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Abstract

This project is concerned a development of PERDOMETER which is a device used as a monitor
for daily exercises by walking. The device is not only suitable for one who has heart trouble, diabetes but
also for anybody who need to bum energy from his/her body without doing the sports. The device 1s
based on a MEMs technology sensor and Mercury switch, accelerometer used as footstep detection and a
microcontroller type PSoC as central processing unit, A cheap mobile series N3310 screen graphic
monitor is employed as functional display such as counted footsteps and burmed calories. To give a small

size, surface mounted device (SMD) is used to construct the project.
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M915HUIM1Ig Y89 ADXL202

S

N II e E Vop
vy [Z] ADXL202/ (73] vy

sT[3]
[ole ! E
T2 [ 3]
N2 E
oM [7]

ADXL210
TOP VIEW E Xt
‘Mot te Svalel E Yiwo

Ay E] Xour

E"":ln
A,<_1 ] NC

5174

NG = N CONHECT

ANYAULA N UIVIVOIADXL202

Pin Name Description
1 NC No Connect

2 Vip Test Point, Do Not Connect

3 ST Self Test

4 COM Common

5 T2 Connect Rset to Set T2 Period
6 NC No Connect

7 COM Common

8 NC No Connect

9 Yot Y Axis l;t;-Cycle Qutput

10| Xour X Axis_at‘y Cycle Qutput

11 Yeur Connect :a_p;izorn for Y Filter
12 Xer Con;;c; c:;pacitor for X Filter
13 vDD +3V to +5.25V , Connect to 14
14 VDD +3V to +5.25V, Connect to 13

M5199 1 uaaanthReIns 14y e ADXL.202
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2. HANNISH191HVDY iIMEMS ADXL202

ADXL202 L‘ﬂ‘u accelerometer  sensor ﬁaduu%ﬂ"lﬂ%nﬁm 7l

4 o o
Aunuat Tdwdsamlums
UM

A ar U d‘l :i ¥ as ' 3 ) T
Samnmsaiennuslumsndeudld 2 unu Tasansadeaanussldtuaiugae
ATLNA duty cycle  LAzA 150 IANIMT S IANANA static (e.g. vibration) fio uselliubtvedian

UL dynamic (e.g.gravity) 71D WIaIAMTAREUR msduazifiou uamsudonmsiauyes
ADXL202 #331

3V TO 5,25V
¢ xr‘??
o T‘ru _SELF.TEST
> .,
X SENSOR Ryt
| Xeor || ¢
AMALOG ' a
- L TO 1]
Loe == DLTY Ni uP
CYCLE T
{ADC} \ E
Y. R
Y SENSOR e
COM Yrut lrz

S R O T !
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DAT 133 (acceleration) TﬂUﬁmmmw"lmzaﬂﬂuﬂulmazuﬂmm‘ﬂummnmsmﬁamﬂuumunuuu

a o

"o o o

ar o <y () dw =
q seglezilumdygaedyananizlnd fovz W 1@97 lmifia (duty cycle) panunilu 50 %

4

-T2 i

S I

Alg) @ (T1TE~0,%12.5%
Ag = 51% OUTY Y LE
T2 = Ry y 123411

517 7 uermsmimuna e 1 HAYDIT YR U ADXL202

T ABANUIVDITIIAT“ on ¥ VDIFe I
T2 fieanumveamudyyin
Duty Cycle A9 T1/T2
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o A X a o o o P do o W
Kag (CdC) LWE]‘]I’JU1HH1'5E1GI noise NINAINIWTUIDTTNNAY 151ﬁ1”150ﬂ5‘]Jﬂul“uﬂ?ﬂ'ﬂiﬂucl‘ﬁﬂ_]

Cx uaz Cy Fs = VT (32kEx C, )

F,p = SuF/C

y)

Bandwidth - Capacitor Value
10 Hz | 047 uF
50 Hz 0.10 uF
100 Hz | 0.05 pF
200 Hz B 0.027 uF
500 Hz | 0.01 uF
5 kHz 0.001 pF

A1519R 2 nomamsideasdufiuilizy Cxuag Cy



1AM UARIAILNGT (T2) FI0A1 Rset TINFUMS

T2 = Rset(€2) 7 125 ML2

ar

Taod 19 Rset 125k axi I idmmmdduaiulszum 1 kHz Tdamunaniiu

Ims A9910AT519

-—
T2 ; Rset

1 ms 1 125 k(2
2 ms 250 k2
5 ms ' 625 kQ2
10 ms 1.25 M£2

Q15199 3 LAAIMIIADNAIAIILAIUNIY Rset
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r 3007
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3.2 Yulnsnoulnsamod
3.2.1 PSeC MCU
i 4
Tnssnuilifiunsiszyndldgunselnrugululnineu Insames PSoC(Programmable system
on chipydaihiluTasnouInsamesuns CypressMicrosystems IauiihiluTasneu Insameifitms
Ysznanadeyauuy 8 da mioululasneuInsameivinn Tl ud PSoc Nymdunarilszmist
. k4
uana1aninguniel lulnsneuTnsameinisgaduqfie PSoC MCU 92 IMITIVBINITOBALUUN S
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e = i
TﬂiLLﬂSMTﬂ01% PSoC MCU UAUTEAINTUIOUIUY

tomt Jmema {Pan ik road »ir;n_*_-[Fm:i; fi’j

e I T

System8Bus

J 4 4 LI J
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AUAUVES PSoC MCU diofiuiulu Tnsnou Insamefaindun e
L. User Modules  anmsnidenldnimeinsvesssunldmuiidesnisfiownen uay
Atnon ﬁmzlhigﬂﬁﬁﬂﬁaﬂﬂsaﬁs’ﬁmnmssﬁlné’mﬁauﬁ'u"luiﬂsﬂauimmaa{vﬁﬂﬁ'uq
2. API (Application Programming Interface) frﬁ'uaqun'lsﬁﬁum'ljﬂmn‘suﬁw
Hafdu aP1 Fudau e WlsunsuensodousenuunTasunss g Tasd

=, o

3. ISRs(Interrupt Service Routines)3935 UMM 19U U wRaT TWH

o 1

4, Interconnect device interface aMNsaRIMsFounadunmaee Idos1adsz i
o o d oA o ]
pafuansdEInINsanas mieufululasneuInsameivtia duq
» > ¥ » [1 ] »
vnAnaMuudeRuTuaihufviquauidnigmnin - Fiquauiisusfimbefie:
kg ar - a ]
ﬂfﬂUﬂﬂﬂqniﬂiﬂﬂuiﬂiﬂlﬁﬂ;‘ﬁuﬂﬁuﬂ WU Sleep , watchdog, Power on Reset(POR) , SPI, UART
2 3/ o T ; ] 1 4
wazrc dudu sziiulddn psoc McU tuludon Ty TulnsnouInsamod du o 1ag
322 giuuumstaurezmswam PSeC MCU
lulasnouTnsamnd PSoC Wumiveyuszuumsiiausianedu Asnea uag o1 aon
TavluszuuvosAtnoa (Digital System) uaz 8W1aDN (Analog System) lagaoanuuiluuden
& = ] -1 ao T csv
Tugadanzisuni1 uRendtnoa (Digital Blocks ) iaz UADNDUIABN (Analog Blocks) Tasudonmanil
o o T 3 ol w A d o @ 1 & & 1
wwroeiumsiue lugane nlgnufseuerdouduiiunuiingdmivaeinge Tavgudiuves
Inweffo lugad13q (U ADC, DAC, 12C, PWM , UART, spldludu Tadldannsodvualdios
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) ¥
Supply Voltage 1azduq3s2umsiaans i 1an1nmiiia1a Device Editor v03595W135 Psoc
. 3 Y "o 3 pr=) & r = 1 ' = = ]
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T:ﬁNI‘iJiﬁ]‘ fi{Create project)

!

AMUARUEUE 1UN5HIIU Psoc MCU(Global Resources)

|

) Ed ’
Lﬁﬂﬂqﬂ nsal I‘.Uﬂ B(Select User Module)

;

13gunsal Tuga (Place Module )aaluDigital Blockn$®Analog Block

fmuaAnUser Module parameteriifizPort /O (th"]

!

HOUAD "muty,m Interconnect

e

@ouTusunsumBITYSa uemauud)

v

Ao InauazBuild U5 n(ar$19Hex File )

|

T1l51nsuHex File 1%/ PSoc MCU

1 »
1091 12 urasdsutuaoumswamu Tsunsulddy PSoc MCU #90 PSoc Designer LUUASI

323  AuaulaYed PSoc MCU @30 CYBC27x43
1. aoilaunssuluy Harvard Architecture Processor
2. ANUEID MBC Processor J3gA 24 MHz
3. 8x8 Multiply, 32Bit Accumulate
4. Low Power at High Speed
5. finmuluguE sy 3.0 vias2s v
6.  aunsomanfinssudigaii 1.0v Tael42993 Switch Mode Pump (SMP)
7. 12 Analog PSoc Blocks 595ums 1aumsdusuinen 1ou
- ADCs fnuazidvagigade 14 ia
- DACs amuaziBoagegaiie o da

- 30&151ﬂﬂ1=ﬁﬂ15ﬂ1u1u (Programmable Gain Amplifier)
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1.

12.
13.

14.

16.
17.

19.
20.
21.
22.
23,
24.
25.

26.
27.
28.
29.
30.
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ffinnonyannn wizeorndimanizy

'
2995 Wa1Ma 71102199 TIABLNI UABS Programmable Filters and Comparater

8 Digital PSoc Blocks 30350ums1¥a1un1sddnea

Timers, Counters 16z PWMs YU 8 8332 U
CRC itag PRS luga

UARTSs 1y Full-Duplex g@ga 2 %94

SPI Tuﬂumﬂu"lﬁﬁ"umu Master uag Slave

ey o ] 4 ] o o as
Fsavaudendieqminsadouds ludndyaru GPIo laynvidyniu

aunsofmmuaruIanNudvesdyguuim oy ldnawszdu

Fyauudnauluung 2448 MHz A1ANUAMIAINADU +/- 2.5 %

gunsafenunaIiutindya i 24/48 MHz

Mouenld

& o

73]

ansofudyaueoaFaimmeisinnionenlAgign 24 MHz

Tumassuiiadyguuianinwlulify Watchdog uaz Sleep

Muua 108 TS 1A UL Flash ¥11@ 16K Byte §14150 Erase/ Write 04 50,00 A3

Wiaunuddeya SRAM wuia 256 Byte

HafsumsTdsunsunioly  ISSP (In-System Serial Programming)

auisonlfauudasdoyn Flash Memory imwizuieaaula

amnsossmiszuufloatudoya’ld (Flash Security)

Wiqun1u$1 EEPROM (14910 Flash Memory )

fynIu GPIO §117U 24 NAQ W

N RPR PRI L C PV UL RL AL GIETALTL AR & (GPIO Pin Configurations)

GPIO aunsnwnsznagagalaie 24 ma

1150 MU Drive Mode 104dya1a GPIO 18 194 Pull up, Pull down, HighZ,

yiduanuduyaouraengage 12 fygne (1nVTYy UL GPIO)

W FYYIUDUIADNDWINAGILA 4 VIYIN(DINNTFYRIUGPIO yiwnszualdne 40

mA

° a o or ¥ Y
mm‘mﬂ‘muﬂmiaummsww“lﬂv]ﬂmﬁmutmmmm GPIO

12C

Tvun Slave, Master 118 Multi-Master mmﬁaqaqﬂ 400 kHz

Watchdog udz Sleep Timer

AT ORIRITEAUNITATIVIUNT WUATTA (Low Voltage Detection)

Integrated Supervisory Circuit

On-Chip Precision Voltage Reference

71971

MneoRTalawas 32 kHz Mol w30
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gaonn uelunnueiwdl PSoc MCU i doonuugainegaiifaiioannm mselfyering
PSoc Designerclum'iﬁ]@ﬂlLiJ‘Uulﬁ‘?ﬂ"lmﬂu‘lfﬁﬂﬂﬁnf:ﬂzflmi'EJE]ﬂki‘LIHLﬂHﬁﬂ‘Hmz%@&ﬂﬂﬁﬂw?mﬂu
wwSasnavissahdauluns@eu Tusunsufszifudrumens Iamilsddu  APL  (Application
Programming Interfee ) 7 PSoc Designer d¥mnSun131¥ud wlRasnnugannlulduna
ey

324  Hadunasinssahaveslulnsneninsaned Psoc

TyTnsneulnsaans PSoc SuEatduns Heannmovatsitsiudossulutadoine
e uaniziadiuuas TnseaduanilasnssuvedlunsaouTnsamed PSoc fuAuadeaiuinss
Sy Tﬂu“l.ufhuﬁiﬂsNmf':ﬂ:ﬂmnﬁnﬁﬂﬂiqa%’unw“].uu.ﬁuawmhumm"luiﬂi noulnsa
0 PSoc Wiy Ao

PSoc Core

Fudrundnyesmstszanana Faezquadiumian @y msiszunanamids , asdeify
doyalumiienaud1 SRAM, AILAUMITBUIABI SNV |, Sleep, Watchdog timers LAz MSIADNUNAT

o

fIuuIRN (Clock  sources) Hududwzidundrufidanisdumiig marii Mec  Fuil
amilaonssuluTas Tuswenaes 8 Om wwu  Harvard vonmnimelu  Psoc Core il
MWIA1U8Y SROM (g Flash Memory w1y Tisunsumdadndae

Digital System

Suszuvvasdsnonudenineglugluuuvowdensusd ( aray block) Tudauvos
DIGITAL SYSTEM M3)dussuiiansusfaznauniaz 4 uvien dwmiy CY8C27443 axiiosd
udonimay 2 uostuudingivanua 8 Aseeauden @ PSoc MCU ety q wxfivuia
Lansefupenll Tasudonmariisozsesiumsldaniludnves Tugadsneanian

Analog System

szuuvaieuIannIrlszaeu lldwauA1ag fio 9U1A0NUADN (Analog Blocks), 113 36U
31389911800 (Analog Re uAz90TfondynIMdUNABUIADA (Analog Input Muxing ) Tav
ouaenuientefiog 2 Usunvdaufiu fa CT (Continuous Time) 1Az SC (Switched Capacitor) i
purapnuienszgaiatuuiiu 4 aesdu (Columm) lunilenosdufiozilsznoudas cT wilwden
oz SC Snasauden dsudenmaiiesd¥dminsesiumaiauveslugannaenlasnsdan

¥ »
Tupaasluvienasqiiu Avuegfuanumsnzauveaudaz Tuga
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System Resources

o o ] r
System Resources nAo m'sﬂm‘fmaq Y9952 U WU Digital clocks , Multiply accumulate

(MAC), Decimator , r'c , System reset , Internal voltage reference , Switch mode pump (SPM) Lﬂue’fu

112901851 (Memory)

] o o 4 da o t a A
‘H‘H’JUﬂ’J']llml.‘]JuiNﬁ‘lJ'igﬂﬂiJ‘H‘uﬂ‘lﬂHﬂ"ﬂUﬂWLﬂN@IBﬂ'ISVIN'IuﬂJENLhJIﬂ‘iIﬂil’ﬁﬁl’ﬁ@iiﬁ'iﬂulll

Tasnou Tnsamed Iaswefimsuianiennuiweniiulizanmen awguauifuaznsldou

Filuduvesrnilaonssy  MsC pezutvitsauswendiu 3 @i Av ROM, RAM g

Register

nFuaaudunALeIRYn (GPIO : General Purpose 10)

o 2 ' we & =
Tuiadaileznandagaautanisdundygias VO ( InputOutput) ¥8d PSoc MCU 9

» ¥
vy IMved PSoc MCU viumusoiau ldisludveandyoualaen  uasndysyw

& 9/ L] e Lo
2u1aDNFI1UMIT IFUILHIUNIFVAABIA 199

Address Name Bit7 | Bit6 | Bit$§ ] Bit4 | Bit3 | Bit2 | Bit1 | Bit 0 | Access

0,xxh PRTxDR | Data Register RW : 00
0,xxh PRTxIE Bit Interrupt Enables RW : 00
0,xxh PRTxGS Gilobal Select RW: 00
0,xxh PRTxDM2 Drive Mode 2 RW: FF
1,xxh PRTxDMO Drive Mode 0 RW: 00
1,xxh PRTxDMI - Drive Mode | RW: FF
1.xxh PRTXICO Interrupt Control 0 RW : 00
1,xxh PRTxXIC1 _ I;t‘errupt Control 1 RW : 00

A15190 4 LAAdanudunaaIANA GPIO

o winumg tHesnnlunisimuinse wwerfivaeiHing PSoC Designer Tumisoonuuy ¥

ta_ o ~ S1ed ] 1 4’ ar
1951116 1TudemI s waziBeave S3mans A1eq imartiinin

Wiy udunaiowya vis ndgyyn GPIO vadluTnsaouinsamed PSoC wusins

ndggrawennemaiaenlulvee 10 indudd wsndyaudansaiouluniindus

143ndan Aty




Fon oy nd foatuna Input/ Output
SMP Switch Mode Pump Power

vdd Supply Voltage | Power

Vss Ground Power

XRES External Resct (ACtI:VC High_) ) Input / Qutput
PO{0]-PO[}] Port 0 [0],Port O[ 1], Analog Inp"ut Input / Qutput
PO[2]-PO[5] Port 0[21.[31,[41,[5),Analog InpuvOutput Input / Output
PO[6]-PO[7] Port 0[6],[7], Analog Input ) Input / Output
P1[0] Port 1]0], XTAL Out/SDATA /12C SDA Input / Qutput
PI[1] Port 1[1],XTAL In/SCLK/ 12C SCL Input / Qutput
P12} Port 1{2]} _ Input / Output
P1[3] Port I[3] Input / Qutput
P1[4] Port 1[4], EXTCLK Input / Output
Pi[s] Port 1[5], 12C SDA Input / Output
P1[6) Port 1[6] Input / Qutput
Pil7] Port 1{7], 12C SCL Input / Output
P2[0]- P2[3] Port2[0],[11,[2],[3],Non-Multiplexed AnalogInput {Switch | Input/ Qutput

capagitor)

P2{4] Port2[4], External AGND Input / Qutput
P2(5] Port2{5] Input / Qutput
P2(6] Port2[6] External VREF Input / Output
P2[7] Port2[7] Input / Qutput
P3[0] -P3{7] Port3[0],[1],[2],[3],[4],[5],[6],[7i Input / Output
Pa[0]- PA[7] | Portd[0,[11,021,[3],[41.151.[61.17] , Input / Output
P5[0]- P5[3] Ports[0],11],021,03] Input/ Output

A15137 5 upAamindygIudig ¥ea CysC27443

s Tnsadiendyyia GPIO w¥ed PSoc MCU Danududeumnniaiiniiz  PSec
Mcu ldeenunyTasafendggia Weowseimawidlunaaraivquauia TaudlFanu
User)  arunzofmuanudeanslunisFanld  Teammmnsodmusgamni@msinuyes

nFgyguluTmuaaie 14am
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»
® Pull Down (Resistive pull down) Tnuailuidagia VO srgnaskIUufmIAUNINAINTIIA
® Strong (Strong Drive) Tnuaiimunzdmivlfauihuemdyediaoa

® High Z (High Impedance) Tnuafinundyan 1o selinnuimmuganinzdimivmsld

uiiludune
® pull Up {Resistive Pull Up) 'Iﬂmffﬂnﬁfgrgm VO vzgadarIuAId N g Vee
® Open Drain High anTusveITRRNw /0 Wy Open Drain High
@ Strong Slow (Slow strong drive) anTus Ay VO duu Strong Slow
® High Z Analog FugauzanumumuguUIeLIann FovziiusiaouzSudu (Default)

MEI9IAIAANTT T109 (reset state)

DM2 DM DMO0 | Drive Mode o Data=0 Data =1
0 0 0 Resistive Pull Dou;n Resistive Strong
0 0 I Strong Drive Strong Strong
0 1 0 High Impedance HI-Z HI-Z
0 1 1 Resistive Pull Up Strong Resistive
1 0 0 Open Drain, Drive High HI-Z Strong(Slow)
1 0 1 Slow Strong Drive Strong(Slow) | Strong(Slow)
1 1 0 High Impedance Analog HI-Z HI-Z
1 | ] Open Drin, Drive Low Strong(Slow) | HI-Z

a1519% 6 N1 1MUA Drive Mode 484 GPIO TaATUSenmas PRTxDMx[2:0]

msfmuanuauivosndyyiamail ausoildaedds fe mifmuaiinisvmans

(PRTxDMx) hazdnitnnonisimualasldlisunsy PSoC Designer ATIAIUUDY Device Editor

Configuration

& z4 ' °
FILLTHNNTINTHUA

Tlsunsuaslaniuagisd

Configure /O Pins

& ' ' a
Favzaavaan nugseinlumsivou

ar LY oo o
VFYYI™ VO 193 PSoc MCU wxilsznouliéne fimesdunn uoz 23959 UMeaIy

o T dy o A = d: = L} =4
odyalagwidyan vo maitivzgnialiithunoia Faled | wose wliiavue 8 Ua uAvsl

1 » 3
yuansennesatiulindue it 8 On undygie VO w199 martannsamauludnyue

' e
7149 ALl

*

arsrumldsuSmaes PRTxDR

Digital 10:  iundaygyinddaoa Suya/iodya aunsomugumaiiulala
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* Global 10 : ifundyawdinea duwe/ 01w Wreulsaszuily Digital
PSoC block
* Analog 10 : Wuvdyans duwea/ w1aya Niouleaszrdna Analog PSoC block

324  M31%9u SPIM ( Serial Peripheral Interconnect Master )
dyzl © i 34 = T oar 34
Tulassnuiidumsiilugaluduves spiM i lylumsaadefunisuaainatuninies
LCD NOKIA 3310 fiflumiheensmAnsuianiiuazBon 48x 84 yagwznaniduiadedsly tu
»
@11u911gA SPIM ( Serial Peripheral Interconnect Master) 94805105 0aziBond s 11T

Tuga SPIM fio Tugamsfomsoynsufii 1us nneamsdemsiBuuuy spl Tavazdiums

E
=

r s = o &
duwudhiinz 8 fadoyaragming (Full-duplex) Tugailazanuiuuuumameid auiso

¥
= 1

a o 1 o = ' &£ o o -
fazihlilaedduglnsal sp1 Adluaamiinaimilads Fuegiumuniiiyldoulasnisluluga
sPiM 9z15znovldit Tx Buffer, Rx Buffer, Control, 1@% Shift registers m3ldaulugass

SunlFnudnileidu Ap1 TasauSuduvealuga SPIM azgnimaiimsdadoyanvudadaivddy

e

»
1ganou (LSB First) uazvzaivayumsiinuvesdyauluTvunding dwa Inua 0,1,2 uag

q

b

3 Famrsozinmsa Tnuavesdyanann@mseniaglnsel SPT Master nazginsal SPI Slave 1o

ar

fidgaiauAnidluTnuafofu TaoTnuansiamues s ssdludaimed

SPI Mode
N
Mode SCLK Edge Clock Polarity Notes
Performig Data Latch

0 Leading Non-inverting Leading edge latches data . Data changes on
1 Leading Inverted trailing edge of clock.
2 Trailing Non-inverting Trailing edge latches data . Data changes on
3 Trailing Inverted L leading edge .

