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ABSTRACT

Nowadays we have a lot of technoloty about balancing such as Robot , Airplane
balancing , ship and sub-marine. In this thesis we will introduce about balancing system by using
principle of feedback control , by measure an angle of robot by accelerometer (ADXI.202) to help
balacing robot 2-wheeled to be balance even having external force doing to robot it still not
falling down. This theory can help to develop robot and rescued-robot movement to b. more
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Pl Dl

U 2.13 37y Bu3InimugAL (Invert Pendulum)

Cg : QARUINDNUALMUASY

X @ JEt2IngRDeRta x

P : anyu

I @ 1/2 vesnnuenafmumugdy
s @

. hminvesfhumugduke

»

Hminyoese (kg

m

M

U useftleulyifuse o)

\Y% ma“luuméfqmnﬁuﬁmmuﬁ]ﬁu(N)
H

usalunueuimhfiufumugaueN)
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Yg : szszanaguinaiumugduteidaunuy Y
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NN semnse@suaums 1Adsil

Xg x +1sinf

Yg 1 cosB

il

Tumvasdiuwugdy
I0 = Vlsin® - Hl cosO

uselunwueuimfudumugdy

dz

m*&;z {(x+lsing)=H

o W

L ]
urelundeiivhiufumugdy

d2
m—Et‘z (Icos@) =V —mg
dz
—., = U-H
dt 2

14

(1-1

(1-2)

(1-3)

(1-4)

. L 2
Wy @ fimsndoumlasesuindaniu sin 0= 0,cos8= 1 9neums (1-1) 4oy (1-3) 157

ernsalmouaums v e
10=V10-Hi

m{xx+10)=H

V-mg=0

nnauMs (1-4) uag (1-6) 9218

(1-5)

(1-6)
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M+m)x+mld=U (1-8)
nNANMI(1-5) , (1-6) az (1-7) 9214
16 = mgl6 - H1
= mgl0 - I(mx + mi0)

Wio  (I+ml?0+mix=mgh (1-9)

ANTUITTVY DUATNINUgALINGLN 2.13 gaguinatdumugdugaryud

T 1 =0 o lifu mugduamnsonaedld
M+m)x+ml8=U (1-10)
ml26+ mlx=mgld (1-11)
LInammsf (1-10) wa (1-11) ausdenauns g Wi
ml18=(M+m)gb-U (1-12)

Mx=U-mgb (1-13)
MNaNns (1-10), (1-11), (1-12) , uae {1-13) 18U Transfer Function 14
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v a ag v oA Y o o &
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i I Tuwudvesfumugdu ugudlugumsffe m3liusaddifananionfives
o F 2 dar dof =t W 2
fuvnuduuss Tudrsweslandajueudinunaugadifisurifuniavesssgamuisalsd

aunsdeiuldlu mugdy Allgunsefiuendreiu
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A a o o = Y a .
FygruauaiesniuquuuudiaansetindiiaiulasisesdmansotindiFudu(Linear
. . 4 A -y 1
Circuitnsadedgygruaivgu uazniosmrvquuuudataeaniinulasldisesassn
¥ b d
flagtiudinavgu fled 185unnuiiensfiorniiumisUuuvvssdsiugy #lefdu
J 1 v =t [ P A
vy nerwnseatuquaszyIumsan q TRegenevnazlusednsnin el unis
YSuuaenimisiimesvesarnruquiimuizan Anuquuuy A leddsyneu ludedn
- . o o 7 a . B 4 a
ALRNILLNA (Proportional) A3n3usuIUL 18 (Integral) oz @anIURULLY A(Derivative) #18

[ »
HarduneTou (Transfer) fatl

3.1 M9 mqmmm‘fﬂdm (Proportional Control Action)
oo ] ; ) . 4
Lﬂuﬂgnimmmw&ﬁqﬂauﬂwﬂzﬁmmnmmmﬂuwuﬁu seymisiasundasves

DuRMuAzO NN aInTouaaInNuauRU T Ui uruRsudon daguh 3.1

¥

- e(t) m (t)
[ :“tj.. - Kp e oo st e

U7 3.1 wudspdenmantuguuuudadau

anuduRuivosdygINnIugN (0TVYMYDIRIAIUgY) m() fudga e
4 a
AUARIA AABU e(t) D
m(t)z er(t) (3.1
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TTHAHOAHANAN WITDHUNIIMANTSIY

n3o
M(s)
—t = K 32
o)~ X (32)
PB = (L] x 100% 3.3)
Kp

Taeh K p 920y 1umena o4 Proportional Sensitivity ¥38 Gain
= a 4 4 a 4
Proportional Band (PB) flumsildsuntiasvesdunynieezi fifanisalfeuntos

vouemynunfigalunInnuguuuudadau fegilii 3.2

mp

t

31 3.2 wameUTUBIYBIMIAILRNUUDTATIU

LY L] A QF L] ; ﬂv
nsiin Annvaaandewiugudnsuzvesszuuaiuguuuy dadruneil
A o ¥ n‘: ' Hda =
Wasvnmatisuvesszuuniuguuuy dadiniuldamisosvquizuuni Tnaauldeu
A v oA HAa a P [ - v o P o
wlasIddmAnsuaz lunsdifnna InaansiudildoumvesszAuranosyinaiuqu1un
= [ = [} A J S A [ )
WUREPUILMIIAR AIauaaiamasuiu lash Aanuaaamdsuiae AnuLAnaI
a s o a A4 a4
yosBunnLaziomyNNanzasilod mueasitiuies
1 - 1 A
TN IMIRaaIuRaIAmasy 14 lae

1. udanmsveneuudaciu (Kp)

(]
=y 1

2. WumdygIMInMINaN1ZITNAU (mo) Ao m T = (Kp * e)+ mo

3. plaruaudhnune

72886
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3.2 mImuRuuuLduiinda (Integral Control Action)
A 1 o L] o ra = o =\ = =
L’ﬁuﬂ'lﬁﬂ'J']JF]U“]J’Qﬂ'IlU']ﬁﬂ‘I’]LﬂNﬁﬂﬁ']UIﬂUﬂT\iﬂl!ﬂ'mu‘ﬂi ﬂiﬁl‘iﬁ‘lnﬁ’]ﬂu*‘jﬂlﬂ LR EAY]

o @ o t o Y 3 A o dy
ANUTUNUTIEUINIDNNNYDIAINILAY m(t) BaTAINIUADAATOU e(t) AU

dm(t) Kielt)

3.4
130 mit)= Ki-"e(t}it (3.5)
0
Taofi K i fusneiinienyisaySua 14
HafduaieTou (Transfer-fanction) Y8R N ILAUUULBUNT nTade
M(s) Ki
—r = — (3.6)
E(s) S

o’ o o i
Taofionsouaasiuglves usudsudon Tadegalf 3.3

m(t)

h(:v e(t) . /S )

1 s o a a o
g'ijﬁ 3.3 UAUARUTONVDINITAIURUMULDUNITAID

14 [
Tunsmuguuuuduns nfaiusieviynvesdInIugu m wilasunlasmuna
a o n’; o A a J o 1T a [ :
AanaIne@AuTu dnnuianaiads Iifadui Idszuulddda ldernaiidesnisuds
o« o [ ] o <t . o LX) o
guUnsainuguIziamIfuAinuAanaIn Tnid (Final element control) 9284 111 &9
waasivuh szvvegluanzasitiues

