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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 bumn energy from his/her body without doing the sports. The device is
based on a MEMSs 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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1. ANHUSNIMUMNYDY 1HT (IMEMS ADXI1.202)

MEMs Accelerometer ADXL202 Tugnwvaslnsenuitl4dloFuuy Surface Mount ifiu
FWloFunadn 14 v ADXI202 i 1C Sanms wuFUiRenuy monolithic IC Tasdaiiung
Usznoulide polysilicon surface-micromachined  sensor uazﬁ'ﬂgfgmmﬁvgw’lumimunug]ﬂ
Wasunndyapuemasnuiiudyamaineaianinldszuy  tmer / counter VBTV
microprocessor  1uM3IAsvAaYldlas ADXL202 ausniannus IR aUALSS (positive)

1 d ] o ' o & G
HAZAIUNUI (negative) FaTaNHML 31T 1900195 131

ADKL202%00C
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¢.204 (91023 0215 (5461

9,245 (3.461)
T119(3.022)
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PLANE 32 0013707330) TooS e T
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M31FN1UIN1g Y99 ADXL202

3174
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N II e E Von
\r,pLT__ ADXL202/ [13] vy

sT[3]
[ole 1 E
2 3]
N2 E
oM [7]

ADXL210
rop viEw [ Xt
(Nt te Sealed E Yie

Ag PR X-ur

E‘ﬁ:ln
A.,g_j 7| NC

M = N CONNECT

a

FNYMEAMNUIUIVDIADXL202

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 Your Y Axis ISJ-Cycle Output

10 SuT X Axis_aty Cycle Output

11 Yeur Connect :a_p;i:or“ for Y Filter
12 LT Conn;c; ce;pacitor for X Filter
13 vDD +3V to +5.25V , Connect to 14
14 | VDD 3V to +5.25V, Connect to 13

a15199 1 uaaani eI s 14 e ADX1.202
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2. HoNNsH1a1HVEd iIMEMS ADXL202

ADXI1.202 ﬁlu accelerometer  sensor ﬁagjnu%ﬂ"lﬂﬁ?uﬁm ‘ﬁﬁ?’]’u‘t}um °l‘i’fwﬁ'<mu°1ums
] o ] o 0 4 i a ' [ '
S asmsesarnusddunismieun1d 2 uau Tesmusedaanus 1 luatluge
ALNAT duty cycle  UaE 130 IARITIIARILUY static (e.g. vibration) fio useTlub1vedTan

UOLIUY  dynamic (e.g.gravity) f18 usEvInMaAADUR  msduazifion ugasufoamsauues
ADXL202 431

VT 5.25%
¢ xI_'Q?
o0 T‘ru SELF.TEST
O =
% SENSOR Rous
| Xeor || €
AMALOG % Q
- L T 1]
Cpe o DuTY Ni uP
CYCLE T
{ADCH \ E
Y R
Y SEMSOR cur
COM Yewt lrz
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D339 (acceleration) TﬂUﬁmmmw"lmzﬂaﬂuﬂumazunuﬂxrﬂuﬂ1muﬂmﬂﬁauw‘luumuﬂuuu

a o

T o o =

o [ o e d” =
7 fagezfumdganamerdnaiionizlnd Aovz AR lufia (duy cycle) sanuuilu 50 %

4

-T2 i

S I

Alg) @ (T1TL~ 0.5 12.0%
Ag = 51% OUTY <Y LE
T2 = Ry 125612

517 7 usmsminuIa e 1WHAYDIRQ U ADXL202

T1 ADAWLIIUDITIAIAT S on ¥ VOITRY I
T2 fAsanuonveInudn
Duty Cycle  fis TIT2

o o o = i ' T . o aa
GumasiihiTns wdvesiinuhdimesngnadeoguuury silicon wafer lavad3sxaneu

r

o

&2 1 ] A oo 3 5t ' = 4 a4
gromAraguuustdes Adalidiwus winanusaes myldoumlaseslngadiazgnialae
14 differential AnhFwaslsznoudousmunanfisgiufiuazisumaniinioud lngurumanign
=y 9/ o o 9 o ar = a a d ar ]

Sama mmsamyuld 180 esrwinWienasemnidudyanuivasuiiiudasiduveams
aldnunamannsslasaanus i 0 ¢ vz 1fodHa Duty cycle 50% uazlumsidaudosdoning

o d‘i [] Z a o o o ar ’ e o [T}
e (Cde) iaFaelumsan noise i inesdwnas mminsedivaunaiadlavldmm

Cx uaz Cy Fopm = 14270 32kE2)x C, )

) & AR T

y)

Bandwidth Capacitor Value

10 Hz | 047 uF
50 Hz 0.10 uF
100 Hz | 0.05 uF
200 Hz : i 0.027 puF
500 Hz | 0.01 uF
5 kHz 0.001 pF
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T2 = Rset(€2) 7 125 ME2

ar

Taodildm Rset 125k axi W idrmmwddunnaalssum 1 kHz Idamunaniiu

1ms AIINAITIE

-—
T2 ; Rset

1 ms 125 k€2
2 ms 250 k2
5 ms ‘ 625 k€2
10 ms 1.25 ME2

= & ' v
1157190 3 UAAINITLIADAAINITILAIUNTU Rset

3, msvszgnal¥ay iIMEMs Accelerometer
iMEMs Accelerometer Iagniinnidlumsiaumesdmmitluszuy navigation 1mununds
» 1
Tanlugraus niiueziumaine Accelerometer 3114321A1  Gyroscopes  1WOM UMY (Dead
. 9 = o
reckoning) 1auldmunisnipiinmaaine
Position = Starting Position + (A X £)/2
) ) 1 » [ 3
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Fusory mohidlvldheTuszuansdadediafe  Simadmusuduiinnusa 5 km/h (1.39ms)

A3 S WA aundonnusan s 416 m szmusama e

2+« Displacement 833
Awe = z z
r 300

0.00026 mfs? - 6.944 mq
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3.2 Taulnsapulnsamos

321 PSeC MCU
»
Tassnuiidlumslszynd 19gUnsainivgulynsaeuInsamed PSoC(Programmable system
on chip)FaihiluTasneuInsamosvos CypressMicrosystems lnuifhilulasaou Insawofhting

Ysznanadoyauuy 8 da mieululasneuInsamesiinn il ud psoc NymAunatyszmisd

o
@

. >
naduqfie PSoC MCU 9211015590181 1500 AUUUT

-

uanaaningunsellulnsneuTnsameing
eSsan uazdy owaen widwiuniluds  psoc MU liniseenuunlumsidon
¥ an Y LTI} A R K
maduasananazmaduewaenansof i@ viuazazain  aosdeinidailimsesn
o ' = o od 2 o - ' o ' =)
punludiueeg Tuwnefi@naslaummizndiueuaen  Fainzliviianeuinedvg  usdiogn
' o a3 1Y ' 4 4 o a o gquw 4:| o
sawednwlu Psec Mcu udnilWlideshinudeanrawueniiiviiudniniilisesiivinaiian
¥ ) .
% UONMNT ST HITF In-System Serial Programming (ISSP) amnsavins lsunsuwesdlda
F2oanumuadlyiuviiennudilisunsy (Fiash Memory) nmiwludadnld Feaoldmsiann

3 a ]
Tﬂ'ﬁuﬂiiﬂﬂﬂ‘l“ﬁ PSoC MCU UAINUAZAINTUTIOEIVU

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

Psoc A b ¥y 1i
CORE
SystemBus
J r 4 LA
Shbat DIGL>  MnETCorrect Sota Anang Tlen
B N IR
| ' ShREp 3
< rerrurt 1 E[Coretanc: wu-gn:m ot Y
| Soruceer : f }
F Mutl peticekSoures | *
‘neludes (WS L2 PLL, ant ECO)
 J ANALOG SYSTEM [

DIGITAL SYSTEM
N, N\ L

1 Digital Analog
Block e ! ™ Block
— Array Arcay

" Alate
;‘:rl-*l".-‘

il
LAY

Malng |

) 1
Sgha
SocE 1 ATLm

hutey Ei:e:nmx

R Ina LD nterrd | ow e

U vieage| eoe

_ L. Syeee Peess; Tl .
SYSTEM RESCURCES

Part
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ALANYDI PSoC MCU lﬁmﬁﬂuﬁu‘luTﬂﬁﬂauimmaa{‘uﬁﬂéuqﬁﬁaﬁ’

1. User Modules  muvsntion¥ninnnsvesssunldauiidosnsveowasn nay
ATnoa n?w:"l:u'gﬂ{nﬁ'ﬂﬁ’wTﬂsaﬁ%'wawsﬁua%’mﬁauﬁ'u”luhmauimamm"mﬁ@éuq

2. API (Application Programming Interface) frﬁ'nﬁuumiﬁmuﬂﬂmﬂsuﬁw

nfq'.« & 1 8 ar - T
Handu A1 FapahidannTsunsumunsadevsonuunldsunsuiglasdw

3. ISRs(Interrupt Service Routines) 835U MMM ULEUADS THY
4. Interconnect device interface aMNsaRIMs FouAadun U1 Idot1adass i

pndmuamedanuesdus milousululnsnou Insamessiia dus
] » ¥ ¥ [1 [ ’
vnanduudesiuimuaiiufviuauidniigmnin - Fnuauitsusfimbeiiox
k4 ar ol ]
adwafuluTasnouTnsaaessdindus) @ Sleep , watchdog, Power on Reset(POR) , SPI, UART
wazrc dudu szaiuldi pSec McU tuludoulundy lulnsaouinsamod Hu o 1w
322 stwwumsliauazmsWann PSeC MCU
lulasaeulnsames Psoc  Wumiveyuszuumsihauiamadiu d3noa uas ou1 asn
TavluszuuvosAvaoa (Digital System) Uaz BU1ADA (Analog System) lagnoanuumiuvden
& U =y T ‘!y
TugakavziSonin ufonfisnoa (Digital Blocks ) Lz UABADUIADA (Analog Blocks) latudonmanil
o o T ¥ ol w o A A o @ & o
szsssumstiuer luganeg midnunlFeuaiouduiiufuiingdmivdeinee Tavsuaiuvos
nwende lugad1en (1 ADC, DAC, I2C, PWM , UART, sPLifludu lavdldarsodmualdios
Neziiner IugalanldauuazuannnidlFaudausofmua MIFBUAD TynIUA1IY
k4 - J & s Vv _oaq o o 4
(Programmable Interconneet)  nivtuidiosdndan wilauduildnuaunsoiimsoanuuuldios
- ' o P = P [Nl & o A ' o
da #15au3 ldouds aeding Fadeldludunnumausoaniisimilendi lulnsneunsaians
a4 & e ' o ¥ w ' = ¥
yiiadunfininnnignediagnimualiaed laens onlfou wladld
M lFlumsesnuuuiannmshiauees pSec MCUilsgiuaziingdiufu 2 nw1 fia
MBmeNANURLaY M1 tilpsninmidau TUsunsuwoa PSoC MCU maulugozvh Taunts
FonldauflafsuaPiaems fmuanumniaanqsunnuduauuRniSieep , Warch dog ,
) ¥
Supply Voltage 11axdU951uM 96371150711 1491nM111#19 Device Editor Vo393 i3 Psoc
3 9 " g @ P=r=) ot a2 1 ' = = 9
Designer 1151 luduludems wiimansaian mmindees livonandeswaziBualumsldam
Fawmoinin uaszaanfunmz ludwinedeain Tnssnuiviniu uazezefnensldaulu

¥ ¥
aswannTdsupsudluduanaudda il fe



ﬂé’NI'ﬂiﬁ]‘ﬂ{Cmate project)

!

AMUARUEUE 1UN15 191U Psoc MCU(Global Resources)

|

& & ’
Lﬁﬂﬂqﬂ ﬂimiijﬂ (Select User Module)

;

11991n30{Tuga (Place Module )aaluDigital Block#3 @ Analog Block

M UARAIUser Module parameteriiazPort VO #7139

!

L“l?f)lwiﬂ "muiy,m Interconnect

W

WouTusunsumuEvTe weamwuud)

.

Ao Iwalaz Build TUsiSn(a 3 19Hex File )

|

T9l5un33Hex File 191 PSoc MCU

1 ¥
Ui 12 uansiwuTuapumsann 1 Tunsulii PSoc MCU #70 PSoc Designer LUUAT 1

323  Auauliaved PSoc MCU AIEQa CYBC27x43
1. aoilaunssuuy Harvard Architecture Processor
2. ANu§IU8s MBC Processor qaga 24 MHz
3. 8x8 Multiply, 32Bit Accumulate
4. Low Power at High Speed
5. amlutusadu 3.0 vie 525 v
6. amsaviauinssuagad 1.0V 1aol42993 Switch Mode Pump (SMP)
7. 12 Analog PSoc Blocks oafumsidaumasduemaon 15u
- ADCs ANwAziduagigade 14 Ua
- DACs arwaziBuagegeis o da

- 24ASINUEMTVUIY (Programmable Gain Amplifier)



10.
(BB

12.
13.

14.

16.
17.
18.
15.
20.
21
22.
23,
24.
25.

