

PAJ7620U2 General Datasheet
Integrated Gesture Recognition Sensor
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5.4 AE/AG Controls

Bank | Address Register Name Default Value R/W

0 0x46 R_AELedOff _UB[7:0] 0x60 R/W
0 0x47 R_AELedOff _LB[7:0] 0x20 R/W
0 0x48 R_AE_Exposure_UB[7:0] 0x20 R/W
0 0x49 R_AE_Exposure_UB[15:8] 0x03 R/W
0 Ox4A R_AE_Exposure_LB[7:0] 0xC8 R/W
0 0x4B R_AE_Exposure_ LB[15:8] 0x00 R/W
0 0x4C | R_AE_Gain_UB[7:0] Ox14 R/W
0 0x4D | R_AE_Gain_LB[7:0] 0x00 R/W
0 Ox4E | R_AE_Gain_Step[3:0] 0x0A R/W
0 OxAE EL_]SIeepAEAG_AutoDisable 0x01 R/W
0 Ox4F | R_AE_Gain_Default[6:0] 0x14 R/W
0 0x50 R_Exp_Sel[2:0] 0x00 R/W
0 0x51 R_Manual_GGJ[0] 0x01 R/W
0 0x51 R_Manual_Exposure[1] 0x00 R/W
0 0x51 R_Manual_Exposure_Defa 0x01 R/W
ult[2]
0 0x51 R_AE_EnH[4] 0x00 R/W
0 0x54 AG_stage GGI7:0] - R
0 0x55 Reg ExposureNum{[7:0] - R
0 0x56 Reg ExposureNum(15:8] - R
0 0x57 Reg ggh[1:0] - R
0 0x57 Reg_global[3:0] 1 R
0 0x58 | AE_LED_Off YAvg[8:1] - R
0 0x59 AE_Decl0] - R
0 0x59 AE_Inc[1] - R
0 Ox5A AE_Normal_Factor[2:0] - R
1 0x42 R_global[3:0] 0x08 R/W
1 0x44 R_ggh[1:0] 0x00 R/W

5.5 GPIO Setting

Bank | Address Register Name Default Value R/W

0 0x80 Im_GPIO0 - R
0 0x80 | Tm_GPIOO_OEL 0x01 R/W
0 0x80 | Tm_GPIOO_IEB 0x01 R/W
0 0x80 R_GPIOO 0x01 W
0 0x80 | Im_GPIO1 - R
0 0x80 | Tm_GPIO1_OEL 0x01 R/W
0 0x80 Tm_GPIO1_IEB 0x01 R/W
0 0x80 R_GPIO1 0x01 W
0 0x80 Im_GPIO2 - R
Version 1.0 | 29 Mar 2016 | 41002AEN SEE. FEEL. TOUCH.
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Bank ‘ Address Register Name ‘ Default Value R/W
0 0x81 Tm_GPIO2_OEL 0x01 R/W
0 0x81 Tm_GPIO2_IEB 0x01 R/W
0 0x81 R_GPIO2 0x01 W
0 0x80 Im_GPIO3 - R
0 0x81 Tm_GPIO3_OEL 0x01 R/W
0 0x81 Tm_GPIO3_IEB 0x01 R/W
0 0x81 R_GPIO3 0x01 W
0 0x82 Im_INT - R
0 0x82 Tm_INT_OEL 0x00 R/W
0 0x82 Tm_INT_IEB 0x01 R/W
0 0x82 Tm_INT 0x01 W

5.6 Interrupt Controls

Bank | Address Register Name Default Value R/W

0 0x40 R_MCU_IntFlagGClr 0x01 R/W
0 0x40 R_MCU_IntFlaginv 0x00 R/W
0 0x41 R_Int_ 1 En[7:0] OxFF R/W
0 0x42 R_Int 2 En[7:0] OxFF R/W
0 0x43 IntFlag_1[7:0] - R
0 0x44 | IntFlag_2[7:0] - R

PAJ7620U2 General Datasheet
Integrated Gesture Recognition Sensor
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5.7 Gesture Mode Controls

Bank | Address Register Name Default Value R/W
0 0x83 R_LightThd[7:0] 0x20 R/W
0 0x84 R_GestureStartTh[7:0] 0x20 R/W
0 0x85 R_GestureStartTh[9:8] 0x00 R/W
0 0x86 R_GestureEndTh(7:0] 0x10 R/W
0 0x87 R_GestureEndTh[9:8] 0x00 R/W
0 Ox88 R_ObjectMinZ[4:0] 0x05 R/W
0 0x89 R_ObjectMaxZ[5:0] 0x18 R/W
0 0x8C R_ProcessResolution[1:0] 0x03 R/W
0 0x8D R_TimeDelayNum{[7:0] 0x00 R/W
0 Ox8E R_Disable45Degree 0x00 R/W
0 Ox8E R_45DegreeRatio[3:0] 0xFO R/W
0 Ox8F R_XtoYGain 0x01 R/W
0 Ox8F R_XYGainRatio[3:0] 0x08 R/W
0 0x90 R_NoMotionCountThd[6:0] 0x0C R/W
0 0x91 R_NoObjectCountThd[6:0] 0x06 R/W
0 0x92 R_NormalizedimageWidth[4:0] Ox1E R/W
0 0x93 R_XDirectionThd[4:0] 0x0D R/W
0 0x94 R_YDirectionThd[4:0] OxO0A R/W
0 0x95 R_ZDirectionThd[4:0] 0x0C R/W
0 0x96 R_ZDirectionXYThd[4:0] Ox0A R/W
0 0x97 R_ZDirectionAngleThd[3:0] 0x04 R/W
0 0x98 R_RotateAngleThd[5:0] 0x0A R/W
0 0x99 R_RotateContiEnh 0x01 R/W
0 0x99 R_RotateContiThd[5:0] 0x00 R/W
0 Ox9A R_RotateXYThd[4:0] 0x0A R/W
0 0x9B R_RotateZThd[4:0] 0x0A R/W
0 0x9C R_FilterWeight[1:0] 0x03 R/W
0 0x9C R_FilterDistThd[4:0] Ox0A R/W
0 0x9D R_StartDistThd[3:0] 0x03 R/W
0 0x9D R_EndDistThd[2:0] 0x03 R/W
0 Ox9F R_RotateEnh 0x01 R/W
0 Ox9F R_ZDirectionEnh 0x01 R/W
0 Ox9F R_YDirectionEnh 0x01 R/W
0 Ox9F R_XDirectionEnh 0x01 R/W
0 OxA5 R_FilterImage 0x01 R/W
0 OxA5 R_FilterAverage_Mode 0x00 R/W
0 OxA5 R_UselightWeight 0x01 R/W
0 OxA9 R_DiffAngleThd[3:0] 0x04 R/W
0 OxAC ObjectCenterX[7:0] - R
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Bank ‘ Address Register Name Default Value R/W
0 OxAD ObjectCenterX[12:8] - R
0 OxAE ObjectCenterY[7:0] - R
0 OxAF ObjectCenterY[12:8] - R
0 0xBO ObjectAvgY[8:1] - R
0 0xB1 ObjectSize[7:0] - R
0 0xB2 ObjectSize[11:8] - R
0 0xB3 Gx[5:0] - R
0 0xB4 | Gy[5:0] - R
0 0xB5 Gz[6:0] - R
0 0xB6 GestureResult[3:0] - R
0 0OxB6 State[1:0] - R
0 0xB7 WaveCount[3:0] - R
0 0xB7 AbortCount[2:0] - R
0 0xB8 NoObjectCount[7:0] - R
0 0xB9 NoMotionCount[7:0] - R
0 OxBA LightCount[5:0] - R
0 0xBB LightAcc[7:0] - R
0 0xBC LightAcc[9:8] - R
0 O0xBD TimeAcc[7:0] - R
0 OxBE TimeAcc[12:8] - R
0 OxBF GxAcc[7:0] - R
0 0xCO GxAcc[9:8] - R
0 0xC1 GyAcc[7:0] - R
0 0xC2 GyAcc[9:8] - R
0 0xC3 VelX[7:0] - R
0 0xC4 VelX[11:8] - R
0 0xC5 VelY[7:0] - R
0 0OxC6 VelY[11:8] - R
0 0xC7 AngleAcc[7:0] - R
0 0xC8 AngleAcc[10:8] - R
0 0xC9 CurAngle[4:0] - R
0 OxCA XGainValue[7:0] - R
0 0xCB YGainValue[7:0] - R
0 0xCC R_YtoZSum([5:0] Ox1A R/W
0 0xCD R_YtoZFactor[5:0] 0x0D R/W
0 OxCE R_PositionFilterLength[2:0] 0x03 R/W
0 OxCE R_ProcessFilterLength[2:0] 0x00 R/W
0 OxCF R_WaveCountThd[3:0] 0x03 R/W
0 OxCF R_WaveAngleThd[3:0] 0x06 R/W
0 0xDO R_AbortCountThd[2:0] 0x22 R/W
0 0xDO R_AbortXYRatio[4:0] R/W
0 0xD1 R_AbortLength[6:0] OxOF R/W