Q

a’; = a o "o o [ J o 1
agiulunsnauguuuudunIndoe T IdiAad1 Off set Yuwn Aegii 3.4
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mit}

(a

mo

b--o -

1 a a W ar 4 o
1 3.4 waROUTUBIMIIAIVRUUUVBUNIATaTINd Y uTuTu A

3.3 MIRIUNUUUUASHN (Derivative Control Action)

1 v o/ ¥ 4 'Y A =
Hunrsaruguiiat wviyn udadiufusarnufsuutasdunnamisoueas

anudaius fail
de(t)
=K. xZ) ,
m(t) p X d(t) 3.7
Hio M(s) K vg (3.8)

E(s) S r
Taed K o JumasitnenuisolSuald

usufaudenyesdrnruguuuuasfinuans lddegUa 3.5

- et m (1)
»&‘D - Kp* S -

1 [ o Y =)
3i# 3.5 uwuAsURRAYBIRIMILRUILUATIINN

4 4 a 4 . 4
disumsaruguuuuadaiin i lumTesnuguezdiunisuinyuilu nses

A ar ] A [) ] F=S |
Aausu weraeyuay TudandutieTou Fwwrumsaaming selisguiiuunuyua
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atc

Td*a

atc

2Td*a

2a*t+c

¢ 0.5
¢ 0.5

' k4
JUN 3.6 wamevauBsFyINUULIUTU IavBsRTmIIgUUULIAT W

34 mfsmuammuﬁ"la (Proportional and Integral Control Action)
Aumsmuguinuewiyn Hudaduuuudududunasuvossduyn uag Adu

¥
finfaleanaveunn Taseusouaasnnuduiug ldasaumisde T

m(t)z[er(t)]+(%)j'e(t)dt 69

W30 i"-f-(iLKP 4 (3.10)
E(s) Iys
Tauf Kp ifus Proportional Sensitivity #3® Gain

Ti i uA1904 Integral Time

m(t)

P+

v L4
U4 3.7 wameudussdedyguuuututulavesminiuguuuuile
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Jedvesmsmunuuuud leRedniuguduiniae SiiadanuRananvoesa

aufuuuuda daulivualy)

3.5 msmuamwuﬁﬁ (Proportional and Derivative Control Action)

4& O ! LY v Y
dunsmuguiseiyniiudadiulasassfunasueesmdunniunagaaiuna

o Qs

] »
vomsmsaldeuuilasounn Tasamisonaasdoaunisaselyil

m(t) = [K e(t)]+ [K o1 dzgt)} (3.11)
A M (s)
—=K,1+T, )
3o 50 »(1+T,s) (3.12)
Taoht Kp 1ilus1 Proportional Sensitivity %139 Gain
Ti Wuswes Integral Time
m(t)
P+D

&

1 3.8 wameumuesdodyguduiudadu (Ramp) voamsnruquuuuiia

4 aq -
JoRvosnmmuguuuuinnodelidygiadriugadu (Ramp) sziinaroveios

managuvesnal IS sunhmsauguuuudadiu
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3.6 m‘smuf]mmuﬁ‘laﬁ (Proportional Integral and Derivative Control Action)
dunsnuguiieniymdudadiu fusduiniaFimues Suwnuazswaguiy

L3 ﬂ' -y ¥ Y
saTIMsldsuulasvestuym lasansouaas laaumsde Uil

dt

)= [x O]+ .7, "e(‘)}(’g};je(:)dr -

a M 1
Yo —E((S—s))z KP[1+TDs+—T—J (3.14)

I

m(t)

[ L4
JU# 3.9 warevTUBIBINIMIURULULA leAfuFy g uuuuduTiula

- J [y )
3.7 AUAMAN TYBIAINIVAN ﬁ'li)ﬂ
] L 4
TuedanmuuldinsiFuneudiniugu WleAidamunuanunndieiling (three
-term controller) Inssadfivszneunnmstfiansnendiamaniaududietuiaang

Tuaums (3.15) nafe Ueuvesnisga (Proportional) daUY0INTSBURNTA (Integration)

HAZAIUYBIMSTIOYWUT (Derivation)

Ul )ep =UP([)+UI(r)+UD(t) (3.15)

U(t)= Kpelt)+ K, [ elehde + K,

A a o
Wo  e(f) = Buwnvesdmugu

de(t)
o (3.16)

Ulr)= oiynussiniugu

K, = proportional gain
K, = Integral gain
K = derivative gain
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3.7.1 sansznevvesn

WoRe15m1098U52n0Y A (P-clement) aunsaudaslAdeaunisd (3.17) iefins
udasartlane (Laplace transform) aumsfi 3.17) w2 W8 uaunstt (3.18) nntulag (z
transform) wazudasdiuaunis rasmeesddseneufies 1 fuaunsd (3.19) uaz (3.20)

auday

U(t) =Kt (317
UP(s)=KP£1s) (3.18)
U.(z)=K.Hz) (3.19)
U(i)=K,Hj) (3.20)

3.7.2 eanllsznovveale

deoRas1eelsznot 1o (-element) dunIouanslddaaunisi (3.21) devins
wilasanone (Laplace transform) auasfi 3.21) 92 Wiluaunsit 3.22) mntiuilas (z-
transform) 1neldn151)seu1niv09n @@ (Tustin approximation) &rarumsi (3.23) Maiimang
Wnsudadfignassfiqauasudaafiuaumswantsvessssdsznoule sx s
(3.24) ung (3.25) Al

U(r)= K,j'e(t)dt (3.21)

U, (s)=~§-tE(s) (3.22)
261—21 )

S= 323
T+2" 42

(-zW,(2)= %Z(1+Z" )E(Z) (3.24)

U,()=U,(i- 1)+%r[e(,-)+ o(i-1)]

(3.29)

T = ¥29001M 3N T Q910 (Sampling interval)

s wa & Y ] P4
wan e lasia I T gadmua i fiswiiciy 14 - 1710 wheoanaIdu (rise time)

4 o a o A,
uawamumm‘luIﬂmus’mwm3zumm‘mauwmmmunuwu'm (unit - step input)
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3.7.3 aafilsznouvesd

HeReranoeRlsznon @ (D-element) a3 auead l&dsaunsf (3.26) ieins
utasaryaie (Laplace transform) aun1sf (3.26) vl Buaunsi (3.27) mm‘fuuﬂm (z-
transform) Tavl¥msasuunusiacfaanmsodisud (backward difference) AaaumIR (3.28)

1 = ¥ nl
uazutasduaunisnade osrsenoud oz 1diiludseumsf (3.29) waz (3.30)

def?)

=K, =Y

Up(t)=Kp & (3.26)

Up = K,sE(s) (327)
1-2"

5-=27) .