A1579% 7 uana TnusmIiinuyed Heddu SPI

nFyanmnisiyoude
e SCLK fio widygan#miIdiomslumssudadoyaves spI
@ v 24
® MOSI (Master-Out-Shave-In data) fin NduanumIAyateyavasiglnisinmmes a9

2] as -
az lhflundygubuyavesgunselaav
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amamﬁ'ﬁﬂmiuﬂn SPIM ( Serial Peripheral Interconnect Master)
o A ' o W 4 .
e miumyumsFouseluTnumnmans AT Inneamsdea1suuy SPIM ( Serial
Peripheral Interconnect Master)
e mivayulnuadynuuidnves SPI Ao Tnum 0,1,2 uaz 3
e gunsOdMUAMAITaIRIBENM TR
® usnAeNMIIFOUABIIANAYEIA YN MOSI ez SCLK 14
3/ ar = o o b
o aunsoadadynuumesswi la
o anusalunsiudatoyagege (Maximum bit rate ) 12 MHz
mslFaudadsu API voaluga SPIM
o v = & o - TR S '
m3lfaulugaznssiimumsSonldfladdu  Ap1 Fimsldouiladduiiondnarilds
vosTimans A uay X Insalfeunaladlidaelaves DR afvua1en T ldaudede 1l
SPIM_Start
Handumsfmualnuanisiiauees SPI wieuiallanisdhiniuvealuga lavmsivua

° W 1 vy Y das 0 ot o 2 o ' ' o
Tnuansviaozaeskum i fudatduiiunisiames A Fuzlilnuadieg swaisieee liil

Symbolic Name Value AUHUTD
SPIM_MODE _0 0x00 | msiwiuves sPT Tulnua o
SPIM_MODE_]1 0x02 A13MaIuYes SPI Tulvua |
SPIM_MODE 2 0x04  msvarumes spl Tulnua2
SPIM_MODE_3 0x06 T arsthsnives SP1 lulnue 3
SPIM_LSB_FIRST 0x80 dadatoyamsdnfiadidou
SPIM_MSB_FIRST 0x00 dufiadoyaniaduiiagenewy

A15149 8 uamas 1w Inuan1siiaiua1ee voe SPI

@10the
Assembly :

Mov A,SPIM_MODE_2|SPIM_LSB_FIRST ; i@ionIuua 2 ﬁ'aﬂi’ayamaﬁﬁuﬁm‘hﬁau
C Prototype :

Void SPIM Start (BYTE bConfiguration )
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o vingmgs s afmua lnusmshinusinfumsidengduuunisds
(SPIM_LSB_FIRST) w7a( SPIM_MSB FIRST) Tagldnis or Tewldmieanme « |~

Sunatarafintie
SPIM_STOP
AaddunsTansiiouesluan  SPIM Hadsudioz luinduseluiinEnablevos3immas
Control ¥111#Tuaa SPIM wyams¥iau
#8019
Asscmbly :
Call SPIM_Stop

C Prototype :
Void SPIM_Stop(void)

SPIM_EnablelInt
Hadsuidamssuwmedsniives sPiM muideuluvasmsdumes§we
f0014
Assembly :
Call SPIM_Enablelnt

C Prototype :
Void SPIM Enablelnt{void)
SPIM_Disablelnt
Tamsdmosiwives SPIM
Ar0079
Assembly :
Cali SPIM_Disablelnt

C Prototype :
Void SPIM_DisableInt(void)

SPIM_SendTxData
dadoyanuy sp1 llfginsalaamfinesudae
#1801
Assembly :
Mov A bSPIMData
Call SPIM_SendTxData
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C Prototype :
BOOL SPIM_SendTxData(BYTE bSPIMData)

SPIM_bReadRxData
HsfFunssmsumnnludloyannginsalaend  Taomasiimsi@aaaizveaivmley
(Rx Buffer) foudrimio’ly Aouftosiimssonldfladand
#1001
Assembly :
Call SPIM_bReadRxData
Mov bRxData, A
C Prototype :
BOOL SPIM_bReadRxData{void)
SPIM_bReadStatus
Huideumianiuznnismaasniugy (ControlRegister) YoaTuga SPIM 33aimes o2
dszaoudivaniumssiiinudieueslugalasiiaoiuzatn  wiifisumeonudunaimaes
A Famidae azifudsaraaio i

Truan15i1914v99 SPI

Symbolic Name Value ANMHHNEY
A [ o a’:
SPIM_DONE 0x20 N1INIIUVDY SPIM 1v50a1y
SPIM RX OVERRUN 0x40 i 1NN Overrun Error ‘U‘ENm‘i’S“"LI“l’IJﬂga
SPIM_TX_BUFFER_EMPTY 0x10 L JHidesvenisaing
SPIM_RX_BUFFER_FULL 0x08 iesmssudoyairu

{ 1 ey o o
A1517 9 uamIIn IS SmAnsveansdoya veailaddu ST

aunsnldns or Tauvldindeanuw « ° Wemudeulumsasinmeuld fusu feoi
a0l
#10014
Assembly :

Call SPIM_bReadStatus

And A, SPIM_DONE | SPIM_RX_BUFFER FULL

Jnz SpimCompleteGetRxData



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenarsianubidniunislynuienisfnemniu lueygsinildlydsslesuaunisan

lunsdllag visdu Bnnamuiiludaudadiien wagmnedenedsinavesenasynaseniinisunluly



wnanstduenansianubidmsunmslynuiienisfinwinmiu lueugalmilulydsslosuaiunisen

lunsdllag visdu Bnvanuiludaudadilen wazmetoedsiuaivesonalsynasiniinisuiluly
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* Mux rate : 48

* H39RU V1o Vi Uszanm 2.7 9 3.3 Toav
o Py ¥

* usadu IW@eantee 910 v, to Vi 2 i

- 600485 Taav nsaanldussduniolu

- 6.0 84 9.0 Taa7 nIdinlFussduINAIUON

* fulWley muzdunis1daunns wulwd
* QMY UBAYLVDI V.,

' ° 1 a = o
* Framsianludugugld -25 83 70°C

333  Insaaiiaves PCD 8544

wiveuaawauuUns ARR 145 PCD 8544 sufugunseiilmdsandaz1d cMos
Hudamunuuazniud DriverTaveziinsuanawasenuioofiiiving 48 uo1 84 wén lumsld
afuszimsdaiaddums IFnurimn liF s idaiuitifer ndmmiusilizls: via sasenms
wiwe LeD dammsldoudoudoululnsnoulnsamodiin  sxiinisdeudeuty  Serial Bus

fagtumasudenmshiauniluves Lep

G R RO to RAT
! |

LRIt DRIVENS ] RCW CRIVERS ]
BIAS T

Vi coz —f-w-  VOLTAGE

IBEHERATOR
DATA LAT ZHES SHIFT REGISTER
L— RETRET — REX
DECILLATOR

V=Dt Vico
L=o GENERATOR CISFLAY DATA RAM

TIhUING
GENERAT R

] DISPLAY
ADDREBS

ADORESS v« MNTER COUNTER

Voo @ Voo

Vas ey e

T ——

T2 4

OATA
T3 a4t mesrarer |+ pPCDas4a

T4
[ 11 BUFFER |

Ty e

SOIN BiSLk oz VIR

Block diagram

5107 15 wemavdonniwlugves PCD 8544

L]
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SYMBOL DESCRIPTION

RO to R47 | dgyamiodnwaniadiuuny ¥ee LCD

CO 1o C83 | doyyou®ANAMIA U Mdn 03 LCD

Veor Voo Ground

3
Vo Vor, | 80 1Wi50sunedl

[
] -
Vieor Viem | 78 Wi@osves LCD

T1 Test 1input ( 92ABYT V)
T2 Test 2 output (n;)co;nl;;ct }
T3 Test 3 input/output ( 9EADUN Vi)
T4 Test 4 input (9D Vi)
SDIN Serial data in put ( VidygINToYa BUNA )
SCLK Serial clock input ( VFYYIMUIRNM 0.0: to 4.0 Mbits/s )
D/C Data/ command  ( YURDNAY Data/ command )
SCE Chip enable  ( sfonldgiihau )
0SsC Oscillator
RES External reset input

Dummyl,2,3,4 Not connected

A15137 11 mamauvesnaeqaulusl peD 8544

334 Waddulumisiau
1. fadnfindaenunnud (Oscilaton liduiludpsnodanna Clock muusn 1io191nd
¥
Toua st Clock Uuinaguiuatimindaan1sanClock MnawusndannsodsiuviillAwuiu

w e o

2. @NTURUMUA (Address Counter: AC) Aafudumiaiudaimuaifisr 1dd@vudoyann

miwanudeya Tavezdsenevldaodumuialuuny X (X- address) X6 613 X0 uazdumualy

=] < d o = ' ¥ ow P =t ¥ o Y

AU Y (Y-address) Y2 B9 YO Famnsousnidailudassaedu’ld nasnniimsoudeyaaiouds
AnTuAumURzRuAIY 1 8@ Tuld@aiul V flag

3. wwANuidoya (Display Data RAM: DDRAM) DDRAM il static RAM Y119

48x84 bits 1¥dmswfnmdayaiioziimsnans Taousuazgnunuilu bank VU1 84 bit(6x8x84 bits)

§1uu 6 bank luamzhusuiudayadnn doyavzgnautnuimg serial interfaceTaumdn umiialu

ar [ o s o 1
AU X 92UAUFURUT 1AUATINUA MU YD output column
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4. mfutliana1 (Timing generator) fafufiananiudiad sdyanafisudiulumsiies
neludn Taonszuammsheounioludnes hilduransznunnnszuiunste fidatutadoya
@

5. ATTLA UMY EAAINA (Display Address counter) YoyaiuanIvusaifannmudoudoya
Tunuwanui hifuewiwnaeduinuugauumies Leb

6. FAIUMILAAIND  (Addressing) Yoyaszgn Ivaafiaz ludidh T lumizsanudi Tavesla#

gnofutivwan  Taonodunfezgnizydumiialay address pointer FeazfiTasdiumiany X of
5en319 0 89 83 dou ¥ ogsenin 0 8e 5 Tavms Tnaadoynoinezniiuiylae Y address  oziuiu
ya ludfisns neadnndedtmedniudy  uasfedividumisny X ndoowoziins
wumluuny X dowdodiudy  deuiudluunu v ao'l S1umeasuazmsdadoyason

wiheediudagy

LS8

\ ______________

o

MSB

¥.address

0 mm— e

L........._._ i} Xaddress 83 Q

G SIS

= o ' ¥
E']J“ﬂ 16 l!ﬁﬂQZﬂlluumﬂﬂllﬁntkﬁzﬂ]llﬂuamaﬂﬂﬂl&ﬁ

oftf2 0
———————— uas S

d | 5| es i

168]13¢ 170 |
———————— 1 Y-addmess

252|259284 :
———————— — |

aas337(338 :

420]421(422 503 §

S ———

X-oddress
o Lpdg

31 17 nemaddulunis Boudeyanslumisennuswun horizontal addressing
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g ¥ A qw ! o 2 )
7. ﬂTSLﬂUﬂ@HﬁLW@i‘HLLﬁﬂQNﬁlluﬂ'l'iﬁd‘lsl’i]yjﬂllﬂuﬂﬂil;‘JUBﬂﬁJS%UU%'fJ!‘HﬁJ&‘H"Iﬂ']ﬁﬁQ Llﬂ 5

o a ) i 4 5 [ 1 T as [} ]
ludTaezdhimsdadia most Tudou  msfuludwumisiadugalundaslud  fredensdadaya
Nlugrawadnusziaaaslugy

T : -
I =
il }—— v e
---r-—r——-? B T . |
i - —+"‘_“"—i - ! 1 ;
| L :
E 1 hd he i
! P
I J e
OLIIE1L0 (CeHY 00010001 {13 04019000 (11H; 00010001 (11H}  O1111110 (FcH)

77 18 uansdwudunisdefiayalluanonadnusy

335 Hﬁﬂﬂ'liﬁ'ld]ﬂ“l]f]dﬁ'ﬁ'lﬂﬂ LCD

Tnsaadugthiwumsiauszgnuisesndlu aoslvua fio S1lidesmsdem LOW w9z
foduduniinululnue Command wadiiinisda HIGH mfvsdlunmsihiouluinue dadeya
DATA 910 RAM Tageziimuiiud wmiaiudueg1ase Tuiia

fumsdeih D/C tuszdaseniudingavove sfoyaluudas lud Iﬂﬂiﬂﬂﬁﬁﬂﬂ?ﬂgﬁﬁgu
PCDES44 9z Iademdi MsB  rouudanoudem @ LSB  uazlumsdeuy  Serial 1
Guduswos -SCE szl HIGH Fygnonniineslifia uazeslifimsgaudondainu  uddle

11 SCE gairaitiu Low sziflumsdanveidoyalddagl

MSB{OBT) LSB tDBQ) e
TTTTTTT]TTIITTHI
data data
S T I Y A
T A
TTE IR T T[T TTTTIT I TTTiTTTinTITiorT Tl
function set (H= 1} bias system Bl Winp temperaiure contml
et bttt et et il
- TT T T I T T[T T I T T T i T T I T iTT T I iiTTld
funclion sal (H = 0) display control Y address X addiess
- AN N S T T O O Y
LGSR
51/# 19 uemandnnisdadoyaves PCD 8544
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ivszimsdedeyaszdesinisden Low 1Aun sCE uasfloudum sCLK uae
floudygnn w1 D/Cansdefayauodnimdalunsmian (0 = Command , | = DATA )
» » .
nasmminiiimsdadoya  Tevansadedoyarue sDIN lumshmaminssiaufivenuias
¥ @ 4 o P & A =t W o FRY
parumsdeyazhiufiveuniuees  scLtk  wazdielinisTiwadeyaziunalidaya

Tugaeiulugndalyl dagil

m ] I

[ EbN

-
SCLK I * l ] | I I ]
S 15 £ 020 0 S o e ) ) o o G e ) )

Lir FiAR)

51/% 20 uamamsaadoyanSoudyg i Clock




336  jUuuuMids COMMAND Tumsiaiuwes LCD
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COMMAND BYTE

INSTRUCTI | D/ | DB | DB ! DB DiBﬂ—DB DB i DB | DB . DESCRIPTION
ON c 7 6 5 4 3 2 1 0
(H=0 or 1) -
NOP 0 0 0 0 0 i 0 | 0 0 No operation
Function set 0 0 0 | 0 0 + PD | V H | Power down control ; ;
j | extended instruction set
B L control(H)
Write data 1 D7 | D6 | D5 | D4 J D3 1 D2 | DI | DO | Write data to display RAM
( H=0)
Reserved 0 0 0 0 0 | 0 1 X X | Do not use
Display Set display configuration
control
—_—

Reserved 0 0 0 0 | . X X X X | Do not use
Set Y address | set Y address of RAM
of RAM . 0<YSS
Set X address 0 1 | X6 | X5 | X4 | X3 © X2 | X1 | X0 | Set X address part of
of RAM L RAM 0<X<83
(H=1)

0 0 0 0 0 { 0 i 0 0 I | Donot use
Reserved 0 0 0 0 0 | 0 ! 0 1 X | Do not use
Temperature 0 0 0 0 0 -'_0 1 | TC § TC | Set temparture
Control . . o | coefficient(TC,)
Reserved 0 0 0 0 0 | rl X X X | Do not use
Bias system 0 0 0 0 1 0 | BS, | BS, | BS, | Set bias system (BS,)
Reserved 0 0 1 X X X X X X | Do not use
Set Vop 0 1 Vo | Vo | Vo | \lf_o Vo . Vo | Vo = Write Vop to register

p6  pS | p4 p3 p2§p1 p0
a1319 12 uﬁm;ﬂuunﬁ’ué’wﬁaq 1u PCD 8544
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BIT 0 |
PD Chip is active Chip is in Power-Down mode
v Horizontal addressing Verticai addressing
Use basic instruction set Use extended instruction set
Dand E

00 Display blank

10 Nommal mode

01 All display segment on

R Inverse video mode

TC, and TC,
00 Vled tempareture coefficient0
ol Vled tempareture coefficientl
10 Vlcd tempareture coefTicient2
11 Vicd tempareture coefficient3

f13199 13 namannuvusuaza1vadi s ludids COMMAND w93 PCD 8544
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unv 4
1TUDENINANDY
41  NMINAADIUATATIDABUMSNINTHUDIUBUIYDS
Fagilszaen
4 o 1 o 1
1. adlumsasiveeuinsumesiianldvuiely
A o ' o=t o & AN Y oA '
2. Wedlumsasweeunwuesin o lunsaswdumsmaoun ldnse la

y ar o o

3. enorougNamel munsonAndugIuWed  Aoolinnulmuiidesns1d Taolu

]
= =

TaJn%ﬂﬁvﬁmmsﬁ“fgfgwmﬁaﬁﬁﬁﬂ'n:un 1 ilaidsa
4. yegeuguauTAve R Irwwed NlinsAumlainves fam faR R EFUmS
wWarumlasanmsald
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Source Code vasTusunsy

MainProgram
#include "m8c.h"

#include "PSoCAPILRh"

#include "string.h"

#include "math.h"

#include "delay.h"

#include "ioport.h"

#include "display chen.h"
#include "form2.h" //Background 1
#include "form12.h" //Background 2
#include "formstep.h"//First Page
#include "page01.h"

#include "page02.h"

#include "page03.h"

#include "step2.h"

#include "step3.h"

#include "select1.h”

#include "select2.h”

/fInclude Number

#include "nn0.h"

#include "nnl.h"

#include "nn2.h"

#include "nn3.h"

#include "nn4.h"

#include "nn5.h"

#finclude "nn6.h"

#include "nn7.h"

#finclude "nn8.h"

#include "nn9.h"

void num_step(unsigned long);
void num_distance(unsigned long);
void num_calory(unsigned long);
void Beep(void);

const WORD PeriodValue = 1000; //Set Period of Counter

unsigned char select,select_1,select_2;

unsigned char mode,model,mode2,mode3,mode4;
static char page_setting = 1;

unsigned char v_sex,v_weight,v_height;

void main()

{
unsigned int li[3]={2,12,8 };
unsigned intcc[3]={1,1,1}:
unsigned int temp,i,x;
unsigned int count_step;




unsigned long v_distance , v_energy;
unsigned int ¢_stride;
unsigned char voice;

Counter16_1_WritePeriod(Period Value);
Counterl6_1_Start();

CIrBitl_4;
ClrBitl_6;

mode2 =1;
select=1;

//Motion Text is 'R’ for Initial Display
NokiaStart(form2);
for(x=0;x<65;x++)
{
SetBitl_3;/LED Display
Clrscr();
GotoXY (x+2,3); NokiaString("R");
//Beep();
DelaylmS{50 ),

}

Beep();

Delay ImS(500);

H/ClIrBitl_3;//Close LED
while(1)
{

if(page_setting == 2)

{

//Display Step

NokiaStart(formstep);

count_step = PeriodValue - Counter16_1_wReadCounter();
num_step(count_step); //Number of Steps

Hif(Bit0_0 == Q)

i

/f Beep();

1}

SetBitl_3;

if(count_step >=5) CIrBit1_3;

if(v_sex==1)

{
¢_stride = fround(v_height * 0.415);
v_distance == count step * c_stride;
v_energy = (v_weight * v_distance)/100;

h

else if(v_sex =2)




c_stride = fround(v_height * 0.413);
v_distance = count_step * c¢_stride;
v_energy = {v_weight * v_distance)/100;

}

if(Bitl_4==1)

