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Boud uaemezdensdininrwiswawianuzaa lunaneuausseg seiuiudelinsg

o ar -:5 L
BuAINT A (integral action) TudIVAUAILFzNAIIUNTAIIRUILY PID
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o a s ar d o
ANUALYEINMIAUANILLY PD 1Hun1sind 13 dumswames Had¥uadla (open-
4 ar a = o ar
loop transfer function) Y845z UUIHadauas lfmadus mavuly TasnswenesHandu

VOIAINIVAULY PD Ao
G()=K(s+Z) (5.6)

- =4 (" a o ] & o T
AN 5.6 vy 1A NAIA VUL PD iWunsmud T3 Idsudums Z_ Tu
¥ ar 2 a o vd’ ] ¥ ¥ ~ = =Y ; =
szum s Woafiadamsiiud s Hesdanalmduniaudus nimsAamou @y lag
wiannsfatieu lom@uveanadus it Tarndanstamsu ldnnauseaniadusin
e ° Y] a ‘ oSy Y Y
0 sz limadusniugaly s ndasmsla sunsdiua K
{ a o a do @ o @ o d
qU# 5.4 ugasrsvs MmeBtaAnseUndd MSudInIugUBUL PD Tasezlia1udunus

o d o
fiuns wenwesHangulu (5.6) fie

K=--*% ST
Rl
oy
z, =RCp (5.8)
_Wﬁ_ﬁ
y ‘
r-3
N \
v W:f )
Co *
E(s) U{s) b
o K (1+1;5) —D > U6 __Riyypes
A 75 R RCps
(M vonlaszunsudIAIuguUULL PD (v) 295 dianMseling

514 5.4 naasdamuguULLSAs 15U (PD controller)

r A’ - o’ 9/ et -
oz ludmitszilumsinseilar MssenLULA INILUILY PD @3U35MIN1AY
510 laugasdnyaizyad PD MsNHNIS SA RAMHUE I uuunuimIued nzuumsnud?

AWRUUUY PD vsiiauns qudnyuzidlu
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1+ K(s+2,)GH(s)=0 (5.9)
o A ¥ o ¥ a =
uuﬂﬂinﬂ‘ﬂ'ﬂﬂ'lﬂuﬂﬂﬂﬂuﬂiulﬂuﬂ‘lﬂlﬁuﬁ'lﬂ‘nlfﬁu

Z(s+2.)+ LGH(s)=+180° (5.10)

0,,+6 , =+180" (5.11)

wisfimualdyu 6,

an

o 4 d o
uaz 6, uyuvesdiniuquieznszuIumIiiaiu Taod
9,,, Wuvenpesamnszinundmsudumadusnvesszuuneunsld Pb mingddi 6.2

Y o 3 [] d' ¥ Yt o t tet
idmuad mnds Inastlanaeans luszunlnisunisegh

S=—0+ jo (5.12)
3uVRIIIRUILY PD vxdisuiin
g, =tan” o) (5.13)
—o+z,

UOURUENN T
!

Uy S

unust

310 5.5 naawuresdInIuRULL PD
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R
(F—A—/\/\/\f"‘;“ - \\\V o zf)([)
E(s) 1 U(s) h "(—* T
p—t K 1+?— P T e __Ryf,, 1
s 1 EGs) R Cs
(M vaen lavzunsu@AUIqUILIY PI (v) 2995 Bidnmsniing

31 5.9 uaAITIAILANLLLTAT1EIU (PI controller)

. v 4 o
1INMINIYRVBIANIVANULY PD YUYDIAIATVANLUD PI w30 4, iffefmua

aumls Inanstlandesmaidudsaums (5.12) wzuaa1ddegai 5.7

wAuSuRNN

L

U S

-z -G unusFe

31 5.10 waangvLadIRLAILLL PE

AR THIUN 149N

gcarl = gzem - gpale (519)
=tan™" (@) ~[180 ~tan! @j‘ (5.20)
(-o+z,) (o)

& ° ' ' o ar ' 9
Jadunafo dwviawesd 15 ludaruguuun PT 92919070 gN 19T 0v09sSUTY

o ar - o o da
uui{nvﬂﬁﬂ’sﬁiﬂﬂmmﬂ P1 ﬁﬂil:uﬂ’ﬂiJmJ‘ﬂ‘uﬁ TIL‘ﬂ'H

16 (5.21)

>18,

€ro
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o

- ar A =l
uunaqmmmmuammu PI ﬂzmaau'l'umﬂu

<9 (5.22)

con

5.6 AINTUAUIVUIAIITIUPID controller)

o n e

ar a Yar * o 10 ot
nasnInANYINS 15FIRIuRUIULAI 9 B1eszimsas iR uFanu1d

NOANSTUYBIRINIL: 130 P-Action iflumadnssuludiuvesdrnruauiidenmuiens
WiuNaReUaNBITINYBIS LU