T (3.28)

K

Up=-2(1-z"

Lo 1-2")e) (3.29)

U, = _’fTa[e(,-)_e(i -1)] (3.30)

3.7.4 saAlszneuvoan lof

v
nnoersynouees # 1o uag 8 aunsa@euaumsswimuduaunisnlod Idaet

Upli)= K, E() 331)
U,()=U,(i-1)+ %’—T[e(i)+ e(i-1)] (3.32)
Upli)= !ffe.[e(,-)Jr (i -1)] (3.33)
Ui)=U,()+U,()+U,6) (3.34)

U(i)=K,,E(i)+(/(i—1)+%T[e(i)+e(i-1)]+—1§ll[e(z')+e(i~1)] (3.39)



unn 4
ﬂ‘lﬁi’)ﬂﬂ!!ﬂﬂ‘ixﬂﬂﬂ?‘lﬁ]uﬂ'ﬁﬁ'NTH

4 y o
wosnn lnseeufidulasssiidedldnamazBoauaznudlunms Usswranage

ﬂ o g g ] &
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b4
o oA

MeazDALaz N auTA Al

4.1 faueruin va sty

dsPIC30F2010 0 By Fal¥marlszananadeyauuuisiin mnuisn TusTasin
Fagaruludvesnnuamsalumslszuaanadeya dggrauvnataeauas Sai 1y
dszgna llusuntugulasinssatrenelu nmsnaunaiuszninglulasaoulnsamed
(MCU) uag995 183y ( Digital Signal Processing ) 12119113808 u n3ooviFon by

aszga dsPIC Ty Budy n3e Avnea Fnunnewu Insames(Digital Signal Controllen) 14

4.1.1 QuoutAdumslszuiana

- Baoilaenssuuuy RISC Taudl 84 Adawasgrusessumsgrdumiennsa
wuuae 18laedase Tasgtuuy Tassadnms Sadamissanufesdaulawnn
9Inera1ilagni sues “ Harvard Architecture ™

- yadads 1¥nsdraueansduuy 24 fin uagmstetadeyavuin 16 Gn

- Imiasanui TUsunsuluY Flash 4u19 12KByte (4K Word) nuiseiinmisauuag
TsunsudIng 18 100,000 a%a wieuszuutloafunisen

- {1120A771981 RAM Y414 512Byte

- fimissanudrdeyan1isuuy EEPROM yu1a [KByte awseauiazFowd 1
A1 1,000,000 AF4 wazamnsafunndoyalFidud %510 Wideal Mcu

- Tivemofuuia 16 ia W ldemudiou 16 ga

- amnInyszunaradasanuEageqad 30 MIPS ( 30 Swdidasoudi)

- sesTudganauAnmnuiasiitianisuen 0-40 MHz

¥ o \d Ll A v
- 76\17'1]ﬂ"l‘i1‘%\11uﬂUlLHﬁﬂﬁ'lluﬂﬂTlllﬂu‘lJ‘U XTAL M 4-10 MHz
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413 Hu"mf‘iuﬁaﬁ'agag1mﬂ’az'f“‘mn'1uqm%"u(PWM)

TugailairiituTnssnniiide Tugaadadgygneguannunheiad (PwM )
Halu dspic T Tugaadndyguiadin lugad (PwM) meniuquuomes Tasswizidonds
Tuga MCPWM ( Motor Control PWM ) d1M31 dsPIC30F2010 90414911 6 904 Teeusnd

=t hd é y ¥ > a_ @ A @
womeduvummAld 3 &1 Falulasouiidedo I lugaillinuddgundaususens

Wanuaaslugldi 4.2
N
PWM Enable and Mode £FRs
f—f  otoon ] s rmscommsen
{—{__Amoon ] FOKPncommisen
OVDCON PWM M v

Control SFR

PYWA Genersns i3

(=] L PwmsH
3 L 1] Pevhass,
! o} Wyt
|
| | —{] Pwm2L
| LG |
PAVM Gonarmor ] Charee1 1 Dead Tima —FPwatH
| | = Canaraior and
o -
: G FLTA
|
|
|
t

Nots: Dotalls of PWM Genarator #1 and #2 nol shown for darity.

i 4.2 unufamsthauves Tugasutiadgygiuiading TugiaduEwm)
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Tudnlsznoundnyes lugatifediu lugaduiadygravadian lugasueEwm)
.& r .Y d’ © 1 o
Fa1dmgmunaenidmaes PTMR uazPTPER 1 Tuga MPCWM flaunsasmuadip
[ 9 A 1) o Y ar o g o q': 1 [} 4' o ] [
s (duty cycle) lududutiadygruiadiod lugnduudazdiuiiiudaszdofiu

¥
venvIniuisrnsadimuanisiisuvesvene fawmdymues Tuga MCPwM lagaseru
N3 A0 OVDCON

[ o - 4 ] ] M - o

dygrunoonsinluga MCPWM 9:livImesa 2 vidodoatiufio vio1aRnA Y
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#include <p30f2010.h>
#include <pwm.h>
void _ISR _PWMInterrupt(void)
{
IFS2bits. PWMIF = 0;}
void _ISR _FLTAlInterrupt(void)
{
IFS2bits.FLTAIF = 0;
}
void pwm_init()
{
unsigned int config;
unsigned int period;
unsigned int sptime;
unsigned int configl;
unsigned int config2;
unsigned int config3;
unsigned int dutycyclereg;
unsigned int dutycycle;
unsigned char updatedisable;

config = (PWM_INT_EN & PWM_FLTA_DIS_INT & PWM_INT_PR1&
PWM_FLTB_DIS_INT & PWM_INT_PRO

ConfigintMCPWM(Config);

dutycyclereg = 1;

dutycycle = Ox3FFF;
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updatedisable = 0;

SetDCMCPWM(dutycyclereg,dutycycle,updatedisable);

period = Ox7FFF;

sptime = Ox{;

config] = (PWM_EN &PWM_PTSIDL&
PWM_OP_SCALE16&
PWM_IPCLK_SCALEIL6 &
PWM_MOD_UPDN);

config2 = (PWM_MOD1_COMP &
PWM_PEN1H &
PWM_PDIS2H &
PWM_PDIS3H &
PWM_PDISIL &
PWM_PDIS2L &
PWM_PDIS3L);

configd = (PWM_SEVOPSI1 &
PWM_OSYNC_PWM&
PWM_UEN);

OpenMCPWM(period,sptime,configl ,config2,config3);

}

{

}

int main()

pwm_init(); while(1);
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#include <p30£2010.h>
enum(X,Y)

unsigned int adxl_202(char axis);
int main ()

{while(1) {ax= adx]_202(X) ;ay= adxl_202(Y); }}
unsigned int adxl_202(char axis)
{

ADPCFGbits.PCFG4 = |;
ADPCFGbits. PCFGS = 1;
TRISBbits. TRISB4 = 1 ;
TRISBbits. TRISBS5 = 1;
unsigned char j; float al,a2,a3;unsigned int Pv;
for (j=0;j<2;j++)

{ if{axis==X)

while(PORTBbits, RB4—1);

else iflaxis==Y)
while(PORTBbits.RB5==1);
timerl_count();

iflaxis=X)
while(PORTBbits.RB4==0);

else iflaxis==Y)
while(PORTBbits.RB5=0);
CloseTimerl();
Pv = ReadTimer1();
WriteTimer1(0);

al = Pv*0.0002712;
a2 =((al/7.4)-0.5)/0.125;

a3 = (((a2*1000)+2000))/5; }

return(a3); }
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MICROCHIP

dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Note: Thtsdatasheetummﬂzeshaﬂnesofmbm

+of dsPIC30F devices and is not intended to be a complets
- reference source.. For:‘more. information . on. the CPU,

peripherals, - register - descriptions “and . general device
functionality, “refer .to. the . dsPIC30F Family 'Reference
Manual (DS70046); For.more information on the device
Instruction set and programming, refer to the dsPIC30F
Programmer’s Referance Manual (DS70030).