26.
27.
28.
29.
30.
3L

17
ffinnomyannn wizeorndimanizy

4
29T DI LBZIIVIADLNIS Wlﬁltﬁ}’rogrammable Filters and Comparater

8 Digital PSoc Blocks 39451M3 14 a1un13adaea

- Timers, Counters LAY PWMs UUA 8 fa32 da

- CRC uag PRS luga

- UARTs tU% Full-Duplex g3q@ 2 999

- SPI Tuﬂaﬁ‘lu"lﬁ‘nzumu Master 1Az Slave

- Fseoaudondqannindoudsliidaanu orio Idynudygu

Az nfmuaen Mo iy aEnaw i ldvansedu
Faananimmoluving 2448 MHz AIAUAIARBY +- 2.5 %
qunIndenumaiuindyea 2448 MHz - 91neasdaames 32 kHz molu nie
Mouenla

&

aunsosuduaussadamweisinnouen dqiga 24 MHz
Tundstutiadyanauininiwluiiiy  Watchdog oz Sleep

AR TSNS DY Flash 4408 16K Byte @115 Erase/ Write 1@T4 50,00 afq
HUILANUIMBYA SRAM YU1R 256 Byt

Waﬁﬂ'?umﬂﬂiunmﬂw“lu ISSP (In-System Serial Programming)
aursonldoundaadoyn Flash Memory Inwizuisdaula
aursadanssnuflosiudoyn’ld (Flash Security)

#wn11us1 EEPROM (19910 Flash Memory )

R e GPIO 112U 24 0dngyn

arusafimuaguauiavosndyauaia 18 (GPIO Pin Configurations)

GPIO @uNTORUATLIATIgA 1T 24 mA

A1N30/MMUA Drive Mode 49id8y0 1 GPIO 14 199 _Pull up, Pull down, HighZ,
vidanudunauiaongaqe 12 dyanw (1nV1dYIutss GPIO)

M FYYIUDUIBONBIMNAT A 4 VIFYYIN(D1VITYYUGPIO yonszua’ldie 40
mA

ansafivuan1s Sumes Inil 1Ay nuidyg1uves GPIO

12C Tvum Slave, Master 118 Multi-Master ﬂ’ﬂi.ll%".]fjﬂf!ﬂ 400 kHz

Watchdog L0z Sleep Timer

mmsné&ﬁﬁzﬁ’umimnﬁmﬁaﬁm;n'lf?u {Low Volitage Detection)

Integrated Supervisory Circuit

On-Chip Precision Voltage Reference

71971
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s34 Psoc MU ifiv'luTnsneunsamesAfiquaniaito Whnsudaumn L4
Zovlininlunsneoulnsamesnszpasuqos  lumsitguauiifinnueeingnuesiinsesnuyy
gann  ualunaweiawds PSoc MCU N deenugannodafidaiiosnina wisolFseing
PSoc Designersl.‘umi@ﬂﬂllﬂﬂqﬁ°§0%ﬂﬂln§‘ﬁﬂﬂﬁnfr‘azflﬂ'li'EJ’E)ﬂktUULﬂuﬁﬂ‘Hﬂs3‘11’03ﬂ‘i"|ﬁﬂ‘ﬂ'§‘mﬂu
nSamavisadnlums@ouTlsunsuiezfudnuuzas aonilsddu  APL  (Application
Programming Interfee ) # PSoc Designer dsmaSon13Tud wldasnnugannlyldnnae
aun

324  Wadduiaginssadavedluinsneuinsames PSoc

YuTnsaoulnsaans PSoc Gufilesdums Wrannnonaieilafdudioiluidoiie
ad g wamstarunas TassadnamilasnssuveslulnsnenInsames PSoc ARurdoatuTnsg
audty Taoludui lassnuiszvond i Insesadenmolufisssdauvelylas aoulnsa
@03 PSoc L fiB

PSoc Core

Fudundnvesmsdszutana Fanzguadindien 1wy mstssuranafids , msdeiiy
foyalumiaonnud1 SRAM, AURUMSBLIBBISHI , Slecp, Waichdog timers uazmsiionunas

o

- & - \ £ ! , : « 4
A IMUIWn1 (Clock  sources) Wudus B endmitams aauae wa1ian Msc Fauilu

o

ar

3
aoilaonssuluins Tusiraares 8 09 uUL  Harvard  uoA3inHMwlu Psoc Core O3
' ° o o o o a4
Mi0A21157 SROM 1a¢ Flash Memory dwiuldifulusunsumdagnday
Digital System
oy o = 1 o o i
Shusvunesasaoauieninegiuglunuvesnfiensusd ( aray block) lumuves
=] o ar = o
DIGITAL SYSTEM  A13114984Ua0A0 3 6982Wu078z 4 YRR d1msy CYBC27443 9310UTY
vEonsiuiu 2 uersanudresiviavua 8 ASwoauden @ PSoc MCU 1woidu q exiivuia
] as o 1 ciyd a Y 1 oo )
uanaiueenlylasudenmaiifezsossumsldouludiuves Tugadvaoanien
Analog System
b ] r &l o o
s=uyvnIpuIannazdsznou aruaiuaien Ao BUIRONUGEN (Analog Blocks), LTIAU
31359911890 (Analog Ref) uazI903HondynIMBUnA0UIRDN (Analog Input Muxing ) Tt
= = t s . . . A :
puUIRINLABNITLDY 21Js$m"ﬂc51’aﬂﬂu filo CT (Continuous Time) liaz SC (Switched Capacitor) %3
v o @ & o &
purasnudonsrgaindeaufiu 4 aesdu Columm) luwilsnesdufozsznaudan CT vilaufion
- A . :1” = ) - o a ar
uae SC Snaeiuden Fdonmiriaei I idwmiusesfunisiauvsslugasuiaonlaemstaag

3 e d 3 v ar 3
Tugaaslunionasmiu Avuedfiuanummzauveaiaz Tuga
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System Resources

o o ] r
System Resources nAo miﬂkn‘;m&f] Y452 U WU Digital clocks , Multiply accumulate

(MACQC), Decimator , r'c , System reset, Internal voltage reference , Switch mode pump (SPM) Lﬂuﬁ’u

¥WUIBANNST (Memory)

] o o o & da © t a o A
‘H‘u’JUﬂ’J1ll‘U1lﬂui)~iﬂﬂ58ﬂﬂuﬁud‘i’mﬂ']1m}'ILﬂuﬂ@ﬂ]iﬂN‘lu‘UﬂﬁiJTﬂiI‘]Jii“liﬁl"lf’é)‘iﬂ'iﬂulll

Tnsnou Insamed  Ipswzdmsutenioanuiesndulszavie awguaifuaznislda

iludiunesanilaonssy  MSC pozutevuavaaswenilu 3 @i Ao ROM, RAM lag

Register

nFuaadunALeInyn (GPIO : General Purpose 10)

o 2 oa . 4
Tuiadeilezndniegaautianisdundygial VO ( InputOutput) U84 PSoc MCU 49

» ¥
NFyyIwved Psoc MCU  dusmnsoshinuIdialudmvemidyg unvaen HATT Y

& o L] e LR
au1adNEI1UNIT IFUILHIUNIIFVAADIA 1N

Bit7 | Bit6 | Bit$ l Bit4 | Bit3 | Bit2

Address Name Bit1 | Bit 0 | Access

0,xxh PRTxDR Data Register RW : 00
0,xxh PRTxIE Bit Interrupt Enables RW : 00
0,xxh PRTxGS Global Select RW:00
0,xxh PRTxDM?2 Drive Mode 2 RW: FF
1,xxh PRTxDMO Drive Mode 0 RW: 00
1,xxh PRTxDMI Drive Mode 1 RW: FF
1.xxh PRTICO Interrupt Control 0 RW : 00
1,xxh PRTXIC1 . I:t‘errupt Control 1 RW : 00

A13190 4 LEAs IR d unRaIANA GPIO

o yunumg thpsnnlunisiainei werfiuresWindd PSoC Designer Tumsodaui W

Il nTudsans W wazBuave T dmaosa1ag aiiunin

VITYYIUDUNS

Py

ApIHR MSD ndye  GPIO vpeluinsnoulnsmans PSoC udaz

idnanmuennansien i Inee 7o Undnds vnndggradansahionulumihiivun

1]

1d5ndI0 Autu




o oy nd Masuw 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 InpuvCutput Input / Qutput
PO[6]-PO[7] Port 0[6],[7], Analog Input ) Input / OQutput
P1[0] Port 1[0], XTAL Out/SDATA /12C SDA Input / Qutput
PI[1] Port 1[1],XTAL In/SCLK/ 12C 5CL Input / Qutput
P1{2] Port 1{2]} \ Input / Cutput
P1[3] Port 1[3] Input / Qutput
P1[4] Port 1[4], EXTCLK Input / Output
Pi[5] Port 1[5], 2C SDA Input / Output
P1[6] Port 1[6] Input / Qutput
Pi[7] Port 1{7], 12C SCL Input / Queput
p2[03- P2[3] Port2[0],[11,[2],[3],Non-Multiplexed  AnalogInput (Switch | Input/ Qutput

capacitor)

P2[4] Port2[4], External AGND Input / Qutput
P2[5] Port2[5] Input / Output
P2(6] Port2[6] External VREF Tnput / Output
P2[7] Port2[7] Input / Qutput
P3[0] -P3{7] P0rt3[0],[1],[2],[3],[4],[5],[6],[7i Input / Output
PA[0]- P4[7] Port4[0],[11,[2),[3].[41,151.[61.17] . Input / Qutput
P5[0]- P5[3] Port5[0],[1],02]1,03] Input / Qutput

A15199 5 upAamindygIudig ¥ed CysC27443

szdulnsadenduana GPIO  ved PSoc MCU fanududouannieiiniiz  PSoc
Mcu desnuunlasafndgaie Weonseiawidlunanvaioquena TaudlFau
User)  aunsofmuannudeansunislFald  Teusensodmuagaandimaiinuyes

gy ulnuanie Tadd
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® Pull Down (Resistive pull down) Tumilan i VO vxga@arufdunIuaIng 194

® Strong (Strong Drive) Tnuafimingdmiuldaudhuodyansaen

® High Z (High Impedance) Truatifvn fyae Vo wrlinnudumugamnzdmivms g
nuiiludune

® Pull Up {Resistive Pull Up) Truafivdyyis 10 axgnaerudadmunmhld vee

® Open Drain High anlusvIdYIN 1O RETIRIY Open Drain High

® Strong Slow (Slow strong drive) A zFyn e VO 1HuuuY Strong Slow

® HighZ Analog HUFIUEAIUAUNIUFWUUDUIADN FevziumaomzSudu (Default)
MEIAAANTT Tharm (reset state)

DM2 DM1 DMO | Drive Mode [ /// Data=10 Data =1

0 0 0 Resistive Pull Dow.r-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 Drain, Drive Low Strong(Slow) | HI-Z

A1519% 6 M1 HMUA Drive Mode 194 GPIO 1auAM59enmos PRTxDMx[2:0]

msfmuaguauidvesndyyamdail dunsoildaealds fe myfimuafinisvanes

(PRTxDMx) hazdnisnnanisiivualauldTilsunsy PSoC Designer A5907UV0E Device Editor

Configuration

& =4 ' o
HITITHAIINTTNINUA

Tlsunsuaaldiluened

Configure 1O Pins

& ' ' =
Favzvrvannugannn lumsivou

yIFyayI VO wed PSoc MCU vxilsznouliiiy Tiesdune uaz 209sfumadiu

o o T 4:1’ o yﬂ o & = o =l 3,’ = ] -
WWa lagudyeyn 1O matlizgndaliiluweia Falnd 1 woin wumInue 8 IR uAl

1 3 3/
yunsanwesminlinduaalids 8 dn ndygim L0 A9 marHensamauludnyue

td
91199 A9

*

msHum 9 suSSmaes PRTxDR

Digital 10: ilundaygiudtaoa Suwa/iodya aunsamuvgumaiialalay
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= Global 10 : iHundwa wdinea dune/ 0w Mrenlsasznily Digital
PSoC block
* Analog 10 : Wuwndyana Suwa/ o1dya MeuTeaszndn Analog PSoC block

324 M31%u SPIM ( Serial Peripheral Interconnect Master )
dyd o ' 1 = T o 34
Tularanuindumsiilugaluduves sPM nlylumsdadefunmsuaninatuniiing
LCD NOKIA 3310 AiflunihvonsminunaniuazBon 48x 84 gadznantatuiafeds 1y u
¥
du93TugA SPIM ( Serial Peripheral Interconnect Master) 338051103 16azBoadi s 11T

Tuga SPIM fie TugamsFomsoynsudiilals Tansanisdemsiunuy spl Tagazflums

Ed

' 3 o a oy 2 ¢ = a 2
ALV IS SUﬂﬂlﬂgﬁsz‘ﬂﬁlWﬁﬂﬂh’ (Fuil-dupiex) Illﬂﬁ ﬂ:wmmﬂmmumﬁmmma ANFNR

e
=

{ o 1 o 3 r é at 1 as o
fazihliaehduglnsal sp1 Adluaeminandmilads GuegdumsihidldouTasnisluluga

u

sPiM vzilszneulldie Tx Buffer, Rx Buffer, Control, La¥ Shift registers ﬂ'liﬂl%ﬂuiuﬂﬂ%

SonlFaurimileddu AP1 TassuSuduvosluga SPIM azgnimafinmsasdoyauuudaiinivddy

>
1q@fieu (LSB First) uagszaivayumsimauassdyaialulnuading dwa Tnua 0,12 uay

e

& P ) o '
3 Fams oz msisn Tnuaussdyananniniseniieginsel SPI Master azgunsal SPI Slave 1

ar

figanuinniuTnuaforfiu TavTnuanshiamues ST azdudnised

SPI Mode
st
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-invc;ting Trailing edge latches data . Data changes on
3 Trailing Inverted L leading edge .