{
Delay 1mS(50);
if(Bitl 4==1)

//********************Display Distance™ * * &%tk kool kook ko doh ok Rk kA

NokiaStart(page01);
num_distance(v_distance);
Delay 1 mS(1500);
/‘/*******************Display Energy*tlﬂl***************************
NokiaStart(page02);
num_calory(v_energy);
Delay ImS(i500);
}
}

}

else if(page_setting == 1)

{

NokiaStart(page03);

GotoXY(4,1); NokiaString("Sex");GotoXY(33,1);
//NokiaString("Female"});
GotoXY(4,2); NokiaString("Weight");GotoXY (41,2);
//NokiaString("61-65");
GotoXY(4,3); NokiaString("Height™);GotoXY(41,3);
//NokiaString("150-155");

if(Bitl_6 ==1) //push is Enter

{
Delay ImS(50);
if(Bitl 6==1)
{
mode2 +=1;
iflmode2 > 3)
{
page_setting = 2;
}
}
3
else if(Bit]l_4 == 1)//push is Select
{

Delay ImS(50);
if(Bitl 4 ==1)



cc[mode2-1] +=1;
if(cc[mode2-1] > lifmode2-1])

ce[mode2-1] = 1;

}

JIEEERERERR ROk R Rk Rk Qalact Gax ¥ FFRERRERERERk Rk R kR ok kR

select = cc[mode2-1];
if(mode2 = 1)
{
Nokialmage(1,1,3,1,select1);
Nokialmage(1.2,3,1,select2);
Nokialmage(1.3,3,1,select2);
GotoXY(4,1); NokiaString("Sex");GotoXY(33,1);
/MNokiaString("Female");
GotoXY(4,2); NokiaString(" Weight");GotoXY(41,2);
/MNokiaString("61-65");
GotoXY(4,3); NokiaString("Height");GotoXY(41,3),
//NokiaString("150-155");
if(select == 1)

{
GotoXY(33,1); NokiaString(™ ");
GotoXY(33,1); NokiaString("Male");
v_sex = |;

}

if{select == 2)

{
GotoXY(33,1); NokiaString(" ");
GotoXY(33,1); NokiaString("Female™);
v_5eX = 2;

}

//***************#*****Select Weight*******************************

else if{mode2 == 2)
{
Nokialmage(1,1,3,1,select2);
Nokialmage(1,2,3,1,selectl);
Nokialmage(1,3,3,1,select2);
GotoXY(4,1); NokiaString("Sex");GotoXY(33,1);
/MNokiaString("Female");
GotoXY(4,2); NokiaString("Weight™);GotoXY(41,2);
//NokiaString("61-65");




/MNokiaString("150-155"),

GotoXY(4,3); NokiaString("Height");GotoX Y (41,3);

if(select ==1)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("40-45™);
v_weight = 43;

}

if(select == 2)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("46-50"),
v_weight = 48;

}

if(select == 3)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("51-55");
v_weight = 53;

}

if(sclect == 4)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("56-60");
v_weight = 58;

}

if(select == 5)

{
GotoXY(41,2); NokiaString(" ")
GotoXY(41,2); NokiaString("61-65");
v_weight = 63;

}

if(select == 6)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("66-70'");
v_weight = 68;

}

if(select ==7)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("71-75");
v_weight = 73;

}

if(select == 8)

{

GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("76-80");
v_weight = 78;




i
if(select == 9)

{
GotoXY(41,2); NokiaString("  ");
GotoXY(41,2); NokiaString("81-85");
v_weight = 83;

3

if(select == 10)

{
GotoXY(41,2); NokiaString(" ")
GotoXY(41,2); NokiaString("86-90");
v_weight = 88;

}

if(select ==11)

{
GotoXY(41,2); NokiaString(" "),
GotoXY(41,2); NokiaString("91-95");
v_weight = 93;

}

if(select == 12)

{
GotoXY(41,2); NokiaString(" ");
GotoXY(41,2); NokiaString("96-100");
v_weight = 98;

b

[ FHE AR R KRR AR Nk kK R XX Qaant Height**"‘********************
¢lse if(mode2 = 3)

Nokialmage(1,1,3,1,select2);
Nokialmage(1,2,3,1,select2);
Nokialmage(1,3,3,1,select);
GotoXY(4,1); NokiaString("Sex");GotoXY(33,1);
//NokiaString("Female");
GotoXY(4,2); NokiaString("Weight");GotoXY (41,2);
/MNokiaString("61-65");
GotoXY(4,3); NokiaString("Height");GotoX Y (41,3);
//NokiaString("150-155");

if{select == 1)

{
GotoXY(41,3); NokiaString("  ");
GotoXY(41,3); NokiaString("150-155");
v_height = 153;

}

if(select == 2)

{

GotoXY(41,3); NokiaString(" ")
GotoXY(41,3); NokiaString("156-160");




v_height = 158;

}

if(select == 3)

{
GotoXY(41,3); NokiaString(" ")
GotoXY(41,3); NokiaString("161-165");
v_height = 163;

}

if(select == 4)

{
GotoXY(41,3); NokiaString(" "Y;
GotoXY(41,3); NokiaString("166-170");
v_height = 168;

}

if{select =— 5)

{

GotoXY(41,3); NokiaString(" ");
GotoXY(41,3); NokiaString("171-175");
v_height = 173;

}
if(select == 6)

{
GotoXY(41,3); NokiaString(" ")
GotoXY(41,3); NokiaString("176-180™);
v_height =178;

}

if(select == 7)

{
GotoXY(41,3); NokiaString(" "),
GotoXY(41,3); NokiaString("181-185");
v_height = 183;

}

if(select == 8)

{
GotoXY(41,3); NokiaString(" ")
GotoXY(41,3); NokiaString("186-190");
v_height = 188;

}

//*******##!*t**********Display Sext*tt*ﬂit*****11#************
for(i = 0;i < 3;i++)

{
temp = ccfi];
ifli ==0)
{
if{temp == 1)

{



v_sex =1;
}
else if(temp == 2)
{
GotoXY(33,1); NokiaString("Female ");
v_sex =2;
}
//"‘************"‘**********Display Weight*************************
else if(i == 1)
{
ifltemp —= 1)
{

GotoXY(33,1); NokiaString("Male ™);

GotoXY(41,2); NokiaString("40-45");
v_weight = 43;

}

else if(temp == 2)

{
GotoXY(41,2); NokiaString("46-50™);
v_weight = 48;

}

else if(temp == 3)

{
GotoXY(41,2); NokiaString("51-55");
v weight = 53;

}
else if(temp == 4)

{
GotoXY(41,2); NokiaString("56-60");
v weight = 58;

H

glse if{temp == 5)

{
GotoXY(41,2); NokiaString("61-65");
v_weight = 63;

}
else if(temp == 6)

{
GotoXY(41,2); NokiaString("66-70");
v weight = 68;

}

else if(temp == 7)

{
GotoXY(41,2); NokiaString("71-75™);
v_weight =73;

}
else if(temp == 8)

{

GotoXY(41,2); NokiaString("76-80");



}

v_weight = 78;

}
else if(temp == 9)

GotoXY(41,2); NokiaString("81-85");

v_weight = 83;

}
else if(temp == 10)

{
GotoXY(41,2); NokiaString("86-90");
v_weight = 93;

}

else if(temp == 11)

{
GotoXY(41,2); NokiaString("91-95");
v_weight = 93;

}

else if(temp == 12)

{
GotoXY(41,2); NokiaString("96-100");
v_weight = 98;

}

//***“‘*********************Display height***************************

else if(i == 2)

{

if(temp == 1)

{
GotoXY(41,3); NokiaString("150-155");
v_height =153;

}

else if(temp == 2)

GotoXY(41,3); NokiaString("[56-160");
v_height = 158;

}

else if{temp == 3)

{
GotoXY(41,3); NokiaString("161-165");
v height = 163;

}

else if(temp == 4)

GotoXY(41,3); NokiaString("166-170");
v_height = 168,

¥

else if(temp == 5)

{
GotoXY (41,3); NokiaString("171-175");
v_height = 173;



}
//page _setting ==

/MNokiaStart(page4);

}
}
void Beep(void)

}

else if(temp == 6)

GotoXY(41,3); NokiaString("176-180");
v_height = 178;

b

else if(temp == 7)

{
GotoXY(41,3); NokiaString("181-185");
v_height = 183;

1

else if(temp == 8)

{
GotoXY(41,3); NokiaString("186-190");
v_height = 188;

h

PWMI16_1_WritePeriod(511);
PWMI6_1_WritePulse Width(255);

PWMI16_1_Disablelnt();
PWM16_1 Start();
Delay 1 mS{100);
PWMI6_1 Stop(),
Delay1mS(100);

PWMI16 | Start();
Delay ImS(100);

PWMI16 1 Stop();
Delay1mS(100);

3

Display

#include "m8c.h"
#include "spim_1.h"
#include "display_chen.h”

int Background_cursor;

//Send Data
void SendData ( char data )

{




PRTODR |= DC_PIN;
SPIM_1_SendTxData(data),

while ( ! (hSPIM_|_ReadStatus() & SPIM_1_SPIM_TX_BUFFER_EMPTY}) );
j

//Send Command
void SendCommand ( char command )
{
PRTODR &= ~DC_PIN;
SPIM_1_SendTxData(command),
while (! (bSPIM_1_ReadStatus(} & SPIM_1 _SPIM_TX_BUFFER_EMPTY}) );

}

static void wait ( void )
{

int time;

for (time=-32000; time< 32000; time++ );
}

#ifdef CHEN

void NokiaStart (const char * background)

#else

void NokiaStart ( void )

#endif

{. .
mnti;
wait(};
PRTODR = RST_PIN;
SPIM_I_Start(SPIM_1_SPIM_MODE_0{SPIM_i_SPIM_MSB_FIRST);
SendCommand(0x21); / LCD Extended Commands.
SendCommand(0x88); / Set LCD Vop (Contrast).
SendCommand(0x06); / Set Temp coefficent.
SendCommand(0x13); // LCD bias mode 1:48.
SendCommand(0x20); / LCD Standard Commands, Horizontal addressing mode.
SendCommand(0x0C); // LCD in normal mode.
SendCommand(0x40); //clear dispiay
SendCommand(0x80); //clear display

#ifdef CHEN
Background = background;
for(i=0; i<504; i++)
{

}

Background_cursor = 0;
flelse

for(i=0; i<504; i++)

{

SendData(Background[i});




SendData(0x00);

}
Hendif

}

/f SetBackground

#ifdef CHEN
void SetBackground ( const char *dataPtr )

{

Background = dataPtr;

}
#endif

//Contrast

void Contrast ( char contrast )

{
SendCommand(0x21);
SendCommand(0x80 | contrast);
SendCommand(0x20);

}

//Clear Screen

void Clrscr( void )

{. .
int i;

#ifdef CHEN
SendCommand(0x40);
SendCommand{0x80);
for(i=0; 1<504; i++)

{

}

fleise
for(i=0; i<504; i++)
{

}
#endif

SendCommand(0x40);
SendCommand(0x80);
h

//Goto XY

SendData{Background[i]);

SendData(0x00);




void GotoXY ( char x, char y )

{

// SendCommand(0x40 | y);

/1 SendCommand(0x80 | x);
SendCommand(0x40|(y&0x07));
SendCommand(0x80|(x&0x7f));

#ifdef CHEN
Background_cursor = y*84+x;

#endif

}

//String

#ifdef CHEN
void String ( char *dataPtr )
{- -

int 1;

while ( *dataPtr )

{

char ch = *dataPtr++;

for(i=0; i<5; i++, Background cursor++)

{

}
SendData(Background[Background_cursor++]);
}
3

#else
void String ( char *dataPtr )
{. .
int 1;
while ( *dataPtr )
{
char ch = *dataPtr++;
for(i=0; i<5; i++)

{

)
SendData{0x00);
}

}
#endif

SendData(Font|ch-32][i] » Background[Background cursor]);

SendData(Font{ch-32][i]):

/ICString

#ifdef CHEN
void NokiaString ( const char *dataPtr)

{

int i;




while { *dataPtr )
{

char ch = *dataPtr++;

for(i=0; i<5; i++, Background_cursor++)

{

}
SendData(Background[Background_cursor++]);
}
}

Helse
void NokiaString ( const char *dataPtr )
{ - .
int i;
while ( *dataPir )
{
char ch = *dataPtr++;
for(i=0; i<5; i++)

{

}
SendData{0x00);
}

}
#endif

/*Character*/

#ifdef CHEN

void NokiaChar ( char ch )
{

int i;

SendData(Font[ch-32][i] * Background[Background_cursor]);

SendData(Font[ch-32](i]);

for(i=0; i<5; i++, Background_cursor++) SendData(Font{ch-32][i] |

Background[Background_cursor]);

SendData(Background[Background cursor]); // empty space after character
I
#else /DRAW_OVER _BACKGROUND
void NokiaChar ( char ch )
{ N .

nti;

for(i=0; i<5; i++) SendData(Font[ch-32][i]);

// empty space after character

SendData(0x00);

}
#endif /DRAW_OVER_BACKGROUND

void Nokialmage (char x, char y, char xsize, char ysize, const char * dataPtr)

{

int1, j;




for (j=0; j<ysize; j+1)

// set start address
SendCommand(0x40 | y+j);
SendCommand(0x80 | x);
for (i=0; i<xsize; i++) SendData(dataPtr[j*xsize+i]);
}
#ifdef CHEN
Background_cursor = (y+ysize)*84-+x+xsize:
#else /DRAW_OVER_BACKGROUND
#endif /DRAW_OVER BACKGROUND

}

Number

#include "m8c.h"
#include "string.h"
#include "display_chen.h"
#include "nn0.h"
#include "nnl.h"
#include "nn2.h"
#include "nn3.h"
#include "nn4.h"
#include "nn5.h"
#include "nn6.h"
#include "nn7.h"
#include "nn8.h"
#include "nn%.h"
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void num_step(unsigned long ns)
{
//static const char step_digit1{10] = {'0','1",'2",'3",'4",'5"'6','7",'8",'9'},
//static const char step_digit2{10] = {'0",'1",'2",'3,'4''5"'6','7",'8','9"};
//static const char step_digit3{10] = {'0°,'1",'2",'3",'4",'5"'6','7",'8','9'};
//static const char step_digit4[10] = {'0",'1",'2",'3",'4','5''6','7','8','9'};
//static const char step_digit5[10] = {'0','1",2",'3','4",'5",'6",'7",'8','9'};
unsigned long sn,sd1,sd2,sd3,sd4,sd5;
unsigned char | = 20;
unsigned chark = 1;
/*Step Number*/
SN = ns;
sdl =sn % 10;
sd2=(sn/10)% 10 ;



sd3=(sn/100)% 10 ;
sd4 =(sn/1000) % 10 ;
sd5 =sn/ 10000;

/*Step_Digitl*/

//GotoXY(1+24,1);  NokiaChar(step_digitl[sd1]);
/*Step_Digit2*/

//GotoXY(1+18,1);  NokiaChar(step_digit2[sd2]);
*Step_digit3*/

//GotoXY(1+12,1);  NokiaChar(step_digit3[sd3]);
/*Step_Digit4*/

/IGotoXY(1+6,1); NokiaChar(step_digit4[sd4]);
/*Step_Digit5*/

//GotoXY(l,1):NokiaChar(step digit5[sd3]);

switch(sd5)

{

}

case 0 :

case 1 :

case 2 :

case 3 :

case 4 :

case 5 :

case 6 :

case 7 :

case 8 :

case 9 :

switch(sd4)

{

case 0 :

case 1 :

case 2 :

case 3:

case 4 :

Nokialmage(l.k,8,2,nn0);
break;
Nokialmage(l,k,8,2,nn1);
break;
Nokialmage(l.k,8,2,nn2);
break:
Nokialmage(l,k,8,2,nn3);
break;
Nokialmage(l,k,8,2,nn4);
break;
Nokialmage(l.,k,8,2,nn5);
break;
Nokialmage(l,k,8,2,nné);
break;
Nokialmage(l,k,8,2,nn7);
break;
Nokialmage(l,k,8,2,nn8);
break;
Nokialmage(l,k,8,2,nn9);
break;

Noktalmage(1+9.k.8,2,nn0);
break;
Nokialmage(14+9,k,8,2,nn1);
break;
Nokialmage(1+9,k,8,2,nn2);
break;
Nokialmage(1+9.k,8,2,nn3);
break;
Nokialmage(1+9,k,8,2,nn4);
break;




}

case 5 :

Nokialmage(1+9,k,8,2,nn5);
break;

case 6 :Nokialmage(l+9,k,8,2,nn6);

case 7 :

case 8 :

case 9 :

switch(sd3)

{

}

case 0 :

case 1 :

case 2 :

case 3 :

case 4 :

case 5 :

case 6 :

case 7 :

case 8 :

case 9

switch(sd2)

{

case 0 :
case 1 :
case 2 :
case 3 :
case 4 :
case 5 ;

case 6

break;
Nokialmage(1+9.,k,8,2,nn7);
break;
Nokialmage(1+9,k,8,2,nn8);
break;
Nokialmage(1+9,k,8,2,nn9);
break;

Nokialmage(l+18,k,8,2,nn0);
break;
Nokialmage(l+18,k,8,2,nn1});
break;
Nokialmage(l+18,k,8,2,nn2);
break;
Nckialmage(l+18,k,8,2,nn3);
break;
Nokialmage(1+18,k,8,2,nn4);
break;
Nokialmage(l+18,k.8,2,nn5);
break;
Nokialmage(1+18,k,8,2,nn6);
break;
Nokialmage(l+18,k,8,2,nn7);
break;
Nokialmage(i+18.k,8,2,nn8);
break;
Nokialmage(1+18,k,8,2,nn9);
break;

Nokialmage(1+27k,8,2,nn0);
break;
Nokialmage(1+27,k,8,2,nn1);
break;
Nokialmage(1+27,k,8,2,nn2);
break;
Nokialmage(1+27.k,8,2,nn3);
break;
Nokialmage(1+27.k.8,2,nn4);
break;
Nokialmage(1+27,k,8,2,nn5);
break;
Nokialmage(1+27,k,8,2,nn6);
break;



case 7 : Nokialmage(i+27.k,8,2,nn7);

break;
case 8 :Nokialmage(l+27.k,8,2,nn8);
break;
case 9 : Nokialmage(1+27.k,8,2,nn9);
break;
h
switch(sd1)
{
case 0 :Nokialmage(1+36,k,8,2,nn0);
break;
case 1 : Nokialmage(1+36,k,8,2,nn1);
break;
case 2 :Nokialmage(1+36,k,8,2,nn2);
break;
case 3 : Nokialmage(1+36,k,8,2,nn3);
break;
case 4 :Nokialmage(1+36,k.8,2,nn4);
break;
case 5 :Nokialmage(l+36,k,8,2,nn5);
break;
case 6 :Nokialmage(l+36,k.8,2,nn6);
break;
case 7 : Nokialmage(1+36,k,8,2,nn7);
break;
case 8 :Nokialmage(1+36.k,8,2,nn8);
break;
case 9 : Nokialmage(1+36,k,8,2,nn9);
break;
h

}

/'*****************Distance******************/

void num_distance(unsigned long nd)

{

/*Distance Number*/

static const char dist_digit1[10] = {'0','1",'2'3','4",'5" '6''7",'8' 9" };
static const char dist_digit2[10] = {'0,'1',2",3'4",'5' '6' /7' '8 '9" };
static const char dist_digit3[10] = {'0",'1",'2",'3",'4",'5" '6",'7" '8",'9" }
static const char dist_digit4[10) = {'0','1","2",3"'4",'5", '6,'7,'8,'9'};
static const char dist_digit5[10] = {'0",'1",2",'3"'4",'5" 67,89
static const char dist_digit6[10] = {'0",'1",'2,'3','4",'5", '0','7.'8,'9'};
static const char dist_digit7[10] = {0",'1,'2",'3",4",'5",'6','7",'8",'9" ¥
unsigned long dn,dd1,dd2,dd3,dd4,dd5,dd6,dd7;

unsigned charm = 18;
dn = nd;
ddl =dn% 10;
dd2 =(dn/ 10)% 10 ;
dd3 =(dn/100)% 10 ;



}

dd4 = (dn/ 1000) % 10 ;
dd5 = (dn/ 10000) % 10 ;
dd6 = (dn / 100000) % 10 ;
dd7 =dn/ 1000000;
/*Distance_Digiti*/
GotoXY(m+42,3); NokiaChar(dist_digit1[dd1]);
/*Distance_Digit2*/
GotoXY(m+36,3);  NokiaChar(dist_digit2[dd2]);
/*Distance Digit3*/
GotoXY(m+30,3);  NokiaChar('.");
/*Distance Digit4*/
GotoXY(m+24,3);  NokiaChar(dist_digit4[dd3]);
/*Distance_Digit5*/
GotoXY(m+18,3);  NokiaChar(dist_digit5[dd4]);
/*Distance_Digit6*/
GotoXY(m+12,3);  NokiaChar(dist_digit3[dd5]);
/*Distance_Digit7*/
GotoXY(m+6,3); NokiaChar(dist_digit3[dd6));
/*Distance_Digit8*/
GotoXY(m,3); NokiaChar(dist_digit3[dd7));
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void num_calory(unsigned long nc)

{

/*Calory Number*/
static const char cal_digit1[10] = {0",'1','2",'3'4",'5",'6",'7'8','9'};
static const char cal_digit2[10]= {'0','1',2",'3"'4",'5",'6",'7",'8"'9"};
static const char cal_digit3[10] = {'0','1",2,'3'4'5''6",'7",'8",'9'};
static const char cal_digit4[10] = {'0'1',2",'3",'4''5",'6','7",'8",'9'} ;
static const char cal_digit5[10] = {'0.'1",'2','3",'4",'5','6",'7",'8','9'};
static const char cal_digit6[10] = {'0','1",'2",'3",'4','5",'6','7",'8','9'};
unsigned long cn,cd1,cd2,cd3,cd4,cd5,cd6;
unsigned char n = 14;

cn = ng;

cdl =cn % 10;

cd2=(cn/10)% 10;

cd3=(cn/100)% 10;

cd4=(cn/1000)% 10 ;

cd5 =(cn/ 10000) % 10;

cd6 = (cn / 100000);

/*Calory_Digit]*/

GotoXY(n+36,3);  NokiaChar(cal_digit][cd1]);

/*Calory_Digit2*/

GotoXY(n+30,3); NokiaChar('.");

/*Calory_Digit3*/

GotoXY(n+24,3);  NokiaChar(cal_digit2[cd2]);

/*Calory_Digit4*/

GotoXY(n+18,3); NokiaChar(cal_digit3[cd3));



}

/*Calory_Digit5*/

GotoXY(n+12,3);  NokiaChar(cal_digit4[cd4]);
/*Calory_Digit6*/

GotoXY(n+6,3); NokiaChar(cal_digit5[cd5]);
/*Calory_Digit7*/

GotoXY(n,3); NokiaChar(cal_digit6[cd6]);
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void num_HeartRate(unsigned int nh)

{

/*Calory Number*/
static const char hr_digit1[10] = {'0’,'1'.2','3",'4"'5','6','7"/8','9'} ;
static const char hr_digit2[10] = {10",'1','2",'3",'4",'5,'6",'7",'8",'9'} ;
static const char hr_digit3[10] = {'0",'1",'2",'3,'4",'5",'6",'7",'8",'9'} ;
unsigned int hn,hd1,hd2,hd3;
unsigned char n = 22;
hn = nh;
hdl = hn % 10;
hd2=(hn/10)% 10 ;
hd3 = ¢hn / 100);
/*Calory_Digit]1*/
GotoXY(n+12,4); NokiaChar(hr_digiti[hd1]);
/*Calory_Digit2*/
GotoXY(n+6,4); NokiaChar(hr_digit2[hd2]);
/*Calory_Digit3*/
GotoXY(n,4); NokiaChar(hr_digit3[hd3]);




ANALOG
DEVICES

Low Cost =2 g/+10 gDual Axis

iIMEMS® Accelerometers
with Digital Output

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

Duty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+3 V to +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computer Peripherals

Inertial Navigation

Seismic Monitoring

Vehicle Security Systems
Battery Powered Motion Sensing

GENERAL DESCRIPTION

The ADXL202/ADXL210 are low cost, low power, complete
2-axis accelerometers with a measurement range of either

12 gi£10 g. The ADXL202/ADXL.210 can measure both dy-
namic acceleration (e.g., vibration) and static acceleration {e.g.,
gravityy.