High-Performance Modified RISC CPU:

Modified Harvard architacture
C compiler optimized instruction set architecture

84 base instructions with flexible addressing
modes

24-bit wide instructions, 16-bit wide data path
12 Kbytes on-chip Flash program space

512 bytes on-chip data RAM

1 Kbyte non-volatile data EEPROM

18 x 16-bit working register array

Up to 30 MIPs operation:

- DC to 40 MHz extemal clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 18x)

27 interrupt sources

Three external interrupt scurces

8 user selectable pricrity levels for each interrupt
4 processor exceptions and software traps

DSP Engine Features:

Modulo and Bit-Reversed modes

Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single cycle hardware fractional/
integer multiplier

Single cycle Multiply-Accumulate (MAC)
operation

40-stage Barrel Shifter

Dual data fetch

Peripheral Features:

= Migh current sink/source /O pins: 25 mA/25 mA

* Three 18-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

+ Four 16-bit Capture input functions

« Two 16-bit Compare/PWM output functions
- Dual Compare mode available

* 3-wire SPI™ modules (supports 4 Frame modes)

+ 2C™ module supports Mult-Master/Slave mode
and 7-bit/10-bit addressing

* Addressable UART medules with FIFO buffers

Motor Control PWM Module Features:

= 6 PWM output channeis

- Compiementary or independent Qutput
modes

- Edge and Center Aligned modes
+ 4 duty cycle generators
» Dedicated time base with 4 modes
+ Programmable output polarity
+ Dead time control for Complementary mode
= Manual output control
= Trigger for synchronized A/D conversions

Quadrature Encoder Interface Module
Features:

= Phase A, Phase B and Index Puise input

« 18-bit up/down position counter

* Count direction status

= Position Measurement (x2 and x4) made

* Programmable digital noise filters on inputs

+ Alternate 16-bit Timer/Counter mode

+ Interrupt on position counter rollover/underfiow

Analog Features:

« 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle

* Programmable Brown-out Detaction and Resst
generation

@ 2004 Microchip Technology Inc.

Preliminary

DS70118E-page 1



dsPIC30F2010

Special Microcontroller Features: » Detects clock feilure and switches to on-chip low
power RC oscillator

* Programmable code protection

In-Circuit Serial Programming™ (JICSP™)
Selectable Power Management modes

- Sleep, Idle and Alternate Clock modes

= Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical}
* Data EEPROM memory:
- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)

+ Self-reprogrammable under software control CMOS Technology:

« Power-on Reset (POR), Power-up Timer (PWRT) « Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) * Wide operating voltage range (2.5V to 5.5V)

* Flexible Watchdog Timer (WDT) with on-chip low + Industrial and Extended temperature ranges
power RC oscillator for reliable operation ~ Low power consumption

* Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Program Output Motor
SRAM{EEPROM | Tmer | Input AJD 10-bit | Quad
Device Pins | Mem. Bytes/ CompiStd | Control
Instruct Bytes | Bytes | 16-bit| Cap PWM PWM 500 Kspe { Enc

UART
Spi™
g™
CAN

dsPIC30F2010 | 28 124K | 512 | 1024 3 ] 4 2 8ch 6ch |vYes|[1[1]1][-
dsPIC30F3010. | 28" | 248Kk [ 1024 | 1024 | 5 | 4 2 6ch | 6ch |Yes [1]1]1]-
dsPIC30F4012 | 28 | 48K/16K | 2048 | 1024 5 { 4 2 8ch 6ch | Yes [1]|1[1]1
dsPIC30F3011 | 40/44.| 248K | 1024 | 1024 5 | 4 4 &ch gch |ves|2|1|1]-
dsPIC30F4011 | 40/44 |  48K/16K | 2048 | 1024 s 4 4 8ch gch lves|2]1|1]1
dsPIC30F5015 | 64 | 66K/Z2K | 2048 | 1024 5 | 4 4 Bch 16ch [Yes }1)2)1][1

dsPIC30F6010 | 80 | 144K/M4BK | 8192 | 4096 5 8 8 8ch 16ch |[Yes |2]2}1]2

* This table provides a summary of the dsPiC30F2010 peripheral features. Other availabie devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70118E-page 2 Preliminary ® 2004 Microchip Technology inc.
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Pin Diagrams

28-Pin SDIP and SOIC

MELR

EMUD3/ANO/VREF +ICN2/RBO
EMUC3/AN1/VREF/CNVRB1
ANZISSTICNARB2

ANIINDX/CN&/RB3
ANHQEAICT/CNS/RB4
ANS/QEB/ICS/CN7/RBS

Vas

OSCH/CLKI

O3C2/CLKO/RC15
EMUD1/SOSCI/T2CK/UTATX/ICN1/RC13
EMUC 1/805COT1CKA ARX/CNORC 14

2817 Avoo

270 Avss

261 PWMIL/RED

25 PWM1H/RE1

24 PWM2LRE2

23] PWMZHIRE3

22 ] PWM3L/RE4

210 PWM3H/RES

20 Voo

1917 Vss

18] PGCEMUG/MMRX/SDI1/SDA/RF2

12 17 0 PGDYEMUD/UITX/SDO1/SCL/RF3
Voo []43 161 FLTA/INTO/SCK1/OCFA/RES

EMUD2/OC2/IC2/INTZRD1 [}14 130 EMUC2/0C1ACIANT1/RDO

RN DH D AW -

040Z40€21d%P

im'm!nisinininininin

28-Pin QFN

28| EMUCS/ANTVREF- (CNY/RB1
27| EMUDS/ANO/VREF+/CN2/RBO

261 MCLR
254 Avoo
240 Avas

23| PWMILRED
22| PWM1HIRE1

AN2/SS1/CN4AMRB2
ANJINDX/CNS RB3
AN4/QEANCT/ICNG/RBA
ANS/QEB/IC8/CNT/RBS
Vss

O8C1/CLKIN
OSC2/CLKO/RC15

211 PWM2URE2

20 § PWM2H/RE3

18 | PWM3L/RE4

dsPIC30F2010 18 | PWM3H/RES

17 § voo

18| Vss

15 { PGC/EMUGC/U1RX/SDIt/SDA/RF2

NDYE W -

10
1
12
13
14

Voo

EMUDZ/OCIC2IINTZRD
EMUC2/QCINC1ANT/RDO

EMUDA/SOSCIT2CKAHATXICNIRC1A @

EMUCASOSCO/MICKMUIARX/CNORC14 J g
FLTA/INTO/SCK/OCFA/RES
PGOYEMUD/U1TX/SDO1/SCL/RFI
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
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dsPIC30F2010