A15197 7 wana TruamIiIauYed Aendu SPI

NFuanaNI TN
e SCLK o nidygmuniEmiIddmizlumssudadoyavos SPI
o o &
® MOSI (Master-Out-Slave-In data) fin Wdayaauednadeyavesiigunsaiinmae; ¥4

vz Tlflundayaindunavesgunselaar
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amamﬁ’ﬁwaiugn SPIM ( Serial Peripheral Interconnect Master)
o mivayunisiyoudeluTnumnmaed &1 T Tanean1s @oa1suuy SPIM ( Serial
Peripheral Interconnect Master)
o mivayuInuadyn nuidnves SPI fe Inua 0,1,2 uaz 3
e gunsafMUALMAITENaEN TR
o muafisnmsiFoudsiodnavesdayn MOSI uaz SCLK 14
o munsoaddynud UMD TN 1A
e anusilunsfuditeyagege (Maximum bit rate ) 12 MHz
msl¥aufadiu AP vesTuga SPIM
sl Tugaeznssirunissen4iladdu  Apl FanrsIFanilafduiiontinam i
YosSames A uaz X IimsulaounladhldaeTaves Saidusiien AT TR T )
SPIM_Start
Aafduns fmuaTnuamsiauees sPT wieuvadlamshauvesluga Tasasdivnua

° 5 1 ' 3 o o0 At o & =1 ' 1 o
Tuuamsiianmzassruaidfusiduriumsimans A ozl Inuanisg awarsisdelii

Symbolic Name Value AN
SPIM_MODE_0 0x00 | A13% 191403 SPT Tulnue 0
SPIM_MODE_1 0x02 A1smauves SPI lulvua 1
SPIM_MODE 2 0x04  msvhauves SP1 ulnue 2
SPIM_MODE 3 0x06 T arsvhsneod sPr luTvin 3
SPIM_LSB_FIRST 0x80 daﬁw%y’amaﬁmﬁmﬁwﬁﬂu
SPIM_MSB_FIRST 0x00 dafadoyaniaiuiiaginewy

#1519 8 UARINIBI THUANITHITUATY VDY SPI

#1961
Assembly :

Mov A,SPIM_MODE_2|SPIM_LSB_FIRST ; {fion vua 2 ﬁai’ayawm’{mﬁﬂﬁmau
C Prototype :

Void SPIM_Start (BYTE bConfiguration )
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o vugmgs sty lnuamshausnfumsidengluiunisds
(SPIM_LSB_FIRST) #7a( SPIM_MSB FIRST) Tagldns or Tevldimiesnue « |~

YUNATIRIAIDEI

SPIM_STOP
' J t4
HAadgumstansiouvodluga  sPIM - HaddudlezlilindosarluiinEnablevo5imans

Control #1117 Tuga SPIM wgamsfinu
#0819
Assembly ¢
Call SPIM_Stop
C Prototype :
Void SPIM_Stop(void)

SPIM_EnableInt
HarTuElansoumes WUl SPIM - miutou luveimssune

o
e
=a

W

#1019
Assembly :
Cail SPIM_Enablelnt

C Prototype :
Void SPIM Enablelnt{void)
SPIM_DisableInt
Tonisdimesiwfiuee SPIM
#79014
Assembly :
Call SPIM_Disablelnt

C Prototype :
Void SPIM DisableInt(void)

SPIM_SendTxData
dedfoyanuy sp1 ldfgdnsalaamfidesaudan
CPLIEN
Assembly :
Mov A bSPIMData
Call SPIM_SendTxData
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C Prototype :
BOOL SPIM_SendTxData(BYTE bSPIMData)

SPIM_bReadRxData
HsdFumssmsumonnluddoyaninginsafaed  Tassasiims@aaeuzveaivslod
(Rx Buffer) foudrimie’lyl Aouftoziimssonldfadand
#7001
Assembly :
Call SPIM_bReadRxData
Mov bRxData, A
C Prototype :
BOOL SPIM_bReadRxData(void)
SPIM_bReadStatus
umdesmaniznnsawaiaiugy (ControlRegister) ¥03Tuga SPIM F3mmns 9z
Asznoudoanumssiiinusteveslugalaviiaaiuzaeg  wSifisuAIe0nN I dmnaf
A Famidae seifludynrsrado il

THuaMIN9T8YDS SPI

Symbolic Name Value ANTHHUE
Lyl (A, s 2
SPIM_DONE 0x20 MIMINUYDe SPIM 1a5odu
SPIM RX OVERRUN 0x40 i HAMS Overrun Error 484Msudoya
SPIM_TX_ BUFFER EMPTY 0x10 L Tiesvoamsaaing
SPIM_RX_BUFFER_FULL 0x08 iesmsfudoyafu

15197 9 uamIman IS YaAesva s toya vosileddu SpI

aunsoldms or Taulfindeanine « ° Wediudeulumsasanmev]d Fugu Free
ao'lld
#20019
Assembly :

Call SPIM_bReadStatus

And A, SPIM_DONE | SPIM_RX_BUFFER FULL

Jnz SpimCompleteGetRxData
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C Prototype :
BYTE SPIM_bReadStatus(void)

® winomg Uacoiueaen Tuidmmoin iRy ( Control register ) 9zgRIARAYS Maua5 aAY

da -
Wanauil

3.3 wiaenaadun LCD Nokia 3310
3301 ONEMZNEMENTNYBY HiT190 LCD
- Say oy o yew e o4& ¥ ; &
Tnssnuii ldmineuaawaununs wiilaATinnadnduduniine LD ¥o1 Nokia 3310 ¥4
- = 4 1 = L e - o i ~
151 led lumsiFouneies PCDSs44 A loFiiezlsznovdamdumiine Tavnss PCD 8544
ﬂﬂﬂ!‘l’mlmlﬁﬁﬂﬂ]Uﬁ]lJﬂTil.l.?fﬂéwﬂ‘{fa:lgﬂhuﬁn FED isplay U¥Wa8_ 48 row x84 column Tavdam3son
HarrunsuihulumsiouPheFwRedowos bilns e humsdomindoul sendandsauiiv g

s ! e’
Mivua 8 N %Jfﬂnnvm:‘;xﬂutn_m Strface~Manat

38,5

XN\ ‘9 30

Nokia 3310 LCD
from the JELU Web-Shop

www.jelu.se

&
www.yampp.com

71U 13 uoaadnpuzmlvonaAIHA  LCD Y99 Nokia 3310



319 14 ua@sd i LCD va3 Nokia 3310

Ay dydnyo SuAzIDHN
A VB TRERTIIERT N g R SR,
B SCEK TR PRY [T TR TRI TN
C SDIN Y15 1P AL N3N
% o g e Y
D ¢ 4 N TURMNIIBEUT TIHS 0vRIR
E SCL Iy NN HUIeL.CD
. o
K GND N
G VOUT! i A TUA T Y B a0a
i RES e

A3 I T00 R P WA T T oD

ey 3/
AUaUTRYEIRINGD PCD 8544
h‘f%ﬂlﬁn'uﬂuﬁ) confroller/drver
HYUIAN YAz BURE IH1D 48 U0 84 wan
nea MU UM redRE. 48x%4 din
1%/ lumsaaugumsiia
' o q ¥ ¥
Dousaaulimiveninniou
1 o w @ 9 3/
a Doussau luda i wauuuiunans
0 o1e o Y 1w =] & = ar =] & .Y g
- liidufludosdedyaandonnivuen Hesnnidyyimundonuuaneguan
F1ARILUT RES
WDUADLUL Serial AI00YAAWAITIGITA 4.0 Mbits/s

1ITNIATULUY CMOS
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* Mux rate : 48

* HIIRU V1o Vi Uszanm 2.7 9 3.3 Toal
o Py ¥

* s IW@eantnee 910 v, to Vg 2 i

- 600185 Taan nsaaldussuniolu

. 6.0 84 9.0 Taa9 nsdinlFussduoInATBUON

* nulWdes mzduns1deunns wuldd
* YUYNTAILVDI V

' ° 1 a = [o)
* Framsiauludmgugld -25 81 70°¢

333  Insaaiiaves PCD 8544

wihweumamauunsWANA 195 PCD 8544 Thuflugdnseifldmdsnuduaz1d cmos
Bhudaniwguuazniuda Driverlavazfinsuaniwasenniioofiivung 48 uoa 84 wan lumsld
maiuzimsdaitardums I Furin s wUdaiudliior niwmiuduezalss via nasenms
wihee LeD dumsldoudoudoiululnsnoulnsamoiiy  seiinisdoudeunn  Serial Bus

[

faguamaufonmsiieunigluves 1CD

C1 g wh RO o RAT
! |

COHLIrN DRIVERNS ] RCOW CRIVERS ]
BIAS T

Vi cop —f-  VOLTAGE

IBEHERATOR
DATA LAT ZHE% SHIFT REGISTER
L— RETET — REZ
DECILLATOR

V=Dt Vico
L= GENERATOR DISPLAY DATA RAM

TIhEING
GENERAT R

Voo @ Voo

Vagy W W en e ] DIEPLAY
PR ADORESS .- MINTER EBONTER
T2 4 — B
LE e resiates |4 PCns44
T4
- voeurEER I
e

SOIN SiSLk (SRR, Sl -4

Block diagram

51 15 uaesudonneluslves PCD 8544

L)
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SYMBOL DESCRIPTION

RO to R47 | dyyaimio@naniadiu unl 409 LCD

CO 1o €83 | FoyaouoIAwan1adu van ¥es LCD

Vs Vs Ground

3
Vo Vop | 80 1¥i503un 931

[
] -
Vieon Viem | 78 Mi@osves LCD

Tl Test 1 input ( 9zADY Vi)
T2 Test 2 output (n;)co;n;:t }
T3 Test 3 input/output (9EADYT V)
T4 Test 4 input (azdovt V)
SDIN Serial data in put (vidynwdoya duwa )
SCLK Serial clock input  ( NFYYPIWUIRNNT 0.0: to 4.0 Mbits/s )
D/C Data/ command  ( YUABNTY Data/ command )
SCE Chip enable ( donlizdvihau )
OSC Oscillator
RES External reset input

Dummyl,2,3,4 Not connected

A13137 11 Msvminurenagaiulusd peD 8sa4

334 dladdlumsmhaon

1. sfufindyenunnnd Oscillaton liduiudewoduaia Clock mouen i
Tryny 14 Clock LudinegudauadmindoanssaClock nRELERRA NI aRB ALY IR

2. FnTUA NS (Address Counter: AC) AnTusumuaiugrfimuaiifisy ¥ Goudeyanin
wiwanuieya Tavezilsgneuldodmialuuny X (X- address) X6 613 X0 uazdumislu
WU Y (Y-address) Y2 89 YO Feenmsaugnidnmiludaszaomild ndimnimsoudoyaad iy
FrTusumiasiuady 1 §aTusfRawe v flag

3. Hﬁ’)ﬂﬂ’J"liﬁﬁ%mgﬂ (Display Data RAM: DDRAM) DDRAM Wunuy static RAM YU1@
4884 bits W¥dmiwAvadoyafioziiinsuaas Taoususzgnutiaiiu bank via 84 bit6x8xs4 bits)
duau 6 vankluvmsfusuudoyadun Soyavsgndadinnma serial interfaceInoAd umialy

unu X sziinnuduiut lnoasafudunyaves output column
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4. Mfuliana1 (Timing generator) Mfufiananitudmasdyaafisusiulumsiuias
el Tasnsyuaumsihaunoluine: W8 umansenunnnszuunislag fufnluriadoya
Y

5. ATud UM waAINA (Display Address counter) Yoyaiuanausaifannmadoudoya
Tumbuanui llduewiwneeduiuuugauuntise Lep

6. AIWMIILARIND  (Addressing) Yoyaszgn Inanfiaz ludidh T lumizsanuéi Tavesld#
aznadiniowdy  Taonefinivzgnazydumialay address pointer Favzfitrsdumiany X of
3en319 0 §9 83 dau ¥ agsening 0 81 5 Tavms Tnandoyaorwendulylne Y address  vziiuiu
nm“lnﬁﬁﬁmsTnams{’ﬁmnf}mﬁw{dﬂ@ﬁuﬁ’uf’f’a uazfazmumdi iy X niso1azviing
wumluunu X Aewdodudy  desiudrluunu v de'l $1uaumeusuazms dedoyasen

wioiiudegl

LS8

\ ______________

A1

MSB

Y-address

0 mm— e

L........._._ 1} X-address &3 Q

- TX

i a v ¥
717 16 namsgluvvve s uuazdumivestoya

0)1}2 [
““““““““ P i
84 | B5 | B4 i
168159170 !
———————— — 1 Y-address
252|25%254 ;'
________ i
336|327|338 E
1420[4 21422 603 &
B mm = e e e oo 3

X-address
s Lpdg

517 17 uamesdidulumsiBoudoyanshumiitonud 1w horizontal addressing
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- A gu ) o a 3
7. manutoymne uanwa lunms dadoya lnaauiiudnuszuusesziimsda 1 5

o a [ T 4 o > 1 = 1 T as [} L]
ludTagzdmsdadia most Tddou  advludumsiadngalusaslug  freduenisdidaya

Tusrmawadnusziaaaslugy

,,,# ~.ﬁ+-—«--§

: : III'
== oo o -
-——% B T . |

+ “_-j PR

i o e

i P

l i 1 i [ " "