= ar o a o -~ . a [} a P
HaAnssuvesiIAdinaIs uALeIABS : n3e D-Action umgdnssuludinvesiiniuauiil

' 4 1o 3 + = 4
AN WHBN 13U SV INaRD U AR I 1IN MITOUN

= & a a 4 a 1 w o et ' &
NAANTITUVDIAIBUMNILADST : I-Action l'ﬂ'l«f“f!ﬁﬂﬁ 51111!’0’?1‘!1]ﬂﬂﬁ?ﬂ?ﬂﬂﬂﬂuﬂﬂuqylﬂ']ﬂ!“ﬂ

AIUTVUTINANDUAUDITIIIAIAIAD
o ot ar 9 v = ar EEY 4
1INAIAVANTEIU A2rduaunuy PD Tananduiludiaiuauideants 1dua
s 1 M ch ' o ar
AvUauBIvaIsTIUlA HARRY AUBIN WF IV 11 Tinwfidesnts Aaruquuuy P e
o J= 2= IS y a P [ a P
Wludmvauuuunitsiido o lesvindludimuauflizasaaniufanarafian g
o W c: ar o w H : =t a ar
Asid AnTudmuguuuy PID Jauiiudimuguite sl Avesnts 9@ aa1uauuUY PD Lo
PI9350y
- P 3 ¥ ~ as
2esnnezuideninminidudinuauuuy PD vzaansouaasTuzihasuvy

aetiueudl Asgih 5.1 Ae
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§U# 5.11 §aaduqu PID nuvezINden

Tavanaa9s lugiil 5.8 swamnsaumasaumseyiusiiu

R, 1
m(t)= (R—P}z(l) + R

Pl 1

Ie(t)dt +R,C, dz(:)

o o d
#mauguuY PID sxilaumseyiusiiiu

m(f) = K[e(t) +—%—je(t)d: 47T, dfi(:)J
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wIouanauiluns marde Il sd lugy

M) _gefre Latys (5:25)
E(s) Ts

1
FAWAVUUUY PID ADAIAIUANNTIUNANISAIUAL (control action) ¥DINIAIU
Proportional, Integral, 192 Derivative 18 I Rasauauesvosszuyilaiisanuianaiahn
Y o g
ﬁmu:ﬂamaﬂug{uu (A NHaYDe P nazitawsims luntsasuaues (:nwaved PD) 910

@ 4
(5.25) #IAUAUUYY PID s tuae s Hednuunmitaiy

K,
G (s)=K,+K,s+— (5.26)
s
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W d
6.2 INHUTN TN VA UDIVOIUYUIVDS
A o Qaa o da
HpIRIFYRNUIB A IAYAYBY ADXL202 vzpenuuduLuUATAeaNad Iauea
AU (PWM : Pulse Width Modulation) AA® siinisuldounlasdynnuanuniiaveswerd
Wudadiulavasafud IuiBos niedmnussnmfirmsveuny x nieunu y dynw
4 n’ L] P o | 5 o o A '
10 wna T sxgnasEu tnudygu Xout 3o Your lasdiilasssmemismitliivonas
Y a d A Ao & a1 a
Wity luTaseeuInsaians Mefitansoriusrdannldlaoass
wwired vz Wdyguiewwasenunilu PwM §1uou 2 ¥09 Asdyanaueiana
ar A r L}
PWM 090U X (xouitos Q1@ 1A PWM Y9410 Y(yout) $381 Duty Cycle VB UIA
' o o ¥ o @ a A A d A P
y¥pevzimsnduwdasaunts Tudsivesdaletndamaonaamsslunindounves
» ]
To3 Tlmmuuaunuaisg vingildngas Wiuaaeiviudnuauz nsidoun)asvesssuiwe

o 1 ] aa o da o . R
1uﬁﬂ‘yiuzm~1"] ‘Naﬁ)ﬂmlﬂulm‘Uﬂﬂﬂﬂﬁwaﬂ?ﬂnﬂﬂﬁm‘m (PWM : Pulse Width Modulation)

Stopped ! 2007 /02 /06130645
CHIZZv : : : : T 2ms v
oG %1 1 (2msydiv)
e HORMS00KS /5
n
¥
=Tracets P:e _____ 5. A?_a!r_v_“._i' ...... Fr -quf ...... Duly S2i8%
Format Fm:ne AutoF|e| : To
EMP oM | TopMenu ]
afitera IOHwI- =ftecord Length= aTrigger=
&\'Wthhg OFF CH1: 0oV Main 1 1K Mode © AUTO
D FULL CHZ : 0.0v Zoom : 10K Type : EDGE CH1 F
Delay 00ns