The outputs are digital signals whose duty cycles (ratio of pulse-
width to period) are proportional to the acceleration in each of
the 2 sensitive axes. These outputs may be measured directly
with a microprocessor counter, requiring no A/D converter or
glue logic. The output period is adjustable from 0.5 ms to 10 ms
via a single resistor {Rgpr). If a voltage output is desired, a
voltage output proportional 1o acceleration is available from the
Xenor and Yepor pins, or may be reconstructed by filtering the
dury cycle outputs.

The bandwidth of the ADXL.202/ADXL.210 may be set from
0.01 Hz to 5 kHz via capacitors Cx and Cy. The typical noise
floor is 500 pgiHz allowing signals below 5 mg to be resolved
for bandwidths below 60 Hz.

The ADXL202/ADXL.210 is available in a hermertic 14-lead
Surface Mount CERPAK, specified over the 0°C to +70°C
commercial or —40°C to +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM
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use, nor for any infringements of patents or other rights of third parties
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KL202/ADXL210-SPECIFICATION

(Ty = Ty to Ty, Ta = +25°C for | Grade only, Vpy = +5 V,
Regr = 125 k&2, Acceleration = 0 g, unless otherwise noted)

ADXL202JQCIAQC ADX1.210/JQCIAQC

leter Conditons Min Typ Max Min Typ Max Units
OR INPUT Each Axis
isurement Range! 1.5 +2 +8 10 z
dinearity Best Fir Straight Line 0.2 0.2 % of FS
nment Error? *+1 1 Degrees
nment Error X Sensor to Y Sensor +0.01 10.01 Degrees
asverse Sensitiviry? +2 *2 %
(TIVITY Each Axis
y Cycle per g TUT2 @ +25°C 10 125 15 3.2 4.0 4.8 %lg
SitiViL'y, Analog Output At Pins X Yeur 312 100 mV;’g
perature Drift* A from +25°C 0.5 0.5 % Rdg
g BIASLEVEL Each Axis
Duty Cycle T1/T2 25 50 75 42 50 58 %
a] Offset +2 t2 £
Duty Cycle vs. Supply 1.0 4.0 1.0 4.0 %V
Dffset vs. Temperature® A from +25°C 2.0 2.0 mg/°C
3 PERFORMANCE
se Density® @ +25°C 500 1000 500 1000 weHz
UENCY RESPONSE
} Bandwidth Duty Cycle Output 500 500 Hz
} Bandwidth At Pins XFILTJ YFILT 5 5 kHz
;or Resonant Frequency 10 14 kHz
:R
1 Tolerance 32 k) Nominal 15 15 %
imum Capacitance At X Yeur 1000 1000 pF
TEST
v Cycle Change Self-Test “0” 1o “1” 10 10 %
"CYCLE OUTPUT STAGE
- 125 MQ/Rggr 125 M{YRset
- Tolerance Rgpr = 125 kQ2 0.7 1.3 0.7 1.3 kHz
put High Voitage I=25pA Vs —-200 mV Vs —-200 mV mV
put Low Voliage I=25pA 200 200 mV
Drift vs. Temperarure 35 35 ppm/°C
/Fall Time 200 200 ns
iR SUPPLY
rating Voltage Range 3.0 5.25 2.9 5.25 v
zified Performance 4.75 5.25 4.75 5.25 v
:scent Supply Current 0.6 1.0 0.6 1.0 mA
n-On Time° To 99% 160 C}:“_T +0.3 160 CFILT +0.3 ms
'ERATURE RANGE
rating Range JQC 0 +70 0 +70 °C
sified Performance AQC ~-40 185 -40 +85 °C
3
combinations of offser and sensitivity variation.
.ent error is specified as the angle between the true and indicated axis of sensitvity.
crse sensitivity is the algebraic sum of the alignment and the inherent sensicivity errors.
cation refers to the maximum change in parameter from its initial at +25°C to its worst case value at Typy 10 Tpax.
lensity (pe/NHz) is the average noise at any frequency in the bandwidth of the part,
n UF. Addition of filter capacitor will increase tum on time. Please see the Application section on power cycling.
and max specifications are guaranteed, Typical specifications are not tested or guaranteed.
ations subject to change without notice.
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ADXL202/ADXL210

BSOLUTE MAXIMUM RATINGS*
cceleration (Any Axis, Unpowered for 0.5 ms)
cceleration (Any Axis, Powered for 0.5 ms) ......... 500 ¢
VS ~-03Vto+7.0V
rtput Short Circuit Duration

(Any Pinto Common) ...................... Indefinite
'perating Temperature ................. -55°C o +125°C
torage Temperature ................... -65°C to +150°C

iresses above those listed under Absolute Maximum Ratings may cause perma-
tent damage to the device. This is a stress rating only; the functional operation of
he device at these or any other conditions above those indicated in the operational
ections of this specification is not implied. Exposure to absolute maximum rating
'onditions for extended periods may affect device reliability.

Jrops onto hard surfaces can cause shocks of greater than 1000 ¢
nd exceed the abselute maximum rating of the device. Care
hould be exercised in handling to avoid damage.

PIN FUNCTION DESCRIPTIONS

'in Name Description
NC No Connect
Vrp Test Point, Do Not Connect
ST Self Test
COM Common
T2 Connect Rggr 10 Set T2 Period
NC No Connect
COM Common
NC No Connect
Your Y Axis Duty Cycle Output
0 XouT X Axis Duty Cycle Qutput
1 YrLT Connect Capacitor for Y Filter
2 XFILT Connect Capacitor for X Filter
3 Vobp +3V 10 +5.25 V, Connect to 14
4 Vop +3 Vo +5.25 V, Connect to 13

ACKAGE CHARACTERISTICS

PIN CONFIGURATION

S

NC[T] e 4] vpp
vp [2] ADXL202/ |13] v,
L oy [ Vor
s7[3] TOP VIEW 2] Xy
COM E (Not to Scale) E] YeLT

T2 E Ax E Xour
NC E E] Your
com[7] ay (8] NC

NC = NO CONNECT

Figure 1 shows the response of the ADXL202 to the Earth’s
gravitational field. The output values shown are nominal, They
are presented to show the user what type of response to expect
from each of the outpur pins due to changes in orentation with
respect to the Earth. The ADXL210 reacts similarly with out-
put changes appropriate to its scale.

TYPICAL QUTPUT AT PIN:
9 =50% DUTY CYCLE
10 = £2,5% DUTY CYCLE
11 = 2.5V

12 =288V
TYPICAL DUTPUT AT PIN: L TYPICAL QUTPUT AT PIN:
9= 37,5% DUTY CYCLE 9= 62.5% DUTY CYCLE
10 = 30% DUTY CYCLE 10 = 56% DUTY CYCLE
11e2812v . 11 = 2.188¥
12=2.5v 12=2.5¢
1g
TYPICAL OUTPUT AT PIN;
9 = 50% DUTY CYCLE
16 = 37.5% DUTY CYCLE
11=2.8v
12 = 2,813V

EARTH'S SURFACE

W

ackage O Bic Device Weight L ure 1 ADXL202/ADXL210 Nominal R D
igure 1. ominal Hesponse Due to
-Lead CERPAK | 110°C/W | 30°CAW | 5 Grams o P
14
ORDERING GUIDE
g Temperature Package Package

Model Range Range Description Option

ADXI202]QC +2 0°C to +70°C 14-Lead CERPAK QC-14

ADXL202AQC 2 —40°C 1o +85°C 14-Lead CERPAIK QC-14

ADXL210]QC +10 0°C 10 +70°C 14-Lead CERPAK QC-14

ADXI210AQC 110 —40"C to +85°C 14-Lead CERPAK QC-14
AUTION

D (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
cumulate on the human body and test cquipment and can discharge without detection.
though the ADXL202/ADXL210 features proprietary ESD protection circuitry, permanent
mage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper
‘D precautions arc recommended to avoid performance degradation or loss of functionality.

WARNING!

R s

ESD SENSITIVE DEVICE
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FINITIONS
Length of the “on” portion of the cycle.
Length of the rotal cycle.

y Cycle  Ratio of the “on” time (T 1) of the cycle 10 the total
cycle (T2). Defined as T1/T2 for the ADXL202/
ADXI1210.

ewidth  Time period of the “on” pulse. Defined as T1 for

the ADXL202/ADXL210.

i0ORY OF OPERATION

ADXL202/ADXL210 are complete dual axis acceleration
surement systems on a single monolithic IC, They contain a
silicon surface-micromachined sensor and signal condition-
sircuitry to implement an open loop acceleration measure-
t architecture. For each axis, an output circuir converts the
og signal to a duty cycle modulated (DCM) digital signal
can be decoded with a counter/timer port on a micropro-
ar. The ADX1.202/ADX1.210 are capable of measuring

. positive and negative accelerations to a maximum level of
ror £10 g. The accelerometer measures static acceleration

s such as gravity, allowing it to be used as a tilt sensor.

sensor is a surface micromachined polysilicon structure
-on top of the silicon wafer. Polysilicon springs suspend the
;ture over the surface of the wafer and provide a resistance
1st acceleration forces. Deflection of the structure is mea-

1 using a differential capacitor that consists of independent
| plates and central plates attached to the moving mass. The
| plates are driven by 180° out of phase square waves, An
leration will deflect the beam and unbalance the differential
citor, resulting in an output square wave whose amplitude
oportional to acceleration. Phase sensitive demodulation
1iques are then used to rectify the signal and determine the
ition of the acceleration,

output of the demodulator drives a duty ¢ycle modulator
M) stage through a 32 k(2 resistor. At this point a pin is
able on each channel to allow the user ro set the signal
lwidth of the device by adding a capacitor. This filtering
oves measurement resolution and helps prevent aliasing.

> being low-pass filtered, the analog signal is converted to a
cycle modulated signal by the DCM stage. A single resistor
the period for a complete cycle (T2), which can be set be-

n 0.5 ms and 10 ms (see Figure 12). A 0 g acceleration
uces a nominally 50% duty cycle. The acceleration signal
se determined by measuring the length of the Tt and T2
:s with a counter/timer or with a polling loop using a low
microcontroller.

nalog output voltage can be obtained either by buffering the
I from the Xpy 1+ and Ygpot pin, or by passing the duty cycle
1 through an RC filter to reconstruct the dc value.

ADXL202/ADXL.210 will operate with supply voltages as
18 3.0 V or as high as 5.25 V.

Alg) = (T1T2 = 0.5)12.5%
0g = 50% DUTY CYCLE
T2(s) = Rgep{{2N125M02

Figure 12. Typical Output Duty Cycle

APPLICATIONS

POWER SUPPLY DECOUPLING

For most applications a single 0.1 UF capacitor, Cpe, will ad-
equately decouple the accelerometer from signal and noise on
the power supply. However, in some cases, especially where digital
devices such as microcontrollers share the same power supply, digi-
tal noise on the supply may cause interference on the ADXI 202/
ADXL210 output. This is often observed as a slowly undulating
flucruation of voltage at Xpp; 1 and Yrr. If additional decou-
pling is needed, a 100 £ (or smaller) resistor or ferrite beads,
may be inserted in the ADXL202/ADXL.210’s supply line.

DESIGN PROCEDURE FOR THE ADXL202/ADXL210

The design procedure for using the ADXL202/ADXL210 with a
dury cycle output involves selecting a dury cycle period and a
filter capacitor. A proper design will take into account the appli-
cation requirements for bandwidth, signal resolution and acqui-
sition time, as discussed in the following sections.

Vop
The ADXL202/ADX1.210 have two power supply (Vpp) Pins:
13 and 14, These two pins should be connected directly together.

COM

The ADXL202/ADXL210 have two commens, Pins 4 and 7.
These two pins should be connected directly together and Pin 7
grounded,

VTI)

This pin is to be left open; make no connections of any kind to
this pin.

Decoupling Capacitor Cp

A 0.1 UF capacitor is recommended from Vpp to COM for
power supply decoupling.

ST

The ST pin controls the self-test feature. When this pin is set to
Vo, an electrostatic force is exerted on the beam of the acceler-
ometer. The resulting movement of the beam allows the user 1o
test if the accelerometer is functional. The typical change in
output will be 10% at the duty cycle outputs (corresponding to
800 mg). This pin may be left open circuit or connected 10
common in normal use.

Duty Cycle Decoding
The ADXL202/ADXI.210’s digital output is a duty cycle modu-
lator. Acceleration is proportional to the ratio T1/T2. The
nominal output of the ADXIL.202 is:
0 g=50% Dury Cycle
Scale factor is 12.5% Duty Cycle Change perg
The nominal output of the ADXIL.210 is:
0 g =50% Dury Cycle
Scale factor is 4% Duty Cycle Change per g

These nominal values are affected by the initial tolerance of the
device including zero g offset error and sensitivity error.

T2 does not have to be measured for every measurement cycle.
It need only be updated to account for changes due to tempera-
ture, (a relatively slow process). Since the T2 time period is
shared by both X and Y channels, it is necessary only to mea-
sure it on one channel of the ADXL202/ADXL210. Decoding
algorithms for various microcontrollers have been developed.
Consult the appropriate Application Note,
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Figure 13. Block Diagram

Setting the Bandwidth Using Cy and Cy

The ADXIL.202/ADX1.210 have provisions for bandlimiting the
Xenr and Ypr pins. Capacitors must be added at these pins o
implernent low-pass filtering for antialiasing and noise reduc-
tion. The equation for the 3 dB bandwidth is:

1
F_ =
T 2 1 (32 k)X C(x, 3)
SuF
or, more simply, F-345 =
(X,Y)

The tolerance of the intemnal resistor (Ryy 1), can vary as much
as £25% of its nominal value of 32 k{; so the bandwidth will
vary accordingly. A minimum capacitance of 1000 pF for Cyx, v,
is required in all cases.

Table 1. Filter Capacitor Selection, Cx and Cy

Capacitor

Bandwidth Value

10 Hz 0.47 uF
50 Hz 0.10 pF
100 Hz 0.05 uF
200 Hz 0.027 uF
500 Hz 0.01 uF

5 kHz 0.001 pF

Setting the DCM Period with Rger

The period of the DCM output is set for both channels by a
single resistor from Rggr to ground. The equation for the period
is:

5 Rer (@)
125 MQ

A 125 kL resistor will ser the duty cycle repetition rate to ap-
proximately 1 kHz, or 1 ms. The device is designed to operate at
duty cycle periods between 0.5 ms and 10 ms.

EV. B

Table II. Resistor Values to Set T2

T2 Rser

I ms 125 kQ)
2 ms 250 kQ
5 ms 625 k2
10 ms 1.25 MQ

Note that the Rggr should always be included, even if only an
analog output is desired. Use an Rgpr value between 500 kQ
and 2 MQ when taking the output from Xgy 1 or Yen 1. The
Rgg resistor should be place close to the T2 Pin to minimize
parasitic capacitance at this node.

Selecting the Right Accelerometer

For most tilt sensing applications the ADXL202 is the most
appropriate accelerometer. Its higher sensitvity (12.5%/g allows
the user to use a lower speed counter for PWM decoding while
maintaining high resolution. The ADXI1.210 should be used in
applications where accelerations of greater than 2 gare expected.

MICROCOMPUTER INTERFACES

The ADXL202/ADXL210 were specifically designed to work
with low cost microcontrollers. Specific code sets, reference
designs, and application notes are available from the factory.
This section will outline a general design procedure and discuss
the various trade-offs that need to be considered.

The designer should have some idea of the required perfor-
mance of the system in terms of:

Resolution: the smallest signal change that needs 1o be detecred.
Banduwidth: the highest frequency that needs to be detected.
Acquisition Time: the time that will be available to acquire the
signal on each axis.

These requirements will help to determine the accelerometer

bandwidth, the speed of the microcontroller ¢lock and the
length of the T2 period.

When selecting a microcontroller it is helpful to have a counter
timer port available. The microcontroller should have provisions
for software calibration. While the ADXL.202/ADXI.210 are
highly accurate accelerometers, they have a wide tolerance for

7=
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al offset. The easiest way to null this offser is with a calibra-
factor saved on the microcontroller or by a user calibration
erog. In the case where the offset is calibrated during manu-
ire, there are several options, including external EEPROM
microcontrollers with “one-time programmable” features.

IGN TRADE-OFFS FOR SELECTING FILTER
\RACTERISTICS: THE NOISE/BW TRADE-OFF
accelerometer bandwidth selected will determine the mea-
ment resolution (smallest detectable acceleration). Filtering
2e used to lower the noise floor and improve the resolution
€ accelerometer. Resolution is dependent on both the ana-
ilter bandwidth at Xgy 1 and Ye7 and on the speed of the
ocontroller counter.

analog output of the ADXL202/ADXL210 has a typical
lwidth of 5 kHz, much higher than the duty cycle stage is
ble of converting. The user must filter the signal at this

t to limit aliasing errors. To minimize DCM errors the

1g bandwidth should be less than 1/10 the DCM frequency.
og bandwidth may be increased to up to 1/2 the DCM
lency in many applications. This will result in greater dy-

ic error generated at the DCM.

analog bandwidth may be further decreased to reduce noise
improve resolution. The ADXL202/ADXL210 noise has
‘haracteristics of white Gaussian noise thar contributes

lly at ali frequencies and is described in terms of pg¢ per root
.., the noise is proportional to the square root of the band-
1 of the accelerometer, It is recommended that the user limit
width to the lowest frequency needed by the application, to
mize the resolution and dynamic range of the accelerometer.

-the single pole roll-off characteristic, the typical noise of
\DXL202/ADXI.210 is determined by the following equation:

Noise (rms) = (500 Ug/VHz )x(\IBWx 1.5 )
)0 Hz the noise wilil be:

oise (rm:)=(500 ug/\jf; )x (\/TO—O;H_;) )=6.]2 mg

1 the peak value of the noise is desired. Peak-to-peak noise
nly be estimated by statistical methods. Table 11 is useful
stimating the probabilities of exceeding various peak values,
| the rms value.

Table III. Estimation of Peak-to-Peak Noise

% of Time that Noise
Nominal Peak-to-Peak | Will Exceed Nominal
Value Peak-to-Peak Value
2.0 x rms 32%
4.0 x rms 4.6%
6.0 x rms 0.27%
8.0 X rms 0.006%

seak-to-peak noise value will give the best estimate of the
rtainty in a single measurement.