Version 1.0 | 29 Mar 2016 | 41002AEN SEE. FEEL. TOUCH.
PixArt Imaging Inc. http://www.pixart.com
All rights reserved. Any portion in this paper shall not be reproduced, copied, or transformed to any other forms without permission. 18


http://www.pixart.com/

PixArt Imaging Inc.

Bank ‘ Address Register Name Default Value R/W
0 0xD2 FS_:,S]I:)ortlntervaICou ntThd R/W
0 0xD2 | R_ConfirmMode 0x88 R/W
0 0xD2 R_WaveEnh R/W
0 0xD3 PositionFilterCenterX[7:0] - R
0 0xD4 PositionFilterCenterX[11:8] - R
0 0xD4 PositionFilterCenterY[11:8] - R
0 0xD5 PositionFilterCenterY[7:0] - R
0 0xD6 PositionFilterAvgY([7:0] - R
0 0xD7 PositionFilterAvgY[8] - R
0 0xD7 PositionFilterSize[9:8] - R
0 0xD8 PositionFilterSize[7:0] - R
0 0xD9 ProcessFilterSize[9:8] - R
0 0xD9 ProcessFilterAvgY[8] - R
0 0xD9 AbortintervalCount[9:8] - R
0 OxDA ProcessFilterCenterX[7:0] - R
0 0xDB ProcessFilterCenterX[11:8] - R
0 0xDB ProcessFilterCenterY[11:8] - R
0 0xDC ProcessFilterCenterY[7:0] - R
0 0xDD ProcessFilterSize[7:0] - R
0 OxDe ProcessFilterAvgY[7:0] - R
0 OxDF AbortintervalCount[7:0] - R
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5.8 Cursor Mode Controls

Bank Address Register Name Default Value ‘ R/W
0 0x32 R_CursorUseTop 0x01 R/W
0 0x32 R_CursorUseBGModel 0x00 R/W
0 0x32 R_CursorinvertY 0x00 R/W
0 0x32 R_CursorinvertX 0x01 R/W
0 0x32 R_CursorTopRatio[1:0] 0x02 R/W
0 0x33 R_PositionFilterStartSizeTh 0x01 R/W

[7:0]
0 0x34 |R_PositionFilterStartSizeTh[8] 0x00 R/W
0 0x35 R_ProcessFilterStartSizeTh 0x01 R/W

[7:0]
0 0x36 |R_ProcessFilterStartSizeTh[8] 0x00 R/W
0 0x37 R_CursorClamplLeft[4:0] 0x09 R/W
0 0x38 R_CursorClampRight[4:0] 0x15 R/W
0 0x39 R_CursorClampUp[4:0] O0x0A R/W
0 Ox3A R_CursorClampDown[4:0] 0x12 R/W
0 0x3B CursorClampCenterX[7:0] 0x00 R
0 0x3C CursorClampCenterX[11:8] 0x7D R
0 0x3D CursorClampCenterY[7:0] OxOF R
0 Ox3E CursorClampCenterY[11:8] OxAO0 R
0 0x8B R_Cursor_ObijectSizeTh([7:0] 0x10 R/W
0 0x8C R_PositionResolution[2:0] 0x07 R/W

5.9 Proximity Mode Controls

Bank | Address ‘ Register Name ‘ Default Value ‘ R/W
0 0x69 R_Pox_UB[7:0] 0xC8 R/W
0 Ox6A | R_Pox_LB[7:0] 0x40 R/W
0 0Ox6B S_State - R
0 0x6C S _AvgY[8:1] - R
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5.10 EFuse Program Controls

Bank ‘ Address

Register Name

Default Value ‘

0 0x70 R_EFuse_A[5:0] 0x00 R/W
0 0x70 R_EFuse READ 0x00 R/W
0 0x70 R_EFuse _ENB 0x01 R/W
0 0x71 R_EFuse_SEL[2:0] 0x00 R/W
0 0x71 ]R_PROG RAM_BitsCnt[3:0 0x00 R/W
0 0x72 R_EFuse PROGRAM En 0x00 R/W
0 0x72 EFuse_ PROGRAM 0x00 R
R _EFuse PROGRAM CLK
0 0x73 C;t[14:85 - 0x00 R/W
R_EFuse PROGRAM CLK
0 0x74 CEt[7:O] - - O0xFO R/W
R_EFuse PROGRAM_Data
0 0x75 0x00 R/W
[7:0]
0 0x76 EFuse Dout[63:56] - R
0 0x77 EFuse Dout[55:48] - R
0 0x78 EFuse_Dout[47:40] - R
0 0x79 EFuse_Dout[39:32] - R
0 Ox7A EFuse Dout[31:24] - R
0 0x7B EFuse Dout[23:16] - R
0 0x7C EFuse_Dout[15:8] - R
0 0x7D EFuse_Dout[7:0] - R
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5.11 Background Controls

Bank Address Register Name Default Value R/W
0 Ox9F R_UseBGModel 0x01 R/W
0 Ox9F R_BGUseDiffWeight 0x00 R/W
0 Ox9F R_BGUpdateAtProcess 0x00 R/W
0 Ox9F R_BGUpdateMaxIntensity _En 0x01 R/W
0 0xAO R_BGUpdateMaxIntensity[7:0] 0x03 R/W
0 0xA1l R_BGFilterLengthUp[1:0] 0x01 R/W
0 OxA1 R_BGFilterLengthDown[1:0] 0x10 R/W
0 O0xA2 R_BGDiffThd[5:0] 0x08 R/W
0 OxA3 R_BGUpdateFreq[7:0] 0x00 R/W
0 OxA4 R_BGUpdateFreq[9:8] 0x03 R/W
0 OxA4 R_BGResolution[1:0] 0x03 R/W