Table 1-1 provides a brief description of device /O
pinouts and the functions that may be muitiplexed to a
port pin. Multiple functions may exist on one port pin.
When multiplexing occurs, the peripheral module’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT /O DESCRIPTIONS
Pin Buffer
Pin Name Description
Type | Type P
ANO-AN5 | Analog |Analog input channels.
AVDD P P Positive supply for analog module.
AVss P P Ground reference for analog moduie.
CLK) l ST/CMOS [Extemal clock source input. Always associated with OSC1 pin function.
CLKO (0] — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLLKO in RC and EC modes. Always
associated with OSC2 pin function.
CNO-CN7 | ST input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.
EMUD 1w ST {CO Primary Communication Channei data input/output pin.
EMUC o ST ICD Primary Communication Channel clock input/output pin.
EMUD1 1o ST ICD Secondary Communication Channel data input/output pin.
EMUCH1 o ST ICD Secondary Communicaticn Channel clock input/output pin.
EMUD2 o ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 o ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 o ST ICD Quatemary Communication Channe) data input/output pin.
EMUC3 o ST ICD Quatemary Communication Channel clock input/output pin.
IC1,1C2, IC7, | ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are
IC8 numbered for consistency with the inputs on larger device variants.
INDX i ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB i ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO | ST Extemal interrupt 0
INT1 i ST External interrupt 1
INT2 | ST External interrupt 2
FLTA i ST  |PWM Fault A input
PWMIL o —_ PWM 1 Low output
PWM1H C — PWM 1 High cutput
PWM2L O — PWM 2 Low output
PWM2H e) —  |PWM 2 High output
PWM3L O - PWM 3 Low output
PWM3H o — PWM 3 High output
MCLR i ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.
OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C2 C —_ Compare outputs.
0SC1 | ST/ICMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.
08C2 o —_ Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
Legend: CMOS =CMOS compatibie input or output Analog= Analog input
ST =Schmitt Trigger input with CMOS levels O= OQulput
! =Input P = Power
L

©® 2004 Microchip Technology inc.
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dsPIC30F2010

TABLE 1-1:  PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Buffer
Pin Name Description
Type | Type P
PGD Wo ST In-Circuit Serial Programming data input/output pin.
PGC | ST in-Circuit Serial Programming clock input pin.
RBO-RB5 o ST PORTB is a bidirectional /O port.
RC13-RC14 o ST PORTC is a bidirectional I/O port.
RDO-RD1 o ST PORTD is a bidirectional VO port.
REO-RES, HO ST PORTE is a bidirectional VO part.
R:z8
RF2, RF3 o ST PORTF is a bidirectional 1/Q port.
SCK1 Tla] ST Synchronous serial clock inputfoutput for SPI™ #1,
SsDi1 | ST SP1 #1 Data In.
SDO1 o) —_ SP1 #1 Data Out.
581 { ST SPI #1 Slave Synchronization.
sCL o ST Synchroncus serial clock input/output for c.
sbA o ST  |Synchronous serial data inputioutput for 1°C.
SOSCO o] — 32 kHz low pawer osclllator crystal cutput.
SOSCl | ST/CMOS |32 kHz low power oscillater crystal input. ST buffer when configured in RC
mode; CMOS ctherwise.

T1CK | ST Timer1 external ciock input.
T2CK | ST Timer2 external clock input.
UIRX ( ST UART1 Receive.
U1TXx (o) — UART1 Transmit,
U1ARX i ST UART1 Altermnate Receive.
U1ATX (o) — UART1 Alternate Transmit.
VDD P — Positive supply for logic and /O pins.
Vss P — Ground reference for logic and /O pins.
VREF+ 1 Analog |Analog Voltage Reference (High) input.
VREF- | Analog |Analog Voltage Reference (Low) input.
Legend: CMOS =CMOS compatible input or output Analog=  Analog input

ST
1

=Schmitt Trigger input with CMOS levels O= Output
=Input P = Power

DS70118E-page 8 ® 2004 Microchip Technology Inc.
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ANALOG
DEVICES

Low Cost =2 g/+10 gDual Axis
iIMEMS® Accelerometers
with Digital Qutput

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

Duty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+3 V to +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computer Peripherals

Inertial Navigation

Seismic Monitoring

Vehicle Security Systems
Battery Powered Motion Sensing

GENERAL DESCRIPTION

The ADXI.202/ADXIL.210 are low cost, low power, complete
2-axis accelerometers with a measurement range of either
+2 g4 10 g. The ADXT.202/ADXI 210 can measure both dy-
namic acceleration (¢.g., vibration) and static acceleration (e.g.,
gravity).

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 dircctly
with a microprocessor counter, requiring no A/D converter or
glue logic. The output period is adjustable from 0.5 ms to 10 ms
via a single resistor {Rggr). If a voltage output is desired, a
voltage output proportional to acceleration is available from the
Xrwr and Yep ot pins, or may be reconstructed by filtering the
duty cycle outputs.

The bandwidth of the ADXI 202/ADXT.210 may be set from
0.01 Hz to 5 kHz via capacitors Cx and Cy. The typical noisc
floor is 500 pg/NHz allowing signals below 5 mg o be resolved
for bandwidths below 60 Hz.

The ADXI1.202/ADXI.210 is available in a hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C to +70°C
commertcial or 40°C to +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM

+10V TO +3.25v

ol v
Voo ’J\Vw Xewr 8ELF TEST
\1.1 14 12] L)
ADXL202/
X SENSOR Rewr ADXL210
3240 xour ]
Coc —» |[—{ DEMOD 1? c
= DUTY o
CYCLE u
OSCILLATOR %"{"R N »
Revy :
32x1) , ¥ out
f | DEMOD | O _‘
Y SENSOR
" ) Q
COHT VmJI

IMEMS is a registered trademark of Analog Devices, Inc.
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“ADXL202/ADXL210-SPECIFICATION

Ty = Tgqu to Tigy, Ty = +25°C for | Grade oaly, Vo = 45 ¥,
Ryer = 125 kA2, Acceleratian = D g, unless otherwise noted)