Table IV gives typical noise output of the ADXL202/ADXIL210
for various Cx and Cy values.

Table IV, Filter Capacitor Selection, Cy and Cy

Peak-to-Peak Noise
Estimate 95%
Bandwidth | Cg, Cy | rms Noise Probability (rms x 4)
10 Hz 047pF | 1.9 mg 7.6 mg
50 Hz 0.10puF | 43 mg 17.2 mg
100 Hz 005puF | 6.1 mg 244 mg
200 Hz 0.027 uF| 8.7 mg 35.8 myg
500 Hz 001 pF | 13.7 mg 54.8 mg

CHOOSING T2 AND COUNTER FREQUENCY: DESIGN
TRADE-OFFS

The noise level is one determinant of accelerometer resolution.,
The second relates to the measurement resolution of the
counter when decoding the duty cycle output.

The ADXL202/ADXL210s duty cycie converter has a resolu-
tion of approximately 14 bits; better resolution than the acceler-
ometer itself. The actual resolution of the acceleration signal is,
however, limited by the time resolution of the counting devices
used to decode the duty cycle. The faster the counter clock, the
higher the resolution of the duty cycle and the shorter the T2
period can be for a given resolution. The following table shows
some of the trade-offs. It is important to note that this is the
resolution due to the microprocessors’s counter. It is probable
that the acceleromerter’s noise floor may set the lower limit on
the resolution, as discussed in the previous section.

Table V. Trade-Offs Between Microcontroller Counter Rate,
T2 Period and Resolution of Duty Cycle Modulator

ADXL202/| Counter-
ADXL210 | Clock Counts
Rset | Sample Rate per T2 | Counts | Resolution

T2 (ms){ (kf2) | Rate (MHz) Cycle |[perg |(mg)
1.0 124 11000 2.0 2000 250 4.0
1.0 124 | 1000 1.0 1000 125 8.0
1.0 124 [ 1000 0.5 500 62.5 16.0
5.0 625 | 200 2.0 10000 1250 0.8
5.0 625 | 200 1.0 5000 625 1.6
5.0 625 | 200 0.5 2500 3125 |32
10.0 1250 100 2.0 20000 | 2500 0.4
10.0 1250( 100 1.0 10000 1250 0.8
10.0 12507 100 0.5 5000 625 1.6
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STRATEGIES FOR USING THE DUTY CYCLE OUTPUT
WITH MICROCONTROLLERS
Application notes outlining various strategies for using the duty

cycle output with low cost microcontrollers are available from
the factory.

USING THE ADXL202/ADXL210 AS A DUAL AXIS TILT
SENSOR

One of the most popular applications of the ADXIL.202/ADXL210
is tilt measurement. An accelerometer uses the force of graviry

as an input vecror to determine orientation of an objecr in space.

An accelerometer is most sensitive to tilt when its sensitive axis
is perpendicular to the force of gravity, i.e., parallel o the
earth’s surface. At this orientation its sensitiviry to changes in
tile is highest. When the accelerometer is oriented on axis to
graviry, i.e., near its +1 g or -1 g reading, the change in output
acceleration per degree of tilt is negligible. When the accelerom-
eter is perpendicular to gravity, its ourput will change nearly
17.5 mg per degree of rilt, but at 45° degrees it is changing only
at 12.2 mg per degree and resolution declines. The following
table illustrates the changes in the X and Y axes as the device is
tilted £90° through graviry.

AO[MOme]
Y
0° 1g
L.,
| ]
-90°
X OUTPUT Y OUTPUT (g)

X AXIS A PER A PER

JRIENTATION DEGREE OF DEGREE OF
TOHORIZON(®) | X OUTPUT (g} | TILT {mg) [Y OUTPUT (g) { TILT (mg)

~90 -1.000 -0.2 0.000 17.5

-75 -0.966 4.4 0.259 16.9

~60 -0.866 8.6 0.500 15.2

-45 -0.707 12.2 0.707 12.4

-30 ~0.500 15.0 0.866 8.9

-15 ~0.259 16.8 0.966 4.7

0 0.000 17.5 1.000 0.2

15 0.259 16.9 0.966 -4.4

30 0.500 15.2 0.866 -B.6

45 0.707 124 0.707 -12.2

60 0.866 8.9 0.500 -15.0

75 0.966 4.7 0.259 -16.8

90 1.000 0.2 0.000 -17.5

Figure 14. How the X and Y Axes Respond to Changes in
Tilt

iEV. B

A DUAL AXIS TILT SENSOR: CONVERTING
ACCELERATION TO TILT

When the acceleromerter is oriented so both its X and Y axes are
parallel to the earth’s surface it can be used as a two axis tilt
sensor with a roll and a pitch axis. Once the output signal from
the accelerometer has been converted to an acceleration that

varies berween -1 g and +1 g, the outpu tilt in degrees is calcu-
tated as follows:

Pizch = ASIN (Ax/1 g)
Roll = ASIN (Ay/1 g)

Be sure to account for overranges. It is possible for the acceler-
ometers to output a signal greater than +1 g due to vibration,
shock or other accelerations,

MEASURING 360° OF TILT

It is possible to measure z full 360° of orienrarion through grav-
ity by using two accelerometers oriented perpendicular to one
another (see Figure 15). When one sensor is reading a maxi-
mum change in output per degree, the other is at its minimum.

360° OF TILT ig

Figure 15. Using a Two-Axis Accelerometer to Measure
360° of Tilt
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NG THE ANALOG OUTPUT
ADXL202/ADXL210 was specifically designed for use with

igital outputs, but has provisions to provide analog outputs
ell.

¥ Cycle Filtering

tnalog output can be reconstructed by filtering the duty

> output. This technique requires only passive components.
duty cycle period (T2) should be set to 1 ms, An RC filter
a 3 dB poinr at least a factor of 10 less than the duty cycle
lency is connected to the dury cycle output. The filter resis-
hould be no less than 100 k& 1o prevent loading of the

ut stage. The analog output signal will be ratiometric to the
Iy voltage. The advantage of this method is an output scale
ir of approximately double the analog output. Its disadvan-
is that the frequency response will be lower than when

z the XL, YrrT output.

s Y,y Output

second method is to use the analog output present at the

1 and Ygp ¢ pin, Unfortunately, these pins have a 32 kQ2

ut impedance and are not designed to drive a load directly.
p amp follower may be required to buffer this pin. The
ntage of this method is that the full 5 kHz bandwidth of the
lerometer is available to the user. A capacitor still must be
d at this point for filtering. The duty cycle converter should
:pt running by using Rggr <10 MQ. Note that the acceler-
‘er offset and sensitivity are ratiometric to the supply volt-
The offset and sensitivity are nominally:

)fset = Vpp/2 25Var+5V
1202 Sensitivity = (60 mV x Vs)lg 300 mVigat +5 V, Vpp
(L.210 Sensitvity = (20 mVx Vg)g 100 mVigat +5V, Vpp

NG THE ADXL202/ADXL210 IN VERY LOW POWER
LICATIONS

pplication note outlining low power strategies for the
L202/ADXL210 is available. Some key points are pre-
:d here. It is possible 1o reduce the ADXL202/ADXL210%
1ge current from 0.6 mA to less than 20 uA by using the
wing techniques:

awer Cycle the accelerometer.
un the accelerometer at a Lower Voltage, (Down to 3 V).

ar Cycling with an External A/D

:nding on the value of the Xgy 1 capacitor, the ADXL202/
(210 is capable of turning on and giving a good reading in
15. Most microcontroller based A/Ds can acquire a reading
other 25 is. Thus it is possible to turn on the ADXL202/
.L210 and take a reading in <2 ms. If we assume that a
z sample rate is sufficient, the total current required to
20 samples is 2 ms x 20 samples/s x 0.6 mA = 24 pA aver-
urrent. Running the part at 3 V will reduce the supply

nt from 0.6 mA to 0.4 mA, bringing the average current
Lo 16 pA,

A/D should read the analog output of the ADX1L202/
I1.210 at the Xgp1 and Ygpr 1 pins. A buffer amplifier is
nmended, and may be required in any case to amplify the
g output 1o give enough resolution with an 8-bit to 10-hit
2rter.

-10-

Power Cycling When Using the Digital Qutput

An alternative is 10 run the microcontroller at a higher clock
rate and put it into shutdown berween teadings, allowing the
use of the digital output. In this approach the ADXI.202/
ADXL210 should be set at irs fastest sample rate (T2 = 0.5 ms),
with a 500 Hz filter at Xgy 1 and Yrir. The concept is to ac-
quire a reading as quickly as possible and then shut down the
ADXIL.202/ADXL210 and the microcontroller unril the next
sample is needed.

In either of the above approaches, the ADXL202/ADXL210
can be turned on and off directly using a digital port pin on the
microcontroller to power the accelerometer withour additional
compenents. The port should be used to switch the common
pin of the accelerometer so the port pin is “pulling down.”

CALIBRATING THE ADXL202/ADXL210

The initial value of the offset and scale factor for the ADXL20%
ADXL210 will require calibration for applications such as tilt
measurement. The ADXL.202/ADXL210 architecture has been
designed so that these calibrations take place in the software of
the microcontroller used to decode the duty cycle signal. Cali-
bration factors can be stored in EEPROM or determined at
turn-on and saved in dynamic memaory.

For low g applications, the force of gravity is the most stable,
accurate and convenient acceleration reference available. A
reading of the 0 g point can be determined by orientating the
device parallel to the earth’s surface and then reading the output.

A more accurate calibration method is to make a measurements
at +1 g and -1 g. The sensitivity can be determined by the two
measurements,

To calibrate, the accelerometer’s measurement axis is pointed
directly at the earth. The 1 g reading is saved and the sensor is
turned 180° to measure -1 g. Using the two readings, the sensi-
tivity is:
Let A = Accelerometer output with axis ortented to +1 g
Let B = Accelerometer output with axis oriented t0 -1 g then:
Sensitiviy= [A-B)i2 g
For example, if the +1 g reading (A) is 55% duty cycle and the
-1 g reading (B) is 32% duty cycle, then:
Sensitivity = [55% — 32%])/2 g = 11.5%/g

These equations apply whether the output is analog, or duty
cycle.

Application notes outlining algorithms for calculating accelera-
tion from duty cycle and automated calibration routines are
available from the factory.
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OUTLINE DIMENSIONS

Dimensions shown in inches and ({mm).
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ANALOG
DEVICES

Low-Cost +2 g Dual-Axis Accelerometer

with Duty Cycle Output

ADXL202E*

FEATURES

2-Axis Acceleration Sensor on a Singie IC Chip

5mm x 5mm x 2mm Ultrasmall Chip Scale Package

2 mg Resolution at 60 Hz

Low-Power < 0.6 mA

Direct Interface to Low-Cost Microcontrollers via
Duty Cycle Qutput

BW Adjustment with a Single Capacitor

3V to 5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing with Faster Response than
Electrolytic, Mercury, or Thermal Sensors

Computer Peripherals

Information Appliances

Alarms and Motion Detectors

Disk Drives

Vehicle Security

GENERAL DESCRIPTION

The ADXI.202E is a low—cost, low-power, complete 2-axis acceler-
ometer with a digital output, all on a single menolithic IC. It is an
improved version of the ADXI.202AQC/JQC. The ADXL202E
will measure accelerations with a full-scale range of =2 g, The
ADXI202E can measure both dynamic acceleration (e.g., vibra-
tion) and static acceleration {e.g., gravity).

The ourpurs are analog voltage or digital signals whose duty cycles
(ratio of pulsewidrth 1o period) are proportional to acceleration.
The duty cycle outpurts can be directly measured by a micro-
processor counter, without an A/D converter or glue logic. The
duty cycle period is adjustable from 0.5 ms to 10 ms via a single
resistor (RgeT)-

*Patents Pending
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Information furnished by Analog Devices is believed to be accurate and
reliable. Howevaer, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
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otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

3V T0 5.25v
ey L %
Voo Ixsu_-r _ SELF.TEST
s
X SENSOR ReLr
>, Xour |fe
ANALOG [ Y ]
1 TO U
Coc == puTY N| uP
CYCLE T
(ADC) E
_df Y R
¥ SENSOR our
COM I\'HLT T2
‘—i g Cy Rger
Fat—— T2 —— ]

T
Alg) = (T1T2 - 0.512.5%
0g = 50% DUTY CYCLE
T2 = Rgp125M0L

The typical noise floor is 200 wgVHz, allowing signals below
2 mg (at 60 Hz bandwidth) to be resolved.

The bandwidth of the accelerometer is set with capacitors Cx and
Cy at the Xpr and Ygr pins. An analog output can be recon-
structed by filtering the dury cycle quipur.

The ADXL202E is available in 5 mm X 5 mm X 2 mm 8-lead
hermetic L.CC package.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.5.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax; 781/326-8703 @ Analog Devices, Inc., 2000



DXL202E—SPECIFICATIONS

(Ty = Ty t0 Tyay, Ty = 25°C for ) Grade only, Vg = 5V, Rger = 125 k(2

Acceleration = 0 g, unless otherwise noted.)

TPC! ADXL202JE ADXI202AE
-ameter Conditions Graph | Min Typ Max | Min Tvp Max Unit
NSOR INPUT Each Axis
vieasurement Range? £2 +2 g
Nonlinearity Best Fit Straight Line 0.2 0.2 % of FS
\lignment Error’ X t1 +1 Degrees
\lignment Error X Sensor to Y Sensor 0.01 0.0t Degrees
Cross-Axis Sensitivity* X 12 12 %
NSITIVITY Each Axis .
Juty Cycle per g THT2, Vpp=5V X 1¢.5 12.5 14.5 10 12.5 15 Yolg
Juty Cycle per g T1T?2, Vpp =3V X 9.0 11 13.0 8.5 11 13.5 Yolg
ensitivity xFILT: YFILT VDD =5V X 265 312 360 250 312 375 rnt
ensitivity X, YALT Vpp =3V X 140 167 195 140 167 200 mVig
‘emperature Drift® Dela from 25°C X 10.5 10.5 %
RO g BIAS LEVEL Each Axis
£ Duty Cycle T1T2,Vpp=5V X 34 50 66 30 50 70 %
g Duty Cycle TUT2, Vpp =3V X 31 50 69 31 50 69 %o
£ Voltage X, Yrr Vpp=5V X 2.1 2.5 2.9 2.0 2.5 3.0 v
g Voltage Xppr, Yoo Vop =3V X 1.2 1.5 1.8 1.2 1.5 1.8 v
g Duty Cycle vs. Supply X 1.0 4.0 1.0 4.0 %l
£ Offset vs. Temperature? Delta from 25°C X 2.0 2.0 mglC
ISE PERFORMANCE
ioise Density @ 25°C X 200 200 1000 uevHz rms
EQUENCY RESPONSE
dB Bandwidth At Pins X1 YeuT 6 6 kHz
ensor Resonant Frequency 10 10 kHz
.TER
wLT Tolerance 32 k(1 Nominal tl5 t15 %
Ainimum Capacitance At Pins Xpors Yt 1000 1000 pF
F-TEST
hity Cycle Change Self-Test “0” to “1” 10 10 %
TY CYCLE OUTPUT STAGE
'SET Rger = 125 k2 0.7 1.3 0.7 1.3 kHz
Yuzput High Voltage I1=25pA Vs-- 200 mV Vg—200 mV v
huiput Low Voltage I=25pA 200 200 mV
"2 Drift vs. Temperature 50 50 ppm*C
dse/Fall Time 200 200 ns
WER SUPPLY
Yperating Voltage Range 3 5.25 3.e 5.25 v
Juiescent Supply Curtent 0.6 1.0 0.6 1.0 mA
‘urn-On Time Crot in pF 160 X Cpprr + 0.3 160 X Cgpr + 0.3 ms
MPERATURE RANGE
pecified Performance AE —40 +85 °C
}perating Range 0 70 —-40 +85 °C
TES
pical Performance Characteristics.
ieranteed by measurcment of initial offset and sensitivity.
gument ervor is specified as the angle berween the true and indicared axis of sensitivity [see TPC 15).
oss-axis sensitivity is the algebraic sum of the alignment and the inherent sensitivity errors.
fined as the ourput change from ambient to maximum temperature or ambient 10 minimum remperature.
cifications subject to change without notice.

2= REV. A



ADXL202E

ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION

Acceleration (Any Axis, Unpowered for 0.5ms) ...... 1000 ¢

Acceleration (Any Axis, Powered for 0.5 ms) .......... 500 ¢

VS 0.3V o +6.0V i

Output Short Circuit Duration, (Any Pin to Common) Xewr[T) = [T]sT
...................................... Indefinite Yrl8] © T

Operating Temperature ... ............. -55°C to +125°C Xour[ 5] ] com

Storage Temperature .................. -65°C to +150°C YT”

*Stresses above those listed under Absolute Maximum Ratings may cause perma- BOTTOM VIEW

nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicate in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability,

PIN FUNCTION DESCRIPTIONS

Drops onto hard surfaces can cause shocks of greater than 1000 ¢

and exceed the absolute maximum rating of the device. Care Pin . .
should be exercised in handling to aveid damage. No, Mnemonic Description
1 ST Self-Test
Package Characteristics 2 T2 Connect Rgpp to Set T2 Period
Package 3 coM Common
Weight 0 o Devi 4 Your Y-Channel Duty Cycle Output
g A JCc evice 5 XouT X-Channel Duty Cycle Qutput
8-Lead LCC 120°CW thd®°C/wW <1.0 grams 6 YrLT Y-Channel Filter Pin
7 XFLT X-Channel Filter Pin
8 VDD 3Vto525V
ORDERING GUIDE
No. Specified i Temperature Package Package
Model of Axes Voltage . Range Description Option
ADXL202]E 2 3VesV | ow70°C 8-Lead LCC E-8
ADXL202AE 2 3VwsvVv _ -40°C to +85°C 8-Lead LCC E-8
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING'
accumulate on the human body and test equipment and can discharge without detection. Although - @

the ADXI.202E features proprietary ESD protection circuitry, permanent damage may occur on W“

devices subjected to high-energy clectrostatic discharges. Therefore, proper ESD precautions are £SD SENSITIVE DEVIGE
recommended to avoid performance degradation or loss of functionatirty.

REV. A —-3-



DXL202E-Typical Performance Characteristics*

Vpp=3V Vpp =5V
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ita taken from 4500 parts over 3 lots minimum.
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TPC 7. Y-Axis Sensitivity Distribution at Yeyr, Vop =3V
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TPC 10. Y-Axis Sensitivity Distribution at Yeyr, Vpp =5V
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TPC 25. Normalized DCM Period (T2) vs. Temperature

FINITIONS
Length of the “on” portion of the cycle.

Length of the 1o1al cycle.

tv Cycle Ratio of the “on” time (T1) of the cycle to the total
cycle {T2). Defined as T1/T2 for the ADXI1.202E/
ADXL.210.

sewidth Time period of the “on™ pulse. Defined as T'1 for

the ADXL202E/ADXL.210.

EORY OF OPERATION

: ADXI.202E is a complete, dual-axis acceleration measurement
em on a single monolithic IC. It contains a polysilicon surface-
tomachined sensor and signal conditioning circuitry to imple-
nt an open loop acceleration measurement architecture. For
h axis, an output circuit converts the analog signal to a duty
le modulated (DCM) digital signal that can be decoded with
sunter/timer port on a microprocessor. The ADXI202E is
able of measuring both positive and negative accelerations to
east £2 g. The accelerometer can measure static acceleration
zes such as gravity, allowing it to be used as a tilt sensor.

e sensor is a surface micromachined polysilicon structure
It on top of the silicon wafer. Polysilicon springs suspend
structure over the surface of the wafer and provide a resistance
inst acceleration forces. Deflection of the structure is measured
1¢g a differential capacitor that consists of independent fixed
tes and central plates attached to the moving mass. The fixed
‘es are driven by 180° out of phase square waves. An accelera-

1 will deflect the beam and unbalance the differential capacitor,
alting in an outpur square wave whose amplitude is propor-
1al to acceleration. Phase sensitive demodulaton techniques are
n used to rectify the signal and determine the direction of
acceleration.

e output of the demodulator drives a duty cycle modulator
ZM) stage through a 32 k resistor. At this point a pin is
ilable on each channel wo allow the user to set the signal band-
th of the device by adding a capacitor. This filtering improves
isurement resolution and helps prevent aliasing.

er being low-pass filtered, the analog signal is converted to a

y cycle modulated signal by the DCM stage. A single resistor
the pericd for a complete cycle (T2), which can be set between
ms and 10 ms (see Figure 12). A 0 g acceleration produces a

-8-

nominally 50% duty cycle, The accelerarion signal can be deter-
mined by measuring the length of the T1 and T2 pulses with
a counter/timer or with a polling loop using a low cost micro-
controller.

An analog output voltage can be obtained either by buffering the
signal from the Xgp 1 and Yy 1 pin, or by passing the duty cycle
signal through an RC filter to reconstruct the dc value.

The ADXL202E will operate with supply voltages as low as 3.0V
or as high as 5.25 V.

i |
I T2 |

et I

A{g) = (T1/T2 - 0.5V12.5%
0g = 50% DUTY CYCLE
T2(8) = Rger(NV125M8L

Figure 1. Typical Output Duty Cycle

APPLICATIONS

POWER SUPPLY DECOUPLING

For most applications a single 0.1 pF capacitor, Cpc, will
adequately decouple the accelerometer from signal and noise
on the power supply, However, in some cases, especially where
digital devices such as microcontrollers share the same power
supply, digital noise on the supply may cause interference on
the ADXL202E ourput. This may be observed as a slowly
undulating fluctuaiton of voltage at Xgr and Ygp 7. If additional
decoupling is needed, a 100 Q (or smaller) resistor or ferrite
beads, may be inserted in the supply line of the ADXL202E.