5.12 Lens Shading Compensation

Bank Address Register Name Default Value R/W
1 0x04 R LS Comp_DAvg V 0x00 R/W
1 0x25 R_LensShadingComp_EnH 0x00 R/W
1 0x26 R_OffsetX[6:0] 0x00 R/W
1 0x27 R_OffsetY[6:0] 0x00 R/W
1 0x28 R_LSC[6:0] 0x40 R/W
1 0x29 R_LSFT[3:0] Ox0A R/W
5.13 LED Controls
Bank Address ‘ Register Name Default Value ‘ R/W
1 0x30 R_LED_ SoftStart time[7:0] 0x03 R/W
1 0x31 R_LED2 DAC_EnL 0x00 R/W
1 0x31 R_LED1 DAC_EnL 0x00 R/W
1 0x31 R_LED2_DAC_manual 0x00 R/W
1 0x31 R_LED1_DAC_manual 0x00 R/W
1 0x32 R_LED1_DAC_UB[4:0] Ox14 R/W
1 0x33 R_LED2_DAC_UB[4:0] 0x14 R/W
1 0x34 R_LEDC Step Up[4:0] 0x07 R/W
1 0x35 R_LEDC_Step_Down[4:0] 0x07 R/W
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5.14 Sleep Mode

Bank Address Register Name D /W

efault Value ‘ R

PAJ7620U2 General Datasheet
Integrated Gesture Recognition Sensor

0 0x45 SleepMode_Status[1:0] R
0 0x52 R_SleepAE1[1:0] 0x00 R/W
0 0x52 R_SleepAE2[1:0] 0x00 R/W
0 0x52 R_SleepAG1[1:0] 0x00 R/W
0 0x52 R_SleepAG2[1:0] 0x00 R/W
1 0x65 R_IDLE_TIME[7:0]

0xB4 R/W
1 0x66 R_IDLE_TIME[15:8]
1 0x67 R_IDLE_TIME_SLEEP_1[7:0]

0x168 R/W
1 0x68 R_IDLE_TIME_SLEEP_1[15:8]
1 0x69 R_IDLE_TIME_SLEEP 2[7:0]

0x2D0 R/W
1 Ox6A R_IDLE_TIME_SLEEP_2[15:8]
1 0x6B R_Obj TIME_1[7:0]

7 0x4B0 R/W
1 0x6C R_Obj TIME_1[15:8]
1 0x6D R_Obj TIME_2[7:0]
- 0x960 R/W
1 Ox6E R_Obj TIME_2[15:8]
1 Ox6F R_TG_INIT_TIME[7:0] 0x32 R/W
. 071 R_TG_POWERON_ WAKEUP_T ol R/
IME

1 0x72 R_TG_EnH 0x00 R/W
1 0x73 R_AUTO_SLEEP _Model 0x00 R/W
1 0x73 R_AUTO_SLEEP_Mode2 0x00 R/W
1 0x73 R_AUTO_WakeUP_Mode 0x00 R/W
1 0x74 R_WakeUpSig_Sel[1:0] 0x00 R/W
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5.15 Clock Controls

Bank Address Register Name Default Value ‘ R/W
0 Ox3F R_oscrcpd 0x00 R/W
0 0x5C R_SenClkPrd[5:0] 0x02 R/W
0 Ox5D R_SENCLK_Control 0x00 R/W
0 Ox5E R_Other_CLK_manual 0x00 R/W
0 Ox5F R_CLK_manual Ox7F R/W
0 0x60 TS_osc_code[6:0] - R
0 0x61 R_osc_code[6:0] 0x34 R/W
0 0x63 R_Ref CLK_Cnt UB[15:8] 0x03 R/W
0 0x64 R_Ref CLK_Cnt_UBJ[7:0] OxF7 R/W
0 0x65 R_Ref CLK Cnt LB[15:8] 0x03 R/W
0 0Ox66 R_Ref CLK Cnt LB[7:0] 0xD9 R/W
0 0x67 R_0OSC_ Wait[7:0] 0x03 R/W
0 0x68 T _osc_range[1:0] 0x01 R/W

5.16 Chip/Version ID
Bank Address

Register Name

Default Value ‘ R/W

0 0x00 PartID[7:0] 0x20 R
0 0x01 PartID[15:8] 0x76 R
0 0x02 VersionID[7:0] 0x01 R

5.17 Suspend/Reset
Bank Address

Register Name

Default Value ‘ R/W

0 0x03 SW_Suspend_EnL 0x01 wW
0 OxEE R_RegBank Reset 0x01 W
0 OxEE R_TGRegBank SWRstn 0x01 R/W
0 OxEE R_DMSRegBank_SWRstn 0x01 R/W
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5.18 Test Mode

Bank ‘ Address

Register Name

Default Value ‘ R/W

0 OxEO R_DSP_TestObj_Size[3:0] 0x01 R/W
0 OxEO R_DSP_Test_Mode[3:0] 0x00 R/W
0 OxE1 R_DSP_TestObj_Hi[7:0] 0x04 R/W
0 OxE2 R_DSP_TestObj_Lo[7:0] 0x41 R/W
0 OxE3 R_DSP_TestObj Dist[3:0] 0x06 R/W
0 OxE3 R_DSP_TestObj Speed(3:0] 0x0D R/W
0 OxE4 R_DSP_TestObj_PosL[5:0] 0x00 R/W
0 OxE5 R_DSP_TestObj_PosR[5:0] 0x8C R/W
0 OxE6 R_DSP_TestObj_PosU[5:0] Ox4A R/W
0 OxE7 R_DSP_TestObj_PosD[5:0] 0x00 R/W
0 OxE8 R_DSP_TestObj FrameCnt[5:0] 0x00 R/W
0 OxES8 R_DSP_TestObj Num[1:0] 0x00 R/W
0 OxE9 R_DSP_Test Noise EnH 0x00 R/W
5.19 Reserved Registers List
B3 Addre Defa :
0 0x5B Trigger 0x00 R/W
0 0x6D R_SRAM DS[3:0] 0x04 R/W
0 Ox6E R_BIST _mode[3:0] 0x00 R/W
0 Ox6F R_BIST mode_1[3:0] 0x00 R/W
0 Ox8A R_LockReg 0x00 R/W
0 Ox8A R_Autolock 0x10 R/W
1 0x05 Cmd_DebugMode 0x00 R/W
1 0x06 Cmd _CDS_Timing_Control oliSA R/W
1 0x07 Cmd_CDS Timing_Control R/W
1 0x08 Cmd_CDS_Timing_Control 0x0D R/W
1 0x09 Cmd_CDS_Timing_Control 0xOE R/W
1 0x0A Cmd_CDS_Timing_Control W R/W
1 0x0B Cmd_CDS_Timing_Control R/W
1 0x0C Cmd_CDS_Timing_Control 0x05 R/W
1 0x0D Cmd_CDS_Timing_Control OxOF R/W
1 OxOE Cmd_CDS_Timing_Control 0x02 R/W
1 OxOF Cmd_CDS_Timing_Control 0x12 R/W
1 0x10 Cmd_CDS_Timing_Control 0x02 R/W
1 Ox11 Cmd_CDS_Timing_Control 0x02 R/W
1 0x12 Cmd_CDS_Timing_Control 0x00 R/W
1 0x13 Cmd_CDS_Timing_Control 0x01 R/W
1 0x14 Cmd_CDS_Timing_Control 0x05 R/W
1 0x15 Cmd_CDS_Timing_Control 0x07 R/W
1 0x16 Cmd_CDS_Timing_Control 0x05 R/W
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Bank ‘ Address Register Name Default Value ‘ R/W
1 0x17 Cmd_CDS_Timing_Control 0x07 R/W
1 0x18 Cmd_CDS_Timing_Control 0x01 R/W
1 0x19 Cmd_CDS_Timing_Control 0x04 R/W
1 Ox1A Cmd_CDS_Timing_Control 0x05 R/W
1 0x1B Cmd_CDS_Timing_Control 0x0C R/W
1 0x1C Cmd_CDS_Timing_Control Ox2A R/W
1 0x1D Cmd_CDS_Timing_Control 0x01 R/W
1 Ox1E R_TG_Mode 0x00 R/W
1 0x21 R_OnOffNegComp][7:0] 0x00 R/W
1 0x22 R_OnOffNegComp|8] 0x00 R/W
1 0x23 R_RowDummyTrailing0_EnH 0x00 R/W
1 0x36 R_I12C_AutoResync_EnH 0x01 R/W
1 0x37 R_I12C_AutoResync_Time[7:0] OxFF R/W
1 0x38 R_adc_control 0x03 R/W
1 0x39 R_pwrsv_control 0x01 R/W
1 Ox3A R_I12CID_Sel[2:0] 0x00 R/W
1 Ox3E Cmd_DebugPattern[7:0] 0x00 R/W
1 Ox3F Cmd_DebugPattern[8] 0x00 R/W
1 0x40 R_cds_mode 0x00 R/W
1 0x41 R_dac_control 0x00 R/W
1 0x43 R pga_test 0x00 R/W
1 0x45 R_adc_test 0x00 R/W
1 0x46 R_ScanDAC_Control 0x00 R/W
1 0x47 R_dac_control 0x00 R/W
1 0x48 R_PDN_Test 0x01 R/W
1 Ox4A R_CP_WOI_HSize[5:0] Ox1E R/W
1 Ox4B R_CP_WOI_VSize[5:0] Ox1E R/W
1 0x4C R_CP_WOI_HStart[5:0] 0x00 R/W
1 0x4D R_CP_WOI_VStart[5:0] 0x00 R/W
1 Ox4E R_Clamp_control OxAO0 R/W
1 Ox4F R_WAKE_ivreg EnL[7:0] 0x80 R/W
1 0x50 R_bgp_control 0x00 R/W
1 0x51 R_TS_ Test 0x00 R/W
1 0x52 R_ref_gen_ EnL_Manual 0x00 R/W
1 0x53 R_ref gen EnL 0x00 R/W
1 0x54 R_ref gen_forceNoPwrsv_EnH 0x00 R/W
1 0x57 R_WAKE_tg EnL[7:0] 0x80 R/W
1 0x59 T ab_blk_EnH 0x01 R/W
1 Ox5A T _cds_asout_EnH 0x00 R/W
1 0x5B T_pixbias[2:0] 0x04 R/W
1 0x5C T _pxoset_EnH 0x01 R/W
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Bank Address Register Name Default Value ‘ R/W
1 0x5D T tg allow_EnH 0x00 R/W
1 Ox5E T clamp_drv_ctl[1:0] 0x01 R/W
1 Ox5F T vdda28_Ivl[2:0] 0x04 R/W
1 0x60 T vrtb_shift[1:0] 0x01 R/W
1 0x61 T flush_Ivl[2:0] 0x04 R/W
1 0x63 T _adc_vcmtest_EnH 0x00 R/W
1 Ox64 T _GPIO_OPDRV[1:0] 0x00 R/W
1 0x74 R_Control_Mode[2:0] 0x00 R/W
1 Ox74 R_GPIO_Probe_En 0x00 R/W
1 0x75 T ckt_testO 0x00 R/W
1 0x76 T _12C_OPDRV[1:0] 0x01 R/W
1 0x77 R_SRAM_Read EnH 0x00 R/W
1 0x7C R_SPIOUT_PXDNUM(7:0] 0x384 R/W
1 0x7D R_SPIOUT_PXDNUMJ[15:8] R/W
1 Ox7E R_SPIOUT CSN_Mode[1:0] 0x00 R/W
1 Ox7E R_SPIOUT EnH 0x00 R/W
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DATASHEET