Hold Off :  MINIMUM

4 o d o @
gﬂﬁ 6-7 WORAINNHUTYIIPUIBDIVUSNININBINUFD



Stopped 3 2007 /02/06 130759
CH132V I 2ms/dv
DC 11 1 (2ms/div)

S OSSO SOUUUURNE SOUUNURNE SRR AVUIOUE SOt SO NORMSIOKS/5

—Tracm- P-P 5. 2aw Fr

I Format I Fieﬂame [ Autoﬁ:ﬂ

Bmp

wOffeeta =Record Lengtha
Smoothing : OFF CH1 : 000V Main 0K
BW @ FLL CH2 : o.0v Zoom : 10K

; v 4 o 4 o
311 6-8 uoasinuuzvearuwes vauzfisosnurugamdoun ludemih

Stopped q 2007 /OZ/08 13015
CHI=2v : : 2ms /div
DC 11 (2ms/div)

In

¥

.’.’.’.’,',‘,‘?‘3‘,!'.,‘.'.’:‘!’. ..... 5 ..?.‘?!’.‘.' ........... .F.'f?‘il....‘.!?..f‘.".'?. ......... "“"""5" “““
Format | Faeuame AutoFie] [To

amp o] 3] TopMenu

o o o o a A = 9 Y
Eﬂ'ﬂ 6-9 uﬂman*ymzmmwuwas'umz'nsﬂ'snmauqmﬂaaun'lﬂmwaa
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Stopped 3 2007 /02/06 131709
CH1=2V L Zmsidv
bC 11 : (2ms/div)
OO SOUUOUOUOE SOUOUOE SUVSUTTE SUVRTINE AU NORIMSO0KS /3

=Tracel= P-P 4.640v |  Fr

q 100.0Mz |

| Format |FlaaamelAutoFue] ;|To |
BMP PC ON |Yopmenu |
=Fiter= =Ottset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Mait ¢ 10K Mode : RUTO
8w : FULL cH2 - 0oV Zoom : 10K Type . EDGE CHt1 £
Defay 0Ons
Hold Off : MINDAM

511 6-10 uamsdPUNzWadvazisoinuauga

Smoothing : OFF CH1 @ 0.00vV Main :
BW : FULL CH2 oov Zoom 10K

= o v o 4 o 4y v ¥
31U 6-11 uamsdnuasRadvashisaihwaugamdsuin ldan

Stopped g 2807/02/06 131338
cHi=v - : T Zmsydv
oc 11 - ; (2msydiv)

e, [OOSR SO SRR O NORMS00KS /8

=tracel= pp  4.bamv Freq 100.0Mz | Duly 8.8%

Format | FieName | Autofie To
omp PR ore [ TopMenu
=Filter= =0ffset= =Record Length= aTrigger=

10X Mode © AUTO

Type : EDGE CHt &
Detay 0.00s
Hold OFF : MINDUM
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CHin2V T 2meydv
oC 11 ! (2msydiv)
e e e e NORMSI0KS /s

¥
................................................. Y RO SO P U SORSRUOOEOUPURIE SOOI
=Tracéls P-P  4.640v Frkq 100.0Hz | Duty 84i0x
=Fter= =Offsat= =Record Length= eTrigger™
Smoothing : OFF CH1 oJoov Main 10 Mode | AUTO
BW . FULL CH2 : o.0v Zoom : 10K Type . EDGE CH1 £
Detay - 0.0n3

ﬂi o w d = ar A o g9/ o
51 6-12 nansdnuazWadvaziioinuauqandsun lddands

Hoid OFF | MINIMUM
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MICROCHIP dsPIC30F2010

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

“Note: This data sheet summanzas Toatires of Ts growp Peripheral Features:

_rge mrgﬁlgbf dm:az gﬁmlzr?tilmed b;D l;:a tﬁgmcp*;:}e - High current sink/source /O pins: 25 mA/25 mA
pherals, ' register. descriptions. and_general- device + Three 16-bit timers/counters; optionally pair up

~refer to meastoF ‘Family. Reference 15-bit timers into 32-bit timer modules

DS70048 ';ogmrei im ;‘exp’dg"s%; » Four 16-bit Capture input functions

i#'s Refarghce Manual (DS70030), S » Two 16-bit Compare/PWM output funclions
. - Dual Compare mode available
High-Performance Modified RISC CPU: + 3-wire SPI™ modules (supports 4 Frame modes)
- Modified Harvard architecture + |2C™ module supports Multi-Master/Siave mode

and 7-bit/10-bit addressing
» Addressable UART modules with FIFO buffers

» C compiler optimized instruction set architecture

« 84 base instructions with flexible addressing
modes

« 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
* 12 Kbytes on-chip Flash program space - 6 PWM output channeis
* 512 bytes on-chip data RAM - Complementary or independent Qutput
* 1 Kbyte non-volatile data EEPROM modes
= 18 x 16-bit working register array - Edge and Center Alighed modes
« Up to 30 MiPs operation: = 4 duty cycle generators