FERRITE BEAD

10010}
pp Yoo Xoyt [o—
Coc ADXL202E
COoM Your——
ST Xewr ___]
g XaLT
T2 YELT
Rser _i YrLr
Figure 2.
REV. A
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'ESIGN PROCEDURE FOR THE ADXL202E

'he design procedure for using the ADXI.202E with a duty cycle
utput involves selecting a dury cycle period and a filter capacitor.

+ proper design will take into account the application requirements
ir bandwidth, signal resclution and acquisition time, as discussed
1 the following sections.

tecoupling Capacitor Cpe

+ 0.1 uF capacitor is recommended from Vpp to COM for power
apply decoupling.

T

'he ST pin controls the self-test feature. When this pin is set to
'bp» a0 electrostatic force is exerted on the beam of the accelerom-
ter. The resulting movement of the beam allows the user 1o test if
1¢e accelerometer is functional. The typical change in output will

e 10% at the duty cycle outputs {corresponding to 800 mg).
“his pin may be left open circuit or connected to commeon in
ormal use.

Juty Cycle Decoding

"he ADXL202E’s digital output is a duty cycle modulator.
wcceleration is proportional to the ratio T1/T2. The nominal
utput of the ADXIL202E is:

0 g =50% Dury Cycle
Scale factor is 12.5% Duty Cycle Change per g

“hese nominal values are affected by the initial tolerance of the
evice including zero g offset error and sensitivity error.

"2 does not have to be measured for every measurement cycle.
t need only be updated to account for changes due 1o tempera-
ure, {a relatvely slow process). Since the T2 time period is shared
w both X and Y channels, it is necessary only to measure it on
ne channel of the ADXI.202E. Decoding algorithms for various
aricrocontrollers have been developed. Consult the appropriate
wpplication Note.

3V TO 5.25V
Cx L %
Vob XpLr  SELF-TEST
O
X SENSOR Recr N 1
QuUT c
anaLOG | § o
TO u
Coc— DUTY N uP
CYCLE T
(ADC) |y E
Your LB
¥ SENSOR 32k0N
COM YT sz
o~
___i % Cy Rger
[e—— 12—

T
A(g) = (T1/T2 ~ D.5)/12.5%
0g = 50% DUTY CYCLE
T2 = Rgef125M0

Figure 3. Block Diagram
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Setting the Bandwidth Using Cx and Gy

The ADXL202E has provisions for bandlimiting the Xz 1 and
Yyt pins. Capacitors must be added at these pins 1o implement
low-pass filtering for antialiasing and noise reduction. The equa-
tion for the 3 dB bandwidth is:

1
F_ =
(27 (32 KY X Cx, )
5pF
or, more simply, Fsup :C
(X,Y)

The tolerance of the internal resistor (Rpy; 1), can vary typically as

much as +15% of its nominal value of 32 kQ; so the bandwidth
will vary accordingly. A minimum capacitance of 1000 pF for
Cix, vy is required in all cases.

Table 1. Filter Capacitor Selection, Cyx and Cy

Capacitor

Bandwidth Value

10 Hz 0.47 uF
50 Hz 0.10 yF
100 Hz 0.05 uF
200 Hz 0.027 uF
500 Hz 0.01 pF

5 kHz 0.001 pF

Setting the DCM Period with Rgey
The period of the DCM output is set for both channels by a single
resistor from Rger to ground. The equation for the period is:

_ Rgr (§9)

T2=
125 MQ

A 125 kQ resistor will set the duty cycle reperition rate to approxi-
mately 1 kHz, or 1 ms. The device is desighed to operate at duty
cycle periods between 0.5 ms and 10 ms.

Table II. Resistor Values to Set T2

T2 Rger

1 ms 125 kQ
2 ms 250 kQd
5 ms 625 kQ
10 ms 1.25 MQ

Note that the Rgpr should always be included, even if only an
analog output is desired. Use an Rger value between 500 k2
and 2 MQ when taking the output from Xgy 1 0r Y 7. The Rger
resistor should be place close to the T2 Pin to minimize parasitic
capacitance at this node.

Selecting the Right Accelerometer

For most tilt sensing applications the ADXL202E is the most
appropriate accelerometer. Its higher sensitiviry (12.5%/g) allows
the user to use a lower speed counter for PWM decoding while
maintaining high resolution. The ADXL210 should be used in
applications where accelerations of greater than +2 g are expected.
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tOCOMPUTER INTERFACES

\DXL202E is specifically designed to work with low-cost
controllers, Specific code sets, reference designs, and applica-
otes are available from the factory. This section will outline a
2l design procedure and discuss the various trade-offs that
‘0 be considered.

esigner should have some idea of the required performance
system in terms of:

zion: the smallest signal change that needs to be detected.
vidrh: the highest frequency that needs 10 be detected.

ition Time: the time that will be available to acquire the signal
:h axis.

requirements will help to determine the accelerometer band-
» the speed of the microcontroller clock and the length of
2 period.

selecting a microcontroller it is helpful to have a counter
port available, The microcontroller should have provisions
tware calibration. While the ADXI.202E is a highly accurate
rometer, it has a wide tolerance for initial offset. The easi-
y to null this offset is with a calibration factor saved on the
controller or by a user calibration for zero g. In the case
the offset is calibrated during manufacture, there are several
15, including external EEPROM and microcontrollers with
time programmable” features.

GN TRADE-OFFS FOR SELECTING FILTER
RACTERISTICS: THE NOISE/BW TRADE-OFF
zcelerometer bandwidth selected will derermine the measure-
-esolution (smallest detectable acceleration). Filtering can be
o lower the noise floor and improve the resolution of the
rometer. Resolution is dependent on both the analog filter
Adth at Xgr and Yy and on the speed of the micro-
dler counrer.

nalog output of the ADXL202E has a typical bandwidth
-z, while the duty cycle modulators’ bandwidth is 500 Hz.
ser must filter the signal at this point to limit aliasing

. To minimize DCM errors the analog bandwidth should be
an 1/10 the DCM frequency. Analog bandwidth may be
sed to up to 1/2 the DCM frequency in many applications.
7ll result in greater dynamic error generated at the DCM.

nalog bandwidth may be further decreased to reduce noise
1prove resolution. The ADXI.202E noise has the characrer-
of white Gaussian noise that contributes equally at all
ncies and is described in terms of ig per root Hz; i.e., the
is proportional to the square root of the bandwidth of the
-ometer. It is recommended that the user limit bandwidth to
vest frequency needed by the application, to maximize the
ion and dynamic range of the accelerometer,

-10-

With the single pole roll-off characteristic, the typical noijse of
the ADXI.202E is determined by the following equation:

Noise (rms) = (200 ug/fH-E) X (\IBW X 1.6)
At 100 Hz the noise will be:

Noise (rms) = (200 ug/\[IE )x (.\[ 100 % (] g)) =2.53mg
Often the peak value of the noise is desired. Peak-to-peak noise
can only be estimated by statistical methods. Table IIT is useful
for estimating the probabilities of exceeding various peak values,

given the rms value.,

Table III. Estimation of Peak-to-Peak Noise

% of Time that Noise
Nominal Peak-to-Peak | Will Exceed Nominal
Value Peak-to-Peak Value
2.0 x rms 32%
4.0 X rms 4.6%
6.0 X rms 0.27%
_8.0xrms 0.006%

The peak-to-peak noise value will give the best estimate of the
uncertainty in a single measurement.

Table IV gives typical noise output of the ADXI.202E for vanous
Cyx and Cy values.

Table IV. Filter Capacitor Selection, Cx and Cy

Peak-to-I’eak Noise
Estimate 95%
Bandwidth | Cy, Cy rms Noise | Probability (rms x 4)
10 Hz - 047 uF | 0.8mg 32mg
50 Hz 0.10yF | 1.8 mg 7.2 mg
100 Hz 0.05uF | 2.5mg 10.1 mg
200 Hz 0.027 pF | 3.6 mg 143 mg
500 Hz 0.01 uF | 5.7 mg 22.6 mg

CHOOSING T2 AND COUNTER FREQUENCY: DESIGN
TRADE-OFFS

The noise level is one determinant of accelerometer resolution.
The second relates to the measurement resolution of the counter
when decoding the duty cycle output.

The ADXL202E’s duty cycle converter has a resolution of
approximately 14 bits; better resolution than the accelerometer
itself. The actual resolution of the acceleration signal is, how-
ever, limited by the time resolution of the counting devices used
to decode the duty cycle. The faster the counter clock, the higher
the resolution of the duty cycle and the shorter the T2 period
can be for a given resolution. The following table shows some of
the trade-offs. It is important to note that this is the resolution
due to the microprocessors’ counter. It is probable that the
accelerometer’s noise floor may set the lower limit on the resolu-
tion, as discussed in the previous section.

REV. A
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able V. Trade-Offs Between Microcontroller Counter Rate,
2 Period, and Resolution of Duty Cycle Modulator

Counter-
ADXL202E | Clock Counts
Rger | Sample Rate per T2 | Counts|Resolution

2 (ms) {(k{}) | Rate (MHz) Cycle | perg | {mg)
1] 124 [1000 2.0 2000 250 4.0

0 124 | 1000 1.0 1000 125 8.0
0 124 (1000 0.5 500 62.5 16.0
0 625 (200 2.0 10000 1250 0.8

0 625 {200 1.0 5000 625 1.6

0 625 | 200 0.5 2500 3125 (3.2
1.0 1250( 100 2.0 20000 | 2500 0.4
1.0 1250|100 1.0 10000 1250 0.8
3.0 1250100 0.5 5000 625 1.6

TRATEGIES FOR USING THE DUTY CYCLE OUTPUT
TTH MICROCONTROLLERS

pplication notes outlining various strategies for using the duty
rcle output with low cost microcontrollers are available from
ie factory.

SING THE ADXL202E AS A DUAL-AXIS TILT SENSOR
ne of the most popular applications of the ADXIL.202E is tilt
easurement. An accelerometer uses the force of gravity as an
put vector to determine orientation of an object in space.

n accelerometer is most sensitive to tilt when its sensitive axis
perpendicular to the force of gravity, i.e., parallel to the earth’s
rface. At this orientation its sensitivity to changes in tilt is high-
. When the accelerometer is oriented on axis to gravity, i.e.,
:ar its +1 g or -1 g reading, the change in output acceleration
'r degree of tilt is negligible. When the accelerometer is perpen-
cular to gravity, its output will change nearly 17.5 mg per degree
“tilt, bur at 45° degrees it is changing only at 12.2 mg per
:gree and resolution declines. The following table illustrates
e changes in the X and Y axes as the device is tilted £90°
rough gravity,

4

+90°
™ U ]
:' © [: 0° 1g
] 0 (.
-%0°
BOTTOM VIEW
X Qutput ¥ Output (g}
Axis A per A per
rientation Degree of Degree of
Horizon (°) X Output (g) Tilt {mg) Y Output (g} Tilt {mg)
-90 -1.000 —0.2 0.000 17.5
-75 —0.966 4.4 0.259 16.9
-60 —0.866 a6 0.500 15.2
—45 -0.707 12.2 0.707 12.4
=30 —0.500 15.0 0.866 8.9
15 —0.259 16.8 0.966 47
0 0.000 17.5 1.000 0.2
15 0.259 16.9 0.966 —4.4
30 0.500 15.2 0.866 -8.8
45 0.707 12.4 0.707 —-12.2
60 0.866 6.9 0.500 —15.0
75 0.966 47 0.259 -16.8
90 1.000 0.2 0.000 -17.5

Figure 4. How the X and Y Axes Respond to Changes
in Tift

VA

A DUAL AXIS TILT SENSOR: CONVERTING
ACCELERATION TO TILT
When the accelerometer is oriented so both its X and Y axes are
paraliel to the earth’s surface it can be used as a two axis tilt sensor
with a roll and a pitch axis. Once the output signal from the
acceleromerer has been converted to an acceleration that varies
between -1 g and +1 g, the cutput tilt in degrees is calculated as
follows:

Pitch = ASIN (Ax/1 g)

Roll = ASIN (Av/1 g

Be sure to account for overranges. It is possible for the acceler-
ometers to output a signal greater than +1 g due to vibration,
shock or other accelerations.

MEASURING 360° OF TILT

It is possible to measure a full 360° of orientation through gravity
by using two accelerometers oriented perpendicular to one another
(see Figure 5). When one sensor is reading a maximurm change
in output per degree, the other is at its minimum.

360° OF TILT 1g

Figure 5. Using a Two-Axis Accelerometer to Measure
360° of Tilt

USING THE ANALOG OUTPUT
The ADXIL202E was specifically designed for use with its digital
outputs, but has provisions to provide analog outputs as well,

Duty Cycle Filtering

An analog ouiput can be reconstructed by filtering the dury cycle
output, This technique requires only passive components, The
dury cycle period (T2) should be set to <1 ms. An RC filter with a
3 dB point at least a factor of >10 less than the duty cycle fre-
quency is connected to the duty cycle output. The filter resistor
should be no less than 100 k€ to prevent loading of the gutput
stage. The analog output signal will be ratiometric to the supply
voltage. The advantage of this method is an output scale factor of
approximately double the analog output. Its disadvantage is that
the frequency response will be lower than when using the Xrp
Yrnr output,

XLt Yeior Output

The second method is to use the analog outpurt present at the
Xrir and Ygg 1 pin. Unfortunately, these pins have a 32 k{2
output impedance and are not designed to drive a load directly.
An op amp follower may be required to buffer this pin. The
advantage of this method is that the full 5 kHz bandwidth of the
accelerometer is available to the user. A capacitor still must be
added at this poinrt for filtering. The duty cycle converter should
be kept running by using Rger <10 MQ. Note that the acceler-
ometer offset and sensitivity are ratiometric to the supply voltage.
The offset and sensitivity are nominally:

(0 g Offset = Vpp/2
ADXI.202E Sensitivity = (60 mV x Vg)ig

-11=
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3 THE ADXL202E IN VERY LOW POWER
ICATIONS

plication note outlining low power strategies for the
-202E is available. Some key points are presented here.
sssible to reduce the ADXL202E’s average current from
i to less than 20 UA by using the following techniques:

ver Cycle the accelerometer.
1 the accelerometer at a Lower Voltage, (Down to 3 V).

Cycling with an External A/D

ding on the value of the Xpy 1 capacitor, the ADXL202E
ble of turning on and giving a good reading in 1.6 ms. Most
ontroller based A/Ds can acquire a reading in another 25 is.
115 possible to turn on the ADXIL.202E and take a reading
ms. If we assume that a 20 Hz sample rate is sufficient,
al current required to take 20 sarnples is 2 ms x 20 samples/s
nA = 24 LA average current. Running the part at 3 V will
the supply current from 0.6 mA to 0.4 mA, bringing the
= current down to 16 A,

/D should read the analog output of the ADXL202E at
i1 and Ygp pins. A buffer amplifier is recommended, and
: required in any case 1o amplify the analog output to give
1 resolution with an 8-bit to 10-bit converter.

Cycling When Using the Digital Qutput

‘native is to run the microcontroller at a higher clock rate
Tit into shutdown between readings, allowing the use of the
output. In this approach the ADXL202E should be set at
:st sample rate (T2 = 0.5 ms), wirh a 500 Hz flter at Xt
T- The concept is to acquire a reading as quickly as pos-
\d then shut down the ADXIL.202E and the microcontroller
1e next sample is needed.

:r of the above approaches, the ADXI.202E can be turned
off directly using a digital port pin on the microcontroller to
the accelerometer without additional components.

CALIBRATING THE ADXL202E/ADXL210

The initial value of the offset and scale factor for the ADXL202E
will require calibration for applications such as tilt measurement.
The ADXL202E architecture has been designed so that these
calibrations take place in the software of the microcontroller used
1o decode the duty cycle signal. Calibration factors can be stored in
EEPROM or determined at turn-on and saved in dynamtic
memory.

For low g applications, the force of gravity is the most stable,

accurate and convenient acceleration reference available. A reading
of the 0 g point can be determined by orientating the device par-
allel to the earth’s surface and then reading the output.

A more accurate calibration method is 1o make measurements at
+1 g and -1 g. The sensitivity can be determined by the two
measurements.

To calibrate, the accelerometer’s measurement axis is pointed
directly at the earth. The | g reading is saved and the sensor is
turned 180° to measure -1 g. Using the two readings, the sensi-
dvity is:
Let A = Accelerometer output with axis oriented ro +1 g
Let B = Accelerometer ourput with axis oriented to -1 g then:
Sensinivity = [A-B)/2 g
For example, if the +1 g reading (A) is 55% duty cycle and the
-1 g reading {B) is 32% duty cycle, then:

Sensteivity = [55% — 32%)/2 g = 11.5%/¢
These equations apply whether the output is analog or duty cycle.

Application notes outlining algorithms for calculating accelera-
tion from dury cycle and automated calibration routines are
available from the factory.

OUTLINE DIMENSIONS

Dimensions shown in inches and {mm).

8-Terminal Ceramic Leadless Chip Carrier
(E-8)

R0.028 {0.70)

RO.008

‘
; 190) 15
0.050 (1.27) g_ (1.91) }(2.50)
0.050 (1.27) _ . o
0.008

0.080(1.27} 5 115 (0.38)
i

L] 1, 10,075 $5.000

0.64) Dz' 5
F! L( .50)
«0.015 (0.38)

(0.20)
BOTTOM VIEW

CONTROLL-ING DIMENSIONS ARE IN MILLIMETERS
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Application Note

AN2152

Graphics LCD and PSoC Interface

Summary

By: Svyatoslav Paliy

Associated Project: Yes

Associated Part Family: CY8C27443
PSoC Designer Version; 4.0

This Application Note describes how to controi a PCD8544-based graphics L.CD in a PSoC

project,

introduction

In most applications there is a need to display
information to the user. A graphics LCD is a
powerful, easy-to-control solution. It can provide
both text and graphical illustration to an
application. This Application Note shows how to
contrel a graphics LCD using a PSoC device. The
project has a software library for write text and a
graphics drawing on LCD and PC software to
build a font gemerator and bitmap-to-C-array
converter,

Graphics LCD

In this application, | used a 48x84 graphics LCD
with Philips PCD8544 controlier/driver. You may
find the data sheet for this controller under
Reference [1]. Devices similar to the PCD8544
are listed at Reference [2].

Many manufacturers make displays based on the
PCD8544 or compatible controllers. This very
low-cost LCD controller has memeory bits, each of
which represent one pixel on the LCD. This
memory allows only writes. It is not possible to
read from this memory, which can create some
difficulties with building routines for the smaller
memory versions of PSoC.

Data are downloaded in bytes into the 48x84-bit
RAM data display matrix of PCD8544, as
indicated in Figure 1. The columns are indicated
by the address pointer. The address ranges are:
X 0 to 83 (1010011), Y 0 to 5 (101). Addresses
outside these ranges are not allowed. The X
addresses increment after each byte. After the
last X address (X = 83}, X wraps around to ¢ and
Y increments to the address in the next row. After
the very last address (X = 83 and Y = 5), the
address pointers wrap around to address (X =0
and Y =0).

e e et e Y-address

X-address 83 "‘——,

Figure 1. LCD RAM Format, Addressing



Circuit Schematic

The LCD connects to the PSoC by four wires.
Two wires are for one-direction SPI, ane wire is
for data/control switching, and one wire is for the
reset signal. The PCD8544 needs one external
capacitor for an internal bias voltage generator.

AN2152

Figure 2 shows the schematic when PSoC is
powered by 3.3V. Figure 3 shows the schematic
when PSoC is powered by 5V. Some applications
only allow use of 3.3V supply. Some require 5v
and therefore need an additional level translator
to be added.

33V
33V CY 26443

‘f‘ vee 28
VoD 15 27
SCLK % POIT]  PO[6] 5
SDIN POIS]  PO[4] 5o
DIT = a | POl PO[2] 5,

SCE ) PO[1]  Po[O] |-
GND 2
vOUT L g— P2{7] P26 —zg
RES 7] PAS] P24 Y
c5 g P2l P2y o

LCD L = P2[1) P2[0]

—{—
I(D
2%
s

SMP

1 PHTL PiS) |

127 PISL P14] g

15 Pia e
P[] POl |

l?Ji”VN
Figure 2. Circuit Schematic for 3.3V Powered PSoC

+33V
74VHC573 33V
20 t LCD
2 18 2| VDD
o a1 g 31 SCLK
5102 Q2 77 7] SDIN
D3 T = D/ic
5] D4 Q4 =1 sce
[
5ips Qs —11:':' f 7 GND
5 D8 8 -4 5] YouT
o] O7 Q7 13 RES
D8 Qs c4
— 4,
11 T s 10 7uF
£ GND

1

= Pon  porsy 2
S Pois  poja) (23
POl Pojz) |52

POl1]  PO[O] [~

I 23
)P P i
7 Pas)  Pae) ae
1P P2
=1 P2[1] P2[0] [~
swe  mes [
Hew ey 10
1277 PHSL  P1e) - 1a
1371 P1[3) P1[2] 15
= P[] P0]
14 Vss

Figure 3. Circuit Schematic for 5V Powered PSoC
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Software Library Because the LCD internal memory is write onily
For the simplified drawing on this LCD, | wrote a and some PSoC devices have too little memory
software library that can work in two modes: to build a cache, all drawing routines output
drawing over background (when C-compiler immediately on the LCD.

directive, DRAW_OVER_BACKGROUND, is
defined) and drawing without background (in
other cases).