X9C102, X9C103, X9C104, X9C503
Digitally Controlled Potentiometer (XDCP™)

FN8222
Rev 4.00
Jan 11, 2019

The X9C102, X9C103, X9C104, X9C503 are digitally
controlled (XDCP) potentiometers. The device consists of a
resistor array, wiper switches, a control section, and
nonvolatile memory. The wiper position is controlled by a
three-wire interface.

The potentiometer is implemented by a resistor array
composed of 99 resistive elements and a wiper switching
network. Between each element and at either end are tap
points accessible to the wiper terminal. The position of the
wiper element is controlled by the CS, U/D, and INC inputs.
The position of the wiper can be stored in non-volatile
memory and then be recalled upon a subsequent power-up
operation.

The device can be used as a three-terminal potentiometer or
as a two-terminal variable resistor in a wide variety of
applications ranging from control to signal processing to
parameter adjustment.

Features
» Solid-State Potentiometer

» Three-Wire Serial Interface

» 100 Wiper Tap Points
- Wiper Position Stored in Non-volatile Memory and
Recalled on Power-up
* 99 Resistive Elements
- Temperature Compensated
- End-to-End Resistance, £20%
- Terminal Voltages, +5V
* Low Power CMOS
- VCC =5V
- Active Current, 3mA max.
- Standby Current, 750pA max.

- High Reliability

Pinout - Endurance, 100,000 Data Changes per Bit
X9C102, X9C103, X9C104, X9C503 - Register Data Retention, 100 years
(8 LD SOIC, 8 LD PDIP)
. + X9C103 = 10kQ
INe L1 Ve « X9C503 = 50k
up 2 7| cs
ViRy 3 6 [ VR, + X9C104 = 100k
Vss 14 5 [ Vw/Rw » Packages
- 8LdSoIC
- 8Ld PDIP
* Pb-Free Available (RoHS Compliant)
Block Diagram
ub——[ 7-BIT
INC »| UP/DOWN
Cs »| COUNTER
Vcc (SUPPLY VOLTAGE) H
|
|
— L V4R 7-BIT
UP/DOWN  (U/D)—[ NN NON-VOLATILE
INCREMENT (NG)-H “ANb. | el MEMORY N B V!
(INCy1{ AND L Rw/Vwy ONE- . ! !
DEVICE (cs—H MEMORY | HUNDRED | . :TRANSFER: :RESISTOR !
SELECT L VR, DECODER , ' ! GATES : ARRAY
|
|
Vss (GROUND) > STORE AND
» RECALL
GENERAL Vee »| CONTROL
GND »| CIRCUITRY
DETAILED
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https://www.renesas.com/products/x9c104?utm_source=renesas&utm_medium=datasheet&utm_campaign=x9c102-103-104-503-ds-description
https://www.renesas.com/products/x9c503?utm_source=renesas&utm_medium=datasheet&utm_campaign=x9c102-103-104-503-ds-description

X9C102, X9C103, X9C104, X9C503

Ordering Information

PART PART RroTAL TEMP RANGE PACKAGE PACKAGE
NUMBER MARKING (kQ) (°C) (RoHS Compliant) DWG. #
X9C102PZ (Notes 2, 3) X9C102P Z 1 0 to +70 8 Ld PDIP MDP0031
X9C102PIZ (Notes 2, 3) X9C102P ZI -40 to +85 8Ld PDIP MDP0031
X9C102SZ (Notes 1, 2) X9C102S Z 0to +70 8Ld SOIC M8.15E
X9C102SIZ (Notes 1, 2) X9C102S ZI 40 to +85 8Ld SOIC M8.15E
X9C103PZ (Notes 2, 3) X9C103P Z 10 0to +70 8Ld PDIP MDP0031
X9C103PIZ (Notes 2, 3) X9C103P ZI 40 to +85 8 Ld PDIP MDP0031
X9C103SZ (Notes 1, 2) X9C103S Z 0to +70 8Ld SOIC M8.15
X9C103SIZ (Notes 1, 2) X9C103S ZI -40 to +85 8Ld SOIC M8.15
X9C503PZ (Notes 2, 3) X9C503P Z 50 0to +70 8Ld PDIP MDP0031
X9C503PIZ (Notes 2, 3) X9C503P ZI 40 to +85 8 Ld PDIP MDP0031
X9C503SZ (Notes 1, 2) X9C503S Z 0to +70 8Ld SOIC M8.15E
X9C503SIZ (Notes 1, 2) X9C503S ZI | 40to+85  |8LdSOIC M8.15E
X9C104PIZ (Notes 2, 3) X9C104P ZI 100 | 4010 +85 8 Ld PDIP MDP0031
X9C104SZ (Notes 1, 2) X9C104S Z 0to+70 8 Ld SOIC M8.15E
X9C104S1Z (Notes 1, 2) X9C104S ZI . -40 to +85 8 Ld SOIC M8.15E

NOTES:

1. Add “T1” suffix for tape and reel. See TB347 for details about reel specifications.

2. These Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100% matte tin
plate plus anneal (e3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations). Pb-free
products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

3. Pb-free PDIPs can be used for through-hole wave solder processing only. They are not intended for use in Reflow solder processing applications.