- DC to 40 MHz extemal clock input * Dedicated time base with 4 modes

- 4 MHz-10 MHz oscillator input with » Programmable output polarity

PLL active (4x, 8x, 16x) « Dead time control for Complementary mode

» 27 intefrupt sources * Manual output control
= Three extemal interrupt sources » Trigger for synchronized A/D conversions
* B user selectable priority levels fer each interrupt
» 4 processor exceptions and software traps Quadrature Encoder Interface Module

Features:

DSP Engine Features: - Phase A, Phase B and Index Pulse input

* Modulo and Bit-Reversed modes = 16-bit up/down position counter
« Two, 40-bit wide accumulators with optional « Count direction status
saturation logic + Position Measurement (2 and x4) mode
+ 17-bit x 17-bit single cycle hardware fractional/ + Programmable digital noise filters on inputs

integer multiplier

= Single cycle Multiply-Accumulate (MAC)
operation

« 40-stage Barrel Shifter

« Dual data fetch

Altemate 16-bit Timer/Counter mode
» Interrupt on position counter roflover/underflow

Analog Features:

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

* Programmable Brown-out Detection and Reset
generation

© 2004 Microchip Technology Inc. Preliminary DS70118E-page 1



dsPIC30F2010

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

= Programmable code protection
* In-Circuit Seriat Programming™ (ICSP™)
« Selectable Power Management modes

- Sleep, ldle and Alternate Clock modes

* Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
industnal temperature range, 100K (typical)
+ Data EEPROM memory:

- 100,000 erase/write cycle {min.) for
industrial femperature range, 1M (typicai)

» Seff-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 Contro! and Power Conversion Family*

Program Output | Motor
Device | Pins | Mem. Bytes/ SR‘“: EEPROM P&":: '2';:‘ Comp/Std | Control ﬁ:&r %‘:"
Instructions Byte ytes PWM PWM

VART
spI™
Pc™
CAN

dsPIC30F2010 | 28 | 12K@K | 512 | 1024 | 3 | 4 2 6ch | 6ch [Yes[1]1]1 (-
dsPIC30F3010 | - 28 24KBK 11024 | 1024 5.1 4 2 6ch | 6Bch |[Yes|111]1]-
dOPCIOF4012 | 28.°1 48W1BK | 2048} 1024 | 5 1 4- ] 2 ] @ch |- 6ch |Yesf1.l1f 111
porson | aoms | ok woas | oe | s [+ | 4 [ em | e [ lzi] 1]
dsPIC30F4D11 | 40/d4 | 4BKI16K | 2048 1024 | 5 4 "4 16ch | och |Yes FEEIRSE
OSPICFGI5 | 64| GoKZK | 2088 | 1024 | 6 | 4 | 4 | Boh | feoh [Yes | T|2] 11
ePICaOFo010 | 8 | vaaask [ stoz | 4o | 6 | 8 | © | won | oo |ven{3]2[7]2

* This table provides a summary of the dsPIC30F2010 penphera! features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

)570118E-page 2 Preliminary © 2004 Microchip Technology Inc.



dsPIC30F2010

— —
Pin Diagrams
28-Pin SDIP and SOIC
MCER []1 2817 Avop
EMUDVANO/VREF+/CNZ/RBD []]2 27 Avss
EMUCHAN1/VREF-/ICNIVRB1 Iéa 26 PWMIL/RED
AN2/SS1/CNA/RB2 [}4 25§ PWM1H/RE1
AN3INDX/CNS/RB3 []5 5 249 pwm2LRE2
ANAIQEAICTICNGRBA 16 3 23y PWMZHIRE3
ANSIQEB/IC&/CNT/RBS 7 Q2217 PWM3L/RE4
Vss éa S  21[J PWM3HRES
OsSC1CLKI ]9 n 20 Voo
OSC2CLKO/RC15 [ 16 2 19|73 Vss
EMUD1/SOSCHT2CKAIATICNIHRCIZ 11 o 18 PGC/EMUCMUIRX/SDI/SDA/RF2
EMUC1/SOSCOIT1CK/U1 ARK/ICNOIRC 14 [ 12 173 PGD/EMUDRIATX/SDOV/SCL/RF3
voo 13 16 [0 FLTA/INTO/SCK1/OCFA/RES
EMUD2/OG2IC2/INT2/RD1 [] 14 1517 EMUC2/OCIICI/INT/RDO