The software library has two low-level functions
that are hardware dependent (see Table1 ). Ifyou
want to port this library onto a similar LCD
controller with another physical connection (for
example, use of BF9864AFPH with I°C interface),
you must rewrite only these two functions.

Table 1. LCD Controller Low-Level, Hardware-Dependent Functions

LedsendData (char data) Send byte of data to LCD. For more information, see the LCD
driver data sheet.
LcdSendCemmand {char data) Send command byte to LCD. For more information, see the LCD
driver data sheet.
High-level functions that may be used with o DRAW_OR - Text or graphics draw
DRAW _OVER_BACKGROUND are listed in over background with using Logical OR
Table 2. They differ from the functions that may operator under drawn and background
be used without DRAW_OVER_BACKGROUND pixels.
{see Table 3) by dt parameter, which can take © DRAW_XOR - Similar to DRAW_OR
the following values: but uses XOR instead OR operator.

o DRAW _CLEAR - Does not draw pixels,
only restores background. Erases drawn
pixels,

Table 2. High-Level Functions used when DRAW_OVER_BACKGROUND is Defined

Ledinic (const char + Performs LCD initialization, draws background.
dataPtr) Parameters: dataPtr - pointer to array in Flash memory that
contains background.
LedSetBackground ( Allows pointer to change to current background. Does not
const char * dataPbPtr) perform repaint. Only the pointer changes.
Parameters: dataPtr — pointer to array that contains background.
LedClear () Clears display and only shows background.
LedContrast (char contrast) Allows contrast change. No visible result at ambient temperature,

High temperature allows decrease contrast. Low temperature
allows increase contrast.
Parameters: contrast - byte describes contrast (higher value
means higher contrast).
LcdGoTo {char x, char y} Changes current text position.
Parameters: x — X- coordinant of text position.
y — Y- coordinant of text position.
Y- coordinant means not quite a pixel, but an 8-pixel bank (e.g.,
display has 6 bank by height).

LcdImage ( Draws image.
char x, Parameters: x,y — coordinants of image top-left corner.
char y, xsize, ysize — image width and height.
char xsize, dataPrt — pointer to the array that contains image.

char ysize,
const char * dataPtr)

LedChr Draws single character (by the small font) starting from current
char ch, text position (see .« dSoto function above).
draw_type dt) Parameters: ch — character.

dt — (DRAW_OR, DRAW_XOR or DRAW _CLEAR).



Ledstr (
char *dataPtr,
draw_type dt)

LcdCStr (
const char *dataPtr,
draw_type dt}

LcdBigChr
char x,
char vy,
char ¢h,
draw_type dt)

LcdBigStr
char x,
char vy,
char *dataPtr,
draw_type dt)

LedBigCsStr
char x,
char vy,
const char *dataPtr,
draw_type dt)
LcdvBargraph {
char x,
char ystart,
char yend,
char yposition,
draw_type dt)

LecdHBargraph (
char vy,
char xstart,
char xend,
char xposition,
draw_type dt)

voild LedLine ¢
char xb,
char vyb,
char xe,
char ve,
draw_type dt};

AN2152

Writes string (by the small font} starting from current text position

from data memory,

Parameters: dataPtr — pointer to the string in the data memary.
dt — (DRAW_OR, DRAW_XOR or DRAW_CLEAR).

Writes string (by the small font) starting from current text position

from program memory.

Parameters: dataPtr - pointer to string in the program memory.
dt - 'DRAW_OR, DRAW_XOR or DRAW_CLEAR).

Draws single character by the big font.
Parameters; x,y — coordinants of character.
ch - character.
dt — {DRAW_OR, DRAW_XOR or DRAW_CLEAR).

Draws string from data memory by the big font.
Parameters: x,y - coordinanis of string begin.
dataPtr — pointer to the string in data memory.
dt - {DRAW_OR, DRAW_XOR or DRAW_CLEAR).

Draws string from program memory by the big font.

Parameters: x,y — coordinants of string begin.
dataPtr — pointer to the string in program memeory.
dt - (DRAW_OR, DRAW XOR or DRAW_CLEAR).

Draws vertical bar graph.
Parameters: x - coordinate of left bar graph,

ystart — coordinant of top bar graph (8-pixel bank).

yend — coordinant of bottom bar graph (8-pixel
bank).

yposition — current bar graph position, by pixels.
(yposition <=(yend-begin)*B).

dt - (DRAW_OR, DRAW_XOR or DRAW_CLEAR).
Draws harizontal bar graph.
Parameters: y — coordinant of the top bar graph (8-pixel bank).

xstart — coordinant of the left bar graph.

xend — coordinant of the right bar graph.

xposition — current bar graph position, by pixels.
(xposition <=xyend-xbegin).

dt - (DRAW_OR, DRAW_XOR or DRAW _CLEAR).
Draws line.
Parameters: xb.yb — coordinants of where the line begins.

xe,ye — coordinants of where the line ends.

dt - (DRAW _OR, DRAW_XOR or DRAW _CILEAR).
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Table 3. High-Level Functions used when DRAW_OVER_BACKGROUND is Undefined

LcdInit ()
LcdClear ()

LedContrast (char

contrast}

LcdGoTo (char x,

LodImage (
char
char
char
char
const

dataPtr)

LcdChr

LcdStr

LcdCstr (c
*dataPtr)
LcdBigChr
char
char
char
LcdBigstr
char
char
char

xl

Y.
xsize,
ysize,
char *

{char ch)

(char *dataPtr)

onst char

*dataPtr)

LedBigCStr

char
char

X,
Y

const char

rdataPLxy)

LcdvBargraph

char
char
char
char

x,

ystart,
yend,
yposition)

LcdHBargraph

char
char
char
char

YI’

xstart,
xend,
xposition}

void LcdLine {

char
char
char
char

xb,
yb,
Xe,
yel;

char vy)

Performs LCD initialization.
Clears display and shows blank.

Allows contrast change. No visible result is observed at ambient
femperature.
Parameters: contrast — byte describes contrast (higher value means
higher contrast).
Change current text position.
Parameters: x — X-coordinant of text position.
¥ = Y-coordinant of text position.
Y- coordinant means not quite a pixel, but an 8-pixel bank (e.g.,
display has 6 bank by height).
Draws image.
Parameters: x,y — coordinants of image top-left corner.
xsize, ysize — image width and height.
dataPri — pointer to the array that contains image.

Draws single character (by the small font) starting from current text
position (see LcdGeto function above).
Parameters: ch — character.

Writes string (by the small font) starting from current text position.
Parameters: dataPtr — pointer to the string in the data memory.

Writes string (by the small font) starting from current text position.
Parameters: dataPtr — pointer to the string in the program memory.

Draws single character by the big font.
RParameters: x,y — coordinants of character.
ch — character.

Draws string from data memory by the big font.
Parameters: x,y — coordinants where siring begins.
dataPtr — pointer to the string in data memory.

Draw string from program memory by the big font.
Parameters: x,y — coordinants where string begins.
dataPtr - pointer to the string in program memory.

Draws vertical bar graph.

Parameters: x ~ coordinant of left bar graph.
ystart - coordinant of top bar graph (8-pixel bank),
yend — coordinant of bottom bar graph (8-pixel bank).
yposition — coordinate of current bar graph position, by
pixel. {yposition <=(yend-ybegin)*8}.

Draws horizontal bar graph.

Parameters: y — coardinant of the top bar graph (8-pixel bank).
xstart — coordinant of the left bar graph.
xend — coordinant of the right bar graph.
xposition - current bar graph position, by pixels.
(xposition <=xyend-xstart).

Draws line.

Parameters: xb,yb — coordinants of where the line begins.
xe ye — coordinants of where the line ends.



PC Utilities

The software library contains two fonts. Both big
and small fonts have been written as separate
header files (big_fonth and small_fonth). To
simplify font building, | wrote a utility for the PC
that facilitates the font building process (see
Figure 4}.
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In the left side of the form, you may draw a
character and give its hexadecimal
representation in the text editor. You may also
write hexadecimal code and get a character
picture.

I v B -,Ead-.u_t_,t'!:f;{u&u|lmmpr,l%ﬁhmi e

€ BxStont L DFC, BOFY {FE 7.5} fnd 3, 0600, (1. OW00F, (O,

s 5 ook = 0:00L {OFF. 00F}, FF TiOF). {0w00, 000} }
-
* .

Figure 4. Font Building Utility

Another utility (Figure 5) converts bitmaps to C-
language header files. Users must choose the
path to the bitmap. Only black-and-white bitmaps
with a height divisible by eight are supported
{which is a consequence of using LCD controller
page organization).

Also, users must choose a target file. If a target
file exists, the utility rewrites it. The name for the
hexadecimal array will be built from the file name
but can be changed. By pressing the Convert
button, the bitmap converts to a constant array of
hexadecimal values. A file with conversion results
is also generated.

=

Souce Brmap

Deslignation C fle  'C:\Projecis\Cyoness\Displayback] n

Array variable name ‘backl

ﬁ Conyert

T e

'E\ﬁdiéc'i‘s‘\_C_yp(ess\D_isda;(ﬁiSPLAY beap

A

- &

« Lnea ausnf

Figure 5. Utility for Bitmap-to-C-Array Conversion

Demonstration Applications

The demonstration application consists of a few
screens that show display output possibilities.
The first demonstration screen shows big and
small text writing on the LCD. The second screen
shows a text drawing using the DRAW_XOR
parameter.

The third and fourth screens show horizental and
vertical drawings of bar graphs, respectively. The
fifth screen shows a bitmap drawing. And the
sixth screen is an example of an analog gauge
showing line drawings with DRAW_OR and
DRAW_CLEAR parameters.
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Big Font

amall Fonl

Figure 6. Screenshots from Demo Application
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Philips Semiconductors Product specification

48 x 84 pixels matrix LCD controller/driver PCD8544
1 FEATURES 2 GENERAL DESCRIPTION
» Single chip LCD controller/driver The PCD8544 is a low power CMQS LCD controller/driver,
» 48 row, 84 column outputs designed to drive a graphic display of 48 rows and

84 columns. All necessary functions for the display are

* Display data RAM 48 x 84 bits provided in a single chip, including on-chip generation of

s On-chip: LCD supply and bias voltages, resulting in a minimum of
— Generation of LCD supply voltage (external supply external components and low power consumption.
also possible) The PCD8544 interfaces to microcontrollers through a
— Generation of intermediate LCD bias voltages serial bus interface.
- Oscillator requires no external components (external  The PCDB544 is manufactured in n-well CMOS
clock also possible). technology.

« External RES (reset) input pin

¢ Serial interface maximum 4.0 Mbits/s 3  APPLICATIONS
¢ CMOS compatible inputs

e Mux rate: 48

« Logic supply voltage range Vpp to Vgg: 2.7 to 3.3V

» Telecommunications equipment.

« Display supply voitage range V| ¢p to Vgg
— 6.0to 8.5V with LCD voltage internally generated
(voltage generator enabled)

- 6.0to0 9.0 V with LCD voltage externally supplied
(voltage generator switched-off).

« Low power consumption, suitable for battery operated
systems

s Temperature compensation of Vicp
¢ Temperature range: ~25 to +70 °C.

4 ORDERING INFORMATION

PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
PCD8544U - chip with bumps in tray; 168 bonding pads + 4 dummy pads -

1999 Apr 12 3
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5 BLOCK DIAGRAM
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!

I

DISPLAY
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ADDRESS
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Fig.1 Block diagram.
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6 PINNING
SYMBOL DESCRIPTION

RO to R47 LCD row driver outpuls

CO to C83 LCD column driver cutputs
Vss1, Vss2 ground

Voo, VoD2 supply voltage

Vicot, Vicnz LCD supply voltage

T test 1 input

T2 test 2 output

T3 test 3 input/output

T4 test 4 input

SDIN serial data input

SCLK serial clock input

D/C data/command

SCE chip enable

0sC oscillator

RES external reset input
dummyi, 2, 3, 4 | not connected

Note

1. For further details, see Fig.18 and Table 7.

6.1 Pin functions

6.1.1 RO To R47 ROW DRIVER QUTPUTS

These pads output the row signals.

6.1.2 CO 1o C83 COLUMN DRIVER QUTPUTS

These pads output the column signals.

6.1.3  Vggq, Vg2 NEGATIVE POWER SUPPLY RAILS

Supply rails Vgs; and Vgga must be connected together.

6.1.4 Voo1. VYopa: POSITIVE POWER SUPPLY RAILS

Supply rails Vpps and Vppz must be connected together.

1999 Apr 12

6.1.5  Vicp1, Viecpz: LCD POWER SUPPLY

Positive power supply for the liquid crystal display. Supply
rails V_cp1 and Vi cp2 must be connected together.

6.1.6 T1, T2, T3 AND T4: TEST PADS

T1. T3 and T4 must be connected to Vgs, T2 is to be left
open. Not accessible to user.

6.1.7 SDIN: SERIAL DATA LINE

Input for the data line.

6.1.8  SCLK: SERIAL CLOCK LINE
Input for the clock signal: 0.0 to 4.0 Mbits/s.

6.1.9  D/C: MODE SELECT

Input to select either command/address or data input.

6.1.10 SCE: CHIP ENABLE

The enable pin allows data to be clocked in. The signal is
active LOW.,

6.1.11 OSC: OSCILLATCR

When the on-chip oscillator is used, this input must be
connected to Vpp. An external clock signal, if used, is
connected to this input. If the oscillator and external clock
are both inhibited by connecting the OSC pin to Vgg, the
display is not clocked and may be left in a DC state.

To avoid this, the chip should always be put into
Power-down mode before stopping the clock.

6.1.12 RES: RESET

This signal will reset the device and must be applied to
properly initialize the chip. The signal is active LOW,
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7 FUNCTIONAL DESCRIPTION
71 Oscillator

The on-chip oscillator provides the clock signal for the
display system. No external components are required and
the OSC input must be connected to Vpp. An external
clock signal, if used, is connected to this input.

7.2  Address Counter (AC)

The address counter assigns addresses to the display
data RAM for writing. The X-address Xg to %o and the
Y-address Yp to Yq are set separately. After a write
operation, the address counter is automatically
incremented by 1, according to the V flag.

7.3 Display Data RAM (DDRAM)

The DDRAM is a 48 x 84 bit static RAM which stores the
display data. The RAM is divided into six banks of 84 bytes
(6 x 8 x 84 bits). During RAM access, data is transferred

to the RAM through the serial interface. There is a direct

corespondence between the X-address and the column

output number.

1999 Apr 12

7.4 Timing generator

The timing generator produces the various signals
required to drive the internal circuits. Internal chip
operation is not affected by operations on the data buses.

7.5 Display address counter

The display is generated by continuously shifting rows of
RAM data to the dot matrix LCD through the column
outputs. The display status (all dots on/off and
normalfinverse video) is set by bits E and D in the ‘display
control’ command.

7.6 LCD row and column drivers

The PCD8544 contains 48 row and 84 column drivers,
which connect the appropriate LCD bias voltages in
sequence to the display in accordance with the data to be
displayed. Figure 2 shows typical waveforms. Unused
outputs should be left unconnected.
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Fig.3 DDRAM to display mapping.
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7.7  Addressing Fig.5). After the last Y address (Y = 5), Y wraps around
. . . . to 0 and X increments to address the next column. In the
(?;t: gjsisi?;;nrlr?:tc: :(dol: pbgtggslzzo tatjsei:daicba);j:i:“s RAM horizontal addressing mode (V = 0), the X address
' i ig.6). h
Figs. 3, 4, 5 and 6. The columns are addressed by the increments after each byte (see Fig-6). After the last

. X address (X = 83), X wraps around to 0 and
address pointer. The address ranges are: X 0 to 83 .
Y ts to ad th t . After th last
(1010011), Y 0 to 5 (101). Addresses outside these increments to address the next row. After the very las

=83 = i
ranges are not allowed. In the vertical addressing mode :?:Jszst c()xa d dBr esin(dxt 02};“3 :dod)ress pointers wrap

(V = 1), the Y address increments after each byte (see

7.7.1 DATA STRUCTURE

LB
\ 0

/ ______________ Y-address

MSB :

I___ 0 X-address 83 g

MGLE3S

Fig.4 RAM format, addressing.

¢ 6 1]

117

2 .
———————— — . Y-address

3 .

4

5 503 - 5

0 --mmmm s oo 83
X-address

Fig.5 Sequence of writing data bytes into RAM with vertical addressing (V = 1),
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84| 85|86

168{ 169170 .
________ — : Y-address

252(253(254

336(337|338
420(421|422 503— %

Fig.6 Sequence of writing data bytes into RAM with horizontal addressing (V = 0).

7.8 Temperature compensation contrast. Figure 7 shows V| ¢p for high multiplex rates.

In the PCD8544, the temperature coefficient of V| ¢p, can

Due to the temperature dependency of the liquid crystals be selected from four values (see Table 2) by setting bits

viscosity, the LCD

controlling voltage V| cp must be TC; and TC,,

increased at lower temperatures to maintain optimum

{13 Upper limit.
(2} Typical curve,

Vicp

)
{2
&)
4

0°C temperature
MGLE41

(3) Temperature coefficient of IC.

(4) Lower limit.

Fig.7 Vicp as function of liquid crystal temperature (typical values).
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8 INSTRUCTIONS

The instruction format is divided into two modes: If D/C
{mode select) is set LOW, the current byte is interpreted as
command byte (see Table 1). Figure 8 shows an example
of a serial data stream for initializing the chip. If D/C is set
HIGH, the following bytes are stored in the display data
RAM. After every data byte, the address counter is
incremented automatically.

The level of the D/C signalis read during the last bit of data
byte.

Each instruction can be sent in any order to the PCD8544.
The MSB of a byte is transmitted first. Figure 9 shows one
possible command stream, used to set up the LCD driver.

The serial interface is initialized when SCE is HIGH. In this
state, SCLK clock pulses have no effect and no power is
consumed by the serial interface. A negative edge on SCE
enables the serial interface and indicates the start ofadata
transmission.

MSB (DB7)

data

l

Fig.8 General format of data stream.

LSB (DBO)

A N T A A I

data

| S B

MGLEEE

T T

function set (H

L1t

1) bias system

P gy

FTITTTTTTITTTI
I

[

set VOF'

T T TTTTT

temperature control

N

[T T TTTTTTI

function set (H = C)

I I

I
|

display centrol

FTT T TTTTTET I TTT I T

X address

NN

Fig.9 Serial data stream, example.

MGLE{2

“igures 10 and 11 show the serial bus protocol.

When SCE is HIGH, SCLK clock signals are ignored;
during the HIGH time of SCE, the serial interface is
initialized (see Fig.12)

SDIN is sampled at the positive edge of SCLK

D/C indicates whether the byte is a command (D/C = 0)
or RAM data (D/C = 1}; it is read with the eighth SCLK
pulse

999 Apr 12

11

¢ If SCE stays LOW after the last bit of a command/data
byte, the serial interface expects bit 7 of the next byte at
the next pesitive edge of SCLK (see Fig.12)

A reset pulse with RES interrupts the transmission.
No data is written into the RAM. The registers are
cleared. If SCE is LOW after the positive edge of RES
the serial interface is ready to receive bit 7 of a
command/data byte (see Fig.13).

]
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) X
SV e 1 Y e I e O
SOIN Y os7 Y o { oes Y ome f oss Y os2 f os1 Y oee X

MGLE3D

Fig.10 Serial bus protocol - transmission of one byte.

DIC _ H X X

SDIN @ DB4 § DB3 DB1 xDBO ' DB6 xDBS N DB4 kDBS x DB2 x DBA1 K DBOXDB?XDBG XDBSX

MGLEIT

Fig.11 Serial bus protocol - transmission of several byles.
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- -
RES
SDIN XE‘XDBG XDBS NDB‘% x DB3 a DB2 x DB1 K DBO XEXDBG 084 DBZX—DB_1XDBU

MGLE32

Fig.12 Serial bus reset function (SCE).