QLIIEIL0 (CCeHy 00010001 {1IH 04010000 (11H), 00010001 (11H}  OR11T110 (TeH)

U7 18 wansdwudumsgstiayaliudnonadnus:

335 %MK aIMYeINiee LCD

Tnserdngthiwnmsihauszgnuissonilu aoslnua fie Slidesntsdem LOW w9z
foiudunsiamlulvem Command uddiimisds HiGH npszfumshouluinue dedaya
DATA 910 RAM TavezfimsiudmmisiviuaiissaTuila

fumsdes /C tuszdasznineiingatiove foyalundazlud Taolumsdadoyaiiu
PCP8SA4 axinsderidi MSB  roundafondadt i LSB  uarlumsduwy  Serial 1y
Guduswos -SCE vz HIGH dygnenniineshifina tazeshifmsgy@ondanu  udidle

91 SCE prwailu Low suflumsderwesdoyalddag

MSB{DBT) LSB DB A
TTITTTT T LT T
data data
I
L
TTETTT T PTITTTIT i T L T piTTTITITld
function s4t fH= 1} bias system sl Vnp temnparature contol
Lt Lt et bl
- TT T T T T T[T TP T T T i T T I T T iTITgd
funclion sel (H = 0] dispiay control Y address X addriess
- R T T N O )
wGLAD
519 19 nemandnnisdadoyaves PCD 8544
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divsziimsdadeyaszdesinsden Low Tdfun scE uasfloudum sCLK ey
foudyana w1 D/C hedadayauedmmidalumsiiam (0 = Command , | = DATA )
& Ll .
nasmminiiimsdadoya  Taveunsadadoyarue spIN Tumshamiveshaufivenuias
¥ s = o e & A o =t 1) o vy
sniunTIdpyanzhufiveunivuves  SCLK  wazflolinisTiwadeyavziliumalideya

Tugeiuligndal degdl

m ] I

Bl @

X
SCLK I } l ] | I I ]
S ) 55 0 ) o0 S 0 o ) ) o o o (e D )

ML)

3119 20 uemanTsdaoyanSendaygIm Clock




336  jUuuumids COMMAND Tumsiianuwes LCD
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COMMAND BYTE

INSTRUCTI | D/ | DB | DB ! DB Di;-‘*DB DB i DB | DB . DESCRIPTION
ON c 7 6 5 4 3 2 1 0
(H=0or 1) -
NOP oo o] ofo 1 o 0 No operation
Function set 0 G 0 1 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 I 0 1 X X | Do not use
Display Set display configuration
control
= !

Reserved 0 0 0 0 1 . X X X | X | Donot use
Set Y address l set Y address of RAM
of RAM ! 0<Y<s
Set X address 0 1 | X6 [ X5 | X4 I X3 - X2 | X1 | X0 | Set X address part of
of RAM - RAM 0<SX<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 1_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 | \l/_o Vo Vo | Vo = Write Vop to register

p6!p5 p4  p3 pZEpl po !
a1s19 12 wermagtuuufdaatan lu PCD 8544
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BIT 0 1

PD Chip is active Chip is in Power-Down mode
v Horizontal addressing Vertical addressing

H Use basic instruction set Use extended instruction set

D and E

0o Display blank

10 Normal mode

01 All display segment on

11 Inverse video mode

TC, and TC,

00 Vled tempareture coefficient0

01 Vled tempareture coefficientl

10 Vlcd tempareture coefficient2

11 Vicd tempareture coefficient3

®15199 13 uaadanuninsuazavedd uls ludda COMMAND v94 PCD 8544
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Source Code wasTusunsy

MainProgram
#include "m8c.h"

#include "PSoCAPILh"

#include "string.h"

#include "math.h"

#include "delay.h"

#include "ioport.h"

#include "display chen.h"
#include "form?2.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"

/Include Number

#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 "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 intli[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;
CIrBit1_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 1mS(500);
/ClrBitl_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

/f(Bit0_0 == 0)

1

i/ Beep();

1}

SetBitl_3;

if(count_step >= 5) ClrBitl_3;

iflv_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(Bit]_4==1)
{
Delay1mS(50);
if(Bitl 4==1)
//*****************i**Display Distance****************************
NokiaStart(page01);
num_distance(v_distance);
Delay ImS(1500);
//*******************Display Energy**iﬂﬁ***************************
NokiaStart{page02);
num_calory(v_energy);
Delay ImS(1500);
H
}
H
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(Bitt_ 4==1)



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

cc[mode2-1] = 1;

}

//******************Select Sex*********t*******************

select = ccfmode2-1];
if(mode2 =— 1)
{
Nokialmage(1,1,3,1,selectl);
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);
//NokiaString("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™);
vV _sex =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);
//NokiaString("Female");

GotoXY(4,2); NokiaString("Weight™);GotoXY(41,2);

//NokiaString("61-65");




//NokiaString("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(select == 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;

}

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;

}

//*****************#*********Select 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(" 1 56-160");




v_height = 158;

}

if(select == 3)

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

3

if(select == 4)

{
GotoXY(41,3); NokiaString("  ");
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;

j

if(select == 6)

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

i

if(select == 7)

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

}

if(select == 8)

{
GotoXY(41.3); NokiaString(" Y 4
GotoXY(41,3); NokiaString("186-190");
v_height = 188;

}

//**********************Display Sex****************************
for(i = 0;i < 3;i++)

{
temp = ccfi];
if(i ==0)
{
if(temp == 1)

{



GotoXY(33,1); NokiaString("Male ");

v_sex =1;
H
else if(temp == 2)
{
GotoXY(33,1); NokiaString("Female ");
v_sex =12;
} }
//************************Display Weight*************************
else if(i == 1)
{
if(temp = 1)
{

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

}

else if(temp == 2)

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

}

clse if(temp == 3)

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

h
else if(temp == 4)

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

}

else 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;

3
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)

t
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;

i

else if{temp == 2)

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

i

else if(temp == 5)

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



}

else if(temp == 6)

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

}
else if(temp == 7)
{
GotoXY(41,3); NokiaString("181-185");
v_height = 183;
}
else if(temp == 8)
{
GotoXY(41,3); NokiaString("186-190");
v _height = 188;
}
}
}
/lpage setting ==
//NokiaStart(paged);
}
}
void Beep(void)
PWMI16_1_WritePeriod(511);
PWMI6 1 WritePulseWidth(255);
PWMI16_1 Disablelnt();
PWM16 1 Start();
Delayl mS(100);
PWMI16_1 Stop();
Delay 1mS(100);
PWMI16 1 Start();
Delay ImS(100);
PWMI16 1 Stop();
Delay1m8(100);
}
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(datay,

while ( ! (bSPIM_|_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() & SPI M_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

{. .
mnt 1;
wait();
PRTODR =RST PIN;
SPIM_1_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;
felse

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

{

SendData{Background[i});




SendData{0x00);

}
Hendif

}

// SetBackground

#ifdef CHEN
void SetBackground ( const char *dataPtr )

{
Background = dataPtr;

}
#endif

//Contrast

void Contrast ( char contrast )

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

}

/fClear Screen

void Clrscr({ void )

{ . .
int i;

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

SendData{Background[i]};
}
Helse
for(i=0; i<504; i++)
{

}
#endif

SendCommand(0x40);
SendCommand{0x80);

}

//Goto XY

SendData(0x00);




void GotoXY ( char x, char y )

{

// SendCommand(0x40 | y);

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

#ifdef CHEN
Background_cursor = y*84+x;

#endif

}
/iString

#ifdef CHEN
void String ( char *dataPtr )
{

int 1;

while ( *dataPtr )

{

char ch = *dataPtr++;

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

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

}
SendData(Background[Background_cursor++]);

}
3

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

{

}
SendData(0x00);
¥

}
#endif

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

//CString

#ifdef CHEN
void NokiaString ( const char *dataPtr)

{

inti;




while { *dataPtr )
{

char ch = *dataPtr++;

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

{

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

felse
void NokiaString ( const char *dataPtr )
{ - .
nt 1;
while ( *dataPtr )
{
char ch = *dataPtr++;
for(i=0; i<5; i++)

{

3
SendData{0x00);
3

}
#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
h
#else //DRAW_OVER BACKGROUND
void NokiaChar ( char ch )
{ . .

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)

{

int i, j;




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

// set start address
SendCommand(0x40 | y+j);
SendCommand(0x80 | x);
for (i=0; i<xsize; i++) SendData(dataPtr[j*xsize-+]);
}
#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 "nnl1.h"
#include "nn2.h"
#include "nn3.h"
#include "nn4.h"
#include "nn5.h"
#include "nn6.h"
#include "nn7.h"
#include "nn8.h"
#include "nn9.h"

f****************Step**"‘******************/

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,sd3;
unsigned char | = 20;
unsigned char k = 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_digit1[sd1]);
/*Step_Digit2*/

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

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

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

//GotoXY (1,1):NokiaChar(step digit5{sdS]);

switch(sdS)

{

}

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(1.k,8.2,nn5);
break;
Nokialmage(l.k,8,2,nn6);
break;
Nokialmage(l,k,8,2,nn7);
break;
Nokialmage(l.k,8,2,nn8);
break;
Nokialmage(l.k,8,2,nn9);
break;

Nokialmage(l+9.k,8,2,nn0);
break;
Nokialmage(1+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 :

case 6 :

case 7 :

case 8 :

case 9 :

switch(sd3)

{

case 0 :
case 1 :
case 2 :
case 3 ;
cas¢ 4 :
case 5
case 6 :
case 7 :
case § :

case 9 :

switch(sd2)

{

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

case 6 :

Nokialmage(1+9.k,8,2,nn5);
break;
Nokialmage(1+9,k,8,2,nn6);
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,nni);
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(1+18,k.8,2,nn8);
break;
Nokialmage(1+18,k,8,2,nn9);
break;

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

}

/*****************Distance******************/

void num_distance(unsigned long nd)

{

/*Distance Number*/

static const char dist_digiti[10] = £101117,120,13%,'4"'S' '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) = {10.,'1,12',3",'4''5''6",7','8",'9'};
static const char dist_digit5[10] = {10,'1,'2','3",'4','5' '6','7','8','9'} ;
static const char dist_digit6[10] = {'0','1',2',3"'4','5','6','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,dds,dd6,dd7;

unsigned char m = 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));

/***************Calory*****************/

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));



1

/*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]);

/***************Hean Rate*****************/

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;
hd!l = hn % 10;
hd2 =(hn/10)% 10 ;
hd3 = ¢hn / 100);
*Calory_Digit]*/
GotoXY(n+12,4); NokiaChar(hr_digitl[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

iIMEMSP® Accelerometers
with Digital Output

ADXL202/ADX1.210

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

42 gi+10 g. The ADXL202/ADXL210 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/ID 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 to acceleration is available from the
Xenor and Yer pins, or may be reconstructed by filtering the
duty cycle outputs.

The bandwidth of the ADXL202/ADXL210 may be set from
0.01 Hz to 5 kHz via capacitors Cx and Cy. The typical noise
floor is 500 pg/vHz allowing signals below 5 mg to be resolved
for bandwidths below 60 Hz.

The ADXL202/ADXL210 is available in a hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C to +70°C
commercial or —40°C to +85°C industrial temperature range.
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KL202/ADXL210-SPECIFICATION

(TA = Tmu to me, T,\ = +25°C for ] Grade Uﬂ])‘, VDD =+5Y,
Rser = 125 k&), Acceleration = 0 g, unless otherwise noted)

ADXL202JQCIAQC ADXL210/JQC/IAQC

1eter Conditions Min Typ Max Min Typ  Max Units
OR INFUT Each Axis
isurement Range! 1.5 +2 +3 +10 2
dinearity Best Fit Straight Line 0.2 0.2 % of FS
nment Error? *+1 *+1 Degrees
nment Error X Scnsor to Y Sensor +0.01 +0.01 Degrees
asverse Sensitivity? +2 2 %
TIVITY Each Axis
y Cycle per g TUT2 @ +25°C 10 125 15 3.2 4.0 4.8 %lg
sitivity, Analog Qutpur At Pins Xepiry Yenr 312 100 mV/g
iperature Drift* A from +25°C £0.5 0.5 % Rdg
£ BIAS LEVEL Each Axis
Duty Cycle TI/T2 25 50 75 42 50 58 %
al Offset 12 2 g
Duty Cycle vs. Supply 1.0 40 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 peNHz
UENCY RESPONSE
} Bandwidth Duty Cycle Output 500 500 Hz
} Bandwidth At Pins XELTs YFIL’I‘ 5 5 kHz
;or Resonant Frequency 10 14 kHz
:R
1 Tolerance 32 k) Nominal 15 +15 %
imum Capacitance At Xeir Yeur 1000 1000 pF
TEST
v Cycle Change Self-Test “0” 1o “1” 10 10 %
"CYCLE OUTPUT STAGE
- 125 MQ/Rsgr 125 MQ/Rger
- Tolerance Repr = 125 kQ2 0.7 1.3 0.7 1.3 kHz
put High Voitage I=25pA Vg - 200 mV Vg - 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 2.7 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 Time6 To 99% 160 CF!L‘[‘ +0.3 160 CFILT + 0.3 ms
'ERATURE RANGE
rating Range JQC 0 +70 0 +70 °C
sified Performance AQC ~-40 +85 -40 +85 °C
combinations of offser and sensitivity variation.
ent error is specified as the angle between the true and indicated axis of sensitvity.
erse sensitivity is the algebraic sum of the alignment and the inherent sensitivity 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 (je/NHz) is the average noise at any frequency in the bandwidth of the part.
n UF. Addition of filter capacitor will increase turn on time. Please see the Application section on power cycling.
and max specifications are guaranteed, Typicsl specifications are not tested or guaranteed.
ations subject to change without notice.
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BSOLUTE MAXIMUM RATINGS*

cceleration (Any Axis, Unpowered for 0.5 ms) ...... 1000 g
cceleration (Any Axis, Powered for 0.5 ms) ......... 500 ¢
7 ~-03Vto+7.0V
utput Short Circuit Duration

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

iresses above those listed under Absolute Maximum Ratings may cause perma-
1ent 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 ento hard surfaces can cause shocks of greater than 1000 g
nd exceed the absolute 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 Rger to Set T2 Period
NC No Connect
COM Comumon
NC No Connect
Your Y Axis Duty Cycle Output
0 Xour X Axis Duty Cycle Qutput
1 Yet Connect Capacitor for Y Filter
2 XEILT Connect Capacitor for X Filter
3 Vobp +3V to +5.25 V, Connect to 14
4 Vop +3V o +5.25 V, Connect to 13

ACKAGE CHARACTERISTICS

PIN CONFIGURATION

S

NC[T] e 4] vpg
vip [2] ADXL202/ [13] v,
] 202 [l oo
s7[3] TOP VIEW [72] Xeuwr
COM E (Not to Scale) E] YeLT

T2 E Ay E Xout
NC E J E] Your
com[7] ay (8] NC

NC = NO CONNECT

Figure 1 shows the response of the ADXL202 to the Barth’s
gravitational field. The output values shown are nominal, They
are presented to show the user what type of response o expect
from each of the output pins due to changes in orientation with
respect to the Earth. The ADX1.210 reacts similarly with out-
put changes appropriate to its scale.