. ADXL202[JQCIAQC ADXL210[JQCIAQC
Parameter Conditions Min Typ Max Min Typ Max Units
SENSOR INPUT Each Axis
" Measurement Range’ 15 12 18 tto g
Nonlinearity Best Fit Straight Line 0.2 0.2 % of FS
Alignment Error® *1 +1 Degrees
Alignment Error X Sensor to Y Sensor 10.01 10.01 Degrees
Transverse Sensitivity? 12 12 %
SENSITIVITY Each Axis
Duty Cycle per g TUT2 @ +25°C 10 125 15 3.2 4.0 4.8 %lg
Sensitivity, Analog Output At Pins Xpp 1, Yrur 312 100 mV/g
Temperature Drift* A from +25°C 10.5 10.5 % Rdg
ZERO gBIAS LEVEL Each Axis
0 g Duty Cycle Ti/T2 25 50 75 42 50 58 %
Initial Offset 12 32 g
0 g Dury Cycle vs. Supply 1.0 4.0 1.0 4.0 %V
0 g Offset vs. Temperature! A from +25°C 2.0 20 mg°C
NOISE PERFORMANCE
Noise Dlensity® @ +25°C 500 1000 500 1000 ugHz
FREQUENCY RESPONSE
3 dB Bandwidth Dury Cycle Cutput 500 500 Hz
3 dB Bandwidth At Pins Xpp 1y Yoo 5 5 kHz
Sensor Resonant Frequency 10 14 kHz
FILTER
Ryt Tolerance 32 kQ Nominal 15 t15 %
Minimum Capacitance At Xpnt, Yemr 1000 1000 pF
SELF TEST
Dury Cycle Change Self-Test “0” to “1” 10 10 %
DUTY CYCLE OUTPUT STAGE
Fsgr 125 Mf)Rser 125 MQ/Rger
Fser Tolerance Rger = 125 k) 0.7 L3 0.7 1.3 kHz
Output High Voltage [=25pA Vs — 200 mV Vi~ 200 mV mV¥
Ourput Low Voltage I=25pA 200 200 mV
T2 Drift vs. Temperature 35 35 ppm/°C
Rise/Fall Time 200 200 ns
POWER SUPPLY
Operuting Voltage Range 3.0 5.25 2.7 5.25 v
Specified Performance 4.75 5.25 4.75 5.25 v
Quiescent Supply Current 0.6 L0 0.6 1.0 mA
Tumn-On Time® Te 99% 160 Cepr + 0.3 160 Cpr + 0.3 ms
TEMPERATURE RANGE
Operating Range IQC 0 +70 0 +70 °C
Specified Performance AQC —40 +85 —40 +85 °C
NOTES
'For all combinations of offser and sensitiviry vatiation.
*Alignment crror is specified as the angle between the true and indicated axis of sensitivity.
*T ansverse sensitivity is the algebraic sum of the alignment and the inherent sensitiviry errors.
1Specification refers to the maximum change in parameter from its initial 21 425°C 1o jts worst cose vatue at Tagye 10 Tigax.
*Noise density (ue/NHZ) is the average noisc at any frequency in the bandwidrh of the part.
*Cepy in pF. Addition of filter capacitor will increase tarn on time. Please see the Application section on power cycling.
All min and max specifications are guarantecd. Typical specificatons are not tested or goaranteed.
Specifications subject to change without notice.
-2 REV. B



ADXL202/ADXLz10

ABSOLUTE MAXIMUM RATINGS*

Acceleradon (Any Axis, Unpowered for 0.5 ms) ...... 1000 ¢
Acceleration (Any Axis, Powered for 0.5ms) ......... 500 g
FVG e e i e ~0.3Vto+7.0V
Ourtput Short Circuit Duradon

(AnyPintoCommon) .........cvvvvuiennnn.. Indefinite
Operating Temperature ................. -55°C to +125°C
Storage Temperature ................... —65°C to +150°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a steess rating only; the funcrional operation of
the device at theae or any other conditions above thosc indicated in the aperational
sections of this specification is not implied, Exposure to absolute maxinnum rating
conditions for extended periods may affect device ecliabilicy.

Drops onto hard surfaces can cause shocks of greater than 1000 g
and exceed the absolute maximum rating of the device. Care
should be exercised in handling to avoid damage.

PIN FUNCTION DESCRIPTIONS

PIN CONFIGURATION

g _—
wc[ije ) Voo
v [2] ADXL202/ J13] v
;I; ADXL210 %x:
TOP VIEW T
mgcmmsah)ﬂy,“
12[3] Ax [#] Xour

ot B

NC = NO CONNECT

Figure 1 shows the response of the ADXIL.202 to the Earth’s
gravitational field. The ourput values shown are nominal. They
are presented to show the user what type of response to expect
from each of the output pins due to changes in orientation with
respect to the Earth. The ADXI 210 reacts similasly with out-
put changes appropriate to its scale.

Pin Name Description 8 %, DUTY CYOALE
10 = 2 5% OUTY CYCLE
1 NC No Connect 2e1imv
2 Voo Test Point, Do Not Connect
3 ST Self Test
4 COM Comtnon
5 T2 Connect Rger to Set T2 Period
6 NC No Connect TYPIGAL QUTPUT AT PR L, TYPICAL OUTPUT AT PIN
7 COM Common T n B BT CVELE 207 o DTy CYOLE.
8 NC No Connect Nt 5 ! Mty
9 Your Y Axis Duty Cycle Qutput
10 Xour X Axis Duty Cycle Output
11 Yrr Connect Capacitor for Y Filter
12 XepT Connect Capacitor for X Filter '
13 Vbp +3 V to +5.25 V, Connect to 14 TYPICAL OUTPUT AT Pae:
14 Voo +3V 10 +5.25 V, Connect 1o 13 10=37 9% DUTY GYOLE l
by
PACKAGE CHARACTERISTICS it Ll
Package Bia 91c Device Weight Figure 1. ADXL20Z/ADXL210 Nominal Response Due to
14-Lead CERPAK | 110°C/iW 30°C/W | 5 Grams Gravity
ORDERING GUIDE
g Temperature Package Package

Model Range Range Description Option

ADXL2021QC $2 0°C 1o +70°C 14-Lead CERPAK QC-14

ADX1L202AQC 2 —40°C 1o +85°C 14-1cad CERPAK QC-14

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

ADX1.210AQC +10 -40°C to +85°C 14-L.ecad CERPAK QC-14
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily w ARNIN GI
accumulate on the human body and test equipment and can discharge withour detection. S oy
Although the ADXI202/ADXI1 210 features proprietary ESD protection circuitry, permanent r]j"" - “

damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper
BSD precautions are recommended to avoid performance degradation or loss of functionaliry.

LORTNOITIVE OF 1OE
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ADXL202/ADXL210

DEFINITIONS

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

T2 Length of the total cycle.

Duty Cycle Rado of the “on” time (T1) of the cycle to the total
cycle (T2). Defined as T1/T2 for the ADX1.202/
ADXIL210.

Pulsewidth Time period of the “on” pulse. Defined as T1 for
the ADXI.202/ADXI1.210.

THEORY OF OPERATION

The ADXL202/ADXIL.210 are complete dual axis acceleration
measurement systems on a single monolithic IC. They contain a
polysilicon surface-micromachined sensor and signal condition-
ing circuitry to implement an open {oop acceleration measure-
ment architecture. For each axis, an output circuit converts the
analog signal to a duty cycle modulated (DCM) digital signal
that can be decoded with a counter/timer port on a micropro-
cessor. The ADXL.202/ADX1.210 are capable of measuring
both positive and negative accelerations to a maximum level of
*2 gor £10 g. The accelerometer measures static acceleration
forces such as gravity, allowing it to be used as a it sensor.