RES ‘
D8 X X

SDIN XDB?XDBSXDBS DB3X DBE DB4 DB2 DBO DB?NDBG*DBSXDB4X

MGLE3D

Fig.13 Serial bus reset function (RES).
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Table 1 Instruction set
— COMMAND BYTE
INSTRUCTION D/C — DESCRIPTION
DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | oB1 | DBO
(H=0or1)
NOP 0 0 0 0 0 0 0 0 0 no operation
Function set 0 0 0 1 0] 0 'PD |V H power down control; entry
mode; extended instruction set
control (H)
Write data 1 D, Dg Ds Dy Dy D> D4 Dg writes data to display RAM
(H=0)
Reserved 0 0 0 0 0 0 1 X X do not use
Display control 0 0 0 0 C 1 D 0 E sets display configuration
Reserved 0 0 0 0 1 X X X X do not use
Set Y address of [0 0 1 0 0 0 Y. Yy Y sets Y-address of RAM;
RAM 0<Y<5
Set X address of |0 1 Xg X3 X4 X3 X2 X4 Xo sets X-address part of RAM,
RAM . 0<X<83
(H=1)
Reserved 0 0 0 0 0 0 0 0 1 do not use
0 0 0 0 0 0 0 1 X do not use
Temperature 0 4] 0 0 0 0 1 TCq1 | TCqy [ set Temperature Coefficient
control (TCy)
Reserved 0 0 0 0 0 1 X X X do not use
Bias system 0 0 0 0 1 0 BS; |BS, |BSy |set Bias Systern (BS,)
Reserved 0 0 1 X X X X X X do not use
Set Voe 0 1 Vors | Vors | Vora | Vors | Vorz | Vopy Vopg | write Vop to register
Table 2 Explanations of symbols in Table 1
BIT 0 1
PD chip is active chip is in Power-down mode
Vv horizontal addressing vertical addressing
H use basic instruction set B use extended instruction set
Dand E
00 display blank
10 normal mode
01 all display segments on
11 inverse video mode
TCq1and TCo
00 V| cp temperature coefficient 0
01 VL cp temperature coefficient 1
10 V|.cp temperature coefficient 2
11 VL cp temperature coefficient 3
999 Apr 12 14
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8.1 Initialization

Immediately following power-on, the contents of all internal
registers and of the RAM are undefined. A RES pulse
must be applied. Attention should be paid to the
possibility that the device may be damaged if not properly
reset.

All internal registers are reset by applying an external RES
oulse (active LOW) at pad 31, within the specified time.
However, the RAM contents are still undefined. The state
after reset is described in Section 8.2,

The RES input must be <0.3Vpp when Vpp reaches Voomin
.or higher) within a maximum time of 100 ms after Vpp
joes HIGH (see Fig.16).

3.2 Reset function

After reset, the LCD driver has the following state:
Power-down mode (bit PD = 1)

Horizontal addressing (bit V = 0) normal instruction set
(bitH=10)

Display blank {bitE =D = 0)

Address counter Xgto Xg=0; Y210 Yg =0
Temperature control mode (TC4 TCq = 0)
Bias system (BS; to BSg = 0)

Vico is equal to 0, the HV generator is switched off
(Vors to Vopg = 0)

After power-on, the RAM contents are undefined.

1.3 Function set
3.3.1 BiT PD

+ All LCD outputs at Vgs (display off)

Bias generator and V| cp generator off, Vi cp can be
disconnected

Oscillator off (external clock possible)

Serial bus, command, etc. function

Befcre entering Power-down mode, the RAM needs to
be filled with '0’s to ensure the specified current
consumption.

3.2 BTV

Vhen V = 0, the horizontal addressing is selected.

he data is written into the DDRAM as shown in Fig.6.
Vhen V = 1, the vertical addressing is selected. The data
s written into the DDRAM, as shown in Fig.5.

999 Apr 12

8.3.3 BitTH

When H = 0 the commands ‘display control’, ‘set

Y address’ and ‘set X address' can be performed; when
H = 1, the others can be executed. The ‘write data’ and

‘function set' commands can be executed in both cases.
8.4  Display control

8.4.1 BiTs D aNnD E

Bits D and E select the display mode (see Table 2).

8.5 Set Y address of RAM
Yn defines the Y vector addressing of the display RAM.

Table 3 Y vector addressing

Y2 Y4 Yo BANK
0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

8.6 Set X address of RAM

The X address points to the columns, The range of X is
0 to 83 {53H).

8.7 Temperature control

The temperature coefficient of V| cp is selected by bits
TCq and TCq.

8.8 Bias value

The bias voltage levels are set in the ratio of
R-R-nR-R-R,giving a 1/{n + 4) bias system. Different
multiplex rates require different factors n (see Table 4).
This is programmed by BS, to BSg. For Mux 1 : 48, the
optimum bias value n, resulting in 1/8 bias, is given by:

n:-— J48-3 = 3028 = 4 (1)
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Table 4 Programming the required bias system
RECOMMENDED
BS, BS1 BSo n MUX RATE
0 0 0 7 1:100
0 0 1 6 1:80
0 1 0 5 1:65/1:65
0 1 1 4 1:48
1 0 0 3 1:40/1:34
1 0 1 2 1:24
1 1 0 1 1:18/1: 16
1 1 1 0 1:1011:9/1:8
Table 5 LCD bias voltage
SYMBOL BIAS VOLTAGES BIAS VOLTAGE FOR 14 BIAS
V1 Vico Vieco
V2 (n+3)Y{n+4) 7/3 x Vico
V3 (n + 2){n + 4) % x Vico
V4 2/(n + 4) % x Viep
V5 1(n + 4) Vg x Vicp
V6 Vss Vss

8.9 SetVgpvalue

The operation voltage V| cp can be set by software.
The values are dependent on the liquid crystal selected.
Vico = a + (Vaps to Vopp) x b [V]. In the PCD8544,

a =3.06 and b = 0.06 giving a program range of

3.00 to 10.68 at room temperature.

Note that the charge pump is turned off if Vopg to Vopo is
set to zero.

For Mux 1 : 48, the optimum operation voltage of the liquid
can be calculated as:

Vich

|— D — a-i

Viep = —‘EIA@'—'Vm = 6.06-V,, (2) 00'01 02 03 04 05 0607 08 09 0A ... -
2 _(1 B 1 ) MGLE43
Ja8
where Vy, is the threshold voltage of the Tiguid crystal a=3.06.
material used. b= 0.06.

Caution, as Vgp increases with lower temperatures,
care must be taken not to set a Vop that will exceed the
maximum of 8.5 V when operating at -25 °C.

1999 Apr 12
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Vops to Vopo (programmed) (00 to 7FH].

Fig.14 Vep programming.
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9 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134); see notes 1 and 2.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vop supply voltage note 3 -0.5 +7 v
Vico supply voltage LCD note 4 -0.5 +10 v
Vi all input voltages -0.5 Vop + 0.5 A4
“lss ground supply current -50 +50 mA
I lo DC input ar output current -10 +10 mA
Piot total power dissipation - 300 mw
Po power dissipation per output - 30 mw
Tamb operating ambient temperature -25 +70 °C
T operating junction temperature -65 +150 °C
Tsig storage temperature -65 +150 °C
Notes

1. Stresses above those listed under limiting values may cause permanent damage to the device.

2. Parameters are valid over operating temperature range uniess otherwise specified. All voltages are with respect to
Vssg unless otherwise noted.

3. With external LCD supply voltage externally supplied (voltage generator disabled). Vppmax = 5 V if LCD supply
voltage is internally generated (voltage generator enabled).

4. When setting V| cp by software, take care not to set a Vgp that will exceed the maximum of 8.5 V when operating at
—-25 °C, see Caution in Section 8.9.

10 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take normal precautions appropriate to handling MOS devices (see “Handling MOS devices".

1999 Apr 12
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11 DC CHARACTERISTICS
Vop =271 3.3V, Vss =0V, Vicp=6.010 9.0V, Ty = -25 to +70 °C; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vop1 supply voltage 1 LCD voltage externally 27 - 3.3 vV
supplied (voltage generator
disabled)
Vppz supply voltage 2 LCD voltage internally 27 - 3.3 vV

generated (voltage
generator enabled)

Vicps LCD supply voltage LCD voltage externally 6.0 - 9.0 v
supplied (voltage generator
disabled)

Vicoz LCD supply voltage LCD voltage internally 6.0 - 85 vV

generated {voltage
generator enabled); note 1

ibp1 supply current 1 (normal mode) |Vpp =285V, Vigp=7.0V; |- 2490 300 QA
for internal V| ep fscik = 0; Tamp = 25 °C;
display load = 10 pA; note 2
ooz supply current 2 (normal mode) |Vpp=270V,;Vicp=7.0V: |- - 320 LA
for internal Vi cp fsoik = 0; Tamp = 25 °C;
display load = 10 pA; note 2
bo3 supply current 3 (Power-down with internal or external LCD | - 1.5 - HA
mode) supply voltage; note 3
lopa supply current external Vi ¢p Vpp =285V, V| ep=9.0V, [~ 25 - LA
fscuk = 0; notes 2 and 4
ILco supply current external Vi cp Vop=27V,Vico=7.0V, - 42 - LA
fSCLK = 0; T=25 uC;
display load = 10 uA;
notes 2 and 4
Logic
Vi LOW level input voltage Vgs - 0.3Vpp [V
V4 HIGH level input voltage O.TVDD - Voo \Y
I leakage current V| =Vpp or Vgs -1 - +1 pA
Column and row outputs
Rorc) column output resistance - 12 20 kQ
CO to C83
Ror) row output resistance RO to R47 - 12 20 kQ
Vbiastal) bias voltage tolerance on 100 0 +100 mv

C0 to C83 and RO to R47

1999 Apr 12 18
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
LCD supply voltage generator
Vicn Vi cp tolerance internally Vpp=285V, V=70V, |- 0 300 mV

generated fscik = 0;

display load = 10 pA; note 5

TCO Vicp temperature coefficient 0 Vpp =285V, Vi ep=70V |- 1 - mV/K
fsok =0;
display load = 10 pA

TCA Vicp temperature coefficient 1 Vpp=285V; Vi op=70V, |- 9 - mV/K
fsck = 0;
display load = 10 pA

TC2 Vico temperature coefficient 2 Vpp =285V, Vicp=70V; |~ 17 - mv/K
fscik = 0;
display load = 10 pA

TC3 Vicp temperature coefficient 3 Vpp =285V, V cp=70V; |- 24 - mv/K
fscu = 0,
display load = 10 pA

Notes

1. The maximum possible V| cp voltage that may be generated is dependent on voltage, temperature and (display) load.
2. Internal clock.

3. RAM contents equal '0’. During power-down, all static currents are switched off.

1. Ifexternal V| ¢p, the display load current is not transmitted to Ipp.

5. Tolerance depends on the temperature (typically zero at 27 °C, maximum tolerance values are measured at the
temperate range limit).

999 Apr 12 19
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12 AC CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
fosc oscillator frequency 20 34 65 kHz
folk(ext) external clock frequency 10 32 100 kHz
firame frame frequency fosc O foiqex) = 32 kHz; note 1 | - 67 - Hz
tvHRL Vpp to RES LOW Fig.16 02 - 30 ms
twiL(RES) RES LOW pulse width Fig.16 100 - - ns
Serial bus timing characteristics
fscLk clock frequency Vpop = 3.0V £10% 0 - 4.00 MHz
Tey clock cycle SCLK All signal timing is based on 250 - - ns
twh1 SCLK pulse width HIGH 20% to 80% of Vpp and 100 |- - ns
tLs SCLK pulse width LOW e nse and fall times of 1= ™1 _ ns
tsu2 SCE set-up time 60 - - ns
th2 SCE hold time 100 - - ns
twHz SCE min. HIGH time 100 - - ns
ths SCE start hold time; note 3 100 - - ns
teu3 D/C set-up time 100 - - ns
tha D/C hoid time 100 - - ns
teua SDIN set-up time 100 - - ns
tha SDIN hold time 100 - - ns
Notes

f

1. Tfrarne = %éeoxl

2. RES may be LOW befare Vpp goes HIGH.

3. thsis the time from the previous SCLK positive edge (irrespective of the state of SCE}) to the negative edge of SCE
(see Fig.15).

1999 Apr 12
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12.1 Serial interface

- lgp —= - thy —=| [=— byHz—
sce |

- Ly 3 e

‘F'"th3*"': - ————— th5--—-¢---¢—th5——-

tsu

SOIN }( )(

MGLE44

Fig.15 Serial interface timing.

12.2 Reset

vYoD

1
= WL(RES) —™|

D

| I MGLE45

RES

Fig.16 Reset timing.
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13 APPLICATION INFORMATION
Table & Programming example

SERIAL BUS BYTE

STEP — I DISPLAY OPERATION
D/C | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 i DB1 | DBO
1 start SCE is going LOW
2 0 0 0 1 0 0 0 0 T function set
PD=0andV =0, select
extended instruction set
(H = 1 mode)
3 0 1 0 o 1 0 0 0 0 set Vpp; Vop is settoa
+16 x b [V]
4 0 0 0 1 0 0 0 0 0 function set
PD =0 and V = 0, sefect
normal instruction set
: (H = 0 mode)
5 0 0 0 0 0 1 1 0 0 display control set

normal mode
(D=1and E=0)

6 1 0 0 0 1 1 1 1 1 , | data write Y and X are
I initialized to O by default,
J so they are not set here
=i
: IAGLETD
7 1 0 0 0 0 0 1 0 1 data write
H
H )
MGLET4
8 1 0 0 0 0 0 1 1 1 data write
:
MGLE?ZS
9 1 0 0 0 0 0 0 0 0 data write
3
MGLETS
10 1 0 0 0 1 1 1 1 1 data write
[ o 11
HH

MGLE?E
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SERIAL BUS BYTE

STEP — DISPLAY OPERATION
D/C | DB7 |DB6 | DB5 | DB4 | DB3 | DB2 | DB1 ! DRO
11 1 0 0 0 0 0 1 0 0 data write
[ H i1
tHHHH
MGLE77
12 1 0 0 0 1 1 1 1 1 data write
T
T
MGLET8
13 0 0 0] 0 0 1 1 0 1 display control; set

inverse video mode
(D=1andE=1)

MGLE7TD

14 0 1 0 0 0] 0 0 0] 0 set X address of RAM;
! set address to ‘0000000’

MGLETS

15 1 0 0 0 0 0 0 0 0 data write

MGLEBO

'he pinning is optimized for single plane wiring e.g. for chip-on-glass display modules. Display size: 48 x 84 pixels.

The required minimum value for the external capacitors is:

Cext = 1.0 uF.
Higher capacitor values are recommended for ripple
DISPLAY 48 x 84 pixels reduction.
24 84 24 14 BONDING PAD LOCATIONS
14.1  Bonding pad information (see Fig.18)
PCD8544
PARAMETER SIZE
s+ Lpﬂ_‘ﬂ Pad pitch min. 100 um
Cext Pad size, aluminium 80 x 100 um
YO Voo Vss VicD  weexs Bump dimensions 59 x 89 x 17.5 (£5) um
Wafer thickness max. 380 pm

Fig.17 Application diagram.
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14.2 Bonding pad location
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N
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12.97 mm

25
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Fig.18 Bonding pad locations.
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Table 7 Bonding pad locations (dimensions in pm).
All X/Y coordinates are referenced te the centre
of chip (see Fig.18)

PAD PAD NAME X y PAD PAD NAME x y
1 dummy1 +5932 +1060 39 T4 -2709 +1085
2 R36 +5704 +1060 40 Vs -2876 +1085
3 R37 +5604 +1060 41 Vss1 -2976 +1085
4 R38 +5504 +1060 42 Vss1 -3076 +1085
5 R39 +5404 +1060 43 Vgs1 -3176 +1085
6 R40 +5304 +1060 44 T1 -3337 +1085
7 R41 +5204 +1060 45 Vicoz -3629 +1085
8 R42 +5104 +1060 46 Vicoz -3789 +1085
9 R43 +5004 +1060 47 Vicos —4231 +1085
10 R44 +4904 +1060 48 Vicos —4391 +1085
11 R45 +4804 +1060 49 T2 —4633 +1085
12 R46 +4704 +1060 50 R23 —4894 +1060
13 R47 +4604 +1060 51 R22 —4994 +1060
14 Vop1 +4330 +1085 52 R21 -5094 +1060
15 Vb1 +4230 +1085 53 R20 ~5194 +1060
16 Vb1 +4130 +1085 54 R19 -5294 +1060
17 Vpp1 +4030 +1085 55 R18 -5394 +1060
18 Vo4 +3930 +1085 56 R17 -5494 +1060
19 Vopz +3750 +1085 57 R18 -5594 +1060
20 Vpoz +3650 +1085 58 R15 -5694 +1060
21 Vop2 +3550 +1085 59 R14 ~5794 +1060
22 Vopo +3450 +1085 60 R13 -5894 +10860
23 Vbp2 +3350 +1085 61 R12 -5994 +1060
24 Vppz +3250 +1085 62 dummy?2 -6222 +1060
25 Vopz +3150 +1085 63 dummy3 -6238 -738
26 Vopz +3050 +1085 64 RO -5979 -738
27 SCLK +2590 +1085 65 R1 -5879 -738
28 SDIN +2090 +1085 66 R2 -5779 -738
29 D/IC +1090 +1085 67 R3 -5679 -738
30 SCE +90 +1085 68 R4 -5579 -738
3 RES -910 +1085 69 R5 -5479 -738
32 0sC -1410 +1085 70 R6 -5379 -738
33 T3 -1826 +1085 71 R7 -5279 -738
34 Vss2 -2068 +1085 72 R8 -5179 -738
35 Vss2 -2168 +1085 73 R9 -5079 -738
36 Vgsz -2268 +1085 74 R10 —4979 -738
37 Vssz -2368 +1085 75 R11 —4879 -738
38 Vss2 -2468 +1085 76 Co -4646 —746
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PAD | PAD NAME X | PaD [ PaDNAME x y
77 C1 4546 746 Y118 C42 —296 746
78 c2 —4446 746 119 C43 ~196 746
79 C3 —4346 ~746 120 Ca4 _96 746
80 C4 4246 ~746 [ 121 c45 +4 —746
81 cs -4146 746 122 C46 +104 -746
82 c6 4046 _746 123 c47 +204 _746
83 c7 ~3946 -746 124 c48 +304 746
84 ce -3846 _746 125 C49 +404 -746
85 Cco _3746 746 126 C50 +504 746
86 c10 —3646 _746 127 C51 +604 746
87 C11 -3546 746 28 Cs2 +704 748
88 c12 -3446 746 139 C53 +804 ~746
89 C13 ~3346 ~746 (130 C54 +904 ~746
90 C14 -3246 746 131 Cs5 +1004 2746
91 c15 —3146 746 132 C56 +1254 _746
92 c16 ~3046 —746 133 c57 +1354 746
93 c17 —2946 746 134 Ccs8 +1454 746
94 c18 -2846 746 135 C59 +1554 746
95 c19 -2746 746 136 C60 +1654 ~746
96 C20 -2646 746 137 C61 +1754 746
97 C21 2546 _746 138 C62 +1854 748
98 c22 2446 746 139 C63 +1954 746
99 c23 —2346 -746 140 C64 +2054 _746
100 c24 2246 746 144 C65 +2154 746
101 C25 2146 746 [142 C66 +2254 746
102 C26 —2046 746 143 c67 +2354 746
103 c27 ~1946 746 144 ces +2454 746
104 c28 -1696 746 145 C69 +2554 _746
105 c29 ~1596 —746 146 C70 +2654 _746
106 C30 ~1496 746 147 C71 +2754 748
107 C31 ~1396 746 148 c72 +2854 746
108 C32 1296 746 149 C73 +2954 —746
109 C33 ~1196 746 150 C74 +3054 746
110 C34 —1096 ~746 151 C75 +3154 746
11 C35 _996 748 152 C76 +3254 _746
12 C36 _896 -746 153 c77 +3354 ~746
13 C37 ~796 _746 154 c78 +3454 746
14 C38 696 746 155 c79 +3554 _746
15 C39 ~596 746 156 C80 +3654 746
16 C40 —496 746 157 C81 +3754 746
117 Ca1 396 746 158 caz +3854 746
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PAD PAD NAME X
159 C83 +3954 ~746
1860 R35 +4328 -738
161 R34 +4428 -738
162 R33 +4528 -738
163 R32 +4628 -738
164 R31 +4728 -738
165 R30 +4828 -738
166 R29 +4928 -738
167 R28 +5028 ~738
168 R27 +5128 -738
169 R26 +5228 -738
170 R25 +5328 ~-738
171 R24 +5428 -738
172 dummy4 +5694 -738
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Vpp SUPPLY LCO O/Ps

T Voo Yooz _L ViLcpz2
H . Vss1

vV cp SUPPLY *

VLoD Vicoz
I—J T2, T3

V51 J_ Vpp2

INPUT PINS ‘r lﬁ”
VoD1 H[l T

+— V331
SCLK, SDIN, OSC,

RES, D/C, SCE,
J_‘ T1. T4 Vss2
* ¢ Vasi HEI
VSS1—“:I

V351

V551

Vicoz Vi co1
Vss1 —{ q

V552

MGLEI

Vo1

Fig.19 Device protection diagram.

999 Apr 12 28




Philips Semiconductors Product specification

48 x 84 pixels matrix LCD controller/driver PCD8544

15 TRAY INFORMATION
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| - i —
S — T

F C N A1
I S A
(RS SR | § B
I VS | S
(U 1 D ¥

.

.

MGLE4S

For the dimensions of x, y and A to F, see Table 8,

Fig.20 Tray details.

Table 8 Dimensions

DIM. DESCRIPTION VALUE

MoLE? no. of pockets in the x direction |3

A pocket pitch, in the x direction 14.82 mm

B pocket pitch, in the y direction 4.39 mm
3 _C pecket width, in the x direction 13.27 mm
E D pocket width, in the y direction 2.8 mm

E tray width, in the x direction 50.67 mm

F tray width, in the y direction 90.67 mm

X

y

no. of pockets in the y direction 11

The orientation of the IC in a pocket is indicated by the
position of the IC type name on the die surface with
respect to the chamfer on the upper left corner of the tray.
Refer to the bonding pad location diagram for the
orientation and position of the type name on the die
surface.

Fig.21 Tray alignment.
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16 DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or-wgoal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absoiute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

17 LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
aroducts can reasonably be expected to result in personat injury. Philips customers using or selling these products for
Jse in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
mproper use or sale.
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NOTES
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