TYPICAL QUTPUT AT PIN:
9=50% DUTY CYCLE
10 = 62,5% DUTY CYCLE
11 = 2.5V

12 =288V
TYPICAL DUTPUT AT PIN: L TYPICAL OUTPUT 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; i

9= 50% DUTY CYCLE
10 = 37.5% DUTY CYCLE
11 =2.5¢

12 =2.812v

EARTH'S SURFACE

Y

ackage O Yic evice Welsht ) Wigre 15ADKL 202/ADXL 290 Nofnina! A D
igure 1. ominal Hesponse Due to
-Lead CERPAK | 110°C/W | 30°C/W | 5 Grams ra P
14
ORDERING GUIDE
& Temperature Package Package

Model Range Range Description Option

ADXL202]QC +2 0°C to +70°C 14-Lead CERPAK QC-14

ADXI202AQC 2 —40C 1o +85°C 14-Lead CERPAIK QC-14

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

ADXI210AQC t10 -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 equipment 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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|CA|. CHARACTERISTICS (@ +25°C Rger = 125 k€2, Vgy = +5 ¥, unless otherwise noted)
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gure 4. Typical Supply Current vs. Temperature
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Figure 5. Typical X Axis Sensitivity Drift Due to
Temperature
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- = 0.01pF
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Figure 6. Typical Turn-On Time
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Figure 7. Typical Zero g Distribution at +25°C
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Figure 10. Typical Noise at Digital Qutputs
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SINITIONS
Length of the “on” portion of the cycle.
Length of the total cycle.
v Cycle Ratio of the “on” time (T1) of the cycle 1o the total

cycle (T2). Defined as T1/T2 for the ADXI.202/
ADXL210.

Time period of the “on” pulse. Defined as T1 for
the ADXL202/ADXL210.

ewidth

i0RY OF OPERATION

ADXIL.202/ADXIL.210 are complete dual axis acceleration
surement systems on a single monolithic IC., They conrain a
silicon surface-micromachined sensor and signal condition-
sircuitry to implement an open loop acceleration measure-

t architecture. For each axis, an outpur 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 ADXL202/ADXL210 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 artached 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
tion of the accelerarion,

output of the demodulator drives a duty cycle modulator
M) stage through a 32 kQQ resistor. At this point a pin is
able on each channel to allow the user to ser 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 T1 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
d from the Xgp o+ and Yt pin, or by passing the duty cycle
1 through an RC filter to reconstruct the de value.

ADXL202/ADXI1.210 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) = Rggr{M125M0

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 ADX 202/
ADXL210 output. This is often observed as a slowly undulating
flucruation of voltage at X1 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/ADXIL.210

The design procedure for using the ADXL202/ADXI.210 with a
duty cycle output involves selecting a duty 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.

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

COM

The ADXL202/ADXL.210 have two commons, Pins 4 and 7.
These two pins should be connected directly together and Pin 7
grounded.

VTP

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

Decoupling Capacitor Cp¢

A 0.1 pF 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
Vb, 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 to
common in normal use.

Duty Cycle Decoding
The ADXI.202/ADXI1.210s digital output is a duty cycle modu-
lator. Acceleration is proportional to the ratio T1/T2. The
nominal output of the ADXL202 is:
0 g=50% Dury Cycle
Scale factor is 12.5% Durty Cycle Change perg
The nominal output of the ADXL210 is:
0 g =50% Dury Cycle
Scale factor is 4% Duty Cycle Change per g

These nominal values are affected by the inital 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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+3.0V TO +5.25V
Cx
! Vop Voo XeLT SELF TEST
2 )
ADXL202/
X SENSOR ADXL210
ij — DEMOD
- DUTY
CYCLE
OSCILLATOR MODULATOR

{DCM}

f DEMOD
Y SENSOR I
v 5

T2 |

| I—

[

[——— T __.|
Alg) = (T1T2 - 0.5)12.5%

0g = 50% DUTY CYCLE
T2 = Rger125M0

AMAHZCO0
T
]

Figure 13. Block Diagram

Setting the Bandwidth Using Cy and Cy

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

1
2 7 (32 K x C(x, y)]

F—BdB:(

5 uF

(X, ¥

or, more simply, 348 =

The tolerance of the internal resistor (Rpp1), can vary as much
as £25% of its nominal value of 32 kQ; so the bandwidth will
vary accordingly. A minimum capacitance of 1300 pF for Cyx, v
is required in all cases.

Table 1. Filter Capacitor Selection, Cy and Cy

Capacitor

Bandwidth Value

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

5 kHz 0.001 puF

Setting the DCM Period with Ry

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:

 Rer ()

Tr2=
125 MQ

A 125 kL resistor will set 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 k{2
10 ms 1.25 MQ

Note that the Rggr should always be included, even if only an
analog output is desired. Use an Rggr value between 500 kQQ
and 2 MQ when taking the output from Xgy 1 or Yepr. The
Rsgr 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 ADXL.210 should be used in
applications where accelerations of greater than £2 g are expected.

MICROCOMPUTER INTERFACES

The ADXL202/ADXI1.210 were specifically designed to work
with low cost microcontrollers. Specific code sets, reference
designs, and application notes are available from the factory.
This secrion 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 to be detecred.
Bandwidih: the highest frequency that needs to be detected.
Acquisition Time: the 1ime 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 clock 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 ADXL202/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
¢ro g. In the case where the offser 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
Je used to lower the noise floor and improve the resclution
& accelerometer. Resolution is dependent on both the ana-
ilter bandwidth at Xgy r and Y7 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

3g bandwidth should be less than 1/10 the DCM frequency.
og bandwidth may be increased to up to 1/2 the DCM
1ency 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/ADXL.210 noise has
haracteristics of white Gaussian noise thar contributes

lly at all frequencies and is described in terms of pg per root
€., the neise 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 neise of
DXL202/ADXI.210 is determined by the following equation:

Notse (rms) = (500 ug/VHz )x (\IBW x15 )
)0 Hz the noise will be:

otse (rms)=(500 l.tg/@ )x (mxa_;) )=6.12 mg

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

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 ¥ rms 4.6%
6.0 X rms 0.27%
8.0 x rms (¢.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/ADXI1.210
for various Cy 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 0.05uF | 6.1 mg 24.4 mg
200 Hz 0.027 uF | 8.7 mg 35.8 mg
500 Hz 001 uF | 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/ADXL210's 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 accelerometer’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

ADXL.202/| Counter-
ADXL210 | Clock Counts
Rser | 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 3.2
10.0 1250 100 2.0 20000 | 2500 0.4
10.0 1250( 100 1.0 10060 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 ADXL.202/ADXL210
is tilt measurement. An accelerometer uses the force of gravity

as an input vector to determine orientation of an object in space.

An accelerometer is most sensitive to tilt when its sensitive axis
is perpendicular to the force of gravity, i.e., parallel to the
earth’s surface. At this orientation its sensitivity to changes in
tilt is highest. When the accelerometer is oriented on axis to
graviry, Le., 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 output will change nearly
17.5 mg per degree of tilt, 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[MMMr]
Y
0° 1g
L.,
S]]
-90°
X OUTPUT Y OUTPUT (g)

K AXIS A PER A PER

JRIENTATION DEGREE OF DEGREE OF
TO HORIZON(°) | XOUTPUT (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 $6.8 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
ACCELERATIONTO TILT

When the accelerometer 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 converied to an acceleration that

varies between -1 g and +1 g, the outpur tilt in deprees is calcu-
lated as follows:

Pizch = ASIN (A%/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 a full 360° of orientarion 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
ADXIL202/ADXL210 was specifically designed for use with

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

v Cycle Filtering

inalog output can be reconstructed by filtering the duty

> output. This technique requires only passive compaonents.
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
Jency is connected to the duty 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
r of approximately double the analog output. Its disadvan-
is that the frequency response will be lower than when

g the Xprvr, Yror output.

s Yenr Output

second method is to use the analog output present at the

1 and Yp r pin. Unfortunately, these pins have a 32 kQ

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 M£Q. Note that the acceler-
rer offset and sensitivity are ratiometric to the supply volt-
The offset and sensitivity are nominally:

Mfset = Vpp/2 25Var+5V
1202 Sensitivity = (60 mV x Vg)lg 300 mVigat +5 V, Vpp
(L210 Sensitivity = (20 mV x Vgl 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 10 reduce the ADXL202/ADXI.210%
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/
(L.210 is capable of turning on and giving a good reading in
1s. Most microcontroller based A/Ds can acquire a reading
other 25 ps. Thus it is possible to turn on the ADXI1.202/
.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 A 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

Lto 16 YA,

A/D should read the analog ourput of the ADXL.202/
I1.210 at the Xppr and Yy 1 pins. A buffer amplifier is
nmended, and may be required in any case to amplify the
g output 1o give enough resohution with an 8-bit to 10-bit
>rter.

-10-

Power Cycling When Using the Digital Qutput

An alternative is 1o run the micrecontroller at a higher clock
rate and put it into shutdown berween readings, allowing the
use of the digital output. In this approach the ADXL202/
ADXIL.210 should be set at irs fastest sample rate (T2 = (.5 ms),
with a 500 Hz filter at Xg 1 and Yrir. The concept is to ac-
quire a reading as quickly as possible and then shut down the
ADX1.202/ADXL210 and the microcontroller unril the next
sample 1s 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 without additional
components. The port should be used to switch rhe 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%
ADXL.210 will require calibration for applications such as tilt
measurement. The ADXI.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 ar
turn-on and saved in dynamic 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 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 ¢ reading is saved and the sensor is
turned 180° to measure -1 g. Using the two readings, the sensi-
tivity is:
Let A = Accelerometer outpur with axis oriented to +1 g
Let B = Accelerometer output with axis ortented to -1 g then:
Sensitivity = [A-B]i2 ¢
For example, if the +1 g reading (A) is 55% duty cycle and the
-1 g reading (B) is 32% durty cycle, then:
Sensitivity = [55% -~ 32%)/2 g = 11.5%/¢

These equations apply whether the ourput 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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ADXL202/ADXL210

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

14-Lead CERPAK
(QC-19)

P_o.ssa .(&soe)
1@ 1000 DH f
I
0.418 (10.643)

0.291 (7.391}

0.285 (7.239) f 0.394 (10.008)

S )

PIN 1 - 0.300 (7.62)+|

FalsTole I TR TRFIFEY Y

0.195 (4.953)

0.115 (2.921)

9.345 (5.763)
"0.290 (7.366)‘1

0.020 (0.508)
0.004 (0.102) 0.215 (5.461)
0.119(3.023) o N g
- it - - §
0.050  0.020 {0.508) 0.0125 {0.318) 0.050 {1.270)
SEATING 0.050 {1.270)
PLANE (;'52? 0.013 (0.330) 0.008 (0.229} 0.016 (0.406)
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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-Cast Microcontrollers via
Duty Cycle Output

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 monolithic 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
ADXI.202E can measure both dynamic acceleration (e.g., vibra-
tion) and static acceleration (e.g., gravity).

The ourpurs are analog voltage or digital signals whose dury cycles
(ratio of pulsewidrh 1o period) are proportional to acceleration.
The duty ¢ycle outpurs 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 (Rsg).

*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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FUNCTIONAL BLOCK DIAGRAM

3V T0 5.25V
cxL %
Voo IXFILT _ SELF.TEST
s
X SENSOR Renr
Xour |fe
ANALOG _ér ]
L TO u
Coc = puTY N| uP
CYCLE T
(ADC) E
_df Y R
¥ SENSOR our
COM I"HLT T2
‘—i g Cy Rger
—— T2 —— ]

T
Alg) = (T1T2 - 0.5)12.5%
0g = 50% DUTY CYCLE
T2 = Rgg/125M10L

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 Cy and
Cy at the X and Yer pins. An analog output can be recon-
structed by filtering the duty cycle ourpur.