The sensor is a surface micromachined polysilicon structure
built on top of the silicon wafer. Polysilicon springs suspend the
structure over the surface of the wafer and provide a resistance
against acceleration forces. Deflection of the structure is mea-
sured using a differential capacitor that consists of independent
fixed plates and central plates attached to the moving mass. The
fixed plates are driven by 180° out of phase square waves. An
acceleration will deflect the beam and unbalance the differential
capacitor, resulting in an output square wave whose amplitude
is proportional to acceleration. Phase sensitive demodulation
techniques are then used to rectify the signal and determine the
direction of the acceleration.

The output of the demodulator drives a duty cycle modulator
(DCM) stage through a 32 kQ resistor. At this point a pin is
available on each channel to allow the user to set the signal
bandwidth of the device by adding a capacitor, This filtering
improves measurement resolution and helps prevent aliasing.

After being low-pass filtered, the analog signal is converted to a
duty cycle modulated signal by the DCM stage. A single resistor
scts the period for a complete cycle (T2), which can be ser be-
tween 0.5 ms and 10 ms (see Figure 12). A 0 g acceleration
produces a nominally 50% duty cycle. The acceleration signal
can be determined by measuring the length of the T1 and T2
pulses with & counter/timer or with a polling loop using a low
cost microcontroller.

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

The ADXL202/ADXI 210 will operate with supply voltages as
low a8 3.0 V or as high as 5.25 V.

i ]
I A ]

FT1q I

Alg) = (TAIT2 - 0.512.5%
0g = 30% DUTY CYCLE
T2(s) = Rygr{fIy125M0)

Figure 12. Typical Output Duty Cycle
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APPLICATIONS

POWER SUPPLY DECOUPLING

For most applications a single 0.1 pF capacitor, Cpc, will ad-
equately decouple the accelerometer from signal and noise on
the power supply. However, in some cases, especially where digital
devices such as microcontrollers share the same power supply, digi-
tal noise on the supply may cause interference on the ADXI.202/
ADXIL210 output. This is often observed as a slowly undulatng
fluctuation of voltage at Xpg+ and Yegr. If additional decou-
pling is needed, a 100 Q) (or smaller) resistor or ferrite beads,
may be inserted in the ADX1.202/ADX1.210’s supply line.

DESIGN PROCEDURE FOR THE ADXL202/ADXI1 210

The design procedure for using the ADXI.202/ADXI 210 with a
duty cycle output involves selecting a duty cycle petiod and a
filter capacitor. A proper design will take into account the appli-
cation requirements for bandwidth, signal resolution and acqui-
sition titue, as discussed in the following sections.

Vop
The ADXL202/ADXL.210 have two power supply (Vpp) Pins:

13 and 14. These two pins should be connected directdy together.

COM

The ADXI.202/ADXI1.210 have two commons, Pins 4 and 7.
These two pins should be connected directly together and Pin 7
grounded.

Ve

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

Decoupling Capacitor Cpc

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

ST

The ST pin controls the sclf-test feature. When this pin is set to
Vi, ar electrostatic force is excried on the beam of the acceler-
ometer. The resulting movement of the beam allows the user to
test if the accelcrometer 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
c¢ommon in normal use.

Dty Cycle Decoding
The ADXL202/ADXL210’s digital output is a duty cycle modu-
lator. Acceleration is proportional to the ratio TY/T2. The
nominal output of the ADXL202 is:
0 g = 50% Dury Gycle
Scale factor is 12.5% Duty Cycle Change per g
The nominal output of the ADXL210 is:
0 g = 50% Dury Gyde
Scale factor is 4% Duty Cycle Change per g

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

T2 does not have to be measured for every measurement cycle.
It need only be updated to account for changes due to tempera-
ture, (a relatively slow process). Since the T2 time p' iod is
shared by both X and Y channels, it is neccssary only to mea-
sure it on one channel of the ADXIL.202/ADXI 210. Decoding
algorithms for various microcontrollers have been developed.
Consult the appropriate Application Note.
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ADXL202/ADXL210

+3.0V TO +8.25v
oLV
SELF TEST
\",I‘\Vbo évw ;"E"ﬁu @_ .
ADXL202/
X SENBOR Ry ADXL210

L I
r = i
c
== |
2 uP
T Algh = (T2 -0HHZT%
E 0g = 50% DUTY CYCLE
R T2 = Ryerii25M0)

Figure 13. Block Diagram

Setting the Bandwidth Using Cy and Cy

The ADXL202/ADXL210 have provisions for bandlimiting the
Xpr and Ygr 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

F.. =
27 (32 )% Cx, 9)
SuF
or, more simply, Fiup= Coxrr

The tolerance of the internal resistor (Ryn 1), can vary as much
as £25% of its nominal value of 32 kf); s¢ the bandwidth will
vary accordingly. A minimum capacitance of 1000 pF for Cx, v
15 required in all cases.

Table 1. Filter Capacitor Selection, Cy and Cy

Capacitor

Bandwidth Value

10 Hz 0.47 uF
50 Hz 0.10 yF
100 Hz 0.05 uF
200 Hz 0.027 yF
500 Hz 0.01 pF
5kHz 0.001 pF

Setting the DCM Period with Rger

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

T2= Rser (S2)
125 MQ

A 125 kL2 resistor will set the durty 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.

REV.B

Table II. Resistor Values to Set T2

T2 Rser

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

Note that the Reer should always be included, even if only an
analog output is desired, Use an Rggr value between 500 k2
and 2 MQ when taking the output from Xen - or Y. The
Rger resistor should be place close to the T2 Pin <o minimize
parasitic capacitance at this node.

Selecting the Right Accelerometer

For most tilt sensing applications the ADXI1.202 13 the most
appropriate accelerometer. Its higher sensitiviry (12.5%/g alfows
the user to use a lower speed counter for PWM decoding while
maintaining high resolution. The ADXI.210 should be used in
applications where accelerations of greater than 12 g are erected.

MICROCOMPUTER INTERFACES

The ADXIL202/ADXL210 were specifically designed to work
with low cost microconrrollers. Specific code sets, reference
designs, and application notes are available from the factory.
This section will outline a general design procedure and discuss
the various trade-offs that need to be considered.

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

Resolution: the smallest signal change that needs to be detected.
Bandwidih; the highest frequency that needs to be detected.
Acquisition Time: the time that will be available to acquire the
signal on each axis.

These requirements will help to determine the accelerometer
bandwidth, the speed of the microcontroller clock and the
length of the T2 period.

When selccting a microcontroller it is helpful to have a counter
timer port availabie. The microcontroller should have provisions
for software calibration. While the ADXI.202/ADXL210 arc
highly accurate accelerometers, they have a wide tolerance for

i



ANALOG
DEVICES

Low Cost =2 g/+=10 gDual Axis
iIMEMS® Accelerometers
with Digital Gutput

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

Duty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+3 V to +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computer Peripherals

Inertiel Navigation

Seismic Monitoring

Vehicle Sscurity Systems
Battery Powered Motion Sensing

GENERAL DESCRIPTION

The ADXL202/ADXE210 are low cost, low power, complete
2-axis accelerometers with a measurement range of cither
12 g/t10 g. The ADXI202/ADXL210 can measure both dy-
namic acceleration (e.g., vibration) and static acceleration (e.g.,
gravity).