FN8222 Rev 4.00
Jan 11, 2019
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X9C102, X9C103, X9C104, X9C503

Pin Descriptions

PIN
NUMBER | PIN NAME DESCRIPTION

1 INC INCREMENT The INC input is negative-edge triggered. Toggling INC will move the wiper and either increment or
decrement the counter in the direction indicated by the logic level on the U/D input.

2 uD UP/DOWN The U/D input controls the direction of the wiper movement and whether the counter is incremented or
decremented.

3 Vu/Ry Vy/Ry The high (V/Ry) terminals of the X9C102, X9C103, X9C104, X9C503 are equivalent to the fixed terminals of
a mechanical potentiometer. The minimum voltage is -5V and the maximum is +5V. The terminology of Vij/Ryand V| /R
references the relative position of the terminal in relation to wiper movement direction selected by the U/D input and
not the voltage potential on the terminal.

4 Vss Vss

5 Vw/Rwy Vw/Rw Vw/Ry is the wiper terminal and is equivalent to the movable terminal of a mechanical potentiometer. The
position of the wiper within the array is determined by the control inputs. The wiper terminal series resistance is typically
40Q.

6 R /VL R /V The low (V| /R|) terminals of the X9C102, X9C103, X9C104, X9C503 are equivalent to the fixed terminals of a
mechanical potentiometer. The minimum voltage is -5V and the maximum is +5V. The terminology of Vi/Ry and V| /R
references the relative position of the terminal in relation to wiper movement direction selected by the U/D input and
not the voltage potential on the terminal.

7 cs C__S The device is selected when the CS input is LOW. The current counter value is stored in non-volatile memory when
CS is returned HIGH while the INC input is also HIGH. After the store operation is complete the X9C102, X9C103,
X9C104, X9C503 device will be placed in the low power standby mode until the device is selected once again.

8 Vee Vee

FN8222 Rev 4.00
Jan 11, 2019
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X9C102, X9C103, X9C104, X9C503

Absolute Maximum Ratings
Voltage on CS, INC, U/D and V¢ with Respect to Vgg . -1V to +7V

Voltage on Vy/Ry and V| /R Referenced to Vgg. ... ... -8V to +8V
AV = |VH/RH - VL/RLl
XOC102 . 4V
X9C103, X9C104,and X9C503 . . .. .................... 10V
Iw(10S) oo 8.8mA
Power Rating
XOC102 ... 16mw
X9C103 X0C104,and X9C503 .. .................... 10mw

Thermal Information

Temperature UnderBias . .................... -65°C to +135°C
Storage Temperature. . . ..................... -65°C to +150°C
Pb-Free Reflow Profile. . .. ......... ... ... ... ... ... TB493

*Pb-free PDIPs can be used for through-hole wave solder
processing only. They are not intended for use in Reflow solder
processing applications.

Recommended Operating Conditions

Commercial Temperature Range. . . .............. 0°C to +70°C
Industrial Temperature Range . . .. .............. -40°C to +85°C
Supply Voltage Range (Vgg) - -+ -« oo oo 5V £10%

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product reliability and

result in failures not covered by warranty.

Electrical Specifications Over recommended operating conditions unless otherwise stated.

LIMITS
| TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (Note 7) MAX UNIT
POTENTIOMETER CHARACTERISTICS
RroTtaL End-to-End Resistance Variation | -20 +20 %
VVH/RH V; Terminal Voltage : 5 +5 %
VyURL V| Terminal Voltage | -3 +5 \
Iw Wiper Current | -4.4 4.4 mA
Rw Wiper Resistance l Wiper Current = £1mA 40 100 Q
Resistor Noise (Note 8) | Ref 1kHz -120 dBV
Charge Pump Noise (Note 8) | @ 850kHz 20 MVRms
Resolution ! 1 %
Absolute Linearity (Note 4) l Vw(n)(actual) = YW(n)EXPECTED) -1 +1 MI (Note 6)
Relative Linearity (Note 5) [ Y + 1)acTuaL) = Vw(n) + mil -0.2 +0.2 | MI (Note 6)
RrotaL Temperature Coefficient : X9C103, X9C503, X9C104 +300 (Note 8) ppm/°C
RrotaL Temperature Coefficient : X9C102 +600 (Note 8) ppm/°C
Ratiometric Temperature Coefficient | +20 ppm/°C
CH/CL/Cwy Potentiometer Capacitances See “Circuit #3 SPICE Macro 10/10/25 pF
(Note 8) Model” on page 5.
DC OPERATING CHARACTERISTICS
lcc Ve Active Current C__S= V)L, U/D = V,_orV,, and 1 3 mA
INC = 0.4V to 2.4V at Max tcyc
Isg Standby Supply Current CS = V- 0.3V, UD and 200 750 pA
INC = Vgg or V¢ - 0.3V
I CS, INC, U/D Input Leakage Current VN = Vss to Ve +10 pA
Viy CS, INC, U/D input HIGH Voltage 2
Vi CS, INC, U/D input LOW Voltage 0.8
Cin CS, INC, U/D Input Capacitance (Note 8) Vee =5Y, Viy = Vss, Ta = +25°C, 10 pF
f=1MHz
FN8222 Rev 4.00 Page 4 of 12
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X9C102, X9C103, X9C104, X9C503

Electrical Specifications Over recommended operating conditions unless otherwise stated. (Continued)

LIMITS
TYP
SYMBOL PARAMETER TEST CONDITIONS MIN (Note 7) MAX UNIT
AC OPERATION CHARACTERISTICS
ter CS to INC Setup 100 ns
to INC HIGH to U/D Change 100 ns
tp) U/D to INC Setup 2.9 us
ty INC LOW Period 1 us
tiy INC HIGH Period 1 us
tic INC Inactive to CS Inactive 1 us
tcpH CS Deselect Time (STORE) 20 ms
tepu CS Deselect Time (NO STORE) 100 ns
tw @ INC to Vyy,rw Change | 100 s
teve INC Cycle Time B RN T~ B 2 us
tcye INC Input Rise and Fall Time . 500 us
tr, tF Power-up to Wiper Stable (Note 8) | 500 us
tpy Ve Power-up Igate (Note 8) < -1 _I' o< T AL Y~ P 0.2 \ 50 Vims
NOTES:

1 MI = Minimum Increment = Ryo1/99.
. Typical values are for Ty = +25°C and nominal supply voltage.

. This parameter is not 100% tested.

. Relative linearity is a measure of the error in step size between taps =

. Absolute linearity is utilized to determine actual wiper voltage vs expected voltage = [Vyy(n)(actual) = VW(n)expected )] = 1 MI Maximum.