The ADXI.202E is available in 5 mm X 5 mm X 2 mm 8-lead
hermetic LCC package.

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



DXL202E—SPECIFICATIONS

{T.q = T“m to T"“, T' = 25°C for ) Grade Unly, Vgu =5Y, RSET =125 kQ},

Acceleration = 0 g, unless otherwise noted.)

TPC! ADXL202JE ADXIL202AE
-ameter Conditions Graph | Min Typ Max | Min Typ Max Unit
NSOR INPUT Each Axis
vieasurement Range? £2 +2 £
Nonlinearity Best Fit Straight Line 0.2 0.2 % of FS
Alignment Error® X +1 +1 Degrees
\lignment Error X Sensor to Y Sensor 0.01 0.0t Degrees
Jross-Axis Sensitivity* X 12 12 %
NSITIVITY Each Axis .
Juty Cycle per g THT2, Vpp =5V X 10.5 12.5 14.5 10 12.5 15 %lg
Juty Cycle per g TUT2, Vpp =3V X 9.0 11 13.0 8.5 11 13.5 Yolg
ensitivity Xens YRor Vopp=35V X 265 312 360 250 312 375 mWVig
ensitivity Xerr, YT Voo =3V X 140 167 195 140 167 200 mV/g
‘emperature Drift® Delta from 25°C X 10.5 0.5 %
RO g BIAS LEVEL Each Axis
g Duty Cycle TUT2, Vpp=5V X 34 50 66 30 50 70 %
g Duty Cycle TUT2, Vpp =3V X 31 50 69 31 50 69 %
g Voltage Xeim YRLT Vpp=5V X 2.1 2.5 2.9 2.0 2.5 3.0 v
£ Valtage Xgpt, YF!I_.T Voo =3V X 1.2 1.5 1.8 1.2 1.5 1.8 Vv
g Duty Cycle vs. Supply X 1.0 4.0 1.0 4.0 %l
g Offset vs. Temperature® Delta from 25°C X 2.0 2.0 mgrC
ISE PERFORMANCE
{oise Density @ 25°C X 200 200 1000 ugvHz rms
EQUENCY RESPONSE
dB Bandwidth At Pins Xppr, Yeur 6 6 kHz
ensor Resonant Frequency 10 10 kHz
.TER
FLT Tolerance 32 k€2 Nominal tl5 +15 Y
{inimum Capacitance At Pins Xerirs Yeor 1000 1000 pF
F-TEST
haty Cycle Change Self-Test “0” to “1” 10 10 %
TY CYCLE OUTPUT STAGE
SET Rger = 125 k) 0.7 1.3 0.7 1.3 kHz
Yuzput High Voltage I=25pA Vg-- 200 mV Vs— 200 mV \%
huiput Low Voltage I=25pA 200 200 mV
"2 Drift vs. Temperature 50 50 ppm~*C
dise/Fall Time 200 200 ns
WER SUPPLY
)perating Voltage Range 3 5.25 3.0 5.25 v
Juiescent Supply Current 0.6 1.0 0.6 1.0 mA
‘urn-On Time Crer in |.IF 160 X Cppr + 0.3 160 X Cgr + 0.3 ms
MPERATURE RANGE
pecified Performance AE —40 +85 *C
}perating Range 0 70 —40 +85 °C
TES
pical Performance Characteristics.
ieranteed by measurement of initial offset and sensitivity.
gament ervor is specified as the angle berween the true and indicared axis of sensitivity [see TPC 15).
pss-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 1o minimum remperature.
cifications subject to change without notice.
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ADXL202E

ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION

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

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

VS 0.3V 0 +6.0V o7

OQutput Short Circuit Duration, (Any Pin to Common) Xenr[7] Cst
...................................... Indefinite el ©

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

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

*Stresses above those listed under Absolute Maximum Rarings 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 g

and exceed the absolute maximum rating of the device. Care II:Tm M . D .
should be exercised in handling to aveid damage. 2 nemonic escription
. 1 ST Self-Test
Package Characteristics 2 By Connect Rgpr 1o Set T2 Period
Pack 3 COM Common
wac‘ ige 0 o Devi 4 Your Y-Channel Duty Cycle Ourput
eight 1A Jc b ¢ 5 Xour X-Channel Duty Cycle Qutput
8-Lead LCC 120°CW thd°C/W <1.0 grams 6 YenT Y-Channel Filter Pin
7 XFILT X-Channel Filter Pin
8 o 3V 0525V
ORDERING GUIDE
No. Specified i Temperature Package Package
Model of Axes Voltage 4 Range Description Option
ADXL202]E 2 3Ve5V | 0w 70°C 8-Lead LCC E-8
ADXL202AE 2 3VwsV _ -40°C to +85°C 8-Lead LCC E-8
CAUTION

accumulate on the human body and test equipment and can discharge without detection. Although

the ADXL202E features proprietary ESD protection circuitry, permanent damage may occur on W“

i i igh- ic di r ESD precautions are
devices subjected to ljugh energy clecirostatic filschargcs. Therefclare, prope SDp . R—
recommended to avoid performance degradation or loss of funcrionatiry.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING' ]
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DXL202E-Typical Performance Characteristics*

Vpp=3V Vpp =5V
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= [
Z 0 E 12
o - E
oo
] = uw 10 -
o s o -
& N &
W & 3
(4]
£ 6 o
w -9 g
a ‘ - ! ]
4 ; =
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PC 1. X-Axis Zero g Bias Distribution at Xgy 7, Vpp =3V TPC 4. X-Axis Zero g Bias Distribution at Xgy1, Vpp =5V
16 25
W4 mE
4 20 =
12
o 0 b=
T T
g = =15
w - W
Q 8 (e
c : £ |
8 L] B 10
@ 6 £
- & L]
4 4
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0 = T 0 ]
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PC 2. Y-Axis Zero g Bias Distribution at Yeur, Vop =3V TPC 5. Y-Axis Zero g Bias Distribution at Yeyr, Vop =5V
25 25
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& i
& o a
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- 1 J‘ -
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PC 3. X-Axis Sensitivity Distribution at Xg 1, Vop =3V TPC 6. X-Axis Sensitivity Distribution at Xeggr, Vpp =5V

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 Yeu1, Vop =5V
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TPC 11. X-Axis Sensitivity at Xoyt, Vop=5V
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TPC 13. Noise Density Distribution, Vpp =3V

0
230 250 270 290 30 230 350 370 390 410

NQISE DENSITY — pgfHz rms

07
08 L 1 |
- /___,._...-- Vg=5VOC

4:05.—--—"

EO =

—-—-——'—

1 ey

E ____,_._--—-—'_'—' Vg=3.5VDC

w04

@

4

3

.;_0.3

]

[N

3

02
0.1
1]

=40 =20 0 20 40 60 80
TEMPERATURE -*C
TPC 14. Typical Supply Current vs. Temperature
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TPC 15. Rotational Die Alignment
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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.

ty Cycle Ratio of the “on” time (T'1) of the cycle to the total
cycle {T2). Defined as T1/T2 for the ADXL202E/
ADX1.210.

sewidth Time period of the “on™ pulse. Defined as T1 for

the ADXTL.202E/ADXI.210.

EORY OF OPERATION

: ADXI.202E is a complete, dual-axis acceleration measurement
em on a single monolithic IC. It contains a polysilicon surface-
romachined sensor and signal conditioning circuitry 10 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 ADXIL202E 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.

¢ 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
1g a differential capacitor that consisis 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 demeodulation 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 3 32 kQ resistor. At this point a pin is
ilable on each channel to allow the user to set the signal band-
th of the device by adding a capacitor. This filtering improves
asurement 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 period 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 acceleration 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 Xgy 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.

[l |
I "’ |

= aivgds S 1|

A{g) = (T1/T2 - 0.512.5%
0g = 50% DUTY CYCLE
T2{8) = Rgey{NV125M52

Figure 1. Typical Qutput 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, digiral noise on the supply may cause interference on
the ADXIL.202E output. This may be observed as a slowly
undulating fluctuation of voltage at Xgyp 1 and Yy 1. If additional
decoupling is needed, a 100 Q (or smaller) resistor or ferrite
beads, may be inserted in the supply line of the ADXI.202E.

FERRITE BEAD

10002
Voo Voo Xoyt fo—

Coc ADXL202E
coM Your ——
5T XLt _-j_

g XALT

T2 YRLT

Rser _i YeLT

Figure 2.

REV.



ADXL202E

'ESIGN PROCEDURE FOR THE ADXL202E

he design procedure for using the ADXL202E with a duty cycle
utput involves selecting a duty cycle period and a filter capacitor.

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

tecoupling Capacitor Cpc

+ 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
'ops an 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 ouwtputs {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 ADXL202E is:

0 g =50% Duty 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 relatively slow process). Since the T2 time period is shared
v both X and Y channels, it is necessary only to measure it on
ne channel of the ADXI1.202E. Decoding algorithms for various
ricrocontrollers have been developed. Consult the appropriate
wpplication Note.

3V 7O 5.25V
Cx £ %
Voo Xmir  SELF-TEST
X SENSOR Rer x )
LouT c
aNALOG ] 6
TO u
Cpp= DUTY Nl uP
CYCLE T
aDC) [ E
Your [tR
¥ SENSOR 32k
_COM Yer sz
———i' % Cy Rger
[e—— 12—

T
Ag) = (T1/T2 = 0.5)12.5%
0g = 50% DUTY CYCLE
T2 = Rggf125M0

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

The ADXIL.202E has provisions for bandlimiring the Xg 1 and
Yyt pins. Capacitors must be added at these pins to implement
low-pass filtering for antialiasing and noise reduction. The equa-
tion for the 3 dB bandwidth is:

1
2 7 (32 Q)X C(x, 3))

5uF

C(X.Y)

F—3d3=(

or, more simply, Fyap =

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 I. Filter Capacitor Selection, Cx and Cy

Capacitor

Bandwidth Value

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

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 Rger to ground. The equation for the period is:

= Ryur (§2)
125 MQ

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

T2

Table II. Resistor Values to Set T2

T2 Rsrr

1 ms 125 k)
2 ms 250 kQ2
5 ms 625 kQ2
10 ms 1.25 MG

Note that the Rgpr should always be included, even if only an
analog output is desired. Use an Rggy value between 500 kQ
and 2 MQ when taking the output from Xgpp 1 or Yer 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 sensitivity (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 g are expected.
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LOCOMPUTER 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 &
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:

nion: 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 ADXT.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
lime programmable” features.

GN TRADE-OFFS FOR SELECTING FILTER
RACTERISTICS: THE NOISE/BW TRADE-OFF
zcelerometer bandwidth selected will determine the measure-
-esolution (smallest detectable acceleration). Filtering can be
o lower the noise floor and improve the resolution of the
rometet. Resolution is dependent on both the analog filter
Adth at Xgy ot and Y v and on the speed of the micro-
ller counter.

nalog output of the ADXL202E has a typical bandwidth
Jz, while the duty cycle modulaters’ 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.
7ill result in greater dynamic error generated at the DCM.

nalog bandwidth may be further decreased to reduce noise
iprove resolution. The ADXI.202E noise has the character-
of white Gaussian noise that contributes equally at all
ncies and is described in terms of g 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 noise of
the ADXI.202E is determined by the following equation:

Noise (rms) = (200 ug/-\f'_'H-z_) x (JBW X 1.6)
At 100 Hz the noise will be:

Noise (rms) = (200 ng/Hz )x (\/ 100 x (1 E)) =2.53 mg
Often the peak value of the noise is desired. Peak-to-peak noise
can only be estimated by statistical methods. Table III 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 Neise
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%

The peak-to-peak noise value will give the best estimate of the
uncert2inty in a single measurement.

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

Table IV, Filter Capacitor Selection, Cy and Cy

Peak-to-Peak Noise
Estimate 95%
Bandwidth | Cx, Cy rms Noise | Probability (rms x 4)
10 Hz - 047 yF | 0.8 mg 32mg
50 Hz 0.10uF | 1.8 mg 7.2 mg
100 Hz 0.05F | 2.5mg 10.1 mg
200 Hz 0.027 pF | 3.6 mg 14.3 mg
500 Hz 0.01 u)F | 5.7 mg 22.6 mg

CHOQOSING T2 AND COUNTER FREQUENCY: DESIGN
TRADE-OFFS

The noise level is one determinant of accelerometer resolution.
The second relates to the measurement resclution 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.
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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
i} 124 | 1000 1.0 1000 125 8.0
0 124 11000 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 312.5 (32
1.0 12501100 2.0 20000 | 2500 0.4
.0 1250( 100 1.0 10000 1250 0.8
2.0 1250( 100 0.5 5000 623 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
e factory.