23-Pin QFN
ol —
m @
o
a4
z 2
Qo
» b
o
Wi L
g Hd
=5 g B
<< xrx
a3 JX
0o 5w g ‘2'
2P 0w
R
EREEEEH
AN2/SS1/CN4/RB2 | 1 @ 21
ANJINDX/CN5 RB3 | 2 20
ANSQEA/CT/ICNG/RBA | 3 19
ANS/QEB/ICBICNT/RB5 | 4 dsPIC30F2010 18
Vss ) 5 17
OSC1/CLKIN | g 16
OSC2/GLKO/RC15 | 7 15
ca2rd23
2 3 o — W M
5582888
Eg R=2J
=] Euw
2 ZZQUW®
22 ’FEQ93
R2 0868
=¥0
5% 30082
33 $5e8
R 883
EE 2=235
00 Wuks
(L] w W
o w b=
20 ®
23
]

PWM2L/REZ

PWM2H/RE?3

PWM3L/RE4

PWM3H/RES

VDD

Vss
PGC/EMUCU1RX/SDI1/SDA/RF2

© 2004 Microchip Technology Inc.
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dsPIC30F2010

FIGURE 1-1:

dsPIC30F2010 BLOCK DIAGRAM

Y Data Bus

X Dats Bus

¢ 4

e 116 /6 @s fi6

Interrupt Data Latch| |Data Latch
Controlier PSV & Table Y Daia ala
gamAccesallt s o | |
(256 bytes)  |(256 bytes
Address Address
Latch Latch
PCU C ANO/CN2/RBO
Program Counter [} AN4 ,9@;{31
Stack L
‘Address Latch Sk, | dooby AN2/SS1LVDINICNA/RB2
Program Memory Logic Logic ANJINDX/CNS/RB3
(12 Xbyles) ANAIQEAICNG/RBA
ANS/QEBICNT/RBS
Datz EEPROM
(1 Kbyte) Effective Address PORTB
Data Latch He
£ ib{ ROM Latch }— (
24
I R r:* ::1
% EMUD1/SOSCYCN1/RC13
46 S 6 EMUC 1/SOSCOT1CK/CNO/RC14
OSC2ICLKOMRCS
1 16 % 16
‘DECDde!» = W Reg Amay PORTC
lnstrucﬁog L
Controj
Confrol Signais¥ ¥ 41 ¥
to Various Blocks Power-up
Timer
Timi Oscilla EMUG2/OC1/RDO
OSCUGLKI | o I8 k=) krom Tomer Djj EMUDZIOCZ/RD?
PORBOR PORTD
E | Reset
MCLR Walchdog
Timer
=
Input Output 2
10-bit ADC Capture Compare !
PWM1L/REO
Module Modute PWM1H/RE
i & i jt_ PUNZLREZ
PWMZH/RE3
R v b PWMOLIREA
PWM3HIRES
SPI1 - gEl Motor Controf UARTY FLTA/INT1/RES
PWM FORTE
U1RXURF2
o [T R s
PORTF
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dsPIC30F2010

Table 1-1 provides a brief description of device WO
pinouts and the functions that may be multiplexed 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 I/O DESCRIPTIONS
Pin Name Pin Buffer Dascription
Type Type

ANO-ANS I Analog |Analog input channels.

AVDD P P Positive supply for analeg module.

AVss P P Ground reference for analog module.

CLKI | ST/CMOS tExternal clock source input. Always associated with OSC1 pin function.

CiKO 0 —_ Oscillator crystal output. Connects to crystal or resonator in Crystal
Osciliator mode. Optionally functions as CLXO 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 e ST ICD Primary Communication Channe! data input/output pin.

EMUC "o ST ICD Primary Communication Channel ctock input/output pin.

EMUD1 o ST ICD Secondary Communication Channel data input/output pin.

EMUC1 1] ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 e ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 o ST ICD Tertiary Communication Channel clock input/output pin.

EMUD3 110 ST ICD Quatemary Communication Channel data input/output pin.

EMUC3 1o} ST ICD Quaternary Communication Channel clock inputioutput pin.

IC1,1C2, IC7, i ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are

IC8 numbered for consistency with the inputs on iarger device variants.

INDX } ST Quadrature Encoder Index Pulse input.

QEA } ST Quadrature Encoder Phase A input in QEI mode.
Auxitiary Timer External Clock/Gate input in Timer mode.

QEB ! ST Quadrature Encoder Phase A input in QE| mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO ! ST External interrupt 0

INT1 f ST Extemnal interrupt 1

INT2 | ST Extemal interrupt 2

FLTA ! ST PWM Fault A input

PWM1L 0 — PWM 1 Low output

PWM1H o —_ PWM 1 High output

PWM2L (o] —_ PWM 2 Low output

PWM2H 0 — PWM 2 High output

PWM3L (0] _ PWM 3 Low cutput

PWM3H (o) — PWM 3 High output

IMCLR P ST Master Clear {Reset) input or prograrnming voitage 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).