Vwn + 1)~ Vwny + mil = +0.2 ML

Test Circuit #1 Test Circuit #2 Circuit #3 SPICE Macro Model
Vel i T R
Ry o 5RH
TEST POINT Yy 2 4 T c, -
i CL CW .
Vs @ +——0 TEST POINT L 10pF |
VwIRW VWIRW ' —_— '
<«—— FORCE : 10pF 25pF — .
VLR, VIR, CURRENT : :
= = Rw

Endurance and Data Retention

PARAMETER MIN UNIT
Medium Endurance 100,000 Data changes per bit
per register
Data Retention 100 years
AC Conditions of Test
Input Pulse Levels 0V to 3V
Input Rise and Fall Times 10ns
Input Reference Levels 1.5V

Power-up and Down Requirements

At all times, voltages on the potentiometer pins must be less
than V. The recall of the wiper position from non-volatile
memory is not in effect until the V¢ supply reaches its final
value. The V¢ ramp rate specification is always in effect.

FN8222 Rev 4.00
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X9C102, X9C103, X9C104, X9C503

AC Timing Diagram

CS
[e—— tcyce —»

tci -ty ety > tic tepH
L — [90%  90%
INC \ ) // 10%

tip ——>la— tp| tr - > tr
uD //
tw

Vo \ MI (NOTE) //

NOTE: MI REFERS TO THE MINIMUM INCREMENTAL CHANGE IN THE V), OUTPUT DUE TO A CHANGE IN THE WIPER POSITION.

Pin Descriptions

Ry/Vy and Ry /V,

The high (V/Ry) and low (VL/RL) terminals of the ISLX9C102,
X9C103, X9C104, X9C503 are equivalent to the fixed
terminals of a mechanical potentiometer. The minimum voltage
is -5V and the maximum is +5V. The terminology of V,;/Ry and
VL/RL references the relative position of the terminal in relation
to wiper movement direction selected by the U/D input and not
the voltage potential on the terminal.

Rw/Vw

Vw/Ry is the wiper terminal, and is equivalent to the movable
terminal of a mechanical potentiometer. The position of the
wiper within the array is determined by the control inputs. The
wiper terminal series resistance is typically 40Q.

Up/Down (U/L_))
The U/D input controls the direction of the wiper movement
and whether the counter is incremented or decremented.

Increment (WL‘)

The INC input is negative-edge triggered. Toggling INC will
move the wiper and either increment or decrement the counter
in the direction indicated by the logic level on the U/D input.

Chip Select (E)

The device is selected when the CS input is LOW. The current
counter value is stored in non-volatile memory when CSis
returned HIGH while the INC input is also HIGH. After the store
operation is complete the ISLX9C102, X9C103, X9C104,
X9C503 device will be placed in the low power standby mode
until the device is selected once again.

Principles of Operation

There are three sections of the X9C102, X9C103, ISL9C104
and ISL9C503: the input control, counter and decode section;
the non-volatile memory; and the resistor array. The input control
section operates just like an up/down counter. The output of this
counter is decoded to turn on a single electronic switch
connecting a point on the resistor array to the wiper output.
Under the proper conditions, the contents of the counter can be
stored in non-volatile memory and retained for future use. The
resistor array is comprised of 99 individual resistors connected
in series. At either end of the array and between each resistor is
an electronic switch that transfers the potential at that point to
the wiper.

The wiper, when at either fixed terminal, acts like its
mechanical equivalent and does not move beyond the last
position. That is, the counter does not wrap around when
clocked to either extreme.

The electronic switches on the device operate in a
“make-before-break” mode when the wiper changes tap
positions. If the wiper is moved several positions, multiple taps
are connected to the wiper for t,y (INC to Viy/R\y change). The
RtoTaL Value for the device can temporarily be reduced by a
significant amount if the wiper is moved several positions.

When the device is powered-down, the last wiper position
stored will be maintained in the non-volatile memory. When
power is restored, the contents of the memory are recalled and
the wiper is reset to the value last stored.

The internal charge pump allows a wide range of voltages
(from -5V to 5V) applied to XDCP terminals yet given a
convenience of single power supply. The typical charge pump
noise of 20mV at 850kHz should be taken in consideration
when designing an application circuit.

FN8222 Rev 4.00
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X9C102, X9C103, X9C104, X9C503

Instructions and Programming

The INC, U/D and CS inputs control the movement of the wiper
along the resistor array. With CS set LOW, the device is selected
and enabled to respond to the U/D and INC inputs. HIGH to
LOW transitions on INC will increment or decrement (depending
on the state of the U/D input) a 7-bit counter. The output of this
counter is decoded to select one of one-hundred wiper positions
along the resistive array.

The value of the counter is stored in non-volatile memory
whenever CS transitions HIGH while the INC input is also
HIGH.

The system may select the X9Cxxx, move the wiper and
deselect the device without having to store the latest wiper
position in non-volatile memory. After the wiper movement is
performed as previously described and once the new position
is reached, the system must keep INC LOW while taking [
HIGH. The new wiper position will be maintained until changed
by the system or until a power-down/up cycle recalled the
previously stored data.

This procedure allows the system to always power-up to a pre-
set value stored in non-volatile memory; then during system
operation, minor adjustments could be made. The adjustments
might be based on user preference, i.e.: system parameter
changes due to temperature drift, etc.

The state of U/D may be changed while CS remains LOW. This
allows the host system to enable the device and then move the
wiper up and down until the proper trim is attained.

Mode Selection

cs | INC | uD MODE
L R H  |[Wiper Up
L T L  |Wiper Down
.2 H X | Store Wiper Position
H X X Standby Current
A4 L X No Store, Return to Standby
R L H  |Wiper Up (not recommended)
A | L L  |Wiper Down (not recommended)
Symbol Table
WAVEFORM INPUTS OUTPUTS
Must be Will be
steady steady
May change Will change
from Low to from Low to
High High
May change Will change
from High to from High to
Low Low
Don’t Care: Changing:
Changes State Not
Allowed Known
N/A Center Line
is High
Impedance

Performance Characteristics
Contact the factory for more information.

Applications Information
Electronic digitally controlled (XCDP) potentiometers provide
three powerful application advantages:
1. The variability and reliability of a solid-state potentiometer.
2. The flexibility of computer-based digital controls.

3. The retentivity of non-volatile memory used for the storage
of multiple potentiometer settings or data.
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X9C102, X9C103, X9C104, X9C503

Basic Configurations of Electronic Potentiometers

+V

Vy/Ry
W\

VR
r L |- — 1
Vu/R
I I
_ 1
|
VIR
L IL L | J
THREE TERMINAL POTENTIOMETER;
VARIABLE VOLTAGE DIVIDER
Basic Circuits
R4
+V
+5V
Vw OP-07
VRer
Vout
Vout = Vw/Rw

BUFFERED REFERENCE VOLTAGE

317

Vo (REG)

l

adj

I

Vo (REG) = 1.25V (1+Ro/Rq)+lq; Ry

VOLTAGE REGULATOR

Revision History

(a)

CASCADING TECHNIQUES

+—X

<« ViR
(b)

VR
r |_ | — 7
_ |
— g‘—ﬁ
— |
L |_ | — — 4

TWO TERMINAL VARIABLE RESISTOR;
VARIABLE CURRENT

+5V
LM308A

Ry

Vo = (1+R2/R4)Vs

NONINVERTING AMPLIFIER

R R
1 2 LT311A
Vs — A \NN—+—NN— Vs
100kQ — Vo
—— Vo
TLO72 r VWANVN——
10kQ — z Ry R,
~ 1 VoL = {Rq/(Ry + Ry)} Vo(MAX)
VL ={R4/(R1 *+ Ry)} Vo(MIN)
+12V -12v

OFFSET VOLTAGE ADJUSTMENT

(FOR ADDITIONAL CIRCUITS SEE AN1145)

COMPARATOR WITH HYSTERESIS

Rev. Date

Description

4.00 | Jan 11, 2019

Added Revision History.