SING THE ADXL202E AS A DUAL-AXIS TILT SENSOR
ne of the most popular applications of the ADXL.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-
t. When the accelerometer is oriented on axis to gravity, i.e.,
:ar its +1 g or -1 g reading, the change in output acceleration
't 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,

X +90°
™ U ]
:' © [: 0° 1g
] 0 (.
-90°
BOTTOM VIEW
X Cutput ¥ Output (g}
Axis A per A per
rientation Degree of Degres of
Horlzon (°) X Output (g) Tilt {img) ¥ 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 0.968& 47
0 0.000 17.5 1.000 0.2
15 0.259 16.9 0.966 —4.4
30 0.500 152 0.866 -3.6
45 0.707 12.4 0.707 —-12.2
60 0.866 8.9 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

VoA

A DUAL AXIS TILT SENSOR: CONVERTING
ACCELERATION TO TILT
When the accelerometer is ariented 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 output 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 maximum change
in outpurt 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 QUTPUT
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 output can be reconstructed by filtering the duty 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{2 to prevent loading of the output
stage. The analog output signal will be ratiometric to the supply
voltage. The advantage of this method is an cutpur scale factor of
approximately double the analog output. Its disadvantage is that
the frequency response will be lower than when using the Xpp
YT ouipurt,

Xt Yeipr Output

The second method is to use the analog outpurt present at the
Xrir and Ygy 1 pin. Unfortunately, these pins have a 32 kQ
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 ar this point 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
ADXIL202E Sensitivity = (60 mV x Vg)ig

-11=



L202E

5 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 Ls.
1is possible to turn on the ADXL202E and take a reading
ms. If we assume that a 20 Hz sample rate is sufficient,
al current required to take 20 samples is 2 ms x 20 samples/s
nA = 24 PA 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 pA.

/D should read the analog output of the ADXI.202E at
i1 and Ygr 7 pins. A buffer amplifier is recommended, and
: required in any case to amplify the analog output to give
t resolution with an 8-bit to 10-bit converter.

Cycling When Using the Digital Qutput

'rnative is to run the microcontroller at a higher clock rate
Uit into shutdown between readings, allowing the use of the
output. In this approach the ADXIL202E should be set at
:st sample rate (T2 = 0.5 mg), wirth a 500 Hz filter at Xpyr
r. The concept is to acquire a reading as quickly as pos-
id then shut down the ADXI.202E and the microcontroller
1e next sample is needed.

:r of the above approaches, the ADXL.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 dynamic
merory.

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 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 awith axis oriented 1o +1 g
Let B = Acceleromerer ourput with axis oriented to -1 g then:
Sensinivity = [A-B)/2 g

For example, if the +1 g reading (A) is 55% durty cycle and the
-1 g reading (B) is 32% duty cycle, then:

Sensttivity = [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 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

|
; 19 1%
0.050 (1.27) g_ (1.91) }(2.50)
0.050 (1.27) _ . o
0.008

0.080(1.27} 4 015 (0.38)
[

74 1, 10,075 15000

0.64) Di ;)
317 L( .50)
«0.015 (0.38)

(0.20)
BOTTOM VIEW

CONTROLL-ING DIMENSIONS ARE IN MILLIMETERS
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Application Note
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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 control a PCD8544-based graphics LCD 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
control 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 generator and bitmap-to-C-array
converter,

Graphics LCD

In this application, | used a 48x84 graphics LCD
with Philips PCD8544 controller/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 controliers. This very
low-cost LCD controller has memory 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 O 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 0 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 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 ane-direction SPI, one wire is
for data/control switching, and one wire is for the
reset signal. The PCD8544 needs one external
capacitor for an internal bias voitage 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 aliow use of 3.3V supply. Some require 5V
and therefore need an additiona! level translator
to be added.

13V
+33Vv CY 26443

‘f‘ vee 28
VOD I3 27
SCLK |- PO7I  PO[E] 20
soiy Pois]  pof4j [-22
DT = 4 POf3)  Po2] 5y

SCE 1 POl Pojg] |-
GND 23
VOUT L Hean e -2
RES 7 Pas  papa) 22

— i3l Paz
LCD -J—E?,uF Bl ez pofo] <0
] “ismp  xmes |19
10 18
1 P17l ey 18
12 Pisl  Papa 17
157 P13l Pif2] 18

— P1[1]  P1jo]

_L_M—— Vss

Figure 2. Circuit Schematic for 3.3V Powered PSoC

+33V
74VHCS73 +33V
20 o t LCD
- > VDD
0 a1 }: 51 SCLK
7] 02 Qz {57 1 SoIN
e Sk e 213
5] 15 5
71 D5 Q5 [y o
5 06 o8 -y 7| yout
5] ©7 Q7 13 RES
D8 Qs - Y
1Y 4.7uF
1: LE s %b %
3 GN
+5 Y
CY 26443 ?
vee |28
1 27
2| FU7)  PO[S] og
S PAS]  PO[4] 5
2] PO3l Pojz) Y
Po{1] - PO[O] |-
5 23
s PaAT P26 5o
7] PaIsl Pae) 3y
a1 P23 P2z o,
= P21 P2l0] =
Jsme  mes [
1
Hew e 10
127 PHE PIM4) g
13 PIB P12 2
= P11 Pio] |-
14 Vss

Figure 3. Circuit Schematic for 5V Powered PSoC



Software Library

For the simplified drawing on this LCD, | wrote a
software library that can work in two modes:
drawing over background (when C-compiler
directive, DRAW_OVER_BACKGROUND, is
defined) and drawing without background (in
other cases).

AN2152

Because the LCD internal memoty is write only
and some PScC devices have too little memory
to build a cache, all drawing routines output
immediately on the LCD.

The scftware library has two low-level functions
that are hardware dependent (see Table1). If you

want to port this library onto a similar LCD
controller with another physical connection (for
example, use of BF9864AFPH with 1°C interface),
you must rewrite only these two functions.

Table 1. LCD Controller Low-Level, Hardware-Dependent Functions
Send byte of data to LCD. For more information, see the LCD
driver data sheet.

Send command byte to LCD. For more information, see the LCD
driver data sheet.

LcdSendData {char data)

LedSendCommand {char data)

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_QOVER_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

Ledinit (const char * Performs LCD initialization, draws background.

dataPtr) Parameters: dataP'tr -- pointer to array in Flash memory that
contains background.
LedSetBackground ( Allows pointer to change to current background. Does not

const char * dataPtr) perform repaint. Only the pointer changes.

Parameters: dataPtr — painter to array that contains background.
Clears display and only shows background.

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).

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).

LedClear ()
LcdContrast (char contrast)

LcdGoTo (char x, char vy)

LedImage ( Draws image.
char x, Parameters: x,y — coordinants of image top-left corner.
char vy, xsize, ysize — image width and height.

char xsize, dataPrt — pointer to the array that contains image.
char ysize,

const char * dataPtr)

LcdChr
char ch,
draw_type dt)

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

dt - (DRAW _OR, DRAW_XOR or DRAW_GCLEAR).



LedStr (
char *dataPtr,
draw_type dt)

LedCstxr
const char *dataPtr,
draw_type dt}

LedBigChr
char x,
char vy,
char c¢h,
draw_type dt)

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

LcdBigCsStr
char x,
char vy,
const char *dataPtr,
draw_type dt)

LedvBargraph {
char x,
char ystart,
¢char yend,
char yposition,
draw_type d4t)

LcdHBargraph |
char vy,
char xstart,
char xend,
char xposition,
draw_type 4t)

void LecdLine (
char xb,
char yb,
char xe,
char vye,
draw_type dt};
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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: dalaPtr - pointer to slring 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)*8).

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_CLEAR).
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Table 3. High-Level Functions used when DRAW_OVER_BACKGROUND is Undefined

LedInit ()
LcdClear ()

LedContrast (char

contrast}

LcdGoTo (char x,

LedImage (

char x,
char vy,
char xsize,
char ysize,

const
dataPtr}

LcdChr

LcdStr

char *

(char ch)

(char *dataPtr)

LcdCstr {const char

*dataPtr)
LcdBigChr
char
char
char
LcodBigsStr
char
char
char

(
x,
Y
ch}

(
X,

Y.
*dataPtr)

LedBigCStr

char
char

x,
Y

const char

*dataPtr)

LcdvBargraph

char
char
char
char

X,

ystart,
yend,
yposition)

LcdHBargraph

char
char
char
char

yf

xstart,
xend,
xposition}

void LedLine

char
char
char
char

xb,
vb,
Xe,
yel;

char vy)

Performs LCD initialization.
Clears display and shows blank.
Aliows 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.
dataPrt — pointer to the array that contains image.

Draws single character (by the small font) starting from current text
positicn {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.
Parameters; x,y — coordinants of character.
ch — character.

Draws string from data memory by the big font.
Parameters: x,y — coordinants where string 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 — peinter 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 bottomn bar graph (8-pixel bank).
yposition — coordinate of current bar graph position, by
pixel. {yposition <=(yend-ybegin)*8}.

Draws horizontal 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-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.

T

¢ Bt
 T5EIoR

4
-‘i

TADEC, DF), SFE 207 {43, 0000, Okl Ow00), (O,
o Ox00).{DFF C:0F) FF 3.0F). {0400, Gx00} }

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.

Souice Bimap

Array variable name ‘backl

% Convert

T Praiocts\ Cyoress\Dieplap\DISPLAY brap
Destignation C fle  'C:\Prolect\Cypress\Displayback] n

R s |

« Lnear st £ 2-dimensional auay

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 horizontal and
vertical drawings of bar graphs, respectively. The
fith 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

Small Font e BRTIHD

Figure 6. Screenshots from Demo Application
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1 FEATURES 2 GENERAL DESCRIPTION
» Single chip LCD controller/driver The PCD8544 is a low power CMOS 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

+ 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 PCD8544 is manufactured in n-well CMOS
clock alsc possible). technology.
e 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 t0 3.3 V

» Telecommunications equipment.

« Display supply voltage range Vi cp to Vss

— 6.0 to 8.5 V 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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C1to C83

RO 1o R47

VicDz —T*
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I

DISPLAY

PCD8544

ADDRESS
COUNTER

YO BUFFER

» b

SBIN - SCLK

DIC  BCE

Fig.1 Block diagram.
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6 PINNING
SYMBOL DESCRIPTION

RO to R47 LCD row driver outputs
COto C83 LCD column driver outputs
Vss1, Vss2 ground

Vooi, Vob2 supply voltage

Viept, Vicoz 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
dummy1, 2, 3, 4 | not connected

Note

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

6.1 Pin functions

6.1.1 RO 10 R47 ROW DRIVER DUTPUTS

These pads output the row signals.

6.1.2 C0 170 C83 COLUMN DRIVER QUTPUTS

These pads output the column signals.

6.1.3  Vgsg1, Vggo: NEGATIVE POWER SUPPLY RAILS

Supply rails Vgg; and Vgge must be connected together.

6.1.4  Vpp1, Vppz: POSITIVE POWER SUPPLY RAILS

Supply rails Vpp4 and Vppz must be connected together.

1999 Apr 12

6.1.5 Vico1, Vicoz LCD POWER SUPPLY

Positive power supply for the liquid crystal display. Supply
rails Vi cp1 and Vi ¢cpz must be connected together.

6.1.6 T1, T2, T3 AND T4: TEST PADS

T1, T3 and T4 must be connected to Vgg, 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  DI/C: MODE SELECT

Input to select either command/address or data input.

6.1.10 SCE: CHIP ENABLE

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

6.1.11 OSC: OSCILLATOR

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
7.1 Oscillator

The on-chip oscillator pravides 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 Xy and the
Y-address Yo to Y 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

correspondence between the X-address and the column

output number.

1999 Apr 12

7.4 Timing generator

The timing generator praduces 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
contral’ command.

7.6 LCD rowand 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
cutputs 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), ¥ wraps around

. . . . to 0 and X increments to address the next column. In the
(?ait: é?si?;;nr:’:g s(dgp pbgtggézzo g:;ei:(?ictgea;irt:“s RAM horizontal addressing mode (V = 0}, the X address
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 peinter. The address ranges are: X 0 to 83 )
(1010011), Y 0 to 5 (101). Addresses outside these Y increments to address the next row. After the very last

ranges are not allowed. In the vertical addressing mode :?:Jﬁzst éﬁ:ﬁgg‘&i%?ﬁ éh$ :dod)ress pointers wrap

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

7.7.1 DATA STRUCTURE

LSB

Pt S————

/ ______________ Y-address

MsB .

I___ 0 X-address 83 g

MGLE3S

Fig.4 RAM format, addressing.

|6 o

117

2 ;
———————— — ! Y-address

3 .

4

5 503 5

0 e 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 .
________ l— + Y-address

252(253(254

336(337|338
420(421|422 503— 5

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

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

viscosity, the LCD

controlling voltage Vi cp must be TC, and TCq.

increased at lower temperatures tc maintain optimum

{13 Upper limit.
(2} Typical curve,

VicD

")
{2
(3
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 na effect and no power is
consumed by the serial interface. A negative edge on SCE
enables the serial interface and indicates the start ofa data
transmission.

MSB (DB7)

LSB (DB

2T K NI 272~

data

!

data

hi=M._»

MGLEES

Fig.B General format of data stream.

T T

function set (H

I

| = B ESESE
1) bas system

A 5 e 0 O O Y

i
T

[

set Vop

RG>\ =i

temperature control

RErTaa [ 101 A1)

[ AT T A= TUN

function set (H=0)

Uk SRR &Y

I
|

display control

bt 1 I TED [T J¥P YT

X address
IR S M o T O O A

MGLESZ

Fig.9 Serial data stream, example.

sigures 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 Apr12
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s 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 positive 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
S e I o 5 o s N O I
SDIN § oer ) oss X oss f ose ¥ oes Y oe2 } ot Y oee X

MGLE3D

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

DIc : H X X

SDIN @ DB4 § DB3 DE1 xDBO ' DB6 xDBS N DB4 kDBS x DB2 x DBA1 K DBOXDB?XDBS XDBSX

MGLEST

Fig.11 Serial bus protocol - transmission of several bytes.
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- -
RES
SDIN MDBS XDBS NDB‘% x DB3 XDBZ x DB1 K DBO XEXDBG DB4 DBZXB;X DBU

MGLE32

Fig.12 Serial bus reset function (SCE).