0oCc1-gC2 (o) —_ Compare outputs.

0OsC1 | ST/ICMOS {Osciltator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0sc2 Vo — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKC in RC and EC modes.

Legend: CMOS

ST
|

=CMOS compatible input or output Analog=  Analog input

=Schmitt Trigger input with CMOS levels O=  Qutput
=Input P =

= Power

© 2004 Microchip Technology Inc.
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dsPIC30F2010

TABLE 1-1:  PINOUT J/O DESCRIPTIONS (CONTINUED)

Pin Name Tl;':e B.rl;f;:r Description
PGD 7o 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 IO port.

RC13-RC14 vo ST PORTC is a bidirectional /O port.

RDO-RD1 o ST PORTD is a bidirectional VO port.

REO-RES5, Vo ST PORTE is a bidirectional 1/C port.

RES

RF2, RF3 7o ST PORTF is a bidirectional I/O port.

SCK1 1o ST Synchronous serial clock input/output for SPI™ #1.

Sbi i ST SPI#1 Data In.

SDO1 (@) — SPI#1 Data Out.

581 | ST SPI #1 Slave Synchronization.

SCL 1o ST  |Synchronous serial clock inputioutput for I°C.

SDA 1o ST Synchronous serigl data input/output for IC.

S0SC0 0 — 32 kHz low power oscillator crystal output.

S0SsClI I ST/CMOS |32 kHz low power osciilator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.

T1CK [ ST Timer1 external clock input.

T2CK | ST Timer2 external clock input.

U1IRX I ST UART1 Receive.

U1TX 0 - UART1 Transmit.

U1ARX 1 ST UART1 Altemate Receive.

U1ATX 0 — UART1T Altemnate Transmit.

vop P — Positive supply for logic and 1/0 pins.

Vss P — Ground reference for logic and i/Q pins.

VREF+ I Analog jAnalog Voltage Reference (High) input.

VREF- ! Analog |Analog Voltage Reference (Low) input.

Legend: CMOS =CMOS compatible input or output Analog=  Analog input
ST =Schmitt Trigger input with CMOS levels O= Output
] =inpt P = Power

3570118E-page 8 Preliminary ® 2004 Microchip Technology Inc.
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \
Vss | Logic Supply Vollage 7 \'
V1, Ven fnput and Enable Voltage —03ta7 \
o Peak Output Current (each Channel)
- Non Repstitive {t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms} 25 A
~DC Operation 2 A
Veens Sensing Voltage -1102.3 \i
Piot Total Power Dissipation (Tease = 75°C) 25 W
Top Junction Operating Temperature -25 b 130 °C
Tag Tj Storage and Junction Temperature —40 o 150 °C
PIN CONNECTIONS (top view)
l ~ s — CURRENT SENSING B
u 3 outrputs
'$ LE ] —— QUTPUT 3
2 770 INPUT 4
(LI e— ENABLE B
(L'} Mmme—— )
X | ana—— LOGIC SUPPLY VOLTAGE Vg
ultiwatt!s o F—" o
L N— INPUT 2
6 " ENABLEA
L]} I — INPUT 1
4 [~ SUPPLY VOLTAGE V,
_$ 3T outpuT2
2 /3 outpuTt
\ i + STTTTD  CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 pasmA
GND 1 20 {7 GND
SenseA 12 19 7] SenseB
NC. [ 3 18 [T_J NC.
o1 1 4 17 | Out 4
ow2 ] 5 PowerSO20 5 | out3
ve 1 s 15 [ 1 Input4
nput1 [ F 7 14 [} EnsbleB
EnableA [ ] 8 13 {7 input3
Input2 | 9 12 1 vss
GND [} 10 11 [ GND
DRSNS
THERMAL DATA
Symbol Parameter PowerS0O20 Multiwatt15 Unit
Rinjcasa | Thermal Resistance Jundion-case Max. - 3 CW
Rimiamb | Thermal Resistance Junclion-ambient Man. 13" 35 CW