Updated Ordering Information table to remove Obsolete and Retired parts.

Updated PODs for X9C102, X9C104, and X9C503 SOICs from: MDP0027 to: M8.15E and X9C103 SOIC from:
MDP0027 to: M8.15, to include the Land Pattern design and convert dimensions from table to graphics.
Updated Intersil disclaimer to Renesas disclaimer.
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X9C102, X9C103, X9C104, X9C503

Package Outline Drawings

M8.15
8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE
Rev 4, 1/12

o f i T

INDEX , 6.20 (0.244)
AREA \ \ 5.80 (0.228)
|
/ / / 4.00 (0.157)
[ 3.80 (0.150)

TOP VIEW.
SEATING PLANE
< 500017 1750069
4.80 (0.189) 1.35 (0.053)
\‘ ; /
F 4{ 4
1080 1 0-10(0.004)
0510020 |
0.33(0.013) |
SIDE VIEW “A

For the most recent package outline drawing, see M8.15.

DETAIL "A" w‘
1.27 (0.050)

w)

0.50 (0.20) . J
’ ﬁ 0.25 (0.01) “5\ ‘\‘
|

B N
TR 0.25 (0.010)

0.19 (0.008)
SIDE VIEW “B"

<2.20 (0.087) >

= “ e ‘, J "_'7T
T e | -0.60 (0.023)
2] ‘ 7
1.27 (0.050)
] (. L i
3 } 6 -

\ RED

sl J

\
~——520(0.205) >
\ \

TYPICAL RECOMMENDED LAND PATTERN

NOTES:

9.

10.

1.

12.

13.
14.

15.

16.

Dimensioning and tolerancing per ANSI Y14.5M-1994.

Package length does not include mold flash, protrusions or gate burrs.
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

Package width does not include interlead flash or protrusions. Interlead
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.
The chamfer on the body is optional. If it is not present, a visual index
feature must be located within the crosshatched area.

Terminal numbers are shown for reference only.

The lead width as measured 0.36mm (0.014 inch) or greater above the
seating plane, shall not exceed a maximum value of 0.61mm (0.024 inch).
Controlling dimension: MILLIMETER. Converted inch dimensions are not
necessarily exact.

This outline conforms to JEDEC publication MS-012-AA ISSUE C.
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X9C102, X9C103, X9C104, X9C503

M8.15E For the most recent package outline drawing, see M8.15E.
8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE
Rev 0, 08/09
l«e——— 490+0.10 ——]
DETAIL "A" 0.22+0.03
J 3 Hl =
| ! ™)
|_—1
I 6.0 £0.20 t
b . se0s010 |
[ I
o & |
PIN NO.1 / | 1l J
ID MARK Q ﬁ | H H
I I
‘ ‘ ! (0.35) x 45° e
127 I I | 0.43 £0.076
[:E M|C| A
‘U]..E SIDE VIEW “13"7

TOP VIEW

1.45%0.1
0.25
___| GAUGE PLANE

|

T \ ' |
1.75 MAX — iy S—y — l l
|
|

0.175 + 0.075 \\ SEATING PLANE
[&ao.10/C
SIDE VIEW “A
0.63 £0.23
DETAIL "A"
(1.27) ‘ ‘ i (0.60)
f NOTES:
b — - (1.50)
1. Dimensions are in millimeters.
Dimensions in () for Reference Only.

2. Dimensioning and tolerancing conform to AMSE Y14.5m-1994.

(5.40) 3. Unless otherwise specified, tolerance : Decimal + 0.05

4. Dimension does not include interlead flash or protrusions.
Interlead flash or protrusions shall not exceed 0.25mm per side.

The pin #1 identifier may be either a mold or mark feature.

Reference to JEDEC MS-012.

o

SASASASE

TYPICAL RECOMMENDED LAND PATTERN
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X9C102, X9C103, X9C104, X9C503

Plastic Dual-In-Line Packages (PDIP)

SEATING

A
LYY v
\—NOTE 5

~L

For the most recent package outline drawing, see MDP0031.

|<— eA —>|

N
MrMrrrr

PIN #1

INDEX

E1

- LI LILICILIL]
1 2 N2

—>| [e] |<— —>‘ ‘4— b <«—ecB—>» —>‘b2‘<_
MDP0031
PLASTIC DUAL-IN-LINE PACKAGE
INCHES
SYMBOL PDIP8 PDIP14 PDIP16 PDIP18 PDIP20 TOLERANCE NOTES

A 0.210 0.210 0.210 0.210 0.210 MAX

A1 0.015 0.015 0.015 0.015 0.015 MIN

A2 0.130 0.130 0.130 0.130 0.130 +0.005

b 0.018 0.018 0018 | 0018 | 0018 A +0.002

b2 0.060 0.060 0.060 0.060 0.060 +0.010/-0.015

c 0.010 0.010 0.010 0.010 0.010 +0.004/-0.002

D 0.375 0.750 0.750 0.890 1.020 +0.010 1

E 0.310 0310 0310 | 0310 | 0310 |  +0.015-0.010

E1 0.250 0.250 0.250 0.250 0.250 +0.005 2

e 0.100 0.100 0.100 0.100 0.100 Basic

eA 0.300 0300 | 0300 | 030 | 030 | Basic

eB 0.345 0.345 0.345 0.345 0.345 £0.025

L 0.125 0.125 0.125 0.125 0.125 +0.010

N 8 14 16 18 20 Reference

Rev. C 2/07

NOTES:

17. Plastic or metal protrusions of 0.010” maximum per side are not included.

18. Plastic interlead protrusions of 0.010” maximum per side are not included.

19. Dimensions E and eA are measured with the leads constrained perpendicular to the seating plane.

20. Dimension eB is measured with the lead tips unconstrained.

21. 8 and 16 lead packages have half end-leads as shown.

FN8222 Rev 4.00

Jan 11, 2019

RENESAS

Page 11 of 12


https://www.renesas.com/package-image/pdf/outdrawing/mdp0031.pdf

Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the ion of i or products and ication examples. You are fully responsible for

the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)
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NE5532, NE5532A, SA5532, SA5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS075H — NOVEMBER 1979 - REVISED MAY 2004

® Equivalent Input Noise Voltage
5 nV/ANHz Typ at 1 kHz

NE5532, NE5532A . . . D, P, OR PS PACKAGE
SA5532, SA5532A ... D OR P PACKAGE

® Unity-Gain Bandwidth ... 10 MHz Typ

® Common-Mode Rejection 10UT
Ratio ... 100 dB Typ 1IN-

® High dc Voltage Gain ... 100 V/mV Typ 1IN+

® Peak-to-Peak Output Voltage Swing 32 V Vee-

Typ With V cct =£18 V and R = 600 Q
® High Slew Rate ...9V/us Typ

® \Wide Supply-Voltage Range . . .
20V

+3Vto

description/ordering information

(TOP VIEW)
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The NE5532, NE5532A, SA5532, and SA5532A are high-performance operational amplifiers combining
excellent dc and ac characteristics. They feature very low noise, high output-drive capability, high unity-gain and
maximum-output-swing bandwidths, low distortion, high slew rate, input-protection diodes, and output
short-circuit protection. These operational amplifiers are compensated internally for unity-gain operation. These
devices have specified maximum limits for equivalent input noise voltage.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
R
TA T8 S8 3 PART NUMBER MARKING
A NE5532P NE5532P
DIP - T
oy e 28R NES532AP NE5532AP
Tube of 75 NE5532D
Reel 0f 2500 | NE5532DR NSRS
0°C to 70°C SOIC =D
Tube of 75 NE5532AD
Reel of 2500 | NE5532ADR Yo i A
i, NE5532PSR N5532
P_p
pOP (7S Reel 0f 2000 170 oo APSR N5532A
SAB532P SA5532P
PDIP - P Tube of 50
SAB532AP SA5532AP
Tube of 75 SAB532D
~40°C to 85°C SA5532
Reel of 2500 | SA5532DR
soIC - D
Tube of 75 SA5532AD
SA5532A
Reel of 2500 | SA5532ADR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.
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NE5532, NE5532A, SA5532, SA5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS075H — NOVEMBER 1979 - REVISED MAY 2004

schematic (each ampilifier)
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Component values shown are nominal.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage (SEE NOLE 1): VOt « v vttt ettt et e et e e e e e e 22V