SDIN XDB?XDBGXDBS DBBX DBS DB4 DB2DBO DB7 ) DB6 DBSXDB4X

MGLEID

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 | bB1 | 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 0] 1 D 0 E sets display configuration
Reserved i} 0 0 0 1 X\ X X X do not use
Set Y address of |0 0 1 0 0 0 "Ys Y4 Yo sets Y-address of RAM;
RAM 0<Y<5
Set X address of |0 1 Xe Xs X4 Xa Xo Xq 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 | TCq [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 |setBias Systern (BS,)
Reserved 0 0 1 X X X X X X do not use
Set Voe 0 1 Vors | Vors | Vora | Vopa | Vorz | Vops 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 Vi cp temperature coefficient O
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 = 0)

Display blank {bit E =D = 0)

Address counter Xgto Xg=0; Y210 Yg =0
Temperature control mode (TCq TCq = 0)

Bias system (BS; to BSg = 0)

Vicp 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 Vgg (display off)

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

Oscillator off (external clock possible)

Serial bus, command, etc. function

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

3.2 BITV

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
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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 BITsD AND E

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

8.5 SetY address of RAM
Y defines the Y vector addressing of the display RAM.

Table 3 Y vector addressing

Ya 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
TCyand 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 BS;,. For Mux 1 : 48, the
optimum bias value n, resulting in 1/8 bias, is given by:

n: J48-3 = 3928 = 4 (1
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Table 4 Programming the required bias system
RECOMMENDED
BSz BS1 BSg n MUX RATE
0 0 0 7 1:100
0 0 1 6 1:80
0 1 0 5 1:65M1:65
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 1:10/1:9/1:8
Table 5 LCD bias voltage
SYMBOL BIAS VOLTAGES BIAS VOLTAGE FOR 4 BIAS
V1 Vico Vico
V2 {(n +3Y(n +4) 7 x Vico
V3 {n +2)(n + 4) 84 % Vieco
V4 2/{n + 4) 2/5 X Vico
V5 1n + 4) Vs 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 + (Vops 10 Vopp) % 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 Vopg is
set to zero.

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

1+ /48
VLCD = —"'-'-'——'1'— . Vth = 606\/“1 (2)
2-(1__)
J48

where Vi, is the threshold voltage of the Tiquid crystal
material used.

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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a = 3.06.
b= 0.06.
Vops to Vopo (programmed) (00 to 7FH].

Fig.14 Vpe 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
Voo supply voltage note 3 -0.5 +7 Vv
Viecn supply voltage LCD note 4 -0.5 +10 v
Vi all input voltages -0.5 Vop+ 0.5 vV
“lag ground supply current =50 +50 mA
I lo DC input or 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 -85 +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 unfess otherwise specified. All voltages are with respect to
Vs 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 Vop 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
Vpp 271033V, Vgs =0V, Vicp=6.0109.0V; Ty = -25to +70 °C; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vb1 supply voltage 1 LCD voltage externally 2.7 - 3.3 vV
supplied (voltage generator
disabled)
Vopz supply voltage 2 LCD voltage internally 27 - 3.3 Vv

generated (voltage
generator enabled)

Vico+ LCD supply voltage LCD voltage externaily 6.0 - 9.0 \'%
supplied (voltage generator
disabled)

Vicoz LCD supply voltage LCD voltage internally 6.0 - 85 v

generated (voltage
generator enabled); note 1

ibp1 supply current 1 (normal mode) | Vpp =285V, Vigp =70V, |- 240 300 HA
for internal Vi ep fscik = 0; Tamp = 25 °C;
display load = 10 pA; note 2
lop2 supply current 2 (normal mode) |Vpp =270V, Vicp=7.0V: |- - 320 HA
for internal Vi cp fseik = 0; Tamp = 25 °C;
display load = 10 uA; note 2
lbp3 supply current 3 (Power-down with internal orexternal LCD | - 1.5 - LA
mode) supply voltage; note 3
lopa supply current external V| ¢p Vpp =285V, V=90V, |~ 25 - pA
fscik = 0; notes 2 and 4
ILep supply current external Vi cp Vop=27V, Vicp=7.0V, |- 42 - LA

fasck =0; T = 25 *C;
display load = 10 uA;
notes 2 and 4

Logic

Vi LOW level input voltage Vg - 0.3Vpp |V
Vi HIGH level input voltage 0.7Vop |- Vop Vv
I leakage current V| = Vpp or Vss -1 - +1 LA

Column and row cutputs

Ro(c) column output resistance - 12 20 kQ
C0to C83

Rory row output resistance RO to R47 - 12 20 kQ

Vbias(tol) bias voltage tolerance on 100 0 +100 mv

COto C83 and RO to R47
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
LCD supply voltage generator
Vieo Vicp tolerance internally Vop =285V, Viep=7.0V, |- 0 300 mv

generated fscrk = 0;

display load = 10 pA; note 5

TCO Vicp temperature coefficient 0 Vpp =285V, Vi cp=70V: |- 1 - mv/K
fscik = 0;
display load = 10 pA

TCA Vien temperature coefficient 1 Vpp=285V;Viep=70V; |- 9 - mv/K
fsck = 0;
display load = 10 A

TC2 Viep temperature coefficient 2 Vpp =285V, Vigp =70V, |~ 17 - mv/K
fscik = O;
display load = 10 pA

TC3 Vicp temperature coefficient 3 Vop =285V, Vicp=7.0V; |- 24 - mV/K
fsok = 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. I external V| ¢p, the display load current is not transmitted to Ipp.

pJ

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

SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
fosc oscillator frequency 20 34 65 kHz
foik(ext) external clock frequency 10 32 100 kHz
firame frame frequency fosc Of faiqex) = 32 kHz; note 1 | - 67 - Hz
tvHRL Vpp to RES LOW Fig.16 02 - 30 ms
twi(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
twH SCLK pulse width HIGH 20% to 80% of Vpp and 100 |- - ns
twii SCLK pulse width LOW T()az;mum risk lang fall imes of 100 - - ns
tsu2 SCE set-up time 60 - - ns
tho SCE hold time 100 - - ns
twH2 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 hold time 100 - - ns
teus SDIN set-up time 100 - - ns
the SDIN hold time 100 - - ns
Notes

f

1. Tframe = cl‘:g:jxt)

2. RES may be LOW before Vpp goes HIGH.

3. tsis 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

20




Philips Semiconductors Product specification

48 x 84 pixels matrix LCD controller/driver PCD8544

12.1 Serial interface
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Fig.15 Serial interface timing.

12.2 Reset

Voo

= WLRES) |

D

| I MGLE4S

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 =0and V =0, select
extended instruction set
(H = 1 mode)
3 0 1 0 0 1 0 0 3] 0 set Vop; Vop is set to a
+16 x b [V]
4 0 0 0 1 0 0 0 0 0 function set
PD =0 and V = 0, selfect
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 o 1 1 1 1 1 , | data write Y and X are
I initialized to 0 by default,
J so they are not set here
]
: TAGLET2
7 1 0 0 0 0 0 1 0 1 data write
H
b )
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
MGLETS
10 1 0 0 0 1 1 1 1 1 data write
[ o 11
HH

MGLETE
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SERIAL BUS BYTE

STEP — DISPLAY OPERATION
D/C { DB7 | DB6 | DB5 | DB4 | DB3 | D82 | DB1 | DBO
11 1 0 0 0 0 0 1 0 0 data write
[ H i1
tHHHH
MGL&77
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 contral; set

inverse video mode
(D=1andE=1)

MGLETS

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 H,F
Higher capacitor values are recommended for rippie
DISPLAY 48 x 84 pixels reduction.
724 84 V24 14 BONDING PAD LOCATIONS
14.1  Bonding pad information (see Fig.18)
PCD8544
PARAMETER SIZE
s+ Lpﬂ_‘ﬂ Pad pitch mirt. 100 um
Cext Pad size, aluminium 80 x 100 um
YO Voo Vss Vico  wetexs Bump dimensions 59 x 89 x 17.5 (+5) um
Wafer thickness max. 380 um

Fig.17 Application diagram.
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14.2 Bonding pad location
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Fig.18 Bonding pad locations.
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Table 7 Bonding pad locations {dimensions in um).
All X/Y coordinates are referenced to the centre
of chip (see Fig.18)

PAD PAD NAME X y PAD PAD NAME x y
1 dummy? +5032 +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 Vss1 -3176 +1085
6 R40 +5304 +1060 44 T1 -3337 +1085
7 R41 +5204 +1060 45 Vicoz -3629 +1085
8 R42 +5104 +1060 46 Vico2 -3789 +1085
8 R43 +5004 +1060 |47 Vicos —4231 +1085
10 R44 +4904 +1060 48 Vicoi -4391 +1085
" R45 +4804 +1060 49 T2 ~-4633 +1085
12 R46 +4704 +1060 50 R23 —4 894 +1060
13 R47 +4604 +1060 1 R22 -4994 +1060
14 Vop1 +4330 +1085 52 R21 -5004 +1060
15 Vo1 +4230 +1085 53 R20 ~5194 +1060
16 Voot +4130 +1085 54 R19 5294 +1060
17 Voot +4030 +1085 55 R18 -5394 +1060
18 Vop1 +3930 +1085 56 R17 5494 +1060
19 Vopz +3750 +1085 57 R16 -5594 +1060
20 Vooz +3650 +1085 58 R15 -5694 +1060
21 Vb2 +3550 +1085 59 R14 -5794 +1060
22 Vo2 +3450 +1085 60 R13 -5894 +1060
23 Vo2 +3350 +1085 61 R12 -5994 +1060
24 Vo2 +3250 +1085 62 dummy?2 -6222 +1060
25 Vopz +3150 +1085 63 dummy3 -6238 -738
26 Vbo2 +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
31 RES -910 +1085 69 R5 -5479 -738
32 oscC -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 Vss2 -2268 +1085 74 R10 -4979 -738
37 Vssz -2368 +1085 75 R11 -4879 -738
38 Vssz -2468 +1085 76 co -4646 -746
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PAD PAD NAME x r PAD PAD NAME x y
77 C1 -4546 746 118 ca2 296 —746
78 C2 —4446 746 119 C43 ~196 —746
79 c3 —4346 ~746 120 ca4 96 746
80 C4 —4246 ~746 [ 121 ca5 +4 —746
81 c5 -4146 —746 122 C46 +104 ~746
82 C6 —4046 746 123 c47 +204 —746
83 c7 ~3946 -746 124 c48 +304 —746
84 cs -3846 746 125 C49 +404 ~746
85 Cc9 _3746 746 126 C50 +504 746
86 c10 ~3646 746 127 C51 +604 —746
87 C11 -3546 746 128 C52 +704 _746
88 c12 -3446 ~746 139 C53 +804 ~746
89 c13 ~3346 ~746 (130 C54 +904 746
) c14 -3246 ~746 131 Cs5 +1004 746
91 C15 ~3146 746 132 C56 +1254 746
92 C16 ~3046 ~746 133 C57 +1354 746
93 c17 2946 746 134 c58 +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 ~746
98 c22 2446 —746 139 C63 +1954 ~746
99 c23 —2346 -746 140 CB4 +2054 —746
100 C24 2246 ~746 14+ C65 +2154 746
101 C25 2146 —746 122 C66 +2254 —746
102 C26 —2046 -746 143 c67 +2354 746
103 c27 —1946 -746 144 ce8 +2454 746
104 C28 -1696 746 145 C69 +2554 —746
105 c29 ~1596 746 146 c70 +2654 746
108 C30 ~1496 746 147 C71 +2754 746
107 C31 ~1396 ~746 148 c72 +2854 ~746
108 C32 ~1296 -746 149 c73 +2954 ~746
109 C33 ~1196 ~748 150 C74 +3054 746
10 C34 ~1096 ~746 151 Cc75 +3154 746
11 C35 ~996 ~746 152 c76 +3254 _746
112 C36 —896 ~746 153 c77 +3354 ~746
13 ca7 ~796 ~746 154 c78 +3454 746
114 c38 —696 746 155 c79 +3554 ~746
115 c39 ~596 —746 156 c80 +3654 746
116 C40 496 ~746 157 c81 +3754 —746
117 ca1 ~396 —746 158 ca2 +3854 746
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PAD PAD NAME X
169 83 +3954 ~746
160 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 LCD O/Ps

T Vop1: Vpo2 J. VicD2
H . Vss1

V{ cp SUPPLY *

Vicot Vicoz
I—J T2, T3

Vag1 J_ Vopz

INPUT PINS ‘r lﬁ”
Vop1 H[l I

SCLK, SDIN, OSC,

RES, D/C, SCE,
J_‘ T, T4 Vgs2
b N Vss1 H EI
Vg1 —' EZ

V351

Vss1

Vss1

Vicoz VicD1
Vg1 —' q

Vss2
MGLE3¢

VbD1

Fig.19 Device protection diagram.
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15 TRAY INFORMATION
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For the dimensions of x, y and A to F, see Table 8,

Fig.20 Tray details.

Table 8 Dimensions

DIM. DESCRIPTION VALUE

GLEs 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
: c pocket 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 50.67 mm

X

¥

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 lacation 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

Lirmiting values given are in accordance with the Absolute 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 te 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 sals.
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NOTES
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