(") Mourted on aluminum subsirate

2/13




L298

PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1,15 219 Sense A; Sense B |Between this pin and ground is connecled the sense resistor to
control the current of the Joad,
23 4,5 Out 1; Out 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 capacilor must be connecied belween this
pin and ground.
57 7.9 Input 1; input 2 TTL Compatible Inputs of the Bridge A.
6,11 814 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.
9 12 VvSS 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 Outputs of the Bridge B. The cument that flows through the load
connected befwesn these two pins is monilored at pin 15.
~ 318 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Vs Supply Voltage (pin 4) _ Operative Conditicn Viy +2.5 46 v
Vss  jLogic Supply Voltage (pin 9) 4.5 5 7 v
Is Quiescent Supply Cument (pin4) (Ven=H: L.=0 vi=L 13 2 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
las  }Quiescent Currart from Vs (pin 9) {Ven=H, k=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L Vi=X 6 mA
Vi Input Low Voltage -03 15 v
{pins 5, 7, 10, 12)
Vi Input High Voltage 23 VSS Vv
{pins 5, 7, 10, 12)
" Low Voltage Input Current Vi=L ~10 HA
(pins 5, 7, 10, 12)
In High Voitage Input Cument Vi=Hg Vg5 0.6V 30 100 LA
{pins 5, 7, 10, 12)
Ven =L |Enable Low Vdgtagg(pins 6, 1) 0.3 1.5 \
Ven=H_{Enable High Voltage (pins 6, 11) 2.3 Vss 1
lew=L {Low Voltage Enable Current Ven=1L -10 RA
(pins 6, 11)
len=H [High Voitage Enable Current Ven = H < Vs 0.6V 30 100 BA
{pins 6, 11)
Veesa) |Source Saturation Voltage L=1A 0.95 1.35 17 A
i = 2A 2 2.7 \'i
Vcesatq) |Sink Saturation Voltage h=1A (5) 0.85 12 1.6 v
L=2A (5) 1.7 23 v
Vcesa | Total Drop L=1A (5) 1.80 3z A
Ww=2A (5) 4.9 v
Veans | Sensing Voltage {pins 1, 15) -1 (M 2 v

I<71 313




1298

ELECTRICAL CHARACTERISTICS (confinued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T: (Vi) |Source Current Tum-off Delay 05Vito 091, {2);(4) 15 ps
T2 (Vi) [Source Current Fall Time 091 to0.1l. 2% @) 02 us
T3 (Vi) [Source Cument Tum-on Delay 05Vito 0.1, (2% (4) 2 BS
Ta{V) }Source Current Rise Time 01 to09h (2% (4) 07 us
Ts (V) {Sink Current Tum-off Delay 05Vite09Y  (3)x{4) 0.7 us
Ts (Vi) |Sink Current Falt Time 091 toG11lL  (3);(4) 0.25 us
Tz (V) [Sink Cument Tum-on Delay 05Vito 091, (3);(4) 16 us
Ts (V) [Sink Current Rise Time 011 to0.9%k (3) (4) 02 us
fc (v} [Commutation Frequency L=2A 25 40 KHz

T1 (Van) [Source Current Turn-off Delay 05Von10089h  (2) (4) 3 us
T2 (Ven) [Scurce Current Falf Time 09I toGAlL (2% (4) 1 ns
Ta{(Ven} [Scurce Current Turn-on Delay 05Vento 0.1t (2) (4) 0.3 Hs
T4 (Ven) |Source Current Rise Time 01l 009l @2r&) 04 ps
Ts {Ven} [Sink Current Tum-off Delay 05Vento 094  (3). (4) 22 us
Ts (Van) 1Sink Curment Fall Time 090 001 (3)(4) 035 ps
T7 {Ven) }Sink Current Tum-on Delay 05Vento09h {3k (4) 0.25 us
Te{Ven) {Sink Current Rise Time 01k 009 (3) ) DA ps
1) 1)Sensing voltage can be —1 V for 1< 50 psec; in sieady state Ve min2-05V.
2) Seea fig. 2.
3) Sea fig. 4.
4) The load must be a pure resisior.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 ; Switching Times Test Circuits.
Cument.
B~ 4478
VSar
v Voo Vgae2V
Vasad¥
14 Yee =5V INPUY
Oo—
20
16 g ENABLE
12 ] -
0a
s-asn
04
1
0 04 08 12 16 20 24 IJolA) Nots : For INPUT Switching, set EN = H
For ENABLE Switching, setIN=H
4113 "’
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ANALOG
DEVICES

Low Cost =2 g/+-10 g Dual Axis
IMEMS® Accelerometers
with Digital Output

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

Duty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+3 V 10 +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computar Peripherals

Inertial Navigation

Seismic Monitoring

Vehicle Security Systems
Battary Powered Motion Sensing

GENERAL DESCRIPTION

The ADXI1.202/ADX1.210 are low cost, low power, complete
2-axis accelerometers with a measurement range of eirther
12 gi+10 g. The ADXL.202/ADXL210 can measure both dy-
namic acceleration (e.g., vibration) and static acceleration (e.g.,
gravity).

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

The bandwidth of the ADXI.202/ADX1.210 may be set from
0.01 Hz to 5 kHz via capacitors Cx and Cy. The typical noise
floor is 500 ug/*f}_lz allowing signals below 5 mg to be resolved
for bandwidths below 60 Hz.