A e | % TN\ I S 1729/ 72N N | P Ondh g & 0 S =22V

Input voltage, either input (see NoteS 1 and 2) . ... ..ottt e Vee+
INpUL current (SEE NOTE 3) .o e e e et e et e +10 mA
Duration of output short circuit (See NOte 4) . ... e i e Unlimited
Package thermal impedance, 035 (see Notes 5 and 6): D package ............................ 97°C/IW
Ppackage ................ciiiiia. 85°C/W

PSpackage ........... ... ... ... ... 95°C/W

Operating virtual junction temperature, T . ... i e e 150°C

Storage temperature range, Tstq

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vcc+ and Vece-.
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs, unless

some limiting resistance is used.

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the

maximum dissipation rating is not exceeded.

5. Maximum power dissipation is a function of T j(max), 6ja, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (Tj(max) — Ta)/6ja. Operating at the absolute maximum T j of 150°C can affect reliability.
6. The package thermal impedance is calculated in accordance with JESD 51-7.
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NE5532, NE5532A, SA5532, SA5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS075H — NOVEMBER 1979 - REVISED MAY 2004

recommended operating conditions

MIN  MAX | UNIT
Vcc+  Supply voltage 5 15 Y,
Vce-  Supply voltage -5 -15 \%
NE5532, NE5532A 0 70
TA Operating free-air temperature range °C
SA5532, SA5532A -40 85

electrical characteristics, V. cc+ = +15 'V, Ta = 25°C (unless otherwise noted)

NE5532, NE5532A
PARAMETER TEST CONDITIONST SA5532, SAS532A | yNIT
MIN TYP MAX
Ta = 25°C 0.5 4
Vio Input offset voltage Vo =0 Ta = Full range? 5 mV
Ta =25°C 10 150
llo Input offset current TA = Full range? 200 nA
Ta = 25°C 200 800
B Input bias current A= Fullrange? 1000 nA
Vicr Common-mode input-voltage range +12 +13 \%
Vopp Maximum peak-to-peak Ry 600G Vecs =15V 24 26 v
output-voltage swing Veos =18V 30 32
R > 600 Q, Tp =25°C 15 50
D l&?rge'Si_gnal )+ Vo =%10V Ta = Full range® 10 Vi
ifferential-voltage amplification RL=2kQ Ta = 25°C 25 100
Vo =+10V Ta = Full range® 15
Avd csiirf]fq:rltlersl;igarll-é\l/loltage amplification =G 2.2 vimv
Vo =#10V 140
Bom  Maximum-output-swing bandwidth R =600 Q Vocs =218V, Vo= 14V 100 kHz
Bq Unity-gain bandwidth R =600 €, CL =100 pF 10 MHz
ri Input resistance 30 300 kQ
Zg Output impedance Ayp =30 dB, R =600 Q, f=10kHz 0.3 Q
CMRR Common-mode rejection ratio Vic = VIcr min 70 100 dB
KSVR (SAU\%Z;;ZI\t/?g? rejection ratio Voo =49 Vio £15V, Vo =0 80 100 dB
los Output short-circuit current 10 38 60 mA
Icc Total supply curent Vo =0, No load 8 16 mA
Crosstalk attenuation (Vo1/V02) Vo1 =10V peak, f=1kHz 110 dB

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.
* Full temperature ranges are: —40°C to 85°C for the SA5532 and SA5532A, and 0°C to 70°C for the NE5532 and NE5532A.
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NE5532, NE5532A, SA5532, SA5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS075H — NOVEMBER 1979 - REVISED MAY 2004

operating characteristics, V. cc+ =15V, Tp = 25°C

NE5532, SA5532

NE5532A, SA5532A

PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
SR Slew rate at unity gain 9 9 Vius
V| =100 mV, Ayp =1, o
Overshoot factor RL =600 Q, CL = 100 pF 10 10 %
| | f=30Hz 8 8 10 o
V Equivalent input noise voltage nV/ANHz
no =4 P g f=1 kHz 5 5 6
) ) ) f=30Hz 2.7 2.7
In Equivalent input noise current pANHz
f=1kHz 0.7 0.7
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
NE5532AD ACTIVE SOIC D 8 75 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS)
NE5532ADR ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS)
NES5532AIP OBSOLETE PDIP None Call Tl Call Tl
NES5532AP ACTIVE PDIP P 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
NE5532APSR ACTIVE SO PS 8 2000 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
NE5532D ACTIVE SOIC D 8 75 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS)
NE5532DR ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-250C-1 YEAR
(RoHS)
NE5532IP OBSOLETE PDIP P None Call Tl Call Tl
NE5532P ACTIVE PDIP P 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)
NE5532PSR ACTIVE SO PS 8 2000 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SA5532AD ACTIVE SOIC D 8 75 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SA5532ADR ACTIVE SOoIC D 8 2500 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SA5532AP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)
SA5532D ACTIVE SOIC D 8 75 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SA5532DR ACTIVE SOIC D 8 2500 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SA5532P ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU Level-NC-NC-NC
(RoHS)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is

Addendum-Page 1
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provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 2



MECHANICAL DATA

MPDIOO1A — JANUARY 1995 — REVISED JUNE 1999

PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)
0.400 (10,60)
" 0355 (9,02) ¥
8 5
Mo o T
0.260 (6,60)
0.240 (6,10)
O
PEp =gy
S
0.070 (1,78) MAX
0.325 (8,26
0.020 (0,51) MIN Wéng

|

0.200 (5,08) MAX

\_ _v J Seating Plane
?

0.125 (3,18) MIN

. N
0.430 (10,92)
MAX

0.021(0,53)
4 {015 (0.38) []0010(025 W)]

r—w 0.015 (0,38)
? f Gage Plane
‘f__i

0.010 (0,25) NOM

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm
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MECHANICAL DATA

D (R—PDSO-G8)

PLASTIC SMALL—OUTLINE PACKAGE

0.197 (5,00)
0189 (4.80)
8 5
0.244 (6,20)
0.228 (5,80)
¥ - 0.157 (4,00)
\ 0.150 (3,80)
/ - l
Pin 1 m m H H
Index Area
1 4
0.050 (1,27) J L'ggfg égi;
[$0.010 (0,25) @]
, \ v-11mm
v\ . v J ) lk
T 0.010 (
L 0.069 (1,75) Max 0.004 (
0.007 (0,17)
I ] [ e
[(]0.004 (0,10)
Gauge Plane J— i é[ 7
g — x Seating Plane
0.010 (0,25) \
0.050 (1,27)
0.016 (0,40)
4040047-2/F 07,/2004

NOTES:

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS—-012 variation AA.

b TExASs
INSTRUMENTS
www.ti.com



MECHANICAL DATA
PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

0,51
4" — ﬁ E ™
8

o

T 0,15 NOM

>

le

T [ |
y \ }l Seating Plane J—\
L 2,00 MAX 1 S~

4040063/C 03/03

NOTES: A, All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any T patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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