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

The bandwidth of the ADXI202/ADXI 210 may be set from
0.01 Hz to 5 kHz via capacitors Cg and Cy. The typical noisc
floor i3 500 pg’VHz allowing signals below 5 mg 1o be resolved
for bandwidths below 60 Hz.

The ADXI1.202/ADXI1.210 is available m 2 hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C 1o +70°C
commercial or —40°C to +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

s TOTALODC CURRENT UPTO 4 A

s LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

» LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high curment dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerSO20

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Muitiwatt Horiz.)
1.298P (PowerS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works ata
lower voltage.
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 vV
Vss Logic Supply Voltage 7 Vv
V1.Ven Input and Enable Voitage -0.3to7 \'
lo Peak Output Current (each Channel)
- Non Repetitive (t = 100us) 3 A
—Repetitive (80% on ~20% off; ton = 10ms) 25 A
~DC Operation 2 A
Vaens Sensing Voltage —-123 v
Piat Total Power Dissipation (Tcess = 75°C) 25 w
Top Junction Operating Temperature -25 to 130 °C
Tag, T; | Storage and Junction Temperature —40 to 150 ]
PIN CONNECTIONS (top view)
/ l. ~ s TA— CURRENT SENSING B
M3 OuTPUTH4
'@' NS OUTPUT 3
277 INPUT4
L1 I ss— ENABLE B
10 [ 73 INPUT3
[} S— LOGIC SUPPLY VOLTAGE V.
Multiwatt1s |y =
4 US| INPUT 2
e 0 ENABLEA
s——> INPUT 1
4 D SUPPLY VOLTAGE Vs
.6} s ourur2
\ 2 /"3 outrutt
r o~ 1"  CuRRENTSENEING A
TAB CONNECTED TOPIN S DOSINT0A
GND :r1 20 ] GND
SenseA [ 2 19 [ ] SenseB
NC. [} 3 18 1 NC.
Oout1 n 17 T3 out4
ouz2 —fs PowerS020 4 ) ou3
ve 16 15 1 Inputa
Input1t 1 7 14 1 Enable B
EnableA [ 8 13 3 Input3
mputz ] ¢ 12 ] vss
GND [ 10 11 1 GND
OISINDY
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rincese | Thermal Resistance Jundtion-case Max. - 3 °CW
Rnjaw | Thermai Resistance Junction-ambient Max. 13(") 35 °CIW

(*) Mounted on aluminum subsirate
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1,15 2,19 Senso A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
23 45 Out1; 0Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5;7 79 Input 1; $nput 2 TTL Compatible Inputs of the Bridge A.
6;11 8:14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
{enable A) and/or the bridge B (enabie B).
8 1,10,11,20 GND Ground.
g 12 vss Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16,17 Out 3; Out 4 Cutputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, T} = 26°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voitage (pin 4) Operative Condition Vi +2.5 45 Vv
Vss _|Logic Supply Voltage (pin 9) 4.5 5 7 v

ls Quiescant Supply Current (pin 4} [Ven=H; =0 Vi=L 13 2 mA
VisH 50 70 mA
Ven =L V= X 4 mA
Isg Quiescent Current from Vgs (pin 9) |Van=H; =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = Vi=X 6 mA
Vi Input Low Voltage 0.3 1.5 \Y
(pins 5, 7, 10, 12)
ViH input High Voltage 23 vSsS \'
(pins 5, 7, 10, 12)
'S Low Voltage input Current Vi=L -10 HA
(pins 5, 7, 10, 12)
In High Voitage Input Current Vi=H g Vg -0.6V 30 100 HA
(ping 5,7,10,12})
Ven = L [Enable Low Voltage (pins 6, 11) -0.3 1.5 \'
Ven=H |Enable High Voltage (pins 6, 11) 2.3 Vss \'
len = Low Voitage Enable Current Ven=L ~10 HA
(pins 6, 11)
lon = High Voltage Enable Current Ven =H £ Vgs 0.6V 30 100 HA
(pins 6, 11)

Veesat () |Source Seturation Voltage L=1A 0.95 1.35 1.7 A

= 2A 2 2.7 \

Vcesa () [Sink Saturation Voltage L=1A (5) 0.85 12 16 v

k=2A (5) 1.7 2.3 v
Vcesa | Total Drop L=1A (5) 1.80 32 v
I, =2A (5) 4.9 v
Viers | Sensing Voltage {(pins 1, 15} -1 (1) 2 v

ans
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T1 (Vi) |Source Current Turn-off Delay 05Vito0.9y (2);(4) 15 us
T2 (Vi) |Source Current Fall Time 091 to0.11  (2); (4) 0.2 us
Ta (Vi) |[Source Current Turn-on Delay 05Vito 01l (2) (4) 2 us
T4{V)) [Source Current Rise Time 0.1 o009 (2)(4) 0.7 us
Ts (V) |Sink Current Tum-off Delay 0.5Vita 09 1L  (3), (4) 0.7 us
Te (V) |Sink Cument Fall Time D9 10011 (3)(4) 0.25 us
T7 (V) |Sink Current Tum-on Delay 05Vito 09y  (3)(9) 16 us
Ta{V)) |Sink Current Rise Time C1h 10091 (3),(4) 02 us
fe (Vi) |Commutation Frequency IL=2A 25 40 KHz

T+ (Ven) |Source Current Turn-off Delay 05Venta 09k (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 091, to0A L (2);(4) 1 us
T3 (Ven) |Source Curment Turn-on Delay 05VentoQ.11L  (2);(4) 03 us
Ta (Ven) {Source Current Rise Time 011 to091L (2);(4) 04 s
Ts (Ven) |Sink Cumrent Tum-off Delay 05Vanto 09  (3); (4) 22 us
Te (Ven) |Sink Cumrent Fall Time 090 01l (3);(4) 0.35 us
T7 (Ven) {Sink Cumrent Tum-on Delay 05Vento 09 L (3); (4) 0.25 us
Te (Ven) |Sink Cumrent Rise Time 011 009 (3@ 01 us
1) 1)Sensing voltage can be —1 V for t < 50 psec; in steady state Vses mMin 2 —0.5 V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.
Figure 1 : Typical Saturation Voitage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G- G418
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Figure 3 ; Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 ; Switching Times Test Circuits.

Note : For INPUT Switching, set EN =H
For ENABLE Switching, setIN =L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching,
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Figure 6 : Bidirectional DC Motor Control.
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Flgure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER QUTPUT STAGE

The L298 integrates two power output stages (A ; B).
The power cutput stage is a bridge configuration
and its outputs can drive an inductive ioad in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the ioad
comes out from the bridge at the sense output : an
extemal resistor (Rsa ; Rss.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are in1; In2 ; EnAand In3 ; In4 ; EnB.
The Ininputs set the bridge state when The En input
is high ; a low state of the En input inhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
sacond smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.
Turn-0n and Tum-Off : Before to Tum-ON the Sup-
ply Voltage and before to Tum it OFF, the Enable in-
put must be dniven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is ma. 4 by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible &t the
worst case of the load cumrent.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needad from ths
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemnal bridge of diodes are required when in-
duclive loads are driven and when the inputs of the
IC are chopped ; Sholtky diodes would be preferred.

M3
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