The ADXI.202/ADX1.210 is available in a hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C 10 +70°C
commercial or ~40°C ta +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM

+3.0V TO +525v
ol &

Voo Voo Xewt SELF TEST
13 14 3
ADXL202/
X SENSOR ADXL210
Rt
Iz xour ([ ]
Coc —» |~ bEMOD 10) c
jmmnt DUTY o
N 1 CYCLE u
MODULATOR nlup
OSCILLATOR pte "
T TR E
ne vour §(R
f DEMOD | (o)
D Js‘
Y,,-“_Tjj T2

<H

Cy Raer

Alg) # (TH/T2 ~ 0.5)/12.5%
0g = 50% DUTY CYCLE
T2 = Rgeri125M0

IMEMS is a registered trademark of Apalog Devices, Inc,

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for eny infringements of patents or other rights of third parties
wihich may result from Rs use. No license is granted by implication or

otherwise under any patent or patent rights of Analog Devices.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: htp://www.analog.com
Fax: 781/326-8703 @ Analog Devices, Inc., 1999



ADXL202/ADXL210-SPECIFICATION

(Tx = T 10 Ty, Ty = +25°C for J Grade anly, Yy = +5 V,
Ry = 125 k(}, Acceleration = 8 g, unless otherwise noted)

ADX1.202§QCIAQC ADXI1210]QCIAQC
Parameter Conditions Min Typ Max | Min Typ Max Units
SENSOR INPUT Each Axis
Measurement Range’ 1.5 *2 8 110 g
Nonlinearity Best Fit Straight Line 0.2 0.2 % of F§
Alignment Error? +1 ¥l Degrees
Alignment Error X Sensor 10 Y Sensor 10.01 +0.01 Degrees
Transverse Sensitivity? +2 +2 %
SENSITIVITY Each Axis
Dy Cycle per g TUT2 @ +25°C 10 125 15 3.2 4.0 4.8 %lg
Sensitivity, Analog Qutpur At Pins Xps Yrnr 312 100 mVlig
Teraperature Drifi® A from +25°C 0.5 10.5 % Rdg
ZERO 2 BIAS LEVEL Each Axis
0 g Duty Cycle TVT2 25 50 75 42 50 58 o
Tmitial Offset 12 +2 2
0 ¢ Duty Cycle vs. Supply 1.0 40 1.0 4.0 NV
0 g Offset vs. Temperature? A from +25°C 2.0 2.0 mgi*C
NOISE PERFORMANCE
Noise Density® @+25°C 500 1000 500 1000 { wgWHz
FREQUENCY RESPONSE
3 dB Bandwidth Duty Cycle Output 500 500 Hz
3 dB Bandwidth At Pins Xy, Yenr 5 5 kHz
Sensor Resonant Frequency 10 14 kHz
FILTER
Rt Tolerance 32 kN Nominal £15 15 %
Minimum Capacitance At Xy, Yror 1000 1000 pF
SELF TEST
Dury Cycle Change Self-~Test “0” 1o “1” 10 10 %
DUTY CYCLE OUTPUT STAGE
Feer 125 MOY/Rgey 125 MQ/Rger
Fser Tolerance Rser = 125 kQ 0.7 1.3 0.7 13 kHz
Output High Voltage 1=25pA Vs —200 mV Vs—200mV mV
Output Low Voltage 1=25pA 200 200 mV
T2 Drift vs. Temperature 35 35 pp/°C
Rise/Fall Time 200 200 ns
POWER SUPPLY
Operating Yoltage Range 3.0 5.25 2.7 5.25 v
Specified Performance 4.75 5.25 475 5.25 v
Quiescent Supply Current 06 1.0 0.6 1.0 mA
Turn-On Time® To 99% 160 CF]J_T + (0.3 160 Cm-r + 0.3 ms
TEMPERATURE RANGE
Cperating Range JQC 0 +70 0 +70 °C
Specified Performance AQC —40 +85 —40 +85 °C
NOTES
'For all combinations of offiet and sensitivity variation.
“Alignment error is specified as the angle between the true and indicated axis of sensitivity.
*Transverse sensitivity is the algebraic sum of the alignment and the inherent sensitivity efrors.
*Specification refers to the maximum change in parameter from its initial at +25 °C to its Worst case vatue at Typy 10 Taax-
*Noisc density (pg/VHz) is the average noise at any frequency in the bandwidth of the part.
*Cpyr m WF. Addition of filter capacitor will increase turs on time. Please sec the Application section on power cycling.
All min and max specifications are guaranteed. Typical specifications are not rested or guaranteed.
Specifications subject to change without notice.
-2- REV. B
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